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061.11aH xapaKTepHCTHKa pa60Tbl 

AKmyanl:,HOCfflb meMbl 

B HaCTOlll!lee apeMH Hatt6onee rrpttr0,I.\HbIMH ~ MHornx H,l.\epHO-q>H3WieCKIIX 

HCCJie,I.\OBaHHH tt BbIIIOJIHeHH$1 pa3RH1'1HhlX rrpmma,!IHhlX pa60T HBJUIIOTCH ycKopHTeJIH 

llHKJIOTpOHHOro THIIa, II03BOAAIOIIlHe IIOJI)'l!aTh pa3RW1Hhle HOHhl B o6JiaCTH HH3KIIX If 

cpe,I.\HHX :meprnii. Pa3BHTHe coapeMeHHhlX llHKJIOTpOHOB H,l.\eT B HarrpaBJieHHH IIOBhlIIIeHH$1 

HHTeHCHBHOCTH, 3HepmH H paCIIIHpeHH$1 accoprttMeHTa ycKOpHeMhlX qacrn11. Borrpochl 

TeOpHH ,I.\BIDKeHH$1 llaCTHll B coapeMeHHhlX QHKJIOTpOHax c rrpocrpaHCTBeHIIOH aapna11neii 

IIOJIH H3YlJeHhl He,I.\OCTaTOlJHO rny6oKO, B qaCTHOCTH He ace HCHO C BJIH$1HHeM 

IIpOCTpaHCTBeHHOro 3ap$1Aa II)"IKa qaCTHll Ha ero ,I.\BH)KeHHe. 

B TO )Ke apeM$1 Ha6JIIO,l.\aeTCH paCTYIIlHH mrrepec K HCIIOJib30BaHHIO CIIJibHOTOl!HhlX 

IIyqKOB ycKopeHHbIX qacTm:,\ ~ IIOJI)'l!eHH$1 3HepmH B II0.ruqJHTWieCKIIX c6opKax 

,l.\eAAIIlHXCH 3JieMeHTOB (Pu, U, Th) TaK Ha3hlBaeMhlX ''ycillIHTeAAX 3Hepmtt" H ~ 

TpaHCMYTallHH pa,I.\HOaKTHBHbIX OTX0,1.\0B aTOMHhlX 3JieKTpOCTallllHH (ADTT). IIpo6JieMhl 

H,l.\epHoii 6e30IIaCHOCTH rrptto6peJIH rno6aJibH)'IO aKiyaJibll0CTb ~ IIJiaHeThl IIpH 

coxpaHeHHH 3a,l.\al!H 3HeprocHa6)KeHH$1 ee HaceJieHH$1. Il03TOMY Hapa6oTKa H0BbIX 

TeXHOJIOfHH, OCHOBaHHhlX 11a HCIIOJib30BaHHH H,l.\epHOH 3HeprHH, OCTaeTCH 0,1.\HHM H3 

rnaBHbIX HaIIpaBJieHHH rrpHKJia,l.\HOH H,l.\epHoii q>H3HKII. MttrepecHa B03MO)KHOCTb 

HCIIOJib30BaHH$1 CIIJibHOTOl!HhlX IIyqKOB ~ TepMOH,l.\epHoro CHHTe3a (Inertial fussion). 

Ba)KHOH 3a,l.\a'Ieii HBAAeTCH IIOJI)'l!eHHe IIyqKOB pa,I.\HOaKTHBHhlX H30TOIIOB C IIIHpOKHM 

,I.\HaIIa30HOM Mace, 3HeprH$1MH Ha HeCKOJibKO COT M3B/ttyKJIOH H HHTeHCHBHOCTHMH 

rrpe,l.\eJibHO BbICOKOro ypOB11$1. 

)].mi: 3HepreTHl!eCKOro YCIIJIHTeJI$1 cpe,I.\HHH TOK rryqKa ,I.\OJI)KeH COCTaBJI$1Tb He MeHee 

5+10MA, ~ TpaHCMYTallHH pa,11noaKTHBllbIX OTX0,1.\0B - lO0MA.[1] U:ttKJIOTpOH, KaK 6onee 

IIpOCTOH, ,l.\eIIIeBbIH H 3KOHOMWIHhlH ycKOpHTeJII, no cpaaHeHHIO C JIHHeiillhlM, HaHJIYlJIIIHM 

o6pa30M IIO,l.\XO,I.\HT ~ reHepallHH rryqK0B BhlCOKOH HHTeHCHBHOCTH. 

OcHOBHhie rrpo6JieMbI, KOTOphle B03HHKaIOT rrpH pa3pa60TKe llHKJIOTpOHOB H 

JIHHeiiHhlX ycKOpHTeJieii Ha TaKHe T0KII, CBH3aHhl C 3q>q>eKTaMH rrpOCTpaHCTBeHHoro 3apH,l.\a 

rryqKa, KOTOpbie B03HHKaIOT H3-3a KyJIOHOBCK0ro pacTaJIKHBaHH$1, YCIIJIHBaIOIIlerocH IIpH 

yaeJIWieHHH IIJIOTHOCTH 3apH,l.\a. 

B CBH3H C BhlIIIecKa3aHHhlM HaCT0HIIlaH pa6oTa, rrpe,I.\CTaBJI$1IOIIlaH HCCJie,I.\OBaHH$1 B 

o6naCTH rrpoeKTHpoBaHH$1 If ,I.\HHaMlflJeCKIIX paCl!eTOB llHKJIOTpOHOB C YlJeTOM 3q>q>eKTOB 

rrpoCTpaHCTBeHHOro 3apMa, HBAAeTCH II0Jie3HOii H aKiyaJibHOH. 

Llenb pa6ombt 

U:eJib ,l.\HCCepraQHOHHOH pa60Thl COCTOHT B pa3pa60TKe MeT0,1.\0B MO,D;eJittpoBaHH$1 

,I.\HHaMHKH qaCTHll B llHKJIOTpOHax C rrpoCTpaHCTBeHHoii BapHaQHeii MarHHTHOro II0AA, 

Bhl6opa rrapaMeTpOB tt a HCCJie,I.\OBaHHII ,!IHHaMlflJeCKHX xapaKTepHCTHK llHKJIOTpOH0B c 

yqeroM BJIH$1HH$1 rrpOCTpaHCTBeHHoro 3ap».l.\a Ha ,l.\BH)KeHHe qacrn11. 

Ha}"IHaR HOBU3Ha 3aKJIIOl!aeTCH B TOM, 'ITO arrepahle: 

-C03,l.\aH K0MIIJieKC rrporpaMM, BKJIIOllaIOIIlHll B ce6H Bech Ha6op 11eo6XO,I.\HMbl~ ~ 

paclleT0B HHCTpyMeHTOB, a HMeHHO: 6a3y ,l.\aHHhlX ~ xpaHeHH$1 H o6pa6oTKH HHq>OpMallHH 

0 pa3JIHl!HbIX llHKJI0TpOHax, 3JieKTpOHttyIO KHmy «U:HKJIOTpOH» rraKern Mathcad ~ 

:Ii ,~/J {iCJi,,~i: ~ut~,i;tj ~; .. &~4)~'iJ l 
· F.•Fi•· ,.- ''t'·•k•-,.., .,rl ¢ 
'·/ ~M'..~!li31i":- .... ,, \¥,.,•.·· .. ,Al,. ',(p'!h.~-..; t. f 
r ~·•t':'.Jt C""''-•-•f :. ' ~j ~t:J~ ;!J} > ~ ~ } Ir 
•~:. ~"""l•"'?;,--,,"." 



aHamrrH'IecKHX pacqe-ron napaMerpon U:HKJI0TJ)0H0B H nporpaMMhI, npe;:imtmaqeHHbie ,wu, 
qttcneHH0ro M0,lenHponamrn ,IHHaMHKH Il)"IKa; 

-rrpOH3Be,1eH cpanmrrenbHblH aHaJIH3 H myqeH0 BnilllHHe 3q>q>eKTOB 

rrp0CTJ)aHCTBeHH0ro 3apJ1,1a paJJIH'IHblX THn0B CHJil,H0T0'lHblX U:HKJI0TJ)0H0B; 

-npo;:ieM0HCTJ)HponaHo cymeCTnonaHtte pe)KHMa ycKopeHilll, npttno,1J1mero K 

qiopMHponamno Kpyrnoro Il)"IKa no,1 ;:ieil.cTntteM cHJI npocTJ)aHCTBeHHoro 3apJ1,1a n 

'lHcneHHhIX pacqe-rax no nporpaMMe NAJO; 
a TaK)Ke B HeTpa,IHU:H0HH0CTH H H0BH3He paccMaTJ)HBaeMblX ycKOpHTeneil.. 

npa«mu'lec«aR qeHHocm& pa6om&1 
PeJynbTaThI pacqewn no U:HKJIOTJJ0HY DC-72, pa3pa6aTblnaeMoMy n JUIP O1-UIH ,llJlll 

"CyLab" (CnonaKlll) B0IIIJIH n TexHH'IecKoe Ja;:iaHtte. 

B pe3ynbTaTe · np0H3Be,1eHHblX HCCne;:ionaHHH npo;:ieM0HCTJ)HponaHa B03M0)KH0CTb 

ycKopeHilll B H30Xp0HHblX ceKTopHblX QHKJI0TJ)0HaX Il)"IK0B npoT0H0B C HHTeHCHBH0CTbJO ,10 
30 MA (pa6o'lal! HHTeHCHBH0CTb I0MA). Paccqmatta ,1HHaMHKa 'laCTHU: n npoeKTHpyeMoM 

CHJibH0T0qHoM HH)KeKTOpe B <l>aJOTJ)OH O1-UIH. IloKaJaHa npHHU:HnHaJibHal! B03M0JKH0CTb 

c03,1aHHll TaKHX MaUIHH Ha 6aJe ycKopttTeneil. THna TRITRON. 

COJ,1aHHblH ,llJlll pacqe-ron K0MIIJieKC K0Mnb!OTepHblX nporpaMM M0)KeT 6b1Tb 

Hcnonb30BaH npH pa3pa60TKe H Hccne;:ionaHHH CHJibH0T0'lHblX U:HKJIOTJ)0H0B C 

npOCTJ)aHCTBeHHOH napHaQHeil. nonl!. 

Ha 3Stqumy 6blHOCRmCR: 
I. IIapaMeTpbI 6aJonoil. yCTaH0BKH CyLab (CnonaKttll) U:HKJI0TJ)0Ha DC-72, a HMeHHo: 

cpe;:ittee none, napttaU:lll, pa;:ieyc Marnma, nonyqeHHbie HCX0M H3 TJ)e6onaHttil. K 

ycK0pHTeJIJO H orpaHHqeHHH, Bbl3blBaeMblX noTepl!MH Ha ,IHCC0U:HaU:HJO H- H0H0B B 

3neKTJ)0MarHHTH0M none. 
2. O60CHOBaHHe B03M0)KH0CTH C03,1aHll! CHJibH0ToqHbJX MaUIHH Ha 6aJe ycKopttTeJieil. 

THna TRITRON. 
3. O60CHOBaHHe B03M0)KH0CTH ycKopeHll! B ceKTopHbIX U:HKJIOTJ)0Hax Il)"IK0B 

np0T0H0B c pa6oqeil. HHTeHCHBH0CTbJO l OMA. 
4. KoMIIJieKC nporpaMM, npe,1HaJHaqeHHblX ,llJlll pacqewn ,IHHaMHKH Il)"IKa n 

U:HKJI0TJ)0Hax C npoCTJ)aHCTBeHHOH napttan:tteil. noJill, C0CT0llmttil. m: 

EaJbI ;:iaHHbIX «Cyclotrons» ,1lJlJI xpaHeHlll H o6pa60TKH HHq>OpMaU:HH 0 paJJIH'lHblX 

U:HKJI0TJ)0Hax. 
3neKTJ)OHHoil. KHttrn Mathcad ,1lJlJI aHanHTH'IecKHx pacqe-ron napaMerpon U:HKJI0TJ)0H0B. 

IIporpaMM, npe,1Ha3Ha'leHHblX ,llJlll 'lHCneHHblX pacqe-ron ,IHHaMHKH 'laCTHU:. 

Anpo6aquR pa6om&1 
OcHOBHbie pe3yn1,TaTbI ,1HccePTaU:HH ;:iono)KeHbI Ha XI, XVII ConemaHll!X no 

ycK0pHTeJil!M 3apl!)KeHHblX 'laCTHU:, KOHq>epeHU:HH Beam Dynamics & Optimization 

(IleTep6ypr, l995r.), Seventh European Particle Accelerator Conference (EPAC 2000), 

o6c~anHCh Ha ceMttHapax H3OHY O1-UIH. 
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PeJynhTaTbl HCCne;:ionaHHH, C0CTaBHBUIHe 0CH0BY ,IHCCepTaQHH, orry6nHKOBaHbl B 9 
neqaTHbIX pa6oTax. 

Cmpy«mypa u 061,eM ouccepmaquu. 

~Hcceprnu:lll C0CT0HT H3 BBe,1eHID1, UieCTH rnan, 3aKJIJO'leHll! C 0CH0BHblMH BblB0,laMH 

H pe3ynhTaTaMH HCCJie;:ionaHHH, npHJI0)KeHll! H cnHCKa nmeparypbi H3 50 HaHMeH0BaHHH. 
O6mttil. 061,eM 144 CTJ)aHHU:. 

Co..Qep>KaHMe AMCC8pTa4MOHHOH pa60Tbl. 
Co;:iep)KaHHe pa6oTbl H3JI0)KeH0 n UieCTH rnanax. 

B nepsoil. rJiaBe onttcaH0 conpeMeHH0e C0CT0llHHe TeopHH ,IHHaMHKH qaCTHu:, 

np0CTJ)aHCTBeHH0ro 3apl!;:ia B U:HKJI0TJ)0Hax, ofoop ;:ieil.CTBYJOmnx H npoeKTHpyeMblX 
CHJibH0T0qHI,IX U:HKJI0TJ)0H0B, MO,leneil., npnMeHl!eMblX ,1lJlJI aHaJIIITH'IeCKHX H qHcneHHblX 

pac'leTOB 3q>q>eKTOB np0CTJ)aHCTBeHH0ro 3apll,1a. 

B BTopoii rJiaBe ;:incceprnu:nn onHCaHa MeT0,IHKa, KOTOpal! HCU0nb30BaJiaCb ,1lJlJI 

paC'leT0B ,IHHaMHKH 'laCTHU: B U:HKJI0TJ)0Hax C npoCTJ)aHCTBeHHOH nap11au:Heii. OnHCaH 
KOMIIJJeKc nporpaMM, cocTollmttii HJ: 

I. EaJbI ;:iaHHhIX Cyclotrons, co;:iep)Kameii nHq>opMau:HJO 06 ocH0BHhIX 

napaMerpax U:HKJI0TJ)0H0B, no3B0JlllJOmeii 6blCTJ)O HaHTH tty)l(Hble cne;:ieHll! 
o Heo6xo,1ttMoii ycrntt0BKe. 

2. 3neKTJ)OHHoii KHttrn «U:nKJIOTJ)OH» n naKeTe Mathcad, rrpe,1HaJHaqeHHoii 

,llJlll Bbl6opa napaMeTp0B U:HKJI0TJ)0Ha C Ilp0CTJ)3HCTBeHHOH Bapttau:neii noJill. 

3. IIporpaMM ORBITA, DINCIK, NAJO, npe,1HaJHaqeHHhIX ,1lJJJI npone;:ieHll! 

'lHCneHHblX paC'le'I'0B ,IHHaMHKH Il)"IKa B U:HKJIOTJ)0Hax C )"leT0M ;:ieiiCTBHll 
CHJI np0CTJ)3HCTBeHH0ro 33pll,1a. 

6a3a OSHHblX CYCLOTRONS. 

EaJa ;:iaHHblX ~ 3T0 Ha6op cne;:ieHnii, OTH0cl!mn:xcl! K orrpe;:ieneHHoii TeMe HJIH Ja;:iaqe. 
Microsoft Access n03B0JilleT yrrpaBJil!Th BCeMH cne;:ieHIIBMH H3 0,IH0ro qiaiina 6aJbl ,laHHblX, 

np0CM3TJ)HB3Tb, ,106aBJil!Tb H o6HOBJil!Tb ,13HHble B Ta6nttn:ax C n0M0in:bJO 3JieKTJ)0HHblX 

qiopM; HaX0,IHTh H H3BJieKaTb T0nbK0 tty)l(Hble ;:iaHHbJe C II0M0ID:b!O 3arrpocon; a TaK)Ke 

3HaJIH3Hp0BaTb HJIH ne'laTaTb ,laHHble B 3a,13HH0M M3KeTe C noM0in:blO 0T'leTOB. B 
HaCTol!mee npeMl! 6aJa Cyclotron co;:iep)KHT HHq>opMaU:HJO 06 l l QHKJIOTJ)0HHhIX 
ycTaH0BKax. 

ijHKJ10TPOH -3ne«mpOHHSR KHuaa MATHCAD 

K3)KJ:1al! - 3neKTJ)OHHal! KHnra Mathcad - 3TO conoKyIIH0CTb pa6oqnx J:I0KYMeHTOn 
Mathcad, co;:iep)Kamnx TeKCTbl; mo6p3)KeHIIB, qiopMynhI H ;:iaHHble. 

K3)KJ:1al! CTJ)aHnn:a 3neKTJ)OHHoii KHHrn - J:I0C'l)'IIHhiii ,1lJJJI mMeHeHnii pa6o'lllii 
,I0KyMeHT Mathcad. B HeM M0)KH0 H3MeHl!Tb 3HaqeHlll, Bbl'IHCJil!Th pe3ynbTaTbl H 
3KCnepnMeHTHp0B3Tb Ilpl!M0 Ha 3neKTJ)OHHOH CTJ)3Httn:e. 

3neKTJ)OHHal! KHHra «U:HKJIOTJ)OH» co;:iep)KHT 3HaJIHTH'leCKyJO ou:eHKy 6eTaTJ)OHHblX qaCTOT, 

3Heprnn, 0IITHMH33UHJO napaMeTp0B MarnHTa ,1lJlJI K0MnaKTHoro (co CIIJI0lIIHI,IM M3rHHTOM) 

U:HKJIOTJ)0Ha, pacCTaH0BKH Mammon ,1lJlJI ycKopmeJill THna TRITRON, on:eHKH crerieHn 

3neKTJ)0M3rHHTHOH ,1HCC0QH3U:HH fr H0H0B, ou:eHKH 3q>q>eKTOn IIpoCTJ)aHCTBeHHoro 33pll,1a. 
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ORB/TA 
IIporpaMMa ORBITA ,n:aer B03MOJKHOCTh npH 3a,n:aHHOM MarnHTHOM noJie onpe,n:emITh 

xaprucrepHCTHKH paBHOBeCHbIX op6HT c )"Ie'.l'OM HeJIHHeil.HbIX Jq>q>eKTOB. 11cxo,n:Hoe 
MarHHTHOe noJie MOiKeT 3a,!l;aBaTbC11 KaK q>OpM)'JIOil., TaK H Ta6mu-1eil. 3aBHCHMOCTH rapMOHHK 
MarnHTHoro noAA B,n:OJih pa,n:eyca. IIo.n:rrporpaMMhl "INT" H "DIF" ocyIIIeCTBJIMJOT 
mrrepnOAAIUfiO HCXO,n:HbIX Ta6JIH'IHblX ,n:aHHbIX tt 'IHCJieHHOe onpe,n:eJieHHe nepBoil. H BTOpoil. 
npoH3BO,n:HbIX. IIo,n:nporpaMMa EQ ocyIIIeCTBAAeT noHCK paBHOBeCHOil. op6HTbl no MeTOey 
HbIOTOHa. IIo,n:nporpaMMa QRQZ onpe.n;eAAeT cJie.n:yIOIIIHe napaMerphl paBHOBecHoil. 
op6HTbl: cpe,n:HHR pa,n:eyc r; 'IaCTOTbl CB06o,n:HhIX KOJie6aHHll Qx H Q, npH 3a,n:aHHOil. 
Ha'IaJibHOil. aMTIJimy,n:e no q>OpM)'Jie <l>JIOKe H MeTO,!l;OM COBna,n:alOIIIHX TO'IeK; 

DINCIC 
Bropa11 OCHOBHM nporpaM111a "DINCIC" no3BOJilleT Bhl'IHCJIJ!Th TPaeKTopHH ,!l;BHiKeHHJI 

HOHOB B ,!l;HHaMH'IeCKOM peiKHMe C )"Ie'IOM ycKOplllOIIIero noAA. 

NAJO 
IIporpaMMa NAJO 6bIJia C03,!l;aHa ,n:JIJI paC'Ie'fOB ,!l;HHaMHKH 'IaCTHI-1 B ceKTOpHbIX 

J-IHKJIOTPOHax GANIL[2]. ~ yr1era ,n:eil.cTBHll npoerpaHcTBeHHoro 3ap11,n:a HcnoJih3YeTCll 
equivalent continuous method, B KoropoM .n;HCKpeTHhiil. Ha6op tiaCTHI-1 3aMeHJ1eTCJ1 
HenpepbIBHbIM pacnpe,n:eJieHHeM. Cpe,n:HeKBa,n:paTH'IHble BeJIH'IHHbl peaJihHOro 
pacnpe,n:eJieHHJI npHpaBHHBalOTCJI K BeJIH'IHHaM JKBHBaJieHTHOrO pacnpe,n:eJieHIDI 
COOTBeTCTBYffiIIIHM Bbl6opoM napaMeTpOB. CHJibl, ,n:eil.CTBYffiIIIHe Ha KaiK.n:yio 'IaCTHJ-IY, 
paCC'IHTbIBalOTCJI aHaJIHTH'IeCKH H3 HenpepbIBHOro pacnpe.zi.eJieHHJI. Mo,n:eJib OCHOBaHa Ha 
CJie.n:yIOIIIeM npHHI-IHne: peryAApHO 8 pa3 Ha o6opoTe npHpOCTbl JHepmH H HMnyJihCOB, 
o6ycJIOBJieHHhle ,n:eil.CTBHeM npoerpaHCTBeHHoro 3ap11,n:a H paCC'IHTaHHhie no aHaJIHTH'IeCKHM 
q>OpM)'JiaM, npH6aBAAIOTCJI K 3Ha'IeHHJIM, noJI)"IeHHbIM B pe3yJihTaTe TPaCCHpOBKH. 
IIpe,n:noJiaraercll 3JIJIHTITH'IeCKM qiopMa 6aH'Ia. 

B TpeTbeii rJiaee npe,n:cTaBJieHhl pe3yJihTaThl Bhl6opa napaMeTPOB, pa3pa6aTbrnaeMoro 

B JUIP OIUll1 I-IHKJIOTPOHa DC-72 npoeKTa "Cylab"(CJI0BaKHJ1), a HMeHHo: cpe,n:Hero noJIJI, 
BapH~HH, pa,n:eyca MarHHTa, HCXOM H3 TPe6oBaHHll K YCKOpHTeJIIO H orpaHH'IeHHil., 

Bbl3bIBaeMbIX norep11MH Ha ,!l;HCCOI-1HaI-1H10 H- HOHOB B 3JieKTPOMarHHTHOM noJie. Pac'Ie'fbl 
npoBO,!l;HJIHCb C HCnOJib30BaHHeM 3JieKTPOHHOll KHHrH «U:HKJIOTPOH». Pe3yJihTaTbl paC'ICTOB 
no CyLab BOUIJIH B TexHH'IecKoe 3a,n:aHHe. 

,[vill Bbl6opa napaMeTpOB I-IHKJIQTPOHa 01-1eHHBaJIHCb norepH Ha ,!l;HCCOI-1HaI-1HIO H

HOHOB no JMnHpH'IeCKHM q>OpM)'JiaM. PaC'IeTbl nOKa3aJIH, 'ITO npH ycKopeHHH ll)"IKa H
HOHOB ,n:o 70M3B npe,n:eJibHO _60JibUIHM noJieM B XOJIMe CJieeyer C'IHTaTb BeJIH'IHHY 1.9T. 
IlpH TaKOM 3Ha'IeHHH, ll)"IOK Ha BbIXO,n:e COCTaBJIJleT OKOJIO 95%. 

11cxOM H3 TIOro, 6bIJI npe,n:JIOiKeH BapHaHT I-IHKJIQTPOHa C pa,n:eycoM BbIBO,!l;a - l.lM, 
ceKTOpHbIMH MarHHTaMH, cpe.n;HHM noJieM B 1-1eHTPe 1.05 T, cpe,n:HHM noJieM Ha pa,n:eyce 

BhIBo,n:a 1.12T, BxOJIM - B 110Jl =1.2 T. AHaJIHTH'IeCKM 01-1eHKa 6eTaTPOHHhIX 'IaCTOT B TaKOM 
noJie Haxo,n:HTC11 B xopoUieM cornaCHH C npOH3Be,n:eHHbIMH B ,!l;aJibHeil.rneM 'IHCJieHHbIMH 
paC'ICTaMH. 

~ noCTaBJieHHbIX nepe,n: YCKOpHTeJieM 3a,!l;a'I ,!l;OCTaTO'IHO Kb=l35MeV, 'ITO npH pa,n:eyce 
BbIBO,n:a l.lM COOTBeTCTBYeT cpe,n:Heil. BeJIH'IHHe MarHHTHOro noJIJI 8=15.25 T. 
<l>oKyCHPYffill-lM KOHCTaHTa Kf paBHa 70 MeV. 3ro 03Ha'IaeT, 'ITO ,n:AA 'IaCTHI-1 c 
Z/A<Kf7Kb=0.519 MaKCHMaJibHM JHeprHl! HOHOB orpaHH'IHBaeTCJI MaKCHMaJibHblM cpe,n:HHM 
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noJieM, a ,n:Jill tiaCTHI-1 c Z/ A>0.519 q>OKyCHPYffiIIIeil. cnoco6HOCThIO ycKopHTeAA. Ha PHc. 1 , 
.n;aHbl 3aBHCHMOCTH 3HeprnH HOHa Ha ttyKJIOH OT BeJIH'IHHbl MarHHTHoro noAA, iKHpHble 
JIHHHH orpaHH'IHBalOT MaKCHMaJibHYffi 3HepmIO HOH0B, IIIeCTb KpHBbIX COOTBeTCTBYffiT 
pa3JIH'IHhIM ZIA, MHHHMaJibHoe 3HatieHHe ZIA =0.1 coornercrnyer TlliKeJihIM HOHaM c 

He6oJihIIIHM 3apJ1,n:0111, a MaKCHMaJihHoe ZIA =I - H- HOHaM. 
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B QHKJIOTpOHe DC-72 ae;:zy111ee H !pOK)'CHpyio111ee MarHHTHOe noJie COJAaeTC.11 npH 

noMOlIUf lll-o6pa3HOro MarHHTa. 

YaeJilI'IeHHe pa3MepoB MarHHTa npHBOAHT C OAHOH CTOpOHI,I K yaeJIHqeHHJO ero 

CTOHMOCTH, C ApyroH CTOpOHbl K yMeHbllleHHJO MarHHTHOro conpOTHBJieHH.11, a, 

CJieAOBaTeJibHO, MOlIIHOCTH H JaTPaT 3JieKTP03HeprnH. ,lvi.11 HaxO)KJJ,eHH.11 PaJYMHOro 
KOMnpOMHCCa HaxOAHJIH MHHHMYM QeJieBOH cpyHKQHH. OrAeJibHO noA6HpaJiaCb BbICOTa 

ropH30HTaJibHbIX 6aJIOK H TOJilIIHHa BeprnKaJibHbIX CTOeK. 

B peJyJibTaTe npOHJBeAeHHblX pacqi!ToB no onTHMHJaQHH napaM~OB MarHHTa 

npeAJiaraJOTC.11 CJieAyi<>111He pa3Mepbl MarHHTa: BblCOTa ropH30HTaJibHOH 6aJIKH - 0.95M, 

TOJIIIIHHa 6oKOBbIX CTOeK - IM. )];ocTaToqHo npoCTa.11 MOAeJib, HCnOJibJyeMa.11 AJI.11 

OilTHMHJaQHH, nOKaJaJia peJyJibTaThI, COBnaAaJ0111He c peJyJibTaTaMH, nonyqeHHbIMH 

MopoJOBbIM H.A. nptt noMOlIUf qttcJieHHhlx pacqeTOB no nporpaMMe POISSON. 

B rnaee IV npeACTaBJieHbl npoeKTbl ycKopttTeJI.11 TRICYC H KOMilJieKca Ha 6aJe 

ycKopHTeJieH Tttna TRITRON. IloKaJaHa npttHQHnHaJibHa.11 BOJMO)l(HOCTb nonyqeHH.11 

CHJibHQTOqHbJX nyqKOB B nOA06HblX ycTaHOBKax. 

YcrnHoeKa TRITRON .11BJI.11eTc.11 QHKJIOTPOHOM c pa3AeJieHHbIMH op6HTaMH. IToaopoT 

nyqKa ocy111ecTBJI.lleTC.II npH nOMOlIIH CBepxnpoBOA.!ilIIHX MarHHTOB THna "oKOHHa.11 paMa". 

<l>OK)'CHpOBKa nyqKa AOCTHraeTC.11 Ja cqeT JHaKonepeMeHHbIX rpaAHeHTOB nOJI.11 MarHHTOB, 

pacnoJIO)l(eHHbIX BAOJib cnttpaJibHOH TPaeKTOpHH qaCTHQ. MarHHTbl o6'beAHHeHbl B 12 

IlJIOCKHX ceKTopoB, B npoMe~Kax Me~ KOTOpb!MH pacnOJIO)l(eHbl CBepxnpoBOA.!ilIIHe 

peJOHaTOpbi HJIH npo6HHKH AJI.11 HJMepeHH.11 nOJIO)l(eHH.11 nyqKa .. 

OcHOBHOe OTJilI'IHe TRICYC OT TRITRON cy111ecraeHHOe noBbillleHtte 

HHreHCHBHOCTH ycKopeHHOro nyqKa c 1.4 MKA AO I 000 MKA, Ja cqeT yBeJilI'IeHH.11 

paJAeJieHH.11 op6ttT H anepzypbI ycKopttreJI.11. 
KaK noKaJaHO a [3], Aa)l(e AJI.11 HHTeHCHBHOCTH 10 MA 6JiaroAap.11 Bb!COKOH 

npoBOAHMOCTH MeAHOH ycKop1rreJibHOH KaMCpbI, a TaK)l(e qpe3BbJqaJiHO MaJIOMY BpeMeHH 

ycKopeHH.11 (- 14 o6opoTOB * nepHOA 06pa111eHH.11 - 1.5 MKC.) npo6JieMbl pe3HCTHBHOH 

nonepeqHoH HeycroJiqHBOCTH nyqKa B ycKopttreJie Tttna TRITRON He CYll.lCCTByeT. 

CABHnI qacTOT nonepeqHbJX KOJie6aHHH BOJHHKaJOT a OCHOBHOM Ja cqeT noJI.11 JapMa 

nyqKa. O11enKH nOKa3b!BaJOT, qTQ A=C AJI.11 cnyqa.11 3HeprnH HH)l(eKQHII 3 M3B CABHr qacTOT 

nonepeqHbJX KOJie6aHHH He npeBbllllaeT 0.001 AJI.11 TOKa nyqKa B I MA. Ilptt 3TOM 

cpeAHeKBaApaTlI'IHble pa3Mepbl nyqKa B03paCTaJOT BCero na 0.002 MM. TaKHM o6pa30M, 

CKOJibKO-HH6YAb JaMeTHOro BJIH.IIHH.11 npoCTPaHCTBeHHOro 3ap.11Aa Ha AHHaMHK)' qaCTHll He 

O)l(HAaeTc.11. KpoMe Toro, KaK ~e OTMeqanocb paHee, B TRICYC ABH)l(eHtte qacTHll .11BJI.11eTc.11 

MaJIOqyBCTBHTeJibHblM K peJOHaHCaM nonepeqnbJX KOJie6aHHH, n03TOMY AOnyCTHMbl H 6oJiee 

JHaqHTeJibHble CABHrH qacTOT. 
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Pttc. 2 qaCTOTbl 6eTaTP_OHHblX KOJie6aHHH 

2.0 

Ha Pttc. 2 noKaJaHbI peJyJibTaThl pacqema 6eTaTPOHHhlX qaCTOT nyqKa B 

paccMaTPHBaeMoH CTPYKTYPe, nonyqeHHble nptt noMOlIUf HJBCCTHOH nporpaMMhl MAD[4] 

B TRICYC BhlCOKa.11 aMilJittryAa ycKop.1110mero Hanp.11)1(eHH.11 onpeAeJI.lleT He06bJqHO 

60JiblII)'IO qaCTOTY npOAOJibHblX KOJie6aHHH qaCTHI.1. B CB.IIJH C 3THM CABHrn qaCTOT 

npOAOJibHblX KOJie6aHHH Ja cqeT npOCTPaHCTBeHHOro 3ap.11Aa 0Ka3b!BaJOT MaJIOJaMeTHOe 
BJIH.IIHHe na !pa30B)'IO ycTOffqHBOCTb nyqKa. 

ITpeACTaBJieHHa.11 a 3JieKTPOHHOH KHHre MeTOAHKa pacqi!Ta napaM~OB noJBOJI.lleT 

6b!CTPO nOA06paTb nOAXOA.lllII)'IO pacCTaHOBK)' MarHHTOB H peJOHaTOpOB H npoBepHTb 

pa6omcnoco6Hocn nonyqeHHoro ycKopHTeJI.11. PaccqHTaHHhlH TaKIIM crroco6oM KOMIIJieKc 

IIOJBOJI.lleT ycKOp.llTb rrpOTOHbl OT 20M3B AO 760M3B, rrpH 3TOM rrpeAUOJiaraeTC.11, ~o cxeMa 
o6JiaAaeT aceMH AOCTOHHCTBaMH ycKoprrreJI.11 Tttrra TRITRON. 

B ycKopIITeJie TRITRON 6b1Jlo ocYlIIeCTBJieHo ycKopeHtte qacTUll B TeqeHtte 6 

o6opOTOB, ~o AOKa3bIBaeT )l(l!JHecrroco6HOCTb IlpllHQHIIa pa6oTbl ycKOpHTeJI.11. )];1rnaMUKa 

nyqKa COOTBeTCTBYeT pacqi!THOH. QqeBHAHO, ~o TeXHOJIOrlI'IeCKHe npo6JieMbl, c KOTOpb!MH 

CTOJIKHYJIHCb COJAaTeJIH 3TOH opHrnHaJibHOH YCTaHOBKH, MO)l(HO co BpeMeHeM pelIIHTb. 

ABTOphl TRITRON YKaJbIBaJOT, ~o CJIO)l(HOCTH B npoxolKJJ,eHHH no YJKHM KaHaJiaM 

ycKOpHTeJI.11 ¥0)1(H0 npeOAOJieTb yaeJilI'IHB PaJAeJieHHC op6HT C 40MM AO, Hanpl!Mep, I 00 MM, 
~o rroJBOJIUT o6ecrreqlfJ'b arrepzypy OKOJIO 50MM. HarroMHUM, qm arrepzypa TRITRON 

COCTaBJI.lleT I IMM. )];JI.II cpaBHCHH.11 npHBeAeM JHaqeHUe PaJAeJieHH.11 op6HT a npeAJiaraeMblX 

HaMll ycraHOBKax: TRICYC 60MM, TPi!XKaCKMffhlH ycKopIITeJib -IO0MM. CYll.leCTBeHHoe 

yaeJilI'IeHue PaJAeJieHIIJI op6HT IIOJBOJI.lleT CAeJiaTb Bb!BOA O TOM, qTQ npeAJiaraeMhle 

YCTaHOBKll JIHllleHbl HeAOCTaTKa TRITRON, .11BJI.1110meroc.11 ocHOBHOH npljql!HOH rrpo6JieM, 
BOJHHKlllllX npH ero peaJil!Jalll!H. 
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rnasa V nocaHmeHa onncamno ,n;HHaMHKH qaCTHl.l CHJII,HOToqHoro ceKTopHoro 
l.lHKJIOTpOHa. PaccMcrrpem.i ,n;aa aapnama ycKopnTeJUI, nepahlii aapnam npe,n;Ha.JHaqeH .ll)lll 
ycKopeHHH ,n;eiiTpOHOB, BTOpoii - npOTOHOB. 

IlpoBO)];lfJIHCb pacqerhl no ycKopeHmo ,n;eiiTpOHOB H npoTOHOB C HHTeHCHBHOCTHMH ,n;o 
20MA H 30 MA coOTBeTCTBeHHO, ,n;o 3Hepmn 15 M3B B ceKTopHOM l.lHKJIOTPOHe. IlapaM~hl, 
HCnOJib3yeMhle )];JUI pacqeroa, npe,n;CTaBJieHhl B Ta6JIH11e 1. 

Ta6nn11a 1 

Tnn l.lHKJIOTpOHa - ceKTopHblH 

Y CKOOHeMaJI qaCTH11a .n;eiiTooH n0OTOH 

3HePrHH HIDKeIaum (M3B) 0.5 0.5 
KoHeqHaJI 3HeorHH (M3B) 15 15 
lfHTeHCHBHOCTb (MA) 10 10, 30 

MarHHTH8H CHCTeMa 

qHCJIO CeKTOPOB 4 4 

YrnoBaJI IIPOTH)KeHHOCTb ceKTooa (0) 30 30 

Me,KITomocHoii 3a.JOP (CM) 3 3 
Pa,n;HaJibHaJI npOTH,KeHHOCTb rromoca (cM) 15+165 15+ 110 

Cpe,D;Hee MarHHTHoe none (Kfc) 5 5 
MaKCHMaJILHhlii qmaTTep 1.45 1.45 

Y CICODH101118H CHCTeMa 

qHCJIO ~-3JieKTPO,D;OB 2 2 

YrnoBaJI IIOOTH)KeHHOCTb ~-3JieKTPO,D;OB ( 0) 12.5 26 

llIHOHHa YCK. meJIH ( 0) 2.5 4 

AKcHaJILHaJI anep1YJJa (CM) 2 2 
Bq HanpH,KeHne (KB) 100+350 200+350 
Ha6op 3Hepmn (M3B) 0.4+1.2 0.8+1.3 

Pe3oHaHCHaJI qaCTOTa (Mf11) 49.5 49.5 
qacTOTa o6oameHHH (Mf11) 4.125 8.25 

KpaTHOCTb ycKopeHHH 12 6 

IlorrepeqHhle 3MHTTaHCbl 

1t*MM*Mpa,n; (,D;JUI ,D;eHTpOHOB) 
1t*rpa,n;*npoMHJIJie. 

rryqKa IlpH HIDKeKQHH npHHHMaJIHCb paBHhIMH 50 
n 30 1t*MM*Mpa,n; (,D;JUI npOTOHOB), rrpO,D;OJibHbIH - 75 

U:eHTp 

Ha Pnc.3,4 npe,D;CTaBJieHbl 3aBHCHMOCTH aKCHaJibHbIX 3MHTTaHCOB OT 3HepmH 
,n;eiiTpOHOB H npOTOHOB COOTBeTCTBeHHO. lf3 pHCYHKa BH)];HO, ~o ,n;eiiCTBHe rronepeqHh!X CHJI 
npoCTPaHCTBeHHoro 3apH,D;a rrpHBO,D;HT K pe3KOMY yaeJinqeHHIO 3<p<peKTHBHbIX aKCHaJibHhIX 
3MHTTaHCOB (061,e,n;HHeHHe 3MHTTaHCOB )];JUI BCeX 3Hepmii B rryqKe) B 11eHTPe ycKopHTeJIH. 
TaKHM o6pa.JOM, )];JUI ,n;eiiTpoHOB ,n;orrycKaeTCH TOK He 6oJiee 20 MA (aKCHaJibHhIH pa3Mep 
rryqKa rrpH 3TOM He rrpeBhIIIIaeT anepryphl ycKopHTellil), .ll)IH npOTOHOB - 30MA (aKCHaJibHhIH 
pa.JMep nyqKa < 0.8 arrepryphl ~- 3JieKTPo,n;a). O,n;HaKo, CJie,n;yeT 3aMeTHTL, ~o B pacqerax 
3MHTTaHC BblqHCJIHJICH KaK <pYHKl.lHH cpe,n;HeKBa.n;paTffqHOro OTKJIOHeHHH, TO eCTL He Bee 
qaCTHl.lhl norra,n;aIOT B 3MHTTaHc, CJie,D;OBaTeJibHO peaJibHblH npe.n;eJI no nonepeqHOMY 
IIPOCTPaHCTBeHHOMY 3apH,n;y HaXO,D;HTCH HeCKOJibKO HH)Ke. 
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Pttc.4. 3aBHCHMOCTh 
aKCHaJ!hHhlX 3MHTiaHCOB 
npOTOHOB ,1\Jlll 1=10 

3<p<peKTHBHhlX 
OT 

MA, 
3Heprntt 
I=30MA. 

aKCHaJ!hHhlX 3MHTiaHCOB OT 
ACHTJlOHOB AJUI I=0 MA tt 1=20 MA. 

3oHa BblBOAa 
,[vlll MHHHMH3al.lHH ,n;eiiCTBHH rrpO,D;OJihHOfO rrpOCTPaHCTBeHHOro 3apH.n;a, He06XOAHM 

6oJILIIIoii Ha6op 3HepmH, rrpH 3TOM ey)KHO o6ecne'!HTL coxpaHeHHe Ha.ll)le)Kamero Ka'!eCTBa 
rryqKa B npo,~ecce ycKopeHHH. B HaIIIHX pacqerax Ha6op 3Hepmii II03BOJIHJI ycKopHTb rryqoK 
qaCT1111.n;o 3Hepmn 15 M3B 3a 20 o6opOToB (,n;eiiTPOHhl) H 14 o6oporoa (rrpoToHw). Ilpn 3TOM 
HanpH)KeHHe Ha pe30HaTopax MeHHJIOCh JIHHeHHO (BeJIH'IHHbl yKa.JaHbl B Ta6JIHl.le). Ha Puc.5 
rrpe,n;cTaBJieHhl pa,n;HaJibHhle pacrrpe.n;eneHHH ,n;eiiTPOHOB rrpH I = 0 MA (cneaa), npH I = 10 MA 
(crrpaaa), Ha P11c.6 - nporoHOB rrpn I = 10 MA (cneaa), npH I = 30 MA (crrpaaa). Bn.n;Ho, qro 
cmya11HH c ycKopeHHeM npoTOHOB cymecTBeHHO JIY'IIIIe, HeCMOTPll Ha TO, qTo npH ycKopeHHH 
,n;eiiTPOHOB HCITOJib30BaJICH flattop-pe30HaTOp, a npH ycKopeHHH npoTOHOB - HeT. 

3aMeTHM, ~o HaqaJibHaJI <pa.JOBaJI IIIHpHHa crycTKa 20 rpa,n; Bq JIBJIJleTCH OITTHMaJibHOH 
.ll)IH TOKa 30MA; .ll)IH TOKa 10 MA 0ITTHMaJibHaJI IIIHpHHa crycTKa paBHa npH6JIH3HTeJibHO 10 
rpa,n; Bq_ YMeHbIIIeHHe <pa.JOBOH IIIHpHHbl npHBOAHT K yaeJIH'!eHHIO ITJIOTHOCTH 3apll,n;a a 6aHqe, 
~o npHBOAHT K yxy,n;IIIeHHIO KaqeCTBa rryqKa; yaeJIHqeHHe <pa.JOBOH IIIHpHHbl yxy,n;IIIaeT, 
ycJIOBHH .ll)IH <pOpMHpoaaHHH Kpyrnoro nyqKa, ~o npHBOAHT K ipopMHpoBaHHIO rryqKa C HpKO 

Bhlp~eHHOH CITHpaJibHOH ipopMoii (CM. PHc.7 cJieBa). IlpH OilTHMaJibHOH .ll)lll Ka)K)];Oro TOKa 
BeJIHqHHe <pa.JOBOH npOTH)KeHHOCTH crycTKa 6hICTPO ipopMHpyeTCH Kpyrnwii rryqoK (CM. PHc.7. 
cnpaaa, npo11ecc <pOpMHpoBaHHH ITO'ITH 3aaep11IeH), KaK OITHCaHO B pa6oTe C.A,n;aMa [5]. 
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(cneea- npH I= 0 MA, cnpaea - nptt I= 10 MA). 
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Pttc.7 IlopTpeThl rryqKa IJOCJIC 7 o6opoTOB, I=IO MA, qia:30BaJI umpuHa cryCTKa rrpu llHlKCKI.IHH 20 
rpa,zi nq (cJICBa) II IO rpa,zi nq (crrpaaa). 

TaKHM o6pa30M, Ha6mo,i:iaCTCll KaqeCTBCHHOe COBITaACHHe pe3yJibTaTOB pacqeTQB 

CHJILHOToqHoro LIHKJIOTPOHa C qncJieHHbIMH H 3KCrrepttMCHTaJibHbIMH ,i:iaHHbIMH PSI 

Injector II. 

B rnase VI rrpe,11CTaBJICHbl pe3yJibTaTbl pacqe-roB ,11ttHaMHKH qacTHLI LIHKJIOTPOHa IJJ1-
5, rrpe,11Ha3HaqeHHOI'O AJill: HIDKCKI.lllll B <l>a30TPOH Ol:UIH C LICJiblO yaennqeHHll: 

HHTCHCIIBHOCTH IIOCJIC,11Hero ,110 rrpoeKTHOH BeJIHqfiHbl 50MKA. ,[(mi rrpeo,i:ioneHHll: 

orpaHnqeHHll: Ha rrpe,i:ieJibffYIO HHTCHCHBHOCTb B LICffTPaJILHOH 30He <l>a30TPOHa Ol:UIH, 
o6ycnoBJieHHOro a OCHOBHOM cna6oCTblO BepTHKaJibHOH q>oeycnpoBKH, 6bIJI IIpCAJIO)KCH 

crroco6 yaennqeHHll:, rrpnMepHO Ha IIOPJl:AOK, HHTCHCHBHOCTH IIpOTOHHOro rryqKa ycKOpHTCJlll: 

rryTCM BHCIUHeil: HH)KCKLIHH H IIOCJIC,110BaTCJibHOH AayxczyrreHqaroil: rrepe3apll:AKH rryqKa Jr 
CHaqaJia B H0 

n JaTeM a W [3] 
8 KaqeCTBe HH)KCKTOpa B <l>a30TPOH rrpeMaraCTCll: HCIIOJib30BaTb ceKTOpHblll 

LIHKJIOTPOH mrra orrncaHHOro BbIIUC, HO C KOHeqHoil: 3Heprneil: 5 MJB, P3AfiYC MarnHTa rrpn 

3TOM COCTaBHT ~ 0.7 M. yqHTbIB!UI OTCYTCTBHe Heo6X0,11HMOCTH HCIIOJlb30BaHHll: flattop -

pe3oHaTopa, pacqe-rbl IIp0B0,11HJIHCb C HaJIHqfiCM qCThlpex d- JJICKTP0.110B, qro II03BOJIHJIO 

CHH3HTh ycKOpll:IOlllCC HaIIpll:)KCHHC ,110 100+200KB. 
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P11c. 9 TpaeKTopm1 pasttosectto11 qacTHl.lhL 

Ha Puc.8 rrpe,ncTaBJICHbl pa,1111aJibHb!C pacnpe.zieneHl!ll: rrpoTOHOB np11 TOKe 1=30 MA. 

PaccTOll:HllC Me)l(J1y o6opoTaMll B 30HC Bb!B0,11a OKOJIO 5 CM, npll 3TOM Ha6mo,naCTCll: 

HCKOTOpoe yurnpeHl!C rryqKa, npHBO,[lll:JllCC K YMCHhllICHIIIO 30Hbl CB060,11HOII OT '-laCTIILI ,110 3 

cM. Ha PHc.9 rroKa3aHa TpaeKTOpllll: pasttosecttol:i '-!aCTllllbL 

Cl!Jibl npocTpaHCTBCHHOI'O 3apll:,na ,i:iorrycKaIOT pa6oTy ,[ICIITPOHHOI'O aapl!aHTa 

Cl!JlbHOTO'-IHOfO l.lllKJIOTPOHa B pelKl!Me pa3,11CJieHHblX op6l!T C rrpe,neJibHblM TOKOM ny'-IKa ,[10 

IO MA. I1cnOJib30BaHHC flattop-pe30HaTopa o6ll:3aTCJlbHO. 

3cpcjieKTbl rrorrepe4HOI'O npoCTpaHCTBCHHOfO 3apll:,na npl!BO,[lll:T K cy111ecTBCHHOMY 

yae.Jfi14CHl!IO aKCllaJibHOfO 3MHTTaHca B l.lCHTpe rrpOTOHHOro aap11aHTa LIIIKJIOTpOHa np11 J 
=30 MA, He npeBbllllall: npll 3TOM aKCCIJTaHCa ycKOPHTCJlll:. IIpH 3a,[laHHOM Ha6ope 3Hepn111 

YaCTllll l!MCCT MCCTO ,[IOCTaTO'-IHOe ,[IJl}I 100%, Bb!BO,[la ny'-!Ka rrpOTOHOB pa3,[1CJICHIIC op611T Ha 

KOHCYHOM pa,nHyce npH llHTCHCHBHOCrnx Hli)KC 30MA 6e3 llCIJOJlb30BaHl!ll: flattop

pe3oHaTopa. Pa6o'-ICII HHTCHCIIBHOCTblO MOlKHO C'-ll!TaTb l!HTCHCllBHOCTb B IO MA. 

CHJibl npocTpaHCTBCHHOI'O 3apll:,na ,nonyc11.aIOT pa6oTy llHKJIOTpOHa-HHlKCKTOpa B 

pe)KHMC pa3,[1CJieHHbIX op611T C npe,neJibHbIM TOKOM rry'-!Ka ,[10 30 MA. I1cnOJib30BaHIIC 

YCTb!pex A-pe3oHaTopoB IJ03B0JIHT cy111eCTBCHHO YMCHbllll!Tb ycKOpll:IOJllllC HanpmKCHIUl. 

Pa604CII HHTCHCHBHOCTblO MO)KHO C'-ll!TaTb IIHTCHCHBHOCTb B JO MA. 
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8 JaKJIIO'lelllm CO)lep)KaTC.ll OCHOBHhJe pe3yJihTaThl H BhJBO)lhl )lllCCeprn1..um: 

Ilpo113ae)leH Bh16op rrapaMerpoa 6a3oaoii: ycrnHOBKH rrpoeKTa "Cylab" u11KJIOTpoHa 
DC-72, a IIMeHHO: cpe,[{Hero ITOJI.ll, aapnau1111, paJ:lttyca Marn11Ta, HCXO)l.ll 113 Tpe60BaH11ii K 

ycKop11Temo 11 orpaHl!'leHHH, Bhl3hIBaeMhlX rro-rep.HMH Ha )lHCCOl.{Haumo H- l!OHOB B 

:rneKTpOMarHHTHOM ITOJie; paCC'IHTaHhl OITTHMaJihHhie pa3Mepbl MarHttTa. Pe3yJJhTaTbl 
pac'leTOB rro CyLab BOUIJIH B TexHtt'!ecKoe 1a)laH11e. 

2. IlOKa3aHa rrpHHUHITHaJihHM B03M0)KH0CTh C03)laHHll Cl!JlbHOTO'IHhlX MalllllH Ha 
6a3e ycKopHTe11eii: THrra TRITRON. CymecrneHHO 6oJihlllee, '!eM B TRITRON, pa3)leJJeHtte 
op6HT IT03BOJI.HeT C)leJJaTh BhIBO)l O TOM, '!TO rrpemiaraeMhie ycTaHOBKII JlllllleHbl 
He,[{OCTaTKa TRITRON (Manoe pa3L1eJieH11e op611T, MaJial! anepTypa), .HBJJlllOI..Qerorn 
OCHOBHOH nptt'IIIHOH npo6JieM, B03Hl!KlllllX np11 ero pea11111auuu. 

3. Ilpo,[{eMOHCTp11poBaHa B03M0)KH0CTb ycKopeHHll B l130Xp0HHhlX ceKT0pHblX 
UIIKJI0Tp0HaX ny'IK0B rrpOTOH0B C HHTeHCIIBH0CThlO )l0 30 MA. Pa604eii: HHTeHCHBH0CTblO 
CJie)lyeT C'JIITaTh IIHTeHCIIBHOCTh 1 OMA. 

4. C03)laH KOMnJieKc rrporpaMM, COCTO.lll..QHH 113: 
Da3hl ,l;JaHHhJX Cyclotrons CO)lep)KaI..QeH HH<pOpMaumo 06 0CH0BHhlX napaMeTpax 

UHKJI0Tp0H0B, IT03BOJI.HIOI..QeH 6b1CTpO HaHTH Hy)KHhie CBe)leH!rn O Heo6xO)lllMOH 
ycTaHOBKe. 

311eKrpOHHOH KH11ru «UttKJiorpoH>> B naKeTe Mathcad, npe)lHa3Ha'leHHOH ,[{Jill 
Bb16opa napaMeTpOB UHKJI0Tp0Ha C rrpocrpaHCTBeHHOii Bap1-rnu11eii ITOJ!ll, 
BKJIIO'lalOI..QeH B ce6.H aHaJIHTH'leCKYIO oueHKy qacTOT, 3Heprtttt, OITTIIMl13al.{HIO 

rrapaMeTpOB MarHHTa )lJ!l'I K0MITaKTHOro UHKJIOTpoHa, paccTaHOBKH MarHHT0B )lJI.ll 

ycKop11TeJI.H Tnna TRITRON, oueHKH cTeneHn 3JieKTpoMarnnTHOii )lttccounauu11 I-r 
II0H0B, oueHKH 3<p<peKTOB rrpocrpaHCTBeHHOro 3ap.H)la. 

IlporpaMM ORBIT A, DINCIK, NAJO, rrpe)lHa3Ha'leHHhIX )lJI.H npoBe)lemrn 
'lllCJieHHh!X paC'JeTOB )lHHaMHKH ny'!Ka B UHKJI0Tp0Hax C y'leT0M )leHCTBl1ll CIIJI 
rrpocTpaHCTBeHHOrO 3ap.H)la. 

B rrpnJIO,Kelllm )laHhl TeKCThl 3JieKTpOHHOH KHHrH «ll;HKJIOTpOH» rraKeTa Mathcad. 
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