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TMMPEAXCJ/IOBUE IMMEPEBOJUHKA

Kuura Kamepona u BaH JluHTa npeacraBisier Ger-
JbIf, HO eMKHH 0630p DO COBpPeMEHHOIl TeOpHH KOAHPO-
BaHHS; B Heil ¢ 0COGEHHOH YETKOCTbIO OTTEHEHBI KOMOH-
HaTOpHblE acrlekThl. KanoiKeHHe HOCHT KOHCIIEKTHBHBI
XapakTep, 4To eaeT KHHTY yNOoOHbIM nocoGHeM s cre-
LHAJHCTOB M0 TEODHH KOAHPOBAHHA M KOMGHHATODHOMY
aHanusy.

3a HeOOJBIIHMH HCKJIOYEeHHAMH (manpumep, ABOIi-
CTBEHHBIN — AyaJbHblil), TEPMHHOJIOTHSI COrJiacoBaHa ¢
PYCCKHM IIEPEBOIOM [80], nmelomuecst pasnouTeHHs NPH-
BeJ/ieHbl B IPe/IMETHOM yKasaTeJie.

Koraa kuura Gbuia yxe naGpana, Hapateavctso KemGpuux-
CKOrO YHHBepcHTeTa co0OWHA0 IJ1aBHOI pejakuni O BEIXOJAE HO-
poro Hapauus kuuru: Graphs, Codes and Designs: — L., 1980, —
LMS, LNS 43. K coxanennio, s1a undopmaunus 0Kka3anach CIHu-
Koy 3anosfadoii. OjHAKO peaakuna mouwia Haserpeuy npoenbe Ma-
JaTenbCTBA YHecTh NepepaboTKy B pYyCCKoM H3janimi. B Koppextypy
OblJIH BHECEHDL! MOYTH BCE H3MEHEHHs ~— He3HauHTe LHas YacTh HEno-
CPeACTBEHHO B TEKCT, a OCHOBHAn uactb — i puje JloGasaennii na
BTOPOro H3JAHHA; K HHM JAET3I0TCA OTCLWIKH 1O TekcTy (KypeHBom);
B Oﬁaﬂﬂelﬂlﬂx JeJAIOTCH OTCBIVIKH HA COOTBETCTBYIONIHE CTPpaHHLLL
Bce nameHenns Ha0panbl NETHTOM.

Bripaxkaio npusHateannocth B. A. 3unosbesy, 1npo-
YHTABIUEMY PYKOMHCH IEpeBoja H cjejapiiemMy psai 1o-
JIe3HBIX 3aMeyaHHuii.



BBEINEHUE

B 1973 roay npodeccop Ban JIuat n moktop Kamepon
npuGein B BecThuIACKHil KoIeAX KayKAbll s 4Te-
HHs CBOeil JIeKIHH Ha HalleM CceMHHape No KOMGHHa-
TOpHOI1 aare6pe u reomerpun. Kak okasajock, coxepixka-
HHe HX JeKunii coBmajajo B HauGoJiee HHTEDPECHOM Ha-
npaBJeHnl, B CBSi3H ¢ YeM BO3HHKJA Haes nepepaGoTaTh
yzKe [OArOTOBJIEHHbIE 3aMeTKH KaKA0r0 H3 HHX B €IHHOE
uesoe. Pesayabrar 9T0ro — HacTosimas KHHra.

Llespio JIeKWHN SIBJISJIOCH O3HAKOMJEHHE ayIHTOPHH
(yze 3smaxomoil ¢ Teopueif cxeMm) ¢ HEKOTOPBIMH CBS-
3AMH 3TOIl TEOPHH M ee NPIJIOKEHHSIMH B APYrHX o6Jja-
CTAX MATEMaTHKH — B OCHOBHOM, TeopHH rpadoB H Ko-
j0B. ITpit 9TOM Ha 1eb H3J10KeHNsT MOBJIHsIA CBSI3b Teo-
pun cxem ¢ reopueii rpadoB 1 KOJ0B; O/{HAKO, MOCJEA0-
BATEJIBHOrO M3JI0KeHlist 3THX oOJjacteil He gaHO, XOTs
Kaz/10il 13 3THX TeopHii npejaiecTByeT BBOJAHAS TIJaBa.

Bunmvateabuplii ynTaTesnbh MOMKET 3aMETHTh pasjiHuHe
CTHJICH Pa3HBLIX IVIaB, JEMOHCTPHPYIOLIEE HHAHBHAYAJb-
HOCTH MOAX0/10B 060nX apropoB. Mul BepuM, uTo o6uiee
MaTeMaTHUECKOe CJAMHCTBO JeKUHil I KHHrH GyZeT oue-
BH/IHBIN 1 HOJIESHBIM JUIS CTYAEHTOB H HCcJe/oBaTesell
ITHX PaslesioB MaTeMAaTHKH.

Hopuii marepian BRMOuaer B celsi OBaJbLl B CHMMETPHUHLIX
cxemax, nepasencrsa Paii-Uayuxypn 1, Biubcona, vactHupbie reo-
metpii, ¢ reopemamu Xopmana — Yanra u Xoana—Konnopa, 1-pak-
TOPHIATLIHT I\’m IKBHAHCTAHTHBIE KOJALI, IIOCKOCTH H Gl(ll.'IOCKOCTIl,
20001eH IS KBAJIpATHYHO-BLIYETHOrO Kojaa I OG[)ZITHMNC IUIOCI(OCTH,
JIBYXBECOBBIC NIPOCKTHBHBIC KOABI, rpannuny Kpeiina,



1. KPATKOE BBEIEHHE
B TEOPHIO CXEM

Hacroamue sekuun unrtanuch AJas CHELHAJHCTOB, 3Ha-
KOMBIX C TeopHeii cxeM; MJIs He BXOAAILHX B HX YHCJIO
9Ta BBOJHAA IjaBa ONHCHIBAET OCHOBHBIC NMOHITHS TEO-
PHH CXeM H HEKOTOPble KOHKPETHbLIE MPHMEpHL.

[lox t-cxemod c mnapamerpamu (v, k,A) (wm
1-(v, k, 1)-cxesoll) moHuMaercs COBOKYmHOCTL ) TNOJ-
MHOZKecTB (HasslBaeMBIX 0.a0Kkasy) MHOXKecTBa S, cO-
CTOAIIErO H3 U TOYEK, TaKasd, YTO KazJoe MOJAMHOKECTBO
13 & COJePIKUT k TOUEK, a BCAKOE MHOIKECTBO H3 f TO-
YeK COJEPIKHTCS POBHO B A MojMHOKecTBax 13z 2. 910
onpejesenne, A5 HCKJIIOUEHHS BBIPOKIACHHDLIX CJyUaeB,
OBBIMHO MONOJNHAETCS PA3JIHUHBLIMH YCJIOBHSIMI; TaK, MBI
npeanosaraeM, uto S n % He nycTel H uto v =k =1
(L>0). t-cxema c¢ mapamerpom A= 1| naspiBaeTcq
wrelineposoii cucresoll.

Mnaue f-cxeMy MOKHO 3ajaTh MHOJKECTBOM TOUEK,
MHOKeCTBOM GJIOKOB 1 OHHAPHLIM OTHOLICHHEM HHIH-
JIEHTHOCTH MezK1y TouKamu M GJ0KaMH, Y/IOBJIETBOPSIIO-
LHM COOTBETCTBYIOMIHM YCJIOBHAM.

Huorja B f-cxemax A0myckaioTcess «IlOBTOPSIOLIHECS?
6nokn, Tak uro % -— cKopee cemeiicTBo, 4YeM MHOZKe-
CTBO — OJAHO H TO JK€ NOAMHOMECTBO S MOZKET il HEOJHO-
KpatHo (QurypupoBath Kak 0OJok. (1o ecrectBennee
COMIACYeTesl ¢ ONpeeIeHIeM OTHOMICHIS: IPOCTO OTCYT-
CTBYET YCJOBIE, YTO BCAKHE £ TOUEK HHIIJICHTHLI He
Gonee uem ojunomy Guoky.) B sroil kunre, xak npabmio,
He JIONyCKaloTes noBropsioutiecs OJOKH; cayuan HX 10-
SIBJICHHSI oroBapuBaloTcs ocobo. s Besakoro [ cyuie-
CTBYIOT HETPHBHAJbHBIE {-CXeMBl C IOBTOPSIOILIMHICS
GJI0oKaMH; HO HSBECTHB TOJNbLKO Te NMpHMEpH cxem 06e3
NOBTOPSAIOUHXCSt G70KOB ¢ { > 5, B KOTOPLIX Kamjble k
Touex obpasyior Guox. CyumecTBoBaHHE HETPHBHAJILHBIX
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t-cxem mnpu £>>5 ecth HauBosaee BaykHas HepelIeHHast
3ajaya B 3Toil 00JacTH; gax<e 5-CXeMbl HACTOJIBKO pei-
KM, 4TO HOBble KOHCTPYKIMH NpPeACTaBHJH Obl HECOoM-
HeHublii nuTepec. Koneuno, ausi 1iTeiiHEPOBBIX CHCTEM
Bonpoc nosTopsiouLxcs GJOKOB He Bo3nHKaer. JInb aBe
WTeliHepoBbl CHCTEME! ¢ [ =5 H aBe ¢ { = 4 NH3BECTHD;
OHH OyayT onucanbl HIXKe *).

3amveuanne. 0-cxema ecThb NPOCTO COBOKYNHOCTD
k-3J1eMeHTHBIX TIOAMHOIKECTB HEKOTOPOro MHOKECTBa.

[Mycrs B f-cxeme A; 0603HauaeT 4HCJI0 GJOKOB, COAEP-
JKalnX 3aZlaHHoe MHOXKECTBO H3 i TOUYeK (O<L<t)
HesaBicnMo, NMOACUNTHIBAS UHCJO DAsJIHUHBIX BHIGOPOK
OCTAJIbHLIX f— i TOYEK M WYHCJO OJOKOB, COAepKallHX
BCe  BEIIC/ICHHBIX TOUEK, HAXOMIHM:

% C:) ALY (1.1)

Orciona caexyer, 4To A; He 3aBHCHT OT HAuyaJbHOTO BEI-
Gopa i Touek, 3HAUNT, {-cXeMa, B TO YKe BpeMsi, SIBJASEeTCs
n i-cxemoii aaa 0 << i <<t Ilapamerpsr Ao (mounoe umc-
J0 6J10KOB) 1 Ap (uneso GJIOKOB, cojeprKalllX AaHHYIO
TOUKY) 00bIYHO 0003HAUAIOT uepe3 b I r COOTBETCTBEHHO.
Ipn t=1, i=0 ¢opmyna (l.1) noxaswiBaer, uTo BO
Beaxoit 1-cxeme

bk=wr. (1.2)

2-cxeMa vacToO HA3LIBACTCS 0.40K-CXeMOl W NPOCTO
CXeMoil; B aurepaType TepMHH «YPaBHOBEIICHHAS HENoJ-
Hasg OJOK-cXeMa» HCHOJIL3YeTCs, Korja He Kaxkjaoe k-
NOJIMHOIKECTBO ABJIsieTcst G6aokoM. B 2-cxeme mmeem pa-
BCHCTBO

r(k—1)=(@©—1)A (1.3)

Matpnna HHIACHTHOCTH CXeMbl ecTh MaTpuua M,
CTPOKH 11 cTOAOUBI KOTOPOIi comocTaBieHbl GJOKaM H TOY-
KaM CXeMbl COOTBETCTBEHHO, a 3JEMEHT B Iepeceyeni
crpoxn B u cronGua p pasen 1, ecan p & B, u pasen 0,
ecant p & B, (3ameTiy, uTo YacTo HCHOABL3YETCS I HHOe
onpejedenie, nanpumep, B xuurax HemGosckoro [24]
n Xosna [33]; pasunma B TOM, 4TO Halla MaTpHuA JB-
JsIeTesA TPAHCIOHHPOBAHHOI M0 OTHOWEHHIO K MPHBEACH-

) HeckosbKo HOBLIX Takux cuctem OLNIO HEAABHO 1oJIy4eno
JLeHHICTOHOM,



HBIM B 3THX KHHMrax. Takoe corjauieHne sjiechb NPHHATO
MOTOMY, YTO MBI XOTHM NPEACTaBJsITL XapaKTepHcTHYE-
ckHe QyHKIHE 6J0KOB, HaH cTpoxku A, KaK BEKTOP-CTPO-
KH, H paccMaTpHBaTb MX JHHEIHYIO 000JI0UKY. )

YciloBHA, UTO BeAKHIl 60K COJEPKHT R TOUEK, BCi-
Kas TOYka JexuT B r 0J0KaX, a BcAkas mapa TOUek —
B hglnoxax, MOryT ObiTh BhIpazkeHbl B TepMHHAX MaTpi-
sl M:

MI= kI,
IM=rl,
MM=(r—2)142]. (1.4)

(3mech u manee — [ —eaunnunas varpuua, a J— mar-
pHua, cnyiomwb cocTosuas u3 exumii.) Herpyano noka-
3aTh, UTO

det((r —2) I+ 1)) =rk(r — )l)v—l,

TaK uTo ecam r>>}, 10 Marpuua MM mecunryispHa,
H3 YEro CJeyer HepaseHcTeo Puwepa:

Teopema 1.5. Bo scakoti 2-cxese npu k<<v— 1
BLINOAHACTCS HEPUBLHCTBO

b=,

Kpome Toro, ecin b = v, 10 MJ = JM; Takum oGpa-
som, M kommyrtnpyer ¢ (r— M)/ +AJ, a suaunt, 1 C
((r—a)I+2yM-1 = MT.  Cueposareapio, MM™=
= (r—A)] +LJ, u3 uero szakjiouaem, 4TO BCAKHE JIBd
0J10Ka HMEIOT A OGUIHX TOUCK.

Teopema 1.6. Bo searoti 2-cxesme npu k=< v—1
caedyiouyue yreepicdenusn IK6UBANCHTHOL:

1) b=u;

I =

3) scakue dea Gaoka umeror ) obujux TOUCK. :

2-cxema, yjoBierBopsionias yeaopuam teopembl 1.6,
HasblBaercst cummerpuunod. Jleotcreennan eil cxema 0=
Jlyyaercst nepemenoii poJeit Touek H OGJOKOB, HOCPEU-
CTBOM OTOXECTBJICHHS TOUKH ¢ MHOZKECTBOM GJOKOB,
€e COAepIKalluX; 3Ta ABOficTBeHHAs cXema ecTh CHMMET-
pHuUHas 2-cxeMa ¢ TemH yKe napaMerpaMu M MaTpHIeH
unuigentioetn MT. [Toaaproctt CHMMETPHUHOI CXEMBI
D ectb caMoobpaTHMBLT H30MOPHU3NM MexKLy cxemoll D
I el ABONCTBEHHO!, T. e. B3aHMHO OJIHO3HAUHOE COOTBET-
CTBHE 0 MMy TouKaMi H OJoKaMH cXeMbl 2, TaKoe,
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yTO A8 BesKOl ToukH p u 6ia0ka B BRiuioueHne p & B
BBLIMIOJIHSIETCSl TOTZa M TOJbKO TOrAa, Korma B e po.
Touka p (cooTB. Guiox B) sBisieTcss aGCOJIOTHOH OTHO-
CHTEJILHO MOJASAPHOCTH 0, ecan p & p° (cootB. B° & B).

Teopemsl 1.5 u 1.6 caenyior n3 Gojee obuiero pe-
3yJbTaTa, KOTOPLIl MPHBOAHTCS B riaBe 4.

Teopema 1.7. Bo scakoi 2-cxeme uucro 6.20K08,
He nepecexkaioujuxcs ¢ Oannvly Gaokom B, He merbuie

uem
E(r—1)

(k—1)(A—1)+(r—1)"

Pasenctso doctuzaercs 1o20a u TOAbKO To2da, Koeda
scaxuti 6a0k, nepecexaroujutics ¢ B, useer ¢ Hum no-
CTOSHHOE UUCA0 OOUWUX TOYEK; ecau 3TO YCA0BUE BblLNOA-
HeHO, TO NOCTOAHHOE YUCA0 OOUUX TOYCK PABHO

e (k——:!?}.— 1)

Jdoxasateabcerso. [Tyers d — uicao 6JOKOB, OTJIHYHBIX OT
B 1 nepecekaloulixcs ¢ HUM, Il 7; 13 WNX nepecexaiorea ¢ B B i
-mnn«l\ Hesanncimo, nojcunThiBas uHeJ0 BHIGOPOB j ToueKk B B

prmr 6J10Ke, HHUMACHTHOM C STHMH j TOYKaMmH, MoJydyaem mJs
,‘= 0, 1, 2 coorsercTBento (cymmupyercs or 1 mo &):

Z”i=d1

Zin,»:/:(r—l),
il =)=k (k—1)(A—1).

3naunr,

Z (i —=x)?n;=dx? =2k (r—1)x+k((k—1)A—=1)4(F—1).
Sra KBajpaTHuHan n|m,x\( OT X JIO/KHA ObITb NOJOKITEIbHO noJy-
onpeaeaeHiofi 1 nﬂ]\ HACTCH B HYJIb, TOAbKO ecul d =k (r—1)?/

/((I‘—l)(/—— Y4+ (r—1)) uw m =0 ngas Beex i= 14 (k—
— 1) A—=1)/(r—1).
Sameuanue. Temepn Teopema 1.5 caenyer ua He-
])ZH]('H("I'HU
k(r—1)2
Z =D G—1)F =10

¢ npumenennem Qopmyn (1.2) u (1.3); Touno Tak e,
ecmib=v, Tor=rhku

s i A
4 SRRD

b—1=

A



Teopema Bpyka — Paiizepa —Uosna gaer HeoGXomH-
MBI€ YCJIOBHsS CYUIeCTBOBAHHSI CHMMETPHUHBLIX CXeM C
HannpiMi mapaverpamu (v, k,A), YIOBJIETBOPSIOLIHMH
yenosuio (v—1)A=Fk(k—1).

Teopema 1.8. Ipednoroscun, uro useerca cus-
aerpuunas 2-(v, k, %.)-cxesa u nycro n=k—»~r To2da

1) ecau v werno, o n— readpar;

2) ecau v Hewerro, To ypasHerue

2=nx24 (— 1) 22

pespeuusio 6 yeavly x, Y, z, U3 KOTOPLIX He BCe pPaGHbL
HYA10.

HMnunaentnocrioe ypasnenne M™M = nl - .J noxa-
3biBaer, uro Marpuusl / u nl -+ AJ pauuoHaJbHO KOrpa-
JUCHTHBI; cTajg0 ObTh, Teopema 1.8 mozker GBITH moOJy-
yeHa npuMeHenuem Teopembl Xacce — MUHKOBCKOTO, XOTs
BO3MOZKHEL 1 GoJiee 3jieMeHTapHble JoKasaTteabcTna. Teo-
pema Xacce — MUHKOBCKOro rapaHTHPYeT CYIILECTBOBA-
HHe pauHoHaJbHOH MaTpuusl M, yaoBieTBopsiioulei Hu-
LHEHTHOCTHOMY paBeHCTBY B cJjydae BLINOJHHMOCTH
ycaoBuii teopemor 1.8, Ho 3TO He o3Hauaer, 4TO cXeMa
CYMIECTBYET, i HEH3BECTHO, ABAAIOTCS JIHI 3TH YCJI0BHSA JIO-
craTounLIME Juist ee cyutectBoBanns. [Tosxe, B raase 11,
Gyner mogpoGuee obeymxaathes cayuail (v, &, A)=
= (111,11, 1),

Marpuya Adamapa— n )X n-vatpuua H ¢ aaeven-
Tamn =1, yposaersopsaoman yeaosuio HHT = H™H =
=nl. (Ona maswiBaercs Tak NOTOMY, UTO ee JieTepMi-
HalT JOCTHraeT rpannin, npHHajjsezaueii Apamapy.)
HMayenenne sHakos sjeMentoB cTpok 1 cT0JGIOB OCTAB-
JSIET  onpejendeMoe  CBOHCTBO HEMZMEHHBIM, HO3TOMY
MOJKHO Npejnosarath, YTo Bee 3JeMEHTHl B NepBoil cTpo-
Ke 1 nepsBom crojibue pasubl 1. Ecan Beruepkuyth a1y
CTPOKY H 3TOT croJlel, a B OocTaBlIMXcs 3aMeHHTh —I|
#a 0, o mosyunrest marpuna M, kortopan (npu n = 4)
ABJSIETCSl  MaTpHuell  HHUMAEHTHOCTH — CHMMETPHUHOI]
2-(11—— I % =1, %— 1)-CXCM];I. Takag cxema Ha-
sbiBaeTest adamaposoti 2-cxesoil. Ma cxembl ¢ TakHMu
napaMerpamMi MOXKHO BOCCTaHOBHTL MaTpHuy Ajamapa
obpauienien npupegennoii npoueaypsl. Oanako, Mart-
puia Anayapa Moxker GLITH BIOH3MEHeHa MepecTanoB-
KaMH CTPOK M CTOJIOLOB, MOTOMY H3 «3KBHBAJIECHTHBIX»
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MaTpul AfamMapa MOMKHO IOJydaTh Pa3dHYHbIE 2-CXeMEl
Apawmapa.

Ipumepsl agamapoBLIX 2-cXem BKJOuaioT B ceGst cxembl [Taa,
rae n— | = g — crenenp npocroro (g = 3 (mod 4)). Touxamu Ta-
KOIf CXeMbl ¢/ at saementsl noas GF(g), a GJOKaMil — MHOYKeCTBA
((2;1-‘*_‘1 (a=GF(q)), rae Q — MHOXECTBO HEHYJEBHIX KBaJApaToB B

(9)-

IMycrs H — matpuna Agavapa nopsaka n >4, B KO-
TOPOIil KasKABIH ayeMeHT mepBoil cTpokH pasen --1. Beg-
Kasi CTPOKA, OTJIMYHASI OT MEpBOil, HMeeT /1/2 eAHHHIL it
n/2 MHHYC eIHHHL, ONPeAeJsist TaKHM 00pasoM jBa MHO-
JKecTBa CTOJGLOB, 10 1n/2 B KamJAoM. (D10 pasduenue
HE 3aBHCHT OT NEpPEeMEHbl 3HAKOB BCeX 3JIEMEHTOB CTPO-
ki.) Ecuan paccmatpnBath cTOJIGUBI KaK TOUKH, a MHO-
JKeCTBa, ONpejessieMble TaKHM Croco00M, — KaKk OJIOKH,

TO INOJIydYaeTcs 3-(n,%.'—;-——1)-cxema, nMeHyeMast
adanaposoll 3-cxexmoti. Besikast cxema ¢ 3THMH Nmapamer-
paMi BLIBOJAMMA H3 MaTpHubl AjzamMapa TaKkuM cnocofoM.

Heo6X0/11M0 OTMETHTh, YTO MHOYKECTBO aJaMapoBbIX
MaTpHul, BecbMa BesinKko. IIpuMeps! HX H3BECTHBI JJISI MHO-
IHX TOPSI/IKOB 71, KpaTHBIX 4 (HamMeHbIINil HeBBISCHEH-
Hulii cayuaii: n=188%)), a mag yMepeHHO MaJbIX n
IIMEETCsl MHOrO HeIKBHBAJIEHTHBIX MaTPHIL.

IlpoexTusnasn ecomerpus uan mojem F ectb, rpy6o
rOBOPS, COBOKYNHOCTb HOJANPOCTPAHCTB BEKTOPHOTO MPO-
crTpaHeTBa Komeunoro panra naa F. Touxasi reoMerpuu
apJagiores noanpocrpancrsa paunra 1. IIpoekrnsnas reo-
METpHA YaCTO paccMaTpHBACTCS KaK peleTka, B KOTO-
poil BesIKas TOUKA SBJSAETCS aTOMOM H KayK/blil SJeMeHT
cMezken arovam. Byxem oToxaectBaSITL MOANPOCTpaii-
CTBO € MHOJKCCTBOM TOYEGK, Ero COCTABJSIOUHX, IOHI-
MaeMbIM KaK HOJAMHOKECTBO TOUeUHOro MHoxKectBa. Pas-
MEpHOCTh TOANPOCTPAHCTBA HA €HHNIY MEHpIIE ero
BEKTOPHO-TPOCTPANCTBEHHOIO panra (Tax, TOUKH - HMEIOT
pasvepiocts 0); pasMepHocTh reoMeTpHH —Ta Ke, uTo
1 Beero npocrpancersa. Ilpavble n mI0cKOCTH — 9T0 MOJI-
npocTpaicTBa pasMepHoctd 1 M 2 COOTBETCTBEHHO; TrH-
1epIIOCKOCTH — NOANPOCTpancTsa Kopasmepuocri 1. Ta-
KiM 06pasoM, 3iech HMEIOT MecTo OOLIUHLIC FeOMeTpHie-
cKHe YTBePZKAeHHs: ABe TOUKH JIeXKaT Ha OJHOIH HpsMoi,
TOUKA H HE CMexHas eil mpsiMas Jie:kaT B eHHCTBeHHOM
MJIOCKOCTH 1 T. JL.

*) n == 268 (1980 r., cm. [80]. — [pus. nepes.



Ecin F KOHEUHO, TO MOAMPOCTPAHCTBA JaHHOI MOJIO-
JKHTEIBHOIl Pa3MEepPHOCTH NPeACTaB/IAIOT co00il GJOKH He=
KOTOpOil 2-cxembl. [mmepmiockoctu o0pa3yioT CHMMET-
DHUHYIO 2-CXeMy, KOTOpylo OyaeM 0003HauaTh Yepes
PG(m, q), rie m— pasmepHocts, a ¢ = |F|; napamer-
PaMH TaKoOii 2-cXeMbl ABJSIOTCS

ql’l+l — l qlll_ l (]m_x —'—'I
( qg—1 ’ q—1 "' qg—1 )

O™ (HakThl MOryT OBITb YCTAHOBJEHBI KaK OlLEHOUYHBIMH
paccy:KIeHuaMI, TaK U HCHOJb30BaHHEM TpPaH3HTHBHBIX
CBOICTB ofweil JauHeiimoii rpynnme.  OTmerny, 4TO
PG (m, 2)—apgamaposa 2-cxema npu Beex m = 2.

ITpoexTHBHAsA MIOCKOCTb €CTh NpOEKTHBHAs 2-cXeMa
¢ A=1. 910 coruacyercs ¢ mnpeauecTByiouleii TepMH-
HoJjlorHeit B ToM, uto PG (2, g) ectb mpoekTHBHAs MJI0-
CKOCTb; 110 aHaJoruu, 6J0KH NPOEKTHBHOH MJ1I0CKOCTH Ha-
3biBaloTes mpaveivi. Moanduuupya odosnauenns, 0Y-
JeM uenonb3osath PG (r, g) Ans npeicraBjeHis BCAKOH
NPOEKTHBHO! MiockocTu ¢ k= ¢ -+ 1, rae ¢ — ne o06g3a-
TEJbHO CTeneHb MPOCTOro (XOT# 3TO Tak BO Bcex H3Be-
CTHEIX npumepax). Takum oGpasom, PG(2,g) MOMET
0003HaYaTh COBEPUIEHHO PA3/HUHBIC CXEMBI; OAHAKO HPH
m > 2 cumson PG(m, q) nommvaercs ojHo3Hauno. 910
00bsICHACTCA PAAOM NpPHYHH; yKarkeM Oy, MpHHaLIe:
#autyio BeGaeny u Iury [69].

Teopema 1.9. Cosorynnocro nodsnoxcecrs (Ha3bl-
BaLMBLY NPAMBLAL) KOHEUHO20 MHOJcecTéa Touexk obpa-
BYer MHOINCECTBO NPAMbLY MPOCKTUBHOL 2eomeTpuu Uil
MPOEKTUBHYIO NAOCKOCTH, €CALL BHINOAHCHLL CACOYIOUjUe
yeaosus:

1) ecakasn npamas codepycur no kpatnei mepe TP
TOUKW W HeT npayoll, codepicauieil 6ee TOHKIL,

2) ecakue dse rouxu aexcar Ha 00HOU (eJUHCTECH-
Hotl) npasotl; _

3) scakue Tpu HekosauneapHole TOUKW AeiAT 6 N00-
MHOJICECTBR, KOTOpOe BiecTe ¢ Npavlil, ezo codepia-
wuau, obpasyer npoexTUBHYIO NAOCKOCTD.

ITpoektnBibie miockocTH MOryT ObITL aKCHOMATH3MH-
POBaHBl I TaKUM crnocoGoM, THpH KOTOPOM [0NYCTHMO
pacwnpenne onpeaenenus n teopemul 1.9 g0 Geckoneu-
HBIX [IOCKOcTeli; Tpebyercs, uToOb BCAIKHE ABE TOUKH
JIeXKaJiH Ha OJHOI mpsMoii, Besikue JiBe MpsMble rnepece-
Ka/HCh B ONHOI TOUKE M CYLIECTBOBAJH HeThipe TOUKH,
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Cpeln KOTOPHIX He Gblio Gnl Tpex KosaHHeapHBIX. [Tpo-
€KTHBHEIE IUIOCKOCTH Haj MOJAMH HMeHyIoTcs Oesapeo-
8bLiU, TIOCKOJBKY OHH XapakTepuayloTcs Teopemoi [le-
3apra.

Appunnas (nan esxaudosa) eeomerpus pasMepHO-
CTH /m eCTb COBOKYNHOCTb KOMHOKeCTB MOANPOCTPAHCTB
BEKTOPHOIO NpPOCTpaHCTBA paHra m Hanx noxem F. 3aech
reoMeTpHyecKasi pa3MepHOCTh KOMHOZKeCTBa paBHa BeK-
TOPHO-IIPOCTPAHCTBEHHOH  pa3MepHOCTH JIOAYHHEHHOrO
NOANPOCTPAHCTBA; TOUKH — 3TO CaMH BEKTOPHl (MJIH KO-
MHOJKECTBa HYJb-TIOANPOCTPaHCTBAa). MBI BHOBb OTOX-
ZIeCTBJIsIeM TOANPOCTPAHCTBO C MHOMKECTBOM TOUEK, €ro
cogepxamum. Ecan F KOHeyHO, TO TNOANPOCTPaHCTBA
JIaHHOI TOJIOKNTEIbHOI pasMepHOCTH 06pas3yloT 2-cxemy.
Ecan |F|=2, 7o mio6ble mnpsiMble HMEIOT 1BE TOYKH
(1 BesAkoe MHOJKECTBO H3 JBYX TOUEK 00pasyeT MpsiMyio)
H NOANPOCTPAHCTBA JaHHOI pa3vepHocTH d > 1 obpa-
ayior 3-cxemy. OGo3Hauaem cXeMy TOYEK M T'HIIEPIJIOCKO-
creit uepes AG(m, q), rae ¢ =|F|. Cxema AG(m, 2) sB-
Jsiercs ajamMapoBoil 3-cxeMoii.

Appunnan naockocro AG (2, g) MoxkeT GHITH Ompese-
gena xak 2-(¢% g, 1)-cxema. (Bo3MOXKHO TakXKe aKCHO-
MaTHUECKOe OlpejielieHte uepes MOHfATHE «MapaJJesbHO-
cti».) BHOBL Halle NOHATHE AONMYCKAeT HEOAHO3HaYHOE
tonkonanne. Tounulii anamsor Teopembsl BeGiena — flura
noxasan Bykenxayrom [15] npu orpannueHunH, uyTo Kax-
fAasi mpAMas HMeeT, Mo KpaiiHeil Mepe, ueThipe TOYKH;
Xoaa [33] nocTpons KOHTpHpHMEp ¢ TpeMs TOUKaMH Ha
jio6oii npavoii. M Touno Taxk ke auHHBIE MJIOCKOCTH
Haj noJisMil Xapakrepuayiores Teopemoit Iesapra.

Haxkonel, 3amMernm, uto addruuHas reoMeTpHsS MOXKET
OBITH TOJYUCHA 13 COOTBETCTBYIOMIEll NPOEKTHBHOH reo-
Merpuil BEIGpachIBAHHEM THIEPIVIOCKOCTH — BMECTE CO
BCeMil ee TOJNPOCTPAHCTBAMMU; B TO »Ke BpeMs INpPOeK-
THBHAS TEOMETPHs MOKeT OblTh BoccTaHoBJIeHA H3 ad-
(uunoii reomerpun. DT0 JKe BEPHO ISl MPOEKTHBHBIX H
auunnix naockocreit. Jaaee ca. Jobasrenue 1.

Mpl KpaTko paceMoTpuM B raaBe 4 addUHHYIO CHMII-
JICKTHUCCKYIO FEOMETPHIO pasMepHocTH 4 Hax mojem
GF(2). 31ech BEKTOPHOE MPOCTPAHCTBO HAJeNEHO CHMII-
sexTHueckoil Gunnneitnoit gopmoil n GJoKamMu 3TOl cxXe-
MBIl SIBJISTIOTCA KOMHOXKECTBA TeX MOJNPOCTPAHCTB paH-
ra 2, KOTOpble TOTaJbHO H30TPONHbI OTHOCHTENLHO 3TOH
(hopMBL.
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Has pannoii t-cxemst 2 npoussodunas cxesma Dp 0
HOCHT@JIbHO TOYKH p ecTb (f{—1)-cxema, TOYKH KOTC
POl — TouKH cxeMbl &), OTJHUHBIE OT p, a GIOKH — MHC
xectBa B—{p} nas xamporo 670ka B e %D, KOTOPH
cozepxut p. Ocrarounasn cxesma 9DP OTHOCHTEJIBHO TOUK
P HMEET TO K€ TOYeUHOe MHOKeCTBO, uTo 1 £, HO €
G610k — GaIoKH cxeMbl D), He cofepiKalllie TOYKH p; OHa
TaKxe sBjgerca (f— 1)-cxemoil.

3lech, KaK ANA cXeM, TaK H JJs rpynn nepectaHo
BOK, BecbMa BazkeH 0OpaTHLII BONpOC, HMeHyeMblil 1npo
6aenoil pacuupenudi:

HUaomopdua qn gannas f-cxema nponssoanoit Dy A5
HeKoTopoit (£ 1)-cxemer 2? Cxema 2 B 3TOM CHY4aE
HaspIBaeTCs pacuiupenues NaHHOH cxeMbl. PaciiHpeHHE
MOJKeT ObiTh MPOH3BEAEHO HEe eIHHOMKAbl, a MOKEeT H He
cyliecTBoBaTh BoBce. (s nocTpoeHus pacluHpeHHd
HYJKHO HaliTi noaxoasutyio cxemy 27.) Ilpumenas Gop-
Myay (1.2) k pacumipennio, moayuaem npocrtoe HEo0X0-
AHMOE yCJIOBHE PaCIIMPAEMOCTH:

Mpenanoxenne 1.10. Ecau t-(v, k, N)-cxena ¢ b
Gaokanu pacuupsesa, o k-1 deaur b(v--1).

Tax, 2-cxema PG (2, q) uMeer mapamerph v = g°
+q+4+1=0b, k=g 1; npuvenss npemnoxenne 1.10,
nosyuaem pesyubrat Xpiosa [39].

Teopema I.11. Ecau PG(2,q) pacuupsend, T0
g=2,4, 10.

Muoro nspickannii GuII0 NOCBAILEHO THM HPOEKTHB=
HEIM IIOCKOCTAIM M HX pacunpennanm. Boaee Tonkoe npu-
Menenne npeioxenus 1.10 nokaswisaer, uto PG (2,2) n
PG(2,10) moryr Guts pacumpens He Gosee ueM e/i-
HOXKABL, a PG (2, n)— ie Goaee uem Tpuxabl. B aeiicTBH-
TeJpHOCTH PG (2, 2) epuuctBenna 1 HMeEeT eAHHCTBEHIOe
pacunpenne, uvmenno AG(3, 2). Eanncreenna raxuie cxe-
Ma PG (2,4) 1 mMoxker GLITL pacmmpena TpHIK/L; KaxK-
Jloe mocJgielyioulee paciuppenne eimHcTBenHo (¢ ToY-
HOCTBIO 710 H3oMopuama). Cymecrsopanne PG (2, 10)
A0 CHX Nop He JoKaszaHo (970 Gyjaer obcyxparthes B 1va-
Be 11) u ee pacwmpsievMocts BLIABHTCA, NO-BHANMOMY, HE
CKOPO.

[Mosanee, Xbios mokasam, uto HMeeTcss JHITL KOHEU-
HO€ uHCJI0 pacmmpennit cumMMmerpuuneix 2- (o, k, A)-cxem
IpH BeAKOM L. HanGosee cmabHBIT pe3ysibrat B 3TOM
Hanpasaennn npunaanexur Kamepony [17]. On Gyner
HCII0JIb30BaH 1t JloKasan B riase 4.
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L AN I

Teopema 1.12. Ecau cunmerpuunas 2-(v,k, A)-
cxema D pacuupsena, TO GLINOAHSETCS 00HO U3 Cae-
dyrowux ycaosuil.

1) D — adanaposa 2-cxena;

2) v=(A+2)(AM2+4r+2), k=2+3r+1;

3) v=111, k=11, A=1; ;

4) v =495, k=39, L=3.

Hanee cn. [Jobasarenue 2.

Coraacno ciayualo 1) srtoro peayabTaTa, ajamapoBa
2-cxeMa JONMycKaeT eQMHCTBeHHOe pacmupenue. Jljs
3TOro HeTpPyAHO NOKasaTb, YTO B ajfaMapoBoil 3-cxeme
nonosHeHne 6J0Ka ecrth 6JOK; TOrja eIHHCTBEHHOE pac-
IIHpeHHe agaMapoBoil 2-cxeMbl £ mnoayuaercs Jo6aB-
JIeHHEeM OJIHOil HOBOIi TOUKH K KaxKaoMy GJoKy 2, H TO-
rja JONoJHeHHe KaxKaoro takoro 6Joxa Gyner 6J0KoM
n B pacwnpennn. IToMumo amamapoBbIX CXeM, H3BeCT-
HONl pacuypsieMoii CHMMETpHYHOII cXeMoii fBJsercs
PG(2,4) (cayuail 2) mpu A= 1); oHa TOXe JomycKaer
eHHCTBEHHO0e PaclIHpene CHMMEeTPIYHOIT 2-cXeMOoi.

Jlag ag@UHHBIX MIOCKOCTel CHTyallls HEMHOrO HHas,
10CKOJILKY HeoOXoxnmoe ycsosne (mpeanoxkenne 1.10)
pcerja BhuinosHeno. Pacmmupenne adduHHOI MI0CKOCTH
(1. e. 3-(¢>+ 1, g1, 1)-cxema) naswiBaercs: obpaujer-
Holi naockocteio wan MéGuyc-naockocroro.  H3BecTHO
MHOro npuMepoB: apQHUHHBIE MJIOCKOCTH HaJ KOHEUHBIMH
MOJIAMI BCe PAcIIipsieMbl, HHOTAA (oJiee ueM OJHHM CII0-
co6om. Onmnaxo, JlemGoBeknm [22,23] nokasano, uTo
obpalleHHas IVIOCKOCTh TpH UCTHOM ¢ JIOMyCKAaeT ecTe-
crBennoe Baoxenne B PG (3, q) (g— crenenb ABOIKH).
Henoabsyst 370 B coefnnennn ¢ npeanoxennem 1.10,
Kantop [42] nokasau, uro, ecan AG (2, ¢) ABaxAB pac-
mnpsaema (¢ >2), 1o g=23, 13. B jeiicTBHTeIbHOCTH,
AG(2,3) TpHKABL pacupsieMa; 9TH paclIHpPEHHs sB-
JA10TCS «IOPPYZKEHUAMI» B COOTBETCTBYIOLIHE PacUIHpe-
nis PG(2,4), Tak JKe Kak B NPOEKTHBHLIX I'EOMETPHSX
naja GF(3). Henspecrno, Bepuo i, uro Besikas AG (2, 13)
JIBAZKJILL pacuipsiema. :

Pacumpenis cxem PG (2,4) n AG(2, 3) cronb Bausl,
YTO MBI DPHBOAMM KPaTKOe OMHCanie HX KOHCTPYKIHIL
Cw. raxxke Burr [73,74], JlynGepr [46], Tomn [68],
Jlakoncon [41] m . a

5-(24, 8, 1)-cxema noayuaercs us PG(2,4) noGapie-
HHEM Tpex Touek p, ¢, r; GJOKH, COAEpiKaliue BCe 3TH
TpH TOUKH, CyTb MHOKectBa {p, ¢, r}UL, rae L — npsa-
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Mast B PG(2,4). Mbl 101KHB TOUHO ONpeenTh GJIOKH,
KOTOpEIe HE cOAepiKaT BCe 3TH TPH TOYKH, KaK MOIAMHO-
xectBa PG (2,4). Oun 0Kka3bBAIOTCA €CTECTBEHHBIMI €0~
METPHYECKHMH 00beKTaMH: THIEpoBaJaMH MO/IIOCKO-
ctaMi PG (2,2) H cHMMETPHYCCKHMH DasHOCTAMH nap
npAMBIX. JleficTBHTENbEO, 3TO eAHHCTBEHHO BO3MOYKHLIE
KaHAMAAThI; TaKHM MyTEeM MOYKHO MOKa3aTb €HHCTBEH-
Hocth cxeM. (Ilpu stom Basuo, uto Gaokn 5-(24,8,1)-
cxeMel MoryT umetb 0,2 man 4 oGUINX 3JjeMeHTa; TO AO-
Ka3bIBaeTcsl MPOCTHIM BLIYHCIEHHEM.)

Ecn U — MHOKecTBO a6COMIOTHBIX TOYEK 110J1APHOCTH
YHHTapHoro Thnma (ysmrapHas nosaspa) B PG(2,4), 1o
{n, g, r} UU ectb Toueunoe wmuoxkectso 5-(12,6,1)-cxe-
Mbl. Muave, mociefnsas cxeMa MoOKeT ObIThb MOJyueHa
TpoekpatHeiM pacmnpennem AG(2,3) u, Kak u panee,
HAEHTH(OHUUHPOBAHHEM NONOJHEHHBIX OJOKOB ¢ reoMeTpH-
UECKHMH 06BeKTaMH B IIOCKOCTH.

Huoe mnocrpoenne 5-(12, 6, 1)-cxempl ocuonano Ha
TOM, YTO cHMMeTpHyeckas rpynna Sg 06J1a/acT BHCIIHAM
aBToMOp(duamoM. B3AB aBa MHOXKeCTBa M3 uIecTH 3Je-
MEHTOB, Ha KOTOpBIX Sg AeHCTBYeT ABYMs BO3MOZKHBIMI
crnocobamu, 6jokn 5-(12, 6, 1)-cxeMpl MOKHO ONNCaTh
TIPH MOMOIIH NEpPecTaHoBOK. ITOT MeTOJ[ TaKzKe M03BO-
JIIeT JI0Ka3aTh eJAHHCTBEHHOCTb. IDTOT MNpouecc MOKET
OBITh mpojoazKen: rpynna asroMopguason M, cxembl Ha
cebs1 uMeer M0 BHEmHN aBTOMOP(H3M I anaJornuHoe
nocrpoenne paer 5-(24, 8, 1)-cxemy.

MOKHO HenocpeAcTBeHHO CTPOHTE H-KpATHLIC TPAH3H-
THBHbIe rpynnsl Matbe My u My 1 BLIBOJNTE CBOICTBA
CXEM H3 HHX.

Jlaist mocTpoenns cxem uneTo aareGpanueckiy myTeM,
MOJKHO HCIOJIB30BATL NpHeMbl Teopun koanpopaunsg. O6
9TOM Oyjer ckasano B raasax 11 u 12,

ciyyae GoJjiee BBICOKHX pasmeprocTell cnrTyalns
npoue. Cxema PG(m, 2) (npn m > 2) nmeer paciinpe-
HHE JHIIb ecaH ¢ =2, Korja ajamapoBa 3-cxema
AG(m -+ 1, 2) saBasercsa eAHHCTBEHHO pacHInpieMoil; cxe-
ma AG(m, q) ne pacumpsiema npu m > 2.

HoapoGree cm. MdemGopeknii [24]: cxembi—B raa-
Be 2; npoekTupHple H a((UHHBIC TCOMETPHII — B pas-
neae 1.4, NPOEKTHBHbIE TJIOCKOCTH — B rJjaBax 3—5 H
obpaulentble miockocTH — B raase 6. Buok-cxembl
TaKKe paccMartpueajores B kumrax Xoaaa [33] n Paii-
sepa [56]. Jaaee ci.”Zlobasrenue 3,
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2. CHJILHO PETYJISIPHBIE TPA®BI

B Teopun cxem HcclenyloTcs CHCTEMbl MOAMHOIKECTB
(Han oTHOWIEHHiT MEXJy ABYMs MHOXKECTBaMH) C BbICO-
KOII CTeNeHbl0 CHMMETpHH. B IpOTHBOMOJIOKHOCTH 3TOMY,
B GOJBLIOH H, HA Hall B3ryisJ aMop@Hoii, 06/1acT, Hagbl-
BaeMoii «Teopusi rpad)oB», HCCAeAYIOTCsl BONPOCH 00 «06-
U[HX» OTHOIIEHHSAX Ha MHozkecTBe. Takas OOWIHOCTB
OGBIYHO O3HAuaeT, uTo JHbO 3ajaBaeMble BOIPOCH! CJIHII-
KOM yacTHBI, JH00 MoJaydyaeMble pe3yJbTaThl HEAOCTATOY-
HO MOLIHBI /IS BBIBOJA MOJE3HBIX CJIEACTBHIl B TEOPHH
cxem. M Bce-Takn ecTh HECKOJbKO MECT, B KOTOPBIX 3TH
JIBe TeopHH B3aHMONOJE3Hbl; HEKOTOpBIe H3 HHX OyAyT
onucanbl B CJAGAYIOWHX NsTH riaBax. Heo6xoanmas yHH-
(ukaius 371ech 00ECHeUHBAETCs KJIAcCOM «CHJBHO pery-
aapuBX rpados», BBeaeHHbIX Boysom [11], onpenenenie
KOTOPLIX OTpazkKaeT CHMMETPHIO, NPHCYILYIO f-cXeMaM.
Ho npezie Bcero, 6e3 o0OCyKAeHNS, yKaXeM NpHUMep Ta-
KOl cHTyanum.

I'pagh coctonT 13 KOHEYHOrO MHOMKECTBa BEpIINH 1
~. MHOzKecTBa pelep, rae Kax/oe pe6p0 ecTh MOJAMHOXKE-
|, cTBO MHOKecTBA Bepuin MomHoctn 2. (Mupvn cnoBamn,
\ mpaul rpadbl HEOPHEHTHPOBAHHBI, HE HMEIOT INEeTeNh H
kpatHuX pebep.) Kax m B cxemax, ecTb HHOe onpeiesne-
pie: rpad COCTONT 113 MHOYKECTBA BEPIUIMH, MHOXKECTBA
pebep 1 «HHIHACHTHOrO» OTHONICHHSI MEKAY BepluHHAMH
i pebpami, TAKOro, 4T0 BCAKOE PeGPO HHUNJACHTHO ABYM
BepiinHanM, a Jiobbie JBe Bepuiiibl HHIHACHTHE He Go-
jgee uen ognomy pebpy. Heckonbko nnoe onpepesenie:
rpad) COCTOHT 13 KOHEUHOIO MHOYKCCTBA BEPIIMH H CHM-
METPHUHOIO  HppedIeKcBioro  GHHAPHOTO  OTHONIGHHS
(HA35IBACMOTO CAMCICHOCTLIO) HA 3TOM MHOXKECTBE Bep-
i, Tpady sBaserces noanoia, ecan jo6as napa BepuiHi
eMezcHa, 1 NyCTHIM, ecll oH He umeer pebep. [onoane-
nuen rpada I' asasercs rpad I', MuoxecTBo pebep Ko-
TOPOro ecTh JIoNoanenne Muoxectsa peéep rpaga I (or-
HOCHTEJLIO MHOJKECTBA BCeX 2-3JEeMEHTHBIX HOJMHO-
JKECTB 9TOTO BepUIMHHOro MHoxecrBa). Bo BeskoM rpa-
de " uepes I'(p) oGosHauaeM MHOZKECTBO BEPIIHH, CMEK-
Hpix Bepwmne p. Jlas janinoro MHoxKecTBa BepuminH S
yepes I'/S obosnayaem rpad Ha MHOMKECTBE Bepuuup S,

peGpa xotoporo— peGpa rpada I' i CTBE..B -
V\é“m $5P <
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Hanpumep, nycrs n— HatypanpHoe uyHcao, a V—
MHOXKECTBO BceX 1 X n-JaTHHCKHX KBAJpaTOB C 3JEMeH-
Tavu {1, ..., n}. O6pasyem rpad I, ma MmHOKecTBe
BepuHH I/, roBops, uTo ABa JATHHCKHX KBajpaTa CMeXkK-
HBI TOTJIa H TOJBKO TOTJa, KOrja OHH OPTOroHaJbHHL. Xo-
POIIO H3BECTHO, uTO MPOEKTHBHAS (HaH adduuHasn) MJI0-
CKOCTb NMOpPAZKA f CYLIECTBYeT TOIJa H TOJLKO TOTAR,
koria I’y comep:kuT B KauecTBe noirpacda noausiii rpad
Ha n—1 pepuunax. Teopus rpaoB naer HaM HEKOTO-
Pble HHKHHe OLeHKH A1d 00beMa IOJHLIX mojarpados B
rpade, H HeyAHBHTEJBHO, YTO OHH HEJOCTATOYHO CHJBHBHI
AU leMOHCTpAIHH CYLIECTBOBAHHS MJIOCKOCTH AaHHOro
TNOp7A/KaA, 82 HCKJIOYeHHeM TPHBHAJIBHBIX cyuaes. B aToM
CBeTe mpejcraBiserTcd MaJjooOHajerKuBalouleii mojes-
HOCTb NpHMeHeHust TeopHH rpaoB sl KOHEuHLIX ILIO-
CKOCTEl],

Ecan p — Bepunna rpaa I, T0 sazenrnocTy p ecth
uneno pebep, copepmamux p (nan [I'(p)|, 1. e. unciao
BEPIIHH, cMezKHBIX ¢ p). Eciy Bce BEPUIHHBL HMEIOT OJHY
H Ty Ke BaJIGHTHOCTh, TO rl)a(l) Ha3BIBACTCS peeyripHbLiL,
H B TakoM cayyae sTa o0miag /Ul BCEX BepIiHH BaJCHT-
HOCTE ecTh sasentnocts zpaga. (Takiyv oGpasom, rpad
ABaAetcs 0-cxemoii npu k= 2; peryaapuwiii rpad ectb
l-cxema, u gaumep noaupii rpa ABiIserca 2-cxeMoil,
HHOIJa Haappaevofi napHoii cxesoii (cxestoii nap).

Kax n reopun cxem, MOZKHO ONPEACTHTL sarpulyy U=
yudentrocru M(T) rpada I, KaK MaTpuiy muiiieHT
HOCTHOTO OTHOWenusA (cTpOKH— pedpa, ctosiGun — Bep-
UIHHBL, W sj1eMenT MaTPHUB! de,p PABCH I, ecoi pese, 1
08 nporusnom cayuae). bosacee nojiesta starpuya caen-
HoCTU A(I‘)—mafpmw oTHoleHHs eymexnoety (¢TpOKH
H CTOJOIE! — BepIIHHLl H “/71-'7‘ = ecann {[}], [)‘_/,} — ])(.‘r)_
Po, 11 0 B nporuemom cayuae). Orverni, uto M(I') TM(T)
€CTL CyMMa cumpmerpruHoii MaTpPHILLI A(T) n pnaronalib-
HOIl  MarTpumpl, snementsl KOTOPOH ¢ mijexcom (p, P)
PABHEL Bayienrnoctn pepuinibl p; TaK uto M (1) "M (I') =
=A)+al, ecan ' — peryaapHEtii rpady pasenTHoCTI
a. 3amerv ragke, uto A(I)=J—1—A(I"), rae (k4K
Bcerja) J‘NI&TPHUH, crJIOIb COCTOfIAN M3 e/ HHHIL
I“pa(l) r peryaspen rorAa 1 TOJILKO TOrja, KOrjaa
A(F) =al nan HEKOTOPOro yucsaa a (I(r)‘l'()]w)(: Torjia
1 GyZieT Basentioctio J).

Cunono peeyAsproii epag) €CTb  PEryIspHbI rpad
(e monumii y ye nycroii), KOTOPBIH o0Jiajaer Tem CBOH-
8 “




CTBOM, UTO UHCJO BEpIIHH, CMEXHLIX BepUIHHAM p; H
p2(p1 5= p2), 3aBHCHT JHIIL OT TOrO, CME@XKHBI 3TH Bep-
WKHB WJIH Her. Ero napaserpol cyts (n, a,c,d), Tie
n—uHCcJO BepliiH, @ — BaJeHTHOCTb, C-— YHCJIO Bep-
ITHH, CMCIKHBIX p; H ps, ecan {py, po} & I', 1 d —uncio
BepIIlH, CMEXKHBIX p; H p2, eclu {p1, poy& . (Dtu 0bo-
3HaueHHs HecTaHAapTHEL MBI HX HCIOJIb3YeM, TOCKOIbKY
CTaHJAPTHLIX He CYNIECTBYET; M3 ABYX OCHOBHBIX Tpe-
TeHJEHTOB OJMH 3J€Ch HEBO3MOIKEH, TaK KaK OH HCHOJb-
3yer CHMBOJBI k& I A, a ApYyroii ectb creuHaNbHbIH cay-
yaji 0603HaUeHHs] ACCOHATHBHEIX CXeM H OYeHb FPOMO3J-
kuit. Tax uto oGO3HAuYeHHe, HCIOJb3yeMOe 374ech, JIHIIb

] 2) 3) 4)
Piic. 2.1,

BpeMennoe, 00yCJOBJICHHOE €ro NpHMeHeHHeM B TEOpHH
cX )

Ecan I'— cuabno peryaspublii rpad, p; u p,— napa
ero CMEeKHBIX BEplIiH, T0 @ — ¢ — | BepuIlH CMEKHBL Py
1 He cMeKHbl po 1 (n—a—1)—(a—c—1) BeplunH He
CMeZKHBL HIL Py, HIE po. AHAJOTHYHO NMPOBOAHTCSI Pacyer,
ecant py 1 pp e eMeubl. Crajo ObiTh, A0NOMHHTEbHBT
rpad I ToKe CHILHO PEeryJsipet.

JInmb HeekonbKo rpad)oB JOCTATOUHO MaJbl ISl HX
sipnoro naobGpazenns. Ha pue. 2.1 mMajeHbKHE OKPYIKHO-
CTH NPEACTABAAIOT BEPUIHHBI, a AyrH — pebpa, HO JBe
JIYPH MOTYT mepecekarhess uoHe no sepumne. Yernipe
CHILIO peryasipnbix rpada nzobpazkenst Ha puc, 2.1.

Boapinne rpagsl TpeOYIOT yiKe CJOBECHOIO ONMHCAHMS,
Hanpuniep, 7peyeosvtolii  epad T(m)(m =4) umeer
CBOMMI BeplIHHAMH JBY3JIeMEHTHbIE OAMHOYKECTBA MHO-
JKecTBa MOILHOCTH /m: JBe BEepPIIHHLI B HEM CMEIKHBI
TOrja H TOJbLKO TOrAd, KOrja OTBEYyalouiHe UM HOAMHO-
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KectBa mepecexaiotest. Tpady 7'(m) cuibHO peryJsipeH ¢
napaverpavn n=m(m—1)/2, a=2(m—2), c=
=m—2, d=4. Yerseptsiii rpad na puc. 2.1, Ha3bBae-
MBIl 2paghost [erepcera, ectb rpad, A0MOJNHATELHBIH K
T(5). Pewerqaroui epagp Ly(m) (m = 2) nveeT cBOHMH
BepiigHaMH MHOzecTBO S X S, rjie S — MHOKecTBO MOLL-
HOCTH fn; JBe BepIIHHBI 3TOro rpada cMexKHbl Torga H
TOALKO TOrja, Korja OHH HMeIOT OGILYI0 KOOpAHHATY.
Ipady Ly(m) cuapio peryaspen ¢ napaverpamMu n = m?
=2(m—1), c=m—2, d=2. Tlepsnii u TperHi
rpadut Ha puc. 2.1 cyts Lo(2) u Lo(3). Obbeannenue k
Henepecexalouuxcs NOJHEX rpadoB Ha m BepOIHHAX
KaXAplii (k, m > 1) Takie obpasyer CHJILHO peryJasap-
it rpad I'(k, m) c napamerpamu n = mk, a =m—1,
c=m—2, d=0, npuyeMm BCSIKH{I CHJbLHO pery.JspHblil
rpad ¢ d =0 mveer Takyio dopmy. I'pad T'(k, 2) Hazwl-
BaeTes aecTHuunuim epagos. Jonoanenne rpada T (k, m)
HaspiBaercs noanoin k-doasHoin epagos. Tlepseiii rpad
Ha puc. 2.1 ectn moaueiii aBypodsnpii rpad T'(2,2).
Ecnu g— crenens npocroro u g = 1(mod 4), to rpad
Tlaan P(g) wveer B kauecTBe BepuiMH 2/eMCHTLI MOJA
GF(g), n aBe ero BepUIHHBl CMEKHLI TOT/AA I TOJBKO
T0r/1a, KOrja nx pasHocTb €cTb HeHyJeBoil KBajapaTt. D10
CHJILHO peryaapHbli rpady ¢ napamerpamu n=gq, a =
=(qg—1)/2, ¢c=(q—5)/4, d=(q—1)/4, nsomopd-
HEll cBoeMy ponognennio. Bropoit u Tpernit rpadu Ha
puc. 2.1 eyrs P(5) u P(9). Maaee cxn. JloGasaenue 4.
Ecan G — rpynna nepecranoBox na muozxecrse V, 10
G obnajaer ecTecTBEHHBIM NOKOMIOHEHTHLIM JleficTBHEM
na VX V. Byaewm rogoputs, uto rpynna G umveer paue 3,
€c/IN OHa TpausuTHBHA Ha V W mveer TouHO TPH OpOHTH
Ha VX V: anaronaas {(p,p)|p = V} u eme ase apy-
rux op6burst O, O’. Ecam rpynna G panra 3 umcer uer-
HBLI TIOPSIZIOK, OHA COAEPIKHT HHBOJIONHONHO 3aMeHses
MBIC TOUKH, CKaykeM, p H ¢; Takum oGpazom, opbuTa, Co-
nepxauan (p, g), cHMMETpHUHA, TaK e KaKk u Apyras.
O6pasyem rpad I' ¢ MHOKecTBOM Bepmun V, pe6pa Ko-
TOPOr0 — HEYNOP#A/I0UCHHBIE  MaPBl,  COOTBETCTBYIOULHE
ynopanovennsiv napam B O. I'pynna G sipasiercst rpyn-
noii asromopdusmos rpada I. Tlockonnky G TpaHsu-
THBHA Ha Bepmmnax, rpady I' peryaspen; nockoabky G
TPAH3HTHBHA HA CMEXKHBIX H HECMEKHBIX NMapax BeplIHH,
I cunbno peryaspen. Muoro mspecTHpiX rpynn pamra 8
UETHOro nopsjka paer 0OJLIIOE YHCJIO CHJIBHO peryJsp-
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HBIX rpadoB, BKJIOUasi Bce yiKe TNpHBeJeHHbIE; TaKie
rpasl HHOrla Ha3BIBAIOT epagaru parea 3.

ITycts A — MaTpHLa CMEXHOCTH CHJIBHO PEeryJisipHOro
rpapa T' ¢ mapamerpamu (n, a,c,d). daement (pi, p2)
MaTpuibl A2 paBeH YHC/y BEpLIHH, CMEXKHBIX py H Pg; 9TO
YHCJIO €CTb @, ¢ HiH d B 3aBHCHMOCTH OT TOTO, PaBHBI,
CMEKHBI HJIH HE CMEXHBI py H pg, TAaK 4TO

2 A= —A), (@.1)
Al =JA=al. (2.2)

a TaKkxe

Takuy o6pasoy, Matpuust /, J, A o6pasyior aeiicTBi-
TeJbHYI0 aareGpy pas3MepHOCTH 3, KOTopas KOMMYyTa-
THBHA M COCTOHT I3 CHMMETPHUHBIX MaTpHI. CHJIBHO pe-
ryJsipHbie rpadbl MOXKHO GBlJIO OBl ONpeaeNnTh KaK rpa-
(bl, MaTPHLLI CMEZKHOCTH KOTOPHIX yJ0BJIeTBOPsIOT (2.1)
i (2.2). CyuiectByer opToronajibHasi MaTpHLa, KOTOpast
oxnoBpemento auaronaansupyer /, J u A. Matpuua A
uMeer coOCTBEHHOE 3HAueHHe ¢ KPaTHOCTbIO 1, cooTBer-
cTByloliee COOCTBEHHOMY 3HAUGHHIO n MaTpuubl J; Ta-
KHM ol’)pmo,\l.

ala—c—1)=@n—a—1)d. (2.3)

70 ypasuenie MOXKHO TaKKe yCTaHOBHTb, BLIGHpas Bep-
mHy pp M NOACUNTHIBAS uncao pedep {ps, ps} ¢ pa,
CMEIKHBIM, 1 pg, He cMexnbM py. JTio6oe apyroe co6CTBEH-
HOEe 3HaueHHe MaTpHILbI J ectb HYJb; 3HAYUT, Apyrue
coGCTBEHHbBIE 3HAUCHHS Py, P2 MATPHIL A y10BJIETBOPSIOT
ypaBHeHiio
p*=(a—d)+(c —d)p,

OTKya

oy =y le—dxc—aF +a@a—d }

Ecan py 1 pp HMEIOT KPaTHOCTH [y 1 fy COOTBETCTBEHHO, TO
n=F4+f41,
0="Tr (A)=a-+ 10 + f20s.

Dru ypaBHeHUs ONpeiensior finf, (tak kak c=d = q
HeBo3MOKH0) . Be3 Tpyaa HaXoauM, 4To

1 (n—1)(d—¢)—2a
0= & —‘li P
I = [ | e
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OgeBupno, f; u f;— Heorpuuarenbure mesbe. D10 32
MEuaHHe HaJjlaraer BecbMa CTPOTHe YCJIOBHA Ha Mapa
METPBl — TaK HasbiBaeMble <«yCJOBHS pPallHOHAaJbHOCTH
(paunonanbubie yenosnus). Onu BKJIIOYAIOT B ceGsi HAH
00zee H3BECTHEI KPHTEPHil HECYIIeCTBOBAHMSI s CHAb
HO peryusipHbix rpados. M3BecTHbl H HHbIE yCJOBUSI; HE
KOTOpLIE 113 HHX OYAYT yKasaHbl HHIKE.

Ecum rpa I' mveer panr 3, 1o aareGpa, mopozzel
Hag mMatpuuavu [, J u A(T'), ectb B TOYHOCTH LeHTpak
Had anrefpa MHOZKECTBA MaTpHIL B I[epPecTaHOBOYHOM
npexcrapiennn rpymnst G =AU/, a xparnoctu co0
crBenHbix snavennit A(I') cyTh cTelneHH HenpHBOZHMBL
JJIEMEHTOB TepecTaHoBOUHOro xapaxkrepa G.

MoKHO BEIEAHTH ABA THNA MAapaMeTpPHUECKHX MHO
ZKECTB, I KOTOPEHIX [y H fo — Hedible.

Tun L (n—1)(d—c)=2a; 3gece n=14
+2a/(d—c)>1+4a,0<d—c <2 Taxum 0Gpasod
d—c=1, u naxomnm c=d—1, a =2d, n =4d+1
Moxno nokasat, 4TO BHINOJHEHBI YCJOBHS, Kak B TEO
peme Bpyka — Paiizepa: n 10/17K1H0 ObITh cyMMOii KBAA
paroB aByx ueawix uncea. Ipadur [Taan npunaanexa
Ty I

Tun II. 3pece (d—c)?2—4(a —d) ectb kBaapa
uenoro n, n peant (n—1)(d — c¢)—2a u uvacrnoe 0
9TOro jesnenus cpaBuumo ¢ n-— l(mod 2). Slcno, HT
rpapu npunaaaexar tuny Il Ttoraa u Tosnko TOr/Ad
Korjia n— kBajapar; nanpumep, Ly (3) = P(9).

pad T ¢ marpuueii emexnoctn A peryaspen Torja |
TOJILKO TOrJa, KOrja eAMHHUHBI, T. €. CIJIONL cocTod
Wit U3 eAMHHI, BEKTOP | ABJscTca coberBennpiv Bek
TOpom Martpuipl A; coorserctByionice cobGerBennoe 3Ha
uenne ectb BajentHocts. Tak kax A cummerpuuna, TO
€CcTh HHBapuaunt ornocntennio A. Tax uro I cuapno pe
TYJsApen Torja U ToJbKo Torjaa, koraa A/jL umeer poBH
ABa pasanusbiX coGcrBeHHbIX  3uauenns. (HeobGxon
MOCTB 3TOrO MBl YiKe ycranosuau. OOGparuno, ecil
(A—pil) (A—pal) /i* =0, 10 (A—pil) (A —pol)=
= ol nis Hekoroporo o, otkyaa AledJ, I, AY n ]
CHIILHO peryJspen. )

Mbl yike Bujean, uTO mapaMerphl CHJALHO peryJsp
Horo rpaga I' onpeaensiior coOCTBEHHEIE 3Hauenns MaT
puubt A u ux kparoctn. Mueer mecto n oGpaTnoe —
coOCTBenHbIe gHauenta A 1 HX KPaTHOCTH Ompeessio’
napamerpel I n sBaserca cyMMmoll KpaTHOCTell, @ —
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Ha#GONBIINM COGCTBEHHBIM 3HAUCHHEM
3 3 3 3
nac = Tr (A%) = a®+ fip} + [0

n=Tr(l)=1-+fi+fs
0=Tr (A) =a - f101 = [2p2,
na=Tr (A%) = a* + f10} + fo03

NOKAa3LIBAET, YTO COOCTBEHHLIC 3HAUCHHS ONPEAESIOT HX
KpaTHOCTH, ecai OHH Bce paannynbl. (Ho ecan xBa co6-
CTBEHHBIX 3HAueHHs paBHE, TO rpad sBasgercs rpadom
T'(k,m).) Onnaxo, 3HaueHie KpaTHOCTEll He Bcerjaa OIl-
pejessier cOGCTBEHHBIE 3HAUEHHs ojAHO3HauHo. Imorga
9TO JaeT JHUIL YaCTHYHYIO HH(POPMANMIO, KaK MOKasbl-
Baer, HanpuMep, caeaylomnii peayasrat Bunanara [71].

Teopema 2.5. Ilpednoroxcun, uro I' — cuavro pe-
eyaAgapHolll epag) Ha n = 2m eepuurax, 4ol cobcreexHble
aHaverus useror kparrocru 1, m—1, m. Toeda

1) auGo I' uau eeo QonoAHeHUE ABAACTCS NECTHUU-
HblA epagot;

2) aubo T uaw eeo donoaxenue umeer napamerpol
n=14s’+4s+4+2, a=s(2s+1), c=s2—1, d=s2
29 HEKOTOPO20 NOAOICUTCALHO20 §eA020 S.

Bameuanne, Jlus 2) H3BECTHO MHONO MPHMEPOB.
3amMena HeJHATOHAJBLHLIX HYJeii Ha —I, JaeT Tak HA3bl-
BaeMBIe <DEryJsapHbIe CHMMETPHUHBIC KOH(epeHc-mart-
puust» [29]. Mueercs eanneTsennulii npumep ¢ § = 1 —
rpa( Tlerepcena.

JlokaszaTeabeTBo. MoxHO npeanosaraTh, uTO
a < m (3anennth, ecian HeoOX0oANMO, Ha rpad, momoJ-
pnTedbibii K nemy). Maeem

a-(m—1)p, -+ mp,=0,

a* - (m — 1) p} 4 mp2 = 2ma,

Cucrema

a® - (m — 1) p} 4 mp3 = 2mac

i |pi| =5 a cormacuo Teopeve Ileppona — dpoGennyca.
[Teppoe ypapuenne nokassiBaer, uto @ == py(mod rm);
anaunt, A100 py = a, 6o p;=a—m. B nepsoM cay-

qae py = —a, 2ma*=2ma, a =1 1 BHIOJHEHO 1).Bo
BTOPOM Cllyuae NOJOKHM pp =s. Haxomum a =m—
— 1 —s, py = —1—s; T0r/1a U3 BTOPOrO YpaBHEHUS Bbl-

Texaer, uto m=2s?-+2s -+ 1; snauenue ¢ caepyer us
Tpernero ypasuenns. Jaaee ca. Jlobasaenue 5,
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3. KBASUCUMMETPUYHDBIE CXEMbI

Hamomunm, uto 2-cxeMa cHMMETpPHUHA, €CJIH MOLLHOCTE
nepecevenus AByX JIOGbIX ee OJIOKOB nocTosinHa. Bes:
Kasl 2-cxema HMeer, o KpaliHeil Mepe, CTOJbKO Ke 0.10-
KOB, CKOJILKO TOYEK, H YHCJO ee GJOKOB paBHO YHCIY €e
TOYEK TOrjla M TOJbKO TOTJa, KOrja oHa CHMMETpHYHA.

2-cxeMa Ha3BIBACTCS KBA3UCUMMETPUYHOL, ecli MOLL:
HOCTb nepeceyeHHs JABYX ee OJIOKOB INpHHHMaeT POBHC
JIBa Pas3JHUHBIX 3HAUEHHS, cKazeM, x u y. Taxum 00pa:
30M, B KBa3uCHMMETpHUHOIH cxeme b > v. Ogun npocTol
KIaCC KBa3HCHMMETPHUHBIX CXeM mpejcTaBsiser co0ol
2-cxeMpl ¢ .= 1, He ABJAIOLIHECH NPOEKTHBHBIMH INIO:
CKOCTAMH; 3/eCh, OYEBH/IHO, /BA GilOKa HMeloT He 0OJEE
OfIHON obuieii Touku, Tak uto {x, y}==1{0, 1}. Baoku Ta
KOil CXeMBl YacTO Ha3BIBAlOT «AHHHAMH». Boys [11] H3Y:
uan aunelnoui (pedepuslil) epag) TaKoil CxeMmbl: rpad
BEpPUIHHLI KOTOPOro — 3TO JIMHHH, a JBe BepliiHbl CMEH
Hbl TOIJla 1 TOJLKO TOPAA, KOrJa JIHHHH, HM OTBeyalollHe
uMeIoT Henyctoe nepecevenne. Iy joxasana

Teopema 3.1. Junednoui epap 2-(v,k, 1)-cxemb
Apu b > v ABAACTCA CUALHO PE2YAAPHOLAL epagioit.

Hecnomupie paceyz/aenus 1aloT Ham napaverpbl T4
KOTO CHJILHOTO PEeryJ/isipHoro rpada:

n=b=%z___—%. a=k(r—1)=
==+ = 1p="T2FL ey,
d=F.

1ot rpad He ABAAETCA NOJHBLIM, TaK Kak b > v, H H
SIBJISICTCS NMYCTHIM, MOCKOJABKY r = 1. 3amerny, uto Ka1ac
CHJABHO PEryJsipubix rpaos, MoJayuaeMpix TaKkuy Croco
GoM, BKIOUAET B ceO TPEYroAbHLIC Ipadui: o ABIA
10TCS JIHENHBIMI TpadaMu <OapHLIX cxem» npu k= 4
YeaoBHA palMOHANBHOCTH HE AAI0T J0NoJnnTeapHoil Wi
(Gopmannn B atoM cayuae. Jlanee Ml ypijum pealbHbl
IPHUHHBL 9TOTO.

Boya [11] o6o6mua Teopemy 3.1 Ha «uacruunble ree
MeTpHi» — Kaace 1-cxem, obaagatouinx touyeynpiM Ipa
(oM 1 anuelinbiv rpador: 06a rpada ctporo pery.isgpHb
Mp1, oanako, npuseses nHoe o6obuIcHHe, npyHa/1eHKa
wee érxaascy n 3eiizeaio [30]. B npousposnpnoii kBasH
CHMMETPHUHOI CcXeMe ¢ NEPECEYEHHSMH MOUIHOCTH X |
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Y (v <<y) ompemennv 6.10k-zpagh) Kaxk rpad, BepIIHHBI
KOTOPOro — OJIOKH CXeMBI, KOTOpble CMeXKHbl TOrAa H
TOJIBKO TOr/ld, KOTAa HX IepeceyeHHe HMEeT MOLIHOCTD Y.

Teopema 3.2. baok-epagh Keasucummerputrorl
CXenbl CUALHO pecyasipen.

HokasateabcrTBo. Mcrmoabayem MaTpHUHBI
noAxoj, kaxk ais HepaBedctBa ®uumepa (1.5). Kak 3a-
vetna Hopman, teopema 3.2 Jnerko ciaeayer H3 MOI-
HOCTHBEIX cOOOpakeHHil; HacTosillee A0Ka3aTeJbCTBO 00-
JajaeT TeM MPEHMYLIECTBOM, YTO JaeT HaM KPaTHOCTH.
ITycts N — MaTpHia HHUHAEHTHOCTH CXeMbl, H A — Mar-
pHIa cMekHoCTH ee Oaok-rpada. Mmeem

N'N=(—nI1+21n],
NNT =kl +yA+x( —1 — A).

/13 mepBOro ypaBHeHIs 3aKJII04aeM, 4TO j — cOOCTBEHHBINH
Bextop N'N ¢ coGeTBeHHbIM 3HauenneM r—A--Av =rk
u N'N|j* wveer ammb oaHo coGCTBeHHOE 3HaueHHe
r — M Tockonbry jNT = kj *), T0 j — COGCTBEHHBIN BEKTOP
NNT ¢ cobcTBeHHBIM 3HAuUeHHeM rk N NNT|]'J‘ HMEeT
coOcTBenHble 3Havenua r — A (¢ kpaTHocTblo v—1) 1 0
(c xparHocTblio b —v). Tak Kak ¥ =y, A ecTb JuHeii-
naa komGunanus [, J n NNT; 3qaunr, j — cBOGOAHEIT Bek-
top A n A|j* mveer poBHO ABa COGCTBEHHBIX 3HAue-
nis. Takum oGpasom, rpady cuibHo peryasipen. Ero na-
pamMerpbl MOryT ObITH BbLIUHCJIEHB H3 COOCTBEHHBIX 3HA-
ueHHil B NX KpaTHOCTell, KaK 5TO ONHCAHO B NMpeAbIAYLIe]T
rjase. 32!.\]01‘]“1. UTO 9TH KpPaTHOCTH aBTOMATHUECKH $IB-
JISIIOTCS HEJIBIMH YHCJIaMH; 9TO ()6}’CJIHB.’1HB80T Head)d)ek-
THBHOCTL yeJoBnit pannonannnoeru. Onnaxo, Bbpaxke-
HUg JIsE napaMeTpoB H CcOOCTBEHHBIX 3HaueHH GJIOK-
I'])Zl(l):l JAloT HETPHBHAJLHLIE YCJIOBHS JGIHUMOCTH HJs
apamMeTpoB CXeMbl.

I'érxagine n 3eiijiesns H3YUHI HEKOTOPbHIE CelHabHbIe
CHILHO peryasipible rpadul, YToGBl BBISICHHTb, KOIJIA 3TH
CHIIBHO peryasipubie rpadul MoryT ObTh GJ0K-rpadamu
kBasucummerpuunbix  cxem. Ilpexmonoxkum, uro T'—
Gaox-rpad cxembl 2 u mp 3naem sror I'. Ouesnpmno,
TOrJla MBI 3HaeM H napamerpsl u, b cxembl 2. [pyrue
napaMerpul 2 He onpelesenbl, HO M3 BbipaKeHuil
Jais coGeTBeHHbIX 3HaveHuii I' mojyyaeMm cooTHoueHus,

*) j umeioT pasuble AJAHHBL
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CBASBIBAIOIINE 9TH HEH3BECTHLIC HAM MapaMeTphl; ﬂoélr:‘aé:
STHX COOTHOLIEHHII OKa3biBaercs AOCTATOYHO MJIT Megl‘(l
Aenenua napamerpos. Tak, B uacrHocTH, HMeEET o
Ilpeanoxenne 33. 1) Ecau I‘v~ /zecmuasoe_
epagh, 10 D noayuaerca U3 cuMAMCTPULHOL CXEADL y6 P,
Hues kasicdozo Gaora (7. e. nodcueros Kaicdozo
D dsancdo).
2) Ecaw T'— donoanenue aectrudnozo epada, 10 2
aeanerca adamnapogoti 3-cxesotl.
u
3) T nurozda ne Gowsaer peweruarois epadoit Ui
e20 donoanenuest. .
Mul jokamen 2) nosme, HCMOMb3Ys JIHUID 911032 -
1 0. PesyapTaton, TecHo cBA3aHHBIM C TEOPEMOIl J-2,
nsercs
7 je
lpennomenue 34. B keasucuimnerpudnoll cxes
(6es kparnoiy Gaorkoe) ewinoanserca Hepasencco

b<u(v—1)2.
Hoxasarenncrpo. Ilyers  M(eo, &1, £2)— y\‘m”lf{'
PHIIA €O cTpokaMH, HHAEKCHPOBAHHBIMH HapamH ,Toﬁy:
U CTOJGUAMH, HHACKCHPOBAHHBIMH GJI0KAMH, no\”l’ﬁff’_‘_ l'
snevent ({py, ps}, B) paseu e;, ecan | {p1, p2}(151= b
i=0,1, 2. Haxomuu, uto

M (0,0, 1) M( e, &5, 0) =
=(y(/e—y)a,+(k—;”)n,,) A
- (x(/e—x)r-,l —1«(";x ) r:,,) (J—I—A.

Hpeanonowmum, wro b > v(v— 1) /2. Torja 510 MaTpii-
Hoe nponssejenue cauryaspuo npu a06om BriGope £0 ‘ll
e1. CoGersennmii BEKTOp ¢ HYJIEBLIM 3HAUEHHey ABJACTC
COOCTBeHHBIN Bextopom st J u A n ne ectp j. Tax 110,
C€CIH 0. — cooTBETCTRYIONIEE COOCTBEHHOE 3HAUCHIE A, 10
At (eo, e1)==(0, 1), (1,0) mvceMm COOTBETCTBENHO

Y(k—y)a+ x(k—x)(—1—0)=0,
(39 e+(*7) = 1—a=0.

Iockouky cliyyan ¢ =0 = —1 — o HcKJlouyaloTcs, /Ae-
TEPMHHAHT 371% ypaBHeHuii joasKen ObITb paBeH HYJIO.
Ho on pamen (k— 1) (k—y) (k—1) (x—y)/2; ce-
AOBATeNbHO, Jmbo k= x, anbo k =y, aun6o k=1,
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au6o x =y. M3 nepBEIX ABYX paBEHCTB CJEAYET, UTO
cxeMa HMeeT KpaTHble GJIOKH; OCTaBLIHecs /JBa paBeH-
CTBA HEBO3MOZKHBI.

3ameuanue. B atom jokazaTeqbCTBE J[IOBOJIBHO
cnabo Hemosb3oBaHa Teopema 3.2. Bosee o6uruit pesyiib-
TaT NpUBeJeH B raase 15.

B creuuanbHEIX CJIydasix HMEIOT MecTo Gojee CHJlb=
Hble pesyabTathl. Tak:

TMpenaoxenne 3.5. B keasucunmmerpudHoi cxeme
9D ¢ nepeceteHUsMU MOUWHOCTUL X U Y

1) us x =0 caenyer b < v(v—1)/k;

2) ug x=0, y=1 caedyer b=v (v —1)/(k(k—1)).

NoxasaTeabcTBo. C yTBepkKaeHHeM 2) MH
yxe Berpevannch. Jis jokasaTeibcTBa 1) mpeamoio-
xKuM, uro x==0, H paccMOTPUM HHIHAEHTHOCTHYIO
CTPYKTYPY, «TOUKI» KOTOPOIi cyTh Gaokn &), conepika-
me p, a «6Ja0KH» — TOYKH 2D, OTJIHYHBIE OT p, C MHIH-
JIEHTHOCTLIO, JIBOiicTBeHHOiT Toii, uTo ecthb B &. Beskue
JABC «TOUKH» Jexkar B y— 1 «GJoKax» H BCAKHIT «GIOK»
HMeeT A «TOueK», T. €. 3Ta CTPYKTypa obGpasyer 2-cxemy.
[Mpunenss s nee Hepasenerso ®umepa v—1=r, no-
ayuaem peayaptar. Kpome Ttoro, ecinm B 3TOM HepaBeH-
¢TBE BLINOJHEHO PABEHCTBO, TO 5Ta HHIHJIEHTHOCTHAS
CTPYKTYPa SIBJSETCA CHMMeTpHuUHOll 2-cXeMoif, caejoBa-
TeJbHO, JABOIICTBEHHas eil cXemMa ecTh Takxe 2-cxema u &
ecth 3-cxema. C TakHMH CXeMaMH Mbl BHOBb BCTPETHMCS
B caeiyloneii raane.

IMerpeniok  [52] noxasan, uto b =v(v—1)/2 B 4-
cxenme. M3 paborn Heavcapra noayunm XapakTepHCTHKH
exeM, JOCTHTaomuX 31oii rpanuunt (cM. raasy 15).

[Mpennoxenne 3.6, [aa 2-cxemor & ¢ napaser-
panu 4 < k<< v—4 ecakue dea us caedyouuy yr-
sepocdenlt 6ACKYT TperTve:

1) D rkeasucummerputna;

2) D ecrv 4-cxena;

3) b=v(v—1)/2

B eficTBHTENLHOCTH, ¢ TOUYHOCTBIO /IO JIONOJHEHHS,
{3BECTHA TOJNBKO OJiHA CXeMa, YAOBJETBOPSIONAN BCeM
yesoBuam teopemn 3.6, a nmenno 4-(23, 7, 1) -cxema.

W10 nokasan, uTo Apyrix He CYLIECTBYET.

Dra 4-cxeMa MOPOIKAACT DS NPHMEPOB KBAZHCHM-
merprunbix cxeM. Ecin @ —f-cxema, 10 uepez B,
(cootB. ) obo3HauaeM HHLHACHTHOCTHYIO CTPYKTYpY,
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TOUKH KOTOPOIf cyTh TOUKH 2, OT/HuHEIE OT p, @ Ol
KH— 6a0kn %), HHuHAeHTHEE (COOTB. He HHILHACHTHI
Touke p. U D, n D ssasiores (f— 1)-cxemamu. Ec
D spnserca 4-(23,7,1)-cxeMoil, a p H g— pA3IHYHI
104kl D, 10 cxembl Dy, L°, Dj w PP’ — Bce KBa3
cummerpuune. (B mefictBuTensHoctn cxema Dpg CH
METpHYHa, GYAyun NpoeKkTHBHON miockocTbio PG (2, 4)
Cxema 9, nocturaer rpannusl n3 1. | npexnoKenns 3.
Buoku cxemm 2j (coots. 9)P9) oGpasyloT OpOH!
PSL(3,4) na runepoBasiax (coots. BaepoBCKHX MOAM
CKOCT#AX) B INIOCKOCTH MOpsiaKa 4.

OTH CXeMBl 1al0T CHJLHO peryaspHbie rpadul Ha 25
77, 176, 56 u 120 BepuuHax. IlepBhiii H3 HHUX, BMECTe
TPHAHTYJAAPHEIM rpadom 7(23), AeMoHCTpHPYET, I
KPAaTHOCTH COGCTBEHHBIX 3HAUEHHIl CHJILHO pEryJiApHOI
rpaha He onpenensior mapamerpa rpada, jaxe KOIJ
H3BECTHO, 4T0 5T0 GJIOK-rpa) KBa3HCHMMETPHUHOI CXeMk

Jlna kourpacta aagum npuvep Gosee GJaromnosyyHo
CHTYalHH.

Teopema 3.7. Ksasucumserpuunasn cxesa npu b=
= Qu— 2 asaserca aubo adamaposoti 3-cxenol, Aub
2-(6, 3, 2)-cxenotl.

Hokasarennctso. CoGcTBennbie 3nayenns 6J0I
rpaa umetor kpathoctn 1, v—1, b—ov=0v—2 Ta
yTo npuMenuMa teopema 2.5. OTMETHM TaKKe, UTO U=
=%, b=4k—2, r =2k — 1. lna panuoro GJoka 10}
cunTaeM UHCAO BHIGOPOB TOUKH B 3TOM H JPYrom GJOK
CO/IEPIKAIUEM ITY TOUKY:

ay+ Ak —3—a)x =2k (k—1).

Ecau rpad wan ero ponosuenne ABAACTCH JIeCTHHUHDL
rpadoM, MOXKHO MpPEANOJNOKHT, UTO @ == 11— 2; CJICHC
Batesbiio, 4(k— 1)y 4 x =2k (k—1).

Takum 06pasom, 2(k— 1) aeant x; MOCKONLKY X <</
umeeM x =0, y =£/2. Cornacno 3aMeuaniio nocje Tec
pembl 2.5 cxeva 2 spasercst 3-CXeMOil 1, 3naunt, aja
MapoBoil 3-cxeMoil, B ocrajdbHBIX CAYYasX MLl HMeE.
v—1=2s2+42 41, b=s?*+s+1, a=s(2s + 1)
3HAYHT,

s@s+1) yg+(s+1)@s+1) x=2s(s+1)(*+ 541

Takum o6pasom, 2541 neant 2s(s+1) (s2+ s 1)
yro Baeyer s = . Jlerko nokasaTb, UTO €CTb e/JHHCTBEH:

28




Has cxeMa C 3THMH IapaMeTpaMi. YTBep:KieHue 2) u3
npeasozKens 3.3 sBJSETCs CeACTBHEM 3TOr0 pesyJibTaTa.
Pesyabrat [emGosckoro ([25], c¢. 5) nmoxrBepxkpaer
TO, UTO CHMMETpHYHAs 2-cXeMa He MOXKeT OmiTh 3-cxe-
moit. ITpeanosoKus, 4To MBI paccMaTpHBaeM KJace CHM-
METPHUHBIX CXeM, B KOTODHIX HYHCJO OJOKOB, coiepia-
LHX TPH TOYKH, NMPHHIMAET ABA PAas/HYHBIX 3HAUEHHS,
ckaxeM, x* u y*. DTOT Kaacc BKJIoYaeT B cebs Bce
CHMMETpHUHbIE CXeMbl ¢ A << 2, BCe NPOEKTHBHBIE reoMeT-
pun, GOJIbLIOE UHCA0 cXeM ¢ v = 2% § JIONOJHEHHs KaK-
JIOIT 13 9THX KOHCTPYKLHIT; TaK 4TO NOJIHAs XapaKTepH-
3auns npeacTaBisercs 3aTpyaunTesbHoi. Ho nekoTopbilt
nporpecc Bee-TAKH MOXKET OBITb A0CTHrHYT. Jast Bestkoii
ToukH p GJOKH, cojep:Kaulie p H TOYKH, OTIHYHBIE OT
p, 0GpasyloT KBasHCHMMETPHUHYIO cxemy D* ¢ mapamer-
pamu v* =k, b* =v—1 n 1. 1. 13 3T0ro BeIBOAHM

IMpeanoxenue 3.8. Adanaposa 2-cxema, 8 KoTo-
poli 6cakue Tpu TOuKW aedart Aubo 6 x*, aubo 6 y* b.ao-
rax, asaserca aubo npPoeKkTUGHOl eeomerpueti Had
GF(2), aubo edurcréennoti 2-(11,5, 2) -cxemod.

JloxaszarteancTBo. Ecan 2 — jponosnenne AaH-
Hoii cxembl, To 2% yJ0BJIETBOPSIET Npeatoxennio 3.7;
ecan D — amamapoBa 3-cxema s J11060il TOUKH p, TO
JIErKO M0Ka3aTh, YTO HCXOJHASI cXeMa SBJSCTCS MpPOeK-
THBHOIT reomMeTpueil.

Ormernm Takue, uto ecan x* =0, To D* peanusyer
ouenxy 1) ns npeamoxenns 3.5. Menonnays pesyuabrat
teopemb .12, MBI MOKeM nosiyunTh HH(GOPMAUUIO O ma-
pamerpax rtaxofi cxembl. Moo TakikKe J0Ka3aTb

[Mpepnomenne 3.9 Ecau D—cunnerpuynas
cxesma, 6 Koropoil eeaxue 3 rouxu aexcar 8 0 uau 6 y*
Gaorax, 10 T0 oce eepro 0aa deolicreennol Kk D cxeme.

HenapecTHo, ocraercs Ju 370 BepHbiM, ecan 0 3ame-
HUTDL Ha IponaBoJiblioe X*.

Jlaace caedyer nosas eaasa 4% (cm. HoGasaenue 6),

4, CWJILHO PETYJISIPHBIE T'PA® D!
BE3 TPEYIOJIbHUKOB

Tiyrh B rpae ectb NOCACHOBATEJLHOCTb BEPIIHH, B KO-
TOpOli cOCe/Ne BEPILHHBI CMEXKHBI; YUKA €CTh TYTh, B
KOTOPOM HauajbHas i KoHeunas TOuKi coBnagaior. Ipad
HA3bIBAETCH CEATHLLAM, ecin J00as Napa ero BepliHH
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COelnHuMa nyTeM B 3ToM rpade, Dynxuns d, onpesesse:
Mas 1o npaeuny: d(p, q) paBHa AJHHE KpaTuaiiliero my-
TH, COEIHHAIOUIEr0 BePUIHHLL P H ¢, ABJIsETCs METPHKOI
B CBA3HOM rpade; duaserp rpada ecTh nanGosblIee 3Ha:
ueHHe, mpuHHMaemoe 3Tof (yHkumneii. O6xsar rpada
€CThb JAJIHHA KpaTyaiiliero uHKAa Ge3 NOBTOPSIOMIHXCA
peGep, npH YCJOBUIH, YTO TAKOH LMK CYIIECTBYET.

Jl1st CHALHO PerydsipHEIX rpadoB CBA3HOCTD, AUAMETP
I 00XBaT JIErKO YCTAHAB/IHBAIOTCS H3 €ro IapaMeTPOB.
Ipad T' csagen ¢ auamerpom 2, ecin d > 0, 1 HecBsI3eH
npu d =0. I' umeer 06xXBaT, ecau TOJabKO a > 1; €ro
06xBat pasen 3, eciu ¢ >0, 4, ecain ¢ =0 u d > 1, 5,
ecnnc=0,d=1

Jlerko Bujeth, 4To rpad) ¢ AHaMeTpoM 2 M MaKCH-
Ma/lbHOMl BaJIEHTHOCTLIO @ HMeeT He Gojee a?--1 Bep-
IIHH, a rpad ¢ AHAMETPoM 5 M MaKcHMaJbHOil BaJeHT-
HOCTBIO @ —no kpafineir mepe a?--1 pepmnu. Pabed-
CTBO HMEET MECTO B 0GOHMX CJyuasx TOrja M TOJLKO TOr-
Jia, KOriia rpady CHJALHO peryJasipen ¢ mnapameTpaMm
¢=0, d=1. Taxoil rpa) naseiBaercs epagon Mypa
¢ auamerpom 2. Cieiyer OTMETHTL, UTO aHaJOrHYHBE
FPaHHLE! CYWIECTBYIOT M JIs GOJBIINX 3HaueHiil JHa-
merpa u o0xBaTa, Ho, Kak Oblio mokasano DBamnneii, 110
[7] u Hsitvpenom [20], oun pocTHralores Jmib rpas
(damu, cofepKalluMH eIHHCTBEHHbIT 1wnka. B cayuae
JHaMerpa 2 CyuecTBYIOT, OAHAKO, M HETpHBHaJbHBE
HPHMEDPDI.

Yenopne ¢ =0, d =1 HacTo/NbLKO CHABLIO, YTO PaIHO-
HaJibHOE YCJOBHE MOZKET 1aTh MNOJe3HYIO Hm[mpu:mmo.

: :

I'”:{ i a {jl -—

peasie. Tunm [ peannsyercst, ToJbKO ecan a =
NeHTaroH ABJAeTCA eAnHcTBeHnubM rpadoy, Jlaxn tunall
nveem @ = (4* 4 3) /4 1pH HEKOTOPOM HEJAOM, JeaslieM
(u2+3) (u?—5) /16, 7. e. u peantenn 15, Cayuaii y =
HeBo3MOKel, 3HauuT, u =23, 5 nan 15, a =3, 7 wan 57,
n==10,50 man 3250,

Bnepoie 970 66110 goxkasano Xodvanom i Crnraro-
nox [38], KotopLie npoananu3npoBa nepsLie ABa cay-
ast. Ecin n =10, a =3, 70 serko Buiers, uro rpad
Tlerepcena ecth eanncTBeHHsli npuMep. Onn raksie mno-
Ka3alli  CylECTBOBAHHE M €JAMHCTBEHHOCTh rpada c
n=>50, a =1. Tocaexunii cayuaii noka euie cammgom
o0uHper s MOJIHOTO aHa/n3a.
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IMockoabKy 3TOT cayyail JOBOJNBHO MJIOTHO HACHILIEH,
MBI HCKJIOYHM €ro H PaccMOTPHM CHJIBHO pEryJsipHbe
rpa¢ul o6xBata 4. OHH BKJIOYAIOT NOJIHBIE ABYXOJbHBIE
rpaper (¢ ¢=0, d=a), KOTOphlc HE HHTEPECHBI —
HCKJIIOUMM M HX H3 pacCMOTPEHHsl, NpejnoJarasi, 4To
= 0lt=di=la;

Teopema 4.1. ITycre I'— cuavro peeyraproul epagp
cc=0,1<<d<<a. Iycro p— HeKoTopas e2o 8epULUHA
u D(T, p) obosHauaer UHYUOCHTHOCTHYIO CTPYKTYPY C
Toueunol  MHoocecrsos T'(p) u mHoxcecTéom 640K08
I'(p), ¢ unyudenrrocroro ToukU OA0KY TO20A U TOALKO
1020a, Koeda onu cisexcrol 8 T. Toeda D (T, p) seasercs
2-cxenotl ¢ napamerpamu v =a, k=d, A=k—1, r=
=uv—1,b=0(v—1)/k, 603s00cH0 0bradaioueli Kpar-
HoL 6a0KaMU.

JoxkaszarteabcTso. OueBnaHo, Beskuii 6/10K HH-
ungenten d toukam. Bosbyvem ase toukn 2D (T, p). Obe
OHJI CMEXKHBI p H HE CMEXHB Mexnay coboil, 1 d—1
BEpIUINH CMEKHBI OGEHM, H BCE 3TH BEepINHHBI JOJKHBI
aezarb B I'(p). Orclona ciepyloT 3HaueHnss H JJIsi oc-
TadbHbIX ITapaMeTpoB.

B ocrapmefics vactin 3Toii ryiaBel B cXeMax Jomy-
cKkaloTes Kpathble GJOKH M HCHOJbL3YIOTCS NapaMeTpbl
cxeM v i k Byecto a 1 d. Ceiluac Hac HHTepecyeT cie-
jyioniee: kakue 2-cxeMbl ¢ A =k — 1 mpeicTaBHMBl Kak
D(T, p) AN HEKOTOPOrO CHIBLHO peryaspHoro rpada
oGxBara 4?

Yeaosus panionanbHocT AaloT HEKOTOPYIo HH(Op-
Malnio, XoTda 1 ne cTojb 2QQexTHyIo, KaKk B ciyuae rpa-
(a Mypa, nmenio, oni MoKaspiBaloT, UTO uic/a

st

2 A/ kE—14F ¥ 4v
- peanie. Tun I ne moxer serpevarshes (d=%c+ 1), no-
gromy k*—4k--4v ectb MOMHLIT KBajgpaT, cKaxKem

R — 4k + dv = (k 4+ 2s)?,
rpe  §-—uenoe, s>0 (nmockonnky k2—4k 44y =
= [?(mod 2)). Torpa nmeer mecto
Ipepanomenne 4.2, Jucaa v=_s4 1)k s% u
[((:; + k4 s)((s+2) k+ s*—1) o

1

2
=i

((s+NDk4s?) (s+2) k4 s?—3
e k- 2s ]
— yeavle.
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B uacthoctn, ABa uiena, Bxojsiine B KBaApaTH
CKOOKH, Hessle npn k— feanrene s2(s2— 1), u k=4 2s
Aeqnreie s(s = 1) (s +2) (s + 3). Uz nocaeanero ye
BHS caefyer, uto k -+ 2s geaut k(k—2) (h—4) (R—
TaK 4To AJ4 R, OTIHYHOTO oT 2,4,6 mumveercsd JHIIb I
HEYHOE YHCJIO BO3MOMKHEIX 3HauyeHuii v. D10 OBLIIO OTA
ueHo Burrcom [9]. Has k=24 nau 6 paunoHaJbH
yeaoBue jomnyckaer GecKOHeuHo MHOro 3HaueHHH A
Hanpuuep, ecin k=2, 10 v =(s+1)241 n s+1
Aenutesa Ha 4.

Wues BriGpannyio 2-cxemy ¢ A =k — 1 kax BO3MO
HBlit notenunan aas D (T, p), mur 3anaem pee pedpa
HCKJIOUEHHEM TeX, KOTOphE COeHHAIOT pasinunbie 01
ki (Takuy o6pasoM, sTa 3ajaua cxoxa ¢ 3agaueil pe
wHpenns januofi cxemnbl.) Beskuit Guox aoJ1zKeH Ol
CMekeH U — k APYTHM OGJ0KaM, M 5TH cMezKiubie 00
HE JIOMKHBI TepecekaThed (Mockosbky rpad He COAE
JKHT TPEYFrOJALHHKOB); KpOMe TOro, ecjH JiBa fecMenii
6J0Ka HMeIoT ¥ OOMIHX ToueK, To k — x GJoKOB JIOJZAI
ObiTh cMexknubsl oGoum. Muoraa cayuaercs, uro TOY
v — k GJI0KOB He nepecekaloTes ¢ ao0piyv 3a1anHBIM (o
koM. Torja KOHCTPYKIHA onpejencna ojno3nauno: Ji
6JI0Ka CMEKHBL TOT/IA W TOJABLKO TOT/IA, KOrja OHH He
pecekatotes. JIBa mpuuepa s7oro, rjie pesyabTHPYIOU
rpad CHIBHO peryasgpet, NpeacTaBigior napHas cxel
Ha NATH TOuKax W ejauncTBenHas 3-(22, 6, 1)-cxema.
rpadul moJyualoTca Kak jonojuenne rpada [Kieo
(n=16) u rpaga Xurmana — Cumca (n == 100) €00
BercTBenino. IIoMHMO 9THX H NOJHLIX JBYAOJBLHBIX, H
BECTHBI elle JAuilb ABA CHALHO peryispuuix rpada 0
xBara 4. Mmewores rpadut na 56 n 77 pepurnnax, 0l
cTpoennbie B nocaeneii raase. CooTBETCTBYIONHMI CX
MaMi ABJAsIOTCS napHas cxema na 10 Tourax u 4-MepHE
apduunas cummerpuunags reomerpus najp GF(2) (c
raasy 1). [lpaBmio mas cmemnocts Giokon B nepse
ciyuae MOMKHO BBIDA3HTH B TepMHHAX CJA0KHOr0 OTH
UICHHsT, OTOMAECTBAS STH JAECATL TOUCK C MPOCKTHBHC
npsavoii nag GF(9); Bo BTopom cayuae GJoKH CMERKH
ecJlil OHH He NMepecekaloTes, Ho He NapasiiebHbl.

Ecin p u g— cmexnple sepulinbl B rpade XHr
na — Cumea, 1o T'|T'(p) u T|(T'(p)NI'(¢)) ectb B TO
HOCTH OmHcannple Beimie rpadn Ha 77 1 56 BeplIHH
(Ananornyno, ecain p H ¢ — CMEKHbIE BEpIUNHH B A

noanennu rpaa Kaetma, o I‘|f(p)—:paq) ITerepcets
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3

. ryT GBIThL JIOKA3AaHB 5THM MeTO-

a T|(I'(p)NT(g))— nectununwit rpad.) Kpome Ttoro,
rpad Ilerepcena mMoer GuiThb pasGuT Ha [Ba NEHTAroHa,
a rpag Xurmana — Cumca Ha aBa rpada XodpmaHa —
Cuuryierona. (ITocnegunii pakr Obl1 gokaszan CHMCOM
[63].) Cmbicn mekoTopbx n3 3THX (AKTOB CTAaHET SICEH
HIJKe, OAHAKO JIsi OCTAJbHLIX OCTaeTcsl HECKOJbKO 3a-
ra/IoYHLIM.

B aroli cuTyauus cuibHo perydspHoro rpada o6-
XBaTa 4 TO 3aMeuaHHe, 4TO CMe:KHble OJIOKH He Iepece-
KaloTCsl, BieYeT CJAeAYIOUIHil pe3yabTar.

Teopewma 4.3. Ilycro ' — cuavro peeyasapHoli epag
ca=v,¢c=0,d=Fkul <k<<v. Hycro D(T,p) 6y-
der 2-cxemod u3 4.1. Toeda

o=>[3k+ 14 (h—1) A2+ 112

Ecau v=(s + 1)k + s? (kax 6 4.2), 70 k < s(s=+1).
JoxaszarteabctBo. Cornacuo 1.7 unciio GJIOKOB,
HE TMepeceKalouuxcsi ¢ JaHHBIM, HE TPEBOCXOLHT
v(o—1) i k(v—2?  (v—RP@@—Fk—1)
k7 R —=3h+v  k(k*—3k+0)
YHC/I0 pPaBHO, 1O Kpaiineii Mepe, v — k. 3HAuHT,

R(FP—38k+0)<<(v—Fk) (v —k—1),

, HO 3TO

OTKYyZAa ciaenyer tpedyemoe.

Teopema 4.3 HCKJIIOMAaET H3 PAcCMOTPEHHST HEKOTO-
pble napameTpHueckie MHOXCECTBA, YJOBJETBOPAIOLIHE
paloOHAJBLHOMY  yeloBHIO 4.2,
nanpumep, (v, k) ==(9,4) nmm
(256, 48). CrouT OTMETHTH, YTO
1 Goaee o6uine pe3yyaLTarsl Mo-

gom. Bmecro tpebGyemoro orpa-
HHUEHHS, YTO CHJIBHO peryJsp-
Hulii rpady He COMEPIKHT Tpe- Puc. 4.1.
YrOJLHIKOB, J0CTATOUHO NPEI0-
JIOKHTB, YTO OH He COAEPIKHT KOH(Hrypaumit Taxoro
pHjia, KaK na puc. 4.1.

70 JAeT HEPABEHCTBO JUIA K/ACCa CHJLHO Peryusp-
HBIX pagoB, KOTOPLIi BRiOUaer B cebs cayuail ¢ << 1,
TOuKy M JuHefinbie rpadn 0606UEeHHBIX UETLIPEXYT Ol b-

| HHKOB M MHOTHE JApyrue nutepechnie rpadgul. JLas 0606-
' [IEHHBIX YETBIPEXYroJbHHKOB 3TO JaeT MPOCTOEe A0KA3a-

TENIBCTBO HEPABEHCTRA, NpHHAMLICKamero Xurmany [21].
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UTo MOXKHO CKasaTh O cJyuae paBeHCTBa? Bo-Me
BLIX, HAM MoTpedyeTcs cjaeiyioulas npocras Jemya
CXeMax, KOTOpyi0 MOJe3HO CpaBHHTL C npeox
nuem 3.6,

Jlevma 4.4, Paccmorpus tpu caedyouyue yreepd
denus o cxene D, 20e 2 < b <<v—1:

1) D —3-cxena;

2) D — reasucunnerpunnan 2-cxema ¢ x=0;

3) b=uv(v—1)/k.

Mobole dea s sTux yeAoBUll BACKYT TPETbE, raKace T
uro 9D aeanerca pacuiupenrues CusmerputHol 2-cxed
(1. e., uro Teopena 1.12 cnpasedauea 043 Dp).

Hokasateapcrso. Tpn 5THx yrBepsieHns, 04
BHJIHO, 9KBHBAJIEHTHB! CJeAYIOUIHM TpeM yTBEpIKACHHA
0 Dy:

1) D, —2-cxema;

2) nBoficteennan k &, cxema ecTh 2-cxema;

3) D, umeer oHHAKOBO MHOTO TOUEK H OJOKOB:

Teopewa 45 B ycaosusnx Teopesol 4.3 /1/100{7'{*"
gcum, uro f > 2. Toeda caedyoujue yreepocdeHid KO
BUNCHTHOL:

1) D(T, p)— 3-cxena;

2) DT, p) reasucunnerpuana;

3) L|I(p) curvno peeyrnpen;

4 o=[3k 41+ (b — 1)A/4k +1]/2.
Ha ecaroeo us arux yreepycdeHl caedyer, 410
v=s5(s2+35+1), k=s(s+1)
S0 PP (p) neanerca donoanenues Gaor-zpaga cred
DL, p).
g 3ameuanne. Kak nokasmipaet npumep TP
56 Bepumnax, yenosne k == 2 cymecTBenio.
Nokasarenncrso. Cornacto4.4y1 nvpm}lt'l“[‘:“
it 2) skBuBaNenTHE (nockoanky b= v(v— 1)/k). EC
TOT WIH JIPYroii nynkt BHINOJHEH, TO TEopemMa 1.12 na
BECbMA Orpaniuennpic BosMozHoCTH st mapaMeTP
exemnt P (T, p):
;) U= 4_1/, b =2yY
) V=y(P+3y+1), k=y(y+1);
9) v=112, k=12, y=2
4) v=496, =40, y =4.
CPBOB H3 papencrB MCKJIOUAETCH  COIVIACHO 4.3,
34
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TpeThe H YETBEPTOE He YJIOBJIETBOPSIOT PallHOHAJbHOMY
yenosuio 4.2. Tak uTo NpHXOAHM K €HHCTBEHHOIH BO3-
MOKHOCTH:

v=yy*+3y+1), k=yy+1),

IJ1s1 KOTOpOii 4) JIerko npoBepsieTcsl.

Ecin 4) BemoJiHEHO, TO HyeeM paBeHcTBo B 4.3 u,
3HayuT, OJOKH CMEXKHBI TOrja H TOJLKO TOrjaa, KOoraa
OHH He MnepeceKaloTcs, B TO BpeMs Kak IepeceKaloninecs
naper GJOKOB HMEIOT OAHHAKOBO MHOrO OOLINX TOYEK.
3naunrt, 2) 1 3) BBHINOJIHEHEL.

ITpeanosoxKiM, HakomHel, uTo 3) BINOJHEHO. Torma
BCAKHE JBA TMepecexalomnxest Gj1oxka o0a CMEXKHBI ¢ Apy-
ruM GJoKkaM H CMEXHB k—{¢ Toukam (T. e. cojepiKar
HX) JIJIs HEKOTOPOTO MHEJOTO f; cMexkHble GJOKH He mepe-
cekalored. Taxum oGpasom, 2 (T, p) KBasHCHMMETPHUHA
u I'|T'(p) ects ponosunenne K ee G6aoky-rpady.

3amevanne Bosbwas wacrs jpoxasateascrsa (1.12) nocpsi-
mena YCTAHOBJCHHIO TOrO, 4TO, 34 HCKJIOUeHHEM ajamaposa cay-
"asg, “nciao (KI(JI:()H, HC NEpecexalontixes ¢ AaHHbBIM ().'IOKOM. paBno
o kpafineii mepe v-—4k. B curyaunn (4.5) 9T0 BHIIOJHEHO AaBTO-
MATHYCCKH, 1 TeM cambiM joKasateabctBo (1.12) moxer GuiTh 3Ha-

unTespiio  yxopoueno. Cneunanbueii cayuait  (1.12), neo6xomumbti
Aan (4.5), OBl 10KAsan B NEPBYIO Ouepesb.

Ecin T' ynosierBopsier ycnoBusm Teopemsl 4.5, To
D (T, p) aBasercs KBA3HCHMMETPHUHOIT 3-CXeMOil, H 3Ha-
unr, Aag Beskoii Toukn g D (T, p)? ecTb KBa3H-CHMMET-
prunas 2-cxema. Taxkum oOGpasom, eciin p 0 g — CMeX-
npie sepumnn, 10 PIT(p) n T (T(p)NT(g)) sBasiores
CHILHO peryasipubivi rpadann 6ea Tpeyroibuukos. ITa-
paMETPEl COOTBETCTBYIONIX CXEM TAKOBBL

2—(s*(s+2), s%, s2—1)

i
" o Hs—1), s(s—1), st—s—1).
:3;11\1«31'11\1 TOJILKO, 4TO ecan p u r neemexuer, 10 (I'(p)N

-ﬂF(r‘). I'(p)NT(r)) ectn cummerpuunas 2-cxema ¢ mna-
paverpamn (s?(s +-2),s(s+1),s) c unnugentHocroio,
pasnoii evexknoetn B I'.

Vikazenm ofHo cuaejctshe teopeMbl 4.5, orHocsueecs
Kk pacmmpennio cxem. Teopema 1.12 nokasuiaer, uto na-
paMerpsl paciiupenvofi CHMMETPHUHONH cXeMbl Moryr

2 uMeTh OJIHH U3 CJeAYIOUUX BHAOB:
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1) (4r+3, 2.+ 1, 1) (amamaposa 2-cxema);

2) (h42) (22 +4r+2), 224304 1,1);

3) (111,11,1);

4) (495, 39, 3);

WsBectHo, uTo Besikaa ajavMapoBa cxeMa eIHHCTBEH
pacuupaemMa. 310 HEBEPHO JJd JPYrHX napaMeTpHy
CKHX MHOxcecTB. Paccmorpum cayuail 2). Ilpy A=
HMEETCs elHHCTBeHHas cxeMma, nyenHo, PG (2,4), H O
JONyCKAET TPH Pa3JHuUHBIX (XOTS H HaoMop(HBHIX) pa
wupenna. Ilpp A =2 wuMeercs uyeTblpe H3BECTHE
2-(56, 11, 2)-cxemui (cm. [26,34] u Jdennucron (uacTH
cooGbuenne), Ho Baymepr n Xoua nokasajn ee Hepa
mupsaemocth (dactHoe cooGuienne XoJta Ma.). Opnak
uMeeT mMecro Goaee caaGulil pesyabrat:

Teopema 4.6. Ecaucunnerpuanasn 2-( (2 2) (A
G442, 3243+ 1, k) -cxema  pacwupsena, 10 T
K060l s820€TCA U OBOLCTBEHHAR Cil.

HJokasareasctBo. Ilycrs P — 3-cxema, a (-
Touka P, pas koropofi 2 nzomopdna pannoii cHMME
puuHoii cxeme. B 2 poBHo v-—Fk OGioxos ne mepec
KaloTesi ¢ jaHHBIM OJIOKOM H MMeEeTcs CHaLHO perydid]
Hplii rpadp I' ofxpata 4 c BepuwmHOil p, Takoil, 41
D(T, p)az D. Mockoasky 4) nz teopemer 4.5 e 3aBHCl
or sepmmnm p, 10 D (I, g) Toxe apaserca 3-cxemol
aerko Bupers, uto D (T, q), aBaaercs asoiictenHoll
Jannoii cummeTpHuHOl cxene.

Hopa [51] nokasan HexoTophie pesyabrath 9700
paspena, uexoaa M3 HHEX coobpazmennii. On noxa3d:
YT0 e ciabHo peryaspubifirpad ¢ ¢ = On 1 < d<<
o0aajaer Tem CBOMCTBOM, UTO POBHO § Bepin cMernH
KauIoli U3 Tpex MonapHo HECMEKHLIX Bepiuiny, T0 04°
=g(s?+3s+1), d=s(s+1). U3 Teopemn 4.5 MOX
HO BBIBecTH 5TO 3aKJIOUEHHe, HCxoan n3 Gojee cjalol
npeanooKenns, uMenno, uro posro 0 man s peput
CMEXHBI KaM/oll M3 BCAKHX Tpex Bepmuu npu d >
(Tpad) wa 56 sepumuax npexcrapaser cofbofi konTpip
Mep aas d=1.) Ha camom jgene mam mnyxuo JHIE
YCIOBHE Jisi TPOEK, COJePIKAUINX JAHHYIO Bepuiii
[oznnee Hoxa mokasan, uto ecan, kpomve rtoro, rpynk
aBroMopduamos rpada I' TpamsuTHBHa na Tpoiikax M
NAPHO HecMEKHBIX BEpUINH H eCJH S ecTh crereHb NP
c10ro, 70 § = 1 wan 2 (1 rpad nssecren). Do ycJ/OBE
Ha § Obiio ocaaGaeno B ancceprannn Kamepona, Ho 18
GaBnThLCs OT HEro COBCEM He Y/1a/10Ch,
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Hanee cn. JoGasrenue 7.

Ecan I' — nponsBoubHblil CHIBHO pery/isipHslii rpad,
10 D (T, p) ectb l-cxema (d > 0) u, BooOiLe roBops, He
2-cxeMa (mapamerpe: v=a, b=n—a—1, k=d,
r=a—c—1). Ilpeanosoxum Temeps, uto ¢>0 u
D (T, p)— 310 2-cxema. Toraa ase Toukn u3 I'(p) cmex-
Hbl A ToukaM H3 I'(p) He3aBHCHMO OT TOro, CMEKHbI OHH
Mex1y coGoil HIH HET; B TO 2Ke BPeMsl OHH CME@XKHbI ¢ —
—A—1 wmn d—»Ai—1 Touxam u3 I'(p) B 3aBHCHMOCTH
OT TOro, CMEKHBI JH OHH APYr Apyry. Takum oGpasom,
rpad I'|T'(p) cuibHO peryasipen.

Ilpuvensin «a(@a—c—1)=(n—a—1)d» k Hemy,
HMeeM c A= (a—c—1) (d—A—1), oTkyna

Y (@a—c—1)(d—1)
a—1
Taxum o6pasom, noayuena

Teopewma 4.7. ycro T — cuavro peeyaaproLiiepag
¢ napamerpasu (n,a,c,d), ede ¢ >0 u d>0. Tozda
D(T, p) obpasyer 2-cxemy To2da u Toabk0 T020a, Ko2da
T|T'(p) sasaserca cuavHo peeyasprols epagom ¢ napa-
merpanu

((1,(',0—{/+Lfi—‘—i_;1i,r—f;i—__——ll—)— : L

[Mpumep raxoro rpada naiigen Ilaymocom n 3eiige-
aem. T' nmeer napamerpn (26, 10, 3, 4); T'|I'(p)— rpad
ITerepcena ¢ napamerpamn (10,3,0,1) n &D(T, p)— aro
2-(10,4, 2)-cxema. B aeiictBurensioctu IMayaioe nauen
meers HensoMopgubX rpadoB ¢ TaKMMH CBOHCTBAMH H
napaMeTpamiL.

5. TMOJISIPHOCTH CXEM

IMycrs T'—— cuabno peryasipuetii rpad, B KOTOpoM n == v,
a=Fk, ¢c=d=1) Torga B HeM BecsiKkHe JBe BepIIHHLI
CMEMKHB B TOUHOCTH 2 Apyrum Bepuinnam. Taxoii rpad
nasuBaerca (o, k, A)-rpagom. Cummerpuunas 2- (v, k, A)-
cxema MozKer GITh NOCTPOGHA M3 TAKOro rpada ciaenyio-
muM 06pasomM: u TOUKH, M OJIOKH 9TOIl CXEMBbI HHJEKCH-
pytoresi Bepmmnavu I Tlpn stom Giok 0 touka mumm-
JEeHTHEl TOT/la 1 TOJLKO TOTJla, KOTja HX HHAEKCHI CMeiK-
He. Takas cxema o0JajaeT cJAeAYIOUHM 3aMeyaTeJbHbIM
CBOICTBOM: COOTBETCTBHE MeXIY TOUKAMH H GJOKAMH,
HHAEKCHDOBAHHBIMH OJHHMH H TEMH Ke BepliHHAMII,
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ABJIACTCA MOJAPHOCTIO 6e3 abcomornnix Touek. He yai
BHUTEJILHO, YTO CYLIECTBOBaHHE TaKOHl MOJAPHOCTH €CT
OYEHb CIVIbHOE OrpaHHuyeHHe Ha cxeMmy. PalHOHAJIbHO
YC/IOBHE [OKA3BIBAET, UTO YHC/Ia

1 k

2[(u 1)i1/k~7.]

—ueaple. Ilonaras k— A =u? BHAUM, 4YTO u AeJH
k=Mn+u? u, suaunt, u geant 2. Taxum o6pasoM, CY
LIeCTBYeT KL KOHeuHoe 4Heao (v, k, 2)-rpados ¢ Aak
HEIM A. B skcrpemanbHoM cayuae A = u nMeeM k=
=M(A+1), v =122%(0.+2). Apenc u Cexepew [1] nok
3aJI0 cyulecTBOBaHue rpada ¢ THMH mapaMerpaMyu Al
BCAKOTO %, ABAAIOIIENOCS CTENEHbIO MPOCTOro; ux rpaf
ABJAIOTCA JnHeiHsMi rpadamn 06o01enHbIX YeThipel
YIOJNLHUKOB,

Hanmensmmumn npuMepaMu sABJIAIOTCS: TPeyroJibii
(A =1), Ly(4) u apyroit rpad ¢ Temu ae napaverpaml
oxapakrepusopannptii Ulpuxange [61] (4 = 2), a raK#
rpad, BepmuuHamu KOTOporo cayxart 45 touek nepecels
HHa 27 npampix wa oGueit kyGuueckoil noBepxHoCT!
CMeXxHLIX, ecan ouu Koaauneapunt (2 =23). To, 9T

TPEYroJbHIK SABJACTC
CJINHCTBEHHBIM (v, ky 1)
rpadom, MoKa3bLBasoc

MHOTOKPATHO, HANPHMEP,
dopme Teopempl  Dpaei
Penpn u Wom [25], A4
KOTOpOit  psaji  s7eMenTaf
npx  poxasatenncrn (0
HCTOJNBL30BANN ]).’HIH()HZIJ“I
HBIX  yeaopmit) Obla MO
yen nepapno. Kpome TOrC
bBaepom Oblio  nokasae
YTO MOJSIPHOCTL KOHEYHO!
MPOEKTHBHOI HJ10CKOCT
nmeer abcoaioTHbie TOYK
([24], c. 1562).

Tpady, B kotopow Besikie JBe BEepUIMHLL CMEXHBI
Bepiinay, apasgercsa Jmbo (v, k, A)-rpadom, an6o OF
HHM U3 «BerpskoB» ¢ A = |, kak Ha puc. b.1.

Ecin cummerpHunaa 2-(v, k, A)-cxema nmeer moJiAf
HOCTh G Ge3 aGeoMIOTHBIX TOUEK, TO MOYKHO BOCCTAHOBHT
(C':k,k)-rpaq) caeaylomumM o0pasoM: BepluHHaMu AE
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JISIOTCSt TOYKH 3TOI CXeMbl, MPH 3TOM p H ¢ CMEXHHI,
ecin ¢ € p® (3T0 OTHOUIEHHE CHMMETPHYHO, TAK KaK o —
HHBOJIOLHSA M p pedJ/IeKCHBHO, MOCKOJBKY G HE HMEeT
a0COJIOTHLIX TOYEK; OCTaJILHBIE YCJOBHS CJAEAYIOT H3
cBoiicTB cxembl). Mrtak, 9TH ABa MOHATHS SKBHBAJEHTHBI.

[Mycts Teneps I'— cuabHO peryasipablii rpag, B KOTO-
poM n=uv,a=Fkk —1, c=A,—2, d = Ilocrpoum He-
KOTOPYIO HHIHJEHTHOCTHYIO CTPYKTYpPY CJAEAYIOLHM 006-
pasom: TOUKH H GJIOKH HHAEKCHPYIOTCS BepIIHHAMH, NMPH
9TOM TOYKa M OJOK CMEXHBl TOrjla H TOJbKO TOrAA,
KOraa HMX HHIAEKCH JHOO paBHBI, JH60 cMexHBl. Takas
HHIHACHTHOCTHAS CTPYKTYpA SIBJSIETCS CHMMETPHUYHOMN
2-(v, k, 1)-cxemofi I COOTBETCTBHE MEXKAY TOUKAMH H
GJIoKaMi ¢ OANHAKOBOI NOMETKO{l ecTh CHOBAa MOJSIp-
HOCTH, HO 3JleCh yiKe Kax<Jaasi Touka siBasieTcsi aGcosior-
noit. (Takas noasipHocTh HMeHyeTcsi HYJeBOi.) DroT
rpad onaTb-TakH MOXeT ObITh BOCCTAHOBJIEH H3 3TOH XKe
cxempl 2 u noaspuoctn o. (Bepumnamu cay:kaT TOUKH
D; a pn g cMexKHB, el g € p° Ho g %~ p.) B 10 xe
Bpems palioHajibHOC YCJ0BHE MOKa3biBAE€T, YTO YHCJIA

—qeapie, 910 He JacT OMEHKH JUIst v B TepMHHAX A.
Cayvaii A =1 HCKJIIOYAeTCS, NOCKOILKY d = A—2
HEOTPHULATEABHO., DTOT (PAKT, OYEBH/IHO, HE XapaxTepHblit
JUISE KOHEUHOIO CJIyuast BCJACACTBHE TOro, 4To abcoior-
Has npaMas B IPOCKTHBHON [IOCKOCTH HMEeT eAHHCTBEH-
nyio aGeosnorhyio Touxy. Hynesasi nosisipnocth cxemst
HHAYIHPYET  NOJASPHOCTL  JIONOJHHTRILHON  cXeMbl 6Ge3
A0CONOTHON TOUKH; TAaK 4TO B JAeliCTBHTENLHOCTH 006a
HTHX  Cayuags cyrh oAaHo u TO ke, OJMHAKO YaCTO HX
ya001H0 pagaesnts. Henynessie nojsiproctn npusiaekaior
MCHBIIE BHINMANNA, YeM HoagpHocTi 6ed abCcoJIOTHBIX
touex. Murepecuviv apasercs cayuait ¢ A==2. 3pech
d=h—2=0, a rpadp — 1€ Ke, YTO paccMaTPUBANHUCD
B npeabliymeil raape, rae Mbl BHJEHH, UTO k=u?+42
JUI HEKOTOPOro Neoro u, He kpatnoro 4. drtu rpadut
O/IHO3HAYHO ONPEAESIoTes  HX napamerpamu. ([t
i =2 370 OYEBHJHO, JJA U =3 3TO NOKazaJj l‘ei'mcp’ru.
[26].) Taxum oGpasom, 2-(16,6,2)- u 2-(56, 11, 2)-cxe-
MBI C HYJEBBIMH [OJAPHOCTSAMH CYUIECTBYIOT H  euH-
creenibl. [lepsas u3 nux asagercs 1ol camoil cxemoit,
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KOTOpas TakiKe HMeeT MOJSPHOCTH Ge3 abGcoMOTHBIX T
uek! Jlerko nposeputs caeayiouiee:

Teopema 5.1. Mycro D — cummerpuunas 2-cxes
¢ h=2 uo— nyaesan norsprocrs D. Tozda

1) eecanui 6aok B u ecaxue dee Touxu p, q < B-
— {B°}, p, g u B <noposcdarors tpusuaronyio 2- (4, 3,2
cxemy;

2) o odnosnauno onpedersierca obpason 21060 10
ki uau 6aoka;

3) dee pasauunble Hyisesole NOAAPHOCTU KOMMYTI
pyloT u ux npouseedenue ecto ceo600HAA UHBONIOYUA
(urcuposannoli Touroll;

4) ecau oy, Gy, G;— pasiudHvle Hyaesoe NOAAPH
CTU, TO §y0205 — NOAAPHOCTL Gead abcoaloTHuly TOUEK.

Sra Teopema cjaefyer H3 NPeAbIAYLIero 3aMedanH
4TO EIHHCTBEHHOH HeTpHBHAJBHON 2-cxeMoii ¢ 2 == 2, A
NycKalowen TpH pasiauyHsie HYJEBBHIE NOJAPHOCTH, i
ngerca 2-(16,6,2)-cxema, koropas nveer 6 Takux I
JsipHOCTEd.

Tenepp npuBegeM HECKOJbKO npumepon rpadoB ¢
CBOfiCTBAMH, YKa3aHHBIMH paHee.

[ycrs H — matpuua Agamapa. Moxuno nntepiper
poBaTh H Kak MaTpuily MHUMAEHTHOCTH (Hanpumep, —
JUIS HEUHAeHTHOCTH W 41 aaa wennungentiocri). Ecl
H — cummerpuunas MaTpuia M MMEET IOCTOAHHYIO /A
roHadb, TO MOMKHO NMepeMeHoil 3HAKOB cjenaTh TakK, 4Te
OBl nepBasi ¢Tpoka H nepprii croaben coctoain crou
H3 ——1; YAaaJne Hx, noJayunm MATPHILY HHIN/1IE€HTHOCT
anamMapoBoft 2-cxempl ¢ mapamerpamn  2- -(4u?—1]
2u2—1, u*—1) u c nyaepoii noxspHoctbio. Ecin
TOMY JKe HcXoanada Mmatpuua f umeer nocrosunpie NG
CTPOYHBLIE CYMMBbl, TO OHa (Mjm HeratTupHas K Heif, T. €
—H) aBasierca MaTpuiell HHIHACHTHOCTH 2-cxeMpl ¢ 112
paverpamu 2— (4u? 2u? + u, u® 4= u) n c uysepoi NC
JSIPHOCTBIO; 3HAK -} Han — BLIGUpacTCa B 3aBucHMOCT
OT COBNAJEHHS W/ HECOBMajeHHsA 3HAKOB JiHAroHAJLHO
M MOCTPOuHOH cymM. Takue agamMapoBhl MaTpHLLI BCTPE
yajoTesi Aocratouno yacro. Takum oOpasom, st cxeM
CYLIECTBYIOT TPH KazKj10ii BO3MOIKHONH KoMOnuauny 3HE
KOB, €CJIH CyLIeCTBYIOT a/aMapoBbl MaTpHULI [opsAAK
2u. CymecTBYIOT OHH W st APYTHX MOPSAIKOB, Takux Kd
36 (cm. [29] u [16]).

Wupie npumeps HyJeBBLIX NOJspPHOCTe!l aior cHMI
JICKTHUECKHE MOJIAPHOCTH NPOEKTHBHOIO (2rm — 1)-npe
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crpanctBa Hax mnoaeM GF(g) mpn m = 2. Tak, ecan
G — OpTOroHaJbHas MOJSIPHOCTb NMPOEKTHBHOrO 2rn-1po-
crpanctBa Hag GF(g) mpu m == 2 H HeYyeTHOM g, TO ab-
COJIIOTHBIE TOYKH M THIEPIJIOCKOCTH 00pasyloT CHMMET-
PHUHYIO CXeMy, a O HHAYUHPYeT HyJeBYIO IOJSIPHOCTh
9T0i cxeMbl. DTa cxeMa HMeeT Te JKe IapaMeTphl, 4To H
PG (2m — 1, g), no ne nsomopua eii.

[Ipumepsl ¢ ¢ =3 mnosyualoTcs cjaeaylomum obpa-
som. [lycrs O — kBagpaTnunas ¢opma, CcBs3aHHas € 0.
[Mockoabky 0(x)=0(—x), 0 nuAyuHpyeT (YHKUHIO H3
MHO;KeCTBA TPOEKTHBHLIX Touek B GF(3); ob6osHauHM
a1y dynkumio taxxke uepes 0. Ecan p;— MHOXKECTBO Tex
TOYeK, Ha KOTOpHIX O NmpHHHMaeT 3Hauenme i (i = =£l),
10 (p;, pi) oOpasyer CHMMETPHYHYIO CXEMY, a O HHAY-
mHpyeT ee MoJspHOCT, Ge3 abcoMOTHBIX Todek. ITapa-
MeTphl 5T0il cXeMbl CyTh
D (_’_l)_ 3111 (3m + I), _;_ 3!"-—1 (3:71 et l), _‘;_317!-—1 (3111—1 e i»,

i==1,
npH yCA0BHH, 4TO 3HaK O BhIOpaH KOPPEKTHO.

Tax e, KaK CyHECTBYIOT «CBOOOJHBIE» CHMMETpPHY-
HBle CXeMBl ¢ TPON3BOJLHBIM 3HaueHHeM A (M Jaxe
Muoro Gogiee 06LIHe HHIHACHTHOCTHBIE CTPYKTYPHI), CY-
1eCTBYIOT 1l «CcBOOOJHBIEY rpadbl, B KOTOPHIX YHCAO Bep-
LIHH, CMEZKHBIX p U ¢, PABHO ¢ HaH d, B 3aBHCHMOCTH OT
TOTO, CMEZKHBI BEPIIHHLL p 0 ¢ wii ner (¢ u d— npej-
nucannpie HeoTpuuareabinie neasie ¢ d>1). B peit-
CTBUTEALHOCTH 9Ta KOHCTPYXILHS JlazKe elle IMpouie, Bep-
el 1 pebpa gobapasiores npu Kaxaom uare. B ya-
CTHOCTH, HMCIOTCA CBOGOJHLIC CHMMETPHUHLIE CXeMBI C
nojsiproctsvi 6es abeoOTHRIX TOUEK, IPOH3BOJBLHBIM A
i cpOGOBIE CHMMETPHUHBIC CXeMbl ¢ HYJIEBBIMH IOJIsip-
woeTsiMy 1 nponsBoabieiM A > 1. Tlpu paccemorpennn
cayuas uyJesoli nojagpuocti ¢ A =2 (r.e.c=0,d =2)
JMeeM CXeMY, B KOTOPOIT BhIIOJHAETCA GECKOHEYHO MHOIO
NPUMEPOB  «HHIICHTHOCTHOM — TeopeMbl»  (cM.  Teo-
pemy 5.1, 1)).

6. PACIUMPEHHUE I'PA®OB

B sroii raaBe rpadbl paccMaTpHBAIOTCS C HECKOJILKC
HHOI TOUKH 3PeHJisl — KaK HHIHJCHTHOCTHBIE CTPYKTYPHI
(cm. raaBy 2). B uwacTHOCTH, peryasipublii rpad ectb
l-cxema ¢ k= 2, 1 00paTHO (IPH YCJIOBHH, YTO KpaTHEIE
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G70kn sanpemens). Hurepecno cienyioniee: KOTAa Ta
Kue l-cxempl oGaamaior pacupenusivu?  [10CKOJBK)
2-cxemp ¢ k=23 BCTPEualoTesi uacrto, To 3Ta I1pOOIeMs
J0CTATOYHO WHPOKa H Mbl OyaeM OOLIYHO HaJsaraTb A0
NOJHATE/IbHbIE YCJOBUA Ha paciuupenne. PaclIHPEHHS
CXeM GBI/ MePBoHAYANBLHO HCNO/Ib30Banb BurToM, Xbio
30M H JlemGOBCKHM MPH H3YuCHHH TPaH3MTHBHBIX PaC:
WHPEHUiT rpynn nepectanoBOK H MOYKHO OBLJIO OKHAATh
YTO paclIHpeHus peryaspuuix rpados morau Obl OBIT
I0JIE3HBI B M3YYEHHH ABAXALl TPAHSUTHBHBIX rpynIL
Ecan et pacmmpsen cxemy no06apienuen HOBOJ TOYU
KH p, T0 MBIl 3HaeM Bce OJIOKH pacuinpen#s, COAepra
lHe p,— OHH nojayyaiotcs jgoGaBjenneM p K CTapby
Gaokam, HO Ana GJOKOB, He COAEpKAlINX p, BO3HHKAE
HeojHo3HayHocTh, [lpeanosoxum  Ttorjga, kaxk nepByo
BO3MOKHOCTH, YTO HMEeTCA MHOMKEeCTBO Tpoex A, HA3L:
BaeMblX 0JOKaMH, B KOTOpOi GJOKH, He cojeprKallie
TOUKH p, OJHO3HAUHO ONPEACJAIOTC ecTecTBenHEIM 00
pasoM ua3 GJOKOB, COAEPIKALINX p; B YACTHOCTH, NPEANO;
JIOZKHM, UTO KOrja H3BeCcTHO, Kakue u3 Tpoek {p,d, r},
{r, q,s} u {p, r,s} apagiorca GJOKaMH, TO MOYKHO JIerKo
onpejennts, apaaerca au {g,r, s} Gaoxom. Jlerko BH:
JIeT, UTO 970 NPABHIAO JIOJHHO COCTOATL B TOM, 4TO A
Jannoro 4-muomectsa {p, q, r, s} UHCIO ero 3-1M0JMHO:
HKECTB, ABAAIOWNXCA OJA0KAMH, TPHHAIICKNT 10ANHOKE:
ctBy S ua (0,1,2,3,4} c tem cpoiictBOM, UTO i, jes,
i j=>|i—j| =2 Haapueitmmit anaans noxaspiBaer,
4T0 S ecth noAMHOKECTEO 010r0 13 muoxectn {0, 2,4}
{1,4} uan {0,3} u uto Bo BTOPOM WJHM B TpeTLeM CIY-
yagx an6o A, au60 ero A0MOAHCHHE €CTh MHOKECTBO BCEX
TPOEK, COAEpIKalliX AaHHYI0 TOUKY, UTO HennrepecHo.
MuoxkecTBO Tpoek A ¢ TeM CBOHCTBOM, uTO UeTHOE
YHCJIO 3'110![M110}|(CCTB BCAKOro 4-MHOKECTBA ll[)llllll;’l-'le'
KUT A, Mbl HasmBaem Odsa-zpagosn Xurmana, KoTopbill
nepeblii Hayuaa raxde Mmuoxectpa. Jlpa-rpada oxasbl
BaloTcsa llpHE\‘l@‘laTC;’lbl”)l\lll (Iﬂ'b(‘]\"['{!\l”, TEeCHO ('[HI.’HJII"
HBIMH ¢ Teopieil rpados, Koneunoii reovMerpueii, 06Ol
reoMerpueil (MHOKecTBAMH PAaBHOYTOJILHBLIX NpAMBIX B
eBKANI0BOM npocrpanctse) 1 T. . K Tomy ke Gosblioe
YHCJIO H3BECTHHIX KOHEUHBIX JIBAZK/IBI TPaH3HTHBHBIX
rpynn jaefictByer na asa-rpadax. (Brmouas PSL(Z2,q),
st g = 1(mod4), PSU(3, g) nasa neuersoro g, 2Gy(q),
Sp(2n,2) B oBoux ARAXKIB TPAH3NTHBHEIX MpejcTaBJe:
unsix Voo Sp(2n, 2), HS u 3). Ba-rpadnl HuTeHCHBHO
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u3yuagnce Teiinopom, 3eiigeseM W MHOTHMH IPYTHMH.
3eitneas [69] mpexcraBua 0630p MO HHM Ha HelaBHeN
KoH(epenuun B Pune, Tak yTO 3JeChb Mbl ONHIIEM HX
BechMa 6ervio.

OuyeBnano ABa-rpad MOXKHO paccMaTpHBATh KaK OTO-
GpazkeHne TpoeKk Ha MHOecTBe B Zp ¢ Hcueaalomeil Ko-
rpanuueii, 7. e. ¢ 2-KounkjaoM. ITOoCKOJBKY NOJHOCTbIO
NOAXO/sILAs KOTOMOJOTHSI TPHBHAJbHA, TO 3TO, TAKHM
o6pasom, ecThb Korpammua l-kouenn, a mocaeanee, Oy-
ayun ¢ynkuueii nap B Z,, siBaser coboii rpad; TpoiKH
JBa-rpada sABISIOTCS HOCHTEJNSMH HEUeTHOTO YHC/Ia pe-
Gep aroro rpada. JIBe l-kouenn HMeIOT OJAHY H Ty XKe
KOPpaHiiy TOrja M TOJbKO TOrja, KOrjla OHH OTJIH-
yajores Ha 1-Kommka, To ecth Korpannny 0-xouemu
(pynkumio u3 TOYEYHOro MHOJKecTBa B Zg); 3TO O3HA-
yaer cyniecTBoBaHHe pas0lEHHs TOYEYHOrO MHOXKeCTBa
XUY u asyx rpagos, corjacoBaHHLIX BHYTPH X H BHYT-
pu Y u sgBasioniuxcs JOMOJHHTEJbHBIMH MEXAY STHMH
MHoxkectBaMu. B repmunosornn 3efizens aTH rpadbr
SABJAAIOTCS CBAZANHBIME 110 NepexAIOHeHIt0 OTHOCHTEILHO
paaGuenus X [J Y. Taknm oGpason, aBa-rpad 5KBHBAJICH-
TEH «repekioyaTeJbHoMy Kaaccy» rpadon. 3eligens me-
noanayer (0, -, 4-)-maTpuiy cmMekHocTH s rpadoB
(0 ma jpmaromaj, | — cnmexunocth, 1 — Hecmex-
Hocts). Marpuup evmexnoern A, A’ nepexaioyartesbHO
SKBHBAJICHTHLIX IpadoB cBasanp pasenctsom A’ = DAD,
rae D — anaronadbias MaTpHila ¢ JHArOHAJbHBIMH 3Jie-
menTamu =1, TTycroil apa-rpag coorBeTcTByeT nepexJio-
UATEJALHOMY KJaccy NOJHBIX ABYA0JLHLIX rpadoB, a moJ-
Hutii - apa-rpady —— AByM noaunpiv rpadam. dTH chyyau
HCKJIOUAIOTCH 13 JLaJbHCIIIEro paceMOTpeHHst.

Ecan A ecrn nexoropoe MHOKECTBO Tpoek Ha P, a
p-—rtouxa n3 P, 1o uepes A(p) oGosnauaem rpa¢ c Bep-
wanavu P —{p} n peopamn {q, r}|{p, q, r} = A}. Jler-
KO BIJICTD, UTO ecan A aBasercss asa-rpadoM, TO mepe-
KOYATEALHBI  KJace, COOTBETCTBYIOUHH A, copepKut
nenepecekalonieecst  0ObejHHeNHe H30JHPOBAHHON Bep-
e pou A(p). (Bosbmem moGoii rpad B atoM Kiacce
nonepekaiounyM ornocnrennio cocegefi p.) IMpeanoso-
xumM, uto A(p) peryaspen. Ipad A(p) onpenenser A
oxHo3Hauno; Korja A aBigerca pacmupennem A(p) B
CMBICJIE CXeMBI, T. €. Koria A aBasercda 2-cxemoii? [lpa-
rpad, ABASIOLIKIiCA TaKKe 1 2-cxemoii, HazbiBaerca pe-
eyaaproin dea-epagor. Orser naer
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Teopewma 6.1. Joa-zpagh A seasercs peeyrapHous
10200 1 T0AbKO TO200, KO2dA Oaf HeKkoTOPOU TOUKU P
epagh A(p) curvno peeyrapen ¢ d = a/2. Ecau 310 86l
noAHeno 0aa oOHoll Touku, TO 39TO uUsmeeT MecTo 04A
Kascdoti Touru.

S1a Teopema § pauHOHAJBHBIC YCJIOBHA NOKA3bIBAIOT,
TO Mapamerpbl PeryJApHoro jaea-rpada BroJjue OrpaHi-
YEHEl (XOTsd, TeM He MeHee, BOOOLie M0OCTATOUHO BKJIO-
"aTh BCE NpHMEpE! M3 BCTPEUaBLINXCHA paHee C ABAZKAH
TPAHSHTHBHOM Tpynmnoii aBToMop(uaMoB). Beakuil CHIb:
HO peryagpublii rpad tHna 1 yaopaerBopsier ycJIOBHAM
Teopemet 6.1; ecan A(p)—rpad Ilsau P(g), 1o A A0
MyCKaeT JABaz /sl TpaH3UTHBHYIO rpynny PSL(2,4)-

Seiigenen Takske noayyena

Teopema 6.2. Hsa-epagh pesyrapen rtozda U TOAb:
ko Toeda, rkoeda (0,—,--)-sarpuya cmescnocru HEKO:
Topoeo (a, craao Goirs, w Kasdozo) epaha 6 neperkaoti:
TCALHOM KKaacce uieer posHo 08a cofcTeennbly sHateHul.

3amernm, uto ypasrenne (A —p/) (A -—pg/)=0
HHBAPHAHTHO OTHOCHTEJILHO NMepekioyenus, Jto ypaBHE:
HHe BJeUeT, uTo ecJu rpad peryaspen, To on cuiabHO Pes
ryaspen. Herpyano nokasaTs, uto mumeiorcs aBa BO3:
MOKHLIX MHOJKECTBA HAPAMETPOB g cuabio perysap:
HOrO rpada B neperaiouaTeNbHOM Kiacce p(:ry.'”'[)”oro
2-rpapa. Takum oOGpaszoM, Hanpumep, mnmeercy eAHH-
CTBEHHEIT (¢ TOUHOCTLIO [0 LONOAHeHHs) perysadapHbi
ava-rpady wa 28 Toukax, ¢ napaverpamu 2- (28,3, 10);
ero rpynna asromopdgusmon ecth Sp(6,2). BoamozcHbe
napaMerpnl Ui CHABHO PEryJsapuuix rpagop B I1epe:
KJloyaTespHoM  Kjaacce HMeioT Bug (28, 15,6,10) H
(28,9,0,4). ITepsoe MHOMKECTBO peannsyercs ONOJHE:
Hienm tpeyrossnoro rpada 7(8), a Takxke tpems HCKMI0-
UHTeNLHBIMH rpadami, oXapakTepuaopaunpivu Uanrom
[18, 19]. My Bugean B raase 3, UTO BTOpoe MHOKECTBO
Hepeasusyemo. Takum 0o6pasoM, He Bcerja peasinsyior-
csi 06e 5TH BO3MOKHOCTH, XOTSA H JAI0T MHOTO HHTCPEC-
HBIX CJIyYaeB.

Kpome 7oro, cBAsb ¢ DaBHOYIOMLHLING — [paAMBIMH
MOXKHO onHucaTh Tak. J1aHO MHOMKECTBO nmpsivpix, mpoXO=
AALEX uepes HekoTOpyIo TOUKY eBKJujoBa npocTpaH-
CTBA, BeAKkWe gpe M3 KOTODHIX  kMeior yrod
Cosifl =0, (o 5% (), MHOKECTBO TPOEK NpsAMeIX, Ans KO-
TOPLIX ponsBesientie KOCHHYCOB OTPHUATe/LHO, 06pa3yeT
ABa-rpacg; obparno, 11000l ABA-TPAY MOMeT GpiTb HpPe-
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crapjieH Takhum crnocoGom. Hamnbosee H3BECTHBIMH MHO-
JKeCTBaMH pPAaBHOYTOJILHBIX JIHHHII ¢ HanGOJbUIAM 4IHC-
JIOM JIHHHII B NPOCTPAHCTBE JaHHOI Pa3MepHOCTH YacTo
IpeJCTaB/SIIOT PEryJaspHbll jgBa-rpad; TeopHsi peryJsp-
HBIX /Ba-rpa)oB Tak:Ke AaeT BepXHHE rPAHHIbLI [JIS YHC-
Ja npsameix (e, Jlemernc n 3eiinens [43]).

[yar [62] noxasan caeiyiouuii pesy/ibTaT O TpaH-
3HTHBHBIX PacUIHpEeHHsX:

Teopema 6.3. [Tycro I'—epagh ¢ 6epuuHHO-TPAH-
auruenoll epynnoti asromoppussos G. Ilpednoaodcu,
410 dasn wexoropoli eepwunot p us I' 6 T' cywecrsyror
saemenror hy=aut(T|T(p)) u hoe (T|T(p)) rakue,
uro daq g & T(p), r = T (p) npu {q, r} =T = {qgh, rhs} &
& u npu {q,ryeT={qgh), rhe}=T. Tozda G uneer
TPAHBUTUBHOE pacluuperue.

JHokasarteancTBo. Ecmn A— asa-rpad, y KoTo-
poro A(pe) =1 aas1 HeKOTOPOIi BEPIIIHBEl pPg, TO JIETKO
BH/IETb, YTO TEepecTaHoBKa, MepecTaBasiomas po H p i
Jeficteyiouiasn, kak iy na I'(p) u hy na I'(p), ectb aBro-
moppuam Ha A.

B obuem cayuae moxcHo onpepenantb f-rpad Kak -
kounka Ha Zy u peryaspunlii {-rpad kax f-rpad), KOTO-
pHii Takke spasercs {-cxemoii. Oanako B cayuae £ > 2
NpPHMEPOB, MO-BHANMOMY, HeMHOT0. 3BecTHBI TOJbKO pe-
ryaspusie 3-rpadgu na 8 n 12 roukax (nepBblii ecTh
AG(3,2), a nocaeannii — apoiinoe pacmupenne rpada
[lerepcena ¢ rpynnoii asromoppusmon My, HalifeHa
noit - Xurmanom) M peryagpuetii 5-rpadg Ha 12 TOU-
kax (5-(12, 6, 1)-cxema). Ha camom jpene, oueBHAHO,
yro mobaa 1-(2( + 2, {4+ 1, 1)-cxema ecThb peryJsipHbIi
{-rpad, HO M3BECTHLL TOJALKO JBe Takue cxembl. Kpome
toro, Opia cjaenana MajenbKast MaulnHa JuIsi H3yueHust
{-rpados nesanucuno or o6oGuienns XHrMaHoM Teo-
pemnl 6.3.

M pee-tagn, MOKHO ObII0 OB jocTHYb Gogabuiell o6ui-
HOCTH, HCNOJL3YS KOWHKJIBI Hajg ApyruMu abeseBLIMH
rpynnaMi, HO 3jech €Ba JIH €cTh NPHMEpH, a oblias
TEOpHs PasBHTa HEJOCTATOUHO,

JIBa-rpa MoxHO OblIO OBl ONPEJEJHTL KaK MHOZKe-
cTBO Tpoek A Takoe, 4To A H €ro JIONOJHEHHE YIOBJET-
BOPSIOT CJEAYIOIEMY YCJIOBHIO:
ecan {p, q, r}, {p, 4, 8) {ps 1, 8} €4, 10 {g, 1, s} S A.

(%)

45




Kak kasmercs, ecan NPeAnoJioXuTh, uTO TOJBKO &
(1o e ero JIOTIOJIHEHHE) YAOBJETBOPAT (), TO METOAL
HCHONb3yemble A1 ABa-rpadoB, nepecraior paGoTalE
HO CTPYKTypa A joctaTouno orpanuyeHa, yToGbl HEKOTC
phii mporpece 6wl Bosmoxken. Ilosesnoil apasercad

Jevmma 6.4. Mycro T'— zpagp na v— 1 GepULHAx
8 KoTopos HouGoavwiue noanvie nodepagol (KAUKL
uneor obven k— 1 seakas eepuuna naxodurca 8 b U
HUxX, u ecakoe pebpo aexcur, no kpatineii mepe, 6 00HOS
us nux. lpednoaoscus, wro A ecro muoxcecTéo TPOEE
ydoerersopmowusx (=), ¢ A(p) =T daa aobol TOUKULP
Tozda cywecreyer 2-(v, k, 1)-cxesa D rarxas, 410 A ectt
MHOXCECTBO TpOCK ug HekoTopozo Gaoka cxemvt D.

Buiokn sBasotcs muoxkectavu S ¢ |S|= k, TPOHKE
KOTODBIX npHHAjAAeKaT A; 9T0 ecTh MHOKecTBa S, Mg
KOTOpEIX |S|—{p} ects (k—1)-kauxa B A(p) Ana HE
KOTOPOro (m cjegoBatenbho, kazjoro) pe S. OueBik
HO, UTO JBE TOYKH JeKaT B A Takux Gjokos, H TPOHKE
HAXOAHTCA B GJoKe Toraa M TOJALKO TOrja, KOraa OHa
ecth B A. Byaem roBoputh, uto 5Ta cxema npeacTaBiel
MHOJKECTBO Tpoek. Jamerum, uro I' yposaersopsier npejt:
NOJIOKeHHIo ua gemmbl 6.4, ecan on gonyckaer BepuiHis
HO- M peOepHO-TPAH3UTHBHYIO TPYIMy aBToMop(iaMob
Jlis Hekoropbix npHAOKEHHi NMoJesna cieayonan

Teopema 6.5. lpednosoncus, uro I'— epagh t
amonecteo Tpoex, ydosaersopaowee (=) ¢ A(p) =T a4
410606 TouKL .

1) Ecau ' ecrv nenepeceraioweecs oGwedunetile
noanvlx epagos na k— 1 sepuunax, 10 2-(v, k, 1)-cxemd
npederagaser A 1 Haobopor.

2) Ecau 1’ ecro tpaneyrayuonnoii zpagy T(k), 10 A
npedcragaserca cumsmerpunnol 2-(v, k, 2)-cxenol, ydos-
aersopsioweri caedyowjet axcuose: ecau B —Gaor U
P, q,r & B, 10 «gropuunsie 6A0KU> pq, qr 1 rp - coanas
daror. (Taxum obpason, p, q,r nopowdawr 2-(4,3, 2)-
cxemy.) Bepro u obparnoe.

3) Ecau I'— peweruarott epagh Ly(m), 10 m =3 u
A ecto eduncrgennoil peeyraproil 2-epagh na 10 rourax.

HoxasareascrBo. Jlokasats 1) ouens npocto.
B cayuae 2) samerum, uto npH k& > 4 tpanryasnnonnstil
rpad T(k) umeer nBa BHAA KJIHK, a HMEHHO: {{12},
{18}, ..., {lk}} n {{12}, {13}, {23}}. Tlepsoe paciwu-
paercs 10 G6JOKOB, BTOPOE YKA3bIBAeT  MHOKeCTBO
2-(4,3,2)-cxem, (Cnyuait k=4 MOXHO paccmoTperh
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Bpyunyio. B cayuae 3) umeem v = m241, k=m+ 1,
N=2; tak uto r=2m, b = 21”:7(1,1 T 2 , rie m=3, a
OJIHO3HAYHOCTb yYCTaHABJIHBAETCS JIETKO.

EnnHCTBeHHAs H3BecTHas cxema ¢ k= 3, YAOBJIETBO-
psiomas akcrnome (2) us reopems 6.5, —3to 2-(16, 6, 2)-
cxXema, KOTOpYIO MBI YiKe BCTpeYaJdH B MNpeAbAyILEeM
pasjedne; AJs 9TOI cXeMbl A ABJSAETCS PEryJsipHbLIM ABa-
rpaom. Ilonmast xapaxkTepHaalusi 3TOH CXeMbl MOCPEeA-
CTBOM 3TOIl aKCHOMBI NpeACTaBJSETCs TPYAHOI 3aaauei;
orMernM GoJiee caadyio xapaxrepusaunio. OGo3HaYHM Ha
BpeMst 3Ty cxemy uepe3 Dig.

Teopewma 6.6. Ecau D — cunmerpuunas 2-(v, k,2)-
cxema, a 610k B us 9 rakos, 4ro 8caKue Herolpe TOUKU
us B nopoxcdaor D, 10 D = Ds.

B kauecrse CJaeACTBHSI 9TO BJEUET Pesy/abTaT O TpaH-
SHTHBHBLIX PACIINPEHHSX, TECHO CBSI3AHHBIX C paclIHpe-
HUAMH TPEYroJbHbIX rpados:

Teopema 6.7. Ilycro H—epynna nepecranogox
crenenu k, uHOyyupyroujaa epynny aéToMopHU3M0O8 pan-
ea 3 epaga T(k), a G— Tpan3urusHoe pacuuuperue
aroll epynnot panea 3. Toeda coinoansercs 00HO U3 cae-
Qyrougux yreepucdenuil:

4, Hexe Sy, G2 PSI(2,7);

5, HexAg, Ge=PSL(2,11);

=4, H = ./1[; uau Sr,, G e V((;.A(, uasu VlG-SG~
B ramdon caynae epynna G deilcrsyer Ha cummerpuy-
noti 2- (v, k, 2)-cxenme.

Teopemy 6.8 cat. 6 JloGasaenuu 8. Jlaree caedyer era-
ea 8" (em. Jlobasaenue 9).

7. KOJbI

B Teopun KOANPOBANNSA paccMaTpUBACTCH MHOMKECTBO [
N3 ¢ PasJNuHbLIX CHMBOJIOB, HA3LIBACMBIX @A(ABUTOM.
O6uiknosenno, g =2 u F=1{0, 1}; B Gonee o6umeil Teo-
pun g = p’ (p— npocroe) u I = GF(q).

Hcnoabsyd cHMBOJLL MHOZKecTBa F, 06pasyem M3 HuX
Bce BO3MOJKHBIE /1-BEKTOPBI, T. €. MHOZKeCTBO F", Gymem
HA3LIBATL 9TH N-BEKTOPLI CAOBAMI, A YHCJO 1 — OAUHOL
caosa. Ecan B stom cayuae F == GF(g), 10 MHOMKECTBO
Becex caoB Oyaem obosHauath uepes #M y HHTePIpeTH-
poBaTb 3TO MHOZKECTBO KaK 7A-MEPHOE BEKTOPHOE Mpo-
crpanctBo Hay GF(q).
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B 7™ ppenem ¢pyukumo paccrosnmit d, naspBaeMyK
paccrosnuen (merpurxoil Xamsunea), goropas ECTECT
BEHHEIM 00pasoM XapaKkTepHsyeT umcJio omuGOK B CJIOBe
T. €. HHC/IO HENPABHJAbHEIX GYKB.

Onpeaeaenne 7.1. Ing x= F™ u y e # ue
pes d(x,y) oGosnauaem umca0 pasiuunpix KOOPAWHAT B
CHIOBAX X H .

Crnenyioune fiBa onpefenenus uenocpecTBeHHO CBA:
8aHBI C d W C A3LIKOM METPHUECKHX NPOCTPaHCTB.

Onpenenenne 7.2. JIna xe #™ onpenelaey
8ec c/I0Ba X kak Beamunny @ (x)= d(x,0). (Kak OGHY:
HO, 0 0603HauaeT uyaeBoii Bextop B ZM.)

Onpenenenne 7.3. Ing p>0 u xR wap
pazmyca p ¢ HEHTPOM B X onpejeisem kak MHOMKECTBO

S(x, p)={y =2 |d(x, y) <p}.

Pacemorpuy nommuoskecteo C muoxecrsa ™, 00-
Jajaiomiee TeM CBOHCTBOM, 4TO paccrosnue MeK/Ly J10-
OLIMH JABYMA PasauuHbIMu caoBamn uz C pe meHee 'EM
2¢ + 1. Ecan B3aTh nponsposbioe cnoso x ua C U H3Me-
HHTb [ ero Koopamuat, rae { << e (1. e. pyectn [ Ol
60K), T0 MOAYYEHHOE CJAOBO, TeM He Menee, Gaune K HCs
XOAHOMY, Hexen aoGoe aApyroe 3 muomectsa C (T-€
OHO HMEeT MeHbliee paccToAHNE JIo ¥, uem gpyrue c/10Ba
ua C). Crano GbiTh, ecau Mbl 3Haem C, 1o mMbpl MOMKEM
nenpasnth { omnGok. Llean teopun koanpopanusg M CO=
CTOHT B HBYUEHHH TAKHUX “£-KOJIOB, HCTIDAaBIAIONIHX o1n6-
ki». Mbl 3Ke N0 npenMyuiecTBy Oyjiem nutepecoBaThed
CBA3SIME KOJIOB ¢ KOMOGHHATOPHBIMH CXeMaMmy,

Onpeneaenne 7.4. e-x00, ucnpagainouuii ottub-
ku, ectb nodsnoscectso C smHoxecrea Fn, o6 napalonlee
CBOICTBOM:

veeCyysC [x#y=d(x, y) =2 4 1],
T.€.
yvxeC VYy&C [x#y=S(xe)1S(y, o)= D]

OanH cneiHaabHli B KOA4, KOTOPLIi He CTOJbL
BajkeH MPAaKTHUECKH, HO BechbMa HHTepecen komMGHHATO-
puKaM H anreGpancraM, IpeACTABISET coGoii copepileH-
Hulil KOZ.

Omnpeaenenne 7.5. e-KOA, HCNpaBsomyii OLIHG-
ku, C = A", naspipaerca COBPULLHHbIM, eciy

N S(x, e)=am,
x=C
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OnHnM H3 MHOTHX HHTEPECHBIX THIOB KOJXOB sIBJSICT-
Csl JIMHeHHbIH KOJ.

Onpeaenenne 7.6. Bearoe k-MepHOe JHHEHHOe
noanpoctpanctBo C npocrpancrsa #™ HaspBaeTcs all-
Hednoln KoOox, uan nnave, — (n, k)-xkodon nad GF(q).

EMKoCTh K07a, T. €. CIOCOOHOCTb HCMPABJIATL OUING-
KH *), Onpejensiercs HauMeHbUuM paccTonHues Mewxay
napamu BCEX pasinuyHnX /0B, s MPOH3BOJALHONO KOAA,
coaeprkaniero K KOAOBLIX CJIOB, YTOOBI HANTH 9TO MHHH-

K
MaJIbHOE paccTosHHe, HaaA0 BLINOJHHTb ( ) ) CpaBHeHHlvl.

IMpennvyuiecTBo JAnHeliHbIX KOAOB COCTONT B TOM, YTO OHH
N03BOJIAIOT COKPATHTH YHCJIO cpaBHEHHI.

Teopema 7.7. B aunednos xkode HaumeHouiee pac-
CTOANIE PAGHO HAUMEHbULeMY Gecy cpedu 6rex Hewyae-
8bLx-K0008 €08,

HokxasateabctBo. Ecin x=C, y=C, 10
¥—ye C oy spaunr,d(x,y)=d(x—y,0)=w(x—y).

Pacevorpuy Temepb jBa crnocoba ONNcaHHs JHHEl-
Horo koja C. Tlepsuiii naercst nopoxcoarouyed naTpu-
yeld G, cTpoOKH KOTOPOIl — MHOKeCTBO OasHCHBIX BEKTO-
poB ammeiinoro noanpocrpancrsa C. Ilockoabky Hac,
npesjie Beero, HHTEPECYeT cBOMCTBO HCIPABJACHHS OLIH-
GOK, 1 cBOMCTBO 9TO He H3MEHSIeTCS, ecJH BO BCeX KOMAO-
BHIX CJIOBAX nepecTaBHTh JiBa CHMBOJA (Hzm])llMCp, nep-
BYIO # BTOpVIO OVKBBI KaXJIoro KOIOBOTO CJI0BA), MBI
(’)y,'n-w Has3pIBaTh JABa KoJja 9KBUBAACHTHOLIMU, €CIH OAHH
MOJKHO TOJIYYHTL NOpHMEHEHHEeM (puKCcHpOBAaHHOIl Tepe-
CTANOBKI CHMBOJOB CJI0B JAPYroro Kojaa. YUYHTHIBas 3To,
BHJUIM, 9TO JUUIs KaXKjoro JuHeffHoro Kojaa ecTbh 9KBHBa-
JAEeHTHLI Ko, oO6aaaalonHil  mopoxkaaloueld MaTpHue
BHJ1A /

G = (IP), (7.8)

rae In ectb kX k-epunnunas Matpuia, a P ectb kX
K (n— k)-warpnua. Ml nasuBaem MaTpuuy (7.8) cran-
dapruoti opsoti nopoxaomeii marpuus G. Kox C na-
3LIBACTCH CUCTEMATUNECKUM, CCIH CYLULECTBYET R-TIOJAMHO-
JKECTRO KOOP/AMHATHBEIX MECT TAKOe, UTO KazK/10i BO3MOK-
HOIl k-3HKe 2JeMEHTOB Ha 9THX £ MECTaxX COOTBETCTBYET
POBHO OJIHO KOJOBOE CJIOBO. 3aMETHM, UTO COIIACHO
(7.8) Beskmii (n, k)-Kox ABJAAETCS CHCTEMATHUECKHM.

*) Koppexrupyiowasn cnocoGHOCTb,



[lepefizen & nuomy omncanmo nuneitnoro xoga C.
Onpeneneunne 7.9 Ecan C— jmueiinpiii KOA pa;
MEPHOCTH &, TO MHOKECTBO

Ct={x=a”|vy=C [z g)=0I}

rae (x,y) oGosHauaer ckaJspHoe npouspejcHHe, HA3E
Baetcsa daolicteenHoly kodos kona C.

Kop CL asaserca (n,n — k)-xopom. Ecan H—1I
poxpaiomasn matpuua aiaa Ct, 1o H naswisaercsd Nnpose
pounoi marpuyeit (sarpuyed npogepicu Ha  1eTHOCTY
kopa C. BooGme, npoBepky na uertnocts kopa C obet
MEYHBAET BEKTOD X, KOTOPEII opToronaJen BceM KOG
BHIM coBam koia C,  Mbl Gyjem BCAKYIO matpuny !
HA3bIBATH NPOBEpOuHOi (Ha uernocts), ecan CTPOKH !
MopoKAaloT noanpoctpancteo CL. CpepopaTebHo, KO
C onpepiensierca Takoii nposepounoii matpuueii /7

C={x=A"|xH" =0} (7.10

3ameuyanne. Yacro ko C, C* pazuBaioT daoll
craenubimu, ecan C* skpuBadenten CL, o nojpuac NpH
BOJMT K HejopasyMenuaM, HO umeer, oxnako, H CBOI
HPeHMyLecTRA.

OnumeM OAHH Bax<HBIi npuMep Jauneiinbix 1(0H0§
Pacemorpum B AG(m, q) upsvpie, npoxopsamne "€pe
Havyan0 KOOpAWHAT, H BJIOJNL Ka/K10ii N3 HUX poiGeper
BekTop Xy, i=1, 2, ..., n=(g"—1)/(qg—1)- ()()p’a
syem marpuuy H (m ctpok, n croaGuon) n3 Xi Kai
BekTop-ctonbuoB. Iockoasky B /1 per pmyx JnbeH
3aBHCHMBIX ¢TOJAOLOB, BHANM, uTo H spasercs npoBepoy
HOH Marpuueil Koia C, B KOTOpOM Kamjoe HEHYJIEBO
caoBo x umeer Bee @ (x)=3 (cm. (7.10)). OueBHIHO
9TOT KOJ HMEeT Pa3MepHOCTh 1 — m. On HasbBacTes
(n, n — m)-kodos Xemmurea nan GF(qg). Tlpeapiayuie
3aMeuanie MOKasuBaeT, 4T0 9TO eCTh l-Koj, HCHPABJISIIO
it omneKH.

Teopema 7.11. Kodot Xomnunea seasioren cosep
UEHHBLAMLL

HokasatenncTBO. Ilyers C ecry, (n,n— m)

m_
koa Xommunra nan GF(q). Torpa g -:_”(—_l'—. Ecamn
e

xe C, 10

IS(x: l)‘=1 +U (q~ 1):_(]!11.
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[ockombky |C|= g"~™ n C siBasercs 1-Komom, HCmpas-
JSIOUMM OIIHOKH, HAXOAUM, UTO

lecS"" 1)|=q",

T. e. C— coBepuieHnELIl KOA.

[Mycrs C — uexoropuiii (1, k)-kox. K xaxagomy cio-
BY (¢,¢C2 ..., ¢u) n3 C 1oGaBuM HOBYIO OYKBY Co
(nampumep, crmepean) Takyio, 4T0 Co+C1 4 ... o=
= (. Dror npoiecc HazbiBaercs obuel nposepkotd (Ha
yernocry). Takum crnocoGoM moJyuyaeM HOBBUT JIHHeHHBIH
koa C, KOTODBIi HasLIBAETCS pPACUUPEHHbLA K000, CO-
orercrsyioutiv C. Ecan H — nposepounas martpuua C,
T0

_“

— mposepounan vatpuia s C. Koneuno, ecan Bexrop,
CIVIONIL COCTOSIU 13 e (oGo3nauaeMprii depes 1),
SABASICTCS TPOBCPOUNLIM BeKTOpoM Juist H, 1o pacumpe-
HHe TPHBIAILIO, TOCKOJALKY Toria ¢ ==0 15 Beex cJoB
3 C. Opnaxo, econ C-—Ounapubii Kog ¢ HEYETHBLIM
MHHHMAJBIBIM  pacCTOsINHEM d, TO MaKCHMaJbloe pac-
crosinne C pasno d - 1.

B kauectne HepBoOro npuMepa cBfA3H KOJOB H CXeM
pacemorpum  pactuupennotd (8, 4)-6unapuoui kod Xam-
Mutea, Kax Mbl y2Ke 3HaeM, MaTpHia

SR bR
& 0700500 T e
H=10 01 1t 0 01 1
51 R Bt e PRIEC B e (313

ABJETCA MPOBEPOUHOIil MaTpuieii s1oro Kona. Jlerko Bu-
AETh, UTO 9TOT KOJ 9KBHBAJNCHTEH KOLY ¢ HOPOKAAIONLEH
matpuueil G =(/4/4 —14). B cmucke ua 16 caos sroro
koaa umetorea 0, 1 u 14 caos Beca 4. Mockonbky npa
cjoBa Beca 4 HMEIOT paccrosnue =4, OHH HMEIOT He GO-
Jgee nByx o0unx eauuni. OTciona caenyer, 4to HeT cJjio-
Ba Beca 3, SBJSIOLIErOCA <«IOACJHOBOM» Gojee yem
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A

OJLHOTO KOJOBOTO cjioBa. MMeercs ( 2 ) = 56 0B Beca !

H KazJioe KOJOBOE CJIOBO Beca 4 nMeer yerhlpe IMOJCIHOBE
Beca 3. Takum o6pasom, nonyuena

Teopema 7.12. 14 ca08 seca 4 e pacupertos
(8,4)-6unapron rode Xammunea oGpazyior 3-cxemy s
napamerpamu v =8, k=4, ), =1

Unratemio B kauecTBe ympaskKHeHHsl [pe/LIaraenc
NPOBEPUTH, YTO 3T CXeMa fABJsAETCH paciiupeHHeM Cxé
Mbl PG(2,2), 1. e. cxemut AG(3,2).

Bcee 370, B uacTHOCTH, NOKa3KIBaeT, HACKOJILKO HOJEH
HO 3HaTh KOJHYECTBO CJIOB (DHKCHPOBAHHOTO Beca B KOAE
Ipocroii enocob omicanns Takoii undopyauni jaaer

Onpenenenne 7.13. Iyers C— kox jinnbl nk
nyerb Ay, i=0, 1, ..., n,— uncjao KoJ0OBbIX /OB Becak
Torpa

n
A, n)= ), Ag'"!
i=0

HaabiBaercs eecosbls anymeparopos kopa C.

Becosrie suymepatopst koo C n C- cpasanbl ME
KAy coboit; caeaywouiee onucanne 370l cpsian npuHAk
aexnr MakBuibsamc.

Teopema 7.14. Mycrs A(E, n)— secosoli anymepe
10p Hekoropoeo (n, k)-rxoda nad GF(q) u AL(E, )=
aecosoii anymeparop deoiicteennozo koda C*. Tozda

AN € W)=q "Am—E n+(g—1)E).

Toxasareasctso 7.14 ocroBano Ha cacayionieii Jem:
me. (Hanee numem 9% Bmecto HM.)

Jemma 7.15. Mycro y— Herpusuarviolit xapaxiep
na epynne (GF(q), ) u dan ecaxozo v =R onpede
aeno 2 R—C* no npasury:

Yu e Ry, @) =7z, v)]

Ecau A — sexroproe npoctpancreo Had C, f: F—A U
ecau g: B — A onpedearserca no npasuiy:

Vues 2[g@= X (), @]

veER J
10 0as ecaxozo auneiinozo nodnpocrpancrea V — @
u dsolicreennoco nodnpocrpancréa V4  eoinoansercs
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PasercT60
T gw=IVI X f().
uesV ve Vi
IHoxasaaTedbCTBO.

ng(u)=u;l'v;ﬁi(v)%v(u)=
= 2 f() X u(w o)=

=| V| 2 f (o) + ¢Z‘  (v) Z (@, o).

Bo BayTpenteil cymye BTOPOro ¢jaraeMoro BeJHyHHa
(u,v) npunnMacer Kazxioe suavenne noas GF(q) oxuna-
KOBOE HHCJIO Pas, NOCKOJIbKY

%(@)=0

we GF ()

JUIS KazK1oro HeTpHBHAJALHOrO XapakTepa; 3T0 H AOKa-
3pIBACT JCMMY.

,lIn kazateabcrnso Teopemsl 7.14. Tlycts B seM-
me 7.15 A MPOCTPANCTBO BCEX MOJHHOMOB OT ABYX me-
pcmnm.l\ E, 1 ¢ Ko u]u]mnm‘m.nm B C u mycrb i(v)—-

(Onr-2@, Ec m a e GF(g), nmuem w(a)= 1; ecnu
a =0, 10 w(0) . Torja nmeem
e «W (0)) 4 oo W
0 A VYR TS el
v, @ 4F (q) Oy Gr(q)

Xn(l‘.m (:rl))l ‘(l“w(“”))){,(’llvl—l— i +u”v")=
= .Hn{ z £2 O (0), 1~ w(u)x (u, u)}

v GF (q)

[TockoabKYy BHYTpeHHAS cymma ecTb 1 -+(g— 1)E, ecin
w=0,n

N+ ( xw0=n—&

e (:l (q) \, {0}
ecan u; 7 0, 10

g =+ (g - D8 ™" (0 — g,
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; Teé!;epb, corniacHo Jemme 7.15, uveem (monaras

L Ho=4"CnN=¢" T g)=
vecl uscC

=g~ A —g n+ (g — &

B raae 11 mumr mokamem, Kakyio poJib urpaer 10
YpaBHenye B uccae/0BaHHAX N0 CYLIECTBOBAHHIO MPOEH:
THBHOM niockocty nopaaka 10.

Pagn nonwotsr otmerns, uto HaBecTHH 060OLIEHH
Teopemsbl 7.14 u na neamneiinsie koanl (cm. [21,47]).

Hanee cn. JHobasaenue 10,

8. UMKJIHYECKHE KOJIbI

Miorne HuTepecHnie M H3BECTHHIC KOJBI 0KA3LIBAIOTCR
HnKangeckumu. Onpejgeany ux caeayiomnm oGpasoM:

Onpeneaenne 8.1. (n,k)-kon C nag GF(g) W&
3BIBACTCH YUKAUMCCKIUM, CCITH

Wi ) €= C - . [(0y1, Coy 01y v .y n,,_,;_,)écl-

Ipusiem orpannuenne (n, g)= 1. Tlycry R — koJbill
BCEX MHOPOWICHOB ¢ Kos(huunentavn na GF(g) n nycm
S —npean, nopompenupit 1" — 1. Sleno, uro  KoJbIO
Kaaccop Buiueros R modS (pacemarpupaemoe xax alt
Anrnsnas rpynmna) usomopbuo R Maomopduam 88
JlaeTcs COOTBETCTBHENM

I

e G <= aix4 oo 4a, 1 x"

NMOCKOJILKY OUEBHAHO, YTO MHOIOYJICHLI cTenenn <1 0
pasyioT MHOKeCTBO mpeactaBuTesieii jam R mod S. Jla:
Jiee MBI He JlefaeM pasiauuis MeKAY caosamu w mMHO20:
qaenanu cremenn <n(modx”—1). Bamerum, uro A0
MHOMenHe Ha x B R mod S PaBHOCHIABLHO Ink/nyecKoMy
CABHTY

(apy @, <vvs Hn_|)“">(au—l' o, &, vy @, ).

Orclofa coejlyer, uTo MHKIMICCKHii kox C coorpercraye?
udeasy (xoropuiii Mbl TAKKe 0003Hauaey yepes C)as
R mod S. Kamxawii ugean B R mod S (r. e, Kaskpil K-
Jml}ecmﬂ'?l Ko B R™) nopﬂ)i(,ﬂﬂCTCil MHOrOYJIeHOM g(,\»),
kotopulii geant x"— 1. Bynem nasmsary, g(x) nopoie-
Jaouyus MEOTOYJIEHOM LHKIHIECKOr0 Koja,
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Myets g(x)= go+ gix+ ... + gn-qx"~? —NOPOXK-
ﬂalomﬂﬂ MHOTOUJIeH LLHKJH“]L(,KOFO Koaa C n ﬂych

hx)= T(T)‘—”H B

Caoa g(x), xg(x), ..., x4'g(x) obpasyor Gasuc Koga
C, 1.e. maTpuua

& & & R {GET 0 0i5neel T
0 g g 8.y OFRR0
; 0 * .
G=1 . o . ; 5 (8.2)
: s e E 5,10
WEROWTN s 0 gy @ e e NN

nunnﬂ(‘ﬂ nopoxaatomeii marpuueit ans C. Tlockonbky
g(x)h(x) =0 B Kosbie R mod S, maTpuna

779 0...0 hy hy ¢y By
Iy y 0
o TR TRk (8.3)
0 > g 3
g X hy G )

apagiercst npopepounoit Marpuneit aaa C. 910 No3BosieT
nepefiTn K TepMunosorui raass 7 nonaswiBath h(x) npo-
BEPOMHBIAL MHO2OUACHOM THKAHUecKoro Koja C. 3ame-
THM, UTO PUIMECPHOCTDL TMKJAHYCCKOrO KOJa coBIajgaeTr co
erenenslo  nposepourioro Muorownena, Ko, nopompen-
nptit Muorounenom fi(x), ectb Ko, ABofictBennbii C, HO
¢ CUMBOAGMI, PACNOAONCCHROLML 68 06parHom nopsdke
(em. sameuanye nocue Gopmyn (7.10))%

BCCI::’\I(] YAaCcTO HHKJHUYECKHE KOJDLI 3aJal0T He ﬂOpO)K-
JAOUWMM  MHOTOUWJIeHOM g(x), a 3ajanueM HEKOTOPBIX
KOpHEil BCEM KOJOBBLIM CJIOBAM (B paclIMpeHdH [noJs
GF(q)). fleno, uro Takoe sajaHpe KoJa PaBHOCHIBLHO
ABHOMY 3ajlaHuio MHOro4yJieHaMH, 110'r0My 4YTO yCJlOBHe
yro BCe KOJOBLIE CJI0BA KpaTHHL g (X), O3HAYAET, UTO OHM
gpagioress 0 B uyaax g(x). Has nemoncrpanuu takoro
ganaHug Kouon H[)IIIH,‘J[L‘M oann ll]tl'l,\‘l(_‘l).

Mycts ¢ =2, n = 2" — 1 n nyctb d— npumuruensud
saement mnoas GF(27). Ilyers my(x)=(x — a) (x —
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-1 9
—a?) ... (x—2"")— MHHEMANbHLIT MHOTOUJMEH OT%

PaccuotpuM  upKIHuYeCKHii  KoJ, HOPOZK IeHHEI my(%).
Kaxpwiit snement ns GF(2™) wmomer Outh eflhli-

m—1

CTBeHHBIM 06pasoM mpeicTaBien B Buie ), o, D
i==0)

e, & GF(2). Henyaesrie saeventsl n3 GF (2) apsionc

crenedsimu o/ (j=0, I, ..., 27 —2). Iloctpoum Mar

puny H, naa gotopoii j-it cronGen ects (e, £1, ..., Em=1)
m—1

ecin  ol=), gof (j=0, 1, ..., 2" —2). Ecom
i=0

a=(anas, »--5 Gn1);
alx)=a+ax+ ...+ a,_x"t,

T0 Bekrop aH? cootBetcTBYeT 9aementy a(c) NOM
GF(q). Cnepopatensno, aH” = 0 oznauvaer 10 WKe, 410
my(x) |a(x). ockoasky cToa61L MaTpuus H apagioTel
nepecTanoBkoii Guuapubix npeictapiennii aas 1, 2y
cvey 2™ — || mogyyena caepylomasn

Teopema 8.4. Bunapuoviii yurxauveckui ko0 OAUHN
no==9m__. 1, Oan KOTOPO2O NOPOICOAIOULUM MHO201ACHOM
CAYNCUT MUHUMAALHOLL MHOZOMACH NPUMUTUBHO20 ane
Menta noas GF(2m), sxeusarcnien (n, n — m)-0utap:
Homy kody Xammunza.
- Tlpumep. Mosoxum q=2, n=17, g(x)=1 +xt
+ x% B atom cayuae mukandecknii kox C, noposeHiyl
g(x), umeer pasmepuocth 4. On skpupasenren (7,
Koxy Xsmwmunra, KOTopbifi COOTBETCTBYET npumepy Hochie
Teopemsr 7.11. Ormernm, 4T0 7 UHKJAWueckux c/pHrob
nepsoit crpokn marpuib (8.2) s sroro npumepa 00°
pasyior MaTpuily HHIMJACHTHOCTH cXembl PG (2, 2), D101
KOZL coctont u3 stux 7 cio, O u 8 cuaos, nomyyaembik
nepemenoit 0 u 1. droT NPUMEP NMEET OTHOmenne K O
HOMY HHTepecHOMY BONpOCY, CBA3LIBaOmemy TteopHl0
cxeMm ¢ Teopueit koanposains. I1peanonosim, gro 321208
Ulrefineposa cucrema Tpoek S (nonoGuo, HanpuMep:
cxeme PG(2,2) B namem npumepe), Cymecryer au Jii-
Heituklit Ko C Hajg HEKOTOPBIM T0Jlem GF(q) Takoii, 40
B KaXI0M KOZOBOM CHOBE BECA 3 HeHymeppie mosmuil
06p~a:syw'r ok 13 S, 1 Bee 6JI0KH w3 S npepcrapumpl B
910l popme (cp. [3])? Harce cu. Jobaeaenye 11,

PH BuiBojie Teopembl 8.4 MBI OKazaJim, ypo yc0BHE:

%-—HYJb JJisi BeeX KOAOBLIX CJIOB, — COOTBeTcTByeT 34°
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Aaumio nposepounoll marpuunl H =(laa? ... a’!),
rae of cieayer MHTePIPETHPOBATH KaK (€981 «.. Em—1),

n—=1
ecmn o =) el
i=0

Bropoii noJesublii npuMep noJydaercs —3aMeHOIl
my(x) Ha (x4 1)my(x). flcHo, uTO HOBLII KOX SIBJISIETCS
noakojaoM koxa Xsumunra. To, uto 1 sBaseTcs HyJem
BCEX KOJIOBLIX CJIOB, O3HAuaeT, YTO BCe OHN HMEIOT 4ueT-
HLIH Bec, T. e. noayuvaercs (n,n— m—1)-Koja, coctos-
Wil 13 BeeX CJIOB YeTHOro Beca B (n, n — m)-koje XaMm-
MuHra. B TepyMHHAX TPOBEPOYHBIX MAaTpPHI, MOMKHO CKa-
3aThb, 4TO J00aBJISETCSl CTPOKA H3 eIHHHIL

Beegenm ceiluac ouenb BaXKHBIH Kjace KOAOB, H3Be-
crubx noj Hassannem BYUYX-xkonpos. Koxawt aTH Oblin oT-
kpuitel bBoysowm, Paii-Hayaxypn n Xoxkyenxemom. Ilyerb
p— npuMuTHBHLIT n-Kopenb eanunus B GF(g™).

Onpenencnue 85 Luxanueckuii xox B &M, co-
cToAmMil N3 Beex CJoB, Kotopue umeior f, f2, ..., p4-!
B kauecrpe nyJseil, naswsaercs BYX-xodom KOHCTpYK-
Tusnozo paccroanus d. Ecan f— npuMHTHBHBIN 2/eMenT
noas GF(g™), n=g¢™—1, T0 KOJ HasbIBaeTcs npumu-
TUBHOIM.

[opozpaonmil Miorouned g(x) Koja, BBeIeHHOro
onpeseacnnen 8.5, npeperapasier coboii npousBeseHHe
MAKCHMAJLIBIX MHOPOUICHOB my (x) ot Bl raei= 1,2, ..

., d-—1, ¢ TEM YCJOBHEM, YTO HET COMHOMHTEJ,
pasiroro GoJsee yem oJIHOKpaTHoO.

Ocnopannem g HCNOAL3OBAHNS TEPMIHA «KOHCTPYK-
THBHOC paccTosgnme» MOZKCT CJYIKHTD

Teopewa 86. Haunenowee paccrosnue BYX-koda
KOHCTPYKTILGHO20 paccTosnus d ecto no kpaiinet mepe d.

JlokasarenabeTso. Menonbsys cokpalieHus, mpu-

naree pauee, BeejgeMm m(d—1)X n-marpuuy H Hapg
GF(g) Bupa

9

1 B p? ﬁll—l
i 4 2 pt coo pinm2

1 “d—l [32(11—1) ﬁ(ll—l)(d—l)

Cuaoso ¢ npunagiexnt BUX-kony Torsa u Tonsko Toraa,
korfa ¢H” = 0. Ecin 6b1 ¢ nmeno pec <<d, to B H Ha-
waock 6bl d—1 cTOAGIOB, JHHENHO 3aBHCHMBIX Haj
GF (g). HerepMunanT MaTpuLLl, COCTAB/ICHHON H3 3THX
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i i, 1
cTon6U0B, 0603HaYaemblx uepes E; = B, Er=P" .0

vrvs Egy=P'4=1, pamen

e A S

2 : £2

U R = ... &1 ]l & —E)F0
‘d—-l' -d-_l. . . .l_.i i>j

31 = S

910 nokasuBaer, 4To Bce KomoBhie caopa ¢ =0 Ael
CTBHTEJIbHO HMEIOT Bec =d.

3aMeuanue Ecan B onpenenennn 8.5 e Tpeoo:
BaTh, 4T0GLl H | ABAAJach HyJeM BceX KOJOBBIX COB,
TO NOJIYYEHHBII KO/ HMeeT HauMeHblice paccrosine 1o
Kpaitueii Mepe d 4 1. JlokasareabctBo TO e, UTO H Pa:
Hee,

[ocmorpum reneps wa BUX-koap ¢ TOUKH LBPE'“‘"‘
Teopuu  rpynm. Pacemotpum  npuMHTHBHBI b lX-lﬁJ‘l
AHHBL = g™ — | pap GF(q) ¢ wyasnn o, o, ..., %
(rae o — npummrnsumii saement B GF(g™)). 0603’;"
UHM no3uyuu CHMBOJIOB B KOJOBBLIX cjoBax ueped 4h
i=0,1,..., n—1, rae Xi= ol Pacmmpum 370T KOA
AoGaB/ieRnem nojanoii nporepky Ha uernocts, OGo3HATHM
MoGasounylo nosunmio yepes X u npumem, uT0

1"=1, (a)*=0 aan i 0 (modn).

Ipencrasuy komopuie cjaoBa B BHAC co- X e
coo - Cpoxt-! 4 oox@, Tlokaskem Tenepp, uto pacili
PEHHBIH KO HHBapHaHTeH OTHOCHTEJILHO n(:pcc'rﬂll()m"
aunron epynnol nepecranosox na GF(g™), npuMe:
HACMOI K NMo3uuusaM Koja. DTa rpynna coctout na nepe:
CTAHOBOK

Py o(X)=uX+v

(s GF(¢™), v=GF(q™), us0)

H ABAsIeTCs aBaskapl TPAHSHTHBHON rpynmoji. TTpesie
BCEro samernm, yto nepecTtaHoBKa P, . gpjgercs UHK-
Juueckny cpsurom Ha nosuumax Xo X, . X, H
ITO 57a nepecranopka COCTaBAACT Xoo HHBapHaHTHBIM.
CJlCIJ.OBaTGJILHO, Py, o mepeBOAHT Kaxibiii pacmnpemlblﬁ
IHKIHueckuii ko B ceGs. [Tyets Teneps (co, ¢y, ..., Coo)—
HEKOTOPOE KosoBoe ¢/10BO B paclunpenion BYX-xoxe H
nyeTp Pu,v naer (L'(/,, L‘]l, ] C:»a) Tor,qa ana k ——__=0,
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I d— i mveem

3
Z = Z ¢, (uat 4 v)t = Z ¢ Z (?) ulaltpk=l=
7 1 T 1=0
== i ( ;‘ ) uloh-t Z ¢;(a) =0,

=0 i

NocKoJLKY BHyTpenHss cymma pasia 0 gas [ =0, 1, ...
., d——1; caejoBaTtel/ibHO, NpEACTaBJCHHOE CJIOBO TakK-
JKE JICAKHT B PAcIIPeHHOM cjoBe. TeM caMbiM I0JyueHa
Teopema 8.7. Kandoul pacuupennvil npumMutus-
nottt BYX-x0d daunet n 1= q™ nad GF (q) unsapuan-
TeH OTHOCUTEALHO QMOUHHOL epynnol NepecTano8or Ha
GF(q™).

B kauecrse NPHJIOKEeHns: paccMOTPpUM anlMHTHBHbHul
n

Gunapupi BUX-kox C jpomnw n. Ilyers Zaﬂé"‘l"“—‘

=0
n+l
BecoBoli suymepatop koma C, a > A=l — peco-
1m0

Boit snymepatop xkoma C. Mveem Ag = day—+au u
Agiy = 0. B € nmeercst ag—; cjoB Beca 2{ ¢ 1 B mosu-
i X TToanuiii Bec kopopuix cioB Beca 2i B C paBen
2iA g TTockonbiy paciiupennnii Koj nuBapHanTeH OTHO-
CHTEJLHO TPANZHTHBHON PPYIILL IepecTaHoBOK, TOT Bec
PABHOMEPHO pacnpejiesied  cpejin  BeeX MO3HIMi, T. e.
(1) ayy==2iA,. B xauectse ciejcTBHs MOJyYeHa

Teopewma 88, Munumaavnoiii sec npumMuTUBHO20
bunaprozo BYX-koda neveren.

Jameuanne 3aMeTnMm, uTo pesyupTaT Teopems 8.8
HMEET MECTO JiJIsl BCAKOro OHHApPHOrO KOAa, ISl KOTO-
poro  pacumpeHHsblii  KOA HHBAPHAHTEH OTHOCHTENBLHO
TPAHBHTHBHOMN TPYNILI NEPeCTaHOBOK.

9. TTOPOTOBOE NEKOJAVMPOBAHUE

Wmeerces psiji KO/I0B, JOMYCKAIOMUX OUeHb IPOCTYIO Npo-
ueaypy JAeKkoxupoBanus; npocrefinuit npuMep npeicran-
ager mascopuraproe dexoduposanue. Paccmarpupaercs
auHeinoii xox C.

Onpenenenne 9.1. Oprozonarsrois nposepou-
HOULAL MHOJCECTBOM NOPAOKE r NO3HLUMK { Koja C Hasbl-
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E

£}

BaeTcs MHOKECTBO u3 r caoB xoxa CL, ckaxem, g,
¥?, ..., ¥y, Takoe, uto

g1 (v=1, 2, ..., r);

2) ecan j 1, 10 y;W % 0 a1 He GoJiee ueM OJHOID

3HAUCHUA V.
Mokamem npouenypy aexoaupopanus. Ilycts i=l

1
H @ — CJI0BO ¢ 1<[—2—r] omnGramy. PaccmoTpHM 0pTo-

TOHaJIbHOE npoBepounoe Muoxkectso yb), ..., yr) nosi:

uun 1. Torga
</ spaueHnuit v, ecju CHMBOJ @
NpaBUJIbLHEIH;
(a, y) 5= 0 g | .
i | —r—({ — 1) snauennii v, ecid @

omnboueH.

Hockonsky r—(t — 1) > {, GoapumHcTBO 3HAYEHHI
(@, y™) onpeneaser, apaaercs Au a; NPABHIALHLIM HIH
Her. B cayuae GF(2) omuGry cpasy MOZHO HCIPABHT.
Ima npouenypa npuMeHuMa X Kaxkaoi Mo3HUHH KOAQ,
3nech BHANG npenMyniecTBO IHKAMUECKHX KOJIOB, TO:
CKOJIBKY 3Ta npouejypa, npumenennas K ojuofi (HKCH:
PoBauHOIt nosuuNN, NPOAoAZKACTCS UHKAHICCKAM CABH®
TOM IIOJIy"uenHoro cJjoBa.

Herpyuio o6o6ummts onpesenenne 9.1, samenun B 2)
ClI0Ba «He Goyee yeM 0AHOrO» Ha «ie Gosee ueM A»
Torna, ecan nmeerca 1{;"1—'-" £ 1'—1 omn6oK B d, Mbl
MOXKEM HenosinbgoBatTh MHOMKeCTBO OOUIMX NPOBCPOK, Ha-
SBIBACMOC A-nposepounsis MHONCECTEOM NOPAOKA r, JUIA
Henpassenns noanuun {. Tem ke cnocoGom, UTO H paHee,
JIETKO 1IPOBEPHTH, YTO €ciu YHCJIO NPOBEPOK, KOTOpHIe He
Baekyr 0, npesocxouur nopoe r—h(t—1)—1/2, 10 B
NO3HUMY { nveercs omnGKa.

YQnratens, ecrectento, yiKe yBHJEN CBA3b C KOMOH-
HATOPHEIMK cxemanu. Tlyers A — MaTpila HHIHACHTHO-
¢t BIB-cxempr ¢ napamerpamu (b, 0,1, k, A). Pacemor-
PHM CTpoxn marpuupi A kak GasucHbie BEKTODHl JIH-
HEHiHOrO koxa CL gaj GF(q); Toraa JBOICTBEHHBIH eMYy
K011 C nyeer crpokn C1 gak nmpoBepKH Ha YETHOCTDb H,
KpoMe Toro, yug wampoii mosmumu i koga C MOXKHO
Hafity A-NpoBepounoe MHOMKECTBO NMOPsAKA 7 TMOSHIHH {
(o onpesienenmo B/B-cxemur). 3/ech MBl CTaJKHBAEMOA
C 3anavyef; TEOpHH KOJAMPOBaHHA, KOTOpas peUleHa JIHIOb
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JUIST HEKOTOPBIX CJyuyaeB; HMEHHO, 3ajaua OnpeleseHus
pasveprocti kozaa C B BbllIEONHCAHHON CHTYauun. 10
paBHOCIILHO HAX0XeHNIo panra MarTpuubl A nag GF(q).
Ecau stot panr pased v, To C coctout Jmmb 13 0, u
5TOT cayuali eiBa Ju nHTepecen. Mpl BepHeMcs K 3TOIl
sagaue B raase 1l. PaccmoTpnm Tenepn OMH HpHMEp
¢ g=2. Ilyctb A—wmartpuua HHUHLGHTHOCTH CXEMBI
PG(2,2):

R B L R R R S
QR SSTII0 S RS0 20
050 *S1 TSRS 081 S0
00730 1R S
1 000 Cal SIRS0

B sTtom npumepe, caeays rteopeme 8.4, BHAMM, UTO mep-
puie 4 cTpokn MarTpuusl A NopokAA0T UHKIHYECKHIT KO,
CL nan GF(2), xoropsiii umeer g(x)=1-4 x-+ x* B Ka-
yecTBe 1OPOXAJIAIONIEro MHOrouJeHa. 3Ila‘lllT, KoI C,
puincatinniit B 0OpaTHOM nopsjike, 1MOpoxKAaeTCss MHOro-

ypenom (1 4-x) (1 4 x?-4-x%). 13 Broporo npumepa
rnagpl 8 3Haem, 4YTO 3TOT KON C cocTonT H3 CJOB ueT-
woro peca B (7,4)-xope Xsmmunra, s kaxpo# nosu-

HHH  9TOTrO (HNKANUeCKOro) Koja uMeloTes 3 CTPOKH
marpuin A, kotoprie 06pasyioT OpTOroHajbHOE NpPoBe-
pounioe Miozcectso (nenpasasioniee 1 omnGky) nopsamka
3 sroit nosni. Koneuno, ecth namuoro Gosiee npocras
npoueypa uenpapiaennsg omnboK st KOJL0B XSMMHHl‘a,
OANAKO STOT HpPHMEp TOABOJANT K OGCYKJACHHIO KOJOB,
NOPOIIACNMBIX TPOCKTHBHLIMH TJIOCKOCTSIMH.

3pech Chaeyer ynomauyTh H o JAajbHeiimue o06o061e-
niA. BMECTO HCNOMLIOBANNA YHCHa 00X MPOBEPOK JIst
NPOBEPKH OJHOI MO3HIHK MOXKHO HCIOJL3OBATL TY JKe
caMylo NPOUEAYPY /ISl BBIZICHEHNHS TOFO, COMEPIKHT Jii
onpeiesennoe MoJMHOKECTBO NO3HIKIT  cJIoBA oumnbry
HaH HeT. DTO JejaeT BO3MOKHBIM HCIOJL30BATL APYrHe
oOmue npopepkn (Tem e cnocoGomM) Juist JOKANN3ALHN
ownGKH. DTO HAZLIBAGTCSA AMHOZOWLAZOBOLLAL MAICOPUTAD-
noln dexodupoecanuesm (cum. raapy 10).

Tewm, xro Goaee nojpobHO HHTEpPECYercs Bonpocamu
9TOTO_HANpPABJeHHs, MBI PEKOMEHLyeM quteparypy [28]
u [50]. Cm. Takzxe ri1, «CaMoOPTOronaNbuLie KOALL,
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10. KOJbI PHIA — MAJIJIEPA *)

ITOT Kiacc KOJOB, CBA3AHHLIX C KOHEYHLIMH TOMET
pusAMH, Obu1 Brepssle Hceaegosan Massiepom W PHom,
BBeznem uwekotoniie oGo3nauenns. PaccyaTpHBaerTcs cxe
mMa AG(m,2); Bexktopw cranaaprioro Gasnca Gymed
0003Hauars uepes (41, ..., Um) (BEKTOPHI-CTON 1Ll).
Moxuo Brnucats Bee Touxn AG(m,2) kak cToa0uH
Marpuuel E (coctosmeir ua m ctpox n n = 2" c1oib-

- 1os). Ilopsagox cronGuos sagaerca no npaBuay: crol:

Oen j ects aponunoe npeacrasienne meuoro j (f =0, lysas

Sy 2]

m
Eean j= ) E,,Ql“‘ (310 ofo3nauenne HCNOJaL3YETCH
fwa]
Ha NpoTszKennn Beell raapet), 1o j-it crosben maTpuibl £
1
ecth %)== ), & u;. Hay taxse nonagoGures caeylouee
l=]
Onpegenenne 10.1. A= {x, & AG(m,2) |&y =
=1}
3amernm, uto A; ectn  (m— 1)-mepuoe  adpuunoe
nognpocrpancrso ((m — 1)-naockocth). 3
Onpegeaenne 102 v, (i =1, ..., m) ectb -1
CTPOKA MaTpHILL! L1, e, XapakrepucTuieckasn ([;ynmum
MHOMecTBA Aj, a vy = 1 — xapakrepuctuueckas (yH-
uusa cxemul AG(m, 2). (3nech crpokn matpuubl £ pacs
CMaTPHBAIOTCA KaK cjoBa B #1.)
Onpeneaenne 103, Tycrs a = (ap, Qng) N
O =='(by, ..., bp-y), TOTHA ab = (avbo, @1D1, see
vy Qn1bn-y). ;
3amernm, uto, corsacho onpeaenennsm 10.1—10.3,
npouspeaenne 'U[lU{z e ’U“I' ABJISICTCH X.’.lp(]l\'T(‘,)HL‘T”‘le'
cKoll QyHKuHell MHoKecTBA Ay, NALN ... N Ay, Ecan
BC@ MHAGKCHI iy, ..., {3 PasAHuHbl, TO 3TO €CTh HEKOTO-
poe (m— k)-mepHoe adduinoe nOANPOCTPAHCTBO U3
AG(m,2).
Cuesiopatenbo, nyeer mecto
Teopema 104 w(vws ... v,)=2
Onpenenenne 105 Iycrs S (1,2 ..., m}h
nojmuozectso C(S) muoxkecrsa {0, 1, ..., 2m 1} on-
=SS
*) B wonou nsganun sra raasa nasusaercs «Koneunsie reomer-
PHH U KOALL»,
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pefiensieM 1o IpaBhJIy
C(S)={l-— Z 2 l‘i¢s=>§u=0}-

Cranpapruslii Gasucuwii Bektop €= (0,0, ..., 0,1,
0,0,...,0)= %™ (1 na j-ii no3nuun) ABJISETCS XapaK-
repuctnueckoli pynkuuei paa {x;}. Mmeem

m

;= TT {0+ (1 + &) vo}- (10.6)

Criel0BaTeabH0, Kaxabli 13 2™ Ga3HCHBIX BEKTOPOB B
R mozker OBITH NPEACTABJACH KAaK MHOroOYJeH cTemeHH
<m OT Uy, Vg, ..., Um. 3HauuT, £ nopoxnpaercs MHO-
JKECTBOM

{005 01, +» 5y Vjs D105, vin/ss D1 Da shmilp 1y
m m
D10 MHOKecTBO cojgepkur 1 -4 ( ) o+ ( = ) =9I
BEKTOPOB, T. €. sBasercs OGasucom B FM Tak uTO

JloKazana
Teopema 10.7. Bekropor vy, Uy, v.., Um, ViU ...

o, U0y ... Uy obGpusyor Gasuc npocrparcréa FM,
[Ipume p [ycrs m =4, n = 16; Toraa

00000010000000
. 00000000001000
vw0,=00000000 0000010
v,00,=000000000000001
2,0,0,0,=000000000000000

v 1111111111111111
vy =0-1-0"1°071"0 T 1010101
0, =001 100 1' 1 001 S10X081N]
o mmnllllr) )OO 1111
vy=0 0.00:0:0:0:0 111~ =] S &1
00100010001000°1
0000 10 100000511021
000000001010101
0000071 100000551
000000000110011
000000000001 111

1

1

1

1

1
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Onpeneaenne 10.8. Jluneinoe 110,111 pOCTPAHCTEO
Upoerpancrea #, Gasucom KOTOPOro ABJAIOTCH BEK:
TOpbL vy, ¥y, ..., Um H BCE NPOH3BENEHHA Dy -e: 7,
(kg r), HasmBaerca xodon Puda— Manraepa (PM-ko-
A0M) r.ro mopaaka mamEbl n = 2" PM-xojx myJesoro
Nopanka umeer vy B KauecTBe Gaszuca. T0 ecThb MOBTO*

- PAlouyfica KoM ¢ NOBTOpeHnes AAHHEL 27

Mporue aBTOpEl IpeAnounTaIoT ce/ylolice onHcalie
PM-xonop. PaccmoTpuy Bce MHOTOUJICHE! CTENEHH <r
o1 m nepeMeHHBIX Xj, Xz, ..., Xm KOTOpbIe 11pHHAMAIT
3Havyepns B GF(2). Ilycts mymeerca (urkcnpopanibil H0s
Psnok touek B AG(m,2). TlocaepopaTeabiocTh 3Hate:
HHfi yorouJeHoB B 5THX TOukax ecTh KoJ0BOE CJOBO
Annnp 2m PM-koja nopsjaka r.

n)’CTb a=vy --. Yy — GasHcHblil BEKTOP PM-koja
Nopsaka r n nycth b=v; ... v, — OGasucnuiii BEKTOP
PM-kopa nopaaka m — r— 1. Toraa ab ectb Gaancubifl
Bekrop PM-kopa nopajka m—1 u, coriacio Teope:
Me 104, on umeer uyeruuii Bec. OTcioja cleiyer, uTo
(@, b) = 0. Paamepnocts PM-koaa r-ro nopsjika paBHa

15 (,l") + ...+ (:”) [Tockonsky  pasmepHOCTb

PM-koza mopanka m—r —1 papna 1 ( ']") R

m m m
-+ — ol |
(m-—r-—l) (r+l) el A (/u)' HMeer Mecro

Teopema 10.9. Leodcreennnii rod r PM-rkody no-
Padka r daunvt 2™ ecrv PM-kod nopadxa m —r=|
Oaunor 2m,

Caencraue 10.10. PM-xod nopadra m-— 2 0aunol
n=2m ecro pacwupennsi (n,n — m-—1)-x00 Xom-
MUHeq.

Caenyiomas Teopema ycranaBinBaeT CBA3b C MPEAb-
Jiynieii raapoii.

Teopema 10.11. /[ycro C— PM-x0d nopadka
m—1 daunor 2", Toeda xapaxrepucruveckas (HYHKYUR
aeakoeo  l-meproeo  apunnoeo  nodnpocTpancreéa U3
AG(m, 2) ecrv kodosoe caoso uz C.

Hoxasareavcrpo. Iycts A ecth [-miockocTb B
AG(m,2) n nycrs | = G — Xapakrepucrrnueckas (yHK-

n—=1

uust  mockoern A, [peanosoxum, aro f=Z l1es
i=0
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v

Torma
m

1'11‘012 Cils ‘Dzk,
(10.12)

n0CKOABKY, coraacHo (opumyae (10.6), nponssenenne
Ui, ... ©j, CONCPIKHTCA B MNpPEJACTABIECHHH ej, TONBKO
ecn Ey=0 gas Beex i {iy, iy ..., ix}. [Hamee
f; ectob uncio Touek u3 A, KOTOpHIE JexKaT
J&C(in . ip)
TaKXKe M B k-MepHOM JIiHEIHOM HOJNPOCTPaHCTBE L=
={x & AG(m,2)|j=C(i, ..., ir)}. Ecan kb >m—1,
10 LA miGo nycro, an6o sBasercs ap@HHHBIM HOA-
npocrpanctsoM pasmepuoctin >>0. B o6oux ciyuasx
LA umeer uernoe unc/io TO4EK, T. €. ) fy=
1&€C (i von lk)
=0, eccan k > m — [. D10 noxasniBaer, uto f ecrb PM-
Koj nopajgka m — .

Bynenm rteneps komGuunponats reopemsl 10.9 n 10.11.
[yery € — 510 PM-xoa nopsiaka ¢ pannsl 2. Mel yxe
sHaem, uto kaxnas (f--1)-naockoers B AG(m, 2) paer
Ham ypapnenne o6uieii nposepku. It (f - 1)-niocko-
cti oGpasyior BlIB-cxemy ¢ napamerpaMu

2
E=Di(Ls "2'2"" l,:){je(:(ll. igens ) ]}

= o om=t=1 20 I)(Q”""_.l).“(Qm—l__l)
V=2", b=2 ﬁ(3‘""-:~l)(2'—~1)---(2~—1) ,
o=
i u_(éfj,l,;ﬂ”(zw (5 ]) (zm—l i ‘)
; (21;1"_”(21”1)'“(2_1) ’
i!”"‘—-]) _(_2_’1_1;0_

(L))

Paccmorpum  mpomsBoabuyio  {-miockoers T B
AG(m,2). Mmeerca posao 27~ — | pagmuunmx (£ -4 1)-
nnockoeredl, copepacamux 7. Kaxcpas touka, He npunaj-
Jgexamas 7, pacrnojaraercd B TOUHOCTH B OJHON H3 3THX
(t+ 1)-nuockocrei. Craenyst upouenype, onucaHuoii B
riaBe 9, MOMKHO BBECTH MazKOPHTAPHYIO npoueaypy,
obecneunBalouyio 06ULYI0 NPOBEPKY B nosunusax T, ecin
nmeerca menee uem 27~~! omnGok. ITo unaykunn Bug-
HO, uT0 3a [ 1 WAroB MaKoOpHTAPHOrO JAEKOAUPOBAHHS
MOMCHO HenmpaBuTh g0 27—~'— 1 omutok. Mexoms us
TOro, 4T0 MHHHMaJbLHEI Bec B PM-koze nopsiika ¢ yeres,
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i Henoabsya Teopemy 10.4, mosyuaem cieaywouiylo Teo-

emy.
. ’I)',eopeMa 10.13. Mununarsuei sec & PM-kode
nopadga { daunst 27 pages 27—,

Ilo onpexenennio kaxaoe kojaosoe ciaoso B PM-KoAe
nopAAKa r JAJHHE 27 ecTh cyMMa XapaKTepHCTHYCCKHX
(GyHkunii  a@GUHHEBEIX  noAnpocTpaHCTB  pa3MepHOCTH
=m — r. CoraacHo teopeme 10.11, cymma xapakTeph-
CTHYECKHX (yHKUHi adGHHHEIX NOANPOCTPANCTB pasMep:
HOCTH Z=m — r ecTh KojcBoe cjoBo B PM-xoje r-ro 1o-
panka. Orciofa caegyer, 4T0 Kaxkjas IlepecTaHOBKA
AG (m, 2), koTopas Takxe nepecrapider adduunpe 104
HpOCTpancTBa, ocTapiger Bce PM-xojun uppapHaiT-
HEIMH., DT0 ecTb rpynna agQpuHHLIX npcoﬁpnaonﬂ”"ﬁ
AG(m{ 2)— TpHMcALl  TPAaH3HTHBHAa# rpynna nopaika

i

o H (2m iy 21)

=0

Teopema 10.14. Bearxui PM-kod daunor 2™ uH6d-
PUAHTEH OTHOCUTEALHO BCeX Aihurnlx npeotpasosanil,
delicTeyomux  Ha nozuyunx, UATEpRpPETUpYesblY  KAK
rouxu 6 AG(m, 2).

[Mockoanky nepsonavansioe onpeicaenne PM-Ko10B
Gosiee KOMOHHATOPHO, MBI HaGpanau 10T NyTh JJs NPeL
CTapiaenns ux sjecnb. Jas noanotsl caeayer noguepriyTh,
UTO JIHIb No3xKe Obuio yeranopsaeno, uro PM-gojbt AB-
JAIOTCA PACHIHPEHHBIME HKAHIecKMu Kopami, Hro0bl
JlaTh UHKAHYECKOe onpepeacnne, ppejes 00603Hauene
w(f) AnA Beca JABOMYHOTO npejcrapienua j (Hurepinpe:
THPYEMOTO Kak BexTop Haj GF(2)).

Teopema 10.15. Mycro o — npunurucnoii saement
8 GF(2") u nyero g(x)=[["(x — of), 20e [ — npo:
ussedenue no eces geavim j uz [0,27—2] ¢ w(j)<
< m—r. Ecau C—yuxauneckud koo Oaunet 27, no-
poscdennoli g(x), 10 k00 C sxeucarenTen PM-roody r-eo
nopadia.

Myl He npuBomnm spech JIOKa3aTeJbCTBO 3TOIH Teo-
PEMBI; OHO HE cloXKHO (cM. [44]). OTmernm amib, 4TO
Teopemy 10.13 mokno gerko BeiBecTH H3 Teopem 8.6 u
10.15. Onro u3 npenmymecrs Teopemb 10.15 kak onpe-
aenenna PM-xojos cocrour B ToM, uro 310 MOHSTHE
MOKCET GBiTh 060011eH0 Ha ApyrHe NMoJis GF(q).

B'c‘e PM-koau, npupogumsie B stom naparpade, sB-
JAIOTCS IPHMEPaMH WHPOKOrO KJA4CCa KOAOB, H3BECTHIX
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NOA HasBamieM esxAud080 2eoMeTpudeckux Kodos (cMm.
[28]).

Tecno cBsizaHHBIMI C HHMH OKa3blBAlOTCH MPOCKTHB-
HO reoMerpuyeckue KOALL YKaeM 3Jech JHUIb OAHH
npumep.

Onpeaceanenne 10.16. Ilycts p— npoctoe, g = p*
H nyerh A — martpuiua HHIHJIEHTHOCTH TOUeK 1 rHnep-
naockoereii B PG (m, g). Crpoxn A nopoxaaior kon C*
nan aadasutom GF(p). JsofictBennsii kox C Hasbl-
BACTCSI NPOCKTUBHO 2€0MeTPULCCKUM.

Iokasano (cwm., nanpumep, [28]), uto CL nmeer paa-

a

meprocTs 1 - ( i :”r 1) . TIpumepon, CBS3aHHBIM C
TeMaTHKOl cueyiouieli r1aBbl, CAYKHT cayuall p=a =
=m=2 B srom cayyae A —MaTpHia WHLHLAEHTHOCTH
exempr PG (2,4) u kox CL umeer pasmepnocrs 10. He-
nocpeicTEeIOE BLuNcacHIe MokashBaer, urto Ct nmeer
poBHO 21 caoBo Bec CuenoBaTtesibio, KoJoBOe CJI0BO
CL umeer pec 5 Torjia W TOJLKO TOTAa, KOrja OHO fIB-
asiercss npsivofi B PG (2,4). Mubivn cioBamu, A MOKer
6uiTh nafizena na cpoeit anneiinofi o6osoukn, BroBb Mbl
nmeem npumep JIHEITHoro Kojaa, B KOTOpOM BEKTOPBI MH-
HumMaspnoro peca (540) o6pasyior 2-cxemy.

B sakmouenne sroro unparpm)m YKaxem npumep
eme oanofi cngan PM-k0j0B 1 KOMOMHATOPHOI TCOPHH.

Pacemorpiv PM-xon 1-ro nmopsiaka jauuuel 2, Co-
raacio reopeme 10.9 n caeaersmio 10.10, 910 ecth ABOH-
CTBEHNBI Koj Kk pactnipennomy xoay Xsmmunra. Kpome
9TOro, coraacno reopeme 10.9, sror Koj ABigercs camo-
oproronaanpinm, 1. e. (@, b)=0 mna xkaxuoil napsl Ko-
JIOBLIX cJI0B, # HMmeeT pasmepuocth m - 1. B aToM koxe
JUIS Kaxnoro Komaoporo cjosa a 1 +a TaKzKe ABJsSIeTca
KOJOBLIM caoBoM. M3 kaxncioif rtakoit mapel  BhiGepem
OJIHO CJIOBO 11 M3 3THX BRIOPAHHBIX cJOB o0pasyeM mar-
puy (27 crpok, 27 cronbuos). Ecan B 37Ol MatpHue
samennts 0 na —1, To moJiyuennas matpuua Gyner mar-
puueit Anavapa. Jaaee cn. JloGasaenue 12,

11. CAMOOPTOTOHAJIBHBIE KOJ1bl,
CXEMbl U MPOEKTHBHBIE MJIOCKOCTH

Pacumpennpii (8.4)-6Gunapuniii ko Xo9MMHHra, omucan-
HBI B DiaBe 7, coBmajaeT ¢ JBOHCTBEHHBIM K HeMy Ko-
oM. DTO CayKHT OpHMEepPoM Kiacca PM-KoA0B r-ro no-
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panka aauEE 22741 (cm. caexcrsue 10.10), KOTOpHIe fB-
nA0TcA camoaBoiictBennsivy no Teopeme 10.9. Mammi
Teneps npuMep Takoro koaa Hax GF(3).

Ilycrs S;— uupryasuTHas MaTpuua ¢ nepBoii cTpo-

koit (0,1,—1,—1,1). Onpegenun G kax

OOmDN0-0 = 1-1 1 115]

i 8

5

71
0
=0 Ly
G {0 (

0

0

a H — kak

lf = S‘, /r, .

Torpa GHT = 0. Ouepunno, uro crpokn G He3aBHCHME
u nosToMy G ecTh nopoxalonias MaTpHIa (11,6)-kona
C nan GF(3), a H— npopepounas matpnua paa C, 3a-
METHM, 4TO

NN 020 00

0

GGT=|0 /i ” (11.2)
0
0

CaiefioBaTeNbHo, eCin a == (ay, ay, ay, A4, Ay, dg), TO

aGGTqT = — (Z a,) %1,

Tm2

T. e. Bee cinoBa B C mmeior Bec =1 (mod 3). OueBuano,
HET KOJIOBOTO c/ioBa Beca 2; OTciojla Cpasy cJeiyer, u4To
JuHelinas komOHHauus AByx ctpok G o6pasyer c/I0BO
Beca 5 wam 6, a Taxxke, uro auneiinas KoMGHHAILNS TpPex
CTPOK HMEET Bec >3, HO NOCKOJBLKY STOT Bec He paBeH 4,
TO OH JIoNZKeH GLITh 1Mo Kpaiiueii mepe 5. Jluneiinas Kom-
Gunanna Gonee uem Tpex cTpox G uMeeT Bec =4 H, cie-
JAOBATENbHO, ==5. 3uaunt, MHHMMAJALHBII Bec M MHHH-
MaJbHOC paccrofnne paBHO 5, T. €. 3TOT KO SIBAS-
ercd  2-KOAOM, HCTPaBASIONIAM OMIHGKH, IMockonbry
HHCIOB CJI0B papHo 36, a obbem cdeps S(x,2) paBen
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12(1)+ 41} ) =, omams, o rorson

erca cosepulentoiil. Koa 3TOT H3BECTEH KaK TepHapHoLll
x0d I'ases. Ero BecoBoif anymMeparop HMEET BHI

" 4 13285 4 13285° - 330&%n° -+ 1108%m>4-248!. (11.3)

Pacemorpunm Tenepsh pacumpennsiii (12, 6)-xon € nap
GF(3). On nmeer nopoxkaaiouiyio Matpuny G, mosaydyae-
Myio 13 G B (11.1) poGasaennem x Heii cronbua (0,—1,
—1,—1,—1,—1). Torpa cormacuo (11.2) nmeem, uTo
GG" = 0, 1. e. stor Kox C camonsoiictBedn. M3 (11.3)
HAXOJIHM, UTO €ro SHYMepaTop HMEeT BHJL

02 - 2645000 - 4408°° - 24812, (11.4)

3ameuanne. Ecan Ou M navasu ¢ C smecro C,
TO JIOKA3aTeJNLCTBO Jlazie yNpocTiaoch Obl (cM. raaBy 13).
Pacemorpum Ba Koj0BLIX cjaosa @ u b us C, oba
peca 6. Ilycrn Gyaer /2 nosunuil, rae a u b o6a uMeioT
Henyaessie koopanuarel. Toraa anGo a --b, au6o a —b
HMeeT Bec << 12 — [ -

3uaunt, au6o @ = 4-b,

an6o k== 4. Bynem ropoputs, 4T0 HOAMHOIKECTBO D MHO-
weersa {1,2, ..., 12} nojjepikuBaeT KOJOBOE CJOBO @
ua C, ecan nomMepa ero HenyJeBsx KoopauHar ectsh B D
(mnave — D sisasiercs onoprotn nodmHoicecTeom).,

Teopema 11.5. Iycro 9D — cosokynuocto 6-nod-
muoscecrs muoncecroa St={1,2, ..., 12}, koropsie nod-
depaeucaror kodosuie caosa ceca 6 6 C. Toeda D obpa-
ayer S-cxemy ¢ napamerpanu (12,6,1), 1. e. asanercs
cucremott Hlreiinepa.

Joxasareanpctro. Panee ye nokaszaHo, 4To asa
KOJOBHIX cJoBa a u b nojajepKuBaiorcs MHOKECTBA-
MH, KOTOpLIe nepecekalorcsi ne Oonee uem B 4 TOuKax,
TONBLKO ecan a %= ==b. Tlosromy, cormacuo (11.4), ecrb

% K 264 K 6 =792 pasanyHbIX 5-MOAMHOMKECTB MHOIKE-
crBa S, colepIKalXea B MHOKECTBAX COBOKYNHOCTH D).
12 =
TMockosbKy S umeer 5 )= 792 5-noaMHOXKeCTB, JOKa-
3aTEJNbCTBO 3AKOHUEHO,
Koneuno, 310 Xopomo uspectnas 5-cxema (cM. rua-

py 1). My npusesin ee sjgech, YTo6b 060CHOBATL MOHCK
B-cxeM Takoro THma. B riase 13 Mur Bepuemcs K sTomy

69



Bonpocy. Pesyabtar teopemii 11.5 ecth crennasbHb
cayuaii Teopempl 13.13. Haaree cn. JobGasaenue 13.

Tenepy noxazem, Kak npoekTHBHas MJOCKOCTb IO-
poziaer camoaBoiicTBennblii koj. [lepsuiii npuMep KoAa,
TNOPOZK/AEHHOTO MI0CKOCTbIO, OB NpHBejeH B riase 9.
IMyets A — mMaTpHua HHUHIEHTHOCTH CXeMBl PG(?1C f:_)l.)
Pacemorpum nosnpoctpancteo C npocTpaiciba 75 :
nazg nosem GF(2), xotopoe nopozjiaercsd CTPOKAMHA 3TOH
marpuubl A. Ecan n— Heuerno, To Jerko BH/ETh, 4TO G
ecth koA Ecan Baath cymmy crpok A, kotoprie nmeior |
B (DMKCHPOBAHHON MO3HUHH, TO pe3yaLTaTonM OYJIeT CTPO-
Ka Cc HyJjem Ha 3TOH MO3HLHH U eAHHHUAMH — Hd OCTallb=
HBIX. OTH BEKTOPLI NOPOXAAIOT MOANPOCTPAHCTBO IHpPoO-
ctpanctea #"Y, coctonmee ua meex cja0B METHOTO
Beca M NOANPOCTPAHCTBO 510 ecth € (1MOCKOJBKY CJ
OYEBHIHO, HE COAEPIKHT CJ0B HEYeTHOro Beca). Cﬂyqa"
YETHOTO 11 CJOKHEE.

Teopema 11.6. Ecau n == 2(mod4), 70 CTPOKU
marpuyor unyudentuociu A cxemot PG (2, 1) 10 poNCAaIoT
K00 C pasmeproctu (n*+n + 2) /2

JokasareabctBo. 1) Tak kak n-— 4YeTHO, TO
Koi C camMooproronagen, 1. e, C < (C)+. CaenosaTelbHO,

dim C < (n* 4 n -+ 2)/2.

2) Myers dimC =r u b= n?+ n+ 1 —r = dim C*
H nycte H —nposepounas matpuia panra k aas C.
[Mpeanoaoxnm, uro KOOpauHaTupie Mecta rnepectTaBjielbl
rak, uro H umeer dopmy (/,P).

>

Onpenennm N=(ék ,’ ) Wurepnperipyem A u N

r
Kak paunonanbhuie martpuin. Torga det ANT = det A=
== (n 4 1) nn*+mi2, IMockoabky Bee smements B nepBbix R
cronbuax matpuint ANT wernw, naxoanm, uro 2%|detA,
OTKYJIa CHCAYeT, uTo r = (n? 4 n + 2) /2.

W3 1) n 2) cneayer yrsepsiaenne Teopemol.

Us reopensi 11.6 cpasy caenyer

Teopema 11.7. Ecau n = 2(mod 4), 10 crpoku
Marpuyol unyudenrnocru A naockocru PG (2, n) nopos-
daior k00 C, das xoropozo € camodsoiicTaen.

Mut nposiozkaen awaausnpoBaTh CBONCTBA MIOCKO-
cti PG(2,n), n= 2(mod 4), B TepMHHAX KOJHPOBAHHS.

Teopemril 11.8. Koo C us reopemvi (11.6) wuneer
MURUMANOHOUL gec n 4| u rkascdeuil BeKTOD MUHUMANL~
Hoza Geca asanerca npsnoii 6 PG (2, n).
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HokasarenncrTBo. Ilyers v =0 ecth KOIOBOE
tIoBo ¢ BecoM w (v) = d. Tak Kak jis Kamaoil npsamoii 1
€cTh 001as NpoBepKa Ha YeTHOCTh, TO

1) ecan d — neyerHo, TO U nepecekaeT Kaxayio nps-
MYI0 N0 Kpafineil Mepe eMHOMK /b, a

2) ecan d — uerHo, TO Kaykjaas npsMasi, TPOXoAsILasn
uepes GHKCHPOBANHYIO TOUKY U, IlepecekaeT ¥ BO BTOPOIi
TOHKE.

B cayuae 2) cpasy noayuaem, uto d > n-+ 1. B cay-
uae 1) maxomun, uro (n+4-1)d=n*+n+1, 1 e d=
=Zn+1. Ecoin w(v)=n-1, to B PG(2, n) naiiaercs
npamas I, Kotopas nepecekaer v, no KpaiiHeil mepe, B
3 1oukax. Ecan wa [ ecTh Touka, He npHHALIeXKaas v,
T0 Kaxjias npsivasi, oranunasi ot I, npoxojsinas uepes
STy TOuKy, nepecekaer © coraacuo (1). Orciona d =
=n-+3.

Onpenencune 11.9. s-0yea B PG (2, n) ects MHO-
KECTBO M3 § Touck, gio0be TPH H3 KOTOPLIX HEKOJIIN-

Heapuwi

lfcupv ma 11.10. Bekropot seca n-2 8 kode C ag-
aaren ¢ rounocru (n 4 2)-dyeamu 6 PG(2,n).

Hoxazareavcrno. 1) Tlyers veC n w(v)=
= n+ 2. Kamjasn npsmas nepecekact ¢ B YETHOM MHC-
Je rouek. Tlyern -~ npamast 1 npeinojoxnm, uro v ul
melor 2a obux touek. Kamoiast 13 n npsameix, oTIHu-
nux ot l, HPOXOAAINX uepes o0y 13 9THX 2a TOYeK, ne-
pecekacT © no kpaiineii mMepe ente oaun pas. Cuenosa-
TeMbHO, 2a4+n<n-2, 1. e. a=0 niu a=1.

2) Tlyers © -~ uekoropast (n - 2)-nyra, a S— MHO-
Keerpo n3  (n--2) (n? —1)/2 pasnnuHbiXx NPSIMBIX B
PG(2,n), npoxoanmux uepes napol Touek v. Kaxpas
npaMas 13 S coaepxut n—1 Touek ne 3 v. Takum 06-
paszom, nacunruBaem (n 4 2) (n?— 1) /2 Touex. Umeercs
n?—1 Touek mHe M3 v, M Kax/ad H3 HHUX JIEXKHT HA, 1O
kpafineit mepe, (n - 2)/2 npamex us S. CienoparesbHo,
KasK/las U3 HUX JexHT B TounocTH Ha (n - 2) /2 npaMeix
13 S. Kawmnasn Touka u3 v jJexut Ha n -+ 1 npsimpix us S.
CaefloBaTelibHO, U €cTh cyMMa NpsaMbIX H3 S, T. e. v & C.

(Cwm. rakxke [3]).

3ameuanue. B xauecTBe HHTEPECHOrO yrpaHe-
HHsl UHTATeJIO Ipejaraercs MPOBEPUTL, UTO  Teope-
ma 11.10 TakKe BLIIOJHAETCH AJS KOJA, NMOPOKACHHOTO
naockoersio PG (2,n), npHuBejeHHOr0 B KoHLE IJja-
Bbl 10.
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- Jlas camogmpoficteennoro (n, k) xoma C uax GF(q)
H3 Teopembl 7.14 BEIBOAMM cieayloliHe COOTHOUIEHHS AJIA
BecoBoro suymepatopa A (&, 1):

A n)=q A —& n+@—1DE, (1L11)

rje k= n/2. 910 ozuavaer, YTO NOJHHOM HHBapHAHTEH
OTHOCHTENBHO JHHEHOro npeoGpasoBanus ¢ MaTphuel

—1 S
q_m( I ? 1 ; ) Ecan g = 2, 10 Bce KOJ0BbLIE €/I0BE

B C umeror yernwiii Bec, 1. e. A(E 1) HHBapuanrteH oT-
HOCHTENLHO NpeoGpasopanus &— —&. ITi jiBa npeoGpa-
30BAHNA NOPOZEAAIOT rpynny ansapa Dy anconom (M.
[8], [27], [49]) Gwao mokazano, uTO KOJIBUO MOJHHO-
MOB OT & H 1), KOTOpLIE HHBAPHAHTHE! OTHOCHTEILHO STOM
PPYIILL, €CTh CBOGOAHOE KOJbLIO, NOposjlaeMoe 1ocpes
cTBOM &% +n? n E2n% (82 — 1)%)2

Paccmonm.\r Tenepb l'HlH)'lL‘TH'H.‘CK)'I() J0CKOCThL A€«
csaToro nopsika. Ma teopen 11.6, 11.7 u 11.8 mur anae,
4TO MaTpHUa HHUHACHTHOCTH Takofl IJIOCKOCTH MOPOK-
naer kof C, aas xoroporo ¢ apaserca (112,56)-camo-
JIBOACTBEHHBIM KOJOM, a TAKKE, YTO BEcOBOf sHyMeparop
A(E,m) xoma C mmeer xosdpuumentht Ag=1, A=
=Ay= .., =A; =0, A;y = 111. Tax Kax Bce rese-
patopst C mumelor Bec 12, a Beaxkme jpa cjoBa H3
HMEIOT YeTHOE YHCJI0 OOLMX ejHHML, TO Bee peca B
kpatuet 4. CaegoBatennio, Ay == Ay == 0. Tlogcrapasid
910 B (11.11) mau yunrsisas pesyavratsl I'nncona, MOXK-
HO BHAETB, uto A (§, 1) oaHo3nauno onpejensercs, ecit
usBecTHbl Ajg, A1 n Ajg. Hepapno MakBnabsime, CriosH
u Tommcon ([48]) mnccaenosann xoaoswle ciopa Beca 15
B C. Ilpeanonaraiiocs, 4to MaTpuua HHIHAECHTHOCTH 3TOI
IJIOCKOCTH NPHBOAHT K KOy, y kortoporo As=0. Pac-
CYZ/I€HHsl, aHaJOrHUHbIe HCIOJb3YeMbIM TIpH Jl0Kasa-
TeqibeTBe Teopem 11.8 m 11.10, HeckoabKO OrpaHHYHBAIOT
5Ty BOSMOKHOCTL. JleitcTBHTENBHO, OBLIO O0GHAPYIKEHO,
4TO 5Td HJOCKOCTH JIOJZKHA COAEPIKATH YACTHUYHYIO KOH-
urypaunio us 15 npamuix. [onek ¢ nomousio 9BM mo-
Kasal, 4To ecian OTTaJKHBATLCS OT Takoil KoHurypa-
IHH, TO NIOCKOCThL He MoykeT OuTh moJaHoii. CJefoBa-
TEJIILHO, MBI 3Haem, 4TO €cJAH IVIOCKOCTh nopsiaka 10
CYWECTBYET, T0

A =0. (11.12)
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Bpysuom u dumepoM B coBceM HexaBHeil paGore
Gbio ormeueno (cum. [14]), uro Taxoil ke peayJabTaT
CJIeLyeT H3 pes3yJabTaTa, HoJayueHHoro JIeHHHCTOHOM ¢ Io-
Mowpio DBM, o 6-pyrax, He cojeprkamuxcs B 7-gyrax
(IpHMEHHTENBHO K JBOHCTBEHHOIT MJIOCKOCTH).

Hzes oproronaibHOCTH MOKeT GHITh NPHMEHHMA H K
f-cxemaMm: f-cXxeMa Ha3BIBAGTCS CAMOOPTO20HAAbHOMU, eCJill
KaJk/iple JiBa OJI0Ka IepeceKaloTes B UCTHOM UHeJe TOYeK.
Pacemorpunm ceifuac  BoaMOMKHBIE  CAMOOPTOTOHAJBHBIE
Hlrefineposer cnerembl. Menoabaysi Xopomo  H3BecTHLIE
cooTHOIWeHNsT Mexay f, b, v, r, k (cM. rinaBy 1) n npo-
CTLIE OLEHOUHbLIC PACCYIKACHIIS, JErKO MOKasaTh (Kax ym-
paxuenne jaas unrartens, oM. [3], [6]), uro nMeercs
YETHIPe BO3MOIKHOCTH:

1) t=23, k=4, v==8. dro npumep Teopems 7.12,
T.e AG(3,2).

2) t=23, k=0, v=22. 10 eAnHCTBEHHOE pacum-
penne PG(2,4) (cm. raaBy | m npumep, cieaylouiuii sa
Teopemoii 10.16).

3) t=05, k=28, v=24 (cMm. rnany l).

4) t=3, k==12, v==112. 10 GbUIO OBl paciIHpe-
HHEM NpoekTHBHON muockoern nopsjaxka 10 (ecan ona
CymecTByer).

ameuanne. DTHM nyTeM MOXKHO BHOBb J0Ka3aTh
Teopemy 1,11,

Peaynurar (11.12) oanosnauno onpejensier suymepa-
TOp Kojia C, echiin Mbl IpeinoJaraemM, uTo MmIoCKOCTh Mo-
paaka 10 pacimpsiema, 1. ¢, uro npuvep (4) BO3MOKEH.

HonpoGuee cm. [57,2%]. Jlaree cm. Jlobasrenue 14,

12, KBAJIPATHYHO-B bIYET HBIE KOJibl

IMpesxcie uem 06paTHTLCA K Teme T0f IIaBbl, Mbl JOJK-
HBEl JIOKA3aTh TEOpeMy O IHKJIMUECKHX Kojgax (cM. rua-
By 8). Ml ncnonb3yem CHMBOJ 7ty s 0603HAYCHHS [1e-
pecranopku saementos {0, 1, ..., n— 1}, saxaBaemoii
no npasuay (k)= jk(mod n), a Takxke anas obo3naye-
nust  apromMoppusma R, 3ajapaevMoro Mo MnpaBHiy
i (x#) = x/*(mod (x" —1)); aspech MBI  0TOM/IECTRIISIEM
BekTOpBl M3 R u muorousensl 1o mod(x”— 1), Pac-
cMaTpHBalOTCA OHHADHLIC UHKJAHYeCKHe KOJB JUIMHBL 71
NpH HEUETHOM 71,

Teopewma 12.1. Jlag xasdoeo udeara V ¢ FM cy-
wecreyer eQuncTeentbLl nHozouner ¢(x) e V, nasvleae-
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Moilé udesnorenton sroeo 'V, co caedyiouwjusy €eol-
cTeaMU:

1YSe ()= c{x);

2) c¢(x) nopowdaer V;
3) Vi(x)= V [c(x)f(x)=f(x)], 1. e. c(x)— eduruya
dan V,

4) ecau (j,n)=1, 10 ;(c(x)) ecro udemnoredr V.

Hokasateavcrso. 1) Ilycts g(x)— nopoxaan-
i vuorounen Von g(x)h(x)=x"—1 (8 GF(2) [x]).
Tak kak x"—1 He uMeeT KpaTHLIX HyJeil, TO (g(x),
h(x))=1. Cnenopatespho, ecth Muoroujens pi(x)
pa(X), LS KOTOPLIX

g+ phx)=1 (8 GF(2)[x]). (12.2)

Yuuoman obe wactu pasenctsa na c(x)= pi(x)g(*),
HAXOZHM
(%) + pi (%) pa(x) g (%) h (x) = ¢ (x)-

Tak kax B #™ punoangerca papeHcTBO g(x)h(x)=0,
10 1) jaokaszano.

2) HopmupoBanneiii MHOro4 eH pauMenbieil cTenexn
B 1jeaje, HOpoAieHnom ¢(x), ecth

(c(x), " — 1)=(p; (x) g (x), g (x)h(x)==g(x)

3) Corsacno 2) kamumii muorownen f(x)& V”Kpa-
Ten muorowaeny c(x). Ilycrs f(x)= c(x)[i(x). Toraa

c(¥) ()= c2(x) [; (x) = ¢ (x) 1 (x) = [ (x),

T. €, ¢(x)—eaunuua B V.

4) Tlockoanky iy ecth aBromopdusm F™, 10 MHOrO-
qjaen mj(c(x)) ABASETCA HWAEMNOTEHTOM H eJHHHIel I
V. B culy enunctBennocTH eauuuinb 4) 10Kasado.

[Ipumep 12.3. Pacemorpum mojpo6HO CJIe/LyIOMULHil
npumep. Ilyers n = 2" — | u nycrb my (x)— MIHHMAJb-
HBIfi MHOTOWIEH NPHMHTHBHOrO 5/eMenTa o noas GF (2m).
Torna no Teopeme 8.4 101 Muorousen mi(x) nopoxmaer
KOJL XoMMunra, Koropplii Mb o6o3naunm cefiuac uepes
. Tlyets 8" — | = m(x)h(x) B GF(2)[x]. M 3naem,
uTo fi(x) nopomuaer asoiicrenusii koa Hy,, k xony Hm
(em. rnapy 8). dror kox H;, uMeer pasMepHOCTb m H,
CTaua0 GbiTh, OH coctout 13 0 W n UMKJIHYECKHX C/IBHTOB
€A0Ba h(x). 910 Baeuer cyulecTBOBAaHHE TAKOrO NMOKa3a-
TeJisd s, npu Kotopom f(x)== x°h(x) ectb uaemnorent Hm

“
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H, 3HaunT, (12.2) npuanMaer BHA
Py (x) my (x) + x°h(x) = 1.

Slcro, urto muorousen 1 --f(x) sBasieTcs HAEMNOTEH-
ToM H,,. TlpenocraBisen 4nTaTeio NPOBEPHTD, UTO f(x)
Hyeer Bec 27! (cm. mocaeanuii .npuvep B raase 10),
Hanpumep, ecin m =4, n =15, my(x)=x*+x+ 1,10

(B 22 1)y (x) +
F M F B f T Bt D=1
xh(x) = J (x) = (x 4 224 2% 4 28 4 (& + 28+ x° + x12),

[puvep 12.3 n unkecsienyoniee npeajoxenne 12.4
nonajaoGsrcs Ham B raase 14.

Coraracno n. 2) teopembl 12.1 nmeem

Mpennomenne 124, Maa xamdo2o MHO20uAeHa
q(x) caveo q(x) {1 4 [(x)} npuradaexur £ody Hm.

ITpn onnecanny KBajapaTHUHO-BLIUETHBIX KOAOB OyeM
HCNONL30OBATL caeayouine obo3HaueHnsd.

OGoanauenna 12.5. 1) n-— HeueTHoe NpoCTOE;

2) oo npnvuTHBULIT n-it KOpeHL eANHHIL B HEKO-
Topom pactnpenyun noas GF(q) (e BuiGHpaercs mosxe
Hajaexaunmm obpasom);

3) Ry MBoMecTBO  KBAajAPaTHMHLIX  BHLIYETOB MO
modn, R;-— MHOMeCTBO HEHYJEBBIX  9JIEMEHTOB M3
GF(n)\ Ro; :

1) go(x) H, (x—a"), gi(x)= ﬂk (x — a") (same-

re Ry r&R
THM, uTO X" — | = (x — 1) go(x) g1 (x)).

Mpeanonaraeres, uro =12 = 1(modn), . e gq
CCTh I\'IHI,I]H!'I]I'IHNI”I BLIYeT 1no Hll)(l n.

Henyaenwe snesentor n3 GF(n) sBAgIoTes crene-
HAMH NpUMHTHBHOTO 2jeMenta a & GF (n). Sceno, uto a®
ABAACTCA KBaJAPaTHUHLIM BLIYeTOM, ecan e == 0(mod 2)
0 He sABJseTcs TakoBbiM, ecan e = |(mod 2). Tak kak
g — KBajADATHYHLIA BBIET, TO MHOMECTBO Ry 3aMKHYTO
OTHOCHTEJILHO yMHOzKenus: Ha g (mod n).

Onpenenenne 12.6. [ukauveckne Koanl AAHHGL
n najp nojdem GF(g) ¢ nopoxaaiomnMy MHOTOUJIEHAME
go(x) m (x—1)go(x) obGa wuasuiBaiorcs K6adparuyno-
solueTHolmu Kodamnu (KB-rodanu). Pacumpennmii knau-
paTHYHO-BLIYETHBI KOA ManHbl 7 -+ | noayuaeres noGap-
JleHneM obuieil NPOBepKH Ha YeTHOCTb K KOAY ¢ 10opoxK-
AQIOIHM MHOTOUJICHOM go(x).
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(Cu. 3ameuanne, cieayiouiee 3a Teopemoii 12.10.)

B GunaproM cayyae Koj ¢ NOPOKAAIOUINM MHOroyJe-
HOM (x— 1)gy(x) coctouT M3 CJIOB YETHOTO Beca B KOAE
¢ MOpoKAaiomuM MHorouleHoM go(x). Ecan G — mo-
POXKAIOWAA MaTpUila jJs NMEpPBOrO H3 3THX KOZLOB, TO

(Tl BN
( G )— nopozgjaiwouias. Marpuua  Juid BTOpOro

KOJld, a NOpoKAaomiay MaTpula JUld paciuHpeHHOro
KOJla HMEeT BHJL

cM. riaBy 7). 3amerum, uTo B GHHADHOM ciydae yCJa0-
BHE O TOM, UTO ¢ — KBaApaTHUHLIi Boiuer no mod 7,
BEINOJHENO, ecan n == -1 (mod 8). Ecan j= R;, To ne-
pecranoska sy otoGpaxaer Ry B Ry, n oGparno. Jlerko
BHAETH, UTO ecay 3amennts Ko na Ry B teopeme 1.6, TO
HOJYUHM 9KBHBAJCHTHEIC KOAL B cMbicie raapb 7 (CM.
[44], reopema 3.2.2). Ecan n == —1(mod 4), 10 —1 &
& Ky, 1 caepopatensno, npeofipasopanne x —» x~' 070
6pa)«ac1‘ KOJOBOE ¢JIOBO Kojia, NopozKjiaeMoro mlol'()'lllcf
HOM go(x), B KOJOBOE CJAOBO KOJIA, nr)prm:/lmr-'.nuo (%)
n

Teopema 12.7. Ecau c=c(x)= > ¢, (x') ecro K"

{=0

dogoe cao6o KB-koda ¢ nopoocdaowjusm mnozouscHOM
n-1

Lo(x), ‘Z ¢, =0 u w(c)=d ecrv sec arozo0 K0008020
w()

ca06a, 10
Diea? =n,
2) ecau n= —I1(mod4), 70 d*—d -+ 1= n;
3) ecau n= —I(mod8) u g =2, 10 d = 3(mod 4)-

a2
Hoxasareabcrso. 1) Iockoanky 12017‘—'01 70
=()

MHorouJien ¢(x) me aeantces Ha x — 1. IMocpencrsom noj-
XOJANICH NepectanoBki s1; MOMKHO npeobGpagopath c(X).
B MHOTOUJEH £(x), koropuifi feantcs Ha g, (x) n we zme-
JuTcs Ha x— 1. CuenoBaTesbHO, c(x)é(x)=1+x+
+x2'-|- .o 4 x7=1, Upheno HeHyNeBBIX K05 uineHToB
JIEBOi yacTu He Goabule, uem d2 1o AokaskiBaer 1),
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9) Temeph mr; MOKHO BHOPATh TaK, uto & (x) =c(x~"),
u Toraa c(x)é(x) umeer He Goxee d® — d - 1 HeHYJIEBBIX
KO3((HLIEeHTOB.

d d
3) Tyers ¢ (x) =y, x°, é(x) = Z].v_ci. Ecan e;—
= i=

—ej=e,—e;, T0 ¢; — e; = e; = ey. IloaToMy, eclii Ka-
KHe-TO wJjeHbl B3aHMHO COKpallaloTes, TO cpasy mo ue-
THIpe wiena, T. €. n = d* — d -+ 1 —4a [ HEKOTOporo
a = 0. dto poxaswiBaer 3).

Pacemorpuy sross Guuapusie KB-koapl. IToJoxKnm

0(x)= Y, x". (12.8)

fleno, uro 0(x) ectb mpemnorent B RM™ (2 sBasercs
KBaApaTHunLiv  Buiweror 1o modn). CaepoBaTelbHO,
{()[,,,L‘::U(cc), 7. e 0(a)e GF(2). AnanornuHo noJys-
yaem 0(a))=0(x), econ i Ry, u 0(a)+ 0(a)=1,
ecan i & Ry. BuiGepem Tenepb o tak, uto6er 0(e)==0.
Torpa 0(a')==0, ccan i & Ry, 0(a/)=1, ecin i € Ry, H,
nakonen, 0(a’)==(n-—1)/2. D10 jokasbiBaeT cjaeaylo-
Y10 Teopemy

Teopema 129, Ecau a us n. 2) obosnauernuti 12.5
avlbpano nadaeocawun obpasos, 10 MHozourer 0(x) us
(12.8) ssasnerca udemnorenrom KB-xoda ¢ npoussods-
wum  muoeousenom (x—1)go(x), ecau n == 1(modS8),
w KB-xoda ¢ npoussodaujun smnozouieHom go(x), ecau
ne 1(mod 8).

ITyery, € — nnpgyasnrtiasg MaTpuila ¢ KOAOBBIM CJIO=
Bom 0 B kavectse neppoit crpoku. Ilosoxum

{(i, ecoim n==1 (mod8),
=11, eom n=—1 (mod8);

G:[:T 2]

W3 rteopevu 12.9 cieayer, uTo cTpoKH MaTpuupl G
(KoTOpBIE He ABIAIOTCA HE3ABHCHMBIMU) MOPOKAAIOT pac-
wupennsii ounapupiiit KB-xox munner n -4 1.

3anymepyeM KOODAHHATHL MecTa KOJOBHIX CJIOB B
srom pacmupennom Ounapuom KB-xoze, ucnoassys ko-
OpAHMHATHI MPOCKTHBHON MpsnMoii, T.e.00,0,1, ..., n— 1,
Ilo3uuus obwiell NpOBEPKH HA YeTHOCTh €cTh 0o. Mel
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ACNO0/B3YeM 0OBIYHEIE corJialleHns npy apu(MeTHIecKux
onepauuax: =+0-!'=o0, = oco~!=0, o0 4 a = o0 aas
a & GF(n). Paccyorpuym teneps PSL(2, n)—rpynny me-
PECTAHOBOK MO3HIHA H nokaxkeM, 4yTo paciuupennblii KB-
KOJl OCTaercs HHBapHAHTHBIM. DTa rpynna HopoKaaercs
npeobpasopauuamu Sx = x4 1, Tx = —x~'. Tak kak
npeobpasopanue S 0CTABAAET co HHBAPHAHTHLIM H fAB-
JIETCA UHKJHYECKHM CABHIOM Ha JADYrHX MO3HUHAX, TO
970 npeo6pasoBanne ocraBjasger Ko HuBapuanThbim. He-
CIIOZKHO N0Ka3aTe, uto T otoGpauiaer cTpokn G B jnnef-
Hpie KomOuHauuy He Gosee yem tpex ctpok G (cm. [44],
crp. 83). Jasa GoapmmperBa uuTaTe el 970, BEPOATHO,
npocroe cBoiictBo G (conocTaBuTL ¢ IPYNnofi aBToMop-
(uamon wekotopuix matpun Agamapa). Mrax, namn jo-
KasaHa

Teopema 12.10. I'pynna asrosmopdhussos pactiu-
pennoeo Gunapnozo KB-roda daunot n--1 codepicur
PSL(2, n).

3ameuanne. Timecon u Ilpaur (cm. [2]) caerka
H3MEHIJIH ONpefieJente pacinpenioro Kojia juia HeGH-
HapHoro cayyast. Oun norpeGopasn, uro0p KOOpAHHATA
B pacmmpentofi noauuun yMmMHomasnach Ha MHOZECTBO
TAKHM 00pasoM, 4ToGe peayapTHpylomnii koa Gein an6o
camoopToronansbiM (ecan n == —I(mod4)), m6o op-
TOroHaAbHLIM Apyromy KB-koay (ecan n == 1(mod4)).
Onu nokasann, uyro teopema 12.10 pepua TaKike u s
G-apHLIX KOJIOB.

Buoss pacemorpum paciunpennbiii Guinapuii KB-koa,
Corgacuo Teopeme 12.10 9101 KOA HHBAPHANTCH OTHOCH-
TEABLHO JABAYK/BL TPAHSHTHBHON Tpynmul. YuHTLIBAA 3aMe-
yanme, caeayiouiee aa 8.8, puaum, uto Gunapnwiii KB-kog
HMEeT HeUeTHBIH MHHHMAJLHLI Bec, DT0 NMO3BOJAACT Npi-
mMenuth teopemy 12.7. Takum obGpasom, nosayueda

Teopema 12.11. Munusmaavusui sec Ounaprozo
KB-roda daunet n ¢ noposcdaouus nHo20HACHOM gy (X)
ecTh HeHeTHoe wucao d, 045 KoTopozo

1) d*> n, ecau 7 = 1(mod 8),

2) d®—d+1=n, ecau n = —1(mod 8).

Sameuanne Ynrarenio, 61H3K0 3HAKOMOMY C Teo-
pHEll PaSHOCTHBIX MHOKECTB H CXEM, HEeTPyAHO HpOBe-
puTh, UTO H3 JokasartenbctBa n. 2), 3) B Teopeme 12.7
CJIEJIYET, 410 ecan B n. 2) teopembl 12.11 umeer mecrto
PABCHCTEO, TO CyllecTByeT HPOEKTHBHAS MJOCKOCTL MO-
panka d—1 (cp. [67]).
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Boaee komGuuaTopuas Gopma rpaniisl KBaapaTHOro
KOpHA (MMEHHO [Oji TaKHM HasBaHIeM H3BeCTHa Teo-
pema 12.11) Guuia nenasno Haiinena Acemycom, Marrco-
oM n Cauepom (cn. [57]). YTBepinaercsi, uto ecan C
ectb (n, (n—-1)/2)-uuxmiieckuii KoA ¢ MHHAMAJbHBIM
Becom d n CL = C, a Taxie ecJH NOJAMHOXKeCTBa MO3H-
Wi, KOTOpBIE TO/IePKIBAIOT CJIOBA MHHHMAaJLHOTO Beca,
o6pasyior 2-cxemy, 10 d? — d--1Z=n, npuiueMm paBeH-
CTBO HMEET MECTO TOrja W TOJbKO TOrjia, Korjga sTa cxe-
Ma eCTh NPOEKTHBHAS NJAOCKOCTH nopsiaka d — 1.

Pacemorpuy saxunwii npuvep KB-xonos.

[Tpumep 12.12. Hax GF(2) numeem

BBl =(x— D"+ 22+ 7+ x5+ x4 1) X
K" 4 xO0f a8 xF xH 22 1) =
= (v — 1) g (x) g1 ().

Bunapupifi KB-xox C aanun 23 ¢ nopokaaioniiM MHO-
rownenom go(x) apasieres (23, 12)-konom. CorsacHo Teo-
peme 12.11 mununmanbuoe paccrosinne d 9TOro Koja y/0B-
Jetpopsier nepasencrsy d(d-—1)= 22, Tak kak d He-
nerno, umeem, uto d == 7. B srom cayuae o6bem Ilapa
S(x,3) panen 2'!, 1. e, ‘ H Silw; c)‘m'z"“. HJIH, HHBIMH

C

v
CHOBAMM, 9TOT KOJL coBepiienunii (cp. ¢ onpeaejennem
(7.6)). D107 KON uspecren kak OGuHapnvii kod lazes.
B 9rom cayuae rpynna apromopduamon Kojaa C ectb Moy,

Ecan n 1(mod4), To paciupennbiii GuHapPHBIT
KB-xon € panuw n--1 sapasercs camMoABONHCTBEHHBIM.
D10 caeayer w3 3aveuanus, MpeiuiecTBYIONIEro Teope-
vMam 12,7 n 8.3 u popmbl nopozaalomeil MaTpHubl Kojaa
C, nafigennofi npamu pasee. To TaKKe MOKHO YBHJIETh H
n3 marpuup G, onpenejennofi nocjae reopempr 12.9.
Tenepn mpl nprerynaeM K onHoil u3 Haubosiee BaxK-
HLIX TeopeM Haiero kypca. 9Ta Teopema, KOToOpas Mo-
KasplBaeT, 4To MHOIHe KOJAbI MOTryT ObITL HCHOJIL3OBA LI
JUISE OCTpoenns f-cxem, NpHHAaVICKUT Accmyey u Marr-
cony [2].

Teopema 12.13. Iycro A —nexoropout (n, k)-xod
Had GF(q) u nycro A+ —aro (n,n— k)-deoticreennoti
k0d. ITycto Munumasbrole seca ITux kodos cyro d u e.
Mycro 1 — yeaoe, smenvuree wem d. Iycro vy — nau-
Ooabwee yeaoe 4uca0, YOOBACTEOPAIOWEC HEPAGEHCTEY
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_frotg—=2
Y [ q—1
TEOPAIOUYCE HEPABEHCTEY Wy — [

]<d, U @ — Hauboavwee yeaoe, yodosae-
_“’_0:‘_‘/_]“2] <e, 20e, ecau
g=2, 10 vg=wy=n. Hpednoroncun, 4ro 4ucro He-
HyaesoLx secos 8 A+, kotopele menviue uiu pasubl n—1
camo menvuie uan pasro d — t. Tozda daa rascdozo
geca v, ede d << v << vy, NOOMHONCECTBA MHONCCCTBR
8={1,2, ..., n}, roropuie noddepicusaior K00OBbLE
caosa seca d 6 A, obpasyor t-cxeny. Kpose rozo, 044
Kandozo seca w, ede ¢ < w << min{n — {, wy}, NOOMHO-
ocecTea mHosicecTea S, Koropule noddepicusalor KoOJOGOLE
ca06a seca w 6 AL, oGpasyior t-cxesy.

Hokasateasbcrso. B pokasartenncrse Henosb:
ayloTesa caeayiomue oboznavenuda. A+ oGosznaunm ueped
B; ecanm T — uxenposannoe (-noamuoxectso MHOKE:
crBa S, a C ectb HEKOTOPHIT Koj, To uepes C’ 060303
UMM KOJ, TNoJjyuaembifi yaajiennem koopauuar I 43
KojoBuix caos C. OGosuaunm uepes Cp nopkoj KOA
C, KOTOpHIl cocTOuT M3 Tex ciop C, xoropnie umeloT
HYJIH Ha Beex nosunnsax 7. Jlokasateapcrso cocrouT H3
6 waros,

1) Tlo onpepenenmo v, asa ciopa nz A c¢ BecoM
<o, KOTOpbIE MOMIEPKHBAIOTCH OJHHM 1 Tem 1Ke MHO®
JKECTBOM, JOMKHBI OLITH CKAAAPHO KpaTuwimu apyr ApYrY
(mockosbKy uMeercs auneiinas komMGunanmus sTHx ABYX
CIIOB ¢ Becom <<d). Auajoruunoc yrpepzuenne oot
Hsercs u aas B.

2) Byjem mcnosnaoBaTh chaeayloniee cpofictTo {-CXCM-
Iycts (S, D)~— 310 t-cxema u nycrs T — 510 f-noAMHO
JKecTBO MHOKectTBa S. OGosnaunm uepes g upcao 610
koB D u3 D, nas xoropuix |D ) T|= k. Torna, coraacto
¢dopmyae (1.1), umeem

t

Y. (f)ak=(;)x, (1=0, 1, ..., 0.

k=0

Pewan 11 ypaBHenus, HaAXOMUM, UTO oy He 3aBHCHT OT
BeibOpa muozecrsa 7. M3 sroro yrBepxkaenus npH
k=0 caeayer, wro gonoanennsi GJ0KOB D raxke 06pa-
3y10T {-cxemy.

?) Pacemorpum moGuie d—1 cronGuos nopozxAalo-
LeH MaTpHuLl Kona A, u yaanum ux, Ms onpejeeHus
CIEMYT, YTO MonyueHHas MaTPHUA HMeer paur f.
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4) PaccMOTpHM  [IPOHM3BOJILHOE [-TIOJAMHOXKECTBO 7T
mHoxkecersa S. Corsacno 3) A’ oGpasyer (n— t, R)-KoJ.
fleno, uto (By)’ <= (A’)+. Pasmepuocts Bj eCTb_LHO Kpaif-
neii Mmepe n — k — 1. Caenosareanno, Bj=(A")". Tlycrs
I<o1<te<< ... <vr<<n—t (rme r<d—1it)—
BO3MOJKHBIE HeHyJeBble Beca, MeHblle HJIH paBHble n — ¢
B xoae B. Toraa Jmib oHn SBJAIOTCS BO3MOXKHBIMH He-
HyJeBbIME Becamu st Bf. TToCKOJBKY MHHHMAJbHBIH
Bec A’ ecth 1o Kkpaiineii Mmepe d — ¢, T0 Mbl 3unaem d — ¢
koshunnenToB Becosoro suymepartopa s A’. Dro
paBHo uncay ko3 HUUHEHTOB BECOBOTO SHyMepaTopa AJs
Bi, koroporo mul ecme ne suaem. CootHowenus Max-
Buabsive, 1. e. Teopema 7.14, npHBOAST K cHCTEME JHHEI-
HBIX HE3ABUCHMBLIX YypaBHEHHII, KOTOPYIO MBI MOXKEM, B
npunumne, pemntsh. Bakno, oaHAKO, YTO 3TO peLIeHHE,
T.€. BecoBoil suymepatop mias Bj, He 3aBHCHT OT BBI-
Gopa T. Tax kak A’ =(B{)*, TO TO XKe camoe BEpPHO H
g A, onsith-Taky no teopeve 7.14.

5) Buauane joxaxem BTopoe yTBepIKIEHHE TEOPEMBI.
yers @ << min{n — ¢, we}. Ilycts & —5T0 coBOKYm-
HOCTD @-MOJAMHOZKCCTE MHOMXKeCTBA S, KOTOpBIE HOAep-
KUBAIOT caoBa peca w B B, PaccMOTPHM MHOMKECTBO &/
jponoanennii Muoxeers n &, Jlas BESIKOro {-nojaMHoKe-
ctpa ' n3 8 na 1) naxounm, TO MHCJIO MHOXKECTB U3 &,
copepmanx 7', pasuo 1/(g——1) pas B3siTOC UNCJIO CIOB
Beca w B B Coraacuo 4) 510 uncao ne sapucur or 7.
Caepoparenniio, &’ ecrn (-exema. Coryacio 2), & ecrth
TaKKe [-cxema

6) Jlan jokasatennberBa NEPBOro yTBEPIKACHHS Hau-
HeM co cayuas o == d. Ilycth 2 — COBOKYNHOCTL U-NOA-
MHOZKECTB 13 S, KOTOpLie NOJAEP/KHBAIOT CJOBa Beca v
B A. Tem xe cnocofom, kak B 5), noJyyaem, uTo uucio
MHOJKECTB B 2D, cojeprKalliux JAaHHOE {-NOJAMHOKeCTBO T
u3 §, ectb 1/(g—1) pas B3aTOE uncyo ciaoB Beca d — ¢
B A’. Cornacuo 4), 10 uncio He sapucur or 7. Tenepn
npuvenuyM unaykunio. Ilyers d << v <oy u nyers yr-
BEPIJICHHE TEOPEMbl BLINOJHEHO s Beex v, d << of <
< v. [lyers @ 1o xe, uro u pavee. Uncso nojmMuomects
u3 9, cojepiKalnx JanHoe [-NOJMHOMKEecTBO T wu3 S,
ectb 1/(g—1) pas BaaToe uncio caoB v — ¢ B A’, coor-
BeTCTBYIOIHM cioBam Beca v B A. Coraacno 4) noanoe
4Heao coioB Beca v — 1 B A’ ne sasucnt or T. ITo npes-
NOJOKEHUIO HHAYKUHH M 2) 9TO YMCJIO CJOB Beca v — f
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B A’, cooTBeTcTBYIOMNIX Cc0BanM Beca < v B A TakiKe HE
3aBicut ot T. CienoBatennto, &) ecTh f-cxema.

PacemoTpum neckosbko npumepoB 3Toil TeopeMbl.

[pumep 12.14. Tonomnm n=28, k=4, g=2 1
nyctb A = A+ — 310 pacumpennmii (8, 4)-kon X3MMHE-
ra. Torga d =e = 4. Tlonomum { = 3. YcaoBue Teope-
Mbt 12,13 Beimoaseno. [loaaraa v = 4, nonyuaem peaydb-
TaT Teopemul 7.12.

Mpumep 12.15. Honomnm n=12, k=6, g=23#
nyerb A = AL — pacumpennpiii Tepuapunii kon Ianed.
Torna d=e =6 (cm. (11.4)). Coraacuo (11.4), yeuo-
Bue Teopembl 12.13 Bunosneno nas { = 5. lonyuaem pe-
ayanTaT Teopemul 11.5.

Mpumep 12.16. Myers A —s10 (121, (/) -camo/Boii-
cTBennsii koa nag GF(3). Tpeanonosx, uro d = 3l
Monosum t = 5. [Mockoarky Bee Beca B A jeantes na 3,
TO ycJoBHe Hauieii Teopempl Beimoaneno. [onaras v = d,
HAXOJAM, YTO HOJNEPHKKH CJHOB MHHMMaJLHOrO Beca B A
06pasyior 5-cxemy.

IIpamep 12.17. Honomum n =24, k=12, q =2
H nycrh A=AL—>310 pacuiupennnii (xnu::]m_l»nl KO
T'anes € u3 npumepa 12.12. Torna d = e = 8. Tak Kak
C coBepuieHeH, T0 BecoBofi suysMeparop onpeiench. Jler-
KO IpOBepuTh, uto Jumb 0, 8, 12, 16 u 24 nannuectsylor
B KavecTse Becon. (:Jl@][()}la’l(‘.’H.H!I, MOKHO BHOBb ll])HM(“
HUTL Hauy Teopemy ¢ f ==5. [lopaepain KoJOBLX CAOB
Beca 8 B A oGpaayior xopomo wuassectnyio H-(24,8,1)
urreiinepopy cucremy (cum. raasy 1).

Hpumep 12.18. Ilycrs n = 47. Paccmorpum OH-
napuii KB-koa mannwn 47. Coramacno teopeve 12.11,
MHHHMa/AbHOe paccTosime ecth no kpafineii wmepe 9
Toraa u3 n. 3 Teopemsbl 12.7 caeayer, uTo MHHHMaJbHOE

acctosnne ectb 1o kpaiineii mepe 11, Tlockoabky

fS(x, 6) | > 22, ator koA He MomeT ObIThL G-KOMOM, HC-
npapasiomny ook, Ilostomy mMunnMaabnoe paccrof-
nue papno 11. CaepoBarensio, pacumpennblii Koa C
HMEeT MUHMMaJbHoe paccrosune d = 12 n BHOBb fAB-
JIACTCH CaMOABOICTBEHHBIM. MOXKHO BLIYHC/INTL BeCOBOI
SHyMepaTop 3TOro Koia, HenoJibsys Teopemy 7.14. B Hem
HMeloTes aump Beca 0, 12, 16, 20, 24, 28, 32, 36 n 48.
TTostomy reopema 12.13 npuvenuva npn / = 5. MoxHo
TONOKHTL v == 12, .16, 20 uau 24. 1o gaer 4 pasJHUYHBIX
5-cxem. Ecan nonoxuts v = 28, 32, 36, noayunm A0N0J-
HHTEJIbHBIE CXEMBL.
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On npuMepsl 00BACHAIOT HHTEpPeC (C TOUKH 3peHust
CNIENHaMICTOB M0 CXeMaM) K BBHIYHCJAEHHIO MHUHHMAJb-
Horo Beca KB-koj0B. BecbMa Malo H3BeCTHO B 3Toil 06-
aacti, 0630p ans 1 << 59 morHo HaiiTh B [4].

Ocraercsi 3a paMKaMi Hallero Kypca BXOXKieHHe B
meron nsyuenns KB-kojoB, KOTOpHIT mNpeacTaBisercs
BecbMa obnaje:xkuBaomum. Ero naes cOCTOHT B CTa2u-
GaHUIL CAMOOPTOrOHAJBHBIX KOJAOB. DTa HIes 3aK/iouaer-
¢4 B HCNOJB30BAHNN HEKOTOPOro 3JeMeHTa rpynmnbl aBTo-
MOp(H3MOB CaMOOPTOIOHAJILHONO KoAa AJisi OToGpame-
HHS 9TOC0 KOJa B KOJI MeHblueii JJIHHBI, KOTOpBIT Bee xKe
camoopToronasien. ToT MeTox Obll VCNEelHOo HCenolb3o-
pan Accmycom u MsTTcOHOM AA OnpeaeJeHHs MHHH-
maapnoro peca (6,0, 36)-pacimpennoro KB-koma nap
GF(3) (cum. [H]). Dror mMunnmaiabHbifi Bec oxasancs
papipy 18, 910 o3mauaer, uTo ycnosne Teopembt 12.13
pumoaneio npi £ =5. B urore sror KB-Koa npHBOAHT
K 5-cxemam na 30 Toukax,

[Tpupesicy eiie OAHH NPHMEp NPHMEHEHHS TeopeMb
12,13, KoTopuiil NPHrOANTCS HAM NO3Ke.

MMpumep 12.19. Pacemorpny npuMuTHBHBIL (22— 1,
9u-1 — | 2]y 2-gon C, wenpanasiomwnii omn6ku. He-
noabays teopeny 7.14, Moxno nokasath, uto B CL Mmo-

YT IPHCYTCTBOBATD JHIIL Beca 2212 220-2 4- 91-1, TToJ0-
KM 1 | k== 2%-1-1-—-2[ g=2 u nycrh A sro
Gyner C B A' npucyrerByer anmb 3 Beca. HOSTOMy,
ecant noaomuTh {==3, 10 ycaonue 12.13 Gyner BemoJ-
peno, 3naunT, JIJS Kaxjoro v rnojgMHOXKeCTBa, KOTOphie
HOUIePIKIBAIOT ¢0BA Beca v, 06pasylor 3-cxemy.

JlonosnnTenanno 1o mMatepuajy s1oift rnassl em. [49],
[64], [70], [80]. O cBassx Mex 1y KBaAPATHYHO-BHIUET-
ppisn kopamu 1 3-(n?4-1,n41,1)-cxemamn cm. [76],
[79]. Haaee cu. [obasrenue 15.

021

13. CUMMETPUYHBIE KOABI HAJL GF (3)

B arom paszngene Ml o6paTHMCA K NOCJEA0BATENLHOCTH
KOJIOB, KOTOpBIE 00J1aaloT [eJdbIM PSAJIOM CBOHCTB 06-
wux ¢ KB-kopami; rak nanpuvep, oHn Takixe HpHUBOLST
K 5-cxemaM. ITH pesyabTaThl HpHHaAnexkat Ilnece
[53,54].

Onpenenenune 13.1. C-marpuya nopsnka m ecrp
marpuua C ¢ saementamu =1 (BHe Anaronammn) u 0 (wa
pnaronann) raxas, 410 CCT = (m — 1) .
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O6 shx MaTpumax maBecTHO MHOTOe. ITepBas KoH-
CTPYKUMsA NpeacTaBiisier co6oii XOPOIIO H3BECTHYIO KOH-
crpykuuio IMaju:

Ilycrs g— crenens meuersoro npoctoro u mycts f—
KBajpaTHuHbIil xapakrep Ha GF(g). 3anymepyem CTpo-
KH B cT0J0UBl MaTPHUL NOpAAKA ¢ - 1, HCnoJab3yd Ko-
OPJHHATEl NPOEKTHBHOH NPAMOI nopsjka ¢, T. e. o H
anementsl GF(g). Onpenensiem Cuyy 1o npapuay

coo;uo=0’ coo.a=1» cd.m=7.(_1)?
Cap=ylb—a) (a, b=GF(q)).

Torna Cyiy sBnserca C-matpuueii nopsuxa g--1 (cm
[38]). 3amernm, uto C,,HCL; =—[,41 nan GF(3),
ecin g = —1(mod3), u uro Cyyy cummerpuuna, ecii
g == 1(mod 4) u kococummeTpuuna, ecan q = — 1 (mod 4).

Onpeneaenne 132 Iycrs g = —1(mod6). On-
pefiesnyM cusmmerpuunblli kod pasmephoctn ¢ -1 Kak
(2942, g+ 1)-kon symygss uajg GF(3) ¢ nopoiAaio:
el maTpuuei

GZq+2= (Iq + lcq»{»l)y

rie Cypy ectb C-maTpuua nopsaaka g - 1. Ecan g — cTe
HeHh HEeYeTHoro npoctoro, To nodaraem, uyro Capr—
Ma'rﬁuua [Toan, onpenenennas Britie,
OKAJKeM psijl CBOMCTR 3THX KOJI0B,
Mpepnomenune 13.3. Kod symy,, canodsoilcT6eH
(u caedosareavno, sce seca deanarca na 3).
HokasareabcTBO, 3IT0 cacayer ns papeHcTBa

7 i
Cq.HCq-H S e l,,.H nang GF (’n)
Mpennoxenne 13.4. Ecau narpuya C,yq — Hat-
. (q+1)/2 3 -
puya Moau, 170 Gogyo=((—1)""*" Cyqilgy1) Taxoce a8-
anerca noposcdaouweli marpuyelt Oan symy,,,.

T
HorkasareanbcTBO. GogiaGogio=0, xon syMagte
ABJACTCH CaMOABOHCTBEHHLIM H Matpuua G40 HMEET

panr g+4-1.
Mpepnoxenne 13.5. Juneinoe npeobpasosarue
npocrpancrea R nocpedcreon marpuyo

[ J Ig+1
(_I)MH)/- 7 0

OCTABASIET SYMyqyy UHGAPUAHTHBLAL.
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NokxazareancTBo. D10 ciaeiyer us Teopembl 13.4.
Mpuwmep 13.6. Ilonaras g = 5, HaX0AUM

= L T T T
T B0 s S
RS G R
Bio=\"ls 1 1. 1 70 il
WO T TR
TS TR R i SO )

T. € SyMyy ecTh paciiupendnii TepHapHbl Kox Taunes
(em. (11.1)).

3ameuanne B ciayuae Gunapuoro koma [ases
TaKKe MOXKHO HailTH NOPOXKAAIOULYIO \1anuuy B (opwme,
ykagaunoii B onpejeaennn 13.2 (cm. [44] c. 101).

[Ipu onmcamin KOAOBHX CJ0B CHMMETPHYHONO KOAxa
Gynem oGosnauarth uepes w(x), wr(x¥) COOTBETCTBEHHO
CyiKenue Beca cjaoBa x Ha nepBuie ¢+ 1 M Ha mocnien-
nue g -+ 1 xoopannar.

Jlemma 13.7. Haa raxdoeo caosa X CUMMETPUY-
Ho20 Koda ume

1) ecau wi(x) = 1, 10 w,(x) = q;

2) ecau wi(x) =2, 10 wr(x)== q—l 3)/2;

3) ecau wi(x)=3, 10 w,(x)==[3(qg—3)/4].

Hokasareancrno. I’.m MOTPHM TPH CTPOKH 110-
pompaiomeit marpunu. Mockoabky ymHoxenue crosbua
Ha | He HaMenser pecon, MOXKHO Ill)C}“l()Jlﬂl'ﬂTb, UTo X

1), 2), 8) cern cymma 1, 2 nan 3 cTpoKk ciueayiomeit
Tabanm

1000...0 0 + 43 T STV
[ulnn...u]\,\- I I e

1010...0 s is 0, 4

bByxew a, b, ¢, d obo3nauamT YHCIO CTOJIGuOB YeTLI~

pex PasinyHBIX THIIOB.
Mo onpepencunio C-marpuns nveem (nag R)

a+b+c+d=qg—2,
a+b—c—d=—xp,

a—b-+4ec—d=—xy,
a—b—c-+d=—xyx3.
Teneps 1) ouesnpno. Jlisi noKasatenberBa 2) CJI0IKHM
nepsyio u Bropyio crpokd, Toraa naxopum w, (x)=2+

85



1
+-§(l +xy)+atb =—;—(q+ 3). Temepnr clnoKHM BCe
Tpu crpoku. Torga w,(x) =6+ c4d= % {(3(g—2)+

+ K03+ Xap+ Kp1X51} = LZ‘ (g — 3).

Jlemma 13.8. ycrs w; v wy— yeavie. Toeda 8 cur-
METPULHOM KOOE:

1) kodosoe cr060 & ¢ wi(x) = w;, w, (x) = wy CcYUe-
creyer 1ozda u T0avko To20a, Kozda cyujecreyer K00O-
goe ca080 Yy ¢ wi(y) = ws, w,(y) = w;

2) dan scex kodosoblx ca06 x usmeen w,(x)>> 0.

HdokazareavctBo. 1) D10 caenyer u3 npeino-
wenns 13.4; 2) Cyyy HecHuryaspua.

MMpumep 13.9. Ilycts g = 17; paccmorpum Symss
Coraacuo gemme 13.7 koaoBoe ciaoBo x ¢ wi(x)< 3
umeer Bec ==12. Coraacuo npeajoxennio 13.3 Bce peca
peaates #wa 3. Coraacno Jaemme 13.8 cyuiectBoBaHHE
KOJMOBOrO €JoBa ¢ BecoM <12 Baeuer cyniecTopaHHe
KOJI0BOTrO ¢iioBa x ¢ wi(x) =4, w,(x)=>5. Tak kak Cis
ABAACTCA FPAHHYHOA HWHPKYJAAHTHON MaTpuieit, To HMeeT-
C5l HE OUEHB MHOIO pasiduuHblX BO3MOZHOCTEH AAf Tas
KOro X, H BPYUYHYIO JIETKO NPOBEPHTL, YTO TAKOro X He
cyuiecTpyer. 10 noayuaercs jgobGapicinen eue oHofl
CTPOKH K Tabauiie B Aoxkasarteascrpe gemme 13.7 n ana-
JIH30M HeOOABLIIOTO HHeJa BO3SMOKHBIX l:.‘lplh’lllT'OB.
C KOMNBIOTEPOM 5TO TpHBHAJALHAA 3ajaua. Mrak, €O
paaco m. 2) aemmul 13.7, Kox symy; umeer muHuMadbs
uptii Bec 12. Ilpumennm tenepn teopemy 12.13. 3aech
He=36, k=18 9g=3,d=1¢= 12, vy = w,=23. 302z
YUT, MOMKHO HOJOXKHTE ©==12, 15 18 pnan 21. Ecan

=5, T0 YCJOBHA TEOPEMBbl BHINOJHEHL H MBI HAXOAHM

5-cxemy Ha 36 Toukax ¢ Gjaokamu oGnemon 12, 15, 18
uan 21, CxeMbl 3TH ABASIIOTCS HOBBIMH, KaKk W UM A0MOJ-
HuTeAbHbe (C OJHUM BO3MOXKHBIM Hekiouenuem). He-
H3BECTHO, ABJASETCs Ju cxema ¢ Gaokamu oGnema 18 ca-
MOJAOHONHHTENLHOI.

B [64] npueenens mpumepw aas g =>5 11, 17, 23
n 29. Koneuno, cayuaii g =5 npusoant x xopoiuo H3-
BecTHOll wTefinepoBoii cncreme 5-(12,6, 1), kag mnoka-
3ano B Teopeme 11.5. Jpyrue cxemwbl saBnsijorcs HO-
BEIMH, YTOOLI N0KA3aTL 310, HYKHO H3YuHTL NpeoOpa30-
BaHNs, OCTABAAIONME TAKHE KOIAB  HHBApHAHTHLIMH.
Hycrs G(g) oBosuauaer rpynny MOHOMHaJblbx npeol-
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pasoBanuii, KOTOpPBLIE OCTABJIAOT SYMogip WHBAPHAHT-
HBIMH, @ G (g)— rpyniy nepecTaHoBOK, HHAYIHPOBAHHYIO
rpynnoii G(q).

Jdemma 13.10. Ecau A v B-— moHoMuaAbHbIE npe-
obpasosanus nopsdxa q -1 taxue, uro A'CguB =

A0 \

0 B ] = G(g).

HokaszateabcTBo. KomoBele cioBa B SylMggys
umelor popmy a’ (/g41Cqyp). 3uaunr,

= Cgt1, 10 l

e c..) ] gt ] =a’A(I,11A7'Cqs1B),

4TO ABAAETCA KOJOBLIM CJIOBOM.

[lycts g — crenenn nevernoro npocrtoro. Mbl onpeje-
anan Cpyy uymepauneli ¢TPoK H CTOJNGUOB KOOpAMHA-
TaMH NPoeKTHBHOI npsinvoil. Mbl ynopsjaounBaeM HX Tak
e, KaK A9 HHKAHYECKHX KOJOB. \)IlpL‘!lL‘JlllM Ternepb
MOHOMHAJbLHBIE npeobpazoBalus TakuM 2Ke oOpasom,
Kak 910 Oplio caeqano (B raase 12) B GuHapHoOM cayuae
s KB-kogon. S eeth nepecranosBka x—-x 1. Pac-
eMoTpuM Cgyy 11 S Kax anneiinbie npeoGpasoBaHus Mpo-

crpanersa RD wan GF(3). Jlaa cranpapriHbix 6asuc-
HBIX BEKTOPOB €w, ¢q (@ & GF (q)) nmeem
(':»,(«..( 1 >_: Cay
a iF(g)
—
"u('q[I v | 1)2:= : 2_4 ’/v(’)‘““")eln
heGF (q)

OTKYAA CoCqs1S == 2,SCyyq1 M
elppS=%(—Des+ 2  %(b—a)ep =

be GF(g)
=y (—1)e, + ;“ %6 —a— 1)e,=e,8Cqy1,
be&dF (g
e
SEC S =C (13.11)

Ananornuno, Aas nepecrasoBku P(b?) Buma Xx—b2x
(b5 0) MOKHO NOKABATD, YTO
on—1 b «
P (%) Cq-HP(l):):C(J—l-I- (1512)
Ilepecranopka Tx = x~!, KOTOpas HCHOJbL30BANACH AJIS
KB-kopoB sameHnsercs TeNepb Ha MOHOMHAJbHOE IHPeol-
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=X

pasoBanue T*, xoTopoe Bejier celGs Tak e, kak T, KOTAd
OHO paccma'rpxmaeTcsi TOJBKO KaK IllepecTaHOBKa. Oan-
nensem 10 T* no npasuay e T'=(—1)""" e, eT*=tm
e "=y (a)e_ya (a0, o). VI BHOBL HeTPYAHO NpO-
BEPHTH, YTO

G " —C,ir- (13.13)

Ws (13.11)—(13.13) euano, uto nepecranoskn S, P(6?)
H MOHOMHaJIbHOE npeofpazoBanue T* nopoxaaloT rpym
ny R*. Jlerko Bupmers, uto rpynma R*/{l,—1} Hs0:
mMopdua rpynne PSL(2,q). KomGuuupys 10 C JEM-
Moii 13.10, nonyyaem ciaenyionyio Teopemy.

Teopema 13.14. Ipynna G(q) codepocur nodepyn:
ny, usomophuyio epynne PSL(2, q).

3ameyanne. B [54] nokasano, uro G(q) coAcp:
HUT noarpynny, naosophuyio PGL(2, g) X Z,. ViaBecTHO,
ut0 G (5) = M, Jlas apyrux auauenuii g pujy rpynns
G(q) neuspecren.

Ilpumep 13.16. Oano n3 npusowxennft TEOPE:
MBI l£13 B [2] ucnoawayer (24, 12)-pacumpennsiit KB-
kog Han GF(8). Ilockoasky Munnmanbupii pec 3T0M0
Koja pasen 9, Haxojutca H-cxema ¢ mapamerpami
(24,9,6). B [2] nokasano, uto PSL(2,23) apaaeTca
rpynnofi asromopduamon 570fi cxemu. Ecam mp pac
CMOTPUM npoctoe g == 11 u nocrpoum f'fmTH("l'{'Tnlelllllﬂ
CHMMETPHUHBIN KOA SYMlgy, TO MBI BHOBL Mozkem NpPHME
HsiTh Teopemy 12.13. 3ro raxke naer H-cxemy. i JABE
CXeMbl HMEIOT ojHaKopwie napamerptl. Ilo reopeme 13.14
STO HesKBHBajeHtHbIe H-cxemul, nockoanky PSL(2, 1)
He conepxurest B PSL(2,23). Jlasn Goaee perannnoro o
JlaJIbHEHIIero  03HAKOMJCHHSI MBI pexkoMenayem 4HTa:
renio [53] u [64]. Meron, npumensevuiii B [54], npet
crapiser co6oit uuoli npuMep cyxenns, koropoe KpaTkO
OMHCAHO B KOHIE raaBbl 12. Bo muornx cayuanx symsgg+2
MOMKHO CY3NTh K TepHapHoMY Koay [aues.

14. MOYTH COBEPWEHHBIE BUHAPHBIE
KOJbl # PABHOMEPHO YNNAKOBAHHBIE
KO bl

HBe H-cxembl, cBgzamibe ¢ KoAAMI Fanest, nveror oueHb
HHTEPECHEIE rpynmer aBroMopdusvos. Jlerko pugers, 4T0
COBOKYNHOCTL Tex (2e - 1)-moAMHOXKecTB MposgecTBA
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{1,2, ..., n}, KoTOpHIE NOMAEPIUBAIOT KOJOBBIE CIIOBA
Beca 2¢--1 B GuHapHOM COBEpPUICHHOM e-KOje, HCrmpaB-
JsiolmeM OWHOKH €O cjaoBaMi  JUIHHBL 71, 00pasyioT
(e+4 1)-cxemy ¢ napaumpd\m (n, 2¢e 41, 1), 7. e. mreit-
HepoBy cucremy (cM. [44], (5.2.6)). Drta cxema paciIH=
psiema gm0 (e 2)-cxevbl. dtn aBa (axra 00yCJAOBIH-
BAIOT HHTEPEC K COBEepIICHHBIM KOJAaM Kak CHenHasH-
CTOB 1O TEOPHI TPYNI, TaK M CHEHHaJHCTOB IO TEOPHH
exeMm. OaHako nokasano, uto aiag e > 1 Koaw ajes sB-
JAI0TCS HETPHBHAJLHLIMI COBEPIIEHHBIMH KOAAMH, TOJbs
Ko ecan o6beM andaputa ecThb CTeneHb MPocToro (M.
[45, 66])*

Pacc.‘.m'rpn'n TCHEPb HEKOTOPBIE 3JCMEHTDI Teopuu OH-
HAPHBIX MOYTH COBEPUICHHBIX KOJOB, NpHHALIeNKaleit
Férxansey 1 Cuonepy [31] **). St KoAbl ABASIOTCS Cres
HHAJIBHBIM cayvaem Gouee IHPOKOro KJjaacca ])HBHOMQPHO
YHaKoBAHHLIX KOJOB, BBCJACHHLIM CL‘?\]L}KOBMM, 31HOBbE-
BuiM 1 3afinesuiv [60]. Bee st Koabl TakMXKe NPHBOAAT
K f-cxemam. HeoOxoample ye/oBist CyIlecTBOBAHHS Ta-
KHX KOJOB OYCHb CXOZKH ¢ aHaJOrHYHbIMHI YCJOBHSIMH CYy-

IECTBOBANMS coBepliennuX KonoB. B sroil rnase Bce
KOJIbI GHHapHLL.

Hanee cm. Hobasaenue 16,
[lyern C < R — goj ¢ MHHUMAJbHLIM PacCTOSHHEM

=20 4 1. Jlna Beex xonos v e C onpejensieMi
1) T(0)=S(v, 1+ 1)\ S(v, 1);
2) Tow)={x=T(@)|Ju=C [x=S(u, DI}
3) Ty (0) =T (v) \. T (v).
(3amertnv, uT0 B 2) KOJAOBOE CJOBO # OJHO3HAYHO
UH]K‘}!C.'IH("I'('H uepes .\'.)
Jlemma 14.2. an kamdoeo v & C umeem

) !’/'..(v)l'i(’,')[%];
im0 ) = (1]

JokasareabcTBo. Ecin x & Ty(v) n ue Cra-
KoBw, uro xe&S(u,t), 10 d(v,u)<<2t41, T e

*) Cwm. Takike [82°]. (ITpum. nepes.)

“*) BOJbIIMHCTBO pE3yJbTATOB »TOfl TEOPHH MOMKHO HallTH B
[60], rae Ouln BBejens PABHOMEPHO YHAKOBAHHLE KOABI M Bbljes
JeHbl KOABI € MAaKCHMAJBLHON IJIOTHOCTBIO YNAKOBKH, T. €. MHOWLH
copepiuennple koAb, ([Ipun. nepes.)
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d(v,u)= 2t 1. Ho Torna
ITa@nsE n1=(%1).

Myers Notyy (v)={u = C|d(v, u) = 2{ 4 1}. Toraa
2t +
| Ty () |= pa. ,)INzurx('U) . Jaa ouenxu |Nawy(0)]
3aMETHM, YTO AJA ABYX KOAOBHIX CJIOB B Nguyy(v) ecTh
He Gosee { KOOPJAMHATHHIX MECT, B KOTOpLIX 002 OHH
OTJIHYATCd OT U. ﬂ.’lﬂ KamxJI0oro (-nojmMHozKecTBa KOOP'
— ¢

AHHATHEIX MecT 5T0 jgaer He Oouee [;l—l- i ] 9J1CMEHTOB

MHOZKeCTBa Nyiyy(v). CaepoBatennio,

[n — 1 'I (/1')
o141 (0) | < of ) ¢
t41

910 flokaspBaer 1), nocae uero 2) oueBHIHO.
Caenyionias ouenka ecthb cheuyabuplit cayuafi rpa-
wnust [xoncona [40].
Teopema 14.3. Ecau C = R — kod ¢ mMunumdab
Hol pacerosnuen d == 2+ 1, 1o

R () i (1) G~ 7)) <8

Hoxasareancrno. o onpenencumo 7p(v) BH-
JM, uTo Bee S (v, £), e veCu | T, (0), spamoTes
‘

veC
nonapuo menepecekaiommumucs Muoxectsavy. Tax Kak
KOJIOBLIE CJIOBAa HMEIoT paccrosinue no l(]mllll(’H mepe
2{41,-10 x& R moxer copepkathea He Gosee uUeM

B [m] pasamunsix Mpozectsax 7'g(v), © , Cie-
JAOBATENbHO, corjlacHo 1. 2) Jemmbl 14.2 nmveem

!)LGJCTH(U) -,{(14-1) )[:‘}_/”

3710 ¥ samepimaer Jxol(aliﬂ'l‘(‘ﬂht"lBu, HOCKOJIBKY | R | =

=20 |$(v, )]= Z(”)

i=u

[l+1
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Onpenencuue 14.4. Bunapuele KOAbl, MJIsi KOTO-
pLix B Teopene 14.3 BLIIOJHAETCS PABEHCTBO, HAa3bLIBAIOT-
CH NOYTU COBCPULCHHBIMUL.

3ameuanue. Ecan (£41)|(n-41), To noutn co-
BeplieHHbIl KO/l ¢ 3THMH NapamerpaMi OKasbiBaeTcs co-
BepIIeHHbIM. DTO YCIOBHE JEIHMOCTH NPE/ICTABISET CO-
Goii nzBecTHOE HeOOXOANMOE YCJIOBHE CYLIeCTBOBAHHS OH-
HAPHBIX COBEPLICHHBIX KOLOB (cm. [44], (5.2.8)).

Onpeaenenne 145%). Ecan Cc R —xkon ¢
MHHEMAJALELIM pacerosnueM d = 2t 4 1 1 ecan 15 Kax-
JIOr0  KOJIOBOTO ¢JIOBa H3 AW, orcroaiiero or kopa C
Ha paccrosini, 0oJblleM ueM {—1, umeercs PoBHO r
KOMOBLIX CJOB Ha PAcCTOSIHHH, MEHbIIeM ueMm t+42, 1o
ko C HAsLIBACTCS PABHOMEPHO YNAKOBAHHDLM.

Cpash 9THX JIBYX TOAXOJOB YCTaHaBJIHBAeTCs cle-
ayomefi TeopemMoii.

(Beiopy nagee C 06o3navaer [OYTH COBEpUICHHE
ko4 B AUD ¢ MuHIMaJbHBIM pacctosuneM d =2{--1,)

Teopema 146, 1) Ecau x& R u ecaw Yo sC
[d(v, x) > 1], 70 d(v, ) =141 poeHo das [t _’:_ i ]Koao-
gblx CA06 0.

9) Ecau xe= R, ue C u d(s,x)=t, 10 d(v, ¥) =

S Th—
= [ 4 1 posro 0as I e

HokasareldhcTBO 113 pasencTBa B Teopeme 14.3
ce/lyeT paBencTso B JeMMme 14.2 u B oueHkax s
Isz(")] i Il Ty (v), MocaeNHss 13 KOTOPLIX BJie-

veaC ¢

K0JOBbIX CA06 V.

yer 1), a neppas 2)

Fameuanne ITH onpenejends W Teopemb 14.3,
14,6 10Ka3LIBAIOT, UTO PABHOMEPHO YNAKOBAHHLLI KOJ
¢ r=[(n+41)/({+1)] aBagerca nourn coBepuIeHHBIM,
Eenn r==1 mm r=(n-41)/({41), T0 paBHOMEpHO
ynakopanibiii K01 copepuenen. B ocHOBHOM, MBI Gyzem
§MeTh AeNO MMEHHO ¢ TOUTH COBEPLICHHBLIMH KOAAMH W
b KPATKO PACCMOTPHM OJIMH NPHMEP HHLIX DaBHO-
MepHO YNaKOBaHHEIX KOJ0B (cM. npumep 14.21).

Teopema 14.7. Ecau ve C, 10 cosokyntocts 9D,
ua d-noomuoscecrs muoocecrea {1,2, ..., n}, Koropsie
noddepacusaior cioea u—wv, 2de ue Nq(v), obpasyer
t-cxemy ¢ napaserpanu (n,d, ) =[(n—1)/(t41)]).
o

*) Hapaaseavioe onpedeaenue cx. ¢ Jobusaenuu 17.
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HokxasarensctBo. Ilyers A — f-moAMHOMKECTBO
KOOD/IHHATHEIX MeCT M MyCThb @ — CJIOBO C eHHHIAMH Ha
nosunpax A. Tlo 1. 2) rteopempt 14.6 mnmeercs
[(n—1)/(t+1)] xonosux caos u B Ny(v) Taxux, 410
dw,v4+a)=1(-+1, 1. e. tTaknx, uto A copepxuTCca B
MHOJKECTBE KOOPJAHHATHBIX MECT, Ijle # — U HMeeT K0op-
punaty 1.

Teopema 14.8. Ecau v=C, 10 cosoryntocts Dy
us (t-1)-nodmuomecrs mnoscecrea {1,2, ..., n}, Ko-
Topsie noddepscusaior ciosa u—v, 2de ue Tg(v), 06-
pasyer l-cxeny ¢ b= (n—1{)— (1 + 1) [(n— 1) /(t+1)].

HokasateabcTBo. T,,('UJ COCTOWT H3 BEKTOPOB U
Takux, 410 d(u,v)=1-+1 u d(u,w)>1 jpi1a BCex
we Nq4(v). Crenosarensno, D, conepxut Bee (£41)-
noxgMHoxcectBa w3 {l,2, ..., n}, Kortopeie He cOAep-
JKartcsl B NMOAMHOMeECTBe, HpuHajiexaumem cxeme 2.
Arn (f+ 1)-noamuonectsa Gaokon oGpasyloT [-cXeMmy.
Quesnnno, D, apaserca f-cxemoii, oGpazoBannoii BeeMH
(1 + 1)-noamuosecrBamu muoxectsa {1,2, ..., n}.

Teopema 14.9. Cxena D, pacuupsesa do (t+1)-
exemot ¢ napamerpanu (n-4-1,d-1, A=[(n—
—1)/(t+1)]). i

okaszateascTBo. Paccmorpum C Hu  yaaJuM
k-10 KOOpAHHATY Kazioro caopa (k durcnposano). Pe-
ayapTHpylomnit kog Cy, BHOBL BMeeT CJA0BO JLIHHBL 71, MH-
niMadabHoe paccroauie d i |Cy|=|C|. Crano Guth, Cy
noutn cosepuenen. [ockoaniy 510 Bepio npH KazmuoM k,
10 M3 Teopemul 14.7 caenyer, uto copoxymiocts (d -4 1)-
MOAMHOXECTB MHOMKecTBa {1,2, ..., n,n- 1}, koropsie
MOJIEPIKUBAIOT cioBa u—v, rac w0, veEC, uE
& Ny (v), obpasyer (I 1)-cxemy ¢ Tem e A, Kak
u B Teopeme 14.7.

ﬂO CHX IIOp MEeCCHMHCTHYCCKH Hﬂ(‘TPOCH}H;IC crnenna-
JIMCTBI 110 TEOPHH cXeM sajialor ceGe BONpoc, cyllecTBYIOT
JIH TIPOH3BOJIBHBIE TIOUTH COBEPIIEHHBIC KOJBL.

pumep 14.10. Paccmorpum TNpoBepouHyio MaT-
punty GuHapHoro Koja Xsmmunra (cm. raapy 7) H yAa-
JauM  Kakoi-unGynn cronGen. Iloayuaem HpoBepoOYHYIO
MaTpHIly Juneiinoro kona ¢ d =3, n=2"—2 u pas-
MEpHOCTBIO 2" — 2 — m. B teopeme 14.3 mbl HMeeM pa-
BEHCTBO, T. €. 9TOT KOJ IOYTH COBepUIeHeH, HO He Co-
BepIIeHel.

Koaw Ipenaparwm (cm. [55]). Beegem Temeps
NOCJAE/0BATE/ILHOCTL KOJOB, NPeACTAaBJISIOMHX GO0l
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KoMGunatopusli nHtepec. HeoGxomnma Hekotopast moA-
rotopka. Ilycts m =3 u Hpu — nnkanyeckuit Koy XaMm-
MHHra ¢ gJamnHoil cjaoBa n = 2™ — 1, Takoil e, KaK B
npumepe 12.3. Caoso 1 paccMarpHBaeTcss KaK MHOTO-
wen B GF(2)[x] (mod(x"—1)) Buaa u(x)=(x"—
—1)/(x—1). Ilycts B, — UHKIHYECKHIT KOA C NMOPOK-
Aaiomum Muorousienom (x — 1)my (x) ma(x). dror BUX-
KO/ sIBJsSieTCsl NMOAKOAOM Koaa M, m, coriacHo sameva-
HHIO nocae Teopembl 8.6, BHAHM, UTO 3TOT KOA HMeEET
MHHIMaJapHOe paccTosiHHe, paBHOe MO Kpaiineii mepe 6.
Onpenensen ko Cpy M0 NpaBHIy:

Co={(m (x), i, m (x)4 (m(1)4 i) u(x)+
+s(x) |m(x) & H,y, i 10, 1}, s(x) € B,). (14.11)

310, ouenuno, JUHelNLI KOJA ¢ AMHHOI cioBa 2n 41 u
paamepnocreio, papuoli  Hpy 414 dim By = 2n— 3m.

Jlokazem tenepb CJAeAYIOULYIO JeMMy:

Jdemma 14.12. Kod Cp umeer munumasbroe pac-
CTosHUe

Joxk
ZHKeMm pacch

1) Tlycrn m(x)==0, i=0, s(x)5%0. Torna
w(s(x) = 6, noromy uro §(x) € Bn.

2) IMyers m(x)=0, i=1. Torna wu(x)4 s(x)=%0,
(o) 4-s(e) == u(e’) 4 s(a®)=0, un ciaenoBaTe/IbHO,
w(u(x)4 s(x)) 5 no reopeme 8.6.

3) m(x)=0. Iockoabky m(x)-4(m (1) i)u(x) -+
“s(x)e= H,,, 10 J0KA3aTCALCTBO 3aBepUICHO, €CH TOJb-
Ko ne puinoanseres m(x) - (m (1) - i)u(x)4 s(x)= 0.
B ortom cayuae, noandysich 3amenoii x == o?, Haxoum,
uro m(a?) =0, 1. e. w(m(x)) = 5.

Pacevorpum renepn S(0, 1) B nosmuomuanbroft ¢op-
Me, T. e,

S0, 1)={0, 1, %, 2 ..., "1} = GF (2) [#] (mod (x"—1))

b
atenberno. IToCKOJbLKY KOJ JIMHEEH, MO-
1ITPHUBATH Beca.

3

B Z2+D) paceMoTpuM MHOJKECTBO BEKTOPOB
S={(g(x), 0, () [ (x) Ig () =S(0, 1)}, (14.9)

HIEMIOTEHT Koja Hp, onpejenenHoro B [Ipi-

rae f(x)
mepe 12.3.

Onpepenenne 14.14. Kod [penaparer K, ects
obbeaunenne komuoxkecrs Cp, Buna Cp + 8
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OueBnjiHO, 1TO HeT ABYX 3jeMeHTOB H3 S, BXOASUIHX
B oano KomHomecTBo. [lostomy |K,|=(n 4 1)|Cml.

Teopema 14.15. Jlaa neuwernozo m xod Ilpenapatel
Ky asasnerca nouru cosepuiennvin kodos ¢ MUHUMAAL-
HbLM paccroanues 5.

HokasateabctBo. 1) Tak kax kox Kn HemdH:
HEeH, Mbl I0JUKHBI paccMaTpuBaTh napsi caoB H3 Km H
onpenensTs Bec HX cyMmmbl. Ilo semme 14.12 ana 27010
JI0CTATOYHO paceMaTpHBATh c/a0Ba H3 pasHbiX KOMHO-
#ectB. Takas cymMmma HMeerT BHJL

(m(x), i, m(x) =+ (m (1) + i) u(x) + s (x)) +
+ (g (2) + g2(x), 0, (g1 (x) + g2 () [ (x)).  (14:16)

TMockoabky H, — coepuennuiii ko, TO HMEETCH

elHHCTBeHHBI 3aement x* e S(0, 1) rtaxoii, 4T0
m' (%)= g, (x) + q. (x) + =" = H e

3ameruy, uto m’(x)==0, ecan g,(x)=0 nan f]z()f)=0‘
Tlonomum
m” (x)=x* (1 + [ (x)) 4+ m’ (x) 4 m’ (1) u(x)-

Kpowme 1oro, m”(x)& H, (cm. npumep 12.3). TlockobKy
BCEe MHOTOWIEHB paccMaTpuBaloTcs 110 mml(,’\‘"*“ 1),
umeem, uro m/(x)f(x)=0. 3amennm m(x)-+ m (x) na
m(x) u nepenumenm (14.16) rax:
(m (), iy m(x) + (m (1) 4 i) e (%) + 5 (x)) -

4+ (%, 0, x*) 4 (0, 0, m” (x)).

2) Ua (14.17) wnaxommm, uto sec W, goTopblil Mbl
XOTHM ONPEACNHTDh, eCTh

W =w(m(x) 4 )+ i+ w(m(x)-}
= (m (1) + D) u(x) + s (x) + x* + m” (x)). (14.18)

3) Ecn m/(x)%0, 10 m’(x) nmeer ¢opmy X°+
4 x/ 4 x* n, no onpenenennio, m’(c)=0. 10 BJIEUET,
yto m’(o®)= (e 4 "), rne h=j— s 0. Ecan
ae m/(x)=0, 10 m’(a®) moxno raxxe sanncaTb Kak
a® (o 4 o), rae h = 0.

4) Tlockossky m meuetHo, T0 ypapHeHHe o
mmeer h=0 kak emuncrsennoe pemenne (o€
& GF(2™)). Orciona | 4 o 4 g2 == 0 s seex h. Cne-
AoBaTeAbHo, m" ()= 4 m'(ad)= o (1 +o" +
+ a?) =0, 4 : ;
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5) Ilyets ¢ (x)— nekotopoe caoBo ¢ @(l)=0,
§(2) = o, q(z®) = o (e + ") nas HeKoToporo h.
Torpa ¢(x) mueer sec no xpaiideil mepe 4. Jlnsi noka-
3aTejibCcTBa 3TOro, BO-IEPBHIX, 3aMeTHM, 4T0 @(X), oue-
Biano, He 0 1 uto oo nmeer yeTHblil Bec. Ecin Gbl @(x)
HMEJIO Bec 2, TO 3TO BJeKJO Obl HajHyHe ABYX 3JIeMeH-
TOB X1 H xp B GF(2™) TaKux, uT0. X1 + X2 =o' H x?-}-'
+ % = % (' 4 @2). I3 3TOr0 HAXOAHM, UTO H 0=, +
ot n oo - o/ aBasioTes peIieHHSAMH  YpaBHeHHs
I 4 & - 52 =0. Ho mMpl noxasaju Bbille, YTO 3TO ypas-
Henype He uveer pewennit B GF(2™) npH HEYETHOM m.

6) Ilycrs s(x)e B,. Onperennm s’ (x)= m'(x)+
4 x4 s(x). Torga B 5) MOXHO NOJOKHTE Q(X)=
=5'(x), oTKy/1a

w (s’ (x)) =4. (14.19)
B sagmounrtennuoii uacTH Hallero J0KasaTeJNbCTBa
MBI paccmaTpupaey 5 pasiaHuHBIX BOSMOXHBIX (GOpM BbI-

pamennsn (14.17).
7) Iycers m(1)==0, i == 1. Coranacuo (14.18) nmeem

W =14 w(s”(x),

rae s (x) = u(x)- s(x)+4 m"”(x). Ilockoasky s”(1)=
s"(2)==0 n s”(a’)=0 corsacHo 4), T0 H3 Teo-

pemnt 8.6 naxonum, wro w (s”(x)) = 4.

8) Ilycry m(1)==0, i == 0, m(x)5=0. Toraa no Teo-
peme 8.6 nmcem, uro w(m(x))=4. 3naunr, (14.18)
BACYCT:

W = w(m(x) + w(m(x) 4+ m” (x) 4 s(x)) — 22>
2448 —=2=5;

BHOBL Hcnoabayeres Teopeva 8.6 1 ToT (akr, uto m(l)-+
dm” (1) s(1)=1 n m(x)+ m” () + s () =0

9) Ilycr m(x)=0, i=0. Torna us (14.18) u
(14.19) naxoaum:

W =14 w(s'(x)=5.

10) Ilycrs m(l)=1, i=0. Ilyern O (x)=m(x)+4

+ u(x)+ s'(x). Torpa @(x)#%0. Ha (14.18) HOAYYaeM;
W = w(m (x) 4+ £°) + w (@ (x)).

Mo Teopeve 8.6 w (m(x)+ x*) = 4, ecnu TonbKo m(x)—
He Tpexwien. B s1om cayuae ¢ (x) YAOBJAECTBOPSIET yeJI0-
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BHAM 5) u, caegoBatennHo, w(¢(x))=4. 3Hauur, B
06oux cayyasx W = 5.
11) Tlyetb m=1, i=1. U3 (14.18) naxoaumi

W 2 w(m(x)+ °) 4 1 + w(m () + 5" (%))

Ecau m(x) ne tpexusien, To 3aBepuiaeM JoKasaTelb-
CTBO Tak e, kak B 10). Ecan e m(x)— TpexuJ/eH, cka-
e, m(x)=x*+ x° 4+ x4 710 B 310M ciaydae m(l)+
+5/(1) =0, u, caegoBatenbHo, H3 W << 5 c/1e10B40 61,
uto s'(x)= x* + x° + x4 +x°, 1. e. m(x)+m’(¥)+
+ s(x) = x" 4+ x° & H,, — npoTHBOpEUHE,

IMyngrer 7)—11) noxassiBator, yto K, nMeer MHHH:
MaJiLHoe paccrosnue 5. R

12) Mu ysxe Bugean, uto | K| == 2mo2n-om = =50,
Hanna ciopa pagua 2n -+ 1 n d = 2{ - 1 =5. Ecai m
HEYETHO, T0

i+ () (1) +
4. 2n3+1 (2/!;#])(211;—] )_[2/13—1 ]}=22n+l'

T. €. B Teopeme 14.3 umeer MecTo paBeHCTBO.

Mpumep 14.20. Ilycrs m == 2k 1. l’;xc'gnfOTP"“‘
pacumipennniit xoa Ilpenapats K, koTopbil HMEer
aanny cnoba 4%, [To teopeme 14.9 caopa peca 6 B 910M
Kojie o6pasyior 3-cxemy o napamerpamn (4% 6, (4% =
—4) /3). B Kauecrse ynpascuenus uaTaTeio npeaaraer:
il paceMoTpeTh cayuafi k== 2, HCHOJL3Ys NpHMEp, CIE
Ayioluit 8a Teopemoii 8.4, n npumep 12.3. B s1oM cay1ae
Bm COCTOHT Jmumb ua 0 u C,,, uMeeT MHHMMaJbLHoe ])BC-
crosune 7. B cmuy muxamunocTd onpejeseiis A0JNKHO
paceMaTpuBath KomuomkecTBo C,, 3ajapaemoe NOPOK:
AA0WHM MHorouseHom ¢(x)==1 B (14.13). 210 KOMHO=
2KeeTBo Hmeer 6 caos Beca 5 u 10 caos Beca 6. B pacs
INHPEHHOM KoJe 9TH cjoBa nopoxjaior 16 caos pecd 6,
06pasyiomix 2-cxemy, coOTBETCTBYIOULYIO MaTPHIE Ana-
Mapa nopsaka 16. 3to Ta ke camasi cxema, 4TO HpHBE-
Aena mocae Teopevu 5.1 u eme paz B Teopeme 6.6.
112 Gnokos s70ii 3-cxempl noayualoTcs OfHOBpEMEH-
HLIMH WHKJIHYeCKHMy caBuraMu nosuinii or 0 go 6 n OT
8 110 14 B npeanonoskenun, uTo 06Masn nposepka Ha 4er-
HOCTL pacnosoxena na 15-it nosuuun. Baoku 910ii cXeMbl
MOryT Guith paccmorpensl kak 112 caos Beca 6 n AdH-
Hbl 6 ¢ B3auMHBIMK paccTOAHMAMH 110 Kpaiineil mepe 6.

96



llokasano, uto Takoii KOJ He MOXKET HMeTh OoJjee yem
112 cnoB u 112 mozer OBITL peasn30BaHO JHIB 6J0-
KaMH 3-CXeMBI.

B [33*, 81] noxasano, uro komamu n3 (14.10) n (14.15) siB«
JAI0TCS  TOJBLKO TOYTH COBeplIeHHBIe KOAb. B jeiicTBHTEABHOCTH:
B [81] mokasamo, uro npu e =>4 ue CyulecTByer HETPHBHAJILHOrO
paBHOMEpHO YIaKoBaHHOTO Koja. ﬂpn MEHBIHIX 3HAYEHHSX €
HMEETCH MHOFO HHTCPECHBIX npiMepoB (TakuX, Kak Gg). Bo-nepsbiX,
Aaanm npHMep paBHOMEPHO YNAaKOBaHHOro Kojaa.

Pagnomepno ynaxkoBannble KOAbl TaKKe NPHBOAAT K
f-cxemam (cm. [GO]). Tlpumepsl paBHOMEpPHO ymaKOBaH-
HBIX KOJZOB 1 HEKOTOpbLIe Pe3yJbTaThl HeCYIIeCTBOBAHHS
e, B [45]. Bee g-apubie paBHOMEPHO YnaKOBaHHBIE
KOABl ¢ ¢ 2= 4 n pce OnHapHuble pPaBHOMEPHO YMaKOBaH-
Hble KoAbl H3Bectubl M, [81].

MNpumep |1 ITyers €C-—3710 2-nenpaBasiomHit
omnbkn BYUX-kxox nz2 npunvepa 12.19. IMomuepkku Kopo-
BRIX caoB Beca O B pacuiHpeHHOM Kojie (6] 06])83}'101‘
3-cxemy. CuesoBatenbHo, UTO Kax<j0e CJOBO Beca 2 HIH
3 nmeer paccrosinie 2 nan 3 or 0 0 A KogoBLIX cJoB C
(rae A —mnapaverp sroii 3-cxemn). Caenoparenbno, C
CCTh PABHOMEPHO ylnakoBanuwii kop ¢ f=A-1, a =\

Jononnnrennio cv. [78]. Jaaee ca. JHobaearenue 18,

15. ACCOILMATUBHBIE CXEMDBI
(CXEMBI OTHOWEHHUN)

[omumo Kparkoro osnaxkomaenus ¢ TeopHeil accouua-
THBHBIX CXCM, 9Ta HOCACAHSIA 1JiaBa COACPIKHT OUEpK
uactn gneceprannn I Jleancapra, B KoTopoli MHOrHe
HOMATIA  KAACCHICCKOl TCOPHI  KOANPOBAHUS H TEOPHH
cxem o06o0uIeHB Ha KJIaCChl ACCOIHATHBHLIX CXEeM. 38
A0KA3ATEALCTBAMH MBI OTChilaeM untatens k ‘21].

Acconnatipupie cxembl Guan psejensl bBoysoM u
Hlmvavoro  [13] kak obobuienne CHILHO perysisipHBIX
rpaoB. Accoyuarueras cxema cocTonT u3 MHOIKEETBA X
BMecTe ¢ pasbnennen MHOKecTBa 2-3/1eMeHTHBIX HOAMHO-
iKeerB 3toro X na n kaaccoB I'y, ..., Ty, Y/LOBJICTBOPSIIO~
LHX YCJTOBHAM:

1) pas pesX uncno n; tex ge X, M1 KoTOphX
{p, q} =T, 3aBUCHT TONLKO OT i;

2) pas panubix p, g & X, {p, gy < I'y, uncno aiyrex
reX, ma xoropux {p,ryeTly, {¢,rt<T}, saBucur
TOJIBLKO OT i, |, k.
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Yno6ro B3aTs n «upetos» ¢y, ..., c, 1 KPacHTh pel-
PO momHOro rpaa Ha MHOXKeCTBe BeplunH X B LBET Ci
ecan 3710 pebpo npuHamnexut I';; Tak uto I'j— 310
noarpad usera ¢;. IepBoe ycaosue yTeepxaaer: Kaxabli
I‘pgtp I'; perynspesn; Bropoe: unci0 TpeyroJabHHKOB ¢ AaH-
HOH pacKpacko# Ha JaHHOM OCHOBAHHH 3aBHCHT JIHIUb OT
packpackH, a He 0T ocHOoBaHus. Bzaumojonoansiomas
napa CHJALHO peryasapHuix rpagos o6pasyer accouHaTHB-
HYIO CXeMy M3 JBYX KJaccoB H o6paTHo.

Wmeercs gBa Bamibix KJaacca accoUHaTHBHBIX CXeM,
Kotopele Jleapcapt HasbiBaeT cxemavmu XoMMHHra H
Jlxoncona; onn 060001410T COOTBETCTBCHHO KBAAPATHYIO
peweTky H TpHaHryJauHoHueie rpagu. B cxeme XaM-
munra H(n, q) muomecteo X ecth MHOKECTBO yHOPAJO-
YEHHBIX N-CTPOK H3 3JE€MEHTOB MHOZMECTBa MOULHOCTH §
(Ha npakTHKE 3TO 44cTO KOHeuHoe noJje, HO 3/ech 370
HecyuiecTaenno), a I';— 310 MHOMKecTBO nap n-cTpok,
KOTOpBIE COBNAMaloT HA 1 — [ KOOPJAHHATHLIX MecTaXx, Ijle
Il<i<<n B cxeme Hmxoncona J(v, k) c k=< v/2 MHO-
JKECTBO X eCcTb MHOKECTBO R-NOJAMHOMKCCTB U-MHOMKE:
ctBa, a I')— 310 MHOMKECTBO nap R-nojAMHOMeCTB, Mes
peceuenne KOTOpLx ecthb (k2 — [)-noamuoxecTso, e
1 < i << k=n. Cxemp X9MMHHI4 COCTABJAMIOT paCUIHpe-
HHE TEOPHH KOJAOB, HCHPABAAIOUINX OWNOKH, a4 CXeMBl
JKoHcoHa MOMKHO paccMaTpuUBATL KAK HEKOTOpOe pacs
mHpelne Teopun cxem. Mul yBHANM, YTO 9TH cXeMbl 00+
JNafaloT CBONCTBAMH, KOTOPLIC HEe THIHYHLIL /L5 acCOlHas
THBHBIX cxeM BooGuie. Cxemy [/(v,2) mozmno oToMIe:
CTBHTb C MHOJKECTBOM BCEX MOJAMHOZMCCTD U-MHOMKECTBA,
3HAUHT, OHA «COACPHHT? Bee cxeMbl Jlmoncona J (v, k).

Ecan G — tpausntuBnas rpynna nepectanoBok Ha
MHOKecTBe X ¢ TeM CBOMICTBOM, 4TO BCAKIe Ape TOYKH
B3aHMHO MEPecTaB/sieMbl HeKOTOPBIM saementom H3 0,
70 OpOHTH rpynns G Ha MHOMKECTBe 2-1o/MI0KecTn
MHOZKecTBa X ofpasyior accounatnsuylo cxemy #na X,
(310 yeqaoBie Ha G MozeT ObITL OcaabaeHO: 10CTATOYHO,
YTOOH TepecTanoBounbiii xapakrep G Obl «myabTHILI-
KaTHBHO-CBOOOAHBIM»; A0CTATOUHLI 1 emle Gosee ciabble
YCJOBHA, HO WX He Jerko (opMyJanpoBath.) XurmaHoMm
[35] BBemen 1 mayuen Gomee oGuinii KomGuuaTOPHB
OOBEKT, HA3BAHHBII HM ¢KOTEPEHTHOI 1<om1mrvpauue;"ﬂ,
KOTOpHIH TeM nce crocoGomM <onucwLiBaers neficrsie Mpo-
H3BOJBLHOM rpynnu nepectatoBok. (Ocuosnoe oranyule B
SaMeHe HeYNopA/0ueHHBIX Nap YIOPAAOUeHH LML)
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AccounHaTHBHAs cXeMa HasbLIBaeTcs  Merpudeckotl,
ecad Iy ecTb MHOJKECTBO nap TOUEK, OTCTOALLHX APYr OT
apyra Ha paccroanun i B rpade I qaa 1 <i<<n. (I
B 3TOM cJyyae Ha3bIBACTCS MeTpPUHecKu pecyAspHoLM,
HIH coBepluenHo peeyasprois epagoa.) CHibHo pery-
AapHBI rpad ABASETCH METPHUECKH DEry/isipHbIM, HO
IS n > 2 MeTpHYECKHe CXeMBl, MO-BHNMOMY, AOJIKHLI
6LITH BechbMa PEIKH Cpein accoluaTuBubuly exeM. Oanako,
cxempl Xammuura n J[Koncona, Kaxk Jerko BHAETD, sB-
asores TakoBbimu. (B exeme [ (2k 4 1, k) rpad 'y mer-
puueckn peryasipen.) Cxema sBJAsSeTess MeTPHUECKO
Torjaa 1 TOJLKO TOMa, Koraa a;: =0, nexaouas cay-
yan, korpa |i—j|<k<<i+-j (370 Kak pas u ecTb
€HEPABENCTBO TPEYrOAbHHKRY) 1 Gy 7= 0 1as 1 < i <<
=sn—1.

Jlag ynpoutenns (GopuMya pacuipum o6jaacTb onpe-
aejaennsn Hijaekcon, Brmouns 0, noaoxus ny =1, aijo=
= 01, ior = Qoix = Oir. (DTO MOIKHO NHTEPNPETHPO-
paTh Kak 10, uTo I'y ecth rpad), B KOTOPpOM Kazjaas Bep-
wuna eMezna cebe nonnkakum apyrum.) Tenepn stn na-
paMeTpul YIOBJICTBOPSIOT sy TOXKACCTB, HANpHMEp,

i == Ay MpQypp == Ny,

n

1

A L5
L Ay == Ny, L ApitQypm =

=0

=0

(15.1)

n
- Z Aremijre
k=0

(TTocaiejiee paBeicTBO NOAYUACTCSH, €/ JABYMS CHOCO-
Gamu, Kak noxasano wa puc. 5.1, nogcunrteiBath nyru

Pue. 15,1,
UBETOBOI NOCJACA0BATENLHOCTH €1, C;, €j, COCAMISIOLIHE ¥
cy, rae {«\'v 1/} e Im~)
: ITycrn A;— maTpuna cmexnocty rpapa I u Ay = [,
Torpa

n

o
A= ,LUHI//LAIA

=
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SHAUHT, KOMMYTHDYIOIIHEG CHMMETPHUYECKHEe MaTpHIH
Ag, ..., Ay sapaior (n+ 1)-mepuyio zeiicTBHTENbHYIO
aarebpy, naspiBaemyio aazeGpoii Boysa — Mecnepa [12],
W YenTparviol aazebpoi [35] cxemsl. (Bropoe mHa-
3BaHHe BHITEKAeT M3 TOro (akra, 4To ecJH cxeMa Noay-
U€Ha M3 rpynfel NepecTaHoBOK, KaK 3TO ONHCaHO BHIUIE,
TO 3Ta aarebpa ecTb B TOYHOCTH MHOZSECTBO MaTpHI,
KOMMYTHDYIOUIHX €O BCEMH MaTpHUAaMH B MaTPHYHOM
NpeACTaBACHAN TPYNNEL.) 3aMeTHM, YTO ec/H cXeMa MeT-
prueckad, T0 A; NOpoAAAET LEeHTPAJILHYIO ajareGpy.

Coorvomwenns (15.1) unrepnperupyemur B TepMHHAX
CTPYKTYpLI 970 aareGphl; B 4acTHOCTH, lepBoe H BTO=
poe osnauaior, uto AA; = AjA; u (AA) A = A(AiAy)
COOTBETCTBEHHO.

Kak u paa cnasHo peryaapubix rpadon, sjaech BazHbl
coberBennnie sHavenns mMatpun A; u nx kpartnoct. JLas
yA06CTBA MBI FOBOPUM O (HENpUBOJAMMEIX) Npe/icTaBies
HHAX, AN XapakTepax, aareGpul Boysa — Mecuepa; Xa=
pakrTep ectb HpoeTo (PYHKUHA, CTABAILAA B COOTBETCTBHE
KaX/I0ii Marpuie ee coferpennoe anauchue na o6uleM
BekTOpe CcoOGCTBeHHBX 3nauennil. (3amering, 9T0  ITH
MaTpHIb  MOTYT ObITL OAHOBPEMEHHO J1HATOHAANZHPO=
panol.) Henpupoanmpie npejcrapicinis u Hx KPaTHOCTH
OHPQAQJIHK)TCH H 0"[)(,‘][0.']7110‘[ napamerTpbol i, TAKHM
oﬁpasoM NPOABAAIOTCA «palHOHAILHEIC  YCIOBHA» ans
APOHSBOMBHEIX cxem. Onuienm 5T0T nponecc,

Onpeneany emaTpuis nepeceucinfi> My, 0 =< i<,
no npasuny (Mi)im == aim. Torna

n n n
(MMy)m = ’Z;amaum ="E{]a1k:u(llllr = (/qu ayy, M/,-) .

Im

n
3uaunr, M,-M/=Za,,kMk n otobpaxenne A; =M
fem=0

HUAYHHPYET usomophusm sTux aare6p. 3unaunTt, HenpH-
BOAUMBIC NPEACTaBACHUST MOMHO HAXOIHTL ()JHI()B[)CY\'IEH‘
HBIM JHaronannduposannes M. (Dtux mMatpun oGbUHO
MHOPO Meublne, uem A, U 3aBHCAT OHH TOJBLKO OT napa-
METPOB @iz, @ He 0T KOHKPETHOM CXeMBbl. )

Hyers pg, ..., p,— HenpuBoanMBle  npeacTaBneHNs]
MOJKHO HPEANonokuTs, uto po(A)=rn; naa 0 i<n
(po cooTBETCTBYET COGCTBEHHOMY BEKTOPY M3 OJHNX 1).
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Ilyersb |1, — KpaTHOCTE pm. Toraa po=11u
[ X [0 =Tr(A)= X knom(4)

€CTh CHCTEMa JIHHEHBIX ypPaBHEHHI A/ KPATHOCTEI iy,
O0pariio, npeanosaraenm, uto pm H [u H3BECTHH. Ba-
JEHTHOCTH @; ONpeAesiores Kak po(A:), nan

n
| X |6, ="Tr (A4;A)) = ’;:0 WP (A7) P (4)).

[Mopcuntrinas TPEyroJdbHHKH ¢ peGepHOii packpackoii ¢,
¢y, Cr, MBI ONIPEACJISIEM Qijkt
n

| X |aga,;, = Tr (4 1,'/114"1/‘;) S ’Z 10 (A7) P (Aj) Pm (Ak)-

=]

Ecan cxeva MeTpHUeCKasi, TO Npolecc ynpouiaercs,

Bo-neppuix, A; nopoxaaer aare6py Boysa — Mecnepa;
aHAuNT, MBI JIOJIZKHBL JIIL Anaronaansuposats M. Bo-
BTOpLIX, 9Td MATPHIA TPeXAHAroHaabia, 3HAUNT, OHa
Jierye JjauarouaJinsupyercda noee coOCTBCHHbIC 3HaAYCHUST
pagauint. [Toumi pee NPHAOKENHS PalNoHANbHBIX yc-

JOBHI L5 AcCOUNATHBHLIX cXeM ObIIH HMEHHO K MeTpH-
qeckum cxevan; rteopema Baunan n Hro [7] n Hame-
peana [20] o rpadax Mypa Tomy Xopoumii npumep.

Myct, P (n - 1)X(n - 1)-matpuna ¢ (i, k)-m
gaementonm po(Ag), 7. e «rabinina XapakTepoBy» ajre6put
Foyan Meenepa; nyctb Q MatTpuua, onpejensgemasn
coornomenney PQ == QP =|X|/. VI3 ranassl 14 Bugum,
yro Q) MO0 TakKe onpeaeants, kax Ay 'PTA, rie
n=_(no, ..., Mu), W=(Ho, «.., n), H UTO MJISI KA}KAOTO
u A, ccrh anaronajbHas MaTpHUa € AHATOHAJLHBIMH
HjaeMenTamn KOMIIOHEHTaMHu 1.

IKoj, nenpapasioninii omnbKH, ecTh NPOCTO NOAMHO-
Meerso Y — Toueunoro mMHoxecTBa X cxempl XoMMHHPa:
safimencs paccroamiem (B rpade I') Mexuy aByms ujte-
Hamn Y wan mexay usenom us Y on unenom ua X, Has
(popmanusannn  Toro JleavcapT BBOAMT ISl BESIKOTO
noaMuozKectBa Y Toueunoro muoxecrsa X mo0oii cxemu
ero euyrpenuee pacnpedesenve @ =(ao, ..., ty) 10O
npasuy

a=|Y [ F,nr2)
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rae To={(x,x) |x= X} n T:={(x,y)|{x, y}=Ti} nna
1= 0, u pacnpedeaureavnyio smarpuyy B MHoxectsa Y
kak | X| X (n+ 1)-marpuuy, (x,i)-ii 37eMeHT KOTOPOK
ecthb By, i =|Ti(x)N Y|, x= X, 0 < i << n. Takum obpa:
30M, dg=1 u a; ectb cpeaHssi BaJeHTHOCTb rpaga
l‘i| Y. I‘OBOpHM, YTO MHOMKeCTBO Y ecTh pea2ynipHoe nod-
MHONCECTRO, ecan kamawpil rpad 1:|Y peryaspen (c Ba:
JACHTHOCTEIO a;). Ecay Y — peryasproe N0oAMHOKECTEO,
TO CTpoKH B, coorBercteyioutie ToukaM Y, paBHH a4, H
1a060por. ;

Kakaa (n+ l)-cTpoka smomer CaAymKHTh .HllyTp(.’HHHM
pacnpenenennes nexotoporo noavuoxecta? flcno, 410
BIEMENTH! CTPOKH J04#HE OBITH HEOTPHIATEbHBIMH pas

n

£
UHOHANBHBIMH YHcAaMy ag == 1, a YHCJI0 IL‘ a;=| Y=g
()

ueniM. deascapr namesn Goaee cephesioe HeoGXOAHMOE
yeJoBHe:

BB - —’~; PTAagP.
A

210 BHITEKACT 13 Toro, uyro B al) Bee KOMIOHEHTH HEoT:
PHULATEILHEL *

A1or pakT ¢ uenoapzopanneM TEXHHKH JHHEHHOrO
nporpaMMupoBanus npumencn JleapcapTom A HaxoK:
ACHHA rpauun s ofneMon NOAMHOMECTE, BHYTpEHIne
PACNPEACICHNS KOTOPBIX YAOBACTROPHIOT PABTHTHEIM Y€
JIOBHSIM.

Sleno, uto mam pioGuix paszanunbx AcicTBHTEALHBIX
YHCeN 20, ..., 2, Moo nafitn muorouacus Mo, ..., D
KaXIBii - creneny ne ppme 1, Takne, 110 Puo= My (2)
mn 0<<i, k<< n. Jleascapr naswipalor cxemy P-noai:
HOMUAAbHOU, ecan wyveercs Takofi HAG0P YHCEN Zo, ..y Znm
2p=0, A1 Kotoporo @ nmeer crenenb k ans 0<k<.

Q-noautonuarsupie cxemp ONpeAEaAIOTCS aHanorny-
1O, 3aMenoii P pa () p onpeneaennn. BooGuie ropops,
HOJHHOMHANBABIC cXeMpl JIOBOJIBHO PEAKH Cpein acco-
WHATHBHLIY CXeM; 1y P-niosinHOMHAJBHBIC, HI Q-1I0JIHHO-
MUANBHBIC YCI0BIs e caeayloT OJHH 13 APYTHX, HO NpH-
MEUATeIbHO, uTo Baskupe cxemMbl XaMMuHra i Jl3xoHcona
ABAAIOTCH Kak P- qag y Q-noJAnHOMHAMbHbIMH. ([Las
cxem. XoMmunra P — (, aast cxem  JIxkoHcoHa,
2i=0(0+1—) pgg P-uHOrowneHoB H zi==i mas Q-
MHOFOUACHOS, Magryyecky MHOFOUJICHAMH, He roBops O
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TPHBHA/ILHBIX MOAM(UKAUHIX, JUIS STHX ABYX CXeM fB-
Jsiores Muorouwsenb KpaBuyka u O6epiieiiHa cooTBer-
CTBeHHO.) 3amerHM, 4To P-NoJHHOMHAIbLHOE YCJIOBHE 38«
BucHT OT ymopsizouenus rpagos I, B To Bpems kak Q-
NO/IHHOMHAJILHOE YCJIOBlE 3aBHCHT OT NPEACTABJIEHHI pj.

P-HoJIHOMHAJBHOE YCJIOBHE HMEeT NMpPOCTYI0 KOMGH-
HATOPHYIO TPAKTOBKY:

Teopema 15.3. Accoyuarusias cxema seasercs
P-noaurosuaivroll Toeda 1 T0abKo To2da, Ko20a oHa
A6AReTCA ,lh‘l[”!'[(’l‘h'()ll.

[TokasaTh 5TO MOXKHO BechbMa ITPOCTO, 3aMeyasi, yTo
cxemMa SIBJSIeTCsl METPHUeCKOil Toraa 1 TOJBKO Torja
korga A; MHorou/jen ot A, cTeneHu i Aas 0<i<n,
Anajsorinuioil XapakTepHCTHKH IS Q-.\moroqnenon\ué
oGnapyzeno. OaHaKo Ul HHX JONYCTHMO cllefyiouiee
ppejctapacnie; Q910 P-MaTplila accounaTHBHOIL cxe-
MBI 1 ONpEC/IIM ee cunc/a nepeceuennit> bijx no Bhle-
ppupeicniofi  gopmydae. 910 OVIYT HeOTpHUATeJbHbIE
yueaa ¢ bipo ;1)(\,, VAOBJICTBOPAIONIHE COOTHOWIEHHSIM
ApaJoruuiLiM TeM, KOTOPBIM YIOBJCTBOPSIIOT @jjk. Torna,
cxema Gyier Q-MOJHHOMHAJILHON TOMJIa N TOJLKO TOrja
goraa bijy YAOBJACTBOPSIOT <HEPABEHCTBY T])Cyl‘OJ]bHHKﬂ’,
7, e Piye=0 Bcioay, Kpome |i—j|<k<i+] i
by =0 am 1 <isn—L )

Cymmapnote HHOZOMACHLL B P-110JMHOMHANBHOI cxeme

k
onpesesioTes Kak Y, (z) = Z Oy (2) s 0< k <n

Anajornuno (rll[H‘H':‘I’/HH'I’(')I CYMMApPHBIC MHOrO4JIeHb M
B Q HOJNHOMIAJBLHON cXeme.

[TpeanonoxnmM, nmMeercs P-nosmnoMuansnas (1. e
MeTpHiecKas) cxema Ha X. Jlas xaxporo Y= X Onlpe:
AeJIHM MURUMAALHOE PACCTOARUE Na Y Kak unpekc nep-
BOil HENnyJACBOil nocje @y KOMIOHEHTLI €ro BHYTpEHHero
pacnpejeseiis @ i OUPCICHNM GHCWHEe paccrosuue r
KK WICJA0 HEHYJCBLIX KOMIOHeHT a), Hekiiioyas (aQ),
MunpMaJbHOe paccToanne, OYEBHJHO, SIBJSETCS MaH:
MEHBIIHM PACCTOSHHEM MEKAY JABYMsI PasiHYHBIMH TOY-
kamn u3 Y. Hassanie «BHEUIHEE pacCTOSHHE» ONpaBLaHO
tem, uto Jiobas Touka M3 X JICKHT HA DACCTOSHHH He
Gosiee uem r OT Ji00OH TOUKH H3 Y, XOTS r MOKET H He
GBITh HAUMEHBLIIHM,

Teopema 15.4. MTycre Y — nodmnoocecreo X ¢ mu-
HUMAAOHBLAL PACCTOARUCM d U BHCULHUM PACCTOAHUEM r)
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nonoseum e =[(d—1)/2]. Toeda

g € r
Az X
F Z”‘<H<Z”"'
i=0 i=0

(B uacrnocru, e << r.) Ecau odna usz stux epanuy 00-
cruzaerca, 1o doctuzaerca i dpyeas.

Hoxasarteascrtso. [Lisg BeAKkoro uesoro ¢ «ap
Pajuyca ¢» ¢ HeHTPOM B ToYke x (T. e. MHOZKECTBO T0-
YEK, OTCTOAlMX 0T ¢ He GoJee yem Ha x) COHEPKHT
c

‘Z n;  Touex. Ulapu paauyca e ¢ uenTpamu B TOHKaX ¥
=0

NoNapHO He nepecekalorcs, B TO Bpems Kak iuaphbl pa-
nuyca r mokpeisaior X, OTciopa ciejpyer yTBepHACHHE
TEOpeMLL.

Moo pate u uncTO ajrebpanyeckoe JloKasaTedb:
CTBO, OCHOBLIBAS ero Ha P-nosunomiajabioli KOHUEHt
H MeToiax JAMHEHNoro NporpaMMuponains, orMedeHHbx
panee.

TMoamuomecTso, AccTHrajoliee rpayuib 13 TEOPE
Mbl 15,4, Hasupaercs cosepuienuoiyt e-KkojaoM; 9T0 T1pos
€10 noaMuomectso ¥ < X, obaajnaiouiee Tem cBOACTBOM,
uTO Besikas Touka u3 X coctout ne Gojee uem Ha € Of
HEKOTOpOIl eanncTBennofi Touky us Y. Ero MHHIMaALHOE
paccrosiune papHo 2¢ - 1 (ayume, yem 2e¢ -4 2). B cxe-
Max XaMMuHra npuMmepamip ToMy MOryT cAaymuTh KO/t
Xommunra u agen. [lapa nenepecexaiomuxcs (2e+ 1)-
MHOKECTB 06pasyer copepuiennbiii ¢-koj B cxeme Hon:
cona J(de-4 2,2 4 1), Takme, B cxeme Jlaoncoud
L(2k 41, k) ¢ nmoii metpuxoii, onpeeanemoii rpagoM
Iy, merpymno noxasats, uro cosepuennnifi 1-koj €CTh
(B—1)-(2k + 1, k, 1)-cxema, n o6Gpatiio. Mapectubl npi:
Mephl ¢ k=3 u k==5. burrcom [10] npupeaens HAbE
TPUMEpDI.

‘Han6onee cnasuoii TeopemMoil 0 KaaccinyeckHx COBEP:
WIEHHBIX Kojpax siBasercs Teopema Jlnoiina, koropasd Ha
HNPOH3BOJLHLIE METPHYECKHE CcXeMbl o00oOmiena He3aBl-
cumo Jleancaprom u Burrcosm [10].

Teopema 16.5. Ecau coseputennsiii e-x00 Y cyuje-
cT6Yer, 10 wyau cymmaprozo suozourena W,(z) codep:
aarca 6 muowcecree {zi, ..., 2n} U GHYyTpenHee Pachpe:
ﬂd)e;zzenue Y onpedeanerca nocpedcreom e u napamerpos
cxemuol,
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3amerns, uto ¥, (z) 3aBHCHT JHUIb OT € H MapaMeT-
POB cxeMbl, a MHOMKeCTBO {21, ..., Zn} €CTh MHOXKECTBO
KopHeii W, (z); 3uaunr, nepsBas yacTb TEOPEMbl MOXKET
ObiTh Bhipazkena Tak: We(z) meant ¥,(z) B R[z]’. D10
MOZ(HO CPaBHHTL ¢ <yCJOBHEM c(epHueCKOH ynaKoBKHY,
KOTOPOE TIJIaCHT, u 10 ¥, (0) (oObem chepnl pauyca e)
Aeant W, (0) = | X| B Z. Haaee cn. Hobasaenue 19,

Teopema 1.,4.) noJieaia g onpejesienns napamer-
POB coBepuieHHBIX KOA0B B cxemax Xommuura H(n, g),
e ¢— crenens npocToro. AHaJOTHYHOE HCCHEN0BANNE
cxem Jxoncona Obwio payato JeabcapToM. 3aMeTHM,
OHAKO, 4TO s coBepuieHunlx 1-xkomoB B J(2k + 1, &)
¢ Mmerpukoii, sajaaBaemoii I'y, Teopema 15.5 nokasmiBaer
JMIL, 4TO & HeueTHo; GoJee CHJbHOE 3aKJaioueHHe (0 ToM,
u10 k-~ 2 — npocroe) MoxHO BuiBecTH H3 (1.1).

Unrarean, naseploe, yzxe ToAMeTHJ (opMalbHylo
«jpoifcTrennocTey Mexay P oy Q, BO3SHHKAIOUYIO B pas-
JHYHBIX MecTax, IJTa ,I11()1'1('x‘nvnlloc‘l'l, HABOJIHT HA MDICD,
UTO MOZKHO [OJYYHTH Pe3yanLTaThl 0 Q-MOJHHOMHAMbHBIX
cxeMax, Mox¢ ¢ na reopemsl 15.4 n 15.5. IlelictBuTeNb-
HO, pasg yHac 7o eJIHHCTBeHHass BOSMOXKHOCTL B IOHCKaXx
STHX pes aToB, NOCKOJABKY Mbl He o0JiafaeM AOCTaTOY-
HO XOpoliell reoMeTpHuecKoii nurepnperaunelt P-noJuHo-
MHAJLHBI BCC I0KA3ATENLCTBA JAOJMIKHBEI OBITL YH-
¢1o aareOpanucckiuni. 10 NOATBEPIKAAET, YTO TOUHBIE
ANAJOTI 9THX Pe3YALTATOR CYLUIECTBYIOT, HO OTCYTCTBHE
reomerpuuect FPAKTOBOK NPenaTCTBYeT HX OTKPLITHE,

B Q-noannomuaavuoii cxeme na X OnpejesnsemM maK-
CUMaAbHYI0 UHTeHCUGHOCTL | ToamHoxecTBa Y < X Kkak
Ha eIy MeHbinfi HHaeKe nepBoil HeHyJeBol rocie
(aQ)o xomnoncuTul al) n onpeaeaseM CTeneHs S Moj-
Miozcectna Y Kak uHca0 HeHyJieBbIX KOMIIOHEHT d, He-
Kaouan ag rjiaec a pHyrpennee pacnpejpeaenne Y,
Takum oGpasom, nmeem JBOHCTBEHHOCTh f <> d — |,
§ <> r. I1a CTENCHL CCTh YHCJIO KPAacoK, BCTPeUarouiuxes

B cyzkenyn cxempl Ha noamHoxkectso Y. CMBICA MaKCH-
MaJabHoll MHTCHCHBHOCTH HEe CTOJb OuyeBHJICH, H J10JI2KeH
PACKPLIBATLCA B KAZKIOM KOHKPETHOM cJydae.

Teopema 15.6. ITycro Y — nodmuoncecrso X ¢ mai-
CUMAALHOL UHTCHCUBHOCTHIO | UL CTeNeHbIO §; HOAONCUM
e=1/2. Toeda

12_2“ M <ba = Zu,.



(B uacrnocru, e < s5.) Ecau 00na us stux epanuy docru-
eaerca, 10 docruzaerca u dpyzas.

[onmuosxecTBO, AocTHTAlOUICe 3TH TIpaHHIb, HAa3H-
BAaeICA NAOTHOU 2e-cxemotli; NPHYHHLI TAaKOro onpeiedne-
HHA CcTaHyT sicHbl Huze. Ee MakcumaJsbHass HHTEHCHB-
HOCTh 2¢ (a He 2e -+ 1).

Teopema 15.7. Ecau naornas 2e-cxema Y cyue-
CT6YET, TO HYAUu cymmaproeo muozounrena W.(z) pacno-
AOdCeHbL 6 MHozcecTee {zi, ..., Zn} U GHYTpeHHee pac-
npedeaenue Y onpedeaneica nocpedcreon e u napamer-
po6 9Toll cxemol.

OTMeTHM HHOJ pe3ysbTaT, KOTOpLIl ABofCTBEH MeHee
H3BECTHOMY pe3yJbTaTy AJsA METPHYECKHX CXeM.

Teopewma 15.8%). B npednoaosicenunx teopemot 15.6:

1) ecau t=s—1, 10 Y — pezyrapnoe nodmHome-
CTB60;
92) ecau t = 25— 2, 10 cymenue dannoi cxemol Ha Y
npedcrasaner coboll accoyuarusHylo cxesmy, KoTopas
Q-nosuHomuaabHa € KPATHOCTAMU  Wg, ..., [s-1, H

|

=
¥ 1= %

Juas nac Baxuocts pesyantatoB 15.6—15.8 ocHOBbI:
Baercs Ha caeaylomenm paxre.

Teopema 159, Makcusarvnan unrencusrocto |
nodmuoocecrea Y o cxeme Howoncona I(v, k) pacrna TOMY
nauboavweny t, 0aa koropozo Y avanerca (-cxemol.

Wnrepnpernpyem Tenepb aToT pesyantat B Tepmuiax
t-cxem. Jas storo Ham nonagoGures Tor (pakt, "TO

M v
kparioct B J (v, k) sajpaiores Gopmydofi g = (l

—(1 v,). 0 << i<<k. D10 MOKeT GLITH JIOKa3zano HENo-

CPEACTBEHHO PACCYXKACHHEM, HCHOJLAYIOUM BAOKCHIE
anre6pw Boyaa — Mecuepa cxemut J (v, k— 1) B anre0-
py cxembl J(v, k), min paccymaennem, ocHopanHbiM Ha
TEOpHH XAPAKTEpPOB CHMMETpHUECKoil rpynnwi. Crernenb
CcXeMbl €CTh UHCJIO 3HAuYeHHil, NpUHUMaeMBIXx o6beMoM Te-
peceuenns JABYX pasapunbix Oa0koB. Takum 06pa3oM,
YUHTBIBAA, UTO DAaCCMATPHBAIOTCS JIMIIL cxeMbl ¢ R<
= u/2 u Gea KpatHbIX OJOKOB, HOJyuyaeMm cJjeayiouLylo
Teopemy.

*) B uosom papmante Teopemn oTcyTcTByer n, 1), (/Tpum.
nepes.y
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Teopema 15.6% 1) f-cxena uneer no Kpainet
sepe (:) 6a0K08, 20e e = [t/2]; pasencTéo umeer

Mecto 7To020a u TOALKO TO20@, Koeda 3TO  €cTb
2s-cxema.

v
2) 0O-cxema crenenu s umeer He Goaee 4em (s) 610~

K08; pasencTeo umeer mecto Toeda U TOALKO T0204,
Ko2da 3Ta cxema s1648e1ca 2-cxesoll.

Takum oGpasom, 1) oGobuiaer HepaBeHcTBO Puuepa
(cm. Teopemy 1.5); 3710 GbIIO M0Ka3aHo B oOlleM caydae
Busibconom [72] mocae Tlerpenioka [52], AokasaBuiero
nepsyio wactb npu f == 4. I'laoTusle 2-cXeMbl 0Ka3blBaloT-
CH NIPOCTO CHMMETPHUHBIMH 2-CXeMaMH.

2) oGobumaer npeayaoxenne 3.4.

Teopema 158, B (25— 2)-cxeme umerowieti cre-
newy s, s ornHowenut Ha 6aokax, onpedeasemole MOUy-
HOCTBIO nepeceycnus, obpasyror ACCOUUATUBHYIO cxemy.

10 obobuaeT Teopemy 3.2; KpaTHOCTH, 3aJlaBaeMble
Teopemofi 15.8, corsacylores ¢ naiileHHBIMH B Teope-
Me 3.2 12151 KBA3HCHMMETPHUHBIX CXeM,

Teopema 15.8 — «nananyuinas Boamoxnasiy. Pacemor-
puM cxemy Touek n miockocreit B AG(4,2). 910 ecThb
3-(16,4, 1)-cxema; ona nveer crenenb 3 (MOCKOJbKY ABa
Gaoka umelorT He Oojiee ABYX OOUIX TOYEK); HO YHCIO
6210K0B, HE NepeceKkalonxes ¢ Jlantoil napoii nemnepece-
Kalommuxest 6JJOKOB, 3aBUCHT OT HapayicJabHOCTH 9THX 3a-
pamnpx Gaoxon. Tpumepamun 4-cxem co crenenbio 3 ciy-
aar H-(24, 8, 1), 4-(23, 8,4) (ocraTounast Juist nepBoit),
4-(11, 5, 1)-cxemur, 4-(23,7, 1)-cxema ecTb efAHHCTBEHHAS
HaBecTHan maoTHas d-cxema u BooOuIe eJIHHCTBEHHAs] H3-
pectTHas njaoTHas 2s-cxema npu s > 1. 1o eule He jgaer
HOJHOMN  XapAKTePHU3ALMH, XOT# HeKOTOpLIl nporpecc H
pocriurnyr Buavconom, Hopa n Mro. (Pesyawrar 15.7
OKA3LIBACTCS  TOJC3HLIM -~ HHCTPYMEHTOM  JUIsl  9TOrO0.)
Cpapnnre npepjoxenne 3.6 n saMeuanus, cieayiouue 3a
HUM.

Makcuvanpias HHTEHCHBHOCTBL HMEET XOpOLIo H3Be-
CTHYIO TPAaKTOBKY B cxemax XsMMuHra. MakcumanabHas
MHTEHCHBHOCTL MOJAMHOZKECTBA €CTh HMPOCTO €ro MaKCH-
ManabHasg HATEHCHBHOCTL KaK OPTOrOHANBLHON TaGJuibl,
Kax onpeneseno Pao, xoropwiii soxasan teopemy 15.6
B stoM cayuae. (Oproronanbuas Tabiauna HHTEHCHBHO-
¢rH [ ecTh NOAMHOMNEECTBO Y TOUEUHOIO MHOMKECTBA cXe-

107



€ TeM CBOICTBOM, uTO
MeCT Kazxaas (-CTPOKa OjIHI
Ha 3THX MecTax.)
€ 3aMeyaHie o JBOICTBeHHOCTH.
0cobenHo B addurusrslx (gomycl
~abeseBy rpynmy aBTOMOP(H3M|
deolicTéennble cxermvl, 1 KOT
ABAAIOTCA COOTBETCTBEHHO Q- H P-M
i cxembl. AJINTHBHYIO cXeMy MO
- Kak koabuo Illypa na A u arta j
ICYeTcA ¢ KOoHuenuueii, onpejedne
OYedHBle MHOZKECTBA 3TOil CXe
{ JKAECTBAAIOTCSA ¢ rpynnoit A u 1
noii A’ (rpynna xapaxtepon rpynn A
ynmel A COOTBETCTBYET NOArpYynI
BO XApaKTepoB, ube cysKeHHe Ha
pennne pacnpejaejenus a u a’ cl

=aQ, |Y'|la=a'P.

, 6aaroaaps ABoiicTBEnHOCTH, N4
W { W napaMeTpsl r M 5 B3aUMHO 38
XoMmunra ABAAIOTCA  a/IHTHBHLIMA
| ABOACTBEHHEIM; AAA  HHX  COOTHONIEH
BEIpaykaer TomaecTsa MaxBuabamc
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JAOBABJIEHHSA U3 BTOPOro U3JIAHHA

1 (x cTp. 13)

AHaJOMHURLIM BONPOCOM MOMHO 337aThCA o OTHOCHTEJbHO 60ACE
obunx cxem. Ilyers D — cumuerpuunan 2-(V, K, %)-cxema # B—
ee Giox. Ecan ynamite us 9 Gaox B u pee cro Toukh, T0 1oAY
HeHHan crpyirypa D? obpasyer 2-(V — K, K — 1., 7.)-cxemy. Ecan
nooxuts U= V—K, k=K—1, 10 0v="F(k+4 h—1)/A M
nasusaem D° ovmernoli (ocrarounoi) cxesofi cxemp D OTHOGH:
Tenplo Gaoka B. Tlponspoavnan 2-(v, kb, 2)-cxema ¢ napameTpasi
U= k(k+h—1)/p wasmsaerca reasuocrarounon. Ecrectned B0
HpOC: KAKHE KBAIHOCTATOUHHE CXEMB! ABAAIOTCH OCTATOMUBIMH?

Kpasupuuernan cxema ¢ A= 1 eccrn 2-(k% F, 1)-cxema, T &
appunnan nAOCKOCTL, # 3MAYAT, BHUCTHAA CXema. JT0 TAKKE DEPHO
i npn A = 2 no reopeme Xoana u Kounopa [267]. Mu jnoKaxeM
a1y Teopemy i chopmyanpyes reopemy Boysa, Ulpnxxanne u CHEr:
xa [6%] npw paccmorpennn kpasupLueTHLX cxem c ) < 2 p ra. €da
CTHYHBIC reoMeTpui». Mumelores wpasuppivetnuie cxemnl, He ABAAIO
1gHecst BEYCTHLIMHI; cm. pan JIunt [357]

2 (x crp. 15)

Teopema 1.12* Ecau 3-(v, k, 1)-cxema 9 noanerca pacitts
PeHUEH CUMMETPUNHOM 2-CXCMBL, TO OMNOAHeHD O0HO 13 CACOYIOUUE
yeaosull: 1) D— adanaposa 3-cxemna; 2) v = () 4 1) (42 4 Bh 4
+5), k=(A4+1)(A+2); 3) ve== 112, ho= 12 he=|; 4) Vo=
= 496, k=40, A = 3.

Hokasareaberno. Bonepoux, samernm, uro 3-cxema D
ABAACTCHA PACIIHPEHHEM CHMMETPHIHON 2-cxemir Toraa H TOALKO TO<
rad, Korja mbeskHe jpa Giaoka cxemm 2 nepecerajores n 0 mGo
B A+ 1 Toukax; B 3-(v, k, 1) -cxeme ¢ raxnmn cpofictnamn r == v =1,
A=k—1, (v—=2)A=(k—1)(k—2).

Iyets B & D; ecan p, g = B, 1o nafinercs kh/ () 4 1) GAOKOB,
COJIPIKAIIMX p 1 g W nepecekawomux B p A -1 touxax, n 3naunt,
(k—h—1)/(A+1) Gaoxos, ne nepecekawummxes ¢ B. D10 NOKa-
SHIBAeT, UT0 MHUWACHTHOCTHAA CTPYKTYpa Dy, uby TOukM CYTh TOUKH
BHe B, a G6uokn — Giaoku, He nepecekawommeca ¢ B, ob6pasyer
2-(v—k, k (k—K—1)/(A+ 1))-cxemy. Cornacno (1.2) n (1.3)
(. nprmensan (1.7) « D) uucao 6aokon cxempl @, paBHO

(O—Fk) (0—k—1)(k—A—1)/(k(k— 1) (% + 1)).

Ecan cxema 2y pripoxaennan (umeer, no eanncrpennsi, 6J10K),
T0 v =2k otkypa v =4(A4-1), b= 2() 1), n auaunr, D ecth
ajamapopa 3-cxema. B asprepuartnsnoy cayyae nprmenenne Hepas
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peHersa @umepa k Dy BJEYET, UTO
—k—1)(k—2—1)Zk(k—=1)A+1),
(k—1) (k— (A +1) (2 +42)) >0,

n  spaunt, k=(A+1)(A+2). Ommako b=v(w—1)/k=
= (k* — 3k + 2 +2) (k* — 3k + A+ 2)/(kD?); smaunt, % jenmr
2(h+1)(A--2). D10 e paccyijeHne NOKA3LIBACT, UTO eClM kb —
=2(A+41)(A-2), T0 A= 1 nan 3, yto 1 BAever cayuan 3) 4)
teopembr. Ecan k= (A +1)(A4-2), 1o noayuaem cayuait (2).

3 (x crp. 16)

Haunm caeayiomnm o6LEKTOM B 3TOff riaBe cayxar opas,
Mycrs & — cummerprunas 2-(v, k, 2)-cxema. n-ayra ecth MHOMXecTo
w3 n touek 9, B KOTOPOM HET TPEX TOUEK, JeKANMX B OAHOM Go-
ke @. Jlas pannofi n-pyrn S Ga0k B masuiBaercs cexanrom, Tam-
2eHTONM WA NACCAHTOM K S, eClH COOTBETCTBEHHO [BﬂS|='2_ 1
w0,

Mpepnnomenne 1.13. JTwo6Gas rouxa n-Oyeu 6 CUMMETPUMHOL
9-(v, k, 1) -C aeocur wa (n— 1)k cexanrax u k—(n— 1)\ ray-
eenrax. B wacrnocru, n < 1 - k/h.

JlokasaTeabcTBO. Iyers S —n-ayra u pesS. TToncun-
raem napu (g, B), rne B — cexanr, conepxaumit pu q, g8,

n-pyra HaspipacTCS O s Tuna 1, ecan xaxpan TOUKA JIexnr
wa exmiersennom Taurente (T e = 1--(k—=1)/A), n osaron
suna 11, ecan n-pyra He NMMeer Tanrentos (1. e n = 1 4 &/A). 3a-
MOTHM, NTO OBAAL MOIYT CYNICCTBOBATH TONBKO ecan Alk—1 mn
M/, COOTHETCTRENHO,

Mpennoxenne 1.14 w cusmerpunas 2-(v, k, L) -cxema
umeer onaa runa 11, 70 k — A uerno,

Noxasareasvcerno. Ilyers §-—onan, a p—1ouka pre S,
Upesn0 cexanTon, CoACPIAMUX p, pasno nd/2 = (k4 A)2.

Mpeanoxenne L15 Mycrs S — osaa tuna 1 @ cummerpuy-
woii 2-(v, k, h)-cxeme ¢ uerhotn k— 4. Tozda kawdas Touxa npu-
nadaexeur Au60 oOnomy, AUBO Gcesr TaneenTan K 0sany S.

JlokasaTeancTno, 3amerns, uto k, A, n HederHH M, sHa-

WiT, KACLAS TOUKA JeXuT no kpaiineli mepe Ha oaHOM TaHrete
k opaay S. Ilyers nyp-—MHCI0 TOYEK, KOTOpPBIC JieXKAaT Ha { TaHreH-
Tax. Torna

T T 5 (4)n=a(3)

CaeiopaTensio, Z (i — 1) (i —n) n; =0, nosromy xaxuas Touia
JeUT HA ONHOM HIH Ha BCEX TaHTeHTax,

Ms 1.15 yer, UTO B NPOCKTHBHO/ MJIOCKOCTH YETHONO [0«
pAnKa Bee TANFEHTL K oBary S tana 1 HpoXomaT yepes TouKy p
yaea (nam adpo, yenrp) opaia S, a {p} US ccry opan muna 11,
© Janmwit opan S tuna II, naccantit x S u TouKH BHE S (npn
oBpateny  JAanHOro  OTHOWEHHS  HHUMJACHTHOCTH olpa
Dotk —9) (- — )/ (21), (k— A)[2,3)-cxeny. ) AR

Ecan 2@ ecth 3-cxema, KOTOpas ABJAeTCs pacupennem npoef(.
THBHOf TIOCKOCTH, p— Touka D, a B — 610k, He copepxauyi P
70 B ectb opan tHna II B npoextisiofi naockoctn Dy

§* 16




Paccmotpum 2-(11, 5, 2)-cxemy IMsan @D. Kawpas Tpoiika 10°
4ex, He cojiepxamnxcs B Gaoke, obpasyer osaa tuma I. [To3ToM
BCAKHEe iBe TOYKH ) pACNOAaraioTes Ha ABYX pasjHuHpx GJoKax
H Tpex opanax. JlioGkle Tpu ToukE MO0 Jexkat B oaHOM GoKe, AHOO
o6pasyior oBas. Onpesesuy HOBYIO cxemy 2’ caenyioutnm 06pasoM.
Touxn 2’ — touxn u Groxn 2. Baoxu 2’ — munoxectsa ofbeMa
6 cnepyiomux suaos: 1) touka D u nate, G6aoxos 2D, HHUAAEHTHHX
¢ Heil; 2) Gnox 2 n naTe ToYek 2D, MHUMIEHTHHIX ¢ HuM; 3) 0Bad
u3 2 W TPH ero Taurenta,

Teneps nerko npoeputs, 4t0 2’ ofpasyer 3-(22, 6, 1)-cxeMy
T. e. HekoTtopoe pacumpenve PG(2,4) (cm. [2%]). JlononnuTelbEo
no opanam cm. [1*].

epefinem temeph % ofobulennio Hepasenctsa (umepa AIA
cxem ¢ Goaplupmn suayennawy f. Ono Guiio noayueno n [62] A%A
t =4 up [39*] 113 ofuwero caydan.

Teopema 1.16. Mycre D —t-(v, k,))-cxema ¢ =25 8

v
t<k<<v—s Tozda b 2( “). Pasencrao umcer secro 70208
'8

u roabko TO20a, KO2dA MOWHOCTH nepecetenun Aoyx GA0K0H APURL:
MAeT 8 TOMHOCTU § PAIAUMHBLE JHAMEHUN.

v
Horkasarteancrtno. Jlokaxes 101bK0 Hepapenctso b 2 ( 5)

Iycrs M — maTpuua MHUMACHTHOCTH CO CTPOKAMM, HifeKCHPOBAN:
HEIMH GJIOKGMH. n CTO.’I()I](‘IMH. HHACKCHDOBAHHBIMH .':»n(],v[M"O)K('Cﬂm'
MII TOUEUHOTO MHOMKecTBa CXeMH, B xoTOpofi (B, S)-ii snement pasel

1, ecim S= B, w 0 p nporuprom cayuae. Jloctatouno nokasath
v

uro crpoxn M ofpasyor # ( z ) (5 cumcae amefinoft 06oAOMKR):

[lostomy nycts ps— crpoka M ¢ metkofi B, a ys — nextop c,!/l’

ctoabue ¢ merxofi S w ¢ 0 B octazbuux wmectax. Jan 0 < (&8

H QHKCHPOBANHOTO §-MHOKECTRA S MOJOMIM
{

) ) ) v

IBNS |mi /=018N8 =] B=5
1BNS =i

!
=Z(f:;)7~“,_/.g- 1( Z y_,‘.,),
g A SIS J=]

rae hm, n 0603HauYaeT yncao GAOKOB, COACPIKAUINX AaHHOEC 171~ MHOME
otB0 M W He mepeceKalommxcsi ¢ AauHBIM n-muoxecrpom N (TAC
NN = @); uncao 310, Kak Jerko BHACTL, sapucnt Jumb 0T M
u n, eenn m+-n < (. Tlonaras x; = Ygn HMeeM cpereny
18NS =) °
ua 5+ 1 aumefinpix ypapnenuli OTHOCHTENLHO X;. Marpnua roappn-
UHEHTOB TPeYro/ibHA ¢ HEHYJEBHIMH JIHATOHAIbHLIMI  3/eMeHTaM!
ho, e-1 (8 < k=< v—5). 3naunT, CHCTEMA HMeeT ejmHCTBEHHOE PE°
menne. B uacrhocrd, X, = ys €CTh JuHeftHas komGuuaups y-0B B
SHAYNT, ACNOJAAraeTCH B TPOCTPAHCTBE CTPOK matpuum M, 4T0 H
TpeBoBanoch NoKazaTth.
Sra Teopema Gyner nance OOCYXAATLCH B ra. «KpaszncHMMET:
PHUKBIE CXeMIy W ¢ACCOUHATHBHBIE CXCMIi»,
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f-cxema, peaansyiomas rpamnuy u3 1.16, naamiBaerca naorwod
Takuym o0pasom, N3 2-cXeM TOJLKO CHMMETPHUHbE SBJSIOTCS MAOT-
HBMH (1 pechma muorouncacnnbivin). Oanako npn £ > 2 cutyauus
mensercst; Tak, s [30%, 7%, 37*] nokasana

Teopema 1.17. C 7ouroctero 0o G0noaxerus eduncraennol
naornod 4-(v, k, h)-cxemot ¢ 2 <k <v—2 s6agerca 4-(23,7, 1)-
cxema.

HMumeloTes TakyKe Pe3y.abTaThl HECYUIECTBOBAHHS W Aas GOAbUIMX
amauennii /; p [4%] nokasano, 4o Aas YeTHBIX ¢ = 10 umeercs ammp
KOHEuHoe MU0 [IOTHBIX [-CXeM.

Heckoabio pas B 57Ol raaBe Mbl CONPHKACAMNCH ¢ pacumpe-
uaavn PG(2,4) u AG(2,3) — A0CTaTOUHO, 4TOOH yGeuTs qHTaTe NS
B HX BAKHOCTH Aas Teopun cxem. OHI Takke NPUCYTCTBYIOT N B
TeOpHH KOAHPOBANIS, 1 B TEOPHH rpynm. 3aua§‘umaem STy raamy
KpaTKHm 0030pOM HCCKOJABKIX TAKHX KOHCTPYKUHIL

TIpoctefie KOHCTPYKIIN HCHOALIYIOT HAeH TCOPHH KOAHpOBa-
WIS, NMOCKOJLKY STH JiBe CXEMBl CBA3AHBI C JBYMSl COBEpIIEHHBIMN
wopami Tosesi, Ml nepexocuym uX o6eysxaenue B ra. «Camooproro-
HAALHLIC KOAB 0 CXCMBI» 1 «ACCONMATHBHBIE CXEMBI».

I [73] npeacrapieno HENpAMOEe KOHCTPYHPOBAHHE 9THX CcXem;
TamM PACCMOTPCHL ABE 5-KpATHO TPAHSHTHBALI rpynnbl Mathe My,
u My KoK pacIIHpeHNs M3BECTHLIX TPYIN NEPeCTAHOROK I Nokasamo,
YTO OHH ABAAIOTCH rpynnaMi .'mmhlup(])llﬂmon CXCM € NOAXOASALLIMK
epofternavi, 1B [74] TaiiKe A0KasaHa eAHHCTBEHHOCTb 3THX cXew.

B [46] npescrapicia KOHCTPYKUNS, NOAOGHAS MO ayXy (mpu-
piaeuenier  pacuiipenii N3BCCTHHIX CTPYKTYP), HO uomﬁlma'ropmm
no npupose. OGosnauim PG(2,4) uepea TI i pacemorpum 3anauy
pacuutperin 11 0 5-(24, 8, 1)-cxembl. Mbl 10/0kHb 0GaBuTh TPt
gopule TOUKH p, g, r N B B h:l'l(‘L‘Tn(; 0J10KOB  Bee MHOJKecTna
{p.g,ry UL, rne L - npn no I Tl @< 8 Guok, copepaxaumii
i HOBBIX TOYEK, COACPIKUT TAKKe 8 - -{ rouex na II, o(')pnayil HEKO-
TOPYIO FEOMETPHICCKYIO kondurypaimo s 1L Korna i = 2, ara KOM-

Gurypanis ceTh onad THna 11 (em. sameuanie nocie 1.15). Mmeercs
168 Taknx on wmon 1, a onenounpe J):l(‘\')’)KJLCIIlHI 110Ka3bIBAIOT, uTO
sra opma u snaneres Tpebyemoii. Byaem nucars Sy ~ §, (re S,
i Sy — opanut n 1), ccan |S; N S;| uerno. Moxkno 110Ka3aTh, 4to
Y10 OTHOLICHIC SKBUBAJCHTHOCTH € TPEMS KJ1accaMi 9KBHBAJIEHTHO-
et obmema 56 il Veranonpim  BIaNMHO  0IHO3HAYHOE €OOT-
POTCTHIC MOACLY  Kaaccamit 9KBHBAJNCHTHOCTI TAPAMH HOBBIX TOYeK
1 OPHCOCHHNM KaXKAYIO napy Ko BCeM opajnaMm B COOTBETCTBYIOLLEM
gancee. TlopoOinie paccyxaenus NPpUMECHHMbL U B ciyvae [ == | ¢

{ == (), KOrja 5TH reoMeTpHYecKHe Kom‘mrypmum HPEACTaBIfAIoT co-
Goii  Gaeponcioe l|:>)m.’x(7('1\'4)(‘1u W CHMMETPHYECKHE pPasHOCTH ap
HPAMLIX  COOTRETCTRENNHO. DTOT cnoco6 obecrneunsaer kax noerpoe-
HHe CXCMBl, TaK H JI0KA3aTeJbCTBO €JAHHCTBCHHOCTH,

Anasornunslii MeToj NPHMCHEM H NP nonyuennn 5-(12, 6 1)-
exombt n3 AG(2,3). £

4 (x cTp. 20)

Ipagp KaeGwa cponmu BEPUIHHAME HMEET BCE NOAMHOKECTHA
yernofi momnoctn muoxkecrsa {1, ..., 5}; iBe ero pepumHb cmex-
ue peAknii pas kax MX (KaK MOAMHOIKECTB) CHMMeTpHYecKas pas-
HOCTb HMeeT mouHocTs 4. B 3ToM rpade mMHOXKecTRO —I‘(p) BEpILHH
He cMexcHBIX Bepuinie p, obpasyer rpad [lerepcena, !
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T'pagy Tesuprya na 56 sepmmnax ¢ a = 10, ¢ = 0, d = 2 Mo+
HeT OWTh ONpejieed MOCPEACTBOM CaAeayiomell KOHCTPYKUHH, Npets
Joxentofi Cumcom. Bepummmoe wmHOMecTBO ecTh {oo} U?ﬁ%«
Tae & — MHOKECTBO CHJOBCKHX 3-TOATPYNN 3HAKONEpEeMEeHHON rpyi-
nbl Ag, a @ — muoKecTs0 HEBOMOUNI B Ay CoequnAeM oo €O BCEMH
BeplliHaMn B &; coeamnsiem P =P ¢ g=( peakuii pas Kak
q~'Pq = P; coequnsiem gy ¢ G2, qi, G2 <, neaxuii pa3 Kak gifs
Hmeer nopanok 4. KombuuaropHo wmoxuo ortomaectninth PEP ¢
napofi menepecekajomuxcs 3-noamiozecrs muoxecrsa {I, ..., 6}
Torna Tunpunple pebpa BTOPOrO M TPETLEro THNOB  COCAHHAIT
{{1,2,8}, {4,5,6}) c (12) (45), n (12) (34) c (23) (56) coor-
BETCTBEHHO.

Huoe omucanne rpada Ieppprua nenoswsyer n KayecTBe BepuIHE
0K Kaace osanos B PG(2,4) (cm. sameuanne o xonctpykuns Jho-
Hebypra B ra. 1), xoropse cmesusl 5 sTOM rpade, ecau OHH HE
nepecekaiores. Tor akt, 470 3710T rpad) cuabHo peryasped, Gyuer
caenosats u3 (3.2).

Honupie k-noasuse rpadw, rpad Ilerepcena, rpadu KaeGma
n TeBHpTUAa — BCe OHM ONpEACAAIOTCH OAHOZHAYHO € TOUHOCTLIO 1O
H3oMOp(MaMa csouMH mapamerpami. (Jlaa Tpex nocjeanux u3 sTHX
THHOB rpadon cum. [68, 26]. To me mepuo u aan T(n) npn ne8
u Ly(n) npw n = 4; smn pesyavrata (cw. [18, 20% 61]) Gyayr
onucanbl B raase eYactuumse reomerpunr. Ipadut TTaan, poolume
TOBOPA, He ONPEACAAIOTCA CBOMME MapaMerpaMil; COOTBETCTBYIOUNE
NpHMeps NpeicTaBientd B KoHue 970fi raapll.

5 (k crp. 23)

Ennnerpennsifi rpad ¢ s == 1 uz n. 2) tcopema 2.5 ccth rpad
Ierepcena. Mu sakanunpaem 51y 1 O/NEM TIPUMEPOM, TIPHHAA-
aemammm Jeascapry, T'érxamcy n Typun oropuli NOKAIWBACT,
YTO TaKkHe rpadu CYMCCTBYIOT BCAKMI | ¥ 25 +4- 1 ecth cTencup
npocroro. Cpusanu s1i rpadul ¢ 1ax eMEMH  «CHMMETPHIE:
CKHMH Kondepenc-maTpuuamns [18%, 247 ]

Tyets V = V(2, q), rae g — wenernan crenens npocroro. Pasos
GbeM 1-MepHOe MOANPOCTPANCTRO HPOCTPANC V na apa uenepeces
Kalommxes muoxectsa P u N papnoro o6mc (g - 1)/2. OGpasyes
rpad) co MHOXKeCTBOM Bepunti V, B xotopom X 1y CMCAKIN BCARAR
pas kak (x—y) & P. Taxofi rpad cuabno peryaspen ¢ napamer
pamn n=¢q% a=(¢"—1)/2, c=(q"—5)/4, d=(q"~1)/4 (1e
xKe napamerpul, uro y rpada IIsan P(q%). Jlance nubepem saement
H3 muoxecrsa P n orGepem (g — 1)/2 ero nopmuomecTn; nycrh
A - mpoxecTso H3 ¢(¢—1)/2 sepmnn, cospepiamIMXCA B STHX
nojmuoKecTBax. Yaanum kaxaoe peGpo {x,y} nin xeX, ygX
n joGapuM Hopble peGpa {x,y} ans mcex pamee He CMEKHBIX Map
Tanoli Qopmu. Jlobapnm, naxouen, HOBYIO BEPUINHY ©0, CMEKHYIO
Kamaofi pepmune B X. Unratenio npepnaraetcs npopepiuTs, YTo NHO-
uyl«emmn I‘PB(T) CHJIBHO peryJasapeH ¢ mapaMerpamu, OTBeYalouHMi
n. 2) teopems 2.6 npu g = 25 + 1, Dra «nepekouaTeILHAA» KOHs
Cipykuus OGyner pacematpmuBathest janee B ra. «Pacumpense
rpadion»,

3akauuupaem 5Ty [/aBy OJHEM HEPABEHCTBOM O NapaMeTpax
CHABLNO peryaspuoro rpada (em. [19%]).

Teopema 26, HMycre T'— cuabno peeyaspuvid 2pag wa n
aepuunax, obaadmowud Tes ceolicréon, 4ro I' u T oba ceasnbl u
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uro marpuya caescnocru epaha T useer coberéennoe SHauenue
kparnocru [ = 1. Toeda n < [(f + 3)/2.

Hokasareanctno. Marpuua cuexunoetn A = A(T) nmeer
TPH pa3sndubix COGCTBEHILIX NPOCTPAHCTBA, U M06as MaTpHua ¢
STHMI cOOCTROHHLIMI NPOCTPANCTRAMI eCTh JuHefiuan KOMOHHawns
smatpuu /, A u J — [ —A. B uacTHOCTH, CYUICCTBYeT TaKas HX -
neiinas komOuuauns F, uro F nmeer coGCTBenHHC 3uavenus 0, | ¢
kpatHocTsimn n — f, [ coorsercrsenno. Toraa F — nodoxutensnas
noayonpeseneiias CHMMETpHUECKas MaTpHua, ¥ 3HAYHT, 3T0 ecth
Matpuua [pama cikaaspiblX nponsseaennii muoxeersa S pexropon
B ®!. Tak xak F 14 pA4-y(J —1—A), 10 vesaxuit pekrof
u3 S mmeer aanuy a'/2, a aBa BekTopa H3 S HMEIOT yroa cos—'(ﬁ/ag
wa cos~!(y/e). Ham, crano GuiTh, HaAO MOKA3aTh, YTO TaKoe MHO-
KECTBO MOZCT HMETh MOULHOCTb, i€ IPeBOCXOAfULYIo f(f+3)/2.
Mozkiio ppectii HOpMUIPOBKY o = |, npeanoaaras Tem cambiM, urto

€CTh MOAMHOMKCCTBO eanHnuHoil chepul Q.

Jlas v & S nyctb fq: Q=% — QyHKund, onpejeasemas no npa-
way [, (x) = ((v,x) —B) ((2,x) —¥)/ ({1 —B(1 —v)). Sexo, uro
ecty NMOJHOMHAALIA  (YHKUUA CcTeneHn 2 1 Bee  yHKumm
lp(ve S) anuefino He3aBHCHMBI, lmcuo.'n,l{yfc (v) =1, ,v(‘”) =0,
v, we S, v w Ho npoctpancTBo OAHOPOAHBIX JHHCHHBIX 1 Kpaj-
pamnunnx ynicuidi na Q HMEI0T pasMepHoCTH o f(f+1)/2 coor-
BETCTBCHHO, 1 SHAYNT, JKHO npencOpeyb KOHCTAHTAMK, nockonhl(y

lo

L R B 1 na Q. Taxnm o6pasom, n ==|S|= [+ [(f 4 1)/2.

6 (x cTp. 29)

1", Hacruiause reomerpun

Haunnac » raany reopemoft Yanra [18] n Xoddpmana [29*],
0 Kotopoli | ynomunanoes Bora. 2, Kanka 8 rpage onpene-
AACTCH KAK MAKCHMAALHLIL noanuit no, irpad.

Teopewma 4% 1 Hycrs I'— cuavno peeyanproul epady ¢ remu
we napamerpanu, wro u y epaga T(n), ede n = 8, Toeda I' ugo-
mopipen T (n)

Joxasareancrno. Jlag moGoii sepumint X rpada T
rpadp I'(x) cogcpnanr peryaspiuii rpag A cremenn n—92 ga
2(n—2) wepmmnax. Hyers y, z & I'(X) we cMexuw, H nycrh m
wepun 1'(x) it ¢y i 2 TTockobky ¢ =4 1 x cMexubl ¢ y
Wz 10 M b, Mweeres no— 2 —m pepumy rpada I'(x), ememupx
C ffy HO N CMCKHLIX € 2, 1= 2-—m Bepiiii, CMeXKHLX ¢ 2 H He
CMEACHLIX C /, 1, HaKOuel, /M —2 Bepuii, He CMEXKHBX HH € y,
m ¢ z; spaunr, m =2, E = 3, 10 nycTh @ — BepuinHa, He
eMexcnan WM ¢ oy, wn ¢ 2 A kaman sepunna rpadga I'(x),
emexcian ¢ w, emexua an6o ¢ y, mbo ¢ 2, oTkyaa n— 2 < 343,
4TO BPOTHBOPEUNT NPEANOA0KEeHHIO. 3uaunr, m 5

Pacemorpum
C()]l('])}l(ll'l TUHK

= (X0, X1, -+

ponoaunreavuntit rpag A, Tlpeanonoxns, uro on
) peibepem  Takoil unkn C =
) ¢ MHHHMAJLHO BO3MOXHBIM R Torpa, sHa-

anr, ner pebep {x, x} B A ¢ i—js 4=1(mod k); Takoe pebpo ne-
o Obl it C BH O ABA MCHBIIMX LWMKIA, OJHH U3 KOTOPHIX MMEN
Ot mevernyio ganiy. Ma npeasiaywero a6szana caepyer, uro k= 3,
Bepummus o H Xy He cMexubl B A u umelor k— 4 obumx coceneii

; auauur, k < 6, HUrak, k = 5. Umeercss n— b Bepli,
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-
CMEXHBIX C Xo B A (MHBIX, Yem X; H X4); OHH H0J/KHL ObiTh HE
CMEXKHB € X; H X4 AHAZOrM4HO nmeeTcs 11— 5 BEpLUHH, He CMeXe
HBX ¢ X, H xg Iockoasky x; we cmexua ¢ n—4 c BeplHHAME
Bie C, 1O HMeeTcs no xpaiimeii mepe n —6 sepund pHe C, He
CMEKHBIX ¢ X3 H X4 Corsacuo npeawiaywemy absauy n—6<1,
YTO NPOTHBOPEUHT NPE/NONOHKEHIIO.

Wrak, rpad A He COAEPKHT HEUCTHLIX UHKJIOB; CTAJ0 ObTb, OH
JABYAOJIEH. DTO 03HAYAET, 4TO A COACPHKHT jiBe Henepecexalouuecs
K/IHKH pasmepa n — 2. DKBHBaJeHTHO: Beakas sepuwnna B I' Jexut
B ABYX «GOABWIMX KAHWKax» pasmepa n—1, a pcakoe pe6po—B
efneTBennol Goabmol kauxe. Hueerca ((n— 1)n/2)-(2/(n—1))=
= n GOABWHX KAMK I ABe, HMeioWpe He Gojec (a 3HAUNT, TOYHO)
uem oaHy obwyio sepuwnny. Tauum oOpaszom, GoJpluue KABKA B
BEPUIHHLl ABAAIOTCA TOUKEMH # OGaoxamu 2-(n, 2, 1)-cxemu (naphad
cxXema Ha n pepunuax), a I' ects ec Gaox-rpad; suaunt, I' T (n)s

Srta Teopema BepHa H npH ocaalaeHuLx OrpaHuueHUAX: n # 8.

Cayuan n << 8 nyAxuo npopepats oraeasno. [pu n = 8 umeiorca
TPH NCKMOYHTeALHBIX rpada, ondcanntx s [19].

Han usyuenns Goapiunx kank B Gosgce oOWMX CHALHO peryanp:
Huix rpadax B [11] seeseno caenywouee

npepenenne 4.2, Yacruunan zeomcrpus ¢ napamerpasi
(r, k1) ecTb MHUMAEHTHOCTHAS CTPYKTYpa M3 TOUCK 1 NPAMBIX, Yion:
JETBOPAIOAA CACAYIOUIUM YCAOBUAM:

l) BCAKAA TOUKA HHUMACEHTHA r NpAMLIM, o pesAKan NnpaAMan —
k Toukam;

2) ABe TOUKH MHUMACHTHW He Goaee vem OANON NPAMOIL

3) ecanm Touka p We uuumacuTHa npsmofi L, 1o najiiercs pops
HO | TOYEK, HHUMACHTHEX L M KOAAMHCADHMX C [

3amernm, uTo ABOficTBEeMHONi K gaCTHYHON TCOMETPHN C Napa-
Mmetpamy (r, k, ) okasuwBaeTca wactTuuilas reomeTpus C Napamerpas
mu (k,r,t). ;

Onpeneaenne 4.73. Towewnnii epafy 4acTHInol reomeTpin
HMEeT B KauecTBe BCPIIHH TOUKH reoMerTpiuin, Apc BEPUDINbL B HEM
CMEXHbB BCAKHI pas Kak OHy Koasuneapuut (kak 104H FeOMETPIN,)

Npepnnoxenne 4.%4. Hycro I' — roneunud epady wacrTunnol
eeomerpuu ¢ napamerpamu (r, k1), Toeda T cuavno  pecyanpen
¢ napamerpamu @ = r(k—1), ¢ == (k — 2)4-(r — 1) (1 — 1), d = rl,

Junedusii epagh vacTHunoli reomerpun  onpeaeasercs  Anof-
CTBEHHEIM 0OPA30M; OH TaKIKe CHALHO peryapen.

B nokasateaserBe Teopemut 4.°1  wmbl npocTo  MOKA3ZAnH, 4To
TOUKH W GOJAbHIHE KAMKH 00pasylor 4acTHudylo rcomMeTpHio ¢ napa-
merpamu (2, n— 1, 2). B pokasareavcrse teopemut 4.%6 (em. [11])
HCNOAb3YeTCs Ta JKe camas e,

Onpeaeaenne 4.*5 Cuibho peryasphublii rpad nassipacs
ncegdozeomerpuseckun (r, k, t)-epapon, ecom a =r(k—1), ¢=
=(k—2)4-(r—1)(t —1), d=rl; nazoBem ero eCoMETPULCCKIN,
€CAH OH #BASACTCA TOYEUHBIM rpadhoM HEKOTOPOil YaCTHUHON reo-
METPHH.

Teopema 4.6 [11]. [eesdozeomerpuneckutt (r, k,t)-2pag
Aganercs  zeomerpuseckum, ecau k> (1/2) [r(r— 1)~ 1(r 4+ 1)X
Wi =Bra 2],

Mockoasky vactuynan reomerpus ¢ napamerpamn (n—1, 2, 2)

€ HeOBXOAMMOCTBIO ABJACTCH HAPHOI cxemoll Ha n Toukax, To 4.*]

120




MOXHO paccMaTpiBaTh Kak crneuHanbuuii cayuaii 4.*6. Muoit paxubili
CneunaibHeli cayuail npeacTaBiser

Teopema 4.%7 [61]. Cuabno peeyrspuoit epah ¢ temu e
napaserpasu, 4To u Ly(n), npu n > 4 usomoppen Ly(n).

Hokaszareabcrtso. Coriacio 4.*6 Takoii rpad spaserca
reomerpuucckinm, Ho uactiumnas reoMerpus (n,2,1) ecTs noamsit
AByAOABHLIT rpady, n aHaunT, ABoiictBennas eii (2,n,1) ¢ weobxo-
IHMOCTBIO cCTh fi )X N-KBajApaTHas pelerTka.

Sta Teopema pepHa npu n 5= 4. B cayuae n = 4 Wpuxxanne
Hamen, 49TO MMeeTes CAMHCTBEHHOe HCKJoYenne. 710 rpad ma
puc. 4.*1, p KOTOPOM MPOTHBOMOJOMKHEIE CTOPOHLI OTOMKACCTBARIOT-
e, Kax 5To nokasano (T. €. 3TO CJe1YeT PAcCMaTpPUBAThL KaK puey-
HOK na Tope).

Mu e nojiiem aajsee B H3YYCHHH YACTHYHBIX reoMeTpuil, oTch-
aas unrarteas k [11] n [44%]. Bmecto 3TOrO OnHMiueMm uethipe cBA3N
¢ Teopemofi Bo-nepst
TpUBNAaJiLHLIC
pus 1 k ecTh TO e camoe,
qro u 2-(v, k, 1)-cxe
~1) =r(k—1)), a ec auneil-

nefi rpagp ecth Gaok-rpad cxe-
Mul (em. ra
J0-nTOPLIX, OCTAHOBHMCA HA

ABYX  KONCTPYKIL) YACTHUHBIX
reomeTpuli, noayyaeMbx H3 oBa-
gop,  llyers 11 - npoextusuas
maockoeTL nopajka 1, a 0—
s1o osan tuna 11 n II. Torna
roukn pue O u cekantl K O 06-

g

Pue. 4%1,

p.’l")’l’ﬁl HacTHUHYI0 !((l‘\!l"l[”“()
C METpAMH T (n42)/2, he=n—1, t=(n—2)/2. Ecom
naockoctn 1l jeaaprosa, To MOKHO nomnMath O Kak COBOKYII-

HOCTL OAHOMECPHLIX HOANPOCTPANCTR BEKTOPHOro MpOCTPAHCTBA V=
w= V(3,n), rne n-crenenny 2. Pacemarpupas siementsl V gak TOMKH,
a muokectna wienon onaaa O xak npsMwpe, nojgyyaem 4aCTHUHYI0
FCOMETPHIO € NApAMCTPAMH 7 n+2 ke=n, t =1, (Yactuuuas
reomerpus ¢ 1 nasppactes 06006WeHHbIM HeTLLPLX2ONLHUKOM,)

) reopema Xoana — Konnopa mosxer

FTPeTLHX, NOKAMXKEM, K
Obtr, nunegena us 4.%1,
Teopema 4.%8. [26%]. Keasuswiwernasn cxema ¢ A= 2 sg-
Anerca ovteTHoll
HNoxasareawcrno. [lyers 2D —2-(v, k,\)-cxema ¢ v =
k(le - 1)/2. Tlpeanonaraem, uro k > 6 (caysan b < 6 caeayior
TeM Ke, MO C/erka YCHICHHHM cnocoGom u3 4.%1, B 1o BPEMS Kak
cayuali k= 6 tpebyer oraenbioro pacemorpennsi). Ilyers B —
Gaok @D, a ny— uucao GIOKOB, KOTOpble nepecekaior B g { TOUKAX
(t 2 0). Moacunrusas kak 8 (1.7), HaXOmUM, 4TO Zni=k (k 4+ 8)/2
Ying=rk(k41), 3 ili—1)n;=k(k—1). Taknmu obpasom,
: e — i e
Z (=1 (l, —2)n;=0. Orciona n,=0 npu seex i sa HCK/ioYe~
HHem /= win 2. 3uauwt, Beakue apa Gaoka @D
2 R 7 fnepeceKaior
8 1 nan 2 Toukax u 2 KBagHCHMMETpPHUHA. P i
[lycru I' — Gnok-rpad cxemnt D (rae cmes
J ah cxembl e CMEZKHOCTD COOTBETCTR
nepecenctnio moummoern 1), Torga I' cuabho peryaspen u ilmeeTy::
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#e uapamerpsl, yto u 7T (k4 2). Coraacuo 4.%1 ' =T (k42), 1. &
MOKHO TaK HNOMETHTHL 6a0ku 2-noamuoKecTsamMu muoxecrsa X =
={l,..., k4 2}, uto aBa Gaoka nepecexaorcs B i TOYKAX TOLAA
H TOJIBKO TOr/a, KOrfld MX METKH nepecexaloTcs B 2 — i TOYKax AN
i=1, 2. Tpucoeannum Tenepr X & TOUECHHOMY MHOJKECTBY CXe-
MB D] NPHCOCAMNHM K Kaxaomy GJOKY ero meTky M GyAed CHi-
Tath X 3a nopuit Gaox. [loayumm Tem camoim CHMMCTPHYHYIO CXeMy
¢ A = 2, ueii ocrarok otHocnTeanHo X ecth D.

Passupan stn upen, Boys, UWipnkxanze n Cnurxn noaydwsd
cleayiounii pesyanrar. ,’
Teopema 4.%9. [6*]. Cywecreyer (ynryun g, onpedesesnas
HA HaTypasvubx qucaax u obiadaouas Texs coolUcTEOM, 4TO K6adl-

BbieTHAR cxema ¢ k > g(h) Asagerca 6ueTHON.
B yacrsocty, onn mauwin, uto

76, A=3,
%(;.-1)(;.4-2;,=+:.+2), A< A<,

£(h)=
~’2-(1.- 19— 2)(M + AT+ 4 (4 — 1), — (h— 1), 43210,

rae M = (h—1)(A2—3h+3).

Hakonen, csase ¢ aatnucknmn xn . Masecrno, 410 cy-
meeTBoBanne adPUuHON MACCKOCTH NOPAAKA N 5KBNBAJCHTHO CYIIe-
CTBOBANHIO CHCTEME M3 N — | B3auMio OpTOrOHAALHLIX JATHHCKHX
KBagpatop nopsaka n (em. [24], crp. 142). To e paccymkaenne
Ykasupaer na Godce ofuuifi §axT — sKpHBAJCHTHOCTL CYUICCTBOBAS
HUA wacTnunofi reomerpun ¢ napamerpamu (r, n, r— 1) CyuecTsos
BAUNIO £~ 2 OpTOrONAsBNMX JATHHCKNX Knaapaton nopaaka n. Tas
Kast wacrunan reomerpuA masmpacten cerrol Hanpumep, nyers
V= V(2,n) — 2-MEpHOE BEKTOPHOE NPOCTPANCTRO H 5 -~ HEKOTOPOE
MHOXecTBO ero |-mepupix noanpocrpancty. Tor) KOMHOMKECTRA M3
WIeHOB S ABAMIOTCH HpAMEME CeTxi 1ia Toucunoy miomceerne Vi

Cosian 4.*7 ¢ aaTunckumn Kpaapatamy cm. o

Mot pepremcs k wacTimm reomerpiam b, «Koneunwie reos
MCTPHH H KOJb»,

Cumexubie gaacen reomerpifi, pimonaomme » cebn oboOuCHIbE
MHOTOYrOMLHIKH, NOAYuacTHYHEE TeoMeTpi, reomerpun Mypa n das
§?—""é‘1] reOMeTpiHIeCcKHe cXembl oM. cootpercroemio v [23%, 16%

) 6%].

7 (x cTp. 36)

Pesyaprati storo paspena woryr Gurh oGoGuienti, Mmeercs
Hepapenerno (erpamnna Kpefinas) s npouspoJbuuix CHALHO Pery-
AAPHEX rpadios, koropoe BKalouaer B cebz (4.3); cayuail papencrha
Xapaxtepuayercn pesydpratom, Ganskum k (4.5). Bce 310 noapoGe
HEE ofcymaaerca B raape «ACCOUHATHBIILE CXEMBL.

8 (x crp. 47)
_Auuomuun PeayJLTAT HMCET MECTO M /15 PEMIETYATHIX Tpa-

Gon:
% Teopema 68 Myere H — epynna asrosmopduamos parea
2(k), & G — rpansuruonoe pacwupenue epynne H. Tozda k =S
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u G = PSL(2,9) uau PZL (2, 9) dedcrsyer Ha pezyrsprom 2-zpa-
$e Ha 10 roukax.
Cm. [9%, 10*].

9 (x crp. 47)
8%, I-paxropusauun rpapa Kg

B 970ii raase aeMOHCTPEpYCTCA 3ameuaTesbHOe KOMGHHATOpHOE
eBOiicTEO uncaa 6, KOTOpPOe NPHMEHHMO A4f MOCTPOGHHS H JOKasa-
TEJALCTDA  C/ITCTBCHHOCTH NPOCKTHBHON N0CKOCTH mnopsiaka 4, rpas
da Mypa crenenn 7 u 5-(12,6,1) wreitnepopofi cHetembl. dtor
MaTepnasn ocHoBai Ha JIeKHHAX Xnurmana.

Ilycrn A {a, b, ¢,d, e, [} — muoxeeTBo o6bema 6, Koropoe Mbl
Gynex e noHIMAaTh Kak MHOXECTBO Bepinn noanoro rpada Kg.
l-hakrop ccin MUOMECTBO H3 TpPeX B3aHMHO HenepecekalouiHxcs
(mmave nesapncumbix) pelep, nokpuisalomnx sce A, a l-daxropn-
3aums ecth pasbuennc MHOXKeCTBa BCeX NATHAAUATH peﬁep A na
e 1-pakropor. (Jas kparkoctn, mecto pebep, 1-akropon moa-
woro rpaga na A Gyaem unpocto rosoputh 0 peGpax u 1-daxro-
yax A.)
¥ peanomenne 8%, Cywecreyer wects pasiuMHolX (axro-
pusayuil A, ceakue 0ee U3 KOTOpulX u:w.uolulmm. lea Henepecexkaio-
wuxcn 1-pakropa codeprcarca @ eduncroentol |-hakropusayuu,

JloxasareancTno. Beskiue apa xenepecekaioumxes 1-ax-
Topa o0pasyioT  CHOTEMY N3 HeNepeceKaloutnxes HIKAOB  veTHOll
JUIMHEL, €140 OLTh B Hamenm cayvae — mecrnyroabunk. Takum oGpa-
30M, B HAWICH cayuae mecTH pepumu Tpernii 1-dpaktop no/mKen yie
BRAIOUATL B ceOf OAHY WAM BCe JUMHHLIE AHAPOHAAN STOTO IIeCTH-
yroabuika, Tlockoauiy HMeIoTes TpH AAHHHLIX AHATOHAAN, TO Ka-
AABL HCTOD 10AKCI COACPIKATL OANY 13 HHX, 1 snaunt, 1-thak-
TopuaALG onpeacasercs oanosuauno. Hmeeres 15+8 nuiGopon anyx
nenepeceraionmxesn  l-gaxropos; JmoGas 1-gakropu3anus COACPKHT
5:4 raxknx nay

Pacesorpum Tenepb CACAYIONYIO CTPYRTYPY D: ToukaMH cay-
HKar pepunnns (saementi muoxeersa A) n 1-hakropsl A; Gnokamu
ananores pebpa n l-haxropuaanun A, HuunaentHoets mexay pep-
uHaAMI 1 peOpami, a TakmKe memay 1-Gakropamu u 1-dakropnaa-
WHAMI YCTANABIHBACTCH (10 BRAOYCHITIO, TOrjla Kak HHUHACHTHOCThL
My peGpamn 1 l-gaxropamy 10 o6paTHOMY BKAIOUEHHIO.

Ipennonenne 8.2 Crpyrrypa D obpasyer npoekTusHyo
naockocTs topadga 4.

Hoxasareancrpo. Crpykrypa D umeer 21 rouky. Pa-
nenerpo A 5 punoanse NOCKOJMBKY |1(§6p0 conepmuT 2 Bep-
wie 1ocopeprires norpex l-akropax, Tak kak 1-pakropusanus
CoAEPIKNT nath l-(hakTopos. Pasencrso 2 = | caepyer us pacemor-
penms cluenyiommnx chayvaen:

1) ape TouKH onpeacanior eAHHCTBERHoe peGpo;

2) pas pannofi Toukn W 1-QaxTopa cAMHCTBEHHOE PEGPO 3TOrO
I-hakropa cozepumur 9TY OAHY TOUKY;

3) I-pakropa anbo HMEOT eAMHCTBEHHOE OOwee pebpo,
mbo aexar » eauncrsendofi 1-gaxropusannu cornacuo 8.*|.

CnepncrBue ). Beakue dee 1-thakropusayuu o6aadaior
eduncraenunts obugus 1-haxrTopo.

NorxasateancTno. Jpsa 06J0Ka B NPOEKTHBHON MAOCKOCTH
nepecexkaioTes B eauncTennoli Touke
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Cnenersue B*4. llpoentusnan naockocrs nopsdka 4 eduss
cTaenna (¢ TOUHOCTHI0 00 usoMOpusHa).

HoxasatenbctTBo. 3ameriM, uro A sABAAeTCS OBAJIOM
mina Il B naockoers 2. Moxuo 1okasath, YTO NPOEKTHBHAA MIO-
CKOCTL nopsaaka 4 ofasarteabHo coiepxut osan A rthama 1. Beakoe
pedpo onpesesnaer npamyo. Jas aauHoil Toukn x He u3 A TpH npi-
MEI€, NpoXojslINe Yepes x H mnepecekaiomue A, onpeaensior 1-¢aks
T0p. JIna paunofi npamoii, He nepecekaioutelica ¢ naTeio 1-hakTopos,
onpejenseMulx ee Toukammy, obpasyior 1-axropusaumo. Taxuum of-
pasoM, Takas mi0CKoCTh copnazaer ¢ 2.

INyers X — muoxecrso 1-daxropusaunii A. Coraacao 843
I-dakTopet A MmomHo nomernTb nNapami 3JeMEHTOB MHOMKecTa X,
T. . pebpamu X. Pe6po A aemur B tpex l-(hakTopax; HX moMeTky
He nepecekalorcd, a sHauur, obpasyior I-daxtop muoxmecrsa X.
Mats 1-haktopos X, cooTsercTsyiomnx Takuym 06pasom naTH peb-
paM, Hexomsmuum M3 OAHOA BepwHHL MHOKecTBa A, 06pasyior
I-pakropusaumio, Taxum o6pasom, mul HMcesm JABOACTBCHHOCTL Me-
Ky A n X: pepumna~—» l-haxropusauns, peGpo<—+1-haxrop. (310
MOJKET OLITL Takzce YCTAHOBJAEHO NPHB/CUCHHCM CXCMEL, JABOHCTBEH-
Holi K cxeme D.)

Yio6uo spectn otmomenne mexay peGpamn A u peGpamn X;
ab ~ xy, ecan ab spaserca peGpom v l-axrope ¢ nomerxofi xy.
Takoe onpeAeaedse CAMOABOMCTECHIO, T. €. ANAJOTHYHBIM olpasom
onpesenss xy ~ ab, noayuaes, 410 xy ~ ab<=-ab ~ xy.

O6paramen tenepb K KOHCTPYKUMH rpada Xobmana — Cunrae-
Tona. [peanonoxum, po-neppwx, 410 I = M(n41) ectb rpag
Mypa crenenn n - 1 u anamerpa 2. Ilycrn {oo, 0} ecth npoHsposs-
Hoe peGpo, A — mnomectso pepuyn  (oramunux ot 0), CMEKHBX
€ 00, a X — MuoKecTBO pepuminn (OTAHUNEX OT 00), CMEKHEX ¢ 0,
Torna muosectna A u X ne nepecexaorea. Besxan apyran pepuit-
HA CMeXHa eanHeTBennOf pepuie a € /1 1 eanncTennofi pepimme
xeX, a auaunT, moxer OWTL noMcucHa f.'nu{m:urummﬁ,na ot
(@, x)e A X X. D10 npupoanr k omucanmo pelbep b AX X I
Mo6oro Takoro pebpa {(a, x), (b, ¥)} My A0AMHE AMETh a9 b g
X %y, gkpome 7Toro, ecan (a,x) cmexno ¢ (b,y) n (c,2), 10 befae
H Yok 2 Takam oOpasom,. ana aamiux a, b e /A, x & X umeeren
eAnHCTBeHnAs pepunna yes X rtaxan, wro (a,x) cwexno (b, y).

Orciona cpasy nmeem: "

1) emmucreennocts M(3): ecam A = {a, b} n X = {x,y}, 10
{(a,x), (b, )} u {(a,1), (b, )} — pebpa; :

Hecymecrsopamie M(4): ccon A == {a, b, c} n X = {x,y,2)
H ecan ((a,x), (b, y)} obpasyior peGpo, 10 (a,x) n (b, y) cmemmnn
¢ (¢,2), uto n Baeuer Tpeyronpunk. Kouneuno, 310 Taxke caepyer
Hs (2.4).

Moctpoenne M(7) npovesen caeayiomnm oGpasom. OTose-
CTBHM MHOMecTBO A ¢ HAWNMM HCXOJHLIM MHOJKCCTBOM N3 [HIECTRH
BepuInn, a mmomecrno X — ¢ muoxkecrsom n3 mecti 1-(hakropusa
il A, Bpenem pebpa {(a, x), (b,y)}, rne ab ~ xy. Paccmorpenne
Pana cayuaen HOKashiBaer, YrTo STOT rpad CHIALHO peryJspeH.

Hoxasarenserso eqmucrsennoctn M(7) ocuobbiBaeTes Ha Cies
AYIOmeh sempme, foKazaTeALCTBO KOTOPOI MBI ONyCKaeM.

Memma 855, [pednoaoncus, 4T0 MHONECTEO U3 OECATU Bep-
tun M(T) codepuour wereipradyare us narnadyaru peGep M(3).
Tozda s19 MROKECTBO codepacut Takdce u narnadyaroe pebpo.
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B nmawmx npexcunx 0603HaueHHAX 570 ofecneuBaeT To, 4o
{(a,x), (b, y)} sBasercs peGpom TOrAa e, KOraa m {(a, y), (b, x)
((guccmorpn-ro secath Bepnn oo, 0, 4, b, X, y, (a,%), (a,y), (b,x

14).)

Onpejemn otHowerne ab ~ xy, ecan oHo nmeer eyt Hemo-
CPECTBEHHO NPOBEPSETCs, 470 5T0 OTHOUICHHE BO3HHKAeT H3 ©TO-
®aectsienus X ¢ muoxecrsom l-(akTopusaunii A, xak sto onpe-
AeNAIoch panee.

OGpatumes Tteneps k 5-(12, 6, 1)-cxeme. Bubepem tpu snemenra
X, y, z=X. Tpu l-paxropa xy, yz, 2x mHOoKectBa A spasiorcs
NONapHO He NepeceKaloumiMIcs, HO He coieprates B l-dakropusa-
UHE; 3HAuMT, OCTABIIMECs IiecTh pebep A0/7KHL 006pa3oBHBaTh 06n-
eaunenne apyx Tpeyrobuukos. ITnmew, uto abe ~ xyz, ecan abe —
OMHH N3 STHX TPeYroJAbLHHKOB. DTO OTHOLICHHE SIBJAAETCS TaKie ca-
MOABOfiCTBCIILIM, Bo3bMem Teneph HHINACHTHOCTHYIO CTPYKTYpY ¢
Toueunsiv muoxectsom A U X 1 Grokami Cleayiomux THIOB:

",

AN {a, b} U {x, 4}, X \ {x,y} U {a, b} scakuit pas kax ab ~ xy;

{a,b, ¢} U {x, y, 2z} seaxnii pas Kaxk abe ~ xyz.

Hmeeren

2 /(6
( lr ) ( 5 ) 6J10K0B, 1 JIErKO NPOBEPHTb, 4TO Mjo-
5 )

Gue nsatn, Touck sexart 1o KpaiiHell mepe B oasom Gaoke. 3Haunr,

MBl umeem TpeGyemyio cxemy. Ee eAMHCTBEHHOCTb MOXKeT GHITb jo-
Kasana apaJoriunpm K'Ill)t‘()ﬁn_‘d

10 (x crp. 54)

[pupescy  oann npuMep  HEAMHERHOro KOAA, B KOHCTPYKuun
KOTOPOro Henoansylores cxemsl. HeTpyiano nokasats, 4To JABOHUMBIY
Ko aannnt 10 ¢ MEHIMAJLHLIM PAcCTOfiNHEM 5 MOXET HMeTb He
Gosee 12 wonopux caon. JLas noctpoenis Koid, peajiusyioulero sty
rpammiLy, BoibL CTpoxit smaTpiub mwentroer_2-(11, 5, 2)-cxe-
Ml TIsam n IM K 9TOMY MHOMeCTBY ¢oBo |, cocrosiiee s
CARHMIL  DTH  ABCHAJAIATL JIBOHYHBLIX CJ0B HMEIOT, OUCBHAHO, pac-
crosmme 6. YOoupan (UKCHPOBAHHYIO KOOPJMHATY, MOJYYaeM Koj ¢

TPeOYeMBIMi CBOMNCTBE 7
Yirareamo, wirepecyiomemycs HeAHHCHHLIME KOJAAMH, peKoMen-
ayem obpaturises k [80]

11 (x crp. 66)

Jlerko Buaers, uTo
B Hpejbayleir

IBONHLIC KOAL X9MMHHTA, Onpejac/eHnbic
112107 TeM CBOfICTBOM, 4T0 eioBa
3 npejc NAI0T Ulreiinepa na 2" — | 1oukax
1K 9T0 Mbl ) p 3). B aeiicreurenviocri, ecan
cicrema Tpoex Iltefinepa wa n Toukax coorsercrsyer MHOZKeCTBY
clioB B 3 asonuroro ammeiinoro koga C, 10 n = 9m — | i
ecTh koA XoMMHHra, a cama WTeliHeposa cHCTeMa ecTh PG(m—1,2).

Haa cucrem tpoek Ulteiinepa na 9 u 13 toukax sagaua pelexa
(em. [77]). Tyers g = 1(mod 3), u nycrs O — UPUMHTHBHBII KyGn-
veckull kopens u3 1 8 GF(q).
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Tlonomum
0 0 0 —1 —a —a? 1 1 1
H= 1 1 1 0 0 0 —! —a —a
g -1 —a —a? 1 1 1 0 0 0

Torna H ects nposepousan matpuua (9.6) aumeiimoro kofa Hag
GF(q) Takoro, uyTo Hemyzepde NO3WUMH KOJOBLIX CJ0B Beca 3 00+
pasyior AG(2,3). Mu orcunaem untatenn x [77] 3a joKazaTedbe
CTBOM TOr0, 4TO aBe HensomoppHuie cucrems Tpoex Illtefinepa Ha
13 TOuKAX WeBMBOAMMII B3 AKHEHHE KOAOB TaKiM CHOCOGOM.

12 (x c1p. 67)

Pacemorpny ceifinac 1ak uwasusaemue sxouductantrole KoOb.
Oun npeacrasanior colfofi koA ¢ Tem CBO CTBOM, YTO BCAKHE JBA
KOJLOBBIX C/OBA OTAGACHE APYr OT Apyra B 910M KOAe Ha OAHHAKO:
Boe paccroanye d. Koa, onucannufi B ronue s <Koaw», npet-
crapaser coGofl npumep sksuaucrantioro kopa ¢ d == 6, Mul ue-
CleAyem aulb cayuafi Gunapuuix koxos. Ecan d — nedetno, 10 KOA,
OUEBH/NO, MOMET HMeTh Jwmb ABa caosa. Ecam d == 2k # KOL
HMEeT m caoB AAHHE n (rAe n AoCTATOMHO BeAMKO), TO HETPYAHO
NoKa3aTh, 9T0 n = k*+ k2 wan uro xoa TpupHajey, T. € €CAH
KaXasifl cronGen m Y n-matpiuid €o cTpoxami — KOJOBLIMH COB3~
Ml — 110 kpaiiieli mepe m — | papunx saementon (cm. [21%]).

Iyets A — marpuua wuumaentaoctn PG(2, k). K A noGapum
k—1 ctonGuos us eamunu 1 goGapum crpoxy ua nyacit. Toayuei
Hast MaTpHua HMeeT CBOMMH CTPOKAMHN KOAOBLIC CAOBA IKBHAHCTAHT:
HOrO Kofla ¢ k24 k-2 caopaun c ofGumm pacctoamiem d = 2k
Topasio Gosee tpymno nokasats, 410 pepuo # 0GpATHOE ~ CCAH
aKBrAnCTanTHL Koj ¢ K - k- 2 caopamn u ofmm pacCTOAHHEM
2k cywecrsyer, 10 PG(2, k) cymeernyer (cw. [34%]) aMeTiM,
UTO B cayNae k=6, 7. ¢, d = 2, maxcumanbioe 1Hego caon ecth 32
(cn. [25°]).

Ormetum cpass mexay Tteopueli goauponpanna 1 HACTHUNEME
reoMerpuamn. Mapectna amun oama uwactuuman reomerpun c [ ==
Homin {n, k} > 3. Ee napamerpu —r = k = 6. Tlpocrefimmfi cnocod
ONHCATH COOTBETCTBYIOMHI CHALHO peryaspuuft rpad saxmotacrTes
B_cacayioliem: BosbMeM B Kauccrse H1 pepumimibl kojonuie CA0BA
(54) amueimoro xopa C man GF(3), onpepeasiemoro no npapuay
c&Ce(c,1)==0, 1 coepmusiem ape pepumuy peGpom TOraa M
TO/BKO TOrAa, Koria paccrosiie Xsmmuura memay uumu (Kak Ko-
JOBBIMH CaioBami) pauo 2 wam 5. Herpyamo nposepnth, 4r0 5T0T
rpad AACTBUTENLHO ABASOTCH CHALHO PEryAspHbLIM C fapaMeTpaMu
(81,30,9, 12), cobetnenubimn snauenusmu 3 # —6 ¢ KpaTHOCTAME

u 30. JIna noctpoenns wacTHuHoii reomerpmm caeayer otobpaTh
6-riaHKH B paccmarpupath HX xak npsmble. Cjaesaem 3TO TaK: M0-
A0MHM - Gp=0, ¢ =(1,22,2,2), ¢,=(2,1,222), =
=1(2,2,1,2,2), ¢;=(2,221,2), cs=1(22221); wecrs 9THX
KOJOBHX c0B 0Gpasyior kauky b mamem rpade. Bossmem Tenepb
MUOMECTBO S = {cq, ¢, Cy, C5, 4y C5) B KavecTRe npsiMofi, a OCTAlb-
HHE npamble sapaaum Tpancasunedi, 1. e. ¢+ S, rae c=C. [lo
CYMIECTRY, AOKAZaTeALCTBO TOFO, YTO Mbl Temeph HMeEEM YacTHUHYIO
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5

TEOMETPHIO, OCHOBHIBACTCS Ha ToM (akTe, yTO Z =0 ccth emuH-

=1

CTBEHHOC 1EOTPHILATEILHOE €OOT!

ﬁl ¢ c5. Caenopatenbno, Bee pasHocTn o —¢; (i 5= j) PA3MHYHEL,
Be T

OUKH X W Y KOJIMHCADHE!, €CAH CYINECTBYIOT €, i, j TaKHe,
UT0 X = ¢+ ¢j, Y = ¢+ €}, T. €. X — Yy = €;— ;. DT0 3HAYNT, UTO
ABE TOUKH JiexkaT He Gojee yem Ha OOl npAMON, KaXaas npamas
meer 6 Touck 1 peAkas TOUKA NpHHAAMEKHT 6 npsmbim. [Tocpen-
CTBOM NPOCTBHIX NOJCYCTOR MOMKHO YOeAUTLCS, Y4TO S HeHHIULACHT-
Holl «Toucuno-muelinoii» napu (x, L) CpejiHee YHCJO HPAMBIX, MpPO-
XOMSIIIX ucpes x 1 nepecekaiomux L, pasno 2. JlocTaTouno B3sTh
X6 S 1 MOKA3ATH, UTO UMEIOTCA ABE TOMKH B S, KOAINHEAPHBIX C X.
Mu muaean panee, 4TO X KOJJHHEapHa C Ck, CCAH X = Ck + €1 — €y,
Ecoam k s koaanneapua ¢ ¢ Eem k=i, 10 x =

B=Cp—iC; W X nneapua ¢ ¢ Mueeres 15 komOnnauni
e+ ci—c; npn k 7= u 60 Tarux komGunaunii npn nonapyo
pasmmunLX i, j, k. ACHO BEUICHPIBCACHHOMY 3AMEYAHNIO BCE 3TH

) KOmMOunaunfi pasmiupe, a wanauume 75 TOYeK X @ S aapepmiact
NOK TCALCTBO

A Jadnnelinielt yndopmanreli 0 YaCTHURBIX reoMeTPUAX H .ux
CBASAX C ACCONMATHBHLIME CXeMaMi MW OTchinaem wiratens x [36%].

13 (x crp. 69)

Hau caenyiommii 06mekt — nnofi sameyateapusii copepuieni
Koz, KoTopuiit jact nam mrelinepony cuctemy 5-(24, 8, 1) (em. ra. 1),
l’:u‘(".:nx]xl.n (8, 4) -pacumpennuit Koa Xasmnu[n C, Kak 310 onpe-
AEAANOCH B npHMepe, caeayiomen 3a Teopemoii (84). Tyers C'—
KO, noayuenyuntfi ns C obpamenieM nopsiaka CiMBoaos. Jlerko npo-
Beprieres, uro () ¢ == {0, 1}, [ocrponm teneph Ginapibii mineit-
Huth xon 4 N 24, Gepsi B KauecTpe KOJLOBMX CloB anueiinsie

wombriaunn sexropon (a,0,a), (0,0,0), (x,%%), e a & b be
@ C,ox ez ) Caeayiomme saMeuanis ouenuanb
1) Gy, annefinmit Kop pasmeprocTi 12;

2) moGue aps Gasnewwx pekrTopa OpTOroHAAbHM, T. €. Gay—
camoanolicTaennuii Ko, m
3) mee Gaswcnpie BeKTOpM MMEIOT Bec, KpaTupii 4, n crano

OuTh 1o 2) caeayer, 410 9710 BUNOJAHACTCH JUISI BCEX KOJLOBBIX CJOB
n Gy :

4) ecan B HEKOTOPOM KOJAOBOM CJOBE (n, 9 r) OMHN 13 CHMBO-
a08 p, g wan r ect, 0, 10 (p, g, r) €cTh JmHeiinas KuM()lmauHﬂ Ga-
AUCHBIX BekTopon ¢ X == 0 namn | Caejiopatednbio, BeC 9T0ro Kojo-
BOTO C/loBA eCTh CYyMMa BCCOB /I HEHYJACBLIX CJI0B U3 C. TiB Ul
HAN OMH M3 ('l(:,!11;|,1011 p, g, r pasen 1 ¥ Bec BHOBL paBeH 8.

KomGunupys 1) ¢ 4), suanm, 4To Gyy nmeer MHHHMA/LIOE pac-
crosine 8. Ecan ykopoTHTh Gy o1OpaCHBANEEM OJIHON KOOPJMHATHL,
TO nodyuyarcs Guuapuuili (23, 12)-1\‘0;}. ¢ MHHHMAJIBLHLIM  PACCTOf
Hiem 7. Tem e cnocoBGom, 4TO MBl JICICTBOBAJN panee Jyisl TepHap-
HOrO koja Dazest, maxofuM, 4r0 9TOT KOJ copeplienci. Sror 3ia-
MEHUTHI Koj wapecten kak Ounaphvili kod TIaaes (Ggy cetTh co-
OTBETCTBYIONIMI| pacmmpenusiii KOj).

Baraauem tenepn na caopa seca 8 v Gy, Tlockonvky kop Fanes
COBEPUICHEH, MOMHO BLIIHCATH €rO BECOBOI Hymepatop (uuTaTe:dh
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JOAKEH NPOBEpHTL 3To) W Hafith, 4t0 Gy Mmeer 759 caos seca 8.
Tockonbky HeT &Byx H3 3THX €108 ¢ | Ha OAMAX H Tex e NATH

4
NOSHUHAX, TO OHH MNOKpuBaloT 759 ( g ) = (25 ) pas/uyHblX 05

Tepok. ClefoBaTenbio, 3TH KOAOBHE C€JI0BA NpeaAcTanasioT GAOKH
5-(24,8, 1)-cxemuL

B [24*] nokasano, yro xoa Gas moxeT GuiTh jeKonHpoBaH Pas-
JHYHLIMHE MeTOAamMH, o0cyxiaBuMuca B 1. 9.

14 (x cTp, 73)

OGpatnmes Teneps k 06oGumennio Teopems 11.6. Samennu ofHl-
HOe cKanampuoe npousseaense n RY+V rpe N = n?-4-n+ 1, Ha
CKanapHoe npoussejenne MuHKoBCKOTO

& D=xy + 2+ .. F XYy — Xy Uy

Teopema 11.12. Mycre A — marpuya ungudentHocTu npoeKs
TUGHOU NAOCKOCTU 7t nopadka n, a C — K£od, nopoxdennuill cTpoKass
sarpuypt A nad GF(p) ¢ npucoedunennon nposeproi Ha 4eTHOCTL.
Toeda ecau pln, 10 € casmodsolcreen OTHOCUTEALHO CKAAAPHOZO
ny ) a M K020,

Teopema 11.13 [32%]. [lycte a— npoexrusnan l!,1(1rKOCT'IJ
nopadka n ¢ smarpugel unyudentnocru A. Ilycrs N n?4n+
u p - rakoe npocroe, wro p'lin (s = 0). Toeda cywecroyer nocae:
JoBareabnocTs

{0} mCoi o= ... = Cqg== RN

us k0008 daunwt N 41 wad GF(p) co caedyougunu cooldctoami:

1) kancouili xod C; unsapuanten OTHOCUTEALHO ocex ABTOMOP”
ussos npoekruonol niockocrTu o
2) Cy ecro pactuupennl koo, nopowoeHubl c1poKaml marpu-
ybl A

8) dan — Iigs Cl =C,..
npoussedenus Munxoscrozo);

4) dim C; pasna wucay unsapuantunx garropon A, ne OCAR
wuxca Ha pitt dan i < s,

5) Ona Oesiess—1 £ umeer munumaavnoili oec n-42 4
caosa eeca n+2 a C, cooreercrayior npasmuim uau (603IMONHO,
ecau p = 2) osaram 6 m.

Samevanusn 1. Ecan s neuerno, ns 3) puaum, uro Cu-1)/2
CCTH CAMOJBONCTBEHHBIN KOA, COOTBETCTBYIOMINT 71,

2) Jlangep puumeama pasmepnoct koion C; p cayyae ac3ap:
roBoil naockoeTH =, o6obuan Tem CaMLM H3BECTHLII peay/bTaT, uTo
B a1oM cayuae dim Cy=1 - ( p;— : ) (cm. [28]).

Teopema 11.8 npuseaa k wosoii nonutke naiitn PG (2, 10) (cM-
[27, 3%, 45%]).

Ilyets A — marpnua mnungentioc™ Gaok-cxemu 2-(56, 11,2)
(ueThipe 13 kotopux uasectmi, M. 1. 4). Toraa erpokn G = (I564)
nopoXaaior (112, 56)-6Gunapuulii camoapoficTeennuii oy C. bByaeMm
oficymaars anw, o7 cayyafi, korpa 2-(56, 11,2)-cxema cooTBeT-
CTByer rpady lepuprua. B stom caysae A cummerpuyma, n c1as’no
Guth (Aly) rakie spaserca moposkiaoueii vatpuuefi gag C. 10
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SHAYHT, YTO MANA JIEMOHCTPAUMH TOro, 4T0 C HMEET MHHHMAMbHBIL
Bec 12, socrarouno pacemorpern cymmy <6 crpox G. Iyers x;
(1< j<56) —uncao eammnu g { BHOPaHHWX CTPOKAX H oM

x i
cronbue marpuun A. Toraa mmeem z xp =11, Z( 2’)=2(2).

Crano GuiTh Z X (x;—2)=2¢#— 13, 7 e no kpaiinei mepe

13i — 2i? crtosi6uoB UMEIOT POBHO OAHY 1, YTO N NOKA3blBAeT, uToO
BCe CymMBl 3THX [ CTPOK — mo Kpaiineii mepe 2i(7 —i). 910 pas-
HO 12, ecam i =1 mam 6. Kpome Toro, ecam cymma 6 crpok G
paBHa 12, 10 X; 0 aasn 20 snavennii j, x; =1 nag 6 anavennii j,
X =2 jas ocraibubx 30 croabuos A. 3uaunt, stn 6 crpok A
002218107 TeM CBOMCTBOM, YTO HET TOYKH, pacnoJioxenuoii Gonee yem
B JIBYX H3 HHX, T. €. OHH COOTBETCTBYIOT TAHTEHTaM HEKOTOPOro OBa-
da B 2-(56,11,2). B caywae ynaun (112,56)-koa coorsercTsyer
PG(2,10). Torjia Mbl MOIKEM PEKOHCTPYHPOBATh MJOCKOCTb, HCMO/b-
sya Teopemy 11.8, pacemorpeniem osadios 2-(56, 11, 2)-cxemul, mpo-
XOAAUIY depes (UKCHpoBaHuyio TOuky. JIpyrie cxXembl ¢ TeMH Xe
napaMerpami Moryr OMTL PaceMOTPeHH anajormuHbM obpasom. Hu
OAHA 13 HABCCTHBIX CXeM He NPHBEJa K JKeJaeMOMy pe3yJabTaTty.
Teopema 11.14 [1*]. lyere D — cunperpuunas 2-(v, k,A)-
cxema ¢ kows O(mod4), A== 2(mod4), Alk. ITpednoaoacus, uro D
umeer opaavl u 4To 8TW osaavl Taxace obpasyr 2-(v, K, A)-cxeny,
Toeda @D ecro eduncreennan 2-(7,4,2)-cxema.

16 (x crp. 83)

Psigom  antopon oboGmanack mnaes KB-kopon (em. [14, 76,
70, 79]1). Mu amun KpaTKO onmmieM 8jaech STH HACH N NOKaMem
CBIAL € HCKOTOPLIMIE XOPOWO napeeTHuiMI cxemami. B oGoGuienin
JUIHIA KOfta eoth ¢ == p™ (m > 1). Mu pospbmem m = 2, B kaue-
crne aadanira MB MOXKeM Henoab3osaTh Jalo6oe KoHeunoe none F,
[yers G irinias rpynna noas GF(q). Mut otoxkaecrsiasiem

HOSHIMI Koua ¢ saementami G 1 npejietasisieM KOJOBOE C/IOBO Kak
BUPARCHHC

c= Y ogxf  (gEF) (12.20)
gea

KOTOPOC  JIOJAKHO  paccMaTpupaTth Kak (I)OpMﬂ.’lMloc, SGMCTHM, qTo
IO COOTBETCTRYET NPEACTaBJeHHIo IHKANYCCKHIX  KOJMOB B chayvae
m 1, rne G {().I.,.Y.I"—l)

I'pynnosas  aseeGpa PG coctont H3 Beex Bbipaxenufi pupa
(12.20) co ecac OUMI TIPABHJIAaMH CJAOKEeHHA N YMHOKeHHs:

Y agx @Y bgxt =} (ag+bg) x°,

Z u”xlr' M Z ll,{x’r’ — Z ( Z allnbm) +9, (l2.21)

gt+i=g

rje cymmuponanne nposoautes no scem g & G. Torpa (FG, @D, )
06pasyer KoJblio.

Tlyers & — npumuTnpniil p-it KOpeHb ¢RIIL B HEKOTOPOM pac-
wHpennn F oo " TlyeTh ¢ — NpUMHTHBHEL sement nona GF (q).
Kancapiii . uozer OuTh NPEACTABICH KaK g o= fo+ iy
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¢ i u &y w3 GF(p). Onpexemy tenmeps xapaxrep P: G—F 1o

npasuiy:
P (g) =&" (12.22)

H Aad Kaxaoro he G onpepeasen xapaxrtep Y, 1o NpaBHIY
¥, (&) =, (gh). (12.23)
Haxonen, xapaxtepw, pacumpennsie ao FG, ansciins no onpese-

JEHHIO:
1.]7, E a_xB) == E a P (g). 12.24)
(g =X ) ge=a 4 . :

Huratens, GAu3ko 3HaKoMui C Teopueil XxapakTepop, YBHAMT, 4T0
MEl cefiyac umeem Bee xapaxteps G u 9TO h~—»1y yCTaHABJHBEET
Haomopusm memay G o rpynnoii xapaktepos. ME onycKaem J0-
KasatTenbcTBo (axToB, NpUBOAHMEX Hiuxe (cM. [79]). ObGo3nauaesm
uepes U (coors. V) mmomecTBo Hemyaesux kpaaparton (cooTs. Be-
kBaaparon) s G.

npeaenenne 12.25. 00606wennvili K6adparudno-6oeTHoll
#00 (OKB-kop) pamuet g uapg F coctour w3 peex Zc,x'
TAKHX, 470 Wu(c) == 0 pas neex u = U,

OGosnavaem 10T KOA Hepes A* u oloanauaenm ucpes BY Ko,
noayuaemuifi samenofi U na V g (12.25). Koaun A u B apasores
HOAKOAAMH, ONPeAeAAeMUMH AONOAHHTEALILIM TpeGonanney YPo(c) ==
= (. W3 nesapHCHMOCTH XapakTepop suaum, uyro At nmeer pass
meprocth (g4 1)/2.

Ynratens pommen cefivac yOeaHTLes, 4TO  €CaH
(12.25) comnanaer ¢ (12.6).

B [79] nokasano, uro maen maemnorenra (cm. (12.1)) momer
Outh 06o0uena, Tem e cnocoGom, waxofi yxazan B saMedanyy
nocse (12.10), moxno pacumpnts A+ u B* no A. n B coOTDET-
CTBEHHO jfobapierieM HOBOTO CHMBOJAA K KOAOBLM CAOBAM, TAK YTO
pacipenusie Koaw spasiores apoficroenntimy, Moo 110Ka3aTh,
uT0 00a 9TH KOA4 HHBAPHAHTHHW oTHOCHTeAbHo PSL(2,q). D70 8Hi:
uuT, 410 M Teopema (12.7) tome ofoGwacma. [lelicrnureasno, B
STOM CJydae MOXHO nokasarh, wro ccan K == G/ (p), 7T0 CIOBO
C= Z x% gexnur p A*. Crano Outs Mb AcficTBHTEALHO SHACM,

gak
uT0 MHHMMaABHBUE Bec papen p. Mrtak, nmeewm nosvwoe oGoOuienne
Teopun KB-koson.

Jlososinio TPYAHOC AOKA3ATeNLCTBO MOKasLpacr, 4T0 TOALKO
Cl0Ba MHHHMANBHOTO Beca B Aw #nasmiores caopamy B opbute
( %8, l) ornocHTeasno PSL(2,¢) u wkpathu 9THM  CAOBAM.

g=k

D10 snaunr, uro obBeANHEHHE nojuepier (aocuresneli) KOAOBLIX
CHOB MEHEMAJBHOTO Beca B Ae W Be spasiores oGpasamu GF(p)

U{ec} non peficrsnem PGL(2, p?) wWa npoextheiyio npamyio fo-
paaka p? (npeacrasasemyio unocpescrsom G U {oo}). 3maunt, i
cnosa obpasylor MéGnyc-nsockoets 3 —(p*1, p-+1,1) (cm
ra. 1). BHOBL MB Hamau Cxemy H3 CAOB MHHHMAaJLHOIO Beca B
Koge (u awoficrsennony). Kojbl, o6cyxanmuees ajiech puiuie, Buep=
BHE noeTpona (man Fyl= GF(2)) Memscapr [76] uexoas H3 cXeM.

Honoanurensno no 1ol raase cm. [49, 64,

C e=

m==1, 10
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16 (x cTp. 89)

Teopus pasromepHo yna X KOJOB [ nacs Teran-
com 1 san TuaGoproy. O030p GOJLIJHHCTBA H3BECTHLIX Pe3Y.IbTATOB
06 srux kopax npeacrasier B [81]. Huxke, n sroft rmase, Gyayr
ONHCANBl HeKoTOpbie 3 cBAsell MeKAY p )

pHO Y
KOAaMI, TaK HA3LIBACMbIMH JABYXBECOBHIMH KOJAMH it CH/BLHO pery-
JAPHLIME rpadamMu.

17 (x ctp. 91)

Onpeaeaenne 14.5. e-kon C, nenpapasomii omnGKH, Aan-
HE 7 owan GF () nasbiBaercsl pagxoMepHO YnaxosaHHbM ¢ mapa-
MeTpamit o 3 [} Torja H TOALKO TOrAA, KOrAa AJsS Ka)joro ciosa
X & R BRIIOJNCHE! BA YCJOBHS:

1) ccan x mmeer paccrosmnue e a0 C, TO X HMeeT paccrosinue
€+ 1 B TOUHOCTH 710 O KOJAOBHIX CJI0B;

2) cean x umeer paccrosiie >e jo C, To X HMeeT paccrosuie
e+ 1 B rounoctn g0 [ KojoBHIX  ca0B, rae o <<
<(n—e)(g—1)/(e+1).

18 (x crp. 97)

Iocpencrnom NPHBOAUMOIT HILKE TEopeMbl, caeayiomeit 13 obueit
TEOpHI papnoMepino YnakopauHbX KOJ0B, NOAYAcC Jaerde peurnThb, sB-
AsieTCH AN Aanubilt Ko PARHOMCPHO YIAKOBAHHLIM, HEWeA 1104630~

BATLCA Camim onpeiesennem. 3a ee 10Ka3aTebCTBOM Mbl OTCBLIJIAEM
anrarenn x [81

Teopema 14.22. Hycrs C— aunednoil e-xod, ucnpasasiouui
oo (

/ i 1 A PAGHOMCPHO YNAKOBAHRDIM (coora. co-
gepuwennnis) Tocda U ToALKO T020a, K020a MUCAO HEHYACBLIX 6CCOB
6 doodcrocnnon rode CLecry e 41 (coors. e).

Ecan n reopeme 14.22 e = 1, 10 CLingeet anmb Ana HeHyJIEBLIX
Beca. Takoll Ko naswpaeres l7li!(/\'ﬂ[’€01ihl,ﬂl KOJOM.

[lpnmep 14 Iyers H - upmw})olnnm marpuna kojaa Xonm-
miiea i (g7 — 1)/(g = 1) nan GF(g). Cronbupt martpuun H
npeactanmior cobolt Toukn PG(m — 1,4q). Tlyers croabubl sanyme-
ponain 1ax, uro neppue (g% = 1)/(g— 1) croa6uos 0Gpasyior noi-
npocrpancrno S PG(k—1,q). Hyems ¢==(cy ..., €m). Ypan-
HEHHE 01X, b Coxy b .+ Cokim == 0 TIPE/CTABISICT THIEPIVIOCKOCTH
n PG(m L0, Koropan 6o COACPANT S, anGo nepeceraer 8
no(g"="—~1)/(g —1) Toukax. D10 awaunt, 4r0 JAHHefinasn 1(0346;1":1-
s erpox marpuum Ao nameer (q" —1)/(q—1) nyaeit wur
(" 1)/(g — 1) nyaeli B nosmumux, coorsercTBylomHx S. Or-
Opocum Tenepn cToabiL, cooTsercTnyiomue S, H o0pasyem KOA 3
CIPOK octapiielion MATPHIE, ITOT KOJ HMEET PA3MCPHOCTL M, a

Koslonas crpoka — peca ™' nan gm=t — g*=1. Tlo Teopeme 14.22
9TOT Koj JpoficTsen pasHOMEpHO YHaKopangoMy KoLy,
ViouwiHe ape TeopeMme, NpHHAMJeRaLLHe Heaveapry [17%],
NOKA3LIBAIOT, KaK JABYXBECOBLIC KOJbI COOTHOCATCS € HEKOTOPLIMH
CHILHO peryaspuuni rpadami. Ecan c1on0us noposxtaioumeit matpi-
uLl JHHeiinoro Koga C nmonapHo Jmueciino uesapncumul (T, e cl
HMeeT MHHuManbubil pec 2=28), 10 Koja C Ha3uBacICH NPoeKTUBHLLM.
Teopewma 1424, llycre C— deyxeecosol npoestusnoul kod
¢ secanu W,, W, (W, < W,). Onpedeaus epah U(C), cuurasn cep-
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WUHANU KOO0Bble cA0BG U COEGURAA cA06a X U Yy pelpos T020a G
704bK0 10200, K02da d(%,y)= W, Tozda T'(C) — curvno pezyanp-
Holtl zpag.

Caeayiomas reopema ccrs obpaiienne teopemsl 14.24.

Teopema 1425 llycre T — cuavno peeyasprud epaf Ha
n = p* gepuunax, p— npocroe, ¢ yeabiuu COGCTGEHHLIMU 3HANE
Huamu a, py, Pz Mycre saementapran abeaesa p-epynna G, 6yder
peeyaaprod epynnoli asrosoppusnos epagpa I. Tozda cyujecrayer
dsyxaecosoti kod C wad GF(p) raxod, 1o I' = I'(C).

3a joxasarespersom orcusaem k [177]. B pokasareiascTse HO-
Kaseipaercd, uro coberpepnsie sHavenns jaas N cuaos 3 C H Becos
Wi, Wy w3 C cpasans cootHomennmmy

(pr—p2) (p— N N=—a—p, (p"—1), (14.26)

1) —
R e LR

9ra TeopemMa NO3BOJAAET BHABHTL CBA3H MCHY UEJbIM pAsOM
06nbexTo. B kayeeTBe npHMepa paccMOTpHM YACTHYHYIO TEOMETPHIO
¢ napamerpamu r == k = 6, { = 2, Takas rcomerpus accouMupopana
¢ cHAbHO peryaspupy rpadom I' ¢ napamerpamu 81, 30, 9, 12 u
P1 =38, pp=~—6. I'pap I' Gua onpepenen us (5, 4)-xoaa Han
GF(3) Takum oOpasom, 410 TPAHCAAUHA Haj] KOJAOBHM CJOBOM AB:
JseTCH, OueBH/IHO, apToMOpdHsMoM. 3uaunt, I' jonyckaer saeMen-
Tapuyio abenesy rpynny nopaaxa Bl B xayectpe rpynnul apToMmop-
(uamon, Crano Gure teopema 14.25 yrsepmaacr, wro rpad I' co-
OTBECTCTBYET ABYXBecopoMy Koay pasmepuoctu 4 wan Gl (3), ko1o-
puifl umeer pamny caop N =5 n peca 15 u 18, Ilo rcopeme 14.22
KoM, ABOHCTBEHHBIT K 3TOMY KOAY, €CTL paBHOMEpHO ynakopap-
Hui KoL

19 (x crp. 105)

Jpyrie nousntHs M3 TEOPHH KOAMpOBAMHA (Taxmue, HanpuMmep,
KaK PaBHOMEPHO YNAKORAHMHLC KOAB), Ta¥ e kax W Teopema O Ta-
KHX KOAaX, Toxe MOryr OuTh 00600uicHB [0 METPHUCCKHX CXCM.
OAHAKO KOHUENUHH TEOPHH cxem GOAce CcTecTuenino BoInukaoT B
Q-nosmuomnansuuix cxemax. Ilpoesatpupacres ananorns, nwin «gop:
Manphan ABONCTBEHHOCTBY, MEXKAY onpes 111 Hapami noHATHA,
KOTOpAst NOJE3NA B MPEACKAZBIBAHMN  PC3Y. 0 Q-noaAunoMu-
aNbHBIX CXeMaxX, A KOTOPBIX HET NpPOCTOro SKBHBAJCHTA eMeTpHyes
CKOTO» YCa0BHA A5 P-noantomuassiux cxem (15.3).

Jlas panuofi accounarupuoii cxemut nycrn Ey, ..., E,— munne
Majabuble Haemnotents aarebpsl Boysa — Mecnepa O, Taxum obpa-
30oM, E;— marpuua » % c coGersenubM SHavenwem | na i-m €o6-
crseniom npocrpanctse u 0 na apyrux. Ilo onpepenennio P

Ak=l§:“ PIkEl’

oTKyAa
n

1 %A
E;=]X| kz‘oQ“Ak.

Wmeen EE; = 8,E.
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Hwmeeres mropas onepauns, onpefenednas na %; iMenno, aga-
MapoBo (mun noroucunoe) nmponasesaenne (ay) o (biy) = (ayby,). Mo-
CKOJIbKY Kauaan A; ectb 0-1-MaTphua, TO BLABAeHHble CBOICTBA
obecrneunBaior 10T (akt, uto A; ° A; = 8,A; otkyna A, ...,
MIHHMa/bHble HACMNOTEHTH OTHOCHTEJLHO 3TOoro ymuoenns. [To-
CKOVILKY 9 3aMKHYTa OTHOCHTEJIBHO a1aMapoBa NMPOM3BEAEHNS, HMeeM

n
EjoE = DY byiEr
k10

IS HEKOTOPBIX JefiCTBHTEBHBIX uHCe byjx, 3a/1aBARMBIX paBeHcTsom

n

X1 by = Zo”leniQm!ka'

me=

Yuena by uspectuw kak napaserpor Kpedra, notomy uto caeayw-
wuft pesyaptar, aokasanuuit Ckorrom [40%], G jokasan ¢ He-
noabsopannem Teopemit Kpeiina,

Teopema 156*. 0 bipp < 1.

Jloxasareabernso. Axamaposo nponssepenne Eje E; cere
rAanAs HoAMaTpHIA KpoHekeposa nponasenenns Ei ® Ej, u snaunr
e cofeTpennme suauekns byx OTpaHuueHs! CBepXy W cHusy col-
CTRCHIBIMI dnauennsavMi matpiusl £ @ £;, KoTopas sBAseTCs HACM-
NoTeHTOM

Jlnst cwapuo peryaspunx rpados rpanma Kpeiina npunnmaer
caenyiomyio hopmy:

Mpenaomenne 15.7% Myers T — cuavno peeyasproiil epag,
UbA MATPULA CMEHHOCTU uMeeT cobcraennoie 3Hauenus a, Py, Pa.
Ipednoromun, wro u T, u eco donoanenue cenanot, Tozda

(py 4 1) (a4 py + 2pip2) < (@ p1) (p2+ 1)
(po 4 1) (a 4 psy 4 2p201) < (@ -+ p2) (pr -+ )™

Jameuanne, (43) ecty caejcTBHC 9TOrO pesyibTara, Kak
ITO Ve oTMCUAN0CH B KOHNe 1171, 4.

O6pamenne n wya, napamerpon Kpefina umeer n komGunarop-
nuti emuica, em, [11%, 12*]. Hanpumep, ecian HMCET MECTO PaBeHcTBO
BooGenx rpammax (16.7), 1o rpadut T|I'(p) n T|T'(p) oba cuabuo
peryaspin aan mobofi nepumimnt p. OGpario, ecay T|T(p) u
CIT(p) cnanno peryaspun aas wekoropoii sepunuet p, 10 B (15.7)
HMCIOT MOCTO  pABeNcTna, 34 MCK/IIOUCHHEM HEKOTOPBIX mapamerpH-
HECKHX MHOMKeCTR.

IMapamerpu Kpeitna dopMaibio JBOficTHeHHLl YHC/aM nepecete-
wiit ay. Hanpuwmep, accounatupian cxema Q-noJHHOMHaNLHA TOrNA
" ToabKo torpa, korga byx = 0, 3a uckmouennem |i— j|l<< k<<
< i-j, u B 1o me pemst by #0 a1 <i<<n—1. B stom
e CMBlCae TeopHH MeTPHUCCKHX H Q-NOMMHOMHAJBHLIX CXeM JBOfi-
CTBCHH L,
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Hanareapcrno eHayxa»
Taapuan bn TeMat # Aureparypu
137071, Mocksa, B-71, Jleuuucxknht npocnexr, 15

Jlenuurpaackas tunorpadgua Ne 2 rosopnoe npeAnpusTHe Opaena
Tpyaosoro Kpacroro Suamenn Jlewnnrpagcroro oGuepunenus

exundeckan xmnrar uMm. Esrenun Corosonoh Cowosnoaurpad-
npoMa npu Tocyaapcreennom xomurere CCCP no penam napa-
TeabeTB, noaurpadium u Xnuncuoft Toprosan. 198052, r. Jleunnrpan,
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HN3IATEJIBCTBO« HAYKA»
IJTABHAS PEOAKLIKA
DUBNKO-MATEMATHUECKOM
JIUTEPATYPBI

117071, Mocksa, B-71,
Jlennnckuit npocnekr, 15

l'orosurcs Kk newaru:

EMEJIMYEB B. A, KOBAJIEB M. M.,
KPABILOB M. K. Muororpannuku, rpadsi, on-
TUMU3IAUH,

Knnra nocpsuena  cHeTeMaTHIeckoMy H3JM0IKEHHIO
TCOPIH BUIYKALX  MHOTOrPAHINKOB € TOYKH 3peHus
PASMYHLIX Sanau AHCKpeTHOl B HenpepuIBHON ONTHMH-
i, r|><r]my.'l|1p_\':‘w.l\ Ha FCOMETPHYCCKOM f13BIKe, Dra
ARTYANALHAY TeMa UMECT MHPOKHe npuioxKenusa. B kuu-
re OTpayken marepuan Gypuo PASBUBAIOIMXCS JIMCILHIT-
I, CHKAIIMX WA CTRIKE TCOPUH JIMHEHBIX HepaBeHCTs,
Teopuy rpadon 1 HEJOYHCHCHHOTrO nporpaMmMupoBanms.,
Jlerasuio  HINOKEHE PE3YALTATH O MHOrOrpaHnuKax,
cpstzanmbie ¢ pacnpoctTpanenyofi  dapauefi anmelinmoro
NPOrpaMmMupOBARHA — TPAHCIOPTHON 3ajaueil,

Kunra mozxer OuTb PeKOMEHJOBANA HAYYHBIM pa-
GOTHHKAM, CTYJeHTaM M acuupautam B o6jaacTH npu-
KAajHoll MaTeMaTHkn ¥ KHGepHeTHKH.

TlpesBapuTenbible 3aKasul Ha 3Ty KHHrY pHHY-
maioTes 0e3 OrpaHHYeHHs MarasMHaMH Kunroropra 1
AxaneMKHHTH




HU3IATEJIbCTBO« HAYKA»

[JIABHASl PEJAKILIUA
OUSUKO-MATEMATHUYECKOM
JIMTEPATYPDI

117071, Mocksa, B-71,
JlennHckuit npocnekr, 15

Torosurca k nevaru:

MAPKOB A. A. Beenenne  Teopnio Koim-
poBaHus.

Kunra copepiur matepnas no Teopun Koaupona-
HHA, npeaycMoTpennufi yueGuofi nporpammoli  kypca
«MaTtemMaTHiICCKan JAOFMKA M AHCKPCeTHAA MATCMaTHKA»
JAA (GAKYABTETOR BWUHCANTCALNON maTematrn u K-
GepreTHk® H  (PAaKYALTETOR NpHKAAANON  MATCMATHIN
YHHBEPCHTETOR H PAjd APYIHX BY30D.

Kunra npusnkaer k swunemmedi n 1979 r. xknnre
C. B. Sl6aonckoro «Bmesenne B AHCKDPETHYIO MaTeMa«
THKY?>.

B kunre mManaralorcs Kax h'('l‘.!ﬁllllnTﬂle) Jorpue-
CK“ﬁ, TaK H CTATHCTHYCCKN NOAXOAL K Bonpocam Cxa-
Tig HHQOPMALHE H HOMEXOYCTOMYHROro KOAHPOBANN.
Kpome 006a3ateabHoro matepraza B o6nbeme mporpa-
MB, 10CO0ME COACPAKHT JONONHNTE]LHLIC TJABL, H UH-
TaTeb NOJABOANTCA K COBPEMCHHEIM mpobieMam TEopHH
HHpOpMALIIL

TpeapapuTessibie 8aKasel Ha STY KHUTY TPHHY-
maiorca Ges orpannvenus wmarasupamu Kuuroropra u

AxajieMKHATH.




U3 IOATEJIbCTBO« HAYKA»
[JIABHAS PEIAKLIHMA
®U3NKO-MATEMATHUYECKOM
JINTEPATYPBI

117071, Mocksa, B-71,
Jlennuckuii npocnexr, 15

lorosurca k newaru:

CAYKOB B. H. Bpenenne B komGuHarop-
Hble METOJIbl JlIICK|)CTHOI"l MaTeMaTHKH.

Kuyra  CopepiRiT n3J0MeHHe OCHOBHBIX KOMOHHA-
TOPHBIX  METOLOD COBPEMENHOI AHCKPETHON MaTeMaTH-
K B CHCTCMATHSHPOBAHHOM BHJE, npl‘lmo'l’rt’lllle oT-
AETCH TeM MeTO/aM, KoTophie nanGonee orpaGoranbl
TCOPOTIICCKI, 1 TCM, KOTOPHE HMEIOT Hanboabliee uie-
a0 npuaoxennft, Hapsay ¢ obuieii teopuell MHOro BHH-
MAaHNA  YACJAACTCH  pelennio l\’OMmIHUTOprlX Jajav, B
ToM uNcAe NPUKAAANOrO Xapaktepa. B kouue Kamuoit
[aapul IPUBOAATCA 3ajaaud yueGHOro Xapakrepa Hapa-
eralomels TpyAHoCcTH

Kunra npejnasnadena B Kauectse yueGHOro moco-
Oust JLA CTYACHTOB M ACHHPAHTOB MO CHeHANLHOCTSIM
«llpuknaanan  matematnka» u  «KuGepuernka». Ona
MOMET pACCMATPHBATLCA KaK JIONOJHEHHe K BBULIEIef
p 1979 roay wuure C. B. fGionexkoro «Bpesenne B
JUCKPETHYIO MATeMATHKY».

[IpeapapuTe/buble 3aKashi Ha 9TY KHHCY [PHHH-
malotes Ges orpaunuenus marasunamu Kumroropra n
AKajeMKHIIH,




HUBJIATEJIbCTBO «HAYKA»
FJIABHASI PEIOAKLIM
PUSHUKO-MATEMATHUYECKOM
JIMTEPATYPbI

117071, Mocksa, B-71,
Jlenuscknit npocnekr, 15

lotosurca x nevaru:

IHAPIOC I. Teopus pasGuennii, nepesoj
¢ aHrIHICKoro.

Knnra ssuuaa e CHIA s nosofi cepun «3nunrao-
neanst MatematHin H ee npuaomenniis. Ilpeamer wun-
I'H == Heynopsaaouenuue paaﬁu('uun HarypasbuRx umcen
Ha BaTypadbHble caaraemue. Aprop uasaraer TEOpHIo n
NPaKTHKY pafiGH('HHfl, He oraasas npeaAnoYTenns  ce
TCO})CTHKO-'{HCJ!OHHM i ’((IM(!HH(ITI’J’)HIAM acnexTas.
3a nocaeance ppems BO3POCAH NPHAOKEHHA paiGue-
HWI B BBuHCANTEALHON Texupke. B kuure orpamens
pee TpH THNA ﬂpllJlO)K(‘llHﬁ Cncrematuueckn nanaraer-
cA anpapat: NPOH3BOAALIHE (YHKUHN, reoMeTpHuyeckuil
H aareGpaniecknii noaxons u ap.

Knura Gyaer nojesna nayuuvim paGoTHHKAM, acnu-
pautam # cryacutam B obaacTn npukaaanoli marema-
THKH, KHOEPHETHKH, TCOpHH unce.

npt’ﬂBEpHTCIthble 3aKasnl Ha 3Ty KHHI'Y 0OPHHH-
malorea Oe3 orpanmuenns marasusams Kunrotopra n

AKaieMEHirH




