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MHEPATTIVH MMUHEPARDTWYECKMA
HSGHAN

YK 553.81:553.061.12:549.211(477)
M. M. Wepb6ak, B. M. KsacHuuga

HogBi nepcnekTnBm NOLWYyKiB KOPIHHUX
AXepen anMmasy Ha YKpaiHCbKOMY LUMUTI

3anponoHOBAHO HOBY KOHIICIIIIO IOA0 KOPIHHMX JiKepesl aiMmady Ha YKpPaiHCbKOMY IIMTi i OKPECJIEHO KOJIO
MepUIOYEeProBUX 3axOiB AJs ii KOHKpeTu3allii i miATBepaKeHHs. B OCHOBI KOHLEMIIii JIEXUTh Opi€eHTalisl Ha HOBi
KODiHHI JXepesia aMasy Ha YKpaiHCbKOMY LIMTI — KOMAaTUITH Ta iHIU ByJIKaHiYHi yJIbTPaoCHOBHI nopoau. KoHuenuist
"PYHTYETBCSI Ha 3HAXi[lli KPUCTATIB alMa3dy B METaKOMaTHiTaxX, pO3IUIaBM SIKMX OYyJM Ie OAHUM TPAaHCIOPTEPOM
MaHTiHOro 10KeMOpiiiCbKOro ajiMasy, Ha i30TOIMHMX i CIEKTPOCKOIIYHMX JaHUX 100 apXeHChKOro i MpoTepo30MChKOro
BiKy aJiMa3iB i3 KiMOEpJIiTiB i JIaMNpoiTiB, Ha JAaHMX LIOAO JAOKEMOPiHCbKOro BiKy KPUCTaJliB PO3CUITHOTO ajima3sy
YKpaiHCbKOro LIUTa i IXHbOI CBOEPIAHOI POCTOBOI UM MiCASIPOCTOBOI iCTOPii, HAa PO3TalllyBaHHI OCHOBHUX PO3CHUIIiB
MiKpOKpPUCTaJIiB aiMa3y B MeXax BiAMOBiIHUX reo0J0KiB YKPaiHCbKOIO 1IUTa 3 KOMaTUiTaMu.

AKIIECOpHi KPUCTaIU €HAOTCHHOro ajMa3sy nouynHarouu 3 1949 p. 3adikcoBaHO B TepUIeH-
HUX BiKaagax 6araTbox Miclb YKpaiHcbkoro muta (YIII) Ta iioro cxujiB 3 nepeBaKHOI0
1X KOHLEHTpALi€l0 Ha AEKiJbKOX BIKOBUX PiBHSIX: Y MPOTEPO30MCHKUX BilKJIagax MiBHiYHOI
YacTUHU (KOHIJIOMEpPATH i MICKOBUKM OiTOKOPOBMIIBKOI CBiTH), Y BEPXHBOIMAIE030MCHKUX
Binknamax LlentpaibHoro JloH6acy i 30HM 3wieHyBaHHS 3 [lpra3oBcbKuUM OJIOKOM (mepe-
BOXHO BEPXHbOKApOOHOBI BiKJIaAu), B HEOT€HOBUX BidKJamax LIEHTPaIbHOI YAaCTUHMU i
MiBHIYHO-CXiTHOTO CXWIy (CapMaTChKi i MOJTABChKi ITiCKK), B HEOT€HOBUX BilKjamax MiBIeH-
HO-3axiMHO1 YacTMHM (OaITChKi ITiCKM), a TaKOX y YETBEPTMHHMX i Cy4aCHMX BimKiaamax
IMpunHictpo’st, [Tooyxkst, [TpunHinpos’s, [TpuyopHomop’s i [Tpuaszor’st (Tepacosi i pyc-
JIOBi a/loBiaJIbHi BiIKJIaAy piK, 110 PO3MUBAIOTh HaBEIEHI BUILE BiJOMi i HEBiIOMi KOJIEK-
TOpHY ajiMa3y, a TaKoX BiAKJIaau ispkiB YopHOTO i A30BCHKOTO MOPiB, Kyay aJiMa3 MpUHe-
CEHO PIYKOBUMU cCHUCTeMaMu). Y 0ararbox BUIaIKax 3HAXiAKM ajiMa3y CYyIpPOBOIKYIOThHCS
CYIyTHIMU HOMy MaHTiHHMMM MiHepaiamu (ITipoIloM, Mipon-aJlbMaHAWHOM, XPOMIIIIiHe-
JligaMu, TiKpOiIbMEHITOM, XpOMIIONICUIOM Ta iH.). Bimomi KiMOepJ1iTOBI i JaMITPOITOBI ITPO-
SIBU MiBIEHHO-CXiIHOI, LIEHTpaJIbHOI i MiBHiYHO-3aximHoi 4YacTtuH YIII Oe3anmasHi i He
MOXYTh OyTM KOPiHHUMM JiKepeaaMu ISl MepelideHOro BUILE PO3CUITHOIO ajMasy.

Crin 3a3HaYMTH, 1O 3HAMIEHI pO3CUIIHI alMa3y BUILE HaBeAeHMX BIKOBHMX PiBHIB B
mexax Y1 maroTh cienudiuHi o3Haku. [IpoTepo3oiichKi aiMa3yu Maiike He Bipi3HSIOThCS
SIK BiJl ajiMa3y 3 KiMOepJIiTiB i JIaMIIpOITiB JOKeMOPilicbKOoro 4n (paHepo30MChKOro BiKy, TaK
i Bim mOKeMOpiiicbKoro po3cumHoro ajmasy. CapMaTChKO-ITOJITaBChbKi XapaKTepU3YIOThCS
LILJTO0 HU3KOIO 03HaK (MaJIMMU po3MipaMu, MepeBaXkHO KyOiuHO0 (opMOI0 KpUCTaiB, "ner-
KUM" CKJIaIOM BYIJIEL}0, HE3BUUHUMIK HAaOOpaMU a30THUX LIEHTPIB Ta iH.), sIKi He TO3BOJISI-
IOTh TOBHICTIO OTOTOXHIOBATHU iX 3 ajMa30M i3 KiMOepJIiTiB (JJaMIpOiTiB) YM 3 METaMoOp-
¢ivHuX mopim (I0 TOro X IMapareHeTUYHO CYIYTHi LIbOMY ajMa3y MaHTiiiHi MiHepaau
BincyTHi). Cepen GalTChbKUX ajiMa3iB OKPiM MajiMX PO3MipiB OiIBILIOCTI KPUCTAJIiB 4acTi
3eJIeHi, pi3Hi 3a MopdoJorielo 6araTorpaHHUKKU (B TOMY YMCIIi CBOEPiHI TeTparekcaeapoi-
W), 110 TaKOX HE JO3BOJISIE MOBHICTIO iX 3iCTaBISITH 3 aMa30M i3 KiMOepJIiTiB (Jlamm-
pOiTiB) uu 3 MeTaMopdiyHuX Mmopia. Bee 1ie cBimuuTh Mpo MiclieBi KOPiHHI JXepesa pi3HOo-
BiKOBUX PO3CUITHUX aIMa3iB.

Axiro 6araToYMCaeHHICTh KOPiHHUX JKepesl €eHIOTeHHOIo ajiMasy i MiCLsl iX po3Ta-
mryBaHHs Ha Y1II He BUKIMKAIOTh CYMHiBY, TO KapAWHAJIbHE MUTAHHS — 3 SKUM T'€HETUY-
HUM TUTIOM (TiATUIIOM) €HIOTEHHOIO ajiMa3y MU Ma€eMoO CIIpaBy — Ile JajieKe Bill BHUpi-
meHHs. IlpoTe came Bif LIbOro 3ajeXXUTh MPABUIbLHUNM BUOIp CTpaTerii MOIIYKiB KOPiHHUX
mxkepen anmasy Ha YII. Cepen eHZOreHHOro ajaMma3dy HUHI pO3pPi3HSIOTH JEKiJabKa MOro
TeHeTUYHUX TUIB i miaTumiB: 1) MaHTIAHWI — 1€ aJiMa3 KiMOEepIIiTiB, JaMIIPOITiB Ta Kce-
HOJIITiB MAHTIHHUX TOPiA 3 IeKiJbKOMa IapareHe3rcamu, FoJJOBHUMU CEpell SIKUX € Tepu-
JOTUTOBHUIA i eKJIOriTOBMI (TOOTO JABa MiATUIM MAHTIMHOTO aqMasy); 2) TakK 3BaHUIl KOPO-
BUI — 1Ie MiKpOKpHMCTalIM aiMa3y JaBHiX MeTamopdiuHux mopia. OcTaHHiil 3HalaeHUI

© M. II. llep6ak, B. M. KBachuis, 2001
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Puc. 1. Po3pi3u komaruit-ToneitoBoi dopmaiii Cypcbkoi crpykrypu (3a manumu B. [1. Komisi, A. O. CiBopoHoBa,
0. B. Bo6poga, A. T'. CMOrosok): @ — posraliyBaHHsi IpodisiiB B Mexax cTpyKTypu; npogini: 6 — 1-1, ¢ — 1i-11; e — o
BilIC/IOHEHii yacTiHi no6iu3y c. HoBoMukonaiBka; nopoda: 1 — NepuaoOTUTH i NEPUAOTUTOBI KOMATHITH; 2 — MiPOK-
CEeHITOBI KOMATHITH; 3 — KOMATHITOBI 6a3anbTh; 4 — anbOiT-XJI0PUTOBI i anbdiT-amMdiGonoBi cnaHili; 5 — amdidoniTu
(MeTtaToneiT); 6 — TaabK-KapOOHATHI MOPOAM; 7 — TPaHITO-THecH hYHIAMEHTY; nomyxcricms mosuyi, M: I — moHaz
850, 11 — 1420, 111 — noHan 410
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Puc. 2. Po3pizun KoMaTHiT-TosneitoBoi dopmauii Yopromnnkebkoi (a), BepxiBueBcbKoi (6) CTPYKTYp i KOMaTHIiTOBOI
dopmariii BepxiBiieBcbKoi (6) ctpyktypu (3a nanumu B. J1. Komist, A. O. CiBopoHoBa, O. b. booposa, A. I'. CMoOrosmok);
nopoda: 1 — NepUIOTUTOBI KOMATHITH; 2 — TMiPOKCEHITOBI KOMaTniTh; 3 — KOMAaTuiToBi 6a3anbTu; 4 — Tojeitu; 5 —
aHIe3UTO-0a3aIbTH; 6 — aHae3uTH; 7 — Tybu nauutis; & — Tydu Toneirtin

MOKM 110 B MeTaMopdiyHux KomIuiekcax Kazaxcrany, Kurato i Hopserii. O6 pyHTYyBaHHS
YTBOPEHHS I[LOTO ajMa3y B YMOBaX 3€MHOi KOPM SIBHO HENOCTaTHE i, MaOyTh, MOro CIif
BiITHOCUTU TakKOX JO MaHTIMHOrO ajmasy.

BigoMuii 11e oAuH MiATUIT JE1O HE3BMYHOIO MaHTIMHOIrO ajaMmasy i3 JOKeMOPiliChKUX
PO3CHIIIB, aHATOTIYHOTrO 3a GaraTbMa O3HAKaMK aIMa3y i3 KiMGepsiTiB i Jammpoitis. Moro
BCTaHOBJIEHO Maiike Ha BCiX KOHTMHEHTaX (HaBHiX muartgopmax, IuTax) Iisi TPhOX BiKO-
BUX PiBHiB: paHHBOIIPOTEPO30MCHKOI0, pU(EChLKOro i BEHACHKOro. AKIIO 115 BEHACHKOTO
i, MOXJIMBO, YaCTUHU pU(EHChKOro aaMaly MOXHa MPOCTEXUTH 3B’ 30K i3 KiMOepIiTaMH i
JlaMrpoitTaMu (IMOKM 110 10 HaWAaBHIIMX KiMOEpJITiB i JIAMIIPOITiB BiMHOCSTH Tija MOJISI
Kypyman y IliBaeHniit Appuii Bikom 1600—1670 MIH poKiB; BiK OesIKMX OaraTux Ha ajama3
KiMOEpJIiTOBUX i JJaMIpoiToBUX TpyOoK ~1200 MJIH pOKiB), TO Ui pAHHBOIIPOTEPO30CHKO-
ro ajMasy KOpiHHi axepena HeBigoMi. OTHUM i3 MOXJIMBMX JKepesl LbOro aamasy e 16
pOKiB TOMy mnepenmbadyanncst komaTuity [11].

OpieHTyBaHHsI Ha KiMOepiToBi (1aMIIpoiTOBi) IKepema aimMa3y Ha Y1l Mae meBHe
Mg pyHTS 3 BUAUIEHHAM Takux (opMaliiii [14]: BepXHbOMPOTEPO30MCHKOI UISI MiBHIYHO-
3axigHoi i neHTpanbHoi yactuH YIII; pudeiicbkoi mid miBmeHHO-3axiqHOI oKpaiHu Bomu-
Ho-Ilominsd; BeHAChKOl (BaJgaiichbKoi) ISl MiBHIYHOI i MiBHiYHO-3aXiqHOi yacTuH Bosm-
Ho-Iloaissg i Bcboro miBaeHHO-3aximHoro cxwiy YIII; neBoHcwkoi mis IliBHiyHOT BosuHi;
BEPXHbOMAJIC030MChKOI /I 30HM 3uieHyBaHHs [IpuazoBcbkoro 610Ky 3 Jlonbacom i Ipu-
aszoB’saM, i musg LleHtpanbHoro JloH6acy; HeoreHoBOi (IMOJTaBChKO-CAapMAaTChKOI) IS
MiBHIYHO-CXiMHOTO CXWUJTY i IeHTpaabHOi yacTuHu Y1ll; HeoreHOBO1 (0anTChKO1) IS TiBAEH-
Ho-3axinHoi yactuHu Y. OpHak cif 3a3HaYUTH, 1110 OCHOBOIO JIJIsI TAKOTO (popMaliiitHoro
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Puc. 3. Po3pizu komaruir-tosneitToBoi ¢dopmatiii JeMoB’sipcbkoi T —+1+] Wl ++rerr
crpykTypH (3a ganumu O. B. @omina i K. B. Koryra); nopoda: 1— it p +++++++++++
rHeicu; 2 — ToseiToBi 6a3albTh; 3 — MiPOKCEHITOBI KOMATHITH; ++++$L4fr¢+t ++++++++++
. PR . ++ 4+ + + 4+ 4
4 — nepuIOTUTOBI KOMATHITH; 5 — AYHITH w +++++++++++ ok
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OMHHUI MaTepiaJl TPAHCIIOPTYIOTHCS B 3€MHY KOPY
TUM Xe KiMOepJiTOBUM UM JIAMIIPOITOBMM PO3ILJia-
BOM, CTpaTerTis MPOrHO3Y i MOIIYKiB KOPiHHUX JXKe-
peJt aJiMa3y HaBiTh MPU JAHUX 0OCTaBUHAX AEILLO Bilpi3HSAETbCA. | 30BciM iHIIOIO BOHA Mae
OyTH, SIKIIO TPAHCIIOPTEPOM MAHTIMHOTO ajiMa3y CTa€ HeKiMOepJliTOBUN (HeJIaMIpoiTo-
BUIi) po3iuiaB (IpodsiemMa aJMa30HOCHOCTI HEKiMOEPJiTOBMX BMBEPXKEHUX MOPil MOCTaB-
JIeHa JaBHO i HAWOINbII AeTalbHO pPO3IJIsIHYTA y Tpati [4]).

V 1999 p. dpaHuy3pKuUMHU reojoraMu [16] BCTaHOBIEHO aJIMa30HOCHICTH KOMATHITIB
I'Bianu (Pp.), TOOTO 1Ie OAVH TUMN MIMOMHHUX MarMaTUYHUX IOPiA OKpiM KiMOEpJiTiB i
JIaMIIPOITiB, PO3IUIABU SIKMX BUHOCSThH B 3¢MHY KOPY MaHTiliHMIA aiMa3. BmicT anmMazy — Bin
1 mo 77 xpucTaiB Ha Kijiorpam mopoau (KepH). AJMasu MepeBaXXHO ApiOHi, IpoTe Tparisi-
IOThCST KPUCTAIX po3Mipamu > 1 MM; NepBMHHA hopMa KpUCTaliB KyoookTtaeapuyHa. Ha ix
MOBEPXHi 3a(hiKcoBaHi CIiIM pO3YMHEHHSI BHACIiNOK cuibHoro BiumBy H,O i CO,. [30TON-
HMIA CKJIAJ BYIJIELI0 KPUCTAJiB aMa3y CTaHOBUTH Bim —23 mo —27 (8C!3, maiixe TpeTu-
Ha JOCJiIKEeHUX KpUCTaliB OilHa Ha arperatHi JOMIIIKY a30Ty. 3a MMM O3HaKaMU 3Haii-
JeHi KpUCTaIu aaMa3dy BiTHECEHO IO eKJIOTiTOBOro mnapareHe3ucy. [lapareHeTUYHO CymyTHi
ajiMa3zy MiHepaJu BiICYTHi, mpoTe 3agikcoBaHi 3epHa rpaHaTy NepUIOTUTOBOIO ITiATUITY.

AJMa30BMICHi TOpPOAM TpeACTaBieHi alb0iT-KapOOHAT-XJIOPUT-TATbKOBUMM CIAHIISI-
MM, sIKi 3a OaraTbMa MOKa3HUKaMU (XiMiYHMI CKJIall, BMiCT METPOreHHUX i PilKiCHO3eMeb-
HUX €JIEMEHTIB, HasIBHICTb PEJKTiB OJiBiHY, 3aJMILIKiB O3HAK MEPBUHHOI TEKCTypH BYJIKa-
HiYHOI YJIbTPAOCHOBHOI MOPOIN) BiMHECEHO JO METAaKOMATHITiB, OJM3bKUX IO BiIOMHUX KO-
matuiTiB IliBnenHoi Adpuku, Kananu i Hopserii. MeTtakomaTuiTi 3 aiMa3oM (MacuB 3aB-
JOBXKM ~5 KM i 3aBIMpiuku 350 x 1100 M nipu 3HaYHiii MOTYXXHOCTI, 1110 CTAHOBUTh Maiixe
JIEeCATKA METpPiB) HajexaTh A0 IPOTEPO30MCHKOTO 3ejieHOKam’sstHoro mosicy (2110 muH
pokiB) I'BiaHchkoro 6;10ka bpasunbcbkoro 1ura. IMigsuinenuii Bmict Ti, P, K, Zr, TR, Y, Sr,
Nb, Ba i Rb no3Bosisie roBOpUTH MpO CBOEPIAHUI TBiaHCHKWI aIMa30BMiCHUIA TUIT KOMa-
THiTY. Ha Tepurtopii 1iboro 6j0Ka JaBHO BiIOMi CyYacHi aJioBiadbHi PO3CUIIM i3 3HAYHUM
BMICTOM TakoX mepeBaxkHo ApiOHoro anmasy [11], xoya it HepiaKi 3HAXiAKWA BETMKUX KPU-
craiiB anmasy. CyIyTHi aiMa3y MiHepau MpeAcTaBIeHi PyTUJIOM, aHATa30M, JIEMKOKCEHOM,
KiaHiTOM, IIMPKOHOM, MOHALIUTOM, TYPMaJIiHOM, MarHETUTOM i reMaTUTOM. AJIMa3u 3 aJlloBil0
piK MOB’SI3yI0Th 3 BEeHACHLKMMU Oa3aJibHUMU KOHTJIoMepataMu (dopMariiss Popaima).

Buiie Mu BigzHayanu cneuudiky KpuUCTalliB aaMaldy i3 HeoreHoBux BinkmamiB YIII i
itoro cxuniB. Cepell HUX € 3HaYHA KiJIbKiCTh KPUCTAJIB ajiMa3y TaK 3BaHOTO HE3’sICOBAHOTO
TMIOXOIKEHHST — 1€ MiKpOKPHCTaIu ajJMa3y i3 HEOreHOBUX MiCKiB (OanTChKi, capMaTChKi i
MOJITAaBChKi BiIKJIamM), sIKi 32 HU3KOI0 03HaK (KybiuHa popma OiIbIIOCTI KpUCTaliB, i30TOM-
HMIA ckian Byraewio Bim —13,7 mo —21, 6 8CI13 [5, 8]), MOXHa BiIHECTH IO E€KJIOTITOBOIO
napareHe3ucy. 3a3Ha4MMo, 110 i cepell 3epeH MaHTIHOTO rpaHaTy B TEPUTeHHMX BiIKiIamax
V111, ocobgMBO Oro miBOEHHOIO 3aX0Ay, 1X 3HaYHa YaCTHMHA HaJIeXKUTh O €KJIOTITOBOI aco-
wiamii [7]. OrpuMaHi HOBi AaHi 3 MiHepasorii MikpokpucTaiiB aiMasy CaMOTKaHCBKOTIO i
3e/IeHOSIPChKOTO PO3CHITiB (BUAMMA, iH(payepBoHa i paMaHiBChbKa CIEKTPOCKOMis, (oTo-
momiHecueHuisa [6, 10, 12, 18]) cBimyath Mmpo Te, 10 BOHU MAIOTh HE3BUYHY POCTOBY 4YH,
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Puc. 4. TlonoxeHHs1 KoMaTHiTiB nosiciB bapbepron, A6utu6i, Hopserii, I'sianu (®Pp.) [16] i meTaBynkanitiB V1L Ha
niarpamax MgO — TiO,, MgO — Al,O0;, MgO — Al,0,/TiO, i MgO — SiO,. ITopoda: I — anma3oBMicHi MeTaKOMa-
Tuiti ['Bianm (Pp.); 2 — metaByakaHiti [ToGysxxksi, 3 — MetaByJikaHith Cepentboro [IpuaHinpos’s (xiMiuHi aHaTi3K
MeTaByJIKaHiTiB 3a naHuMu O. B. ®omina, K. B. Koryra, Bb. I. Manoka i A. O. CiopoHoBa)

CKOpillle BChOIO, IMiCIASIPOCTOBY iCTOpit0. XapaKTepHO, 11O cepell ajiMasy i3 LIMX PO3CUITHUILL
0araTo Maja0a3oTHUX MiKpokpucTtaiaiB. HoBi maHi 11010 i30TOIIB reiir0 B MiKpOKpHUCTalax
ajiMa3y LMX PO3CHUIIiB TaKOX BKa3ylOThb Ha iX JaBHill BiK.

BpaxoBytoun 3HaxiniKy KpuCTaldiB aJMa3ly B KOMaTWiTaX, OCOOJMBOCTI IIMX KPUCTaJiB
(TmepeBaXkHO MaJldii po3Mip, X KybooKTaeapuuHy opMy, "JTerkuil" cKiaa ByIJIelo, BiTHOC-
HO HM3bKUI BMIiCT JOMIIIIOK a30Ty B 0aratbox KpHcCTajax, iX HAJIEXHICTb A0 €KJIOTiTOBOIO
napareHe3ucy), MoAiOHICTh 10 HUX i B TOM XX€ Yac CBOEPITHICTh KPUCTATiB aiMa3y i3 Heore-
HOBUX TepureHHuX BigkianiB Y1, BBaxkaeMo 3a JOLJIbHE TTOBEPHYTUCS 10 MpoOJeMu aj-
Ma30HOCHOCTi KOMATHITiB, ifel IKOi y CBil yac Oyau He CHOPUUHSTI SIK reoJioraMu-aamas-
HUKaMU, TaK i netposnoramu [9]. Tum Giiblie, 1110 BCTAHOBJIEHUH 3a MiHEpAIbHUMHU BKJTIO-
YEeHHSIMM i30TOMHUM BiK aJiMa3iB MEPUAOTUTOBOTO MapareHe3nucy HU3KU KiMOepJIiTOBUX Til
(Tpy6ku nosist Kim6epai, Tpyoka @inm y [iBneHHiin Adputi) csarae ~3200 MaH pokiB, a BiK
ajiMa3iB eKJIOTITOBOTO MapareHesucy y Tpyoui @inm — ~1600—1700, y Tpyoui Apraiir (Jram-
npoitu, ABctpanis) — Bim ~1200 go ~1600, y tpyoui Ilpem’ep (IliBmeHHa Adpuka) —
~1200 munH pokiB [17], 103BOJsIE TOBOPUTH TIPO MaHTIliHE aIMa30TBOPEHHS B apXxei i mpo-
Tepo3oi. TepmasibHa icTOpis aaMasiB i3 6araTbox KiMOEpIiTOBUMX POMOBUIIL CBiTy, BCTAHOBJIE-
Ha 3a aHaJli3oM TpaHcdopmallii a30THUX LIEHTPIB B aiMa3ax, TaKOX CBiTYUTb MPO iX JOKEM-
Opiiicbkuii BiK. 3BiICH TTOCTA€ MUTAHHS 11010 MOXJIMBOTO BUHECEHHS B 3¢eMHY KOPY TaKOTO
aaMasdy B JOKeMOpii KOMaTHITOBUMM PO3IUIaBaMU SIK HAUOiMbII MPUAATHUMU TPaAHCIIOPTe-
pamu. Cama 3HaxinKa aamasy B METaKOMaTHUITaX BKa3y€ Ha MOXJIMBICTh FeHepallii KoMaTui-
TOBOI MarMM Ha 3HaYHUX INIMOMHAaxX. Benuka KoHLIEHTpalisl ApiOHOro ajMasy B MeTaKoMa-
THITaX MOXe OyTH MOSICHEHAa HaA3BUYaliHO BMCOKHMM BMIiCTOM ajiMa3y B NESKUX €KJIOTiTax
(mo 500 xap Ha 1 T mopoan).

[MTopony KOMaTHiTOBOro CKJamy XapakTepHi /Ui po3pidiB me3oapxero Y1 (puc. 1—4
[1-3, 13, 15]), ocobauBo B CepeaHbONMpPUIHIIPOBCLKOMY 0011 (CypchKa i andepiBcbka CBIiTH
KOHKCBKOI cepii), BiloMi TaKOX B KOILIIapO-0JieKCaHAPiBChKill CBiTi Oy3bKoi cepii JIHicTpOBCh-
Ko-by3bkoro 0;0Ka, ocurieHKiBcbKilt ToBili IlpnasoBchkoro 6jioka. He BHMKiIOYeHO, 110
MoAiOHi yTBOpEeHHS MPUCYTHI i B po3pi3i Heoapxeto PocuHcbhko-Tikuiibkoro 6yo0ka. CtymiHb
3MiHM KOMATHUITiB pi3Ha: Hampukiaa, Ha [loOyxcKi BOHM 3a3HaIu TPaHYJIITOBOrO MeTa-
Mopdi3My i 3apa3 lie JBOIIPOKCEHOBI KpucTajocnaHli, a y IlpuaHinpos’i metamopdizm
LIUX TOpia He MepeBUIIYBaB YMOB 3€JIEHOCIAHIIeBO1 (allii. XapakTepHo, 1110 caMe B MeXax
1MX OJIOKIB i Ha iX OKpaiHaX po3TallOBaHi HEOTeHOBI PO3CUIIM 3 MiKPOKpHUCTAJIaMU ajiMa3y
(puc. 5). MoxiuBo, TpaHCHOPTYBaHHSI aJIMa3y KOMAaTUITOBUM PO3IUIABOM € IIPUUMHOIO CIIe-
HM@piki ¥ BOAHOYAC OJHOMAHITHOCTI i OJM3BKOCTI MiKpOKPUCTAIIB ajiMa3y i3 TUTaHO-
nupKoHieBux po3cuiniB YIII, a TakoxX pioKOCTi 3HaXiMOK BEJIMKUX KPUCTATiB PO3CUITHOIO
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Puc. 5. Cxema Y111 i oCHOBHi IPOSIBU PO3CUITHOTO aamasy
B HEOI€HOBMX TEPUIeHHMX BIiAKJIANaX: apxelicbki O10KU:
1 — JIninpoBcbKo-IIpuaszoBebkuit; 2 — JIHICTPOBCHKO-
By3bkuit; 3 — PocuHcbko-TiKULIBKUI; npomepo3oicoKi
Gnoku: 4 — BonuHcbkuit, 5 — Inryno-iuryneunkuii, 6 —
[Mpua3oBCcbKUii; 7 — MPOTEPO30MChKi LIOBHI 30HU; § —
HEOTreHOBI po3culuula 3 alMa3aMu

anMaszy. Jlesikuid BUHSTOK TYT CTaHOBJISITh
MiKpOKpHYCTaIu ajMa3sy i3 OaaTChKUX BimKia-
IiB MiBAeHHO-3axinHoi yactuHu YL, ane it
BOHU MOXYTb MaTy "KOMATHITOBY' TPHUPOIY.

I[MoTpiOHO BiA3HAYUTHU, L0 MOPOAU % ——
6JIM3bKi 32 XiMiYHUM CKJ'[a,I[ON’I 1o KOMaI’)FI/I'l'Th; % { MZ J 4
(3a criBBigHOLIeHHsIMU Mg, Ca, Al), mpucyTHi =] l-.o.-] | vvv] I O ]

i B mipoTepo3oiicbkux yrBopeHHsx YIII, Ha- == 6 Lvvvj7 b
MPUKIIAJ, YABTPAOCHOBHI ITOPOAU TaJbKOBOIO TOPU30HTY, SIKi BXOMSITh 0 CKJIAAy HMXKHbBOL
YaCTMHU KPUBOPI3bKOI cepii, yJIbTpaOCHOBHI MOpoau JleBaagoBChKOi 30HU PO3JIOMIB Ta iH.

OTXe, € BCi IMACTaBU JIJIs1 ITOCTAHOBKM PEBi3iifHMX pOOIT IOAO aIMa30HOCHOCTI KOMa-
TUITIB Ta iHIIMX yJabTpaocHOBHUX mopin YIII i mpomoBXeHHSI MeTaJbHUX MOCTIIKEHb 3
MiHepaJsoTii pO3CUITHOTO ajiMa3y i3 HEOTeHOBMX BiAKJIadiB. 1o MmepioyeproBux 3axoIiB CIil
BiIHECTH TaKi:

1. IIpoBeneHHsT MiHepaaoro-neTporpadiyHuX AOCTIIKEeHb KOMATUITIB i iHIIUX YJIbTpa-
ocHoBHUX nopin Y1 3 MeTolo OlliHIOBaHHS iX aJIMa30HOCHOCTI. BUBYeHHST camux Topiz 3
METOIO MOIIYKiB IBiaHCHKOTO TUITY aIMa30BMiCHOTO METaKOMATHiTy, BiATIOBIZHOTO 3a MeT-
poxiMiuHuMHU o3Hakamu. IlpuniseHHsS ocoOJMBOI yBaru BUBYEHHIO MOXKJIMBUX KCEHOJIITiB
(KCEeHOKpHUCTaJliB) TMMOMHHUX TOPiN Y KOMaTUiTaxX IJIsI BCTAHOBJICHHS MEPCHEKTUB iX al-
Ma30HOCHOCTI.

2. BuBueHHSsI MiHepaIbHUX BKIIIOUYEHb Y APIOHMX ajiMa3ax, BABHAYEHHSI i30TOITHOTO CKJIa-
Iy BYIJIELIO, TeJlito, a30Ty IJII OKPEMUX MiKPOKPUCTAIiB aaMa3y, BCTAHOBIEHHS TepMabHOI
icTopii MiKpOKpHUCTAJIiB ajiMa3y 3a JaHUMU AOCTIIXKEHHS iX JOMILIOK a30Ty, TOOTO 30MpaHHS
HEoOXiTHMX JaHUX JUISl YTOUHEHHSI TTapareHe3ncy, BiKy Ta yMOB YTBOPEHHS 1IMX aJIMa3iB.

3. BukoHaHH$ OOCIiIKEHb aJIMa30HOCHOCTI MPOTEPO30MChKUX i (PaHEPO30MCHKUX Me-
TaocagoBux yTBopeHb Y1, mkepenamu 3HOCY IS SIKMX MOTJIM OyTU BiIMOBIAHI CTPYKTYpU
3 KOMaTWiTaMu Me3oapxero i majeornporepo3oro. IlepeayciM moTpiOHe neTajbHE OINpoOy-
BaHHS$I MeTaocanoBux nopia binosepcbkoi, KpuBopispkoi, OpexoBo-IlaBnorpaacbkoi Ta iHIINX
CTPYKTYD.

Hagenene Buie He mepeabdayae nmepeopieHTyBaHHS HayKOBO-IOCHiTHUX POOIT 3 Mpo-
THO3YBaHHS i MOIIYKiB aiMa3y TiJIbKA B KOMATHUITaX Ta iHIIMX YJbTPAOCHOBHMX IOpOAAX,
BIIKPUTTSI aIMa30HOCHUX KiMOepiTiB i JamMmpoiTiB Ha Y1l 3anuiaeTbes TaKUM XKe akTy-
AJIbHUM.
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PE3IOME. TlpemioxeHa HOBasi KOHLIEMLMSI O KOPEHHBIX MCTOYHMKAX ajiMa3a Ha YKPaMHCKOM IIMTE M ONpeiesieH
KpyT MepBOOYEPEIHbIX MEPONPUATHIA )11 € KOHKPETU3aluKU U TOATBepXKIeHUsl. B OCHOBE KOHLIEMLMU JIEXUT OpU-
€HTaluA Ha HOBBIE KOPEHHBIC MCTOYHMKHU aJiMa3a Ha pral/lHCKOM HIUTE — KOMAaTUUTBI U JIPYTUC BYJIKAHUYECCKUEC
YJIbTPAOCHOBHbBIE TMOpoabl. KoHuenuust 6a3upyercsi Ha HaxXoAKe KPUCTA/UIOB aiMa3a B METAaKOMATUMTaX, pacrllaBbl
KOTOPBIX ObUIM €1lle OAHUM TPAHCIIOPTEPOM MAHTUIHOIO TOKEMOPHUIICKOro ajiMa3a, Ha M30TOMHBIX U CIIEKTPOCKOMM-
YECKMX JaHHBIX 00 apXeiiCKOM M MpPOTEPO30iiCKOM BO3pacTe alMa3oB M3 KUMOEPIUTOB U JAaMIPOUTOB, HA JaHHBIX
JIOKEMOPUIICKOTro Bo3pacTa KPUCTA/UIOB POCCHITHOIO alMa3a YKPaMHCKOIo LIMTa U UX CBOEOOPA3HOI POCTOBOM MM
MOCIEPOCTOBOI UCTOPUU, HA Pa3MELLIEHUM OCHOBHBIX POCCHINE MUKPOKPUCTALJIOB aIMa3a B MPeesiaX COOTBETCTBY-
IOLUX Te00JIOKOB YKPaWHCKOro 1IMTa ¢ KOMAaTUUTaMU.

SUMMARY. A new conception on the indigenous sources of diamond at the Ukrainian Shield was proposed, and a list
of the urgent measures for its elaboration and corroboration was outlined. Orientation to new indigenous sources of
diamond at the Ukrainian Shield — komatiites and other volcanic ultrabasic rocks — is the basis of the conception.
The conception is based on the finding of diamond crystals in metakomatiites, melts of which were one more deliverer
of pallial Precambrian diamond, on isotopic and spectroscopic data for the Archean and Proterozoic age of diamonds
from kimberlites and lamproites, on data on the Precambrian age of crystals of placer diamonds of the Ukrainian
Shield and their specific growth or postgrowth history, on the location of the basic placers of diamond microcrystals
within the corresponding geoblocks of the Ukrainian Shield with komatiites.
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XvnbHuin kKBapy YKpaiHu: MmiHepanoriyHa
XapakTepucTuka nepcnekTUBHUX PyaonposiBiB

OG’'pyHTOBYETBCSI MOJIOXEHHSI MPO 3HAYHi MEPCMEKTUBM MOIIYKiB KBApLIOBOI CMPOBMHM B YKpaiHi, MOB’si3aHOI 3
riipoTepMalIbHUMHU XWiaMu, Hacamnepen YkpaiHcbkoro umta (YIL). Cepen HMUX Ha 0coOJIMBY yBary 3aciyroBylOTb
Tpu pynonpossu — JlenunHcbkuit (ITiBHiuHO-3axinHuii paiton VIII), ApceniBebkuii (IHrymo-Iuryneunkuii paiion) i
CkisiHa T'opa (I1puasos’st). Came BOHM MalOTh CTaTW MEPIIOYEPrOBMMM OO’€KTaMU Ul MPOBENEHHS HAyKOBO
00 pyHTOBAHOI PO3BiAKW. ¥ HMX Ha He3Ha4yHiil TIMOWMHI 30cepelXeHi BeJM4ye3Hi MPOrHo3Hi pecypeu. Ksapi nmx
POIOBMLI ¢1a60 JOCTIIXEHMIA. 32 JAHUMMU CIEKTPAILHOTO Ta MOphOOriyHOro aHaNi3iB, Mikpockonii, IY-crekTpockonii,
TepMobaporeoximii i razoBoi xpomarorpadii Ta 3a CTPYKTYPHUMMM MapaMeTpaMy HaWUUCTIIIUM cepel 3a3HaYeHUX
PYZONpOsIBiB BUSIBUBCST KBapll JIEHUMHCHKOTO PyIOIpPOSIBY.

Beryn. CtpiMKuii po3BUTOK Pi3HUX Tajly3eil iHAyCTpii Ha OCHOBI BUKOPHUCTaHHSI MPUPOI-
HOTro KBaplly (eJeKTpOHiKa, BOJJOKOHHA ONTUKA, CKJIsSIHA Ta KepaMidyHa IMIPOMUCIOBICTb, BU-
POOHMUIITBO CiJTiIKOCILIaBiB, (hepOCUJIillilo, KPeMHil0, IITYyYHE BUPOLTYBAaHHS MOHOKPUCTAITIB
M’€30KBaplly, I0BEJIipHOTO KBapIly TOIO) BUMAarae 0e3rnepepBHOrO pO3LIMPEHHS 0ro MiHe-
paJbHO-CUPOBUHHOI 6a3u. MUHYIMMU poKaMu B YKpaiHi 1 Mpo6siemMa BUpillyBaiach, ro-
JIOBHUM YMHOM, 32 paXyHOK CUPOBHMHH, 1110 3aBO3MUJIaCh 3 pOJOBUIL Ypaily, yacTkoBo Kaperii.
YpasnbChbKuii perioH CTaB CBOEPiITHUM €TAJIOHOM KBAapILIOBMX POAOBUII, J€ BUTPAYaIUCh OC-
HOBHI KOIIITH, Y TOMY YMCJIi Ha HayKy, a B iHIIUX perioHax konuinHboro CPCP nociimkeH-
HsI KBaplly ITPOBOAMJINCH Y JyxKe CKpOMHOMY 00cs13i. Hacinkom 1iboro, 3okpema, € Te, 110 Ha
3HAYHIN TepuTopii YKpaiHU XWIbHUNA KBapll LIJIKOM HE JOCJiIKyBaBCs.

BumoGyTok KBapily 3IiliCHIOEThCSI, OpieHTOBHO, Y 30 KpaiHax cBiTy. 3HauHa 4acTka
itoro pecypciB 3ocepemxkeHa y Pocii, bpasunii, Kurai, CILA. IlITyyHe BUpoOIilyBaHHSI MOHO-
KpMCTaJIiB KBaplly, iHTEHCUBHO po3mnoyare ¥ 1960-x pokax, BUTICHUIIO i3 IIMPOKOTO BXKUTKY
KPUCTaIX TIPUPOJHOTO I’ €30KBapLy i (PaKTUYHO 3BEJIO HaHiBellb KOJIUCH MOTYKHUI BUIO-
OyTOK KpucTaliB KBapily BoauHcbkoro pomposuina (KutoMmupcbka 061.). BupolyBaHHS i
BUKOPUCTAaHHS IITYYHUX MOHOKPHUCTAJiB KBaplly 3pocTa€ 3 pokKy B pik. Skio y 1970-x
poKax iX OTpUMaHO Meplli COTHi TOHH, TO B HedaJleKoMy MaiOyTHbOMY Jiuba WTHMMe Ha
THUCSTYi TOHH. JliZepoM KBapli-MOHOKPUCTAIbHOIL iHOyCTpii € SAmoHist.

OCHOBHUMM CITOXMBaYaMU iMIIOPTHOI KBapliOBOi CUPOBMHU B YKpaiHi 6ynu BO "AB-
tockio" (M. KoctsiHTHHIBKa), [3toMchbKuit npunanobynisHuit 3asoa i [onTaBcbKuil 3aBoj
ra30pO3pPSIAHUX JaMIl, sIKi BUpOOJISIIM KBaplIOBe CKJIO, BUPOOU 3 HHOTO, KBapIIOBY KepaMiKy,
BUpPOOU crieliaibHOro npusHaueHHs. Jo 1992 p. 1i 3aBoau crioXkuBaiu 3a pik He MEHIIe
2000 T KpyIIKM XWJIBHOTO KBaply 3 Ypaiy, yactkoBo 3 Kapertii.

VY 3B’I3Ky 3i 3MiHOIO MOJIITMYHOI CUTYyallii Ta MepexoaoM OO0 PUHKOBUX BiTHOCHH
YPaJIbChKUI KBapll, a TAKOX IITYYHUI KBapll CTaau sl YKpaiHU JOPOTMMM iMIIOPTHUMU
ToBapamu. HacnigmkoM 1IbOro € yacTkoBa abo MOBHA 3YIMHKA 3a3HaYEHUX BUILE 3aBOIB, 1110
MpaloBaJd Ha TPUBI3HI KBapLIOBiii CUPOBUHI. 3riTHO 3 BUCHOBKOM MiHEKOHOMIKM YK-
paiHu, CIIOXMBaHHSI XUJILHOTO KBaplly B YKpaiHi y HalOIKUi poKU He 3011bIuuThes. [Tpu-
YyrHa — BaXKW €KOHOMIYHUIA CTaH KpaiHu. BogHouac eKOHOMICTM IIOTO BilOMCTBaA 3a3-
HayaroTh AOUIIbHICTh (OpCcyBaHHS POOIT IIOJO0 CTBOPEHHS MiHEpaJIbHO-CHUPOBUHHOI 0a3u
KUJIBHOTO KBapily B YKpaiHi Ha OCHOBI IOTO KOMHACKCHO2O (Di3UKO-MiHEpano2iyHo2o docai-
OxcenHs Ta PO3IIMPEHHS chep CIOXUBaHHS.

3 ypaxyBaHHSIM CBITOBUX TEHJICHIIiii PO3BUTKY MOILIYKiB, OLIiIHIOBAHHS, BUIOOYTKY Ta
BUKOPUCTAHHS MPUPOAHOTO i IITYYHOTo KBapiy [4, 6, 15, 16, 20 Ta iH.] B YKpaiHi AOLLIbHO
CTBOPUTH TMOBHOIIIHHY KBapllOBY Trayy3b.
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ISSN 0204-3548. Munepan. ncypn. — 2001.— 23, No 1 11



IMTABJIMILIWH B. 1. tain.

KBapiy — oauH 3 HaWINoOIIMpPEHIIMX MiHepaliB YKpaiHU (Ha APYromMy Micli Iicist
MoJbOoBUX 1maTiB). OCoOJIMBO BaroMa poJjib HAJIEXKUTh XXKUJIbHOMY KBapily. 3a HalllMMU J1a-
HUMM, caMe 1lei KBapll € HaWMepCHeKTUBHILIMM 3 TOIJISIAY MPaKTUKW, i TOMY 3yCUILIS
aBTOPIB CTAaTTi OyJM CKOHLEHTPOBaHi Yy 0iK KOMIIJIEKCHOTO AOCIIIKEHHSI iHOMBIAIB i 3ep-
HUCTUX arperartiB KBaplly 3 pPi3HOBIKOBUX XWJbHUX YTBOPEHb, HacamIieped, ¥YKpaiHChbKOIo
muTa Ta JloHeubKoro OaceiiHy.

3 morisay MiHepasorii, KBapl, YKpaiHM IOCTiIKeHUN HepiBHOMIpHO. Bigbli-meHIn
MOBHI AaHi € JuIIe ISl KBaplly KaMepHMX MEerMaTUTiB i AESIKUX TiIpOoTepMaJbHUX KU
Honbacy. KBapll iHIIMX XWIbHUX YTBOPEHb BMBYABCS CIIOpaauyHoO. Maiike BiICyTHi Cy-
YacHi JaHi 100 MOXOMKEHHS i (i3uKo-XiMiyHUX yMOB (popmyBaHHs xkui Ha YIII, Hemae
BiKOBOI Ta TeHETUYHOI iAeHTUDiKALT XXUTbHUX YTBOPEHD, HE 3’SICOBaHI YNHHUKH, 1110 CIIPH-
YUMHIOIOTh YTBOPEHHSI CTEPUJIbHMX Bill JOMIIIOK POJOBMIL KBaplly. 3arajoM CTaH BUBYE-
HOCTI XXWIBHOTO KBaplly YKpaiHu He3amoBiibHUI. Pazom 3 TuMm Bimomo, 1o uie y 1930-ti
poku xunbHui kBapl [TiBHiYHO-3aximHoro paiioHy Y1 BumoOyBaBcsl i BAKOPHMCTOBYBAB-
cs 11 moTpebd KepaMivyHoI Ta CKJIsTHOI IpoMuciioBocti [21]. KpiMm Toro, 3a JaHWMM TIOTe-
penHix 1abopaTopHUX HOCIiIKeHb, MpoBeneHuX y 1970-x pokax o6’egHaHHAM "3aman-
KBapLICAMOLIBETHI" Ta IHCTUTYTOM reoxiMii, MiHepasorii Ta pynoyrsopennss HAH (ITMP
HAH VYkpainu), ranysi BuKopucTaHHsI XuiabHoro ksapiy I[liBHiuHO-3aximHoro, Cepen-
HbONpUIHINpoBchbKoro Ta IlpuasoBcwkoro paiioHiB Y1, ne € 3HayHi MPOTrHO3HiI pecypcu
KWJIBHOTO KBapily (MiJIbHOHU TOHH), MOXYTb OYTH pO3IIUPEHi.

3 HaBeJIEHOro MaTepialy 3po3yMijia HayKoBa Ta MpaKTUYHA JOLIbHICTh KOMITJIEKCHO-
ro i3NMKOo-MiHepaJIoTiYHOrO TOCTiIKEHHS XKUIbHOTO KBaplly YKpaiHu. AK i AeKinbKa pokKiB
tomy [20], HUHI MpobsieMa KBapiy B YKpaiHi € MmapajgoKcaJbHOIO — KpaiHi MoTpiOHa KBap-
110Ba CMPOBMHA, MOHOKPHUCTAIM i BUpOOU 3 HUX, i CHPOBMHA Y HaApax €, aje HaJIeKHUM
YUHOM Ipo0sieMa He BUBYAETHCS, KBapll He BUIOOYBA€EThCS, HE TIEPEPOOJISIETLCS i HE CITO-
KM Ba€ETHCS.

Crucna 3arajibHa XapaKTepUCTHKA XKWJIBHOIO KBaply YKpainu. Y Mexax YKpaiHu 10-
KeMOpiiichbka KBaplioBa MiHepasi3allisi MoB’si3aHa 3 KBapLIMTaMM, MEerMaTUTaMU Ta Mepe-
BaXKHO 3 MOHOMiHEpaJIbHUMMU TiaporepmaibHUMU Xujgamu Y1, a mi3Hima, 1mo npeacras-
JIeHa TiIpoTepMaJbHUMHU XWUJIAaMM Pi3HOTO MiHEPaJIbHOIO CKJamy, KBaplMTaMM, ITiCKaMU Ta
MapllajiTaMi — 3 0CafoBUMU abo ocamoBo-MeTaMopdizoBaHUMU (PaHEepO30HCHKMMU KOM-
iekcamu JloHeubkoro OaceitHy, yactkoBo Kapmar, 3akapnarrsa, JHinmpoBcbko-Jl0HELBKOI
3aMagvHU, iHITMMU OCaJOBUMU KOMILJIEKCAMU.

Y JloHeubkoMy OaceitHi OCHOBHMMM THHamMu Xua [13, 14] € Taki: a) KBapliOBi;
0) KBapll-aHKEpUTOBi; B) KBapl-Cyab(dimaHi (3a MiHepaJlbHUM ckiamoM). HalimommpeHi-
1Ii — KBapll-aHKEPUTOBI Ta KBApLIOBi XXWIK. 30HA IMEpPEeBaXKHO KBAapILIOBUX KUJI OXOILTIOE
lonoBHy aHTHKITiHATE Ha 3axin Bix HaronsHoro Kpstka 1o M. l'opitiBka, Ha miBaHi — [liBmeHHY
AHTUKJIiHAJIb i TiBAEHHY 30HY OPiOHOI CKJIagyacTocTi. 3arajbHa IJIOIA MOIIUPEHHS KU
~700 xm2. BynoBa, (popMa Ta po3Mipy KBapLIOBMX XWJI po3Mairi. HailGinbmii xumum i, sKi
CiuyTh MO MaAiHHIO BMiCHI MMOPOAM, IXHS JOBXWHA 3a IIPOCTSITAHHSIM CsTa€ OeKilbKa COTeHb
MeTpiB, MOTYKHiCTb — JeKiJibka MeTpiB. BijblIicTh kua Mae nmotyxHictb Bin 0,1 go 0,5 M.

VY mexax YIII BusiBieHO yuMaao pyaoINposiBiB XWJILHOTO KBapIly 3Ae0ilbIIoro (SIK i
CJIiI OUiKyBaTH) cepell TpaHiTOiAHUX ab0 XiMiYHO CIOPITHEHUX 3 HUMU MeTaMOp(hiyHUX
nopia [21]. VY ITiBHiuHO-3axigHoMy paiioHi YIII Bimoma 3HayHa KiJIbKiCTb KBapLIOBUX KWJI,
TepUTOpiaJIbHO 3rpynoBaHuX Y bpoHicnaBcbkuii, [Tinpacnisebkuii, 'yra-bucrpunbkuii, Cra-
porytuHcbKuii, COCHOBCbKUIA Ta JICHUMHCHKUI pynONpOsiBU. 3a MOMNepeIHIMU JaHUMU, 11e
KBaploOBi XWIU TiApOTepMaJIbHO-METaMOP(POreHHOIO TreoJIOT0-IMPOMUCIOBOro TUmy [3].
Kwunm 3a nipoctsiraHHsaM csiraioTh 100 M, IXHS MTOTYXHicTh craHOBUTb 20—30 M; BOHUM MpoO-
ciigkoBaHi Ha TmouHy 10—15 M. HalinepcrieKTUBHILIMMH i3 3a3HaYE€HUX BUIIE PYAOIPO-
SIBiB, Ha Hall Torjsia, € JleHunHcbkuit Ta BpoHicnaBchbkuii. BpoHiclaBCchbKMii pyaOINIposiB —
1€ KOMILJIEKC KBaplOBUX XXWJI, pO3TalllOBAaHUX Y 30Hi pi3HOOpi€eHTOBAaHUX po3joMiB. Po3mip
xmt 50x20x20 m. KBapir 3101161100 Ciprii, CKIONOmiOHMIA, HEMPO30pHii a60 HaMiBIPO30-
puii. CBITJIONPOMYCKaHHS MOPIiBHSIHO HEBEJIMKe — KOedilliEHT CBITIONPOMYCKAHHS HE Tie-
pesuiiye 27 %. IIporHo3Hi pecypcy LIbOrO PYyAONPOsIBY OLiHIOOThCS y 312 Tuc. T [21]. Le
MePCHEeKTUBHIIINM 3a KoedilieHToMm cBiTionpomnyckanHs (37—39 %) i 3amacamu (mpo-
THO3Hi pecypcu 585 THc. T) BUAaeThesl JICHUMHCHKUI PYIONpPOSIB.

V¥ INpuazoscbkomy paiioHi YIII HaitBimomiumii pynonposiB — CkisiHa ['opa. ITepcrek-
TUBHUM BU3HAHO TaKOX KBaplIOBUI pyIOIposiB Ha okoaulli ¢. ApceHiBka (KipoBorpaaceka
0611.) B IHryno-inryneuskomy 6noui YIL. Y CepennbonpuaHinposcskomy 6mtoui Y11 mpu-
BepTa€ yBary AMOCTOJIiBCbKE MOJie 3 MiIABUILEHOI KOHIIEHTPALIi€EI0 KBApPLIOBUX XXWJI, OB sI-
3aHUX 3 apXeUChKUMU TpaHiTaMU AHIMIPOBCHKOIO i CypChbKO-TOKiBCHKOTO KOMILIEKCiB. Haii-
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KMIBHUM KBAPLL YKPAIHU

OiTBIIMMM JOHUWHI BUSIBJEHMMHU y LIbOMY ToJdi € ABi kBapuosi xkuau: IllosoxiBchka Ta
Ycerp-KaMiHcebka. 3a 3amacamMy MpUOJIM3HO TaKol K SIKOCTI KBaplly I KWW Ha TOPSIIOK
MOCTYIAIOThCS MOTYXXHUM TigporepMasbHUM XuiaM [Ipua3oB’ss Ta KBapLiOBOMy Tilty Ap-
CEHIBCbKOTO PYAOMPOSIBY.

ITepcnexkTuBHi pynonposisu xkuiibHoro kapuy YIII. OcHOBHI MpakKTU4Hi BUCHOBKU BUII-
JIMBAIOTh 3 MUHYIMX [21] i TenepilrHix HaMX gociimkeHb: 1. JKMIbHUIT KBapll 3 OKOJIUIIb
VI MicTUTh MiABUILIEHY KiJIbKiCTh €J1€MEHTIB-IOMIIIIOK, Ma€ HU3bKUI KOEMIlliEHT CBIiTIO-
npomnyckaHHs (T10 %); 3amacy OKpeMUX XUJI TTOPiBHSIHO HEBEJINKi, TOMY HUHI 1Ii YTBOPEH-
HSI HEJOLJIbHO BUKOPHMCTOBYBATU SIK TIPOMMCIIOBI 00’ €KTH.

2. HaitnepcneKTUBHILIMMU JUISI BUPIlLIEHHSI TEXHIYHUX TTpobjieM YKpaiHM € TiapoTep-
MasbHi xkuu Y1, a cepen Hux Tpu pynonposiBu — JIeHUMHCBbKUIM, ApceHiBebkuii i CKIlstHa
T'opa. Came BOHU SIK TIEPIIIOYEPTOBi 00’€KTU PEKOMEHIYIOTHCS JJIsI TIPOBECHHS PO3BilIKU,
siKa, OfHaK, Oyae Magoe(heKTUBHOIO 0e3 HayKOBOTO CYyIIPOBOY.

Jlenuuncoxuii pyoonpose 10Kalni30BaHUI y 30Hi TIEPETUHY PO3JIOMIB MiBHIYHO-3aXiTHO-
To — MiBHIYHO-CXiTHOTO MPOCTSTaHHS Cepell MOpPil OCHULIBKOTO KoMIUIeKcy. KBap1ioBi xuimn
OCTaHHbBOTO, 32 TaHUMH 3 TIpalli [25], reHeTUYHO TMOB’sI3aHi 3 OCHUIILKUMU TpaHiTamu. Py-
JOTPOSIB HA TIOBEPXHi SIBJIIE COOOI0 MOTYXHE Tijio po3MipoM 90x50 M, sike Ha TIMOMHY He
o0cTexxeHo. BizyanbHO KBapll — HaMiBIPO30PHUil aX IO CKJIOMOAIOHOIO, MOAEKYAN MOJIOY-
HO-6im1it a60 SCHO-OIaKUTHUIL. [HKOMM CHOTepiraeThbcs 30HAIBHMI PO3IIOALT 3a0apBiIeH-
HSI, 10 SIKOTO JIyKe PiIKO MOMAEThCS 1Ie CHO-poxeBe. CTpyKTypa KBapily 3BUYAilHO Ipa-
HoOJ1acToBa, 30ya0BaHa KYJISICTUMU a00 KyJISICTONONIOHMMU TpaHyIaMu, SIKi BAHUKJIM BHAC-
JIIDOK TIPOsIBY MepeKpucTali3allii, cmpuuMHeHoi MeTtaMopdizmom kuia. Hepigko Tparuisi-
I0TbCSI 3pa3KM 3 MPUXOBAHOIO IPaHOOJACTOBOIO CTPYKTYPOIO, MPUPOAA SIKOI He 3’scoBaHa.
CBiTJI0IIponyCKaHH KBaply A0CUTh BeluKe (36—39 %), BMiCT MiHepaIbHUX JOMIIIOK He
riepesuuiye 6,0-1073 %, Buxin kpynku (ppakuis 0,1—0,5 mm) — 50 %. IIporHosHi pecypcu
KBaplly pyAOIpOSIBY CTAHOBJSATH 585 TUC. T. 3a MomnepenHiMu TaHUMU, KBapll MPpUIATHUIA,
0COOJIMBO Mics 30arayeHHsl, 1151 BATOTOBJEHHSI MPO30POT0 TEXHIYHOTO CKJIa, BUPOIIyBaH-
HsI MOHOKPUCTAJTIB IT’€30KBaplly, IOBETiPHOTIO KBaplly.

Ha oxonuii ¢. ApceHiBKa 3 JaBHiX 4yaciB BioMe BeJIMKe KBaplOBe Tilo (ApceHiécbKull
pydonpose) He3 sICOBAaHOTO TMOXOMXKEeHHsS. BoHO posrtaioBaHe cepen 0i0TUTOBMX pariakiBi-
noxni6Hux rpauitis KopcyHnb- HoBoMuproponchkoro rmiyToHy. Moro mpoTsKHICTb Ha TIO-
BepxHi 0Jm3bpKo 700 M, cBepIJIOBUHAMM IPOCinKoBaHo Ha rimuouny 50 M. KBapir mocuthb
pO3MaiTHii: SICHO-CipHid, cipuii, c1ab0Mpo30puii, HAMiBIIPO30PUIA, CTPYKTYypa HESICHOTPaHOO-
JIacToBa 3 po3MipoM 3epeH a0 1,5 MmM. BecepennHi KBaplLoBUX 3€peH i MiXK HUMU JiarHOCTO-
BaHO YMMAaJIO aKLECOPHUX MiHepaJliB — cUIepo@iJliT, MyCKOBIT, IMPKOH, MOHALIUT, aHaTa3,
afaTuT, pyTWi, UTbMEHIT, TYpMaJliH, TpaHaTy, CYJIb(iau, 3aralbHU BMICT SIKMX Y CEPEIHbOMY
CTaHOBUTDH 0/M3bKO 1 %. Tomy KBapll ApCEHiBCbKOTO PYAOIPOSIBY MAa€ IIUPOKY MEPCIEK-
TUBY BUKOPUCTaHHSI ([T OTpUMaHHS (hepOCUIillilo, JMCTOBOrO, aBTOMOOUIBHOTO i CUTHAJIb-
HOTO CKJIa TOILIO), ajie MicJIsl MOoNepeIHbOro 30araueHHsI, TOOTO MiC/sl BUJTyYeHHS MiHEpaib-
Hux moMimok. IIporHosHi pecypcu KBapily ApceHiBChbKoro pyaornposisy — 2100 Tuc. T.

VY TIpuaszocbkomy Ojomi YIII mmpoko, Kpim JayxkHuUx KomiuiekciB CximHoro Ilpua-
30B’s1, PO3BMHEHI KBaplIOBi . HaitGinblii cepen BiIcIOHEHUX Ha MOBEPXHi 30cepeKeHi
y OaceiiHi p. bepaa, e mpuypoueHi 10 30H po3nioMiB. Pydonpose Ckasna Topa — 1ie KpynHa
KBaplioBa XMWJIa, siKa MPOoCyigKoBaHa Ha BimcrtaHb Maitxke 500 M i Mae cepeaHIO TOTYKHiCTh
50 m. KBapii sicHo-cipuit, cnaborpo3opuii (KoedilieHT citmonpomnyckants 10—12 %), ma-
CUBHUIA, MiCTUTh BKJIIOUYEHHSI Pi3HMX MiHepadiB (ITOJbOBUX IIIIATIB, TYpMaliHy, MyCKOBITY
TOILIO), 3araJlbHUI BMIiCT sIKMX cTaHOBUTH 0,07 %. IIporHO3HI pecypcu KBaplly 3HauHi —
nepiui MiibiioHM ToHH. KBap1l pynonposiBy CkisiHa ['opa, itMOBipHO, MOXe OyTH BUKOPHC-
TaHUU y MopLeasiHO-(hassHCOBI TPOMUCIOBOCTI /151 BUPOOHUIITBA i30JISITOPiB, OTPUMaHHS
METaJiYHOrO KpPEMHilo.

Mopdonoris i ximiunuii cknan. KvwibHUiA KBapll i3 pynonposisiB JIeHUMHCbKUM, Apce-
HiBcbkuii i CxisiHa ['opa npencraBieHuii MOHOMiHEpaJIbHUM KBaplIOBUM arperaToM pi3HoO-
3epHucTOl cTpykTypu. CKpi3b nepeBaxae (>70 %) cepeaHbosdepHucTHii kBapi (1—10 Mm),
MpeacTaBieHU MOJITOHAIBHUMU 3epHAMU, MiXK SIKUMU pO3MillleHi BUIIJIEHHS APiOHIIIOro
kBapuy (0,05—0,5 mm) abo iHmmx MiHepaniB. TOHKO- i MiKpO3epHUCTUI KBapll MixX MOJI-
irOHaJIbHUMM 3€pHaMU y KOXHOMY 3 PYAOMNPOSIBIB XapaKTePU3YETHCS NyXKe PO3BMHEHOIO
TMOBEPXHEIO 3€peH, CIPUUMHEHOIO MATMMU PO3MipaMy iHAMBIAIB Ta IXHbOIO HEPiBHOIO MO-
BEepXHEI0. XapaKTepHi TaKOX B3a€EMHI TPOPOCTAHHST iHAWBIMIB, 1110 CTUKYIOThCS. 7151 OibIIoCTi
3epeH BiacTuBe piBHe moracaHHs. [IposiBM nuHamomeTamMopdizMy i XBUJISICTE ITOracaHHS
MiHepasy 3adikcoBaHi Ui 3epeH KBaplly i3 pyaomnposiBiB CkisiHa ['opa ta JIeHUMHCBKUIA.

3a JaHUMM eMICiHHOro CheKTpajllbHOro aHajisdy [21], CyKymHMi BMIiCT XiMiYHMX ejie-
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Puc. 1. CriBBiZIHOLICHHSI MapaMeTpPiB eJIeMEHTApPHOI KOMipKU KBaplLy 3 pyaonposiBiB: I — JleHUMHCbKuUid; 2 — Apce-
HiBcbKkMit; 3 — CkisiHa [opa; 4 — etanoHHuil KBapil (3pazok M. Keiita); 5 — te x (KoxXuMcbke ponoBuile, Ypan);
6 — cepejlHE 3HAUEHHS JUTsT KBapIly TiaporepManbHuX ki [3]; 7 — podcumHuii kBapir HoBoceniBCbKOro poaoBuiia
(Ykpaina); & — kBapir 3osotopynHoro KiuHitiBcbkoro pomosuiia (YkpaiHa); 9 — rpaHy/iboBaHMiA KBapil (Ypan);
10 — mapuianit (JKuromupcebka 06J1.)

Puc. 2. CriiBBiTHOLLIEHHSI TTapaMeTPiB eJeMEHTapHOI KOMIpKM KBapLy. YmoeHi no3navenHs BilNMoBinaoTh puc. |

MeHTIB (i3oMopdHUX i HeizoMopdHuUx, ane 6e3 Na i K) y kBapili pyaonposBiB Takuii, %: y
Jlenunncokomy — 0,005; Ckiastna T'opa — 0,061; ApceniBcbkomy — 0,069. Bwmict nayriB y
dopmi Na,O i K,O BignosinHo Takuii, %: JlenunHcbkuit pynomnposis — 0,0021 i 0,0015;
ApceniBebkuit — 0,0015 i 0,0070; Ckastna T'opa — 0,0420 i 0,0150. Bmict MiHepaabHUX
JOMIIIIOK 3pOCTa€ y TakKoMy HampsMmky, %: JleHunmHcbkuii pygomnposs — 0,006; CkisgHa
I'opa — 0,05; ApceniBcbkuit — 1,0.

3a gaHuMu ¢a3oBoro crnekTpaiabHoro aHanisy (ITMP HAH VYkpainu, aHamiTuk
C.0.Ko3ak),Pb,Na,Ca,Cu,Al,Zr— eneMeHTH,sIKi HaJleXaTb MiHepaJlaM,11I0 € MeXaHIYHUMM
JOMILlIKaMM B XXuJIbHOMY KBaplii; Al, Mg, Fe, Mn, Ti, Cu, Ag, Na — eleMeHTH, sIKi PUCYTHi y
CTPYKTYpi KBaplly siK i3oMopdHi nomiiiku adbo MixBy3ioBi aromu. Enementn Na, Al, Cu
MPUCYTHi y KBaplli B 000X 3a3Ha4eHUX BUlle (popmMax — i3oMopbHill Ta MexaHiuHii. Haii-
OIBIINI BiZICOTOK 3B’sI3aHMX Y MiHEepalIbHiil (hopMi ejeMeHTiB npuriagae Ha Na, Ca, Al, 110,
BIpOTiHO, € HACIIAKOM IIPUCYTHOCTI Y KBaplli JOMIIIOK aJdb0iTy, XapaKTepHOTO IJIsI PyAOI-
posipy CkisiHa ['opa. OTxe, 3a 3aralbHUM BMiCTOM JTOMIIIIOK HAWYUCTIIIIMM cepell 3a3Have-
HUX 00’€KTiB € KBapll JICHUMHCHKOTO PYAOIPOSIBY, IKUi, oqHaK, 3a BMicToM Al, Ti Ta iH1mx
€JIEMEHTIB-IOMIIIIOK IMOCTYA€EThCS YMCTOMY KBaplly ypaJlbChbKOi KBapIIOHOCHOI IPOBiHIIil
[7].

ITapameTpu esieMeHTapHOi KoMipKM. Br3HaueHHsT CTpYKTypHUX IMapaMeTpiB KBapiy —
1€ 3aBXIU HeTpUBialbHE 3aBOaHHS. Y 3B’SI3KYy 3 LIUM CIIOYATKY 3YMMMHMMOCS Ha METOAMY-
HOMY acIleKTi 1€l mpobiaemu. MikpoizoMopdHi 3aMillleHHs y KBaplli BilOyBalOTbCs 3a CXe-
Mom: ABT+M* - Si*t, ne MT—H™, Lit, Na™, K*. Kationu-komnencaropu M* posramoBy-
IOThCS Y KaHajJdaX CTPYKTYpH KBaplly, allOMiHiil — y TeTpaenpax. Bintak crepuyHuii epekrt €
CKJIaIHUM, OCKiJIbKY BIUIMB Ha MapaMeTpHu Pi3HOIO3UIIIAHUX KaTiOHIiB 3 Pi3HUMM iOHHUMU
paniycaMy YCKJIaTHIOETbCS IyaCCOHIBCbKUM CTUCHeHHSIM. OCHOBHI TeHIEHIIii 3MiHU Mapa-
METpiB 'paTKu KBaplly Y 3B’SI3KY 3i CTPYKTYpHUMM AOMillIKaMW BHMKJaneHi y mpaii [8] i
3BOMSITHCS 1O TOTO, 1I[0: TTO-TIeplle, mapaMeTp ¢ eJIeMeHTapHO1 KOMipKH 301JIbIIIYEThCS] BHAC-
Jigok isoMmopdizmy Al — Si; mo-mpyre, mapamerp a eJeMeHTapHOI KOMipKKM 3HAYHO 3POCTaE
MiI Oi€lo TiApaTHUX KOMIUIEKCIB i 3MEHIIYEThCSI, KOJIM i0HOM-KOMIIEHCAaTOPOM € IIPOTOH;
mo-Tpete, ayxHi kKationn Nat i Kt He3HauHO BIUIMBAIOTh Ha IMapaMeTp a eJieMeHTapHOI
KOMipKHU.

[IpeunsiiiHe BUMipIOBaHHSI MapaMeTpiB €JeMEeHTapHOI KOMipKW 3[ilCHIOBAJIOCh Ha
peHTreHiBcbkomy nudpakrometpi JPOH-2 (Cu Ka -BUIIPOMiHIOBaHHS). SIK BHYTpilllHilt
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cTaHAapT BUKOPUCTOBYBaBCsl Si, mapaMeTp sIKOro BU3HaueHuil 3 TouHicTio + 0,000005 HM.
PeectpyBanuch pediekcu 23.4 i 21.6 3i mwBMAKicTIO TiepeMilleHHs AeTekropa 0,25 rpam/xB.
17151 KOHTPOJIIO BUMipIOBAIMCh MapaMeTpy eTaJIOHHOro KBapity 3 bpaswiii (3pazok M. Keii-
Ta) i Ypany (3pasok Kamenuesa 1.). BusHaueHHsI mapameTpiB cyOCTpYKTYpH KBapLy —
pO3Mipy 00J1acTeit KOTepeHTHOIO pOo3CitoBaHHST peHTreHiBCchbKux mpoMeHiB (OKP) 3miiicHIo-
BaJIOCh HA OCHOBI aHai3y po3lIMpeHHs Ope’ iBCbKUX pedieKciB.

Binomo, 1110 y TocKOHaTiif CTPYKTYpi 3 BIIHOCHO MaJIOIO KiTbKiCTIO TOMIIllIOK IJTbHICTh
JUCIOKaLii y KBapii He nepesuinye 107—108/cm2. Taka KOHLEHTpALlisl iCTOTHO HE BILIMBAE
Ha pos3iupeHHs peduiekciB. ToMy roJIOBHUM YMHHUKOM TaKOTO PO3ILIMPEHHS € MO3aidYHiCTh
KpHUCTaJiB KBaplly. BukopucToBylouu AJjisi aipoOKCUMAllii peHTIeHiBCbKOro mpodiato (GpyHK-
mito Iaycca-Kori, diznuHe po3immpeHHs pediekciB (5ke HaMU pO3IISIIAEThCS SIK (PYHKILisI

Tabauys 1. CTPpYKTYpHi mapamMeTpy KWJIBHOTO KBapiy 3 PyAONposiBiB YKpainu

Howmep 3paska a, HM ¢, HM V, um3 | ¢/a L, um P, %
Jlenuuncokuil
1 0,49129 0,54043 0,112965 0,110003 602,2 30
2 0,49127 0,54044 0,112961 0,110008 1172,3 23
3 0,49137 0,54044 0,113005 0,109985 602,2 30
4 0,49132 0,54042 0,112977 0,109993 491,4 33
5 0,49127 0,54042 0,112956 0,110004 607,5 30
6 0,49134 0,54048 0,113002 0,110001 563,1 31
7 0,49127 0,54042 0,112957 0,110005 491,5 33
8a 0,49125 0,54041 0,112941 0,110008 416,4 34
860 0,49127 0,54046 0,112962 0,110013 787,9 27
Apceniecoruil
1 0,49129 0,54045 0,112968 0,110007 602,0 30
2 0,49129 0,54043 0,112965 0,110004 602,0 30
3 0,49131 0,54043 0,112974 0,109997 415,5 35
4 0,49125 0,54046 0,112953 0,110018 602,9 30
5 0,49127 0,54045 0,112964 0,110011 290,7 40
6 0,49130 0,54050 0,112988 0,110014 362,9 36
7 0,49131 0,54047 0,112983 0,110005 319,2 37
8 0,49128 0,54043 0,112962 0,110003 491,4 33
Ckasna lopa
1 0,49126 0,54049 0,112965 0,110021 319,9 37
2 0,49132 0,54043 0,112979 0,109997 415,8 34
3 0,49131 0,54041 0,112970 0,109994 319,5 37
4 0,49134 0,54049 0,113000 0,110003 312,1 38
5 0,49128 0,54047 0,112970 0,110011 403,9 35
6 0,49132 0,54046 0,112988 0,110000 361,0 36
6(2) 0,49124 0,54050 0,112959 0,110026 416,0 34
7 0,49132 0,54043 0,112979 0,109996 272,4 39
8 0,49128 0,54051 0,11298 0,110010 361,0 36
9 0,49129 0,54045 0,112972 0,110006 361,3 36
10 0,49127 0,54044 0,112961 0,110009 361,6 36
11 0,49126 0,54043 0,112955 0,110008 273,4 39
12 0,49129 0,54049 0,112977 0,110015 238,7 40
13 0,49125 0,54042 0,112943 0,110010 319,9 37
M 0,49128 0,54055 0,112985 0,110030 260,5 40
Hoeocenigcokuii
1 0,49131 0,54039 0,112968 0,109990 361,8 36
2 0,49132 0,54042 0,112976 0,109993 442.5 34
3 0,49125 0,54047 0,112955 0,110019 402,9 35
4 0,49128 0,54047 0,112969 0,110013 381,0 35
5 0,49132 0,54048 0,112992 0,110005 402,0 35
6 0,49134 0,54047 0,112998 0,109997 318,9 37
7 0,49132 0,5.4044 0,112980 0,109997 360,7 36
8 0,49132 0,54047 0,112988 0,110004 402,7 35
9 0,49129 0,54044 0,112968 0,110004 361,6 36
10 0,49127 0,54042 0,112955 0,110004 402,4 35
[TpuMiTKa.a, c — napamerpu ejaeMeHTapHoi KoMipku, V' — ii 06’em; L — OKP; P — cryniHp iioro Mo3aiqHocTi

(6;1ouHOCTi); 8a — wmcTi 3epHa, 80 — arperatu 3 BKIOYeHHssMU. KBapir HoBoCesiBChbKOro po3CHMITHOTO POIOBMIIA
(XapkiBcbka 00i1.) i M — Mapiuanit (QKuromupcbka 00J1.) HABOASITLCS [JIs1 TIOPiBHSIHHSI.

ISSN 0204-3548. Munepan. ncypun. — 2001.— 23, No | 15



IMTABJIMILIWH B. 1. tain.

po3mipy OKP) MoxxHa 3amvcaty y Burisami [23]:

B=0,5(B-b)- B(B-b),

ne B — ekcriepyMeHTajbHa HamiBIIMpUHA pediekcy; b — HamiBIIMpUHA pedeKcy eTalo-
Hy. Toai po3mip OKP MoxHa BU3HAYUTH 3a (HOPMYJIOIO

L=0942/cos 0-B ,

Ie A — JOBXMHA XBUWJIi PpEHTIeHiBCbKOTO BUMPOMiHIOBaHHS; O — KyT Bpe” “a (sIK11o A HaBo-
IUTHCS B HM, O — B pafiaHax, To L — B HM). [1J11 BUBHaYeHHsT B BUKOPUCTOBYIOThCS pediek-
cu 23.4a i 10.1B. 3ayBaxkuMo, 1110 pO3LIUPEHHS pedIeKCiB MpY MaauX KyTax 0 He3HayHe i
TOMY JUI BU3HAYeHHsS b MOXHa BUKOPHUCTOBYBaTU pedieKc 3 OyIb-SIKMMU iHIEKCaMH.
Ockinbku L 3MiHIOETbCS Y IIMPOKUX MexXax (Bil COTeHb HM A0 NEKiJIbKOX MiKpOMETpIB),
IUTSI TIOPiBHSTLHOTO aHatidy Kpaiie BukopuctoByBati 100 %-By 1LKany MO3aiqHOCTI (6104-
HOCTi) i BBECTM CTYMiHb (Mipy) MO3aiyHOCTi
P=255—-1gl).

[nTepBan 3minu P (y %) npupomHoro Keapiy (MOPOLIKY) KOJIUBAETHCS Y MeXax Bil
30 mo 65. MeHIli 3HaYeHHsT XapaKTePHi 11 MOHOKPHUCTATIB KBapily, OiIbI — JAJIs1 3pa3KiB
TOHKOIMCIIEPCHOTO KBaPILy KOJOIMHOIO IMTOXOMKEHHSI.

Pesynbrat BuUMiproBaHHSI MmapaMeTpiB “paTKM KBaplly HaBeleHi y tabu. 1. Ha puc. 1
LTIOCTPYETHCS Bapiallis TapaMeTpiB a i ¢ BUBYEHUX 3pa3KiB, a TAKOX 3pa3KiB IpaHyIbOBaHO-
ro kBapuy pomosulll Ypany (Kumtum, YBineau) [4]. HaBemeHo TakoX 3HaYeHHS a i ¢
eTaJIOHHOro KBapiy 3 pomosull bpasuii [30] ta Ypany (Koxum) [26]. SIk BugHO, Bapiallist
nmapaMeTpiB “paTku Aocuth 3HauHa (¢ = 0,49122—0,49137, ¢ = 0,54041—0,54051 um), ane
pi3Ha Ij1s1 KBapily 3 pizHUX pomoBull. HailiMeHIa Bapiallisi mapamMeTpiB BJIacTUBa 3pa3Kam i3
cism ApceHiBka i JlenHunHo. [lesska yacTka 3pa3skiB 3 pyaonposBiB CkisgHa 'opa ta Hosoce-
JIIBCBKOTO TIOKAa3ye 3HAYHE BiIXWJIGHHS MMapaMeTpiB 'paTKy Bil mapaMeTpiB e€TaJOHHOIO
kBapiy (Koxum) i cepeaHix 3HaYeHb 4 i ¢ KBaplly 3 TiApoTepMaIbHUX XWJI. XapaKTepHO,
1O TTapaMeTpU PaTKM T'paHYJbOBAHOIO KBaplly 3 POTOBMI Ypasly i €TaJJOHHOIO 3 POJO-
Bulll bpasuiii MeH1i, HiX y kBapii KoXUMChbKOro pomoBulla, sIKMiA MOXKHA BBaXKaTu CTa-
TUCTUYHUM €TAJIOHOM KBaplly TiZpOTepMabHOTO MOXOMKEHHS. Y KOXHOMY POAOBHILI €
3pa3Ku, SIKi MaloTh PO3MipH €JIeMEHTapHOI “paTKu, HabaukeHi 1o eTanoHy (Koxwum) i rpa-
HYJbOBAHOTO KBapily. BigxuiaeHHs Bim cepemHbOro 3HaYeHHs 3YMOBJIEHi y OiIbIIOCTI BU-
MaaKiB 30UTbIIEHHSIM 3HAY€Hb IapaMeTpiB a i ¢. Mapiuamit rmokasdye HaaMipHO BUCOKUIA
napameTp ¢, TAMYacoOM sIK MapaMeTp a AOPiBHIOE €TAJIOHHOMY.

MiarpaMa y KoopauHartax ¢/a — V imoctpye TpyOy 3aJeXHICTb METPUKHU “paTKU y3-
JIOBX OCeil a i ¢ Bim 3araJbHOr0 BMICTY CTPYKTYPHHUX IOMIIIIOK, KPUTEPIEM SIKOTO € 00’eM
eJleMeHTapHOI KOMipku. SIK BUmHO (puc. 2), 30iJIbIIIEHHS V BUKJIMKA€E CTUCK CTPYKTYPU KBapILy
1Mo oci ¢. 3po3yMiJio, 1110 TOJIOBHUII BHECOK y 3MiHY V maloTh KaTiOHU, Ki HaiOiIbIIO0
Mipolo BILIMBaioTh Ha mapametp a (Lit, H'). ¥V uinomy miarpama 3anexHocTi ¢/a Big V'
iH(popMaTMBHA 1IOAO KUIBKOCTI i XapakTepy CTPYKTYPHMX AOMIIIOK y KBaplli i Moxe Ipo-
TMOHYBaTUCh MJIsI OLIHIOBAHHSI SIKOCTi CUPOBUHU.

3pa3ku i3 cinm ApceHiBka i JIeHUMHO MOKa3yIOTh BiIXWJIEHHS BiJl €TAJIOHHUX 3HAYEHb.
BomHovac y KOXHiil cepii 3pa3KiB € Taki, 1110 MalOTh XapaKTePUCTUKU ¢/a i V, Ki MpaKTUYHO
30irarloThCs 3 €TaTOHHUMU. ['paHyIbOBaHMI KBapll Ha diarpami po3MillleHUI y TIOi 3 TPOXU
MABALIEHUM 3HAYEHHAM ¢/a i BimHocHO MamuMm V (< 0,112950 um3). Haiibinbie Bimxu-
JIEHHS Bill €TaJIOHHOTO 3HAUEHHs MOB’sI3aHe 3i 30iIbIICHHSIM 00’€MY eJIeMEHTapHOI KOMi-
KU, MepeBaXkHO 3a paxyHOK 30iblieHHs TTapaMmeTpy a. [linBuieHe 3HaueHHs1 V crioctepi-
raeThecsl I 3paskiB 3 pynmonpossiB HoBoceniBcbknit Ta CxisgsHa 'opa, aje MakcuMaibHe
3HauYeHHSsT V 3apeecTpoBaHO i Mpodu 3 JIEeHYMHCHKOTO PYAOIPOSIBY.

OKP i cryninp KpucTaniyHocti (Mo3aiunocti). Lli mapamerpu, BinmosigHo L i P, HaBeaeHO y
taos. 1. Cepenni 3HaueHHs P 11 JOCTIKEHUX 3pa3KiB CTAHOBIATH, %: JIeHUMHCHKUIA
pynonposiB — 30; ApceHiBcbkuii — 34; Cxistna T'opa — 40; Hoocenmiscbkuii — 35. baunvo
iCTOTHY BiIMiHHICTb P CTPYKTYpHO YMCTHMX 3pa3KiB Kpapily (JIeHUMHCHKUIT pynonposiB) i "3a0pym-
HeHux" (CkustHa Topa). Posmip OKP kommBaetbest y 3HauHKMX Mexkax (Bim 1200 mo 250 Hwm), are
a0COTIOTHO TOYHI LM(pU HEBIIOMi, OCKUIbKM 3a1exKaTh Bill eTajoHa. Haiibinblua Bapialist mapa-
METpiB MO3aiyHOI CTPYKTYpY CITOCTepiracThesl ISl 3paskiB 3 JIeHUMHCHKOro Ta ApCeHiBCHKOIO
PYIOINPOSIBIB, ajie 3arajioM Iie cjiaboMosaiyHmii KBapil. Ksapir 3 pynonposisiB CkisiHa I'opa i Hoso-
CEJTIBChKUI Ma€ TABUILICHY MO3aiuHICTh B YCiX Mpobax. 3ayBaskMMO, 10 He BUSIBJICHUI 3B’SI30K
MK TTapaMeTpaMM paTKy KBaplly i mapaMeTpaMd MO3aiyHOCTI CTPYKTYpHU, aje, MOXJIMBO, TakKa
3aJIEXKHICTh ICHYE y pa3i BUCOKOI KOHILIEHTpallii 1eeKTiB (MapIIaiT).
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Puc. 3. TU-criekTpu XuabHOro KBapiy YKpainu 3 pyaonpossis: / — Ap- 7
ceHiBebkuit; 2 — CkisiHa ['opa; 3 — JIeHUMHChKUI; @ — CIIEKTPH 3HSTI 3a
KiMHaTHOI TemrepaTrypu; 6 — 3a Temmeparypu piakoro asory (77 K)

Pe3ynbTaTyi peHTreHiBCHKOIO MOCTIIXKEHHST KBapily
JIO3BOJISIIOTh AilATH Takux BUCHOBKIB: 1. IlapameTpu ene-
MEHTapHOI KOMipKu KBapuy (4, ¢, ¢/a, V) KonuBalwoTbes y
IOCUTh IIMPOKMX MeXax, ajie y cepii 3pa3KiB 3 KOXHOIO
pOIOBMILIA € KBapll, KW Majo BiIpi3HSIETbCS Bid eTa-
JIOHHUX 3paskiB. HaltiHpopMaTUBHIILMMU 1IOJ0 OLIHKHU
KiJIbKOCTI i XapakTepy CTPYKTypPHUX JOMIIIIOK € MapameT-
pu ¢/a i V. SIxio BBaxkatu KBapil 3 Koxumcbkoro poao-
BUIIIA €TAJIOHOM TiIpOTepMaIbHOTO KBapily, OJM3bKUM 3a
CTPYKTYPHMMU MapamMeTpaMu 10 "CTaTUCTUYHOIO" eTa-
JIoHa [3], To MOXHa KOHCTAaTyBaTH, 1110 KBapll 3 POIOBHIILL
VYKpaiHu 3a CTpYKTYpPHUMHU XapaKTepUCTUKAMU HalIv-
JKAETHCS 10 €TATOHHMX 3pa3KiB. 3arajbHa "3a0pymnHeHiCTh"
KBaplly MiHepaJIbHUMU JOMIllIKaMU IESIKOI0 MipoIo BimOu-

[ty I~
<h g

BA€EThCS HA KiJIBKOCTi CTPYKTYPHUX OOMIIIOK (MOXKHAa Jr
MOPiBHATH TTpoou 8a i 86 3 JIECHUMHCHKOTO PYIOITPOSIBY).
JocniaxeHi KBapLy BiIpi3HSIIOThCS, X04a i HE3HAYHO, Bif 4

TrpaHyJIbOBAaHOTO KBaplly 3 poAOBHIL Ypany [2], akuil po3-
INIOAETHCST SIK YMCTA CUPOBMHA. 3pa3Ku 3 IMiIBUILIEHUM
3HaYeHHSIM V, iIMOBipHO, MalOTh IiABUIIEHY KiIbKiCTh Li,
TUMYacOM sIK TPaHy/IbOBaHMIA KBapll, MaOyTh, MicTUTh H* T T S
4K ioH-KoMIieHcaTop A3 B Tetpaenpax. Lle cBimuuth npo Y T TG T T Vs en”
Te, 1O IIi Pi3HOBUAY KBaplly YTBOPIOBAIUCH JAEIIO B Pi3HUX I€OXiMiYHUX yMOBaX.

2. CtymiHb MO3ai4YHOCTI KBapily, siKa BU3Ha4aeThbcs yepe3 po3Mip OKP peHTreHiBchbKuX
MPOMEHIB, € MOro BaXXJIMBOIO XapaKTEpUCTUKOK. MO3alyHiCTh CTPYKTYpU BiIJ3€pKaIO€
LIITbHICTD AUCTIOKALil, TOOTO AedeKTHIiCTb cTpyKTypu. st 3ayexHicTh MoXe OyTH 1oB’si3a-
Ha 3 HasBHICTIO JeSIKUX HECTPYKTYPHUX MTOMIIIOK (TUITy KJacTepiB) i, BIIMOBiAHO, BILIMBA-
TU Ha TEXHOJIOTiYHi BJJACTMBOCTI KBapLOBOi CUPOBUHU. K i cJlig Oy/j0 OUiKyBaTH, HE iCHYE
SIBHOI 3aJIeXKHOCTI MiX CTPpYKTYpHUMHU IapaMeTpaMd “paTKW i MapaMeTpaMd MO3aidHoil
CTPYKTYPH, KOJU KiIbKICTh CTPYKTYPHUX AOMIIIOK HE IepeBUIy€E MeBHOI Mexi. BomHouac
3pa3Ku KBapily 3 pynornposiBy CkisiHa ['opa MaloTh He TiIbKM MiIBUILIEHY KiJIbKiCTb TOMi-
1IIOK, a 1 OLIbIIy MO3aidHiCTh.

IY9-cnekTpockomnia. CrieKTpu 3amucaHi 3 IJIOCKONapaieIbHUX TJIACTUHOK 3a KiMHaT-
Hoi Temneparypu (7,) Ta TeMIlepaTypu piIKOTO a3oTy (TKp) Ha criektpomeTpi UR-20
B inTepBanmi wacror 2400—3800 cm~! (puc. 3). Kpim cMyr nmornmmHanHs B o6aacti 2400—
2800 cm!, moB’a3aHuX 3 00epTOHAMU Ta KOMOIHOBAaHUMY TOHAMM KojiuBaHb Si—0—Si, Ha
[Y-cnektpax ycix 3paskis 3a T, MposiBIeHa LIMPOKA MOTYXXHA CMyTa MOTJTMHAHHS 3 MAKCHU-
MyMoM 6m3bko 3430—3440 i meuem 3220 cM~!, gxa 3a T, TPAHCHOPMYETBCS B iICTOTHO
BYX4y CMyTY 3 4acToToro 3230—3260 i ruredem ~3150 cm~!. CriekTpanbHi XapaKTepUCTUKUA
i 3MiHa (opmu 3a TKp CBimyaTh TpO Te, 1O 3a3HayeHa CMyra IOIJIMHAHHSI COpUYMHEHA
BaJICHTHUMHU KonmBaHHsIMKU OH-3B’s13KiB nosiMepr3oBaHux Monekya soou vH,O (taba. 2),
sIKa MiCTUTBCS SIK PIIMHHI BKJIIOYEHHS Y KBaplli il 3aMep3a€ y pa3i 3HXKEHHsI TeMIlepaTypu
[24].

Ha BucokovactoTHOMy Kpwii cmyru nornuHanHst vH,O dikcyeTbest cMyra norm-
HaHHA 3 YyacToTolo 3635—3650 cM™!, sKa 3a T, POBLICTUTIOETCS Ha 4—5 ByxX4MX C1a00iH-
TEHCUBHUX CMyT (puc. 3, Tabu. 2). Y 3a3Hau€HOMY CIEKTpaJbHOMY Jiana3oHi aHaJOTiYHi
CMYTM Ha CIIeKTpax TiIpoTepMaJbHOTO KBapily, 110 BUpic 3i 30arayeHux F po3uuHiB, Oyau
iHTEpIIPETOBaHI K CMYTU IOTJIMHAHHS BAJICHTHUX KOJIMBaHb (PTOp-BOMHEBUX Ne(EKTiB
ctpykrypu [1, 17, 19]. HailiHu3bKo4yacTOTHiIlIA 3 1€l cepii CMyT MOTIMHAHHSI, MOXJIMBO, Ha-
JIEXXUTh BaJICHTHUM KOJMBAHHSIM i30JbOBAaHMX MOJieKyJ Boau [31]. [Iisi mepeKOHIMBILIOrO
TJIyMayeHHsI MPUPOAU L€l TPYNU CMYT Ha CIIEKTpaX HalllMX 3pa3KiB HEOOXiIHi JOJaTKOBi
JOCTIIXKEHHSI.

[Iunpoka cmyra 3 yactororo ~3440 cm™! (puc. 3) TakoX YCKIaIHIOETbCS IeKiIbKOMa
BYXXUMMM CMyraMu B intepsaii yactor 3600—3200 cm™!, KiIbKiCTh i BiIHOCHA IHTEHCUBHICTh
SIKUX HEOAHAKOBa IJIsI KBapIly 3 Pi3HUX PyIOINposiBiB. JlesiKi CMyrM y IIbOMY Aiana3oHi mpo-
SIBUJIMCS HA CIIEKTpax JIMILE 3a TKp 3aBIISIKM iCTOTHOMY 3By>KeHHI0 cMyr vH,O Ta ii 3MileH-
HIO Y HU3BKOYACTOTHY objacth (puc. 3). Ha Hu3bKOTEMIIepaTypHUX CHEKTpax OiIblIicTh
CMYT 3a3HaY€HOTO Aiara3oHy CTaJu BY>KUMMMU Ta iHTEHCUBHIIUMMM. J1OCTiIXKEHHSIMM 3pa3KiB

z
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[TABJIMIIMH B. I. Ta iH.
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Tabauys 2. YacTOTH OCHOBHHX CMYT NMOTIMHAHHA Ha TY-cmekTpax XHJIbHOrO KBapuy Ykpainum B o0aacti Bix 2800 x0 4000 cm!

YacroTa, cMm!

Temmeparypa

Pynonposs

&
g
()
=]
(5]
B
Q
E
]

ApCeHiBChKMI

Cknsaa T'opa

JleHUMHCHKUHA

PI3HOTO MOXOIKEHHS BCTAHOBJIEHO, 1110 BY3bKi
sa T, cmyru B iHTepBami wvactor 3600—
3200 cm~! cripyuMHEHi BaIEHTHUMHU KOJIMBaH-
HsiMu vOH, TOB’SI3aHUMM 3 TIEBHUMM TiIpOK-
cribHUMU nedektamu [27—29].

Ha IY-cnexTpax 3paskiB 3 ApceHiBChbKO-
IO PYIOIpPOsIBY (DIKCYIOTHCS TPU CMYIM, CM ™ 1:
By3bKa i1 HailOiIbII iIHTEHCHBHA 3 YaCTOTOIO0 —
3382 i nBi crabxkimi — 3320 i 3445, sxi, Bipor-
imHo, moB’st3aHi 3 necdekrom OH(AIRT), a Takox
cMmyra 3 yactotoro 3490, ooymosiena OH(Lit).
Yci yotTupu cMyru nepeKoHIMBO (DiKCyOThes i
3a KiMHaTHOI TeMIlepaTypHu.

Ha cniekrpax 3paskiB 3 pyaornposiBy CKIisi-
Ha ['opa mpencrapieHoO Juille ONWH 3 JBOX JAe-
(dekriB OH(AI?"); moB’a3aHi 3 HUIMU CMYTH TIO-
IIMHaHHA B oOjacti yactor 3380 i 3320 cm™!
cna0OKinni, HiX y 3pa3KiB 3 ApCeHiBCbKOTO py-
ponposiBy. Ha criekrpax kBapuy 3 JIeHUYMHCh-
KOIo pyIOoNposBy y miama3oHi yactor 3600—
3200 cm~! HamiitHO (hiKCyeThCs JIMILE CMyra 3
yactoToro 3340—3350 cMm™!, inenTrdikaris skoi
BUMarae JoIaTtkoBux aociimkeHb. lllogo mpu-
pOAM iHIIMX CMYT y IIbOMY Jialma3oHi BaXXKO
CYIUTHU 4Yepe3 iXHI0 cJ1aOKy iHTEHCUBHICTb.
Cwmyra yactorolo 3485 cm™ !, sxa (ikcyeTbest Ha
crekTpi e 3a 7, , MOX/IMBO, OOYMOB/ICHA
BaJleHTHUMU KonmBaHHsiMu vOH(Li").

Kpim 3a3HaueHUX BUIE CMYT, Ha CIIEKTPi
OMIHi€l 3 IJJACTUHOK KBapIly 3 ApPCEHiBCHKOIO
PYIOMNPOSIBY CIIOCTEPIiraroThesl CMYTU MOTIU-
HaHHA B o6iacti yactor 2960—2880 cMm~!,
iIHTEHCUBHICTb SIKMX 3POCTa€ 3i 30UIbLIEHHSIM
TOBIIMHY TUIACTUHKY. BOHUM cripuumHeHi Ba-
JIeHTHUMM KosmmBaHHsAMU C—H-3B’43kiB, 110
MOXe OYTHM HAaCJIiIKOM HasiBHOCTi BYTJIEBOJHIB
y BKJIIOYEHHsIX KBapity [17].

Orxe, 1Y-creKkTpy XUIBHOTO KBapLy, OT-
pumani 3a T i TKp, CBimyaTh Mpo Te, 1O BCi
OOCJiIXeHi MIACTUHKM XWJIbHOIO KBaply
MIiCTATh BKJIIOUEHHS PigKOi BOIM, a 3pa3Ku 3
ApPCEHIBCbKOIO PYIONPOSIBY — 11I€ i BKJIIOYEH-
Hsl ByIJIeBoOHiB. BomHouac 3pa3ku KBaply 3
PIZHMX PYIOIPOSIBIB BiPi3HSIIOTHCS MiXK CO00I0
KIiJIbKICTIO Ta iHTEHCUBHICTIO CMYT TOTJIMHAH-
Hs1, oB’si3aHux 3 OH(AI3T)- i OH(Li™)-nedek-
Tamu. I KBapily 3 yciX TpbOX PYIOIPOSIBIiB
XapaKTepHi CMyIW MOIIMHAHHS Y HU3bKOYac-
TOTHil 00acTi, UMOBIpHO, 3yMOBJIEHI HasIBHi-
CTIO (PTOP-BOAHEBUX KOMILJIEKCIB.

BxkiioueHHs1 MiHEpaJIOyTBOPIOBAJILHOTO Ce-
penosuma. Jluiie xBapir 3 JIECHUMHCBKOTO py-
JOMPOSIBY MiCTUTh (DJIIOIAHI BKIIOYEHHSI, TIPU-
JOAaTHI 1U1s1 OCIiIKeHHSsT, podMipoM 20—50 MKM.
BoHU 3aliKOBYIOTh NepexXpecHi TPilllMHU Yy
KBaplli, B IKMX MOPsI € 1BO(Pa30Bi BKIOUEHHS
BOJHOTO PO3YMHY Ta OAHO(A30BI — 3 PiIKUM
CO,. BuznauenHs ryctuau CO,-dpmoiny (0,7—
0,8 r/cM3) Ta TeMIiepaTypy roMoreHisauii 1Bo-
(asosux BrmovyeHb (220—260 °C) mo3BOIMIH
OLIIHUTU TUCK, 1110 OYB y CepeqoBHUIIli MiHepa-
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KMIBHUM KBAPLL YKPAITHU

JIOyTBOPEHHSI HAa MOMEHT 3aJliKOBYBaHHs TpilllvH, Buiuit 3a 130 MIla. Temneparypa MiHe-
pajoyTBopeHHs1 Oyma He Huxk4Ya 300 °C, ToMy 11O BKJIIOYEHHSI, Maiixke 3rOMOTeHi30BaHi,
PO3TPiCKYIOThCSI OM3BKO 1Ii€l TeMmeparypu. TeMIiepaTypHi mapaMeTpy 3MiHU arperaTHOro
cTaHy 3akoHcepBoBaHOro CO,-(moiny BKa3yloTh TaKOXK Ha MPUCYTHICTb PO3YMHEHUX IHIINX
KOMITOHEHTiB, Hanpukiaag CH, a6o N,.

VY kBapui 3 pynonposBiB CkisiHa 'opa Ta ApceHiBCbKOro nepeBaxaloTh QyKe IpiOHi
BKJIIOUEHHSI, JIMIIe OKpeMi 3 HUX HocsraioTh 7—10 MKM, 110 3aBaXka€ iXHbOMY iHAMBiAyalb-
HoMy aochimkeHHIo. [IpoTe MoXHa CTBepIKYyBaTH, 1110 TPIllIMHU TYT TaKOX 3aJiKOBaHi re-
TepOreHHUM (ITI0iOM — BOTHUM PO3UMHOM, SIKMIt OyB y piBHOBa3i 3 (hazoro BibHOTro CO,.
I'yctuna CO,-dumoiny npakrtiyHo Taka cama (0,7—0,8 r/cM3), ane TemmepaTypa KOHcep-
Ballii 1B0(ra30BUX BKIOYEHb HIXKYA, TOMY 110 JJIs1 HUX He 3a(iKCcoBaHa TeMIlepaTrypa roMmo-
reHizanii, Buma 3a 210 °C. Lle cBimuuTh NMpo A€IIO MEHIIUN TUCK MiHEpaJoyTBOPEHHS
(110—120 MITa).

IIpo cknan ¢moiniB, 3aKOHCEPBOBAHUX y BKJIIOYEHHSIX, NAlOTh YSIBJEHHS pe3yJbTaTu
XpomarorpadiyHoOro aHaiidy razy, OTpMMAHOTIO ITiC/Is1 HarpiBaHHSI TPpyO0yIaMKOBOI (hpakilii
kBapuy g0 450 °C (ta6n. 3). 3a Hammmu i gitepatrypHuMmu [18] maHumu, came 3a Takoi
TeMIIepaTypU BiIOYBAETHCS MaCOBE PO3TPICKyBaHHS BKIIIOUEHb. AHAJIi3 3aCBiIUy€E MPUCYTHICTh
CH, i N, y ckiani 3akoHcepBOBaHUX (IIIOIfIB, 1O MiATBEPAXYETCSI JaHUMU KPiOMETpii Ta
[U-cnexTpockomii. Alle OCHOBHUM KOMITOHEHTOM (JIIOILY B YCiX PYAOMPOsIBAX € CO,, sxuit
y JleHunHCcbKOMY pynonposisi foMinye Han H,O HasiTh 3a Macoro. [IpuBepTae yBary Oiibliua
Maca 3aKOHCepBOBaHUX (GIOiNiB y KBaplli JICHUMHCHKOTO PyIOIpPOSIBY, IO € HEMPSIMUM
MiATBepIKEHHSM BHCOKOOAPUYHMX YMOB KpMCTaJli3allii KBapiry.

ITipoai3z kBapuy. I1poOu XUILHOTO KBaplly 3 TPbOX PYIONpPOsIBiB — JIEHYMHCHKOTO,
CxkingHa T'opa Ta ApCeHiBCHKOro AOCTIIKYBaIUCS METOIOM ITipOJiTUYHOI ra30BOi Xpoma-
torpacdii. Mera gociiakeHb — BU3HAYCHHS BMICTY y KBapili Jetkux eaeMmeHTiB (N, H, C),
po3moaiy ix MiX piHoBUAaMHU KBapily. IlonepenHb0 OUYMIIEHi yJIaMKU KBapily Oyau IOMI-
piOHeHi y YaByHHIi#l cTyrii 10 —2 MM i po3aineHi Ha dpakuii. JJocmimKyBaarcs, roJIOBHUM
yrHOM, dpakiii 1—2 i —0,25 mm, a i1 dpakiii — BubipkoBo. [IpoaykTu miposidy dpakitii
1—2 MM, sIKa MiCTUTh HalOiIbllIe HEPO3KPUTHX (DIIIOITHUX BKIIOUEHb, MAJIU Bi3epKaItoBa-
TH cKaan GJIroiniB, 3aKOHCEPBOBAHUX Y 3aKPUTUX BaKyoJIsIX y KBaplii, a ¢gpaxiiist —0,25 mm,
1[0 XapaKTepU3YETbCS HAUOIIbIIOI CYMapHOIO MOBEPXHEIO YACTUHOK, — KOMIIOHEHTH, SIKi
YTPUMYIOThCSI XiMIiYHMMM CUJIaMM Ha TOBEPXHi Pi3HOTO POAY BiIKPUTHX AeDEKTiB.

MerToauKa IipoJi3y Ta YMOBM aHaji3y onucaHi y npaugx [9, 10], a pe3yabTaTi aHaIi3y
BXe obrosopioBaiyicsd [12]. BoHu 3BomSThCsI 10 HaBeOEHUX HWXKYE BUCHOBKIB:

1. lIcHye 3anexHicTb KiTbKOCTi IPOIYKTIB MipoJIi3y Bifl CyMapHOI IO YJIAMKiB KBapLLy.
Haii6inbiny KiabKicTh MpOAYKTiB oTpuMaHo Wi ¢pakiii —0,25 MM, 36arayeHoi aucrepc-
HUMM YaCTMHKaMu aMopdi30BaHOTO KpeMHE3eMy.

2. I3 3miHOIO pO3Mipy YaCTMHOK KpeMHE3eMy 3MiHIOIOThCS TAKOX 4acTKa OKPEeMUX
ra30BUX KOMIIOHEHTIB Yy MipoJli3Hii cyMillli i TeMIlepaTypa iX MaKCUMaJbHOTO BUIUIEHHS,
1[0 CBiIYWUTH IPO Pi3HE pO3TalllyBaHHS KOMIIOHEHTIB MipoJli3HOro razy B rpyoiil i muc-
MepCcHiil (pakiisix.

3. Jletki cmonyKu, 110 BUIISIIOTHCSI 3 TpyboynamkoBoi ¢paxiii kBapiy g0 450 °C,
JAIOTh YSIBIEHHS TIPO CKIan (IioiniB, 3aKOHCEPBOBAHUX Yy BKIOUYeHHsX. Lli XX cronyku Ha
XpoMmaTorpami aucrnepcHoi ¢pakiiii, Harpitoi moHan 450 °C, Giibllie XapaKTepu3yloTh KOM-
TUIEKCH 3 JIETKUMMU eJIEeMeHTaMU, XeMOCOPOOBAaHUMHU Ha MOBEPXHi KBapIry.

4. Ksapi JIeHUYNHCHKOTO PYIOIPOSIBY XapaKTepU3YEThCST HANOIBIIOI Macolo ¢Iioiny,
3aKOHCEPBOBAHOIO Y BKJIIYEHHSX, i HAMMEHILOI KiJIBKICTIO XeMOCOPOOBAaHUX JOMIlLIOK.
Haii6inblne qoMillioK MiCTUTh KBapll 3 ApCEHiBCHKOIO PYAOIpOsIBY (Tabi. 4).

5. BMicT JIeTKMX eJeMEeHTIiB-IOMIIIOK y KBaplli TaKUM caMuid, K i HEJIeTKUX eje-
MeHTiB [19]. Cepen netkux momimok repeBaxkae C. 3a BMICTOM KOXHOIO 3 JIETKUX eJie-

Tabauys 3. CKnaa mpoaykTiB Aekpemitamii (oigHux BKIOYeHb, %

Pynomnposis I:;rglf Maca rasy, MKr N, CH, co, H,0
JleHUMHCBHK I 3 229,00 0,15 0,19 69,08 30,57
5 190,37 0,27 0,14 73,33 26,76
CxkisHa [opa 3 95,16 0,16 0,12 47,18 54,54
5 97,95 0,16 0,09 59,91 40,84
ApCeHiBCBKUIA 3 92,48 0,11 0,09 45,74 54,07
7 87,24 0,14 0,14 42,41 57,31

IMTpuwmirtka. HaBakka — 1 1, dpakuist 1—2 MM, Temmeparypa HarpiBaHHst — 50—450 °C.

ISSN 0204-3548. Munepan. ncypn. — 2001.— 23, No 1 19



IMTABJIMILIWH B. 1. ta in.

MEHTIB Ta iX CyMOIO KBapll JICHUMHCBKOIO PyAONPOsIBY HAOIMKAETHCS 10 MPO30PUX KPUC-
TaJliB KBaplly 3 riapoTepMalbHUX XMW1 JloHOacy i KamepHuXx nerMatuTiB BonuHi, ane BaBivi
OaraTiuii HUMM, HiX KBapll i3 poaoBuill bpaswuiii.

6. I3 Bmictom y xBapui C i oco6anBo H Kopesoe KilbKiCTb BYIJIEBOIHEBUX KOMII-
JIEKCIB, 1110 YTBOPIOIOTHCSI HA MOBEPXHi KBAPIIOBMX YACTOK Y Mpolleci MOApiOHEHHs Mpodu i
TOTIOBHIOIOTh ITiPOJIi3HY CyMilll METAaHOM Ta BaXYMMM BYIJIEBOOHSIMU. Bimomo, 110 Byrie-
BOIHEBI KOMILIEKCH CWJIBHO TEPelKOIXKaoTh opMyBaHHIO KpucTaiiB [11, 12], Tomy ixHIO
KiJIbKICTh y IIMXTi MOXHa BBaXKaTW BaXKJIMBOIO XapaKTePUCTUKOIO KBapIIOBOi CHPOBUHU.
OToToXHIOUM KinbKicTb Monekya CH, y miposi3Hiil cymillli 3 KiJbKiCTIO ByIJIEBOOZHEBUX
KOMIUIEKCIB Ha MOBEPXHi KBapLIOBUX YACTMHOK, MOXHa IMOPIiBHATU BUOpaHi 3pa3ku 3a 1M
nokKa3HUKOM. Haiibisblile KOMIUIEKCIB, SIK i O4iKyBaJIOCh, MiCTUTBCS Y KBaplli 3 pyJAONpPOsIBiB
CxunanHa T'opa i ApceHiBcbkoro. Kapi JISHUMHCHKOTO pYAONPOSIBY YMCTIlLIMIA, ajie BABii
MOCTYTIAEThCSl KBapIly 3 pomoBUIL bpaswiii i JesskuM 3pa3kam KBaplly 3 YKpaiHU.

7. ByrieBogHeBi KOMIUIEKCUM HEPiBHOMIpHO PO3MOJiAeHI MixX pi3HOBUAAMHU KBaplly,
SIKi CKJIaJaloTh XWJIbHY KBapIIOBY nopoay. Haiibisbliie iX yTBOPIOETHCS Ha MOBEPXHi TOHKO-
3epPHUCTUX Pi3HOBUIIB, HaliMEHIIIe — Ha MOBEPXHi yJIaMKiB rpyb03epHUCTOro KBapily. 306a-
rayeHHs1 pyau 3 JICHUMHCHKOTO PYAOIpPOsIBY Ipy0O- cepeIHbO3EPHUCTUM Pi3HOBUIOM CTa-
BUTH LIl KBapll B OOWH pPsii 3 HaWKpallMMU €TaJJOHHUMU 3pa3KaMu.

BuchoBku. 1. YKpaiHa KyIye Toporuil XuabHUM KBapII i 11e JOPOXYi IITYYHi KPUCTATA
kBapuy. @ipma "lOHiMiH" (CIIHA), sika OTpUMY€E KBapLIOBi KOHIICHTPATH, 110 BilMOBiAAIOTh
CBITOBUM CTaHAApTaM, AA€ TaKi BapTiCHi MOKa3HMKMU (YMOBM IS KOMOp): IliHa 3a 1 KT
copty "Mora-cranmapr” craHoBuTb 3 noi., "Mora-4" — 35,1 gon. CLUA. ko Ykpaina Kymy-
BaTMMe KOHIIEHTpaTH y 1i€i ¢ipMu, TO iXHs1 peanbHa BaprticTh (I1IB, omata muta TOI1O)
3pocte e Ha 20—25 %. BapTicTh IITYYHUX MOHOKPHUCTAJIIB KBapIly, sIK MiHIMyM, Ha MOpsi-
1ok Buia. Otke, YKpaiHa, 11100 3a10BOJIBHUTH CBOI moTpedu piBHSA 1990—1991 pp. moBuHHA
BUTpAYaTy IecsITKM MibiioHiB nosapiB CIIIA Ha iMIoOpT KBapLOBUX KOHIIEHTPATIB i IITy4-
HUX MOHOKpHCTaiiB. Pa3zoM i3 TMM KBaplioBa CMpOBMHA B Hagpax YKpaiHU €, ajie BOHa He
po3BigaHa, HEAOCTAaTHLO i HEPIBHOMIPHO BUBYEHA.

2. 3HaYHi MepCIeKTUBU KBapLIOBOI CUPOBMHU B YKpaiHi MOB’s13aHi 3 TiipoTepMaibHU-
MM XUJIaMU, HacaMIiepen, YKpaiHcbkoro muTa. Cepen HUX, i3 MPaKTUYHOTO MOMIsLY, 0C00-
JIMBOI yBaru 3aciayroBylOThb (Ha piBHi 3HaHb, OTPMMAHUX HaMU Ta HAIllMMU ITONEepeIHUKA-
MMU) TpU pyaonposisu — Jenuuncexuii (ITiBHiuHO-3axinHuit paiton Y1), Apceniecoiuii (IHry-
no-IHrynenpkuit paiton) i Cxkasua Topa (Tlpuasos’s). CaMe BOHM MalOTh CTaTH MepLIoyep-
TOBMMM 00’€KTaMM JIsI TIPOBEICHHS PO3BIiIKM, IKYy 000B’SI3KOBO ITOTPiOHO HAYKOBO CYIIPO-
BOJIKyBaTU. B HMX Ha He3HaAuHill TJIMOWHI 30CepeaKeHi BeJIMYe3Hi MPOrHO3Hi pecypcu, aje
KBapll LUX pYIONposIBiB yceOiuHO He JoCimKyBaBcs. Maiixke 30BCiM He BUBYEHUI TaKOX
KBapll KBapLMTiB, KBAPLIUTOITICKOBUKIB, TiCKiB, Kip BUBITPIOBaHHSI, SIKi IIIMPOKO PO3BUHEHI
Ha TepuTopii YKpaiHu, i MpakKTUYHe 3HAYEHHS SIKMX JUIs CTBOPEHHST 1 pO3BUTKY KBaplIOBO1
rajny3i B YKpaiHi 0cTaTOYHO He 3’siCOBaHe.

3. 3a JaHMUMU PEHTIeHiBChKOTO, CIIEKTPAJIbHOTO Ta MOP(OJIOTIYHOrO aHali3iB, MiKpoC-
korii, 14-crektpockonii, TepMobaporeoximii i razoBoi xpomatorpadii XMIbHi arperatu
KBaplly Ha3BaHMWX PYIOIPOSIBIB iCTOTHO Bipi3HSIIOTHCS MiX CO0OIO 3a BMICTOM i30MOp(d-
HUX JOMIIIOK, KOe(MilliEHTOM CBITJIONMPOMYCKAaHHSI, BMiCTOM i BUIOBUM CKJIaJIOM MiHEpaib-
HUX JOMIIIOK, JETKUX KOMITOHEHTIB Tollo. HaltuucTinmm cepen 3a3HaYeHUX PYIOIPOSIBIB
BUSIBUBCST KBapll JICHUMHCHKOTO PYIOMNPOSIBY.

4. O6nacTi BAKOPUCTAaHHS KWJIBHOTO KBapily YKpaiHu, 0COOIMBO 3 YpaxyBaHHSIM IXHbOTO
pyno3baraueHHsl, — MUTaHHSI MaiiOyTHHOro. 3a IOIepeAHiMA AaHUMMU, XUJIbHMI KBapIil
YKpaiHu Moxe IIMPOKO BUKOPUCTOBYBAaTUCH JJISI BUTOTOBJIEHHSI KBAaplIOBOIO CKja i BUPO-
1IlyBaHHSI MOHOKPUCTAJIiB TEXHIYHOTO i 10BeJlipHOTO NMpu3HadeHHs. [lepii sKicHi Kpuctanu
KBaplly i3 LIMXTU XUJIbHOTO KBaplly YKpaiHM BXe BUPOLIEHi Mil KepiBHULTBOM Ipodeco-
pa . T. Ocranenka B Inctutyti MarHetusmy HAH Ykpainu.

IlepcrnieKTUBHUM MOXe OyTHM BUKOPHMCTAHHSI XXWJIBHOTO KBaplly YKpaiHU IJisI BUPOO-

Tabauys 4. Bmict y KBapii JEeTKUX eJleMEHTIB-A0MIlIOK, ppm

Micue Bindopy 3paskiB N H C
JleHunHCBHKUIA 0,7—1,2 15—18 3741
CxustHa T'opa 1,0—1,1 28—41 42—-54
ApceHiBCbKMit 1,5-1,6 39—-52 48—63
KamepHi nermatutu BonuHi 1,0—1,6 3-8 12—36
[inporepmanbHi xunu JloH6acy 0,8—1,7 7—17 19—-34
[inporepmanibHi ponosuia bpaswuiii 1,0 7 13
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KMIBHUM KBAPLL YKPAITHU

HUIITBA ONTUYHOIO KBapIIOBOTO CKJIA, CKJIOBOJIOKHA, XyI0XXHBOTO KPUILITAIO, CITeIIKepaMi-
KW, CAPOBUHU ISl OTPYMaHHSI BUCOKOUMCTOTO KPEMHIl0, KapOimy KpeMHilo i CUJTIKOCIUIABIB,
KBapIIOBOTO IMOPOIIKY JJIST CIIEIMETaTyprii, MEAULIMHU Ta €JIeKTPOHiKH.

5. TloTpebye BuUpillleHHSI MUTaHHS MPO BIUIMB Ha SIKiCTh (Ie(heKTHICTh) KBaplOBOi
CUPOBUHU YKpaiHU HE JIUIIIE eJIEMEeHTiB-I0MIllIOK, MiHEpaJIbHUX TOMIIIIOK, a i JETKMX KOM-
TMOHEHTIB, SIKi IO TOTrO X MOXYTb OYTM TOKCHMYHMMM [22]. 3a3HaYMMO, 11O IJII CHUHTE3Y
SIKICHUX MOHOKPMCTaIiB KBaplly HaWOiablll MPUWHATHOIO € CUpPOBUHA 3 JIeHYMHCHKOIO
pYIOIPOSIBY.

6. Po3mnovarte HaMM JOCTIIXEHHS XWJIbHOTO KBaplly YKpaiHU He 3aBeplueHe. BoHo
MYCUTb MaTy MPOAOBXEHHS 3 HampalloBAaHHSIM HayKOBHUX 3acal JJId CTBOPEHHS i PO3BUT-
Ky KBaplOBOi raay3i B YKpaiHi.

ITpo akTyanbHiCTh AOCTIIXKEHHSI KBaplly YKpaiHU OIOCEPEeIKOBAHO 3aCBiIuye TaKWii
dakr. Y mucromnani 1998 p. y Pocii mpoBeneHa HaykKoBo-TipakTMYHa KoHbepeH1is "KBapiio-
Ba CUPOBHMHA: PeCypCH, TEXHOJIOTIs, crioxkuBaHHs". B ii pillleHHsI, 30Kpema, 3alMcaHo Take
[22,c. 31]:

"1. BBaxkaT MpiopUTETHUMU pOOOTH, CKEPOBAHI Ha PO3BUTOK i OCBOEHHSI MiHEpaJIbHO-
CUPOBHMHHOI 6a3u 0COOJIMBO YMCTOTO KBaplly 3 METOIO CTaOiIbHOTO 3a0e3MevyeHHs MoTped
BITUM3HSIHOI MPOMMCIIOBOCTI 1 eKcropTy. BuzHatu myXe BaXJIMBUM HaIPSIMKOM AOCIiA-
KEHb PO3pOOKY Ta YIOCKOHAJIEHHSI BUCOKHMX, MAJIOBIAXOAHUX 1 eHepro3oepiratounx TeXHO-
JIOTi# 11 OTpUMAaHHSI OCOOIMBO YMCTUX KBapILIOBUX KOHIIEHTPATIB, sIKi BiANIOBiAAlOTh CBIiTO-
BUM CTaHAapTaM.

2. MiHicTepcTBY NMPUPOIHUX PECYPCIiB, BPAaXOBYIOUM aKTyaJbHIiCTb MPOBEACHHSI pOOiT
Ha CTpaTeriyHy OCOOJMBO YMCTY KBaplIOBY CMPOBHMHY, MependayuTy BUAUIEHHS (iHAHCO-
BMX pecypciB Ha 1Ii poOOTH B HEOOXimHUX 00’eMax.”
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[H-T reoximii, MmiHepanorii Ta pys0yTBOpeHHsI Haniiiuna 18.05.2000
HAH VYkpainu, Kuis
KwuiB. Hau. yH-T iM. Tapaca LlleBuenka, Kui

PE3IOME. OGOCHOBBIBaeTCsl MOJIOXKEHME O 3HAUYMTEIbHBIX MEePCHEeKTHBAX MOMCKOB KBAapLIEBOTO ChIPbsI B YKpauHe,
CBSI3AHHOTO C TMIPOTEPMATbHBIMU XUJIaMM, B TIepBYIO odepenb, YKpauHckoro muta (YIII). Cpenu HUX 0co6oro
BHUMaHMUsI 3aC/IyXXKMBAIOT TpU pyaonposiBieHust — JleHunHckoe (CeBepo-3anaanbiii paiioH Y1II), Apcenosckoe (MH-
ryjo-WHryneukuit paiton) u CrekisinHas ['opa (ITpuasoBbe). UMeHHO OHU TOJIKHBI CTaTh [EPBOOYEPETHBIMU O0bEK-
TaMM [UIsl TIPOBEICHUsI HayYHO OOOCHOBAaHHOI pa3BeqKM. B HUX Ha HE3HAUMTENbHOW IJyGMHE COCPEIOTOYESHBI Or-
POMHBIE MPOrHO3HBIE pecypcbl. KBapll 3Tux MecTopoxaeHuii cnado uccnenosad. 1o JaHHBIM CIEKTPaTbHOTO U MOP-
donornyeckoro aHanu3oB, MUKpockonuu, MK-cnekrpockonuu, TepModaporeoXMMmm 1 ra3zoBoil xpomarorpacduu, o
CTPYKTYPHBIM MapaMeTpaM, CaMbIM YMCTBIM CPeIW yKa3aHHBIX PYIOMPOSIBICHHIA OKa3aucsi KBapL JICHUNHCKOro py-
JIOTIPOSIBJICHMSI.

SUMMARY. Considerable search prospects of quartz raw materials in Ukraine connected with hydrothermal veins, and
in the first place, with these of the Ukrainian Shield are grounded. Among all veins only three ore manifestations
deserve special attention (at the level of knowledge obtained by us and our predecessors). These are manifestations of
Lenchyno (North-West region) and Arsenivka (Ingulo-Inguletskiy region) and Sklyana Gora manifestation (Near
Azov region). They should become the first-rate objects for prospecting which should be scientifically well-founded.
Immense prognosis resources are concentrated in these ore manifestations at an insignificant depth. Quartz of these
deposits has not been investigated in full. According to the data of spectral and morphological analysses, microscopy,
infra-red spectroscopy, thermobarogeochemistry and gas chromatography, structural parameters, the purest quartz of
the above-mentioned manifestations is quartz of Lenchyno.
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EPR of the Impurity Crystal Phases in Biominerals
and Their Synthetic Analogues

The impurity crystal phases of biominerals (bone and tooth enamel) and synthetic hydroxylapatite, were studied using
the electron paramagnetic resonance spectroscopy. It is shown that this method has unique possibilities for study of
characteristics of impurity crystal phases. The spectroscopic characteristics of Mn2* and Cr3* ions in natural, synthetic
and biogenic apatites, carbonates, and oxides were compared. In addition, the dynamics of their charge state transformation
during heating and irradiation in the impurity phases of CaCO;, CaO and MgO of biominerals and synthetic materials
was investigated. It has been determined that the charge state of ions in small, nanometer-sized particles dependent to
a high degree upon the electrical state of the particle surfaces. It was determined that impurity carbonate phases of
biominerals are located at the interface between the bioapatite nanocrystals and organic layers. Carbonate impurity
phases in biominerals serve as storage sites in which most of trace elements of bones and teeth are located. Finally, it
is shown that the impurity mineral phases have important local effects on the mineralization and demineralization
processes of bones and teeth.

1. Introduction

Biominerals, the formation and growth of which are concerned with the vital activity of
biological tissues [5, 9, 11], are readily studied in bone and tooth enamel. Information on
their phase composition is of great importance for making decisions about various fundamental
and applied problems. The phase composition of biominerals varies with age and disease.
Areas of special interest in phase composition include the study of osteoporosis mechanisms,
bone demineralization during space flight [4, 12] and application of synthetic hydroxylapatite
and tricalciumphosphate as implant materials for treatment of bone diseases.

Numerous references [5, 9, 11, 12] deal with the study of structure, properties and phase
composition of the mineral component of bones and teeth using various methods. Phase
composition of mineral component of biominerals can be determined the most unequivocally
by means of the X-ray phase analysis method. The structure of biominerals are also actively
investigated by means of infrared spectroscopy (IRS) and other traditional methods. However,
there are limitations to using X-ray phase analysis, IRS and other traditional methods for
study the mineral phases of biominerals. This is due to many factors, in particular, to the fact
that the sensitivity of these methods is relatively low. Small particles such as those which
form the mineral component of biominerals, and the structural defects of these particles
cause signal broadening in the diffractograms which complicate biomineral research by the
X-ray phase analysis method.

Until recently, electron paramagnetic resonance (EPR) has not been used for the
determination of phase composition of the mineral component of biominerals and synthetic
materials, which are used as implant materials. EPR has unique possibilities for the study of
the phase composition of biominerals and implant materials. The EPR method is the most
effective for studying impurity crystal phases. By impurity crystal phases we mean the crystal
phases which are present in biominerals and synthetic materials in such low quantities, that
the study of these crystal phases by traditional methods is not possible.

It is important to realize that despite the small amount of the impurity crystal phases
which present, as a rule they determine the characteristics of mineralization and
demineralization processes of bones and teeth. The changes in bone properties caused by
disease can be correlated with changes in the impurity crystal phases. Application of the
EPR method for study of impurity crystal phases is based on the following factors, (1) the
method has high sensitivity, and (2) the EPR characteristic of paramagnetic ions (including
ions Mn?" and Cr3"), are essentially different when located in different crystal lattices, e. g.,
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MgO versus calcite. Thus, EPR of Mn2" and Cr3* ions can be used to investigate the
composition of impurity crystal phases, to study the state and defectiveness of their structure,
and also to investigate the dynamics of changes occuring in the mineral phases of biominerals
and implant materials.

In one of our previous publications, [3] the possibilities of using EPR for identifying
small amounts of tricalciumphosphate phase in biominerals and their synthetic analogues
using phosphate paramagnetic centers was described. This paper is concerned with the study
of carbonate and oxide phases of biominerals and synthetic materials using the EPR of Mn2*
and Cr3* ions. The spin hamiltonian parameters of Mn?* and Cr3* ions and data about the
effect of crystal symmetry on the EPR characteristic of these ions can be found in references
[1,6,7,10,11].

2. Samples and experimental technique

The measurement of the EPR spectra was done with an RE-1306 spectrometer (Smolensk,
Russia) at the room temperature. This spectrometer works in the three centimeter wave
band. For measurement of the EPR spectra powdered samples were used. The concentration
of paramagnetic centres in the examined samples was estimated using of a reference sample
(MgO : Mn2%) with known concentration of paramagnetic centers.

The experimental research was carried out on minerals of different types, on synthetic
materials, manufactured by special technologies, and on biominerals such as bone and tooth
enamel. The minerals used were fluorapatite Ca;,(PO,)¢F,, calcite CaCO;, periclase MgO
and lime CaO. The samples of CaO were manufactured by heating of CaCO; at 7= 1000 °C.

The synthetic material used was hydroxylapatite Ca,;(PO,)4(OH),, which was synthesized
by two different methods. Material 1 was synthesized from aqueous solutions of Ca(NO5),,
(NH,),HPO, and Mn(NO;), with a low calcium/phosphate ratio (Ca/P < 1.67). This
created a nonstoichiometric hydroxylapatite, in which the Ca2" ion vacancies were partially
replaced by Mn?* ions. Material 2 was also synthesized from aqueous solutions of Ca(NO),,
(NH,),HPO, and Mn(NO;), but with an excess of calcium (Ca/P > 1.67). Material 2
contained the stoichiometric hydroxylapatite phase and a CaO phase, in which Ca2* ions
were partially replaced by Mn2" ions. The synthesis of hydroxylapatite is described in reference
[8]. We would like to note that materials 1 and 2 are actively used by us for studying the
regeneration mechanisms of bone tissue following implantation [2, 13].

The biominerals in our experiments were from human tooth enamel, and human, cow
and rat femoral bone. Cortical, as well as trabecular sites of bones were investigated. For
some samples the organic component of the bone tissue was partially removed by boiling in
water.

Sample heating was done using test-tubes and a muffle furnace in air atmosphere in a
temperature range of 70—1050 °C. In some cases, the special arrangements were made to
increase or reduce the access of oxygen to the heated samples. The duration of heating was
usually 30 min. The samples were irradiated using of an X-ray tube (voltage 60 kV, current
2 mA, dose about 103 Gy) or cobalt gun (isotope ®Co, energy of quantum 1.25 MeV, dose
about 103 Gy).

3. Experimental results

3.1. The natural minerals. The EPR spectra of Mn?" ions of powdered samples of Ca,,(PO,)F,,
CaCO;, Ca0, and MgO are shown in Fig. 1. Itis known [1, 14] that for Mn2" ions the electron
configuration corresponds to 34°, the electron spin is equal to 5/2, and the ground term
corresponds to /2S5 ,. The nuclear spin of the 3Mn isotope is equal to 5/2, and its abundance
is 100 %. The spectra in Fig. 1 correspond to electron transition + 1/2 <> — 1/2. The six lines
in the spectrum are caused by hyperfine interactions of the electrons with the 33Mn nucleus.
The positions of the EPR lines of Mn2* ions are determined by symmetry of the crystal
lattice and by other peculiarities of adjacent surroundings of the ion. As a rule, due to the
quadruple moment of the manganese nucleus, the EPR spectra of Mn2* ions have additional
structure besides the basic six lines.

It is obvious from Fig. 1 that the EPR signals of Mn?2" ions vary depending on their
mineral environment. This permits the use of the EPR method for studying crystal phases in
biominerals and implant materials. To resolve practical problems it is necessary to know the
values of the effective g-factor for the six lines of spectrum, and also the values of the
superhuperfine splitting between these six lines. The characteristics of the EPR lines of
Mn?2* ions in different matrixes are presented in Tables 1 and 2. The symbols (*) and (**)
denote concentrations of 0.0n and 0.n % respectively of manganese in the samples of natural
calcite. The accuracy of determination of g-factors is equal approximately to & 5 in the last
number of the values.

The EPR spectra of the natural apatite consist of two sets of lines, which in Fig. 1, a are
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Fig. 1. The EPR spectra of Mn2" ions, located in
natural minerals: a — the spectrum of natural
apatite. Below the spectrum two groups of lines,
caused by Mn(I) and Mn(II) ions, located in
different calcium positions. Narrow lines of a
reference sample (MgO : Mn?*) are shown at
the top of the drawing; b — the spectrum of
natural calcite. The lines of a reference sample
(MgO : Mn?*) are placed between the main
lines of the spectrum; ¢ — the spectrum of a
mechanical mixture of CaO and MgO. Below
the spectrum the lines of the Mn2* ions , located
in the phase CaO, are shown. The last line of this
spectrum is shifted to the left in relation to the
line of the Mn2* ion in MgO. The magnetic
field is designated by the letter B.

marked as Mn(I) and Mn(II). It is
known that the structure of
Ca,(PO,)F, has two calcium ion
positions, Ca(I) and Ca(Il) [9]. The
positions Ca(l) and Ca(Il)
correspond to coordination complexes
Ca0, and CaO¢F (Fig. 2). The crystal
lattice of the apatite is related to
hexagonal crystal system, space group
P6,;/m. The symmetry of positions
Ca(I) and Ca(II) correspond to
groups C; and Cj,. The quantity of
calcium ions in positions Ca(I) and

anv . Mgo
Ca10(POs)eF2

Mn (I0)

7

CaCQs

Ca0 +Mg0

10mT B
A—r—ra

1

Mn® : Cal

Ca(Il) correspond to 40 and 60 %, respectively. Mn2* ions, which replace Ca2" ions in
positions Ca(I) and Ca (II), are denoted as Mn(I) and Mn(II). The detailed information on
parameters of spin hamiltonian of ions Mn2" in positions Ca(I) and Ca(II) can be found in
reference [6]. The EPR signals, caused by the ions Mn(I) and Mn(II), are registered separately
(Fig. 1, a). This allows the study of the dynamics of distribution of Mn?" ions in various
crystallographic positions of apatite structure. As a rule, the EPR signals of Mn2" ions in
natural apatite correspond to the Ca(l) position, though when there are accompanying
defects there are also signals which correspond to the position Ca(Il).

The EPR spectra of Mn2" in natural calcite (Fig. 1, b) have the basic six doublet lines

Table 1. Values of g, for EPR lines of ion Mn2* in different matrixes

The matrix and its

g¢ for six lines of spectrum

characteristics 1 | 2 | 3 | 4 | 5 | 6

1 MgO 2.1431 2.0878 2.0340 1.9816 1.9305 1.8809
2 CaO 2.1426 2.0878 2.0340 1.9820 1.9310 1.8816
3  CaCO5” 2.153 2.093 2.035 1.976 1.922 1.876
4 CaCO3"™ 2.156 2.095 2.058 1.981 1.924 1.872
5 Cajo(POg)sF>

Ca(l) 2.228 2.163 2.103 2.046 1.989 1.931

Ca(ll) 2.167 2.106 2.650 1.992 1.935 1.883
6 Cajo(PO4)s(OH);

T= 1000 °C

Ca(l) 2.214 2.152 2.092 2.039 1.983 1.925

Ca(ll) 2.152 2.092 2.034 1.976 1.922 1.871

T=900 °C

Ca(l) 2.214 2.150 2.092 2.038 1.981 1.925

Ca(ll) 2.164 2.102 2.038 1.981 1.922 1.866

T=150°C

Ca(l) Not found Not found Not found Not found Not found Not found

Ca(ll) 2.166 2.118 2.040 1.999 1.941 1.887
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Fig. 2. Schematic diagrams of the structure of apatite:
a — the simplified scheme. Only a part of the Ca(Il)
ions, located at the same level as the flourine ions
are shown. The Ca(I) and Ca(ll) ions are located
at different levels of the elementary lattice cell; b —
the more detailed scheme. It is possible to see the
coordination complex CaQ, for the position Ca(l)
and coordination complex CaO4F for the position
Ca(1I)

and additional weak doublet signals
between these lines. The weak doublet
signals are caused by forbidden
transitions [1, 14]. The crystal structure
CaCO; is related to rhombohedral crystal
system, space group R3c. The parameters
of spin hamiltonian of Mn2" ions in
calcite are described in references [7, 10].
The width of the EPR signals of Mn2*
ions in calcite greatly depends on the
concentration of these ions (Fig. 3, a).
The calcite spectra in Fig. 1, b and Fig. 3,
a correspond to samples with concen-
trations of Mn?2" ions of about 0.01 and
0.1 %, respectively. From the width of
the EPR signals it is possible to estimate
the local concentration of Mn?", and also
the degree of defectiveness of calcite
structure.

The EPR spectra of Mn2* ions in natural CaO and MgO show six narrow lines (Fig.

1, ¢). The intensity of forbidden transitions for these crystals is small. The simplicity of the
EPR spectra in CaO and MgO is caused by high symmetry of their crystal lattices. These
minerals are related to cubic crystal system, space group Fm3m. The parameters of the EPR
spectra of ions Mn2* in CaO and MgO are close, but not identical. The most important
distinctions occur at the high-field spectrum lines (Fig. 1, c¢; Tables 1, 2).

We have established that the irradiation of the above mentioned natural minerals by X-

and y-rays does not lead to differences in the intensities of the EPR signals of Mn2* ions. In
addition, in natural minerals the EPR signals of Mn2* ions are not sensitive to sample
heating (within limits of thermal stability of the initial minerals).

Table 2. The splitting values between the lines of ions Mn2* in different matrixes

The matrix and its

The splitting for different lines, mT

characteristics 12 2-3 34 4-5 5-6 Average
1 MgO 8.238 8.457 8.676 9.01 9.119  8.678%0.05
2 CaO 8.171 8.450 8.587 8.905 9.070  8.636%0.05
CaCO;5" 8.960 9.150 9.550 9.750 9.995 9.5£0.2
CaCO;™ 8.960 9.150 9.150 9.750 9.995 9.4+0.2
4 Cayo(POs)F>
Ca(l) 8.80 8.80 8.95 9.35 10.3 9.20+0.2
Ca(ll) 8.96 9.00 9.15 9.55 9.75 9.30£0.2
5 Cajo(PO4)s(OH),
T= 1000 °C
Ca(l) 8.76 8.76 8.95 8.95 9.55 9.00£0.2
Ca(ll) 8.76 9.15 9.55 9.55 9.55 9.30£0.2
T=900 °C
Ca(l) 8.76 8.76 8.76 8.96 9.55 8.9%0.2
Ca(ll) 9.15 9.60 9.60 10.1 10.35 9.8+0.2
T=150 °C
Ca(I) Not found Not found Not found Not found Not found Not found
Ca(ll) 7.18 7.52 9.11 10.54 99.4 88.6+0.2

26

ISSN 0204-3548. Munepan. ncypun. — 2001.— 23, No |



EPR OF THE IMPURITY CRYSTAL PHASES

Fig. 3. The EPR spectra illustrating the dynamics T T 7 T T T
of Mn2* ions in different samples. Spectrum a
corresponds to calcite with a high concen-
tration (0.n %) of manganese ions. Spectra b
and ¢ correspond to the samples of synthetic
material 1, heated at temperatures 900 and CaCO0s
1000 °C, respectively. In all spectra there are
narrow signals from a reference sample (MgO:
: Mn2*). The position of these lines is designated
at the top of the drawing. At the botton of the
drawing the lines of Mn(I) and Mn(II) ions,
which are located in different calcium positions
of synthetic hydroxylapatite are shown Cao(PO,)s(OH);

The EPR spectra of Cr3* ions
in powdered samples CaO, and MgO
are presented in Fig. 4. The
characteristics of Cr3* ions in CaO
and MgO structures are described in
references [1, 14]. It is known that
for Cr3* ions the electron configu-
ration corresponds to 3d3, electron
spin is equal to 3/2, and the ground
term of this ion corresponds to
4F, /2 [1, 14]. The chromium isotopes
30Cr, 32Cr, 54Cr do not have magnetic
nuclei. However the isotope 33Cr has
a magnetic nucleus with spin 3/2.
The abundance of the isotope 33Cr
is equal to 9.5 %. The EPR spectra |
of Cr3* ions, shown in Figs. 4, a and 4, b, are caused by chromium isotopes with nonmagnetic
nuclei and corresponds to electron transition + 1/2 <> —1/2. In addition, the EPR spectrum
of Cr3" ions contains four weak signals, which are not seen in Fig. 4 because of their low
intensity, but are relatively large in bones. These four EPR signals are caused by hyperfine
interaction of the electron with the nucleus of the 53Cr isotope. The EPR signals of the 33Cr
isotope will be presented below. We have established that the hyperfine interaction constant
and g-factor of ions Cr3* in the crystal phase MgO is equal to A = 1.78 £ 0.5 mT and g =
=1.9794 £ 0.0005, and correspondingly in the crystal phase CaO, A=1.83 £ 0.5 mT and g=
=1.9735 %+ 0.0005. These values are close to values given in reference [14].

3.2. The synthetic materials. The EPR spectra of material 1 heated at 900 and 1000 °C
are shown in Figs. 3, b and 3, c respectively. The EPR signals of Mn2* ions in the
nonstoichiometric hydroxylapatite are dependent upon the heating temperature of the initial
product precipitate. The heating of the precipitate at 7= 150 °C results in the appearance
of a 6-component EPR spectrum of Mn2* ions. The parameters of this spectrum are close to
parameters of the spectrum of Mn2' ions located in the Ca(Il) position of the natural
apatite, but the widths of the components are much greater than in the natural apatite. This
is caused obviously, by defectiveness of the hydroxylapatite structure. The heating of the
precipitate in the temperature range of 150—600 °C does not lead to essential changes of the
EPR signals. However heating in the range 700—1000 °C results in the formation of an EPR
spectrum of Mn2" ions, which is similar to that of natural apatite.

In the EPR spectrum of Mn2" ions of material 1, heated at a 7> 700 °C, the signals
from Mn(I) and Mn(II) ions are distinctly shown, however these signals are shifted to the
high magnetic field in comparison with signals in the natural apatite (Figs 1, a and 3, b;
Table 1). These distinctions are obviously caused by differences in the structure of Ca,;(PO,)¢F,
and Ca,((PO,)4(OH),. A ratio of intensities of the EPR signals from ions Mn(I) and Mn(II)
in nonstoichiometric hydroxylapatite depends on the heating temperature of the samples
(see spectra in Figs. 3, b and 3, ¢).

We have established that the irradiation of material 1 by X- or y-rays does not lead to
intensity changes of the EPR signals Mn2" of ions located in the calcium positions of this
nonstoichiometric hydroxylapatite.

The EPR signals of material 2 are essentially different from the EPR signals of material
1. In the stoichiometric hydroxylapatite the EPR signals from Mn2* ions located in the
crystal lattice of the apatite are absent. The EPR signals in material 2 are seen only in the

Cayp(PO4):(OH),

o
Mn (IT)
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Fig. 4. The EPR spectra of oxides.
Spectrum a corresponds to natural CaO
with impurities of manganese and
chromium. The third and the fourth lines
of the EPR signal of Mn?* and Cr3* ions
are designated by the symbols Mn2*(3),
Mn2*(4) and Cr3*. Spectrum b is a
mechanical mixture of natural MgO
(with impurity manganese) and cow
bone. The mixture was heated at 7T =
=950 °C. The third and the fourth line
of Mn2* ions in natural MgO and the
line of Cr3* ion in the impurity crystal
phase MgO, which is located in the bone
tissue, are designated by the symbols
Mn2*(3), Mn2*(4) and Cr3*. Note, the
Cr3* signal of bone is to the left of that
of CaO

samples heated to temperatures
T> 1000 °C. The EPR signal in
these samples corresponds to
Mn2* ions in the phase CaO
and almost coincides with
the spectrum of natural CaO
(Fig. 1, ¢). The amount of the
CaO phase in material 2 is
insignificant, as it is impossible
to register this phase by the X-
ray phase analysis method. At
the same time, the amount of this phase in material 2 is enough for registration of the
intensive EPR signals of Mn2* ions, located in the CaO phase. The concentration of Mn2*
ions in the investigated samples of material 2, evaluated by intensity of the EPR signals, is
equal to about 0.0n % of sample weight.

We have established the effects of irradiation of material 2 on the intensity of the EPR
signals of Mn2" ions located in the CaO phase. Irradiation by X-rays leads to increased signal
size, while irradiation by y-rays of the isotope ¢0Co, results in a reduction of intensity of the
EPR signals.

3.3. The biominerals. It was not possible to demonstrate the presence of EPR signals
due to Mn2" ions located in the apatite phase of the biominerals examined. Various regimes
of heating and irradiation had no effect even though it is well known that the mineral
component of biominerals is mostly apatite. At the same time, we saw EPR signals from the
Mn2* ions which were located in the other crystal phases of the biominerals. Irradiation and
heating of the samples resulted in complex differences in the intensity of EPR signals of
Mn?* ions (located in the CaCO, and CaO phases) and Cr3* ions (located in the MgO
phase).

3.3.1. The human bones. The research was carried out on two femoral bone samples (2L
and 2R). For sample 2R the organic component was partially removed by boiling in distilled
water for 10 hours. Cortical sites (samples 2L-c¢ and 2R-c) and trabecular sites (samples
2L-t and 2R-7) of the bones were examined. The EPR signals from the Mn2* ions, located in
the CaCO; and CaO phases, we shall designate as /;(Mn) and /,(Mn), respectively, and the
EPR signals from the Cr3* ions, located in the MgO phase as ;(Cr). The appearance and
disappearance of signals /;(Mn), /,(Mn) and /;(Cr) was determined by sample treatment
regimes. Fig. 5 shows the EPR signals /;(Mn) and 7, (Mn) in biominerals. On this drawing,
scales showing the positions of the signals from Mn?* ions located in the CaO and CaCO,
phases, are shown at the top and bottom of the figure.

I,(Mn) signals are not found in the nonheated 2L-c and 2L-f samples. The heating of
sample 2L-c in the temperature range 150—700 °C has shown that the signal /;,(Mn) occurs
only at some heating temperatures (for example, at 200 and 400 °C). In sample 2L-f the
signal /;,(Mn) occurs only after the heating at 900 °C.

Irradiation of nonheated samples 2L-c and 2L-f by y-rays does not produce /;(Mn)
signals. But after the production of the signals /;,(Mn) by heating, the y-irradiation reduces
the intensity of /;,(Mn) signals in samples heated in the temperature interval 200—400 °C. In
samples heated at 700—900 °C, y-irradiation leads to an increase of the /;(Mn) signals. The
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Mn?*: Ca0

Fig. 5. The EPR spectrum of the trabecular
part of human femur bone. The sample was
heated at 7= 900 °C and was irradiated by vy-
rays of isotope %°Co. In addition to lines, caused
by the Mn2" ions in the impurity crystal phases
of CaO and CaCO;, it is possible to see other
signals. The signals between the 2th and 3rd
lines of manganese are caused by O~ ions,
located in positions of hydroxyl groups of the
apatite structure. The signals between the 3rd
and 4th lines of manganese are caused by L 1 1
different paramagnetic centres, including CO2
radicals, located on surfaces of bioapatite
nanocrystals

Fig. 6. Fragments of the EPR spectra of the cortical () and J “ /
trabecular (b) portions of human bones. The upper spectra

correspond to the samples heated at a 7= 900 °C. The lower
spectra were scanned after the irradiation of these samples 2
by y-rays of isotope °Co. Numbers 7 and 2designate the EPR

signals of ions Mn2*, located in impurity crystal phases of
CaCO; and CaO accordingly. The low-field components J
(number 7 and 2) of the six lines of the Mn2* ions are

shown in the spectra

I,(Mn) signals in trabecular bone site are almost an order of magnitude more intensive
than those in the cortical bone site.

The characteristics of the /,(Mn) signals described above in sample 2L are approximately
the same as those seen in sample 2R, except the /;,(Mn) signals in sample 2 R are approximately
three times as intensive than in sample 2L. Some of the characteristics of /;(Mn) signals
described above are illustrated in Fig. 6. From the drawing we can see that the /,(Mn) signal
is more intensive in the trabecular bone and that y-irradiation increases the intensity of this
signal.

The signals ,(Mn) occurred in samples 2L and 2R only after the heating of samples in
the temperature interval 700—900 °C. In samples 2R these signals are more intensive than in
samples 2L. Besides, we have established that signals 7,(Mn) in trabecular sites of bone are
much more intensive, than in the cortical. The irradiation of the samples by y-rays results in
the intensities of the 7,(Mn) signals. These characteristics of the 7,(Mn) signals are illustrated
in Fig. 6. The concentration of Mn2" ions in human bones, based on the size of the EPR
signals, varies in the interval 0.01—0.02 % of sample weight.
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Fig. 7. Fragments of the EPR spectra of the cortical bone of
cow: a — the initial sample, b — the sample, irradiated with X-
rays, c— the sample after boiling in water for 10 hours.A scale
drawing showing the three low-field lines of the Mn2* ions, in
the CaCO, phase, is shown at the bottom

The I;(Cr) signals appear in samples 2L
and 2R after the heating at 7 > 800 °C. The
b irradiation of the samples by y-rays results in the
reduction of I;(Cr) signals similar to that seen
in the I,(Mn) signals. However, in contrast to
j L,(Mn) signals, the (Cr) signals in trabecular

bones are less intensive than in cortical sites.

3.3.2. The cow bones. Fig. 7 shows the EPR
spectra of the untreated sample of the cortical
bone (0b-1), the sample after irradiation with X-
rays (0b-2), and the sample, from which the organic
component was partially removed by boiling in
water (0b-3). From the drawing we can see that
irradiation of the untreated bone by X-ray
L -~ produced the 7;(Mn) (Mn2* ion EPR signals,
located in the CaCO;) phase. Boiling in distilled
water also results in an increase in the intensity
of the /;,(Mn) signal and in its broadening. This
fact indicates an increase in the concentration of Mn2* ions. The concentration of Mn2* ions
in the cow bone is equal to about 0.0n %.

The temperature and vy-irradiation dependencies of the /;(Mn), /,(Mn) and /;(Cr)
EPR signal intensities of sample 0b-3 are shown in Table 3. The accuracy of determination
of signal intensities, given in the table, is equal to about £+ 5 %. From the table we can see that
heating up to 500 °C leads to an increase of the /;(Mn) signal. Heating at higher temperatures
leads to the reduction of this signal. The irradiation by y-rays of the samples heated at
T < 600 °C, leads to the reduction of /;(Mn) signal. But the gamma irradiation of the
samples heated in the temperature interval 700—900 °C, resulted in an increase of the signal
intensity.

L,(Mn) signals (Mn?* jons located in the CaO phase) were measured in samples
heated in the temperature interval 700—900 °C. The irradiation of these samples by y-rays
led to a reduction in signal intensity (Table 3).

I,(Cr) signals (Cr3* ions located in the MgO phase) were measured in samples heated
at 900 °C. The y-ray irradiation of these samples led to the reduction of the /5(Cr) signal
intensity (Table 3). Thus, the changes of EPR signal characteristics in cow bones are similar
to the changes in human bones. However these signals in cow bones are more intensive,
than in human bones.

3.3.3. The rat bones. The influence of the availability of oxygen on heating of biominerals
was investigated in rat bones. The experiments were carried out on two samples (bk-1 and
bk-2). Compared to the previous experiments, the heating of sample bk-1 was performed at
higher concentrations of oxygen, while oxygen availability was restricted with sample bk-2.

Table 3. Intensities of EPR lines of ions Mn2* and Cr3* for cortical cow bone

T, °C Non irradiated samples Irradiated samples

/;(Mn) 5H,(Mn) I;(Cr) /;(Mn) 5H(Mn) 1;(Cr)

1 20 0.33 Not found Not found 0.18 Not found  Not found
2 150 0.34 "o R 0.29 "o "o
3 200 0.39 A B 0.23 "o "o
4 250 0.41 "o R 0.39 B "o
5 300 0.54 o "o 0.40 "o "o
6 350 0.59 A B 0.45 "o "o
7 400 0.56 o "o 0.50 "o "o
8 500 0.64 o "o 0.53 "o "o
9 600 0.53 o "o 0.45 "o "o
10 700 0.07 0.55 "o 0.17 "o "o
11 900 Not found 0.80 0.06 0.14 0.58 0.03
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Fig. & The EPR spectrum of Cr3* ions localized in the impurity crystal phase MgO of rat bone. The bone was heated
at 7= 900 °C. The central line is caused by chromium isotopes with nonmagnetic nuclei. Four weak lines are caused
by 33Cr isotope (nuclear spin 3/2, abundance — 9.5 %). The lines of the 33Cr isotope are designated by small lines at
the botton of the drawing

Fig. 9. The EPR spectrum of the untreated (nonheated and nonirradiated) sample of epiphyses of the rat femur. The
spectrum is caused by Mn?* ions, located in the CaCOj crystal phase

The heating of sample bk-1 in the temperature interval of 100—1050 °C did not produce
Mn?* EPR signals from ions located in the CaCO; and CaO phases. We noted that heating
at 700 °C resulted in the appearance of a special EPR signal of Mn2" ions, but the matrix in
which these ions were located, was not identified.

The heating of sample bk-1 at 7= 900 °C resulted in the appearance of intensive EPR
signals from Cr3* ions located in the MgO phase (Fig. 8). The EPR characteristic of Cr3* ions
in bone are identical to the characteristics of these ions in natural MgO. The irradiation by
X-rays of sample bk-1, heated at a 7= 900 °C, led to reduction of the EPR signals from
Cr3* ions located in the MgO phase.

The heating of sample bk-2 in the temperature interval 70—1050 °C has shown that the
EPR signals from Mn?* ions located in the crystal lattice of CaCO;, occurred in this sample
at temperatures 200 and 300 °C. The EPR signals from Mn2" ions located in the CaO phase,
occurred in this sample at the heating temperature 7 = 900 °C. In sample bk-2, the EPR
signals from Cr3* ions, did not occur at heating in the whole temperature interval (7= 70—
1050 °C). After the heating at 7= 1050 °C the sample bk-2 was again heated with free
access to oxygen at 7= 900 °C. After such an additional heating the intensive signals from
Cr3* jons, located in the MgO phase, appeared in the sample .

We have established that the EPR characteristic of rat bones can vary from animal to
animal. In some rat bone samples, we found sites which consisted almost entirely of CaCOj.
The EPR spectrum of such a sample is shown in Fig. 9. The characteristics of the signal,
presented in Fig. 9, indicate that the biogenic calcite of rat bone has a very perfect crystal
lattice, similar to the lattice of high-quality samples of natural calcite crystals. The concentration
of Mn2* ions in rat bones is in the range of 0.05—0.4 %.

3.3.4. The human tooth enamel. The characteristics of the EPR signals of tooth enamel
are illustrated in Fig. 10. The EPR signals of Mn?* ions in the CaCO; phase shown in the
drawing, are seen in many tooth enamel samples. The intensity of /, (’Mn) signals changes
irregularly upon heating of samples in the temperature interval 100—500 °C. The irradiation
of the samples by X-rays leads to an increase of the /;(Mn) signal intensity and irradiation
by y-rays, on the contrary, leads to a reduction of signal intensity.

In the samples heated at 600—1000 °C, it is not possible to measure the /,(Mn) signal.
However, it is possible in these samples to measure the Mn2* EPR signals from ions located
in the CaO phase (Fig. 10).
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Fig. 10. Fragments of the EPR spectra of human tooth enamel. The
- top spectrum (/) corresponds to the initial nonheated sample,

Mn® : CaCOs irradiated by X-rays, and the bottom (2) — to the sample, heated at
T= 1000 °C. The spectra / and 2are caused by Mn2* ions, located
in phases CaCO; and CaO, respectively . The two low-field lines of
the Mn2* ions are shown in the spectra

Based upon the intensities of the EPR signals,
the concentration of Mn2" ions in tooth enamel
samples is in the 0.01—0.1 % interval. In carious
tooth enamel, the intensity of the EPR signals of
2 ' ’ Mn?2* jons, as a rule is several times greater than in
healthy teeth. It also needs to be noted that EPR
signals of Cr®" ions are absent in tooth enamel

Mn?*: CaO irrespective of whatever heating and irradiation
[ SR regimes are used.
4. Discussion
The above experimental data show that the
characteristics of EPR signals are heavily dependent upon the crystal lattice type of the
sample. This allows the use of the EPR method for studying the impurity crystal phases in
biominerals and their synthetic analogues. The ground state of Mn2" ion corresponds to an
orbital singlet, i. e., its orbital moment is equal to zero. This fact allows the measurement of
Mn2" ions in different crystal lattices, including those with low symmetry and large numbers
of defects. The situation for Cr3* ions is different. In powdered samples, the Cr3* ion EPR
signals can only be measured in crystals with high symmetry and low degree of defectiveness.
This type of crystalline impurity phase frequently forms when heating biominerals and
synthetic materials used as implants for treatment of bone and teeth problems. The above
mentioned peculiarities of Mn2* ions as well as their abundance as impurities, makes the
EPR of Mn2* jons a rather universal method for the phase analysis of biominerals and
synthetic materials. The peculiarities of Cr3* ions noted above allow expansion of the EPR
method for the study of crystal phase impurities as well as providing other information
about the examined objects.

4.1. Manganese in natural, synthetic and biogenic apatite. The experimental data presented
in the results section shows that in the natural apatites [Ca,,(PO,)(F,], the Mn2?* impurity
ions and their resulting EPR signals are present in practically all samples studied. In most
samples of the natural apatite, the Mn2?" ions are located in the Ca(I) position, but in some
samples they are also located in the Ca(Il) position (Fig. 2). The replacement mechanism
Mn?2* — Ca (II) is promoted by defects in anion positions (for example, replacement of ion
F~ by ion O~ or OH™), and also by the presence in the apatite structure of defects such as
PO%‘ and CO%‘ substitution. Mn2*t — Ca(II) isomorphism is most widespread in carbonate
apatites, and also in natural apatites with hydroxyl group impurities. The factors which
determine the distribution of Mn2* ions in two crystallographic positions of Ca2* ions have
not been investigated at the present time. It is possible to assume that in the apatite structure,
Mn2* — Ca(Il) isomorphic replacement is not stable and the associated defects are necessary
for stability.

The experimental results also show that in synthetic hydroxylapatite [Ca,,(PO,)s(OH),]
the Mn2™ — Ca?* isomorphic replacement is possible only if there is a deficiency of calcium
(Ca/P < 1.67). In the stoichiometric synthetic hydroxylapatite (Ca/P = 1.67) the Mn —
Ca isomorphic replacement is absent. Obviously, the replacement of Ca by Mn is energetically
unprofitable under this condition. Manganese can occupy calcium positions only if there are
large numbers of calcium vacancies. However, this type of isomorphism (Mn — Ca) is
unstable. Even at the room temperature there is removal of manganese ions from the structure
and transformation of nonstoichiometric hydroxylapatite into stoichiometric hydroxylapatite.
Heating stabilizes the nonstoichiometric hydroxylapatite and the manganese ions in its
structure.

The characteristics of the EPR signals of Mn2" ions in the synthetic apatite change
with increasing heating temperature (Fig. 3; Tables 1,2). The relationship between the
Mn(I)/Mn(II) ratio versus the heating temperature has a complex character. It is possible to
assume that redistribution dynamics of manganese ions on different structural positions of
the nonstoichiometric hydroxylapatite are determined by a concurrence of several factors
and the actions of these factors are opposed.

The characteristics of Mn2* jons of the synthetic apatites are dependent upon the
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temperature at which precipitation occurs. The greatest basic change occurs at the Ca(Il)
position (Table 1, 2), i. e., these changes take place at the hydroxyl group positions. The
presence of channels in apatite structure (Fig. 2) promotes the diffusion of ions and the
changes in structure.

The structure of the nonstoichiometric synthetic apatite, (Ca/P < 1.67), is unstable. The
heating of the nonstoichiometric hydroxylapatite at 7> 700 °C leads to the formation of 3-
tricalciumphosphate phase Ca;(PO,), [12]. However we consider that the spectra presented
on Fig. 3, b, c are not due to the tricalciumphosphate phase, but belong to the nonstoichiometric
hydroxylapatite phase. According to reference [3], small amounts of tricalciumphosphate
phase in synthetic materials can be measured by using of the phosphate paramagnetic
centers. Thus, the EPR method can be used for study of peculiarities of tricalciumphosphate
and hydroxylapatite structures, for control of synthesis technologies and for manufacturing
of implant materials with the above properties.

According to experimental data, the Mn2" ions in natural and synthetic apatites do not
change the charge state upon heating or irradiation. Thus, oxidation-reduction reactions do
not have any basic influence on the Mn2" ions which are located in the structure of the
natural and synthetic apatite.

In the biogenic apatite, the EPR signals from Mn2" ions are absent. This experimental
result is surprising, as the mineral phase of bones and teeth is composed mainly of apatite
and besides, these biominerals (according to the data of chemical analysis) contain a high
level of manganese impurities. It is known that the crystal lattice of the apatite intensely
sorbs (absorption and adsorption) various impurities. Since the structure of the biogenic
apatite is defective, this factor should promote to sorption. It is difficult to assume that the
structure of the biogenic apatite does not have calcium vacancies or that the manganese ions
of the bioapatite have some other charging state (for example, Mn3"). As the biogenic apatite
is formed at T = 36 °C, it is possible to assume that the Mn — Ca isomorphic replacement
at this temperature is energetically unfavourable or unstable. Besides, if it is assumed that
biogenic apatite is stoichometric (Ca/P = 1.67), this would also interfere with the Mn — Ca
isomorphic replacement.

The causes of the absence of the EPR signals of Mn2* ions in the biogenic apatite
require further experimental research. However, this fact allows us to effectively study the
regeneration processes of bone tissue by using of synthetic apatite implants with manganese
impurities. If the complete dissolution of the implant material takes during the regeneration
of the bone tissue, then manganese ions will be absent in the regenerated bone. However, in
a case of the assimilation of large fragments of implant material, the regenerated bone will
contain the Mn2?" ions in the Ca(I) and Ca(ll) positions of the apatite. Thus, the EPR
dynamics of manganese ions allows us to obtain the unique information on the dynamics of
implant material assimulation by living biological tissue.

4.2. Manganese in carbonates and oxides of minerals and synthetic materials. According
to experimental data, as a rule the natural carbonates and oxides have intensive EPR signals
of Mn2* jons, which are located in cationic positions. Also, as a rule, the manganese impurity
are present in calcite CaCOj, magnesite MgCO;, dolomite (Ca, Mg)CO;, siderite FeCO;,
ankerite (Ca, Mg, Fe, Mn), periclase MgO, lime CaO, hydroxide of calcium Ca(OH),, hydroxide
of magnesium Mg(OH), and in other minerals. The EPR signals of Mn?* ions in all the
mineral phases mentioned above can be separated and identified.

Heating of natural carbonates in the temperature range 800—1000 °C leads to the
disintegration of these minerals. The dolomite and the calcite disintegrate under the following
schemes:

2(Ca, Mg, 5) CO; — CaCO; + MgO + CO,, (1)

CaCO; — CaO + CO, . 2)

During thermal disintegration of carbonates the Mn2" ions go through the MgO and CaO
phases without changing their charge state. The Mn2* ions in natural carbonates and oxides
have high radiation and thermal stability. The experiments showed that irradiation of the
above mentioned minerals by X- and y-rays does not lead to changes in the EPR signals of
Mn?2* ions. Thus, the oxidization-reduction processes are not essential for Mn2* ions in
natural carbonates and oxides.

According to the experimental results seen in synthetic hydroxylapatite (material 2), the
EPR signals of Mn2* jons in the CaO phase occur only after heating of the samples. The
heating of material 2 at 7> 1000 °C leads to formation of the CaO phase. However, in
contrast to natural minerals, the formation of this phase is not caused by disintegration of
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calcite, as the calcite phase in the initial material 2 is absent. We assume that in material 2, in
addition to the hydroxylapatite phase, there is also a Ca(OH), phase. Upon heating, this
phase disintegrates via the following mechanism.

Ca(OH), - CaO + H,0 . 3)

The EPR signals of Mn2* ions in the Ca(OH), phase of material 2 are not observed because
of the high defectiveness (or amorphousness) of this phase. However after the heating of
the samples the CaO phase must have a perfect crystal structure because the EPR signals of
Mn2" ions in material 2 do not differ from the EPR signals of natural CaO.

The above experiments show that the dynamic characteristics of Mn2* ions in the CaO
phase of material 2 and in the CaO phase of natural minerals are essentially different. In the
CaO phase of material 2 the manganese ions can apparently be in both the Mn2* and the
Mn3* states. According to the experimental data, the y-rays of the ¢Co isotope stimulate
oxidization processes of Mn2" ions located in the CaO phase of material 2:

Mn2t — e~ — Mn3+. )

X-ray irradiation, on the contrary, stimulates the reduction processes and transformation of
ions Mn3" in paramagnetic state:

Mn3* + e~ — Mn2t . )

Since reactions 4 and 5 are not essential for natural CaQ, it is possible to assume that the
causes of these reactions is the small sizes of the CaO particles. On the one hand, the sizes of
the CaO particles in material 2 are large, as all characteristics of Mn2" ion EPR in the CaO
crystal lattice are present, and on the other hand, are small, as the surface state of the particles
greatly influences the charge state of manganese ions which are inside these particles.

It is possible to explain the differences between the actions X- and y-rays on the charge
state of manganese ions in material 2 as follows. On the surface of CaO particles there is a set
of electron-hole traps. The depths of potential wells of these traps (or energy levels in the
forbidden zone) are different. The X- and y-rays have different quantum energies with the
result that they interact with the traps in different ways and this leads to different charge
states on the surface of the particles. The different surface charge state determines the different
charge state of the impurity ions inside the particles. We believe that the correlation of the
surface charge state of the small particles and the impurity ion charge state inside these
particles is a fundamental property of impurity crystal phases. This property is inherent only
in the small particles (with dimensions in the range of nanometers) for which the contribution
of surface energy to overall energy is essential. We shall refer to the above described property
of small particles as the phenomenon of surface charge influence on the electrical state of
impurities. This phenomenon permits acquisition of detailed information about regeneration
processes of bone tissue when using of synthetic implant materials.

4.3. Manganese and chromium in biogenic carbonates and oxides. According to the
experimental data, the EPR signals of Mn2?" ions, located in the carbonate phases, are seldom
seen in untreated samples of bones and tooth enamel. However, after the treatment of the
samples (irradiation, heating, boiling in water) it is possible to register the intensive EPR
signals of Mn2* ions located in the crystal lattices of carbonates and oxides, and also the EPR
signals of Cr3* ions, located in crystal lattice of oxides.

The heating of biominerals in the temperature interval 100—700 °C results in appearance
of the EPR signals from Mn?* ions in the CaCO, phase. However the occurrence of these
signals is irregular, as the processes in biogenic calcite are influenced by different factors, the
actions of which are opposed. We believe that the above mentioned appearance of the EPR
signals from MnZ?" ions in the biogenic calcite phase is involved with the improvement of
carbonate structure and with change of the charge state of manganese ions Mn3* — Mn2*.
The change of the charge state of Mn3" ions is caused, basically, by redistribution of charges
in electron-hole traps and by changes of the surface charge of the particles. The free access
of oxygen during heating of biominerals, obviously, stimulates the oxidization of manganese
(Mn2" — Mn3*%) with a resultant decrease in the EPR signals.

The heating of the samples in the temperature interval 700—1000 °C essentially changes
the dynamic characteristics of Mn2* ions, located in the biocarbonate phase. It is due to the
change of the matrix properties of the biocarbonates. The heating in this temperature interval
results also in the formation of oxides phases at the expense of carbonate disintegration
under schemes 1—3. It is necessary to note that, in contrast to the natural carbonates, the
biocarbonates are transformed to oxides in a wide temperature interval. After the heating of
the samples in the interval 700—1000 °C the EPR signals of ions Mn?" are observed in the
phases of both of the carbonates and oxides. In addition, in such samples there are the EPR
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signals from Cr3* ions, localized in crystal lattice of MgO.

The above mentioned experiments showed that X- and y-ray irradiation of biominerals
greatly influences the intensity of the EPR signals of Mn2" ions in carbonates and oxides,
and also the intensity of the EPR signals of Cr3* ions in oxides. In the impurity CaCO; and
CaO crystal phases of biominerals, X-ray irradiation stimulates process 5, i. €., Mn3t — Mn2*,
The influence of the y-irradiation on the charge state of manganese ions depends on the
heating temperature of biominerals. For the samples heated in the different temperature
intervals, the influence of y-irradiation on manganese signals in the carbonates is opposite
(Table 3).

The mechanisms of change of the charge state of the manganese and chromium ions
following irradiation of biominerals are similar to the above mentioned mechanisms for
small particles in synthetic materials. The carbonates and oxides particles in biominerals
have small dimensions. So the charge state of ions inside these nanodimensional particles
essentially depends on the external factors, including the electrical state of surface of these
particles. The charge state of manganese and chromium ions in biocarbonates and biooxides
also essentially depends on availability of oxygen during heating. Upon heating of biominerals,
the oxygen promotes the transition of manganese ions into the Mn3* state, and of chromium
ions into the Cr3* state.

On the basis of the experimental data presented in Fig. 6, it is possible to assume that the
activation of surface particles of CaO by y-irradiation stimulates recarbonization of this
oxide, i.e. stimulates processes CaO + CO, — CaCOj;. Thus, in the system of impure crystal
phases the phase transitions which are stimulated by irradiation can proceed. In implant
materials, which are implanted in the bone of living animals, the phase transitions in the
impure crystal phases can be caused by the electrical potentials of the biological tissues,
which interact with the mineral matter of implant. Thus, the EPR method allows us to gain
detailed information about the interaction mechanisms of the organic and mineral components
of biominerals.

The influence of the surface condition of the particles on the charge state of ions inside
impure crystal phases is also verified by above described experiments of boiling of biominerals.
At boiling the condition of organic matrix of biominerals is essentially changed. According
to the experimental data, the boiling of the samples promotes the increase of the EPR signal
intensity of Mn2* ions in the CaCO, phase. So, the alteration of organic matrix hinders the
transformation Mn3* — Mn2" during the heating of the samples. The heating of the samples
after the boiling is more effective in producing the EPR Mn?* signal in the CaCOj;, and CaO
phases. The optimum sample treatment procedure for registration of the EPR signals of
Mn?2* jons in impure phases of bicarbonates should include boiling of the biominerals in
water, heating in the absence of oxygen and X-irradiation of the samples.

According to the experiments, the amount of impure crystal phases of carbonates and
oxides in different biominerals, and also in different sites of biominerals are different. In
trabecular bone the EPR signals from Mn?* ions in the CaCO; phase are almost an order
of magnitude more intensive than in the cortical bone. For the cortical bone of different
organisms the amount of manganese changes as follows: human bones < cow bones < rat
bones. The amount of manganese in bones of man and animals (in the carbonate phase) lays
in the interval 0.01—0.1 % of weight, and in human tooth enamel is about 0.01 %. The
intensity of the EPR signals of Cr3* ions (in contrast to ions Mn2") in the cortical bone, as
a rule is higher than in trabecular bone. This fact (and the boiling experiments) indicates
that the Mn2* and Cr3* ions are located in different impurity crystal phases. It is possible to
assume as well that bones contain a dolomite [(Ca, Mg)CO,] phase. After the thermal
disintegration of dolomite under the schemes 1 and 2 the chromium ions appear in the
MgO phase, and Mn2* ions in the CaO phase. The change in the quantity of the Cr3* ions in
the cortical bone of different biological organisms corresponds to the sequence: human
bones < cow bones < rat bones, i.e. corresponds to the change of Mn2" ions.

On the basis of experimental data it is possible to conclude that the impurity phases of
carbonate substances in biominerals are located between the organic matrix and mineral
particles of bioapatite. The intermediate location of the carbonate phase, and the phenomenon
of surface influence on electrical state of impurities, allows us to explain the changes of the
charge state of the manganese and chromium ions upon the heating, irradiation and boiling
of biominerals. The process in the bone tissue is greatly dependent on the surface between
the organic and mineral components. It is possible to assume that the carbonate component
serves as a depot in which the manganese and chromium ions are concentrated. We believe
that other microelements of the bone tissue are also located mainly in carbonate layers,
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which separate the organic and mineral components of biominerals. This localization model
of ionic impurities provides an explanation of the role of microelements and carbonate
matter in the mechanisms of bone function.

We believe that part of carbonate substance in biominerals is associated with
carboxyl groups of amino acids and regulates the mineralization processes of the bone
tissue. It is known that when apatite is synthesized, the growth of the apatite crystals is
inhibited by carbonates [8] and that mineralization of bone tissue proceeds by the
replacement of water between tropocollagen molecules and the nanocrystals of the
bioapatite [3]. Therefore, the carbonates inhibit the growth of the bioapatite crystals
and protects the integrity of the organic matrix during mineralization. Thus, the impure
carbonate crystal phases essentially influence mineralization and demineralization of
highly mineralized tissues, and also influences the changes which occur in these tissues
during bone and tooth diseases.

5. Conclusion

The results reported upon in this article show that the EPR method has unique
possibilities for study of crystalline impurity phases in biominerals and in implant
materials used for treatment of bones and teeth. This is based upon the high sensitivity
of the EPR method, and also upon differences in the EPR signals of the paramagnetic
ions located in various crystal lattices. The quantities of crystalline impurity phases
which can be measured by the EPR method, make up approximately 0.1 % of total
weight of examined samples. Small changes in the crystalline structure around the
paramagnetic ions results in important changes of the EPR spectra. It is known that the
limitations of the X-ray phase analysis method are due to defects in the crystals and
small particle size (particles should have sizes larger than the areas of coherent scattering).
The EPR method is less sensitive to the sizes of the nanocrystals of biominerals and to
the defectiveness (or amorphousness) of the structure of the nanoparticles. If the size
of particles is equal to several elementary lattice cells, it is sufficient for diagnosis of
the type of crystal lattice by EPR.

The main thrust of this paper was devoted to the impurity phases of carbonate and
oxide substances. This was due to the fact that these phases can be easily investigated
with the help the of EPR of Mn2?" and Cr3* ions. However in biominerals there are
other impure crystalline phases, including the phases of magnetic substances. The impure
ferromagnetic and antiferromagnetic particles are present not only in biominerals, but
also in other biological tissues. The impure ferroelectric phases are found in biominerals
and implant materials as well. Information about above mentioned phases is very
important for the study of biomineral and implant material properties. Biomagnetism
of ferromagnetic and antiferromagnetic impurity phases in biominerals and peculiarities
of impurity ferroelectric phases in implant materials can be effectively investigated
with the help of the EPR spectrometers.

Research on impure crystalline phases has great potential for solving many applied
problems. Impure crystal phases play an important role in function of bones and implant
materials placed in living organism. Using EPR, we can formulate the requirements for
implant material, manufactured by different technologies, and investigate the
transformation processes of the lifeless implant material to living biological tissue. The
information about impurity crystal phases in bone tissue is of great importance for the
study of osteoporosis mechanisms and the changes in bone tissue which occur with
aging. EPR research facilitates the study of the mechanisms of bones and teeth disease
development. For instance, caries disease of teeth is directly connected with changes of
phase composition of the mineral component of enamel.

As was specified above, in microgravity conditions during space flight a rapid change
of the mineral components of bones (space osteoporosis) takes place. The EPR method
allows effective study of the phase composition of the mineral components of animal
bones after imitation of space flight conditions. This research allows us to develop the
counter-measures for decreasing bone demineralization in microgravity conditions.

This is the first study of crystalline impurity phases of biominerals and synthetic
implant materials. More studies are required to obtain more detailed information, however,
the above described results have demonstrated the unique possibilities of the EPR
method and shown how it can be used for solving of the applied problems.
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PE3IOME. MeTtoioM 3J1eKTPOHHOTO MapaMarHMTHOTO Pe30HaHca MPOBEIeHbI MCCIIEIOBAHUST MPUMECHBIX KPUCTaI-
Jmyeckux (a3, KOTopble CofepKarcsl B MalbIX KOJMYECTBaX B OMOMMHepanax (KOCTM U 3Mallb 3yOOB) U B CUHTETH-
yeckoM ruapokcuianature. [lokazaHo, 4yTO 3TOT MeTOn O0JagaeT YHUKAIbHBIMM BO3MOXHOCTSMM Ul U3YyUYEHMSI
XapaKTePUCTHK TIPUMECHBIX KPUCTALTMYECKHMX (a3. COMmocTaBIeHbl XapakTePUCTUKKM HoHOB Mn2t u Cr3* B mpupon-
HBIX, CHHTETUYECKMX M OMOreHHbIX arnaTuTax, kapooHarax U okcunax. M3yyeHa nuHamuka npeodpa3oBaHusl 3apsiio-
BbIX COCTOSIHMIi MOHOB MapraHua M xpoma B npumecHbix ¢asax CaCO;, CaO n MgO npu orxure u o0Iy4eHUH
OMOMUHEPAIOB U CUHTETUYECKHUX MaTePUAIOB. YCTAaHOBJIEHO, YTO 3apsiIOBOE COCTOSIHUE MOHOB B YAaCTULIAX, KOTOPbIE
MMEIOT pa3Mepbl MOpsiIka HAHOMETPOB, CYLUECTBEHHO 3aBUCHUT OT 3JIEKTPUYECKOTO COCTOSIHMSI MOBEPXHOCTU 3TUX
yactul. CrenaH BbIBOJ, YTO MPUMECHbIE KapOoHaTHbIe (ha3bl JOKIM30BaHbI MEX1y HAHOKPUCTAIaMK OMoanarura u
OpraHM4ecKMMHM Npocioiikamu 6uomuHepainos. [IpumecHble KapooHaTHbIE (ha3bl B OMOMUHEpPaAIaX BBITOIHSIOT POJIb
JIENO, B KOTOPOM JIOKAJM30BaHA OCHOBHAsl 4aCTb MMKPO3JEMEHTOB KocTeil M 3y6oB. Iloka3aHo, UTO mpuUMecHbIE
KpUCTalIMyeckue asbl CyLIECTBEHHO BAMSIOT HA MPOLECCHl MUHEPAIUM3aLMU U AEMUHEPAIU3alluK KOCTeii U 3y0oB,
a TakXe Ha MPOLeCcChl pereHepali KOCTHOM TKaHU MPH BBEJICHUU B Hee MMILIAHTATOB, U3TOTOBJIEHHBIX U3 CUHTETH-
YecKOro anaTura.

SUMMARY. MeToioM eeKTPOHHOTO MapaMarHiTHOro pe30HaHCY MpPOBEACHi JTOCHTIKeHHsT JTOMIIKOBUX KpUCTaTivy-
HuUX (a3, 1110 IPUCYTHI B MaJIMX KUJIBKOCTSX y OioMiHepasax (KiCTKM Ta eMaJib 3y0iB) i B CHHTETUYHOMY TipOKCHUIa-
naturti. [TokazaHo, 1110 Lieif MEeTO Ma€ YHiKalbHi MOXJIMBOCTI ISl BABYEHHS XapaKTEPUCTUK JOMilLKOBUX KPUCTali-
4HKX (bas. [TopiBHAHO XapaKTepUCTUKY ioHiB Mn2* i Cr3* y mpupoxHKX, CHHTETUYHHUX i GiOreHHMX arnaTuTax, Kapoo-
HaTax i okcuaax. BMBUEHO NMHaMiKy MepeTBOPEHHsI 3apsiiOBMX CTaHiB iOHiB MapraHiLlo Ta XpOMY B JAOMIlIKOBMX
(azax CaCO;, CaO Ta MgO npu Binmani Ta onpoMiHeHHi GioMiHepatiB i CMHTETUYHMX MaTepianis. BeraHosneHo, 1o
3apsiIOBUI CTaH i0HIB Yy YaCTMHKAX, L0 MalOTh PO3MipH MOPSIAKY HAHOMETPIB, iCTOTHO 3aJI€KUTh Bill €J1€KTPUYHOIO
CTaHy MOBEPXHi 1IMX YaCTMHOK. 3p00JIeHO BUCHOBOK, 110 JOMIlIIKOBi KapOOHaTHi (ha3u JIOKai30BaHi MiX HaHOKpPHUC-
TajlaMu 0ioanaTUTy Ta OpraHiYHMMM Mpoluapkamu GiomiHepaiiB. JlomiliKoBi kapOoHaTHi ¢da3u B GiomiHepatax BuU-
KOHYIOTb POJIb JIETIO, Y SIKOMY JIOKai30BaHa OCHOBHA YaCTMHA MiKpOEJIEMEHTIB KicTOK i 3y0iB. [1oka3zaHo, 1110 1oMill-
KOBi KpUCTaliyHi (a3u iCTOTHO BIUIMBAIOTh Ha MpOLECH MiHepasi3alii Ta AeMiHepaii3alii KicTok i 3y0iB, a TaKOX Ha
Mpoliecy pereHepallii KicTKOBOI TKAHMHU MPU BBEIEHHI B HET iMILJIAaHTATiB, BATOTOBJIEHUX i3 CHHTETUYHOIO anaTury.
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N30TONHLIA coCcTaB KUMcnopoaa
LUPKOHOB B NrPaHNTOMNAAX U LLLEJIOYHbIX
nopopaax YKpauHCKOro wura

”3y‘{CH U30TOMHBIA COCTaB KHCJIOpOoJia LMPKOHOB M JIPYIrUX MHUHEPATIOB B IPaHUTOMAAX M IHEJIOYHBIX ITOpoaax
VKParHCKOro 1IMTa. YCTaHOBJIEH AMaNa30H Bapyauuii Beandunbl 580 umpkonos — ot 4,8 10 8,0 . He Habmonaercs
KOPPEJIALUSA MEXIy BETMIMHOM 5'80 aKilecCOPHBIX LMPKOHOB M T€OJOTMYECKMM BO3pacTOM TOpox. Bapuanuu
M30TOIMHOrO COCTaBa KMCJIOPO/a aKLIECCOPHBIX LIMPKOHOB OTPAXAIOT YCIOBUSI KPUCTAJUTM3ALIMM MUHEPAJIOB HA PAa3HBIX
3Tanax 3BOJIIOLUU MOPOJI.

Jannbie BenuvHbl §'80 aKileCCOPHBIX LIMPKOHOB ITOMOTAIOT IOJIYyYUTh BaXKHYIO MHOOD-
MalLIMIO O Mpolieccax, MPOUCXOISIINX Ha TJaBHBIX 3Tanax (popMUpOBaHUSI MarMaTUYECKUX
U MeTaMOP(MUUECKUX TTOPOI.

CaeieHUIi O pacnpeneieHud U30TOMOB KKUCIOpOAa B aKIIECCOPHBIX HIMPKOHAX U3 J0-
KeMOpUIicKUX mopof, KpaiiHe Majio. B pesyabrate ucciegosanust, nposeaecHHoro E. b. bubu-
KOBO#i 1 1p. [2], yCTaHOBIEHO, YTO Bapualyy 3HaueHWi §180 akIeCcCOPHBIX LIMPKOHOB U3
TOKEeMOPUIICKHUX TPAHUTOUIOB, B MEPBYIO OYepeib, OOYCIOBICHBI CTENEHbI0 METAMUKTU3a-
1y MUHepaja. LIMpKOHBI ¢ HapyIIEHHOW KPUCTALIMYECKON CTPYKTYPOil MeHee YCTOWYM-
Bbl K U30TOITHOMY OOMeHY ¢ (uIIoMIaMM MPU MOCTKPUCTAUIM3ALIMOHHBIX mpolieccax. [1pu
YYacTUU B 3TUX Ipolleccax BOJ METEOPHOTO MPOUCXOXACHUSI METAMUKTHbBIC IIUPKOHBI 000-
raiarTcs JIeTKUM u3otornoM kuciopona [2]. ITo mannsim . Bemteit u ap. [11], Hemera-
MMKTHBIE aKIIECCOPHBIC LIUPKOHBI U3 TpaHyauToB Komruiekca Anuponaak (CIIA) B npo-
ecce Meramop¢u3Ma HapalllMBaJid O0OJIOUKY, OJHAKO CYILIECTBEHHBIX M3MEHEHUI U30-
TOITHOTO COCTaBa KUCJIOpoAa LIMPKOHA He OOHapyXKeHO.

PacripeseneHnio M30TOMOB KUCIOPOJa B aKIIECCOPHBIX LIUPKOHAX U3 TOKEMOPUIICKMX
nopon Y1l mocsiieHo TojbKo ogHo coobuieHnue [3]. Lleab HacToseir paboTel — ompene-
JIEHWE Iuarna3oHa Bapuauuii 3HauyeHWi 830 akiiecCOpHBIX HEMETAMUKTHBIX LIMPKOHOB B
MOpPOAax, Pa3IMYAIOIIMXCS MO TeOJOrMUecKOMy Bo3pacty (2695—1720 MJIH JieT), COCTaBy M
TeHe3ucy.

151 M30TOMHBIX OIpeneeHUii oToOpaHbl HeMeTaMUKTHBIe (1o maHHbIM MK-crnekr-
POCKOIKMU) LIMPKOHBI M aCCOLIMUPYIOLIME ¢ HUMU MUHepaibl. Kuciopoa skcTparupoBain
u3 cuamMkaTos B popme O, ¢ momolusio peaktusa CIF; no meroauke [7], 3 KapOOHAaTOB —
B popme CO, no Metonuke [§]. M30TomnHbIe aHAIU3bI BBITIOJIHEHBI HA Macc-CIEKTPOMETPE
MM1201-B, BoCnpoM3BOAMMOCThE M30TOMHLIX omnpeaenenuii +0,5 . CBegeHus o0 ypaH-
CBMHIIOBBIX M30XPOHHBIX NAaTUPOBKAX OOBEKTOB MCCICMOBAHUSI IMOYEPITHYTHI M3 PabOThI
[10]. Pe3yabTaThl aHaIM3a M30TOMNOB KMCIOPOJAAa B MUHEpAJIaX W ITOPOJAx IpeICTaBlIeHbl B
Taom. 1.

3HaueHusa 8180 akieccopHBIX LIMPKOHOB BapbupyioT oT 4,8 mo 8,0 . HauGoiee
Hu3kue 3HayeHus: $180 (4,8 ) sadpukcupoBaHbl B mupkoHax (06p. 23C) M3 CUEHUTOB
SIcrpederikoro maccuBa. LIMpKOHBI B cMeHUTaX 00pa3yoT JOBOJIbHO KpyrHbIe (0,5—1,5 cm)
KPUCTAJUIBI, Yallle BCETO KOPOTKOMPU3MATUUYECKOM (POPMBI C XOPOILO pa3BUTHIMU TPaHSIMU
ounupamunbl. UMeroTcsl MeIK1Ue BKIIOUEHUST LIMPKOHUI-TOPUEBOro MUHepasa (ITpoMexy-
TOYHOTO IO COCTaBYy MEXIY LIMPKOHOM U TopueM). [IpeobianaloT BEICOKOTeMIIEpaTypHbIe
(hopMBI KpUCTAUIOB LUPKOHA. AHATM3UPOBAICS LIMPKOH U3 pyaHoro (1,95 % ZrO,) cpen-
HE3epHUCTOr0 OMOTUT-aM(bUOOI-TTMPOKCEHOBOTO CUeHUTA. ScTpeOelKuii MacCyB TIpUHAI-
JIEXUT K BBIIEJICHHOW HaMK paHee [6] rabOpo-CMEeHUTOBOM (hopMalliy, TEHETUYECKU U B
MPOCTPAHCTBEHHO-BPEMEHHOM OTHOILIEHUU CBSI3aHHOW C aHOPTO3UT-panakuBU TPAHWUT-
HBIMU TUTyTOHamu. IlpenmojaraeTcsl TIyOMHHBIA MCTOYHUK LIMPKOHMEBOTO OpPYIEHEHUS.
PynHble 3anexu popMUpyIOTCS B TeX CydasiX, KOraa CUeHUTHI oboraiieHbl (bTOpOM U, Be-
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Tabauya 1. VI30TONHBI COCTAB KMCJIOPOAA MHHEPAJIOB B MOPOAAX YKPAMHCKOro mHUTa, %o
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[MIpuwmeuanue. Cumgorsr muneparog: Zr — uupkoH, Pl — miarnoknas, Q — kBapu, Mt — marHetur, Rc — nopona (Bai.).

2

posiTHO, BoAoil. Ha MoOBHIIEHHYIO POJIb
Moc/IeAHel yKa3bIBaeT MOSIBJICHUE TIEPBUY-
HBIX aM(}prOOJOB U OMOTUTOB B CUEHUTAX,
B TOM YHMCJIE U B UX PYAHBIX Pa3HOBUIHO-
CTSIX.

B 06p. 865/971 KamblMTOBOTO Kap-
OoHaTuTa U3 YepHUIOBCKOTO MaccHuBa
M30TOIMHBIN COCTaB KMCJIOpOIA LIMPKOHA,
KaJblIUTa U TUTAHOMArHeTHTa, a TaKXe
M30TOMHBIN COCTaB yrjiepoaa KajbIUTa
(813C = —5,1 , cranmaptr PDB) cBune-
TEJbCTBYIOT O MarMaTUYeCKOM TeHe3uce
nopoasbl. LIlupkoH B kKapOboHaTtuTe 00pa3y-
€T MPU3MaTUYEeCKHe KPUCTAJLIbl, TPaHU U
pebpa KOTOphIX 3aKPYIJIEHbI (OILIABJIEHBI),
OYEBUIIHO, B pe3yJibTaTe pearupoBaHUS C
KapOOHATUTOBBIM pacriaBoM. JIJIst LIMPKO-
Ha XapaKTepHbl OYeHb HU3KUE coaepKa-
nus Hf (0,3—0,6) u Y (10 0,4 %). B uup-
KOHE MMEIOTCS BKIIOUEHU Gannesenra [6],
BO3MOXHO, OH KPUCTAJUIM30BAJICS Ha paH-
HUX 3Tanax u CIyXWI CBOEro pojia 3ar-
paBKoOi1, Ha KOTOPOI HapacTal LIUPKOH IO
Mepe TMOHUXKEHUSI TeMIlepaTypbl U TOBbI-
LIEHUsT KPEMHE3eMUCTOCTU paciuiaBa. DTH
MPOLIECCHl TTPOUCXOMWIN Ha BBICOKOTEM-
MepaTypHOM MarmMaTU4ecKOM 3Tare, YTo
OTpaXeHO B M30TOIHOM COCTaBe KUCIIO-
pona mupkoHa (5,8 ), Kak MpaBuio,
COBITAAAIONIMM C TaKOBBIM JUJISI KaJlblIUTa
(6,1 ) u3 Toro xe oOpasua. YKa3aHHBII
¢akT MOJHOCTHIO MOATBEPXKIAET paHee
cle/laHHBII BBIBON O TIIYOMHHOW Marma-
TUUYECKOM TPUpOJIe BelllecTBa KapOOHATH-
ToB YepHuropckoro maccua. O6 3Tom
TakXe CBUACTEIBCTBYET M30TOIHOE OT-
HoweHue crpoHuus (87Sr/86Sr = 0,7006)
KaJbluTa B KapboHaTture (00p. 865/971).

[To uM30TOMHOMY KalbIUT-MarHeTU-
TOBOMY TeoTepMoMeTpy [9] paccumTaHa
TeMrepatypa KpucTaliM3aluu KapOoHa-
tuta (971 °C), OHa MpakTUYECKU coBMala
C TeMIlepaTypoi, ONpeAesieHHON MO OJIu-
BUH-KJIMHOITMPOKCEHOBOMY r€0TEPMOMET-
py (966—1000 °C). MuHepajloruyeckue u
MEeTPOJIOTMYECKUE XapaKTePUCTUKK Kapbo-
HaTuTOB YepHUIOBCKOro Maccupa [6], a
TaKXXe M30TOIMHBIN COCTaB KUCIOpOaAa MU-
HepaJioB B KapOoOHAaTUTax [5] cBUAETENb-
CTBYIOT O MarMaTU4eCKOM ITPOMCXOXJe-
HUU 3TUX TOPO.

B Pocuncko-Tukuuckom paiioHe
BO3pacT rabopo-am@puoOOJIUTOB JaTUPYET-
csl TI0 aKIECCOpHBbIM LUpkoHam 2200—
2620 muH sieT. [ M30TOMHOrO aHajau3a
KHCJIOpoa OTOOpaHbl MPOOBI KCEHOJUTA
rabopo-ampubdonura (oo6p. T-31), 3ane-
ralollero cpeau po30BbIX TPaHUTOB (0OP.
T-33). AKuieccopHblii IMPKOH (00p. T-31)
BHYTPEHHE OJHOPOJIECH, C OYEHb BBICOKU-
MM LIBETAMM WHTep(epeHLIMU, TOMOTeH-
HBII Mo coctaBy. Pasmep KpucraioB 1mo
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mHHOM ocu 0,3—0,45 MM, oKpacka — OT CBETJIBIX IO TEMHO-KOPUYHEBBIX TOHOB, 0JIeCK
rpaHeii aMasHblii, TOBEPXHOCTh HepoBHas. 3HaueHue 8180 i uupkoHa 6,0, 1UIs MIarnok-
naza — 7,3 . Takoii M30OTOIHBIA COCTaB KUCJIOPOIA XapaKTepeH MJII MUHEpaJoB Marma-
TUYECKOTO TpOMCXOoXaeHus. Hampumep, y UMPKOHOB U3 KUMOEpaIUTOB Tpyoku "Mup"
8180 = 5,9 [2], y axueccOpHBIX LUPKOHOB M3 METarabopo Komruiekca AIMPOHIAK —
8180cp = 6,0 [11]. B GUOTUTOBBIX ATLJIUT-IIErMATOMIHBLIX TPAHUTaX OEPANYEBCKOIO M
KHUPOBOTPAICKO-KUTOMUPCKOTO KOMILUIEKCOB LIMPKOHBI COXPaHUIU TEPBUYHBIE MarMaru-
yeckue 3HaueHus 5180 (5,8 u 6,0 ) B mpouecce MeTaMopdu3Ma, TEMIIEpPATypa KOTOPOIO
orpeneeHa U30TOMTHBIM MeTOoIoM (Talbu. 2).

BM30K 1o yKazaHHBIM 3HaYeHUsIM §!80 aKiiecCOpHBIN LIMPKOH U3 JaeK ABYITUPOKCEHO-
Boro KpuctajociaHia (oop. E-31), 3aneraroiux cpeau 3HaepOUTO-rHeiicoB JIHECTPOBCKO-
Byrckoro paitona. LIupkoH TpencTaBieH OAHOPOIHBIMU OKPYIJICHHBIMU ILIAPOBUIHBIMU 3€p-
HaMmu OJIETHO-PO30BOrO 1IBETa C CHUJIbHBIM CTEKJISIHHBIM OJIECKOM, IJIaAKON MOBEPXHOCTHIO.
BHyTpeHHe 0fHOpOIEH, C OUeHb BHICOKMMU SIPKUMU LIBETaAMU MHTep(hEPEeHIIMN, TOMOTeHHbII
o cocTaBy. Borpoc 06 ucxomHoM cyOcTpate SIBIIeTcsl AMCKYCCMOHHBIM. MUHepaoruyeckue
HaOJIIONEHUST ¥ U3MEPEHHOE B LIMPKOHE 3HaueHue 5180 = 6,9 yKaswIBaIOT, OYEBMIHO, Ha
€ro MarMaTHYecKoe MPOUCXOXKIECHUE U XOPOLIYI0 COXPAHHOCTb MEPBUYHOTO U30TOIMHOTO CO-
CTaBa KUCJIOpoJa B mpoliecce MeTaMopdu3Ma TpaHyJIMTOBOM (haruu.

IInpoko pa3Butel B PocuHCcKO-TUKMUYCKOM paiioHe KBaplieBble TMOPUTHI (00p. K-1-1)
u rpaHonoputhl (00p. K-1-4 ), koTopble, Kak Ipeanoiaractcsi, 00pa3oBauCh B pe3ysbTare
yabTpameTamoppuima ampuooanuToB U aM(puOOJIOBBIX THECOB. B KBaplieBOM AMOpUTE aK-
LIECCOPHBI LIMPKOH TPEACTAaBICH B BUIE WIOJbYAThIX WM KOMbEBUIHBIX KPHUCTAJUIOB CO
CJIOKHBIMM (pOpMaMM, LIBET OT GJIETHO-KEJITOrO 10 MoYTH O6ectBeTHOro. LIMpKoH BHYTpeHHE
OIHOPOJICH, MPO3payeH, C BHICOKMMM 11BeTaMU MHTepdepeHIn. HecKonbko oTiMyaercs ot
MPEeabIIYIIETro aKileCCOPHBIN IIUPKOH U3 TPAaHOAMOPUTA: 1IBET KOPUUHEBBIN, OJIECK MATOBBIIA,
HU3KME 1IBeTa MHTepdepeHIMU. MUHepaibl B YKa3aHHBIX MMOPOJAX pa3vMyaroTcs Mo 3Have-
HYAM 8180 LMPKOHA, TUIArKMOKIIa3a U MarHeTUTa, YTO OOYCIIOBIEHO HECYIIIECTBEHHBIM Pa3/in-
yyeM TeMIIepaTypHbBIX YCIOBUI MUHEPaI000pa3oBaHUs TPU MPAKTUYECKHU OIMHAKOBOM M30-
TOIMHOM cocTaBe kuciopoaa ¢mouna (8,2 u 8,1 ), onpeaeeHHOMY MO MU30TOITHOMY PaBHO-
BecHIO B cucTeMe KBapil — Boza [9]. Temmepatypa, paccuMTaHHas! 1O KBapli-TIariOKJIa30BO-
My U30TOITHOMY reoTepMomMeTpy [9], Gosiblie COOTBETCTBYET aM(bUOOIUTOBOM (halliu peTpor-
pamHbIX UI3MEHEHMIT B pETUOHE, YeM OMpeeIeHHas IO KBapll-MarHeTUTOBOMY T'€OTEPMOMET-
py [9]. [To-BumMOMy, MarHeTUT oOpa3oBajics Ha 0oJiee HU3KOTEMITEpaTypHOM CTamvuy Ipo-
Lecca ¥ He CHHIeHEeTWYeH KBaply. PacuetHble 3HauyeHus 5130 dumouna (8,2—9,7 ) coor-
BETCTBYIOT DKCIIEPUMEHTAIBLHO ONpeeIeHHbIM 3HaYeHnsIM 8180 Boz, 00pa3oBaHHBIM B IIPO-
11ecce BhICOKOTEMITepaTypHOil neruapaTtaiiy ameuoosos [1]. TToBbillieHHOE MO CPaBHEHUIO C
JBYITMPOKCEHOBBIMU KPUCTAJUIOCIAHLIAMM U rab0po-aMduboauTamMu coaepkaHue H30TOIa
S130 B LMPKOHE M3 IPaHOAMOPUTA OOYCJIOBIEHO, BEPOSTHO, MPEoOpa3oBaHMEM LUMPKOHA B
npoluecce yabTpaMeTaMopdursMa aMmpuooanToB U aM(PUOOTOBBIX THEICOB.

IMporuiecchl rpaHUTH3ALIMM, KaK TMPaBUIIO, COMPOBOXIAIOTCS TMOSIBJIECHMEM HOBOOOPAa30-
BaHHOTO WJIM TTPe0Opa30BaHHOTIO aKILIECCOPHOrO LIMPKOHA U COOTBETCTBYIOIIMM M3MEHEHHUEM
B HEM M30TOITHOTO cocTaBa Kuciopoaa. Ormeuaercst (Taba. 1) yTsokeneHUe M30TOITHOIO CO-
craBa kuciopoga (880 — 7,6—7,0 ) B akieCCOPHBIX LUPKOHAX M3 KaJIMEBLIX I'PAHUTOB
Nuryno-Unrynenxoro, Cesepo-3anagHoro u PocuHcko-TUKMYCKOTO paiioHOB IO CpaBHE-
HUIO C CUHMETPOreHHBIMU LIMPKOHAMM MarMaTMUYeCKUX TOpOJ OCHOBHOTO coctaBa. Ha mpu-
Mepe oopasioB T-31 u T-33, otobpaHHBIX B PocHCKO-TUKUYCKOM paiioHe, MOXHO MPOCyie-
JUTh XapakTep W3MeHeHMs 3HaueHuii §180 akileccopHOro LMpPKOHA W IIJIArMOKJIa3a B IIPO-
1ecce rpaHUTH3aUMU. MI30XpOHHBIE TATUPOBKU MOATBEPKIAIOT apXeMCKMil BO3pacT oopas3o-
BaHUs aKIIECCOPHBIX LIMPKOHOB B KAJTMEBBIX TPaHUTOWAAX U B radopo-aMpudonutax. Bo BMe-
LIAOLIEH ToJIIEe pO30BbIX IrpaHUTOB (00p. T-33) akiieccopHble LIUPKOHBI Pa3MyaroTcsl 1o

Tabauya 2. PacyeTHble 3HAYEHHUS TEMIEPATYP MUHEPAJIO00OPA30BAHNUA

Howmep [Topoana T, °C

obpasua Q-PI Q-Mt PI-Mt
T-31 l'a66po-ambpudoIUT — — 590
111/62 I'paHUT OMOTUTOBBI ATUIUT-ITErMATOUIHBII — 500 —
980/64 To xe — 540 —
K-1-1 KBapueBblit fuoput 580 520 550
K-1-4 I'panoauopur 570 510 520
I[TpuwmeuaHue Temneparypa paccuuTaHa 1Mo U30TOMHBIM reorepmomerpam [8]. B o6p. T-31, K-1-1 n K-1-4

rtarnokiassl NeNe 35, 32 u 35 coorBeTcTBeHHO. CUMB0.1bI MUHEPAAOE: CM. TAOI. 1.
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CTerNeHU YIUIMHEHHOCTU, UMEIOT 3KeJITOBATO-KOPUYHEBBII 1IBET, BOJIHUCTYIO TTIOBEPXHOCTD I'pa-
Heil. B IMMepCHMOHHBIX Tperaparax B OTAEIbHBIX KPUCTA/lIaX LIMPKOHOB MPOCMATPUBAIOTCS
TeHeBbIe simpa. 1o pe3dysbTaTaM MUKPO30HIOBOIO aHaIM3a B LIMPKOHAX YCTAHOBJIEHO HAJIM-
yue nipumeceii Ca, Al, Fe, kotopsie 3ameriaor Zr u Hf. B 06p. T-33 3acukcrpoBaHbl caMbie
BbICOKME 3HaueHus 8130, : st nupkoHa — 8,0, WIS acCCOLMMPYIOLIETO ¢ HUM IUIarMoKiasa
— 9,1. ComnocrasieHue AaHHBIX 1isg o6pas3toB T-31 u T-33 mokasbiBaeT: 1) XOpolIyo CO-
XPaHHOCTh TEPBUYHBIX MarMaTWYeCcKUX 3HaueHMi §180 B aKleCCOPHOM LIMPKOHE M ILIar-
okasze u3 rabopo-ampuoboamta (00p. T-31); 2) moBbilieHWe comepXaHus uzorona 80 B
LIMPKOHE U TJIarMoKJia3e u3 po3oBoro rpaHuta (06p. T-33), o0ycioBieHHOE POCTOM 000J104eK
Ha KpHUCTaJlax LIMPKOHA M MepeKpUCTAIM3alMeil TUiarnokKia3a B HOBbIX (PM3UKO-XUMUYEC-
KVX YCJTOBUSIX.

Anboututel (00p. 1050) u3 Ipua3oBbsi 06pa30BAIUCh TIPU METACOMATUYECKON Mpopa-
0O0TKe BMEIIAIOIIMX TPAHUTOB LIEJIOYHBIMU (DIIIOMIaMU, CBA3aHHBIMU C (POPMUPOBAHUEM TIPS~
roJjlaraeMbIX KapOOHATUTOB 1, BO3MOXXHO, aCCOLMUPYIOIIMX C HUMM 11EeJIOYHO-YIbTPAOCHOB-
HbIX TIopof. B ansbuture, KpoMe GoraToii BKparuleHHOCTU LIMPKOHA, OTMEYaeTCsl MOBBILIEH -
HOe conepkaHue MeJIKUX BbIIEIEHUIA TMPOXJIOpa, T. €. TOpo/a B LIEJIOM UMeeT HUOOUI-1IMPKO-
HUEBYIO PYIHYIO CIELMaIU3alMIo, XapaKTepHylo Uid (peHUTOB M3 KapOOHATUTOBBIX KOMII-
JIeKCcoB. LIMpKOH OOBIYHO BBIACSIETCS B BUAE JOBOJILHO KpymHBIX (10 0,5—1,0 cMm) Gumnupa-
MMIATBHBIX KPUCTA/UIOB, OTHOCUTCS K HU3KOTEMIIepaTypHOil pa3HOBUAHOCTH. MOXHO mpe-
ITOJIOXHUTh, YTO LIMPKOH 06pa3oBajics Ha cTanuy (PeHUTU3ALNU U colepXaHue n3oromna 30 B
HeM (UKCUpPYeT TyOMHHBII MCTOYHUK METaCOMaTU3UpYIOLIX ((heHUTU3UPYIOInX) (Iom-
JIOB.

B pesynbrare npoBeneHHOTO MUHEPAJIOTMUECKOr0 M M30TOITHOTO MCCIEAOBAHMS LIMPKO-
HOB M aCCOLIMUPYIOIIMX C HUMU MUHEPAJIOB YCTAHOBJICHO CIEAyHOLIIee:

1. OrcyrcTBYET CBA3b MEXIY 3HAYEHUSAMM BEIMYMHE §180 LMPKOHA M reOXPOHOJIOTH-
YeCKUMHU TaHHBIMMU.

2. Hab6mopaercs HekoTOpas B3aMMOCBSI3b MEXIy 3HaueHMsaMu 580 mmpkoHa U ero
TUIMTOMOPGHBIMU TTPU3HAKAMMU.

3. [IuarazoH 3HauyeHWil 830 LIMPKOHA OTpPaXaeT yCJIOBUS IEPBUYHON KPUCTA/LIM3a-
LMY U JaJIbHEHIIENH SBOIIOLMU TTOPOIbI.
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PE3IOME. BuBY€HO i30TOMHMI CKJIaJ KHMCHIO LIMPKOHIB Ta iHIUMX MiHEepaliB y TIpaHiTOiZax Ta JIyXHHUX [Oponax
VKpaiHcbKoro mura. BusHaueHo AianasoH Bapiauiii Benmuunu 8'30 umpkonis — Bin 4,8 mo 8,0 . He BusBieHO
KOpeJIALl MiX BeIMYMHOIO 8'80 aKilecOpHMX IIMPKOHIB Ta TEOJOTiYHMM BiKOM TIopia. Bapialii i3oTomHoro ckiamy
KHMCHIO aKLIECOPHMX LIMPKOHIB BiZ0OpaXxarTh yMOBM KpUCTasi3allii MiHepasiB Ha pi3HMX eTanax eBOJIIOLi Mopia.

SUMMARY. The range of §'30 values in zircons (4.8—8.0 ) from precambrian rocks of the Ukrainian Shield has
been determined. Absence of correlations between values of §'30 of accessory zircons and geochronological age of
rocks was established. Variations of oxygen isotopic composition in accessory zircons reflect the conditions of mineral
crystallization at different stages of evolution of rocks.
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UccnepoBaHue npoueccoB paanalyoHHOro
OKucJieHus xenes3a B ampubonax u KNHeTUKu
nx nportekaHus (no gaHHbim metona ArP)

Metonom AI'P-cnieKTpockonuu M3ydyeHbl MPOLECChl PagiuallMOHHOTO OKMCIEHMS Xeje3a U ero TepMUYecKoro
BOCCTaHOBJeHUsI B cTpykTypax Ca- u Na-aMmbu6osoB. BbiBeJeHO KMHETHYECKOE YpaBHEHUE 3aBUCUMOCTHU
OTHOCHUTEJILHOIO KOJIMYECTBAa OKMCJIEHHOIO Kejie3a OT BPEMEHM (103bl) OOJIyYeHUsI C YUETOM KOHKYPHUPYIOLIMX O[]
JeficTBMEM TaMMa-I1oJ1sl peakUMii OKMCIEHUS U BOCCTAHOBJIEHMUS. BbIUMCI€Hbl KOHCTAHTBI CKOPOCTH COOTBETCTBYIOLLIMX
peakuuii, KoauuecTBo MoHoB Fe3t, obpasyembix mpu moriouieHun 1 JIXX SHEPrUM U3NydeHHs, a TAKXKE SHEPrUu,
3aTpauMBaeMoii Ha 0Opa3oBaHKe OfHOro MoHa Fe3™ B cTpyKType MccienoBaHHbBIX aM(pUOOIIOB.

Bgenenue. I[Iponiecchl mpeoOpa3oBaHUs cOCTaBa, CTPYKTYPhI M (DU3NKO-XUMUYECKUX CBOMCTB
MMHEPAJIOB M TOPHBIX TIOPOJ B 30HAX HEMPEPHIBHO MPOTEKAIOIIEro BO3ACHCTBUS HATOXKEH -
HBIX MPUPOIHBIX MM TEXHOTEHHBIX PaIMAllMOHHBIX TMOJIE HEOOCTATOUYHO M3y4yeHbI. I1o-
3HaHUE TPUPOABI MPEBPAICHUSI MUHEPAJIOB MOJ BO3AEHCTBUEM pamlMallMOHHBIX TOJIEH
aKTyaJbHO TIPY U3YYEHUU TeHEe3MCa W DBOIOLUKU PYIHBIX CHCTEM, TMPOLIECCOB METAMUKTH -
3allM MUHEPAJIOB, IJIs1 BOCCTAHOBJIEHHS MyTe MUTPALIMM PaguOaKTUBHBIX pPACTBOPOB, BbI-
pabOTKM TTOMCKOBBIX KPUTEPUEB Ha PAIMOAKTHUBHBIC DJIEMEHTBI, YCTAHOBJIEHHUS BpPEMEHU
HEKOTOPBIX I'€0JIOTMYECKMX COOBITUI M MX TEMITEPATYPHBIX YCIOBUI, OIpenesicHUs 1030~
BBIX Harpy30K MUHEPAJOB M TOPHBIX MTOPOJA B 30HE NEHCTBHUS paavallvu, IS OLEHKU yC-
TONYMBOCTY MHHEPATIOB KaK KOMITOHEHTOB CTPOMTEIBHBIX MAaTePUAIOB 3allUTHBIX COOPY-
xeHuit. OOBEKTOM UCCAeI0BaHUM, TTO3BOJSIOIINM MMO3HATh TIPUPOAY U MEXaHU3M B3arMO-
JOEACTBUSI PagvallMOHHON DHEPTMM C MUHEPAJIbHBIM BEILECTBOM, BBICTYMAIOT paadalllOH-
Hble IeeKThl B MaTpUlle MUHEPAIOB. BhIsicHEHUE MexaHU3Ma 00pa3oBaHUs Ae(EeKTOB, MX
BJIMSTHUSL Ha KPUCTAUIMYECKYIO CTPYKTYPY M (PM3MKO-XMMHUYECKHE CBOICTBA MUHEPAJIOB,
YCTAaHOBJIEHWE aHATUTUYECKUX BBIPAKEHUI 3aBUCMMOCTH KOHIIEHTpaUUU Ae(PeKTOB OT 103
00JIyJdeHHSI TIPEACTABISIIOT MMPAKTUYECKUI MHTEPEC AJIST JOJATOCPOYHOTO MPOrHO3UPOBAHUS
MOBEIEHMST B3aUMOJEIHCTBYIOLINX CUCTEM BO BPEMEHH.

Ilenab, 00BbeKTHI U METOABI HMccaenoBanud. PaboTa SIBIISIETCS TTPOIODKEHNEM KCCIIEN0-
BaHWl MO paguallMOHHO-XMMUYECKOMY OKHCJIEHHIO Xeje3a U ero TEpMUYECKOU yCTOMUM-
BOCTH B CTPYKTypax aM(dUOOJIOB pa3HOro cocTaBa C MPHUBJICYCHUEM METOAA SAEPHOIO TaM-
Ma-pesonanca (SIT'P) na simpax >’Fe [6, 7, 12, 13]. Llens maHHO# paboThl — IOJIyYeHUE Ha
OCHOBE DKCIEPUMEHTAIBHBIX JAHHBIX aHATUTUYECKUX BBIpAXKEHUN IJIs1 OMMUCAHUST KUHE-
THUKHU U3Y4aeMbIX MIPOLIECCOB, paClIMPEeHe JAHHBIX O MEXaHU3ME B3aMMOIECTBUS y-U3ITy-
YEHMSI C BJIEMEHTAaMU KPUCTAJUIMYECKOM pelleTKu aM@uO00B pa3HOro COCTaBa, OLIEHKA
SHEPIMU U3JTyYeHUs, HEOOXOMUMOM U OKUCIEHUS CTPYKTYpHOTo Xene3da. SI'P-criekTpbl
MOJIy4eHbl Ha YCTAHOBKE 3JIEKTPOIMHAMMWYECKOIO THITA C IOCTOSIHHBIM YCKOPEHUEM IpU
KOMHaTHOM Temreparype. McTtounuk y-kBaHToB — 37Co B marpuie Cr. KannGpoBka Kajibl
CKOpOCTE MPOBOIMJIACH MO TOJOXEHUIO JIMHUI TMOIIOIIEHUsST HUTPOIIPYCCHIA HATPUS.
AMGUOOJIBI IIMPOKO TMPEICTaBIeHbl B 3eMHOM Kope U, 00J1afasi MOBBIIIEHHON BOCIIPUUM-
YUBOCTBIO K BO3IEMCTBUIO PaIUALMOHHON DHEPIUU, BBICTYIAIOT YCTOMYMBBIMU WHINKATO-
pamMy ¥ HOCUTEJISIMU TUATHOCTUUYECKUX MTPU3HAKOB BO3IEWCTBUS paguanuu [3, 4, 8, 14].

DKCMepUMEHTAIBHOE y-00JydeHUe TOJIMKPUCTAIIMYECKX O0pa3lioB (pa3Mep 3epeH
<0,1 mm) mpoBeneHo Ha ycraHoBke YK-250000 Ha Bo3myxe Mpu MOIIHOCTU J03bI O0Iyue-
nus 23 I'p/c. @ukcuposanubie 10361 (D), I'p: 1,2-108; 2,8-108; 4,7-108; 5,7-108 u 6,4-108
obecreunBaIi HaIeXKHOEe 3aKpelieHue paguallMOHHBIX T1e(EKTOB B CTPYKTYpe MUHEPAIOB
M BBIXOJ KUHETHUYECKMX 3aBHCHUMOCTEN KOHLIEHTPALMM PAagUallMOHHO-XUMHUYECKH OKMC-
JIECHHOTO XeJjie3a OT J03bl 00JIydeHMs Ha "HachllleHre", T. €. P JaHHBIX YCIOBUSIX 00JTyde-
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Puc. 1. SITP-cnektpbl Ca-ambu-
6ona (00Op. 2) B mpouecce 00-
nyyenus. Josa oonywenus, n+ 108
I'p:a—0;6—1,2;6—2,8;e—
4,7, 0 — 5,7; e — 6,4. llITpuxo- ] 4

e U L O 1

1 1 A 1 L

BO# JIMHMEH MOKA3aHO MOJIOXKe- 28 =10 § +1E +20 Vami
HUE BbIIEJIEHHBIX 1y0JIETOB f 4 4 ! 0 b

HUST peaklUy OKMCJEHUST MPaKTUYECKH TOJHOCTBIO MCYEPIBbIBAINCh. IIporpeB oGpa3ion
OCYILIECTBIISJICS B TPYOUaTOM JIEKTPOITeYr Ha Bo3myxe. OLIMOKY U3MEPEHMS TeMIIEpaTyphl
(T) — £ 5°C.

B kauecTBe 0OBEKTOB M3YYEHUST UCIOIb30BAINCH TPU obpa3ia aMmdubona ciaeayoie-
ro CcocTaBa:

1. (NaOy 1Ky g4)9,15(Ca; g,Nag ;sMng o3); go(Me; 56 Fe12,80 FeéES Al 51 Tig p5)s5 00
*(Sig g9Al} 11)800(021,600H0,40)22,00(OH) 03

2. (Nay 19Kg 53) 42(Cay 49Nag 60)5 0(M8; 19 Felz;S Feéj—@ Al 3sMng 45 Ti 04)5 0%
*(Sig 4711 53)800(021,340Hy 66)22,00(OH, g5 o, 10Clo 022,005

3. (Cay 37Nay 14,Kj 04sMny 5), s5(Mg, 55 Fe12,80 Feigz Alj 95)5,00%

x(Si7 40Alg 41 Tig 19)5,00022,00(OH | 3,00 68)2 00-
B cooTBeTCTBMU C cCOBpeMeHHOM Kinaccudukanmein amduoonos [20], Mcnonb3oBaHHBIE pa3-
HOCTHU TIpe/CTaBJIeHbl MarHe3uajbHOi (00p. 1) M YepMakuUTOBOIl (0Op. 2) pOroBHIMU 00-
MaHKaMU, a Takxke 6appyasutoM (00p. 3).

Cgenennst o crpyktype ampuoonoB. OCHOBY CTPYKTYpbl aM(UOOJIOB COCTaBISAIOT Oec-
KOHEYHBIE JICHThI aJIOMOKPEMHEKUCIOPOAHBIX TETPa3APOB, BHITSHYTHIC BIOJb OCU ¢ U CO-
yeTaLuecs B IBYXCIOWHBIE MakeTwl. TeTpasapuueckue KatnoHbl (Sitt, AIPY) sacensior
JIBe HEOKBUBAJEHTHBIE MO3UILIMU C Pa3HbIM XapaKTepOM JIMTAHIHOIO OKPYXKEeHUs. AJIOMO-
KPEeMHEKUCIOPOIHbIC TTAaKeThl MepecianBaloTCs B IIaXMAaTHOM IMOPSIKE JEHTAMU KATHUOH-
KHCJIOPOIHBIX OKTA3IPOB, BHITSHYTBHIX B HAMPABIECHUSIX a- U b-0Ceil U comepXKallluX YeThIpe
He3aBUCUMbIe KaTUOHHBIe no3utiuu M1, M2, M3 u M4. PacnipeneneHrue KaTHOHOB IO 3TUM
MO3ULIMSIM OIPENEISIeTCs] SHEPTeTUYSCKUMU U pa3MepPHbIMU (paKTopaMu M KOJIMYECTBEH-
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g Puc. 2. SITP-cnekTpbl Na-ambubdona
. ’ (06p. 3) B mpolecce o6ayyeHuUs. Y-
£ J VHHT josuble oGosHaueHus oM. Ha puc. |

HBIM TIPEICTABUTENILCTBOM UX B CTPYKTYpE, B KOTOpOi cooTHolueHue M1 : M2 : M3 : M4 =
=2:2:1:2. To3uuu M1, M3 KoopauHUPOBAHBI YeThIpbMsI aToMaMu O ¥ IByMSI MIOHAMM
OH™ 1 CKJIOHHBI K 3aCeJIEHUIO, B OCHOBHOM, KaTnoHaMu Mg, Fe2*, Mn, Al, Ti. I1s1 no3uimu
M2, xoOpAMHUPOBAHHOM IIeCTh0 aToMaMu O, XapaKTepHO MPEUMYILECTBEHHOE KOHIIEHT-
PUPOBAHKE KATMOHOB C MEHBILIMM MOHHBIM PaINyCOM, TaKiX Kak Fe3™, Al. B KanbLuueBbIx 1
HEKOTOPBIX HATPMEBBIX pAmaxX MO3MLUMs M2 dacTMyHO 3aHsATa Takxke Fe?'. INosuuuio M4
3acensioT npeumyinectBeHHO Ca u Na B Ca- u Na-amdubonax coorBeTcTBeHHO. CaMble
KpYIHbIE A-TIO3ULIMY, C KOTOPBIMU CBSI3aHBI Pa3phbiB CIUIOIIHOCTU OKTA3APUYECKOIO CJIOS
U (opMUpPOBaHUE JIEHTOYHOTO CTPOEHMST aM(UOOJIOB, YACTUYHO WJIU MOJHOCTBIO 3aHSIThI
Na, K, Ca 160 BakaHTHEI. bojiee monpoOHbIe CBEAEHMS O CTPYKTYpe aM(PrO0JIOB MpeacTaB-
JieHsl B padote A. JI. JlutBuna [10].

AT'P-cnekrpockonus ampudonos. SAI'P-criekTpbl IBYX HCCIEA0BAaHHBIX 00pa3lioB aM-
GuboI0B B Mpoliecce O0IyYeHUST U PE3YJIbTaThl UX KOMITbIOTEPHON almpoOKCUMAalKY TIpe-
CTaBJIeHbl Ha puc. 1, 2, a pacCUYMTaHHBIE MPHU 3TOM IMApaMETPbl COCTABJISIONINX Ty0IeTOB
npuBeaeHbI B Ta0. 1. Xapakrtep moBenenus AI'P-criekrpa 00p. 1 momobeH TakoBoMy 00p. 2.
[1pu KoMITbIOTEpHOI 00pabOTKE CIIEKTPOB UCIOJIb30BATACH MPOTPaMMa, PEATM3YIOIIAs METOT
HauMMEHbIIMX KBajapaToB. OOpaboTKa CIEKTPOB MCXOAHBIX OOPa3lOB POTOBBIX OOMaHOK
BBIMIOJIHEHA C MPUMEHEHUEM YeThIpeXayOJeTHOU Moaeau amnmpokcumauuu. MHTepnpeta-
1IUsI COCTaBJISIIOLIMX Ay0JIETOB MPOBEAEHA B COOTBETCTBUU C OIBITOM PaHee BBIMTOJIHEHHBIX
no amuodoaM CIIEKTPOCKONMMUECKUX MccaenoBanuii [2, 7, 13, 15, 17—19]. Tpu nybneta ¢
HauOOIbIIUMY 3HAYEHUSIMU KBaApPYIIOJbHOTO paclleIUIeHUsI B MOPSIAKE UX YObIBAHUS CO-
ITOCTaBJIEHBI C PE30HAHCHBIM TIOIJIOLIEHNEM y-KBAaHTOB Ha sapax Fe?' B mosuuumsx M1, M3
U M2 COOTBETCTBEHHO, OOWH YIIMPEHHBIN AyOseT Fei?’+ — C TeHETUYECKU TPUCYTCTBYIO-
LM B UCXOIHOM cTpyKType Fe3' (puc. 1). Brian paqMaioHHO-XMMAYECKA OKUCIEHHOTO
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Tabauya 1. Tlapamerpsi SITP-cnekTpoB am(u00/10B Nociie ux 00JaydeHust
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Okonuanue Tabn. 1

[IpuMevyaHUe §— M30MEPHBIA CABUT OTHOCUTEIILHO HUTPONPYCCHIA HATPUsl, MM/C; A — KBaIpyHoJbHOE
pacuieruieHue, MM/c; I' — mosyuMprHa JIMHUK MOTJIOLLEHMsI, MM/C; S — OTHOCUTEJIbHAsI TUIOLIAAb KOMITOHEHTHI, %.
Ownbka onpenenenus 8, A, I' — £0,02 mm/c, S — £10 %.
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Puc. 3. 3aBMCMMOCTb M3MEHEHUS] KOHLIEHTPALIMM Pa3HOBAJIEHTHBIX MOHOB Fe 1Mo HeaKBUBalIeHTHBIM mo3uuusM Ca-
amdubona (06p. 2) ot 1036l 00nyyeHus: a — Fe3* (M1-3); 6 — Fe2t (M1); ¢ — Fe2* (M3); 2 — Fe2* (M2)

Puc. 4. 3aBUCUMOCTb M3MEHEHMsI KOHLIEHTPALIMU Pa3HOBAJIEHTHBIX MOHOB XeJie3a MO CTPYKTYPHBIM Mo3uLusM Na-
amduoona (06p. 3) or 1036l 06ayueHus: a — Fe3* (M1-3); 6 — FeX™ (M1); ¢ — Fe2t (M3)

Kejie3a OIMUCaH OTAEIbHBIM Jy0JETOM KBaapPYIOJIbHOIO pPaCLIeIIEHMUs Fng’. Ipu sTOM

WCIIOJIb30BAIMCH AOMylleHus: 1) ¢dopMa JMHUI MOIJIOLIEHUST OMMCHIBaeTCS (PyHKUMEN
JlopeHua; 2) MHTEHCUBHOCTD U MOJYLIMPUHA JUHUN B KaXIOM M3 Ty0JIETOB PaBHBI MEXIY
coboii. [Tpu paBeHCTBE KO3(DIULIMEHTOB PE30HAHCHOIO MOMIOLLIEHUSI Pa3HOBAJICHTHBIX NOHOB
BO BCEX HESKBUBAJCHTHBIX MO3UILIUAX 3HAYCHUS] OTHOCUTEJbHBIX ILIOIIANEH BbIACIEHHBIX
KOMITOHEHT COMOCTaBMMBbI C KOHIIEHTpAaIIMEN Xkeae3a B MO3ULIMSIX, COOTBETCTBYIOLIMX Ay0-
JIeTam.

B xpucramnoxummyeckoit popmyie oop. 3 Habmonaetcst aecdpunT KatnoHoB Ca, Na, K
IJIST 3aITOJTHEHUSI He TOJbKO A-, HO M mo3unuu M4. Bompoc o cTtpykrype aMduboIoB ¢
CYMMOM KaTMOHOB B YKa3aHHBIX IO3MIMAX < 2 WK > 3 gBJIsIeTCsS OUCKYCCHUOHHBLIM [9]. B
CBSI3U C OTUM UIAEHTUGUKAIUS TpeThbero amduobdona kKak OGappyasuta B COOTBETCTBUU C
MPUHATBIMU TIpUHIMMNamMu npobiemarnyHa [20]. ATP-cnekTpockonuyeckue xapakTepuc-
TUKU 00p. 3 OTJIMYAIOTCSI OT TAKOBBIX It 6appya3uToB [5] u 61m3ku K pubekutam. Mcxons
M3 3TOTO, CIEKTP AaHHOro obpasua (puc. 2) anmpoKCHUMMPOBAH TPEeXMyOJIeTHOM MOEIbIO,
MPUHATON Ul puOEeKUTOB: nBa ayoiera Fe?t B mosuumax M1 u M3 u ogun Fe]3+ — B M2
[9, 13, 16]. Jons panMallMOHHO OKUCIEHHOTIO XeJjle3a BbloeleHa 1y6neToM Feg+ . OnHako ¢
0oJbIIEN TOCTOBEPHOCTHIO BKJIAA paagdallMOHHO OKMCJIEHHOTO Xejie3a IJisi BceX oOpas3lioB
ONpenesieTcsl Kak pasHOCTh MEXIY CYMMapHBIM coaepxaHueM Fe3™ B 06iyuyeHHOM M Hc-
XOIHOM O0pa3slax.

Haubosiee pacnpocTpaHeHHbIE B HACTOsIlee BpeMsl MoAeau anmnpokcumanuu AIP-
crnextpoB Ca- 1 Na-amMbun00J0B YUMTHIBAIM BIMSIHAE Ha SIAPO XKeJie3a TOJILKO OJKaiilie-
T0O aHMOHHOTO OKpYyXeHWsl. BausHue Oavrkaiiliero KaTHOHHOTO OKPYXKEHUsI, 3aMelleHUi
tuna OH™ — F~, Cl~ B aHnoHHOM Kapkace [21], xapakrepa 3anojHeHust A-no3unuu [9],
BO3MOXHOCTH BXoxiaeHus: Fe2't B mosuumio M4 [22] npuHATBIE MOAEIA HE YYUTHIBAIM.
Hcnonb3oBaHHBIE HAMU MOJENM MO3BOJISIIOT KAYECTBEHHO OIMMCATh XapakKTep MpOTeKaHUs
paavalMOHHO-XUMUYECKUX peakluii okuciaeHus Fe B cTpykrype ambub0J0B U 1OCTOBEP-
HO MOKa3aTh KOJWYECTBEHHYIO CTOPOHY Mpollecca.
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Puc. 5. KuHeTrKa n3MeHeHHsl OTHOCUTENbHOTO comepxanus Fe3t B crpykrype o6myuennoro Ca-amdubomna (06p. 2)
MpPY €ro M30TEePMUUYECKOM TMPOrpeBe. ¢ — ¢ — KpUBbIe, onucbiBaeMble ypaBHeHUsIMU (3), (1) 1 (2) cOOTBETCTBEHHO

Puc. 6. 3aBUCHMOCTb OTHOCUTENILHOTO coiepxanus Fe3t B crpykrype Ca-amdubona (06p. 2) OT TeMIepaTyphl Mpo-
rpeBa. KpyXKu Ha ocM OpAMHAT — 3HAYEHMs o AJIs1 HEMPOrPEeThIX OOJYYEHHOTo (BBEPXY) M MCXOLHOIO (BHU3Y)
o6pasioB. LLITpuxoBasi TMHUSI — TeopeTHyecKasi KpUBasi, pACCUMTaHHAasl MO ypaBHEHUIO (4)

Ananmu3 uameHeHuil B AI'P-criekTpax o0gyyeHHBIX aM(UO0JIOB (YMEHbIIIEHNE UHTEH-
CUBHOCTEl ay0neToB Fe?™ 1 mosiBieHre HOBBIX OyOJIETOB C IapaMeTpaMM, XapaKTEPHBIMU
st Fe3™) mossonun Ham ycraHoBuTs [3, 7, 12, 13], 4ro B3aMOJEHCTBHE y-U3IYYEHUS CO
CTPYKTYypoii aM(duO0J0B BO30OYXAaeT peakUMy pPaauallMOHHO-XMMHWYECKOTO OKHWCIECHMUS
xene3a. Knnervka okucinenust FeZ' 1o cTpyKTypHBIM MO3MLMSIM Y€PMAaKUTOBOM POroOBOM
obmaHku (00p. 2) mpencraBieHa Ha puc. 3. CrocCOGHOCTb KaTUOHOB 3KeJe3a K paaralioH-
HOMY OKHCJEHUIO B HEIKBUBAICHTHBIX CTPYKTYPHBIX MOJIOXEHUSIX (Ha OMHY MO3ULUIO), C
YUYETOM paHee MOJyYeHHBIX pe3ynbTatoB [3, 7, 12, 13], moguuHseTcs 3apucumoctu Fe3t (M1)
= Fe3* (M3) > Fe3* (M2). IllpenmyliecTBeHHOE OKUCIeHre Fe?T B Mosumsx, coaepxKalinx
B aHMOHHOM OKpyxeHuu OH™-rpynibl, 00bsICHIETCS BO3MOXHOCTbIO JIOKAJIbHON KOMIICH -
cauMu 3apsiga 3a cueT paciuerieHuss OH™-cBsizeid u ymaneHUs: M3 aHMOHHOIO Kapkaca
rpotoHa. M3meHeHus: KoHUeHTpauunu Fe2t B mosuumu M2 B nipesiesiax OLIMOOK U3MEPEHMSI
HE OTMEYEHO. AHAJIU3 TaKUX 3aBUCHUMOCTEH MJisI MarHe3WaJbHOW M DIEHUTOBON POTOBBIX
00MaHOK MpOBeeH HaMM B TNpeAbIAyIIuX padborax [7, 12, 13].

[y0ieTbl MOIJOIIEHUST pamuallMOHHO OKMUCJIEHHOIO Keje3a OIMCHIBAIOTCSI KBamapy-
MOJIbHBIMU PAaCIETUICHUSIMU, TIPEBBILIAIOIIMMY O 3HAYEHUSIM TaKOBbIE IS TEPMUYECKU
OKHCJIEHHBIX Y TeHETUYECKU BHEAPEHHBIX B CTPYKTYPY B MpoIlecce MUHEPATOO0pa30BaHUST
noHoB Fe3*. Paszmuuust B mapameTpax CBsI3aHbI C HaBEJEHUEM B CTPYKTYpPE YCTOMYMBBIX
pagvalMoOHHbBIX N1e(MEKTOB, MPOSBISIEMbIX B TEOMETPUIECKOM MCKAXKEHUU KOOPIMHAIIMOH-
HOTO OKPYXEHHSI PE30HAHCHBIX MOHOB W B HapYyLIEHUM SHEPTreTUYECKUX CBSI3ed B KpHC-
Tajulax. YBeJWYeHUe Iocje 00JydyeHUs] KOHLEHTpaluuu paauallOHHO OKHCJIEHHOTO XeJje-
3a COMPOBOXIAETCS YMEHbIIEHHEM 3HaueHuil A 1y6ietoB Fe2t (tabu. 1).

KuHeTnka oKucaeHUs Xejle3a B CTPYKTYPHBIX mo3uuusax M1 u M3 obp. 3, uneHtudu-
nupoBaHHoro no AI'P-crnekTpockonuyeckuM XapaKTepUCTUKaM PUOEKUTOM, ITOKa3aHa Ha
puc. 4. ComnocTaBlieH1e YUCIEHHbBIX 3HaYeHUii Muionaneii ayoiaeros Fe2t (M1), Fe (M3) u
TaHT€HCOB YIJIOB HAKJIOHA KUHETUYECKUX KPUBBIX OKUCIEHUS XKejle3a B HEOKBUBAJICHTHBIX
TMO3UIUSIX, XapaKTepU3YIOIIMX CKOPOCTU Ipollecca, MO3BOJsIeT CAeaaTh BBIBOJ O MPEUMYy-
LIECTBEHHOM OKUCJIEHUU 3Keye3a B mo3uliuu M1. DTOT pe3yabTaT OObSICHSETCS OONbIIUM
KOJIMYECTBEHHBIM TIPEACTABUTEILCTBOM B CTPYKType TMmo3uiuu M1 mo cpaBHeHMIO ¢ M3.
AHaJIOTUYHO POTOBBIM OOMaHKaM B pUOEKUTaxX AyOJeThl MOTJIOIIECHUST palualluOHHO OKMC-

Tabauya 2. N3menenue DS Na-ampuodoaa (oop. 3) mocie odayueHus

D, 108 T'p a, HM b, HM | ¢, HM | B, rpan | V, am3
0 0,9693 (6) 1,796 (1) 0,5309 (5) 103,56 (7) 0,8982

1,2 0,9704 (10) 1,795 (2) 0,5304 (8) 103,68 (11) 0,8977
2,8 0,9705 (8) 1,797 (1) 0,5310 (7) 103,64 (9) 0,8998
4,7 0,9703 (7) 1,798 (1) 0,5311 (5) 103,67 (8) 0,9004
5,7 0,9700 (9) 1,796 (1) 0,5315 (8) 103,59 (10) 0,9002
6,4 0,9706 (13) 1,795 (1) 0,5312 (11) 103,60 (15) 0,8998

[Tpumeuanue Bckobkax — ommbka M3MepeHust B MOCASIHUX 3HaKax, Harpumep, 0,9693 (6) cooTBeTCTBYET
0,9693 + 0,0006. M3mepenust BoimoaHut A. JI. JIuteuH.
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JIECHHOTO 3KeJie3a XapaKTepU3YIOTCSI TOBBIIIEHHBIMA 3HAYCHUSIMU A.

Bimsinde 00JyueHdsi HA CTPYKTYpPY M (PU3HKO-XUMHUecKHe cBoiicTBa amdubdoaos. O0-
JlydeHHe KaJIblUeBbIX aM(pHOO0JIOB BhI3bIBACT aHU30TPOITHOE M3MEHEHUE MapaMeTpOB 3Jie-
MeHTapHoi stueiiku (ITDS) u ux GusnKo-xuMuU4ecKrx (ONTUYECKUX, MATHUTHBIX, TEPMU-
YECKMX, pEeaKLMOHHBIX) CcBOMCTB [6, 11—13]. M3mepenus 195 wenounoro ampubona
(0Op. 3) MoKa3bIBAIOT UX CTAOMIBLHOCTH IMOCJEe O0JYyYeHHUS B TIpeleaax OLIMOKY U3MEpPEHUS
(Tabx. 2). 194 manHoro obpasiia, BBUIY €ro BOJOKHUCTOTO CTPOEHMSI, U3MEPSIUCh HE Ha
MOHOKPHUCTAJ/UIaX, a Ha MOPOIIKaX, YTO HECKOJIbKO YBEJIMYMBAJIO OLIMOKY MU3MEpPEHUI IO
CpPaBHEHUIO C aHAJIOTUYHBIMU omnpeaeneHusiMu 1t Ca-ampubona [12].

Panee ncciaemoBaHUsSMU TOCTpaguallMOHHBIX 3(MGeKToB B aM¢puboiax HaMu Oblia
MOKa3aHa BO3MOXHOCTb BOCCTAHOBJICHUSI paiMallMOHHO-XMMUYECKH OKMCICHHOTO Xeje3a
MyTeM MpPOTpeBa KPUCTAIIOB KaK Ha BO3IyXe, TaK M B HelTpajbHOI atMocdepe [7, 12, 13].
CreneHb BOCCTAHOBJICHUS Keje3a IMPU TepMOOOPabOTKE OIpeaessieTcsl COCTaBOM aMdu-
0o0J1a ¥ yCIIOBUSIMU €To mporpesa. BocctaHoBleHUe Xeye3a CONPOBOXKIAETCS BOCCTAHOBJIE-
HUeM (PU3UKO-XMMUYECKUX CBOMCTB Kak Ca-, Tak 1 Na-amduoonaoB u 194 kanbiimeBbix
paszHocteit. CocoOHOCTh PaaAMallMOHHO OKUCIEHHOTO XeJie3a K BOCCTAHOBJICHUIO B CTPYK-
Typax am@uboJIOB OTpakaeT OCOOCHHOCTU MEXaHM3Ma €r0 OKUCJIEHUS U MOXKET CIYKUThb
TUMOMOP(MHBIM MpU3HAKOM aM(UOOJIOB, MMOABEPTHYTHIX BO3ACHCTBUIO OOIyYCHMUSI.

TepMuyeckoe BOCCTAHOBJIEHHE PATHANIMOHHO OKHMCJIEHHOrO XKeje3a. VMccienosaHue Tep-
MMUYECKOM YCTOMYMBOCTH paiMallMOHHO OKUCJIEHHOTO XeJjie3a, MeXaHU3Ma ero BOCCTaHOB-
JIEHUSI, OTIpeaesieHue TeMIlepaTypHBIX I'paHUIl MPOTEKaHUsI JAaHHOTO Ipollecca aKTyaabHO
MpU ONMUCAHUU 3BOJIOLMOHHBIX MPeoOpa3oBaHUl MUHEPAJIOB B 30HaX COBMECTHOIO BO3-
NEMCTBYSI TETUIOBBIX U paguallMOHHBIX MMOJIei, onpeaeieHUsI BO3PACTHBIX MapaMeTPOB Py-
HBIX TTOJIEH, a TAKXKe 103, HAKOIJIEHHBIX aCCOLMUPYIOIIMMU ¢ HUMU MUHEpaJlaMH, OLICHKU
TEMIIepaTyp HaJIOXEHHBIX MeTaMOp(PUUECKUX TMPOLECCOB. 3agaya HACTOSIIIUX UCCIea0Ba-
HUI 0 TEPMUYECKOMY BOCCTAHOBJICHUIO PaguallMOHHO OKMCJICHHOTO XKejie3a — pacliu-
peHre HOMEHKJIATYphbl MCCIEIOBAaHHBIX OOBEKTOB, OMpEICTICHUE TPaHMI] TeMIIepaTypHOTO
Jrara3oHa MpoTeKaHUsl pacCMaTpUBAeMOro Mpoliecca, oMrcaHue ero MmexaHusma. B tabn. 3
MpUBENEHBI Pe3yJbTaThl M3MepeHuit MerogoMm STP-cooTHoOIIEHUST MEXIy CyMMapHBIMU
KOHILIEHTPALMsIMU Pa3HOBAJIEHTHBIX MOHOB XeJie3a B CTPYKType obiydeHHon (D = 6,4:108
I'p) yepMakUTOBOI POTrOBOI1 OOMAHKHU, MPOTPETOil TIPU PA3IUYHBIX TeMIlEpaType U Bpeme-
HU BBIIEpKEK. AHaIN3 pe3yJbTaTOB IOKAa3bIBaeT, YTO MporpeBaHue oopasiua mpu 400—
450 °C B Teuenue 0,2 9 IPUBOIUT MPAKTUYECKN K MOJHOMY BOCCTAHOBJIIEHUIO pagydalliOH-
HO OKMCcJeHHoro xene3a. CymmapHoe cogepxanue Fe3™, pasnoe 44,5 % 11t HENPOTPETOro
00JIy4eHHOrO 00pa3iia, YMEHbIIIOCh 10 ~30 % I MpOrpeThiX pa3HOCTEN, 4TO BechbMa
6GyM3Ko K comepxkanuto Fe3t B mcxogHom HeoGiydyeHHOM obpasie. [Iporpesanue obpasia

Tabauya 3. Vi3MeneHHe COOTHOMICHHS MEXY CyMMAPHbIMM IUomaasvu ayoneros FeZ* u Fed*
00JIy4eHHO# YePMAKUTOBON POroBoii 00MaHku (00p. 2) mocie ero mporpesa

T,°C [ S(Fe?*), % o = S(Fe3*)/S(Feqpu,)
KomHuarnas* 0 72,1 0,279
KomnaTtHast 0 55,5 0,445

450 0,2 69,5 0,305

450 0,6 68,8 0,312

450 0,8 67,3 0,327

400 0,2 70,1 0,299

380 4 69,7 0,303

350 4 70,0 0,300

300 0,2 62,1 0,379

300 0,75 66,5 0,335

300 2 66,6 0,334

300 4 67,6 0,324

300 7 68,5 0,315

300 13 69,2 0,308

300 16 70,0 0,300

280 4 67,3 0,327

260 4 65,5 0,345

240 4 65,4 0,346

220 4 64,5 0,355

200 4 60,0 0,400

180 4 57,2 0,428

ITpuMeduaHu e. 3Be3104KON 0003HAUEH HEOOIYUYEHHBIN 0Opasell.
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npu 450 °C, a Takke yBeJIMYeHUEe BpeMeHU 00pabOTKM MPU 3TOM TeMIIepaType O0YCIOBIM-
BaloOT OoJiee BEICOKOE comepxkanue Fe3t, uto, BeposTHO, CBSI3aHO C BO30YKIEHNEM B CUCTEME
peakiuii TepMUYECKOrO OKMCJECHMS MapalieibHO C PeaklMsIMU BOCCTAHOBJICHUS pamva-
LIMOHHO OKWCJIEHHOTO Xeje3a. Bkian peakuuil TepMUYECKOTO OKMCIEHUSI B U3MEHEHUE
cogepxanust Fe3* mpu yKazaHHBIX yCIOBUSIX IIPOTpeBa MOXET COCTaBIATh ~2—3 %. bius-
Kue KoHueHTpauuu Fe3" monydensl u B ciaydae 6Gonee Hu3kux remmeparyp (380, 350 °C), Ho
Oosbliero BpeMeHU (4 4) 0OpabOTKHU.

KuHeTnka BOCCTaHOBJICHUSI paguallMOHHO OKMCJIEHHOTO Xejie3a MpU M30TepMUYeC-
koit o6pabotke (300 °C) yepMakKMTOBOI pOroBoii 0OMaHKHM IMOKa3aHa Ha puc. 5. M3mom Ha
KpPHMBOI yKa3bIBaeT Ha HEOJHOPOIHBIN XapakTep Ipoliecca. DKCrepuMeHTalbHas 3aBUCH-
MOCTb OTHOCHUTEJILHOTO coaepxaHus Fe3™ B oOpasue (o = Fe3* /Féqg) OT BPEMEHHU IIPO-
rpeBa (f) mpeacTaBieHa HaMU (PYHKIIMENW PErpeccui, SIBISIONIeics KOMOMHAIMEeNd IBYX
9KCMOHEHT

o () =aexp(—br), (D)
o, (#) = cexp (— dt) 2)

U HEKOTOPOI MOCTOSIHHOM g:
ooy =&t aexp (—by) + cexp (— di). (3)

JIvHus perpeccuu MPOXOOUT Yepe3 COBOKYITHOCTh 3KCIEPUMEHTANIbHBIX TOYEK C MU-
HUMAaJIbHBIM CPEITHEKBAAPATUUECKUM OTKJIIOHEHUEM (KpuBas a) TpU CIAEIyIOIIMX 3Haue-
HMsIX napameTpoB Gyakunn: a = 0,057, b =0,062 ¢!, ¢ = 0,108, d =4,737 c ' u g=0,28.
[Tosmoruit yayacTok KpUBOM XOpoIlIO onuvchiBaeTcs pyHkiuei (1) — Kpusas 6, a HayaaIbHBII
crag — yHkumeit (2), Kpyupasi 6. DKCIIepUMEHTAIbHbIE U TEOPETUYECKUE 3HAYECHUS o, pac-
CYMTAHHbIC TT0 ypaBHeHUSIM 1—3, mpuBeaeHbl B Tab. 4. Pe3kuii HauanbHBIN crial KpUBOM
npu BpeMeHu mporpesa 10 0,75 4 MoxeT ObITh CBSI3aH C BKJIAZAOM B Ipoliecc (hparMeHTOB
CTPYKTYpbI KPUCTAJIJIOB, 00JIafalollMX MUHUMAIbHOW 2HEPTUeil aKTUBALlMU peakiuii BOC-
CTaHOBJICHUS Xese3a. DTU (hparMeHThl, CKOpee BCero, MOTYT ObITh CBSI3aHbI C palUallMOH-
HOI M MeXaHMUYECKOM aucriepraiueil moBepXHocTH KpucramioB. C yBelMYeHUEM BpEMEHU
00paboTKM B MPOLIECC BOBJIEKAIOTCS [NIYOMHHBIE CTPYKTYpHBIE KaTMOHBI Fe3™ kpucramios
¢ 6ojiee BBICOKOM 3HEprueil akTUBAllUM peaKIMii BOCCTAHOBJICHHUS, UYTO OOYCJIOBIMBAET
Oosiee MIABHBIN claJ, KWHETUYECKOW KpUBOi. MUHMMalbHBIe 3HaueHus o, = 0,28, oTBeya-
Jollie KPUBOM 6, COINIacyloTcsl co 3HadeHueM o = 0,279, cBOMCTBEHHBIM MCXOIHOMY He-
00IydeHHOMY 00p. 2. DTO yKa3bIBaeT Ha MPaBUJIBbHBIN BEIOOp MOJEIM 0OpabOTKM SKCIIEpH-
MEHTAJIbHBIX Pe3yJIbTaTOB. bojiee BLICOKME 3HAYEHUS O, ., IO CPABHEHMIO C TAKOBBIMU IS
MCXOIHOTO 00pa3lia, MOTYT ObITh OOBSICHEHBI BO30YXKIEHUEM B CHCTEME TapajlieJIbHO pe-
aKIMsIM BOCCTAHOBJICHUS 3KeJie3a peakiuii ero okucieHust. Kak cieacreue atoro, cymmap-
Hast yHKIHMS B 00J1aCTU MaKCUMaJIbHBIX 3HAUYEHMI [ HEe JOCTUTaeT 3HAYEHMS o, XapaKTep-
HOTO TS UCXOOHOTo obpasiia. DTo pacxoxaeHue coctapiser ~2 %.

Pesynbrarhl MI3BMEHEHHMS o TIOCIE U30XPOHHOTO MpOrpeBa 00JydeHHOTo obpasiia Ipe-
CTaBJieHBI Ha pUC. 6. DKCIIepUMEHTaIbHAS 3aBUCUMOCTD TMPEACTaBIeHa HAMU C TIOMOIIbIO
GYHKUIMU perpeccuu

a=atbexp(—cl), “4)
rae KoHcTaHTel a = 0,296, b = 1,968 u ¢ = 0,015 °C-1. DkcTpanonasuusa KpUBOA B CTOPOHY
0oJiee HU3KMX TeMmIiepatyp 10 YpoBHs o = 0,445, xapaKTepHOro JUisi 00Jy4eHHOTO HEeIpor-
peToro obpasiia, MO3BOJSIET OLIEHUTh MAaKCUMAJIbHYIO TeMIIepaTypy YCTOMYMBOCTU pagva-
LIMOHHO OKMcIIeHHOro xene3a (172 °C), npu NpeBbIICHUU KOTOPOM YXe BO30YXIaroTcst
peakiiuyi BoCcCTaHOBIeHUSsI. [1peanonoXXuTebHO, SKCTPAIosILUs KPUBOM B CTOPOHY OoJiee
BBICOKMX TeMITepaTyp 10 ypoBHs o = 0,279, xapaKTepHOro JIJIsi ICXOIHOTo 00pa3lia, Jo/DKHA

Tabauya 4. VI3MeHeHHe IKCNEPUMEHTAJLHBIX M TEOPETHYECKHX 3HAYEHHIl o MPH M30TEPMUYECKOM
nporpese 00JIyYeHHO! YePMAKUTOBOI POroBoii ooManku (00p. 2)

5Ly Olake Olcym o o)

0 0,445 0,445 0,337 0,388
0,2 0,379 0,378 0,336 0,322
0,75 0,335 0,338 0,334 0,283
2 0,334 0,33 0,33 0,28
4 0,324 0,324 0,324 0,28
7 0,315 0,317 0,317 0,28
13 0,308 0,305 0,305 0,28
16 0,300 0,301 0,301 0,28
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Puc. 7. 3aBUCMOCTb OTHOCHTEJIBHOTO comepxaHusi Fe3t B cTpykrypax
aM®uOOIOB OT BpeMeHU MX OOJyYeHUs: @ — 6 — JJisi 06pasios 3, 1, 2 Jr 4
COOTBETCTBEHHO. Cl'lJ'lOLLIHblC JIMHAUU — TEOPETUYECKUE KPUBBIC, pac-
CUMTaHHbBIE MO ypaBHEHHUIO (8) L

ObL1a OBl ITO3BOJIUTH OINPEAETUTL TEMITEpaTypy, IPOTPeEB
o0pa3lia Mpu KOTOpoil B TeueHUe 4 4 IMOJHOCThIO BOC-
CTaHaBIUBaJ Obl pagvallMOHHO OKMCJIEHHOE 3KeJe30.
OpnHako, Kak cljiefyeT U3 ypaBHeHUs (4), TeopeTudecKue
3HAYEHUSI o, HE MOTYT JOCTUTHYTh YPOBHSI MCXOIHOTO
o0pasia. DTo pacxoxXIeHUe cocTaBisger ~2 % U cBs3a-
HO C BO30YXXIE€HUEM B CHCTEME BCTPEUHBIX BOCCTAHOB-
JIEHUIO Keje3a peaklMii ero OKUCICHMUSI. 4z . - : . e

IMporpeB Na-ambubona (06p. 3) npu 275 u 325 °C g / G
B TeueHue 1 4 mpuBes MpakKTUYECKU K MOJHOMY BOCCTAHOBJIEHUIO PaIvallMOHHO OKWCJIEH-
HOTO keyie3a. DTOT (haKT yKa3blBaeT HA €ro MOBBIIEHHYIO BOCIIPUMMYMBOCTD K TepMUYEC-
KUM BO3IEHCTBUSAM B CTpyKType Na-aMmdubosa, mo cpaBHeHUIO ¢ TakoBbIM B Ca-ampuodo-
Jlax.

[TomyyeHHBIE pe3yabTaThl MO TeMIepaType YCTOMYMBOCTU PaauallMOHHO OKHCIEHHO-
TO Xejie3a U TPAaHWYHOTO €r0 BOCCTAHOBJIEHUSI MOTYT PacCMaTpUBaThCsl KaK METONMYECKUE
peKOMEeHIalMK TPy OMpeaeeHu KOHIEHTpallMM paguallMiOHHO OKMCIEHHOTO Xeje3a B
aMduboax, MOABEPKEHHBIX BO3ACHCTBUIO palUallMOHHBIX MOJIEH, IPU ONMMCAHUM BIVSTHUS
MeTaMop(hUUYECKHX MPOILIECCOB HAa OKOJOPYIHbIE U3MEHEHMUSs, ONPEeIeHUN 103, HaOpaH-
HBIX acCOLMUPYIOIIMMU MUHEpaJlaMM M OLICHKE BO3pacTa PYAHBIX MECTOPOXKICHUMA.

KuneTHka paidanoHHOTO OKHCJIEHHS JKeJie3a B CTPYKType aM(pu0o0JI0B. YCTaHOBJIEHUE
aHAJIMTUYECKUX BBIPAXKEHUI 3aBUCUMOCTU PAAUALMOHHBIX MOPAaXEHWM CTPYKTYPhI OT 103
00JlydyeHUs] Ha MOJEJbHBIX CHCTeMax IPENCTaBIsIeT MPaKTUYECKU WHTepecC IJisi AOJIro-
CPOYHOTO MPOTHO3UMPOBAHUS MOBEACHUSI MUHEPAJIOB Y TOPHBIX MTOPOJ B YCIOBUSIX BO3IEH -
CTBUSI KaK 3KCIIEPUMEHTAIbHBIX, TAK W MPUPOAHBIX paauallMOHHBIX TOJIEH, a Takke ISt
aHaju3a COITyTCTBYIOIIUX T€OXMMMYECKUX MpPOIeccOB. B OCHOBY KMHETMYECKUX ITOCTPOE-
HUI MPY BBIBOAE aHAIUTUYECKUX BBIPAXKEHUN 3aBUCUMOCTHU CTETIEHN PaauallMOHHOTO OKHC-
JIeHUs Xeje3a B ampuboax MocayXuiau pe3ynbTatel AI'P-crnekrpockonuueckux omnpene-
JIEHWI colepXaHWsI pa3HOBAJIEHTHOIO kKeje3a Iocjae OO0aydeHMsT 00pa3loB (PUKCUPOBaH-
HbIMU J03aMM. Bpemst o0ydeHUsT Oonpenessyioch COrJIaCHO U3BECTHOMY COOTHOIIEHMUIO f =
= D/P, tne D u P— n03a U MOIIIHOCTb O0JIydeHUs1 cOOTBeTCTBeHHO. [IpM aHanM3e B3auMo-
NEeCTBUSL paAuallMOHHONW SHEPTUM C KPUCTATMYECKON pelieTkoil aMpuOOIOB Mbl HC-

Tabauya 5. 3aBHCMMOCTh KMHETHYECKHMX MAPAMETPOB PEAKIMil PaJMANMOHHOTO OKHMCJIEHHS XKeJie3a B
cTpykrype amdpu00J0B 0T 10361 00y4eHHs

D, 108 I'p Homep Oloke Creop V, 1078 ¢! G, 1014 pon/Ix E, 103 5B/uon
obpasua
0* 1 0,303 0,303 7,23 30,05 2,07
2 0,279 0,279 4,49 17,25 3,62
3 0,618 0,618 3,19 25,40 2,96
1,2 1 0,564 0,532 2,51 10,48 5,96
2 0,377 0,367 1,16 7,99 7,82
3 0,721 0,723 1,17 9,32 6,71
2,8 1 0,629 0,625 0,62 2,57 24,37
2 0,420 0,420 0,41 2,86 21,85
3 0,768 0,768 0,31 2,45 25,55
4,7 1 0,641 0,649 0,12 0,48 129,66
2 0,432 0,439 0,12 0,85 73,95
3 0,770 0,780 0,06 0,50 125,00
5,7 1 0,650 0,652 0,05 0,20 312,54
2 0,444 0,444 0,06 0,45 140,48
3 0,778 0,782 0,03 0,22 288,30
6,4 1 0,654 0,654 0,03 0,10 625,00
2 0,445 0,445 0,04 0,28 220,14
3 0,782 0,783 0,02 0,13 489,60

I[MpumeyaHu e. 3Be3104KOI 0O03HAUESH BAPMAHT pacueTa, KOraa Bce BEIYMCICHHbIE 3HAYCHUSI TapaMeTPOB UMEIOT
CMBIC/T TIPY HUYTOXKHO MaJbIX 7103aX M BpeMeHM obiyyeHns, koraa D — 0 u t — 0, a o, OTpaXaeT COOTHOLIEHUE
Pa3HOBAIEHTHBIX MOHOB Fe, 3a/10)XeHHOe B CTPYKTYpe HEOOJIyYeHHbIX MUHEPAIOB.
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MOJIb30BaJIM MPUMEHEHHbIE HaMU paHee IMOIXOMIbl, MOAECIMPOBABIINE 3aBUCUMOCTh OTHO-
CUTEJIbHOTO KOJIMYECTBAa OKMCJIEHHOIO kese3a (o) OT BpeMeHU OOJyYeHUs IS CUHTETH-
yeckoro MenaHtepurta [1]. SIBneHue M3MeHEHUS! BAJIEHTHOTO COCTOSIHMSI KATMOHOB KeJie3a
Mbl pacCMaTpMBaJIM KaK pe3y/bTaT IMapajuleJIbHOIO IMPOTEKaHUs B O0JIy4YaeMoil cHCTeMe
KOHKYPUPYIOLLIMX BO BPEMEHU ITPOLIECCOB OKUCIEHUS U BOCCTAHOBJICHUS. T. €. B CUCTEME
peaym3yeTcsl odpaTtuMasi peakuus

ki
[Fe?"] (k_; [Fe3*], (5)

IS kl u k2 — KOHCTAaHTbI CKOPOCTU OKUCJICHUA U BOCCTAHOBJICHUS COOTBETCTBCHHO.
HDCHCTaBV[M CKOPOCTb UBMECHCHUS KOHLUCHTpaIUN FC2+, UCXOAs U3 3TOU IIpeaIIoChbLI-
KHU:

d[Fe2*]/dt = k,[Fe2*] + k,[Fe3*] . (6)

[MpouHTerpupoBaB ypaBHeHUe (6) ¢ y4eTOM HayaJbHBIX YCIOBUIA U IOIMYIIEHUM, YTO MPH
OGECKOHEYHOM O0JIyYyeHuu (f — o)

d[Fe?*]/dfr— 0, T.e. k,[Fe?*] = k,[Fe*] _, (7)

MOJIyYUM
o= a, — [a,—og] exp [~ (k; + k)] . ®)
3neck o, = [Fe¥*] /Fe,, — oTHocutenbHoe KommuecTsBo Fet mpu t — o, a oy =
=[Fe3* lo/Feyg — OTHOCUTENILHOE KOJUYECTBO Fe3* no obiayueHus. DKcnepUMeHTaIbHbIE

U BBIYMCJICHHBbIE 1O dopmyiie (8) 3HAYCHUS o AJI UCCIeAOBaHHBIX aM(puOO0IOB MpUBeIe-
HBI B Ta0JI. 5 1 TMoKa3aHbl Ha puc. 7. 3HayeHus o, U k; + k,, mpn KoTopsIX PyHKIMS (8)
HaWIyylluM 00pa3oM OIMMCBIBAET 3KCIEPUMEHTAJIbHbIC JaHHBIC MJIS UCCIACIOBAaHHBIX 00-
Pas3LOB, a TAKXKE PE3YJIbTAThl BLIYUCIEHUS k| U k, COTTIACHO YPABHEHUIO

a,, = [Fe3*1/Fe s, = ki/k, + k, )
MPpUBEICHBI B TA0I. 6.

Hab6nromaeTcst cOOTBETCTBUE MEXIY TEOPETUYSCKUMMU M 3KCIEPUMEHTAJIbHBIMU 3Ha-
yeHUSIMHU o.. [109TOMY MOXKHO YTBEpXXAaTh, UTO BRIOpaHHAsI MOAE/b TPUMEHUMA TSI aHAJIU-
3a KWUHETUKU PaauallMOHHOTO OKUCIeHUs Xkelie3a B ambubonax. ComnocraBieHe KOHCTAHT
CKOPOCTM OKMCJIEHUS XeJle3a yKa3blBaeT Ha MX CYLIECTBEHHbIC Pa3IMyuMs IJIs1 UCCIEeI0BaH-
HBIX aM(pUOO0JIOB. YMEHbLIEHUE k| B PALY PACCMOTPEHHBIX 00pa3LoB k; (00p. 1) > k; (o6p.
3) > k, (00p. 2) CBUAETENBCTBYET O CHIXKEHUM BOCHIPHMUMYMBOCTU KaTHOHOB Fe?* K panu-
alIMOHHOMY OKHMCJICHUIO B JAHHOM PsIIy. DTOT (haKT MOXHO OOBSICHUTh COCTaBOM aM(puoo-
JIOB, B YACTHOCTM HAJMYMEM B CTPYKTYpE BJEMEHTOB, aKTHBHO YYaCTBYIOLIMX B OKUCIIM-
TEJIbHO-BOCCTAHOBUTEJbHBIX TIPOLIECCaX M B KOMIICHCALIMM M3MEHSIIOIIErocsl 3apsiioBOrO
paBHoBecus peiretku (Fe2t, Fe3t, OH™), a Takke KOMIIOHEHTOB, TOPMOSSIIIMX Pa3BUTHE
MPOIIECCOB, — 2JIEMEHTOB C MTOCTOSIHHOU BaJIECHTHOCTbIO B KaTMOHHOU (Mg) M aHMOHHOMI
nonpeterkax (F, Cl).

Cxkopocthb (V) n3MeHeHUsI OTHOCUTENLHOTO KondecTsa Fed™ B 3aBucuMocTy oT Bpe-
MEHU OOJIydeHUsT OIpEeAesIu, UCXOMAsl M3 M3BECTHOTO SIBHOTO BUAA (pyHKUIUU o (f):

V=da/dt = (k; +k,) [o,, — ap] exp [— (k;+ky)1] . (10)
CKOpOCTh U3MEHEHMSI OTHOCUTENILHOTO KojinuecTBa Fe3' momunHsercs psiay, NpuBeAeHHO-
My st k. 3Has KonmdecTBo MoHOB Fe B | kr BemectBa (N) M CKOPOCTb M3MEHEHUS
OTHOCHTEJILHOTO KoJmuecTBa Fe3', MoXHO onpemennTh Kakoe KojmuectBo Fe3™ oOpasyer-
ca3alc:

n= N-dao/dt =NV, (11)
nan Kakoe KonuuectBo Fe3t (G) oOpasyercs mpu BO3AEWCTBUM €IMHMIBI SHEPTUU M3ITY-
YyeHMs1 Ha oOpasell;

G = N/P- da/dt= NV/P, (12)
rae P— MOIIHOCTb O03bI H3JIYYECHUA, a BBIYMCICHHBIC 3HAYCHUSA N pinjoct o6pa3u013 1_3

Tabauya 6. 3HaYeHHs1 KOHCTAHT CKOPOCTEil OKMCJIEHHs M BOCCTAHOBJIEHHs XKeJe3a B am¢undonax

Homep obpasua Ol (ky + ky), 1077 ¢! | ki, 1077 ¢! | ky, 1077 ¢!
1 0,66 2,02 1,32 0,698
2 0,448 1,476 0,661 0,815
3 0,784 1,922 1,066 0,856
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COOTBETCTBEHHO cocTaBuian 9,593898-1023; 1,5908634-1024 u 18,30532-1023 1 /kr.

DHeprust MoJjsl, 3aTpayrBacMasl Ha yBeJIMYeHre KojanuecTBa noHoB Fe3t na enunuiy,
paccuMThIBaIach Kak

E=1/G=P/NV. (13)

YucnenHsle 3HaueHus1 G U E (Tabi. 5) yKa3bIBalOT Ha HU3KYIO 3(PHEKTUBHOCTb SHEP-
TUU y-U3JIy4eHUsI B OKUCIEHUM CTPYKTYPHOTO Xeje3a aMpudoiaoB. Pacxomyemass sHeprus
HECOIMOCTaBUMO  BbIIIE DHEPTMU MOHW3ALMUA KaTMOHOB Fe?™ u muccoumanuy aHUOHOB
OH™, yyacTBymIIUMX B 3JEMEHTAPHOM aKTe€ OKMCIEHUS W TMOJIEepPKUBAIOIIUX 3apsiioBOC
paBHOBECHE PELIETKU:

Y
Fe2* + OH™ = Fe3*+e + 02+ HY —» Fe3™+ 02+ HO. (14)

Ilytn pacxomoBaHMsI 3aTpayMBaeMoOil dHEpruuM MHOrooopasHsl [1].

Takum 00pa3oM, aHATUTUYECKUE BBIPAKEHUST M3yYaeMbIX MPOLIECCOB IMMO3BOJSIOT "3ar-
JISHYTB" HE TOJIbKO B UCTOPUIO NPeoOpa3oBaHUss MUHEPAJIOB M TOPHBIX MOPOJ B 30HAX BO3-
NENCTBUS paavallMOHHBIX ToJIeil (ompeneieHue HAKOIUIEHHBIX 103 U BPEMEHU OOJIyYeHMST),
HO M B Oyayllee 3TUX cHCTeM (TIPOrHO3MPOBaTh PaIMAlIMOHHYIO CTOMKOCTh, OLICHWBATh ac-
MEKThI MTOBEIEHUs CUCTEM B Pa3JIMYHBIX YCJIOBMSIX).

BoiBoapl. [IpoBeneHo wMccienoBaHWe MPOILECCOB PamdallMOHHO-XUMUYECKOTO OKUCIIE-
HUS Xene3a B cTpykrypax aByx Ca-amdubo10B pazHoro cocraBa u ogHoro Na-amduobosa.
[TomyyeHbl 3aBUCMMOCTU CTETIEHU OKHCJICHMS 3Kejie3a M0 CTPYKTYPHBIM MO3ULIMSIM OT J03bI
00s1yueHuUs. BICTpOeH psizi, XapaKTepr3yoLLnii CTIOCOOHOCT XeJle3a B HEAKBUBAJICHTHBIX CTPYK-
TYPHBIX MO3ULIMSAX K pafualiioHHOMY okucieHuio Fe3t (M1) > Fe3t (M3) > Fe3*(M2). Tlpe-
MMYILECTBEHHOE OKMCJICHME 3Kele3a B Io3uunax M1 u M3 oObsiCHSIeTCS MeEXaHU3MOM 3TOTO
npolecca 1 0COOEHHOCTSIMU CTPYKTYPbl — HOMEHKJIATYPOi KOOPIUHALIMOHHOTO OKPYXXEHMSI
KaTtuoHOB. OObsicHeH 3(P(eKT yBeIMUEeHUST KBAIPYITOIbHBIX pacllerIeH!id y0IeTOB OO~
LLIEHUST paluallMOHHO OKUCIeHHOro xeje3a B SII'P-criekTpax ampuodosioB. PaccMoTpeHO Bn-
sTHWE OOJyYeHMsI U MOCTEeAYIOIero OTXKUra Ha (hpM3MKO-XMMUYeCKre CBOMCTBA aM(pUOOIOB.

HccnenoBaHbl TpoLiecChl BOCCTAHOBIIEHUS paAMALIMOHHO OKMCJIEHHOTO KeJjie3a IpU Tep-
MUYECKOI 00paboTKe 00pa3LioB. BrIBeaeHbI aHATUTUYECKME BhIPAXKEHUS TSI ONMMCAHUS KU-
HETHUKU BOCCTAHOBJICHMS 3KeJie3a MpU M30TepMudeckoii oopadorke Ca-ambuooma. CnoxXHbII
JBYXCTAAMIHBIA XapakTep KMHETUYECKOM 3aBUCUMOCTH MOXHO OOBSICHUTH MPEIITOJIOXEH -
€M O Pa3HbIX BHEePrusiX aKTUBALIMK MPOIIECCOB BOCCTAHOBIECHUS 1O 00beMy KPUCTAJUIOB. Pe-
3yJIbTaThl M3MEHEHMS OTHOCHUTEJBLHOTO comepxaHus Fe3™ mpu msoxponHoM mnporpese Ca-
amduobona 1o 450 °C mpencTaBlieHbl SKCITOHEHIIMAILHONM 3aBUCMMOCTbBIO, TTO3BOJISIIOLIEH OIl-
peneuTh TPAaHUYHYIO TEMIIepaTypy YCTOMYMBOCTH pamMallMOHHO OKWCJIGHHOIO Xejie3a U
Mpeesbl ero0 BOCCTAHOBJICHUSI. DTH JaHHbBIE MOTYT OBITh MCIOJIb30BaHbl B KAYECTBE METOIM-
YeCKMX PEeKOMEHIAIMi MpU omnpeAeeHUN KOHIEHTPAUUU PaauallMOHHO OKUCJICHHOIO Ke-
Jie3a B aMprbosax, moaBep>KeHHbBIX BO3IEHCTBUIO paIMalIMOHHBIX MTOJIEi, TIPY ONMMCAHUM BJIU-
STHUSI METaMOP(PUUECKUX TIPOLIECCOB HA OKOJIOPYAHBIC U3MEHEHMSI, OLIEHKE BO3pacTa PyIHbIX
MECTOPOXKIEHUI U OTpeae/ieHUH 103, HAaOpaHHBIX aCCOLIMMPYIOIIMMU MUHEpaIaMu.

[MTokazaHO BIMSIHUE CTPYKTYPHBIX OCOOEHHOCTEei aM(dUOOJIOB Ha UX pagvallMOHHYIO
CTOMKOCTb. YCTaHORBJIEH 3((EeKT MOBBILIEHHONW BOCIPUMMYMBOCTU PAaIUAllMOHHO OKMCIIECH-
HOro XeJje3a B CTpyKType Na-ampubosia K TepMUYECKUM BO3ICUCTBUSIM, 1O CPaBHEHUIO C
TtakoBbIMU B Ca-aMdubonax (Ipu paBHBIX TeMIIEpaTypHBIX IMapamMeTpax YpOBeHb BOCCTAHOB-
JeHus kene3a B Na-am¢uoOoJe Bhilllie, YeM B KaJbLIMEBON Pa3HOCTH).

INokazaHo, uro mpu ob6ayyeHuu a0 n-108 I'p u mocnenyromem HarpeBanuu 1o 400 °C
B aM(puboJIax MPaKTUIECKX HE MPOMCXOMAUT HEOOPATUMBIX U3MEHEHU (PU3NKO-XUMUYECKUX
CBOICTB, YTO MOXET CITYXKUTh KpUTEpHUEM TIPM BHIOOPE MATepUaIOB 3allIUTHBIX COOPYXXEHUIA.

BbiBeieHO KMHETMYECKOE YpaBHEHHE, KOTOPOE OIMMCBIBAET IMPOLIECC PaaMallMOHHO-XM-
MMYECKOTO M3MEHEHMsI BaJICHTHOTO COCTOSIHMSI KaTMOHOB 3XKejie3a KaK pe3ysibTaT MpoTeKa-
HUSI KOHKYPUPYIOIIMX BO BPEMEHM PEaKIIWii OKUCIEHUsS U BOCCTaHOBJIeHUs. OmnpeneneHbl
KOHCTaHTBbI CKOPOCTH PeaKlnii OKUCIEHHS] M BOCCTAHOBJIEHHUSI 3KeJie3a B CTPYKTypax M3YydeH-
HbIX aM(pHUOO0IOB M Ha MX OCHOBE PACCUMTAHO KOJMYECTBO MOHOB Fe3™, oOpasyembIx mpu
norsoeHuu 1 JIXX s3Hepruu y-usaydeHusl, a TakxKe 3HaYeHUs] SHEPTUU, pacxomyeMoil Ha yBe-
JIMYCHUE KOJIMYECTBA OKUCICHHBIX MOHOB Ha €AWHUILY. Pe3ynbTaThl KUHETUYECKUX ITOCT-
pPOCHUIT BHOCAT BKJIaJ B CO3aHME MEXaHM3Ma paauallMOHHbBIX Mpeodpa3oBaHUii ampurbdo-
JIOB ¥ MOTYT OBbITh MCITOJIb30BaHbI JJI JTOJTOCPOYHOrO MPOTHO3UPOBAHUS UX paavallMOH-
HOI CTOMKOCTU KaK KOMITOHEHTOB CTPOUTEJIbHBIX MaTepHaliOB 3alllUTHBIX COOPYXEHUIA,
MPU WHTEPIpPETALIMA SIMUTCHETUYECKUX MpeoOpa3oBaHUl MUHEPAJIOB B paavallMOHHBIX
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VKp. roc. TEXHOJI. YH-T MULLL. TexHonoruii, Kues

PE3IOME. MetonoM SIT'P-crieKTpocKorii BUBYEHO MPOLIECH PajlialliiiHOrO OKMCICHHs 3ali3a Ta WOro TepMiuHOro
BiHOB/IeHHsI B CcTpykTypax Ca- i Na-amdiboniB. BuBeneHo KiHeTMUHE PiBHSIHHSI 3aJI€XHOCTi BiTHOCHOI KiJIbKOCTI
OKMCJIEHOrO 3ali3a BiJ yacy (J03M) OMPOMiHEHHS 3 ypaxyBaHHSIM KOHKYPYIOUMX TiJ Jdi€l0 raMMa-nosisi peakuii
OKMCJIEHHS i BiHOBJIEHHSA. BUPAX0OBAHO KOHCTAHTHM LIBUIKOCTEN BifMOBIAHMX peaKLiil, KilbKicTh ioHiB Fe3*, yrBopio-
BaHUX NpU MorivHaHHiI 1 JIX eHeprii BUNMPOMiHIOBaHHSI, a TAKOX €Heprii, BUTpaAue€HOI Ha YTBOPEHHS OJHOro ioHa
Fe3* y crpykTypax pociimaxkennx amdioonis.

SUMMARY. Processes of the radiation oxidation of iron and its thermal reduction in structures of Ca- and Na-
amphiboles were investigated by NGR-spectroscopy method. The kinetic equation describing the dependence of the
relative amount of oxidized iron on the time (doses) of irradiation was derived taking into account competing
processes of oxidation and reduction of iron affected by the gamma-field. Constants of the oxidation and reduction
reaction rates amount of ions Fe3* resulting from absorption 1 J of irradiation energy, and values of the energy
expended in producting one ion Fe3* in structures of the investigated amphiboles were calculated.
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O cunukaTax ypaHuna KpUcTasiIoOXMMU4ecKomn
rpynnbl XeMBUMUTa — YUKCUTA

C 1eJb10 HOMEHKJIATYPHO# yMOPSAOYEHHOCTH CHJIMKATOB YPaHMJa, BECbMa MHOIOYMCICHHOH MO KOJMUYECTBY
BBIICJISIEMbIX MUHEPAJIbHBIX BUIOB KPUCTAJIOXMMUYECKOW TPYIbI XeBUUTA — YMKCHUTA, TIPOBEACHA PEBU3MSI BCEX
MMEIOLLMXCSI IJAHHBIX 0 3TOM IPyIIe MUHEPATOB M 000CHOBAaHHOCTHM MHIMBUAYATU3ALMU KaXI0ro U3 HUX. B pesyisrare
JIOTIOJTHUTEJIbHBIX 9KCMEPUMEHTAIbHBIX MccienoBaHuii MeTongaMu MK-crnekTpockonuu 1 MUKPO30OHIOBOTO aHaIM3a
aBTOPBI MPUILIHU K BBIBOIY O TOM, YTO KPUCTAUIOXMMUUYECKH OOOCHOBAHHBIMU BUIAAMU SIBJISIIOTCSI XEUBUMT M YUKCHT,
a takxe ux Ba-, Mg-, Na-aHanoru u obpasyeMble UMW CMELIAHOCIOHHbIE MUHEPAIbI.

Cuukarbl IIUPOKO PaCIpOCTPaHEHbI CPeI MUHEPAIOB YpaHUJIa; YUCIO UX MUHEPATbHBIX
BUIIOB JOCTUTAET ABYX AECITKOB. Bce MHOrooGpasue CHUIMKATOB ypaHWJIA IMOApPA3IEIseTCs
Ha TPU KPUCTAIJIOXUMMUYECKHUE TPYIIBI U30CTPYKTYPHBIX (MM TOMEOTUITHBIX) MUHEPAJIOB.
Panee [23] ObUIO YCTAHOBJIEHO, YTO TUI CTPYKTYpPBI, €€ OCHOBHON MOTHB OIPEIEISIIOTCS
cootHomeHneM [UO,] : [SiO4] B cocTaBe CHMJIMKATOB, KaK X B OOJBIIMHCTBE MUHEPAJIOB
ypaHuna cootHoweHueM [UO,] : (aHnoH). Cpean cUIMKaTOB Haubosee paclpOCTPaHEHEI
MUHepasbl KpUCTALIOXUMUUYECKOI TPYIITBI ypaHo(haHa ¢ MOJISIPHBIM cooTHoweHueM [UO,]:
: [SiOy], paBHbIM | : 1. MUHEpaJIbl TPYIITBI XOPOLIO U3YYEHBI, KPUCTAIULIMYECKHUE CTPYKTYPBI
orpeneseHbl A psifia ee TpelcTaBUTeNIeii; JUIIb CTPYKTypa b-ypaHodaHa TpeOyeT yTou-
HeHusi. CTPYKTYpbl MMEIOT CJIOMCTBIM XapakTep: LIEMOYKHM KOOPAMHALMOHHBIX MEHTaro-
HaJIbHBIX IUMUPAaMHUL ypaHa CBSI3aHBI B Cioii opTrorpynmnamu [SiO4]; B MEXXCIOEBBIX TpoMe-
JKYTKaxX pa3MelllaloTcsl YacTULbl ¢ HU3KUMU CUJIOBBIMU XapaKTepUCTUKaMU (KaTHUOHBI U
MOJIEKYJIbI BOJIBI).

CootHowrenue [UO,] : [SiO4] >1 ycraHOBIEHO A1 OAHOTO MUHEPAIBLHOTO BUIA —
comauuTa. MOHOKPUCTAJLTBI, MPUTOIHBIE IJIsT OIPEAeSICHUSI CTPYKTYPBI, B IPUPOIE HE BCTPE-
yeHbl. Kpucraanmuyeckast CTpyKTypa omnpenesieHa Ijisi CUHTETUYEeCKOTO aHajiora 3TOro MH-
Hepana [2]. Bbl1o ycTaHOBICHO €€ MPUHUMITMAILHOE OTIMYME OT CTPYKTYPHI CIOMCTBHIX
CUJIMKATOB YPaHWIIA: JIEHThI ypaHWIbHBIX IEHTaTOHATbHBIX IUITMPAMUL Pa3BEPHYTHI B CMEX-
HBIX IUTOCKOCTSIX Ha 70° 1 cBsizaHbl opTorpynnamu [SiO4] B TpexmepHbIil Kapkac. Connu-
WUT — €IUHCTBEHHBIN TPEICTaBUTEb BTOPOTO CTPYKTYPHOTO THUIIA CUJIMKATOB ypaHWIIA.

Tpetuii TMI cuMKaToB ypaHuia ¢ cootHoumeHueM [UO,] : [SiO4] < 1 usyueH 3Hauu-
TEJIbHO MEHbIIIE, HECMOTPSI HA MHOTOYMCJIEHHBIC MyOJIMKALIMK, BCJIEACTBUE NAJIeKOM OT CO-
BEpILIEHCTBA KPUCTAJUIMYECKOM CTPYKTYphI (M, KaK pe3ysbTar, JAJIeKO OT KeJaeMOM I
YETKOCTU PEHTreHOAU(MPPAKIIMOHHONW KApTUHBI) M PEIKOl BCTPEUAEMOCTH MOHOKPMCTAN-
JIbHBIX 00pa30BaHUIA, IPUTOAHBIX TSI €€ U3YUYCHUSI. DTOT CTPYKTYPHBIN TUIT COMEPXKUT BO-
CeMb OMUCAHHBIX MUHEPAJIbHBIX BUIOB, OHAKO MHIWBUIYaTbHOCTh UX OOOCHOBAaHA B pa3-
J4yHO# crerneHu. CKopee BCEro, MOXXHO TOBOPUTh O OOJIBIIIOM KOJIMYECTBE HA3BaHUIA, OTHO-
CSIIIIMXCS K OJIM3KUM, a 3a4acTyl0, K MIEHTUYHBIM MUHepaiaM, OOJIBIIMHCTBO U3 KOTOPHIX HE
yrBepxaeHo KHM HM MMA, yto nmopoxaaeT mpou3BoJ B TepmMruHosoruu. He Bce Haxom-
KU OIMKUCAaHBI JOCTATOYHO ITOJHO, JIJISl TOTO YTOOBI MOKHO OBLIO CHeiaTh BHIBOI 00 UX MHIV-
BuIyaabHOCTH. He Beerma u3 myOauKkanuii SCHO, HaCKOJbKO YMCT U OHOPOACH aHaIU3UPO-
BaBILIMICA MaTepual M JOCTOBEPHBI TaHHBIE 00 3JEMEHTHOM cocTaBe. bojee Toro, B oT-
JEeNbHBIX CITydyasix OMHOM M TOM Ke HaxoJKe MUHepasla pa3Hble MCCIIeJO0BaTe/IM Jal0T pas-
Hble Ha3BaHUs (TabaulIA).

Crana oyeBUAHON HEOOXOMMMOCTb PEBU3UU MMEIOIIMXCS JAHHBIX C JOKA3aTeIbCTBOM
yyciaa U TUMOB MUHEPAIbHBIX BUIOB Cpeau cuiaukaroB ypaHuna rpymnbl U @ Si < 1 u
YCTaHOBJIEHUEM WX MHAVBUAYAJIbHOCTU 1O KPUCTAIUIMYECKOMY CTPOEHMIO U cocTaBy. I[lpu
3TOM CJIeNyeT MCIOJIb30BaTh 0a3y JIMTEPaTypHBIX JAHHBIX U PE3yJIbTaThl BO3MOXKHBIX JIO-
MOJTHUTEIbHBIX COOCTBEHHBIX SKCIIEPUMEHTOB, B YeM M BUISIT CBOIO 3a/1adyy aBTOPBI.

©T. A. Cunopetrko, H. B. Uykanos, 1. C. Haymona, 2001
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CUJIOPEHKOT. A. u 1p.

ITepBoe omucaHue HOBOTO IIEJIOYHOTO CUJIMKATA YpaHUIa, B KOTOPOM Si pe3Ko IMpeoo-
nagaet Haa U, Moa Ha3BaHUEM eacmynum, TOSBUIOCHh B 1951 1. [16], 1 yXe Torma aBTOpbI
OTMEUaI HEeCKOJIbKO Pa3HOBUAHOCTE MUHEpana ¢ WHIWBUAYAIbHBIMM ONTUYECKUMU U
GuU3NYeCKUMU CBOMCTBaMU. DTO BIIOJHE 3aKOHOMEPHO IPHBEIO K OOHAPYXEHUI0 BechMa
MHOTOUYMCJICHHBIX H O B bl X CUJIMKATOB ypaHWIa, OUeHb OJIM3KUX IO COCTaBY U CBOICTBAM,
MOJYYMBIINX COOCTBEHHbIE HAUMEHOBAHUSI KaK MHAVBUAYaJIbHbIe MUHEpalbHble BUIbI. B
1957 r. — ypcunur (Ca-ypcunut u Mg-ypceunur) [8]; B 1959 1. — XeHBUMT U MeTaXeWBUUT
(ypanun-cunukar Kanblus) ud Kamudopauu [18]; B 1960 1. — paHKUIUT (ypaHUJI-CUTH-
KaT Kajablus) u3 ApreHTuHbl [11]; B 1960 r. — yuKcuT (ypaHUI-CUIAKAT Kamust) u3 FOTb
[20]; B 1960 r. — mapadan (ypaHWI-CHJIMKAT Kajblus) U3 paiioHa KaBkasckux MuHe-
panbHbIX Bog [6]. OnucanHbiii B 1983 T. ypaHOCHIUT (CHIMKAT ypaHuWIa 0e3 JOMOJHUTETb-
HbIX KaTnoHOB) u3 ®OPT [25] mHOuBMAyaneH M B CEMEMCTBO XEMBUMMTa — YMKCUTA HeE
BXOJIUT.

IMosiBIMCH TTyOJMKAIIMK O HOBBIX Haxonkax xeiiBuuta — B bpaswmu [13], Upane
[15]; yukcuta — B Kazaxcrane [7], Adranucrane [3], ®panunu [14], Tanzanuwm [12]. B
1978 r. ommcwiBaetcst cuHTeTueckii Na-Cs-yukent [19], a B 1990 r. M. T'. XKunbnosa ¢
kosneramu [4] cuHTe3upyeT Ba-yukcur, panee JI. H. BenoBoii BecTpeueHHBIN B IpUpoe, HO
OINMMCAHHBINA B JIUTEpaType JIMIIb KaK CUHTETUYECKUI aHaJor MUHepasa.

[Mpu DOMOJHUTEILBHOM W3YyYEeHUU IEePBBIX HAXOJOK B HOMEHKJIATYypy YK€ BHOCHUTCS
onpenesieHHas nyranuia. Tak, XoHea [17] B 1959 r. myOimKyeT HOBBIE JaHHBIE O TACTYHUTE
13 ABCTpUU, BIIEpBhIe onmrcaHHOM Xa0epiaanaoM [16], a B 1960 r. Banenra [24] yrBepKaaer,
YTO TOT X€ CUJIMKAT U3 ABCTPUU SIBIISETCS XCHMBUUTOM, aHAJOTUYHBIM "BIEpBbIC" OMUCAH-
Homy Mak Bepneii [18] B 1959 r. kak Ca-cunukaT ypanuna u3 KamudopHum.

B aTux onucaHusAX U XeMBUUT, U TACTYHUT SIBJISIIOTCSI CUJIMKATaMU ypaHuja rpymmnsl U:
: Si < 1, B KOTOpBIX MUHEpajioo0pa3yronnii KaTuoH — Ca. DTo He IMoMelaao ONMMCAHUIO
eme Tpex Ca-CUJIMKATOB ypaHWJIa U3 3Toi e rpymnmsl: Ca-ypcunuta, napacdaHa U paHKU-
JIMTa, HO obliee KoaudecTtBo Ca-CUIMKATOB ypaHWIa JOBOAUTCS A0 MmsaTu. Kanuesslil cuim-
Kar ypanuia ¢ cootHomenueM U : Si < 1, mox Ha3BaHMEM YMKCHT *, BIIEPBbIE BCTPEYEHHBII
B mTare FOrta [20], oka3zajcss JOCTAaTOYHO IIMPOKO pacHpOCTpaHEHHBIM MUHepasoM. OH
BcTtpeueH B Kazaxcrane, Adpranucrane, @paHuuu, TaH3aHUU C yIUBUTEIbHON CTAOUIBHOC-
ThIO (MIAEHTUYHOCTBIO) TU(PPAKIIMOHHBIX KapTuH. CJieayeT 3aMeTUTh, YTO TIPU TIEPBOM OITH-
CaHUU XEHBUMTA €ro CUMMETpHUSI MPUHMMAaCb MOHOKJIMHHON (Kak W IJIs YUKCHTa U3
Adranucrana). s Bcex MOpOIIKOTpaMM MUHEPAJIOB pacCMaTpUBAEMOTO TUIIA TMOJTYyYEHbI
napaMeTpbl POMOMYECKON 3JEMEHTApHOM SYEeHKU.

VYxe npu repBoM onucaHuu xeiiBuuta Mak bepHeit [18] ykazan Ha u3MeHeHUE ONTH-
YeCcKHUX CBOMCTB MUHepaJla IpU HarpeBaHuu. XoHea [17] Takke ObLJIO OTMEUEHO, YTO Harpe-
BaHue mo 300—400 °C ractyHuTa (xeiiBUMTAa) MOAMMPUUUPYET €ro CTPYKTypy (Cyast 1o
MOPOIIKOrpaMMe) B YUKCUTOBYIO; TIPU 3TOM U3MEHSIIOTCS TTapaMeTphl 3JIEMEHTApHOM sIYeiKu
B Mpeaejax poMOUYECKONH CUMMETPUMU.

Cyns 1o JIuTepaTypHbIM AaHHBIM, MEpeYrCIeHHbIE MUHEpPAJbl C COOTHOIIEHHUEM
U : Si < 1 o6beauHsieT nipeobaagaHue B ux cocrase Si Han U, mpUCYTCTBUE AOMOJTHUTEb-
HBIX IIEJOYHBIX WU 1IEeJJOYHO3eMEIbHBIX KATHOHOB U COM3MEPUMOCTh HEKOTOPBIX IMapa-
METPOB 3JIEMEHTAPHBIX SYECK, a Pa3IMyaloT ONpeAcsieHHbIe Bapualluv TUIIOB M COIEpXKa-
HUsI MexcioeBoro KatnoHa M, tne M — Ca, Na, K, Mg, Ba, Cs, a Takke KOJIMYECTBO MOJIEKYJT
BoAbl Ha (opmynbHyo enuHuny. OTtHowenue UO, : SiO,, paBHoe 1 : 3, XxapakTepusyeT
OOJIBLIYIO YaCTh MOPOLIKOTPAMM, OJHAKO OTMEUYEHBI ¥ 3HaUeHus 2 : 5; 2 : 5,5, T. €. JaHHBIE O
cootHoiieHun U : Si mpotuBopeuyuBbl. 1o rumpaTMpOBaHHOCTH BBICTpAMBAEeTCsl sl OT
Haubosee "HacelleHHBIX" H,O ypcwmros (15—20 H,0) x xeitBuuty (10 H,0) u nanee x
YUKCUTY ¢ MUHUMaJIbHBIM conepxxaHueM 4 H,O Ha 2 [UO,]. 1o comepXaHMIO MEXCIOEBO-
ro KaTMOHA Ha ONHY ypaHWbHY0 rpynmny: Ca-ypcunut 1(+)/1, ractynut 1(2+)/2, yukcur
2(+)/2, xetiBuut 1(2+)/2 (B cKoOKax yKa3aHa BaJ€HTHOCTb JOTMOJHUTEIbHOIO KaTUOHA).

B takoii cutyaliuu MHAWBUIYaTbHOCTh MUHEPAJIbHBIX BUIOB PACCMAaTPUBAaEMOM TPYII-
bl CUJIMKATOB YpaHWJIa, COOTHOILLIEHUE B MX COCTaBe BUIOOOPA3YIOIINUX 3JIEMEHTOB U HC-
TUHHYIO CUMMETPUIO MOXET 00eCIIEUUTh TOJIBKO OMpEeeIeHUE UX KPUCTAIMYECKHX CTPYK-
Typ Ha MOHOKPUCTANIbHBIX 00pa3uax. M 3Ta 3amaya B mocieayrolye roasl Obula perieHa
IUIST ABYX MUHEPAIbHBIX BUIOB — YUKcUTA (6ukcuma) u3 Adranucrana [1] u xeiiBuuta u3
Bpasunuu [5]. OcHOBHBIE BBIBOABI IO 3TUM ITyOJIMKAILIASIM:

1. OcHOBOI KPUCTAJLTIMYECKUX CTPYKTYP U YUKCUTA, U XCHBHUTA SIBJISIIOTCS CXOIHBIC
YPaHWJI-CUJIMKATHBIE cIou: B yukcuTe coctaB cios (UO,),[SisO 5], B xeiiBuure —

* Mcnosib30BaBLIMIiCS paHee B JIMTEPATYpe BapMAHT HANMCAHMS 6UKCUM CIENYeT TIPU3HATh HEXeNIaTeNbHbIM Mocie
YTBEPXKIEHUSI ero Kak HoBoro MuHepaja cdocdarta ¢ TeM Xe Ha3BaHUEM.
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(UO,),I[8i50,,(OH),].

2. HekoTopsie paznuuusi cjiost (OAMH aToOM KHCJIOpOaa B YUKCUTE WM JIBa TUAPOKCHUIA
B XCHBUMTE B BepLIMHE KPEMHEKMUCIOPOAHBIX TETPasApOB, OOpPAILEHHBIX B MEXCIOEBOE
MPOCTPAHCTBO) HUBEJIUPYIOT HarpeBaHue xeiBuura. [lepexom OT CTPYKTYphl XeiBUMTA K
CTPYKTYpe YUKCUTA peai3yeTcsl MyTeM AeTUAPOKCUIMPOBaHUs ¢ ydactueM rpynm Si—OH
mo cxeme 2[Si—OH] —» Si—O—Si + H,0. O6pa3zoBaHue KUCIOPOZHOIO MOCTHKA MEXIY
COCETHUMU CJIOSIMU, COMIPOBOXKIAIONIEECsS B3AMMHBIM CIBUTOM CJIOEB, IPUBOIUT K U3MEHE-
HUIO TTapaMeTpPOB 2JIEMEHTAPHOM SYeKU 6e3 M3MEHEHUs ee pOMOMYECKON CUMMETPUMU.

3. B MeXCI0eBOM TMPOCTPAHCTBE CTPYKTYPhl XEWBUUTA JABE HESKBUBAJCHTHBIC TO3U-
MM 3aHsTH HoHamu Ca?*, u nBe — Moiekyaamu H,O; B yHKcUTe Bee 9TH YeThIpe MTO3HULIMH
3anuMaetr K*. Kak cienctsue, B YUKCUTE BCErIa MEHbILE CTPYKTYPHO CBSI3AHHOM BOJBI.

4. B onucaHHOI CTPYKType XeiBUMTAa MOXET OBbITh BblAeJIcHAa MEHbIIasi MO0 00beMy
MOHOKJIMHHasI TIceBIosueiika, naHHass Mak bepHeii [18], kKak 1 B CTpyKType YUKCUTA, JaH-
Has I'. K. Epemenko [3], HO onpenesieHHbBIE CTPYKTYPHI JAal0OT OCHOBaHKE TOBOPUTH O POMOM-
YECKOM CMMMETPUU MUHEPAJIOB.

5. Kpynnabie katuonsl (K, Ba, Cs) yxXe rnpu HU3KOI TeMIlepaType CTaOUIU3UPYIOT YUK-
CUTOBBII TUIT CTPYKTYPHI.

Ecnu yyects HemocTaTOYHYIO OOOCHOBAHHOCTh BBIACJIEHUSI TAKUX MUHEPAIbHBIX BU-
JOB, KaK mapadaH U paHKUJIUT, TO CTAHOBUTCS OYEBUAHON HEOOXOOMMOCTh PEBU3UU BCEX
OIyOJMKOBAaHHBIX JaHHBIX MO cwiMKataM ypaHuia rpynnel U @ Si < 1, mpexne Bcero
JAHHBIX PeHTreHorpaguyecKux, aJeMeHTHOro cocraBa u MK-crnekrpockonuu.

PentreHorpagpuyeckme  xapakrepuctuku.  OnyO/JIMKOBaHHBIE JaHHBIC ITOPOILIKO-
rpaMM — MEXIUIOCKOCTHBIE paccTosiHUs d (MHOTrma ¢ MHAEKCAMU OTPaXeHUIl), OTHOCHU-
TeJbHbIE MHTEHCUBHOCTH pedieKcoB / M mapaMeTpbl 3JIeMEHTApHBIX STYEEK — CBEIEHbI
aBTOpaMM B €IUHYIO COIOCTAaBUTEIbHYIO TaOJUIly, COAEpKallylo JaHHbBIC IJISI FACTYHUTA,
Ca-ypcunura, Mg-ypcunuTa, ypcuinra (€IMHCTBEHHbIE HAXOIKW), XeiBUMTA (YEeThIpe Ha-
XOJK1), YUKCcUTa (MSITh HAXOMOK), paHKWIWTA, MapacdaHa. HeobxonMmMo oTMETUTh pa3iany-
HYIO TOYHOCTb OTpeAe/IeHUN d, Kak CJIeACTBHE MCIOJb30BaHUS B HEKOTOPBIX CIIydasix IO-
POIIIKOBBIX KaMep MaJioro AuaMeTpa, BeChMa OrpaHMYeHHOe YMCIIO pedIieKcoB, UX ocabiie-
HUE, OTCYTCTBUE MHACKCOB peIeKCOB U pa3MepoB dJieMeHTapHbIX siueek. [locmeaHee Boc-
MOJHEHO aBTOpaMu. JlaHHBIE TAOJIUIIBI CO BCEl OYEBUAHOCTHIO MOKA3BIBAIOT ClIEAYIOLIEE:
peaslbHO ¢ BPEMEHHON M MPOCTPAHCTBEHHOM BOCIIPOM3BOIUMOCTBIO PETUCTPUPYIOTCS JBa
TUMA TOPOLIKOTpaMM — "XeHBUMTOBBIA" U "YUKCUTOBBIM" ("BUKCUTOBBIN"); TaCTYHUT M3
ABCTpMM, U3yYeHHBI XOHea, — CUHOHHUM YUKCHUTA; TAaCTYHUT U3 ABCTpUM, U3YYCHHBI
BaneHta, — xeiiBUUT; nmapadaH SIBJSETCS XeMBUUTOM; PAHKWIUT OJIM30K K HEKOTOPBIM yp-
cunutam; Ca-ypcuinuT OJIM30K K XCHBUMTY.

ITapaMeTpbl 2JIeMEHTAPHBIX SUeeK Ul XeiBuuTa, HM: a = 1,4263—1,430; b = 1,7903—
1,7989; ¢ = 1,837—1,840. MuHuMasbHas siueiika yMKCUTa UMeeT napameTpbl, HM: a = 0,708—
0,717; b = 1,784—1,791; ¢ = 0,711—0,712. B ciy4ae CJIOKHOTO KaTUOHHOI'O COCTaBa MJIA
MPUCYTCTBUSI KPYIMTHOTO 1LEJOYHO3EMEIbHOTO KaTHOHA BO3HUKAET HEOOXOAUMOCTh YIBOE-
HUS BCeX MapaMeTpOB SYE€iKM YUKCHTa OO0 3HadeHuid, HM: a = 1,401—1,430, b = 3,400—
3,588; ¢ = 1,390—1,420, 9yTO MOXET OBITH CBS3aHO C YITOPSIOYEHHEM PaACIIPECTeHNUST MEXK-
CJIOEBBIX KATUOHOB B CTPYKTYype.

OcraeTrcst HESICHBIM MECTO B 3TOi1 rpyriie ypcunuta. [1o yrBepxkaeHuto A. A. YepHuko-
Ba [8], Ca-ypcuiut u Mg-ypcuiauT coaepkaT BOBOE OOJbIlIe TBYXBAJEHTHBIX MEXCIOEBbIX
KaTUOHOB, 4yeM xeliBuuT. Ecnu npeanonoxuts aast Ca- 1 Mg-ypcunuTa KpUcTaUIMYECKYIO
CTPYKTYpY THIIa XeMBUUTA, TO MO3MIUU M MEXCIOEBOrO KAaTMOHA, U CTPYKTYPHOI BOIBI
OynyT 3aHsaThl aromamu Ca u Mg, 4TO TOBJeUeT M3MeHeHue 3apsima ciosi. Ho B Takom
cydae B YPCUJIMTAX JOJIKHO OBITH MEHbIIIE COAEpPKAHUE BOABI, YTO MPOTUBOPEUYUT (haKTy.
BmecTte ¢ TeM, TpoBeneHHOE aBTOpaMU MUKPO3OHAOBOE MCCIeI0BAaHUE Ha MOHOKPHUCTAJLIE
Ca-ypcuaura MpUBEJIO K KPUCTAJUIOXUMUYECKO M dopmye
(Cay 96Mgg 06Ko.08)1.10(UO2) | 941Sis 76Al 24150 3, uTO HE moaTBepxkaaet taHHbIX A. A. YepHu-
KOBa.

Crnenyer 0co60 OTMETUTb HEMOCTOSIHCTBO IMOPOIIKOBBIX NU(GPAKIMOHHBIX KapTUH
ypcuiudra [8, 9], uTo MHOrIA 3aTpyAHSAET UX UACHTU(UKALIMIO, a TTOTMBITKA MHANLIMPOBAHUS
nopoiukorpaMMm Ca-ypcuianTa B pa3Mepax XeMBUUTA HE JaeT HAIeXKHBIX pe3yJIbTaTOB.

[TopoiikorpaMMbl ypCUJIUTOB, MOJTyYeHHbIE (DOTOMETOIOM B KaMepax Majioro AruameT-
pa, 4ToO SIBHO CHUXXAeT TOUYHOCTb ONpeleeHUs] 3HaueHUi d, He MIEeHTU(DULIMPYIOTCS IO
MEXIIJIOCKOCTHBIM PACCTOSIHUSIM HU C YUKCUTOM, HU C XeHBUMTOM, TIPOSIBJISISE B OTIEIbHBIX
ciaydasix 61mM30cTh K rocnenHeMy. Iporpesanue no 350 °C nepeBonut cTpykrypy Ca-ypcu-
JIUTa B YUKCUTOBYIO, UTO ITO3BOJISIET TOBOPUTh €CJIM HEe 00 U30CTPYKTYPHOCTU C XCHBUUTOM,
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Puc. 1. UK-cnektpbl napadana u3 Kaskazckux Munepanbhbix Boa (7), Ca-ypewnura 3 Tamkukucrana (2), XeiiBu-
uta u3 [Japa-ITuo3 (3), aHanora CTpyKTYpHO M3y4yeHHoro [5] xeiiBuuta u3 bpaszuwinu (4)

Puc. 2. UK-cniekTpsl "ypewnura” u3 Tamxkukucrana — o6p. A. A. YepHukosa ( /), yukcura u3 Y3oekucraa (2), yukcura
u3 LentpanbHoro Kaszaxcrana (3), cunteTnyeckoro Na-aHanora yukcura (4)

TO 00 MX TOMEOTHUIIMH, BO BCSKOM ClIyyae, O CTPYKTypHOM poncTBe. COOCTBEHHO YPCHIIUT
CMEIIAHHOTO KATMOHHOIO COCTaBa MMEET YMKCUTOBYIO MOPOIIKOTPaMMYy, YTO JaeT BO3-
MOXHOCTh OTHOCHUTb YPCWJIMTHI K TPYIIe XeBUUTA — YUKCHUTA.

TakuMm 06pa3oM, peHTreHorpaduUecKuii aHaIN3 TTO3BOJISIET CIENaTh BbIBOA O TOM, YTO
B paccMaTpuBaeMoOil TpyIINe CWIMKATOB YpaHWJIAa C TPy KTy p H 0 0O0OCHOBaHbI JBa
MMHEpaJbHBIX BUIA — XEWBUUT U YUKCUT (suxcum). lllupokoe pa3BuThe U30MOPOHBIX
M3MEHEHUIA 11IEeJIOUHBIX U 1IEJTOYHO3eMEeJbHbIX KATHOHOB U BO3MOXHOCTb BO3HUKHOBEHUSI
CMEIIAHOCOMHBIX 00pa30BaHUIl MO3BOJISIET MPEANOIOXUTh CYIIECTBOBaHUE B MPUPOAE U
JIPYTMX MUHEpAJIOB, OTHOCSIIIUXCS K PacCMaTpUBaeMOi CTPYKTYpPHOM TpyIIIe.

MK-cnekTpbl 00pa3iioB BOAHBIX YPAHWIbHBIX CUJIMKATOB, 3alIPeCCOBAHHBIX B TabJIET-
ku ¢ KBr, peructpupoBanu Ha cnekrpodoToMerpe Specord 75IR u dypbe-crieKrpomMeTpe
Perkin Elmer FTIR 1600 ¢ paspewiarouieii criocooHoctbio 3—4 cm~! (s auamnazona 400—
2000 cM™!) ¥ TOYHOCTBIO M3MEPEHHUST BOJHOBBIX YMCEN B MakCMMyMax mojoc 1 cm L.

ITo cBoemy xapakrepy MK-crieKTpbl U3y4eHHBIX 00pa3LOB pa3le/saioTcs Ha JBa TUIIA.
K nepBoMy oTHOcsTcst MK-criekTphl "mapacdana” [6], "Kanpuuitypcunura” [8], XxeiiBunTa U3
meaoyHoro nerMatuta Tamkukucrana (dapa-ITuo3s) [22] u aHajora CTpYKTYpHO MU3y4eH-
Horo xeiiBuuta U3 bpaswnum (Teofilo Otoni, Minas Gerais) [5]. CrekrporpaMmmbl 3THX
00pa3loB MpakTUUeCK UAeHTUYHBI (puc. 1). HeGosbloe orauume crekrpa "mapadaHa”
00BSICHSIETCS IPUMEChI0 MeTaoTeHuTa. K coxXaleHUo, U3-3a HeJOCTaTKa BellleCTBA HaM He
yaajioch MOJy4uTh criekrp oopasna u3 Teofilo Otoni B o6iaactn O—H-BaneHTHBIX KoJieba-
Huit (3000—3700 cm1).

OcobenHoctssMu MK -criekTpoB nepeynciieHHbIX 00pa3ioB, OTIMYAIOIIMMU UX OT CIeK-
Tpa YUKCUTA, SBJISIIOTCS OTCYTCTBHME PACILETUICHUS TTOJIOChI BaJICHTHBIX KOJIeOaHUI TPYIIIbI

UO%+ rpu 910 cm~! (MHOIIA OTMEYaeTCs TOJIBKO CJIabo BhIpaxkeHHOe Ijiedo npu 890 cm™ 1),

OTHOCUTEJIbHO HU3KOEe 3HAueHUE CpelHEB3BEIICHHON 4acToThl Si—O-BaJeHTHBIX Kojeba-
HUH v, = 1036 cM™!, BemMuMHAa KOTOPO KOPPEIMPYET CO CTENEHBIO KOHAEHCALMU CUCTE-
MBI KPEMHEKHUCIOPOAHBIX TeTpasapoB [10] U oTCyTcTBHE MaKCHMYMOB MOTIJIOIIEHUSI B 00-
nacti O—H-BaneHTHBIX KojeOaHMii clabbix BomOpoaHbIx cBsseil (3500—3650 cm™1). Ta-

KUM 00pa3oM, 1o mgaHHbIM MK-crekTpockonuu, B XeMBUUTE TPYMITbI UO%+ ONU3KU TI0

CBOMM CWJIOBBIM XapaKTepUCTHKaM, a Mojekyasl H,O obpa3yloT HeCKOJIBbKO MPOYHBIX BO-
JOPOMHBIX CBSI3CIA.

Ko BTOpOMy THUIy OTHOCSITCSI CIIEKTPhI YUKCUTA (pUC. 2), XapaKTepusytoluecs: 6oJiee
BBICOKHM 10 CPABHEHHIO C XCHBUUTOM 3HAYCHHUEM Mapamerpa v, (71047 cm 1), uTo ABIs-
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eTCsl CJIENCTBUEM OOJIbllIeil KOHACHCAMM KPEeMHEKUCIOpoaHOo cucteMbl [10], oueBUmHO,
BCJIEICTBUE OOpa30BaHUSI JOMOJHUTEIBHBIX, 0 CPABHEHUIO C XCMBUUTOM, MOCTUKOB Si—

O-—Si [1]. IMonoca BajleHTHBIX KOJIOAHUI TPYIIIT UO%+ YUKCUTA pacllieljieHa Ha JBe KOM-

MMOHEHTHI ¢ MakcuMyMamu ~884 u 910 cm~!. Takoii Xe CIIEKTP JaeT CUHTETUYECKUI YUK-
cur [21].

HNK-cnexktp "ypcunura" (06p. Ne 35/57 u3 komnekuuu A. A. UepHukoBa) HauboJjiee
630k K MK-cnekrpaM yukcuta (puc. 2), YTo B COBOKYITHOCTH C PEHTT€HOMETPUYECKUMU
JaHHBIMU [9] 1 cocTaBOM (CM. HMXKeE) MO3BOJISIET CAEIATh MPENIONOXKEHNE O ero CTPYKTYp-
Hoi1 6au3octu ¢ yukcutoMm. B to ke Bpemst MK-cnekrp "ypcunura" o61anaeT COBOKYITHO-
CTbIO YEPT, KOTOPbIE COJMXKAIOT €ro C XeMBUUTOM. DTO MpPEXAe BCEro IJioxas pa3peuieH-

HOCTb Ny0JieTa BaJIEHTHBIX KojeOaHuii UO%+ (890—910 cm™!), MOHMXEHHAs] MHTEHCUB-

HOCTh TOJIOC CIabbIX BOXOPOAHBIX cBsizeil (3530—3600) u MeHbIlee, YyeM Ul YUKCHTA,
3Ha4yeHue rmapameTpa v, (1043 cm ),

Hnst yukeuTa v "ypeunauta” xapaktepHo Hanuuue B MK-crnekTpax MOMOJHUTENbHbBIX
(10 cpaBHEHUIO C XEHWBUUTOM) TOJIOC, CBS3AHHBIX C KOJEOAHUSIMU BOAOPOAA: LIUPOKOI
rrostockl 1ipu 3250 u y3koi — Bomm3n 1400 cm~!. AHaIOrMYHbBIE TOJIOCH! (XapaKTepHBIE ISt
katoHoB H;O" u H* cooTBeTcTBEHHO) OTMEUAlOTCS U B CIEKTpax CUHTeTUuYeckux Ba- u
Na-aHanoro yukcuTta (Hawu gaHHbie). IIpu sToM KpymHblit KatnoH H,O% Moxer urpatsh
CTAOWIN3UPYIOLLYIO POJIb IS CTPYKTYPhl YUKCHUTA, a oopa3oBaHue H' jerko MoxeT OBITH
o0bsicHeHo paBHoBecueM: H,0* <> H,0 + H*.

MuKpO30HAOBBIN aHAIM3 MUKPOMOHOKPUCTAJLJIA U3 MPOOBI 3TOM Pa3HOBUIHOCTU Yp-
cuutoB  (00p. No 35/57 w3 komnekuuu A. A. YepHMKOBa), BBHITTOJIHEHHBI aBTOpaMH,
npuBeJl K KpUCTaloxuMuyeckoit popmyne (Mg, 79Na, 47K 56Cag 5 Cug 4770 20)2.00
(UO,) 95[Si50,5]nH,0O. TMonyueHHble TaHHbIC CBUAETENBCTBYIOT O "KATHOHHOW" HEOIHO-
POIHOCTH, T. €. B MEXCIOEBOM MPOCTPAHCTBE HAXOJSTCS U IByX-, U ONHOBAJIEHTHbIE MOHBI,
Ha 4TO HEe MOXET He pearupoBaTh KPUCTALIMYECKAsh CTPYKTypa. DTO MPUBOAUT K MPEATO-
JIOXXeHUI0 0 POPMUPOBAHUU CMEUIAHOCIOMHBIX CTPYKTYD.

CMeniaHoC/IOHbIe 00pa30BaHUs MOTYT ObITh ITOCTPOEHBI, MO CYLIECTBY, OMHOTUITHBI-
mu U—Si-crnosiMu xeiiBUMTa U yMKCUTA KakK € KalbliMeBbIM (1 Toraa ¢ OH-1oHoM), Tak u ¢
0oJiee KPYMHbBIM KaJIMeBbIM (M TOrna 6e3 rMIApOKCUIa) MEXCIOeBbIMU KaTUOHAaMU. Mg, pu
€ro MaJIOM MOHHOM panuyce, OyAeT yCUIMBaTh CKIOHHOCTb K TujapaTauuu. Bee 310 mosie-
yeT 3a coboii 00pa3oBaHUe "HECKOIbKMX Pa3HOBUIHOCTEH", KOTOPbIE OTMEYAIMCh YXe TPy
MEePBOM OMUCAHUU CUJIMKATOB ypaHWIa pacCMaTpMBaeMOro TUIa MOJ Ha3BaHUEM TacTyHU-
Ta. BeposiTHO, UMEHHO TaKoro poja 00pa3oBaHUSIMU SIBJISIIOTCSl YPCUTIUTHI, UMEIOLIME, KaK
MPaBUJIO, CJIOXHbBIN KATUOHHBII COCTaB. YCTaHOBJIEHHBIM CXOMAHBIN TUM CJIOUCTBIX CTPYKTYP
XeWBUMTA U YMKCUTA OTKPBIBAET OOraThle BO3MOXHOCTU Jisl (hOPMUPOBAHUST CMEIIaHOC-
JIOMHBIX 00pa30BaHUil C PAa3IMYHON CTeNeHblo yrnopsiaoueHus cioeB. [Ipu 3ToM pazMepbl
CJI0S1 OCTalOTCsl OJIM3KUMU, U3MEHSIIOTCS JIMIIL PACCTOSIHUE MEXIY CJOSIMU, COAepXaHue
OH™-unoHa, MoJieKyJ1 BOJbI, KOJTUUECTBO U TUIT MEXCIOEBOIO KaTUOHA.

OO0cyxnenune pe3yibTaToB. Bcsi COBOKYMHOCTh 9KCMEPUMEHTANIBHBIX JaHHBIX O MUHE-
pajiax KpUCTAUTOXMMHMUECKOM TPYIITbl XeBUUTA — YUKCUTA, KaK 3aMMCTBOBAaHHBIX U3 JIM-
TepaTypHBIX UCTOYHUKOB, TaK U MOJIyUYEHHBIX aBTOpaMHU (B pe3yJIbTaTe MPOBEICHUS PEHTTe-
Horpacduueckrx, MUKpo30HA0BbIX U MK-crniekTpockonmuueckux ucciaeqoBaHUi) MO3BOJISI-
€T, ONUpasiCh, MPeXIe BCEro, Ha paboThl MO pacuIMdPOBKE KPUCTALIUUECKUX CTPYKTYp Ha
MOHOKpUCTaJJIaX Opa3uibcKOro XxeiBUuTa U araHcKoro yukcura, yTBepKaaTh, YTO UMEIOT-
Csl IBA TOMEOTHUITHBIX TUIIA CTPYKTYpP, KOTOPbIE HAXOASTCSI B TECHEMIIIEM POJICTBE U B3aUM-
HBIX Mepexoaax, MPUOIIKAIOIIUXCS K MOJUMOP(GHBIM MpPEeBpaIlEHUSIM.

[MpakTnyeckas: UACHTUYHOCTb YPaHWI-CUWIMKATHBIX CJOEB 3aKII0YaeTcss B TOM, UTO
JIMUIb OJHY BEPLIMHY KPEMHEKUCIOPOIHOTO TeTpasapa, oOpallleHHYIO0 B CTOPOHY COCelHe-
IO aHAJIOTUYHOTO CJI0s1, B XeBUUTE 3aHUMAaET TUAPOKCUJ, B YUKCUTE — KUCJIOPOJ; Mpeood-
pa3oBaHMe MPU HarpeBaHUU XeWBUUTA BedeT K 3aMeHe aTOMOM KHUCJIOpOja ABYX TaKHUX
TUIPOKCUJIBHBIX TPYIIT KPEMHEKUCIOPOAHBIX TETPAdApOB CMEXHBIX cioeB. [losiBisieTcs
MEXJy CJIosIMU HOBasl CBsI3b Si—O—Si, BO3HUKAET HOBasl TpeXMEPHasi KOHCOMUIAIIUST KPEeM-
HEKHUCIOPOAHBIX TETPAdAPOB, MOATBepKAaeMas faHHbIMU MK -criekTpockonuu. DTo Mo3Bo-
JISIET CUUTATh TMEepexol XeMBUUT — YUKCUT MOJUMMOpPGhHBIM NpeBpaieHueM. [lepexoa co-
MPOBOXKIAETCS CABUTOM YPaHUJI-CUIUKATHBIX CJIO€B OTHOCUTENBHO IPYT ApYra U U3MeHe-
HUEM TapaMeTpoB 2JEMEHTApHOU sSIYEHKU MPU COXpaHEHUU POMOUYECKON CUMMETPUMU.

IMpennoxennple Mak bepHeit [18] mapaMeTpbl MOHOKJIMHHOM SIY€MKM HE MO3BOJISIIOT
MPOVMHIUIIMPOBATh TMopoiikorpamMmy xeiiBuura (cMm. ICDD, roe Ha kapTouke 12-721 ot-
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Meyvaetcst: "MOHOKPUCTATbHBIE TAHHBIE COMHUTEIIBHBI, TaK KaK He OOBSICHSIIOT BCEX TTOPOIIIKOBBIX
JuHMit"). B To e BpeMst opollKorpamma, rpuBeaeHHass Mak bepHeii, Xopollio MHAULIMPYETCs B
rapaMeTpax poMondeckoit siueiku, HMm: a = 1,430; b = 1,789; ¢ = 1,840.

OnHako 1 mapamMeTpbl POMOMYECKON 7IEMEHTApHOM SIYSKY B X MUHUMAJIbHBIX 3HAUCHMSIX,
onpeneeHHbIX I YUKcHUTa 1o MoHOKpucTtaty (a = 0,709; b = 1,791; ¢ = 0,712 Hm), He obecrie-
YUBAIOT MHIWIIMPOBAHUS €T0 MOJIHOM MOPOILIKOBOI KapTUHBI U TPEOYIOT B Psie CIIyyaeB MX YIBO-
€HUSI, YTO €CTECTBEHHO CBSI3aTh C XapakKTepoM (TUITOM) M CTETIEHbIO YIIOPSIOUCHMS MEXKCIOEBBIX
KarioHoB. B xeiiBunte Mexny U—Si-cnosMu pacrionaratorcs asa noHa Ca?t (Ha 4yeTblpe ypaHH-
Ja) v aBe Monekysasl H,O; B yMKcHUTe MEXCIOEBOI KaTMOH ONHOBAICHTEH, CONEPXaHHWE €ro Ha
opMyJIbHYIO eIMHUILY B IBa pa3a OoJibllie, U OH 3aHMMAET MEXITY CJIOSIMU BCE YEThIPE MO3ULIVH.
Kak cnencrBue, conepskaHue BOIbl B YUKCHUTE MEHbILIE, YeM B xeliBunTe. HapyieHve (M3MeHeHue)
WA Bapyaliy B ITOJIOXKEHUM MEKCIIOEBBIX KATHOHOB U3MEHSIFOT CTETIeHb YITOPSITOYEHHOCTH CTPYK-
TYpbl MUHEpAaJa.

HecoMHeHHO M BIMSIHME HA CTPYKTYpHOE COCTOSIHME YCIOXXHEHUS] KATMOHHOIO COCTaBa,
korma Ca2t B xeiiBuure 3amelnaerca Mg?t wm ogHoBateHTHEIMA K™ 1 Na', uyro ycumsaer
HapyllieHHe TPEeXMEPHOTO MOpPSIIKA 1, KaK CJICACTBYE, Oc/abieHue TdpakiMOHHO KapTHBL. BecbMma
orpaHnyeHHbIe n3oMopdHbIe 3ameleHust Ca—K u tem 6onee (Ca, Mg)—K moryT cioco6¢cTBOBaTh
(OpMUPOBAHUIO CMEIIIAHOCIONHBIX 00pa30BaHMIi C YepelIOBaHUEM PA3TMYHON CTEMEHU YIOpsi-
JOYEHUST XeHBUMTOBBIX M YUKCUTOBBIX CJIOEB, M TOIIA OC/abJieHHast U YCIOXKHEHHasT Tupakiiv-
OHHasl KapTWHA He MPOMHIULIMPYETCS B IMapameTpax 2JIEMEHTApHOM STYEHKUM HU XEWBUUTA, HU
YMKCHTA.

BeposiTHo, Takoro poma o6pazoBaHueM sIBIsieTcst ypeuit (He Ca-yperyuT — CMHOHUM Xeid-
BUUTA, a YPCUJIUT — KaK MUHEPaI CMELIAHHOTO KaTMOHHOTO COCTaBa). J1oKa3aTeIbCTBOM CMellla-
HOCJIOITHOTO XapaKTepa YpCHIIMTOB CITyXaT U JaHHble MK-criekTpockonuu, a UMEHHO: TIPOMEXY-
TOYHAsT MEXIy YMKCUTOM M XEHBUMTOM CTerieHb KoHaeHcamu Si-O cucteMbl; ociabieHue mosio-
cbl v(OH) c1abbix BOTOPOIHBIX CBSA3EH; TUIOXO BBIPAXKEHHOE PAaCILETUICHUE T0JIOC TOIIOIIEHUST
[UO,]; onpeneneHHblt OepUINT KATHOHOB, OOHApPYKMBAaeMBIIl MPU MUKPO3OHIOBOM aHAIIM3E
MUKPOKPUCTALIOB YPCWINTA.

Oco00ro BHUMaHUSI 3aCTy>KMBAIOT 3JIEMEHTHBIN COCTAB M KPUCTAIOXUMUYECKKE (hOPMYITbI
MUHEPAJIOB IPYIIbl XeMBUMTA — YUKCUTA W MPEXIE BCETO €ro OCHOBHOM CTPOMTEIBHOM eIUHU-
LIl — YPaHWI-CWIMKATHOTIO CJIOS, B MEpBYIO ouepenb oTHolleHue U : Si, koTopoe, 1Mo pa3HbIM
JIUTepaTypHbIM UCTOYHMKAM, cocTarisieT oo 1 : 3, 6o 2 : 5. OnpeneieHre KPUCTAUIMYECKUX
CTPYKTYp TMO3BOJISIET OCTAHOBUTHCS HA CTAOMJIBHOM W TPYAHO TMOANAIOIIMMCS (IO CTPYKTYpe)
BapualMsiM OTHOLLEHUHM 2 : 5, oTHecst TiepBoe (1 : 3) Ha cueT TpyIHOCTe BbIIeIeHUS MOHOMUHE-
pabHBIX (PpaKIMii paccMaTpUBaeMbIX MUHEPAJIOB [UISI TPATULIMOHHOIO XMMHUYECKOTO aHajIu3a 1
TTOATBEPXKICHUEM OTHOILLIEHUS 2 : 5 MMKPO3OHIOBBIM aHAIM30M MOHOKPHCTAJUIOB.

Crnenyer OTMETUTD, YTO XEHBUMT M YUKCUT MOTYT BCTpEUaThCsl B €MMHON accolvanuu. Tak,
XoHea [17], omvchiBast racTyHUT XabepiiaHaa U3 ABCTPUM, UMEET JIEJI0 C YUKCUTOM, B Te TOIbI e1le
He yTBepXKIeHHBIM, a BasieHTa [24] cumTaeT, yto XabepsaHa onmvcail XeBUANT.

ITo ycTHOMY COOOILIEHMIO IIEPBOOTKPLIBATEIST MUHEPATTOB cepyy "ypewnT" A. A. YepHUKOBa,
MM BCTPEYEeH BMECTE C ypCUIUTOM 1 XeiBUMT. HecoMHeHeH npuoputeT A. A. YepHHMKOBa B OTKPbI-
T Mg-TOMUHAHTHOIO WieHa pacCMaTpMBAaeMOil IPYMIbl, OJHAKO MMKDPO3OHIOBOE U3YydeHHE
OKA3aJI0 €ro CMeILIaHHBII U, TJIABHOE, HEOMHOPOIHBIH (C MpeobiagaHreM B OTACIbHBIX TouKax Na
Ham IpyriMU MEXCIOeBBIMU KaTMOHAMM) COCTaB MpU coxpaHeHuu otHoureHust U : Si = 2 : 5.

BaxkHO OTMETUTB, YTO HECMOTPSI Ha TO, UTO "YPCHIIMT MIMEET COCTaB M (P3MYECKIE CBOMCTRA,
TPOMEKYTOUHBIC MEXKIY XeMBUUTOM M YUKCUTOM, OH HE SIBIISIETCS TIPOCTOM "MEXaHUUEeCKOM" cMe-
ChI0 3TUX MHMHEpaJIOB, TaK KaK €ro MOpOIIKOrpaMMa He COACPXKMT IVIABHBIX JIMHMIA XeiBUMUTA
(0,910—0,930; ~0,805; 0,455—0,460 1M u ap.) [9]. DTO rOBOPUT O TOM, UTO "XEHBUUTOBBII KOMITO-
HEHT' TIPUCYTCTBYET B YPCWJIMTE HE B BUIEC CAMOCTOSITEJIbHOM (hbasbl, a B BUAE (PparMeHTOB WU
OTIENbHBIX CIOEB (BO3MOXHO "CTAOMIM3UPOBAHHBIX' KAIBLIEM).

Takum 00pazoM, KpUCTAUIOXMMUYECK OOOCHOBAHHBIMU SIBJISIIOTCSI MUHEPAJIbHBIE BUIbI
XEMBUUT, YUKCUT U 00pasyeMble UMW CMEIIAHOCIOMHBIE MUHEPAIBI TIPY TIOCTOSITHHOM COOTHOILIE-
i (UO,)?* @ (SiO,)* = 2 : 5 1 pa3BUTAM OTpaHMYCHHBIX M30MOPGHBIX 3aMelleHMiT Ha base
CTpYKTYpHI xeiiBunTa (MuHepan Ca) U IIMpoKuX — Ha 6ase ctpyktypsl yukeuta (K, Na, Mg, Ca,
Ba).

ABTOpHBI OJlarofapHbl 3a MpeAocTaBIeHHbIE oOpa3ubl xeliBuuTa IokTtopy . ATeHCHO
(Yuusepcuter Can-Ilayno, bpasunust) u ypcuianuTa — IOKTOPY reojl.-MUHEpasl. Hayk A. A.
YepHUKOBY.

1. bamypun C. B., Cudoperko I. A. Kpucrannnieckas ctpykrypa Bukenta (K 6,Na, 55),(U0,),[Sis0,5]13H,0 // Noki.
AH CCCP. — 1985. — 282, Ne 5. — C. 1132—1136.

ISSN 0204-3548. Munepan. ncypn. — 2001.— 23, No 1 61



CUJIOPEHKOT. A. u 1p.

2. benokonesa E. JI., Mokeesa B. H., Kysneyoe JI. M. u dp. Kpucraummueckasi CTPyKTypa CUHTETUYECKOTO COAIMUTA
(U0,),[Si0,](H,0), // Tam xe. — 1979. — 246, Ne 1. — C. 93—96.

3. Epemenko I. K., Havmenes E. C., Asumu H. A. Haxonka MyuHepasioB Ipymiibl BUKcuTa B Adranucrane // Tam xe. —

1977. — 237, Ne 5. — C. 1191—1193.

4. XKuavyosa H. I., Cudopenxo I. A., Baayesa A. A. u dp. CuHTe3 U KPUCTAULIOXMMHUsI GAPMEBOro 4jeHa IPYIIIbI
BUKcuTa // MuHepai. xypH. — 1990. — 12, Ne 6. — 70—75.

. Pacusemaesa P. K., Apakueesa A. B., Ilywapoeckuii /l. IO. u dp. HoBasi KpeMHEKHMCIOpOIHAsl JICHTa B CTPYKTYpe
xeriBuuTa // Kpucramiorpadusi. — 1997. — 42, No 6. — C. 1003—1009.

6. Cudopenko I. A. PeHTreHorpadmuecKuii onpeneanTeb YPaHOBBIX M ypaHCoAepXalliux MUHepaitoB. — M.: 'ocreos-
Texusaar, 1960. — 115 c.
7. Tapxanosa I. A., Cudopenxo I. A., Mopoz HU. X. Tlepass B CCCP Haxojika MUHepaia Tpymimbl BUKcuTa // 3ar.
Bcecoros. MuHepai. o-Ba. — 1975. — Y. 104, Boir. 5. — C. 598—603.
8. Yepnuxoe A. A., Kpymeuykas O. B., Cudeavnukosa B. JI. Ypcunut — HOBBIM CWJIMKAT ypaHa // Bomp. reonoruu
ypaHa. — 1957. — C. 76.
9. Yepruxos A. A., Cudopenko I. A., Baryesa A. A. HoBble 1aHHbBIE O MUHEpaJIaX ypaHWJIa IPYIIbl yPCUIIUTa—YUKCH-
Ta // 3amn. Beecoros. munepai. o-ga. — 1977. — Y. 106, Bbim. 5. — C. 553—564.
10. Yykanoe H. B. O6 uHdpakpacHbIX CIIEKTPax CUIIMKATOB U amtoMocuiankaros // Tam xe. — 1995. — Ne 3. — C. 80—
85.
11. Abeledo M. J., Beyacar M. R., Yallon E. E. Ranquilite, a calcium uranylsilicate // Amer. Miner. — 1960. — 15. —
P. 1078.
12. Bianconi F., Gautier A. M. A weeksite occurrence in Tanzania // Uranium. — 1986. — 2, N 4. — P. 317—325.
13. Camargo W. G. R., Svesero D. P. Haiweete, a new occurrence in Brazil // Amer Miner. — 1969. — 54, N 5/6. —
P. 966—969.
14. Deliens M. Presence de weeksite aux Bois Noir, massif du Forez, Loire // Bull. Soc. fanc. miner. et cristallogr. —
1977. — 100. — P. 275.
15. Espahbod M. R., Lhote F. Sur la presence de Haiweeite parmi lex mineraux uraniferes de la mine de turquoise de
Neychabur (Iran) // C. r. Acad. Sci., D. — 1977. — 284, N 8. — P. 595—597.
16. Haberlandt H., Schiener A. Die Mineral — und Elementvegesell — schaftung des Zentragneisgbites von Badgastein
(Hohe Tauern) // Tschermaks miner. und petrogr. Mitt. — 1951. — 2, N 3.
17. Honea R. M. New data on gastunite, an alkali uranyl silicate // Amer. Miner. — 1959. — 44, N 9/10. — P. 1047—1056.
18. McBurney T. C., Murdoch J. Haiweete, a new uranium mineral from California // Ibid. — 1959. — 44, N 7/8. — P.
839—843.
19. McCarthy G. J. et al. Interactions between nuclear waste and surrounding rock // Nature. — 1973. — 273. — P. 216—
217.

20. Outerbridge W. F., Staatz M. N., Meyrowitz R., Pommer A. M. Weeksite, a new uranium silicate from the Thomas
Range, Juab County, Utah // Amer. Miner. — 1960. — 45, N 1/2. — P. 39—52.

. Plesco E. H., Scheetz B. E., White W. B. Infrared vibrational characterization and synthesis of a family of hydrous
alkali uranyl silicates and hydrous uranyl silicate minerals // Ibid. —1992. — 77, N 3/4. — P. 431—440.

22. Pushcharovsky D. Yu., Pekov I. V. Mn-silicates from alkaline rocks; crystal structures, topology and geochemistry //
Abstr. 17th General Meeting of International Mineralogical association. Toronto (Canada), (9—14 Aug., 1998). —
Toronto, 1998.— AS3.

. Stohl F. V., Smith D. K. The crystal chemistry of the uranyl silicate minerals // Amer. Miner. — 1981. — 66, N 5/6. —
P. 610—624.

24. Walenta K. Haiweete (Gastunit) von Badgastein // Neues Jahrb. Mineral. Monatsh. — 1960. — N 2. — S. 37—47.

25. Walenta K. Uranosilit, ein neues Mineral aus der Uranlagerstatte von Menzenschwand im sudlichen Schwarzwald //

Ibid. — 1983. — N 3. — S. 259—269.

w

2

2

wo

Bcepoc. H.-1. UH-T MUHep. CbIpbsi, MOCKBa IMocrymuna 19.07.99
WH-T npo6s1. xum. dpusuku PAH, YepHoronoBka, Mock.o011.

PE3IOME. 3 MeTOI0 HOMEHKJIaTYPHOTO YITOPSIAKYBAHHS CUJIIKATIB ypaHisy, BEJIMKOIO 3a KiJIbKiCTIO BUAIJICHUX MiHe-
PaJIbHUX Pi3HOBUIIB KPUCTAJIIYHOI IPYMU XEHBIiTy — YIKCiTYy MPOBEIEHO PEBi3il0 YCiX HasBHUX AAHUX 3 L€l Ipynu
MiHepaJliB Ta OOrPYHTYBaHHS iHAMBiAyali3allii KOXHOro 3 HuX. B pe3ynbTari 10AaTKOBUX €KCIIEPUMEHTATbHUX J0C-
AifkeHb MeTonaMu [Y-creKTpocKomii Ta MiKpO30HI0BOTO aHali3y aBTOPU MilILIN BUCHOBKIB, 10 KPUCTATiUHO 00-
IPYHTOBaHMMM BUJIaMU € XEMBIiT i YIKCUT, a TakoxX ix Ba-, Mg-, Na-aHasoru ta yTBOpIoBaHi HUMU 3MilllaHOLLIapyBaTi
MiHepaIu.

SUMMARY. Authors have made the revision of all data concerning haiweeite-weeksite crystal chemical group in order
to classify the various mineral types included in this group. Additional experimental IR-spectroscopy and microprobe
analysis allowed the authors to make a conclusion that haiweeite and weeksite and their Ba-, Mg-, Na-analogues with
mixed-layer minerals only are of crystal chemical type.
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Y/IK 546.05:548.73:549.6
b. I. Wa6anuH, 3. B. NMNonblwnH

CuvHTEe3 ronnaHamTos n u3aoMopPnsmM B HUX

”3y‘{CHbl YCJI0OBHS CUHTE3a IOJUIAHIUTOB U3 HIMXThl COBMECTHO OCAXICHHBIX l'Vl,ElpOKCOKap60HaTOB C M30M0pqublMl/l
npumecsimu Cs, Sr 1 Na. Meronamu peHTreHorpaduueckoro aHanusa u SII'P-crneKTpockonum ycTaHOBIEHbI Mpeaesibl
U30MOPGHOIl eMKOCTU TOJUIaHAUTOB.

B Hacrosiiiee Bpemsi cpeay KOHLEMIIMIA JIOKAIU3aluy BBICOKOAKTUBHBIX 0TX010B (BAO)
Hay4HO OOOCHOBAHHOM, TEXHUYECKU OMpPaBIAHHON U 0E30MacHOi CUMTACTCS KOHLICTILIHS
U30JISIIUM JOJTOXUBYIIUX PATMOHYKIUIOB B BUAEC OCOOOYCTOMUMBBIX MUHEPATOTOA00HBIX
OTBEPXACHHBIX (DOPM, COBMECTUMBIX C T€OJIOTMUECKOM cpenoit [7, 8].

Hcxons u3 Toit KOHLIEMIIMU, TTpobiemMa BbIoopa OpMbl OTBEPKACHUS SIBISIETCS OJl-
HOI1 13 INIaBHBIX, IMOCKOJIbKY CBOMCTBA 3TOi (POpMBI B 3HAUUTEIbHOIW CTEIIEHU OIpPEAesIoT
PHCK BOBMOXXHOTO paclpOCTpaHeHUsI paIuOaKTUBHBIX OTXOA0B B OKPYXKalolyto cpeny. Beioop
dopmMbl oTBepXKIeHUS (DAKTUUYECKU O3HAYaeT U BHIOOP TEXHOJIOTUM MepepabOoTKU paauoak-
TUBHBIX 0TX0H0B. Cpeau pa3pabaTbiBaeMbIX (DOPM OTBEPKIEHUSI, 3aCIYyKMBAIOIIUX TEOpe-
TUYECKOTO M 3KCIEPUMEHTATbHOTO U3YyYeHUsI, TIEPCIEKTUBEH LIMPKOHOTUTAHATHBIN Kepa-
muueckuit Matepuan (SYNPOC), nonyyaemblii Ha OCHOBE acCOIMAlIMKM YEThIpEX CUHTETH-
YecKMX MUHEpaIbHbIX (a3: uupkoHomuta — CaZrTi,O,, romnanaura — Ba(AlFe),TicO,4,
neposckuta — CaTiO; u pytuna — TiO,. OH uMeeT BBICOKYIO XMMUYECKYIO U PagualliOH-
HYIO YCTOMYMBOCTh, MEXaHUYECKYIO TTPOYHOCTb M OTIMYACTCS IHUPOKUMU U30MOP(HHBIMU
npeaejaMy 3aMellleHU IS psiia TeTepOBaJeHTHBIX KaTUOHOB, B TOM UMCJIE JOJTOXUBY-
LIIKUX PAIUOHYKIUAOB M TPOMYKTOB MX pacraga. ['0JUIaHIMT UCIOJIb3YETCS B KepaMUKe
SYNPOC nnst prkcaiuu eJIOYHBIX U 1IET0YHO-3eMeIbHbIX paanoHykianaoB Cs, Rb, K, Ba,
a TakKe COMYTCTBYIOIIMX MPOAYKTOB pacraaa, koppo3uu meramioB (Fe, Cr) [8].

Hamu mpuBeneHbl pe3yjbTaThl UCCACIOBAaHUI YCIOBUI CUHTE3a U U3YYEHBI TIPEIeIbl
n3oMopdHoii emxoctu xenesucroro rowtanauta (BaFeTicO ) ¢ nzomopdHEIMU npuMe-
cssmu Cs, Cr 1 Na, KOTOpbIe CIyKUJIU 3JeMeHTaMu — umutaropamu BAO (ta6a. 1). Ctpyk-
Typa TOJIaHAMTA JeTabHO omnuvcaHa B padote [10]. KaTMOHBI ¢ MajbiM MOHHBIM PaalyCcoM
(Ti**, Tid*, AI3") HaxomsTcs B LEHTpax OKTasapoB. I1apbl OKTa3apoB, COeAMHEHHBIE pedpa-
MM, 00pa3yioT ABOMHbIE LIEIH, TapauleJibHble OCH ¢. JIBOIHBIE 1IEN OKTa3ApPOB, COCANHSICh
BeplIMHAMU, 00pa3yIOT TPEXMEPHYIO PELEeTKY, COAepKaIyI0 TYHHEU NapalieJbHbIe OCH ¢,
B KOTOPBIX pACITOJIaraloTCsl KaTMOHBI C OOJBIIMM MOHHBIM paauycoMm. IlociaenHue okpy-
JKEHbl aTOMaMM KUCJIOPOJa, PACIOJOXEHHBIMA B BEpILIMHAX CJIerka MCKaXK€HHOro Kyoba
(puc. 1). B cTpyktype romnanauta HabJtoqaeTcsl IMMPOKUIA Mpenea M3oMOpGhHBIX 3aMelle-
Huii. Ba 3ameiaercsa Cs, Rb, K, mpu aTom Al 3aMeliiaeTcst WM TpeXBaIeHTHBIMU KaTHOHAMM
(nanpumep, Cr, Fe, Ti), wim KoMOMHALIMEN YETHIPEX- M ABYXBAJICHTHBIX KaToHOB Ti*t u
M** (M — Mg, Co, Fe, Ni, Mn). Tomanut usoctpykrypen npaiinepury (K,Fe,TicO,4).

B HacTtosiiiee BpeMsi CMHTe3 TOJUIAHIMTOB OCYILECTBISIETCS MPOKaIMBaHUEM CMECH
MCXOIHBIX OKCUAOB, KApOOHATOB MM HUTPATOB Ha BO3IyXe WM B BaKyyme (/i1 0Opa3lioB,
cogepxaiux Ti3") [6]. Crioco® MpUroToBIEHNs UCXOAHOM IIUXTHI HE BCerna obecreuynBa-
€T CTEeXMOMETPUIO U JOCTaTOYHYIO OJHOPOIHOCTh COCTaBa M, KakK CJEICTBUE, MTOCTOSIHCTBO
CBOWCTB TOJIy4eHHBIX 00pa3ioB. K ToMy Xe caM CMHTe3 TpeOyeT T0CTaTOYHO JJIUTEIbHOTO
npokanuBaHus (15—92 u).

O6pasupl rojutlanautoB I'-1—T-5 (Tabi. 2) mojay4eHbl METOAOM MPOKAIMBAHUSI COBME-
CTHO OCaXAeHHBIX rMapokcokapooHatoB Ba, Fe, Ti u Sr (COT'), ocTaiibHble — COBMECTHBIM
ocaxIeHueM rugpokcokapoonaroB Ba, Fe, Ti ¢ mocnenyrolym n1o0aBieHUEM K OTIEJIEHHO-
My ocanky HutpaToB Na, Cs, Co 1 yrnmapuBaHHUeM ITOJIyYEHHBIX CMeCeil P MHTCHCUBHOM
nepememnBanuy. Ocanku npokamuBagy pu 1100 °C B TeyeHnu 3 4 ¢ ITOCTENIEHHBIM BbI-
XOJOM Ha 3amaHHyI0 TeMmnepaTypy. I[IpokamuBanue obp. I'-13 mpoBoauau cpasy B ropstueii
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= o

Puc. 1. ®parMeHTHI CTPYKTYpBI routaHauta (A — ofHo-
U JIByXBJIEHTHbIE KaTUOHBI)

neun npu 1100 °C. HeoOXommMoCTh TaKoO
TepMOOOPabOTKM 00ycIoBIeHa TeM, yto Co3™
riepexogut B Co?" pu T > 940 °C [1].

B kauecTBe cojieil mpy MPUTOTOBICHUM

ncxonHoil mwmxtel MetomoM COI ucrnob-
30BajIv ClIeAYIOLIME peaKTUBLI: HUTpaThl Ba,
A Sr, Fe, Cs, Na, Co3" mapku XY, yeThIpexxyio-

z pucthiii Ti Mapku Y. PacTBopuTesieM Uist Bcex
~ _ coJieit ciyxuna Bojga. Mcxonst u3 HeobXoau-
N o MOCTH TOJIyYeHUsI CIIOXKHOTO MHOTOKOMIIO-

) HEHTHOIO0 MaTepuaja, B COCTaB KOTOPOIO

. /,/’/ Py, BxoasT Ba, Sr, Fe u Ti, a Takke uMeronimxcst
Ll I TS o O < JIUTEPATYPHBIX JAHHBIX 00 YCIOBUAX MX
A \ -~ ocaxaeHwus |3, 4], ocagurteseM BbIOpaH Kap-

\:‘ OOHATHO-aMMHUAYHbI Oy(hepHBIA pacTBOp.

S [ Ocanok oThUILTPOBLIBAIM ((UIBTPAT MPO-

Y BEpsUTM KAUYECTBEHHBIMU PEeaKIMsSIMU Ha TOJI-
HOTY OCaXIEHMUSI), IPOMBIBAIU, BHICYIIINBa-

JIU U ToJBeprajivu TepMoodpadotke. I1puro-
7 TOBJICHHAs] TAKUM OOpa3oM IIIMXTa COOTBET-
CTBOBaJIa 32JaHHOMY CTEXMOMETPUUECKOMY COCTAaBY.

OO0pasiibl KccnefoBaid MeTogaMu peHTreHodaszoBoro aHanmuza (JJPOH-3,0; Cug, -

usnaydyeHue ¢ Ni-puiabTpoM) U MeccOayspoBcKoil criekTpockonuu (cnekrpomerp STPC-
4M B pexuMe JIMHEHHOM pasBepTKM cKopocTu ucrouHuka ’Co (Cr) ¢ akTMBHOCTbIO 37
MBbBk).

PentreHorpadguueckue ucciienoBaHus MPOAYyKTOB TepMooOpaboTku muxthl COI' mo-
Kasajy, YTO BBICYLIEHHAsl TP KOMHATHOM TeMmIepaTrype IIMXTa IMPOJOJIKAET OCTaBaThCs
peHTreHoamopdHoi o 750—800 °C.

Habop ocHoBHBIX oTpaxkeHuid Ha audpakTorpamme oop. I'-1 aHamornyeH oTpakeHu-
SIM TIpUpOIHOTo ToytaHauTa [8]. Hamuuue AByX JOMOJHUTEIbHBIX (K FOJUIAHIUTY) OTpaXxe-
Huii (0,324 u 0,2183 HM), KaK TToKa3ajo UAeHTU(UIIMPOBaHNE B MOHOKJIMHHON CUHTOHUU
W TIOC/IeayIoIIe SKCIIepUMEHTHI o 3aMellieHrto Ba B 00p. I'-1, He BBI3BaHO MOHOKJIMHHBIM
HUCKaXEeHUEM TOJUIaHIUTa, a 00YCIOBICHO HAaJIUYMeM MPUMECHO (da3bl, OMHO3HAYHOE OIl-
peaeseHre KOTOpoil peHTreHo(a30BbIM aHAJIM30M HEBO3MOXHO. IIpucyTcTBUE 3TOM (pa3bl
00YCJIOBJIEHO, OUYEBUIHO, TeM, YTO TMToTHOe 3amelieHre K Ha Ba B royutannnte HEBO3MOXHO,
YTO TMOATBEPKIAECTCS M3BECTHBIM COCTABOM IPUPOMHBIX MpPaiaepuToB [6].

HzomopdHoe 3amelienne Ba Ha Sr mpoBeneHo Ha yeTbipex oop. I'-2—I'-5 ¢ comepxa-
Huem, %: SrO — 5,0; 8,72; 10,0 u 11,02 cootBeTcTBeHHO (Tabdu. 2). st 00p. I'-2 peHTreHo-
dazoBblii aHaIM3 TMOKa3ajd Hajmuuue ¢a3bl CO CTPYKTYPOMl ToOJUIAaHIWTA M HE3HAUYUTETbHOE
KOJIMYECTBO MpUMeCHBIX (a3 (T 10 5 %). Ma3bl co CTPYKTYpOil MMEPOBCKUTA OTCYTCTBYIOT.
06p. I'-3—T'-5 mHoroda3zHbie. OcHOBHBIE (ha3bl — HeposcKuUm, ero ConepKaHue HapacTaeT C
yBeJIMUEHUEM KOHLEHTpauuu SrO B UCXOMHOM IIUXTE, apaMeTphl STYCHKU OJIM3KU K TaKO-

Tabauya 1. XumMu4ecKuii COCTaB rOJUIAHAUTOB, %

0"6';:3°L1[’a ®opmyna BaO Fe,0; TiO, SrO | Na,0 | Cs,0 | CoO
r-1 BaFe,TigO16 19,35 20,15 60,50 — — — —
r-2 B30‘625Sl‘0‘375F€2Ti6016 ]2,40 20,60 62,00 5,00 — - -
I-3  Bag6Sre4FesTigO1g 7,26 2099 6303 872 — @ —  —
r-4 B30‘27Sl‘0‘73F€2Ti6016 5,50 21 ,10 63,40 ]0,00 — — -
r-5 Baoygosl‘oygoFezTiéolé 4,07 2],22 63.69 1 ],02 — — —
r-6 Bag 75Nag sFe;TigO16 1490 20,80 62,30 — 2,00 — —
r-7 Ba0,58Nao,g4FezT16016 11,79 21,18 63,57 — 3,46 — —
r-8 Baov405N31‘19F€2Ti6016 8,40 21 ,60 65,00 — 5,00 — —
I-9  BagsCso4Fe;TigO1g 1500 19,50 58,60 — — 690 —
I-10  BagsCs| oFe;TigO1q 8,95 18,64 5596 —  — 1645 —
I-11  Bag,Cs| ¢Fe;TigO1q 343 1784 5355 —  — 2518 —
[-12  CsyFe,TigO1¢ — 1730 52,10 —  — 30,60 —
Ir-13 Ba() CS() 3Ti1 15C00 35T16016 ]3,68 — 72,81 — — 5,39 8,12
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BbIM 1151 StTiO5 [9]; u eonsandum. TIpucyTCTBYET TakKe HE3ZHAYUTEILHOE KOJIMYECTBO (™ 10
5 %) He yCTaHOBJIEHHBIX TIPUMECHBIX (ha3 U peHTreHoaMmopdHas (asa. ITpucyTcTBHEe MMOC-
JIeHEeN CBUACTEIbCTBYET, IMO-BUAMMOMY, O HEIOCTATOYHO BBICOKOM TeMIlepaType U MajJoM
BpeMEHM CHHTe3a. 3HaueHUsI 00beMa 3JIeMEHTAPHON S4YeiiK1 TOUTaHAUTOB B 00p. I'-2—TI-5
B MpeJesiax OlMOKN U3MEPEHMS 0Ka3aIuCh OMMHAKOBBIMU, UTO YKa3bIBaeT Ha M30MOpdHOe
3ameleHre Ba Ha Sr B cTpykType mpaitmeputa o comepxanus SrO He Gonee 5 %.

PeHTreHo(ha3oBbIil aHAIM3 HaTpUIICOAEPXKALIUX ro1aHaAnTOB (06p. I'-6—T'-8, Tabi. 2)
MoKa3aJjl, YTO OCHOBHOMI (ha30ii B HUX SABJISICTCS FOJUIAHIUT, TM(dPaKIIMOHHAsI KapTHHA KOTO-
poro uaeHTHUYHa TakoBoil o6p. I'-1. C yBenuueHuem conepxanusi Hatpus (oop. I'-7, I'-8)
MHTCHCUBHOCTh TOMOJHUTENIBHBIX K TOJJIAHAUTOBOM (ha3e OTpaxkeHUil BO3pacTaeT, XOTs B
LIEJIOM M OCTaeTCsl JOCTaTOYHO HU3KOM. McXomst M3 3TUX MaHHBIX MOXHO TOBOPHUTH, YTO
TPaHWYHOE 3HauYeHue u3oMopdHO 3amelnawliero Na B CTPYKType TO/UIaHIUTA HE MPEBbI-
nraet 2 % Na,O.

3ameiueHue Ba Ha Cs (00p. I-9—T'-12, Tabu. 2) coxpaHsieT CTpYKTypPHBII TUII FOJIaHINATA.
BMmecre ¢ TeM, Ha TOJydYeHHBIX TU(paKTOrpaMmax IMosIBJISICTCS HECKOJIBKO JOMOJIHUTEIbHBIX
OTPaXEHU, KOTOpble He WICHTU(MPUIIMPYIOTCS HM B TETPAaroHajbHOI, HU B MOHOKJIMHHOM
CUHTOHUSIX. DTU OTpaxkeHHUsI, CKOpee BCEero, MpUHauIexar (GazaM MHOTO CTPYKTYPHOIO THIIA
(Bo3MmoxxHO, TuTaHaTaM CS), KOTOpbie cocTaBisioT ~ 10 % OCHOBHOI TOJJIAHIUTOBOM (ha3bl
B 00p. I'-12 (B HEM NMPUCYTCTBYET TaKKe HEOOJIBIIIOE KOJIMUECTBO PEHTTeHOaMOP(hHOI1 (hasbl).
O0beM BJIeMEHTApHOM SUEWKM 11€3MeBOr0 ToJIaHAWTa TMPAKTUYECKU JIMHEWHO pacTeT C
yBeJIMYeHMeM cTeneHM 3amelleHus Ba Ha Cs Brtoth 1o 25 % Cs,O B wmxrte (puc. 2).
[Mpuuem 00BbEM yBEMUMBAETCS B OCHOBHOM 3a CUeT pocTa rmapaMeTrpa a. [1oCKOJIbKY najib-
Hellllee yBennueHue KoHUeHTpauuu Cs,O B LIMXTe He NPUBOAUT K U3MEHEHUIO Pa3MEpPOB
SIYEWKM, 9TO 3HAUEHUE MOXHO TPUHSITH 32 TPAHUYHOE JJII JAHHOM CTPYKTYpPHI.

Tabauya 2. ®a30Bblil COCTAB U MAPAMETPHI IJIEMEHTAPHBIX AY€EK TOJUIAHIUTOB

Howmep

Da30Bblii COCTaB a, HM ¢, HM V, um3
obpasua
r-1 Tonmnanmut 1,0085 (2) 0,2966 (1) 0,3016 (1)
r-2 To xe 1,0065 (2) 0,2968 (1) 0,3007 (1)
r-3 " 1,0064 (5) 0,2971 (2) 0,3009 (5)
>> MepOBCKUT
>> amopdHas ¢aza
r-4 lonnanour 1,0077 (5) 0,2969 (2) 0,3016 (1)
< TIEpPOBCKUT
>> amopdHas ¢daza
r-5 Tonmnanmut 1,0573 (3) 0,2967 (8) 0,3001 (3)
< TIEPOBCKUT
> amopdHas daza
r-6 Tonnanout 1,0084 (2) 0,2966 (1) 0,3016 (1)
r-7 To xe 1,0067 (3) 0,2963 (3) 0,3004 (5)
>> x-¢aza+amopdHas
r-8 Tonmnanmut 1,0088 (2) 0,2963 (1) 0,3015 (1)
> x-daza
r-9 Tonmnanmut 1,0104 (1) 0,2967 (1) 0,3029 (1)
r-10 To xe 1,0166 (4) 0,2968 (2) 0,3067 (1)
r-11 " 1,0230 (6) 0,2965 (4) 0,3103 (2)
>> x-haza
r-12 Tonnanout 1,0245 (5) 0,2954 (3) 0,3100 (3)
> x-¢aza+amopdHas
r-13 Tonnanout 1,0215 (1) 0,5784 (1) 0,6536 (5)

> pYTUIJI
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Bo3MoxHoCTh OmHOBpeMeHHOro uzoMopdHoro 3amelieHuss Ba Ha Cs, a Ti Ha Co
u3yyeHa Hamu Ha o0Op. I'-13 (1ab6m. 1). HaGop OCHOBHBIX OTpaxkeHUil AMdpaKTOrpaMMbl 3TOTO

06pasiia COOTBETCTBYET TOJUIAHIMTY, a MTAapaMeTPhl U OObEM JIEMEHTAPHOM SYEHKN UMEIOT OOJIb-

LIMe 3HAYEHHMs], YEM Y JPYTUX TOJUIAHIUTOB, TAK KAK MOHHBIE Pamvychl Csiy M Co?2 Gomblie

VI
WOHHBIX PaZINyCOB Ba%;f[ u Ti‘\‘/’i cooTBeTCTBEHHO. B 06p. I'-13 0OHapy:»keHO TakKe He3HAUYUTEb-

Hoe KoymdecTBo pytivia (T 5 %).

MecchOaydpoBcKHe CIEKTPbI CUHTE3MPOBAHHBIX TOJUTAHAMTOB PAa3HOIO COCTABa ITPEICTaBIIsI-
10T OO0l OMMHOYHBIE AYOJIEThI C MPAKTUYECKU ITOCTOSTHHBIM M30MEPHBIM ¢IBUTOM (1), paBHBIM
0,64 MM/c ¥ KBaIpymoOJbHBIM paciieruieHreM (QS), U3MEHSIOLIMMCS 0T MUHMMAJIbHOTO 3Have-
Hust 0,51 (i yricTo GapreBOro ToUIAHANTA) A0 MakcuMaitbHoro 0,65 MM/c (B 0Opasiie ¢ rpeos-
nananuemM Sr). 3HaueHue 1S XapakrepHo 111 HoHOB Fe™, Haxomsiumxcsl B OKTasaprIecKoii Koop-
JTUHALIMY B BBICOKOCITMUHOBOM COCTOSIHUH, T. €. TIpeo0/IanaHueM MOHHOTO THTIA CBSI3U. DTU JaHHbIC
TIOJTHOCTBIO COTJIACYIOTCS C pe3yJIbTaTaMM paciiipoBKU CTPYKTyphl rojutaHaura [10]. B cootBer-
CTBUM C HUMM MOHBI Fe cratmcThyecku 3amoiHsIOT B TojulaHauTe 1/4 4acTh OKTA3ApUUECKUX
TTO3ULINIA, KakIast U3 KOTOPBIX 4yepe3 aToMbl O, CBsI3aHa C KaHATbHBIMU KaTHOHaMU (puc. 1), KoM-
MEHCUPYIOLIMMK OTPULIATENTbHBIN 3apsii OKTA3APUUYECKOro KapKaca.

[IupyHa OTAENbHBIX JIMHUI TIOIOLICHUS B Ay0JeTaX CYIIECTBEHHO 0OJIbllie MUHUMATbHO
JOITYCTUMOI ¥ M3MEHSIETCSl OT 00pasiia K 00pasily, YTo TO3BOJISIET MPEAITOIOXKUTH €€ 3aBUCUMOCTD
OT XMMHMYECKOTO COCTaBa KOMITCHCHUPYIOIIMX KAaTHOHOB, TAaK KaK COCTAB OKTA3IPUYECKMX KaTHO-
HOB BO BCEX CMHTE3UPOBAHHBIX TOJUTAHAMTAX TIOCTOSTHEH. MoIeIMpOBaHKE CIIEKTPOB OAMHOYHBIM
JyOJIETOM TIPMBOIUT K HEMPUEMIIEMbIM 3HAYEHMSIM CTATUCTUYECKMX TOKasarenei (%) cXommMmo-
CTH TEOPETUYECKOTO 1 IKCIIEPMMEHTAILHOIO CIIeKTpoB (Tab. 3), KpoMe obpasiia ¢ uicTo Gapue-
BBIM COCTABOM KaHAJIbHBIX KaTHOHOB.

DTU pe3ysbTaThl CBUACTEILCTBYIOT O TOM, YTO PE30OHAHCHBIC JTMHUM TOTJIOLIEHMST YILUPEHbI
HEOJHOPOIHO, a HabonaeMble TyOJIEThl TIPSACTABISIIOT COOOI B NEUCTBUTEIBHOCTH CYNEPIIO3U-
LIVIO HECKOJIbKMX KBAIPYITOJIbHEIX OyOIeToB ¢ pasHbiMU QS M TIprMepHO oauHakoBbiMK 1S. Ha-
JIMUME TaKUX MYOJIETOB MOXKET OBbITh CBSI3aHO C BIMSIHMEM Bapualldii XMMUYECKOIO COCTaBa Ka-
HaIbHBIX KaTMOHOB (a TakXe ¢ M3MEHEHHWEM WX pa3MepoB) B OJIKaiilllell KaTMOHHOM cdepe
noHoB Fe3™ Ha rpamment anekrpudeckoro moss (IDI1) Ha sape moHos Fe3t. T'OIT onpenenser, B
KOHEUHOM cueTe, KBapyIoJIbHbIC PaCIICIUICHUS] B MeccOay3pOBCKUX crieKTpax. KomuecTBo Bo3-
MOXKHBIX TIPY 3TOM TYOJIETOB OIpPEAesIsieTCsi KOJIMYECTBOM OMHOTUITHBIX CUTYalWi, BOSHUKAIOIIIMX
B OmKaiilieil KaTMOHHOM cdepe, KOTopoe, B CBOIO O4Yepe/ib, 3aBUCUT OT YMCJIa PA3HOTUITHBIX
KaTMOHOB B A-TIO3ULIMSIX U YMCJIA 3TUX MO3UIIMI HETIOCPEACTBEHHO CBSI3AHHBIX C B-OKTasapamu.

J171s1 BBIOOpA COOTBETCTBYIOLLICH MOIEM Pa3JIoXKEHHsT CIIEKTPOB Ha OTAENIbHBIC TyOJIeThl pac-
CMOTpPUM TTOApoOHee CTPYKTypy royutaHauta. Kaxk BumHo u3 puc. 1 (pparMeHT CTpyKTYphbI C BblIe-
JICHHBIMU BIIOJIb OCU ¢ JIEHTAMU OKTAa3pOB U KAHAJILHBIX KATHOHOB) KaXIbIil B-OKTa3ap MMeEET
¢ A-BocbMUBEpIIMHHMKamMU obuiee pedpo O,—O; u oburyto BepimHy O;. [Lsi MPOCTOTHI MBI
paccMaTpuBaeM CTPYKTYpY TOJUIAaHIUTA, B KOTOPOil A-KatnoHbl umetot koopauHartsl (0; 0; 0,5). B
ciydae, ecliv A-KaTMOHaMU SIBJISTIOTCS IByXBaJIeHTHBIE MOHBI, A-TIO3ULIMM 3aTOJHSIFOTCS HATIOJO-

Tabauya 3. TlapameTpbl MeccOayIPOBCKMX CHEKTPOB 00Pa3IOB JKEJIE30THTAHOBOIO IOJUIAHAMTA NPH
MO/JCJIMPOBAHUM CHEKTPOB OJAHHM uyﬁ.ﬂe'rom

Homep CocTaB KaTUOHOB Iy6aer Fe3*

o6pasia B A-TIO3MLMAX IS os w 22
r-1 Ba 0,64 0,51 0,34 1,232
r-2 B30‘625STO‘375 0,64 0,55 0,41 5,406
r-3 Bay 36510 64 0,64 0,60 0,46 4,401
r-4 Ba0,27Sr0,73 0,64 0,63 0,50 2,592
r-5 Bag 20S70.80 0,64 0,65 0,50 14,514
r-6 Bag 75Nag s 0,64 0,54 0,38 1,347
r-7 Bag ssNag g4 0,64 0,52 0,38 3,132
r-8 Ba0,405Na1,19 0,64 0,59 0,43 3,143
r-9 Bag 3Csp 4 0.64 0,53 0,34 2,480
r-10 Bag 5Csj o 0,64 0,56 0,40 2,484
r-11 Bag ,Cs) ¢ 0,65 0,56 0,42 1,484
r-12 Cs, 0,64 0,58 0,37 2,063

[TpumeuaHnue. 3nech 1 B Ta0. 4: [S — M30MEpHBIN CIBUT 1y0sIeTa OTHOCUTEIBHO IIEHTPa CIEKTpa HUTPOITPYC-
cuma Hatpust, QS — KBaIpynoJibHOE pacuierieHue aybiera; W — luprHa JUHWIA TIOMIOEHUs B oy6Gnere, x2 —
HOPMMPOBAHHAsl CyMMa KBaJIpaTOB Pa3HOCTEH TEOPETHMUYECKOrO U 3KCMEPUMEHTAIbHOrO CreKTpoB. TOUHOCTh ornpe-
nenenust ISu QS — 0,01 mm/c, W— 0,02 mm/c, S — 10 %.
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Puc. 2. 3aBucuMocTb 00beMa I€MEHTAPHOM STYEHKU CHH-

Vim?
TeTHyeckux romnanantos Ba_,Cs) Fe,TicO,s oT MOb- "
Hoit moiu Cs (x)
43y
BUHY 4epe3 OIHy. B pesyibrare 3Toro BO3MOXHBI o
47

JIBe CUTYallMM PACITOJIOXKEHUST A-KaTUOHOB BOK-
pyr B-oktasnpos. B onHoit u3 Hux (puc. 1, a) ¢ B-
rosuumeii yepe3 odwye O,-BepIIHBI CBSI3aHbI Ve
TOJIBKO J1Ba A-KAaTWOHA 13 pa3HbIX JIEHT KaHAJIb-
HBIX KATUOHOB, ITPUYEM OJIMH U3 HUX CBSI3aH Cpasy
¢ aByms1 aroMamu Kuciopozna O,. Bo Bropoit cu-
Tyaiuu (puc. 1, 6) ¢ B-mio3uiveil cBs3aHbl TpU
A-XaTuoHa, TIPUYEM KaXIbld TOJTBKO C OTHOM g . ' y . :
i VA A A ¥

BepluMHON B-okTasapa. 1o cpaBHEHUIO C mep- ’
BOIl CUTyallMeii, Korma OmuH U3 A-KAaTMOHOB ObUI CBSI3aH Cpa3y C JBYMsI aTOMaMM KHUCJIOpOaa
OKTa3pa, T. €. OKTA3p U BOCBMUBEPLIMHHUK MMEJIM 00lliee peOpo, BO BTOPOHl — pPACCTOSTHHE
MeXIY A-KaTHOHaMU M3 3TOro ke KaHana U Fe3™ cranosurcst Gonblie ¥, CIeI0BaTebHO, UX BIIK-
sane Ha DI Ha anpe nonos Fe3™ Gyner Menbite. OIHAaKO TTOCKOJIBKY BO BTOPOIl CUTYALIMM TAKUX
KaTMOHOB B JIBa pa3a 0oJIbllle, MOXHO MPEATOJIOXKNUTh, YTO B IMEPBOM IPUOIMKEHUN TI0 CBOEMY
BIMSIHUIO Ha PacIleryIeHUs B MeccOay3pPOBCKMX CIIEKTPaX 3TW CUTYallMy MPUMEPHO OTWHAKOBBI.
[TosToMy B manbHelIIeM TIpU MOAEIMPOBAHMN MeCCOayIPOBCKUX CIEKTPOB OyIeM CUMTaTh, 4TO B
CTIPYKTYpE TOJUIAHIMATA UMEETCS TOJIBKO TIepBasi CUTYaLKsl, KOrua ¢ KaxkabiM Fe3t-okrasnpoM cBs-
3aHO J1BA KaHaJIbHBIX KaTMOHa M3 pa3HbIX JieHT. Ecii B coctaBe A-KaTMOHOB MMEIOTCS pa3HbIe
KatioHb! X1 Y, T0o BoKpyr Fe™-okrasnpoB Bo3aMoXKHBI MX Tpy couetanust: XX, YY u XY, a meccOa-
Y3POBCKUE CIEKTPhI, COOTBETCTBEHHO, HEOOXOIMMO MOIEIMPOBATh TpeMsl TyOaeTaMu C pa3HbIMU
KBaJIpYMOJIbHBIMU paclleIUIeHUsIMU. B cllydae CTaTMCTMYECKOrO pacripeiesieHUs] pa3HOTUITHBIX
KaTHOHOB X M Y TI0 3aIOTHEHHBIM A-TTIO3ULIMSIM, KOJIMUYECTBO TAKMX COYETAaHUI 1, COOTBETCTBEHHO,
IUIOIIANY TION KBAApPYIOJIbHBIMU TyOJNeTaMU JIETKO TOACUMTATh TePeyMHOXKEHUEM KOHIICHTpa-
LIMIA COOTBETCTBYIOIIMX KATUOHOB. TeM He MeHee, pa3jioskeHKe MeccOayspOBCKUX CIIEKTPOB Ha TpU
nybsieta He TIO3BOJIWJIO TIOJTYyYMTh XOTh KaKOe-TO MOJo0OMe 3aBUCUMOCTH IUIOIIANCH TyOJeTOB OT
XMMHUYECKOTO COCTaBa KaHAIbHBIX KaTMoHOB. OCHOBHas NMpUYMHA TaKOM HeylauM, Mo-Hallemy
MHEHMIO, — HEIOCTAaTOYHO OOJIbIlasl pa3HMIIA B KBAAPYIOJbHBIX PACILEIUIEHMSIX, COOTBETCTBYIO-
LIMX MpearnoJiaraeMbIM ayosietaM. B KauecTBe BbIXOIA U3 CUTYallMU Mbl IIPEATIONOXUIIN, UTO COYe-
TaHust XX 1 YY 110 cBoeMy RIMSIHUIO Ha MCKAXKEHUST B OKTAa3Ipax MPAKTUUECKA SKBUBAICHTHBI U,
CJICIOBATEIbHO, CITEKTPhl HEOOXOMMMO MONEIMPOBATh TOJBKO AByMs ayoneramu (tabm. 4). Kak
BUIHO U3 MOJYYEHHBIX TAHHBIX, COOTBETCTBUE MEX/Y IUIOIIANSIMMA JOCTUTHYTO B CPEIHEM C TOY-
HOCTBIO 10 * 6 %, 4TO B ONpee/IeHHO CTENEeHN IO0KAa3bIBAET MPUEMIEMOCTb JAHHOM MOAEIN U
CTATUCTUYECKUI XapaKTep pacrpele/ieHNs] KaHaIbHbBIX KATAOHOB. DTa ke MOJE/Ib T03BOJIMIA CY-
LIECTBEHHO YMEHBIUMTh [0 CPABHEHUIO C OMHOAYOIETHON 3HAYECHMSI ITapameTpa 2 CTAaTUCTUYEC-
KOTO COOTBETCTBUSI 3KCMEPUMEHTAIBHOIO M PaCCYMTAHHOIO IO METOAY HaMMEHBIIMX KBaapaToB
criekrpa. CrieyeT OTMETUTD, YTO JUIS pACyeToB 1O IBYXIYOJIETHON MOAEIN ObLIM MCIOJb30BaHbI
CIIEKTPBI TOJIBKO TeX TOJUTAHAMTOB, B AM(paKTorpaMMax KOTOPBIX He ObUIO 3a(hMKCUPOBAHO B
OOJIBIIMX KOJIMYECTBaX Apyrux (a3, B 0COOEHHOCTH PEHTIEHOAMOP(MHBIX.

Ipu pacyere KoMMUecTBa HESKBUBAIEHTHBIX CUTYaLMiA BOKPYT MOHOB Fe3™ B rojuananTax ¢
OTHOBAJICHTHBIMU KaHATBHBIMI KaTHOHAMU TIOCTICIHNE OObSIVHSUTM B TIaphl, TAK KakK MO3ULIMU A
3AIOJTHSIOTCS. UMU O€3 TIepephIBOB, a COOTBETCTBYIOIIME YMC/Ia 3aTIOTHEHS TTO3ULIMIA YMEHBIIATN

o

Tabauya 4. TlapameTpbl MeccOayIPOBCKMX CIEKTPOB 00PA3IOB KEJI€30-THTAHOBOTO TOJUIAHINTA NPH
MOJCJIUPOBAHUU CIIEKTPOB ABYMSA uyﬁ.ﬂe'ramn

Homep Ty6ner Fe3* (XX + YY) Ty6ner Fe3* (XY)

obpasia Is 0s W | Sa/Se | IS 0s o SaSe | ¥
Ir-2 0,64 0,43 0,32 56/53 0,63 0,75 0,37 44/47 1,113
I-6 0,64 0,47 0,34 69/62 0,64 0,70 0,32 31/38 1,387
r-7 0,64 0,46 0,32 56/52 0,64 0,69 0,37 44/48 1,353
Ir-9 0,64 0,45 0,28 60/68 0,64 0,69 0,34 40/32 1,412
Ir-10 0,64 0,45 0,33 52/50 0,64 0,76 0,37 48/50 1,059
Ir-11 0,65 0,48 0,34 70/68 0,63 0,79 0,35 30/32 1,109

[IpuMeuyaHuwue. S— mionaab Moa KaxkabiM 1yoaetoM (B % K oOliieil ruolmany morioineHus). MHaeKcol exp u
St OTHOCSITCSI COOTBETCTBEHHO K OIpPE/IeIEHHbIM M3 MeCccOaydpOBCKHMX CHEKTPOB M BBIYMCICHHBIM MO MOJEIN CTaTH-
CTUYECKOrO pacrpee/ieH!s KOMIIEHCUPYIOIIMX KaTMOHOB B KaHalaX TOJUIaHAMTA.
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BaBoe. TakuMm 0Opa3oM, CUTyallud C OIHOBAJIEHTHBIMU A-KaTMOHAMMU CBOOWIMCH K OMMCAHHBIM
BBILLIE JJIS1 TByXBAJICHTHBIX.

Kak BuiHO 13 Ta6J1. 4, KBapyIoJbHbIE PACIICIUICHMS, a CIeIOBATe/IbHO, Y UCKAXKEHMS OKTadI-
POB YBEJIMUMBAIOTCS, €CJIM B MX OJIDKANIIEM OKPYXKCeHMM B KauyeCTBE KOMIIEHCATOPOB HAXOJSITCSI
pasHble XUMUUECKME EMEHTHL. B To ke Bpems Il KaXIoi cuTyami Bokpyr Fed™-roHoB pac-
LIETJIEHUsT ¢1a00 MEHSIFOTCS BHYTPU TPYIIIbI M3YYEHHBIX TOJUTAHAMTOB, YTO CBUICTEILCTBYET O
CIOCOOHOCTH CTPYKTYPHOTO THIA TOJUTAHAMTA TTOIJIOIIATh pa3IMJarolivecs o pa3MepaM Kpyr-
Hble KaTHOHBI 63 3aMETHOTO HapyIIeHMs UX SHEPreTUKU.

Heo6xonyMo oTMETUTB TUIOXYIO CXOAMMOCTb PaCUETHOTO CIEKTpa B CIy4ae YKCTO 1Ie3UEBOro
coctaBa rojulaHauTa. Kak oTMevanoch Bbillle, 3TOT 00pasell B ACUCTBUTEILHOCTH TPEICTABISICT
co0OIt cMeCh TOJJIaHAWTA M HEM3BECTHOM (ha3bl, B COCTAB KOTOPO HEM30EKHO JOJDKHBI BXOIUTD
HOHBI Fe3", mosTtoMy SKCIIepUMEHTATBHBINA CITEKTP SBJISETCA B TAHHOM CIIydae CyIeprio3uiueit
CIIEKTPOB COOTBETCTBYIOILIMX (ha3.

Ha ocHoBaHMM TOJTy4eHHBIX JAHHBIX MOXHO CHeJIaTh CJICAYIOIINE BbIBOIDI:

1. MeTonoM NpoKaIMBaHMsI COBMECTHO OCAXIEHHBIX KOMIIOHEHTOB CHHTE3UPOBAHBI TOJI-
JIAHJWUTBI Pa3IMYHOro coctapa. ITokazaHa BO3MOXXHOCTb M30MOPGHOIo 3aMellieHsT aToMOB Ba B
romnanmute (BaFeTigO ¢) Ha wenounsie (Ca, Na) 1 11e04HO3eMesbHbIe KaTHOHEI (St, Cs).

2. YCTaHOBJIEHO, YTO TOJIAHAMT 00pa3yeT OrpaHUUYEHHBI Psi TBEPIBIX PacTBOPOB ¢ Na, Sr
u Cs. IIpu 3TOM npeaebHOe comepskaHre n3oMopghHO 3ameliiaroiiero Na He npeBbliaer 2 % B
Na,0O, Sr — 5 % B SrO, a u3omopdHoe 3ameleHre Ba Ha Cs BoamoxHo 10 25 % B Cs,O.

3. TlokazaHo, 4TO MeccOay3IpPOBCKUE CIIEKTPhI TOJUTAHAMTOB MOTYT OBITh MPEICTaBICHBI Cy-
TMIEPIIO3ULIVEN IBYX KBAIPYIOILHBIX My0JeTOB MOHOB Fe3t, cooTBETCTBYIOIIMX pa3HBIM KOH(MUTY-
paLyAM KOMITEHCUPYIOLIMX KaHAJBHBIX KATHOHOB B OIVDKaiillell KaTMOHHOI cepe noHoB Fe3'.

4. Artombl Fe B cTpyKTypax M3ydeHHBIX TOJUTAHAWTOB TMPUCYTCTBYIOT B BBICOKOCITMHOBOM
COCTOSIHMM TOJILKO B BUIE MOHOB Fe3™ B OKTasnpMyecKyx MO3HLMSIX C MPEUMYIIECTBEHHO WOH-
HBIM THUIIOM CBSI3H.

5. Xapakrep pacripenefieHusl KaHaIbHBIX KATMOHOB IO 3arOJTHEHHBIM A-TTO3ULIMSAM TIpe-
WMYIIIECTBEHHO CTaTUCTMYECKWII M HE 3aBUCUT OT THIIAa KATMOHA.

6. OTHOCHUTENIbHOE TOCTOSIHCTBO KBaIpPYIOJBHOIO PACLUCIUIEHNsI B CIIEKTPaX M3YYeHHBIX
TOJUIAHIUTOB CBUIETEILCTBYET O CIIOCOOHOCTH €ro CTPYKTYPHOIO THIa M30MOPGHO 3aMellaTh
paznMyaroIpecs Mo pasmepam KpyIHble KaHaIbHbIe KATHOHBI 0€3 3aMETHOTO HapyIICHMsT SHEep-
TeTUKU CTPYKTYPhI B paMKaxX YCTAaHOBJICHHBIX MPEIEIOB CMECMMOCTH 3TUX KaTHOHOB.

. Pemu I'. Kypc HeopraHnveckoi xuMmuu: B 2 T. — M.: Mup, 1966. —T. 2. — 836 c.
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WH-T reoxuMuM, MUHEPAJIOTUU U PY1000pa30BaHUs [Moctynuina 27.01.2000
HAH Ykpaunsl, Kues

T'oc. Hayy. LEHTP PaIMOreOXMMHUU OKPYXAIOLIEH CPeibl

HAH Ykpaunsl, Kues

PE3IOME. BuBYEHO YMOBH CUHTE3Y 3ali3MCTUX TOJAHIUTIB Pi3HOTO CKJIANy 3 IUMXTU CHIJIbHO OCAIXKEHHX TiPOKCO-
kapooHariB. [Toka3aHa MOXJIMBICTb i30MOPGHOIrO 3aMillleHHsI aTOMiB 0apito B FOJIaHAMTI Ha JIYXXHi Ta JIyX)KHO3eMeJIbHi
KaTioHu. BcraHOB/IEHO, 1110 TOJTAHAUT YTBOPIOE OOMEXEHU I Psiji TBEPAMX PO3UMHIB 3 HATPiEM, CTPOHLIIEM i Lie3ieM, PU
LbOMY TI'DaHMYHE 3HaueHHs i30MOpdHO 3amillyloyoro Hatpilo He mepesuinye 2 % y Na,O, crpoHuilo — 5y SrO,
uesitlo — 10 25 % y Cs,0.

SUMMARY. Synthesis conditions of hollandites of different composition from the co-pricipitated hydroxycarbonates
charge have been investigated. The possibility of isomorphic replacement of barium atoms in hollandite into alkaline
and alkaline-earth cations has been shown. It is determined that hollandite forms a limited isomorphic series of solid
solutions containing sodium, strontium and cesium, and the extreme value of isomorphic substituting sodium does not
exceed 2 % in Na,O, strontium — 5 in SrO, cesium — up to 25 % in Cs,0.
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O MeTacTabunbHbIX peakuundax pacnaga KmaHuTta
n aHgany3umTta Ha MyJUIMT U KBapL B noJjie cwiimmaHuTa

DKCMEePUMEHTATBHO YCTAaHOBJICHO, YTO NMpy HaBieHuu Boabl 200 MIla KMaHUT M aHIATY3UT pa3siaraloTcsl ¢ 3aMeTHOM
CKOPOCTBIO [0  METAaCTaOWJIbHBIM peaklMsiM Ha MYJUIMT U KBapl npu temrneparype 900 °C u Bbllue (KMAHUT) U
1000 °C u Bbiue (aHpany3ut). CHIIMMaHUT ocTtaeTcss HemaMeHHbIM M nipu 1100 °C. ITonydyeHHbIe pe3yabTaThl
COIJIACYIOTCSI C TIONIOXKEHUEM PACUETHBIX PT-KPUBBIX METACTAOMIbHBIX PABHOBECH il 3(KMAHWUT, aHAAY3UT) = MYJUTUT+
+ KBapll, pacriojaralouiuxcsi B nojue cuwuiMmaHura. [IpoTekaHue yKa3aHHbIX METAacTaOWJIbHBIX peakLMil MOXHO
JIOMYCTUTDb B YCJIOBHSIX BHICOKOTEMIIEPATYPHOrO KOHTAKTOBOrO MeTamopdusma.

[Momumopdubie Moaudukanuu cocrasa Al,SiOs — aHaaTy3uT, KHAHUT, CUJUIMMaHUT — YC-
TOMYMBHI TIPY HarpeBaHWM Ha Bo3ayxe A0 Ttemmeparypbl (7) ~1200 °C, Bblllie KOTOPO OHU
pasaraloTcst Ha MyJUIMT 1 KBapll |1, 2]. JleTaqbHbBIEe KOJIMYECTBEHHbIE JaHHbBIE IO KUHETHKE
9THUX peakiluii Ha BO3ayxe IpuBeAcHbI B padore X. Buibcona [13]. Bror uccnenosaresb
YCTaHOBMJI, YTO U3 Tpex Moambukauuii cocraBa Al,SiO5 mpu camoil Huskoit 7' 71250 °C
pasnaraetcst KuaHuT, ipy 6osee Boicokoi ~1300 m 1450 °C — aHmaly3WT U CWJUTMUMAHUT
COOTBETCTBeHHO. Peakiusa pacnanga monumopda Ha MyJUTUT Y KBapll HAUMHAETCSI Ha MOBep-
XHOCTH 3epeH TnosmMmopda U ganee MpomosrkaeTcss B myOb 3epHa. OHa KOHTPOJUPYETCS
npoleccaMy 3apobliieodpa3oBaHus U AUpGY3MOHHOTO MepeHoca KOMIIOHEHTOB, OJHAKO
KOJIMYECTBEHHOM Monesu aBTopy [13] co3maTh He ynanock. JI0CTaTOUHO YETKO UM BBIIEIIC-
HbI TiepBasi (Oosiee ObIcTpast) M BTopast (Oojee MemyeHHast) craguu. s mepBoil ctaguu
MOJTyYeHbl 3HAUEHHUs 9Hepruu aktuBaiuu 418,68; 586,152 u 711,756 xIX/Moab U Kua-
HUTA, aHAATy3UTa U CWJUIMMAHUTA COOTBETCTBeHHO [13].

B ycnoBusix maBiaeHUst BOIbI, KOTOPbIE MPEACTABISIOT OOJNbIIMI MHTEPEC ISl TeHETH -
YecKOM MUHEPAJIOTMU U TNETPOJIOTMHM, peakunu B cucteme Al,O; — SiO, mpoTtexaioT, Kak
M3BECTHO, KOTAa TeMIlepaTypa 3HAYMTEeJIbHO HMKe. [10 JaHHBIM MHOTOYMCIIEHHBIX BKCITe-
PUMEHTAJIbHBIX paboT, 0030p M KPUTUYECKUII aHAIM3 MHOTMX M3 KOTOPBIX TNPUBEIEH B
padore [10], a Takke mo HawmM JaHHBIM [4, 5], mpu T < 1000 °C nommmopdsl cocrasa
Al,SiO5 npeBpalaloTcss OOMH B APYTOil yXe ¢ 3aMeTHO# ckopocThio ipu 7~ 800 °C. B1o
00OBIYHO TTPOMCXOIUT B TIPUCYTCTBUU MCXOMHOW M KOHEYHOU (a3, T. €. Koraa He TpebyeTcst
MpeoI0JIeBaTh MPAaKTUUECKU 3aTOPMOXKEHHYIO CTaauio o0pa3oBaHus 3apoapbiiieii. CyTh mpe-
BpallleHUSI COCTOUT B PACTBOPEHUM HEYCTOMYMBOI (Da3bl U KPUCTALIM3ALUU YCTONYMBOIA.
B cBA3M ¢ 3aTOPMOXEHHOCTBIO CTaZuy 3apojbilieodpa3oBanus B cucteme Al,O; — SiO,
BO3MOXHO IPOTEKaHME METACTAOWIbHBIX peaklvil, B YACTHOCTH, KUAHUT — aHIATy3UT U
aHJIATY3UT — KMAHUT B TOJIe CWUIMMaHUTA. BO3MOXHBI U Apyrve MeTacTaOuIbHbIE peak-
uuu. Tak, 1. XapaoB u P. HeiotoH [9] mokazanu, yto npu aasieHuun Boabl 700—800 MIla u
temmepatype 700—800 °C, 4TO COOTBETCTBYET ITOJIIO YCTOMUMBOCTY CUJUIMMAHUTA, KUAaHUT 1
aHIAJTy3UT MOTYT pasjlaraThCsl Ha KOPYHI M KBapll. ABTopamu [9] moctpoeHbl PT-KpuBbie
MEeTacTaOUJIbHBIX PABHOBECUI IJISI STMX peaKIWid.

Lens naHHON paGoOThl — BBISICHEHME IOBEACHUS KMAHUTA WM aHAANy3uTa, a Takke
CMeCH KWaHUT + aHAaly3uT U KuaHuT + cwimuManut npu T > 800 °C, HO, B OTIMYME OT
JaHHBIX pa0boTHI [9], TTpU HEe OYEeHb BHICOKOM JaBJICHUU BOJBI U B IPUCYTCTBUU KBaplia (T. €.
MPU BBICOKOI aKTMBHOCTU KpeMHe3eMa B pacTBope). [ToMMMO YKMCTO 3KCIEPUMEHTATbHOTO
WHTepeca 5Ta 3aJavya MpUBJIeKaTebHA TEM, UTO YCJIOBUS TTOCTAHOBKM OIMBITOB MPUOJIMKA-
0TCsl K PT-rpaHulle CWIIMMAHUT = MYJUIMT + KBapll W oTBevyaloT PT-o0mactu Haubosee
BBICOKOTEMITEPATypHOIl (CAaHUAMHUTOBOI) hallM KOHTAKTOBOrO MeTamopdusma, B ycio-
BUSIX KOTOPOII BO3MOXHO oOpa3oBaHue MyJUTATa [2].

Hamu mpoBenmeHa cepust OIBITOB, B KOTOPBIX U3MEIbUYEHHBIE 3epHa pa3MepoM 10—
100 MKM (Kak U B OIBITaX, OMMCAHHBIX B paboTe [4]) KMaHUTa, aHAATy3UTa U CUUTMMaHUTA,
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Puc. 1. O6pazoBaHue MPU3MATUIECKUX
M UTOJIbYATBHIX KPUCTAUIMKOB MYJUTUTA
(My) 3a cyeT pasjioXeHUs KHaHUTa
(KH) ¥ HapaluMBaHWe WIOJbYATO-KO-
HYCHBIX KPUCTAQJJIOB CHJUTMMAHUTA
(Cungy,,, ) Ha HCXONHBIX 3€PHAX CUII-
sumanuTa (Cull ., ). VicxonHas cmech
3epeH KHaHUTa W  CUJUIMMaHUTa C
no6askoil 3epeH kBapua (KB) (ombiT
187/4, T =900 °C)

B OTHEIBHBIX CIyYasix ¢ g00aBKoi 3epeH kBapia (10—15 %), a Takke cMecH IBYX ITOJIU-
MOpGOB ¢ KBaplieM, BbIAEPXKUBAJIUChL B MPUCYTCTBUM Boabl mpu aasieHuu 200 MIla
(£ 0,05 MIlIa) u Temneparype 800, 900, 950, 1000 u 1100 °C (+ 5—10 °C).

OnbIThl TPOBOJWINCH B IBYXCIONHON OOMOE ra30BOTr0O JABIEHMS C OXJIAXKAAIOUIMMCS
MPOTOYHOI BOJOI HApYKHBIM ciioeM. CxkaThe OCylECTBISIOCh aproHoM. O6pasiibl (HaBec-
k1 30—50 Mr ¢ 8—10 Mr Boabl) HaXOAWJINCh B IJIATUHOBBIX aMITyJlaX, KOTOpbIE pa3Mella-
JIUCh B CMELIMAIbHOM METAIMYeCKOM OJI0Ke, pacrojaraBllieMcsl B 30HE MOCTOSIHHOM TeM-
neparypbl. TepMonapbl ycTaHaBIUBAIUCH B OJIOKE PSIIOM ¢ ammysiaMu. [IpofoKuTessb-
HOCTb OIBITOB cocTaBisuia 1—2 cyT. BBox B pexum (o 7) mocrurancst 3a 30—40 muH.
3akayka oCyLIeCTBIsIaCh (OUeHb ObICTPO) BHIKJIIOUEHUEM BHYTPEHHETO HarpeBaTeisi 00MOBI.
OO0pasiibl Mocje OMnbiTa ObUIM MCCIEAOBaHbl peHTreHorpaduyecku U MO MUKPOCKOIIOM.
IIpu peHTreHorpacduyeckoM U3y4yeHUM o0pa3lioB BOZHUKAIOT TPYAHOCTU M3-3a TIOUYTU TOJ-
HOW WAEHTUYHOCTU NUdPaKTOrpaMM CWUIMMAHWTA W MYJUIUTA.

HexkoTtopble aBTOpbl UACHTUGULIUPYIOT NaHHbIE MUHEPAIbl, pacCMaTpUBasi OTPaKeHUsI
B 00J1acTi yrioB 20, paBHbIX 65—77° [8]. ITonyyeHHbIe HaMK OOpa3ibl HE BCETAa XOPOIIO
OKPUCTAJIM30BaHbl, pedeKchl B 3TO yIJIOBO 00JacTH UMEIOT C1a0yl0 MHTEHCUBHOCTb U
pasMbIThl. HeGomblire pa3iniusi B MEKTUIOCKOCTHBIX PACCTOSIHUSIX TakKe 0OHApyKMBAIOT-
cs1 B obsactu yrioB 31—41° (20) [8]. B 3T0ii obsacTu yIjIoB oIpenejieHHbIe HAMU MEX-
MJIOCKOCTHBIE PACCTOSIHUSI CWJTUMaHUTa (TIPUPOAHBINA oOpasell U3 paryHCKOro MecTo-
poxneHusi, [Ipra3zoBbe) U MyJuIMTa (CHHTETUYECKUI obpa3ell, nmoiydyeHHbiid FO. Y. ToHva-
poBbIM [3]) MMeloT creaylole 3HAYCHUS:

CuTMMaHUT Mymut
Homep nuka 20, rpax d, Hm hkl 20, Tpan d, Hm hkl
1 31,00 0,2885 002 30,98 0,2886 001
2 33,52 0,2673 220 33,26 0,2694 220
3 35,40 0,2536 112 35,30 0,2542 111

Bruta uamMepeHa pasHMiIa B YIJIOBBIX PacCTOSIHUSIX A 20 Mexy napamu 1ikoB (002) u (220);
(220) u (112) mia cwimMMaHuTa, a Takke Mexmy mukamu (001) m (220); (220) u (111) mis
MyJUTATA.

3HayeHMsT A 20 MKy YKAa3aHHBIMU OTPaKCHHMSIMU T CHUTMMAHUTA M MYJUTUTA Pa3jiida-
forcst. CpeiHue ToydYeHHbIe 3HaUeHUs A 20 cremytoiye, rpam: A20 (1—2) = 2,52 (CUJUTMMaHUT);
A20 (1-2) = 2,28 (myawmmT); A 20 (2—3) = 1,88 (cwummmanut); A 20 (2—3) = 2,04 (MymuT).
Hcnonb3yst JaHHYI0 METOIUKY, YAAIOCh OMHO3HAYHO MAECHTU(ULIMPOBATh CUIUTUMAHUT U MYJUTUT
B OKCITEPUMEHTATBHBIX 00pasiax. [lapaMeTpsl OITBITOB M VX Pe3yJTbTaThl TpUBeACcHBI B TabmIle. 13
TOTYyYeHHbIX IKCIIEPUMEHTATLHBIX JaHHBIX ciieayeT, 4to npu 900 °C u Bblllle KWAHUT pasiaraeTcs
C 3aMETHOM CKOPOCTBIO Ha MYJUTUT M KBapll. AHIATY3UT pa3jiaracTcs Mo aHATOTUYHOU peakIu
HaunHas ¢ 1000 °C. Cwwmamanut u mipu 1100 °C ocraercsi HeM3MEHHBIM B YCJIOBMSIX OIIBITA.
Myt huKcrpyeTcst Kak peHTTeHOT paMIecKy, TaK W TOI MUKPOCKOTIOM: HaOJTIOIAr0TCsI "TICeB-
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O METACTABMWJIbHBIX PEAKLIUAX

Puc. 2. DkcniepyMeHTaIbHbIE Pe3YJIbTAThl MO PEaKLIMsIM

pacrajga KMaHuTa, aHfaly3uTa M CWUIMMaHWTa, HaHe- AW /

ceHHble Ha PT-nuarpammy (a3oBbIX PaBHOBECUIl cHcC- a0 7 4

tembl Al,O; — SiO,. Ixcnepumermanvhvie mouxu: 1 — anmamenem

KH, Aun, Cun He pacnianatorcs; 2— Ku pacnanaerca na S z ’7 4 of
My + KB, a Aun u Cun He pasnaraiorcsi; 3 — KH (6oree / |

WHTEHCUBHO) U AHJ (MeHee MHTEHCHBHO) pacraga- 4 \\/@ IS ml
totcst Ha My + KB, Ho Cui He pasnaraercsi. Kpugbie an \é 2 | T 8 aJ
@azoeoeo pasHosecus: a, 6, 8 — pacueTHble PT-KpHUBbIe / \'! §’ \)§ }
MeTacTabuIbHBIX paBHOBecuii 3KH = My + KB u 3Aun 20 | o BE’A A Ny

= My + KB u crabuibHoro paBHosecusi 3Cun = My + // |

KB COOTBETCTBEHHO; ¢ — TPOiiHasl cUCTeMa KMAHUT — 200 | Awdanysem |

aHAATY3UT — CWIUITMMaHUT, 1o [10]. Cumeonwv: munepa- . . 1 L L

/106: CM. B TIPUMEYAHUM TabIHLIbI “ 600 a0 100 7200 e

noMopdHoe" pa3BUTHE CITyTAHHO-BOJIOKHUCTOIO arperara ¢ HU3KUM JIBYIPEIOMJICHUEM TI0 MC-
XOIHBIM 3epHaM KMaHUTA M aHIATy3UTa U 00pa3oBaHUE OTACIbHBIX MPU3MATHYECKUX U UTOJIbYa-
TBHIX KPUCTALIOB MyJMTa ToymiuHoi 1—10 u mmHoit 10—100 MKM ¢ XapakTepHbIMUA ONTUYECKI -
MU CBOMCTBaMM.

Ecmu B ammysiax HaXoqwIMCh 3epHa KMaHUTA U CWJTMMaHUTA (TabsIvLa), TO Hapsiay ¢ oOpa-
30BaHMEM MYJUTMTA HAOJIOIATOCh U HapalllMBaHWE CUUTMMAHUTA Ha MCXOOHBIX 3epHAX CUJUTMMAa-
Hurta (puc. 1). B 3ToM ciyyae B oIbITe NMapauieJIbHO MPOTEKAIU ABE peaKLMU: 3KUAHUT — MYJUTUT
+ KBapIl U KUAaHUT — cUTMMaHMT. [lepBast peakiys (MeractadbwibHast) ipu 7' = 900 °C mpore-
Kaja ObICTpee BTOpOl (CTaOWJIBHOI), OYEBUIHO, U3-3a OYEHb OBICTPOro 00pa30BaHUsSI MHOTOUYMC-
JICHHBIX 3apojblilieii My/uiTa. Ecii B amrysie HaXomuInuch 3epHa KWAaHUTA U aHIaTy31Ta, TO aHa-
JorryHo ipy 7= 900 °C Hapsioy ¢ obpa3oBaHMEM MYJUIMTA 3a CUET pacrana KMaHUTa OTMEYaTOCh
TaKKe HapallMBaHVE aHAAy3UTa Ha MCXOMHBIX 3€pHAX aHIaTy3WTa, T. €. MPOTEKaHUEe YXe JBYX
MeTacTabWIbHBIX peaklMid: 3KMaHUT — MYJUIMT + KBapll M KUAHWUT — aHAany3uT. Ecim ke B
aMITyJle HaXOAWIKMCh 3epHa aHOaly3uTa U cwimiManuTa, 1o npu 1000 °C u BbIlle HabIIOOAIOCh
TOJIBKO 00pa30BaHME MYJUIMTA 3a CYET peaklluy 3aHAaTy3UT — MYJUIUT + KBaplLl. Peakiiyst aHany-
3UT — CHJUTMMAHUT TPaKTUYECKN He TTPOMCXOMWIA, OYEBUITHO, M3-3a €€ OYEHb MaJIoi CKOPOCTH,
YyTO OBIIO JOKA3aHO M B HAIIEH Mpenbayleii padore [4].

IMonyyeHnnsle PT-ycmoBUs peakiiiii 3KMaHUT — MYJUIAT + KBapll ¥ 3aHOATY3UT — MYJUIUT
+ KBapll HaHeceHbl Ha PT-nuarpaMmy (puc. 2), Ha KOTOpoil npuBeneHbl: TpoiiHas Al,SiOs-auar-
pamma, 110 [10], ¢ KOTOpOIT XOPOIIIO COIIACYETCsl pacueTHasl IMarpaMmMa, OCHOBAaHHAasl Ha HallIMX
JaHHBIX PAaCTBOPUMOCTH [6]; pacyeTHast PT-KpurBasi paBHOBECHST 3CWJUTUMAHUT = MYJUTUT + KBapll,
OCHOBAHHAs! TAKKE Ha HalllMX JAHHBIX PACTBOPUMOCTH [3, 6]; PT-KpUBbIe METACTAOMIIbHBIX PaB-
HOBECHI1 3KMaHWUT = MyJUTMT + KBapll M 3aHJAIy3UT = MYJUIMT + KBapll, paCCYNTAHHbIE HAMU ITO
TepMOIVHAMUYECKUM JaHHBIM 13 paboThl [12] (K coxasieHuto, B 6ojiee TMO3OHUX cBoakax [7, 11]
TEpMOIVHAMUYECKUX KOHCTAHT OTCYTCTBYIOT JaHHbIE I MyJutiTa). Kak BUIHO U3 puc. 2, TIOJy-

YcnoBus 3KCepUMEHTOB M MX Pe3yJbTaThl

Howmep [Mponomxu-

OMBITA WcxonHblit MuHepai T,°C TeBHOCTD PesynbTat
OIbITA, CYT

179/4 Ku 800 2 Kn

187/4 Ku 900 1 My, KH (cneasr), K

192/4 Ku 1000 1 My, KB

189/4 Ku 1100 1 My, KB

282/4 Ku + Ks 900 2 My, KB

179/5 AHI 800 2 AHI

187/5 AHJ 900 1 AHI

192/5 AHI 1000 1 Ana, My, Ks

189/5 AHI 1100 1 My, KB

282/5 Ann + Ks 900 2 AHnp, KB

282/3 Cun 900 2 Cun

282/6 Cun + Ks 900 2 Cui, KB

187/2 Ku + Aug + KB 900 1 My, KH (cnensr), Aun, Ks

192/2 Ku + Anp + KB 1000 1 My, KB

187/4 Kn + Cun + KB 900 1 My, Cun, KB

192/1 Ku + Cun + KB 1000 1 My, Cun, KB

189/1 Ku + Cun + KB 1100 1 My, Cun, KB

187/3 Aunp + Cun + Ks 900 1 Anp, Cun, Ks

158/7 AHn + Cun + KB 1000 1 Aunpn, My, Cun, KB

189/3 Anzn + Cun + KB 1100 1 My, Cun, KB

[Mpuwmeuanu e Cumonrs muneparos. Aun — annanysut, KB — kBapiu, KH — kuanur, My — myuur, Cuin —

CUJIJTMMaHMT.
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YeHHbIe pe3yJIbTaThl 10 P7-yCcIoBUsSIM METaCTaOWJIbHBIX peaklMii pacnaga KWaHUTa U aHIamy3uTa
COIJIACYIOTCSI C MOJIOKEHWEM METACTAOWJIBHBIX PABHOBECUM 3THX PEaKIIMiA.

Crienyet Takxe OTMETHTbh, UYTO YCTAHORJIEHHOE HAMU COOTHOILEHME CKOPOCTU PeaKIvii pa3-
JIoXeHUs amoMocKaToB Al,SiOs (Ha MyJUIMT M KBapL) B 3aBUCMMOCTU OT TEMIIEPATYphl TAKOE
XKe, KaK M I 9TUX peakiyii B "cyxux" yCIOBUSIX TIPA aTMOC(EpHOM JaBJIEHUH, 110 JaHHBIM [13]:
KWAHUT pacriagacTcs Mpu CaMO HU3KOM, a CWIIMMAHUT — TIPU CaMOM BBICOKOWM TeMIIEpaType.
Bo3MOHO, 3T0 0OBSICHSICTCS TEM, YTO TIPU OAMHAKOBOI Temriepatype (HaumHast ¢ 1250 °C) tep-
MOIVHAMUYECKOe CPOACTBO peakimu A(A = —AGpeaKuW) HauOOoJbllIee MPU PEaKIIMU pa3jioxKe-
HUSI KWaHWTA U HauMeHblllee — TPU peakiMy PasjioKeHMsT CUIUTMMaHUTA.

[TonmyyeHHBIE 3KCMEPUMEHTAIbHBIC PE3YJIbTaThl MO METACTAOMJIbHBIM peaklvsiM pacriana
KWaHWTA, aHJATy3UTa U CTAOMJIbHOIM peakiMM pacriana CUUIMMAHUTa MOXKHO, TTO-BUIUMOMY, HC-
MOJIb30BaTh TMPU BBISICHEHUM OOpa30BaHMs MYJUIMTA B METAIeIMTaX, COAEPKAIIMX MOIMMOPdbI
cocraa Al,SiOs, B ycioBusX metamopdu3Ma CaHMIMHUTOBOK (auyu. B 3ToM ciyyae MymumT
MOXKeT 00pa30BaThCsl HE TOJIBKO B T0JIe CBOSH YCTOMYMBOCTU, HO 1 TIpU O0Jiee HU3KOM TeMITepaTty-
pe 3a cueT MeTacTaOMJIBHBIX peakliMii pacrana KMaHWTa M CHUIMMaHWTa. B manbHeiiieM Takoi
"MeTacTaObMJIbHBI" MYJUTUT MOXET COXPAHUTBLCS B MOPOZE, KAK YaCTO COXPAHSIIOTCSI METACTa0 b~
Hble MeTaMOop(UYecKre MMHEpalIbHbIe accoUMalry (HarmpuMmep, KopyHa + Ksapi [9], aBa wiu
naxe Tpu nomamopda Al,SiOs5 1 apyrue ciiyyau) 1o CIedyIoluM NPUYMHAM: a) MCYe3HOBEHHE
MEX3epeHHOTro BoIHOTO (hirora; 6) pe3Koe YMEHBIIeHWEe IO BOAbI B TIOpOoBOM (imouse [5].

B pesysbrate MpoBeAeHHBIX 3KCMEPUMEHTOB YCTAHORIEHO, YTO KMAHWUT W aHAATY3UT TIpy
nmapneHuy Boabl 200 MITa 1 temrepatype Bbie 900 1 1000 °C, T. e. B IoJjie YCTOMYMBOCTH
CWUIMMAHUTA, pacriagaloTcsl Ha MyJUIMT M KBapll. DTUM METacTaOWIbHbIC PeakiIMK MOXHO OObsIC-
HUTb, BEPOSITHO, JIETKOCTBIO 00pa30BaHMsI 3apOIbIIlIeii MyJUTUTA U UPE3BbIYAHOM TPYTHOCTBIO 00-
pa3oBaHMsI 3apOMbIIICH CH/UTMMAHUTA. MOXHO TPEAIoIOXKUTh, YTO TaKWe Peakliyi M, COOTBET-
CTBEHHO, MeTacTabWIbHOE 00pa30BaHKE MYJUTUTA MIPOMCXOIST B YCIOBHSIX BBICOKOTEMIIEPATYPHO-
IO KOHTAKTOBOTO MeTaMop(u3Ma MpU OTHOCUTEILHO HEMPOMOJDKUTEIbHOM COXPAaHEHUU YCJIO-
BUIA CYILIECTBOBAHUSI MEX3EPEHHOTO (hIona.
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WH-T reoxumuu, MuHepaioruu u pynooopasosanust HAH Ykpauusl, Kues

PE3IOME. EXcriepuMeHTalIbHO BCTAHORJIEHO, 1O Mpy TcKy Boau 200 MIa KiaHiT Ta aHZamy3uT pO3KIaTaloThesi 3 MO-
MITHOIO LIBMKICTIO 32 METaCTabLTbHUMM PeaKilisiMi Ha MYJIT Ta KBapil 3a Temreparypu 900 i Buiue (Kianit) Ta 1000 °C i
BuLIe (aHaaTy3uT). CUTiMaHIT 3atMiuaeTbest HeaMiHHuM i iy 1100 °C. OtpumaHi pe3y/ibTaTi y3roKYIOThCS 3 IOJIOXKEHHSIM
pO3paxyHKOBMX PT-KpMBUX MeTacTabiIbHUX piBHOBAr 3(KiaHiT, aHOATy3UT) = MYJIT + KBapll, 110 PO3TAILIOBYIOThCS Y MOJI
cuitimaHity. [TpoTikaHHsI 3a3HaYE€HUX METACTaOLIbHMX PeaKlliii MOXHA TOIMYCTUTH B yMOBaX BUCOKOTEMIIEPATYPHOIO KOHTAK~
TOBOro Metamopdizmy.

SUMMARY. Experiments showed that at 200 MP water pressure kyanite and andalusite decompose with noticeable rates into
mullite and quartz by the metastable reactions at 900 and 1000 °C, respectively. Sillimanite remains unchangeable even at
1100 °C. Obtained results agree with the position of the following calculated PT-curves for the metastable equilibrium in the
sillimanite field: 3(kyanite or andalusite) = mullite + quartz. It is assumed that the above metastable reactions take place under
conditions of high-temperature contact metamorphism (sanidinite facies).
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FeoxpoHONOrus rpaHyiMT-rHeMcoBbIX accoumauumn
Mpua3oBckoro mera6soka YKpauHCKOro wura

CorjacHO TeOXpOHOJIOTMYECKUM JTaHHBIM, I'PaHyJIUT-THeCOBbI KoMILIeKe [Iprna3oBckoro Meradjaoka YKpamHCKOro
LIMTA COMOCTABISIETCS C APEBHEMIIMMHU reoornyeckumu popmanmsivu 3emian. CrestaHo NpearnoNokeHe O TOM, YTO
nHdpakpycTaabHblil KOMILIEKC MPEACTaBIeH THeiicaMy BEPXHETOKMAKCKOI TOJIIM 3araJHONPUAa30BCKO cepuu, a
MEeTaoca0uHbIe TMOPO/bl LEHTPATbHOMPHUA30BCKOW CEPUU COMOCTABIISIIOTCS C JAPEBHEWLIMMU CYNpPaKpyCTaTbHBIMU
KOMILIeKcaMH. B manieoapxee BBLACNSIIOTCS IBa KPYIHBIX dTana rpaHUTooOpa3zoBaHust Bo3pacToM 3650 + 50 u 3350
+ 120 maH ser. 3eleHOKaMeHHbIH KoMruiekc COPOKMHCKOW 3eJeHOKAaMEHHOM CTPYKTYPhI, C Hecorjiacuem
MEePEeKPBIBAIOLIMIA NaTe0apXeCKNil rPaHyIUT-THeCOBbIM (GyHIaMeHT, uMeeT Bo3pacT okoo 3160 = 140 miH net.

[Taneoapxeiickue accoumanuu Mmertamopduyeckux mopona IlpuazoBckoro Meradnoka YK-
paurHckoro murta (Y1) — camblil CIOXHBIA OOBEKT 151 TEOXPOHOJIOTMYECKUX MCCIea0Ba-
HUI, TO3TOMY OHM, TMPAKTUYECKU, HE U3YyUeHbl IO HACTOSIIEro BpeMeHU. Paciimdpoka
Te0JIOTUYECKOT0 CTPOEHMS PEIMKTOB PaHHEIOKeMOPUICKUX 0Opa30BaHUII COMPOBOXIACT-
Csl OOBIYHO MX COTOCTABJIEHUEM CO CTPATOTMITMYECKUMU pa3pe3aMu, I1e yIaloCh BbIACINUTD
OCHOBHBIE 3Tallbl I'€0JOTMYECKOTO pa3BUTHSI B paHHeM apxee. B ciabousMeHeHHOM BUIe
OHU COXPAHWJINCh TOJbKO Ha €AMHUYHBIX YYaCTKaX KOHTUHEHTAJIbHON KOphl — B 3amami-
Hoit I'pennanauu, KOxHoit Adpuke, 3anagHoii ABctpanuu u Bocrounoit Cubupu. ITo koc-
BEHHBIM I'€0JIOTMYECKUM JaHHBIM, CUAIMYeCKasi KOHTUHEHTaIbHast Kopa CyIleCTBOBajIa yxXe
6osee 4000 maH yet Tomy Hasad. [lopomHble accolualiMi 3TOM OpeBHeEMIIeil KOpbl He
COXPaHIIHCh, HO Ha 6710Ke MyrapH B 3amamHoll ABCTpainy B rHeifcax Komruiekca Hapb-
ep eCThb KCEHOJUThl META0CAIOUYHBIX MOPOJ C TETPUTOBBIM LIMPKOHOM BO3pacToM 110 4200—
4100 muH net [18]. Haubonee apeBHUMM MH(MPAKPYCTaTbHBIMU MOPOAAMM SIBJISTIOTCST: KOM-
IUIEKC CepbIX THelcoB cepuu AMuUTcOK B 3amaaHoit 'pennanmuu (3900—3700 miaH JeT)
[22]; ToHanmuTOBBIE OpTOTHElCH KoMIiekca Heiinup B BoctouHoit AHTtapktume (3927 +
10) [24]; TOHaTUTOBBIE U TPOHIBEMUTOBBIE THEMCHI IpeBHETO THelicoBoro komruiekca (AGC)
KaarcBaanbckoro kpatoHa (3644 + 2) [15]; ToHaIUTOBEIE THeMCHI AnmaHckoro muta (3570
+ 50 muH 7eT) [14]. B otmnune oT mepeynciieHHbIX 00JacTeil, ApeBHENIIEe THEMCH KOM-
wiekca Hapbep Groka MuirapH BospactoM 3678 + 6 MJIH JIeT SIBISIIOTCS TIPOU3BOIHBIMU
MOHIIOTpaHUTOB. C JpeBHEHIIMMM CHATMYECKUMU MTOPOJaMU acCOLMUPYIOT crieluduiec-
Kre MarMaTU4ecKue KOMILUIEKChl — pacClIOeHHbIe Tab0po-aHOPTO3UTOBbIE MHTPY3UU, Ha-
npuMep KoMIuieke Manbpen Bodpactom 3730 + 30 muH set Ha Gnoke Mutrapu [23],
0a3uThl 11IEJOUYHOM Cepur U TMTUPOKCEHUTHI [3].

JIpeBHEMIIMMU CYNPaKPyCTaIbHBIMU TTOPOJAAMHU SIBIISTIOTCS, K MpuMepy, cepust Mcya
(3813 £ 20 muH net) [7], ueHrpcKas cepust Ha AngaHckoM mute (> 3460 mutH net) [3, 14]
u np. B KoHIle majeoapxes B HUXKHEN YacTM KOHTUHEHTAJIbHON KOPBI YK€ MOIJIM CO3/1a-
BaTbCs YCJIOBUS TPaHYJIUTOBOM haliuu MeTamopdusma, Tak Kak ee MOIIHOCTh YXe JOCTH-
rajga 45—60 kM [5]. MuHepajabHble acCOLMALIMM PAHHEro TPaHyJIMTOBOrO MeTaMopdu3ma,
HaJIOXKEHHOTO Ha OPEeBHEMIIME CEPOTHENMCOBBIE U CYyNpaKpyCTabHbIe KOMILIEKCHI, COXpa-
HUJIUCh B METaMOP(MUUECKUX TOpPOAaX APEeBHEHUIIMX KoMILIeKcoB. ddopmalius mopoj rpa-
HYJUTOBOM (haumy AKuIvs B 3anamgHoi ['peHmaHaun uMeeT Bo3pact ~ 3600 + 50 muH et
[13, 19]. Ha AngaHcKoM ILKMTE TPaHYJIUTOBBIA MeTamMopdusM mposiBuiicsa 3460 = 160 miaH
et ToMy Hazax [14], Ha 6moke Mwtrapa — 3350 [16], B HEMITMPCKOM KOMILTEKCe Ha 3eMle
Dugepou — 3070 £ 34 muH JeT ToMy Hasan [24]. B xoHIle majieoapxess pe3Ko MeHsSETCs
TEKTOHO-TePMaIbHbBIN pexkuM 3eMiar 1 ~3500—3300 mutH JleT ToMy Hasan Hadajaoch dhop-
MMpOBaHUE PaHHUX 3€J€HOKAMEHHBIX IMOSICOB U ILIarMOTHENWCOBBIX KOMIUIEKCOB. OKOJIO
3500 MJIH JIeT TOMy Hazall 3aJOXWIMCh paHHHUE 3eJIeHOKaMeHHBIe Tosica Ha kpatoHe Ka-
anBaanb (bap6eproH, JdBanmun u np.) [21], 6;10ke IMun6apa (momeHsl North Pole u McPhee
u 1p.) [23]. Ha AnmaHckoM IuMTe BO3pAacT paHHUX 3€JIeHOKAMEHHBIX MOosiIcOB OJeKMMHC-
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TEOXPOHOJIOTUS TPAHYJIUT-THEMCOBBLIX ACCOLMALIUM
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Puc. 1. N30XpOHHbBIE AMarpaMMbl ¢ KOHKOPIMEN MO LMPKOHY (BO3pacT, MJIH JIeT): / — OMOTUTOBBIE THEWCHI 3aMajgHo-
npra3oBckoii cepuu (c. Komomuiitibl, mpaBblii 6eper p. Bomubst, Kapbep pyx6a, npoba 98-10); 2 — GUOTUTOBBIE
THeiCbl OCMIIEHKOBCKOIA CBUTHI (XyT. COpokH, npaBblii Geper p. bypruumust, mpoba 92—237)

Puc. 2. 130XpoHHbIE AMArpaMMbl ¢ KOHKOPIMEN MO LIMPKOHY (Bo3pacT, MJIH JieT): I — aMu601-GMOTUTOBbIE THE-
ChI 3aIaIHONPHA30BCKOI cepuH (C. 3pa3koBoe, JieBblii 6eper p. Mokpasi KoHka, npo6a 84-102); 2 — KBapli-Ijiarmok-
J1a30BbIe MeTanop®upbl OCUTIEHKOBCKOM CBUTHI (CYpOXKCKUI y4acToK, cKB. 71-95, uHT. 145,8—149 M)

KOl rpaHUT-3eJieHOKaMeHHO# obyactu cocrapisieT 3507 + 123, a 0IeKMUHCKOTO KOMILIEeK-
ca rHeiicoB 3235 *+ 174 mux ner [3]. B Havane me3oapxest opMHPOBATIUCH 3€JIEHOKAMEH -
Hble mosica (Bo3pacT 3200—3000 muH set) — Ha CpenHENmpUIHENPOBCKOM KpaToHe [9],
AsnanckoMm 1ute (CyOraHCKuii 3eJleHOKaMeHHbIH KoMmIuieke) [3], B 3anmanHoi yactu 6ioka
HNunrapn (nposuHuuu Mypunccon u CaysepH-Kpocc) [20] u ap.

I'eosornueckoe mojiokeHHe rpaHyJuT-rHeiicoBbix accommammii ITpuasoBps. Ha Ilpu-
a3oBcKoM Mera6ioke Y11 rpaHynuT-rHeiicoBble accormaiu nopon usydamuck M. C. YceHko,
I'. B. 2KykoBeiM, K. E. Ecumuykom, E. b. I'neBacckum, I'. JI. KpaBuyeHKO v ApyruMu uccienoBa-
TEJISIMU, KOTOPBIE UX 3aKapTUPOBAIM U OOOCHOBAIM CTpaTUrpauuecKoe pacwIeHEHUe KOM-
ekca. Ilaneoapxeiickue rpaHyJIMT-THEHCOBBIE acCOLMALIMM TTOPOJ PacIpOCTPAHEHBI IO
nepudepun Od6UToUHEHCKOTr0, ['aliuypcKOro u Apyrux 06J0KOB TpeThero nopsinka. KpymnHoie
MMOJIOCOBUIHBIC OCTAHIIBI CYyOMEPUAMOHAIBLHOTO MpOCTUpaHUs WHpuHO 1o 20—40 kM
npociexuBaoTces B npeaenax OpexoBo-IlaBnorpanckoii 3oHbI, KykcyHrypcko-YepHuronc-
KO TOJIOCHI M B 3amaaHoi yactu MaHryiickoro cuHkianHopus. B Opexopo-ITaBnorpanc-
KOl 30HE BBIIEJSIIOTCS KPYIMHBIE CKJIagyaThie CTPYKTYphl padmepom a0 2 x 11 km — HoBo-
maBynoBckass U Tokmakckas aHTUkiInHaiu U OpexoBckasi, BacuHoBcko-TepcsiHcKasi, Ba-
CUJIbKOBCKasl CUHKIMHaIU. CUHKIMHAJIbHBIE CTPYKTYPBI CIOXKEHBI MeCTPOii TOJIIIEH MOpo
LIETPAIbHOTIPUA30BCKOI CepUM — OMOTUTOBBIMU M INIMHO3EMUCTHIMU THEWCaMM, UTa0UpH-
TaMu, Oe3pyIHBIMM KBapLUUTaMU, KPUCTAJUIOCIAHLIAMU OCHOBHOTO COCTaBa, IMMPOKCEHUTA-
MU u np. HaubGonee npeBHMe MeTaMopdHUecKUe TOPOAbl pa3aesiioT Ha HOBOITABIOBCKYIO
M TOKMAKCKYIO TOJIIIM 3aragHOIpHua30BCKoi cepuu. bosee mpeBHsSII TOKMakKcKasl TOJIIA,
MpeAcCTaB/lieHHass B OCHOBHOM OMOTHMTOBBIMU THEWCaMU, cjlaraeT sapa aHTUKIMHAJIbHBIX
CKJIaZIOK, HOBOTIABJIOBCKasI ToJIA — MX KpbuUlbsl [4]. Ha HoBoaHnapeeBckom 1 HoBomnasios-
CKOM y4yacTKaxX HOBOIIABJIOBCKAsl TOJIIIA TpeacTaBieHa aMGruOoIuTaMu, KpUCTaiocaaHIa-
MM, TUPOKCEHUTAMM, IEPUIOTUTAMU, SHIEPOUTAMHU, TPAHAT-OMOTUT-TTUPOKCEHOBBIMMU, Ipa-
HaT-rpaUTOBBIMU THEeWicaMu U ap. [9].

B KpymHbBIX pa3JOMHBIX 30HaX CEBEpO-3aralHOro MpocTupaHusi — J1oOGpPOMnobCKoOi,
CopokuHckoi 1 Majo-SIHUCONIbCKOM, pa3aesioinX 6JJ0KW paHHeapXeiCcKoil KOHCOMUaa-
LIUU, — PACMOJIOXEHbI 3eJieHoOKaMeHHbIe cTpYKTypbl (3C) maneo- U Me30apXeiicKoro Bo3-
pacta — KocuBuesckasi, CopokuHckasi, [1aBnoBckast u 3eieHoraiickasi COOTBETCTBEHHO.

T'eoxpoHonOrMYecKasi U3yYeHHOCTb TPaHYJIUT-THEMCOBOIO KOMIUIEKca MeTamopdu-
yeckux nmopoa Iprua3oBcKoro Meradyioka oueHb ciabast. CorlacHO TaHHBIM pabor [6, 10, 11],
BpeMsl perMoHajbHOro MeraMopdu3Ma U IpaHUTHU3ALMHU, HAJOXEHHBIX Ha IpeBHEMIIMe
MOPOIBI 3aNagHONPHA30BCKOi cepuu, — 2750—2850 muH jet [6, 9]. Ha HoBomasnoBckom
yuactke OpexoBo-IlaBrorpanckoii 30Hbl JATUPOBAHbI JIPEBHEMIIINE MUTMATUTHI TIO TTOPO-
JaM HoBomnaBiaoBcKOU Tomiu. U-Pb M30TOMHBINM BO3pacT IMPKOHA U3 TOHAIMTOBBIX MUT-
MAaTUTOB U MUPOKCEHUTOB cocTansgeT 3670 £ 50, a mupkoHa u3 sHAepouToB — 3400 £ 30
MiH et [1, 9]. TimybokoMeTaMopdr30BaHHbIE TTOPOIBI LIEHTPATLHONPUA30BCKON CEpUM B
MaHTYIICKOM CHUHKJIMHOPUU OXapaKTepU30BaHbI TOJBKO M30TONMHBIMM JaTaMU METaMOp-
¢oreHHOro LIMPKOHA U3 BHAEPOUTOB C MaKCUMalbHBIM Bo3pactoM — 2730 + 30 muH seT
[12]. Ha PusnBsHckoMm yuactke U B TepHoBaTcKoi Mojoce [aifuypckoro 6Jioka mopojbl
LIEHTPaJIbHOIIPUA30BCKOI cepur paccekaroTcsl rpaHutougaMu ¢ U-Pb mzoTonmHbIM Bo3pa-
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Tabauya 2. Pe3ynbrarsl n3otonnsix Sm-Nd uccienosanuii nopoxn IIpmazoBckoro meradosioka

|
(=)

Mpumeyanue. | — 3anagHONPHUA3OBCKast cepysl, GMOTUTOBBIIA THeiiC, ¢. Komomuiiisl, p. Bomubs, Kapbep Jpyx6a; 2 — LeHTpaIbHOIIPUA30BCKast CEpHsl, TpaHaT-6MOTUTOBBII rHeiic, OpexoBo-TTaBnorpanckas

30Ha, BacuibKoBCKMiA yuacTok, ypounie Benas Ckana; 3 — 3anmamHonprasoBckas cepusi, aM(uboI-OMOTUTOBBII THENC, 10XKHas OKparHa C. 3pa3KoBOe, JieBblil Geper p. Mokpas Konka, oGHaxeHue; 4 —

3amaIHONPHUA30BCKas cepusi, GUOTUT-aM(pUOOIOBLI THelic, 2,5 KM K ceBepy or ¢. CodueBKa, OOHaXEHUE B CIMBE TUIOTUHBI Ha p. Bypruuna. Comepxanne Sm u Nd onpeaeneHO METOIOM HM30TOIHOIO

¥ BO3pACT pacCYUTaH OTHOCUTCIIBHO KPUBOU NCIUICTUPOBAHHOU

0,513151. N3ororHble aHaIMU3bl BHITTOMHEHBI Ha Macc-criekTpomerpe MU-1201 AT 8 UTMP HAH Ykpaunsl; Ha

143N d/“4Nd HopmupoBaHo K oTHolIeHHIO “ONd/144Nd = 0,7219;1 ¢ — moBepuTeIbHAS BEPOSATHOCTH OLUIMOKU. MOIETbHBI

mantun (DM) cornacho DePaolo [17]: (*47Sm/"Nd)py = 0,2136; (“*Nd/'*Nd)py

paiGasnennsn;

143N d/!44Nd B cranmapre UTEM cocrasisio 0,412450 + 11 (n = 80).

MOMEHT U3MEPEHUUN OTHOLICHUE

cToM Mo HupkoHy 2970 £ 180 u 3390 + 260 muH
JIET COOTBETCTBEHHO [8].

Pe3yJabTaThl H30TONHO-re0XpPOHOJIOTHYECKHX
HccaenoBanuii. ['eoXxpoHOJOTMYeCKre MCcCcaea0Ba-
HUS TPaHyJIUT-THEWCOBBIX aCCOLIMALINIA U30TOIHBI-
mu Sm-Nd u U-Pb MeTogaMy ObLTA BBITTOJIHEHBI
Ha BacuibkoBckoM, 3paskoBckoM u COpOKHMHC-
KoM yyacTkax. Ha BacuiabKOBCKOM ydyacTKe HU3Y-
YyaJnch Mopoabl BacuabKOBCKOM CUHKIIMHAIM, KO-
TOpasi 3aHMMaeT BCIO ceBepHylo 4acTb OpexoBo-
ITaBnorpanckoii 30HbI. OHa CI0XeHa OMOTUTOBBI-
MU, aMpubO0I-, CWTUMAHUT-, TpaHaT- U rpadur-
OMOTUTOBBIMU THelicaMM, a TakkKe KBapLIMTaMU,
uradupuTamu, aMpruO0IM3UPOBAHHBIMU IBYTUPOK-
CEeH-TIJIarMOKJIa30BbIMU KpUCTAJJIOCAaHIIAMU U
nMupoKkceHUTaMu. Takast accouuanust MeTaMmopdu-
YeCKUX TMOPOJ XapaKTepHa Il APEBHEWIINX CYII-
pakpycTalbHbIX TOJIL, HAIpUMep ISl BepXHeas-
JIAaHCKOI CBUTHI MeHTpCcKoOM cepruu. Ha BocToke 3Ta
TOJIILIA MO MPOAOJILHBIM pa3jioMaM COUWIEHSIETCS C
BomuaHckuM 6710KOM, CTOXXEHHBIM 60Jiee IpeBHUM
KOMILJIEKCOM OHMOTUTOBBIX THEICOB 3amamgHOIpPU-
azoBckoit cepuun. U-Pb MeTonom matvpoBaH Hup-
KOH OMOTUTOBBIX THelicoB BomuyaHckoro 6soka
(rmpo6a 98-10), a Takke uzyuyeHsl Sm-Nd uzoror-
HbIE XapaKTepUCTUKU (IMOpOAd B 1IeJOM) OUOTUTO-
BbIX THeiicoB BosuaHckoro 6joka (rmpoba 98-10)
U TpaHaT-OMOTUTOBBIX THeiicOB BacuibKoBCKOro
yuacTtka (ripoba 99-156).

LlupkoH B OMOTHTOBBIX THeiicax MpoObl 98-
10 metamopcdoreHHblii. OH OUeHb U3MEHEH B pe-
3yJIbTaTe MO3JAHUX HAJOXEHHBIX MPOIIECCOB U T0-
3TOMY BMECTE C MOHAILIUTOM BBIIEJIEH B 3JIEKTPO-
MarHUTHOU (pakuuu. [abUTyc KpUCTALIOB rua-
LIMHTOBBIN. Pebpa v rpaHu IMPKOHA 3aKPYIJICHbI B
pe3yibTaTe pacTBOPEHUsI MPHU MeTamopdusme.
BHyTpeHHUE YacTH HEU3MEHEHHOTO IIMPKOHA 30-
HaJIbHbIe, a 000JOYKHU TOJIIMHONW oT 1/5 mo 2/3
MOTMEePEYHOro CeYeHUsI KPUCTAUIOB CIIOXEHBI Me-
TaMUKTHBIM IIUPKOHOM. M30TOMHBII BO3pacT LUp-
KOHa M3 OMOTUTOBBIX THelicoB — 2720 + 130 muH
neT (2o) (Taba. 1; puc. 1, mpo6a 98-10). TTonyuyeH-
Hasl JaTa COOTBETCTBYET BPEMEHM HAJIOXKEHHOTO
MeTamMopdur3Ma Ha NajeoapXecKuit cyocTpaT aThuX
THelcoB. Bricokast morpelrHocTh U30XPOHBI 00YC-
JIOBJICHA HaJlMuueM OOJbIION JOJM METAMUKTHO-
ro uupkoHa. PacuetHble Sm-Nd MoaeabHbIe TaThI
OGUOTUTOBLIX THelicoB Bomyanckoro 6ioka Ty
(DM) = 3770 (tabn. 2, nmpobda 98-10) u rpaHar-
OMOTUTOBBIX THEMCOB BacuJILKOBCKOIO yyacTka
Tyq (DM) = 4100 man set (Tabn. 2, npoba 99-
156) ykasbpIBalOT Ha JJIUTEIbLHOE HAXOXICHHUE B
Kope cybcTpara 3TUX THEHCOB.

ITo pekam Mokpas Konka n Cyxas Konka
(3pa3KoBCKMiIl y4acTOK) CeBepHee IUIOIIAAN pas-
BUTUSI TEMPIOKCKOI CBUTBHI OOHAaXXEHBI IOPOJbI
BEPXHETOKMAKCKOM TOJIIM 3aIragHOoIprUa30BCKOMi
cepuu. DTOT KpYIHBIN OCTaHel MeTaMOP(hUISCKUX
MOPOJI, CJIOKEH MUPOKCEHOBBIMM, MUPOKCEH-aM@u -
00J10BbIMU, aM(PHOOJOBLIMU, OMOTUTOBBIMU U aM-
$ub071-0MOTUTOBBIMU THEICAMM C TIJIACTOBBIMU
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Puc. 3. Tnarpamma SiO, — TiO, nns rueiicos Ilpuaszosckoro
6noxa. JIunus pasaena noneii no pa6ore [7]. lopodsr: I — oca- 47 |
nouHble; /I — Marmaruyeckue. XMMUYECKUE aHAJIM3bl THEHCOB . X \ ) N
rnepecyuTaHbl Ha Oe3BOAHbBINA OCTaTOK &5 @ Y/ V4 Y3 V3 5;(]2

TeJaMU KPUCTaJUTOCTIAHIIEB TUOMNCUI-aM(PUOOIOBBIX, MMPOKCEHOBBIX aM(MUOOIUTOB 1 aM-
¢ubomuroB. M3otomHbiMu U-Pb 1 Sm-Nd meromamu 6butd u3ydeHbl aM(prO0I-GUOTUTO-
Bble THelchl (mpo6a 84-102). LIupkoH B 3THX THeiicax MeTaMOp(hOTreHHbIN, TUIMTUYHBIN 1J1sT
rmopoa amuOOIUTOBOM (alnK, UMeeT YeThipe pasHoBuaHOCTU. [lepsas (70 %) — mipen-
cTaBjeHa TUMUPaMUIATbHBIMU HECMMMETPUYHBIMUA KPUCTAJUIAMU CO CMEIICHHBIMU TO-
JIOBKAMU Y 3aKpyIJIECHHBIMU TpaHsSIMU. THUIT OrpaHKM TMAllMHTOBBLIA. Bcerpeuatorcst nedop-
MMPOBaHHBIE KPUCTA/UIBI — KpY4YeHbIe, JIOMaHble. BHYTpeHHee cTpoeHre OJHOPOIHOE, 30-
HanbHOe. Bmopasa (5 %) — KpyIlHbIe caboIpo3payHbie 3epHa LIMPKOHA ¢ XapaKTePHBIMU
HapoCTaMHU U BKJIIOYEHUSIMHM PYIHBIX MUHepanioB. Tpemos (5 %) — TNpo3payHble KpHCTall-
JIbl LIMPKOHA BepeTeHooOpasHoi (opMbl 0e3 rpaHeil. Yemeepmas (20 %) — BOOSHO-TIPO-
3payHble MHAMBUILI LIUPKOHA C ajIMa3HBIM OJIECKOM U OJAHOPOAHBIM BHYTPEHHMM CTpOE-
HUEM.

U-Pb u30TOMNHBII BO3pacT MepBOii pa3HOBUIHOCTU LIMpKOoHAa — 2790 + 145 muH ner
(20) (Tabun. 1; puc. 2, npoda 84-102). DTa FaTUPOBKA COOTBETCTBYET BpeMEHU MeTaMOpdhu3-
Ma Tajieoapxeiickoro cyocrpara amu60og-0MOTUTOBBIX THelicoB. Sm-Nd MonmenbHas jgara
3TUX THelcoB Ty, (DM) = 4245 min net (Taba. 2, npo6a 84-102), 4yTo yKa3bIBaeT Ha JUIM-
TeJIbHOE HAXOXICHUE B KOpe cyOcTpara 3TUX THEMCOB.

B BepxoBbsix pek byptnuns u Kunbrnuus (COpOKMHCKMI Y4acTOK) OOHaXXeHBI I10-
ponbl I'ypoBckoit aHTHKIMHaIM. Ha yyacTke Bomopasjaena pek IpeobsiagaloT GMOTUTOBBIE
THEWCHI 3aMagHONPUAa30BCKOM CepUU ¢ OCTaHIaMU aM(PUOOJOBBIX U MUPOKCEHOBBIX THE-
COB M KPUCTAJJIOCJAHLIEB MOIIHOCTHIO 10 0,7 KM U MPOTSIKEHHOCTBHIO 10 5 KM, KOTOPHIE T10
pas3jioMy ¢ Ioro-3amana KOHTakTUpyloT ¢ CopoxkmHckoir 3C. Sm-Nd MomenbHBI BO3pacT
610TUT-aM(pUOONIOBLIX THEMCOB 3alaAHONPUA30BCKOM cepuu 3TOro yyactka Ty, (DM) =
3820 muH sieT (Tab:1. 2, mpo6a 99-131), uTo yKa3plBaeT Ha UX IUIUTEIbHYIO KOPOBYIO MCTOPHIO.

U-Pb MeTomoM matvpoBaH LIUPKOH OMOTUTOBBIX THEMCOB U3 OOHaXeHUs Ha p. bypTu-
yust, HanpoTuB XyT. Copoku (ripo6a 92-237). DT rHeiichl HAXOASTCS B KOHTAKTOBOI 30HE

Tabauya 3. Xumundeckmii cocras rueiico Ilpuasosckoro meraonoka (YIII), %

Kommnonenr| 98-10 (1) | 99-156 (2) | 84-102 (3) 99-131 (4) | 92-237 (5) | 90-218 (6) 99-32 (7)

SiO, 66,54 69,06 68,76 54,20 74,68 72,40 73,54
TiO, 0,46 0,52 0,36 1,14 0,74 0,74 0,18
AlLO3 15,07 14,06 15,03 10,87 11,70 12,10 10,83
Fe,03 2,05 3,32 1,75 10,47 2,20 1,40 3,97
FeO 2,73 2,16 2,44 3,74 1,00 2,60 1,29
MnO 0,08 Crenpt 0,14 0,20 0,03 0,06 0,14
MgO 1,95 1,35 1,45 5,29 1,80 2,30 1,65
CaO 3,06 3,37 3,54 8,23 1,70 1,50 2,01
Na,O 4,20 4,60 4,30 3,20 2,40 2,40 1,80
K,O 2,10 1,20 1,50 0,80 1,40 1,80 3,04
N 0,08 Crnenbt 0,08 Crnenpt Crnenbt Crnenbt Crnenbt
P,05 Crenpl 0,22 Crenpl 0,33 0,03 0,05 0,12
CO, He omp. He omp. He omp. He omp. 0,17 0,14 He omp.
H,O™ 0,12 0,14 0,20 0,18 0,50 0,70 Crnenbt
I.m.m. 1,18 0,38 0,82 1,79 1,83 1,68 1,50
Cymma 99,62 100,38 100,37 100,30 100,18 99,87 100,07

I[Mpumeuanue. [pusssku npod 98-10, 99-156, 84-102, 99-131 (aH. 1—4) u3 Tab. 2. AHaTU3bI 5—7: 5 — GUOTUTOBBIA
THeiic, OCUIIEHKOBCKasl CBUTA, MpaBblii 6eper p. BypTuuns HanpoTuB XyT. COPOKM B CEBEPHOM YaCTH OOHAaXeHMsI; 6 —
TO Xe, B I0KHOI1 YyacTh oOHaXeHMsI, 7 — KBapL-IJIarnoKJIa30Bblii MeTanopbup, OCUIMEHKOBCKasi cBUTa, CypoxKCKHii
y4acTokK, ckB. 71-95, uHt. 145,8—149 M. XuMHruyecKue aHaIU3bl BBIMOMHEHBI B 1abopatopun UTMP HAH YkpauHsbl.
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CopokuHckoit 3C. HekoTopble McCienoBaTeId pacCMaTPUBAIOT UX KaK TEKTOHUUYECKU TIpe-
oOpa3oBaHHBII (hparMeHT paHHeapxelcKoro ¢pyHaaMeHTa, a ApyrMe — Kak Oosiee MeTa-
MOp(dU30BaHHBIE TTOPOAbI OCUIIEHKOBCKOIM CBUTHI. [10 MUHEpaIOTMYeCKUM XapaKTepUCTH-
KaM B 3THMX THelcax pa3jvJyaloTcst TpPY pa3HOBUAHOCTU LupKoHa. [lepeas (70 %) — mipen-
cTaBjieHa KOPOTKOINPU3MATHUECKMMU KPUCTaJIaMU TMAllMHTOBOTO THUIA CO CIVIaK€HHBIMU
pebpamu. X BHyTpeHHee CTpOeHUEe 30HAIbHOE C Y3KMMH pereHepalOHHBIMU 000JI0UKa-
MU. Bmopas (25 %) — KpHUCTaJUTbl HUPKOHOBOTO TUIIA C HEMPAaBUIbHBIMM KPUCTALIOrpa-
duyeckuMu ouepTaHUsAMU. BHyTpeHHee CTpOeHME 3TOro LIMPKOHA OXHOpOAHOE. Tpembs
(5 %) — 3epHa OKPYIJION MJIM SJUTMIITUYECKOM (POPMBI C TNIAAKON MOBEPXHOCTHIO U OTHO-
POIHBIM BHYTPEHHMM CTPOCHHUEM, OOpa3oBajiach IpU HaJoXeHHBIX mpolieccax. Cyast mo
KPpUCTAUTIOMOPGOIOTMYECKIMM XapaKTepHUCTUKaM, B mpobde 92-237 MpUCYTCTBYIOT JETPUTO-
BbIii 1 MeTaMOp(OreHHbII UPKOH. Ha ocamouyHblii TeHE3UC 3TUX THECOB yKa3hlBalOT U
neTpoxuMuyieckre gaHHele. Ha nuckpuMuHannonHoit auarpamme SiO,—TiO, [7] durypa-
TUBHBIE TOYKM OMOTUTOBBIX THEHCOB, B OTJIMYME OT IPYIMX MPOO, MOMAafaloT B MOJIe 0Camaoy-
HbIX TIopoz (Tabu. 3; puc. 3). U-Pb Bo3pact BasoBoii poObl IMPKOHA GMOTUTOBBIX THEHCOB
3350 + 120 muH net (20) (Taba. 1; puc. 2, npoba 92-237). Dra naTUPOBKA COOTBETCTBYET
Bo3pacty dhyHgameHTa CopokuHckoit 3C.

BynkanorenHo-ocagouHblie mopoabl COpOKMHCKOM 3eJIeHOKaMEHHOM CTPYKTYphI chop-
MMPOBAJIUCh 3HAYMTEIBHO TMO3AHEE IMAaIe0apXeiCKUX I'paHYJIUT-THEHCOBBIX acCOLMALlMit
IMpuazoBckoro Merabjoka M cjaraloT CUCTEMY IpUpa3IoMHbIX rpabeHOB COpPOKMHCKOM
TeKTOHN4YecKoi 30HbI [2]. C 3eleHOKaMEeHHBIM KOMITJIEKCOM ITOPOJ 3TOM CTPYKTYPBI acCOo-
LIMUMPYIOT KBapil-IMJIarMoKIa30Bbie MeTanopdupsl (I1aruopuogaliuThl), KOTOPbIE Te€OXpo-
HoJlornyecku u3yyeHbol Ha CypoxkckoM ydactke (ckB. 71-95, unt. 145,8—149 m; npoba 99-
32). llupkoH B KBapll-TUIarMoOKIa30BbIX MeTanopdupax (mpoba 99-32) omHOil pa3HOBUI-
HOCTHU C TMAaLIMHTOBBIM TUMOM orpaHku. I[Tpusma {100} 3HauuTenpHO npeodianaet Hax {110}.
Pasmep no L, o 0,15 mm. LIMpKOH KOPOTKONPU3MAaTUIECKUI ¢ KO3(DPULIMEHTOM yIIMHE-
Hus 1o 2,5. F'onoBKM HecuMMeTpUYHbBIe. BeTpevaroTcest JoMaHble U 3aJle4eHHbIE KPUCTAJUIbI
BIOJb Ocu L,. LIBeT KOpUUHEBATO-pO30BBIN, OeCK CTEKISIHHBIN. LIMPKOH HENmpo3pavHbIii.
IToBepxHOCTb siMuaTasi. BHyTpeHHMe YacTH TpelIMHOBAThie U pa3pyllieHbl. OGO0JOUKHU TOC-
turatlor 1/7 TtomuuHbl KprctautoB. U-Pb u3oTonmHbIi Bo3pacT 3Toro mupkoHa 3160 *
1140 mH net (Tabu. 1; puc. 2).

BoBoapl. 1o reoxpoHosornyeckuMm naHHbIM, Ha IlpmazoBckom Merabsoke YIII co-
XpaHWIKCh TPaHYJIMT-THEHCOBBIE acCollMalluM MOPOJ najieoapxeiickoro Bo3pacra. I1o aHa-
JIOTUM C TeOJIOTUYECKUM CTPOECHUEM APEBHEMIINUX OJIOKOB KOHTUHEHTAIBHON KOPBI MOXXHO
MpeArnoiarath, YTo MH(MPpPaKpyCcTaabHbI KoMmIuieke IIprasoBckoro merabyioka rpeacraBieH
cepbIMUM THelicaMy BEPXHETOKMAKCKOM TOJIIIM 3amaJgHONpua3oBCcKoil cepuu. Metamopdu-
30BaHHbIC B TPaHYJUTOBOM (hauuu riaydbokoarddepeHLIMPOBAHHBIE OCATOUYHBIC MOPOIbI
LIEHTPAJIbHONPUA30BCKOM CEPUU IO T'€OJOTMYECKOMY ITOJIOXKEHUI0 M COCTaBY CXOIHBI C
IPEBHEUIIMMU CYyMpPaKpPYCTAIbHBIMU TOPOJAMU BepXHEAJIAAHCKON CBUTHI MEHTPCKON Ce-
pumn AngaHckoro muta. U-Pb gaTel mo HUPKOHY M3 THEMCOB 3amagHOIPUA30BCKOM cepuu
Ha Bomuanckom u TaifuypckoMm 6J10KaX COOTBETCTBYIOT BPEMEHM UX IIyOOKOTO MeTamMop-
¢dusma 1 rpaHuTH3anUM B aMmduooauToBoit dauu 2850—2700 muH snet Tomy Haszaa. Co-
rmacHo Sm-Nd M30TOMHBIM JaHHBIM, CyOCTpaT APEeBHEHINNX THEHCOB BEPXHETOKMAKCKOM
TOJIIIM 3amagHoONpUa3oBckoil cepuu [lpuasoBckoro merabyioka chopmuposancs ~4250—
3800 mutH JleT ToMy Hasaja. BpeMs paHHero rpaHyaIMToBoro meramopdusma Ha [lpuazonc-
KOM MerabJioKe HallexkHO He ompelesieHo. B maneoapxee BbIACISIOTCS OBa KPYITHBIX 3Tamna
rpaHuTOOOpa3oBaHusl Bo3pactoM 3650 = 50 u 3350 £ 120 muH jer. 3eleHOKaMEHHBII
komiieke CopokuHckoir 3C, ¢ HecoracueM IepeKpbIBaIOIIMI TMajeoapXeucKuii rpaHy-
JIT-THEMCOBBIN (yHaaMeHT, uMeeT Bo3pacT ~3160 £ 140 muH ner.
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W H-T reoXMM1K, MMHEPAJIOTUH U PYI000pa30BaHusI IMocrynuia 17.03.2000
HAH Ykpaunsl, Kues

PE3IOME. 3a Sm-Nd i30TOMHMMM JaHUMU, CYOCTpaT HalAPEBHIlIMX FHEMCIB BEPXHbOTOKMALIbKOI TOBLLi 3aXilHO-
npuas3oBcbKoi cepii [TprazoBcbkoro 610Ky cdopmysases 6iist 3800—4250 muiH pokiB Tomy. Y majieoapxei BUILiIEHO
J1Ba KPYMHUX €Tanmy IPaHiTOIIHOrO MarMaTu3My Ta KOpoyTBopeHHs1 BikoM 3650 + 50 Ta 3350 + 120 muaH pokiB.
3eneHokaM’siHUil KoMIuieKe CopokKMHCbKOI 3C, SIKUil 3 HEy3rOIXKEHHSIM TMePeKPUBAE Male0apXeiMChbKHii rPaHyITiT-
rHeiicoBuil dyHnameHT, Mae Bik 6inst 3160 + 140 mMiH pokiB.

SUMMARY. According to Sm-Nd isotope data, the substratum of ancient gneisses of upper-Tokmak series formed in the
Near Azov block about 4250—3800 Ma ago. In Paleoarchean two large stages of granitoid magmatism and crust
formation of age of 3650 + 50 and 3350 = 120 Ma are distinguished. The Soroky greenstone complex which
discordantly overlaps Paleoarchean granulite-gneiss basement is of age about 3160 = 140 Ma.
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FeoxiMia piaKiICHUX eneMeHTIB Yy Nia3eMHUX
BOAax rigporepmasibHux cucrtem JloHo6acy

Po3ristHyTO Aesiki 0co0IMBOCTI reoximii piiKiCHUX eJIEMEHTIB y MiA3eMHUX BOJaxX rigpoTepMaibHUX cucteM JloHbacy.
OxapakTepr30BaHO 3aKOHOMiPHOCTi iXHBOTO MOILIMPEHHs, JIXKepea HaIXOMKEHHS! 1 YNHHUKM Mirpauii y mia3eMHii
rinpocdepi. [TokazaHo, 1110 ¢uIroinHE TerIoMaconepeHeceHH s i mepemillieHHst 6J10KiB 3eMHOI KOPM BiIOMBAIOTh CyyacHy
AKTUBI3aLII0 IIpOTePMaTbHUX CUCTEM PETiIOHY, 3 SIKOIO MOB’sI3aHE HAIXOMKEHHS Y MiA3eMHi BOAM 0ararboX eHIOTeHHUX
piakicHux eneMeHTiB. Ha miacraBi 11boro B reoxiMiuHiii icropii rizporepmanbHux cucteM [loHbacy BuIiJeHO
MOCTTiAPOTEPMAIbHUI eTan PO3BUTKY.

l'eoxiMisl pimKiCHMX XiMiYHMX €JI€MEHTIB y MiJ3eMHUX BOAAX TiAPOTEPMATbHUX CHUCTEM
JoHbacy 4depe3 BiICyTHICTb IPOMMCIIOBOI MiHepaJi3allil y mopojJax Mmalixke He BMBYajacs.
OKpeMi MOJIOXKEHHS 1€l BaXXJIMBOI IPOOJIEMU PO3IJITHYTO JIMIIE Y KiJbKOX Tpansx [8, 18,
20]. Anani3 pe3yiabTaTiB 6araTopiuHOro BUBYEHHS TiIporeoxiMii perioHy J03BOJIMB HaM He
JIAIEe BUSIBUTU NEsIKi 3aKOHOMIPHOCTI PO3IOALTY PilKiCHUX €JIEMEHTIB y MiA3eMHUX BOAAX
OMHi€l 3 HAWBaXJIMBIIIMX PYOIOHOCHUX MPOBIHIIA YKpaiHU, a ¥l AiATH LiKaBUX HayKOBUX
BUCHOBKIiB.

VYmoBu dopmyBanns i rigporeoxiMiuni 0cOOJMBOCTI TipoTEPMAIBHUX CHCTEM peETiOHY.
JoHbac sIK cK1amyacTa cropyjaa yTBOPUBCS B Mexax naneo3oiicbkoro pudry (B. K. I'aspuii,
1969). I'ooBHi 10r0 TEKTOHIYHI PUCH BU3HAYAIOTHCS TMOMHHUMMU po3jioMamy — [TiBHiUHO-
noHeubkuM, IliBneHHomoHelbkuM, LleHTpambHOmOHeUbKMM, KpuBopizbko-IlaBiiBCcbKuM,
MyuikeTtiBcbko- IlepcianiBcbkum, Kypynabcbko-JlpoHiBcbkuM Ta iH. TimpoTepmanbHa
TiSTbHICTD MO 30HaX PO3JIOMIB, 1110 MOB’sI3aHa 3 MaJC030MCbKUMM i ME30-KailHO30MChKIUMU
TeKTOHIYHUMU pyXaMH, 0OyMOBUJIa BUHUKHEHHS 0araroda3oBUX OCEpeNKiB PO3BAaHTAKEH -
HsI TepMaJIbHUX MiHEpaJOoyTBOPIOIOUMX PO3UYMHIB, SKi i cpopMyBanu pi3Hi 3a MOTYXKHiCTIO
Ta XapakTepoM MiHepai3allil TriIpoTepMalbHi CUCTeMU (PUCYHOK). Y HUX YTBOPUJIHUCS SIK
HaWKpyMHilli y perioni pyaHi moys (MukuTtiBcbke, Haronpsuanceke, [lokpoBo-Kupeeschbke,
HpyxkKiBcbKo-KocTssHTUHIBCbKe, CIIOB’SIHCbKE Ta iH.), TaK i HEBEJIUKi MPOSBU TiApoTep-
MaJIbHOI MiHepaii3zallii. JdisIbHICTh TimpoTepMaJbHUX CUCTEM OOYMOBUJIA HE JIMIIE Iajeo-
30lichKe (Y JesIKMX BUITaJKaX — Me3030MChbKe) pyIOyTBOPEHHS, a i IIMPOKO PO3IMOBCION-
JKEHi 3MiHU Y TopoJax pi3HOro BiKy — ax 10 KaitHo3olicbkoro [19]. Y npolieci reosioriuHo-
Tro po3BUTKY y CTpyKTypi JloHb6acy chopmyBaBcs JloHelbKUii BomOHaIipHUM GaceilH, mo
CKJIay SIKOTO BXOMASITh BOMOHOCHI TOPUM3OHTH i KOMIUIEKCH Iajie030MCbKOr0, ME3030MChKO-
ro Ta KalHO30MCHKOIO BiKY.

BHacnimok HailHOBILIMX Ta CyYacHUX TEKTOHIYHUX PyXiB 3 amruiitynamu 10—15 MM 3a
piK, 5IKi € JvIille CJaOKXMM BiTOJOCKOM NaBHiX (Habararo MOTYXXHIilIMX) TEKTOHIYHUX MPO-
1IeCiB, Ha AESIKUX TeOAMHAMIYHO AKTUBHUX OUISHKAX PO3JIOMIB i HMHi CIIOCTEPiraroThCs
Mnpolecy TerjaoMacornepeHocy. BoHU mposBisioThbesl y 30iIbIIEHHI HAIIPY>KEHOCTi reoTep-
miyHoro noss (y 1,5—2 pa3u), y BUCXiTHOMY PO3BaHTaXK€HHiI €HIOTCeHHUX ra3iB i BOM IJI-
060Koro (popMyBaHHSI, 30arayeHUX HAUPYXJIUBILIMMU CKJIAAOBUMU INTMOUMHHOTO dumoiny. Lle
BUKJIMKAE (DOPMYBaHHSI T€OXiMIYHUX i T€OTEPMIYHUX aHOMAJTiiA, 1110 HECYTh TeHETUYHY iH(DOP-
Mallilo Tpo crelianti3alilo TeHepyuYrX OCEepelKiB TiApoTepMalbHUX cUCTeM. Boau 1mux
aHOMaJIili, HaImopHu SIKUX OiJIsI MOBEPXHi CAraloTh 0araThboX COTeHb METPiB, 3BUYAAHO BMIlIly-
IOTh PiIKiCHi €JIeMEHTHU Ta IXHi CITOJYKM, HAIXOMXKEHHS SIKMX Y MiA3eMHY Tigpochepy Moxe
OyTH TIOB’sI3aHe He JIMILe 3 KOPOBUMU, a i 3 MaHTiiiHMMU mipouiecamu [19].

OpeoJibHi BOAU TigpoTepMaIbHUX POAOBUIIL i PYIOIPOSIBIB PErioHy, 110 chopMyBav-
csl y MeXax TiZpoTepMaTbHUX CUCTEeM, BiIlPi3HSIOTHCS FeOXiMiYHMMM 0COOIMBOCTSIMU. BHac-
JIIDOK Pi3KOro MOPYIIEHHS TiApOreoXiMiyHOi 30HAJbHOCTI TYT, Ha HEBEJUKiil IMMOuHi, a
iHOMi ¥ Ha MOBepxHi, Ha (hOHi HU3LKO MiHEpali30BaHUX, HEUTPATbHUX a00 CIabOTYKHUX
aKTHUBIi3allilo TiIpoTepMaIbHUX CUCTeM perioHy. Lle mo3Bossie BUAIMTU B iX TeOJOTiYHIN
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eBOJIOLLIT nocmeidpomepmanvHuli €Tar pO3BUTKY [5], 3 SIKUM TOB’SI3aHO HaIXOIKECHHS
PIAKICHUX €JIEeMEHTIB Yy MiA3eMHi BOAMU.

Piakicui xiMiuni eJleMeHTH y miA3eMHHX BOAaX riaporepMaibHux cucrem londacy. Y
MiI3eMHUX BOAAX TiApoTepMaibHUX cucTeM [JoHOacy XiMiuHi eJIeMeHTH, 10 HajexaTb IO
PiIKiCHMX, TPAIUISIIOThCSl 3HAYHO YacTillle, HixX y BoJax perioHajabHoro ¢ony. Lle, 3 omHoro
0OOKy, OOYMOBJICHO MiCIIE3HAXOMKEHHAM JKepesl iX TJIMOMHHOI reHepallii, a 3 Apyroro —
CIPUSATAVBUMMU JUISI Mirpallil pifKiCHUX eJJleMeHTiB (Pi3uKo-XiMiYHMMU YMOBaMU, XapaKTep-
HUMH Ui BOJ, 1[0 IUPKYJIIOIOTh Y LIUX crelupiYHUX TiApOreoJoriYHUX CTPYKTYypax.

Posnoecrodicenns piokichux enemenmié y nid3eMHUX 600aX 2i0pOMEPMAAbHUX CUCHIEM.
PinkicHi enreMeHTH BUSIB/ISIIOTH HEYACTO y MiA3eMHUX Bopax JloHOacy yepe3 iXHIO HU3bKY
KOHILICHTPAILIi10 i HEBUCOKY YyTJIMBICTh METO/IB BU3HAYeHHsI. Tak, 3a JTaHUMU CIIEKTPaJbHO-
ro aHai3y, YyTIMBICTb CTAHOBUIIA: iTepOiro, repMaHilo, ceJeHy Ta rajio — 1-1074, ckanmio —
3,5-107%, naHTaHy, PiIKiCHO3EMEIBHUX eIEMEHTIB, Hi00iI0 Ta iTpito — 11073, uepiro — 3-1073.
JIiTiiA, pyOimiii Ta Le3ii 32 METOIOM TMOJIYM SIHOI (POTOMETPIT Man Yy mmBicTh 1:1075—1-1074 %.

B opeosibHMX Bogax TriipoTepMalbHUX POAOBUIL PETiOHY HalyacTillle BU3HAYaIU BMiCT
PiIKICHUX JIYTiB i MEHILIOI0 MipOIO — TrepMaHilo, iTpilo, rajito, JaHTaHy. IHIIi piokicHi ene-
MEHTHU TPAIUISIIOTHCS 3HAYHO pialie (TaOauList).

3a po3MOdijOM PiAKICHUX €JeMEHTIB Yy IMiI3eMHUX BOAAaX Pi3HUX TiIpOoTepMaTbHUX
cucteM [JoHbacy, 3’ICOBYEThCS, 1110 X MiIBUIIEHA KOHLIEHTPALIisl TSKI€ A0 JIY>KHUX XJIOPWI -
HO-, TiIpOKapOOHATHO-HATPiEBUX, TiIpPOKapOOHATHO-XJIOPUAHO- ab0 CyabGhaTHO-XJIOPUI-
HO-HaTrpieBuX Bod. Ilpu 1lboMy MpoOU BOIM, sIKi BiliOpaHO IIACTOBUIIPOOYBAYEM i3 TIMOO-
KHX CBEpIUIOBMH, 1110 CAMOBMWJIMBAIOThCS, i maxT rmmouHoio > 800—1000 M, xapakTepu3sy-
IOThCSI HE JIMIIIe OiTbIIMM BMIiCTOM iOHIB XJIOpYy Ta HaTpiwoo, BequunHowo pH i y Ginbirocti
BUMAAKiB — MiHepaJi3alli€lo, a i MigABUILIEHOK KOHLIEHTPALI€I0 MPAKTUYHO YCiX PiAKICHUX
enemeHTiB. Ille ogHiel0 XapaKTepHOIO Te0XiMiuHOI OCOOJIUBICTIO € 3aIEXKHICTh MixXK BMiCTOM
PiAKICHMX €JIEMEHTIB Yy BOJi i BiUIbHUM aiokcuaoM Byrieloo. Ciig 3a3HaYMTH TaKOX, IO
aHOMaJIbHa KOHUeHTpauis Jitito (mo 21,0 mr/mn), repmanito (> 0,3) Ta iHIIUX eJeMEeHTiB
L€l Tpynu BCTaHOBJIEHA Y Mpobax Boau 3 rmouH Bim 500—600 mo 1000—1500 M i Giiblie.

3a rimporeoxiMiyHOO Creliaji3allielo TiApoTepMalbHi CUCTEMM BiAPi3HSIIOTBCS MixX
coboro. Tak, y Mexax lleHTpalbHOZOHEILKOTO PO3JIOMY iXHi BOAM YacCTO BMIlllyIOTh IO-
PIBHSIHO BHMCOKY KOHIIEHTpAllil0 PiIKiCHUX JIYTiB i repMaHito, a y 30Hi [liBneHHOZOHEeIbKO-
TO pO3JIOMY BOAM TigpoTepMaiibHOI cucTeMu [lokpoBo-KupeeBCcbKoro pomoBuila xapakTe-
PU3YIOThCSI TIPUCYTHICTIO Hi00i10, OepuITito, IaHTAHOIAIB, iTepOito. Lle, Ha Hally TyMKyY, 00y-
MOBJIEHO CTPYKTYPHUMU OCOOIMBOCTSIMU LIUX PO3JTOMHMX 30H i INIMOMHOIO 3aJISITaHHS JDKepest
MocTayaHHs piiKicHUX exeMeHTiB. Ha mincraBi BuBueHHs > 300 pe3ynbTaTiB aHami3iB rigpo-
TeoXiMiYHUX MPOO BCTAHOBJIEHO HAWKOHTPACTHIllI OPEOr PO3CiIOBAaHHS Pi3HUX PiIKiCHUX
eJIeMEeHTIB y mim3eMHux Bogax Jlonbacy [8, 20].

MaxkcuManbHUI BMICT .2imito BUSIBIEHO y BOJAX, 1[0 PO3BAHTAXYIOTHCS IO 30HAaX
ITiBnenHonoHenpkoro (21,0 mr/m Ha rmbuHi 623 M), Kpusopizbko-IlariiBcbkoro (12,5—
13,0 mr/n Ha rmbuHi 1300 M), HentpansHogoHeubkoro (1,0—1,2 mMr/n Ha TIMOWHI
1500 M) posnomiB [8]. TimporeoximMiuHi aHOMaIii 3 KOHIIEHTpAIi€l0 €JIeMEHTa y MexXax
0,15—0,75 Mr/a mpocTeXyIOThCSl B OPEOJIbHUX BOAAX OLIBIIOCTI TiApOTepMaIbHUX POIOBUIIL
i pyIOOIIpOSIBIB PETiOHY Y Pi3HUX BOMOHOCHMX TOpPM3OHTax i KomIuiekcax. BomgHi opeonu
po3citoBaHHS JIiTi0 Pi3HOi KOHTpacTHocTi (mo 0,5—0,7 Mmr/n) BiamiueHo i Ha AiMSIHKAx
PO3BaHTAXEHHSI JTYXKHMX TipOKapOOHATHO- Ta XJIOPUIHO-HATPiEBUX BOM Y MeXaX KyIOJb-
Hux cTpykTyp IliBHiuHO-3axigHoro [lon6acy (KpacHoockonbcbka, BonBeHKiBcbka, CriiBak-
iBCbKa Ta iH.), a TaKOX Yy 30Hi MyIKkeTiBcbKo-IlepciaHiBChbKOro po3iomy.

HaiiBuiy KoHLEHTpaLlilo py6idito BUSIBICHO B OPEOJbHUX BOAAX PTYTHUX PYAHUX IMOJIB
TonosHoi (0,08 mr/1) Ta JdpyxkiBcbko- KocTsiHTrHIBCHKOI (0,052) aHTUKITIHANEH, HA MiBASH-
Ho-3axigHOMy ckierninHi KpacHoockombebkoro kymona (0,016—0,04) i y 30Hi MyIikeTiB-
cbko-IlepcianiBcbkoro posiomy (0,04 mr/im).

Lle3iti (0,08 Mr/) BUSBIEHO Y XJIOPUAHO-HATpieBUX po3cosax CloB’SHCHKOI COMISIHO-
KYIIOJIbHOI CTPYKTYPH i y HMXYiil KoHueHTpauii (1o 0,02) — B opeonbHUX Bogax MUKHUT-
iBcbkoro Ta IlokpoBo-KupeeBcbkOro pyagHUX MOJdiB, a TakoX Ha KpacHOOCKOIbCHKil,
Binsescokiit, CrniBakiBchbKiil, KaMHIIIOBaXChKiil KyMOJbHUX CTPYKTYpax, MOPOAU SIKUX Xa-
PaKTepU3YIOThCS TiApOTEPMAJbHOK MiHepasi3alli€o.

T'epmaniii (1o 0,355 mr/m) yacto TparmisieTbesi y Bogax MUKUTIBCBKOTO PTYTHOTO pPO-
nosuina. Lleit eeMeHT ayXe XapakKTepHUI AJIs1 MiA3eMHUX BOI KaM STHOBYTIJIbHUX BiKJIaliB
LentpansHoro JoHbacy, Ae WOro BMICT iHOAI cSira€ MPOMUCIOBUX KOHIIEHTpALIii.

3-MoMiX piIKiCHO3eMEIbHUX €JEMEHTIB HallXapaKTePHIlUMM [ MiA3eMHUX BOJ pe-
rioHy € sanman. Vloro BcraHosieHo (10 0,473 Mr/n) y XJ10puaHO-HATpieBUX Bogax MuKu-
TiBCBKOTO pydHOro Tmojis Ha T1mouHi > 700 M. Takuii BUCOKUIT BMICT eJleMeHTa (10
0,460 Mr/m) crmoctepiraetbest i B opeosibHUX Bomax ITokpoBo-KupeeBChbKOro poaoBuiiia
GIo0opuTy, aje Ha 3HAYHO MEHIIMX NIMOMHAX. A HYDKYY KOHIIEHTPAILLilO, 1110 He TIePEBUIILYE
0,006—0,007 mr/in, BusiBieHo Ha CJIOB’STHCBKOMY PYIHOMY TOJIi, pyaAHUX Moyissx HaroiabHOTro
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TexkToHiIYHa cxemMa 3 OCHOBHUMU
riiporepMaJbHUMM CUCTEMaMU
HoHbacy: I — rauMOMHHI po3jo-
MU; 2 — TEKTOHiUHi PO3PHBHI
MOpPYLLUEHHs; 3 — Bici aHTUKJIiHa-
neit; 4 — Bici cuHKIiHANEH; 5 —
KOHTYPH Me3030iCbKHX MOKJIALiB;
6 — rigpoTepMaibHi CHUCTEeMHU
(pyzHi mosst)

ST
e,

KPsDKY 1 Yy BoJax 0aratbox KyINoJbHUX CTPYKTYp baxmyTcbkoi Ta Kanbmiyc-Topelbkoi KOT-
JIOBYH.

bam3pkuii 3a xapakTepoM pO3TMOBCIOMXKEHHSI imepbiti, KOHLIEHTpALlisl SIKOT0 y IiA3eMHUX
BOMIAX TiIpOTEPMaIbHUX CUCTEM perioHy 3BuuaitHo He mepesuiiye 0,0003—0,0005 mr/m.

T'aniti yactiine 3a Bce TparuisieTbes y Bogax LleHTpanabHo- i [TiBI€eHHOAOHELBKOIO PO3-
JIOMiB, Jie MIOTO BMICT Y MiA3eMHUX BOJAX TIMOOKUX Topu3oHTiB — Bim 0,005 (MukuTiBchbKe
pomosuie pryti) g0 0,01 Mr/a (ITokpoo-KupeeBcbke pomoBuiiie Guooputy). Y Mexkax
iHIIMX TiApOTEPMAIbHUX CHUCTEM Tajliii CIIOCTEPIiraeThCsl PimKo.

AHaJli3 po3noAlly KOHIEHTpalii 6epusito 1O3BOJUB BUSIBUTH IMEBHY TEHICHIIiIO, 11O
xapakrtepHa i Jlonb6acy. AHOMallbHa KOHIIEHTpaIllisl eJleMeHTa BcTaHoBIeHa y Bogax Ilo-
KpoBO-KMpeeBCchbKOI TiApoTepMaibHOI CUCTEMM, SIKa YCKJIaIgHEHa iHTPY3isIMM JIy>KHO-OC-
HOBHHUX Ta rabpoinHux nopia (mo 0,005 Mr/n) y Bomax riapoTepMaibHUX cucteM Harojb-
HOTO Kpsika — Ha JiUISTHKaX po3BUTKY maek jammpodipiB (mo 0,001), y Bomax pi3HMX 3a
po3MipaMu TimpoTepMaJbHMX BOorHul Ha bepekchbkiii Ta KypyJbChKill KyMmOIbHUX CTPYK-
Typax (1m0 0,002 Mr/n), ne y Opekdisix COJNITHUX AiamipiB 3HAACHO yJIaMKU MOPiI KOMIUIEKCY
nia6asiB. TligBuilleHa KOHLEHTpallisg Oepuiilo BUsiBIeHa i y Bogax MyiuketiBcbKo-Ilepcia-
HiBCBKOTO PO3JIOMY Ha AIISTHKAX BUXOAYy MarMatuyHux aaek (mo 0,001 mr/n). Lle Bkasye Ha
YiTKy MPUYPOYEHIiCTh aHOMAJIiil eJeMeHTa Y MiN3eMHUX BOJAX OO0 iHTPY3MBHUX IOPiMd, 11O
iHOMI BMIIYIOTh HaBiTh OEpUIi€EBI MiHepanu (TeHTTeNbBiH, (peHaKiT, eBkKia3 Ta iH.) [7] i
MOXYTbh OyTM HaWBaXKJIMBILLIMM IXKEPeJOM HaIXOMKEHHS MOro y min3eMHy rinpocdepy pe-
TiOHYy.

Taxi piakicHi enemeHTH, K ckandii (koHueHTpaiist 0,0001 xo 0,003 mr/n), yepii (no
0,002—0,006), xio6iti (Bim 0,0001 mo 0,0005) Ta cezen (0,0001 Mr/n) TPAISIOTHCS Y MIA3EMHUX
Bojax JloHOacy BKpaii piiKo, a AesiKi Julle Yy MMOOAMHOKMX BUMAIKaXx.

BuBYeHHs1 po3monily piIKiCHMX eJeMEHTIB y Mia3eMHuX Bomax [oHOacy mo3BoJisge
HaMiTUTHU MPUYPOYEHICTh iXHbOI ITMOMHHOI Mirpalii 40 PO3JIOMHUX I'€OCTPYKTYP, SIKi BU3-
HayaloTbh TEKTOHIUHY mo3ulito JdoHewnbKoi ckiagyactoi cropyau (IliBmeHHo-, LleHTpanb-
HomoHelbKuid Ta KpuBopizbko-IlaBaiBCbKuiA poO3JIOMM).

IDicepena Haoxo0xucenHs pioKicHUX eneMeHmie y nidzemHy 2iopocgepy peeiony. AHamizyI0-
Y¥ MOXKJIMBI Kepeaa HaIXOMKEHHS Y TMiA3eMHi BOAY PilKiCHUX €JIeMEHTIB, SIKi MPaKTUYHO
BiICYTHi y moponax 6araToKiJJoMETpOBOI OCAJOBOI TOBII PEriOHY, MA BUXOAMMO 3 KOH-
LIeMIil yTBOPEHHS "TilMoreHHUX" rigporeoxiMiuHux aHomaliii [17]. Bonu ¢opmyroThcst BHaC-
JIIDOK PO3YMHEHHS Y BEPXHiX TiIpOAMHAMIYHMX 30HaX Tiapochepu eHAOreHHUX (IIIoidiB,
10 HAOXOIATh MO 30HAaX TEKTOHIYHO aKTMBi30BaHUX po3yoMiB. Lle mo3Bojsie posrismatu
Taki aHOMaJlii SIK TIEPBUHHI TiApPOTreOoXiMiuHi OpPeosid PO3CilOBaHHS MPOMAYKTIB TTMOMHHUX
reHepyouux BorHuil. OCTaHHI MOXYTb OyTU SIK y TTOPOAAX, 11O MilgaBaMCs iHTEHCUBHUM
CTPECOBUM HaBaHTAXEHHSIM, TaK i y MarMaTUYHUX KOPOBUX a0 HaBiTh i MiAKOPOBUX €KCra-
Jsrrax. [1paBWIIBHICTD iHTepIpeTalii TiMoreHHUX TiIpOoreoXiMiyHUX aHOMaJTill BEMKOIO Mipolo 3a-
JIEKUTh Bill BUHAYECHHS HAIPSIMKIB IPOLIECIB MAcOIEepeHOCY Ta TeOXiMiYHMX Gap’e€piB, Ha SIKMX
BiIOYBa€eThCSI CKMIAHHSI MiHEpaJIbHOI CKIaI0BO1 MPUPOJHUMU PO3UMHAMM.

Po3msiHemo 1ie MoJIoxkeHHsT Ha MpUKIIai po3Noaily pyOidilo y Bogax INIMOOKMX TOPU3OHTIB
IMepenkapkazsst y Pocii [10, 11]. ABropu my0Jikaliiii BKa3yloTb Ha XapakTepHy i st JloHOacy
TEHJEHLIiI0 10 3pOCTaHHSI KOHLEHTpALil pilKiCHUX JIyTiB, i 30KpeMa pyOifito i3 30iIbLIEHHSIM [JI1-
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GUHM, IUIACTOBOI TeMIIepaTypy Ta MiHepanizawii Bom. Moro aHoOMaibHA KOHLIEHTpALisI y BOZ 3a-
ikcoBaHa Ha MOMHI ~1 KM y Mexax ceiicMoakTuBHOI [liBmeHHOmareCTaHChKOI 30HU PO3JIOMIB.
Ha nymMKy aBTOpIB, 1I€ SIBUIIIE TTOB’I3aHO i3 HAIXOKEHHSIM eJIEMEHTA 110 TEKTOHIUYHMX MOpPYIIeH-
H$IX 3 NIMOMHHUX 30H 3eMHOI KOpHU. Pi3Kke 30UIblLIEHHSI KOHLICHTpALLii pyOiil0 Y pO34MHi CITOCTe-
piraeTbcs TAKOXK Ha IMOMHI ~3 KM. [OJIOBHMMM YMHHHMKAMM, 1O BUKJIMKIA "CTPUOOK" BMICTY
pyOimito Ha BKa3aHili INTMOMHI, Ha IXHIO IYMKY, € TeMIleparypa i TUCK, sIKi CIIPUSUTA BUBOMY €JIeMEHTa
3 KPUCTATIYHOI PELLITKY MiHEPATB (P rumre <70 MITa, 77100 °C). Onnax, Ha Hallly JyMKY, 30UTbLICH-
HsI KOHIIEHTpallil pyOifilo Ha BKa3aHWX IIMOMHAX 3yMOBJIEHO 30BCIM iHIIIMMU MpUYMHamMu. Mosa
MOXKe HTH Mpo TeoXiMivHi (TIeplil 3a Bce, TepMobapuyHi) 6ap’epH, Ha SIKUX BinOYBaETHCS CKUIAHHS
PiIKICHUX JIYTiB, 1110 3HAXOISITHCS Y (OIIOIIHOMY MOTOLI. TOMY CJTil FTOBOPUTH HE TIPO 301IbLLIEHHS,
a HaBMaku PO 3MEHIIeHHST KOHIIEHTpallil eleMeHTa (y TaHOMY BUITAIKy — PyOililo) B MpoLeci
BHCXiTHOTO PO3BAHTAKEHHS PO3YMHY 10 30Hi po3ntoMy Ha ImbuHax 3 i 1 km. IlinTBepmkeHHIM
MPaBWJIBHOCTI HAIOI TOYKM 30py MOXYTb CIY>KUTH i Pe3y/IbTaTh €KCIIEPUMEHTIB 3 TIepexOLy
PIOKICHUX JIYTIiB i3 MATMAaTWMYHMX TOPIiJ Y BOTHWIA po34rH [22]. JoCTiIHNM IIUISIXOM BCTAHOBJIEHO,
1110 JIiTi, pyOimiii Ta 11e3iii, sIKi MPUCYTHI Y KPUCTATIYHINA CTPYKTYpi MiHEpaJliB IEpBUHHMX TTOPIT,
BUMMUBAIOTHCS JIMILIE 32 IHTEHCUMBHIUX 3MiH MpCHKOI TIOpoay, sIKi Bimoysarothbest ipu 77 500—600 °C
[21], a He 100 °C, gx 1e TeopeTyHO mpuItycKatocs y nparsx [10, 11]. Le cBimunth mpo Te, 110
pYHHYBaHHSI KPUCTAIYHMX PELITOK MiHepaiB 3 Bimmayero A0 (UIIOITHOI CKIaIOBOI PiIKiCHUX
JIYTiB MOXe BiOYBaTHCS, BUXOISUM 3 TEOTEPMIUHOIO rpamieHTa, Ha MouHi 15—18 kM.

Hasenena cxema npuaaTtHa i it yMoB JloHOacy. 3rimHO 3 Treodi3snYHMMA TOCTiIKEHHSIMU,
JIOXKE KPUCTAJIYHOTO (hyHIAMEHTY MiJ CTPYKTYporo JIOHEIbKOI CKIQauacTol CIIOpyau 3ajisirac Ha
rmovHi 10 10—12 kM. Buxomstan 3 1iboro, He BaKKO BU3HAYMTH, 1IIO caMe ITOPOIY apXeii-IipoTepo-
30MCbKOr0 KOMIUIEKCY, $SIKi TIepeOyBaloTh il BIUIMBOM MPOLECIB IMMOOKOro TepMOAUHAMOMETa-
MopdizMy, € OTHUM 3 HAWBAXIMBIIMX (ale HE €MHUM) DKEePEIOM PilKiCHUX JIYTiB i Gararbox
IHIIMX XiMIYHUX €JIEMEHTIB y MiA3eMHiii Timpocdepi perioHy. Y dumoinax, 110 miaHiMaloThCs 3 TAKUX
TJIMOVIH, 1ITKOM JIOTiYHO MPUITYCTUTH i IPUCYTHICTb PEYOBUH iHILIOTO, OUTHII IMTMOMHHOTO F'eHe3U-
cy. Toii daxT, 1o JiiTiit, pyOimiii, 1ie3iii i reoXiMiuHO HAOIMXKEeHWIA IO HUX KaJliil 3BUY4aifHO KOHLIEH-
TPYIOTHCS Y 3JIMIIKOBUX (DIIIOITAX Marm, 1110 KPUCTAIi3YIOThCsI, JO3BOJISIE CTBEPIKYBATH, 1110 TIeBHA
YacTVHA PiIKiCHUX €JIEMEHTIB HAIXOOUTh 3 MAarMaTUYHUMU €KCraIsTaMy. Y TIpoLeCi KOHBEKIIiii-
HOTrO LIMKJTy Ha BEJIMKUX IIMOMHAX BOAHO-TA30BUI PO3YMH 30arady€TbCsl MarMaTMYHUMU BOJAMU
(5—10 %), 10 BMilLIYIOTh PIAKICHI JIyTH, KaTiii Ta iHII rinoreHHi eneMeHTtH [21].

Mizepauis pidkichux esemenmie y nidzemuux 6odax peeiony. Mirpaliist XiMiYHAX €JIEMEHTIB Y
MiI3eMHUX BOIAX BU3HAYAETHCS BHYTPILIIHIMM i 30BHIIIHIMU (hakTopamu [3, 6], 3a1eXHO Bifl SIKHX
BOHU MOXYTb OyTH y BOZHOMY PO3YMHIi y BUIVISIAI MPOCTMX MUCOLIIHOBAHMX iOHIB, KOMITIEKCHUX
CITOJTYK 200 KOJIOIiB. Y 6araTOKOMIIOHEHTHiI CUCTeMi, SIKOIO € IMin3eMHi BOIU, OUTBIIICTD PiIKiCHUX
€JIEMEHTIB YTBOPIOIOTh PYXJIMBI KOMIUIEKCH 3 pi3HUMM aneHaamu. [Ipu LiboMy 4MM cTiliKillie KOM-
TUIEKCHA CITOJIyKa, TUM Kpallle BOHA Mirpye y BOOHOMY cepeloBuili. Po3rissHeMO 0coOIMBOCTI
Mirpauii AessKMx piIKiCHUX eJIEMEHTIB y Mia3eMHMX Boaax JloHOacy.

Piokicui ayeu. BomHa mirpattist JiiTiro, py0iiro i Lie3ito BiOyBa€ThCsl, TOJIOBHUM YMHOM, Y (hOpMi
npoctux ioHiB (Lit, Rb*, Cst). BoHa 36epiraeThest 10 iXHbOI B3aEMOIII 3 pi3HUMU afieHIaMu, BHAC-
JIIOK SIKOI YTBOPIOIOTHCS KOMITTEKCHI crionyku. C. P. KpaitHoB [6] BBaxae, 1110 HAliOUTBILION 31aT-
HICTIO IO KOMITIEKCOYTBOPEHHSI XapaKTepU3YEThCSI JIiTil, SIKUI YTBOPIOE PYXJIUBI CIIOYKH 3 TiIPOK-
cwi- (LiIOHO) Tta cynbdar-ioHom ( LiSOZ ). Came ui Tpu (popmu Mirpariii — ioHHa, TiIpOKCWIbLHA
Ta cyJibaTrHa — i MepeBaKaroTh y TiapoKapOOHATHO-CYIh(pATHUX Ta CYJIb¢aTHO-TiApoKapOoHaT-
HUX BOIax perioHaIbHOro (PoHy 30HU BUTbHOTO BomooOMiHy JloHOacy. JliTieBOo-CyabthaTHi KOMIT-
JIEKCH TAKOXX MOXKYTb YTBOPIOBATHCSI Y ME3030MCHKMX TiIpOreOIONYHUX CTPYKTypax 3 IIMPOKUM
PO3BUTKOM CYJIb(PaTHUX BOI. Y CBOIO Yepry, MOMITHE 30UTbILIECHHSI TiIPOKCUII-JIITIEBUX 10HIB MOXE
CIIOCTEPIraTMCsl CaMe 3a PaxyHOK LIbOTO i y TiapoKapOOHATHO-HATPiEBUX BOAAX, sIKi PO3BAHTAXKY-
I0TbCSI HA TEKTOHIYHO aKTUBI30BAHMX AUBTHKAX PO3NoMiB. Y minbokux (> 1200—1500 M) ropusoH-
Tax IMaJjeo3010, Je MePeBaXHUM TUTIOM LIUPKYJTFOIOUMX PO3UMHIB € XJIOPUIHO-HATPIEBI-(KAIbIIIEBI)
po3cosu 3 MiHeparizalii€eto > 35 /11, cyTTeBe 3HAUCHHS SIK aneHaa HaOyBae xyiop-ioH. TyT, sIK i Ha
IUISIHKaX iHUIBTPaLiitHOro po3YMHEHHsT KaM’sTHOI COJTi, JIiTiii MOXe MirpyBaTH MepeBaXkHO Y BUT-
s xiopyaHoro komruiekey LiCl0. Lli BUCHOBKM MaroTh MareMartuuHe ob pyHTyBaHHS. Hamu
BCTaHOBJICHO, 1I0 y BOJAax TiapoTepMalbHUX cucTeM JloHOacy HailOuIbI PO3MOBCIOMIKEHUM 3
PIOKICHUX JIYTiB € JITid, SIKWA Maiike 3aBXIM Ma€ TTO3UTHBHI KOPEJSILIIHI 3B SI3KU 3 BEJIMUYMHOIO

pH, Minepanizawiero, ionamu HCO3 , soi— ,Nat, CO,, F~, Hg?" i HeratupHi — 3 ionamm Ca?*, Mg?*,

B3*, Cu™, Zn2. CriocTepiracThesl TAKOX X04 i CIA0KMIA, ajie TIO3UTUBHUIA 3B SI30K JIITIIO 3 XJIOP-IOHOM.

Py6iditi y BinmoBimHOCTI 3i CBOIMM TeOXiMIUHUMM OCOOJIMBOCTSIMM 3[aTHMIA YTBOPIOBATU Y
BOIIi HEOPraHiuHi KOMIUIEKCH TTEpeBaXHO 3 X1opoM. Ipote, komrieke RbCI0 He Mae y iprpomHux
BOJIAX CYTTEBOrO 3HaueHHs. 3a po3paxyHkamu C. P. KpaitHosa [6], KiJIbKIiCTb IPUPOIHOIO KOMITIEK-
¢y py0iniro 3 XJIOpOM y Bofax 3 MiHepaiizaliero 1o 5—7 /1 ayxe He3HauHa. Te came CTOCYEThCsI
11e3it0, SIKMIA SIK i pyOiniii (a 3pellTolo i JIiTiil), Mirpye roJJOBHUM YMHOM Y BUIJISIII MPOCTUX MO3U-
TUBHO 3apsKeHUX iOHiB. BinCyTHICTh pisHOMaHITHOCTI y ¢hopMax Mirpanii — omHa 3 IPUYMH
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HU3bKOI PO3MOBCIOMKEHOCTI i HEBUCOKOI KOHILIEHTpaIlii pyOiito i 11e3il0 Y Min3eMHUX BoAax peri-
OHY. BUHSITKOM, CyIsTuM 3 MOXKJIMBOCTEI LIMX €JIEMEHTIB yTBOPIOBATH XJIOPUIHI KOMIUIEKCH, € JIMIIIE
XJIOPMTHO-HATPIEBI BOIW Ta PO3COJM, 110 (DOPMYIOThCS Y IIMOOKMX T'OPU3OHTAaX IaJeo3010 Ta
PO3BAHTAXYIOThCSI 110 IIMOMHHUX PO3JIoMax. [ 0JIOBHOO MPUYMHOIO OCAIKEHHS JIYTiB 3 TIPUPOI-
HUX PO3YMHIB € iXHsI iOHOOOMiHHA COpPOILLisl HETAaTUBHO 3apsiKEHUMU YaCTKaMU TIIMHUCTUX TTOPil.
3 ypaxyBaHHSIM €Heprii TimpaTallii 3a 30aTHICTIO 10 iOHOOOMIHHOI COPOLIIi 11i eJIEeMEHTH YTBOPIOIOTh
Takuii psta: Cs > Rb > K > Na > Li. A 3a 31aTHicTIO 10 iX COpOILil, NTIMHKUCTI MiHEpaM pO3TaIlIOBY-
J0TBCS Y TTOC/TIIOBHOCTI: MOHTMOPMWJIOHITA —> TiIPOCIIONM — KAOJiHITU. 3a iHIIMX piBHUX 00OCTa-
BMH COpOLIis JiTito, pyOifdilo i 11e3il0 3 BOI HATPiEBOro CKIamy MpOTIKaE iHTEHCHUBHillle, HiK i3
KaJTbIIIEBUX BOJ, 11O ITOB’SI3aHO 3 OLTHIIIOI0 KOHKYPEHTO3IATHICTIO KAJIBILI0 Y iIOHOOOMIHHMX ITPO-
necax [13].

Piokicnoszemenvri esemernmu. OcCHOBHOIO (POPMOIO BOTHOI Mirpallii piIKicCHO3eMeJIbHUX eJie-
MeHTiB (TR) € pi3Hi komruiekcHi crioyku [3, 13, 21]. Pazom 3 TUM BigoMo, 1110 BOHM € HE JIMIIIe
eJIeMEHTaMU-KOMIUICKCOYTBOPIOBAYaMM i eJleMeHTaMU-TinpoJtizaropaMu. 3a BUCOKMX 3HaYeHb pH
TIPUPOIHI BOIM MOXYTh YTBOpIoBaTy Tinpokcran iy TROH3'. Tlpu 30i1blieHHI KOHLIEHTpaLii
afeHiB y BOOHOMY PO34YMHI TIPOKCUJI-IOH BUTICHSIEThCS 3 KoopauHauiitHoi cepu TR ixHiMu
ioHaMU (CO%‘ , F-main.) [6]. I1Io X 10 KOMITUIEKCHUX CITONYK, TO A1t TR 0COOIMBO XapakTepHi
KOMIUIEKCH 3 KUICHEBMICHMMM alieHAaMU MiA3¢MHUX BOJ i, MEPLI 3a BCe, 3 CO%‘ [3]. Lle HaitBax-
JBila ¢opMa Mirpauii mpaktiaHo ycix TR B ymoBax 30HU rinepreHesy JdonoOacy. Komruiekcu 3
CIPKOBMICHUMM CITOJTyKaMH ( SO%‘ Ta iH.) HeCTiliKi y BOMHOMY PO34MHi Yepe3 Te, 11O 3B’3KH, SIKi
YTBOPIOIOTHCSI B 1ILOMY BUITAAKY MiX PiIKiCHO3eMETbHMMHU €JIeMEHTaMH i CipKol He OyBaroTh
KoBasieHTHUMH [13]. KoMIieKcHi cronyky 3 a30TBMiCHUMU aieHIaM1 HACTUIbKK HECTIlKI, 1110 He
BiIirparoTh HisIKOI reoximMiuHoi posi [6]. ToMy y cyabdaTHUX Bogax perioHy He Tpeba OuiKyBaTu
OyIb-sSIKMX 3HaYHMX KoHLeHTpaliii TR. ¥ reoxiMiyHuX ymMoBax Mig3eMHUX BOJ TiApOoTepMasb-
Hux cucteM JloHOacy, 3a sskux rigpokcuav TR MoxXyTh yTBOproBaTUCS JMIle 0OMeXeHO, Hall-
LIMpIiie PO3MOBCIOMXEHHS cepell PopM Mirpallii MaroTh, BipOTiqHO, IX KOMIUIEKCHI CITOTYKH 3

CO%‘ TaF~.

SK W11 oKpeMUX pilKiCHO3eMEIbHMX €IEMEHTIB, TaK i VISl IXHiX MEBHUX IPYI iCHYIOTh 0CO0-
JIMBOCTI BomHOI Mirpattii. Tak, 1aHTaHoinu (La, Ce, Yb Ta iH.) yTBOPIOIOTb HAMCTIlKillli KOMITIEKCHI
CIIOJYKU i3 TOPOM, $SIKi OCOOJIMBO XapaKTepHi I TePMOAMHAMIUHMX i (Pi3MKO-XiMiYHMX YMOB
MiA3eMHUX BOJ, 30HU rinepreHesy. Jlo HUX Hanexatb Taki ¢propunu: JaHTaHy — LaF,, itepGito —
YF; i uepito — CeF; (dmooreput). PospaxyHku ymMoB yrBopeHHs! (ropunis y cucremax TR3* —
F~ cBimuars mpo Te, 1110 BOHO MOXJTMBe 3a TMX KoHLeHTpalliii TR i F, ski npucyTHi y min3eMHux
BoIax OaraTbox ponosuill [6]. Lleil BUCHOBOK LIUIKOM BIAITOBiZA€ IiaAporeoxXiMiyHMM YMOBAM Tipo-
TepMaibHUX cucteM donOacy. Haiitumnosiluum npukiagoM € IlokpoBo-KupeeBcbke pogoBuiiie
dmooputy. Came TyT PTOP CITy>KMTh OCHOBHMM alIeHIOM He JIMILIE ISl BKA3aHUX BUILIE €IeMEHTIB-
KOMIUICKCOYTBOPIOBAYiB, a I iTpito, SIKMii TOCUTh YacTO TPAIUISIETECS B OpeosbHMX Bopax. Cruin
3a3HAYUTH, 11O Cepell JAHTAHOIIIB MAKCMMAIBHOIO PYXJIMBICTIO XapaKTepU3Y€EThCs Lepill. Y JyxX-
Hux Boaax (pH > 8) iioro mirpariiitHa 31aTHICTh Pi3KO 3pOCTa€, OCKIJIbKY BilOYBAETHCSI OKUCICHHST
Ce3t o Ce*. YoTUPHOXBAIEHTHUI iOH Ma€ HaWKpally 30aTHICTh 1O KOMIUIEKCOYTBOPEHH:. 3
POCTOM JIy>KHOCTI KOMITJIEKCH LIEpil0 OCOOJIMBO 3 CO%‘ , HaOyBalOTh CTIMKOCTI i Han3BUYANHOI
pyxmBoctTi [3, 13]. Llum i 06yMOBIIEHO Te, 1110 MaKCHMaTbHA KOHLIEHTPALlisl LIEPIIO CIIOCTEPIraEThes
Y TiApOKapOOHATHO-XJIOPUIHO-HATPIEBMX BOJAX TipoTepMalbHUX cucTeM JIoHOacy Ha JiIIHKaXx,
Jie BiIOyBa€ThCsl aHOMaIbHE BUALJIEHHS BUIBHOTO JiOKCUIY BYIJIELIIO.

Craniii yTBOpIOe CTiliKi KoMruteker dropuais try K(ScF,), a Takox Habararo MeHII CTilfKi
CITOJIYKH 3 iHIIIMMU TajioreHaMy. BaskymBy posib y i0ro Mirpallii BilirparoTh i OKCalaTHi KOMITIEK-
cu tunty Me[Sc(C,0,);]. A BenuKa cuiia eHepPreTMYHOTO T0JI CKaHjIo I03BOJIE HOMY YTBOPIOBA-
TH CITOJIyKM HaBiTh 3 KpUCTATi3aLiiiHOIO BOAOIO [3].

J17151 aKTUHOIMIB, 3 SIKMX Y MiA36MHUX BOIAaX PETiOHY TPAIUISIOTLCS JIMILIE YpaH i Topiid, Xxapak-
TEPHUM € YTBOPEHHSI PyXIMBUX KOMIUICKCIB 3 KUICHEBMICHUMM CIIOJyKAMU THITY MeO%* Ta F.
fonu CI~, Br— i I~ TakoX MOXYTb BUCTYIIATH y poJti aneHiB. [1poTe iXHs 30aTHICTb 10 KOMILIEKCO-
YTBOPEHHSI 3 aKTUHOITAMKM 3HAYHO MeEHIIa i Mana€ i3 30iIbIIEHHSIM aTOMHOI Macy TaIOT€HHOI'O
eseMeHTa. Te 3K came MOXHa cKazaTy MPO CHOJIYKH, 11O MIiCTITb CipKYy ( soi— s SO%‘ Ta iH.). Topii,
SIKUI € PIIKICHUM €JIEMEHTOM, YTBOPIOE JyK€ PYXJIMBi KOMITJIEKCH i TOMY BiJIbHO MIiIpye y pi3HUX
reoXiMiyHMX TUTIaX Mig3eMHUX Bod JJoHOacy — Bil MPiCHUX HEUTPaTbHUX TiIpOKapOOHATHO-KAaJlb-
LIiEBUX 10 BUCOKO MiHEPaTi30BAHUX JIYXKHUX XJIOPUIHO-HATPIEBUX-(KATBLIEBMX) BOI Ta PO3COJIIB.
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bepuniti pITKO BUSIBIAETBCA y CyXUX 3aIMIIKaX NMPob migsemMHux Box JloHOacy, ToMy iioro
MirparuiifHa 30aTHICTb JOCUTh HU3bKa. ICHYyBaHHS OEpUIIiio MOXIIMBE Y BUIJISIII IIPOCTOIO KaTioHa
Be?t i y komruiekcHEX crionyKax. OCHOBHOIO (DOPMOIO 3HAXOMKEHHs €JIEMEHTA Y HEMTpaIbHUX
BOZAX MOXYTb OyTW oKcuiHi cionyku tury [Be,(OH),)]"*. Y mpucyTHOCTI 10CTaTHBOI KUTbKOCTI
aneHnis (F~, CO%‘ Ta iH.) YTBOPIOEThCS TaMa KOMITIEKCHUX CTONyK [6]. CTymiHb 3aKOMILJIEKCOBa-
HOCTI OepuItit0 OCOOJMBO 3pPOCTAE y MPUCYTHOCTI aHiOHIB (PTOpY, 3 SIKMMM YTBOPIOIOThCS TO3U-
THBHI KoMIUIeKcH — BeF~, a TakoxX yxe pyxJMBi HeraTuBHi KoMIUieker (tumy BeF;™ i Be Ff ).
MoxJiBe i icHyBaHHSI HILIMX KOMIUIEKCIB Geprtiio, HANPHUKIIAN, KapOoHaTHHX, Ty Be(CO3)3”
41 rigpokap6oHatHuX, Ty Be(HCO;)?~, docdarHux, Timy Be3(PO4)(2] Taid. [14].

Baromum BHeCKOM y BUBYEHHSI (hOpM Mirpailii OepuIilo Y BOAHUX PO3YMHAX CTaIM AOCIiI-
JKeHHST BITYn3HsIHUX reoxiMikiB: FO. f. Cymiuka, b. @. Miukepnya [15] Ta in. Ha nigcrasi naHux mpo
MeXaHi3M i KiHEeTHKY B3aeMomii okcuay oepwiito — opomenity (BeO) — 3 Bomoro 3 BUKOpUCTaH-
HSIM TepMOIMHAMIYHMX PO3PaxyHKiB BOHU OAEPXKaIM 1iKaBi HAyKOBi BUCHOBKM PO TiapoJIi3 Opo-
MEJITY B i30J1bOBaHill cucTeMi. Posrysimaroun B3aeMoMi0 OKcuay OepuIIiio 3 BOJOIO SIK KOMILIEKC
(i3MKO-XiMiYHUX MPOLIECIB: PO3UMHEHHS, TiIPOTi3y, KOJIOIA0YTBOPEHHS, BOHM BCTAHOBWIH, 1110 P
oMy yTBOpIOEThCsT Be(OH),. BiH AHCOLIiIOE SIK MO THITy KUCIOTH 3 YTBOpeHHsM ioHiB 2H,0%" i
Be?*, Tak i Mo THIly OCHOBM 3 YTBOPEHHsSM ioHY Be?' i mBox Moseky/a Bomy. B romajbimomy y
BOIHOMY PO3UMHi BiIOYBalOTbCSI peakllii TiApoidy, Y SIKMX B POJi TOJOBHOIO aAeHIa BUCTYIIA€
rigpokcui-ion: Be?™ — BeOH™ — Be(OH)g — Be(OH);  — Be(OH);™ . HamincTasi po3paxyHkiB
TePMOAVHAMIYHMX KOHCTAHT peakliil Triaposiizy Oepuiito aBTOpU Tl BUCHOBKY PO TeE, 10 Y
cwibHOKMCIMX po3unHax (pH < 4) pisko nepeBaxae Be?t, a y cunmbHonyxHux (pH > 12,5) —
aHIOHHI KOMIUIEKCU TUITY Be(OH)3_. I1pote mpupomHi Booy 3 TAKUMKU KHACIOTHO-Ty>KHUMU T10-
Ka3HMKAMU TPaKTUYHO He Tparuisothes. ToMy B iHTepBam 3HadyeHb pH 6,3—12,5 mpu 25 °C
JIOMiHY104010 (POpPMOIO BOIHOI Mirpallii Oepuiiio € HeMTpabHa CIoJIyKa — BG(OH)g [15].

IIvpoka po3MOBCIOMKEHICTh 2epMaHito Y TMA3EeMHMX BOOAX PYIHUX i BYTUIBHUX PONOBUILL
JloHOacy BKa3ye Ha MOro BUCOKY pyxJMBiCTb. Mirpaliii ejieMeHTa MpUCBsYeHA 3HAYHA KiJIbKiCTh
npaup [2, 3, 6 Ta iH.], Y AKMX JOCUTb JETATHHO PO3IISIHYTO MOrO IMOBEAIHKY Y Pi3HOMAHITHUX

TeOXiMIUHMX THITIaX TIPUPOIHUX po3unHiB. OCHOBHMMHU (hopMaMM Mirparlii repMaHilo y HailOUIbII
PO3MOBCIOMKEHNX CTA00KKCIVX, HEMTPaTbHUX Ta CIaboJTy>KHMX Bogax perioHy (pH 6,0—7,5) mo-

BUHHI OyTy aHioHM i MoneKy/m repmanieBoi kucnoth — H,GeO;, rinporepmanar-ion (HGeO3 ), a
TAKOX TepMaHiii-opraHiudi KOMIUIEKCHI CITOIyKHA [2, 6].

[3 36iNBIIEHHAM JIy>)XHOCTi PO3UMHY CIIOCTEPIraeThesl 3HIDKEHHS KOHLIEHTpaLli KOMILIEKCIB
H,GeO;, HGeO3 i 36imblueHHs HGeO%' [3]. V kucioMy cepedoBUILi Mirpailis repMmaHiio
3MIIACHIOETHCS IIBUILLE 3a BCE Y BUIISIII (PTOPKOMITIEKCIB TUITY GeF62' R GeOFf' , GeFsH,0O ™ tain.
[3]. I3 36inbLIEHHSIM KOHLICHTpALLii y BOMi i0HIB TiIpOKCHUILY, SIKA CIIOCTEPIraEThesl y TiApOKapOOoHaT-
HO-(XJIOPMIHO)-HaTPiEBMX BOAAX, 1110 PO3BAHTAXKYIOThCS IO PO3TIOMAaX, MOKe BinOyBaTHCS TiAPOJIi3
GTOPUIHNX KOMIUIEKCIB 3a CXeMOIO: GeF62' + H,0 = GeF,OH~ + HF® + F~ [6]. Cnin 3a3HaunTH,

1110, HEe3aJIeXKHO Bil XiMIYHOIO CKJIady BOJ, OUIBLLUICTh PiIKiCHUX €JeMEHTIB B yMoBax JloHOacy
YTBOPIOE TMOPIiBHSAHO HEBEIMKi 3a po3Mipamu (1o 500—600 M), aje KOHTPACTHi BOAHI Opeonn
pO3citoBaHHSL. IX BIBUEHHSI Ja€ MOMUIMBICTb 3 YCITIXOM BUPILLIYBATU He JIULIE HAYKOBI, a i, epeyciM,
MPaKTUYHi 3a1a4i MOILIYKOBOI TiIpOreoXiMii.

BucHoBku. 1. ®moinHMii TerIoMaconepeHoc i MocyBU OJIOKIB 3eMHOI KOpY BilOMBAIOTh Cy-
YyacHy (aNbMHifChKy) TEKTOHIYHY aKTUBIi3allilo rimpoTepMaibHUX cucteM loHOacy. Lle siBuiiie cBimunTh
MpO MOCTTiAPOTEPMAILHUIA €Tarl IXHBOTO PO3BUTKY, Ha SIKOMY BilOYBa€ThCsl HAIXOMKEHHS B ITiI3eMHi
BOIY PilKiCHUX €JIEMEHTIB Ta iXHiX CITOJYK.

2. Po3nomiy pinkicHUX XiMIiYHMX €JIEMEHTIB Y MiI3eMHMX BOAAX pErioHy KOHTPOJIIOEThCS 30Ha-
MM DIMOMHHMX PO3JIOMIB, a y iXHIX Mexkax — IiisTHKaMy 6aratoha3oBOro po3BaHTaKEHHST MiHepa-
JIOYTBOPIOKOYMX PO3YMHIB, 3 IKUMU TOB’SI3aHO (DOPMYBaHHSI TilpOTEpMAaIbHOTO 3pyAeHIHHS B TIO-
ponax.

3. Ha rinponuHamMivHO BITKpUTHX AUTISTHKAX TEKTOHIYHO aKTUBI30BAaHUX MAPOTEPMATIbHUX CUCTEM
(OPMYIOTHCS TIMTOTeHHI TiAPOreoXiMiuyHi aHOMaJIil pilKiCHUX €JIEMEHTIB, 11O SIBJISIIOTh COOOK0 BOIHI
OpEeOJIM PO3CiIOBAHHSI MTPOAYKTIB INIMOMHHOI IeHepallii.

4. BomHa Mmirpaitist pinKiCHUX €JIEMEHTIB 3aJIleKHO Bill TEOXiMiYHMX YMOB BiIOYBA€EThCS 5K Y
BUIVISIII TTPOCTHX iOHIB, TaK i B KOMITIEKCHMX CHOJMyKax 3 Pi3HOMAHITHUMU aeHAaMU MiA3eMHUX
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BOI. PyXJIMBICTb GiNbLIIOCTI 3 HUX TTOCKITIOEThCS Y JTy>kHUX (pH > 8), XiopuaHo-TinpokapboHaTHO-
(cynbarHO)-HaTPiEBUX BOAAX, L0 XapaKTepU3YIOThCS IMIIBUIIIEHOIO MiHEpaTizalli€lo, BEIMKOIO
koHueHTpauieto CO,, PTopy Ta iHIIKMX PEYOBHH.

5. Haiipyxmusinmmu (popMaMu Mirparlii pikicCHAX eJeMeHTIB y MpMpoaHKX Boaax JloHbacy
€ MPOCTi IMCOLIOBaHi i0HU Ta KOMIUIEKCHI CITOJIYKU 3 (PTOPOM, TPUOKCHUIOM BYIVIELIIO, TiAPOKCHI-
iOHOM Ta iHIUMMHK KMCHEBMICHUMM aeHIaMU.
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PE3IOME. PaccMOTpeHbl HEKOTOPbIe OCOOCHHOCTH T€OXMMUM PEIKUX 3JIEMEHTOB B MOA3EMHBIX BOJAX TMAPOTEPMATbHBIX
cucreM JloHb6acca. OxapakTepru30BaHbl 3aKOHOMEPHOCTH X PACHIPOCTPAHEHMsI, MICTOYHMKH MOCTYIUICHUSI ¥ (haKTOpbl MUTpa-
LMK B oazeMHoi runpocdepe. [lokazaHo, 4To GIIOUIHBIIA TETIIOMACCONEPEHOC U MO BHXXKH OJI0KOB 36 MHOI KOPbI OTpaxa-
10T COBPEMEHHYIO aKTUBU3ALMIO TMAPOTEPMATBHBIX CUCTEM PErMOHA, C KOTOPOH CBSI3AHO MOCTYIUIEHUE B MON3EMHbIE BOIbI
MHOIMX 3HIOTEHHBIX PENKMX 31eMeHTOB. Ha OCHOBaHMM 3TOr0 B reOXMMUYECKOI NCTOPUM TMIPOTEPMATIbHBIX cUcTeM [1oH-
6acca BbljIeJIeH MOCTTUAPOTEPMATBHBINA 3Tall Pa3BUTHS.

SUMMARY. Some features of geochemistry of rare elements in underground waters of hydrothermal systems of Donbas are
considered. The laws of their distribution, sources of ingress and factors of migration in underground hydrosphere are characterized.
It is shown that fluid heat-mass transfer and the motions of blocks of terrestrial crust reflect modern activization of hydrothermal
systems of the region, to which the receipt of many endogenetic rare elements in underground waters is connected. On its basis
in geochemical history of hydrothermal systems of Donbas a posthydrothermal stage of development is distinguished.
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HSGHAN

YJIK 550.42:552.312(477)
E. . WmeneB

Feoxnmmnyeckne oco6EeHHOCTU MeTaCoOMaTUYEeCKUX
npoLeccoB B 6a3nTOBbIX AanlKax
KpacHoropcko->XutomMmmpcKkoin 30HbI

(BonblHCKUI G/10K YKPaMHCKOro LuTa)

B npenenax KpacHoropcko-2KMUTOMHUPCKOI 30HBI pa3jioOMOB PacnpoCTpaHEeHbl JAKKM KOMIUIEKCa CyOILIEeJT0YHbIX
n1ada3oB v JaMIipodrpoB. Jlaiiku 10CTaTOYHO CUJILHO M3MEHEHBI SIMTUT€HETUYECKMMU ITPOLIECCaMU, YTO MOATBEPXKIAETCS
COICPKAHUEM MAJIbIX U PYIHBIX 3JIEMEHTOB, a TAKXK€ COCTABOM aKLlCCCOpHOﬁ MUWHEpaInU3aluun. OHI/I SIBJIAIOTCA Ba>KHBIM
CTPYKTYPHO-TC€OJIOTUYECKUM KPUTECPUEM, ITO3BOJANLIUM ONPEACIUTDh NMPOCTPAHCTBEHHBIC W BPEMECHHBIC
3aKOHOMEPHOCTH JIOKATM3ALMK PYTHOM MUHEpaIU3allii B MpeieiaXx TeKTOHO-MeTaCOMaTUUECKUX 30H.

KpacHoropcko-2KutoMupckasi 30Ha OTHOCUTCSI K IMaroHaJIbHOM CHCTEME pa3fioMOB, 3aJI0XKEHUE
KOTOpOIi Mpou3olwuio eie B apxee. OHa MPOCTUpAeTcsl B CeBEPO-3arialiHOM HampapIeHWU BIOIb
3aragHoro KoHTakta KopocTeHCKoro riyToHa OT FoxKHOM TpaHulibl BosbiHekoro 61oka no Cyina-
Ho-TIepkaHCKOI TEKTOHMUYECKOM 30HBI M CEYET TPAHUThI M MUTMATUTBI KMPOBOTPAICKO-XKUTO-
MHPCKOTO KOMILIEKCA.

B mpenenax KpacHoropcko-2KutoMrupcKkoii 30HbI pa3jioMOB MPEUMYILECTBEHHO pacIIpoCT-
paHeHbl JaiiKu (hopMalliK CYOILETOYHbIX 11ada30B 1 JaMIIPOMUPOB OCHOBHOIO COCTaBa (majee
nrabasoB) [1]. OHU B TIONARJISIIONIEM OOJIBLIIMHCTBE MPEICTABICHBI TeJIaMU HEOObILONW MOIIHO-
cTv (M3 COTEH J1aeK perMoHa, U3yYeHHBIX B OOHAKEHUSIX U BCKPBITHIX CKBKUHAMU, JIMIIIb €TUHU-
bl gocturatoT MourHoctu 100 M), 6e3 CyIIeCTBeHHO MPOSIRIEHHBIX MPOLIECCOB KPUCTAUTA3AL-
OHHOI auddepeHIalM ¥ paccIoeHUsT (32 UCKIIFOYEHUEM M3MEHEHHUs CTeTIeHU PacKPUCTA/LIA-
3allMM 1 3epHUCTOCTU MOpPOI OT Nepudepun JaeK K LEeHTpabHOI YacTi), 6e3 oOpa3oBaHUsT 3Ha-
YUTEJIBHOTO KOJIMYECTBA PYIHBIX MUHEPAJIOB B CBA3M C MarMaTU4ECKUM ITPOLIECCOM. DTO CBUIC-
TEJILCTBYET O OECMEePCIEKTMBHOCT M3YyYEeHUsI MarMaTUYECKMX PyIoo0pasyloluX cucreM [5] u
TOATBEPKIAETCSI B LIEJIOM HEBBICOKMM COMIEpXAaHUEM B JailKax TMITMYHBIX JUISI MArMaTUUECKHX
MecTopoxkneHuit aneMeHToB: Ni, Co, Cu. IToBblieHHasT KOHIIEHTPALIMS MX aHTATOHKUCTOB B MarMa-
TryeckoM pynoodpaszoaHuu (Ti, Fe, K, P) [1], B coBokynmHocTv ¢ Cr 1 IpY OTCYTCTBUM BHYTPHUKA-
MepHoii nuddepeHIMaly pacriaBa, MoMYepKUBAET JIUIb MOBBIILIEHHYIO 1LEIOYHOCTh TIEpBUY-
HOTO pacIljiaBa.

Cynst o reoxpoHojiornyeckum narupokam (2100—1700 MitH J1eT), permoHaTbHOMY MeTa-
MOp(hU3MYy U, B psAfe CIy4aeB, HEUETKMM KOHTAKTaM C BMELIAOLIMMU MOpOIaMH, 00pa3oBaHKe
JaeK TIPOMCXOMMIIO TIOCIE 3aBEepIlIieHNsI OCHOBHOIO 3Tarna paHHENPOTEPO30MCKOM TpaHUTHU3AIIUN.
[To MHEHMIO HEKOTOpBIX UcclenoBatenei [3], pymHbIii mpolecc 6oee MPOIOJDKUTEbHBIN, YeM
dopmupoBaHre MarMaTudeckux ¢opmaruii. [Ipy 3ToM ¢ MoCTMarMaTMyecKrM MPOLIECCOM YacTo
COBITAJAET 10 BPEMEHM BHEIPEHUE JaeK, OTHOCSILIMXCS K HUCXOASIIEH aHTUAPOMHOM BETBU 3BO-
JIIOLIMK, ¥ IMEHHO B 3TOM MHTepBaie (PUKCUpPYeTCsl MHOTOYMCIICHHOE YepeIOBAHME MarMaTyuyec-
KuX (a3 v pynooTIOXEHHE.

ITpocrpaHcTBeHHAs! U BpeMeHHasl MPUYPOUYSHHOCTb TaeK CYOIIETOYHBIX TMa0a30B U JIaMII-
podHPOB OCHOBHOTO COCTaBa K JIEMKOKPATOBBIM T'PAaHUTOMIHBIM MaccMBaM W TejlaM HaTpPUEBBIX
METacOMAaTUTOB U IUAa(TOPUTOB, UX MHBIE, TTO CPABHEHUIO C BMELIAIOIIMMU TTOPOAaMHU, (hU3UKO-
XUMUUYECKHE CBOMCTBA SIBJISIOTCS TOMOJHUTENIbHBIMU OJIarONpUSTHBIMU (haKTOpaMu sl TIpoca-
YUBAHUS TMAPOTEPMAIbHBIX PACTBOPOB B MPUKOHTAKTHBIC 30HbI Ia€K U PYJIOOTIOXKECHUS B HUX.

Haubosee sipko BIMsIHYE METACOMATUYECKMX TPOLIECCOB TPOSIRIEHO B maiikax KpacHorop-
CKO-2KUTOMUPCKOI 30HBI, YTO (PUKCHPYETCS IO COACPXKAHMIO MATbIX W PYIHBIX 3JIEMEHTOB
(Tabn. 1), a TaKKe MO COCTaBYy aKIIECCOPHOM MMHepanm3ayy (Tads. 2). Crneayer OTMETUTh, UTO B
HEKOTOPbIX TeJlax JaeK B TeKTOHO-METACOMATMYECKMX 30HaX He OOHApYKUBAETCs CJICIOB BO3/CH-
CTBUSI TUIPOTEPMAILHBIX PACTBOPOB. DTOT (PaKT SIBISIETCS] KOCBEHHBIM TTOATBEPXKICHUEM JBYX3-
TAIMHOCTH BHEAPEHUs! daeK 3Toro tuna [4]. Jlaiiku BTOporo 3Tama, BepOSITHO, BHEAPWIIUCH TIOCTe
OKOHYATEJILHOTO 3aTyXaHUsl TMIPOTePMAaTbHO-METACOMaTUUECKMX TIPOLIECCOB, CBS3aHHBIX C paH-
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TEOXUMHWYECKHME OCOBEHHOCTHU

HEeTpOTepO30MCKOI TpaHuTH3alMeil. Takum o6pa3oM, Bce CKa3aHHOE O METACOMATUYECKMX M3Me-
HEHMSIX B JaliKaXx OTHOCHUTCS JIMIIb K JaiikaMm TepBOro sTaria.

Bce aHanmmzupyemble XMMUYECKUE 3JIEMEHTBI TI0 OTHOILIEHUIO K KJIADKOBOMY CONEPXKAHUIO B
noponax ocHoBHOTro coctana (1o A. Il. BuHorpanoBy) MOXXHO pa30UTh Ha TpU Ipynibl (Tab. 1): 1)
Pb, Sn, Zr, Ba — noBenieHHoe conepxkanue (> 1,5); 2) Zn, Ga, Mo, Nb, Y, La, Li, Rb, Ce — m3mensi-
toueecs conepxkanue (0,75—1,50); 3) P, Ti, Mn, V, Sc, Cr, Ni, Co, Cu — NOHMXEHHOE CoIepXKaHue
(<0,75).

AHAJIOTMYHBIC TPYIIILI 3JIEMEHTOB HAOJIONAIOTCS M TPY CPABHUTEILHOM XapaKTepHCTHKE
HEeM3MEHEHHBIX METACOMaTMUeCKUMU Tipolieccamy nuaba3oB OcHMIIKOro 6j10Ka ¢ gaiikamu Kpac-
Horopcko-2KutoMmupckoit 3oHb1. MckmoueHueM sieisietcst rpynna snemeHToB (Ni, Co, V, Cu), nedu-
LIUT KOTOpbIX B maiikax KpacHoropcko-2KMToMUpPCKOii 30HBI 10 OTHOLLIEHUIO K ITOTOOHBIM J1aii-
kaM OCHHUIIKOTO 0J10Ka BBIPaXkeH HECKOJIBKO ¢Jlabee, YeM 0 OTHOLLIEHUIO K KJTAPKOBBIM COMepXKa-
HVSIM.
[Mpu aHanM3e mapareHeTUYEeCKMX acCoOLMalMii XMMMYECKUX 3JIEMEHTOB B HaiikaXx HaMu ObLI
MPUMEHEH METOJI KJIaCTePHOIo aHaim3a (MepapXnueckoi Kimaccudukalmm), IMpoKO UCTIONb3ye-
Mblii B reosioruu [2]. OH MO3BOJISIET YCTAHABIMBATH CXOICTBO MCCIIEAyeMbIX OObEKTOB. B KOHTEKCTE
Hallleil 3a1a4d MPUMEHEHNE 3TOT0 METO/a MO3BOJISIET YCTAHOBUTh CXOICTBO T€OXUMMYECKOTO
TOBEICHUSI 3TUX JIEMEHTOB, YTO CJIY>KUT OCHOBAaHMEM JUISI BbIIEIEHUS (M TIOATBEPKICHUS yXe
M3BECTHBIX) TMAPareHeTUYECKMX acCOLMalMii XUMMYECKUX 3reMeHTOB. CHiia CBsI3eil MeXIy aJie-
MeHTaMM (Mepa CXOICTBA) OIpenessieTcs: 6e3pa3MepHOil XapaKTepUCTUKOM — 3BKIIMIOBBIM pac-
CTOSIHUEM: YeM OHO MEHbIIIe, TeM OOJIbIlIE TeOXMMUUECKOE CXONICTBO 3JIEMEHTOB.

Ha ocHoBaHMM aHaM3a TEOXMMUYECKMX JTAHHBIX aBTOPA, a TAKKE JTAHHBIX MPOU3BOACTBEH-
HBIX TE0JIOTMYECKUX OTYETOB YCTAHOBICHO, UTO B IaiiKax CyOLIEIOUHbIX A1aba30B U JIaMIporpOB,
HaxXoASIIIUXCsl BHE TEKTOHO-METACOMAaTMUECKUX 30H, BBIUIEIISIFOTCS IBE KPYITHbIE acCOLIMALUU BJie-
MeHTOB. [lepBasi U3 HUX MPEACTARIeHA TUITMUHBIMU JJIs1 TIOPOJ, OCHOBHOTO COCTaBa CUAEPOpUIIb-
Hbimu (Ni, Co, Cr, V), HekoTtopbiMu xanbkodribHbME (Cu) aemeHTamu, a Takke Ti u Sc (kimactep
20, puc. 1). Bo Bropyto accoLiMaiyio BXOAAT 11ETOYHbIe METAUTbI, PEAKO3eMeJIbHBIC, PEAKOMETAIUTb-
HbIE W ApYTHe TPaHUTOMMIBHBIE 3JIeMeHTHI (Kiactep 19, puc. 1). DTu accolaym oTpakaroT U3Me-
HEHME COCTaBa JIaeK KOMILIEKCa OT 11aba30B K JMOPUTOBBIM MOP(MUPUTaAM.

Cpeay 21eMEHTOB C TIOBBILLIEHHBIM COIEPXKAHWEM B Iaiikax HanboJjiee MHTEPECHBIM B T€OXH-
MHYECKOM OTHOIIIEHUU SIBISIETCST Sn. DTO TUIMMYHBIA 3JIEMEHT PYIHON MUHEpaTU3aliy, TTPUypo-
YEHHOM K TEKTOHO-METACOMATUUYECKMM 30HaM [6]. OmMHAKO HEOOXOOUMO OTMETHTh, YTO B HEKOTO-
PBIX TeJax ILIEIOYHBIX MeTacoMaTUTOB KpacHoropcko-2KUToMupckoii 30HbI (0OCOOEHHO ee ceBep-

Tabauya 1. Comepkanue MaJibIX 3JIEMEHTOB B JaiiKax Auada3oB, I/T

DeMeHT 1 2 | 3 | 4 5 6

P He omp. 3488 1135 850 1400 0,70
Ti R He ormp. 4300 4750 9000 0,50
Mn 1600 . 750 1300 2000 0,51
A% 195 182 59 206 200 0,66
Sc He omp. 28 8 8 24 0,33
Cr 57 95 44 54 200 0,25
Ni 42 25 27 42 160 0,28
Co 38 43 16 32 45 0,53
Cu 67 46 23 49 100 0,36
Zn 108 125 98 135 130 0,90
Pb 12 11 27 39 8 4,13
Ga 23 20 19 19 18 1,06
Mo 2,1 2,2 1 1 1,4 0,75
Sn 1,8 2,1 5 8 1,5 4,33
Nb 7 15,7 13 16 20 0,75
Y 23 26 15 16 20 0,77
La 12 48 26 32 27 1,07
Ce He omp. 90 30 41 4.5 7,78
Zr 266 214 250 300 100 2,75
Ba He onp. 1569 600 470 300 1,92
Li B 18 7 29 1,5 1,20
Rb o He omp. 33 He omp. 45 0,73
n 34 29 42 28 — —

Mpumeuanwue. | — OcHuuxuit 6ok (Tomawropoackuit 1 POKUTHSIHCKUI Kapbepsbl); 2 — p-H nrt ['opoaHuLa;

3—4 — KpacHoropcko-Kuromupckasi 3oHa (3 — bapamesckuii, 4 — CepOOBCKMiI MacCUBBI); 5 — comepxXaHue
3JIEMEHTOB B TOPHBIX MOpoiax ocHOBHOro cocrasa (rmo A. I1. BuHorpamoBy); 6 — ko3hduLMEHT KOHUEHTpaLUn
3JIeMeHTOB B AMada3ax KpacHoropcko-2KMTOMMPCKOI 30HbI OTHOCUTENIBHO KJIapKOBOro coaepxaHus (rmo A. I1. Bu-
HOTPAJIOBY); 7 — KOJMYECTBO aHAJIN30B.
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Puc. 1. epapxuueckasi kjaccudukauus napareHeTuyec-
KMX CBsI3€il XMMMYECKHMX 3JIEMEHTOB B HEM3MEHEHHBIX
naiikax aua6asoB. Lludbpamu o603HaueHbl HOMepa KJiac-
TEepoB

Horo ¢iaHra) Sn BXOAUT B MaparecHeTMYECKYIO
accoumaruio He ¢ Nb, Ta, Be, a ¢ Pb, Bi u Au.
ConepxaHue TIOCJAEAHET0O B M3MEHEHHBIX
rpanutax bapalioBckoro mMaccrpa JOCTUTaeT
3000 mr/T. Accommauust Sn, Pb u Au (comep-
XKaHrve Au B HEKOTOpbIX JaiKax JOCTUTaeT
10 Mr/T) XapakrepHa v s AMaba3oB U Auada-
30BbIX OPMOUPHUTOB, ACCOLIMUPYIOLLIUX C TeJIaMU
LIEJIOYHBIX METACOMAaTUTOB M MacCHBaMU Jieii-
KOKpATOBbIX KaJMeBbIX TpaHUTOB. KoHIieHTpa-
g Pb u Sn mpeBbimaer kiapkoBylo B 5—30
pa3. Beicokoe conepxkanue Pb 1 Sn xapakTepHO
He TOJIBKO JUTS JaeK, HO U JJIsl UHTPY3Uid TUIep-
6a3uToB U 0azanbTonaoB OCOBCKOIl ByJIKAHO-
TEeKTOHMYECKOI BraauHbl. B paitoHe c. Hapipbi-
30BKa BCKPBITO TeJI0 aM(bUOOIM3UPOBAHHBIX 1
CeprEHTU3UPOBAHHBIX TUIEPOA3UTOB, B KOTOPBIX
20 L e Cu cpefHee cOOEpPXKAHWE SN MPEBBILIACT KIIAPKO-
18 cr  BoeB46,aPb —B 165 pa3. HaTecHylo mapareHe-
—~—{ Ni  TuUdecKymo cBia3b Pb u Au B maiikax KpacHorop-

cKo-2KUToMHUpCKoii 30HbI yKa3biBal 1 B. @. Jla-

Oy3HbIiA (1982).

[TonoOHbBIe B3aMMOOTHOLLEHUS! 3JIEMEHTOB BBISIRIISTIOTCS U TIOATBEPIKAAIOTCS TAKXKE C TIOMO-
LIBIO KJIacTepHOro aHam3a: Pb u Sn o6pa3yior Hanbosee 000co0IeHHBIN 1 YCTOMUMBBIA KJIacTep
(xmactep 9, puc. 2). [logoGHYI0, HO MEHee BhIpKEHHYIO CBsI3b 3aHuMatoT Li 1 Rb (knacrep 18, puc.
2). BONBIIMHCTBO PeIKO3eMeNIbHBIX M PEIKOMETAUTBHBIX 3JIEMEHTOB 00Pa3yIoT OHY apareHeTH-
yecKylo accouuauuio (kiacrep 13 u yactuyHo 14, puc. 2). [ToBblllieHHe X KOHLEHTPAIIUKA YETKO
MPOSIBIISICTCS] B 3aBEpILIAIONICH CTAIMK TUAPOTEPMATLHO-TPAHUTU3AILIMOHHOIO TIpoLiecca, MPUBO-
JS11Er0 K OPMUPOBAHUIO TEKTOHO-MeTacoMaTriyeckux 30H [6]. Accormarms Ni, Co, V, Cr, Cu, Sc,
Ti, HaoOOpPOT, pacmamaeTcsl Ha HECKOJIBKO KJacTepoB (puc. 2). DTo MOAYEPKUBAET CJIOXHOCTh U
HEOJHO3HAYHOCTh TCOXMMUM 3TUX 3JIEMEHTOB B METACOMATUUECKOM ITPOLIECCE.

HeobGxomymMo otMeTHTh, UTO CYabhUIHBIA nmapareHesuc Sn, Pb, Au u Bi B maiikax nuata3oB
Oostee MPOSIBIICH, YeM TapareHe3uC PeKO3eMeNIbHBIX U peIKOMeTALTbHBIX 3eMeHToB (Ce, La, Y,
Nb u ap.). Eciii B mepBoM citydae HabIIOOAI0TCsl 3HAYUTEIBHOE TTOBBIIIEHNE KOHIIEHTPALUK 3J1e-
MEHTOB U Jaxke MUHepanu3aiys (Tabi. 2), To BO BTOPOM 3TOT MapareHe3uc (hUKCUPYeTCs JIMIb 10
M3MEHEHUIO T€OXMMMYECKOrO TOBSICHMS 3JIEMEHTOB (110 JaHHBIM KJIACTEPHOIo aHaiu3a), 0e3

19

21

Tabauya 2. ConepxaHue aKimecCOPHbIX M BTOPMYHBIX MHHEPAJIOB B JailKax nua®a3oB, r/T

MuHepa 1 2 3
MarneTut 1214,1 1746,2 517,4
WnbMeHuT 3Hak 35,9 110,7
AnaTtut 3,5 1,9 53,1
LupkoH 3,9 1,3 29,8
Coen 3Hak 34,1 22,4
IMupur " 337,6 650,1
IMuppotun* He o6H. 3Hak 10,8
MonubaeHut* 3Hak " 3Hak
Cdoanepur* He o6H. He o6H. 2,7
lanenur* A A 3,2
Pyrun o 3Hak 0,8
Cunepur o 64,9 163,9
Duuaor 250 95,4 906,8
I'paHar He o6H. 3Hak 1,5
MoHanut o He o6H. 3Hak

n 2 6 12

Mpumeuanue. 1| — OcHuukuit 6;0K; 2 — HeHTpaybHasE yacTb KpacHoropcko-2KutoMupcekoii 30Hbl (YKaunH-
CcKMil MaccuB); 3 — ceBepHasi yactb KpacHoropcko-2KMToMHpCKoOil 30HbI (MakCHMaJbHOE COIEpXaHWEe MUpUTA —
1500, ranenuTa — 19, canepura — 16 r/T); n — KOJIMYECTBO aHAM30B. 3BE310YKON 0003HAYCHBI MUHEPAJIbI, BXOJISI-
LIMe B COCTaB PEKOMETAUIbHOM MUHEPaTU3alMKi TEKTOHO-MeTacoMaTnueckmx 30H (o naHHeiM A. H. Komaposa [6]).
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Puc. 2. epapxuyeckasi KitaccuduKalus rnapareHeTuyec- 1 P.
KMX CBsI3eil XMMMYECKUX 3JEMEHTOB B MeTacoMaThyec- Ti
KM U3MEHEHHBbIX Jaiikax nuabdasos. Ludpamu obo3Haue- 14 3 Mo
Hbl HOMEpPA KJIAaCTEPOB 3 v
Se
CYLLECTBEHHOIO TIOBBILIEHUSI KOHLIEHTpaLUUU
TIOCJICAHUX. 17 10 Mn
YuuthiBasg onmvcaHHbIE BbIIE OCOOEHHO- 1 E v
CTU BO3ACUCTBUS THAPOTEPMAIbHO-METACOMa- 7 Co
TUYECKMX PACTBOPOB Ha JAlKM CyOLIETIOYHBIX Ni
JI1aba30B U JaMITpoGHPOB, MOXKHO CIIEJIaTh BbI- 5 Zn
BOI O TOM, UYTO BHEApPEHUE HaeK pas3dessijio BO i 5 Ir
BpeMeHY CTAIMK PyIHOI MUHepaam3almu. ITo- 5 16 G

3MHMI XapakTep MuHepanuzauuu Pb, Sn, Au, Bi

1 JIp. TIOMYEPKMBAETCS KaK GoJiee CHIIbHBIM BO3- 4 Nb
1 E

JEVCTBUEM IMAPOTEPMAJIbHBIX PACTBOPOB C 3TH-
MM MUHepanu3aTopaMu Ha Haiiku, Tak W CIie-
1MpUKoI 3TOro NMapareHe3uca 35eMeHToB. Co- 20 Ba
rIacHo paborte [7], accoumanust Au ¢ Bi, cyib-
dunamu Pb u Zn (cdaneputoM, raJeHUTOM)
CBSI3aHA C BOCCTAHOBUTEJBHBIMM TIPOLIECCAMU

15 Cr

|

U TIOBBILIEHHOM 1IEJIOYHOCTBIO, [ TIEPEHOCH - 18

JIOCh OIHOBaJieHTHOe Au. BxoxmeHue B 3TOT Rb
napareHe3uc Sn MOXeT ObITb OOYCJIOBJIEHO 9 [———nPb
JIMLIB €r0 JBYXBAJIEHTHOCTBIO, YTO TaKkKe MOd- 1 Sn

TBEPKIAeT BOCCTAHOBUTEJIbHBIN XapaKTep I'MIpOTepMATbHBIX PacTBOPOB. JIByXBaJleHTHBII Sn Mmpo-
SIBISIET BHICOKOE XMMIYECKOE CPOJICTBO K S ¥ 0OBIYHO BCTpeyaeTcsl B cyibdumHoii popme. [Tomob-
Hble acCOLMALIMK CBsI3aHBI C HauboJiee MO3AHMMM U HU3KOTEMITEPATyPHLIMUA CTaaMSIMU THUIPO-
TepMaIbHO-METACOMATUYECKOTO TpoLiecca (CTamusl 1IeJIOYHOTO MEeTacoMaTo3a).

INpyHrMas BO BHMMaHKE BCe CKa3aHHOE BhIIIE, MOXKHO PEKOHCTPYMPOBAaTh BpeMEHHbIE B3a-
MMOOTHOLLIEHUST MEXIY TeJIaMM 1LEJIOUHBIX METACOMATUTOB, STarlaMu JaiikooOpa3oBaHUSI U PyI-
HOl MUHepanu3aiuu. HamedaeTcst ciemyroliasi BpeMeHHas1 IoC/eoBaTe/IbHOCTD: 1) (hopmMupoBa-
HUe TeJl LIEeJIOYHBIX METACOMATUTOB U PEAKOMETAUTLHOM MUHepanu3auuu (HarpumMep Be, Sn, Nb,
Mo B CankoBckoii 1 BoJKOBCKOI TEKTOHO-MeTacOMaTMYEeCKUX 30HaX); 2) BHEAPEHUE JacK Jaua-
6a30B TepBOro 3Tana; 3) ruapoTepMaibHas cyibduiaHas MuHepamm3auust Sn, Pb, Au, Bi u np.; 4)
BHENIPEHUE JaeK 11aba3oB BTOPOro 3Tara.

Takum 006pa3oM, HECMOTPSI Ha TO, UTO MOKa He YIaI0Ch OOHAPYKUTh 3HAYUTEILHBIX CKOTLIC-
HUIA pyIHBIX 3JIEMEHTOB, CBSI3aHHBIX HEMOCPEACTBEHHO C JAaiiKaMU, MOCJIETHIE SIBIISTIOTCS] BAKHBIM
CTPYKTYPHO-TEOJIOTMYECKMM KPUTEPHUEM, TIO3BOJISIFOLLIMM OIPEICTUTh HE TOJIBKO TTPOCTPAHCTBEH-
Hble [4], HO ¥ BpeMeHHbIE 3aKOHOMEPHOCTH JIOKATU3ALIMKA PYTHONH MUHEPATM3ALM B TIpEaeiax
TEKTOHO-METacOMAaTYEeCKMX 30H.
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T'oc. Hay4. LEHTpP PaiOreOXMMUH OKPYXAIOLIE CPeibl IMocrynuna 12.06.2000
HAH Ykpaunsl, Kues

PE3IOME. Y mexax KpacHoropcbko-2KMTOMUPCHKOI 30HM PO3JIOMiB MOLIMPEHi Jaiiku KOMIUIEKCY CYOITy>KHUX Iia-
6aziB Ta Jamrpodipi. Jaiikiu AOCUTHh CUJIbHO 3MiHEHi eMireHeTUYHUMMU TpoliecaMu, 1O (iKCyeTbCsl 32 BMiCTOM
MaJIMX Ta PyAHUX €JIeMEHTIB, a TAKOX 3a CKJIaJIOM aKLIeCOPHOi MiHepasizalii. BOHUM € BaXJIMBUM CTPYKTYpPHO-TI'€0JI0-
FiYHUM KPUTEpieM, 110 JoroMarae 3’siCyBaTH MPOCTOPOBi Ta YacoBi 3aKOHOMiPHOCTI JIOKati3alii pyaHoi MiHepati-
3allii y Mexax TeKTOHO-METaCOMaTUYHUX 30H.

SUMMARY. Within the limits of the Krasnogorsk-Zhytomyr fracture zone, subalkaline diabase and lamprophyre complex
dikes prevail. These dikes have been significantly changed by epigenetic processes — this fact is proved by content of
minor and ore elements, as well as by the accessory mineralization composition. They are an important structural-
geological criterion that allows to elucidate spatial and temporal regularities as to localization of ore mineralization
within the limits of tectonic-metasomatic zones.
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MMHEPANOTNYECKNH
AYPHAR

Y[IK 550.93
I'. B. AptemeHko, E. A. TatapuHoBa, B. ®. PaznopoxHbiii, T. U. JloBOyLu

Apxeinckun BO3pacT rpaHUToOnaoB
LLEBYEHKOBCKOIro KomMrnsekca

BBbINOIHEHO M30TOITHOE aTMPOBAHKE TPAHUTOMIOB 1IIEBYEHKOBCKOTO KoMIuTeKca. COrjlacHO MoJTy4eHHBbIM pe3y/ibTaTaM,
WHTPY3UU T'PAHUTOMIOB IIIEBYCHKOBCKOTO KOMILIEKCa ChOpMUPOBAIMCHL B Heoapxee oKoyo 2850 MIJIH JieT TOMy
Hazal. B oTauuune oT Me3oapxeicKuMX MHTPY3Mii rpaHuTOuI0B B COpoKMHCKOM M KOCHBIIEBCKOM 3eeHOKAMEHHBIX
CTPYKTYpax, KOTOPbI€ PACMOJIOXEHbI B KPAeBbIX PA3JIOMHBIX 30HAX, MHTPY3UM TPAHUTOMIOB LLIEBUEHKOBCKOIO KOMILIEKCa
3aHMMAIOT 3HAYMTEJIbHBIE TUIOLIAAM W aCCOLMUMPYIOT C PaHHEAPXEUCKUMMU MOPOJAMM 3alagHOINPUA30BCKOIN CEpUH.
I'paHUTOMIBI 1IIEBYEHKOBCKOrO KOMILIEKCa 00pa3oBakcCh Ha ITyOrHEe MeHee 45 KM, BEpOsITHO, MPU BHEAPEHUH KPYITHOrO
MAaHTUIHOrO Auanupa.

Berynaenune. I'paHuT-6aTonuToBast hopmalivs cliaraeT 3HAYMTEIbHYIO YacTh Iiolanu 3a-
nagHoro [Ipua3zoBbsi. BeIX0abl MHOTOUMCICHHBIX MACCUBOB AUOPUTOB, KBApPLEBbIX TUOPU-
TOB, 'PAHOJMOPUTOB U TOHAJUTOB PACIIPOCTPAHEHBI MPEUMYIIIECTBEHHO B OacceitHe p. Oou-
TouHast. IX emMHUYHBIC BBIXOJbI M3BECTHBI TaKXKe 1Mo pekaM Kunbrruus, JlozoBatka, KoHka
u Bepna. HauGosee KpymHble MacCUBHI € TIOMIANBIO 10 85 KM?2 MPUYPOYEHBI K CYOKOHIIEH -
TPUYECKOM CTPYKType B simepHoil yacT CalThlYaHCKOTO aHTUKIWHOPHMS, CPeayd KOTOPBIX
Boiaessitorcest CantbiuaHckuid, LleHTpanbHo-O6uTouHeHckuil, CeBepo-OOUTOYHEHCKUI, 3a-
nanHo-Enuceesckuii, Boctouno-Enuceesckuii, Henbrosckuii, boroponuikuii u EneHosc-
Kkuii. I'paHUTOMABI 1IEBYCHKOBCKOTO KOMILIEKCA TaKXKe pacnpocTpaHeHbl B [ailuypckom u
PemoBckom Giokax. CymmapHasi Tuiolanb pa3BUTUSI TOPOJ IIEBYCHKOBCKOTO KOMILIEKCa
onenusaercsa B 2000 kM2, DTOT MHTPY3MBHBINA KOMITIEKC MHOrodasHblii. K paHHeil HHTpY-
3UBHOMN (pa3e OTHOCSTCS rabOopo M rabopo-AMOPUTHI, Cilaramliue HeOOJbLINE MACCUBBI U
SHIO0KOHTAKTOBbIC 30HbBI CJIOXHBIX UHTPY3Uii. Bo Bropyio MHTpY3uBHYIO a3y BXOAAT Hau-
0oJiee pacrpOCTpaHEHHbIC TUOPUTHI, KBaplEBble TUOPUTHI, TOHAJIUTHI U TIArMOTPAHUTHI,
cjaraiolie HeOOoJbIIMEe MACCUBBI M BHYTPEHHUE YacT MHOTO(MAa3HbIX MHTpY3uii. Pacmipo-
CTPaHEHHOCTb MHTPY3UBHBIX MOPOJ IIIEBYUEHKOBCKOTO KOMILTEKCA, %: TUOPUTHI U KBaplie-
Bble AMOPUTHI — 40, TOHAJIUTHI U TUIATMOTPAHUTHL — 35, rabOpo-AMOpUTHI U TabOpO-aMbu-
6o/uThl — 15, XunbHbIe moponbl — g0 10 [3, 6,7, 8, 10, 11].

[To xMMHYeCKOMY COCTaBy TPaHUTOUIBI IIEBUCHKOBCKOTO KOMILIEKCA OTHOCATCS K
HOPMaJIbHOMY DSy HaTPUEBOM W KalMeBO-HaTpueBoi cepur. OHU XapaKTepU3yloTcs yMe-
peHHbIM dpakunonuposanuem P33 (La/Yb = 7—23) npu Yb, = 6—10. Bsigensercs cnabo

BBIpaXXCHHAasI MOJIOXKUTEJIbHAS €BPOITH-

Tabauya 1. XuMHYECKMii COCTAB rPAHUTOMIOB eBast aHoManusi [5]. TIpu TIOBBILIEHUM
UIEBYCHKOBCKOTO KOMILIEKea, % cozliepXKaHusl KpeMHe3eMa B HUX YBEJIU-
KOMIIOHEHT Tpobbl yyrBaeTCs KOHILEHTpauus Jerkux P39,
99-256 [ 4536 MPU TIOCTOSTHHOM COJEPXKAHUU TSIKEBIX
SiO, 67,92 54,80 P3D. Takue Bapyaluu MOTYT OBITh pe-
TiO, 0,30 2,06 3yJIbTaTOM (DPAKLMOHHON KPUCTAIN3a-
ALO; 16,65 18,00 LMY POTOBOii OOMAaHKM M TUIArMoKJasa
Fe 03 3,71 2,39 B X MarMaTU4ecKoM oyare.
E/fr?o (])gg ggg IlleByeHKOBCKMI MHOTOMa3HBII
MgO 1: 59 3:00 WHTPY3UBHbBIA KOMIUIEKC, 3aHUMAIOLIWI
CaO 2,66 7.10 OrPOMHYIO TEPPUTOPUIO, TEOXPOHOJIOTHU-
Na,O 3,60 3,55 YeCKU TMpakKTUyeckKu He u3ydeH. [Ipen-
K,0 0,60 1,00 CTaBJICHUE O MPOTEPO30MCKOM BO3pacTe
Som 0,02 0,10 OTAEJbHBIX MHTPY3Uii OCHOBBIBAJIOCH Ha
P,0s5 0,15 0,30 M30TOIMHBIX JaTaX, YCTaHOBIEHHBIX K-Ar
H,0 0,06 He omnp. METOJOM I10 POTOBLIM OOMAaHKaM U3 K-
Il 0,47 0,99 oputos (2150—2020 mnH siet) [4] u equ-
Cymma 99.58 100,12 HuyHoii U-Pb maroit mo LMPKOHY M3
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nuoputa EmeHoBckoro maccuBa (2200 MiH ser)
[3]. ITocne ycraHOBIEHUSI apXeiCKOro Bo3pacTa rpa-
HoauopuToB OCHIIEHKOBCKOTO MacCHBa IPEArio-
JIOXKEHUE O MPOTEPO30ICKOM BO3pACTe 3TUX MHT-
py3uii ObLIO MOCTaBJICHO MOJ COMHeHuUe [2].

PesyabTarel U-Pb parupoBanusa. Mertoauku
BoigesieHuss Pb 1 U u3 nupKoHa U Macc-CIIeKTpo-
METPUYECKUX M3MEPEHMI, MCIOJIb3yeMble B U30-
ToImHOM Jaboparopuu MHCTUTYTAa reOXUMUU, MU-
Hepajioruu U pynooobpasoBanuss HAH YkpauHsi,
omnucaHbl B padore [9]. JMOpUTHI NEPBOil UHTPY-
3MBHOM (pa3bl MPOIATMPOBAHbI ITO TTpobe, 0OTOOpaH-
Hoit B BoctouHo-EnuceeBckom maccube (mpo0a
4536, okono c. [1leByeHKoBo, p. O6utouyHas). ITo xu-
MMUYECKOMY COCTaBy IOpOja COOTBETCTBYET AMO-
PUTY HOPMAaJILHOTO psiia KaJlueBO-HATPUEBOM ce-
puu (taba. 1) [5].

B nuoputax BBIICNSIOTCS OBE Pa3HOBUIHOC-
] tMpKoHa. [lepeas (90 %) — mpencrapieHa Mpo-
3payHbIMM M TOJYyNpPO3payHbIMM KpUCTaJIaMU
JKEJITOBATO-KOPUYHEBOTO 1IBeTa. TUIT OrpaHKM T'-
alIMHTOBBINM U KONbeBUAHBIN. Pa3BuThl rpanu {100}
u {311} c yrHeTeHHO#1 rpaHbio {110}. BHyTpeHHee
cTpoeHue omHopoaHoe. Bmopas (10 %) — mipo-
3payHble TTOYTH OECIIBETHBIC UTOJIbUAThIC KPUCTAT-
JIbI THALlMHTOBOTO THUIIA C TYMOW MupaMuakon {111},
WM KOTbEeBUIHBIC ¢ TUpamuakoi {311}.

ITo pazmepHbIM (pakiUsiIM LIMPKOHA OBLIU
nosrydyeHsl 6;u3kue U-Pb oTHomIeHus, 4To He Mo-
3BOJIJIO paccuuTaTh U30XpOHY. M30TOmHBIN BO3-
pacT Bcex (ppakimii upkoHa 1o 207Pb/206Pb oueHb
0JIM30K M HaXOOMTC B mpenenax 2847 + 5 MuH et
(Tabmn. 2).

I'paHogMOpUTHl BTOPOI MHTPY3UBHOI (ha3bl
JaTUPOBAJIUCH MO Mpobe, 0TOOpaHHOI B CeBEPHOM
yactn CantbldaHCKOro MaccuBa (rmpoba 99—256,
10xxHast okpauHa c. O6utouHoe, p. OoutouHast). [1o
XMMUYECKOMY COCTaBYy 3Ta MOPOJIa COOTBETCTBYET
TPaHOIVMOPUTY HOPMAJIbHOTO psifia HAaTPUEBOI ce-
puu (taba. 1) [5].

LIMpkOH B IpaHOOMOPUTAX CBETIO-PO3OBHIiA,
BOASIHO-TIPO3payuHbIii. [[paHu KPUCTAUIOB BhIpaxe-
HbI HeYeTKO. TUIT OrpaHKU TMAllMHTOBBIM U KOIb-
eBUIHbINM. M3peaka BCTpeyaloTcsl KPUCTAJUIBI YIT-
JIOIICHHOM WX UrosibuaToit hopmbl. BHyTpeHHee
CTpOEHHUE LIMPKOHA OTHOPOIHOE.

ITo aToMy LIMpKOHY ObLja IOJIyYeHa U30XPO-
Ha, BEpXHee IMepeceyeHre KOTOPOM ¢ KOHKOpauen
COOTBETCTBYeT Bo3pacty — 2850 + 40 muH Jser
(Tabn. 1; pucyHok). g nupKoHa U3 JTUOPUTOB U
TPaHOIVOPUTOR 1IEBUEHKOBCKOTO KOMILIEKCA Xa-
paktepHo Bbicokoe Th/U. LlupkoH ¢ Takumu xa-
pakTepUCTUKaMU BCTPEYEH TOJILKO B rabOopoumax
¥ rpaHuToMIax AsnekcaHapoBckoil 1 CodueBcKoit
WHTPY3U MaHTUIHOTO 3ajoxeHus [1].

BoiBoapl. CoriacHO IMOJTyYeHHBIM T€OXPOHO-
JIOTUYECKUM AaHHBIM, CalThlYaHCKUI aHTUKJIMHO-
puii cpopMupoBayicsi B Heoapxee B pesysbTaTe
BHEIPEHUSI OTPOMHBIX MAacC MHTPY3Mil TPaHUTOU-
JIOB 1IEBYCHKOBCKOTO KOMITJIeKca oKoJio 2850 MJIH
JIeT TOMy Has3aia. B ominuume OoT Me3oapxeicKux

Tabauua 2. Pesyavratel U-Pb H30TONHO-re0XpOHOJIOTHYECKOTO WCCJIEIOBAHASA HUPKOHA W3 TPAHATOMIOB IEBYECHKOBCKOr0 KOMILIEKCA
Mpuwmeuanue. Ppakyus: HM — HeaneKTpoMarHUTHasl. 3Be3M0YKON 0003HAYECH paarioreHHbIi Pb; nByms 3Be3anoukamMu — MonebHbIid Th.
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Ll U-Pb M30XpoHa ¢ KOHKOpAMENl MO HUPKOHY M3 TPAHOIMO-
putoB CanTblyaHCKOro Maccupa (rpoba 99-256, 10Hast OK-
pauna c¢. OduTouHoe, p. OGUTOYHAs)

0,58

MHTPY3Uil rpaHuTounoB B COPOKUHCKOW U
KocuBLIEBCKOI 3€JI€HOKAMEHHBIX CTPYKTypaXx,
KOTOPBIE PACIIOIOXKEHBI B KPAEBBIX IIPUPA3IOM-
HBIX 30HAX, WHTPY3UM TPAHUTOULOB LLIEBYEH-
0.3 : w ) ' - | KOBCKOTO KOMITIEKCA 3aHUMAIOT GOJBIIHE TIIO-

UBAU agyM U acCOLMUPYIOT ¢ paHHeapXeHCKUMU
rHeiicaMy 3amagHoNnpua3oBckoit cepun. Cyng 1o pacnpeneseHuio P39, rpaHuTouIsl 3T0ro
KOMILIEKCA 00pa3oBaiich NMpy (GpakKMOHHON KPUCTAUIM3AlUX MarM OCHOBHOIO COCTaBa
Ha rIyOuHe MeHee 45 KM B YCJIOBMSX BBICOKOTO TEIUIOBOTO IOTOKA, MPUUYMHON KOTOPOTO
MTOCIIY>KWIO, BEPOSTHO, BHEAPEHME KPYITHOTO MAHTUITHOTO AMATINpA.
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ITpunasoB. KomIuIeKC. reon. naptusi, BonmHoBaxa

PE3IOME. BukoHaHO i30TOMHE JaTyBaHHs I'PAHITOIAIB 1IE€BUEHKIBCbKOrO KOMIUIEKCY. 3riHO 3 OTPUMaHUMHU pe-
3yJIbTaTaMM, iHTPY3ii IPaHiTOIIB 1IEBUSHKIBCHKOTO KOMIUIEKCY chopMmyBanucs y Heoapxei 6isist 2850 MITH pOKiB TOMY.
Ha BiaMiHy Bix Me30apxeiicbKuX iHTpy3iil rpaHiToiniB B COpOKMHCHKIil it KOCHBLIEBCHKIil 3eIeHOKaM SIHUX CTPYKTY-
pax, sIKi po3TalloBaHi y KpallOBUX PO3JIOMHMX 30HaX, iHTPY3ii IPaHiTOINiB 1IEBYEHKIBCHKOTO KOMIUIEKCY 3aiiMaloTh
3HaYHi [UIOLLI i aCOLLI0I0TH i3 pAHHbOAPXEHCbKMMU MOPOAAMU 3aXiAHONPHUA30BChKOI cepii. ['paHiTOiNM 1I€BYUEHKIBCbKOrO
KOMIJIEKCY YTBOPUJIMCSI HAa TVIMOMHI MeHLIe 45 KM, UMOBIpHO, IPY BKOPiHEHHI KPYMHOrO MaHTiHOTO Aiamipy.

SUMMARY. Isotope dating of granitoids of the Shevchenko complex. According to the results obtained, intrusions of
granitoids Shevchenko complex formed in Neoarchean about 2850 Ma ago. In contrast to the Mesoarchean granitoid
intrusions in the Soroki and Kosivtsevo greenstone structures, which are located in marginal fault zones, the intrusions
of granitoids Shevchenko complex occupy considerable areas and associate whith the Early Archean rocks of the West
Priazov series. Granitoids of the Shevchenko complex formed at depthes less than 45 km, perhapse, due to intrusion of
a large mantle diapir.
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MMUHEPARDTWYECKMA
HGLA

Bbigaowmincsa opraHmsaTtop YKPpamHCKOW HayKu
(k 95-neTnio Co AHA POXAEHUA akageMukKka
HAH YkpauHbl H. Il. CemMeHeHKO)

Hukonaii [ManteneiimonoBrny CeMEHEHKO POIIII-
cs1 16 HosiOpst 1905 1. B Mapuyrosie B ceMbe XKe-
JIE3HOJOPOKHUKA. B Bo3pacrte ueTbipex JieT OH
MOTepsiT OTLA U BCce 3a00ThI MO €ro BOCIUTAHUIO
JIEIJIM Ha TUJIeYM cTapiuero Ha 15 jet Opara Hda-
Hwibl. OH noMor Hukonaio [laHTteneitMoHOBUUY
noctynuTh B 1914 r. B BepnsiHckoe peanbHOe yun-
JIMIIIE, KOTOPOE OH OKOHYMJI ¢ oTanureM B 1920 r.
3aTeM IO HACTOSIHMIO OpaTa, KOTOpHIil paboTa
nupekTopoM KprBOPOXKCKOro KOKCOXMMHUYECKO-
ro 3aBoaa, Hukonait [TaHTeneliMOHOBUY MOCTY-
naet B JIHEMponeTpoOBCKUI TOPHBI MHCTUTYT U
C OTJIMYMEM 3aKaHYMBaeT B 1927 .

YyeHblil ¢ MUPOBBIM UMEHEM, OH YCIEIIHO
COBMeELIA] HayyHYIO, MEAarornyeckyio u ooiie-
CTBCHHYIO ACATCIbHOCTD. B TeyeHue MHOruUX JieT
H. I1. Cemenenko 6b11 nipodeccopom IHernpo-
METPOBCKOTO TrOpHOro MHcTUTyTa U Kuescko-
ro ynusepcuteta uM. T.TI. LLleBuenko. B 1939 r.
H. I1. CemeHeHKO ObUT U30paH YWieHOM-KOppec-
MOHIEHTOM, a B 1948 r. — akanemukom AH YCCP,
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B 1948—1950 rr. oH — akageMuK-cekperaphb [1pe-
sunuyma AH YCCP. Bosee 20 ner Hukonaii [TaH-
TeJeHMOHOBMY BO3IJIABIIST COBCTCKVII‘/’I KOMUTET
Kapnaro-bankaHckoii reosornyeckoi accouma-
LIMH, a TAKXKE pral/IHCKVll‘/)l KOMMTET I10 Ir'e0JIOrn-
yeckoit koppessiuuu npu KOHECKO.

H. I1. CeMeHeHKO ObLT BBIIAIOLIMMCS y4e-
HBIM LUIMPOKOIO IeoJornyeckoro npoduis, Ha-
yYHbI€ MHTEPEChl KOTOPOro MPOCTUPATIUCH OT
U3Y4YeHUsI KOCMOCa U TJIaHETapHOW Ie0JIOTHU 10
PpEeLICHUS NPUKIAAHBIX 3a1a4 pyﬂHOﬁl reoJiornu
1 MetajutoreHuu. OCoGeHHO MHOTO BHUMaHUSI OH
YAEJSUT TAKMM OTPAC/ISIM Te0JIOTMYecKOi HayKu,
KaK netporpadusi, TEKTOHMKA, CTPYKTYPHbII aHa-
JIN3, NETPOXUMMUS, METPOJIOTUs, TCOXPOHOJIOrus,
npouecchl MeTaMopdu3mMa U MeTacoMaTosa, reo-
XUMMUSI Y TEOJIOTHSI PYIHBIX MECTOPOXKIEHUIA, (hop-
MAaLMOHHBII aHaU3, re0JOrMYecKoe KapTUpoBa-
Hue, iaHetojorus. UM HamucaHo Gosee 600
HayYHBIX PabOT, U3 KOTOPBIX TOJBKO MOHOIpa-
duii 6onee 30. [Mocnennsist moHorpadust H. IT. Ce-
MeHEeHKO "['paHyIuTbl MU YapHOKUTHI YKpauHc-
KOro IMTa" BBILLIA M3 MeYyaTH 32 HECKOJIbKO
MeCsILIEB 10 €r0 CMEPTH.

Hukonaii IlaHTeneiiMOHOBUY He JTIOOMI
IMOBEPXHOCTHOIO M yHNpeXACHHOI0 OTHOILUCHUS
K Hay4YHbIM UCCIACOOBAaHUAM,; BO BPEMS BBLICTYII-
JICHUS MOT' TYT K€ l'lepeGl/lTb MU OTYUTATb OOKJIAd-
YMKa, HE CTCCHsSICh B BbIPAXCHUSX. O6bl‘-lHO noc-
Jie Takoil '"TOJOBOMOIKM" Opalsl MoTepreBllero
NoJ PyKy W, MPOXaKMBasiCh M0 KaOUHETY, FOBO-
pwit: "He nepexusaii — 310 Ha nosib3y aena”. [1po
COBepmeHHblﬁ JOKJIaA4YUMKOM IIpoMax OH BIIOC-
JIEACTBUU HUKOIJa HE HAaIlTOMUHAJI. Ecin yro-Hu-
Oyab caenaHHoe coTpynHukamu Hukonaro IlaH-
TEJIEMMOHOBUYY HPABUJIOCh, TO OH OLIEHMBAJ 1O
JOCTOMHCTBY, HE CKYITUJICA Ha MOXBal1y U OT BCEU
JYLIM PAoOBaJICS YCIEXy.

H. I1. CemeHeHKO pa3paboTasl TEOPUIO Me-
TamMophu3Ma, BIEPBbIE MPEUTOXKUI LIKATY T0KEM-
Opusi YKpaumHCKOro 1MTa, UccaeqoBai mpobie-
Mbl METAJUIOHOCHOCTU U CTPYKTYP PYIHBIX MeEC-
TOPOXIEHUN, OCHOBBI MJIAHETAPHOM T€OXUMUM,
BOIMPOCHI MMPOUCXOKIACHUS KOHTHMHEHTaJAbHOM
3eMHOI KOpPBI U IUTOCGEPBI. YUeHbIil BHEC BECO-
MBI BKJIaJ, B CO3JaHUE MUHEPAJIbHO-ChIPbEBOW
6a3bl YKpauHbl, OCOOEHHO TBEPIBIX MOJE3HBIX
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XPOHUKA

MICKOITAa€MbIX — METAJUIOB, aIMa30B U Jp., a TaK-
K€ B KOMIUJIEKCHOE OCBOEHME IOJIE3HBIX MCKO-
MaeMbIX U Pa3pabOTKy KPUTEPHUEB UX MOMCKOB.
OH MpenoXua MpakTUYECKoe MCIOJIb30BaHUE
MarHeTUTOBBIX XKEJe3HbIX KBapLMTOB U Hedeau-
HOBBIX PY[, YTO 3HAYMTEJIbHO paCIIMPUIIO Oa3y
YEPHBIX U L[BETHBIX METAJIOB YKpPaWHBbI.

H. I1. CeMeHeHKO — KpYITHBII OPraHu3aTop
Hayku B YkpauHe. [lox ero pykoBoICcTBOM Kak
nepBoro Buie-npesuneHra AH YCCP (1950—
1970 rr.) ObLT CO3AaH PsiI UHCTUTYTOB, KOTOPbIE
B HacTosilLiee BPeMs MOJIb3YIOTCSI MUPOBOM clla-
BOIi, UI3BECTHOCTBIO M C KOTOPBIMU CBSI3aHbI IJ1aB-
Hble JOCTMXXEHUSI YKpauHcKoil Hayku (MHcTu-
TYT TEOXMMUU U T€0JIOTM Y TOPIOYMX UCKOMAEMBbIX,
NHctutyT reodpusuku, MHCTUTYT MUHEPaATbHbBIX
pecypcoB). 1o ero MHULIMATUBE TakKXe ObLI CO-
3n1aH MHCTUTYT reoxuMuu U GU3NK1 MUHEPAJIOB
(HbIHE — WHCTUTYT reOXMMHUU, MUHEPATIOTUU U
pyaoo0pa3oBaHMsl), MEPBbIM JUPEKTOPOM KOTO-
poro oH ObLJ B TEYEHUE JEBSITH JIET.

Bonpuryto nomours B opranusaumu MHcTu-
TyTa T€OXMMUU U (HU3MKKM MUHEPAIOB OKa3aiu
Huxkomnato IManTeneiimoHoBruuy CeMEHEHKO Tpe-
sugeHT AH CCCP M. B. Kennbii u BuLie-nipesu-
nentel AH CCCP A. B. Bunorpanos, A. B. Cumo-
peHko. OCHOBHbIE HayuHbIe UAEU U YOeXKAEeHUSI
Hukonas ITaHteneiiMoHOBUYA pa3aessulv U MO~
JEP>KMBATU BbIIAIOLIMECS OTEYECTBEHHbBIE U 3a-
pyOexHble ydyeHble, Takue Kak A. Y. TyrapuHoB,
M. C. Kopxxunrckuii, B. . Cmupro, B. E. Xauh,
H. I1. JlaBepos, 0. A. Kocbirun, B. A. XKapukos,
K. A. Brnacos, A. A. Mapakyies, K. O. Kparu,
H. I1. Wtpeiic (Poccus), U. H. Kocros (boara-
pusi), C. Kapamara (FOrocnasust), b. Liamoen (Crno-
BakMsi) U Ap. B MHCTUTYTE OBLIM CO3IaHbI OTIe-
Jibl M0 Haubosiee MepCrneKTUBHBIM HalpaBleHU-
sIM COBPEMEHHOM re0JIOrMyeckoil HayKu: Gpu3u-
K€ MUHEPAJIOB, SIIEPHOI FTEOXMMUU, KOCMOXUMUH,
9KCIEPUMEHTATIbHOM MUHEPAJIOTMU, U30TOMHOMI
reoxpoHosioruu u ap. B Hacrosiiee Bpemsi MHO-
TMe U3 3TUX HalpaB/leHUI ycleluHO pa3pabaTbl-
BAIOTCSI €r0 YYEHUKAMU U MOJYyYWJIM MPU3HAHKE
B MUPOBOI1 HayKe.

B Teuenue mHorux jer H. I1. CemeHeHKO

ObLT MpeacenaresieM YKpauHCKOTo pecnyoanmKaH-
CKOro KOMUTETa 3a1uThl MUpa. OH HEOTHOKpAaT-
HO u30Mpascs AenyTatoM JIHenmporneTpoBCKOro
u KueBckoro ropcoBetoB. Tpyabl yueHOro ObLIU
OTMEYECHbI PAAOM NMPABUTCJIBCTBEHHbBIX U MEX-
AYHApPOAHBIX Harpaa, a TakxK€ HayYHbIMU MPEMU -
simu. Te, KTo MMeJ1 BOBMOXHOCTb Hadoaath Hu-
Konas [1aHTeneiiMoHOBMYA BOJIM3U, MTPEXE BCe-
ro OTMEYaJlid €ro HEOOBIKHOBEHHYO LIEJIEYCTPEM -
JIEHHOCTb, COOPaHHOCTb, YMEHHE KOHLIEHTPUPO-
BaTb BHMMAHUE Ha rJ1aBHOM, HECTaAaHAAPTHOC
MBILLIEHWE, HAYYHYIO0 MHTYMLMIO U (peHOMEHaIb-
HYIO IMaMATb.

Hukonaii ITanteneiimoHoBuy CeMeHeH-
KO He ObUT "HayyHbIM cyxapeM". OH ObUI HEO-
OBIKHOBEHHO HEXHBIM U YYyTKUM MYXEM, 3a-
OOTIMBBLIM OTIIOM, eIOM. BMecTe co cBoeii Bep-
HOI cnyTHULEH no Xu3Hu — JIro6oBbI0 SKOB-
JIEBHOM C YJOBOJIbCTBMEM IOCeUan TeaTphl,
KUHOTeaTpbl, yMeJl ObICTPO MepeKJtoyaTbes ¢
Hay4HbIX MPOOJIEM Ha AUCKYCCUU OO MCKYCCT-
Be uiau cropre. [loatomy yacto ero mojoabie
KoJuleru ObIBaJIM M3yMJIEHBI TeM, 4To "wwed"
3HAeT O MOCJeAHMX ycrexax KueBckoro "du-
HaMoO" WMJM O HallyMeBILUEeH XyA0XEeCTBEHHOM
KHUTIE W HE TOJbKO 3HAeT, HO UMeeT UHTepecC-
HO€, HEOPAMHAPHOE CyXIEHMUE.

Pa3HocTopoHHUi1 OGnecTsimii uccienosa-
TeJib B 00J1aCTH M3y4yeHHUsl 3eMHOI Kopbl, Huko-
naii TlanrteneiiMmoHoBUY CeMEHEHKO OCTaBUJI
rocse ceds MaMsITHUK B BUAEC Or'POMHOrIo 4yuciaa
BaXKHEMIIMX paboT, KOTOpbIe O1aroaapst Ype3Bbl-
YaifHO TOYHOMY M3JIOXKEHUIO MaTepuaia u CTpo-
ro nNpoayMaHHbIM BbIBOAAM INPEACTABJIAIOT HE-
MPEXOSILLYI0 HEHHOCTb.

Huxkomnaii [lanteneiiMoHoBHY co3nan cebe
U APYroy NmaMsTHUK B BUIE KPYITHEHIIEH LIKO-
JIbl YYEHUKOB (IMOATOTOBWI 52 KaHauaata u 12
JIOKTOPOB T€0JIOr0O-MUHEPATIOTMYECKUX HayK, U3
Hux 2 akagemuka HAH YkpauHsbi), npomoskaio-
1IKMX 6JaropoHOE AEJ0 U3YyYEHHUsI 3eMHOI KOpBI
Y CKPBITBIX B HEil OOraTcTB, KOTOPOMY IMOCBSITUJI
BClO CBOIO XM3Hb Hukonaii IlaHTeneiiMoHOBHUY
CeMeHEHKO.

A. H. Jlouckoi
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Uropb Bopucosuu LLiep6akos

MMUHEPARDTWYECKMA
HSGHAN

(k 70-neTunio co [HSA POXXAEHUS )

15 anpensa 2001 r. ucnonHsiercst 70 JeT co aHS
poxnaeHust U 47 neT npou3BOACTBEHHOI, Hayu-
HOM M OpPraHM3aTOPCKO JEsITeIbHOCTU BbLAAIO-
LIEerocsl y4eHOro-neTpoJsora, JOKTopa reoJioro-
MUHEepaJIornyeckux Hayk, nmpodeccopa, jaypeara
locynapcTBeHHOI mMpeMuu B 00JacTM HAyKu U
TexHuku Uropst bopucosuua Illepbakosa.

. b. Ulep6akoB ponuics 15 anpenst 1931 r.
B CaepmioBcke (HbiHe ExkatepuHOypr) B MH-
TEJUIMTEHTHOM ceMbe. YpaJl BOCIIUTA B HEM JII0-
0OBb K KAMHIO C IETCTBa, KOTIa MaJIbYMIIKH, MO-
BCIONly cOOMpasi sIpKue KOJUIEKLIMU, C BOCXUILIE-
HHMEM 3aBOPOXEHO 3aMUpPAIM HaJl KaXI0i HOBOM
HaxO[IKOM MUHEepaia WM Nopobl. DTO yBieue-
Hue u npuseno Uropst boprcosuya Ha reosioru-

ISSN 0204-3548. Munepan. ncypn. — 2001.— 23, Ne 1

He 6 macce npuobpemenHbvix 3HAHUU 3aK-
AKYAemcs Kpacoma u MOulb  YMCMEEHHOU
desimeavHocmu, dajice He 8 UX cucmema-
MUYHOCMU, 4 8 UCKPEHHEM, SPKOM UCKAHUU

B. U. Bepunadckuii

yeckuil ¢axkyabter KHeBCKOro yHUBEpCUTETA,
KOTOPBI OH 3aKOHYMI B 1954 T.

C 1954 no 1957 rr. M. b. LllepbakoB padoran
B MOJIEBBIX NapTusix JanbreosoroynpasieHus, riue
MOJIyYUJ1 XOPOLIMEe MPOU3BOACTBEHHbIE HABBIKU
U TPYIOBYIO 3aKaiky. B 1958 . oH cBsI3bIBaeT CBOIO
KU3Hb C HayKoi — pabotaer B MHcTUTYTE reo-
nornyeckux Hayk (UT'H) AH YCCP, zarem —
MHCTUTYTEe TeOXMMUM, MUHEPATOTUU U PYI1000-
pazosanusi (MI'MP) HAH VYkpaunsl, rae npo-
XOAMUT BCE OTAllbl CTAHOBJIIEHUSI CIEUATUCTa U
YYEHOro — OT MHXXeHepa /10 3aBEAYIOLEro OTIae-
JioM nierposiornu. B 1995 r. emy 6bU10 MPUCBOEHO
yueHoe 3BaHue npodeccopa.

IMocne 3a04HON acmUpaHTYpbl MOJ PYKO-
BoactBoM U. C. YceHko, ¢ KOTOPbIM OH BITOCTIE/ -
CTBUM JIOJITO U MJIOMOTBOPHO paboTai, B 1963 r.
. b. lllep6akoB 3aluM1IAeT KAHAUAATCKYIO JUC-
ceptaumio Ha Temy: "lletporpacduss m reHesuc
rHelicoBo-murmaruToBoii Tonum Cpennero IMo-
Oyxbs"”, a B 1974 r. — nokropckyto: "[lerponorus
cpenHel yacTu YKpauHCKOro ImTa”.

Hayunas nesitensHocts U. B. Illep6akoBa
MOCBsIlIeHA YKPaUHCKOMY JokeMOpuio. OH siB-
JisieTcsi aBTopoM cBbile 250 HayyHbIX pador, B
ToM yucie 10 KHUT, MHOTOYMCIIEHHBIX CTaTeid,
peueH3uit Mo oOLIMM U YACTHBIM BOIIPOCAM, MC-
TOPUU METPOJIOTUU, PSIL U3 KOTOPBIX OMYyOINKO-
BaH 3a pyOexXoM.

Betep cTpaHCTBUII HEOAHOKPATHO YBIIEKa
Hropst BopucoBrnya B MOpcKUe 3KCMEIMLUUU yK-
PAaMHCKUX YYEHBIX MO M3yvyeHuio nHa MHoumii-
CKOTo M ATJIAaHTUYECKOro okeaHoB, KpacHoro u
YepHoro Mopeii, pe3ybTaToM KOTOPBIX SIBUJUCH
yeTblpe MOHOrpaduu.

Yxe B mepBbIx cBoux pabotax Mrops bo-
PHCOBMY aKTHBHO Pa3BUBAeT NETPOMUHEPAIOTU -
YecKOoe HarpaBjieHUe — UCIOJIb30BaHUE OCOOCH-
HOCTEIl Mopoa006pasyolMX MUHEPATIOB AJIsl pe-
weHust 3anay nerposnoruu. Kuura "buotutsl no-
kemopust” (M. C. Yeenko, W. B. Llepbakos, A. IT. 3asii,
1972) otkpblia cepuio MoHorpaduii Mo nopo-
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XPOHUKA

M000pa3yolUIMM MUHepajiaM; €€ aBTOPbl ObLIU
yaocroeHsl npemun uM. B. Y. BepHanckoro I1pe-
suauyma AH YCCP.

N. b. lllep6akoB ObUT Y UCTOKOB BCILJIECKa
MeTaMop(hUYECKUX HCCIeJOBaHUIA, BO3IJIaBsie-
MbIx akageMukamu B. C. Co6osnesbim 1 1. C. Kop-
SKUHCKHMM, Ha4yajio KOToporo aatupyercs 1950-mu
rogaMu. B MHOrO4YMC/IEHHBIX CTAThSIX U MOHOTIpa-
dbuu "Tetporpadust 1TOKeMOPUICKUX MTOPOLT LIEH-
TpaJbHOM YacTu YKpauHckoro wmuta" (1975), uc-
MOJIb3Ys1 CBOMCTBA MOPOA00OPa3yIOLINX MUHEpa-
JIOB, OH BIIEpBble B YKpanWHe J0Ka3aJl NMpUHaj-
nexxHoctb nopon CpenHero [Mo6yxbst u [Mpuaso-
Bbsl K BBICOKOTEMIIEPATYPHON 4aCTU IPAHYJIUTO-
BOM (almy angaHCcKoOro TUIIA U, COBMECTHO C
N. C. YceHko, MOATBepIMII CYILIECTBOBAHUE IKJIO-
rutTonogo0HbIX nopoa. KHura crana metoguyec-
KHMM DPYKOBOACTBOM [JisI Ir€OJIOTOB IO U3YYEHUIO
MIETPOJIOTU U ITyOOKOMeTaMOp(hU30BaHHBIX MTOPOJT
OKEeMOpHsI.

KpomMe TpaauuMOHHBIX NETPOXUMUUYECKUX
metonoB, kotopsie U. b. [llepbakoB Havas pa3pa-
0aThIBaTb OMHUM U3 MEPBbIX B YKpauHe, OH KC-
IMOJIb3YET U TaKUE€ METOIbI (1)M3I/IKV[ MMUHEpPAJIOB,
KaK TEPMOJIOMUHECLIEHLMSI LLIEJOYHBIX MOJIEBBIX
wmaroB, DI1P-xapakTepucTiku KBapua, orntuyec-
Kasl CIIEKTPOCKOIMUSA TEMHOLBETHBIX MUHEPAJIOB.
DTUM TpobsieMaM TOCBSIIEH psii paboT, B TOM
yuciie MoHorpadust "lLllenoyHble MoJeBbie 1ia-
Thl TPaHUTOMAOB YKpauHckoro muta" (1980),
OIHUM U3 aBTOPOB KOTOPOW OH SIBJISIETCSI.

®yHnameHTatbHbIM BKi1anoM U. b. Llep6a-
KOBa B METPOJIOTUIO cTajia OoJibliiasi cepusi padboT
B objacT MeTtamopduima, KoTopas 3aBepliv-
Jack MoHorpadueit "MetamopdusM YKpauHCc-
koro muta” (1982) B coaBTopctie ¢ M. C. YceH-
Ko, P. M. CupoliurtaHoM u jip., a TakXKe cepueii pas-
HoMaciuTabHbix Kaptr CCCP, YkpauHckoro iura
1 MeTamopduueckoit kaptoil EBponsl Macuitaba
1 : 2500000, uznanxoit nox arupoii KOHECKO.
Kaptel MmeTamopdhr3mMa — JONOJHUTENbHBINA UC-
TOYHUK MHOOPMALMK O 3aKOHOMEPHOCTSIX Ieo-
JIOTMYECKOTO Pa3BUTUsI YKpauHCKOTO 1uTa. OHU
HIMPOKO UCIOJb3YIOTCA TCKTOHUCTAMU, 1"60(1)1/131/1—
KaMU U IPYTUMU CIIeLMaliCTaMy B O0JIaCTU Ieo-
JIOTUU TOKeMOpusl.

Uropem bopucoBuyeM MHOro cienraHo B
obsiacti (HOPMALMOHHOIO pPAaCWIEHEHMsT MOPO.
IOKeMOpHsl, 0COOEHHO rPaHUTOMIOB. 3a JBa roaa
JI0 TIOSIBJIEHUSI U3BECTHBIX paboT aBCTPATUNACKUX
reojioroB Yenrnena u Yaiita, rae oHM 000CHOBA-
JIN BBIACJICHUE S- U i—FpaHVlTOB, YTO CECroaHs sB-
JisieTcst OOLIENPU3HAHHBIM U LUIMPOKO UCIOJIb3Y-
ercst B mpakTuke, M. b. lllepbakoB yxe onyonu-
KoBal B TeMatuyeckoM cbopHuke MI'H (1972)
CBOM BbIBOJIbI O CYLICCTBOBAHUU aIlOIICJINUTOBbIX
M ano0a3uTOBbIX IPAaHUTOUIHBIX cepuil. boiee
TOTO, OH MPEAJIOXUII CBOI "OMOTUTOBBII" METO.
(1972) pazgeneHusi 3TUX TPAHUTOB — HWHCTPY-
MEHT 0oJjiee TOHKHUI, 4YeM MUHepaJIornyeckue
METOJIbl, KOTOPBIMU TOJIb30BAIUCH 3apyOexkKHbIe
y4eHble. 3/1eCb, KaK M1 BO MHOTHMX APYTHX CIydasix,

cpaboTayl MpecaoBYTHIN "XKejle3Hblil 3aHaBec”.

M. b. lllep6akoB siBisieTCs aBTOPOM IIpO-
CTPaHCTBEHHO-BPEMEHHOI MOJIEINU MPOrpeccuB-
HO-PErpecCMBHOIO TPAaHUTOOOPA30BaHUSI U OC-
HOBaHHOIO Ha Hell (opMallMOHHO-BO3PAaCTHOTO
METOA PACUJIEHEHUS U KOPPEISLUUUA IPAHUTOU -
noB. B pasHoe BpeMsi UM BblIeJEH LIEIbI psia
TPAaHUTOMAHBIX KOMILIEKCOB (railBOPOHCKUIA, Te-
TUEBCKMI1, TAlCMHCKUIA U Jp.), KOTOPbIE BOLLLIA B
oduumanbHble cTpaturpaduyeckre cxembl YK-
PAMHCKOIO HiuTa. HMToromM MHOrojeTHUX TPpyaoB
no 3Toil mpobneme sipisiercsi KHura "I'paHuto-
unHble Gopmaumu YkpauHckoro muta” (1984),
3a Kotopylo Mropb bopucoBuy BMecTe ¢ COaBTO-
pamu HarpaxzaeH [ocymapcTBeHHOiT mpemueit
YkpauHbl B 1998 r. D10 hyHAaMeHTaIbHAsI CBOMI-
Ka, coJiepxKallasi BCECTOPOHHEE CCTEMaTUYeCcKoe
OINMCAHUE BCEX U3BECTHBLIX K TOMY BPEMEHU KOM-
MJIEKCOB I'PAHUTOMIOB C OOOOLIEHUEM JAaHHBIX
M0 METPOXUMUU U abCOTIOTHOMY Bo3pacTty. KHu-
ra sieujiach (bakTMYeCKOi OCHOBOM sl hopMa-
LIMOHHOI'O BO3PAaCTHOIO PACYJIEHEHUSI U Koppe-
JISIUMU TPAHUTOMIOB 1IMTA U JAJbHEHIIEN neTa-
JIM3ALMU CTpAaTUrpadryueckoii cxeMbl TOKeMOpUs.

[Toutu yetBepTh Beka U. b. LllepbakoB Bo3-
riasisieT otaen nerpojorun MI'TMP HAH VYkpa-
WHBbI. 33. 3TO BPE€Ms OH BOCIUTA 1IECTh KaHaAUIa-
TOB reoJIoro-MuHepaaornyeckux Hayk. Mrops bo-
PUCOBAY — MHULIMATOP U OPraHM3aTrop MpoBe-
JeHus nepBoii PecryGiMKaHCKOM 1LIKOJIBI MOJIO-
AbIX YYCHBIX W CHEUHHUAIUCTOB IO IMETPOJIOIrnuu
(1986). Lleb 1LKOIBI — MOBBILIEHKE MTPOdeccr-
OHAJIBHOTO YPOBHS U YIIyOJeHUe 3HAaHUI MOJIO-
JIbIX HayYHBIX COTPYAHUKOB, IIpEnojaBaresieii, reo-
JIOTOB, O3HAKOMJIEHUE UX C HOBEHMIIMMU OCTU-
JKEHUSIMUA HayKu. B paboTe 1IKOJIbI MPUHSIIN yya-
cTue MoJoable nerporpadsl U3 14 ropoaos Yk-
paunbl 1 CoBerckoro Coro3a U3 22 HayyHBIX U
IMPOU3BOACTBEHHBIX opraHmauuﬁ, 4YTO SABUJIIOCH
JIyyluei pekaMoil eTPOJOrMYECKON HAyKU.

M. b. LlepbakoB u30paH Mpeacenareiem
MexXBeJOMCTBEHHOTI'O METPOrpaduyeckoro KoMu-
Teta YKpauHbl. 1oz ero pykoBoaCTBOM U MPU €r0
y4acTuM paszpabotaH u omyb6iaukosaH "IleTpo-
rpaduyeckuii Kogekec YKpauHbl' — BTOpoe B
MUpe U3aHKe Moao0HOro pona. 3a Mioa0TBOp-
HYIO TBOPYECKYIO IESITEIbHOCTb M OOJIBbLLIONM BKJIA
B pa3BuThe Hayku Uropp Bopucosnuy otmeueH
BbICOKMMU MPaBUTCIbCTBEHHbIMU HarpagamMmu —
MenaisiMu "3a mobsectHblir Tpyd”' u "Betepan
Tpyna".

Cgoe cemuaecstuietTue ropb bopucosuy
IllepGakoB BcTpeyaeT B MOJHOM pacLBeTe CUJ,
TBOPYECKUX YCTPEMJIEHUI U IIJIAHOB, HAIPABJIEH-
HBIX Ha PacLBET JIIOOMMOI0 JeTHUIla — Te0JOru-
4YeCcKOil HayKM BO 6aro Hapona v MpoOLBETaHUS
YKpauHbl.

CepneuHo nozapasisist Uropst bopucosu-
ya c busieeM, KOJJIEeru, 1py3bs, YYEHUKH, pell-
KoJulerusi M penakuusi "MUHepaToruieckoro
KypHaia" XeJlaloT eMy KPEKOro 3I0POBbsI, TBOP-
YECKHUX YCIIEXOB U CBepmeHMﬁ.
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Hawwun aBTOpBDI

Apremenko ['enHanuii BranumMupoBuy — JI-p reoji.-MuHepai. Hayk, 3aM. aup. UTTMP HAH
YKpauHbl

Bonnapenko 'epman HukonaeBuu — a-p reoj.- MuHepail. Hayk, 3aB. ota. [HILL POC HAH
YKpauHbl

Barmyr Hukonait HukonaeBu4 — KaHI. reoil.-MUHepall. Hayk, c. H. c. UTTMP HAH Ykpaunnt
Bbpuk Anexcanap bopucosuy — n-p ¢pus.-mar. Hayk, 3aB. 1ab. UI'MP HAH Ykpaunst
bpuk Bnagumup BopucoBnu — a-p ¢us.-Mar. Hayk, npe3uaeHT. Kopnopaiys uccien. u
texHosnoruu, Maaucoun (CILLIA)

Bo3sniok I1etp OkceHTheBUY — KaH[I. (p13.-MaT. HayK, 3aB Kad. YKp. TOC. YH-T IHILI, TEXHOJIOTHIA

Bo3nsk JImMutpuiit KOHCTAaHTMHOBUY — KaHJ. TeoJl.-MUHepajl. HayK, u. 0. 3aB. ota. UTMP
HAH Ykpaunst

T'anaGypaa FOpuit AHIpOHOBUY — KaH[I. Teol.-MUHepas. Hayk, ¢. H. c. UTTMP HAH YkpauHbt
T'oporoukas Jlronmuia UBaHOBHAa — KaHI. Te€0J.-MUHEpal. HayK, ¢. H. c. UM HAH YkpauHsl
I'pewanoBckas Enena EprenbeBHa — M. H. c. UTTMP HAH Ykpaunst

Josoym Tarbsina Mnbunuuna — H. ¢. UTTMP HAH Ykpaunst

Jlonckoii Anekcanap HukonaeBud — 1I-p reoj.-MuHepail. Hayk, c. H. c. UTMP HAH YkpauHbt
Meanvmxkuii Braqumup [arnoBrY — KaHII. reo.- MUHepall. Hayk, c. H. ¢. UTMP HAH YkpanHbl
Nabuenko Exatepuna AnekcannpoBHa — Bed. uHX. MTTMP HAH Ykpaunst

Kamunuuenko AHaronuit MuxaiiioBu4 — KaH. reojl.-MUHepall. Hayk, Bed. H. c. U TMP HAH
YKpauHbl

Ksacnuna Bukrop HukomnaeBuy — a-p reoji.-MuHepai. Hayk, 3aB. otl. UTTMP HAH Ykpaunst
Kennep Ixxeppu— a-p Hayk, npod. YH-T wiT. FOta, Conr-Jleiik-Cutu (CILA)

Kpusauk Crenan I'puropseBuY — Ji-p reojl.-MuHepasl. Hayk, 3aB. otn. U TMP HAH YkpaunHbt
Kyn Buktop AnekceeBuy — H. c. UM HAH Ykpaunst

Kynbunnkas AHHa AjleKcaHIpOBHA — KaH]I. Te0J.-MUHepall. Hayk, ¢. H. ¢. UI'MP HAH Ykpannbl
JIuroBuenko AHatonuii CtenaHoBUY — JI-p ¢pu3.-MaT. Hayk, 3aB. ota. MTMP HAH YkpauHbt
Jlyrosag Mpuna [leTpoBHa — KaH. reojl.-MuHepail. Hayk, c. H. c. U'MP HAH Ykpauns
MenbhaukoB Bragumup CtenaHoBUY — KaH[. TeoJ.-MUHepall. HayK, Beld. H. c. UTMP HAH
YKpauHbl

Haymosa Mpuna CepreesHa — H. c. BUMC, Mocksa

Ocranenko ['eopruit TUXOHOBUY — A-p reoj.-MUHepall. Hayk, 3aB. ota. UM HAH Ykpaunbt
IMamumme Bragumup MBaHOBUY — J-p TeOJ.-MUHEpPA. HayK, ipod., Bed. H. c. ATTMP HAH
YKpauHbl

ITonomapenko Anexcanap HukonaeBuy — KaHj. reoi.-MUHEpaJl. Hayk, Bel. H. c. U\TMP HAH
YKpauHbl

IMoabmmu DpHecT BacuibeBUY — KaH. reo.-MuHepall. Hayk, ¢. H. c. UTMP HAH Ykpaunbt
Pa3nopoxusiii Butanuit ®@engopoBuy — KaHI. Teos.-MUHepal. HaykK, reojor. [TT'PIT (BosHo-
Baxa)

Paiic Opuk — n-p Hayk, npe3uneHT. Kopriopaliusi opOUTalbHBIX TeXHOJIOTMA, MaanucoH
(CIIA)

Cunopenko ['anmHa AnleKcaHApOBHA — JI-p Te€OJI.-MUHEpajl. HayK, npod., ri. H. c. BUMC,
Mocksa

Cysipko Bacumuii I'puropbeBud — 1-p reojl.-MuHepa. Hayk, npod., Bed. H. c. UTMP HAH
YKpauHbl

TarapunoBa EncHa AnekcannpoBHa — Had. y4ye06. ota. AO "Kap6on" MH-Ta npukiia. mpooJ.
SKOJIOTMH, TeOPU3NKU U TeOXUMUU

Tumomxosa JlronMuiia [1aBmoBHa — KaHJ. reoJl.-MUHepall. Hayk, ¢. H. c. UM HAH Ykpaunst
Yabsumy Hatanes Biaanumuposra — renep. avp. Hayd.-ripousBoncts. npennpustiue "KEPTAIT"

Yykanos Hukuvrta BragumupoBud — A-p ¢hu3.-Mar. HayK, Bell. H. ¢. UH-T Ipo0J1. XuM. (pU3UKU
PAH, YepHoronoBka

Yepubimu Jdapus CepreeBHa — acn. MITMP HAH Ykpaunbt

IIa6aman Bopuc I'puropseBuY — KaH. reojl.-MuHepai. Hayk, . H. ¢. THL POC HAH Ykpaunsi
IlImenes Eprenuii 'ennanueBnu — Ben. uHx. THL[ POC HAH Ykpaunsl

Ilepoak Hukomnaii [TetpoBuy — n-p reos.-muHepai. Hayk, akan. HAH Ykpaunsl, npod., nup.
NUI'MP HAH Yxkpaunst

SAxosaes bopuc 'aBpuioBuY — a-p reo.-mMuHepal. Hayk, Bed. H. ¢. UTTMP HAH Ykpaunst
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Buumanuro wumameaeii !

ITOITPABKA

B cratee C. A.Tamusg, K.E.Ecunuyka, K. B. Koryra,
IT. A. KonnpateHko "BepObuHckoe MecTopoxaeHUE MoJubaeHa
(ceBepo-3amnaa YKpauvHCKOIO IIUTA): MeTporpadusi, MUHEPaIOTusl,
ycnoBust GopMUPOBaHUS", OMyOJIMKOBAHHOM B "MUHEpaIOrnyecKoOM
xypHane" 22, Ne 4, 2000 r., mo BUHe aBTOPOB JOIylleHa olnoka. B
Taba. 2 a”Haau3bl 2—4, 6, 7 COOTBETCTBYIOT cepuyumy, KOTOPBIi
pa3BUBAeTCs MO KaJWeBOMY I10JI€BOMY IIITIATY.

100 ISSN 0204-3548. Munepan. wcypn. — 2001.— 23, Ne 1



Pynonposis Temmepatypa Hacrora, ew!
Sarmcy crekTpy vH,0 vOH(AI) vOH(Li) vH—F vC—H
ApCeHIBChKHIA Ty 3430; 3220%* 3450; 3395; 3330 3495 3640 2980; 2940; 2880
T 3230; 3145* 3445; 3382; 3322 3490 3730; 3695 — — —
3675; 3653
CxuisiHa Topa Ty 3430; 3222% — — 3320 — 3635 — — —
T 3240; 3145* — 3382; 3320 — 3730; 3675 — — —
3665; 3635
JleHunHCHKMI Ty 3440; 3220* — — — 3350 3650 — — —
Tio 3440; 3150%* — — — 3350 3720; 3700 — — —
3680; 3660
3620
Meton Jlureparyp-
PEHTreHorpa- HbIl
Munepai [TapameTphbl 351eMEHTapHOI sIYeiiKu, HM (UO,) : (Si0y) Kpucranoxummieckas popmyna duueckoro MCTOYHMK
aHaJInu3a
a | b | 4
Yukcur 0,709 1,791 0,712 1:3 K5(U03)»(Si205)34H,0 PKJI-57,3 [20]
0,7092 1,7888 0,7113 2:5 (K,Na),(U0O,),[Sis0;3]4H,0 JAPOH-1 [3]
0,717 1,789 0,711 K5(U03)»(Si205)34H,0 PKY-114 [14]
1,401 3,499 1,390 1:3 (K,1Nag 5Cag 2)(U0O3)2(Si,05)34H,0 PKY-114 [7]
Ba-yukcut 1,430 3,588 1,420 1:3 Ba(U03)»(Si205)3,H,0 n = 2—13 JAPOH-2 [4]
lFactyHut 1,427 1,798 1,839 18 (K,Na)»(U0,)3(Si205)48H,0 — [17]
XelBUUT (TaCTYHUT) 1,429 1,798 0,837 — [24]
XeiBUUT 1,426 1,799 1,840 — [13]
1,430 1,789 1,840 1:3 Ca(U0,),(Si,05)35H,0 PKY-114 [18]
Merta-xeiBUNT 1,430 3,589 1,420 1:3 To xe PKY-114 [18]
Paukuaut 1,430 1,790 1,839 2:5 Ca3(U0O,)4(Si,05)5(0H)417,5H,0 — [11]
Ypcunur 1,429 1,789 1,844 2:5,5 (Mg,Ca,Nay,K3)4(UO;)4(Siy05 5)13,5H,0 — [9]
Ypeunur — — — 2:5 (Mgo,79Na,47K0,26Ca0 2100,20)2,00(U02)1,98[Si013]nH, O — —
Ca-ypcunur 1,433 1,790 1,841 2:5 Cay(UO,)4(Si,05)5(0OH)¢15H,0 — [9]
Ca-ypcunur 1,431 1,790 1,835 2:5 Ca3(U0,)4(Si,05)5(0OH)417H,0 — [8]
Ca-ypcumut — — — 2:5 (Cag,06Mg0,06K0,08)1,13(UO2)1,94[Sis, 76Al0,24]50 13 — —
Mg-ypcunur 1,430 1,803 1,836 2:5 Mg4(UO3)4(Si,05)5(0OH)620H,0 — [8]
XeWBUUT 1,4263 1,7988 1,8395 2:5 Ca(U0,),[SisO0,(OH),]4,5H,0 — [5]
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Dpaximst, MM ppm M30TOITHbBIE OTHOLIEHUS W30TOMHBIN BO3pACT, MJIH JIET
U Pb 206pp /204Phy 206pp,/207Pp 206pp /208Phy 206pp*/238U 207pp* /235U 206pp/238U 207pp/235y 207Ppp,/206Pp
[IpoGa 98-10, 6uotuToBsIit THelC (c. Komomuiiubl, kapbep dpyxoa)
Hcxonnas 858 283 689 4,8305 6,8087 0,27713 7,2517 1577 2143 2740
Il s/m > 0,1 877 327 1090 5,0638 10,006 0,32914 8,4689 1834 2283 2713
Il 5/m 0,07—0,1 772 84 679 4,7479 6,9295 0,09102 3,4246 562 1250 2770
II 5/m 0,04—0,07 842 167 362 4,6277 2,2447 0,13303 3,3545 805 1494 2679
Il 5/m < 0,04 872 248 339 4,7742 1,6890 0,17536 4,1979 1042 1674 2593
[Tpo6a 84-102, ambubona-61MOTUTOBBLII rHelc (c. 3pa3koBoe, npasblit Oeper p. Moxpast KoHka)
Ucxomnas 573 283 7430 4,9769 11,814 0,44626 12,277 2379 2626 2822
He 3/m > 0,1 539 138 5880 4,9077 12,330 0,23058 6,4205 1338 2035 2842
He 3/m 0,07—0,1 616 65 9090 4,9806 12,064 0,09540 2,6265 587 1308 2824
He 3/m < 0,04 476 209 4930 5,1888 12,084 0,39822 10,458 2161 2476 2746
[Ipoda 92-237, 6uotutoBslii rHeiic (xyr. Copoku, npasblii 6eper p. Byptuuus)
Hcxonnas 332 140 2400 4,4354 8,5338 0,36226 11,036 1993 2526 2988
> 0,1 239 118 1900 4,1160 6,9688 0,41232 13,492 2226 2715 3102
0,07-0,1 331 136 1710 4,4272 7,4944 0,34746 10,513 1922 2481 2977
0,04—0,07 355 132 1160 4,6286 7,4686 0,31784 9,0406 1779 2342 2877
[IpoGa 99-32, kBapu-maarnokia3osbiit Metanopdup (Cypoxckuil yyactok, ckB. 71-95, unt. 145,8—149 m)
He 3/m > 0,1 552 262 1600 4,3984 7,1499 0,3998 12,150 2168 2616 2984
He 3/m 0,07—0,1 538 276 1499 4,2759 6,9034 0,4279 13,365 2296 2706 3028
He 3/m 0,04—0,07 572 289 2183 4,3311 7,1162 0,4259 13,265 2287 2699 3023
He 9/m < 0,04 635 285 1927 4,4480 7,0675 0,3788 11,443 2070 2560 2974
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Bospact mist
Homep Howmep Conepxanwue, r/T Sm/Nd 147Sm/144Nd 143Nd/14Nd 166p ena () MopnenbHbII BO3pAcT, MJIH JIET | BBIYMCICHUS
aHaJn3a TpOOBI Sm [ Nd CHUR [ DM £Ng» MITH JIET
1 98-10 1,403 7,570 0,185 0,1053 0,510447 *+4 —10,8 3620 3770 2720
2 99-156 1,118 6,160 0,181 0,1030 0,510144 t4 —4,5 4020 4100 3400
3 84-102 1,376 5,720 0,241 0,1366 0,510983 +3 —10,8 4155 4245 2790
4 99-131 1,449 5,927 0,245 0,1388 0,511257 +2 —26.,9 3605 3820 2800
ubuna Kinb- YcepenHeHa dhopmyna
Pynxe nose BiIOOpY KiCTh | XiMiYHOrO CKJIaay MiI3eMHUX pH CO, Li Rb Cs Ge Ga Sc Y La Ce Yb Nb Be
npod, M aHa- BOJI
Jli3iB
3 4 % *
. Cl3cHCO3,S0 9,2 90,0 125,0 2,5 * 0,3
_ 36°-34>730 22 290 1200 g9 p9 335 S 2 22 473 50 ,
Mukutisebke  150-955 34 2.8 NagCap ;Mg 77 335 76 8§ <6 1 O 05 15 T, 4 01 -7
3 4 * *
. HCO034S03Cl 8,7 107,9 52 1,2 — *
JpyXKiBCbKO- _ 739273625 O/ 2 700 22— L2 = 2 _ _ _ _ _
KocTsaHTHHIB- 0-18 15 16 NazsCa3sMe g 7.5 49,4 56 7.8 <16 1 0,1 1
CbKE
4 3 % sk *
Cl45507 HCO 84 1015 03 - 5 * 03
; L4394y 1056 84 S 1010 60 80 S = 7 = U3
Crowamenke 52210 12 M30NayCayMe,y 75 530 o0 11 <16 — Ol 035 0I5 T r or - -
4 3 % * *
SO,-Cl, HCO 8,2 80,0 05 27
N 24703170 OS2 OUY 133 11l 0 12 10 3 6_ 460 140 9> 27 T
Eﬁ;gggm 0-358 27 M27Na oy Mg, 77 442 56 54 T2 014 05 057 058 L1 "3 01 L7 0,04
3 4 * * *
HCO34Cl3580 88 94,0 _ 04 _* _
. 3835727 5 ) — 1 5
Mgg 2892 222 = 90 = = L = - -
€cayniBcbke  12]1-632 5 0.8 "NagcCaz Mg)3 7.8 57, 59 78 <6 02 0T 02 02 15 — — — —
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Bospact, MmiH

Howmep MecTto or6opa 1pob [Topona P 31%0 (SMOW)

obpasia JIeT Zr | Pl [ Q [ Mt T Re
23C Sctpebenkuit CHEHUTOBBI MaccUB Lupkonuesas pyna 1720 4,8 — — — —
865/971  YepHuroBckasi 30Ha Kapb6onarur 2060 5,8 — 1,6 2,3 —
T-31 Pocuncko-Tukmdackuit paitoH, c. TenekuHIb l'a66po-ambpudonruT 2695 6,0 7,3 — — 7,5
980/64 BepnuueBckuii KomIieke, . JIMTUH I'paHUT OGMOTUTOBBIN ATUTMT-TIETMATOUIHBIN 2000 5,8 — 10,1 0,8 —
111/62 KupoBorpanacko->XKUTOMUPCKUIT KOMILIEKC, To xe 2000—2100 6,0 — 10,7 0,5 —

c. Paiixu

E-31 JHectpoBcko-byrckuii paitoH, c. 3aBajbe JIBYyNUPOKCEHOBBII KPUCTAJUIOCIAHEL 1950 6,0 — — — 7,0
K-1-1 Pocuncko-Tukunuckuii paitoH, c. Kopcynka KBapuesblit tuopur 2150 7,2 8,1 10,7 1,7 —
K-1-4 Tam xe I'panomgnopur 2100 7,8 9,0 10,9 2,3 —
5115 Huryno-Uuryneukuit paitoH, c. YeueneeBka I'paHuT arnT-nerMaTonIHbIN 1990 7,6 — — — —
CTL-5 CeBepo-3anaaHblii paiioH, r. Manun I'panut panakusu 1950 7,7 — — — —
T-33 Tam xe I'paHuT po3oBblit 2620 8,0 9,1 — — —
1050 [Ipuasosbe, c. JIMUTpPOBKA, Kapbep AJILOUTUT 1935 7,0 — — — —
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Dpakuusi, MM

ppm

M30TONHbBIE OTHOLLIEHMSI

N3oTonHblii BO3pacT, MJIH JIET

U | Pb 206pp,/204Ph | 206p /207Ph | 206pp /208 P | 206ph* /238 | 207pp* /235 206pp/238 | 207pp /235 | 207pp,/206Ph Th**/U
Bocmouno-Eauceeeckuii maccue
[po6a 4536, nuoput, Bo3ne c. LlleByenko, p. O6uToOUHast
Hcxonnas 167 89 3200 4,8982 3,6724 0,41606 11,658 2243 2577 2852 0,83
HM > 0,1 100 49 3090 4,8298 4,2942 0,39222 11,002 2133 2523 2854 1,212
HM 0,07—-0,1 192 96 3940 4,8859 3,7008 0,39186 10,908 2131 2515 2842 0,722
HM < 0,04 114 61 2110 4,7902 3,2558 0,40841 11,453 2208 2561 2854 1,316
Canmuluanckuii maccue
[Tpoba 99-256, rpaHOIMOPUT, I0XXHAsI OKpanHa c. ObutouHoe, p. O6uTOUHAS

HM > 0,1 115 63 4854 5,0230 6,7408 0,46754 12,6903 2473 2657 2800 0,708
HM 0,04—0,07 184 82 7752 5,1942 6,9029 0,38655 10,1897 2107 2452 2752 0,441
HM 0,07—-0,1 151 76 4854 5,0684 6,5219 0,43144 11,6039 2312 2573 2785 0,555
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