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B KonneKTBBHOM Mero.ne ycKopeHBJI ,nnJI nony'leHBJI 6onb
WOH nnOTHOCTB 3neKTpOHOB B KOnbUe HeOOXO.D;BMO BMeTb 
Ha BXO,D;e B KOMnpeccop llY'IOK C ManblM 3MBTTaHCOM. Ha
llOMHBM, 'ITO npB a,naaoaTB'IeCKOM C*aTBB ManblH pa3Mep 
KOnbna B KOHUe KOMnpeCCBB onpe,nenJieTCJI aMnnBTy,D;OH 
pa.naanbHbiX Kone6aHBB, nponopnaoHanbHOii pa36pocy cKopo
creii B pa,naanbHOM}' paJMepy Konbna Ha axo.ne B KoMnpec
cop. 

3MBTTaHC llY'IKa - V = _!_ f dx dx ' , r ,ne X ' = 
1T 

dx -az-. 
JIBnJieTCJI Mepoii nonepe'IHOro tllaJoaoro o6'beMa. 3MBTTaHc 
BJMeHJieTCJI /yMeHbWaeTCJI/ C poCTOM 3HeprBB 'laCTBU B npB 
.netllopManaa nonepe'IHoro tllaJoaoro o6'be:Ma. lhaecTHO, 'ITO 
ecna B cacTeMe ,neiicrayror noTeHnaanbHble canbl a ypaaHeHBJI 
,nBB*eHBJI paJ,neneHbl, TO nonepe'IH~ii tllaJOBbli o6'beM He 
BJMeHJieTcJI. B cnyqaJix, Kor.na ,nBB*eHBJI no oT,nenbHblM 
creneH.IiM cao6o,nbl CBJIJaHbl acne,ncTBBe HenBHeiHbiX can, 
tilaJOBble npOCTpaHCTBa, COOTBeTCTBYIO~e 3TBM CTeneHJIM 
cao6o,nbl, MoryT npeo6pa30BblBaTbCJI aecbMa cno*HbiM o6-
pa30M. cllaJOBbiii o6'beM MO*eT BJMeHJITbCJI npa HanB'IHH 

a Q· 
HenoTeHnaanbHbiX can,(Qi)rQPB ycnoBBB • J 0 , r.ne p 1 -
COOTBeTCTByJOIUBH BMnynbC /1/ . a pi 

B HacTOJIIUeii pa6oTe paccMaTpaaaercJI .neicTBBe Ha 
3neKTpOHHblii ny'IOK HelaMe.nneHHoii E -aonubl B nocTOJIHHoro 
M&rHBTHOro nonJI. 3TO O.D;BH 83 BapBaHTOB 3HaKonepeMeHHOH 
tiiOJCYCBpOBKB, ocymecTBnJieMbiB KonbUeBbiMB nBH3&MB B BB,D;e 
aonHoao.noa ana peJoHaTopoa c aonHaMB E- ana H-TBna. 
Pacc:MarpaaaeMblii aapaaHT oTnB'IaeTCJI OT tlloKycapoBKB 
M&rHBTHbiMB KBa,D;pynOnbHbiMB nBH3&MB TeM, 'ITO tiloKyCB· 
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pOBKa ana AeclloKycapOBKa AOCTaraeTCJI 3AeCI. OAHOBpeMeHHO 
no o6oaM nonepeqHidM aanpaaneHaJIM, canld aMeiOT aenoTeH
~an&HidH xapaKTep, aanaqae 3neKTpaqecKoro nonJI DOnald 
a3MeHJieT nepaoA&qecKH 3HepraiOqacTa:Qid, aanaqae MarHaT
aoro nonJI BOnHid np&BOA&T K CBJI3H ypaBHeHHH ABH~eHHJI 
B K B03MO~HOMY H3MeHeHHIO, npa onpeAeneHHidX ycnOBHJIX, 
3MHTTaHCa nyqKa. 

§1. HHTEFPAJJ ,4BH)J(EHHJI 

PaccMoTpHM ABH~eaae OAHOH qacTH:Qid B rnaAKOM aonao
BOAe, B KoTopoM pacnpocTpaaJieTCJI E -aonaa. ,nnJI onpeAe
neaaocTa npaMeM, qTo aanpaaneaaJI ABB~eHHJI qacTH:Qid 
H BOnHid COBnaAaiOT. 

KoMnoaeHTid aanpJI~eaaocTa 3neKTPOMarHHTHoro nonJI 
xopowo H3BecTHid: 

Ez=EoJo(xr) eiif.t 

E = i !..E J (xr) e iif.t 
r K 0 I /1/ 

H¢= i ~oEoJ I (xr )e iif.t 

w 
rAe ko= c k = .; , x = y k~- k 2 

, if.t = w t -kz , w -
$ 

qaCTOTa BOnHid, C • CKOpOCTh CBeTa, 'V lP - rlla30BaJI CKO· 
poeT I. BOnHid ('V lP >C) • 

Bhlpa~eHHJIM /1/ cooTBeTCTBYIOT noTeH:Qaanld: 

«1> = i ~E0 J 0 (xr) eilfr 

A = 1i ~ E J (xr) e iif.t _ /2/ 
Z K2 0 0 

3Aec& «<> - .cKanJipHidH noTeH~an, A z - z - KOMnoHeHTa 
BeKTOpHOrO nOTeH:QHana. 

YpaBHeHHJI AB~eHHJI OTAen&HOH qaCTH:Qid B nonJIX BHAa 
/1/ 3anameM cneAYIOI:QHM o6pa3oM: 

4 

dy f3 r 
dt 

2 
f3¢ y e a«<> 
-r- -mc<a-r-f3z 

0 

~). 

dyf3z e a«<> 1 aAz aAz 
_d_t_ = m

0
c [ -az- cat- f3r ar-1 

~ 
dt 

=-e- [ -f3 a«<> a«<> 1 aAz 
m <f r a r + f3z ( - az - c Tt - ) ] ' 

f3¢ r Y = p 

/3a/ 

/36/ 

/3a/ 

/3r/ 

3AeCI. 1 v ·v v 
y = ---:-;;::::::~;=;:;;:=:::;;::::;: ' f3 = _r' f3 ""J, f3 = .2 

y1-f32-f32-~ r c ¢ c z c 

- ~OMnOHeHTid OTH~CHT~nhH;H CKOpOCTH qacTH:Qid, p = Const. 
YMHO~M ypaBHeHBe /36/ Ha f3 lP H BldqTeM H3 /3B/. He-

non&3yJI COOTHOWeH&e 1 lt =-f3lP +z, cnpaBeAnHBOe MJI 

CHCTeM C TpaHCnJI:QHOHHOH CHMMeTpHeH, nonyqay 

y (1 -f3. f3"' ) + e 
2 

( «<> -f3,h A ) = Const . 
z 't' mo c 't' z /4/ 

Ha Cyt:QeCTBOBaHHe nepBOrO HHTerpana ABH~eHHJI B CHCTe
MaX C TpaHCnJI:QHOHHOH CHMMeTpHeH BnepBide yKa3aHO B pa-
6oTe 12 1. 

Ilpa Hanaqaa BHeWHero nOCTOJIHHOrO OAHOPOAHOrO nonJI, 

Hz r 
onacldaaeMoro noTeH:QaanoM A¢= 2 , ypaaHeHHJI /36/ 
a /3B/ He a3MeHJIIOTCJI H COOTHOWeHae /4/ OCTaeTCJI cnpa
BeAnaBidM a B 3TOM cnyqae. 

IloKa~eM, qTo cooTHomeHae I 4/ BhlnonaJieTcJI npa He
KOTOphlx npeAnono~eHHJIX a npa yqeTe co6cTBeHHoro nonJI 
nyqKa. 

,nonycTaM, qTo co6cTBeHHoe none nyqKa npa OTCyT
CTBaa E -aonHid onacldaaeTcJI noTeH:QaanaMa: «1> (r ) 
Az (r). HanpaMep, B npeAnono~eHaa paBHOMepHOH nnoTHO
eTa qacTa:Q no ceqeHaiO nyqKa 
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¢0 
e a r2 

a2 

A=-~ 
ZO 3 2 

r2 lSI 
# 

r.z.e a - JIHHeHH&JI IIJJOTH&CTL 'I&CTHU. llpu ,AeiiCTBHH BOJJ

HLI, B JJHHeHHOM llpH6JJH>KeHHH 

tfl =cllo+~ ' Az =A z + Az ' 
- - 0 

A r ' A¢' 
r.z.e <£' , A z , 
e i(w t - kz) 

Ar , A ¢- BeJJH'IHHLI, nponopnuouaJJLHLie 

JleriCO BH,AeTL, 'ITO ,AJJJI cflo H Azo COOTHO

WeHHe 141 OKa3LIBaeTCJI cnpaBe,AJJHBLIM, T .K. OHH 3aBHCJIT 

TOJJLKO OT KOOP.AHHa TLI r , a ,AJJJI iii , A z , Ar , A¢ cooT

HOWeHHe 141 BldiiOJJHJieTCJI B CHJJy TpaHCJJJIUHOHHOH CHMMeT
pHH. 

§2. BlJCOKOfJACTOTHJJil llOTE~JI 

H3secTuo, 'ITO np& .ABH>KeHHH 'I&CTHU B BLICOKO'IacToT

HOM IIOJJe, onpe,AeJJeHHLIM o6pa30M 3aBHCJill(eM OT KOOp

,AHHaT, C03,AaeTCJI BLICOKO'IaCTOTH&JI IIOTeHUH&JJLHaJI JIM&. 

Haii.z.eM 'lacToTy Kone6au&ii 'laCTHULI B TaKoii JJMe npu 

.z.eiicTBHH He 3&Me.z.neuuoii E - BOJJHLI. 

Bwpa>KeHHJI III 3an&meM B su.z.e: 

Ez=EoJ 0 (p 1) Coso/ 

Er =-Eo 1 J I (pi ) sin 1/1 
v # 2

-1 cp 161 

H¢=-Eo ~ JI (pI) sin 1/1 , 

v f3 2 -1 cp 

6 

r.z.e 

p = v {3~ -1 

I f3cp 
k

0 
r 

H 
ciJ =- E /3cp 

o k o ( f3 ~ - 1 ) J o ( P I ) sin 1/1 111 

A =-E 132 z 0 _......_ __ J 
ko{f3 ~ -1 ) o (pi) sin 1/1 • 

C y'leToM 17 I cooTuomeu&e 141 6y.z.eT: 

y{l-f3zf3cp) +ay0 {3dJJ0 (p 1 ) sino/ =Mi, 181 

r.z.e 

eEo 
a 

m oc2 ko Yo 191 

M =Yo (1 -{3 z
0 

f3cp ) +a Yo f3 cp Jo (piO) sin o/o 

HH,AeKC "0 " OTHOCHTCJI K Ha'laJJLHOMy MOMeHTY BpeMeHH • 

Do.z.cTaBJJJIJI 17 I, 181 B ypasueHHJI .ABH>KeHHJI 131 H ne

peXO,AJI K 6e3pa3MepHLIM nepeMeHHLIM: T =W t , p = k 0 r , 
Tf = k 0 Z, IIOJJY\fHM B napaKCHaJJbHOM npH6JJH>KeHHH: 

~ 
dr 2 

_ a ( 1 -~ ~ [ ~ (1 -~ {3cp -p2) sino/ +pTf. cosi/J J 
(M -af3cpsi no/) 2{3 cp 1101 

d 2 Tf_ = a (1 - ~ f3 <b ) [ (1 - ~ 2) cos 1/1 - p/ (1 + ~ I f3 cp ) sin 1/1 ] . 
d r 2 ( M -a {3 sin 1/1 ) 

cp 
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3.o;ecL "' .. r-.,., I f3 m ' ~ = f3 z ' p = f3 .. llpRHJITO p =0. llyCTL 
a «1. B ypaBHeHiUIX /10/ nepei.o;eM K HOBOH nepeMeHHOH 

t/f • )J;n.R npOCTOTLI paCCMOTpRM cnyqaj {3 if! » 1 . fipOBO,IJ;JI 

CTaH,o;apTHLIM o6pa3oM ycpe.o;HeHRe, nony'IRM /s pa3uep

HLIX nepeMeHHLIX - ,lUIJI Harn.R,IJ;HOCTH/: 

d2r w 2 
- + _g r = 0 , /11/ 
dt2 8 

r.o;e 
eEo 

wE= rnocYo 

TaKBM o6pa3oM, s He3aMe,o;neHHoi E -sonue co3.o;aeTc.R 

BLICOKO'IaCTOTHaJI noTeHUHanLHaJI JIMa B r ·HanpasneHRR, 

rny6RHa KOTOpoi He 3aBHCRT OT 'laCTOTLI. fiocne.o;Hee 06CTOJI· 

TenLCTBO CBI3aHO C TeM, 'ITO nonepe'IHLie KOMnOHeHTLI 

nonJI npa PI <<1, KaK BR.o;Ho R3 /6/, nponopnRoHanLHLI qacTo
Te. 

)J;nJI l)oKycapoBKH 3apJI>KeHHLIX ny'IKOBHeo6xo.o;auo, '1To-
6w 

2 2 ~> w 
8 k /12/ 

r.o;e 
2 r I c 

c 2 
w k "" 

e~ a2 2 
t-' z 0 YoY zo 

3.o;ecL I - TOK s ny'IKe, a - pa.o;aanLHLii pa3Mep ny'IKa, 

rc 
e2 

rn c 2 
0 

e - . 3ap.R,o;, m O- Macca nOKOJI 3neKTpOHa, 

c - ~Kopocn. cseTa, 

1 2 2 2 2 1 
y = , f3 = f3 +{3 +{3 , y = ---

0 y1-f3 2 0 ro ¢o zo z 0 v 1 -132 
0 zo 

OneHKR noKa3LIBaJOT, 'ITO npR HanpJI>KeHHOCTR non• s son-

Hoso.o;e E 0 = 100 KB/cM, Ha'lanLHoi 3HeprRR qacTRU y
0

- 5, 
Yo-Yzj) , a ..,. 1 CM ycnOBRe /12/ BLinOnHJieTCJI ,IJ;O TOKOB 
I -200 A, npu y0-10 - I - 400 A. 
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§3. CAMOCOF JIACOBA.HHAJJ 3A,4A lJA 

llpa .o;eicTBHR E - sonHLI Ha 3apJI>KeHHLii ny'IOK s no

cne,o;HeM B03HRKaJOT B03MYJneHRJI nnOTHOCTH 3apJI,o;a R TOKa, 

'ITO B CBOID O'lepe,o;L npRBO,IJ;RT K B03HRKHOBeHHID URnHH,IJ;• 

pR'IeCKRX nosepXHOCTHLIX BOnH R K R3MeHeHRIO KynOHOB· 

CKHX CRn B ny'IKe. 

fipRMeM, 'ITO B OTCYTCTBRe BOnHLI HMeeT MeCTO MHKpo

KaHOHR'IeCKOe pacnpe,o;eneHRe ,IJ;nJI l)a30BOHnnOTHOCTR, KO· 

To poe, KaK R3BeCTHO, npRBO,IJ;RT K O,IJ;HOpO,IJ;HOMY pacnpe,o;e

.o;eneHRIO nnoTHOCTR 'laCTRU no ce'leHRIO ny'IKa /3/. Co6-

CTBeHHoe none nyq:Ka B 3TOM cnyqae RMeeT KOMDOHeHTLI: 

(c) 2ea ( r -ro) 
E = r. 

a2 /13/ 

H(c)= ~ f3 (r -r
0

) , 
¢ 2 zo 

a 

r.o;e a - .JIRHeiuaJI nnoTHOCTL qacTHU, a - oru6aJOIUaJI DY'IKa, 

r O- pa.o;Ryc UeHTpan:&HOH 'laC TRULl ny'IKa. 

)J;n.R HaXO>K,o;eHR.R KOMDOHeHT 3neKTpOMarHRTHOrO non• DpR 

B03,1J;eBCTBRR BOnHLI RCnOnL3yeM CRCTeMy ypaBHeHRH MaJC

CBenna, penJITRBRCTCKOe ypaBHeiiRe ,IJ;BHlKeHB.R B ypaBHeHRe 
HenpepLIBHOCTR 

... ... 

rot E = _ l_ JU1 
c at 

... ... ... 

rot H = __k J. 1 a E c +- -c at 
... ... 

)=eE+-[vH 
:....:__ __ 

... 
d (en) + div j = 0 
dt 

/14/ 
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OrpaHB'IRBaeuc.& paccuoTpeuaeu aKcaan:&uo- CBMMeTpaq
u:wx sonu. Bee BeJIB'IBH:W C'IBTaeu nponopJUIOHaJI:&H:WMB 
e i <w t- kz >. B JIBHeiuou npR6JIBlKeHBB nony'IBM: 

r~e 

Ez=EoJo(KI r ) 

0 k Eo ) 
E r = .1 ---;--- KI J I ( K I r 

K 

_ 0 k 0 -
H¢- .1 --EO KI JI (K I r)' 

K2 

KI=K yl-
2 

w2(1-f32) 
P zfl 

(w -k v )2 
zo 

w 
p 

0 • DJIOTHOCTh 'laCTBQ. 
,D;acnepcaouuoe ypasueuae aueeT BB~: 

Kilo (Ka) JI(Kia) - K J0 (Kia) JI (K a) 

/15/ 

4"e 2 n 

m 0 Yo 

KKg(Ka) J 0 (KI a)+KIK 0 (Ka) KI( Kia) 

a • pa~BYC DY'IKa, b - pa~RYC BOJIHOBO~a. 

_ J0 (Kb) 

-~rG· 

E o [ J o ( K a) + G Ko ( K a ) ] 
Eo= 

1o (Kl a ) 

EO'-aMDJIBTy~a sonu:w B o6nacTR ny'IKa. llpa I= 0 , KI = K 

G = 0 R E0 = E 0 - uanp.&lKeuuocTB noJIJI sonu:w B OTCYTCTBRe 
ny'IKa. Ecna 

w2 
8 = « 1 

2 2 2 ' 
w y zo ( 1 - f3 zo I R 4J ) 

TO BJIB.RHBeM DY'IKa Ha 3JieKTpOMarHRTHOe DOJie BOJIH:W MOlK
uo npeue6pe'l:&. Hanpauep, npa I - 103 A, }t) =3, f3 4J = 10, 
8 = 0.04. 
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§4. YPABHEHHJI IIEPBOTO IIPHEJIH)J(EHHJI ):(.JUl 
MEJVIEHHhiX IIEPEMEHHhiX 

PaccuoTpBM cosuecTuoe ~eicTBBe ua ny'IOK 3ap.&lKeu
u:wx 'laCTHll DOCTO.RHHOrO MarHBTHOrO DOJI.R B DOJI.R E - BOJIB:W. 

,lJ;JI.R O,I:UIOi 'laCTHll:W ypaBHeHB.R ~BRlKeHB.R B napaKCBaJI:&· 
HOM npB6JIBlKeHBB RMeiOT B~: 

. 2 y 
~ = _ q2 Yo _ ~ p (1 _ 71 f3 !fJ ) sin tf! 
dr Y 2f34J 

d y. pp 0 

___!.!_ = a Yo (cos rjJ - -- S.Jn 1./J 
dr 2 

/16/ 

~=ay (~ CosrjJ -pp/2f34JsinrjJ), {3¢ =-qp , 
dr 0 

r~e 

w,L = 
e Hz e E 0 

2 mo c yo , a = mo c Yo w q = w 
WL 

Hac RHTepecyeT R3Meueuae RHTerpana~eicTBRJI J.,. fpdp 
R B3Meueuae aMnJIBTy~:w pa~aan:&u:wx Kone6auai &3- Ja 

CBJIJR ypasueuai pa~aan:&uoro B npo~on:&uoro ~BBlKeHBJI. 
fiyCTh a « 1. 

llopolK~aiOII.\aJI cacTeMa ypasueuai 

d2 2 
..::.......e._ = - q p 
dr 2 

6._ /17/ 
0 

dr 2 

.2..L=o. 
dr 

II 



Ee peweuHe 

p = a cos ( q r + () ) 

"' = ~0 r 

y =Yo · 
.• 

lloJiy'IHM cTaH~apTHhiM MeTo~oM I 4 I ypaaueHHJI nepaoro 

UpH6JIH>KeHH.II ~JIJI aMUJIHTY~hl, 4>a3hl H HHTerpaJia ~eBCTBHJI. 
B uepe3ouaucuoM cnyqae aMnJIHTy~a H HHTerpaJI ~eiicTBHJI 
OKa3hiBaiOTCJI llOCTO.IIHHhiMH BeJIH'IHHaMH. 

PaccMoTpHM cJiy'laii, 6JIH3KHii K napaMeTpH'IeCKOMY pe-
3ouaucy: 

1 . 1 
q =-(1-q I{J.J.) HJIH w --(w-kV ). 

2 0 'f' L 2 zo 

Tor~a ypaaueHHJI nepaoro npH6JIH>KeHHJI HMeiOT BH~: 

d a = a a L cos 2 0 
dr 

de = v -a 'L sin 20 
dr 

-4 2 
~ = a ( i2 q •L - L_q:_) cos 2 (), 
dr 16 fJ 

r~e 1 1 
v = q- --0-~ 01{3 ... ), ·L = --0-~0 {3 ... ) 

/18/ 

2 'f' 8q fJ 'f' 
H3aecTuo, 'ITO o6JiacTL ycToii'IHBOCTH onpe~eJIJieTcJI cne-

~YIOIQHM cooTHOWeHHeM: lv I <a •L • Pe3yJILTaTw 'IHcneuuoro 

peweHHJI ypaaueHHii /18/ npe~cTaaneuw ua puc. 1 npH 

v =0.01, fJ<P = 2, Yo =3 . a L -0.025 . KpHBaJI 1 xapaK

TepH3yeT H3MeHeHHe aMUJIHTY~hl KOJie6aHHB no OTHOWeHHIO 

K Ha'laJILHOMy 3Ha'leHHIO, KpHBaJI 2 - OTHOCHTeJILHOe H3Me

HeHHe BeJIH'IHHhl J . 
BH~Ho, 'ITO npH aw6pauuwx ycJIOBHJIX B03MO>KHO yMeHL

weHHe aMUJIHTY~hl KOJie6aHHB /orH6aiOIQeii llY'IKa/ H HH-

12 

1 

A,v 

•J IJ tl.+ ia =ii=== .~.2 ,.,, .,_-;-----nktJ ' 

Puc. 1. H3MeHeHue aMruru•yo~or KO.IIe6aHuu u uH•ezpaAa 
oeuc•eu.R. 

TerpaJia ~eiiCTBHJI /3MHTTaHCa llY'IKa/ llpH6JIH3HTeJILHO 

B ~Ba pa3a Ha ~JIHHe BOJIHOBO~a - 1 JK. fipH 3TOM HanpJI>KeH

uocTL noJIJI a BOJIHoao~e Eo = 100 KB/cM, A. = 10 CM 
uanpJI>KeHHOCTL MarHHTHoro noJIJI Hz= 1500 3. 

HTaK, o~HO'IaCTH'IHoe npu6JIH>KeHHe noKa3waaeT, 'ITO 

OrH6aiOIQaJI llY'IKa H HHTerpaJI ~eBCTBHJI npH onpe~eJieHHOM 
COOTHOWeHHH Me>K~y "3ciM)eKTHBHOB" 'laCTOTOB BOJIHhl H 

l(HKJIOTpOHHOB 'laCTOTOB Me~JieHHO KOJie6JIIOTCJI no AAHHe 

BOJIHOBO~a, llpH 3TOM ~JIHHa BOJIHhl KOJie6aHHJI 3aBHCHT OT 

napaMeTpOB CHCTeMhl. 3ciM)eKTHBHOH 'laCTOTOH 3~eCL Ha3hl· 

aaeTcJI BeJIH'IHHa ~ = w 0 -f3 z I fJ<P ) • 

§5. PB3YJlhTATJJ IJHCJIBHHOTO PACqBTA 
OTHEAIOII(Bil H 3MHTT AHCA 

nyqKA 

C l(eJILIO onpe~eJieHHJI H3MeHeHH.II 3MHTTaHca llY'IKa npH 

HaJIH'IHH CBJI3H pa~HaJILHOrO H npO~OJILHOrO ~BH>KeHHB 6hiJI 

npOBe~eH 'IHCJieHHhiB pac'leT TpaeKTOpHB 'laCTHl( H 4>a30BO

ro nopTpeTa ny'IKa npH ~eiicTBHH E -aoJIHw H nocToJIHHoro 

MarHHTHoro nonJI. B ce'leHHH nyqKa paccMaTpHBaJIOCL 

m 'laCTHI(, OTJIH'IaiOIQHXCJI ~pyr OT ~pyra Ha'laJILHhiMH YCJIO• 

BH.IIMH (ro 'r 0). HaqaJILHhiB ~ByMepuwii nonepe'IHhlii 06'heM 

3a~aaanc.11 B a~e 3JIJIHnca. ,IJ;JIJI Ka~oii 'laCTH~hl pewaJiacL 

cJie~yiOIQaJI CHCTeMa ypaaueuHii: 

13 



d2 y P (k) Yo • PY 
~=Q2_e_ +~(aEE +aHQ-+akF )--a 77H,~.--
dr 2 y 2 y P y P y E 'I' y 

2 . (k) 17 y ~= E(aEE 17 +aEpH¢+akF
17 

)--
dr y y 

(k) 
h._ = y (a 7J E +a p E +a p E ) · 
dr 0 E 17 E p k p 

3.Qec& 

J (pi) . 
E p = _ I Stn ( r -17 I {3 cp ) 

..){32-1 
4> 

E 17 = J 0 ( pI ) cos ( T -17 I {3 4> ) 

_ {3 W J I ( p I ) sin ( r -17/ {3 !lJ ) 
He/>= -

PI 

Q 

v/32-1 
'li> 

..){3~- 1 

{34> 

-a ...l.a 
H 2 

eHz 

p 

e Eo 
a = -------· aE ' a = k H m c y w 

0 0 
m c y w 

0 0 

/20/ 

2 rei 

e v Y0 zo 

/2I/ 

ak, F(k), F(k)- xapaKTepBlYIOT co6cTaeHHble nom1 ny'I
Ka. :6blio npBl/.II.TO MBKpOKaHOHB'IeCKOe pacnpe.QeneHHe .Qnll. 
lllaJoaoii nnoTHOCTB. B 3TOM cny'lae 
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F(k)= (1-~17·s)(p-ps) 
p 

(p - p ) 2 
m s 

tk> = p 7j s (p -p s) 

17 (p - p ) 2 /22/ 
m s 

E (k~ (p -p s) 
p 

(pm-ps)
2 

3.Qec& r, s - ycpe.QHeHHall. no ce'leHBIO ny'IKa npo.Qon&Hall. 
CKOpOCTb, p m - OrH6aiOIQaJI ny'IKa /MaKCBMan&HbiB pa.QB
yc/, p - pa.QBYC :u;eHTpan&HOB 'laCTBUW ny'IKa. . s 

qucneHHble pac'leTw noKaJanu, 'ITO npu .QeiicTaBB abl-
coKo'lacTOTHoro nonJI aonHbl 3MBTTaHC ny'IKa He OCTaeTCJI 
noCTOJitiHbiM, a BMeeT KOne6aTen&HbiB xapaKTep. cl»aJOabiB 
nopTpeT TBnB'IeH .QnJI ny'IKOa, BMeiOIUBX KpOCCOaep. Ha 
puc. 2 noKaJaHo BJMeueuue 3MBTTauca ny'IKa - V /no 
OTHoweHBIO K Ha'lan&HOMY I no AnBHe aonuoao.Qa. 3.Qec& . 
v = 'V = p m • p m , r .Qe p - MaKCBMan&HbiB pa.QBYC a ny'IKe, 

• m 

Pm~Pmo 

p m - MaKCHMan&HOe 3Ha'leHBe pa.QBan&HOB CKOpOCTH ( {3z -1 ). 
napaMeTpbl cne.QYIOIUBe: TOK ny'IKa I = 500 A, HanpJI:>KeH
HOCTb MarHHTHoro non11. Hz= I500 3, uanpJI:>KeHHOCT& nonJI 
aonHbl E 0 = 50 KB/cM, ARRHa aonubl A = IO cM, {3_4> = 2, 

3HeprBJI 'laCTBU w = I ,5 M3B, m - 50, Ha'lan&HaJI 4la3a 
aneTa t/Jo=0 .BBAHO, 'ITO Ha abiXO.Qe aonHoao,Qa- I M MO)KHO 
nony'IBTb nY'fOK C MeHbWBM 3MBTTaHCOM, 'leM aHa 'lane. 
Ha puc. 3 noKaJaHbl .QnJI 3Toro :>Ke cny'laJI a liiYHKUBB ape
MeHH oru6aiOIUBe ny'IKa .Qnll. paJHbiX Ha'lan&HbiX 4la3 aneTa 

1/Jo =0 /nyHKTBp/, t/Jo =TT/2. 
PeJyn&TaTbl pac'leToa no.QTaep:>K.QaiOT, 'ITO ecnu pa.QBan&

uoe B npO.QOnbHOe .QaB)KeHBII. CaJIJaHbl, TO Ha abiXO.Qe Bl 
CBCTeMbl 3MBTTaHC MO:>KeT 6WTb MeH&We Ha'l8..llbHOrO 3a 
c'leT yMeH&weuue pa.QBan&uoro pa3Mepa ny'IKa. 
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Puc. 2. HaMeHeHue 3MU111111aHca no oAuHe 80AH08ooa. 

R~ 
0 

1 

0 50 

, ,, ., ·I 1111 
,t I I ,I I I I 
~ 1 1 ll I I 

'I I I I 
I I l: I 
~ II I 

ll I 
II 
v 

100 
T 

Puc. 3. HaMeHeHue ozu6a10111eil ny<~Ka no OIIHOUleHUIO K Ha
'IOAbHOMY 3Ha'leHUIO. 
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B ,D.aHHOM cnyqae no ,D. ,D.eiicTBHeM nocTOJIHHoro uarHBT

HOrO llOJIJI 'laCTIIIUal COBepmaiOT pa,D.BaJILHide KOJie6aHHJI. 

Ecna 31)clleKTHBHa.a: qacToTa BhiCOKO'IaCTOTHoro non.a: 6JIB3Ka 

K Y.D.BOeHHOH 'laCTOTe pa,D.HaJILHhiX KOJie6aHBH, TO llO,D. ,D.eii:

CTBHeM MarHHTHOrO llOJIJI BOJIHhl pa,D.HaJILHOe )J.BH)I(eHBe 

nepeBO.D.HTCJI B npo,D.OJILHoe /'IJieH f3r H¢ B z - ypaBHe

HHH .D.BH>KeHHJI/. Dpo:uecc 3TOT nepBO,D.B'IeCKBH, nepao,D. 

ero 3aBHCHT OT COOTHOWeHHJI OCHOBHWX 'laCTOT CHCTeMid. 

llpH onpe,D.eneHHwx ycnoBBJIX pa,D.BaJILHwii pa3Mep ny'IKa 

B pe3yJILTaTe ,D.eii:CTBBJI E - BOJIHw H uarHBTHoro nonJI uo:>KeT 

6WTL yMeHLWeH npH cpaBHBTeJILHO He60JILWOM yBeJIB'IeHBB 

pa36poca CKOpOCTeH, 'ITO H npBBO)J.BT K yMeHLWeHBIO 3MHT

TaHCa. 

B 3aKJIIO'IeHBe aBTop Bwpa:>KaeT HCKpeHHIOIO 6naro,D.ap

HOCTL B.A.fipeii3eH,D.OP4Jy 3a llOMOIQL npH COCTaBJieHHH 

nporpaMM. 
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