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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 Bsegenne

Keasumenom F Ha3bIBaeTCd KOJIBIO, B KOTOPOM /JIJIs JIIOOBIX HEHYJIEBBIX
a,b € F ypaBuenusi ar = ¢, yb = ¢ ojHO3HAYHO pa3pemuMbl Ipu JHOOOM
c € F OTHOCI/ITQIH:)HO oniepanv YMHOXKE€HUA MHOYKECTBO 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.



JIMHEMHBIE U TPYTIIIOBBIE COBEPINIEHHBIE KOIbI 1095

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-
HOCTIL

X = ($i)i61 c(C — inaw(i) =0. (2)
el

JHoxasamesvcmeo. Ilycth mHemymeBbIMU D1€MeHTaMu TpocTpancTBa L saBjs-
torcs napsl (o, 1), tae o € F*, i € 1. HysieBoii sement npocrpancrsa L Mox-
HO OTOXKJleCTBUTH co Becemu mapamu Buja (0,7), ¢ € I. Ounepanuro yMHOKe-
HUSI CKaJIsipa Ha BEKTOD OmpesenmM ciaeayomum obpasom: «f3,1) = (af, 1),
a,B € F, i€ I. 3agamum Tenepb OLEPALUIO CA0KEHU TAKMX BEKTOPOB CJie-
AYROIIM 00pazoM: (av Z) + (ﬁa Z) = (a + 8, Z)? (047 Z) + (07]) = (07]) + (Oé, Z) =
(i), a, 3 € F | i,j € I. Ocramocy onpenenurs cymmy (a,i) + (8,7)
g o, 3 € F* i # j € I. Pacemorpum Bektop X € F{ ¢ xoopaunara-
MH T; = o, T = 3, 2 = 0 nag Bcex k # o, . 13 coBepiieHHOCTH KOna
C' chaegyeT CymIeCTBOBAHHE €IMHCTBEHHOrO BeKTOpa y € C, mis KOTOporo
|x -yl =1, 1.e. y = ae; + fe; + vey nns nekoropnix k € I, v € F*. llo-
mgaraeM (o, i)+ (5,7) = (—v, k). Heobxonmmo 1oka3arTs, 9T0 TaK OIpe/ieieH-
HBIE OIIEPAIUH CJIOKEHNS U yMHOKEHHS Ha CKAJAPbI 33/1al0T Ha MHOKECTBE
TAaKUX [ap CTPYKTYPY JE€BOr0 MOyJs. U3 onpenenrenns cpady CaeLyeT KoM-
MyTaTUBHOCTD ciroxenus (o, 1)+ (8, 7) = (B, j) + («, 7). Jucrpubyrusnocrs
caoxenns o(8,1) + (7v,7)) = a(B, i) + a7, J) caeayer u3 auHeHHOCTH KO/IA
C. Tak xax npu ¢ # j, 3,7 € F'* umeem Pe; +vej —de, € C mpm HEKOTOPHIX
de F*, kel k+#1i,j. Torma roxe afe; + ayej — adey € C. ITo 03HATAET,
aro (af,i) + (av,j) = (a1, k) = a(y,k) = a((a,i) + (B,7))- s neoue-
BUJHBIX TTPOBEPOK ABJISIETCA TOJMHLKO TMPOBEPKA ACCOMUATUBHOCTH OMEPAITNT
CIIOYKEeHn st

((,d) +(8,5)) + (7, k) = (@, 8) + ((B,5) + (7, k) (3)

B caydae, Korma o, 8,y € F* i, 5,k € 1.

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

2) Tycrs @ = j, k # i, 8 = —«. JleBas wacthb paBencrsa (3) pasna (7, k). B
npasoit uactu pasencrsa (3) (—a, i)+ (v, k) = (0,1) nns nexkoropwix | # i, k,
d € F*, upu srom —ae; + ve, — de; € C. Janee, (a,i) + (6,1) = (A, m),
rie ae; + de; — Aey, € C. Kog C sBiisiercst rpyImnoit o CJI0XKEHUEO, TIOITOMY
BEKTOD Y€ — A, € C. Bec Takoro BekTOpa He GosbIle 2, mosromy m = k
u A = 7. Mb jgokasanu, 4To npasast 4acth pasenctsa (3) pasha (a,i) +
((—a,i) + (7, k)) = (7, k) u coBnagaer ¢ JIeBOH 4aCTbIO ITOr0 PABEHCTBA.

3) Ilycrb reneps i@ = j, k # i, B # —a. B nesoit wacru pasencrsa (3)
noiygaeM (a + (3,1) + (v, k) = (0,1) anst mexkoropwix § € F*, 1 € I, 1 #i,k.
IIpu stom (a+)e;+ver—de; € C. Bripaxenue B ckobKax mpaBoii gactu (3)
pasuo (B3,1) + (7, k) = (\,m) maa vekoropbix A € F*, m € I, m # i, k. Ilpu
aToM fe; + yer — ey, € C. Hanee, (a,i) + (A\,m) = ({4, 1) I HEKOTOPBIX
w € F* nel n#im. llpugem ae; + Ae,, — pe, € C. U3 rpynmosoro
cpoiictBa kozma C' croBa nosydaeM ((a + 5)e; + ver — de;) — (Be; + vyer —
Aep,) — (e + ey, — pey) = pe, — de; € C'. CHOBa NOIYIHIN BEKTOD BECa
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He Oosibiiie 2, npunajexanuit kogay C. [Mostomy n =1 u p = §. Ilpasas
yacrh paseHcTsa (3) Toxke okasasach pasHoit (0,1).

4) PasencrBo (3) gokaszano juist @ = j. 13 KOMMYTATHBHOCTH CJIOKEHUS
cJIeIyeT, UTO OHO BEpHO Tak:ke mpu j = k win ¢ = k.

5) Ilyers 4, 7, k € I Bee pasmuansl, HO (i) + (B, 7) = (9, k) nmst Hekoro-
poro ¢ € F*, npuuem ae; + fej —dey, € C. Torna nesast gacTs paBercTsa (3)
pasHa (v + 0, k). Paccmorpum mpasyto gacts. Ilyers (8, 7) + (v, k) = (A1),
rne AN € F*. l eI, l # j,kuPe +vye,—Aeg € C. Ecim | = 4, To momy-
anM (ae; + fe; — dey) — (Bej +vep — Ae;) = (a+ Ne; — (v + d)ex, € C.
Tax xak i # k, To A = —a u § = —~. Illpu sToM mpasast 9acTL paBeH-
crBa (3) 6ymer pasna («,i) + (—a,i) = (0,7) u seBas 9acTh TOXKE OyIer
pasua (0,7). Ecam xe | # 4, t0 (a,7) + (A, l) = (u,m) i HEKOTOPBIX
we F* mel m=#i,l, npu stom ae; + Ae; — e, € C. CrenoBarenbHo,
(aej+pej—der)—(Bej+vex—Ae) —(aei+Aej—pey,) = pey,,—(y+0)e, € C.
Orcroma, m = k u 4 = 7 + J, 9TO 0O3HAYAET CHIPABEIJIMBOCTH PABEeHCTBA (3)
npu yeaosuu (o, 1) + (5,7) = (6, k).

6) IMycrs (,i) + (8,4) = (6,1) nnst mekoropeix § € F* 1€ I, 1 # 1,5k,
npu sToM ae; + fe; —de; € C. Hanee, (6,1) + (7, k) = (A, m) a1st HeKOTOPBIX
A€ F* me I, m # kI, npuuem de; + ver — Ae,, € C. AHaAJOTHYHO,
BBIUMC/IeHNe paBoii yactu pasencrsa (3) naer (8,7) + (v, k) = (u,n), vae
pwe F*,nel n#jk, opuaem Be; +ver, — pe, € C. MoxXHO CUUTaTh, 9TO
n # i (aBanormaHbIi Caydail ObLT PACCMOTPEH B TPEABLAYIIEM MyHKTE 5)).
N nwa nocnennem srane (o, 1)+ (u,n) = (v,p) as Hekoropeix v € F* p € 1,
p # i,n, IpH 5TOM ae; + pe, — ve, € C. Buaunr (we; + fe; — dey) + (de; +
ver — Aey) — (Bej + ver, — pey,) — (ce; + pe, — ve,) = ve, — Aey, € C.
CrneroBaTeibHO, p = M U V = A, 9TO O3HAYAET CIIPABEJIMBOCT PABEHCTBA
(3) BO BCEX BOBMOXKHBIX CJTydasX.

Urak, muokecTBO Beex map (a, i), o € F* i € I, BMeCTe ¢ HyJIeBbIM 3J1e-
menToMm (oroxaecreisiembiM ¢ mapamu (0,1), 4 € I) gaBjasiercs, OTHOCUTEIBHO
BBEJICHHBIX BBIIIE OHepaluii, jesbiM Mogyaem L. Orobpaxenue ¢ @ [ — L
samamum dopmyioit ¥ (i) = (1,4) (i € I).

JokazaTeb,CTBO 9KBUBAJEHTHOCTH (2) JJIsi BEKTOPOB X Beca 3 cpasy cJie-
JIyeT U3 ONpPEJIeIEHUsT OTIEPAIUH CJIOKEHHUS B ITOCTPOCHHOM IPOCTPAHCTBEM
L. C ppyroit croponsl, Joboit HeHy/eBo#t BekTop X € C, B cuiy jemMMmbl 1,
[PEJICTABISIETCA KOHEUHOM cyMMoil BeKTopoB u3 C' Beca 3. DTUM 060CHOBBI-
Baercs B (2) umiuinkaiusa =. L1 gokaszaresbeTBa 06paTHON HMILTHKAIIAH
< paccMoTpuM Ji000 BEKTOP X € FOI TaKOM, YTO B TTPOCTPAHCTBE L BHITIO/I-
HAETCA

> 2i(1,i) = 0(= (0,k), k € I). (4)

il

.

PaccMoTpuM mapy HEHyJIEBBIX KOODAWHAT T, , Tiy. 1Ak Kak x4, (1,41)4(xi,) (1,
(y,i3) = y(1,43) mpm HEKOTOPOM i3 F# 41,12, TO BEKTOD Z, Beca 3, ¢ HEHYyJe-
BBIMH KOODANMHATAMU Zj, = Tj,, iy, = Tiy, Zis = —Y, LIpunagnexxur xoxy C.
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Bamenus B (4) x; HA T;— 2;, Oy 9UM PABEHCTBO HYJIFO CYMMbI C MEHBIIUM KO-
JIMIECTBOM HEHYJIEBBIX CJlal'a€MbIX. qepeS KOHEYHOC 1U1CJIO ITal'0B OJIY1UM,
UTO X SIBJISIETCS KOHEUHOH cyMMoii BeKTopoB Beca 3 n3 Komaa C. U

JokazaTeabcrBo TeopeMbl 1 (B OTsiMdne OT JIEMMBbI 2) SBJISETCS KOHCTPYK-
TUBHBIM. HecMOTps Ha TO, YTO aCCOINUATUBHOCTE YMHOXKEHHUS B HOKA3aTeIb-
CTBE TeopeMbl 1 HIKaK He ICIOIb3yeTCd, /1A COBEPIIEHHBIX KOAOB Ha/l Heac-
COIMATUBHBIMU TeJIaMK OHa HOCHUT YyCJIOBHBIA XapaKTep, TaK KaK IMeeT MeCTO
CJIC/IYIOIINHA OTPHUIATEIBHBIA Pe3y/IbTar:

Ipenmoxkenne 1. Jlunelnnxr cosepuennvix K0006 Had Had HEACCOUUATNUG-
HOMU KEA3UMEAAMU C NPT euHUUET He CYuLecmsyem.

Hoxazameavcmeo. Ilycth F' — HeacconmaTuBHOE KBa3UTEJO C TIPABON eIu-
auneit u C C FOI — COBepIIeHHbIN JuHelHbI Koa. PaceMoTpuM Jsirobbie Tpu
HEHYJIEBBIX 3JieMeHTa a,b, ¢ € F. Jlag aAByX pa3audyHbIX UHAEKCOB 1,1y € [
paccMOTPUM BEKTOD X € FOI ¢ KoopAuHaTamu z;; = 1, z;, = ¢, x; = 0
JIJTST BCEX OCTAJBHBIX WHAEKCOB i € I, 1 # i1,12. Bec Takoro BekTOpa paBeH
JIBYM, [TO9TOMY CYIIIECTBYET eJUHCTBEHHBIN BekTOp y € C Beca 3, Jjid KOTO-
poro ||x —y| = 1. CnenoBarensHo, y = €;, + ce;, + de;, 7/ HEKOTOPBIX
d € F* iz € I, i3 # i1,12. B cuny npennonaraemott auneiinoctn koma C,
noiydaem 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 momygaennoro sexktopa u3 C' me 6oabine aByxX. [lostomy, B gacTHOCTH,
a(bc) — a(bc) = 0 g m06bIX @, b, ¢ € F, 9TO IPOTUBOPEIUT LIPE/IIOIarae-
MOil HeaccoImaTuBHOCTH KBaznuTtesna F. O

3 KoHCTpyKnmsa COBEPHIEHHBIX I'PYHNIOBBIX KOJOB HAJI
HEaCCONMMaTUBHBIMYA KBa3mWTeJIaMu

Pacemorpum MuOXKecTBO J Momuoctn |J| > 2. Ilo akcmome Bwibopa (B
ciydae |J| > Ng) ero MOKHO BIIOJIHE YIOPSAJOYATH HAMMEHBITHM ODIHHAJb-
HBIM 9HCJIOM v, T.€. MOKHO cuurarh, ato J = {f : f < a}. s kaxzaoro
B < « dukrcupyem HemyseBoil snemeHT bg € F*. [J1a moboro opaumHasa
B € J, B Monyte Fj paccMoTpEM TIOIMHOKECTBO

Lﬁ = {05 D bg Ex:XE FO{TB<7<O(}} ,

. 0<y<
rie 0g — HyJIeBOit BEKTOD B F[;h V<8, Hedopmanero rosopd, B Lg coOpaHbI
_ J _
BCE BEKTOPBI X = (Z)yes U3 F, y KOTOPBIX BCe KOOPAMHATHI 2, = 0 mpn
v < B, xg = bg, Ty NIPOM3BOILHLL IPH 3 < 7y 1 PaBHBI HYJ/IIO 32 UCKII0OUCHAEM
HEKOTOPOTO KOHEYHOT'O YHUCIa KOOpAuHAT. PaccMoTpuM 00beInHeHNe

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

KOTOpOe 6yIeM Ha3LIBATL MHONCECTMBOM CIMOABU0E NPOCEPOUHOT, MAMPULDL.
s mro6oro crobna a € A, paccMOTpEM OAHOMEPHLIR moaMoayib £, = Fa.
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QOyukius BbIOOPA TEIEPb ONPEIETUTCH OIHOBHATHO
E(ly)=a (a€A,). (6)

JIemma 3. /Jaa mnoocecmea P = {ly : a € Ay}, oonomepnvix nodmodyret
modyaa L = Fy evinoanenv axcuomw (a),(b).

Hoxaszameavemeo. Ilycts aj,as € Ay, a1 # ag u §1a] = Jsas TPU HEKO-
TOpBIX 01,02 € F*. Ecim ay € Lg,, ag € Lg, u 1 < ff2, TO y BekTOpa aj
BCE KOOPAMHATHI C HOMepaMu v < (9 JOKHBI OBITH HYJEBBIMH, UTO IIPO-
THBOPEYUT TOMY, 9TO y aj KoopAmmaTa ¢ Homepom (1 pasma bg, # 0. Ilo
TOM Ke LpudmuHe He Moxker Obith (1 > Bo. Ilpu B = Py = [ paBeHCcTBO
KOOpAUHAT 01a] = 0243 C 9THM HOMEPOM JaeT cooTHomenue d1bg = dobg.
CrnenoBarebHo, 01 = dy = 0 (110 3aKOHY TPABOTO COKparteHusi). PaBeHCTBO
da; = day B sr000I KoOpAHHATE [ < ¥ JaeT cooTHomenne da; = dag. B cury
3aKOHa JIEBOTO COKPAIEHHs B KBazuTesae F MOJIydaeM a; = dg, 9TO BJIEYET
PABEHCTBO a1 = ag, BONPEKHU HAINEMY ITPeIIOI0KEHNI0. MbI JOKA3AIU, ITO
la, Nla, = {0} mpm a; # ap. s noxkasarenscrBa ceoiictsa (b) paccmorpum
moboit BekTop X € L. IlycTh ero HeHysesas KOOpAUHATA ¢ HAUMEHBIITM HO-
mepoMm 3 paBHa x3. Ee Mo:kHO 3amucars B Bujie ybg, Ipu HEKoTOpoM y € F*.
st moboro nomepa y > [ ypaBHeHUe Yz = T~ UMeET eIUHCTBEHHOE Delle-
HUE Z = Q.. nojaras ag = bg, a, = 0 mist Bcex v < 3, HOJIy4UM BEKTOD
a € L, misg koroporo X = ya. 3HauuT cBoicTBO (b) TOXKe BBIIOJIHEHO. O

Tenepb u3 IeMMBI 2 U JIEMMBI 3 y2Ke CeyeT CYIIeCTBOBaHNE TPYIIIOBBIX
COBEPIIIEHHBIX KOJOB HAJl [IPOU3BOJILHBIM KBazutTejsoMm F', 6e3 kakux jubo
OTPAHWYECHNI.

IIpengoxkenune 2. Ecau F' — npousosvroe xeazumeno, mo k00 Xommureaa
He = He(As), nocmpoennudi ¢ nomMowwo asemmvl 2, NPo8ePOUHOT MAMPU-
uvt Ay us (5) u dynryuu eubopa (6) ABAACMCA 2PYNNOBHIM COBPUIEHHDIM
Kodom. Feau xeasumeno F umeem npasyro edunuyy, mo xod Hg bydem au-
HetHbLIM Mo20a U MoAbKo mozda, xozda keasumeno F ydosaemeopsem ak-
CUOME ACCOUUAMUCHOCTIVY.

Sameganue 1. OpauHan o B ONpeIeeHNE TPOBEPOIHON MaTpuisl Ay 1
cosepriieHHoro Kosa Hp(Ay) 06/amaer TeM CBOHCTBOM, 9TO JIE060i OpIuHAT
f < « mMeeT MeHBINYI0 MOIIHOCTB, |B| < |a|. Takne opnuHAIB! HA3BIBAIOT-
Csl B TEOPHN MHOXKECTB Ha4aAbhuimu. [losTromy koHcTpyKIms koma He(Aq)
3aBUCHT TOJBKO OT MOIIHOCTH HAYATIBHOTO OpANHAIA (v (TUCIA CTPOK IIPO-
BEPOTHON MaTpuisl A, ). OyHKINA BHIOOpA OTHO3HATHO 33/aeTcsd hopMy-

qoit (6). Ilosromy, 7/ist KOHETHBIX OPJMHAIOB @ = 2,3, ..., KOIbI XIMMUHTA
2 3
Hp(Ay) Byaem nanee obo3HAYATH CUMBOJIAMUI ’H%), H%), ..., YKa3blBas B

HUKHEM WHJIEKCE KBa3uTesa0 F', a B BEpXHEM MHIEKCE YNUCJIO CTPOK IIPOBe-
pounoit marpunpl Ay. i 1epBoro GECKOHEYHOIO OpJMHAJa W), CYETHOM
MOIIHOCTH Np, IpoBepouHas Marpuina A,, OyIeT UMeTh CIeTHOe MHOXKECTBO
CTPOK, a KoJ X9MMHUHIa HaJ KBasuTeaoM F Oymer 0603HATIATHCS CIMBOJIOM

H%JO). ChenyiommuM OyIeT HMepBbIA HECUETHBIN OpAMHAT Wi (HaHMeHbmeﬁ
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HecueTHON MorHoctu Ny = |wy|). IIposepounast marpuna A,, Gyser numersb
N1 cTpoK, a KoJ XIMMUHIA, IOCTPOEHHBIN 110 TAaKOW Marpuiie, 0003HAMAEM
CHMBOJIOM ’H%}l), u T. 1. Kog XsMmMunra ’H;ﬂl) (st 1060r0 HAYATBHOTO Op-
JUHAJA () 3aBHCHT ellle OT BEIGOpA HEHYJIEBLIX 3JieMeHToB bg € F™* (HO mpn
HAJIMYIWK B KBaszuTejae F' npaBoil eMHUITEI MBI BCETJ[A MOXKEM CUYUTATH, YTO

Bce bg = 1).

Paccvorpum Tereph mpPOCTYIO KOHCTPYKITHIO, TTO3BOJISIIONIYIO TIOIYYaTh
u3 reja I HeacconumarupHoe KBaszuresao Fy ¢ npaBoil eguHuneil. DieMeH-
™ol N = 1+ ---+ 1 0DopoXkAaI0T MHUHUMAaJIbHOE Tojnoe Fpy, oTHOCHTE/ h-

—————

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

Fy # F. Paccmorpum jitobyto Fy-smneiinyio 6uekimio V @ F — F, aas
koropoit V(1) =1 u V(a) = a nias wekoroporo sementa a € F\ Fy (Mmox-
HO B3Th B KadecTBe V TOXKJIECTBEHHOE OToOpakenme). Takske mosaraem
U(1l) =a, U(a) = 1. Tak kak 1,a juHeiino He3aBucuMbl HaJ| Fj, TO MOXKHO
nponokuth U no juneiinoit dbuekuu U : F' — F. Beenem ma F' HOBYyIO
oneparniio ymuoxenus roy = U ((Uxz)(Vy)) (Takoe mpeobpasosanme otie-
parnuu yMHOXKEHns Ha3bIBaeTcs usomonuet). V3 mureiinoctn oneparopos U
u V cremyer, 9TO [jid O BBIMTOJHEHBI aKCHOMBI JucTpubyruBHOCTH. Kpome
sroro, x o1 = U Y(Ux)(V1)) = U Y ((Ux)1) = U 1 (Uz) = z. Jonycrum,
aro lox =z ana Beex x € F. Tornga U(loa) =Ua=1= (U1)(Va) = aa.
Wi 0 =a?—1= (a—1)(a+1). Honyuuin uporusopeune ¢ a # 1. TTosro-
My HOBOE yMHOXKEHME O HEaCCOIMATUBHO (MHAYE ero mnpasasi eJuHuIa ObLia
Obl OIHOBPEMEHHO U JIeBOI exunanneit). B caydae koneuHbix noseit 1o106Has
KOHCTPYKIIUsI pacCMaTpUBaiach B [6].

U3 Teopembr Anbbepra |7] ciemyer, 9To Jr060e KBa3UTEI0 W30TOIHO TETY,
cMm. [8], crp. 71. CrenoBaresibHO, JI060E KBA3UTEIO (B 9aCTHOCTH, KOHEUHOE
10JIe), He H30TOIHOe IpocThIM oM Q, F), (p — mpocToe), M30TOMHO HEACCo-
OAATUBHOMY KBAa3UTEJY C IIPaBOH (ﬂeBoﬁ) enuHUIEH. DTO TaeT BO3MOXKHOCTE
CTPOUTH COBEPIIEHHbIE I'PYIIIOBLIE KOl KOHEYHOH JIJIUHBI HAJ] KOHETHBIMI
HEaCCOIMATHBHLIMY KBa3uTeIaMi. K COXKAIEHNIO TaKne KOJIbl SKBUBAJIEHTHBI
CTAHJIAPTHBIM KOJaM XOMMUHIA HaJI KOHEUHBIMHU NOJIIMU. JIIg ocTpoeHust
HOBBIX KOHEYHBIX TPYIIMOBBIX KOJOB €CTh BO3MOXKHOCTH PACCMaTpUBaThL HE
KBa3WTEsa, & TAK HA3bIBaeMble KOHEUHbIe TIouTH-110J1st Llaccenxaysa (¢ ommo-
CTOPOHHIM 3aKOHOM JucTpubyruBHOCTH), |9] (cM. Takzke [10, 11]).

Ilyctn F, G — npa KBasuTesla oAMHaKOBOI MorrHocTn. Orobpaxkenne A :
FOI1 — G(If HA3BIBACTCA u3omempueti, ecin A SIBIAETCS B3aUMHO OJHO3HAY-
HBIM W COXDAHSIET PACCTOSHUEe XSMMUHTA MeXKJIy BeKTopamu, T.e. ||A(x) —
A(y)|l = |lx — y||- B [4] mokazano, aro nrobas nzomerpus A wmMeer BUjI

A)=A D wiei | =) bim)ery (x=(i)ier, € Fy'), (4)

iclqy i€l
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rae w : Iy — I, — buekTtuBHOE OoTOOparxkenue I Ha Io, u Jt JH0OOTO WHIEKCA,
i € Iy b; — Guekrusnoe orobpaxenune F' na G, nnga koroporo b;(0) = 0 mus
BCeX i € I1, KpoMe HEKOTOPOro KOHEUHOro MOSMHOMKECTBA UHIEKCOB U3 I,

Onpegenenne 3. /Jlsa cosepuennnsr xoda Cp C Fh, Cy C GéQ HA3DI8G-

. h 1o
10MCA IKEUBAAEHTNHBMY, ecat cywecmeyem usomempusa A @ Fyt — G2,
maxas wmo A(C1) = Ca. Ecau, kpome smozo, A(0) = 0, mo xodw Ci u Co
HA3BIBAEM USOMOPPHBLMU.

Tak Kak IpyIIIOBbIE COBEPIIEHHBIE KOJbI COAEPYKAT HYJIEBOM BEKTOD, TO
JIBa TPYIIIOBLIX COBEpIIeHHBIX Kojga C7 C Foll, Cy C GéQ 9KBUBAJICHTHEI
TOT/Ia M TOJBKO TOT/A, KOT/Ia OHM W30MOpdHBL. B 9TOM ciyuae cyrmecTBy-
et m3omerpust A : FOI1 — G(If, A(Cy) = Cq, nag KOTOPOil BBITOIHSIETCS
pasencTBo (4), rme 7w : [} — [y — GueKTHBHOE OTOOpaXKEHUE W st JII060-
ro uugexca ¢ € I b; — bmexkTrBHOE OoTOOparKenme kBasureaa I Ha G, mis
koToporo b;(0) = 0 mist Beex i € I} 63 HCKITIOYEHNS.

Hazosem teso F' konewnomeproim, ecan B ero nenrpe Z(F) = {z € F :
Yy € F, xy = yx} cymecrByer noaresio Fy, SBISIONEECS TOJIEM, OTHOCH-
TEILHO KOTOPOTO F' SIBS€TCA KOHEIHOMEPHBIM BEKTOPHBIM TTPOCTPAHCTBOM,
B TIPOTHBHOM CJIyYae HA3BIBAEM Tesio F' 6eckoneunomeprvim. B aTom corydae
ropopat, uro F' gaBisgerca aszebpoti majg nosem Fjy. Knaccuueckumu npu-
Mepamu ajrebp spisoTcs: 4-mepHas aiarebpa karepuuonos H u 8-mepras
asirebpa okras O mas nosem R.

B zaksiouenne sToro maparpada MbI TOCTPOUM OECKOHEUHYIO CEPHUIO TIO-
TTaPpHO HEIKBUBAJICHTHBIX KOJ0B Hal TEJIOM F, ABJIATOIITUMCA KOHe‘{HOMepHOﬁ
asrebpoit Ha ceonm nognosem Fy C Z(F'). Tak kak Fy C Z(F'), 1o Koj 7-[;9[)
Oymer ma camom Jgese Fy-muHefiHbIM.

Teopema 2. Ecau mowsnocmu opounaros oy u g e pasuvt (Jai| # |asl),

(6% (0%
mo kodv, Xommuraa 7—[% )y H(GQ), Ha0 08YMA KOHEYHOMEDHBEMU MEAGMU

F u G, ne axeusasenmmut.

Hoxazameavcmeo. Paccmorpum cHadasia ciryvail KoHedHbIx opyinaaos. [lycrs
npoBepouHas Marpuna A,, mMeeT mj cTpok, a Marpuna Ay, UMeeT My CTPOK
u 2 < mp < mgy. llposepounas marpuna A,, COTEPKUT €IUMHUIHYIO OJ-
Marpuiry. Ob603Ha9UM CTOJIONBI TOM MOMATPULLI Ay, . . ., &;y,. B CHIY SKBU-

)

(a2
BasleHTHOCTH (1), 17151 7TF060TO HEHYJIEeBOTO BEKTOpa X € Hy ~' CyIIecTByeT
crosibery a € A,,, a # a, (1 < n < mg), I KOTOPOTO KOOPJUHATA Ta # 0
(HocuTeNb [X| HE MOMKET BXOJAWMTH B {ay,...,am,}). llokaxem, 9To B KOME

6 o
’H% Y 510 cROMCTRO He BBITOMHEHO. DTO 03HAYAET, UTO JIO0E MHOKECTBO
cronbnos {ay, ..., an, } AuHeitno 3aBucumo Hax F, T.e. ypaBHeHne

r1a1 + -+ Tmp@m, =0 (5)

nMeer Henysesoe perrerue. Ilycrs pazmepnocts F wan Fy pasma s. To-
A KaXKAbIl semMenT r € F MOXKHO pa3aokuTh 1m0 6a3uCy BEKTOPHOTO
npocrpancrsa F, ¢ = (Vi) + ... 2(8)i,. Paccmorpum B Habope cTosi6Hos
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{a1,...,am,}, cocrapusromem dparmeHT 1poBepouHoil Marpunbl A,, Ka-
Kyt0 HUOY/ b [-10 CTPOKY (Qf1, - - - Qi m,). IIpoussesenne

Tnin = f(l) (xn1)7 o ngS)v al(}/,z? sy al(’syb“—i_ ! +f(s) (ngl)v .. '$£LS)7 a/l(}yz? cee 7al(iz)i87

(1) (s) (1) (s)

vie foy(on, . oan ), 0) (1< r < s) — Kakue-To Ouimnedinbie
(1) _ngLS)) (1) ()

BeIpazkenune waga Fy ot (xy, a0, ., 33jlapaeMble TaduIei
b b

S
YMHOKEHHIsT GA3UCHBIX 3JIeMEHTOB iyiq = »_ ¢ Jir (¢, € Fo). fBHBIL BE
b b
r=1
9THUX BBIPAKEHUIT HaM He morpebyercsa. PaBeHcTBo HY 0 (5) Temeph SKBUBA-
JIEHTHO OJHOPOJHON JHUHEHHO! cucTeMe ypaBHeHUH Ha mogeM Fj

ma
Zf(r)(xgl),...x%s),al(g,...7al(jz) =0 (1<r<s,1<li<m),
n=1

i Ma<r<
COCTOLIIYIO0 U3 S$M] yPaBHEHUN u Smo > S$M] HEU3BECTHBIX Iy, ( <7r <
s,1 < n < mg). Takas cucrema mmeer HeHyneBoe permenue. [103Tomy ypas-

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

HEHYJICBOII BEKTOD X = Z1€] + **+ + Tyy,€, NPUHAIICIKAT KOILY ’H% Vo

€ro HOCHTEJIb BXOJUT B MHOMKECTBO HHJIEKCOB a1, ...,amn,. 1aK Kak Takoe

(a1)

CBOMCTBO HEHY/IEBbIX BEKTOPOB K0ojla Hy ' HEBO3MOXKHO M3MEHUTh, lepecTra-
HOBKOH KOOPAWHAT W 3aMEHON HEHYJIEBBIX 2JIeMEHTOB Tejaa F' Ha HeHyseBbie

) (a2).

(a1
saeMeHTHl Tena G, To Kox Hy '/ He MOXKeT OBITh SKBUBAIEHTEH K0Ty H.
IlycTs Temeps MOIIHOCTD OPIAMHAMA, (¢ DECKOHEYHA, 4 MOITHOCTD OPAMHAJIA,
aq MeHblIne, ueM |ag|. Ecan o — KOHEUHBIH OpIUHAJ, TO W3 TPEIbIIYIIEro

(a1) (a2)
JIOKa3aTe/TbCTBA OU9EBHHO CAETYeT, 9TO KOoabl Hy ~ u H;,~’ He SKBUBaJeHT-
Hbl. Ec/in MOIIHOCTH MHOXKeCTBa [IPOBEPOYHOM Marpuiisl A,, MeHbIIe MOILI-
HOCTH MHOYKeCTBA CTOJI0I0B Marpuisl A,,, TO TOXKe MOXKHO Cpa3y CKa3aTh,

(a1) (a2)

qaT0 Koabl Hy ), Hy ™' ne skpuBanenTHbL. 1losToMy cumTaem, 9T0 OpauHA
a1 ToyKe OECKOHEYUEH 1 MOITHOCTH MHOYKECTBA CTOJIONOB y MaTpuil Ay, n Aq,
onmHakoBble. HaMm ocTagoch goKa3arh, 9To /11000e MHOXKECTBO CTOJIOIOB MaT-
PUIBL { @y, fme s MOIIHOCTH |cvo| sinHediHO 3aBuCcHMO Hal TesioM F. s sToro

(s)

" croaber ayy,’ CAEAYIONTNM

3aMEHUM KaKIbIi cTosberr a,, Ha "yBeJInueHHbIH
m

(s)

obpazoM. KazKIp1it ajieMenT ag ,, cTosI0na a,;, 3aMeHseM Ha CToJ0er]

R
. (1) .

rie al,m = al,mll + -+ a(S) .

: l,mZS
(s)
al,m

(r)

l,m

(m € M) npunaguiexkar (Hag noseMm Fp) BEKTOPHOMY LPOCTPAHCTBY CTOJIG-

(s)

Tax Kax Bce a; ' npunajiiaexar noio Fy, To "yeemuwyennsie" cTosibisl agy,

nos pasmeprocty s|ay| = |ai|. Tlosromy mMHOXKecTBO CTONGIOB {aﬁ;’;)}meM
(MommHOCTH |g| > |avp|) smHeltHO 3aBucuMO Haj TosieM Fy, T.e. sl HEKO-

(s) (s)

S
TOPOr0 KOHEYHOTO HAbODA &) ,. . -, &m, OYIET BBINTOJTHATHCS clagn)1 + -+
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(s) _ 5. C
CkAm, = 0 IpM HEKOTOPHIX Ci,...,c, € FJ. CienoparenpHo To XKe camoe
Oy/ieT BePHO ¥ I NCXOIHBIX CTOJOIOB €1y, + - - - + Cpauy, = 0. [omyunan
JIMHERHYIO 3aBUCHMOCTb MHOXKECTBa CTOJONOB {&y, }mels Jazke He Haj BCeM
teqoMm F', a TOIBKO Ha ero dacThio Fy. ([l

Caencrsue 1. /laa anzebpo, oxmas Q, dasa awbwx deyxr opdunasos aq, g,

(03 e
UMENOWUL PASHYIO MOULHOCTNL, K006, XoMMUK2Q H(é) Uy Hq() 2) e sxeusa-
ACHMHDL.

3ameuanne 2. Ecim Teno F HeacconmmaTHBHO, TO Kjaccudpumrarms Fy-
JINHEWHBIX KOJIOB SIBJISIETCS HEIOJIHOHN, TaK KaK HEU3BECTHO, Jiroboit ju Fy-
JUHEHHDBIN COBEepIIeHHbIN KO/ 9KBUBAJCHTEH OJHOMY U3 KOJIOB ’H;fy). Kpowme
9TOT'0, He IIPOBE/IeHa Kitaccuukalius F-TMHETHBIX COBEPIIEHHBIX KOJIOB HaJ,
beckoneunomepHbiMU TessaMmu. He HaliieHbl TakxKe MpuMephbl HESKBUBAJIEHT-
HBIX KOIOB 7-[;9) , H(C? ) Jutst pasubix teqn F'u G ogmuakosoit mormaOocTH. C
APYTOil CTOPOHBI, TOJIYIEeHA TOTHAS KJIACCU(MDUKAINA COBEPITEHHBIX JIMHEH-

HbIX KOJ0B HaJ JIO0BIMA ACCOIUATUBHLIMU TEJIaAMU.

4 Kunaccudukanuma cCOBEpPIIEHHBIX JIMHEHBIX KOJOB HAJI
acCconMaTUBHBIMU TeJaMu

Omnpenenenne 4. Jleéa cosepuwennnsr xoda C; C Foh, Cy C FOI2 HA3bl-
BAIOMCA AUHETHO USOMOPPHUMU, ECAU CYULLCMEYEM AUHETHAA USOMEMPUSL
A:Flv 5 2 makas wmo A(Cy) = Cy, 2de

i€l i€l

ede T : I — Iy — 6uexmuenoe omobpasicenue u o; € F* (i € I7).

OquI/I,Z[HO, IIOHSTHE JIMHEHHOI'O I/I3OMOp(1)I/13Ma ABJIACTCH YaCTHBIM CJIyYda-
eM noHATHS TpocTo um3oMmopdusma. [lepexogum HEMOCPEICTBEHHO K KJIAC-
cnprKanum JIMHERHBIX COBEPITEHHBIX KOIOB HAJ ACCOMUATHBHBIM TegoM F.
Pacemorpum gBa nmHeHHBIX coBepineHHLIX Koma Cp C Foll, Cy C FOIQ. Ilo
Teopeme 1 CYIECTBYIOT JBa JUHEHHBIX TpocTpancTBa L1, Lo u 1Ba OGMEKTHB-
HBIX oToOpaxkenus ¥y : [1 — Pi, o : Is — Po, Ha MHOKECTBO BCEX OIHO-
MEpHBIX ToAnpocTpancTs P, Py npoctpancts Ly, La, COOTBETCTBEHHO, UTO
JUTs1 HeKOTOPBIX byHKImit Beibopa £ : P1 — L1\ {0} (E1(¢) = aél), tePr),

Ey: Py — Lo\ {0} (E2(¢) = aéQ), ¢ € Py) nmeeT MeCTO SKBUBAJEHTHOCTh

X = (.’L‘i)ie[l €] leafli)@) =0,
i€ly

X = (l‘i)igb € (Cy — inafi2)(i) —0.
i€l
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B npeanonoxkennn akcuombl Beibopa B npocrpancrsax Li, Lo cymecTByoT
basucol [amesnss. Mormmaoctn Beex 6asmucos amess oauHAKOBBI JjIsT JTaHHO-
ro mpocTpaHcTBa L (HAI accommaTuBHBIM TeymoM), oM. (8], crp. 240. Dty
MOIITHOCTH TIPUHSTO HA3BIBATDL (.42€0PAUYECKOT PA3MEPHOCMbI0 THHEHHOTO
npoctpatncTBa L u obozrauars ero uepe3 dim L. Temeps B iemMme 2 B Kade-
cTBe P cienyer B3ATH BCE OJHOMEPHBIE TTOMMPOCTPAHCTBA TPOCTpaHcTBa L.
Mg Hux, odeBMIHO, BHIMOIHAOTC 06a yeaosus (a) u (b), npuuem byHK-
1usi BeIOOpa, B OTJUYME OT OOINEro Caydasi, MPOU3BOJIBLHBIM 0OpPa30M BbI-
Oupaer M3 KaXkKJOTO OJHOMEPHOTO TOMPOCTPAHCTEBA ¢ HEHYNIEBOH ITeMeHT
ay € {. MHOXKeCTBO BCeX OTHOMEPHBIX MOAIPOCTPAHCTB Temeph 0bpasyer
HEKOMMYTATHBHYO (ACCOIUATHBHYIO) NPOCKMUGHYIO 2E0MEMPUIO PASMEPHO-
cru dim L — 1. Taxas mpoeKTrBHAS T€OMETPH IJIO0CKOCTH PACCMATPUBAIACH
eme 1. 'misbeprom, em. [12]. § 26.

Tax xak MommmocTs |P| = (dimL)|F|, To u3 temMbl 2 (1 npepioxeHus 2)
cJIeIyeT, 9To [y J1I060ro WHAeKCHOTo MHOXKecTBa [, Mmormuoctu |I| > |F|, B
POCTPAHCTBE FOI CYIIECTBYIOT JIMHEHHbBIE COBEPIEHHBIE KOAbI. X moHast
KJIaccuUKANAS TAeTCA CAeAYIOMeH Teopemoit:

Teopema 3. B npednoaoocenuu arxcuomnv, 6vbopa, ecau dim Ly =dim Lo, mo
g I I N

cosepernvie aunetinoe xodv C C Fy', Co C Fy? aunelino sx6usasenmmol.

Ecau orce dimLy # dim Lo, mo xodw C1 u Co He sK6uSaAEHMHYL.

Joxasameavcmeo. B mabope {afpll)(i)}iG 1, COOpaHBI IIPEACTABUTENH BCEX OZ-
HOMEPHBIX TOAIPOCTPAHCTE npocTpatncTBa L1. Hekoropast snHeiiHo He3a-
BUCHMagd 9acTh 9TOr0 Habopa cocrtasasger 6azuc l'amens mpocrpancTsa L.
ITycrs mas nogmuoxkecrsa Jy C I mopnabop {a&)(i)}ie J, gBisercs 6a3ucom

2
Tamens B L1 w pist apyroro nogmuoxkecrsa Jo C I mogHabop {az(pz)(i)}iG I
ssagercsa baszucom lamena B Io. VI3 paBercTsa pazmepuocteit dim Ly = dim Lo
C/IeTyeT CYIECTBOBAHME B3AUMHO OJHO3ZHAYHOTO oToDOpaKenud ¢ : J; — Jo.

1)y _ 4@
)

w1 (i) = By (o(i))” ITo smmetirOCTH OTOOparkenne B omHO3HAY-

HO TPOIOJIKAETCst 710 juHeiiroro (cnea) mzomopdusma Ly u Lo, kKOoTOpOE

Oymem oboszmauars Toit ke Oykpoit B. Tax kak myia jroboro ¢ € Ip cyrre-
1) ) NN )|

creyer { € Py, ajist KOTOPOro B<aw1(i)> € (, re. B(awl(i)) = uag o)

upu HekoTopbix (i) € I, a; € F*. Ilycrb teneps X = (2;)icr, € C1 n

1
Y iel xial(m)(i) = 0. Torma

TMonaraem B(a

PN CO RN ial?d — @ _
B lea«w) = leozlaw(ﬂ(i)) = Z Lo (k) X1 (k) Ry () = 0.
i€l i€l kela
CiegoBare/ibHO, X = (xi)iejl €] < y= (xﬂfl(k)aﬂ.fl(k))kGIQ € Cy. Io-
narag A(X) = ) ziqier) And BeeX X = (1;)ier, € F" nonyaaem peGye-
el
MBIl JinHeiHbIT n3oMopduaM ko108 C1 u Cy. OTciona, B 9aCTHOCTH, CJIEIyeT
PaBEHCTBO MOIITHOCTEH WHIEKCHBIX MHOXKeCTB |[1| = |I3].
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Homyctu dim Ly # dim Lo. MoxuO cunTars, 6€3 orpanndenus: 0OIIHOCTH,
aro dim Ly > dim Ly. Ecoin, npu srom, |I1| # |I2| 10 cpa3sy moxHO ckasars,
aro koabl C7 u Co He sKBUBaJeHTHBI. [losTomy cumraem, uro |[1]| = |I3].
PaccmorpuM B Teopeme 1 mng xoma Ch mommabop {af/}l)(l-)}ieJl (J1 C L)
siBastionuiicss 6asncom 'amenst B L. B wacTtHOCTH, ecinm HOCATEIb HEHYJIE-
BOTO BeKTOpA X = (%;)icr, € Fi' mewur B Jy, TO dier xia&)(i) # 0. Do
BHAYUT, YTO i Koma (Y CyIIecTByeT IOAMHOXKECTBO HMHAEeKCoB Ji C Iy
motroct |J1| =dim Ly Takoe, 4To HOCHTENh JH06OT0 HEHYJIEBOTO BEKTO-
pa u3 Cy we nexur B J1. g koga Co 310 cBoiicTBO He BbinoaHeHo. Jis
Ji000ro mogmuoxkecrsa J C Iy mommocru dim Ly nogHabop {aifz)(i)}ie J JaH-
Heitno 3asucuM. [losToMy s HEKOTOPOI0 HEHYJIeBOTO (PUHUTHOIO BEKTOPA,
X = (¥)icr, BRITIOTHACTCA D i p xiav(jg)(i) =iy xiai)(i) = 0. Mer mamum
Heny/1eBoil BekTop X € Cy ¢ HocuTeaeM, JieKamuM B J. DT0O CBOHCTBO IOKa-
3biBaeT, uTo Kogabl C1 u Cy He MOrYT OBITH 3KBUBAJCHTHBIME (7Taxke B Gosee
obmmeM caydae, Korga Kox C 3aJaH HaI accomumaTuBHbIM TeaoM F, a xox Co
3a/IaH HAJl IPYTHM aCCOIMATHBHBIM TesioM (). O

(@)

IIpengoxenne 3. Jlunetnoi (caesa) cosepuennot x00 Hyp' nad acco-
yuamuensim mesom F aesasemea odnospemenio aunetdnvim cnpasa mozoa
u moavko moeda, kozda meao F xommymamuseno, m. e xozda F aessemca
noAEM.

JlokazaTeabCTBO STOTO MPeI0KEeHU TTOJTHOCTHIO AaHAJIOTHUTHO JI0KA3aTe /b
CTBY TpeIoXKenus 1.

Bosaukaer Tak:Ke BOMPOC 00 SKBUBAJCHTHOCTH (/s JTAHHOTO ODIHHAJIA

)

vunra H(@ . B 06mem Buge 9T0T BOIPOC HE PELICH, HO Jlsi COBEPILICHHBIX
KOJIOB HaJ TeJoM KBaTepHMoHOB H MOXKHO TaTh TOJHBIN OTBET.

o 6} o
Q) TUHEHHBIX CJIEBA KOJOB XOMMUHTA ’H% ¥ JIMHEHHBIX CIIPaBa KOJOB X3M-

Ipeamoxenne 4. Jlaa 4106020 opourasa o, aunetinoii ciesa k00 XoMMmun-
(e o 0
2a H[(HI ) usomopper, (neaunetino) aunelromy cnpasa kody Xommunza gH (@ .

Hoxazameavemeo. B Tejle KBATEPHUOHOB €CTH OIEPAIIUs CONPSKEHUST CO
cpoiicrBamn "anTminseiinoctn" ab=ba, a +b=a+b (a,b € H). [losromy
o (e — « o
COTIPAZKEHHBIN KOJ[ XOMMITHTA H[(HI) ={x:x¢ HI(HI )} SIBJISIETCST JIMHEIHBIM
CrIpaBa COBEPIIEHHBIM KOJOM, KOTOPBIi, IO TeopeMme 3, SKBUBAJIEHTEH (Ju-
HEHO crpaBa) KoMy X3IMMUHTA aH(® . Tak Kak omepamus CONPSKEHNs sB-

(a)

o (03
JIIETCS [IEPECTAHOBKOM HEHYJIEBBIX dJjieMeHTOB Tesa H, To Kojib /H]%I) u Hyy

n30MOpdHBI (B 4ACTHOCTH, SKBUBAJIEHTHBI). [109TOMY KOJIbI ”HI(H? ) aH @
TOXKE U30MOPMHBI (M IKBUBAJICHTHBI ). O
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