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Tnemumym eeoximii naskoruwnbo2o cepedosuwya HAH Yrpainu

OLIHKA KOE®IIIEHTIB PO3IIOALLY U, Pu, Np, Am, Cs ta Tc B
KPUCTAJITYHUX TIOPOJAX HOTEHHIMHUX JIVISHOK PO3MIIIEHHA
TEOJIOTTYHOI'O CXOBHIIIA B YKPAIHI

Haseoeno pesynomamu oyinku xoegiyicumis posnooiny U, Pu, Np, Am, Cs ma TcC ¢ kpucmaniunux nopodax
NOMEHYIUHUX OUISTHOK PO3MIWEHHsl 2e0l02iuH020 cxosuwa 6 Ykpaini. Bcmanoeneno, wo cepeoui senuuunu
Koegiyicumis po3nooiny, oOuUCIeHi HA OCHOBI OnyONIKOBAHUX eKCNePUMEHMANbHUX OAHUX, OMPUMAHUX 34
VMO8, HAOTUICEHUX 00 NOMEHYIUHUX Y MO8 MAUOYMHbLO2O 2€0N02i4H020 cxo8uwa 6 Ykpaiui, 30in6uyomscs y
paoky Tc-oxi < Np(V) < U(VI) < Pu-oxi < Te-red < Cs < U(IV) < Pu-red < Np(1V) < Am. Ilokazano, wo 6
VYMOBAX 2panimie ma 2epauimoioie, HenmyHiti 6IOHOCUMbCA 00 PAOIOHYKIIOI8, WO CIAOKO Ma CepeoHbo
NO2NUHAIOMbCA, YPAH ma yesil — 00 padioHyK1i0i8, Wo cepeoHbo ma CUTbHO NOSIUHAIOMbCA, d amepuyii ma
NJYMOHIL — 00 padiOHYKAIOI8, WO NO2TUHAIOMbCS CUNBHO.

Beryn

3aranbHOBHU3HAHA KOHLEMIIS 3aXOpPOHEHHS TBEPAUX Ta OTBEPKEHUX pPa/l0aKTUBHUX
BimxoniB (PAB) y rmmboki reonoriuni ¢opmarii (reosoriuni cxouma — ['C) mependavae
CTBOpEeHHS OararoOap'epHoi cucteMu 130isrii  Giochepu Bim OiojoriyHo HeOE3MEUHUX
pamioHyKIiAiB, IO BXOIATh 10 ckiany PAB. Taka cuctema BKIIOYae, MOpSA 31 IITYYHHUMH
Oap'epamu, TpPUPOAHUI Oap'ep — MOPOAU TIpChKOro MacuBy, mo otouyroTh ['C. T'ipceki mopoau
MOBMHHI 3a0e3redyBaTH YTPUMAaHHS JOBrOICHYIOUHX DAJIOHYKIIIIB y MeXaxX OOMEXKEHOro 3a
PO3MipaMH BiT4yKyBaHOTO OJOKY TipChbKOT0 MacHuBYy (OJIMKHSI 30HA CXOBHIIIA).

VYTpumyroui BIAaCTHBOCTI TIpPCBKMX TIOPiJ BU3HAYAIOTHCS IXHIMH T1IpOi30JIIOI0UUMH
BJIACTUBOCTSMH Ta 3JIaTHICTIO «BTSTYBATH» PAIOHYKIIIN Y (i3UKO-XIMIYHI 1 T€OXIMIYHI MPOIIECH,
o BinOyBaroThes y JiTochepi. OaHUM 13 (Pi3UKO-XIMIYHUX MPOLECIB YTPUMAHHS paliOHYKIiIIB
nopoaamu (MiHepanamu) € mporec ix Mik(a3oBoro po3moiny miJ 4Yac KOHTAKTY MiI3eMHHUX BOJ 3
MTOPO/IAMHU.

Ha choroani y kpaiHax, ae mpoektyrotbesi 1 crBoprotoThess ['C (CHIA, Kanani, IBenii,
®innsgHAil Ta iH.), 3i0paHa Benuye3Ha iHGOPMAIlS ¥ MPOBOIATHCA HAYKOBO-IOCTIIHI pOOOTH 3
OLIIHKK  COpOIiifHO-0ap'epHUX BIACTUBOCTEH pi3HUX mopia  (Ty(diB, COJBOBUX BiIKIAIIB,
KPHCTAIYHUX Ta TJIMHUCTHX TOPia), 30KpeMa, i MO0 BHU3HAYCHHIO KOCQIIi€HTIB PO3MOIITY
PaTIOHYKITITIB ISl BAKOPUCTAHHS 111 9ac aHamnizy 6esmeku ['C.

B Vkpaini Taka iHdopmaris ans rpanitoiniB KopocTeHCbKOro miyToHy, siKi po3riisatoThCs
gk mnepcrektuBHe BMictwimime ['C, BigcyTHa. LluM TOBIZOMIICHHSM aBTOpW 3all0YaTKOBYIOTH
myOJiKaIlilo HU3KU CTaTel 3 i€l mpoOIeMaTHKH.

Meta crarTi — BHKJIAJICHHS pE3YJIbTATIB JOCHIHKCHHS MO0 OIHKA KOe(Iillie€HTIB
posnoainy Tc, U, Pu, Np, Am ta CS B KpucCTaTiuHUX MOPOJAAX MOTCHIIIMHUX MIISTHOK PO3MIIICHHS
reoJIOTIYHOI0 CXOBHUIIA B YKpaiHi.

MeTtoau gocaixzKeHHs Ta IX O0IPYHTYBAHHS

AHai3z 10cBiy KpaiH, sIKi MPOMILIM 3HaUHUN IUTIX B HanpsiMKy ctBopeHHs ['C PAB nokasas,
0 BOXIMBUMHU TApaMETpPaMH, sSIKi BUKOPHUCTOBYIOTHCS B aHali3l OE3MEKH CXOBHII, € KOe(ilieHTH
PO3NOALTY pamioHyKIiAIB y TeonoriunoMy cepenoBuii. Y CILA, Kanani, [IBerii, @innguaii Ta iHIINX
KpaiHax MpoBeJeHa 3HaYHa PoOoTa MIO/I0 y3araTbHEHHS TaKMX JTAHUX CTOCOBHO SIK ITOPIJI, TAK i OKpEMHX
MiHEpaiB, 10 BXOJSTH JI0 iX ckiamy. [[boMy MUTaHHIO y pi3HI POKM MPUCBSYCHA Ii1a HU3KA 3BITIB, B
SIKMX HaBECH!1 JaHl, OTpUMaHi JOCIIIHUKAMH B OararboX KpaiHax. 3BITM 3HAYHO PI3HATHCA 5K 32
TIEPENTIKOM PaioOHYKIIi/IiB, IEPETIKOM TOpi Ta MiHEpaIiB, TaK i 3a AETATIbHICTIO HaBeIeHO1 iH(opMaliii Ta
MeTofamu il ompaifoBaHHs. Lle BH3HAYA€THCS 3aKOHOABUO-HOPMATHUBHOIO 0a30t0 KpaiH (BU3HAYa€E
KOHTEKCT aHaiizy Oesreku), TumoM PAB (meperik pamioHYKIiIiB), KOHCTPYKIIEIO CXOBHII, THIIOM
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BMicHHX Topin. Kpim Toro, 3a ocTaHHI JeKUIbKa JECSTHUPIY MPOBEICH] JOCTIPKEHHS OO0 BU3HAUCHHS
Koe(IIi€HTIB pO3MOIUTY I KOHKPETHUX TOPif, SIKi € MOTSHIUMHUM CEepPEeIOBHILIEM ISl POIMIIIICHHS
cxosutl PAB: st TydiB Ta conpoBux BinknmaniB —y CIIA, mis kpuctaniaanx nopin — Kanami, [Isermii,
Oinmsanaii, Anownii, Kopei Ta, yactkoso, Icnanii Ta CIIA, mis rmuaucTux nopig —y @panii, [Beiinapii,
Bernprii Ta in. B YkpaiHi, sk morenmiiine cepenosuiie posmimieHss ['C PAB, po3risiiaroTecs KprcTamivHi
nopoau. HaiiGinpin 6mu3bkuMu 3a KoHIETIIiero 10 MaioyTHboro I'C B YkpaiHi BBaKalOThCSl MPOEKTH
reosoriyanx cxoBwui L[Bemii Ta @innsHmii. Buxoasau 13 10CBixy IUX KpaiH, HAHOUTHIT BAKITMBAMHE IS
anamizy 6e3nexu I'C pamgionykmigamu € Tc, U, Pu, Np 1, gactkoBo, CS Ta Am. 3a3HaueHi paJioHyKJIiIi 110
pisHOMY (DIKCYIOTBCS B T€OJIOTIYHOMY cepeoBuii, 30kpema Cs, Pu, Am — copOyrotscst cubho, U(V1),
Np(V) 3a OKHCHIOBAIBHHUX YMOB COpPOYIOTBCS CepelHbO abo CabKo, a 3a BIHOBHHX YMOB € CJIAOKO
PYXIMBIMH €IIeMEHTaMH. 3a BIJHOBHMX YMOB TC BIJIHOCHTBCS JO CJa0KO PYXJIMBHX EJIEMEHTIB
(mpuitnstTo mipw otk 6e3nexu I'C B IIBerrii), 3a OKUCHIOBAIEHHUX — B3arai He COpOYeThCs.

Koedimientu posmnoainy MoxyTh OyTH OTpEMaHi KiJibkoMa criocobamu [1, 2]:

O eKCIEepPUMEHTAIBHUM IIISIXOM Y JJabopaTOpHUX yMOBax abo in situ;

O Ha OCHOBI JaHUX (Pi3MKO-XIMIYHOTO MOJEIIOBaHHS (MOJIENi iI0HHOTO 0OMiHY, TOBEPXHEBOTO
KOMITJIEKCOYTBOPEHHSI Ta iH.);

O Ha OCHOBI EMITIPHYHIX MOJICIICH, 5IKi 3B’s13yr0Th BenmurHK Kd 3 XapakTepucTikamMu Hopi.

Ha cranii BuGopy wmaiimanunka pans conopymkenHs ['C  HallOinbpln BUNpaBAaHUM Ta
OOTPYHTOBaHMM € OCTaHHIM minxix. Y maHiii poOoTi 3po0ieHa oHa 3 MEPIIMX CIpoO CHCTEMHOTO
aHasti3y omyonikoBanux aanux oo BenuurH Kd Tc, U, Pu, Np, Cs Ta Am 3 TOuKH 30py MOKITHBOCTI
X BUKOPUCTaHHS JUTA TIoTepeIHboi ominky O0e3nexu I'C B Ykpaini. Y pesynbrati Oyiu:

O obuucneHi cepeHi BEIMYUHN KOSPIIIEHTIB pO3MOALTY 3a3HAYCHHUX €JIEMEHTIB B IPaHiTax Ta
rpa”iToizax 3a yMoOB, MmO Oynu HaOMMWKEHI J0 yMOB TpaHITIB Ta TPaHITOINIB
Kopocrenckboro miyTony;

O BHUKOHaHA IMONEpeaHs OIiHKa KoedimieHTiB posmoaury T¢, U, Pu, Np, Am Tta Cs B
KPUCTAIIYHUX MOPOJax MOTCHUIMHUX NisHOK po3mimenHs ['C B YkpaiHi 3a 10moMororo
EMITIPHYHUX MOJEIICH.

OO6uucnenns cepenHix BenuanH koedimieHTiB posnoauty T¢, U, Pu, Np, Am ta Cs B rpaHiTax
Ta TPaHITOINaX MPOBEICHO Ha OCHOBI pO3IIMpeHOi Mozeni, po3poodieHoi B SKB, Hlsewis [2]. V
3aIpOIOHOBAHy MOJIC/Ih BKJIFOUCHO HHU3KY J0JATKOBMX YMHHHKIB (BMICT MOJBOBHX IIMATIB Y MOPOI,
3arajibHUI BMICT KaTiOHIB y mim3eMHMX Bojax). KoegimieHTH Moneni BHU3HAUYCHO Ha OCHOBI
EKCIIEpUMEHTATBHUX JaHuX 100 cop6birii Cs rpanitoigamu [I1IBerii (SKB) ta ®innstaaii (POSIVA)] 3
ypaxyBaHHSIM TakoX KoedilieHTiB po3moaiay CS B rpaHiTax Ta rpaHiToinax, OoTpuMaHuMu y pooori [3].

Pe3ysabTaTn Ta iX 00rOBOpeHHs
AHani3 onmyOJIiKOBaHMX JTaHUX TOKa3aB, MO0 BeTWYMHU Koedimientu posnoairy Tc, U, Pu,
Np, Cs Ta Am, HaBeeHI B Pi3HUX JDKEpEIax 3HAYHO BiJPI3HAIOTHCS 1 3ayiexkath Bif [2, 4-13]:
O 0COOIMBOCTEH MiHEPAIBHOTO CKJIaly TPaHITIB Ta TPaHITOIMIB,;
CIBBiTHOIICHHS po34rH / TBepAa ¢asa;
po3mipy dpakiiii, s skoi BusHadanucs Kd;
BenmuuHK pH, 3a sikux BUKOHYBajochk BuzHaueHHs Kd (ocobmmBo s Tc, U, Pu, Np, Am, B
MeHImoMy cryneni — s CS);
BEJTMYMHK OKUCHIOBAILHO-BITHOBITFOBAILHOTO MOTEHITATy (ocobmBo mst Te, U, Pu, Np);
O 10HHOI CHJIM pO3unHYy, B sskoMy Bu3Haudanucs Kd (ocobmuso mis CS)
O TOYaTKOBOI KOHIIEHTpaIlii paaionykiiaiB (ocobmuBo s Cs);
Jlnst oOumcneHHs: cepeAHix BenwuuH KoedimieHTtiB posnoainy Tc, U, Pu, Np, Cs ta Am
Bukopucrani Kd, siki Oysu BU3HAaUYCHI 32 HACTYIIHUX €KCIICPUMEHTAJIbHUX YMOB:
O BenuuuHu pH, 3a skux mnpoBoawnu BusHaueHHs Kd, 3maxomsrecs B iHTepBam 6+9
(HaitOLIBII BIPOTiAHI BETMYMHU JUIS TPIIIMHHUX BOJA KpUCTaIiuHUX mopix KopocteHchkoro
IUTYTOHY);

O OO

@]
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0 Cp"™, Cam™* < 1x10°8 M/n, Cy™", Cnp % Cre™™, Ces ™, < 1x10® M/n (naii6inbur Biporigai
KOHIICHTpaIlii pagloOHyKIIiIIB Y MA3€MHUX BOJAX Yy pa3l iX BUXOAY 13 CHCTEMH 1H)KEHEPHUX
Oap’epiB);

O TIOTJIMHAHHA PaIOHYKIIAIB BiIOYBAETHCA 13 PO3YMHIB 3 CEPEAHIMU Ta HU3bKUMHU 10HHUMH
cunamu (Uit KpucTamiyHuX mopia KopocTeHChKOro IIyTOHY XapaKTepHi BOJIH 3 HEBHCOKOIO
MiHepaTi3ali€eo);

O BpaxOBYBaJM JaHi JUIs TPAHITIB Ta TPAHITOINIB, AKI 32 MiHEpaTbHUM CKIAIOM SIKICHO
BI/IMOBIIAFOTH CKIIAAY KPHCTAIIYHUX Mopia KOpOCTEeHCHKOTO TUTYTOHY.

Pesynbrati anamizy mokaszanu (tabm. 1, puc. 1), mo cepemHi BETHUMHH KOC]Ili€HTIB
posnoainy 30uIbInyoThes B paaky TC-0xi < Np(V) < U(VI) < Pu-oxi < Tc-red < Cs < U(1V) < Pu-
red < Np(IV) < Am. MakcumansHa BenrunHa Kd otpumana s Am (logKd = 4,5), a minimMaibHa —
st Tc 3a okucHIoBanbHEX yMoB (Kd=0).

Ta6auusn 1. 3uauenns logKd Tc, U, Pu, Np, Cs Ta Am B rpanitax Ta rpaHitoigax,

Crn. Kinekicts
Enement | Cepenue | Minimym | Makcumym | Bigxuienss TOUOK Jxepena naHux
UVl 1,204 0,6 1,987 0,541 7 [3-6]
u@iv) 3,095 2,813 3,699 0,159 33 [4,5,7]
Np(1V) 3,157 3,041 3,699 0,148 19 [4,5,7]
Np(V) 1,196 0,114 2 0,321 45 [4,5,7]
Pu-red 3,12 2,477 4,255 0,367 96 [4, 7-8]
Pu-oxi 2,481 1,4 3,82 0,573 35 [4, 9]

Am 3,975 3,398 4,5 0,37 8 [4, 5]
Tc-oxi -0,087 -0,699 0 0,247 8 [4,5, 8, 10]
Tc-red 2,542 0,602 3,079 0,625 23 [5, 7, 10]

Cs 2,629 1,279 3,982 0,535 167 [3, 4, 6-8, 10, 11-13]

IMpumitka. red — koedilieHTH PO3MOiny, BU3HAYEHI AJIS BITHOBHHUX YMOB; OXi — KoedilieHTH pO3MOALTY,
BU3HAYCHI JJIs1 OKUCHIOBaJIbHUX yMOB; Kd B n/kr.

logKd
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Puc. 1. [liarpama po3maxy koedimientiB posmominy Tc¢, U, Pu, Np, Am ta Cs B
rpaHiTax Ta rpaHiToinax

Haii0inbii BigXUICHHS BiJl CEPEIHBOTO 3HAUYCHHs crocTepiratotbes st 10gKd, otpumannx
st TC 3a BigHOBHUX yMOB, HawimMentn — st Np (1V) (puc. 1, Tabn. 1). Cepenni Benmunan Kd U,
Pu, Np, Cs Gmmk4i 10 MaKCUMaIbHHUX 3HaueHb, 111 Tc — 1o MiHiManbHUX (puc. 1).
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Oninka koediuienTiB posnmoginy axrunigie (U, Pu, Np, Am) ta Cs B rpanirax Ta
rpasiroigax KopocTeHcbKOro niyTony

Jlnst ouinku koedimientiB po3noainy akrtunigie (U, Pu, Np, Am) B rpanitax Ta rpaHiToigax
BUKOPHCTaHa MOJIEb, po3pobiieHa B SKB [2]:

Iong:a.pH2+b.pH+c+|og(m~Q+n-D+0) (2

ne a, b, ¢, m, n, 0 — emmipu4Hi KoedilieHTH, MPUBEICHI y Tabn. 2; Q — yacTka KBapiy B
nopo/i; D — gacTka TEMHO KOJILOPOBUX MiHEPAJIiB B MOPO/II.

VY nauiit Mozemi 10 TEMHO KOJIbOPOBHX MiHEpalliB BiTHOCATH HE TUIbKH 010TUT, aM(pi0oaH Ta
iH., aje ¥ iHIIi MiHEepaau TPYIU CIIFOM Ta TiAPOCTION (XJIOPHT, LIIT, CEPHUIIMT Ta iH.), IKi € TApHUMHU
MOTEHLIHHUMHU COPOCHTaMU palioHyKIiIIB [2].

Tadoauus 2. 3HadeHHs eMIipuaHux koedirienTi piBasuus (1) [2]

Enemenr a b c m n 0
u(VvI) -0,0349 0,483 1,31 -0,26 1,53 0,71
Np(V) 0,469 -6,759 25,47 -0,26 1,80 0,71
Pu* -0,0699 1,049 -0,22 -0,35 5,60 0,71
Am(III) -0,0562 1,207 -2,13 -0,62 1,80 0,71

IMpumiTtka.* nepenbavanocs, mo Pu 3HaxomuThCs, TOJOBHUM unHOM, y Buriasami Pu (IV), xoua e BiporimHicTs, 1o
YaCTHHA TUTYTOHIIO 3HAXOAUTHCA y BUTIIiAi Pu (V)

Ockinbkn Cs nobpe copOyeThCsl MOJBOBUMM INMAaTaMUd Ta HOro MOIJIMHAHHS 1CTOTHO
3aJIeKHUTh BiJl BMICTY KOHKYPYIOYHMX KaTioHIB y po3umHi [5, 10], To ans owiHKM KoedilieHTiB
posnoniny CS B rpaHitax Ta TpaHITOIAaxX B 3ampONOHOBaHY ISl MPOTHO3YBaHHS KOe(]IIiEHTIB
PO3MO/ITYy aKTHUHI/IIB MOJIENTb BKJIFOUSHO J0IaTKOBI YHHHUKH (BMICT IOJILOBUX IITATIB y TIOPOJIi Ta
3araJbHUN BMICT KaTiOHIB y mig3eMHHX Bozax). KoeoirienT Mojeni BH3HAYEeHI HAa OCHOBI
eKCTIEpUMEHTAIBHUX JTaHuX mono cop6bmii CS kpucramiyHuMU nopojamu, orpuManux B LIBermii
(SKB), ®imnsuaii (POSIVA) ta CIIIA. 3 ypaxyBaHHSIM BHII€3a3Ha4eHOT0, piBHsHHA (1) HaOys10
BUTJISIAY:

logKy =a- pH2+b~ pH +c+log(m-Q+n-D+0+qg-Mc+ p-PIl)+ @)
f- Iog(CatZ) +e-log(Cat)
nea, b, c,m,n,o,q,p,f e— emmipuuni koedimienTn, npuBeneHi y Tadn. 3; Q — yactka KBapiy B
noposi; D — gacTka TeMHO KOJBOPOBHX MiHepaniB B mopoi; Pl — gacTka miariokiasy B mopomui; Mc —
YacTKa MIKpOKJIiHY B opofi; Cat — cyma KOHLIEHTpaIliil KaTioHIB Y MiI3eMHUX BOAAX, MI/IL.
Koedimientn momemi (tabn. 3), oTpumani B JaHiii poOOTI Ha OCHOBI €KCIEPUMEHTAIBHHUX
JaHUX, HaBeJICHUX y poborax [3, 7, 12, 13].

Tadamus 3. 3Ha4eHHS eMIIPUYHUX KOS(IIi€HTIB piBHSAHHS (2)

a b c m n 0 q p f e
-0,234 3,752 -13,603 -12,029 -11,768 11,691 | -11,854 | -11,014 | -12,029 | -11,768

Buxigni g1aHi 115 oniHku KoedinieHTIB po3nmoaiay

Sk BugHo i3 piBHsAHHA (1) BHXIZHMMH [JAaHAMH JUIS OI[IHKA € 4YacTKa KBapily Ta
TEMHOKOJILOPOBUX MiHepaiiB (0ioTuTy, am]iOoIiB, XJIOPHTIB, LIITIB, CEPULIUTY Ta iH.), IUIarioKiIa3y Ta
MIKpOKJIIHY B TIOPO/Ii, @ TaKOX BeMUMHHU pH mi3eMHUX BOJI Ta CyMa KOHIIEHTpAITiil KaTiOHIB y BOJII.

Ominka koeQilieHTIB po3moaity akTHHiAIB Ta CS Oyna BHKOHaHa IS TOPIA  JBOX
ceeputoBuH (Ne 50 ta Ne 35), posramroBanux y MmiBHIYHIHM yacTHHI YKPaATHCHKOTO IIMTA HA JiJISHIII,
IO OXOIUTFOE YaCTHHY MiBHIYHO-cXigHOro cxminy Kopocrencekoro mytoHy (aimsiHka Ilomichbka),
SIKAW € YaCTHHOIO 00pTy BimbuaHCHKOT 3amauHau. 3a3Ha4ueHa TUI0MIa BIPUTYIT MIPUIATAE 0 TEPUTOPIL
U3B, sika Ha 1aHHUI Yac PO3IIISAAETHCS K MoTeHMilHe Micue ctBopeHHs I'C PAB.

19



Buximni qani ast oniku koedirmientiB posmoauty U, Pu, Np, Am Tta Cs B opogax CBepUIOBUH
Ne 50 Ta Ne 35 migrorosani Ha ocHOBi (oHmoBux Matepianis mapTii Ne 49 (orwmcu 1wtidis). Orinka

koedirienti posnoainy U, Pu, Np, Am ta Cs ans nopin cepmioBuHu 50 BUkOHaHA it TUOUH 244-
380,5 M (Tabm. 4), ceepaounu 35 — 298-500 M (Tadm. 5).

Tabauust 4. Buxingni gani mis ominku koedimienTtiB posnoainy U, Pu, Np, Am ta Cs mis mopin
cBepu1oBUHH 50

UYacTka MiHEpaliB y mopoai
I'nmubuna, m Iopona Ko Tk KL e
IMonpiGHeHwu#t (KaTakia30BaHUA?) Ta CHIIBHO, 0,10-0,15
244 ., . . . 0,80 - -
MaihKe IOBHICTIO CEPUTU30BaHHUHN TPAHIT 0,125
. . .. 0,10-0,15 | 0,10-0,15
? - ~ 1 1 i )
357 Mirmatut? ['paHiT MyCKOBIT-0i10THTOBHI 0125 0.125 0,59 0,15
360 rp?HlT aHHlT-HUeI‘MaTOII[HI/II/I, O10THTOBHH, 0,30 0,02-0,05 0,63 0,015
JEHKOKPaTOBHUit 0,035
. NV . . 0,05-0,10
380,5 ['paniT mermMaToigHMi 1 TITSTHKAMHA aTUTi TOBAIHUN 0,30 0,01 0,60 0075

Ipumitka TyT i y Tabmumi 5. KB — gacTka xBapiy B 1mopoi, mosHauena Q y pisusausx (1, 2); Tk — yacTka
TEMHO KOJILOPOBUX MiHepalis (6ioTuty, amMm(piboJIiB, XJIOPHUTIB, LTITIB, CEPUITUTY Ta iH.), Mo3HadeHa Q y piBHsAHHAX (1,
2); KIIII — gacTka Kagi€BHX MOJBOBHX IMATiB (MIKpOKIiHY) y mopomi, mo3xaueHa Mc y piBasuni (2); Tln — gacTka
rarioknasy B mopoi, nosuauena Pl y pisusai (2)

Tab6auusa 5. Buxinni gani s oniHky koediumienTiB posnoaity U, Pu, Np, Am ta Cs mns nopin
CBEPIUIOBUHH 35

I'mubuna, YacTka MiHEpasiB y Hopoi
M Topona Ks Tk KT Tn
ogg  |KBapuosuii tioput Gioturosuii AiaropuHo 0,07-0,10 | 0,07-0,10 0.80
3MIHEHHN 0,085 0,085 '
3055 [Tnariokna3uT TEHKOKPATOBUH iad TOPHIHO 0,02-0,03 | 0,06-0,09 0,85-0,90
! 3MIHEHHUH 0,025 0,075 0,875
. . . . . . 0,02-0,03 | 0,07-0,08
309 Hioput 6iotutoBuii niahTOoprIHO 3MiHEHUH 0.025 0.075 0,90
KBaprioBuii 1ioput 610TUTOBUH Aia)TOPHUHO 0,10-0,15 | 0,03-0,05
313 . " 0,80
3MIHEHUHA 0,125 0,04
.. . . 0,07-0,10 | 0,01-0,02
327 KBap1ioBuii 1i0puT JCHKOKpATOBUIt 0,085 0.015 0,90
338 I'panit 6ioTuTOBHIT c1abKO NiadTOPHIHO 3MIHCHHI 0%02_2:,,’25 0’05 6%07 0,40 0,30
.. . . . . 0,25-0,30 | 0,03-0,05 0,30-0,35
373  |I'panit 6ioTuToBU# HiagTOpUYHO 3MiIHEHUI 0275 0.04 0,35 0325
421  |I'panir 6ioTuTOBHIA c1a6KO NiadyTOPHUHO 3MiHEHMI 0%02-2’525 0’0(? 6%’07 0,35 0,30
. . . 0,25-0,30 0,20-0,25
445 I'paHiT JeHKOKpPATOBUIA 0275 0225 0,50
449  |T'panit 6ioTHTOBHMIA cTabKO AiahTOPHIHO 3MiHEHHA 0,25-0,30 | 0,05-0,07 | 0,40-045] 0,20-0.25
0,275 0,06 0,425 0,225
4519 I'paniT 6I0TUTOBHUI TCHKOKPATOBUH qia TOPUIHO 0,20-0,25 | 0,03-0,05 045 0,20-0,25
' 3MIHEHHH 0,225 0,04 ' 0,225
. . . N 0,01-0,02
453 [lnarioknasuT aiadTOPHYHO 3MIHCHUI 0015 0,90
KgapiioBuii 1iopuT 6i0TUTOBUH Nia) TOPHUHO 0,05-0,07 | 0,07-0,10
458 . . 0,85
3MIHEHHN 0,06 0,085
463 I'panit OGioturoBuii neikokpartoBuii miapropuuno| 0,25-0,30 | 0,03-0,05 045 0,20-0,25
3MIHEHUH 0,275 0,04 ' 0,225
497  |T'panit nermMatoinuuii 6i0THTOBHIT TEHKOKpPATOBHI 0,20-0.25 | 0,02-0,03 | 0,10-0.15] 0,55-0,60
0,225 0,025 0,125 0,575
500 I'panit OioruroBmii JeikokparoBuii inTencusHo| 0,20-0,25 | 0,04-0,07 058 0,10-0,15
niadTOpHIHO 3MIHEHUH 0,225 0,055 ' 0,125
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HasiBai gani momno BenmnunH pH y TpilIMHHAKMX BO/aX IpaHiTiB Ta rpaiToiniB KopocteHckboro
IUTyTOHY JTyXe oOMexeHl. Y AaHiil poOOoTi BUKOpUCTaHI BeMYMHU pH, BU3HAuUEHI B TipOXIMIYHHX
cBepaiioBuHax OBpyibkoro paiony JXuromupcekoi ob6macti [3]. 3rimro [3] Benmumumum pH
3HaxonAThcs B iHTepBam 6,05 + 8,2. Ockinbku BeanuuHd pH TOYHO He BU3HAYEHI, KOEQIIIEHTH
po3noniny obuucieni qist pH 6; 6,5; 7,0; 7.5; 8,0 Ta 8.5.

CyMy KOHLIEHTpalili KaTiOHIB y TpILIMHHUX BOJAaX TIPaHITIB 3aJaBalud SK CEPEIHIO
BEJIMYMHY 32 JaHUMH TiIpOXiMIUHUX cBepaioBUH OBpyIbKOTo paitony JKutomupcbkoi obnacti [3],
sika cknagana 129,17 mr/n.

Pesynbratn oOumcnenHs koedimientiB posmomiry U, Pu, Np, Am ta Cs B mopomax
ceepaoBuan 50 mokaszanu, mo miniManeHi Kd xapaktepni mis Np (V), a MakcumanbHi — 1is
Pu(lV) (puc. 2a). VY uigomy Ha BCiX TIIHOMHAX KOSQII[IEHTH PO3MOALTY 30UIBIIYyIOTECS y psaaky Np
(V) <Cs<U (VI) < Am < Pu (IV). [esika BiAMiHHICTb Bifl MOPSAKY 301IBIICHHS CEPEAHIX BETUINH
Kd (Np (V) < U (VI) < Cs < Pu(lV) < Am) MOSCHIOETBCSI JOCHTh BHUCOKHM BMICTOM
TEeMHOKOJIbOPOBUX MIHEpaliB B MOpOJax CBEPMUIOBUHH (OCOOJIHMBO CEpHUIIUTY), SKUH BHU3HAYAE
OuTBII BUCOKI KoedimienTn posmoairy Cs, Ta, BiporigHo, Am.

a) 6)
Puc. 2. Koedinientu posnoairy U, Pu, Np, Am ta Cs B rpaniTax ta rpanitoinax npu pH=7.5:
a) — ceepaioBuHa 50; 6) — cBepioBuHa 35

Koedimientun posmoxiny U, Pu, Np, Am Tta CS B mopojgax CBEepUIOBHHHM 35 HMXKYi 3a
KoeiIlieHTH po3noiry B mopoaax cBepaiaoBuu 50 (puc. 2), M0 3yMOBIIOETHCS OLIbII BUCOKHM
BMICTOM TEMHO KOJIbOPOBUX MiHepaiiB B mopoaax cBepuioBuHu 50. Minimanbhi Benmnunau Kd
orpumani s Np (V), a makcumanbui — aus Pu (IV) (puc. 20). V migoMmy Ha BCixX TiTHOMHAX
koedinienTn posnoxainy 30utbmyoThes y paaky Np(V) < U (VI) < Cs < Am < Pu (IV), mo, 3a
BUHATKOM AM, criBnazaae 3 mopsaakom 30iabmenns cepennix Beanund Kd (Np (V) <U (V1) <Cs <
Pu (IV) < Am).

Crig TakoX 3a3HAYUTH, IO I TTOpia cBeputoBUHM 50 criocTepiraeTbes CTiMKa TCHACHIIS
710 3MEHIICHHS KOe(illi€HTIB pO3NOUTY BCIX paAiOHYKIIAIB 13 IMOMHOIO, y TOH Yac, K s Iopixa
ceeputoBran 35 Benmmuran Kd mpakTHYHO OJHAKOBI Ha BCIX INTMOMHAX, IO 3YMOBITIOETHCS Maiike
OJTHAKOBMM BMICTOM TE€MHOKOJILOPOBHMX MiHEpaJliB B MOPOJax CBEPUIOBHHU 35 Ha BCiX IIMOMHAX
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Ta 3MEHIICHHSM BMICTy TEMHOKOJIBOPOBUX MiHepaniB B mopoxax cepanoBunu 50 Big 80 % na
riubuHi 244 m 10 1 % na raubuni 380,5 M (Tada. 4, 5).

Bemamnaa pH mo pisHoMy BrmmBae Ha koedimientu posnoaity U, Pu, Np, Am ta Cs. Bemurau
Kd U B moponax ceepzasioBur 35 ta 50 30imbiryroThes 31 30iabineHHsM pH Bif 6 10 7 Ta 3MEHIIYIOTBCS
npu pH > 7 (puc. 3), Kd Pu 30usiyrothes 3i 30utbiieHnsM pH Bin 6 1o 7,5 ta 3menmnyrotsest pu pH >
7.5 (puc. 4), Kd Np 3menrrytotsest tipu 36ibiirenHi pH Bin 6 10 7 Ta 30imbiryrotsest ipu pH > 7 (puc. 5),
Kd Am 36ibIiytoThest B ychoMy iHTepBati Benmmaud pH (puc. 6).

a) 0)
Puc. 3. B Benmunau pH Ha koedimient po3noainy U B rpaniTax Ta rpaHiToigax:
a) — ceepaioBuHa 50; 6) — cBepayioBruHa 35

Ycepennenust oouucienux 3a piBHsHHAMEH (1) Ta (2) KoedillieHTIB PO3MOALIY IO BCIM
ribuHaM 000X CBEPIJIOBHH Ta MO BCIM BenmnuuHaMm pH mokasano, 1o cepeiHi BeIMYUHH, OLIHEHI
3a pe3yJibTaTaMH OOYHCIICHB, JOOpE CIIBMAAAIOTh 13 CEPEAHIMH BEIMYMHAMH, OOYHMCICHUMH Ha
OCHOBI OITyOJTIKOBaHHX CKCIIEPUMEHTAIBHUX JAaHuX (Tabn. 6), MmO CBITYMTH MPO MPUAATHICTH
BUKOPHUCTAHHS 3a3HAUYCHUX MOJICTICH /I MOTIEPEIHBOI OIIHKH KOE(IIIEHTIB PO3MOALTY, BUXOITIN
13 MiHIManbHOT 1H(OpPMAIIIT 00 CKIAIy MOPII.

Ta6auus 6. Pesynsratu mopiBHsHHS cepennix Benuunn Kd, o0urciaenux 3a piBHsHHAME (1) Ta (2)
3 cepenHiMu BennmynHamu Kd, 0OYMCIEHMMH Ha OCHOBI OIYOJIKOBaHMX EKCHEPHUMEHTAJIbHUX
nanux (ouB. Tabdm. 1)

logKd
Enement OO0uucreHi 3a O'H}‘/6J1iKOBaHI/IMI/I JTAaHUMU Besmuunsn, o6uucreni 3a (1) Ta (2)
CepenHe MiHiMyMm Maxkcumym
U(Vvl) 1,204 0,6 1,987 285
U(lVv) 3,095 2,813 3,699 '
Np(IV) 3,157 3,041 3,699 197
Np(V) 1,196 0,114 2 '
Pu-red 3,12 2,477 4,255 366
Pu-oxi 2,481 1,4 3,82 '
Am 3,975 3,398 45 3,51
Cs 2,629 1,279 3,982 2,78

IMpumitka: Kd B mi/kr
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6)
Puc. 4. Bus Benmmuuau pH Ha koeditienTr po3noauty PU B rpaHiTax Ta rpaHiToinax:
a) — ceepasioBuHa 50; 6) — cBepioBuHa 35

6)
Puc. 5. Bus Bennunau pH Ha koeditientu po3nonimy Np B rpaHiTax Ta rpaHiToigax:
a) — ceepasioBuHa 50; 6) — cBepioBuHa 35
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a) 6)
Puc. 6. Briue Benmunau pH Ha koedimienT po3moaisy AM B ITpaHiTax Ta rpaHiTOinax: a)
— cBepanoBuHa 50; 6) — cBepaioBuHa 35

Bennuunu Kd Cs B mopoaax ceepmioBut 35 ta 50 301bl1y0ThCst ipH 30utbIieHHi pH Bi 6
10 8 ta 3meHytotses pu pH > 8 (puc. 7).

a) 6)
Puc. 7. Bus Benmuuau pH Ha koeditientr po3noaury CS B rpaHiTax Ta rpaHiToinax:
a) — ceepasioBuHa 50; 6) — cBepioBuHa 35
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BucHOBKH

OCHOBHMMH YMHHHMKAaMH, fKi BU3HA4YaIOTh BeNWYMHHU KoediuieHTiB posnoxainy U, Pu, Np,
Am Ta Cs B rpanitax Ta rpasitoinax, € BeaxuuuHa pH Ta BMiCT TEMHO KOJIBOPOBUX MiHEpPATIB.

CepenHi BeNMYMHU KOE(DILIEHTIB pPO3MOAUTY, OOYHUCIEHI HAa OCHOBI OIYyOJIKOBaHUX
EKCIIEPUMCHTAPHUX JIAHWX, OTPUMAHUX 3a YyMOB, HAOMMKEHHX JO TIOTEHI[IHHUX YMOB
maiidoytHporo I'C B VkpaiHi, 30iburyrotecst B psiaky Tc-0Xi < Np(V) < U(VI) < Pu-oxi < Tc-red <
Cs < U(IV) < Pu-red < Np(IV) < Am. Makcumainbsha Bennunna Kd orpumana aas Am (logKd =
4,5), minimanbHa — 171t Tc 3a ymoB okucHenns (Kd=0).

Ha Bcix rimmbunax oOumcieni koedimieatu posnoxiry U, Pu, Np, Am ta CS B mopomax
ceepaoBunn 50 (mistaka [Tomickka KopocteHebkoro miyTony) 30iibiryoThes B paaky Np(V) < Cs
< U(VI) < Am < Pu(lV), a B mopoaax ceepmioBunu 35 — B psaaky Np(V) < U(VI) < Cs < Am <
Pu(lV).

Sxkro ymoBHo npuitasta [14], mo pamionykiaiau 3 Kd = 0,00+100 i/kr BigHOCATHCS 10 THX,
mo ciaabko mormmHaoThes; 3 Kd = 100+1000 n/kr — 10 THX, IIO CEPEIHBO MOTIMHAIOTHCS;
pamionykiaian 3 Kg > 1000 n/kr — 10 THX, 110 CHJIBHO MOTJIMHAIOTHCS, TO B yMOBax IPaHiTIB Ta
TPaHITOIAIB, XapaKTepHUX s MOTeHIHiHHOI ninsHku po3MimeHHs ['C B VYkpaiHi, HenTyHii
BIIHOCHTBCS JI0 PAFIOHYKIIIB, MO CIA0KO Ta CEPeIHBO IMOTJIMHAIOTHCSA, ypaH Ta Ie3id — 10
PamioOHYKIIi/IB, IO CEPEAHbO Ta CHIBHO TMOTJIMHAIOTHCS, a aMepullii Ta IIyTOHIH — [0
PaTiOHYKITIJIIB, IO CHIIBHO TOTJTHHAIOTHCS.

PoGota BukoHaHa 3a miaTpuMKH [[iTbOBOI KOMIUIEKCHOT TPOTrpaMy HAYKOBUX JIOCIIPKEHb
HAH Vkpainn «HaykoBo-TeXHIYHHMI CyNpOBiJ PO3BUTKY SAEPHOI €HEPreTHMKU Ta 3aCTOCYBAHHS
paianiiHIX TEXHOJOT1H B rany3sx ekoHoMmiku» (mor. K-6-46/2012).

1. Understanding Variation in Partition Coefficient, Kd, Values. Volume I: The Kd Model, Methods of
Measurement, and Application of Chemical Reaction Codes / U.S. Environmental Protection Agency. — EPA
402-R-99-004A. — Washington (USA). — 2004. — 212 p.

2. Allard B. Sorption of actinides in granitic rock / Svensk Karnbransleférsorjning AB / Avdelning KBS. — KBS
Technical Report TR-82-21. — Goteborg (Sweden). — 1982. — 70 p.

3. 3BiT mpo HaykoBo-AocHiiHy pobory 3a moroBopoM Ne K-11-312 “Teonoro-reoxiMidHe OOTpYHTYBaHHs
130714111 paioaKTHBHKX BimXo/iB Ta BimmparpoBanoro suepHoro namusa” / ITHC HAH ta MHC Vkpainu. —
Kuis. — 2008. — C. 388. (Ne gepsxkpeectpariii 0107U005453)

4. Allard B., Kipatsi H., Torstenfelt B. Sorption av langlivade radionuklider i lera och berg Del 2 /
Karnbrénsleforsérjning AB / Avdelning KBS. — KBS Teknisk Papport 98. — Stockholm (Sweden). — 1978. —
67 p.

5. Andersson K, Torstenfelt B., Allard B. Sorption of radionuclides in geologic systems / Kérnbréansleforsorjning
AB / Avdelning KBS. — SKBF KBS Technical report. — TR-83-63. — Goteborg (Sweden). — 1983. — 54 p.

6. Landstrom O., Tullborg Eva-Lena. The infuence of fracture mineral/groundwater interaction on the mobility of
U, Th, REE and other trace elements / Swedish Nuclear Fuel, Waste Management Co. — SKB Technical Report
TR-90-37. — Stockholm (Sweden). — 80 p.

7. Huitti T., Hakanen M., Lindberg A. Sorption of cesium, radium, protactinium, uranium, neptunium and
plutonium on rapakivi granite / POSIVA OY. — Posiva Report 96-23. — Helsinki (Finland). — 1996. — 80 p.

8. MacLean S. C., Coles D. U., Weed H. C. The measurement of sorption ratios for selected radionuclides on
various geologic media / Lawrence Livermore Laboratory. — Lawrence Livermore Laboratory report UCID-
17928. — Livermore (USA). — 1978. - 25 p.

9. Kulmala S., Hakanen M., Lindberg A. Sorption of plutonium on rocks in groundwaters from Posiva
investigation sites / POSIVA QY. — Posiva Report 98-12. — Helsinki (Finland). — 1998. — 55 p.

10. Andersson K., Allard B. Sorption of radionuclides on geological media — A literature survey. I. Fission
products / Karnbrénsleférsorjning AB / Avdelning KBS. — KBS Technical Report TR-83-07. — Goteborg
(Sweden). — 1983. 128 p.

11. Byegard J., Johansson H., Skélberg M. The interaction of sorbing and non-sorbing tracers with different Aspo
rock types. Sorption and diffusion experiments in the laboratory scale / Swedish Nuclear Fuel, Waste
Management Co. — SKB Technical Report TR-98-18. — Stockholm (Sweden). — 1998. — p. 121.

12. Huitti T., Hakanen M., Lindberg A. Sorption and desorption of cesium on rapakivi granite and its minerals /
POSIVA OY. - Posiva Report 2000-03. — Helsinki (Finland). — 2000. — 108 p.

13. Huitti T., Hakanen M., Lindberg A. Sorption of cesium on Olkiluoto mica gneiss, granodiorite and granite /
POSIVA OY. — Posiva Report 98-11. — Helsinki (Finland). — 1998. — 62 p.

25



14. 3axmroyHWi 3BIT NP0 HAYKOBO-AOCHIAHY poO0OTy «['eomoro-Timporeosoriyia €BOMIONIS  3aXHCHHUX
BJIACTHBOCTEH TPAHITOIMHUX MAacHBiB (CTOCOBHO TPOOGJIEMH CTBOPEHHS IiJ3EMHHX paialliiiHo-HeOe3meTHNX
006’exriB)» / HII PTI/I. — Kuis. — 2011. — C. 468. (Ne nepkpeectparnii 0107U004141)

Konsaouna U.JI., ladanun b.I'., Ilepkareiii K.E. OLIEHKA KOOOOUITUEHTOB
PACIIPEAEJIEHUA U, Pu, Np, Am, Cs 1 Tc B KPUCTAJUIMYECKUX [TOPOAAX
INOTEHLAJIbHBIX YHACTKOB PASMEIIEHMSA I'EOJIOTMYECKOI'O XPAHWJINIIA B
YKPAUHE

B pabome npusedenvi pesyromamol oyenxku kosagguyuenmos pacnpeoerenuss U, Pu, Np, Am, Cs u Tc ¢
KPUCIALIUHECKUX TNOPOO0axX NOMEHYUATbHLIX VUACMKO8 PA3MeWeHUsl 2e0102U4ecko20 Xpauuauwa 6 Ykpauwe.
Yemanoeneno, umo cpeonue eenuuumvl KoIpduyuenmos pacnpeoeneHus, OyeHeHHvle HA OCHO8e ONYOIUKOBAHHBIX
IKCNEPUMEHMATILHBIX OAHHBIX, HOTYUEHHBIX OISl YCA08UL, NPUOTUNHCEHHBIX K NOMEHYUanbhbim yenosuam 6yoyuezo 1'C 6
Yrpaune, yseruuusaromes ¢ psoy Tc-0xi <Np (V) <U (VI) <Pu-oxi <Tc-red <Cs <U (IV) <Pu-red <Np (IV) <Am.
Tloxaszano, 4umo 8 yCr08UAX 2paHumos u panumoudos HenmyHuli OMHOCUMCcsA K c1abo u cpeoue, ypaw u yesuii — K
CpeoHe U CUNbHO, 4 aMepuyull U NYMOHUL = K CUTLHO COPOUPYIOUUMCS PAOUOHYKTIUOAM.

Koliabina I.L., Shabalin B.G., Perkatuy K.E. ESTIMATION OF U, Pu, Np, Am, Cs AND Tc
DISTRIBUTION COEFFICIENTS IN CRYSTALLINE ROCKS OF POTENTIAL AREAS FOR
DEEP GEOLOGICAL REPOSITORY IN UKRAINE

The results of estimation of U, Pu, Np, Am, Cs and Tc distribution coefficients in crystalline rocks of potential
areas for deep geological repository in Ukraine are presented. Mean distribution coefficients calculated on the basis of
published experimental data obtained under similar to potential conditions of future GR in Ukraine conditions
increased in sequence Tc-oxi <Np (V) <U (VI) <Pu-oxi <Tc-red <Cs <U (IV) <Pu-red <Np (IV) <Am. In conditions
typical for potential area placement of the GR in Ukraine, neptunium is weak and medium, uranium and cesium are
medium and low, and americium and plutonium are strongly sorbing radionuclides.
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