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B lla6opaTopHH H.o.epHhiX npo6neM OMHH: pll3pa6aThmaercH npoeKT H30-
xpouuoro 1.\HKnOTPOHa Y-120K · .u.nH Pecny6nnKH Ky6a: Bnn:acaiiWHM auano
.roM .o.nH.o.auuoro ycKopHTenHHBnHeTCHH3oxpoHHhrii ~nKnoTpOH Y-120M

111 

·· (H:H<l> qcAH; PJKeJK) , .u.nH KOToporo nMeJOTCH B nonuoM o6oeMe :KoucTpyK-
TopcKne pll3pa6oTKH n uaKonneu OTihiT 12-neTHeii 3KcnnyaT~n. Y-120K 
npe.u.ua3HatieH .o.nH 4Jyu.o.aMeHTanhHhiX nccne.u.oaaHHH: B o6naCTH H.U.epuoH: 
· 4Jn3HKH H pa6oT npnKna.u.Horo xapaKTepa. OJKH.u.aeMhie napaMeTpbi nytiKOB 
yCKOpeHHbiX llOHOB Ha BhiXOp.e ll3 ycKOpHTen.ll npnBe)l.eHbl B Ta6n~~. 

Ta6nn~a 
-

Tnn 3ueprnH, ToK, Mouoxpo- 3MHTTaHChl ( TT MM Mpa.u.) 

- llOHOB M3B MKA MaTHliHOCTh 
ropH30HTMbHhiR aeprnKanhHhiR 

. lH+ . 11-40 70-100 6x10-3 57 ·34 

-
+/ 

H2 6-17 70-100 6x10-3 · 57 34 

4H++. 11-35 30-70 6x10-3 57 34 

' 
3 ++ 
H 15-45 30-70 6x10-3 

• 57 34 . 

-

B .u.auuoH: pa6oTe npe.u.craaneHbi pe3ynLTaThi pactieTa noHHo..OrnnqecKoii 
cncTeMhi TpaucnoprnpoBKH nytiKOB ~nKnoTpoua Y-120K. 

CncTeMa pll3BO)l.Kll nytiKOB ycKopeHHbiX HOHOB (pnc.1) COCTOHT 
H3 yqacTKOB A, B, C, D, E, F n aroxroqaeT 6 KauanoB,· uallllHaromnxcH oT Kon
nnMaTopa F1,.u.o MeeT pacnonoJKeunH 4Jn3n~ecKHX MnmeueH:. yq'acroK A HB
nHe-icH o6mnr.i .u.nH acex KaHWIOB n cocronT H3 KoppeKTnpyromnx MarHHTOB 
n .u.ayx KBa.u.pynonhHhiX p.y6neroa. Pll3BO)l..llmnll MarHHT SM OTKnOHHeT nyq
KH llOHOB Ha yrnhi: 0°; ±22,5 ° ll ±45 °, COOTBeTCTBeHHO. Tpe60BaHH.Il 
. K . ~opMnpoaauHJO .nytiKOB 4JoKycnpyromnMH 3neMeHTaMH o6ycnoaneln.1 · 
nx ua3uaqeuneM. Tpacchi A-B n A-C npe,ll.Hll3HatieHhi .U.nH uapa6oTKH pa.u.no- · r "'""·;" .. '"'<l··cn .. ryr 
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PMc.l. 06maH ex eM a pa3BO.U.KM nyqKoB. 

n3oTonoB (67aa, 111 In, 123J,. 201 TI ) , A-.U-:- WIH 6noMe.r:um:HHeKHx ~e
neH:, A-E - rom H,nepHoii cneKTpoeKomm:, A-G n A-H - ,nJIH <Pn3ntJeeKHX, ne
ene.noB!umif. 06mHMH. Tpe60Ba.HHHMn ,nJIH Beex Ka.HaJIOB HBJIHIOTeH npOBO,nKa 
HOHOB 6e3 TIOTepb e MHHHMaJn,HhlM KOJill'IeCTBOM OTITHlJeeKHX 3JlBMeHTOB 
H TIOITylJeHHe c<iJoKyCHpOBa.HHhiX TIYlJKOB B MeeTax paCTIOJIO:>KeHHH MnilleHeH 
n KOJIJIHMnpyromnx meneH:. , 

B.biOOp H OTITHMH3~HH.napaMeTpOB eneTeMbi Tpa.HenoprnpOBKH npOBO,nH
JIHeh c noM:ombro BbitJncnnTeJihHbiX nporpaMM TRANSPORT 121 , ELLIPS, 
ACSEPTANS n CHARGE. Bee nporpaMMbi noCTaBneHbi Ha TI3BM n Mo.nn<Pn
~upoBa.Hhi WIH pa6oTbi c rpa<iJntJeeKHM naKeTOM <PafuloB. IlporpaMMa 
ELLIPS · paeelJI:ITbmaeT .<Pa3oBoe n3o6pa:>KeHne n}rt!Ka B.nonb TpaKTa Tpa.Hcnop
TIIpaBKH no H3BeeTHOH MaTp~e· KOppen~un. C TIOMOmhlo nporpaMMbl 
ACSEPTANS onpe,nenHeTc.it aKcernaHe ci.reTeMbi no Bbr6pa.HHbiM. reoMeTpn-. . . 
lJeCKHM anepTypaM 3JieMeHTOB TpaKTa. )lJIH O~eHKH BJIIDIHHH·npOCTpaHCTBeH-
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PHc.2. H3MepeHHbie 3MHTTaHCbi nyqKa, McnoJI&3yeMbie B pac<IeTax.' 

Ha pae.3-4 noKa3aHhi .nnH npnMepa orn6aromne nytJKa B Tpaeeax A-C 
n A-F-G. Bn,nHo, lJTO npn onTnManbHOH paeeTaHOBKe KBa,npynonbHhiX 3Jie
MeHTOB MoryT 6h!Th nonytJeHhi pa3Mephi nytJKa Ha Mn~eHHX .< 1 eM. PaetJeThi 
TIOKa3aJIH, lJTO 3TO enpaBe,nJIHBO AJIH Beex Tpaee. 

B ,TpaKTe A-F-G HeTIOJih3yeTeH TpH KBa,npynoJibHbiX ,ny6neTa, e TIOMOmbro· 
KOTOphiX MO:>KHO TIOJIYlJHTb ITYlJOK HOHOB - lx1 eM (pne.4). 

TpaKT A-F-H npe,nHa3HatJeH ,nnH nonytJeHHH MOH03HepreTntJee:Knx nytJKOB 
HOHOB. )lJIH 3THX ~eneJ:i nenonh3yeTeH MarHHT - MOHOXpOMaTop 'MONO • 
CnMMeTpH1JHaH eneTeMa (.npeif<P + MONO + .npeH:<P) nepeao.nnT nytJoK 
n3 KOJIJIHMaTopa F3 B F4 e yaenntJeHneM, paBHhiM e,nnHH~e. )laoiiHaH <PoKy
enpoBKa AOCTHraeTeH eKOIIIeHHhiMH KpaHM:U MarHHTa ( {J =38°) · npH o6meM 
noaopoTe nytJKa Ha ·yron a = 115°. IIonHaH .nnenepeHH: B F4 paBHa 
:::0,022 M/%. Ilpn nmpHHe KonnnM~HOHHOM mena 1 MM ,naHHaH eneTeMa ·-HOrO 3aprr.na ncnonb3YeTCH nporpaMMa CHARGE. PactieT·cncTeMbi pa3BOAKH 

nytJKOB np(m'oAIIJien WIH npoToHoB MaKenMamHoif ~Heprnn 40 M3B, npe.n-:- •
1 CTaBJIHromux Han6onee Tp.y.ziHhrn .nnH <iJOicyenpoBKif noHa.hiii nyqox. B roi

tJecTBe HeXO;::ulbiX .3MHTia.HCOB (pac:2) B3~Tbl 3KenepnMeHTaJibHO lf3~epeH
Hbie 3<lJ<Peh.~IBHbie 3MHTTaHebi lia Bi>IXO,ne :U3 yeKopnT.eJIH: Y•l20.M c B.ennlJll-

n03BOJIHeT YJIYlJiliHTb MOHOXpoMaTHlJHOCTb nytJKa Ha MHilieHH npif6JIH3HTeJib
HO B TIHTb·IlieeTh pa3 no epaBHeHHIO e TIOJiylJeHHbiM OT yCKOpHTeJI.II 
(eM. Ta6n~y). Hcxo.nH U3 pa3MepoB orH6aromnx nytJKa Bbt6paHhi anepTy-

'\ . 
' pbl _JIUH3 II TIOBOpOTHhiX MarHHTOB, KOTOpbie eOOTBeTCTBeHHO paBHhl ¢ 9 CM 

JiaMn £ =57 TT MM Mpa,n n· £ = 34 11 MM Mpa,u. · . . 
X . y 

u. 2h = 9 CM. PactJeThi nponyeKHOM CTIOC06HOCTH TpaKTOB noKa3anH, lJTO on-
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PHc.3. Orn6aro~He ny'IKa.Tpacc&I A-C. 
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PHc.4. OrH6aro~e nyqKa Tpacc&I A-F-G. 
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TIIMaJibHOe cornacoarum:e 3MHTTaHca nyliKa. c aKcemaHcOM TpaKToB o6ecne-. 
. . ' tru:BaeTc.a- B cnyllae pasMem;emm nepaoro ,ny6neTa mrn3 Ha paccTOHHHH 1,2- · 

1,4 MoT pa3ao,nnm;ero MarHHTa. · 

Ha puc.5 ,nJm npnMepa noKa3aHO cornacoBaHHe 3MHTTaHca nyliKa c aKcen
TaHCOM TpaKTa· A-D ·npn ropn3miTaJibHOH ·u aepTHKaJILHOH <PoKycupoa:Ke 

HoHoa .Ha MHineHb a TO'IJKe FS. Bii,nHo, irro noTepu nyliKa oTcyTcrnyroT, 

4 

) 

H Onpe,nenHIOIUHM HBnHeTCH aKcenTaHC yllaCTKa :Ja pa3BO.D;HIUHM MarHHTOM. 
CpaaHeHne 3MHTTaHca nyliKa c aKcenTaHCaMu TpaKTOB noKa3ano, liTO 3anac 

no nponycKHOH cnoco6HOCTH B CHCTeMe COCTaBnHeT :o 20.;. 30 %. 
.llnn oueHKn annnHHH npocTpaHCTBeHHoro 3apn.na Ha pa3Mepbi nyliKa 

Mbl HCXO.D;HM ll3 cne,nyrom;ero. l13BeCTHO Ia!, liTO ecnH annpOKCUMUpOBaTb 

nytzOK IIOHOB COBOKynHOCTbiO paBHOMepHO 3apHIKeHHbiX 3nnimCOH.D;OB C no

nyoCHMU r x , r y, £ , TO BnnOTb .D;O rX/£ = 0,5, ry/£ = 0,5 nonepetzHbie 
KOMnOHeHTbi COOTBeTCTBYIOIUero nonR nyliKa 6y,nyT cna6o 3aBHCeTb OT ,nnu

Hhl crycn<a (B 3TOM cnytzae r/f ·< 0,17). Tor.na .nonycTHMo annpoi<:CHMifpo
BaTb nyliOK B BU,ne 6eCKOHetJHO ,nnHHHOrO UHnHH,npa C noTeHUHaJIOM 

U(x,y) 
. 2 rrp0 

(r x 2 + r y 2) , 
y X. rx + ry 

el 1 u r,ne nnOTHOCTb 3apn,na p = ---- , - llHKOBhiH TOK, e - 3apH.D; 
0 rrf3crr 

X y 
:meKTpOHa, /3= V/C, C- CKOpOCTb CBeTa. 

B npu6numeHHH nnHeiiHoii 3aBHCHMOCTH BHelliHHX cun Kx ( z )x 

u K y( z) y OT nonepeliHhiX pa3Mepoa nyliKa, liTO HMeeT. MecTo .n.rm 3neMeH
TOB CHCTeMhi TpaHCilOpTHpOBKH C .D;OCTaTOliHOH TOtiHOCTbiO, .D;nR pactieTa 
orn6arom;ux cnpaae,nnHBhi ypaBHeHHH THna Bna.nnMnpcKoro - KanliHHCKO· 
ro141 

2 
d rx 
--+K (z) 

dz2 x 
r -X 

d
2 

r 
--2. + K (z) r 
dz 2 Y Y 

g 

rx + r Y 

g 

r +r 
~X y 

2 
( 

X --;a 
X 

(2 

- J._ 
r3 
y 

0, 

0, 

41 7 
r.ne £. , £ - 3MHTTaHChi nyliKa, g = --, 1

0 
= 3,14x10 A (.nnn npoTo-

x y /3~~ 

HOB) . YpaaHeHHH HHTerpnpoaanncb Ha TI3BM MeTo,noM PyHre - KyTTa 

no nporpaMMe CHARGE .nnn TpaKToB, npe,naapnTenbHO onTHMH3HpOBaHHbiX 
c noMOIUbiD nporpaMMhi TRANSPORT. PactieThi noKa3anH, tiTo npu TOKe nyq

Ka I = 100 MKA (nHKOBhiH TOK nopn,nKa 0,01A) cym;ecTBeHHbiX H3MeHe-P . 
HHH a pa3Mepax orn6arom;nx He. Ha6nro,naeTcn. TonbKO npn yaennlleHHH TOKa 

nyliKa npn6nH3HTenbH~ Ha .naa noprr.ziKa Ha6nro.naeTcn H3MeHeHne pa3Mepa 
u Mecr pacnonomeHHH Kpoccoaepoa (pnc.6); .nnn 3Hepruu 10 !-.bB 3TH II3-
MeHeHHH yJKe 3HaliHTenbHhl. 

5 



~ 

~ 
~ 
0.. 
:a ,_, 

' 
X 

X-corrracoarume 

20.0 

15.0 

10.0 

5.0 

0.0 

-5.0 

-10.0 

-15.0 

-20.0+---~--~----~--~--~--~--~~~ 

-8.0 -6.0 -4.0 -2.0 -0.0 2.0 4.0 6.0 8.0 
X(cM) 

DX-ocs.(A-0) b.X-emlt. 0 X- o c s. C A) 

PHc.5a. IlpHMep cornacoBrumn 3MHTTaBca nyqKa c aKcenTascoM Tpacchi A·D 

B rOpH30HTanbHOM HanpaBneHlflf. 

3AKJH01JEHHE 

IlpoBe.D,eHHbie pactieTbl H03BOJIHJIH Bbi6paTb napaMeTpbl ::meMeHTOB CH

CTeMbl TpaHcnopTHpOBKH nytiKa ycKopuTeJIH Y-120 K: 
1. rpa.nHeHTbl JIHH3 He npeBbilllaiOT BeJIHl!HHbl 7 Trr/M npu .D.JIHHe 0,3 M. 

2. Pa3Mepbl ny'IKa BO BCeX TpaKTaX He 60Jibllle 7 CM, 'ITO n03BOJIHeT Bbl-

6paTb HOHonpOBO.D, TaKOrO iKe .D,HaMeTpa H HCnOJih30BaTb O.D,HHaKOBbie KBa.D,· 

pynOJibHbie JIHH3bl C anepTypoif 9 CM npH MaKCHMaJibHOM rpa.D,HeHTe MarHHT

. Horo norrn:8 Trr/M. 
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PHc.56. IlpHMep cornacoBaBlfll 3MMHTasca nyqKa c aKcenTaBCOM Tpacchi A-D 

B BepTHKanbHOM HanpaBneHHH. 

3. AHaJIH3 corrracOBaHHH 3MHTTaHca nytiKa c aKcenTaHCaMH TpaKTOB 

nOKa3aJI, 'ITO 3anac no nponyCKHOH cnoco6HOCTH , .D.JIH OllTHMaJibHblX Ba

pHaHTOB TpaHCnOpTHpOBKH COCTaBJIHeT 20730%. 
4. IloTepH HHTeHCHBHOCTH npH aHaJIH3e nytiKa B. TpaKTe 'MONO· CO

CTaBJIHIOT- 90% npu YJIY'IllleHHH pa3pellleHHH no HMnyrrLcaM npu6rrH3H

TeJihHO B nHTh pa3. 

5. HarrutiHe npocTpaHCTBeHHoro 3api:J:.na He BJIHHeT Ha TpaHcnopTHpOBKY 

nytiKa B Tpai}Tax. 
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PRc.6. Bnmmne npocrpaHCTBeHHoro 3apaga Ha orH6aro~e nytJKa B Tpacce A-D 

llpH R3MeHeHHR 3HeprHR npOTOHOB:a) B rOpH30HTaJibHOM HanpaBJieHHR; 6) B Bep· 
TRKaJibiiOM HanpaBJieHHR. 
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