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Beenenue

bnaromaps cBouMm cBoiicTBaM, O€TOH 3apeKOMeHJOBal ce0si KakK JOCTaTOYHO
KaueCTBEHHBIM MaTepuan JUid 3alluThl OT HoHu3upyromux wusnydenud (MU). Ero
KOMOMHUpPOBaHME C Pa3HbIMU BUAAMHU 3aMOJHUTENS (CEpHEHTUHUT, I'e€MaTHT, MarHeTHT,
XpOMHT, KapOu 6opa U ap.) MHOTOKOMITOHEHTHBIN 0€TOH 00JaaeT BRICOKMMU 3alTUTHBIMHU
coiictBamu oT M. CTOUT Tak ke OTMETHUTH, UTO 1OCJie 00Ty4eHuUs], CBOMCTBA OETOHA TaKXKe
OyIyT 3aBHCETh OT CBOMCTB, COCTABIISIOIINX €T0 BSHKYIIMX U 3aIIOJTHUTES.

Boicokass paauanmoHHas Harpy3ka Ha O€TOHHBIE KOHCTPYKIMM, Kak IpaBHIIo,
COIPOBOXKAAETCA OOJIIIUM BHYTPEHHUM paJMallMOHHBIM TEIJIOBBIJEIEHUEM B MaTepHalle.
HarpeB GeToHa 10 Temmeparyp B HECKOJBKO COTEH M JaKe ThICAY TI'PaJyCOB OKa3bIBAaeT
BJIMSHUE, KaK Ha TMPOLECChl CTPYKTypooOpa3oBaHHS, TaK M Ha HM3MEHEHHE YKe
chopmupoBaBiieiics CTpyKTypbl. CTOMT OTMETHTb, YTO MpPU H3YYECHHH CBOWCTB OeToHa
ynensiercs:i OOJbIIOE BHUMAHUE 3aBHCHUMOCTH TIPOYHOCTHBIX TIOKa3aTesell OeTOHHBIX
KOHCTPYKLUH (pa3HbIX MUHEPAIOTUYECKUX COCTABOB) OT TEMIIEPaTyphI.

[To naHHOM TeMaTHKE MPOBOJMIOCH MHOXKECTBO HUCCIIEAOBATENbCKUX padOT, HAUMHAS C
1940-x romos. Ilpu 3TOM wuccnenoBaHMsS KacajlucCh pa3iIMYHBIX AacleKTOB, HAauWHas OT
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NCCJIEONOBAHUE BO3MOXHOCTU ITPUMEHEHNM I BTOPMYHOI'O BETOHA 25

U3MEHEHUSI MEXaHMYECKUX CBOMCTB 3aKaHUMBAasT U3MEHEHUSMH CTPYKTYpbl CaMoro
Matepuana. [lepBrie qaHHBIE 00 KICCIIEIOBAaHUAX OETOHA IMocie o0aydeHust oTHocaTcs k 1944
rogy. Onucanust 0 HEJOIMYCTUMBIX U3MEHEHHUSAX CBOMCTB OETOHA TMOCie OOMydYEeHHUs SBUIHCH
MPUYMHOM HccienoBanus euie B 1948 roay [1].

HccnenoBanus CBOMCTB akTUBHO IIPOBOAMIIMCH U B IpyruXx crpaHax. Tak B koHue 1955
roja BO3HHMK BONPOC O BO3MOXXHOM TMOBPEKICHUM CTEHOK KaHAJIOB peakTopa s
uccnenoBanus marepuanoB (Materials Testing Reactor (MTR)). B pesynbrate uero Obuia
IpOBEJICHa Cepusl UCIBITAHUNA ¢ ramMMma-oOIy4eHHeM O0pa3loB KOHCTPYKIIMOHHOTO OeToHa
JUISL IPOBEPKH UX HA MOTEPIO MPOYHOCTH M3-32 MHTEHCUBHOTO M JUIUTEIBHOTO 00ydeHus [2].
[TpoBoAMINCH MHOKECTBO UCIIBITAHUNA PaIMalluOHHON CTOMKOCTH OOBIYHBIX OETOHOB.

[Ton oObluHBIM  OETOHOM  MOJAPa3yMEBAIOTCA  OCTOHBI, HW3TOTOBJICHHBIE U3
NOPTJIAHJIEMEHTa M 3alOJHUTENIM W3 HEMETaNIMYeCKUX MAaTepUalioB: H3BECTHSIKH,
NECYaHWKH, TpaHUTBl u T.0. Kak mpaBwio, BbIOOp 3amOJIHUTENS ONpeAesseTcs
MECTOPACIOJIOKEHUEM KOHCTPYKIMH. Tak B cTarbe moJa Ha3BaHueM «PamuanuoHHbIE
MOBPEXKACHUS B OObIMHOM OeToHe» [3] ommMcaHO BIUSHUE Ha OOBIYHBIC OCTOHBI
MHTETPAIBHBIX TTOTOKOB HEUTPOHOB. HO mpH 3TOM yTOYHEHO, YTO CBOICTBA 3aBHUCAT OT THIA
3aroJIHUTENS U cocTaBa OeTOHA.

HccnenoBanusi CBOMCTB OETOHOB, a TaKXKe PaCCMOTPEHHE BAPUAHTOB €r0 BTOPUUYHOIO
UCIIOJIb30BaHUs SIBIISIFOTCSL aKTyaJlbHbIMM. Bo MHoOrumx paboTax paccMaTpuBarOTCS HOBBIE
OCTOHBI, TPU OSTOM BO3MOXKHOCTH BTOPUYHO HCIIOJIB30BaTh OETOHA, TMOJBEPTIIHECS
JUINTEJIbHOMY BJIMSIHUIO HMHTETPAJIbHBIX IIOTOKOB HEHUTPOHOB, KaK MEJIKUH U CpeIHUM
3aIMOJIHUTENb 17151 OETOHHBIX CMecell He pacCMaTpUBaJIOCh.

Metoaosorusi uccjiei0BaHUA

Hacrosimass craThsi COCTOMT U3 MNOAOOPKM HAayuHBIX MNyOiIMKanMi, a Takke
HMCTOPUYECKOT0 0030pa MCCIIEA0BAHM, CBSI3aHHBIX C JaHHOW TeMaTukoil. B cratbe omucaHbl
COOCTBEHHBIE IKCIIEpUMEHTAIbHbBIE Pa0O0ThI, CBA3aHHBIE C HAIIPABICHUEM HCCIIEJOBAHU.

MeTto10510THYECKO OCHOBOM B paboTe BBICTYNAIOT KOHCEPBAaTHBHBIE PAaCUETHI,
ONUpAOIIMECs] Ha MOJySMIOUpUYecKue (OpMyNIbl HOPMAaTHBHOM NOKYMEHTaluu B cdepe
aTOMHOM  DHEPreTHKH, a TakkKe [MpOoBEIEHHBbIE  JIaDOpaTOpHBbIE  HCIBITAHUS B
CepTUHUIIMPOBAHHOMN TabopaTopuu.

OteyecTBeHHbIN MCTOPUYECKUI ONBIT UCCJIEJOBAHMS MPOYHOCTH U JedopmManuu
0eTOHOB M PacTBOPOB

[Tpounoctes JedopMaTUBHOCTH OETOHOB M3MEPSAETCS 3aBUCHUMOCTBIO IMPOYHOCTH
00JTydeHHBIX 00pa3loB M OT MHTErpajibHOTO MOTOKA paAMalMOHHBIX Jedopmanuii. Hioke
paccmatpuBaroTcs (yHIaMEHTalbHble pabOThl MO MCCIEJOBAHHUIO CBOICTB O€TOHa mpu
BJIIMSIHUU Ha HUX raMMa-oonyuenus u M.

B nauane 1958 r. cexkuuss DU3MKKM W COCTOSHUS peakTopoB [2], mpucTynuiaa K
nporpamMe oOiyueHus: 24 obpas3noB OeToHa B raMMa-o0iyyaTeNnbHBIX ycTaHoBKax. Ilocie
4yero Haj o0pa3iaMu MPOBOJIUIIN UCIBITAHKS HA C)KaTue M u3rud B mepuoa ¢ 1958-1959 rr.,
JUIS OTIpeNieIeHus] M3MEHEHUH (PU3MKo-MeXaHHMUeCKUX CBOWCTB. B pesynbTare 00pasiipbl,
UCIBITYEMblE Ha C)KaTHE HE M3MEHUJIM CBOMX CBOMCTB, MO CPaBHEHHIO C KOHTPOJBbHBIMHU
oOpaszuamu. [Tocne vero OblIM mpoBeneHb! UCTBITaHUS B 1967 rony, rae paccMaTpuBaiIoCh
OoJplliee KOJIMUECTBO 00pas3loB. B pe3ynbrare MCHBITAHWA Ha CkaThe ObUIa OMpesesieHa
noTeps MpoYHOCTH 00pa3noB. Kpome Toro, Ha HEKOTOPBIX 00paslax ObIJI0 OTMEUEHO CHIIBHOE
yXyJALIEHHEe KayecTBa MOBEpXHOCTU. JlaHHBIE M3MEHEHHUs OOYCJIOBIEHBI BIUSHUEM raMma-
oOydeHuil, a Takke HM3-32 BO3JCHCTBHSA BOJBl Ha oOpaslbl. B pesynpTare uero ObUIO
OTIpeIeNIEHO, YTO MOTeps MPOYHOCTU MPOrpeccupoBaia MpU BO3ACHCTBUM raMMa-u3aydeHHUs
mo 2x10"" Pax. Mo uTory paGor 6bUTa 3adUKCHPOBAHA MOTEPS MPOYHOCTH OOTYIEHHBIX
00pa31oB 10 50 % 1o CpaBHEHHUIO ¢ KOHTPOJIBHBIMU 00pa3iamu [2].
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B tpymax mon astopctBom B.b. JlyOpoBckoro [3] Toxe MNpHBOIATCS NpUMEPHI
UCCIIeIOBaHUM TOro BpeMeHH. B ux pabore paccMaTpuBaiMCh H3MEHEHUS CTPYKTYpbI
OCTOHOB C pa3IMYHBIMU THUIIAMH 3allOJHUTENICH B pe3yiapTare OOIy4eHHUS paBHBIMHU
UHTErpajibHbIMU IOTOKAMH HEHTPOHOB.

B xome pabGoTbl ObUIO BBISIBIEHO, YTO OOBEMHBIC pagUAMOHHBIE JAedopMaIiu
pacTBOpPOB M OETOHOB 3aBUCAT B IEPBYIO Oyepelb OT paJualMOHHOW Ae()OpMaTHBHOCTH
3allOJIHUTENS. W OTHOCHTEIBHOTO OOBEMHOTO COJCpKAHUS €ro KpPYNHBIX (pakiuii.
OObscHsieTCd BCe TEM, 4TO B pe3yibTaTe OOJy4YeHHs KPHCTaIbl MHHEPAJIOB CaMOro
3aMOJIHUTENS, MMEIOT TMOJOKHUTEIbHBIE pPaAHalMOHHBIE JePOpMalluU, KOTOpBIE CIyXKar
OPUYMHON paclIMpeHHst pacTBOpPOB M OeToHOB. Mmeercs BBHIy, UTO CTENEHb U3MEHEHHUs
IPOYHOCTU OT PAAMALMOHHONW /1e(OPMATHUBHOCTH COCTABOB MOCJTE OOJIyUYEHHS 3aBUCHUT OT
TEXHOJIOTUYECKUX (DAaKTOPOB M CBOWCTB TEKy4eCTH pPACTBOPOB. V3MeHeHHEe NpOYHOCTH
OCTOHOB M pacTBOPOB B 3aBUCHMOCTH OT HWHTETPAJbHBIX MOTOKOB WM PaTUallMOHHBIX
negopmanuii MOXKHO MPOU3BOAUTE 1O popmynam 1-3:

P=—algdb+c, (1)
P=—aD+c , (2)
_a(d-D) 3

~ VD+e (3)

rae P — oTHoleHne MpoYHOCTH MaTepHralia rnocie o0ydeHus: K HadyaabHoH, %o;

@ — uHTErpaIbHBIN MOTOK HEUTPOHOB, ACHCTBYIONINI Ha MaTepUall, IPOYHOCTh KOTOPOTO
OTIPEIEIIACTCSI, Helimpon/cm’;

D — uuncno, paBHOE JIMHEHHBIM paIMaIllHOHHBIM JIe(hOpMAaIHsSIM 3TOT0 MaTepuana, %o;

a (%);

b — xo3bbuLHenT, cv’/ueiimpon;

¢ — ko3¢ dunmenT, %;

d 1 e — K03 HUINEHTHI.

3apy0e:xHblil HCTOPUYECKHI ONBIT HCCJIe0BAHUSA 0€TOHOB U PACTBOPOB

BnusiHue m3MeHeHHs Ha CBOMCTBa OETOHOB M3ydaloTCs M 3a pyOex oM, BIHUSHHE HA
0OETOH M3y4yanoch B PA3JINYHBIX YCIOBHUSX.

[TpoBoauIuCh PabOTHI, B KOTOPBIX PACCMATPUBAIOCH BIMSIHUE IBYX THUIIOB M3TYYCHUS
Ha TPOYHOCTHHIE CBOMCTBA OETOHOB, & MMEHHO HEUTPOHHOE W TraMMa-u3inydeHus [4].
HopmanbHble O€TOHBI MOTYT MPOTHBOCTOSTH  HEUTPOHHOMY  M3JIY4YeHHUIO  Oolee
5x10" n/cm® 6e3 motepu pogHOCTH. IIpH 9TOM B HCCIIEIOBAHMSIX (DHKCHPOBATIOCH CHIDKCHHE
MPOYHOCTH HA C)KAaTHE MPHU MOTOKE HEUTPOHOB PAaBHOMY H3ITYYCHHIO Ooliee 1x10" n/em? [4].
[Torepss MPOYHOCTH B OCHOBHOM OOYCIIOBJI€HAa HEWTPOHHBIM HW3JydYE€HUEM, TakkKe Ha
MIPOYHOCTHBIE XAPAKTEPUCTUKHU BIIMSET NOBBIIEHHWE Temneparypbl. IIpu 3TOM B JaHHBIX
paboThl HaJ OETOHAMU pa30opOC B IKCIIEPUMEHTATBHBIX JAHHBIX OOBSICHICTCS Pa3IMUUSIMH B
coctaBe o00pa3noB OeroHa. B XoTe 5SKCIepUMEHTOB OETOHBI TakXe I0ABEPraluch
BO3/ICHCTBUIO MEPBUYHOTO UM BTOPUYHOTO raMMa-M3JIy4deHHs, B XOJe paloThl J03a ramma-
u3TydeHns coctapmsuia 3x 10! Pax. JlaHHBIe paGoTHI IOKA3aIIM CHIDKCHHE IIPOYHOCTH GETOHA
C YBEJIMUYCHUEM JIO3bI TaMMa-u3aydeHus [4].

BnusiHue ramma-u3nydeHusi ObUTO UCCIIEIOBAHO NIl OETOHA, UCTIONB3YEMOTO B CYXUX
KOHTEIHepax Uid XpaHEeHHs SJEpHBIX MaTepHalioB, Il OKujaemasl oOuiasi MOTJIOLIEeHHAs
J103a raMMa-Hu3J1y4eHHsl cocTaBisieT nopsaaka MI'p [5].

AJIMTUBHbIE TEXHOJIOTHH B CTPOUTEIHCTBE
B 1memom cTpouTtenbHas OTpacib MbITaeTcs Iepeith K IUQpOBOM  cucteme
npoektupoBaHus. [lockoyibKy 1H(POBOE MPOCKTUPOBAaHUE O00ECIeUnBa0  OOJIBIIYIO
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MPOU3BOUTEIILHOCTh, Ye€M OOIICHPHHSITHIE METONbl CTPOUTENbCTBA. B CB3M C ITUM
BO3MOXKHOCTh TI€YaTH 3JaHUd W coopyxkeHuidl mnyreM 3D meuatu cramo oO0mmm
HANPABISIOMIAM TSI OOHOBIICHUS CTPOUTENBHON WHAYCTpuu. JlJIs NPOCKTHPOBAHUS U
ctpoutenbctBa B dopmare 3D meuath HeoOXxomumMo oOnagath HaBblkamMu BIM
npoektupoBanus. Kak mpaBuio, apXUTEKTypHas MOJENIb PHUCYETCS B IMPOTpaMMme
MOJICIIUPOBAHUS Tiepea dKcrnopToM B dopmar (daitna STL (ctanmapTHBINA S3BIK TECEIAINN),
KOTOPBIA COOTBETCTBYET CTaHIApPTHOMY THUNY (aiina conepxkaniylo uHopMamum© o
reomerpun 3D mozpenu. Ilocne dero, mporpaMMHoOe oOecriedeHrne CerMeHTHPYET MOJENb Ha
Cpe3bl CJIOEB, CO3/1aBasl CEPUI0 JABYXMEPHBIX TPAaHUYHBIX JIMHHUH, KOTOpbIE BMECTE C
JOTIOTHUTEIbHBIMU JTAHHBIMU O XapaKTepUCTUKaxX MedaTd oOpaldaThIBAlOTCS M MPUBOAAT K
KOMaHJaM VYIPaBIEHUS s TO3UIMOHUPOBAHUS JKCTPY3HMOHHOTO COIUla obecrednBast
MOCJIONMHYIO TIedaTh [6], mpoliecc 0TOOpakeH Ha pUCYHKE 1.

ITudposas 3D moens Hapesanmsie citon IIpouece neuatu (DunambHasg MOJENH

Pucynox 1 — Cxema nBmxenus skerpynepa [The flow diagram of the extruder] [6]

[leyatp oOcyliecTBISIETCS  CIEUMAIBHBIMA  NPUHTEPAMH, KOTOPHIE  IO3BOJISIOT
BOCITPOM3BECTH TNPAKTUYECKHA TIOJHBIM Kapkac 3JaHUS B KpaTyallllie CpOKU C
MUHHUMAaJIbHBIMU J€HEKHBIMUA U TPYJIOBBIMU 3aTpaTaMu B MPOLIECCE CTPOUTENBCTBA [7].

Ho cama texHosiorus siBisieTCS HOBOU U Y HE€ MOTYT ObITh CBOM 0coOeHHOCTH. OHa U3
TJIaBHBIX 0COOEHHOCTEH — ATO TO, UTO MeUaTh OETOHOM TpeOyeT MPUMEHEHHUS OMPEICTICHHOTO
apmupoBanusi. KOHKpETHOro pelieHusi BOIpoca apMUPOBAHUS HET, TTOCKOJIBKY B OCHOBHOM
3D mneuarh 34aHMM MPOUCXOAWIA JUISI MAJO3TaXHBIX 3/1aHUW, IOCKOJIBKY apMHpPOBATH
MaJodTaKHbIE OOBEKTHI TIPOIIIE.

HccnenoBanusi 1 MaTepuajibl VISl AIUTHBHOIO CTPOUTEIbCTBA

AJIMTUBHBIE TEXHOJIOTUU MOTYT UMETH JIBA BApUAHTA UCIIOJIb30BaHMS:

— Ui CTPOUTENIbCTBA C UCTIOIb30BaHUEM OOBIYHBIX OETOHOB;

— Ui CTPOUTENIbCTBA C UCIOIb30BAaHUEM BTOPHUYHOTO OETOHA.

B mupe yxe cyliecTByIOT KOMIIAHWH, BHEIPHUBIIME B CTPOUTEIBHYIO OTpaciib CBOU
npoekTsl: «3D-printed Canal House» xommanuum DUS Architects; «Chinese houses»
kommaanu WinSun; «a Chinese building» komnanun WinSun u T.1. [8].

Texnonornn 3D-nedatu CTaHOBATCSA NMPOIIE C KaXJbIM I'OJOM, €CIM paHbLIE NEpe]
UCIIOJIb30BaHUEM 000pyI0BaHUS eMy TpeOoBanach OMpe/esieHHas TEXHUYeCcKasi HacTpoika 1
JIOJDKHOE OOCITYy)KMBAaHHE CIELMATUCTOM, TO CEroAHS JaX€ MHOTHE HIKOJbHUKH YMEIOT
noJyib30Batbess 3D-mpuHTEpaMu. YTpolleHHe SKCIUTyaTaluyd 00O0pyAOBaHUS CHOCOOCTBYET
NOMYJISIPU3ALIMNA aJAUTUBHBIX TEXHOJOTUI — BHEIPEHUIO B IIMPOKHUE MAcCChl U B pa3IU4HbIE
chepbl Hamed >xu3HenesTenbHOCTH. Tak, B 2018 r. omHux Ttombko 3D-mpuHTEpoB A
JIOMAIITHEr0 MCIOob30BaHus Obuto mpoaano 6osiee 400 Teicstu. B 2021 r. 3ToT mokasarenb
BBIPOC Ha MOPSAOK [9].
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JIJisi BTOPUYHOTO MCTOJBh30BaHUSI O0eToHOB B 3D mewaru 3MaHUS BTOPHYHBIC OCTOHBI
paccMaTpUBaOTCs KaK MEIKHi 3anonHuTens. [lockonbky 3D nedars 31aHui sIBASETCS HOBOM
TEXHOJIOTUEH, TO UCCIEIOBAaHUS B JAHHOW 00JaCTH OYEHb aKTyaJIbHBI.

B pa6ore Tombmun [I.A., Tompimuaa H.M. paccmarpuBaeTcsi crioco0 mnepepadoTKu
O6eroHHoro 0os ans wcmonab3oBaHus B 3D-neuatn. B pabote mpemiokeH paroHAIbHBINA
crioco0 mepepaboTku 6eroHHOro 6051 3D-medatu ¢ MCHOJb30BaHUEM BHOPOOOOPYHIOBaHMS,
YTO MO3BOJISIET MOJy4aTh MHOTOKOMITIOHEHTHBIM CTPOUTENBHBIM MaTepuall IpU MUHUMAIIbEHOM
noTpebyieHuu  AekTposHepruu. IlokazaHa BO3MOXKHOCTH IOBTOPHOTO —HCIOJIb30BaHUS
[OJIyUEHHOI0 MPOAYKTa BMECTO TPAJAULMOHHOTO MEJKOIO 3alojHUTENs W3 KBapLEBOIO
necka [10].

[IpoBonmnuck wuccnenoBanust camux BsDKymux gius 3D medatn. B paborax
E.C. T'maronesa, B.C. JlecoBuka, JI.X. 3aropomntoka, [[.C. IlogropHoro momay4eHbl
9Heprod(PeKTUBHBIC, SKOHOMUYHBIC COCTaBbI, OONAJAMOIINE XAPAKTEPUCTHKAMH IS
crpoutenbHoit 3D mewatu [11]. IlomoOpaHHble UMH cMecH 00JIaJlal0T BBICOKON CKOPOCTBIO
CXBaTBIBAHUS U TBEPJICHUS, 00CCIICUNBasi BEICOKYIO IPOYHOCTb.

Crout ormeTuts B anpeie 2021 r. B PO BeTynuim B crily rocyjapCTBEHHBIE CTaHIAPTHI
Ha MaTepuaibl JUIsl aAJuTUBHOro crtpoutenbHoro npoussoacrsa: 'OCT P 59095-2020
«Marepuansl A7 aJJUTHBHOTO CTPOUTEIHLHOTO MPOU3BOJACTBA. TepMUHBI U OMpEeICHUsY;
I'OCT P 59096-2020 «Marepuansl uisi aAJATUBHOTO CTPOUTEIHHOTO IMPOU3BOJICTBA.
Mertonbl ucnbitanuiiy; 'OCT P 59097-2020 «Matepuaisl 11 aJJuTUBHOTO CTPOUTEIHHOTO
pOU3BOJACTBA. TexHuueckue TpedoBaHusA». IlockonbKy 110 3TOro BpeMEeHM He ObuIo
perjJamMeHTanuu AJis J1a0OopaTOPHBIX HMCCIIEIOBAHMM, TO BCE MCCIEAOBAHUS UMENU TOJIBKO
HAay4YHYIO COCTaBjstomyto. JlaHHbIE HOPMATUBHBIE JOKYMEHTBHI IIO3BOJSIT pE3yJbTaTaM
UCCIICIOBAaHUM UMETh MPHUKJIAJHON XapakTep, COOTBETCTBYIOIIUNA TOCYJapCTBEHHBIM
CTaHapTaM.

IIpoBenennblie uccjienoBaHus (PU3MKO-MEXAHMYECKHUX CBOMCTB 0ETOHOB

B nannoil pabore BTOpHYHBIE OETOHBI MMHMTHUPYIOT (PU3UKO-MEXaHUYECKYIO paboTy
0eToHa Kj1acca OYeHb HU3KOAKTUBHBIX PaIMOaKTUBHBIX 0TX0/10B (OHAO).

B pamkax Hay4HO-HCCIIEJOBaTEIbCKON pabOTHI BBIITOJIHEHBI J1a00PAaTOPHBIE UCTIBITAHUS
JUIs  ompeAeneHus (PU3MKO-MEXaHMYECKUX XapaKTepPUCTHUK OETOHHOro 005, KOTOPBIH
NOSIBJISIETCS B pe3yJbTaTe JE€MOHTa)Xka OOBEKTOB HCIOJIb30BaHMS aTOMHOHM sHepruu. Ha
OCHOBE  pe3yJIbTaTOB  BBHIMOJHEHHBIX  JIAOOPAaTOPHBIX  MCIBITAaHUM,  IMOATBEPXKAEHA
000CHOBAaHHOCTh W  LIE€JIECOO0PA3HOCTh TMPUMEHEHWs JIaHHOTO THMa OeToHa Kak
KOHCTPYKTMBHOTO MaTepuia.

Ucnpitanus o6pasnoB BeimonHeHsl corsacHo ['OCT 10180, mporecc wucmbITaHUN
u300pakeH Ha pucyHke 2. Hactosmuii cTangapT pacnpocTpaHseTcsi Ha OETOHBI BCEX BUI0B
no 'OCT 25192, npumensiemMble BO BceX 00J1acTSIX CTPOUTENbCTBA, U YCTAaHABIUBAET METO/IbI
oTpeieNIeHus pezienia MPOYHOCTH OETOHOB Ha C)KaTHE, OCEBOE PACTSKEHUE, pacTsHKeHHUE MpU
pacKalbIBaHUM U DACTSHKEHUE MpU H3rMbe MyTeM pa3pylIalolUX KpPaTKOBPEMEHHBIX
CTaTUYECKUX MCIBITAHUH CHEIMaIbHO U3TOTOBJICHHBIX KOHTPOJIBHBIX 00pa3lioB OeToHa.

ot B s il b e
Pucynoxk 2 — M3rorosienue 6eTOHHOTO 00si: a) IEeMOHTUPOBAHHEIH OETOH 0) IEKOAPOOHIIKA, B) MOTYUHBIIUHCS
60i1 6erona [Production of concrete scraps: a) dismantled concrete b) crusher, c) resulting concrete scrap]
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B xozne skcnepuMeHTanIbHBIX pabOT HaMH OBLIO M3TOTOBJIEHO 3 oOpasua ¢ pa3HbIMHU
cocTaBaMH, 0Opasell epBOro cocTaBa SIBJISCTCS KOHTPOJIBHBIM U UMEN KJIACCHYECKHI COCTaB
OeroHa. Y KaxxJ0ro u3 00pa3IoB UMeEJCS CBOM COCTAaB CO CBOMMM 3HAUYEHUSMH, YKa3aHHBIMU
B TaOnuie 1.

Tabmuna 1 — CocraB cmecu o6pasnos [Composition of the sample mixture]

. IIpo4ynocTs Ha
Ne Ilemenr, Tlecok, | IlleOenn/ Ooti | Bona, Oubpa, JloGaBka B/II exatie MTTa
00p. KT KT OeroHa, KT MIT p MIT
28 cyTok
1 1,500 3,450 2,700/- 790 - - 0,5 19,8
2 1,500 3,450 -/2,700 790 - - 0,5 16,9
3 1,500 3,450 -/2,700 620 17 200 0,54 20,17

Wcnbrtanust moka3anu, 9YTo OETOHBI C 3alOJHUTEIEM, U3TOTOBJICHHBIM U3 BTOPUYHOTO
OeToHa 1Mo cBOMM (PU3MKO-MEXaHUUYECKU CBOMCTBAM HE YCTYMalT OObIYHBIM OeToHaMm. [Ipu
YCJIOBHH BBOJIa B COCTaB OETOHHOW CMECH J1I00aBOK B BUJE CUJIMKATA HATPHS, YTO MO3BOJISET
CYIIECTBEHHO TMOJHATH IIOKa3aTedu MPOYHOCTH OeToHa. J[OCTOBEpHOCTH pE3yNIbTaToB,
OCHOBHBIX HAYYHBIX IOJIO)KEHUH M BBIBOJIOB 0OOCHOBaHA TIPUMEHEHUEM KOMILIEKCA (U3HUKO-
MEXaHMYECKUX METOJIOB aHAIM3a B COOTBETCTBHU C TPEOOBAHMSIMH CTaHIAPTOB M HAYYHBIX
MeToauK. Pe3ynbrarel HE TPOTUBOpEYAT OOIIEHPUHSATHIM TEOPETHUYECKUM ITOJI0KECHUSIM.
HayuHo-mpakTudyeckue peKOMEHIAlMK TMOATBEPKACHBI pe3yabTaTaMH  JIabopaTOPHBIX
ucneiTanuii. Mcronb3oBanne 0€TOHHOTO 00 B Kau€CTBE KPYIMHOTO 3aMOJIHUTEINS MO3BOJISIET
0e3 0coObIX 3aTPYAHEHUN MOJYYUTh HOBBIM OETOH BBICOKOTO KAdyecTBa, B TOM YHCIE H
JIOCTAaTOYHOTO Kjacca MPOYHOCTH, HAa PHUCYHKE 3 OTUYETIMBO BHJIHO, 4TO oOpaszern 3 He
YCTYMNAET MO MPOYHOCTH CTaHJAPTHOMY OETOHY.

‘ —— 1 odpao3ey
—— 2 obposey
— — J odpaosey

N |

1 ucnumanue 7 ucnymaHue 3 ucnumanue

PucyHOK 3 — Pe3y/IbTaThl HCIIBITAHHS 06Pa3IoB BTOpHIHOro 6etona (kr/cm’) [Test results of secondary concrete
samples (kg/cm?)]

[IpoBeneHHBIE HCHBITAHUS OTPAXKAOT, BO3MOXKHOCTH BTOPUYHOTO HCIOJIb30BAHUS
OeroHa B cTpouTenscTBe. Hanmmume takoit mHpOpManuu MO3BOJIUT MPOSKTUPOBATH COCTABHI
pacTBOpPOB W OETOHOB, B CTPYKType KOTOPBIX MPU OXKHIAEMOW B IKCILTyaTallHOHHBIX
YCIIOBUSAX [103€ OOJIydeHUs OYAyT pa3BUBATHCSA IOJOKUTEIBHBIE HM3MEHEHHsS, T.C. TaKue
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U3MEHEHUS, KOTOPBIE BBI3OBYT IIOBBILICHHUE OIPEACIAIONIETO IapaMeTpa pagualioOHHOU
CTOMKOCTH MaTepUaa, B YaCTHOCTH ITPOYHOCTH.

Bo MmHormx paborax paccMaTrpuBarOTCS HOBbIE OETOHBI, MPH 3TOM BO3MOXKHOCTb
BTOPUYHO MCIIOJIb30BaTh OETOHBI, MOABEPrIIUecs AIUTEIbHOMY BIUSHHUIO HHTErPalbHbIX
IIOTOKOB HEMTPOHOB, KaK MEJIKUN U CPEIHUN 3aII0JHUTENb HE PACCMAaTPUBAIIOCH.

Pacuer akTUBHOCTH 0€TOHOB

s 060CHOBaHUSI YTUIIM3ALMU K/0 OTXOJIOB, KOTOpBIE OCTAIOTCS IMOCIE IEMOHTa)Xa
3naHuii u coopyxenuiit OMMAD, u NOBTOpPHOE NPUMEHEHHE 3THUX */0 OTXOIOB B HOBOM
CTPOUTEIILCTBE.

B cBsA3M ¢ 3TUM Kak Hay4HbIW, TaK U IPAKTUYECKUNA MHTEpPEC MPEACTABISAET U3YUCHUE
MPOCTPAHCTBEHHOTO paclpeAeNieHus] MPOAyKTOB aKTHUBAIlMM MaTepuajioB, 00OpPYIOBaHUS U
KOHCTPYKIUH (KOPILyC peaKTopa, BHYTPUKOPIIYCHBIE YCTPOMCTBA, «CyXash» U OMoJoruyeckas
3alUTa, KeNe300eTOHHas [IaxTa peakTopa) Mpu OOJy4YeHUU UX HEHTpPOHAMH, U3 aKTUBHOM
30HBI peaKkTopa.

B pamkax pa0GoTbl ObUT MpoOBeAEH pacueT BbIxoJa OeToHHOW mbutn (kinacca HAO u
OHAO) B nporiecce oOparieHusi ¢ MaTepraiaMH IEMOHTaXa, €€ KOHLEHTpAIUs U aKTUBHOCTD
B IIpoliecce paboThl ¢ HUM. BKiIagunkom akTHUBHOCTU paccMatpuBaiics Tputhii (3H).

Qopmyna (4) mig  pacdera 103 OONydeHUsS TIOJIydeHA B  IPEHEOpPEKCHHUH
CaMOPKpPaHUPOBAHHWEM OPTraHOB M TKaHEH, M HE YYUTHIBAIOT Pa3nyKsl B BO3PACTHBIX TPYIIIAX
(BemMyMHA OIIMOKM B 3HAYEHUM 3KBUBAJICHTHOM J03bl, BHOCUMAs MPUHATHIM YIPOIIEHHUEM,
He npesbimaet 50%):

Hy, = G760 R} I 3,15 107, @

rjae H;'{x,— roJioBas /103a OT PaJUOHYKJIHIA ' X, 3B/TO;

(_JX’F_(X) — CPeHEro0Bas IPU3EMHAs KOHLEHTPAIHs BK/M;

RA"™ — 1030BbIe hakTOpHI KOHBEpCHH, 3B-M /(¢ BK);

ka' — KO3 GUIMEHT 3aIUIIEHHOCTH 30aHUSAMH JUIS PaJMOHYKIINIA 7 PACTIPEIEIEHHOTO B
M0JIyOECKOHEYHOM MPOCTPAHCTBE, YUYUTHIBAIOIIMM TakKe BpeMs NpeObIBaHUS YelIOBEKa Ha
OTKpBITON MecTHOCTU. Ero 3Hauenus npusenensl B Tadnuue [15.5 [12].

IIpoBeneH pacueT aKTMBHOCTM M JKBHBAJICHTHOW J03bl Ha NEPCOHAJI U HAaCEJICHHE.

Jlo3oBbie K03 durmenTs npuHuMaiuch cornacio HPb-99/2009 npunoxxenue 1 [12], utorn
pacyeTa npuUBEACHBI B Ta0IHUIAX 2 U 3.

Tabnuna 2 — JlaHHbBIE pacyeTOB aKTHBHOCTH M SKBUBAJICHTHOH J03bI HA NIEPCOHAJ BOBJICUEHHBII B IepepaboTKy
[Data of calculations of activity and equivalent dose for personnel involved in processing]

’H CKOpCTb JBIXaHHS MY/C (W) 0.000389
AKTHBHOCTBH 6eTOHa BK/KT 1.00E+03 Bpewms paboTsl (¢) (t) 18000
bk 7.59E+00 Macca nbuta (m) 0.00759
Bx/m’ 2.26E-01 J1030BBIi k03¢ . IKB. 1.8E-15
IToctynnenne B opranmsm (bk) 1.59E+00 V cheps (M) 33.51
Jlo3a sxBuBanentHas (3B) 2.85E-15 Pannyc pab. 30HBI (M) 2

Tabnuna 3 — JlaHHBIE pacueTOB aKTHBHOCTH M SKBHBAJICHTHOH N03bI Ha HaceneHue [Data of calculations of

activity and equivalent dose per population]

*H CKOpOCTb JIbIXaHUs M/ (W) 0.000389
AxTHBHOCTB OeToHa BK/Kr 1.00E+03 Bpewmst pabortsl (¢) (t) 3600
bk 1.52E+00 Macca nbuiu (m) 0.001518
Bi/M’ 4.53E-02 J030Bb1ii K03¢}. KB. 1.8E-15
[ocrynnenune B opranmusm (bk) 6.34E-02 V ciepsr (M) 33.51
Jlo3a sxBuBaneHTHas (3B) 1.14E-16 Pannyc pa0. 3oHbI (M) 2
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B pesynbrare cpaBHEHUSI pacyETHBIX JAaHHBIX W 3HAYEHUN MpPEACNbHBIX T'OJOBBIX
noctymnenuid (I1II'TT) mo HPB-99/2009 BreisBIIeHO, YTO I HAcENEHUS W IEpCOHaNa, MPH

pabote ¢ OeronnpiMu Marepuanamu kiacca HAO u OHAO III'TI He mpeBHILAIOT HOPMY
(Tabm. 4)

Tabmnma 4 — J{o30BBle KOX(QQUIHUEHTH W Hpenensl ToxoBoro moctyrureHus cormacHo HPB-99/2009 [Dose
coefficients and limits of annual intake according to NRB-99/2009]

Tun Jo30BbIi IIpenen ronoBoro Honyctumas
Panwo- [epuon coequHeHNs | Ko3(dduiment MOCTYTIICHUS CpeIHerofioBasi 00beMHast
HYKJIHI | TIodypacmana pH (Bos7) M1 bk B aktuBHOCTH JIOA |
« |€  1epc, 38/bk HEPC TEPC
WHT AN rox 3
Bx/m
I1 1,8-10 ' 1,1-10° 4,4-10°
H3 12,3 net 2 1,8-10 7 1,1-10" 4,4-10°
I3 1,8-10 " 1,1-10" 4,4-107
* T'1 — napsl TpuTHpOBaHHOU BOAbL; ['2 — ra3o00pa3Hblii TputHii; ['3 — TpuTHpOBaHHBIA MeTaJL

Kak wuror, nepepaboTka BTOPUYHBIX OCTOHOB MOCJIE JEMOHTa)Xa SBJISICTCS BO3MOXKHOM.
[Tpu 3TOM cTOUT OTMETHUTH, yTO Ha OMAD GeToOHHBIE KOHCTPYKLUU 3aHUN U COOPYKEHUIN
MOJIBEPTAIOTCS BIMSHUIO Pa3IMYHBIX (AKTOPOB TAaKUX KaK, BO3JCHCTBHUS HOHH3UPYIOIIETO
U3ITy4eHUs] U BBICOKOTEMIIepaTypHOe BozjaelcTBue. Mcxoas u3 3Toro, HEOOXOIUMBI TaKkKe
OoJiee MoAPOOHBIC HCCIICTIOBAHUS CBOMCTB OSTOHOB.

3akaoueHue

AHanu3 WHCCleIoBaHUWM TMOKa3ajd, 4YTO B OCHOBHOM MPOBOJMIMCH HCCIEIOBAHUS
CTaHJapTHBIX 0eTOHOB. McciienoBanuii BTOpUUHBIX OETOHOB, MOJTYYEHHBIX TIOCIE IEMOHTaXKa
3nanuii U coopyxkenuit OMAD He mnpoBogmwinock. BropuuHoe ucmnoiab3oBaHUE OETOHOB
paccMaTpuBalioch JUIsi OOBIYHOTO CTPOUTENhCTBA. [l aTOMHON OTpaciu BTOPUYHOE
UCIIONIb30BaHNE OETOHOB, MONTYYaeMbIX B pe3yibTare AemoHTaxka OMAD, Tak ke sBIseTcs
MEePCIEKTUBHBIM HAMPABIICHUEM.

B pabore paccmarpuBanmuch HUCCIENOBAHHS JUIsl KOHCEPBAaTHBHOIO  CHocoba
nepepadoTKu OETOHOB, a TAaK)KE€ BO3MOXKHOCTh NMPUMEHEHHUS JUIsl aITUTUBHBIX TEXHOJIOTHH.
PaccmoTpeHb! BapuaHThI HCIIOIB30BaHMS BTOPUYHBIX OETOHOB JJISl aIUTUBHBIX TEXHOIOTHH.
[IpoBeneH aHaIM3 UMEIOMIUXCS UCCIeA0BaHUi cmocoboB 3D meuatu, a TakkKe BO3ZMOXHOCTh
BTOPUYHOTO HUCIIOJIb30BaHUs O€TOHOB AeMoHTaxa /st 3D meyatu. CTout otMeTuTh, B 2021 1.
B PO BcTynmwim B cuy TOCYIapCTBEHHBIC CTaHIAPThl HA MaTepuUalbl IS aJJIATUBHOTO
CTPOUTENBHOTO MTPOU3BO/ICTBA.

PaccmarpuBaemast paboTa moKkas3bIBaeT, YTO B IIEJIOM BTOPHUYHOE TPUMEHEHHE OETOHOB
BO3MOXKHO. B pamkax pgaHHOW pa®OThl TPOBOAMIICA pacueT MPOCTPAHCTBEHHOTO
pacmpeneneHus TMPOAYKTOB akTuBanuu OetoHoB kiacca HAO u OHAO (Bkimaguukom
AKTUBHOCTH paccMaTpUBalCS TpUTUI). Pe3ynbTarhl mokasalid, 4TO B TaKOM BBISIBICHO, YTO
JUIST HACEJICHHsI W TIepcoHaIa, Ipu pabote ¢ 6eToHHbIMH Matepuaiamu [II'TI He mpesbImaroT
HOpMY. Ba)XHO OTMETHTB, YTO IMPOBOJIMINCH KOHCEPBATUBHBIE PACUEThI, ONMHUPAOIIUECS HA
MOTyAMIIUPUYECKrE (POPMYIIBI HOPMATHBHOM JOKYMEHTAIMH B c(hepe aTOMHON IHEPreTHKH,
U uUMeeT OOJBIIyI0 JOJI0 MOTPEIIHOCTH. B CBSI3M ¢ ueM, HCCIEAOBaHUS B JaHHOM
HaIpaBJIeHUN HEOOXOAMMO MTPOJIOJIKATh B O0siee riIy00KOM KITtoUe.
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Abstract. The object of research in this work is to substantiate the methodology of the secondary
use of concrete scrap obtained as a result of the dismantling of the OUAE. In this study secondary
application is considered within the framework of additive technologies. Construction using
additive technologies is one of the promising areas. This line of research is part of the justification
of the method of secondary use of concrete obtained as a result of the dismantling of nuclear
energy facilities (OUAE).
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