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BseneHae 

OnHoA aa cymecTBeHHbiX oco6eHHOCTeA ycKopeHHa qaCTHU B ueHTpanbHoA o6nac-

TH CHHXpOUHKnOTpOH8 asnaeTCa 38BHCHMOCTb BblCOKoqaCTOTHOrO yCKOpSI!Omero nona 

He TOnbKO OT BpeM9HH, HO H OT npOCTpaHCTB9HHblX KOOp.tlHHaT. 

8Ta oco6eHHOCTb o6ycnosnasaeT B npocTpaHCTBe Me*.tlY ycKopaiDmHMH aneK

TponaMH 38BHCHMOCTb ero OCHOBHblX xapaKTepHCTHK \Ha6op 9Hepraa, <jJOKYCHpyiDmHX 

can, ¢aaosoro pe*HMa a aaxsaTa qacTHU s aa'lane ycKopeaaa a T.n.) oT panayca. 

Una Toro qTo6w onpenenHTb yKaaaHHwe xapaKTepacTHKH a nonoATH K nocTaaosKe a 

perneHHID npo6neM, onpenenmomax, B KOHe'lHOM cqeTe, ae TOnbKO HHTef!CHBHOCTb yc

KOpS!eMbiX 'i8CTHU, flO H B03MO*fiOCTH nanbf!eftrnero ee ysena'lef!Ha, aeo6XO.tlHMO 

aaaTb 6onee neTanbHO aneKTpH'lecKoe none, neacTsyiDmee s ueaTpanbaoa o6nacTa 

CHHXpOUHKnOTpOfla. 

Uaaaaa pa6oTa nocsameaa aayqeaaiD ocq6ef!aocTeR pacnpeneneaaa nsyxMepaoro 

aneKTpH'leCKoro nona, coanasaeMoro ycKopaiDmHMH aneKTponaMH, a TaK*e aaxo*ne-

HHID OCHOBHblX xapaKTepHCTHK aneKTpH'leCKOrO nona, onpenenSIIDmHX HB'lanbf!b!H npo

uecc ycKopeHHSI s caaxpouaKnoTpoae OH.HH. 

9 1. ~neKTpH'l9CKOe none B UeHTpanbf!Oft o6naCTH CHHXpOUHKnOTpoaa 

Pacnpeneneaae aneKTpH'leCKoro nong B ueaTpanbHOA o6nacTa caaxpouaKnOTpoHa 

38BHCHT OT reOMeTpHH .tlYBHTa, HOHHOrO HCTO'lHHKa, OT aneKTpO.tlOB .tlOnOnHHTenbHOH 

aneKTpOCT8TH'l9CKOA !jloKyCHpOBKH H Kpbllli9K YCKOpHTenbf!OA K8M9pbl. 

3aBHCHMOCTb aneKTpH'l9CKOrO nona B U9HTpanbHOA o6naCTH CHHXpOUHKnOTpoaa 

OT BpeMeHH H npOCTp8HCTB9HflblX KOOp.tlHH8T MO*HO npe.tlCT8BHTb B cnenyiDmeM BH.tle 
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CM 
V(y,z,t)~V (y,z)ros[ f ru(t)dt] +V

0 
(y,z), 

~ 

r ue V (y, z) - 8Mll11HTyua BbiCOKO'J8CTOTHOrO H8llpS!lKeHHH, 
0 

V CM (y, z) - Hanpst>KeHHe nocTostnuoro CMemeHHst, nouaBaeMoro na uyanT, 
0 

(1.1) 

B uannoM paccMoTpenHH uyaHT canxpouaKnOTpona npeunonaraeTcst 6e3rpaaaq-

Hb!M no o6e CTOpOHbl OT UeHTpa yCKOpi!Te11st, 8 OCb Y nepneHUHKy11stpHa KpOMKe 

u yaHT8, 'ITO HB11steTCH, 6e3yC110BHO, npH611H>KeHHeM K pea11hHOH CXeMe uenTpa1lbHOH 

o 6naCTH. 

Ha pac. I noKa3aH uenTp canxpouaKnOTpona OHfiYI. C npaaoA CTopoHbt pacno-

no>KeH uyanT c anepTypoA D = 12 CM a nenTpa1lhHhtM Bbtpe30M paAayca R =7,5 eM. 

no BepTHK81lbHOH OCH yCKOp11Te11H, COBll8U8IOllleH C uenTpOM M8rHifTHOro nonS!, 

p8Cll0110>K6Hb1 CHMM6TpH'IHO OTHOCHTe11hHO Cp6UH6H ll110CKOCTif UB8 KOHyCa HOHHOrO 

/ I / 
lfCTO'IHHK8 OTKpbtTOrO THna 

C 116BOil CTOpOHbl p8Cll0110>K6Hbl 3116KTp 0Ubl UOll011HHT611bHOli 3116KTpOCT8TH'I6CKOH 

¢ oKyCHp OBKH /2/, nyHKTHpOM llOK838H8 U11H Cp8BH6HHH reOMeTpHH U6HTp8 CHHXpo

UHK110TpOH8 UEPHa/3/. 

OTcyTCTBHe CHMMeTpHH nonH OTHOCHTenbHO BepTHK811hHbtX nnocKOCTeli, npoxo-

U HlliHX K8K U8p81111611bHO, T8K H nepneHUHKY11HpHO KpOMKe UY8HT8, U61186T npaKTH'Je 

CKH H6B03MO>KHbtM , no HallleMy MH6HHIO, CTpOrHH 8H811HTH'I6CKHH paC'IeT pacnpeAe -

116HHll ll011H U11H pea11hHOH CX6Mbl U6HTp8llbHOH 06118CTH ClfHXpOUHK110TpOH8, 

Ha pac. ~ noKa3ano pacnpeuenenae aneKTpaqecKoro nonS! no oca, nepneauaKy~ 

11stpHOH KpOMKe UY8HT8 If npOXOUHW6H q e pe3 OCb KOHHOrO HCTO'IHHK8, KpHB8H ' 1 • 

C OOTBeTCTByeT cymeCTByiOWei! CXeMe U6HTp81lbHOH 06118CTK CHHXpOUHK110TpOH8 Q]llfl]ll, 

B K1110'18IOlllell uyaHT, KOHHb!H HCTO'IHHK, ¢oKyCHpyiOlliH6 3116KTP0Ubl, KpHB8H '2 • Xa

p8KTepH3yeT pacnpeuenenae aneKTpaqecKoro nonH, Korua Bbtpe3 B uenTpanhnoll qac

TH uyaHTa 3aKpbtT coOTaeTCTBYIOWHM ¢anepoM. Kpaaa H ·s• AaeT pacnpeuenenae 

3 11 6 KTpH'I6CKOrO ll011H, KOrua OTCyTCTByJOT KOHYC8 H Tpy6i,r HOHHOrO HCTO'IHHK8• 

8 Bepxnell '18CTH (pHC . ~) CX6M8TH'I6CKH nOK838Ha r eoMeTpHS! UY8HT8 H Bht

pe3a B ero uenTpanbnoi! '18CTif. 

Pe3Koe OTJJH'IHe KpHBhtX na pac. ~ yKa3htBaeT na To, 'ITO aaATH aaanaTa'lecKoe 

pewe n11e 3auaqa o pacnpeuenen11H aneKTpH'IeCKoro nonst B nenTpa1lbnoA o5nacTa 

CHHXpOUHK110TpOH8 O'leHb C110>KHO, 

4 

8 H8CTOHWe e BpeMH H3J 

TpH'IeCKHX none ll U11H KOH ¢ Hr: 

npa611H>KeHHeM MOlKeT C'IHT8T 

TpOHOB, 

TaK, B pa6oT e1 4 / pewe 

lfUe811hHOH UIIK110Tp0Hl!OH rem 

J:l UeHTp811hHOH ll110CKOC · 

WHM COOTHOWe HH e M / 4 / , 

E 
y 

rue 

D 
y sin 

"(b-1) 

a napaMeTp b H8XOUHTC S1 I 

"k 

[ D/ 2 ] 

nnH BepTHK811hHOi! COCT8B11HIOI 

HHH H8HU6HO, 'ITO 

E 

8 pa6oTe ERna/5/ uanbt noup • 

311eKTpH'IeCKOrO U011H B cpeAHo 

anepTypbl Uy8HTOB K paCCTOHH 



CM 

(y' z ) ' 
( 1.1) 

onaaaeMor o Ha n yaHT. 

npenrronaraeT CSl 6e3r paHH'I

neprrenneKynRpHa KpOMKe 

!8ITbHOli CXeMe ll8HT p8llbHOfl 

1. C rrpaaoli CTOpOHhi pacrro

Bbipe30M pa~:~eyca R =7 ,5 CM. 

: ll8HT p OM MBrHHTHOrO ITOITSI, 

:KOCTH llBB K OHy Ca HOHH Oro 

reoMeTpHSI n e aTpa CHHxpo-

IKBJlbHb!X ITITOCKOCTefl , rrpoxo-

~
e nyaaTa, nenaeT rrpaKT H'Ie

TH'IeCKHfl p ac'!eT pac rrpene

CHHxpouHKIT OTpoaa. 

ro rrong no ocH, rreprreaneKy~ 

·o HCTO'IHHKa. KpHaag "1 • 

; T H CHHXpOUHKITOTpoaa 011 Hl1, 

·eKTPOUbi . KpHaag •2 • xa-

I Bblp83 B ll8HTp8 ITb HOfl 'IBC-

3• naeT p a crrp e n e n e HH e 

)b! HOHHOrO HCTO'IHH KB • 

r eoMeTpH SI nyaHT a e Bhi-

I U8HTp8llbHOfl O~ITBCTH 

B HaCT OSilllee a p eMSI H3BeCT eH pSin pa60T14- !3/, rrocaSimeHHbiX pacqeT y an eK

TPH'IeCKHX rroneii a n SI KOH<jJHrypauH ii a n e KTpono a , reoMeT p H SI K OTOpbiX c ycnoaHuiM 

ITpH6ITH)f(8 HHeM MOlKeT C 'IHT8 T bCSl 6rrH3KOH K reoMeTpH H ll8HT parrbHOI1 CHHXpO!lHKITO-

T pOHOB. 

T aK , a pa6oT e/'l/ pemeHa 3anaqa pacrrpenenenHSI aneKTpH'IecKoro rronSI LliT51 

HLl88ITbHOii llHKITOTpOHIIOii reoMeT pHH ( CM. PHC . 3 ) . 

f:l ll8HTp8ITbHOii ITITOCKOCTH Z = U pacrrpeneneHHe ITOITSI OITHCb!DBeTCSl CnenyiO-

lUHM COOTHOlli8HHeM /4/ . 

rne 

y 

a rrapaMeTp 

E 

D 
sin 

rr ( b-1 ) 

v ( b- 1 ) cos 
0 

rr .p 

2 

[ D/ 2] ( b - sin 2 __!!_!L ] 
2 

1 
rr .P 
-- + ( b -1) In 

2 

+ sin 

cos 

b HBXOllHTC!l H3 ypaBH8HHSI 

rrk 2 lb v' b + 1 
+ In 

[ D/ 2 ] b - 1 v' b - 1 

\ 1. :<) 

rr ,j, 

- ?. -

l ( 1.31 

.!!._:/!_ 
2 

Jlng BepTHKBITbH Oli COCT BBITSl!OIUefl H8 ITp51lKeHH OCT H ITOITSI E • B ITHHeiiHOM rrpH6ITH)f(e-

HHH H8Hll8 HO, 'IT O 

V rr z 
E 0 

[ 1 + 

co s
2 --.!!..Y!.. 

2 
b - 1 

cos 2 "1/i 
.....,-- 13 

b - 1 

( 1.5) 

B pa6oT e EHna
1
5! naHhl rronpo6Hble T a6nH!lbl pe3ynhTBT OB pac'!eTa noTeHueana H 

3IT e K T pH'I8CKOrO ITOITSI B CpenHeli ITITOCKOCTH 
z = 0 n n g pSina 3Ha'leHHfi OTnorneHHSI 

arrepTypbl llYB HT OB K p8CCTO SIHH IO M8)f(llY HH MH . 
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B pa6oTe161 npoaen~H aganaTaqecKHA pacqeT pacnpeneneaaR aneKTpaqecKoro 

nonH H nOTBHUBana nyaHTa CHHXpOUHKnOTpOHa B OTCYTCTBB9 npaaonyaHTHOR paMKH, 

ao c yqeToM snHHHHSI KpbiWeK saKyyMHoA KaMepbi. 

3 neKTpHq9CKOe none B cpenHeR nnOCKOCTH OnHCbiBBBTCSI KBK 

sin "v 
E ( 1.6) 

y 

H M - [ H M - D l cos IT v 

rne 

~ = ln 

lTV 
tg-

2 ( 1.7} 

D ~0 
[ cos 

IT V 
l 0 

2 

H M - anepTypa KBM9pbl , D anepTypa nyaHTa. 

CacTeMa KOOpAHHaT nOKB3aHa Ha pHC. 4. 

UnR npa6na~eHHoro pacqeTa ane KTpaqecKoro nonS!, co3nasaeMoro ane KTponaMH, 

6nH3KHMH K KOH~HrypaUHH aneKTpOAOB B UBHTpe CHHXpOUHKnOTpOHB (eM. pac. 5), 

B pa60Te / 7 / HCn01lb3yeTCH Cnenyromee Bblpa~eHH9 B KOMnneKCHOA ~OpMe 

rna 

Ea 

Ea 
vo 
D 

E -1 E 
y z 

ITa* 
( 1.8} 

ch 
D 

' a a*=y-iz \ t.H} 

UeAcTBHTenbHBSI qacTb aHanaTaqe cKoA lj>yHKUHH ( 1.8) naeT COCTBBnSIIOWyiO nonS! 

E y ' a MHHMBSI qacTb - sepTHKanbHYIO COCTaBnSIIOWyiO nonS! E z • 

B pa60Te / 8 / 6binO HCnOnb30BBHO B b!pa~SRHe , OnBCbiBBIOWee 

aneKTpaqecKoro nonS! a c penHeA nnocKOCTH s cnenyromeM aane 

E 
y 

6 

vo 
D + ( ..!!..1_ )2 

D 

pacnpeneneHae 

\ !.10) 

OnH oA H3 xapaKTepHbiX 

yCKOpaTenHX THna CHHXpOURKT 

qecKoro nonH z ~ 0. 

B aTOM cnyqae ansi nay 

v (: 

D03BOnHIOWBMY C DOMOWb iO y: 

a 
a 

nocTpOHTb peweHae un H noTE 

v (y, z 

ecna a3secTHO pacnpeneneHE 

BepTHKanbHYIO cooTaBn 

AR~Ij>epeHUHpOBBH~eM COOTHO 

E 

rne 

B6naaa cpeuHeA nnocKOCTH 



; rrpeaeneaHR an eKTpHqecKoro 

:Tsue rrpasoayaHTHoR paMKH, 

BBeTC5! KBK 

( 1,6) 

( 1.7) 

coa.oasaeMoro an eKTpo.oaMH, 

UHKnOTpoaa (eM. puc, 5), 

:rrneKCHOl! 4JopMe 

( 1.8) 

z 0 ( i .l:l) 

aeT cocTaBnRJOntyJO rrong 

15! E• • 

BaJOmee p acrrpe.oeneaae 

BH.[le 

\1,10) 

I 
I 

./ 

Oaaol! H3 xapaKTepHhiX oc o5eaaocTeH pacrrpeaeneHHR aneKTpKqecKoro rrong s 

yCKOpHTenRX THUB CHHXp OUHKnOTp OH 5!Bn5!eTC5! f!BnHqHe rrnOCKOCTH CHMMeTpHH aneKTpH

qecKOrO rrong z = 0. 

B <~TOM cnyqae an g .osyxMepHhiX rroneR rrOTeaunan yaosneTsopReT ycnosu10 

V (y , z)~ V(y, - z), 

rroaaonRJOnteMy c rroMOntbJO ypasHeHHR flarrnaca 

2 a v 
+ 

rrocTpOHTb pemeaue ang rroTeaunana 

.. 
V (y , z)= ~ 

2 a v 
0 • 

v c v (y' z ) 

( -1) n 

( 2 n) ! 

141 B cneayJOmeM snae 

2n z 

eCl!H H3BeCTHO pacrrpeaeneaae llOTeHUHana B llnOCKOCTH ClfMMeTpHH llpH z Q 0 

VeV(O,y). 

( 1.11) 

\ 1.1~) 

\ 1.13) 

\1.14) 

BepTHKanbHYJO COQTaBnRJOntyJO aarrpgmeaaocTH aneKTpnqecKoro rrong orrp eaennM 

JlH4JijlepeHUHpOBBHueM COOTHOnteHH5! ( J ,13) 

n- 1 vt2 n >(y) 
~ 

( - 1 ) 2n- 1 (1.15) E z • 
ne I (2n-1)! 

rae 
2n 

vc 2D > (y) = < 
a v 

a Y 
2n ce 

B5nH311 cpeaael! rrnocKoCTH rrony'IHM 

aE 
E ., -

y 
z 

a Y •= o 
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CoOTHOliJ e HHSI \1, 13) H \1, 15) HMeJOT npaKTH'IeCKOe 3HB'IeHHe, TBK KBK C HX nOMO-

Wb!O no H3BeCTHOMy IWH 3 KCnepHMeHTanbHO HBilJleHHOMy pacnpe)leneHHIO nonS! B nno

CKOC TH CHMMeT p HH MO)f{HO HBHTH none B o6naCTH Me)f{JlY yCKOpS!IOIUHMH 3neKTpOJl8MH. 

11cnonb30B8HHe ypaBHeHHH \ 1.13) H ( 1,15) JlnSI paC'IeTa BbiCOKO'IBCTOTHOI'O no-

nSI OCHOBBHO HB TOM, 'ITO B npe)lCTSBnHJOliJHX npaKTH'IeCKHH HHTepec cny'laHX Jl11HH8 

B011Hbl yCKOpmowero HanpH)f{eHHH, KBK npBBHllO, 3H8'IHTellbHO 60llbliJe anepTypbl llY

BHT a HllH 1IJ06oro H3 llHHeilHbiX pa3MepOB o6naCTH 1 I'Jle onpeJlellHeTCH BblCOKO'IaC'" 

TOTHOe none, no3TOMY npH nOCTpOeHHH ypaBHeHHSI (1.13) H ( 1 ,}5) HCn01lb3yeTCSI 

ypaBHGlHH e J Jannac a , a H e BOllHOBOe ypaBHeHHe, 

H e o6xonHMO OTMeTHTb, 'ITO nenocpencTBennoe acnonbaosanae ~opMyn (1.8) H 

\ 1.10) Tpe6yeT onpeneneHHOH OCTOpO)f{HOCTH, oco6eHHO npH 8H8nH3e 31leKTpH'IeCKHX 

noneH B UeHTpBllbHO~ o6naCTH CHHXpOUIIKllOTpOHB, 0HH JlOlllKHbl 6hiTb CKOppeKTIIpOBB

Hbl Ha OC HOBe 3KCnep11MeHT a llbHO CHHTbiX pacnpeJlelleHHH, 

T aK, nanpHMep, na pH C. (6 J- (7) noKa3aHbi KpHBbie "1 • H *3" pacnpeaeneHHil 

31leKTpH'l eCI< OrO nonH B nnOCKOCTH Z = 0, CHHThie B 31leKTp01111TH'leCKOil BBHHe 

DnSI pa60'leH reoMeTpHH UeHTpa CHHXpOUHKllOTpOHa 0115111 B nepBOM cnyqae H npH 

OTCYTCTBHH KOHYCOB H Tpy6 HOHHOI'O H CTO'lHHKB - BO BTOp OM, 3Kcne pHMeHTB1lbHbie 

KpHBbie 6 b i11H armpOKCH MHpOBB Hbl BbipalKeHHHMH (1.8) 14 \1.10) COOTB e TCTBeHHO, !Ia-

paMeTpbi 0 H 1'1 y 
0

, onpenenHJOilille aellH'lHHY anepTyphi nyaHTa H cMemenHe 

MaKCHMYMB K p HBbiX OTHO CHT01lbHO B bi6paH HOH CHCTeMb l KOOpDHHBT, Bbl'lHC110Hbl Ha 

3 8/'v\ flO MeTODY HBHMeHbWHX KBanpa TO B C nOMOlUbJO anropHTMB, OnHCBHHOI'O B pa6o

/ 10/ 
Te , H nporpaMMbl J1.H~;CH11HHB. 

Opoeene HHb!H BHB11H3 nOKB3 biB8eT, 'ITO B b ipalKeHHSI ( 1,8)- ( 1.10) MOI'YT 6biTb 

Hcnonb30BB Hh i DllH onHCBHHSI a xcnepHMeHTanbHOH ·aaBHCHMOCTH E Y = E ( y ) , CHHTOH 

Ha 3 1leKTpOnHTH'leCKOH BaHHe/ 
11 / JlllSI CHHXpOUHKllOTpOHB 0115111, C OTHOCHTellbHOH 

TO'IHOCTbJO <!5- 30%. npH 3 TOM JllJH KpHBblX liB piiC. 6 3~eKTHBHaH anepTypa DY-

aHT B OKaaanacb paB HOii 2U CM, a JlllH KpHBb!X fiB pHC, 7 - 25-~6 CM. TaKHM o6pa-

30M , HCn01lb30Ba HH e <JlOPM Yll \1 .8} II \!.10) JlllH paC'l e Ta pacnpeJlell0HIIH 31leKTpH

'l0CKOI'O nonH B nllOCKOCTH Z = 0 JlOlllKHO 6biTb CBH3BHO C BB0Jle HHeM 3 !flqJeKTHBHOH 

anep:ryp br ayaHTa D 
3<Jl 

0 ( 0 ) , onpeaenHeMOH liB OCHOBe 
3<Jl 

HO CHHT bi X pacnpeneneHHM 31leKTpH'leCKOI'O nOllSI, 

3 KCnepHM0HTBllb-

B bi6op a nocnenyJOmeM nnH aHan11aa aneKTpH'leCKoro nonSI ueHTpanbHOii o6nacTH 

CHHXpounKnoT poHa 011 Hl1 nayx KpiiBhiX • 1 * 11 "3' Bbi3BaH TeM, 'ITO B 3TOA o6nacTH 

8 

peanbHOe none ne nayxMepno 

KII nyanTa o DBYXMepnoe non 

Onnaxo ananHa TpexMe pHoro 

BOJlH:Mbiil , K8K npaaano, C ITO! 

HbiX cny'laea DBYXMCpHbiX no; 

~ <!. B bi< 

B cooT BeT C TBHH c coo~ 

MOlKeT 6biTb npeDCT !lBneHO 

E=Ey+iE 

3 n ecb H nanee non 0 no• 

Ta. Haqan o xoopnHHaT Bbi6p 

CTOHHHe OT TO'lKH, COOTBeTC 

HOHHOI'O HCTO'lHHKa, </> - qJ82 

cexaeT llHHH JO , napannenbHy: 

HOHHOI'O HCTO'lHHKB ( yCllOBH• 

npoMelKyTKB), 

PacKpbiBBH COOTHOliieH 

TOTHOI'O nOnS! , nony'IHM 

B'I 
E 

y 

B'l 

Ez 

vo 
0 

vo 

D 



RB'!eHHe, TBK KBK C HX nOMO-

~Y pacnpeneneHHID nonS! a nno-

llY YCKOpS!IDWHMH aneKTPOilBMH. 

JBC'IeTa Bb!COKO'IBCTOTHOI'O no-

lCKHH HHTepec cny'IBSIX llllHHa 

!TenbHO 6onbwe ane pTypbi ny-

:e onpenenHeTCH BbiCOKO'!ac-

13) H (1,15) HCnonb3yeTCH 

nonb30BaHHe !jlopMyn (1.8} H 

npH aHanH3e aneKTpH'IeCKHX 

llOn)I{Hbl 6b1Tb CKOppeKTHpoaa-

3bte "1 • H '3 • pacnpeneneHHli 

aneKTpOnHTH'!eCKOli BaHHe 

RH a rre paoM cny'!ae H n pH 

ITOpOM. 3KcnepHMei!TanbHble 

ll. l 0) COOT BeTCTBeHHO. !Ia-

lbl UyaHTB H CMemeHHe 

OOpUHHaT, B b l'IHCn e H b! Ha 

lHTMa , OnHCaHHOI'O B pa6o-

(1.8)- (1.10) MOI'yT 6b!Tb 

\40CTH E y ~ E ( y ) • CHHTOll 

0115111, C OTHOCHTenbHOfi 

S~eKTHBHaS! anepTypa ay-

7 - 25-:.!6 CM. T a KHM o6pa-

pacnpeneneHall aneKTpH-

c BBelleHHeM 3~¢eKTHBHOH 

OCHOBe S KCnepHMeHTaT!b-

0 nonn UeHTpanbHOli o6rraCTH 

IH T eM , 'ITO B STOll o6naCTH 

I 
I 

! 

I 

pearrbHO e norre He UBYXMepuo, a Tpex~repHo, c noc T e n e HHbiM nepe xonoM anorrb KpO M 

KI! UyaHTa B UByXMepnoe none, OnHC b !B&eMOe llOCTBTO'!HO XOpOWO (~OpMyno ti ( i.tJ). 

OaHaKo aHanH3 Tp e xM e pHoro norrH, npencTaanmomali 3Ha'!HTenbHbre TpynnoCTK H npo-

BOilHMbiH, KaK npaBHnO, C nOMOlUbiD 38M, MO)!<eT 6biTb 3aMeHeH 8 HaTIH3 0M rpaHH'!-

HbiX cnyqaea nayxMepHbiX nonefi. 

~ ~. B biC OKO'!aC TOTHoe aneKTpHcr CC KOe none 

B U e HTpa nbHOii o6rraCTH 

J:3 COOTBe TCTBHH C COOT HOWeHHeM \ 1.8) BblCOK0'!8CTOTHOe aneKTpH'!eCKOe none 

MO)KCT 6b!Tb npeaCT?BTieHO KBK 

E 
vo 

D 

cos ("' t + <P ) 

ch -"- ( y + y + i z ) 
D o 

(2.1) 

3necb H narree non D nonpa3yMeaaeTCH D a<jl · , onpenenneMaH H3 aKcn ep HMeH-

Ta. Ha'!aTIO KOOpllRHBT Bb!6paHO Ha OCH HOHHOI'O HCTO'IHHKa (eM. pHC. 2), Y 
0

- pac

CTOSIHHe OT TO'IKH, coOTBeTCTayromeli M aKCHMYM Y KpH BO I1 E Y = E ( y ) , no oca 

HOHHOI'O HCTO'IHHKa , </J - QJa3a 3ITeKTpH'!eCKOI'O nonS! B MOMeHT, KOI'Il8 '!aCTH Ua nepe-

CeKaeT llHHRID, napanneiTbHYID npoeKUHH KpOMKH nyaHTa H npOXOilHWYID '!epe3 OCb 

HOHHOI'O HCTO'!HRKa ( ycnOBHO 3Ty llHHHID MO)KHO Ha3BaTb C epeauHOll yCKOpHIDwero 

npOMe)l{yTKa) • 

PaCKpb!BaH COOTHOWeHHe \2.1) anSI COCTaBTISIIDWRX HanpH)I{eHHOCTR BblCOKO'!aC -

TOTHOI'O nonS!, nony'IHM 

B'l 
E 

y 

B'l 

E 

vo 

D 

vo 

D 

ch -"- (y o+y) cos 
D 

2 1T 
ch -- ( y 

0 
+ y ) - sin 

D 

1T 
+ y ) sh y sin 

D 0 

[ch 2 ~1y +Y) sin 
D o 

9 

1T z 

D \2.~ ) 
cos ( "' t + <P ) • 

2 ~l 
D 

1TZ 

D \ ~.::J) 
cos ( "' t + <P ) . 

2 1T z 
--] 

D 



B cpeaHeli nnocKOCTH HMeeM TOnbKO Y -cocTaansnomyJO nonS!, onpeaenSieMYJO 

KaK 
B'i vo cos ( CtJ t + ¢ ) 

y D 
ch~(y +Y ) 

D o 

\~.4) 
E 

B6nH3H cpeaHeli nnocKOCTH 

sh __::___ ( Y 
0 

+ y) v D 
cos ( CtJ t + ¢ ) . B'i 0 rrz 

E ~-- ---
\~.ol 

D D 
ch 2 -;-- (y o + y ) 

CoOTHomeHHSI (~.~) H \~.3) yaoaneTBOpSI!OT ypaaHeHHIO 

div E 0. \~.6) 

B nocnenyJOmeM 6onee neTanbHO paccMoTpHM Bb!COKO'iaCTOTHOe none a6nH3H cpenHefl 

nnocKOCTH anSI o6naCTH aaxaaTa ( 10-15 CM no paaRycy nnSI CHHXpOUHKnOTpoHa OYIHYI), 

npencTaBnSIJOWee HHTepec nnR HCcnenoaaHHSI Tex npoueccoa, KOTOpbie MoryT orpaHH

'iRBBTb HHTeHCHBHOCTb B CHHXpOUHKnOTpOHe. DepelineM B nOnS!pHy!O CHCTeMy KOOpaH-

H8T, nOK838HHY!O H8 pS!C. 8 \nonO)!{HTenbH b!M 3Ha'ieHHSIM W t + cp COOTBeTCTByeT 

apameHHe qacTHU no -qa c oaoli cTpenKe). 

B nanbHelimeM 6yneM npeanonaraTb, 'iTO qacToTa o6pameHHSI paccMaTpaaaeMo-

ro HOH8 OCTaeTCSI nOCTOSIHHOil H 6nH3KOfl K KpyrOBOli 'i8CTOTe yCKOpSI!Olllero nOnS!, 

TaK, HanpHMep, nnSI CHHXpOUHKnoTpOHa OYIHYI H3MeHeHHe qacTOThi ycKOpS!JOillero Ha

npSI)!{eHHe B npouecce 38XB8T8 COCT8BnSieT nHlllb 1,5%. 

DonaraSI, 'iTO KOOpllHHaT8 yCKOpS!eMOrO HOH8 MO)!{eT 6hiTb npencTaBneHa KaK 

y ~ r sin a + r sin w t 
0 0 \~.7) 

rae tO sin a O -paCCTOSIHHe OT OCH HOHHOI'O HCTO'iHHK8 llO UeHTp8 op6HTbl p81lHyCa 

, anSI COCTaBnSIJOlllHX nOnS! HMeeM 

B'i 

E() 

vo 
D 

cos ( "' t + ¢ ) cos "' t 

ch -"- ( a + r sin w t ) 
D 

10 

\~.8) 

B'i 
v 

E 
~ _o 

D 

B'i vo rr z 
E ~-- -

D D 

rae a = y 
0 

+ r 
0 

sin a 
0

- pace 

MY ¢YHKURH E y 
E ( y ) 

DapaMeTp xapa: 

K HeMY o6naCTb, OTKyaa ~ 

EyaeT noKaaaHo, 'iTC 

Mbie B npouecce ycKopeHH 

QJOKyCHpyJOWee HnR ae!jlOKY 

KYIO KOHCTpyKUH!O HOHHOrC 

npaaneHHH, nepneHaHKynSII 

)!{eHHe. 

TaK KBK cpyHKUHII E 

onpeaenSieMhie cooTHomeH 

HO pa3nO)!{HTb B p~ ~yp 

rapMOHHK8MH. 

DpeacTaaneHHe ¢YH 

B T8KOM BHile COOTBeTCT 

KOpS!eMble HOHbl asa)!{/lbl 

CSI cpeaHHM qneHOM, ne{: 

Dony'iRTb Bb!pa)!{eH 

B 3aMKHyTOM BHae He y 

onpeneneHHSI K03cjl¢HuHeF. 

TaTe nocneaoaaTenbHorc 

C yqeTOM 3THX 38 

COKO'iaCTOTHOrO nonS! no 



nmomyro nonH, onpe aenHeMyro 

l~.4) 

( w t + ¢ ) . 
l~.ti J 

(~.6) 

TOTHOe none B6UH3H CpenHeH 

nng CHHXp 0UHKllOTpOH8 0115111), 

:oa, KOTOpb! e MOI"'yT OI"'p8HH-

nonHpHyJO CHCTeMy Koopna-

w t + ¢ COOTBeTCTByeT 

>opameHHH p8CCM8TpHB89MO

:T OTe ycKopmomero nonn. 

'-IBCTOTbi ycKopHJOU! ero Ha -

6biTb npencTaaneHa KaK 

(:.!.7) 

ueHTpa op6HTbi panHyca 

(:.! .8} 

B'-1 

E 
D 

1TZ 

D 

v 
0 

D 

cos ( w t + ¢ ) sin w t 

ch " ( 8 + r sin w t ) 
D 

" sh -- ( a + r sin w t ) 
D 

ch 
2 

-"- ( 8 + r sin w t ) 
D 

cos ( w t + ¢ ) , 

(~.9) 

(:.!.10) 

rae 8 ~ y 
0 

+ r 
0 

sin a 
0

- paccTomiHe no oca y OT TO'-IKH, COOTBCTCTBYIOU!9H M8KC HMy-,. 

MY tPYHKUHH E 
y E ( y ) • no U9HTpa paCCM8Tpi!B89MOil Op6HTbl, 

OapaMeTp a xapaK T epaayeT nono*eHae HOHH Oro acTO'-IHRKa H npaneraiomyro 

K HeMy o6naCTb, OT Kyna MO*eT npOHCXOnHTb 38XB8T HOHOB B npouecce YCKOpeHHH. 

EyneT noKaaaHo, '-ITO a aaaacH MOCTH oT aena'IHHbi a H8 HOHhl, 38XB~ThlB89-

Mble B npouecce yCKOpe HRH, Bb!COK0'-13CTOTHOe yCK OpHIOU!ee none 15yneT OK83b!B8Tb 

qJoKycHp yromee a na necjloKycapyromee neilcTaae. noa ToMy uenecoo6paaHo a MeTh Ta

KYJO KOHCTpyKUHIO HOHHOI"'O HCTO'-!HHKa, KOTOpaH noaaonnna Obi n epeMeU!eHHeM B Ha-

npaaneHaa, nepneHnaKynnpHOM KpOMK8M nyaHTa, H8XOnRTb ero OnTHM8nbHOe nono-

B'I 

T aK KaK ¢YHKURI! E (} o E (} ( r, t, ¢ ) 
B'-1 

E 
r 

o npenenneMble COOTHOU!eHRHMH \~.8}- \~.10}, HBUSIJOTCSI n e paonaqeCKHMH, TC HX MOm-

HO paanO*RTh B PHn ~yphe, orpa HH'-IHBBHCh CpenHHM qneHOM H nayMH nepBblMH 

r apMOHHK8MH. 
B'I B'I B'I 

DpencTaaneHae cjlyHKUH il E (} ~ E 6 (r, t, ¢,), E, ~ E, (r, t,¢) HE. ·E.(r ,t,¢) 

B T8KOM BHne COOTBeTCTByeT T OMy , 'ITO BbiCOKO'I8CTOTHOe none B03neiiCTByeT H8 yc

KOpS!eMble HOH bl nBa* nbi 38 060pOT H OCHOBHOfi BKnan B B / "1 none 6yneT onpenenHTb

CSI cpenHRM 'IneHOM, nepBOl! H BTOpOl! rapMOHHK8MH. 

O ony 'IRTb Bbipa*e HRH nng KOS!jl<!JRUHeHTOB pHna ~ypbe R3 ypaBHeHal! (2.8)-l:.LlOJ 

a aaMKHyToM sane He ynanocb, noaToMy B nanbHeilwax pac'IeTax aocnonbayeMCH nnn 

onpenene HH H KOS(jl¢RUReHTOB npHi5nH*eHHbiMH COOTHOWeHBHMH, nony'IeHHhlMH B peaynh

T 8 T e nocnenoaaTenhHoro paano:>Ke HHH ¢YHKUHl! (~.8)-(:.!.10} B pHnbi Tea nopa H q>yphe. 

C y 'I e TOM STHX 38Me'I8HHfi nnH 83HMY'J,;8llb HOil H panRanhHOil COCT8BnHJOJUHX B bi

COKO'I8CTOTH OI"'O nOnS! nony'IRM 

II 



rne 

8 
sin¢ cos w t -

D 

-2 c cos¢_, 
D 

0 B'l 

Eo 
vo 

Co-Eo Eo Bo 
- --- cos ( w t + ¢) + ----

4 
sin ¢ cos 2 w t - -- sin ( 2 w t + ¢ ) + 

32 

v 

4 

1 
+ -- A 0 cos ( 2 w t + ¢ ) + . . . . I . 

2 

SA -6C +5E B - D 

(2.11) 

E B'l c --
0

- l - 0 0 0 0 0 
-sin¢+ sin¢ sin w t -

2 

c 0 

D 16 

2 B - D 
0 co 0 

--- cos ( w t + ¢ ) + -- sin ¢ cos 2 "'t + 
8 8 

16 A 
0

- 8 C 
0 

+ 5 E 
0 

sin ( 2 w t + ¢ ) , . . . . I , + 
32 

"a 
sh --

"r D 
A o c B c---

o D 
h 2 nt f' 8 

ch 
rra 

D 

2 r2 
l-sh2~a 

" D 
---
2 D 

2 

ch 
3 rra --

D 

" 4 r" 
E 0 = 

41 D 4 

D 
0 

c --

3 
" r 

6 D
3 

D 

sh~( 
D 

2 rr a 2 rr a 
5 - sh -- ( 18 - sh -~ ) 

D D -------------------]. 
c~ s " a 

D 

\ :.!.1:.!) 

5 -sh 2 ~ 
D 

ch 4 ~ 
D 

Op11 Bbi'IHCneHifli sepT1iK8flbHOii cocTasnmomeii BbiCOKO'IBCTOTHOro rron11 nocTy-

naeM aHanorlf'lHO. 

1:.! 

rne 

nocne pa3IJo)!{eHii51 B p 

B'l 
E 

D'c 
0 

v 0 "z 
=----18' 

D D 0 

-sin 

rra 
sh-

D 

B' = 
0 ch 2 ~ 

D 

5 -
2 2 

" r sh~( 
2 D 

2 D 

4 4 rr r 
F' c sh -

0 

K' 
0 

4 ! D 4 

71 s r s 

----
5! D 

5 

Pa3nara51 B pnn «>ypb< 

B'l v 
E = -. 

4 B' - D' 
0 0 

+ 
4 

2C'
0

- E~ 

+-
4 



D 

-
0
- sin ¢ cos w t -

8 

Eo 
- """32" sin ( 2 w t + ¢ ) + 

B - D 
0 

(2.11) 

-
2
-- sin ¢ sin w t -

, .. .. I, 

~( 
D 

a 
- ) 
D 
-- ]. 

5 -sh 2 ~ 
D 

h 4 rr a 
c-

D 

\:d.l:d) 

18CTOTHOI'O riOnSI riOCTy-

nocne 

Bq 
E 

rae 

B. 

paano)!(e HHSI B PS!ll T ei'inopa B TO'!Ke Y ; U HMeeM 

vo 
D 
~ I B' + sin w t C ' - sin 2 w t D ' - sin 

3 
w t E ' 

D o o o o 

- sin 
4 

w t F ' - sin 
5 w t K ' I 

0 0 • • 

rra 
rra sh 

1 - sh 
2 

D 
D rr r 

c ~ 

ch 2 ~ 
0 D h3 rra c --

D D 

2 rra 

\:d.14) 

2 
~(18-sh 2 ~ ) 5- sh ! ! 5 -sh 2 2 D " r r sh~[ D D D' c " ]; E' 

0 
2 D 

2 D 0 ! 
4 rr a 6D rra -ch 

ch 
D D 

- 61 + sh 2 17 a 2 
~) 4 4 -- (58- sh rr r h 17 a D D F' = s --

0 
4 1 D 4 D 

e 17a 
ch 

D 

\:d.l5) 
-61 + 479 sh 

2 rr a 4 rr a 6 17a 
77 5 r 5 -- - 179 sh -- + sh 

D D D K, ----[ l. 0 5 
5! D h 7 17 a c --

D 

PaanaraSI B p>tll <l>ypbe COOTHOllleHRe \~.14), nony'IHM, 'ITO 

4 c' 
I 

B'! v rr z - 3 E 
0 0 0 E I -sin¢ J + E D D 8 

\~.16} 
4 B' - D' Do 0 0 

cos(wt+¢)+ + sin¢ sin w t + 
4 2 

2 C'
0 

- E' E' 0 
sin ( 2 w t + ¢ ) - --0 

sin¢ cos2wt + ... I + 
4 4 

13 



/8/ B pa6oTe nnst onucaHHst BbiCOKO'IaCTOTHoro ycKopstiOIUero nonst 6binO ucnonh-

30BBHO Bblpa>KeHHe \ 1.10} 

B<f 

E 
y 

vo 
D 

3 n ecb, KaK R paHbwe , 

1 + 

D = 

IT2 
cos ( "' t + ¢ ) . 

\~.17) 
(a+ y) 

D2 

D , onpenensteMoii H3 3 KCnepuMeHTa. 
s¢ 

PaccMoTpeHHe sneKTp<t<recKoro nonst a ¢opMe \~.17) no3aonsteT npu a= 0 

\CM. ypaBHeHHe \2 .7) H8HTH Bb!p8>K CHHSI KOMnOHeHT Bb!COKO<f8CTOTHOrO nonH. 

llnst 83HMyTanbHOH H pallR8nbHOH COCTaBnHIOWHX nonst B nonstpHOH CRCTe M e KO-

OpllRH8T HMeeM 

B<f 

E = 
() 

B'i 
E 

v 
0 

D 

vo 
D 

cos (LI t cos ( "' t + ¢ ) 

IT r 2 
1 + ( -- ) sin "' t 

D 

sin w t cos ( "' t + ¢ ) 

1 + 
,. 

2 
2 • 2 

r sin "' t 
D2 

OrpaHH<rHBastcb B pstne <Pypbe ocHOBHb!MH <rneHaMH, nony<rHM 

B<f vo v 1 + ( ...!!...!.__ )2 - 1 
D 

E =-l cos ¢ + e D IT r 2 
(--) 

D 

+ 
2 

---[(1 + 
..!:...!_ )2 

2 rr r 2 
---- ) ( ,11 + ( -- ) - 1 ) - 1 1 cos 2 "' t cos ¢ + 

IT r 2 D 

D 
-) 

D 

2 2 IT r 2 
-f ---( ( y l+(--) -1)-1] 

D 
(~)2 (~)2 

D D 

sin 2 w t sin ¢ l . 

(2.18} 

(2.19) 

\~.:.:0) 

Pa3narast ¢YHKUHIO \~.~0) B OKpeCTHOCTH ueHTpa ycKOpHTenst C TO'IHOCTb!O llO 

KB81lp8TH'lHb!X qneHOB, HMeeM 

14 

B'l 

E e 
1 

2 

v 
( 

D 

1 IT r 4 
+[1---<--l ]co 

16 D 

n pellCTaBnHeT HHTepE 

B<f 

E e I 
ra 0 

1 

2 

XapaKTepHO, 'iTO npu r = 

B' 

E e 

a npH nononHHT e nbHOM yc 

B<f B<f 
E e = E e c o, o • o ) !1. 

B<f 

E e 

llnS! panuanbHOH COC 

2 

( ~ )2 
D 

E 
B'i 

2 

2 

( "r f 
D 

(~)2 
D 



ycKop snomero nong 6b1n o Hc n onb-

¢) . 

\~.17 ) 

13 Cl KC n epllM8 HT 8 . 

.1 7) noa a onSie T n pH a= 0 

,JC OKOqa CTOT HOro ITOJ:Sl . 

II OII H B non SipHOH CHCT 8Me KO-

(2 . 19 ) 

Y'IH M 

• + 

) S 2 W t COS cp + 

s in 2 "" t sin ¢ I . 

CKOpHT8 11S! C TO'lHOCT b iD JlO 

B'l 
E 

(J 

1 

2 

v 
0 

D 

1 rr r 2 
I cos ¢ [ 1 - -- ( -- l l + 

4 D 

4 
+[ 1- _1_ ( ~ ) 

16 D 
1 "r 2 I . (~.~1) ] cos ¢ cos 2 "" t - [ 1 - -- ( -- ) ) sin ¢ sin 2"" t 
2 D 

B'l 
Dpe acTaa nSie T HHTepec o npeaenHTb E (J npH r = 0 

B'l 
E 

(J I 
ra 0 

1 

2 

v 
__ o_ ( cos ¢ + cos ( 2 w t + ¢ ) l · 

D 

X a p aK TepHo, 'ITO npH r = 0 H 0 

l'l'l 

E (J I r = 0 , t= 0 = 

v 
cos ¢ ' 

D 

a IIP H a on onHHT 8 11bHOM y c noBHK cp = 0 83H MyTanbH8 Sl COCTaBnSIIDI.U8Sl nonS! 
B'l B'l 

Ee =Eo (o,o,o) M8KCHM8nbH8 

B'l 
E e 

vo 
c --- . 

r = 0 , t = 0, cpa 0 D 

.L!nSJ p 8 /lH8nb HOli: COCTBBnS!IDI.Ueli: BbiC OKO'l8 CTOT HOl'O non S! H8li:Jle M, 'ITO 

E 

2 

2 

v 
0 

D 

v I+ r -"-'-l2 -
D 

2 
rrr 

( - ) 
D 

-----

( ; r )2 ( V 1 + ( -7 ~ -1 ) - 1 
D 

sin ¢ - · 

sin ¢ cos 2 w t -

" r 2 
v 1+(--) 

D 

1 -
2 

" r 2 (-) 

v I + ( -"-'- ) 
2 

- 1 ) ] cos ¢ sin 2 w t . 
D 

D 

15 

(2.~:.<!) 

\2.24) 

(2.~51 



nocne pa3nO)!{eHH SI B p!i!.l:l C T O'iHOCTb !O .1:10 K B a.npa T H"!Hb! X q neHOB ( ~2 no
D 

ny'IH M 

E B'i 

2 

vo 

D 

3 11 r 2 
I - sin ¢ [ 1 - -- ( -- ) ] + 

4 D 

11 r 2 1 11 r 2 
+ [ 1 - ( -- ) l sin ¢ cos 2 w t + [ 1 - -- ( -- ) ] cos ¢ sin 2 w t I . 

D 2 D 

npa r = 0 

B'l 
E 

1 =---
r = 0 2 

a npa .nonon a aTe n b HOM ycnoaaa 

E B'i 

v 
sin ¢ - sin ( 2 w t + ¢ ) I , 

D 

0 

= 0 . 
r - 0 , t ~ 0 

\~ .26) 

(2.27) 

(2.:G8 ) 

Cne.nyeT OTM e T HTb, 'IT O CO OT HOWeHHSI \ 2 ,2 1) H \2,26 } MOryT 6 btTb I!CnOnb30BBHbl 

JlnSI a a anl!3 a .l:IBI! )!{e HI! Sl yCKOpS!eMb!X HOHOB Ha Manb!X pa.naycax B nnOCKOCT H Z =0, 

,ilnSI B epTHKanbHOll COC1'aBnSIIOWe ll YCKOpS!!OW er'O n OnS! MO)!{HO 3anHCaTb B n ·aaeif

HOM n pa6 nH )!{eHHH, 'ITO 

B'l 
E 

2 v 
0 

D 

fTZ 

D 

TT y 

D 

cos ( w t + ¢2 
TT y 2 2 

1 +( --)] 
D 

H nocne n e peXO.l:la B n OnHp Hy !O CHCTeM y KOOp.l:IHHST 

E 
2 V rr 2 z r 

0 
B 'l 

Ds 

sin w t cos ( w t + ¢ ) 

rr r 2 2 2 
[ 1 +( - -)sin c.Jt ] 

D 

(2,28} 

\2.30} 

Paa naraSI COOTHOWeHH e (2,30 ) B PSI.l:l <Pypbe I! orp aHH'ii!BSS!Cb OCHOBHbl M I! qne -

HSMH , HSll.QeM 

16 

+ 

B'l 
E 

. 2 

2V n 
0 

6(~) 
D 

11 r 
+ 2(-- ) 

D 

6(~ ) 2 +( 
D 

( ~ ' 
D 

11 r • 
- ) 

D 

( 
11 r • 

- ) 
D 

Pa3nara H nonyqeaaoe 

( rr r 2 
-) 1, nony "!HM , 'IT< 

D 

B'l 

E 
2 V 11

2 
r z 

0 

Ds 

+-- -[1-
2 

~ 3. 3ne KTJ 

.ilnH o6e c ne'le HI!SI eTa 
x l 

qeaa SI Q>oKy capyiDmax csn I 

no.na eTC S! noCTO S!HHOe OTp H: 

M OUlhlO ( 1.8) a npocTpaac~ 

x / B p a 6oT e y 'IHThlBSeT cSI 

a anpSI)!{eHH S! cMe weaa SI . 



~'IHhiX 'ln eaoa ( ~2 no
D 

r 2 
-) J + 

\~.26) 

2 
\ 1 cos ¢ sin 2 w t I . 

+ ¢) l' (2 ,27) 

(2.48) 

YT 6biTb acnonb30BBHhl 

'CBX B nnOCKOCTH z =0, 

MOlKHO 3BnHCBTb B n ·aaew-

~-)- (2,48) 

2 2 
- ) J 

1BBS!Cb OCHOBHhiMB 'lne-

+ 

B'l 
E 

. "r 2 " r 4 6(-· -) +2(--) 
D D 

I -
D 3 

sin¢ 

2 [ 1 + ( ..!!_!__ )2]3/2 
D 

+ 

--- -----------=------------- cos ¢ sin 2 w t -

" r 4 -) 
D 

"2 r 2 s/2 
- 4 [ ( 1 + --2- ) -1 J 

D 
sin ¢ cos 2 "l t l . 

( ~ ) 4 [ 1 + ( ..!!_!__ ) 2 l s/ 2 

D D 

Pa3n8r'8H nony'!eHHOe COOTHOllleHHe {2,32) B pHJl no CTeneHHM MBnOCTH 

B'l 

E 

1, nony'IHM , 'ITO 

2 V "
2 

r z 
0 

Ds 
I - sin ¢ [ 1 -

3 

2 

+ -- [ 1 - ( ~ ) 2 
] sin ( 2 w t + ¢ ) l+ ..... l 

2 D 

~ 3, 3ne KTpH'IeCKOe none OT HBnpHlKeHHH CMellJeHHH 

\2.31 I 

(2.34) 

nnH o6ecne'!e HHH CTB6HnbHOCTH pa60Tbl Bh!COKO'IBCTOTHOI! CHCTeMhl H yaenH-
x / 

'leHHH ~oKycapyiDmax can a ueaTpanbaol! o6nacTa caaxpouaKnoTpoaa aa ero JlyaaT 

noJ:taeTcH nocToHaaoe OTpauaTenbaoe cMemeaae, KOTopoe MOlKHO onncaTb c no

MOlllbiD ( 1.8) B npOCTpBHCTBe MelKJlY 3neKTpOJlBMH KBK 

xl B pa6oTe y'IHThiBaeTCH TonbKO cpeJlaee 3aaqeaae aneKTpH'!ecKoro nonS! oT 

HanpSi lKe HHH CMemeHHH, 
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CM ch -"- ( a + y ) cos ~z 
eM v 

0 D D 
E =--- \3.1) 

D 

[ ch 2 -"- ( a + y ) - sin 
2 "z -

D D 

sh -"- ( a + y ) sin " z 
V eM -

eM O D D 
E =--

\3.~) 

D 
[ ch 2 

-"- ( a + y ) - sin 2 _!!_!..__ l 
D D 

tl 6 n1-! 3 1l M e llH8HHOil n n oeKOeTH 

\3.3) 
veM 

eM 0 
E = ---

y D ch -"-c a+ l' ) 
D 

eM 
sh -"- (a+ Y) v 

" z D e M 0 
E - -- \3.4) 

D D 
ch 2 -"- ( a + y ) 

D 

E e nH Bocnonh3 0B8TbeSI npyroli rjlopMynoli ( 1.10) , TO Bbipa>Ke HHSI a neKTpH'IeeKor o 

nons! OT Ha npSI>KeHHSI e M e illeHHSI B6nH3H Mellll8HHOH nnoeKOeTH nony'IHM B BHile: 

CM 
v 

CM 0 
E = --

y D "2 2 
I + ---(a+y) 

\3.5). 

02 

CM 2 
2 v 0 " z (a +Y) 

CM 
E = \3.6) 

3 2 2 2 D " [ l + --2- (a+ y ) l 
D 

.UnSI ycpenHeHHbi X no o6opoTy 3Ha'l e HHil BepTHK8nbHOH eOCT8BnSI!Ollleii aneK-

T PH' I e CKOr 0 nOnS! OT HanpSI>K eHHSI eMellleHHSI H3 eOOTHOWeHHSI ( 3.2) HMeeM 

18 

l 
1 

-eM 
E 

eM 
vo 
D 2 

B6na3K MellllBHHOli nnoeKoeTJ 

-<::M 
E 

64 

VeM 
0 

D 
-"-z-! 

D 

4 ~ 

" r sh __.:: 

o• 

Opll paenpeneneHilli an 

yepellHeHHOli no o 6opoTy BeJ 

nnOeKOeTR Z = 0, HM eeM 

-eM 
E 

eM 
v " 0 

3 
D 

B oKpecTHOCTK ROHHOI 

CM 

- CM 2 V " z 
E o 

D2 
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\3.1) 

:_] 

\3.~) 

-1 

\3.3) 

(3.4) 

TH nonyqHM B BHAe : 

(3.51. 

(3.6) 
2 2 

y ) l 

•HOf! cocTasnnrowen aneK-

I ( 3,2) HMeeM 

r 
! 

CM 

vo 
D 2" 

2" 

r 
sh " 

D 
( a + r sin a ) . " z stn ---

D 

cl: 
2 
-"- (a + r sin a ) - sin 

2 

D 
" z 

D 

d a 

" r 4 
) B6nH3H MeAHaHHOfi nnocKOCTH c ToqHoCTbiD ao qneHOB nopHAKa 

--eM 
E 

64 

D 

" z --I 

"a 
sh --

D 

D 

2 2 
rt r . " 8 

5 - sh 2 

D 
2 " a ch --

--sh--[ 
4 D 2 D 

D 

4 4 
[-61+sh 

" r " a ----sh --
0 

r.a 

D 

ch 

ch 

(58-sh 2 ~ll 
D 

" a 

D 

" a 

D 

" a 

D 

+ .... I 

(3,1) 

1 -

(3,8) 

npa pacnpeaeneHHH aneKTpHqecKoro nonH, OITHCb!BaeMoro ypaBHeHHeM \3.ti I ann 

ycpeAHeHHOfi no o6opoTy sepTHKanbHOfi cocTasnnrowen aneKTpHqecKoro nonn s6nH3H 

nnOCKOCTH Z 0, HMeeM 

CM 

v " z 
0 

3 
D 

(0.9) 

" r 4 8 OKpeCTHOCTH HOHHOrO HCTQqHHKa C TOqHQCTbiD ):(0 qneHOB nopHAKB 0 ( ( --) 

-CIA 

E 

15 

8 

5 4 
r. ar 

r. e. 

o 

2 2 
" a [ 10 - 3 __ 0_2_ " 4 a 4 

- 3 

--------~-------------- + 
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s 4. H86op 3HeprHH 38 o6opoT B ueHTpanbHOi1 o6n8CTH 

CHHXpOUHKflOTpOH8 

3H8HHe KOMnOHeHT Bb!COK0'!8CTOTHOrO yCKOpSIIOillero nonS! n03BOflSieT 8H8flHTH

'!eCKH 1!8MTH H860p 3HeprHH HOHOM 38 o6opoT npH yCKOpeHHH ero B UeHTpanbHOfl o6-

n8CTH CHHXpOUHKflOTpOH8, 38BHCHMOCTb H860p8 3HeprHH OT p8nHyC8 SIBflSieTCSI B8lKHOi1 

X8p8KTepHCTHKOi1 CHHXpOUHKflOTpOH8, 

Ecna npennon8r8Tb, '!TO op6HTa ycKopSieMoro HOHa SIBnSieTCSI Kpyrosoi1, TO Ha-

6op 3Hepi"'HH 38 o6opOT MOlKeT 6hiTb onpeneneH, KBK 

B'! 
t. E = e fEe H, \4.1) 

rne e - 38pS!Ll yCKOpSieMOi1 '!BCTHU, 

B'! 
E e - 83HMYT8nbH8SI COCT8BnSIIOili8SI Bb!COKO-

'!8CTOTHOrO nonSI
1 

OTIHCb!B8eM8SI COOTHOill e HHeM 

TT 
ch -- ( a + r sin w t ) cos 

D 

TT Z 

B'! 

E e 
vo D 

cos ( w t + cp )cos w t.l4.2) 
D 

2 TT 2 TT Z 
ch -- ( a + r sin w t ) - sin ---

D D 

Yl3 COOTHOllleHHM (4.1) H \4.:,n cnenyeT, '!TO 

r ch 
TT ( , ) TT Z 

eV 0 cos <P 2TT 
T a + r s1n a cos --

f\E = r 
D 2 

D n 

cos a d a 

h 2 TT 2 c -- ( a + r sin a ) - sin ~ 
D D 

(4.3) 

B npOCTp8HCTBe MelKLlY yCKOpS!IOiliHMH 3neKTpOLl8MH, 

B nnocKOCTH z = 0 H86op 3He praa 3a o6opoT onpenenSieTC SI B cooTaeTCTBHH 

c \4.31 

cos ¢ 2 
ad a eV 2TT r cos 

0 r ~ E = 
D " ch -"- ( a + r sin a ) 

(4.41 

D 

P83nar81'! (4.4) B oKpeCTHOCTH ueHTpa ycKopaTenSI, HMee M 
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t 

~ 
l 

+ 

~Ee 

" 4 r4 

192 D 
4 

eV cos ¢ 
0 

D 

2 
5- sh 

Dpa p8cnpeneneHHH < 

nenSieTc SI cnenyiOiliHM o6p8 

~E 

Dpa a = 0 nocne H £ 

~ E e 2 eV 
0 

JlerKO BHLleTb, '!TO H8 M8J 

t\E ~ eV 0 ( 
1T r 

D 

Ha 6onblllHX p8LlHYC8X H3 

~ 5. Oco6enno• 

a ueHTP< 

P8cnpenenenae cpen 

K8nbHOll cocT8anmo well s/ 

xi 
38MeTHM, "'TO p8C 

lKeHHH Sl BnSIIOTC SI 0 



-!OM o6naCTH 

IT0fl51 IT03BOIT51eT 8H8flHTH-

~HHH e ro B ueHTpanbHOii o6-

•T pan HyCa 51BITHeTC51 B8lKHOi\ 

HBITHeTC H KpyrOBOii , TO H8-

\4.1) 

H8H COCT8BflH!OW8H Bb!COKO-

cos(w t + ¢ )coswU4.2) 

r z 

D 2 
-- cos ad a 

TTZ 
(4.3) 

D 

·J1HeTC51 B COOTBeTCTB HH 

(4.4) 

Me eM 

( 

' 

f 

' 

f!..Ee 

+----
192 D 

4 

eV 
0 

cos ¢ 

D 

2 , a 
[ 5 - sh 

D 

, r , 3 r3 
----

rra 8 D 
2 

ch 
D 

2 , a 
(18-sh --) 1 

D 

2 , a 
1 - sh 

D 

h s , a 
c --

D 

---------------- + ..... I 
5 

ch 
, a 

D 

+ 

\4.5} 

flpH pacnpeneneHHH aneKTpKqecKoro nonH B ~opMe (2.171 Ha6op aaeprKH onpe

n e nHeTcSI c nenyJOWHM o6pa3 0M 

eV 
0 

cos ¢ 2rt r cos a da 
f!..E J 

D ,2 
2 

1 + (a+rsin) 
o2 

flpH a = Q IT OCne HHTerpHpOB8HHH (4.6) 

" r 2 6 E ., 2 e V oos ¢ [ v 1 + ( -- ) - 1 1 
o D 

"r 

JJerKo aaneTb, qTo Ha MBITbiX panaycax 

, r 
) cos ¢ [ 1 - 1 

4 
" r 2 1 11 r 4 

( -- ) + - 1-- ) + ... ] 
D D 8 D 

Ha 60J1bWHX panKycax K3 COOTHOWeHHS! (4.7) c nenyeT, qTo 

S 5. Oco6eHHOCTK pacnpeneneHHH aneKTpaqecxoro nonSI 
x/ 

B ue HTpaJJbHOi!: o6naCTH CHHxpouHKJJOTpoaa OH5H1 

(4.6} 

\4.7) 

\4.8) 

(4.9) 

Pacrrpeneneaae cpenaeii (ycpenaeaaoii no o6opOTy ycKopSieMoro aoaa) sepTa-

K8flbHOM COCT8BflSIIOWei!: a/q yCKOpS!IOWer o ITOITS! ITOK838HO Ha pac. 9-l f. 

x / 
3aMeTHM , qTo pacnpeneneHHH aneKTpHqecKoro nonH He B naae nHoi!: npH6nH
lKe HHH HBJJH IOTCH OpHe HTHpOBOqHbiMH. 
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-B'I 

O co6eaaocTbJO pacnpeneneaal! E -cocTaBnS!JOWell S!BnS!eTCSI To , 'ITO npa 
z 

a = 0 oaa MaKCHManbaa no eena'!aHe npa n106LIX aaa'leHHSIX B nnOCKOCTH 

Z = COnst , JJpH H3M8H8HHH napaMeTp8 • 8 • KOOpJlHH8T8 TO'IKH MaKCHMyMa BepTHK8nb-

HOI! cpeAHeii COC T8BnS!JOWel! nepeMewaeTCSI OT = 3 CM npH Z = 0 npH Z = 0 H 

z = 3 / 8 D no r = 15 eM npa a = :t_ 8 CM, 

0TM8TH M 0 'ITO npH 8 > tJ CM HM88T M8CTO AetjJOKyCHpy !OWHH 9tjltjleKT 0 T,e, 

npH OTKilOHC HHH U8HTpa yCKOpHeMOrO HOH8 OT OCH HOHHOrO HCTO'IHHK8 H8 paCCTOSI-

HHe r sina >::! , 5 CM. B8pTHK8nbH8SI Cp 8 AHSISI COCTaBnSIIOW8SI e/q nonS! npOH3BOAHT 
0 C>- • 

A8<IJOKYCHpy10W,ee Jl8l!CTBH8, 

Ha pac. 10 AnSI cpaBH8HHH npHB8A8Hbi 

nnocKOCTH z = D/ 4 cpeAHHe 3H8'18 HHH 

p8CC'IHT8HHbl 8 nO CO OTHOW 8 HHIO (2,3) B 

- B'l 
E z AnSI ABYX a nepTyp D = 20 

H ::!4 CM, 113 Ilp i! B 8A8HHbiX rpa¢HKOB BHAH0 0 'ITO Kp11B b l 8 0 Oni!C biB810WII8 38BHCIIMOCTb 

- B'l 
E OT paAHyca, He3H8'111TenbHO 38DIICSIT OT napaMeTpa D 

It -BY: 
B n11aeilaoM np116n11>K8HIIII cocTaBnSIJOWIIe nonS! E • A nSI pa3 iiH'!HbiX 3H8 '1 8 HHil 

a Jl8Hbl Ha pac. 1 1 • nyHKTIIpOM nOK838H b l KPHBb!e, p a CC'IIIT8 HH b18 no <jlopMyne 

\~.~9), a cnnownol! naa11el! - no tjlopMyne (2,10), 

npa 9TOM B U8ilOM X8p8KT8p 38BIICHMOC TH BepTHK8ilbHOH C p 8JlH8H COC T8BnSIIO

W8H e/q HanpR>KeHIISI OT panayca OCTailCH npaKTII'18CKH T8KHM >Ke , KBK II Ha pHC,9 -10, 

3aBHCHMOCTII aMTiilKTY Jlbl BTOpOil rapMOHHKII OT p a nayca y C KOp518MOrO IIOH8 1 

ero <!Ja 3bi OTHOCI!TenbHO e/q HanpmKeHIISI 11 napaMeTpa " •a" 113 o6pa>K e HLI liB 

pac. 12-13, 

Ha6nJOAaeTCSI cna6an 
2CoJ 

38BIICHMOCTb aMnnaTyALI BTopol! rapMOHHKH E 

OT COS rf> 0 a TaK>Ke OT H3M8H8HIISI 3tjl<jleKTHBHOH anepTypbl llY8HT8 OT D = ::!0 CM 

110 D =~4 C M, CnenyeT OTM8THTb 0 'ITO 3H8'18HH8 COS rf> = 0,1 l pac, 1 ~,13) COOTB e T-

CTBye T p8BHOB8CHOMy 3Ha'I8HIIIO COs rf> 
8 

JlnH o6naCTH 38XBaTa yCKOpS18MbiX TipO-

TOHOB e neaTpanbnoll o6nacTa CHHXpOUIIKnoTpoHa OHHH, 

npH y M8HbW8HIIII napaMeTpa a H paCCMOTp 8 HKH none l! B TiilOC K OCTSIX 

Z = const 0 y AaneHHbiX OT cpeAHel! Z = 0, KOOpAHH8T8 M8KCHMyMa aMnnHTY Jlb l 

BTOpol1 rapMOHHKII E 
2 

CoJ CM81U88TCSI K U 8 HTpy y C KOpHT8i! SI 0 a npl! a > 6 CM 
• 2CoJ 2CoJ 

KpiiBLJe E = E ( r ) MeHHIOT ceol! nna B HbJil x a paKTep. 
• • 

3aBHCHMOCTH BepTHK8nbHOH CpeAHel! . COCTaBnSIIOIU8H OT 9n8 KTpH'18CKOrO m e H-

nonH OT p8AHyca, o 6 ycnOBil8HHOil nocTOSlHH biM OTpiiU aTe nbHblM H8TipSI>K8HH8 M CM81U8-

HHSI VCM A8Hbl H8 pii C . 14, 15, 
0 
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06waM xapai<TepHLI M 

npa r = 0 HM810T n OCTO SIH 

-eq B'l 
KpHBbiX E = E ( r ) 

• • 
Y K aaaHHO,<f .;P B3iiH'IHe 
-sq -B '-1 

B b l MH E z = E. z ( r ) H 

HHe npH paCC M OT p e HHH B 8 f 

OTM e TH M, 'I T O n pv. 

HCT O'I HHK8 0 K OrJlu ero o c 

9ne K -rpa'lecKor o n o nH E 
1
• 

z = 0, 

0THOC HT8i!bHLI H Ha6c 

B e AeH Ha P IIC, 16 , 17 , 

C ywe CTBeHHaH oco6e ~ 

OTHOCHT8 i!bHbiH H8 6 0 p 3 H ep 

S!Bi! H8TC SI ilHH8RH ol! ¢YHKU H 

TpoHa 0vHJJ1 c T0°I H OC Tb iO 

C8X 0 npeB biW8IOIU HX B H8C K( 

r "' 60 CM Ai! H CHHXpOUJL 

XapaKTepH o , 'ITO B nr 

9 He prall B03 p acT aeT no o e r 

9HeprHII MaKCHM8ii8 H B i!IO e 

B CBSI3 H C T eM , 4'7'< 

Hill!, 0TIHCbiB8IOIUHX 9il8 KTpll 

IOIUIIX 9 n e KTp0f.IOB n U 8 HTpe 

nSieT H8 C OM H C HH hlH n paKTHq 

TbiX p a cnpenen ena ii n o n H nf 

HOI! nocroaepnocTbJO , H a p~ 

T ble 38BHC!I M OC T II pacnpeAe; 

ann Tpe x cny'laeo K OH !jlaryp 

xpouaKnoTpoaa OH >J H. O w Hf 

To'IKBMH noKaaaHbi 3Ha 'le aa 

JlBHH Lie no cnoco6y HBH Mem 



HBnSieTCSl TO, 'ITO npH 

KHX B nnOCKOCTH 

:KH M8KCHMyM8 aepTHKSnb

npH z = 0 npH Z = 0 H 

ro HCTO'lHHKa Ha paCCTOH-

uaSI a/'! non 51 npoa3BOAHT 

no COOTHOWeHHIO (2,3) B 

uayx anepTyp D = 20 

OllHCbiBaiOIUHe 3aBHCI!MOCTb 

·pa D 

q unSI pa3nH'lHbiX 3Ha'lef!HH 

:'lHTaHHble no !jlopMyne 

.bHOli cpeuaeli cocTaanHJO

lKl!M lKe, KBK II Ha pHC.9-10, 

:yea ycKOpSieMoro HOHa, 

H3o6palKeHbi a a 

2W 
ropoii rapMoHHKH E 

,1 uyaHTa OT D = ~0 CM 

0,1 \pHC, 1~,13) COOTBeT-

3aXBaTa yCKOpBeMbiX npo-

nonei\ 8 nnocKOCTBX 

·a MaKCI!MyMa aMnnHTYAbl 

TenH, a rrpa a> 6 CM 

OT aneKTpH'IOCKOrO JneH

HblM H8rtpH)](eHHeM CMeiUe-

06IUHM XapaKTepHbiM CBOlfCTBOM llpHBel!eHH bi X Kp H BbiX >ISnSieTCH TO, 'ITO OHII 

npH r = 0 ,HMeJOT llOCTOSlHHOe 3HS'leHHe , 8 H e Hyneaoe, 
-aq B'l 2cu 2cu 

KaK 3 To H MeeT M ecTo unSI 

E =E (r) aE E (r), 
£ £ 

KpHBbiX 
llOK838HHbiX H8 p!!C, l:l-13. 
"""CM - eM YKa3BHHO,~ ,,pa3nii'!He 

-aq -B,_t 
Bbi MH E • = E. ( r ) 

MelKuy KPIIBbiMII E = E z ( r ) 
2cu 2cu 

C OAHOli CTOpOHbi, II Kpll-

E = E (r) 
% • 

II 
, C upyr011, MO>I<er IIMeTb 60nbW08 3HH'!e-

HHe npH paccMorpeHIIH aepTHKanbHoro ABIIlKeHHH Ha n epBbiX J6opoTax, 

CM 
OrMeTH M, '!To npH a = 0 E • = U, 3To coor~;ercT~<yeT nono>KeHIIIO HOHHoro 

IICTO'lHHKa, KOrua 
era OCb COBnauaer C KOOpAHHaToii MaJCHMyMa 8 pacupei.leneHHII 

ane K TpH'leCKOf'O llUnH E 
y E(y) a llSHTpanbHOil o6naCTII cw .;xpouHKnoTpoHa npH 

z = 0, 

0THOCHTe!IbH ufli Ha6op 3Hepf'l11f 38 06opoT [J ll!IOCI<OCTI! Z 0 11 z = const npH-

aeueH Ha pac, 16 , 17. 

CymecTaeHaa >I o c o6eHHOCTb nony'leHHbiX pacnpoueneHI!ll COCTOHT a TOM, 'ITO 

OTHOCHTenbHbiM Ha6op 3HeprHH 3a 060pOT B UOHTpa!IbHOil 06JlaCTH CHHXpOUHK!IOTpOHD 

HBnSieTCH naHeilHoil ¢YHKU Heii pauayca , .UnSI cymeCTBYJOlliHX nupaMeTpoa CI!HXpouaKno-

Tpoaa 011.S:H1 C TO'IHOCTbiO UO 15 % np!! r ~ 5 e V O COS¢ ., r ll !IHWb TOnbKO Hll paaay-

cax, npeabriUaJOIUl!X a HeCKOnbKO pa3 anepTypy uyaHTa D , HBnSieTCSI *meneabfM 

r " 60 CM unH CHHxpoUJmnoTpoaa 0115111). 

XapaKTepao, '!TO a nnoc :<aC TSJX, yuaneHHbiX OT cpeu11eii, OTHOCHTenbHbflt HD6op 

3Hepf'HI! B03paCTaeT !10 BenH'lHHe , npu ilapaMeTpe = 0 OTHOCl!TenbHbiH Ha6op 

3Hepf'lll! MaKCl!ManeH B n1060M H3 p8CCMOTpeHHblX !lnOCKOCreil 

B CBSI3H c TeM, 'ITO onpeueneHHe o KOHe'lHOM BHue a nanHTH'leCKHX BbrpalKe-

Hllii, OUHCb!BaJOIUHX aneKTpH'leCKOe none, C03AaBaeMOe peanbHOli reoMeTpi!OH YCKOpSI-

IOIUHX 3n6KTpOAOB 11 UeHTpe CHHXpOUHKnOTpOHa , BBnBeTCSI O'!OHb CnOlKHbiM , npeacTaB-' 

nHeT HeCOMH6HHblH rtpaKTH'!eCKI!H HHTepeC HaliTH Ha OCHOBe 3KC rtepHM6HTanbHO CHSI

Tb!X pacrrpeueneiJHii rronSI rtp116nulKeHHbie Bbipa)](eHHSI , OilHCbiBa!OIUHe ero c uocTaroq-

Holi uocroaepHOCTb!O, Ha pHc. :.! noKa3aHbi cnnowHoil nHHHefi 3KCrrepuMeHTanbHO CHSI

T bie 3aBHCliMOCTH pacnpeueneiJHSI aneKTpH'leCKOf'O rronSI E y = E(y) B rrnOCKOCTII z cO 

anSI Tpex cny'!aen KOilcjJHrypauHa ycKopSIJOIUMX aneKrpouoa uenrpanbHOII o6nDCTI! CHH

xpouHKnoTpOHa 0115111, 0mH6KH H3MepeHHli unSI acex Kp!!B biX lie rrpenocxoum :!:_10% . 

To'!K8MH noKaaaHbi 3Ha'!eHHSI nonuHoMoa, arrnpoKC!iMHpyrourHx aKcrrepHMeHTanbHbJe 

uaHHbie no crroco6y Hai!MeHbiUHX KaaupaToa/8/, 
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Annp o K CHMHpyiOmae rionaH OMbi H M eiOT aa.n : 

I ) Jl1lH KpHBO~ ' I ' 

E = V l 0,495 . 10-1 -0,124.10-sy -0,774.10-
3

y 2 + (5.1) 
y 0 

+ 0,399. l(r4y 3 + 0,487. 10-
5
y4 -0,468. 1~y5 + 1. 10-

8l l j 

2) Jlll H KpHB O~ ·~· 

E - V I 0, 538 . 10-1 + 0, 592. 10-2 y - 0,137 . 10-
2 

y 
2 

y 0 . 

- 0,129. 10- s y 3 + 0,253 . 10- 4 y 
4 

+ 0,822 . 10-
8

/ - 0,197 .10-
8

y 
8 

+ 

+ 0, 220. 10-8 y7 + 0, 230. 10-
9 

y 
8 

l i 
3 ) Jlll H KpH BOH '3 ' 

E = V l 0,367 . 10 - \ 0,192. 10-
2

y -0,593.10-3 y2
-

y 0 

\5.2) 

-0,893 . 10-5 y 3 + 0, 976 . 10-5 y4 -0, 185 . 10--ll y
8 

- 0,641 . 10-
7 

y
1 + (5.3 ) 

+ 0, 298. 10- 8 y 1 l . 

K o3¢<jlauae HThi nona HOMOB 6 hlllH Bhi 'IHClle Hhi aa 38M no a nro paTMY, npaae.nea

HOM Y a pa6oTe/ 10 I , a nporpaMMe l1 .H . Canaaa. 

Cn e .nyeT OT M9T HTb
1 

'ITO Jll! H K pHB h!X '1' H '3' ITOllHHOMhl (5.1) H (5.3) .no

CT8 T O'IHO AOCT oaepao OTo6pa)l{aJOT 38BHCHMOCTb E Y = E( y ) 1 TaK K a K a 3THX cnyqa 

Hx '-mcno M , x a paKTepa3yiOmee .nocTo aep HOCTb B h i6pa a a o l! r a n QTe3h/
101 

1 paaao 

15 H 17 cooT aeTcTa eHHO. T e ope T H'!SCKoe 3Ha'!eaa e M., 14--15. AnnpoKC HM Hpy iO

mail n 01lHHOM (5.2) Jlll H KpHBOl! · • ~ • AOC T 8 TO'IHO XOpOWO OT06p8)1{89T 38BHCHMOCT b 

E y = E ( y ) B HHTe p a ane no y OT -4 .llO + 7 C M , npH H906X OA HMOCT H a nnpOKC HM8-

UHH 3 8 BHCHMOCTH E y = E ( y ) H8 6onee lllHpOKOM HHTepaane c n e .nye T no TOMY ~e 

M9T OAY nocT pOHTb 1lH6 0 nonHHOM 6onee Bh!COKOl! CTeneHH \ B Jl8HHOM cnyq ae .llOCT 8 -

TO'IHO .ll9BHTOl! CTeneHH npR M=20) , na60 a OCnOllb3 0B8 TbCH npa61lH~9HH9M .npo6Ho-

p8UHO H81lbHOl! !jlyHKU HH BH.il8 
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E = V y c 

Y!cnOl!b30B8HR9 <!JYHKllllH (5,4 

CH M OCT b E y • E ( y) npH p 9 3 K 

B 38K1li0'19 HH 9 C1l9AY9T 

H8 npeAn01l0~9HHH, 'ITO ABH~ 

AeneHHOM y qacTKe n yTH MO~I 

u e HTpa op6HThi n p a a = const 

pannenb HO KPOMKe A yaaTa ) H 

pyr Apeil¢y iOIUero u e aTpa . 

I . A.A. l'na 30B 1 B.C. K a T hiWI 

~. B .Y! • .UaHHnoa , YI.E. E H'!e E 

UHK1l0 TpOH8 011 fll1 BB9A9 HE 

nJ'lenpHHT OY!HY! P -18561 

3 , P,Lapos to lle .Three y ea: 

Conference o n hig ht e1 

lia m a nd IVIary, Februe 
4. A.M. C T pawKe BH'-1 . 3ne KTp 

oce aoil CHMM e Tpaeil. <PH3M 

5. J.W. Beal. C omputati o n o f 

Geometry. MSUC P-12 ~ 

ti. Yl.E. E H'I9BII'II r.YI. n e aqe 

n01lH CRHXpOUHKlJOTpOH8 , n 

7 . R,Ke ller1 'W.Fideca ro1 

lotron d 'a p res le s donr 

pase'- I' ~ nalo!d,ie » ves 
neve. 

8. E.YI. 3aMonoA'IHKoa 1 .u.n. 
38XB8T8 B W9 CTHM9 Tp0BOM 



(5.1) 

. 10-2 y 2 

\5.2) 

~l -0,641.10-7 y' + (5.3) 

~ rro anropHTMy, npuaenea-

lHHOMbl (5.1) H (5.3) llD-

y), TBK KBK B 3THX cnyqa

/10/ 
lHHOli I"'HIIQTe3bl , pBBHO 

14--15. AnrrpoKCHMHPYIO-

) OT06p8)!{8eT 38BHCHMOCTb 

!e06XOJlHMOCTH B!I!IpOKCHMB-

ane cnenyeT no TOMY )!{e 

H \B naHHOM cnyqae llOCTB

rhCSI npa6na)!{eHHeM npo6ao-

c +c
1
y+c

2 
y + ... 0 

E v 
y 0 

d 0 + d I y + d 
2 

y2 + ... 
(5.4) 

YICIIOIIb30BaHRe <IJYHKllHH (5.4) naeT B03MO)!{HOCTb OITHCaTb 3KCIIepHMeHTaiihHYIO 3BBH

CHMOCTb E y,. E (y) !IpH pe3KO Bblpa)!{eHHOM MaKCHMyMe KpHBOli, 

B 3aKniO'!eaae cnenyeT yKa3aTh, 'ITO BhiBOil rrony'leHHbiX peaynbTaToa ocaoaaa 

aa rrpeunono)!{eaaa, 'ITO llBH)!{e aae a ueaTpanhaoli o6naCTH caaxpouHKIIOTpoaa aa orrpe

neneaHoM y'laCTKe IIYTH MO)!{HO paCCMaTpHBaTb KaK 6hl COCTOSilJIHM H3 nayx: upelt<jJa 

ueaTpa op6HTbi rrpa a = const l a = const orrpeuensreT npert~ ueaTpa op6HThi na-

pannenbHO KpOMKe !lyaaTa) H BpameHHSI '!aCTHll C yaeiiH'!HBaiOlJIHMCSI pauHyCOM BOK-

pyr upell¢yiOmero ueaTpa. 
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9 HHhle MeTOllhl 8Jl8Jil'l38, 

3 ~yHKUHOHanoa M9TOllOM 

JHqe CKOPO n~~ CHHXpOUHKnO
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Pac. 1. lleaTp caaxpouaKnoTpoaa OVI.f!VI. 
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PHc. 10. BepTHKanhHBH cpenHHH cocTaanHJO!llaH B.'!. HanpmKeHBH. 
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lH1H 'h'B 

LHUm~v 'f:{ 'OHd 
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~~t\.4?~' 
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10 =c}SO:J -

w.:;oc-=cr qf:::l 
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~ b j) =- 2tlC!>! 

- Cosf= Ol 

-Cos .P = 0.3 

-----.--- 'Z 
15 /]w] 

.1>=.20CM 
cos.P=al 

PHC, 13, AMnnHTylla BTOpoi! rapMOHl'IKH BepTHKanbHOil COCTaansuomel! 
B.'l. H8llpSDK9HHSI B nBH9i!HOM llpH5nB)f{9HHH, 

--no <jlopMyne (2.14); ---- no ljlopMyne \~.<ll ). 
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0.2 

0.1 

. : 

·-'(1 
i. 

-·-1 .. 
. r 
. fJI 

eKTpHqecKoro nonH OT Pac. 15, BepTHKBllbHaH cpeJlHHH cocTaBnHJOIUaH .aneKTpHqecKoro nonH 
OT H8npH)!<eHHH CMerueHHH B ITHHel!HOM npH6nHlKeHHH. no <jlopMyne ( 3, 7); 

----- no ¢opMyne (3.9). 
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P ac . 16. Ornoc aTenbHbll\ Ha6op aHeprHH 38 o6opOT B nnocKOCTH z = 0. 
-- no <jlopMyne \4.4); ----- no <jlopMyne (4.6). 
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8 060pOT B nnOCKOCTH Z = 0. 
-- no <jlopMyn e (4.6) . 

.j 
t 

1 
. !/) =r t:?tl CM 

! 

PHc. 17. OraocHTenbHbill Ha6op aaeprHH aa o6opOT B nnocxocTnx 

z.,o, z.,_1 
D, z. _3_ 0 no ¢opMyne \4.4). 

4 .s 
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