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1. BBEtlEHlilE · .· 

MeToA 1110H·Holi1 111MilnaHTa4v1111 no3somrnT si-locll1Tb B MaTep111ari aTOMbl 
pa3nll14HblX 3neMeHTOB B w111poi<OM 111HTepsarie KOH4eHTpa41111i1 111 o6ecne-
4111Baer Heo6xoA111Moe pacnpeAeneH111e no rriy6111He 111MnnaHrnposaHHoro 
cn6H, 4To noJsoiiHeT riony4aTb riosepXHOCTHble cno111 co ·cne4111cf>1114ec-

. Kll1M111 cf>ll13111KO-Xll1Mll14eCK111Mll1 CBOlilCTBaMl/1. PaccMoTpeHHWlil B AaHHOM 
npoeKTe 111MnnaHrep MomeT Hali1T111 np111~eHeHV1e np111 ripoll13BOACTBe nony
npoBOAHll1KOBWX CTPYKTYP~ · i TeXH~Ke 3KCnep111MeHTa no cf>111j111Ke TBep
AOro Tena, s TeXHonor1114ecKOM 060PYAOBaH111111 Aim: ·· ·· 
- cipyKTYPHWX-111 cf>a30B~X npespa~eHll11i1 se~eCTB; . 

· - aMop¢111ia4111111 Marep111anos; .· 
nony4eH~Sl Koppo31111i1Ho-croli1K111x MaTep111anos 111 3a~111THW~ noKpwT1111i1 
B ycnOBll1SlX . B03AelkTBll1Sl pa3nll14HblX arpeCClt1BHblX cpeA; .· 

- 1113MeHeHll1Sl TBePAOCTll1 MeTannos·111 cnnasos; . 
•. - 1113MeHeHll1Sl KOacf>cf>1114111eHTa TpeH~1Sl MemAy AE!TanSlM~;. 
· - 1113MeHeHll1Sl 1113HOCOCTOli1KOCTll1 MeTannOB l,1Cl1naBOB ;· 
- lt13MeHeHll1Sl 4111Knll14eCKOli1 YCTOli14111BOCTll1, npo4HOCTll1 MeTannos 

111 • cnnasos; •. · · · · · · · - · 

- 1113MeHei-iwi qlll13111KO-Xll1M~4eCKll1X CBOlilCTB nonynpoBOAHll1KOB; ' 
- i-l3MeHeHll1Sl 3neKTpocf>ll131114eCK111X CBOlilCTB A1113neKTPll1KOB 111 BblCOKOTeM-

neparypHWX csepxnpoBOAH111KOB. 

2. KPATK~~ 0630P 

.· ·• B Ha~TOSl~ee speMSl B Ka4eCTBe 111MnnaHTepoB 1110HOB WltlpOKO 111cnonb-
3YIOTCSl, YCKOp111fen111 npHMoro Aeli1CTBll1Sl Ha Han'pHmeH1t1e ;.,300 KB 111 BblWe. 
(·CM::, 1-1anp111Mep, /1/). np111cyTCTB111e ,BblCOKoro HaripHmeHl-1Sl (COTHll1 KB). 
s TeXHonor111l-lecKoM 06opyA0BaH111111 HeiKenaTenbHO; 'no3TOMY, AnR np111-. 
KnaAHb1x 4eneli1 npeAn04T111TenbHeli1 111cnon63osarb Bb1coK0LtacToTHb1e 
YCKOPll1Ten111. , . . . . 

B pa6oTe 121 on111caH n111Heli1Hblli1 pe30HaHCHblli1 YCKOPll1Tenb AIU! L'101-i..; 
Holli 111MnnaHTa4111111. YcKop111Tenb BKnio4aei- 12 l-ie3as111c111Mo ¢a3111pyeMblX ·~ 
pe3oHarnpos. Cl>o1<yc111posKa 1110H0B ocy~ecTEinHeTCR c noMo~b10.3neKTpo
crarn4ecK111X KBaApynoneii,. Bee (OAHO- . ·~. ABYX3apHAHble) 11101-lbl · . . . . 
OT 6opa AO cypbMbl .YCKOPHIOTCSl AO MaKC111ManbHOli1 aHepi-111111· ~1 MsB 
6e3 'nepeCTpOiliKll1 pe3oHaHCHOli1 4aCTOTbl ( 1113MeHSllOTCSl cpa3bl 111 aMnnll1TY'.'" 
Abl HanpHmeH~ili ·s pe3'0HaTopax). YcKop111renb ynpasnHeTcH c rio~o~blO .. · 
M111Kponpo4eccopa. 
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4' 51 npeAnO)l{eH MHOrOKaHanbHbl~ lllMnnaHTep lllOHOB Ha 3Hep-. 

rllllO -1 M3B; YCKOpltlTenb lllMeeT cnO)l{HYIO ClllCTeMy paA1t1anbHO~ QJOKy_
ClllpOBKlll ny'-tKa, COCTOHlJ..lYIO 1113 MlltHl!laTtopHblX 3neKTPOCTaTl!l'-teCKll1X 
KBaApynone~. 

Ha1116onee nonHo pa3pa60TaHo npeAnO)l{eH111e ycKop111TenH-111MnnaH
Tepa14'51 Ha ocHose RFQ-ycKop111TenH (n111He~Horo pe3oHaHcHoro ye-. 
KOPl!lTenH C npocTpaHCTBeHHO OAHOPOAHO~ BblCOKO'-taCTOTHO~ KBaApy-
nonbHO~ cjJ0Kyc111poBKO~)- naHHW~ YCKOPIIITenb BKnto'-taeT OCHOBHO~, ; 
RFQ-ycKop111Tenb Ill OAlllH 111n111 O,Ba KoppeKT111PYJOl4111X YCKOPVITenH. 3cjJ-. 1:1 
cjJeKTl!lBHOe YCKOpH1014ee HanpH)l{eH111e U eo OCHOBHOro ycKop111TenH co- : ; 
cTaBnHeT 3 M3B, 111 c noMOlJ.lblO 00,Horo KoppeKrnpy1014ero ycKop111TenH . l 

1
J 

sen111'-t11tHa Ue sapb111pyeTcH B npeo.enax OT 2,7 o.o 3,7 MB~ a np111 o.syx 
KOppeKTOpax - OT 1,7 0,0 4,7 MB. nnH Bcero lllHTepsana 3apHO,HO-
CTe~ q/A lllOHOB (3apHO,/Maccosoe '-tlltcno lllOHOB) OT -0,017 0,0 -0,24 
Tpe6yeTCH '-teTblpe pa3nltl'-tHblX RFQ-ycKOPlllTenH. Heo.oCTaTKOM RFQ-111M-

. nnaHTepa srnnHIOTCH Hll13Klll~ .TeMn. ycKopeHlltH ( -0 '5 M3B/M) 111 _ BblCOKl!le 
HanpHmeHHOCTlll 3neKTPll1'-teCKOro nonH Ha nosepXHOCTlll 3neKTPOO.OB,. 
orpaH1t1'-t11tBato11.1111e B03MO)l{HOCTll1 ycKopeHlltH lllOHOB B WIIIPOKOM lllHTepsane 
3Ha'-teHl!l~ q/A. 

B yc1<op111Tem1x-111MnnaHTepax' 6 
-

81 ., pa3pa6aTb1saeMblX s CoseTCKOM 
Coro3e, 111cnonb3yeTcsi cjJa3onepeMeHHaH cjJ0Kyc111posKa 1110Hos. np111MeHe
H11te cjJa3onepeMeHHO~ QJOKyc111poBKlll o.aeT npelr1MYlJ.leCTBO ( nepeo. BblCO
KO'-taCTOTHO~ KBao.pynonbHO~) - 6onee BWCOKl!l~- (B HeCKOnbKO pa3) 
TeMn ycKope_HlllH. B Ka'-teCTBe YCKOPHJOl4e~ CTPYKTYPbl 1,1cnonb3yeTCH 
H-pe30HaTop (B MHoroKaHanbHOM ycKop111Terie' 6 ' 1,1 8 YCKOp1!1Tene 181 

C BCTpe'-tHOWTWpeso~ CTPYKTypo~) Ill pe30HaTop Ha OCHOBe o.syxnpo-
BOAHO~ nlr1H111111 171 ~ . . 

3. nPEnnAr AEMblvi YCKOPvlTEnb-vlMnnAHTEP 

B ocHosy o.aHHoro npe0,no)l{eH1t1H nono)l{eH pe3oHaHCHbl~ npe0,ycKo
p111Tenb 1110HOB 191

, pa3pa60TaHHW~ B CBH3111 C nnaH111pyeMWM pa3BlltTl!leM 
lltH)l{eKU,lllOHHOro KOMnneKca HyKnOTpoHa ·na6opa.Top1,11,1 BblCOKlllX 3Heprn~ 
01-'lflvl. B HOBOM YCKOPlllTene MarH11tTHaH-KBa0,pynonbHaH cjJ0Ky"c111poBKa, 
np111MeHeHHaH paHee s 191 , 3aMeHeHa Ha· cjJa3onepeMeHHYJO cjJ0Kyc111posKy, 
BKnto'-taJOl4YIO cjJ0Kyc111pYIOlJ.l111e (0,ecjJ0Kyc111py1014111e) no pa0,111ycy (cjJa3e) ne
p11100,w C paBHOBeCHO~·cjJa3o~ ts= +90° <ts= -90°) 1101 • nepexoo. 
Ha cjJa3onepeMeHHYto cjJ0Kyc111posKy 06ecne'-t111n noBbllleH111e (s cpasHeH111111 
c 191

) wyHTosoro conpoTL-1BneH1t1H ycKopHtolJ.lero pe3oHaTOpa, '-!TO o.ano 
B03MO)l{HOCT~ pa60TW YCKOplllTenH B ~Ba3111HenpepWBHOM "pe)l{ltlMe. KpoMe 
Toro, o.nH npeo.naraeMoro ycKop111TenH pacc'-t111TaH HO Bbl~ KacKaAHb1~ 
rpynn111posaTenb lllOHOB, 0Tn1t1'-ta10141t1~CH OT"Tpa0,111u,1110HHoro yMeHbWeH
HblM lllMnynbCHblM pa36pocoM. lllOHOB' BHOCll1Mb1M B npou.ecce. rpynn111po-

-saH111si, · '-tTO. Heo6xott111Mo o.m ycKop-111-ienH. c · cjJa3onepeMeHHO~ cjJ0Kyc111-
poBKo~. 
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PHc. I. CxeMa ycKopHTemI-HMnnaH

Tepa: I - HCToqHHK HMnnaHTHpye-~ 

MblX H0H0B Ha BblC0KOB-OnbTHOH 

nnaTqiopMe II ceneKT0P H0H0B no 

'3apR,[J;HOCTH; 2 - KacKagH~IH rpyn

nHPOBaTenb H0H0B; 3 ·· - ocHoBHOH 

o,a;Hope30HaTopHblH ycKopHTen'b 

H0H0B; 4 - KoppeKTHPYIOII\HH o,a;Hope30HclTopHblH ycKopHTenb H0H0B; 
5 - CHcTeMa ynpaBneHHR ycKopHTenR. . 

6b1n111 BbtnonHeHbl pac'-ieTbt · 0,syx . sap111aHTOB ycKop111TenH: . 1) ,insi 111H
Tepsana iapH0,HocTe~ 1110~0B tj/A OT Oi02 AO 0,08 111 2) q/A,oT 0,08 
0,0 0, 32. B 060111x(.sap111aHTa><, ,OCHOBHble ycKop111Ten111 - OO,HOpe30HaTOp;_ 
Hble MHOro3a3opHble Ill KOppeKTll1PYIOl4111e ycKop111Ten111 - '-teTblpex3a3op-. 
H~e OO,Hope30HaTOpH~e. B hepBOM Bap1t1aHTe pa6o'-taH·'-laCTOTa f 8~6-
paHa paBHO~ 25 Mru, Ill pe3oHaTOP "." Ha OCH6Be '-!eTBepT~BOnHosoro OT-

. pe3Ka 3KpaHl!lpoBaHHO~ ClllMMeTplll'-IHO~ nOJJOCKOBO~ n1t1Hllllll; BO 2-:-M ., sa-. 
p111aHTe f = 50 Mru, Ill 111cnonb30BaH H-pe3oHaTOp. Pe30HaTOpbl KoppeK
TIIIPYIOlJ.llltX ycKop111Tene~ BbtnonHeHbl. Ha OCHOBe '-!eTsepTbBOnHOBblX OT- . 
pe3KOB n1t1Hllllll. •. 

Ha pL-1c.1.noKa3aHa cxeMa npeo.naraeMoro ycKop111TenH-111MnnaHTepa 
(00,111liaKOBa~'0,riH 060111x sap111aHTOB)'. . 

B Ka'-!eCTBe lllOHHOro lllCTO'-IHl!lKa O,nH 111MnnaHTepa·u,enecoo6pa3HO 
111cnonb30BaTb CMeHHWe lllCTO'-iHlllKlll lllOHOB 0,nH KOHKpeTHoro COpTa 
lllOHOB. 4nH nony'-leHll1H lllOHOB MeTanna npe0,nonaraeTcsi 1!1CnOnb30BaTb 
nna3MeHHbl'1 lllCTO'-IHlllK C aKTll1BHO~ reHepau,111e~ BaKyyMHO~ 0,yrn. v!OHbl 

· ra308blX 3neMeHTOB u,enecoo6pa3HO no,ny'-laTb , B) nna3MeHH~M lllCTO'iHlll..: 
Ke C KOHTparnpoBaHl!leM saKYYMHoro pa3pHO,a B pa3pHO,HOll1 KaMepe. 
nnH nony'-leHlllH lllOHOB 11.1eno'-IHblX MeTannoB npeArionaraeTCH 111cnonb30-
BaTb L-10HHbt~ 111CTO'-IHll1K c aBTOHOMHbtM, SMlltTTepoM Ha ocHoBe antoMo- .· 
c111n111KaTOB. 

Ha p111c.2 cxeMaT111'-IHO.noKa3aH npeo.nonaraeM~~ lllCTO'-IHlllK lllOHOB 
MeTannoB. nptiJ ero npopa6oTKe 1r1cnonb30Ban1t1Cb 3KCneplltMeHTanbHble · 
0,aHHbie no Q)OpMIIIPOBaHllllO KaTOO,HO~ Ill aHOO,HO~ nna3Mbl B, OCTPll1~HblX . , ' . 

. ~~~· 
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Puc.2. CxeMa·ucToqHHKa H0H0B 

MeTanJIOB: I - HCToqHHK IlHTaHHR 

p;nR 3UJKHraHHR BaKyYMHoro pa3pR-. 

p;a; 2 - HCToqHHK YCKOPR!Omero .. 

(BbJTRrHBa10mero HanpHJKeHHR) ; 

3 

3 - no.a;JKHra10mne 3neKTP0Ab1; 
4 - ocHoBifOH 3neKTPOA; 5 - Bb1-

TRruaa10mm'1 3neKTpo,a;. 
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Cll1CTeMax 111 - 131 ~ OH COCT0111T 1113 pa3pHAHOro y3na,·06pa30BaHHOro 
·. OCHOBHblM 4111n111Ht,.p1114eCKll1M 3neKTPOAOM 111 cep111eli1 paCXOAHlJ.li-lXCH: noA- · 

11<111ra10lJ.lll1X 3newrpoAOB, c111cTeMb1 BblTSI rnsaHll1H 1110HHoro ny4Ka •. B 111c
T04Hll1Ke OTCYTCTByeT orpaHl/14eH111e Ha copT 1110HOB MeTannoB. 

B Ka4eCTBe. 111CT04Hll1Ka 1110HOB ra30BblX 3neMeHTOB 4enecoo6pa3HO . 
111cnonb3osaTb noA06Hb11il on111caHHor--iy s 1141 • · 

~CTO~Hll1K lJ.len04HWX MeTannos npeAnOnaraeTCH pa3pa60TaTb Ha oc
HOBe BaKyyMHOro A1110Aa C aHOAOM 1113 an10MOC111nv1KaTa 1151 • 

CneAYIOll.1111M 3neMeHTOM nio6oro 1110HHoro 111CT04Hll1Ka B HaWeM cny4ae 
HBnHeTcH MarHll1THWlil cenapaTop~ Koiop~lil npeAHa3Ha4eH AnH cenapa

·4111111 1110HOB no 3apHAY- nnaH111pyeTCH ero 1113rOTOBll1Tb no cTaHAapT-
. HblM np111H4111naM. · C111cTeMa ynpasneHll1H 111 1113fv1epeH111H nsapaMeTpos 1110H
Horo ny4Ka npocTa 111 HaAe»<Ha 8 3KCnnyaTa4111111 111 BXOA111T B COCTaB 
c111cTeMw ynpasneH111H 111MnnaHTep~. C111cTeMa ynpasneH111H ycKop111TenH 
BKnio4aeT TaK»<e AaT4111Kll1 YPOBHH BblTHrll1Ba10U1ero HanpH»<eHll1H uin., 
aMnnll1TYA rpynn111py10U1ero 111 YCKOPHIOUlv1X (OCHOBHoro 111 KoppeKT111pyio
lJ.lero) HanpH»<eH111111 111 111x ipa3. · YnpaeneH111e pa6oTOlil 111MnnaHTepa ocy
lJ.leCTBnReTcH C noMOlJ.lblO Mll1H111-3BM. 

B npeACTasneHHOlil Ta6n1114e np111BeAeHW OCHOBHWe pac4eTH~e napa
MeTpW ABYX Bap111aHTOB npeAnaraeMoro 111MnnaHTepa (KonbHKll1 1 111 2) 
111 ~BYX sap111aHTOB npoeKTa 14 • 51 , ynOMll1HaBwe~OCH BbWe (KonOHKll1 3 
111 4). B npoeKTe 14 • 51 111cnonb3yeTCH RFQ-~CKOp111Tenb C pe30HaTopoM 
Ha OCHOBe 4eTblpexnpOBOAHOL1 nll1Hll1111 111 i<oppeKT111PYIOUl1111il ycKop111Tenb 
( ABYX3a30pHblllt) C 4eTBepTbBOnHOBblM pe30HaTOpOM ( CO cn111panbHblM 
BHyTpeHH111M npoBOAHll1KOM). . . ', . • . 

4sa sa~111aHTa npeAnaraeMoro 111MnnaHTepa AOCTaT04HW AnH ycKo~e
Hll1H scex 1110HOB OT 6opa AO ypaHa, 8 TOBpeMH KaK 8 npoeKTe 14 ' 51 

AnH 3TOlil 4en111 Tpe6,YIOTCH YeTblpe Bap111aHTa 111MnnaHTepa. 
YcKOPHIOUlee 3ipipeKTL11BHOe HanpH11<eH111e . B . 060111x Bap111aHTaX ( f = 

= 25 Mr4; 0,02·S q/A s 0,08 111 f = 50 Mr4; 0,08 < q/A's 0,3) 

Ii 

'·t l' 

:~ I' , .. 

Ha BblXOAe OCHOBHoro YCKOPv1TenH paBHO ueo = 2, 5 MB. nyTeM nOATOP~ · i' 
Ma11<1t1BaHll1H 111n111 nOAYCKopeHll1H 1110HOB B KoppeKT111PYIOUleM ycKOplllTene 
3ipipeKT111BHoe YCKOpHIOlJ.lee HanpH11<eH111e ue lt1MnnaHTepa MO»<eT .nnaBHO 
sapb111poBaTbCH B npeAenax OT 1,0 AO 4,0 MB; 3HepreTll1YeCKll1111 pa3-
6poc ycKopeHHWX 1110HOB He npeBbwaeT 2%. 3Hepr111H 1110HOB pa3HOlil 3a
PHAHOCTll1 Ha BblXOAe 111MnnaHTepa sapbll1pyeTCH B npeAenax 
OT 21 K3B/A AO 84 K3B/A.(B Bap111aHTe cf= 25 Mr4 111 0,02 Sq/AS 
s 0,08) 1,1 OT 84 K3B/A AO 336 K3B/A (B Bap1t1aHTe f = 50 Mr4 
111 0,08 ~ q/A s 0,32). . . 

1 

Ta6mn~a. OcHOBHble napaMeTPbl YCKOPHTenH-llMnJianTepa 

4aHHwe npeAno11<eH111H npoeKT 14 • 51 

1 2 3 4 

q/a 0,02 0,08 0,017 0,06 
f, Mru 25 50 36 108 
L, M 2,8 2,0 3,5 3,5. 
D, M 1,6 0;8 0,6 0,35 . 
Na 16 16 
U in• KB 75:..300 75-300 
I, MA 5 10 5 10 
Tin , K3B/A 6,3 25,2 . 1,0 5,0 
.Fout, K3B/A 50 200 50 200 
U e , MB. 1,0-4,0• .1,0-4,0 2,7-3,7 2,7-3,7 

. U am·• KB 220 220 90 80 
. Pa ,' KBT 40 80 65 · 150 

U mk• KB 420 420 250 
pk ' KBT, 100 110. 50 
Ra , · M9M. 1 5 '. 0,62 0,13 0,043 
Rk , MOM 1,8 1,5 . . 1,25 

L/D - An111Ha/A111aMeTp pe3oHaTopa ocHOBHoro ycKop111TenH; 
.,. Na - 4111Cno YCKOPHIOlJ.1111X 3a30POB OCHOBHOro ycKop111TenH; 

Uin - HanpH11<eH111e ¢oToll1H»<eKTopa; · .. 
T inlfout - 3Hepr111H 1,10HOB (Ha HyKnoH)· Ha BXOAe/BblX_OAe OCHOBHO(O 
YCKOPll1TenH; 
U ~ - : 3ip¢eKTll1BHoe ycKopHIOlJ.lee HanpH»<eH111e 111MnnaHTepa; 
U am/U mk - aMnnll1TYAbl HanpH11<eH111lil pe30HaTOpOB OCHOBHoro/KoppeKT111-
PY10U1ero YCKOPll1Tenelil; 
Pa/Pk - MPIJ..IHOCTll1 BY-noTepb B pe30HaTopax OCHOBHOM. 111 KOppeKT111~ 
PYIOlJ.leM; 
Ra. /R k - WYHTOBble conpOT111BneH~1H pe3oHaTOpOB OCHOBHOro 111 KOppeK
T"1P,YIOll.lero ycKop111Tene111. 

3neKTPOA1t1HaM1t14ecK111e napaMeTpb1 pe3oHaTopos npeAnonaraeMoro 
111MnnaHTepa npeBbWalOT TaKOBble. B 4111T111posaHHOM npoeKTe, YTO HB-

. B npoeKTe 14 • 51 3tP!PeKTll1BHOe yCKOPHIOlJ.lee HanpH»<eH111e Ueo OCHOB-
HOrO YCKOpll1TenH COCTaBnHeT U eo = 3,0 MB, 111 C nOMOll.lblO OAHOro 
KOppeKT111pylOlJ.lero YCKOPll1TenH Benll14111Ha U e Ha BblXOAe 111MnnaHTepa 
sap111b111pyeTCH 8 npeAenax OT 2,7 AO 3,7 MB, a np111 ABYX KoppeKTO-
pax OT 1,7 AO 4,i MB. 

(!j 
nHeTCH HeCOMHeHHblM npe111MylJ.leCTBOM AaHHOro npeAno11<eHll1H. . 

npeAnaraeMblL-1 YCKOpll1Tenb-~1MnnaHTep AOCTaTOYHO YHlt1BepcaneH,. 
npocT no KOHCTPYK4"1"1, B 1113rOTOBneH"1111 1,1 HaCTpolilKe, 111MeeT Hll13KYIO 
MOlJ.IHOCTb BY-noTepb 111 MO»<eT_pa6oTaTb_B KBa31t1HerJ~epWBHOM pe11<1t1Me. 

4 
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