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BOKpyr ycKOpi!TerrH yAOBITeTBOpi!TeiTbHO cornacyiOTCH C 3KCIT9pHMeHTarrbHbiMH 

ABHHbiMII. 

llpenpKHT 06be,nKHeHHOI"'O KHCTKTyTa lJ,IlepHbiX KCCJle,llOBaHKit. 

,lly6Ha, 197 4 

·.··. 
Antipyuk A. L, Getrnanov V. B., Pl6 - 7958 
Bushuev I.I,, Zaitsev L.N., 
Issinsky I..B.·, Kirillov A.D., Halkov v.v., 
Sidor in v. P. , Frolov v. v., Khvostov V. B. 

Radiation Shielding and Radiation Fields 
Around a Synchrophasotron at Slow Proton 

Extraction 

The characteristics are presented for a shielding 
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..l:lB~eHRe B -8KCDJIYaT~ CHCTeW Me,IVIeHliOrO BilllO~ yci<qpeHHHX· 

tJa.CTHl\ H3 c~OTJX)Ha ·III ri:{JH~O,l\HT K Heo6xo~?CTH ~oopY.;teHWI 
3a.IqHTHoro ROL!IlJ!eKCa·,. oe5ecnetnmalll\ero HOPwurbHYJO p:U)oTy mmTeW 

'. -- . • , ..• - .· . ·-t . . 
Tp:l.HCllOJYl'HpOBIW nytnta H ~QB BTO~ tlaCTHI\. 

.l:l HaCTOHII\eH pl(loTe npHBe,lleHH xa:PameiJHCTHIW S8liJ,KTH, pl.CnOJio-

xeHHOH B H3MepHTenbHOM OaBHnbOHe •. ~e pl.CqeTa noneH H;nyqeHHa 

BOKpYI' ycKOpHTtlJUl Cp!BHilllc.UOTC.Il C pesyJI~'l'aT~.rn U3Mepetmfi •. 

>,.. 

I. ClicTeMa ia.Ha.JioB BTOp~MmX tULCT!ffi . ·· . 

Me,IVIeHHHH BilllO~·ycROpeHHoro ri.yqKa npoTOHOB H3 CHHXpO~OTpoHa 

ocy~qec'MeTCk .' ~0~ yrnoM ·5°. K npm.!OJIHHeliHOMJ' . npoMelttYTKJ. .KaHaJI .: . 

Tp:l.HCn~pTHPOB~. ne:PB»~oro . nytiKa npoxo,l\HT 'qepes T~Tl1i1 KBa,ll:P;lHT ' 

· Y.CROpHTeJI.Il!. s~THYll~~eHy, J.isMepHTeJI~~ naBHnbOH u· saRaH'lHBB.eT­

. c.11 B JroBynn<e nytma { :into.- I) • - . 

MwiieHb~~ npoBe,lleiDm 8KCliepm.teHTOB no H3yli8mDo npoTOH.:....Il,lleprllvc 

B~O,lleHCTBIDl l .KaHaJI ~) pacnoJiaraeTCH BCl~H3H. MaPHHTa ycKOpHTe;;II. ' 

1:\aHaJI ~6 npe~3Ha'leH ,!iJI.Il Tp:tHcnojn·HpOBKH nyqKa ycKope!IHhiX ~ep 
. . . ... . . ' . . ·. 

Hl13KOU.HHTeHCHBHOCTH. 

~eHb'• F~ ~O,!Uf~.ll B aw5pasYP,9, 3aii\HTHOfiC~eHH H npe,!iHa3-

HalleM ,IVI.Ii nonytreHl1.1l llJ2<1TOHOB / 'k ": K ?.:.. i.le3oiioB .. c HMflYJlbCOM )10 

0,6 ra:filc H HHTeHCHBHOCTbiOl05-I06 tJB.cT~ B ~JibCe ( 'mHa.JI 22)~ 
·MHine~ ~-· ~ciaHa1mHBae;C.Il l!6JIHaH JioBynnm 'M c~T ·Aim noJiyqeHWI 

BTOpH~ lcicT~, il~eTa.IOO\HX H3 Ml1llleHl1 B HanpalJJieHHl1 ,npoT11BonoJiollt-' 

HOM HanpaBn8Hl110. nepBJMruX npoTOHOB { KaHBJl G4) • 

2. · 3an!HTHHfi ROMUJieKC . -
OcHo~Hoe HaSHaqeHlie SaJI\HTHoro ROM!lJl_eKCa - oc5oonetleHl1e :Aoilyc- .. 

THMHX YPJ.~Heii HSJIYlle~ I 2 I B nOMell\eHWIX ycROpHTeHH. H i3o~ 

.3 
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PHc. I. PacnoJio~eHHe CHCTeMH KaHaJIOB.H 3all\KTHOro KOMnJieKCa npH 

Me,IVISHHOM BHBOAS npoTOHOB 

I - BI:ffiEiAeHHID1 nyqoK npoTOHOB; 2 - Ma.I'HHT t:IT-5?; 

:3 - Ma.I'HHT Cll-Y4; 4 - JIHHaa MJl-5; 5 - JIHHaa 20K IOO· . , 
6 - CHCTeliB. HHAH~ nyqm; 7 - JIHHaa MJl-!5; 

u - JIHHaa MJI-I5; Y - J&U'HHT Gll-94; IO - MB.I'HHT Cll-5?; 

II - Ma.I'HHT Ci1-I2;I2 - Ma.I'HHTGil-40; 13 - ycTaHOBKa CHM-ID); 

14 - perHCTpHpynifl.H annapiTYpi; 15 - 38JIIHTHaii CTeHa; 

16 - JIOBymKa. 

4 

Hero npH J:ac50Te cHHJCpC$laOT:£X>Ha B pemn.~e. :Me,IVIeHHoro BHBO~ c . :Ma.K­

CH:ManhHO B03MO~OH HHTSHCHBHOCTh~. 

lfu-38. npoBe,I:ISHWI .. ~_'l':£X>HTeJihHIDC pi60T no COOPYJP>SHHIO HOBOro 

s~crrepRMeHTaJil>HOrO aaJla ( CM. piC.4) 3811\HTa CHCTSW :Me,IVIeHHOro Bbl­

BO~ AOJW!a c5b!Th pi3Meii\9Ha B CTapoM H3M9pHTeJibHOLl ria.BWlbOHe CH!DqlO­

qaaOT:£X>Ha, trro Ha.KJia,I:~ID~aeT orJ:amNelmi Ha rac5apHThl 3811\HTHWC coopy­

ll9HHH. llpe.D.BaptTeJihHble o~eHlGl noRa.38JIH,. 'liTO npH Ta.KIDC ycJioBHHX 

npweHeHHe B Ka'lleCTBe i.!a.TepHa.Jia, ~Thl· oc5h!'llHoro· · 6eTOHa He oc5ecne­

'llHBaeT Tpec5yeYhlX ~oHHh!X yCJioB~npH HHTeHcHBHOCTH ~- 10
11 

II:£X>T/~KJI. fiOBTOM,Y ,IVlJi · yM9HblD9Hl!H rac5apHTOB S81)\liTHOrO xciJ.AUJieKCa, 

COCTOBII\9rD H3 JIO~ymlGl, 38JIIHTbl. CHCTeN!i Tp!I.HCnOprHpoB~ ~: H aa-

11\KTbl MHIIIeHeit l ~He. I if 2), xpowe 6eTOHB., c5b!JIH HcnoJihaoBB.HH CTaJih H 

CBHHS~. BJJYTpeHHIDI 'llaCTh JIOBymlGl BblllOJIH9Ha H3 CTaJibHIDC H CB~OBb!X 
. • I 

aneMeHTOB. ~ yYeHblDeHKR YTe~ npowesyTO'IlH!iX HeHTpoHOB c ee no~ 

BeplOiOCTH oHa oKpyxeHa c5JioKiu.m H3 · o6wrnor:.o c5eTOHa. · 

/JI!Ii 38JI\HTbl CHCTSN!i Tp!I.HCIIOpl'HpDBlGl ny'llKa HCnOJib30BaJIHCh 6eTOH­

Hbl6 c5aJI1Gl ,IVIHHOA 6+ 12 w,ce'lleHHew 0,75 xo,35J:! (nepeKpuue) 11 

6eToHHble c5JI01Gl paawepaMH IxixiJ3 H 1,5 x I x 0, ?5w
3 l 6oxe;Bhle CTeHbl) 

;;. Pac'lleT noJIIi. H3.JIYg6HHii 

Ha OCHO~a.HHH pac'lleTa noJIIi H3n:ytl9HHii · BOKpyr cmixpc$laOT:£X>Ha 

npH ycJioBHH oc5ecne'lleHHH B aoHe·CT:£X>HTeJibCTBa soBoro aKCnepKMeH-
• ~ ' •f • . • -

TaJihHoro .11a.BKnhOHa AOIIYCTIDIOH A031:l oc5~eHKR /2/ AOJW!a c5HTh onpe-

AeJieHa MaKCHliB.JlbHO B03YOlltHa.SI. HHT9HCHBHOCTb. CIOOqX){ila30TpDHa . npH 

~ll 38JIIHTHOM ROiliiJieKCe. · 

,li.nJl pac'lleTa IIOJIIi HSJIY'Il9HKR BOKpyr CHHX:£X>tfa30TpoHa ~CUOJib30BaJI-

Cii ll9TOA
1 

H3JIOJteHHbiH B p!.60Te /3/JE) • llOTSpl II:£X>TOHOB B Ba.JtYYiiHOH 

JEJHeROTOpl.Ii ROppeKTH:£X>BKa MSTO~ paC'IleTa c5yAeT onyc5JIHKOBa.Ha 
noSAHee. 
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Ka:Mepe YCKOpHl'8JISI, B CHCl'8l!C Tpaucnopl'HpCBKH nyqKa !I B JIOBYillKe 

Sa,l\aBaJIHC:& B C00l'B8l'Cl'BHH ? ,1\a.Hlibll!H, npHB8,it8HHbllJH D Tae!JI~ I. 

Ha puc. 3 npuae,ll;eHbl pacnpe,ll;eJieHHll noTep:& npoTOHGB no ;tmme BaKYYll-. 
HOl! KaMepbl CliHXpOqJaSOl'pOHa B pelli:HM8 yt:KOp8Hl'lll. H npH M8.I!Jl8HHOM 

BbiBO~e, HSL!epeHH!le C llO'MOil!:&D Cl1Cl'Cl!bl KOHl'pOJill llOTCp:& qaCTUl{ /4/ • 

B pesyJI:&TaTe pacqeTa noJISI nsJiyqeHUSI CluJio onpe.I!eJieHo, ql'o 

npu ,l(aHHOM Sai!(Ii!l'HOM_KOMIIJICKCe Cl1!IXpOqJa30l'pOH B pelS:UliC llC,ll;JICHHOrO 

BUBO,l(a llpOl'OHOB MOlltCl' paelOTal'l> 5000 qac/ro,l( npH HHl'CHCUBHOCl'U 

,n;u 5.IOIO npoT/l{UKJI. 

IToTepl1 npol'OHOB* 

Tlln noTep:& 

B BaKyyMHOi1 KaMepe llpH yciCOpem:u 

npOl'OHOB OT 0,2 ,1(0 3 CCK. 

il BaKyyi.:HOi't Kauepe npH BUBO,I\C . 
npOTOHOB llS ycKGpllTCJill C 34J-

IjleKTI1BHOCT:&D 94~ 

liO BCCli CHCTCJ.:e TpaHCI10pT11-: 

pomm nyqKa pe.EHOl.tepno 

B JICBYIJKC 

TaelJIHUa I 

J]Ol'CpH npOTUl!OB,% llHTepaTypa -
lJ lit/ 

G /5/ 

' .J; 

l /6/ 

93 

X CTH8C8HO K l!Hl'8HCIIBII0Cl'!l lliJOTOHO:l B KCHUC UilKJla 

ycr.opelll'I.R. 
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HOMepo yoacmKo6 (olo4M) • • 

~ Pacnpe.l{e.neHHe noTepb npoTOHOB. no ,!lJIHHe Ba.eyywoa. :KB.MeP>I 

cmncpoqaaoTpoHa. 

I - npH Me~eHHOM BHBO.I{e; 

:::! - npH ycKOpemm OT 0,2 .I{O 3 eel<; 

3 - cywapme pe.cnpe.l{eJieHHe. 
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Ha J;Mc. 4 IIpHB9,1{9HH ,lla.HHH9 pwqeTa H30,1{03HWC p1Cnpe.l{eJI9HHH BOKJlYI' 

cHHXP04a3oTpoHa. IIpH .I{OnyCTKMOA HHT9HCHBHOCTH~ B Ta6~.2 B BaqecTBe 

npHMepe. ~ _p;ayx Ha.H6Mee :xapa.KTepmx ToqeK A H 5 npHBe,l{eHH B~ 

B MOil\liOCTb 3KBHBaJI9HTHOA ,1{031:l OT .~ HCTO~B H~eHKII. · 

Te.6Ju!ga 2 -

BxHa,IJ, B MOfi\HOCTb 3KBHBaJI9HTHOH A031:l OT 

!l!l3JOOlHI:lX HCTOllHHKOB H3~HWI, _0/ 0 • 

HCTOtnmlt H3JIYil9HK!I 

IloTepH npH ycxopemm 

llOTepH llpH Bl:lBO,I{e 

IlOTepH B CHCT9W9 Tpa.HCIIOp-

THpOBIGl nyqim. 

lloTepH·B ~OBymxe 

- Totnta, A ( aa CTe-
. HOH H3M9pHTeJibHO­
ro naBMbOHa. 
pHc.4) · 

26 
1 

9 

-
22 

43 

ToqBa Blaa cTe­
HOH r~HOI'O KOJr 
nyca pHc.4) 

?2 

22 

2 

4 

4. Hawepemre IIOJI.Ii H3J!Yll9HHJI. H CI!lBH9HH9 C 

,l!a.HHHNK paclleTa•' <. 

~ H3W9peHK& MO~OCTH BKBHBaJieHTHOA ,1{031:l HCIIO~b30Ba­

~Cb npoiiOpJ,HO~HHe 8 ~- Cll~llHKH C 3aMe,!lJIHTElJIJIMH, a~ 
perHCT~ MOTHOCTH noTOKt>B tm.C~ c E > ·a) MaB.- eit~-

.oHHHe ,1{9T9KTOP>! Ha. OCHOBe TOJIYMa ( eli~ cl2)lf . .. .-

JE)ABTOpi ,qa.HHOa p:l6om Beci>Ma m>H3H8.TeJibHI:l coorpy~ OP.l:i 
0Hffif 38. Dl693HO upe,~tOCTB.BJI9HHyll BOSMOZHOCTI> HCIIO~I>80BB.lllm B BKCIIe-
poleHTax ytta3aHHI:lX ,li9T9KTOpoB. . 

g?·: 
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~ IlOJie HS.nytieHHSJ CHHXpOcpaSO!pOHa Ilpll Me,lllleHHOM BllBO,Ile npo­

TOHOB, MClap/qac 

r - rnaBHun xopnyc 

J1 - U3MepH:reR.bHtH! naBHR.bOH 

"' 
31- oKcnepHMeH:ran.&HUa san 

32- HOBllH 3KCnepHMeH:ran.bHUB san 

_A,E_(cu. :ra6n. 2). : 

- pacqe:r 

x -·axcnepMMeH:r 

10 

~MepeiD!H" DpC>BO,IUUIHCb Ha TpeX 3TaiiaX COOJ>YlleiD!H Sa.Il\RTHOro 

KOWIJieKCa: npH HanHtDIH TOJlbKo JlOBymKH , npH Ha.JlHQHH JlOBymRH H Sa.Il\R­

TH CHCTeMH TpaHCOOpTHpC>BKH nyqKa H DOJlHOCTbD COOpy.EeHHOM S~THOM 

KOWJieKCe C ,rionOJIHHTeJibHOil: BepxHeil: 3aiiJ,KTOil: JIOBYJDKH ( CM.pl:C.5). 

MOHHTOpHpC>Ba.HHe HHTeHCHBHOCTH llpC>BO,D;HJIOCb B MOMeHT BpeMeHH, 

COOTBe'l'CTByni\Hil: KOHizy ~ ycKOpeiD!H no IIOK8.3a.HHHM llHRa 3JieKTpo~ 

liilo 

Ha pHC. 4 H 5 npHB9AeHH pesyJibTaTH HSYepeHHa MO~OCTH 8KBHBa­

JieHTHOil: A03li ~ DON911\9IDIJIX CRHXpoiflaSOTpOHa H BOKpyr Hero OpH pa.C5oTe 

ycKOpHTeJISJ B peXKMe Ne~eHHOI'O BliBOlJil OpC>TOHOB OpH HHT9HCHBHOCTH 

5xi010 npoT/L\HRJI. ·. . 

)J,<:unnie, npHBeAeHHlie B Ta6.n.3, xapa.KTepaaym yTern<y lla.CT~ 

c £ > ::n Mea c BepxHeil: 'lla.CTH 3BJIIHTH. Cor.nacHo pa.C5oTe /?I ,'lla.o'fl!JJJJ. Ta· 

xHx 8HeprHa BHOCSJT BRJiaA B MO~OCTb 3KBHBa.neHTHOll A03li Ha 60.nbmKX 

pa.cCTOSJHHSJX OT ycKOpHTeJISJ, 

Tadmw.a 3. 

fiJioTHOCTb noToxa lla.CTHq c E > ::D MaB, 

'lla.CTHq/~y2 ceK. 

TotlKH Haueperutii 
( pHC .5) 

I 

2 

3 

3 

4 

7 

~:~· 

: IlJIOTHOCTb OOTORa 'IS.CTHll,ll 
' npH HHTeHCHBHOCTH 3.IQI0 
: npoT/L\HK.R. 

(5 .:tlHo1 

<3 .± r> m 1 

(6 i0,5.)I02 

4<.:tr> ro1 

<I 
3.!03 

r.ro4 

11 
'\ 

llpHMe~e 
(pHc.5J 

C5ea AOilOJIHHTeJibHOH 
3BJIIHTH l6) 

C AOOO.nHHT9.nbHOil: 
38JqHTOll. ·(6) 
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S. iO"'npam.ju.uiA 

~· Pacnpe~eneHHe wo~OCTH aKBHBaneHTHO~ ~oss no HanpaaneHHD 

BSB~eHHoro nyt~Ra npoTOHOB, wc>ap/'llB.c. 

I - 8 - TO~KH H3MepeHHa 

-- - pac~eT; 

• 
6 

H3MepeHHH DpH HanKQHH TOHbKO HOBymKH ( B) 

- TO lite DpH HanKQHH HOBymKH (B) H 38JilHTl>l (a) 

. - TO lite DpH HB.JlmHH HOBymKH H 38lqHTS (a), (6). 

"12 

B TOqKe 4 C DOUO~bD TKaHe3KBHBaHeHTHllX KaMep /8/ 6una na~epeHa 
nornomeHHaJI ,Jtosa. IJpn conocTaBneann Bennqna axanaaneHTHOt111 nor~ 

nomeaaon ,Jtoss c>un nonyqea ~aKTOp ~aqecTaa, paaaun~ 6,4, qTo co­

r mi.cyeTc.a c .JtaHHUMH aa .Jtpyrnx · ycxopnTen.sx /9/. 
CpaBHeane .JtaHHUX nsuepeHnn H pacqeTOB npn ue,JtneHaou·nuao,Jte 

c .JtaHHHMH nsuepeann. n peuue cc>poca npoToaon i!a aHyTpeaHne im- · 
WBHH /IO,II/ DOKa3llBaeT, _qTQ MOU{HOCTb .Jt03S B rJiaBHOU KOpnyce H 

3KCnepHMSHTMbHOM ·sane (pHC~ 4) npH l!S.ltHSHHOU BllBO,Jte npOTOHO)l 

cmuraeTca npnc>mmnTenLHO ~ 6 pas. MollCHo oiH,D;au, qTo npn yueHb­

meHnn noTepb qacTHU npn ycxopeHnn·n coopyxeHnn c>onee a~eKTHB-. 

HOro 3~THOiO KOMnneKca MOU{HOCTb .JtOSU BOKpyr CHHXpb~30TpOHa 

cansnTc.s, no xpanaen uepe, B .JtBa pasa. 

Y.JtOBneTnopnTenbaoe cornacne·ueX,Jty pacqeTHUMH n axcnepnMeH­

TanDHUMH ,JtaHHUMH (pHCo 4 11~) .l(aeT BOSMOllCHOCTb peKOM9H.ltOBaTb Me­

TO.lt pacqeTa, H3HOli:SHHlltt B paelOTe /3/, .)tJI.II·npOrH03HpOBaHltsi IJa,JtHa­

J:tltOHHOtt OelCTaHOBK'H BOKpyr YCKOpHTeJie~. 

B saxJIDqeaHe aBTOps BllpaxaDT 6Jiaro.~tapaocTL E.C.Cuqeay , 

B.A.rpnropbeBy sa oc>cylt,JteHHe pacqeTaon qac.TH pa6oTu, a TaK)l(e 

npHsHaTenLHhl B.H.UoBClyHy, B•r.lKClaHKOBy, D•B.CeueHoBy, E.,U.3enL­

.Jtl1qy, A.H.HnKHTHHY sa nouomL npH npoBe.JteHHH H3Mepeann. 
"' 
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