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Inemumym eeoximii Haskoauwnwvoeo cepedosuuya HAH ma MHC Yxpainu

B3AEMOIIA HTO 3 INTMHUCTUMMU MIHEPAJTAMUA

B npoueci miepauii mpumiceoi 600u Kpizb 0cado8y mosuly came 2AuHUcCmi Minepaiu 3ab6e3neqyomos
Haibinvb ehbekmueHe 3MEeHUICHHS KOHUESHMPAUIT MPUmiro 6 2eoiHghinompauiiinomy nomoui 3a paxyHox
i30monH0-600He8020 0OMIHY Midc 600HOI0 mMa MiHepaivHor azamu. InmencusHicms ma weuodxKicmo
Yb020 NPoOYeCy BUHAUAIOMbCS OOCANCHICMIO PEaKUIliHUX NOBEPXOHb MIHEPANbHUX YACMUHOK 0151 MOAEKY
HTO, saxa 6 ceoto uepey 3anexncums 8i0 CMpYKMYPHUX ma CMPYKMYPHO-XIMIYHUX eéaacmueocmell
enunucmux minepanie. Ha npoyec miscghazoeoeo nepepoznodiny mpumito maxoic 6nAUSAOMbd WeUOKICMb
00MiHYy Ha epanuyi po30iny a3z, weudxkicms ougysii mpumiro 6 pizHUX 4acmuHax 600HO-MIHEpaAAbHOT
cucmemu: 8 nNopax, 6 a0copboeaHoMy Wapi, 6 Midcuaposiii uu yeorimuili 8600i ma 6 KpucmaniuHii
CMPYKMYPI 2AUHUCINUX MIHEpanie.

Beryn

TpuTieBa Boaa, 110 QiABTPYETHCS KPi3b OCAIOBY TOBILY, MOXe (opMyBaTH ancopOLiiHi
TUTiBKM HABKOJIO MiHEpPAJIbHUX YACTUHOK, 3aIIOBHIOBATU MiXK3€PHOBI MTOPH, a TAKOX B3aEMO/Ii-
SITU 3 TIOPOAOYTBOPIOIOYMMU MiHepaiaMu. CTpYKTYpHi Ta (pi3MKO-XiMiuHi 0COOJIMBOCTI KBap-
Ly Ta HOJbOBOIO IIIIATy, 10 HAMOiIbII NOLIMPEHI cepel KJIaCTOreHHUX MOpPid, 00YMOBIIIOIOTh
MOXKJIMBICTh YTBOPEHHS JIUIIE aCOPOLIiAHUX IUIiIBOK HA ITOBEPXHi 3epeH 0€3 BXOIKEHHS MOJIE-
kys1 HTO B ix ctpykrypy. Lleii Tun Boau € HaliMeHII MillHO 3B’sI3aHUM 3 MiHepaJibHOO (ha3010 i
JTOCHUTb BUIBHO MITPY€ Kpi3b 0Ccaao0Bi Bigkiaaau. IHIIO00, OiLIbII CKIaaIHO € B3AEMOMIS MOJIEKYJI
HTO 3 rmuHucTUMU MiHEpaJaMu.

B rmuHuUCTHX MiHepalaX TPUTiii MOXe HaKOIUYYBATUCS B Pi3HUX (DOPMaX i CTPYKTYPHUX
no3uisix [ 1, 2]. 3HayHa iioro yacTuHa JIErKO aACcoOpOYEThCS Y BUTJISIAI MOJIEKYJI BOAU Ha TTOBEPX-
Hi YaCTMHOK a00 X 3aIIOBHIOE MixK3€pHOBI ITOPH i TaK XK€ JIETKO BUAAJSIEThCS 3 iH(UIbTpALiHUM
MOTOKOM. Jle11o MeHIlIa YaCTUHA TPUTiI0 HAKOMUYYETHCS B MixKIIIAPOBOMY MPOCTOPI i TAKOX HE
€ MillHO 3B’g3aH010 (hopMoro. Mirpatiig ionis H* (*H) i3 30BHIILIHBOTrO pO34KHY B [TOBEPXHEBO
3B’s13aHY, MIXKILIAPOBY UM 1I€OJIITHY BOMYy, a TAKOX O€3MocepeHbO B LIMX IIapax BigOyBa€ThbCs
noaioHo 10 Mirpailii MpOTOHY Y BiJIbHili BOJIi, X04a i 3 €10 MEHIIO0 IIBUAKICTIO [3].

I30TONHO-BOIHEBUIi OOMiH B CTPYKTYPi INIMHUCTHX MiHepaJiiB

Panime Hamu OyJio mokas3aHo, 1110 i30TOMU BOAHIO (IEUTepiii, TPUTIii) MOXYTh 3aMilllaTh
npoToHU B cTpyKTypHUX OH-rpynax nesikux iocuiikatiB npyu HOpMaJabHUX TEPMOIUHAMIY-
HUX yMmoBax [4—7]. 3’siCyBaHHSI 3aKOHOMiIpHOCTEI BXOJKEHHS TPUTIIO B CTPYKTYPY INIMHUCTUX
MiHEepaJliB Ma€ BeJIMKE 3HAYEHHS IJIS BUPILIEHHS MPo0JeMr BUXOAY LIbOTO PaliOHYKJIiay B Ha-
BKOJIMIIIHE CEPEIOBUIE, OCKUIBKKA CaMe i30TOMHO-BOAHEBUIA OOMiIH B MO3ULISIX CTPYKTYPHUX
OH-rpyn 3a6e3mneuye HalOUIbII MilIHY (iKcallilo TPUTIIO.

AHaJIi3 MOTeHUIMHNUX BIACTUBOCTEN IIApOBUX CUJIIKATIB 1O HAKOMMYEHHS Ta YTPUMAaHHS
TPUTIiIO MOKa3aB, 1110 TOJIOBHY POJib B IIbOMY MPOLECi BilirpaloTb CTPYKTYPHi Ta CTPYKTYPHO-
XiMiuHi ocoOauBoCTI MiHepaliB [8]. [1pu boMy iHTEHCUBHICTb Ta LIBUIKICTb i30TOMHOTO 00-
MiHY B CUCTEMi «MiHepaJl — BOAa» BU3HAYAIOThHCS JNOCSIKHICTIO peakKliAHUX IMTOBEPXOHb MiHE-
pajibHUX YaCTUHOK 111 MoJiekysl HTO, sika, B cBOIO uepry 3ajexKUTh Bill IIBUIKOCTI OOMiHY Ha
rpaHuLi po3aiay uux (a3 Ta WBUAKOCTI AUdYy3ii TPUTIIO B pi3HUX YaCTUHAX CUCTEMU: Mopax,
agcopOboBaHOMY IIapi, MiKIIAPOBIiil UM 1IEOTITHIN BO.

Hudysisg iony H" y Bozi Ta pisHUX KpUCTATIYHUX CTPYKTYpaxX B HOPMAJIbHUX TEPMOIMHAMIY-
HUX YMOBaX € TepMi4HO aKTUBOBAHUM IpoliecoM [ 12—14]. TerioBi KoJMBaHHS iOHIB TPU3BOISATh
JIO CYTTEBOTO 3HWXKEHHS MOTEHLIHOTO 6ap’€py i TaAKUM YMHOM CTBOPIOIOTb YMOBH 7151 CTPUOKO-
noaioHoro (a00 TYHEJILHOT0) MNepeMillleHHS IIPOTOHY 3 OIHOTO MiClLIe3HAXOMXKEHHS Ha iHIIIE.

B mapoBux cTpyKTypax, 110 BMIlyIOTh TiAPOKCUJI IPY KiMHATHIiM TeMIIepaTypi, HaAOLIbIII
MOXJIMBUMU € IBA MEXaHi3MM TpaHcpepy NpOTOHIB [15]: mepeMillleHHSI HaJJIUIIKOBUX PyXO-
MUX IIPOTOHIB B 30Hi IIPOTOHHOI MPOBIAHOCTI, 1110 JIEXKUTb BUILE MOTEHLIHNUX Oap’epiB, Ta 3CYB
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crany O%~ 1o kpucrany, Kouu ioH O%~, 1110 3HAXOAUTBCA B PELLITL HAa MiCLli MiAPOKCUITY, BiIOuU-
pa€ npoToH y Haioamxkyoi OH-rpynu. AHaOriYHUM YMHOM MOXeE BiOyBaTUCS mpouec Iudy-
3ii iHIIMX 130TOITiB BOAHIO (AeHTepilo UM TPUTIiIO) B IIAPOBUX CUJIIKATaX, SIKi BMIlIlyIOTh Y CBOIX
CTPYKTYpax Tigpokcu [16].

BB cTpYKTYpHHX 0COOIMBOCTEi IAPOBMX CHJIKATIB HA i30TONMHO-BOJAHEBHIT 00MiH B
cucremi «<HTO — minepan»

3rinHo mpuitHATIN iHAeKcawii [17], tIMHUCTI MiHEpaiu, a B OiUIbLI IIMPOKOMY CEHCI 11a-
poBi cuitikaTu ((pizocuiikaTh) 3a CTPYKTYPHUM TUIIOM TOJIISIIOTHCS Ha ABa TOJIOBHI TUNX — 1:1
Ta 2:1. B OCHOBI CTPYKTYpH 1IapOBUX CUJIIKATIiB JIEXKATh IBa TOJIOBHUX CTPYKTYPHUX MOTUBU —
TeTpaeApryHa KPEMHili-KCcHeBa Ta oKTaeapuyHa Al** - yu Mg?*-KucHeBo-TiIpoKcuIbHa CiTKI
[18]. TeTpaenpu B KpeMHili-KMCHEBI CiTLIi 34eIlJieHi BepllIMHAMU CBOIX OCHOB y FreKCaroHaabHi
KiJiblis. B oKTaeapuuHiii CiTLi OKTaeapu 3’€qHaHi CBOIMU peOpaMu TaKMM YMHOM, IO iX LEH-
TPU TaKOX YTBOPIOIOTh FeKcaroHaabHy cTpykTypy. Lllaposi cunikatu tTumy 1:1 MatoTh oaHY ABO-
MipHY CiTKY 3 reKcaroHaJbHUX KiJlellb KpeMHi-KUCHEBUX TeTpaeapiB, 3’ € IHAHOI 3 OAHI€EIO IBO-
MipHOIO ciTKo10 Me**- un Me?*-okraenpis, e Me3*- ta Me?*- ioHM TphOX- Ta ABOXBAJICHTHUX
MeTatiB (roJoBHUM ynHOM Al** yu Mg?"). B mapoBux cuiikarax tuiy 2:1 oKTaeipuyHa ciTka
3HAXOAUThCS MK ABOMA CiTKaMU KPEMHili-KMCHEBUX TETpaeApiB.

3HaYHUl BIJIMB Ha i30TOMHO-BOAHEBUII OOMiIH MiX BOIOIO Ta (ijloculiKaTaMu MaloThb
BJIACTMBOCTI MOBEPXOHb MiHEPATbHUX YACTUHOK y BoIHOMY cepenoBuili [ 19]. [Tpouec mpoToHi-
3allii — AeMPOTOHI3allii 3aJ€KUTh Bill BHYTPIllIHbOI CIOPIAHEHOCTI TOBEPXHEBUX IPYH CTPYKTY-
U 10 TIPOTOHY Ta NaJE€KOCSKHUX €IEKTPOCTaTUIHUX cuJl. CHiIOKCaHOBI TeTpaeapuyHi (Si,Os)
Ta OKTaeApU4YHi TMOOCUTOBI Y1 OPYCUTOBI IPyNH, 110 PO3MillleHi Ha 0a3aJIbHUX ITOBEPXHSIX Mi-
HepaabHUX TUTIIB 1:1 Ta 2:1, MalOTh cJ1a0KY MPOTOHHY CIIOPiAHEHICTh. ikl agekBaTHI 0OMiHHI
130TOITHO-BOMHEBI peakliii 3a0e3MeUYyI0ThCs OUTBIIOK MPOTOHHOIO CIIOPITHEHICTIO KpailoBUX
MOBEPXOHb MiHEpPAJbHUX YACTUHOK B HOpMaibHUX pH yMoBax.

3a3Buyaii, 6a3ajabHi MIOIIKMHU (DITOCUITIKATIB € HEHTpaJIbHUMMU, ajle BHACIIIIOK i30MOpd-
HUX 3aMillleHb Ha HUX MOXYTh BUHMKATU HETaTUBHI CTPYKTYpHi 3apsau. Lli cTpyKTypHi 3apsi-
I HE 3aCesIsII0Th 0a3aibHi MOBEPXHI, ajle CTBOPIOIOTH €JIEKTPUYHI ITOJIS, SIKi Y BCiX HAIIpSIMKax
BILJIMBAIOTh HA TTIOBEPXHEBUI 0OMiHHUI moTeHLian [20] i BiANoBigal0Th 3a 3pOCTaHHS KaTiOHHOT
afcopOLiiHOI 31aTHOCTI Oa3aJbHUX MOBEPXOHb. OKpPiM TOTO, Lieii MOTEH1Iial pa3oM 3 eJIeKTpUY-
HUM IOTEHIIiaJIOM, 1110 TeHEPYEThCSI IPOTOHHUM OOMiHOM, CYTTEBO BIUIMBAE HA PEAKTUBHICTD
KpaioBUX IMTOBEPXOHb MiHEPATbHUX YaCTUHOK.

JTaJleKOCSIKHI eJIEKTPOCTATUYHI CHJIM TIPOSIBIIIOTLCS B 3aXBaTi mportoH-ioHa (H™) kpaiio-
BOIO IMOBEPXHEIO NIMHUCTO1 YACTUHKM 3aBASIKA HasIBHOCTI Bill’€MHOTO 3apsiay, 1110 BAHUKAE TIPU
i3o0Mop(dHOMY 3aMillleHHi BcepeIrHi okTaeapuaHoro mapy (puc. 1). ITicis Toro, sIK 1St mo3ullis
B OKTaeJApMYHOMY IIapi 3aMOBHIOETHCS MPOTOHOM, 3apsi/l i MOTEHIiad 3MiHIOIOThCS, 1110 Bele
IO 3aITOBHEHHSI IIPOTOHOM HACTYMHOI Mo3ullii. ToOTO BiZOyBa€eThCs €IEKTPOCTaTUIHA B3AEMO-
Jlist MK CTPYKTYPHUMU MO3ULIISIMU, KOJIM €(DeKTUBHA MPOTOHHA CITOPiHEHICTh CTBOPIOE 3apsi,
00YMOBJIEHU 3aITOBHEHHSIM iHIIIOI MO3U1Iii TIPOTOHOM 3 OJIMXKHBOTO OTOUEHHS [21].

basal surface

Puc. 1. 3axoruieHHS iOHA i30TOIY BOJIHIO Kpa-
MOBOIO MOBEPXHEIO YACTUHKHU 1IAPOBOIO CHUJIi-
katy. IlonBiiiHa cTpijika BimoOpazka€ BilICTaHb
MDX CTPYKTYpPHMM 3apsgoM Ta Oas3aJbHOIO i
edge KpaiioBOO MOBEPXHSIMU [19]

surface

EnexTpocraTuHa B3a€EMO/Iisl Ma€ MiClie HE TiJIbKM MiXK IO3ULIISIMU HA IIOBEPXHSIX, aJie Ta-
KOX MiX BHYTPIIIIHIM CTPYKTYPHHMM 3apsiIoM i OBEpXHEBUMM ITO3uLliIMu. Sk Bimmidae N. Given
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[22], KoxXHa mo3ullis, 110 3aMillIa€ThCS B AiOKTaeAPUUYHOMY CMEKTHUTi, MOXE BiICTOSITM Bil
HactyrnHoi Ha 7—9 A. ToMy B TaKOMY CMEKTHTI CTPYKTYPHI 3apsiiy OYIyTh PErYISIPHO BimganeHi
BiZl KpailoBOI NMOBEPXHi B cepenHbomy Ha 4 A. Ilg Bizcranb BiamoBinae BiacTaHi MiX MO3ULIi€O
CTPYKTYPHOTO 3apsily Ta 30BHILIHBOIO ITOBEPXHEIO CiITKM TeTpaeApiB. EnekTpuuHuil moTeHiian,
1110 TEHEPYEThCS LIUM CTPYKTYPHUM 3apsIIoM Ha He3apsiKeHiil KpaiioBili MOBEPXHi YACTUHKM,
Oyle HeraTUBHUM i 32 BEJIMUYMHOIO PiBHUM TOMY, SIKMIA TeHEPYEThCS Ha 0a3ajibHiil MMOBEepxHi. 3
IHIIIOTO OOKY, SIKIIO CTPYKTYPHUI 3apsi[I SIBHO BiloOpakKa€eThCs HA PpEaKTUBHOCTI HE3apSIKeHO1
0a3aJIbHOI MOBEPXHi, BiH TOBUHEH TaKOX BILUIMBATH HA PEaKTUBHICTD IPyII, 1110 PO3TalllOBaHi Ha
KpaloBiil IIOBEPXHi.

TakuM ynHOM, MPOTOHHI aaCcOPOLIMHO-AeCOPOLiliHI B1aCTMBOCTI HOBEPXOHD (DiTOCHITIKA-
TiB 3aJ1€XKaTh BiJl CIIOPIIHEHOCTi 0 MPOTOHY MOBEPXHEBUX IPYII Ta Bijl JATEKOCSKHUX €JIEKTPO-
cTaTUYHUX CWJI. [1pu IbOMY Ha pO3pMBHUX KPAOBUX IIOBEPXHIX YACTUHOK peaKlilil MPOTOHi3allii-
JeTPOTOHI3allil MOXYTb BilOyBaTUCS B C1a0KO KUCIUX, HEUTPATbHUX UM CJIA0KO JTy>KHUX YMOBaxX
BOJHOTO cepeaoBuila. Pi3HMIISI B peaKTUBHOCTI 0a3ajIbHUX i KpaliOBUX T'PyIl BKA3ye Ha BiICYT-
HICTb 3apsaiB Ha 0a3aIbHUX IIOBEPXHSIX, B TOM Yac, K KpaioBi TOBEPXHI MOXKYTb OYTH 3apsIKeHi
MO3UTUBHO, HETATUBHO a00 OYTU HEUTpaJIbHUMMU B 3aJIeXKHOCTI Bill pH po3unHy.

IIapoBi cmiikaTu crpykrypHoro Tumy 1:1

CTpyKTypHi LIapu MiHepastiB Tuny 1:1 (TUMOBUIA MpeACcTaBHUK LILOTO TUITY - MiHepaJl Ka-
oqinit Al,[Si4O,0](OH)y) [23, 24]) cknagaeTbes 3 ABOX CITOK: TETpaeAPUYHOI KPEMHi-KUCHEBOI
Ta OKTaeAPUYHOI aFOMO-KMCHEBOI, B AKili 3HAYHA YACTMHA aTOMIB KHUCHIO 3aMillleHa Tiapo-
KcuabHUMU rpynamMu (OH™) TakuM 4MHOM, 110 HAOJIMKYe OTOUEHHSI i0HIB aJIFOMiHil0 CKJa-
naeTbes 3 yotupbox OH-rpyn Ta 1BOX i0HIB KMCHIO, SIKi € CHUIBHUMU JJIs1 000X CiTOK KOXHOTO
wmapy (puc. 2). binbima yactuna OH-rpy1 € BHYTPillIHbO TUIOIIMHHUMU. BOHU yTBOPIOIOTH 11ap,
1110 BUXOAUTDb y MiXKIIApoBUiA mpocTip. Pelira jiokanizoBaHa BCeperHi €IeMEHTAapHOTO 11apy.
[OH KMCHIO TiIpOKCWILHOI IPYIU B CTPYKTYPi KAOJIHITY 3HAXOAUTLCS B CTaHi Sp’-ribpuizarii:
JBi TiOpuAHI opOiTali yTBOPIOIOTH 3B’SI3KM 3 i0HAMU aJIIOMiHil0, Ha TPETiil JTOKaJi3y€eThCs Mpo-
TOH, a YeTBepTa opOiTaib € BakaHTHOIO. Iunons O—H cnpsiMmoBaHuii meprieHAMKYJISIPHO TLI0-
ILIMHI LIapy, a BAKaHTHA opOiTajab — B3J0OBXK Hel.

bazanbHi MOBEpXHI PEIliTKY 3arajoM €JeKTPUUYHO HEUTpallbHi — 3apsij 11apy Maiixe 10-
PIBHIOE HYJIIO BHACIIOK BiICYTHOCTI i3oMopdHUX 3amilieHsb [ 18]. CyMixHi 11apu B TAKOMY Mi-
HepaJli pO3MIlIYIOTbCSl OIMH BiTHOCHO JPYroro TaKMM YMHOM, IO TiIPOKCUIbHI IPYIU OKTae-
JPUYHOI CiITKW OJHOTO IIapy JOTUKAIOTHCS 10 KUCHEBUX aTOMIB TE€TpaeIpUYHOI CiTKHA CYMi>KHOTO
LIapy i Mixk HUMU BUHUKAIOTh BOAHEBI 3B’s13ku Ty O—H, siKi 3aBaXaloTb po30yXaHHIO MaKeTy
KPUCTAJIIYHOI peLIiTKA. BHACTiZOK 1IOT0, MOJIEKYJIM BOAW Ta OOMiHHI KaTiOHM HE MOXYTb IIPO-
HUKATU B MiXIIAKETHUIA IIPOCTIp TOMY KAOJIIHIT Ma€ HEBEJIUKY €MHICTb 00MiHy (3:103—15-1073
moub/100 ).

Pazom 3 TuM, He3BaxkarouM Ha BiICYTHICTb B CTPYKTYpi LIbOTO MiHepaay MOJEKYJI BOIU,
SIK TPAHCTTIOPTHUX areHTiB BAXKKOTO i30TOMY 10 Micllb po3TairyBaHHs OH-rpyr, Baxxkuii i3oton
BOJIHIO TUM HE MEHIIIe HaKOMUUYYEThCA B MiHepaibHiii MaTpuli [8, 16]. B ymoBax n1ocTaTHBO
MOBHOI 3BoJI0XeHOCTI MiHepally HTO 3a KOopoTKuii yac 3amoBHIOE TTIOPOBUI TIPOCTIP MiX Mi-
HEepaJIbHUMU YaCTMHKaMU Ta (popMy€e MOYaTKOBUM ancopOuiiiHuii map. Hagani BKIoYamOTh-
CS ME€XaHi3MHU i30TOITHOrO OOMiHYy 3a paXyHOK B3a€MO/ii IIOBEPXHEBO aACOPOOBAHUX MOJIEKYJI
HTO 3 BHyTpimuHiMu OH-rpynamMmu B mpunoBepXHEeBUX CiTKaX Al-TiZpOKCUIBHUX OKTaeIpiB y
KpUCTaJiTaX KaoJiHiTy.

I30TONHO-BOIHEBMIA OOMiH B KAOJiHITI MOXe BiZOyBaTUCS JIBOMA ILILUISIXaMU, sIKi 3a0e3-
MEeYYyIThCS TBOMA TUIIAMU PYXOMMX IPOTOHIB [15]. OguH TMO — lie HAIJIMIIKOBI MPOTOHU
(«IIBUAKi» TTPOTOHM), SIKi 3HAXOASITHCS B 30Hi MPOTOHHOI MPOBiAHOCTI. MOXJIUBICTH TAaKOIO
MIpOLECY BU3HAYAETHCS HASIBHICTIO B CTPYKTYPi KAOJiHITY CYLUUIBHUX CITOK FiAPOKCUIIIB. Y NOMdi-
OHMX CTPYKTYpax MOXYTb BUHUKATU HAJJIMILKOBI TPOTOHM, 3aTHI INBUAKO MIirpyBaTH Bill Of1-
Hiei OH-rpynu no iHmoi. Yac XXuTTts npoToHiB B cTpyKTypHiit OH-rpymi MiHepaly He nepeBu-
nrye 107'2 cex [15], 1110 3piBHAHHO 3 YaCOM X XKUTTH y pizKiii (asi Boau. To6TO Lieil IPOTOH Ha
BLIBHII Op6iTalli yTBOPIOE MOJIEKYITY BOIU 3 yacoM xUTT 107'? cex i, BinnmosinHo, 3a 1 cek Moxe
obominaTuca 3 10?2 OH-rpym. KiIbKicTh TAKMX TIPOTOHIB Y KAOJIIHITI MOXE JTOCATATU TOPSIKY
10"-momp .
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IHmmit T OpoToHiB — lie AedeKTHi, abo «IIOBibHI» MPOTOHU. BOoHM BMHUMKAIOTH B
CTPYKTYpi BHacainok pyiiHyBaHHs1 OH-rpyn, Konu 3amicte OH-rpyn TMM4YacoBo 3’IBISIETHCS
O?~. llIBuakicTh Mirpatii feeKTHUX MPOTOHIB B CTPYKTYPHiil pewtitui kaosiHiTy B 10°—107 pas
MEHIIIe, HiXK HaJJIMIIKOBUX. 3arajioM B KAOJIiHiTi B 130TOITHO-O00OMiHHOMY ITPO1LIE€Ci MOXKYTb ITpU-
MMaTH ydacThb K HaJUIMIIKOBI, TaK i Ae(pEeKTHi MPOTOHU.

CJip TakoX J0JaTH, 110 B MiHepaJlaX TUITY KaoJIiHITY cyuuIbHi citku OH-rpyn gokanizo-
BaHi B CTPYKTYPHHUX MaKeTax TAKUM YMHOM, 1110 Ha PO3PUBHMX IPAHSIX KPUCTATITIB cCaMe BOHU
NPUMMKAIOTh A0 BOAHOI a3y, YTBOPIOIOYi CBOEPiAHI agcopOuiiiHi neHTpu. ToMy TyT BUHMKA-
IOTh CIIPUSITIMBI YMOBHU JJISI IPOTOHIB, 1110 BiJIbHO MITpylOTh B IPOLIECI «BiOpalliil» y KpucTa-
JIIYHIA MaTpulli, OOMiHIOBAaTUCS 3 BaKKMMU i30TOIIaMM MOJIeKya Boau. IlopyieHHs i30ToImHO1
(KOHUEHTpalliliHO1) piBHOBAru, siki BAHUKAIOTh MPU LIbOMY, CIPUSIOTh A1U(Y3il iOHIB TPUTIIO 3
nucouitoBaHux Mmosiekya HTO (T,0) B3noBx ciTok ctpykTypHux OH-rpy1, ae 3a paxyHOK i30-
TOIHOIo 00MiHy yTBOpIotoThes OT-rpynu (8], 1110 NpU3BOAUTH 1O MOIIMHAHHS Ta HAKOIIMYEH -
HS BaXKKMX i30TOITiB BOTHIO B CTPYKTYPi KAOJiHITY.

IIapoBi cuitikaTu cTpyKTYpHOro THIY 2:1

B makpomoniekyasipHuX MakeTax MiHepasiB Tumy 2:1, 10 SIKUX BiIHOCUTBLCS rpyrna CMeK-
TUTIB i, BiAMMOBiAHO, MiHepaJl MOHTMOPUJIOHIT, MiXX IBOMAa reKcaroHaJbHMMM CITKaMM aItoMi-
Hili - KpeMHIl-KMCHEBUX TeTpaeapiB po3TallloBaHa OAHA OKTaeJpWyHa aJllOMiHii- KHMCHEBO-
rizpokcuiibHa citka (puc. 3). B TakoMy LieHTpaJIbHOMY IIapi 3 KOKHUX TPbOX OKTAeAPiB JUIIE
IIBa 3acesieHi TphOoXBaJIeHTHUMU KaTioHamu (AIY*, Fe’"), gaki BIopsaKoBaHO 4epryroThes 3 Ba-
KaHTHUMHU OKTaenpaMu. BepxHi Ta HUXKHI TTOBEPXHi eJIeMEHTapHUX ITaKeTiB MOHTMOPMWJIOHI -
Ty BKPUTiI aTOMaMU KMCHIO, TOMY 3B’SI30K MiX MaKkeTaMu CJIaOKuii, A¢ AiloTh auiie BaH-gep-
BaanbcoBi MiXKMOJEKYISIpHI CUJIH.

>— naket

Puc. 3. CTpyKTypa igeajiizoBaHOTO
MOHTMOPUJIOHITY.
AKO — antomo-kucHesuii okmaeop

AKO

>— nakert

Na*, K*, Ca?*, Mg2* +— H,0

SN,

—— WH 260 ————————
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Mix makeTaMy 3HaAXOASTHCS MOJIEKYJIM BOOM Ta OOMiHHI KaTiOHM, SIKi BJIaCHE 1 BU3HA-
4YalTh 0OCOOJIMBOCTI MiHepaJiB Pyl MOHTMOPWIOHITY [24]. Boga B MOHTMOPUIIOHITAX JIETKO
a7copOy€EThCI MixXK MaKeTaMM Y BUIJISIAI LIJIOTO YKCJia 3aMOBHEHMX 11apiB MOJIEKYJ 3 OJHOYAC-
HOIO 3MiHOI0 ITapaMeTPiB PELITKH 10 OCi «C» Bim 9,6 1012,5—28 A [25, 26] Ta JIerKo BUAAISIETh-
¢4 3 TTIOMiX IakeTiB. KiIbKiCTh TaKKX 1IApPiB i, BIAMOBIIHO, HapaMeTPX PELITKA B ASIKiil Mipi
BU3HAYAIOTHCS MPUPOA0I0 MiKILIAPOBOI0 OOMiIHHOIO KaTiOHHOro KoMIuiekcy. I1pu 3anmoBHEHHI
MiXIIIapOBOTO MPOCTOPY MOJIEKYJIM BOJY 10Jal0Th IEBHUI MOTEHLiMHUIA Oap’€p, BUCOTA SIKOTO
3aJIEXKUTh BiJl KiTbKOCTI MOJIEKYJI BOAM, 1110 TaM BXXe 3HaXoaaThcs [26].

Baxx11Bo10 0COOIMBICTIO KPUCTATIYHOI PEITITKA MOHTMOPUJIOHITY € 3aMillieHHs 1/6 yac-
TUHU aTOMIB aJIIOMiHil0 B OKTa€IpUYHIH CiTLi Ha aTOMU MarHilo, a TAKOXX YaCTMHU aTOMiB KpeM-
HiIO HA aTOMU aJIIOMiHiI0 B TeTpaeApUYHili CiTLi. BHAC/IiTOK LIbOTO B pelIiTIi BUHUKAE HAIIAII -
KOBUI Bil’€MHUIA 3apsii, KOMIIEHCALlisl IKOTrO 3a0e3IeuyeThCsl IPOTOHHUM OOMiHOM [19] un
aIcopOyBaHHSM 3 MiXILIAPOBOTO MTPOCTOPY MiHepasy 0OMiHHMX KaTioHiB (uacriire e Ca**abo
Na*, pinme K™ a6o Mg?*). IIpucyTHiCTh TAKMX KATiOHIB Y MIXKIIAPOBOMY IIPOCTOPi HE TMOBHIC-
TIO KOMIIEHCY€E HAUTMILKOBUIA Bil’€MHUIA 3apsifi KPUCTAJIIUHOI PELIITKU, OCKUJIBKY Bil’€MHUIA
HOTEHIliaJl OKTaeAPUYHOI CITKA B 3HAUYHI Mipi €eKpaHYEThCS 30BHIIIHUMU TeTPacaApUIHUMU
citkamu. TakyuM 4YMHOM, ILUIOCKI I'paHi, TOOTO 0a3aabHi ITOBEPXHi YACTUHOK MOHTMOPWJIOHITY,
30epiraloTh Bill’€MHUI 3apsil, YMM 3a0e3IeUyEThCSI OOMiHHUM MOTEHIIia YAaCTUHOK MiHepaJy.

HaxomnuyeHHS TpUTiIO B CTPYKTYPi MOHTMOPUWJIOHITY BiAIOBiIa€ ABOXCTYIIEHEBill Moe-
JIi MeXaHi3My OOMiHY BaXXKHUX i30TOMIB BOAHIO, 110 3HAXOISITHCS Y BiJIbHO MITpYIOYiil TPUTIEBIM
BOZi 3 MPOTOHAMHU MiHepaabHOI MaTpulli. MOXIUBICTh 3alIpONIOHOBAHOI MOJEJI MpoLecy Oyia
MiaTBepIKEHA MPU EKCIIEPUMEHTATbHUX JOCTIIKEHHSIX CUCTEMU «MOHTMOPWIOHIT-eiTepieBa
Boga» [27].

Ho nmoyaTky B3aemMoii MOHTMOpPUJIOHITY 3 HTO, ToOTO y BiICyTHOCTi BOIHUX MOJIEKYJ Y
MixiapoBoMy mpoctopi, ooMmiHHiI ioHu (Na, K,Ca, Li Ta iHII.) nepeMilllyloTbCs B HANIPSIMKY
TiIPOKCUIIIB Ta 3aIleUaTyloTh reKcaroHaabHi KiJiblig [8]. Ha rmouaTkoBsiii ctafii rpoiiecy 3a paxy-
HOK Ju(y3ii MOJIEKYJ BOAY B MIXILIAPOBUIA IIPOCTIP MOHTMOPUJIOHITY i3 30BHIllIHBOI, 110 BiTHO-
LLIEHHIO 10 YaCTUHOK MiHepaJly, IOPOBOi BOAY Ha Mix(a30Bili rpaHULi (DOPMYETHCS MOABIMHUIA
nudysivinuii map [28]. BxomkeHHs: mojekyn HTO y MixinapoBuii mpocTip MOHTMOPUJIOHITY
MHPUCKOPIOETHCS B pa3i po30yxaHHS CyXOi MiHEpaJIbHOI MAacH IPH ii KOHTAKTi 3 TPUTIEBOIO BO-
JI010, KOJIU BiIOYBAETHCS CYTTEBE 30UIbIIIEHHS BiICTaHiI MixX CTPYKTYPHUMU MakeTamu (puc. 4).
[Tpouecu nudy3sii Ta BCMOKTYBaHHSI IpU pO30yXaHHI MOHTMOPUJIOHITY CTBOPIOIOTH YMOBU TSI
(opMyBaHHs TipolapKiB 3 MixkrakeTHux moiekya HTO Ta ix B3aemozii 3 IpoToHAaMU MiHe-
paJIbHOI CTPYKTYpPH, 110 NPU3BOAUTH OO periaparallii ioHiB Ta iX BUJIYYEHHS i3 TeKcaroHaJIbHUX
KiJIelb i, IK HACJIiAO0K, M0 iX IIOBEPHEHHS B MIXKIIApOBUIA ITPOCTip. B pe3yabraTi y TpUTOHA MO-
Jekynu HTO 30i1bl1y€eThcsl MOXKIMBICTh B3aEMO/Ii1 3 TIPOTOHOM CTpyKTypHOi OH-rpymnu, sika
3B’s13aHAa 3 I0HOM KMCHIO PELLiTKU.

Ha npyriii cTamii 3a paXyHOK IPOTOH-TPUTOHHOTO OOMiHY BilOyBa€ThCS IIEPEXil TPUTIIO 3
JIMCOLIMOBAHUX MOJIEKYJT BOJM, PO3TALLIOBAHUX B MiXKITaKeTHUX MpoIllapKax, B CTPYKTYPHi MO-
3uuii OH-rpyn MiHepay. MoX/I1BiCTh TAKOTO MPOLIECY BUILIMBAE 3 YSIBJIEHb TEOPil aTOMHUX Ta
MOJIEKYJIIpHUX opOiTasieit [29] Ta Teopii riopuausailtii eaekTpoHHuUx opOitaiei [30]. 3rinHo UM
YSBJIEHHSIM, OpOiTalib BigoOpaxkae CTallioOHaApHUI CTaH eJIEKTPOHY B @TOMI, BUXOASIYM i3 3aKOHIB
KBAHTOBOI M€XaHiKM, a X CyKYIHIiCTb 3 OTHAKOBUM 3HAYE€HHSIM TOJIOBHOIO KBAHTOBOT'O YMCJIa
CKJIA/Ia€ OJIHY €JIEKTPOHHY OOOJIOHKY.

1 nm external clay
DDL water ppL particle

Puc. 4. Tunu Bogy B MOHTMOPUJIOHITI.

1 — mincwaposa 6oda 3 06MIHHUMU KAMIOHA-
mu;

2 — noositinuil ougysitinuii wap (DDL);

3 — po3nodin 3ap:0ie y 306HIUIHIT NOPOBill
600i [28]

S
2]
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B 3’eiHaHHSX 3 KOBaJIECHTHUM TUIIOM 3B’SI3KY Mi>K aTOMaMU TOCUTb MOIIMPEHUM € SIBUILE
riopuausailii opoitaneit, Koy BigOyBa€ThCs 3MilllyBaHHSI Pi3HMX, aje OJIM3bKUX 110 €HEPTil op-
OiTayieii JaHOTO aTOMY 3 BUHMKHEHHSIM TOTO K YKCJla HOBUX OpOiTajieli, OAHAKOBUX MO €Heprii
ta ¢popMmi. Dopma Ta cuMeTpist opbiTaieit 3a1al0Thcsl OpOITATLHUMU KBAHTOBUMM YUCJIAMU —
Bin 0 i Oinbllie, SIKMM BiAIOBiAal0Th OYKBHU S, P, d ... i gaji. OpOiTajb, 1110 BiIMOBiIa€E MepIIOMY
KBaAaHTOBOMY YMCIY (S-0p0iTalib), € CPePUUHOIO Ta CUMETPUUYHOIO (HAIIPUKJIad, Y aTOMa BOIHS),
p-, d- ... -op0iTaji MaloTb OiIbLI CKIaAHY (POpMY, sIKa BU3HAYAETHCSI KyTOBUMU YaCTUHAMU XBU -
JIbOBOI (DYHKIIi1 — KYTOBUMU (PYHKIIISIMU.

B Teopii Monekynsipuux opb6itaneit (MO) mosekysia po3risifacThCs, SIK OAHE 1iiie, 1e
€JICKTPOHU PO3IOIUISIOTHCS M0 0araTOLEeHTPOBUX OPOITAISIX, TOOTO MOJIEKYJIM MalOTh CHLIbHI
opOiTai A1sl ABOX i Oijbllle aTOMHUX siiep. XapaKTep po3Moaily eJleKTpoHiB mo MO BuU3Havae
MopsIIOK (KpaTHICTh) 3B’SI3KY, 1i €Heprilo, MixX s1epHY BiICTaHb (IOBXWHA 3B’S13KY) Ta iHIII.

B miokTaenpuuyHMX CTpYKTypax, sIKi € XapaKTepHUMU IJIsI MOHTMOPUJIOHITY 3 Al-rigpo-
KCWJIbHUMU OKTAaeApaMM, aTOMU KUCHIO 3HAXOAUTHCA B CTaHi Sp -ribpuaunsallii, TOGTO B HbOMY
3MilllaHi ogHa cpepuyHa s-opoiTaib 3 TpboMa p-opoiTansimu (puc. S).

3a HaBeleHOI Moz Sp -TiOpiau3alil i0HiB KUCHIO KPUCTAIIYHOI PELIITKYA IAPOBUX CU-
JIIKaTiB BipOTiAHMM € HAaCTYIHUI MeXaHi3M OOMiHY i30TOIIiB BOAHIO BOJIU 3 MPOTOHAMM TiApo-
KCUJIYy B CTPYKTYPi MOHTMOPWJIOHITY. 3 YOTUPHOX OpOiTajeil ioHiB KUCHIO KPEMHi-KUCHEBUX
TeTpaelIpiB PEeIIiTKU ABi MPUIAMAaIOTh Y4acTh B 3B’sI3KaxX 3 JBOMa iOHAMU KPeMHilo, a JBi iHILi
CIPSIMOBaHI B CTOPOHY MiXIIIapOBOT'O IPOCTOPY, A€ MPUNMAIOTh Y4acTh B CJTAOKOMY BOJHEBOMY
3’BSI3KY 3 MoJjieKyJlamu Boau. B ctpykTypHux OH-rpynax aBi 3 4oTHpbOX opOiTalieil yTBOPIOIOTh
3’BSI30K 3 IBOMA ioHaMM Al, 1110 3HAXOASIThCSI B OKTaeAPUUHI KOOpAMHALIII.

Puc. 5. Op6iraiti, 1110 BUHUKAIOTh NIpY Sp -Tibpran3anii onHiel
chepuyHOI S-0pOiTaji Ta TpboX p-opoiTaneii. HoTupu riopumHi
opOiTaji po3TalioBaHi OJHA BiTHOCHO 10 OJIHOI ITiJ TeTpacaApuy-
Humu Kytamu 109°28° (109,47°), noBxunHoito 0,154 um

HasgBHicTb BiIbHMX OpOiTajeil B ioHaX KMCHIO PELIITKM i TIAPOKCUIIaX CTBOPIOE MOXKIIU-
BiCTb OOMiHY i30TOMIB BOAHIO MiX AucouiiioBaHuMu MojekyaamMu HTO, 1o 3HaxoasiTbcsd B
MiXITaKeTHUX TpoIIapKax MOHTMOPUJIOHITY i mpoToHaMM CTpYKTypHUX OH-rpyrn. OO6MiHHUIA
MPOLEC MPUCKOPIOETHCS MiJl BILIMBOM Ha CUCTEMY raMMa-BUIIPOMiHIOBaHHS [27].

CwiikaTH i3 cTPiYKOBO-KAHAIILHOIO CTPYKTYPOIO

IMoreHuiiiHUMKU TIOrJAMHAYaMU TPUTIIO TAaKOX € INIMHUCTI MiHepalu i3 CTPiuKOBO-
KaHaJbHOIO CTPYKTYPOIO 3 TPYITU MAJIMTOPCKITY. B OCHOBI IX CTPYKTYpHM JiexKaTh CHAPEHI KPEMHI -
KHWCHEBI JIAHIIOXKHU TMipokceHoBoro tuity [18]. KpemMHili-KuCcHEBi TeTpaenapu 3’€IHYIOThCS B
cTpiuku KaTioHamu Mg?", AI’*, ki IOMOBHIOIOTBCA O OKTaeAPUYHOI KOOPAMHALI 3B SI3aHUMU
3 HUMM TiIPOKCUJIBHUMHU TpyrnaMu (puc. 6.). ToBIIMHA TAKMX CTPiYOK B MAJTUTOPCKITI CKIIagae
0,92—0,94 um, a mmpuHa — 6 1,2 HM. 30BHIIIHUMU BepLIMHAMU OOKOBUX OKTaeIapiB LIMX
CTPIYOK € MOJIEKYJIM KOOPAWHALIIMHO 3B’s13aHO1 BOAU. CTPiuKM 3’€MHYIOTHCS MixK COO0I0 B3I0BX
OCi «C» CIMUIbHUM aTOMaMM KWCHIO TAKMM YMHOM, 1110 YTBOPIOIOTh TaK 3BaHY KBiHAKCHY («IlIa-
XOBY») CTPYKTYpy [31].

TpunoBepxoBi CTPiUKU B MAJIUTOPCKITI YEPTYIOTHCS 3 LIEOJITHUMU KaHajdaMu. B kaHanax
3HAXOASIThCS MOJIEKYJIM BOAM JBOX TUITIB: 3B’s13aHi 3 KOOPAMHALIIMHO HEHACUYEHUMM iOHAMU Ha
OOKOBMX CTiHKaX KaHaJliB (KOOpAWHALIIMHO 3B’s13aHa BO/Ia) Ta MOJIEKYJIM BOAM, 1110 3alIOBHIOIOTh
LICOJIITHI MOPOXXHUHM 1 HE 3B’S13aHi 3 BU3HAYEHUMU KpUCTajorpa@giyHMMy MiclLisiMU (TaK 3BaHa
neoJjitHa Boda [18]). 3rigHo nanum, orpumanuM b.b. 3Bsarinum [32], BBaXaeThcs, 110 1 T1a-
JIMTOPCKITIB XapaKTepHa BIIOPSIAKOBaHA 3MillIaHOPSIIHA CTPYKTypa CTPIYKOBO-1IAPOBOTO TUITY.

B pasi B3aemonii majauropckity 3 TpuTieBoio Bomow Mosiekyau HTO gocuThb MIBUAKO
MPOHMKAIOTh KPi3b KaHAJIM MiHEPaIbHOI CTPYKTYPH, /i€ BiIOYBAETHCS 1X OOMiH 3 MOJIEKYJIaMU
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LICOTITHOI Ta KoopauHauiitHo 38’s13aH0i H,O. Tomy BiporigHo mBuakicts augy3ii HTO B3moBx
KaHaJIiB ycepeIMHY MiHepaly Moxke OyTH OJIM3bKOIO 10 IIBUIKOCTI Audy3ii y BiIbHil Bomi [6].

Puc. 6. KapkacHa cTpykTypa najauropckira [31].
Criocobu 3usieHyBaHHSI KPEMHI-KUCHEBUX Te-
TpaenpiB i3 CTpiYKaMy KaTiIOHHUX OKTaeIpiB

«Si cO0 @Mg @ OH @H,Opuc

®H;0,0;. ®#Mgun Al

B nmopaneimomy o6min (TO)™, neositHol Ta KoopauHauiiiHo 38’a3aHoi Boau 3 (HO) ™,
KPUCTAJIIYHOI CTPYKTYPU TMAJIUTOPCKITY YSBISETbCS AHAJOTIYHMM TaKOMY 3 i30TOINHO-
BOJHEBOMY OOMiHHOMY ITPOLIECY, 1110 BiZOYBAETHCS B MOHTMOPUIOHITI.

Taky¥m 4YMHOM, HAKOMWYEHHSI TPUTIIO B INIMHUCTUX MiHEpajaax Mpu iX JOBrOTPUBAJIOMY
KOHTAaKTi 3 TPUTIEBOIO BOJIOIO € OaraTocraaiiiHuM mnpolecom. CroyaTky MiHepaJibHa CyOCTaH-
151 HacU4yeThCs Bonoto. [1pu 1iboMy OpMYETHCS TaK 3BaHA MEXaHIYHO 3B’si3aHa BOoAa — Ta,
1110 3allOBHIOE MOPU Ta Kalliisipy B MiHepayibHili Maci. Ile eHepreTuuHo cjiabo 3B’s13aHa Boaa,
sIKa 3HAYHOIO MipOI0 MOoAiOHA 30BHIIIHIN BO/i, 110 B3aEMOJIIE€ 3 TBEPAOIO (a3010 i 31aTHA BU-
JAJISITACS 3 ITIMHUCTUX MiHEpaJiB 3a TaHUMU TUdepeHLiiHoro TepmiuHoro aHanisy (ATA) npu
temrepatypi 1o 105—110° C (puc. 7).

TN ___/ . : : 1
\\.. Ve Puc. 7. TepmiuHi epeKTH B INIMHUCTUX MiHepaiax
3a nanumu JATA.
BEnd L~ —— = 1 — Kaoainim eayxiecokuii,
e 2 — naaueopcKim 4epKacoKuil;
\\/ /""_"“*\,-—-_,- = 3 — GeHmoHIim uepKacvKuil
0 200 400 600 800 1000°C

Ha nactynHiii cramii BHaciigok aacopOuii Mojiekyn HTO Ha moBepxHSX KpucTali-
TiB TJIMHUCTUX MiHepasliB (POPMYEThCS 30BHIillIHiN ancopOuiitHuii map. Ilicast BcTaHOBIEHHS
afcopOLitHo-necopouiitHoi piBHOBaru MoJiekyiau HTO (H,0) B mpoueci nudy3ii mepexonsits 3
PO34YMHY B MiXIIIAPOBUI1 a00 KaHAILHUI MPOCTIp (B 3aJIEXKHOCTI BiJl pi3HOBUIY MiHEpaJly), BHa-
CJIiIOK 40ro (popMy€eThCs OibI eHEPreTUYHO 3B’s13aHa 3 MiHepajaoM (pi3nKo-XiMiyHa Boja. 3a
manumu JITA Boma, amcopOoBaHa Ha MOBEPXHiI KPUCTAJIiTiB, BUIAPOBYETHCS 3 KAOiHITY, Ma-
JIMTOPCKITY Ta MOHTMOPMJIOHITY ITpu TemIiepatypax 110—120° C. binbla yactuHa MiXIIIapoBOi
BOAY BUIAJISIETHCS 3 MOHTMOPIWJIOHITY B iHTepBasi TeMiepatyp 120—250° C, ane geska ii yactu-
Ha yrpumyeThbes e 10 300° C. LleoniTHa Boaa 3 MaJUToOpcKiTy MOXKe OyTH BUIIapyBaHa B iHTep-
Baji 110—150° C, a gani no remnepatypu 220° C 3 HbOro BUAAISIETLCS KpUcTali3aliiiHa, TOOTO
KOOpAMHAalliiiHO 3B’s13aHa, BOJa.

Hani BKJIToYaroThCcs XiMiYyHi MeXaHi3MHU i30TOITHOrO OOMiHY MiX i0OHAMM JMCOLiiOBaHUX
moaekyn HTO ta rigpoKCHIbHUMU ITpyllaMy MiHEpaJIbHOI MaTPULIi, KOJIYM BUHUKAIOTh HAO1IbII
MillHi eHepreTuyHi 3B’ s13Ku. Takuii oOMiH BiZOyBa€ThCS KPi3h 30BHIIIHIO ITOBEPXHIO KpUCTai-
TiB KQOJiHITy, KPi3b MOBEPXHIO BCiX eJIEMEHTAapHUX IIapiB MOHTMOPWJIOHITY, B TOMY YMCJIi i THX,
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110 BUXOASTH Y MiKILIAPOBUI IIPOCTip Ta Yepe3 30BHIIIHI MOBEPXHi YACTUHOK i MOBEPXHi 1i€0-
JIITHUX KaHaJliB y nmaauropckiti. I1pouec aerigpokcunaliii (pyiiHyBaHHSI 3B’SI3KiB CTPYKTYPHMX
OH-rpyn) npoTika€e B IIMHUCTUX MiHepajax 3 pPi3HOI CTPYKTYpPOIO B ACILIO Pi3HUX TeMIlepa-
TypHUX iHTepBaiax (puc. 7). Jlerinpokcumallis paHill 3a BCce MOYMHAETHCS B NAaJIUTOPCKITI TpU
temnepatypi 350°C i gai mpogoBXKYEThCS B IBOCTYIIEHEBOMY pexkuMi 10 Temmieparypu 600° C. B
KaoJiHiTi OH-rpynu BugansioThbes 3i CTpyKTypu B iHTepBasti temnepatyp 500—700° C, a B MOHT-
MopuJIoHiTi mBKaKa Brpata OH-rpyn nounHaeTbest mpu 500° C i MOBHICTIO 3aKiHUYETHCST TIPU
750—800° C.

BucHoBku

HakonuyeHHs1 Ta yTpuMaHHSI TPUTIO B INIMHUCTUX MiHpajlaX 3HAYHOIO MipOI0 3aJI€XKUTh
Bif iX CTPYKTYpHMX Ta CTPYKTYpPHO-XiMiYHUX ocobiuBocTteii. IIpy LboMy iHTEHCHBHICTh Ta
IIBUAKICTb i30TOMHOIO OOMiHY B CUCTEMIi «MiHEepaJl — BOJa» BU3HAYAIOTHCS TOCSKHICTIO peak-
LiAHUX MTOBEPXOHb MiHEpAJIbHUX YaCTUHOK 151 MoJieKys1 HTO, sika, B CBOIO uepry 3ajIe>XKUTh Bijl
LIBUIKOCTI OOMiHY Ha rpaHULIi pO3aiay Uux (a3 Ta IBUAKOCTI A1(Y3ii TPUTIIO B Pi3HUX YaCTU-
HaX CUCTEMHU.

3HaYHUl BIUJIMB Ha i30TOMHO-BOAHEBUII OOMiIH MiX BOIOIO Ta (ilocusliKaTaMu MaloThb
BJIACTUBOCTI TOBEPXOHb MiHEpaJIbHUX YACTMHOK Y BOOTHOMY cepenoBuili. [Ipoiec mpoToHizaliii-
JIeMpOTOHI3allii 3aJ1e3KUTh BiJl BHYTPillIHbOI CIIOPiTHEHOCTi MOBepXHEeBUX CTPYKTYypHUX OH-rpyn
JI0 TIPOTOHY Ta JAJEKOCSDKHUX €JIEKTPOCTaTUYHUX CWI. ba3zasibHi MOBEpXHi MiHEpaJIbHUX THU-
miB 1:1 Ta 2:1, MawTh ¢cJ1aOKy MPOTOHHY CHOPIAHEHICTh. bijibIl iIHTEHCUBHI OOMiHHI i30TOITHO-
BOAHEBI peakliii 3a0e3I1e4yI0ThCs OLUIBIIOK MPOTOHHOK CIOPIAHEHICTIO KPailOBUX MOBEPXOHb
MiHepaJbHUX YaCTUHOK B HOpMaibHUX pH yMoBax.

I3oTOnHO-BOIHEBMIA OOMIH B KAOJIiHITI MOXe BimOyBaTHUCS IBOMA LILJISIXaMU, SKi 3a0e311e-
YYIOThCSI BOMA TUTIAMU PYXOMMX MTPOTOHIB. ONMH TUMN — 11€ HAUIMIIKOBI MMPOTOHU («IIIBUIKi»
MIPOTOHM), IKi 3HAXOISITHCS B 30Hi MMPOTOHHOI MPOBiAHOCTI. IHIINMIA TUIT TIPOTOHIB — 11e AedeK-
THi, a00 «IOBuJIbHI» MIPOTOHU. BOHM BUHUKAIOTh B CTPYKTYpi BHACIiAOK pyitHyBaHHsI OH-rpyr,
Koy 3aMictb OH-rpyn TuMyacoBo 3’sBisgerbea O?~. OCKUIBKI B KAOJIHITI CYLUIbHI CITKH
OH-rpyn 10Kaii3oBaHi B CTPYKTYPHUX MTaKeTax TAKUM YMHOM, 1110 Ha PO3PUBHUX I'PaHSIX KPUC-
TaJIiTiB caMe€ BOHU NPUMUKAIOTh 10 BOAHOI (pa3u, yTBOPIOKOYi CBOEPiNHI aacopOLiliHi LIEHTPH,
TYT BUHUKAIOTh COPUSITIMBI YMOBU U151 HIPOTOHIB, 1110 BLUIBHO MITPYIOTh B IIPOLIECi «BiOpaLiii» y
KPUCTATIYHii MaTpulli, OOMiHIOBAaTUCS 3 BaXKKWMMU i30TOIIaMU MOJIEKYJI BOIU.

HaxomnuyeHHS TpUTiIO B CTPYKTYPI MOHTMOPUJIOHITY BiAIOBiIa€ ABOXCTYIIEHEBill MoJ€e-
JIi MeXaHi3My OOMiHY BaXXKHUX i30TOMIB BOAHIO, 110 3HAXOISITHCS Y BiJIbHO MITPYIOYiil TPUTIEBIM
BOJIi 3 MPOTOHAMU MiHepajibHOI MaTpulli. Ha mouartkoBiii cTaaii npouecu augysii Ta BCMOK-
TYBaHHS NIpY po30yXaHHi MOHTMOPWJIOHITY CTBOPIOIOTH YMOBU 1151 (hOPMYBaHHS MPOILIAPKIB 3
MixkrakeTHux MoJieKyal HTO Ta ix B3aemosii 3 mMpoToOHaMu MiHEpaJbHOI CTPYKTYpH, 11O MPU-
3BOJUTH 10 (DOpPMYBaHHS MOABiIHIO A1 (Yy3iiiHOTO 11apy, periaparailii ioHiB Ta iX BUJTy4YEeHHIO i3
reKcaroHaJbHMX KiJIeLb i, IK HACJIiIOK, 1O IX HOBEpPHEHHS B MiXXKIapOBMiA IIpoCTip. B pe3ynbrari
y TpuToHa MoJiekyau HTO 30i1bIyeThCsl MOXKIMBICTD B3AEMO/IiT 3 TPOTOHOM CTpYKTypHOi OH-
rpyIu, siKa 3B’s13aHa 3 ioHOM KMCHIO pelniTku. Ha npyriii cTazii 3a paxyHOK POTOH-TPUTOHHOTO
0OMiHyY BinmOyBa€ThCs MepeXia TPUTIIO 3 AUCOLIIMOBAHMX MOJIEKYJI BOAM, PO3TALLIOBAHUX B MiX-
MakeTHUX Mpollapkax, B CTpyKTypHi no3uuii OH-rpyn miHepaiy.

B MiHepanax i3 CTpiYKOBO-KaHAJIbHOIO CTPYKTYPOIO 3 TPYIIU IMAJIMTOPCKITY IIPU X B3AEMO-
1ii 3 TpuTiEBOIO Boao1o Mosiekyau HTO pocuTh IBUAKO MPOHUKAIOThH KPi3b KaHAIU MiHEpabHOI
CTPYKTYpH, A€ BiZOYBAEThCA iX OOMiH 3 MOJIEKYJIaMU 1I€OJiTHOI BOAH, 110 3alIOBHIOE KaHAJIbHI
MOPOXHUHU Ta 3 KOOpAMHAaLiiiHO 3B’s13aH010 H,O. [30TONMHO-BOAHEBUIT OOMiIH MiX OTUCOLIO0-
BaHuMu MoJjiekysiamu HTO ta MaTtpulieto MiHepally BiIOyBa€TbCsl BHACTIIOK 3aMillIeHHS CTPYK-
TypHux OH-rpyn ionamu TO-1ie01iTHOI Ta KOOpAiHALIIMTHO 3B’513aHOI TPUTIEBOI BOJU.
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Iymxkapes A.B., IIpuiimasenko B.M. B3SAUMOJAENCTBUE HTO C INMMTUHUCTBIMU MU-

HEPAJIAMU

B npouecce muepayuu mpumuesoii 600b1 uepe3 0cadouHyo moauLy UMEeHHO 2AUHUCHIble MUHe-
panvl obecneuusaiom Haubonee IppekmusHoe yMeHvuleHue KOHYeHmMpayuu mpumus @ 2e0uHpUb-
MPAUUOHHOM NOMOKe 3a cem U30MONHO-8000P00H020 0OMeHa Medcdy 800HOU U MUHEPANbHOU (ha-
3amu. UHmeHcueHoCmb U CKOPOCHb IM020 NPoUecca onpedessiomes 00CMYNHOCIbIO PeaKUyUOHHbIX
noeepxrocmeil MuHepaavhHux ywacmuy oas moasekyar HTO, komopas, é ceor ouepeds, 3asucum om
CIMPYKMYPHbIX U CIMPYKMYPHO-XUMUHECKUX C80LICME 2AUHUCMbIX MUHepanos. Ha npoyecc mexcgha-
308020 nepepacnpeodenenus mpumus makyce eAUAIOM cKOPOCmb 00MeHa Ha epaHuye pazdeia ¢as,
CcKopocmu Ougy3uu mpumusi 6 pasHbIX YacMAX 600HO-MUHEPANbHOU CUCMEMbL: 8 NOPAX, 8 A0CO0-
YUOHHOM CN10€, 8 MeINCCA0eB0Il UAU UeOAUMHOU 800e U 8 KPUCAAIUHECKOU CMPYKMYype eAUHUCbIX
MUHepanos.

Pushkarev A.V., Priymachenko V.M. INTERACTION BETWEEN HTO AND CLAY MINE-
RALS

These are precisely clay minerals allow the most effective decreasing tritium concentration in the
geoinfiltration flow at the expense of hydrogen-isotopes exchange between water and mineral phases
during tritium water migration through sedimentary strata. The intensity and velocity of this process
depend on the accessibility of reaction surfaces of mineral particles for HT O molecules which in its turn
depends on the structural and chemical-structural properties of clay minerals. The exchange velocity on
the phases boundary and tritium diffusiveness in the different parts of water-mineral system (interstitial
species, interlayer or zeolitic water and crystal structure of clay minerals) also affect on the process of
tritium redistribution between different phases.
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