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Ill 
1. B pa6oTe B npeanono*eHHH, qTQ pacxoAHMOCTb B paAHSUHOHHoA 

nonpaBKe HH3lllero nopHAKS K BeKTOpHOMy TOKY B fJ -pacnaae f1 -Me30HS 

xl 
KOMneHCHpyeTCSI pSCXOAHMOCTb~ B MSTpHqHOM aneMeHTe SKCHSnbHOrO TOKS 

noHBnH~WeMCSI npH yq~Te paAHSUHOHHOA nonpaBKH 1 nonyqeHO npaBHnO CYMM 1 

BKn~qa~mee aneKTpoMarHHTHbi e H cna6bie nepexOAbi , -Meaona. 

B biqHcneHHbie HS OCHOBe 9TH X npaBHn lllHpHHbl p a cnaAOB 

r,... 2 r < = 8,3 as > H r w ... , r < = 1, 1 Mas ) 

XOpOlllO cornacy~TCSI C 9KCnepnMeHTSnbHbiMH ASHHblMH ( 7,5;!:),5} 9B H ( 1,15:!:_ 

:!:_0,2)Mae. 

npeanonO*eHHe 

121 

Ill 
pa60Tbl OCHOBSHO HS TeopeMe,AOKS3SHHOA BAopKe-

HOM 1 A6epcoM H 
131 

Ap. 1 cornaCHO KOTOpoA MSTpHqHblH aneMeHT BeKTOp-

HOrO TOKS ( !J. S - 0) C yq~TOM pSAHSUHOHHOA nonpaBKH B HH3llleM nopHAKe B 

npeaene nyneeoro HMnynbca nenTOHOB ( l = 0 l HMeeT BHA: 

v 
M 

. 2 
o-.!. le 

2 ( 2 fT l4 

' f _d____;q~ l < rro I V -tl "- >i 
q' ~ ~ 

x/K aK o TMeTHn B . H. Orn eaeuKH/1, B paMKBX n a r pBI<J!C.(3BB MeT D_,q!'_ W !!.HHr_epa_ 

(HnH a n re6p&I n one/1) no coo6paJKe i<HHM G - q"'THOCTH B P.BHHOM cnyqae o T

cyrcrByeT BKnBn BKCHBflbHOrO TOK B . 

3 

( 1) 



rlle TOK C fl. S = 0 + + 
I p. ( fl. S - 0 ) .. cos (Jv V p. +cos (J A A p. B OKTeTHhlX 0603-

HS'IeHHSIX V + - V ~ , 
IJ. I.L 1 

q -RMrrynbC BHpTyanbHOrO ~OTOH8, 

f =u (p l y O+y ln (p >. f = p +p 
p. e 1 p. 6 v ~ 1 2 

llpyrRMH cnoBaMR, LlOKa3aHo, 'ITO pacxoLIHmaHcH 'IBCTb pallRBUROHHoA 

ITOITp8BKH K BeKTOpHOMy TOKY He 38BHCHT OT LlHH8MRKH CRnbHhlX B38HMOLleA-

CTBRA (rrpR f = 0). 
Ill 

2. PacrrpocTpBHRM npellrrono)KeHRe pa6oThi Ha f3- pacrrall K -Me-

30Ha. MaTpR'IHhiA sneMeHT BeKTOpHoro TOKa (pRe. 1) c y'I~TOM pallRBUHOHHoA 

ITOITp8BKH RMeeT BHLl: 

v 
M 

e \7 

c 1': c os (J v 

y2 

~+ Ko K.+ 

2 
3 i e J 

{1- 2 (211)4 

4 
d cf 

q 4 
> < K+ 1 v; 1 K o > e,.,. • 

( 2) 

-L+~- + ~ 

Pwc. I, 

x / / 1/ 
B pa6oTe G p cos (J v - G p co,. tJ A - G. 

4 

MaTpH'IHhiA sneMeHT 8KCH8nbHOrO TOK8 ( pHC. 2), ITOl 

Y'I~Te pallRBUROHHOA norrpaBKR, HMeeT BRLl: 

A 
M 

rlle 

C cos (JA 
fl. 

ie2 

..;2 ( 211 )4 

4 
d q 

-; I-~ r,.,. 
e q2 m -("" yMA(l 

• q+p1) v tlV ~ 

A 4 lqx 
M - Id x e 

j.I.V 

+ em + . 0 < K IT I i (x) A (0) II K >-
fl. II 

- f p.vpa qp ( 
+ 0 (k) 2 

K +K )"«<I (q ,qiC:) 

(k) 
«<I - HeH3BeCTH8SI CK8nHpH8SI ~YHKUHSI, 

e \j 

~~K+ 
Pwc. 2, 

B rrpeae6pe)KeHRR me H HMITynbC8MH nenTOHOB Bblp8 

I 
HO rrpRBeCTH K cnellyiOmeMy BRLly: 

M A = C Jl. cos (J A 

y-2 
3 

2 

• 2 4 (k) + 
le I _ d_q_ «<I (q~,qK) (K -+ 

(2"f' q2 

5 



MaTpH'IHbii% aneMeHT 8KCH8nhHOrO TOK8 ( pHCo 2) 0 TIOSIBnSilOIIIHACSI npH 

Y'I~Te p8AH8UHOHHOA nonpaBKH, HMeeT BHA: 

A 
M 

rne 

G cos (JA 

" 
- d 4q 
u f--Y 

• qll I' 

A 4 lqx 
M •fdxe 

ji.V 

<X:+ IT I i em (x) A+ (0) II X: 
0

> • 
I' II 

6 q ( X:++ X: 0 ) ~ <ll(Jr.) ( qll • q X: ) 
• • l'vpo p v 

... (") ~ - HeH3B9CTH8SI CK8nSipH8SI ~yHKUHSio 

PHc. 2. 

( 3) 

(4) 

B npeHe6pelKeHHH m • H HMnynbC8MH nenTOHOB Bblp8lK9HHe ( 3) MOlK-

I 
HO llpHB9CTH K cne.nyJOuteMy BH.[ly: 

M A - G fl. cos (J A 

...;2 
3 

2 

i e :a 

( 21T f 

d 4 (Jr.) + 0 
f--q-cll (q 11 ,qK) (K +K) f 

q2 ll ll 
( 5) 

5 



CpaBHHBaR (5) H (2), nerKo y6eaHTbCR, qTo paaHaUHOHHaR rrorrpaBKa K ~-pac-

rraay K-Me30H8 6yaeT KOHeqHoA, ecnH: 

(k) 

<I> 
q .... q~ 

COB (} V 

COB (} 
A 

( 6) 

YqHTbiB8R 0 qTo Bblp8)KeHHe ( 2) nHHeAHO ITO HMrrynbCy K -Me30H8
0 

a T8K)Ke 

HMeR B BHay ( 5) 0 rrpHXOaHM K BbiBOay, qTo 38BHCHMOCTbiO 
(k) 

<I> OT ( q K) 

HY)KHO rrpeHe6peqb (T.e. rronO)KHTb K = 0). YcnoBHe (6) rrpHBoaHT K rrpaBH-

/1/ 
ny cyMM, rrpeacTaBnRIOUieMy co6oii: aHanor rrpaBHna cyMM pa6oTbi • 3aMeTHM, 

121 
qTo ycnoBHe (6) MO)KHO rronyqHTb, Hcrronb3YR TeXHHKY EAopKeHa H pe3ynb-

/]/ 
T8Thl pa60Thl • 

ITono)KHM q = 0 q -... ITpeHe6peraeM 38BHCHMOCTbiO <I>Ck> OT (qKl. 
0 

Toraa 

A 

M - E 
fLII 

( + 0 
fLII p u q K + K ) p u 

(k) 2) 
<I> ( qo 

qooo 
(7) 

.. J dB X 
+ <K l[jem 

p. 
(0,-;) A+ (0) 1 I K 

0
;. 

II q 0 

MaTpHqffbiii: sneMeHT B ITp8BOA qacTH (7) MO)KHO BblqHCnHTb
1 

BOCfiOnb30B8B

/]/ 
WHCb oaHHM H3 pe3ynbT8TOB pa60Tbi 

(IT) ( ~ 
<I> q 

q-.oo 2 
q 

COB (} 
v 

cos (}A 
(8) 

AHanorHqHo ( 7) aKcHanbHhiA MaTpHqHhiA sneMeHT ~ -pacrrana IT -Me-

30H8 TlpH q = 0 q 
0 

-. 00 HMeeT BHa: 

6 

~ 

I' 
a 

( IT 
0 + IT-) <I> (IT) ( q: ) ( q .. 

f"' pu p u <Ia .... 

-. -- J d 8 X < ITO I [ j em (0 • 1 ) A+ (0) 1 I IT- > 
q 0 p. II 

CpaBHHBaR (8) H (9), rronyqHM! 

COB(} A 

COB (} V 

< ITO F[ j e m( 0 ,1 ) A+ ( 0) 1 liT > - - i f < ,,0 I V + ( 0 ) I IT- . 
I l ljk k 

EcnH rrpearrono)KHTb, qTo ycnoBHe ( 10) BbiiTOnHReTes~ H a 

M8TpHqffbiX sneMeHTOB: 

COB {J + em _. + 0 + + 0 
__ .,::A:.._ < K I [ j ( 0. X) A ( 0) 1 I X: > -- it < K I v ( 0) I X: > ' 

COB (} V I J I J k k 

To H3 ( I 1) H ( 7) rronyqHM ycnoBHe ( 6). 

3. PaccMoTpHM ( 4), orpaHHqHBaRCb oaHHM rrpoMe~TO'II 

K *(890) ( pHc. 3). Toraa 

A 
M • g 

fLII k*+ It+ y 
( K q • q2 ) g 

1 
(fK,f

2
) 2 -(K++q):2 

0 m • ··•+ " k 

7 



( 

fill pu C1 

.. --
q 0 

J d 8 
X < rr0 I I j em (0, 1 ) A+ (0)] 

fL II 

CpaBHHBaH (8) H (9), nony'IHM: 

cos (J A 

cosfJV 

• 

( 9) 

" >. 

( 10) 

EcnH npeanono)f(HTh, 'ITO ycnoBHe ( 10) BbmonHHeTcSI H anH K -MeaoHHbiX 

MaTpH'IHblX sneMeHTOB: 

cos (J A 

cos (J v 

+ em _. + 0 + + 0 8 _. 
< IC I [ j ( 0. X) A ( 0)] IK > -- it < IC I v ( 0) I X: > B (X) • 

1 j lj I< k 

TO H3 (11) H (7) nony'IHM ycnOBHe (6). 

( 11) 

3. PaCCMOTpHM ( 4) 1 orpaHH'IHB8S!Cb OllHHM npoMe)l(yTO'IHblM COCTOHHHeM 

1C • (890) (pHc. 3). Torua 

7 

+ 
q IC + 

p C1 



(K 2
) (fK f 2 

) 
1 K 0 

llx:•ol(o q ,q gl(•ox:+ ' 2 0 2 E p.vpu q p u + 
· Y m -(K -q) ,: ( 12) 

+ .•••• ) 

f•p+p <Kii 
I 2 

em I K. > •g E 
k* k )' p.vpu ll 

K • - BeKTop rronHpHaauHH < IC+ I A+ 1 IC • o > 
v v 

YcnoBHe (6) orrpeaenHeT rroseaeHHe 

J( = 0 B cJ>opM-¢8KTOp8X ( 12) o 

CpaBHHBaS! (6) H (12), rrony'Iae~: 

MA 
p.v 

K * q K 
V p U I 

- g k* k 
K • + xl Ji ••• 

rrpH f = 0 • q .. oo, 

1 
T g 

k* 
(0, "..,") + 

k + )' 
(0. 

g k*O kOy 

, 
00 

cos6y 
, >] g (0,0)- 6 ( 13) 

k*k cos A 

0TMeTHM 1 'ITO Bblpa)l{eHHe B KB8J:Ip8THblX CK05K8X neBOi!: 'I8CTH ( 13) 

npeacTasnHeT co5oi!: H30CKanHpHbiH cJ>opM-<f>aKTop K • .. K y pacrraaa. 

Hcrronh3YH peayKUHOHHY~ TexHHKy, rHrroTeay o 'IBCTH'IHOM coxpaHeHHH 

A ~~ 
8KCH8nbHOrO TOK8 C ~s = 1 H anre5py TOKOB 1 rrony'IHM! 

rae 

g • (0,0 ) -
k k 

2 f k*+(O) 

Fk 

< O IV 1 IK*+>=f K:* <OIA
1 

IK+>-F K:+, 
p.8 k*+ " 1£3 k ,.. 

x/ H ac He HHTepecyJOT Bblp8JKeHHH, o6p8IIJ.810IIJ.HeCH B HYlTb B pe3ynbT8Te 

npea enbnoro nepexoaa K-. 0 B t/J (k) 

xx / nonHbi il o63op a Tnx MeToaoa coaepJKHTCH a /
4

/ 

( 14) 

TaKHM o5paaoM: 

g e+ + (0, "oo ") + 
k k )' 

g •0 0 (0, "oo ") 
k k y 

cos(} v 

cos 6 A 

2 

- Fk 
f -(
k*+ 0 

2 F2 Hcrronh3YH peaynbTaT a nre5pbi TOKOB f + • 2m 
p p " 2 2 2 

CyMM AnSI CIIeKTpanbHOH <f>yHKUHH f +I m = f k*+ I m p p 

H3 ( 1 5): 

g (0, "oo ") + g (0, "oo ")I cos(} v Fk - -- --k*+k+y k* okoy cos (}A F v fl 

Il l 
OnHH H3 peaynhTaToB pa5oThi B HawHx o5oaHa'IE 

cneny~WHM o5paaoM: 

g (O,"oo")= 
cos (J v F, 

prry cos (}A fp+(O) 

1 11 
B pa5oTe HCIIOnh3yeTCS! H8IIHC8HHOe BbiWe COOTHOWE 

3TO IIpHBOJ:IHT K cneny~WeMy BblpMKeHHIO! 

Is (0, "oo") I • 
prry 

cos Ov 

cos (J 
A y2 mp 

I II 
0TMeTHM 1 'ITO B 0603Ha'IeHHS! pa50Thl 

g .. 2 g 
prry prry 

f - m
2 

p + .. v 2 --;-e-
p 

cos Ov 

cos (}A 
.. 1 • 



TaKHM o6paaoM: 

g 0 0 {0, "oo ") 
k* k y 

cos(} v 

-;;.e-;:-

l1crronb3YSJ peaynbTaT anre6pbi TOKOB 

CyMM AnSI CIIeKTp8nbHOA ~YHKUHH 

H3 ( 1 5): 

cos(} v 

cos (}A 

Fk 

F 
rr 

Fll 
rr 

ll 151 
/ m 1<* 

( 15) 

H npaeHno 

rrony'IHM 

( 16) 

111 
OaHH H3 peaynbTaToB pa6oTbi B HalllHX o6oaHa'leHHSIX BbirnHAHT 

cneay~WHM o6paaoM: 

g (0, "oo ") =: 

prry 

cos(} v 

cos (}A 

Ftr 
( 17) 

I 11 ll 2 2 
B pa6oTe HCIIOnb3yeTCS! H8IIHC8HHOe BbiWe COOTHOWeHHe f p+ • 2mp F tr• 

3TO IIpHBOAHT K Cneay~WeMy Bblp8)1(eHH~: 

Is (0, "oo") J -
prry 

cos (}v 

cos 8 
A v2 m 

p 

Ill 
0TMeTHM 0 'ITO B 0603H8'1eHHSI pa60Tbl 

g -+ 2 g 
cos (} v 

prry prry cos (}A 

9 

( 18) 

-+ 1 • 
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4. III 
Bbi'IHClleHHbie B pa6oTe WHpHHb! pacnanoa r" -+ 2 y 

H r c.J-+ "Y 

XOpOWO cornacy~TCH C 3KCnepHMeHTallbHb!MH 3Ha'IeHHHMH. 3To npOHCXOAHT 

III 
HeCMOTpH Ha T0 1 'ITO ripH Bbi'IHClleHHHX B pa6oTe HCfi011b30BaliOCb 3Ha'IeHHe 

2 
!f>opM-4JaxTopa npH K q = 0, q ~00, 

Torn a xax, K npHMepy, a peanbHOM 

cnyqae pacnaaa Q) -+fTy Kq m~- ml 
2 

q2- o. 

OnHpaHcb Ha 3TO aaMeqaHHe, MO)I(HO npennono)I(HTb, 'ITO !f>opM-4JaKTOpbi 

panHaUHOHHb!X pacnanoB BeKTOpHb!X Me30HOB 0 BO-nepBbiX, cna6o 3aBHCHT OT 

Mace 'IaCTHU, BXOAHmHX B peaKUH~, BO-BTOpbiX, cna6o 38BHCHT OT q 2 • C 

3TOA TO'IKH 3peHHH MO)I(HO 6b!110 6b! npoBepHTb COOTHOWeHHe ( I6), cpaBHHB8H 

ero C 3KCnepHMeHTOM. K CO)I(alleHH~, OTCYTCTBHe 3KCnepHMeHT811bHbiX AaH-

Hb!X He ri03B011HeT 3TO cnenaTbo C ApyroA CTOpOHbi, MO)I(HO cpaBHHTb ( I5) 

C (I7) H (I6) C (18). 

OpH cnpaaennHBOCTH SU ( 3) - CHMMeTpHH F .. F .. , , f It• + •fp-t.mk••mp. 

Torna: 

g 
fJfTY 

-(g +g ), 
.. •+ .. +y ... o koy 

'ITO He npoTHBope'IHT SU ( 3) COOTHOWeHH~: 

1 
g .. g = -- g 

prry .. •+ .. +y 2 ... o koy 

HHTepecHo OTMeTHTb, 'ITO ecnH F kIF rr - m .I m - 1,14 , 
.. p 

HOWeHHe ( 19) COXpaHHeTCH B HapymeHHOA SlJ(3). 

CpaBH:lM ( I8) C peaynbTaTOM TO'IHOA SU (6) - CHMMeTpHH: 

g 
prry 

2 2!R.. 
3 e mp 

(q2 .. o>. 

10 

( I9) 

TO COOT-

( 20) 

• 

c OpaBbie qaCTH ( 18) H ( 20) npH cos(} • cos (} 
V A 

nenax 15% HeCMOTpH Ha TO, 'ITO B ( I8) q
2

-+ oo , a a (" 

!f>axT roaopHT a nonbay cnenaHHoro BbiWe npennono)l(eHHH < 

MOCTH !f>opM-!f>aKTOpOB OT q
2 

• 

0TMeTHM, 'ITO eCIIH COOTHOWeHHe 

g .. •+ k +y 2 g ... o .. oy 

coxpaHHeTCSI B HapymeHHOA SU(S) - CHMMeTpHH, TO H3 

I· I g .. •+ .. + r 
cos 9v 
cos(} A 

F~t 

F, V 2 m k• 

lilHpHHbi pacnanoa K• + .. K+ y H K• 0 
-+ K0 y B 9TOM C11Y'I8E 

CTBeHHO 

r ... + .... +y 75 K9B r • 0 0 = 294 K9B 
.. -+ k y 

npH 
cos (} v I cos (} A - 1 F .. I F, .. 1,14 • 

J1cnOllb3YSI ( 21) H ( I5), MO)I(HO TaK)I(e Bbi'IHCIIHTb BeKTOpl 

a pacnaae K-+eYy. 

161 
B o6oaHa'IeHHSIX pa6oTbi nonyqaeM: 

I S:< y >I - F k 

II 
m k• 

m 11 + 2 v 
k 

npH 

11 

cos I 

cos I 



npaBb!e '18CTH ( 18) H (20) IIpH cos 8 - cos 8 
V A 

coarraaa~T a rrpe-

aenax 15% HeCMOTpR H8 T0 0 'ITO B ( 18) q~-+ oo , a B ( 20) q~ • 0. 3TOT 

~aKT roaopHT a rronbsy caenaaaoro Bhillie rrpearrono~eHHR o cna6oA saBHCH

MOCTH ~OpM-~aKTOpOB OT q
2 

• 

0TMeTHM 0 'ITO eCnH COOTHOllieHHe 

1 
-g 

2 k"' 0 k 0 y 

( 21) 

coxpaHReTCR B aapymeHHOA SU(S) - CHMMeTpHH, TO H3 ( 16) rronyqaeM: 

cos 8v Fk ( 22) -----· -----------cos 8 A F, ·'2 V m k"' 

illHpHHbl pacrraaoB K"' +-+ K+y H K"' 0 -+ K0y B 3TOM cny'lae paBHbl COOTBeT-

CTBeHHO 

r - 75 K3B k ... + ... k+y-

rrpH 
cos 8 v I cos 8 A - 1 

( 23) 

J.1crronb3YR ( 21) H ( 15) 0 MO~HO T8K~e Bbi'IHCnHTb BeKTOpHbiA ~OpM-~aKTOp 

B pacrraae K -+ e 11 y • 

/6/ B o6osaa'leHHRX pa6oThl rronyqaeM: 

I~( II >I - Fk 
II pH 

11 

cos 8 v 

cos (} A 
- 1 • ( 24) 
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AaTop 6naroaapea n.H.nanHaycy aa nouaep~y H HHTepec K pa6oTe, a 

TaK~e npH3HaTenea B.H.OrHeaeuKoMy H A.B.Tapacoay aa rroneaHbie o6cy~aeHHR, 
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