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1 . BBEAEHI-1E 

B na6opaTOPHH ~AePH~x npo6neM 01-1n1-1 ocy~ecTen~eTc~ peKoH
CTPYK~H~ CHHXpO~HKnOTpOHa B CHnbHOT04H~H $a30TPOH C npocTpaH
CTBeHHOH BapHa~HeH MarHHTHOrO non~ /yCTaHOBKa 11$ 11

/. npoeKTOM 
peKOHCTpyK~HH npeAYCMaTpHBanocb yeenH4eHHe BHyTpeHHero TOKa 
npOTOHOB AO 50 MKA H pOCT HHTeHCHBHOCTH B~BeAeHHOrO npOTOHHOrO 
ny4Ka B 100-200 pa3 111

, a TaK~e C03AaHHe KaHanoa BTOPH4H~X 
ny4KOB Me30HOB H HyKnOHOB, HHTeHCHBHOCTb KOTOp~X AOn~Ha B03pac
TH /no cpaBHeHH~ C CHHXpO~HKnOTpOHOM/ npHMepHO B 50-100 pa3 12 • 8~ 

Ha nepBOM :nane coopy~eHH~ ycTaHOBKH "$" nnaHHpyeTc~ yeenH-
4eHHe BHyTpeHHero TOKa npOTOHOB AO 10 MKA H peanH3a~HR CXeM~ 
nepBOH 04epeAH pa3BOAKH ny4KOB, B KOTOpOH HCnOnb3Y~TC~, B oc
HOBHOM, HOH~o-onTH4eCKHe 3neMeHT~, npHMeH~BWHeC~ AO peKOHCT
pyK~HH YCKOpHTen~. 

Uenb~ HacTo~~eA pa6oT~ ~BHnOcb paccMoTpeHHe eapHaHTa KaHa
na TpaHCnOpTHpOBKH B~BeAeHHOrO npOTOHHOrO ny4Ka OT BaKyyMHOH 
KaMep~ yCKOpHTen~ AO MHWeHH nH-Me30HHOH nHH3~ H B~~CHeHHe B03-
MO~HOCTH TaKHX pe~HMOB pa60T~ 3TOrO KaHana, npH KOTOp~X o6ec
ne4HBa~TCR OnTHManbH~e ycnOBH~ nony4eHH~ H HCnOnb30BaHH~ Me
AH~HHCKOro ny4Ka OTpH~aTenbH~X nH-Me30HOB. 

2. Oni-1CAHI-1E KAHAflA 

npeAno~eHHa~ cxeMa npoeKTHpyeMoro KaHana TpaHcnopTHPOBKH e~

BeAeHHoro npoTOHHoro ny4Ka /KaHan H' IX I ycTaHOBKH "$" H3o6-
pa~eHa Ha pHC.1. nocne B~XOAa H3 KaMep~ yCKOpHTen~ npOTOHH~H 
ny40K OTKnOH~eTC~ MarHHTOM Cn-35 Ha yron 8~ a 3aTeM nHH3aMH 
Q 1, Q2 H Q3 /THna Mfl-3/ Hanpaan~eTc~ Ha ~eHTP MarHHTa 
cn-37, pacnono~eHHOro 3a 4eT~pexMeTpOBvH 3a~HTHOH CTeHOH. Ha 
3TOM y4aCTKe TpaHcnopTHPOBKH ny4Ka MoryT 6~Tb ycTaHoeneH~ MH
weHb M H yrnepOAH~H 3aMeAflHTenb n, n03BOn~~~HH yMeHbWHTb 3Hep
rH~ ny4Ka B AHana30He OT 700 AO 100 M3B. 

MarHHT~ Cn-37, Cn-10 H Cn-57 OTKnOH~~T ny40K B ropH30HTanb
HOH nnOCKOCTH Ha CYMMapH~H yron 64~ 3aTeM C nOMO~b~ MarHHTa 
MC-4, noeepHyToro BOKpyr ropH30HTanbHOH OCH Ha yron 90°, npo
TOHH~A ny40K OTKnOH~eTC~ B BepTHKanbHOH nnOCKOCTH BHH3 Ha 20° 
H Aanee TpeM~ MarHHTaMH THna OM-1 , pacnono~eHH~MH a TYHHene 
Ha nepBOM 3Ta~e 3AaHH~ YCKOPHTen~, CHOBa nepeBOAHTC~ 8 ropH-
30HTanbHOe nono~eHHe. CeMb nHH3 I Q4- Q10/ THna Mfl-3 o6ecne4H-
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Puf'. 1 _ r.vPM~ nP!'Hoft oqPnPTTU naqRoilKH MeTIHIIHHCKHX 

llY'lKOB ycTaHOBKH 
11<11 11 /no~CHeH~ili B TeKCTe/ • 

saiOT YAepmaHI1e npoTOHHOro ny4Ka 11 ero TpaHcnopTI1pOBKY 6e3 no
Tepb OT MarHI1Ta Cn-57 AO Mlill~eHI1 ni1-Me30HHOH ni1H3bl, npeAHa3Ha-
4eHHOH Ail.A nony~o~eHI1.A MeAI1~11HCKoro ny4Ka OTPI1~aTeilbHbiX ni1·Me-
30HOB. MarHI1T OM-1 e KOH~e TpaKTa cnym11T AJl.A HasoAKI1 npoToH
Horo ny~o~Ka Ha Me30H006pa3yl0l!IYIO MI1WeHb, pacnonomeHHYIO B Cl1nbHOM 
MarHI1THOM none ni1-Me30HHOi1 n11H3bl. 

3. PAC4ET nAPAMETPOB KAHAilA nP~ PA3Il~4HbiX PEJI(~MAX 
ErO PA60Tbl ~ 06CYlKAEH~E nOilY4EHHbiX PE3YilbTATOB 

npoeKTI1pyeMbiH KaHan AOnmeH o6ecne411Tb: v 

1/ TpaHCnOpTI1p08KY BbiBeAeHHOrO npoTOHHOrO ny4Ka OT BaKyyMH011 
KaMepbl ycTaHOBKI1 11 <!1 11 AO MI1WeHI1 ni1-Me30HHOH ni1H3bl 6e3 nOTepbj 

2/ <!IOPMI1POBaHI1e Ha Me30H006pa3yiOllleH MI1WeHI1 npOTOHHOrO ny4Ka 
c pa3MepaMI1, He npesblwal0lii11MI1 5 CM no ropi130HTanl1 11 0,5 eM no 
sepT11Kan11. 

3TI1 Tpe6oeaHI1.A 11 6blnl1 nonomeHbl B ocHosy npo~ecca onT11MI1-
3a~11H, npoBeAeHHOrO Ha 38M CD(r6500 no ni1HeHHOH TeOpl111 C 
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nOMOl!lbiO nporpaMMbl "TRANSPORT/360" /4/ . 3MMI1TaHC ny4Ka Ha 
BbiXOAe 113 YCKOpi1TenbHOH KaMepbl YCTaHOBI<11 "ell" 6panc.A 113 pa6o
Tbl /Ill, :mepri1.A C411Tanacb pasHo.:1 E =660 M3B, 3HepreTI14eCK11H pa3-
6poc ny4Ka ~E/E =.:t_1%. 

PaccMaTp11san11cb TPI1 so3MOmHOCTI1 npoxomAeHI1.A ny4Ka no KaHa
ny: 1/ BeCb nyTb ny4Ka, Halii1Ha.A OT npeAOXpaHI1TenbHOH TI1TaHO
BOH eiiOnbrl1 TOnl!I11HOi1 100 MKM, OTAeili'IIOU~eH saKyyMHyiO KaMepy ycTa
HOBKI1 "ell" OT saKyyMnpOBOAa KaHana, npOXOA11T B BaKyyMej 

2/ Ha nyTI1 ny4Ka 11MeeTC.A e111e 11 B03AYWHbiH npoMemyTOK AJ111HOH 
1 M, pacnonomeHHbiH MemAY nepBOH 11 BTOOOH ni1H3aMI1 TpaKTa 11 
OTAeneHHbiH OT saKyyMnpOBOAa aniOM11HI1eBbiMI1 ellonbraMI1 TOnl!I11HOH 
100 MKM KamAa.A; 

3/ nocpeAI1He B03AYWHOro npoMemyTKa pacnonomeHa MI1WeHb MIO
Me30HHOro TpaKTa. 

Ha nepsoM 3Tane npo~ecca onTI1MI13a~l111 sapbl1posaHI1eM ellopM 
noniOCHbiX HaKOHe4HI1KOB MarHI1TOB Cn-37 11 cn-57 AOCTI1ranacb 4ac
TI14Ha.A axpoMaTI13a~11.A OTKnOH.AIOllleH CI1CTeMbl. YAOBneTBOPI1TenbHbiH 
pe3ynbTaT 6bln nony4eH np11 TaKI1X KOH<!111rypa~11.AX noniOCHbiX HaCaAOK, 
np11 KOTOpbiX ny40K BXOAI1T B Cn-37 nOA yrnoM 25,4° 11 BbiXOA11T 
113 cn-57 noA TaKI1M me yrnoM. Ha nocneAYIOlii11X 3Tanax onT11MI13a
~1111 sapbl1posaHI1eM rpaAI1eHTOB MarHI1THbiX none.:1 KBaApynone.:1 scex 
n11H3 AOCTI1ranocb YAepmaHI1e ny4Ka 11 ¢opMI1POBaHI1e 3aAaHHoro 
11306pameHI1.A Ha MI1WeHI1 ni1-Me30HHO~ ni1H3bl. 

Bee nony4eHHble sap11aHTbl pem11Ma pa6oTbl KaHana 11CcneAosani1Cb 
3aTeM nyTeM MOAeni1POBaHI1.A TpaHcnopTI1pOBKI1 ny4Ka MeTOAOM MOHTe
KaflnO r: y._.PTnM ~fiPf'f'~I~IAIA RTn~nrn "'='~~~~= ~~!~ ~':'~~'C'~~~ ~~~;~~~~~~:..: 

"DECAY TURTLE"/&/ npl14eM npl1 y4eTe MHOroKpaTHOro pac-
ce.AHI1.A 6panc.A yron, s npeAenax KOToporo ocTaeTc.A 99,8% npoTo
HOB I 2o -11HTepsan/. 

B pe3ynbTaTe 3TI1X Bb1411cneHI1H 6blnl1 noAo6paHbl pemi1Mbl pa6oTbl 
KaHana, o6ecne411Ba1011111e 8blnonHeHI1e nepe411CneHHbiX 8blwe Tpe6o8a
HI1H An.A nep8b1X A8YX cny4ae8, T.e. An.A cny4a.A, KOrAa 8eCb nyTb 
ny4Ka, Ha411Ha.A OT npeAOXpaHI1TenbHOH TI1TaH080H c!IOnbrl1, npOXOAI1T 
8 8aKyyMe /p11c.2- cnnowHa.A IlHHI1.A/, 11 AJl.A cny4a.A, KOrAa Ha 
nyTI1 ny4Ka 11MeeTC.A AOnonHI1TenbHO OA11H U03AYWHbiH npoMemyTOK 
/pl1c.3 - cnnowHa.A n11HI1.A 11 p11c.4/. B Ta6n.1 AaHbl cooT-
8eTCT8YIOU111e 8eni1411Hbl MarHI1THbiX none.:1, a TaKme 3Ha4eHI1.A 3~eK
TI18HbiX AJ111H 11 anepTyp 8CeX ni1H3 11 MarHI1T08, 11CnOnb308a8W11eC.A 
np11 pac4eTax. 

O~eHKa ycTOH411BOCTI1 pacC411TaHHbiX pem11M08 pa6oTbl KaHana 
nOKa3ana, 4TO n11TaH11e ni1H3 AOnmHO 6b1Tb CTa611nl1311pOBaHO C T04-
HOCTbiO 10-S, OTKI10H.AIOUI11X MarHI1T08- 10-~ T04HOCTb ycTaHOBKI1 
3neMeHT08 OTHOCI1TenbHO OCI1 KaHana AOnmHa 6b1Tb BbiAepmaHa 8 
cneAYIOlii11X npeAenax: 

1/ 8eni1411Ha cMel!leHI1.A n11H3 11 MarH11TOB no 8epTI1Kanl1 11 ropi1-
30HTanl1 He 6onee .:t_0,1 eM; 

3 



..... ----------------------------------
Xlc.Ml 

YlcMJ 

UQ DO iJ[] DO DO flo au rnuo 

DO 

nn 
0 OOcn-~1 
co-J7 col() oa on nnnn nn m 00 00 

OJ Q4 u~ 06 Q? Q6 "g 01u 

PHc.2. 0rH6awmHe nyqKa, se~h nyTh KOToporo npoxogHT 

B saKyyMe. CnnomHaH nHHHH - pe3ynhTaT pacqeTa gnH nyqKa 

C HaqanbHblM <!Ja30BblM 06'heMOM, COOTBeTCTBy!OmHM gaHHblM pa-

60Tbl/5/;nyHKTHpHaH nHHHH - gnH nyqKa C HaqanbHblM !lJa30BblM 

o6'heMoM, ysenHqeHHbiM B 2 pa3a no cpasHeHHIO c 15
1
• llpHMoy

ronhHHKaMH BBepxy H BHH3Y ycnoBHO H306paJKeHbl see HOHH0-

0I1THqeCKHe 3neMeHTbl KaHana, 3HaKH + H - COOTBeTCTBYIOT 

nonHpHOCTH BKniOqeHHH OTgenhHblX CeKJJ;Hli nHH3. 

f"' ou ~u CJO oo oo -~ lJU owu 
[JIJ 

•C-4 / 

/• ~-' u u•-' / ' --
' "''''" 

-, 

... ----- .... .. /' \ 

n 0 0 c~); ', ___ _ 

nn cw coil rn m rit{ 
a 1 04 a~ aB 

oo rn 
01 08 

nortri 
Q9 QIU 00 

J2 

Yicw.l 
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Ta6nHu;a I 
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5 

_______________________________ ...... 



N 

100 100 

PHc.4. PacnpeAerreHHH nnoTHOCTH 

npOTOHOB Ha Me30H006pa3yro~eH 

MHmeHH nH-Me30HHOH JIHH3bl B 

BepTHKaJibHOH H ropH30HTaJibHOH 

nnOCKOCTHX AJIH CJIY'IaH, KOrAa 

Ha nyTH BbiBeAeHHOrO npOTOHHOrO 

nyqKa Ha MecTe pacnonoxeHHH 

MHmeHHOH CTa~HH MID-Me30HHOrO 

TpaKTa HMeeTCH B03AymHWH npoMe

xyTOK. 

2/ nOBOpOT~ H HaKnOH~ OCeH HOHHO-OnTH4eCKHX 3neMeHTOB He 
6onee 1 MpaA. 

CneAyeT OTMeTHTb, 4TO B~6paHHaR CXeMa KaHana nOAXOAHT H 
AnR TpaHcnopTHpQBKH ny4KOB C HeCKOnbKO OOnbWHMH Ha4anbH~MH 
~aaoe~MH o6DeMaMH. TaK, K npHMepy, Ha pHc.2 nyHKTHpHOH nHHHeH 
noKa3aHa orH6a~~aR ny4Ka, nyTb KOToporo, Ha4HHaR OT npeAoxpa
HHTenbHOH $OnbrH, npOXOAHT B BaKyyMe, a Ha4anbH~H 3MHTTaHC 
yeenH~H e 2 paaa no cpaeHeHH~ c /6/ (x 1 = v'2 x 0• x'1 = v' 2x'0 , 
Y 1 .. v' 2 Yo , Y 1 .. fiy o ) · 

TeM He MeHee AflR AaHHOH CXeM~ KaHana, COCTOR~ero TOnbKO H3 
HMe~~HXCR 8 HanH4HH HOHHO-OnTH4eCKHX 3neMeHTOB, He YAanOCb 
nOA06paTb pe*HM, n03BOnR~~HH pa60TaTb napannenbHO C M~-Me30HH~M 
TpaKTOM. TaK, Y*e npH HanH4HH Ha nyTH ny4Ka 6epHnnHeBOH MH
weHH TOn~HHOH 5 CM noTepH AOCTHra~T 21% Ha4anbHOH HHTeHCHBHOC
~~:, ~~~C ~~~~ ~~~ j~~~~ MM01U~~diHUIU ~d~L~~HHfl B~RTb YfUfi, B 

npeAenax KOToporo OCTaeTCR 63,4% npOTOHOB fa -HHTepean/. CooT
BeTCTBY~aR OrH6a~~aR noKa3aHa Ha pHC.3 nyHKTHPHOH nHHHeH. 
EcnH *e npH OnTHMH3aUHH KaHana OTKaaaTbCR OT ycnOBHR $OPMH
poeaHHR Ha MHWeHH nH-Me30HHOH nHH3~ H306pa*eHHR 3aAaHH~X paa
Mepoe, TO H TOrAa pac4eTHy~ eenH4HHY nOTepb YAanOCb CHH3HTb 
nHWb AO YPOBHR 10,5% Ha4anbHOH HHTeHCHBHOCTH. B Ta6n.2 AaH~ 
3Ha4eHHR nOTepb Ha OTAenbH~X 3neMeHTaX KaHana, COOTBeTCTBy~

~He 3THM cny4aRM. CneAyeT, OAHaKo, aaMeTHTb, 4TO oco6eHHOCTH 
nporpaMM~ "DECAY TURTLE" !81 npHBOART K HeKoTopoMy aa
B~WeHH~ Ha4anbHoro $aaoeoro o6DeMa ny4Ka, HcnonbayeMoro AflR 
P03~rp~Wa TpaeKTOpHH OTAenbH~X 4aCTHU. no3TOMY Henb3R HCKn~-
4HTb B03MO*HOCTb TOrO, 4TO yKa3aHH~e 8 Ta6n.2 BenH4HH~ no
Tepb OKa*YTCR Ha CaMOM Aene HeCKOnbKO MeHbWHMH. 

npoBeAeHH~e pac4eT~ noKa3anH B03MO*HOCTb TaKHX pe*HMOB 
pa6oT~ npoeKTHpyeMoro IX KaHana ycTaHOBKH "$", npH KOTop~x 
06ecne4HBaeTCR TpaHCnOpTHpOBKa B~BeAeHHOrO npOTOHHOrO ny4Ka 
6e3 noTepb OT BaKyyMHOH KaMep~ yCKOpHTenR AO MHWeHH nH-Me30H
HOH nHH3~ H nony4eHHe 3aAaHHOH $OpM~ nonepe4HOro ce4eHHR 
npOTOHHOrO ny4Ka Ha Me30H006pa3y~~eH MHWeHH B KOHUe KaHana. 
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Ta6JIH~a 2 

fiOTepH HHTeHCHBHOCTH BbiBeAeHHOrO npOTOHHOrO nyqKa Ha 

ax KaH~na TTTTH nsyx pexHMOB pa60Tbl. OTAeiTbHblX 3JieMeHT ""' ,...... ,_., 

Cll-35 
QI 
Q 2 
Q 3 
CII-37 
cn-Io 
Cll-57' 
Q4 
MC-4 
Q5 
Qs 
OM-I 
OM-2 
OM-I 
f:)ry .. . 
Qa 

Q9Q IO 

IIoTepH 
(% H8~HOI BHT6HCHBHOCTH) 

I (a8Jt8HHHe paSMeW II (JIJJ6ue pasMepu 
ayqK8 H8 MHBJeHH) IIY'IK{l H8 MH

rueHH) 

0 0 
0 0 

0,3 0 
O,I O,I 
0 0 
0 0 
0 0 

3,4 2,0 
0,7 0,2 

2,5 0,4 
7,6 6,I 
0 0 
0 0 

4,6 0,2 
?,R I.4 
0 0 

O,I 0 

B TO *e epeMR AflR npeAnO*eHHOH CXeM~ 3TOrO KaHana, COCTOR~ero 
Ha HMe~~HXCR B HanH4HH HOHHo-onTH4eCKHX 3neMeHTOB, He YAanOCb 
noAofipaTb pe*HM napannenbHOH pa6oTbl KaHana TpaHcnopn1POBKH 
C M~-Me30HH~M TpaKTOM. 
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H3naTenbCKHA OTnen QO~enHHeHHOro HHCTHTYT3 RnepHbiX HCCnenOB8HHA 

KysbMMH E.C. M AP· KaHan TpaHcnopTMpoBKM awaeAeHHOro 9-82-406 
npoTOHHOro ny'IKa ~30TpoHa OKAH 

PacCHOTpeH BaPMaHT KaHana TP8HCnopTMpoBKM BWBeAeHHOrO npoTOHHOrO ny'IKa 
~a30TpoHa OH~H OT aaKyyMHOA KaMepw yCKOPMTenA AO MMUeHM WMpoKoyrOnbHOA 
nM-Me30HHOA nMH3W, npeAH83Ha'leHH0A AnA ~PMMpoBaHMA MeAM~MHCKOrO ny'IKa 
OTPM~aTenbHWX nM-Me30HOB. 

Pac'leTHWM nyTeM noKa3aHa ao3HO*HOCTb TaKMX pe•MMOB pa6oTw 3Toro KaHana, 
npM KOTOpwX o6ecne'IMBaeTCA TpaHCnOpTMpoBKa BWBeAeHHOrO npoTOHHOrO ny'IKa 6e3 
noTepb M nony'leHMe 3aA8HHOA ~PMW nonepe'IHOrO Ce'leHMA npoTOHHOrO ny'!Ka 
Ha Me30Hoo6pa3~eA MMWeHM B KOH~e KaHana. 8 TO •e BpeMA He YAanOCb nOAoO" 
paTb pe*MMa napannenbHOA pa6oTW 3TOrO KaHana C NO-Me30HHWM TpaKTOM. 

Pa6oTa awnonHeHa a na5opaTOPMM AAePHWX npo6neM OH~H. 

Kuzmin E.S. et al. Channel to Transport Extracted Proton 
Beam of JINR Phasotron 

9-82-406 

The variant of a strong focusing channel to transport the proton beam 
of JINR phasotron from the accelerator vacuum chamber tome target o~ 
a wide angle , -meson lens assigned to form the medical beam of ., -m1nus 
mesons is considered. It is shown by calculations that there are such modes 
of operation of the channel when is possible to transport external proton 
beam without losses, and to obtain the given shape of the proton beam cross 
section on the meson production target at the end of the channel. 

The Investigation has been performed at the laboratory of Nuclear 
Problems, JINR. 
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nepeBQA O.C.BMHOrpaAQBoA. 


