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BalKHeil:IIIHMH !jlaKTOp8MH, OT KOTOpblX 38BHCHT a!jl!jleKTHBHOCTb Hay'IHbiX 

HCCne.UOBBHHil: Ha yCKOpHTenSIX, SIBnSIIOTCSI cne,uyiOIIIHe: none3HOe HCnOIJb30Ba-

HHe 6onbiiiHHCTBa nepBH'IHblX npOTOHOB, nony'leHHe HHTeHCHBHblX H paCTSIHYTb!X 

BO apeMeHH BTOpH'IHb!X ny'IKOB, CHHlKeHHe pa.UHBUHOHHOI"O H3nyqeHHSI. (fiocne,u .... 

Hee yMeHblllaeT <lJOH H HenpOH3BO.UHTellbHbie noTepH BpeMeHK) • 

B CBeTe STHX Tpe60B8HH~ 8BTOpOM B paooTaX /
1f4/ 060CHOBbl,Banacb 

nepcneKTHBHOCTb npHMeHeHHSI 'IHCTbiX BO.UOpO.UHbiX MHIIIeHeil: Ha BayTpeHHHX 

ny'IKBX UHKnH'leCKHX yCKOpHTeneH. 

MHIIIeHb B BH,[le BO.UOpO.UHOil: CTpyH BHyTpH KaMepbl yCKOpHTenSI, C nnoT

HOCTbiO nepneH.UHKynSipHO ny'IKY 10-8 t- 10-4 
rp/cM

2 , n03BOnHT OCyllleCTBHTb 

MHOI"OKpaTHOe npOXOlK,UeHH8 ( • 106 ) qepe3 Hee yCKOpeHHblX npOTOHOBo 3TO 

.uacT 'cne.uyiOIIIHe npeHMyllleCTBa: 

1. BTopH'IHbie qaCTHUbi 6y.uyT reHepHpOBaTbC Sl B Man oM o6'beMe. 

2. YsenH'IHTCSI sepOSITHOCTb g,uepHoro B3aHMo.ueil:cTBHSI nepBH'IHbiX npo

TOHOB ( • 0,9), TaK KBK CYMMapHbiA npo6er COCTBBHT > 10 M TB8p.UOI"O BO.UD-

po.ua. 

3 •. BTOpH'IHble B38HMO.Ueil:CTBHSI B MHIII8HH 6y,uyT npaKTH'leCKH OTCYTCTBo-

B8Tbo 

. 4. Y nyqwaTCSI !jiOHOBbl8 ycnOBHSI, BCne,uCTBHe OTCYTC'TBHSI pa3MHOlK8HHSI 

B MHIIIeHH. 

5. BoaHHKHeT B03MOlKHOCTb pa6oTbi Ha .ueil:TepHesoil: MHIIIeHH. 

6. By.ueT aBTOMaTH'leCKH o6ecne'IHBaTbCSI .unHTen&HaSI H paBHOMepHaSI pac-

TSilKKa BTOpH'IHblX ny'IKOB OT MHIII8HH. 

7. 06ner'IHTCSI Bb!BO.U H <lJOpCHpOBBHHe BTOpH'IHblX ny'IKOB, TaK KaK CHH-

)1(8eTCSI pa36pOC BTOpH'IHbiX 118CTHU no yrnaM H no HMnynbCBM no,u .UBHHbiM 

yrnoM (eM. nyHKTbi l,;j,6). 
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8 pa60T8X / 2 .. 4 / OTM8'18J10eh, 'ITO ' MHW8HH npennaraeMOI'O THD8 MOI'YT 

6b1Th ·nepcneJtt'HBBbiMH JlJISI R3y'leBHSI ynpyroro P- P H p -ll paeeeHRHSI JlJlSI . . ' 
aeeneJlOB8BHSI reRepaUBH p83nH'IRbiX 'l&eTRU B HYKJIOR-RyKnORRbiX eTonKROBe-

RHSIX. (reRepaUBH )' -KB8BTOB B p p - CTOnKOROBeHHHX, e U8nhl0 H3Y'IeRHSI 

aTpyxTypbi ayxnosa). B B&C'l'OSIDlee BpeMH apryMeRTbl B non~oay npHMeReBHH 

BRyTpeRRBX 'npO'l'O'IBbiX• BOJlOPOJlRbiX MHW8R81 MOryT 6b1Tb ·cyweeTB8RRO Jlo

nonReRbi. 

Bee speMH ysenH'IHB88'l'9H HR'l'eReHBROC:'l'b yexope·RRbiX: ny'IKOB, JlOCTH

raSJ 1012 p/BMD., 8 B yeKOpH'l'ezimt e lKee'l'KOI cboKYCHDOBKOI D83MeDbl DV'I

Ka B3MepsnoTeSI MBJIJIBMeor.paMB. Eena Taxol ny'IOK npoxona'l', RanpaMep, to4 

paa 'lepea non&a'l'aneROBY,~ . nneRKY T9JIWBBol 'l'On&Ko. B 1 MK, TO nong SIJlep

BbiX B3aBMOJlele'l'BBI' DY'IKa B83Ra'IB'l'en&Ba ( •' 1%); · a Bb1Jl8J18RBe Tenna B 

nneBKe 3a e'leT BOBB3aUBORRbiX: UO'l'8ph eOC'l'aBB'l' 0,075 MKe 3'1'0 6onee '18M 

s 10 paa.npeBbiWae'l' Konaq~e~so Tenna Jl~'l'aTO'IRoe nng ;oro, 'IT06bl pae

nnaBBTh nneRKy. 
) 

Cnenosa'l'en&Ro, npB MBOroKpa'l'soM npoxo)I(JleRBH HB'l'eReH&Roro ny'IKa 

qepea TORKyJO MHWeHb HYlKRO, 'IT06bl oRa o6Rosnanac& y:lKe so speMSI ee o6-

ny'leHBSI, DpH Ka:lKJlOM O'lepeJlBOM UBKne •. 3'1'0· MO:lK8'l' 6&1Tb JlOC'l'Hr'&y'l'O 

npaMeReRHeM MHWeRB H3 'l'Bepnoro sonopona, npennaraeMorp 'l'Hna. ORa 

TaK:lKe Jlae'l' npeHMyineeTBa npH e03Jl8HHH 38WH'l'bl e&~RO'l'O'IRbiX ye-, 

KOPH'l'enel. PaeeMOTPHM 9'1'0 H8 np&Mepe eaRxpCMt»aaoTpORa . naa. 
8BOij B eTpOI HOBOI'O JlHHeiHOI'O HH:lKeKTOpa D03BOJlHT DOJlHSITb HH

TeReHBHOeTb yeKopeHHbiX npOTOHOB JlO 1012 p/HMD., 0JlH8KO, JlJllil p860Tbl DPH 

9TOI HHTeHeHBROCTH H806XOJlHM8 DOJ1H851 38WHT8 seero K0n&U8 yCKOpHT8J151. 

no npeJlB8PHT8JlbRbiM DC>JlC'IeTaM 9TO DOTpe6yeT 3H8'1HT8JlbHblX M8'l'epH8n&

HbiX 38Tpa'l' H BpeM8RH. 

lleno B TOM, 'ITO DpH 06bi'IRblX MHWeHHX TOJlbKO •10% yCKOpeHRbiX npo

TOHOB aenbiTbiB8e'l' SIJlepRble B38HMOJleiCTBHSI C MHW8HbJO, T.e. Jl&eT nonea

Hbll 9~KT reRepaUHH BTOpH'IHblX 'laCTHU. 0CHOBH8SI JlOJISI npOTOHOB nocne 

paCCeHRHSI H8 MHWeRH eT&JlKHBaeTCSI CO CTeHK8MH B8KYYMHOI KaMepbl H .118-

eT P8JlH8UHOHHbii ~R Ha seeM KOJlbUe yCKOpHTeng. 80JlOpOJlH8lil MHWeHb CBo

JlHT pacceHRHH x MHHHMYMY. KaK noxaaaRo a To noasonaT JlOCTarayT& SJ.Ilep

soro B38HMOJleiCTBHSI OCHOBROI JlOJlH npOTOHOB nyqxa C npOTOH8MH 

4 

C OOTHOW9HHe p8JlH8UHOHHOI'O tPOH8 B6J1H3H MHW8RH H CyMM8pHOI p8JlH8UHH 

H8 KOn&Ue YCKOpHT9JlSI MO:lKHO npHRSITb p8BHbiM '18CTHOMy Wt OT Jl9J19RHSI 

'IHCJ18 npOTOHOB, HCDbiTbiB8JOWHX liiJlepaoe B38HMOJlei\cTBHe C MHW9Hbl0 H BCeX 

OCT8JlbHblX, T.e. 

0 1 w1 • ~ • o,u 
1-0,1 

B cnyq8e BOJlOPOJlHoii: MHweHH - W2 
2-...:.9 

1- 0,9 

P8JlH8UHOHH8lil 38WHTa TOn&Ko Y'I8CTK8 MHWeHH, o'leBHJlHO, 6onee npOCT8, Jle

wesne a MO:lKeT 6hiTb ocywecTsneH8 38 MeHbwee speMlil. Ecna :lKe 6yJleT yc

T8HosneH8 rno68JibH8lil 38WHT8 ycxopHTenlil, To B aToM cny'l8e npeJlnaraeMaH 

MHW9Hb U03BOJ1HT p860T8Tb Jl8:lK9 npH HHTeHCHBHOCTSIX BbiWe 1012 pfHMn. 

B H8CTOHWee BpeMlil H3B9CTeH Plilll KOHCTpyKUHI BOJlOpOJlHblX MHWeHel. 

8 p860Te /5/ JlJllil nepe3ap51JlKH ny'IK8 HOHOB B ODbiT8X C DJ183MOil: 6bin8 C03-

Jl8H8 CB9PX3BYKOB8lil CTPYlil C nnOTHOCTbJO no HOPM8J1H K DY'IKY •l0-8rp/cM2 • 

.flnS! HCUOJ1b30B8HHSI B ODbiT8X DO YDJ?YI'OMY pp_ -p~cceHRHJO H8 C8pll)'XOBCKOM 

yCKOpHTene B p860Te /6/ H3I'OTOBJ18H8 BOJlOPOJlH8lil CTpyii:H8lil MHW8Hb C DJlOT

HOCTbJO .. to-7 rp/cM2 • B p86oTe 17 I Jlnlii nonyqeHHlil nn83Meaaoro ny'IK8 cxoa

cTpyapoB8H8 MHWeHb H3 TBepJlOI'O BOJlOpOJla, KOTOp851 o6ny'I8Jl8Cb naaepoM. 

MaweHb aaroTOBJ1liiJ18Cb Bb1Jl8BJIHB8HHeM BOJlOPOJl8 npa renaesoii: TeMnep8Ty-

pe 'lepe3 OTBepCTHe JlH8M9TPOM 0,3 MM. (nnoTHOCTb ee 6bin8 •0,5.10-4rp/cM2) • 

Coxp8HeHHe B8KYYMa B K8Mepe ycxopHTenH Tpe6yeT yn8BnHB8H~H BOJlO-

POJl8, DOCTYll8IOWero B K8Mepy. llnlil 9TOI'O He06XOJlHMO HCllOnb30B8HHe JlOBY

WeK, p860T810WHX npH TeMnep8Typ8X :lKHJlKOI'O I'9JlHlil. 8 COOTB9TCTBHH C 9THM 

C03Jl8HHe BOJlOPOJlHOil: MHW9HH C nnOTHOCTbiO •10-4 rp/cM2 (TOJ1WHH8 CJ10lil 

13 MK) npeJlCT8BnSieTCSI 6onee YJl06H&IM, ecna BOJlOpOJl nocTyn8eT B KaMepy 

YCKODHTeJISI B TBepJlOil: $839. 

npHBOJlHMble HH)I(9 p8C'l9Tbl llOK83biB8IOT, 'iTO B HHTeHCHBHblX ny'lK8X 

He06XOJlHMO KOMll9HCHpOB8Tb Tenno, KOTOpOe BbiJlefllii9TCSl 38 C'leT HOHH38UHOH

Rb1X llOTepb B MHilleHH. (HH8'le HCnapeHHe BOJlOPOJl8 H8py111HT B8KYYM B Ka

Mepe). 3TO MO:lK8T 6biTb JlOCTHI'HYTO nepeOXJ18)1(Jl9HHeM TBepJlOI'O BOJlOpOJla 

B MHilleHH,o 

5 



PaCCMOTpHM OCHOBHbie 1\laKTOpbi, o6ycnasnH~8lOIIIHe HCITOnb30B8HHe npo

TO'IHO~ BO,I:lOpO,I:lHO~ MHIIIeHH1 npuMeHHTenbHO K .l:lBYM yCKOPHTenRM: CHHXpOI\la-

3oTpOHY JIB3 OIUU1 c aHeprue~ npoTOHOB 10 faa u cepnyxoscKOMY ycKopu

Ten10 l1 cPB3 ( 70 ras). B pac'leTax nng cuHxpol\la3oTpoHa, KOTOpbre aanee pac

cMaTpHBaiOTCR K8K cnyqa~ "a", 6yaeM HCXO.I:lHTb H3 TOrO, 'ITO panuyc op6HTbl 

paBeH 28 MeTpaM, Cpe.l:lHHA npHpOCT 9HeprHH 38 O.l:lHH o6opoT COCTBBnSieT 

2,3 K9Bo 0nOTHOCTb BO,I:lOpO,I:la B MHIIIeHH ITO HOpManH K ny'IKY npHMeM paBHO~ 

10-4 rp/cM2 • B pac'leTax nng ycKopuTeng l1cPB3 (cnyqaii "6"), npuMeM cpen

HH~ paauyc op6HTbl 236 M, npHpOCT 9HeprHH 38 o6opOT - 200 K9B1 nnOTHOCTb 

MHIIIeHH Bbi6epeM paBHOii 10-3 rp/CM2 • 

J. J1 OHH3BUHOHHbie noTepH B MHilleHH 

4rr e 4 

-dE • 
m v~ 

BN, ( 1 ) 

rne V - CKOpOCTb rrpOTOHa, N - qucno aTOMOB sonopona Ha 1 cM2 no 

HOpManu K ny'IKY npoToHos; e , m - 3apgn H Macca aneKTpoHa. LlnR sono

pona B=10,2. l13 (1) nony'IHM: nng cnyqag a) dE= 0,31 Kas; 6) dE=3,1Kas. 

2. PacceHHHe B MHilleHH 

a) CpeaHeKsanpaTH'IHaR aMnnuzyna cso6onHbiX Kone6aauA ycKopeHHbiX 

npOTOHOB1 B036yll<.l:l8eMbiX npH npOXOll<,l:leHHH MHWeHH 3a BpeMlil t, pasHa: 

rtte 

" " <y 3 > .(gtl 

R 3 
g • -<8 >N•U e 

D 

<8 3> a2 113 e3 
a'J E I fJi 

ta~ 
b 

6 

(2) 

(3) 

(4) 

,,'I 

I 
, I 

I 

.,~ 

.(~ 
:!i 
•· 

. I· 

j 
i 

I 

Jj ) 

\ttl 
j\: r;\ 
r 

!t 
:,II 
1\ 
j 

:1' 

!J 
1 
•, 

4fl'z~e' a~ 
·u • 

h2cll f3 2 (5) 

rae R - panuyc KaMePbi, n -. noKa3aTenb 

n = 2/3, a - panuyc aTOMa sonopona, 

cnana MarHHTHoro nong, paBHbiA 

b - pa.iluyc npoToHa. E cnu nnoT-

HOCTb MHWeHH 10-4 , TO ~ony'IHM g "' 65 CM2 ce:K-1. Opu t = 0,5 ceK 

H3 (2) cnenyeT <y 2 >% = 5,7 eM. 

6) PaccMaTpusag Kone6aHHR ny'IKa s 'rnaaKoM' npu6null<eHHH, MOli<HO 

cornaCHO /8/. anSI OUeHKH <y 2 >~ HCITOnb30B8Tb 4lopMynbi 2,4 H 5, a !\lop-

MYlfY 3 3aMeHHTb Ha 3' : 

R 2 
g ·-;;-<8 > Nuc 

(3') 

B KOTOpOA J1 - '18CTOT8 6eTaTpOHHbiX KOne6aHHft Jl = 9, 7. l13 3
1 

nony'IHM 
. . ~ 

g = 0,67 c~ ceK-1. Ecnu t. • 0,5 ceK, TO < y 11 >. = 5,8 MM. 

OaHoKpaTHoe pacceHHHe 

OueHHM aanee snuRHHe onHoKpara~ro KynoHoscKoro pacceRHHR Ha yr

nbl, KOraa yCKOpeHHbie npOTOHbl 6ynyT Bbi6biB8'n> H3 ny'IKa. 
I '(} 

a) LlnR cnyqag "a" aa senH'IHHY rpaHH'IHoro yrna pacceSIHHR rp. 

MOli<HO B3SI Tb yron COOTBeTCTBYIOIIIHft OTHOWeHHlO nonOBHHbl BblCOTbl BaKyyM

HOA KaMepbl K nnuHe op6HTbl. Ll.ng CHHXp0!\1830TpOH8 JIB3: 

8 
rp 

20 CM 

2.2800 
-3 1,14.10 pan • 4' 

au~peHUH8nbHOe Ce'leHHe KynOHOBCKOrO pacceSIHBg 6biCTpbiX npOTOHOB Ha 

npOTOH8X B 38BHCHMOCTH OT KBanpaTa RepeaasaeMOrO 4-x MepHOrO HMDynb-

ca - t BblpalKaeTCSI ciK>pMynoA:: 

dO' 2,62.10-31 2 2 
eM /(fas/c) -dt t 2 

rp. = p8 

7 
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r.11e 
p - HMIIYlibC ua.neTaiOIIlero npoToHa. npH p •10 rsa/c 

-3 2 -4 2 
= (10.1,14.10 .) .. 1,29.10 (fsa/c) 

rp. 

no.nuoe ce'ieHHe pacceSIHHSl Ha yr.llbl 6_0.JlbWe 4' 6y.11eT paBHO: 

t -at -at 
rp 2,62 • 10 2,62 • 10 -n 2 

Uk • f . ·d t • · • 2, 10 . CM 
t . t2 1,29·-lo-• 

C.neJlOBaTe.JlbHO, U COCTaB.JlSleT MeHee 5% OT Sl.llepHOI'O Ce'leHHSlo 
k 

6) .ll.nSl c.ny'laSl '6': ecnH paccMaTpHBaTb pacceSIHHe .11a~e OT yr.nos 

1', TO npH HMIIYIJbCe npOTOHOB p • 70 fsa/c IIO.J1Y'IHM Uk paBHO: 
(J rp. 

-27 2 
(1 k "" 0,53.10 CM , 

CneJlosaTeiJbHO, a k cocTaBHT 1,5% OT o~HJlaeMoro SIJlepuoro P-P-eaaHMo-

neAcTBHSI npH 70 fsB. 

a. HP.epHble B3SBMOP.eilCTBBH 

a) 3a apeMSI t -o,5 cex quc.no npoxo~neuHA qepea MHWeHb 6y.11eT 

paBHO 8,5.105. CyMMapHaSI Macca aonopoJla m cocTaBHT: 

-4 2 5 2 
m "" 10 rp/CM .8,5.10 = 85 rp/CM • 

Ec.nH Ce'leHHe Sl)lepHOI'O B3aHMOJleACTBHSI a ,.. 40.10-2
7 

CM2, TO aepOSIT

HOCTb saaHMOJleAcTBHSI "' = 0,87. CpeJlHee apeMSI cywecTsosaHHSI npoTOHOB 

Ha op6HT9 C yqeTOM B3aHMOJ19ACTBHSl COCTaBHT: < t > =0,206 CeK1 CyMMap-

BaSI Macca sonopona <m > ... 35 rp/c~, < y2 >y. .. 3,8 c~, a cpenuee 'IHC

.no npoxo~neHHA qepea MHWeHb < k > = 3,5.10
5

• 

6) B Tex ~e npenno.no~eBHSIX no.ny'IHM: m •1 00 rp., 'ITO SKBHBa.JleHT-

BO npOXO~Jl9HHIO ~HJlKOBOJlOpOJlHOA MHWeBH JlllHHOA 13,2 MeTpa. 
K 

(i) = 0,91; <t > = 0,197 cex; <m> = 39,4 rp; <y 
2 

> • 3,6 MM; <k>=4.104. 

4. flpBTOJC 'l'SaR8 If .llC118pe.Bil6 MBJJiellll 

a) Ecmt 'IHcno npOTosos a HMnyiJbce n • 1012, n.noTHOCTb. MHwesH -

10-4 rp/cM2 , t • 0,5 cex, TO B COOTaeTCTBHH C H3.JlO~eBBhiM B nyBKTe 3 a) 

<k> • 3,5.1o5 H Bhlll9.JleB&e SH9PI'IlH B MHW9HH paBBO: 
5 12 20 

Q
1 

.. 0.,31 Kss. 3,5. 10 • 10 • 1,09 • 10 sa • 4,16 Mxa.n. 

t{aCTb STOA 9BeprHH Q 
2 

HJleT Ba HOBH3allHIO aTOMOB BOJlOpOJia. Ec.n& HOHH-

3allHOHBhiA llOT9BilHall BOJlOPOJla J cpeJlBee 'IHC.JlO nap HOBOB, C03Jla-

B8eMhiX npOTOBOM 38 OJlBO npOXO~Jl9BHe MHWeBH <i > 

I'HH 38 OJlHB OISOpOT p8BBO q • J < l >. • 

, TO BhiJlenes&e ssep-

<l> 

·-4 3 
10 rp/CM •iz , rne 

0,000089 rp/cuS 

Cl - ynelibB8Sl HOBB881lHSlo Jlng BOJ10p0.118· J 13,6 sa,. a•6 , oT~ 

llO.JlY'189M q 82 SB. 

Q2 • 1,1 MKall. 

BbiJiene~&e Ten.na a Muwes& Q 6y.11eT MeHbwe, 'leM pa3BOCTb Q 1 -Q'2, .. 

TaX KaK 'laCTb sseprHH 6y.11eT yuecesa S.lleKTpOBaMH, npo6er KOTOphiX B~ 

OKOB'IHTCSI a MHWeBH. C.neJiosaTeiJbuo, no.ny'IHM, 'ITO Q • 3 MKan:. OneBJIMl 

na.nee npHTOK Ten.na 3a C'leT paJIHall&OBBOI'O H3.J1Y'I9BHSI CTeBOK KaMepbl L -

L•tS.C:rT
4 

t 

rne f - xoscMI&n&eBT &3.ny'leB&Sl cTeBOK KaMephl, S - nnomaJlb MBwes&, 

a - llOCTOSIHHaSI CTecbasa-SO.JlbllM8B8 ( a ==5.7.to-12 BT/c..l-). T- TeM

nepaTypa CT8BOK KaMephi. flp&BHM8B f • 0,1 (JIBB 110.11HpOB8BBOA M9.11B f-~,06), 
t = 0,5 ·ceK, s ... 10 c~, T = 3000f<, H C'IHT8B MHWeHb a6comoTBO 

senpoapa'IHOA, no.nyq&M: 

L = 0,0055 MK8.111 T.e. L «Q • 

6) Ecu 'I&Cno nporosos B &MDy.Jlbce tol2, nnoTBOCTb M&wes& 

10-8 rp/cM2 , t • 0,5 CeK1 TO B COOTBeTCTBHH C H3 . .JlO~eBBhiM .B nymtTe 3 6) 

8 - 9 



wl 

Bbl.ll9Ir9HH9 Tenna B MHW9HB fiy·.cteT paBHO: 

4 12 20 
Q ~ = 3,1.4.10 .10 = 1,24.10 SB "" 4,75 MK8Iro 

n ocne.llyiOmHe pac'leTbi aHanora'lHbl cny'laiO a). 

KoHCTPYKilBH MHWeHeA .ttOnJKHbl npe.ttYCMaTPHBaTb KOMfi9HCaiiHIO OCHOBHOrO 

KOnH'l9CTB8 Tenna Q eie3 HCnapeHH£ BO.tlOpO.tta MHW9HH B K8Mepy YCKOpH

Teng, 8 Cny'lae HCfiOirb30B8HH£ npOTO'lHOA MHWeHH H3 TBep,lloro BO.IlOPOll8 

9TO MOlK9T 6biTb .llOCTHrHyTO 38 C'leT Tenna "'E', He06XO.tlHMOrO llil£ nnas

neHH£ sonopona. Ecna, HanpaMep, cyMMapHa£ Macca Tsepnoro sonopoila MH

weHH 0,2 rp, a Ha'lan&Ha£ TeMnepaTypa 10°K, TO 'E' 6yneT pasao: 

E • 0,2 [ c ( T - 10° ) + K. ] , 

r.11e TeMnepaTypa nnasneHH£ - T nn, = 14°K. Cpe.llH££ TennoeMKOCTb c • 

0,5 MKan rp. TennoTa nnasneHH£ K. = 14 MKan/rp. 0TKy.tta nony'IHM: E= 

3,2 MKan, T.e. E >. Q • CnenosaTenbHO, c~meCTBeHHoro HapyweHH£ saKyyMa 

B KaMepe YCKOPHTeng He npOH30A.tteT, 

B Ta6naue 1 cyMM&posaHbi sen&'lHHbl .ttn£ paccMoTpeHHblX cny'laes a) 

a 6) , a TaKJKe npuseneHbi aaanora'IH&Ie sena'lHHbi .ttn£ npoTOHHoro ycKopa

Teng MT3<1l Ha 7 rsa. 
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