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B pa6oTe paCCMOTpena B03MO*HOCTb peweHHH MSTpHqnoro aHcfxl,epeH-

UHanbHoro YP8BH8HRH 

dY 

dr 
F_'( T) y y I T; 0 - y O • 

rae MaTpHua F ( T ) - npOH3BOnbH8H orpaHHq8ffH8H HenpepbIBHasi 8HTHCHMMeT

pH4HaR MaTpHua 'leTaepToro nopHaKa. TToKaaano, 'ITO peweaHe aannoro ypaa

HeHHR M0*8T 6b[Tb ceeaeno K p8CCMOTp8HHIO peweaHA aayx KOMnneKCHO co

npR)l(8HHblX YP8BH8HHlt PHKKSTH anR H8KOTOpblX cneuHanbHO BbI6paHHblX 8H8nR

TH48CKHX tyHKUHA f H e• 
PewenHe aocTuraeTcH nepexoaoM K KonbueeoMy 6aaHcy MaTpRUhl F(r), 

CBR38HHOMy C auaronanbHblM npeacTaaneaHeM M8TpRUbl F(r) • TTepexoa K Ta 

KOMy 6aaHcy IT03B0nHeT H8ITHC8Tb peweHHe Hcxoaaoro ypaaHeHHH B BH.Qe He

KOTOporo KOH8'1HOro npoHaaeaeHHH OpToroaanbHblX M8TpHU Ha H8'18nbHOe yc-

noaHe Yo , eCJIH H3BeCTHO peweHHe ypaBH8HHH PRKK8TH f • 

B npoaon*eHHe pa60Tb1/ 1/ paccMoTpRM YPBBHeHHe aaH*8HHSI pemrTH

BHCTCKOlt '18CTRUbl 

~ 

d X I 
F (r ) ~. 

I k d r ( 2. 1) 

TTepeAaeM CH0B8 K M8TPH4HOA 38ITRCH 3TOro ypaaHeHHR H 6yaeM C'IHT8Tb, 

'ITO 8HTHCHMM8TpH'IH8H M8TpHua F ( T) SIBJIH8TCSI HeKoTopoA HenpepbIBHOA 

.QHcfxl,epeHURpyeMoA ~YHKUHeA OT napaMeTpa T 

8 T8KOM eaae, 0'18BHaao, 38.Q8'18 HMeeT JlHWb 'IHCTO MaTeMaTH'l8CKHA 

HHTepec, ITOCKOJlbKY Mbl He XOTHM HBKnBabIBBTb HHK8KRX aorronHHTenbHbIX 

tH3H'18CKHX ycnoaHA ( B '18CTHOCTH, Mb! He Y'IHTbIB8eM aaecb ypaaneault MaK

ceenna, KOTOpblM aon)l(Hbl ITO.Q'IHHHTbCH KOMITOHeHTb[ F, k ( T)) . 
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dX 
ITono)KHM1 nanee, ~ = Y, H 6yneM ncKaTb pewea11e ypaeaeHHSI 

C HB4BnbHhlM ycnoBH8M 

dY_=F(r)Y 
dr 

YI r= O = Yo· 

Tipe/lCTBBHM cpyHKUH!O F (r) B BH/l8 cnenyromeii KOH84HOH cyMMbI: 

x/ 
F(r)= _e_(B. µ + E v ), 

me i i i t 

( 2.2) 

( 2,3) 

( 2.4) 

rne µ i H Vi - HH!pHH~Te3HManbHbie MBTpHllbl ITOBOpOTOB BOKpyr COOTBBT

CTBY!OIUHX oceii, a 8 i H E i - COOTB8TCTByIOmHe KOMITOHe~Tbl aneKTpOMar

HHTHOrO rrons:i, 

MaTpHUbI µ 
1 

n v 
1 

. orrpenennM cneny10mnM o6pa3oM: 

µ. = 
I 

/1 = 
2 

0 0 0 0 

0 0 1 0 

0 -1 0 0 

0 0 0 0 

0 0 -1 0 

0 0 0 0 

1 0 0 0 

0 0 0 0 

0 l O 0 

-1 0 0 0 

11 a= I o o o o 

0 0 0 0 

V = 
I 

V = 
2 

V8 

0 0 0 

0 0 

0 0 

-i 0 

0 0 

0 

0 

0 

0 

0 0 0 

0 

0 

0 

0 

0 0 0 0 

0 -i O 0 

0 0 0 .0 

0 0 0 0 

0 0 0 

0 0 -i 0 

x/ B naHHOM cnY'rne aTo Beere n11wh yno6aan aan11cb. 

4 

( 2,5) 

l 

I 

•• 

HeTpynHo rrpoaepHTb1 4TO nns:i .8THX MaTpnu MO)KHO H8ITHC8Tb cneny10m11e 

KOMMyTaUHOHHbie COOTHOllieHirn: 

~ [µlµjl=-(ijkµk 

( [;,., v l=( µ 
· .- · I j. ij k .k 

~ [µ i V j ] = - ( I j kV k 

~ [µ.v l=O 
. ; 1, I 

( 2,6) x/ 

( 3nec1, l ilk - rronHOCTbJO 8HTHCHMMeTpH4Hblll TeHaop. TpeTbero paara); 

PaccMoTpHM nanee .pewea11e xapaKTep11cT11qecKoro ypaaaea11s:i 

IF(r)-,\(r)El=O. ( 2. 7) 

B pa36npaeMOM HBMH cnyqae MQ)KHQ HBITHC8Tb 

l 
,\ l , 2 = :!: i W ( T ) . 

A = + K (r ) , 
3,4 -

( 2,8) 

rne w(r) n K(r) na10Tcs:i' cpopMynaMn: 

.I 

- 1 2 1· 2 / 
w(r)=I-F +-yF +4( eF Fe 112 

2 ik 2 . ik ijk lj k 

1 2 1 . / 2 1 /2 
K (r) = { - -- F + - v F + 4 ( . e F .. F e I 2, ik 2 ik lik 1l k 

l ~.e) 

111 
B pa6oTe . 6bmO H8ITHCBHO rrpeo6pa30BBHHe Q I C ITOMOIUb!O KOTO-

poro -IIOCT05IHH85I_ MBTpHUB F MQ)K8T 6b!Tb rrpHB8_/l8HB K K8HOHH"leCKOll cpop

Me F • Bb16epeM, nanee, HeKoTopoe Q ( r) 11: aarrnIIIeM: 
J 

x/o qeBHAHO, 8TH COOTHOllieHHH COOTB8TCTByIDT anre6pe nn OAHOpOA-

HOil: rpynnbI flopeHua, XOTH Mb! anecb H8CKOnbKO OTCTyITHnH . OT o6menpHHH

Toil: TepMHHonornn. 
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F(r)=Q(r)lw(r)µl+K(r)vi I Q-
1
·(r), ( 2. IO) 

rae HHlleKC i - HOMep nIOOOH BhlOpaHHOH OCH, OTHOCHTenbHO KOTOpOH rrpOH3-

BOllHTCR anaroHannaaung. 

. BseaeM cneay10mne opToroHanbHbte MSTpHUbl KOHe'IHbIX IlOBOpOTOB BOKpyr 

COOTBeTCTBYIOIUHX oceH 

cos tf,' (r) sin tf, 
3 

(r) 0 0 
3 

-sin tf, ( r ) cos o/ 
3 
(d 0 0 

tf,/r)µa_ I 3 
e - 0 0 1. 0 

0 0 0 l 

costf,
2

(r) 0 -sin tf, (r) 0 
2 

0 l 0 .0 

o/2 (r) /l 2 l sin tf, (r) 0 cos tf, (r) 0 

} ( 2. 1 1) e = 
2 . 2 

0 0 0 l 

l 0 0 0 

0 cos tf, ( r) - sint/, ( r ) 0 

etf,l(r)µl= I 
1 1 

0 - sin tf, (r) cos o/ I (r) 0 
.•. 1 

0 0 0 l 

(3aecb Mb! BOCITOnb30BanHCb H3BeCTHbIM 3KCITOHeHUHanbHbIM- rrpeacTaBneHHeM 

OpOTOrOHaJlbHbIX MaTpHU) • 

6 

I' 

l!l aHanorH'IHo: 

I 
ch a 

1 
(r) 0 0 ish a 

1 
(r) 

• 
· ea/r)v1 =' 

0 l 0 0 

0 0 l, 0 

.:.. ish a 
1 

(r ) 0 0 ch a 1 (r ), 

l 0 0 0 

\ ( 2.12) 
0 ch a (r) 0 i sha 2 (r) 

e a2(r)v2= ( 2 

0 0 l 0 

0 -isha
2
(r) 0 cha

2
(r) 

l 0 

0 0 ) 
a a<r) v

3 I 
0 l 0 0 

e = 0 0 ch a 3 ( r) i sh a Jr ) 

0 0 -ish a
3 

(r) ch a 
3 

(r) 

.UanbHeH11me BbIKnaaKH 3Ha'lttTenbHO yrrpoma10TCR, ecnn BOCITOnb30Ba.TbCR 

H3BeCTHOH cpopMynoH, KOTOpyIO HeKOTOpb!e aBTOpb1/4,5/ H83b!B8IOT cpopMynoH 

BeKKepa-Xaycaopqiax/. BseneM cneny10mn8 orrepaTop: 

(DX)Y [ X y ] 

(DX) 2 Y =[X[XY]] 

____ - -- - - - - - - -H T.n. 

Torna. B orrepaTopHOH cpopMe HeOOXOllHMOe COOTHOIIIeHHe 6yneT: 

ex Y e -x 
00 

~ _Ql_~y 
n= 0 n ! 

(DX)Y 
e 

( 2.13) 

( 2. 14) 

x/ Ha caMOM nene 9TO nmIIb '18CTHblll cnyqafi cpopMynbI EeKKepa-KeMrr-

6enna-Xaycnopcpa/7,8/. 
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t 
$ 
'· J 

TaKHM o6paaoM, ecnn BOCIIOnh3OB8TbCSI MaTpllUBMll ( 2. 11) ll ( 2. 12) i TO rrpe

o6pa30B8Hlle K K8HOHH'IeCKOll l!WpnaHOBOll qiopMe ( 2. 10) MO)!{eT 6bITb 381IIIC8-

HO B COOTBeTCTByromeii_orrepaTOpHOll qiopMe. 

Bb16epeM, nanee, CllCTeMy KOOPAHHaT, KOTopaS! 6yneT cnenoaaTb 38 ll3-

MeHeHlleM aneKTpoMarHllTHoro rrom1. B '18CTHOCTll, Mbl MOlKeM IIOTpe6oBaTh, 
➔ 

'lT06bI B BbI6paHHOll CllCTeMe BeKTOp B (r) Bee BpeMSI coarranan C OAHOH ll3 
➔ 

oceii KoopnHHaT, a BeKTOp E ( T) neJKan 6bI B rrnoCKOCTll ( X X ) • 11aaecT-
• I j 

HO, 'ITO TBKOe rrpeo6pa30B8Hlle nocTHraeTCSI TpeMR rrpocTpaHCTBeHHhlMll rro-

BOpOT8Mll/ 1/ ,/9/, 'ITO Mb! MOlKeM 38IlllC8Tb B cnenyromeM Bllne: 

rne 

.. 

-if,_ (r)coµ 1) if,kcr)coµk) -if, /r)coµ1) 
e l e e F(r) 

= _!_ { B ' (r ) µ + E ' (r ) v I , 
me i l I l 

B' = 0 
i rrpll 

E ' = O rrpn 
i 

i .f. j 

i .f. k .f. 

(2,15x/) 

( B Bb!palKeHllll orrepaTopa IIOBOpoTa rro ll k He cyMMHpyeTCSI). TipllHll-

MaH, B Ka'!eCTBe llCXOAHOll, MaTpllUY' rronyqeHHYID B ( 2.15)' 6ea Tpyna y6eJK

naeMCSI, 'ITO rrpeo6pa30B8Hlle K K8HOHH'leCKOH qiopMe 6yneT: 

--if, .(r)coµ.l -a.cr)co v > F'() () . () e 1 1 e , I r = w r µ 
1 
+ K r v

1 
( 2.16) 

(i.f.j.f.k) 

He Hapywasi o6urnocTn paccy:»utem1ll, MbI Bcerna MolKeM aaqmKcllpOBBTb 
llHAeKChl KBHOHil'leCKOI'O rrpeo6pa30B8HIISI II paccM8TpI1B8Tb KOHKpeTHhle npe
o6pa30B8HIISI K KBHOHil'leCKOll ~opMe (cM, IIpilnolKeHIISI 1 II 2). 

8 

, I 

t 

f, 
t' 

TaKHM o6paaoM, rronHoe rrpeo6pa30B8Hlle MaTpllUbl F ( T) K KBHOHll'leCKOll qiop

Me rronyqaeTCSI C IlOMOmhro cnenyromnx KOHe'!Hb!X IlOBOpOTOB BOKpyr COOTBeT

CTByromnx oceil:: 

if,.coµ.l --if,kcoµkl ¢,'.coµ.) a.iov. 
F(r)=e.l l e e l l e, ' if, i (D /L;) I w /L . + K Vi 

e l I • ( 2. 17) 

BocrronhayeMcH rronyqeHHbIM rrpeo6paaoaaHneM nnH · Toro, '!T06b1 BMecTo aenn-

'lllH /L ; ll Vi BBeC:Tll HOBblll 6aanc. PaccMaTpllB8R COOTHO111eHH~ ( 2.16)' 

aaeneM cnenyromne MaTpllUhI: 

l
a 1 =JL +iv 

a* = JL - i V 
j j j 

( 2. 18) 

Torna M8Tpnua F , (r) MoJKeT 6b!Tb 38IlllC8Ha B Bllne CYMMbl nayx KOMrrneKCHO 

COilpS!lKeHHbIX MaTpHU, 

F '(r) = 
W- iK 

I a . cos ,( if,. - i a.)- E 1 . k a k sin ( if, . -i a 
1

) l + 
2 J 1 l l I 

( 2.19) 
W + iK 

I a* cos ( if, + i a )- E a* sin ( if, + ia.) l + 
2 j i i i j k k i 

rne MaTpllUbl a i II a *1 IIOA'lllHSIIDTCSI cnenyromnM ycnOBHSIM! 

[aial]=-2£1ikak [ a ~ a *i 1= - 2 £ i l k at 
( 2.20) 

[ a a* 
i j 

] = 0 

Bocrronh30B8BllillCb Bb1palKeHHeM ( 2, 19) nnR MaTpHUb! F, (r) ll COOTHOllieHHRMll 

(2_,20), aarrn111eM ncxonHyro MaTpnuy F (r) OKOH'laTenhHO B cnenyromeM BHne: 
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W - i K 11p Q -ilp QI QI 
F(r) = ---- I k e l -JJ +k e l.:, + k .:, I+ 

I I 2 ·2 3 3 2 

w+iK I k* + ---- I 
2 

e - uf, l '!l* + k * e itf, i'!J * + k * '!J * I 
I 2 2 3 3 ' 

( 2.21) 

rne nono)Keao: 

k = _l_ (a - if a ) 
I 2 I Ii k k 

k* =_!_(a* +if a* ) 
I 2 I i j k k 

k = -1. (a +if a ) 
2 2 I Ilk k 

k* = ..l. (a* -if a* ) 
2 2' I Ilk ·k ( 2.22) 

k = i a 
3 i 

k* = -ia* 
3 i 

( Bb!p8)K9HllSI nnSI ~yHKllllll ~ I (r) ll ~ i (r) ll8Hbl B npnn0)K9Hllll 3). HeTpynao 

y6ennTbCSI, qTo nnR onepaTopos k I n k *1 nonyqaeM cnenyIDmne K0MMyTa

unoHHbte C00TH0lli9HHSI! 

[k1k2]=ka / [k* k* ] = k* 
I 2 3 

( 2. 23) 

[k k l=2k t [k' k' ].2k• I 3 I I 3 I 

[k k ] = -2 k [k* k* l=-2k* 2 3 2 2 3 2 

H, aaKoHeu: 

[ k I k\ l= o. ( 2. 24) 

EyneM ncKaTb peweane ypaBHeHHSI ( 2.2) c aaqanbHbIM ycnoBHeM ( 2,3) 

B Bnne npoll3B9ll~HHSI: 

g3(Tlk3 g 1.<rlk1 g2(T) k2 
Y (r) = e · · e e e 

g\ (r) k; g~ (T) k * 
e . I 

g; (T)k* 
e 2 Y · . ( 2.25) 

' 0 

10 

I: 
f '. 
} 

r 
t 

.1 
l 
( 

11( 

I 
1 
I 
! 

I 
I 

' '1.J 
~ ,t~ 

'l 
'! 

J 

i 

IToncTaBmrn aTo pemeane B ypaBHeane ( 2,2), nony,:mM: 

g 3(r)(Dk3 ) g 3 (T)(Dk 3) g1(r)(Dk 1) 
g ; (r) k 

3 
+ g ; ( r) e k 1 + g ; (r ) e e k = 

• 2 

w ( r ) - i K ( r )I k 1tf, i Cr) '!J ( r) + k e - i tf, i '!J ( r ) + k 
3 

'!J 
3 

( r ) I 
e I 2 2 2 1 

( 2,26 

g*' (r) k* + g*! (r) eg\ (r)(Dk!\* *' ( ) g*a (r)(Dk\) g* (r)(Dk*) 
a a I I +g2 r e e I I k* = 

2 

w(r)+iK(r) lk* -1~(r)'!l* (r)+k* e1tf,/r) '!l* (r)+k* '!l* (r) I. 
le l 2 2 3 3 

2 

HannweM eme 8Tll ypaBH9HllSI B cnenyIDmefi B9KTOpHO-M8TpllqHQll ~opMe: 

e iif, /r) 'Y (d -2 g g<r) 2 < ) -2 g a er) . ) c(·) I e g 
I 

r e 

w(r)_ i K (r )l _ 1 if, (r) 'Y ( ) 
0 

2 g 3cr) 
0 g ' (r) ---el 2r = e 

2 2 

'!:I a (r ) 0 g /r) 1 g ' (r ) 
3 

-1if,l (r) , • (,) ( ) ) ( \ ( 2.21 'Y * (r ) e- ga g*/(r)e-2 g\r O g~'(r) e 
I 

w(r)+iK(~ l e 11/f l (r) '!:l*(r) 
= O ,,.;(,) 0 \~','(,) 2 2 

'!:I* (r ) 0 g * (r ) 1 g *' (r ) 
3 I 3 

nonoJKnM nanee: 

~ ,; = g ( r ) e -
2 

ga er ) 

( ,;* =gt* (r)e'-2g~ (r) 
I 

11 
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TTOJlCT8BJUHI 8TO pelllemie B ypaBHemrn ( 2.2).' rrony<m:M: 

g a<r)co k3) g a (T)( D k3) gl(T)( Dk 1> 

g ; (r) k 
3 

+ g ; ( r) e k 
1 
+ g ; (r ) e e k 

2 
= 

( 2.26) 

cu(r)+ iK(r) I k*
1 

e -u4(r)'!:I* (r) + k* e ii/Ji (r) '!:I* (r) + k* '!:I* (r) I • 
2 1 2 2 3 3 

HanHllleM eme 8TH ypaBHeHHH B cne)lyromeft B9KTOpHo-MaTpHqHoA ~OpMe: 

w(r}+iK(r) 

2 

ITonolKl!M aanee: 

'Y* (r) 
3 

0 

0 

. 

2 g 3 cr) 
e 0 

e -2 g~ (r) g *1 \r) e-2 g*a(r) 0 l 
0 e 2 g;(r.} 0 

0 g* (r) 1 
1 

l 
f - ( ) - 2 g3 (T ) ,-g

1
r e 

f,* =g* (r)e'-2g~ (r) 
1 

11 

g, (r) 
2 

g, (r) 
a 

g * '(r ) 
1 

g*, (r ) 
2 

*, (r) 
g 3 

{ 2,27) 

{ 2,28) 



nmr qiyHKUHH ,; II {* H3 ( 2.26) nony,:rneM .1:tBa KOMnneKCHO conpmKeJIHbIX 

ypaBHeHIISI PHKK8TH cneny10mero BHna: 

/:, E 2 · W - i K -i ip i QI /: W - i K Qr 
s - ., --- e .:,2 + 2 s --- .:,3 

2 2 

W - j K 

2 

11/f j '!:I 
e 1 

( 2.29) 

,;*' _ ,;*2 W+ iK 
2 

itp l '!:I* + 2 ,;* e 2 
QI* W+i K -11/f. QI ----.:, = ---- e J .:,* 

3 2 1 

W+iK 

2 

Ha 8TOM Mb! M0:1KeM OCT8HOBHThCSI H C'IHT8Th perneHHe nocTaBneHHOH 3anaqn 

38KOH'leHHI,IM. 

I1TaK, Mb! noKa3ann, qTo npo5neMa perneHnsr MaTpHqHoro nnqiqiepeHun-

anhHoro ypaBHeHHSI ( 2.2) c Ha'lanhHhIM ycnoBHeM ( 2.3) MO)KeT 5b!Th CBeneHa 

K H3y'leHHIO KOMITneKCHO conpsr:1KeHHb!X ypaBHeHHH PHKK8TH ( 2.29) B · cnyqae; 

Korna 8HTHCHMMeTpH'IH8SI MaTpHua qeTBepToro nopsrnKa npoH3BOnhHO 38BHCHT 

OT napaMeTpa T • Heo6x0.1lHMbie orpaHH'leHHSI B 8TOM cnyqae Ka:1KyTCSI 

MHHHManhHbIMH, a _HMeHHO: Mb! Tpe5yeM orpaHH'leHHOCTII n . Henpepb!BHOCTH 

MaTpHUbI F ( r). 

B 3aKn10qeHne aBTOp Bb1pa:1KaeT 5naronapHOCTh E.H. BanyeBy, B.I1. Orn

eBeuKoMy H I1.B. ITony5apnHoBy 3a o5cy)KneHne naHHoii pa5oTbI n psrn none3-

HbIX KOHcynhT8UHii, fl.IT. KynpnHy II E.n. cfle)lJOHhKHHY 38 pSI/l KpHTH'IeCKHX 

3aMe:qaJIHii, a TaK:1Ke H.B. Py5nHy 38 rrocTosr,HHbiii HHTepec K pa5oTe. 

ITpHno:1KeHHe 1 

PacCMOTpHM KOHe'IHhle IIOBOpOThl 

HbIX oceii. 

BOKpyr COOTBeTCTBYIOII!HX KOopnnHaT-

a) 
ip(r) (o µ; 

e 

HeTPY.llHO npoBepHTh: 

µ.= 
J 

n 
oo (ip(r)) n 

~ ---- (Dµ .) 
- I I n=O n-

µ i 

(D µI) n µ i = (D µ 
n-1 

) [µ i µ i 

12 

( 1) 

( 2) 

' 38M0THM O'I0BH.1lHOe COOTHOWeHne: 

i/J(r)coµi) µ =µi 
e. ~ I 

Bb!pa:1KeHHe ( 1) 5yaeT: 

i/J(r)coµ) 
e i µ i = µ i cos 1/1 ( T ) - f I j k µ k sin 1/1 ( T ) 

B) 

c) 

.ll) 

ip(r)coµ 1 )
11 

=V 

e • l cos 1/1 ( T ) - f I j k II k sin 1/1 (r) 

ijJ (r) < o v . ) µ = µ ch .,, ( r ) _ f . . v k sh 1/f ( r ) 
e I j j 'I' 1J k 

1/1 (r )(o II i ) II = II e ch ijJ ( r ) + c' 
1 

i k µ k sh 1/f (r ) 

ITpnno)KeHne 2 

( 

: ( 

( 

a) ITpeo5pa30B8HHe K qiopMe ( 2.15)' HanpnMep, MO)KeT 5bITh Bb!5paH, 

- 1/1; (D µ 3) o/2 (D µ 2) 
e e 

rne M8TpH'1Hbie aneMeHTbl 

-¢ 3 { 
e o µ a ) F - F, µ a + Fa~ 

- 12 

F' paBHbI: 
i k 

11 3 + F 2,4 

F ' = F cos IP - sin IP ( F sin 
12 12 2 2 13 

IP - F cos IP . ) 
3 23 .3 

F
3

'
4 

=F
34 

cos i/J
2 

-sin i/J
2 

(F
24 

sin i/J
3 

-F
14 

cos i/J
3 

) 

13 

112' , 
( li 

( 21 



'38M0TliM O'IeBli.QHoe COOTHOW0Hlie: 

Bb1palKeHne ( 1) oy.oeT: 

t/J(r )(D µ .) 
e I µ j = µ j cos 1/' ( T ) - ( I j k µ k sin 1/' ( T ) 

B) 

1/f (r) ( D µ I ) ( ) , I, ( ) 
e V j = V i cos 1/' r - ( i j k V k sin 'I' T 

c) 

e 1/' (r) < D v I ) µ l = µ i ch 1/' ( r ) - E i i k v k sh 1/' ( r ) 

.0) 

e 1/' (r) (o v I ) v = v ch t/J ( r ) + c' µ sh 1/1 (r ) 
I j k k 

TTpnnolKeHlie 2 

(3) 

(4) 

( 5) 

( 6) 

( 7) 

a) TTpeoopaaoBaHHe K qiopMe ( 2.15), HaIIpHMep, MOJKeT Ob!Tb Bb!OpaHo: 

( la) 

r.oe MaTpH'IHbI0 aneMeHTbl F: k paBHbI: 

F ' = F cos t/1
2 12 12 sin ·'· ( F sin ·'· - F cos ·'· •) 

'f' 2 13 'f' 3 23 'f' 3 

13 



F, 
. 24 =cosifr; (F24 cosi/!3 +F14 sini/!3 )+sini/!3' l<F14 cosifJ

3
-F

24
sinifJ

3
)cosifJ

2
-

- F34 sin ifJ 2 I 

nptt ycnoBHH: 

F13 =- F23 tg i/!3 

F 12 tg ifJ 2 = F 13 sin ifJ 
3 

- F 
23 

cos ifJ 
3 (3a) 

(F24 cos i/! 3 +F14 sini/!3 hgifr; =-cosi/!2 (F24 sinifr
3 - F 14 cos i/i3 )-Ji4 sini/!2 . 

6) Bb161IpaH, B K8'!9CTBe HCXOAHOH, MaTpm1y C MaTpH'lHb!Mll aneMeHTa

MH (2a),npHB9A9M ee K K8HOHH'l9CKOH •opnaHOBOll <popMe 

- ifJ I ( D µ 1) -a 1 (D v 1 )F , 
e C = W µ 

3 
+ K_V a ( 16) 

B peaynbTaTe rronyqaeM: 

I 
w = F ; 4 sh a 1 1:,in i/!1 + ( F /2 ch a .I - F; 4 sh a 1 ) cos ifJ 1 

( 26) 

K = F ' ch a cos ifJ - ( F ' sh a - F ' ch a ) sh ifJ 
34 I I 12· 1 24 1 1 

IlpH ycn0B1m: 

I 
F, sh a C'OS ifJ 1 = sin ifJ 1 (F, ch a 1 - F ; 4 sh a 1 34 1 12 

F , ch a 1 sin i/!
1 = - cos ifJ l ( F , sh a 1 - F ;

4 
ch a 1) 34 12 

(36) 

Ma 3TllX COOTH0lli9Hllll nonyqaeM 

wtgi/! =Klha 
1 1 

(46) 
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ITpnno>KeHne 3 

Koa<pcpnuneHTbI B Bbipa>KeHnn ( 2.21) cne)lyronme 
~ 

'!:I 1 = - E i l k cos ( ifJ 
1 

- i a 
1 

) sin ifJ k - i sin ( ifJ 1 - i a 1 ) (cos ifJ '1 + i sin ifJ '1 cos ifJ k) 

'!:I =-E cos(ifr -ia) sinifrk+isin(ifr -ia.Hcosifr' -isini/!'1 cosifrk)() 
2 i j k i i i 1 j 1 

'!:I = - i ( cos ( ifJ - i a ) cos ifJ + E sin ( ifJ ..;. i a ) sin ifJ sin ifJ ' 
3 I i k i I k i I k - l 

'!:1*1 = -E ilk cos (ifr 1 + i ai )sin ifJ k + i sin (ifr 1 + ia I Hcos ifr; -i sinifr; cosi/!k) 

'!:I* =-E cos(ifr +ia )sinifr -isin(ifr +ia.Hcosifr'+isinifr~ cosifrk )(
2

) 
2 i j k i I k I • j I 

'!:I* =i(cos(ifr +ia )cosifr +E sin(ifr.+ia.)sini/! sini/!') 
3 I i k - i j k 1 1 k _l 

ITpnno:>KeHne 4 

Haii:neM SIBHbJe Bb!p8)K9HlISI <pyHKUllll g . (r) OT g (r )' , KOTopyro Mb! 
1 

6yneM C'llIT8Tb l!3B9CTHOH. Ma ypaBHeHllll ( 2.27) HBXOAllM 

T 

g3(r)= J 
0 

w-iK 

2 

T 

( '!:I - e - ;ifr i '!:I 2 0 d T 

3 

g 
1 

( r) = c; exp 2 J 
0 2 

W-iK 
( '!:I 

3 
-1ifr 1<y ,;)dr I e 2 

T 

g 2 (r) = J 
0 

AHanor11qHo: 

T 

g* (r) = J 
3 0 

W-iK 

2 

w+ iK 

2 

T 

e - iifr l 'Y 2 exp I -2 J 
0 

~__:_!_~_ ('!:I -e-i1/'i'!J
2
0dr'ldr. 

2 3 

( ~ * - e
1 

ifJ i '!:I * ,;* ) d r 
3 2 

T w+iK iifJ · 
g* (r) = t* exp 12 f --- ('!:I* - e 1 '!:l*c;*)dr I 

I O 2 3 2 

( 1) 

( 2) 

Tw+iK iifJ· Tw+iK iifJJQ' 
g*(r)= f ---e 1 '!:I* exp l-2J----('!:I* -e ~*~*)dr'ldr 

_2 0 2 2 0 2 3 2 
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TTpHno)Kemrn 5 

PeweHHe ypaBHeHH51 ( 2.2), B3SITOe B •BHJle .( ?.25), npe.ocTaBnSieTCSI KaK 

Koaeqaoe npoH3ae.oeHHe opToroaanhHhlX MaTpHU Ha aaqanbaoe ycnoBHe Y0 • 

I1onO)KHM: i =I; k=2 ; j = 3, Tor.oa 

k I = ~ ( /L I + i /L 2 + i v, - V2) 

k =-!_(µ -iµ
2

+ 
2 2 I 

v 1 + v
2

) 

k
3

=i(µ
3

+iv
3

) 

11cnonh3YSI 9TO, HElilHilleM, HanpHMep: ( ~ .. ish g 3 
0 0 

e gaka = -;:"" 
ch g

3 
0 0 

0 ch g 3 -ish g 3 

0 i sh g 
3 

ch g.
3 

. g I 
0 0 . g I 

ch~ 0 
. . ' g, 

cos-- -sm-2 -ish-
2 2 2 

0 co s.!J . g, 0 0 ch __g..1 0 SID --

eglk ~ 2 2 2 

0 . g, 
cos~ 0 ish~1 0 h gl -sm- C -

2 2 2 2 

sin.!..! 0 0 cos ~I 0 ish..E...1 0 
2 2 2 

cos _K.t 0 0 -sin .!,a ch .:..!t. 0 ish~ 
2 2 2 2 

0 
g2 g2 

0 0 
g2 

0 cos- sin- ch-

e g2k2 = / 
2 2 2 

-sin~ cos~ -ish_JL2 ch~ 0 0 0 
2 2 2 2 

sin..!!.:! 0 0 g2 
0 -ish.!.a 0 cos-

2 2 2 

16 

0 

-i sh.£!. 
2 

0 

ch~ 
2 

( 2) 

0 

ish~ 
2 

0 

ch~ 
2 

( 1) 
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