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1. BBEJIEHUE

B nmanHO# paboTe paccMaTpHBaOTCsT ACCOIMATHBHBIE KOJIbIA (He 06si-
3aTeJIbHO KOMMYTaTUBHBIE U HE O6H3&TeﬂbHO MeEIoIune eﬂ‘I/IHI/IHy>

[Iycte R — npousBosibHOE KOJbIO. [l KaxKiaoro sjiementa xr € R
nosoxkuM [(z) = {a € R; ax = 0} u r(z) = {a € R; za = 0}. Ilycrs
D(R) — MHOXKeCTBO JejuTesieii Hyssd (OJHOCTOPOHHHUX ¥ JIBYCTOPOH-

uux) kosbiia R u D(R)* = D(R) \ {0}. O6oznauum Ann(R) = {a €
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R; aR = Ra = (0)}. Yepes J(R) obosuaunm paduras /lorcexobeona
kosiblia . Konednoe kosibiio R ¢ enuHUIECH Ha3bIBACTCS A0KANDHDIM,
ecim daxrop-koibio R/J(R) asnsgercsa noiem [1].

Ipagom deaumeneti nysaa I'(R) xonbua R HasbBaror rpad, Bepim-
HAMU KOTOPOTO SIBJISIIOTCS HEHYJIEBbIe JIEJTUTEN HyJIs KOJIbIa (OIHO-
CTOPOHHUE W JIBYyCTOPOHHUE), TIPUYEM Da3UJIHble J[BE BEPIIUHbI T, Y
COeJIMHAIOTCH PeOPOM TOTJIa U TOJILKO Torja, Korja xy = 0 win yr = 0.

[Tousitne rpada genmuresneit Hyasd Jjisi KOMMYTaTUBHOIO KOJIBIA Obl-
70 Beejieno 1. Augepconom, I1. Jlusunrcronom B pabore [1]. Tlozxke B
pabote [2| 510 moHsATHE OBLTIO 0OOOIIEHO JJIsT HEKOMMYTATHBHOI'O KOJTh-
na (oupezesnenne rpada geanTesel Hyls IMEHHO U3 9TOH pPabOThI MbI
u copmynuposaiau Beime). B gacraocru, C. Penmonn mokaszas, 9ro
rpad senuTeseil HyJIsi acCOIMMATUBHOTO KOJIbIA SIBJIAETCS CBSI3HBIM U
€ro JUaMeTp He IPEBOCXOIUT TPeX.

C 1999 roja BbImIes psji paboT, MOCBAIIECHHBIX IpadaM JeanTesei
HYJIsl aCCOIUATUBHBIX KoJtell. OJIHAKO CKOPO CTAJIO MOHATHBIM, 9TO H300-
paxkenue rpada JiesiuTeseit nyJis Jaxe Jjis KoJier HeOOIbIUX TOPsJi-
KOB YaCTO sIBJISIETCs CJIOXKHBIM, a JIJIs OOJIBIIIX MOPSIKOB IIOYTH HEBO3-
MOKHBIM. BO3HMKJ1a HEOOXOIMMOCTh Pa30UTh MHOXKECTBO BEPIIIUH I'pa-
da menmresieit HyJIs Ha KJIACCHI, IPUYEM TaK, 9TOOBI HE HAPYIIAJIOCH
IpeJicTaB/IeHuEe O CTpoeHuu rpada Jgenuresneit myisd B neioM. B pabo-
Tax |3, 4| mpeIoKuIM TOBOJIBHO €CTeCTBEHHBII CII0COO pereH st STOi
pobGJIEMBI JIJ1st KOMMYTATHBHOTNO citydasi. B crarbe [5] 9T0T mojaxo 661t
000011IeH Ha, HEKOMMYTATUBHBIH cirydail. V3m0KuM cyTh 9TOro MeToa.
Beenem oTHOIIEHNE 9KBUBaJEHTHOCTH Ha MHOXkectBe D(R)* ciesyio-
UM 00pa30M:

i mobbix z,y € D(R)" z~y < l(z)Ur(x) =1(y) Ur(y).

O6osnaunm vepes [r] Kiaacc sKBuBaJIeHTHOCTH 3jeMenta © € D(R)*.
st mobbix a € [x], b € [y], rue x,y € D(R)*, ouesuuo, uro ab = 0
mwm ba = 0 Torma n ToabKO Torma, Korma xry = 0 wm yr = 0. Ob6o-
suaunM depe3 ' (R) rpad, MHOKECTBOM BEPIIHH KOTOPOTO SIBJISIETCSI
muoxecTso {[z]; = € D(R)*}, npuiem nse Bepmunsl [z, [y] (e 0bs-
3aTeIbHO PA3JInIHbIe) OyIeM coenHsTh peOpoM (niu netseil) Toraa u
ToJIbKO Tora, Korma xy = 0w yx = 0. [pad I'(R) Gyaem HasbBATH
cotcamuvim 2pagiom deaumeneti HyAA Koblia R.
B pabore [5| 611 JoKazan ciepyommii dhaxr:

IIpennoxkenune 1.1 (cMm. [5]). [Tycmv R — npoussosvnoe koavyo u
r € D(R)*. Ecau 2 =0, mo yz = 0 uau 2y = 0 das mobwix y, 2 € [z];
ecau orce 12 # 0, mo yz # 0 u zy # 0 das mobwx 1y, 2 € [1].
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U3 npemoxenus 1.1 ciemyer, uro B rpade I'(R) Bce BepIiuHb! Jie-
aared Ha na Tana. Ecmm x? = 0, To [z] — 910 Bepmmna ¢ nerseit. Ecou
2?2 # 0, To [z] — 31O BepmUMHa Ge3 nerm. 3Hasd, CKOJILKO 3JeMEHTOB
COJIEPKUTCS B KaXKJOM KJiacce [x], Mbl Bcerjia oT czkaroro rpada je-
JIATEICH HyJIsT MOXKEM TepPeidTH K OOBIMHOMY T'pady Je/TuTe/ el HyJId.
dAcuo, uTo cxkaThlil rpad meauTeseil HyIs KOHEYHOIO acCOIUATUBHOTO
KOJIbITa, TaKyKe CBSI3€H U ero jguamerp He Gosibiine Tpex. Kpome toro, B
czkaToM rpade HUJIBIIOTEHTHbIE JIeMEHThI UHJIEKCa HUJIBIIOTEHTHOCTH
JIBa BbIJIeJIeHbI TeT/ieii. OTMeTnM, 9To He BCIKUIi CBA3HBIN Ipad MOKeT
SIBJISITBCS C2KATBIM Tpad oM Jiesiureieil Hysist Jjisi KAKONO-HUOY b KOJIb-
na. Hanpumep, ecim B3saTh orpesok [a] — [b], rae 06e BepIIMHBI IMEIOT
[eT/IN, TO OH He sIBJISETCs CKaThIM IpadoM Jie/TuTe el Hyjid HUKAKOTO
KOJIBIIA, TOCKOJIBKY BEPIIMHLI [a] 1 [b] Ha caMOoM Jie/ie MOKHO CTSAHYTH B
OJTHY BepIuHY ¢ metsieil. VI Takux mpuMepoB MHOTO, IIPUYEM He BCErIa
OpUYKHA B TOM, 4TO Tpad He J0 KoHIa cxKat. B pabore [5| onucanbt Bee
cBsizHble Tpadbl memreseil HyId (¢ HeTjasMu) Ha OJHOM, ABYX U TPEX
BEPINUHAX, KOTOPbIE SABJIAIOTCA CKATHIMU TpadaMu jeuTeseil Hyssd
KaKOro-jimbo KOHETHOrO KOJIblla. B craThe [6] mosiHOCTBIO Onmcansl Bee
CBSI3HBIE IPadbl € METJISIME HA YeThIPEX BEPIINHAX, KOTOPbIE MOTYT Pe-
AJIM30BaHbI KaK CxKaTble rpadbl JeuTe el Hy i KOHEUYHbIX KoJterl. U3
50 Hen30MOP(HBIX CBAZHBIX I'PapOB € METIISAMEI HA YeThIPEX BEPIIMHAX
TOJIBKO 8, KaK OKa3aJIOCh, ABJIAIOTCH CXKAThIMU I'padaMu jgeuTesiei
HyJIsl KaKOro-anb0 KoHedHoro Kosbia (cM. [6]). Onucanbl moaHOCTHIO
KOHEUYHBIE KOJIbIla, CXKaThle Tpadbl Je/UTes el Hyssi COJep:KaT MOCT,
BEPIIMHBl KOTOPOro He dABJsorTcs Bucsanmu |7]. B paborax |7, 8| no-
JIYUEHO OIMCAHWe KOHEYHBIX KOJIell, CxKaTble rpadbl Jleuresieii Hysis
KOTOPBIX SBJISIOTCS TToJHbIME (¢ metssivu). B [10, 11] onmcaner cxa-
Thie rpadbl JleuTes el Hyjisi BCeX KOMMYTATUBHBIX KOHEUHBIX JIOKAJIb-
HBIX KOJiel] R xapakTepucTuku p ¢ pajukaiom J[zxkekobcona J, TakuM,
aro J4 = (0), F = R/J 2 GF(p") u dimp J/J? = 2, dimp J?/J3 = 2,
dimp J3 =1 or dimp J/J? = 3, dimp J2/J% = 1, dimp J? = 1.

B nacrosimeit paboTe MbI TIOJTHOCTHIO OIUCHIBAEM KOHEUHbIE KOJIbIIA,
czkaThble Tpadbl JleTuTe el HyJist KOTOPBIX He COJIep:KaT IIUKJIOB, TO €CTh
SIBJIAIOTCS ayukAudeckumu. TlogaepkaeM, 9TO METIM Mbl HE paccMar-
puBaeM Kak IUKJIbL. [TockoIbKy rpad Jemreeii Hyist acCOIUATUBHOIO
KOJIbIIA SIBJISIETCS CBSI3HBIM, TO (DAKTUIECKU MBI OIMCHIBAEM KOHEUHBIE
KOJIbIIA, CKaThle Ipadbl Je/IuTe el Hy/ls KOTOPbIX SIBJIAIOTCS 0epesv-
MU.

Ham nona 1o06siTcst HeKoTopbie 0003HAYEHUST U ONPE/IC/ICHIA.

[IycTh ajymTuBHAsT TpyIia Kojblia R pasiaraeTcss B MPSMYIO CyM-
My CBOMX &JUIMTUBHBIX moarpymm A;, rme ¢ = 1,...,n un > 2, Te.
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R=A, + ...+ A,. Eciu Bce noarpynnsl A; gBjIgIoTCH IBYCTOPOHHH-
MU HjiealaMu KoJiblla R, TO KOJIBIO R HA3BIBAIOT PA3A0HCUMbBLM W TIH-
mytr R = A, & ... 3 A,. AJJIUTUBHYIO TOJAIPYIIILY aITNTUBHON I'PYIIIIHI
KOJIbITa R, IOPOK/ICHHYIO sJieMeHTOM € R, Gymem obo3HadaTh ().
DieMeHT e € R HaspIBaeTCA udemnomenmonm Komblia R, ecin e = €.

Cucrema HEHYJIEBBIX HJIEMIIOTEHTOB €1, . .., e; (k > 2) Koubia R Ha3bI-
BAETCS OPMO2OHANLHOU, €T €;e; = ej€; = 0 [y1st 110001t aphl Pas/IHt-
HbIX ncen i,j € {1,2,...,k}. Hanee, nyctb R — NPOU3BOJIBHOE KOJIBIIO

(BO3MOKHO, 0€3 eJIMHUIIBI) U € — HETPUBUAJIbHBIA UJIEMIIOTEHT KOJIb-
na R, T.e. WIEMIIOTEHT, OTJIMYHBINA OT €JIMHUIBI (€CJIU OHA CYIIECTBYET )
u myasg. ObozHaanM

eRe = {ere; r € R}, eR(1 —e) = {er —ere; r € R},
(1—e)Re = {re—ere; r € R}, (1—e)R(1—e) = {r—re—er+ere; r € R}.
Torna g aIITUBHON T'PYNIIBI KOJIbIA [ MMeeT MecTo cjieiylonee

pa3JIozKeHnune, Ha3bIBacMOoe aGyCTTLOpOH’H,UM nupcoeCcrum pa3noxHceHUem

(em. [9, C. 32]):
R=¢Re+eR(1—¢)+ (1—¢e)Re + (1 —e)R(1 —e).

B kousibiie 6e3 euHuIbI 07 3amuchio ex(1l — e) Mbl OyjeM MOHUMATh
9JIEMEHT ex — exe, aHajorndHo (1 —e)re = re—exeu (1 —e)z(l—e) =
T — er — re + exe A JIIOOOr0 MIEeMIIoTeHTa ¢ € R u miaa maroboro
s1eMeHTa r € R.

Jst smoboro mopmMuOKecTBa S Kouiblia R 6ynem nosarars S* = S\ {0}.

O6osnaunm takzxke [(S) = {a € R; aS = (0)}ur(S) = {a € R; Sa=(0)}.

2. OCHOBHOH PE3YJIBTAT

B cnenyromeit Teopeme chopMysIMpoBaH OCHOBHOI pe3yJsibTaT 9TOi
cratbu. OTMETUM, 9TO I KaXKJIOro cjiydas B CKOOKAX MbI yKa3aJu,
KaKoi c2KaTbIil rpad Jeauresneil Hy/Id UMeeT JAHHBIA TUIT KOJIbIIA.

Teopema 1. Ilycmov R — xoneunoe xoavuyo. Cowcamoid epagh deaume-
A€t HYAA Koavua R asasemces ayuxaiuveckum mozada u moavko moada,
%0200 BLINOAHAECTNCA 00HO U3 CACOYIOWUT YCAOBUIL:

(1) R asasemcs woneurvim nosem (I'w(R) asasemes nycmowm epa-
fow);

(2) R — amo snokasvhoe usu Huavnomenmmuoe xoavyo, J(R) # (0)
u J(R)? = (0) (T<(R) cocmoum us 0dnoti eepwunsi ¢ nemaeti);

(3) R = GF(q) ® S, 2de S — aoxaavnoe xoavyo, J(S)? = (0) u
J(S) # (0) (epagp I'.(R) npedcmasasem us cebs yenv u3 we-
mupexr sepwun [¢] — [a] — [b] — [d], 2de moavko sepwuna [b]
uMeem nemato).
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(4)
(5)

(6)

(9)
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R — npamas cymma dsyx xonewnux noset (6 epage I' (R) 6ce-
20 dse sepuiunb U 0be sepulunb. 6€3 NEMAN).

R — snokanvroe xoarvyo aubo nuavnomenmmoe, J(R) # 1(J(R))U
r(J(R)), npuwem xy # 0 das ecex anemenmos x,y ¢ [(J(R)) U
r(J(R)) (6 epagpe 6cezo dee sepwurvi: 00Ha sepwura ¢ nemaet,
a emopas — 6e3 nemau,).

R — nenuavnomenmmnoe xoavyo 6es edunuuyv, R = A ® B, 2de
B? = (0) (s0smooicro, B asasemes nyaevim), A — nenyaecoe
nodkoavyo xoavua R, e = €* € A, € asasemes edunuueli 6
daxmop-woavue AJJ(A), A= eAe + eA(l —e) + (1 —e)Ae +
(1—e)A(l —e), eAe Z GF(p") (p — npocmoe wucao un > 1),
eA(l—e) CIl(A), (1 —e)Ae Cr(A), (1—e)A(l1—e) = Ann(A)
(epagp I'.(R) cocmoum us deyx eepwun [b] u [e], npuuwem [b]
umeem nemato, a [e] — 6e3 nemau).

K0AvU0 R AGAACMCA NOKANDHBM UYL HUALROMEHNMHbM, J(R)3 =

J(R)? # (0), 22 = 0 das ecex v € J(R) u evnoanaemcsa ycao-

sue (1):

ecau a € J(R) makoso, wmo natidymes snemernmo x,y € J(R),

ydosaemesoparowue yciosuam xy # 0,ar = ay = 0, mo moada

a € Ann(J(R))

(ycaosue (1) auwmnee, ecau 6 epage T'o(R) menee 6 sepwun)

(epagp I'.(R) — 36e3da muna I).

R asasemcs A0KAAOHM UAL HUABTOMEHTIHBM KOADYOM, NPU-

YeM 6HINOAHAIOMCA 064 YCAOBUA:

(a) ecau a € J(R) makoso, wmo watidymea x,y € J(R), ydo-
saemeoparousue yeaosuam xy 7 0,x # 1y, x,y € l(a)Ur(a),
mo az = 0 uau za = 0 das mobozo z € J(R);

(b) 6 J(R) cywecmeyrom anemenmus z,t, maxue, wmo 2% # 0,
t2=0,2t#0utz#0

(epagp I'.(R) — 36e3da muna II).

R - nenuavnomenmnoe xoavyo 6es edunuyp, € =e € R, € -

eduruya 6 gaxmop-xosvue R/ J(R), komopoe asasemea noaem,

J(R)? = (0), J(eRe) # (0) (6 T(R) mpu sepwunw: [b], [d],

[a1]).

Zloxazameavcmeo. 1lycts R — KOHEUHOE KOJIBIIO, TAKOE UTO B €r0 CxKa-
toMm Tpade memureneit wynas [ (R) mer nukios. Ecau rpad I'o(R)
ABJIAETCA IIyCThIM, TO B KOJIBIIE R HET ﬂeﬂHTeHeﬁ HYJId 1 OHO ABJIACTCHA
nojieM. Konednbie KoJsiblla, y KOTOPBIX CXKATBINA rpad Jiemreseil nyid
COCTOHT M3 OJHOI BEPIINHBI, OMUCAHDI B |5]: 9T0 KOsIbIa U3 IyHKTa (2)
Hacrosieil TeopeMbl. Byjem jasiee cuurars, uro B rpade [' (R) ase
i 6ojiee BEPIITUHBI.
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UsBectro, uTo muamerp rpada jenmreseii nyas ['(R) He mpeBocxo-
mut 3 [2]|. CrenoBaresbHO, HaMeTp U C2KaToro rpada jgemresieii Hyst
He peBocxoauT Tpex. [losromy B rpade I'(R) e MokKeT ObITh MaK-
cumyM Jymnbl 3. [lyers B rpade I'(R) cyimecTByer 1ielb JyIMHBI TPH:
[c] — [a] — [b] — [d]. MuOxkecTBO Bepiun rpada ' (R), cMexHBIX ¢ [al,
HO HEe CMeXKHBIX ¢ [b], obosnaunMm yepe3 A. MHOXKeCTBO BEPIIIH, CMEXK-
HBIX ¢ [b], HO He cMexHBIX ¢ [a], — "epes B. B wacrHocru, [¢] € A,
[d] € B (manomunM, B rpade Her mukiioB). [lockobky B rpade I'(R)
HeT IUKJIOB U €ro JuaMeTp He IPEBOCXOJUT TPEX, TO BEPIIMHBI U3 MHO-
xectB A u B gpisitorest Bucsiaumu u B 1o (R) HET ApYyrux BepIiuH,
kpome [al], [b] u smementoB muOKecTB A m B. Takum obpasom, rpad
I'.(R) comepxur moct [a] — [b], npuaem Beprmunsr Mocta [a] — [b] He
SIBJIAIOTCSL BUCAIMMU. KoJiblia ¢ TakuMu rpadaMu IIOJIHOCTHIO OIUCAHBI
B pabore |7]: |A] = 1,|B| =1, R = GF(q) ® S, tae S — jokaibHOE
koutb1to, npuyem J(S)? = (0), J(S) # (0) u rpad T'(R) upejcrasiser
u3 cebs nenb [c] — [a] — [b] — [d], rue Tosbko Bepriuna [b] nmeer nerso
(310 KOJIBITA THHA (3) U3 HOPMYIMPOBKU TEOPEMBI).

PacemorpuM Tenepnb ciyuait, korga B rpade ['o(R) He cymecTByer
nenu jyimabl 3. Torya sror rpad sBisieTcss 3BE370ii, MpUYEM CPeJIH
BUCSIYUX BEPIIMH TOJBKO OJIHA MOYKET OBbITh 0e3 MeT/iH, MOCKOJIbKY B
3Be3/I¢ BUCAYHE BEPIINHBI O3 IeTeIb MOYKHO O0beIMHUTE B oHy. Ecim
BepIuH Beero Jpe, To rpad '« (R) npejicrapisier u3 cebst OTPE30K 1, B
YACTHOCTH, SIBJIAETCsT HOJTHBIM I'padom. Kosblia ¢ HOTHBIME CKAThIMU
rpadaMu IOJHOCTHIO onrcanbl patee (eM. [8, 7]). Dro kosbia (4), (5),
(6) u3 HOPMYIMPOBKU HACTOSIIIEH TEOPEMBI.

Teneps MozkeM cunrtarh, 4to rpad I'w(R) sBiisiercs 38e31101 U cojep-
XKuUT Oojiee JBYX BEPIIUH, TO €CTh HE sIBJIAETCsT OTPe3KoM. Jokazkem,
YTO MEeHTpaJbHas BEPIIHHA 3Be3/Ibl BCeria UMeeT eriio. B pabore |5
OIIMCAHBI BCe CxKaTble rpadbl JesiuTeieil Hyjisi KOHEUYHBIX KOJIell, KO-
TOPBIE UMEIOT POBHO TPU BEPIIHUHBL. AIUKINIECKUM SBJISIETCS TOJIBKO
o/H rpad Ha TPeX BepIIMHAX: OH IPEJCTaBJsieT U3 cebs Telb JJTMHBI
nsa: [a] — [b] — [¢], B KoTOpO# BepmmHa [a] HE uMeeT meTSH, a Bep-
muHel [b] u [¢] — ¢ meraamu (em. |5, Theorem 3|). Ecau ke B rpade
['.(R) 6osee Tpex BepiIuH, TO B HEM €CTh 10 KpaiiHeii Mepe jiBe BU-
csMe BepIIMHBI ¢ TeTIAMI. JTO 03HAYAET, YTO IeHTpaIbHasd BEPIITHA
3Be3npl ' (R) nmeet nermo (eM. |6, Lemma 2.2]). Takum obpasom, ec-
mu rpad ' (R) siBiiseTcst 3Be3/10it 1 cofiep:KuT 6oJiee JIBYX BEPIIUH, TO
ero TeHTpaJjbHas BepIInHa BCEra UMeeT eT/II0, IIPUIeM CPEeJIU BUCSH-
YUX BEPIIMH POBHO OJIHA MOYKET He uMerh nero. Ecau B rpade ' (R)
BCe BEPIIMHBI C NETJISIME, TO OyJIeM TOBOPUTD, YTO OH SIBJIAETCS 363001
muna I, a ecim B rpade I' (R) ecTb ojHa Bucsiuasi BepiiuHa 6e3 mer-
am, To OyzeM roBoputh, uro rpad ' (R) asisierca 36e3dot muna 11
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(B 0bomx cirydasix mojpasyMeBaercs, 9To Bepinus 6osiee JaByx). Kpome
TOTr0, Oy/IeM UCIIOJIb30BATh CJIEIYIOIe 0003HATEHUS JIJIsi BEPIIUH I'Pa-
da ' (R): [b] — nenTpasbHas BepiiHa 3Be3/bl (OHA BCEria ¢ MeTIIel),
[d] — Bepumma 6e3 metin (ee MOXKeT He OBITD), [a4], [as], ..., [a,] — Bce
OCTaJIbHBIC BEPIMUHB! (M OHE BCE C IETJISMH), IPUYEM B 3Be3e Tuna |
n > 3, a B 3Be31e Tumna Il n > 1.

B cresyroreii semMmMe OMUCHIBACTCS PsiJl CBOMCTB KOJIbIlA, Y KOTOPOTo
cKaThlil Tpad mesnureseil vy sBiseTcs 3Be310i Tuna [ wim tuna I1.

Jlemma 1. ITycmv R — xoneunoe xoavyo, y xomopozo epagd ' (R)
aeaaemes 36e30ot muna I usu muna I, u 1 <1i,7 < n. Toezda évinon-
HANOMCA CAIYIOULUE YCAOBUA:

1) s189 = s981 = 0 daa 6cex s1, $2 € [a;] u das aobozo i;

2) a;b =ba; =0 dan ecex i;

3) biby = baby = 0 das ecex by, by € [b];

4) a;a; € [b] das 0600 napve pasAuNHLT wuCen 1, j;

5) db,bd € [b] U {0};

6) d* =0, ecau anemenm d AGAACMCA HUADTOTNEHMHVIM.

Jlokasamenvcmeso. Ilycts R — KoHewdHOE KOJIBII0, IputdeM rpad ' (R)
aBJsteTcda 3Be310i Tuma | nian tumna I1.

(1) BosbMem TpOU3BOJIBHBIE SJIEMEHTHI S1, So € [a;] JjIsT HEKOTOPOTO
questa i < n. Torga (s1452)s1 = 0w $1(s1+52) = 0. Ecom s1+s9 = 0,
TO 8189 = —87 = 0 = 8951. Ecim s + s € D(R)*, To 81 + 89 €
[a1] U [b].Ciienosarennbho, (s; + s9)? = 0. [ockosbky 57 = s3 = 0, a
TakkKe §159 = 0 mm $987 = 0, TO U B 9TOM ciIydae §159 = S951 = 0.

(2) Ipeamonozxum, aro a b = 0, no ba; # 0. Torma ai(a; +b) = 0, To
ecThb a1 +b ABIIsieTCs HEHYIEBBIM JIeIUTeNIeM HyJIsd, IpudeM a; +b € [b]U
[a1]. Do oznauaer, uro (a; + b)? = 0, To ectb ba; = 0; HpoTUBOpPEUHeE.
[TosTomy Harre mipe/iosiozxkenne 6bLI0 HEBEPHBIM U a1b = ba; = 0.

(3) Ilycte biby € [b]. Torma by(by + by) = 0 wmm (by + by)by = 0.
Ecau by + by = 0, To yrBepKaenune oueuaHo. [lycrs by + by € D(R)*.
Torga (by 4 by)a; = 0 qyrs mo6oro ¢ (em. yrBepkaenue (2) HacToAmmEeH
JeMMBI). 3HauuT, by + by € [b] win by + by € [a1] (BTOpOIT Cotyuait MozkeT
ObITh, ecyin B 3Be3/e Tuna 11 Beero onHa Bucsdast Bepriuna). [losromy
(by + by)? = 0. CreoBaresbho, biby = byby = 0 u B 3TOM CiIy4ae.

(4) IMockombKy a;a; 7# 0 IpH PA3IMUHBIX ¢, ] W 9JIEMEHT (;q; AHHY-
JIAPYET 3JIEMEHTEL @; U (j OJXHOBPEMEHHO, TO a;a; € [b].

(5) Hpemmonoxkum, aro db = 0 u bd # 0. Torma d(bd) = 0, To ecThb
[bd] = [b].

(6) Mycrs d™ = 0, d"' # 0, n > 4. Torma (d*)? # 0, To ectb d? € [d].
[ockombky d"2 - d*> = 0, To d"% € [b]. Ho rorma u d" 2 - d = 0;
nporuBopedne. Cienoaresbio, 3 < n < 4. Jlemma gokazana. U

P e
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[Iycrs I'o(R) saBisiercs 3Be3moit Tuna . Samernm, uro B R TOrIa
HE MOXKeT OBITh OPTOrOHAJIBHBIX HJEMIIOTEHTOB, TO ecTh R/J(R) sB-
aserca nojteM win R = J(R) (cm. [9]). Ecom R menmnbnorentnoe u B
HEM HeT eJMHUIILI, TO B R €CTh IVIABHBIN MIEMIIOTEHT €, KOTOPBIi Mo~
pOXKJaeT BepiuHy [e] 6e3 mersn, a BepuiuH 6e3 MeTin B 3Be3/e Tua |
uet. CiesroBaTenbuo, R ABIAETCS JTOKATLHBIM KOJIBIIOM JIHO0 HUJIBIO-
TeHTHBIM [9]. BameTM, 9To M0 TOJIBKO YTO J0Ka3aHHOi jJemme B J(R)
HE MOXKET OBITh HEHYJIEBBIX CJIOB JUIMHBI 3, Tak Kak a;a; € [b] mpn
Pa3JIMIHBIX i, J, a BCE 3JIEMEHThI U3 [b] aHHYJIMPYIOT 9JIEMEHThI MHOKE-
crea D(R) = J(R) c obeux cropon. Takum obpazom, J(R)?* = (0) u
(b U {0} = Ann(J(R)). B wactHoCcTH, ecint ax = ay = 0 u xy # 0 mia
HEKOTOPBIX a, ,y € J(R)*, To BepimHsI [z] u [y] — 9T0 pasindmHble Bep-
IIUHBI, KOTOPBIE HEe CMEYKHBIE MeXKJLy co0O0ii, HO CMeyKHBbIE ¢ BEpIINHOM
[a]. B cumy Toro, uro cxkaTeiit rpad geuresteil Hysis KoJbia R sBisi-
eTcs 3Be3jIoM, caenyer, uro [a] = [b], To ectb a € Ann(J(R)). Uraxk,
KOJIbIO R sBisercs kosbroM Tuna (7) u3 hOpMyIHPOBKH TEOPEMBI.
Bamernm, ato yeaosue (1) mist ciyqas, korma B rpade ' (R) ne 6oiiee
IISITH BEPIIUH, MOYKHO OIIYCTUTh. DTO MbI JIOKAsKEM HUKe, KOorja Oyiem
JIOKa3bIBATh 00PATHOE YTBEPKICHNE JJIst IyHKTOB (7) 1 (8) TeopeMbl.

[Iycrs tpad ' (R) — 3Be3ma tuna II. Torga B R He MOkKeT ObITH
OPTOTrOHAJIBHBIX HIeMIIOTeHTOB. [losaToMy Kosbio R 100 HUIBIIOTEHT-
HO, 100 R/J(R) siBisiercst mosem. [lycts R siBisieTcst JIOKAJIBHBIM UITH
HUJIBIIOTEHTHBIM. JI0KazKeM, IT0 KOJIbIO R ABISAETCS KOTBIOM U3 Ty HK-
ta (8) macrosmeit Teopemsl. B stom ciyuae D(R) = J(R) |9]. Torma
yesosue x,y € l(a) Ur(a) jys nekoropsix a,x,y € J(R), Takux, 9To
xy # 0, paBHOCWILHO TOMY, 4TO JubO0 [x] = [y] aBisiercst BepHMHOl
6e3 metsin, OO [x] m [y] — JABe pasiMUHbIC BEPIIUHBI, HE CMEXKHBIE
Japyr ¢ apyrom. B obenx ciydasix 910 o3Hadaer, 4to [a] = [b], To ecTb
az = 0w za = 0 st soboro z € J(R). Takum obpasom, myHKT (a)
soinosasgercs. [Tockompky ' (R) — 910 3Be3na tuna II, To B nem ectb
Kak MEHUMYM Tpu BepimHb: [b], [d] u [aq]. TTomoxum z =dut =a; u
yBuuM, 910 IyHKT (b) TOXKEe BBINOJIHSIIETC.

PaccmorpuM reneps nogpobuee cirydait, korga ' (R) — 3Be3ma tumna
IT u R ne gBiseTcad HU HUJIBIIOTEHTHBIM, HU JIOKAJbHBIM. IloCcKOIBKY
B KOJIblle R HET OPTOrOHAJBHBIX UJIEMIIOTEHTOB, TO OHO JIGO JIOKAJIb-
Hoe, 00 He cojiepKuT eaunuity. tak, R — HEHUIBIIOTEHTHOE KOJIBIIO
6e3 exuuuIpl. Torja Bce €ro SJEMEeHTBI SBJISIOTC JeTUTEIAME HyJIs
[9]. Hdasee, B R ecTb TaBHBI HJIEMIIOTEHT €, TO €CTh € — €JMHUIA
B dakrop-kosbie R/J(R), R/J(R) saBiagercs mojeM ¥, B 4aCTHOCTH,
eRe aBigercsd JIOKaJIbHBIM KOJBIOM. /JokazkeM, 9TO B 3TOM citydae [?
aBiieTcs KosbioMm tuna (9) n3 dopmysmupoBrn teopembl. [Tokarxkem
cuadasa, aro J(eRe) + eR(1 —e) 4+ (1 —e)Re + (1 —e)R(1 — e) =
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J(R). Heiicrurensuo, J(eRe) +eR(1 —e)+ (1 —e)Re+ (1 —e)R(1 —
e) € J(R), Tak Kak 9J€MeHT € siBjsiercs eaununeii B none R/J(R) n
J(eRe) = J(R) NeRe [9]. O6paTHO, BO3bMEM HPOU3BOJIBHBII JIEMEHT
r = exie + exa(l —e) + (1 —e)zze + (1 —e)zy(l —e) € J(R). Hdo-
KazkeM, 910 exrie € J(eRe). Ilockombky € — equanna B R/J(R), TO
r=exrie+z,11e z =exy(l—e)+ (1 —e)zse+ (1 —e)xy(1 —e€) € J(R).
Orciona exie = x — z € J(R) NeRe = J(eRe) |9, C. 75|. Urak, 06-
paTHOe BKJIFOUEHHe JJ0Ka3aHO. [IpeIooKuM, 4T0 HEKOTOPBIIT 9JIeMEeHT
eje+em(l—e)+(1—e)le+ (1 —e)t(l1—e), rae eje ¢ J(eRe), B kBa-
pare pasen nymo. Torma (eje)? + em(1 — e)le = 0, Tak Kak cymma
IPYIII B IIUPCOBCKOM Pa3JI0KEHUH ABJIsteTcs npamoil. 3uaunr, (eje)? =
—em(1—e)le = —em(1—e)-(1—e)le € eR(1—e)-(1—e)Re C J(R)?. To-
IJla 9JIEMEHT eje JIOKAJBHOIO KObIa elRe sBIIFeTCs HUIBIOTCHTHDIM,
To ecth eje € J(eRe); nporuBopeune. Takum o6pasom, Bce 31€MeH-
TBI TAKOI'O BH/a HE MOTYT B KBaJpare ObITh paBHbIMEU Hy.T0. [losromy
le] = [d] nueRe\ J(eRe) + eR(1 —e) + (1 —e)Re+ S C [e] (Bepmuna
[d] comepKuT BCe 37eMeHTbI KOsiblia R, KOTOpbIe B KBaJIpare He PABHBI
uysti0). Kpome toro, snementsr u3 muoxkects eR(1—e)+(1—e)R(1—e)
u (1—e)Re+(1—e)R(1—e) anmymupyroTcst IIEMIOTEHTOM € XOTs OBl ¢
OJTHOI CTOPOHBI, TIOITOMY BCE HEHYJIEBbBIE SJIEMEHTBI STHX MHOXKECTB CO-
nepxxarcst B Bepimmne [b]. [To memme 1(3) maoxkectsa eR(1—e), (1—e)Re
u (1 — e)R(1 — e) aHHYJIUPYIOT APYT JIpyra ¢ 00enx CTOPOH U KaxKJoe
U3 HUX B KBaJ[paTe PaBHO HYJIIO.

Eciu J(eRe) = (0), To e Re siBisiercs KonednbM nosieM. asee, mme-
eM, uro eRe* +eR(1—e)+ (1 —e)Re+ (1 —e)R(1 —e) C [e]. Hakonern,
ssteMeHThI 13 MHOXKecTBa eR(1—e)*+(1—e)Re*+(1—e)R(1—e) (ecam
TaKWe CyIECTBYIOT) He aHHYJIUPYIOT MJIEMIOTEHT € HU C OJHOM CTOPO-
ubl. CiieoBaTeIbHO, MOIYT JIEXKATh TOJILKO B BepimuHax [a;| u [e]. Ho
[pOU3BeJIeHNe JTIOObIX JIBYX 9JIEMEHTOB U3 9TOH CyMMbI PaBHO HYJIIO,
tak KaK eR(1—e)*, (1 —e)Re*, (1 —e)R(1 —e)* C [b]. [TosTomy MOKHO
canrarh, 910 eR(1 —e)* + (1 —e)Re* + (1 — e)R(1 — ) C [a1] (ecom
TAKUX 9JIEMEHTOB He CYIIeCTBYeT, To Beputud B rpade ' (R) Beero jse,
rpad ' (R) gBisieTcs MOJHBIM U KOJIBIO R SIBIISETCS KOJIBIIOM THUIIA
(6) 13 POPMYTMPOBKU TEOPEMBI).

Teneps Oynem canrars, ato J(eRe) # (0). [TockoabKy 3/eMeHTh 13
J(eRe)* He aHHYJUPYIOT €, TO OHH BCE MOIYT JIe:KaTh TOJIBKO B Bep-
muHax [a;) u [e]. Ho snementst u3 J(eRe)* e MOryT JiezKaTh B Pa3HBIX
BEpIIUHAX, TIOCKOJIbKY J(eRe) sIBISeTCs HUIBIIOTEHTHBIM MOJIKOJIBIIOM
U, CJIEJIOBATENIbHO, IMeeT HeHYJIeBOi aHHy IATop. MoKeM 1moJiararhb, 9To
J(eRe)* C [ay]. Torga no semme 1 umeem, uro J(eRe)? = (0). Bosee
TOrO, BCE HJICMECHTBI U3 HOCICAHUX TPEX HUPCOBCKUX KOMIIOHEHT aHHY-
JMPYIOT ¢ 06enx CTOPOH 3jeMeHThl U3 cymMmbl J(eRe)* + eR(1 — e) +
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(1—e)Re+(1—e)R(1—e) (1o semme 1), To ectb J(R)? = (0). 3nauwur,
J(eRe)* +eR(l1—¢e)+ (1 —e)Re+ (1 —e)R(1 —e) C [a1]. DemenTsr
u3 MHOXKecTBa eR(1 —€)* 4+ (1 —e)Re* + (1 — e)R(1 — e) (ecom Takue
€CTh) HE MOTYT aHHYJMPOBATH SJIEMEHT €, HO JIOJZKHbI AHHYJINPOBATH
ssiemenTsl 13 J(eRe)*+eR(1—e)+ (1 —e)Re+ (1 —e)R(1 —e) C [a4].
[Tostomy eR(1 —e)* + (1 —e)Re* + (1 — e)R(1 — ¢e) C [ay].

Ocrasioch JIoKa3aTh 06paTHOE yTBEPXKIEHHE JJIsl JIBYX [IYHKTOB Teo-
pembr: (7) u (8). Bamernm, uro s JokaasHOro Kostbiia R ['U(R) =
Lo (J(R))[9, C. 74]. TTosToMy J0CTATOUHO JIOKA3aTh OGpATHBIE yTBEP-
JKJIEHUsI JIJIsi HUJIBIIOTEHTHOTO KOJiblla 13 ycsoBuil (7) u (8) Hacrtos-
meit reopembl. Bo Beex srux ciaydasx B rpade I'o(R) ecth Beprmna
C merseil, CMeXKHasi CO BCEMU OCTAJbHBIMU: 9TO Ta BEPIIHHA, KOTOPas
comepxkut Ann(R). Bynem nasee sty BepuinnHy o603HadaTh [depes [b]
(kak u jis 3Be3 tuna [ u I1).

Urak, myctsb R — nuiabnorentioe Koubio, R = (0), R? # (0), 22 =0
st Beex © € R. Jlokaxkem, aro rpad [ (R) B 9TOM citydae — 9T0 3B€3-
Jga tuna [ 3aMeTuM, 9TO B 9TOM CJIydae BCE BEPIIMHBI C METJISMHU.
[TockonbKy o2 = 0 115 Beex & € R, To KOIBIO R KoMMymamuero no
HYA0, TO ecTh zy = 0 ToOrJIa W TOJBLKO Toria, Korja yr = 0 i Bcex
z,y € R. 910 cnegyer usz toro, uro (x +y)? = 0 aua Beex z,y € R, To
ecth vy = —yx. Tak kak R* # (0), To rpad [« (R) conepkuT Kak Mu-
HUMYM TPH BEPIIMHBI, U3 KOTOPBIX OJIHA — 9TO BepinuHa [b] ¢ meteii, a
JBe ipyrux — 910 [z] u [y| aist ssmemento z,y € R, Takux, uro xy # 0
(TH 3JIeMEHTBI He MOT'YT TIONACTh B OJIHY BEPIIUHY, TaK KaK BCE BEPIIIU-
HBI C IETJISIMU; TAKyKe HU OJIHA U3 BEPIINH [z] U [y] He MOXKeT coBIACTD
c [b], rak kak BepuHa [b] cMexkHa co Bcemu Bepriunamu). dasee, ecom
B rpade ' (R) POBHO TpH BEPIIUHBI, TO ITO HE MOXKET OBbITH TPEYTOJIb-
HUK, HHAYE BCE TPH BEPIIUHBI (OHU 2Ke BCE C TETJISME) MOKHO CTSHYTh
B oxny. Takum obOpasom, ecim BepiiuH B rpade PoBHO TpH, TO rpad
[ (R) mpejcrasisier u3 cebsi 1ellb Ha TPEX BEpIINHAX C HETIISIME, TO
ecThb 9710 3Be31a Tura I. [lycTs Bepmma B rpade OoJiee Tpex, HO MeHee
mectu. [Ipeanonoxum, aro rpad ' (R) ne swisiercsa 3se3oii. Torma
B HEM €CTb JIBe pa3/UdHble BepIIUHbI [a1] u [as], orimunbie or [b] u
CMeKHBIe MezxKiy coboit. TlockosbKy Bepiumubl [a1] u [ag] pasiundnbie,
TO JIOJIZKHA CYIIECTBOBATH eIlle OJ[Ha BepIInHa [a3], KOTopast He CMeKHa,
HAIIPHMED, C BEPIIUHOM [a;], HO cMexKHa ¢ [ay] (ecsm Takoit BepIIUHbI He
CYIIECTBYET, TO BEPIINHBI [a1] U [as] MOXKHO cTAHYTH B OfHY). B cuity
KOMMYTATHBHOCTH T10 HYJIIO KoJiblla R Bepmmua [a; + as] He cMmekHa
¢ [a1] n [as], o cmexua ¢ [ag). [losromy Beprmna [a; + as] e MoxeT
COBIIACTH HU € OJHO¥ U3 BepiuH [b], [a;], i = 1,2,3, To ecTb 910 TsiTas
sepimna rpada I'w(R). Ecau apyrux sepriun B rpade ['o(R) mer, To
BEPIINHY [as], KOTOpas CMeXKHa CO BCeMU BepIIUHAME B rpade, MOKHO
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CTSIHYTD C BepIIHHOil [b], 1ero ObITH He MOXKET. SHAYHUT, €CTh €Ille OHA
BepIIIHa [a4), KOTOpast He cMexkHa ¢ [ag]. Crano 6uirh, B rpade ' (R)
MHUHUMYM I1iecTh Bepiui. [Iporusopeune. PaccmorpuM Tereps cirydait,
korjia st R Beinosasiercst yeqosue (1): ax = ay = 0 < a € Ann(R)
JUTs BCeX a,x,y € R, takux, aro xy # 0. g 3aBeprienns jgokasa-
TEJILCTBA B 9TOM CJIydac JOCTATOYHO B3ATh @ = A9, & = G U Y = d3.
Torga ax = ay = 0 B cuity KOMMYTaTHBHOCTH 110 HyJ0, xy # 0, HO
a ¢ Ann(R) = [b]; nporuBopeune JOKa3bIBAET STOT CJIyYail.

Hakoner, mycts R sBJsieTcsi HUIBIOTEHTHBIM KOJIBIIOM, JIJIsi KOTO-
POTO BBITIOJIHAIOTCS CJICIYIONIIE JIBA YCIOBHS:

(1) mns Beex a,x,y € R, Takux, aro xy # 0,2 # y, BBIIOJHACTCS
paBHOCHILHOCTE: 2,y € (@) Ur(a) < az = 0 win za = 0 s
Joboro z € R;

(2) maitayrest z,t € R, takue, uto 22 # 0, 12 =0, 2t # 0, tz # 0

Hoxkazkem, aro rpad ' (R) — 3Besga Tuna II. Samerum, 4To B rpa-
de I' (R) ectb 10 Kpaiineii mepe Tpu Bepruunst: [b], [t], [z], nupuuem
Ann(R) C [b], Bepmunel [t] u [2] He cMeXKHBI APYr € JAPYIrOM, Bep-
munel [b] u [t] umeror nern, a Bepummna [z] — 6e3 merim. [lokaxkem,
YTO BepImHa [z] sBisteTcst Bucsaeii. [lycers cymecTByer BeprimHa [w],
ommaHasg oT [b], koropas Toxke cMexkna ¢ [z]. Torma jis mo0bIx pas-
JIMYIHBIX 21,2y € [z] (ecm Takume CyIecTBYIOT) mMeeM, 9To 21z # 0,
21,29 € l(w) Ur(w). Ilo ycaosuio 910 Baeder, 9To [w] — 970 BepumHa
C metJieii, cMexKHast CO BCEMU OCTaJIbHBIME. HATHT, €€ MOKHO 00be/IH-
HUTBH B OJIHY BepiuHy ¢ BepumHoii [b]. I[Iporusopeune. CiemoBaresisb-
HO, BEpIIUHA [2] COMEPIKUT TOJBKO OJMH JIEMEHT — 9TO Z, 9€ro ObITh
He MOXKeT, TaK Kak [z] = [z + j| mist o60oro HEHysIeBOro 9jIeMeHTa
Jj € Ann(R). HoBoe nporuBopedne moKa3bIBaeT, YTO BEPINUHA [z]| sB-
JIsIeTCsl BUCSIel. AHAIOTMYHbBIE PACCY 2K ICHUSI TOKA3BIBAIOT, UTO JII00ast
JpyTras BepiinHa 6e3 meTin (ec/Iu OHa CYIEeCTBYET ), TOXKe SIBJISIeTCsT BU-
cstUeii, TO eCTh CMEXKHOI TOJIBKO ¢ BEPITHHOIL [b], HO 9TO 03HaYaer, 4To
MBI MOXKEM BCE BEpIIMHLI 6e3 meresib CTauyTh B oxy. Mrak, B rpa-
de I' (R) poBHO ojHa BepuirHa 6e3 MeTIM — 9TO BEPIIUHA [z]|, 1 OHA
gBJIgieTCs Bucsdeil. Ecam BepmuH Bcero Tpu, TO Bee J0Ka3aHo: rpad
[ (R) sro nens [z] — [b] — [t], TO ecTb saBisiercs 3Be3moit Tuma I1. [Tpe-
HOJIOKKM, 9TO BepuinH Gostee Tpex. Obo3HaunM depes [s| deTBepryio
BepImHy. B cmry J0oKazaHHOTrO BbINE OHA WMEET METJII0 U He CMEKHA
¢ Beprmmaoil [z]. Ecsm B rpade I'o(R) Bce BepHIMHBI ¢ METISMH, OT-
JIMYHBIE OT [D], SIBJISIIOTCST BUCAIMMMU, TO BCE JOKAa3aHO. [Ipemonoxum
nporusnoe. Torja, He Hapymas oOIHOCTH, MOXKEM CYATATL, YTO BEp-
muHbl [t] u [s] emexxHbI Apyr ¢ Apyrom. JloJKHA CyIIECTBOBATH elle
OJIHA BepIIUHA [v], KOTOpasi cMexKHa ¢ OJIHON U3 BepiuuH [¢] u [s], HO He
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CMeKHa C APYToil U3 HUX (MHAYE BEPIIMHLI [¢] U [S] MOXKHO CTSHYTD).
Bynem nomarats, ato [v] cmexkHa ¢ [s], HO He emexxHa ¢ [t]. Torma tv # 0
ut,v € l(s)Ur(s). Ilo ycaoBuio 9To Bieder, 4To [s] cMexKHA €O BCe-
mu Bepimaamu B rpade I' (R) u ee MOXKHO CTSIHYTH ¢ BepITHHON [b].
[IporuBopeure J0Ka3biBaeT, 9T0 Bee BepiuHbl B rpade ' (R), Kpome
BepImHbl [b], aBasgores Bucsaanmu, npudeM B rpade I (R) poBHO o/1Ha
BepimHa 6e3 netyn. Takum obpazom, rpad ' (R) aBisercsa 3Be3/0it
tuna II. Teopema mokazana. U

CaencrBue 1. I[Tycmov R — xoneunoe koavyo, y xomopozo epad I' o (R)
ABNAACNCA GUUKAUYECKUM Nopadka boaee 3. Tozda xKorvuo R aubo nuno-
nomewmmoe, Aubo LOKANLHOE.

Ormernm, uro B pabore [6] onumcanbr Bece cxkarbie rpadbl J1enTe-
Jieit HyJIsi KOHEYHBIX KOJIEI[ Ha YeThIpex BepiuHax. Ecm mocMorperhb
CIIMCOK 9TUX I'padoB, TO BUIHO, YTO 3Be3/a 1 Tuna | u tuna I Ha Je-
THIPEX BepIIMHAX BO3MOXKHA [6]. Mbl puBeu IpUMepbl TAKUX KOJIET]
B npumepax 1 u 2.

IIpumep 1. Paccmorpum Zg-anredpy R = Zoay+Zoas+. . .+Zoay, +
ZQZl+Z222—|—. . .+ZQZk, romen > 2, k= n(n—l), CL% = CL% =..= ai = O,
102 = 21,0201 = 22,0103 = Z3,...,0p_10p = Zk-1,0p0n—-1 = Zg,
E = n(n—1), Ann(R) = {z; 1 < i < k}. Torma cxarstii rpad
JleTTe el Hysis 3TOT0 KOJIbIla siBjisieTcst 3Be31oi Tuta 11:

[al] = {al, a + 21,01 + 29y veey A1 +21+2+ ...+ Zk},

las] = {ag, a2 + 21,09 + 22, ..c,as + 21 + 20+ .. + 21}, ooy

an] = {an, an + 21, a5 + 20, .oy @ + 21 + 22 + ... + 21},

[d] = {a1+ag, a1+as+21, a1+as+29, ..., a1 +as+...+an+21+20+...+ 21},
[b] = {21, 22, %1 + 29, ey 21 + zo+ ...+ Zk}

AcconuaTuBHOCTB KOJIblIa R cjiejlyeT U3 TOro, 4To MPOU3BEJIEHHE JIH0-
ObIX JIByX €0 3JIEMEHTOB JIEXKUT B aHHYJIATOPE KOjblla R, TO ecTh
R3 = (0).

Ipumep 2. Ilycrts R = {(a) + (b) + {¢) + (d), tme 2R = (0), bR =
Rb=(0),2> =0 ascexz € Ruad =da=ac=ca=dc=cd="0.B
stom ciaydae [b] = {b, atc+d, a+b+c+d}, [a1] = {a, a+b, c+d, c+d+b},
las] ={c,b+c,a+d,a+b+d} ulas] ={d,b+d,a+c,a+ b+ c}, To
ectsb rpad ' (R) aBisierca 3Be3o0it Tuna 1.

B npumepax 1 n 2 KoJiblla HUILIOTEHTHBIE. B ciierytonem npumepe
MBI [IPUBEJIEM HEHUJILIIOTEHTHOE KOJIBIIO 063 €JIMHUIIBI C AI[UKTTIECKIM
cxkaThiM rpadom Jiesuresieil Hyist.

IIpumep 3. Ilyctsb e;; — MaTpuanble euHuILL. PaccMOTpUM KOJIBIO
A, = {aey + fea; o, € Z,}, tie p — upocroe 4ucio, Z, — KOJIbIO
KJIACCOB BBIYETOB 110 Moy.o p. Torma B rpade I'(A,) posHo nBe Bep-
IIMHBL OJIHA C IETJIeH, COMeprKalllast SJIEMEHTBI BUIA Ve, 0 # v € Zy,
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a Bropas — 0e3 IIeT/I1, B KOTOPYIO IOIaal0T BCe OCTaJbHbIe HEeHYJIEBbIE
JIEMEHTDLI KOJIbIla.

Hwuke nipuBejieH mpuMep JIOKaJIbHOIO KOJIbIA C AIUKJINIECKUM CyKa-
TBIM TPadOM JIeJIUTEIel HyJIA ¢ TPEMSA BePITHHAMMU.

IIpumep 4. I'pad ' (Z,4), re p — mpocToe InCIo, COCTOUT U3 TPEX
sepmn: [b] = [p%], [a1] = [p?] u [d] = [p], — To ecTb ABAsIETCH 3BE3OI
tumna I1.
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