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I. 

I. Baeoeuue 

B pH~e cny'laen B npaKTHKe pa6oTht ua ycKopHTenHx BOJHHKacT 

He06XO~HMOCTh paCClJHThiBaTh -~BH)f(eHJie JapH)f(eHJihiX lJaCTHU, Ha llpOTH-

•)KeHHH COTeH H ThiCHlJ o6op_OTOI'I C ylJeTOM MarHHTHhiX xapaKT.CpHCTHK 

YCKOpHTenH, KOTOphte, KaK npaBHno, ~aneKH OT H~canhHhiX, H llO'JTOMY 

~On)f(Hhl 6hiTh npHHHThl BO BHHMaHHe. K TaKHM cnylJaHM OTIIOCHTCH, ua

ripHMep, HH)f(eKU,HH H JaXBaT npOTOHOB' B CHHXpOTpOHHhiH pe)f(HM, HCCne.

~OBaHHC ~Bif)f(eHHH lJaCTHU, B npOU,CCCC YCKOpeHHH, pCJOHaHCIIhiH BhiBO~ 

nylfKa H ~p. YKaJaHHhte paclfeTht BhmonuHIOTCH, KaK npan11no, 11a 3BM, 
'ITO o6ecnelJHBaCT HC06XO~HMYIO TOlJIIOCTh H Ha~·e)f(HOCTh peJynhTaTOB~ 
K uacToHIJ]eMy npeMeHH ~nH cHuxpo¢aJoTpm.Ia OIUII1 nanHcaHbi npo

rpaMMhi fl •
2 I , Mo~enupy10mue ~BH)f(eHHe qacTHU. B ycnonuHx nony

u,enoro peJouauca. 

npuao~nMaH IIH)f(e nporpaMMa MFIELD uanncaunaH na ct>OPT-· 
PA}jE, noJBOJIHCT npoMo~ennpoaaTh f!I06oli peJo·uanc pa~HanhHhiX 6eTa

TPOHHhiX Konc6amiii . .ll.nH npnMepa 6y~yT npnne~eHhi TpaeKTOpHH qacTnu, 

npn peJouancax v R= 2/3 H v R =1/2. llporpaMMa cyMMHP.YCT none 

Ja~auuoro lfncna npono~HHKOB noniOCHhix• o6MOTOK 11 YlfHThiBaeT HJMe

HCHHe HX TOKa BO BpCMCHII. 

I I. Onucauue npozpaMMbl MF/ELD 

.LI.nH paclJeTa TpaeKTOPHH npoTouon no nporpaMMe MFIELD uc-

nonhJyeTCH nonHOC ypaBHCHIIC ~BH)f(eHHH JapH)f(eHHOH lJaCTIIU,hl B nnoc
KOCTII (R, 8) B nonHpHhiX CIICTCMaX KOOp~HHaT KBa~paHTOB, 06hilJHO 

npnnHThiX ~nH CHHxpo<flaJoTpoua /I I : 

/1/ 

3 

·, 



•/ 

3.n.e~b ·Bz (R) • BepTHI<an'bHaH KOMnoHeHTa nonH YCI<OpHTenH, .. 
B

0 
• aenn'IHHa Bz na pannonecHOM pa.n.nyce 

yci<opnTenH R 0• 

Ypannenne I 1/ HHTerpnpyeTcH MeTO.IJ.OM Pynre- KyTTa I cTan.n.apT
uaH no.n.nporpaMMa 'JNTSTP I. lliar HHTerpnponaHHH 6epeTcH Kpa THbiM 
rr/2 . qeTbipe npHMonnueiiHhiX npoMe)J(yTI<a yci<opnTenH paccMaTpnna

IOTCH KaK cao6o.n.noe npocTpaHCTBO. PacceHnnoe none a npHMonnueiiH.hiX 
npo:Me)J(yTI<ax ue y'IHTbiBaeTt:H, no 34J!lleKTHBHaH .n.nnua nonH B Kna.n.pau
Tax npHHHTa paauoii 17/2 . 3a oTCYTCTBHeM .n.anHbiX o pacnpe.n.enen.HH nep· 
THI<anbHOH _KOMnOHeHTbl nonH ,nO a3HMYTY OHO npHH.fiTO a3HMyTanbHO o.n.· 
HOPO.IJ.HbiM. 

no pa.n.nycy none yci<opuTenH onncauo TaK: 

Bz (~ ) = ·B z ocutBz no6. 121 

3.n.ecb B z oca. - neao3Myi.Qenuoe none yci<opnTenH, 
B z no6. - .n.o6aaoqnoe none, co3.n.anaeMoe TOI<aMH B npono.n.nni<ax 

noniOCHbiX OOMOTOK. . 
Pacnpe.n.enenne ·Bzoca. lc rnaroM 2 MM/ 6bmonpe.n.napnTenbuo nony;;~
HO no H3MepeHHOH 3aBHCHMOCTH .n('R) , r.n.e n • noi<a3aTenb nonH 2 

.• 

llpH pac'leTaX HCnonb30BanOCb ·Bz (R) .n.nH HH.IJ.YKQHH YCKO· 
pHTenH f0.000 rc lcTaTH'leCKHH pe)J(HMI H 13.000 rc l.n.unaMH'!eCKHH 
pe)J(HMI B npe.n.enax pa.n.nycoa oT 2720 .n.o 2880 CM. 

Tipn Tex. )J(e ycnoauHx 6bmo nonyqeno pacnpe.n.eneune F (R) = 
= B +!J.B no6 H~ OCHOBaHHH !lJyHI<l.{HH f(R) = n(R)+!J.n(R) , r.n.e 

ocu.. • u 6 . 
f(R) • HOI<a3aTenb nonH YCI<OpHTenH, H3MeHeHH:blll TOKOM 3 4 a B Bepx· 

HeM II HH)J(HeM npOBO.Il.HIIKaX noniOCHOH 06MOTKH, pacnonO>I(ellllbiX Ha R O 

H 3aMKHYTbiX napy)J(y OT Ro . Pa3HOCTb -!J.B(R)=F(R)-Bo~n.: (R) 
HBnHeTC.fi .IJ.06aBKOH I< IIOJIIO OT TOI<a B yi<a3aHHbiX IIpOBO.IJ.HHKaX. llpll 1111· 
.Il.YI<l.{IIH 13 KrC TOK 364 a li3MeHHeT n Ha 0,225, .'ITO COOTBeTCTByeT 

AB no6. lB 0 = 0.002 lpnc. 11. 
KoM:6liHIIPYH 3aBHCIIMOCTll AB non. (R) II BacH ( R) • 

MO)J(HO rrony'IHTb pacrrpe.n.eneHHe B z (R), 1 Y'lliTbiBaiOII.{ee Tpe6yeMoe 
KOJlli'leCTBO IIpOBO.Il.HHKOB IIOniOCHbiX 06MOTOK, Benll'lliHbl H HanpaaneHH.fi 
ioKOB B unx, a TaK)J(e crroco6bi nx 3aMbiKaHHH. 

· BenH'IHHa Bz no6 ·(R) B Ka)I<.IJ.OM Kna.n.paHTeBbi'IHCnHeTcHnocne• 
.IJ.YIOI.Qeii !lJopMyne: • 

M 

B zno6JR) = ·i~ !J.B ( x, 1 ) C 1 {3, 1 • 131 
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I 

3.n.ecb x = (R -R f) 
rrpoBO.IJ.HHI<a, M -
paauo "+l", ecmr IIJ 
HOM cnyqae .' · {3.1 01 
HHI<e, IIpH'leM. {J{= 
IioMy TaK, 'ITO rroi<a 

III. Pa 

,ll;annaH rrpo.rp: 
rrpoTonoa B ycnoBHH 
Mbi. rrpnne.n.eM 3.IJ.e,CI 
MexanH3M caMoro I 
3HT:b rroi<a3aTenb nc 
BTopyw a3HMyTanbH 
.n.nycy lrapMOHHI<a·E 

Pe3ouancHi.ie· 
BO.IJ.HHKOB noniOCHhl~ 
KaMH, pacrrono)J(eHHI 
pex Kna.n.panTax, rrpl 
pnTenH. BTopaH eire 

Ro ±20 CM II 'Ro 
rrapa6onnqeci<oro no 

_ Mbl B03Myi.QeHH.fi I< II: 

=0,42,. rrpn'!eM · .n.nH 
ua pa.n.nyce BbiBo.n.uo 
= 160 a, J (''R 0 ::._: 

. rpyrrrra orrepa1 
· ri:onH B Kna.n.paiiTax .J 

'" PaccMoTpn:M il 
HbiX I<Ba.n.paHTaX 3Tt 
IIpOBO.IJ.HHKOB, .T.e. 
ro IIpOBO.IJ.Hlii<a IIO p<: 
R0 . , a-5, 6, 7~H 8 -

C(l) = C (2) = C(3), 

Toi<n B rrpono.n.nni<aJ 
HarrpaaneHbi TaK, 'IT 



'CKOpHTCJUI, .. 

',n;n:yce 

rre- KyTTa / cTan,n;apT

iHH 6epeTCH Kpa TllbiM 

lpHTCJIH paCCMaTpH~a,

IIOJIC B npHMOJIHJIC~llbiX 

(JIHJia nOJIH B KBa,n;pan-

0 pacnpe,n;eneH.HH Bep

HHTOaJHMyTaJihHoo,n;- 1 

/2/ 

H, 
TOKaMH B npOBO,IJ;JIHKaX 

e.n;BapHTCJihHO nony/2~
- noKa3aTCJib nOJIH .• 

,IJ;JIH HH,IJ;YKU:HH YCKO-
100 rc /.n;HnaMH'ICCKHii 

M. 
cnpe.n;eneHHe F (R) . . 
~) = n(R)+L'ln(R) , r.n;e 

~IH TOKOM 364 a B Bepx

pacnonmKenHhiX Ha 'R 0 
':F (R) -B o~H.; ( R) 
IIpOBO,II;JIHKaX. llpH HU- , . 

:5, ,'ITO COOTBCTCTBYCT 

. II :BacH~ (R) • 
ITbiBaiOII.J;CC Tpe6yeMOC 

liHlJHHbl H nanpaBneHHH 

e Bbi'IHCJIHCTCH no CJIC • 

/3/ 
., 

3,n;ech x = (R - R; ) C ; r,n;e 'R -TCKYIUHii pa,n;Hyc, 'R; - pa,n;n:yc 

npoBO.IJ;HHKa, M - 'IHcno npouo.n;HHKOB B · TCKYIUCM KBa,n;paHTe, C; 
paBHO "+1 ", CCJIH IIIpOBO,IJ;HHK 3aMKHYT napy:>Ky OT R o H "-1" B npOTHB

HOM CJiy'lae ,·f3.i onpe,n;CJIHCT BCJIH'IHHY H HanpaBJICHHC TOKa B npOBO,IJ;

HHKC, npn:qe:M {3; =+1 cooTBeTCTByeT BCJIH'IHHe TOKa 364 a, HanpaBneH

Ii:oMy TaK, 'ITO noKa3aTCJib nOJIH YCKOpHTCJIH CHH:>KaCTCH. 

I I I. Pac'lem mpaet<mopuii npu pe3oHaHce •V =2/3 
R 

,lJ;aHHaH nporpaMMa 6hiJia npHMCHCHa ,II;JIH MO,IJ;CJIHpOBaHHH ,IJ;BH:>KCHHll 

npoTOHOB B ycnoBHHX peJoHaHca ·V R =2/3 Ha cHHxpo<lJaJoTpoHe OIUIH. 

Mbi npHae.n;eM J,n;ecb npHMep TaKoro pac'leTa, He anaJIH3HpyH no,n;po6Ho 

MCXaHH3M caMoro pe30HaHca. ,lJ;JIH ero B036Y:>KJJ;CHHH HC06XO,IJ;HMO CHH- · 

3HTb noKa3aTCJib IIIOJIH OT pa6oqero 3HalJCHHH ,II;O n =0,63·H BBCCTH 

BTopyro a3HMyTaJibliYIO rapMOJIHKY napa60JIHlJCCKOrO B03MYII.J;CHHH no pa-

,IJ;Hycy /rapMOHHKa B dn/dR /. , 
PeJoHaHCHhie ycnoBHH coJ,n;aroTcH c noMOII.J;hiO .n;Byx CHCTCM npo

BO,IJ;HHKOB nOJIIOCHbiX 06MOTOK. llepBaH CHCTCMa /POM -1/ C npOBO,II;HH~ 
KaMH, pacnOJIO:>KCHHbiMH Ha 'R O ±10 CM H R0 ±30 CM BO BCCX lJCTbi· 

pex KBa,n;paHTaX, npe,n;Ha3HalJCHa ,II;JIH CHH:>KCHHH noKa3aTCJIH nOJIH YCKO

pHTCJIH. BTopaH CHCTCMa /POM- 2/, npOBO,II;HHKH KOTOpOH HaXO,IJ;HTCH Ha 

R o ±20 CM H 'R o±40 CM, C03,IJ;aeT BTOpyro a3HMyTaJibHYIO rapMOHHKy 

napa6oJIH'IecKoro B03MYIUCHHH /pH c. 2/. HaHJiyqwee rrpH6JIH:>KenHe <lJop-

u . 1 (R 0 + 20 CM) . 
Mbl B03MYIUCHHH K napa60JIR'ICCKOH nonyqaeTCH, CCJIH = 

. 1 (R o +.:_40 CM) . 

=0,42, npH'ICM ,IJ;JIH Toro, lJT06bi o6ecnelJHTb HY:>KHYIO rny6HHY 3a6poca 

Hapa~nyc.e Bb~BO,II;HOrO cenTyM·MarHHTa, ,II;OJI:>KHO 6biTb '].( 'Ro=t40'cM) = 

= 160 a, j ( R o +20 CM) = 67 a. .· ~ 
. rpynna onepaTopoB no MCTKaM 1-4 Ja,n;aeT ycJIOBHH tPOPMHpOBaHHll 

nOJIH B KBa,n;paHTaX 1, 2, 3, H 4 COOTBCT~TBCHHO ( npn:nO)KeHn:e 1} • . 
. PaccMoTpHM ,n;n11 npn:Mepa Ja,n;aHn:e nonH B 1 KBa,n;paHTe /B oc-fanb

HhiX KBa,n;paaTax 3To ,n;enaeTCH ananorH'IHo/. B Ka:>K.n;oM KBa,n;paiiTe 8 
npoBO,IJ;HHKOB, T;e. M =8. llepeMCHHaH R'S(i) Ja,n;aeT nono:>KCHHe i
ro npoBo,n;HHKa no pa,n;n:ycy. llpoBO,IJ;HHKH 1, 2, 3, 4 JaMKHYThi BHYTPh oT . 

'Ro , a 5, 6, 7 H 8 - Hapy:>Ky OT R
0 0 COOTBCTCTBCHHO 3TOMY 

C(l)=C(2)=C(3)=C(4) =-1; a C(5)=C(6) =C(7)=C(8) =1.. 

ToKH B npoBo.n;HHKax CHCTCMhi POM -1 /npoBo,n;HHKH 2,4,5, 7 I paBnhl H 

HanpaBJICHbl TaK, 'ITO CJIH:>KaiOT nOKa3aTCJib IIIOJIH YCKOpHTCJIH, no3TOMY 

5 
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'' 

. BKS(2) =BKS (4) =BKS (5) =BKS (7) =BK, 

r,Ue . BK>> o u pacTeT no nuueiiuoMy JaKoHy, ~<;oiopbiii J_a,IJ;aH B ocnosuoii 
nporpaMMe. ToKH a npoao,IJ;nnKax cncTeMhi POM-2/nposo,IJ;HHKH 1, ·3, · 
6, 8/. HMel()T pa3Hbie 3Haim ,IJ,JIH pa,IJ;nycoB. ,R 1> 'R0 , U 'R .< .·~ o • ll'fOObl 
ooecnetiHTb yKa3aHHbie BhiWe BeJIHtiHHbl H COOTHOWeHHH TOKOB B npOBO,Il;
HHKaX CHCTeMbl POM- 2 ,nonaraeM: 

BKS (1) = 0.44 :* C!JK, .BKS(2) =0.185 :*·-. CBK 

BKS (6) = -0.185._* CBK, · BKS (8) = -0.44 :* CfJK , 

r,IJ;e nepeMenuaH CBK uJMenH{ncH oT nyJIH AO 1 B Tetienne 2000 o6o
. pon)s, a JaTeM ocTaeTcH nocToHnnoii. 

'1..... ' • . ,' • : 

PacnOJIO)KeHHe npOBO,Il;HHKOB U TOKH B HHX ,IJ;JIH 3 KBa,IJ;paHTa /MeTKa 3/ 
3a,IJ;alOTCH COBepweHHO aHaJIOrHtiHO. Bo 2 U 4 KBa,IJ;paHTaX /MeTKH 2 H 4/ 
nanpaBJieHHe TOKOB B npOBO,Il;HUKaX CHCTeMbl P.OM- 2 oopa THOe, CJie,IJ;O

BaTeJibHO, ,Il;JIH :HliX K~a,IJ;paHTOB: 

·BKS_(l) = -0;,44 :* CBK, BKS (13) = -0.185 * CBK, 

'BKS (6)=0.185 :* CBK, BKS (8) = 0.44 :* CBK. 

OnepaTophi, pacnonomeHHbie uume MeTKu.5 /npnnomeune 1/, Bbi
q_ucJIHIOT no. <iJopMyne /3/ cyMMapuoe · B z no6. , cKJia,IJ;biBaiOT ero c 

·B z oca •. · H naxo,IJ;HT npaayro qacTb ypaaueHHH 11/. .. . _ ·. . . 
· Ha puc. 3 npnBe,IJ;ena TpaeKTopun npoToHa ua nocne,IJ;uux nHTH o6o

poTax, paCCtiUTaHHaH ,IJ;JIH onncaHHbiX BbiWe yCJIOBUH npu pa3BHTHU pe-
30Hanca. HatiaJibllaH aMnnuTy,IJ;a.Kone6anuii a =2 eM. Ha puc. 4 npuae
,IJ;eHbi 4Ja30Bble TpaeKTopuu npoTona: a/s.rianu OT pe3onanca; 6/npn no,IJ;
xo,IJ;e I< neMy; · aipa3pbiB <iJaJoBhiX TpaeKn)puii so apeMH pa3BHTUH pe3o-

nanca. . . . . . . . . 
34J!IJeKT c:ra6UJIU3ai.J;UU pa3BUTHH pe30HaHca, CBH3aHHblH C orpann-

qeHHOCTbiO. no ·pa,IJ;uycy o6JiaCTH napa6oJIHtieCKOrOB03MYIUeHHH,UJIJIIOCT· 
pupyeTpH pncynKoM 5, u3 KoToporo BH,IJ;Ho, liTO 4Ja3oBaH TpaeKTopuH na 
OOJlbWUX pa,IJ;Hycax (R >>R O +50 )3aMb1KaeTCH. 

6 

IY.·. 

,lJ;JIH B036ym, 
Ka3aTeJib nOJIH n 
nepayro rapMonnK: 
Ka B n I ~: Tpe6ye:N. 
MOH llOJIIOCHbiX 0011 
MOHHKy. fipOBO,Il;Hl 
BTOpOM KBa,IJ;panTa 
CTBYIOIUaH 3TOMY · 

. B npOBO,IJ;llUKaX Ta: 

BKS (1) =BKS (2) = ·1 
Ubi B Teqenue 435 
I13Meneune BK o 

.N 
. ·BK=·sin(.435 

r,IJ;e ·N - noMep < 
Ha puc. 6 n 

30BaH TpaeKTOpHH 
nu OT pe3oualica·; 
!IJaJOBOH.TpaeKTOp 
,IJ;ena TpaeKTOpUH Ii 

Tax. 

1. H.H. roeopy11, , 
11a, 1969 2. 

2. E.B. BacuAuww 
OH.JIH; 9-4223, 

3. JI.Il. 3UHOBbeB, 
K.II. Mb1311U1<0B, 

PyK 



K, 
iopLIH 3a,I:(aH B ocuoBHOH 
1M-2)JipoBO,I:(HHKH 1, 3,. 
R0 , H ~R .< }r 0 . liTO Obi 
OilleHHH TOKOB.B npOBO,I:( • 

' . , 
1 a TetJeHHe 2000 o6o-

3 KBa,I:(paHTa /MeTKa 3/ 
aJipaHTaX /MeTKH 2 H 4/ 
)M ~2 o6paTHoe, cne.IJ:o-

I 

:BK, 

K. 

5 /npnnomeHHe 1/, Bhi-
' . . . ' . . 

5• , cKna,I:(LIBaJOT ero c 

/1/. ' .. ' ' . 
Ha nocne,I:(HHx ttJITH o6o-
nOBHH npH pa3BHTHH pe
=2 .eM. Ha pnc. 4 npuae
T p·e3oHaHca; G/iipn no.!i
o BpeMH pa3BHTHH pe3o· 

ca, c~.H3aH~LIH c orpaHn- · 
trOB03Myll{eHHJI,HJIJIIOCT· 
!IJ<i;30BaH.TpaeKTOPHH Ha 

Jl. 

i 
I 

. j 

IY. Pac<Jem mpaeKmopuii n'pu nollylJeiiOM pe3oHaHce 

)];nH B030Y>KAeHHH 3TOrO pe30HaHCa Tpe6yeTCH: 1/yBeJIHtJHTb no· 
Ka3a TeJib nOJIH n OT .pa6oqerq 3HatJeHHH ,1:(0 BeJIHtJHHhl 0, 79; 2/BBeCTH 
nepByJO rapMOHHKY JIHHeHHOH 3aBHCHMOCTH nonn: OT pa,I:(Hyca /rapMOHH· 
Ka B n 1 . Tpe6yeMLie pe3oHaHCHLie ycnoBHH C03AaBanncL O,I:(HOH clicTe
Moii nonrocHLIX o6MoToK, KOTopan: H3MeHn:na ·n H BBOAHna HY»<HYJO rap
MOHHKy. llpOBO,I:(HHKH nOJIIOCHhiX OOMOTOK pacnonaranHCh B · nepBOM H 
BTopoM KBaApaHTax ua ±10c.M.B npunomeHHH 2 nplme,I:(eHa cooTaeT
cTayroll{aH 3TOMY cnytJaJO no):(nporpaMMa EXTERN. HanpaaneHne TOKOB. 
B npOBO,I:(HHKaX TaKOBO, tJTO llOKa3a'renh nonH yBeJIHtJIIBaeTCH, n03TOMY 
BKS (1) =BKS (2) = BK , rAe BK pacTeT BO apeMeHH OT HYJIH AO e):(HHH-

nLI B TetJeHHe 435 OOOpOTOB /3/ . . · . . . . . 
l13MeneHne BK ocyll{eCTBJIHeTcn: B ocHOBHOii nporpaMMe no 3aKoHy: 

· BK=·sin( .!!_. rr/2), 
. . 435 

rAe N - HOMep o6opoTa. 
Ha pnc. 6 npHBe):(eHa nonytJeHHaH no nporpaMMe · MFIBLD 4Ja-

30BaH TpaeKTOpHH npOTOHa C Ha.qaJILHOH aMnJIHTYAOH. a =6 CM: a/BAa
JIB OT pe30HaJica; 6/npH no,I:(XO,I:(e K HeMy /pe>KHM OHeHHH/; B/pa3phiB 
4Ja3o.aoii. TpaeKTopnn ao apeMH pa3BHTHH pe3oHaHca. Ha pnc. 7 npnae
AeHa TpaeKTOpHH npOTOHa ,I:(JIH 3THX yCJIOBHH Ha nocJie,I:(HHX nHTH o6opo
TaX. 

Jlumepamypa 

1. H.H. ToeopyH, E.M. KyllaKoea, JI.A. CMUPH06a~ OH.RH 9-4671, ,l(yo-
Ha, 1969 z. . 

2. E.B. Bacu11uwuH, E.M. KyllaKoea, JI.M. JlaH'leHKo, P.H. f/>eoopoea. 
OH.RH, 9-4223, ,l(y6Ha, 1968 2. . 

3. JI.II. 3uHOBbeB, H.IJ. HccuHcKuii, B.H. Komoe, E.M. KyllaKoea, 
K.II. Mbi3HUKOB, H.H. IlaBIIOB. OH.RH P-2387, ,l(y6Ha, 1965 2. 
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OpanmKeHHe I: no,llnporpaMMa EXTERN BLI'IHCneHHJI npaBLIX 'laCTeli 
ypaBHeHHll /I/ Mll paC'IeTa ,!IBHlKeHHJI npOTOHOB B ycno· 
BHRX pe30HaHCa · V R =2/3. · . · 

. -SUtROUT!NE EXTERN(X,V 1 F) 
. OlMFNS!ON RS(q),II~S(q) 1 C('l 

- DIMENS!ON Ul2l,F(2l · . . ' 
COMMO" F!tLOtl7q9) 1 DF:E~OI$•9l,&~ 1 Kt,BEGF 1 HFlE~D,CF 1 RO,FIE~D,CBK 

• co To I 1' 2, ll, "1 , K 1 
1 RSI1l•27 o • 

. . . RSI2)•277D. 
RS(ll)•27tiO. 

nsC4l=2no. 

1iSI7Ja::2t13o. 

RS(5):2t11D. RSI6l•282D. 

11 S(I'I)a:!fi4D. 
M•ll 

Bl<sl 1 la-,44o•CIII< 
tii':S(lll•.tti.SO•CIIK 

lll<si6Ja•fti<SI3) 

III<S(2)a81< 
IIKS(8)a•BKS(1) 

lli':S(4)•flr. 
III<S(5)•11K 

C(tl••t• C(2)••1o 

r;O TO !> 
3. u·c 1JIIi2r•o; 

RSI:Zl•277D. 

Ctlll•·t. 

RS(3l•2711D. 

BI<S(7)aBK: 

C(•O••t• 
C(5)•1. 

C(6)•1,. C(7)•1o 

cu.,., 

RSI7l•2113D. kS(I)•2840, 

RS(4h27tO. RSI5)a:!11111 •. kSU)•212h. 

· cl,~•·t· ct21•~1: 
fl•ll 

CCJl••1• 

C(4J••1• C(5)•1. 

C(6)a1, · ) . 

C(?' •l•·C(81•t 

OKS C II•; ••o•C&K ftK SC 31• :·,aso•cOK 8K sCI I••BK SC •• ..... C II •·BKSC II 

-~ ' 

I 

BKs(2)cBK BY.S(4)=B 

CO TO 5 . 
4 RS(1l•:!760• 

RS(2l=277D • 

RSI7)112830~· 

RS(J): 

,.see!= 

C!tl=•1• C(2l=-t. 

61<Sit)a ... 44c•C61': 
8: 

EII<S(2)c:BK 
BKS(4)=81 

cc To . .s 
2 RSI1J•27f-o. 

RSI2l•2770, 
RS(J)c: 

RSI7)a28liO, 
RS(B)c; 

c ( 1) =-1 • 
C(2)•-1. 

.8Ksltla•.44e•CBY. 
~~~ 

SI<S(2)c!IK 
llKSI4)cB~ 



- aBLIX qacTeil . 
N . BLI'IHCneHHll p"!oaos B ycno. 
'leTa JlBHlKeHHll 11 . 
/3 .. 

,,,,,, ... ,,,,,,.,, ,,,,,,.,, ,,,,,,.,, 

F RO FlEI.O,CBK. EI.O,c , • 

TO .5 . ~~(11=:!760., 

. ""'"''"· """"""· ...... , ... '"""'"'· """"'"'· 
~. ASI6)•282D, 

!) BKS(8)a•BKSI!) 

, "'28'~0. ,.S(8 nzB 

c<,l••!• <!21•-1, c!ll••l, (4)••1· 

r. Cl5)=t, C(f>l•t. 

C(
7
)•1 • C(Sl=t 

B
"II•CBK 8Ksl3) •KS.(B)a~BKSitl <l<lc•CBK ( 3 )••o1 .- BKsl6)=. ·., 

BI<SCtlz•, . BKS 

,,,,,,.,, ,,,,,,.,, ,,,,,,.,, ,,,,,,.,, 

'' .• ., • ·c·l 71 •1. cu.,., 
cc To s ·-
sttl'"27fo. 

' :"""""· .,,,., ....... , .. , .... '"''"''"· .... , ...... 

) ·.e;Ksll J •·BK$( 1) 
,,,,,, ........ , .. , ,,,,,, ... ,,,,,,.,, 

9 



GO TO 5,. 
5· OFILo=n, 

00 f> 1" 1 1 II 
XL"(Vi1l•RS(l))•C(I) 
tF(XL,LT,•-19,) 

· •· co TO 6 
JF(XL:cT,f>CI.'l 

·•· . GO'TO 7 
J;:(XL•S0,)/0,~ 
OJ"(XL+5o,)/0,2•J 
OFtLDcOFILO+(Of!ELO(J)+(OFIELO(J•1l•QFI!LO(J))•DJ)•C(I)•BKS(I) 
co To t. 

7 DFILD"DFILO•OFIEL0(599)•c(I)•Br.Sitl 
6 CONTINUE 
B CONTltlllE 

J=(V(1)•8ECF)/HFtELD 
DJ=(VI1)~BEr.Fl/HF1ELO•J 

FIEL=F1EL01(J)+(FIELOt(J•,>-FtEL01(J))•DJ 
FIEL=FIEL•CF . 
FtELoa:FIEL+OFILO 

F(11"'V(2) 

A~=~~~V(2l•V(2)/(V{1)•Y(1)) 
A<ICSQRT(A3) 

A5cA<I•A<I•A4 . _ 
Af>=y( 1) •Y I 1) •AS.P' tELo/28 0 II,!, 

F12l"V(t)•A6+(V(2)~Y(2)•YC2)•y(2))1Y(1l 
RETURN 
END 

10 

~· 

'f 
il 

,.,. 

l 

-

!!l 

S'JP.POII•YNF ljXTEPNtl 
1Y~~N~tn» R~t9)t8~~ 
~t~FN~t"N ~CZI,FC2: 
C011'1011 rtEI,.~.l ( ?49), 
GO •O ;1,2olt~l~K1 

. 1 I':?. .• 
q <: c 1 )a2""n, .... 

P.S 

1\r.s i:, =-r.l. c i\ ,,.; 

' 
r:o Tl'l 
eoNT!·~IlF. 
GO Ttl 1 

3 oFlL"cr 
GC 1'0 II 

lo !)!I'. II. :l=. 
Gl' TO II 

!5 ~Fll.•::n 
,0 6 ! = l dl 
XL= tilL! l·P.SI ll l*Ct 
rrcxL,Lo:-.--~o9,l 

r.o .T 

!F'tXL:-::~,6<1~ I 
" ,. GO TC 

Jc(Xl+!5Ce)/Q,2 
~J=(lCt.50,)10,?.-J 

·- 1rtt.~:"FlLO•!OF'YEL 
cc •(1 I. 

7 OFIL~:1FILn•OYtFL[ 
6 CCIII'!' l'!·•r 
a ccN·P••t,r 

J:(U(1).bfr,r)/HF'll 

F'tEL=FIELn1(Jl•IF'I 
rYEI.:r!EL•r.r 
F' t E1. D = F' I !, L • r, F' l_l •. n 

,-·. 

·A 4: " 'l !" • C A·~ l 
A!5::A4· 

. :"( 2l ~U C ~ )-~·6~ ( 111 2' 

RrT!IRI' . ~ ;,n·... ·, 
.,,, 

i 



J 

Dpano*euue 2: Do.1111porpaMMa EXTERN BLI'IHcneuae npaBLIX 'IACTeit 
ypaaueHHll I 1/ .t~n.a pac'leTa .!IBHlKeHHll npoTOHOB a ycno • 
BHliX pe3ouauca v R =1/2. · 

S'JP.POII•!Nf ljXTEPNtX,'l,l"l 
11"~N~tnN R~(9)1BKSt9),C(9, 
~IMFN~t"N UI~),FC2) . . · · 
C 0 tPl 0 tt " I c!. !. 1 1 14 9 ) 

1 
0 F l F I. 0 t !I 9 9 I , 1\ K , K 1 , !l E G r • H F' l E L(l , C F, R 0 , Fl E L 0 , C Ill< 

GO •O ;1,2o~o4),K1 . 
1 ,. :::! 

q<:c1)"2""r,: 
P.St?ID21\10, 

!1KSt11=•BK 
' . 

~o Tn 
' CONT! ·~IJF. 

CO Ttl 1 
::S oFlLC'cr 

GC •O II 

10 6 !:ld' 
XL=t'~Ll l•PSt 11 I•Ct II 
!F(Xl,L~;-49,1 , 

r.n TO 6 

lF'tXL:-::~.6<1·; I 

Ct21:1, 

.. GO TO 1 
Jo:tXL+5C.)/~,2 
'..l=!X1,.50,1/0,2•J 

- 1"IL~:,FlLO•tOFIE\.O(JI•tOF!ELOtJ•11·DF!ELOtJI)•0Jl•Ctii•BKStll 
cc ·c.· " 

7 CF1L==1riLD+OFIFLtt599l*Ctii•IIKS(ll 
6 co•l'~' t•t· ·r 
8 CCN"'I'''I::' . 

J:(U(t).bfr,F)/HF!E\.r 
OJ=tVtll~IIECF')/~FlELD-J 

FIEL=rtrLr 1 (J)•!FlELD1tJ•11~FtEL01(Jli•OJ 
;IEI,,.rtEL•r:;-
FIELD=F!~L•~F~Ln 

r tP='-~'21 ~ . 
A_:S: 1 , • u (~I eiJ < 2 I It 'I ( 1 h \1 t 1 I I 

A5~A4•A4•A4 . 
. . . : A6:\l(ll•ut11•A5•FIEL0J2800, 

" ( 2 1 = 1/ ( 1 ) -A 6;; (•II 2., • ':1 ( 2 , ~ IJ C2 , •II ( ~ , 'I" ( 1 , ' -
Rr TJIRI' . ,;,!')··:· ... 

·" •. ·' 

II 
: ""' 



ABiBe. 

-so 7&1¥) 

fl. B no6Jr) 
Puc. 1. 3anucuMOCTL 

Bo 
npu B 0 =13 I<rc, coJ.nanaeMaH 

TOI<OM 364 a a nomocHOM npono.nuui<e, pacnono:>Keuuo~ ua pa.nuyce 
:=2800 cM u JaMI<HYTOM uapy:>Ky oT R

0 
· (r = R- R

0
) 

' 
' 

~
I 

. ' 
---- ---...!. 

•', 
' ' 
I \ 

I ' ' ,. 
\\, ~ 

-60 

f B-z.~o'r/a. 

II 
,.£7: 

' I 

.' 
I 

I 
I 

I 

/ ' j_ 
)--~ ., ' ---

,' ' . ' 
.,' / 

"1., ,' 

~0 60' 

'I( c ... ; 

Ro= 

Puc. 2, llapa6oJIH'IeCI<Oe no pa,nuycy B03Mymeuue Bz no6. lB 0 ' C03-
.nanaeMoe Toi<aMH a 'leTLipex nonrocu:brx npono.nHHI<ax no 1 I H IY I<na.n
paHTax. llyHI<THpHLIM~ I<pHBLIMH /1/, /2/, /3/, /4/ 0603Ha'leHLI 3aau-·· 

ll.B no6. · (r} CHMOCTH 
Bo '· C<?J.nanaeMLie TOI<aMH a npono.nHHI<ax, pac- · 

nonmiceHHLIX Ha pa.nuycax R 0· - 40 eM, R 0 - 20 CM, ~ 
0 

+20 eM H R 
0 

+: · . · 
,+· 40 ·eM, COOTBeTCTBeHH<?· '](·'Ro- 40 CM) = '](''Ro + 40 CM)'= 
= 160 a, J( 'R 0 -20 eM).= ]( 'R0 + 20 eM)·= 67 a, -B

0 
= 13 xrc. 
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-.:--·-

I 

I' 
' 

I 

"t. ''") 

.!D 

Puc. 3. Tpaei<TopuH 
Jie,nHUX llHTU o6opOT 

-~HaT orno:>KeHO OTI<JIC 
'poTOB. 



=13 Krc, co3,naaaeMaH 

:eHHo~ Ha pa,nHyce R 0 = 
R- R0 ) 

He 'Bz no6. /-B o . , co3'· 
mKax ao 11 H IY KBa.l(· 
/4/ o6o3Hal.feHLr 3aaif-· 

IH ~ npoao.nHHKax, pac- · 

CM? ~ 0 +20 CM.H R 0 +:· 
= J ( Ro + 40 CM)' = .. 
1)·=67 a, ·Bo = 13 xrc. 

..· 

I 
I 
) 

\. 
l 

PHc. 3. TpaeKTOpHH npoToHa 8 ycnoaHHX pe3oHaHca VR =2/3 Ha noc
ne,nHHX fiHTH o6oporax. HaqaJILHaH aMnJIHTy.l(a a =2 CM. no OCH op,nH· 
HaT OT'fiO)I(eHO OTKJlOHeHHe OT Ro B CM. no OCH a6Cl\HCC • HOMepa 060· 
pOTOB. . 

j,• 
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PHc. 4. cf>a3oBLie Tpaei<TopHH npoToHa B ycnoBHJIX pe3oHauca vR =2/3: 
a/n.nanH oT pe 30Hauca; 6/npH no.nxo.ne K pe3ouaucy; n/pa3pLIB 4Ja30BLIX 
Tpae:KTopHii npH pe3ouauce. HaqanLHaJI aMnJIHTy,na a = 2cM. 
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I 
I ·r 
l 
l 

10.0g3. • 0---,--

o 

~.IJSI' . I I 
0. 0 0 0 

·7.77~ ! I 

• /31~L ' I 

·j9.5.5 .... 

PHC. 5. 34J4Jei<T CTa6H 
pa,n:Hycax. llo OCH a6c 

1 dR . HaT - - , r.ne ~ 
R d8 



·. 

x: pe3ouauca vR =2/3: 
:y; B/pa3pbiB <1Ja30BhiX 
l a= 2CM. 

10.093;-· -:::-r- -.,.---..,----,----.- ··-----·-· r1 0 
0 

0 
0 

0 0 
0 

00 w ~.fJ5 r:-• --+---1--+---+---+ 
0 

0 ' 0 

! 
~ 

oo I oo:o 
oo 

0 
0 0 

0 

0 

0 

0 

__ _t_ .. ... 
1450 .3.!.18 G! 8G 

Puc. 5. 3cl><lJeKT CTa6HnH3aUHH pa3BHTHH peJoHaHca IIR = 2/3 Ha 6onLIIIHX 
pa,nuycax. llo OCH a6CUHCC OTnO>KeHO OTKnoHeHHe OT R 0 , no'ocH op,nH· 

-'~HaT L dR 
R d9 

, r,ne 9 • a3HMyT. 
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JJJ 1.LLtt·.m. 

Puc. 6.· «l>aJOBLie TpaeKTopuu nporona a ycnoaunx peJoHanca vR =1/2: 
a/a.n:anu or peJonanca; 6/npu no.n;xo.n;e K peJonancy; a/paJpLm«!laJOBLIX 
TpaeKTopuii npu peJonance. HaqanLHan aMnnuTy,n;a a =6 CM. 

16 

I 

\ 

'·· 
· .. 

~"t{CM) 

24 
20 
16 

12 
8 

. 4 
0 

·~ 
·8 
·12 
·16 
·20 
·2% 
·2B 

Puc. 7. TpaeKTopiu 1 
HUX ITHTU o6opoTax. I 
ITO OCU a6Cl(UCC • HOI. 

I M)'ut~HHLie "Kaa.n;~aHTJJ 
·-&...... ••• _,_,. •• •. • . .... __ _ 

') 



-----------.------------............ ........ 

j 

J 

r :; ., 
'" 

peJOHaHca VR =1/2: 
:y; B/pa3pbiB $a30BhiX 
t a=6 CM. 

.•'. 
·::.: 

"1. {cl<f) 

24 
20 
16 

<' 

12 

8 
4 
0 

-4 
-8 
-12 
-f& 

-20 
·2~ 

·2B 

PHc. 7. TpaeKTopiiJI npoTona B ycnoBHnx peJonanca vR =1/2 na riocne.rt· 
HHX UHTH o6opoTaX. ITo OCH Op,IlHHaT OTJIO>KeHO OTKJIOHeHHe OT 'R

0 
B CM, 

no ocH a6cn;Hcc - HoM epa o6opoToB. Cnnownoii JIHHHeii o6oJHatieHLI"Bo3 ~ , . . 
MyiJ.J;eHHLie KBa,IlpaHTLI. 
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