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Tnemumym eeoximii naskoruwnbo2o cepedosuwya HAH Yrpainu

OLIHKA KOE®IUIEHTIB PO3NOALTY 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 Tc 6 kpucmaniunux nopooax
NOMEHYIUHUX OUISTHOK PO3MIWEHHsl 2e0l02iuH020 cxosuwa 6 Ykpaini. Bcmanoeneno, wo cepeoui senuuunu
Koegiyicumis po3nooiny, oOuUCIeHi HA OCHOBI OnyONIKOBAHUX eKCNePUMEHMANbHUX OAHUX, OMPUMAHUX 34
VMO8, HAOTUINCEHUX OO0 NOMEHYIUHUX YMO8 MAUOYMHbLO2O 2€0N02i4H020 cxo8uwa 6 Ykpaiui, 30in6uylomscs y
paoky Tc-oxi < Np(V) < U(VI) < Pu-oxi < Tc-red < Cs < U(IV) < Pu-red < Np(IV) < Am. [loxazano, wo 6
VYMOBAX 2panimie ma 2epauimoioie, HenmyHill 6IOHOCUMbCA 00 PAOIOHYKIIOI8, WO CIAOKO Ma CepeoHbo
NO2NUHAIOMbCA, YPAH ma yesil — 00 padioHyK1i0i8, Wo cepeoHbo ma CUTbHO NOSIUHAIOMbCA, d amepuyii ma
NIYMOHIL — 00 pAOIOHYKIIOI8, U0 NOTUHAIOMBCS CUTLHO.

Beryn

3araJpHOBHM3HAaHA KOHLEMI[ISl 3aXOPOHEHHS TBEPAMX Ta OTBEPIKCHHX PpaTiOaKTUBHUX
BimxoniB (PAB) y rmuOoki reomoriuni ¢opmarii (reomoriuni cxouma — ['C) mepenbauae
CTBOpEeHHS OararoOap'epHoi cucreMu 130isIrii  Giochepu Bim OiojoriyHo HeOE3MEUYHUX
pamioHyKIiAiB, IO BXOIATh 10 ckiany PAB. Taka cuctema BKIIOYae, MOpSA 31 IITYYHHUMH
Oap'epamu, pUPOAHUI Oap'ep — MOPOAM TIPCHKOrO MacuBy, mo otouyioTh ['C. T'ipchki mopoau
MOBHHHI 3a0e3redyBaTH YTPHUMAaHHS JOBrOICHYIOUHX DAJIOHYKIITIB y MeXaxX OOMEXEHOro 3a
pO3MipaMH BiT4yKyBaHOTO OJIOKY TIpCHKOTO MacUBY (OJMKHS 30HA CXOBHIIIA).

VYTpumyroui BIAaCTHBOCTI TIpPCBKMX TIOPiJ BU3HAYAIOTHCS IXHIMH T1IpOi30JIIOI0UUMH
BJIACTUBOCTSMH Ta 3/IaTHICTIO «BTATYBATH» PANIOHYKIIIN Y (Hi3UKO-XIMIUHI 1 T€OXIMIYHI MPOIIECH,
o BinOyBaroThes y JiTochepi. OaHUM 13 (Pi3UKO-XIMIYHUX MPOLECIB YTPUMAHHS PaliOHYKIiIIB
nopojamu (MiHepajlaMH) € Tporec iX MiX(a3z0BOro po3moAUTy i/l 9ac KOHTAKTY MiJ3eMHHUX BOJ 3
MOpOJIaMH.

Ha croromni y kpainax, ne mpoektyroTbes i ctBoprototeesi I'C (CLUA, Kanani, HIsemnii,
Oinnauaii Ta iH.), 310paHa BenuuesHa iHdopMallis W MPOBOIATHCS HAYKOBO-IOCIITHI poOOTH 3
OLIHKKA COpOIiiiHO-0ap'epHUX BIACTUBOCTEH pi3HUX Topix (TydiB, CONBOBHX BIJIKJIAIB,
KpUCTAIIYHUX Ta TJIMHUCTUX TOPid), 30KpeMa, 1 M0 BU3HAYEHHIO KOE(Illi€HTIB PO3MOILITY
PamiOHYKITITIB ISl BAKOPUCTAHHS 111 9ac aHamnizy 6e3meku ['C.

B Vkpaini Taka iHopmaris ans rpanitoinis KopocTeHChKOro miyToHy, siKi po3riisatoThes
gk mepcrektuBHe BMicTwimime ['C, BigcyTHa. LluM TOBIZOMIICHHSM aBTOpW 3all0YaTKOBYIOTH
myOJiKaIliio HU3KU CTaTel 3 i€l mpoOIeMaTHKH.

Meta crarTi — BHKJIAJICHHS pPE3YJIbTATIB JOCHIHKCHHS MO0 OIHKA KOe(illieHTIB
posnoainy Te, U, Pu, Np, Am ta Cs B KpUCTaIiUHUX MOPOAAX MOTEHIINHUX JUISHOK PO3MILICHHS
reoJIOTIYHOI0 CXOBHUIIA B YKpaiHi.

MeTtoau gocaixzkeHHs Ta IX O0IPYHTYBAHHS

AHani3z 10cBiy KpaiH, sIKi IPOMIIM 3HaYHMI NUTIX B HanpsiMKy ctBopeHHs ['C PAB nokasas,
0 BOXIMBUMHU TApaMETPaMH, SIKi BUKOPHUCTOBYIOTHCS B aHali3l OE3MEKH CXOBHII, € KOe(IlieHTH
PO3NOALTY pamioHyKIiAiB y TeonoriunoMy cepenoBuii. Y CILA, Kanani, [Iserii, @innguaii Ta iHIINX
KpaiHax MpoBeieHa 3HaYHa poOOTa MIO/I0 y3arajJbHEHHsI TAKUX JTAHUX CTOCOBHO SIK TIOPiJI, TAK i OKPEMHX
MiHEpaiB, 10 BXOJSTH JI0 iX ckiamy. [[poMy MUTaHHIO y pi3HI POKM MPUCBSYCHA IIi1a HU3KA 3BITIB, B
SIKMX HaBECH! JaHl, OTpUMaHi JOCIIIHUKaMH B OaraTboX KpaiHaxX. 3BITM 3HAYHO PI3HATHCA 5K 32
TIEPENTIKOM PaiOHYKIIi/IiB, IEPETIKOM TOpi Ta MiHEpaIiB, TaK i 3a AETAJbHICTIO HaBeIeHO1 iH(opMallii Ta
MeTofamMH ii ompargoBaHHs. Lle BH3HaUaeThCs 3aKOHOIABYO-HOPMATHUBHOIO 0a3010 KpaiH (BU3HAYAE
KOHTEKCT aHanmizy Oesmeku), TuriomM PAB (mepenik pamgioHYKIiiB), KOHCTPYKIE€IO CXOBHIL, THIIOM
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BMicHHX Topin. Kpim Toro, 3a ocTaHHI eKUTbKa JECSITUPIY MPOBEICH] JOCITIPKEHHS OO0 BU3HAUCHHS
Koe(IIi€HTIB pO3MOUTY I KOHKPETHUX TOPiA, SIKi € MOTSHIUMHNUM CEpPEIOBHILEM ISl POIMIILIICHHS
cxosunl PAB: st TydiB Ta compoBux Binknami —y CLLUA, mst kpucraniuaux nopix — Kanani, [lBerii,
Oinnsanaii, Anonii, Kopei Ta, yactkoso, Icnanii Ta CIIA, mis rmuauctux nopia — y ®panii, [Beitnapii,
Bernprii Ta in. B YkpaiHi, sk morenmiiine cepenosuiie posmimieHss ['C PAB, po3risiiaroTecs KprcTamivHi
nopoau. HaiiOinpin 6mu3bkuMu 3a KoHIETIier0 10 MaioyTHboro I'C B YkpaiHi BBaKalOThCS MPOEKTH
reostoriuanx cxoBwui LBemii Ta innsamii. Buxoasan 13 1ocBixy IUX KpaiH, HAHOUTHIT BAKITMBAMHE IS
anaiizy Oesnexu I'C pagionykmigamu € Te, U, Pu, Np 1, yactkoBo, Cs Ta Am. 3a3HaueHi paioHyKJIiJIi [0
pi3HOMY (DIKCYIOTBCS B T€OJIOTIYHOMY cepemoBuii, 30kpema Cs, Pu, Am — copOyrotsest crbHO, U(VI),
Np(V) 32 OKHUCHIOBAIFHHX YMOB COPOYIOTBCSI cepelHbO abo crnabko, a 3a BIIHOBHHX YMOB € CIIaOKO
PYXJIMBAMH €JIEMCHTaMH. 32 BIJHOBHHUX YMOB TC BIiJJHOCUTBCS JIO CIa0KO PYyXJIMBHX €JIEMCHTIB
(mpmiinsito npu ouiHui 6e3neku ['C B [Berii), 32 OKUCHIOBAIBHUX — B3araji He COpOyeThCsl.

KoedirmienTn po3noaisry MoKyTb OyTH OTpUMaHi Kiibkoma criocobamu [1, 2]:

O eKCHEepUMEHTAIbHUM IUIIXOM y Ja00opaTOPHUX yMOBax abo in situ;

O Ha OCHOBI JJaHUX (PI3UKO-XIMIYHOTO MOJICTIOBAHHS (MO/IEi I0HHOTO OOMiHY, TIOBEPXHEBOTO
KOMIUIEKCOYTBOPEHHS Ta 1H.);

O Ha OCHOBI EMITIPHIHUX MOJIEIICH, sIKi 3B’s13y10Th BenmmunHan Kd 3 XapakTeprcTrKamMu mopii.

Ha cranii BuGopy wmaiimanunka pans conopymkenHs ['C  HallOinbpln BUNpaBAaHUM Ta
OOTPYHTOBaHMM € OCTaHHIM minxin. Y maHiii poOoTi 3po0ieHa oHa 3 MEPIIMX CIpo0 CHCTEMHOTO
aHanizy omyOnikoBaHux JaHux oo BenuuuH Kd Tc, U, Pu, Np, Cs Ta Am 3 TOuKH 30py MOMJIUBOCTI
X BUKOpUCTaHHSI 1151 orepeqHboi ominky 0e3neku ['C B Ykpaini. Y pesynbrari Oyim:

O 0oO04YHCIIEHI CepeHl BETMUYMHH KOe(ILIEHTIB PO3MOALTY 3a3HaYCHHUX €JIEMEHTIB B IpaHITax Ta
rpa”iToizax 3a yMoOB, O Oynu HaOMMWKEHI J0 yMOB TpaHITIB Ta TPaHITOIMIB
KopocTeHckboro miyToHys;

O BHKOHaHa TomepeaHsi orinka koedimientiB po3nominy Tc, U, Pu, Np, Am ta Cs B
KPUCTAIIYHUX MOPOJax MOTCHUIMHUX NisHOK po3mimenHs ['C B YkpaiHi 3a 10moMororo
EMITIpUYHUX MOJIENIEH.

OO6uucnenns cepenHix BenuanH koedimieHTiB posnoaity Tc, U, Pu, Np, Am ta Cs B rpaHiTax
Ta TPaHITOINaX MPOBEICHO Ha OCHOBI pO3LIMPEHOi moxerni, po3pobnenoi B SKB, Ieewmis [2]. Y
3aMpoIIOHOBAHY MOJIENh BKJIFOUEHO HU3KY JOJATKOBHUX YMHHHKIB (BMICT MOJBOBHX INIATIB Y MOPO/I,
3arallbHUK BMICT KaTiOHIB Yy mMia3eMHUX Bojax). KoedilienTn Mojeni BH3HAYEHO Ha OCHOBI
eKCIIEpUMEHTATTFHUX JaHuX 110710 copOiii Cs rpanitoinamu [[1IBemnii (SKB) ta ®@iansuaii (POSIVA)] 3
ypaxyBaHHSM TaKOK Koe]ilieHTiB po3noairy Cs B rpaHiTax Ta IrpaHiTOiAax, OTPUMaHUMH y poOoTi [3].

Pe3yabTaTi T2 IX 00rOBOpPEHHA
AHani3 onmyOJIiKOBaHMX JTaHUX TMOKa3aB, IO BeMWYWHU Koedirientu posmoairy Tc, U, Pu,
Np, Cs Ta Am, HaBe/IeHI B pi3HUX JDKEpeNaX 3HAYHO BIAPI3HAIOTHCS 1 3ay1exath Bij [2, 4-13]:
0COOJIMBOCTEH MiHEPAIBHOTO CKJIa/Iy TPaHITIB Ta TPaHITOIMIB;
CHIBBIAHOIIEHHS pO34uH / TBepaa ¢asa;
po3Mipy dpaxiiii, 115 SKoi Bu3Hadanmcs Kd;
BenuunHU pH, 3a sikux BukoHyBanock BusHaueHHs Kd (ocobmuso mns Tc, U, Pu, Np, Am, B
MeHIoMYy ctyrieHi — s Cs);
BEJIMYMHH OKUCHIOBAITLHO-BITHOBITIOBATLHOTO TIOTeHITamy (ocobmuso mis Tc, U, Pu, Np);
10HHOT cHJIM po34MHY, B skoMy Bu3Hadanucs Kd (ocobmuso as Cs)
O TMOYaTKOBOI KOHIIEHTpaIil pagioHykIiaiB (ocoonuBo s Cs);
Jlnst oGumcneHHs cepeanix BenwuuH KoedimieHTiB posnoainy Tc, U, Pu, Np, Cs Ta Am
Bukopuctani Kd, siki Oyiu BU3Ha4eHI 32 HACTYITHUX €KCIIEPUMEHTAbHIX YMOB:
o BemmunHn pH, 3a skux mpoBomuiau Bu3HaueHHsS Kd, 3HaxomsThcs B iHTepBami 6+9
(HalOIBII BIPOTi/IHI BETUYMHU JUIA TPIIIMHHUX BOJ KpUCTalmiyHUX nopia KopocreHchkoro
Ty TOHY );

o O O O

o O
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o Cp™ Cam™* < 1x107 M/, Cy™, Cnp o Cre™, Ces 7, < 1x10° M/n (Hait6inpm Biporinsi
KOHIICHTpaIlii pagloOHyKIIiIIB Y MA3€MHUX BOJAX Yy pa3l iX BUXOAY 13 CHCTEMH 1H)KEHEPHUX
6ap’epiB);

O TOIJIMHAHHS PaAIOHYKIIIIIB BIIOYBAETHCS 13 PO3UYHMHIB 3 CEPEAHIMHU Ta HU3BKHUMH 10HHUMU
cuiiamMu (U1 KpucTanigyHuX nopix KopocTeHChKOro Iy TOHY XapakTepHi BOJH 3 HEBUCOKOIO
MiHEpaJi3aIi€r);

O BpPaxOBYB&JIM JaHi A TPaHITIB Ta TPaHITOINIB, SKi 3a MiHEpaJIbHUM CKJIAQJOM SKICHO
BI/IMOBIIAFOTH CKJIAAY KPHCTAIIYHUX Mopia KOPpOCTEeHCHKOTO TUTYTOHY.

Pesynpratu anamizy mokazamu (tabm. 1, puc. 1), mo cepeani BeIMYMHU Koe(]ili€HTIB
posmnoaity 301mbiIyt0ThCs B psaaky Tc-oxi < Np(V) < U(VI) < Pu-oxi < Tc-red < Cs < U(IV) < Pu-
red < Np(IV) < Am. MakcumansHa BennunHa Kd otpumana ans Am (logKd = 4,5), a minimansHa —
st Te 3a okucHoBasbHUX yMOB (Kd=0).

Tabauus 1. 3nauenns logKd Tc, U, Pu, Np, Cs Ta Am B rpaHiTax Ta rpaHiToinax,

Crn. Kinekicts
Enement | Cepenue | Minimym | Makcumym | Bigxuienss TOUOK Jxepena naHux
UV 1,204 0,6 1,987 0,541 7 [3-6]
udav) 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]

[Mpumitka. red — xoedilieHTH PO3MOALTY, BU3HAUCHI JJIS BITHOBHHX YMOB; OXi — KOe(II€EHTH pO3IOnily,
BH3HAUCHI JJIs1 OKHCHIOBAJILHUX yMoB; Kd B J1/kT.
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EnemenTt

Puc. 1. [liarpama po3maxy koediuieHTiB posnoainry Tc, U, Pu, Np, Am 1a Cs B
rpaHiTax Ta rpaHiToinax

HaiiGinbimi BiIXWIIGHHS BiJl CEPEIHBOTO 3HAUEHHS croctepiraroThes as logKd, orpumanux

st Te 3a BimHOBHUX yMOB, Haiimenni — aiist Np (IV) (puc. 1, ta6n. 1). Cepenni Benuunau Kd U,
Pu, Np, Cs 6mmxdi 10 MaKCUMalIbHUX 3Ha4€Hb, 1715 Tc — 10 MiHIManbHUX (puc. 1).
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Ouninka xoe¢inientiB posnoxiny aktunigie (U, Pu, Np, Am) ta Cs B rpanirax ta
rpasiroigax KopocTeHcbKOro niyTony

Jlnst ominku koedimieHTiB po3noainy aktuHiaiB (U, Pu, Np, Am) B rpaniTax Ta rpaHitoigax
BUKOPHUCTaHa MOJielb, po3pobiena B SKB [2]:

long:a-pH2+b-pH+c+10g(m~Q+n-D+o) (1)
ne a, b, ¢, m, n, 0o — eMnipuyHi KoediuieHTH, MpuBeaeH] y Tabn. 2; O — yacTKa KBapiy B
nmopo/ii; D — 9acTka TEMHO KOJIbOPOBUX MIHEPAJIiB B MIOPO/Ii.
VY nauiit Mozeni 10 TEMHO KOJIbOPOBHX MiHEpalliB BiTHOCAThH HE TUIbKH 010TUT, aM(i00IH Ta
1H., ajie ¥ 1HII MIHEepaIu TPYIU CIIIO Ta TIAPOCTION (XJIOPHT, LTIT, CEPUIIUT Ta iH.), Kl € TApHUMH
MOTEHIIHHUMU cOpOeHTaMH pagioHyKIiIIB [2].

Taéauus 2. 3HaueHHs eMITipuYHUX KoedimienTiB piBHsAHHA (1) [2]

Enement a b c m n 0
U(VI) -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

[pmmitka.* mependavanock, mo Pu 3HaX0AWTHCS, TOJOBHUM umHOM, y Burisaai Pu (IV), xowa € BiporimHicTh, 1o
YacTHHA IUTYTOHIO 3HAXOANUThCS y BUIIIAAl Pu (V)

Ockinbku Cs n00pe copOyeThCsl MOJBOBUMM IIMAaTaMUd Ta HOro MOIJIMHAHHS 1CTOTHO
3aJISKUTHh BiJl BMICTy KOHKYpPYIOUMX KaTioHIB y pozumHi [5, 10], To mis OmiHKH KOe]ilieHTiB
posnoainy Cs B rpaHiTax Ta IpaHITOiaX B 3alpONOHOBaHY i MPOTHO3YBAaHHS KOE(QIIIEHTIB
PO3MOIUTY aKTHHIJIIB MOJIETh BKIFOYSHO JIOJAaTKOBI YHHHUKH (BMICT TIOJBLOBHX IINTATIB Y MOPOJIL Ta
3aranbHU BMICT KaTiOHIB Yy mig3eMHux Bojax). KoedimieHTn Mopeni BH3HAuYEHI HAa OCHOBI
eKCTIEpUMEHTANIBHUX JaHuX mon0 copOmii Cs KpucTaliYHUMHU Topojamu, oTpuManux B lIBermii
(SKB), ®@innsanaii (POSIVA) ta CIIA. 3 ypaxyBaHHAM BHIe3a3HaueHOro, piBHsAHHA (1) HaOyio
BUTJISILY:

log K =a~pH2 +b-pH +c+logim-Q+n-D+o+q-Mc+ p-Pl)+
£ -log(Cat?) + e-log(Cat)
nea, b, ¢, m, n, o0, q, p, f, e — emnipuuHi KoeilieHTH, MPUBEAEHI y Tadm. 3; O — yacTKa KBaplLy B
nopozi; D — 9acTka TEMHO KOJBOPOBHX MiHEpaliB B moposl; P/ — yacTka rmariokiasy B mopomi; Mc —
YacTKa MIKPOKIIIHY B 1opofi; Caf — cyma KOHIIEHTpALii KaTiOHIB Yy MiJI3EMHUX BOJAX, MI/JL.
Koedimientn moneni (tabmn. 3), orpuMaHi B AaHiii poOOTI HA OCHOBI €KCIIEPUMEHTAIBHUX
JaHWX, HaBeICHUX y poborax [3, 7, 12, 13].

2

Taoauus 3. 3HaueHHS eMIIPUYHUX KOe(iIieHTIB PIBHIHHSA (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

Ax BumHO 13 piBHSHHA (1) BUXIZHMMM JaHWMH ISl OILIHKA € 4YacTKa KBapiy Ta
TEeMHOKOJILOPOBUX MiHepasiB (610TuTy, aMmdiOoIiB, XJIOPUTIB, LIITIB, CEPULIUTY Ta iH.), IUIArioKIasy Ta
MIKPOKIIIHY B TIOPO/Ii, @ TaKOX BeJIMUMHHU pH MMi3eMHIX BOJI Ta CyMa KOHIIEHTpAIlii KaTiOHIB y BOI.

Ominka koeQilieHTiB po3moaity akTHHiAIB Ta Cs Oyna BHKOHaHa IS MOPIA  JBOX
ceepioBuH (Ne 50 Ta Ne 35), po3ramoBaHux y MiBHIYHIA YaCTHHI YKPATHCHKOTO IIUTA HA AUISHII,
10 OXOIUTIOE YaCTUHY MiBHIYHO-CXifHOro cxmity KopocteHcpkoro miayToHy (minsiHka Ilomicbka),
KU € 4aCTHHOIO 00pTy BinbyaHchkoi 3ananinHu. 3a3HaueHa IJIoma BIPUTYJI MPWIISATae 10 TEPUTOPIL
U3B, sika Ha IaHUI Yac PO3MIAIAETHCS SIK OTeHIilHe Mmictie ctBopeHHs ['C PAB.

19



Buximni nani aist oninku koedirientiB po3moauty U, Pu, Np, Am Tta Cs B Iopojax CBEpUIOBUH
Ne 50 ta Ne 35 miaroroBani Ha ocHOBI (oHmOBUX MarepianiB apTii Ne 49 (omumcu nwtidis). OriHka
koedirientiB posnoainy U, Pu, Np, Am ta Cs anst opig cBepwioBunu 50 BUKOHAHA JUIs TIMOWH 244-
380,5 m (tabm. 4), ceepaoBunn 35 — 298-500 M (Tabdm. 5).

Taboauus 4. Buxingai gadi pis ominku koedimieHTtiB posnoainy U, Pu, Np, Am ta Cs mis mopin
cBepanoBuHU 50

UYacTka MiHEpaliB y mopoai
I'mubuna, M Iopona Ko Tk KL e
[onpiOueHwmit (kaTakIa30BaHU?) Ta CUIIBHO, 0,10-0,15
244 - . . . 0,80 - -
Maii’ke TOBHICTIO CEPUTH30BAHUN IPaHIT 0,125
. . S 0,10-0,15 | 0,10-0,15
‘) — = k) k) bl b
357 Mirmatut? ['paHiT MyCKOBIT-0i10THTOBHI 0.125 0.125 0,59 0,15
360 rp?HlT aHHIT—HUeFMaTOII[HI/II/I, O10THTOBHH, 0.30 0,02-0,05 0,63 0.015
JIEUKOKPATOBUI 0,035
. N . . 0,05-0,10
380,5 ['paniT mermMaToigHMi 1 TITSTHKAMHA aTUTi TOBAIHUN 0,30 0,01 0,60 0.075

[pumitka TyT 1 y Tabnwmi 5. KB — wacTka kBapmy B moponi, mo3Hadena Q y piBHsSHHAX (1, 2); Tk — gacTka
TEMHO KOJLOPOBUX MiHepaiiB (0ioTuTy, aM(iOOiB, XJIOPHTIB, UTITIB, CEPUITUTY Ta iH.), TO3HA4YeHa Q y piBHIHHIX (1,
2); KIIII — gacTka Kami€BUX IMOJBOBHX INMATiB (MIKPOKIIHY) y MOpo[i, mo3HaueHa Mc y piBHsaHHI (2); [In — gacTka
IUIariokJia3y B mopoJi, no3Hauena Pl y piBusHHI (2)

Ta6auua 5. Buxigai gani ans omiHku koedinieHTiB po3nogaury U, Pu, Np, Am ta Cs ans mopin
CBEPIJIOBUHH 35

I'mubuHa, YacTka MiHEpasiB y Hopoi
M Topora Kb Tk KT TIn
298 KBapuoBuii nioput GioTUTOBHH ia TOPUIHO 0,07-0,10 | 0,07-0,10 0.80
3MIHEHHUH 0,085 0,085 ’
305.5 [Tnariokna3uT TEHKOKPATOBUH iad TOPHIHO 0,02-0,03 | 0,06-0,09 0,85-0,90
’ 3MiHEHHH 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
3MiHEHUH 0,125 0,04
L. N N 0,07-0,10 | 0,01-0,02
327  |KBaproBuii JiOpUT JIEHKOKPATOBHI 0.085 0.015 0,90
338  |I'panit GioTHTOBHH C1a0KO AiadTOPUYHO 3MIHEHHUH 0’%)02_33525 0’005 6%07 0,40 0,30
— v. .u 0,25-0,30 | 0,03-0,05 030-0,35
373 I'panit 6ioTUTOBUI MiahTOPUIHO 3MIHCHUI 0275 0.04 0,35 0325
421  |['panir 6ioTHTOBHI c1abKO Aiad TOPUIHO 3MiHEHHMI O,(2)02-(2);25 0’005 606’07 0,35 0,30
. . . 0,25-0,30 0,20-0,25
445 I'panir neiikokpatoBuit 0.275 0.225 0,50
449  |I'paniT 6i0THTOBHIA c1a0KO iad)TOPHUHO 3MiHEHHI 0,25-0.30 | 0,05-0,07 | 0,40-0.45 | 0,20-0,25
0,275 0,06 0,425 0,225
451.9 I'paniT 6I0TUTOBHUI TCHKOKPATOBUH qia TOPUIHO 0,20-0,25 | 0,03-0,05 0.45 0,20-0,25
’ 3MIHEHUH 0,225 0,04 ’ 0,225
. . . N 0,01-0,02
453 [TnarioknasuT giadTOPHYHO 3MIHCHUI 0.015 0,90
KgapiioBuii 1iopuT 6i0TUTOBUH Nia) TOPHUHO 0,05-0,07 | 0,07-0,10
458 ! " 0,85
3MIHEHHUH 0,06 0,085
463 I'panit OioturoBuil neikokpaTtoBuit miapTopmuno| 0,25-0,30 | 0,03-0,05 0.45 0,20-0,25
3MiHCHHH 0,275 0,04 ’ 0,225
497  |'paniT nermaToigHuii 6i0TUTOBMI TEHKOKpPATOBHIA 0.20-0.25 | 0,02-003 | 0,10-0.15 | 0.55-0.60
0,225 0,025 0,125 0,575
500 I'panit OiotuToBMi JeikokpaToBuii inTencusHo| 0,20-0,25 | 0,04-0,07 0.58 0,10-0,15
niadTOpUIHO 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 Jiy’ke oOMeskeHi. Y naHiii poOOTI BUKOpUCTaH1 BeaMuMHM pH, BU3HaueH1 B ripOXiMIYHUX
ceepanopuHax OBpynpkoro paitiony JKuromupcebkoi oOmacti [3]. 3rigao [3] Bemmmuunm pH
3HaxoAAThes B iHTepBam 6,05 + 8,2. Ockunbku BenuuuHU pH TOYHO He BH3HayeHi, Koe(ilieHTH
po3noniny obuucieni qiist 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 JaHUMU TiIpOXIMIYHHX CBepAsioBHH OBpYLBKOTO paiiony JKutoMmupcebkoi obmacri [3],
sKa ckiagana 129,17 mr/mn.

Pesynbratn oOumcnenHs koedimientiB posnomiry U, Pu, Np, Am ta Cs B mopomax
cBepanoBuHu 50 mokaszanu, mo MiHiManbHi Kd xapaktepni mmst Np (V), a MakcumanbHi — Ams
Pu(IV) (puc. 2a). Y misomy Ha BCix MIHOWHAX KOSQIIIEHTH PO3MOALTY 30UTBIIYIOTECS Y PSIAKY Np
(V) <Cs <U (VI) < Am < Pu (IV). [lesika BIAMIHHICTb BiJl HOPSAAKY 301IBIICHHS CEpEAHIX BETUYUH
Kd (Np (V) < U (V) < Cs < Pu(IV) < Am) MOSCHIOETBCS JIOCUTh BHCOKHM BMICTOM
TEMHOKOJIbOPOBHUX MiHEpaliB B TOpPOJAX CBEPUIOBUHU (OCOOJIMBO CEpHIMTY), SKHH BH3HAYAE
OinpII BUCOKI KoedinienTn po3noainy Cs, Ta, BiporiqHo, Am.

logKd logKd
244

aNp o R — ENp

s o — av
357

Oou 73 ﬁ W Cs

HAm ”

mry o — o

B Pu

TIHOMHA, M

w
=3
=)

380.5

a) 6)
Puc. 2. Koedinientu posnoaury U, Pu, Np, Am ta Cs B rpaniTax ta rpasitoinax npu pH=7.5:
a) — ceepuioBuHa 50; 0) — cBepUIOBUHA 35

Koedimientun posmoxiny U, Pu, Np, Am T1a Cs B mopojgax CBEepUIOBHHHM 35 HMXYi 3a
Koe(iIieHTH Po3MoAUTy B Topojax cBepmaioBuHu 50 (puc. 2), M0 3yMOBIIOETHCS OUTBIT BUCOKHM
BMICTOM TEMHO KOJBOPOBHX MiHEpaliB B mopogax cepaioBuHu 50. MinimanbeHi Bennunau Kd
orpumadni s Np (V), a makcumansai — mis Pu (IV) (puc. 26). ¥V nitomy Ha BCiX TIHOMHAX
Koedirientu posnoainy 30ubimyoThea y psaaky Np(V) < U (VI) < Cs < Am < Pu (IV), mo, 3a
BHHATKOM Am, CriBnajaae 3 mopsakom 30utbieHHs cepeanix Bemmuna Kd (Np (V) <U (VI) <Cs <
Pu (IV) < Am).

Crig TakoX 3a3HAYUTH, IO I TTOPi CBepUIOBUHH S0 CIIOCTEPIraeThes CTIMKA TCHACHIIS
710 3MEHIICHHS KOe(ili€HTIB pO3NOUTY BCIX paAiOHYKIIAIB 13 IMOMHOIO, Y TOH Yac, K s Iopixa
cBepuioBrHM 35 BenuunHU Kd mpakTHYHO OHAKOB1 HA BCIX ITMOMHAX, 11O 3yMOBIIIOETHCS Maike
OJTHAKOBMM BMICTOM TE€MHOKOJILOPOBHMX MiHEpaJliB B MOPOJax CBEPUIOBHMHU 35 Ha BCiX riIuOMHaX
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Ta 3MEHIICHHSM BMICTy TEMHOKOJIBOPOBUX MiHepaniB B mopoxax cepanoBunu 50 Big 80 % Ha
rbuHi 244 M 10 1 % Ha rnubuni 380,5 M (Tadm. 4, 5).

Bemamaa pH o pisHoMy BrmmBae Ha koedimientr posnoaity U, Pu, Np, Am ta Cs. Benmurnau
Kd U B nopoznax cBepuioBuH 35 Ta 50 3011bI1y0ThCs 31 30UTbIIEHHSIM pH Bit 6 10 7 Ta 3MEHILYIOTHCS
npu pH > 7 (puc. 3), Kd Pu 36inbmryrorses 31 30imbmieHasM pH Bix 6 1o 7,5 Ta 3meHmytoTses pu pH >
7.5 (puc. 4), Kd Np 3menyrotbes pu 30uibiieHHi pH Bifg 6 1o 7 ta 30utblrytotsest pu pH > 7 (puc. 5),
Kd Am 30ubmytoTscst B ycboMy iHTepBati BenmmuanH pH (puc. 6).

logKd logKd

2.6 2.8 3 3.2 34 3 3.2 34

2
| 298

305.5
244
309
313

327

338
357

373

6 28
0eé 21 06
06.5 6.5
m7 e m7
|75 449 7.5
3 o8

a 4519 W85
W8.5

453

458

463

497

500

a) 0)
Puc. 3. B Benmunau pH Ha koedimient po3noainy U B rpaHiTax Ta rpaHiToigax:
a) — ceepuioBuHa 50; 6) — cBepAsioBUHA 35

IJIMOMHA, M
IJIMOUHA, M

mmm“

380.5

VYcepennenns: obunciaeHux 3a piBHAHHsIMHU (1) Ta (2) koedimieHTIB po3moaily MO BCIM
ribuHaM 000X CBEPIJIOBHH Ta MO BCIM BenmnuuHaMm pH mokasano, 1o cepeiHi BeIMYUHH, OLIHEHI
3a pe3yJibTaTaMH OOYHCIICHB, JOOpE CIIBMAJAIOTh 13 CEPEAHIMH BEIMYMHAMH, OOYHMCICHUMH Ha
OCHOBI1 OITyOJIKOBaHUX EKCIEPUMEHTAIbHUX JaHUX (Taln. 6), 1m0 CBIMYMTH MPO MPHUIATHICTH
BUKOPHUCTAHHS 3a3HAUYCHUX MOJICTICH /I MOTIEPEIHBOI OI[IHKH KOE(IIIEHTIB PO3MOALTY, BUXOITIN
13 MiHIManbHOT iH(OpMAIIiT 010 CKIIATy MOPII.

Tabauus 6. Pesynbratu nopiBHsIHHS cepeanix BennunH Kd, o6uncnennx 3a piBHsHHsIME (1) Ta (2)
3 cepeaniMu BenuunHamMu Kd, oOumcieHMMH Ha OCHOBI OMyOJIIKOBaHMX EKCIIEPHUMEHTAIbHUX
JnaHuX (nuB. Tabm. 1)

logKd
Enement OO6uncieHi 3a oFIyGHiKOBaHHMH JTAHUMU Besmuumsn, ofumcreni 3a (1) 1a (2)
CepenHe MiHiMyMm Maxkcumym
U(VI) 1,204 0,6 1,987 285
U(v) 3,095 2,813 3,699 ’
Np(IV) 3,157 3,041 3,699 127
Np(V) 1,196 0,114 2 ’
Pu-red 3,12 2,477 4,255 3.66
Pu-oxi 2,481 1.4 3,82 ’
Am 3,975 3,398 4,5 3,51
Cs 2,629 1,279 3,982 2,78

[Mpumirtka: Kd B 5/kr
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logKd
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Puc. 4. Brimus Benmmunau pH Ha koeditienTr po3noauty Pu B rpaHiTax Ta rpaHiToinax:
a) — ceepioBuHa 50; 0) — cBepuIOBUHA 35

06
6.5
7
|75
o8

380.5

W85

6)

logKd

07 09 11 13 15 1.7 19 21 23

(3
i, 6.5
E m7
= m7.5
= =s

8.5

Puc. 5. Buus Bennuunu pH Ha koeditienTr po3noaity Np B rpaHiTax Ta rpaHiToinax:
a) — ceepuioBuHa 50; 0) — cBepUIOBUHA 35
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logKd
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logKd
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Puc. 6. Bruus Benmuunau pH Ha koeditieHTH po3nonitly Am B rpaHiTax Ta rpaHiToinax: a)
— ceepaoBuHa 50; 6) — cBepIOoBUHA 35

Bennunnau Kd Cs B mopogax ceepuioBuH 35 Ta 50 30unbmryroThes npu 30inbiienHi pH Big 6
1o 8 Ta 3MeHIyoTbes mipu pH > 8 (puc. 7).

logKd
1 14 18 22 26 3 34 38

244 3055

309

313
327
357 338
373
. o6 5 4 o6
. m6.5 = m6.5
£ m7 g m7
< m7.5 € o m7.5
E 360 =8 E ms
w85 | 4519 ms.5
453
458
463
380.5
497
500
a) 0)

Puc. 7. Bimus Benmuuau pH Ha koeditienTr po3noaury Cs B rpaHiTax Ta rpaHiToinax:
a) — ceepuioBuHa 50; 0) — cBepuIOBUHA 35
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BucHoBku

OCHOBHMMM YMHHUKAaMH, SIKI BU3HA4alOTh BeJIMYMHHU KoediuieHTiB posnoainy U, Pu, Np,
Am Ta Cs B rpaHiTax Ta rpaHitoinax, € BeauduHa pH Ta BMICT TEMHO KOJLOPOBUX MiHEPAIiB.

CepenHi BeNMYMHU KOE(DILIE€HTIB pO3MOALTY, OOYHUCIEHI HAa OCHOBI OIYyOJIKOBaHHUX
eKCIIEpUMEHTAIBHAX JIaHUX, OTPUMAHMX 32 YyMOB, HAOMIDKEHUX [0 TMOTCHUIHHUX yMOB
Mmaitoytaboro I'C B VkpaiHi, 301ab1ytoTbes B paaky Tc-oxi < Np(V) < U(VI) < Pu-oxi < Tc-red <
Cs < U(IV) < Pu-red < Np(IV) < Am. Makcumansna Bemmunaa Kd orpumana s Am (logKd =
4,5), miniManbHa — a1 Tc 3a ymoB okucHenHs (Kd=0).

Ha Bcix rimmbunax oOuwmcieni koedimiertu posnomiry U, Pu, Np, Am ta Cs B mopomax
ceeputoBuHM 50 (nutsHka [lomiceka KopocteHcbkoro miyTony) 3611biytoThes B psaky Np(V) < Cs
< U(VI) < Am < Pu(IV), a B nopogax cepmyioBunu 35 — B psaaxky Np(V) < U(VI) < Cs < Am <
Pu(IV).

SAxmo ymoBHo nipmidnsTH [ 14], mo pagionykiaiam 3 Kd = 0,00+~100 i1/kr BigHOCSTHCS 10 THX,
mo cnabko mornuHaioThes; 3 Kd = 100+1000 n/kr — g0 TuX, 10 CEpeIHbO MOTIHUHAIOTHCS;
pamionykmian 3 Kg > 1000 n/kr — 10 THX, MO CHILHO MOTJIMHAIOTHCS, TO B YMOBaX TPaHITIB Ta
IPaHITOIIB, XapaKTepHUX Ul MOTEHUINHOI IUIsHKM po3MmimeHHs ['C B VYkpaiHi, HenrtyHii
BIIHOCHTBCS JI0 PAFIOHYKIIB, MO CIA0KO Ta CEPeIHBO IMOTJIMHAIOTHCSA, ypaH Ta Ie3id — 10
pPamioOHYKIIi/IB, IO CEPEAHbO Ta CHIBHO TMOTJIMHAIOTHCS, a aMepuIlii Ta IIyTOHIH — [0
PaTiOHYKITIJIIB, IO CHIIBHO MOTTHHAIOTHCS.

PoGota BukoHaHa 3a miaATpUMKH LliIbOBOI KOMIUIEKCHOI MPOrpaMy HAyKOBUX JOCIIIKEHb
HAH Vkpainn «HaykoBO-TeXHIYHHI CYyHpOBiI PO3BHTKY SIACPHOI €HEPreTUKH Ta 3aCTOCYBAHHS
panianiifHUX TEXHOJOTIN B Talmy3sX ekoHoMikm» (mor. K-6-46/2012).
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14. 3akmiouHHE 3BIT TPO HAYKOBO-IOCHIAHY poOoTy «I'€00oro-riAporeosoriyaa eBOJIONISl  3aXHCHUX
BJIACTUBOCTEH TPaHITOIMHUX MAacCHBIB (CTOCOBHO IPOOJIEMH CTBOPEHHS MiA3eMHHX palialiiiHo-HeOe3MeuHIX
06’extiB)» / HILI PITJ. — Kui. — 2011. — C. 468. (Ne nepxxpeectparnii 0107U004141)

Konsaouna U.JI., ladanun b.I'., Ilepkareiii K.E. OLLIEHKA KOOOOUITUEHTOB
PACITPEJEJIEHMA U, Pu, Np, Am, Cs 1 Tc B KPUCTAJUDIMYECKHUX [TIOPOJJAX
INOTEHLHAJIbHBIX YHACTKOB PASMEINEHMA I'EOJIOTMYECKOI'O XPAHWJINIIA B
YKPAUMHE

B pabome npusedenvi pesyromamol oyenxku kosagguyuenmos pacnpeoenenuss U, Pu, Np, Am, Cs u Tc &
KPUCIALTUHECKUX TNOPOO0ax NOMEHYUATbHLIX YYACMKO8 PA3MeWeHUss 2e0N02U4ecKoe0 Xpanuauwa 6 Yxpaume.
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 6 psioy Tc-oxi <Np (V) <U (VI) <Pu-oxi <Tc-red <Cs <U (IV) <Pu-red <Np (IV) <Am.
Tloxaszano, 4mo 8 yCr08uAx epaHumos u panumoudos HenmyHusi OMmHOCUMCcsA K c1abo u cpeoue, ypaw u yesuii — K
CpeoHe U CUNbHO, 4 amMepuyull U NYMOHUL - K CUTbHO COPOUPYIOUUMCSL PAOUOHYKTIUOAM.

Koliabina L.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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