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BBEjUE!illE 

He 6yAeT CHnbHblM npeyBeJIHqeHHeM, ecnH yTBep~aTb,_qTo CTPYKTypa 
COEpeM8HHOi MeXaHHKH (KnaccHqecKOA H KBaHTOBOA) OCHOBaHa Ha KB~a
THqHJ:llC tlx>pMaX • .nocTaTOqttO BCnOMHHTb, qTo KnaCCHq8CKHA onepaTop raMHnb

TOHa ~ll CB06o~oro ABHlltSHHll nponopUHOHaJISH CYMMS KB~aTOB KOMnOHSHT 
HMnynbca, PeJIHTHBHCTCKOe COOTHomeHHe Me~ Maccon, 3HeprHen, HMnynb

COM e_CTb KB~aTHtrnaJI tlx>pMa. OcHOBHOe TIOHHTHe reoMeTpHH - paccTOJIHHe 
(HHTepBaJI) TOES KB~aTHqHaJI ~opMa. ~ee, B MSXaHHKe H B reoMeTpHH 
BaEHOe 3HaqeHHe HMSDT rpynl1l:,I ABHlltSHHH, OCTaBJilIIO~He H8H3MSHHblM HHBa

pHaHT-Oilp9~8JI9HHYJO KBM!)aTllimyl() ~OPMY• 
IIocne Toro KaK 6wro OTKpblTo TaKoe !pl13HqeCKoe HBJieHHe, KaK crnm, n 

6Wia C03AaHa CTpOAHall TeopHH 3Toro HBHSHHH,c npeTeHUH03HOA TOqffOCTbD 
OnHCbIBan~aJI 3KcnepHM8HT, CTano HCHO, qTo OCHOBY TeopHH cocTaBJIJIST 
He CTOJU.KO KB8,lij)aTR1IHM ~Opl!4a,CKOnbKO ee nHHeapH30BaHHblA BapHaHT,T.e. 
6HnHHeAHM tlx>IJMa C 06pa3yio~HMH COOTBSTCTBYJ)lqen aJire6pN. 3-roT ~KT no-
6yAHn orpOMHNA HHTepec H npHBen K npaKTHqecKH HcqepnNBan~eMy Hccne
AOBaHlm aJire6p KiIH~p,i\a, fpaccMaHa, .na~HHa-KeMMepa. Ai!H o6pa3YJOIIIHX 
yKa3aHHNX anre6p 6blJIH HaAA8HN KOHKpeTHNe MaTpHqttN8 Ilp8ACTSBJl8HHH, 
HrpaD~He BSCbMa BaEHOe 3HaqeHHe npH pemeHHH KOHKpeTHNX ~H3ffq8CKHX 
35Aaq. 

C OTKpblTHSM qaCTHU co CilHHOM B annapaT KBaHTOBOA M8XaHHKH BOmnH 
COOTHOWSHHH aHTHKOMMJ'TaIIHH. AHTHKOMMy-TaTOpN onpeAenlIIOT nepecTaHOBoq
HNe COOTHpmeHHll AnH onepaTopOB p0lll!\8HHH H YHHqToEeHHll ~pMHOHOB. Ol'H 
onepaTOPN HMSDT KOHellliOMSpHNe f1PE!ACTaBJieHHll B,BHA~ nHHenm,ix; iOM6HHaIIKA 
OT o6pa3yio~HX aJire6p KiIH~pAa111.· IIocneAHHe, ,RaK MN 3HaeMl2 • npH3Ba
tra nHHeapH30B8Tb 3aA8HHYD KBSAPaTHlffiyll ~pMY. 

IIepBrut llOIIHTKa BN~T, aa p8.MKH 6HJIHH8AHNX COOTHomeHHA B MexaHHKe 
6Nna npeAilPHHHTa HaM6y' 3 • MexaHHKa HaM6y OCHOBaHa Ha IlOJIHJIHHSAHLIX 
COOTHomeHHHX, o6o6~an~HX CK06KH IIyaccoHa. IIpaBAa, K8aHTOBaHHe Mexa
HHKH HaM6y nyTeM 3aMeHN CKQ60K !JyaccoHa COOTBeTCTBYl)ll!HMH KOMMJ'TauHOH
HNMH COOTHomeHHHMH noKa He npHBeno K ycnexy. B CBH3H C HCCH8AOBaHH8M 
~PM Blmle KB~aTHqHNX B03HHKaeT· Bonpoc: CYJ1180TBYJ)'J.' nH B AaHHOM cny
qae anre6pH,a!IMOrll'IHH9 8JII'86pe KlmqxpC>pAa? ECJm "Aa", TO B03MOlltHa HH 
MaTpHtrnM peaJIH3aUHll 3THX aJire6p? 

(W'!.Ci, .. ,., .... 1 .. ,i HHCilrryY I 
ua~vn1::,\ m:c :1enonaunQ 

. 6tr1SJIHOTEKA · 
~ --



Kor,I1,a Mb! roBOpHM 06 aHanorax anre6pu KnHqxpop,I1,a, To npelft'Ae Bce
ro HMeeM B BH,Izy TO CBOACTBO o6pa3YJO~HX 3Ton anre6pb1, KOTOpoe n03B0-
MeT YTBep,I1,HTb COOTHOmeHHe 

e (J;
1 

p;, ) == ( ~ d-1nPm): 
e - e,I1,HHHI1a, d-,m - o6pa3YJO~He Mre6pbl. TaKHM o6pa30M, Mb! HiqeM 

Mre6py C TaKHMH o6pa3YJO~HMH ( e , d-m ) , tIT06bl HMe.JIO MeCTO 
M M 

e <.L Pm,¥)== (l: d_in Pm)~ <n 
m=i m=f 

Toqttee, Mb! H~eM MaTpHimoe npe)'.\cTaMeHHe elm B npe)'.\nOJIOJKeHHH, 'l!TO 
COOTBeTCTB~8ff aJire6pa c~ecTreT. . 

B CBOe BpeMR Y.BepHC8tt,l'.\/4 o6paTHH oco6oe BHHM8HHe Ha Bonpoc 
0 JIOKMbHOA KOHe'QHOCTM rpynn C .TOlft'AeCTBeHHh!M COOTHOme1meM X~ j_ 
ttccJie)'.\OBaHHff rpynn c o6pa3YJO~HMH, Y.r\OBJieTBopnro~HMli 3TOMY COOTHOmeHM!O 
no celt )'.\eHb Be)'.\yTCfi HHTeHCHBH0/57_ B H8CTO~en pa6oTe MH He paccMaT.: 
pMBaeM rpynnoBble CBOACTBa d...m- Mhl orpaHH'l!MMCH TOJibKO anre6paH'l!eCKHMH 
CBOtlCTBaMH olm , Bhl'reKaro~HMM H3 {I), H TIOMCKOM M8TpH'l!HNX npe,I1,CTaMeHHA 

,rvrn dm. 

!. iloJIMID!HetlHble npaBHJia 8HTHKOMMj'T8IIHH nJIH o6p83yroIJIMX Mre6pb1, 

tpaKTopM3yroilleA ;V jpOPMY 

Onpenenemie /\'\ Al' 

/V { M) -<J}opMoil 6y.Il:8M Ha3blBaTb cywzy BH.r\a ~ 1 P tn {Bepx
HHA HH)'.\eKC y MHOPO'l!JieHOB COOTBeTCTByeT noKa3aTenro CTeneHH). 

OcHOBHan Hama sa)'.\a'l!a cocTOHT B npe,l'.\CTaMemrn: /V(M) -qiopMbl B 

BM.r\8 JIHHeAHolt no Pm CYMMb!, B03Be)'.\eHHoA B /V-yio cTeneHb. flo.n:y'lleHHoe 
BD1p8lltem1e Mb! 6y,l'.\eM H83blB8Tb qJ8KTOpH30BaHHblM, a CaM npo~ecc npHBe,I1,eHHfi 
- !p8.KTOpH38llH81\ ;V{.A-1)-qiopMb!. B C~OCTH, Mb! Hccne,eyeM npe,I1,CTaMeHHe 
BH,I1,8 . · , 

N ¥ # ~~ 
e(ft+f,2 +-•• .+P1r1 )== (Ptd.,1+~<½+-, .• +P11ol11):, <r.n 

of. K - o6pasyro~He HCKOMOA anre6pu, e - e,IJ,HHH~a anre6pbl. ITpH A/== Z 
38)'.\a'lla pemaeTCff B paMKax anre6pbl KnHqxpop.u.a. 06pasyro~e 3Tolt anre6pbl 
Y,I1,0M8TBOpR!OT COOTHOilleHHfiM aHTHROM!zyTaIU{H 

[ oli > dj-]: =: o(.l d..j, + d-J- d--i == 2 e b/j:, ( I.2) 

'llTO Heo6XO,IJ,HMO H ~OCT8TOqHO, 'QT06bl HCTIOJib30B8Tb HX ,IJ,JIH !p8.KTOpH3aUHH 
2 (M) -q>OpMl/21 • · 

Tenepb rroJiyti:HM cooTHomeHHn, aHaJiorHtnrae ( I. 2) ~JIH /V {M) -q>apM. 
McKOMble COOTHOmeHHfi 6y,a;eM BblBO,IJ,HTb no HH,IJ,YK~HH. PacCMOTpHM CHa'QaJI8 
3 (fr!) -qiopMy: 

2 

{ ' 
i 

j I 

\ J 

l 

( 
.:1 -1· _g) ( h 3 (I.3) e Pi + P.2 + • : • +-111i1 == d-1.,-'J -+-oL.zf~ + • • • + c1-j',IJ PM) 

HeTpy,I1,HO y6e,I1,HTbCfi, 'llTO ol. KB 3TOM CJIY'll88 ,IJ,OJilltHbl Y.r\OBJieTBOpHTb cne.u.yro

~HM .COOTHOID8HHffM: 

[ c,l.;_. Jj-] olK + [d-j-,.ol-K] al,- + [ol.K ~ol.l] ol;, == {J,, 

( l =I: j,- HJIH j,,t.=)( HJIH I =I= K ) (I .4) 

3 .3 .3 
H cJ..l -:::=. d-J' :::: c;)_/{ := 8 • (I.5) 

BbipaJKeHHe ( I.. 4) MOlltHO npeo6pa30BaTb K BH,IJ,Y 

[oL,/:J.l(,)oLJ]:==[[J..,:,ofj-J.,al}{] + (~KJIHti:ecKan nepecTaHOBKa) = o. (I.6) 

3aieTHM, 'l!TO paBeHCTBO (I.6) B TO'l!HOCTH COBna,IJ,aeT C TOJ!t'A8CTBOM HKo-
6H 61, eCID! B 3TOM TOlK,I1,8CTB8 KOMMYTaTopH saMeHHTb Ha 8HTHKOMMYTaTopH. 

EcTecTBeH!lliM o6o6meHHeM (I.6) Ha Al(.At)-!pOPMbl RMH!OTCR paaeHCTBa 

A/ 
[ol,~ / J..t~.,ol~., ,of.lK •• , olt#]=== o,, d..lK == e~ (I.?) 

J_~,'x~l-1., }{;;:f.,,2.., ••• #. 
P~JIHJIHHettHble (HJIH IV -JIHHeAHNe) cooTHomeHHR aHTHKOMMYT~HH (I.?) 
CTpORTCfi cne,JJ,Yl)mHM o6pa30M. CHati:8.Jia Heo6XO,IJ,HMO nocTpOHTb aHTHKOwyTa

TOp H3 /v o6pa3yt)ll!HX: 

[ ... E [ r J-1.,ol.2L ot3J)oLiJ. --1, (I.8) 

saTeM K STOMY BDlpBllt8HHD npH6aBHTb Bee aHTHKOMMYTSTOpbl, noJiy-qaeMbl8 H3 
(I.8) UHKJIHtleCKOtt nepeCTaHOBKOA (KanpHMep, no 'tlaCOBOI\ CTpe.JIKe) acex 
o6pa3~X, aome,11,lllHX B (I.8). flony-qennoe Bb!pMeHHe 6y,I1,eM HasblBaTb 

;11 -JIHHeRHNM aHTHKOJ.O.tyTaTopoM ( II-AA ). 

2. MaTpHq}i08 npencTaBJI8HH8 o6pa3YJOlljHX aJire6pb1,Y,llOBJI8TBOpmonjHX 

1L1l 
B Ka'QeCTB8 nepaoro mara paCCMOTpHM Ky6H'Q0CKyro ~OPMY, COCTO~ 

H3 ,IJ,Byx cnaraeMl:lX: , 

E.;- C p; +Pi)== ( d-d:J~ +d--2 P2 )~ c2.n 
E f' - e,IJ,HHH'QHan ua-rp~a nopR,I1,Ka !' . 

PaBeHCTBO ( 2. I) Hlt88T CHJIY t ecJIH J.,!. d., ~ Y.U.OBJieTBOpR!OT CHCT8M8 pa

B0HCTB ( 3-,//,A): 
.3 .3 

(a) oLi = .J.;.2 == £3 2 . ) ' 
(6) d-, d.-:z + cla ol..~ + d-1 ol-z ol1, ==- 0 > (2,2) 
( C) Ii, I I I fl. 

oL~ o<.1. + O'-J o<-.ll + oL.2 ol1. ol2 == o. 

3 



ii 
\• 
I' 
I 

I': 
:I 

E,l\lfHCTB8HHblMH MaTplfUaMlf, y,D.OBJieTopmoTIµ™lf (a), .flBJlHIOTC.H UlfKJili'Qe

CKHe MaTplfUbl ( 3x3). IT03TOMY npe,D.cTaBJI8Hlfe ,ll,Jl.fl ol.:1, d../l 6y,11,eM lfCKaTb 

cpe,D.lf MaTplfu Blf,D.a 

(

. o C(. 0) 
'··- 0 ;g. cL.1, • - ' 

c,. 0 ,0 , 

(2. 3) 

,IL,r.FI onpe,D.eJI8Hl'l.fl t.llfC8Jl a,- ' tft· ' C~· ( i = I,2) nO,D.CTaBRM MaTpl'II.Ibl 
d., 1'13 (2. 3) B (2. 2). B pe3yJibTaTe ,D.JI.fl onpe,D.eJieHH.fl meCTl'I H8H3B8CTHblX 

noJiyt.iHM Tpl-i H8JIHH8t!HblX ypaBH8Hl,!ll. fioJIOl!:l'IM C,(1 ~ ~ :::::. (!1 = 1. 
Tor,n.a JVIH ~ , ~ , c

2 
noJiyt.ilfM cRcTeMY 

Cl2 +8-2 +c~ = o" (2.4) 

tl2 g.2 + g.2 c2 + a,2 C.z = o 
·' 

t:l.z i.2 C'.z :::: 1. 
]eI'KO 3aM8THTb, t.lTO (2.4) eCTb CHCTeMa ypaBHeHl'IA BHeTa ,D.JI.fl KOpHeA 

ypaBH8HH.fl 
3 

)C - j :-: tJ. (2.5) 

Y paaHeHHe {2. 5) RMeeT pemettlfe 

. .'J!'x== f'/X'.f(i,,:,'f[r./..1) .> (JC::=i,~_,3). (2.6) 

• _[7' :I - . '-' :t 
0603Hat.il-iM A == x.,_ : :::: t '

3.z- ,., A = X.z I : ~-. ~ 
TaKRM o6pa30M, HCKOMble MaTpliUbl,l'IM81!lT BR,D.: 

( 0.10) (0:1.0) 
d..i : == o O 1 J ol:!: := 0 0 Jf 

i 00 ,4 O O • 

(2.?) 

B KaqecTBe BTOporo mara paCCMOTPHM cfnPMY t.ieTBepTon cTeneHH, 
COCTO.flll!YIO TOJibKO H3 ,D.Byx CJiaI'88MblX: .... ~ 

Eq (pf+ P2.q) =(rL-1 P:1. +- d...2.P.2) ~ 
I I RM88M 5 COOTHomeHlfA: 3,n.ecb ,D.JUJ onpe,11,eJieHH.fl oe.. J. , o1... 

2 
4' I/ 

<a> J...1 = ELI ,., °'-2 == £¥' J 

) .2 3 . ,t s 

(2.8} 

(2.9) 

(6 of_ 3. d-.2 cl~ + oL.2 o!.1 + d. f. d.2. cl.1, + ol.,_ d..2 = ~ 
{c) J,..~ oLf + .. ,:j .1. ot.J ol 1 + -( c12 d 1f + d.'J d.} +oJ.

2
d;-ol..2. + (ot.,ol2.f = o,., 

(,11,) dJ d.1 +d1ol.J+dJol.1ol..'l. + d..z ol.:1 ol1 = o, 

4 

(~ ,:1 

·!1· ( 

! 
I 

CooTB8TCTB8HHO, MaTpl'IQbl d_ i, d...2. l'lll!8M B B1'1,D.e 

( 

o er< o o ~ 
d.. • : = 0 0 ~- 0 

l-

o O o C~-

ft' ~ 0 0 . , 

ilOJIOlltHM at = 6j ==- Ci == p :J. == 1 • 
,IL,r.FI a.2. , t..e , c..e , P.2 HMeeM 

qt + i7~ + C2 + P~ == 0 ,.I 

4
~ ~ + ~ Cz + ~ )'2 f- q:z. C~ + Czf'z ·J- 4-zfz = O > 

C<_z £2 C:z. + Cl~ tf;,/'-z + Liz Cz}22 + ~j'-.. C
2 

= 0 .J 

4 1 tz c< }7:z. = :I. 
KaK Bli,D.HO, (2.II) eCTb CHCTeMa BHeTa .!VI.fl KOpHeA ypaBH8HHH 

X 1/_.f = o, 
PemeHH.flMH 3TOI'O ypaBH8HKH .flBJI.fl!OTCH 

• .1 • 
:JC :1. = .I-' X 2 = -I ,., :X.3 = - ,., X¥ == t. 

BHrrHmeM .flBHHA,Bli,D. nony~eHHblX MaTpHu: 

d1: = ( 
0 .f t? 0) 

0 0 ~ 0 

0 0 O t . J ol.,}.: = 

f O O 0 
(

OLOO) 
t:J o -lo 

0 0 0 -J. 

l t9 o o 

(2. IO) 

(2. II) 

{2. 12) 

MeTO,D. HH,D.YKUHK nOACK83HBaeT HaM pemeHK.fl npo6JieMbl B o6~eM CJiyt.iae 

JV ( .£)--qiopMbl. B 3TOM CJiyt.iae ~i 6y,n.eT L'HKJI!fq8CKO!l MaTpHuen nop.FI,D.Ka 

/,/ COCTO.flllleA TOJibKO K3 e,D.HH11ft.!HblX 3JI8MeHTOB, a d-.z - URKJI!fq8CKOA MaT-

PliI.1811, COCTO.flllleJ:l H3 KOpHeA ypaBH8HHH !:l: ""- 1. == 0 • 

TaKKM o6pa30M, Mbl H81llJIH MaTpHtlHOe npeACTaBR8Hlfe o6pa3YJ(JIItHX (Toq

Hee, airropliTM nocTpoeH!f.fl TaKHX rrpe,11,cTaBJieH~A} ,D..~H A/(.Z) --qiopM. 

Hctto, qTo ,D.JI.fl 4,aKTopHaaIJHH CYMM npH M -;,,-2 HaM npH,D.8TCH l!MeTb AeJio c 

MaTplfUaMH 6oJiee Bb!COKOro rrop.H,D.Ka. B KaqecTBe npl!Mepa paCCMOTpHM ~o
pnTM nocTpoeHKH MaTpHU BblCmen pa3M8pHOCTH ,11,]I.fl airre6pb! KJIHqq>OpAa ?/_ 
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h,,::: i. ·<:1- : = (o t) oL • == Io i) 1,1. 10 ,) .2.,1· ,-lo ., 

n.:g ol1..,2: == (E.z@ d-1.;1. }_., d..2,,2: == (£.z @ol~_,:z)., 

d....3_,~: ==(ci.1._.1 °A)., ol,11,,.z: == (.1~..,I ~_,,8.1),.. ,fi~ := A ~/3.i 

12 = L. d.l L. : == ( E.z ® d..1,.c..-J)., (I= ~~;;, ,., .,~L-I) 
,) ✓ • ) 

cL,+.1_.,L.: = &li_.,L.-1 © fiL.-.i.), 

IlpH nocTpoettHH MaTpHq sucnrn:x nopH~KOB ,IVIH Al{fo/)--¢!opM Mbl 6y,IJ.eM cJie
,IJ.OBaTb Ton xe JIOrHKe, QTO 6Wia npo,IJ.eMOHCTpHpOBalla ,IJ.JI.fI o6pa3j'lllll\HX aJI

re6pu K.nHqxpop,IJ.a.3aMeTliM,~TO 06:wmo B Ra~eCTBe fi~ Bl:l6Kpa.JOT np0ll3B0,IJ.0-
HH.ll scex MaTpHI\ d.., ,IVIH ,IJ.aHHoro n ; ,/ih aHTHKOMMYTHpyeT co sceMH d..c: 
H fi/== E • 0,IJ.HaKo rJiasHoe HaaHaqeHHe fl11 - 3TO ee poJib npH nocTpoe

HHH MaTpHU - o6pa3~HX npH fl+ .1. .0Ka38JIOC:& '~TO Ta.Ito:lt a.,r:rop:e:TM IIOCTpoa
HH.fI fih ,IVI.ll // { M) He ro,IJ.HTCH, IlpHBe,IJ.eHHM BWDe 4ioPMYJia ,fi,;= C,,g ~ ta'/4_;) 
COBn8,IJ,aeT C npoH3B8,IJ.8HH.fIMR BC8X ol. t'h ,!VI.fl ,2 (.Al) -ipopMbl H JierKO 
o6o6~aeTCH ,IJ.JIH lv(t4f}--¢!ofJM, HTaK, a o6~eu cnyqae HMeeM 

AJiro,:QHTM I 

ll= 1. ol..1.,t J cl.2,i. 
.ivtH If/ (:l.) - q,opw. 

,,,B.t :== cl-1.,.t ol2,,~. 

- QHKJIHQeCKHe MaTpHQN nopH,D.Ka JV 

!!.=..L oLJ,~:= (EIY @ol1,1:),.. d.2,);;.~= (f;v@d..1,1)., (2.!3) 

J...3.,;;_: = (ot.1..,1 ®.,6'.{)., al½~: =(d...2.,1 © A) ,,A:=~ ~fi.1~ 

n= k 
- - - - - ... -

cl..,~,1,.: = ( E/ll'Ci>ol.l.,L.-t) _. (l== 1,,.2., ,,, ,,-<.L.-1), 

Teo,:QeMa 
cl;+J.,L.:= oll., ~-t Qi)_.,/) L.-f • 

AJiropHTM I IlOCTpoeHHH MaTpmi:Horo npe,IJ.CTaBJieHHH o6pa3YJO!llMX ,!Vt.ll 

Ky6HQ0CKon ipopw 06ecnet1HBaeT BNilOJIHeHHe TpHJIHHenHblX aHTHKOMJ.IYTaqHOH

HblX COOTHomeHHn (I.6). 

6 

,UoKa3aTeJibCTBO 

npoBe,IJ.eM no MeTO,Izy HH,lzyKl\HH. · IlpH /'I= .t B crrpaBe,IJ.JIHBOCTH ( I. 6) ,IJ.JIH 

d.1.,1: J o(..2,1 1 .,,8~ y60ll(,l\aeMC.fI rryTeM rrpHMo« TIO,IJ.CTaHOBKH. npe,D.ITOJIOJKHM, 
QTO d--l_.J.-J H ./3L.-.J Y,IJ.OBJieTBOPID'.>T (I.6). IloKruiteM, QTO cl.i_,L. ~.., 

rrocTpoeHHhle no aJII'OPRTMY I,Toxe y,IJ.OBJieTsopmoT (I.6). IlocKOJibKY 

d..j L. {t'=J,2, ... ,2L.-.I) HMeIOT 6JIO'tIHO-,I1aroH8.JibHblti BH,IJ., TO corJiaCHO 
cstncTBaM 6JIO'tIHO-,IJ.HaroHaJibHblX MaTpHu18 , paBeHCTBa (I.6) ,!VI.fl HHX pe

,IJ.yllHPYJOTCH B Te lite paBeHCTBa ,IJ.JI.fl MaTpl.fQ J..,.,L.-J,,/3.t.-J• ,!l,nH rrocJie,IJ.Hl.fX 
BNITOJIHeHHe YCJIOBH~ (I.6) Mhl rrpe,IJ.nOJIOEHJIH. 

Tenepb pacCMOTpHM B3aHMHYJO 8HTl.fKOMMyTaTttBHOCTb MaTpHil THna 
. .d-L 0 I, L. , t: :I~ ,, • }? • Hli HMeIOT BH,IJ, °'c-tt., · , -' 

ol/+ I,, L,. :: ,J. l., .2. - .I ® fi.4 -.f, , 

CooTHOilleHHe (I.6) COCTOHT H3 TpOt!HhlX npoH3Be,IJ.eHl.ftl BH,IJ.a 

cl..l+f,,,I, ol.l{+J,,L. o/_)J+l,-1. = r;,~.L.-J ~ ,4._1.){o1.K,L. -/~ A-.1) (cl.,,_,1,-1. @_,;BL-.. !} 
CorJiaCHO l.f3BeCTHOMY CBOtlCTBY rrpHMoro npOH3Be,n.eHHR/S/, nonytrnM 

ol/+J.,L. olXl-1,,L. .lp+i,,L.= d.;_.,L.-Jd.K,L.-1.dr.,.1.-.1@ ,,,Ll';__.t, 
HanOMH1™, tITO .,6'~.:..1 - e,IJ.HHHQH8.fl MaTpl.fua. 0Tc10,IJ.a CJie,IzyeT, QTO 

[oi..,•+J_,L,; ol.x+~L. J <><p+1:,L ]= [ cl,:.£-.1., ~t;L-f., oc. ,P,,L. -.1]@£ = ?· I4
) 

EcJIH paccMaTpHBaTb COOTHOmeHH.fl, Ky,IJ.a BXO,IJ.HT o<.; L. l.f .1/-t I L, .,, ,, 
TO paBeHCTBO (I.6) 6y,n.eT o6ecneqeHo aa CtieT aHTHKOMMJTaTHBHOCTH 

,J. [~ L - J H _./3"' - j • ,I\etlCTBHTeJibHO. pacKpOeM CK06Ky BH)J,a 

fl:=[d-t.,L., d-1<r1.,L._,d.p-t-1,L.] • llMeeM (ICpaTKOCTH pa,IJ.H 3HatioKL-.t 
onycKaeM): · 

R == [ ( E ©d-1)( d-x©/J) + (d.K @.ft) (E ©ol; )) (ot.,,@,,t9) 

+ [(o!.K®.ft)(olp©/J) + (o{f ®ft) (otK@,8)] (E ©olt") 

+- [ (d.r®/3)(E @cx.1) + (E @oll)(ol.p@_p>)] (cx'.k@,,-6') 

::= ( d.K c,l/' + ofp o(.K) © ( d.t/J~+ _,8~ol.i + ~ of.t"_;G' )= 

== f o!x ,..ol.p] [ oli.>A/J. 
ITocKOJlbKy BNpruKeHHe B rrocJie,IJ.Hetl CK06Ke paBHO Hymo (rro npe,IJ.ITOJIOEeHmo), 

TO R =0 • To'!Ho Trut llt8 nposeprooTc.11 paseHCTBa BH,IJ.a 

[ d-i_.~ ,,·olx,,L.,, d-p+J_,L.] == o. 
TeopeMa ,IJ.OKaaa.Ha. 
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~OK838T8nbCTB8 8Hanor~HWX TeopeM ~nR !V(~ >3) -¢QpM OTnH~B~TCfl TOnb
KO I'pOM03~KOCTb~ BNKna~OK H He CO~e~T npHHUY.fiHSnbHHX OC068HHOCT8~. 

B 3a~~efme yKrutteM Ha CBR3b o6pa3~~x d. 1., d..2, npH3BaHHWX 
iflaKTOpH3oaaTb !ll( 2) -tPoPMY c anre6po~ ~KcoHal9/. Anre6pa ~KcoHa 
- UHKnH~ecKaR arrre6pa c ~e.JieHHeM cTeneHe~. 6o.JibWHX 2 a none~ , onpe
~e.JIReTCR C.Jie~~HMH COOTHOWeHHflMH: 

A : === tD uj- 'lJ 1+, 
»u == u zfl f 

' 
21. n = a .) 2J ~ = t'. 

B Ka~ecTBe H.JI~CTpamm ~OCT8TO~HO B31!Tb J_i, d-2 H3 (2, 7). ~fl HHX 
cnpaae~.JIMBN paaeHCTBa 

J - 3 J.3 
o-1. d-:l = d-.2 oL:1. A ;> oL1 = ~ .., o--2 = :f. 

Cne~osaTe.JibHO, 3~ecb t:f=.£ , If::.£ , ¥=A 
nocKO.JibKY ace o6pa3~~He, paCCM8TpHaaeMNe HaMH,Y~OB.JieTBOpfliDT 

"11 ypaBHeHim X - e :::: 0 ' TO Mbl J.!MeeM ~e.JIO c 3.JI8M8HTaMH UHK.rrH~eCKOti 

8JII'e6pbl. l.\eJiblO HaCTO~eti pa60Tbl 6NnO nOK838Tb, ~TO 3.JieMeHTbl liHKJIYI
~eCKO~ a.Jire6pN, fiOCTpOeHHble C OOTBeTCTB~~J.IM o6p830M, npHI'O~l Mfl 
iflaKTOPH38UHH AV(~) ~PMN. nocTpoeHHNti Ha6op o6pa3y!O~Hx no oTHo
meHK~ K /( (J1) -<lJopMe BWIOJllUl.BT TY lite ponb, ~To H o6pa3~He aJire6-
pN KJm!W>op.n,a BblfiOJ!Hfl lOT no OTHOWeHH!O K ...((~)- 4lopMe. 1iT06bl no~~epK
HyTb 3TO CXO,IJ,C TBO , Mbl H83B8nH no~anre6pN UHKJI~eCKJ.IX aJire6p , CO~ep

li'\~J.Ie Hati.n,eHHNti Ha6op o6pa3y!O~HX, aHanoraMJ.I arrre6phl KnK!W>op~a. 
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HManeea P.M. PS-87-766 
AuanorH anre~p~ KnH~pAa AnH ~PM 
B~e KBaApaTHqHNX H HX MaTpHqHaH peanHSa~HH 

HaaAe~ MaTpHq~e npeACTaaneHHH AnH o6pas~~x anre6p~ 
C DOnHnHHeHH~ aHTHKOMMYTa~HOHHb~H COOTHOWeHHRMH, HHAY
~pyeHWMH N(M)-~pMOH, llpeAUO~eH anropHTM DOCTpOeHHH MaT
PH~-o6pagy~X H AOKaSaHa TeOpeMa ·0 COOTBeTCTBHH anropHT
Ma C npaBHnaMH nonHnHHeHHMx aHTHKOMMYT~HOHHb~ COOTHome
HHH. llonyqeH~e MaTpH~ o6naAa~T CBOHCTBaMH, aHanorHqHb~H 

CBOHCTBaM ~aSHCH~ MaTpH~ anre6phl KnH~pAa. 

Pa~OTa BMOonHeHa B na6opaTOpHH B~HcnHTenbHOH TeXHHKH 
H aBTOMaTHsa~HH OHHH. 
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llepeBOA O.C.BHHorpaAOBOH. 

Yamaleev R.M. PS-87-766 
Analogs of Cl i f ford Algebra for Forms 
Above Quadratical and Their Matrix Realization 

Matrix representations for generators of algebra with 
multilinear anticommutation relations inducible by N(M)
form are found. Algorithm for construction of matrix
generator is proposed and a theorem is proved about the 
correspondence of algorithm and roles of multilinear anti~ 
commutation relations. The obtained matrices have charac
teristics analogous to the properties of basic matrices 
of Clifford algebra. 

The investigation has been performed at the Laborator) 
of Computing Techniques and Automation, JINR. 
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