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CoapeMel!Hbie yc1<opHTeJibllbie KOMilJieKCbl • npOTOllllhle CIIIIXPOTpo • 

lib! - MoryT 6bITb oxapaKTepH30Ballhl .!lBYMJI OCIIOBl!blMII, napaMeTpaMII: 

1<01Ieq11oft J11epr1Ieft II 1<011eq11oft HHTeHclIBHOCTLIO yc1<ope1111oro nyq1<a. 

3a,llaqn 3KCnep1IMeHTaJibl!Oft JI,nep11oft <PH3HKH II <PII31IKII JJieMeHTapHblX 

qacTIIU IlOCTOJIHIIO Tpe6y10T KaK IlOBbIIIIeHIIJI J1Iepr1III ycKopeHHoro nyq1<a, 

TaK II IlOBbIIIIeHIIJI ero IIHTeHCHBIIOCTII. TaK KaK pOCT JlleprlIII yc1<ope11 • 

11oro nyq1<a CBll3aH C POCTOM pa,llHyca YCKOPIITeJibHOro KOJibUa, TO ,llJlll 

ylKe C03P,aHHblX YCKOPIITeJieft C 3ap_a1111oft 1<011eq11oft 3Hepn1cft OCHOBHOft 

npo6JieMoft lIBJilleTCll IlOBbIIIIeHIIe IIHTeHCIIBHOCTII yc1<ope1111oro nyq1<a .!lO 

npep_eJILHLIX 311aqe111Ift. 

EcJIII OTBJieqLcll OT npoueccos yc1<ope111Ill B KOJILUC CIIHxpocpa30Tpo-

11a, TO IlOBbIIIIeIIHe IIHTeHCIIBHOCTII ycKopeHHOrO nyq1<a B KOIIUC UIIKJia 

yc1<opel11Ill CBll3aHO, B nepBylO oqepe,llb, C pa3pa6oTKoft BblCOKO')$$eK· 

TIIBllbIX IIHlKeKUHOllllblX CHCTeM. TT0Tpe6110CTH B C03P,aHHH BblCOK03cp¢eK· 

THBllbIX HHil<eKTOpOB npHBeJIH 3a nocnep_11ec BPCMll K 6ypHOMY pa3BHTHIO 

$1I3HKH II TCXHIIKII npoTOHHblX JIIIHCftllblX YCKOPHTCJICft, TaK KaK '.HI! 

ycTaHOBKII cnoco6Hbl OTP,aBaTb a IIMilYJihCC TOKII TaKoft BCJIHqlfHbI, 

KOTOpblC 06ccncq11Ba10T no IIIITCHCIIBIIOCTII HaCbllUCHIIC KOJlbUa CIIHXpo

<fia3oTpOHa BilJIOTb .!lO KYJIOHOBCKOro 6apbcpa. 

TTplIMOft nyTh YBCJIHqeHHll IIIITCHCIIBHOCTII yc1<ope11Horo nyq1<a B 

Cl!Hxpocpa30Tpo11e 0115111 B KOHUe UHKJia YCKOPCHl!ll, KOTOpblft CBll 3a11 

C YBCJIH~CIIHCM TOKa IIHlKeKUHH, 6bIJI orpaH11qe11 B03MOlKIIOCTlIMII JIHHeft-

11oro YCKOPHTCJ!ll C ceToqHoft cf>o1<yc11poBKOft Ha JHeprHIO 9,4 M 3B 

/ JIY-9/, TaK KaK acn11q11Ha npe.!lCJILHoro TOKa nyq1<a 11a ero BLixop_e 

/ - 1,5 Ma/ orpa1111q11aana q11cno qacTHU, HHlKCKT11pyeML1x B 1<aMepy 

CHHxpocf>a3oTpOHa. TTp11 IIHlKCKUIIII B KaMepy CHHxpocf>aJOTpo11a 2.10 12 

p/UHKJI MaKCIIMaJibl!Oe q11cno qacTHU B KOHUC UIIKJia yc1<opeHHJI nonyqa

CTCll noplIP,Ka JO 11 P/UHKJI, 3Ta IIIITCIICIIBHOCTb He MOlKCT Y.!lOBJICTBO" 

plITb B03p0CIIIIIM Tpe60Ba1IHlIM IlOCTaHOBKII cf>11311qec1<oro 3KcneplIMCHTa. 

,[(Jill nonyqeHHll IIHTCIICIIBIIOCTII B KOHUe UIIKJia yc1<ope11Hl1 nopJI,llKa 

10 12 p/UHKJI II 60Jib_Ille Tpe6yeTCll cyiuecTBCIIHO YBCJillqlfTb q11CJIO qac -

THU, IIHlKeKTIIPYCMblX B KaMepy ycKOPIITCJlll. B CBJI311 C 3TIIM eiue B 

1964 rop_y 6blJIO npHHlITO peIIIe1111e .o pa3pa60TKC npoeKTa npoTOIIHOro 

JIIIHeft11oro YCKOPHTCJIJI C MarHHTHOft KBaP,pynOJibHOft <fio1<ycnpoBKOft 11a 

JHeprnro 20 M:rn/JIY-20/. 
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B nepaoii H BTOpoii rnaBaX pecpepupyeMoii .D;HCCepTaUHH H3nO)KeHbl 

IPH3Hqec1me OCHOBbl, pe3ynbTaTbl pacqeTa H MO.n;enHpOBaHHH OCHOBHbIX 

y3noB npoTOHHOro nHHeiiHoro YCKOPHTenH C MarHHTHOH KBa.n;pynonhHOH 

cpoKyCHPOBKOH Ha 3Heprmo 20 M3B - HOBOrO HH)KeKTOpa CHHXpocpa30Tpo
Ha OMJIM. IlonyqeHHbie .n;aHHbie nernH B OCHOBY npoeKTHPOBaHHH H 

H3rOTOBneHHH Ba)KHeHWHX y3noB nHHeHHOro YCKOpHTem1, TaKHX KaK 

061,eMHbIH pe30HaTop H Tpy6KH ,l:lpeiicpa yCKOpHIOll.{e-cpOKYCHpyromero 

KaHana. 
B nepaoii rnaae pacCMOTpeHo npo,l:lonbHoe 'ABH)KeHHe ycKopHeMbIX 

qacTHU. AHanH3 cpa30Boro .D;BH)KeHHH HepaBHOBeCHbIX qacTHU npOH3BO-. 

)lHnCH Ha OCHOBe nonyqeHHoro pa3HOCTHoro ypaBHeHHH, KOTOpoe no3-

BOnHeT no H3BeCTHbIM napaMeTpaM paBHOBeCHOro 'ABH)KeHHH paccqHTaTb 

cpa30BOe COCTOHHHe qaCTHUbl B n -oM yCKOPHIOll.{eM npoMe)KyTKe, 3HaH 
cpa30BOe COCTOHHHe. qacTHUbl B n -1-oM npoMe)KyTKe. 3TO ypaBHeHHe 

HMeeT BH):l: 

3 2 .' 3 2 , 
(l+7 f3n,s ) f3n,s f3n -(l+2-f3n-1,s) f3n-1,sf3n-1 = 

e E0 T n L n [ ( l + J 
rr. o C 

1 
f3n-1 ) cos ¢n - cos <p

8 
] , 

f3 n-L , s 

r,/:le f3 n-1,9 f3n,s - OTHOCHTenbHaH CKOpOCTb CHHXPOHHOH qacTHUbl B 

I n - 1 /-oM H n "oM ycKopHroll.{eM npoMe)KyTKax cooTBeTCTBeHHO, 

Eo - cpe,l:lHHH aMnnHTY'AHaH HanpH)KeHHOCTb YCKOPHIOll.{ero nonH Ha 

nepHO,l:le ycKopeHHH, L n - ,l:lnHHa nepHO,/:la ycKopeHHH, T n - cpaKTOp 

.BpeMeHH nponeTa, ] - K03cl>cl>HuHeHT, BnHHIOll.{HH Ha xapaKTep 3aTyxaHHH 

cpa30BblX Kone6aHHH. B npocTeiiweM cnyqae npHMoyronbHOH BOnHbl B 

3a3ope J = 1 - rra ctgrra , a - K03cl>cl>HUHeHT 3a3opa. 
B 3TOH.)Ke rnaae paccMaTpHBaeTCH MeTO,l:l HH.D;HKaUHH, KOHTponH 

3HepreTHqecKoro cneKTpa H HecTa6HnbHOCTH CHHXpOHHOH 3HeprHH nyqKa 

Ha Bb!XO,l:le nHHeHHbIX YCKO,PHTeneii HOHOB C IlOMOll.{blO npo3paqHbIX HH

'AYKUHOHHblX .n;a TqHKOB / l • 21. M eTO'A HH,/:lHKaUHH OCHOBaH Ha Bbl):leneHHH 

C IlOMOll.{blO npo3paqHoro ,/:laTqHKa, ycTaHoBneHHOrO Ha yqacTKe HH)KeK

UHOHHOro TpaKTa, curHana, nponopuuomi.nbHoro aMnnHTY'Ae K -oii, 

HanpHMep, nepaoii rapMOHHKH pa3nO)KeHHH B PH'A <l>ypbe nepHo.n;HqecKoii 

nocne,l:lOBa TenbHOCTH crycTKOB 3apH)KeHHbIX qacTHI.{. AHanH3 noKa3bIBa

eT, qTo aMnnHTy,l:la H3MepHeMoii rapMOHHKH HBnHeTCH cpyHKUHeii cpa3oBoii 

WHPHHbl crycTKa B MeCTe ycTaHOBKH npo3paqHoro ,/:laTqHKa, KOTOpaH, 

B CBOIO oqepe,l:lb, nHHeHHO CBH3aHa C 3HepreTHqecKHM pa36pocoM qacTHU 

B crycTKe. Ha pHc. 1 noKa3aHbI HopManH30BaHHhie KPHBbie H3MemiHHH 

aMnnHTYJ:lbl nepBOH rapMOHHKH B 3aBHCHMOCTH OT cpa30BOH nonywHpHHbl 
crycTKa AnH Tpex cnyqaea annpoKcHMaUHH cpyHKUHH pacnpe,l:leneHHH 

3apH,l:la B cryCTKe. <l>yHKUHH pacnpe,l:leneHHH HaqanbHbIX CKOpOCTeii qac

THU B cryCTKe npHHHTa nHHeHHOH OTHOCHTenbHO ero ueHTpa. 
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Ha ocuunnorpaMMax puc. 2 coaepweHHO oTqeTnHBO Ha6nro):laeTCH 

KoppenHUHH 3HepreTHqecKoro cneKTpa nyqKa C ypOBHeM YCKOPHIOll.{ero 

a. q, nonH /3neKTpOHHaH annapaTypa, peanu3yromaH o6cy)K.n;aeMbIH Me

To.n;, 6blna ycTaHOBneHa a TpaKTe HH)KeKTOpa JIY-9/. YpoBeHb ycKOpH

IOll.{ero nonH B pe3oHaTope, npH KoTopoM nonyqaeTCH HaH6onbwHii cur
Han C IlHKan-3neKTPO'Aa, COOTBeTCTByeT MHHHManbHOMY 3HepreTHqe-

CKOMY cneKTPY ycKopeHHblX qacTHU, • 
IlpH HanuqHH HCTOqHHKa KOrepeHTHbIX cpa30BbIX Kone6aHHH B ycKo-

pHIOll.{eH CHCTeMe nHHeiiHoro ycKopHTenH 3a BpeMH HMnynbca HH)KeKUHH 

B03MO)KH0 H3MeHeHHe cpe,l:lHeii 3HeprHH nyqKa, qTO npHBO.D;HT K "non-
3yqeCTH" cneKTpa 3a BpeMH HH)KeKUHH. M3MepeHHe HeCTa6HnbHOCTH 

cpe.n;Heii 3HeprHH ocymecTBnHeTCH B CHCTeMe C 'ABYMH HH'AYKUHOHHblMH 

.n;aTqHKaMH, ycTaHOBneHHblMH Ha yqaCTKe CB060):lHOrO ):lpeiicpa nyqKa Ha 
paccTOHHHH f ,l:lpyr OT ,l:lpyra. <l>a3bl nepBOH rapMOHHKH C 3THX ,l:laTqH-

KOB cpaBHHBalOTCH Ha cpa30BOM ,l:leTeKTope. 
Bo BTopoii rnaBe paccMOTpeHO pa.n;uanbHOe ,l:lBH)KeHHe qaCTHU 

B nHHeHHOM ycKopHTene JIY-2O. IlpOH3Be,l:leH aHanH3 pa,l:lHanbHOH ycToii

quBOCTH qaCTHU- ~aHbl o6oCHOBaHHH pe)KHMa H pacqeTa rpa,l:lHeHTOB 

MarHHTHbIX noneii KBa.n;pynonbHblX nHH3 B npHHHTOH CTPYKType pa.n;uanh -

HOH cpoKycupoBKH Tuna <l>O~O. 
YpaBHeHHH pa,l:lHanbHOrO ,/:lBH)KeHHH B paccMaTpHBaeMOH yCKOpHIOll.{e-

cpoKyCHPYIOll.{eH CTpyKType HMeIOT BH,l:l: 

r,l:le 

2 
...5!.,_ 1:._ + p ( 0) X = 0 

d0 2 

.-!!.:.L+p(0)Y= O, 
d0 2 

p(O) =A (0)o(0-0 
0

) + 02 (0) h(0); n, on 

ji (0) = A (0) o ( 0 - 0 ) + n2 
( 0) h ( 0) 

· n,O on 

A (v,,) 
TT e Eo T (0) (I -{3;,s ) A sin ¢, 0 

"'0 P9,s c2 

/2/ 

/3/ 

aenuquHa, xapaKTepH3yromaH pa.n;uanhHYIO .n;ecpoKycupyromyro cuny OT 

,l:leHCTBHH YCKOpHIOll.{ei,o B. q, nonH H 3aBHCHll.{aH OT npo,l:lonbHOH .0 -Ko

Op,l:lHHa Tbl qacTHUbl, 3Ta BenuqHHa npHHHTa cocpe,l:lOTOqeHHOH B 3Hepre

THqeCK0M ueHTpe ycKOpHIOll.{ero npoMe)KyTKa (O,,,o ), T.e.,l:leHCTBYeT Ha 

qaCTHUY KaK ,l:lenbTa -cpyHKUHH O ( fl - On, O ) • 
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BenH'-IHHa 

02. ( 0) 
on 

e f3 {J_,_-,_ 

m I 
0· 

I H, I 0 

I I - 'IaCT0Ta ycKop.1uomero nonx, H ' - rpanneHT nonepe'IH0ro 

MarHHTHoro nonx/ - xapaKTepnJyeT pannanhH0e neiicTBHe nonx KBanpy

nonhHhIX nHH3 Ha yc1<0pJ1eMy10 'IaCTHUY- h ( 0) - 3HaKonepeMeHHaJI 

<t,yHKUHJI. 

KoJ<b<i>HUHeHTbl p ( 0) H ii ( 0) B ypaBHeHHJIX /2/ n /3/ He JIBnJI• 

IOTCJI CTporo nepH0)lH'IeCKHMH <i>YHKUHJIMH BpeMeHH H3•Ja H3MeHeHHJI 

JHeprHH 'IaCTHU H napaMeTp0B YCKOPlllOIUe-<t,0Kycnpy10mero KaHana, 

a TaKiKe Bcne)lCTBHe <t,aJOBbIX KOne6aHHH 'IaCTHU. 3TH H3MeHeHHJI Ja

noiKeHbl B HenocT0JIHCTBe BenH'IHH l'l ( 0) H O ~n ( 0) • Ho-.nnx aHanHTH • 

'IeCKoro paCCM0TpeHHJI /HanpHMep, npH aHanHJe YCTOH'IHBOCTH none

pe'IHoro )lBHiKeHHJI/ noneJHO )lonyCTHTb CTpory10 nepHO)lH'IHOCTb KOJ<t,

<bHUHeHTOB p (O) H p ( 0), Ilpn JT0M HeKOT0pbie BaiKHble Bb!BO)lbl Teo

PHH JIBllJIIOTCJI cnpaBe)lnHBblMH H B peanbHOM cnyqae, K0r)la yKaJaHHhle 

KOJ<t,<t,HUHeHTbl a)lHa6aTH'IeCKH MeHJIIOT CBOe 3Ha'IeHHe Bcne)lCTBHe 

pocTa JHeprHH YCKOpJleMbIX 'IaCTHU • 

,nnJI nocTpoeHHJI )lHarpaMMbl YCTOH'IHaocTH H pac'IeTa He06XO)lHMblX 

rpa)lHeHT0B <boKyCHPYIOIUHX noneii B KBa)lpynonbHblX nHH3aX Tpy6oK 

Jlpeii<t,a 6bm IIpHMeHeH MaTpH'IHbIH MeTO)l aHanHJa ypaBHeHHH )lBHiKeHHJI 

/2/ H /3/. PacqeT rpanHeHT0B rroneii B KBanpyrronhH,hIX nHHJax npoHJ a 

BO)lHllCJI HJ ycnOBHJI 0,;11 = Const ,'ITO H3MeHJleT <t,aJy IIOIIepe'IHbIX K0ne-

6aHHH Ha nepHO)le <t,oKyCHPOBJ(H )lllJI CHHXpOHHOH 'IaCTHUbl B Ha'Iane 

ycKopeHHJI c9s /L = 0 ,6 H COOTBeTCTBeHHO cos /L =0,3 B KOHUe 

YCKopeHHJI. Ha PH~. 3 IIOKaJaHa )lHarpaMMa YCTOH'IHB;CTH rrorrepe'IHOro 

.!I.BHiKeHHJI. 

IlpH rrpoeKTHPOBaHHH MarHHTHOH CHCTeMbl KBa)lpyrronbHblX nHHJ 

6onbIIIOe BHHMaHHe 6b1no YJJ.eneHO yny'IIIIeHHIO HX MarHHTHblX xapaKTe

PHCTHK. B peJynhTaTe JKCIIej)HMeHTanbHOro H3y'IeHHJI nnocKoro rromo

ca ;'3 - 5 / pa3pa6oTaH M0.!1.H<bHUHPOBaHHblH nnoCKHH rromoc l 6 1;KOTOpblH 

)laeT MeHhIIIYIO HenHHeiiHOCTb rpa)lHeHTa nonJI no pa)lHycy arrepTypbI, 

'IT·o cymecTBeHHo pacII111pJ1eT pa6oqy10 o6nacTb iKeCTKo·<t,0KycHpy10mero 

KaHana /pH·c. 4/. M O)lH<t,HUHPOBaHHblH nnOCKHH non10c npH onpe)leneHHblX 

COOTHOIIIeHHJIX pa3MepoB npo<t,HnJI npaKTH'IeCKH CBO)lHT K Hyn10 He TOllbKO 

IIIeCTYIO, HO H )leCJITYIO aJHMyTanbHhie rapMOHHKH HCKaiKeHHJI rronJI. 

TaKoii non10c no cpaBHeHHIO C nnoCKHM non10C0M n0JBOnJleT paCIIIHPHTb 

pa6o'IHH panHyc arrepTypbI nHH3hI 6e3 yBenH'IeHHJI ra6apHTOB caMoii 

llHH3bl. 

B nocne)lHee BpeMJI 6o_nhIIIOii HHTepec npoJ1BnJ1eTCJ1 K BorrpocaM 

Hcnonb30BaHHJI cymecTBYIOIUHX np0TOHHbIX CHHXpOTP0H0B )lllJI YCKopeHHJI 

6onee THiKenhIX xnep, 'IeM xnpa BO.!I.OPO.!l.a, Harrp11Mep, H)lep neiiTepHJI 

6 
'!;','." 

H renHJI / 
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11 ~ 3TO CBJ13aH0 C B03MOiKHOCTblO nony'IeHHJI B peJynbTa· 

Te peaKUHH CTpnnnHHra KBa3HM0HOXPOMaTH'IeCKHX HeiiTpOHHbIX ny'IK0B, 

'ITO )laeT B03MOiKH0CTb H3y'IaTh npoueccbI np. "B3aHMO)leHCTBHH nyq

IIIe, 'IeM B ny'IKaX HeiiTpOHOB, nony'IeHHbIX npH o6ny'IeHHH KaKoii- nH6o 

MHIIIeHH YCKopeHHblMH npoT0HaMH. BeCbMa 6onbIIIOH HHTepec rrpe)lCTaB· 

nxeT TaKiKe HJy'IeHHe B3aHMO)leHCTBHJI penJITHBHCTCK0ro CllOiKHOro 

ll)lpa C BeIUeCTBOM 112 I. IlpH HanH'IHH )lOCTaTO'IHO HHTeHCHBH0ro HCTO'{" 

HHKa nerKHX Jl)lep / 13 • 14 t ycnoBHJI HX npOXOiK)leHHJ1,6eJ y'IeTa npo

uecca nepe3apJ1.!1.KH, qepe3 ycKopuTenhHhiii KoMnneKc rrpoToHHoro CHHx· 

poTp0Ha, HacTpOeHHOro Ha ycKopeHHe )leHTOHOB, npaKTH'IeCKH coxpam,

eTCJI. IlOJTOMY HJy'IeHHe ycKopeHHJI )leHTOHOB H a -qacTHU Ha cymecT· 

BYIOIUHX npoTOHHbIX CHHXPOTpOHax npe)lcTaBnHeT 3Ha'IHTenbHblH HHTepec 

C TO'IKH 3peHHJI HJy'IeHHJI ycKopeHHJI 6onee TJliKenblX Jl)lep. 

B TpeTbeii rnaBe )lHCCepTaUHH paccMOTpeHhl <bHJH'IeCKHe OCHOBbl 

H JKCnepHMeHTanbHble peJynhTaThl ycKopeHHJI )leHTOHOB B rrpOTOHHOM 

nHHeHHOM ycKopHTene JIY-9 c ceT0'IHOH <t,oKycHpOBKOH - HHiKeKTope 

CHHXpo<t,aJOTpoHa 0HJUi / 15 -
1
. O60CHOBaHa He06XO)lHMOCTb yMeHhIIIeHHJI 

YCKOplllOIUHX 3a3opoB B )lBa pa3a rrpH rrepexone Ha peiKHM ycKopeHHJI 

)leHTOHOB C )lBOHHOH KpaTHOCTblO )lpeii<t,a. B JTOH iKe rnaae HJnoiKeH 

MeTO)l rrpe)lBapnTenbHoro JlBYX3a3opHoro rpyrrIIHPOBaHHJI IIY'IKa, rro

CTyrraJOIUero Ha BXOJl nnHeiiHoro ycKOPHTenH H0HOB :'16 - 18 I_ 
PeannJaUHll peiKHMa ycKopeHHJI )leUTOHOB Ha 6a3e CYIUCCTBYIOIUCro 

/10 11 I 
YCKOpHTenbHOro KOMIIllCKCa CHHXpo<t,aJoTpoHa • , 6bma CBJl3aHa 

C HJBCCTH0U TPYJlHOCTblO rrony'IeHHJI )lOCTaTO'IHO HHTCHCHBHOro TOKa 

HHiKCKUHH Ha BblXO)lC JIY-9, TaK KaK B JTOM peiKHMC /B HJBCCTHOU CXCMC 

nepexo)la Ha )lBOHHYIO KpaTHOCTb )lpeii<t,a / 19 / / Tpe6ciBanocb CHH3HTb 

nanplliKCHHe Ha YCKOpHTeJibHOH Tpy6Ke <t,opHHiKeKTopa B .!I.Ba paJa. B pe

JynbTaTC rrapaMeTpbl rry'IKa <t,opHHiKeKTopa Ha Bxo)le nm1eiiHoro ycKopn

TCJIJI peJKO yxy)lIIIaJIHCb, H MaKCHManbHblH )leHTOHHblH TOK na BblXO)lC 

JIY-2O_ HC npeBbllllan 200 /LA B HMIIYnbce. PaccMaTpHBaeMblH MeTO)l 

JlBYXJaJopnoro rpyrrnnpoBaHHJI ny'IKa 3apJ1iKCHHblX qacTHU na BXOJlC 

YCKOplllOIUCH CTpyKTypbl nHHeHHblX YCKOpHTeneii HOHOB. MOiKCT 6b!Tb 

peaJIHJOBaH B BH)lC OT)lCllbHOr0 )lByx3a3opnoro rpynrrupoBaTenJI C Tpy6-

KOH JJ.peii<t,a nnu B BH)le JlBYXJaJopnoro rpynrrHpoBaTenJ1, C0BMeIUeHHoro 

c YCKOpJIIOIUCH CTPYKTypoii nHneiinoro yCK0pHTCnJI /pnc. 5/. 

B cny'Iae ycKopeHHJI )leHTOHOB B JIY-9 6bm OCYIUeCTBnen BapnaHT 

COBMeIUennoro JlBYX3aJopnoro rpynrrHpoBaTenJI C HHiKeKUHCH B nJ1TblH 

3a3op YCKOpJIIOIUCH CTPYKTYPhl /puc. 6,7/, 'ITO )lano B03MOiKHOCTb 

yBenn'IHTh ycKopJ110IUHii noTenuHan Ha Tpy6Ke <t,opHHiKeKTopa Jl0 525 KB 

/BMeCTO 285/. :_3TO no3Bonuno YBCllH'IHTb )lCUTOHHblH TOK ycKopeHnoro 

IIY'IKa Ha. Bbl.XO)lC JIY -9 npHMepno B 5-6 pa3, 'ITO, B. KOHC'IHOM C'IeTe, 

JIBHJIOCh OJlHHM HJ onpe)lenl!IOIUHX <t,aKTopoB B ycrreIIIH0M ocyIUeCTBneHHH 

peiKHMa YCK0pCHHJI )lOCTaTO'IH0 HHTeHCHBHOrO ny'IKa )leHTOHOB Ha 

CHHXpo<t,aJOTpoHe 0HJIH / 2 0. 21 I · 
. .• 
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Cne,ll;yeT OTMeTHTb, 'ITO ,ll;BYX3a30pHaJI rpynnHp0BKa HO.HOB MO)KeT 

OKa3aTbCJI none3HOH ,ll;Illl YCKOPHTenhHbIX KOMnneKC0B cl,opHH)KeKTOp • 

IlHHeiiHLIH YCKOpHTenb, C)'IUeCTBYIOlQHX Ha ,ll;pyrnx yCKOpHTenllX nO,ll;06Ho -

ro Tnna. Bo-nepBbIX, ,ll;BYX3a30pHbIH rpynnupoBaTenb, COBMeI.QeHHbIH 

C YCKOpllJOI.Qeii CTPYKTypoii, He Tpe6y~T ,ll;Illl CBoeii pa60TbI OT,ll;enbHOro 

HCTO'IHHKa nnTaHH.Jf, cl,a3HpyJOI.QHX ycTpOHCTB H T.n., TaK KaK ero HOp· 

ManLHall pa6oTa ocyI.QeCTBillleTCJI aBTOMaTH'leCKH npn B036y)K,ll;eHHH 

pe30HaTopa Ha BOilHe Tnna Eo10, BO·BTOpbIX, TaKoii rpyrinHpOBaTenb 

MeHee 'IYBCTBHTeneH K HecTa6nnLHOCTH :rneprnn. nyqKa, nocTynaroniero 

H3 cl,opHH)KeKTOpa, H, B·TpeTLHX, BBH,ll;Y cyI.QeCTBeHHoro COKpaI.QeHHll 

6a3LI ,ll;peiict,a /npnMepHo Ha nopll,ll;OK no cpaBHeHHJO C KilHCTpOHHbIM/ 

,ll;BYX3a30pHbIH rpynnHpOBaTenb cnoco6eH 3cl,cl,eKTHBHO o6ecne'IHTb Ha· 

qanLHYJO rpynnnpoBKY 6onee CHilbHOTO'IHbIX ny'IKOB, 'leM npn npHMeHe· 

HHH KilHCTpOHHOro rpynnHpOBaTenll 

B 'leTBepTOH rnaBe H3IlO)KeHLI cl,H3H'leCKHe OCHOBLI MO,ll;epHH3a)lHH 

IlHHeiiHoro YCKOpHTenJI c ceT0'IHOH cl,oKycnpOBKOH JIY-9. IlpnBe,ll;eHbI 

HeKOTOpbie 3KCnepHMeHTanhHLie pe3yilLTaTLI no H3MepeHHJO OCHOBHbIX 

napaMeTpOB ycKopeHHOro npoTOHHOro nyqKa, TaKHX KaK nonepe'IHhIH 

3MHTTaHC H 3HepreTH'leCKHH cneKTp. 

Ilpn peKOHCTPYKUHH HH)KeKTopa JIY- 9, KOTOpall 3aKnroqanacb B 

nepe,ll;enKe ycicopllroI.Qero KaHana Ha )KeCTKo·cl,oKycnpyroI.QHii BapnaHT, 

a OCHOBY 6LmH nono)KeHbI pac'leTLI YCKOpllJOI.Qe-cl,oKycnpyroI.Qero KaHana 

JIY-2O /Anll YCKopeHHJI npoTOHOB/, a TaK)Ke pe3YilbTaTLI, nonyqeHHbie 

npn ycKopeHHH ,ll;eHTOHOB B HH)KeKTope JIY -9. IlpoeKT peKOHCTPYKUHH 

npe,ll;yCMaTpHBan C03,ll;aHne, ycKop»roI.Qero KaHana, cnoco6Horo 3cl,cl,eK· 

THBHO YCKOPHTb TPH COpTa: qacTH)l: npoTOHbI / 7 = 1, npn KpaTHOCTH 

,ll;peiicl,a q = 1 I, ,ll;eiiTOHLI / ~ = 1/ 2, npn Kpa THOCTH ,!J;peiict,a q = 2 / 
H O,ll;H03apH,ll;HLiii rennii / _!L:l/4,;npn KpaTHOCTH ,!J;peiicl,a q=.3 /.Ilocne,!J;~ 

1_mii pe)KHM, KOTOpbIH pean£yeTCH npn HaCTpOiiKe YCKOpHJOI.Qero KaHana 

Ha ,ll;eHTOHHbIH BapnaHT, no3BOilHCT nony'IHTb Ha BbIXO,ll;e IlHHeiiHoro 

yCKOPHTenH JIY- 9M HHTCHCHBHLIH noTOK 'laCTH)l 0,ll;H03apH,ll;HOro rcnHH 

npn 3Heprnn 1,04 M3B/HyKnOH, a nocnc CTpnnnnHra - noTOK a -qacTH)l 

~JI HH)KeK)lHH HX B KaMepy CHHXpocl,a30TpOHa. Ilocne 3aBepweHHH 

peKOHCTPYKUHH Ha BbIXO,ll;e HH)KCKTOpa JIY -9M 6Lm nony'leH ny'IOK ye -

KOpCHHhIX npOTOHOB C TOKOM B HMnynLce -15 mA (] max19tr.A))TO 6nH3KO 
K paC'ICTHOMY TOKY, T .K. cyI.QeCTBYJOlQHH cl,opHH)KeKTOP ,ll;aeT ny'IOK 

c TOKOM BHMnynLce -40mA BancpType 2A =13MM,IIaBXO,ll;CilHHeiiHoro 

YCKOpHTenH. JIY-9M no3Bonnn eI.Qe ,ll;O 3anycKa HH)KeKTopa JIY-2O Ha· 

qaTb H3Y'leHHe noBe,ll;eHHJI nyqKa B KOilb)le CHHXpocl,a30TPOHa npn cy

I.QeCTBeHHO 60ilbllIHX TOKaX HH)KCK)lHH npOTOHOB, 'ICM 3TO MOr o6ec -

ne'IHTb ycTapeBllIHH HH)KeKTOP JIY-9 c CCTO'IHOH cl,oKYCHPOBKOH, Ilpn 

TOKe HH)KeK)lHH JHH:>K, = 15 n;A 6Lm nony'ICH KBa3H6eTaTpOHHbIH pe)KHM 

B KaMepe CHHxpocl,a30TPOHa C 'IHCilOM qacTHU B )lllpKynnpyroI.QeM ny'IKe 

Np ,,a=B,4.10 12 p/HMnynLC, 'ITO npHMepHO B 10 pa3 6onLWe, 'ICM 

C HH)KeKTOp0M JIY-9. 
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B pe)KHMe ycKopeHHll ,ll;eHTOHOB Ha BTOPOH KpaTHOCTH ,!J;peiiqia 6Lrn 

nonyqeH ycKopeHHhIH ny'IOK c TOKOM B HMnynLCC Id= 8 rr.A H COOTBeT· 

CTBeHHO qncno qacTH)l N d,{3 =4.10 12 d/nMnynLC. B1,1c0Kall 34xlieKTHB" 

HOCTb JIY·9M KaK HH)KeKTOpa qaCTHll C f = -ff; -1/2 n03BOilHT 

c)'IUeCTBeHHO npO,ll;BHHYTh 3KCnepnMeHTailbHOe H3y'leHHC npo6neMLI yc

KOpeHHll Ha CHHxpocl,a30TpoHe OHJHI nerKHX H,!J;ep HaqanbHhIX 3IlCMeHTOB 

ncpHO,ll;H'leCKOH Ta6nH)lbI 

Ha pnc. 8 noKa3aH 061.QHH BH,ll; pacnono)KeHHll HH)KeKTOpOB JIY-9M 

H JIY-2O OTHOCHTenLHO KOilb)la CHHxpocl,a30TpoHa. Ilocne 3anycKa HH" 

)KeKTopa JIY - 20 nnHeiiHLIH ycKopnTenh JIY-9M 6y,!J;eT ncnonL30Ba TbCJI 

B OCHOBHOM Ka') HH)KeKTOP nonHOCTbIO HOHH3HpOBaHHbIX H,!J;ep. 

TaKHM o6pa30M, CHHXpocl,a3oTp0H 6y,ll;eT nMeTL MHOrouencByIO 

HH)KeK)lHOHHYJO CHCTCMY, B pe3yn1,TaTe qcro 6y,ll;yT nonyqeHhI Ka'leCT" 

aeHHO H0BbIC ny'IKH 3ap»)KeHHhIX 'laCTHU, KOTOpbIC no3BOilllT 3Ha'IHTCilh" 

HO paCllIHpHTb 3KCnepnMeHTailbHbie B03M0)KH0CTH CHHxpocl,a30TpOHa 

mu111. 
IlO,!J;BO,ll;ll HTOr BblllieH3IlO)KeHHOMY, MO)KHO cnC,ll;YIOlQHM o6pa30M 

ccl,opMynnpoBaTb OCHOBHbie pe3ynLTaTLI: 

1. Pa3pa6oTaHLI cl,H3H'leCKHe OCHOBhI npoTOHHOrO IlHHCiiHoro ycKO" 

pnTeilll C MarHHTHOH KBa,ll;pynonLHOH ct,oKycnpOBKOH Ha 3HeprHIO 20 M 3B -

HH)KeKTOpa CHHxpocl,a30TPOHa 011Jil1. 
TeopeTnqecKnii aHann3 npo,ll;onbHOro n noncpcqHoro ,ll;BH)KeHHll yc-

KOplleMLIX npOT0HOB ,ll;an B03MO)KHOCTb o6oCHOBaHHO no,ll;OHTH K BLI6opy 

H pac'ICTY OCHOBHbIX napaMeTpOB yCKOPllIOlQCH CHCTCMbI JIY-20 /pe30" 

HaTopa, Tpy6oK ,!J;peiicl,a, HaCTpOC'IHbIX 3neMeHTOB/, a TaK)Ke K pacqeTy 

Heo6XO,ll;HMhIX pa,ll;nanLH0°cl,OKYCHPYIOlQHX noneii MarHHTHbIX KBa,ll;py

nonbHbIX IlHH3, o6ecne'IHBaIOlQHX pa,ll;nanLHYIO ycTOH'IHBOCTb ycKOplle -

MLIX qacTH)l. 

2. 3KcnepnMeHTanLHOe nccne,ll;oBaHHC nnocKoro nonIOca KBa,ll;py

nonLHOH IlHH3bI no3BOilHil0 BhlllBHTb onTnMailbHhIH, C TO'IKH 3peHHll npn

MCHeHHll B Tpy6Kax ,!J;peiicl,a nnHeiiHLIX ycKopnTeneii, npocl,nnL, B KOTO· 

pOM OTCYTCTByIOT llICCTaH H ,ll;eCHTall a3HMyTanLHbIC rapMOHHKH HCKa • 

)KeHHll no.nll /MO,ll;Hcl,HUHPOBaHHhIH nnocKHH nonIOC/. 3KcncpnMeHTailbHO 

ycTaHOBJieHLI pa3MephI npocl,Hilll MO,ll;Hcl,HJlHpOBaHHOrO nnocKOrO IlOilIOCa 

B 3aBHCHMOCTH OT pa,ll;HYCa MarHHTHOH anepTypLI. 
IloCKOilbKY MO,ll;Hcl,HUHPOBaHHhIH nnoCKHH nonroc cymecTBeHHO pac -

wnpHCT pa60'IHH pa,ll;nyc MarHHTHOH anepTYPLI KBa,ll;pynonLHOH. IlHH3hI, 

TO OH MO)KeT 6bITh peKOMCH,ll;OBaH ,ll;Illl MarHHTHhIX )KeCTKO·cl,oKyCHPYIO" 

ll{HX KaHanOB nnHeiiHhIX ycKopnTeneii: HOHOB •. 

9 



3. IIpe,!lJIO)KeHa H 3KCnepnMeHTanbHO npoBepeHa MeTO,llHKa HH,llHKa· 

unu JHepreTm1ecKoro cneKTpa ny'!Ka Ha Bhixone nnHeiiHhIX ycKopnTeneii 

. HOHOB, no npOXO,llJIIUeMy ny'IKY C noMOIUbJO npoJpa'!HbIX HH.llYKUHOHHbIX 

.aaT'!HKOB. 

4. IIpe,!lJIO)KeHa MeTO.!J.HKa HH.!J.HKaUHH cpe.aHeii 3Heprnn nyqKa Ha 

BbIXO.!J.e nnHeiiHhIX YCKOPHTeneii HOHOB. 

5. Pa3pa6oTaHbl «bnJH'!eCKHe OCHOBbl ycKopeHHJI .aeiiTOHOB B npo

TOHIIOM nn11eiiHoM ycKopnTene c ceTO'IHOii «boKycnpoBKoii. B peJynhTa· 

Te pac'!eTJIO"TeopeTH'leCKHX H JKcnepnMeHTanbHbIX nccne.aoBaHHH 6brnH 

Haii.aeHhl onTHManbHhie pe)KHMbl .!I.Ill! 3«Ji«JieKTHBHoro ycKopeHHJI .aeiiTOHOB 

B JIHHeHHOM ycKopnTene • HJl)KeKTope cn11xpo«JiaJOTPOHa 0liJili. 
6. Ilpe.ano)KeH n TeopeTH'ieCKH o6oCHOBaH MeTO.!J. .!J.BYXJaJopHoro 

rpynnnpoBaHHJI HOHOB Ha BX0.!1.e nnHeHHbIX YCKOPHTeneii. ,ll;ByXJaJOpHaJI 

rpynnnpoaKa MO)KeT 6hITh peann3oaa11a B Bn.ae 0T.aenh11oro OT peJoHa· 

Topa JIY - rpynnnpoBa Ten JI nnn a BH.!1.e .!I.BYXJaJopHoro rpynnnpoBa Ten JI, 

COBMeme1111oro C yCKOpJIJOIUeii CTPYKTypoii JIY. 
7. PeannJaUHJI MeTo.aa· .aayxJaJo·pHoro rpymrnpoaaHHJI a JIY-9 -

HIDKeKTope .!J.CHTOIIOB cn11xpo«JiaJOTpo11a 0liJili IIOJBOnHna pa3pa60TaTh 

CHCTeMy COBMCIUCHHOrO .!J.BYXJaJopHoro rpynnnpoaaTenJI C HJl)KeKUHeii 

B IIJ!Tblll 3B30p YCKOPJIIOIUCH CTPYKTYPhl nn11eii11oro YCKOPHTCilJI. 3To 

.!J.BJIO BOJMO)f(IIOCTb yaeJIH'IHTb TOK .aeiiTOIIHOro IIY'!Ka Ha Bb!XO.!J.C JIY-9 
B 5-6 pa3, '!TO, B KOHC'IIIOM C'ICTe, JIBHilOCb O.!J.HHM H3 onpe.aenJIIOIUHX 

«baKTopoa B YCIICIIIIIOM 0CYIUCCTBJICHHH pe)f(HMa ycKopeHHJI .!I.OCTaTO'IHO 

HIITCHCHBHOro IIY'IKB .!J.CHTOHOB B CHHXpo«baJoT'poHe 0li.Hli. 
8. Ha OCHOBe BblII0JIIICHHblX pa6oT no «bHJH'leCKOMY o6ocHoBaHHIO 

HH)f(CKT0pa JI Y- 20 tt ycKopeHHHl .!1.CHTOHOB a np0TOHII0M IlHHCHHOM ye-

. K0PHTeJie c CCTO'IHOH «boKycttpOBKOH JIY-9 0CYIUCCTBneHa peKOHCTPYK" 

UHJI YCKOPJIIOIUC·«boKyCHPYHllllCH CTpyKTyphl JIY-9, B pe3ynbTBTe qero 

MaKCHManbH0e 'IHCJI0 'IBCTHU B ny'IKC, UHpKynnpy101UeM B KaMepe 

C~Hxpo«JiaJOTpOHa /KBa3tt6eTaTpOHHOM pe)f(HMe/, yaeJIH'IHJI0Cb B - 10 
pa3 nptt YCKopeHHH np0T0H0B H, COOTBCTCTBCHHO, B 15 pa3 nptt ycKope

HHH .aeiiTOHOB. BbICOKaJI 3«Ji«JieKTHBHOCTb JIY-9M KaK HH)f(CKTopa .!1.CHTO -

HOB IIOJBOJIJICT OCYIUCCTBHTb HH)f(CKUHIO B KBMepy CHHxpo«JiaJoTpOHa 

.apyrnx Jl.!I.CP nocne JaaepIIICHHJI pa6oT no C03.!1.aHHIO HCT0'IHHKa MH0ro

JapJl.!J.llblX H0H0B • 

OcHOBHOe co.aep)f(aHne .!1.HCCepTaUHH H3Il0)KCHO B pa6o-

Tax /1,2,6,10, II, 15-21 /, ony6nHKOBaHHbIX B BH.!J.C CTaTeii, npenpHHT0B 

H .!J.OKna.aoa Ha KOH«bepeHUHJIX no YCKOPHTCilJIM 3apJ1)f(eHHbIX qacTHU. 
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PyKonucb noc111ynuAa e u3oa111eAbCKuii omoeA 
18 0eKa6pJI 1972 zooa. 
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Puc. 1. HopManH30BaHHLie KpHBLie H3MeHeHHH aMrrnHTYJlLI rrepBOH rap
MOHHKH B 3aBHCHMOCTH OT tpa30BOH rronyumpHHLI cryCTKa. 1 - arrrrpoKcH
MaUH» IPYHKU:HH pacrrpe,!leneHH» 3ap»Jla B crycTKe paBHOMepHo 3ap»)KeH
HLIM JnnHIICOH,!lOM, 2 - HepaBHOMepHO 3ap»)KeHHLIM U:HnHHJlPOM, 3 - paB
HOMepHO 3ap»)KeHHLIM UHnHHJlPOM. 
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Puc. 2. OcumrnorpaMMbl UMIIynhC0B T0Ka ycKopeuuoro IlY,.IKa /KpUBble 
2,5,8/, curuana c .u;aT'!UKa cneKTpa /KpUBhie 3,6,9/ .u:m1 paJnU'!Horo 
ypoBHJI ycKopinomero non JI B peJoHa Tope nuueiiuoro ycKopuTenJ1 JIY-9 
/KpUBhie 1,4, 7 /. KpusaJ1 1 cooTBeTCTByeT yposmo ycKopJ110mero nonJ1 

U1 = UuoM, + 0,014U HOM. , KpUBaJI 4 - U 4 = UHOM, KpUBaJI 7 - U7 ~ 
= UHO -0,014U f,4, 7 - BepWUHbl nnoCKOH '!aCTU oru6a10mux UMIIynbC0B 
c U:JMWimTenhHOH neTnu ua ypoBue 5-7 B. TionHhie UMnynhChI c UJMepu
TenbHOH neTnU U1 =152 B. U4 =150 B, U7 =148 B. 
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Puc. 3. )luarpaMMa YCTOH'IUBOCTU .u;nJI nonepe'IH0ro JJ:BH)!<eHUJI np0T0H0B 
B mrne_HHOM YCKopuTene JIY-20. 
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PHC. 4. HeJIHHeiiHOCTb MarHHTHOro IlOJIH B 3aBHCHMOCTH OT pa,!l;nyca 
,!l;JIH IlJIOCKoro nomoca /1/ n ,!l;JIH MO,!J;Hl}lllu;HpOBaHHOro IlJIOCKOrO nomoca 
/2/. RM - pa,!l;nyc MarHHTHOH anepTypbl. 
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Pnc. 5. ~Byx3a3opHblll rpynnnpoBaTeJib, COBMellJ;eHHblH C YCKOpHIOilJ;eii 
CTPYKTypoii JIHHeiiHoro YCKOpHTeJIH. 

j / Oc• no86,e,,u II r ~""'1¢" 

wt 

Pnc. 6. i.1/. reoMeTpHH Tpy60K ,!l;peiii}Ja Ha'laJibHOH 'laCTH pe3oHaTopa 
JIY-9. CITJIOIIIHOH KOHTyp - npn ycKopeHHH npOTOHOB. IIyHKTHPHblll KOH
Typ co WTPHXOBKOH - npn YCKOpeHHH )];eHTOHOB. 6/. IIoJIO)KeHHe CHHXpOH
HOH qacTHlJ;bl B 3JieKTpH'leCKHX u;eHTpax 3a3opOB OTHOCHTeJibHO i}Ja3bl 

YCKOpHIOilJ;ero IlOJIH. 
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Puc. 7. KpHBbie <fiaJOBOH, rpynnHpOBKH .ueliTOHOB B 3a3opax .llBYX3aJop • 
Horo rpynnnp0Barem1 /rpeTHH H '-!eTBepTblH 3a3opbl CTPYKTyphI/. } • 
JHeprern'-!ecKHli paJ6poc crpynnnpoBaHHhIX '-lacrnu nocne npoxo,KJ1eHHJ1 
rrepBoro JaJopa rpynnnpoBarenH /rperbero 3a3opa crpyKrypw/, 2 -
3HepreTH'-leCKHH pa36poc crpynnHpoBaHHblX '-laCTHU 3a BTOPhlM 3a3opoM 
rpynnnpoaarenll /'-leTBepTbIM 3a30POM CTPYKTypbI/. Ha KpHBhIX 1,2 
yKa3aHbl <fia.Jhl '-laCTHU B rrepBOM 3a3ope rpyrrrrHpOBaTenJI. 
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PHc. 8. CxeMa pacrroJio)l(eHnll HH)l(eKTopoa JIY·9M n JIY-20 CHHxpo
qJaJoTpoHa OHJll:I. 1 • JJieKTpocTaTn'-!ecKnii HHqJJieKTOP, 2 - TpHnJieThI 
KBa.upyrroJihHhlX JIHH3' 3 - .uy6neThl Kaa.upyrrOJihHbIX JIHH3, IIM -1,IIM -2 -
rroaopoTHble MarHHTbl. 
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