
COOfilllBHMR 
OtihBAMHBHHOro 

MHCTMTYTa 
RABPHblX 

MCC18AOBaHMI 

A.,ll,.,ll,blMHKKOB*' r .M.OceTKHCKKH 

CPABHEHttE nAPAMETPOB 
KBA,l],PYnOflbHOrO MttKP030H,l],A 
C OB'bEKTttBOM 

B Btt,l],E KBA,ll,PYnflETA BPALUEHttH 
tt OCECttMMETPttqHoro MttKP030H,l],A 
C OB'bEKTttBOM 

AYfiHa 

9-84-844 

B Btt,ll,E CBEPXnPOBO,ll,HmErO COflEHOtt,l],A 

* neHHHrpa ACKHH r ocyAapCTBe HH~H y HHBe pCHTe T 

1984 



D HnCTOR~eH pa6oTe HCC/leAYIOTCR ABa pa3/lH4HblX BapHaHTa npoToH­
Horo MHKPO3OHAa, nepBblH sapHaHT npeACTaBnReT CHCTeMy, COCTOR~YIO 

H3 4 KBaAPYnO/lbHblX /1HH3 H RO/lRIO~ylOCJl KBaApynneTOM Bpaw,eHHR I 1 
-

31
, 

Do BTOPOM BapHaHTe BMeCTO KBaAPYnO/lbHOH CHCTeMbl HCnO/lb3yeTCR 
oceC!1MMeTpH4HaR MarHHTHan /1HH3a B BHAe csepxnpOBOAR~ero CO/leHOH­

Aa, 
AnR KBaAPYn/leTa Bpa~eHMR paCCMaTpMBaeTCR npRMoyrO/lbHaR MOAe/lb 

pacnoeAe/leHMR ocesoro nonn. AnR coneHOMAa 11cno11bayeTCR KO/lOKO11O-

06paaHaR rnaaepOBCKaR MOAe/lb. 
YpaBHeHMR ABHmeHHR aapR~eHHblX 4aCTMU B KBaApynO/lbHOH /1MH3e 

3anHCblBalOTCR B BMAe: 

/1/ 

/2/ 

rAe Bk - MarHMTHaR HHAYKUMR Ha nornocax /1MH3bl, Bp - MarHMTHaR 
~eCTKOCTb 4aCTMUbl, ak - PaAHYC anepTypbl, A/lR npRMoyrO/lbHOH MOAe­
/lH kk0 (~ = 1, Akx ,Aky - MHoro411eHbl III nopRAKa OTHOCHTe/lbHO ta-
3OBblX nepeMeHHblX X, x', y, y'. 

AHanorH4HO aanHCblBa~TCR ypaBHeHHR A/lR coneHOHAa /BO Bpa~a10-

~ei1CR CMCTeMe KOOPAMHaT/: 

,, k 2 A 
X -t OX = u Ox • 

,, k 2 A 
y + oY=uo • y /3/ 

/4/ 

3ACCb Bo - MaKCHMa/lbHOe 3Ha4eHMC npOAO/lbHOro 11O/lR Ha OCH /1HH3bl. 
L\Jlll K0/10KO/l006pa3HOH MOAem1 koo<z) HMeeT BHA 

r11e 3Ha4CHHe Z OTC4MTb1BaeTCR OT ueHTpa /1MH3bl, d -
nO/lR, rnaaepOBCKOe 6eapaaMepHOe k2 paBHO k 2d 2 . 

/5/ 

11O/lYWHPMHa 

PeweHHe napaKCMa/lbHblX ypaBHeHMH ABM~eHM; MOmHO aanHcaTb 4epea 

MaTp11uaHTbl /MaTPMUl,I nepeXOAa/ X( z / Zo) M Y( z / Zo): 

. I~ u 
A 

l 



X XO 
II ll=X(zlZo)·II II, 

X' XO , 

y Yo 
11 ll=Y(zlzo)·11 II• 

x' Yo 
/6/ 

AnR KBaApynOI1bHOH CHCTeMbl MaTpH4aHT o603Ha4HM HHmHHM HHAeKCOM 
,, k" / X k, yk /,AI1R OC:CHMMeTpH4HOa)' - HHAeKCOM "o" /XO, Yo/. MaTpH-
4aHT , OTC4HTblBaeMbM OT BXOAa B KBaAPYnOI1bHYIO CHCTeMy AO BblXOAa 
H3 Hee, o603Ha4HM 4epe3 Xt,v:. CoOTBeTCTBYIO~HH MaTpH4aHT AI1R 
oceCHMMe TpH4HOH I1HH3bl HMeeT o6o3Ha4eHHe X 6. yo•. 

KaK H3BeCTHO, AI1R KBaApynne Ta spa~eHHR c npaBeAI1HBbl paseHcT­
sa: 

x k= Yt=Mk. Mk+1=Mk22 • 17/ 

AnR ocecHMMeTpH4HOH MarHHTHOH nHH3bl ecerAa cnpaeeAnHso: 

X0 = Y0 =Mo , Mou = Mo22 • /8/ 

CBR3 b MemAY COOTBeTCTBYIOIIIHMH na paMeTpaMH 3KBHBa!1eHTHblX oce­
CHMMeTpH4 HOH I1H H3bl H KBaApynneTa s pa~eHHR MO~HO nOI1Y4HTb H3 
YCI10BHR paBeHCTBa MaTpH4aHTOB /Mk= Mo/' 4TO npHBOAHT K ABYM 
ypa sHe HHRM ; 

Mk+ d = Mo1 1 • 

Mk21 = M 021 

/9/ 

/10/ 

KaK H3Be CTHO, pemHM pa60Tbl KBaApynne Ta spa~e HHR xapaKTepH-
3ye TCR Harpy304HOH KPHBOH x2 = x2 (X1 ). rAe 

✓~· L1, X = 
I Bpak 

i = l ,2. / 11 / 

3Ae Cb HHAeKC 1 OTHOCHTCR KI HIV I1HH3aM , HHAeKC 2 - K II H II I 
I1HH3aM , Li - AI1HHa I1HH3bl. 

Ann Ka~oH T04KH Ha Harpy304HOH KPHBOH MomHo HaHTH MaTpH4-
Hble 3!1e MeHTbl /HI1H KaPAHHaI1bHble 3!1e MeHTbl rk H SFk / . YpasHe HHR 
/ 9/ H / 10/ RBI1RIOTCR ABYMR ypasHe HHRMH AI1R ABYX He H3Be CTHblX na ­
paMe Tpoe k 2 H d 3KBHBane HTHOH / KBaApynne Ty spa~eH1-1R/ o ceCHM­
MeTpH4HOH I1HH3bl . n pH6!1H~eHHOe pe weHHe 3THX ypaBHeHHH HMeeT BHA: 

I c 2 
_d_~./ ( -k-) 

Lk Lk 

SFk l 2 
- (-- + - ) 

L 2 
k 

SFk + : Lk 
r = arccos ( - --- -- ) , 

2 
fk 

2 -( ") 2 l k = r- - • 

/ 12/ 

/1 3/ 

j 

n 
j 

rAe 

Lk=2(L1 +L2 )+S+.\. /14/ 

~AeCb ,\ - paccTORHHe Me>;<Ay COCeAHHMH cpeAHHMH I1HH3.3MH, S - Mem­
AY coceAHHMH cpeAHeH H KpaHHeH. 

AnR pe~HMa pa60Tbl MHKP030HAa HaH60I1bWee H3 ABYX x, a HMeHHO 
X2. np"16!1H3HTeI1bHO paBHO 1, k 2 = 0,2+0,4; d"' 0,3Lk• 

PaCCMOTPHM npHMep KBaApynOI1bHOro 30HAa C napaMeTpaMH: 
L 1 =L2 =L, S=.\=0, x 1 = 0,617, x2 = 1, a= 17,5L, g=0,66L, 
M = 0, 24, L = 20 CM, rAe a - pacCTORHHe OT nepBOH AHa(!>parMbl AO 
BXOAa B I I1HH3y, g - paCCTORHHe OT BblXOAa H3 IV I1HH3bl AO MHWeHH, 
M - ysenH4eHHe. AnR coneHOHAa COOTBeTCTBeHHO OOI1Y4HM: k2 = 0,23, 
d = 0, 3L k • .l\nR npoToHoe c 3 HepnteC1 3 t1313 HMeeM B = 2, 5 T M, 
Bo"' 10 T , Bk2/ak ~ 0,625 T/cM, Bk1 /ak = 0 , 238 1/cM, d=0,24 M. 
Cp~BHCHHe XPOMaTH4eCKHX a6eppa4HH o60HX THnos I1HH3 noKa3blBaeT, 
4TO OHH npH6I1H3HTe!1bHO pa9Hbl. PacwHpeHHe nRTHa Ha MHWeHH, Bb13-
Ba HHOe HMOYI1 bCHblM pa36pocoM 4aCTH4 B ny4Ke, 6xp = 6Yp'"6rp• rAe 
An<! OCCCHMMCTPH4HOH I1HH3bl 6rp "' 6rop • a AI1R KBaAPYnI1eTa spa~eHHR 
6 rp = 6r kp • .l\nR npHBCACHHor o BblWe npHMepa MHKP030HAa 

6p 6p • 
6r == 11 . L k . - - a Mk "' 12 • r · - - a, r Ae a - Ha4aJlbHblH y r on pa c-op p ' P , p 
X0AHMOCTH ny4Ka. 

Pa3MblTHe nRTHa Ha MHWeHH 3a C4e T reoMe TpH4eCKHX a6eppa4HH npH 
AOCTaT0 4HO MaI1blX pa3Mepax OAHOH AHa(!>par Mbl / 20-30 MKM/ B OC HOB HOM 
o npeACI1RCTCR C(!>epH4eCKOH a6eppa4H eH ,H AI1R KBaApynne Ta spa~eHHR 
Pn BHO: 6 rk,ma.x "' ck • Lk •a3,a AllR cone ~tOHAa 6ro , max ==C0 •Lk•a~ .l\nR 
BblWenpHBeAeHHo r o npHMepa MH KP030HAa ck ;; 7200 / npRMOyrOJlbHaR Mo-· 
ACI1b/, C O "' 4700. 

Pac4e Tbl AllR KOJlOKOJ1006pa3HOH MOACJlH ocesoro nOllR B KBaAPYOOJlb­
HblX JlHH3aX yKa3blBanT Ha TO, 4TO OTJ1H4He B BCI1H4HHax ck H co Bb13-
BaHO He pa3JlH4HeM THnoe none H, a pa3nH4HeM BHAa ocesoro pacnpe ­
AeneHHR nonR . AnR KonoKonoo6pa3Horo pacnpeAene HHR nonR ck =4300. 

TaKHM o6pa30M , KBaApynneT epa~e HHR H coneHOHA B YKa3aHHOM 
npHMepe MHKP030HAa npaKTH4eCKH co enaAalOT no BCeM OCHOBHblM OnTH-
4e CKHM xapaKTe pHCTHKaM, KaK JlHHeAHblM, TaK H HeJlHHeHHblM. 0CHOBHOe 
pa 3!1!14He COCTOHT B senH4HHax Ma r HHTHOH HHAYK4HH Ha OCH coneHOHAa 
11 Ha noniocaX,. KBaApynOnbHblX JlHH3. 
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B 06"beAHHeHHOM HHCTHTyTe RAe-pHbiX HCCneAOBaHHH Hal.lan 
BbiXOAHTb c6opHHK "Kpam1eue coo6~eHUR OH.HH". B HeM 
6YAYT noMe~aTbCR ciaTbH, COAeP*a~He opHrHHanbHble .Hayi.IHble, 
Hayi.IHO-TeXHHI.IeCKHe, MeTOAHI.IeCKHe H npHKnaAHble pe3yflbTaTbl, 
Tpe6y101111o1e CpOI.IHOH ny6nHKa1.1HH, 6YAYI.IH l.laCTbiO 11 Coo6uleHHH 
OH.AH", cTaTbiA, aoweAWHe a c6opHHK, HMeiOT, KaK H APYrHe 
H3AaHHR OH.AH, cTaTyc ~HLIHanbHbiX ny6nHKai.IHH, 

C6opHHK "KpaTKHe coo6~eHHR OH.AH'' 6yAeT BbiXOAHTb 
perynRpHo. 

The Joint Institute for Nuclear Research begins publi­
shing a collection of papers entitled JINR Rapid Communi­
cations which is a section of the JINR Co11111unications 
and is intended for the accelerated publication of impor­
tant results on the following subjects: 

Physics of elementary particles and atomic 
Theoretical physics. 
Experimental techniques and methods. 
Accelerators. 
Cryogenics. 
Computing mathematics and methods. 
Solid state physics. Liquids. 
Theory of condenced matter. 
Applied researches. 

nuclei. 

. I 

Being a part of the JINR Co11111unications, the articles 
of new collection like all other publications of 

• the Joint Institute for Nuclear Research have the status 
of official publications. 

JINR Rapid Communications will be issued regularly. 

' 
_A_ 

"Jlllllllll .. liJIIIIIIIL 
""''I II •• II ''''" ' 

......: 
\ 

AbiMHHKOB A.A. t OceTHHCKHH r .M. 9-84-844 
CpaBHeHHe napaMeTpoa KBagpynon&Horo MHKposoHga c o6beKTHBOM 
B BHge KBagpyrure:ta Bp~eHHSI H OCeCHMMeTpH'IHOrO MHKP030Hga 
c o6beKTHBOM B BHAe caepnrpoBOA.fl~ero coneHoHAa 

HccneAoBaHbi ABa pasnH'IHbiX aapHaHTa peanHsai.U·IH npoTOHHoro 
MHKp030Hga. ITepBblH BapHaHT npep;CTaBn.fleT CHCTeMY, COCTOSI~YJO 

H3 4 KBagpynonbHhlX llHH3 C CHMMeTpHeii KBagpynneTa Bp~eHHSI,BTo­
pOJ{ BapHaHT oGpasyeT MHKp030Hg,B KOTOpOM cPOKYCHp~aSI CHCTeMa 

. /o6beKTHBHaSI/ C03AaeTCSI oceCHMMeTpH'IHbiM MarHHTHhJM noneM B BHAe 
caepxnpoBOASI~ero coneHoHAa. ITpoBeAeHo cpaBHeHHe MarHHTHblX noneH: 
B 060HX BapHaHTaX. 

p a6oTa BbinOnHena B Jla6opaTOPHH HeHTpOHHOH cPH3HKH Ql-UII1. 

Coo6.eHHe O&heAHHeHHoro HHCTHTYTa RAePHWX HccneAOBaHHA, nY6Ha 1984 

ITepeBOA O.C.BHHOrpagoaoH: 

Dymnikov A.D., Osetinskij G.M. 9-84-844 
Comparision of Parameters of Quadrupole Microbeam with 
an Objective in the form of Rotation Quadruplet and of 
Axisymmetric Microbeam with an Objective in the Form of 
Superconducting Solenoid 

Two versions of construction of proton microbeam focusing 
systems habeen studied. The first one is a system of four 
quadrupole lenses with a quadruplet rotation symmetry. In the 
second version the microbeam could be obtained by using a focu­
sing system consisting of axisymmetric magnetic fields from 
a superconducting solenoid.The magnetic fields which can be 
achieved using these two systems are compared and discussed. 

The investigation has been performed at the Laboratory 
of Neutron Physics, JINR. 
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