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1. OCOBEHHOCTM OBOBIUEHIDI TEOPMM CfiMHA 1/2
 
HA 3-MEPHOYt 3 BKJIM,lJ,OBOA Cet>EPE B OBJIACTh
 
BOJIhllil1X CKOPOCTEA ,lJ,BM)I(EHMH
 

B p afio r e /1/ 6bUlO nOKa3aHO, 'ITO HepeJlRTHBHCTCKaJI TeOpHR qacnn.{ 

co crrnHOM 1/2 CTllHOBHTCR fiorree nocnenoaarensaoa H npHHHMaeT tea
HOHHqecKYIO $ opMy, ecrra OHa c$opMynHpOBaHa HS 3-MepHOH cdiepe 
4 -Mep lfo r o 3BKnHJl.OBa npOCTpllHCTBS. B 3TOM cnyxae oneparop 3HeprHH 

"MeeT BHA 

2 m "' 2 1 ... ....... 2 .J.2
 
H = -- ( - 2 + S) = --2- « 2 n - I r m) - 11 ); (1.1 ) 

mR2 2mR 

KOTOphIH , KaK BH,lUIO, BbIPS)f(ReTCR HCKnlO'IHTeJlhHO B TepMHHax rpynrrst 
SU ( 2 ). peamsayioumx xoaesnowepaoe npencraanenue: 
... ... ...
S= -inr /2 (1.2) 

" 6ecKoHe'lHOMepHoe npencraanenue 

.. ,. ik iJ 
~ /2=-lh -_-x l -- ' (1.3)
 

axk
 

T SKaJI reo p a n conepsorr $YH.Jl.SMeHTanhHYIO nnnay - pannyc c$epbl R, 
TSK 'IT O npa R ... "" (1.1) nepexonar S H3SeCTHbll1 oneparop snepraa 

n SYJlH . 

Y p s 8HeHI1e HepeJUlTI1BHCTCKOH KBaHTOBOH MeXllHHKH HS 3-MepHoH 

3BKJlHJlOBOH c rp ep e anepasre nonyxan lllpenanrep / 2/ . Aaan or a sao, p e

JlRTHDltCTCK o e ypaalleHHe n B H)KeHHR 3JleKTpOHa - y paBHeHHe .lJ.HpaKs 

6bUlO UM ClP OP M YJl Hp OSaH O B CcPep H'I ecK OM M Hp e ne Carrepa / 3/. O,ll.HS

K O cyurecrseauoa o c06eHHOCTbIO pafior st /11 H npemuecrsyiourax eH 

p a6 0 T / 4/ ) RDJlReTCR IICnOJlb30BaHHe npRMOH CBR3H Me)KJl.y oneparoposi 

CrTHUS H npOCTp aJlCTBeHHblM p erteposs n p a asraone oneparopa 3HeprHlt 

,lJJIR HepeJlRTHHIICTCK Oif 'IaCTHUbI co CnnHOM 1/2 . Ba>KJIO , 'ITO B 3TOM cny

xae reaeparop Tp ru ICJlR\lHH p= - itJ a/aX 3SM eHReT CR He HS oneparop 

N /R = ( r4P- r P4 ) / R • (1.4) 

a aa CyMM y H PS3HOCTb o n ep ar o poa M/ R H N/ R : 

ji ... (M±N)/REi± /R . (1.5 ) 

'ITO, Doo6LUe roaopa, COOTBeTCTByeT He TOJlbKO HCKpHBJleHHIO, HO H xpy

'leHHIO npOCTpaHCTBa. 

" \. .._: .. ll t
• f. . I ' I, II". ~\ .

_ I " I 
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C JItmYlOll.\HM CJCLUecTB e~bIM M OMeHTOM n p Ji M eHeHHR onep a r o pa it 
HBJIHeTCH TO, !ITO 'R t / 2 H St H3 (1.2), (1.3 ) - 06'beKTbI OAHOH npapo 
W>J, K OMnOHeHTbI K OTOp bIX yJJ;OBJIeTBOp RIO T OJ];HHM H T eM ')I(e lj)OpMyJIaM 

K OM Myrmnm : 

(1.6) ('It ''IJ ] ~ d}IIJIt	 'lit ' (111t ~ 'Kit 12 ~ Sit) • 

ECTecTBeHHO, npa nocrpoeaaa peJIRTHBHCTCKOH TeopHH OCH OBHble 

oc0 6 eHHo CTH HepeJIHTHBHCTCKOH Te o pHH JJ;OJDKHb l 6blTb coxpaaeasr, B xa
xecrae nepaoro wara paccssorpasa, KaK cJIeJJ;yeT H3MeHHTb orreparop 

... -. -. .... -to 
t = [ r x p ] ± ( r4 P - r P4 ), (1. 7 ) 

'lT06bl OH , C O.lJ,HOH CTOpOHhl, HMCJl JIO peHQeB K OB Sp HaHTHbI H BH,D., C JJ;py

rOH - COXP aHHJI CBOH KOMMyraullolUlhle CBOHCTB8 KaK y r JIOB Or O MOMeH· 

Ta. 3THM Tpe60BaHlfHM MO)f()IO ynoaneruopurs TO JIbKO BBO.lJ,H xersrpex
M e p Hbl e apesreaasre KOMno!'etfTbl ( 1-'4 • p) (COOTBeTCTS eHHO a pesseaasre 
K OMIlOH eHTb l HMnynbca "4'")' B 3TOM cnysae npeofipaaoaaaae Jlopeana 
O.IJ.HOB p e M eHHO 6y.neT .ne HCTBOB a Tb B n nOCKOCTRX (P4 ,r) H (r4 ' p), 
S aaan or onepar opa (1.7 ) 6 y .lJ,e T HMen BHJJ, (MJI Hero M'bl COXpaHReM 

TO )ICe 0 6 0 3H SQCH He ) : 

.. [ -JJ -+ -to '" ..... ........
 
= I' X p1± ( r4p -	 r p4 )+ [ p X "] ± (P4 tr - P"4 ) • (1.8) 

3TO asrpaacena e M O')l(}lO 6bUlO nOJIytJHTb TalOKe H3 (1.3" xor opoe .IJ.JIH 
60JIbW eH HarJIJl.IJ.HOCTH neperramess B c JIeJJ;ylo LUeM B HJJ,e : 

; ... ...	 P4 
JlI = ( r4 . r )( r ) (	 ... i . (1.9) 

P 

n OCK OJIb KY rrpa p eJIHTHBU3 SUHH /5/ 
-; 0 

-; => C ) ,	 ( 1.10)..o r 

TO 

... ~4 ...	 r 0 p 
'R = Cr/ P ; ) ( ... ) ( ) , (1.11 )

4 0 r "4... 
11 

'ITO coa rranaer C ( 1.8 ) . N l aJI Or H 'lHh i M cnocofiosr M O')I(HO COCTaBHTb B b l 

pasceuae M H onep a r o pa T: 
P4 

r... ...... (	 0 
-+ 

P
T = Cr r pp )	 ... o ) ( ) . ( 1.1 2 ) 

4 4 r "4 ... n 

2 

K OMnOHeHTbl BCKTOpOB mH T 6y,u,yr y .nOBJIeTB Op JlTb Te M )K e K OM M y Ta 

UHOHH b lM COOTHOW eHHH M , !ITO H M aTpHQbl 

... r' 0 ... 0 -; 
- rlJ r ;;; - iii ( ... ) , - it t '" - i\; c... ) ,	 ( 1.13)

Or	 r 0 

B n H'!.CL ~OPJJ;aHO BbIMH o To 6 p 8')l(eHHHMH n OCJIeA IDIX. OTCIOAs cnenyer, 
'ITO '" H T HBJIHIOTCfI reaeparopassa rpyrrrrsr Jlopeuua . 06'be.IJ.HHHM BeK

. ~ ~	 u 

TOphi r H t B OJJ;HII auTHCHM M eTP HlJHblH TeH30 p 

_ 1
S =- rti y

IW ILV Y"IV - "2 (YIL Yv - ~J Y.. ) ,	 (1.1 4 ) 

Torna 

m = Y~ rnPk • (1.15) 

rne [n , k = 1,2,•.•8) . TaKHM 06pS30M, o606LUeHHe tlepeJIHTlfB HCTCKOH T eo

p UH QaCT HQ co CnuHOM 1 /2 C oneparoposs raMHJIb TO tl8 (1.1 ) B ofinacrs 
60JIbUJHX cxopocr ea n B H)KeHH JI HeH36e)I(Ho npa noznrr K YAB oeHHIO 'IHenS 

H3MepetlHH npOCTpaHCTB a·BpeMeH H. E CJIH yxecrs , srr o nept!MellHbl e (p ,p)
4 

ll v 

JlBn R IOTCJI upeMeHHblMH , r .e. 

4 , P ) =i Ct , t),	 (1. 16 ) 

TO JlCHO, 'ITO a .MepHoe n pOCTpaHCTBO-BpeMH HBnJleTCH n Ce n n 0 3B KJIHJJ,O. 

BblM C CHrH8TYPOH (+ + + + - - - -) . Pana y ,n06CTBS .n8l1ee Mbl 6 Y A eM 

p S6 0TaTb C BCLUeCTBeHHblMH nepeMetffihlMH (P , ; ) . 
4 

2. YPABHEHHE !J.BH)I(EHHH )JJlH lJACTHUbl
 

C O C m U -I O M 1 /2 B BA3HCE OKTAB
 

B anre6 p e 16 M£1TpHU !J.HpaK3 M O')I(HO BblJJ.eJIHTb naa BOCbMHMepUbl x 

6 a 3 Hc a 

( YIL , y~ ) H (I, Y/ ' Yro ) ,	 (2 .1)w :J 

xor opsre, cornacao 6 / , MOlKHO HJJ,eHTH lj)HuupoB aTb 6HKB8TepHHoHoM. 

Hanpasrep, 

(I • Y • Y[) ) • q1+ i q2 • 
ILV 

rne Ql ' q 2 - xn ar epnaoau B npencraaneaaa 6 83Hc a MaTpHQ Ilayna, 
I - M HHMaJl e.lJ,HHnI.r.a. MHo)ICeCTBO 6HKBSTepHHOHOB He ofipaayer TCJlO, 

noorosry 6 83HCb l (2.1 ) He nonxonar Mil lj)8KTOPH38QHH 8 .MepHoro Bbl

pasceaaa Mfl MaCCbl 

2 2 2 " 2 2 .. 2	 2 m C .. p. + P + "'4 + 11 •	 ( .2 ) 

)lnJl lj)aKTOpH33J.nm COOTHOlUeHHH (2.2 ), B npaauane, MO)I(HO 6bUlO 6bl 

HCnOJIL30B8Tb Y -- M aTpHQbl BOCbMHMepnOro npOCTpWICTua ( r.e . MaTpHUbl 

8 x 8 B KOMruIeKCHblX Ii 1 6 x 16 B BeLUecTBeHHbIX e JJ;HHHusx) . B pC3yJIb

rare M b l nony'lHJ1H 6bl TeopHIO !lHpaKa B 8-MepHOM n p o crp aacrae . H o 3TO 

0 3HS'I8J10 6bl, QTO Mbl OTOW JIH OT Tex BS)f()fbLX n pHHUHn OB , x orops ie 6 LmH 

c lj)o P MYn Hp OB aHl,1 p aae e . 
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Anre6paHqeCKHM 6a3HCOM HepeJUlTHBHCTCKOii Teo p HH cmma 1/2 aa

naercs 6a3HC KBaTepHHoHoB. "PenRTHBH3llQHR" , KaK Mbl BH,AenH asnne, 
n pHBOAHT K YABOeHHIO l:IHcna H3MepeHHH npOCTpaHCTBa-BpeMeHH H 6a3HCa 

Ilayrm. KaK H3BecTHO, YABOeHHeM 6a3Hca KBaTepHHoHoB RBJlReTCR 6a3HC 

OKTaB /7/. OKTaBbI 06Pa3YIOT reno, 6a3HCHble eAHHH1.U>1 OKTaBbl aHTHKOM

MyTHPYJOT npyr C npyrose. OKTaBbl MO)f(HO npeACTaBHTb sepea ABa xsarep

HHOHa pH" 

Q = (p ,")	 (2 .3 ) 

C npaBHIlOM yMHO>KeHHH 

(2.4)Q1Q2 == ( p 1 '"I )( PI! ' "2 ) = « p 1P2 - "2 "I ). ( "2 P1 - "I "2 ». 
Ilpaaano YMHO)f(eHHH 6a:JIiCHhlX eAlIIlHQ OKTaBbl lie ofinanaer CBOHCTBOM 

aCCOUHaTHBHOCTH, n03TOMY OKTaBa nenpencraaaraa B B H,Ae 06bl"IHOH Ma

Tp H1.U>l. 113 npaauna YMHO)f(eHHR (2,4) BHAHO, lITO ecna He yqeCTh HeKOM

MyTllTHBHOCTh P H TT • TO Q MO)f(HO npeACTaBHTb El BHAe MaTpH1.U>1 

P TT 
Q = ( _ _ ).	 (2 .5) 

- " P 
Ilpencraa neaae (2.5) n 0 3 B OnReT IlpHBeCTH B COOTBeTCTBHe 6 a3HCHble ena 

HHqhI OKTaB C H3BeCTHhl MH M llTPUQllM H )lHpllKll. I1MeeT MeCTO CJ1eAYlOlUee 

COOTBeTCTBu e : 

.. r 0 " .. 0" o I 
1:M(l 2 3)=> ,. ==> ( ... ) . 1: (5 6 7) ==> 1 ==> ( ... ). 1:0(4f > 1 ==> ( - 1 0 i . • • 0 -r t , , r 0 

(2.6 ) 

Ilpaaano Y MllO)f(eHWI OKTaB C 6113UCHblMH eAHHUQaMH ~ i (; • t. 14 ) (i = 

1,2 ,... 7 ) YA06 HO s anars B BH,Ae H3BecTHoH cxesssr <np eiiAeHTl1.JlR (CM.pHC.). 
06	 ... .. 
rJ 3 KO OP.fUiHaT (r4 ' r • P4 • p ) H HM-

t.r	 rrynscon (P4 ' P ' "4 ' ; ) a a OCHOB e 6 a3HC· 

nurx e,lUiHHQ (2. 6) COCTaBHM OKTaBbl 

Q == r4 + r ? + P4 t4 + Pt .	 2.7 ) r 

Qp == P4 + Ii; + TT t + ;t. (2. 8) 
4 4 

KooPAHHaTbl H HMnymcbl RB JUUOTCR TOqKa· 

MH ceMHM epHblX c ¢ ep : 

R = Q Q == Q Q	 (2 .9 ) 
r r r rif >, r -e ~ t: 

2 - 

crz m2c2 = QpQ p • (2.10) 

Ilonssya cs H3BeCTH bIMH TO)f(JJ,eCTB llMH anrefip s r KTaB, npeofipaayesr 
(2 .10) cn e.u.YIOI.llHM 0 6pa30M : 

4 

2 o - Qr Qr - 1  (2 .11 )m c'" == (Q p ( --~ ) Qp ) == ( Qp Q r 2 ( Qr QIJ ) ' 
R 

xpyrnsrx cxeste <Ilp eH-Bsmonans rrpo u en y p y Y MHO)f(eH D CK 0 6 x n o 

earana, n ony l:IHM 
- n • (2 .12) Q r Qp == S 1 + ~ Ion • 

- n •	 (2 .13)
Qp Qr == 52 - m ~n • 

r .u.e 

(2 .14 )5 1 == (rp) + (pTT) • 

(2.1 5 52 == (p r ) t ( rop) . 

Oneparopr-i ~ l ,( n == 1 ,2 ,...,7) B c y M M e 

(2 .16 ) ~ n ~n =mi )"l +j- i t +5"0L 0 

HMelOT cnCAYlOlUHH B H,A: 

;n == r4P- r P4 + ( r x p] - IP 4; - PTT 4 + (px;; 11• 
... 
5" = r ; - 1 TT - (; x ;] + P4 P- ~ P4 - (px pl .	 (2 .17) 

4 4 

5"0 P4 P4- r 4" 4 -	 (1; ) + ( ~ p ) . 

B c a n y ycnoana (2.9 ) HM eeM 

(2 .18)
51 == 0 , 5 2 == - it18 • 

n OCK o n b K Y oneparops i m K OM M YTHPYIOTCH C R2 
, TO, Y 'lHTbIBaR (2.18) , 

n 
nonYl:lHM 

2 .t lin n lin n	 (2.19) (m c R ) == - (81 lt Jil ~ n )(J Il L n ) · 

Flonyueuaaa rpopsryna (2 .19 ) RBnReTCR HeYAoBneTBOpHTemHOH B TOM 

OTHOWeHUH , 'ITO oneparopsr ~n H 1: , ofipaay iounre CKanRp HOe n p OH3 B e n 
AeHHe , YAOnnCTBOpHlOT pa3HhIM KOMMyraUHoHHblM ooorno urenaara. ,D.eno 
B TOM, lITO 6a3HClfbie enmmusr k narrpencraaaraur 'lepe3 M aTpHQbI , n
 
a o n e p ar o p s i ~ II BhlpailGUOTCR 'Iepe3 MaTpliQbl B H,Aa
 

-;+	 0 r 0 - 1 0 ... ->

...,0 = ( ) . t o ~ ). 1° 1!! ( ). (2.20 ) ( ...- 4
0 -r"+ r 0 + I 0 

a HMeHHO: 

0	 0 · · "'0 -to 0 
~n == ~~J r P j ( i , j = 1 . ... 8 ) , 1:1J == ( r • t • t 4 ) •	 (2.21)

j	 n 
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Ecmf Sa,n8TbCR l.\eJIbIO HCnp aBHTb 3TO nOnO>KeHHe. TO He06xo,lUfMO yrO'Di.HTb 
OARO csoncrao OKTaBHOrO yMHO>KeHHR, B8>KlfOe WUI nocrpoeaaa H8CTOR
U\eA TeopHH . 

KaK 6bUIO ynoMRHyrO asnue, OKTaBbI RBJUIIOTCR y,IJ,BoeHHeM n0111l 
KB8TepHHOHOB. Ecna BbI6paTb npencraaneaae 683HCHbIX e.runntl.\ KB8Tep
HROHOB sepea ClUUiOBbIe M8TpHl.\bl r~J (k '" 1,2,3) (i, j '" 1,.. .4), TO 
(j:loPMYnbI YMHO:lKeHHR KBaTepHHOHOB MO>KHO npencrasars B aane 

1 I (Boll 8 mn _ Silt r:1D )(84J Bnr + BJp r;t )= 
n=l (2.22)

~ IJ ~rr1 T IJ rJ.)
== ( 0 0 + It r t • 

npuqeM 1J,11R KB8repHROHOB T~J c r~j . B cnysae OKTaB BMeCTO T~j no
D IJ 

nyqHM M8TpHl.\bl BHna I k H3 (2.20): 

o 
(BOI -6IkIn)(BOj +8JPIt)=(8Ij +I~ ·::E ) . (2.23)

t 

.ll,anee MLI 6yneM nonarars, nepeonpenenas (2.23). 'ITO B (2.23) HnH CTO
lIT TOJILKO Bblpa>KeHHR aana I k • r.e.: 

1j rs'" - Bill In)(B oj + 8Jp It) '" (8 + I~J) I ) . (2.24)
k 

°lj
HJlH TOJIbKO MSTPHl.\b1 It . npHMeHeHHe 4lopMynbl yMHO>KeHHR OKTaB 
(2 .24) npHBOnHT K TOMy. qTO KOMnOHeHTbl "'D 6ynyr HMen Te >Ke CBOH
CTB8 KOMMYfaIntH. 'ITO H oneparopsi 

SD C - iiiIn' (2.25) 

, a HMeHHO: 

[ixil"'2Jtii. 
-+... .. 

011 x 5" J "" 2tb1. [5",. II 1• 21ti 10 • (2.26) 

BoSBpaU\8RCb K 4loPMYne (2.19). C yqeToM (2.24) H (2.26) pacxpoess 
cK06KH. nony1DfM 

(mcR)!! .. j e+ 2Sn~D . (2.27) 

.no CHX nop Mbl He BbIne1UlJlH B RBHOM aane nceBnoeBKIlHnOBOCTb 

npOCTpaHCTB4. nOnO)fQ{M Pit -+ 1~It ' "k" i 11k • Torna 
e -+e -+e It -+-+"D'"O - 5"0 + 5" - '" . 25n~n '" ck5" - 2 (51) • 

(2.28) 
CkCIt 

.. + 4 2 • 5
15 

1 ", 3112 • 

3necb oneparop (!: + ~2) I R!! cooraercrnyer xaaapary nonnoa saep
r HH. a on ep ar o p :m" I rf-- KHHeTHqecKOH 3HeprHH. n OnO)fQ{M, 'ITO KHHeTH

6 

-+e 
xecxoe ,lJ,BH>KeHHe OTcyrCTByeT. T.e. '" '" 0 • Torna 

e e -+e ...... 
( mCR) ., >= (5"0 + 1 + 2 C 5" + 2 Co5"0 ) • (2.29) 

B neBoH qaCTH paaencraa CTOHT xaanpar OT BeUJ.ecTBeHHoH Bemf1DfHbI, 
B npaaoa - nOnO>KHTenbHO aeonpeneneaasra oneparop, KOTopbIi\ xposre 
nOnO:lKHTenLHblX C06cTBeHHblX 3H8qemm MO)l(eT HMeTb H OTP~TeJIbHbIC. 

QT06bl nOCTHrHYTb corn8COB8HHOCTH, B npaBYJO q8CTb He06xo,lUfMO n06a
BHTb BeJlH1IHHY, panHYJO el! + C l! _ +4tt2 • Torna ypaaaemse (2.29) npa

HHM8eTBHn 

e e -+-+2 
( m C R) 11' .. (5"0 + Co) 'P + (~ + C) II'. (2.30) 

Teneps nOnO)fQ{M, lITO KOOp,IUfH8TbI (Po!.' p) - l.\HK11HtlecKHe. 8 KHHeTH
qecK8.fl 'l8.CTb 3HeprHH OTmtllHa OT HY111I. 'rorna nonsoro 6blTb 

(;R2+ 2Si ) lp _ .\ 'P • .\>0. (2.31) 

OnHSKO 31'0 He T8K, nOCKOJIbKY nOnO>KHTeJIbHO onpeneneHHblM RB111IeTCR 

onep8TOp 

-+ 2 ...... -+2 -+... 2 
+ 2S~ + 5 '" OR + 5) • (2.32) 

KOTOpbIM Mbl H nOn>KHbl38MeHHTb (2.31). CyMMHpyR H3nO:lKeHHoe, npa

XOnHM K cne,u.YJOUJ.eMY ypaaaemoo: 

e ~ ~o D(meR) .,. (JIlo + S ). (2 .33)+ 50)(rn 

YpaaHeHHe (2.32) RBnReTCR o606U\eHHeM ypaBHeJfHR KneHH8-rOpnoHa. 
Flpa R -+.. OHO nepexomrr B ypaaaeaae KneHHS·rOpnolla npa ycnOBHH. 

'ITO 
(; 2 -+ "2~
l!> acl(~o+co) +(1+C) I IR (2.34) 

- ecTb oneparop 3HeprHH (TO'IHee, nepexonar B 06bl'lHblH oneparop saep
rHH). CylUecTBeHHoe OTnHtme (2.33) OT ypaBHeHHR KneHH8-ropnoHa 
COC"rOHT B TOM, 'ITO ypasaeaae (2.33) conepsorr oneparop emma. C%»aKTo
PH3YR (2.33). nOJ1yqHM 1lH1U10r ypaaaeaas .!lHpaKs. C 3TOH nensso rrpaae

neM (2.33) I< cnenYlOlUeMY Buny: 

(m c R)2 _ (4ti - i In "'n )( 4tl - I In mil) ' m. m J1+ I'm2 Ice Re • (2.35) 

YpaaHeHHe (2.36) nonyxeno na OCHOBeCOOTIIOWeHHR 

.. -+2 (2 .36 ) (1 Inll n) . 1 +6i£n"'n' 

x oropoe RBJ1ReTCR cnencraaera (2.26 ). T8KHM 06pasOM, ypaaaeaae 
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iii c R IJI = (4\1 - i ~ n mn ) If' (2.37) 

MO)f(HO p aCCM aTp HBa Th KaK ClleA CTB He <paKTOpH3 aWiH (2 .33) . HTaK, Mbl 

n OllYlJHJlH aaanor ypaBHeHHR ,1lHpaKa )lJ1R xacransr 1/2 aa c eMH M ep Ho ii 

crpepe B 6 a 3 11:c e OKTaa. 

3. KOBAPHAHTHblE CBOflCTBA YPABHEHHH
 
OTHO CHTEJIbHO rpYllilbI nPEOBPA30BAHIDI
 

PaCCMOT p HM rpynny npe0 6 pa30 DaHHH, OTHOCHTeJIbHO KO TOpOH y paa

Helme (2.37 ) KOBapHaJ lTHO. Oneparop C~: n mn ) KOMMyTHpye T C cneparop
p aMH 

Gn = 'RII+ S , n =1 .... 7. (3 .1)n 
C llCAOBaTellb HO , Gn MO)f(HO paccraar panar s KaK reaeparop ID fep HHHTe:m 

M aJIbHh lX n p e06pa30BaHmf rpynnsr, K OTOp aR 0 6 J1a Aa er KOMMYTa llHoHHbI

M H CBoHc TB aMH (2.6). Oneparop KOHelJUblX npeotipas os anaa 6yn er HMeTh 

BHJJ. 
nGU = e xp ( i O / 2ti ) . (3.2) 

lI 

rne On - - naparaerp n p e0 6 p a3 0 B a JUUI rpy rmr.r. B CHJlY TO>Kn ecTB a anacrau
HO CTH HMeeM 

1 (3. 3 ) U ( 411 - i2 m) u- = 4t - i2nm ' 11"= UIJI •nn ll 

T aKHM 06pa30M, ypasnena e (2 .37) HH B ap UaUl'Il O OTHOCHTeJIbH O npeofipa
30BaHHH nauHoH r-py rmsr. 

Ha cesnoaepnoii cdiepe, cornacao (2 .12) Ii (2. 18), 

n  (3.4 ) 1 nm =- Qr Qp , 

non BepraeM (3.4 ) n pe06pa30BaHHlO 

U ( I nmn) U- 1 
'" U ( Qr GJl ) U-1 • 

n p HMeWfH B rtpaaoii lJaCTH paaencraa ueirrpansnce TO JK,UecTBO MYlPaH r a, 

nOllY IJHM 

U ( Qr Gp ) U - 1 = (U Qr) ( GilU - 1 ) • 

n p OB OnR aHaJI Or HJO C npeobpasoaamtera B e KTOp OB B 6a3HCe MaTpHll ,lI,Hpa

K a , K o r n a 

o 0 o o 
( p y ) ' = U( p Y ) U- 1 

, IJI ' = U'P , U = exp ( i8 ~'j.l y 12t). 
Jll! Jl 11 Jl 11 

Mbl BHJJ.liM, IJTO orrepar opsr m npe06 p a3yJOTCR n o " B e KTOp HOMY" rrpen n 
R 

raanemno, a KOOpnHHaTbl Ii HMnynbcbl - no "CnHHOpHOMY" npencraane

mo . B ornasae OT HepeJJRTHBHCTCKOH reopaa, rne B paBHOH Mepe nony
rHMbI K 8K cmmopasre, TaK H aexropasre npencraaneaaa JJ.]llI KOOPAH

ar.snecs aaanora aereropasrx n p e 06p 830 B aHHH He cyuteerayer.Cnenyer 
TM eTHTb, lITO He cnYlJaHHO TepMHH " OeKTOp HOe npencraaneaae" npHMeHH

eJJbHO K oneparopass ~n B3RT B KaBbI'lKH. Ha caMOM nene Mbl anecs 
MeeM neno C 06b l IJH b i M aBTOMOP<PH3MOM rpyrmst OKTaB (Aut Ca ). "3
eCTHO, 'fT0 r pynna Aut Ca TpaH3HTHBHO neHCTByeT aa cepepe S8. lleil
TBHTenbHO, paCCMSTpUB a eMaR rpynna npeotipaaoaaaaa COnep>KHT 7 re
eparopoa, E MH, uanpasrep, npeofipaaoaaaae OcymeCTBnReTCR B narrpaa 
eHHH I k , T O nonaepraiorca H3MeHeHHJO ace WecTb 'HI (j rJ k). MO)f(HO noxa
ars, 'fT0 :TIa rpynna H30MOPcPHa 3U (3) . HecMOTpR aa crorrs CHJIbHOe 

TnHlJlle OT r pyrmsi Jlopeaua, TeM He MeHee 1l0ClleJJ,H1fH COnep)I(HTCR B BH

.e nonrpynnsr, 'fT0 BHJJ.HO H3 KOMMYTatlHOHHbIX cOOTHOWeHHH (2.26) . 
.LI0 cax nop Mbl nOJIb 30BlUIHCb HCKJlJO'lHTeJlbHO OKTaBHbI MH 6 83HCHbJ

m enHtIH~aMH. 31'0 eJJ.HHCTBeHHbIH anre6paHIJecKHH 6a3HC, 0PHrO,IJ,HbtH 

)JR <PaKTOPH3au.HH BocbMHMepHoro COOTHOWeHHJl JJ.]llI MaCCbl (2.2). 
),IJ,HaKO OpH pemenaa pearrsnsrx sanas cyuiecrayer He06xoAHMOCTb nepe
ona K Mal'pH'lHOMY npencraaneaaio. Ono B03MO>KH0 B carry npHHRTOrO 

:a MH npanana yMHO>KeHHH (2 .24) . Mbl euie He orrpenenarra asipasceaae 

Rk = I 
( I

k 
j) 

r j P j • (3 .5 ) 

_ ~ ( i j) _ ~ 
: npaBHIIO neHCTBHH oneparopa .6. It a a B OJlnOBOH B e KTOp . vTO pemaso
.tee npaaano onpenenasr c n effi)lOIUHM 06p a30M: 

Ba3HCHble e JJ.HHH QhI l:~I _) n eH CTBylOT K a K M aTpHItbI BH,JJ.a (2. 20) aa 
.-M ep H bl e aexropsi (CTpOKH H CTon611bl ) H KaK 6a3HcHble eJJ.HHHUbl OKTaB 

- no or no uremno npyr K n p y r y. H830BeM 31'0 npaBH1IO MaTpH3~eH 

IKTaB. C npHHlITHeM npaaana MaTpH38UJfH cP0 P MYn b l (2.23) Ii (2.24) 
TaHOBHl'CH 03aHMlIO co rnacoaamnasen, a ypaaneaae (2.37) paaHblM ofipa
OM MO>KeT 6blTb sarracaa o KaK 

o 
i cRlJI 1 = (4h8iJ - il:(~J) ) IJI

J
• (3.6) 

oIj 
Conb CKOpO Mbl nepeurrm K MaTpH~aM l:k • TO HCHO, KaK noaeayr cefia 
.nepar opsi I k IIpU HHBepcHH KoopJJ.HHaT np0CTpllHCTBa. B 3TOM cnysae 
1aTpHl.\bl (2.20) nepeiinyr B MaTpHllhl BHna 

- ;- 0 • 0;+ o -I 
~o 0 ) 0 

= ( .._ ) . t - ( -. to' t o ) . 3.7)
Orr ( +- 1 

~aKHM 06pa30M, UMCl!l'CII JUJIl nllla ypaullcllu~i ,UupsKa (3. 6). nepexona
UHe npyr II npyra npu IIIIIlCPC IUI KOOpJUUlUl' If COOTBeTCTBy lOIUHe, KaK 

I B /11. npaBblM U JIOIJI.IM :)JJe KTp OUllM . 

B aaxmouenae OTMI~T1IM 1J0 1Jp OCb l , xor opsre Tpe 6 yJOT cnenaam.a or o 
ICCJl en OB llII Wl . 31'0 If IJpoGJICMU IJK llIOl lCU HH an e xrp o ssara a r n o r-o nona, 

I 0 6 0 6 m eHH e ypUlIIIClJllii M UKCUeJIJUI-'uup UKa, H npenensnsre nepexonsr 

Q 



npH R ~ II C .. 00 Ha.H60JIee BIDKHOH II npHHQHnUaJIbHOH HBJIHeTCH rtpo00 • 

6JIeMa anrepnperauaa. ECTeCTBeHHO, 'lTO WIR nam. aeaurer o pa3BHTIDI TeO
pHH He06x o.nUMO np OBeCTH BTOpUlIJiOe KBaHTOBaHUe y paaneaaa (3 .6) H, 
nOJIb3YRCb TeM, xro 3Hepr UH nOKOR IiMeeT BHyTpeHHlO1O CTPYK1YPY (2.34), 
norrs rr arscn orrpe nemrrs cnercrp Macc. Taiose npeACTOUT ac cnen onaaae 
onaouacrasnor-o cnexrpa ypaaaeaaa (3.6) B TpMHI.\HOHHblX nOJIHX (B KY
JIOHOBCKOM, OCIUUlJIJITOpHOM n r.a.} . 

ABTOp 6JIaro.n.apUT B.A.Mt>mepRI<OBa, A ,B .n ecToBa, A.A.BJIa,D.HMHPO
aa aa CTHMYJIIIPYI01lO"IO AIICKYCCIlIO II nstpaxcaer lICKpeHHlO1O npH3HaTeJIh
HOCn, M.r.MemepII I<OBY H H.B.nY3hUUUfY 38 rtonnepxocy II mrrepec K pa
60Te. 
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C00 5~EH ~~, KPATK~E C 0 06mEH~~ . nPEnPHHTW ~ C 60 PH ~K H TPYAO B
 
KOH~E PEH~HA, H3AABAEH~ E 06bEAHHEHH~H HHCT~TY TOH ~AE PH~X HCCflE

AOBA HH A. ~ Bfl~~TCR O~H~HA flbH~HH nYfinHKA~HRHH.
 

C c~ nKH Ha COOfimEHHR H nPEnPHHT~ OH RH Aon~ H~ cOAep*al b cne 
AY~~H e 3neMeHT~ : 

- ~aMHnHH H HHHUHan~ aDTOpo~,
 

- COKpa~eHHoe Ha3BaHHC HH cTHTYT a /OHHH/ H HHAeKC ny6nHKa UHH,
 
- MeCTO H3AaHHR /AyGHa/.
 
- rOA H3AaHHR.
 
- HOMep cTpaHH4~ /npH He06xoAHMOCTH/ .
 

n p HMe p : 

1 .	 Ile p e inu u n a.H . U op, OJ/RH, -84- 64 9 ~ 

/Jy6Ha ~ 1 .9 8 4 . 

C c~nKH Ha KOH Kpe T H Y~ CTATb~ . nOMe~e HH Y ~ B cGopHHKe, Aon*H~ 

conepxa r e : 

- ~ a MHnH H H HHH 4H an~ a BTopo B,
 
- 3a rna BHe C6opHHKa, ne peA KO TOP~M npH BOAAT CA COKpa~e H H ~e
 

cnOBa : liB KH . " 
- COKpa~ eH H oe Ha3BaHHe HHcT HT YTa /OHHH/ H HHAe KC H3Aa HHR, 
- MeC TO H3,qa HHA /Ay6Ha/, 
- r OA H3Aa HHA, 
- HOMe p c T p aHH4~. 

n pHMe p : 

ttonna x oe J1.IJ). a KH . Xl MeX OY Ha p OOHUU 
CU.MnO:lU yM no 5l0epHOU 3.1leKm p O HUK€, OJ1HH~ 

)/I:~- 1J 1- 5 3 , /Jy6Ha~ 19 8 4 ~ c . 2 6 . 

t 'a n u n JI . /I . , C.MUp HOe r. M. B c 6 . "Hpamxu e 
u(I () U/ f ' /l W l OJfHJ1 " ~ N 2 - 8 4 ~ /J y 6 HQ, 1 9 8 4 ~ C . 3. 

PyKOIlHCb nocryrmna B H3.n.8TM bCKHH OTA 
1 arrpena 1985 rOAR. 
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