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.UBIOK0HII0, liOHOB Ha nepBb1x· o6opoTaX ,uenlIKOM, onpeJlensteT ,Ka'IeCTBO 

ny'IKa '11:tCTIIU, yCKO!JeHHbIX llO KOH0'1HOH 8Heprm1, •T,K~· IIMeHHO·iB· ueHTpe UIIK

·noTpOHa liOHbl np1Io6peTaIOT coxpaHSIIO!llli0CSI B JlanhH0HIIIeM• aMnnHTYllbl, pa-.. 

ll1I1WbHblX· Ii BepTIIKanhHblX Kone6aH1Ill /1 /. TpaeKTOpHSI HOHOB, 3/l0Cb B 3Ha

'IliT0llhHOll Mepe 3aBIICHT" OT pacnpeJleneHHSI aneKTpli'I0CKOI'O IlOT0HUnana, 

KOTOpoe, B CBOIO O'Iepellh, 3aJlaeTCSI reoMeTp1Iefi YCKOPSIJOIIIHX- aneKTPOllOB, 

CnO*HOCTh nocnellH0ll He Il03BOnSieT HaiiTH CTporoe aHannTII~0CKOe Bb!pa*e

HHe JlnSI pacnpeJleneHHSI noTeHUIIa'na B ueHTpe. TioaTOMY JlnSI Ka*llOI'O UIIKno-: 

TpOHa pacnpeJleneHne noTeHUHana HaXO/llITCSI 8KCnepHM0HTa1IbHO, a TpaeKTO

PHSI HOHOB - 'IHCneHHbIM HHTerpupoBaHH0M ypaBHeHHll llBH*SHHSI Ha 8BM. 

B HaCTOSI!ll0ll pa6oTe H3y'IeHO llBH*0lIII0 IIOHOB B ueuTpanbHOH o6naCTH llBYX

MeTpOBOI'O H3OXpOHHOI'O UIIKnOTpoHa /2/ ,., 

PacnpelleneHne noTeHU1Iana Haxollnnoch Ha MOJJ;enn ueHTpa B aneKTpo

mrTII'IecKoii ,BaHHe. 3ua'leHne IlOTelIUHana B Ka{i(llOH TO'IKe . II3MepSinOCb UHCp

pOBblM BOnhTMeTpoM Tuna "Solaxb:on" II perncTpnpoBanoch Ha nepcponeHTe 

TenerpacpHhIM annapaToM CT A-2M , 'ITO nosBon1Ino BBO/llITh B 8BM pe-

. synhTaThI nsMepeHnii 6es llOnonunTenhHOii o6pa6oTKII, ,!lnSI onpelleneHHSI nor-
~ ; ' 

.l)Slllltoc:rn H3¥ElP0HIIH aKcnepnMeHTanh_H~ HaiilleHHoe pacnpelleneHne noTefI

uri:ana ¥0*1lY rnnocKof:\ap~11nenhHbIMH aneKTpollaMH cpai:3HnBanoch c pac,'!eT

.HbIM, CncTeMa Tli'I0CKaSI OlllH6Ka H3MepeHnfi, BHi)CHMaSI H001lHOp'ollf!OCTblO 

),IC>nSI f!B ,rpaHIIU0 aneKTponn,T-aneKT,l)Oll, COCTaBnSieT 0,5% IlplI pa3HOCTII no-

TeHUHano~ M~~llY 8Jl0KTPOlla_MH . u an = 10 B II YM0Hhlllae'I'CSI ll? 0, 1 % np~ 

, U
9

,ri=, 35 B, 3Ha~liT0nhHYIO Olllli6Ky BHOCHT ,601IbIIIOfi llli<;lM0TJJ 3OHlla ( 0 13 MM} 

Ii HeTO'IHOCTh ero ycTalIOBKH (± 0,25 MM)' IlO8TOMY pa3M0pbl MO/lenH 6bWli 
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Bb!6paHbl 6onhlll9 HaTypanhHblX. TeM He MeHee, no oueHKe, cpe)lHSISI KBaLl

paTHqHaSI OIIIH6Ka paBHa ±1%. 

OTaenhHO MO)lenHpOBanocb )lBa yqaCTKa. 

PaHOH Bb!TSII'HBaIOlllUH aneKTPOLI - HCToqHHK MO)lenupoBancSI B MaC111Ta6e 

5:1. l13MepeHHSI npoBOLIHnHCh B )leKapTOBOH CHCTeMe KOOPLIHHaT ( x, y ' z ) 

c 111aroM no x , y - 0,05 cM, Ha Tpex ypoBHHX: z = 0 (MeguaHHBSI nnoc

KOCTh), 0,3 u 0,6 CM (B M8CIIITa6e 1:1). 

O6naCTb ueHTpa LIO paaHyca 10 CM MO)lenHpOBanach B MaC111Ta6e 2:1. 

PacnpegeneHHe noTeHuuana U3MepSinoch B uunuHLlpHqecKoH cucTeMe KOOPLIH

Ha T (I' 0 ' z ) C ll!al"OM no yrny 2 ° t no paLIHYCY 1 CM' ( Ha TeX )1{9 ypoBHSIX 

no z ) • KapTa noTeHuuana gng z = O npegcTaBneHa Ha puc. 1. 

TaKttM o6pa30M, 6bmu nonyqeHhI pacnpegeneHuSI noTeHuuanoB V(x,y,z), 

V(r,0,z) KaK q>yHKUHU KOOpLIUHaT, KOTOpble B ganbHeii:111eM Hcnonh30Ba-

nHCb gng BbiqncneHHSI LIBH)K9HUSI HOHOB B ueHTpe. PacqeT TpaeKTOpUH UOHOB 

npoBoauncSI Ha Bb1qHcnuTenhHOH Ma111uHe "B3CM-4" no nporpaMMe, cocTaB

neHHOH Ha Sl3bIKe ,, Anron-60". 

B B9KTOpHOH q>OpMe ypaBHeHHe LIBH)K9HHSI qacTHUbl 3anUCbIBaeTCSI B BU-

ge 

(Am v) ' Ze ➔ ➔ 211 n 
--[vxH]- ZeV cos (-- i:t+¢ )xqradV 

C a A I' 0 
( 1 ) 

rge f\. - anHHa BonHhI reHepaTopa; A - Macca, Z - 3apm:i uoHa; C-

CKOp0CTh CBeTa; Va - aMnnHTYLlhl HanpmKeHHSI Ha gyaHTe; n - H0Mep 

rapMOHUKU ycK0pS!IOlll9I'0 HanpSI)K9HUSI; cp - HaqanhHaSI q>a3a H0Ha. BeKTOp 
➔ 0 

H BblqHCnSinCSI no pe3ynbTaTaM HSMepeHHSI Mal"HHTH0I'O nonSI B Me)lUaH-

HOH nnocK0CTH /3/ unH 6pancSI nocTOSIHHhlM. 

YpaBHeHue (1) npe)lCTaBnSinOCh COOTBeTCTBYIOllleii: CUCTeMOH ypaBHeHuii: 

KaK B )leKapTOBOH, TaK H B uunUHJlpuqecKOH CHCTeMaX KOOpLIUHaT. l1HTerpu

poBaH11e ypaBH9HHH LIBH,KeHUSI Bb!IlOnHSinOCh M9TO)l0M PyHre-KyTTa C IlOCTOSIH-

HblM 111aroM no ct. 

nnSI Toro, qTo6bI 0U9HHTh L1Hana30H q>a3 H0H0B, 3aXBaqeHHbIX B ycKo

peHue, npe)lBapuTenhHO paccquTh!Banocb LIBH)K9HUe qaCTHU M9)KLIY UOHHhlM 

HCToqHHKOM u BbITSII'UBaIOlllUM aneKTPOJlOM. PaCCTOSIHUe UCTOqHuK-BblTSII'HBaIO-

4 

lllUH sneKTpOJl ( 0 opanOCb paBHblM 5 MM, pa3Mepbl BblTSII'UBaIOllleii: menu -

(4 x 12) MM
2 • Ha puc. 2 npe)lCTanneHbl SHepruSI ( E) u BpeMSI nponeTa HOHOB 

( T np.) nepnoro YCK0p.S!IOlllero npoMe)KyTKa B 3aBUCHM0CTH OT 3HaqeHHSI 

CTapT0BblX q>a3. 

l1s 8TUX pacqeTOB cne)lyeT, qTo OCH0BHOH JlHana30H ¢as ( 11¢ ) HOH OB, 

0Tnuqa10muxcS1 no aHepruu He 6onee qeM Ha 10%, ne)KHT B oTpuuaTenbH0H 

o6naCTH q>a3. BenHqHHa /1 ¢ C U3MeHeHUeM HanpSl)KeHUSI Ha JlyaHTe MeH.SieTC.SI 

OTHOCUTenhHO Mano - Ha ( 10 l- 15 )%. Bonee cunhHO SHaqeHne /1 ¢ 3aBHCUT 

OT HOMepa rapMOHliKU n • ctiasa, r:inSI KOTopoii: _npupocT 8Hepruu MaKCUMa-

neH - "ueHTpanbHaSI" ( ¢ - puc. 2), Jl0n,KHa ··6b1Th cornacoBaHa c cooT-
. u 

BeTCTBYIOlllUM MOM9HT0M Bb!C0KoqacT0THOI'0 uanpS!)K9HU.SI Ha nocnegy101UeM 

yCKOPSIIOII(eM npoMe)KYTKe. Heo6XO)l!1MO, 'lTO0bl Bb!0paHHaSI rpynna HOHOB nepe

ce'Kana och JlyaHTa B6~u3u Hynsi HanpSill,eHnsi, T0I'Jla )lanhHeii111ee ycKopeHne 

6yJleT OilTUManhHbIM. 3To )lOCTUraeTCSI Bb16opoM CTporo onpe)leneHHOf"0 no

nolKeHIIH H0HH0I"'0 UCT0'lHUKa U BblTS!f"UB810ll(8f"O aneKTP0Jlll 0TH0Cl!TenbH0 Kp0M

KII JlYBHTa cornacHo Ben~q,!HaM <p ll U T np , nonyqeHHblM )lnH gaHH0f"0 

copTa uoHon. ITonaraH 0 = w , ST0 ycnoaue M0)!{H0 3anucaTh B cneJly10meM 

Bll/19: 

r +aaxn/2+1'. xn=l¢ul+(2k+V2)r.+11/9. 
np X 

(2) 

3gech k - uenoe; a a yrnoBaH npoT.HM9HH0C Th 11yaHTa; /1 x - yrnoB0e 

CMemeHue BblTHf"UBaIOII(ero aneKTp0)la 0TH0CUTenhH0 Kp0MKU JlyaHTa; aenU'lll

Ha 11'! 9 BBe)leHa B npany10 qaCTb C00TH0lll8HII.H (2) )lnH ynyq111eH1I.H aneK-

TpH'leCKOH q>OKycupOBKU Ha nepBbIX o6opoTaX 
141 • 

11cnonh3YH pe3ynhTaTbl n'pe)lbIJlymux Bbl'lUCneHl!ll u q>OpMyny (2), nony-

'laeM cne)ly10mue SHa'leHn.H 11 
X 

, npuBe)leHHbie B Ta6n11ue. 

TaKUM o6paSOM, npn pa6oTe Ha BTOpoii: II qeTBepT0H rapM0Hl!Kax Bbl

C0KOqaCT0TH0f"0 Hanp.HM8HII.H reoMeTpHIO BblT.Slf"l!BaIOlllero aneKTp0)la M0MH0 

0CTaBUTb HensMeHH0H. OgHaKO C nepeX0)l0M K ycK0peHUIO Ha He'leTHbIX rap

M0HUKax He06XO)lUMO M8HS!Th ITOnOMel!USI BbITHf"I-IBaIOIU8f"0 sneKTp0)la0 

Cne)lyIOlllUM STanoM pacqeT0B HBn.Hn0Ch onpe)lenenne TpaeKTOpUH UOH0B 

C 3a)laHHbIMU Haqanbl!b!MU 3Haqel!U.HMU K00pJlUHaT, CKOpOCTeH H ¢as OT 06-
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Ta6n11ua 

-
n IluarraaoH cpaa ¢0 

r rrpL pan J ti 0 k 
u X 

+5 f- -4:l -18 0,47 78,5 0 

2 - 7 +- -62 -34,5 0, 91 23° o. 
3 -25 t- -70 -47 1,78 _5v 0 

4 -53 t- -87 -70 2,98 25° 

naCTI! !!OHHblll l!CTO'IHIIK - BblTHI'l!Ba!Ollll!ll aneKTpon no pan11yca 10 CM. na-

paMeTpaMII Ha'IanbHOH OIITl!KII HBnHIOTCH cneny!Olll!le Benn'Il!Hbl: p O - pann-

yc ycTaHOBK!I men11 llCTO'lHl!Ka OTHOC!!TenbHO MaI'Hl!THOI'O ueHTpa ycKopuTe-

nH - 11 ABa yrna, Yo 11 0 
0 

, opneHTIIPY!Ollll!e o6naCTb IICTO'IHIIK-BblT5l-

I'IIB8!0lllllll aneKTpon OTHOC!!TenbHO oceu KOOPAIIH8T X I Y (pnc. 3). 

AHanns UBl!)l<efl!l5l l!OHOB B ueHTpanbHOH o6naCTI! ABYXMeTpOBOI'O !130-

xpOHHOI'O uuKnoTpoHa rrp0Bon11ncsi nnH 110110B c A/Z = 3 • Ilnsi qacTnu c npy

ruMu OTHOllleHl!5IMII A/ Z OIITUManbHbll! pe}KHM ycKopeHll51 ycTaHaBn11Banc51 

BbI6opoM aMIInl!TYAbl nyaHTHOI'O HarrpH}KeHU51 . Va cornaCHO COOTHollleHlllO 

Hz 
_...::.:Jl__ = const , 

VaA!Z 
(3) 

rne H - 3Ha'Ie1me M8I'H!!THOI'O non£ B UeHTpe M8llll1Hbl. CooTH011IeH11e (3) 0 . 

MO}KHO 38MeHllTb ycnOBlleM noCT05IHCTBa pan11yca rrepBOI'O o6opoTa II 

_ 4,5§_ [ 
I - ' 

I H 
0 

Ati E o6 ] ii 2, 

z 
(4) 

t,,,. E 06 - Ha6op aHepr11u sa o6opoT. TTpu n = 2 ( Y-200 B ocHOBHOM pa6o-

TaeT Ha BTopoii rapMOH11Ke) ti E 06 = 2 ,83 Z e V a· KaK cnenyeT 11s pesynb

TaTOB pa60Tbl 
151 , 3Ha'IeHne Po non}KHO COCTaBn51Tb rrpn6nus11TenbHO 0,5 

OT· I 
,j 

• Torna npn Va = 75 KB, A /Z:3, H = 19,62 K8, p ""3 CM. 
0 0 

Bem1'IllHY 00 MO}KHO orrpenenUTb, nonb3Y51Cb paCC'Il!TaHHbIM Bblllle 

yrnoBblM paCCT051Hl!eM BblT51I'l!B8!0lllllll aneKTpon - KpOMKa nyaHTa: 

0 = rr I 2 - ( a / 2 + /'J. + £/ p ) 1 = 34° . 
Q a X 0 
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3Ha'IeHiie y 0 B rrpouecce Bbl'Il!Cnem1ii llll!POKO Bapb!!pOBanoCb B uenHX ny'I-

lllero ueHTpl!pOBaHllH IIY'IKa. PacqeTbl TpaeKTOpuii IIpOBOAUnucb nnH Bb16paHHO

I'O paHee n11arras0Ha Ha'IanbHbIX cpas KaK nn£ cnyqa51 peanbHoro pacrrpene

neHll£ MaI'HllTHOI'O rron51 ( H ) 1 TBK ll nnH cny'Ia51 OAHOpOAHOI'O pacrrpe-pean 
neneH11£ (H(r,0) = 19,62 Ka). 

Ha puc. 4 rrpuBeneHbI Ha6op aHepr-1111, cpa3bI uoHOB u pan11yca op6uTbI 

B 3aBUC!IMOCT!I OT HOMepa o6opoTa nnH H pean • TpaeKTOp!!II !IOHOB B Me

nuaHHOH IInOCKOCTll nnH cnyqa51 peanbHOI'O pacrrpeneneH!l51 MaI'HllTHOI'O rron51 

naHbl Ha puc. 3. vis 8TllX paC'IeTOB cnenyeT, 'ITO o6naCTb Ha'IanbHblX cpa3 

Cy}KaeTCH Ha 30%. n ocnenHee o6'b51CHHeTC51 J:tefiCTBl!eM OpTOI'OHanbHblX cun 

aneKTp!!'IeCKOI'O IIOnH K op611TaM l!OHOB. 

nono}KeH!IH MI'HOBeHHOI'O ueHTpa Kp!!Bl!3Hbl TpaeKTOpl!ii orrpenen51m1cb 

113 Bblpa}KeHuii 

X c = p COS rp -

y =psin¢-
c 

( p 2 + p ' 2) ( p cos¢ + p' sin ¢ ) 

p2+2p'2-pp" 

( p 2 + p '2 ) ( p sin ¢ - p ' cos ¢ ) 

p 2 + 2 p '2 - pp ,, 

(5) 

IlB!!}KeH!ie MI'HOBeHHOI'O ueHTpa KpllB!l3Hbl nn51 l!OHOB C pa3Hb!MII cpasa

MH H nnH cny'Ia£ rnanKoro non£ noKasaHo Ha puc. 5. TTpn aTOM nerKo 

orrpenenl!Tb aCl!MIITOTl!'IeCKl!ll ueHTP IIY'IKa. IlBH}KeHne ueHTpa Kp!!B!!3Hbl TpaeK-. 

Top11ii 110HOB B cnyqae peanbHoro pacrrpeneneHnH Marn11Tn.oro rron51 rrpencTaB

nHeT co6oii 6onee cno}KHYIO KapT11Hy, 'IeM B cnyqae" rnanKoro (p11c. 6), TaK 

K8K y}Ke co BTOpOI'O o6opoTa Ha'Il!HaeT CK83b!B8TbC5l Bn!IHHl!e as11MyTanbHOH 

Bap11au1111 M8!'HHTHOI'O non~ 

TToaTOMY snecb saTpynHeno ·orrpeneneH11e orrTnManbHbIX rrapaMeTpOB na

qanbHoii OIITl!KH. ·yj3 paC'IeTOB Hattneno, 'ITO Benl!'I!!Ha aMIInl!TYAbl pannanb-

HblX Kone6aH11ii A 
r 

Ha116onee OCTpo 38BllCIIT OT 3H8'IeHll5l:yrna Yo 
Ha p11c. 7 IIOK838Hbl rpacpl!KII I .2 = f (ct) I I' ne Ct Bb1pa}KeHo B pan11aHax, 

rrpu pasHoii Benl!'Il!He yo 
nycTb 3Ha'IeH11e panuyca oT as11MyTanbHoro yrna c, Bbipa}KaeTCH 

cooTHollleHneM r = r + Ar· cos 0 , Torna r 2 = r 2 + 2r A cos 0 • 
o O o r 
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3.r::teCb I 
a 

- paAIIYC op61ITbl IIOJra, 3aBIICS!IUIIll OT 9HepI'IIII, Tipene6peraH cry-

IIell'IaTbIM Ha6opoM 9Hepnrn 3a o6opoT (plIC, 4)' MO)KHO C'IIITaTb, 'ITO qiyHK-

UIIH I 2 = £( 0) eCTb npHMaH n1IHIIH, Torna Ha6monaeMb10 KOne6amrn pa.r::tlIY-
0 I 

ca OTHOCIITenbHO 9TOi1: 1Ip51MOll MOI'yT B036y)KJ:taTbC5I KaK Bap1rnu1Ief1 MaI'HIITHOI'O 

rronH rro a31IMYTY, TaK II cMemeHIIeM (rrpeuecc1Iei1:) o6mero ueHTpa op61IThI, Ko-

ne6aHII5l BTOpOI'O BII):la neI'KO OT.r::tenlITb OT KOne6aH1Ii1: nepBOI'O, T,K. IIX neplIOA 

3Ha'IIITenbHO 6onb!lle, T aKIIM o6pa30M, Hai1:.r::teHo, 'ITO rrpn: y O = 122 ,5° Be-

n1I'I1IHa A He npeBbI!llaeT 1 MM, OcTpaH 3aBIICIIMOCTb A OT 3Ha'IeHII5l 
r r 

y O IIOATBep)KnaeTCH npenBapn:renbHbIMll 9KcnepllM0HT8MII Ha Y-.!UU. 

YcTaHOBKa orpaHII'IIIBaIOIUIIX menei1:: Ha nepBb!X o6opoTaX II03BOnlIT II3-

6e)KaTb 3aXBaTa B yCKOpeH1Ie llOHOB C H0)KenaTenbHbIMll Ha'IanbHblMII qia3a

Mll, a 3H8'IIIT, yMeHb!lllITb Ben1I'IIIHY aMnn0:TyAbl pan1IanbHb!X Kone6aH0:i1::. 

Ha PIIC, 8 IIplIBOAHTCH pe3ynhTaTbl pac'IeTOB BepTIIKanbHOI'O ABII)KeHII5l 

IIOHOB J:lnfl onnopOAHOI'O II peanbHOI'O pacnpeneneHIIll MaI'HIITHOI'O nonH. OT

CIO):la BIIAHO, 'ITO BBe.r::teH1Ie 831IMyTanbHOll Bap1IaU1III MaI'HIITHOI'O nonH Ha Ma

nhIX pa.r::t1Iycax C03.r::taeT AOCTaTO'IHYIO BepTIIKanbHyIO qJOKYCIIpOBKy. TaKIIM o6-

pa30M, B pe3ynbTaTe BbIITOnHeHHbIX pacqero'B 6bmlI Bb!6paHbl napaMeTpb! Ha

qanbHOH OIITIIKII ABYXMeTpOBOI'O II30XpOHHOI'O UIIKnOTpoHa, 06ecne'I1IBaIOUJlle 

xopo!llee Ka'IeCTBO ny'IKa B BepTIIKanbHOH ll I'OPII30HTanbHOH nnoCKOCTHX. 

B 3aKnIO'I0HIIe aBTOpbl Bbipa)KaIOT rny6oKyIO 6naronapHOCTb aKaneMIIKY 

r.H. ct>nepoBy 3a nocTOHHHhii1: IIHTepec K pa6oTe; M.B. MaKoBero (PyMhIHIIH) 

3a npoBeneH1Ie II3MepeHIIH Ha MonenlI ueHTpa II r.M. KynlIKOBOll 3a IIOMOUJb 

B BbIITOnHeHIIII I'paqi1I'I0CKIIX pa6oT. 
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Pnc. I. Pacrrpe11ene11ue rrore11uuana B \1e;111a11Ho11 rraocKocru. 311aqe111rn rro

TeHu1JanoB /l3Hhl B rrpoueHTaX K a1.mn11ry.le HallpH;KeHl!H Ha ,JY3HTe. 
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P11c,3. TpaeKTOp1111 IIOHOB B MeJl11a1111ol\ nnoCKOCTH ( H ) : Va = 65 KB ' 

I - ¢, = -20 ' 2 - ¢ o ~500, 0 = 34 o ' y = 1190 • pean 
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Va= 65 KB, 00 = 34°' yo= 119°, 
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