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I. BBenenn:e 

3neKTp0Ml1PIIHTH8SI BCplllllll8 '18CTHUbl CO Clllll!OM OllpCJ:lCIISICTCSI TpCMSI 
/1/ . - . 

!jlopM-tjlllKTopaMn G 
1 

, G
2 

, G • B cnnan c uaomoneaueM pacnana K 0 
.. 17++ 17 -

3 . /2/ 2 
Obinll BbiABIIIIYTil EepiiCT8HIIOM, <PaiiaoeproM II nn Pl!IIOTC38 0 napyliiCI!Hll c - II 

T -niiBapnaHTHOCT!I B aneKTpOMarn!IT!IbiX B3ai!MOJ:teiicTnnsrx Cllllh!IOBSal!MOAeficTB,YIO

mnx qacTnu. npn TllKOM paccMoTpeiinn B aneKTpoMarnnTnyiO BeplllliHY 'laCTI!Ubi co 

CIIHIIOM 1 BXOJ:ll!T ll 'IOTBCpTbiH !jlopM<jJ8KTOp G 4 , OIII!CbiBaiOIUI!ii napyliiCH!IC T 
/3/ 

lli!B8pllllliTIIOCTII 

B aacTOSIIUeil paooTe na ocnone nongp!I38UIIOHHbiX aqJtjleKTon npennolKena ·cxe

Ma OIIpeneneH!III 3TllX !jJOpM!jlaKTOpOB '18CTI!Ubl CO CIIIIIIOM 1 ( BKniO'Illll II G 4 ) B 

pasHbiX ¢1131!'!CCKIIX oonacTnx nepenaq I!Mnynhca. B · oonacTII npocTpancTneJi

uo-nonoonbiX nepemi.q I!Mnynbca paccMoTpiiM paccennne aneKTpona· na neiiTpone, 

a B oonacTn· npeMelln-nonooHbiX nepenaq uMnynhca - ammrnnllUIIIO napoi aneKTpOH

nosi!Tpoa B p+ -p-. 

B nanbneiillleM yKasano, 'ITO B nepnoM cnyqae !laM nylKuo 1!3Mepi!Th _nn¢¢e

penul!anhaoe ccqenue , accnMeTpliiO .nciiTpoHa oTnaqa npli pacc;emmu aneKTpo!la aa 

nonnpli30Bai!IIOM nepneJIAliKynnpao K nnocK,OCTII peaKUI!li neiiTpo~w ( lillll nonsrpusa~ 

UHIO neiiTpoaa OTJ:tll'lll npn pacce~Imm aneKTpona na nenonHp1!30Bali!IOM neiiTpoHe) 

II !IOKOTOpbie IIOIIflpll3l1UIIOII!Ib!O napaMeTpbl J:teiiTpOIIll OTJ:lll'!ll npn paccenll!HI 31ICK

Tp01lll na aenonsrpnsonaJIJIOM nellTpo11e. Bo nTopoM cny•we aaM HylKno nsMepnTh 

nn¢¢epenunanhHoe ceqemte n nongpnsaui!OllnbiC napaMeTpbi p+ 11 p -Mesonon. 
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2. KooOpllllHTl!Oe OITIICOHHe MaTpiiU IT110Tl!OCTU 'IllCTl!U CO CITHHOM 1 

/4/x) 
KoaopnaHTHllS! MllTpnna IT1IOTHOCTII 'IllCTHUhl CO CITIIUOM 1 I!MeeT BIIJ:I 

3 
p r:< =-..!...[( Pa :(3 +8af3) + ~M Ea{3y8 llyPa-2Daf3] 
o~ 3 M ' 

( 1) 

p 9' =P 9' =0 
a af. {3 af3 !I' =1. 

au 

3J:teCb lly -4-BeKTOp IT01IS!pli38UIIII II p - 4-nMnynbC 'I8CTHUhl1 f:a/3 -napaMeTpbl, xa

XX) 
paKTepnayromne BhlCTpoeHHOCTb • B CIICTeMe liOKOS! 'I8CTI!Uhl 0111! CBOJ:ISITCS! K na-

paMeTpaM TpeXMepi!Oli MaTpHUhl li1IOTHOCTH. CBSI311 MalKJ:ty TpeXMepllblMII U 'IaTbipex

/4/ 
MepHbiMII li01IS!pii38UHOHHblMII napaMeTp8MII J:I810TCS! B BblpalKeHI!II ( 11) pa60Tbl • 

Ha {1) cpaay cneJ:tyeT 

ay=-, ~~ Eyaf38Pa!i'af3 • Daf3=+( p~1 ~ 8 +Baf3 )-(!J'a{3+!i'f3a ). (2) 

C J:tpyroil CTOpO!Ihl, Mbl MOl!WM UarrncaTb 8Mll/lliTYJ:IY pOlKJ:IS!llill BeKTOpHoii 'IllCTHUhl 

B cocTonann c onpeJ:tenennoli nonSipnaauneli B onJ:te 

,\ ~ 
~ = lr. e • a a 

/4/ 
TorJ:ta KOB8pii8HTH8Sl MaTpnna li1IOTHOCTH HMeeT BIIJ:I 

(3) 

~ )1!+{3+M-•p Pf31P~I 2 +M-2 p ~.s+IP'«I+M-2pf3~ IP~+I !J' a a a a 

af3= 

1 

M-2 IP~I 2 +1~1 2 (4) 

HMeSI KOI!KpeTHhlli BHJ:I 8MIT1IHTYJ:Ihl pOlK):IeHHS! BBKTOpllbiX 'IllCTIIU B Kal!CJ:IOM cny'Iae 

(eM. <jJOpM. {5) II (18) HHlKe), ITO <jJopMynaM (4) ll (2) Mbl MOlKBM Bbl'IIIC1ll!Tb BCB 

IT01IS!pii38UIIOHHhie napaMeTpbl a y U lJ a{3 • 

x) npiiHSITa MeTpiiKa a = ( a ' I a ) 
2 a o 

e 1 a=--=--

.... 
,nb=ab-ab a a o o II CIICTBMa BLIIIIIIIU 

c=t= 1 
417 137 

·xx) /4/ 
noJ:tp06Hee CM. • 
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Blln 

rne 

3, Paccemme aneKTpona Ha neilTpoHe 

B onuotjloTOHIIOM npu6nulKel!l!ll MaTpli'Hihiii sneMenT sToro nponecca l!MeeT 
/1 13/ x) 

e2 ... ... 
"'"' i-2 ii(k')y u(k) J 1 e ~ ~ 

{5) 

I;'* €G3 1 2 
J =-L[c B t> +GU B -e B l+--< r e --r B lt> + <o> 
~ .!-;-; 1 ap ~ p a11 a pfl M2 p a 2 ap ~ 

v Po iG 2 f 
+--4 1 r P P _i.....u s +f B l 11-·-p_ 

M 2 ~ a p. 2 p a~ a pp. -
y2po 

G G + G + G G G G G BemecTBellllble [!,OpM~lBKTOpbl, 38Bl!C"UI'IO OT"
2 

= I Jl 2 ( 3 I I ' 2 I 3' r p ~ " ' r 

G 4 - cooTBeTCTByeT qnen1 napyma10mnii T -nnBapnaHTIIOCTb, ~ + r -B03MOlKHblii 

8110M8llbHblii M8t:'HHTHblfl MOMOHT ll 2 ( -B03MOlKHblii 8110M8l!bl!blii 8ll8KTpll'IOCK!!il 

KBanpyl!Ollbllblll MOM8l!T nefiTpO!Ia. p"" p + p I 'f=k'-lt =P -p' k,k',p,p' -4-l!M-

l!Yl!bCbl Sll8KTpOH8 !! neihpol!a no ll l!OCllO paCC8l!lll!ll, COOTB8TCTD811110, /; C1 ll e;; -
DeKTOpbi nonHpn<Jannn neiiTpona no 11 nocne paccesumn n ynoBlleToopmoT ycnoBum.r 

p' /;'* " 1: = 0 l a a p p 1. p , "' - Mace a neihpoHa. 

Blln 

rne 

Torna nnljltjlepenunanhnoe ceqemte B na6opaTopHoil cucTeMe (p = 0) 
xx) 

da = ( _i£:. ) 
dP dP. Mo tt 

2 0 
(A+ B tg T)' 

(~) 
2 2 0 

a. cos T 
dP Molt 

2 40 E 20 
4 E sin - ( 1 + 2 -sin -) 

2 M 2 

II MeeT 

(7) 

x) 
Bbi6op tjlopM<jlaKTOpOB !leMHOfo OTllll'188TCl! OT l!pllHHTOro y rnaaepa II HK-

UI!!'Ia. 
xx) 

3necb 11 oo ocex pac'!eTax B nanhHeiiUieM MLI c•mTamt Macey sneKTpoua 
npene6pelK!!MO MBllOH, 
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4 4 2 2 2 4 
A=(l +-ry+-n 2 )G +-ry(1+2ry)G --ry(l-2ry)£G G + 

3 3' I 3 3 I 3 

222832 4 82 
+4n l G +-n G --ry(l+2ry)G G--n lGG 

33 43 I 3 3 

;. 

4 2 2 • 2 
B=-n(l+n) (G +4n G ) 3 . ~ ~ 4 

2 2 0 
E sin T p2 

'Tf=--= E 20 
4M2 M2(1 +2-sln -2) 

M 

(8) 

.(9) 

( 10) 

F anoprng aneKTpona B naoopaTopnoii cucTeMe, 0 - yron paccemmg sneKTpo-

118 B STOfi CHCTOMO. 

KaK H3BOCTHO, T8KOii Bllll JlH<jl<jJepeiiUlianbiiOrO CO'Iei!HSI MOlKOT cne)lOB8Tb TOnb-
/5/ .. c 

KO If3 ycnOBHSI OJlHO<jJOTOIIIIOCTH 06Meua • ¢lopMyna (7) COBII8Jl80T C cjlopMynou 8 
/3/ ( 

B pa60Te fnaaepa n .HKWll'la nocne aaMeHbi eM. npnMe'lanuo na C'l'p •. 5) 

r 1 r r 
G 1 .. F +-'7F G ->G 

0 3 2 4 2 

1 r r 
rG 3 ... 2 F

2 
G-+G

1 

LlR<jlcjlopeHU!IBnbl!oe ce'leuue npu paccemnm sneKTpoHa ua 'IHCTOM nongpuaoBaHHOM 

(D a/3= 0) nep110l!JlliKYn5!IlHO K nnOCKOCTH paCCOlliiHSI JlOHTpOHO 6yneT 

(~) 
d~ 

rne y=L 
~~ 

da [ 2 0 2 ) · 0 (-) A+Btg -+2ry (y+y' G
4
(G-G

1
-2rG) tg-a ], 

df' Mot! 2 3 2 I 

I>' ' ~ 
• y =-;:;- F' - sneprun sneKTpoua nocno paccenui!SI B n.c., 

a1- nongp11aaunn neiiTpoua MIIWOHII. 

H 3 ( 11 ) Bl!JliiO, 'ITO 8CifMMOTpll ll 
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HMCCT Bl!n 

du(6) _ 

dD 

da(-6) 

dD 

6=------------------
d a( 6) du( -6) ---+---

dD d!! 

2lJ 2(y+y')G
4
(G-G -2fG )tg_q_a 

l 3 2 l 

A+ B tg 
2 L 

2 

( 12) 

!13 (2), (4) a (5) cnenyeT, 'ITO rrpa paccellHHH <JneKTpO!Ia na nenonnpn3o

Ba!II!OM.':Aei1Tpone, A9HTpOH OTAa'il! OYABT nonSipH30BaH B nanpaaneHHH HOpMalil! K 

nliOCKOCTH paCC95IIIHS! l! CTCII91lh ero IIOliS!pl!3aUl!II 

a 
0 

A+ Btg2 .!!__ 
2 

a· 0 panna 

( 13) 

8 'iHCTOM IlOli5!p1!30Ba!IHOM COCTOS!IIIIl! nonSip1!3aUI!ll AOHTpO!Ia He MOll<eT ObiTh OOlih-

-> 2 -
we, 'ICM I a I =- . !13 ( 13) n ( 12) nnnno, 'iTO MaKCI!Manh!lall aCI!MMOTpnSI npn pac-

3 
CCS!Hl!ll SliCI{TpOHa !Ia 'ii!CTOM IIOliS!pl!30Ba!IIIOM ACihpOHC panna CTCIICIIII nOliS!pl!3a-

IUIII neiiTpona OTAa'in rrpn pacceSIHHI! na nenonSipnaonannoM neilTpone. 3TOT peaynh-

. ~/ 
TaT Obin OTM9'l911 !leAaBIIO .[ly60BI!KOM 1 naxTMaHOM l! tJ:elllKOBbiM C noMOlllb!O 

npyroll napaMeTpuaarmn • .[lnSI naweil uenu aalKHO To, 'ITO STU naMepeHI!SI ne neaa

Bl!Cl!Mhi l! TOlibKO .OAJIO 113 Hl!X BXOAI!T B nOliHblH Ha6op H80liJOA89MbiX BCnl!'ii!H 1 

IICOOXOAl!MblX !\liS! onpeAelreHI!SI STI!X tjlopMtjlllKTOpOB. lJ:TOObl IIM9Th STOT nOli!Iblll 

!laoop, HaM IIylKHO II3M9pl!Tb Apyrne nOliSip1!38UIIOHIIbl9 napaMCTpb1 1 IIMCHHO: rrapa

MCTpbl Bb!CTpOCHHOCTII npl! p8CC95llll!l! <lliOKTpOIIa lla HCH01IS!p1!30Ba!IHOM · ACifTp0119 • 

.[lliSI YAOOCTBa CpaB!ICHII5! C TpCXMCpllblMI! n01Illpli30Ball!lblMII napaMeTpaMII BbiOe-

poM cncToMy oTc'ioTa cnonyJOllll!M oopaaoM. Ocb z Hll!lpaBI!M no IIMHYlibCy ACH-

TpOHll OTAa'll! B n.c., OCb - X 

ACT liOlKaTb B STOll HnOCKOCTII. 

- no H?PManu K nnocKOCTn paccommSI, Och y 6y-

Torna napaMoTphr, xapaKTepuayrowne BbiCTpoeHHOCTb D , D 
,J ~ x xy 

Dyy, D , D 
:r.x %Y 

( OCTa/JbllhiC BLipa)!(aJOTCSI 'iOpe3 8TH napaMeTpbl C iiOMO!I1b!O YCIIOBIIH D a a= 0 

liM ClOT Bl!A ( D X y = D z X = 0) 
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rne 

' ' 2 2 2 2 
K ( 2 - 3 Dxx ) = a 1 ( G 

1 
- 27] c G 

3
) + 2 7] a 

2 
( G + 47} G 

4 
) ( 14) 

'\ 

3K(D -b )= G(2n rG +n G +a G )W + n '(G 2 + 47} 2 G2 )<I> + 
XX yy 3 3 3 I 4 I 2 4 2 

2 0 2 (15) 
+[ tt G +a c·-G(tt G +a fG )+rG (a fG +a G )+a G ]<I>+ . 

5 6 4 7 I. 8 3 3 9 3 II I 10 I 3 

+ [ ( 1 + 17) G 
2

- 87] 3 G 
2

] <I! , 
4 4 

-31<'0 
z y =l3K(bxx-byy )I <I> 

l 

2 2 (} 
y (A+Btg -) 

K= 2 

1 + ( 1 + 2 y ) tg 2 f 

... ¢ 
1+4 

(16) 

( 17) 

, a 1, n 2 , ... , lY,1 , .. , !I> 8 - tjlyHKI;IIII OT ::~neprlll! II yrna pacccmuur ::~ncKTpoaa ( CM.npu

no>Ke!ll!e 1), npir onpeneneanoM KaanpaTe nepcna•m I!Mnynhca OI!H lmnmoTcn ~ncna

Mil •. napaMCTpbl 3 O , 1:) x x , b x y' • •• OllpenenniOTCSI B STOM cny~ae C llOMOmhiO DTO-

pOI"O pacceSIHI!SI. Benn~HIIbl ..k., a (nnH aCHMMeTpHSI G ) D , D , D cocTaa-
dQ 0 XX YY •Y 

nSIIOT nonnLill na6op HaomonaoMLIX nenn~nu. Hs HIIX MO>KIIO onpeneJIHTh OTJlellhHo 

ljJOpMQJ8KTOpbl Gl ' ... , G 4' 

4. AHHurnnSI!ll!SI nap!'! ::~neKTpou-nosnTpon n p +- p-

C !ICnbiO onpenenei!HSI ¢opM¢aKTopon G 1 , G 2 , G 
3 

npo!lecc nono611oro THna 
171 

6Lrn paccMoTpeH pa11ee D • 3To armHrHnSI!IHn nonSipnaonarmLrx npoToua 11 aHTH-

npoToHa. Ho a alllll!l"l!nn!IHH npoToHa 11 ai!THnpoToJ.Ia Mbl MOlKCM nony~I!Th TOnhKO 
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O!IpOAOllOHHblO KOM6UH11Uilll STIIX qlOpMtPilKTOpOD, qT06L>I onpe AOllllTb OTAOllhHO nee 

<>Tn cjlopM¢aKTOpbi ( BKmoqan 11 napywmomnfl T -nnnapuanTHOeTb ¢opM¢aKTop G 
4 

) , 

HOM HyX<IIO 1!3Mapl1Tb !!Ollnpll311UI!IO BOKTOpllblX 'llleTIIU, pOX<AlllOUlHXen D STOM !!pO-

ueeeo. 

B OAIIOcPOTOIIIIOM !!pn6nnx<aHllll MllTpll'lllL>Ill SllOMOHT STOI'O npoueeea IIMOeT 

BRA 

(18) 

J AllOTen D (6), TOllbKO eefiqae nee cjlopMtjlllKTOpbl SIBllniOTen KOMllllOKeHblMII 
IL 

tjlyHKUI!llMII OT r 2
=-4E 2

, B STOM enyqae r =k+k'=p'+ p ,l>=p'-p;k,k',p,p'-
. + -

4-IIMIIYllbebl SlleKTpOllll II II031!TpOila, p , p -Me30IIOD eooTBeTeTBCIIIIO, 

E ' 

caMn 

Ecnn 

B eueTeMe UOIITpll Maee AlltPtPOJJOIIUilllllbJIOe ee'!alllle IIMCOT Bl!A: 

dcr 

dP. 

c = 4 ( I G I 2 
+ 4>. 

4 I G I 2 
) 

4 

2) 4 2 . 2 2 2 
+4(1-2>. ReG 1 G*-~>. IC

4
1 -2(1-2>. )IGI -8(>. ReGG* 

3 

( 19) 

0 e·rri- sneprng 11 yron paccenann sneKTpona n c.u.M. (yron MelKAY HMrrynb

sneKTpoua II p- -M030!!ll), A=_!., V- eKOpOCTb p -M030llll D e.U,M, 

M /1/ /7/ 
llOllO)l(I!Tb G 4 "' Q D (19), IIOllY'IllM ¢opMyny (12) D po60TO ( CM, TllK)!(O ) • 

PaceMaTpllBilll MllTpi!UY !IllOTHOeTU p +,p- -MG30!IOD, OTMOTIIM, 'ITO STU 'IOCTI!

Ubl nnnnroTcn neeTa6nnhl!biMu, u nx rronnpnsaunn ue MO)!(aT. orrpe/:lenstTbcn. uerroepen-

CTBOIIIIO; ll O!!pOAOliSieTCSI yrl!OBb!Mll paC!IpOAOl!OilllllMI! !IpOAYKTOB p8Cli8A8. HMOHHO 

B <>TOM cnyqae rronnpnsaUI!OilllhlO napaMeTpbi p + ,p 
/8/ 

113MOpSIOMb!O BOllll'Uillbl B pllC!IIlA8X p .,+ "+ y ll 

-M030110B· Dblpll)!(8IOTCI1 'lepe3 

/9/ 
p ... 2 " • nosToMy Mbi nan-

AOM 3TI! IIOl!llpi!38UUOIIIIb!O !IIlp8MOTpbl COOTBOTCTBOHIIO n !IX CllCTeMaX noKon. Onu 

6yAyT OTMO'IOI!b! 3HilKilMll + II - .COOTBOTCTilOHI!O, B CI!CTOMO IIOKOll p -M030118 

J<OOpAi!llllTI!b!O OCI! Bbi6Hpll!OTCSI TllK, 'IT06b! OCb :! 6L>Ina uarrpanne11a 

0 



.. 
no nMnynbcy p -Meaoaa B c.u.M., och x - no HopMann n nnOCKOCTH peaK-

UHH, a OCb Y 6yAeT nelKaTb TOrAa B 9TOH nnOCKOCTH. 

Ha (2.), (4), ( 18) cnenyeT, 'ITO nongpnaaunoHHbie napaMeTpbi p -MeaoHa 

npnHnMaJOT cnenyJOIUHH BnA: (b - = D - = 0) 
xy zx 

L ~-= {3{3 '({3 '-{3) sin <,b [ (1+ ,;)1m GG*- 2e~e G 
4
(G 

1 
-G+ 2;G /''l n (20) 

t<2-3o- >=3h IG -2~rG 1
2
-3,;-h Cl Gl 2+4eiG l2-4.t"ImG G*' (21) 

XX 1 1 3 2 4 4 

- [ 12 2 2 t(D;x-byy)= 2b
1

(IG
1 

+2r~eG 1 G~)-8r( ReGG*3 +h 4IG~I + 

+h ReG G*+h lmG G* +h lmG G*)P + 
S I~ 14 7 4 I 

2 2 2 2 2 2 (22) 
+b <IGI +4.;- IGI -4.t"lmG,G*)P +(4f, IG I -IGI )(b 0 +h 0 )+ 

2 4 • 2 4 e 3 II 4 

+ ~e G ( G 1 + 2 r G 3 ) * ( b 9 (l 3 + b 
12 

{} 4 ) + lm G 
1 

G ~ ( b 
1 0 

0 3- + b 
13 

(l 
4 

) • 

- !l(D--D-)1,..,.. - Ey Lb = XX YY "1 .. "1+4 

rne 

l=(f3W+.t"lH-2(F 

. 2 2 . 2 2 
H = ( 3+ 4 .t" + 4 .t" ) I G 

1
1 + 4r f, ( 2 .t"- 1 ) ~e G 

1 
G *

3 
+ 12 r 2 f, I G 

3 
I + 

3 2 . . . •; 
+Sf, IG I -4,;(1+2f,)~e G1 G*+2f,(1+2f,liGI 2 -8£f, 2 ReGG* 

4 • . 3 

F=2f,(l+.t") ( IGI
2 

+ 4.t"
2 IG 1

2
) 

4 

b I R {}I - lPYIIKUHH OT 9!1eprnl! H non!1pHOrO yrna aneKTpOHa B 9TO!l CHCTeMe OTC'Ie

Ta - AaJOTCll. B npuno)l{eHnn 2 . 
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AmmorH'!IIbiM ot5pa30M D CIICTeMe llOKOli p + -M930!Ia p c 0 CHCTeMa 

OT'IeTa Bhit5upaeTCSI TaK, •rroobi ocb z ohma nanpanne!Ia no aMnyn1,cy p + -Meao,.o . 

!Ia D C.ll.M. j. OCb X 
... 

- no aopManu n K nnocKocTa peaKuaa; a OCb y B 3TOil 

(D+ =D+ =0) 
xy zx 

llROCKOCTH HMeeT: 

, + + r I 12 2 2 L (D -D )a 2c (G. +2r~eG G*)-8r( ReGG* +c IG I + 
XX YY I I I 3 3 4 4 

+c-~eG G*-c ImG G* -c ImGG*]P.' + 
5 I e 14 14 I 

+ ReG(G 1 +2rG.)*(c.O; +c P') -ImG G* (c P'+c 0') 
• • 3 12 4 I 4 10 3 1! 4 

(2:()) 

rne 

C I H 0'
1 

- cPYIIKilUII OT 3Hepri!H H nonnpnoro yrna sneKTpO!Ia B CHCTeMe llOKOSI 

p+ -Me30!!a H }:lll.IOTCSI D IipHnOlK9HIIl1 2 • J?blpll.lKEl!IHSI (19)- (27) COCTSBR5IIOT liOnHbliJ 

11800p llliOniOilll.9MhiX nenH•IHH, OTCIOAS MOlK!!O I!ORy'IHTh ijlopMyljbi, BblpSlKSIOWH9 BC9 

(jlOpM!jlaKropbl ( D9W9CTB91lllbl9 H MIIHMh19 'ISCTH) '!epea IIHX. 8TH BhiDOilbl ll9 H3Me-

IISIIOTCSI lipH G = 0 
4 

( T.e. npH coxpane_nun 'r -HnnapaauTHOCTH). 
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IlocnO!IHCO 08MO'l8HHO COCTOHT B TOM, 'ITO Mbl CMO)!{OM onpeaenHTb 9TH cpOpM

<jlaKTqpbl c To•mocTbiO ao o5mel! cpaOhi, TaK r::aK nee na6n!O!IaeMbiO nenn'lHI!hi 5unn

uefmo 38BHCS!T OT HHX, TIOSTOMY npu pcmemm CI!CTOMbl ypaBHOHI!fi ( 19)- (27) .OlUUl 

uo cpopM<jlaKTopon C'lHTaeTcli nemecTBOHI!hiM (cKa)!{eM, G 1 ) • 

AnTop npaouaTenell Hryen Ban Xbey n C;M. Eunel!bKOMY oa O'lOl!b noneanhiO 

o6cy>Kneuun 11 nHTepec K pa6oTe, 

11PI1JJO)!{'EHl1E 1 

' ' ~ 3 2 n 1 ~ YY + Y'i- Y Tf- ~ n- 11 a2=Tf(l+rJ) 

a
3

=27](1+2rtl a =1-4a 
• 2 

a 5 ~ -yy'(3+27J) + ( 1+ 71)( 1+ 27])( 3yy'-y 2 -4a )+_:t 
2 2 

a 
5 

= 4rt 2 
[ yy ' ( 1 + 4.,.,)- n ( 3 + 8 a 

2
) l 

a =(y
2
+y'

2
H4n 2 +2rt-1)-14(1J-1)(y'-y)a -8a 2 + 

7 2 2 

2 
+2yy'0.+2rtl+2(1+2ry) a

1
+27](y'-y) 

a 8 = (y 
2 

+ y ' 2
) ( 4ry 2- 2.,., - 3) + 4 ( 1J- 1 )( y '- y) a 

2 
+ 2yy' (1 +27] )-

2 2 • 2 
.,..4(2.,., -1)a +2(1+27]) a -47] (y'-y) 

2 I 

a=8n
2

a 
9 I 

a
10 

"'4(1 +2a
2

) a
1 

a 11 =a 1 o + s.,., n 2 
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II> 
1 

= yy' [ ( y- y ') sin 0 'sin ( 0+ 0 ') + y sin 20'- y 'sin 2 ( 0 + 0 ') 1 

II> 
2 

= 2 yy 'sin 0 ' sin ( 0 + 0 ') 

II> = .l. [ y sin 0' - y' sin ( 0 + 0 ') 12 

3 2 

'( ' ) , 2 , 2 
II>= yy y-ysin(0+20')+.!!_~in2(0+0')-1:Lsin20' 

5 2 2 2 

II> = -yy' sin ( 0 + 2 0 ') e , 

, 2 ,2 

11>
7 

= 22:_ sin ( 0 + 2 0 ') - .2::... sin 2 0 '- 2:._ sin 2 ( 0 + 0 ') 
2 2 4 

, 3 .. s 
II> 

8 
= lf- ( y-y ') sin ( 0 + 2 0 ') - -f- sin 2 0 '+ ~ sin 2 ( 0 + 0 ') 

0' - nonHpHblli yron UMnyJibca aneKTpoaa B Bblopauaoli cncTeMe OT'!eTa, a 

0 - yron pacceHHHH n aToll cncTeMe. 

cos 0' 
y-y 'cosO 

v y 2 + y '
2

- 2 yy 'cos 0 

nPlWO)I\EHl1E 2 
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hi"' 2({3{3'+0 tr2 = u< 1 + e' 

2 bl 
b ,u· +-

3 , 2 b•"'U
2
(b 1-4b2 ) 

b ,2Cf3
2
+f3'

2
-U-fie

2
) b ,4e<2e 2-f3 2-f3' 2

) 
5 a 

b1=4(<f3+.n 

bg=2~(,8+0 

b =e<t-f3) 
II 

b 13 = 2 ( f3' + () b 2 

b a = e c 1 - f3 ,, 

b I 0 = 2 ({3 + () b 2 

b =2f,(f3'+e) 
12 

1 2 
P 1"'- ( {3 sin 0 + {3' sin ( 0 + ¢)] 

2 " 11 

P. = {3 f ' sin 0 sin ( 0 + ¢ ) 
2 11 11 

0 = {3 ' sin ( 0 + ¢ )[ {:? ' sin ( 0 + ¢ ) + {3 sin 0 ] 
3 1T " " 

0 4 = ,B sin 0 " ( {3 sin 0 
11 
+ {3 'sin ( 0

11 
+ ¢ ) ] 

0 5 = -...!.. ( {3 
2 

sin 2 0 + {3 ' 2 sin 2 ( 0 + ¢) + 2 {3 {3 'sin ( 2 () + ¢)] 4 11 11 11 

{3 {3' 
n = - - sin ( 2 0 + ¢) 

a 2 11 

0
7 

= - j? ' [ {3' sin 2 ( 0 
11
+ ¢ ) + {3 sin (2 0 + ¢ ) ] 

2 . 11 

14 

E_ 
11 

P 
8 

= · _ _E_ [ f3. sin 2 0 + {3 ' sin ( 2 0 + ¢ ) l 
2 ' 11 • 11 

E-

f3 - r. 
-~-

M 
f3 '· = 

F..'-
11 

M 

f 2 
('!"-- 1 4M 2 --2({:?+{3') 

E: ;- - SHCpi'IIH SJ'lCKTpOHll II ll03llTpOHll B CIICTC!\!e llOKOll p - .:Vte30!Ul 

E: ' 
Tf 

F -
11 

E - ¢ 
2---1!.. sin - -1 

M 2 

cp - yi'OJ'l MC)KJ:IY I!MllYJ'lbCHMII 8J1CKTpOH8 I! 1103l!Tpona, 0 r. - llOJ'lllpllblil YI'OJ'l SJ'lCK

TpOHll B STOll CUCTCMC 

cos 0 = ( ..L - 1 ) v f3 + {3 ' 
11 f3 f3+f3'-2 

c = f b I f3 ,B' , t: _,. ! 1 oo+K, -+ K , ':. -+ ':. 

P '1 = I 0 II 0 ... 0 ', ,B ... K , ,B ' ... K ' • ¢;> ¢ '· 
11 Tf 

B cncTcMe noKOll p + -Meaona K, K' ~, ¢ ', 0' 
• 11 

I!I'pa!OT COOT.BCTCTDYIOlllY!O 

pOJ'lb-KllK (3, {3 ', (, rp, 0 r. B CIICTCMe II01(05I p - MC30lla, 
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