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PACqET .[(HHAMHKH YCKOPEHIDI HOHOB 48Ca + 6 . . 
B UEHTP AflhHOH OEJIACTH UHKJIOTPOHA Y-400 

C BHYTPEHHHM HCTQqHHKOM THIIA PIG . 



1,faaecTHO, lffO L\eHTpailbHaSl o6naCTb L\"1KJ10TPOHa SlBnSleTCSl onpeAenS110UJ.1,1M 
cj>aKTopoM Ka'leCTBa ycKopeH"1Sl "10HHblX nY'lKOB, TaK KaK "1MeHHO B, L\eHTpe 
L\"1KJ10TPOHa "10Hbl np1,106peTa10T PaA"18JlbHbie 1,1 eepT"1KailbHble Kone6aH"1Sl. 
AaHHaSl pa6oTa 6blna npoeeAeHa C L1enb10 OL\eHKl,1 B03MO)KH0CTe'1 ycKopeH"1Sl 
"10HOB 48Ca6

• B L\eHTpaI1bH0'1 o6nacrn L\"1K110TPOHa Y-400 C 1,1cnonb30BaH"1eM 
"10HHOro "1CTO'lH"1Ka T"1na PIG. 

Pac'leT AB"1)KeH"1Sl "10HOB B L\eHTpe L\"1KJ10TPOHa nposeAeH np1,1 nOMOUJ.1,1 
nporpaMMbl CENTR Ha OCHOBe 'l"1CneHHOrO "1HTerp1,1posaH"1Sl ypasi-IeH"1'1 
AB"1)KeH"1Sl "10HOB B nepeMeHHOM aneKTp"1'lecKOM "1 MarH"1THOM nonsix 
MeTOAOM PyHre - Kyna 4 nopSIAKa [1]. B nporpaMMe 1,1cnonb30B8JlaCb KapTa 
MarH"1THOro nonsi, nonY'leHHaSl MeTOAOM n"1He'1Ho'1 "1HTepnonSll.\"1"1 1,13 
"13MepeH1.1'1, nposeAeHHblX a 1.1ione - asrycTe 1978 roAa [2]. 

3neKTp"1'leCKOe none nonY'leHO Ha OCHOBaH"11,1 aH8J1"1T"1'leCKOro 
np1,16nmKeH"1Sl C 1,1cnonb30BaH"1eM cj>opMyn [3]: 

1. AflSl yCKOpSIIOW,e'1 C"1CTeMbl "1CTO'lH"1K-nynnep 

EY = ~ 1 exp[-o.s(..L.)
2

]cos(n@(t-t0 )], 
2 0.Str Ay Ay 

rAe Ay = 0.2H + 0.8W; 
2. AflSl YCKOpSIIOW,e£1 C"1CTeMbl AYaHT-aHT"1AyaHT 

EY = ~-1 exp[-o.s(..L.)
2

]cos(n@(t-t 0 )], 
"'O.Str Ay Ay 

rAe Ay = 0.2H + 0.4W, 
H - anepTYpa AYaHTOB, w - w1,1p1,1Ha ycKOPSIIOW,ero npoMexyTKa. 

IIICXOAHble A8HHble 1,1 pac~eT Kosct>ctmu,1,1eHTOB 
3axBaTa B ycKopeH1,1e 

H1,1)Ke np"1BeAeHbl "1CXOAHble AaHHble, 1,1cnonb30BaHHbie np1,1 pac'leTax: 

lt13oxpoHHoe none a L\eHTpe L\"1KJJOTpoHa: 

YCKOpSIIOW,ee. Hanpsi)KeH1,1e: 
HoMep rapMOH"1K"1: 
YcKopsieMasi 'laCrnl.\a: 
Hanpsi)KeH1.1e "1H)KeKL\"1"1: 
W1,1p1,1Ha w,en1,1 nynnepa: 
PacCTOSIH"1e i.1CTO'lH"1K-nynnep: 
AnepTYpa AYaHTOB: 
YCKOpSIIOUJ.l,1e npoMexyTK"1: 
Yron pacTBopa AYaHTOB Ha 1 o6oporn: , 
Yron pacTBopa AYaHTOB AflSl OCTailbHblX o6opOTOB: 

B 0 = 2.095T 

VD= 85 kB 
N=2 

A/Z= 8 
V1,1H)K = 1 kB 

HD= 10 MM 
GD= 6MM 

HOD= 24MM 
GOD= 25 MM 

60° 
54° 



. PaC'l8Tbl npoBOAlllm1Cb AflSl ABYJ( nOJ10)K8Hlll'1 clitCTeMbl IIICTO'lHIIIK-ny1111ep. 

B 1 eap111aHTe PaAIIIYC nOJ1Q)K8HIIIS1 Ll,8HTpa IIICTO'lHIIIKa 50MM np111 yrne 71 ° OT 

CCIII AY8HTOB. PaAIIIYC nOJ10)K8HIIIS1 u,eHTpa ny1111epa TaK )1<8 50MM. 

Bo 2 Bap111aHTe PaAIIIYC nOJ10)K8HIIIS1 u,eHTpa IIICTO'lHIIIKa 50MM np111 yrne 60° 

OT CCIII AY8HTOB. PaAIIIYC nOJ10)K8HIIIS1 U,eHTpa ny1111epa 51MM. 

np111 pac'leTe YCTaHOBJ18Hbl CJ18AYIOIJ.llll8 orpaHlll'l8HIIIS1: 

a) KOJllll'l8CTBO C'llllTaeMblX o6opoTOB 5; 

AE 
6) - = 15% K KOHU,Y 5 o6oporn; 

E . 

B) . BepTIIIKaJlbHOe ABIIJ)K8Hllle YCKOPS18MblX 'l8CTIIILI paccMaTp111eaeTCS1 B 

npeAellax aneprypbl AY8HTOB. Ha'laJlbHble YCJlOBIIISl eepTIIIKaJlbHOro ABIIJ)K8HIIIS1 

np111 pac'leTe P8Allla11bHblX aKcemaHCOB YCKOPIIIT8J1Sl 

Z O = 2MM Ill 2° = 3°; 

r) P8Allla11bHbl'1 Ill eepTIIIK8JlbHbl'1 3MIIITT8HCbl nyYKa np111 BblXOAe 1113 IIICTO'lHIIJKa 

Ar = ( 0.5 * 360 ) 1t MM*MPaA- · · 

Az = ( 5 * 360 ) 7t MM*MpaA; 

A) paa6poc 1.18HTPOB op6111T Ha 5 o6oporn OT 1.18HTpa Ll,IIIKJlOTpOHa He 6011ee 

20MM. 

Hlll)Ke npl11B8A8Hbl peayJ1bT8Tbl pac'leTOB AIIIH8MIIJKIII ycKopeHIIISl IIIOHOB 48Ca6
+ 

AflSl nepeoro nOJ10)K8HIIJS1 CIIICTeMbl IIICTO'lHIIIK-ny1111ep. 
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P3A11YC n0110JKeHH!I HCTO'IHHKa (MM) 

P111c. 1. AKcemaHCbl YCKOPIIIT8J1Sl np111 COOTBeTCTBYIOIJ.llllX_ H848JlbHblX 4>a3ax B 

cpaBHeHIIIIII C 3MIIJTT8HCOM nyYKa np111 BblXOAe 1113 IIICTO'lHIIJKa. LU" - yro11 

HanpaBJ18HIIIS1 BeKTopa CKOpOCTIII 'l8CTllll.lbl np111 BblJleTe 1113 IIICTO'lHIIIKa OT 

nepneHAIIIKYllSlpa K PaAlllycy-BeKTopy IIICTO'lHIIIKa. 1, 2, 3, 4 - TO'lKIII, nplllHSlTble 

AflSl npeACT8BJ18HIIJS1 rop11130HT8JlbHOro ABIIJ)K8HIIIS1 ( p111c. 5 ) 
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P111c. 2. BepTIIIK8JlbHbl8 aKcemaHCbl AflSl Alllana30Ha H8'l8JlbHblX 4>a3 OT -50° AO 

0° np111 PaAIIIYCe nOJ10)K8HIIIS1 IIICTO'lHIIJKa 50MM Ill ti.r O =0°. 

1, 2, 3 - TO'lKIII, np111HS1Tbl8 AflSl npeACT8BJ18HIIIS1 eepTIIIK8JlbHOrO ABlll)K8HIIIS1 
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PIiie. 3. Koa4>4>1111.1111eHTbl 38XB8Ta B ycKOpeHllle Kr III Kz AflSl rop11130HTaJlbHOro Ill 

BepTIIIK8JlbHOrO ABlll)K8Hlll'1 B Alllana30He Ha'laJlbHblX cj>a3 OT -50° AO 0°. 

Bbl'llllCJlSllOTCSl KaK OTHOW8Hllle nllOIJ.laAIII nepece'leHIIISl aKcenTaHca ycKOplllT8JlS1 

Ill IIICXOAHOro 3MIIITT8HCa nyYKa K nJlOIJ.laAIII 3MIIITTaHca ny'lKa 

3 



I, 
r( 

Ta6m1u,a 1 K03Q)¢ll,1U,l/leHTbl 3axsarn B yeKopeHllle Kr Ill Kz Ill I/IX np01113B8A8Hl/le 
AJ]R Alllana3oHa Ha4a1lbHblX Q)a3 OT -50° AO 0° 

<1>a3a <p 0 Kr Kz Kr * K z 

- 50° 0.35 0.09 0.03 

- 40° 1.0 0.34 0.34 

- 30° 1.0 0.54 · 0.54 

- 20° 1.0 0.59 0.59 

- 10° 1.0 0.58 0.58 
00 0.7 0.55 0.38 

Ko3Q)Q)IIIU,1118HT 3axsarn B yeKopeH111e TOKa 1113 llleT04HI/IKa HaXOAIIITeR KaK 

JK *K *t5irp 
K= R z 

tirp 
Pae48Tbl noKa3a11111, 4TO AJ]R no11Horo Alllana30Ha Ha4a1lbHblX Q)a3 D.<p O = 360° 

K03Q)Q)IIIU,1118HT K = 0.06. ,IJ,11R epaBHSHIIIR np111 paeeMaTp111BaeMOM Alllana30He 
6<p 0 = 50° K03Q)Q)IIIU,1118HT K = 0.47. 

,IJ,11R npeAeTaB118HIIIR AIIIHaMIIIKIII Q)a3 npOlll3B8A8H pae4eT paenpeAelleHIIIR Q)a3 
noe11e 5 o6oporn AJlR paA111yeos no11o)l(eH111R 111eT04HIIIKa 49.5MM, 50MM, 
50.5MM Ill D.f' 0 = -20°, 0°, 20°. 
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PIiie. 4. Ka4eeTB8HHOe paenpeAelleHllle I/IHTeHelllBHOeTIII TOKa B 3aBl/lelllMOeTIII 
OT Q)a3bl noe11e 5 o6oporn. A111ana30H Q)a3 nplll np111B8A9HHOM K03Q)Q)IIIIJ,1118HTe 
Kp>0.5 eoeTaB11R8T OT -2° AO 18° 
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P111e. 5.. TpaeKTOpllllll ABl/l)KSHIIIR 
IIIOHOB e Ha4a1lbHblMIII Q)a3aMIII -40°, 
-20°, 0° B T04Kax 1, 2, 3, 4 (pllle.1) 
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PIiie. 6. BepTIIIKallbHOe AB111)1(8Hllle 
IIIOHOB B T04Kax 1, 2, 3 (p111e.2) 
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XCC(II.M) 

P111e. 7. A111HaM111Ka u,eHTpoe op6111T np111 PaAlllyee IIICT04HIIIKa 50MM 111 6f' 0 = 0° 

AJ]R Alllana30Ha Ha4aJlbHblX Q)a3 OT -50° AO 0°. U.111<1>paM111 0003Ha48Hbl 
HOMepa eoorneTeTBytOUJ,IIIX o6opOTOB 

,IJ,11R 2 nOflO)KeHIIIR e111eTeMbl 111eT04HIIIK-ny1111ep PaAIIIYe n0110)1(9HIIIR IJ,8HTpa 
llleT04HIIIKa 50MM np111 yrne 60° OT oe111 AYaHTOB Ill PaAIIIYe n0110)1(9HIIIR U,eHTpa 
ny1111epa 51 MM. 
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Ha'IMbHble q>a3bl (rpa,,:i) 

P11c. 8. Kos<1><1>11u,11eHTbl saxeaTa a ycKopeH11e Kr 11 Kz wm rop1130HTaJlbHOro 11 
eepTVIKaJlbHOro AB11)KeHl1£1 B A11ana3oHe HaYaJlbHblX <t>as OT -50° AO 10° 

Ta61111u,a 2. Koscj>4>11u,11eHTbl 3aXBaTa B ycKopeH11e Kr 11 Kz 11 VIX 
npOl13BeAeH11e AJlSl A11ana30Ha HaYaJlbHblX <t>as OT -50° AO 10° 

<t>asa <p 0 Kr Kz Kr * K z 

- 50° 0.12 0 0 

- 40° 1.0 0.28 0.28 

- 30° 1.0 0.46 0.46 

- 20° 1.0 0.51 0.51 

- 10° 1.0 0.58 0.58 
oo 1.0 0.69 0.69 

10° 0.37 0.84 0.31 

PacYeTbl nOKa3aJ111, YTO np11 A11ana30He HaYaJlbHblX <t>as d<p O = 360° 

Kos<1><1>11u,eHT K = 0.074. Artsi cpaeHeH11S1 np11 paccMaTp11eaeMoM A11anasoHe 
d<p O = 60° Kos<1><1>11u,11eHT K = 0.44. 
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P11c. 9. A11HaM11Ka u,eHTPOB op611T np11 paA11yce 11CTOYHl1Ka 50MM, yrne 60° OT 
OCVI AYaHTOB 11 dr O = -5° AJlSl Al1ana30Ha HaYaJlbHblX <t>as OT -50° AO 10°. 

U.11<t>paM11 0603HaYeHbl HOMepa COOTBeTCTBylOIJ..(VIX o6oporne 

3aKJ110lleH111e 

TaKVIM o6pa30M, np11 YCKOpeH1111 VIOHOB 48Ca 6
+ B u,eHTpaJlbH0£1 o6naCTl1 

Ll,VIKJlOTPOHa Y-400 cyll..(eCTBylOIJ..(ee nonmKeH11e Cl1CTeMbl 11CTOYHl1K-nynnep 
AaeT K03<f><f>11u,11eHT 3axearn B YCKOpeHl1e 47% np11 A11ana30He HaYaJlbHblX 
<t>as OT -50° AO 0°. nonblTKa 113MeHeH11Sl noJlO)KeHl1Sl Cl1CTeMbl l1CTOYHl1K
ny1111ep B CTOPOHY yMeHbWeH11Sl yrna Me~y U,eHTPOM 11CTOYHl1Ka 11 OCblO 

. AYaHTOB Aana kos<f><f>11u,11eHT 3axsarn B YCKOpeH11e 44%, YTO Cyll..(eCTBeHHO He 
OTJll1YaeTCSl OT npeAblAYIJ..(ero pe3yJlbTaTa, HO noKa3aJla KaYeCTBeHHOe 
y11yyweime A11HaMl1K11 u,eHTpOB op611T. 

rpynnoeoe nono)KeH11e u,eHTpoe op611T nocne 5 o6opoTa AJlSl 
cyll..(eCTBYIOIJ..(ero noJ10)KeH11S1 Cl1CTeMbl l1CTOYHl1K-ny11nep AaeT OCHOBaH11e K 
He06XOA11MOCTl1 11cnOJ1b30BaHl1Sl rapMOH11YeCKl1X KaTYWeK C u,enblO CMell..(eHl1Sl 
3T0£1 rpynnbl K u,eHTpy Ll,11KJlOTPOHa. 

n111rnpaiypa 
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, '·. The.re~ults_ ofth~ calc~lafion ~fth·e ~yna~i[s of 48Ca +·6 ion beam a.ccelerafoj~
in the 'central region of the U-400 cyclotron with· an inner PIG .type fon source are 
presented., · The acceleration coefficients for two different p_osit!ons. of th~ ion 
source~ puller system ar7.calculated.· 
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