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Abstract: In this paper, we propose a general construction of
linear perfect codes over infinite skew fields and quasi skew fields
with right (left) unity. A complete classification of such codes
over associative skew fields is given. Since the cardinality of the
considered skew fields is infinite, the constructed codes have an
infinite length. In the previous work, we considered codes over
infinite countable fields, the length of which was also countable.
We now remove this restriction and assume that the cardinality of
the skew field and the length of the codes can be arbitrary (not
necessarily countable).
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1 Bseaenune

Ksazumeaom F HA3BIBAETCH KOJIBIIO, B KOTOPOM JIJisl JTIOOBIX HEHYJIEBBIX
a,b € F ypaBaenus ar = ¢, yb = ¢ 07HO3HAYHO PABPEIUMBI IpU JIFOOOM
¢ € F. OTHOCUTETbHO OMEPAINN YMHOXKEHWS MHOMXKECTBO BCEX HEHYJIEBBIX
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snementoB F* = F'\ {0} kBasurena F asnsierca xeazuzpynnot (acconmarus-
HOCTh yMHOXKEHUsI He npejnojaraercs ). Ksasureno F HasbiBaercs meaom,
ecmu B F' cymecrsyer (nBycroponnss) exunuiia 1 € F. Ecin B kBasurene F
CYIIECTBYeT mpaBas (JieBasi) eJIMHAIA, TO Ha3biBaeM F KBA3UTEIOM C npagot
(nesott) enuumneii. Hanbostee n3BeCTHBIM TPUMEPOM TeJIa € ACCOTUATHBHBIM
YMHOXKEHUEM siBJjisieTcst Tesio kBarepunonoB H. KomMyraTueHbie Tea npu-
HSITO HA3BIBATH MOJAME. KJacCHUeCKUM TPUMEPOM HEACCONMATUBHOTO TeJia
steysiiorcst okTaBbl O wim gwcaa Ksmm, [1]. Vimeercss MHOTO IpYruxX KOH-
CTPYKIINY ACCONMMATUBHBIX U HEACCOITMATUBHBIX TEJ M3JI02KEHHBIX, HATTPUMED,
B |2, 3] (KOHKPETHBIN BT 3THX MPUMEPOB B KJIACCH(DUKAIINN COBEPIIEHHBIX
KO/I0B HaMm He moTpebyercsi). Ilo Teopeme Bemmepbepra, soboe KoHEUHOE
aCCOTMATUBHOE TeNIO sABagercd nmoneM. Taxske mo Teopeme Apruna—Ilopna,
Jirob0e KOHEYHOE TeJIO, B KOTOPOM BBINIOJIHAETCS aKCUOMa, aJbTepPHATUBHO-
cru (z(xy) = 2%y, xy? = (2y)y), Toxe aBngerca noieM (T.e. yMHOXKEHHE B
TAKOM TeJIe aCCOINATUBHO U KOMMYTATHBHO).

B s7o0it pabore npejaraercs ob1iasg KOHCTPYKIUS JTUHEHHBIX COBEPIIIEH-
HBIX KOJIOB HaJl 6ECKOHETHBIME Te/IaMU ¥ KBA3UTETaMu ¢ TPparoii (1esoit) exam-
anteit. Jlaerca moaras KiaaccupuKanms TAKUX KOIOB HaJ, aCCOITMATHBHBIMMI
Temamu. Tak Kak MOIIHOCTH PACCMATPUBAEMBIX TeJT GECKOHETHA, TO TTOCTPO-
eHHbIe KOJbI OyJyT MMeTh GeCKOHeYHyo JuinHy. B npeabiayieii pabore [4]
pPacCCMaTPUBAJINCE KOABI HAL 6eCKOHe‘{HbIMI/I CYE€THBIMU MIOJIAMMA, JJINHA KOTO-
PBIX TOXKE 6bIJ'[a CYETHOIA. MBI Tenepb CHUMaEM 3TO OPpaHUYCHNEe U CHUTAEM,
9TO MOIHOCTBH Tea W JJIMHA KOJOB MOXKET ObITh Jt000i (He 06a3aTenbHO
cueTHO#, Bonpoc, 3aaannbiit /1. C. Kporoseiv). Bea Teopus nuneitHbix Ko-
J0B Gasuposasnachk B |4] Ha anmapare mpoBepouYHBIX Marpull. B wacTHOCTH,

(@)

BBISICHIUJIOCH, YTO OJUH U3 K0j0B XaMmmuura H Fw uMeeT KOHTUHYYM He 3K-
BUBAJIEHTHBIX MEXK/Iy COOOM IPOBEPOYHBIX MATPHUIl. DTO OJHA U3 IPUYHUH,
MoYeMy MbI B3SIJIH 32 OCHOBY 00Jjiee abCTPAKTHBIF aKCHOMATHYECKU TTO/IXO/,
a arnmapaTr NPOBEPOYHBIX MATPHI] NCITOJB3YEM TOJIHKO TI0 MEpPE He0OXOIMMO-
CTH.

2 OcHOBHBIE ONpeae/IeHUsI U TPE/IBAPUTEJIbHBIE PE3YyIbTATHI

ITycts F — nponssosbaoe KBazuTen0. Abenesa rpynma (mo croxennio) M
Ha3bIBAETCs (Ae6bim) modysem Han F, nnn nesbivm F-momysem, ecan wa M
3aj1ana (BHeIHsIA) onepanys yMHOXKeHus - : F' X M — M co caemyomumm
AKCHOMAMU:

D) (a+8) x=a-x+8x

Qa-(x+y)=a-x+a-y;

Ja-x=0=>a=0umx=0 (a, B € F,x,y € M).

Ecnun B kBazurese F' cymecTByer JjieBas €UHUIIA, TO TPEOYETCH BBIIOJTHEHUS
aKCUOMBI

4)1-x=x.
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Ecan B kBazuTene F' BHIMOJIHSIETCS 3aKOH acCOIMATHBHOCTH, TO B OIIpeIese-
Hun F-Mouyast Tpedyercsi BbIIOJJHEHNUE eI11€ OJHON aKCHOMBI

5) (af)x = a(fx).

Henycroe monmuoxxectso L C M naswiBaeM nodmodyaem B M, ecan u3
x,y €L, a,8 € F cnenyer a-x+ -y € L.

Ecsn onepartust ymHOKeHus B F' kommyTatusHa (T.e. F' aBjisgeTcs moJem),
TO NPUBEJIEHHOE BBIIIE ONPE/IEJIEHUE sIBISETCs CTAHIAPTHBIM OIpe/eIeHIneM
BEKTOPHOI'O POCTpaHCcTBa. Kciu xKe orneparius YMHOKEHUsST HEKOMMYTATHB-
HA, TO AHAJOTUIHBIM 00Pa30M MOYKHO OIIPE/ICSTUTE NPasvili MOYIb (TOJBKO B
akcuomax 1) — 6) cireyer moMeHsATh HOPSA/I0K COMHOXKUTE e Ha 0OpaTHDII).
Jlaee mbr Bcerma OymeM CcUMTATH pacCMaTpPUBAaEMbie F-MOMY/IN JIEBHIMU.

OCHOBHBIM TIPUMEPOM SIBJISIETCS MOIYJIb F' I peex 0TOOpaKEHN WHIEKC-
roro mMuoxkecta I B Teso F. Omepammm cioxkennst n ymuoxkennss B8 F 3a-
JA0TCA TTOKOOPIUHATHO, T. €. JJIst BCex ¢ € I,

(x+y)i=zi+vyi, (ax); =ax; a€F, x = ()icr, Y = (Yi)ier-

Jasee Hac 6yeT HHTEPeCOBATH MOAMOYTL Fl BCeX BEKTOPOB X = (2;)icr €
F! umerommx koneunsie nocumesu, T.e. Muoxkectso [x] = {i € I : z; # 0}
(HocuTETH BEKTOPA X) SIBIASETCS KOHEYHBIM. Takme BEKTOPHI gaaee Oymem
Ha3bBaTh puHUTHBIME. B mpocTpancTse FOI OIPEACIUM HOPMY XoMMUM2A
||x||, kak uuciao snemenros B Hocurese [x|. Eciau B kBasurene F' ecrb npasas
equHUI, TO OGasucHble BeKTOPHI (0;;)jer (rae d;; — cumsos Kponekepa)
OymeM majee 0003HAYATH CTAHIAPTHO UEPE3 €;.

Onpeneqaenune 1. Iodmrnoorcecmeo C C FOI HA3DIBAETNCA T-COBEPULEHHBIM
K00oM, eCAU paccmosnue Xommurea mesxncoy pasiustumy X,y € C boavwe
2r u obsedunenue scex wapos paduyca v ¢ yenmpamu us C noxpwvisaem ece
NPOCMPAHCMBEO FUI.

Ecan r-coBeprmneHubIil KO COMEPKUT HYJIEBOH BEKTODP, TO U3 ITOTO OIpe-
JeJeHus OYeBHUIHO CJAeJyeT, YTO BeC HeHYJIEBbIX BEKTOPOB TAaKOro KOja He
MeHbITTe, TeM 21 + 1.

Ornpesesienne 2. r-cosepuennviti k00 C C Fl nasvieaem epynnosvim (au-
netinwoim), ecau C asasemes nodepynnot (nodmodysem) 6 FOI OMHOCUTNEADHO
ONEPAYUUU CAONHCEHUA (CAONCEHUA U YMHONHCENUSA).

Jlemma 1. Jlwbot nenyaesoli exmop r-cosepuwennozo epynnosozo koda C
npedcmasasemcs xoneuwHotl cymmot sexmopos eeca 2r + 1 us C.

JlokazaTesbCTBO 3TOM JIeMMBI M. B [4, 5].

Hastee 6ymem paccMaTpuBaTh TOJBKO 1-COBpITIEHHBIE KOJIBI (17 = 1) 1 Oymem
HA3BIBATH TAKNE KOJIBI IIPOCTO COBEPULEHHBIMU KOOAMU. DTO 0BOCHOBBIBAETCS
TEM, YTO B 3TOM CJy4Yae MMeeTCs eCTeCTBEHHad KOHCTPYKIIUS TaKUX KOJIOB.
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Pacemorpum erne oju JieBbiit (Hery/eBoit) Moayib L (Haj rem ke KBa3u-
resiom F'). Tlogmoysb £ HazbiBaeMm 0JJHOMEPHbIM, €C/IH JIJIsi HEKOTOPOTO HEeHy-
JeBoro 6asmcHOro BekTOpa a € L Brimosusercss { = Fa = {a-a:a € F}.
PaccymoTpum cemetictBo P, omHOMEPHBIX TOAMOAYIEH B L, yIOBIETBOPLIONIEE
CJICTYIOIIUM CBOMCTBAM:

(a) w3 l1,0y € P, {1 # Uy cnenyer {1 Ny = {0};
(by L=U{¢:teP}

(Tak KaK yMHOXKEHUE HE MPE/ITONIAraeTCs aCCOMUATUBHBIM TO 9TH CBOMCTBA HE
BBITTOJIHAIOTCS ABTOMATHYECKN). B Kaxk oM ognomepraom noamomayae £ € P
BhIOEPEM HEKOTODPBIH GA3UCHBIN BEKTOP &y (C MOMOIIBIO aKCMOMBI BhIOODA,
ecn P Geckoneuno). Oyrknuio Beibopa 0603HaumM uepes F, r.e. B : P —
L\ {0}, E(¢) = a; (¢ € P). B npocrpancree F] paccMOTpHM CJIeyioliee
HOJITPOCTPAHCTBO:

’HE: X:(xg)gep12$gag:0 . (1)
LteP

Bce CYMMbI B 9TOM OLIDEACJICHUN ABJIAIOTCA KOHCYHBIMU, B CUJLY (bI/IHI/ITHOCTI/I
BEKTOPOB X € FgD.

JIlemma 2. [Hodmnosicecmeo Hg C FgD ABAACNCA COBEPULEHHBIM 2DYTTOGHIM
KOO0OM.

Hoxaszameavemeo. Ouesnano, Hp ABASETCS aJITATUBHON TOATPYIION B Fg) .
Tak kak n3 £ # ¢ cnenyer Fay, N Fayr = {0}, T0 BeC HEHyJIEBBIX BEKTOPOB
n3 Hp He MOXKeT ObITH MEHBINE TPEX. ITO 03HAUAET, YTO PACCTOSTHIE XIM-
MWHTa, MEYXKJY Pa3/JIMIHBIMKA BEKTOPaMu u3 Hp He MeHbine Tpex. [losTomy
mapsl pagaunyca 1, ¢ meaTpavu u3 H g mOMapHO He MePeceKaroTCsa. ITobw! mo-
Kaz3aTh, YTO 00beJNHEHHE BCEX TAKUX IMMAPOB MOKPHIBAET BCE TTPOCTPAHCTBO
FJ, pacemorpum siio6oit Bektop ¥ = (yo)eep € Fy \ Hp. Cremosarensho,
B npocrpanctse L, Bektop z = ) ,cp zear # 0. U3 (b) crenyer, uro z € £y
npu wexkoropom fy € P. Ilosromy z = pay, [/ HEKOTOPOI'O HEHYJIEBOI'O
ag € F. PaccMOTpuM B IpOCTpaHCTBE Fg’ BEKTOP X € KOOPJUHATAMH Ty = 2y
upu ¢ # by u x4, = 24, — . 1lo mocrpoenuto x € Hp u X omIngaercs or
y TOJIBKO B ofHOl Koopauuare (. [Tosromy |[x —y|| = 1 u y maxoaurcs B
mape pajnyca 1 ¢ IeHTpoM B X € Hp. O

Omnpegenmennnrit TakuM CIocobOM COBEPINEHHBINH Ko Hp OyaeMm gajiee Ha-
3BIBATH K0JoM Xammurea, TTOCTPOEHHBIM 10 (QyHKIHH BbiGopa F. CMbICT
CJIEJIYIOTIIEH TeOPEMBI COCTOWT B TOM, UTO TaK YCTPOEH JiH000i COBEPITTEHHBIH
JIMHEHHBIA KOJT.

Teopema 1. Jas awboz0 keasumena F (¢ npasoti edunuuyet), 4106020 mHo-
oicecmea 1 (|I| = |F|), u wmobozo aunetinozo cosepwennozo xoda C C Fl
cywecmeyem Aeeuili Modyasv L u e3aummo 00nosnaunoe omobpasicenue 1 :
I — P, muooicecmsa I 8 mnoocecmeo o0HOMEPHBIE N00MOOYaetd P modyrs
L, ydosaemeoparowee ceoticmeam (a), (b), wmo daa nexomopol Pynryuu
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eobopa E : P — L\ {0} (E({) = ay, £ € P) umeem mecmo sK6UBAACHI-
HOCTD

X = (2;)ie; € C = Zl‘iaw(i) =0. (2)

icl

Jloxasamenvcmeo. [lycTh HEHYJIEBBIMU 37I€MEHTAMU IIPOCTPAHCTBA L ABJIS-
foTcs mapsl (o, 1), rae o € F* i € 1. Hynesoit s;mement npoctpanctBa L MOXK-
HO OTOXKJeCTBUTH co Becemnu mapamu Buga (0,7), ¢ € I. Onepanuio yMHOKe-
HUsI CKaJIsipa HA BEKTOP onpejennm cieaytommnm obpasom: a(f,1) = (af, i),
a,B € F, i€ I. 3agagum Tenepb ONEPanuio CA0KEHNT TAKUX BEKTOPOB CJie-
aytonmm obpasom: («, 1)+ (5,1) = (a+ B,1), (a, i)+ (0,5) = (0,7) + (o, 1) =
(1), a,p € F , i,j € I. Ocrasocs onpenenutrs cymmy (a,i) + (8,7)
ana o, 3 € F* i # j € I. Pacemorpum sextop x € F{ ¢ xoopaunara-
Mu T; = o, Tj = 3, 2 = 0 pag Beex k # o, . I3 cosepmennocT Koua
C' chaegyeT CymeCTBOBAHHE €IWHCTBEHHOTO BeKTOpa y € C, mas KOTOpOTro
|x =yl =1, m.e. y = ae; + Sej + yey, nas HeKoTOpBIX Kk € I, v € F*. Ilo-
maraeM (o, i)+ (5,7) = (—v, k). Heobxonmmo 1okazaTh, 9T0 TaK ONpe/ieeH-
HBIE OIIEPAIINH CJOKEHNS U yMHOKEHHS Ha CKAJAPbI 331al0T Ha MHOKECTBE
TaKUX Iap CTPYKTYPY JE€BOr0 MOAy/s. U3 onpenesrenns cpasy CaeLyeT KoM-
MyTaTHBHOCTB ciaoxkenns (a,1) + (5,7) = (5,7) + (a,1). ductpubytnsHOCTH
cnoxenns o((5,1) + (7,7)) = a(B,1) + oy, j) caeayer u3 AnHEHHOCTH KOIa
C. Tak xak upu ¢ # j, 3,7 € F* umeem Be; +ve; — e, € C mpu HEKOTOPHIX
d0e F*, kel k#1i,j. Torma roxe afe; + ayej — adey € C. D10 03HATAET,
aro (af, i)+ (ay,1) = (ad, k) = a(d, k) = a((B,7) + (v,1)). U3 neouesumabix
IPOBEPOK SBJIAETCS TOJIBKO IIPOBEPKA ACCONUATHBHOCTH ONEPAIUH CJIOKEHUST

((a,2) +(8,4)) + (7, k) = (i) + ((8,7) + (7, k)) (3)
B Caydae, Korma o, 8,y € F* i, 5,k € I.

1) Pagenctro (3) ouesngno npu i = j = k.

2) Mycrs @ = j, k # i, f = —a. Jlepas gacrs pasencrsa (3) pasua (v, k). B
npasoit wactu pasercrsa (3) (—a, i)+ (v, k) = (4,1) ana nekoropsix | # i, k,
§ € F*, npu srom —ae; + ver — de; € C. Janee, (a,i) + (6,1) = (A, m),
rie ae; + de; — Aey, € C. Koa C sBisiercs rpyImnoit Mo CJI0KEHUEO, TIOITOMY
BEKTOD Y€ — A, € C. Bec Takoro BekTOpa He GosbIle 2, mosromy m = k
u A\ = 7. Mmb jgokasanum, 9To npasast 4acTh pasenctsa (3) pasha (o,i) +
((—a,i) + (v, k) = (7, k) u coBmagaer ¢ JIeBOH 4aCThIO TOT0 PABEHCTEA.

3) Iycrs reneps @ = j, k # i, B # —«. B nesoit wacru pasencrsa (3)
nosyqaem (a+ 3,i) + (v, k) = (8,1) ana mexoropeix § € F*, 1 € I, 1 # i,k.
ITpu srom (a+fF)e;+ver—de; € C. Bripaxenue B ckobkax npasoit uactu (3)
pasuo (B3,1) + (v, k) = (\,m) maa vekoropbix A € F*. m € I, m # i, k. Ilpu
aToM fe; + yer — ey, € C. Hanee, (a,i) + (A\,m) = (p,n) I HEKOTOPBIX
W€ F* n el n#im. llpugem ae; + Ae,, — pe, € C. 13 rpynmoBoro
cpoiicTBa kozma C' croBa nosy4daeM ((a + 5)e; + ver — de;) — (Be; + vyer —
Aep,) — (e + ey, — pey) = pe, — dep € C'. CHOBa NOIYYIUIN BEKTOD BECa
me Gosbie 2, mpuHaaexkamuit koay C. [lostomy n =1 u = §. Ilpasas
JacTh PABEHCTBA (3) TOKe oKazastack paBHOM (6,[).
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4) Pasencrso (3) jokaszano jyist i = j. I3 KOMMYTaTUBHOCTH CJIOXKEHUS
¢JIeJlyer, 4TO OHO BEPHO Tak:ke npu j = k mwim ¢ = k.

5) Ilycers 4, 7, k € I Bee pasmuunsl, HO (i) + (B, 7) = (9, k) anst Hekoro-
poro 0 € F*, npudem ae; + fe; — ey, € C. Torma jesas vacTb paBeHCTBA (3)
pasHa (v + 0, k). Paccmorpum mpasyto gacts. Ilycers (8,7) + (v, k) = (A1),
rne A€ F*. l eI, |l # j,kuPe +vye,—Aeg € C. Ecin | = 4, To momy-
anm (ae; + fe; — deg) — (Bej +vep — Ae;) = (o + Ne; — (v + d)eg, € C.
Tax kak 7 # k, To A = —a u § = —. llpu 3T0M TIpaBas JacTh paBeH-
crBa (3) 6ymer pasna («,i) + (—a,i) = (0,7) u seBast 9acTh TOXKe Oyer
pasra (0,7). Ecam xe | # 4, to (a,7) + (A, l) = (u,m) s HEKOTOPBIX
we F* mel m#i,l, npu stom ae; + Ae; — pe,, € C. CrenoBarenbHo,
(aej+pej—de;)—(Bej+vex—Ae) —(ae;+Aej—pey,) = pen,—(v+0)e, € C.
Orcroma, m = k u 4 = 7 + J, 9TO 0O3HAYAET CIPABEIJIMBOCTh paBeHCTBA (3)
npu yeaosuu (o, 1) + (5,7) = (6, k).

6) Ilycrs (o, i) + (B,7) = (d,1) nusg mexoropeix § € F*, 1 € I, 1 # i,j,k,
upu 3ToM ae; + fe; —oe € C. [anee, (6,1)+ (v, k) = (A, m) 11 HEKOTOPBIX
A€ F* mel, m# kIl npuuem de; + vep — Ae,, € C. Awanormuno,
BBIYMCIIeHNe paBoii wactn pasencrea (3) naer (5,7) + (v, k) = (u,n), vae
pwe F*, nel n#jk, npuaem Be; +ver — pe, € C. MoxXHO CUUTaTh, 9TO
n # i (aHaMOrmYHBIA Caydail ObLT PACCMOTPEH B TPEABLAYIIEM MyHKTE 5)).
N na nocnennem stane (o, i)+ (u,n) = (v, p) ais Hekoropeix v € F* p € 1,
p # i,n, IpH 5TOM ae; + pe, — ve, € C. Buaunr (ae; + fe; — dey) + (de; +
ver — Aey) — (Bej + ver, — pey,) — (ce; + pe, — ve,) = ve, — Aey, € C.
CrnemoBareibHO, p = M U V = A, 9TO O3HAYAET CIIPABETMBOCTH PABEHCTBA
(3) BO BCEX BOBMOXKHBIX CJTy9asX.

Nrak, muOXKeCTBO Beex map (a, i), o € F* i € I, BMecTe ¢ HyJIeBBIM 3J16-
menToMm (oToxaectBiasiembiM ¢ mapamu (0,1), 4 € I) aBasercs, OTHOCHTEIBHO
BBEJIEHHBIX BBIIIE Omepaluii, jesbiM Mogyaem L. Orobpaxkenne ¢ : [ — L
sagaaum dopmyaoit (i) = (1,4) (i € I).

HokazarebcrBo 9KBuBajgeHTHOCTH (2) /I BEKTOPOB X Beca 3 cpasy CJie-
JIYeT U3 ONpPEJIeIEHUsT OTIEPAIUH CIOKEHUS B MTOCTPOCHHOM TPOCTPAHCTBEM
L. C ppyroit cToponsl, Joboit HeHyeBo# BekTOp X € C, B cuay jemMmbl 1,
MPEJICTABISIETCA KOHEUHOM cyMMoil BeKTopoB 3 C' Beca 3. DTUM 060CHOBBI-
Baercs B (2) ummunkaiusa =. L1s gokaszaTesbeTBa 06pATHON HMILTHKAIITH
< paccMoTpEM 0G0t BeKTop X € Fy Taxoit, 4T0 B IpocTpamcTBe L BLITION-
HSIETCS

> 2i(1,i) = 0(= (0,k), k € I). (4)

il

PaceMoTpuM mapy HEHyJIEBBIX KOODAWHAT T, , Tiy. LK Kak 4, (1,41)4x4, (1, d2) =
(y,i3) = y(1,43) mpm HEKOTOPOM i3 # 41,12, TO BEKTOD Z, Beca 3, ¢ HEHyJe-
BBIMH KOODANHATAMH Zj, = Tj,, iy, = Tiy, Zis = —Y, llpunagrexxur xoxy C.
Bamenus B (4) x; HA T;— 2;, TIOJIyIUM PABEHCTBO HYJIIO CYMMBI C MEHBIIINM KO-
JINYECTBOM HEHYJIEBBIX CJAraeMbixX. Uepes KOHEYHOe UHUCJIO MAroB MOy IuM,
Y9TO X SBJISIETCS KOHEYHO# cyMMoil BeKTopoB Beca 3 u3 Koxa C. (]
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JokazaresbcrBo Teopembl 1 (B o1simdne 0T JIeMMbl 2) $IBJISIETCS KOHCTPYK-
THUBHBLIM. HeCMOTpH Ha TO, 9TO aCCOIUATUBHOCTb YMHOXKCHUA B JJOKA3ATEC/Ib-
CTBe TeopeMbl 1 HUKAK He UCIOJIb3YeTCs, /I COBEPITEHHBIX KOTOB HAJl HEAC-
COIIMATUBHLIMY TeJIaMU OHa HOCUT YCJIOBHBIA XapaKTep, TaK KaK UMeeT MeCTO
CJAeIYIOIUN OTPULATEIbHBIA pe3yabTar:

MMpengoxkenne 1. Jlunelnnr cosepuennvix K0006 Had Had HEACCOUUATNUG-
HOMU KEA3UMEAAMU C NPABOT eQUHUUET He CYuLecmsyem.

Hoxazameavcmeo. Ilycrs F' — HeacconumaTuBHOE KBAa3UTEJIO C IIPABON €1u-
auneit u C C FOI — COBepIIeHHbIN JuHelHbI Koa. PaceMoTpuM sirobbie Tpu
HEHYJIEBBIX 3JieMeHTa a,b, ¢ € F. Jlag aByX pa3audHbIX UHAEKCOB 41,1y € [
paccMOTPUM BEKTOP X € FOI ¢ KoopAuHaTamMu z;; = 1, ¢, = ¢, x; = 0
JITST BCEX OCTAJBHBIX WHAEKCOB i € I, 1 # i1,i9. Bec Takoro BekTOpa paBeH
JIBYM, TTO3TOMY CYIIECTBYET eJUHCTBEeHHBIN BekTOp y € C Beca 3, Jj1d KOTO-
poro ||x —y| = 1. CnenoBarensHo, y = €;, + ce;, + de;, 7/ HEKOTOPBIX
d € F* iz € I, i3 # i1,i2. B cuny npennonaraemott auneiinocrn koma C,
noiaydaem be;, + (beey, + (bd)e;, € C, (ab)e;, + a(bc)e;, + a(bd)e;, € C,
(ab)e;, + (ab)ce;, + (ab)de;, € C. llosromy (ab)e;, + a(bc)e;, + a(bd)e;, —
((ab)ei, + (ab)ce;, + (ab)de;,) = (a(be) — (ab)c)e;, + (a(bd) — (ab)d)e;, € C.
Bec nosnyuennoro sekTopa u3z C' e 6osbiie aByx. IlosTomy, B gacTHOCTH,
a(bc) — a(bc) = 0 g m06BIX @, b, ¢ € F, 9TO IPOTHUBOPEIUT LIPE/IIOIarae-
MOil HeaccoIMaTuBHOCTU KBazurteia F. O

3 KoHCTpyKnmsa COBEPHIEHHBIX I'PYNIOBBIX KOJOB HAJI
HEeaCCONMMaTUBHBIMY KBa3mWTeJIaMu

Pacemorpum MuOXKecTBO J Momuoctn |J| > 2. Ilo akcmome BwiGopa (B
ciydae |J| > Ng) ero MOKHO BIIOJIHE YIOPSAJOYATH HAMMEHBITHM ODIHHAJb-
HBIM 9HCJIOM v, T.€. MOXKHO cuurarh, ato J = {f : f < a}. s kaxzaoro
B < a dukcupyem nenynesoil snement bg € F*. [lna moboro opaunaa
B € J, B Monyte Fj paccMoTpEM TIOIMHOKECTBO

Lﬁ = {05 D bg Ex:XE FO{MB<7<O(}} ,

. 0<y<
rie 0g — HyJIeBOit BEKTOD B F(;{V V<8, Hedopmaneno rosopd, B Lg cobpanb
_ J _
BCE BEKTOPBl X = (Z)yes U3 F, y KOTOPBIX BCe KOODAMHATHI T, = 0 npn
v < B, xg = bg, T NIPOM3BOILHLL IPH 3 < 7y 1 PaBHBI HYJ/IIO 32 UCKIIOUYCHAEM
HEKOTOPOTO KOHEYHOT'O YHUCIa KoopAuHaT. PaccmoTpuM o0benHeHNEe

Ao =|J{Lp:BeT}cL=F, (5)

KOTOpOe O6yIeM Ha3LIBATL MHONCECTMBOM CIMOAOU0E NPOSEPOUHOT, MATMPULDL.
s mro6oro crosbna a € A, paccMOTpEM OAHOMEPHLIR moaMoay b £, = Fa.
OyHKINA BEIOOPA TEIeph OIPEeIeTUTCA OTHO3HATHO

E(l) =a (ac Ad). (6)
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JIemma 3. Jaa mnoorcecmea P = {ly : a € Ay}, odnomepnvix nodmodysed
Mmodyasn L = Fy evinoanenv arcuomw (a),(b).

Zoxasameavcmeo. Ilycth aj,as € A,, a1 # az u §1a; = 0282 TPH HEKO-
TOpPBIX 01,02 € F*. Ecim a1 € Lg,, ag € Lg, m 1 < 32, To ¥y BekTOpa a;
BCE KOODIUHATEI C HOMEpaAMH vy < (9 MOJZKHBI OBITH HYJIEBBIMH, 9TO IIPO-
THBOPEYNUT TOMY, 9TO y a; KoopiauHara c¢ nomepom (31 pasua bg, # 0. Ilo
TOM Ke IpramHe He MoxkeT ObiTh (1 > [o. Ilpm B = P2 = [ paBeHCTBO
KOOpAUHAT d1a] = (2ap C STHM HOMEPOM JaeT COOTHOIIEHHE d1bg = dobg.
CaenoBarenbHo, 07 = dy = 0 (110 3aKOHY IIPABOTO COKparieHus ). PaBeHcTBO
da; = dag B JH0OOI KoopamHaTe 3 < Y JAaeT COOTHOMIICHHE 0ai~ = 0a2 .
B cmny 3axomna JjieBoro cokpalieHud B KBasuTese [ mosydaeMm ai, = a2,
Y9TO BJIEYET PaBEHCTBO a] = ag, BOMPEKHU HaH_[eMy TTPEeAITOJIOKEHNTIO. MBI J10-
Kazasn, 910 la, N la, = {0} npu a; # ay. g mokazaresancrBa cBoifcTBa
(b) pacemorpnm so6oit BekTop X € L. IlycTh ero menynesast KoopauHara ¢
HaWMEHBITIM HOMepoM 3 paBHa xg. Ee MOXHO 3amucars B Buje ybg, mpu
HeKoTOpoM y € F™*. Jlng mroboro momepa 7y > [3 ypaBHEHHE Yz = T, UMeET
€/IMHCTBEHHOE DeIlleHne 2 = Q.. noJjaras ag = bg, ay = 0 jya Bcex v < 3,
NOJIy9rM BEKTOp a € L, nas KoToporo X = ya. 3aaumt coiictBo (b) Toxe
BBITIOJIHEHO. O

Teneps u3 jieMMbI 2 U JIEMMBI 3 y2K€ CJCAyeT CYIIeCTBOBAHUE TPYIIIIOBBIX
COBEPINEHHBIX KOJIOB HAJI MPOU3BOJIbHBIM KBasuTesoMm F, 6e3 kakmx Jnbo
OrpaHnYCHU.

IIpennoxenne 2. Ecau F — npousosvroe keasumeno, mo x0d Xommunaq
Hp = He(As), nocmpoentbvili ¢ nomowsbio aemmos 2, NposepOuHOT MAMPU-
uvt Ay us (5) u Pynryuu evbopa (6) ABAAEMCA 2PYNNOBHIM COBPUIEHHIM
xodom. Ecau xeasumeno F umeem npasyro edunuyy, mo xod Hg 6ydem su-
HeUHBLM M020a U MoAbKO mo2da, Koeda keasdumenro F ydosaemeopaem ax-
CUOME ACCOUUAFTNUBHOCTIVU.

3ameuanue 1. OpavHan o B ONpeeeHnn TPOBEPOIHON MaTputibl A, 1
cosepriierHoro Koga Hp(Agy) 06amaer TeM CBORCTBOM, UTO JI060H OpIuHAI
B < « mMeeT MEeHBINYI MOIHOCTD, |3] < |a|. Takue opauHAIBI HA3BIBAIOT-
Csl B TEOPHUH MHOYKECTB HaA4aAbHbMU. 1l0oToOMYy KoHCTpyKIns Koma Hp(Aqy)
3aBHCHT TOJHKO OT MOIIHOCTH HAYATBHOTO OpjnHAa « (IHCIa CTPOK TIPO-
BepouHOil MaTpuibl A, ). PyHKIims BeIGOpa OTHO3HAYHO 3a/aeTcst GHOpMy-
qoit (6). Ilosromy, 7yist KOHETHBIX OPJIMHAIOB @ = 2,3, ..., KOIbI X3MMUHTA
Hp(Ay) Byaem nanee obo3HAYATH CUMBOIAMEI Hg), Hg), ..., YKa3blBas B
HUKHEM WHIEKCE KBa3uTesao F, a B BEpXHEM MHIEKCE YNCJO CTPOK IMpoBe-
pounoit marpuipbl Ay. it nepBoro GECKOHEYHOI0 OpJuHANa W), CYETHOM
moraocTu Np, 11posepounas marpuna A, Oyler uMerb C4€THOE MHOXKECTBO
CTPOK, a KOJ X9MMUHIa HaJl KBazuresaom F' Oyrner 0603HAYaTHCS CUMBOJIOM
’H%MO). ChemyiommuM OyaeT HMepBbIH HECUETHBIN OpAMHAT Wi (HaHMeHbmeﬁ
HecdeTHOI MorHocTH Ny = |wi]|). [IpoBepounas marpuma A,, Gyzer umersb
N1 cTpok, a Koa X3MMHHTa, IOCTPOEHHBIH 0 TaKoi Marpuile, 0b6o3HaTaeM
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CAMBOJIOM Hgfl), n 1. 1. Ko Xommurara 7—[%&) (st 1060r0 HAYATBLHOTO Op-
JMHATA (v) 3ABHCHT €Ille OT BHIOOpA HEHYJIEBBIX 91eMeHTOB bg € F* (Ho mpm
HaJIN1Y9MN B KBAa3HUTEJIE F HpaBOfI CAMHUIBI MbI BCeTrAa MOXKeM CYUTaTh, 9TO
BCe bg = 1).

Paccmorpum Temeph MPOCTYIO KOHCTPYKITHIO, TTO3BOJISIONIYIO TOIYYaThH
u3 Tena I HeaccommaTuBHOEe KBasuTesao F] ¢ mpaBo#l eaumHunreil. DieMeH-
™ N = 1+ .-+ 1 mDopoXxaT MHHUMaJAbHOE IToanose Fp, OTHOCHTEh-

—_——

n
HO KOTOPOTO MOXKHO cumTaTh F' BeKTOpHBIM mpocTpancTBoM. Camraem, 9To

Fy # F. Paccmorpum jiobyto Fy-smneiinyio 6uekiuio V @ F — F. ana
koropoit V(1) =1 u V(a) = a ana mwekoroporo sneventa a € F \ Fy (mox-
HO B34Th B KadecTBe V TOXKIECTBEHHOE OToOpakenme). Takske mosaraem
U(1) = a, U(a) = 1. Tak kax 1,a muuelino me3aBucuMbl HaJ[ Fj, TO MOKHO
nponokutk U no juueiinoit dbuekmuu U : F' — F. Beenem na F' HOBYyIO
onepanuro ymuoxenns roy = U1 ((Uz)(Vy)) (rakoe npeobpazosanue ore-
panuu yMHOXKEHUsI Ha3blBaeTcs usomonuet). 13 uneiinoctu oneparopos U
u V cheayer, 9uTo s © BBIMOJHEHbI aKCHOMBI TUCTpuOyTHBHOCTH. Kpome
storo, vo 1 = U1 ((Uz) (V1)) = U Y ((Ux)1) = U"Y(Uz) = z. Jomycrmw,
qro lox =z nusa seex x € F. Torma U(loa) =Ua=1= (U1l)(Va) = aa.
Umn 0 = a®? — 1 = (a—1)(a+1). Hoxyanmm mpotusopeune ¢ a # +1. [TosTo-
MY HOBOE yMHOYKEHHE O HeaCCOIMATHBHO (MHAYE ero mpaBasi eMHUIA OblTa
OBl OJIHOBPEMEHHO U JIEBOA eﬂHHHHeﬁ). B ciygae KoHedHBIX 1OJIEH TTOI0OHAST
KOHCTPYKIIHs pacCMaTpuBaiach B [6].

U3 Teopembr Anbbepra [7] caemyert, 9To g060€ KBa3UTEI0 HW30TOIHO TETY,
cMm. [8], crp. 7T1. CrenoBaresibho, J060e KBA3UTEIO (B 9aCTHOCTH, KOHEYHOE
10JIe), He 30TOIHOe IpocThiM oM Q, F), (p — mpocroe), N30TOMHO HEacco-
UATUBHOMY KBAa3UTEJY C IIPABOH (ﬂeBoﬁ) enuHUIEH. DTO JaeT BO3MOXKHOCTE
CTPOUTH COBEPIIEHHbIE I'PYIIIOBbIE KOJIbI KOHEYHOH JIJIUHBI HAJ[ KOHETHBIMU
HEeaCCOIMATUBHLIMY KBa3UTeIaMu. K COXKAIEHNIO TaKne KOJIbl SKBUBAJIECHTHBI
CTAH/IAPTHBIM KOJaM XOMMUHIA HAJI KOHEUHBIMU M0JIsIME. JIIg ocTpoenust
HOBBIX KOHEYHBIX TPYHIOBLIX KOJAOB €CTh BO3MOKHOCTH PAaCCMATPUBATL HE
KBA3WTEA, & TAK HA3BIBAEMBIE KOHEUHbIE TOUTH-T101st 1laccenxaysa (¢ ommo-
CTOPOHHMM 3aKOHOM jucTpubyrusHocTn), [9] (cm. rakxke [10, 11]).

IMycrs F, G — aBa xBasurena ogauHakooit momuocru. Orobpaxenue A :
FOI1 — GéQ HAa3BIBAETCS u3omempuedti, ecin A SBIsIETCS B3aUMHO OJHO3HAU-
HBIM U COXDAHSIET PACCTOSHUEe XSMMUHTA MeXKJy BeKTopamu, T.e. ||A(x) —
A(y)|l = |lx — y||- B [4] mokazano, uro nrobast nzomerpus A mMeer BUjI

Ax) = A[D wiei | =) bilwiderny (x=(@i)icr, € Fy'),  (4)

i€l i€l

rae 7 : 11 — Iy — 6uekTuBHOE oToOparkenue 11 Ha [o, U 1 JTIOHOT0 MHIEKCA,
i € I b; — 6uekTuBHOE oTOOpaxkenue F' va G, miast koroporo b;(0) = 0 mis
BCeX 1 € I1, KpoMe HEKOTOPOro KOHEUHOTO MOAMHOMKECTBA HHIEKCOB U3 [,
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Omnpenenenne 3. /Jlsa cosepuiennvxr xoda Cp C Foh, Csy C GéQ HA3DLEA-

. h Ip;
HOMCA IKEUSAAEHIMHBLMU, ecat cyuecmeyem usomempua A @ Fj' — G2,
maxas wmo A(C1) = Ca. Ecau, kpome smozo, A(0) = 0, mo xodw Cy u Co
HAZDIBAEM USOMOPPHLMU.

Tax Kax IpyNIOBBIE COBEPIMEHHBIE KOJBI COMEPKAT HYMAEBOM BEKTODP, TO
JIBa I'PYIIOBBIX coBepIineHHbix koja Cp C Fél, Cy C Gé2 SKBUBAJIEHTHEI
TOT/IA M TOJBKO TOT/IA, KOT/a OHM m30MOpdHbl. B aTOM ciyuae cyrmecTBy-
er m3omerpus A : Foh — G(If, A(Cy) = Cq, nag KOTOPOIl BBIIOJTHSIETCSA
pasenctio (4), rne m : [1 — [ — GuekTuBHOE OTOOPAaKEHWE W NI J1I0OO-
ro unjgekca ¢ € Iy b; — buekTusHOe oTobparxkenue kpasurena I wa G, aas
koToporo b;(0) = 0 mist Beex ¢ € I} 63 UCKITIOUCHNSI.

Haszosem resio F' koneunomeprvim, ecan B ero nenrpe Z(F) = {z € F :
Yy € F, xy = ya} cymecrsyer nogreno Fy, spisiomieecst 1moseM, 0THOCH-
TeIBHO KOTOPOTO F' ABJIsIeTC KOHEYHOMEDHBIM BEKTOPHBIM ITPOCTPAHCTBOM,
B IPOTWBHOM CJIydae Ha3biBaeMm Tea0 F' beckoneunomepnvim. B aToMm caydae
roBopaT, uTo F' aBaserca aszebpoti mam momem Fy. Kmaccmueckmvu mpu-
Mepamu aaredp aBaaoTcd: 4-mepras anredpa kBarepuuonos H u 8-mepnast
asrebpa okras O naa noszem R.

B zaxiouenne sToro maparpada Mbl TOCTPOUM OECKOHEYHYIO CEPHUIO TI0-
MAPHO HE3KBUBAJIEHTHBIX KOIOB HAJL TETOM F', ABIATOIAMCS KOHETHOMEPHOT

anrebpoii Hast ceonm noxanoseM Fy C Z(F'). Tak xak Fy C Z(F'), To K011 ’H;f!)

Oymer Ha caMoM Jeire Fo-TuHedHbIM.

Teopema 2. Ecau mownocmu opounasos o u g e pashvs (Jai| # |asl),

03 (0%
mo xodv, Xommuraa 7—[% Vo H(G 2), a0 08YMA KOHEUHOMEDHBMU MEAGMU
F u G, ne axeusasermot.

Joxazamesvcmeo. PaccmoTpuM cHagasta cirydaii KOHEIHBIX OpanHaioB. Ilycts

npoBepounas mMarpuna A,, umeer mj cTpok, a Mmarpura A,, UMeer My CTPOK
n 2 < mp < my. llposepounas marpuna A,, COLEPKUT €IUHUUHYIO HOJ-
marpuiy. Obo3naunM CTOIOIBI STOM HOMATPUIILL A1, . . ., &y, B CHIY SKBU-
BasileHTHOCTH (1), U1t 1F060T0 HEHYJIEBOTO BEKTOpA X € ’Hgm) CYIIIECTBYET
crosiberr a € Ay, a # a, (1 < n < mg), Wi KOTOPOTO KOOPJAWHATA Ta 7#~ 0

(HocuTENb [X| HE MOMKET BXOJAWTH B {ay,...,am,}). llokaxem, 9r0o B KOMIE

6 o
’H% ) 510 CROWCTBO He BHITOHEHO. DTO 03HAYALT, 9TO JI0D0E MHOKECTBO
cronbuos {ay, ..., am, } AuHeiitno 3aBucumo Hay F, T.e. ypaBHeHue

Tia1 + -+ Tppam, = 0 (5)

nMeer Henysesoe perrerue. Ilycrs pazmepnocts F wan Fy pasma s. To-
A KaXKAbl semMenT r € F MOXHO pa3aokuTh 1m0 6a3uCy BEKTOPHOTO
npocrpancrsa F, ¢ = (Vi) + ... 2(8)i,. Paccmorpum B Habope crosibros
{a1,...,ay,}, cocrapadmomemM (parMeHT TpOBepovYHOHt Marpuibl A,, Ka-
Kyt HHOYADL [-10 CTPOKY (G 1, . .. Al m,). Paccmorpum npoussenenne

TnQp gy = f(l)(acnl), ozl al(}rz, e al("iz)il—i—- “+fs) (21, ), al(’lg, e ,aﬁz

)Zsa
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rie f(,,)(xg), . .a:gf),al(lﬁ?, . .,al(‘iz) (1 < r < s) — kakme-TO OUIMHEHHbIE
BBEIpazkeHme Han Fy or (1:511), ) ..sz) ), al(lTZ, . ,al(srz, 3a7aBaeMble Ta0InIel

S
L .o .
YMHOKeHHsT OA3UCHBIX IEMEHTOB iplg = z:lcp’qzr (cpq € Fo). fApmprit Bu
=

9THWX BBIPpAYKEHWI HaM He morpebyercs. PaBeHcTBo HY/H0 (5) Temeph SKBUBA-
JEHTHO OJHOPOJHON JUHEHHON cucTeMe ypaBHeHU# Hag moaeM Fj

n

ma
Zf(T)(xS),...x(s) al(,lg,...,al(iz) =0 (1<r<s1<li<m),
n=1

coCcTos i N 1<r<
IIyI0 U3 S ypaBHEHUd u Smo > S$M] HEU3BECTHBIX Iy, ( <r <
s,1 < n < mo). Takas cucrema mMeer HeHysIeBoe permenue. 1103ToMy ypas-

Herue (5) ToxKe MMeer HeHyseBOe pelleHue (X1, ...,Tm,). CiaegoBarensHo,
o «

HEHYJICBOII BEKTOD X = Z1€] + **+ + Tyy,€p, IPUHAIICIKAT KOILY 7—[% Vo

€ro HOCHTEJIb BXOJUT B MHOMKECTBO HHJIEKCOB aj,...,amn,. 1aK Kak Takoe

(a1)

CBOMCTBO HEHY/IEBBIX BEKTOPOB KO/ H ' HEBO3MOXKHO U3MEHUTH, [IepecTa-
HOBKO# KOODAWHAT W 3aMEHON HEHYJIEBBIX 2JIEMEHTOB Tejaa F' HA HeHyseBbie

) (a2)

(a1
smemenTsl Teqa G, To Ko Hy | He MOKeT ObITh SKBUBATEHTEH KOy Hey .
IIycTs Temeps MOIMHOCTD OPAMHAMA, (¢ DECKOHEYHA, 4 MOITHOCTD OPAMHAJIA,
o MeHblIne, ueM |ag|. Ecam o — KOHEUHBIH OpIUHAJ, TO W3 TPEIbIIYIIETro

(a2)

(0%
[OKA3aTebCTBA O9EBUIHO CIEIYET, 9TO KOJIbI ’H% Uy Hy ™' He sKBUBAJICHT-
ubl. Ec/in MOIIHOCTH MHOXKeCTBa [IPOBEPOYHOM Marpuiisl A,, MeHbIe MOILI-
HOCTH MHOYKeCTBa CTO/I010B Marpuiibl A,,, TO TOXKe MOXKHO Cpa3y CKa3aTb,

(a1) rH(OQ)

a9T0 KOIbl H )7 & He SKBUBAJEHTHEI. I[09TOMY CYHTAaeM, YTO OpJAMHAI
Q1 TOXKe BECKOHEUEH U MOIIHOCTU MHOXKECTBa CTOJION0B y MaTpull Ay, u Aq,
omuHaKoBBIe. HaM 0cTamocs m0Ka3aTh, 4To J060e MHOKECTBO CTOIOI0B MaT-
puIBl {ay, fme s MOIHOCTH |vo| iuHediHO 3aBucuMO Hast TesioM F. Jls sToro

(s)

o S
" crosbern ay,’ CaeayIONuM

BaMEHIM KasKJIbII CTOI0EI a,, Ha "yBeIndeHHbIH
obpazom. KazxK1p1it ajieMenT ag ,, cTosidna agﬁ) 3aMeHsieM Ha, CTOJIOerr
(1)
al,m
. 1) . s) .
(s)
al,m
(r)
Iym
(m € M) mpunagiexar (Hasg nogeM Fp) BEKTOPHOMY MPOCTPAHCTBY CTOJIO-

(s)

Tax kax Bce a, ' mnpuragaexar moi Fy, 1o "yeemuwuennnie" cTosbIEl agy,

nos pasmepuocru Slag| = |aq|. Tlosromy MHOKECTBO CTONGIOB {a,(fl)}meM
(MomHOCTH |2 > |ovi|) smHeHO 3aBHCHMO HaJ ToseM Fp, T.e. SIS HEKO-

(s) (s)

S
TOPOr0 KOHEYHOT'O HAbOPA &), .-, &m) OYIAET BBINIOTHATHCH claﬁn)l + -+
S
cka,(nl = 0 mpHu HEKOTOPHBIX C1,...,c; € Fj. CaegoBareapHo TO Ke caMoe
OyZer BepHO M JIJI NCXOIHBIX CTOJIOINOB €1y, + - - - + Cpam,, = 0. Ilonyunmm
JITHEHHYTO0 3aBUCHMOCTb MHOYKECTBA CTOJIONOB { &y, }mens JAKe HE HAJ BCEM

TeqoM F', a TOJIBKO HaJ €ro JacThio Fj. O
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Caencrsue 1. Jlaa anszebpu oxmas Q, das a0bwx deyx opdunanros aq, s,

[e3 QU
UMENOWUL PAZHYIO0 MOUHOCTD, K00b XoMMmur2a H(é) )y H(() 2) e sxeusa-
ACHITHDL.

3ameuanmne 2. Ecim teno F' HeaccommartuBHO, TO Kjaaccudukamms Fop-
JWHEHHBIX KOMOB HABJISETCS HEMOJIHOM, TaK KaK HEM3BECTHO, Jitoboit au Fy-
JUMHEHHBIA COBEPILICHHbIA KO/ 3KBUBAJICHTEH OJHOMY U3 KOJO0B ’Hg?). Kpowme
9TOTO, HE TPOBeeHa Kiraccupukaius F-THHEHHBIX COBEPITEHHBIX KOJOB HAJ
beckoHeuHOMEPHBIMU TejaMu. He HalieHbl Tak:Ke MpuMephl HeSKBUBAJIEHT-
HBIX KOIOB ”Hg;a), H(Ga ) nns pasubix Ten ' u G ogmmaxosoit mormmaocTH. C
JIPYTOii CTOPOHBI, TIOJIYUEHA TTOJHAA KJIACCH(DUKAIINS COBEPIIEHHBIX JIMHEN-

HBIX KOJ0B HaJ JI00BIMI aCCOIIUaTUBHBIMHU TEJIaMH.

4 Kiaccudukanmsa COBEPIIEHHBIX JIUMHENHBIX KOJIOB HAJI
acCCOIMATUBHBIMHU TEJaMU

Onpenesenue 4. Jlea cosepuwennms koda C, C FI', Oy C FI?2 nasw-

P 0 0
6AIOMCA AUNETIHO USOMODEHDLMU, CCAU CYULLCTNEYET AUNHETHAA USOMEMPUA
A: FOI1 — FOIQ, maxaa wmo A(C1) = Ca, ede

A(X) =A Z T;€e; = Z l’iaieﬂ(i) (X = (fEi)ieIl S Foll),

i€l i€l

ede T : Iy — Iy — buexmuenoe omobpasicenue u o; € F* (i € I7).

OueBnHO, TOHSATHE JTHHEHHOTO N30MOPMU3MA, SIBIISIETCST 9aCTHBIM CJIyYa-
eM TIOHSITHSI TTPOCTO m3oMopdu3Ma. [lepexonnM HemocpencTBeHHO K KJIac-
cuuKaIIE TUHERHBIX COBEPIIEHHBIX KOOB HaJ| ACCOTMUATHBHBIM TeqoM F.
PacemorpumM npa mmmHedHbIX coBepiieHHLIX Kojga Cp C Foll, Cy C FOIQ. Ilo
TeopeMme 1 CYIECTBYIOT JIBa JIMHEHHBIX TpocTpaHcTBa L1, Lo u jiBa OGuMeKTuB-
HBIX oToOpaxkennd Y1 : [y — Pi, o : Is — Po, HA MHOKECTBO BCEX OIHO-
MEPHBIX TOANPOCTPaHCTB Pq, Py mpoctpancts Ly, La, COOTBETCTBEHHO, UTO

Juist HeKoTopbix dyHKIwmit Beibopa E : P1 — L1\ {0} (E1(¢) = agl), lePr),
Es: Py — Lo\ {0} (Ex(¢) = af), ¢ € P3) umeer MeCTO 9KBUBAJIEHTHOCTD

x = (z;)ier, € C1 < inagl)(i) =0,
i€ly

X = ($i)i€[2 €y — Zzlal(iz)(l) =0.
1€l
B npegnonoxennn akcuomsl Beibopa B mpocTpancTBax Li, Lo CyIecTByoOT
basuct [amesnss. MormaocTn Beex 6aszncop amesnrss oqUHaKOBLI AJIsT JTaHHO-
ro mpoctpaHcTBa L (HAJI accommaTuBHBIM TeygoM), oM. (8], crp. 240. Dty
MOIIHOCTb TIPUHSITO HA3BIBATH 4.42€0PaU4eckoli Pa3zmMepHoCmbio JIHHEHHOTO
npocrpancTBa L u oboznauars ero yepes dim L. Terneps B jilemMme 2 B Kade-
crBe P cienyer B3siTh BCE OJHOMEDHBIE MOJIIPOCTPAHCTBA MTpOCTpancTBa L.
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st Hux, odeBuiHO, BblOJHsOTCH 00a ycaosus (a) u (b), upuuem byHk-
ung BbIOOpA, B OT/iM4YMe OT OOINEro Cjydasi, IPOU3BOJBLHBIM 00PAa30M BbI-
fupaer W3 KayKJIOTO OJHOMEDPHOTO TOAMPOCTPAHCTBA ¢ HEHYJIEBON SJEeMEHT
ay € (. MHOXKeCTBO BCEX OJHOMEDHBIX TOIIPOCTPAHCTB Temepb 06pasyer
HEKOMMYTATHBHYO (ACCOIUATHBHYIO) NPOCKMUGHYIO 2E0MEMPUIO PASMEPHO-
cru dim L — 1. Taxas mpoeKTUBHAS TEOMETPHUS IJIOCKOCTH PACCMATPUBAIACH
eme 1. I'mis6eprom, em. [12]. § 26.

Tax xax MormuocTh |P| = (dimL)|F|, To n3 temmMbl 2 (u npemioxeHns 2)
cJiefIyer, 9To s Jioboro WHIeKCHOTo MHOXKecTBa [, mormuoctu |I| > |F|, B
MTPOCTPAHCTBE F({ CYIIIECTBYIOT JIMHEWHBIE COBEPIEHHBIE KOABI. X moiHast
KJIacCuUKANNS TACTCI CAeAYIOMEeH Teopemoii:

Teopema 3. B npednoaooicenuu arxcuomnv, 6vbopa, ecau, dim Ly =dim Lo, mo
coseputernvie aunetinbie kodw C1 C FOII, Cs C FOI2 AUHETHO SKEUBAACHITIHDL.
Ecau orce dimLqy # dim Ly, mo xodw C1 u Cy He sxeusaseHmmb.

Zoxasameavcmso. B mHabope {a&)(i)}ie 7, COOpaHBI IPEeACTABUTEIN BCEX Of-
HOMEPHBIX IOAIPOCTPAHCTB mpocTpancrsa Li. Hekoropas nmpeiino mesa-
BHCHMAas JacThb 3TOro Habopa cocrapisger 6asuc 'amesna mpocrpancrea L.
IMycrs nas nogvmuokectsa J; C I mognabop {a&)(i)}ie J, siBJIsiercst 6azucom

2
Tamens B L1 w pist apyTroro nogmMuoOKecTBa, Jo C I momHabop {afﬁz)(i)}ie T
siBjitercst bazucom l'amess B Iz, U3 paBencrBa pazmeprocreii dim Ly = dim Lo
cJiejlyer CyIiecTBOBAHUE B3aMMHO OJIHO3HAYHOrO oTobpaxkenus ¢ : J; — Jo.

IMonaraem B (af;l)(i)) = ai)(@(i)). [To smueitrOCTH OTOOpakenne B onHO3HAY-

HO TIPOIOIKAETCst 710 juHeiiroro (cnesa) m3omopdusma Ly n Lo, KOTOpOE
Oymem oboszuauarh Toit ke Oyksoit B. Tak kak mia jroboro ¢ € Ip cyrme-
crByer { € Py, I KOTOPOTO B(af;l)(i)) €/ Te. B(agl)(i)) = aiafiz)(ﬂ(i))
npu HekoTopbix (i) € I, a; € F*. Tlycrs Teneps X = (%), € C1 1

n
Y ien ziay ;) = 0. Torna

W | (2) _ -
B D_wmiay ) | = D mitiy, ) = D Tt 1y = O
el i€l kels

Crenosarenbho, X = (z;)ier, € C1 <= ¥ = (Tr—1(1)0r—1(k) Jkel, € C2. Lo-
maras A(X) = Y Tjq;€r;) AT BeeX X = (¥)ier, € FO[1 mojiyuaeM Tpedye-

i€ly
MBIl JinHeHHBIT n3oMopduaM ko108 C1 u Co. OTCIOa, B 9aCTHOCTH, CJIEIyeT
PaBEeHCTBO MOIIHOCTEH MH/EKCHBIX MHOXKecTB |[1| = |[a].

Homyctu dim Ly # dim Lo. MoxxuO cunTaTh, 6€3 oOrpanndenust 0OIIHOCTH,
aro dim Ly > dim Ly. Eciu, npu srom, |I1| # |I2| 1o cpa3sy moxHO ckasarh,
gro Koapl C1 u Ch He skBuBasieHTHbl. Ilosromy cumraem, uro |I1] = |Ia].

1
Paccmorpum B Teopeme 1 mna xoma Ch mommabop {aq(pl)(z’)}iejl (J1 C L)
siBastionuiicss 6asncom 'amenst B L. B wacTtHOCTH, ecin HOCATEIb HEHYJIE-
— (7). I (1)
BOTO BeKTOpa X = (r;)icr, € Fy' mexut B J1, 10 ) 50y ziay 'y 7 0. 910



1106 C.A. MAJIIOTUTH

3HAUUT, 9T0 st Kojga C CyIIecTByer MOJMHOXKECTBO uHjekcos J; C g
momnoctu |Ji| =dim Ly Takoe, 4ro HOCHUTENb JHOOOTO HEHYJIEBOIO BEKTO-
pa u3 C me jexur B Ji. Hua xkoma C 3T0 cBOiicTBO He BLIMOIHEHO. Jlmst

soboro moamuozkecTsa J C I mompoctu dim Ly moguabop {afi)(i)}ie] JH-

Helino 3aBucuM. 1loaTOMYy 1715 HEKOTOPOrO HEHYJIEBOTO (DPMHUTHOTO BEKTOPA

2 2
X = (%;)ic1, BBHITOJHICTCS Zielg xiafh)(i) =Yy xial(m)(i) = 0. MbI mamum

HeHYJ1eBOH BeKTOp X € Cy ¢ HOCUTEIEM, JIEXKANTUM B J. DTO CBOHCTBO TOKAa-
3biBaeT, uro kogabl C1 u Cy He MOryT OBITH 3KBUBAJEHTHBIME (1axke B Gosee
obrrem caydae, korga kox C 3aaH HaJ accormaTuBibiM TeoM F) a xoa Co
3a/1aH HAJ JAPYTUM aCcCOMMATHBHBIM Tes1oM (). O

© o 9 [0
Ilpenmoxxkenme 3. Jlunetnwi (caesa) cosepuennviii K00 ’H%) nad acco-

yuamusHuim mesom F - asasemca 00HOBPEMEHHO AUHETHDIM CPABA MOo20a
U moavko mozda, xKozda meso F xommymamusno, m. e xozda F asasemca
NOAEM.

JokazaTeabCTBO 3TOTO MPEJJIOKEH IS TTOJHOCTHIO AHAJIOTUYHO JI0Ka3aTe b=
CTBY mipejiytokennd 1.

Bosaukaer Takzke BONpPOC 06 SKBUBAJEHTHOCTH (J/1 JAHHOTO OPIMHAJA

(a)

Q) TUHEHHBIX CJIeBa KOJ0B XaMMuHra H ;W JHHEHHBIX CIIpaBa KomoB X3M-

vuara pH (). B 06mem Buge 9TOT BOMPOC HE PEIIeH, HO I COBEPIIEHHBIX
KOJIOB HaJ[ Te/IOM KBATepPHUOHOB H MOXKHO 1aTh TOJHBIN OTBET.

Ipennoxkenne 4. /laa 1106020 opdunana o, sunetdnsil caesa K00 Xommun-
« o e
2a ’H[(HI ) uzomoppen (neaunetino) sunetnomy cnpasa kody Xommunea aH .

Joxasameavcmeo. B Teme KBaTepHWOHOB €CTH OTEPAIMS COMPSIKEHUA CO
coicrBamu "anrunmaeiinoctun" ab = ba, a+b =a+ b (a,b € H). TTosromy
.o o — « .o
CONPSIZKEHHBI KOm X9MMUHTa, HI(HI) ={x:x¢€ "HI(HI )} SIBJISIETCS JTHHENHLIM
CTIpaBa COBEPIIEHHBIM KOJIOM, KOTODPBIi, IO TeopeMe 3, SKBUBAJECHTEH (Ju-

HEIHO cmpaBa) Koxy XIMMUHTA aH @, Tax kak ol€palis CONPAKEHNS AB-
o H fH(a) H(a)
JIACTCA IePECTaHOBKOU HeHyﬂeBbIX QJIEMEHTOB TEJIa , TO KOJbI H n H

(03
m30MOpdHBI (B 9aCTHOCTH, SKBUBAJIEHTHBI). [losToMy KOITBI HI(HI) R TAC)
TOXKe N30MOPQHBI (M IKBUBATCHTHBI). O
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