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BBEllEHHt: 

axcnn:,aTa1.1un PeaxToPHYX YCTaHOBOX c 0Ciecne4e11neH R/lep-

MH08 Cie3onacHOCTH nePCOHana, 

Ha COBPeMeHHOM 3Tane 0/lHOR H3 

HaceneHHR H .oxp:,za10111e8 

OCHOBHliX nPoCineM aT.OH-

• El! Pe111eune HeB03MOZHO Cie3 nPoBe')leHHR , XOMnnexca Teo- . 
I 

xcnePHMeHTanbHliX nccne)loBaHuR. 
I 

BaZHliMH PaCioTaMH, BliDOnHReHliHH B DPOl.lecce CHRTllR C 
I 
eaxTOPHliX YCTaHOBOX,RBflRIOTCR )leMOHTaz, OCiPaCioTxa H 3a-
l . 
~~.!HBHl>IX_ua---r-noB, IlPH4i!M CiOflbldHe CflOZHOCTll B03HH-

Hl>IX HeRTPOHaMH CieTOHHliX 1'0HCTPY1'l.lH8 

H. r . Vi AP. \Halde8 CTPaHe H 3a p:,CieZOH DPOBO/lRTC R 

( 

aK'r lU~3.IJ.!tU1 

- ---

/---/ 

, 

TH 3alllllTHl>IX CieTOHOB OCTaHoaneHHliX B 

ze PaCiOT1i 1 HanPaBneHHlie Ha H3Y4eHne 

noB /lflR 3alllllTHliX XOHCTP:/1'1.IHA nPoex-

1-6/. 

1 qTo Aonrozna:,111aR HaBB/l8HHaR,aXTttB

nPH BPeMeHax oCin:,4eHna u Bli/lePzxn, 

a111nx CHRTHJO c axcnn:,aTa1.1nn, onPeAe-

HH I OCiPa30BaBldHMHCR DOil Ae8CTBlleH 
' -;: - . 
Tonax Taxnx XHHH4eCXHX aneHe-

ttR, zene3o. Ilocne oCin:,4eHHR 

Te4eHHe 30 neT H Bli/lePZXH 

' OCTb 'i>a.11ttOH:l'EflH/lOB HaTPHR 
1 

Tb, 

PY1'l.lH8 Pa)lua1.1noHH08 3alllHTli, 

eHHRX B Xa4eCTBe BRZYlllero 

: noPTnaH.111.leMeHT n ero pa3-

e11eHTli Ha era _OCHOBe, 111na

li BRZYIIIHX MaTePnanoa. Pe-

HaBe.[leHHaR aXTHBHOCTb Cie

HHO 3aBHCHT OT BH/la H xonu

eMeHTa B aKTHBHOCTb OeTO

OflHHTenRx HOZeT cocTaBHTb 

HaCTORllleR PaCiOTli RBflRflOCb 

I 
f 

/. 

f 
{' 

1. 

\I 

aKc nePIIHeHTanbHOe onPe/lenem,e xo111.1eHTPa1.1uR aneMeHTOB, 0Cipa3:,10111ux 

;::toaro:1:11a;,1,u-1e pa,iu1ouyKnH.r:ui1, H PacqeTH HaBe.QeHHoi\ ai:::THBllocTu. Pa3nu.q-..., 

HhlX BSl:CYI.:{HX MaTePHanoa, B03HHKa1J1Iteft 3a BPeMSI ai:::cnnyaTattHH peaKTOP-

HhlX ye TaHOBOK. 

Ilnsi 113roToaneHHS1 BSl:l::fhlHX BehjeCTB ncnonh3:/'IOTCSI Pa3HOOCiPa3Hlie 

CblPbeBNe MaTePHanN, a TeXHOflO["'HSI HX IlPHrOTOBneHHSI B~nmqaeT MHO-

:t:eCTBO o~epa1..u1i'i:. TaK t nPH OPOlf3BO,[lCTBe IlOPTnaa,aueMeHTa OCHOBHblMH H3 

HIIX SIBflSIIOTC SI: nonroTOBKa CNPbCBOfl CMeCH C ucnosi:b30BaHHeM B 6onb

WHHCTBe cny4aeB KOPPeKTHPYIOhlHX llOCiaaox, oCi:1:ur CliPbeBoR CMecn /lO no

ny4eHilSI KflHHKePa, IlOMOfl KflHHKePa COBMeCTHO C rHDCOM. Cb1PbeBblMH MaTe

PnanaMII cny:11:aT KaPCiOHaTHlie 11 rnnHHCTHble roPHlie DOPO/lbl, B xa4eCTBe 

KOPPeKTHPYIOilU-IX noOaBOK na 601IbhlHHCTBe [(eMeHTHl:iX 3aBOJ];OB HCDO1lb3Y))T-

C SI KOfl4e)laHHUe (nHPHTHlie) oraPKll, 

ilJISI DPOeKTHPOBaHHSI H CO3LtaHHSI ManoaKTlfBHPyeMHX BSl::C:YlrUfX MaTePH

anoB ueo6xo.cttlMO DPOCileJJ;llTb-, Ha KaKlfX CTa.o;U.SIX HX DPO1:f3BO,QCTBa lf lf3 

KaKIIX llCXO)lHUX KOMnOHeHTOB B COCTaB BSl:1:Ylllero nona)laJOT XllMH4eCKHe 

aneHeHTl>I, 05Pa3;/'l0h1He )lOnro:>:llB:fhllle Pa/lllOH:/'KflH/lli, C 3T08 uenbJO B )laH

HOii pa(?oTe nccne.o;oaanHCb TaK:t:e KOMDOHeHTbl CH.Pbeeoa CM0CH ,QllSI DPO

H3B0/lCTBa ITOPTnaH)lUeMeHTa Ha 6enroPO/lCKOH QeMeHTHOM 3aBO)le, 

1, MATEPl1AITU H MET0Ill1KA 

I!nsi uccne)lOBaHHSI Ciunn BliCiPaHli oCiPa3Uli IlOPTnaH)lUeMeHTOB Tex 3a-

BOJ];OB, reorPa4tltt-leCKOe nono:s:euue KOTOPblX IlO3BO1lSieT lt~IlO1lb3OBaTb HX 

DPO.QYKI]JIIO Ha CTPOSIII{lfXC SI peaKTOPHhlX ycTaHOBKax. A HMeHHO: BonbCKOI'O, 

6enroPO/lCKoro, Htt:11:He-Tar11nhcxoro, KaHeHeu-II011onbcxoro, Ilononbc.:oro, 

C:,xonoxc.:oro, Ilu.:aneacxoro II Bon.:.oaucxoro ueMeHTHl>IX 3aBO/lOB. K 

3TOfi rPynne OTHOCUTCSI TaK:>:e 5enli8 IlOPTnaH)lUeHeHT M:,POBCKoro 3aBO)la, 

IlPlf era H3I'OTOBileHl-Hf HCDO11b3YDTC SI CUPbeBble Ma TePHan1:i1, co,aep:s:a11tHe 

MHHHMaflbHOe KO11H'-leCTBO OKClf,QOB ::a:ene3a, MaPraana H THTaHa, ll ncx:nm-

4aeTCSI 3arPS13HeHne roTOBo8 nPO/lYXUHH Ha acex TexHonorn4ecxux aTanax. 

B /lP;/'r:,10 rpynn:, BOldflll Bll:1::/'llllle HaTePHanli Ha OCHOBe DOPTnaH)lUe-

MeHTHOI'O K11HHKepa: cnan1.1e3onbH1i8 1 nec4aHttCTli8 1 n:,1.11.1onaHOB1i8 H 

noPTnaH)lUeMeHTli c MHHePanbHliHH A05aaxaMn, Hccne)loBanncb Taxze Pa3Ho

BH/lHOCTll rnHH03eMUCTOro 1.1eHeHTa - CiennToanmMHHaTHliR, BliCOXornnH03i!

MHCT1i8 u cneuuanbHlie BH/lli BSIZ:f~llX MaTepnanoB Ha Zll/lXOM CTexne H 

CTPOHTenbHOM CTeKJio6oe. 

~-:~~ -- ~'CTT'ryl t 
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C uenhll onpenenem,ll BnHllHHll r;oHnOHeHTOB eblPheBofi eHeen nnll 

nPO03ao,acTBa noPTnaH.QQeHeHTa Ha ero ar;:TnnauHJO uccnenonanuch ncxon-

Hhle MaTePHanbl H nony4>aDP1u:::aTbl, HCil011b3YeHble Ha EenroPOJl,CKOM ueneHT-

HOM 3aso.o.e. 3To - tten, rnntta, KOnl-le.aauuue oraPKn, noPTHaH.nuet-teHT

Hblfi r;mtHr;ep n rune, 

Bb15PaHHble nn" neenenoBaHllfi B51:S:Yhllle HaTeP11an1,1 II paexon oeHOB

HhlX JICXOAHLIX KOMnoHeHTOB nng HX IlPOH3B0.QCTBa TIPUBe,O.eHbl B Ta6n.1. 

Mcc:ienoaaHJ.1Sl Bbl0PaHHblX CTPOJITeJlbHhlX HaTePnanoB DPOBOl:UlflHCb 

B DaCioPaTOPHH Hel1TPOHHOfi 4>113H"11 Ol'ibe/lllHeHHOrO HHeTIITYTa llllePHblX 

1mcnenoaaH11fi (r,DyCiHa) e ncnonh3oBaHneH HefiTPOHnoro ar;TnaaunoHHoro 

a11an113a, 05Pa3Ubl oony<1anneh a r;a11ane Peai::ToPa H6P-2 e nP11He11em1eH 

nneBMOTPaHCITOPTHOfl YCTaHOBKH "Pera Ta" /11/. nnoTHOCTh ITOTOKa Tenno-

BblX1 Pe30tlaHCHblX H DbleTPblX He~TPOHOB B KaHane cocTannsirra 

1 , 1 * 10 1 2 j 0, 2 3 * 10 1 2 11 1,4 * 1012 H•C~2•c-1 COOTBeTCTBeHHO. 

BPeMll oonyqeHllll eoeTaBnllnO 7 - 10 CYTDK. 

CneKTPOHeTPll'leeKHe ll3HePeHllll 00Pa3UOB nPOBO/lllmleh noene 30-60 

II 250 - 300 llHel1 Bbl/leP:S:KII Ha annaPaTyPe, B1>1non1teHt10fi Ha OCHOBe non:,

nPOBOijHIIICOBoro Ge( Li) - neTPKTOPa e pa3pewem1eM 3' 5 K3B no DlfHIIII 

1332' 5 K3B soco H eHa5:s:e1rnofi H3MePIITenbHO-Bbl4llenHTenhHblM H0/1;/nen 

Ha 5a3e 3BM MERA-60 /12/. 

AHann3 i:a:s:noro a11;:ia MaTepHana OCYJI!eCTBnHJic.11 no nllTII Haaeei::aH, 

KOTOfble OTOl1Pan11eb OT TOHr;OHOnOTOfi nPOObl Haceofi l'ionee 2 i::r, Macea 

HaBeCKll COCTaBnsi:na 0,5 0,9 r. HefiTPOHHblft aKTIIBaUHOHHblfi aHan113 

nPoao.o;unc SI OTHOCIITeilhHblM MeTO,O:OM,. IlnSI 3TOro· llCI10Ilb30BailHCh CTaH-

naPTHble O~Pa3Ubl "ra56PO acceKCHTOBoe'' ( crn-lA) II "AnbVIIT113IIPOBaH-

Hblfi rPaHnT" (Cr-lA), HaaecK11 KOTOPblX naeeol1 oKono 0,2 - 0,5 r ol'in:,

qanttch COBMeCTHO C ltCCnenyeMhlMH MaTePnanaMH,. YcTaHOBneHHOe coneP-

2:aH11e XUMHt.JeCKHX aneMeHTOB D cTaunaPTHhlX oGPa3uax nPHBeneHO B 

Ta6n,2, 

05Pa5oTi::a enei:TPOB nP0B01111naeh Ha 3BM PDP-11/70 no nPorPaMHe 

ACTIV /13/. 
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TaCim1ua 1 

MaTeP11an1i1, Bhl6PaHHble ,nnsi: uccne.nonauuSI 

B1111 Bll:t:Yhl<"ro Cb1PheBhl.e MaTePnanhl II IIX CPenunA: 

Pacxon, Mace.% 

IlOPTnaHnUeHeHT: l13BeeTHllK ( 75), rmrna ( 1 7), oraPUI ( 3), 

BonheKoro, H11:.:~e-Tar11nhcKoro, rune(5) 

KaMeueu-nononhcKoro,noaonh-

ci;:oro, Cyxono:ccKoro, n11Kanea-

C:Koro, BoITKOBhlCKOPO 3aBO.O:OB 

IloPTna11i:1ueHenT 6enroponei::oro. Men ( 75), rnuna ( 17), oraPt::H ( 3), 

3ano;:ia rnnc ( 5) 

IlDPTnaH/IUPHeHTHblft KnllnKeP 6en- Men (78), rnnna (18), oraPKII (4) 

POPOUCKOPO 3anona 

6enblfi IIOPTnaHIIU<"HeHT filYPOBer;o- ll3eeeTHllK ( 76)' Kaomrn ( 19)' 

ro 3a1lona rune ( 5) 

Cna11ue3onhHblfi ,ueMeHT IlYHaHe- lfaneeTHllK ( 77 '5)' _1:nuHneTblfi ena-

KYH/ICKoro 3aBOJ:la Heu ( 1 7 '5)' rHne/ ( 5) 

Ilee'laHUeTblfi nOPTnaHnUeHeHT Ha IloPTnattnueHeHTHblfi Kmrni:ep. ( 4 7, 5), 

oenone KDIIHKePa Hoao-AKHllHCKO- KBaPUeBblft necoi: (47,5), r11ne (5) 

ro 3anona 

IlyuuonaHOBblfi noPTnaH;:iueHeHT IloPTnaHnUeM€'HTHblfi KnllHKeP (47,5), 

.. Ha oenone i::nuHKPPa Bonber;oro onor;a ( 4 7, 5), r11nc ( 5) 

3aeona 

IlOPTnannueHeHT e HHHepanbllblHU IlOPTnaHnUeHeHTHblfi KnHHr;ep ( 33, 3), 

nooani:am, Ha oenone i::mrni:ePa: onoi::a ( 42·, 7), noHeHHblfi wnai;: ( 19), 

BonheKoro 3aeoni (1) rHnc (5) 

IloPTnatinueHeHT e HIIHeranhHblHII IloPTna11nueHeHT111>1J1 11:mrn11:ep ( 80), 

nooani::an11 Ha oettoae t<nHHKePa TPenen ( 5), noHeHHblfi wnar; ( 10), 

Bom::on1>1ei::oro 3aao_;:ia ( 2) rune ( 5) 

6em1Toan1JHUHaTHblfi 'UeHeHT 6oi::ellT' H3BeeTHllK' rnne ( 10). 

8blCO~ornHH03eHHCThlfl QeMeHT Texunt.iec~11n rnHH03eM, ~aP60H~T 

i:anhUHll 

BH:s:y111ee 11a :.:unr;on eTer;ne 

Bg:s:y~ee na eTei::noooe 

Il11aCia3oBall Hyr;a ( 98 1 5), HIITPaT 

HaTPllll (1,5) 

6ofi eTPOIITenhHOro eTer;na (100) 
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TaCinm.ta 2 

Co.n:eP:t:aHJle aneMeHTOB B CTaHJ]aPTHblX OCiPa3uax, Mace.% 

3neMeHT crn-1A cr-1A .. 
Ca 7,84 t0,06 0, 10 10,01 
Sc 0,0027 t0,0003 0,0005 ±0,0001 
Fe 5,8 ±0, 10 1, 14 ±0,05 
Co. 0,004 ±0,0005 0,00014.±0,00003 
Sb 0,0001 0,00013±0,00003 
Cs 0,0004 ;t0,00006 0,0012 .±0,0003 
Eu 0,0006 ±0,0001 0,00005 
Ta 0,00011±0,00004 0,0026 ±0,0006 
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PHc.1. Co~ep~aHHe Fe, Co, Eu H Cs B BH~Y!IUiX MaTepHanax. 
no OCH X: HOMep MaTepHana H3 Ta6n.4. ITO OCH Y: C - co
~ep~aHHe Fe, Mace.%; Co, Mace.%* 10-3 ; Eu H Cs, 
Mace.% * 10-4
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2, PE3YflbTATl:i l1 IIX 06CYJ:llEHl!E 
' 

AKTuaaunoHHhlfl aHanH3 no3aonnn onPenenHTh coneP::r:aHue MHK.Poane

He1tTOB1 o5ycnoannBaD~HX nonro~J.IBY~YE HaBeAeHHYE a~TUBHOCTb CTPOH-

TeJibHhlX l'taTePllailOB. KPOMe eBPOilHSI, Ko6anbTa " ue3llSI·, onPe.QeneHl:il 

KOHUeHTPau1111 ·aneneHTOB, PannouyK.nll,nhl KOTOPblX C nePHO,[lOM nonypacna-

11a Cionee 40 /1Hef1 Oblnll II/ICHTll¢IILIUPOBam,r B H3MePeHHblX cnei::TPax. 

Co.a;ePzattue XHHllt..IeCKIIX aneMeHTOB Bbl4HCllSlfl0Cb no Pa.QHOHYKflHJJ;aM, 

SIAePHble xapai;TePIICTllKH KOTOPblX nPHBeACHbl a Taein.3 /14/. 3TH AaHHble 

11cnonb30Ba3lfCb TaKxe IlPH pacqeTax YAenhHOft aKTHBHOCTU MaTePHanoa. 

OnPenerreHHble B pe3ynbTaTe aHaITH3a KOHUeHTPauint XHMHt.teCKHX ane

HeHTOB n nccn:e.a.:,eMblX HaTePnanax IlPHBeJl,eHbl e Ta6n.4. 

HanMeHbWlfe KOHUeHTPauiu1 HHTePeCYIOIItUX Hae aneMeHTOB 3aPerHCTPU

POB0.Hbl B BblCOKornnno3eMHCTOM ueMeHTe, HaltlJOJlbblHe - B BSl:EY11teM Ha :a:un

KOM CTeKrre. KaK B11.ll,HO 113 Pltc.1, Pa3JIH4He 9THX MaTePHaJlOB no co,o;epxa

HIIIO eBPOOIISI COCTaBnSleT 33 Pa3a' KOCianbTa - 45 Pa3' I.tC3HSI - 38 Pa3 I 

a 1::ene3a - 14 Pa3. KonueHTPaU,JHt 9THX Xl-lMH4CCKllX aneMeHTOB t Aa::ce B 

HaTePUa!IaX, OTHeceHHblX K OJl,HO.A: rpynne, OTJUfltaJOTC SI - B nocTaTOI.IHO hIHPO

KIIX nPenenax. TaK, JlITR IlOPTJlaHJl,UeMeHTOB Pa3HliX 3aBO,IJ;OB Pa3nH4Ue no 

conePzaHH~ ~ene3a cocTaanSieT not.tTH 10 Pa3, x:oOanbTa 

LIC3IISI - 14 Pa3. eBPOOIISI - Cionee 2 pa3. 

22 Pa3a, 

B CUPbeBblX KOMOOHeHTaX Jl.]ISI IlPOH3B0,llCTBa IlOPTnaHnueMeHTa MaKcu-

}laJILHOe KOIIH4:eCTBO CKaH,llHR, ue3HSI, eBPOilllSI It TaHTana coneP:l:HTC SI B 

rnnae, a :1:ene3a, KoCianhTa u CYPhMU - B x:onqe,o;attuux oraPicax. KoHueH

TPD.UHSI 3THX aneMeHTOB B Meny H rnnce 3Ha4HTeflbHO HHXe, '-leM B rnHHe 

ll KOJlY:e,QaHHblX oraPKax. BMeCTe C TeM CO,QePJ::aHHe KaJlblUUI B Meny H 

r11nce B HeCKOJlbKO Pa3 BNMe, 4eM B rnHHe H KOJ14enaHHblX oraPKax. 

C Y4eTOM Pacxo11a CblPbCBblX J:OMTIOHCHTOB H KOHI.tCHTPaQHH B HHX 

:t:ene3a, KOOanbTa, ue3HSI ll eBPOilHSI MO:l:HO IlPOrH03HPOBaTb coneP::.:aHHe 

3TUX aneMeHTOB B DOPTJlaH.QUeMeHTOM KflHHKePe. CpaaHeHHe KOHUCHTPaun:A: 

XllMUY:eCKHX aneMeHTOB B IlOPTnaH.QLteMeHTOH KJlHHKePe, nonyt..1:eHHUX B Pe-

3YJibTaTe PacqeTa " 3KCDePnMeHTanbHblX ,naHHUX, DPIIBe,a.eHO a·· TaGn. 5. 
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Ta61rnua 3 

51.aePHhle xaPaKTePHCTJ.IKH PannoH¥Knnnoa ' I I CT\ o, l..{'\ '-V t--t r- ...,... en tn o a l.l"' I N 
ct," N..;;f-U"\--d"Ln\.DN('r"'.(n tncnU"\NN Do 

=-t .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. • 
-q- - DDDDONODD ODDNc:, f'-C) 

Pa11tto- PacnpocTPa- IlePH0/1 113otteP- Ce•rntt1<e Pe3ottanc- 3nePr11S1, 
0 

HYJCfllfJ:t HeHHOCTb nony- Hoe co- aKTHBa- Hhlfl llHTe- k3B, II IIHTeH- [ 
'O 

MaTePHHCKO- pacna- CT0S1Hne unn Te- rPan, Io, CJ.fBHOCTh :::_ I I C'J N f-t en r- ..;;t- lJ'"\ a N I a r- ...... Ln' N I~ ~ 
ro HYKJJU!(a, na D110Bhl'HH (j auanHTH4ec- &l C"; _J' _; ~ (',; __J _J' N N _; ~ ~ ~ ~ Q Q 

% nel'ITPo- 1<01'1 ra~ma-

natt11. 6r, nnmrn '% ~ 
6 

':! 
I -<r r--en '° I __,. en I c--, ,CJ? tnr-r-r-.,_.CT\\..OG'\N Dtr\O"o:J-.;;t- f-tC) ...., .. .. .. .. .. .. .. .. .. .. .... ,.. .. .. . 

CJf-tCT\~NDDf-tD NDt--tt--tc, t--tc, 

41 Ca 96,94 1;3• 10 5 0,41 0,22 **, 1" 
-o 

neT ~ I .o I Lf'\ ...;;t- CT\ \.,('! m r- w L""' N I r- uy CY\ °' LJ"'\ I N ~ 
45 Ca 2,08 165 )lH. 0,88 0,56 *** "'J Cll ~~ii ci °' \..0 _; ,_:- N ~ _; °' ~ ,_:- 0 

u 
47 Ca 0,003 4,54 JlH• 0,74 0,32 1296,9(74) g 
16 s6 100 84 nu. M+G 21,2 11,5 889,2(100> x 

0 

55 Fe 5 8 2 7rona 2 25 1 2 ** .., a ...... '° '° -<T en °' en ..,, I'- I"' ~0 
...... 00 '° 1 ...... ""' ' , ti-\ , ' C, .. .. .. .. .. .. .. .. .. .. .. .. .. .. • 

s romr-t--troroNt--tN rot--tLn □ N en 
59 Fe* 0,31 44,6 )lH, 1,28 1,4 1099,2(56) g- ~ ,_, N lI"\ N ,_, ,_, ,_, ._.. ._.. ._.. ._.. 

I- <C 

60 Co 100 5,27 rona M+G 37,45 71,1 ·1332,4(100) ~ ~ 
di' w 

124 Sb 42,7 60,3 AH• G+0,8 4,145 128 1691,0(47,7) ~ i ~ "";.~~>-;.";.~CC;."";.~ I";.";.>-;.~'-';. ,q~ 
Ml+0,8 g!., w f--tCT\CT'\CT\cY"\t--tNi---tD 1----4(',JCT\Nf.--.-t DD 

""' s 
M2 ~ ~ 

CJ SE 

134 Cs,- 100 2,05 ro)la M+G. 29,0 442 _795,8(85,4) ~ g:; I I -<r 
U \OOOC00'\\.00'\\Dr-\.O r"-cY"'I\D\Dr"- l.f'\(Y'\ 

152 Eu* 47-;77 12,7 neT G+M2 5939 -3552 1407,5(20,9) co Cll ~rnoor:,.:,_:-~_;en oo~cocom ,_. o 
ID ...... C'-1 N 

15-t Eu 52,23" -8,5 neT 603 3414 1274,3(35,5) ::: 
.. ::c: 

182 Ta! 99,99 ·115,1 )lH: M+G 21,5 7p 1221,4(27,3) I .-:_ 
c_ * 
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IlocTaTOt.JHaSI cxo.r:u-tMOCTb Pe3YIIhTaTOB pac1...1€'THOro II 3KCnePIIMeHTaJib

HOf'O onPe.r:teneHHSI KOHl.leHTPau,n1 aneNeHTOB B noPTJlaHnUeMeHTHOM KfllfHKe

Pe Il03BOnSleT C.r:tenaTb BlilBO.U O TOM, '-ITO ero XIHHl4eCKlt(I cocTan ITPaKTll-

'-leCKH IlOITHOCTbll oOycnosneH llCXO.[lHbltHf KOMilOHeHTaNH CblPbeBO(f cttecu. 

HCXOJ:{SI 1-13 3TOro, npoeKTIIPOBanne BSl:t:Y~HX NUTeP11anoa ,IlflSI t:.ieTOHOB 

Pa;::utal.lllOHHOi"I 3ald:HThl PeaKTOPHblX :/CTaHOBOK HO:t:HO OCYirleCTBflSlTb Ha 

OCHOBaHIIH naHHblX O Xl-lMHl.JeCKOM COCTaBe ChlPbeBlilX KOMflOHeHTOB ,UI1SI lfX 

IlPOll3B0JlCTBa. 

3 • 0ITPEnEnEHllE _ HABEilEHH0fi AKTIIBH0CTll MATEPllAn0B 

8 naHHOM pa3,aerre nPHBO,USITCSI Pe3JflbTaTbl pac'-leToB y.nenbHO(t aKTIIB

HOCTll NaTePU3.flOB I 06n:11--1eHHblX TenJJOBblMH Hei'rTPOHaMll C e;J.HHll4H01~ nnoT

HOCTLlO no To Ka. 3TO C nenano illlhlb C uenb10 onPe,l].eneHJISl JlOMIIHIIP;:{IOl!IIIX HY

KJlll)lOB B o5JIYl.leHHblX MaTePHanax, a TaK,r.e nnst cPaBHCHIISI 3TJIX MaTePHa

JlOB no YPOBHIO YJ:teJlhHOA aKTHBHOCTll. 

Il;isi onpe,aeneHHSl CYMMaPHO'A: aKTHBHOCTII MaTePJtana HeofiXOAHHO y4H

TblBaTb neflTPOHhl KaK TeTIITOBOR. 1 TaK H Pe30HaHCHOA rpynn. llnsi Het\:TPO

HOB C 3HePrneil BlilWe Ecd., paBHOi'! 0. 55 aB B cneKTPe B11)1a 1 /E, HCUOflb3Y-

eTC SI Pe30HaHCHhl1': HHTerPan Io (CM. Ta5n.3): 

00 

t = i <c,(E) 7 
~ 

B 3altl,HTe Peai;:TOPHlilX ycTaHOBOK ll3 ot51il.JHOro GeTOHa (T.e • Ha 

3aITOJlHHTeJl.SIX THTia ll3BeCTHSIK.a t rPaHHTa t cePneHTHHHTa H T .n •) nnoT-

HOCTb UOTOKa HeilTPOHOB CE> 0,55 aB nPHMePHO B 2-10 Pa3 HHl!:e nnoT-

HOCTH nOTOKa Tennoaux Hel"t.TPOHOB. 

311ecb TaK:o:e neo5xo11nMo OTMeTHTb cne11ym,1ee. llcnonb3YeMoe B Ha-

IIIHX PaC4€'Tax ceqeHne aKTHBa1..uu-1 Ha TeOITOBhlX HeR.TPOHaX 6r CTIPaBe,[l-

mrno ):lnSI HeilTPOHOB c,E = 0,025 aB. 0):IHalCo,nPH PacqeTax cnelCTPanbH0-

3HePreT11qeci:::oro PacnPe,aeneJUISI Hel"ITPOHOB B 3ali{HTe peaKTOPOB HX HH:C-

HSBI rpynna I KaK nPanuno I HaXOAHTC SI B ,nnana30He OT O JlO O t 414 aB. 

12 

llo::->TOH;,' nPII pacqe'Te aKTIIBHOCTH Ma
0

TeP11a11oe 3a C4eT Hei's:TPOHOB .3TOik 

rl'YOllbl KOPPeKTHO 6y;tPT IICITOIIb30BaTb 6r C K03,:0¢lll'.llleHTOM O, 5. 

BPeMSI o6nyt.JeHIISI s Pac 4:eTaX TIPIIHUManocb PaOHblH 30 roJlaM, t.JTO .co

OTHeTCTB:,eT HOP~IaTIIBHOHY CPOKY cny:1:0hl PeaKTOPHhlX YCTUHOBOK. 

Ha PIIC.2 D Kal...leCTB~ IIPIIMePa noxa3aHo H3MeHeHJle BO BPeHeHH Bhl-

r,eP:t:KII ;;neJlbHOn aKTIIBHOCTII Pa,lllOHYKITll,UOB B no,PTnattnu,eHeHTe BonbCKO-

ro 3anona, 11aae~elfHOA TennonblHll HefiTPOHaHlf C en11HlfQ~on nnoTHOCTbE 

nOTOK,'). nocne 5 neT Dbli'.leP:+:Kn YJlenbIIYIO aK.TlfBHOCTb ITOPTnaH,llUet-1eHTa 

nPaKTll4E'CKII _11onHOCTblO onPenenSIJOT Pa,llllOHYKn~,[llil" ~anbUHSI, ~ene3a, 

KOfJanLTa n eBPOHIUI. 

IlPII BPeMCHII Bbl)1ep,.;1<11 Cionee 25 neT BKnaJ:1 PaJ:IHOHYKnHJ:10B eBPOUIISI 

If KaJlbl\llSI B aJ:TlfBHOCTb IIOPTJlaH]lQer-teHTa CTaHOBHTC.SI onPenenSIJOlIUIH. 

BKna,1 Pa]lJIOHYKIIHJlOB B y,uenb .. HYIO d.K.TUBIIO,<;Tb nOJ:>T.r:ia1-1nueMeHTa BonbcKoro 

30:no.aa D Te'-leune BPeHeJIII Bbl,[l~PXKII OT 1 no 25 neT nPHBe,lleH D Ta6n.6. 

1ln~ CPaBHeHU.SI 11ccn;en;,eM~X MaTC"PllanoB Ounn ITPOBeneHbl Pac4€'Tlil 

113MeHe1111S1 no BPet1eH11 Bbl,lleP:.:KII yneni.11on UKTIIBHOC'!",',' IIOPTnaH.auer-reuTa H 

era P3.3HOBH~IIOCTefl I rnn1103e1--ntCTblX ueMel~TOB II BSl~YlllllX na :l:11.UKOM 

CTet:ne It CTPOlfT("JlbHOH CTet.:1106oe. rPa4>1u:11 cnana. ynenbHOA aJCTIIBHOCTlf 

HaTePuanoa t J HaDe,llt:"HH01' TennODblMJI Hel'lTPOHaHII 3a 30 .rieT 06ny4en11 SI t 

I1PIIDC' neHbl . ua PIIC • 3. 

Pac4~Tbl noKa3an11,, 4TO Hanen~I{Hist aKTIIBHOCTb ITOPTrraHnUeMeHTa If 

ero Pa3HODll,[U-IOCTen 4ePe3 5 neT nocne nPeKPa~eHIISl 06ny1.1eHIISI HaXO.QltT-

CSI B nre11enax 1,90·10-s 5,60· 10-5 BK•r-•, a B1<naJ:1 PaJ:11toHYKn11-

J:tOB_ Y.ene3il. :B aK.;rnBHOCT~ MaTeP11ano~ aTon rpynnbl lt3MeHSleTCSI OT 8 uo 

23%, CDPOUIISI - OT 56 /:10 87%, a s:0CianbT'7 - OT 3 J:10 20%. 

Han5onee Bblf'O,[lHO OTfll!l.JalOTC SI OT noPTnaH,llUeMeHTa rnllH03eMnCThle 

ueMeHTbl. Ta~, aKTIIBHOCTb OenuToanJOMHHaTHOro UeHeUTa nocne 5 neT Bbl-

,lleP::t:KH COCTaBnSleT 7 I 75.10-e EK • r- 1 ' a BblCOXOrnHH03€'MIICTOro ueM€'HTa-

2, 86· 10-& EK•r-
1 

I 4TO MPHbllle 3Hat..teunn aKTIIBHOCTH HIIXHei'"I rPaHIIUbl 

rpynnu OOPTnannueMeHTa B 2,5 H 6,6 P0.3 COOTBeTCTBeHHO. 
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3a BPeMSI OT 1 rona no 25 JleT BhlJ:teP:.t:KJI aKTlfBHOCTh BSl:t:YI.lllX HaTe-

PltaaoB CHH~aeTriSI B 7 - 20 pa3. 

OnPeneneHue BKnana ChlPbeBNX KOHnOHeHTOD B ::,neJibH:/IO aKTIIBHOCTb 

nOPTnaHJlUeHeHTa 6enroponci::oro 3aaona OC:JIIlf'CTBJISIIlOCb C Y4~TOH IIX 

cPeattero pacxoaa. KaK noKa3antt Pac4eTN, octtoBttoR BKnaa (39 - 68%) a 

y.::i;enhHYIO aKTIIBHOCTb noPTJlaH.::i:UeMeHTa DHOCIIT rn11Ha, aKTIIBHOCTb KOTO-

POA onPene.ilSleTC SI PU.llllOHTK.!llfJldMH :ir.erte3a t Ko6aJ1bT~1 II eBPOflll SI. BKna.n 

KOJIYe.naHHhlX oraPKOB CHJr:t:aeTC SI C yaen114e1-111eH BPeHeHII Bhl,[leP:~KII C 22 

..lO 2%. ~-¾TO o5bS1CHS1eT·cs:1 TeM, 4TO aaeneHUe oraPKOB B COCTaB ChlPbeson 

cMeCII o6ycnoannaaeT yaen11t.teH11e co,o,eP:t:aHnSI o neft :Kene3a, Pan110Hy-

K."111..l KO To Poro 11:.reeT neP11on nonyPa.cnana 2, 7 ro.o:a. 

Men, Pacxon KOTOPoro a ChlPbeaofl ct~c11 cocTaanSieT 75-80%, a oc-

HOBHOM 3V. C4eT a.F.TlfBHOCTII pan110H:,/KilHllOD eBPOfllfSI H KaIIbUHSI Ha 20-38% 

onPe~PnSieT aKTIIBHOCTh noPTilaHnuetteHTa Ha [lPOTR~e~tlf 1 -25 neT Bbl-

,:J,f"P:tKII. LIP;Jrlfe MUTePU;J.JlU I ucnonb3:JeMhle nPli flPOlf3BO,ACTBe ueHeHTa B 

aune ,'.I05aBOK I nP1tMeHS1eMblX ~ KOJlllt.tec TBe I He nPeBbllllaJO~eH 3% no Hacce I 

He OKa3UBa~T c:,~eCTBeHHOro BfllfSIHIISI Ha XlfH114eCKllfl cocTaB TTOPTnaHnue

MeHTa, a cne,o:oBaTe11bllO, i1 Ha ero :,aenbHym aKTUBHOCTl,. 

no.Jyt.teHHble 3KcnePJ.tHeHT3.JlbHhle pe3:/JlbTaThl no3BOITHI1ll oueHIITb BJ111-

SHtJte nu;ia Bs:l:&:yl:UIX Ha.TePJiarroB Ha JlOrtrO:t::IIBYhlYIO HaBe,QeHHYIO aKTIIBHOCTL 

f5eTUHOB. Ha PIIC. 4 IlOKa3aHa ~aBHCIIMOCTb aenut.JHHbl naae,neHHOfl aKTIIB-

HOCTII 6eToHa ua ll3BeCTIHIKOBOH 3anoJIHIITene * OT Bl!Da 11cnonh3yeHoro 

B~~::,t{ec·o. Ta.M :.r.e ,;].'ISi cpanneHIISI IlPHDe!lC'Hbl Pe3:/11bT:J.Tbl Pact.tCTa naae

,,:::i:eHHl'.)t'I 8.KTHBIJOC.TJI 6eTOHi.J. Ha cepneHTHHlfTe 11 noPTJJattnueHeHTe. KaK BU,O,

HO 113 PHl'.:~/HK,J., :J'~{'.'lL,ll,J.~ ,J.KTJIBJIOCTl, CieTOHOD 11a TIOPT .. 'lcl.lHtIJ;eHeHTe If era 

PJ.'."H-JOBlf,,'.l;IfOCTRX 113HellSH."TC !-1 HC' fionee Yf"M B 2 p;J.3,"'.l " nPeBbllllaeT Y.r:tenh-

fl~/IO ;J.KTIIBHOCTL 6eTOH,J. J-li":a. BblCOKOrnHH03et-UICTOM ueMe11Te no 5 Pa3. 

*) 

.. 1.J.HHbU:~ nr1 CO[lePXiJ.IHIIO Xlf!ill'·H~CKIIX 311€-HeHTOB n H3BeCTHSIKe " 

cePOC'flT.illlllTe B3SITbl 113 Pa6oTbl /9/. 
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103 PHc. 2. li3MeHeHHe BO BpeMeHH 
BbU!ep~KH aKTHBHOCTH Pa.IlHOHYK
nHAOB B nopTnaH.I.UeMeHTe Banb
CKOro saBC>,Ila nocne oonytieHH.11 
B TeqeHHe 30 neT ,IlOTOKOM Ten
noB~X He8TPOHOB e.rtHHifqHo8 
nnoTHOCTH. no OCH X: BPeMJI 
BbU!ep~KH B roAaX. no OCH Y: 
YAenbHa.lI aKTHBHOCTb,BK * ·r-1 • 

'I I 
108 I \ ~ 

16 9 
~. ' I \ I • IX: I I 

1010 
I I I I \I \ \ I II I I 

0.1 0.2 0.5 5 10 20 30 

10-5 L'....., ... ~ I -1 ~Ill 

10-S L I I "-. I 

10-7 1 __ _L._L_ 
5 10 25 

a 

6 
PHc.3. MsMeHeHHe YAenbHO8 aK-_ 
THBHOCTH BH~Y!I1HX MaTepHanOB 
nocne oonyqeHHH B TeqeHHe 'JO 
neT IlOTOKOM TeIIJIOB~X He8Tpo
HOB e;:ufHHqHO8 IIJIOTHOCTH. no 
OCH X: BpeWI Bbl,IlepJKKH Bro
AaX. no OCH Y: YAenbHa.lI aK
THBHOCTb, BK* r- 1 • 1 - B.II
l!CYIIlee Ha ~H):lKOM CTeKne; 2 -
nopTnau,ru~eMeHThl pasllblx saBo
AOB; 3 - oenHTOaruor,n!HaTHbl8 
UeMeHT; 4 - BIDKY1I1ee Ha CTpo
HTenbHOM CTeKJio6oe; 5 - B~
COKOrJIHHO3eMHCTh18 ueMeHT; 
a) nopTnaH.I.ueMeHT KaMeHeu
noAonbcKor.o saBC>,Ila; 6) oeJ!bl8 
nopTnaH.I.UeMeHT. 
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Pnc.4. 3aBHCHMOCTb YAenhHOfi 
aKTHBHOCTH oeTOHa OT B~a HC
llOJib3YeMb1X BHJKYJIIHX MaTepna
noB, oonyqeHHoro rroToKoM Ten
noBux HefiTPOHOB ~HHHqHofi. 
nnoTHOCTH. no OCH X: BpeMH 
Bl,1,IlepJKKH B roAaX. no OCH Y: 
~enbHaH aKTHBHOCTh,BK * r- 1 • 
1 - oeTOH Ha cepneHTHHHTe n· 
nopTnaimueMeHTe; 2 - oeToH Ha 
H3BeCTHHKe H JKHAKOM CTeKne; 
J - oeTOHU Ha H:JBeCTHHKe H 
nopTna~ueMeHTax pa:iH~x :iaBo
AOB; 4 - oeTOH Ha H:JBeCTHHKe 
H BUCOKornHHO:JeMHCTOM ueMeHTe. 

4, 3AKflDqEHHE 

Pes:,nbTaTbl nPOBe)leHH08 Pat'ioTbl noi::asann, 4:To )lonrox,rn:,l!la!I HaBe-

,QeHHaSI aKTHBHOCTb BSI%YI4HX MaTePHanoB H 15eTOHO~B Ha nx· OCHOBe, TIPHMe

HSICMhlX B 3aI4HTHhlX KOHCTPYKUHSIX peaKTOPHhlX ycTaHOBoK, nocne oDnyQeHHSI 

B Teqemie 30 neT H Bbl)lerxi::n Cionee 1 ro)la ofiycnoBneHa ·Pa)lttoH:,i::ntt)laHH 

i::anbUH!I, xenesa' i::ot'ianbTa' eaponHS1° If Ue3H!I '. 3TH Pa)lHOHYl:flH)lbl ofiPa-

3:flOTC!I no (n,t)-peaiumt no)l )leflcTBtte'H TennOBblX H Pe30HaHCHblX Hel\TPO

HOB Ha H30TOnax OAHOHMeHHUX XHMHQCCKHX aneMeHTOB. no MePe yeenHt.te-

HHSI CPOKa Bhl.i:tCPXKH ~x:nan: Pa,[:UIOHYKflHJIOB eBPODHSI H KaflbUHSI B aE:THB-

HOCTb BSl~Yl4HX MaTePnanoB B03PacTaeT. 

Pasfipoc KOHUeHTPaunn Kanbuna, xenesa,i::ooanbTa, eaPon11S1 n uesn!I 

B HccneJIOBaHHblX BSIXYIIUIX MaTePUaJTaX ,QOCTaT04HO aenHE: 1 ecneLICTBUe 

'lero HX YlleflbHa!I HaBe)leHHa!I aJ::THBHOCTb HoxeT Pa3flH'laTbC!I B 20 - 30 

Pa3. HanMenee aKTHBHPYCMhlMH H3 paccMaTPHBaeMblX B HaCTOSlh{eA Pa6oTe 

BSl%YJ4HX MaTePHanoB SIBnSlmTCSI rnHH03eMHCThle ueMeHThl. HaH~OflbhlaSI ynenb-

HaSI al:THBHOCTb 3a41HKCHPOBaHa B BSl::Ey~eM Ha OCHOBC ::l:lfAKOro CTex:na C 

HanonHUTeneH us )lna5asoaon HYKH. 

Bsi::a:y~ue MaTePHanhl Ha OCHOBe IlOPTnaHnUeMeHTHoro KflHHX:ePa OTflH4:a

ETC!I llPYr OT llP:tra no YPOBHIO HaBe)leHHOI\ al:THBHOCTH )lO 3 Pa3 

(cM,P~c.3). MttHHHanbHa!I aKTHBHOCTb a STOA rpynne HaTePnanoB y Geno-
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ro noPTnan;:u.teHeHTa, 

no~onLcKoro 3aaona. 

r-tat::CIIManLHaSI 

YcTaHonnetto, 

y noPTnaH.O:UeMeHTa KaHeHeu-

'!TO OCHOBHOfl BKnan (75-95%) a 

.'1.KTIIDHOCTb OOPTIJl\llJlUeHeHTa EenrOPOJlCKoro 3aaona BHOCSIT rnHHHCThln H 

KaPCiOHaTJILU"f KOMOOHeHTbl CblPbenoi"I CMeCU • UoHU311Tb HaBe,QeHHYIO alCTHB-

HOCTL noPTJiannuer-teHTa MO:f.:HO nyTeM Bblflopa CblPbeBblX MaTepuanoB nnst 

ero nP0113BO;:tCTDa I IIMeJOW,IIX B CBOCH COCTane HeHbhlee COll~P:a:aHue ::a:ene3a 1 

J::oOanLT.'.l II eBPOITIISI. 

BuC'ioP nOPTna11nue1-1el1Ta C HaHHeHbWJ,fH COJlCP:t::aHIICH :t:ene3a. t::o5anb-

Ta II eBPOOUSI no3nonsteT .no 2 Pa3 Cllll31-1Tb HaseneHHj'IO aKTIIBHOCTb GeTo

na. nPnMeHCHlle B i::at..teCTBC BSl.~YtJ.t?ro BhlCOKOrIIIIH03eMHCTOro UeMCHTa M0-

1:eT YMeHbhUITb UKTIIBHOCTL GeTOHa ,QO 5 Pa3 no CPaBHeHHKJ C CieTOHaMII Ha 

noPTna11nueMettTe. . 
IlnSI OKOH4il.TenbllblX DhlBOJlOB O uenecoor5Pa3HOCTlt Bbl60Pa IICXO,llHblX 

MaTeP11anon JlflSI 6cTOHOD pa,t111a1u1ollHOli 3Uhl,lfTbl Heo6xo.u1n10 IlPO,llOfl:l:IITb HC

C nenoBaHHSI BSD:;/tJ,JtX HaTePIHlIIOil na OCHODe rn111-103er-n1cToro ueMeHTa, rnn-

C i.l. JI :UI.UKOro CTeKna, a Tcl.KXe CblPbf"BblX KOMTIOH('J-ITOB JlflSI. TIPOl,f3BOJlCTBa 

HOPTJtaH.J,UeNeHTa. 3TO Il03BOlllfT IlPOr'II03llPOBaTb 06beM II aKTIIBHOCTh OT-

xo.non II Pan11au110HHYJO na.rPY3KY Ha nepconan PC'aKTOPHhlX YCTUHOBOK ITPH 

C IHITJIII IIX C 3K.CIUI;/dTUl.UIII. 

Ha CTa,11111 ITPOCK.TIIPOBaHIISI PeaKTOPl-lblX JCTaHODOK cne,[lyeT ocyw,ecT-

n'n~Tb RblUor Mi.lTE"PIIUJIOD ,UJHI 3ahlHTHhlX KOIJCTP:/KIUII) C Y4eTOH 

LU1ll B HUX TaKIIX ~HieMeHTOB, KUK K.aIIbUllO, :t:ene30, 
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6a60WHH H.r. HAP- 18-90-182 
~ccneAOBaHHe aKTHBa41111 BR~YlllHX Marep11anoe 
AflR 6eTOHOB paA11a4HOHHOH 3a~HT~ peaKTOPH~X ycraHOBOK 

-npeACTaBneH~ pe3ynbTaT~ HccneAOBaHHR aKTHBa41111 BR~YlllHX MaTep11anoe AflR 
6eTOHOB 3a~HTH~X KOHCTPYK4HH peaKTOpH~X ycraHOBOK B acneKTe npo6ne~ CHR
THR HX C 3Kcnnyara41111. noKa3aHo, YTO AOnro~HBY!llaR HaBeAeHHaR aKTHBHOCTb· 
MHHepanbH~X CTPOHTenbH~X Marep11anoe nocne o6nyYeHHR B TeYeHHe 30 neT He~
Aep~KH 6onee 1 roAa onpeAenReTCR paAHOHYKflHAaMH Kaflb4HR, ~ene3a, K06anbTa, 
4e3HR H eeponHR. MeTOAOM HeHTPOHHO-aKTHBa4HOHHoro aHaflH3a onpeAeneHa KOH-
4eHTpa411R 3THX 3fleMeHTOB B BR~~x Marep11anax H c~pbeB~X KOMnOHeHrax, HC
nonb3ye~x AnR HX npOH3BOACTBa. YcraHoeneHO, YTO BHA BR~y~ero Marep11ana 
B 3HaYHTenbHOH Mepe BflHReT Ha aKTHBHOCTb 6eTOHOB paA11a4HOHHOH 3a~HT~. 
np11 npoeKTHPOBaHHH peaKTOPH~X ycTaHOBOK B~6op MaTep11anoe AITA 3a~HTH~X KOH
CTPYK4HH He06XOAHMO ocy~eCTBflRTb c yYeTOM KOH4eHTpa41111 B HHX TaKHX 3ne
MeHTOB, KaK Kanb411A, ~ene3o, Ko6anbT, 4e311A 11 eepon11A. 3ro no3eonHT npor
H03Hpoearb 06beM H aKTHBHOCTb OTXOAOB H paAHa4HOHHY~ Harpy3KY Ha nepcoHan 

- peaKTOPH~X YCTaHOBOK npH CHRTHH HX C 3KCnnyara41111. 
Pa6ora e~nonHeHa e fla6oparop1111 HeArpoHHoA ~H3HKH O~~~-

IlpenpHHT O61>1!,llHHeHHOro HHcnrrym RJtepHblX HccneJXOBaHIW. J{y6Ha 1990 

(JepeeoA aeropoe 

Babosh in et al. 
Activation Studies of Concrete Binding Agent 
Ingredients Used for Nuclear Radiation Shielding 

18-90-182 

The results of activation studies of concrete binding agent ingredients 
for shielding structures of nuclear installations in the aspect of their 
deconvnissioning are given. It is shown that for the long-lived induced 
radioactivity of construction mineral materials irradiated for 30 years 
and cooled for more than one year such radionuclides as calcium, iron, co
balt, caesium and europium are responsible. Elemental content of the bin
ding agent and raw material components for their production is obtained 
with neutron activation analysis. The results show that the type of the 
binding agent influences to a great extent the concrete shielding activi
ty. The concentration of the above mentioned elements should be taken in
to account even at the stage of nuclear power plants design. It would al
low one. to make prognosis on the volume and radioactivity of wastes as 
on the radioactivity effect suffered by the stuff engaged in the decom-
missioning.,, · 

The•investigation has been performed at the Laboratory-of Neutron 
Physics, JINR. 
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