
17 KOIl. II; 
IJ 
I 

I' 
-I'(,f; 

I 

n~ 
I 

I~ 

t
 
/. 

IIIf
" 

I I 

1\) 

Penaxrop E.K.AKceHoBa. MaKeT H.A.KHCeJleBoH. 
Ha60p ~ H.r .AH,IJ;peeBoH, O.B.lIIecTaKoBoH. t. 

nO.tUIHcaHO B neqaTh 23. 12. 88 ~ J~.<l>opMaT60x90/16. Odiceraaa neuars. Y".-H3n.nHCToB 1, 13. 

COOfitneHMR 
OfibBAMHeHHoro 

MHCTMTYT8 
RAepH bl X 

MCCJleAOB8HMR 

AYfiH8 

P5·88·834
C301 

I' 

X.H.CeMepA)KHeB, P.MJIManeeB 

BA3HC AnrEEPbI ,llMKCOHA
 
Ii EfO MATPWlHAH PEAnIi3AUIDI
 

THpll)l( 395. 3aKa3 41.440. 
H3na~hcKHH ornen 06'he,lUfHeHHOrO HHCTHTYT& R.nePHbIXHCCJIe,tlOBaHHH. . .~ 1988,' 

,Uy6Ha MOCKOBCKOH o6JIaCTH. 
~ 

/,~\ 



):
,] 
,\ 

\ 
\1 

I, 

------_... ... _

L.....- _~._~ 

© 06"belUlHeHHblH HHCTHTyT aaepasix HCCJ1eLlOBClHHH lly6H~, 1988 

BBEllEHV1E 

V130MOPcPLi13M ·anre6pbl KnLi1qxpoPAa C MaTpVlYHO~ anre6po~ nopaaxa
2n B HacTo~~ee BpeM~ nOAPo5HO Li13yyeH I ,21 . B TeOpeTLi1YeCKO~ 
cPLi13Li1Ke MaTpLi1YHblli1 5a3~1C anretipu KnLi1qxpoPAa ucnoneayerca nOBCe
MeCTHO; B nocnenuee BpeM~ nO~BLi1nLi1Cb pa50Tbl / 8 ,4 ,51 , rAe npea
naraeTC~ Li1CnOnb~OBaTb 3TOT 5a3~c TaK~e B B~YLi1Cn~~enbHoli1 MaTe
MaT~Ke. OAHaKo 3Aecb OH Li1MeeT BeCbMa OrpaH~YeHHY~ o6nacTb npLi1
MeHLi1MOCT~, nocKonbKY anre5pa Kn~~OPAa eCTb anre5pa KBaApa
T~YHOrO cPYHK~Li10Hana/61 ~ CB~3aHa C MaTp~~aM~ TonbKO nop~AKa 
2n . n03TOMY An~ peweH~~ 3aAay B~YLi1Cn~TenbHoli1 MaTeMaT~KLi1 Heo5
XOALi1MO npLi1BneKaTb 50nee o5~~e anre5p~. 

B HaCTo~~e~ pa60Te M~ paCCMaTpLi1BaeM anre5PY, KOTopa~ ~Bn~

eTC~ HenocpeAcTBeHHblM o506~eH~eM anre5pbl KnLi1qxpoPAa Ha cPYHK~Li1

OHan~ CTeneH~ Bb~e ABYX ~ Li130MOPcPHa anre6pe MaTp~~ 3aAaHHoro 
nop~AKa. PeYb Li1AeT 0 ~~KnLi1YeCK~X anre5pax C AeneH~eM CTeneHLi1 
6on~we ABlx/7/. nOAo5H~e anre6p~ 6~n~'BnepB~e ~ccneAoBaH~ 
nLi1KCOHOM I I, n03ToMY M~ ~X 6YAeM Ha3~BaTb anre5paMLi1 a~KCOHa 
~ 0603HayaTb C~MBonOM Die(N) (N - creneas anretiper}. Anre6pa 
Die(N) HaA noneM F onpeAen~eTC~ cneAY~Li1MLi1 COOTHOWeHLi1~M~/7/: 

Die(N) :=$unyIDF. uv = vue, uN = e. yN = e. 

e - eALi1HLi1~a anre6p~, ~ - npLi1MLi1T~BH~1i1 KopeHb ypaBHeHLi1~ xN -1 
= 0; n , m ,N - HaTypanbHble YlI1cna. 

Anre6pa Die(2} eCTb anre6pa KBaTepHLi10HoB: 

Die (2 ) : = le , u •v •uv 1, uv + vu = 0, u2 = e. y2 .. e. 

MaTp~YHbI~ 6a3Li1C KBaTepHLi10HOB Mo~eT 6~Tb npeACTaBneH B BMAe 
6a3~ca MaTp~~ naynLi1 

/ 91 
• nlO6a~ MaTpLi1~a. (2x2), 3aAaHHa~ .HaA no

neM F, Mo~eT O~Tb npeACTaBneHa B BLi1Ae nLi1He~HO~ KOMOLi1Ha~Li1Li1 
MaTp~~ flayna , nOAo6HbiM o6pa30M MO~HO YCTaHOBLi1Tb 3HAOMOPcPLi13M 
Me~AY Die(N) Li1 MaTpLi1YHoli1 anre6poli1 B npOCTpaHCTBe N2 pa3MepHO
CTLi1. KaK oYAeT nOKa3aHO H~~e, nlO5a~ MaTpLi1~a (N xN ), 3aAaHHa~ 

HaA noneM F, Mo~eT 6~Tb npeACTaBneHa B BLi1Ae nLi1He~Holi1 KOMOLi1
Ha~Li1Li1 6a3Li1Ca anre6p~ Die(~). 

Anre6pa KBaTepHLi10HOB eCTb anreopa KBaApaTLi1YHOrO cPYHK~Li10

Hana / 61 . C nOMO~blO KBaTepHLi10HH~X eALi1HLi1~ MO~HO cPaKTOpLi130BaTb 
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~~'" 
tr:. ... _ 

II..,! 
I 

~ 1 
'" 



3-MepHY~ KaHOH~YeCK~ 3aAaHHY~ KBaApaT~YHY~ ¢OPMY. 0505~eH~eM 

anre5p~ KBaTepH~OHOB Ha cnyYa~ MHOrOMepH~X KBaApaT~YH~X ¢OPM 
>lBn>leTC>l anre5pa Kn~ctxPoPAa: CfCM) . lt1cnonb3Y>l 5a3~CHble eA~H~4bl 
anretipu Dic(N), MOH<HO ¢aKTOp~30BaTb Ha N COMHOH<~Tene~ KaHOH~Ye

CK~ 3aAaHH~e N-¢OPM~, 3aAaHH~e B 2- ~ 3-MepH~x BeKTopH~X npo
cTpaHcTBax / 101 . TaKH<e MOH<HO o505~~Tb anrebpa Dic(N) Ha cnyYa~ 
MHoroMepHblx N-¢OPM: Dic(N) -+ Dic(N.M) 1101 . B nocneaaee BpeM>l 
oco5~~ ~HTepeC K anre5paM 4~KCOHa CTan np0>lBn>lTbC>l B CB>l3~ C 
B03H~KHOBeH~eM HOBOrO HanpaBneH~>l ~CCneAOBaH~>l - KBaHTOBO~ 

MexaH~K~ Ha nOn~n~He~H~X ¢OpMax / 111 . 
npeAnaraeMa>l pa50Ta nOCB>l~eHa ~CCneAOBaH~~ CBO~CTB MaTp~Y

HOrO 5a3~Ca anre5p~ 4~KCOHa ~ np~MeHeH~~ MeTOAa raycca ~5pa
l.I..IeH~>l MaTp~u.bl B crty-iae , KOrAa MaTp~u.a sanaua B 5a3Lo1Ce anre5pbl 
4~KCOHa. B c~ny CB>l3~ anre5p~ 4~KCOHa C ¢YHKu.~OH~naM~ N-~ CTe
neH~ o~a MOH<eT 5~Tb np~MeHeHa K peWeH~~'Hen~He~H~X anre5pa~

YeCK~X C~CTeM ypaBHeH~~/121 . 

1.	 MATPlt1YHA~ PEAnlt13AUlt1~ lt1 CBO~CTBA 6A3~CH~X 3nEMEHTOB 
AnrE6Pbl Dic(N) 

nYCTb 

u.v G Dic(N). uv = vu e, uN = VN = e.	 (1.1 ) 

e - np~M~T~BHbl~ KopeHb ypaBHeH~>l 

xN - 1 =: O.	 (1.2) 

Dic(N) - KOHeYHOMepHa>lanre5pa, COCTO>l~a>l ~3 N
2 3neMeHToB, 

BKn~Ya>l u,v ~ eA~H~YH~~ 3neMeHT e. OCTanbH~e N2 
- 3 3neMeH

TOB anrefipu 5YAYT ~MeTb B~A a 
k

- un Vm •0503HaY~M -repe s l e ,a} 
5a3~c, COCTO>l~~~ ~3 a 0: = e ~ 

a k : = u'' V m. k =: nN + m , ( n • m = O.1 ••••• N - 1) •	 (1.3) 

PaCCMOTp~M HeKOTopbre CBO~CTBa a k •
 

1°. 4nR 3aAaHH~X n ~ m ~MeeT MeCTo paBeHCTBO
 

u n V m = eam V mun. (1.4) 

Iloxaeamenocmeo . nYCTb rn = 1. Tor aa
 
n-1 n-l l} n-2 l}2 n-2 2


Un V == u uv =: () U VU =: (J U UYU = (J U Y U =: 

(1.5) 
= ek un - k -1 U Y Uk=: ••• =: () nyU n. 

2 

0503HaY~M w = u'". lt1MeeM WY =: en. vw . lt1cnonb3Y>l (1.5), nonYY~M 

wv m = ce n)Itlynw. 

B03Bpa~a>lCb K 0503HaYeH~>lM u ~ y, HaxoA~M 

un V m = () nm y mu n • 

20. a~ = e(_l)(N-l)nm 

(1.6) 

N 
Ikncaeamenocmeo . <PopMyna (1.4) n03BOn>leT npencraaur s a k = 

= (un v'") N B B~Ae 

N (N - 1)
2 nm nN mN 

a =() u v 
k 

nOCKonbKY e = exp C i~T7 ) UN =8 , yN =e. TO 

a N = e(_l)(N-l)nm
 
k
 

-13°. nYCTb a k a k = 8. Tor aa 

(N-l) nm <N-1) ~N- 2) nm 
a -1 = (-1) e a 0 ,

k	 t(k) 

k =	 0 1 N2 -1 n = [.!.] • m = k - nN • · f···' · N 
r ae [ x ] osaa-raer uenyo -racr s x , 

N2 + N - k npn n, m 2: 1 ( k :> N, HO He KpaTHO N) 

(N -n )N np~ n ~ 1 , m = 0 (k - «p aruo N) 

e(k ) = 
N - m np~ n = 0, m 2: 0 (1.s k :5 N - 1 ) 

o npa (k = 0).
 

jJOKa3ame/lbCmeo. lt1Me~T MeCTO cneAy~~e paBeHCTBa:
 

(un ym)N-1 =:(unvm)N(unym)-1 = (_1)(N-1)nm (u n ym)-1. 

OTC~Aa cneAyeT, YTO 

= y rn)-1 (_1{N-1)nrn (u n ym)N-1a-1 =a-1 (un
 
k nN+m
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(N -1) nm 
=(-1) () 

Terieps paccnorpan cnY'"'laVi n, m ~ 1. B 3TOM cny-iae VlMeeM 

n(N-1) m(N -1) N-n N - m a u v = u v = a =2· 
(N'-n)N+N-m N +N-k 

TaKVlM 05pa30M, f(k) = N
2 

+ N - k. B cny-iae n = 0, m 2 1 nony
'"'I VIM 

n(N-1) m(N-1) m(N -1) N-m
 
U V V V
 a N-m' 

T.e.	 f(k) = N-m. 
CnY'"'laVi m = 0, n ~ 1 npVlBOAVlT K ¢opMynaM 

n(N-1) m(N-1) nU~-l) N'-n
 
u V = U = U = a , fCk) = N(N-n) •
(N-n) N 

COOTBeTCTBeHHO npu n = 0, m = 0: 

un (N - 1) V m(N - 1) = E = a, e(k ) = o. 
o 

4°. nYCTb a k , a k E Die(N). Toraa 
1 2 

a k .:= a k a k E Die(N)
 
3 1 2
 

VI 

m n 2 , 
a k 8 1 Q f(k (1.7)

3 1,k 2) 

01 + ng _ [ ml + m 2 ] N,
f( k l' k c) = (0 1+ n 2 - [ N-] N.) N + m1 + m2 N 

2	 k i J -n.N, i = 1,2,k l' k 2 = 0, 1 , ••• ,N 1 , n i =, [ N ., m i = k i 1I 

rAe [x] 03Ha'"'laeT ~eny~ yaCTb x.
 
n 1 m 1 .n2 m2


Iloxaeamenocmeo, Bbl5epeM Ctk : = u V ak := u v . 
1 2
 

B 3TOM cny~ae An~ onpeAeneHVI~ npOVl3BeAeHVI~ a k1 Ctk 2 accnons

3yeMc~ ¢opMynoVi (1.4). nony'"'lVlM 

m n m
1n2 3 s 

Q = () u V 
k S 

TaKVlM o5pa30M, npu ns' m3·~N. Qk. EDle(N). npVl 03, ffis> N 
npeACTaBVlM 3TVI '"'IVlcna B BVlAe n = t.r+ n'3 ' rns = N + m;. flons

3 

4 

3Y~Cb CBOVlCTBOM (1.1), nonYYVlM
 

n g ma
m1n 2 
Q k 3 = e u V E Die (N ) • 

Llanee, 

Q	 Q =Q a n 1 m1 no m m n 1 
1 2 0 N +m 1 02 + m2~ U V • U ~ V 2 eel 2 u 0 1+0 2v m + m 2 

k k N1 

'11 

!	 m1+ m2n [ n1+ n m1n 2 1+ n 2- ._2__ , m1+m2-[~Nu N :IN 
8	 V 

n + n - °1+ 0 2 . 
T a K Ka K ([ 1 2] + 1 ) N > 0 + .n2 ' Ton 1+ n 0 - [ _ ~ ] N < N.N 1 ~ 

CneAOBaTenbHO, ¢opMyna (1.7) VlMeeT MeCTO. ~Me~ B BVlAY, '"'ITO 

[ ~] = [ ~] =0 npVl i = 1, 2, nerxo nokas ar s , '"'ITO
 
N N
 

e(kl'0) = k 1, e (O,k 2 ) = k 2 , f(O,O) = O. 

CBOVlCTBO AOKa3aHO. 

Tenepb paCCMOTpLIIM MaTpVl'"'lHOe npeACTaBneHVle 5a3V1ca {e, Q I . 
B MaTpVl'"'lHOVI anre5pe B xa-recrae eAVlHVI'"'IHOrO sneneura aucrynaer _ 

eAVlHVI'"'IHa~ MaTpVl~a. MaTpVl~aMVI, ~AOBneTBop~~VlMVI ycnoBVI~M (1.1), 
~Bn~IOTC~ ~VlKnVlYeCKVle MaTpVl~b1/1 I. B" xa-recrae U Bbl5epeM TaK 

Ha3blBaeMYlO MaTpVl~y nepecTaHoBKVI: . 

0 1 o ... 0 o
 
0 0 1 ... 0 0
 

u :=
 ....................... 1 • (1. 8) 

0 0 0 ... 0 1 

1 0 0 ... 0 0 

B KayeCTBe V B~5epeM AVlarOHanbHY~ MaTpVl~y nop~AKa N , TaKylO, 

YTO 

o n-1 
V nm • () (1.9)nm 

rAe 8 - KopeHb ypaBHeHVI~ (1.2). 
O'"'leBVlAHO, YTO ycnosna (1.1) B 3TOM npeACTaBneHVIVI OKa3b1Ba

IOTC~ BblnonHeHHblMVI. 
(i 

Lln~ Toro, YTo5~ nonY'"'lVlTb MaTpVl'"'lHOe npeAcTaBneHVle OCTanbH~X 

N2 - 3 3neMeHTOB 5a3V1ca l e , a l , AOCTaTO'"'lHO aocnonsaoaareca 
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cPopMynoll1 (1.3). nepe"'iVlCneHHbte Bblwe CBo~cTBa oa3V1ca l e , a }
 
(1°-4°) OCTa~TC~ B cVlne VI no OTHoweHVI~ K MaTpVl"'iHoMy oa3V1cy
 
IE~. a (N )1. Ocr arn.aue CBOIl1CTBa, xor opue Mbl cell1"'iac pa-CCMOTpVlM,
 
VlMe~T OTHoweHVle K B~opaHHoMY HaMVI MaTp~"'iHOMY npeACTaBneHVI~.
 

5 0. CyMMa AVlarOHanbHblX 3neMeHTOB MaTpVlLJ. a k (N), k = 1, 2,
 
... , N2 -1 , tr(ak) (wnyp, cnea ) paseu Hyn~. .
 

Iioxasanem.cmeo, vb (1.8) VI (1. 9) cneayer , "'iTO tr( u) = 0,
 
tr(V) = O. nanee, u KaK MaTpVlLJ.a nepeCTaHOBKVI B n~oo~ CTeneHVI
 
n < N ~Bn~eTC~ ABYAVlarOHanbHOIl1 C HyneB~MVI 3neMeHTaMVI Ha AVla

rOHanVl /13/ . V1TaK, ) 

n
tr(u ) = 0, (n = 1.2 •.••• N-l). 

MaTpVlLJ.a V - AVlarOHanbHa no onpeAeneHVI~, n03TOMY AVlarOHanbHa 
VI vn , npVl"'ieM 

n _ ~ £I(e-1)n
( )vern - U emu • 

V13 CBOIl1CTB KOpHell1 (1.2) cneAyeT, "'iTO 

N (£-l)n
L e = O. 

£ = 1 

n03TOMY 

tr(v n ) = O. 

Tenep s paCCMOTpVlM MaTpVlLJ.bl a k = u" Vm (0 < n < N) . nOCKOnbKY 
vn AVlarOHanbHa, TO akVlMeeT Ty ~e CTPYKTypy, "'iTO VI MaTpVlLJ.a 
un. Ho y nOCneAHell1 AVlarOHanbH~e 3~eMeHT~ paBH~ Hyn~, CneAo-
BaTenbHO, tr( a k) = 0 . . 2 

¢opMyna (1. 6) noxaauaaer , "'iTO a ~ = E, k = 0, 1, ... , N -1 
npn N He"'ieTHOM, VI a~N+m =(-lj1mE, n, m = 0, 1, ... , N-1 
npVl N "'ieTHOM. 3TVI ABa cnY"'ia~ BnonHe aHanOrVl"'iH~ VI n03TOMY 
B AanbHell1WeM oYAeM paCCMaTpVlBaTb nOAPOOHO TonbKO cny"'iall1 He
"'ieTHbIX N. 

6 0. Cacrena MaTpVlLJ. tEN' ak (N) I nVlHell1HO He3aBVlCVlMa.
 
jJoKa3ame.f1bCm6o. nonycTVlM, "'iTO cy~eCTBY~T "'iVlcna
 

N2_1 

N2 -1 

a o E + L ana n = O. (1.10)
n=l 

OTC~Aa, nonb3y~cb.CB0Il1CTBOM 4°, nony"'iVlM 

N' 2_1
 
1
 

a = - - tr ( L a a ) = O. 
o N n n 

n = 1. 

YMHO~VlM (1. 10) Ha a k 
N-l 

' nony"'iVlM 

2N -1
N-l N-l 

-a E = a a + L a na k a'n (1.11)
k o k n = 1
 

n /: k
 

B03bMeM CneA OT ooeVlx "'iacrell1 (1.11): 
2 2N -1 N -1 

N-1 N-l-Na = tr ( :£ a a a) ~ a tr (a k a ).
k n k n n n 

n = 0 n = 0 

n /: k n f=. k 

. N-1 (N)}' N-1 .nOCKonbKY a k an E lEN' ak ' npVl"'ieM a k an = EN npu n = k, 
N-1 - 0tr (a k an) - . 
OTC~Aa cnenyer , "'iTO a k = O. PaBeHCTBO CVlCTeMbl K03qxpVlLJ.VleH

2 

TOB la I
N -1 

OAHOBpeMeHHO Hyn~ AOKa3~BaeT nVlHeIl1HY~ He3aBVlCVI
n. n = 0 

MO CTb lEN' a (N) I 
7 0. n~oa51 KBaApaTHa~ MaTpVlLJ.a A(NxN), 3aAaHHa~ HaA nonen
 

F, Mo~eT OblTb paanoxeua B oa3V1ce lEN' a keN ) l.
 
I..lTOObl AOKa3aTb 3TO YTBep~AeHVle, AOCTaTO"'iHO HaVlTVI K03qxpVl

LJ.VI e HTbl p~ Aa 
2 

N -:1 

A a E + Lan an • o (1.12) 
n = 1 

a .a1 ••••• a 2 • L an > 0 
npe~Ae Bcero, VlMeeMo N -1 E=o l 

2 

J 1 
a = -u(A) (1.13)oN' •TaKVle, "'iTO 

6· 7 



N 1
YMHO~~M 06e ~aCT~ (1.12) Ha a k - ~, ~cnonb3Y~ pe3ynbTaT 5°, 

N2 -1 1 
nonY~~M L b a ) A-1 a N(boE + bka k + It (2.5)n = 1 n n

1 N-1 
a = "Ntr(a k A). (1.14) n I: k 

k 

a (_l)(N-I)nm
TaK~M 06pa30M, An~ 3aAaHHoro A cy~ecTByeT peryn~pH~~ MeTOA b b k = a p Oe • 

o k ' 
nony~eH~~ K03¢¢~~~eHToB p~Aa (1.12). ..


nony~eHH~~ 6a3~C lEwak(N)} B npOCTpaHCTBe pa3MepHocT~ Tenepb HeTpYAHO COCTaB~Tb TaKY~ n~He~HY~ KOM6~Hau.~~ (2.3) 
N2 nonH~~, nOCKonbKY n~60~ 3neMeHT APyroro 6a3~C~ eCTb MaTp~ l! ~ (2.5), B KOTOPO~ 3neMeHT a k 6bln 6bl ~CKnlO~eH. 

ua (N xN), «oropas ~ Mo>+<eT 6blTb paanoxeua no AaHHoMy 6a3~cy B pe3ynbTaTe nonY~~M P~A 

lEN,a 1 . 
~ 

2 
k N -1 

-1 - N-l 
[(a b fa - b ) E + I (a b fa - b ) a]A = E a k/bk -a 1 • 

ok k 0 n=l n k k n n 
2. 06PAlUEHVlE KBAtJ,PATHO~ MATP~Ubl n ::J- kMETOtJ,OM ~CKn~YEH~~ 6A3VlCH~X 3nEMEHTOB 

PaCCMOTp~M MaTp~u.y A (N xN), npeAcTaBnel-1HY~ B B~Ae psna B~pa>+<eH~e B KBaApaTH~x cK06Kax He cOAep>+<~T ak. npOAon>+<a~ npo
(1.12). 3aAa~a COCTO~T B Haxo>+<AeH~~ MaTp~u.bl A-I: u.ec c '~CKn~~eH~~ 6a3~CHbIX 3neMeHTOB, Ha nocneAHeM ware Haxo

A~M DA-1= B, A-1 = BID, rae B - HeKOTopbl~ P~A no 6a3~cy 
AA-1 = E. (2.1) 1E ,a k }, D - MHO rovnes OT 3neMeHTOB MaTp~u.bl A. 

tJ,n~ onpeAeneH~~ A-I 6YAeM nY~MeH~Tb MeToA, aHanor~~Hblllt MeToAY ABTOP~ 6narOAap~T npo~. B.r.MaxaHbKOBa 3a P~A Ba>+<H~X yKa

raycca 06pa~eH~~ MaTp~u.bl/14 . nepen~weM ycnoB~e (2.1) C y~e 3aH~~ ~ n.r.AK~W~Ha 3a u.eHHOe 3aMe~aH~e.
 

TOM (1.12):
 

N2 -1 nv1TEPATYPA 
(a E + L a a)A 

-1 
= E. (2.2)n nn=l 1. 3alltu.eB r.A. Anre6pa~~eCK~e np06neM~ MaTeMaT~~eCKO~ ~ TeO

2 peT~~eCKO~ ~~3~K~. M.: HaYKa, 1974. 
nyCTb a k = max ( Ia n I, 1 :f n So N - 1) • Vl3 - n0A 3Ha- 2. menHopoB~~ B.A. Teop~~ cn~HopOB ~ ee np~MeHeH~e B ¢~3~Ke 

Ka CyMMbl I B xpyrnax cK06Kax (2.2) BblAen~M ~neH aka k : ~ MexaH~Ke. M.·: Hayka, 1982. 

o 

2 3. KY3H eu.oB n.r., nweH~~H~KOB C~6. - tJ,AH CCCP, 1985, T.283, 
N -11. ~ 5, c.1075. 

(a oE + a k a k + I ana n) A-1 E. (2.3) 4. nWeH~YH~KOB C.6., ~ManeeB P.M. - mBM~M$, 1987, T.27, NQ 8. 
n = 1 5. ~ManeeB P.M. Co06~eH~e OVl~Vl P5-86-833, tJ,y6Ha, 1986. 

6. 6.n.BaH Aep BapAeH. Anre6pa. M.: HayKa, 1976.n " k 
7. n~pc P. Accou.~aT~BH~e anre6p~. M.: M~p, 1986. 

(Flpaeuno Bbl60pa a k COOTBeTcTByeT npasuny Bbl60pa II rnasuo ro I 
8. Dicson L.E. Algebren und ihre Zahlensysteme.Zurich-Leip

3neMeHTa ll B MeTOAe raycca). Cornacao (1°-5°) B lE, ak 1 Ha~ I 2ig, 1927. . . 
AeTC~ 3neMeHT a p TaKo~, ~TO 9. nayn~ B. TpYA~ n~ KBaHTOBO~ Teop~~. M.: HaYKa, 1977,

(' c.222. 
a:-1ap = a

k 
e~, £ = £ (k , p). (2.4) 10. ~ManeeB P.M. Co06~eH~e OVl~Vl P5-87-766, tJ,y6Ha, 1987. 

11. ~ManeeB P.M. Co06~eH~e OVl~Vl P2-88-147, tJ,y6Ha, 1988.
 
YMHO~~M (2.3) cnesa Ha a ~-1 , y~~TbIBa~ (1. 6) ~ (2.4), nonY~~M '.'r

I 12. CeMepA~~eB X.Vl.~ ~ManeeB P.M. - CepA~Ka, 1987, T.13,
 
I c. 272. 
I 
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HET lUi I1POBEJlOB B BAOIEA EHEJIHOTEKE? 

13.	 naHKacTep n. Teop~~ MaTp~~. M.: HayKa, 1978. 
14.	 ¢aAAeeB fl. K., eaaaeeaa B.H. BbIY~Cn~TenbHble MeTOAbl n~HeVl

HOVl anretipu , M.: lJ13A. AH CCCP, 1960. 

Cf' 

j 
f7 

II
 

BbI MO)KeTe nonyvars no noxre nepesacneaasre !tH)Ke KHHrH, ecna OHH He 6bmH aa
Ka3aHbI paaee. 

1113-84-63 Tpynsr XI Me)K,l1yuapoJJ.Horo CHMn03HyMa no H.l1epHOH 
3neKTpoHHKe.EpaTHcnaBa,4exocnoBaKHR,1983. 

4 p. 50 K. 

112-84-366 Tpyzua 7 Me)K,l1yuapoJJ.Horo COBew,auHR no np06neMaM 
KBaHTOBOH reopaa nona, Anyurra, 1984. 

4 p. 30 K. 

111,2-84-599 Tpynst VII Me)f(,llyHapO.l1HOrO ceMHHapa no npo6neMaM 
4lH3HKH BblCOKHX 3HeprHH.lly6Ha, 1984. 

5 p. 50 K. 

1117-84-850 Tpyzisr III Me)K,l1YHapoJJ.HOrO CHMn03HyMa no H36paHHbIM 
np06neMaM craracrasecxoa MeXaHHKH. lly6Ha, 1984. 
(2 TOMa) 

7 p. 75 K. 

111l-85-791 Tpynsi Me)K,l1yHapoJJ.HOrO cOBe1UllHHR no aHaJJHTHlIecKHM 
BbNHCneHHRM aa 3BM H HX npHMeHeHHIO B reoperaxecxoa 
¢H3HKe.lly6Ha, 1985. 

4 p. 00 K. 

1l13-85-793 Tpynsr XII Me)f(,llYHapoJJ.HOrO CHMn03HyMa no H.l1epHOH 
3neKTpoHHKe.lly6Ha,1985. 

4 p. 80 K. 

,ll4-85-851 Tpyrtsr Me)K,l1yuapoJJ.HOH mxonsr no cTpYKTYpe anpa. 
AnywTa,1985. 

3 p. 75 K. 

113,4,17-86-747	 Tpynsr V Me)f(,llYJUlponuoH WKOJIbI no HeiiTpoHHoH 4lH3HKe 4 p. 50 K. 

AnywTa,1986. 

TpY.l1bI IX Bcecoioaaoro COBew,aHHH no yCKOpHTenHM 13 p. 50 K. 

3apH)KeHHblX lfaCTHU.lly6Ha, 1984. (2 TOMa) 

III ,2-86-668	 Tpynsr VIII Me)K,l1yuapoJJ.Horo ceMHHapa no npofinessasr 7 p. 35 K. 

4lH3HKH BblCOKHX 3HeprHif.lly6Ha, 1986. (2 TOMa) 

119-87-105	 TpY.l1bl X Bcecoioanoro COBew,auHR no yCKopHTenHM 13 p. 45 K. 

3apIDKeHHbIX lfacTHu.lly6Ha, 1986. (2 TOMa) 

1l7-87~68	 Tpynsr Me)K,l1YHapo.llHOH uneonsr-cesraaapa no ¢H3HKe 7 p. 10 K. 

TH)KenbIX HOHoB.lly6Ha, 1986. 

112-87-123	 Tpyzisr COBelUaHHH"Peaopssrpyrma - 86".lly6Ha, 1986. '4 p. 45 K. 

114-87-692	 Tpyzisr Me)K,l1yHapOJJ.HOro COBe\U8.HHR no reopaa 4 p. 30 K. 

ManOlfaCTlNHblX H KBapK-anpOHHbIX cHcTeM.lly6Ha, 1987. 

112-87-798	 Tpynsi VIII Me)K,l1YHapo,l1HOrO COBew,auHH no npofinesrara 3 p. 55 K. 

KBaHTOBOH reopaa nona. Anyurra, 1987. 

1l14-87-799	 TpY.l1bI II Me)K,l1YHap0,l1HOro cHMn03HyMa no np06neMaM 4 p. 20 K. 

B3aHM0.l1eHCTBHR MIOOHOB H nHOHOBc BeIUecTBOM. 
Jly6Ha,1987 

-1l17-88-95	 TpY.l1bI IV Me)K,l1YHapo.llHOrO CHMn03HyMa no 'H36paHHbIM 5 p. 20 K. 
np06neMaM CTaTHCTHlfecKOH MexaHHKH.lly6Ha, 1987 . 

.
3aKa3bl aa ynoMHHYTble KHHrH MoryT 6bITb aanpaaneasr no anpecy: 101000 Mocxsa,PYKon~Cb nocTyn~na B ~3AaTenbcK~V1 OTAen	 

~. 

I'naanosrasrr. nIH 79. 113.l1aTenbcKHH OT.I1en 061>e.l1HHeHHOro HHCTHTyTa H.l1ePHblX HCCne.l10BaHHH.
2 AeKa5pH 1988 rOAa. 
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