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KacbHHOB B.¢., KoMo'iKOB M.M., Terepes IO.r. 16- 12375 

3KcnepuMeHT8nbHhle HCCneOOB8HHH 8KTHB8UHH 

CTpOHTenbHb!X M8TepRanoB B aane CHHXpOUHKnOTpOH8 

H8 680 M3B 

nocne B03.Uei'!CTBHH HeliTpOH8MH paCCeSIHHOI"'O H3ny'ieHHH 

CHHXpOUHKnorpoHa Ha 680 M3B c noMOIUbiO nonynpoBOOHHKOBoro 

Ge nereKropa uccnenoBaHa aKTHBBUHH KaK MarepHanos, wHpoKo 

HCnOnb3yeMb!X B 38IUHT8X YCKOpHTeneil (rpyHT H 6eTOHbi), T8K 

H MaTepHanoB, KOTOpbte npeOCT8BllHIOTCH nepcneKTHBHb!MH C TO'iKH 

3peHHH HX HI!3KOll 8KTHB8llHH ( Mp8:1.!0p, 60pHpOB8HHbte 6eTOHbl) • 

B ra6nRuax npHBeaeHbt BellH'iHHbl aKTHBHOcreli H30Tonos, o6paayiO

IUHXCH B HCC.'1eQyeMb!X o6pa3U8X. no pe3yllbT8T8M HCCneaOB8HHSl 

aaiUHTHbte MarepHanbt pacnonaraiOTCH B cnenyiOIUeM nopHOKe soapa

craHHSI y.aenbHOii H8Be.!leHHOli p80H08KTHBHOCTH: Mp8MOp, 06bt'iHbiJi 

6eTOH, rpyHT, reM8THTOBbtli 6eTOH. 

Pa6ora BbtnOnHeHa B na6oparopHH SlllepHb!X npo6neM OH.HH. 

Coo6WE!KHe 06hel!HKeHHOI"'O HHCTRTYT8 RllepKbiX HCCneaOB8HHII • .Uy6Ka 1979 

16 - 12375 

Kasyanov V.F., Komochkov M.M., Teterev Yu.G. 

Experimental Investigations of Building Material 
Activation in the 680 MeV Synchrocyclotron 
Hall 

The activation was investigated due to scattered 
neutrons of the 680 MeV synchrocyclotron by means of Ge 
serr.iconductor detector. The activation of shielding mate
rials widely used presently (ground, concretes) and of 
those which seem perspective because of their low acti
vation (marble, borated concretes) \'VaS investigated. Acti
vities of isotopes produced in samples under investigation 
are tabulated. Shielding :naterials are arranged according 
to increasing specific induced radioactivity: marble, stan
dard concrete ground, hematite concrete. 

The _ investigation has been performed at the 
Laboratory of Nuclear Problems, JlNR. 

C:>mmunication of the Joint Institute for Nuclear Research. Dubna 1979 

© 1979 06r.eJI.BBBBIJI XHCT•f'TT IIJ18pBIJX .CC08JJOBaHXil P.y6Ha 

~ 

OnHHM H3 rryTefi CHH~eHHH ypoaHefi HaaeneHHOH panHo

aKTHBHOCTH B DOM8W8HHHX yCKOpHT8118H Ha BhlCOKH8 SHeprHH 

HBI1H8TCH HCITOilb30B8HH8 CIT8UH81lbHhlX. M81108KTHBHpymWHXCH 

M8T8pHallOB B KOHCTpyKUHHX H 3BWHT8 yCKOpHT811H. 

~3 rrpaKTHKH SKCITilyaTBUHH KBK 0T8'18CTB8HHblX, TBK 

H 3apy6e~HhlX yCKOpHT8118H Ha BhlCOKRe SHeprHH BHilHO, 'ITO 

OCHOBHblMH 38illHTHblMH M8T8pH8118MH Ha YCKOpHT811HX HB

JlH!OTCH pa311H'!Hbie 6eTOHbi H rpyHT. B HeKOTOpbiX pa6o

Tax11-41 H3y'I811H H8B8il8HHYJO panHOBKTHBHOCTb 06bJ'IHOrO 

6eTOHa H rpyHTa. TaK, B pa6oTe n; HCCnenoaanH HaBeneHHym 

panHOBKTHBHOCTb 24 Na B 3BIUHT8 H3 6eTOHa BblCOKOSHepre

TH'I8CKOrO ycKopHTenH. DpH STOM paccMaTpHBancH MexaHH3M 

o6pa30B8HHH 24Na B 38BHCHMOCTH OT XHMH'I8CKOrO COCT8B8 

6eToHa, peaKUHH o6pa3oBaHHH 24Na, pacrrpeneneHHe aKTHB

HOCTR _ 24Na rro rny6HHe 38WHTW. B pa6oTe ~/ rrpHBeneHw 

il8HHhl8 8KCIT8pHM8HT81lbHhlX HCCJl8ilOB8HHH 8KTHBHOCTH 06hl'!

HOrO 6eTOH8 1 anmMHHHH, M8ilH, CTBilH, HBB8il8HHOH pacceHH

HbiMH HeHTpoHaMH B 3ane ycKopHTenH Ha 680 MaB. 06pa3~Ba
HH e panH08KTHBH blX H30TOITOB B C/108 rpyHTOBOH 38WHTbl 

YCKOpHT811H 'IBCTHU BhlCOKHX SHeprHH H3y'IBI10Cb B pa60T8~~ 

3arpH3H8HHe panHOBKTHBHOCTbm rpyHTOBhlX BOil BCI18ilCTBR8 

Bb!MbiBBHHH H3 061ly'leHHOrO rpyHTa panHOH30TOITOB pac

CM8TpHB8110Cb B pa6oTe /4/. B pa6oTax /1,5-7/ OTMe'!eHo, 

'ITO BBOil 6opconep~BWHX no6aBOK B 6eTOHbl M0)!{8T CHH3RTb 

MOWHOCTb Ll03bl ll8B8.'"l81IHOH BKTHBHOCTH B 6eTOHe. 8 pa6o-

T8 /8/ DpHBOilHTCH .QBHHbl8 0 TOM, 'ITO B811H'IHHB H8B8il8HHOM 

8KTHBHOCTH MpBMOpa B 10 H 6onee pa3 M8Hblll8
1 

'181\1 

o6bJ'IHbiX CTpOHT81lbHbJX MaTepHanoa ( Fe, Al, Si0
2 

H ap.), 

DpH o6nyqeHHH HeATpOHBMH pa3J1HqHhlX SHeprHH. 

~M810IUBHCH B 3apy6e~HOH H OT8'18CTB8HHOH llHTepaType 

HH ¢ 0pMBUHH 06 HCCI18il0B8HHHX H8B8il8HHOH PBilHOBKTHBHOCTR 

MBT8pHBilOB B ycllOBHHX BhlCOKOSHepreTH'IHOrO 061ly'!eHHH 
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COAep•~T CBBABH~H 0 MBX8H~3MB ~ 38KOHOMepHOCTHX 
06pa30B8HHH HSBeneHHOM paAHOBKTHBHOCT~. Dp~ 9TOM pac
CMaTpHBSnHCb rpaAHUHOHHhlB Marep~anhl KOHCrpyKUHH H 38-
IUHTbl yCKOpHTeneA, HCDOnb3YBMbiB JlO HSCTOHIUBf'O BpBMBHH. 

Uenb naHHOA pa6orhl - HCcnenosaH~e H Bhl6op cna6o
BKTHB~pyeMhiX MB repHanOB. C OAHOti CTOpOHbl, Mbl HCCne
JlOBSnH MBTBpHanhl, W~pOKO HCDOnb3YBMhlB B 38IUHTBX yCKO
pHTenei1: (rpyHr H 6eroHbi), a c npyrofi - MarepHanhr, 
KOTOphle DpBACTBBnHIDTCH rrepCDBKT~BHhlMH C roqKH 3peH~H 
HX HH3KOM BKTHBBUHH, HO rpe6yiDT 9KCDep~MBIITBnbHOll npo

BBpKH (MpBMOp, 60pHpOBBHHhlB 6eTOHhl). 

1. OEPA3Ubl MATEP!tiAflOB, 
YCflOBIUI YI3MEPEHYII1 VI DPVIEOPbl 

llng HCCnenOBBHHH 6hinH Bbi6pBHhl !v!BTBpHanbi : rpyHT, 
06hJqHbiM 6eroH, MpBMOp, f'BMBTHTOBbiH 6erOH, 60pHpOBBHHblll 
o6hrqHhiA 6eroH, 6op~posaHHhiH reMar~TOBhiH 6eroH . Eop 
BBOAHnCH B YKB3BHHhle 6eTOHhl B KOnHqeCTBB 15 Kf' HB Ky6o
MeTp ~ccnenyeMoro MarepHana . 06pa3Uhl 6hlnH H3rorosneHhl 

B BH.!le KepHOB ( d =80 MM , h = 100 MM) ~ rrocrasneHhi Ha o6ny
qea~e B rnaBHOM 9KCrrep~MeHranbHOM 3ane c~Hxpou~Knorpo
Ha n.Hn OYI.HYI B rrongx pacceHHHOf'O H3nyqea~g HetirpOHOB. 

Mecra o6nyqeu~g rroKa3aHhl Ha pHcyHKe. 
XHMHqeCKHA COCTBB HCCnenyeMhlX Marep~anOB DpHBeAeH 

B ra6n. 1. B Mecrax o6nyqeH~H MarepHanos ypoBH~ rrnor
Hocreii. DOTOKOB HeArpOHOB H3MBpHnHCb C DOMOIUbiD rroporo
Bh!X aKTHBBUHOHHhiX nereKropos. Ha6op aKr~sau~oHHhiX 
nereKTOpOB ODHCBH B pa6ore 121. 8 ra6n. 2 rrpHB8Jl8Hbl BB

nHqHHbl rrnOTHOCTeA DOTOKOB HeArpOHOB nng JlBYX Kpaii.HHX 

no 9HeprerHqeCKHM pacrrpeneneHHHM ¢nmeHca roqeK. 
ToqKa 1 HaxoAHTCH B rrnocKoCTH rryqKa ycKopHeMhlX 

rrporoHOB HenaneKo or KaMephl ycKopHrenH, xapaKrepH3yercg 
"•eCTKHM" CDBKTpOM pacceHHHhlX HeArpOHOB; B 9TOM MBCTe 
npeo6nanamr BbJCOK09Heprer~qHbre HeilrpoHhi. ToqKa 2 
HBXOJlHTCH HB HpMe MBf'HHTB, xapaKrepH3yeTC5l "MHf'KHM" 

cneKrpoM; 3necb npeo6nanamr r errnoshle ~ rrpoMe•yroqHhle 

HeArpOHhi. 
06pa3Uhl yKa3aHHhlX MarepHanos o6nyqan~cb B reqeHHe 

ABYX Henenb. llng H3MepeHHA BKT~BHOCTeA o6pa3UOB HCDOnb-

4 

DnaH ~ pa3pe3 9KCDep~MBHT8nbHOf'O 3ana CHHXpOU~K
norpOHB n.Hn OYI.HYI; DOKB3BHbl Mecra pacrrono•eHHH o6ny
qaeMhlX o6pa3UOB crpo~renbHhlX MarepHanos. 
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T a6mm a 2 

flnOT HOC I' ff llOI'OKOB Heil: r pOHOB , Heil: r p , /CM 2. C 

9HepreT~ecKHe rpyrrDH 
Hei!:TpoHOB 

TerrnoBiie 

llpoMeayTO'IH!le Ha 8.D.l1HIH.lj' JieTapl'l!l1 
(E >0,4 aB) 

EHCTpHe (2-20 MaB) 

PeJIRTHBHCTCKHe (E > 20 !.taB) 

DblcoKHX aHeprHA (E>5() MaD) 

* CM , PffCYH OK. 

MecTa oelny'leHH~) 
T.I 

5 3,2.IO 

3,I.I05 

5.ro5 
9.ro5 
I,3.I05 

T.2 

r,I.ro5 

5 0,15.10 

2.ro3 

I,5.I02 

ro2 

30!3an HCb Cil 8K I'pOM8 I'pLI , Otlff H 113 KO I'Ophl X ffMen B K a'IeC I'Be 

ae r e Kropa KpHc r ann NaJ(Tl) p a3MepoM 80x6 0 MM 2 , apy

roti - Ge(Li), o6'heMoM 28 eM 3. 

2 . PE3Y flbT AT bl ti 3ME PEH VI M, AHAflVI3 

B r a6n . 3 11 1._ t:raHbr BenH 'IffHbr HaBet:reiiHoi1 aK T ffBHOC T H 

pat:r HOff 30I'OllOB , 06HapymeHHhlX B o6ny'I eHHhlX o6pa3U8X HC

cneayeMbTX Ma r epHanos , 

3KCllepHMeH T anbHhle HCCnet:rOBaHHH BK I'ffB8UHH C I'pOH I'enb

HblX MarepHanos aanff cnet:ryJOlllHe pe3ynh r a r br : 

1. fl o c r eneHH aK T HBaUHH ffCCneayeMbre Ma r epHanbr pac

nonaraJOT CH B cnet:ryJOllleM nopHt:rKe B03pac r aHffH yaeilbHOA 

HaBet:reHHOH pat:rH08K I' ffBHOC I'H: MpaMOP, o6bT'IHblH 6e l'OH , rpyH T, 

r eMa l' HT OBblH 6e T OH , 

2 . H aHMeHee aK T HBHpyeMbJM Ma r epHano :-t cpet:rH Hccneaye
Mhlx HBn HeT CH MpaMop. B enff'IHHa yaenbHOil: HaBet:reHHOil: aK-
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T a6m!I.l;a 3 
A K rH:BHOCrb * H:3oronoB ** , o6 Hapy:>KeHHbiX B o6p a3u ax Mar epH:a n oB, o6ny 'l eHHbiX B " :>KecrKoM" 
crreKrpe p a cceHHH biX He ti: rpoHOB (pacn.lc.r.) 

H3oTon :llepHo;n :3HeprHSI ! M a T e p H a JI 
: nony~ : ¥ -KBa.H
:pacna.na:ToB,KaB 

44 St 3,92"1. II 55 
44m Sc 2,44.nH. 270 

47 Sc 3,45 ,II,H I60 
42 J( 12,4 'I. !520 
43 K 22,4 'I. 374,6!7 

47 Ca. 3,4 ,IUi. !290 

48 Cr- 23 'I. II8,307 

51 Cr 27 .nH. 320 
48 y 16 .nH. 980,1310 
52 Mn. 5,6 .nH. 744,935 

!433 

56 Mn. 2,59.nH. 845 

52 ft. 8,53 'I. I?O 
24 }t/a, IS 'l. 1365 

; reMaTHTOBiiR: reMaTHTOBiia: 061:l"'HWt : 06J:l1IHI:la : 
;6eTOH ;~eTOH 6opHp; 6eTOH ;6eTOH 6opHp; .. . . 

15,3 15,3 - -
6,2 6,2 - -
- 4,5 - -

<O,I 0,5 < O,I I,O 

<O,I I,? 2,7 2,7 

- - - -
- 0,8 - -

<: O,I 27,7 - -
8,8 8,8 - -
22,3 22,3 - -

57,7 57,7 24,6 ! 7,3 

- 0,7 - -
12,7 I2,7 27 ,6 35 

Mpa.Mop 

2,2 -
I,2 -
3,! -
2,2 1,2 

3,5 4,9 

- I,6 

- -
- -

2,3 -
2,3 -
14,4 2,7 

- -
48 ,9 2 ,8 

* 0 6ny'I8HH8 IIpOBOllHJ!OCb B T8'18HH8 llBYX H8ll8Jlb , 3 Ha'i8HHH H3MepeHHOA aK TH:BHOCTH 
n ep eC 'IHTaHbi Ha MOMeHr KOHUa 06Jiy 'i eH11H. 

** PaccMarp HBanH:cb r aMMa-H3Jiy'laJO!ll11e !1 3 o r onbi c rrep11oaoM nonypacnaaa 6onee 2 'lac . 

T a6n 11 ua 4 

AKrH:BHOCrb * !13ororroB **, o6 Hapy:>Ke HHbiX B o6pa3uax Ma r ep 11 an oB, o6ny 'le HHbiX B "MHrKoM" 

crreKrpe pa c ceHHH biX He ArpoHoB (pacrr. / c.r.) 

HsoTon IlepHO;D. 3aepi'IDi M a T e p H a JI 
noJiy- ¥-KBaH-
pacna.na TOB,KaB reMaTHTOBI:lil reMaTHTOBWi 06l:l"'HWi 06l:l'lHI:lti I'pyHT MpBMop 6eTOH 6eTOH 60pHp, 6eTOH 6eTOH 60pHp 

56 Mn. 2,59 'I 845 3,0 2,4 3,4 1,8 1,6 

59 

24 

Fe 45,1 ,D,H. IIOO,I285 0,2 0,25 - - -
)/«, IS 'l: 1365 0,6 0,3 I,? I,3 2,0 

* 06ny'i8 HH8 IIpOBOllHJ!OCb B re'i 8 HH8 llBYX H8ll8 Jlb, 3Ha'i8 HHH H3 Mep e HHOH 8KTI1 BHOCTH 

rrepeC'IHT8Hhl H8 MOMeHr KOHUa o6ny'i8H11H. 

,0,7 

-
-

** PaccMarpnsanHCh ra MM8-H:3Jiy'iaJO!llHe H3ororrbi c rrepn oaoM nonypacrraa a 6 one e 2 'lac. 



THBHOCTH MpaMopa ( Ha I r) B 5-7 pa3 MeHbWe, 'IeM B rpyH

Te H o6br'IHOM 6eroHe, H B I 0 pa3 MeHbwe, 'IeM B reMa
THTOBOM 6eTOHe, 'ITO COBnaaaer C aaHHbiMH pa60Tb! 181. 

3. B Mecrax, rae npeo6naaa10r rennoabre 11 npoMe)l{yroq
Hhle HeArpOHhl 1 K09~~1fUHeHT ocna6neHHH BenH'IHHhl yaenbHOA 
HaBeaeHHOH 8KTHBHOCTH B 6eTOH8X npH HX 6opHp0~8HHif paB
HHeTCH I ,5-2. 

4. B Mecrax, rae npeo6naaa10r norOKH 6brcrpbiX H caepx-
6brcrpbrx HeArpoHoB, BBeaeHHe 6opa B 6eroHbi He yMeHbwaer 
HaseaeHHyiO 8KTHBHOCTb. 3ro 06'bHCHHeTCH aoMHHHpyiOWHM 
BKnaaoM ilplf o6pa30B8HHH paaHOH30TOilOB HeATpOHOB C 9Hep
rHeA Bbrwe 2 M sB. 

5. MeHbwaH HaseaeHHaH aKTHBHOCTb Ha6niOaa ercH a Ma
r epHanax, HMerowHx B caoeM cocraae MeHbwee coaep)1<8HHe 
sneMeHroa Na , Mn , Fe , Al , Si. 
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