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B CBH3H C npeacTOHIIl9H pa6oTOH CHHXpo<jiaaoTpoHa B pelKHMe MeaneHHor, 

BhlBOlla npoTOHOB ang onpeaeneHHH paaHaUHOHHOH o6CT8HOBKH Ha yCKOpHTenE 

H pacq~TOB aamHTbl H3yttanocb npocTpaHCTBCHHoe pacnpeaeneHHe BTopH'IHbll 

qacTHU, reHepnpyeMhIX Ha cenTyMe <jiopMarHHTa CHCTeMhl BblBOlla. 

BhmH C03ll8Hhl ycnoBHH 9KcnepHM9HTa, HMHTHpy10mne llCHCTBYIOIIlHH ¢op• 

MarHHT cncTeMhI BhIBoaa npoToHoB. ll1rn aToro B BaKyyMHoil: KaMepe 6h1m 

ycTaHOBneHa MOAenh <jiopMarHHT8 (6ea IlOllKn!O'ICHHH Boa6ylKlla!OlllHX 06MOTOK) 

KOTopag no MecTononolKeHn10, MaTepnany H paaMepaM oTBettana peanbHbIM yc­

noBHHM. PaaMepbl cenTyMa 0,3 x 7 x 90 CM3 (cM. pnc. 1); MaTepnan - M9llh, 

· EcnH Ha cenTyM c6paCb!BaTb ny'IOK IIpOTOHOB C HHTCHCHBHOCTb!O - 5• 101( 
0 . 

rrpoTIUHKn, TO aTa BenH'IHHa 6yaeT COOTBCTCTBOBaTb 5%-HbIM IIOTepHM rry'IKI 

rrpoTOHOB C HHTeHCHBHOCTblO 101 2 rrpoTIUHKJI IlpH pa6oTaromeM Bb!BO,!le, 

MoHHTOpHpOBaHHe HHTeHCHBHOCTH ycKopeHHoro IIY'IKa rrpoTOHOB ocymecT­

BJIHnOCb C IIOMOI!lb!O IIHKaII-aJieKTpoaa B MOMeHT H8'18Jl8 c6poca rryttKa HI 

cerrTyM. B 9TOT M OM0HT HHTeHCHBHOCTb COCT8BJIHJI8 ( 3-t4) •1010 rrpoTIUHKJI 

A6con10THoe 'IHcno B38HMOll9HCTBYIOIIlHX c cenTyMOM npoTOHOB He KOHTponnpo­

Banocb, TaK KaK aTo qncno aaBHCHT OT ycnoBHfi aa6poca nyttKa B aaaop <jiop­

MarHHTa H aonlKHO H3MepHTbCH npH pa6oTe CHCT9Mbl BblBOlla. 

B pelKHMe c6poca YCKOpeHHOro IIY'IKa rrpoTOHOB Ha cerrTyM <jiopMarHHTt 

6bmH H3MepeHbl nnoTHOCTH IlOTOKOB BTOPH'IHbIX qaCTHU pa3nH'IHhIX aHepreTH'le­

CKHX rpyrrrr HB noBepxHOCTH BaKyyMHOH KaMephI. ITo H3MepeHHbIM nnoTHOCTHIII 

IIOTOKOB BTOpH'IHhlX '18CTHU rronytteHbI: a) <jiyHKUHH yrnoBoro pacnpeaeneHm 

3 



BTOplI"UibIX .srnepaoaKTHBHbIX ti:aCTHU, reaepHpyeMbIX Ha aTOMax MaTepHana 

cenTyMa; 6) ¢YHKUH51 npocTpaHCTBeHHOI"O pacnpeneneHHH BTOpHti:HhIX ti:aCTHU 

no JlnHHe BaKyyMHOfi KaMepbie 

.[ln.sr perHCTpauHH Hsnyti:eHHH HCnonbSOBanHCb aKTHBaUHOHHbie noporOBbie 

• 
)leTeKTOpbI, 51Jl9pHbie 8MYnbCHH H peHTI"eHOBCKHe nneHKH ( Ta6n. 1) • .Un.sr cTaH-

napTHOfi MapKHpOBKH neTeKTOpOB (ti:TO Ba)KHO npH o6pa6oTKe pesynbTaToB) 6b1-

na Bb16paaa,nocTo.sraaa.sr cxeMa Toti:eK, noKasaaaa.sr Ha pn:c. 1. Konn:ti:ecTBo pas­

nHti:HhIX THnOB )leTeKTOpOB H MecTa HX ycTaHOBKH onpenen.srnHCb HS ycnoBHfi 

nonyti:eHHH JlOCTaTO'l:HOfi HH¢opMaUHH H TeXHHti:eCKOfi BOSMO)KHOCTH o6cti:~Ta aK­

THBHOCTH JlaHHOI"O KOnHti:eCTBa Jl9T9KTopoB. MecTo ycTaHOBKH SaBHCeno TaK)Ke 

OT tJ:YBCTBHTenbHOCTH )leTeKTOpoB. 

JI 32 27 
HanpHMep, )leTeKTOpbI p • s H Al ycTaHaBnHBanHCb TOnbKO Ha 

np.srMonHHefiHOM npoMe)KyTKe B6nHSH cenTyMa (TO'l:KH 1-57), TaK KaK B npy­

I"HX TOti:KaX nnoTHOCTb noToKa BTOpliti:Hb!X ti:aCTHU ne)KHT HH)Ke npenena tJ:YBCT­

BHTenbHOCTH 8THX neTeKTopoB • .[leTeKTOpbI HS nonHCTHpona noMemanHCb noti:TH 

BO Bcex Toti:Kax, yKasaHHhIX Ha cxeMe ( pnc. 1). OnaaKo oHH ae MornH 6bITb 

noMemeHbl nanbllle OT cenTyMa TaK)Ke Hs-sa HX HHSKOfi ti:yBCTBHTenbHOCTH. no 

BCeMy nepHMeTpy KOnbua CHHXpo¢asoTpoHa ycTaHaBnHBanHcb TOnbKO HJlepHhle 

¢oT08MynbCHH K-20. OHH 6hmH noMemeHhl B 28 TOtJ:KaX BaKYYMHOfi KaMepbI no 

asHMYTY no 9-10 lIITYK B Ka)KJlOfi TOti:Ke ( CM., aanpnMep, ceti:ean:.sr A-A n: B-B, 

pn:c. 1). 11sMepeHHbI9 nnoTHOCTH noTOKOB BTopHti:HbIX ti:aCTHU nn.sr HeKOTOpbIX 

THnOB )leTeKTopoB npHBe)leHbI B Ta6n. 2. 

<l>yHKUHH yrnoBOI"O pacnpeneneHHH BTOpH'l:HbIX ti:aCTHU, B03HHKaromnx npn: 

BSaHMO)lefiCTBHH YCKOpeHHbIX npoTOHOB c cenTYMOM ( PRC. 2), nonyti:eHa no 
12 

HSMepeHHbIM nnoTHOCTHM noT0K0B JleTeKTOpaMH C • noMemeHHb!MH B TO'l:KH: 

11; 11' ; 21 ; 31; 3 1'; ,4 1 ; 51 ; 51' ( pnc. 1). B Jl8HH0M 8KCnepHM9HTe TOnb­

KO nn.sr OJlHOfi 8TOfi napTHH neTeKTOpOB HSMepeHHH 6btnli Bb!IlOnHeHbl npH Ha­

nHti:HH cenTyMa H 6es aero. B 8TOM cnyti:ae paSHOCTb B noKasaHHHX Jl9T9KT0-

poB npe)lCTaBn.sreT co6oil nnoTHOCTb noToKa BTOPH'l:Hb!X ti:aCTHU, o6ycnoBneHHhlX~ 

TonbKO BSaHMO)leficTBHeM ycKopeHHhIX npOT0HOB C cenTyMoM. BTopHti:Hb!e ti:ac­

THUhl, BOSHHKaromHe B pesynbTaTe BSaHMOJleficTBHH npOTOH0B co CT9lIKaMH Ka­

M9Pbl ( 6es cenTyMa) I naroT saMeTHblil BKnan B noKasaHHH JleTeKTOPOB TOnbKO 

npH yrnax ® > 90 °. Yron ® oTCti:HThIBaeTc.sr oT nanpaBnemrn JlBH)KelIHH npo­

TOlIOB OT cepeJlHHhl cenTyMa. 
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CJJ 

.Z{eTeKTOP 

IlonHCTl-!pon c ;no6aBKaMH 
T6PWHHHna H POPOP 

Tonyon co cnHHTHnnnpyro­
ll(HMH ;no6aBKaMH 

<l>ocwop 

gepa . 
AnroMHHHH 

H~epHaH SMynbCHH K-20 

PeHTreHOBCKaH nneHKa 
PMS-I 

I{PATKAfl XAP M'TEPVICTMKA ,nETEJ{TO POB 

WcnonnsyeMaH peaKnHH 

,2.c - He 

12.c. - ii C,_ 

arP(rt., p)31 S 
32.s(n, p)~2.s 

n;e ~ 2.Jla. 
npOTOH!l OT](atrn 

noqeptteHHe (raMMa­
RBaHT!l Y. 38pHmeHtt!le 
qacT11nu) 

3i:f?we1mrnHaH oqnaCTI> 
_perHCTpanR1-1,MsB 

> 50(IlHOHll) 
> 20( HyKnOH!l) 

'> 50(Ill10Hhl) 
> 20( HJK/IOHhl) 

2 C:: E -< 20 

>2,3 

>6 ,_ 7 ( Hei'ITpoHl:'l:) 
>3:> (npOTQH!,!) 

o, 5 c:: E <. so 

Ta6mu:i;a I 

PasMepi. H Bee 

](HaMeTp - 4 5MM, 
TonmnHa IOMM,Bec 20ro 

B anIDMHHHeBOM 6aqKe 
061,e11.0M In. 

4,9r., ](HCK 

II, Sr. , ;n11cr, 

!Or., .l\HCK 

TonmnHa 20 MHKpOH 

TODmHHB 20 MHKpOH 



H!I! 
T0~6K 

(pHc.I) 

Ta6mu,\a 2 

"' 
IllOTHOCTn ITOTOKOB BTOPHqH!n( qACTHU, 
(~aCTHJ:Vcw2ceK) / (npOTOH/CeK) X 106 

HyKHOHH E > 20 MaB, 
ilROIW E > 50 MaB 

Heil.TpOlilil 
2 <E <20 MaB 

Heil.TpOHli 
E '> 2,3 MaB 

-~--------------------------------! 2 3 3 4 

I 
4 
7 
8 
9 

IO 
II 
14 
IS 
17 
I8 
19 
20 
21 
22 
23 
24 
25 
27 
28 
29 
30 
31 
32 
33 
34 
35 
37 
38 
39 
40 

0,20 ± 0,01 
0,40 ± 0,03 
o,so ± 0,04 
2,7 ± O,l 

18,0 ± 2 
1,70 ± 0,03 
0,20 ± O,OI 
3,6 ± 0,4 
2,5 ± 0,2 
0,40 ± 0,03 
9,7 + 0,2 

15,0 ± 1,0 
II,O ± O,I 
0,20 ± 0,01 
0,20 ± 0,01 
0,40 ± 0,02 
0,10 ± O,OI 
0,50 ± 0,02 

33,0 ± I,O 
39 ± 2 
0,60 + 0,03 
0,40 ± O,OI 
0,20 ± O,OI 

75 ± 2 
1,70 ± 0,2 

53 ± 3 

29,0 ± 0,5 
36,0 + o,s 
17,0 ± 0,2 

6 

0,7 ± 0,2 
I,5 ± 0,5 
2,0 ± o,s 

2,0 ± o,s 
2,5 ± o,s 

' -
4,5 ± o,s 

7,0 ± o,s 
5,0 ± 0,5 

I4,0 ± 0,5 
2I,O ± I 
9,0 ± 0,5 
7,0 ± 0,5 

14,0 ± 0,5 
16 ± I 
13,0 ± 0,5 

8 ± l 
s,o ± 0,5 · 

I3 ± I 
23 ± l 
IS ± I 
8,0 ± 0,5 
7,0 ± 0,5 
9,0 ± 0,5 
7,0 ± 0,5 

9 ± I 

19 ± 2 
6 ± I 

16 ± 2 
9 ± I 

17 ± 2 
15 ± 2 

II ± l 

3 :t o,s 
9 ± l 
4 ± I 

II ± l 
8 ± 2 

II ± I 
7 ± I 



IT p O ~ 0 H ~ e R H e _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ T a Ci H H It Ii_ 2 __ 

I 2 - - - - - -,- - - - -·- - - - - - - - - - -- - - - - - - - - - - - - -3 4 

4I o,so ± O,OI s,o :t o,s a±r 
43 23,0 ± 0,2 IO,O ± I I2 ± I 
44 2,0 ± O,I I2,0 ± 2 20 :t 3 
45 8,0 ± o,s II± I 
47 36,0 ± I 9,0 ± I 8 ± I 
48 3,0 ± O,I 6,0 ± o,s 7 ± I 
49 31,0 ± 0,3 a,o ± o,s 8 ± I so -ra,o ± I 6,0 .t 0,5 7±1 
SI 0,40 :t 0,02 s,o ± o,s 
53 30,0 ±r s,o ± o,s 
54 0,50 ± O,OI 9,0 ± o,s 2 ± 0,2 
55 53,0 :t I 7,0 ± I 
57 33,0 ± 0,3 6,0 ± I 
59 8,3 ± 0,4 
60 6,I ± 0,3 
6I 2,6 ± 0,2 
62 IO,O :t 0,4 
63 3,3 ± 0,2 
64 I,2 ± O,I 
67 3,2 :t 0,3 
68 a,o ± I 
69 I,O ± O,I 
70 I,O ± O,I 
7I 7,5 ± 0,3 
72 o,s ± 0,05 
75 0,4 ± 0,05 
76 0,50 ± o,os 
77 I2,0 ± I 
78 2,0 ± 0,2 
79 II,O :t o,s 
80 7,2 ± 0,3 
SI 0,60 ± o,os 
82 0,20 ± 0,02 
84 0,30 ± 0,02 
85 0,90 ± O,I 
86 7,0 ± o,s 
87 0,5 ± 0,05 ... 

------------------------------------
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P11c. 2. YrnoBoe pacnpeJ:1ene1rne BTopHqHbIX qacTHU oT cenTyMa qiopMar!Il!Ta. 

;, ~ - 1!3MepeHml H8CTO muei! pa60Tbl C cenTyMOM I! 6e3 cenTyMa, COOT-

B6TCTB6HlIO; 1 - 3Ml111p!!qecKaH 38BIICHMOCTb ( 1) ; 2 - 3Ml11!pl!qecKaH 38BIICII­

MOCTb (2). 

9 



' 
~ 

1i o.s 
~ E o,1 
c:, 

-g 0,6 

i e o,s 
~ 

5 0 
Cl ' 
'l: 

f o,i 
c:: 
C: 

0,4 

"' 

f""";'' "''t;f'"".ir l '"H"' "(jj" '''H'"' ti''' 'it-
- p• -c•nm11M 

Pa.d6epmKa. KOnbu,a. ycKOpumenp, M. 

Puc. s. PacnpeAeneHHe BTOpHqHbIX qacTHU no KOnbUY CHHXpo~a30TpOHa (H3Me­
peno c noMombIO HAepHbIX aMynbCHlt K-20). 

10 



C 
LI) 

5 
... 
,_ 

2 

I-... 
-
-

j 
'-

I-

-
... 
~ 

... 

... 

-
I-

2 
• 

. J p+ 
10 

-4 

I 

... 

• 

' 

I I I 

. 

. 

... • 

- ... . 
. 
-
-

-

-

• 
• 

• n . 
-

6.6. 
. • 
-

-

• 
/ I. - • ~ 4t 6. 

0 

PHc. 4. <l>yHKUHH npoCTp8HCTB0HHoro pacnpeueneHHH BTOpHqawx qaCTHU no unn-
He B8KYYMHOJ! K8Mepw. A - JI p , t:,. - 32 S 1 "• - 12 c 1 - J 
cenTyM. 

11 



"' 

5 

• 21- • 
./1 _. I '-\. I o 

10 
1- • 

ri::., 5~ K OT< C e Cl.I 1 0 □ 
. O I o 

:t 
E 
C) 

0 -2 
~ JO 

2 p+ --j 

10 
-4 

/J 

0 4 8 12 16 'l. ,/v1. 
Pnc. 5, CpaBHeHne qiyHKUlili npocTpaHCTBeHHOI'O ~acnpeaeneHli!l BTOfli'IHblX qac­
TliU no annHe BaKy~MHOil KaMepb! c paC'lflTOM • 2 C , • J I P , A 2 S , 

0 27 Al , 0 27 Al 21 ; ♦ - peHTreHOBCKne nneHKli • D - aMynbcnn K-20; 
1 - pac'!~T Me;oaoM MoHTe-Kapno/3/; 2 - qiyHKUli!l S 1(ZJ+S3'Z) ; 3 - cenTyM, 

12 

~,•' 



TTp1rneneHHbie Ha pnc. 2 8KCnepHMeHTanbHbie peaynbTaTbI MOJl{HO onncaTb 

8MilHpHqecKOH aaBHCHMOCTbro BHna: 

F(S) = exp(-O,O7-2,90+ 0,40 2 
); ( 1) 

.llnR cpaBHeHHR Ha aToM )Ke pncyHKe npnBeneHa $yHKUHR yrnoBoro pacnpenene­

HHR BTOpHqHbIX qacTHU OT MenHOH MHWeHH paaMepaMH 3 x 3x9 cM3, nonyqeaHaR 

B/ 11• ABTOpbl 8TOH pa60Tbl annpOKCHMHpOBanH 8KCnepHMeHTanbHbl8 peaynb-

TaTbl d>vHKUH8H BHna: 

-1,6 
F(®)=k(S+0,157) , ( 2) 

rne k - HOpMHpyroIUHH MHO)KHTenb. 

<l>yHKUHR npocTpaHCTBeHHoro pacnpeneneHHR BTopHqHblX qacTHU no nnnHe 

BaKyyMHOH KaMepbl S ofZ) , rne , Z - paCCTORHHe, OTCqHTbIBaeMoe OT nro6ott 

ToqKH Konbua ycKopHTenH no HanpaBneHHro llBH)K8HHSI npoToHoB, nonyqeHa no 

naHHbIM H3MepeHHH gnepHbIMH SMynbCHRMH K-20 ( pnc. 3). IlpH B3aHMO)l8HCT­

BHH c cenTyMOM ycKopeHHblX npoTOHOB c 8Heprnett Eo o6paayroTCSI BTopnq­

Hbie qacTHUbI paaHoro copTa co CBOHMH cneKTpanbHo-yrnoBbIMH pacnpeneneHHR­

MH. 3apgJl{8HHb!8 qacTHUbl C 8Heprnett, 6nH3KOH K E O ' H BbtneTarom11e HS 

cenTyMa B yrnoBoM HHTepBane .oT 0 = 0 ° no 0 2 , paBHOM HecKonbKHM rpany-. l 

caM, "ocenaroT" Ha cTeHKax KaMepbI no BceMy KOnbuy ycKopnTenH H onpene-

nHroT $yHKUHID S 1 ( Z) • 

OcTanbHbl8 BTOpHqHb!e qaCTHUbl OT nonHoro qncna qacTHU, B03HHKaromnx 

npH B3aHMonettCTBHH npoTOHOB C cenTyMoM, ocenaroT Ha CTeHKax KaMepbl B6nH-

3H cenTyMa H onpenem1roT $yHKUHro - S 2' Z) Ha HeKOTOpOM yqaCTKe OT Z 7 

no Z 2 nepHMeTpa ycKopnTem1. KpoMe Toro, cymecTByeT npocTpaHCTBeHHOe 

pacnpeneneHHe BTOpHqHbIX qaCTHU, o6paayroIUHXCSI OT noTepb npoTOHOB c nepe­

MeHHOH 8HeprHeH Ea B npouecce ycKopeHHSI (no MOM8HTa c6poca Ha MH­

WeHb). 8TH BTOpHqHbie qacTHUbl onpenenHroT $yHKUHID -S3 <~:z) . TaKI!M o6pa­

'aoM, $yHKUHSI pacnpeneneHHSI Bcex BTOpHqHbIX qacTHU no KOnbUY YCKOpHTeng .. 
paBHa: 

(3) 
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S 
3 

( Z) J S3.[E;,zJdE;; E 0 =const. 

(E;J 

EcnH npHHSITb npei:mono)KeHHe, BbI.llBHHyToe e pa6oTe121• 'ITO 

So= f S JZ)d Z 1 !")le so< Z) - qiyHKUHSI pacnpe)leJieHlrn BTOpll'IHbIX '!aCTIIU, pern-
(Z I 

cTpnpyeMhIX )leTeKTopaMn, nponopurroHanhHO noTepSIM npoToHoB Ha ycKoprrTe-

ne, TO no )laHHbIM prrc. 3 MO:lKHO oueHHTb ·noTeprr IIpOTOHOB Ha CllHXpoqiaaoTpo­

He Ha OT)leJibHbIX y'IaCTKax. ITpn s O = 1 · ; s 1+ s 3 =0,628 ; s 2 = 0,372 • a 

f S3 (Z)dZ 
(Z) 

Ha pnc. 3 IIOK838H ycnoBHO. 

<PyHKUHSI npocTpaHCTBeHHOI"O pacrrpeneneHHSI BTOpH'IHbIX 'ISCTHU s o<Zt 

HS y'IaCTKe KaMepbI B6nnan cerrTyMa 6bma nony'leHa T8K)Ke IIO H3MepeHHSIM 

nnoTHOCTll noTOKa BTOpll'IHbIX 'laCTIIU p83Jill'IHbIMH THnaMH )leTeKTOpoB, ycTa­

HOBJieHHblX no ce'leHHSIM BaKyyMHOil: KaMepbI. IToKa3aHHSI )leTeKTOpOB YMHO:lKBJill 

Ha nnrrHy Y'ISCTKa ceqeHHSI KaMepbI Me:lKnY )leTeKTopaMH H 'CYMMHpOBami: HX. 

IIO BCeMy ce'!eHmo. Cne)loBaTenbHO, S o ( Z) - 'IHCJIO BTopll'IHb!X 'ISCTHU Ha 

e)lllHHUY )lnllHbl KaMepbI, KOTopoe Mb! HOpMHpoBann Ha 0/lllH ycKopeHHblil: npo­

TOH. Ha puc. 4 rrpnBeneHa qiyHKUHSI S 0 (Z) rrpu Z 1=-4M, Z2 =12 M 

( Z OTC'IHTbIBaeTCSI OT cepe)lHHbI nnHHbl cenTyMa). Ha · prrc. 5 xapaKTep 

qiyHKUHll So(Z) Ha naHHOM y'laCTKe cpaBHHBaeTCSI C pac'l~TOM aHaJIOI"H'IHOil: 

qiyHKUllH MeTOJ:lOM MoHTe-Kapno/3/. 

8 3aKmo'leHHe OTMeTHM, 'ITO nony'leHHbie qiyHKUllll F (@ ) H so (Z) npn 

cooTBeTCTBYIOIUeii HOpMHpOBKe HS BbIXOJ:l 'ISCTHU MoryT ObITb ncnonb30B8Hbl 

J:llISI orrpeneneHHSI panuaurroHHoil: o6cTaHOBKH H B pac'l~Tax noKSJibHOil: 38IUllTbl 

CllHXpoqiaaoTpOHa OHHH npH yBenH'leHHH HHT0HCHBHOCTH ycKopeHHoro ny'!Ka 

IIpOTOHOB. 

ABTOpbI C'll!Ta!OT CBOHM )lOJII"OM Bblp83llTb 6naro/lapHOCTh: B.A. fprrropbe­

BY, E.A. CTeIIaHOBY, B.<I>, TayceHeBy, B.B. XeocToey, r:.11. CTapUIHHOBoii, 

B.r. :>K6aHKOBY, a TaK:lKe COTPYllHHKaM OT)l0JIOB o6cny:lKHB8HllSI cmrxpoqiaaoTpo­

Ha 38 noMOIUb nprr npoBe)leHllll aKcneprrMeHTa. 
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