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B aTOMHO OTpacnn CnoXunach CUTyalus, Korga 0fHOBPEMEHHO UAYT [Ba
Ipollecca: IPOeKTUPOBAHUE U COOPYIKEHNE AEPHBIX YCTAHOBOK HOBOT'O IT0-
KOJLEHUS W BHIBOA W3 3KCIUIyATAllUU YCTAHOBOK ITEPBLIX ITOKOJIEHUIA.

[lns BCEX TUIIOB YCTAHOBOK OONbIIOE KOJIMUECTBO PAlNOAKTUBHLIX OTXO0B,
obpasyomuxcs Ha CTafiuy BHIBOZA U3 SKCIUIyaTalluy, OTIPeNeIfAeTcs HaBe-
IEHHOW aKTUBHOCTbIO KOHCTPYKLUUOHHLIX U 3aLUTHBIX MaTepuasoB. Bax-
Helure XapakTepUCTUKOW, OITpefienslonlel ypoBHU HaBeeHHON aKTUBHO-
CTW, ABJISIETCS COQIEPIKAHUE B UCXOLHBIX CTPOUTENBHEIX U KOHCTPYKLMOHHBIX
MaTepuanax aKTUBAlIMOHHO-OMACHLIX 3JIEMEHTOB, PUUEM UX COTEPKAHNE B
OJIHOM ¥ TOM e MaTepuaje C Pa3HbIX MECTOPOXKAEHUN MOXKET OTANYATLCA
Ha OAVH — ABa mopsaaka. MHbopMaums mo copepKanio akTuBalMoHHO-0Tac-
HbIX 3J1eMEHTOB B MaTepuanax pagualMoHHON! 3a1UTHl pa3po3HeHHa U He-
LOCTYIIHA AJ1A IIPAKTUIECKOT0 UCII0Nb30BaHUA.

ITens paboTs cocTosna B 060CHOBAHUU HEOOXOUMOCTU U MPAKTUYECKOM
obecrevyeHUn MacmopTM3alUN COCTAaBOB KOHCTPYKIMOHHBIX U 3aUTHLIX Ma-
TEePUaoB [/ MPOEKTUPYEMBIX, IENCTBYIOUX U BEIBOAUMbIX U3 3KCIULYa-
TalUU AEPHBIX YCTAHOBOK.

[Ina uccnepoBanus 6bIM BLIOpaHLI TPU cocTaBa beToHa. Konuenrpauun ax-
TUBALMOHHO-0IACHLIX 371EMEHTOB ObIIU OMIPe/le/ieHLl, B OCHOBHOM, C UCIIOJb-
30BaHUEM METOZA UHCTPYMEHTAIbHOTO HENTPOHHO-aKTUBALMOHHOTO aHaNu-
3a. PacueTst mpoxoXpeHns HENTPOHHOTO U3NYIEHUA Yepe3 MaTEPUATLLL 3J1e-
MEHTOB PeakTopa U KOHCTPYKUUU OUOJIOTUUECKO 3allUTHl BHITOJIHEHH B
opHOMepHOW reoMmeTpun no nporpamMmme ANISN. Cnou B pacueTHO Mozenu
MIPUHATHL B CJle[ly101lle TTOC1ej0BATE/IbHOCTU: aKTUBHAA 30Ha, BHITOPOLK],
11aXTa, BOAA, KOPIIYC, 3a30p, TEIJIOU30NALUsA, 3a30p, 6eTOHHAA LIaXTa TOJN-
LIMHON 2M, BHIONHAWWAA GYHKLUN OUOIOTUYECKOI 3aUTHL. AKTUBALUA
0eTOHHO WAXTH paccunTHiBanach mo nporpamme CONRAD ¢ 6ubnnoTtexoit
cevenun ORIGEN.

Pe3ynbTaThl 03BOAIOT OL€HUTb YPOBHU HaBEEHHOW aKTUBHOCTU B MaTe-
puaine B 3aBUCUMOCTU OT BPEMEHU 06/1yIeHUs, 00bEMbL Y KJlaCChl Pafinoak-
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TUBHBIX OTXOZ0B, & TaKXe UX U3MeHEeHUe BO BpeMeHHOM [iuala3oHe Bhlep-
XKu oT ogHOoro ropa no 1000 ner.

YcraHoBnEeHO, YTO HaBefleHHAA aKTUBHOCTb PaiMaliUOHHOM 3aWUTHL (ITPU
IIPOYNX PABHLIX YCIOBUAX) 3aBUCUT OT PEANbHOTO COLEPKAHUA aKTUBAUU-
OHHO-OITACHLIX XUMUYECKUX 3J1eMEHTOB B COCTABE 3alUTHLIX H€TOHOB, B TOM
yuciue Ha ypoBHe «cnenosy. Ilokaszano, 4To HefoyyeT BAUAHUA TaKUX 3J1e-
MEHTOB MOXET MPUBECTU K HEeJl001leHKaM 00'beMOB Palu0aKTUBHBIX 0TXO-
LOB U UX KaTeropum.

[lonyyeHHbe pe3ynbTaThl MOATBEPANIN HEOOXOAUMOCTb MACIIOPTU3ALUN
3J1eMEHTHOTO COCTaBa KOHCTPYKLMOHHLIX U 3alUTHLIX MaTepuanos. Chop-
MYJIUPOBAHO IIPEL0XKEeHWE BO3MOXHOI0 HaKOIleHUA uHQopMaLum, CTpyK-
Typa ¥ COAEPXKaHWe MACIOpPTa Ha XUMUYECKU COCTAB 3alUTHLIX U KOHCT-
PYKUNOHHLIX MaTepUaloB ALEePHLIX YCTAHOBOK.

KnioueBble cnoBa: sgepHble yctaHoBkM, 6noku AIC, BbIBOA U3 IKCNIyaTaLWK, HABELEH-
Has aKTUBHOCTb, PAafIM0AKTUBHbIE OTXO/bl, OETOHHAA PaaMaLMOHHAsA 3aLKTa, NacnopTM3aL .

Mopn neicTBMeM HENTPOHOB, rEHEPUPYEMbIX AaKTUBHOW 30HOI peakTopa, 06opynoBa-
HWE, KOHCTPYKLMOHHbIE U 3aLLUTHbIE CTPOUTENIbHbIE MaTepuabl CTAHOBATCA PafMOaKTUB-
HbIMU. Ha cTaguu BeIBOAA M3 3KCNNyaTaLMm AAEepHBIX YCTAaHOBOK TaKMe KOHCTPYKL MUK AB-
NAIOTCA OCHOBHbIM UCTOYHWUKOM papnoakTueHeix otxofos (PAQ). Cneuudukoin Takux PAO
ABAAETCA TOT (DaKT, YTO OHM He Ae3aKTUBMPYIOTCA.

[ns 6nokos A3C ¢ pa3nnyHbIMK TUNAMU PEAKTOPOB M AN UCCNEA0BATENbCKUX peak-
TOPOB OCHOBHbIMU aKTUBUPYEMbIMU KOHCTPYKLMAMM U MaTepuanamu ABAAIOTCA KOpNyC pe-
aKTOpa, BHYTPUKOPNYCHbIE YCTPOINCTBA, METANIOKOHCTPYKL MK, rpacduToBas Knagka, be-
TOH W XXeNne306eToH.

Mpobnema akTMBALMM 3aWNUTHBIX MATEPUANOB, 060PYA0BAHNA U 3TEMEHTOB KOHCTPYK-
LMt AnepHbIX YCTaHOBOK JOCTAaTOYHO X0poLwwo u3yyeHa [1 — 10]. HaBegeHHas aKTMBHOCTb
3aBUCUT OT paguaLmnoHHO-(U3NYeCKX NapamMeTpoB AfEPHOI YCTaHOBKM, BKIKOYAA NNoT-
HOCTM NOTOKA U 3HEPreTUYecKuii CNeKTp HETPOHOB, XMMUYECKUIA COCTAB NOLBEPXKEHHOTO
006/1y4eHNI0 MaTepuana, BEIMYUH COOTBETCTBYIOLWMX CEYEHWNIT aKTUBALMM, BPEMeHU 001y-
YEHUA U BbILEPXKKN U T.4.

MpK NpoYnX paBHbIX YCIOBUAX YPOBHU HaBeEHHON aKTUBHOCTH OyayT onpenensTb-
CAA XMMUYECKUMU INEMEHTAMM, MPUCYTCTBYIOLMMU B COCTABE KOHCTPYKLMOHHbIX U 3aLuUT-
HbIX MaTEPMUANOB B Ka4eCTBE OCHOBHbIX (MacCoBOE coaepxaHue B MaTepuane bonee 1%),
npumecHbIx (c cogepxxaHuem ot 0,01 go 1%) u cnefosbix (¢ copepxanuem meHee 0,01%
no macce).

N3 nuTepaTypHbIX UCTOYHMKOB [1 — 3, 5] U3BECTHO, YTO KOIMYECTBO TaK Ha3blBAEMbIX
aKTUBALMOHHO-0MACHBIX 3/IEMEHTOB, Ha U30TOMAX KOTOPbIX 06PA3YIOTCA AONTOXKMUBYLLNE
PaAMOHYKAMUAbI, OTPAHUYEHHO: /15 METANIOB — 3TO XKene30, K0banbT, HUKeNb, KOOANbT;
ANA rpaduTa — yrnepoa, NUTuii; ans 6eToHa pagnaunMoHHO 3aWuTbl — TUTUR, XKeneso,
K0OanbT, eBpONUiA, KanblLnii, Le3nii, HUKeNb.

KoHLeHTpaumsa B KOHCTPYKLMOHHbIX U 3aWMUTHLIX MaTepUanax Takux 3NEMeHTOB, Kak
€Bponuii, KoGanbT, Le3nin, HUKeNb, NUTKIA, yrnepoa coctasnset 1072 — 107% npoueHToB
no macce. CofepxaHue KanbLua 1 xenesa LOCTUTAET efUHMUL U AeCATKOB NPOLEHTOB MO
macce.

Pa3bpoc KOHLEHTpaLuit NPUMECHBIX U CIEA0BbIX INEMEHTOB BECbMA 3HAYUTENEH He
TONbKO MeX[ay BUAAMU OLHOTUMHbLIX MaTepnanos, HO U Npo6 MaTep1anoB OfHOro BMAA.
B Tabnuue 1 npuBefeHbl JaHHbIE 0 pa3bpoce KOHLEHTPALMUI aKTUBALMOHHO-0NACHbIX
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XUMUYECKMUX INEMEHTOB B KOHCTPYKLMOHHbBIX U 3aLUUTHBIX MaTepUanax AfepHbIX YyCTaHo-

Bok B Poccuu, CLUA v ctpaHax EC [1, 2, 5, 8]. B kauecTBe noscHsaloweit nHbopmaLum B

Tabn.1 npuBeaeHbl AaHHbIE MO COAEPIKAHMIO TAKUX 31eMEHTOB B 3eMHoIi kKope [11].
Tabnuua 1

Anana3oH U3MEeHEeHHUs] MAacCOBbIX KOHLEHTPAaLUUH aKTUBALMOHHO-ONMACHbIX
3/IeMEHTOB B GeTOHaX U CTaNfiX PEeaKTOPHbIX YCTAHOBOK Pa3/Iu4HbIX CTPaH

[lManazoH KOHLeHTpaLuii B rpynne uccneqoBaHHLIX MaTepHanos
- (Awin = Auax), 10-*Macc%
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® 3 § "5 YrnepoaucTele Hepxaserowue
©a<
P® CLIA EC P® |CLWIA PO CLIA
Eu 13 001-44 | 011-12 (031-118 - - - -
Co 18,0 031-174 | 11-310 | 23-20 |30-120]| 115 [167-875 |229-2570
Fe 4,65 007-614 | 05-240 | 06-612 99 99 68-97 | 68-76.7
Cs 37 001-59 | 0,32-62 | 026-50 - - - -
Ca 2,96 16-39 88-35 34-29 - - - I
Ni 58 01-136 |119-870|61-260 - 093 |025-10| 88-11

3HaumuTenNbHbI Pa3bpoc KOHLEHTPALMI aKTUBALMOHHO-0MACHbIX 3IEMEHTOB U HEKOP-
peKTHOe onpefeneHne Ux CofepxaHua B 3alMUTHLIX U KOHCTPYKLMOHHBIX MaTepuanax
MOTYT NPUBOAUTbL K HEOOLIEHKE YPOBHEI aKTUBALMK U, KaK CleacTBue, 06beMOB pafmo-
aKTUBHbLIX OTXOA0B NMPU BbIBOAE M3 IKCMAyaTaLMM peakTopHbIX ycTaHoBOK [10, 12, 13].

[laHHbIi BbIBOL, NPOMUANIOCTPUPOBAH Ha NpumMepe MHBOPMaLMK 06 aKTUBALMY OETOH-
HOM pagMaLOHHOW 3aLNUTbl ANEepPHbIX YCTAHOBOK.

Ha ocHoBaHuu paboT [10, 13 — 16 ] 6bi1M NpoBefieHbl PAaCYeThbl YPOBHE HaBeeHHOM
aKTUBHOCTW 1 06bEMOB aKTMBUPOBaHHbIX PAQ ans 6€TOHOB pafMaLMOHHOI 3aLLMUTbl HA
Pa3ANYHbIX 3aNONHUTENAX MPU MUHUMANIBHBIX, CPELHUX U MAKCUMaNbHbIX KOHLEHTpaLm-
AX aKTUBALMOHHO-0NACHbIX 3/IEMEHTOB, YNC/IEHHbIE 3HAYEeHWUA KOTOPbIX NONYYEHbl B pe-
3y/nbTaTe aHann3a UX COAepKaHWA B 06pasLax U3 pa3nnyHbIX MECTOPOXAEHUI Poccun,
CLIA v cTpaH EC.

pu 3TOM NpUHATHI Crefylolne UCXOAHbIe JaHHble:

— MOTOKU M CNEKTP HENTPOHOB — B COOTBETCTBMU C laHHbIMU paboT [10, 13];

— MaTepuanbl paAnaLMoHHOM 3alnTbl — 6ETOH Ha CEpNeHTUHUTE, GETOH Ha rpaHuTe U
OETOH Ha remMaTuTe, T. €. WMPOKO NPUMEHSIEMbIE U paHee UCMO/Ib30BaHHbIE COCTaBbI AN
pagmaumoHHon 3awmtsl AIC 1 nccnepoBaTeNnbCKUX PeaKTOpPOB;

- Bpems 06nyyeHus — 50 net;

— Bpema Bblgepxku — 1, 25, 50, 100 1 1000 ner.

HekoTopble pe3ynbTaThl pacyeTHbIX UCCNefOBaHUI NpuBeAeHbl Ha puc. 1 -3 u B
Tabn. 2, 3.

MpuBeneHbl pacnpefeneHns CyMMapHOW yaenbHOM aKTUBHOCTU OCHOBHbIX AONTOXN-
BYLLMX PAfMOHYKINA0B, ONpefeNsioWnx HaBeleHHYI0 aKTUBHOCTb GETOHA HA CEpPNeHTH-
HUTE, MPU MUHUMANbHBIX, CPEAHUX U MAKCUMaNbHbIX KOHLLEHTPaLMAX aKTMBALMOHHO-0MAcC-
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HbIX 3/IEMEHTOB AN BPeMEHU BbIAEPXKMW OT ofgHoro roga go 1000 net (cm. puc. 1).
MonyyeHHble AaHHbIE COOTBETCTBYIOT aKTUBALMM NPUMNOBEPXHOCTHOTO C10s 6ETOHA, Ha-
xoaswerocs B6iM3n Kopnyca peaktopa.
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Puc. 1. PacnpepeneHne cymmapHoil YAeNbHOW aKTUBHOCTU OCHOBHbIX [ONTOXMBYLWMUX PaANOHYKNMAOB GeToHa Ha
cepreHTUHUTE NPU MUHUMaNbHBIX (1), cpeaHux (2) M MakcuManbHbIX (3) KOHUEHTPaLMAX aKTUBALMOHHO-OMACHbIX
3N1IEMEHTOB 1 BPEMEHU BbIAEPXKN OT 0fHOro roaa Ao 1000 net

[laHHble, NpuBefeHHbIe HA pUC. 1, N03BONAIT CAenaTh CNeAyioL e BbiBOLbI:

— OT/INYMEe B BEIMYMHE CYMMApHOW aKTUBHOCTM MOXET JOCTUraTb NOpsAAKa Npu pas-
JINYHBIX BpEMEHaXx BbIOePKKHY;

— NPW pa3HbIX BpPEMEHAaX BbIAEPXKMN B 3aBUCUMOCTU OT NPUHATLIX KOHLEHTPALMIN aK-
TUBALMOHHO-0NACHbIX 3/IEMEHTOB NS GETOHOB HA Pa3/INYHbIX 3aMONHUTENAX PAfNOaK-
TUBHbIe OTXOAbl B MHTEPBANE BbIAEPHKM OT 0HOT0 roaa Ao 1000 net 6yayT OTHOCUTbCS

K pa3HbIM KaTeropusam [17] B cooTBeTCTBUM C Tabn. 2.

Tabnuua 2
Kareropum PAO B MHTEepBaJie BbiAEePXKHU OT ofHOro roaa ao 1000 ner aia 6eToHOB
Ha pa3/IMYyHbIX 3anoIHUTEeNAX Npu MmuHuMmanbHom (Min), cpegHem (Mid) u makcu-
manbHom (Max) copepXaHUMM aKTUBaALlMOHHO-OMACHbBIX 3/IEMEHTOB

o . Min Mid Max
C O
8o
EE = KaTeropus oTXx0A08B KaTeropus oTXxoa08B KaTeropus oTx0A08
S o =
cE G
&= BAO | CAO | HAO | OHAO | BAO | CAO | HAO |OHAO| BAQO | CAO | HAO | OHAOQ
Cepne- lo Mo Mo Mo Mo [o [o
TUHUT - 100 | 1000 - - 150 | 1000 - 10 300 | 1000 -
(2061.7) netr | nert net | ner net | net | ner
o | [o o | o Ao Ao
[pauuT [o 60
(21456) - et 700 | 1000 - 180 | 1000 - - 400 | 1000 -
ner | ner net | ner netr | nert
Lo o | o Lo fo Ao
rgg’g? E‘:;f ﬂ;?eio 1000 | - 1111‘;3 150 1000 | - | 10 | 200 | 1000 | -
( 8) net net | nert net | netr | net

Ha pucyHkax 2, 3 npeactaBaeHbl pacnpefeneHus CyMMapHoi yaenbHON aKTUBHOCTH
OCHOBHbIX AOJITOXUBYLWNUX PaAMOHYKANAOB MO TOJNWNHE pa,D,VIaLI,I/IOHHOVI 3aWKUTbl N3 Oe-

44



M3epecTtma syszos * AgepHaa sHepreTunka °

Ne3e 2018

TOHA HA rPaHUTE NPU MUHUMANbHbIX, CPEAHUX U MAKCUMANbHbIX KOHLEHTpaLUsAX aKTUBa-
LUWMOHHO-0MACHbIX INEMEHTOB [/ BpEMEHU BbifepxKn 10 1 50 NeT COOTBETCTBEHHO.
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Puc. 2. PacnpepeneHue cyMMapHoii yAenbHON akKTUBHOCTM MO TOJLMHE 3aWUTbI NPU MUHUManNbHBIX (1), cpepHux (2) u
MaKCUManbHbIX (3) KOHLEHTpaLMsX akTMBALMOHHO-OMACHBIX 31eMEHTOB B GETOHE Ha rpaHuTe Npu BpemeHu obyyeHus
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Puc. 3. PacnpepeneHue cyMMapHoii yAenbHON akKTUBHOCTM MO TOMLMHE 3aWUTbI NPU MUHUMaNbHBIX (1), cpepHux (2) u
MaKCUManbHbIX (3) KOHLEHTpaLMAX akTUBALMOHHO-OMACHBIX 31eMEHTOB B GETOHE Ha rpaHuTe Npu BpemeHn obyyeHus

50 net u BpemeHu Bbifepxku 50 net

Takum 06pa3om, Ha CTafuM BbIBOAA U3 IKCMlyaTaLum aKTUBMPOBAHHbI COi pagua-
LMOHHOM 3alLnTbl 6eTOHA BYAET COCTAaBAATL 3HAUNUTENbHYIO TONLMHY NPU PA3NUYHBIX Bpe-
MeHax BblAE€pXKU. [puyem ¢ TOUKM 3peHns KnaccuduKkaymum, akTUBUPOBaHHBIi cloi Oy-

LT OTHOCUTBLCA K pa3nnyHbiM Kateropusm PAO [17].

B Tabnuue 3 npuBefieHbl pacyeTHbIE AHHbIE AN CYMMApHOW YAENbHON aKTUBHOCTM aKTU-
BUPOBAHHbIX OETOHOB PafMALMOHHOI 3aLUTbl AN PA3INYHBIX BPEMEH BbIAEPKKN U TONLMHbI
pafMOaKTUBHOIO €108, KOTOpbIi byaeT onpeaensTb 06bembl PAQ pasnnyHbIx KaTeropuii.
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Tabnuua 3
Pacnpeneneuue PAO no KaTeropuam no ToJilMHe 3aliMuMTbl NMPU pa3/IMYHbIX
KOHLUEHTPaUUAX aKTHBALHOHHO-ONACHBIX 3/IEMEHTOB B 0eTOHaX pagHaLlHoH-
HOM 3allMUThbIl

Min Mid Max
o
T 5 | Kareropus oTxopoe | Kateropus otxonos | Kateropus otxog0e
8 s g
£ 5 £ |2 @ o
] g |5z g E 83
ez 3|22 ol o|Z8 o
@ O g8lo|o g5l o|o sSlo | o
™ © < | @ < | & & <
£ | §|52/0|%|3|s5|0|%|5|28(%|2 |3
& |£5 £5 Iz
5 T 3T S =
= = |E =
= s
10 90 | 5020|200 | 100 |60 |20 (20| 110 {60 | 20 | 30
CepneHTUHNUT
(2061.7)
50 70 1302020 | 80 |40 20|20 90 (45|25 20
10 [ 110 |60 [ 30 [ 20 | 130 |70 | 40 | 20 | 140 | 90 | 20 | 30
[paHurt
21456
50 90 |40 20| 30| 110 | 50 | 30|30 | 120 {60 | 30 | 30
10 [ 100 |60 |20 (20 | 105 |65 )20 | 20| 110 | 60 | 20 | 30
[emaTut
35278
50 70 1302020 | 80 |40 20|20 | 85 (40| 25|20

MonyyeHHble pe3ynbTaThl BaXHbl MMEHHO ANS CTafuuM BbiBOAA M3 3kcnayataummn A3C
“3-3a 06pa3oBaHmMa 6oNbWOro KonuyecTsa HegesakTusupyembix PAO [18 — 20], cTo-
MMOCTb 3aXOPOHEHMUS KOTOPbIX OYEHb BbICOKA U 3HAYUTENbHO OTAIMYAETCA /s pa3iny-
HbIX KaTeropuii no ypoBHIO YAeNbHOM akTUBHOCTH [21].

[ins noBbllEHMA HAIEXKHOCTW ONpefiefIeHns YpOBHel aKTUBHOCTU 1 06BEMOB paamo-
aKTUBHbIX OTXO[]0B HA MOMEHT BbIBOAA M3 3KCMyaTauuu aeicreyoiux AIC Heobxoau-
MO 3HaTb B KaX[LOM KOHKPETHOM CNly4ae XMMUYECKMii (3NEMEHTHBI) COCTaB BCEX KOHCT-
PYKUMOHHBIX U 3aLMUTHBIX MAaTEPUANOB B MPUPEaKTOPHOM NPOCTPAHCTBE, KOTOPbIE NOA-
BepralTcs 06/y4yeHnio NOTOKaMu HEUTPOHOB.

OTcyTCTBME B pacyeTax cofepXaHus OTAeNbHbIX C/Ie0BbIX I1EMEHTOB UM HEKOPPEK-
THOE WX OnpefeneHne B 3alMTHbIX MaTepuanax NpMBOAMUT K HelooLeHKe 06beMa paguo-
aKTUBHbIX OTXOZ0B NPU BbIBOAE PEAKTOPHbIX YCTAHOBOK M3 3Kcnayatauuu. 31o 6yaert
BNUATb HA CTOMMOCTb UX 3aXOPOHEHMS, NPUBEAET K OlMOKaM B OLieHKax TpebyeMbix 06be-
MOB XpaHUAULY U K HE,OOLLEHKe PaAuaLMOHHOrO BO3AENCTBUA HAa NepCOHaN, HaceneHue
¥ OKpYXKaloLyio cpeay.

AHanu3 NpOeKTHOW JOKYMEHTALUN HOBbIX AAEPHBIX YCTAHOBOK NOKA3blBAET, YTO Bbl-
60p KOHCTPYKLMOHHbIX W 3alUTHbIX MaTEPUANOB JENCTBYIOUNX B HACTOSALIEE BPEMSA U
OKOHYaTEe/IbHO OCTAHOB/IEHHbIX PEAKTOPHbIX YCTAHOBOK OCYILECTBAAETCA HA CTaAWUM Npo-
€KTUPOBaHUs 6€3 AeTaNbHOro aHann3a 1 onpefieseHns UX XMMUYEeCKOro COCTaBa Ha Co-
AepXaHue aKTUBALMOHHO-0MACHbIX MPUMECHbIX U CE0BbIX 31EMEHTOB.

Mpwu BLIBOAE M3 3KCNAyaTaLMM M NOATOTOBKE K BbIBOAY U3 3KCNyaTaLUM ALEPHbIX YC-
TaHOBOK (B OCHOBHOM, 6n0koB AC 1 nccnefoBaTeNbCKUX peakTOpPOB) BO3HUKAET Heob-
XOAMMOCTb OLLEHKM 0OBbEMOB PaMOAKTUBHbIX OTXOJ0B 3a CYET aKTUBALUM, UX KNACCU-
(hMKaLMM 1 NPOrHO3a U3MEHEHUA B 3aBUCUMMOCTY OT BpeMeHU BbiaepKu. K coxaneHuto,
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MH(OPMALMM NO COAEPIKAHMIO AKTUBALMOHHO-0NACHbIX 3IEMEHTOB (Ha YPOBHe npume-
Cell U CNefoB) B MaTeEpUanax paAMaLuMoOHHON 3aLMThl NPAKTUYECKU HET U MOKa Jaxe HeT
MOHUMAHWUS, rae Takas MHPopMauus [OMKHA COOMPATLCA U XPAHUTBCA.

Cpeau cneuuanucToB no 3aluTe OT UOHU3UPYIOLLUX U3NYYEHUI YIKE AABHO COKMU-
noch ybexaeHne o Heo6Xoa4MMOCTU pa3paboTKM U BHEAPEHUS B NPAKTUKY NacnopTa Ha
XUMUYECKUN COCTAB KOHCTPYKLMOHHBIX M 3aLUTHBIX MaTepu1anos.

B nacnopTe, KOTOpbIi LOMKEH BXOAUTb B NEpeYeHb NPOEKTHO JOKYMEHTaLUK, TOMU-
MO CYIL,eCTBYIOUMX HA HACTOsILee BpEMs TpebyeMblX XapaKTePUCTUK [OMKHbI ObITb OT-
paXeHbl cneflyloliMe cocTaBnsioLme:

— MaKpOXMMUYECKMiA COCTAB KOHCTPYKLIMOHHbBIX 1 3aLMTHbIX MaTEPUANOB A1 pacye-
Ta NPOXOXAEHUA U3NYYEHUA U OLLEHKM PAfMALMOHHON CTOMKOCTH;

— MUKPOXMMMUYECKUI COCTAB KOHCTPYKLMOHHBIX U 3aLUTHbIX MAaTEPUANOB 1A pacyeTa ux
aKTMBALIMOHHbIX XapaKTEPUCTUK C YKA3aHUEM COAePIKaHMs NPUMECHBIX U CE0BbIX aKTHBA-
LLMOHHO-0NACHbIX 3/1IEMEHTOB;

— MeTO[bl M MOTPELHOCTY ONPefeNeHns CoOAePKaHUA XUMUYECKUX INIEMEHTOB.

Momo6HY0 MHPOPMALMIO MOXHO NONYYNUTL ANS MATEPMANIOB KOPMyca peakTopa 1 Me-
TaNNOKOHCTPYKLMIA, UCNONb3YA COOTBETCTBYIOWME 06PA3Lbl-CBUAETENN.

[ns 3aWuTHbIX 6ETOHOB 06Pa3LbI-CBMAETENN B HACTOALLEE BPEMS HE UCMONb3YIOTCS.
Mo3ToMy Ans AeicTBYOWMUX ALEPHBIX YCTAHOBOK HEOOX0MMO NMPOBECTU KOMMIEKCHbIE
paboThbl MO NONYYEHUIO SKCNEPUMEHTANLHOWM UHOPMALMK O COEPHKAHUN AKTUBALMOH-
HO-OMACHbIX 3/IEMEHTOB B KOHCTPYKLMOHHBIX M 3aLUTHBIX MaTepuanax u B Cbipbe ans ux
M3roToBNeHUs. Pe3ynbTaThl MCCNE[0BAHUI AONMKHBI B KAYECTBE UCXOAHON MH(OPMaLUM
BXOAUTb B BAHK [JAHHbIX M0 aKTUBALMOHHbBIM XapaKTEPUCTUKAM 3alLUTHLIX OETOHOB Aaep-
HbIX YCTaHOBOK [22].

Takum 06pa3om, Hanuyue nacnoprta 06yCIOBUT yIKE HA CTAfIUKU NPOEKTUPOBAHUS HO-
BbIX fiJePHbIX IHEPreTUYECKMUX YCTaHOBOK MCNONb30BaHME TAKOr0 XMMUYECKOro COCTaBa
KOHCTPYKLUMOHHbIX U 3aWMUTHBIX MAaTEPUANOB, KOTOPbIA NO3BOIUT NPYU UX BbIBOAE U3 IK-
cnayartauum nony4nTb MUHUMaNbHbIE 00bEMbI PALMOAKTUBHbIX OTXO[0B, YTO CHU3UT 3aT-
paTbl Ha UX KOHAWLMOHWUPOBAHWE U MOCTEAyioLee XpaHEHNE (3aXOPOHEHNE) U MOBBICUT
KOHKYPEHTOCMOCOBHOCTb AEPHO-3HEPreTUYECKOrO KOMN/IEKCA B COBPEMEHHbIX PbIHOY-
HbIX YCNOBUAX.
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ABSTRACT

Existing situation in nuclear industry is characterized with simultaneous
development of the following two processes: design and construction of new
generation of nuclear installations and decommissioning of installations of older
generations.

Significant amounts of radioactive wastes generated during the decommissioning
phase are determined both for the first and the second types of installations by the
induced activity of neutron irradiated structural and shielding materials.
Concentration of the so-called radioactivity-hazardous nuclides in primary building
and construction materials is the most important characteristics determining the
resulting levels of induced activity. Values of these concentrations for the same type
of material extracted from different geological deposits may differ by one or two
orders of magnitude. Information about concentrations of radiation-hazardous
elements in radiation shielding materials is fragmented and, as a rule, unsuitable for
practical application.

The purpose of the present study was to substantiate the necessity of compiling
and recording the data on the concentrations of radioactivity-hazardous nuclides for
building and structural materials for nuclear installations during the phases of design,
operation and decommissioning.

Three types of shielding concrete compositions were selected for the investigation.
Concentrations of radioactivity-hazardous nuclides were mainly obtained by neutron
activation technique. Neutron transport calculations were performed in one-
dimensional cylindrical geometry at the core midplane according to usual core-vessel-
shielding model of modern VVER reactor unit including 2 m thick concrete shield. Both
transport and activation calculations were undertaken using modules of SCALE system.

The obtained results allow estimating neutron-induced activation levels in the
material as the function of irradiation time, amounts and categories of radioactive
waste and their evolution during the decay time from 1 to 1000 years. It was
established that neutron-induced activity of shielding concrete strongly depends on
the actual concentrations of radioactivity-hazardous nuclides in the concrete
including ‘trace’ concentrations (other factors being the same). It was also shown
that failure to take such concentrations into account may lead to the underestimation
of neutron-induced activation levels and amounts of radioactive wastes and their
category.
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The obtained results confirmed the necessity of compiling and maintaining data
records on the concentrations of radioactivity-hazardous nuclides for materials used
in structural and shielding materials of nuclear installations. Proposals were
formulated on the potential accumulation of information, composition and formatting
of descriptors of chemical composition of shielding and structural materials of
nuclear installations.

Key words: nuclear facilities, NPP unit, decommissioning, neutron induced activity,
radioactive waste, radiation shielding concrete, descriptor.

REFERENCE

1. Evans John C., Lepel Elwood A., Sundens Ronald W., Thomas Charles W., Robertson David E.
Long-lived activation productsin Light-water Reactor Construction Materials: Implication for
Decommissioning . Radioactive Waste Management and the Nuclear Fuel Cycle. 1988, v.
11(1), pp-. 1-39.

2. Engovatov I.A., Mashkovich V.P., Orlov Y.V., Pologikh B.G., Khlopkin N.S., Tsypin S.G.
Radiation Safety Assurance: Decommissioning Nuclear Reactors at Civil and Military
Installations. Monographia. Arlington, VA 22201 USA 2005, 208 p.

3. Engovatov I.A., Mashkovich V.P., Orlov Y.V., Pologikh B.G., Khlopkin N.S., Tsypin S.G.
Radiation Safety at Decommissioning of Civil and Military Reactor Installations. ISTC Project
No.465-97. Under the editorship of Khlopkin N.S. Moscow. PAIMS Publ., 1999, 300 p.

4, Nazarov V.M., Frontyasyeva M.V., Baboshin N.G., Engovatov I.A., Lavdansky P.A., Stefanov
N.I. Activation studies of concrete binding agent ingredients used for nuclear radiation
shielding. Kernenergie, 1991, v. 34, pp. 7-8.

5. Bittner A., Jungwirth D., Bernard M., Gerland L., Brambilla G., Fitzpatrick J. Concepts Aimed
at Minimizing the Activation and Contamination of Concrete. Decommissioning of Nuclear
Power Plants. Proc. of the European Conference held in Luxembourg, 22-24 May 1984.
Springer Netherlands, 1984, pp. 371-388.

6. Decommissioning of Nuclear Power Plants and Research Reactors. IAEA Safety Standards
Ser. Ne WS-G-2.1. Vienna. IAEA, 1999, 41 pp.

7. Borisov S.E., Kryukov A.P., Mashkovich V.P.,Neretin V.A. Two-dimensional studies of
induced activity in MIFI IRT materials during decommissioning and reconstruction
Atomnaya energiya. 1996, v. 81,iss. 4, pp. 277-281 (in Russian).

8. Bylkin B., Kozhevnikov A., Engovatov I., Sinyushin D. Induced activity of radiation
shielding before NPP decommissioning. Yadernaya i radiatsionnaya bezopasnost’. 2017, no.
3(85), pp. 1-14 (in Russian).

9. Bylkin B.K., Engovatov I.A. Decommissioning of Reactor Installations. Monography.
Moscow. Moscow State University of Civil Engineering Publ., 2014, 228 p. (in Russian).

10. Engovatov I.A., Bylkin B.K., Kozhevnikov A.N. Optimization of the Compositions of
Concrete for Radiation Protection of NPP. In Proc. of the IX International Scientific-Technical
Conference «Safety, Efficiency and Economics of Nuclear Engineering (ISTC-2014)». Moscow.
AQ «ENIC» Publ., 2014, pp. 305-309 (in Russian).

11. Voytkevich G.A., Miroshnikov A.E., Povarennyh A.S., Prohorov V.G. Quick reference guide
to geochemistry.Moscow. Nedra Publ., 1977, 180 p. (in Russian).

12. Engovatov I.A. Volume of radioactive waste and activation radiation shielding of nuclear
installations Vestnik MGSU. 2011, no. 8, pp. 325-330 (in Russian).

13. Bylkin B.K., Kozhevnikov A.N., Engovatov I.A. Selecting Concrete for Radiation Protection
for New-Generation NPP. Atomnaya energiya, 2015, v. 118, no. 6, pp.350-354 (in Russian).

14. DOORS 3.2: One- Two- and Three Dimensional Discrete Ordinates Neutron/Photon
Transport Code System, ORNL-RSICC C-650, 1998.

15. BUGLE-96: Coupled 47 Neutron, 20 Gamma-Ray Group Cross Section Library Derived from
ENDF/B-VI for LWR Shielding and Pressure Vessel Dosimetry Applications, ORNL-RSICC DLC-
185, 1999.

50



M3secTtunma syszoe * AgepHana sHepreTtunka ¢ Ne3e 2018

16. SCALE: A Modular Code System for Performing Standardized Computer Analyses for
Licensing Evaluation. NUREG/CR-200, Rev. 5, 1995.

17. On Criteria of Referring Solid, Liquid and Gaseous Wastes to «Radioactive Wastes»
Category; Criteria of Referring Radioactive Wastes to «Special Radioactive Wastes» Category
and to «Disposed Radioactive Wastes» Category; and Criteria for Classification of «Disposed
Radioactive Wastes». Decree of the RF Government No.1069 of October 19, 2012 («Collected
Legislation of the Russian Federation», 29.10.2012, No. 44, Art. 6017; 09.02.2015, No. 6,
Art. 974).

18. Bylkin B.K., Davydova G.B., Zhurbenko E.A. Radioactive Wastes at Dismantling of Reactor
Installations. Atomnaya energiya, 2011, v. 110, no. 3, pp. 171-172 (in Russian).

19. Bylkin B.K., Kozhevnikov A. N., Engovatov I.A., Sinushin D.K. Radioactivity Category
Determination for Radiation-Protection Concrete in Nuclear Facilities Undergoing
Decommissioning. Atomnaya energiya, 2016, v. 121, no. 5, pp. 298-301 (in Russian).

20. Engovatov I.A., Sinushin D.K. Minimization of radioactive wastes in decommissioning of
new generation nuclear power plants. Vestnik BSTU. 2017, no. 10, pp. 45-51 (in Russian).

21.Ivanov E., Korotkov A., Pyrcov I. Radionuclide vector.Rosenergoanom, 2015, no. 1, pp.
42-45 (in Russian).

22. Bylkin B.X., Engovatov I.A., Kozhevnikov A.N., Sinushin D.K. Date bank on activation
characteristics of radiation shielding concrete of nuclear plants. Vestnik MGSU. 2018, v. 13,
no. 2, pp. 213-218 (in Russian).

Authors

Bylkin Boris Konstantinovich, Professor, Dr. Sci. (Engineering)

E-mail: bylkin_bk@nrcki.ru

Engovatov Igor Anatol’evich, Professor, Dr. Sci. (Engineering)

E-mail: eng46@mail.ru

Kozhevnikov Alexey Nikolaevich, Assistant Professor, Cand. Sci. (Engineering)

E-mail: kozhevnikov_an@nrcki.ru

Sinyushin Dmitriy Konstantinovich, Deputy Head of Department

E-mail: dimsin@bk.ru

51



