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PIBHI PAITOAKTUBHOI'O 3ABPYIHEHHSI HNIJIBEMHHUX BO] INPOMMAMJTAHYUKA YAEC
TA 3ACOBH OBMEXEHHSA MOT'O PO3ITIOBCHOI?KEHHS

3a ocramHi pokH croctepiraeThes 3Haune (y 170 - 500 pasiB) ImiABHIIEHHS KOHIEHTpALil " Sf, ypaH Ta TpaH-
CypaHOBHUX €JIEMEHTIB y MiA3€MHHH BOJax Ha AUISHIN posramryBanHs komiuiekca HBK-OVY. V crarrti mokazaHo, mo
MIBUIIEHAS MIrpariiifHol 3JaTHOCTI pajioOHyKJIiAIB i3 MiI3€MHUMH BOIAMHU BifOYBA€THCSA B CHIIHOIYXKHOMY CEpelo-
Buti npu pH > 9,5 y BigHOBIIOBaNbHI# UK niepexiaHiit o0cTanoBi. HaBeaeHo pexoMeHallii mo/10 3MEHIIICHHS PiBHIB
PamioaKTHBHOTO 3a0pyAHEHHS MMiJ3eMHIX BOJI

Kuouosi croea: mpommaiinanank YAEC, migsemui Bomm, ST, ypan, TpaHcypaHOBi eeMEHTH, OCHOBHI i0HH,
pH, mirparis.

Beryn
Bu3HaueHHs PiBHIB Ta MeXaHi3MiB GopMyBaHHs 3a6pyIHEHHS Hig3eMHIX BOg “SF, ypaHOM Ta TpaH-

cypanoBumu enemenTamMu (TYE) npoBomuThest 1o crocTepexxHUX cBepioBuHax (puc. 1) y pamkax pagio-
TiAPOEKOJIOrIYHOIO MOHITOPUHTY B palioHi 00'€KTa «Y KPUTTSI».

Puc. 1. Cxema po3TalryBaHHs CHOCTEPEKHUX CBEPUIOBHH PaIioTiIPOSKOIOTIYHOTO MOHITOPHHTY
Ha JIsHII po3tamyBanHs komiuiekcy HBK-OVY.

OcHOBHa MeTa MPOBENEHHS PalioriIPOEKOIOrYHOr0 MOHITOPHUHTY TOJISATae B OLIHIN PiBHIB XiMiu-
HOT'O Ta PaJiOaKTUBHOTO 3a0pyIHEHHS IPYHTOBHX BOJ, a TAKOXX YMOB Mirpauii paJiOHYKJIiiB B 0OTOUyIOYE
aBapiiiamii 010k npupoaHe cepenopunie st BukoHaHas JICIT YAEC ¢ynkmii Oe3neku, Mo CTOCYIOThCS
0OMEKEHHSI PO3IOBCIOJKCHHS Pai0aKTHBHUX PEYOBHH Ta 10HI3yFOUOTO BHUIIPOMIHIOBAHHS 32 BCTAHOBIICHI
MeXi.
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Marepiaau Ta MmeToaU

Ha npommaiinanunky J{CI1 YAEC po3uneHuii Oe3HamipHuli BOAOHOCHHN TOPU30HT, MPUYPOUCHUHN
JI0 aNoBiaJbHUX MICKiB MepIioi HaazamaBHol Tepacu p. [lpun'ate. [loTyXHICTH BOZOHOCHOTO TOPH30HTY
26 - 28 M. HanpsiMok pyxy I'pyHTOBHX BOJl y paiioHi 00’ekTa “YKpUTTs» 32 OCTaHHI 3 POKW 3MIHUBCSI 3 MiB-
HIYHOTO HAa MIBHIYHO-CXiTHMI y OiK 3arutaBu p. Ilpun'sate Ta 3aJMIIKOBHX 03€p Ha Micli po3TallyBaHHS KO-
JUIITHBOTO BOAOHMHIIA-0X0I0MKyBauya. Ha npoMy oHi 3pocia mBHAKICTh pyXy mia3eMHUX Boa A0 40 M/pik
1 BIATIOBIAHO 3pOCTH MIBHAKOCTI Mirpariii pamioHyKIiAiB i3 MiI36MHAMH BOAAMH, IO PO3BAHTAXKYIOTHCS B
p. IIpun’sTh Ta B 3aIMIIKOBI 03€pa BOJOWMHUILA-0XO0JI0KYBaya, TUM CAMUM JIOJAI0UU CBOIO YaCTKY B pajio-
aKTUBHE 3a0pyIHEHHS MOBEPXHEBHUX BOJ — JKEPEN MMUTHOTO BOAOINOCTAYaHHS HaceleHHs YKpaiHu. Binbin
JOKJTaHO MPO PaIi0eKOIOT YHI YMOBH Ta METOM JOCII/DKSHHS HaBeIeHO B [1].
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Puc. 2. Jlunamika Bemuannn pH Ta 06'eMuoi aktiBHOCTI ST y Ipo6ax rpyHTOBHX BOJ 3i CBepAIoBHHH 2-T.
Yropi HOMepH 1epioIiB Ta MiANepioniB i cepenHi 3HaueHHs pH 1 KOYKHOTO BU/IIJIEHOTO HiBIEPiONy.

3a ocTaHHI JEKiJbKa POKiB 110 OKPEMHUX CBEPAJIOBHHAX, 10 PO3TAIIOBAHI HIKYE 38 MOTOKOM IpyH-
TOBHX BOJI BiJl 00’€kTa “YKpHUTTSI», crioctepiraerscs 3Haude B 170 - 500 pasiB 3pocTaHHsA 00’ €MHUX aKTHB-
Hocreii *°Sr, ypany ta TYE (puc. 2). [Ipu 1150My 10 OKPEMHX CBEPIOBMHAX KOHIEHTpALis St 3pocTae 110
700 - 2100 bx/n.
PesyabTatn

3a HAUIMMHU JOCIiKEHHAMH, OJHH i3 MEXaHi3MiB (OPMyBaHHS BUCOKHX 06'€MHHMX aKTHBHOCTEIl *°ST
MOB'SI3aHUI 31 CTBOPEHHSM Y MI3eMHUX BOJIaX BUCOKOJIY)KHOTO CepelloBHIIA. I3 JiTepaTypHUX JKepen Bi-
JIOMO, 10 cTyIiHb copOuii *Sr i3 myxHoro cepenopuma gocsrae 60 — 100 %. A 3a HALINME JaHHMH BCE Bi-
n0yBaeThest HaBnaku. Ha puc. 2 HaBeneHo nuHamiky BennuuH pH (rpadik 3Bepxy) Ta 00’€MHOI aKTUBHOCTI
%Sr (ricrorpama 3mm3y) 3a mepion croctepexens 1996 — 2017 pp. Ha rpadixy 3anexno Bix Bemmaus pH
BUJIJICHO W MO3HAYEHO PUMCHKHMHU YHCJIaMHU 1 PI3HUM KOJHOPOM TpH Tepiogu. Posznmonin Benvuun pH Ta
06’ €eMHUX aKTHBHOCTeil *° ST HaBeeHO Ha puc. 3. STk BUIHO 3 puc. 2 i 3, npu 3HauyeHHsX pH mig3eMHUX BOJ
B OCHOBHOMY B iHTepBati 7,5 - 8,5, siki xapakTepHi 10 nepioay I, HaiGinbII yacTi 3Ha4eHHS 00’ €MHHX aKTH-
BHOCTEi! ST B ITiI3eMHIX BOJAaX 3HAXONATHCS B Mexkax 6 - 8 BK/1L.

[Tpu 3HaueHHsx pH mig3eMHUX BOJ MepeBaXKHO B iHTepBaii 8,5 - 9,5, mo npunanatote Ha nepiof |1,
HAMGINBII YacTi 3HAYCHHS 06’ €MHHX aKTHBHOCTel “Sr 3HIKyIOThCs 10 2 — 4 Br/n. ITpore npu pH Buue B
ocHOBHOMY 9,5 (mepioz III) pi3ko 3poCTaroTh HAHGLIBII YaCTi 3HAYCHHS 06 €MHHX aKTHBHOCTEH ~ St 10 40 -
60 Bbx/n1, npu MakcumanbHux - 160 - 340 Bx/i1.
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Puc. 3. Posnozin Bemmunn pH Ta 06'emuoi axtusrocTi ** Sr s BUALIEHAX TPHOX IEpioiB:
a - nepion I; 6 - mepiox I1; 6 - mepiox I11.

[pyunHa 3HIKEHHS KOHIeHTpartii St npu pH y Mexax 8,5 — 9, 5 (nepiox 1I) momsirae y Tomy, 1o
npu pH 8,3 - 8,5 yacTuHa TigpokapOOHaT-I0HIB IEPEXOIUTh Y KapOOHAT-10HH, SIKi y CBOIO YEpPry YTBOPIOIOTh
3 10HOM KallbI[if0 Ta 10HAMH CTPOHIIII0 HEPO3UMHHI CHOIYKH, IO BUIAJAIOTh i3 PO3YHHY I'PYHTOBUX BOJ B
ocas.

OO0roBopeHHs pe3yJbTaTiB

[CHYIOTH [IBa METO/M BH3HAYCHHS IPHYMH Ta MEXaHI3MIB 3pOCTAHHS MirpamiiiHoOi 31aTHOCTI St Ta
IHIIMX PaIiOHYKIHM/IIB Y mijg3eMHuX Bojax npu pH Oinbire 9,5 (nepiox I11). Ile BuBuenHs ¢azoBoro po3mo-
Iy 1 popM 3HaXOKEeHHS PadiOHYKJIIIIB y BOAL 3a IOTMIOMOT 010 YibTpadisbTpamnii Ta METo1 TEpMOAHHAMI Y-
HOT'0O MOZIETIOBaHHS T1POreoXiMiYHUX YMOB.

dazoBuil po3MoOJIiN pallioOHYKIIAIB y OJOKOBUX Ta MiJI3eMHUX BOJax BUBYaBcs B 1996 — 2012 pp.
IBOHX Ta ITI6 AEC HAH VYxpainu. 1i nani ony6aikoBaHi, 1 MH 3aTy4uid iX JIsl TOSICHEHHSI IPAYHH 3pOC-
TaHHS MirpamiifiHoi 3/aTHOCTI paioHyKIiaiB. 3a pe3y/IbTaTaMi BUBUEHHS (a30Boro posmoxaity “Sry npobax
IPYHTOBHX BOJ i3 cBepanosunn 4-I' pu Hactarmi 111 nepiony uacTka posunanoi popmu *°Sr 3poctae 3 50 10
98 % Bix 3arabHOI 06'eMHOI akTHBHOCTI *°ST y 1po6i. Taki 5 JaHi OTPUMAHO IPH BHBYCHHI (ha30BOTO PO3-
noziny *Sr y npo6ax i3 ceepanosunn 2-I

TaKkuM YHHOM, OYeBHHO, 110 mpu Bucokux pH (9,5 - 12,5) *Sr yrBoproe KoMIUIEKCHI CrionykH, sKi
cnabo copOyIOTHCS MIIAHUMHU IPYHTaMH alOBiaJIbHOTO BOJJOHOCHOTO TOPHU30HTY. AJle sIKi caMe KOMIUIEKCHI
CITOJIYKH YTBOPIOIOTBCS, MOKE BIAMOBICTH TEpMOAWHAMIYHE MOJIENIOBaHHA. Ha puc. 4 moka3aHo po3ImoaiI
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Besmanan pH Ta 06’emuoi aktrBHOCTI *°Sr 110 cBepaoBHHi 1-2A. TTo aHiii CBEpIUTOBHHI, SIK i IO CBEPIIIO-
Bunax 4-T, 1-1A, 4-1u ta 4-4m, 111 nepio/ BULISAETHCS 3HAYHAM 3POCTAHHAM KOHIGHTpartii *°Sr.
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Puc. 4. Jlunamika Bearmuuau pH Ta 00'€eMHOT aKTHBHOCTI gy y po0ax IPYHTOBUX BOJ i3 CBEPUIOBUHH 1-2A.
Yropi HOMepH mepioniB i cepenHi 3HaueHHs pH U1 KOXKHOTO BU/IIJIEHOTO MEPioay.

3a 1aHMMHU TEPMOAMHAMIYHOTO MOJEIIIOBAHHS PE3YNbTaTiB BU3HAYEHHS XIMIYHOIO CKJamy mpod i3
cBeputoBHHEE 1-2A 3a momomororo mporpamu SOFA CH, uactka mirpariiinoi gopmu “Sr B koMIIekcHiit
crionyi 3 kapoonartamu B riepiofi 11 3poctae no 14 % mo BimHOMmIEHH!O 10 Tiepioay 11, e e 3HaueHHs Kopi-
BHIOBANO 3 % (puc. 5). BixmosigHo uactka mirpamiiiaoi gopmu St y BUrIIAL BITBHOTO i0HY 3MEHIIYEThCS B
nepioxi I 7o 83 %.
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Puc. 5. Posnozin mirpamiitaux dopm “Sr 3amexuo Bix nepiois crocTepexeHs 3a aHIME
TEPMOIMHAMIYHOTO MOJIETIOBAHHSI PE3YJIbTATIB XIMIYHOTO CKIIaay 1mpo0 i3 cBepuioBuHu 1-2A
(mporpama SOFA_CH).

Ha sxaib, pe3ynbTaTd TEPMOIUHAMIYHOTO MOJICITIOBAHHS HE MOSCHIOIOTH 3HAYHE ITiBHIICHHS KOH-
nentparii “°Sr B mepiogi II. SIk BiZOMO, CIIONYKH CTPOHINIO Ta KambI{io 3 KapOOHATAMH - CTPOHI[AHIiT
(SrCOs3) Ta xampiut (CaCOj) - c1a00pO3UUHHI Y BOJII Ta MMPU YTBOPSHHI BHUIIAIAIOTh B OCAJl YHACHIIOK He-
3HAYHOTO JOOYTKY PO3YMHHOCTI JAHMX PEYOBMH. TAKMM UMHOM, y HANIOMY BHIAIKY IS "SI MOMUIHBO
YTBOPEHHS {HIIINX KOMIUIEKCHHUX CIIOJYK, 1[0 HE COPOYIOThCS IPYHTAMU i HE BUSIBISIFOTHCS 3a PE3ylbTaTaMu
TEPMOJMHAMIYHOTO MOJICTIFOBAHHSI.
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Takox 3a JaHUMU MPOBEICHHS PaJiOTiIPOCKOIOTIYHOTO MOHITOPUHTY B CHIILHONYKHOMY CEpeio-
Bt npu pH Bume 9 - 9,5 mirpaniitna 3natHicTs ypany Ta TYE 3pocrtae Ha onuH-1Ba nmopsaku (puc. 6).
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Puc. 6. /IlunaMika KOHIIEHTpAIIill ypaHy y Mpo0ax IPYHTOBUX BOJ i3 CBEpUTOBHHU 2-1 .

Bucoxki 3nauennst pH GopmyroThCcs Ipy KOHTAKTi IPYHTOBUX BOJ i3 0€TOHOM ()yHIaMEHTIB CIIOPY/I.
VY pa3si nigBumenss pH rpyHToBux Box o BenuunH 9,5 — 10,0 32 paxyHOK Kopo3ii OeTOHY MaiboBoro (GyH-
namenty HBK, 1mo nmepekprBae 4acTHHY BOJIOHOCHOTO TOPU3OHTY, MOXKJIMBE 3HA4HE 301IbIICHHS 00'€eMHHUX
aKTHBHOCTEH * ST, ypany ta TYE.

TakuM 4YMHOM, TIOCTAE MUTAHHS BUPIMICHHS MPOOJIeM, SIKi OB’ s3aHi 3 HAJXO/DKCHHSM Ta PO3IOBCIO-
JOKCHHSIM PaJli0aKTUBHOTO 3a0PYAHECHHS 3 MMiJI3eMHMMH BOJAAMH B JIOBKIJUII Ta PO3BAHTAXXEHHS X y MOBEPX-
HEBI BOJIU, SIKI € JDKEepeJIaMu TIMTHOT BOJIM HACEJICHHS Y KpaiHH.

OmHMM 13 3aX0iB, SIKUI MOKE TIPU3BECTH JI0 3MEHIICHHS Pa/li0akKTUBHOTO 3a0pYAHEHHS MiI3EMHUX
BOJI, € PETYJIIOBaHHS TOBEPXHEBOTO CTOKY aTMOc(epHUX onajaiB. Ha okpeMux AijisTHKax MOBEPXHi MPOMMaii-
nmanurka YAEC ckianucs CipusiTIMBI YMOBH IS 30cepepkeHol iH(UIbTpalii atMochepHUX omajiB yepes
paioaKTHBHO 3a6py/IHEH] IPyHTH 30HH aepalii B mig3eMui Bogu. O6’eMHi akTHBHOCTI 'St y Tpobax mi3e-
MHUX BOJI 13 CBEPJIOBHH, 1110 PO3TAIlIOBaHi B 30HI BIUIMBY TaKUX AUISHOK, nocsraiots 1200 — 3800 Bk/n.

3MEHIIUTH paioakTHBHE 3a0pYAHEHHS Ha IUISHKAaX 30Cepe/pKeHol iH(inbTparii arMochepHuX oma-
IiB (Mmicus posranryBanHs cBepuioBuH C-24, C-23A, 21-1A. 3-T', 30-1A, C-4A) MOXIIMBO 32 PaxyHOK yia-
HITYBaHHS 3JIMBOBUX KaHaJli3alliHHUX KOJCKTOPiB. BijBeneHHs aTMoc(hepHHUX OMaiiB i3 KOJIEKTOPIB MOXHA
3IIHCHIOBATH B MiABIAHUH 1 BiABiAHMN KaHau. TakuM yMHOM, OyayTh BUKIIIOUEHI 30cepelkeHa iH(inbTpa-
1is aTMocepHHUX OMajiB Yepe3 pagioaKTUBHO 3a0pyJHEHI IPYHTH 1 MPUBHECEHHS PaJiOHYKIIIAIB Y BOJOHO-
CHUI TOPU30HT.

Pa3oM 3 THM (haKT 3MEHIICHHS 00’ €MHHX aKTHBHOCTE *°St mpy pH Imia3eMHNX Box B iHTepBai 3Ha-
yenb 8,5 — 9,5 (mepiox 1) HaBOAUTE HA AYMKY MPO Te, MIO IITYYHE MiATPUMAHHS Y BOJJOHOCHOMY TOPU30HTI
mux BemanH pH MOXKe 3aTpUMATH MOUIMPEHHS “UST 3 MiA3eMHHMH BOZAMH 33 MEXi MpOMMaiifaHdnKa

YAEC.

BucnoBku

1. Tpuunna 3HMKEHAES KOoHEHTpanii *°Sr nmpu pH B mexax 8,5 — 9, 5 (nepiox II) momsrae B ToMy,
mo npu pH 8,3 - 8,5 yactuHa rigpokapOOHAT-I0HIB MEPEXOIUTh Y KapOOHAT-10HH, SIKi Y CBOIO Yepry YTBO-
PIOIOTH 3 iI0HAMHM KaJIBIII0 Ta CTPOHIIII0O HEPO3UMHHI CIIOJIYKH, 110 BHUIIAJAIOTh 13 PO3UYNHY IPYHTOBHX BOJ B
ocaf,.
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2. MexaHisM hopMyBaHHS BHCOKHX 00'eMHMX akTHBHOCTEil *°Sr, ypary Ta TYE moB's3aHuii 3i cTBO-
PEHHSM Y Mi3eMHHUX BOJaX BUCOKOIYKHOTO cepenoBuiia 3 pH > 9,5.

3. 3MEeHIUTH palioaKTHUBHE 3a0pyTHEHHS IMJ3eMHUX BOJ Ha AUISHKAX 30CepemkeHol iH(imbTpamii
aTMoc(epHUX OMajiB Yepe3 PaaioaKTHUBHO 3a0pyAHEHI IPYHTH MOXKIIMBO 32 PaXyHOK YJIAIITYBaHHS 3JHBO-
BHX KaHaJIi3aIMIHIX KOJICKTOPIB.

ABTOpY BUCIIOBIIOIOTH NOJsKy B. €. Xany ta O. O. OfiHIOBY 3a OpraHi3aliiro Ta BU3HAYCHHS KOH-
LEHTpalill paAioHyKIiIiB y TpoOax BOIH.
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YPOBHU PAIMOAKTUBHOI'O 3AI'PA3HEHMA IMOJA3EMHBIX BOJ ITPOMITJIOINA JKH YAS3C
N MEPOITPHUATHUSA ITIO OTPAHUYEHUIO ETO PACITPOCTPAHEHUA

3a nocreHue ToBl HabTIOAaeTCs 3HaunTenbHOE (B 170 - 500 pa3) MOBBIMICHNHE KOHIEHTPAIHIA * ST, ypaHa 1
TPaHCYPAHOBBIX 3JIEMEHTOB B MOJ3EMHBIX BOJaX Ha yyacTke pacronoxeHus kommiekca HBK-OVY. B cratse nmokasaso,
YTO MOBBIIIEHNE MUTPAllMOHHON CHOCOOHOCTH PaAMOHYKIUIOB C MOA3EMHBIMU BOJAMH IIPOUCXOANT B CHIBHOLIETIOY-
HOU cpene mipu pH > 9,5 B BOCCTaHOBHUTENEHOW WM MIEPEXOAHON 00CcTaHOBKE. [IpUBOMATCS PEeKOMEHIAINA 110 YMEHB-
IICHUIO YPOBHEH paliOaKTUBHOTO 3arpsA3HEHUS NTOI3EMHBIX BOJ.

Knroueswie crnosa: npomiiomaaka YADC, noazeMHble BOBI, g, ypaH, TpaHCYPaHOBBIE AJIEMEHThI, OCHOB-
HBIE HOHBI, pH, Murparms.
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LEVELS OF RADIOACTIVE POLLUTION OF LOWER WATERS OF THE CHORNOBYL NUCLEAR
POWER PLANT AND MEANS OF LIMITATION OF ITS DISTRIBUTION

There is increase of radionuclide migration capacity (by 200 - 500 times) with underground waters when
pH > 9.5 (period I11). In addition, percent of soluble fraction of *’Sr is growing from 50 to 98 % of total activity of “Sr.
According to thermodynamic modeling, part of migration fraction of **Sr in compound with carbonates is growing from
3% (period Il with pH 8.5 - 9.5) to 14 % (period I11). At the same time, percent of migration form *Sr of free ion de-
creases to 83 % in period I1. The results of thermodynamic modeling doesn't explain significant increase of strontium-
90 concentration. As is known, strontium and calcium compound with carbonate, strontianite (SrCO3) and calcite (Ca-
COy), are slightly soluble in water and when formed, they fall into a precipitate. Perhaps *°Sr forms other complex com-
pounds that are not sorbed by soils and are not found by applications for thermodynamic simulation. High pH values are
formed by contacting infiltration and groundwater with concrete deepened structures of buildings. In the case of pH
increase of groundwater to a value of 9.5 — 10.0, due to the corrosion of the concrete of the foundation of the ARKA,
which overlaps the part of the aquifer, is possible a significant increase in volumetric activity of ®Sr, uranium, and tran-
suranic elements. The article presents recommendations for reducing the level of radioactive contamination of ground-
water.

Keywords: ChNPP industrial site, underground waters, ®Sr, uranium, transuranic elements, basic ions, pH,
migration.
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