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§ 1. Bae n eHHe 

/l i
B .ra weli npe/lb1uymeJi pa60Te 6bTnH nOnY'IeHbJ penHTHBI!CTCKI!- IlHBapH8IlTHble ypaBHe

HlHJ .a nSI COCT6B H bi X qaCTlfll . M eaOH l.>l, paCC M BTpli a aBlllBeCH Ktl.X CBH38HU bte CQCTQ m-IlfSI .l<...napKB 

lJ 8HTH KB apK8. B' rrp rIcyTC TBHH cna6oro DHewHero 3IIeKTp0ll.'tllr'HUTHoro n on s:{ onaC LlsanUCb 

y p8SlIe UlteM: 
, BB 0 ' 

(p2 _ m ' ) <P A Jdk r(k 2 )[r " ¢ , + ¢ 1 , (! . I ) " A(k. o ) A (p .lt) 8 'o;.p ) A (p.k ) 

I'ne . A' 
I' ,,' - 2( p A ( k ) e + e k A 1

II 1\ 

U 

rnB, - 2[ p A (k ) e + e A ] 
n 

npn'leM f (0) = 1 • 

.. 0 

3n eCb ¢ R - u o nH o B a ll IjJYHK llH II MeS OHB KBK lleJJaI'a, rpYfrKllHlI r(k -) onpe/l e1HleTC ~ 

BOli fl OBOfi cpyHKu He il: OTHOCHTenh H o ro JlBHii\ e HJHI Ka Sp ltB U BJI 'tlt K.8apKB ( D Ha UJci1: MOO 9'JlB OHa 

npOCTO a w p a ;.t(aeTC H '1epes Qe T bJ p eXMepHb1l1 nOT e fllW 8JJ, o 5ycn8anJof BIH"lllJl 1·1 Cll l1Sanll L le COC T OIl 

HH l1 " Bap" .. U 8HT IiKnapK8), A, B - ne oi!Hble llllilOKC bJ: A ~(a,p) • ('ne a - cnllHopHLl n llll 

neKc. npo6eraIOillu fi 3H8'le HIHI 1"1, = 1. 2 1 3. 4, P - Y HHT llPHhdi IH IneKC , p =1 J 2, 3 .1 e - M 8 T

P"U8 3IJeKTpn'le CKOI' O sapH.a a : 

2/3 o 0 
e = ( 0 -1/ 3 0 ) ( 1.2) 

o - 1/3 

m - MaCC D M e 30na. n pu paCC l'AOTpe llU n oapHoHoB KB1( C fH13B HHhl-:t COCTOHHlj B Tpex KBSP K OB, 

ll i 
B p a60Te Obl ll O non yqellO TO KlHe ),PIlBHefIH e 81l0 6 : 

(p 2 _ m 2 ) ¢ (p) = 2 r dk F (k 2) (Ap )[ e + e + e 1 ¢ ( p - k ) + 
N AD 0 A lJ C ~ {i C 

( 1.3).. 

+3 r dk F( k ') [(ek'~) + (e k A a+(ek A ) if; (p - k), 

A C A BC 

r u e ¢ - 1I0 JJ AO El8S1 q,YHKUHSI OOPHOll8 KOK uenoro. ¢>y n KUI I51 F (k 2 ) OHaTlOrll'lHO '. leSOHIIO'<Y 
ABC 

cnY QSlO OIl pe ll el1Re~r("~ B OJUiOB O(l lPYUKUHeA OT H OC U TeJ1b HOrO I-lBHi:<eUHSI Tpex K s apKOB, 06pS 3YlO

JllHX 6apHOI1. m N-M" cca 6 a p llOH8. 

UeIIbJ'J l! acl' o nme ~i 3 Bi··9 1"K1t HBn9:eTCs:! Jl3Y-QeHfte 3 J1 e KTpOMe r m IT ll l"X 1!)Opt.H>SKTopon nil 
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<pJ<3HQeCKIIX qaCTHll 11 o505welIHe nonyqeHHblX pe3ynbTaToB HS cnyqall cna6blX BepWIlH. 

3neCb e ywecTBeHtl O C/lenllTb 3aMe'lIlHl<e 0 "pellenax nplIM eHHM OCTH q,H3I1qeCKIIX pe3YIlb

TaTOB, nonyqeHH.bl X Ha oeHOBe ypaBHe Hull (1.1) H (1.3). 3TH y paBHeHHf!, onHCblBalowHe COOT

BeTCTBeHHO Me30Hhi u 6ap110H bl . HenOK8nbHbI. D03TOM Y paCC M OTpeHIJ e 3THX y pan HeHHil (c TOq

KH ape HU5I nonyqcHuR BepTeKCOB B KBBHTOBOI1 aneItTpo.nHHBMHKe) cnpssennaBO TOJlhKO B TO M 

cnyqae , Kora a KBallpaT nepea aHHoro IlMl1yllbca k ~ M Horo MeHhwe napaMeTpa 06pe3aUHSI N; 
KOTOPblii DX OJlIlT B onpellene Hlle q,OPMIjlaKTOPOB

/I 1 
f ( k') H f(k'~ C llpyroll CTOPOHbI . 3q,q,ex-

T H B HBH M B ces M e.:JOHOB H 6apHOHOB no nOp5J,UKY BenJPU:lHbl T8XOBB >Ke, qTO Ii nap8.MeTp o6pe

3 tlH1Hl . CnellOBBTen bHO. MO iKHO O>KH1l8Th , QTO 4>opM¢aKTOpbl. Bbl'UlcneHHble HB DCHoae 9THX 

ypaoHeHIf n, UP 8Bll JIbHhi B 05naCTH 

2
k ' < < m 

r ,ll e m - M acca M e30aOB linH 5apHoHoB COOTBeTCTseHHO. 

2. Paa naUHoH Hb,e pacna.nbl BeKTopHbIX MeaOHOB 

I1CI10Jlb3YS! y paBue.Hl!e (1.1) . 1.10 lK110 , KaK OblJlO nOKa3aHO B II I , nonY"IHTb cne.uYJOllIee 

Bblps)t(emte .a nH BeplllI1 Hb l J OnHCbJSBIOllle:H B38H MoneiicTBHe M830HOB C 3neKTpOMarHliTHbJM 

noneM: 

J --"-':l f(k') ! (I +~)( ¢- ¢ )0- (1+ ~ )(,r ¢ ) . a 
m 8m' /l /l F 4m 2 " ... 

\2 . 1 ) 
-_1_ 0 k -J.. g k ') (¢- ¢ ). 1+ ~f Ck')[¢ ¢ -¢ ¢ 1"+ 

2m 2 /l v 4 iIV I' v F mila a /l F 

+ -
1 

( ,,_ P k [¢fj¢ - ¢ if> J • . 
m:il atJVp a p ~ 6 fj D 

rne 

('/ ¢ ):,~ ,f-,¢o'e o  ¢-~ eQ '¢ 0 
Q II P q q 

- '" - , - 'Q
(¢ ¢) ~¢~</>Oeq+ .pP,C'</> 

D QQp qqp 

113 BblpalKeHIHI (2.1) nnS! BepWI1HbI "hl J10Jly~aeM: 

v 2 k 2 
gE ~ efCk )(1+- ), (2.2) 

8m~ 
2 

gP~e!(k2)Cl+ k) (2.3)
E ~' 

g v~ 3..=. f(k '), (2.4)
Q m2 

g v~ ~fCk')
M m ' (2.5) 

4 



rAe g v . p _ 311eKTplI'I eCK ll e q,opM<flBK'r Opbl neKTopHblX II llce BIl Or:JeO;TopHL1X Me30HoB, \' 
g ..E 

v 
M £.rHHTHblfi cpopMlPaKTOp a eKTopHhlX MGaOH OB, a r. Q - KDaJ.lpynonbH blH :\for....IQ U T BeKTOpHbJX 

1'.! e30H OB. 

Oocnen llllil '1 11eH B $ opM YJJe (2 . 1 ) OllllC [.l BBe T p OllllaUll 0H"1l~le pBcnBllbl II qloTopoJ:'!, e IllHI 

B eKTopHbl X M e30HOB . fl o n c T 8 Bfl 5HI B ttJ1eH , OT BeTCTn el tHb[~ 38 p a U H.9 UU OIlHW e pecnanbl , 1( 3 

BeCTHbl e M BTPU.llbJ n n Sl nc e Sll OC K B lurpH LI X H o e KTOpHl..IX ~1e30B OB , nony 'lU-f M 

- . - + - - + - - ,.. [ ep ¢] =.l[ l7+p + 1T -p -+ K K* + KK* -2I<° Ko -2 KOK O] + 
G f3 D 	 -T 

(2,6) 
+ [.l 17° + ---L ,70 +v...1. ; 0 1 po + r-J,.;;o - _.L,7" J ¢ ° + 

3 'liT 3 \13 3 

+[ v' ...L ,;0+ .J?' ~ o + 2 ; ° 10)°
3 "T 3 • 

An SI <pH3U l1 eCK li::t COCT OflHUfi W - 11 cf; - M e30HOB HMe O M: 

(,) - ~2 ",0",O+_ i S 
3 v 3 'f" • 

( 2 .7) 
¢= y I v)o - i T ¢o 

3 3 
fl n Q :-'-IB T P Ul.{H blX '9 n OMQHT OB paCI1 0nOB i3e K T Op UbIX Me30HOB HMeeM a b1p ll )I( GJfUe : 

111 - - ~ ( k A if; rl-	 (2 .8)m g v P a;XTp Pop 11 • t, 

r n e Me)f{UY KOH CT a ltT8 :o..IH pB IlUaUH OJOlbl X p ac nB O OD oeK T op HbTX r-.l e~ OI:l OB g H Mel'JTC3-1 
vP 

COOTllowe HH ~: 

g ° = 3 g oo =,73g 0 0 = 3 g .. , - 3 g *_ = 
W71 P P P -" KK K K

_ - '!F,f3 3 . (2 .8) 
3,/ 3 g w-"o -'iJ'2 g ",-,,0 = -2 g "OK O ~ 1. 

O TCKlJlS. yt.JH T blB8st pa3110CTb M acc ~, ·1e30HOB T Ofl.b RO B cpa 30B O ?.1 oObCMe, nOllYQUl\1 l3L1pB ;.;ceHuH 

An SI WU PIJ H pacnllll oB : 
• 	 2 

3 " rv~p+y =a~ m J~ g • (2 . 10) 
3 2 m v V P 

rne a 	 - n OCTOSUlHa .sl TOHKOi1 CTP)'K T Y PLI , £I m v Ii m -MBC C bl IJ CKTOPHLIX 11 nC eO.D. OaeK1'Op H hI Xp 

Me.30H OB. 

M S T pll'U1We :lllO!.1ellTl, l !J> OTOPO)KIH!Hltll Be1<T Op"hI X Me30H OB It!)1l p aCnll1l9 T SI >KenOrO nCE)SJ}ocK 8 

J1 S!p H orO M"3 01l 8 X 0 (860 ) I1M81QT Bun : 

111 -
2e 

&x v • "'-_ P k A <P,,9.
m 0 (L/~P 0 P a I-' 6 	 (2 .11 ) 

rne Eo - KOHCTBHThl paL1 HBuHOH Bhl X pacna.a o D Xo - Meaona . 
lt ~ ,, 

Ee3 yqaTB C M elllH BBU1Bl X 0- II T} 0 - Me30H OB U M eeM CQOT HOweH II Sl: 

g _ 3 g _ _/ 2 
J< P - -2 x - v -3 ' (2.12)

o 0 0 W 

B IInsl WllpHH p BcrrolloB rr ony 'l ll M tlbl p S>KeHJI e 
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• • ar = 4a m ( mx- my ) g •Xo .... v +y r (2.13)2m; " ov 

rae M x -MaCes. nceaOOCKannpHoro X o-Me30Ha. 

§ 3 . 3nel<TpOMlH' HIlTHble cjJop M cjJaKTopbl 6ap"oHoB 

I1cnonb3YR ypaBHeuHe (1.3) , Mbl MO}KG M nonY 'U1Tb CneJlYlOwee Bblpa)!""Hne 11M! "neKTpo

M arHHTHoil BepllllIHbl 6apIlOHOB:. -

J a ~ 3f - ~ (1 + ~)( ifi t{! ) + ~ 0 k - J. g k 2)( ifi ifi ) + 


m 4m " I' I' m 3 1''' 4 1''' I' " 

+ ~( i ifi -i o/J ) l(dPo
, e O d, ) F(k' )+

2m ,.. a a I' o or 
(3. 1) 

~ p - e 
). + { (1 + _k_ ) ~( o/J o/J ) - _1 ( ifi ' a J F (k ') + 


4 ",2 m .' 
 4m 2 .a O+ 2 P 

3 •" - ifi 0 8 B 2 · 
P Q II r f3 o or 

rile a = 2f aap).. Puk/)..,y. , 

+ro.' af30p Pa k p I ( ifil) ) do or eO B (If ) t e d, JF(k'), 

d pqr - BonHOB£Hi 4Jy HKnH.9 lleK'y nneT o, B 9 - DonHoa8.fl (tJY HKD.HfI DY.TeT6 i ifi - BOllltoP.B R 
f' 

¢yHKIlHH qaCTIlUhl co c nlllfOM 3 n ; if - IlOJ1BOBalt 'WIl [(UIl R 'l a CTHUbl c o c rum o "l 1/ 2. 1-13 Bbl p a

"'GIBIlt (3. 1) UMeeM: 

3/. 2 k 2
G ~ = e F(k )( 1 + __ ) , ( 3.2 )~ 4 m' 

1/. • k • 
G g ~ e F(k )( l +2il)' ) ' ( 3 .3) 

0/2_ 3e F (k ' ) , (3.4 )G M - 2m 


G ]/2 ~ F(k 11' I' 0 = 3; Ii.= - 2; I' ~= -1 , (3.5)

M 2m 

IV ' 4 e 
GQ ""' ~, (3.6) 

rile G0/ 2. '/3_ :3neKTplI'leCKIJe q,0PMIj>aKTOPbl 6BPHOHOB co CnUdOM 3 / 2 II 1/2 COOTBeTCTBellHO, 
F. 0/2 

G~:" 1/' - M arHIlTHbl e <jlOPMcpaKTOPbl, GQ - KsanpynonbHblli MOMenT. nOCneJlHltH q,Hl"ypHBR 

cKo6KB B (3.1) onKCblBaeT UpOUe CC '" ¢OTOpO}KneHl!lt II pallllaUIIOHHoro pacnaJla pe30llBHCOB. 

anSI M8TpH'lHbIX 3neMeHTOB pBAJfaaHOHHoro pacn8Ll8 pe30H8HCOB nony qaeM: 

6e 
M - g • 1>_ P k A (If ifi ,) (3.7 )m d..... b+y apup erp a t-J 

121 
r ile M eX\IlY J{OHCT8nTtt M H g db H M (H OT MeCTO H3B9CTH bie COOTHOweHI!SI 

2 (3.8) 
= 2g. I.SA + p = & 6,0n &::;''Eo =gI l I+=-J3&l;; /\ 

~o;£0 

6 
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1
I 

.nils! onpeJleneHKSl WHpHHbl PB..D.HSUHOHHblX pacna,nOB nonY'Ui M , Y'lUTLIB8S1 P 8.3HOC'I'b Macc ffiiUlb 

B <jJa30S0M o61,eMe, 

2 2 2 ,
m d - m br =3a ~ ) (1 + ~b) 2 g 2 (3.9)d .... b+y mb 2 m 2 md db 

d 

r n e M d - M acca COOTIH' TCT BY'OllI9ro 6apHOHil 113 J:l eKynneTil, a m b - M a cca 6 a pHOHB H3 

OKTeT8. 

4. Cna6blB 838HMoneA:cTBHR 6apHoHoB 

PaCCMOTplI M cna6bl e S3811 M O/laI1cTBHR 6SPH08 0 B c y"acTHe M n e nTOIIOB. C lla61>le s3allMD

n el'\CTB itsl B RaweR MOo,enll M O>KHO BBeCTH 8HanOrHQHO TOMYt KSK BBon n nHCh aneKTpoMlirHuT

1
H ble D3alf M 0l1ell CTDII!l. nnR 3Toro B ypS B II9HHII (4.2) pa6OTb/ / Cnel1ye T npoll3secTil 3aMeHY 

i a ~ i iJ + ( gvY + ~ yy ) £ 
I' A 1" I' (4.1) 

Benn"""bl g 11 g !lSllRlOTCR onapaTOpSMI! B Y HlfTSPHOM npocTpallcTsa. nnS! paCnll/lOB 6e3 
v A /3/ 

If3}.IeHeHHH CTPS-MHOCTlf OlB! H M 9l0T Bun 

o 1 0 o 1 0 (4.:2) 
g v ~ g veos (I ( 0 0 0 ); g A= g "cos (I ( 0 0 0 ); 


000 000 


a anSI paCnSJlOB C n 3M9He HlIe". CTpaaHOCTl1 3anHC bIB81OTCfl: 

o 0 1 o 0 1 
g v,in () ( g Asin () ( ) . ( 4.3)gv= 000 gA o 0 0 

o 0 0 000 

Cna6bll! seKTopHblH TOK cosnBLlaeT C (3.1) C Toll nnWb pa3HIlU9li, QTO BMeCTO onepll',opli 

aapRlla e CTOliT Tene pb onepaTOp gv. nnR nCeBI10BeKTOpHoro TOKa HMeeM BblpalKeHl!e: 

A - "' p - k 
3d POJa = '(' A ) 

P 
d p ,qJ'('"Il '" v ) 1 - 7 t /Wap ka P P + 


2 2 -", p'" ,. k 

+ ( 1 + _k_ ) t p I F (k ) + 21 d PO'( g ) c , B l--::..j.l (p - k) (V' '" 

4m 2 I'vap pAp P'. , 2m 2 a I' 


2 
PO' - ( 1 __k i (I/J '" ) 1 + t B-S(; t ~ , [ ~ (p + 2k ) ( '" '" ) +

4m a • A p p 2m 2 a,.,. (4.4)qr 

2 - k 2 

+ ( 1 - _k_ .) (.p '" ) 1 I F (k 2) + --1 ( 1- -2)( ~ '" y '" - '" y )' '" )x
4 m a 3 4m m ea, 


x(B B ) " A F( k 2 ). 

8D +~to· 

O THOW9nll9 F/D Iln ll nC9RIl OB91(TOPHO['0 TOKa, TBKIIM 06PB30M, PSSHO 2/3, 'iTO cornacy o TclI 

4/ 
c peUle RHeM A p e 60Tb/ . 113 (4.4) B MUIIO, "TO BlolpalKeH.ll9 n n" nCe31l0DOKTOpHoro TOKA 

7 



c Onep>l\ HT HHJlyU Wp o BB HHOe nCeSD OCK81tstpHOe B3B J.i M OneHCT BHe, n pH '!e M g o - g A • ::lT O 31{8 'le-

Due nceBn OCK an srpllOH K OHCTAlTT bl .s.angeTCSI cnHlllKOM M Bll h [M . O ,a HBK O . ecnlt BBe CTU HH!1Y

UHp o nBHHoe nc e BDOC KanSIp H oe B38I1 M o ,n e i1cT BHe £1 1151 KBapK OB. MbJ MO >KeM n ony qJf Tb Hy >l\ Hoe 

3Ha Qe nue g v 	 lIn " HYIW 0 1l8 . 

113 Bbl p 8 >KeuHS! (4.4 ) M O>KHO nonY"JlTb OTHo w eHH e g A I g v n n H pa3nll'lHbl X pacnBIlOB. 

fi n K p a c nanOB , 	 c o xpa U SUOillHX CTPBffHOCTb , HMee l'1,f: 

G ( np ) 5 G (;: ;:") ___ - 1 G ( 2 2") G (L~ ) ~ --LcG(.;p) ~ ""Tc G (;: ;:~-jC G (L L") G (La 2) 3 

(4 .5) 

ril e 

g A 1- k ' 
g "Ail (4.8 ) 

v + k 2 
T.;;2 

BG!KTOPH8i1 KOHC T 8 HT a p e c na na ~ ... It pa l:lofl 8 RYtuo. D.nfl pHCnan OB C l l3MeHel-m eM CTpSHJ{OCTIl 

IlOnyq.' M: 

G A (;:0 i + ) ~ G .. (;: L a ) _s_ c (4 .7)
G ,, (;:o 2 +) G v ( ;: -20 ) 3 

G A ( ;: ~ t G,, ( l Op) G A (! n ) -L c , ( 4.8 ) 
GyC;: -A ) G/ 2 ° p ) G V ( ;: -n ) 3 

G A( II p ) ( 4.9 ) 

Gv( II p) 
= C • 

O T HO W0 JUJP 	 ~ 6 b! J10 110.~y "CH O pa Ho e 0 pa60Te 
/ 5

! 
G ,, (np ) 

5. ~ 0 0 111' ':':;' 0 C II M MeT J.l ll ll n on Hoaoii <PY H1< Il ll lJ 6apll o ll o B 

OOCY .J.J1M DO/Ic e noo po6HO nonpoc 0 C }1 :!\tMeTpIIH IJOnUOtlhl X q)Y U'KU Hfl 6 11p JI OH OO . H arrO~ t

HUM , "'-ITO ~{pa B1I911If e , K OTop o e o nH C L1BB e T 6apHOH K BK COC T HBI1,Y JO ':lB CT' Jf ll), 113 T p e x KB BPK OB , 

!t OnY CK ae T p e w e Hu e BlljlB: 

"'ABC (X,Y. z) =¢ (x.y, Z) <P (x +y + z),
AB C 	 (5.1 ) 

ra e ¢ (x, y z) - C K an fIpH8Sl Q)),HKUH 5J , Clf M M €TPHllHB5I no n epeMeJHl hl!'.1 x , 

n pH u 3 yq e HHII ¢ Op MQl8KT OPOB ~.u.,l n01fb30e annCb n OJ1 j-fOBbl M U ltJYHKUJHIM ll ¢ • C I1 f'..f 

ABC 
\ te Tp l l1iH bl M l1 n o rl HUeKC8 !\.1 A, BJ C • T e p..! C £lMbIM Mbl o T o6 p aJt lt n o n HOCTb lO C J1 MMeTp1l 4H I Jle 

D OJ1Uon'.IO ll~ l!l\lOllf I/J A. B C 

s 
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O.a,Ha K O, ecnH ClIRT8Tb XBSPKli cnHHopHblMH QaCTlmaMI1 , K OTop ble MoryT H8XOlUITbCfI 

H B cBo6onHOM COCTOSUIHH, cnenyeT nOTpeOOBBTb BHTHCIl MMeTpll'lHOC TIl BonBOBoii tjlYHKUHH 

no nepeCTSROBKe Ilcex KBS HTOBblX 'mcen nBYX KBSPKOB , B03HIIKseT npOTIIBOpe'llle. BblOHPSR 

nonHOCTblO CffM MeTplI'lllYIO BonHOBYIO rjlYH1<IlIIlO (5.1), Mbl nonY'Hlnu xopowee cornSCBe T e ope

TI1'1eCKHX npen CK831lHHfI C OUblTOM , XOT SI TBKOl\ B blOOP npoTIlBOpeqUT npHHUlluy 6HTIlCHMMeT

PlIqHOCTII DonH oBol\ q,YHKUH H nn" '16CTHn co cnllHOM 1/ 2 . 

OnHa M H3 D03MOl+<HbIX cnocol5oD TaKoA llHTIICH MM e T pn3anHB ItBII"eTC" nplinHCblB6lille 

KBapKY nOTlOnllllTenbHOro KDllHTOlloro '1HCns. Eyn eM C'IIITllTb, 'ITO K B apK, KpOMe cnllHopBblX 

Ii YHUTSPHhlX HHneKCOB, xapsxTepH3yeTCSI KBBHTOBbll\1 't{licnOM a ,H ero BonHOBY JO t?YHKUHJO 

oYIl9M _ 0003B8'18Tb q e pe3 .p =';' (x), r n e a npo6eraeT 3HBQeU'tH a =1, 2 , 3. 
~ A. _ 

Torn a BonBOS8" q,YHKUH" 68PIIOBOB 38nHweT C" B BlIn e : 

,;, ( x,y,z)=';' (x,y,zl. 
ABC A BC.llbo 

nOTpeoyeM , 'I TOObl ypBDB8lille , KOTopoe onHCblB8eT 6BPllOHb l , uonYCK8no 6bl pewelllle Bll n B: 

,;, ( x, y, z) __1_, ¢ (x,y,z ) ¢ ( x + y + z), (5 .2 )
A BC ../ 6 abo AB C 

r u e nonHOCTb'K> BHTn c HM M eTpH'tJlbl Ji T e !-l30p . H a n H l.{H e Te t(3 0pa I; ",b e 06e C n e1..JH.D aeT 
ahc 

aHTIiClIl\·l?-,·lCTPIPiHOCTb OapI10HIJOH ¢YHKUHH, eCHH tPYHKUIfSl 1/1 ,\ nc(x,y , zr TJ Oll iJOCTb lO CU MM 8 TPHl..J

H8f1. 

PeJI SlTH D1ICTCKH-HHBapJtllHTHoe ypaBHe H He, n OrrYCK tn olll eo peUJe HJH~ BUn a (5.2) . nerJ<.o 

1l0nY'iae TCSl ll e nOCp CJ1 CTIJ e ll llH M o oo6mc HI{e 'l ypa s llelllH I ( 4.2 ) 11 / II II MOOT n nn : 

B' c' 
D -(XI D- (y) D -(z) 0 ,,(..x,y,z,) = -61 g o W(x,y,z) x 

A " C ,\ n c " he (5 . 3 ) 

, , , 
X J d', d'y d'z W(X',y ', z )8 (x +y+z_x'_y'l_z'),"bC \~ , , (,x',y ', Z'), 

A BC." b c 

,\ ' 

rile D - (x)- Kn8npHpODBnHhlil on e p8TOp llIlPBKB: 


A , .~ 
D A (x) = (i ax - M ) ( i a.+ M). (5.4) 

4TODhl OHHCBTb ll I) lI il~ eli1fe oapHOHOB B 3J1eKTpO ~ lor rUfTHOM n onG, 1>.-11-.1 .a,on )t{n bi c.aen8Tb 

3BM8UY: 

I ,I ~ i ate" (x l. (5.5) 

rue - on e pBTOp 3apnllB. tl sllblJJ e ~f1,1 OYUCM C'lIlTBTb, 'iTO onepaTOp 3BPMB neilCTl;yeT 

He TOllhKO HB YHHTBpHhle lfH.Ll eXCLI , lIO TBK }I{e H HB nononUIlTenbHble KnBHTODbl9 't{Hcna. 

B PC3YnbTSTe TBKoro oooowellll" onepBTop8 38pnna, "'hi nOKBl+<eM, 'ITO 38PM KBapKB 

MO)I{HO cncnaTb UenO"iIlCne HHb1M. nOnqepKHeM, "lTD TBKoe o606meHHe He Jt3MeHUT 4lu3ul.{e

CKlle pe3ynbTllTbl, nonyqellHhle pBHce Ba OCHOne ypaDHeHll" (3.1). OnpenemlM onepSTOp 


38PMB cnenYIOWBM 06PS30M : 
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A' A" • 
e --	 =e +e 

A A (5.6 ) 
A' 

OrrepSTop aSpM8 a allc TByeT HS YH1lT s pKhle HHJIeKCbl H HMeeT rrpe lKJDl.A BHlI:ell. 

2/3 o 0 (5.7)e - ( 	 0 -1/3 0 
o o ·1/3 

. 
O rrepllTOp aspMs e ae1lcTBy eT HS P orrOlUIIITenblJbl8 1U18 HTOB Ll8 'lUiCJUI II HM9aT BHA: 

1/3 o 0 
e ~ ( o 1/3 0)' (5.8) 

o o -2/3 

T oras 3SPM K BSpltS n pHIn!MB8T aenO'iHCneHll1,le 3I1SQ9Bl1 11, K OTOpl>Ie IIP"Be.l1ellbl B T s t'iJlllUe: 

a I 2 3 
A 

~ 0 

2 0 0 -1 (5 .8 ) 

3 0 0 -1 

e •Y'IJlTblSll1l lIHlIrOIiBnbllOCTb onepsTopa 1I TO, 'ITO Sp e a '= 0, lIM0 9M 
a 

Q.b o C· ... til "bo ~ O. 	 (5.10 ) 

C neAOBlITen.bRO, "MeeT M e CT O TO)f(1I9CTBO : 

A' abo 
(oA' + e"")f , . 

A .c+< 	 (5.11 )A • • bo 

B epHeMCl! C R0134 l[ ypaaB<l1!H1O (5.3 ) C n OllCT8BOBKOA (5.5 ). C'llITBlI B (5.5 ) o rr epa T op 

A' 	 A' .. -
e r =e + e , all!! lIBII~'vHIISI 5apilOHS B cnat:5vM 9119KTpOMsrlDlTBOM n o ne IIMgeM YP8BlIG

A 

Hll& : 

( p g - m g) '" (p ) ~ rdk f{k rI) ( r~' + r 1\.:'" r &:'] '" , , Jp - k ) • 
~!!..C_ ~ 'L S ~ ~ ~ 

A' (5.12 )
A' 


r -~ [2A pe -d(ekA)l :. 

A 

Bbl iSI<pS9M He&O..JMYW9111Ioe peme Hn e B Bll.Ue 

'i' (p ) o-L ( '" (p). 	 (5.1 3) 
ABC "'; 6 .be ABO 

nO.~CT8M"11 (5 .1 3) B (5.12 ) u y cpeUIIllI1 nony'l9HnOe ypaBHeHII9 110 q,Y IlIUlH SIM _ 1_ (
';6 a b o 

y 'tIlTbIBSS! npll STOM TOlI<neCTlIO ( 5.11) ....hI IIp>lXOnRM CRona " ypllBBenli JO (J.2 ). 'ITO II ABn 1l

JlOCb IIsmo A 1l0nLy." 
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