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I. Beeoe1we 

CHCTeMa Me,UJieHHOro BbIBO,Ua nepBH'IIIOro ny11Ka HJ 

CHHXport,aJOTpOHa OHJIH, pactieT KOTopoii HJJIO)KeH B HaCTO.JI

meii pa6oTe, OCHOBaHa na HCilOJihJOBaHHH peJOHaHca pa,uHaJib

HbIX 6e:ra TPOHHhIX Kone6aHHii v x = 2 I 3 H 06ecne11ueaeT 

1rt,rt,eKTHBHOCTb BbIBO,Ua BbJWe 90<'/o. 
BbICOKa.JI 1rt,rt,eKTHBHOCTb BblBO,Ua )].OCTHraeTC.JI Ja C'leT 

6onhllloii rny6HHhI Ja6poca ny11Ka B JaJop nepeoro cenTyM

MarHHTa / - 17 CM/' 'ITO B03MO)KH0 6naro.uap.JI )].OCTaTO'IHOH 

lllHPHHe pa6011eii o6JiaCTH non.JI CHHXpo4>aJOTPOHa B )(OHIJ;e 

ycKopeHH.JI H ycTpaHeHHIO BJIH.JIHH.JI ero HeJIHHeHHOCTeii / I ,z I. 
Pacnono:>1<eHHe o6opy,uoBaHH.JI cHcTeMhI Me,une1rnoro Bbmo

.ua noKa3aHO Ha PHC. 1. B np.JIMOJIHHeiiHOM npoMe)KyTKe Me)K)].y 

I H II KBa,upaHTaMH HaXO)]..JITC.JI nepBblH cenTyM- MarHHT FM 
H ropHJOHTaJihHO - !pOKYCHPYIOI.Qa.JI JIHHJa FL, KOTOPhie 4>opMH

py10T ny'IOK Ha BXO,Ue BTOpoii CTyneHH CHCTeMbl BHyTpeHHeii 

TpaHcnopTHPOBKH, pacnoJIO)KeHHOH B cne,uy101.QeM
1
np.JIMOJIHHeii

HOM npoMe)KyTKe. Hcxo,u.JI HJ xapaKTepHCTHK ny11Ka npH pe-

30HaHce, CB.JIJaHHhJX C HeJIHHeHHOCT.JIMH IlOJI.JI, pa6011ee nono

)KeHHe FM. BhJ6paHO Ha paCCTO.JIHHH x s =+35 C?.f OT n;eHTpa 

KaMepbJ ycKOPHTeJI.JI, Il03TOMY nepaa.11 CTyneHb )].OJI)KHa 6hiTL 
IlO)].BH)KHOH. IlOJIO)KeHHe BTOpoii BHyTpeHHeii CTyneHH, TaK)Ke 

COCTO.Jill_leH H3 MarHHTa H JIHHJhl, BbI6paHO Ha paCCTO.JIHHH 

X =+70 CM, 'ITO nOJBOJI.JleT: a/ )].JI.JI 06ecne11eHH.JI MHHH

MaJibHOH TOJill_lHHbl cenTyMa FM CMeCTHTb ITY'IOK C IlOMOI.QblO 

nepeoii CTyneHH Ha ~ x =37-40 CM, 'ITO COOTBeTCTByeT ero 

OTKJIOHeHHIO Ha yron, He npeBbIWalOI.QHH 14 Mpa,u; 6/ npoHTH 

He3Ha'IHTeJihHYIO 11aCTb Kpaeeoro IlOJI.JI BO II KBa,upaHTe, He 

nepeceKa.JI o6JiaCTH 60JihWHX HeJIHHeHHbIX rpa,uHe}ITOB, Ha11H

Ha10m11xcn C X ::: 80- 85 CM; B/ c.uena Tb CIICTeMy Heno,UBH)K-
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HOH /nmpneKTOp ycTaHOBneH Ha paccTO>IHHH OT 1.1,eHTpa KaMe
pbl x == +63 CM/; r/ IIOCKOnhKY rrpaKTHqecKH HeT orpaHnqeHHH 
Ha Bee 3TOH CTyrreHH, cnenaTb ee ,lJ.OCTaToqHo CHnhHOH, nc
rronh3YH BCIO CB060.D.HYIO OT MarHHTHoro rron.sr nnnHy rrp.srMo
nnHeHHOro yqacTKa,n, cne,D.OBaTenhHO, .D./ OTKnOHHTh rryqoK 
Ha 6onhIIIOH yron, qT06hI o6ecrreqHTh rrpoxo)K,J:(eHHe HM MHHH
ManhHOro IIYTH B HenHHeHHOM pacceHHHOM rrone III KBa,D.paHTa. 

ronoaHiH cryrreHh CHCTeMhl BHeIIIHei TpaHCIIOpTHPOBKH 
COCTOHT H3 .D.BYX ,D.y6neTOB KBa,D.pyrronhHhIX nHH3. 

Bo36y)f(,1J.eH11e peJouauca v == 2/3 Ha c11uxpoq>aJ0Tpoue 
X 

00RH rrponJBO.D.HTCH c rroMOIII;hIO .D.BYX rron10cnh1x o6MOTOK. 
06MOTKa P 1, BKnIOqaIOIII;aH B ce6.H 8 rronIOCHhIX rrpOBO,D.HHKOB, 
pacrronO)f(eHHhIX ·ua pacCTOHHJIHX x == ±10 CM n x == ±30 CM, 
113MeH.HeT IIOKa3a Tenh ITOnH n ,D.O pe JOHa.HCHOrO 3HaqeHHH 
/puc. 2/. 06MOTKa P 2 c npoBo,D.irnKaMH, pacrrono)f(eHHhIMH ua 
KOOp,D.miaTax X== ±20 CM H X ~ ±40 CM,BBO.r{HT2-ioa3HMY.; 
Tanhnyro rapMOHHKY 11B ( x, 0). · · KBa,D.pa Tnquoii uennuei-. z ... 
HOCTH. IIocKonhKY · KOHCTPYKUHH KaMepbI ycKopnTen.sr rroJBon.sr-
eT pacrronO)f(HTh Ha rroniocax' CHnhHOToqnbie rrpoBO,D.HHKH C Illa -
roM · 10 CM, KBa,D.painqua.sr 3aBHCHMOCTh 11B~ (x) qiopMHpo
Banacb IIO,D.6opoM TOKOB B n.pOBO,D.HHKax o6MOTKH P2. 06paT
Hbie BHTKH rrp6BO,D.HHKOB 3THX o6MOTOK .3aMKHYThl TaK, qTO 
,D.HIIOnhHaH KOMIIOHeHTa rron.sr ua 1.1,enTpanhHOM pannyce ycKO -
pnTen.sr R.0 /pnc. 2/ oTcyTcTayeT. · 

03 p.srna B03MO)f(HhIX cnoco6oB BBe,D.eHHH rryqKa B pe3011auc 
v · ~ 2/3 nn.sr cna6oq>oKycnpyroIII;ero ycKopnTen.sr /JI uaMH 

x6 u Bbl paH cne,D.yIOIII;HH. 
Ilpn qJHKCHpoBaHHOM nonO)f(eHHH rryqKa Ha Ro BBO,D.HTCH 

B03M)JJ1jeHHe /).;B"? (x, 0 ), IIOCne qero B pe)f(HMe CTOna rnaBHOI'O 
TOKa' rroKaJaTenh rron.sr CHH)f(aeTCH no pe3ouaucuoro 3ua
qeHHH n r • IlpenMyIII;eCTBOM nauuoro crroco6a .sran.sreTcH rrpaK
Ti1qecKoe rrocTOHHCTBO :Jq>q>eKTHBHOCTH :si.mona H rrpocTon1. 
yrrpaBnenn.sr peJonancoM. 03Meneune ao BpeMenn cpe.zin·ero 
yrna BXO,D.a nyqKa B FM . KOMIIencnpyeTCH COOTBeTCTBYIOIII;HM 
H3MeHeHHeM ero TOKa. 

OcHOBHbie COOTHOIIIeHHH, xapaKTepH3YIOIII;He IIOBe,D.eHH~ 
rryqKa npn 3TOM pe3oHance, nnpn6iIH)f(ennL1e 311aqeun.sr rrapa
MeTpo:s BbIBO,D.HOH CHCTeMblCHHXpoqia'joTpoua nonyqeHhl aBTo
MaTnqeCKH. :~O~Hhlll pa6qeT ,lJ.HHaMnqecKHX xapaKTepH6THi 
nyqKa H pe)f(HMOB BhIBO.D.a · c yqeroM. peanLHhIX rrapaMeTpoa 
ycKopnTem1 Bhmo.riueu ua 3BM. · '. · · ·· · 
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JI. A1w/lumutJecKaJ1 014eu,ca napaMempoB 

pe30NQNCNOU cucmeMbl 

Ilpn anannJe .D.BH*eHHH qacTHI.I, B ycnoBHHX pe3onanca 
vx =2/ 3 HcrronhJOBanocb rna,uKoe rrpu6nH)f(euue, H 3aaucu

MOCTh BTOpoii a3HMyTanhHOH rapMOHHKH MarHHTHOf'O nonn OT 

pa,uHyca 6b1na npe,ucTaanena a au,ue 

2 
;\ B = b \- b X + h X 

7 0 1 2 
/1/ 

r ,uc x =R-Rc'=R-R vf - oTKnone1me OT crna)f(eHnoro 1.1,e1npanh -
11oro pa,unyca, R

O 
- uc1npanhHhitt pa,uuyc a Kaa,upanTax yc-

2 L 
KOPHTCnH, l= 1 t· ~• L - ,unn11a npHMonnneiinoro npoMe)f(yT-
Ka. YpaBHCIIHC 6ciaTpOHJlhlX Konc6aHHH a nnocKOCTH z =O 

B 'JTIIX ycnouHHX HMCCT BH,U: 

x",(1-n)fx=-(k
0

tk
1

x +k 2x
2

) sin2O, /2/ 

rnc 
- , 4 Re R oBo () a3HMYT, k =--h (m=O,1,2),B =---, 

m TT B m c .· ·R 
C C 

B
O 

- scpTnKanhHaH npoeKUHH MarHHTnoro nonH na pa,uuycc 

Ro . 
8 n II H 11 11 c q n en a k 

O 
• Ecnn npe,ucTaBHTh peIIIeHHe ypaane -

JIHH /2/ B BH,IlC 

ko . 
X= x 

1 
+ --"'--- sin 20, 

4---{1-n) l 

2 k o cos 20, x ~ x; t 4-(1-n)l /3/ 

TO C TOqHOCThlO ,uo sennqnn BTOporo nop.sr,uKa 110 kO,kl,k 2 no

nyqacTCH ypaBHeHHC ,unH XJ 

x;• + 11- [n- k ok2 l!Ix
1

=-(k
1

x
1
+kli)sin20./4/ 

[ 4-( 1-n)l ] l 

03 cpaBHeHHH ypaBHeHHH /2/ H /4/ BH,D.HO, qTO rrpncyTCTBHe 
B B03MyIII;eH'H/ qneua k O npHBO,D.HT K HCKa)f(eHHIO paBHOBec
HOH op6HThl 5 , OITHCbIBaeMOH qiopMynaMH /3/' H H3Mene-
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kok 2 
HHIO 3cpcpeKTHBHOro 3Hal.leHmI n . Ha BenHl.lHHY On= - --""~-. 

· . · · [4-(1...:.n)I]I 

3THM o6bJICHJieTCJI Ha6n10.D;aB111eecJI CHH)KeH'e 3/al.leHHJI no -
Ka3a1enJI TIOnJI B YCKOpHTene IlpH pe30H8.HCe 3 •6 • 

B .nanbHeiirneM paccMaTpHBaeTCJI ypaBHeHHe BH.D;a 

x"+(l-n)lx=(k x+k x 2 Jsin20, 
. 1 2 /5/ 

r.ne X - Tenepb OTKnOHeHne OT HCKa)KeHHOii paBHOBeCHOii 
op6HTbI, a n - 3cpcpeKTHBHOe 3Ha'leHJle IlOKa3a.TenJI nonJI. 
Yp a B He H H JI T pa e KT Op JI ii Ha cp a 3 0 BO ii TI n O CK OCT JI. 
YpaBHeHJle /5/ pernanocb c ucnonb3oBaHneM 1-ro npJ16nJ1)Ke -
HHJI MeTo,na Kpbln<>Ba- Iioron1060Ba / 7/_ 3aBHCJIMOCTb IlOKaJa
TenJI nonJI OT pa,nuyca npe,ncTaBnJinach B BH,ne n(x)-41

0
+n1x~x2. 

,[(nJI a3HMyTa 0 =O 6bin~ nony'leHbl yKopo'leHHbie ypaBHeHHJI 

B ,neKapTOBOii CUCTeMe KOOp.D;HHaT (x' u ), r.ne U"" x' 
V(l~n)l 

dx ,3 2 2 3 . ,\ 9 ( 2 2) _,,,, --k (x -u )- -lunu---n u x +u , 
. d0 16 2 4 16 2 

du 3 . 3 ,\ 9 ( 2 2 -=- -k2 xu+-lunx+--n2 x x +u ). 
d0 · 8 4 16 

/6/ 

B 3THX ypaBHeHHJIX f1 n =no -nr , 3.D;eCh nr - 3Hal.leHue noKa-
3aTenJI nonJI B TO'IHOM pe30HaHce. OTCYTCTBHe qneHOB C nt H 
b1 rOBOpUT O TOM, 1.{TO B ,naHHOM npu6nJl)KeHHJI 3TJI qneHhl 

Ha pe 3 OHaHc ue BnJIJIIOT. 
OcHOBHbie napaMeTpbI pe30HaHCHOii CHCTeMhl 
H X a pa KT e pH c TH K H TIY'IKa Ha BXO.D;e B FM npH n2 =O. 
Koop,nuuaThI oco6b1x TO'leK Is/ cncTeMhI /6/ paBHhI:. 

X 1=0, U 1.=0; X 2=0, 4t:'.n1 · +2.· r, 6n1 . . 2Llril 
u2 =- ~; x 3,4=- V" ~• u3,4= -r;· 

/71 
IIepBaJI H3 3THX TO'leK JIBmieTcJI ycToiil.lHBoii oco6oii TOl.lKOH 
nma "ueHTp"' a OCTanbHhie TPH JIBnJIIOTCJI ueycTOHl.lHBbIMH 
TO'IKaMH Tuna "ce.nno"; onpe,nenJIIOUlHMH pa3Mep ycTOHl.lHBOH 
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o6naCTU. <l>a30Bhle TpaeKTOpHH, IlpOXO.D;JIUlHe 1.!epe3 TO'IKH BHe 
,IJ;aHHOii o6naCTH, YXO.D;JIT B 3TOM cnyqae B 6ecKOHe'IHOCTh. 
Ilpn f1 n ·~ O nnoma,nh o6naCTH yCTOiil.lHB0CTH CTpeMHTCJI 
K HynIO JI He 3aBHCHT OT 3H8.Ka t:'. n • . 

3MHTaHc uupKynnpyIOmero TIY'IKa B nnOCKOCTH ( x, x ? pa -
BeH: 

2 
so"' TT a O V (1-n)l, /8/ 

r.ne a0 - MaKc~ManbHaJI a.MnnuTy,na. B npouecce a,n11a6aT11-
qecKoro H3MeHeHHJI n Ha'lanhHhiii 3nnnnc .necliopMnpyeTCJI 
TaK, 'ITO nnoma,nb cpa30BOH o6naCTH, 3anonHeHHOH ny'IKOM, 
OCTBeTCJI TIOCTOJIHHOH. BhIBO.D; HB'IHHaeTCJI, KOr,na KpHBaJI, 
orpaHH'IHBa1omaJI 3anonneHHYIO clia30BYIO o6nacTh, TpaHccliop
MHpyeTcJI B TpeyronhHHK, onoma,nb KoToporo paBHa: 

-Anb I . 
S==12y3---V(1-nb)I. 

k2 
/9/ 

YcnoBne paBeHCTBa nnoma.nen /8/ H /9/ onpe.ne.ri'JieT paccT
ponKy ,A, n b' COOTBeTCTBYIOillYIO Ha'lany BbIBO.D;a /t /;: 

a k v·" 0 2 
i\ nb :: 2/ ~2'7 

/ 

/10/ 

Ecnu FM pacnono)KeH na x > 0, TO, KaK cne,nyeT H3 
/6/ II /7 /' npu t:'. n> 0 T0'IKH Ha clia30BOH o6naCTH, KOTOpbie 
COOTBeTCTByIOT qacTHUaM, nona,naIOUlHM B 3a3op MarHHTa, 
npu a.nua6aTH'leCKOM H3MeHeHHH i'.n .D;BH>KYTCJI npn6nH3HTenb-

H0 no npJIMon u"" 
2 fnl, T.e. yron BXO.D;a qacTHU B FM HJ-

2 

MeHJieTCJI B npouecce BbIBO.D;a OT 

a 
21:'.nbl V(l-nb)l 

k2(xs:+-Ro) 
/11/ 

B Ha'lane Bhrno.na .no a = 0 B KoHue. 3,necb nb - noKaJa
Tenh noirn, COOTBeTCTBYIOillHii Hal.lany BbIBO,IJ;a. 
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YKopo'-leHHbie ypaBnenm1 .II,JIH cny'-laH .II,BH)KeHHH TO'-IKH Ha 

2/J.nl 
<pa30BOH nnocKOCTI~ no npHMOH u = r;- HMeIOT BU.II,: 

2 2) dx _ _ 3_ k ( x -x
3 

, -;ur - 16 2 
du_ o. 7e- - /12/ 

HnTerpupoBaHne /12/ .n,aeT mar 3a Tpn o6opoTa Ha Koop.n,nHa-

-9TTkix3/4 -9TTkj<-/4 
Te cenTyMa: /J,.xs==(x}-x~)(e -l);'[x

8
+x3 -(xs-x}e l. 

Ilpu ; TT k
2 

x
8 
<< 1 qiopMyna ynpomaeTCH: 

9 2 2 ; ; /J,. x = - TT k2 ( x - x3 ). 13 
s 8 s 

MaKCHMaJibHbIH mar /J. xm COOTBeTCTBy~T TO'-IHOMY pe30Han-
cy. 

11cnoJib3YH /13/ H npHHHMaH BO BHHManue, '-ITO nnoTHOCTb 
qacTHU Ha .n,aHHOM pa.n,uyce o6paTno.nponopunoHanbna npn
poc TY /J. x s 3 a TPH o6opoTa, nonyqaeM Bb1pa)KeHI1e .n,nH 3<p<peK -
TIIBHOCTH BblBO.II,a: 

x +o x 8 +9TTki(x;-x/J/8 
E ,-J- J Bdx / f 8dx _ 1 __ 8_8 _ __.....,. 

f xs 9TTk (xZ-Ji!) xs 9TTk (x 2-x2F . 9TTkjx 2-x2) 
2 s ' 2 3 s3 

r.ue 8 - Tonmnna cenTy:r-.m. 
/I4/ 

Ilony'-leHilbie pe 3 YJihTa Tbl Il03BOJIHIOT c.uena Tb HeKOTOpbie 
'-IHCJieHilble 011,eHKH. Ilpn XS =35 CM H /J,.x ;= 17 CM k2 HMeeT 
BemI'-IHHY 0,0037 CM - 1

• ,[(nH cnnxpo<pa3oTpona 011Jll1 n == r 
=0,624. PaccTpOi-iKa /J.nb n noKa3aTeJib nonH n b, cooT-
BeTCTBYIOIUHe Hal.Jany BbIBOJJ.a / a O ==8 CM/' paBHbl 0,0097 
n 0,6337. Yron na BXO.II,e FM yMeHbmaeTCH OT 1,2 Mpa.n, .n.o 0, 
a 3<p<peKTHBHOCTb npn TOJilll,HHe cenTyMa O ==0,5 CM H3MeHH
eTCH B npouecce BbIBO)].a OT 0,965 JJ.O 0,969. 
Oco6eHHOCTH <pa30BOro JJ.BH)KeHHH npn n I, 0 

2 
Koop.n.unaTbl oco6blx TO'-leK B 3TOM cnyqae paBHbI: 

8 

x =0, u =-0;x =0, u 
1 1 2 ,3 2 ,3 

- k 2 ± ,J_k }- 481 !J.n.n2 
6n

2 

/15/ 

CncTeMa /6/ mrnapnaHTHa OTHOCHTeJibHO noBopoTa oceii Ko
op.n,unaT na ±120 ~ cne.n,oBaTenhno, MO)KHO nony'-IHTb et.tie 
'-leTbipe OC06bIX TO'-IKH: 

X 
4,6 

+ u ·../3 u 2 . - u 3,J 3 u 3 
_ ~ , U =--, X -±--, U =---• 

2 4,6 2 5 , 7 2 5 • 7 2 /16/ 

XapaKTep <pa30BblX TpaeKTOpnfi npe.II,CTaBJieH Ha puc. 3 .II,JIH 
cny'-laH k

2 
>0, !J.n>0 H n

2
<0. To'-IKH (x

2
,1..1

2 
), _(x

4 
,u

4
) H 

(x 6 , U 6 ) HBJIHIOTCl'I, KaK ~ npe)K.n,e, neycTOH'-IHBblMH TO'-IKaMH 
Tuna "ce.n.no", onpe.n,enmomuMn o6nacTb na qia3oeoii nnocKoc;. 
TH, r .ue TpaeKTOpHH 3aMbIKaIOTC'1 _ BOicpyr _ueHTpa ( X 

1 
, U t ) . 

Bue 3TOH o6naCTH <pa30Bble TpaeKTOpHH ne YXO.II,'11' B 6ecKo
ne'-IHOCTb, a 3aMhn<aIOTCH BOKpyr oco6bIX TO'-leK Tuna "uenTp" 
(x3 'u3), (xs. _,u 5 ) H (x 7 'U7 ). 4T06bI HMeTb YJJ.OBJieTBdpH
TeJibHYIO KapTHHY 3a6poca B 3a30p FM, ny»rno IlOTpe6oBaTb, 

lu lv'J 
'-IT06bl 3 

2 
> X s, HJIH C y'-leTOM / 15/: 

I k2 ! 
In i I< 2 x v'T 

s 

4ncnenna» 011,e1rna .n,aeT ! n) < 3 • 10 ~dM -2, 

113 Bb1pa)KeH1rn 

au2 
iJ/).n 

41 

,Jk 2 -48 I /J,. n • n 2 

/17/ 

/18/ 

BH)].HO BJIHHH_He n2 Ha CKOpOCTb H3MeHeHHH <?6JiaCTH ycToii-
'-IHBOCTH. B HameM cnr1ae /pnc. 2, KPHB8..H n r I .II,JI11 

' au . 
10 CM.< X < 10 CM. n < 0,- '-ITO yMeHbmaeT 1--2-\. npH 

·- 2 aA~ 
- ' ; ~ ·! .~~ 

/J.n.>; O,_ u yaenuqnaaer npn /J.n< O. 
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0 Mn y n h CH hi ii pa 3 6 p O C' Y'-leT B ypaBHeHHH /2/ HMnynh
CHoro pa36poca qacTHU npueo.n;HT K noHeneHHIO qneHa k 

op 
aHanorH'-IHOro .IJ;HilOllhHOH KOMilOHeHTe: 

1 - n + 13. p / p
0 

Re 13. p 2 
k = k2 -----"---[---1. 

op 1-n-n/3.p/p (1-n)p 
. 0 0 

/19/ 

3qiqieKTHBHOe 3Ha'-leHHe n H3MeHHeTCH Ha eenH'-IHHY 

k k 
on=_ ·• 2p op 

/20/ 
[4-(1-n)Ill 

1-n+/3.p/p 
r,n:e k 2 =k21 A / • Koop.n;uHaThI oco6h1x TO'-leK Haqia3oeoii 

P -n-n P Po 

nnOCKOCTH B .3TOM cnyqae paBHhI: 

3k0 P 
X = 0, 

lp ulp X = 0, 
2p u2p 

413. nl 

k 

3k 0 P • 
+ ' 4-(1-n)I 4-(1-n)I . _2p 

x =± 2 ...; 3 13.nl u· = 213.nl_;_ + 3k 0 P 
3p,4p k ' 3 P,4 P k

2 
4-(1-,n)I 

2p p 

BenH'-IHHa MrHoBeHHoro yrnoeoro pacTeopa Ha nxo.n;e FM pae
Ha !3.a=u3P-u 3 , '-ITO .n;aeT !3.a=±O,OO3 Mpa.n; npu 1o = 
=±2. 10-4 

• IlpH TeX )Ke ycnOBHHX rny6HHa 3a6poca H3MeHH
eTCH Ha ±lOo/o. 

III. Mooe11upoea11ue pe3011a11c11020. oeu:,,ce11uJ1 

ny'll<Q 8 pea/lbHblX YCII08UJIX · 

IIony'-leHHhie BhIWe . napaMeTphI. BhlBO.IJ;HOH CHCTeMhl 6hmH 
ucnonh30BaHhI B KaqecTne HaqanhHhIX .n;aHHhIX .nnx 3BM. Pac- • . 
'-leT ·TpaeKTopuii npoTOHOB c yqeToM · 3aBHCHMOCTH n (X) · ·• .. 
/puc. 2/, .neiiCTBHH ripono.n;HHKOB nonIOCHhIX o6MOTOK u CTpyK
TYPhl YCKOJ)HTenH BhIITOnHeH ITO nporpaMMe ;rt.nenup_oBaH_HH 
MHOroo6opoTHOro .IJ;BH)KeHHH qacTHU MF/ELD · .IJ;JIH'HH.IJ;yK-

10 
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UHH OCHOBHOro IlOllJI _Bo=1O KrC. lf3 aHanH3aq>OpMhl CyMMap
. Hoii Kpunoii 13.Bz(X) /puc. 2/ 6hrno Haii.n;eHo, '-ITO Kea,n:paTH'-1-
HaH 3aBHCHMOCTh nonx OT X BhIIlOllHHeTCH HaH6onee TO'-IHO, 

. ·i(R 0 ±20CM) 
Kor.n:a OTHOWeHHe TOKOB J = T(ii"o ± 40 CM) B npOBO.IJ;HHKax 

o6MOTKH P2 paBHO 0,42. IIpe.n;cTaBneHHe Ii Bz (Z) PH.IJ;OM 
no CTeneHJIM X noKa3ano, '-ITO Ha'-IHHaH C X =+40 CM 
B03paCTaeT . BKna.n qneHOB BhICWero nopH,n;Ka /-b 4 x4 , 

b6 X 
6 H T.fl../. 3TO npHB0.IJ;HT K IlOJIBneHHIO o6nacTeii ycToii

'-IHBOCTH /pnc. 4/ u HaKna.IJ;hIBatn orpaHH'-leHHe Ha BhI6op 
MaKCHManhHhIX 3Ha'-leHHii xs H Ii xs, KOTOPhie B JTOM cny
qae COCTaBnJIIOT 35 n 17 CM· COOTBeTCTBeHHO. Pac'leTHhie 
TOKH e P 2 HMeIOT nenH'IHHhl i ( Ro± 40cMJ;,J 48~ i(Ro ±20 CM)=62A. 
.Ha pHC. 5 IlOKa3aHa 3_aBHCHMOCTh rpaHHUhl YCTOH'IHBhIX 
aMilllHTY.D: OT TOKa B o6MOTKe p 1 .nnx yKa3aHHhlX .TOKOB B P2. 
O6naCTh ycTOH'IHBOCTH .no'crttraeT MHHHMyMa npu ·i =49 A. n . 
l-b pttc. 2 /KpttBaH nr / BH.IJ;HO, '-ITO B OKpecnlOCTH R0 JTY 
KpHBYIO MO)KHO npe,ncTaBHTh B BH_,ne nr '""no + n 

2 
x 2 • IlpH 

TOKC in=49A nr1,5,10"'.'"4
cM-,2'1TO Ha IlOpH.IJ;OK npeBhIWaeT IlpC -

,n:em,Hoe JHa'leHHe, nony'leHHOe H3 qiopMynhI/17/. 3To npueo
.D:HT K IlOHBneHHIO "OCTPOBOB" CTa6HnH3aUHH/B OKpecTHOCTH 
Ro /pttc. 6/, Il03TOMY qa.CTHUhl C a < 0,6 CM BhIBe.n;eHhl He 
6y,n:yT. BmrnntteM K03qlqlHUHeHTa n2 TaK)Ke MO)KHO o6'bJICHHTh 
acttMMeTpHIO o6nac-rtt ycroii'lfHBOCTH /puc. 5/ OTilocnrenhHO 
in = 49A (/in = 0) , KaK JTO cne,n:yeT H3 qiopMynhI / 18/. lionee 
paBHOMCpHOe pacnpe,n:eneHHe •n r ( X) MO:>KeT 6hITh C03J:\aHO 
C IlOMOll\blO .n:'ononHHTen~1foro npoBO.IJ;HHKa C TOKOM' Ha Ro , 

Ha pu·c. 7 npe.n;craime,ia qia3onaH KapTHHa ny'-IKa Ha exo-
.ne FM B Te'leHHe Bhrno.n;a npn paJnH'-IHhI~ ToKax B ·p 1 /KPH·-
Bhie A,B,C,D /. Ha. Koop.ri;ttHaTe xs =35 CM, cpe.n;Huii yron 
qacrnu yMeHhwaeTcH. OT 1,55 Mpa.u._ B Haqane · .no 0,35 Mpa.n; 
B _KOHUe BhIBO,n:a. 

MaKCHManhHa,H CKOPOCTh din/ dt H3MeHeHHH TOKa B p 1, 
a cne.nonaTenhHO, MHHHManhHaJI ,nnHTellbHOCTh BhIBO,na r '· 

onpe,n:en»eTcH TeM, '-ITO epeMH npe6bIBaHHH qac-ruu c Manoii 
aMnnnTy,n:oii BHYTPH pe30HaHCHO~ nonoChl ,D;Oll)K~O 6bITL 6om~:. 
we, '-leM epeMH pa3BHTHH. pe3oHaHca. Pac'-leTbI noKa3anu, 'lfTo 
CKOpOCTh din/pt= 10 A l MCeK .. / r · =1 MCeK/ .n;ocTaToqffa 

.,n:nH Bh!BO,D:a. qac:rnu c Ha'-lallhHOH aMnnHTy,noii 1 CM. II pH ne-

II 



nH''lHHax din Id t , C00TBeTCTBYIOLUIIX T. = 100 MCeK, 
MHHHMaIThHhie aMIIITHTYAhl BhIBe,neHHblX qacnm; orrpe.nemIIOTCH 
y)Ke BenH'lHHofi n 2 , · 

IV. Pac1.1em cucmeMbl npaucnopmupoQ1<u 

3a,na'la pac'leTa CHCTeMhl BHyTpeHHeH TpaHCiII0PTHP0BKH 
IIY'lKa C0CT0Hna: a/ B 0f!pe,J],eneHHII rrapaMeTp0B nepBOH CTY" 
rrelrn 3Toii cncTeMbl, o6e crre'IHBaroll\HX MHHHManh11oe ncKa)Ke -
HHe KaK BCPTHKanhH0ro, TaK II ropnJOHTanhH0ro 3MHTaHca 
IIPH ABH)KCHHH 'laCTHU qepeJ i1epa6oqy10 o6naCTh II KBa.npaH· 
Ta, H B rrony'leHHH paJMepoB ny'IKa na BXO,ne BO BTOPYIO. CTY~ 
IlCHh, onpe,ne.JIHeMhlX ee arrepTypoii; 6/ B Bbl'IHCITCHHH 3Ha'IC" 
HHH nonH H rpa,nHeHTa BTOpoii CTyrreHH, II0JB0ITHIOU\HX co
xpaHHTh 3cliclieKTHBHblH 3MHTaHc IlY'IKa rrpn. rrpoxo:>K.I(C·HHH HM 
pacceHHH0r0 Il0ITH III Irna,npaliTa, a TaK)KC. ocymecTBHTh 
,nanhHCHUiyIO TpaHCII0PTHp0BKY C II0M0U\hlO nHH3 BHeUIHero 
KaHana. 3TH pac'leThI BhmonHe.HhI no rrporpaMMe FORM I 1 I .nn11 
non11 B ycKopnTene 10 Krc, pacnpe,neneHHe K0Toporo 6hmo 
0IIHCaH0 ~Ha 0CH0BaHHH MarHHTHhIX H3MepeHHH. 

~ITH paC'leTa rrepBOH CTyrreHH B Ka'leCTBe. Ha'laITbHblX 
ycnOBHH B ropHJOHTaITbHOH IIIT0CK0CTH 6binH B3HThl cliaJOBhie 
K0op.nnnaThl .Tpex T0'leK, K0T0J)hle xapaKTepHJYIOT KpaJI 
11 ueHTp IIY'IKa. Ha BX0J];C FM a Ha'lane BhlB0)],a /cM. pnc. 7, 
KPHBaH A, T0'IKII 1,2,3/. IlpH pac'leTe BCPTHKanhH0ro,D;BH)Ke• 
HHH ,nnH Ka)K,D;OH HJ 3THX T0'leK 6hm Ja)],aH Ha6op HalJaIThHhIX 
ycnOBHH B IIIT0CK0CTH Z, Z ', C00TBCTCTBYIOU\HX 3MHTancy 
UHPKYITHPYIOU\ero IIY'IKa / a z =2 CM/. 

Ilo.n6op non11 cenTyM·MarHHTa BF H rpa,nneHTa ITHH3hl 
G F rrpoHJBOJ];HITCJI 110 HTepa THBHOH cxeMe J];ITJI TaK HaJhmae-

MhIX, pe)KHM0B "He,noclioKycHp0BKH" ( d/1,.x/ dGF < 0) H "rrepe • 
clioKycnpoBKH" (d!ix/dGpO), r.ne Benn'lnna /ix - ropH30H· 
TanhHhIH paJMep rry'!Ka Ha Bxo.ne BTopoii cTyrrenH. Ha pnc. 8 
II0Ka3aHbl pa,nuanhHhie TpaeK'r0pHH np0T0H0B BO II KBa,npaHTC 
B pe:amMax ne.noclioi<ycnpoBKH ·/A/ H rrepeclioKycHpOBKH /B/. 
IlOCKOnhKY B rrepBOM pc:amMe pa3Hhle ·TpaCKT0PIIH rrpoX0J];JIT 
o6naCTH c paJITH'lHhIM n, pa,nHanbHaJI ctiaJoBaH KapTHHa IIY'lKa 
Ha Bxo.ne BO BToj>y10 cTyrreHh cnnbHo .necliopMHpoBaHa /pnc. 9, 
KPHBa11 a /. · Ilo TOH )KC rrpn'lHHe · BepTHKanhHhie · cliaJOBhie 
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3ITITIIIlChl opneHTnponaHbl rro-paJH0MY, 'ITO TaK)Ke CYU\eCTBeH· 
HO yBeITH'IHBaeT 3cliclieICTIIBHblH BepTimanbHbIH 3MHTaHC 
/pHC. lOa/. Koppe,KUHH rroKaJaTenJI rroirn c rroMOU\hIO .norron· 
IIHTeITbHhIX rron10cui.1x IIP0BO,D;HIIKOB Tpe6yeT, 'IT06h1 CYMMap
HhIH TOK B HHX 6hm paneu -- 30 Ka, 'ITO TCXHH'ICCKH Tpy,nuo 
ocyll\e CTBHM0. IlpuMcHeHne .norron1111TenL11oii: ceKcryrronhuoii 
nHHJhl B rrepnoii: CTyrrenn CHCTCMhl TpancrropTHP0BKH yMellhUia· 
eT nennnciinocTh cliaJoBoro o6'beMa n ropnJoHTanhHOH rrnoc
K0CTH, 0,1],HaK0 BepnIKanhllhIC ctiaJOBhie 3ITITHIIChl HMeIOT rro
rrpe)KHeMy paJHYIO opHeHTaUHIO. 

3TH paC'ICThl IIOKaJanH, 'ITO HaH6onee rrpHeMnCMhIM JIB" 
ITHCTCH pe)KHM rrepecliOKYCHpOBKH, XOTH B 3TOM CITy'laC BF 
B l, 1, a G F B - 2 paJa BbllllC' 'ICM B PC)KHMe He)],oclio1<ycH • 
poBKH. XapaKTep11a11 oco6euuocTh pe)KHMa· rrepeclioKycHpOBKH 
C0CT0HT B TOM, 'ITO TpaeKT0PHH 1 H 3 /pHC. 8B/ c HeK0T0poro 
aJHMyTa MCHHIOTCH MeCTaMH, a 3TO JHa'IHTCITbHO BblpaBHHBa· 
eT n B,ll,Onh Ka)K,ll,OH HJ HHX. Ha pHC. 9 /KpHBaHli/H pHc.1O6 
II0Ka3allhl ctiaJOBhlC KapTHHbl IIY'IKa B 3THX ycnoBHHX B ropH· 
JOHTanhHOH II nepTHKanhHOH IIITOCK0CTHX C0OTBeTCTBeHH0. 
Ilpn :noM B F=l66O re /.nnHHa MarHHTa 1, 7 M/ 11 GF= 
=99,4. rc/cM /AnHua nHHJhI 1 M/ . 
0:JMeHemte•yrml BX0,ll,a rry'IKa B FM a rrpouccce··ahIBOAa/pHc. 7 / 

K0MrreucnpyeTCH CO0TBeTCTBYIOU\HM HJMeHeHHeM ero nonH 
/ - 340 Krc/ TaK, 'ITO rrono)KeHHe rryqKa Ha axo,ll,e no BTOpyI0 
CTYIICHh CHCTeMbl TpaHCIIOpTHp0BKH-OCTaeTCH IIOCT0HHHblM. 

BhIBO,ll,noii l\,larHHT BTopoii cTyrreHH .norrycKacT OTKnoHenne 
IIY'lKa C MaKCHMaIThHOH 3HeprHeH ua yron 0,08-0,09 pa)],. 
YT0'IHenue 3Toro JHa'leHHH 6hmo CBHJaHO C peKOHCTPYKUHeii 
JipMa MarHHTa CHHXpocliaJOTpoua ll C0CTaBHITO yron 
0,08398 pa)], c 0,ChlO IIPJIMOITHHeHHoro rrpoMe)KyTKa /puc. 1/. 
PaJMCp IIY'lKa na BhIX0)],e YCK0pHTenH orrpe.nen11eTCH arrepTy·· 
poii KBa,npyrronhHblX ITHH3 /16-~20/ CM. 

ronoBHaH CTyrreHh CHCTeMbl BHeUiueii TpaHCII0PTHP0BKH 
o6ecrre'luBaeT rrony'leHHe rrepeoro nJ06pa)Ke11n11 rry'IKa ua 
MHIIICHH B ManoM H3MepnTeITbHOM rraBHITh0He. Ha pnc. 11 
IIPHBe,ll,eHhl ropHJOHTanhHaH H aepTHKam,HaJI ctiaJOBhie KapTH· 
Hhl IIY'IKa B MCCTe H306pa)KeHHH Ha paccTOHHHH T =1,5 M 
OT BblXO,ll,a HJ rrocne,ll,Heii ITHHJhl. ropHJOHTanhHblH paJMep 
rry'IKa cocTaBnHeT O,S5 CM rrpn pacxo,J],HMOCTH 18 Mpa.n 
11 eepTHKanbHhIH - 0,29 IIPH pacxo,J],UM0CTH 64 Mpa,J],. 
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HeK0T0poe B03M0:>KH0e 0Tnuque pacqeTHbIX xapaKTepuc

THK nyqKa OT 3KcnepHMeHTanhHblX M0:>KH0 0)KH,na Tb B CBH3H 

C HeH36e:>KHblM ynpOI.QCHHCM onucaHHH nonH ycKopHTenH, 

a TaK:>Ke C TeM, qT0 xapaKTepHCTHKH nyqKa Ha BX0,ne FM no

nyqeHbl a CTaUH0HapHblX ycnoBHHX. O,nHaKO BnHHHHe 6onb
IIIHHCTBa 3THX 4>aKTOp0B M0:>KCT 6h1Tb CKOMileHCHpOBaHO 

TOHKOH nacTpOHKOH napaMeTp0B CHCTCMbl BbIB0,na. 
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27 4>eapan11 1973 ro,na. 
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PHC. 1. Pacnono:>KeHHe o6opy,noBaHHH CHCTCMbl Me,nneHH0r0 
Bhrno,na. FM - cenTyM-MarnHT, FL - nHH3a, BM H BL -
BblBOJJ:HOH MarHHT u nHH3a, ML - 16 H 2OK2OO - KBa,npynonb
Hbie nHH3bl CHCTCMbl BHeIIIHeii TpaHcnopTHp0BKH nyqKa, 1--!V
KBa,npaHTbl yCK0pHTenH. 
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!10 x,cm 

. I·~ J 
{_ . I e0~ _· ··-· . ©. ~q__~. ---· . 

-· =-- I @0e~ f ~•1 I 

PHC. 2. Pacnono:>KeHHe npOBO)].HllKOB nomOCHblX o6MOTOK 
P 1 H P2 H non.ff, 4>opMHpyeML1e HMH. KpHBLle 1 u 2 - BKna.n 
OT OT,D,enhHblX npoao,n,uiIKOB o6MOTKH P2, liBz I Bo - cyM· 
Mapuoe BO3MYIUeuue. Kpuaa.H n( x) - ucxo.nHoe pacnpe,n,ene
uue noKa3aTen.H non.ff npH HH.D.YKUHH YCKOpHTen11 Bo =10 Krc, 
KPHBaJI nr • pacnpe.neneHHe noKa3aTen.H non.ff c yqeTOM 
.neiicTBHJI o6MOTKH ,P 1. 
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Pnc. 3. XapaKTCp cpa30BhIX TpaeKTOpttii .nn11 cnyqaH !in-> 0 ll 
n 2 <0. 

cl,mrad 
lO . 

0 A A 8 ~ . .. . 6 . .. 
4 . 0 

2 A I I o o 0 

0 oOOoOO 

0 
-2 

=~I I I I A 1 ··· ... 

-8 
-10 
-12 
-14 -. -Lio -20 0 20 40 60 Xcm -60 

' 

Pnc. 4. 3cpcpeKT cTa6nnn3au;nn pocTa aMnnHTy,n, Ha 6onhlllHX 
pa.nnycax, BhI3 BaHHhIH orpauuqeuuoii pa,nnanbuoii npoTH:>Ken
uocTbIO BO3MYJ.Qemrn ~ Bz 
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Pnc. 5. 3aBHCHMOCTb rpaHHUbI ycTOH'iHBbIX aMnnHTYJJ. OT TOKa 
B o6MOTKC P 1. ToKH o6MOTKH P2: i (Ro ±40 )d48A, 
i(Ro ± 2n CM )=62A. 

0,8 

O,& 

0,4 

0,2 

cC,mrad 

lj x,cm 

Pnc. 6. 3qiqieKT cTa6HnH3aUHH pocTa Manb!X aMnnHTYJJ., BbI3-
BaHHbIH HepaBHOMepHOCTblO pacnpeJJ.eneHH.H n (x). r 

.18 

a d. mrad 

21 I I. 1:><F ...... I-"' I I 
A 
B l-- --t=="' _;.,1- ,............. _..I.. ...-::::: I I I 
C 

DI Dr:::::: I I I I I I 
25 30 as i.o 45 so x,cm 

Pnc. 7. <l>a30Bble TpaeKTOpHH npoTOHOB Ha BXOJJ.e FM npH 
pa3HbIX TOKax B o6MOTKe Pl: KPHBa.H A - :in =42,.84A /Ha
·'iano BbIBOJJ.a/; KpHBa.H B - in =45,1 A; KpHBa.H C - ·in = 
=47,32 A; KPHBa.H D - i = 49 A /KOHeu BbIBOJJ.a/. n . 

90 
x,cm r-1 a 

ao 

70 

60 

50 

l+O 
0 15' 30' 45• 60° 75' go' s 

90 
x,cm 

b 
80 

70 

60 

so 

l;O, 
i5' _ so· 45• 6i:i" 75• 90• 0 8 

Pnc. 8. TpaeKTopnn npoTOHOB BO II KBaJJ.paHTe JJ.n.H pe)KHMa 
HeJJ.O<POKYCHpOBKH /a/ H nepeqioKyCHPOBKH /B/. KpHBble 1,2 
n 3 COOTBeTCTBYIOT BHyTpeHHeii ueHTpanbHOH n Hapy)KHOH 
'iaCTHUaM Ha BXOJ].e FM. IIo OCH a6cuncc OTnO)KeH a3HMYT 
0 B rpaJJ.ycax. 
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m Id.., mrad 
I I I I I I I I 1,..,.... I I 

81 I I I I I I 17'1 I I I 

61-1 I I l~I I I I I I 

41~ I .V:I I I I I I I ::J.J-

2 I - , 1--= I ~ 

O I I I I I I I I I I X ' 
74 75 76 77 78 79 ea Bi siz aa .,cm 

Puc. 9. Pa)lHaJihHaH cpa3oea11 KapTHHa Ily<{Ka Ha BX0)le BM 
)lJIH pe*HM0B ne)lOqJOKycHpOBKH /KpHBaH a/ H nepeqJoKycH
p0BKH /Kpttea11 e/. O603Ha'-leHH11 Te *e, '-IT0 H Ha pnc. 8. 
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Pttc. 10. BepTHKaJihHaH qJa30BaH KapTHHa ny'-IKa Ha BX0)le 
BM )lJIH pe)KHM0B He)loqJoKycnpoBKH /a/ H nepeqJoKyCHPOBKH 

/B/. O6o3Ha'-leHHH Te )Ke, l{T0 H Ha PHC. 8. 

" 
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Puc. 11. ropU30HTaJlbHaJI /a/ u aepTHKaJihHa.R /B/ KapTHHhl 
nyqKa B Mee Te nepaoro BHeUIHero u306pruKeHH.R. O6oJHaqeHHJI 
Te :>Ke, qTo u Ha puc. 8. 
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