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061Wl XAPAKTEPHCTW<A PAEOTl:i 

AKTYa1Il>HOCTb npodnew. HccneAOB&HHR Ha nY'll(ax TaS8J!l>IX HOHOB B 
WHpOKOM AHana30H8 MaCC H 3Heprua np8ACTaBJ!aI>T dom,wue IIOT8HUH&m,Hl,l8 

. B03MO:l'.HOCTH Ana pew~HHa KaK ~HAaM8HTaJibHhlX Hayt!HhlX npodneM, TaK H 
Ba:l'.HeAWHX HapOAHOX03aicTB8HHhlX 3a,11atl. Bee dOJ!bllJ88 IIPHM8H8HH8 Haxo
ART Tasenwe HOHl,l B'H3Ytf8HHH dHonorHtl8CKHX npoueccoB H B M8AHUHH-

. _CKOA AHarHOCTHK8 C HCII01Il>30BaHH8M odnyqeHHA duonorHtl8CKHX od2>8KTOB 
KOPOTKODBYID.HMH paAHOaKTHBHhlMH ~30TOIIaMH yrnepoAa, a30Ta, KHcnopo
Aa HAP- /a,d,B/. 

llHKJ!OTpOHl,l aBJ!m:>T~a aWeKTHBHW CP8ACTBOM IIOJiyq8HHa HHT8HCHB
Hl>IX IIY'll(OB HOHOB. ,llHana30H YCKOpaeMWX tlaCTHU H HHT8HCHBHOCTb YCKO
pgeMoro IIY'll(a, KaK H3B8CTHO, BO MHOrOM onpeAenaDTca HOHHW HCTOtl
HHKOM. B nocneAHH8.I'OAw,noMHMO coBepweHCTBOB&HHa TPaJtHUHOHHoro Ana 
UHKJ!OTpOHOB AyrOBOro HCTOtlHHKa{HOHOB.'HHT8HCHBHO pa:3BHBaDTCR APY
rHe THIIl,l HOHHhlX HCTOtlHHKOB ECR, MALTICUSP, nonapH30BaHHhlX qacTHU H 
AP, 0AHaKO HX HCIIOnb30BaHH8 . B nmtJIO'l'p'oHax CTaJIO B03MOSHW T01Il>KO 
dnaroAapa CHCT8MaM BH8WH8R HHX8KUHH nY'll(a. Bo MHOrHX Hayt!HhlX U8HT
pax 3anaJtHhlX CTpaH p8aJIH30BaHl,l CHCTeW aKCHaJ!bHOR HH:EeKUHH IIY'll(a B 
UHKIIOTPOHl,l - GANIL (~aHUHR), JiyseH C6enbrHa), 6epKIIH (CIDA), 
KapncpY3 (41Pf), fpeHodm, (~aHUHa) H AP, /r,A,8,%,3/ . 

,llna UHKnoTpoHoB TaseJ!l>IX HOHOB-aKcHam,Haa HH:&eKUHi nY'll(a HMeeT 
.pal llp8HMYJ]l8CTB IIO cpaBH8HHD C BHy-rpeHHHM HCTOtlHHKOM: 
- Moote'l' 6H'l'bHCIIOJ!b30BaH HOHHml HCTOtlHHK JIDdoro THIIa. 6onee Toro, 
Ha OAHOM YCKOPHT8J!8 Mory-r dlil'l'b ycTaHOBJ!8HW H8CK01Il>KO THIIOB HCTOtl
HHKOB, KOTOpwe AIDT B03MO:l'.HOCTb llOJIYtlHTb WHPOKHR AHana:30H HOHOB, 
H8AOCTHDMml Ha KaKOM-.JIHdO OAHOM. 
- Balty;yM BKaMepe UHKnoTpOHa B_npou~cce ycKopeHU MO:EeT d&Tb ynyq
weH notlTH Ha nopRAOK, T8M CaMl,IM yY8HbW8Hl,l IIOT8PH IIY'll(a,Bhl3BaHHl,l8 

. nepe3apaAKOR ycKopaeM!ilX HOHOB Ha OCTaTOtlHOM ra:38. 
- IIpe,ItBapH'l'8Jll,HMC8napauHa IIY'll(a B KaHane BH8WH8R HHRKUHH npH
BOAHT K CHH:&eHHD HarpY3KH Ha Bq-CHCT8MY, tlTO B8A8T K yY8HbW8HHD 
BepORTHOCTH.llpOdoa C AYaHTOB, ynyqweHHD ycnOBHA CTadHJ!H3&UHH na-

Otn,Ci. Lilt'liiiiiiil IHICTin'yY I 
u~5il!iWI eccJltoaed 
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paMeTpOB nY'{Ka H odecnetmBaeT B~coKoe KaqecTBO ycKopeHHoro nyqKa, 
3~KTHBHwl Bl:lBOJl H TpaccHpOBKY no KaHa1IaM. 
- 3a CtJ:8T daHtmpOBKH.H 3~KTHBHoa CHCT8W aKCHa1IbHOa HH%8KUHH 
HM88TCS B03MOXHOCTb YB81IH'llHTb K03~UH8HT HCn01Ib30BaHHS ny~OB, 
reHepHpyeMNX HOHHW HCTOqffHKOM. OcodeHHO 3TO BaXHO Jl1IS B~COK03a
pSJlHwt HOHOB, KOTOp~e. KaK npaBH1IO, HM8DT HH3KYD HHT8HCHBHOCTb. 
- Cmm8Hli806111HX noTepb n~a B npouecce YCKOP8HHS B8Jl8T K YM8Hb
W8HHD aKTHBaUHH Y31IOB UHK1IOTPOHa, YB81IHqeHHD HX cpoKa cnyxd~. 

Ue1Ib pad~. 1. PaapadoTaTb H C03JlaTb a~KTHBHYD CHCTeMY aKCHa1Ib
Hoa HH%8KUHH n~a HOHOB B UHK1IOTPOH Y-200. 

2. Hcc1IeJ10BaTb YC1IOBHS TpaHcnopTHPOBKH nY'{Ka HOHOB no KaHany 
BH8WHea HHX8KUHH. HaaTH HaHdonee 3~KTHBHwl'cnoco6 HH%8KUHH ny~a 
B M8JlHaHHYD nnocKOCTb UHK1IOTpOHa; C~PMY1IHPOBaTb TpedOBaHHS K 
31I8M8HTaM TpaHcnopTHPOBKH H CHCT8MaM nHTaHHS. 

3. Hcc1I8JlOBaTb B03MOXHOCTH HH%8KUHH HHTeHCHBHwt n~OB HOHOB 
H 3KCnepHM8HTa1IbHO nonytmTb orpaHHqeHHS Ha napaMeTp~ 3THX ny~OB. 
HCC1I8JlOBaTb OC068HHOCTH peDMOB ·padOTH 31IeM8HTOB CHCT8W npH 
TpaHcnopTHpOBKe n~OB BHCOKoa HHT8HCHBHOCTH. 

Harnaa HOBH3Ha. BnepB~e B CCCP paapadoTaHa H C03JlaHa 3~KTHBHaa 
CHCT8Ma aKCHa1IbHoa HH%8KUHH nY'{Ka B UHK1IOTPOH Ha OCHOBe MarHHTHwt 
31I8M8HTOB. · 

Ha UHK1IOTpOHe Y-200 HCC1I8Jl0BaHO pacnp8Jl81I8HH8 MarHHTHoro nona 
B aKCHa1IbHOM OTBepCTHH MarHHTa, B HHXHea qacTH KOTOporo B81IHtmHa 
paccemmoro llOJijJ COCTaBJI.ll8T CBHlll8 2 RI'c.PactJ:8THHMH 3KCnepHMeHTa1Ib
H~ nYTeM ,noKa3aHa B03MOXHOCTb HCn01Ib30BaHHS ero Jl1IS ~KYCHPOBKH 
nY'll(a. B~KTHBHOCTb C03JlaHHoa CHCT8W npH TPaHcnopTHPOBKe n~a OT 
aHa1IH3HpyDmero MarHHTa JlO.KOH8qffOro PaJtHyca YCKOP8HHS B UHK1IOTpOHe 
COCTaB1IS8T 8¾ 683 daHtmpOBKH H 16¾ C HCn01Ib30BaHH8M daHqepa. 

BKcnepHM8HTa1IbHO HCC1IeJlOBaHO B1IHaHHe npocTpaHCTBeHHOro 3apaJ1a 
n~a HOHOB 4He1+ Ha K03~HUH8HT TpaHCMHCCHH KaHana BHewHea HHXeK
UHH .npH HHTeHCHBHOCTSIX JlO 800 MKA. IloKa3aHO, ~o cymecTBYDlllHa KaHan 
MOX8T 6e3 noTepb, BH3BaHHwt B1IHSHH8M npOCTPaHCTB8HHOro 3apaJ1a, 
TpaHcnopTHpOBaTb n~H JlO 500 MKA, npH YB81IHqeHHH HHT8HCHBHOCTH 
K03~HUH8HT TPaHCMHCCHH naJtaeT. • 

H3MepeHO ceqeHH8 nepe3apSJlKH HOHOB 4He1+ B pa3Hwt raaax -
B03Jlyxe, He, Ar, Xe npH aHepruax OT 7 JlO 16 K3B. IloKa3aHO, ~o 
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noTepH nyqKa HOHOB B KaHane BHeWHea HH%8KUHH BC1I8JlCTBHe n~ge3apaJ1-
KH Ha ocTaToqHoM ra3e npH padoqeM BaKyyue B KaHane 7+9·10 °Topp 

COCTaB1IHDT He donee 10¾. 

IlpaKTHqecKaa U8HHOCTb padoT~. PeweHa 3aJtaqa HHX8KUHH HHT8HCHBHOro 
ny~a HOHOB H3 BHeWHero HCTOqffHKa H ycKopeHHS ero B UHK1IOTpOH8. 
C03JlaHHaa CHCT8Ma pa3pa60TaHa Jl1IS TpaHcnopTHpOBKH n~OB HOHOB B 
,llHana30H8 A/Z = 2,8 + 5·, ycKopaeMOM Ha Y-200. IlpoBe)teH KOMn1I8KC 
nycK0Ha1IaJ1oqHwt padoT Ha nyqKe HOHOB 4He1+ CA/Z = 4). 

YcTaHOB1I8HH Tpedyewe YPOBHH CTa6H1IH3auHH CHCT8M nHTaHHS, 
HOHHoro HH%8KTOpa, ~KYCHPYDll1HX'31I8M8HTOB, aHanH3HpyDmero MarHHTa 

H HH~1I8KTOpa. _ 
Hcc~e,llOBaHO JlBH%8HHe nyqKa HOHOB qepe3 31I8KTpOCTaTHqecKoe 

3epKano, KOTOpoe C1IYDT ,ll1IS noBopoTa ny~a H3 aKCHa1IbHOro KaHana B 
MeJlHaHHYD nnoCKOCTb UHK1IOTpOHa. IlonyqeH~_peuw padoT~ HH~8KTOpa, 
npH KOTOpwt 3~KTHBHOCTb noBopoTa COCTaBnaeT donee 90¾. 

CHHxeH~ noTepH nyqKa B npouecce ycKopeHHS oT nepBoro JlO 
KOHeqHoro paJtHyca B UHK1IOTpOHe ,llO 16¾ 3a cqeT ~pMHpOBaHHS n~a 
B KaHane BH8WHea HH%8KUHH H ynyqweHHS BaKyyua B KaMepe UHK1IOTpOHa. 
YcKopeH H BHB8Jl8H nyqoK HOHOB ~He1+, Ha KOTOpOM B81IHCb ~H3HqecKH8 

3KcnepHM8HT~. 
Pe3y1IbTaTH, nonyqeHH~e npH paapa60TK8 H HCC1I8JlOBaHHH CHCTeW 

aKCHa1IbHOa HH%8KUHH nY'{Ka HOHOB B UHK1IOTPOH Y-200,MOrYT d~b 
none3HH npH C03JlaHHH nOJl06Hwt CHCTeM Ha UHK1IOTPOHax B Ha~wt 
ueHTpax CCCP.R ,Iij)yrRX CO~aJIRCTR'l8CKRX CTpaH, a TaKlit8 llpli llp08KTR

poBaHHH HOBwt YCKOPHTenea. 

AnpodauHa padoT~. Pe3y1IbTam, 1I8%all1H8 B OCHOBe JlHCC8pTauHH, 

JlOK1IaJtl:ma1IHCb Ha 
- Padotmx COBemaHHSX no CHCTeMaM aKCHa1IbHoa HHXeKUHH B 

UHK1IOTpOH~ B .1Iy6He, 1985r. H 1986r., 
- 1o·acecoD3HOM coBemaHHH no YCKOPHTe1IHM 3apaxeHHwt qacTHU B 

.1Iy6He, 1986r. , 
- 1i BceCOD3HOM COBemaHHH no YCKOPHT81IHM 3apaxeHHwt qacTHU B 

.1Iy6He, 1988r., 
- CoBemaHHH no KOPP8J!JlIU10HlWM 3KCnepHM8HTaM Ha n~ax TS%81Iwt 

HOHOB B ~p83Jl8He er~). 1988r .• 
- CeMHHape "Il1Ia3MeHHaa 31I8KTpOHHKa" B . XapbKOBe, 1988 r. 

3 



Ily6nHKaUHH. Pe3ynbTaTH HccnenoBaHHR, COCTaBHBWHe OCHOBY nHccep
Ta!lHH, ony6nHKOBaHli B 8 pa6oTax. 

Ha 3alllHTV BWOCHTCH cneAVDIU.He nonoxeHHH H pe3ynbTaTH: 
1. 060CHOBaHHe BH6opa CTPYKTypli CHCTeMbl BHewHea HHXeKUHH ny'tllea 

B UHKnoTpOHH Jla6opaTOPHH anepHwc peaKUHR Olli!H Ha ocHoBe MarHHTHblX 
3HeMeHTOB, C HCnOHb30BaHHeM nna ~KYCHPOBKH ny'tlKa pacceaHoro nona 
B aKCHMbHOM KaHane MarHHTa UHKHOTpOHa. 

2. AnropHTM H MeTonHKa pacqeTa CHCTeMbl aKCHanbHOR HH&eKUHH 
nY'tllea B UHKHOTPOH C yqeTOM pacceaHHOro nona B aKCHanbHOM OTBepCTHH 
MarHHTa H pa3pa60TKa Ha HX OCHOBe CHCTeMhl BHeWHea HHXeKUHH nY'tllea B 
Y-200. . 

3. BH6op onTHManbHWC ycnoBHR TpaHcnopTHPOBKH ny'tllea HOHOB no 
KaHany BH8WHeR HHXeKUHH nyqKa. 

4. IlonyqeHH8 ycnoBHR 34)<peKTHBHOro noBopoTa nyqKa H3 B8PTHKanb
HOro KaHana B MenHaHHYD nnOCKOCTb C6onee 90¾) c nOMOOU,D HH~eKTOpa 
- 3neKTpocTaTuqecKoro 3epKana. 

5. Pe3ynbTaTH 3KcnepHM8HTanbHWC HCCnenoBaHHR BHHHHHH npoc
TpaHCTBeHHOro 3apana nyqKa Ha K03!MHUH8HT TpaHCMHCCHH KaHana npH 
HHT8HCHBHOCTH nY'tllea no 800 MKA. 

6. 9KcnepHMeHTanbHli8 pe3ynbTaTH, noKa3HBaDlll,He CHHX8HHe noTepb 
nyqKa B npouecce ycKopeHHH B UHKHOTpOHe npH HCnOHb30BaHHH BH8WHea 
HHX8KUHH nY'tllea, 

CTpVKTypa H o6~8M AHCC8pTaUHH . .l[HcepTaUHH COCTOHT H3 BBeneHHH, 
Tpex rnaB, pa3nena C-OCHOBHHMH BHBonaMH H p83YHbTaTaMH HCCnenoBa
HHR, 3aKJIDqeHHH H cnHCKa nHTepaTypli (61 HaHMeHOBaHHe). 06111.HR o6~eM 
nHccepTauHH COCTaBnHeT 98 CTpaHHU, BKJIDqaa 50 PHCYHKOB. 

CO~P!AIIBE PABOTH 

Bo BBeAeHHH o6ocHOBHBa8TCH aKTYanbHOCTb pa3pa60TKH H npoBeneH
HWC HCCnenoBaHHR, paccMaTpHBaJlTCH OCHOBHli8 npo6neMhl H ocodeHHOCTH 
co3naHHH CHCTeMhl aKCHanbHOR HHXeKUHH nY'tllea B UHKHOTpOHli THllE!~ 
HOHOB. 

B nepBOR rnaBe aHMH3HPYDTCH 3HeM8HTli CHCT8Mhl aKCHanbHOR HHX8K
UHH ny'tlKa B UHKHOTpOHli, cpaBHHBaJlTCH xapaKTepHCTHKH HOHHWC HCTQq-
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HHKOB, KOTOplie MOrYT 6HTb HCnOHb30BaHH B pa3pa6aTHBaeMOR CHCT8M8. 
PaccMOTpeHH npHHUHnli BH6opa 3H8prHH HHX8KUHH. Hqxona H3 Tpe6o

BaHHR K CHCTeMe TpaHcnopTHpOBKH, onpenenaeMWC 3MHTTaHCOM HOHHoro 
nY'tllea, KOTOpHR nonxeH 6HTb cornacOBaH C aKC8nTaHCOM CHCTeMhl, pac
CMOTpeHH cBoRcTBa ~a3HWC THnOB ~KYCHPYDIII.HX 3HeMeHTOB: MarHHTHWC 
nHH3 - coneHoHnOB, MarHHTHWC KBanpynonhHWC nHH3, 3HeKTpOCTaTHqecKHX 

HHH3, 3HeKTpOCTaTHqecKHX KBanpynonbHWC HHH3. 
CpaBHHBaMCH CBORCTBa aHanH3HPYDIII.HX CHCTeM, BWOHHeHHWC Ha 

6a38 nByx 450 MarHHTOB H onHoro 90° MarHHTa. 
,1IaeTCH M8TOnHKa pacqeTa qeTHPeX THnOB HH~neKTOpOB - rHnep6onu

qecKoro, napa6onHqecKoro, cnHpanbHoro H 3neKTpocTaTHqecKoro 3epKan, 
cpaBHHBaDTCH HX CBORCTBa. IlpHBOnHTCH TaKllE! cnoco6 pacqeTa 6aHqepa. 

B KOHU8 rnaBH C~PMYHHPOBaHa 3anaqa C03naHHH H HCCnenoBaHHH 
CHCT8Mhl aKCHanbHOR HHX8KUHH ny'tlKa B UHKHOTpOH Y-200. 

BTopaa rnaBa nocBameHa pacqeTy H onHCaHHD T8XHHqecKHX peweHHR 
Y3HOB CHCT8Mhl aKCHanbHOR HHX8KUHH nY'tllea B UHKHOTpOH Y-200. C~pMYnH
pOBaHli OCHOBHli8 Tpe6oBalilI.l! H HCXO,nl!li8 ~amw:e, Ha OCHOBallllli KOTOpliX 
no nporpawe "TRANSPORT" npoBeneH pacqeT cHcTeMhl, c yqeToM pacce
HHHoro MarHHTHOro nona B aKcHanbHOM OTB8pCTHH MarHHTa, KOTopoe B 
HHXH8R nonoBHH8 KaHana COCTaBHH8T B8nlfql{HY CBblW8 2 Kfc CpHC. 1). 
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M'pXHMM : 
KpaM "!"GI 
HarHMTa I 

PHc. 1. PacnpeneneHHe 
uarHHTHoro nona B 
aKcHanbHOM OTBepcTHH 
uarHHTa B pa6oqeM 
p8DM8 ( .TOK OCHOBHOR. 
06MOTKH 1250 A). 

IloKa3aHa B03MOXHOCTb HCnOnb30BaHHH ero nna ~KYCHPOBKH nY'tllea. MaTe
MaTHqecKH npoaHanH3HpoBaHa TpaHc~pMauHH 3MHTTaHca nY'tllea B npouecce 
TpaHcnopTHPOBKH. IlpoBeneHa onTHMH3a!lHH TpaKTa C TO'tlKH 3P8HHH B03-
paCTaHHH 3MHTTaHCa H3-3a CM8WHBaHHH nonnpocTpaHCTB ex.PX) H Cy.Py) 
npH nBHX8HHH nY'tllea no KaHany BHewHeR HHX8KUHH,BKnDqaa HH~8KTOP -
3H8KTpOCTaTHqecK08 38PKMO. MHHHMaJll!.HHR K03~UH8HT B03pacTaHHH 
COCTaBHH8T 1,5 nna ex.PX) H 1,2 nna Cy,P-;. 0rH6aJlmaH.nY'tllea npH 
onTHMaJil>gl,ll{ ycnOBHHX TpaHcnopTHpOBKH npHBeneHa Ha pHC. 2. 
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PHC. 2. OrHdaI>maH nY'{Ka npH nBHX9HHH HOHOB OT HCTO'-IHHKa no Bxona 
B nynep nyaHTa. 

Ha OCHOBaHHH pacqeTOB nHHaMHKH nBHXeHHH nY'{Ka pa3padoTaHa 
KOHCTPYKUHH CHCTeMbl aKCHaJibHoa HHXeKUHH nyqKa B UHKJIOTPOH Y.-200, 
npencTaBJI9HHaH Ha PHC.3. B KaqeCTBe !pOKYCHPYDillHX 3JieMeHTOB HCnOJib-
30BaH~ MarHHTH~e JIHH3~ (MJI-1, MJI-2) H !pOKYCHPYDillHe COJieHoHnH (4>C-1, 
4>C-2). CenapauHD nyqKa HOHOB no 3apHnaM B CHCTeMe aKCHaJibHOA HHXeK
UHH ocymecTBJIHeT MarHHT AM-90, KOTOP~ onHoBpeMeHHO CJIYDT nJIH 
noBopoTa OCHOBHoro nyqKa H3 rop~30HTaJibHoa nJIOCKOCTH B BepTHKaJib
H~ KaHaJI. AHaJIH3HPYDI11HA MarHHT C-odpa3HOro THna HMeeT CKOW9HH~e 
TOPU~ non yroJIOM 26,5° nnH ocymeCTBJI9HHH !pOKYCHPOBKH nY'{Ka B nnoc
KOCTH noBOPOTa MarHHTa. 

IlepeBon nyqKa H3 aKCHaJibHoro KaHaJia B MenHaHHYD nJIOCKOCTb 
UHKJIOTPOHa ocymeCTBJIHeTCH 3JI9KTpOCTaTHqecKHM 3epKaJIOM. 

B nuccepTauHH npHBOnHTCH CXeMbl KOHCTPYKUHa Bcex 3Jl9M9HTOB 
CHCTeMbl aKCHaJibHOa'HHXeKUHH H HX napaMeTpH. 

Pa3padoTaHHaH CHCT8Ma aKCHaJibHOA HHXeKUHH.nY'{Ka_cnocodHa 
TpaHcnopTHPOBaTb nY'{KH_C 3MHTTaHCOM no 1000 MM.lq)an. 
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Puc. 3. KOHCTPYKUHH KaHaJia aKCHaJibHoa HHX9KUHH nyqKa B 
UHKJIOTPOH Y-200. 
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B Tp8Tb8R rnaBe npHBOnHTCH pe3ynbTaTN HCCnenoBaHHR onTHManbHl:,IX 
ynoBHR TpaHcnopTHpOBKH nyqKa no KaHany BH8WHeR HHXE!KUHH, npoBeneHHl:,IX 
Ha nyqKe 4He1~3Kcrrep.HM8HTaJII,HO YCTaHOBJieHa He06XO,IU!MaR CTa6:wu,HOCTb 
arperaTOB Illi.TaHIDI sneMeHTOB CHCTeMl:l. HccneAOBaHO ABHXeHHe ny~a 
qepe3 HH~neKTOP, B~6paHN ycnOBHH 3~KTHBHOR TpaHcnopTHpOBKH. Ilpo
~Hnb ny~a H TpaeKTOpHH ero nBHXeHHH qepe3 HH~neKTOP, CHHTNe C no
MOUU,D TOKOqyBCTBHT8nbHOR 6yuarH, npHBOnHTCH Ha pHc.4. 

~CKcc, 
3,.._.3e 

<5,_' ~, 
~r,..'.?i 

.;,,,,t' 

_ __2_\_ PHC. 4. TpaeKTOPHH 
4 I ABHX8HHH ny~a B 

1.... :::,...,., --::::::'./~5 / ueHTpanbHOR o6nacTH 
~ L J / UHKnOTpoHa. B To~aJC _...,. 6~/ l;-7 AaHN npo~HnH nyq-

1CM ,___. 

Ka, H3MepeHH&e B nnoc
KOCTH, nepneHAHKynap
Hoa HanpaBneHHD ABH-
X8HHH. 

TOKH nyqKa .HOHOB no KaHany aKCHanbHOR HHX8KUHH, a TaKxe B 
npouecce ycKopeHHH AaH& B Ta6nHue 1. 

Ta6nHua 1 

511-1 511-2 511-4 R=20CM R=80CM 

I CMKA) 23 20 18 1,9 1,6 

511 - 6nOK AHarHOCTHKH, R - PaAHYC ycKopeHHH. 

HccnenoBaH~ noTepH ny~a4 He1+BcneACTBHe nepe3apHAKH Ha OCTaTOqffOM 
ra3e B KaHane BH8WHea HHXeKUHH, noKa3aHO, ~o npH pa6oqeM BaKYYM8 

8 

'.) 

~ 

' 

J 

I I omM. ea. 
1.0 

o.s 

o( I If I I I I I Ir l 
-5 -4 P. 

10 10 , Topp 

PHC. 5. 3aBHCHMOCTb TOKa nyq
Ka HOHOB 4He1+ Ha BXOAe B 

HH~8KTOp OT AaBn8HHH B HOHO

npoBone npH UHHX= 15 KB. 

B HOHonpoBone 7-9 10-Bropp Tepa
eTcH He 6onee 10¾ nyqKa C pHc.5 ). 

HcnOnb30BaHH8 BHewHero HOHHoro 
HCTO~Ka Il03BOnMO ynyqwHTb pa-
6otma BaKY}'M B KaMepe UHKnOTPOHa. 
]laBneHHe BO BCeM ycKopHT8nbHOM 
3a30pe CHH3HnOCb AO 1-10-Bropp. 
IlpH TaKOM AaBneHHH CyuMapHN8 
wa3o~~e H BaKYYMHNe norepH He 
npeB&maDT 16¾ npH YCKOpeHHH OT 
R = 15 CM AO R = 80 CM npH 
Hanpai:eHHH Ha AYaHTaJ!'. 60 KB. 

3KcnepHM8HTanbHO HccneAOBaHO 
BnHHHH8 npocTpaHCTB8HHOrO 3apHAa 

B KaHane aKCHanbHOR HHX8KUHH 
nyqKa. IloKa3aHO, ~o cym.ecTBy
DDJ,a$1 CHCTeMa cnoco6Ha TpaHC
nopTHpOBaTb nyqKH C HHT8HCHB-

HOCTbD"AO 500 MKA 683 H3MeHeHHH 
3~KTHBHOCTH. IlpH nanbHeaweM noBNW8HHH TOKa HH%8KTHpyeMoro ny~a 
KO3~HUH8HT TpaHCMHCCHH nanaeT (pHc. 6 ). 

l'ycK,11KAI lsii_,, MKA 

6o+soo 

40f400 

20f'200 

o - Iso"' 0 

•-IgcK / . . ---~ 
✓----

,/-< 
o o;;---:--... :-: ... ~ ... ,----:c. -~ ... ,----:-:_ -~-,--=---'-

20u 400 600 l...,.,11KA 
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HcnOnb30BaHHe B CHC
T8Me aKCHanbHOR HH%8KUHH 
nyqKa B Y-200 nByx3a3op
Ho~o 6aHqepa, pa6oTaD~ero 
Ha nepBoa rapMOHHKe Bq
HanpaxeHHa,nano YBenHqe
HHe HHT8HCHBHOCTH ny~a 
B ABa pa3a npH TOKe YCKO
P~HHOro nyqKa 6e3 6aHtm
p6BKH 0, 75 ~A. 

PHc.6. 3aBHCHMOCTb TOKa 
ycKopeHHoro nyqKa OT TOKa 
mlllt8KTlipyeMoro J:zylll(a liOHOB 
4He1+ npH OilTHMaJibHl:,IX 
ycnoBHHX TpaHcnopTHpOBKH. 



OnHaKO npH YBeJrnqeHHH TOKa ny~a B HeCK01Il,KO pa3 3g)q)E!KT daHqHpOBKH 
He Hadllllnanca, 'ITO CBa3aHO C BJIHaHHeM npocTpaHCTBeHHOrO 3apana B 

nponom.HOM HanpaBJieHHH. 
IlapaMeTpH CHCTeW aKCHam.HOA HH:.teKUHH ny~a B UHKJIOTpOH Y-200 

JI.HP B cpaBHeHHH C 3apyde:&H!,IMH CHCTeMaMH naHH B TadJrnue 2. 

· TadJrnua 2 

UeHTP IlyqoK 

l;;tq,<peK-

l;;ineMeHTH I Tan I ITHBHOCTb SHeprHa aKCHaJib- HH~eKTOpa BaHqep TpaHcnop-
HHXeK- HOro THPOBKH,% UHH,KB KaHana __ 

Berkeley 

CYCLONE 

GANIL 

Grenoble 

Karlsruhe 

Julich 

Groningen 

JI.HP Ollil:H 

TaxeJIHe 
HOHH 

.. 
" 

He+ 

10 

15+18 

15+18 

8+20 

10 

--

20 

15 

ML - MarHHTHHe JIHH3H 
SL - coneHOHnH 

SL 

ML 

SL 

ML 

EQ+EL 

SL+ML 

SL 

SL+ML 

EL - aneKTPOCTaTHqecKHe JIHH3H 

3epKaJIO 

cnapaJibHHA 

rHnepdOJIH-
qeCKHA 

cnapaJibHLIA 

rimepdona-
qecKHA 

ranepdona-
qecKHA 

ranepdoJIH-
qeCKHA 
3epKano 

EQ - aJieKTpocTaTHqecKHe KBanpynoJibHHe JIHH3H. 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

17 

5+15 

20 
3.5 

15 

5+8 

4 

8 
16 

B pa3nene· OCHOBHbIE Bb!BO.llij H PE3YJibTATH HCCJIEllOBAHill'I naH KpaTKHA 
aHaJIH3 pe3ym,TaTOB, nonyqeHHblX B npouecce padoTH; 

B 3aKJIDqeHHH paccMaTpHBaDTCa B03MO:&HHe nYTH COBepmeHCTBOBaHWl 
cos,naHHOli CHCT8Mli altCH8Jll,HOli HHlK8ItI.UIB IIyqRa B ~OTPOHeY-200, 
a TaKlK8 nepCil8KTHBli HCilOJI1,80B8.Hllll no~o6HWC CHCT81~ B .IU>YI'HX yCKO-

pHTeJIBX JI.HP. 
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QQ_HOBHHE PE3Y_llhTATH PABOTij 

OCHOBHHe pe3yJibTaTH padOTH, H3JIOX8HHH8 B nHccepTaUHH, 3aKJIDqa
DTCa B cnenyDmeM: 

1. BnepBHe B CCCP pa3padoTaHa H C03naHa 3g)q)E!KTHBHaa CHCTeMa 
aKCHaJibHOA HHX8KUHH nyqKa B UHKJIOTPOH Ha OCHOBe·MarHHTH!ilX aJieMeHTOB 
C HCnOJib30BaHHeM nna ~KYCHPOBKH nyqKa B BepTHKam.HOM KaHaJie pacce
HHHOro noJIH MarHHTa UHKJIOTpOHa. PeweHa 3anaqa HHXeKUHH HHTeHCHBHOro 
nyqKa HOHOB H3 BHewHero HCTOqHHKa H ycKopeHHH ero B UHKJIOTpOHe. 

ClicTeMa pa3padOTaHa nna TpaHcnopTHPOBKH HOHOB B nuana30He 
A/Z = 2,8 + 5, ycKopaeMLa Ha Y-200. IlpoBeneH KOMnJieKc nycKOHaJia
no~!ilX padoT Ha nyqKe HOHOB 4He1+ (A/Z = 4), KOTOpHe BHdpaHH B 
KaqecTBe TeCTOBOA qaCTHUH. 

2. Pa3padOTaHH anropHTM H MeTonHKa pacqeTa CHCTew aKCHam.HoA 
HHX8KUHH ny~a c yqeTOM pacceHHHoro noJIH B BepTHKaJibHOM KaHaJie Mar
HHTa UHKJIOTpOHa. IloKa3aHa B03MO:&HOCTb HCfiOJib30BaHHH era nna ~Ky
ClipOBKH ny~a B HH:&HeA qacTH KaHaJia, rne aKCHaJibHaa KOMnOHeHTa 
pacceaHHoro nona HMeeT BeJIHqHHY cBwe 2 Kfc. 

3. 3KcnepHM8HTam.Ho nonyqeHa MaKCHMaJibHaa 3g)q)E!KTHBHOCTb 
TPaHCMHCCHH nyqKa OT aHaJIH3HPYDmero MarHHTa no KOHe~oro panayca 
ycKopeHHa B UHKJIOTpoHe 8% de3 daH~POBKH H 16% C HCnOJib30BaHH8M 
daHqepa. 

4. HccnenoBaHH YCJIOBHH TpaHcnopTHPOBKH nyqKa HOHOB no KaHaJiy 
BHewHea HHX8KUHH, ycTaHOBJI8HH Tpedyewe YPOBHH CTadHJIH3aUHH CHCTeM 
nHTaHHa, KOTOpHe COCTaBHJIH nna HanpaxeHHa HHX8KUHH ' - 1·10-3 , 
HanpaxeHHH HH~JI8KTOpa - 3-10-2• TOKa MarHHTH!ilX JIHH3 - 3·10-3+ 
4·10-2, aHaJIH3HPYDmero uarHHTa - 1·10-3. 

5. IlpoBeneHO HCCJienoBaHHe ycJIOBHA HH~8KUHH nyqKa HOHOB H3 
aKCHaJibHOro KaHaJia B MenHaHHYD nJIOCKOCTb UHKJIOTpOHa C noMOmbD 
3JI8KTpOCTaTHqecKoro aepKaJia. IlonyqeHH peuw padOTH HH~JieKTOpa, 
npH KOTOplilX 3g)q)E!KTHBHOCTb nepeBona nyqKa H3 BepTHKaJibHOro KaHaJia 
no Bxona B nynep cocTaBJIHeT donee 90¾. 

6. 3KcnepHM8HTam.HO HCCJienoBaHO BJrnaHH8 npocTpaHCTB8HHOro 
aapana n~a HOHOB 4He1+ Ha K03~HUH8HT TpaHCMHCCHH KaHaJia BH8WHea 
HHX8KUHH npH HHT8HCHBHOCTHX no 800 MKA. IloKaaaHo. trro cymecTBYDmKA 
KaHaJI MOXeT dea noTepb, BHSBaHH!ilX BJIHHHH8M npocTpaHCTBeHHoro 
aapana. TpaHcnopTHpoBaTb ny~H no 500 MKA. IlpH dOJibWHX HHTeHCHBHOC
THX K03~HUH8HT TpaHCMHCCHH nanaeT. 
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7. HccnenOBaH~ noTepH nYlJKa HOHOB B "Ka.Hane BHewHea HHZeKUHH 
BCnenCTBHe nepe3aranKH Ha OCTaTO\IHOM ra3e. H3MepeHO ceqeHH8 nepe-
3apanKH HOHOB 4He + B pa3HblX ra3ax: B03nyxe, He, Ar, Xe npH 3Hep
rHl'IX OT 7 no 16 K3B. IloKa3aHO, 'IITO npH pa6oqeM BaKYYM8 B Ka.Hane 
7+9·10-6ropp TepaeTca He 6onee 10¾ ny~a. 

8. IloTepH nYlJKa B npouecce_ycKopeHHH OT nepBoro no KOHe\ffioro 
PaAHyca B UHKnOTpOHe CHHX8HH no 16¾ 3a cqeT q,opMHpOBaHHH nYlJKa B 
Ka.Hane BH8WHea HHX8KUHH HOHOB H ynyqweHHH BaKyyMa B KaMepe 
UHKnoTpoHa. YcKopeH H B~eneH nYlJOK HOHOB 4He1+, Ha KOTOPOM BenHcb 
~H3HqecKHe 3KCnepHM8HTH. 

9. B xone npoBeneHHblX HCCnenoBaHHA nonyqeH~ naHH~e. Heo6xonH
MJ,18 nna paspa60TKH KaHana BH8WHea HH:EeKUHH ny~a B UHKnOTpOHH Y-400 
H Y-400M .. nonyqeHH~e pe3ynbTaT~ MOrYT 6~b none3HH npH C03naHHH 
nono6HblX CHCT8M Ha UHKnoTpOHax Y-120 H Y-150 B Hay\ffiblX U8HTpax 
CCCP li ,IU>yrliX COW!a.7IliCTli'l8CKliX CTpaH, a T8Kl!t8 npli -npo8KTlipOBaH1U1 .. 
HOBblX YCKOPHTenea. 
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