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C .6 . B OpollQOB 

MArHHTHAff CHCTEMA •A30TPOHA 
C UPOCTPAHCTBEHHOR 

BAPHAUHER nonff 

CneQ)IB.lbHOCTb 052 - 3.leKTP04'J13JIK8 

ABTOpe~epaT LtHCCepTauHH Ha C0HCKBHHe yqeHOH 

CTelleHH K8H.UHJI8T8 ~H3HKO-M8T8M8Tl·l'leCKHX HBYK 



B HBCT0SJl!lee BpeMR BO. MH0I'HX CHHXP0UHKn0Tp0HHblX na6opa

T0pHRX MHpa paapa6aTblB8IOTCSJ HnH y)Ke ocymecTBnSJJOTCH p~K0IICT-
" _/1/ 

pyKUHH nettCTBYIOlllHX YCK0PHTenett • 

B O6'bei:tHHenaoM HHCTHTyTe Hi:tepHbIX HccnenoBllllHH ( lly6ua) 

B Te'leHHe PSJJ:18 neT non HBY'IHbIM pyK0B0!lCTBOM 'lnena-Koppecrron

/leHTB AH CCCP B.Tl. n)Kene110Ba tr, npoqiecc~pa B.Tl. 'llM~TpHeBCKO

ro llp0B0/lHTCSJ pa60Tbl 110 C03/18IIHIO ycKopHTeneii UHKnoTp0IIIIoro 

. THIIB C llp0CTplllICTBeHH0ii Bapttauneii MBI'HHTH0I'0 IT0nH. YcoBep1i1e11-

CTB0BBHHe ClfHXp0UHKnoTp0Ha na6opaTopHH m1ep111,1x rrpo6neM 01-HHl 

rrpe1111onaraeTc11 ocymecTBHTh BBeneHtteM 11por.Tpa11cT11cnnoii naptta

UHH H pacTymero cpemiero Mar:HHTHoro rron11, He nocTHra10mero, 
. /2/ 

0/lHBK0, l!30XpOHIIOH 38BHClfM0CTH •. Ki'l'K II0K83llH0 B pa6oTe , TaKaH 

MO/l_Hq>HKBUHH CIIIIXp0Ul!Kn0T(l0II[I ll03B0ilHT yBenH'IHTb TOK llp0T0H0B 

110 "' 50 MKa. Oc_HOBHhie napaMeTpbl MO/lHqlHUHpyeMoro !p830TpOHa 

OH.RH rrprme11eHb1 B Ta6nuue 1. 

Ta6nuua 

KoHe'IHBH Cpenmrn HH- l.Jttcno AMnnttTyna llmrna- l.JaCTOTa 

3HeprHR TeHCHBH0CTb CITHpa- B.t.J. 30H 'IBC- Monym1-

(MaB) (MKB) 
neii . TOT UHH 
'I (KB) (Mru) ( ru) 

700 50 4 40 18,2-14,2. 700 

MarHHTHoe 'Bnemnun TlapaMeTp 
none ( Kr:c) pannyc (cM) . CllHpanH ( CM) 

12-16 300 60 
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Pe¢epnpyeMaH anccepTaunH nocasmeHa oriHoMy na Han6oriee 

cno}KHh1x n TpyaoeMKHx BonpocoB coabaHHH ~aaoTpoHa ·c npocTpaH

cTBeHHofi BapnauHefi (ycTaHOBKa •~•) - ¢op~HPOB8HHIO TpeoyeMoro 

MarHHTHoro nonH ycKopnTenH. 

llnH ycTaHoBKH "~• aaKoH HaMeHeHHH MaranTHoro nonH B unnnH

apnqecKofi CHCTeMe KOOPllHHaT llnH nnoCKOCTH CHMMeTpHH ( z ==0) 

Bh!opaH B BHae: 

.. ) ···•!',,:,1 ,;.·, 

~~ ~r.1,¢),..".'. H(r).[ 1 +cN(r) c:os(f-,-:- Ne/> )], 

rae: 

( 2 6 , 8 !i 1Q H r) =. H0 . exp ( 0,359t. +, 0,83 t .. .,. ,2;351 t, +1,5 l :- 0,025t J, 
•• '.• ,. • J ' • , 

110 ,,·= 11902a·;'l 1f' =·..L ;· 
rk 

··rk _ 270 CM 

"'( 

HN(r) 
f (r) == ---· -'rny6HHa Bapnaunu · nohH. 

N ·· H (r) · : · , . . . . 
.AMrmnTylla OCHOBHOfi rapMOHHKH H~ ( r) JWH Bb!opaHHoro 

cpe1:rnero rronH H (r) onpeaenHnacb npn nocTostHHOM aHa'l'.eHHH napa-

MeTpa, cµupanbHOCTH norm N ',\ · H anH aaaaHHofi aaBiiCHMOCTH 
., . /3 4/ 

'l'.8CTOTh! CBOOOllHb!X BepTHKanbHb!X Kone6aHHfi • • 

B rrperienax aaaopa sneKTpoMarHHTa CHHXpounKnoTpoHa OI-UHf 

( 2 h M == 120 ,CM) H,. c y'l'.eTOM llpyrnx reciMeTpH'l'.eCKHX orpaHH'l'.e-. . . . . . ~ 

HHfi Obimi orrpep?n~Hbl OCHQBHb!e sne'MeJ,ITbl l\farHHTHOfi CHCTeMh! ,pe-. ) /. . 

KOHCTpynpyeMoro YCKOpHT:nH. Pac'l'.eTHb!M H 3KCnepHMeHTanbHb!M 

nyTeM ·.caenaHa' oueHKa .Heo6xoaHMbIX r.eoMeTpHqecKnx •paaMepoB . · 

Moae;n MarHn,;aou. cncTe~·~1. CepnSI s~cnepnMeHTO~· c npSIMonnHeil:

HbIMH 6pyCK8MH Il03BOnHna O!leHHTb \rnOBOfi pa~~e~· ~:.•( r >'_' ,' H 

4 

~ 

,. 

r 
i 
,' 

r 

MHHHMa~bHOe paCCTOHHHe llO MellH8HHOfi IIiIOCKOCTH h 1 ( r ) CIIHpanb_

Hb!X IIIHMMo. 3KCIIepHMeHTbl c Olll!Ofi napo.tt .. crmpanbHblX IIIHMM u na-

pofi KOllbUeBblX noxaaamr B03MO}KHOCTb ¢opMHpOB8HHH aaaaH11m:;o .nepe

rraaa cpeaHero rronH. 

MoaennpoBaHHe rronH MarHHTHOfi CHCT.eMbI. C Koa¢¢nuneHTOM rro-

llOOHH k ==5,22' IIpOH3BOJ:!HllOCb C uenbIO ,IlOllTBep}Kll~HHH Bb!OpaH-

HblX OCHOBHbIX rrapaMeTpOB H YTO'l'.HeHHSI KOH¢nrypaunn cmrpanbHb!X H 

KOnbueBb!X · III HM Mo. Tpe6oBaHHH K ¢opMHpOBaHHIO. MarHHTHoro. nonH 
/4 5/ 

uano}KeHbl B pa6oTax ' u llnH Moaenu MarHHTHOfi CHCTeMb!, B oc-

HOBHO~, CBOllHTCH K cneay1011:ceMy: 

a) B ueHTpanbHOfi o6naCTH 11eo6xOllHMO BbllIOnHeHHe ycnoBHH 

0_:'.;/+i.H ~8 3 rae . /+i, H ·. - oTKnoaeane cpeaHero .rronH .oT Tpe-

6yeMoro; 

6) llOilyCK Ha rpaaneHT cpeaHero IIOnH H3MeHHeTCH C pallHYCOM 

:1 /+i, .!!!_:, .,,(2,3-11) s/cM llnH r ==12-51,7 CM, COOTB0TCTBe~H~; 
dr · . · 
B) B 30He BblBOll8 'l'.8CTHU H800XOllHMO· Bb!IIOnHHTb COOTHOllleHHH 

., /+i, " 4 1<.0,06 H ., /+i, d c/> 4 ., < 5• 10-3 
paa/ CM, rae c/> - 83HMyTanbHOe 

H4 1 dr · 4 · · ·· 

IIOllO}KeHne MaKCHMyMa OCHOBHOfi rapMOHHKH; 

r) Tpe6yeMaH rrapaMeTpn'l'.ecKaH ¢oKycupoBKa non}KHa o6ecrre-

'l'.HB8TbCH, Ha'l'.HHaH C r ==3 CM; 

ll) llOIIyCKH 
H 

llYIOIIIHe: -
1
- '• < 

H 

Ha HH3ll1He rapMOHHKH B ueHTpanbHOfi o6nacTH cne-
-3 112 -3 

10 • -- <5.10 • 
H 

HaMepeHHH MarHHTHoro rronH Ha Moaenu 1IpOH3BOllHllHCb C no-
. /6/ 

MOlllbIO 8BTOM8TH3HpoBaHHoro· H3MepnTenbHOro CTeHJ:ia B' 144-x 

paBHOMepHO pacrrpeaeneHHbIX IIO OKPY}KHOCTH TO'l'.Kax llllH. Ka}Kllor.o 

paanyca ... PeaynbT8Tb! H3Mepemifi perHCTpHpoBam!'cb C IIOMOlllblO rrep¢o 

pa To pa· rrpn 11errpepbIBHOM rrepeMeme11nu aaT'l'.HKa xonnoBcKoro Mar11n

ToMeTpa. 3KCIIepHMeHTanbHO HafiaeHHaH TO'l'.HOCTb H3Mep8HHH cpeaHerc 
-4 

nonH H (r ) COCTaBnHna 1,5·10 , a aMnnHTYllbl OCHOBHOil: rapMO-
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I HllKll 5.10-4 H ( r ) • O5pa5oTKa SKCnepHMeHTanbHblX AaHHblX H3-

Mep~HllSI npoH3BOAllnacb Ha 3BM · CDC -1604A. 

B npouecce HTepaUHOHHOH npouet:1ypb1, COCTOSillleH ll3 nocneAO

BaTenbHblX UHKnOB MOAenbHblX llZMepeHIIH, aHaml3a AaHHblX C noMOlllblO 

C03AaHHOH CllCTeMbl noAnporpaMM Ha 3BM ll yny,ounemrn napaMeTpoa, 

5hlnO c¢opMllpOBaHO none, OTKnoHeHHSI xapaKTepnCTllK KOTOporo OT 

Tpe5yeMblX npeACTaaneHbl Ha pnc. 3. l13 pncyHKa Bll/lHO, 'ITO HeTO'I

HOCTb ¢opM11poaaHllSI cpeAHero nonSI cocTaanSieT ll H max =:!:_70 a, 

aMnnHTy/lbl OCHOBHOH rapMOHllKll /::;. H 4 m~x =300 a, rpaAHeHTa ¢a3bl 

. I A dcp4 ., -3 . 

/ 

MaKCHMyMa aToli rapMOHl!Kll. u dr- ~ 4,6.10 pat:1/cM. Tpe-

5yeMaSI aenll'IHHa aapnaUllll nonSI C03AaHa, H8'1llHaSI C r =2,9 CM. 

TTpn Bbl'IHCneHHll no aHanHTH'leCKllM Bbipa)l{eHHSIM '18CTOT 

CB050AHblX Kone5aHHH 'laCTllll ( pnc. 4) AnSI Tpe5yeMoro cpeAHero 

nonSI Qz (HT) , Qr (HT) ll AnSI peanhHO-C03AaHHoro cpet:1Hero nonSI 

Qz (HP), Qr (HP), a TBK)l{e noKa3aTenSI pocTa C03AaHHoro cpeAHe-

ro nonSI n 
.!.. _![I_· 

1 OKa3anOCb1 'ITO 
H dr 

a) 3Ha'leHHe ~ HaXO/lllTCSI B AOnycKaX AnSI o5naCTll 
n 

r =(25-51,724) CMi 

5) aenH'lllHbl Q z (HT), Qr ( HT ) YAOBneTBOpSIIOT nocTaaneHHbLM 

Tpe5oBaHHSIM BO BCeM AHana3oHe paAnycoB. 

3Ha'll!TenbHbJe OTKnoHeHHSI /::;. H ll CBSI3aHHb!H C 9TllM xapaK-

Tep KpHBblX ~ , Q z (HP ) , Qr (HP) B ueHTpanhH0H 30He 
n . 

AOn)l{Hbl 5.b!Tb CKoppeKTllpoBaHbl C noMOlllblO aneMeHT0B T0HKOH .Kop-
/7 / 

peK11n11: TOKOBb!X o5MOTOK ll ceKTOpHblX WHMM ( pnc. 2) • nocTHr-

HyTaSI aKcnepnMeHTanbHaSI TO'IHOCTb MOAennpoaaHHSI MarHHTHOro nonSI 

C noMOlllblO OCHOBHb!X .aneMeHT0B · cncTeMbl 5nH3Ka K npeAenbHO B03-

MO)l{HOH ll H npeA =30-40 ·a, o~peAenSieMOH reoMeTpnqeCKllMll OWH5Ka- _ 

Mll H3rOTOBneHHSI ll c5opKll aneMeHTOB MOAenn. 

6 

! 

r 
;, 

- I 

f 
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Pac'leT Tpe5yeMb!X aMnep-BIITK0B T0K0BblX o5MOTOK MeTOAOM 
dH 

Hal!MeHbWIIX KBaApaTOB 1?-nSI KOMneHCallllll /::;. H ( r) II /::;. ~ 

noKa3an, 'IT0 B ueHTpanbH0H o5nacTI! OHi! rrpnroAHbl AnSI He5onbWIIX 

(:!:_30 a) 1!3MeHeHHH ypoBHSI nonSI. 

OnTHManbHblH Ha5op ceKTOpHblX WHMM AnSI K0MneHCaUHII 

t:. H 
SKC 

( r ) OTH0Cl!TenbH0 ypOBHSI rronSI 100 9 (pnc. 5) Haxo-

AllnCSI nyTeM pacqeTa. Ha 3BM. lli11MM.bl1 0Ka3aBWHeCSI Heo5XOllllMb!Mll 

AnSI KOMneHCaUllll /::;. H ( r ) • Ha pncyHKe 3aWTpl!XOB8Hblo OTKno-
9KC 

HeHne pe3ynhT11py10meu Kpn°aofi ( ll H + H ) oT Tpe5yeMbIX 
· · 9KC W 

aenll'lllH BO BCeti o5naCTll ¢opMHpoaaHHSI, KpoMe palioHa r =0-2 CM, 

He npeBbIWaeT Benn'IHHbl :!:_10 a. 

B cpem1eli _qacTH pucyHKa npnaet:1eHb1 pacnpet:1enemrn noneli AnSI 

pa3nll'IHblX cnoeB ceKT0pHbfX _WllMM. 3KcnepnMeHTbl Ha MOJ:1en11 

1:5,22 C npnMeHeHneM ceKT0PHblX lllllMM noKa3ann, 'IT0 TaKne lllllMMbl 

II03B0nSIIOT KOMIIeHcllp0BaTb 3Ha'IHTen_bHbJe B03MyllleHl!SI cpeAHero rro-

nSI ( "' 80 a). Ot:1HaKo IIpll 3T0M cneAyeT Y'lllT!,IB8Tb 3aMeTHoe 

120 a) CHl!)l{eHHe aMIInHTYAbl OCHOBH0H rapMOHllKll rronsi. 

Co3J:{aHHe rronSI B o5naCTII. r· =0-2 CM IIpOll3B0/lllnOCb nyTeM 

IIOA5opa 9KCnepHMeHTanhHblM rryTeM ¢opMbl ueHTpanbHOM KOnbUeB0H 

lllllMMble 

Mot:1en11poBaHne MarHllTHOH CllCTeMbl IIpOll3BO,QHnocb Ha 5a3e 

MarHnTa CTT-57, pa3Mepb1 SipMa II nonolKenne o5MoToK KoToporo cy

mecTBeHHo OTnH'laIOTCSI OT MarHHTa E-1 ycTaHOBKll "<f>" • nnSI BblSICHe

HllSI BnllSIHllSI yKa3aHHblX a¢¢eKTOB Ha pe3ynhTaTbl MOAennpoBaHHSI nonSI 

5bm npOll3BeAeH paC'IE!T Ha 3BM o5ol')C aneKTPOMarHHTOB MeTO/lOM 

- /8/ 0 
HeperymtpH0H TpeyronbH0II ceTKll • CHOBl!bie pe3ynbTaTbl pac'leTa 

npeACTaBneHbl Ha pnc. 6, ll3 KOToporo BllAH0, 'IT0 OTH0CHTenbHbie 

KpHBhie crraAa noneli o5onx MarHHT0B rrpn rrnocKoM 3a3ope coarrai:ia

lOT C T0'IH0CTblO AO "' 0,5% B pa5o'leM AHana30He paAHycoB. 
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B peaynbTaTe Bb!IlOnHeHHOii: pa60Tbl pemeHbl Bee OCHOBHb!e 

BOIIpOCb! paapa6oTKH MarH~THOii: CHCTeMbl ycKopHTem1. flpoBeaeHHbie 

HCCneaoBaHHH II0K83b!B8IOT, 'ITO B CHCTeMe C HaTypanbHbIMH paaMe

paMH MarHHTHOe none. 6yaeT cq>opMnpoBaHO c Tpe6yeMb!MH J:I0ITyCKa-

MHo 

nnTepaTypa 

I. H.G. Blosser. IEEE Trans. on Nuclear Science NS-16, 

No 3, p. 405 (1969). 

2. A.A. rnaaoB H AP• ITperrpIIHT mum, 9-3951, lly6aa,. 1968; 

3. C.E. Bopo:mnoB, H.11. llbHKOB, H.n. 3arrnaTnH. Coo6meHne O11Hl1, 

9-4517, lly6aa, 1969. 

4. 10.r. AneannKHii:, c.s.'Bopo:mnoB, H.n. 3arrnaTHH, n.K. n~rTKHH. 

Coo6meane O11Hl1 P9-5246, lly6aa, 1970. 

5. V.P. Drnitrievsky et al. Intern. Conf. on Cycl. Oxford (1969). 

6. B.H. AaocoB, IO.H. lleancoB, rr.T. llinmnHHHHKoB. Coo6meaHe O11Hl1 
.. , 

10-4930, lly6aa, 1970 • 

7. IO.r. Aneam .. 1rnli, C.E. Bopo:mnoB, H.n. 3arrnaTnH. Coo6meane O11Hl1 · 

P9-5590, lly6ira, n'l71, 

8. C.E. Bopo:mno:a, n.T. 3aKaMCKaH, H~n. 3arrnaTHH. Coo6meane O11Hl1 

P9-5013, lly6Ht:1, 1970. 

PyKOIIHCb II0CTyrrnna B H3/:18TenbCKHH'.·OTAen 

· 2 q>eBpanH 1971 roaa. 
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Pnc. 2. KoHCTpyKTllBHasr cxeMa Ma'r'HllTHOfi CllCTeMbl. 

10 20 30 50 

.1H 

MeuuaHHafl· nnocKOctnb 

60 , 'Z(CM) 

A!f'n (Pad) 

'Z(CM) 

<1H1, 

0.05 

0 
't(CM) 

-0.05 

Pnc. 3. Hanny<!Wllfi aKcnepllM8HTanbHblfi peaynbTaT <popMHpOBaHHSI 
nonsr Ha Monenn MaI'HHTHOfi CllCTeMbl. 
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