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PaccMaTpl1ea~TCR HeKoTop~e eonpoc~,CBR3aHH~e c KoppeK411-
e~ e TRmenOI10HHOM CI1HXPOTPOHe THC/npoeKT YKTH/. Ha ocHoee 
raMI1nbTOHOBCKOro ~OpMani13Ma B~411CnR~TCR CMe~eHI1R 6eTaTpOH
H~X 4acTOT. Op11eo~RTCR om11~aeM~e rpa~l1eHTH~e cMe~eHI1R 4ac
TOT, B~3~BaeM~e CI1CTeMaT114eCKI1M11 11 cny4a~H~MI1 OWI16KaMI1. 
XpoMaTI14HOCTb paccMaTpl1eaeTCR c y4eToM ~e~cTBI1R ~11none~. 
C~enaH Bbl6op pacnono>KeHI1R 11 B~411CneH~ Heo6XOAI1Mble cl1nbl 
KOppeKTI1py~~I1X CeKCTynone~. 06cym~aeTCR ~e~CTBI1e pe30HaHCOB

1 

pacnono>KeHH~X e6nl1311 pa6o4e~ T04KI1. 00Ka3aH0
1 

4TO Oml1~aeMOe 
yeenl14eHI1e aMnni1TYA~ Kone6aHI1~ np11 nepece4eHI111 peaoHaHca 
4 v x = 23 He onacHo. 

Pa6oTa BblnonHeHa e Jla6opaTopl111 BbiCOKI1X 3Heprl1~ OH.s:JH. 

Coo6weHue 06bellHHeHHoro HHCTHTyTa SlllepHbiX uccneaosaHHA. Lly6Ha 1979 

Dinev D.H. 9 - 12626 
Correcting Magnets of a Heavy-ion Synchrotron 
in the Project of an Accelerating Complex 

Some problems connected with corrections in a heavy
ion synchrotron are considered. On the base of the Hamil
tonian formalism the betatron frequency shifts are calcu
lated. The expected gradient frequency shifts caused by 
systematical and statistical errors are presented. Chro
maticity is treated rendering an account of the action 
of bending magnets. The distribution of the correcting 
sextupoles is chosen and the strengths necessary are 
calculated. The action of resonances excited near the 
working point is di?cussed. It is shown that the increase 
of the oscillation amplitude expected when crossing the 
resonance 4vx =23 is not dangerous. 

The investigation has been performed at the 
Laboratory of High Energies, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1979 
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1. BBE,4EHHE 

C UeJJbiO OCyJ.UeCTBJJeHBJI p.11,na YHBKaJJbHhlX 3KCnepHMeHTOB 

B o6nacTH Jl,nepuoii cl>H3HKH H B CBJI3H c nnauaMH .nanbueiiwero pa3-

BBTHJI OCHOBHhlX ycTaHOBOK OHJIH B HaCTOJIJ.Uee BpeMJI pa3pa6a

ThlBaeTCJI npoeKT yCKOpHTeJJbHOrO KOMnJJeKCa TJI:lKeJJbiX HOHOB -

YKTH. CxeMa YKTH .nayxcTyneu'laTaJI. TiepaaJI cTyneub - TJI:lKeno

HOHHbiH CHHXpOTpOH /THC/, YCKOPJIIOIUHH HOHbl BCeX 3JJeMeHTOB 

annoTb .no ypaua .no 3HeprHH 250 M3B/HYKAOH /no ypauy/. BTopa.ll 

cTyneHb YKTH - 3TO cyJ.UeCTBYIOIUHii uwue B OHJIH cuuxpocl>a3o

Tpou. B HeM BOHbl 6y,nyT BMeTb B03MO:lKHOCTb ,noyCKOp.IITbCJI ,no 

JHeprHH 3,5 F3B/HYKAOH. 
HacTO.IIIUa.ll pa6oTa nocB.IIIUeHa npo6neMe xoppeKTHPYIOIUBX Jne

MeHTOB T.ll:lKenououuoro cuuxpoTpoua THC. 

Heo6xo,nHMbie .nn.11 .nanbHeiiwux Bbi'IBCneuuii napaMeTpbl THCa 

cne,nyiOJ.UHe 1 11 : 

nepBMeTp - 150 M 

MaKCBManbuoe MarHBTHoe none - 1 ,096 T 
MaKCBMaJJbHblii rpa.nueuT B cl> JJBH3ax - 10, 1956 TIM 

MaKCBMaJJbHbiii rpa.nueHT B )1. JJHH3ax - 10,4673 T/M 

MaKCBMaJJbHa.ll MarHBTHa.ll :lKeCTKOCTb - 8,262 T.M 

xonH'IecTBO nepuo.noa - 24 
xonuqecTBO cynepnepuo.noa - 8 

KOJJH'IeCTBO ,nHnOJJeH - 32 
KOJJB'IeCTBO KBa,npynoJJeH - 48 
3cl>cl>eKTHBHa.ll ,nJJHHa ,nHnOJJ.II - 1 ,48 M 

:Jcl>cl>eKTHBHa.ll .Z.JJHHa KBa,npynOJJ.II - 0,36 M 

'laCTOTa 6eTa TpOHHbiX KOJJe6aHHH 

Qx - 5,8 
Q z - 5,85 
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. 

2. 0 CMBII{BHHH flACTOT EBTATPOHHbiX KOJIEEAHHH 

raMHnbTOHHaH, OllHCbiBaiOil{HH nonepe"'HOe .D,BH)f(eHHe "'aCTHU B 

UHKnH"'eCKOM YCKOpHTene, MO)f(HO npe.D,CTaBHTb B BH.D,e / 2-8 / 

H ~ H C0 ~ H(3 ~ H(4 ) + ... +o H{l ) +o H(2) t .... /1/ 

3.D,ecb H (O) OJHal.faeT raMHnbTOHHaH H.D,eanbHoro ycxopHTenJI -

H {O)= !_(x'2+z'2) t.!._ W aBz(x2-z2)t _!__R 2x2 
2 2 Bp dX 2 p 2 

/2/ 

B /2/ B Ka"'eCTBe o6o61l{eHHbiX HMnynbCOB, KaHOHH"'eCKH COllpJI· 

)f(eHHbiX C nonepe"'HbiM CMell{eHHeM OT paBHOBeCHOH op6HTbl B ro

pH30HTanbHOH nnOCKOCTH - X H B BepTHKanbHOH nnOCKOCTH - Z , 

HCllOnbJYIOTCJI nepeMeHHble X H Z~ 0HH CBJIJaHbl C Tpa.D,HUHOH" 

HblMH ·o6061l{eHHblMH HMnynbCaMH pr H pz paaeHCTBaMH : 

x' ~ R ~-- /3/ 
p 

Z' = R ~ /4/ 
p 

HanoMHHM, "'TO 

p = mr t ~-A r 
r c 

/5/ 

p ~ mz t~A z 
z c /6/ 

H 

2 
P 2 . .!L _ m2c 2 

c2 o /7/ 

B Ka"'eCTBe HeJaBHCHMOH nepeMeHHOH B raMHnbTOHHaHe /1/ 
HCllOnbJyeTCJI o6o61l{eHHbiH aJHMYT e ~ S / R · 

l:lneHbi H{3) , H( 4) H T . .D,. B raMHnhTOHHaHe /1/ onHCbiBaiOT 

OTKnoHeHue MarHHTHOro nonJI OT H.D,eanbHoro - B z- B zcP- nx I P ) 

H HanH"'He B HeM MynbTHllOnbHblX COCTaBnJIIOil{HX 

4 

H(3) ~ .!_ K _!. aBzx3 
3 Bp p ax 

2 
1R2 a Bz3 + ----X 
6 Bp ax2 

1 R2 1 aBz 2 
----xz 
2 Bp p dx 

2 a~ - _!_ _L __ z xz2 
2 Bp ax 2 

2 
(4) 1 R 2 1 aBz 4 1 R2 1 a B ~ 

H =------z +----- z4+ 
24 Bp p2ax 24 Bp p ax2 

3 3 
1 R2 a Bz 4 1 R2 1 a~ z 4 1 R2 a Bz 4 

+- -- ---z + -----X + ----X 
24 B p a x 3 s B P P a x 2 24 n P a x 3 

2 2 
_1._ lL 1 a Bz 2 2 

2 Bp pTx2x z 

3 

R2 a Bz .2-z2 1 --~-X 
4 Bp ax 3 

(1) (2) 
l:lneHbl oH , o H H T . .II,. B raMHnbTOHHaHe /1/ OllHCbiBaiOT 

paJnH"'Hble OWH6KH • OTnH"'He MarHHTHOrO nOnJI OT H.D,eanbHOrO 

( /}. Bz ), OTnH"'He HMnynbCa OT paBHOBeCHOrO ~/}.p) , OTnH"'He rpa

.D,HeHTa MarHHTHOro nonll OT H.D,eanbHOro (A a~~), CMell{eHHe 

MarHHTHhlx :meMeHTOB (Ax , 1\ z), HaxnoH MarHHTOB ( 0 ), npo.D,onb-
aB Hhle nonJI (B

5 
). HaxnoHHble KBa.D,pynonll (a = __ z) H .11,p . 

s az 

(1) R 2 !'!p R 2 a B z R 2 
oH =---X+- --(!'!x)x + -!'!BzX 

p2 p Bp ax Bp 

R2 aB s; ax z (!'!z)z 

(2) 1 R2 aBz. 
o H = - - M--.,x2 

2 Bp ax 

2 
JL ez 
p 

1 n2 a B z !'!p 2 ------X 
2 Bp ax p 

/10/ 

+ !.__ R2 aBz 
2 2 --x2 

p B 

1 R 2 aBz 2 1 rC aBz!'!p 2 n2 aBz 
-- -M--)z + -- ----z -2- --8xz + 

2 B P ax 2 B P ax P Bp ax 

+ _!_ - 1 -B
2

z 2 + Ka xz. 
2 (Bp)2 s B P s /11/ 

l:lneHbl nepaoro nopJI.D,Ka a /1/ noJIBnJIIOTCJI TOnbKO npu HanH"'HH 

onpe.D,eneHHoro po.11,a owu6ox - eM. /10/, "'be .D,eii:cTaue o6ycnoa

nusaeT cMell{eHue paaHoaecHoii: op6HTbl. Ecnu 3TH "'neHhl npucyT-

5 



CTBYIOT B raMHnLTOHHaHe 111, 6y.n;eM C'IHTaTL, 'ITO X H Z onu

CbiBaiOT CMei.UeHHe OT B03MymeHHH op6HTbl . B 3THX HOBbiX nepeMeH

HLIX raMHnLTOHHaH eCTL 

H' : H(~+X , ~-+X ' )- aH X- aH , 
a ~ a~- x 1121 

r.n;e ~ H ~ , - KaHOHH'IeCKHe nepeMeHHble , OnHCbiBaiOIUHe op6HTLI, 

H ' y)Ke He co.n;ep)KHT qneHOB nepBoro nopll.n;xa. 

)J;nll H.D;eanLHOrO ycxopHTenll peweHHe ypaBHeHHJI .D;BH)KeHHJI MO)K

HO npe.n;cTaBHTL B liJopMe cllnoxe 
1 9

-
1 11

-

(x,z) =va:.zrx ,z 

i ( JJ 0+¢ x ,z x,z 
e + k.c. 

( 
, ) . , -, d! . < o x ,z' =v a ( x,z . ' vx +¢ x,z ~0 + 1v r )e ,z x ,z 

x,z x ,z 
+ k.c ., 1131 

r .n;e f x , z - ll!YHKUHH cllnoxe. 

C 6 
~ / 2 -8 / ~ 

ne.n;y.ll 0 menpHHJITOH MeTO.D;HKe , KOr.n;a paCCMaTpHBaeMLIH 

YCKOpHTenL OTnH'IaeTCJI OT H.D;eanbHOrO, 6y.n;eM OllHCLIBaTb .D;BH)Ke

HHe, paCCMaTpHBaJI ero KOHCTaHTbl ax , ¢ x H a z , ¢z B Ka'leCTBe 

HOBbiX nepeMeHHbiX. fiepeXO.D; OT nepeMeHHbiX X H X' K a x H rp x 

COOTBeTCTBeHHO OT Z H Z' K a z H rp z MO)KHO paCCMa TpHBa Tb KaK 

Hexoe xaHOHH'Iecxoe npeo6pa3oBaHHe nepeMeHHbiX. 

K ypaBHeHHJIM .D;BH)KeHHJI MO)KHO npHMeHBTL MeTO.D; ycpe.n;HeHHJI 

KpbinoBa- Eoronro6oBa
1 121

• Tor.n;a .n;nll Me.n;neHHOMeHJIIOI.Ueii:cll qac

TH aMnnBTY.D;bi B liJa3bl nonyqaeM 

d¢ x,z 

dO 

dax,z 

dO 

a <H > 

aax ,z 

a <H > 
=-~· 

X,Z 

, 6,vx,z 1141 

1151 

Ecnu B raMBnLTOHBaHe 111 HeT qneHoB, nHHeii:HbiX no x u z , 

TO Me.n;neHHOMeHJIIOIUBeCJI 'laCTH aMnnBTY.D;bi H liJa3bl OnBCbiBaiOT 
/ 2 / 

OCHOBHYIO 'laCTL .D;BB)KeHBJI , a 6biCTpOMeHJIIOIUHeCJI - 3TO He-

6onLwue nonpaBKB. 

6 

~-

..) 

CMemeHHe 6eTaTpOHHbiX qacToT .n;aeTCJI nepBbiM ypaBHeHHeM 

1141. 

3. rPAJQfEHTHOE CMEII(EHHE 

EETATPOHHblX fJACTOT 

fipB HanB'IBH OWB60K rpa.n;HeHTa no onBCaHHOH BbiWe MeTO.D;HKe 
~ 6 / 2 , 13 / 

.D;nll CMei.UeHBB eTaTpOHHbiX 'laCTOT MO)KHO nony'IBTL 

1 c 

aBZ) 

Max us. 
6-v = + - f f3x z 

x,z 4rr o ' Bp 

1161 

cllopMyna 1161 OllHCbiBaeT .D;eHCTBHe CBCTeMaTB'IeCKHX OWH60K 

rpa.n;ueHTa . EcnH owu6KH cnyqaii:Hble, TO H3 1161 .n;nll cpe.n;HeKBa.n;-

paTB'IeCKOrO OTKnOHeHHJI 6eTaTpOHHbiX 'laCTOT MO)KHO nony'IHTL 

a 6-v x,z 
1 

4rr 
y ~ 

p 

{3 (~) e 
X ,z p a X p p )2 

Bp 
a ~ 

g 

1171 

r .n;e a .ig_ - Cpe.n;HeKBa.n;paT H'IeCKOe OTKnOHeHBe OTHOCHTenbHOH 
g 

OWH6KH rpa.n;HeHTa. 

Q)KH.IJ;aeMble .n;nll cny'lall TJI)KenoHOHHoro CHHxpoTpoHa THC 

ow86K 8 8 Bbl'l8cneHHble Ha u x ocHoBe npu noMomu I 16,17 I cMeme

HHJI 6eTaTpOHHbiX 'laC T OT .n;aHbl B ma6AUije, 83 KOTOpOH BH.D;HO, 'ITO 

npe.n;nonaraeMoe rpa.n;ueHTHoe cMemeHue 6eTaTpOHHbiX qacToT He

Benuxo. Ecnu peanLHble owu6K8 6y.n;yT HaMHoro 6onbwe, TO .n;nll 

KOppe KUHH 6eTa TpOHHbiX 'laC TOT npe.n;yCMOTpeHbl B KBa.n;pynonLHbiX 

n8H 3aX KOppeKTBPYIOIUBe o6MOTKH. 

Cnyqaii:Hble OWB6KH rpa.n;ueHTa BMeiOT 6enbiH cneKTp, OTKy.n;a 

cne.n;yeT, 'ITO OHB B COCTOJIHHB B036y)K.D;aTb nHHeHHble CyMMOBble 

pe3oHaHCbl npH nro6oM "P " . Ha puc. 1 noxa3aHa .n;uarpaMMa pe-

30HaHcoB THCa1 11 H nono)KeHue pa6oqeii: TO'IK8. En8)Kaii:wue n8-

Heii:Hble CYMMOBble pe 30HaHCbl - 3TO - 2 v x = 11 H 2 JJ z = 11 . 

lllBpBHa 3THX pe30HaHCOB, .D;nJI cnyqaJI, KOr.D;a ORB Bbl3biBaiOTCJI 

cny'laHHbiMB B03Myi.UeHBJIMH 
16

•
7 1 

• eCTb 

6. e = 2 a 6-v ' 1181 

7 



j.l5 .€ I \ I * I /--.--- ! r r . 

5.5 5.75 

Puc. 1. ,4uazpaMMa pe3oHaHcoe u pa6ot~aJI mot~Ka THCa. 

Ta611u!la 

3neMeHT C~CTeMaT~~eCKaH ~V 
ow~6Ka 

Cny4ai1HaH 
ow~6Ka 

a~v 

KBaApynonb -~~
g 

10-3 

X Z 

-0,0070 -0,0068 a~g~= 
= 10- 3 

X z 

0,0018 0,0018 

A~nonb g=6·Hf
3 T/M-0,0175 -0,0115 a~g= 0,0015 0,0010 

= 3·10- 3T/ M 

r.ne a~v .naeTcJI /17/: Cne.noBaTeJibHO, .QJIJI 2v = 11 
-3 X 

a .QJIJI 2v z= ll , ~e =5,6 .10 • 

4. XPOMATHtJHOCTh H BE KOPPEKI..{H.R 

-3 
, ~e = 6,6.10 , 

EeTaTpOHHMe qacTOTM HepaBHOBeCHMX qacTHU OTJIHqaiDTCJI OT 

HHX .QJIJI paBHOBeCHOH qacTHUM. llo OnHCaHHOH B naparpaclJe 2 MeTo-

8 

.QHKe .QJIJI CMell..leHHJI 6eTaTpOHHbiX qaCTOT C HMnyJibCOM TaK HaJbiBae

MYID XpOMaTHqHOCTb MO)KHO noJiyqHTb I 14 . 151 : 

~" !<. v O<"ll II. v o w~5 
X,Z X,Z X ,Z 

-/'1.-p -/ -P- = -A -P /-p-- ~ -::\_p_/Tp-- /19/ 

llepBMH qJieH B /18/ OnHCbiBaeT _neiiCTBHe OCHOBHbiX !IJaKTOpOB 

Ha XpOMaTHqHOCTb, BTOpOH - .QeHCTBHe paJJIHqHOrO po_na OWH60K 

A oc II 
Ll V X 1 
-- = - -___,.. f {3 ds 1 f 1/J 1 ·'·' ~p/p 4P ~ " x + 4- - Y ds - - f ...:J:._ d rr M TTMPx 2 as 

1 a Bz --- f {3-ds 
4rrBpK xax 

1\ oc11 a B 

TT M p X 

'-'z 1 f 1/J 1 f z --- ~ - - y ds + -- {3 -- ds . 
!l.p / p 4rr M P z 4rr B p K z d x 

/20/ 

/21/ 

3JJ,eCb Mbl nOJibJyeMC.R CJieJJ.YIDII..IHMH 060JHaqeHHJIMH - a , {3 , 
Y - napaMeTpbi TBHca, 1/J , 1/J' - .nucnepcHJI, onpe.nenRwma" 

CMell..leHHe paBHOBeCHOH op6HTbl C HMnyJibCOM - X eq -=- 1/J ( ~ p / p) , 

J OJHaqaeT HHTerpHpOBaHHe no MarHHTaM, J -HHTerpHpOBaHHe 

no KBa_npynOJibHMM JIHHJaM. 

~ V OUJ16 
X 1 dB 1 dB~ --- f __ z {3 ds t---f 1/J -{3 ds 

~p / p 4rrBp M ax X 2rrBp2M ax X 

+ _1 __ f 
4rrBp M+K 

a~z 
1/J ---{3 ds 

ax2 X 

~ om~6 a B 
Vz 1 f z 1 f 
--- = --- -- {3 ds - 1/J 
~p/p llrrBp M dx z 4 17 Bp2 M 

- _1_ f 1/J d9!3z{3ZdS. 
4rrBp M+K Jx2 

dB z{3 ds-
-- z ax 

/22/ 

/23/ 

9 



Bee Heo6xo.D.HMbie nnJI Bbi'IHcneHHJI xpoMaTH3Ma 4JyHKUHH .D.nJI 

TI1Ca noKa3aHbl ua puc. 2. 113 4JopMyn /20,21/ .D.nJI TI1Ca MO)KHO 

nony'IHTb: 

/). 1/~CH 
= -0,42 + 0,21 + 0,33- 7,05=--6,93 

6. p/ p 

A OCH 
Llll z 
--- = + 0 ,21 - 6,8 = --6,58. 

6.p/ p 

~ ¢1~ 
ill '1'2 Mf 

~ ~$WZI 
liZ MZ q>J MJ 

/24/ 

'/1' 
QJ 
D.2 
Ql 

/25/ 

-------- · 0 
-QI 
-Q2 
-Ql 
-Q4 
-0.5 

¢ WE] 
ill "'~ 

Puc. 2. f/>yHKf4UU- {3 , a , rjJ, r/J' OAJI THCa. 

0)KH.IJ.aeMaJI XpOMaTH'IHOCTb, Bb13BaHHaJI pa3nH'IHOrO pona OWH6-

KaMH /22,23/, .D.nJI TI1Ca He3Ha'IHTenbHa. 

~nJI KOMUeHCaUHH XpOMaTH'IHOCTH HCUOnb3YWTCJI CeKCTynonb

Hble nHH3bl. 

Bb13BaHHaJI ceKcTynonJIMH xpoMaTH'IHOCTb naeTCJI Bbipa)KeHH-

eM 2 
:'wxz 1 as 
---·- =± - -- f r/J __ z {3 ds. 
6.p / p 4rr3p c ax2 x.z /26/ 

3necb npennonaraeTCJI nnJI KoMneHcauHH xpoMaTH'IHOCTH B 

TI1Ce Hcnonb30BaTb 8 nap ceKcTynonbHbiX nHH3, pacnono)KeHHbiX 

B 6onbWHX npJIMOnHHeHHbiX npoMe)KyTKaX Ka)K.IJ.OrO cynepnepHO.D.a, 

KaK 3TO UOKa3aHO Ha pUC. 3. ~nJI CHnbl 3THX CeKCTynone:il H3 

/24-26/ cnenyeT CHCTeMa ypaBHeHHH 

0 ,0585( d~~) 
ax2 1 

a~ 
+ 0 ,409( --~ =6,93 

ax 2 2 

o,260( al3z) + o.os57( a~z) =6,58. 
ax2 1 a x2 2 

/27/ 

Cl C2 tt ---1$-- -1$-fffia----$- - i:Zffi m -EB-$-~ 
1Pf 41 '1'2 Ml 112 M2 ls Ml Ill H~ 

Puc. 3 . KoppeKmupyJOIJIUe ceKcmynoAJI. 

2 ~ 
113 /27/ nonyqaeM: (~~) =20,5 Tj.,.,2H (-a-~) = 14,0 T/1/ . a X 2 1 ax2 2 

0TMeTHM, 'ITO npH Bb!6paHHOM HaMH pacnonO)KeHHH CeKCTy

none:il OHH MoryT B036Y)K.IJ.aTb pe3oHaHCbl TpeTbero nop.ll.D.Ka Ha 

rapMOHHKaX, KpaTHbiX 8, KOTOpble OTCYTCTBYWT B o6naCTH pa6oqe:il 

TO'IKH. 

5. 0 llPOXO)J(,llEHHH PE30HAHCOB 

:113 pUC. J BH.IJ.HO, 'ITO B o6naCTH pa6oqe:il TO'IKH OTCYTCTBYWT 

CTPYKTYPHble pe3oHaHCbi - pe3oHaHcbl Ha rapMOHHJ<ax, KpaTHbiX 

'IHCny nepHO.IJ.OB - 24 H Ha rapMOHHKaX, KpaTHbiX 'IHCny cynepne-

pHO.D.OB - 8. 
TaK KaK cny'laHHble B03MyiUeHH.Il MarHHTHOrO llOn.ll HMeroT 

6enb!H cneKTp, TO OHH MOryT B036Y)K.IJ.aTb pe3oHaHCbl .IJ.n.ll nro6oro 



"p ". )J.n.11 cny'la.ll THCa ceiiqac MLI paccMOTpHM .D.eiicTBHe 3THX 

pe30HaHCOB. 

B THCe Me.D.neHHLIH BLIBO.D. nyqxa 6y.D.eT ocy~ecTBn.IITLC.II Ha 

peJoHaHce 3vx = 17. Ilpu HaBe.D.eHHH Ha 3TOT peJoHaHc pa6o'la.ll 

TO'IJ<a 6y.D.eT nepecexaTL peJoHaHc 'leTsepToro nop.II.IJ.Ka 4v =23. 
I I .x 

Cor naCHO ' 
5 ·~ WHpHHa 3TOrO peJOHaHCa, KOr.D.a OH B036y)K.IJ.aeTC.II 

cny'laHHLIMH BOJMy~eHH.IIMH, .D.aeTC.II BLipa)KeHHeM 

R 1 . I~ 4 2 ~e ~--l -v ~<13. ~e- )a {3) • 
6BpX02rr i XI I B Z /28/ 

r.D.e a B(3) - Cpe.IJ.HeKBa.IJ.paTH'IeCKOe OTKDOHeHHe OKTYIIODLHOH He-

nHHeHH~CTH, a £ xo - rOpH30HTanLHLIH 3MHTTaHC. 

Ilpu nepece'leHHH peJoHaHca 4 v = 23: 

( xo = 9,8 CM.Mpal) 

u .D.n.ll cnyqag THCa O)KH.IJ.aeTC.II, 'ITO: 
3 

1
5 T/M ' B .D.HIIODliX 

(J g3) = 
z 2 TIM 3, B KBa.D.pynonllx. 

HJ /28, 30/ .D.n.ll THCa MO)KHO nony'IHTb 

~e,. 10 - ~. 

/29/ 

/30/ 

/31/ 
)J.nll HapacTaHHll nonepe'IHOH aMnnHTY .IJ.bi npu nepece'leHHH pe-

JOHaHca n t''x + n2vz ~ p H3 BToporo ypaBHeHH.II .D.BH)KeHH.II /15/ 
MO)KHO nony'IHTb1 5,6 / 

(~ 11 2 / 2 
( ) 

xo 

Xt 

I 
(n1-1) At n2xi n2 / 2 

X (-- + ---) 

dx 1 

a xo n1 

e 
~e/2 J sin~/~ de. n 1 ,.! 0 

2 
n 2 c xo 0 

n1+ 

/32/ 

n c 
1 zo 

x2 d 
l n l2 X 2 
(~) I . 2 n /2 

c zo 1 (n2-1) A2 n1x2) 1 
X (--+ --

2 a n 

12 

r.D.e 

e 
i\e / 2 ___ I 

---- 00 

~ · 
n2, 

..:.:.l..J.Q.._ 

n 2 ' xo 

a 
x l 7 v ~ 

~. 0 

a-; 
x 2 = v a-

zo 

sin 1/1 de. n 2 f 0 

1/1 c (nl!/ x 1- n 2 '/z - p)O t u1 ¢x I u2¢z 

B /32, 33/ A 1 H A 2 - HHsapuaHTbi .D.BH)KeHH.II 

A . a - 2.l_g_ a 
I z n l X 

n 1 f. 0 

A a-~la 2 X Z 
n 2 

n2 f. O. 

/33/ 

/~4/ 

/35/ 

/36/ 

/37/ 

/38/ 

)J.nll oueHKH HapacTaHH.II nonepe'IHOH aMnnHTY.D.LI npu nepece

'leHHH pe30HaHCa 4 Vx •· 23 IlpHMeM, 'ITO Sin 1/J : 1, T .e. 6y.D.eM 

C'IHTaTb, 'ITO aMIIDHTY.D.a BCe BpeMll OCTaeTC.II MaKCHMaDbHOH . IlpH 

3THX npe.D.IIODO)KeHH.IIX H3 /32/ MO)KHO IIODY'IHTb 

1 
x 1 = v ~err n L 

1--4 
/39/ 

r.11.e n t - qucno o6opoTOB qacTHULI Ja speM.II nepece'leHH.II peJo

HaHca. Ilpu Me.D.neHHOM BLIBO.D.e ny'IKa HJ THCa qacToTa o6pa~eHH.II 

cocTaBn.lleT 1,2 MF~J. Ecnu .IJ.OIIYCTHTL, 'ITO paccTOliHHe .11.0 peJo

HaHca 3/ ' x - 17 'laCTHUbl IlpOXO.D..IIT paBHOMepHO B Te'leHHe 10 MC, 

TO Ja BpeM.II npe6LIBaHH.II B 30He pe30HaHCa 4 V x , 23 OHH COBep

WalQT 96 o6opoTOB. IIo <l>opMyne /39/ TOr.D.a nonyqaeM 

xl : 1 ,04. 
/40/ 

TaKoe ysenH'IeHue aMnnHTY.D.LI He onacHo. 

As Top npHHOCHT 6naro.IJ.apHOCTb H. I> .HccuHCKOMY Ja BHHMaHHe 

K HaCTO.II~eH pa6oTe. 
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