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O KJIACCAX 9KBUBAJIEHTHOCTU MATPUIL HA/JI
KOHEYHBIM IIOJIEM HEYETHOWN XAPAKTEPUCTHUKNA

E.B. 2KYPABJIEB

ABSTRACT. In this article we classified up to isomorphism all finite local
rings R with Jacobson radical J and conditions:

charR # 2, R/J = F C Z(R), dimp J/J* =2, dimpr J* =3, J°> = 0.
Keywords: finite rings, local rings.

1. BBEJIEHUE

Kpagparubie marpunnl M u M’ najn xkoHedHbIM 1ojieM F Ha3bIBAlOTCA KOH-
IPYSHTHBIMM, €CJIM CYIIECTBYET HEBBIPOXKJEHHas marpuna P Han F, takas, 4ro
M’ = PTMP, rne PT — tpancrnonnpoBanHas Marpuna. Ilpuaem, ecam P — oproro-
HasbHag MaTpuia, PT = P~', 10 M u M’ Ha3bIBAIOTCS OPTOrOHAIBHO HOLOOHBIMA
(1, 2]). B pa6ore [3] M. Hproman Hamien Bce KIacchl KOHIPYIHTHOCTH JIIsS CHMMET-
puueckux marput. B. Yorepxayc (cm. [4]) mis mpOM3BOIBHBIX MATPHIL BbIYKCIIHIL
KOJIMYECTBO KJIACCOB KOHI'PYIHTHOCTH 0€3 ykaszanusi ux npezacrapureneii. Coyqait
JIJIST MATPWIL TTOPsiZIKa [IBa OB U3ydeH B paboTax [5, 6], a 1yt MATPUIL TOPSIIKA TPH
B paborax [7, 8, 9].

Iycts My, Mo, ..., My, M{, M}, ..., M € M,(F), F = GF(p") — KoHe4HOE TI0-
JIe, p — MPOCTOe IuCa0, m,n, T € N. YIopsaoueHHbIe TOCIeI0BATETBHOCTA MATPHIL
(My,Ms, ..., My)u (M, M}, ..., M ) Ha30BeM SKBUBAJIEHTHBIMY, €CJIU CYIIECTBY-
I0T HEBBIPOKIEHHBIE MATPHILI P = (Dij)nxn T Q = (¢ij)mxm Ham noaem F takwe,
9TO

M, =" quP"M;P, k=Tm. (1)
i=1
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B gactrOCTH, TPt m = 1 mosry4uaeM:
M, = g PT M, P. (2)

O4eBUIHO, YTO B 9TOM CJIy4ae M3 KOHIPYSHTHOCTH MATPHIL CJIEAYET MX IKBUBA-
JIeHTHOCTh. B paborax [6, 10, 11, 12] aBTOpPHI, MCIOJIB3ysl TOIYYEHHbIE DaHee KIac-
CBhI KOHTPYSHTHOCTH MATPWIL MOPSAJKA JBA W TPU HAJ MPOCTHIM TMOJIEM, HAIIA WX
IOPEICTABUTENN KJIACCOB SKBUBAICHTHOCTH.

st mBoex MaTpur, mopsaaka asa (m = 2 u n = 2) 3KBUBAJEHTHOCTH OMPEIEIs-
eTcd PaBeHCTBAMU

{ PT (qu1 My + q12M3) P = Mj; 3)
PT (g1 My + qoaMs) P = Mj.
B. Top6ac u I'. YuiibsiMc 1OJIHOCTBIO U3y 4niu STOT Cirydail upu p # 2 B pabore [13]
u upu p = 2 B pabore [14].

ITIpn m = 3 u n = 2 nomy4aem, uro tpoiiku (M, Ma, M3), (M7, M5, M}) mar-
PHII BTOPOTO MOPSIIKA SKBUBAJIEHTHBI, €CJIN CYIIECTBYIOT HEBBIPOXK ICHHBIE MATPHIIHI
P = (pij)ax2 1 Q = (¢ij)3x3 Takume, 910

PT (g1 M1 + q1aMs + q13Ms) P = Mj;
PT (ga1 My + q2aMs + q23Ms) P = My; (4)
PT (gs1 M1 + g3 Ms + qssMs) P = M.

Hesnp mannoit paboTsl — HANTH MPEICTABATENN KJIACCOB SKBUBAJIEHTHOCTH I JAH-
HOIO CJIydast, IPYU P 7 2, U IPUMEHUTD [HOJIy YeHHbIH PE3yJIbTaT /il KIacCupUuKamm
KOHEYHBIX JIOKAJIHHBIX KOJIEII.

2. DKBUBAJIEHTHOCTH MATPHII

Hasee 6ynem nosararsb, uro F' = GF(p") — KOHEYHOE 10JIe HEYETHOI Xapak-
repucruku (p # 2), § — Hekoropblii dbukcupoBanublil sjaement uz F*, rakoii, 4ro
§ ¢ F*2 §# 1. Ilycts € € {1,46}, To ecTh € IpoGeraeT MHOKECTBO MpeICTaBuTe e
CMexKHBIX KaaccoB F*/F*2. Eciu € = 1 (cooTs. € = §), To ans xaxaoro f € F
(coots. f € F*) maiinem menysesoe pemrenue (z,y) ypasaenus r2 — ey? = f. O6o-
3HauuM {2. MHOXKECTBO HAMiIEHHBIX TaKUM oOpa3om ajementoB u3 I x F. Kpowme
TOrO, MyCTh 0 MPOBEraeT MHOXKECTBO MPEICTABATENEN CMeKHBbIX KiraccoB F* /{+1}.

Jlemma 1. Bceakasa keadpamuas mampuys M nad nosem F npedcmasuma 6 eu-
de CYMMvL CUMMEMPUYBECKOT, MAMPUYD, A U GHMUCUMMEMPUYECKOT mampuyb, B
(m.e. maxoti, wmo BT = —B). Ipunem mampuupi, 5K6USAACHMMHBIE CUMMEMPU-
YECKUM MAMPUUAM, ABAAOMCH MAKHCE CUMMEMPUYECKUMU, 6 MAMPUYDL, IKEUBH-
AEHMHDBLE AHMUCUMMEMPUUECKUM MAMPUUGM, ACAAOMCH TAKHCE GHMUCUMMEM-
PUNECKUMU.

OcHoBbIBasicb Ha pe3syuabrarax pabor [3, 13] mpuBesem B Tabmune 1 mociemo-
BATEJIHHOCTH MATPHIIL, ABIAIOMAXCA PEJCTABUTEIAME KIACCOB 3KBHBAJTCHTHOCTH,
oupeeisiemoii coornomenusMu (2) u (3), y KOTOPBIX COOTBETCTBYIOIUE CUMMET-
PUYECKHE MATPUILL ABJIAIOTCHA JIMHEHHO HE3aBUCHUMbIMU.
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rabsmma 1

CUMMETPUYCCKHE MATPUIBI | HECCUMMETPUYICCKHUE MaTPUIIbL
1 10 0 1Y\ 10 0 1+ 8\,
“\0 0/’\1 0)’ 0 0)’\1—-p 0 ’

1 1) (0 1 .
(4 00 omeser
9 10 0 1), 1 « 0 1+p5

“\0 e/7\1 0)’ —a ¢)’\1-0 0o )’

rae (o, B) € Q;

Bcrony masee mbr OymemM paccMaTpuBaTh TPONKU MATPHUIL MOPSIKA ABA HAJ MO-
jgeM F' u orHOIEHME SKBUBaJIEHTHOCTH, onpejessemoe pasencrsamu (4). Cuava-
Ja yKaKeM IIpeJ/ICTaBUuTesell KITaCCOB SKBUBAJEHTHOCTH CAMMETPUYIECKAX MATPHIIL.
I 3TOTO pa3esuM WX Ha TPYINBI B COOTBETCTBUU ¢ paHToM. Tak Kak cuMMeT-
pUYeCcKHe MaTPUIBI 3TO MNOAIPOCTPAHCTBO PA3MEPHOCTH TPH, TO BCE TPOUKHN JIU-
HEHHO HE3aBUCUMBIX MATPHUI[ 00PA3yIOT OIWH KJIACC SKBUBAJEHTHOCTH U TPOUKY
MAaTPHIL PAHTA TPH, IPEJICTABATES ITOTO KIAcCa, MBI MOYKEM BLIOPATDH, HATIPUMED,
€11, €12 + €21, €29. TPOMKHN MATpHUI pAHTA [ABA 3TO JABOWKHN JUHEHHO HE3ABUCHMbBIX
MaTpUI, — [IPeICTaBUTENEH KIIaCCOB dKBUBAJEHTHOCTH, ONPEAEIIeMON COOTHOIIe-
HUAEM (3), ¢ mobaBjieHHON HysIeBO# marpureii. Tpoiikum MaTpuil paHra OIWH 3TO
HEHYyJIEBble MATPUIIBI — MIPEJICTABUTENIN KJIACCOB KBUBAJIEHTHOCTH, OIpeIeaaeMOn
coorHomenueM (2), ¢ 106aBJEHHBIMYU HyJIeBbIME MaTpuiamu (cm. tabauiy 1).

Wrak, mycrb S — MHOXKECTBO, COCTOMAIIEE U3 CJIEAYIONUX TPOEK MATPHIL;

1 0 0 1 0 0
W a=(g o) 4= (3 5) 4=y 1)

—_

(
2) A1:<(1) 2>,A2:<(1) é),A?,:(g 8>,<e{o,1,5};
@&:Ggy@zgg)&:@8>&mm&
0am(§ ) an (0 0m( 2)
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Ecnu npu mexkoropeix P u ) mocienoBarenbHoctb marpull (My, Ma, ... My,)
9KBUBAJIEHTHA camoii cebe, To Oynem roBoputhb, 4ro napa marpul (P, Q) crabuiu-
supyer (M1, Ms, ..., M,,). Kpome Toro, oupenesum na Tpoiikax MaTpul, IIOKOOP-

JIMHATHOE CJIOXKEHNe
(A1 + B1,As + By, A3 + Bs) = (A1, Aa, Ag) + (B1, Ba, Bs),
rae Ai, As, As, B1, By, B3 € My(F)

Jlemma 2.

(1) Beawuti xaacc 9K6UBAAEHMHOCTIU COJEPAHCUM MPOTIKY
(My, My, M3) = (A1, Az, A3) + (By, Bz, Bs),

20e (A1, As, A3) € S u (By, By, B3) — mpotlixa anmucumMmempuieckus mam-
puy. ITpusem kasrcoot xaace onpedeasemcesa (Ay, Az, As) € S eduncmeen-
HLM 00PA3OM.

(2) Hycmo (A1, Az, A3) € S u (B, Be, Bs), (By, By, B) — mpotixu anmucum-
MEMPUUECKUT MATPUY,

(A1, Az, A3) + (B1, By, Bs) ~ (A1, Ay, A3) + (By, By, By)

mozda u moavko mozda, kozda cywecmeyrom P u QQ maxue, wmo
(a) (P.Q) cmabuausupyem (Ar, As, As);
(b) (B, Bs, B3) ~ (B, B, BY) nocpedcmeom P u Q.

JIemma 3. Ecau (A1, A2,0) € S, A1 # 0, Ay # 0, mo cmabususupyrowue mam-
puyst P u Q das mpotixu (Aq, Aa,0) umerom 6ud

i pio g Q12 @13
P= <p21 p22>7 Q=1q1 ¢ @3],
0 0 g3

P11 P12 qi11 12
D21 P22/’ \g21 @G22

ABAROMCA cmabusudupyrouumy das deotiku (Ar, As) 6 cmbicae IKBUEAAEHMHO-
cmu, onpedessemoti pasencmeamu (3).

NPUYEM Mampuydl

Hoxazamesvemso. Tak kak marpuupl A1, Ay TMHEHHO HE3ABUCHMBI, TO DABEHCTBO
PT (g31 41 + g32A2) P =0 (cm. (4)) BozMozkHO TOTBKO 1pu q31 = 0 1 qzg = 0. O

JIemma 4. Ecau (A1, A2,0) € S, A1 # 0, mo cmabuausupyrowue mampuys, P u
Q 0an mpotixu (A1,0,0) umerom 6ud

~(p1 pi2 B qi1 412 413
P = por o) @7 0 g2 @3],
0 g3 ¢33

nPUNEM MAMPUYHL
P11 P12
) ((]11)
D21 P22
ABAAIOMCA CMAOUNUSUPYIOUSUMY ONA MAMPUYDBL A1 8 CMBLCAL FKEUBANEHMHOCT,
onpedessemoti pasencmseami, (2).
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Hokazameavcmeo. B srom cirydae cucrema (4) mpuHEMaeT BU,

PT (q11A1) P = As;
PT (g2141) P =0;
PT (Q31A1)P =0.

Tax kax det(P) # 0, To PT A1 P # 0 u, cnefosarensuo, qz; = 0 u qz; = 0. ]

IMycts ganee A = det(P),

0 0 0
Bl = (—.'L' g) ’ B2 = (_y g) ) B3 = (-Z g) ’
0 0 v 0o 2
Bi: (_QIJ/ 0)7 Bé: (_y/ 0)? Bé: (_Z/ 0)7

rae ©,y, 2,2’ ,y', 2" € F. Eciu g = (By, Ba, B3) ~ Ilg = (B}, B, B), To

(quie + qr2y + qi32)A = 23
(@217 + qo2y + qo32) A = 3/ (5)
(@317 + g32y + q332) A = 2.

JIemma 5. Fcau I14 = (A1,A2,0) € S u llp = (By, Ba, Bs), IIp: = (B, B}, 0),
npuvem Bz #£ 0, mo py =114 + T o [y =14 + Mpr.

Loxaszameavcmeo. Eciu Tl ~ Ty, nis wekoropbix P u @, 10 B cuity JeMMbl 3
paBeHCTBO (g312 + g32y + g332) A = 2’ cucremsr (5) npuanMaer Bug ¢zzzA = 0. Tak
Kak z # 0 u A # 0, To g33 = 0, uro nporusopeunt ycjuosuio det(Q) # 0. O

JIemma 6. Ecau Iy = (41,0,0) € S uwIllg = (By, By, Bs), llg: = (B{,0,0),
npuvem By # 0 uau Bs £ 0, mo Iy, =14 + g oy =114 + 1.

Zloxazameavcmeo. Eciu Iy, ~ Iy, nms sexkoTopsbix P u (), TO B cuiry jieMMbl 4
cucrema (5) MMeeT BHUJL

(quie + q2y + qui3z)A = 23
(g22y + q232) A = 0;
(g32y + q332)A = 0.

Ecin y # 0 nim z # 0, To det(Q) = 0. IIporusopeune. O

Hanee, cieays BbIIeyKA3aHHOMY CIIHCKY CUMMETPHYECKUX MATPHIL S, PACCMOT-
pUM KaxK/JIblil U3 4YeThIPEX CJIy4aeB B OTAEIbHOCTH. [l KOHKPETHBIX CHMMETDHU-
gecknx Mmarpur (Aq, As, A3) € S, ucnonp3ys crabuansupyronme ux P u Q, Mbl
HaIeM HEIKBUBAJIEHTHBIE MEXKIy Cc000ii, mocpeacTBoMm 3tux P u (), Tpoiiku aH-
rucummerpuueckux marputy (B, By, Bs). 3arem, ckiaabiBasg TPORKU CUMMeTpPHYE-
CKUX W AHTUCHMMETPUYECKUX MATPHUIL, MBI TOJYIUM HEOOXOIUMBIE MTPEICTABUTETN
KJIACCOB 9KBUBAJIEHTHOCTH.

- (10 (0 1 {0 0
Cayuqaii 1.A1—(0 0)7A2—(1 0>,A3—<O 1).

b
Onpesenum cTabUIN3UPYIONHE MATPUILI P = Z d) 1 Q = (gij)3x3 Ans

rpoiiku (A1, Az, A3), a,b,¢,d,q;; € F. Cucrema (4), npu Ay = A}, Ay = A,
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Az = AL, 1aer HaM TPH CHCTEMBI JIMHEHHBIX HEOIHOPOJHBIX yDABHEHMII:

a’qu1 + 2acqiz + Aqiz = 1;
abqi1 + (ad + be)qrz2 + cdgqiz = 0;
b%qi1 + 2bdgio + d*qi3 = 0.

a’qo1 + 2acqan + gz = 0;
abga1 + (ad + be)goe + cdgos = 1;
b%qo1 + 2bdgas + d*go3 = 0.

a?qs1 + 2acqsa + *q33 = 0;
abgsy + (ad + be)qse + cdgss = 0;
b%q31 + 2bdgzs + dgss = 1.

OnpeesnTesb MATPUIBI KasK 10 U3 cUCTeM paBeH A3 # 0. Pemas ux, mojydaem

2 —bd P
P=( %), @=L -2a adtve —2a0
c d)’ A? 2 2 ’
C —ac a

roe A = ad — be, a,b,c,d € F.
Ecmu x # 0, To, momaras

1 0 1 0 0
P_(y/(Qm) 1/x>’Q_ y;;/4 _;;/2 3?2 ’

HB~(<_01 é)(g 8)’(—02’ %)>

rae 2 = (—y? + 4x2) /4.
Ecmu z =0, y =0, z # 0, To, mosarast

Lo 0 0 1/22
P:<Z O),Q: 0 -1/ 0 |,

mo~ (4 00). (0 0). (0 8)

Ecmmx=0,y=0,2=0, T0

ma~ (5 5) (0 )6 1)

Ecmu z =0, y # 0, z # 0, 10, nosaras

roJjryqaem

TOJTy9aeM

[a—

Ly 1 ye e
P_<0 4,2'/92)7 @= 8 926(42’) ygils//((fg;% ’

mo~ (5 0)-(0 0)- (e %))

Ecimu x =0, y # 0, z = 0, To, monaras

/4 1/4  1/4
1 =2/y
P = ) Q: - /4 0 /4 s
<1 2/y> yQy/m —y?/16 yg/16

Oy 9aeM
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(506 9)-(e 9)

PaccymoTrpum Tpoitku Buma

0 1\ (0 0\ [0
= (5 o) (6 9) (2 5)mwser

7 JOKaXKeM, 9TO KayK/1ash TPOHWKA ABJIAETCS MPEICTABUTEIEM KJIACCA SKBUBAJIEHTHO-
cru. Ecan

(o) G )0~ (CGo) (o) (5 5))

MpW HEKOTOPHIX 2,2’ € F, 2 # 2/, 10

(d® +b%2) /A = 1;

—2(cd + abz) /A = 0;

(2 +a%2)/A =2
Orciona dA = ad? — bed = ad® + ab*z = a(d?® + v*2) = aA. CrenosaTennho,
a=ducd=ca = —abz. Ecnu a # 0, T0 ¢ = —bz, A = ad — bc = a® — bc,
2 = (za® — cbz)/A = z(a® —bc)/A = 2. Ecm a = d = 0, 0 b # 0, ¢ # 0,
2b?> = A = —bc, 2 = —bez/, a 3mauur, 2b = —c, ¢ = —bz' u z = 2'. IIporusBopeune.

- 1 0 0 1 0 0
Cayuaii 2.A1:<0 C)’AQ:(l O)’A3:<O 0),1“;@(6{0,1,5}.

Oy 9aeM

Ecmu z # 0, To, nonaras

1 0 —x/z
P=E, Q=10 1 —-y/z|,
0 0 1/z

1oJry4aem

wo~ (5 8)-( 0)-(5 0)):

Ecnu z =0 (Bs = 0), 1o, B cuily jieMMbl 5, 33/1a4a CBOAUTCH K KJaccudukanuu
nap (Ai, As) + (B, B2) (cM. tabamny 1, crpoku 1,2).

. (10 (00 (00
Cayuaii 3.A1<0 C>,A2(O O)’A3<O 0),1“;@(6{0,1,5}.

ITosiaras

P=E, Q=

)

0
0
1

O O =
O = O

samerum, 4o (B, Ba, Bs) ~ (B1, Bs, Bz). Eciu y # 0 unu z # 0, 1o, 6e3 norepu
obrrrocTH, osTaraem y # 0,

1 —z/y 0O
P=EQ=[0 1/y 0],
0 —=z/y 1

7 TMOJy9daeM

ma~ (0 0)-(% 8)(6 0))
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Ecim x = 0 w y = 0, T0o, B cuty ieMMbl 6, 3a7a9a CBOAUTCS K KJIACCH(DUKAIUU
marpull Buga A; + By (cm. tabauiy 1, crpoku 3, 4).

. (0 0 (0 0 (0 0
CJIyan/I4.A1—(0 0),A2—<0 0>,A3—(0 0).

CrabuIn3upyonuMy MaTPUTIAMY SBJISIOTCS JIIOObIE HEBBIPOXK IEHHBIE MATPHUITHI
P u Q. Eciiu [1 conep:kuT HEHy/TE€BbIe MATPHIILI, TO, 663 TIOTEPH OOIIHOCTH, ITOJIa-

rasg x # 0,

1/ 0 0
P:Ev Q: —y/l’ 1o )
—zfx 0 1

oJIyqaem

mo~ (4 0). (0 9)- (0 9)

Takum 00pa3oM, pacCMOTPEHBI BCE BO3MOXKHBIE CJIyYaW M MBI MOXKEM COpMY-
JINPOBATD MOJIY9YE€HHBIN PE3yJIbTAT.

Teopema 1. B caedyrowem cnucke nepewuciens. npedcmasumert, 6Cex KAaCCo8
IKBUBAAEHMHOCTY, ONPEIEACHHOT Ha MPOTIKAT MAMPUY, NOPAIKG 086 NOCPEICNEOM
coomuowenus, (4):

o) (o) (6 1):

L) (o) (8L 5)en
(o) o o) ceora
o ) (o) (B o)rcconan
o) (%5 150) 6 ) oer
é) ¢ é)a (0 o)
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o (5000 60

2de § — nexomopwiti duxcuposarnvi snemenm uz F*, § ¢ F*2 5§ # 1, u o npobe-
2aem mHooicecmeo npedcmagumened cmencnus xaaccos F*/{+1}.

B pa6ore [15] Y. HukynpKu ¢ IOMOLIBIO NaKeTa IpUKIaAHbix nporpamm Matlab
BBIMHCJIAJI KOJIMYECTBO JIMHEHHO HE3ABUCUMBIX MATPHUI, SBIISIONIMXCS IIPEICTABATE-
JISIMHU KJIACCOB 9KBUBAJIEHTHOCTH B CMBICJIE PABEHCTE (4), MTpY KOHKPETHHIX 3HAUEHU-
axp=2,3,.... M ObLIO CIEAHO MPEIITOJIOKEHNE O TOM, YTO ITPU BCIKOM 3HAUEHUN
P UX KOIU4IecTBO paBHO p’ + 4. Teopema 1 mOATBEPKIAET 3TO MPE/NOIOKEHNE TIPU
p # 2. JluHeiHo HE3aBUCHMbIE TPOUKH MATPUIL yKa3aHbl B MyHKTaxX 1, 2 u 4.

3. KNTACCU®UKAINA KOHEYHBIX KOJIEIL

Berony mamee mbr GyieM pacCMATPUBATDH TOJBKO KOHETHBIE 4CCOMUATHBHBIE KOJIb-
na ¢ eauHUNEH. BesKoe KOHETHOE KOMBIO €MHCTBEHHBIM OOPA30M MPEICTABAMO B
BH/JIE TIPSIMOi CyMMBI KOJIEII, HOPSITKA KOTOPBIX €CTh CTENEeHN HEKOTOPBIX MPOCTHIX
anuces, o ectb R =@ > R,, R, ={z € R | p"x = 0 anga nekoroporo n > 1} (cM.

P

[16], cTp. 29). ITosromy mpu KiaaccudUKAIAKM KOJEI, JOCTATOYHO PACCMaTpPHBATh
TOMbKO Kosbua mopsaka p”. B.I. Awrunkun u B.II. Ejuzapos onucanu KoJibia
nopsizka p” mag n < 3 (em. [17, 18]). O. Hepp, I'. Opp, II. Ilek Buepsbie yka-
32/ WCYEPNBIBAIONIAI CIHMCOK HEKOMMYTATWBHBEIX Kojel nopsaaka pt (em. [19]).
B. T'opbac u I'. Yunbsmc B paborax [10, 11] kiaccudpuunpoBaan ¢ TOYHOCTHIO 10
m3oMopdI3Ma BCe KOJIbIa HOpAaxa He bosee p°. Kombma mopaaxa pb, ¢ mexoTo-
pbiMu orpanunveHusMu Ha panukana kekobcona J, kiraccuduupoBaHbl B paboTax
[20, 21]. Bazkno 3ameruTb, 4T0 KiaccuduKaius KoJel CBOAUTC K Kiaccuukanmuu
JIOKaIbHBIX Koter] (cM. [10]), To ecrs takux osen R, aro R/J — nose. II3BecrHo,
YTO BCAKOE KOMMYTATUBHOE KOJIBIO SIBJISIETCS] MPSMON CyMMO# JIOKAJBHBIX KOJIEI]
(cMm. [16], cTp. 36).

B pat6ore [22] Y. YukyH KU Onucas CTPOEHUE JIOKAJILHBIX KOJIEIl C PAJIUKAIOM
J MHEeKCcA HUJIBIOTEHTHOCTH TPU U CHOPMYIUPOBAT HEOOXOAUMBIE U TOCTATOYHBIE
ycaoBus ux u3oMmopduocTr. Jasee pacCMOTPHUM OJIMH U3 THIIOB TaKuX KoJerl. IlycTo
R — f0KaJIbHOE KOMBIO XapakTepucTuku p, J° = 0, Z(R) — nentp xombiia u R/J =
GF(p") = F C Z(R). Torna R — KOHEYHOMEPHOE BEKTOPHOE IPOCTPAHCTBO HAJ F' 1

R=F&J, J=Fu1 ®Fus®...® Fu, ® Fvi ® Fuo ®...® Fu,,

rae dimg J/J? = n, dimg J? = mu {ug, ug, . .., Un, V1,02, ..., Uy} —6azuc J Hag F,
UL, Uy -y Uy € T\ J?, 01,02, .., 0, € J2, nym € N (em. [22, 23]) . TlycTs
Ul :mg;)vl +m§?)vg+...+m§;ﬂ)vm (6)

k L —
/17151 HEKOTOPBIX mz(-j) e F,i,5=1,n, k=1, m. Paccmorpum Marpuibl yMHO>KEHUS

k L = —
U3 CTPYKTYPHBIX KOHCTAHT: My = (ml(j)) , 4,7 = 1,n, k = 1,m. Takue mar-
nxn
pUIIbl JIMHEHHO HEe3aBUCUMBI M, €Ciau R — KOMMYTATHBHO, TO MATPHIIbI SABJIAIOTCS

. k .
cummerpudeckumu. I1lo Beakoit mocnegoBarensuaoctu My = (miﬁ) , 4,5 = 1,n,
nxn
k = 1, m, 1TuHEeHHO HE3ABUCUMBIX MATPHII, OJTHO3HAYTHO OMPEIENISIeTC PACCMOTPEH-
HOE BBIIIE KOJIbIO ¢ yMHOXKeHuEM (6).
IMycts R m R’ — npoM3BOIbHBIE KOJIBIA, YKA3AHHOTO BBIIIE TUIA, ¢ MATPUIAMHE

muoxkenusa My, M, ..., M,, u TBETCTBEHHO.
orKe My, Ms,..., M M, M}, ... M/ | cooTBETCTBEHHO
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Teopema 2. [22] R 2 R’ mozda u moavko mozda, K020a cyuecmeyrom Hesbupodic-
dennvte mampuydt P = (Dij)nxn, @ = (¢ij)mxm Had nosem F u asmomopdusm p

noas F' maxue, umo
m

M =Y auPTM{P, k=Tm, (7)
i=1

2de M = ((m(k))p), kE=1m.

ij

Pasencrsa (7) npu n = 2, m = 3 oraudaiorcs or (4) TOIBKO HAJIMYHEM aBTOMOD-
dusma p nong F. Ilycrs ¥ — MHOKECTBO Beex Takux dJjeMenTo nojg F' = GF(p"),
4qro A7 J00bix a,b € Y He cymectByer m3omopdusma p mosis F npu KOTOpOM
a? = b (paBHOCUIIBHO — Jyis JIOObIX @,b € ¥ He cylecrByer Takoro HalTypajbHO-

k
ro uncia k, aro a? = b). Ucnonb3ys JuHERHO HE3aBUCHMbIE TPOMKU MaTPHUI] U3
TeopeMbl 1 U YUUTBIBAas JAEHCTBUE P MBI MTOTYyIaeM CJIeYIONIYI0 TEOPEMY.

Teopema 3. Tpotiku mampuy, npedcmasiernvie HuMCe, ¢ MOYHOCMHI IO U3OMOP-
Pusma onpedeastom 6ce KOHEUHBLE NOKAADHBLE KOADUA € QUHULET U YCAOBUAMU:

charR # 2, R/J =F C Z(R), dimp J/J? =2, dimp J? =3, J®=0.
W (5 0) (0 o) (oY)
o (4 ) (00 Deen
0 (59 (¢ 2)- (5 e

Aemop ewipasicaem baazodaprocms npopeccopy FO.H. Maavuesy 3a enumarue,
npoassennoe ¥ dannoti pabome.
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