
06'bE.U11HEHHblt1 11HCTI1TYT 5l.UEPHbiX 11CC.nE.UOBAH11t1 
Jlauoparop1 Hl H.1epHbiX upoG:1n1 

B.B. K onbra 

p - 93 1 

KOMnEHCAUvHI HEJlVJHE.HHbiX . P E30HAHCOB 
B PEJlHTVJBVJCTCKOM UVJKJlOTPOHE . L 

fwd. {uH,. Jud.j' · 49~ v~ l'f, / 

- f· g:U-JU-

.. 

.lly6Ha 1962 r on 



• 

B.B. Konbra 

p - 931 

KOMilEHCAUV!H HEflV!HEVlHblX PE30HAHCOB 
B PEflHTV!BV!CTCKOM UV!KflOTPOHE 

HanpaaneHo B Nuclear Instruments 



PaCCM8TpHB8eTC SI MeTOJl KOMneHC8UHH BHyTpei!HHX HenHHe HHblX pe30HLl HCOB B p e nHTHBHCTCKOM 

UHKnOTpOHe, KoMneHCaUHH OCyLUeCTBnHeTCSI BBeJleHHeM B 3 0He pe30H 8 HC8 HCKyCCTBeHHOH rapMOHH

KH C 8MnnHTYJlOH 1 · 38BHCSILUel1 OT paaHyc a no onpeaeneHHOMY 38KOHy, 

PenHTHBHCTCKHil: UHKnOTpOH CO CnHpanbHO~ CTpyKTypoll: M8rHHTHOrO nOnS! X8p8KTepHayeTCH 

HanH'!HeM 3H8'1HTenbHhlX HenHHeltHblX CHn 1 B03HIIK810LUHX 1 B OCHOBHOM 0 113-38 38B HCHMOCTH ciJ33bl 

BapH8UHII M8rHHTHOro nOnS! OT p8JlHYC8, 3TH HenHHeHHOCTII npHBOJlSIT K flOHBneHHIO 38BHCHMOCTH 

'18CTOThl CBOOOJlHhiX KOne68HIIH OT 8MnliHTYJlhl 1 a TaKme K B03HIIKHOBeHHIO BHyTpeHHIIX HelJHHell:

HblX pe30H8HCOB CBOOOJlHblX KOne68HHH '1 8CTHU C cpoKyCHpyiOll..l e H rapMOHHKOit CnHpanbHOro M8rHHT

HOro nOll!!, TaK K8K B peliHTHBIICTCKOM UIIKliOTpOHe B03MOmeH pemHM pa60Tbl 1 npH KOTOpOM '!ac-

TOT8 BepTHK8llbHblX KOlle0 8 HHit QZ "' <XnSt 1 H8'1HH8!! C HeKOTOporo paJlHYC8 1 H H3MeHHeTCSI TOllb-

KO '18CTOT8 p8Jl1!8llbHblX KOne6aHHI1 Q
1 1 TO HelJHHeHHbie pe3 0H8HCbl 6y Jly r B03HHK8Tb TOllbKO C 

paJlH8llbHblMH KOlle6aHHSIMH npH BbliiOliHeHI!H COOTHOll!eHH!I 

Q = N! q' ( 1 ) 

rae N .:. 'IHCno cnHpanel1 1 q - uenoe '!Hcno (nopHJlOK aenHHeltHoro pe3oH a Hca), 

B npouecce ycKopeHHH q a cToTa p aaHBllbHhlX Kone6aHHlt H3MeHHeTCH npH6liH3HTellbHO KBK 

Q, " E; E o H '1 8C THU8 aonmHa, np11 on p eaene HHbiX 31ieprHHx, npoxOJlHTb 30H bl HenHHeHHhiX peao

H8HCOB, BenH'IHHhl 3HeprHH ycKo pHeMbiX npoTOHOB M3B 0 cooTBeTCTByiOLUHe onpeaeneHHhiM aenH

aeltHh!M pe30H8 HC8M)B 38BI!CHMOCTH OT 'IHClla CnHpanelt npi!BeJleHh! B T a6lJHUe 1, p8CC'IHTaHHOlt 

Ha OCHOBe lJHHell:Hh!X ypaBHeHHH np11 Q =0 z • 

T a 6 n H u a 

~ N/ 3 N/ 4 N/ 5 

4 270 0 

6 800 435 180 

8 1340 860 540 

HeCMOTpSI H a OTHOCHTellbHO Bb!COKHR nopHJlOK (q) 1 SHyTpeHHHe HeliHHeitHb!e p e30 H8HC bl 

B036ymJl810TCSI OCHOBHOH ciJOKYCHpyiOLUelt rapM OHIIKOlt M8rHHTHOro nOlJH, BenH<iHH a KOTOpOlt B COT-

HH pa3 npeBh!lll8eT 8MnliHTY Jlbl HH3ll!IIX rapM OHHK 1 B03HHK810LUHX 1!3-38 HeTO'IHOrO H3rOTOBlleHH!I 

M8rHHTHOlt CHCTeMbl, no3TOMY 8 pHJle cnyqaes He liHHeltHb!e pe30HaHC bl Bb!COKOrO nOpHJlKa Bbl3bl

Ba!OT 6onblllYIO pacKa'IKY Kone6aHHI1 qeM nHHeltHbie peaoHaHChi 1 so36ymaaeMbie HH3lllHMH rapMo

HHKBMH. PacqeTh! flOKa3h!B810T, 'ITO B peliHTHBHCTCKOM UIIKliOTpOHe, MarHHTHOe none KOTOporo 

Ill 
B MeJlH8HHOR niJOCKOCTII HMeeT BHJl 

Hz= H (r) 11 + t sin (_1_ -1'1¢ ) I , 
A (2) 

HeliHHeltHh!e pe30H8HChl 3-ro H 4 -ro nOpHJlKOB npl! p83YMHhiX H Bbl3b! B810T p8CK8 '1KY 

paananbHhiX Kone6aHHlt, npHBOJlHll..lYIO K npaKTH'IeCKH nonHolt noTepe ycKo pHeMoro n y'!Ka . Hena-

HeAHbllt pe30H8HC 5-ro ll0pHJlK8 npH 8MnliHTY Lie p8JlH8llbHb!X KOne6aHHlt nopHJlKB 3-4 CM I! 

A > 6 - 8 eM MomeT 6biTb npoitaea 6ea 3H8'1HTeJJbHOlt noTepH ycKopHeM biX qacTHU, 



Cne~osaTenbH00 npH ycxopeHHH B penHTHBHCTCXOM UHxnoTpoHe npoToHoB ~o aHeprHH B 

HeCKOnbJtO COT MSB HeOC5XO~HMO HCnOnb30B8Tb BbiCOJtyJO nepHO~H'IHOCTb M8rHHTHOra nom! 

N • 7-8, 'ITOC5bl B ~aanaaoHe HaMeHeHHR 'fBCTaT pa~HMbHbiX xone6a.HH9 ocTanHCb nHwb HenH-

He9Hbie pe3oH&HCbl He HH>Ke 5-ro paapR~·a. Tax xax rny6aHa sapHauHH f nponopuHoH&nbHa N • 

To Hcnonb30B8HHe BbiCoxoA nepao~H'fHOCTJI nom1 Bb13hiB8eT aHa'IHTenbHbie TPY ~HOCTK npH peana

aauHH MBrHHTHOll CHCT8Mb1 1 C03~8JOWell 34~8HH08 M8rHHTH08 none. 

8 CIU13H C STHM npe~CT8Bn118TCR uenecoo6pa3HbiM paCCMOTpeTb B03MO>KHbl8 M8TO~bl XOMnea

C8UHH BHyTpeHHHX nenHHellnhlx peaoaaHcaB 3-ro H 4-ro nops~xos. 

8 H8CTORW8M COOOW8HHH ~nR STOll uenJI npe~naraeTCR BBeCTH B 30He COOTB8TCTByJOWera 

HenHHeftHoro p830H4HC4 rApMOHJIItY C nepHO~JI'IHOCT~ N 0 XOTOp8H 6y~eT XOMneHCHpOB8Tb oc

HOBHOft H8nHH8llHb1A 'fneH B yp48H8HHH pa~H8nbHhiX ltaneC5&HKll Jl 8 TO >1<8 8peMR He eiy~eT cywe

CTB8HHO BnHRTb HA nJIHeAHhl8 clJaKyCHpyJOWK8 'ln8Hbl 8 yp88H8HHRX pa~H&nbHbiX H B8pTHXAnbHbiX 

xone6aHKll. 

YpaeH&HHe pa~aanbHbiX JtOneCSAKHll C y'I&TOM OCH08Hb1X H8nHH8llHhlX 'lneH08 0 Bbl3h!B8JOWHX 

BHyTp8HHH8 pe30H4HCbl MO>KKO npe~CT48HTb 8 BH.ll8 

p'' + I 1 + n - '
2 

R 
2 

+ _! ~ cocqd p • 
2(N 2-(l+n))A2 >. 

•% fR p 2 ain cp+ l/6 fR p~coacp + >T -· 7 

cp•Ji-Ncp, 
>. 

R·~ 
eH(R). 

(3) 

... , 

8 STOM ypa8H8HJIH OCT8Bn8Hbl OCHOBHbl8 H8nHH8llHbl8 'ln8Hbl 1 Bbl3biB410WH8 HenHH8llHb18 p830!14HCbl 

3-ro a 4-ro nopsr~KOB. MarHRTHoe none , B KOTopoe sse.aeHbl xoMneacapyJOWHe rapMOHHXH 6y-

~eT onpe~enfiTbCR 8blp4>K8HH8M 

H.=H(r)ll+tain (__!_. -Ncp)+--.!....,(t-R01 ) 2aitt(~-Ncp)+~(r-R )~co.(~-Ncp>l, (4) 
>. 2>.· >. 6 >.. 02 >. 

r~e R 01 , R 02 - ueHTpbl peaoaaHCHbiX aoa ~nR peaoH&HCOB 3-ro H 4-ro nops~xos, caOTBeTCTBeH-

HOe 

Kax BH~Ho, aMnnHTy~a xoMn&HCHPYJOWHX rapMOHHX ~on>KHa onpe~eneHHbiM o6paaoM 3BBH

ceTb OT pa~Hyca, 8 CBB3H C T8M 0 'ITO npRCyTCT8He rapMOHHK H806XO~HMO TOnbKO B p830H8HCHOll 

aoHe, X00p~HH8T4 B &MnnHTy~e XOMfi8HCHpyJOLUHX rapMOHHJt H3M8HH8TCR B ~H8n430H8 

R 0 - ~r <r< R.,+l!lr • r~e 2l!lr - wapaaa 30Hbl ~aaaoro peaoHAHca. YpaBaeaae pa~aanbHhiX 
S II IJ 

xone6aHHA npH H&nH'IHH XOMneHCHpyiOLUHX rapMOHHX B 30H8X COOTB8TCTBYJOLUHX pe30H8HCOB npa-

MeT BH~ 

p"+ll+n f
2 

R 
2 

+ ~ co. ¢ I p 
2[N 2 -(l+n)] >. 2 >. 

=% f R ~p2c:oa ¢. ---p- ). Ol 
1/6 ~ ~ p 

3
sin cp + ... 

1\- >. 02 

Ro 
c/J=--Nc/J, 

0 >. l!IR.,R-Ro. 

4 

(5) 



ECJIH He 0 6 XOD.H M8 D.8nhHeHW 85! K OMneHC8U HSl , TO B 30He K8)!{D,OrO HeriHHeHHOrO pe30H8HC8 

BE OD,SlTCSl no D,B e KOMn e HCHpyiO W H e rap M OHH KH, H a npHMep, D,nSl cny'I8Sl HeriHHeHHOrO pe30H8HC8 

3-ro nopSlD.Ka M B rHHTHOe none 6yaer• HMeTb BHD. 

2 
H = 1l(r) I l + £ sin ( _!__ - N¢) + _!__{ r- R

0 1
) sin ( ~-~!¢) + 

z A 2>l A (6) 

PaaHanbHhle Kone6aHHSl a6nH3H H e n H He liHoro peso H a Hca 3-ro nopSlD.Ka npH aayx KOMneHcH

PYIOWHX rapMOHHKax 6y D.yT onpeaenSIT b CSl ypa aHeHHeM 

( 7) 

B npHHUHTie MO)!{HO npOH3BOD.HTb D,8ribHeHWYIO KOMHeHC8UHIOo 0D.H8KO p8C'!eTbi, npoBeD,eH

Hbie C TIOMOWbiO aneKTpOHHO-MOD,enMpyiOWeH YCT8HOBKH 3MY-87 TIOK838riH, '!TO C.riSl npHeMneMOH 

KOMTieHC8UHH pe30H8HC8 BllOnHe D.OCT8TO'!HO BBeD,eHHSl OD.HOH KOMTieHCHpy!OWeH rapMOHHKH. 

3TO 06bSlCHSleTCSl TeM, '!TO Ben!l'IHH8 OCT8 BWerOCSl HenHHeH!IOrO '!rieHa yMeHbW8eTCSI D.O HynSl 

npu npH6nu)!{eHHH K ueHTpy pesonaHcnoli 30Hhi, rae 6. R = 0 . 

BBOD.HMhle B 30H8X p e30 H8HCOB r8pMOHHKH KOMTieHCHpyiOT TOribKO OCHOBHO H HB riHHeHHhlH 

'!neH, Bbl3b!B810WHH p8CK8 '!Ky p8D.H8ribHblX KOne68HHHo HeTpyD.HO TIOK838Tb0 '!TO cneD,y!OlllHH He

riH!IeHHbiH qneH 6yD.eT B b!3b!B8Tb HeJlHHeiiHb!H pe30H8HC C WHpHHOil: TIOriOCbl B 30-50 paa MBHbWeli. 

nepBOH8 '!8ribHOH, '!TO npa KTH'!BCKH He 6yD.eT BriHSlTb H8 8MTiriHTyD.y p8D,H8ribHblX KOne68HHli.. 

¢838 KOMTi e HCIIpy iOWIIX rapMOHHK He 38BHCHT OT paD.Iiyca, TI09TOMY OHII 6yD.yT OK83b!B8Tb 

O'!eHb cna6oe BnHSlHHe H 8 '!8CTOThl CB060D,HhlX KOne6~HHHo 

KoMneHC MpyrowHe r a pMOHHKH MoryT coaaaaaTbCSl B soHax peaoHaHcoa npoTSl)!{eHHOCTbiO 

B HeCKOribKO CM CH:CTe MOH TOKOBblX 06MOTOKo 

npoB e D, eHHOe p 8 CC M OTpeH H e llOK83b i B8eT, '!TO D,8HHhlH MeTOD., no-BHD.HMOMy, MO)!{BT 6b!Tb 

npHMeHeH D.nSl KOMTieHCQUMH BHyTpeHHHX pe30H8HCOB B penSITHBHCTCKOM UHKriOTpOHe. 

AaTop Bbipa )!{aeT 6n a roaapaocTh B.n. JlMHTpHeBcKoMy 38 pHD. ueHHhiX 38Me'!BHHH npH 

o 6cy )!{Lle HHI1 p a ccMaTpHsaeMoii npo6neMbi, 

n H T e p 8 T y p 8 
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