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OUYUILIEHHSA TEXHOJIOITYHUX PO3UYMHIB JIE3AKTUBAILIIL TPYHTIB

Po3risiHyTO IMTAHHS Ne3aKTHBallil IPYHTIB Ha PajioaKTHBHO 3a0pyJHEHUX TepuTopisix. HaBeneHno Tex-
HOJIOTIYHY CXeMY Je3aKTHBALlil IPYHTIB 3 IUPKYJISIIEI0 TEXHOIOTYHOro po3unHy. ExcriepuMeHTaIbHO J10CIi-
JDKEHO OYMIICHHS PO3YHHIB, 10 YTBOPIOKOTHCS BHACIIIOK JE3aKTHBAIIi IPYHTY, COPOI[IMHIM METOIOM. 3a-
cTocyBaHHA (DepolliaHimiB 3ami3a, Mii Ta MiTi-Kajliio Ha TIMHUCTIH MATPHII JO3BOJIE TPAKTHYHO MOBHICTIO
Bunamtu Cs-137 (koedinieHt nezaxruaii — 1000) i OBepHYTH pO34XH JUIsl HOBTOPHOTO BUKOPHCTAHHSL.

Knwowuosi cnosa: pinki palioakTHBHI BiXOH, JI€3aKTUBALliS TEPUTOPIi, A€3aKTHBALls IPYHTY, de-
PpolliaHiIHI COPOEHTH.

JlezakTuBallisg HAJIEKUTh 10 KOMIUIEKCY poOIT, CIpSIMOBAaHUX HA IOBHE YCYHEHHS HEraTHUB-
HUX HACIIJIKIB, CIPUYNHECHUX HAJA3BUYAMHOIO CUTYAI[IEIO 3 MOTPAIUITHHSAM y HABKOJIMIIHE CEPEJIO-
BUILE PaJIOAKTUBHUX peuoBUH. KoHIeniis Oe3neKku nojsrae y TeXHiuH1i 1 TEXHOJIOTTYHINA TOTOB-
HOCTI JI0 TIOJ0JIaHHS HACTIIKIB aBapiid, caMe TOMY BEJIMKAa yBara MpUIUBIETHCS iX mependavyeHHIo,
aHaIi3y Ta oprasizaiii 3aco0iB MPOTHUCTOSHHS.

Ha cporoni B myHKTaxX TUMYacoBOi JJOKali3allil paji0akTUBHUX BIIXO/IB Y 30H1 BIIUYyXKEH-
Hst 36epiraeThest 6m3bko 700 THC. M° pagioaKTHBHO 3a6pyIHEHOTo IpyHTy, me 100-150 tre. M’ 6y-
JIe TI0JITaHO B TIpolieci OyIIBHUIITBA HOBOTO Oe3meuHoro koHpaitamenTa [1] .

[Ipu peanizanii MpoexTiB BUBOY 3 €KCILTyaTallii 00'eKTIB aTOMHOI €HEPIeTUKH Ta pajialliii-
HO HeOe3neuHux 00'eKTiB, pU peaduriTaiii TepUTOpI, 1110 3a3HAIU PAJIOAKTUBHOTO a00 XIMIYHOTO
3a0pyIHEHHS B PE3YNIbTATI MPOMHCIOBO-TOCIIONAPCHKOT NISTTLHOCTI JTIOIMHU, & TAKOXK y PAJII IHITUX
BUIIAJIKIB, aKTYaJIbHUM CTa€ MUTAHHS [MOBOHKEHHS 13 3a0pyIHEHUM IPYHTOM.

Haii6inpin paaukanbHui 3axi OOpoThOH 3 3a0pyAHEHHSAM IPYHTIB — BUJAJIICHHS TIOBEpXHE-
BOr0o 3a0pyJHEHOro miapy, Ta MOKPUTTS MICIS He3aOpyJHEHUM IIapoM, II0 BHKIIOYAE MIrpauiro.
Takwuii crioci6 € Haa3BUYANHO JOPOTHUM 1 HOTO CIIiJl 3aCTOCOBYBATH IIPH BMICT1 3a0pyIHIOBAYIB, 110
nepesuinye rpanuyHo pomyctumuii B 1000 1 6uibie pasis.

PoGoTtu 3 BuganieHHs BEpXHBOTO IIapy IPyHTY po3nouaTi y M. Minami-Coma B 25 KM Bij
AEC "®ykycuma-1". KoBi ekckaBatopa 3HIMae BEpXHIi II1ap IPYHTY, [IPH LIbOMY 3€MJIIO M1OJIMBa-
I0Th 31 LIUTaHra, 100 3ano0IrTH po3MOPOIIEHHIO PadloaKTUBHUX YAaCTHHOK y MOBITp1. PiBeHs ompo-
MIHEHHS Ha TIOBEPXHI MICJIS MPOBEACHHS TAaKUX 3aX0/I1B 3HIKYETHCS y 35 pasiB.

3aranom, peaOutiTallisi TEPUTOPIN HUIIXOM 3HATTS Ta 3aXOPOHEHHS I'PYHTY HE BHUIIpaBjaia
cebe, OCKUTbKH 30epiraHHs BEIMKUX 00’ €MIB HU3bKOAKTUBHOTO a00 Majo 3a0pyJaHEeHOTo, abo 1py-
HTY y CXOBHIIaX € (HiHAHCOBO- Ta PECYPCO3aTPATHHUM.

AKTHBHO iJ1e TIOITYK Ta anmpoOallisg TEXHOJOT1H Je3aKTHBallll IpyHTY. [CHYIOTh POEKTH pe-
aburiTalli TepuTOpi HAyKOBO-TEXHIYHOTO LEHTPY ,,KypuaroBchkuii iHcTUTYT (M. MockBa, Pocis)
Ta Maitnanunka BacuibeBchkoro octpoBa (M. Cankt-IletepOypr, Pocis) 3 mepepoOkoro Ta Ae3aKTh-
Bargiro 10500 m° Ta 3600 M’ pamioakTHBHOTO IPYHTY BimmoBinHo [2]. YkpaiHchkumu BueHHME [1]
po3pobiieHa €KOHOMIYHO-€()EeKTHBHA TEXHOJOTIS J1€3aKTUBAllll PaJloaKTUBHOIO IPYHTY ILISXOM
HOro MexaHI4HOro (hpakIiOHYBaHHS Ta BUJIYTOBYBaHHS paaloHYKIiAIB. [Ipu 3acTocyBaHHI JaHOTO
MeToay nocsiraetbesi 90% BUITydeHHS PadiOHYKIIIIIB, IO J1a€ 3MOTY MPOTHO3YBATH MOKJIMBICTH
MIOBEPHEHHS IPYHTY Y FOCHOJIapChbKe BUKOpUCTaHHS. [[J1sl CTBOpEHHS €KOJIOTTYHO Oe3meuHoi 0e3Bi-
JIXOJTHOT TEXHOJIOT1] JIe3aKTHBAIlli HEOOX1THO OPraHi3yBaTH 3aMKHYTHH ITUKJI [UPKYJIALIl TEXHOJIO-
TYHOTO PO3uMHY. EKOHOMIYHUH acleKT € HaA3BUYAHO BAXIJIMBUH MPH PO3POOII TEXHOJIOTIH /1e3a-
KTHBallii pajioaKTUBHO 3a0pyJHEHUX I'PYHTIB, TOMY Ha BCIX €Tamax Mpolecy HeoOXiHO 3acTOCo-
BYBaTH HallMeHIIl MaTepialbHO- Ta pecypco3aTpaTHi TEXHOJIOTII.
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VYcraHoBKa A1 1€3aKTUBALlll IPYHTIB 13 HUPKYJISALIE€I0 TEXHOJOTTYHOIO PO3YMHY 300pakeHa
Ha puc. 1. [ npurotyBaHHs TEXHOJIOTTYHOTO PO3YMHY B amapar 3 Milaikoro 12 moaaerscs Boja i
PEUYOBHHH, 110 BUKOPUCTOBYIOThH JJISi BHJIYTOBYBaHHS pafioHykmiaiB. [IpuroroBanuii po3uuH mo-
JIal0Th B EMHICTH 1, B SIKy MONEPEAHBO 3aBaHTaXKEHO I'PYHT. [1iciist BITMUBaHHS IPYHTY T€XHOJIOT Y-
HUM PO3YHMHOM HMOro pa3oM 3 CYCHEHJOBAHMMM YacCTHMHKaMH BIAKa4yIOTh B HAIIPHY €MHICTb 2.
3BIATH PO3YMH HATXOAUTH B HEHTPUQYTY 3, /1€ 3 HbOI'O BUAUISIIOTHCS PaI0AKTUBHI YACTUHKH IPYH-
Ty. [IpoMuBaHHS MPOBOASTH, JOKU I'PYHT HE CTAHE BIAMOBIAATA BUMOTaM O€3TEKH, MICIIs YOro BiH
BHUBAHTAXY€EThCS Yy BaroHeTKy 10 1 BUBO3UTHCS 13 30HU J€3aKTUBALlli. AKTUBHI YaCTUHKU IPYHTY 3
HeHTpU(PYru 3 BUBAHTAXYIOThCS B Oaku-KOHTeHHepH 11 1715 moganbuioro 3aXxopoHeHHS.

3a0pyIHEHUI TEXHOJIOTIYHUM PO3YMH, II0 3HAXOAUTHCS B €MHOCTI 4, BiAKauylOTh B COpOLLiii-
HUU amapar 5, OCHAIICHUH MIMAaIKow. TyIu 5K 3 €MHOCTI JUIsl IPUTOTYBAHHS CycrieH31i copOenty 13
nojiaeTbes copoent. Ilpu iHTeHCHBHOMY IepeMilllyBaHHI B arapari Bij0yBaeTbcs copOLlisl pajioHyKIIi-
1B MOIM(IKOBAaHUM COPOIIHHIM TIIMHUCTAM MaTepiajioM. 3 armapara 5 CyclieH3iss HaCOCOM TI0JIa€ThCs
4yepes3 TiIPOLUKIIOH 6, 1€ BII0OYBAETHCS MIEPBUHHE BIIUIEHHS pO3UMHY B1Jl YACTUHOK COPOEHTY, B Halll-
PHY €MHICTH 7. JIJI1 OCTaTOYHOTO BINJIUICHHS AKTUBHUX CYCIIEHJIOBAHUX YACTUHOK PO3YMH CIPSIMOBY-
I0Th B HEHTpUGyry 8, A€ BiIOYBAEThCS OCTATOYHE BIUIUIEHHS CYCHEHJIOBAHUX YAaCTUHOK COpPOEHTY.
Jle3aKTUBOBAHUI PO3UMH [1OIAETHCS IOBTOPHO HA CTA/III0 BIMUBAHHS aKTUBHOTO IpyHTY. OKpiM TOTO,
Horo Mo’kHa MoJ[aBaTH 13 EMHOCTI 9 B amapaTt npuroTyBaHHs copOriiiHoro marepiany 13. CopOuiitnuii
Marepiai 3 MEBHOK aKTHUBHICTIO MICIHS T'IPOLMKIOHY MOBTOPHO HAJIXOJUTh B €MHICTb ISl IPUTOTY-
BaHHs copOmiiinoro Matepiany 13. Ilicns moBeneHHs 10 HEOOXITHUX TEXHOJIOTTYHUX MTApaMETPIB MOTO
MO’KHa 0araToKpaTHO BUKOPHCTOBYBATH B copOLiiiHOMY anapari 5. [1pu gocsrHeHH1 KpUTUYHOT aKTHB-
HOCTI IyJIbITy COpOLIIHHOIO Marepially MepeKkavyyioTh B HaMIpHY €MHICTb 7, 3BIJKM BOHA HA/IXOAUTH B
ueHTpudyry 8 Juist MOBHOTO BUAUIEHHS B piakoi (aszu. Onep:kanuil copOLiiHMii MaTepiai 3 KpUTHY-
HOIO aKTHBHICTIO 3aBaHTAXYEThCS B OaKU-KOHTeHHepH 11 A1t Mo1aibIIoro 3aX0pOHEHHS.
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Puc. 1. [Ipunyunosa mexnonociuna cxema nilomHoi yCmaHoeKu 0Jisi 0e3aKkmueayii padioakmueHux
2PYHMIG 13 3AMKHYMUM YUKTIOM BUKOPUCMAHHS MEXHOI02ITYHO20 PO3ZUUHY 3 BUKOPUCTNAHHAM COPO-
YIUHUX mMamepianis.

1 — emnicmo-mixcep; 2 — nanipna emuicmo,; 3 — yenmpughyea, 4 — npuilomua emuicms, 5 — copoyitinull anapam;

6 — 2iopoyuxnon; 7 — Hanipua emuicmo, 8 — yenmpugyea,; 9 — npomisxcrna emuicmo,; 10 — éaconemka-mapa 0Jist Mpanc-
NOPMYBAHHS NPOMUMO20 IPYHMY i3 30HU Oe3axmugayii; 11 — 6aku-konmetinepu 05 36epieanist i ROOAILULO20 3AXOPO-
HeHHsl aKMUBHO20 COPOYITIHO20 MAMepIany | AKMUSHUX YACMUHOK IpyHmy; 12 — emHicmb 011 NPU2OMY8aKHs MEXHOO0-
2IYH020 po3uuny; 13 — emuicmo 0151 NPUSOMYSAHHsL 2IUHUCIO20 copbenmy, 14 — nacoc.
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AnaparypHe oQOpMJIEHHS MPOLECY AAa€ 3MOTY 3A1MCHIOBATH OYMILEHHS HE JIMILIE IPYHTY,
ajie 1 BoJu, 3a0pyAHEeHO1 paioHyKiIiAaMu. B 11boMy BUIAIKy paioakTHBHA BOJA MTOJAETHCS B ara-
pat cop0iii 5, 1 mportec BiIOyBa€ETHCS 3T1IHO 3 OMMCAHOK cXxeMoro. OUuIeHa Boa, mo 30UpaeThes
B MPOMDKHIN €éMHOCT1 9 1 BIIMIOB1/1a€ CaHITApHUM HOPMATHBAM, 3JTUBAETHCS Y BIIKPUTY BOJAOUMY.

[IpoBeneHo MOCHIIPKEHHS MPOLIECIB OUMIICHHS BIANpPallbOBAaHUX TEXHOJIOTTYHUX PO3YMHIB
ne3aktuBauii rpyHTiB Big Cs-137. Jlns ouMilieHHs: pO34MHIB 3aCTOCOBAaHO (epolliaHiu 3aii3a, Mijl,
Ta M1Ii-KaJIiio, oJiep>kaHi Ta BUBUEHI B [5]. BiampaiiboBaHi TEXHOJIOTTYHI PO3UMHH, 1110 YTBOPIOIOTHCS
B IIpolecax JE€3aKTUBALll I'PYHTY, 3HAYHO BIIPI3HAIOTHCA 32 XIMIYHUM Ta PaIioXIMIUHUM CKJIJI0M, Ki-
JIBKICTIO Ta JTUHAMIKOIO HAIXO/KEHHS. EKOJIOTyHO Oe3revHnii TEXHOIOTTYHUA TPOIIEC OUHIIEHHS Po-

34YMHIB, OKPIM BUJIAJIEHHS PAaIIOHYKIIIIB, Mae 3a0e31edyBaru:
—  OUMILIEHHS BIJ HIKUIMBUX JOMIIIOK (HapUKIaJ, Ba)KKUX METAIIB) 3 OTPUMAHHSAM Ha BU-
X071 BOJIH, 1110 BIITIOBIIA€ BUMOTaM JCP)KaBHUX TME€HIYHUX HOPMATUBIB [6-7];
— e(dexkTuBHE BHIAICHHS PATIOHYKIIIIB 3 PIIKUX pamioakTuBHUX BinxoaiB (PPB), mo mic-
TATh BUCOKI KOHIIEHTpallii 10HiB (OutbLIe 1 I/11), 110 BUCTYNAIOTh KOHKYPEHTaMU paIlOHYK-
J711B (10HU HATPIIO Ta KaJIbIIiIO0);

—  MPOCTOTY KOHAMIIOHYBAaHHSI BTOPMHHUX BIIXOJIB Y CTaH TBEPAUX BIIXOMIB, SIK1 HijIsira-

I0Th 3aXOPOHEHHIO Y CTalllOHAPHUX CXOBUILAX.
Pe3ynbraTy ouMilieHHs BIANpallbOBAaHUX TEXHOJIOTTUYHUX PO3UMHIB JI€3aKTUBAIIIl IPYHTIB Bij
Cs-137 naBegeno y taou. 1.

Tabnuus 1

Ouuwenns pioxux i0xo0ie 6i0 Cs-137 Ha MOOUDIKOBAHUX AUHUCTIUX COPOEHMAX

Po3unn 1o oun- Po3uun micisg oun-
Bwmict koHKY- IIEHHS IIEHHS Koedirient
CopOGent . : -
PYIOYHX 10HIB | AKTHBHICTb, | Tun | AKTHBHICTB, | Tun JIE3aKTUBALI1]
Br/mm’ PPB Br/mm’ PPB
3atiza (eporiamiz Ha 10 CA 1,8-10° HA 570
TJIMHUCTINA MaTpHIIi 5,0-10° HA 0 - 00
Mini depomianinua | 5 /i1 HaTpiio 107 CA 1,2-10° HA 870
TIIMHHUCTIH MaTpHIL XJIOpHITY, 5,0-10° HA 55 HA 900
Mizi-Kkaito peporri- pH=6,5 107 CA 5,410 HA 190
dH1 Ha TIHVCT 5010° | HA 78 HA 600
MaTpHIll
3atiza (eporiaiz Ha 10 CA 1,9-10° HA 530
TJIMHUCTINA MaTpHIIi 3,0-10° HA 590 HA 50
Mini deportianin Ha 11 /1 xanbItiro 107 CA 1,3 10* HA 790
TIIMHHUCTIN MATPHIL XJTOPHITY 3,0-10° HA 115 HA 270
Mini-kaito pepori- pH=6,5 10 CA 1,8-10° HA 550
dH17] B2 FOMHUCTIA 3,010 | HA 125 HA 250
MaTpHIll
Ipumimxa.

HA — namsskoaxTieHi PPB (akTiBHICTS Memme 3,7-10° Br/1); CA — cepeanboaktuBhi PPB

(axtuBHicTb 3,7-10° — 3,7-10"° Br/n) [6].

OueBHIHO, 110 MPH 3aCTOCYBaHHI ()epoLiaHiIIB Ha TIIMHUCTIA MaTPUIl MOKHA JOCSITHYTU
npaktuuHo nmoBHOTo ountieHHs: PPB Bixg Cs-137. KoeditienTn ne3akTvBariii HaJ3BUYaiiHO BUCOKI 1

ctanoBiaThs 100-1000.

[lepeBaramu 3actocyBaHHs COpOLIHUX MaTepiaiiB y MPOIECAX OYHUIIEHHS TEXHOJOTTYHUX
PO3YMHIB JI€3aKTHUBAIlIl IPYHTY €:

—  BIICYTHICTh OOMEXEHb 3a KUIbKICTIO CHPOBUHU Ta HU3bKa BapTICTh;

— IpOCTOTa Ta HAJIMHICTh YTUJII3allli BIANPAlbOBAHOTO MarTepiaiy;

Texnoeenna ma exono2iuna besnexa

205




—  HAasIBHICTb BUCOKOPO3BMHEHOI MOBEPXHI, KA MPOSBIISE COPOLINHI BIACTUBOCTI HE TUIBKU
I0JI0 PATIOHYKITIIB, ajle 1 10 HIINX 10HIB Ta KOJIOi/IB;
—  BHUCOKI €eMHICHI XapakTepuctuku 1mojio Cs Ta Sr;
—  koedinientu posmogity wrst Cs-137 10° eM’/r 1m0 criBMIpHO 3 aHANOTYHAMH BEINYHHA-
MU JUISL ACSIKAX THIIB CHHTETUYHUX HEOPraHIYHUX COPOCHTIB, 10 3HAYHO TOPOXK4i [§].
3anpoNOHOBAHO OYMILEHHS TEXHOJIOTIYHUX PO3YMHIB J€3aKTHBALli I'PYHTIB COPOLIIHUM
METO/IOM 13 3aCTOCYBAHHSIM MOJU(IKOBAaHUX TIMHUCTHX MiHepaiiB. BcraHoBiIeHO e(eKTHBHICT
3aCTOCYBaHHS COPOIIMHUX MaTepiajiB 3 COJIEBMICTOM S /11 3a coysiMu Hatpito Ta 11 r/1 3a consimu
KaJIbI[ir0 U1t oyniesHs Bix Cs-137.
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B.B. Tokapeeckuii, M.A. Ilempoea, U.M. Kpun
OYUCTKA TEXHOJOI'MYECKUX PACTBOPOB JIESAKTUBALIUU T'PYHTOB

PaccMoTpeHsl BOIPOCH! J1€3aKTUBAIIMKM [PYHTOB, 00pa30BaHHBIX B PE3yJbTaTe PaIdOAKTHB-
HOTO 3arpsizHeHus: Teppuropuil. [IpuBeneHa TexHosornyeckas cxema Je3aKTUBALMU TPYHTOB C IH-
PKyJLHENH TEXHOJOTHYECKOTO pacTBOpa. DKCIEPUMEHTAIbHO HCCIEI0BaHA OYMCTKAa PacTBOPOB,
o0pa3yroIuxcs B pe3yibTaTe JAe3aKTUBALMU IPYHTOB, COPOLIMOHHBIM MeToA0M. [Ipumenenue gep-
POLIMAHUJIOB XKeJe3a, MeIU U MeIU-Kajlus Ha INIMHUCTOM MaTpHUlle MO3BOJISIET IPAKTUYECKU TOTHO-
cteio ynanuTh Cs-137 (koaddunment aezakruBanuu - 1000) 1 BO3BpaTUTH pacTBOP ISl TOBTOPHO-
r'0 HUCIOJIb30BAHUS.

Knrouesvie cnosa: xvuxue painoakTUBHbIE OTXO/bI, J€3aKTUBALUS TEPPUTOPHUH, NE3aKTU-
BallMs MOYBbI, (EPOIIMaHUIHBIE COPOEHTHI.

206 Bicnux JITY BXXII Ne 6, 2012



V.V. Tokarevskyy, M.A. Petrova, 1. M. Krip
SOIL DECONTAMINATION TECHNOLOGICAL SOLUTIONS TREATMENT

The issues of soil decontamination formed as a result of radioactive contamination is exam-
ined. The technology of soil decontamination with solution circulation is studied. The experimental
research of solutions sorption treatment is described. Application of ferric, copper and copper-
potassium ferrocyanide enables Cs-137 decontamination (coefficient - 1000) and return the solution
for recycling.

Key words: liquid radioactive wastes, territories rehabilitation, soil decontamination, ferro-
cyanide sorbents.
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