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;,, Mnxc.itnoa B,A, 9 • 7498 

ieHKa napaMeTpoa cncTeMbI Meitnerrnoro 
{Ka H3 CHHXpoqiaaoTpOHa 011811 

flea vx =2/3 H paccMoTpeHbI oco6eaao
&ymea11fi Bllitoa b x 1sin 2 0 H b 

4
x 4sin 20. 

fienuaefiaocTelt, fia ocaoaaa1111 nonyqenm,1 
:Tep11CTIII( BbIBeiteHH0I"0 nyqKa Ila 
)B sneMeHT0B Bb!B0LU!0.l! CHCTeMbl, 
1cTeMax nuTamrn. 11ccneayeTcsi an11siaue 
yqeT HeK0T0pb!X 3qlql8KTOB, CBSl3aJmbIX 
,nsi. 

HCTHTyTa Jl~epHNX HCCAe~oBaHHI 
I, }973 

"'Y"' .,,c,epHblX ucc,1eC,oeanuii .J(yona 

1 

BBE,4_EHHE 

CHCTeMa Me,nneHHOro BhIBO.D.a nepeu•-rnoro IlY'IKa H3 

ceHxpo«t,aJoTpoHa OIUIH ocHoBaHa Ha, ucnon1,_3oeaHHH 

CBOHCTB pe3oHaHca pa,nHanhHhIX 6eTaTpOHHhIX Kone6aHHH 

' 2 13. Pac'leT CHCTCMhl npOH3B0.D.HnCJI KaK 'IHCneHHhlMH, 

TaK H aHanHTH'ICCKHMH MCTO.D.aMH. Ha nepBOM 3Tane Bhl"

'IHCneHHii c TIO~O~hlO aHanHTH'leCKHX MCTO.D.OB 6blnH nony • 

'ICHhl OCHOBHble COOTHOIIJCHH11, xapa.KTCPH3YlOIUHe noee,u.euee 

ny'IKa npn peJouaHce ,.'- ·,- 2/3 H npu6nm1<euu1,1e JHa'leHHJI 

napaMeTpOB BhlBO.D.HOH CHCTeMbl. 3aTCM c y'leTOM nonyqen

HhIX pe3yn1>TaTOB Ha 3BM 61,rn Bhmonuen paC'ICT .D.HHaMe

'ICCKHX xapaKTepHCTHK nyqKa H.pC)KHMOB BhIBO.D.a C .Hc.non1,-

30BaHHeM peanhHhIX napaMeTpOB ycKOPHTen11. 

B HaCTOJIIUeii pa6oTe CiilOMOI.llhlO aHanHTH'ICCKHX Me1_'o

.D.OB eccne,noeaHhl CBOHCTBa, pe3911a11ca I\ 213 H BhlilOn

HCHhl paC'ICThl xapaKTepHCTHK TIY'IKa H ·oueQKa .napaMeTpOB 

peJOHaHCHOH CHCTeMhl. 

YPABHEHHE TPAEKTOPHif HA </JA30BOif. 
IIJIOCKOCTH 

. IlpH aHanH3e .D.BH)l(CHHJI '!la~THI.( B -ycnOBHJIX .pe30Ha,uc~ 

v. C 2 :3 . HCilOJib30Banoch rna,D;KOe npH6nH)KCHHe / l / :e ,D.BH_-: 

'.lKeHHe paccMaTpeeanoc1, e . nnocKocTu z -~-0 Ypaeue11ae 

6eTaTpOHHhIX, Kone6aneii npe 3THX ycnOBHJIX MO'.lKHO Jane

caTh B BJ!.D.C . 
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r.n;e x,0 R-R c"'R-Ro.I- OTKJIOHeHHe OT ~crna>KeHHoro ueHTpam.

Horo pa.n;Hyca, Ho - neHTpaJibHbIH pa,nHyc B KBa,n;paHTe 

ycKopHTemr, I = 1 + _.-£!:._ , L - ,IJ;JIHHa rrp.11MOJIBHeiiHoro npo-
1rR o 

R Bo 
Me:>KyTKa, B c = --i-, B O - BepTHKaJibHa.11 rrpoeKnH.11 Mar-,. 
HHTHoro non,i: Ha pa.n;uyce R O , t\ B

2 
(x, 0) - BepTHKaJILHaJI 

rrpoeKUHJI B03MyiueHHH MarHHTHoro IIOJIH. ~H4xi>epeHnHpO

BaHHe Be,n;eTCH no a3HMYTY (J. YpaBHeHHe /1/ MO>KHO 3arrH

caTL B KaHOHH'leCKOH cliopMe, eCJIH IIOJIO>KHTh 

Re 0) 
B ~Bz (x,0)= i!!_(x,0) 

C ax 

H 
2 2 p +(1-n 0)Ix 

2 

dx 
(1) ( 0). . p = - . + H x, ' d0 

Torna _d~ = att . .!!.e.._ ,;-1B 
,,, <le ap ' <le ax 

(I) . 
H H MO:lKHO paccMaTpHBaTb I<aK B03MylI(alOll{YIO .n;o6aBKY 

2 · 2 
IO) p + I (1-n0)x 

K raMHJibTOHHaHy H = 
2 

, COOTBeTCTBYIOIUeMy 

u.n;eaJibHOH JIHHeiiHoii cHcTeMe. 

EcnH rrpe,n;cTaBHTb H '. I > B BH.n;e 

(I) k 
H ,-,:lh(0)x 

k k 
/2/ 

H npe,nnoJIO)KHTh, 'ITO K03clicliHIXHeHThl hk co.nep>KaT JIHWb 

BTOPYIO. H HyJieByIO a3HMyTaJibHLie rapMOHHKH, TO, cne.n;y,i: 

pa6oTel2/ , MO>KHO IIOKa3aTL, 'ITO Ha ,IJ;BH)KeHHe qacTHll 

npH V X = 2/3 OKa3bIBaIOT BJIHHHHe JIHWb 'IJieHhl pa3no

:>KeHHH /2/ c HetfeTHbIMH CTerreHHMH x · )];JUI BTOpbIX rap

MOHHK hk H C 'leTHbIMH CTerremIMH X ,nm1 H}'JieBbIX rap

MOHHK hk . TaKHM o6pa30M, raMHJlbTOHHaH B03MYtneHHH 

tt<O C yqeTOM JIHWb 'IJieHOB, BJIHHIOIUHX Ha pe30HaHC V .. 2/3, 
MO>KHO 3aIIHCaTb cne,nyIOlI(HM o6pa30M: 
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I 
1 

\ 

l ' .... 

I 

I 

I. 
I 

. ,, I 

.,· .. ~ 

~IA)(. ~ )( 
y.7>·,t- ~§"' 
3'. s 

• 3 5 . 4 
(1) k:zl( k

4
x . . In2 x 

H =(k<f + - + -- + ... )s1020--,-3 5 .Lt 

TOr,n;a ypaBHeHHe /1/ npHMeT BH,IJ; 

- ... , 

' x "+(1-n 
0
-n

2
x2 

:_ ••• )Ix =-(k
0 

+k
2 

x2 +kl 4 + ••• ) sin2O. /3/ 

Ypaenenue /3/ onHCLIBaeT .n;BH>KeHHe· e i.te.n;HaHHOii nnoc ~ . .· . . .. 2 
JCOCTH ycxopHTe~H c noxa3aTeneM non.11 n (x) s:n0+n Ii' + ••• 

BTopyro a3HMyTaJILHYIO rapMOHHKY B03MyiueHHJI LlB:z = 
= b 

O 
+·b

2
x 2 + b 

4
x 4 ea CHHxpotl>aloTp_oae OHJIH · eaH6onee 

npoCTO C03,IJ;aTL, qepe.n;y,r 3HaKH B03MYIUeHHJI B coce,n;HHX 

JCBa.n;paHTaX. CBJI31, Me)K,ny km H bm / m = 0,2,4/ .n;aeTCJI 

Bhlpa)KeHHeM 
. R 

k =..!_ c b 
m 1T :1f": m' c· 

/4/ 

B JCOTOPOM KO:Jtl>tl>HIXHeHT 4/11 nonyqaeTCJI H3 J)a3JIO)KeHHJI 

CTynee11aToii tl>opMhl B03MYIUeHHJI B p.11.n <l>yp1,e. 

EcJIH npe,n;cTaBHTL pemeaee ypaaHeHHH /3/ B BB.Qe 

k 0 • , , 2ko 
X=X1 + . . s1020, x =X 1 + . · cos20, /5/ 

4-(1-n )I · 4-(1-n )J o., . (Y 

TO C TO'IHOCTLIO .no BeJIH'IHH BToporo nop.11,nKa no k o , k 2 . , 

k 
4 

H n 
2 

nony11aeTcJ1 ypaeaeHHe ,nnH · x i= · · ·· · 

k0 k2 ·· x;' + I 1-[n o- [4-(1-no)I] I 
·3kon2I ·· )i.~+ 

] llx 1= -[(k2- 4-(1-n
0
)1 

·. . · . '2k k · 3 6 .... : 
+ k 

4
x~ sin 2 0 + ( n

2 
- 0 4 •- ) Ix 1 . / / 

[ 4-(1-n
0
)1]I 

ff3 cpaBHeHHJI ypaBHeHHH /3/ H /6/ BH,IJ;HO, 'ITO npiicy"i'.-

. CTBHe B B03MyiueHHH 11neHa ko H CBH3aHHOe C 3THM HC

Ka)l(eHHe paeHoBecHoii op6HTbI 
73

: onuc1,rnaeMoe tl>opMynaMH 

/5/, npHBOAJIT. K H.3MeHeHHIO 34xiieKTHBHLIX 3Ha'leHJI.H no '., 
.. k

2 
, k

4 
·, n 2 .·• 34xiieKTHBHoe 3Ha'leHHe •no H3MeHJieTCJI. 

Ha BeJIH'IBHY 
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kok2 on= - ----"--..;;;....~-
[4-(1-n 0) I] I /7/ 

3THM 061.JICHJleTCJI Ha6mo,IJ;aBmeecJI CHH)KeHHe 3HalfeHBJI 
IIOKa3aTeJIJI IIOJIJI B YCKOpHTeJie IIpH pe30HaHce1 4 , 5/. 

B ,IJ;am.HeiimeM paccMaTpHBaeTCJI ypaBHeHHe BH,I:(a 

x" +(1-n )Ix =-(k x
2+k x

4
)sin20 +n

2
Ix 3 , 

0 2- 4 /8/ 

r,IJ;e X - TerrepL OTKJIOHeHBe OT BCKa)KeHHOH paBHOBeCHOH 
op6BTLI, a n 0 - 34><iieKTHBHoe 3HalfeHHe rroKa3aTen,r rron,r. 

YpaBHeHHe /7 / pemaJIOCI, C HCIIOJIL30BaHHeM 1-ro rrpH-
6~B)KeHHJI MeToJ1.a Kp1,moaa- lioromo60Ba16/. PemeHHe HIQeM 
B BHJ1.e 

x = a ( 0) sin [ ~ 0 + (J.> ( 0 ) ]. /9/ 

IIonyqaeM CHCTeMy ypaBHeHHH J1.JIJI aMIIJIHTYJ1.LI a B l}>a3LI <I> • 

da 3 2 _2~ 4 .. 
"dO =-(16 k 2 a + 64 k4a )stn3<ll, 

/10/ 

d<ll = -
d0 

3 3 15 3 9 2 
4 IL\n -( 16 k2

a + 64k
4 

a )cos3<ll- i6"n
2
Ia 

r,IJ;e L\ n =n o--nr , n r • 3Ha<ieHHe IIOKa3a TeJIJI IIOJIJI B TO'IHOM 
pe30HaHce, 3aMeHOH rrepeMeHHLIX 

...x = a sin (fl , , u = a cos <1}. 

rrony'IBM cne,IJ;yroll{yro cHcTeMy ypaaHeHHH: 

~ -· 3 k ( 2 2) 3 k 4 2 2 4 3 d0 - 16 2 x -u + 64 4 (3x +6x u -5 u )- 4 1L\nu-

9 ' 2 2 - l6 n2 I u (u + x ) , /11/ 

du 3 3 2 2 3 9 2 2 de=- s"2xu-17,k 4xu(u +3x )+ 4 IL\nx+ l6n
2

Ix(u +x ). 
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\ 
!' 

! 
I 
l 

I' 
l 

Ii 

H3. /9/ BHJ1.HO, 'ITO rrepeMeHHLie X' u B CHCTeMe /11/ 
rrpe,IJ;CTaBJIJIIOT co6oii OTKJIOHeHHe H ero IIPOH3BOJ1.HYIO, 

OTHeceHHYIO K 11acTOT~ (u = X ) Ha a3HMyTe .0=0, T.e. 

y'(l-n0Jl 
ypaBHeHHJI /11/ OIIHCLIBaIOT J1.BH)KeHHe Ha <I,a30BOH IIJIOC· 
KOC TH (x, u) B ,IJ;eKapTOBOH CHCTeMe KOOPJ1.HHa T. Herrocpe,IJ; • 
CTBeHHOH rrpoaepKOH MO)KHO IIOKa3aTh~ qTo CHCTeMa /11/ 
HHBapHaHTHa OTHOCHTeJihHO IIOBopoTa ocea KOOPJ1.HHaT Ha 
± 1'L'' cne,IJ;OBaTeJILHO, lfT06hI HCCJie,IJ;OBaTh J1.BH)KeHHe Ha 

l}>a30BOH IIJIOCKOCTH, J1.0CTaTO'IHO ycTaHOBHTh xapaKTepl}>a-
30BLIX TpaeKTOPHH B HHTepeane O :0. cJ) ~ ~- ' . 

Koop,IJ;HHaThI, OJ1.HOBpeMeHHO o6pall{al0ll{He a HYJih rrpaBLie 
11acTH CHCTeMhI / 11 /, cooTBeTCTBYIOT JJ.BHmeHHIO c rrocToJrn
HOH 11aCTOTOH H aMilJIHTYJJ.OH. )];nH HCCJie,lJ,OBaHHJI JJ.BH)l{eHHJI 
B OKpecTHOCTH oco6hIX TOlfeI< Heo6XO,l1,HMO B CHCTeMe /11/ 
rrepeHTH K HOBhlM rrepeMeHHhIM X ·,X -X; , u~u-u i , r,lJ,e 
. (xj, u i ) - KOOPJJ:HHaThl oco6oii TO'IKH, H coxpaHHTh JIHllih 
lfJieHhl' JIHHeHHhie no X H u . 

XAPAKTEPHCTHKH IJYqKA I/PH k 1 cc0, n 2 =0 

B 3TOM cnyqae CHCTe.Ma /1 I/ npHHHMaeT BHJJ. 
~ . 

dx 3 2 2 3 
di"=u;-k2 (x -u )- 4 IL\nu, 

/12/ 

du 3 3 
- = - - k2xu + .-ltinx. 
d0 8 Lj 

Koop,IJ;HHaThl OC06hIX TO'leK paBHhl: 

4!lnl 
X = 0, U = 0; X 1= 0, u 1 = - -- ; o · o k 

2 

x 2,3 = ±2v'3 L\nl 
k ' 

2 

2L\nl 
u =---. /13/ 

2,3 k 
2 

MO)l{HO noKa3aTL, 'ITO nepBaJI H3 3THX TOlfeK JIBJIJleTCJI 
ycTOH'IHBOH To11Koii THrra "ueHTp", a ocTanLHLie TPB JIBJIJI• 

7 

■ 



• I!~•. 

IOTCJI ueycTOH'IHBhIMH TO'IKaMH THila "ce,nno". Ilp.11ML1e, 
coe,lUIHJIIOU{He 3TH TO'IKH, JIBilJIIOTCJI 0.I(HHM H3 pemenuii: 
CBCTeMLI /12/ u· onpe.nenJIIOT o6nacTL YCTOH'IHBOCTH. cJ>a30-
BLie TpaeKTOPHH, npoxo.n11mue '1epe3 TO'IKH BHe 3Toii: o6na
CTB, yxo,nJIT B 3TOM cnyqae B 6eCKOHe'IHOCTL. 

Ha puc. 1 noKa3aHLI 4>a30BLie TpaeKTopuu npu dn·>0, 
k2 >0 . 

20 28 

I 
I X,CM 
t----
1 

k,=3Sc,.., 

Puc. 1. <l>a30BLie TpaeKTOpHH npu k
2 

= 3,94.10-
3 

CM-I :T"· 
dn =0,01 ,k 4 = 0, n 2=0. 

/ 

H3 /13/ BH.I(HO, 'ITO pa3Mep o6naCTH YCTOH'IBBOCTH 
cTpeMHTCJI K uymo npu dn ➔ 0 B np:e; k 2➔ oo. Cne.noeaTenLHO, 
BLIBO.I( IlY'fKa MO)KeT 6LITh ocymeCTBileH KaK nyTeM H3MeHe
HHJI no oT· pa6oqero 3Ha'leHHJI .no pe3ouaucuoro, TaK u ny
TeM yBenB'leHHJI BO3MymeHHJI BO epeMeHH. B nocne,lUleM 
cnyqae nnoma,nh o6nacTH ycTOH'IHBOCTH HHKor.na ue 06pa
maeTc11 B HYilh ' H .I(IlJI :1didieKTHBHOro BhIBO,I(a Tpe6yioTC.II 
BLICOKHe TOICH B pe30HaHCHOH CHCTeMe. IlO3TOMy 6wn 
BLI6paH nepBLIH MeTO.I( BBe.neHHJI IlY'IKa B pe3OHaHc. 

·8 

., 

:•; 

l 
·J 

{ 

l 

l 
' 

Ilnoma.nh dia3oBoro :1nnnnca unpKynHpyiomero nyqKa 
B IlilOCKOCTH (x,x ') paBHa: 

S
0 

=rra~ v'(l-n0)1, /14/ 

r.ne a
0 

- MaKCHMailLHaH aMnnHTy,na. B npouecce a,nna6aTu
qecKoro H3MeHeHHJI n O Ha'lailhHhIH 3IlilHilC .nediopMHpyeTCJI 
TaK, 'ITO nnoma.nh diaJOBOH o6naCTH, 3anonHeHHOHilY'IKOM, 
OCTaeTCJI IlOCTOJIHHOH. BhIBO.I( Ha'IHHaeTCJI, Kor.na KpHBaJI, 

orpaHH'IHBaIOlllaJI 3ano1rneHHYIO dia3oey10 o6nacTh, Tpancdiop· 
MHpyeTCJI B TpeyroilhHHK, nnollla.nh KOTOporo paena: 

- l\n I :z 
S -=12 \·3 ( ___ }L_) v'O--·n )I, 

k ·, I, 
2 

/15/ 

r.ne "1, • IlOKa3aTenh IlOilJI• B MOMeHT naqana BLIBO.I(a. 

Y cnoeue paeeHCTBa nnollla.neii / 14/ H / l 5/ onpe.nenJ1eT 
paccTpOHKY /\n h ,COOTBeTCTBYIOlllYJO na qany BbIBo.na 

ak.\rr An ::: __ J!.-_ 2,_ ___ . /16/ 
. 1, 21 ~- 27 

EcnH oTKnOHHJOlllHH cenTyM·MarHHT (FMJ pacirnno>KeH Ha 
x.-0, To, Kai cne_.nyeT H3 /12/ H /13/, npH .',n-0 TO'IKH Ha 
dia30BOH IlilOCKOCTH, KOTOphie COOTBeTCTBYJOT qacTBllaM, 
nona.naIOlllHM B 3a3op MarHHTa, npu a.nua6a TH'le~KOM l?J1.e
He11HH An .I(BH>KYTCJI npH6nH3HTenhHO no npJIMOB u '"'--t1"-- , 
T.e. yron exo.na qacTHll H3MenHeTcH B npouecce eLieo.na 

OT 

a = 
2 i'i n b I v' (1-n !~ 

k
2 

(x,.. +R
O

) 
/17/ 

e na qane BhIBO.D.a .no a= 0 B KOHUe. 3.ne Cb x s - KOOp.I(HHa Ta 

cenTyMa. 
)J,n11 1wMne11eaumt 3Toro HJMeHeHHJI yrna B, cne.noBa· 

TeJihHO, YM.eHhUJeHH.ff "llf,<lieKTHBHOro 3MHTanca BLIBe,neHHO· 
ro IlY'IKa Tpe6yeTC11 H T~tell11Tb TOK B MarHHTe FM B npouecce 

9 



BbIBO,na TaK, "'IT06hI yron OTKITOHeHHH B FM MeHHITCH no 

3aKOHY 

( ) 21[ (nb-nr }y(l -nb)l-(no-nrh/(1-n 0)1 
a n =a + 

F O FO 

=a + 
FO 

k (x +R
0 

) 
2 s 

3/2 . -
21 (nb -n 0 )yl-n 0 

k (x +R ) 
2 s O · 

r.n:e a Fo' - yron OTKITOHeHHH _B FM B Haqane BhlBO,na. 

lfaMeHeHHe yrna B npouecce BhIBo,na MO)KHO TaK)Ke 

KOMileHCHpoBaTb, BBO,ll.H H3MeHHIOIIffIOCH B "f,OUecce BhIBO,n;a 

,nunonLHyro KOMDOHeHTy B03MYIUeHHH k 0 
1 

' • 3aKoH ee 

H3MeHeHHH MO)KHO nonyqHTb, HCilOITh3YH /17 / H /5/: 

3/2 -

k (n ·)= I .(nb-no)v'l-no[4-(l-n )I]. 
o o k o ' 

2 

,D;irn C03,naHHH BTOpoii rapMOHHKH ,llHilOIThHOH KOMDo

HeHThl B03MYIUeHHH Heo6xo,nHMO rrponO,KHTb no KpaiiHeii 

Mepe B ,nByx KBa,npaHTax .n:ononHHTenbHhie IIOITIOCHble npo

B0,llHHKH, Il03TOMY ,nn.H KOMIIeHCaUHH H3MeHeHHH yrna BhIBe

.n:eHHOrO nyqKa 6Lm Bb16paH, KaK 6onee IIpOCTOii, nepBhlii 
cnoco6. 

YKopoqeHHbie ypaBHeHHH .n:nH cnyqa.H ,llBH)KeHHH ToqKH 

Ha l}ia30BOii, nnoCKOCTH no npHMOH 2 fl nl HMeIOT BH,ll 
U= 

k2 

dx 3 2 2 de= 16 k2 (x -x2 ), 
/18/ 

du =O. 
·d0 

HliTerpHpy.H /18/, nonyqaeM IIPHPOCT KOOp,llHHaTbl 

/mar/ 3a TpH o6opoTa Ha pa,nHyce cerrTyMa 

10 

I r ,. ,, 
! 
"' I 

·1 

Llx = 

( 2 2 -917~ ½/4 
xs-x2)~ . -D 

s 
[ x +x ~x :...x ) -911k..z x2 / 4 

s 2 .s 2e , ] 

9 
r.n;e "2 onpe,nenHeTCH l}iopMynaMH / 12/. IlpH-4 11kz(2 . 1 
l}iopM'yna ynpomaeTc.H: · 

9 2 ' 2. . . 
/\x .~--11k. (x -:X ..• ). /19/ s · 8 •. 2- s , .,, •. ·. 

IlpB BBe,neHHH rryqKa B pe30HaHC nyTeM yaenHqeHHJI 

k
2 

aenu11uHa·· 3a6poca, Kax BH.llHO H3 /19/, MeHHeTCJI B wupo-·, 

KHX npe,nenax·, q:ro. 3Ha'IHT
0

enhHO CHH)KaeT 34><l>eKTBBHOCTh 

BbIBO,lla; EcnH BblBO.ll ocymecTBmleTCH rryTeM .H3MeHeHBJI, 

n O ' TO rny6HHa 3a6poca H, cne,noBaTeITbHO, 34><l>eKTHBHOCTh 

TO)Ke · HeCKOIThKO. MeHHIOTCH; TaK KaK x2' 0 rrpH nb;' nr . 
3TOT 34><l>eKT. MO,KHO .·· KOMIIeHCHpOBaTh COOTBeTCTBYIOIUHM 

yMeHbWCHBeM k2 B npouecce BbIBO,lla. . 

ffCDOITh3YH /19/ H IIpHHHMaH BO BHHMaH~e, qTO nnoT

HOCTb qacTHU Ha ,naHHOM pa,nHyCe o6paTH0 IIponopUBOHanb

Ha wary 3a TpH o6opoTa, rronyqaeM Bbipa:>KeHHe ,nnH 34><l>eK

THBHOCTH BblBO,lla: . 
4 2 2 

x +o dx xs+911k2(x -x2)/8 
s -· 8 ·· · · ·8 Sdx 

Er= 1- f · 2 2 ./ f. · · 2·---=2-
x 

8 

911 k 
2 

(x -x
2

) xs 911 k 2 (x -x 2 ) 

- l- So 
911k (x2 -x 2) ' 

2 s 2 

· /20/ 

r.n:e o - TOITIUHH·a ceniyM'a: 

XAPAKTEP ~A30BOI'O ~BH)KEHHB C yqETOM 
BCEX qJIEHOB, · OTBETCTBEHHblX 3A ·; 

. . PE30HAHC ' .· ·, 

PaccMOTPBM BHaqane k4 f O , k 2 =0 , n i-=- 0. B 3TOM 

cny11ae · B3 ' CHCTeMhl /11/ onpe,nenHIOTCH, 4 OC06L1e TO'IK.H 

C·KOOp,llHHaTaMH 
I ; • '~ _;. • • ~.:t • , , ;_ 

u 



3 2 I 8n 
x 0 = 0, u 0 = 0; x 1 =0, u 1 =-2 v ~ --,z.;-; 

3, 2 18n 
x 2 ,3=±y3 VS~, u2,3 

3 
., 2 l8n 

= V ,-- -r.- . 
4 

/21/ 

IlepeaH H3 3THX ToqeK Fo HBJIHeTCH oco6oii ToqKoii 

THna "ueHTp", a OCTaJILHLie - THila "ce.zi:no". ToqKH F2 H 

F 
3 

nonyqa10TCH noeopoToM TOqKH F I Ha ± -¥--. _Ha 

puc. 2 npHee.zi:eliLI 4Ja3oeL1e TpaeKTOPHH npu k 4=4,S:10-~Af? 
8n =0,006 .H3 3Toro PHCYHKa BH.D,HO, qTo O.D,Ha H3 pa30MK

H)'TLIX BeTeeii cenapaTpHCCLI aCHMIITOTHqecKH npH6JIH:>KaeTCJI 

K OCH u = o. 3TO npHBO.D,HT K TOMY, qTo H3MeHeHHe yrna 

Ha BXO.D,e B FM B npouecce BLIBO.D,a npH HCilOJIL3OBaHHH 

BO3MYil\eHHH BH.D,a b4 x
4 sin20 ropa3.D,O MeHLuie, qeM npH 

ceKCTYilOJILHOM BO3MYil\eHHH. 

rny6HHa 3a6poca B FM onpe.D,eJIHeTCH H3 CHCTeMLI 

/11/, e KOTopoii MO:>KHO IlOJIO:>KHTL .D,JIH .D,OCTaToqHo 6oJILIDHX 

du 
X U =0 -- ,,. 0: 

s ' d0 

dx 9 4 d0 = 64k4 X • /22/ 

HHTerpupyJI /22/, nonyqaeM 3HaqeHHe k 47 npH KoTopoM 

mar 3a 3 o6opoTa Ha Koop.D,HHaTe cenTyMa cocTaBnHeT Ax,.; 

32 
k 4 = 81 rr 

3 3 
(x +8x )-x s s s 

-;J;~O.X 7· 
s s s 

/23/ 

PaccTpoiiKy o.nb ' COOTBeTCTBYIOlQYIO Haqany BhIBO.D,a, 

MO:>KHO oueHHTL H3 COOTHOIDeHHH 

-3 2 l8nbi 
rra~ y(l-nJI = s(8nb)>s8 =3../3 v(5 -k-) y(l-ni)I, 

4 
/24/ 

r.zi:e S ( ~n b) - IlJIOlQa.D,L YCTOHqHBOH o6naCTH Ha 4Ja30BOH 

IlJIOCKOCTH e MOMeHT Haqana BLIBO.D,a, s 
8 - IlJIOlQa.D,L 

12 

'· 
',;:-

~i- ': 

j 

f 
I 

··_i 

TpeyroJILHHKa c eepmHHaMH e oco6LIX TOqKax npH n =n • 
0 b 

PaccMOTPHM TenepL k2 ~ 0 H k ./ 0. Ecnu k 2u k4 HMelOT 

O.D,HHaKOBLie 3HaKH, TO, KaK cne.zi:yeT H3 CHCTeMLI /11/' 
xapaKTep .D,BH:>KeHHH Ha 4Ja3oeoii IlJIOCKOCTH 6y.D,eT attanorH

qeH npe.D,cTaeneHHOMY Ha pnc. 2. 

20 X,CM 

PHc. 2. cl>a3oBLie ~ TpaeKTopuu npu k 1 
k

2 
.. 0, 1\11 = 6.10-·1 , n 2 o0 

-5" 3 = 4,5.10 CM-. 

CooTBeTCTBYIOI.QaH BeTBL' cenapa TpHCCLI acHMilTOTH

qecKH npH6JIH)KaeTCH K OCH u ~~ 0, npuqeM CKOPOCTL cxo

.D,HMOCTH cTpeMHTCH K Hynro npu k4 /k 2 ➔ o. TaKHM o6pa3oM, 

O.D,HOBpeMeHHOe npucy~CTBHe B BO3MylQeHHH ceKCTYilOJILHOH 

H .D,eKanonLHOH KOMilOHeHT O.D,HHaKOBoro 3HaKa He MeHHeT 

KaqecTBeHHO xapaKTep .D.BH)KeHHH Ha 4Ja3oeon nnocKocTH • 

IlpH yeenHqeHHH BKJia.D,a B BO3MylQeHHe .D,eKailOJILHOH KoM

noHeHTLI rny6HHa 3a6poca B FM· 6y.D,eT BO3pacTaTL, a H3-

MeHeHHe yrna Ha BXO.D,e yMeHLIDaTLCH. 

'llT06L1 npoaHaJIH3HpoeaTL .D.BH:>KeHHe npH k 2 H k4 npo

THBonoJio)KHLIX 3HaKOB, paCCMOT]JHM CHCTeMy /10/' B KOTO-' 

13 



i· 

I 
i. 
I 

'! · 

poii rron0)KHM n2 = 0. I-fa rrepnoro ypaBHeHHJI Haxo,n;HM, qTo 
rrpH a=ac=2v'-k2/3kJtMIIIlHTY,IJ;a He MeHJieTCJI, cne,n;oBaTeilbHO, 

0KPY)KH0CTb u 2 +x 2=a; JIBnJieTCJI perneHHeM CHCTeMhl/11/. 
PacCMOTpHM xapaKTep ,IJ;BH)KeHHJI Ha <fia30BOH IIIl0CK0CTH 

B 3aBHCHM0CTH OT paccTpOHKH ~ n. 

k k t, 

IIpH !t.n I•?: I 
3
f v'-

3 
k 2 - I , KpoMe ToqKH · ycToiiqunoro 

4 

paBH0BeCHJI Fo (x=0, U =0), HMeIOTCJI TaKHe 3 OC06hle T0qKH v' 
THIIa "ce.nno", Koop,n;HHaTbl O,IJ;HOH H3 KOTOphIX_(F1)Y.nonneT-
B0PJIIOT ycn0BHIO: 

.1. 3 15 3 
X=0, 

4
I~n+ 16 k

2
u + 

64 
k

4
u ==0 . /25/ 

~Be ,n;pyrue oco6ble ToqKH rronyqaIOTCJI II0B0p0T0M Fi Ha 
±2rr / 3. XapaI<Tep <fia3oBhIX TpaeKTopuii ,n;nJI 3Toro cnyqaJI 

rrpune,n;eH Ha puc. 3. Ilpu l-1nl = I k:,\/ ~ L l cerrapaTpHcca 
31 3k 4 

Fo 
·8 ·4 -2 2 ~ 8 X,c,,, 

-2 

-It 

. Puc.: 3. ~\30Bb:~ TpaeKTOP~H . IIpH -~ 
k 4 - 7.10 CM , nf'0 ,i\n - 9.10 • 

-3 -J 
= -2,5.10 CM , 

14 

/ 

rrpe,n;cTaBnJieT 0KPY)KH0CTh C pa,n;HyC0M a C , Ha KOTOpoii 
ne)KaT Haii,n;eHHhie 3 oco6ble T0qKH /pHC. 4/. 

.. 
Puc. 4. cl>~3onb1.e TpaeKT0PHH npn ki 
k

4
= 7.10-·• cM-·1.n:2 0, 1\11 = 2,7.10 .... 

_:, .. , 
= • 2,5 . .10 CM , 

k2 k2 IlpH l,\n I< 1--.t---1 3TH TOlfKH J1BilJ1IOTCJ1 oco6hlMH 
· · 31 v 3 k · 

4 

T0'IKaM~ THna "nenTp" H K HHM .no6aenJIIOTCJI 6 ToqeK ue
ycTOB'IUBOro paBH0BeCHH THna "ce.nno". Bx K00p,Il;HHaThl 

y,nonneTB0pJIIOT ycn0BHIO 

7;-
a = a = 2 V - 3k4 , C 

I~n 
cos3'1l = 

k v- -k. 
2 3 3 

·.·... . ' .. · Ii k2 · 
"'Ilpu !AllL< ! 

31
2 :v-. 

15 
k I ypanHeHHe/25/ HMeeT 3 ,n;eii:-

4 

JS 



CTBHTenLHLIX KOpHH, cneJJ;OBaTeilLHO, K TOqKe F1 ,KOTopax 

HBil.HeTCH B 3TOM cny11ae TO'IKOH YCTOH'IHBOro·paBHOBeCHH 

THIIa "n:eHTp"' JJ;06aBilHIOTCH JJ;Be oco6Lie TO'IKH F 2 H F3 
/pHc. 6/. To11Ka F 2 c KOOpJJ;HHaToii u, MeHLmeii no a6conIOT

HOH BeilH'IHHe, _irnnxeTCH oco6oii T011KOH THIIa •~ce,ll;no"' 

a F3 - T011Koii_ ycToii11ueoro paeHoeecux THrra "n:eHTp". 

k 2 ----ic 
IlpH 18 n l = 1--v-~, ypaBHeHHe /25/ HMeeT KopeHL 

' 31 15k 4 

KpaTHOCTH JJ;Ba H TO11KH F
2 

H F 
3 

coerraJJ;ruoT /puc. 5/. 

lJ.CM 

8 

6 

y 

-8 

Puc. 5. cf>aJOBLie TpaeKTOpHH
0 

rrpH k2 = -2,5.10-:
1 

cM·- 1, 
k

4 
= 7.10-5 CM;._3 , n

2
:.c0 , 8n = 1,089.I0-3• 

IlpH 8 n = 0 TO'IKa F2 coenaJJ;aeT c T011KOH Fo H xenx

eTcx. T011KOH HeyCTOH'IHBOro -paBHOBeCHH THna "ce,Z1;no" 

/pHC. 7 /, a KOOp,ll;HHa TLI TO'leK FI H F 
3 

paBHhl ( x l =0 , 

16 

,. 
f 
:1 

:,\ 

~ •. 

' ,, 
i 

·:1 
.\ 
}, 
t 

J,, 

U.=-2v'- 5~2 
)H (X3=0, U3*+2y'- : 2.) COOTBeTCTBeHHO. 

4 5 4 

-8 B X,CM 

Puc._6.~~a3oe~1e TpaeKTOPHH k1.. = -2,5.l0-
3
cM- 1 

, k = 
= 1.10-acM-~ n2.,,o , 8n = 8,46.Iu-4. . 4 

' ' 

IlpH HCIIOilL3OBaHHH npH BLIBO,ll;e ceKCTYilOilLHQrO.BOJ

k 
Heo6xoJJ;HMO noTpe6oea TL Ix I« 12 y -~ I . 3To Myin:eHHH 

· s 3k · ' 4 

orrpeJJ;enxeT JJ;orrycK Ha eenH11HHY k 
.4 

:4k2 
lk4 l«l -

3
-1-
xs 

/26/ 

EcnH IIPH BLIBO,ll;e HCilOilLJyeTC.!l BO3MYilleHHe BH,l{a 

4 
64 X sin 2 0 ' TO 11aCTHU:LI C Ha11anLHhlMH aMililHTy.l{aMH 

17 



:i 
i 

·I 

\, 

k2 
a <a "'2'1/- -3k BLrne,n;eHLI He 6y,n;yT. Ilo3TOMY Hy:>KHo 

O c· 4 

cTpeMHThCJI, 1uo6L1 K03$<lmn;HeHT k 2 paBHHJICJI Hymo HnH 

6Lm O,D;HHaKOBoro 3HaKa C k 4. 

LJ,CM 

8 

h~ 
}(,CM 

--:1 -- I 
PRC. 7. c{>a30Bbie TpaeKTOpHH npH k .. = 2,5.10 CM , 

k 7 I 0 -,l •1 0 \ L t = . cM-· , n 
2 

, . n .., 0. 

PacCMOTpHM Tenepb n 210 , k 2 f. 0 , k,i =0. CHCTeMa / 11/ 
npHMeT BH,D;: 

dx 3 2 2 3 . · 9 2 2. d0=17:,~ (x -u )-,.4 Itinu- 16 n 2Iu(x +u J, 

du · 3 3 9 2 2 de,= - F k2 x u + 4 I tin x + u;-n 2 Ix (x + u ) . 
-: ·•' 

Ilonara.H x = 0, HaXO,D;HM KOOp,D;HHaTbl oco6hlx TO'leK 

F
0

,F
1 

H F
2 

·18 

/;' 
// 

X =0 U =0• 0 ' 0 ' 

2 ·4 2 \ -k + v k - 8 l I n n 
2 2- 2 

x = 0, u = 
6 

I 
I,2 1,2 n

2 
/27/ 

E~e 11eTblpe oco6b1e TO'IKH HaXO,D;.HTC.ft IIOBOpOTOM Fl H 

F Ha ± .l..rL. · 
2 3 . 

u ../3 u 1 u 2y'3 u 2 
X =±...:..C..::.., U =--; X =±---,U =--•/28/ 

3,5 2 3,5 2 4,6 2 4,6 2 

Ha PHC. 8 IlpHBe,n;eH xapaKTep <lia30BbIX TpaeKTOpHii rrpH 

n
2
<0,k

2
>0H 3Ha11eHH.HX paccTpoiiKH L\n·>0 (a), L\n=0(b), 

k k 
0 > ~ ff> ~ ( c ) H ti. n < l ( d) 

48 I n 481 n · 
2 2 

LJ,CM 

. - -3 -1 
Pac. 8. <l>a30Bble TpaeKTOpHH IIpH k 2= 3,, .10 ·CM. , ·, 

k4=() , n 2 =2•10-4 H 3Ha11eHHJ1X pacCTPO!JKH a) Ar=9,7 .10--·: 
b)'An=O, cJ An = -9.10-4 , dJ .i\n = -1,2.10-3 • 
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BH.n ct,aJOBbIX TpaeKTOPHH rrpH n ·>0 rronyqaeM, y1.fHTb1Ba'1, 
1.fTO paccMaTpHBaeMaH CHCTeMa ypaBHeHHH HHBapHaHTHa 
OTHOCHTenbHO HJMeHeHHH :JHaKa nepeMeHHbIX u , n 

2 
H L'ln. 

FI, F3 H F 5 HBnHIOTCH HeyCTOHl.fHBbIMH TOl.fKaMH THna 
"ce.nno", H cerrapaTpncca, npoxo.n111.Qa11 qepeJ 3TH TO'-IKH, 
onpe.nen11eT o6nacTb Ha ct,aJOBOH nnocKOCTH, BHYTPH KOTO
poii TpaeKTOPHH JaMhIKaIOTCH BoKpyr ueHTpa F O . BHe JToii 
o6naCTH ct,aJOBhie TpaeKTOpHH JaMhIKaIOTCH BOKpyr oco6hlX 
Tol.feK THrra "ueHTp" F2 , F 4 H F6 . qT06L1 HMeTh y.noBneT
BopHTenLHYIO KapTHHY Ja6poca B JaJop FM, HY:>KHO noTpe-

1 ' -~ 
6oBaTh, '-IT06L1 U2I V _, >x , nnn c yl.feToM /27 / 

2 s · .. 

In 21 < ~ -
21x 

8
y'3 

lfa ct,opMyn /27 / H /28/ eH.nHo TaK:>Ke, 1.fTO paJMep 
ueHTpanhHOH o6naCTH ycTOHl.fHBOCTH HeCHMMeTpH'-leH OT
HOCHTenhHO t\ n== 0. TaK, rrpH n oTpHUaTenhHOM S(+!•n)<S(-:\n), 
r.ne S - rrnoI.Qa.nL ueHTpanhHOH o6nacTH·ycTo~1.fHBOCTH. 

OIJEHKA IIAPAMETPOB PE30HAHCHOR CHCTEMM 

Ilonyl.feHHhie peJynhTaThl II03B0IlHIOT c.nenaTb IIpH6nu-
3HTenbHhle 1.fHCneHHhle oueHKH OCHOBHhlX rr~paMeTpOB pe
JOHaHCHOH CHCTeMhl H IIOilYl.fHTh HeKOTOphle xapaKTepHCTH
KH nyl.fl<a Ha exo.ne B FM. 

PaccMOTPHM BHal.fane BOJMyI.QeHHe eli.na b 2x2 sin 2 O • 
BTopyro aJHMyTanLHYIO rapMOHHKY Kea.npaTHl.fHOH JaBHCH
MOCTH L\ Bz (x) MO:>KHO COJ.na Th C IIOMOI.QhlO CHCTeMbl no
nIOCHhIX npoBO,l\HHKOB, pacrrono:>KeHHhIX Ha KOOP.l\HHaTax 
x = ± 20 CM n x = ± 40 CM /o6MOTKa.P2/. 06paTHble 
BHTKH o6MOTKH JaMKHYThl TaK, 'lTO .nnnonhHaH KOMilOHeHTa 
Ha l(eHTpanhHOM pa,nnyce YCKOpHTenH R O OTCYTCTByeT ;B,~ 

lfa paJno:>KeHHH /\ B (x) B cTerreHHoii p,i.n rrpH paJnHl.fHblx 
z 

JHal.feHHHX TOKOB B'o6MOTKe ~ne.nyeT, 1.fTO JaBHCHM9CTh. 
BOJMYI.QeHHH OT _x Han6onee · T<>'-IHO arrnpoKCHMHpyeTc,i 
KPHBOH L1 B (x) = b x2 / JJ.nH . -55 CM <x < 55 CM/, ecnH OTHO-

z 2 

20 

meHHe TOKOB i(x = ±20 CM) 

i(x= ±40cM) 
B npoBO.l\HHKax o6MOTKH P2 

paBHO 0~42, npH'-leM BhIIIOnHHeTCH COOTHOWeHHe 

-5 
b =3,5871 · 10 , . 

2 2 /29/ 

r.ne I 2 = i / x = ± 20 CM/ + i / x = 40 CM/ B aMriepax, 
a b 2 Bhlpa~aeTC'1 B zc/CM 2 • 

qTOOhl HMeTh MHHHManhHhIH yron OTKilOHeHH'1 nyqKa 
B FM, nono:>KeHHe cerrTyMa .non:>KHO 6hITh BhI6paHO B03MO?KJIO 
.nanLme OT ueHTpam,Horo pa,nHyca R 0,Ho npH JTOM pa6oqa,i 
anepTypa MarHHTa .non:>KHa HaXO,l\HThC'1 BHYTPH o6naCTH, 
r.ne 3aBHCHMOCTh B03MYI.QeHHH OT X eI.Qe MO:>KHO annpoKcH
MHPOBaTh napa6onoii. B HameM cnyqae pa6oqa,i anepTypa 
MarHHTa cocTaen,ieT - 17 CM' 9/ H JTO orrpe.nen,ieT nono:>Ke
HHe cenTyMa x s =. 35 CM. Ilon~ra,i ~ x., = 17 CM, HJ / 19 / 
nony11aeM k2= 3,93.10-3 CM.-1.IIpH HH.l\YKUHHBo= 10 KZC 

3 ~ 
3TO COOTBeTCTByeT b.2 = 7,89.10- zc/CMZ ,1.fTO .naeT cne-
.D:YIOIQHe 3Ha1.feHHH TOKOB: i / X = ± 20 CM/ = 65 a , 
i/ x =. ± 40 CM/ = 155 a. Pacrrpe.neneHHe ~B z (x) npH 
3THX 3Ha1.feHHHX TOKOB IIPHBe.n;eHO Ha ·PHC. 9. Cne.nyeT 

', 
' '· \ 

\ 
\ 

\ 

\ 

4 

-----\-
', ', '" ~ ' ... ~ ', , ..... 

-60 -l/0 -20. 0 

6.Br2C 
(5 

fO 

I 

/ 
/ 

I 
I 

I 

,,,-

5 , .... ~------
_/,."' / 

,;,,,~ ,' . ,, _, 

20 1./0 60 )(CM 

Puc, 9. Pacnpe.n;eneHHe BOJMYI.QeHHH i\BY.(x), coJ.n;aeaeMoro 
TOKaMH CHCTeMhl P2. IIyHKTHPHhlMH KPHBbIMH IlOKaJaH BKna.n; 
B 3TO pacnpe.n;eneHHe TOKa B Ka:>K,D;OM npOBO.ZJ:HHKe. 3Ha1.feHHH 
TOKOB COCTaBn'1IOT: i /x = ±20 CM/= 65 a, i /x = ±40cM/ = 
= 155 a. 

21 



oTMeT.HTL,. tJTO peanLHpe none ycKopHTem1 cna,naeT no 
pa,nuycy ,6bICTpee; iieM npH. n -= const, Il03TOMY nonytJeHHLie 
oueHJCH TOJCOB B CHCTeMe P2 HBnHIOTCH 3aBLIWeHHLIMH. 
Bonee TOtfHble , 3HatJeHHH IlOJiytfaIOTCH H3 ,tfHCJieHHl.ix paciie -· 
TOB, · IO/ C HCnonL30BaHHeM H3MepeHHOH KapTbl MarHHTHoro . . . . 

nonH. 
. ,D;onycK Ha eenHtfHHY K03clicliHUHeHTa k 4 .HaXOJJ.HM H3 

/26), no,ncTaemu1 uaii.neuuoe 3HatJeHHe \1: = 3, 93. 1 q-3:cAr 1• 
IlonyqaeM l k ,1 ! « 1,5.10 - 4 c~ -3, tJTO cooieeTcTeyeT npH 
HHJJ.YJCUH~, B 11 = 10 1<zc. !h

4
l<.-::3.lO-::4 zc/cM 4• IlpH OTHbme-

HHH. TOKO~ ~(x,,; ±20 cM)_ ~0:42 ~~ ~~3nO)KeHHH _B PHJJ. JCP~,e~ii 
· 1(x,,,,±40cM) . · · , ·' . , , , , ,, . :i 

~Bz<x)uaxo.nnM b,i- = -1.10-'1 zc/cM -. 
3HatJeune noKaJaTen,11. non,11_ e TOtJHOM .peJouauce .onpe:-;. 

.nem1eTCH H3 ycnoeHH v'O-n)l-=2/3H cocTaenHeT n r= 0,624. 
Pa6otJee 3HatJeHHe noKaJaTenH :nonH cocTaBnJleT 0,67. H3 
/16/, HRX,OJJ.HM paccTpoiiKy An,, H IlOKa3aTenL. nonH n I, 

COOTBeTCTBYIOIQHe Balfany BblB0J].a / a() = f!. CM/: ,\nh= 0,010, 
n h= 0,634. Yron Ha BXOJ].e e cen,TyM-MarHHT yMeHLmaeTCH 
B npouecce: BLIBOJ].a OT 1,3 Mpao JJ.0,O, a 3<t>cl>eKTHBHOCTb IlPH 
TOnIQBHe cenTyMa b = 0,5 CM, HJ_MeHHeTC_JI OT 0,965 JJ.O 
0,969. 

IlpBBe)J.eM J].IlJI cpaeneHHH HeKOTOpble oueHKH .nm1 cnyqaJI, 
Kor,na npH BLIBOJ].e HCilOilLJyeTCJI B03MYIUeHHe BH,IJ;a b,x ·~o;in20 . 
IlpH IlOil0)KeHHH cenTyMa x s = 35 CM H MaKCHManLHOH 
aMilnHTy,ne UHPKYnHpyroI.Qero nytJKa ao =, 8 CM H3M,eHeHHe 
yrna Ha BXOJ].e _B ,FM COCTaBnHeT ~ 0,08 Mpao H npaK
THtfeCKH OTna.naeT neo6XOJ].HMOCTb ero K0ppeKUHH. BenHtJHHa 
k4 onpe.nen'!eTCJI. H3 cliopMynLI /23/ H COCTaBnJleT 
2,04.10-~ CM-.i. 3natJeHHe itaqanLHOH paCCTpOHKH MO>KHO 
oueHHTb H3 /24/. IlonyqaeM t\n 1,'· 0,001. TaKHM o6pa30M, 
ecnH JJ.IlH BLIBOJ].a npHMeHHeTCH B03M}'lUeHHe b 4x 1sin 2 0 , 
TO Tpe6oBaH_He K TOtfHOCTH IlOJ].J].ep;>t<aHHJI 3aKOHa H3MeHeHHJI 
n0 _ BO apeMeHH ao3pacTaeT · ua · nopHJJ.0K, oco6euuo npH 
IlOJ].XOJ].e K TOtJHOMY pe 3 ouaucy / o6nacTb ManblX aMnnHTYJJ./, 
KaJC. aTo: cne.nyeT H3 /21/. 3ua,tJeuue 1;1a,tJanLHoii paccTpoiiJC~ 
MO)KHO yaenHtJHTL, npu6nH)KRH FM JC Ro, HO .,3T0 ;IlPHBe_neT 
JC : yaenHtJeHHIO" Tpe6yeMoro yrna UTKJIOHeHHH _B, FM , yae.-, 
nHtfeHHIO TOnIQHHbl · cenry~fa\ 'H! CHH)KeH·Hio·:.34>4ieJCTHBHOCTH 
BLIBOJJ.a. K TOMY :>Ke H3Meueuue yrna ua axo.ne B FM1i T·e11e-

122 

HHe BLIBOJ].a B03pa·cTaeT C npu6_nH:>KeHHeM cenTyMa JC Ro
YKa3aHHyro TPYJJ.HOCTb . MO:>K~O, o6oiiTH, ecnH B :u'euTpe 
JCaMepbI yeenHtJHTb , BenHtJHHY B03MyIQeHHH, JCaK npe,nno
:>KeHo e /II< HO co3,naHHe Tpe6yeMoii cliopMhl _B03MYIQeHHJI 
IlOTpe6yeT npoJCna)J.JCH 6onLmero tfHCna nonJOCHLIX IlPOB0JJ.
HHJCOB. H3 3THX coo6pa)KeHHH pemeHo 6L1no npH BblBOJJ.e 
HCilOilb30BaTb ceJCcTynonLHOe B03MYIQeHHe. 

H3MeHeHHe noJCa3aTenH nonH OT pa6otJero 3HatJeHHH 
JC pe30HaHCHOMy _MO:>KHO ocymeCTBHTb. C IlOMOIQLIO CHCTeMLI 
nonrocHLIX npoBOJJ.HHJCoe, pacnono)KeHHLIX Ha ·x = +10 H 
X = ±30 /o6MOTKa Pl/. 06pa'.y,Hhle BHTI<H 3TOH o6MOTI<H 
3aMI<HYThl aHanorHtJHO 06MOTKe P2, tfT06hI He C03J].aBaTL 
JJ.HilOnhHOH I<OMilOHeHThl nonH Ha ueliTpanLHOM paJ].Hyce Ro· 
Ha PRC. 10 npHBeJ].eHhl 3aBHCHMOCTh H3MeHeHHH. no1<a3a-

tfn 
. -1/0 -20 0, 20 60 ··x.c,-, '-,, -,, ,,,,t_ ·-' ,;-tt, ""'-t'.,,,., \,' \ ,,~ ', ,, 

/', \ \ , 
. / \ / _o,02 l 
·"-"' \_,, \ / \ 

a 

" g 

0,1/ 

0.2 
-.-1_ 

-20 0 ao 1/0 60. 

Puc. 10. 3aBHCHMOCTh H3MeHeHHJI IlOKa3aTenH nonH OT X , 

C03J].aeaeMaH TOKaMH 40 a B npOB0JJ.HHKax o6MOTKH p 1 npu 
HHJJ.YI<U:HH B O= 10 1<zc (a) R pacnpe.neneHHe no1<a3a -renH rronH 
npu B = 10 1<zc a OTCYTCTBHe B03MYIQeHHH (bJ. . . 0 . . 

23 



Tem1 JIOJIJI OT X, C03,naaaeMaH TOKaMH 40 a B IIpOBO.IlHBKax 

o6MOTKB Pl /pHc. lOa/, H pacnpe.neneHHe IIoKa3aTen.11 IIOJUI 

·JipH HH.IlYKUHH 10 K2C B OTCYTCTBHe B03MYIUeHH.11/pec •. 1OB/. 

llT06LI H3MeHHTL n B ueHTpe KaMepLI Ha BeJIH'IHHY on, 3Ha

'leHHJI TOKOB a npoBO.IlHHKax o6MOTKH P 1 .IlOIDKHLI COCTaB

JIJITL 

I = 0,1075B on, 
l 0 /30/ 

r.ne Bo - HH.IlYKUHH /zc/, 1, - TOK /a/. IlpH HH.IlYKUHH 10 .K2C 

Ha11ano BLIBO.Ila COOTBeTCTByeT 3Ha'leHHIO. TOKa I l = 39 a. 
To11HLIH pe3oHaHc .nocTHraeTCH npH I = 49,5 a. 

H3 pHc. 1Oa BH,nuo, 'ITO npH H3MeHeHHH noKa3aTen11 

JIOJIJI TOKaMH o6MOTKH P 1 JIOJiy'leirnoe pacnpe,neneHHe n B 

OKpeCTHOCTH Ro MO)KHO npe,ncTaBHTb B BB.Ile n(x)~n 01-n .2 x2, ... 
,ll;n.R 3Ha'leHHH Ix: •. 6 CM B uaqane BLrno.na / I = 39 a/ H3 , . , I 
aHaJIH3a KPHBoii pacnpe.neneHHH n ( x) nony11aeM : n 2 = 
= -0,000125 cAr2 . Hcnom,3yH /27 / H /28/, HaXO.IlHM Koop- . 

.IlHHaTy oco6o_ii TO'IKH Fi . KOTopaH HBJIHeTCH ueHTPOM o,nHoro 

H3 "ocTpOBOB" CTa6HJibHOCTH /cM. pHC. 8/ XI = 13,2. ff3 

pee. 10 BH.IlHO, 'ITO npH X - 10 CM cpe.nuee 3Ha'leHHe n 2 

yMeHLmaeTCH H ,na)Ke H3MeHHeT 3HaK Ha npOTHBOUOJIO>KHblH, 

cne.noBaTeJibHO, CTa6HJIH3aUHH He uacTynaeT. B KOHUe 

BLIBO.Ila /II = 49,5 a/ 3Ha'leHHe 11 2 . Haii.neHHOe JJ,JJJI. 

HHTepaana -6 CM·.X·. 6 CM, COCTaBJIHeT n2 = -O,OOO156cM"~ 

'ITO .naeT X -t = 5,8 CM. TaKHM o6pa30M, B KOHUe BblBO.Ila 6y

.neT Ha6n10.naTbCH 3<MleKT CTa6HJIH3aUHH pocTa aMDJIHTY.Il 

H qaCTHULI C .IlOCTaT0'IHO MaJiblMH Ha'laJibHblMH aMDJIHTY.Ila· 

MB BbIBO.IlHTbCH He 6y,nyT. rpaHH'IHOe 3Ha'leHHe Ha'laJibHOH 

aMJIJIHTY.IlLI, npH KOTOpOM uacTynaeT CTa6HJIH3aUHH, M0>KeT 

6LITL nony'leHO 'IHCJieHHblM HHTerpHpouanHeM c y'leT0M 

peaJILHOH 3aBHCHMOCTH n(x), 
HcJIOJIL3YJI /4/, /16/, /29/, /30/ e C0OTHOmeHHe 

pc=: c B0 Ra • nonyqaeM, 'ITO ,nHaJia3oH aMIIJIHTY.Il pa.neanLHblX 

6eTaTpOHHLIX KOJie6aHHH qacTHU, HaXO.IlJIIUHXCJI u o6naCTH 

YCTOH'IHBOCTH, cne,nyJOIUHM o6pa30M 3aBHCHT OT TOKOB I I H 

I : 
2 4- 2 

a -= l.L~ll._(on -on)- __ ?.!._92 e_l!u_ 
,. , .- r - pcl 

K
2
v·rr 2 

202 I 1 ) 
(1- ff~-- ' /31/ 

r.ne on r = 0,67 - n r , 8 n ,.,, 0,67 - _ n O , a
5 

- MaKCHMaJILHaJI 
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ycTOH'IBBaJI aMIIJIHTY.na. llHCJIO 'laCTHU, HaXO.IlJIIUHXC.11 B yc

JIOBH.IIX YCTOH'IHBOro .IlBH)KeHH.11, paBHO 

as 

N= f N
0

f(a)da, 
0 

/32/ 

r.ne N0 - 11xcno 11acTHU B UHPKYJIHpyror:ueM IIY'IKe, f (a)- <}iyuK

ue.11 pacnpe,neneuu.11 IIo aMIIJIHTY.ztaM pa.ztHaJILHLlx 6eTaTpou

HLIX KOJie6aHHii 1121 . H3 /31/ H /32/ n~ny11aeM BLlpruKeHHe 

.IlJIJI TOKa BLIBe.zteHHOro ny11Ka: 

·=- dN =-N f(a }(<las dl1+ <las d_l 2 _+ <las dB~ 
_J d t O s d I 

I 
d t · d 1

2 
d t d B

0 
d t 

2 
2192N

0
f (as) 

B0Ri2 
[202Bo§ + 8 0 {1- 20211-. dl2 

dt I B ·1-d -
/33/ 

2 O t 

-(2Bo-202l l) :tBo-]. 

Pa3MepHOCTL K03<MlHUHeHTOB 2192 H 202, BXO.IlJIIUHX 

B /31/ H /33/, COCTaBJIJleT a.cM2 zc-1a zc.a-1coOTBeT
CTBeHHO. 

PaccMoTpB~ BHa11ane l 2 = const , B O = const . H3 /33/ 
BB.IlHO, 'ITO TOK BLIBe,neHHOro IIY'IKa MO>KHO IIO.Il.Ilep>KHBaTI, 

JIOCTOJIHHLIM C JIOMOIULJO o6paTHOH CBJl3H, B3MeH.ll.11 BeJIB-

'IHH~ !! 1 
npoJIOPUHOHaJILHO CHrHany OmB6KH Ll u,;,y(j-j o>, 

r.ne JO - Tpe6yeMa.11 eeJIH'IHHa TOKa BLIBe.neuuoro ny11Ka. 

OueHBM .IlOIIYCK Ha ee.rrll'-IHHy aMJIJIHTY.IlLI nynLcauei 

B CHGTeMe p I. TaKHe IIYJILCaUHH npHBO.Il.llT K HepaBH0Mep

HOCTB BO BpeMeHH TOKa BLIBe,neHHoro IIY'-IKa. Ilpe.ztCTaBBM 

3aBBCHMOCTL TOKa B . p 1 OT upeMeHH B BB.Ile: 

<0> AI 
11=1 1 + -

7
-t+A1 sin2rrft 

/0/ . 
r.ne I 1 - TOK B Pl B MOMeHT 

(r) (0) 
aaqana BLIBo,na, r - .nnnTeJILHOCTL BLIBO.zta, Ll I =1 1 -I 1 
I 1r) - TOK B Pl IIpH TO'IHOM pe30HaHce, A I - aMilJIBTy.na 

IIYJILCal(HH B p I, f - 1.faCTOTa nynLcaueii / z1.1/, t - OTC'IB

TLIBaeTC.11 OT MOMeHTa Hal.fana BLIBO.zta. Tor.na .IlJl.11 onpe

.neneHB.11 Ko34xl>eueeaTa Mo,nynHUBH nony11aeM BLipa>KeHBe 
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.. 

m= 
211f A1 r · 

~I 

PaCCMOTPHM 'laCTOTY nynLcauuii 600 2ll H r = 0,5 ceK. 
Ilpu· BH,nyxuuu B 0·= 10 Kzc t\l cocTaBmIeT 10,5 a. Tpe6yJ1, 
'IT06LI K03d><liHUHeHT Mo,nynHUHH HHTeHCHBHOCTH He npeBLI
man 30~, Haxo,nnM A 1 < l, 7 Ma. 

TenepL oueHHM ,nonycx Ha aMnnuTy,ny nynLcauuii B cue -
TeMe P2. 3aBHCHMOCTL OT BpeMeHH TOKa B CHCTeMe P2 
npe·,ncTaBHM B BH,ne I .. = I ~? 1 1- A sin 2 11 f t I a B cucTeMe P 1: 

.,, ,<. 2 
(o) /\ I . 

I 1 = I 1 + -r- t . 1Io,ncTaBn1111 3TH BLipa)KeHHH B /33/, uaxo-

,nHM, 'ITO I<o3d><IJHUHeHT Mo,ny.JIHUHH paBeH: 

m 

B0 2021 l 
2rrfA:z 12 (1- ~) 

202 ~ 
T 

IIpH HH,nyxuuu Bo= 10 Kzc, f = 600 211, .\I= 10,5 a, 
r = 0,5 ceK, I :z = 220 a H I 1 = 39 a /Ha'lano BLrno,na/ 
K03d><liHUHeHT MO,nynHUHH He npeBOCXO,nHT 30'1<,, ecnnA<35 Ma. 

· 2021, 
Ilpu I 

1 
= 49,5 a/KoHeU BLIBO,na/ BenH'IHHa (1- ,r.--) 6nB3Ka 

K Hymo H BnHHHHe nynLcaunn B P2 He3Ha'IHTenLHO~ 
AHanorH'IHO MO)KHO oueHHTL .nonycK Ha nynLCaUBH oc

HOBHOro MarHHTHOro nonH. HH.nYKUHIO npe,ncTaBnHeM B BB,ne 
B

0
~BJ0~Ausin211ft, a TOK B Pl: I(d\0 >+ i;Lc. Hc

nonL3YH /33/, Haxo,nHM 

m = 
(2B0 -202 I 1) 211f A8 r 

202B 0~1 

Ilpu B 0= 10 Kzc, r = 0,5 ceK H f = 600 211 xo3d><IJuuueHT 
Mo,nynHUBH HHTeHCHBHOCTH He . npeBocxo,nBT 30~ •. ecnu 
A 1f0,3 zc B MoMeHT HatJana BLrno.na /I 1 = 39 a/ B 
An<0,4 2C B KOHUe BLIBo,na / I 1 = 49,5 a/. 
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BJIHJIHHE HMIIYJibCHOI'O PA3EPOCA 

YpaeHeHue .L{BH)KeHBH B OKpecTHOCTH pe30HaHca JI X =2/3 
,nnJI 'laCTHULI C HMnynLCOM Po + t.. p BMeeT BB,n 

2 4 R I-no+ ~p 2 
x" +U-n -n (x+~x) ]Ix=- - ~ · O b (x+~x) sin 39. 

o 2 17 B ~p 2 
c 1-n -n. --

0 ·o P. 
o /34/ 

YpaBHeHue /34/ 3anucaHo B npe,nnono)KeHHH, 'ITO qacTuue 
C BMnynLCOM Po COOTBeTCTByeT crna)KeHHHLIH pa,nuyc 
R x - OTKnoueuue OT crna)KeHHoro pa,nuyca R =R +~x= 

C'' . cp C 

= R 
C + 

Rc~P 
(1-n

0
)P

0 
COOTBeTCTBYIO~ero 'laCTHUe C HM -

nynLCOM Po+ tip . CoxpaHHH nHmL qneHLI, . OTBeTCTBeHHLie 3a 
pe3oHaHc, nonytJHM: 

x "+ [ 1-no -n .. Ll x
2
]Ix ""-(k +k2 x 2 )sin2'0 + n Ix 3 • /35/ 

.,_ op p 2 

· IlpucyTcTBHe B /35/ .nunonLHOH KOMilOHeHTLI 

1-n0+Llp/p 0 R Llp 2 
k =~ k2 / ( c ) npHBO,nBT K HCKa)KeHBIO 

op 1-n0 -no.~P p0 (1-nJp0 

paBHOBecuoii op6H'tLI, OilHCLIBaeMOMY /4/, r.ne BMeCTO 

ko cne,nyeT no,ncTaBBTL k op , u K c,nBHry 3d><IJeKTBBHoro 
3HatJeHHJI n0 Ha eenH'IHHY 

"' kop k2p u n = - ,,._...---"-"--~---. r.ne 
[4-(I-n

0
)1) I · 

1-n0 +Llp/p 0 k~ = k .- / 
~P "'.l-n

0
-n

0
~p p

0 
TaKHM o6pa30M, 

'laCTHU C HMnynLCOM 
paccTpoiiKa a noKa3aTene nonJ1 .nnJ1 

Po +Ll p paBHa: 

A k2 k O R t..p 2 
•Ll n =Lln- ------ P P +n [ c ] 

p 2 ' [4-(I-n
0

)1]I O-n 
0
)p

0 

/36/ 

r.ne Lln - paccTpoiixa .nn11 tJaCTHU c HMnynLcoM P0 
ICoop,nHHaTLI OC06LIX TO'leK Ha d,a30BOH nnocKOCTB B 

3TOM cny11ae paBHLI: 
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2kop 
x_op- =0, _ u op = ~(l..;.:ri 

0
) l 

-.· 

2k 0 P 

+, 4-(l-n
0
)I _ 

X 2p,3p= ±2../3 
Apnl 

k2p 

X =0, 
Ip 

u2p,3p -

u =-
Ip 

2A~ 
2p 

4Apnl 

·k -
.2p 

+ 

2k 0 p 

+ 4-(J-n JI 

BeJIHtfHHa MrHoBeHHoro yrnosoro pa36poca ua sxo,ne 
B FM onpe,nemIeTcJ1 pa3H0CTLIO Au =u 2 • -u2 , r,ne u 2- Koop
.zl]IHaTa 0C()60ii TO'IKB ,I(JIJI qacTHl{LI C ~MilYJILCOM Po ' onpe
,nemIeMaJ1 no «i,opMyne /13/. IlpH Ap/p 0 = ±2:1O-~HH,nyic
nuu 10 1<zc H onpe,neneHHLIX paHee napaMeTpax yrnoso:ii · 
pa36poc I\ a C0CTaBJIJieT 0,09 MpaO B Haqane BLIBO,D;a 
H 0,1 MpaO.B KOHD;e. 

ff3 - /19/ nonyqaeM MRKCHMaJILHYIO rny6HHY :ia6poca 
B FM A]IJI 'laCTHl{LI C HMilYJILC0M p 0 +L\ p • 

9 RCL\p 2 
_;_rr k [x -- ----] 
8 - 7p s (1--no) Po 

9 2- - AxJpo>· 

'if"k2xs 
Ax

8
(p

0
+Ap) = 

IlpH Ap/po = ±2.1O-
4

H HH,D;YlCilHH 10 .1<ZC rJiy6HHa 
3a6poca H3MeHJ1eTcJ1 Ha ±10~. 

· yqET HEKOTOPI,JX 3q,,f>EKTOB, CB.Jl3AHHhlX · 
. C HECT~HOHAPHOCTbIO IIPOI.(ECCA . -. 

PaHee nony'leHHLie ,xapaKTepHCTHKH IlY'IKa _Ha BXO,ne 

B FM B pa3JIH'IHLie MoMeHTLI BLIBO,na onpe,neJIJIJIHCL KaK 
d,yHKilHJI He3aBHCHMoronapaMeTpa ;An, npHHHMaroID;ero cooT_
aeTCTBYIOIIlHe ,naHH0MY M0MeHTY BLIBO,D;a_ 3Ha'leHHJI. T.aKoe 
npH6JIH)KeHHe 060CHOBaHO TeM; 'ITO npH y'e''AJieHHOM B'LIBO,D;e 

H3MeHeHHe IIOKa3aTeJIJI IlOJIJI npoucxo'.iuiT. a,niia6aTii'-qecKB. 
B ,IJ;aHHoii pa6oTe yqeT 34idieKTOB, cBJI3aHHLIX 'c 3aaBCH}\(O-

2s: 

CTLIO ~ n OT BpeMeHH, 61.IJI BbIIlOJIHeH 'IHCJieHHLIMH MeTo
,IJ;aMH. CucTeMa ypanHeHHii /12/ pewanaci. MeT0,IJ;OM PyHre
KyTTa. Ilp11 3T0M npHHHMa.ri:ocL, 'ITO paccTpoiiKa B3MeHJieT
CJI BO apeMeHH no JIHHeiiHoMy 3a1<0Hy: An=An0 -y-0. 

~JIJI COKpa~eHHJI BpeMeHH C'leTa B Ka'leCTBe Ha'laJILHLIX 
ycnOBHH 6paJIHCL TO'II<H Ha d,a30BOH IlJI0CI<0CTH, Jie)Kall{He 
B6JIH3H rpaHHl{LI o6nacTH YCTOH'lllBOCTH. 3Ha'l8HHJI CI<0pOCTH 
H3MeHeHHJI IlOI<a3aTeJIJI non» y npHHHMaJIHCJ. paBHLIMH 
0,185.10 -8 H 0,926.10 -B, 'ITO COOTBeTCTByeT ,IJ;JIHTeJIL
HOCTJIM BLIBO,IJ;a 0,5 ceK H 0,1 ceK. B I<a'leCTBe Ha'laJILHLIX 
paccTpoeI< f._ fl O npH HHTerpupoBaHHH 6paJIHCL 3Ha'leHH11 
tn o= 0,01 /Haqano ei.rno,IJ;a/ H L\n0 = 0,0005. PacqeTLI 
noI<a3aJIH, 'ITO B OTJIH'IHe OT CTal{HOHapHoro npH6JIH)KeHH11 
$a30~Lie tpaeI<T0PHH HaI<JIOH8Hbl I< OCH u=O . <J: < O), npH-
11eM 3TOT HaI<JIOH yaeJIH'llHBaeTCH npH Ano ➔ 0 H y ➔ oo. qac
THI(LI, norra,IJ;alOID;He a 3a3op FM, HMeroT yrnoeoii pa36poc 
~a, yaenH'IHBaroID;H:iic11 I< 1<0Hny ai.rno.na, :e aeJIH'IHHa 3Toro 
yrnoeoro pa36poca ao3pacTaeT c yaeJIH'leHHeMy. IIonyqeH
HLie ,IJ;aHHLie cae,neHLI a Ta6JIHl{Y. 

y 

0,185.I0-8 

0,185.I0-8 

0,926.I0-8 

0,926.I0-8 

L\n 0 

d -
_a_(x J,Mpa,n/cM Aa(x s )J Mpa,n 
dx 

,0,0I -0,15.I0-4 
" 

0,0005 -o,rs.ro-3 

0,Ul -0,2I.Io-4 

0,0005 -0,ra.ro-3 

O,I6.I0-5 

O,I4.Io-4 

0,78.I0-5 

0,82.I0-4 

H3 cpaBHeHHH DeJIH'IHH A a H3 Ta6JIHD;bl co 3Ha'leHHHMH 
L\a, II0Jiy'leHHLIMH IIPH oneHI<e BJIHHHHH HMIIYJILCH0ro pa3 -
6poca, MO)KHO C,IJ;eJia TL BLIBO,I(, 'ITO ,I(JIH J);JIHTeJILHOCTeii 
BLIBO,na r~ 100 -=-500 MCeK BeJIH'IHHa MrHOBeHHOro yrnoaoro 
pa36poca qacTHil 11a BXO,IJ;e .D FM orrpe,nemi:eTCH, n ocHoa
HOM, pa36pOCOM 11acTHI{ ·_ nHpI<yJrnpyro~ero IlY'II<a no HM
rryni.caM. 
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H3 CHCTeMLI /10/ BHJJ:H0, 'ITO CK0P0CTL HapacTaHH.11 
aM_Il~H!YJJ: c'i'peMHTC.11 ·, K Hymo lll)H 'ao -• o.· TaK KaK 'npil 
JIHHeHHOM H3MeHeHHH II0Ka3aTeJI.H iIOJI.11 BpeMH HaXO:>K,I(e111i.11 
qacTHUbl B o6JiaCTH H'eycT0H'1HBOCTH 111fon:opu11011a.n1,Ho aM • 
DJIHTy,ne, To qacTliULI c ·tiocTaTotJHo Mam>lMH 'aMniiilTY,naMH 
BLIBe,neHLI He 6y,nyT. 

Ilpe,nnono>KHM, 'ITO npH BeJIH'IHHe paccTpOHKH Ano qa_c:: 
THJ.i:a . C . aMDJIHTy,noii a O 11axo,nHTC.II Jia rpaHHUe o6Jia.CTH 
YCTOH'IHBOCTH, H · · BH·e 3TOH o6nacTH · JJ:BH)KeHHe ·qaCTHULI 
OIIHCLIBa·eTC.11 CHCTeMOH ., / 18/, B K0TOpoii HJ - 3a M

1

a.iIOCTH 
paccTpoiiKH 011yme11 tJJieiI x 2 MH'i'erpHpy.11, 11onyqaeM: 

. }6 XO 
.. x =. . 

16-3k2 XO 0 
'/37/ 

· B Ka'leCTBe' HatJaJILHOro YCJIOJ}H.ff B03LMeM K00PAHliaTy 
occf6oii'T0ifKe· x 2 11pn' paccTp'oiiKe· /\ n 

' . . • 0 

, .,x.•o"'x2=· 
2..j3 L\nol 

k2 

Ilpe,nnOJIO)KHM, qTo pac'cTJ)OHKa yMeH
0

LUiaeTC.II 110 JIHHeii-
··-. ... - · An (i" 

H0MY -3aK0Hy " (\n ~- ,\ n Cl - }' (}. An,•-0 llpH O = -- H K0op,nHHa-
Ta X paccMaTpnBaeMOH 'I~CTHULt·paeHa: , ' y 

. 
. . 16 , · 3 Li\ n oy 

X,,..a.-: .----'---~-.-~-.• 

'- ·'·k
2 

(Sy-3 ,·3_ I Ani7) . / ·"-"' 
/3~/ 

IlpHHHMa.H' 'e 3TOT" .! MO~eHT. H:e6; H . no,ncTaBHB B /37 / -
B Ka11ecTBe x O 311aqe11He x. H3 /38/, 110JI)'.1IHM 

16 ·/3 1An0y 
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B ,na.JiLHeHUieM paccTpOHKa MeH.HeT 1Haic°, y:eeJIH'IHBaeTC.11 

110 . a.6coino'rHOH BeJIH'IHHe ·, H 06Jia.CTL ycT0H'IHBOCTH B03-
pacTaeT. Ilpe,n11onara.11, · 'ITO' ,nBH,ice11He · pace Ma 'ipHBaeMoii 
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3TOMY 3HaifeHHIO L\n0 COOTBeT~TBye-r' 110 iopMyJie/16/ 

11pe,neJILH0e 3HatJeHHe aMIIJIHTYJJ:LI • • C, 

a =B_: ly(4-v'l5) 
11pe,n. k

2 
v --;·-- /40/ 

qaCTHULI C ·iJaqaJILHLIMH aMIIJIHTy,naMH at-a 11pe,n. BLI
ee,neHLI He 6y,nyT. B HaUieM CJiy'Iae IIPH ,nJIHTeJILH0CTH BLI
eo,na· ,- = 0,5 ceK. / y = 0,185.10-8 

/ 311aqe11He a , 
Haii,neHHOe H3 /42/, C0CTaBmleT: a11pe,n. = 2,9 MM. llpe,n. 

cI>opMyna /40/ ,naeT HeCK0JILKo 3aHH:>Kett11oe 311a1IeHHe 
a 11pe,n. TO'IHLie 3HatJeHHe a 11pe.u. 6Limi 11aii,neHLI ~'IHCJieHHLIM 

HHTerpHp0BaHHeM CHCTeMLI /12/ n C0CTaBHJIH 4,9 MM 

llpH r = 0,5 ceK H 10 MM IIPH r = 0,1 ceK. 
IloTepH qacTHU IIPH BLIB0,ne CKJia,nLIBalOTC.11 H3 II0Tep1, 

Ha ce11TyMe H II0TepL 3a C'IeT HeBLIBe,neHHOH qacTH nyqKa. 
HcrrOJIL3Y.II pacnpe,neJieHHe qacTHU 110 aMIIJIHTy,naM pa,nHaJIL
HLIX 6eTaTpOHHLIX KOJie6aHHH /l 2i, Haxo,nHM, 'ITO 06IUaH 
34i<lieKTHBHOCTL BLIB0,na C0CTaBmreT 0,957 IIPH r = 0,5 
H 0,915 IIPH r = 0,1. 
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