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[IpoananizoBaHO OCOOMMBOCTI KPHUCTAJIOT€HETHYHUX AOCIHIIKEHb TPUTOHAIBHUX 1 FeKCaroHalbHUX
KpHUCTaliB (KBaplly, KalbLUTy, OepHiy) 3 BUKOPUCTaHHIM yCTaHOBKM bpaBe Ha mizncTaBi JiTepaTypHUX,
BJIACHUX 1 apXiBHHUX MarepianiB. OOIPyHTOBaHO JOLINBHICTh YIOCKOHAIEHHS 3alHCy CUMBOJIB IPOCTHX
(hopM y TPUTOHATBHUX 1 TeKCarOHAIbHUX CHHIOHISX IIUIIXOM CIPOLICHHS MO3HAYEHb BIACHE B YCTaHOBIIL
Bpage. [loBeneHo, 1110 Moe€AHAHHS TOHIOMETPI1, aHAJII3Y KPUCTATIIUYHOI CTPYKTYPH 1 TepMOOApOreoXiMiuHIX
MEeTO/iB (MiHEpaIOTEPMOMETPUYHHHN aHaJIi3) Ja€ 3MOT'Y OTPUMYBATH KOMIUIEKCHY iH(OpMALIIO PO YMOBH
MiHepaloyTBOpeHHs1 0e3 MOpYIIeHHs HiNiCHOCTI KprcTaiB. HaromnomieHo, o TeopetuyHo Mopgosoriy-
HO BaKJIMBI MPOCTi (POPMH, 3yMOBJICHI KPHCTAIIYHOIO CTPYKTYpOIO, HE HECYTh TeHEeTHYHOI iH(opMmanii,
TOAL SIK iXHI peaibHi CHiBBIJHOILCHHS Ta CTYHiHb PO3BHUTKY BiIOOpakaloTh MapaMeTpu MiHEepasoyTBO-
proBasIbHOTO cepenoBuIa. BusBneHo BiaMiHHOCTI Yy Mopdosorii Ta rabiTyci KpUcTasliB KBapily, KaJbIUTY
i Oepuity, 3yMOBIIEH] SIK peTiOHAIbHUMHU O0COOIMBOCTAMH, TaK 1 yMOBaMH (pOpMyBaHHS, BKIIOUHO 3 TEMIIe-
patyporo, THCKOM 1 THHAMIKOIO (IoinHuX nmoTokiB. [Tokazano, o eBosrowis rabiTycy B mpoleci KpucTami-
3ariil Ma€ 3aKOHOMIPHHI XapakTep i Il MO)KHa BUKOPUCTOBYBATH [UIsl PEKOHCTPYKIIT (Di3HKO-XIMIYHUX YMOB
YTBOPEHHS Ta CTYIICHS €pOJIOBAHOCTI POJOBHUIL. Y MiACYMKY IIPOAEMOHCTPOBAHO BaKJIUBICTh CHCTEMHOTO
MiAXO0My ¥ MOCTIIOBHOCTI 3aCTOCYBAaHHS METO/IB A MiJBUILEHHS iHPOPMATUBHOCTI KpUucTaaomMopdoio-
TYHUX AOCIIKEHb Y TEHETHYHOMY Ta PHKJIJHOMY aCIIeKTax.

Knrouosi cnosa: KpuCTaNoreHe3uc, KBapl, KaJIbLUT, OEpHiI, TPHUIOHAJIbHA CHHIOHIs, TeKCaroHajlbHa
CHHIOHif, ycTaHOBKa bpase, roHioMeTpis, MOP(OIIOTis KpUCTaTiB, TEpMOOApOreoxXimisl.

DOl https://doi.org/10.30970/min.76.01

IMocranoBka mpoOgeMu. 3 PO3BUTKOM PEHTICHOCTPYKTYPHOTO aHalli3y 3acTOCyBaHHS
KpHCTAIIOMOP]OJIIOTii, TOJIOBHO, JJIsl IIarHOCTHKK MiHEPaJIiB IIEBHOIO MIpOIO BTPATHUIIO IPiopH-
TeTHICTh. BomHOouac kpucTamoMopdooriyti J0CIiDKEHHs al0Th 3MOTY OTpUMYBaTHy iH(opma-
110 TIPO YMOBH MiHEpaJOyTBOPEHHS 0€3 MOPYIICHHS IUTICHOCTI KPHUCTAJIiB, Yyepes 1o 30epira-
€TBCS 1 HABITh OCHJIFOETHCS IXHE 3HAYCHHS B TeHETHYHOMY actiekTi. Lle cTtocyeTbes, mepenycim,

© Onexcannp Bosk, Irop Haymxo, 2026
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TOHIOMETpii, sika, MOPIBHIHO 3 IHIIMMU METOIaMH BUBYCHHS MiHEPAJIbHOT PEUOBHUHU, Ma€ MPUH-
LUIIOBY IepeBary — HepyHHIBHICTh 1 MOXKJIMBICTh TOYHOTO BH3HAUEHHS IPOCTUX (OPM Ta CHIB-
BIJIHOILIICHB TXHIX po3mipiB. [luM 1 BU3HaueHa IMEpHIOYEProBICTh BUKOHAHHS TOHIOMETPHYHUX
JOCIII/PKEHb Y 3arajibHiil CHCTEeMI BUBYEHHS MiHEpaJliB.

AHai3 KpUCTaTIYHOI CTPYKTYPH JIa€ 3MOTY BH3HAYHMTH IEPEiK TEOPETUYHO MOpP(OIIOoriv-
HO B)XJIMBUX MPOCTUX (hOPM, 3yMOBIICHHX BHYTPIIIHBOIO cuMeTpieto MiHepady. Taki popmu
MOXYTb peaji3oByBaTucs 3a Oyab-sKUX (Di3UKO-XIMIYHHX YMOB 1 cami 110 co0i He HeCyTh IreHe-
tuaHOi iH(opMarii [5]. HaroMicTs Bapialii y CHiBBIOHOIICHHI TpaHEH, CTYIiHb iXHBOTO PO3-
BHTKY, TTOSIBA JOATKOBHUX ()OPM Ta OCOOIMBOCTI CKYIBITYPH T'paHEH BioOpakaroTh KOHKPETHI
mapaMeTpy CepeIoBHINa KPUCTAI3aIlii, 1 IX MOYKHA TPAKTyBaTH SIK THITOMOP(HI O3HAKH.

30BHIIHA GopMa KpUCTala 3aTHA BUKOHYBAaTH POJIb MOMEPEIHBOTO iHAWKATOpa TeMIepa-
TypH #oro yTBopeHHs. BogHowac /Ui KigbKICHOI OLIHKK TEMIIEpaTypH, THCKY W KHCIOTHOCTI
(ITr0TIHOTO CepeoBHINA HEOOXITHO 3aTydaTH METOAM TOCIIIKCHHS BKIIFOYCHb MIHEPaIOyTBO-
PIOBAJIBHOTO CEPEIOBHINA, TOOTO OPraHIYHO MOEHYBATH KpHCTaioMopdoorito 3 TepmModapo-
reoxiMi€ro.

PeasipHi OararorpaHHMKHM, Ha BiMiHY BiJl iZeai30BaHUX MOJEJIeH, MOXYTh BijoOpaxaru
CHMETPII0 MIHEPaJIOyTBOPIOBAILHOTO CEPEOBUINA 1 HANPSAMHU pyXy (IIoiqHHX MOTOKIB. 3HU-
JKEHHsI CUMETpii 30BHIIIHBOI ()OPMHU HEPIAKO 3yMOBIIEHE aHaToMi€r0 KpucTaniB. OnHak gocii-
JUKCHHSI aHAaTOMIi 1TOB’s13aHe 3 pyiHyBaHHSIM OaraTorpaHHUKIB, TOMY HOT'O CIIiJl TIPOBOAUTH I10
3aBEPILCHHIO TOBHOTO KOMIUIEKCY TOHIOMETPHYHUX 1 MOP(OIOTIYHAX BUMIPIOBAHb.

3 omsaay Ha IIe TTOCTaE HEOOXiTHICTh YiTKOI CHCTEMAaTH3allii Ta BU3HAYEHHS TOCIiTOBHOCTI
3aCTOCYBaHHS METOIB Y MeXaX KPUCTAaJIOMOPQOIOTiyHOTO miaxomy. PamioHadpHHN MOPSIOK
JOCTI/KCHb Ma€ OXOIUTIOBATH Bimdip marepiaiy 3 ¢ikcali€lo opi€eHTYBaHHS KPUCTAIB, TOHi-
OMETpIl0, OMHUC CKYJBITYpPH TpaHEeH, BU3HAYCHHS TCOPETHYHO 1 MPAKTHIHO MOP(OIOTIIHO
BaYKJIMBUX MPOCTHX (OPM, CTATUCTHUYHHMIA aHaIi3 IXHBOI MOMIMPEHOCTI, TOCIIHKEHHS MOP(ho-
JIOTiT peanbHuX 0araTorpaHHUKIB, aHaJli3 aHATOMIl, BUBYCHHS BKIIIOUCHB (IIIOIIIB y KPHUCTATaX
3 TIOJIAJTBILIOI0 KOpelsiiero Mopdooriunux, (Gizuko-xiMiuHuX 1 XiMiuHUX qaHux. Lle 3abe3neuye
MakcuMalibHe 30epe)KeHHs MepBUHHOI iHdopMalii Ta miaBuiLye iHGOPMATUBHICTh KPUCTAJIO-
MOPQOJIOTIUHHUX AOCIIKEHb Y TCHETHYHOMY acIleKTi. Taky cucTeMarn3aliito Ha PUKIIazi Tora-
3y Be BUKOHaHO [3]. OHaK JOCiPKSHHS] TPUTOHAIBHHX 1 TeKCaroHAJIbHUX OararorpaHHUKIB,
JUIS SIKUX BUKOPHCTOBYIOTh yCTaHOBKY bpaBe, MatoTh neBHi 0COOIMBOCTI, BUSIBIICHHS SKHX 1 CTa-
HOBUTB aKTyaJbHICTh HALIOTO JOCIIIKECHHS.

AHaJi3 pociixkenb. TpUroHaNbHI 1 TeKcaroHaj bHI 6araTOrpaHHUKH MalOTh BaKIIUBE TEO-
peTHyHe 1 npuKiIagHe 3HadeHHs. [lo HMX Halexarb, 30KpeMa, KBapll i KaJbLHUT — MiHEpaJH,
BHABJICHI MPAKTHYHO B YCiX TEOJIOTIYHMX Tporecax. Takok N0 TeKcaroHaJIbHOI CHHTOHII Hajie-
KUTH OepriT — OIMH 13 HebaraThboX MiHEpaJIiB, SKUH MOXKE 3a0€3MMEUNTH BITIM3HIHOIO CHPOBH-
HOIO IOBEJIIPHY MPOMHUCIIOBICTh YKpaiHu. XapakTepHi THIOMOP(}HI 03HAKH ITMX MiHEPaJiB MOX-
Ha 3aCTOCOBYBATH /ISl MOLIYKIB PI3HOMAHITHUX KOPUCHUX KOIAJIHH.

Jnist KpUCTalIoreHeTHYHHUX JIOCHI/DKEHb 3a3HAYCHUX MIHEpajiB 3aCTOCOBYIOTh YCTaHOBKY
Bpage. Llst ycraHOBKa BiIpi3HA€THCS BiJl yCTaHOBKM Mijuiepa TUM, 10 B Hiil (IKCYIOTh YOTHPH
kpuctanorpadivdHi 0Ci, TPH 3 IKHUX 301rar0ThCs 3 OCSIMH JPYTOTO MOPSIKY, a YSTBEPTa — 3 BiCCIO
TPEThOro, ab0 MIOCTOTO, MOPSAKY, 1 CHMBOJIM MPOCTUX (OpM MaroTh BUIISA He {hkl} a {hkil},
npuaomy i =—(h+k). OTxe, y il ycTaHOBL OJ11H 200 KiJIbKa CHMBOJIIB IPOCTOi (POPMHU MATUMYTh
Bix’eMHe 3HaueHHs. OCKIUIBKM MPUIHATO CTaBUTH 3HAK MIHYC HaJ CUMBOJOM, TO BHHHKAIOTh
TIeBHI HE3pyYHOCTIi: HaOpaHi Ha OJHOMY KOMIT IOTepi CHMBOJIX Ha 1HIIIOMY KOMIT FOTE€Pi MOXKYTh
BimoOpaxarucs iHakme. 11100 yHUKHYTH IUX HE3pYYHOCTEH /IS aBTOPIB i pelIaKkTOPiB, MPOIIO-
HY€ETBCS, 32 aHAJIOTIET0 3 [12], TpeTiit cuMBOIM 3aMiHUTH Ha Kpanky. Ha puc. 1,a mokazaHo OCHOB-
Hi mosicH 1 mpocTi (hopMu TPUTOHATEHOT 1 TeKCarOHaTbHOI CHHTOHIMH, a Ha puc. 1,6 — TpaauIiiai
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1 cripomeHi cumBos. CripoineHi CHMBOJIM MarOTh BUTIISIA {Ahk./}, ne Kparka 3aMiHsi€ CUMBOI 1.
Hamnpuknan ckanenoenp Ha Kanbiuti Oyae maru Burisia {21.1}. Ockinbky, SIK yKe 3a3Ha4€HO,
i =—(h+k), TO 3HaUYCHHS TPETHOI'O CUMBOJTY CTAHOBUTH —3. AHAJIOTIYHO MOXKHA JIETKO OOYHCITUTH
3HAYCHHS CUMBOJIY [ Ha IHIIUX MPOCTHX (PopMax.
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Puc. 1. T'ooBHi mosicH i IpocTi pOpMH TPUTOHANIBHOT 1 TeKCaroHaaIbHOI CHHIOHIN:
a — crepeorpadivyHa IPOEKIIisl 3 TOJIOBHUMH IOSICAMHU 1 TPOCTUMHU (pOpMaMK TPHTOHAIBHOT
Ta FeKCAroHAJIBHOI CHHIOHIN; 6 — CKOPOYCHI Ta MOBHI CUMBOJIM TOJIOBHUX MPOCTUX (HOPM TPHIOHAIBHOT
Ta reKCAaroHaJIbHOI CHHTOHIN

3a3HauMMo, 110 JJIsl IOOY/IOBU aKCOHOMETPUYHOI (SIK 1 OPTOrOHAJIBHOT) MPOEKIii KprcTa-
na B iporpami Shape Hema nmoTpedu MepeBOAUTH CUMBOIM IPOCTHX (HOpM 3 ycTaHOBKH bpase
B YCTaHOBKY Miiepa, mpocTo irHOpYyIOTh TPETii CUMBOJI, @ BUKOPUCTOBYIOTH Jiviie hkl. Takox
KPHCTAJIOTEHETHYHI JOCIIIPKEHHS KBapIly, KajJbLUTy 1 Oepuily Ha pi3HUX eTanax MalTh CBOI
0co0MBOCTI, sIKi OyJie pO3NIISTHYTO B IPOITOHOBAHIH Mparii.

MeTta po0d0TH — cXapaKTeprU3yBaTu 0COOIMBOCTI KPUCTAIOTEHETHYHHX JIOCII/DKEHb Ha BCIX
eTamnax Julsl KpUCTAliB TPUIOHAJIBHOI i reKCaroHalbHOI CHHIOHIH, Y SKUX BHKOPHCTOBYHOTh
ycTaHoBKy bpage.

JUis mocsTHEHHS METH MOTPiOHO OynIo BUPININTH Taki 3aBIAHHS: 1) OmpaitoBaTH OIyOmi-
KOBaHI, OCOOMCTI Ta apXiBHI Marepiajl 3 KpHUCTaIoMop¢oorii KBapiry, KaJbIUTy i Oepuiy;
2) pO3IIIHYTH 0COOMUBOCTI yCTaHOBKH bpage; 3) mpomeMOHCTpyBaTh eTany KPUCTAIOTeHETHY-
HUX JOCJIKCHb Ha MPUKJIIAIl KBapIly, KaJabIUTy 1 OCpuiTy.

Buxkian ocHoBHOro Matepiasy. Ha erani BigOupanHs Marepiany UIst AOCITIHKEHb BaXKJINBO
(ikcyBaTH Opi€HTAliI0 KPHUCTalla, OCKUIBKH 32 CIIBBITHOIICHHSM PO3MIpiB rpaHeil Tiel camoi
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nmpocToi GopMH MOKHA BU3HAYMTH HAIIPSIM PyXy MiHEepaioyTBOproBaabHuX (iroimiB [3, 5, 6].
VY HaioMy BHUNAJKy yCTAaHOBKA KpHCTalla 3HaYCHHs He Mae. [OHIOMETpHYHI JOCHIPKEHHS Hal-
JIeTIIIe POBOUTH JJIs KBapiy. J{iis iboro MiHepasy B OUIBIIOCTI BUIAIKIB XapaKTepHi TPH IPO-
cti ¢popmu: npuzma {10.0} i pomboenpu {10.1} i {01.1} (puc. 2), nunipamina {11.1} BusiBnena
piamre, Tpanenoeap {S1.1} — me pigme [20].

Puc. 2. Kpucranomopdonoris kBapiy 3 nopia KpocHeHncrkoi 30Hu Yipaincskux Kapmat [20]

VY pasi BiAcyTHOCTI JUIipaMiau i Tpamernoeapa Hema moTpeOr BUKOPHCTOBYBATH JIBOKOJIO-
Buii roniometp ['J[-1, mpu3my i pomOoeapu iHAEKCYIOTh 32 30BHIIIHIM BUIIISLIOM. He3Baxaroun
Ha MaJy KUIbKICTh MpocTuX (opM, radiTyc KpUCTAIIB KBapIly BUPI3HIETHCS HaA3BUYAHHOIO
po3maiTicTio. bararorpaHHHKH KBapily MOXYTh 30BHIIIHBO HarajayBaTH Oy/b-sIKy CHHIOHIIO.
IxHsa BuaMMA cuMeTpist Moke OyTH SIK BUINA, TAK i HIXKYA 32 peanbHy. Buau rabitycy kpucra-
JIB KBapIly 3aJIeKHO BiJl CUMETPIl MiHEpaIOyTBOPIOBAIBLHOTO CEPEIOBHIIA JIETAIBHO PO3IIIsi-
HYyTO B [6].

Kpucranomopdororist kanpuuTy 3HauHO pisHOMaHiTHImA (puc. 3). Ha GaratorpanHukax
BHSBJIICHA BENHMKa KUTBKICTH mpoctux ¢opm: {10.0}, {01.2}, {21.1}, {00.1}, {10.1}, {02.1},
{40.1}, {16.0.1}, {11.0}. Kampmur 3 pi3sHUX pOIOBHUII Ma€ pi3HUIA radiTyc KpucTaiis [4, 9, 10].

OCHOBHUMH MPOOIEMaMHU JOCITIKEHHSI KPUCTAIOTEHE3UCY Oepruly € CKIaTHICTh BimOopy
MIPUIATHUX U TOHIOMETPii 3pa3kiB. BimbmmicTh KpucTaliB BKpUTa (BirypamMu pocTy i po3du-
HEHHSI, 10 YaCTO YHEMOXJIMBIIOE iHAeKcariio [2]. He3paxaroun Ha 11e, MOYKHA BHUSIBUTH Bif-
MIHHOCTI HE TiUTBKH MiX OararorpaHHUKaMu O€pUITy 3 PI3HHX POJOBHUII, a i 13 PI3HUX 30H TOTO
camoro pozoBuina (puc. 4)

Ha erari aHanizy KpuCTaIiqHOI CTPYKTYPH Ta MOPIBHIHHS MOP(OIOTIYHOT BaXKIIMBOCTI TEO-
PETHYHO PO3paxoBaHUX MPOCTUX (OPM i3 pearbHOK MOP(HOIOriYHOK BAXKIMBICTIO MPOCTHUX
(hopM Ha KOHKPETHUX POJOBUILAX POBO/STE aHAJI3 PETHKY/ISIPHOT TycTHHU [ 13] 3 ypaxyBaHHIM
noripaBok [lonnesi—Xapkepa [ 14], Busnauenns F-, S-, K-rpaneii — 3a 1011oMororo nepioguyHmux
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Puc. 3. Kpucranomopdonoris KaJpluTy 3 pi3HUX POAOBUIL YKpaiHu, 3a [4]:
a—d — Jlonbac; e-g — Kpum; h—m — cipuani pogosuma Ilepenkapmarts

nanitoris 3B’ s3Ky (PBC-BexropiB) 3a [15], Bu3sHaueHHs cumeTpii rpaHi — 3a [. [lladpanoBcbkumM
3a aHajoriero 3 [1].
Po3paxyHOK peTHKYIISIPHOT T'yCTHHH ITPOBOIATH 3a Takoio Gopmyroro [18]:

1/d{hkl}? = h*/a® + k%/b? + 1%/c? + 2hk cos y/ab + 2hl cos p/ac + 2kl cos o/bc,
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Puc. 4. Kpucranomopdosoris 6epuity i3 kamepHux nermatutiB KopocTteHcbKoro yToHy, 3a [2]:
a—e — 13 3aHIPKIB; f—k — 13 30HU BIJIYTOBYBaHHS

ne a, b, c — mapameTpu eJleMeHTapHO1 KOMIpKH; v, P, 0 — KyTH eJleMEHTapHOT KOMIpKH.
Jlnist TpUroHaIbHOT 1 reKcaroHaNbHOI CUHTOHIH 15 popMyiia MaTUMe BUIVISLT
1/d? = 4(h? + hk + k?)/(3a?) +1%/c>.

B ycranosii bpase mist po3paxyHKy BUKOPHUCTOBYIOTH CUMBOJIM /hkl, CHMBOII i iITHOPYIOTb.
3 ypaxyBaHH;IM nonpaBok JloHHes—Xapkepa, BiANOBITHO, MHOKAThCA  hkl. Tax y xBapri uis
pospaxynki 6epyts He {00.1}, a {00.3}, mo3asx miHAKOiJ MEPIEHANKYIAPHUN 10 TBUHTOBOL
oci TpeThoro nopsaxky. OTxe, HallOLIbIIA pETUKYIISIPHA TYCTHHA 3 ypaxyBaHHIM HonpaBok JloH-
Hes—Xapkepa y kBapiy xapakrepHa st {10.0}, {10.1}, {01.1} [14]. [Ins xanbuuty HaitGinbma
perukynsipna rycruna y {10.0}, {00.1}, {10.1}, {01.2} [12], ans 6epuiny —y {10.0}, {10.1},
{00.1} [2].
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PBC-BekTopu /15l TPUTOHAIBHOI 1 TeKCAaroHaJIbHOT CHHTOHIHN BiIIrparoTh TaKy caMmy poilb, SIK
1 U BCIX 1HINUX CHHTOHINA. €IUHE, PO IO CIIiJ aM’ITaTH, TO 1€ PO IFHOPYBAHHS CUMBOIY
i y pa3i po3paxyHKy cuMBouy HarpsiMky. J{ist kBapiyy F-rpansmu e {10.0}, {10.1}, {01.1} [15],
st kanbuuty — {11.0}, {21.1} [11, 16], nust Gepury — {10.0}, {00.1} [2].

HaiiBumty cumerpiro Ha Kpucranax KBapiyy MatoTh rpani npusmu {10.0}, kamsuury — {10.0},
{10.1}, {02.1}, {01.2}, 6epumy — {10.0}, {11.0}, {00.1} [2]. Came BHCOKOCUMETPUYHI rpaHi TOBUH-
Hi OyTn MOpPQOJIOTiYHO BaXIMBIIIMMH 32 HU3bKOCHUMETPHYHI. BiqmosinHo 10 aHamizy kpucraniy-
HOi CTPYKTYpH, MOP(HOIOTIYHO BayITHBI (popMU KpUCTaNiB KAIBIUTY (puc. 5) 1 Oepry (puc. 6)
BIZPI3HAIOTHCS BiJl peanbHOCTi. Ha peanpHux OararorpaHHUKaX KBapiry, Y 3B’ 3Ky 3 MaJol KUTbKi-
CTIO TIPOCTUX (pOpM, BUSBIICHI came Ti IPOCTi (OPMH, SKi 3yMOBJICHI 0COOTMBOCTAME KPUCTAIIITHOI
CTPYKTypH. BizoMo, 110 pearsHa MOCHiA0BHICTE MOP(OIOTIHHO BaYKIMBHX MPOCTUX (HOPM Bimpiz-
HSETHCA HE TUTBKH TSI PI3HUX POIOBHIIL, a 1 TS PI3HUX 30H Ta TEHEPAIliif TOr0 CaMoro POJOBHIIA.
Tomy HaroocuMo, 110 MOPQOJIOTTYHO BaKIIMBI (3T1AHO 3 aHAII30M KPHUCTATIYHOT CTPYKTYPH) IIPO-
cTi (hopMH TIOBHHHI BUSIBIIATHCS 32 OY/Ib-SIKMX YMOB 1 HE HECyTh reHeTn4HO]1 iHdopmarii [5].

Puc. 5. bararorpaHHHKHN KaJlbIUTY, CHOPMOBaHI MOP(OIOTIUHO BaXKIIMBUMH TPAHIMH,
BIJITIOBITHO JI0 KPUCTAIIYHOI CTPYKTYPH:
a — piBHOBaXkHA (hOpMa KPHUCTATY KaJIBLHUTY, BIAMOBIIHO 10 PETUKYISIPHOT I'YCTHHH;
b — GararorpaHHUK KaJIbIIUTY, YTBOPSHUH F-rpanHsimu; ¢ — KpUCTall KaJIbILUTY, yTBOPEHHUI
BHCOKOCHMETPUYHUMH NPOCTUMHU popmamu

30BHIIIHA CUMETPisl PEeaTbHUX KPHUCTAIIB A€ 3MOTY HE TITbKA BiATBOPUTH CHUMETPIIO
MIHEpaJ0yTBOPIOBAILHOTO CEPEOBUIIA, a i BHU3HAUUTH Hampsimu (uroinHux notokis. Tomy,
HE3BAKAIOUM Ha HEBEJIMKY KUIBKICTh MPOCTUX (OpM, OaratorpaHHUKH KBaplly MOXKYTh Mic-
TUTH LIHHY TeHEeTUuYHy iH(popMalio (puc. 7). AHaJOri4HI JOCITIPKEHHS IMPOBEICHO JUIS
tonazy [7].

BaxmiBuM NUTaHHAM € €BOJIOLIS TabiTyCy KpPHCTaliB 3 4acoM. 3HAIOUH, SIK 3MIHIOETHCS
(opma OaraTorpaHHHMKa, MOJKHA 3’sICyBaTH IOIIEPEIHIO TEMIIEPaTypy YTBOPEHHS, a TAKOXK CTY-
IiHB BIJICIOHCHOCTI-€POIOBAHOCTI POIOBUILA.

Ha puc. 8 mokazaHo eBOIIOLIHHY MOIENb JUTS KBapIly, Ha puc. 9 — Uil KaJIbINTY.

YMOBH yTBOpEHHS KBapIly i KambIuTy B KpocHeHCHKiH 30HI YkpaiHchkux Kaprmar cxapak-
Tepru3oBaHo y mpari [. 3ankoBud [8]. [Hpopmartito mpo BIUIMB TOMIIIOK, 30KpeMa, ioHiB Li" Ha
KpuctamoMopdororiro kansruty HaBenu JI. [Tactepo 3i cniBaBTopamu [19].
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Puc. 6. Mopdornoris kpucTainiB Oepuiry 3TiHO 3 PI3SHUMH CTPYKTYPHUMH ITiAXOIAMH:
a — 3piBHOBakeHa (hopma 3a MetonoM Jlonnes—Xapkepa; 6 — ictunni F-rpawi;
6 — (hopMa KpHCTaa, 1o BiANOBITa€ MAKCHMaIIbHIN CUMETpil rpaHi

a o

Puc. 7. bararorpannuku kBapity 3 cuMeTpiero P [6]:
a — aKCOHOMETpPHUYHA MPOEKIIis; 6 — OPTOrOHAIbHA MTPOEKILIS;
CTpisIKa BKa3ye HaIpsIM pyXy MiHepaIoyTBOPIOBAIEHHX (ITIOIIIB
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Puc. 8. EBomonis rabiTycy KpuctaiiB kBapity, 3a [17]
Xin kpueTanizanil (nocninoBHICTL)
Tsi 0112
. BITiHHKY BAHHA , LN
-
.
CocTpnit pomﬁoeﬂp
1 CKaneHoep

Temneparypa, P COz

Puc. 9. EBonroniist rabiTycy KpucTaiiB KalbUTy Ha miacTasi [17]

JUiss mociipKeHHST aHATOMIl KPUCTAIiB TPUTOHATIBHOI W T€KCArOHAJIBHOI CHHTOHIM CIIiJ
mam’sITaTé Ipo 3arajbHy BHYTPILIHIO CHMETPIiI0, IHIIUX 0COOIMBOCTEH HEMA.

TepmobaporeoximMiuHi MeToAH (HAMIPUKIIAA, METOJ TOMOTCHI3aIlil BKIFOYCHD) AIOTh 3MOTY
BU3HAYUTH TEMIEPATypy YTBOPEHHs MiHEpasiB. 3HAIOUM LFO TEMIIEPaTypy, MOXKHA JOCIIIUTH
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3JICKHICTh TabiTycy OararorpaHHMKiB Bin Temmeparypu. Ha puc. 10 mokazaHo 3anexHICTh
rabiTycy KpucTaiiB Oepuily i Tomasy i3 KaMepHHX nerMarutiB KopocTeHChKOro IyTOHY Bij
TeMIIepaTypH.

3anopui T 300-415°C T 350-415°C
3o T 300-415°C T 400-450'C
BUAVIORYBRHEA
AN
M&?'l'ac?naﬂ';'nqrio T 180-200°C T 480-510°C
AMIHCHE N0DOMN
pH 4.3-5.6 P 3040 MTTa pH 7.5-8.5

Puc. 10. 3anexuicts raditycy KpucraiiB Tomnasy it 6epuiy i3 kamepHux rnermatutis KopocteHcbkoro
IUTYTOHY BiJl YMOB YTBOPEHH:, 3a [5]

BucHOBKHM Ta nepcneKTUBH NMOAAIBIIOI0 J0caizkeHHs. OTXe, i/ 9ac HAIMCAHHS CUM-
BOJIIB MIPOCTHUX (POPM TPUTOHAIBHO] 1 TeKCaroHaIbHOI CHHTOHIN JOIITBHO B TEKCTi TPETil CHUM-
BOJI { 3aMIHHUTH Ha Kparnky. s po3paxyHKy peTHKY/ISIPHOT T'YCTHHH Ta JUId HOOYyI0BH KpUCTaa
B miporpami Shape TpeTiii CHMBOJI iITHOPY€ETHCS.

Kgapiry npuramanHa mMajia KiIbKicTh IpocTux (opm. Ha 0co0imBy yBary 3aciyroBye J10B-
»KMHa rabiTycy peajbHUX OaraTrorpaHHUKIB. Y Tpoleci KpucTaizalii 3 ma{iHHsIM TeMIepaTypH
ra0iTyc KpHCTaJliB KBapIly 4acTO 3MIHIOETHCS BiJ T€KCArOHaJIbHO-ANIIPaMiJaIbHOTO 10 TPUIO-
HaJIbHO-TIPU3MAaTHYHOTO.

Jnst KaJdpIUTy XapakTepHa BellMKa KiJIbKICTh MPOCTHX (OpPM, TOMY HOTO TOHIOMETpHYHI
JIOCII/DKEHHST IOCUTh CKiIaHi. ['abiTyc OaraTorpaHHMKIB KaJIBIHUTY 3 PI3HUX POMOBHI CYT-
TEBO Bifpi3HsEThCSA. EBoMIONiS TabiTycy B TpoIeci KpUCTai3amii MPOCTEKYETHCS TOCHTH
YiTKO.

InnexcyBaTtu mpocti popMu OEpIITy TOCUTH CKIIQJIHO, TOMY IIO TpaHi 9acTo BKPUTI pirypaMu
pOCTy ¥ pO3YMHEHHS. Y TPOIECci eBOIIOIIT 3 MAIiHHIM TeMIepaTypH KiIbKiCTh MPOCTUX (POpM
Ha OaraTorpaHHUKax OepITy 3MEHIITY€EThHCS.

YV MmaitbyTHhOMY iJ] 9ac KPUCTATIOMOPQOIOTIYHUX AOCITIPKEHb BaXKIIMBO 3aCTOCOBYBATH
CHCTeMHUI MiJIXiJ 1 MOCIII0BHICTh 3aCTOCYBaHHS METO/IB AJIS I IBUILCHHS 1HPOPMATHBHOCTI
B TEHETHYHOMY 1 IPUKJIQJIHOMY acIeKTax, 1110 NPOJAEMOHCTPOBAHO Ha MPHKJIA (i KPUCTAIB TPH-
TOHAaJIbHOT i reKCcaroHalbHOT CHHTOHIM.
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FEATURES OF CRYSTAL GENETIC STUDIES OF MINERALS
OF THE TRIGONAL AND HEXAGONAL SYSTEMS
(ON THE EXAMPLE OF QUARTZ, CALCITE AND BERYL)
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The specific features of crystal genetic studies of trigonal and hexagonal crystals (quartz, calcite,

beryl) using the Bravais setting are analysed based on published, original, and archival data. The
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expediency of improving the notation of simple forms in trigonal and hexagonal systems by simplifying
their symbols within the Bravais setting is substantiated. It is shown that the combination of goniometry,
crystal structure analysis, and thermobarogeochemical methods (mineral thermometry) makes it possible
to obtain comprehensive information on mineral formation conditions without destroying crystal integrity.
It is emphasized that theoretically morphologically important simple forms determined by crystal
structure do not carry genetic information, whereas their real ratios and degree of development reflect
the parameters of the mineral-forming environment. Differences in the morphology and habit of quartz,
calcite, and beryl crystals are revealed, controlled by both regional factors and formation conditions,
including temperature, pressure, and fluid flow dynamics. It is demonstrated that the evolution of crystal
habit during crystallization follows regular patterns and can be used to reconstruct physicochemical
conditions of formation and the degree of erosion of deposits. Overall, the importance of a systematic
approach and a consistent sequence of methods is demonstrated for increasing the informativeness
of crystal morphological studies in both genetic and applied aspects.

Key words: crystal genesis, quartz, calcite, beryl, trigonal system, hexagonal system, Bravais setting,
goniometry, crystal morphology, thermobarogeochemistry.
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JocnipkeHo XiMIYHHI CKJIaJl ITBMEHITY 3 HIPKHBOKPEHIOBHX aJIIOBiaIbHUX KAOJIHOBUX MICKIB ipIIaH-
cbKOT CBiTH Ha AlIsHKaX €MuiBebka it Cepenns MexXUpiuHOTO pooBHIa TUTAHOBHUX pyx (BoauHcbkuit
Merabnok Ykpaincekoro mura). Ile mano 3mory BUSBUTH #oro Bapiamii Ha pi3HMX AIJISHKAax i BUKOHATH
NOpiBHsUTIbHUI aHaii3. KopensuiiHuM aHaii30M BU3HAUSHO HANpPSM 1 CHIIy KOpPEJILiHHUX 3B’SI3KIB MDK
OKCHJIaMH, a TaKOX CIIUIbHI 3aKOHOMIPHOCTI M CyTTEBI BIIMIHHOCTI y B3a€MO3B’SI3KaxX MK OKCHJIAMHU.
CunbHa HeratuBHa kopensilist mixk FeO ta Fe,O3 i nosutusnaa — mixk TiO, ta Fe,O3 BimoOpaxkae Oananc
MIDXK BiTHOBJICHOIO i OKHCHEHOIO (hOpMaM¥U 3aiiza B LIIBMEHITI.

J11st BHOKpEMJICHHSI MarMaTU4HOTO LIBMEHITY, IICEBIOPYTHILY 1 JISHKOKCEHI30BaHOTO LIBMEHITY 3aCTO-
coBaHo JBa miaxonu: 1) 3a cmiBBigHomeHHsM FeO/Fe, 03, 110 ae 3Mory mBHAKO KIacU(piKyBaTh 3epHa;
2) 3a MOEJHAHHSIM 3a3HAUCHOTO CIIBBIHOICHHS 3 aOCOMOTHUME KoHeHTpamismMu FeO ta Fe, O3, mo
3abe3reuye TOYHIITY IHTEPHpPETAallito. 3aBIsSKd TAKOMY MMiJAXOLY MiJATBEPIKCHO HASBHICTh SIK TICPBHHHO-
TO MarMaTH4HOTO UJIbMEHITY, TaK i 3MIHEHHX HOTO BiJJ]MiH, YTBOPEHHX 3a €K30T€HHHMX yMOB. BukoHaHO
MOPIBHSUTPHUN aHaJi3 MPOLECIB MCEBIOPYTHITIAIT i JCUKOKCEHI3alii 1IbMEHITY B Mekax €MUITIBCHKOT
it CepeHbOT AIISTHOK.

@pakranbHUI aHaNi3 IPOCTOPOBOTO IMOMIMPEHHSI MarMaTHYHOIO LIBMEHITY Ta HOro 3MiHEHHX (opM
3aCBIUMB, 11O 1X PO3MOALT Ma€ O3HAKM CaMOIOAIOHOCTI Ta CTPYKTYpHOI opraHi3auii, a 1e BizoOpaxae
NIpUPOAHI pouecH audepeHnianii i BropuHHOI TpaHcdopmartii.

Bukonano kaprorpagiuHe MOJENIOBAHHS apeajiB MOMIMPEHHS JIBMEHITY Pi3HOTO XIMIYHOIO CKiamy
Ta 3 pisHnuM cniBifHomeHHSIM FeO/Fe,03, sike 1ae 3Mory BU3HAYNTH CTYiHb €K30TC€HHOTO IEPETBOPEHHS,
MIPOTHO3YBATH apeaiy IMOMINPEHHS UIbMEHITY 3 Pi3HUMHU SIKICHUMH XapaKTepUCTHKAMM, PEKOHCTPYIOBa-
TH YMOBH (pOpMyBaHHSI PO3CHUIIIB Ta ONTHUMI3yBaTH MPOMHCIIOBE OCBOEHHS 3QJIMIIKOBUX 3aIlaciB y MexKax
JOCIIDKEHUX JIUITHOK. Y 3alpoIIOHOBaHid KOMIUIGKCHIM Mozeni iHTEerpoBaHO XiMiuHI, MiHepasoriuHi
Ta mpocTopoBi JaHi. e 3abe3neuye mmbIe po3yMiHHS FCHE3UCY 1IbMEHITOBUX PO3CHIIHUIIL, TXHBOI XiMid-
HOT 30HAJIBHOCTI 1 MOTEHIiaTy JUIsl IPOMKCIIOBOTO PO3pOOIICHHSL.

Kniouosi crnoea: 1MbMEHIT, ICEBIOPYTHII, JICHKOKCEHI3AIIsI, XIMIYHUI CKJIa]], BTOPUHHI 3MiHH, PO3CH-
T, JIaTepalIbHUH PO3IIOLI, KOpeJsIiHHUI aHami3, kapTorpadysanHs, Mexupidae popouine, YkpaiH-
CBHKHH IIMT.

DOl https://doi.org/10.30970/min.76.02
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IMocranoBka mpo6seMu. TUTAHOBI pyau BKIIOYEHO JI0 3aTBEPHKEHOTO Pamoro HaIlioHalb-
HOT Oe3reku 1 000poHH YKpaiHu MepelliKy KOPUCHUX KOTAJIMH, SIKI MAalOTh CTpaTeriuHe 3HaYCHHS
JUISL CTAJIOTO PO3BHUTKY €KOHOMIKHM i 000poHO3/1aTHOCTI YKpainu. MiHepanbHO-CHpOBHHHA 6a3a
TUTaHy YKpaiHW JIOCTaTHO PO3BHMHEHA 1 NEPCIEKTHBHA B KOHKYpPEHTHi OOpoThOi Ha CBiTO-
BOMY PHMHKY. MeXUpiuHe pojioBHILe, po3TaiioBaHe y BomuHcbkoMy Merabmoni YKpaiHCHKOTO
muta (JKntomupcebka o011.), HUHI Ma€ CTpareriyHe MpoMHUCIIOBE 3HAUCHHS JUTS THTAHOBOT rairy3i
VYKpaiHu i BogHOUYAC € IHHUM HAayKOBUM ITOJITOHOM JUISI IOCTIIJUKEHHS MTPOIIECiB €K30TE€HHOTO
PYAOYTBOPEHHS B IIOPOZIAaX PI3HOIrO BiKy if TeHE3HUCYy.

OCHOBHUM THTAaHOBMICHUM MIiHEpAlIOM € iTbMEHIT, SIKUHA 332 MPHUPONHUX YMOB 3a3HA€ 3MiH
pizHOTO cTymeHs. OKpiM MEPBHHHOTO MarMaTHYHOTO UTBMEHITY, B aJIOBIaIbHUX BiAKIIamax
TTOMITMPEH] HOTO MOXi/THI — ICEBAOPYTHI 1 TICHKOKCEHI30BaHUH 1JIBMEHIT, K1 yTBOPIOIOTHCS BHAC-
JIIOK BIUTYTOBYBAHHS 3 MiHEpaITy 3ajliza i 30araueHHs THTAHOM.

HeoOximHicTh AOCTiKEHHST XIMIYHOTO CKIAIy 1IbMEHITY B pO3CHIIAX 3yMOBJIEHA THUM, IIIO
XIMIYHUH CKJIaJl LIBMEHITY BiZioOpa)kae YMOBM HOTO yTBOpPEHHS 1 TpaHc(hOpMallilo B cUCTEMI
KOpPiHHI MOPOAM—KOpa 3BITPIOBAHHS—AJIOBIAJbHI BIJKIAIU, BU3HAYAE WOTO MPHIATHICTH LIS
BHUPOOHMIITBA MIrMEHTIB, METAJIEBOTO TUTaHY, (hepociuiasiB Toio. JliarHoctyBanHs TpaHcdop-
MauniiHuX (GOpM IIIbMEHITY ¥ KapTorpadyBaHHsS IPOCTOPOBOTO MOIIUPEHHS PI3HUX BIIMIH MiHe-
palty B aJIIOBIaJIbHHUX TTICKaX HW)KHBOI Kpel i €MmitiBebkoi i CepesiHboi JUITHOK MesKHpIaHOTO
POZIOBHIIIA MAIOTh HAYKOBY 1 IMPAKTHYHY 3HAYMUMICTh, OCKIJIBKH JIAI0Th 3MOT'Y MO€IHATH SIKICHI
XapaKTEePUCTHKK MiHEPay 3 IPOCTOPOBO-CTATHCTUYHMMH 3aKOHOMIPHOCTSIMH 1X PO3MOILITY.

AHaJi3 AocizKeHb. MeXUpiuHe POIOBUIIE JIBMEHITY SK MOXOBAHE PO3CHITHE POIOBHIIE
Oyio Bigkputo 1954 p. min gac OypiHHSA TPHOX MaricTpalbHUX JiHIA y Mexkupiudi [pma—Tpoc-
Taaut. [Ipotsrom 1971-1975 pp. reomoru IpmaHCchKOTO TipHHY0-30aradyBaJsHOTO KOMOIiHATY
TIPOBAIMIIM TEOJI0TOPO3BiAyBanbHI podoTu Ha CepenHiit Ta €MHUIIIBCBKiH AUITHKAX POJOBHIIA.
Y 1988-1989 pp. BUKOHAHO JOPO3BIAKY W TEXHOJOTIYHE KapTyBaHHs, YTOUHEHO T€OJIOTIUHY
Oy/OBY Ta BM3HAYCHO TEXHOJIOTIUHI XapaKTEPUCTUKHU 1JIbMEHITOHOCHUX MICKIB Ha 3a3HAYCHUX
ninsiHkax. Excruryaranito Mexupiunoro poposuiia nodanu 2001 p. 3 po3podku €MuUIiBcbkol
nitstakd, a 2003 p. moyanu po3pooisitu aiistHky Cepensst. Y 2017-2018 pp. BUKOHAHO OBTOP-
HY T€0JIOro-eKOHOMIUHY OILIHKY 3anaciB Ha nunssHkax Cepennst, €mmiiBcbka, FOpcebka, OcuHoBa
i BykuHCcBbKa, 110 JTaJIo 3MOTY CXapaKTepU3yBaTH I'eoJIoriuHy OyJOBY pomoBHINA, MOP()OIOTiio
PYIHHX TijJ, pEYOBUHHHUH CKJIaJl 1 TEXHOJIOTIUHI BJIACTUBOCTI Py, a TaKoX OLIHWUTH Tiapore-
OJIOTI4HI, 1HKEHEPHO—TEOJOTIUHI i TIPHUYOTEXHIYHI YMOBH PO3pOOKH. 3a pe3yibTaTaMu ITOB-
TOPHOT T'e0JIOr0-eKOHOMIYHOI OI[IHKM 3aJIMIIKY BCiX BHSBICHHX 3allaciB KOPUCHHUX KOIIAJIMH
MexupigHOTO POIOBHIIA B MEXaX TUISHOK €MmiiBcbka ¥ CepemnHs mifpaxoBaHO OalaHCOBI
(xareropis B) i mozabanancosi (kareropii B, C,, B+C)) samacu.

V¥ 2022-2025 pp. JI. @irypa Ta M. KoBansayk TOCTiIMIN PYIOHOCHICTH KOPY 3BITPIOBAHHS,
KpeH0BUX (anT—HWKHINA anb0, TypOH) 1 MajeoreH-4eTBepTUHHUX BinkaaaiB OcuHoBOi, BykuH-
cbkoi, FOpchbkoi Ta €EMUITIBCHKOT IISTHOK, 3aBISIKH YOMY OYJI0 CTBOPEHO KOMILJICKT KapTorpadid-
HUX Marepiais, 110 BiJ0OpaxatoTh MPOCTOPOBUI PO3MOJLT LIIBMEHITY B 3a3HaUYCHHX BiJIKJIa/1aX
[7]. Y 2025 p. O. I'anxka 3 Kojieramu CTHCIIO CXapaKTepu3yBajia 0COOIUBOCTI I'e0JI0riuHOT Oy10-
BU ¥ PYJOHOCHICTh KOPU 3BITPIOBaHHS Ta MPOIYKTUBHOIO IUIACTA B MEKaX OKPEMHX JIUISTHOK
ponosuria (OcunHoBa, FOpceka, Cepennsi, €muniBebka, IcakiBepka, [liBneHHa, PuxTHHCHKA,
Bykuncbka). JIoCHiTHUKN TPENCTaBUIN 3BEICHI JTaHI MIOA0 TINCOMETPIl IMiJOMIBH, MOKPIBII,
TOBIIHH TUTACTIB Ta CEPEIHBOI KOHIIEHTpPAIIi] TBMEHITY JJIS IIECTH JUITHOK, Y TIM 9UCITi €MU-
niBcpKOi i CepenHpoi.

Binx moyatky po3poOKu poJOBHIIA TPUBAE MOCIIKEHHS SIKOCTI CHPOBHUHH, 30KpeMa, XiMid-
HOTO CKJIay imbMeHiTy. OmHaK 1032 yBaror HayKOBIIIB 3aJUIIAIACS HU3KA BAXKJINBUX ACTICK-
TiB, SIK-OT BapiaTUBHICTh XIMIYHOTO CKJIay IJIbMEHITY, TpaHC(HOPMALiiiHI pi3SHOBUAN MiHEpaITYy,
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chopMOBaHi 3a €K30Ir€HHUX YMOB, [TPOCTOPOBHUIT PO3IIOILIT TO-Pi3HOMY 3MIHEHUX 3€PEH LJIbMEHI-
Ty Ta iH. [IponoHoBaHa myOTiKaIlis YaCTKOBO KOMIICHCYE I[F0 HayKOBY Iporaiuny. Hikue HaBe-
JICHO pe3yJbTaTh KOMIUIEKCHOTO JOCIHIPKEHHS XIMIYHOTO CKJaay UIBMEHITY 3 MPOIYKTHBHUX
IIIAHUX YTBOPEHb HIKHBOT KPeWan B MeKax JiIsiHOK €MuitiBebka Ta Cepenust. Bubip ninsHok
3yMOBJICHUH TXHIM PO3TalllyBaHHSIM Yy BEpXiB'i paHHbOKPEHI0BOT MAJICONONNHH, IIO A€ 3MOTY
MIPOCTEXUTH TPaHCHOPMAILiI0 XIMIYHOTO CKJIay 1JIbMEHITY BHU3 32 MAJICOTEUI€I0 JaBHBOI pid-
KOBOT CHCTEMH — BiJl EMUITIBCHKOT JUISTHKY 10 CepenHboi.

OCHOBOIO JIOCITIJKEHB € HAIIl HAIIPAIOBaHHS MO0 PYIOHOCHOCTI STFOBIaIbHIX 1 PO3CHUII-
HUX POIOBHII iTBMEHITY ¥ KapTorpadyBaHHS IPOCTOPOBOTO TMOMIMPEHHS LIBMEHITY Pi3HOTO
XiMigHOTO CKJamy [2—5], a Takok HAyKOBi ITyOITiKaIlii CTOCOBHO 3MiH MarMaTU4HOTO iTbMEHITY
3a €K30TeHHHX YMOB 3 BHOKPEMJICHHSM HOTO BTOPHHHHX BiZIMIH — IICEBAOPYTHITY, JICHKOKCe-
HI30BaHOTO 1TBMEHITY, Jeiikokceny [10; 13]. @akTuaHUM MarepiajoM CIyTyBalld Pe3yabTaTH
XIMIYHOTO aHami3y UIbMEHITY, BUKOHAHI B Pi3HI POKH BUPOOHUYUMH TE€OJIOTIYHUMH OpraHi3a-
wistMu. J{J1s1 BU3HAUCHHSI B3a€MO3B 3Ky MK OKCHIAMH B 1LIbMEHITI BUKOPHCTAHO CTATHCTHUYHI
Mmeroau Kopersiuii [lipcona, Ui KapTyBaHHS IPOCTOPOBOTO PO3IOJUTY IIBMEHITY — ITPOrpamMHe
3abe3neuenns: Golden Software Surfer, 1uist 3’sicyBaHHS IPOCTOPOBOI HEOHOPIAHOCTI PO3CHUIIIB
Ha JisHKax — ppakransHuid Meton [1] 1 mporpamue 3adesneyenns Python 3.11.8.

MeTo10 TOCIHIKEHHS € aHalli3 XIMIYHOTO CKJIaJy UIBMEHITY 3 JIBOX JIUISTHOK MexXnpidHo-
ro poxoBHa — EmMuiiBebkoi i CepenHboi, 3’CyBaHHS KOPEJSLIHHNX 3B’ A3KIB MIXK OKCHIaMH,
BH3HAYCHHS CTYIEHS 3MiHHM LIBMEHITOBUX 3€PEH 3 BHOKPEMJICHHSM MarMaTHYHOTO LIBMEHITY,
TICEBIOPYTIITY Ta JIEUKOKCEHI30BaHOTO LIBMEHITY 1 MPOCTOPOBOTO MOITMPEHHS ITUX BiAMiH.

Buxiaan ocHoBHOro Martepiajy. €MWIiBCbKa NOIITHKA pPO3TallOBaHA B MiBAECHHO-3a-
XiTHIK 9acTHHI MEXUpIiYHOTO POJOBHUINA i OE3MOCepeqHBO MPUIIATAE 10 3aXiTHOI OKOIHUIIL
c. €Emuniska (KopocteHcrkuii p-H); minsgaka CepeqHs € MPOAOBKEHHSAM €MHIIIBCHKOI 3a
MaJICOTEUi€0 PAaHHBOKPEHI0BOT TTaeoM0duHU 1 po3TamoBaHa 3a 0,3 KM Bij MiBHIYHOI OKO-
nuii nporo cena (puc. 1). Y reonoriuniii 0y10Bi 000X AUISTHOK OepyTh y4acTh JOKeMOPIHChKI
NOPOJIM KPUCTAJIYHOTO (PyHJAaMEHTY, KOpa 3BITPIOBAHHS 3 YITKOI BEPTHUKaJIbHOIO 30HANb-
HICTIO, NPOJAYKTHBHI KOHTHHEHTAbHI BiIKIIaM iplIaHChKOT CBiTH K|, y30€peKHO-MOPChKi
BiJIKJIa/Id MOLIHO-PYAHAHCHKOT CBiTH K, i maneoreH-ueTBepTHHHI yTBopenHs. Cepen mar-
MaTHYHUX MTOPiJl NEPEeBaXKAIOTh AHOPTO3UTH i rabp0-aHOPTO3UTH, MEHIIIE PO3BUHEHI radpo,
rabpoHopUTH TOIIO [7].

[lepBuHHI pynHi Tila 3 PI3HUM BMICTOM UTBMCHITY OyiaM HMPHUYpPOYCHI IO aHOPTO3HTIB,
ra0po-aHOPTO3UTIB Ta IHMIHUX Pi3HOBHIIB Tadpo. [Iporecn 3BITPIOBAaHHS CIIPUIHHUIA BUBITH-
HEHHSI TBMEHITY 3 KPUCTAIIYHHUX TIOPiJ Ta YTBOPEHHS PYIHUX TiT Yy KOpi 3BITprOBaHHS (37€-
OUTBIIIOTO BOHHM € MIPONOBKEHHAM PYIHUX Tin ¢pyHmaMmeHTy). [logampimi mpomecn po3MHBaHHS
1 IepeBiIKIIaJaHHs STIOBII0 TPU3BEIH O YTBOPEHHS KOHTHHEHTAIBHUX BIIKIAIB ipIIaHCHKOL
CBITH, SIKI HUHI BUIIOBHIOIOTH JaBHIO MOXOBAaHY PIYKOBY MaJjE€OJOTMHY B KOpPi 3BITPIOBAHHS
f MICTATH MPOMMCIIOBI KOHIIEHTpALT LIbMEHITY. 3a pe3ynbratamu fociimkens H. Hecrepenko
(2018), Ha ginsHKax €mutiBebka Ta CepeHs 3adiKcoOBaHO TaKUil BMICT IJIbMEHITY, KI/M>: y KOpi
3BiTproBaHHs — 446,3 Ta 265,6, BiANOBITHO; Y ACTIOBIAIBHUX IPaBIHHO-TATBKOBUX MIIAHUCTUX
kaoniHax — 291,3 ta 461,6, B aJtoBiabHUX MEPEBIAKIAICHUX KaoiHax — 45,1 ta 426,9, B anro-
BiaJIbHUX PI3HO3EPHUCTHUX Mickax — 666,6 Ta 356,7 (ipiIaHchKa cBiTa); y MIiIIaHO-KPEMEHEBOMY
TOPHU30HTI MOIITHO-PYAHSHCHKOT cBiTH — 41,5 Ta 244,6, BiAIOBIIHO.

IIpocrexyeThest 3HaYHA BapiaTUBHICTH BMICTY LTBMEHITY 3aJIC)KHO BiJI JIITOJOTI9HOTO THITY
TIOpiJI, IXHBOTO TEHE3MCY W BIKY, IO MATBEPIKYE CKIAIHY MPOCTOPOBY CTPYKTYPY PO3MOILTY
MiHepay y cTpaturpadigHoMy po3piszi 000X AinSHOK. [[pOAyKTHBHIMHA YTBOPSHHSIMH € BiJIKJIa-
IV 1pITaHCHKOI CBITH HIKHBOT KpeWau (anT—HIDKHIHM anp0). JIiTonorivyHo 11e rpaBiifHO-TaabKOBI
TMIITAHUCTI KaOJIiHH, IEPEBIAKIACHI KAOTIHH i pi3HO3EPHUCTI KAOJIHHUCTI MiCKH.
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Puc. 1. Cxema pozranryBaHHs AUITHOK €MutiBebka i CepeHs B Mexkax MEKHPITHOTO pOIOBHINA,
3a T. Hecrepenxo (2018)

Mu ocitipKyBaIu XiMIYHII CKIIa]l UIbMEHITY 3 MillaHuX YyTBOPEHb ipiaHchkoi cBith. [Tima-
HUM BiJIKJIaJIlaM TIPUTaMaHHUI HEBUTPUMaHHUI IPaHyJIOMETPUYHUI CKITa; IapyBaTicTh cliadka,
a0o x 11 MpoCcTO HEMa, IHOMI TPAILIETHCS Koca mapyBaricts. CTyIiHb COPTYBaHHS 3€PEH Iora-
HUH, a00 X BIJKJIaau B3araji HecopToBaHi. TOBNIMHA MINIAHUX BIAKIAIIB HA JUISHII €MHUTIB-
cpKka ctaHoBuTh 1,3-21,0 M (cepemue 3naueHHs — 11,99 M), va ninstani Cepemns — 0,5-29,5 m
(12,13 m).

IMonax 90 % 3epeH UIBMEHITY CKOHIEHTpoBaHI B kiaci kpymHocti —1,0+0,1 wmwm,
Haibinpme — y kmaci —0,5+0,1 MmM. Po3wmip 3epen cranoButh romoBao 0,30-0,56 MM (cepemHe
3HadeHHs — 0,44 Mmm). Haiibararmni po3cuiu moB’si3aHi 3 pi3HO3epHUCTUME TTickaMu. Korrip i1b-
MEHITY 3aI1i30-90pHHI, 9aCTO 3 TEMHO-KOPHYHEBUM BiTiHKOM.

XiMIYHUM aHaIi30M B UIBMEHITI 3 MCKIB €MUIIIBCHKOI JUISHKH BU3HAYEHO TaKi OKCHIH, %o:
TiO, — 53,20-56,92 (cepenne 3nauenns — 55,43); Cr,Osz — 0,024-0,031 (0,028); Fe,O3 —
10,98-16,97 (14,47); FeO - 23,03-32,04 (25,71); MnO - 0,50-0,87 (0,64); V.05 —
0,179-0,237 (0,207); P,0s — 0,029-0,134 (0,086). Cnissinnomenns FeO/Fe,O, cranouth
1,35-2,91 (1,74), uio 3acBig4yye HAsBHICTh MalKe HE3MIHEHOTO i CJIA0KO 3MIHCHOTO MiHEpay.
V GinbIocTi cBepIoBUH HasBHUH inbMeHiT 3 FeO/Fe,0,= 1,5-1,9. ¥V Tabn. 1 naBeneHo pesyinb-
TaTH KOPEJSIHHOTO aHaji3y XIMIYHOTO CKJIA/ly 1IbMEHITY € MHIIIBCHKOT TUISTHKH.

Sk BugHO 3 TaOI. 1, 0OepHEHI CHITbHI KOPEAIiiHI 3B’ s13KH HasBHI M BMicToM TiO, 1 FeO
ta Mix FeO i Fe,O3. [Ipami cepenuboi cuimi KopemsiniiiHi 3B s13kK HasBHI Mk BMicToM TiO;
i P,Os, FeO i MnO, Fe,03 1 Cr,03, obepuernii cepenaboi cumn — Mik TiO, 1 MnO. Tpsawmi
TTOMipHI KopensmiiHi 3B s3ku HasgBHI MiXk TiO; 1 Fe,O3, FeO 1 V,0s5, obepHeHi nomipHi — Mix
FeO i Cr,03, Fe;03 1 V,0s5, Fe,03 1 P05, Fe,03 1 MnO. TIpsawmi cmabki kopensriiiai 38’ 13Ku
HasIBHI MK P205 1 VzOs, Cr203 inOs, O6epHeHi cJ1a0K1 — MI3K P205 i MHO, P205 1 Cr203, FeO
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Tabmwms 1
Marpuus kopesiiiHux koedinieHTIB MiK oKcHIaMH B LIbMeHITI
3 EMIJIIBCHKOT TIITHKHT

Oxcuan TiO, FeO Fe, 05 MnO Cr,03 V,05 P,0s

TiO, X ~0,84 +0,44 0,61 +0,17 - +0,53

FeO —-0,84 X -0,79 +0,56 —0,45 +0,37 —0,22

Fe,03 +0,44 -0,79 X -0,42 +0,54 —0,44 -0,34

MnO —0,61 +0,56 —0,42 X - - —-0,28

Cr,03 +0,17 —0,45 +0,54 - X +0,23 —0,20

V.05 - +0,37 —0,44 — +0,23 X +0,28

P,0s5 +0,53 -0,22 -0,34 —-0,28 -0,20 +0,28 X

i P2Os. [Ipsimuit nyxe cnaOkuit kopessiuiiHui 38°s130K HassBHUHE MK TiO, 1 Cr,O3, 00epHeHMi
nyxe cnadkuii — Mik TiO, 1 V,05. Mixk MnO i Cr,O3 Ta MnO i V,05 KOpemsiiitHOro 38’ 13Ky He
BusiBiieHo. CHutbHI 00€pHEHI 3B’S13KM Bi0Opa)aloTh BHYTPINIHIO CTPYKTYPY MiHepally, CepelHi
1 TIOMipHI — HasBHICTh IOMINIKOBHX BKJIFOUCHbB, CITA0KI — BUIAJIKOBI acoliallii, a BiICYTHICTh
KOPEIAIiT — He3aJICKHICTh CIICMCHTIB.

VY ximiuHOMY cKianmi imeMeHiTy minsakd CepemHs MiarHOCTOBaHO Taki okcuaw, %!
TiO, — 52,53-60,02 (cepemne 3maueHHI — 54,99); CrpOz — 0,01-0,05 (0,03); Fe,O3 —
11,38-20,95 (15,15); FeO — 15,29-32,70 (26,12); MnO - 0,50-0,86 (0,62); V.05 —
0,20-0,25 (0,22); P,Os - 0,03-0,19 (0,08). Cnisignomenns FeO/Fe,O, cranosutsh
0,79-2,85 (1,75), 1110 CBiAUNTH PO HASIBHICTH HE3MIHEHOTO, CJIA0KO 3MIHEHOTO 1 CHIIBHO 3MiHEHO-
ro MiHepaity. ¥ GiIbIIOCTi CBEPUIOBUH BUABIEHO inbMeniT 3 FeO/Fe,0,=1,3-1,9. V Tabn. 2 nase-
JICHO pe3yJIbTaTh KOPEJSIIIHHOTO aHai3y XIMIYHOTO CKJIaly UIbMEHITY AistHKH CepeHsi.

Tabmur 2

Martpuus kopessiniiHux koedinieHTIB Mik okcuaamMu B iiibMeHiTi 3 Ainsuku Cepeaust
Oxcuan TiO, FeO Fe,03 MnO Cr,0;3 V,0s5 P,0s
TiO, X -0,89 +0,73 - +0,48 +0,10 +0,74
FeO -0,89 X -0,91 -0,13 -0,50 - -0,70
Fe, 053 +0,73 -0,91 X +0,18 +0,39 — +0,55
MnO — -0,13 +0,18 X — —0,45 +0,10
Cr,03 +0,48 -0,50 +0,39 - X —0,10 +0,22
V,05 +0,10 - — —0,45 —0,10 X +0,15
P,Os +0,74 -0,70 +0,55 +0,10 +0,22 +0,15 X

Sx BumHO 3 Tabn. 2, oOepHEeHI CHMIBHI KOPETAMilHI 3B’ 3K HasBHI MiX BMicToM TiO,
i FeO, FeO i Fe,03, FeO i P,0s, npsami cutbai — Mix TiO, 1 P,Os, TiO, 1 Fe,O3. [pamuii
CepeIHbOI CHIIU KOPEAIINHUN 3B’ 130K HasBHUN Mk Fe O3 1 P,Os, obepHennii — mixk FeO
i Cry03. Ipsami nomipHi Kopensmiiai 38°s13ku HasiBHI MK TiO, 1 CryOs, Fe,O3 i Cr03,
obepHeHi nomipHi — Mik V,05 i MnO. IIpsMuii cnaOkuii KopensuiiiHui 3B’ 530K HasiBHHUMA
Mik P05 1 CryOs. TIpsmi gyxe crnabki kopesiiniiiai 38’ s13ku 3adikcoBano Mix Fe,O3 i MnO,
P,051V,0s5, TiO; i V,05, P,05 1 MnO, obepreni cnadki — mix FeO 1 MnO, Cr,03 1 V,0s5.
Kopensuiinoro 38’ s3ky Mixk BMicToM TiO, 1 MnO, FeO i V,05, Fe,03 1 V,05, Cr,O3 i MnO
HE BUSBIICHO.
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JlarepanbHe MOMMPEHHs IbMEHITY PI3HOTO XIMIYHOTO CKJIaAy Ha IISHIT €EMUITIBChKA ITOKa-
3aHO Ha puc. 2. OTke, inbMeHIT 3 HaliBuiuM ymictom TiO, nommpenunii y niBHiuHO-3aXinHiH
1 TMBACHHO-CXIHIA YaCTHHAX AUITHKH, a 3 HAWHIKYMM — Yy TIBHIYHO-CXIJHIN 1 MiBJICHHO-3a-
Xi/1HIH, 3 HaliBUIIKUM yMicToM FeO — Ha miBIHI TUISHKH, a 3 HAWHIDKYAM — Y MIBHIYHO-3aX1IHIH
1 miBAEHHO-CXiAHIM yacTuHax. Halimenme Fe,O, B UIBMEHITI Ha 3axonl AinsHkd. HaiOimpiii
3HAYEHHs CIIIBBIIHOIIEHHS FeO/FezO3 B UIBMCHITI (TOOTO 1JIBMEHIT HaMEHIIIe 3MIHCHHH K30~
TCHHUMH TIPOLECaMK) IPUTAMaHHI MiHepaly 3 MiBICHHO-CXIJHOI YaCTUHU IUISTHKH. LTbMEHIT
3 HAUBUIIIAM yMiCTOM PO, i V, O, noumpennii y MMIBHIYHO-3aX1IHIH 1 HIBIEHHO-CXIIHIN YacTH-
HaX JUITHKY, 3 HAWO1memmM BMicToM MnO — y MiBACHHIH YacTHHI, a Cr,0,-y MiBHIYHIN (JHB.
puc. 2).

Ha ninsani Cepensst naTepaibHe TOMUPEHHS TBMEHITY Pi3HOTO CKIaxy miaMucTe (puc. 3),
10 CBIYUTH MPO CKIATHIMINI IPOCTOPOBHHA PO3MOALT MiHEpaTy TIOPIBHIHO 3 TUISHKOIO €MHU-
niBcbka. OIHAK € TEeBHI 3aKOHOMIPHOCTI, 30KpeMa, apeall iTbMEHITY 3 HAWBUIIMM BMiCTOM
TiO, i Fe,O, posramosanuii y 3axiqniii yactuni ainsgnku. [Ipoctoposo fioMy Binnosinae ape-
aJl UIbMEHITY 3 HaiHWwKk4nM ymictoM FeO. InpMmenir 3 HaiiBummm ymictom MnO mnommpeHuii
y CXiJHIN YaCTHHI AUISHKY (AUB. puc. 3).

Ha mizgcrasi HasiBHEX naHuX [6; 8; 10—13], XiMi4HOTO CKJIaAy UIBMEHITY 3 MIIaHUX BiJKJIa-
ZiB Ta criBBigHOMEHHA B HhoMy FeO/Fe O, BHOKpEMIIEHO MarMaTHYHHH iTbMEHIT Ta MPOIYKTH
fioro 3MiHu. [0JIOBHUM IHAMKATOPOM CTYIEHS 3MIHHOCTI PO3CHUITHOTO LIBMEHITY 32 €K30I'€HHUX
ymoB € criBBigHommeHHs FeO/Fe,03, ke BimoOpaxkae OamaHC MiX BiJHOBICHOIO Ta OKHCHE-
HOIO (popMaMu 3amiza. MU 3aCTOCYBaIH J[BAa METOIM: IIEPIIHI IPYHTYETHCS Ha CITiBBiTHOIICHHI
FeO/Fe,03 B inmbMeHiTI, IpyTuii — HA OMY CITIBBiIHOIIEHHI Ta aOCOMOTHHX 3HaueHHsIX FeO
i Fe,O3. IlepeBaramu mepmioro METomy € IMPOCTOTA, BiATBOPIOBAHICTh, MOMKIIUBICTh 3aCTOCY-
BaHHS Ha PI3HMX TUIAHKAX 0€3 T0JaTKOBUX MapaMeTpiB, a HEMTOIIKOM — BiICYTHICTh Yy TJIMBOCTI
JI0 JTOKAJIbHUX XIMIYHUX BIJIMIHHOCTEH MiHEpay Ta MOXJIHMBICTh XMOHOT iHTEepIpeTalii B pasi
OJIM3LKKMX 3HAYEHb criBBimHOmEeHHs. OnHak, He3Bakaroun Ha 1€, crisigHomenas FeO/Fe, 05
€ KJIFOYOBUM 1HJTUKATOPOM CTa/Iii 3MiHH 1IbMEHITY. Ha mifcraBi boro METoy B MeKax JIUISTHOK
€muitiBebka i CepesiHst B MIIAHKUX BiKIIA1aX BHOKPEMIICHO MarMaTHuHUN JIbMEHIT (3Ha4eHHS
FeO/Fe,03 > 1,6), ncesnopytun (1,6—-1,2) i neiikokcenizoBanuii imbmeHiT (< 1,2). Orxe, Ha
€MUTIBCHKIM JUISHIN MarMaTU4HUH 1JIBMEHIT CTaHOBUTH 63,64 %, a mceBmopyTin — 36,36 %;
Ha nutHIi CepeHs MarMaTHYHUHN UIBMEHIT CTaHOBUTH 69,40 %, iceBnopy i — 24,48, 1eKOK-
CeHi30BaHUH UIbMEHIT — 6,12 %.

VY mportieci 3aCTOCYBaHHS JAPYTOTO METOLY BUKOPHUCTAHO TaKi KPUTEPIii: T MarMaTHIHOTO
imeMeHiTy — FeO/Fe, 03 > 1,6, FeO > 25 %, Fe,03 < 15 %, misa nmceBoopyTHiIy — BiIIOBiTHO,
1,2-1,6, 22-25 %, 15-18 %, mns nefikokceHi30BaHOTO imbMeHITY — <1,2, <22 %, >18 %. Buco-
kuii BMicT FeO BiamoBiae MarMaTHYHOMY 1TBMEHITY, 30inbmIeHHs KinbKocTi Fe,O3 cBimunuTh
Mpo 3MiHU MiHepany. 3a3HauuMo, 1110 el METOA MPOJEMOHCTPYBAB BHUIIY TOYHICTH AiarHoC-
THKH, TIepeayciM, aJst 3MiHeHnX (opM. 30kpeMa, Ha €MUITIBCHKIi TUISHIN MEPIIUM METOOM
YaCTHHY 3€peH J[IarHOCTOBAHO SIK MICEBOPYTHII, a 32 APYTUM METOJIOM — SIK JICHKOKCEHI130BaHUit
1IbMeHIT. BinnoBigHO 10 onuvcaHux KpUTepiiB, y Mekax €MHIIBCHKOT JIISHKA MarMaTU4HHMA
1IBMEHIT cTaHOBUTH 54,55 %, niceBmopyTiit — 27,27, a jelikokceHizoBaHui imbMeHiT — 18,18 %,
Ha nistai CepenHsi, BiqnoBinHo, —77,56, 16,321 6,12 %.

JUIsL OIIHKU TIPOCTOPOBOI HEOMHOPITHOCTI PO3CUIIHIN BUKOPHCTAHO (PpaKTAIBHUN METOI,
SIKUA J]a€ 3MOTY OITUCATH CKIAJHUHN, HEPEryISpHUH PO3IONLT LIBMEHITY 1 WOTO 3MIHCHHX
(dbopm yepes ¢pakTanbHy po3MipHiCTh D. I MarMaTWYHOTO LIBMEHITY Ta MPOIYKTiB HOTO
3MiHH BH3HAYEHO TaKy (pakTaibHy po3MipHicTh D\approx: marmatmaHmii imbMeHIT — 1,7-1,9,
niceBnopyTui — 1,3—1,5, nefikokceHizoBanuii imbMeHiT — 1,1-1,3. OTxe, A1 MArMaTHIHOTO 17Th-
MEHITY XapaKTepHi KJIAaCTePH30BaHi MO ¥ MOPIBHIHO PIBHOMIPHUI MPOCTOPOBHUN PO3IOILIT;
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Puc. 2. JlarepasibHe MOMIMPEHHS JIBMEHITY Pi3HOTO CKIaay Ha €MHITIBCHKIH ALTAHII
(BMICT OKCHIIB Y BiJICOTKaxX):
a—-TiO,; 6 — FeO; 6 —Fe O,; 2~ FeO/Fe,0,; r—P,O; 0 - V,0,; e —MnO; € - Cr,0,

273 273 275 275
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Puc. 3. JlarepasipHe MOLIMPEHHS 1IbMEHITY Pi3HOTO CKJIaay Ha AimstHIi CepenHs
(BMICT OKCHIB Y BIJICOTKaxX):
a—Ti0,; 6 — FeO; 6 —Fe,O,; 2 — FeO/Fe,0,; r—P,0; 0 — V,0,; e = MnO; ¢ - Cr,0,

273 273 275 275
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IICEBAOPYTMII MAa€ AUCICPCHUM PO3MOALT Yy JIOKAIBHUX 30HAX; JICHKOKCEHI30BaHUM 1IbMEHIT
CKOHLIEHTPOBAHMUH Y MIAHKUX BIIKIaaax, IPUYOMY HOro 3epHa po3IoAiJeHI BUIIAIKOBO i HEpiB-
HOMipHO. [IpocTopoBe KapTorpadyBaHHS MOMIUPEHHS LIBMEHITY Ta HOro 3MIHCHUX PI3HOBH/IIB
Ha aistHOi CepenHsi 100pe y3rofKyeThCsl 3 IPOCTOPOBUM IOLIMPEHHSIM 1JIbMEHITY, y SIKOMY
€ pisue criBBigHomeHHss FeO/Fe,03 (puc. 4).

189200 FeO/Fe;03

: Iz,s

26
24

-189400-
-189600

-189800®

2,2
2

E 18
1,6
14

Iﬁl,Z
B

08

-150000-

-190200-

-190400

-190600

119000 119200 119400 119600 113800 120000 120200 120400 120600 120800
MarMaTHYHII ITEMeHIT
TICEeBIOPYTILT
NMelKoKCeHi30Ba I IMEMeriT

Puc. 4. Kapra npocTopoBOTro monupeHHs iIbMeHiTy 3 pisHnM criBBigHomeHHs M FeO/Fe,03,
CyMillleHa 3 KapTOIO MPOCTOPOBOTO MOMIMPEHHS MarMaTHYHOTO 1IbMEHITY Ta 3MiHEHHX HOTO BiIMiH,
ninsiaka CepeHst

BucHOBKH Ta nepcrnieKTHBH MOAATBIIOTO0 T0CTiKeHHsI. AHAJI3 XIMIYHOTO CKIIay iibMe-
HITY 3 MIIAHKUX BiIKJIaiB AUISTHOK €MutiBehKa 1 CepenHs MeKUpivHOrO POIOBUINA 3aCB1TUHB,
[0 1IbMEHIT €MUIIIBCHKOT NUISHKYA Ma€ CTAOUIBHHI CKJIaJ, HAaTOMICTh B 1JIEMEHITI 3 MUISHKU
Cepenns 3aikcOBaHO MIMPIIMH Jlialta30H XIMIYHUX [TapaMeTpiB, BKIIOYHO 3 MiIBUILIEHUM BMiC-
toM TiO, Ta BapiatuBHEM cmiBBinHOmEHHIM FeO/Fe,O3, mmupmmM niana3oHoM MiHIMaTbHUX
i MakcuManbHHUX 3HadeHb BMicTy FeO. Buict P05, Cr,O3, V05, MnO 3aranom momiOHHA,
npote Ha auraHIi Cepensst Bvict MnO nemro Hmk4mid, a MakcuManbHUR BMicT Cr,Oz memo
oinpmmii. Ha mifi sxe murstaii cmisBigaomenus FeO/Fe,Os; B 1IbMEHITI MEHIE BiJ OJMHMIL,
10 CBiTYUTH TPO HASBHICTH OUTBIII OKUCHEHOTO 1JIbMEHITY. 3MEHIIIeHHS criBBigHOmEHHS FeO/
Fe,O3 cBiIYMTH PO IHTEHCUBHICTH €K30T€HHUX TEPETBOPEHb MiHepasly Ta 3MiHy Horo (isu-
KO-XIMIYHHX BJIACTHBOCTEH, SIKI BIUTMBAOTh HA TEXHOJOTIYHI MiAX0au 10 30araucHHs [9].

[TopiBHSIBHUI aHANI3 HANPSIMY 1 CUITM KOPEJIALIHNX 3B’ 3KIB MIJK OKCHJIaMH B LIIbMEHITI Ha
JOCIIIJDKEHNX JIUISTHKAaX 3aCBITUMB SIK CIUIbHI, TaK 1 KOHTPACTHI TeHeHLIl. [inbMeHiTy €MuiB-
CBHKOI JUJISTHKY MPUTaMaHHA 30aJIaHCOBaHIIIA CHCTEMa KOPEISIIHAX 3B’ SI3KIB MK OKCHIAMU,
TOJI SIK UTbMEHITY JinstHKH CepeHs — OLTbII Nossipr30BaHa i IHTEHCUBHO JudepeHIiiiioBaHa.

3a OIIOMOTO0 JTBOX METOJIB Ha JIISTHKAX BHOKPEMIICHO MarMaTHYHUH UTBMEHIT, TICEBIO-
PYTHII 1 JIGHKOKCEHI30BaHUH 1TBMEHIT, BU3HAYCHO iXHIA BiJICOTKOBHU BMICT y Bimkmamax. Lle
Ma€e BKIIMBE I'eOJIOTTYHE i MPOMHUCIOBE 3HAUCHHS, OCKUIBKU BiTOOpaXkae CTajlil eK30reHHOTO
MEPETBOPEHHS MiHEpaTy Ta BU3HAYAE HOTO SIKICTh SIK PYAHOT CHPOBUHH.
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IIpocropose kapTorpadyBaHHs apeaiB MOMIMPEHHS HE3MIHEHOTO i [MO-Pi3HOMY IIEpETBOPE-
HOTO UJIbMEHITY € THCTPYMEHTOM JIJIsl PEKOHCTPYKLIT YMOB (hOPMYyBaHHSI PO3CHIIHIL, TIPOMHCIIO-
BOI OIIIHKHU JIJITHOK, BUSIBJICHHS apealliB MOLIMPEHHSI Pyl BUIIOT SIKOCTI. 32 JOMOMOTOI0 TaKhX
KapT MO)KHa OINTHMI3yBaTu ripHHYl POOOTH, 30CEPEUKYIOUH 1X Ha AUISHKAX 3 HaWI[IHHIIION
CHPOBHUHOIO.

@paxranbHUI aHali3 TPOCTOPOBOIO PO3MOALTY MarMarudHOTO 1UJIBMEHITY, MCEBIOPYTH-
Ty 1 JIGHKOKCEHI30BaHOTO LIbMEHITY Ha €MMIIBCBKiNM Ta CepenHiil AUISHKAX 3aCBIAYMB YIiTKY
IuQepeHIianito iXHiX GpakTalbHUX po3MipHOCTEH. MarMaTHYHHN LTBMEHIT XapaKTepU3YETh-
Csl TOPIBHAHO BUCOKMMH 3HAYCHHSAME (paKTaTbHOI PO3MIPHOCTI, IO BioOpa)kae KIacTepu30-
BaHi 1MOJIs 1 30€peXEeHHS eIEMEHTIB TIEPBUHHOT MarMaTHYHOI CTPYKTYpH HAaBITh Y PO3CHITUIII.
[IceBmopyTni IEMOHCTpPY€E cepenHi 3HaUeHHS IIbOTO TIOKA3HUKA, SKi BiAMOBINAIOTH OUIBII THC-
TIEPCHOMY PO3MOALTY 3€peH, 10 YTBOPHIIMCS BHACIIOK TillEpreHe3y B KOpi 3BITPIOBaHHS i Oyin
TepeBiKIaeHi B amoBii. JIeHKOKCeHI30BaHUH 1TbMEHIT Ma€ HAWHWKY1 3HAYCHHS (PpaKTaTbHOT
PO3MIPHOCTI, 1110 CBiJYUTH MPO 130JIbOBaHI MPOSIBA Ta BUMAJIKOBHIA PO3IIOILI HOTO 3epeH Y mila-
HUX BiJIKJIaax.

OTxe, yMOBU (pOpPMYBaHHSI PO3CHUIHII 1 €K30T€HHOI TpaHchopMalii iIbMEHITY B Meax
JOCITIJPKEHNX AUISTHOK OyIv MoA1i0Hi 3a 3arajJbHUMHM TEHICHIISIMH, TTPOTE JIOKAIBHO BiJIPi3HSIIN-
Cs1 32 IHTCHCHUBHICTIO ITPOIICCIB Ta CTPYKTYPHOIO HEOTHOPITHICTIO.

PesynbraTn ociijpKeHHsT UIBMEHITY 3 OUITHOK €muitiBebka Ta Cepe/Hs 3aCBiIUyIOTh Bapia-
TUBHICTH XIMIYHOTO CKJIaJTy MiHEpaITy, 0 BioOpakae SK MepBUHHI MarMaTH4HI 0COOIMBOCTI, TaK
i BTopuHHI 3MiHH. L{e y3romKyeThes 3 pe3ynbraTaMu 3apyOiKHIX HayKoBIIB [10], siki OMHCYIOTH
YHiBEpCaAIbHY ITOCIIIOBHICTD 3MiH 1JIbMEHITY 32 KOHTHHEHTAILHUX YMOB, CYIIPOBOKYBaHY BUITY-
TOBYBAaHHSM 3aJjTi3a Ta 30aradeHHsIM TUTAHOM: LTBMEHIT — TICEBAOPYTHI — JIeliKokceH. Kuraiichki
BYCHI TOCHIKYBaJIN 3BITPIOBAHHS LTBMEHITY B pationi ['yanci (Guangxi) 1 AIIIUTH BUCHOBKY, 110
YTBOPEHHSI TICEBIOPYTHITY 1 JISHKOKCEHY CTBOPIOE YMOBH TSI CYMICHOT MiHepaJtizaliii 3 piaKicHO-
3eMesIbHUMU enieMeHTamMu [ 13]. Mu BusiBiim Ha MeXUpiYHOMY POJIOBHILI TICEBIOPYTHI 1 JISHKOK-
CCHI30BaHUI LJIBMEHIT, 10 Y3rO/DKYEThCs 3 MOIeUTHo [ 13] 1 MOJke BKasyBaTH Ha HMOBIPHY pifKic-
HO3eMeJbHY MiHepallizallilo Ha JUISTHKaX MOMIMPEHHs! X 3MIHEHUX BIJIMiH 1JIbMEHITY.

[Momanpum QOCHIIPKEHHST JOLUUIBHO CIPSIMYyBAaTH Ha 3aCTOCYBaHHS BHCOKOTOYHHMX METO-
niB Mikpoanamizy (SEM — ckanyBaibHa enekTpoHHa Mikpockoris, EPMA — enekTpoHHO-30H-
noBuit mikpoanainiz, LA-ICP-MS — meton nasepHoi abisiuii 3 iHAYKTHBHO-3B’SI3aHOIO IUIA3-
MO0 1 Mac-CIIEKTPOMETPI€I0) s [eTali3allii MpoIeciB MCeBIOPYTHITI3AMIT 1 JICHKOKCeHi3amii
Ta MOCIIKCHHS HAsIBHOCTI PiKICHO3EMEIBHUX CIIEMCHTIB Y 3MIHEHUX Pi3HOBHIAX 1TBMEHITY,
a TaKoXX Ha PO3BHUTOK (PpaKTAILHOTO MOJICITIOBAHHS SIK IHCTPYMEHTA KiJTbKiCHOI OLIHKA HEOTHO-
PLAHOCTI ¥ IPOTHO3YBaHHS MPOCTOPOBUX MEXK LIIBMEHITOBMICHUX TiJl.
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CHEMICAL COMPOSITION AND LATERAL DISTRIBUTION

OF ILMENITE AND ITS ALTERED VARIETIES IN THE SITES

OF YEMYLIVSKA AND SEREDNIA OF THE MEZHYRICHNE
TITANIUM DEPOSIT (ZHYTOMYR REGION)
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The chemical composition of ilmenite from Lower Cretaceous alluvial kaolin sands of the Irshanska
suite in the Yemylivska and Serednia sites of the Mezhyrichne titanium ore deposit (Volynskyi
megablock of the Ukrainian Shield) was studied. This made it possible to identify its variations in
different areas and perform a comparative analysis. Correlation analysis determined the direction
and strength of correlations between oxides in ilmenite, as well as common patterns and significant
differences in the relationships between oxides. The strong negative correlation between FeO and Fe,O3
and the positive one between TiO, and Fe,O3 reflects the balance between the reduced and oxidized
forms of iron in ilmenite.

Two approaches were used to separate magmatic ilmenite, pseudorutile, and leucoxenized ilmenite:
(1) by the FeO/Fe,O3 ratio, which allows for rapid classification of grains; (2) by combining the specified
ratio with absolute concentrations of FeO and Fe,O3, which provides a more accurate interpretation.
Thanks to this approach, the presence of both primary magmatic ilmenite and its altered varieties formed
under exogenous conditions was confirmed. A comparative analysis of the processes of pseudorutilization
and leucoxenization of ilmenite within the Yemylivska and Serednia sites was performed.

Fractal analysis of the spatial distribution of magmatic ilmenite and its altered varieties showed that
their distribution has signs of self-similarity and structural organization, which reflects natural processes
of differentiation and secondary alteration.

Cartographic modelling of the distribution areas of ilmenite of different chemical composition
and with different FeO/Fe,O3 ratios was performed, which makes it possible to determine the degree
of exogenous transformation, predict the distribution areas of ilmenite with different qualitative
characteristics, reconstruct the conditions of placer formation, and optimize the industrial development
of residual reserves within the studied areas. The proposed comprehensive model integrates chemical,
mineralogical, and spatial data, providing a deeper understanding of the genesis of ilmenite placers, their
chemical zoning, and potential for industrial development.

Key words: ilmenite, pseudorutile, leucoxenization, chemical composition, alteration, placer, lateral
distribution, correlation analysis, mapping, Mezhyrichne deposit, Ukrainian Shield.
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Using the example of the Zavallivske graphite deposit (Ukrainian Shield), the role of palacoseismic
activity in the formation of hydrothermal systems and ore zones is examined. A marker of ancient earth-
quakes is pseudotachylites — black vitrified rocks, represented by slip films and thin veins. Pseudotachylites
are products of frictional melting in fault zones. Their formation is accompanied by the localisation of ther-
mal energy, rapid cooling and the formation of an amorphous glass-like substance, as confirmed by X-ray
diffraction studies.

Microprobe analysis of the pseudotachylites revealed a high SiO; content (up to 73.84 wt. %) and signif-
icant variations in FeO (from 5.56 to 34.79 wt. %) and MgO (3.62—11.61 wt. %). Calculations of the oxides
indicated the presence of water (up to 36 wt. %), which acted as a kind of flux and a melting point depres-
sion factor.

The source of water was likely the dehydration of minerals under conditions of rapid heating during
seismic events. This is evidence of a close link between friction melting processes and the mobilisation
of fluids in the fault zone. As a result, a local environment enriched with volatile components was formed.
About 10 % of the volume of the studied rocks consists of fragments of primary rocks and minerals that
either did not melt completely or were entrapped by the melt during formation.

Pseudotachylites formed at the transition boundary from plastic to brittle deformation, at depths
of 10-12 km, corresponding to the conditions of the amphibolite facies of metamorphism. Mylonites
formed below this boundary, and cataclastic rocks — above it. Friction melting processes were accompanied
by the dehydration of the surrounding primary rocks, the formation of fluids and fracture systems. The
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fluids, in turn, facilitated the migration and redistribution of chemical elements. And the extensive fracture
systems facilitated the circulation of hydrothermal solutions and the development of vein-type minerali-
sation.

Pseudotachylites are an important indicator of palacoseismic activity and a trigger for hydrothermal
processes. Hydrothermal fluids played a significant role in the formation of ore mineralisation
at the Zavallivske deposit, particularly in the redistribution of material and the formation of graphite
deposits.

Key words: pseudotachylites, friction melting, hydrothermal processes, fluid, graphite, fault zone,
Zavallivske deposit, Ukrainian Shield.
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Statement of the problem. Paleoseismic activity is an important factor in the conditions
governing the formation of ore zones. One of the indicators of ancient earthquakes is the pres-
ence of pseudotachylites in zones of disjunctive deformation. The specificity of the conditions for
the formation of pseudotachylites lies in the fact that the process is accompanied by the dehydra-
tion of the surrounding rocks. This leads to a redistribution of matter in the contact zones. Anal-
ysis of these processes and their influence on the formation of areas with elevated concentrations
of ore elements makes it possible to identify certain patterns in the formation of ore zones.

The Zavallivske graphite deposit in the Ukrainian Shield is a region of unique geologi-
cal significance. The discovery of pseudotachylites here provides grounds for re-evaluating
the role of hydrothermal fluids in the formation of graphite. The extensive system of fractures
and their diverse mineral fillings indicate variability in both the chemical composition of the flu-
ids and the physical conditions under which the mineral associations formed. Unfortunately,
the pseudotachylites of the Ukrainian Shield have not yet been sufficiently studied, making it
difficult to fully comprehend their influence on hydrothermal processes, which, in turn, shifts
the focus of attention away from research into the fluid component of graphite genesis towards
more conservative interpretations.

Review of research. It was not the first time that pseudotachylites had been discovered
and studied within the granitic formations of the Vredefort crater in the Republic of South Afri-
ca. In particular, the British scientist S. J. Shand described veins of dense black rock in granites
in 1916 and first used the term pseudotachylite [3]. In 1972, geophysicists and seismologists
demonstrated the possibility of rock melting along fault planes and identified the conditions
necessary for this [2]. Three years later, the New Zealand structural geologist R. Sibson directly
linked pseudotachylites to zones of ancient seismic activity [4].

However, subsequent studies revealed the relatively limited distribution of these forma-
tions and the specificity of the conditions for their formation, namely: the limited distribution
of pseudotachylites compared to earthquakes [5], anomalous pressure and temperature read-
ings, and the localisation of seismic energy within a narrow layer (often <2 mm). There is also
the problem of preserving samples and their interpretation, as such formations are often not
given sufficient attention and are classified as basalts.

In 2021, the journal «Geochemistry, Geophysics, Geosystems» published the findings
of a large group of scientists who studied Chilean pseudotachylites and linked their formation to
hydrothermal activity [1].

The research purpose of our work is to investigate the influence of the region’s seismic
activity on hydrothermal activity and, on this basis, to identify the link between the redistribution
of matter and the formation of pseudotachylites.

One of the world’s largest, and simultaneously the largest in Ukraine and Europe, graphite
ore deposit of the same name is located in the vicinity of the village of Zavallia (Holovanivskyi
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District, Kirovohrad Oblast) (Fig. 1). The first studies and development of graphite began
here around 100 years ago. Currently, the deposit’s production capacity stands at around
30,000 tonnes of graphite per year. The deposit is mined using open-pit methods, and the ore
is enriched using the flotation method. Zavallia graphite is high-quality, flaky graphite, with
flake sizes ranging from 2 to 4 mm. An associated mineral is an abrasive substance, namely
garnet.

The deposit consists of a complex of Precambrian metamorphic rocks dating back approx-
imately 2.5 billion years, which belong to the Khashchuvato-Zavallivska Group of the Bug
Series within the Ukrainian Shield. It is represented by a fault zone between carbonate rocks
in the southern part (mainly calciphyres) and silicate rocks (predominantly enderbites) in
the northern part. Between them lies a sub-lateral zone of graphite-garnet and graphite-pyrox-
ene schists and skarns [6]. Calciphyres, skarnoids, amphibolites, quartzites, magnesian skarns,
migmatized granites and granitic pegmatites are also present.

The rocks of the deposit have undergone repeated deformations. The first phase consisted
of deformations under conditions of the granulite facies of metamorphism at depths of over
20 km. This was followed by a phase of deformation under amphibolite facies conditions
at a depth of 10—12 km. This phase is characterised by a transition from mylonites to cataclas-
tic rocks, and it is with this phase that the formation of pseudotachylites is associated.

Fig. 1. Quarry at the Zavallivske graphite deposit

During field studies at the Zavallivskyi quarry and its surroundings, numerous samples
of fractured rocks of various compositions were collected. Among them were samples with thin
(several millimetres) black films with a vitreous lustre (Fig. 2).
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The material from the selected samples was analysed using a range of methods.
X-ray studies were carried out in the X-ray structural analysis laboratory of the Faculty
of Geology at Ivan Franko National University of Lviv (analyst A. Dvorianskyi, DRON-3
diffractometer, CuK_ -radiation, U = 40 kV, I = 25 mA, recording speed — 1 degree/min).
Polished sections were prepared for electron probe microanalysis and scanning electron
microscopy. Microanalytical studies of the sections were carried out in the Laboratory
of Physics and Technology of Nanostructures at the Department of Solid-State Physics,
Faculty of Physics, Ivan Franko National University of Lviv (analyst R. Serkiz) using
a REMMA-102-02 scanning electron microscope (Sumy, Ukraine), equipped with an EDAR
energy-dispersive analyser.

Fig. 2. A block of fractured glassy rock

The diffractograms obtained during X-ray analysis of the selected samples clearly show
the absence of peaks. This indicates the amorphous nature of the substance and provides grounds
for interpreting it as glass.

Table 1 presents the results of the chemical analysis of pseudotachylite glass. As can be
seen from the table, pseudotachylite glass may contain a relatively high proportion of silica —
33.60-73.84 wt. %. There are significant fluctuations in the content of iron and magnesium oxides,
and in some samples (where SiO, is comparatively lower) the content of these components
is quite high: FeO — from 5.56 to 34.79, MgO — from 3.62 to 11.61 wt. %. Recalculations
of the analysis results revealed a fairly significant water content in the studied formations — from
12.53 t0 36.71 wt. %.

Fragments of primary minerals have been identified in the pseudotachylite samples; these
either did not melt completely or were entrapped by the melt during formation. Such fragments
account for approximately 10 %. They are predominantly garnet (Fig. 3), as well as biotite,
hornblende and pyroxenes.
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Table 1
Results of chemical analysis of pseudotachylite glass, wt. %
Sample and analysis number
Components | Zv-Ar2-1 Zv—-Ar2-3 Zv—Pth
12 6 15 1 2 3
Sio, 33.60 64.75 66.29 42.04 37.78 38.10
TiO, 0.04 0.12 0.05 0.22 0.11 0.04
ALO, 2.52 0.27 0.17 1.46 1.14 1.29
Cr,0, 0.33 N. d.* N. d. N. d. N. d. N. d.
FeO 18.03 6.55 8.67 34.79 31.32 32.42
MnO 0.43 0.00 0.19 1.07 1.16 1.22
MgO 6.19 5.45 11.61 5.42 4.96 4.50
CaO 1.69 0.04 0.00 0.85 0.86 0.64
Na,O 0.47 0.00 0.27 0.35 0.35 0.45
K.0 0.00 0.22 0.22 0.15 0.11 0.30
Total 63.30 77.40 87.47 86.35 77.79 78.96
Sample and analysis number
Components Zv-Pth Zv-Ar2-5
5 8 11 12 14 17 11
SiO, 42.21 38.60 42.40 39.92 39.55 34.20 73.84
TiO, 0.00 0.05 0.07 0.07 0.00 0.00 N. d.
ALO, 2.35 2.44 1.86 1.53 3.08 0.45 0.02
Cr,0, N. d. N. d. N. d. N. d. 0.00 0.64 N. d.
FeO 31.49 30.92 30.25 34.18 29.99 29.90 5.56
MnO 1.06 0.82 0.99 0.98 0.99 1.15 0.19
MgO 6.58 5.28 7.25 5.65 5.81 3.62 5.94
CaO 0.34 0.13 0.70 0.31 1.38 0.41 0.00
Na,0 0.39 0.29 0.58 0.19 0.69 0.00 0.35
K.,0 0.11 0.35 0.00 0.18 0.00 0.06 0.43
Total 84.53 78.88 84.10 83.01 81.49 70.43 86.33

*N. d. — not determined.

An analysis of previous studies and our results suggest the following mechanism for the for-
mation of pseudotachylites. As a result of seismic activity, blocks of primary rocks rapidly shift-
ed relative to one another. This occurred at a depth of approximately 10—12 km, which is typical
for the hypocentres of major earthquakes. It is precisely this depth, according to the geothermal
gradient, that corresponds to the onset of quartz plasticity and the transition from plastic to brittle
deformation. Mylonites form below this threshold, and cataclasites — above it, with pseudotac-
hylites serving as a marker of this transition.

As a result of the rock’s extremely rapid displacement, the blocks are subjected to crush-
ing and grinding. This is accompanied by the release of an enormous amount of energy. The
concentration of energy within tiny cracks prevents the heat from dissipating quickly, leading
to the melting of the material that has been ground to dust. As soon as the seismic displace-
ment ceases, heat generation stops. This leads to the melt cooling very rapidly, resulting in
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the formation of an amorphous rock. The presence of a significant amount of water in the system
contributes to a reduction in the melting point — from 1,700 to 900 °C.

WD=24.4mm 20.00kV  x120

Fig. 3. A fragment of a garnet crystal in pseudotachylite glass

Conclusions and prospects for further research. Pscudotachylites serve as a marker for
the uplift of rock complexes and the transition from plastic to brittle deformation. This facili-
tated the formation of numerous fracture systems necessary for the movement of hydrothermal
fluids. Furthermore, the seismic thermal shock contributed to the dehydration of surrounding
minerals. The resulting fluids leached certain chemical elements from the host rocks, trans-
ported them through the fracture systems and redeposited them as hydrothermal vein associa-
tions. This is evidenced by the large number of veins varying in age and mineral composition.

Thus, at a depth of about 10—-12 km, during the transition from mylonitization to cataclasis,
frictional palaeoseismic melting occurred, resulting in the formation of pseudotachylites. The
transition to the zone of brittle deformation and the formation of pseudotachylites contributed to
the formation of fracture systems and the «initiation» of hydrothermal processes.

One of the main agents of the hydrothermal fluids was carbon, as evidenced by the pres-
ence of numerous veins filled with carbonates in the rocks. The active involvement of carbon
in the hydrothermal system of the Zavallia ore zone is the factor that compels scientists to pay
greater attention to the vein mineralisation of the region, as well as to investigate the influence
of hydrothermal systems on the formation of deposits in one of the world’s largest graphite fields.
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CENCMOIEHHE ®PUKUINHE NNABJIEHHSA TA UOIO POJ1b
Y NEPEPO3MNOAIT PEYHOBUHU B METAMOP®IYHUX
KOMMNJNEKCAX 3ABAINA

PomaH Minbkeeuy, Hamanis binuk, JleoHid CkakyH, KocmsiHmuH Ancghep’ee
Roman.Minkevych@Inu.edu.ua

JIbgiecbkull HayjioHanbHUU yHieepcumem imeHi lsaHa ®paHka,
syn. M. Ipywescbkoeo, 4, Jlbsis, YkpaiHa, 79005

Ha mnpukmani 3aBamimiBcbkoro poposuma rpadity (YkpalHCBKHH IMHT) pO3NISHYTO pPOJIb
NaJIeOCEHCMIYHOT aKTUBHOCTI y (DOPMyBaHHI TipOTEpMAIbHUX CHUCTEM 1 pyIHHX 30H. Mapkepom
JIaBHIX 3€MJIETPYCIB € IICEBAOTAXUIITH — YOpPHI CKIIyBaTi MOPOJI, MPEICTABIEH] IUIIBKAMH KOB3aHHS
Ta MPOXKIIKAMH HEBEIHKOI NOTyKHOCTI. [IceBaoTaxiniTi — MpoxyKTH GpHUKIIHHOTO IUIABICHHS B 30HAX
po3NoMiB. X yTBOpeHHS CyNpOBOKYEThCS JOKAMI3aIli€lo TEMIOBOI eHEprii, MBUAKMM OXOJNOIKEHHIM
i ¢opmyBanHsSIM amMOp(hHOI CKIONOAIOHOT PEYOBHHH, IO IiJTBEPHKEHO PEHTTEHOCTPYKTYPHUMH
JIOCITIJUKSHHSAMH.

MiKpO30HIOBUM aHATI30M y TICEBNOTAXiNiTaX BH3HAYCHO BUcOKmil BMicT SiO, (mo 73,84 mac. %)
Ta 3HauHi xonmBaHHA FeO (Bix 5,56 mo 34,79 mac. %) i MgO (3,62-11,61 mac. %). Ilepepaxynku
OKCHIIB 3aCBIIYMIM HAsBHICTH Bou (10 36 Mac. %), sika Oyiia CBOEpigHAM (IIIOCOM i IEBHIM YHHHUKOM
3HIKEHHS TeMIIepaTypH IUIaBiIeHHs. J[)keperoM Boau, iMOBipHO, OyIIu IpolecH Aerigpararii MiHepatis
32 YMOB IIBUJIKOTO HATPiBaHHS ITi]] 9ac ceiicMivuHuX mofiii. [le € Joka3oM TicHOTO 3B’ 3Ky MiXk MpoOLIecaMu
(puKIiiiHOTO IUIABIEHHS Ta MOO1Ti3alicio (UIIOINIB y PO3IOMHIiil 30HI. YHACIIZOK IIOTO (GOpMyBaIOCh
JIOKaJbHE CepefoBHIe, 30arayeHe JeTKUMH KOMIIOHEHTaMH. bimspko 10 % 006’eMy mociimKyBaHHX
MIOpiJ IPEICTAaBICHO yIaMKaMM IEPBUHHUX IIOPiJ 1 MiHepaliB, siIki 800 OCTATOYHO HE PO3IIIABHIIHCH,
a00 x OyiH 3aXOIUIEHI PO3IUIABOM Y IIPOIEC] YTBOPEHHSI.

[ceBporaximité chopMyBaaHCh HA MEXI IEPEXOAy BiJ IIACTHYHHMX aedopmariiii 10 KpPUXKHUX,
B iHTepBaii mmmbuH 10-12 M, mo BigmoBimae ymoBam amibomitoBoi damii Mmeramopdizmy. Hmxue
BiJ Hi€l MEeXI YTBOPIOBAINCh MUIOHITH, BHINE — KaTakJa3uTH. [Ipomecn QpuUKIiHHOTrO IUIABICHHS
CYIIPOBOJUKYBAJINCE JIETiPATAIli€l0 HAaBKOJHIIHIX MEPBUHHUX IOPiJ, YTBOPEHHSIM (UIIOIMIB i cHCTEM
TpimmuyBaTtocTi. ®mroinu, cBo€o deproro, 3abesmedyBalnd Mirpamilo # IIepepo3Mmomin XiMiYHHX
CJIEMEHTIB. A PO3TaTy>KeHi CHCTEMH TPILMH CTIPHUSIH UPKYISALII T1pOTepMaIbHIX PO3UNHIB 1 PO3BUTKY
MIPOXKHUITKOBOT MiHEpaizarii.

[ceBnoTaxinmiT — BaXXIMBHI Mapkep IaJeoCeHCMIYHOI aKTHBHOCTI Ta TPHUrep TiApOTepMaIbHUX
mporueciB. A TigpoTepManbHi PO3YHHU BiJirpaBalu CyTTEBY poib y (GOpMyBaHHI pymaHOI MiHepamizamii
3aBajTiBCHKOTO POJOBHIIA, 30KPEMa, Y IIEPEPO3NOALTI PEIOBUHU Ta yTBOPESHHI Ipa)iTOBUX ITOKIAMIIB.

Kniouosi cnosa: niceBroTaxiniTu, ppuUKIiliHe IIIABICHHS, TIAPOTepMabHi mponecH, duroin, rpadirt,
pO37I0MHA 30HA, 3aBaJUIiBChKE POJOBUINE, YKPAaTHCHKHUHN IITUT.
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JIbeigcbKul HayjoHanbHUl yHieepcumem iMeHi lsaHa ®paHka,
8yn. M. Ipywesckkoeo, 4, Jlbeig, YkpaiHa, 79005

V¥ LenrpansHomy Kazaxctani MonioaeH-Bob(paMoBe 3pyIeHIHHS IPE3eHOBOT rpyIH c(hOopMyBanocs
TiJ 9ac OporeHe3y i eTamiB TeKTOHO-MarMaTW4HOi akTuBizamii. OcoOnuBe TeoJoriyHe Ta MeTaJoreHiuHe
micre B LlenTpansHo-Kazaxcrancbkiil pyaHiit mpoBiHLii nocigae JxyHrapo-banxacbka reocHHKIIHaIbHA
obmactp. TyT mig 9ac Mi3HBOTEPIIHHCHKOTO OPOTreHe3y (GOpMyBaIHCS KHCHI IHTPY3ii, 3 IKHMU IPOCTOPOBO,
CTPYKTYPHO 132 4aCOM YTBOPEHHsI OB’ sI3aH1 BCi POIOBHIIA MOJiOAEHY i Bonb(hpamy. Buaineno 18 pynaux
paiioHiB, TOHA[ MMOJOBUHA SIKMX PO3TAIIOBaHA B YCIIEHCHKiH 30HI 3MUHAHHA 1 SIKi MOB’s3aH1 3 Tpeli3eHa-
MU pi3HUX ¢aniil. Po3pi3HAIOTE 1Ba MOP(OTUIHN POTOBHII — €HAOKOHTAKTOBI KMIBbHI Ta HaIIHTPY3UBHI
IITOKBEPKH.

I'peiizern GopmyBanucs y GpoHTANbHIN 30HI KOJIOHH aBTOMETACOMATHTIB 32 Y4acTi BUCOKOTEMIIepa-
TYPHHX CYTTEBO T'a30BHX KHCJIOTHHX PO3YMHIB, sIKi 31 3HIKEHHAM Temmepatypu (>470-300 °C) 3a3na-
BaJIM YUIJIFHEHHS W KOHACHCYBAJIHUCA y BUIVIAII MiCIAMarMaTHYHUX JUCTUIIATIB Ha uOuHI Bix 5—4 1o
2,5-1,5 kM. Jluctunsau Oynu 36araveni ranoinamu, CO,, H,O Ta iHINMMK JETKMMH CHOTYKaMH.

BinokpemienHsi po3miaBiB-(UIIOiiB Bif MarMaTHYHUX KaMep Ta iX eBoiromis BimxOyBamuch abo 3a
YMOBH PETPOTPaTHOTO 3aKHIIAHHSA MarMu, a00 BHACIIIOK MIOCTYIIOBOTO BiIIJICHHS pPO3IIIaBiB-PO3UNHIB —
3 YTBOPEHHAM PO311aBiB-po3unHis 3 CO, i 3aIMIIKOBOTO PO3IIIABY-PO3YHMHY 3 BUCOKOIIILHUMHU FallOreH-
HUMH PyAOyTBOPIOBAIEHIMH (iroinamu. BimokpeMiieHHS Bifl MarMo-pyloreHepyBaIbHOI KaMepH BigOy-
BaJIOCS TIO-Pi3HOMY. 3 PO3BUTKOM KOHTPAKI[IHHOI TPIIIMHYBATOCTI B HAIIHTPY3UBHHX BMICHHX TOpPOJax
(dopmyBaBcst apouHuii eekT i BigOyBasoCch MOMITHE 3HIKEHHS THCKY, IO CIIPHUSIO «BiJICMOKTYBAaHHIO»
(uroigy 3 MarMo-pyIoreHepyBaIbHOTO JUKEeperia 3 HaCTYITHOIO eKCTPAKIIEI0 PIIKICHIX METaliB.

MormnibneH-Bonb(paMoBi  pomoBHIIa perioHy (GOpMyBaJMCh 3a ITHEBMATOJITOBO-TiAPOTEPMAaTbHUX
YMOB IIPOTSITOM I1°SITH CTa/ill MiHepai3amii 3 po34nHiB BUCOKOI COIBbOBOI KOHIEHTpamii (>65-27 mac. %
NaCl) ta BHCOKOro THCKY 1 3Ha4HUX Horo durykryaniii (Bix 165 o 25 MITa).

Kniouosi crosa: Bonbdpam, MOIiOIeH, pOAOBHIIE, PYIOTCHE3, TPEH3eHN, TepMOOapOreoximisi, MHeBMa-
TOJITOBO-T1IPOTEPMAIIBHI MPOIIECH, MI3HBOTEPIIMHCHKII oporeHes, LlenTpansanii Kasaxcras.

DOI https://doi.org/10.30970/min.76.04

IMocranoBka npo6iemu. [enrpanbunii Kazaxcran — Tvnosa MoitioaeH-BoIb(pamMoBa pya-
Ha MPOBIHIIIS, POAOBHIIA SIKOT HAJIEKATh JI0 rpeii3eHoBo1 rpynu. B YipaiHi MoKy HeMa pojIoBHII
uiei popmarii, oaHaK BusiBiieHo pynonposisu W i Mo Ha Ykpaincekomy muri. Iloo Bossgpamy,
To e [lepxanceke pynHe noie, KouepiBcbka rpyna pynonpossis, CenumeHcbkuid, Kiuniis-
ChKHiA, Malicbknil pynorposiBu Ta iH. Takoxx Ha muTi Bigomo 61am3bko 100 mposiBiB MomiO/eHy,
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cepen SIKUX BHpPIBChKHI MOIOACHITOBHI Pymonposis, BepOuHChbKke (GIIF0OOPUT-MOITIOICHOBE
poznosuiie, [MymKiBCbKUN MOTIOACHIT-IICETITOBHI PYIONPOAB, MOTIOACH-TIOIIMETANICBE 3PY-
JICHIHHS B TIEP’KAHCHKUX METACOMATUTAaX Ta iH.

Yepes 11i 00CTaBUHU JETAIbHI JOCITIHKEHHS TEPMOOApOreoximii mpoIeciB pygaoreHe3y Ha
MoJi01eH-Bostb(hpaMoBrX 00’ekTax rperizeHoBoi rpynu B JxyHrapo-banxamimi MOXyTh cra-
TH B Harofi mij 4yac po3B’s3aHHs NPOOJIEMH NEpeBeICHHS aHAJIOTIYHUX PYyAONpPOsIBIB YKpaiHH
B PO3Psi POJIOBHIIL.

AnaJgi3 nocaimkenb. MonioneH-BonbdpamoBe 3pyneHiHH, sk 1oBiB M. [ToBumaiiric (1970,
1975, 1976), popmyeThCs TIig 9ac OporeHesy i eTariB TeKTOHO-MarMaTHIHOi aktuBizamii (TMA)
3eMHOI KOpH. 3a XapaKTepoM PO3BHUTKY T'€OJIOTIYHHX (hopMaliid OpOreHHOTo Psmy Ta iXHIMH
CHIBBIAHOIIECHHSIMH 3 TUMH YU IHITUMH HAOOpaMU T€OCHHKIIHATBHUX (OpMAIliii BUPI3HAIOTH
THITH METAJOTEHIYHNX MPOBIHIIH, CTICIIU(iKy IKUX BimoOpa)kae THIT €HIOTCHHOI MiHEpasi3allii.
VY reosoriuHii OyOB1 TOCTIKYBAHOTO PETiOHY CYTTEBY POJIb BIIIrparOTh CyOCEKBEHTHI KHUC-
i edy3uBu nopdipoBoi Gopmarii if KoMarmMaTuyHi IHTPY3UBHI YyTBOPEHHS I'PAHITOIIHOTO PsLy
(ros1oBHI (hopmallii OPOTeHHOTO CTPYKTYPHOTo moBepxy). Ha mifcrasi 3a3nadeHoro M. [ToBu-
naiitic (1976) Ta /. Pynaxsict (1977) Buaimumm Momi0aeH-BoIb(GpaMOBOPYIHY HPOBIHIIIO
perioHy sIK caMOCTIHUI LIEHTpaJIbHO-Ka3aXCTAaHCHKUI METAJIOreHIYHUN THII.

VY llenrpanbpHo-Ka3axcTaHChKili MO3aiqHO-OpHIIOBIH CKiIaayacTiii cucTteMi 0coOiIHMBE reo-
JIOTiYHE ¥ MeTanoreHiyHe Micie nocinae JxyHrapo-banxacbka reoCHHKIIIHAIBHO-CKIIa4acTa
obnacte. [IpumiTHuMHE 1 ocobnmBocTsaMH, siK 3a3Haunina H. Mapkosa (1969), € Bkpaii oOme-
JKEHHH TIPOSIB PaHHBOI CTail PO3BUTKY T€PLHHIM, 3aKIIaJaHHS TePLUUHCHKUAX CKIaa4acTo-01o-
KOBHX CTPYKTYD, PO3IUICHHX 1 YCKIIATHEHUX TIIMOMHHUMH PO3JIOMaMH, Ha MOTYXHIH Kopi cia-
JIYHOTO TUTY, po3BUTOK mporieciB TMA. 3 My mporiecamMu 1o’ s13aHO (POPMYBAaHHS BEIUKHAX
MTOKPUBHUX TIONIIB €(Qy3UBHUX IMOPiJ PI3SHOMAHITHOTO CKJIagy 1 CTAHOBJICHHS KOMarMaTHYHUX
PaHHBO-, CEPEAHBO- 1 M3HBOTEPIIMHCHKUX ClaJiYHUX TPaHiTOIAiB. [0JIOBHE MeTaIOTeHIYHE 3HA-
YEHHSI MalOTh IHTPY3UBH II3HBOTEPIIMHCHKOTO Yacy, COPMOBaHi B MICISIOPOTEHHY CTaJiIO i
Yac iHBEepCil TEKTOHIYHOTO PEKUMY 32 CTIMKHMX BEPTHUKAIbHUX OPUIIOBHX PYXiB 3€MHOI KOpH
Ta BiJIIAPOBYBaHHS MK (PyHJJAMEHTOM 1 FTE€PLIUHCHKUM CTPYKTYPHUM MOBEPXOM.

Came 3 IIMMH IHTPY3IsIMM CKJIaJ4acTOr0 KOMIUIEKCY HPOCTOPOBO, CTPYKTYpPHO i 332 4acoMm
YTBOPEHHS aCOLIII0€ MOTIOJICH-BOIB(PaMOBE 3pY/ICHIHHS, SIK CBOTO Yacy B mparpsix 1965—-1968 pp.
niepexonnBo JoBiB I lllep6a. Lleit 1ocaiTHUK BUAIIMB y PETiOHI Ba THIN BiIMOBIAHUX POJO-
BUIL: 1) CHIOKOHTAKTOBI 31 CTAOKMM PO3BHUTKOM ILIOIIMHHOTO JTY)KHOTO METacoMaTo3y i Ipak-
TUYHOIO BIICYTHICTIO maifok (Axuaray, Cximamii i IliBHiuamit KoyHpanm); 2) eK30KOHTaKTOBi
3 HE3HAYHUM IIPOHUKHEHHSM Y IPaHITH, JIe PYIH 4acTO aCOLIIOIOTH 3 AaiiKaMH KHCIIOrO CKIIAJLY,
yacTWHA 3 AKUX BHYTpimmHbOpynHi (Koxrenkomns, [xanetr, Hypa-Tamnmn, Bepxue Kaiipaktn).
PonoBuiia, momupeHi B 30HaX €HIOKOHTAKTY TPaHITHUX MAacCHBIB, TPEACTABICHI KPYTOCIA-
HUMH IPei3eHOBUMHU TiJIlaMHU 3 KBAPLIOBUMU H IHIIMMY JKHJIaMH BUIIOBHEHHS. Y 30HY €K30KOH-
TaKTy PEH3CHHU MEPEXOAATh CEPI€0 30MKCHUX KW 3 OULHKUIBHUM IPEH3CHOBUM OOJISIMY-
BaHHAM. [IOTYXHICTh TaKMX >KWJI HEBENIMKa, X04ya 3arajbHi MacmTaOu INTOKBEPKIB Habararo
O1IBIIII, TIOPIBHSIHO 3 BJIACHE KBapLIOBOXKWIBHAMH. Y pynax, OKpiM KBapily, MiHepaiis Mo, W
i Be, mommpeni niput, 6icMyTHH, OicMyT, CanepuTt, XaJbKOIIPHT, FAJICHIT, 3 HEPYIHUX MiHepa-
JIiB — pI3HOMAHITHI CITFOIU (CEPUIIUT, MYCKOBIT, JICIIIOJIT, IMHBAJIBINT), TIOJILOBI IITTATH, TOIA3,
¢imooput, kapboHatH, cynbdaru i eosnity. [lommpeHi pi3HOMaHITHI IPOLECH 3aMillIeHHs Pi3HOT
IHTCHCUBHOCTI: BOJIb(PAMITY MICETITOM, MIKPOKIIIHY aJIbOITOM Ta iH.

Meta HaykoBOI TyONiKamii — pO3KPUTH (i3UKO-XIMIYHI YMOBH W NHWHAMIKY €BOIIOIIiT
PYZIOYyTBOPIOBAJIHFHHX MPOIIECIB HA POAOBHUINAX MIPOBIHIIIT, 3’ICyBaTH MEXaHI3MH Mirparii if exc-
TparyBaHHS METaJOHOCHUX (IIOiNIB y PYZOKOHTPOIIIOBAIBHI CTPYKTYpPH, CXapaKTepHU3yBaTH
arperaTHUi cTaH i ckiiaa QUIIoiaiB, IXHIO COTBOBY KOHIICHTPALIF0, Y TIM YHCITi Ha TTPOAYKTUBHIX
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CTaAisIX PYAOYTBOPEHHS, PO3POOUTH CXEMHU CTaIiHHOCTI 1 TepMOOapOTeOXiMIYHOTO PEKUMY
(hopMyBaHHS POJOBHILL.

Buxisian ocHoBHOro wmarepiajy. Haii0inblio0 pyJOKOHTPOIIOBAIBEHOI CTPYKTYpOIO
JOCIIDKYBaHOTO PErioHy € YCIeHChbKa 30Ha 3MUHAHHS, Y sIKiii BuUsBIeHO moHan 50 % ycix
MOJTi0/1eH-BOIb(PAMOBUX POJOBHUIIL 1 pyAoNposiBiB. [0J0BHI pooBHINIa MPOBIHIIT 3rpyHOBaHO
y 18 pynHuX paiioHiB, sIKi IOB’s13aHi 3 rpeii3eHaMu pi3HUX Qaiil.

ETanoHHMM NpHKIIaZOM Mi3HBOTEPIMHCHKOTO PYIOCIPSDKEHOTO aK4aTayChKOTro KOMILIEKCY
1 pomoBHIIa € AK4aTayChbKHil MaCHB JICHKOKPATOBUX TPAHITIB 1 IIPOCTOPOBO, CTPYKTYPHO 1 reHe-
THUYHO TIOB’sI3aHE 3 HUM OJHOMMEHHE ponosuiie (puc. 1).

Puc. 1. Cxemaruuna reosoriyaa GynoBa, MOpOJIOTist Ta re0I0ro-CTPYKTypHa IMO3ULLsT AKYaTayChKOro
TPaHITHOTO MacHBY Ta OJHOWMEHHOTro pososuina (3a B. bogaposum Ta in.):
1 — rpaHiti pi3HEX (a3 ykopiHeHH:; 2 — agaMeniTH; 3 — NUTIPOBI Tijla MerMaTUTIB; 4 — TPEH3eHOBI Tija
il py/ZIOHOCHI KBapIOBI XWJIM; 5 — BMICHI IOPOJM pamMu; 6 — MeXi BUXOy MAaCHBY Ha JICHHY [TOBEPXHIO
1 MIMOVMHHE TPOJOBKEHHS TPAHITIB 33 TPaBIMETPUYHUMH JaHUMH; / — peTiOHATIbHI i JIOKAJIbHI TEKTOHIYHI
posnomu; 8§ — AKJaTaychKka 30Ha TNIMOWHHHUX PO3JIOMIB

Buxonani samu mpotsrom 1980-1988 pp. pazom 3 0. Jopomenkom Ta XK. CiMkiB Tepmo-
OaporeoximMivHi TOCIIKCHHS (QIIIOIIHAX BKJIIOYCHD Y MIHEpajax Adajld 3MOTY IiarHOCTYBaTh
(bi3uKO-XIMIYHI YMOBU W JUHAMIKy €BOJIOLII PyIOyTBOPIOBAILHUX MPOLECIB HA POIOBHUINAX
NPOBIHIIT Ta MEXaHI3MU €KCTparyBaHHs il Mirpaiii MeTaJoHOCHUX (IIFOiIiB, BUKOHATH Tpali-
€HTHUI aHaJi3 | BU3HAYNUTH KOHIICHTPAIIIIO H TPEeHAH TepMOOapOreoXiMiyHOI 30HAIBHOCTI PO3-
BUTKY JISSIKMX POJIOBHIL onucyBaHoi ¢popmaii [2—4; 7].

dopmyBaHHS Ipeii3eHiB MOYNHATIOCS Yy (POHTAIBHIA YaCTHUHI KOJIOHH aBTOMETACOMATHTIB 32
y4JacTi BUCOKOTEMIIEpaTYpPHUX CyTTEBO I'a30BUX KUCIOTHUX PO3UMHIB, K1 31 3HIKEHHSM TEPMO-
6apuunoro pexxumy (>475-300 °C) 3a3HaBa)M YIIUTEHEHHS i KOHJICHCYBAJINCS SIK MiCIsIMarMa-
THYHI TUCTHIATH. [ peii3eHH CynpOBOIKYBAJINCS CYITyTHIM 3pYACHIHHAM Y BUTIISII LITOKBEPKO-
BHX TiJT 1 €HIOKOHTAKTOBHX YTBOPEHB MPOKUIKOBO-KIIIEHOTO MOP(OTHUITY 3 HECTIHKAM BMICTOM
TOJIOBHHX 1 CYIyTHIX KOPHCHUX KOMIOHEHTIB Y KUCIUX IHTPY3isSX PYAOCIPSIKEHOTO aKIaTayCh-
Koro Komriekcy. Coro 4acy y cmiBaBTopcTBi 3 B. boronenoBum mu moxasanu (1982), mo mi
IHTPY3ii 3a3HaBaIM iHTEHCHBHOI KOHTPAKIIHHOI TPIIIMHYBATOCTI Y 3B S3KY 3 PO3PSIKaHHIM
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paHHBOMarMaTUYHUX HANpyKeHb Ta X OCTHUTAHHIM, KOJIM BilOyBajocCs 3MEHIICHHS 00 €My
Ta CHIOKIHETHYHUM HUIIXOM (HOpMYBajOCs CKIICIIHHS 1| BUHHUKAB apOYHHAN e(PEeKT Hax pyi-
HO-MarMaTUYHUM JDKEPEioM. BUCOKOIIIIBHUMN 1 Iy’Ke arpeCUBHUN PYI0YTBOPIOBAIBHUI (iTt0-
in, sIKMW CKJIQJaBCsl 3 Ta30BOI BYIVIEKHCIIOTHOI 1 BOJIHO-COJILOBOI I'aJIOTE€HIHOI YaCTHH, Iepe-
MIIIyBaBCs 3 PO3IUIABY 1 rPaHITy HUIIXoM MarmMaruuHoi auctuisinii [7]. 3a I Llep6oro (1968),
mporiec Bijg0yBaBcs Ha MTHOWHAX CTAHOBJICHHS MarMatuaHux Mac — Bix 5,0—4,0 mo 2,0—1,5 km,
10 3a0e3MevyBaio JOCTaTHIi MacTad MarMaTUYHOL JICTHIISLIII.

PosymineHeHHST (UTroiny B HaIIHTPY3HWBHINM 30HI apOYHOTO CKIICIIIHHS CYIPOBOIKYBAIOCS
TTOMITHUM 3HIKEHHSIM THCKY (—AP), depe3 10 BOAHO-COTBOBUH (ITIOIN HION «BiICMOKTYBABCS»
3 MarMo-pyI0TeHEePYBaILHOTO JDKepena 3 eKCTparyBaHHAIM pinkicHux Metanis [7]. Leit mpomec
CYTTEBO TIOCHJIFOBABCS TOIi, KOJX HOTO BiOyBasoCs 3HAYHO IHTCHCHUBHIIIE (IFOITOBIIIIICHHS
3a TIOPiBHSHO BUCOKOTO BOmoBMicTy (C,, ™™ >4 % i Ginblie) — Tak 3BaHi MOKPi MarMH.

TepmoOaporeoxiMiuHUI aHaI3 PYIOHOCHUX 1 O€3pYIHUX TPAHITOIIHUX 1HTPY3iH 3aCBiTUHB,
1110 32 PO3IUIABICHUMH i CHHTeHETHYHUMHU (DITIOTTHUMH BKITIOUSHHSIMH B TOP(ipOBUX BKpaIlICH-
HSX MIHEpaJiB TPaHITIB MOKHA BU3HAYMTH PT-mapamMeTpH, BUCXIJHHUI BOIOBMICT 1 (a3oBHii
CKJIaJl PYTHO-MarMaTuyHol CUCTEMH, y SIKii BOJOBMICT MoKke OyTH 3Ha4HO HIKUIHMH (<2-3 %).
L5 pi3HMIsE BU3HAYAE PI3HUIN MTepedir eKcTparyBaHHs METaliB y IPOLEeci MarMaTuYHOl TUCTHIIS-
1ii Ta crienudivHi MeXaHi3MHU BITOKPEMIICHHS 1 MiTpallii MEeTaJOHOCHHX (IIOINiB y OOKH i 10T0-
PH Bl pyJHO-MarMaTHYHOTO JpKepesia. 3a BUCOKOTO BMICTY BOJH H HIIMX JIETKHX, SIK CTBEPIXKY-
Bamm @. Peii ta €. baxkeen (1982), BHyTpimIHIil THCK CHCTEMH CTa€ HACTIIBKH BEJIHMKHH, 110
HEMHHYYa PO3repMETH3allisi MarMaTHIHOT KaMepH 1 BIANICIUIEHHS MeTaIoHOCHUX (a3. Komm x
BOJIOBMICT HU3BKHUH (TaK 3BaHi CyXi MarMu), TO TUCK (IIOIMy HE JocATae MeXi MIIIHOCTI OOKO-
BHX TIOPiJl, TOMY (PIIFOIZ pa3oM 3 eKCTParoBaHUMHU 3 CHIIIKATHOTO PO3IUIABY i TPaHITy MeTaJaMH
PO3CIIOETHCS B MIXK3EPHOBOMY IIPOCTOPI iHTPY3HBY, III0 KPUCTATIZYEThCSA. Y Takuid crocid iHTe-
rpOBaHa [Iisl 1BOX YMHHHUKIB — apOYHUI e(PeKT 1 3HMKEHHS —AP Ta MMiBUIICHHI BMICT BOAHO-CO-
760801 pimuan (C,, ™™ > 4 %) — 3abe3nedye TyxKe BUCOKY €KCTPAKILIO PO3CIAHUX METAIIB LIS~
XOM MarMaTH4YHOI AUCTUIIALIT Ta IX TPAHCAKIIIIO B PYAOBMICHI CTPYKTYpPH I'PEHi3€HOBO-)KMUILHOTO
THITY B €H/IOKOHTAKTI PYI0CIIPSKEHOT0 MaCUBY I'PaHITOI/IIB UM B HAAIHTPY3UBHI IITOKBEPKH [7].

Bigmennena Bin duroinoreHepyBaibHOTO JpKepeiaa MoOiuIbHA QuroinqHa ¢asza 3a3HaBaja
IHTEHCHBHOI TeTeporeHisaiii BHACIHIJIOK HEPIBHOBAXHUX TEPMOIMHAMIYHMX YMOB Mirpamii
it Oyna nepeHacH4eHa JeTKUMH KoMIioHeHTamHu. L{eit nmpouec neraszauii guroinHoi ¢asu, yHaci-
JIOK SIKOTO TIEPIIOYEproBo (hPpaKLiOHyBaIN KUCIOTHI KOMITOHEHTH, 3yMOBUB 3POCTAaHH il JTyX-
HOCTi. ToMy mepeoBuii GPOHT BiNIIECTIICHUX «ITY>KHUX» (IFOIIB paHHIX MYJIbCAIliil MarMOTeHE-
PYBaJILHOTO BOTHHIIA CIIPUYNHHUB IHTCHCUBHHUI PO3BUTOK PAHHBOT JI)KHOI CTa/1ii 3 CHHXPOHHUM
PO3BUTKOM IpoToreHeTHYHOTO psixy K—Na-darriit MmeracomarnTiB — mikpoxminizamii (Kapaoba)
1 monexynu — ans6iTr3anii (Koxrenkons, Cxiganit KoyHpan), Sk paHimie JOBEIH B CBOIX MpaIrsx
O. beyc 3i cmiBasr. (1961), @. YUyxpos (1966) ta I'. Illep6a (1968). 11i meTacomaTuTH nepeayBa-
11 (hOPMYBaHHIO PaHHIX BJIACHE MOJIIOICHOBHX MapareHe3uciB POJIOBHIIL.

Jly»Hi METaCOMaTHTH ITOYaJIN yTBOPIOBATHCS 32 YMOB HaJIKPUTHYHOTO ITHEBMATOJIITOBOTO CTa-
HY MiHEepaJoyTBOPIOBAILHUX (MIIIOi/IIB IMOPIBHSHO BUCOKOI rycTuu 3a >475-430 °C. HactynHa
KpHCTaTI3aIlisl CIIOIYYCHUX 3 HUIMH PaHHIX MOJIOJICHOBHX Pyl ITOB’s13aHa 3 TpaHchopMalliero Hal-
KPUTHYHUX I'a30110/1I0HUX PO3YMHIB Y piIMHHI. BepXHs Mexa 11boro nepexoy BU3HaYaIacs KpUTHY-
HUMH SIBUILIAMU 32 TeMIIepaTypy roMmoreHizanii ¢uroinaux BrimoueHs 450-425-415 °C. IIpumitHo,
110 B PO3YMHAX BOAHHUX BHTSDKOK 13 CHHTCHETHYHHX (MIIOIIHHUX BKIFOYEHD y MOJIOJCHOHOCHOMY
KBapIli BUSBICHO 3HAYHUIT BMICT aHIOHIB HSiO;: 110 8—10 mr/250 M, 1110 cTaHOBUTH 45-55 ekB. %
BiJl CyMapHOi KUTPKOCTi aHIOHIB po3unHYy. L[5 oOcTaBiHA 100pe Y3romKy€eThes 3 TAaHUMHE IIPO JHHA-
MIKy peTpecHBHO-IHBEpCIHHIX MEPETBOPEHD arperaTHOTo CTaHy MiHEPaIOyTBOPIOBAIBHUX (IIFO-
iMiB paHHIX CcTajilf MiHepami3amii 3a BiAMOBIAHOTO BUCOKOTEMIIEPATyPHOTO PIBHA CHCTEMH, IO
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MOJKHA TIOSICHUTH TiICHUM T€OXIMIYHUM 3B’s3KOM Mo 3 Si. Ajpke, sIK eKCIIEpUMEHTATIBHO JTOBEITH
M. Xitapos Ta JI. IBaroB (1965) i C. Kopendaym (1970), MmonidaeH 3a10BIIbHO TPAHCIIOPTYETHCS
33 HaJKPUTHYHUX YMOB came y (hopMi KpEeMHI€BO-MOJTIOACHOBOT KUCIIOTH, & PyWHYBaHHS TaKUX
KOMIUJICKCIB 1 MOYATOK KPUCTaJIi3aiii MOMIOICHITY BiOyBaeThCsl B pasi TpaHC(opMallii ra30mo-
JMIOHMX HaJIKPUTHYHUX (UIIOTNIB y PiaKi ripoTepMalibHi TMiJ] Yac 3HKEHHsS Temrieparypu. 1in-
poTepMaibHi (IroiH 3a3HAIOTh HEOTHOPA30BOTO PETPOrPAIHOTO KHITIHHS, IO TAKOXK CTUMYITIOE
CHHXPOHHY KpHcTali3auito MomioneHiTy. Taki mepiofuuHi «eni3oqu MHEBMAToNi3y» Y BiacHe
TiIpoTepMabHOMY MIHEpPAIOyTBOPEHHI Ha POIOBHIIAX OIMCYBAHOI MPOBIHIII BimOyBamucs 3a
440-425-395-375-360 °C. Hanpukinmi cTamii popMyBaHHS BIacHE MOJIONCHOBUX PyI MacIl-
Tabu 1 IHTEHCHBHICTDh PaHHBOI JTY)KHOI «XBIITi» 3aKOHOMIPHO 3HIKYBalIuCh. HacTyrmHa iHBepcis
PEXUMY TyKHOCTI—KHCIIOTHOCTI, ITOB’SI3aHa 31 CTAHOBJICHHSM 1HTPapyIHUX TAiOK, IPH3BETa 10
3MIHH «PETIKTiB» JIy’)KHOTO METaCOMAaTO3y €TarloM KHCIOTHOTO BHITYTOBYBAaHHS — TPEH3EHI3aIIIET0.
EBommoriiiHo-iHBepciifHa 3MiHA TUIIIB METACOMATO3y 3HOBY BijOyBasiacs Iij 4ac mepexoay MiHe-
PaJIOyTBOPIOBAILHUX PO3UHMHIB 13 HAAKPUTHYHOTO THEBMATOIIITOBOTO CTaHy B IiPOTEPMaIbHUIA.
Sk 3acBimumim Hari gocuimkeHHs 1980—1984 pokis Ta pobotu O. Bpusranina (1976), 3 uum 3a
435-430 °C noB’si3aHui 0YaTOK PyHHYBaHHS XJIOPH/IHO-HATPOBUX 1 T1JIPOKCOPTOPUIHUX KOMII-
JIEKCHUX CHOJIYK Ta KpUCTaJli3alisi MPOMUCIIOBO IIHHUX MiHEpaJiB — MOJIO/ICHITY, BOJIb(paMiTy,
(urooputy, 6epuity, OicMyTHHY NpOJYKTUBHOI KOMILIEKCHOI pijKicHOMeTaneBoi craii (R), ska
tpuBaia 1o 270 °C. Lli nporecu BinoOpaskae cxema CTaJiifHOCTI 1 TepMOOapOreoXiMiuHOTO PexH-
My TIPOLIECY PYIOYTBOPEHHS Ha ponoBuUIi Akdaray (puc. 2).

JlocnimKeH S 3aCBiIIIIIH, 110 arperaTHHi cTaH (UIIOiiB Ha POJOBHUINAX 3MIHIOBABCS HEO-
JTHOPA30BO, ITPOTE 3arajioM yci BOHHM HaJISKATh JI0 THEBMATOJII TOBO-T1APOTEPMAIIbHIX YTBOPEHb.
MiHepanoyTBOpIOBaHa HisUTFHICTh Ta30MOJIOHNX PO3YHMHIB BHUABICHA TUTBKH Yy PaHHIN mepion
pyZIoreHesy, KoM MOYHHAIHA KPUCTai3yBaTUCS MiHEpaIbHI apareHe3uCcH MOMiOIeHIT-KBapIIo-
BOi 1 KOMITJIEKCHOT PiIKICHOMETAJIEBOI CTalii, a00 K yCIIiJ] 32 BKOPIHEHHSIM 1HTPY3UBHHUX JAlOK,
sAKi 31€011bIIOrO0 NepeyBanu R -cTaii. BepxHs TemreparypHa Mexa reTeporeHHOro CTany pos-
YHHIB, 3 SKUMH TIOB’sI3aHUH I0YATOK PO3Maly TPAHCIOPTOBAHUX KOMITIEKCHHUX CIOJIYK METaJIiB
HUX MOP(GOCTPYKTYPHUX THIIB pooBuil 445-440-435-425 °C (kuiibHI €HIOKOHTAKTOBI Tija),
JUISl HQIIHTPY3UBHUX IITOKBEPKiB BoHA He TepeBuitye 425 °C. [IpogyKTuBHI MiHEepaIbHi KOMII-
JIEKCH KpucTaiizyBaiucs 31edinpmoro 3a >440-300 °C va 11 urykryaniid Tucky Big 165 1o
40 MITa. TixpKku iHTCHCHBHA IICETITOBA MiHepai3alis Bepxapo-KalipakTHHCEKOTO IITOKBEPKY
chopmyBaracs 3a HiKk4Ioi Temmeparypu — 380-260 °C. Ile He 3amepedye ii mocTepiopHOTO PO3-
BHUTKY 110 OiNlbII PAHHBOMY H BUCOKOTEMIIEPATYPHOMY BONb(ppamiTy R -cTaii.

Opnnax mpami I. beaposa (1961), B. Ueprona (1984) Ta Hami TepmobaporeoximiaHi 1ocii-
JOKEHHS 3aCBITUIYIOTh, III0 YaCTHHA IICENITY € MIPOTYKTOM MTOCTEPIOPHOTO PO3BUTKY IO PEIIKTO-
BOMY BOJIb()PaMITy KOMIUIEKCHOT PiKICHOMETAICBOI CTadil 1 KpHUCTATI3aLli1 IICETITY 3 IEPBUHHO
30aradyeHuX KaJbllieM PO34YMHIB CAMOCTIHHOI IIEEIT-KBAPIOBOi CTa il MiHepasizaiii.

BinmoBicTH Jk Ha TNWTaHHs, KA YacTKa KajbIlifo Oyla B TMEPBHHHUX TiApoTepMax
LICETIT-KBAPIIOBOI CTaIil i CKUTbKH HOro 1me Tpeda Oya0 BUIYYHTH 3 OOKOBUX MOPIJ] YHACIIIOK
LUPKYISIT IUX PO3YMHIB y TPIIMHHOMY KapKaci HITOKBEPKY Ul (JOPMyBaHHS LICENITOBOTO
3pYACHIHHS — OKH 10 TPOOIEMaTHYHO.

XapaKTepHOI 0COOIHMBICTIO JISSIKUX HAUOUTBIIIAX POOBHII MOTiOIEHIT-BOIIL(PaMOBOi (op-
Marii € IXHe po3TalryBaHHS Jy)Ke JaJIeKO Bij allikaJbHOI YaCTHHU II€ HE PO3KPUTHX IHTPY3H-
BiB. Taky mo3wiito 3aiimae, 30kpema, porosuiie Bepxae Kaiipaktu. TyT pymocnpsikeHI MacuB
aKJaTayChKHUX TPaHITIB pO3TAIIOBaHUI Ha TIHOWHI ONU3BKO 4 KM, a TapaMeTpHYHa CBEPIOBHHA
3acBiqumiIa, MO 10 TIMOWHU > 1 KM BMICT HICETITY HE 3MEHIIYEThCS. MOXKINBO, POIOBHUIIE
JOLTBHIIIE 3a9UCIUTH 10 MICETITOHOCHUX IITOKBEPKIB BOIb(ppaMoBoi Gopmartii [1].
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3Ha4eHHS TEPMOCTATOBAHOCTI pyAHOMarMaTHIHUX cucteM (A7/100 M) Ha pomoBHIIAX pi3-
HOTO MOpdoCTpyKTypHOTO THITy cTaHOBUTH 30-20 °C/100 M (Axuaraycbke), 25—15 (CxigHuit
Koynpan), 25-20 (xunbHa Kapao6a). [Iiis IITOKBEPKIB 1€l Ipai€HT 3HAYHO MCHIIHH 1 3iCTaB-
HUW 3 TOPU3OHTAJIBHUM TpaJi€eHTOM Ha XWiIbHUX ponoBuinax: 10-8 (Bepxue Kaiipakrn),
12-10 °C/100 m (KokTeHKomb). 3 ypaxyBaHHSIM MPOCTOPOBOT 3MIHM TEMIIEpaTypH 1 HaBEJICHUX
3HAYeHb TEPMOCTATOBAHOCTI PyJAHOMAarMaTHYHUX CHUCTEM BH3HAUYEHO TEeMIEpaTypHHUIl Jiara-
30H KpHCTali3amil IpOMHCIOBO IIHHUX MiHepaiiB, °C: momioaeHit I — 425-390, momniOaeHiT
II — 445-400, Bombdpamit — 435-350, OicmyrumH — 245-275 (Axuaray), ModmiOe-
HIiT — 440-380 (Kapao6a), 430-375 (Kokrenkons), 425-390 (Ixanet), 415-350 (baitrazap),
405-385 (Bepxue KaitpakTn), 400-350 (Cxinuuit Koynpan), 400-320 (Hypa-Tammn).

Bombdpamit Ha BCiX pomoBHINax, KpiM AKJaTaycbkoro, (opmyBaBcs 31e0ITBIIOTO 3a
T =400-280 °C, meemit — 350-260 °C.

Li onTuManbHi 3HAUYEHHS TEMIEpaTypy KpHCTali3amii roJOBHUX MPOMHCIOBUX MiHEpaiB
yKpail IpUMITHI 3 TONISY IXHBOTO MPAKTUYHOTO 3aCTOCYBAHHS YISl JIOKAIBHOTO MPOTHO3Y-
BaHHs Ta OLiHKK 3pyaeHiHHs. Y mpari T. CymieBcekoi 31 criBaBt. (2001), sika BUBYaia CKIaj
ra3oBMX KOMIIOHEHTIB (uIt0ijliB Ha AKkJaray, 3a3Ha4eHO IIpo pajuKanbHe nepesaxanns CO, Han
N, i CH,, mo no6pe kopemnioe 3 HasBHUMH MaTepiajamu. ABTOPH PO3KPHITH HAsIBHICTB CBO€-
PIZIHUX OKMCHO-BIZIHOBHUX yMOB Yy nuisiHII icHyBaHHs Oydepa Ni—NiO. Horo icHyBaHHS came
B iHTepBaii 450-300 °C 1 Hac 0COONIMBO BaXIIMBE, OCKUIBKH BiH 3a0€3MeuyBaB y pO3UMHAX
piBeHb KoHIeHTpauii Fe** i Mn*", HeoOXinHui U1 yTBOpeHHs Bonb(pamity [5; 6]. 3 iHmoro
00Ky, HOr0 HasBHICTB 1 PEryIrillis KOHICHTpamii B po3unHax Fe i Mn y 3a3HaueHOMY TemIre-
parypHOMY iHTEpBalli eKCIEPUMEHTAIBHO MTOCHIIIOE a/ICKBATHICTH 1 BIAMOBINHICTh BU3HAYCHUX
HaMH 3HA9CHb TEMIIEPaTypPH KpUCTai3allii IiHHUX MiHepaliB y pyaax pomoBHIN ¢opmarii 3a
(mroiTHIMHA BKITIOYEHHSIMH B MiHepasiaX. AHAJIOTIYHI OKHCHO-BITHOBHI YMOBH XapaKTepHi s
MIPOXYKTUBHUX CTaAil opmalii B IHIINX perioHax, Hampukiaa, Ha porosunl Cinovec y Yexii.

MiHepayTBOPIOBIIbHI PO3YMHH BIIACHE TiIPOTEPMAIILHOTO €Tally, KOJIM KPHUCTai3yBalucs
cynb(hiaHO(MoIIMETaIeBO)-KBAPIIOBI MIiHEPAIbHI MaparcHe3MCH MICIAMPOMYKTUBHUX CTaii,
manu Temneparypy 32075 °C, nepebysanu Bij TrckoM Big 50 1o 25 Mlla i 6yau nacuueni CO,.

AHaJi3 CKJIaJy BOJHHUX i Ta30BUX BHUTSDKOK 13 PO3UMHIB BKJIFOUCHB 3aCBiMYMB, IO ITiJ Yac
PaHHBOTO, BUCOKOTEMIIEPATYPHOTO ITHEBMATOJIITOBO-T1IPOTEPMAIILHOTO TIepioly HalaKTHBHIIIA
ponb Hanexana Cl, F, CO, i, yacTkoBo (Axyaraychbke pojpoBuIIE), — Oopy. s BiacHe Tiapo-
TepMaJIbHUX CepeTHbO-HU3bKOTEMIIEPATyPHHX IPOIIECiB 1[I KOMIOHEHTH Maike He XapakTep-
Hi, a00 Xk iX y3arami HeMa, Xi0a 1o B mepiox Kpucramizamii momimeraneBo(Pb+Zn)-kBapmoBux
acoianiii, Koy 3H0By akTHBi3yBagcs CO,. 3aranoM e 0COONMMBOCTI XiMi3My PO3YMHIB paHHIX
MIPOIXYKTUBHUX €TAITiB PYI0yTBOPEHHS MOJISATAIOTH Y JIy>KHO-TanorenHoMy ckiani (Cl-K-Na ms
Momionenit-kBaprosoi crafii i F-CI-K-Na mis piakicHomeTaneBoi) 31 3SMiHHUM, OJJHAK ITOBCIOA-
HHMM yMiCTOM TiIPOCHITIKaT-10Ha. 3a CEPETHBOTEMIIEPATYPHUX YMOB CyTTEBY poib Bifirpae CO,,
TOJII XK 3’SIBISIETHCS TiApoKapOoHaT-ioH. «HackpizHum» ioHOM € Na“, 1o jae mijcTaBu mpuiy-
CKaTH HOro BayKJIMBY polib y (hOPMyBaHHI KOMIUIEKCHHX CIIONYK He Tiibku Mo 1 W, a it Zn ta Pb.

3a JlJaHMMM Ta30BOTO aHanisy, y posuuHax Oymu nassHi CO, (70-77 %), rpaHu4Hi ByIyIeBOJHI
(14-19) i N, (8-12 %).

[Tix gac yTBOpeHHs piJIKICHOMETAJICBUX MapareHe3nCiB PO3UMHN 3AJIMINAINCS BUCOKOKOH-
LICHTPOBaHUMH (iXHSI KOHIIEHTpAllis Ha JESIKUX POJOBHIIAX HABITH 3pOCTajia BHACHIIOK HOBUX
IMyJbcanii MarMaTUYHOTO BOTHMINA W YKOpIHEHHS iHTpapyaHux paiok) i mamum F-Cl-K'-
Na® cknan 3a nomiTHoro sumkenHs gactkn HCO, . lna QuiroiniB XapakTepHui pisHUH ymicT
KaTiOHIB—aHIOHIB, 110 HAOYHO BUSBIIETHCS MiJ Yac aHaNi3y CIIBBIJHOIICHb TOJIOBHUX 10HIB
3 PO3BUTKOM TIPOIIECY PYAOYTBOPEHHS. Y BOTHUX BUTSDKKAX 13 pPO3UMHIB BKIIOUCHB MOIiOIe-
HIT-KBapIoBoi craxii (Minepamizamis — 11-15 mr/250 Mo, pH — Big 6 o 4 3a pH Oiguctumnsary
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5,8-6,0) 3adikcoBano TaKi criBBigHOIICHHS, Y%-¢KB.: Na/K*—9,0-3,0; (Ca>+Mg*")/(Na*+K") —
0,07-0,04; F/Cl-—0,16-0,03; HSiO{/(F*+Cl*) —1,6-0,2. Jlnst po3unHiB GIrOIIHUX BKIFOYCHD 13
KBapIly piJKiCHOMETAJIeBO-KBAPIIOBOT cTa il (MiHepasi3allisi BOXHUX BUTSHKOK — Bif 7,6—10,8 1o
16,3-16,9 mr/250 M, pH — 5,5-6,5, pH 0iguctussity — 5,8—6,2) 3adikcoBaHe MOMITHE 3pOCTaHHS
kinpkocti F~1 K, 1110 3yMoBITIO€ Ieinio iHI 3HaYCHHsT HaBeIeHHUX criBBinHOMmEeHB: Na'/K' — Bin
8,0-6,8 no 5,4-4,3; (Ca*+Mg>")/(Na'+K") — 0,30-0,02; F/CI" - 0,43-0,25; HSiO, /(F +CI') —
0,55-0,15. Y nux po34rHax BMiCT CO2 nocsrae 88 %, 1110 Y3roDKYEThCSI 3 €KCIIEpUMEHTaTbHU-
MU JOCTIDKCHHSIMHI TPUWICHHOT CHCTEMH HZO—COZ—NaCI. Sk 3acBIIYMIN HAIl J1OCIIIKEHHS
pasom 3 XK. CimkiB (1988), 3a3Ha4eHi CIiBBIIHOMICHHS ONM3bKO-aHAIOTIYHI IS BiAIIOBIIHUX
CTaiif pOJOBHUII Pi3HOTO MOP(OCTPYKTYPHOTO THITY (KOHBEPTCHTHICTD CKIIALY).

BwMicT rooBHOTO ra30BOro KOMIIOHEHTA — COzf 301IBITY€THCS BiJl paHHIX 10 Mi3HIX CTaIii,
MaKcUMalbHUH foro BMICT (10 97 00. %) nputamMaHHKi epiony popMyBaHHS MiCISTIPOLYKTUB-
HOTO CyIb(}iTHOTO KOMITJIEKCY, 10 MO3HAYA€THCS HAa HASIBHOCTI BKITFOUEHB PiJIKOTO M Ta30110110-
noro CO, (puc. 3).

T'C
500}
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400} "
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100 . L L
20 30 40 50 C,%

Puc. 3. Bapianii coap0Boi KOHIEHTpAIIi{ PO3YMHIB BKIIOYEHb HAa MOJIiOICH-BOIB()PAMOBIX POIOBUINAX
Lentpansaoro Kazaxcrany:
I — MOmiOACHIT-KBapIIOBA CTAisl, 2 — PiIKICHOMETAIEBO-MOTi0ICHIT-BOIB()PAMIT-KBAPIIOBA CTATisl

Cymapna kinbkicth N, i J€SKMX iHEPTHHX Ta3iB 3MiHIOEThCA Big 2 10 12 06. %, BMicT
CH, i TOMOJIOTIB HEBEJMKHIA, BiH TEX 3MCHINYETHCS BiJl paHHIX JO Mi3HIX CTaiil MiHepai3a-
uii. HasBHa KOHIIGHTpalis coJiel y pOo3UMHAX BUSBISIETHCS HAMBHIIOK HAa €HIOKOHTAKTOBUX
POIOBHUIIAX: IS MOTIOACHIT-KBAPIIOBOT cTadil 3MiHIOEThCS Bif 42 10 26 Mac. % NaCl, mis pin-
KicHOMeTaneBoi — Big 65 mo 27 mac. % NaCl, Ha iHIIUX pOAOBHUINAX KOIUBAETHCS Bix 47-26 1m0
21-2 mac. % NaCl. Llg ocobnmBicTh cOMBOBOT KOHICHTpAIii (QIIOIAiB IPOTYKTUBHUX CTaTii
BHABIIETHCS y (pa30BOMY CKIIAJi CHHTCHETHIHUX BKJIIOYCHB: BOHH MiCTATH 10 14—17 po3yrHHUX
cozeii xmopuniB Na i K Ta iHmmx, Hapasi He 1IaTHOCTOBAHUX CIONYK («TiIpoTepMaibHa pomay,
3a M. €pMakoBHUM), Y TiM YUCIII HEPOZUYMHHKX PYAHHUX MiHepasiB (30kpeMa, Bob(pamity). Taki
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PO3YMHU YITKO BUPI3HSIOTHCS Cepe]] PO3YMHIB BKIIIOUYEHb MIHEpAIIiB IHIIMX CTaJlii, HAIPUKIA/L,
HiCIANPOLYKTHBHHUX, Jie peBatotoTh BkitodeHHs 3 CO, (puc. 4-6).

Puc. 4. I'pyna CHHTeHETHYHHX ra30-
pinkux 6arato(a3oBHUX BKIIOUCHb
y kBapi, x600
A: 1 —ra3; 2—4 — coni; b: 1 —ra3s;
2—4 — comi (2 — xpucrtan KCI)

Puc. 5. 'a3o-piaKe Ta ByJIGKUCIOTHO-
BOJTHE BKJIFOUCHHS y KBapili, X450

Puc. 6. ByrekucnorHo-BoaHe
BKJIIOUCHHS 3 OPEOJIAMH T'a30-PiAKNX
BKITIOUEHB y (mrooputi, X450

3arajaoM TepMOIMHAMIYHO-PETPECHBHUN CTaIIHUN TIpoIiec pyJOyTBOPEHHS Ha POJOBHINAX
PO3BUBABCS TUCKPETHO-IHBEPCiiHO. PO3BUTKOBI KOXKHOI CTaii mepemyBany TEKTOHIYHI pyXH,
SIKi 9aCTO CYIPOBOMKYBAINCS BKOPIHEHHSM JTAfOK aIUTiTiB, TPAaHIT-aIUTITIB, MiKpPOTPaHITiB, Tpa-
HIiT-TopdipiB, NMammpodipiB, 0COOIMBO Ha Pi3HOYACOBUX CTamisx Ha pomoBumli Hypa-Tammm.
BoHM eHepreTHYHO MiATPUMYBAIH PYAHUN ITPOLEC 1 CTUMYITIOBAJIN TaK 3BaHI IPOLIECH PEIOBEHA-
i1 HOBUX MOPIIiH PO3YMHIB, 3 IKUMH, 5K 3a3Ha4aB M. €pmaxos (1972), Ha pofoBHIIaxX OB’ s13aHi
CBOEPI/IHI €IMTi30/IM MHEBMATOINI3y (PETPOrpajHOro KUIIHHS) y BIACHE TiIpoTepMajbHOMY TpO-
neci. Temmeparypa mporiecy pyaoyTBOPEHHS Ha PI3HHX CTaisfX 3MIHIOBATIACs CTPUOKOMOMIOHO:
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BOHa OyJia BUIIIOIO HA MOYATKY KOXKHOI HACTYITHOI CTa/Iii MOPiBHSHO 3 KiHIIeM ToTiepeHboi. Bom-
HOuac 3a MOBCIOJIHOTO 3HIDKCHHS TEMIIepaTypy BiJl paHHIX CTaiid A0 Mi3HIX, a B MEXax cra-
Ii1 — B 11 OYATKy 70 KiHI HAa AKYaTayChKOMY POIOBHII MOYATOK APYTol (3a 4acoM IPOsIBY)
pinkicHoMeTaseBoi crajii — HaBiTh MOPIBHSIHO 3 MOYATKOM PaHHBOI MONIOJEHOBOI — € OUIbII
BHCOKOTeMIieparypHuM. Lle moB’s3aHo0, BIpOriHO, 13 HAJ3BUYAHO BHCOKOIO COJILOBOIO KOHIICH-
Tpariero QIIOINIB APYTOI MyIbcallii MarMoreHepyBaJIbHOTO BOTHHIIA i BKOPIHEHHSIM 1HTpapyJHAX
JalOK IpaHiT-aIuIiTiB. 3arajoM e Ha IHIIMX POoAoBHIIAX (GopMarii Taki CTpUOKN TEeX CIIPHIH-
HCHI YKOPIHEHHSM BHYTPIITHBOPYIHUX JaHOK (31eOLIBIIOr0 HA PAHHIX CTaIisAX) 1 MyIbCalliHIM
Ha/IXO/DKEHHSM PYAOYTBOPIOBAIBHUX PO3UMHIB y PYIOIOKaIi3yBadbHi cTpykTypu. Lle BinOysa-
JIOCS Ha TJIi 3MEHIIICHHS HePTeTUYHNX MMOKA3HUKIB PYIHO-MarMaTHIHOI CHCTEMH 1 MIopa3 Oilb-
II0TO 3aJIy9eHHS B MPOIECH PYIOyTBOPEHHS MOPIBHAHO XOJOAHUX BAaIO3HHUX iH(MITBTpAIlifHIX
BOJI NTMOMHHOT IUPKYJIALIi, 0COONMBO i1 YaC YKOPIHEHHS PYAOCIIPSIKCHUX IHTPY3iH aKdaTaych-
KOTO KOMILJIEKCY B TTAJIEOBOAOPSICHI TiAporeosoriuni 6aceitau 3eMHoi Kopu Toro yacy. Lle, 1o peul,
MOXKe 3a0€3MeUUTH Mepexi/| HOPIBHIHO «CYXUX» MarM y MOPIBHSHO «MOKpI» 1 CTUMYJIIOBaTHME
MarMaTuyuHy JTUCTHIILIIO i eKCTparyBaHHs rajloilaMy PyIHOT pEYOBHHH.

BucHOBKH Ta nepcrneKTHBH MOAAIBIION0 JOCTiKeHHs. Y TeoJIoriuHii icTopii 1 (i3uko-xi-
MIYHHMX yMOBaX yTBOPEHHS! POIOBUII MOJTIOIeH-BOIb(pamMoBoi (hopmallii € yske 6araro CriibHOTO,
1110 /1€ MiJICTaBH TPAKTYBATH X SK PE3yJbTaT AisUIbHOCTI IIPUYNHHO-B3a€MOIIOB SI3aHUX 1 3aKOHO-
MIpHO BHSIBIICHUX PY/IHO-MarMaTHYHUX IPOLECIB, CIOMYYEHHX y 4aci Ta IMPOCTOPi 31 CTAHOBIICH-
HSIM QJIOXTOHHHX MacCHBIB aJISICKITOBHX T'PAHITIB BEPXHBOTEPIIMHCHKOTO AKYaTayChKOTO KOMIIIEK-
cy. CTOCOBHO >k BUSIBJICHOT TEH/ICHIIIT 3HIKEHHS BHCOKOTEMITEPATYPHHX IPOIIECIB PYI0yTBOPECHHS
1 3arajgbHOI COTHOBOI KOHIIEHTPAIIii PO3YHHIB Bi/I €HTOKOHTAKTOBHX JI0 HATIHTPY3UBHUX POIOBHIII,
TO BOHA, 3 OJHOTO OOKY, MO)Ke OYTH 3yMOBIICHA Pi3HOIO TIHOMHOIO (POPMYBaHHS PYIOCIHpsIKe-
HUX TPaHITHUX MAacHBIB i 3pYyICHIHHS B )KOPCTKUX KapKaCHUX (KHMJIbHI €HIOKOHTAKTOBI POIOBH-
ma) i JiHiMHEEX pyxoMux (YCIeHChbKa 30Ha 3MUHAHHS, IITOKBEPKH) T€OTEKTOHIYHUX CTPYKTypax
3emuoi kopu [lenrpansHoro Kazaxcrany, a 3 iHIIIOro, — MOXKE CBIIMUTH NIPO Pi3HY IHTCHCHBHICTb
JCHYIAIIIMHUX TIPOIECiB y TMicisrnepMcbkuii yac. Take mepeaOadeHHs MiATBEPDKYEThCS THM,
110 B npoueci GopMyBaHHS €HJOKOHTAKTOBUI THIT MiHepaizalii «pocTe» JI0rOpH 1 MepexoHTh
B €K30KOHTAKT, a €eK30KOHTAKTOBHI — BHU3, J{y’KE€ 4acTO JIOCSTAl0uH alliKaJIbHUX YaCTHH PyJIOTeHe-
pyBaJbHUX iHTPY3ii. Ha cyuacHOMy epo3iiiHoMy 3pi3i KOXKHMIT 3 MOPPOCTPYKTYPHHX THITIB MOKE
MaTH caMOCTilHe 3HaueHHsI a00 3k GopMye nepexiJHui — JKUITHHO-IITOKBEPKOBHI THIL.

Otxe, pomoBuina MoiibaeH-BoIb(ppamMoBoi ¢opmanii rpeizeHoBoi rpymu LleHTpambHO-
ro Kazaxcrany — 11e BUCOKOTEMIIEpPaTYPHI IMTHEBMATONITOBO-TiIPOTEPMaIbHI i BUCOKOOApHUIHI
yTBOpeHHs. [l MPOMYyKTUBHUX CTalill pyJOyTBOPEHHS XapaKTepHa BUCOKA COJIbOBA KOHIICH-
Tpauis ¢moinis — nonan 65 mac. % NaCl 1711 eHIOKOHTaKTOBOTO MOP(OTHITY 1 TOPIBHSIHO MEH-
ma — /Uil ITOKBEpKOBOTo. Ha micismpomyKTuBHIN cTajii akTHBHA PYJOYTBOPIOBAJIBHA POIIb
nanexana CO,. Ha 3apepmianbHii crajii KpucTammizyBanucs KapOOHaTH i IeomiTH.

Ha rtepenax Ykpaiuu pomoBHIl MONiOAeH-BOIb(PaMOBOi (opmarlii MOKH HE BUSBICHO,
OJIHAK € YMCIICHHI PYJOINPOsIBU Bosb(ppamy 1 MoiO/ieHy Ha YkpaiHchbkoMy IuTi. Bimomo, 110
Ll METaJlM HaJIeKaTh JI0 TPYINH PIAKICHUX 1 MarOTh YHIKaJbHI (i3M4HI H XIMIYHI BIACTHBOCTI.
VY pycii cy4acHUX CBITOBHX TCHJICHIIIN BaKJIMBO BCEOIYHO JOCIIIXKYBATH BXKE BiIOMI HA TePH-
Topii Ykpainu nposiBu BoIb(ppamMoBOi i MoIiOeHOBOT MiHEpaizallii Ta MpoBaJUTH BiAMOBIHI
PO3IIYKOBI pOOOTH JUIsl BUSIBJICHHSI HOBUX IIPOSIBIB.
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THERMOBAROGEOCHEMISTRY OF ORE FORMATION
PROCESSES IN MOLYBDENUM-TUNGSTEN DEPOSITS
OF THE GREISEN GROUP IN CENTRAL KAZAKHSTAN

Mykola Paviun

mykola.paviun@Inu.edu.ua

Ivan Franko National University of Lviy,
4, Hrushevskoho St., Lviv, Ukraine, 79005

Molybdenum-tungsten mineralization of the greisen group in Central Kazakhstan was formed
during orogenesis and stages of tectono-magmatic activation. The Dzhungar-Balkhash geosyncline
region occupies a special geological and metallogenic place in the Central Kazakhstan ore province.
Here, during the Late Hercynian orogenesis, acidic intrusions were formed, with which all molybdenum
and tungsten deposits are spatially, structurally, and in terms of time of formation connected. 18 ore
regions have been identified, more than half of which are located in the Uspenska zone of crush and are
associated with greisens of various facies. There are two morphotypes of deposits — endomorphic veined
and supraintrusive stockworks.

Greisens were formed in the frontal zone of the autometasomatites column with the participation
of high-temperature, essentially gaseous acid solutions, which, with a decrease in temperature
(>470-300 °C), underwent compaction and condensed in the form of post-magmatic distillates at a depth
of 5-4 to 2.5-1.5 km. The distillates were enriched in halides, CO,, H,0, and other volatile compounds.

The separation of melts-fluids from magma chambers and their evolution occurred either under
the condition of retrograde boiling of magma, or as a result of the gradual separation of melts-solutions —
with the formation of melts-solutions with CO, and a residual melt-solution with high-density halogen
ore-forming fluids. Separation from the magma-ore generating chamber occurred in different ways.
During the development of contractional fracturing in supraintrusive host rocks, an arch effect was
formed and a noticeable decrease in pressure occurred, which contributed to the «suction» of fluid from
the magma-ore-generating source with subsequent extraction of rare metals.

Molybdenum-tungsten deposits in the region have been formed under pneumatolitic-hydrothermal
conditions during five stages of mineralization from solutions of high salt concentration (>65-27 wt. %
NaCl) and high pressure and its significant fluctuations (from 165 to 25 MPa).

Key words: tungsten, molybdenum, deposit, ore formation, greisens, thermobarogeochemistry,
pneumatolytic-hydrothermal processes, Late Hercynian orogenesis, Central Kazakhstan.
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This study examines the occurrence, composition, and origin of native metals and some other highly
reduced mineral phases in kimberlite-lamproite magmatic systems, with particular emphasis on the Mriya
pipe (Azov Block, the Ukrainian Shield). Native metals are extremely rare in crustal rocks due to rela-
tively high oxygen fugacity, but are more typical of deep mantle environments. Their presence therefore,
provides important insights into reduced conditions and deep geodynamic processes. SEM/EDS investiga-
tions reveal a diverse assemblage of native metals, including Pb, Sb—Pb, Sn—Pb, Cu—Zn, Fe, and Si-Ti-Fe
phases. These occur both as individual grains with spherical, fluidal, and irregular morphologies, and as
inclusions within titanium—manganese—iron—silicate (TMIS) spherules and Ti**-bearing corundum.

Textural features and phase relationships indicate crystallization from melts under highly reducing
conditions, most likely during rapid adiabatic cooling in gas-charged flows associated with explosive
volcanic activity. Integration of new data with previously published results demonstrates that certain
components of the highly reduced mantle mineral association (HRMMA), such as TMIS spherules,
Pb-dominated and Cu—Zn particles, are characteristic of kimberlite-like formations. The identifica-
tion of similar mineral assemblages in some sedimentary deposits on the Ukraine, lacking evidence
of weathering, supports their interpretation as primary pyroclastic material capable of scattering over
a considerable distance.
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Possible genetic models are considered, including deep mantle sources, plume-related transport,
and formation under the influence of reduced CH,—H, fluids, with some hypotheses suggesting origins in
the lower mantle or near the core—mantle boundary. The results underscore the significance of HRMMA
minerals as potential indicators in diamond exploration and contribute to a better understanding of the for-
mation and preservation of highly reduced mineral systems in the Earth’s interior.

Key words: native metals, metallic alloys, highly reduced phases, spherules, mantle, corundum, dia-
mond, kimberlites, the Ukrainian Shield.
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Statement of the problem. Native metals are extremely rare in the rocks of the Earth’s crust
that are accessible for study. In contrast, native phases are very common in extraterrestrial mate-
rial. Native phases of Fe, Ni-Fe, Co—Fe, Cu, Mo, Nb, Pt, and platinum group elements (PGE),
as well as highly reduced oxygen-free minerals (phosphides, nitrides, carbides, and diamond)
have been found in various types of meteorites [10]. Native metals, including Ni-Fe, Ni, Cu,
Cu-Zn, Cu-Ni-Zn-Fe, FeC, (Fe,Ni),P, and (Fe,Ni,Co),P, have been identified in samples
of Lunar basalts and regolith delivered by the Apollo missions [4].

The geological processes associated with the formation of the Earth’s lithosphere are charac-
terised by high oxygen activity (oxygen fugacity — fO,), which is inconsistent with the stability
of native elements. Thus, the majority of known sedimentary, metamorphic, and igneous rocks
are devoid of metallic phases, with the exception of the highly stable metals Au, Ag, and PGE.
In the Earth’s mantle, oxygen fugacity is thought to decrease with depth down to the iron-wiistite
(IW) buffer and below [7]. This change in oxygen fugacity with depth likely explains the fact
that known occurrences of native metals on Earth are associated with ultramafic and mafic rocks
of mantle origin, including chromites, picrites, and kimberlites [1; 5; 7; 9; 13—18], and occasion-
ally with basalts [2; 19].

Traditionally, in kimberlite geology, the main focus has been on typical kimberlite miner-
als, known as kimberlite indicator minerals (KIMs). Exotic native phases from kimberlites, on
the other hand, were studied only in an episodic manner. However, the discovery of inclusions
of ferropericlase, native metals (Pb, Ni, Fe), carbides, and nitrides in certain varieties of dia-
monds has provided new data to advance kimberlite geology [7; 8; 11]. Several researchers have
suggested that the presence of inclusions of highly reduced phases implies a deep origin for these
diamonds (the base of the upper mantle and lower mantle), known as super-deep diamonds.
A deeper origin for kimberlites has also been proposed. A model for the formation of proto-kim-
berlite melt at the base of the lower mantle was presented by S. E. Haggerty [6]. Thin films,
including 15 native metals dominated by Fe, Ni, Pd, Au, Ag, Pb, Sn, Sb, and their intermetallic
alloys, have been discovered on the surface of diamond crystals from various kimberlite prov-
inces, which is another confirmation of the syngenetic relationship between diamonds and native
metals [9]. These observations highlight the importance of studying native metals and oxy-
gen-free minerals for a better understanding of the nature of kimberlites and the diamonds they
contain.

We have previously reported on the discovery of native metals in kimberlites and lamproites
of the Ukrainian Shield, and in kimberlites of the Arkhangelsk and Yakutsk provinces [15; 21;
22]. The metals occur as individual aggregates of Fe, Cu, Zn, Cu—Zn, Pb, Sb—Pb, Sn—Pb, and Au
phases, and also as inclusions of Fe® in titanium-manganese-iron-silicate (TMIS) spherules,
Mn-Fe in calcium-silicate (CS) spherules, and Si-Ti—Fe in Ti**-bearing corundum (Fig. 1).
All highly reduced mineral objects, including native metals, spherules, as well as associated
moissanite SiC and qusongite WC, were termed as a highly reduced mantle mineral association
(HRMMA). In this article, we present new results from the study of native metals from the Mriya
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pipe (Azov Block of the Ukrainian Shield), as this is the most representative occurrence with
a complete suite of HRMMA [22].

Analysis of previous research. There are only a few reports of native metal discoveries in
kimberlites. J. B. Dawson [3] provided information on the discovery of Ni-Fe, Fe’ (in SiC),
PGE, Ag, and Cu in kimberlites from various diamond provinces around the world.

0,5 mm

Fig. 1. Association of highly reduced mineral formations from the Mriya pipe: a — native lead (Pb);
b — Zn—Cu alloy; ¢ — titanium-manganese-iron-silicate (TMIS) spherule; d — Ti**-bearing corundum;
e — moissanite; f— qusongite

V. K. Marshyntsev first described TMIS, CS, and magnetite-wustite-iron (MW-I) spherules
with Fe? inclusions in the Mir, Udachnaya, and Aikhal pipes. The same suite of spherules, as
well as Sb—Pb spherules, was discovered in the Catoca and Thiuzo pipe, Angola-Congo diamond
province.

Findings of TMIS, MW-I spherules containing Fe°, grains of native Cu, and corundum with
Si—Cr—Fe inclusions from the kimberlites of the Karpinskogo-1 pipe in the Arkhangelsk Prov-
ince have been reported in previous studies [22].

Spherules of pure gold have been discovered in Tertiary lamproites in Spain and in the lam-
proites of the Mriya pipe in the Ukrainian Shield.

Native metals, including Sb—Pb, Cu, Au, and Al, were discovered in the Ukrainian Shield by
O. L. Tishchenko in the Pivdenna and Nadiya pipes, Azov Block [20]. In our previous studies,
we reported on native metals discovered in another explosive volcanic structure of the Ukrainian
Shield [15; 22]: TMIS spherules with Fe®, grains of native Fe, and Cu-Zn alloy in the Zelenyi
Hai pipe; TMIS spherules with Fe® and particles of Cu-Zn alloy in the Gruz’ka-Pivnichna pipes;
TMIS lapilli with Fe® in the Shchors kimberlite dyke; TMIS spherules with Fe, CS spherules
with Fe’ or Mn-Fe inclusions, MW-I spherules, native Cu, and native Zn in the Pivdenna kim-
berlite pipe.
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It is also worth mentioning other well-known occurrences of native metals and associat-
ed ultra-reduced phases associated with ultramafic and mafic rocks. HRMMA discovered in
podiform chromitites of the Luobusa ophiolite, southern Tibet, includes PGE metal alloys
(Os—Ir, Os—Ir—Ru, Pt-Fe, and Ir-Ni—Fe), base-metal alloys (Fe—Ni—Cr, and Fe—Co), native
elements (Fe, Ni, Cr, Au, Cu and Si), diamond, moissanite, and iron silicide (Fe—Si) [1].
Ti**-bearing corundum with a number of highly reduced phases including native Ti, Fe—Cr,
Fe-Si, Ti-Si-P, Ti-B-N-C phases, as well as zamboite FeTiSi,, osbornite TiN, khamrabae-
vite TiC, jingsuiite TiB,, badengzhuite TiP, zhiqginite TiSi, and qusongite WC are also pres-
ent [13; 14].

W. L. Griffin and co-authors carried out detailed studies of highly reduced minerals
from Cretaceous pyroclastic rocks on Mt. Carmel, Northern Israel. This mineral assemblage
includes diamond, wustite FeO, MW-I spherules, native V, and Ti**-bearing corundum with
entrapped ultra-reduced phases TiC, TiN, SiC, CrSi,, and various Fe-Ti-Zr—(Si, P) melt
derivatives [5].

Zhang Z. and co-authors reported the discovery of native gold, native copper, native zinc
and moissanite grains in a picrite lava in the Lijiang area within the Emeishan large igneous prov-
ince, SW China. The authors suggest that this is xenogenic material introduced into the picrite
melt from the mantle with a rising plume [18].

Native metals are found in basalts from various regions. For example, Paleocene basalts from
Disko Island, Greenland, contain native Fe [2]; native Fe and Cu are found in Vendian (Ediaca-
ran) flood-basalts of Volyn, Ukraine [19].

The research purpose was to study individual particles of native metals and inclusions
of native metal phases in TMIS spherules and Ti**-bearing corundum from the volcaniclastic
facies of the Mriya pipe, as well as to summarise published information on native metal finds
from kimberlites.

Presentation of the main material. The Mriya pipe is one of a series of lamproite volca-
nic bodies located in the western part of the Azov Block of the Ukrainian Shield. The Mriya
pipe dates back to the Paleoproterozoic and is emplaced in the plagiogneisses and amphibo-
lites of the Drahunsk Unit (4R,). It is oval in plan, with dimensions of 350 x 500 m, and cup-
shaped in cross-section. The main body of the pipe is filled with intrusive lamproites, with
an olivine-hornblende-phlogopite composition. The upper part is made up of altered clay-
ey-carbonate volcaniclastic rocks with xenoliths of granites, micaceous hornblendites, oliv-
ineites, and dunites with a size of 5—7 cm. The thickness of the volcaniclastic facies deposits
is approximately 30 m.

A 500 kg sample of volcaniclastic rock was picked from a depth of 20 m in borehole
No. 189A, which has a diameter of 1300 mm. Metal grains were hand-picked from the heavy
mineral concentrates using a binocular microscope.

Microanalytical studies were undertaken to examine the compositions and textural charac-
teristics of the metallic phases and the mineral aggregates in which they are hosted.

The inner textures of the spherules were observed using a REMMA-102-02 scanning
electron microscope (SEM) at the Ivan Franko National University of Lviv. SEM equipped
with a W-cathode. Images were taken using back-scattered electron (BSE) mode. Chemical
compositions were obtained using an EDAR energy-dispersive spectrometer (EDS) equipped
in the SEM. The optimum operating conditions were an acceleration voltage of 20 kV, a sam-
ple current of 1 nA, and a beam diameter of 0.1 pm. The instrument was calibrated in accord-
ance with the NERMA.GEO1.25.10.74GT mineralogy standards. Additionally, at the start
of the measurements, the system was fine-calibrated using Cu. Magallanes 3.2 software was
used to analyse the spectra.
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The HRMMA particles recovered from the Mriya pipe volcanoclastic rocks (see Fig. 1)
include spherule-like metal particles, TMIS spherules, Ti**-bearing corundum aggregates,
qusongite WC, and moissanite SiC.

Native metals found in the Mriya pipe can be divided into two groups. Some of them form
individual grains (Pb, Pb—Sb, Cu—Zn), whereas others are incorporated into the glass matrix as
inclusions in TMIS spherules (Fe?) and Ti**-bearing corundum aggregates (Si—Ti—Fe).

Native Pb and Pb-dominated alloys occur as spherule-like particles with plastic and flu-
idal forms (Fig. 1, a; Fig. 2, a—d). Some particles are heterophase, with Pb and Sb—Pb phases
(Fig. 3, @) or Sn and Pb phases (Table 1). Others consist solely of Pb (Fig. 3, »). The metal
of some particles may contain fine angular fragments of rutile, corundum, and undetermined
carbon (see Fig. 3, b). These angular carbon fragments exhibit positive relief on the polished sur-
face. It is therefore more likely that this is a diamond rather than graphite or amorphous carbon.

Cu—Zn alloy particles with variable composition (Table 2) form individual grains demon-
strating a variety of shapes: spherical, cylindrical, lamellar, irregular, and so on (see Fig. 1, b
and Fig. 2, e, f).

Fe? inclusions in the TMIS glass spherules are spherical in shape. The size of the inclusions
varies greatly, ranging from a few micrometres to hundreds of micrometres, forming the metallic
core of the spherules (Fig. 3, ¢; Fig. 4; Table 3). The glass of the spherules may also contain
a phase of skeletal crystals of titanium-manganese-iron oxides [3].

Si—-Ti—Fe inclusions in corundum usually form a shape close to spherical. The inclusions
typically consist of two—three phases with different proportions of components (see Fig. 3, d;
Fig. 5; Table 3).

Carbides and nitrides, like native metals, carbides and nitrides can form individual grains or
occur as inclusions within the corundum aggregate.

S

0.5 mm

Fig. 2. Particles of native metals from the Mriya pipe: a—d — Sb—Pb alloy; e, f— Zn—Cu alloy
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Glass

100 pm

®-— Si-Ti-Fe

d

Fig. 3. Characteristic textures of individual metallic particles and inclusions of native metals, BSE-image:
a — Sb—Pb ground mass with Pb segregations; b — Sb—Pb ground mass with inclusions of rutile (Rt),
corundum (Crn), and unidentified carbon phase (C) — graphite (?), diamond (?); ¢ — spherule composed
of titanium-manganese-iron-silicate (glass with spherical aggregates of native iron (Fe); d — Ti**-bearing

corundum with inclusions of the Si-Ti—Fe phases

Table 1
Composition of Pb, Sb-Pb, and Sn-Pb particles from the Mriya pipe, wt. %*
Sample | Spot| 1y | pe | cu|Ag| Sn | As | Sb | Pb | Cd Total
Lab.No | No g
1 - - - — | 100.00 - - - - 100.00
FZ2-46
2 - - - - - - - 1100.00| - 100.00
3 - - - - - - - |100.00| - 100.00
Fz2-51
4 - - - - - - | 82.08| 17.92 - 100.00
FZ72-52 1 - - - - - - - |100.00| - 100.00
28 - - - - - - 3.29 | 96.71 - 100.00
VG-12m
31 - - - - - - 12,67 | 87.33 - 100.00
33 - - - - - - - 1100.00| - 100.00
VG-13m 34 - - - - - - - |100.00| - 100.00
35 - - - - - - - 1100.00| - 100.00
VG-14 36 - - - - - - - |100.00| - 100.00
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Continuation of table 1

K09-11 1 - - — 10.03| 81.94 | 6.21 | 0.00 | 11.82 - — | 100.00
K09-14 1 - - - [081] 0.17 |24.28 | 0.00 | 74.74 - — | 100.00
PUT101 1 - - - - - — 2201|7342 | 1.25 | 3.32 | 100.00

2 - - - - - - |21.28| 7747 | 1.25 — | 100.00
KR3-34 3 - - - - - - - |100.00| - — | 100.00

5 - - - - 1100.00 | - - - - — | 100.00
KR3-36 6 - - - - | 28.56 - - 71.44 - — | 100.00

7 - [3042| - — | 69.58 - - - - — | 100.00
KR3-37 8 - - - - - - - |100.00| - — | 100.00
MRA.S 4 12951313 |359| - - - 7.25 | 83.08 - — | 100.00

5 - - - - - - - |100.00| - — | 100.00
MR-12 1 - - - - - - - |100.00| - — | 100.00
MR-16 1 - - - - - - - |100.00| - — | 100.00
MR-17 3 - - - - - - 7.87 | 92.13 - — | 100.00
MR-30 1 - - | 152 — - - 5027 | 48.22 - — | 100.00

*Here and below in tables 2 and 3 — analyses by SEM/EDS; «—» (dash) — means beyond of the detection
limit.

Qusongite and moissanite occur as individual angular grains. Qusongite is metallic grey in
colour, transparent moissanite is coloured in shades of blue and green (see Fig. 1, e, f).

Osbornite TiN and khamrabaevite TiC are phases trapped within corundum and form near-
spherical inclusions. These phases usually form individual inclusions, although khamrabaevite
can also occur as a separate phase within Si—Ti—Fe inclusions.

Table 2
Composition of Cu-Zn particles from the Mriya pipe, wt. %

Sample Lab. No Si Ti Fe Cu Zn Sn Total
KAR2-7 - - 0.87 | 64.25 34.88 - 100.00
IYMR-19 — — — 87.84 7.87 4.29 100.00
[YMR-21 0.76 | 2.23 - 85.22 11.79 — 100.00
IYMR-23 — - - 65.97 34.03 - 100.00
IYMR-25 — — — 84.60 15.40 — 100.00
IYMR-31 — — - 66.33 33.67 — 100.00
IYMR-32 - - - 91.28 8.72 - 100.00
IYMR-33 — — — 56.93 43.07 — 100.00

HRMMA from kimberlite-lamproite formations exhibits distinctive features when compared
to those from known non-kimberlite-type magmatic occurrences. Some highly reduced miner-
al formations are common to the majority of known occurrences represented by various types
of igneous rocks: diamond, moissanite, Ti**-bearing corundum, MW-I spherules with Fe®, Fe®
grains, and wustite [1; 2; 5; 13; 14; 17].
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0.5 mm

Fig. 4. Micrographs of titanium-manganese-iron-silicate (TMIS) spherules

Table 3
Composition of Fe’ and Si-Ti-Fe inclusions from the Mriya pipe, wt.%

Jypeof | Sampie | g | i | Al [ Cr | Fe |Mn| Mg | Ca| K | P |Total
Inclusion in | FP-8 — ] 105029 | - |9850]| - - - — 1015 | 100.00
SEhMe[riles 8SH12 0.76 | 0.19 | 082 | 023 | 9718 | — | 066 | 003 | 0.12 | — | 100.00
SP3-1-2 2134 (2595 | — | 265 | 4802 | 204 | - - - - | 100.00

1537 | 433 | — | 175 | 7850 | 005 | - - - - | 100.00

1599 | 503 | - | 181 |7717 | - - - - — | 100.00

2031 | 2941 | — | 1.87 | 4802 | 039 | - - - — | 100.00

Inclusions in SP3-1-3 2001 [ 2838 | — | 209 4917 | 035 | - - - — | 100.00
corundum 2302 | 690 | — | 224 | 6755|029 | - - - - | 100.00
249 652 | - | 231 | 6842 | 026 | - - - — | 100.00

1628 | 400 | — | 153 [ 7819 | - - - - — | 100.00

SP3-1-4 1925 | 2941 | - 112 | 4895 | - - - — 127 ] 100.00

KR2-16 2139 | 722 | - | 127 | 6906 | 107 | - - - — | 100.00

0.5 mm

Fig. 5. Micrographs of Ti**-bearing corundum

However, others, including TMIS spherules, CS spherules, and Sb—Pb spherule-like particles,
are found only in kimberlite-lampoite explosive structures [15; 20; 21]. Finds of Cu—Zn alloys
and possibly native Au, Cu, and Zn also appear to be associated with kimberlite rocks in general
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and with diamonds in particular. Native Pb, Sb, Cu—Zn, and Au on the surface of diamonds and as
inclusions within diamonds from kimberlites are also consistent with these observations [9].

Surprisingly, kimberlite-associated varietiecs of HRMMA, including diamond, TMIS spher-
ules, CS spherules, MW-I spherules, moissanite, Ti**-bearing corundum, Pb, Sb-Pb, and Au,
have been found in sediments of the Vendian (Ediacaran), Cretaceous, Palacogene, and Neogene
sediments in some regions of the Ukraine [22]. It is important to note that these particles show
no signs of mechanical or chemical weathering, taking into account that some of them are highly
unstable to weathering (CS spherules, Pb, Sb—Pb).

These highly reduced particles may be pyroclastic rather than epiclastic. It is considered
that, with rare exceptions, kimberlite pyroclastic deposits are absent beyond the crater rim [12].
It is possible that the explosive stages carrying HRMMA were relatively more energetic, which
allowed them to be scattered by air over considerable distances. If this assumption is correct,
then a new approach to searching for diamond deposits based on primary pyroclastic HRMMA
aurcoles may be viable.

The origin of native metals and other components of the HRMMA from kimberlite-lam-
proite rocks is an open question. Glassy TMIS spherules and spherule-like metal particles can
be considered as similar objects belonging to the same class, representing droplets of solidified
melt. It is likely that the fine-crystalline aggregate of Ti**-bearing corundum, which was formed
not as a rock constituent but as a hardened fragment of an Al-supersaturated melt, can also be
attributed to this class [5]. The shape of the mineral particles and the presence of skeletal crys-
talline phases imply the formation of glassy and metallic spherules, and likely corundum, from
melts in gaseous flows undergoing rapid adiabatic cooling [15].

Furthermore, this flow must be sufficiently free of fragmented material. Thus, the hypothet-
ical spherule-bearing flow and the catastrophic process of intrusion of fragmentary kimberlite
material carrying ash, macro- and microcrystals, peletal lapilli, xenoliths, and other inciden-
tal material must have substantial differences. Another question is how to reconcile the dif-
fering chemistry, redox, and temperature conditions of the formation of the initial kimberlite
melt and the parent melts for the glass spherules and Ti**-bearing corundum [15]. The survival
of highly reduced melts within a relatively oxidised kimberlite melt seems problematic also. In
essence, we must acknowledge the existence of isolated reservoirs containing metal-, TMIS-,
and Al-enriched melts. The question is: where might these form, and how are they related to
kimberlite-lamproite volcanism?

Previous models have proposed that native metals were formed in magmatic rocks as a result
of interaction with carbonaceous deposits at shallow depths. In most recent publications, highly
reduced minerals are interpreted as xenogenic mantle material introduced by rising plumes [1;
2; 11; 13—15; 17; 18]. Zhang R. Y. and co-authors suggest that some super-reducing and ultra-
high-pressure phases were transported by mantle convection from the base of the upper mantle
and the mantle transition zone [17]. F. V. Kaminsky claims that super-deep diamonds containing
inclusions of metals, carbides, nitrides, and ultrahigh-pressure phases were formed in the lower
mantle and thus allows for the possibility of migration of highly reduced material from the man-
tle basement to shallow levels [7].

According to the concept developed by V. L. Griffin and his co-authors, CH4-H; fluids ris-
ing into the upper mantle are responsible for the formation of ultra-reduced phases in magmas
of mantle origin. This phenomenon is regarded as a fundamental process [5].

In our previous studies, we adopted a working hypothesis in which HRMMA were formed
at the core-mantle boundary [22]. A theoretical model for the formation of TMIS melts (with
Fe%) in the ultra-low-velocity zone (D” layer), as a result of thermochemical interaction, was
proposed [15].
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Conclusions and prospects for further research. The study has shown that the volcaniclastic
rocks filling the upper part of the Mriya pipe contain native metal phases, including Pb, Sb—Pb,
Sn—Pb, As—Pb, Cu—Zn, Au, Fe, and Si-Ti—Fe. Pb-bearing, Cu—Zn alloys and Au occur as individual
grains of spherical, plastic, and fluidal shapes. Native Fe forms spherical phases within the glass
of titanium-manganese-iron-silicate (TMIS) spherules. Si—Ti—Fe phases occur as spherical aggre-
gates trapped in Ti**-bearing corundum. An assemblage of highly reduced minerals, including dia-
mond, qusongite, moissanite, osbornite, and khamrabaevite, has also been recognized.

A comparison of the highly reduced minerals studied from the Mriya pipe and other kimber-
lite-lamproitic structures with known occurrences of highly reduced minerals from various mag-
matic rocks around the world has shown that components such as TMIS spherules, Pb-dominat-
ed and Cu—Zn spherule-like particles are typical exclusively for kimberlite-like formations. The
same assemblage of highly reduced minerals, supplemented by CS spherules, MW-I spherules,
Ti**-bearing corundum, and moissanite, was also found in sedimentary deposits from various
locations in the Ukraine. All these minerals can be interpreted as pyroclastic particles produced
by kimberlite explosions. If this hypothesis is correct, the highly reduced minerals could be used
as indicator minerals for the search for primary diamond deposits.
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3AMMUBNEHHSA B MIHEPANOTIIO MAHTIT 3EMAI

leaH SAuyeHko’, OkcaHa Cmynka’, IpuHa By4uHcbka', Bikmop SuyeHko?
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"lHemumym 2eornoaii i 2eoximii 2oproqux konanuH HAH YkpaiHu,
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2[1Y «IHcmumym eeoximii HagkonuwHbo20 cepedosuwia HAH YkpaiHu»,
npocn. akad. lNannadiHa, 34a, Kuis, Ykpaixa, 03142

CxapakTepH30BaHO MOIIUPEHHS, CKJIAJ I MOXOKEHHSI CAaMOPOIHUX METaJliB Ta BUCOKOBITHOBICHHX
MiHepaJbHUX (pa3 y KiMOEpIiT-JIaMIIPOITOBUX MarMaTHYHUX CHCTEMaX 3 aKIEHTOM Ha TpyOmi «Mpis»
(ITpuazoBcbkuii 0ok YkpaiHcekoro mmra). CaMOpogHI MeTaau HaA3BHYAHHO PiAKiCHI B 3eMHIH Kopi
4yepe3 BiJHOCHO BUCOKY (yTiITHBHICTH KHCHIO, HATOMICTh BOHM OUIbINE XapaKTepHi ISl yMOB IIIHOOKOT
MaHTii. ToMy iXHS HasBHICTb y MarMaTH4HUX IIOPOAAX € CBIJUCHHSM BIJHOBHHX YMOB 1 HEBHUX
reoJMHAMIYHHX [IPOLECiB Y MaHTii 3eMiIi. 3a JOIOMOT0I0 METO/1iB CKaHYBAJILHOI €IeKTPOHHOT MiKPOCKOIIi{
i eHeprogucnepciiiHoi peHTreHiBcpkol cnekrpockomnii (SEM/EDS) BusiBieHo pisHOMaHiTHHI Habip
MIPUPOTHHUX METaB, y TiM uucii ¢pa3u Pb, Sb—Pb, Sn—Pb, Cu—Zn, Fe ta Si-Ti-Fe. Boun npexcrasieni sik
OKPEMHMH 3epHAMHU 31 CepHIHOI0, chepyronoaiOHoI0 Ta (IroifnansHOI0 MOP(HOIOTIEI0, TaK 1y BUNISAL
c(hepnuHNX BKIIOYEHb Y THTaH-MaHTraH-3aii30-cuiaikataux (TM3C) cdepynax i KopyHZi, MO MICTUTH
nomimky Ti** 1 BHCOKOBITHOBJICHI MiHepau.

TexcTypHi ocobmuBocTi 1 (a30Bi B3a€MOBIIHOIIEHHS Y BUCOKOBITHOBJICHHX YaCTHHKAaX € JJOKA30M
KpHCTamizanii 3 po3IIIaBiB 32 BHCOKOBIJIHOBIIOBAJIHHUX YMOB, HaliMOBIpHIIIE, IiJ 9ac IIBUIKOTO
a1iabaTHYHOTO OXOJIO/KEHHS B TA30HAIIOBHEHUX IMOTOKAaX, IOB’S3aHUX i3 BHOYXOBOIO BYJIKAHIYHOIO
aKTHBHICTIO. [HTerpaIiss HOBUX JaHMX 3 paHille OMyOIiKOBAaHMMHU pPEe3yJIbTaTaMU 3acBiIUye, IO MEBHI
KOMIIOHEHTH BHCOKOBIIHOBJIEHOI MaHTiiHOT MiHepanbpHoi acomianii (BBMMA) — TM3C cepymnu ta Pb,
Sb-Pb 1 Cu—Zn cdepynononiOHi YaCTUHKH — XapaKTEpHI BHHATKOBO ISl KIMOEpIIiTONOAIOHNX MOPiz.
BusiBneHHsI TaKuX MiHEpaJlbHUX acolliaimiil B 0CaJ0BUX BiAKIAAax 03 O3HAK 3BITPIOBAHHS B JCSIKHX
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perioHax VYKpaiHH CBIOYUTH NMPO Te, LIO 1€ YACTHHKHU MiPOKIACTUYHOTO IOXOKEHHS, SIKI MAaroTh
3IaTHICTh PO3CIIOBATHUCS HA 3HAYHIN IUIOILI.

[IpoananizoBaHo BiporinHi Mozeni noxomkeHHs BBMMA, siki 0XOIUTIOIOTE IEPEHECEHHS MAHTIHHIMHU
MJIFOMaMH, (POpMYBaHHS MiJ BIUTUBOM BiJHOBIIOBATBHUX CHrH2 MaHTiHUX (m0iniB; AedKi rinore3u
OB’ s13aHi 3 MOXKJIMBICTIO POPMYBaHHS B HI)KHIN MaHTIii a00 Ha MEXi SAPO—MaHTIsI.

Minepamu BBMMA, 6e3 cyMmHIBY, € NOTEHIIMHUMHU 1HIMKATOpaMH IiJ Yac TMOUIYKiB JiaMaHTiB.
BoHu cnpusioTh Kpamomy po3yMiHHIO reofnHaMiku (GopMyBaHHS 1 30€peKeHHS BHCOKOBIIHOBICHHX
MiHEpaJbHUX CHCTEM Y HaJapax 3eMiIi.

Kniouosi crosa: camopoaHi MeTasu, MeTaleBi CIUTaBU, BUCOKOBIIHOBICHI Ba3u, cepyan, MaHTisl,
KOPYHI, JiaMaHT, KiMOepJiTH, YKpaiHCHKUI LIHT.
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The article presents the results of a comprehensive lithological and paleogeographical study of erratic
fragments discovered in the Skersabaliai quarry (Vilnius district, Lithuania). The relevance of the study
lies in the necessity of detailing the reconstructions of glacial stream dynamics during the last Weichselian
(Nemunas) glaciation, specifically its maximum Griida stage. The primary focus is on red Jotnian quartzite
sandstones, which serve as key indicator boulders.

Mineralogical and petrographic analysis identified these rocks as medium-grained quartz arenites,
which are derivatives of the Mesoproterozoic Jotnian deposits from the Satakunta formation (Finland)
and the Bothnian Sea basin. Diagnostic features include a regenerative structure, the presence of chloritized
siliceous fragments, and specific turbidization of quartz cores. It is demonstrated that the high textural
maturity of these rocks is associated with their formation within the extensive paleoriver systems
of the Fennoscandian Shield.

A crucial scientific confirmation of the Bothnian-Aland transport vector is the established paragenetic
association of rocks in the Skersabaliai quarry. Alongside the sandstones, a complex of igneous (red granites,
rhyolite porphyries) and metamorphic rocks (gneisses, amphibolites, migmatites of the Svecofennian
belt) was identified. The presence of epidotized granites with garnet indicates deep glacial erosion
of the Fennoscandian crystalline basement. Simultaneously, findings of Palacozoic sedimentary rocks
(Ordovician and Silurian limestones) and an intact coral testify to the incorporation of material from
the Baltic region's sedimentary cover during the glacier's transit through Estonia.

The totality of the described findings proves that the eastern branch of the Bothnian ice stream passed
through eastern Lithuania. The authors reconstructed the full transport trajectory: from formation in
the Scandinavian Mountains and the entrapment of Jotnian rocks in the Gulf of Bothnia to the accumulation
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of material in south-eastern Lithuania after transit through the Baltic basin. The results obtained are
of'significant importance for refining the stratigraphy of Quaternary deposits and the dynamics of Pleistocene
glaciations in the Baltic region.

Key words: erratic clasts, Jotnian quartzite sandstone, southeastern Lithuania, Vistula glaciation,
Fennoscandian Shield, quartz, zircon, regeneration cement.
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Problem Statement. The glaciations of the last ice age have different names according to
the historical tradition of these regions: Fraser (in the Pacific Cordillera in North America), Wis-
consin (in central North America), Devensian (in the British Isles), Midland (in Ireland), Wiirm
(in the Alps), Meridian (in Venezuela), Vistula (in northern Central Europe and Northern Europe),
Valdai (in Eastern Europe), Zyryan (in Siberia), Yankiue (in Chile), Otiran (in New Zealand) [10;
11; 21]. The Vistula glaciation, known in Lithuania as the Nemunas, is the last major ice age, which
ended about 11-12 thousand years ago. It lasted from about 115,000 to 11,700 years ago. The most
severe phase (maximum glaciation) occurred between 20,000 and 18,000 years ago. A huge ice
sheet extended from the Scandinavian Mountains [4] to the eastern coast of Schleswig-Holstein,
Central Germany and Northwestern Russia; it covered Scandinavia, Northern Germany, Poland
and part of Great Britain. In Northern Europe, it is the last of the glaciers of the Pleistocene ice age.

The Scandinavian shield was the centre of glaciation. Erosion processes took place, the gla-
cier worked as an abrasive, mechanically cleaning the surface layers of rocks. The ice sheet, up
to 3 km thick, literally «scraped out» loose rocks and weathered granites under its own weight.
«Ram foreheads» were formed: masses of ice smoothed the rocks, turning them into character-
istic sloping hills with smooth tops. Ice flows deepened tectonic faults, creating deep valleys,
which after the glacier melted were filled with the sea (fjords of Norway and the Baltic Sea
basin). After the ice melted, isostatic processes occurred — the Fennoscandian Shield began to
«float» due to the removal of colossal pressure. This uplift continues today (in places up to 1 cm
per year), due to which the area of Sweden and Finland is gradually increasing [17; 19].

The south-eastern part of Lithuania is unique as it marks the maximum limit of the last
glaciation, locally referred to as the Griida Stage (correlated with the Branderburg Phase inj
the regional stratigraphic scheme [2; 7; 16].

The extreme border of the Vistula (Niamun) glacier ran along the foot of the Medininka
Upland. The territories to the southeast of it (for example, near Vilnius) were not covered by ice
during this period, but were in the permafrost zone. The relief here is dominated by moraine ridg-
es, sand plains formed by meltwater flows that washed sand from under the edge of the glacier,
eskers and kami. The typical hilly-lake landscape of Lithuania is the result of the melting of ice
remnants that were buried under a layer of soil. Of particular interest from the point of view
of geology are the fragments of rocks that were brought by the glacier and deposited after its
melting. This is of scientific interest for determining the primary sources of material supply,
the conditions of its transfer, the directions of glacier movement, the area of glaciation, etc. [9].
In geological and glaciological literature, such fragments are called erratic (erraticus in Latin
means «wandering») [23].

Research analysis. The primary material for the research was rock samples of erratic frag-
ments, which were found in the Skérsabalyai quarry in the Vilnius district of Lithuania. This
is a technological area operating in an open-pit mining method. The facility specializes in
the extraction of sand-gravel mixture (SGM) and other sedimentary non-metallic rocks, which
are used as aggregates in construction. During the processing of the extracted mixture, large frag-
ments of various rocks, once brought by the glacier, are separated. Among them, red quartzite
sandstones were found.
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The rocks identified as erratic clasts in the south-eastern part of Lithuania belong to different
genetic types and have different age dating. By origin, they are igneous (acidic plutonic and vol-
canic), metamorphic and sedimentary rocks. Among the acidic rocks, the most common are
heterogeneous granites of predominantly red color: biotite granite, muscovite granite, epidotized
granite with garnet, pegmatite granite. Volcanic rocks of acidic composition — rhyolite quartz
porphyries — were also recorded at the sampling site. Among the erratic clasts of metamorphic
origin, epidote-amphibolite schist, amphibolite gneiss, migmatite, quartzite, marble was identi-
fied. Sedimentary rocks are represented by various types. Among them, carbonate (hemogenic
ferruginous limestone, heterogeneous ferruginous dolomite, coral of the genus Heliolites), sili-
ceous (spongolite) and clastic formations (quartzite sandstones) have been identified [15]. Such
a variety of rocks in one place is a classic sign of moraine material, where the glacier «mixed»
rocks from different parts of Fennoscandia.

Further studies have made it possible to determine that the found red quartzite sandstones
belong to the Jotnian deposits. Jotnian sandstone is the oldest known sedimentary rock in
the Baltic region that has not undergone metamorphism. These are the oldest cover rocks, com-
mon in the southern, southwestern and eastern parts of the Fennoscandian Shield, where they are
preserved in grabens (Western Onega, Satakunta, Muhos, etc.) and are represented by quartzite
sandstones with subordinate clay shales (Western Onega, Satakunta, Dalarna, Gévle, Trysil in
Norway, Nordingra, Tersky coast, etc.), less often by quartzites (Almasakra), siltstones and clay
shales (Muhos), which are composed of strata 500—1000 m thick. They are adjacent to somewhat
earlier Subiotnian and Hoglandian acidic effusive rocks with subordinate tuffs and sedimenta-
ry formations (Dalarna, Hogland Island) and corresponding granites [18]. They occur as relics
of unmetamorphosed sedimentary cover rocks on the washed-out folded structures of metamor-
phosed Precambrian geosynclinal formations.

In the modern International Chronostratigraphic Scale, the term «Jotniany is officially absent;
it is a regional name for the deposits of the Fennoscandian Shield, which belong to the Meso-
proterozoic eon. The stratigraphic position of these deposits is the Late Mesoproterozoic, which
corresponds to the international period of Stenian (Stenian) MP3 or S; age is 1200—1100 million
years ago.

The aim of our work was to study the erratic fragments of quartzite sandstone found in
the Skérsabalyai quarry in the Vilnius region of Lithuania and to determine its original sources.

Terminological aspects. The most accurate term for a strong sandstone with quartz cement
is quartzite sandstone — the more commonly used term in Ukrainian geology. In such sandstone,
the spaces between the quartz grains are filled with secondary regeneration quartz cement, with
indentation cementation. This is not yet fully metamorphic quartzite, but it is already stronger
than ordinary sandstone. Metasandstone is a genetic term that directly indicates that the rock
was sandstone, but underwent changes under the influence of pressure or temperature. Quartz
arenite — (Quartz-rich sandstone) — in English-language literature and modern lithology, this
term denotes a clastic rock of psammite dimension with a high content of quartz grains (over
90-95 %) and a small amount of matrix («cement») between them.

Description of the main material. Macroscopic description. The studied quartz sandstones
have a rich red-brown colour, which is due to the presence of iron oxides in the rock compo-
sition, most likely hematite, which border the quartz grains with a thin film and fill the space
between them. The structure of the rocks is psammite (sandy), fine-medium-grained, the rock is
well sorted, quartz grains fit tightly to each other. The texture is massive, homogeneous. Rock
fragments have an uneven fracture. Visually, quartz dominates the rock (over 90 %); The luster
on the fracture is barely noticeable, matte, in some places the glass luster characteristic of quartz
is observed (Fig. 1).
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Fig. 1. Erratic fragment of red-brown quartzite sandstone

Microscopic description. The rock is composed of quartz (Q), its content in the framework is
95-97 %, according to the refractive index — I'V group (according to V. Lodochnikov); the grains
are colourless, their contours are outlined by a thin brownish-brown border of hematite. Under
cross polarized light (XPL), grey, light grey to white colours of interference of the first order are
observed (ng—np =0.007-0.009) [22]. A wavy attenuation characteristic of quartz grains is noted:
the colour of the grain is heterogeneous, it seems to «flow». This is a sign of internal stresses in
the crystal lattice of quartz, obtained in the parent rock or during tectonic processes.

Grain size. The bulk of the clastic material has a size of 0.2-0.8 mm, the medium-grained
fraction (0.25-0.50 mm) prevails. The average value is ~ 0.43 mm.

Character of cementation. A thin dark border of iron oxides is clearly visible in many quartz
crystals, which forms «phantom» contours and fixes the primary shape of the grains before
the beginning of the cementation process. Most grains have a high degree of rolling, which
indicates long-term transport in the aquatic environment (Fig. 2). Behind this border, secondary
quartz grows, which has the same optical orientation as the main grain; the size of the regenera-
tion borders is 0.02—-0.04 mm. Thus, regeneration cement was formed, which completely elimi-
nated porosity, turning the rock into a dense drain quartzite sandstone. After the cement growth,
the quartz grains seemed to grow together with the formation of a mosaic, practically non-porous
structure. This explains the high strength of the studied rock. Toothed and depressed contacts
are clearly visible. The grains are so tightly fitted to each other that the boundaries between
the regeneration borders of neighbouring grains merge into a single mosaic.

Iron oxides (hematite, hydrogoethite) precipitated from solutions simultaneously with
the growth of quartz cement or immediately before it (see Fig. 2, ). A thin ferruginous «shirt»
covers the primary grain, and pure regeneration quartz grows on top of it, which makes the rock
visually red-brown.

Degree of sorting. To assess the sorting, we used the sorting coefficient S_ (according to
the Trask method). The grain size ranges from 0.2 to 0.8 mm, the average size is 0.43 mm, which
corresponds to medium-grained sandstone; standard deviation ¢ =~ 0.21; coefficient of variation

V =48.8 %. For the calculation according to the Trask method (5, = /Qs/Q ) we defined the quar-
tiles: )
Q, (25 % samples) = 0.25 mm; Q, (75 % samples) = 0.65 mm.

S, =+/0.65/025 =2.6 =1.61.
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Fig. 2. Quartzite sandstone with regeneration cement: « — PPL; b — XPL; X75

If § < 2.5, the rock is considered well sorted, i.e. an index of 1.61 indicates a fairly high
degree of sorting, which is typical for mature quartz sandstones [24]. For Jotnian deposits, such
a high purity of quartz indicates that before burial the sediment underwent multiple washings,
which «cleaned» all unstable minerals, except for rare orthoclase grains.

Most quartz grains look dusty or speckled, since, as it turned out, they contain thousands
of microscopic vacuoles with a gas-liquid phase. Such turbidization (clouding) of quartz by
small gas-liquid inclusions is characteristic of Scandinavian Jotnian rocks. Linear structures are
traced inside the grains — these are secondary chains of inclusions that «healed» microcracks
in quartz even before it became part of the sandstone. This is a typical feature of quartz from
ancient granite massifs.

In quartzite sandstones, tabular grains of pelitic alkali feldspar (group II in terms of refractive
index) [22] are present, the size of which is on average 0.2 mm. The yellowish cloudy colour
of the grains in plane polarized light (PPL) is a manifestation of the processes of pelitization,
during which the smallest particles of clay minerals replace alkali feldspar, making it opaque
and «dirty» compared to pure transparent quartz. The size of feldspar grains of 0.2 mm with
an average quartz grain size of 0.4—0.8 mm corresponds to hydraulic equivalence: alkali feldspar
is less stable and more easily subject to mechanical wear; therefore, its grains are usually smaller
than quartz in the described rock. Since there is no microcline lattice, and the grains are peliti-
zated and have a yellowish tint, this is most likely orthoclase (it is less stable than microcline
and undergoes pelitization more quickly).

The composition of the studied quartzite sandstones contains lithoids — fragments
of siliceous rocks — quartzites or flints [24], 0.2—0.5 mm in size, which have a rounded
shape, which confirms the good sorting of the rocks and indicates intensive processing
of the material (for example, in coastal marine conditions or during long-term river trans-
portation), when less stable minerals were destroyed, and quartz and siliceous fragments
acquired a rounded shape. The fraction 0.2-0.5 mm fits well into the general granulomet-
ric spectrum of rocks, which makes these fragments part of the grain framework. Some
fragments of siliceous rocks have a greenish tint in plane polarised light (Fig. 3) — this is
a very characteristic detail for the Jotnian sandstones, which were formed due to the ero-
sion of older Archean-Proterozoic strata, for example, series of the greenstone belts type.
This colour is most likely due to the presence of small chlorite flakes, which give the rocks
a uniform grey-green colour. In the context of Jotnian age, such green flints are often
the product of redeposition of the products of destruction of older volcanic or metasedi-
mentary rocks.



Iryna Poberezhska, Dmytrii Biruk, Sviatoslav Kozhushyna, Pavlo Kempa

4 ISSN 2078-6220. MiHepanoriyHuii 36ipHuK. 2026. Ne 76

Fig. 3. Fragment of greenish siliceous rock in quartzite sandstone: a — PPL; b — XPL; x75

Among the accessory minerals in the studied rocks, zircon was found —a mineral of group VII,
under cross polarised light with high interference colours of the II and III orders of the spectra
according to the Michel-Lévy colour nomogram [22], the extinction is straight. This is a stable
accessory mineral, very characteristic of sandstones formed as a result of the destruction
of the Rapakivi granites, the main foundation for the Jotunheimen in Finland. Both independent
zircon grains and its inclusions in quartz are present. The grains have an elongated-rounded
shape, size — from 0.08 to 0.10 mm, clearly of terrigenous origin (released during the destruction
of parent rocks) (see Fig. 2, a). Since zircon is heavier than quartz (its density is 4.6 g/cm®
versus 2.6 g/cm® in quartz), it precipitates together with quartz grains, which are two to three
times larger than zircon, which perfectly corresponds to the law of hydraulic equivalence.
Zircon inclusions in quartz are 0.02—-0.04 mm in size. This is primary zircon that crystallized
together with quartz in the parent rocks, granites or gneisses of the basement. The grains have
a subisometric and slightly elongated shape with rounded edges (Fig. 4). Rolled zircon grains
with an elongation factor of 2 to 3 (length to width ratio of about 2:1 or 3:1) are a characteristic
feature of grains from ancient metamorphic or igneous complexes that have undergone prolonged
transportation. Zircon is one of the hardest minerals (7.5 on the Mohs scale); to give it a perfectly
rounded shape, a huge amount of work is required by the aquatic environment, probably multiple
redepositions in the coastal zone.

The studied rocks contain idiomorphic crystals of ore minerals of a clear geometric shape.
There are square grains ranging in size from 0.04 to 0.10 mm and triangular grains ranging in
size from 0.10 to 0.12 mm. Presumably, they are of authigenic origin (they could have grown
directly in the sandstone during diagenesis), since their edges are perfectly sharp. A brown
shell is formed around some ore minerals — «limonite halo» — a halo of secondary iron oxides
and hydroxides, which suggests the presence of iron in the minerals (pyrite, magnetite?). Such
shells are formed under the influence of oxygen and groundwater: iron in the mineral is oxidized
with the formation of goethite or limonite. This is a common phenomenon for ancient sandstones
that have undergone weathering. The formation of a brown halo around pyrite grains indicates its
gradual replacement by limonite; if the ore mineral is magnetite, it is transformed into hematite
or hydrogoethite. It is precisely such microscopic iron oxide inclusions, which diverge from
the ore grains or are contained in the cement, that give the Jotnian quartzite sandstones their
characteristic pink-red or brick colour. The presence of such idiomorphic grains with decay prod-
ucts around them is a classic sign of mineralogically mature Proterozoic sediments.

Alternating areas with quartz grains of different sizes were found in the sections of the stud-
ied rocks; such microlayering is an important indicator of the dynamics of the sedimentary envi-
ronment. The energy of the flow changed: larger grains (0.6-0.8 mm) were deposited during
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Fig. 4. Zircon inclusions in quartz in quartzite sandstone: a, ¢ — PPL; b, d — XPL; X100

the peak of the activity of the aquatic environment, while smaller ones (0.2-0.4 mm) were
deposited during the lull. The constant change in the speed of the water flow led to the sorting
of the material by mass and size. In areas with large grains, the pores were larger, so they often
recorded wider regeneration borders (up to 0.04 mm), while in fine-grained areas, cementation
occurred faster through free space.

Thus, the results of microscopic analysis show that quartzite sandstones, selected in the Skér-
sabalyai quarry of Vilnius district of Lithuania, are medium-grained quartz arenites (quartzite
sandstones) with a regeneration structure. The structure of the rocks is heterogeneous with a pre-
dominance of the medium-grained fraction, the grain size ranges from 0.2 to 0.8 mm (average
— 0.43 mm). The texture is massive, in places micro-layered: micro-layers of grains with sizes
0f 0.2-0.4 and 0.6—0.8 mm alternate. The clastic part of the rock is mainly quartz, and the quartz
grains are from semi-rolled to well-rolled; There are single grains of pelitic plagioclase (size —
0.2 mm), rolled fragments of siliceous rocks (0.2—0.5 mm), rolled grains of accessory zircon
(0.1 mm) and idiomorphic ore (iron-bearing) minerals with limonite borders (0.04—0.12 mm).
Inclusions of relict zircon grains 0.02—0.04 mm in size occur in quartz. The rock cement is regen-
erative quartz (the thickness of the shells is 0.02—-0.04 mm), ferruginous (brown pigment), with
indentation cementation.

The discovery of erratic fragments of the Jotnian sandstone in the north-eastern part of Lith-
uania indicates the transfer of material from the north-west, approximately from the Baltic Sea
or the adjacent territories of Finland and Sweden.

The main places of primary occurrence of the bedrock from which the erratic fragments
of quartzite sandstones were brought could be the following [1; 3; 5; 6; 8; 12—14; 20]:
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1) the Satakunta basin — a coastal province in south-western Finland —is the most famous
terrestrial source of this type of rocks. The Satakunta sandstones form a thick layer in a graben
that extends from the coast to the bottom of the Gulf of Bothnia. Glacial flows transported this
material southeast through Estonia and Latvia to the northern part of Lithuania;

2) the Gulf of Bothnia — huge massifs of Jotnian sediments are hidden under water between Fin-
land and Sweden, they constitute a significant part of the moraine that the glacier carried to the Baltic;

3) the Ladoga-Pash Graben — this source is located further east, but it also contains identical
red sandstones (Priozerskaya and Salminskaya suites), which could have entered the region with
other branches of the glacier;

4) separate underwater massifs in the Baltic Sea, for example, the Landsort Basin near
the Stockholm archipelago, where deposits of red Jotnian sandstones have also been recorded

(Fig. 5).

atadier

Fig. 5. Probable sources of erosion of the Jotnian quartzite sandstones [8]: / — Satakunta Basin;
2 — Gulf of Bothnia water area; 3 — Ladoga-Pasha Graben; 4 — Landsort Basin;
5 —sampling site (Skersabalyai quarry)

Regarding the formational affiliation of the studied rocks, the following main formations
can be assumed to have been the primary source of the erratic quartzite sandstone boulders in
Lithuania:

1) Satakunta Formation — the main source; its rocks occur in the region of the same name
in southwestern Finland and continue under the floor of the Bothnian Sea. The formation is
composed mainly of red and red-brown sandstones, often with oblique bedding, which indicates
their fluvial or deltaic origin. These rocks are most often identified as «indicator boulders» in
Lithuania and neighbouring countries [14];

2) Muhos Formation — located much further north, has sandstones in its composition, but
also contains a significant proportion of siltstones and clays. Although it belongs to the Jotnian
complex, its contribution to the Lithuanian moraines is much smaller compared to Satakunta due
to the remoteness and direction of the glacier movement [20];
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3) formations located in Sweden, which are lithologically identical: these are the Gévle/Hals-
ingland sandstones, which lie on the western shore of the Bothnian Sea; the Milar sandstone for-
mation — a separate outcrop in central Sweden near Lake Mélaren; the Dala/Dalarna sandstone
formation — the largest area of outcrops in Sweden, but usually these boulders spread more to
the territory of Poland and Germany [5; 6].

The following general mineralogical and petrological features of the mentioned Jotnian sand-
stones are given. In composition, these are quartz-rich sandstones (quartz arenites), but arkose
sandstones (with a feldspar content of over 25 %), siltstones, shales and conglomerates are also
found. They are characterized by a red or reddish-brown colour due to deposition in subaerial
(terrestrial) conditions, which led to the oxidation of iron (hematite pigmentation). Cross-bed-
ding, ripple marks and drying cracks are often found, which indicates a fluvial (river) or deltaic
origin.

Conclusions and prospects for further research. Considering the location of the erratic
fragments of the Jotnian sandstones in north-eastern Lithuania and the mineralogical and petro-
logical features of the studied rocks, it can be concluded that the most likely primary source is
the Satakunta Formation. Geographically, the main centres of the original occurrence of the Jot-
nian sandstones were the continental Satakunta basin (southwestern Finland) and its submarine
extension in the Bothnian Sea (southern part of the Gulf of Bothnia) [3].

The Satakunta Basin (Finland) is the main «supplier» of red erratic boulders for the Baltics.
These quartzite sandstones are often called «red grinding steel» because of their hardness, which
is caused by the regeneration of quartz grains. The Bothnian Sea is home to vast underwater
fields of Jotnian sandstone. The glacier, moving southeast, «excavated» this material and car-
ried it across the territory of Estonia, Latvia, and Lithuania. From a geological perspective, this
is the same Satakunta Graben, which is partially submerged by the sea. However, to describe
the paths of glacial transport, it is advisable to separate them, since the glacier «collected» mate-
rial from both the seabed and the land. The submarine part (in the Bothnian Sea) is territorially
much larger than the mainland part. Most erratic boulders in the Baltic region originate from
the seabed. Glacial streams moving towards Lithuania first crossed mainland Finland (Satakun-
ta) and then «scooped» material from the Bothnian Sea floor, moving further to the southeast.

Mineralogical and petrological features of the erratic fragment of red quartzite sandstone
from north-eastern Lithuania allow us to identify it as a derivative of the Mesoproterozoic Jotni-
an deposits of the Satakunta Formation (Finland) and the Bothnian Sea basin. Diagnostic features
of this origin are the feldspar-quartz composition of the rocks, the saturation with iron oxides,
which determine their characteristic colour, and the presence of rounded fragments of chloritized
siliceous rocks. Accessory mineralization is represented by idiomorphic crystals of ore minerals
and well-preserved zircon grains, which occur as individual grains and inclusions in quartz. The
genetic relationship is confirmed by the specific microtextural organization of the quartz aggre-
gate: pronounced turbidization of primary grain nuclei against the background of optically clear
regeneration borders with conformal and compressed contact types. The high degree of textural
maturity of the rock is emphasized by the good rolling of grains and their high level of sort-
ing, which indicates the formation within the powerful paleoflug systems of the Fennoscandian
Shield. The fragment was delivered to its present location by a Pleistocene glacial flow moving
from the Bothnian region in a south-east direction in transit through the Baltic Basin to the ter-
ritory of Lithuania.

This thesis is confirmed by the fact that in the Skérsabalyai quarry of Vilnius district, a complex
of rocks of various composition and genesis was found in a parasteric association with the studied
quartzite sandstone. These are igneous rocks, among which red granites and rhyolite porphyries
prevail, on which Jotnian sandstones lie directly in the grabens of the Fennoscandian Shield.
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The presence of such rocks fully confirms the Bothnian-Aland vector of material removal
by the glacier. The presence of garnet in granites and their epidotization indicate zones of meta-
morphic changes around large granite intrusions of the Fennoscandian Shield. The metamorphic
complex — gneisses, amphibolites, migmatites — is the foundation of Fennoscandia — the Svek-
ofenn belt (Southern Finland and Eastern Sweden). The fact that they are found nearby indicates
deep erosion of the shield by the glacier, which «scraped» both the young sedimentary cover
(quartzite sandstones) and the ancient crystalline base. The finding of sedimentary rocks indi-
cates that this material, which the glacier picked up closer to the place of unloading the material,
comes from the Ordovician and Silurian sediments of the Baltic region (Estonia or the bottom
of the Baltic Sea). The discovery of a whole coral indicates that the glacier did not carry it too
far, or it was preserved in a large block of limestone — this is a clear indicator of the presence
of Palaeozoic cover rocks.

The totality of the described finds is evidence that the Bothnian Ice Stream (its eastern
branch) passed through Skersabalyai. The beginning — formation in the area of the Scandinavian
Mountains, movement through the Gulf of Bothnia (capture of Jotnian rocks and porphyries);
transit — movement to the southeast through the territory of modern Estonia (island part and main-
land), where sedimentary formations got into the moraine; finish — deposition of material in
the northeast of Lithuania during the last (Valdai/Vistula) glaciation.
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3aBIsIKN yHIKaJbHOMY MO€THAHHIO (Hi3MKO-XIMIYHHX BIACTHBOCTEH TpadiT € KPUTHYHO BaXKIUBHM
pecypcoM, 110 BU3HAYa€ PO3BUTOK CYYaCHUX €HEProz0epirarounx TEXHOJOTIH 1 cTpaTeriuny cTabilbHICTh
CBITOBOTO MPOMHUCIIOBOTO KOMILIEKCY.

Y Minepasnoriunomy My3ei iMeHi €Brena Jlazapenka JIbBIBCHKOTO HALlIOHAIBHOTO YHIBEPCUTETY iMEHI1
IBana ®panka 30epiraeTbcs JOCUTH MPEICTaBHHUIIBKA KOJNEKIis 3pas3kiB rpadirty, rpadiToBMicHUX mapa-
renesucis Ta npo6 rpadiroBoro komHmeHTpary (35 excrionaris). Ii copMOBaHO 3a Pe3yNBTATAMH iHBEH-
Tapu3amii CHCTEeMaTHYHUX Ta €KCHO3UIiHUX (oHaiB Myseto 3a 170 pokiB. ExcrioHatn mpencTaBisioTh
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1 CXapaKTepu30BaHO TPU 3aKOHOMIpHI eTanu ii cTaHOBIeHHS: eTan | — apyra momoBuHa XIX CT.—moYaTok
XX cr. (micte 3paskis); eram 11 — 1950-1980-1i pp. (27 3paskis); eran Il — Big moyarky XXI ct. (1Ba
HAJXOKEHHST).
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JIeHI B IGMOHCTPATUBHUX BiTpHUHAX a0o0 30epiratorbes y ponmax Mysero. JleTaabHO OnmrcaHo OCHOBHI MOP-
(ororo-reHeTHYH1 TUIH IpadiTy — MIKPOKPHCTAIIYHUH, JTyCKYBaTHI 1 )KUITbHUMH.
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Konekuis Mae Baromy HayKoBy W iICTOPHYHY LIHHICTb, OCKIIBKH MICTUTH YHIKaJbHI 3pa3KH 3 yXKe
BUYEPIIAHUX, BAKKOAOCTYIIHUX YU HUHI HEJOCTYITHUX POJOBHIIL.

Knrouogi cnosa: rpadit, Mopdonoro-reHeTHIHUI THII, KOJeKIis, MiHepanoriduuii my3seit imeni €Bre-
Ha JlazapeHka, pomoBuILe, IPOMHUCIOBE BUKOPHCTAaHHSA, MiHEpaIbHO-CHPOBUHHA 0a3a, chepuunuii rpadit.
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IocranoBka mpo6iaemu. ['padit HaIeKHUTH N0 criennpiuHIX BUJIIB MiHEPAILHOI CUPOBHHH,
CTpareriyHe 3HaueHHs SIKOI Oe3IepepBHO EBONIOLIOHYBAJIO MApaJICIbHO 3 HAYKOBO-TEXHIYHUM
nporpecom JrozcTsa. Sxmo y XVII-XIX cr. fioro poiabs oOMexyBaacs: IEpeBaKHO MeTaIyp-
rifinumu notpebamu (Uit GyTepyBaHHS Te4e, BUTOTOBJICHHS BOTHETPUBKHX THUIVIIB TOIIO)
i cheporo KomyHiKamii (KaHIENIIPChKe Mpuiaanis), To XX CT. MEepeTBOPWIO Iei MiHepal Ha
KPUTHYHHUN pecypc ISl AIepHOI eHEPIreTHKH i pakeTHO-KOCMIuHOI ramy3si. Ha cyqacHomy erarti,
32 YMOB IJI00aJBHOTO «3EJICHOTO TePexXomy», TpadiT HaOyB CTaTyCcy HE3aMiHHOTO KOMIIOHEH-
Ta eHepro30epiraroInx TEXHOJIOTiH, 30KpeMa, SIK OCHOBHHI MaTepiall Il aHOIB JiTii-i0HHIX
aKyMyJsITopiB. Taka TUHAMiKa TOMUTY 3yMOBIIIOE HEOOXiTHICTh MEPEOCMHUCICHHS HassBHOI MiHE-
pabHO-CHPOBUHHOI 0a31 Ta BUBYEHHS T€HETHYHHIX 0COOIMBOCTEH POOBHIIL, 110 X PO3POOIISAIN
B pi3HI ICTOPUYHI €IIOXH.

Ha i iHTeHCHBHOT eKcIuTyaTanii 3eMHUX Haap i BUUepIaHHs 0ararhboX KIACUYHUX 00 €KTIB
BUI00YTKY OCOOJIMBOI aKTyaJIbHOCTI HaOyBarOTh IPUPOAHUYI My3€i sIK Jero3uTapii CBOEpPiAHOT
reoJioriyHoi mam’ari. bararo ponoBuil, sIKi KOJIMCh CTAHOBMJIM OCHOBY CBITOBOTO OajaHcy rpa-
¢biTy, HUHI HIIKOM BiANIpaIbOBaHi, PEKYJIFTHBOBAHI a00 * HEMOCTYITHI /Ul Oe3I0CepeHbOTO
BHBUCHHS. Y TaKOMy KOHTEKCTI KaM’siHI KOJIEKIlii Ie0JIOrTYHNX My3€eiB CTAlOTh €MHUM JUKEpe-
JIOM PEYOBUHHOI iH(pOpMAIlii, STKa Ja€ 3MOTY MPOBOIUTH MOPIBHUIBHO-TEHETHYHI IO CITiPKEHHS
1 Bepu(iKyBaTH aHI MUHYIIUX T€OJIOTIYHAX CIOX.

AHani3 pocaimkens. ['padit — me npuponHa KpucTaiidyHa MOAX(IKAIlS ByIJIEIIO 3 IIapy-
BaTOIO CTPYKTYyporo. ['padiT BUPI3HAETHCS HU3BKUM KOC(IIIIEHTOM TEPTs, BUCOKOIO EIEKTPO-
1 TETUIONMPOBIAHICTIO, XIMIYHOIO CTIMKICTIO 1 3AATHICTIO BUTPUMYBATH Iy’K€ BHCOKY TeMIIepa-
TYpy.

3rigHo 3 kiacuQikaiiero, HaBeACHOI Y mpaili [15], po3pi3HSOTh TPH OCHOBHHUX MOP(OJI0-
ro-reHeTHYHUX THIHU Tpadity: 1) MIKpoKpHCTaIIuHUHA (IIPUXOBAHOKPUCTATIIUHUIT) TpadiT sK
pe3yNbTaT MepeTBOPEHHS BYIJICIIO BYTUIJIS 32 YMOB KOHTaKTOBOTO MeTaMop(di3My; 2) Kpucra-
JIYHUHR JTycKyBaTHii Tpadit, o GopMy€eThCs BHACHIOK PEKpUCTaIi3alil ByIJIeN0 OpraHiky,
PO3CIsIHOT B IEPBUHHUX ITOPOJIaX, 32 YMOB PETriOHaIBHOT0 MeTaMopdizmy; 3) )KWIbHUHN Ipadir,
SIKMH YTBOPIOETHCS B IIPOIIeCi KpHcTatizamii 3 rigporepManbHuX po3unHiB. Ha oqHOMYy i ToMy
K POIOBHINI MOKe OyTH 1 JyCKyBaTH, 1 XKWIbHHIA TpadiT (K BimoOpakeHHs HaKIaIeHUX
Mi3HIX TiAPOTepMaNbHAX TPOIeciB). [HOAI TpamisroThes 3eMIIHCTI arperatu rpadiTy B Kopi
3BITpPIOBaHHS.

IcTopis BumoOyTKy 1 BHKOpHUCTaHHA TpadiTy cArae naBHIX "aciB. B emoxy Heomity rpadit
CJIyTyBaB HITMEHTOM JUIs JIEKOPY KepaMiku. 30KkpeMa, IIpakThKa HaHeCeHHs rpadiTOBOTO po3Iu-
cy Ha kepamiky B [TiBnenHo-CxinHiii €Bponi BuHHKIa 0u36K0 5 000 pokiB 10 H. €. (KyJIbTypa
Kykyrenb—Tpumnisuist Ha TepuTopii cydacHux Mosnosu, PymyHii Ta Ykpainu) [11]. Kenstu noxa-
BaJIM rpadiT y NIMHY JUIsi CTBOPEHHS BOTHETPUBKOI KepaMiku (JIaTeHcbka KyiibTypa— 3 CT. IO H. €.)
[10]. Toukoto BiJyTiKy B iCTOpIT IPOMHUCIOBOTO BUI00YTKY IpadiTy BBaXKatoTh BIAKPUTTS 1564 p.
ponosuiia boppoyneiin y rpadersi Kamopis (Benukoopuranis) [7]. ¥ XVI cr. rpadit nmovanu
BHUKOPUCTOBYBATH B METAJyPrii, HApuKiIa, 1uist GyTepyBaHHS (OpM JUIs rapMaTHUX SAEp, 10
nepeTBopuiio BenmkoOpuTaHio Ha CBITOBOrO MOHOIIOJNICTA 3 BHJIOOYTKY rpadity 3 cepeanHu
XVI no ki XVIII cr. [7]. ¥V XIX cr. ecradery nepeitnsum Leinon (3 1972 p. Llpi-Jlanka)
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1 Pocilicbka imMmepisi, e BUSBHIIN POJOBHINA BHCOKOSKICHOTO BapTiCHOTO rpadity (Hampukia,
AmnibepiBebke ponosuie y Cximuux CasiHax), a TakoKk ABCTpilichbKa IMIIEpisi 3 POJOBHIIIAMH
JICHICBIIOTO MPUXOBaHOKpUCTAiuHOTrO rpadity (pomoBuina cydacHoi Yexii ta 3emui LTupis
B ABcTpii) [6, 17]. lo moyarky XX crt. Lleiiion 3a0e3neuyBap 0iau3bko 80 % CBITOBOTO iMIOpPTY
rpadiTy JJIs MPOMUCIOBHX TUTIIB, Y SKHUX IUIABIIN CTalb JUIS 3a1i3HUIb 1 30poi [6]. Ha mouat-
Ky XX CT. BIIKpHJIM BEJIMKI POJOBHINA JycKyBaroro rpadity Ha Manarackapi [14]. ¥V €spomi
Ba)XJTMBE 3HAYCHHS B IIei niepio Manu ponosuiia Himeuunnu it Hopserii. A ponosuma Kanaau
1 nemeBuid MikpokpucTaniyHui rpadirt 3 pomosumr y mt. CoHopa B MeKcHIll CTaiyu 0CHOBOIO
s ipomuciioBocti CHIA. V 1930-x pp. Ha YKpaiHCHKOMY ITHTI TIOYATOCS OCBOEHHS 3aBaJlTiB-
CBKOTO POJIOBHIINA, K€ 3TOOM BH3HAIN HaiOiumpmM y €Bpori [1]. V cepenuni XX ct. rpadit
110YaJTM BUKOPHCTOBYBATHU B SAJEPHINA CHEPreTHIIl — y MEPIINX SASPHUX PEeaKTopax s CIOBLIb-
HEHHsI HEeUTPOHIB IIiJ] Yac JAaHIIOTOBOI peakii Ha mpupogHoMy ypaHi. 3 1980-x pp. Ha CBITOBO-
My pUHKY BUI0OYTKY rpadiTy mouaB gomiHyBatu Kutail, ki JOCHTh arpeCMBHO BUHIIOB Ha
PHHOK, JEMIIHIYIOUM LIHK H HapOIIYIOUuM BHIO00YTOK y mpoBiHLisx XeinyHiasH i aupayH
[13]. Y XXI ct. rpadit HaOyB 0COOIMBOIO 3HAYCHHS SIK CTpaTEriyHa MiHEpaIbHA CHPOBHUHA TSI
BHUPOOHUIITBA JTITIH-IOHHUX aKyMYJIATOPIB. Y HUX BUKOPHUCTOBYIOTH IPOIYKT IepepoOku rpadi-
Ty — cepoinuzoBanuii (chepuunuii) rpadit (SPG — Spherical Purified Graphite), sikuii ciyrye
AQHOJTHMM MaTepialioM 3aBJSIKM BHUCOKIH €JIeKTPONPOBITHOCTI, XiMiuHIlM cTabinbHOCTI Ta 37aT-
HOCTI J10 IHTepKaJIALii JTiTif0. 3pocTaHHsI BUPOOHMIITBA €NIEKTPOMOOLIIB 1 CHCTEM HaKOIWYEHHS
SHEpTii 3yMOBITIOE CTPIMKE 301IBIICHHAS TIOMUTY Ha TpadiT.

3a maammu [eomoriunoi ciryx6u CIIIA (USGS — U.S. Geological Survey) 3a 2025 p., mige-
poM 3 BuAoOyTKy rpadity (sK 1 mpotsarom octanHix 30 pokiB) € Kuraii 3 mokasHukoMm 1,4 MiH
MeTpuuHHUX TOHH (82 % Bix cBiToBOro BUAOOYTKY rpadity). Takox Kutaii Bimirpae nmpoBiaHy
ponb y BupoOHuTBi SPG (haktrdano 100 %) 1 B nmepepoOui rpadity 3aranom [21]. ¥V aecarmi
KpaiH-TiaepiB 3 BunoOyTKy € Manarackap, Tan3zanis i bpasnmist (o 4 % Bix cBiToBOrO BHI0OYT-
Ky), Mo3amGik (~3 %), PO, [unis (o 1 %), Kanana, IliBniuna Kopest i Hopgerist (< 1 %).

VYkpaina, 3a ominkamu USGS, BumoOyna 3a 2025 p. 1200-2000 tonH rpadiToOBOro KOHIICH-
TpaTy, 3aB/IsSIKH YOMY BOHa 11ocinae 14—15-te micie y cBiToBOMY BUIOOYTKY rpadity. AJe x 10
moyatky 2022 p. 1e Oyno mocte micre [20]! [TpuyrHa 3HIKCHHS BUIOOYTKY TOJISTAE B TOMY,
mo rpadiToBuii komOiHaT Ha 3aBautiBcbkoMy ponosuili (KipoBorpasceka 00:1.) He npaiioe Ha
MTOBHY TOTY)KHICTh Yepe3 JOTICTUYHI TPYIHOIII Ta ONMU3BKICTh 10 30HKM OoHoBHX niil. OmHaK,
Oepyur /10 yBaru BeNMKi 3amacy rpadity B Haapax YKpaiHH, HOTY>KHOCTI 3aBauliBCHKOTO Ipa-
(iToBOTO KOMOIHATY, MOTEHIIITHAH BUIO0OYTOK rpadity Ha bamaxiBcekomy pomosuidi (Kiposo-
rpazcbka 00m.) i OymiBHUIITBO B MailOyTHROMY 3aBoiB 3 BHpoOHHUITBAa SPG, aHamiTHKH pPO3-
DIIIAI0Th YKpaiHy SIK MOTEHIIIHHUIN KIFOUOBHH €Bpomeicbkuid xab 3 BupoOHumnTea SPG, mo
3a0e3meuyBaTHMe «aBTOHOMIIO» €BPONEHCHKOTO aBTOIIPOMY Bif a31CHKUX MOCTAaBOK [12].

Meta po6oTu — qocaianT icTopiro GhopmyBaHHs GoHIOBOI 30ipku rpadity Minepaoriy-
HOTO MY3€l0 B KOHTEKCTI KOMIUIEKCHOTO 1CTOPMKO-TEHETHYHOTO aHaji3y OCBOEHHSI CBITOBHX
pecypciB rpadity.

OO0’eKkTOM JIOCIIJDKEHHSI CTajla perpe3eHTaTuBHa BUOIpKa 3paskiB rpadity 3 (OHI0BOTO
310panHs MiHepasnoriuHoro my3sero iMeHi €Brena Jlaszapenka, copmoBaHa 3a pe3yibTaTaMu
IHBEHTapH3aIlii CHCTEMATHYHHX 1 eKCIO3UIIIHHIX QoHIIB 3a 170 pokiB.

Buxaan ocuoBHoro marepiady. /s gociipkeHHst copmoBaHo BUOIPKY 3 )OHI0BOT KOJIEK-
uii MiHepanorivHOro My3ero iMeHi akajaeMika €BreHa JlasapeHka, ska Hajidye 35 OnUHHIB
30epiranss. Cepen HUX 3pa3Ku BIacHe TpadiTy, rpadiTOBMICHUX ITapareHe3MciB i I sITh Ipod
rpacditoBoro KoHmeHTpaty. [IpoananizoBano my3eliHi katamoru 3a 1872 p., 1881-1913 poku
ta nepion 1945-mouarox XXI c1. Lli moKyMeHTH € QyHIaMEHTAIBHUM JKEPEIOM ICTOPUIHIX
1 CYyIpOBITHUX JaHUX MYy3€HHOT KOJEKITil.
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Ha miacraBi anani3y cynpoBinHoi iHGOpMaIlii BUIIIEHO TPpU OCHOBHI emanu hopmyeannsn
¢onooeoi 30ipxu cpaghimy Minepanoziunozo mysero: etan | — npyra nonosuna XIX ct.—mouya-
Tok XX ct. (1micth 3paskiB); erar Il — 1950-1980-1i poku (27 3paskiB); eran Il — mouarok
XXI cr. (nBa 3pasku).

HaiinaBuinmmu € 3pasku 3 ponosuina KaiizepcOepr (Asctpisi) Ta Cubipy (Ha eTHKeT-
i HiMeIpKoro MoBolo 3azHadeHo «lrkutsk, Siberien»). Jlanux mpo 1i 3pa3ku B Karajorax 3a
mepion 1870-1913 pp. Hema, MpoTe BOHU HAsIBHI B KaTano3i 3a 1872 p., xoua i 6e3 3a3HAYCHHS
yacy 1 Jpkeperna HaaxXxOmKeHHs 1o konekiii. PogoBume KaiizepcOepr (Myrinumamiter CaHKT-
[redan-o6-Jleoben, okpyr Jleoben, 3emis LTupis B ABcTpil) — omHE 3 KIIACHYHUX POIAOBHII
MiKpOKPHUCTAIIIYHOTO (aMOp(hHOTO0) TpadiTy, oro po3podmsatoTs 3 1755 p. migzeMHUM criocoboM
[4]. HuHi e equHe mirode pomoBHIIe B ABCTpii, y perioHi Ambm. Jpyruit 3pa3ok rpadity moxo-
IUTh, iIMOBIpHO, 3 AmibepiBchkoro (croromni botoromscpkoro) pomosuina B Cxignomy CastHi,
Bimkpuroro 1840 p. BucokosikicHuit rpadit came nbOro pomoBHiia OyB CBOTO 4acy CHPOBHUHOIO
s omiBiiB ¢ipmu Faber Castell [19]. Bororonbebke poaoBHIIE 32 TEHE3HMCOM TPAKTYHOTh SIK
KOHTaKTOBO-MeTacoMmaTtuuse [4; 15].

HaiinaBHinmm 3pa3koM 3 BU3HAYCHUMH JTAHUMHU TIPO PIK 1 JPKEPEIIO HAIXOMKCHHS € B3ipelh
3 Hopserii, kyrutenuii 1885 p. y nunepcsromy nentpi «Chemische Fabrik & Mineralhandlung
Teomopa Lllyxapara (Theodor Schuchardt), mpo 110 3a3HaueHO Ha ayTEHTHYHIH ETUKETII TOCTa-
yanbHUKa. Y Karanosi 3a nepion 1881-1913 pp. y rpadi «Micue Binbopy 3pa3ka» 3a3HaueHa
TUTBKH KpaiHa moxo/pkeHHS — Hopseris. Bimomo [8], mo MiHepamizamito rpadiTy BUSBUIH
B Hopgerii B mepmiit momoBuai XIX cT. i 10 modatky XX cT. rpadit BumoOyBaIn emi3oqndHo.

Hampuxkiami XIX cT. i B 1930-x pp. KONEKI[it0 TOMOBHUIN MaiOyTHI My3elHi eKCIIOHATH
3 lefimony: eMHICTB 3 TpadiTOBIM KOHIICHTPATOM (TOYHY AaTy B KaTaxo3i HE 3a3HaYCHO, IPO-
T€ € ayTeHTUYHA €TUKETKa HIMEIHKOI0O MOBOIO Ha €MHOCTI) i 3pa3ku kuibHOTO Tpadity. Lli
3pa3Ku CBOTO 4acy Oyim KyIujieHI B amiiepcbkomy mneHTpi @pigpixa Kpanma («Dr. F. Krantz.
Rheinisches Mineralien-Contor»). Ile#oHChKI eKCIIOHATH Oysi0 MpUAOAHO Y CKJIaai BEJH-
Kol KOJIeKIIii B mpoiieci opranizaiii y JIbBIBCbKOMY YHIBEPCHTETI KadeIpu KpHCTaniorpa-
¢ii (1922); xonm x kadenpy y 1965 p. 3akpuim, To KOJEKIiI0 nepenain MiHepanioriyHOMy
My3er0. 3a3HaunMoO, 110 Mepiia 3rajaka npo rpadit Ha L{enoni natoBana 1675 p., BuIoOyTOK
royasn Tinbku y 1820—1830-x pp. [6]. Huni rpadit Lpi-Jlanku BBakaeThCsl CBITOBUM eTa-
JIOHOM SIKOCTI rpadiTy, OCKIJIbKM HOMY IpUTaMaHHI HallBUII 3HAYCHHS CTYIIEHS KpUCTalid-
HOCTI Ta BMicTy ByrJelo [15].

VY 1930 p. monbcpka (abpuka «Grafos» (moBHa Ha3zBa — «Grafos» Fabryka Wyrobow
Grafitowych) mepemama MiHepanoriagHoMy My3eeBi ABi MmpoOm TpadiTOBOrO KOHIIEHTpPA-
Ty — 3 Leitmony ta Manarackapy. Ha it ¢abpwuri, sika npamroBana mpotsrom 1924—-1949 pp.
y M. benscpko-bsina, Burotosnsnm rpadiToBi THII i BOTHETPUBKI MPOAYKTH ISl TUBAPHOT TIPO-
MHCJIOBOCTI.

Ha npyromy erami popmyBanHs rpadiToBoi KosieKIii 30ipka NONOBHHUIACH 3pa3kamMu rpadi-
TOBHUX arperaris i rpaditoBMicHUX ropiz 3 pogosui TofimHboro CPCP, siki movanu po3pooisti
B 1930-1940 pp. 3okpema, 1952 p. 30ipka MornoBHUIACH 3pa3koM 3 TalirMHCHKOTO POJOBHIIA
nyckysaroro rpadity (Ypan), 1968 p. — 3 Kypeiicbkoro pooBuina MiKpoKpHCTalliYHOTO Tpadi-
Ty B LlentpansHomy Cubipy (momapyBaB criBpoOITHHK TeosoriqHoro Qakyierery P. 3arxeit);
TaKoX 3’s1BUBCs B3ipelb 3 barapsiubkoro (boiBChbKOro) pooBuina MiKpOKpHCTAIIYHOTO rpadity
(ITiBzenumuit Ypai), ke CbOTOIHI BUUEpIIAHE.

VY 1955 p. My3eii orpumas aBa 3pa3ku rpadity Big [liBHIgHO-CXiIHOTO TE0IOTIYHOTO 1HCTH-
tyty KHP 3 ponoBum Hanmy (mposintis lausayH) i paitony L[3ici (mpoBiHIis XeHTyHI3sMH).
Ponosumie Hanmry — omHe 3 KITFOYOBUX POIOBHII KPUCTAJIITHOTO JIyCKyBaToro rpadity B Kurai,
gke moyanu po3podmaru 1943 p. [16]. Bono cramo 6a3010 11t CTBOPEHHS! HAYKOBO-IOCTITHUX
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LIEHTPIB TpadiTOBOT MPOMUCIOBOCTI KpaiHW: caMe TYT PO3pOOJSUIM OCHOBHI CTaHAApPTH OYH-
HieHHs 1 ¢uoTanii rpadity, sKi HUHI BUKOPUCTOBYIOTh Y BCOMY CBiTi. 3pa3ok rpadiToBMicHO-
r0 KPUCTAJIIYHOTO CIIAHII 3 paiiony L[3ici moxomuTh 3 pomouiia Jlromao (Liumao), po3pooky
sikoro posnovanu 1936 p. Lle ponoBuie BBaKaroTh HAWOLIBIIMM pojoOBUIIEM rpadity B Asil
1 OJIHUM 13 HAWOUTBIIKMX Y CBiTI [16].

VY 1958 p. Ilpa3bkuii HamioHaNBHUH My3el moxapyBaB MiHepaJloOTidyHOMY My3€€Bi 3pa3ok
rpadirty 3 pogosuma biixua (Bliznd) (auni okpyr Yeckkuit Kpymios [liBaeHHOUECHKOTO Kparo
UYecpkoi PecryOmiku). briskHa — pofoBuUIie MiKpOKPUCTAIIYHOTO TpadiTy, ke TPHUBAIHMA dac
OyJ7I0 PEKOPICMEHOM 3a TPHBATICTIO Oe3MepepBHOI eKcInTyararlii — mpotsroM 1959-2002 pp.
(43 pokn) [17]. 3aBosgku 3HAYHIA MOTYKHOCTI MOKIAAiB (moHan 50 M) BHOOOYTOK TPOBAIMIN
KOMOIHOBaHHM CIIOCOOOM — IIAXTHHUM 1 Kap’€pHHM, MOTPH CKJIAIHI TiAPOTCONIOTIYHI YMOBH,
CTIIPHYMHEH] KapCTOBUMHM MOPOKHUHAMM M TIPOPHUBAMH Mi3eMHUX BOJ. PojoBuIIe Takox Bifo-
Me 3aBISKH YHIKaJabHIM CYyTHIN MiHepamizamil piakicHozemenbHux enemMentis (Mo, Th, Nb)
1 KOMEpLiHHOMY BHKOPHCTaHHIO BUCOKOSIKICHUX IJI3EMHHX BOJl, KANTOBAaHUX 0€3M0CEPEHbO
B TipHUYUX BHpoOKax [17].

VY 1960 p. 3a cipusiHHS TOrO4acHOro pekropa JIbBIBCHKOIO YHIBEPCHUTETY 1 3aBiqyBaua Kade-
apu Minepasnorii €Brena JlazapeHka, iM’s sikoro HuHI Mae MiHepaJoriyHuii My3ei, BinOyBcs
0oOMiH MiHepasoriuHuMu Konekuisitmu 3 KoponiBecbkum Myszeem Ownrapio (Toponto, Kanana).
Cepen 170 3paskiB i3 Kanagu € rpagir 3 o Kanxadori (myninunanirer ['peiirep-Manasa-
cka, rpadcrBo Pendpro, mposinuis Ontapio). Came Ha 1iii TepuTOpii pO3TAIIOBaHE POJOBHIIE
Bnex Honampn, sixke Biakpumu 1889 p. 1 BBakanmm HalOuUmemmM pomoBumieM rpadity [liBHiU-
HOi AMepuku. [Ipotsrom 1896—1954 pp. TyT BuI0OYBaNu XWIBHAN THIT TpadiTy HaA3BUIaHHOL
grctotH [9]. PogoBuiiie akTHBHO pO3pOOIISIIN IPOTATOM 000X CBITOBHX BO€H, a mix gac J[pyroi
CBITOBOI BifHU BHI00YTOK 3MIMCHIOBAIH Mi/I JHOM TOTOYacHOTO o3epa Baitrdim. Hapasi maxtu
brex JloHansa HETOCTYIHI, OCKiIIBKH 1967 p. TyT moOymyBanu rigpoenekTpocTaniiro Mountain
Chute i maxtu Oynu 3aTorieHi HoBocTBopeHHM o3epoM Centennial Lake [22].

3 JIpyruM eTarnoM CTAHOBJICHHS ONMCYBAaHOI My3CHHOI KOJICKIIT MMOB’SI3aHO HAJIXOKCHHS
3pas3KiB 3 ICTOPUYHHMX palioHIB BHJIOOYTKYy rpadity, cepen sikux paion Ilitkspanra B Kape-
Jii. 3arasom Horo yBaxaioTh ICTOPHYHHUM pailoHOM BHAOOYTKY MOJIMETajeBOl MiHepaizamil
(3asi3Hi, MijHI, 0JI0B’HI py/aH), a BUI00yTOK rpadity posmodanu y XIX cr., Koiu 11 TepUTOpis
nHanexana Oinstaaii. [Ticns [pyroi cBiToBoi BiiiHN porosuiia [liTKipaHTH HE BUTPUMAIIU KOH-
KypeHLii 3 iHIMMH BeuKnMu rpaditosumu porosuinamu CPCP, BugoOyTok Oyino nmpunuHeHo,
Hapasi € 3aJIUIIKN CTapuX MIaxT.

3 nuM TepiofoM OB’ sI3aHMH 1 gap My3ero Bia criBpoOiTHUII kKadenpu minepaorii JI. [ma-
30BO{ — EMHICTB 3 KOHIICHTpATOM JIpiOHOIyCcKyBaToro rpadiry 3 Manarackapy.

Bin 1950-x pokiB i 10 HUHI MPaNiBHUKKA T'€OJIOTIYHOTO (PaKyIBTETy, CTyACHTH H acmipaH-
TH TPUBO3ATH y My3ell 3pa3ku 3 pymomnposBiB rpadiToBoi MiHepasizamii Ha TepeHax Ykpai-
Hu. Cepell HUX MEpeayroTh B3iplli 3 3aBaJUIIBCHKOTO POIOBMINA — €AMHOTO POJOBHUINA rpadity
B YKkpaiHi, sike HUHI po3poousitoTh [ 1, 2, 5]. Takox y My3ei € 3pazku 3 BypTuHchkoro ponosuiia
(XMmenpHHIBKA 0071.), 1e TpadiTOBI pyAr 32 OCHOBHUMH XapaKTEPUCTHKAMHU MOJI0HI /10 3aBaj-
niBcbkuX. PonoBuine Binkpmm y 1953—-1954 pp., cepenuniii BMicT rpadity B py/i OIIHIOIOTH Bif
5,90 1o 6,37 % [2].

BaxuiBe HaykoBe 3HaYE€HHs Ma€ 3pa3ok rpadiry 3 paiiony UuBYMHCHKHX Tip, sikuid 1963 p.
My3sero mepenaiy MpaliBHUKK TEOJIOTIYHOTO (DaKyIbTeTy — yYacHHKH ITOJIbOBOI EKCIIEIHUIIIT
B Yusunan O. MatkoBchkuii, B. [laBmummn, V. @enomud i JI. [puropuyk. 3a3naunmo, mo
IposiBY TpadiToBOi MiHepai3allii y BepXHBOIIAIE030UCHKUX MeTaMOPp(hiYHAX Topoaax YHBIHH-
chKOTO 1 PaxiBchKkoro BiAramyxeHb MapMapocbKoro MacuBy Bimmrykanu B 1930-X pp. mMOIbCHKi
reosioru JIbBiBchKOTO yHIBepcHuTeTy. Llel rpagit TpakTyBaim sk cyorpadit abo MeTaaHTpAIHT,
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a ioro yTBOPEHHSI OB S13yBaJIU 3 EPETBOPEHHSIM BYIVICIIO BYT'UIbHUX Tu1acTiB [3]. PynonposiBu
HEJI0CTaTHLO BUBYEHI Yepe3 TXHE po3TallyBaHHs y BaKKOIOCTYITHOMY PalioHi.

donnosa 30ipka rpadity MiHepanorivHoro My3er MICTUTh 3pa3KH, sKi Pepe3eHTYIOTh BCi
OCHOBHI MOphonoco-2enemuuni munu MiHepaiy.

Mikpoxpucranigyauii (a00 amopdHMii) Pi3HOBHUJ TPEICTABICHUH 3pa3sKaMU TPhOX POJIO-
Bul. 30kpema, 3pa3ok 3 Kypeiicekoro ponosuina (Llenrpansuuii Cnubip) — e gpparMeHT kepHa:
MacHBHHH arperar MiKpOKpPHCTaJIYHOTO rpadiTy 3 MaroBUM ITOJMCKOM. Jl0 HBOTO MaKpOCKO-
MYHO MoniOHUH 3pa3ok 3 barapsipkoro pomosuma (IliBgenuuit Ypan). Y B3ipii 3 poJoBumia
KaiizepcOepr (ABcTpis) rpadiT HassBHUH y BUIVISAAI MACHBHOTO MIKPOKPHCTAJIIYHOTO arperary
YOPHOTO KOJBOPY Y KBapI-TIOIBOBOIIITATOBIN TIOPOIi; XapaKTEPHOTO HAITiBMETAIIYHOTO OIUCKY
HeMa. J{o MiKpOKpHCTaIIYHOTO (aMOP(HOTO) THITY MOJKHA 3a9HCIUTH 3pa30K 3 YNBUMHCHKUX Tip
y BUIVISLJI MACHBHOTO 3€MJIMCTOTO arperary 3 MaTOBUM ITOJIHCKOM.

JlyckyBatuii Tun rpadity y 30ipui Mysew npeacraBieHHi 3paskamu 3 3aBaJUTiIBCHKOTO
it Bypruncekoro ponosui (Ykpaina), porosuir Jlromao i Hanmry (Kurait), Taliruncekoro pono-
Buma (Ypan), o-Ba Majarackap. 3arajioMm Ii¢ MakpOCKOIIYHO TOJiOHI TpadiToBMiCHI KpucTa-
mivHi cnadmi. [Topogam mputamanHa J00pe BHpaskeHa CIIAHIIOBATa TEKCTypa 1 Jemigo- abo
IpaHoJIenio0IacToBa CTPYKTypa. Y MiHEpaJbHOMY CKIIaJi € KBapll, MMOJbOBI INMATH, CIIOMH,
am}ibom, a TakoXk JIyCKyBaThii rpadiT, OpieHTallis JIyCOK SIKOTO cyOrnapaliesibHa JI0 TOJIOBHOTO
HarpsiMy claHIfoBaTocTi. BMicT rpadiry cranoButs Big 5 1o 60—70 % nopoxau. HasiHI Takox
B3ipIi 3 3aBaiIsl, CKJIJIEHI MACHBHUM arperaTtoM BEJMKOIYCKYBaToro (po3mip JIycok — 5 cMm)
rpadity (puc. 1), i mpodu rpadiTOBOro KOHIICHTPATY.

[Mo crocyeTses rpadiTy KUIBHOTO THITY, TO BIATOBIAHI 3pa3Ké IMPEICTABICHI MACHBHH-
MH arperaraMy MiKpOKPHUCTAIIYHOTO TpadiTy 3 OKpPEeMHMH 3epHAMH KBapIy i XapaKTepHUM
HamiBMeTamivHuM OmumckoM. Cepen HUX B3ipmi 3 ponosuma biex Jlonansn (Kanama) (puc. 2),
Bororonbsebkoro pomosuina (Cxiani Casuu) 1 paitony Ilitkspanra (Kapemis). 3pa3ok 3 Hop-
Berii — 1e JIycKyBaTHii TpadiT y KPYMHOKPUCTATIYHOMY JIONICHIOBOMY CKapHi; OpPI€EHTYBaHH:I
JIyCOK XaoTu4He (puc. 3).

Puc. 1. MacuBHHi arperar BEJIMKOIyCKyBaToro rpadity 3 3aBa/uliBCHKOrO POIOBHIIA. 3pa3oK O\H.
Po3mip 15x15%9 cm, maca 1,3 kr. {ap O. IBanmisa, 1988
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Puc. 2. MacuBHuii arperat qpiOHOKpUCTaIigHOTO rpadity 3 ponosumia brek Jlonansa, Kanana.
3pazok Ne 11703. Posmip 14,0%6,0x4,5 cm, maca 319 r. Haniitimos 1960 p.
Big Kopomicekoro myseto OHTapio

Ha ponosumax lpi-Jlanku onucano micts Mopgonoridnux pisHoBuIiB rpadiry [18]. 3 Hux
y KoJIeKI[iT MiHepajoriyHOro My3€i0 € B3ipIli rpy0oayCcKyBaToro (po3mip Jycok — 10 3—4 cM)
1 BOJIOKHHUCTOTO Tpadity (puc. 4).

Puc. 3. JIyckyBaruii rpadit y gioncumoBomy ckapHi 3 Hopgerii. 3pazok Ne 5554. Po3mip 8x8%2 cm,
maca 256 . [Ipunoanwuii 1885 p. y nunepcekomy neHTpi «Chemische Fabrik & Mineralhandlungy
Teonopa lUlyrapara
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Puc. 4. I'padit Bonokuucroro pizHosuny 3 Leiinony. 3pazok Ne 13050. Po3mip 7,0%x3,5x1,0 cm, maca 20 .
[Mpuno6anuii y nuinepcsromy neHtpi «Dr. F. Krantz. Rheinisches Mineralien-Contor»

BucHOBKH Ta epcneKTHBH MOAAIBIIOTO T0CTizKeHHs. AHai3 GpoH0BOT 30ipKkH rpadity
Minepazorigaoro my3eto iMmeHi €Brena JlazapeHka jaB 3Mory 3’sICyBaTH ii moetanse GopMyBaH-
Hs Big apyroi momoBuHU XIX ct. mo movyarky XXI ct. HaifiHTeHCHBHIIIIe TTOTTOBHEHHS TIPHUITAIae
Ha Apyry nmonoBuHy XX CT. 3aBASKH HA/IXOPKCHHSIM 3pa3KiB 3 pi3HUX poaoBuIl €BporH, A3ii
Ta [liBHIYHOT AMEPHKH, a TAKO)K MIKHAPOTHOMY OOMIHY 3 My3esIMH Ta HAayKOBUMH OpTaHi3aIlisi-
mu. Komekmisg oxorutroe B3ipii rpadity pisHEX MOP(OIOTO-TeHeTUIHHX THITIB (MiKPOKPUCTAIY-
HUIA, TyCKyBaTHH, )UIbHUIT), rpadiToBMICHI TOPO/H 1 Tpodu rpadiTOBOro KOHIIEHTpATY.

30ipka Mae Baromy HayKoBY i ICTOPUYHY IIHHICTb, OCKLIBKU MICTUTh 3pa3KH 3 KJIACHYHHX CBITOBHX
i perioHanbHUX pomoBwii. Cepell HUX € PIIKICHI paHHI HAJXOMKCHHS 3 HEIIOBHOO JTOKYMCHTALIIEH0
Ta YHIKaJIbHI B3IpLI 3 pOIIOBHILL, sIKi Bxe abo BuuepraHi (barapsipke (boisebke) Ha [liBneHHoMy Ypa-
11i), a00 3 pi3HUX PUYKH HefocTyHi (1axrta briibkaa B Yexii, ponosumie brek lonansn y Kanai).

HanxomkenHs 3pa3kiB rpaditoBux pyn 10 GonaiB MiHEpaJoriYyHOro My3ero 3aKOHOMIpHO
OB 5I3aHE 3 OCBOEHHSM CBITOBHX pecypciB rpadiTy BiAMOBIIHO 70 €BOJIOLIi 3aCTOCYBaHHS
i motpe6 rpadity B mpomuciaoBocTi. CrofiBaeMoCh Ha IONOBHEHHS KOJIEKIIT B MaiiOyTHEOMY.
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THE GRAPHITE COLLECTION OF THE YEVHEN LAZARENKO
MINERALOGICAL MUSEUM IN A RETROSPECTIVE
OF THE DEVELOPMENT OF GLOBAL GRAPHITE RESOURCES
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Due to its unique combination of physicochemical properties, graphite is a critically important
resource that determines the development of modern energy-saving technologies and the strategic
stability of the global industrial complex.

The Yevhen Lazarenko Mineralogical Museum of the Ivan Franko National University of Lviv houses
a fairly representative collection of graphite samples, graphite-containing parageneses, and graphite
concentrate samples (35 exhibits). It was formed based on the results of an inventory of the Museum's
systematic and exhibition funds over 170 years. The exhibits represent the main graphite-bearing
provinces of the world and key geological and industrial types of graphite deposits. The collection covers
the genetic diversity of graphite from currently operating facilities, as well as from already depleted
or promising deposits for future development. This makes it a unique object for comparative genetic
research and popularization of knowledge about critical mineral raw materials.

The article provides a retrospective analysis of the history of the formation of the graphite
collection. Three natural stages of its formation are identified and characterized: stage I — the second
half of the 19" century—the beginning of the 20% century (six samples); stage II — the 1950s—1980s
(27 samples); stage 111 — from the beginning of the 21% century (two samples).

The history of graphite extraction and use, which dates back to ancient times, is analysed. A detailed
description of the most representative, most interesting and rare samples, which are exhibited in
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demonstrative showcases or stored in the Museum's collections, is given. The main morphological
and genetic types of graphite are described in detail — microcrystalline, flake and veined.

The collection has significant scientific and historical value, as it contains unique samples from
deposits that are already depleted, hard-to-reach, or currently inaccessible altogether.

Key words: graphite, morphological and genetic type, collection, Yevhen Lazarenko Mineralogical
Museum, deposit, industrial use, mineral and raw material base, SPG (Spherical Purified Graphite).
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VY cTarTi po3nITHYTO MpoOIeMy YTBOPEHHS CIpKOBOHIO 3 OPTaHigHO 3B’ sA3aHOI CIPKH Y BUKOITHIH opra-
HIYHI{ pEeYOBHHI Ha CTaMisfX JiareHe3y Ta KarareHe3y. AKTyalbHICTh pOOOTH 3yMOBJICHA THUM, IIO CipKa,
sIKa BXOJIUTh JI0 CKJIaJly I'YMIHOBUX KHCJOT, KEPOT€HY Ta IHIIMX I'€ONOJIMEPHUX KOMIOHEHTIB 0CaJ0BOT
OpraHiyHOi PeYOBHHH, ICTOTHO BIUIMBAE HA HAIPSMH # TeMIepaTypHi Mexi ii IepeTBOPCHHsI, a TAKOXK Ha
TCHEpAaIliio Ta30MoAi0HNX MPOIYKTIB, ckiax OitymoiniB, HadTH i achanpreHoBux ¢paxmii. Ha mincra-
Bi aHaJI3y JiTepaTypHUX AaHUX IOKA3aHO, IO B S-30arayeHrX CHCTEMax TePMIYHO HECTiHKi cynb(iaHi,
mcynbdiqHI Ta momicynb(iaHI pparMeHTH € BaXIMBUM JKeperaoM H,S, Toxi sSK y Xomi KaTareHeTHYHO1
eBOMOLIi BiOYBAa€ThCs BIMHOCHE 30aradeHHS OPraHIYHOI PEYOBHHH TEPMOCTIMKIIIMMHU TiO()EHOBUMH
CTPYKTYpaMu. 3 ypaxyBaHHSM I[bOT0 3alIPOIIOHOBAHO CIPOIICHY KIHETUYHY MOJEIb T1APOTITHIHOTO yTBO-
PEHHS CIpPKOBOHIO 3 Ta0UTEHUX CYIB(iTHUX TPYII TEOMOTIMEPHOTO MATPUKCY 32 YMOB HAUTHIIKY BOIH, IO
BIZIIIOBiTa€ HAOIMKEHHIO MICEBIONIEPIIOTO TOPSIKY.

Mozeinb Onucye ABOCTa iiHE IEPETBOPEHHS OPraHiYHO 3B’sI3aHOI CIPKH Yepe3 MPOMiXKHE YTBOPEHHS
TIOIOBHX IPYII i3 MOAANBIIMM (hOPMYBAHHSAM CipKOBOJHIO. JIJIst 3aIPOIIOHOBAHOT CXEMH CKJIAJICHO CHCTEMY
MQepeHIiiTHIX piBHIHB 1 HABEICHO i1 aHATITHYHUHN PO3B’SI30K, KU 1a€ 3MOTY IIPOCTEKUTH YaCOBY 3MiHY
KUTbKOCTEH Cynb(]imHOi, TionoBoi Ta ra3omnomiOHOI cipuanux ¢opm. [lokazaHo, 10 32 YMOBH TPUBAJIOTO
nepebiry mporecy B 0OBOJHEHUX MOPONAX KUIBKICTH CYIb(iTHOI CIpKH MOHOTOHHO 3MEHIIYETHCS, TOMI
sk BMicT H,S 3pocrae 10 TpaHUYHOTO 3HAYEHHS, BU3HAYEHOTO MOYATKOBUM PO3IMO/IIOM CIPKH MK KOM-
MOHEHTaMH CXeMH. BCTaHOBIIECHO, 1[0 KPUBA 3MiHH BMICTY TIOJIOBHX TPYH MOXKE MaTH MakCHMyM, a 4ac
HOro IOCATHEHHS! KOHTPOIIFOETHCS CITIBBITHONICHHSM KOHCTAHT HIBHKOCTI OKPEMHX CTaiil, BMiCTOM BOJH
Ta NOYAaTKOBHMH KUIBKOCTSIMU Pearyrdux CipkoBMicHHX Tpyi. Lle ae 3MOry BHKOPHCTOBYBAaTH MOJIEIb
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JUISL OLIIHKY TUHAMIKH TIAPOTITHYHOI AECTPYKIil OpraHiqHOi peYOBUHHU B iHTEpBai JiareHe3y — paHHbOTO
KarareHesy.

OOrpyHTOBaHO, 110 MOJIEIb € MEPIIUM HAOIMKSHHSIM 1 He BpaXoBy€e MiKpOOiOIOTiuHOTO cynb(aTpery-
KyBaHHS, PaJAUKAIbHUX 1 TEPMOJII3HUX IUIAXIB yTBOpeHHs H,S, 3BOpOTHUX peakuiil, MIHEpaIbHOTO 3B’A-
3yBaHHs cipkoBOzHIO y popmu FeS/FeS,, BTOpHHHOTO BKIIIOYEHHS CIpKH B OpraHIYHHN MaTpUKC i Maco-
MepEeHOCHUX OOMesKeHb. [lonpu 1ie, BOHa € KOPUCHUM IHCTPYMEHTOM JUIi TEOPETHYHOTO OIMHCY OJHOTO
3 BOXJIMBUX MEXaHI3MiB reOXiMi4HOI eBOIOLIT OpraHiyHOl CIpKU Ta MOKe OyTH 3aCTOCOBaHA Ui iHTEp-
mpeTarii mporeciB 0CaJIKOHAKOIMYEHHS B 3aKPUTUX OaceiHax, a TakoX Ui MOAaiblIol Bepudikamii 3a
JAHUMH T1IpOMiponi3y ¥ IPUPOAHUX PAIIB KaTareHETHYHOI 3piI0CTi.

Knrouogi cnosa: opranidHo 3B’s13aHa CipKa, CipKOBOACHb, T€OMOIIMEPHHIA MaTPHKC, Tiapoii3 cymbdi-
HUX TPYI, KepOTeH, iareHes, KarareHes, KiHeTUYHa MOJIEIb, TI0J0B1 TPy, OpraHiyHa peyOBUHA.

DOl https://doi.org/10.30970/min.76.08

IMocranoBka nmpod/eMu. BuBueHHs npolieciB po3kiany cyab}iqHUX Iy OpraHiuHOi pedo-
BuHH (OP) mijx xieto Boau (Tixpodi3) € BaxJIMBUM Ul HadTOra3oBoi reoorii, OCKUIBKH L Ipo-
LIECH MalOTh NPSIMHI BIUIMB Ha TeHEpALIo Ta CKJIaJ ByIJIeBOHIB. [IpucyTHICTE cipku B opra-
HIYHOMY Marepiasli — T'yMIHOBHX KHCJIOTax YW KeporeHi (Hacamriepel CIpKOBMICHHUH KeporeH
Ty 11-S) 3Ha4YHO 3HMKY€E €Heprito akTUBalii Ta TeMIIEpaTypHHUI OPIr TeHepallil ByJICBOIHIB
3 opra”iuHoi Marpuui. HasBHICTE opraniuHoi cipku B OP Moke CIipuATH BUBIIBHEHHIO BYTJIC-
BOIHIB Ha OLNBIN paHHIX CTafisX KaTrareHe3y, MOPIBHIHO 3 MarepiajgoMm OimHuUM Ha cipky. IIpo-
1IecH, TIOB'A3aHi 3 CipKOI0, MOXKYTh BIUIMBATH Ha KiHIEBUI XIMIYHHUHA CKiayn OiTyMmiB Ta HapTH,
30KpeMa Ha yTBOPEHHS CMOJI Ta ac(albTeHIB, IO € BAYKIMBUM /IS OI[IHKH SKOCTI CHPOBHHH.

AHAJI3 T0CTiIKeHb. Y MeXax OCTaHHIX JACCATHIIITH HAKOMYCHO MEPSKOHIIMBI TOKA3H, 110
B KaTareHesi 3Ha4Hi KilbKocTi cipkoBoaHio H.S MoxyTh renepyBatucs Oe3nocepeiHbo 3 opra-
HIYHO-3B’513aHOI CIPKM BUXIHOTO OPraHi4HOrO Marepiaiy (KeporeH, ryMiHOBI KHCJIOTH TOLIO)
4yepe3 TepMidHy JECTPYKLIIO Ta BHYTPIIIHBOMOJEKYISPHY IepeOy 0By CIpKOBMICHUX IpYII,
niepenycim sadbimbHux S—S i C—S 3B’s13KiB, anigaTnyHux cynbdigax Ta Tioecrepax, 3 HoAaIbIIN-
MU pEaKLisiMHI NEPEHECCHHs BOIHIO Ta cTallmi3awii MaTpHIi.

Ha#0inbIm mpogyKTHBHUMH B KOHTEKCTI TeHEpyBaHHsS opraHoreHHoro H, S BHABIAIOTHCS
S-36aradeni cucremu, Taki sik keporeH Tuiy II-S un S-rich TBepai 6iTymu, e opraniyHa cipka
Moxke craHoBuTH 10 10—12 mac.%, 1 3HauHa 11 YacTHHA MOXKE BBAYKATHCH TEPMIYHO HECTaO1Th-
HOIO Yepe3 JIAaHIIOTOBI MOTiCymb(iaHi 3B’ I3KH. J[IsI TakKuX CHCTEM XapaKTepHUMH € PaHHIH Tep-
MivHUH po3puB crabkux S—S/C—S 3B’a3KiB 3 Buninennuam H,S (i noxexym exeMeHTapHOi Cipku
S°) Ta omHowacHa cTabiizallis 3aMMIIKOBOI OpraHiku 4epe3 (pOpMyBaHHs GilbIl CTAGLIBHUX
C—S—C cTpyKTyp 1 apoMaTu3allito/IUKIi3aIiio 10 TioheHoBUX cTPYKTYp [3; 4].

Edexkr cTabinizariii reononiMepis Iiciist BiUIETIICHHs CIPKOBOIHIO 10 TIOQEHOBHUX CTPYKTYD
TaKOX JOCIIKCHO TEPMOUHAMIYHIMH METOJJAMH B HAIlIUX PaHHIX poboTax [1; 2]. V 3a3Haue-
HUX ITpaIiX [TOKa3aHo, IO SIK Y KePOTreHi, TaK 1 B 'yMiHOBUX KHCJIOTaX KOHIIEHTPAIisl apoMaTHy-
HUX, Y TOMY YHCJIi TIOQEHOBUX, I'PYI KOHTPOJIIOETHCS TEMIIEPATYPOIO, sIKa 3aKOHOMIPHO 3pOCTae
3 NIMOMHOO, & TXHIH BMICT IiIBUIIYETHCS 31 30UIBIICHHSAM CTYIICHS IIEPETBOPEHHS I'€OIOIIIMEDY.

Y BUKOITHIH OpraHiuHii pedoBHHI CipKa PO3MOAIISIETHCS MK PI3HUMH BiJTHOBJICHUMH Opra-
HOCIpYaHUMH IPyIIaMH, aJie 3 POCTOM CTYIICHs KaTareHeTHYHOI TpaHcdopMarii MaTepiany nena-
J1i O1TBIIIe 3MINTY€ETHCS B OIK IUKIIIYHUX apOMAaTHYHHUX CTPYKTYp. s HeokucneHnx HadT, OiTy-
MiB, ac(asbTeHIB 1 3pUTIMMX KePOTeHIB HAHTHITOBIMIA CipKOBMiCHA Tpyma — TiopeHoBa cipka,
a cynapdinHa/TioedipHa 3a3BHUail 3aliMae APYTy MO3UII0. MepKanTaHu, AUCYIb(iau Ta Moi-
Cynbdiay MPUCYTHI, alle yacTimie sk JlabijibHa, paHHs ado MPOMiKHA YacTHHA CIPKOBMICHOTO
myny. OxucHeHi (opMu Cipku — cynb(HOKCH/IH, CYITb(OHH, CYIb(POHATH CIOCTEPIraroThes mnepe-
Ba)KHO B MCHIII 3piJIoMy a00 OibIll OKMCHEHOMY Marepiaii [1; 2; 4; 5; 7-9].
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OTxe, y TEOXIMIUHIH JIiTEepaTypi [Uist KepOreHy, 0iTyMy, achaabTeHiB 1 ByrijuIs HaiyacTime
3a pe3yJbraraMy aHTI THYHUX T0CiiukeHb (xiMiuni metonu, FT-IR, XANES/XPS i T.1.) po3pis-
HSIOTh TaKi Kjacu cipkoBMicHux rpym [10; 11]:

1) BizHOBJIEH] anmKIiiyHi hopmu — Tionu (MepkanTanu, R—SH), cynedinu/rioedipu (R-S—-R’),
qucynboiam i nonicynsdimm (R-S-S-R’, R-S,—R");

2) IMKJIIYHI Ta apomMaTH3oBaHi popmu — Tiohenn, 6enzoriodenu, AMOEH30TIOPEHN, a TAKOXK
HACHYCHI IUKIIYHI CYIbQiaH;

3) okucHeHi popmu — cynb(HOKCHIN, CYTbPOHH, CyTb(HOHATH/CYIb(POKUCIOTH.

s Baxxxux HaQT, acanpTeHiB 1 6iTyMiB JliTeparypa oIae JOCUThH Y3roKeHy iH(popMariiro:
B CTPYKTYpi IUX KJIACIB CIIONYK MepeBakatoTh TiopeHH i cyapdiaun, a cepes; OKUCHEHUX (opM
HalgacTiIe TOJOBHOIO € Cynb(poKcHaHa. Y podoTax i3 BUKopucTaHHAM Metognkn XANES mis
BHUBYCHHS ac(ajbTeHiB 3a3HAYCHO, IO B YCIX MPOAHATI30BaHMX ac(albTeHaX JOMIHYIOTh Cyb-
¢bigu ta TiodeHu, a cepen OKMCHEHUX GopM — cyabpokcuan. st GiTyMiB i3 HE3PIIUX MOPIi.T
cynb(QOKCcH MOXe OyTH Jy)e TOMITHHM, ajie MiCiisi KEPOBAHOTO Mipolizy 4YacTka Tio(heHOBOi
CIPKM CHCTEMaTHYHO 3pOCTac i cTae JJOMiHAHTHOIO [5].

BoaHouac Ju1st KeporeHy BaXKJIMBHIA HE CTUIBKU ITPOIIOPIIIMHUIA BMICT IPYII SIK TAaKUil, CKIJIbKH
ioro epoirottist. S-XANES nmist keporeny Tumy 11 mokasas, mo aniatuysi cipyani popMu BTpa-
YaloThCs PaHO, a 33 BUIIOT 3piJIOCTi BifOyBaeThCs BIIHOCHE 3pOCTaHHs TIOPEHOBOT CipKH MOpiB-
HSTHO 3 apoMaTn4HuM cyibgizoM. ToOTo B X011 KarareHe3y HEUUKIIYHI (POPMH 3MEHITYIOTHCS,
a Tio)eHOBA CipKa CHCTEMAaTUYHO 30UIBIIY€E CBilf BHECOK Y 3arajibHy Macy opraHigHoi cipku. Le
T00pe Y3rOKYETHCS 1 3 OTIILHOBUME poboTaMu: mabinbHi C—S 1 S—S MOTHBY 3 4acOM 3HHUKAIOTh,
a OLTBII TEPMOCTIHKI TIOPEHOBI CTPYKTYPH HAKOMUUIYIOThCA [9; 4; 8].

Mepxkantaau i qucynb}ian He BapTO BBaXKaTH TOJIOBHOIO (hOPMOIO CipKH B TeOIoIimMe-
pax Ha cepemHiX Ta Mi3HIX CTaaisfxX KarareHe3y. BoHM XiMI4HO O1MBII PyXJIHBI H TEPMidHO
MeHII CTifiki. ¥ po0oTax 3 BYriuis # MeToJlaX TeMIIepaTypHO-IIPOTPaMOBAHOTO MipOJi3y
came IUCYIb(iau, MEpKanTaHu, apuiITioNH, amnigarudHi cynb(iin pearyroTh 3a HUKYUX
TeMIeparyp, Toi sk TiodpeHu — HahcTiiikimi. [{e o3Havae, M0 MepKanTaHO- Ta AUCYIbQi-
J0-TI0J1I0HA CcipKa Ba)KJIMBa HA PaHHIX CTaIisAX KaTarcHe3y i K JHKepeso MOJajbIINX mepe-
TBOpeHb [6; 8].

VY Byriuti po3moaist GopM CHIIEHO 3aJISKUTh Bijl PaHTy, iCTOPil OKMCHEHHS 1 METO/ly aHaJIi3y.
VY BesmKoMy OIVISIII MO JITHITAaX pi3HI MeToau aanu Bix 33—48% Tiodenosoi ta 52—-67% Heri-
o(enooi cipkn 3a XPS/XANES cymimienoi 3 miposmizom, ajie iHIIi METOAN AJIsl TOTO K JITHITY
namu 64—75% Ttiodenosoi. Lle myxe HAOUHO MOKa3ye: TOYHA YACTKA OKPEMHUX I'PYIT METO03a-
JIe)KHA, alle He CKacOBYE 3aralbHOTO BUCHOBKY, III0 caMe TioeHOBa VS HeTio(heHOBa — roIOBHA
Bich moxiny [6].

Jlnst KOHKPETHUX BYTUIBHUX 3pa3KiB I METOANKA Jalia, Harpukiaz, 61mu3bko 58% Tiopeno-
Boi cipku B Harworth coal, 6nm3bko 84% y Silverdale coal, a B Prince of Wales coal — npu6mnusno
50% TiodenoBoi i 50% HeTiopeHOBOT, MpUYOMY HaiblbIIa HeTiopeHoBa rpyna TaM — ajilu-
Ki1iuHi cyabdiau (~25%), a mpocTi Tiodenn narth ~23%. ToOTo HaBITh y MeXaXx ByriLIsl HEMae
OJIHAKOBOI KapTHHH, ajie 3 IiJBHUIICHHSIM paHry Ta apomarusauii tiopeHoBa ¢opma 3araiom
301IBIIY€E CBOO PUCYTHICTH [6; 11].

PoGota [11] 3 BUBYEHHS CIpKOBMICHUX I'pyn y Byrimi mMerogom XPS mokasana, mo cepen
opraniyHux (popM HaWOIIBIII YACTKH YacTO MAaIOTh CyIb(inu, TiopeHHu 1 CynbpoHaTH, B MEH-
il Mipi — cynb(oHH 1 CyTbpOKCHIN. Y YaCTHHM 3pa3KiB TOJIOBHOIO OpraHiuyHOI0 (GopMoro Oyra
TioeHOBa cipKa, ajle B OKPEMHX HU3bKOCIPYUCTHX Ta BOJAHOYAC HU3BKOPAHTOBHX 3pa3Kax Bifl-
HOCHO BEJIMKOIO CTaBasa cynb(oHaTHa a00 cynb(digHa yacTka. Le me pa3 miakpecitoe crocTe-
PEeXXEHHS, IO U MaIO3PiNX, KICHEBMICHUAX 1 TIOBEPXHEBO OKHCHEHHWX MarepialliB OKHCHEHi
(hopmMu MOXKYTB OyTH ITOMITHUMH.



MwupocnaBa AkoBeHko, OnekcaHnap Jltobuak, KOpin Xoxa

%8 ISSN 2078-6220. MiHepanoriyHuii 36ipHuk. 2026. Ne 76

3arajoM BUCHOBOK MOJKHA C(hOPMYITIOBATH TaK:

- OpraniuHuii MaTepiaji Ha MOYaTKy KarareHeTHYHOTO IUISIXY XapaKTepU3y€eThCsl pO3-
HOJAIOM CIPKM y BHINISLAL cyMili cynabdiniB/TioedipiB, nomicynbdigaux adbo mucyinbdiaHux
MICTKIB, YaCTUHH TiO(EHIB; OKUCHEHI (POPMHU MOXKIIUBI, 0COOJIMBO B OITyMi if HU3bKOPAHTOBOMY
BYTULII.

- VY reononimMepax Ha CepeAHiX CTaJisIX KaTareHe3y nepeBaxae Tioh)eHoBa Cipka, Cylb-
(izHa TMIIAETHCS JPYTOIO 33 BAXJIMBICTIO; MEpKaNTaHO-IUCYIb(iHA YaCTHHA BXKE HE CTaHO-
BUTB 3HAYHOT YaCTKH.

- 1 cepeHbo- 1 BUCOKOPAHTOBOTO BYTL/LIS TOJIOBHA (DopMa Cipku — TioheHOBa, Xoua
4acTKa HEeTIOPEeHOBOI MO)ke OyTH 3HAYHOIO, IO 3HAYHO 3aJIC)KHUTH BiJl KOHKPETHOTO BYTULIA
Ta METOIy aHAJIi3y.

MeTta cTaTTi — pO3pOOHUTH CHIPOIICHY KIHETHYHY MOJIENb TeHEPYBAHHS CiIPKOBOTHIO ITi]T 4ac
TiAPONi3y Cyab(diTHUX TPy Fe0nodiMEPHOr0 MaTPUKCY OPTaHivHOI PEUOBMHH HA CTa/IisIX Jiare-
HE3y Ta PaHHBOT'O KaTarcHesy, OJIeprKaTH ii aHATITUIHUN PO3B’A30K 1 BU3HAYUTH OCHOBHI YHMH-
HHKH, 1[I0 KOHTPOIIOIOTh JIMHAMIKy HakonmudeHHs H,S Ta MpOMIKHUX TIOJIOBHX IpyI 32 YMOB
HaUIMIIKY Boau. HaMu He BpaxoBYIOThCS TaKi UISIXU FeHEPYBaHHS CIPKOBOJIHIO, SIK Pa/IMKaJIbHI
Ta TEPMOJII3HI HUISIXU. Take CIpOIIEHHS CHPUYMHEHO HAsIBHICTIO 3HAYHOI'O MAacHBY €KCIIEpH-
MEHTAJIBHUX JOCIIKEHB, IPUUHATO 3 METOIO MOOYIOBH MOJIEITi MIEpIIOro HAOMVKEHHS Ta JUIs
BUJIIJICHHS] BHECKY CaMe TiIPOJIITHYHOTO MEXaHI3My.

Buxknan ocHoBHoOro matepiany. OfHIM 3 rasiB, sIKi yTBOPIOIOTECS B ITPOIIEC IIEPETBOPEHHS
NPUPOIHHUX OPTraHIYHUX PEYOBUH € CIPKOBOJICHB. BynemMo BBaXkaTH, [0 IIEPETBOPEHHS BiOyBa-
Jmcst 6e3 ygacTi MiKpOOpPraHi3MiB 3a HACTYITHOKO CXEMOIO B sKil mo3HadeHHs1 SH, exBiBaenTHe
cipkosonmro H,S:

[=S -1 [-sH] > [sH,] .

JIe KBaJIpaTHUMH JIy’KKaMH [T03HAYeHO KiJIbKICTh PEYOBHHH BiJIIIOBIIHOT CIpKOBMICHOI IpyIH
abo criomyku. Take yMOBHE ITO3HAUCHHSI BUKOPHCTAHE HIDKYE 32 TEKCTOM. KOHCTaHTH IBH/IKO-
cTi mepmoi Ta Apyroi peakuii nporecy (1) ouinrorotbes 3HaueHHs MU 1070 ta 107'% (1/¢) Biamo-
BiJTHO, a HaIIIBIEPi0] IPOIIeCy CKIAIA€ BiI COTCHB JI0 ICCATKIB MUTBHOHIB POKIB. 3 OISy HA IIe
niepeTBOpeHHs (1) He BUKOPHCTOBYETHCS B TEXHOJIOTIYHHX MPOLIECax, aje MOXe OyTH 3aCTOCO-
BaHUM [T aHAITI3Y TPOIECIB TePepO3NOAiTY (HOpPM 3HAXOMKEHHS CIpKH TPOTATOM T€OJIOTIHUX
yacoBux nepiofiB. CipkOBMICHI TpymH, 110 BXOIATH 10 cxeMH (1) HamekaTh TITBKH 0 OpraHid-
HOI PEYOBHHH, a caMy CXeMy OyZeMO BHKOPHCTOBYBATH UIS BU3HAYCHHS KUTBKOCTI BUAIJICHHA
CIPKOBOJIHIO B ITpoOIIecax JiareHe3y Ta KaTarcHesy.

Cxema (1) onmcye mpouec Tifposisy cyabdiHOT IPyNH, SIKMH CKJIANAETHCS 3 IBOX CTaIil 3a
YMOBHU HUIMILIKY BOZH (1€ TBEPPKECHHSI aHAJIOTTYHE TOMY, IO MU IIPUIMAEMO IICEBIONEPIINii
MOPSIIOK peakilii) abo 1 MOCTIHHOTO MPUILTUBY JI0 Ta30TeHEpYroUol cucteMu. Llei mimMiTyroumii
(axrop oOMexxye BukoprcTanus (1) aHasi3oM NepeTBOPEHHS B 4aci MPUPOIHOT OPraHiqHOl pevo-
BUHH CTAJI€I0 JliareHe3y Ta paHHbOTO KaTareHesy, Mo3asiK Ha CTaJil MMi3HbOro KarareHesy Bin0yBa-
€TBhCS YIIITGHEHHSI Ta 3HAYHE 3HEBOIHEHHs Nopia. Ha po3Butok peaxii (1) BrummBaTiMe BUCOKA
MiHepasi3alis BOIM Ta 3Ha4YHe BIIXHUICHHS 3Ha4eHHs pH Bix HeliTpaiabpHOro. 30KpeMa pucyTHICTh
y BOJIi KaTiOHiB MEPEXiTHAX METAJIB Y BHIIUX CTYIICHAX OKHCICHHS TEOPETUYHO MOYXKE IIPU3BECTH
JI0 YTBOPEHHS AUCYAb(imHOI (Y T.4. MpUTHOI) cipku. HalOinpm CIpUATIMBAME TSI TiAPOII3Y
€ JyXHI TigpokapOoHaTHI Bomu. BomHouac cymbgarHa MiHepami3amis € MaJOCHPUSITINBOIO TUIS
TeHEPYBaHHS CIPKOBOIHIO BHACIIIIOK MTPOXOPKEHHS PeaKIlii AUCTIPONOPIIFOBAHHS CipPKH.

CkopuctaBimch cxemoro (1) OyayemMo HacTYIHY cuctemMy AU(epeHIitHNX PiBHSIHb:

d[-S-]__

=k -][rm0]
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M) sa,0]
dt 2 2
[-SH]=[-SH], +[-S-]-[SH.] @),

ne k,, k, (1/Moib X¢) — KOHCTaHTH MIBMAKOCTI NEPIIOI Ta JAPYroi cTajlil rifiponisy BiimnoBi-
HO, a HIKHIK cuMBoI "0", SIK 1 B HACTYITHOMY TEKCTi, I03HAYaTUME KUTBKICTh BiJIIIOBITHOT pedo-
BUHH B II0YaTKOBHH MOMEHT 4acy (1=0). Po3B’ 430k cucTtemMu piBHSAHB (2) Ma€ HACTYITHHIA BUIIISI:

[—S _] :[—S _]0 e—k. [#,0]¢
k

1

kz _kl

[-sH]=[-st], ¥ ~[-S -], .

kz
kz - kl

[St,)=[$H,], + ([ =], +[-SH], )% +[-S -], % ©)

ne 6e3posMipHi QyHKii yacy Y, Y, BU3Ha4ar0ThCA Tak

Yl =1- e—kz[HZO]t
Y2 — e—kz[Hzo]' _e—k, [HZO]t.

[leprue piBHsiHHS cucTeMu (3) Mokasye, IO 3 IUIMHOM 4Yacy (f—00) B 0OBOIHEHUX MOpOax
CynbdiHa cipka BUKOITHOI OpraHiqHOi peuOBHHH TOBHICTIO TiJIpOJIi3yeThes. B Tol camuii yac
KIUIBKICTh CIPKOBOJIHIO MOHOTOHHO 30UIBIIYETHCS Ta MPSIMYE 70 3HAYCHHS, SKE BH3HAYAETHCS
CYMOIO TTIOYaTKOBUX KiIbKOCTEeH KOMIIOHEHTIB cxemH (1). st yMOBH —00 IIepepo3noii CipKu
MiX KOMITOHEHTaMH# cXeMH (1) UTIOCTPy€eThCS HACTYITHUM PUCYHKOM:

T
Sl oo
0.9 ]
08
07
\ g
0.6 / \ ",
NG B
05 \ _____ HZS-
04l AN s
03 | \
| \|: \\
0.2 ’ ! \\
' -~
N K ~—_
0 . tm o t=

Puc. 1. ITepepo3nozin cipku Mixk KoMHoHeHTamu cxemH (1) 3a yMOBH f—00

B 3anexxHOCTI Bijt TOYaTKOBUX YMOB (DyHKIIiS, sIKa BU3HAYA€ 3MiHY B 4aci KUIBKOCTI TI0OJIOBUX
TPy, MOX€e MaTl MaKCUMyM Y TOHLIi £, , IO BU3HAYAEThCA 3a HOPMYIIOH0:
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BpaxyBaBuin 3Ha4€HHS KOHCTaHT NIBHAKOCTEH peakuiid k,, k, i IpUHHABIIN CEPEHE 3HA-
YEHHsI BIJHOILICHHS KUTbKOCTEH Cynb(iHOT 10 TIONOBOT IPyNH piBHE CeMU (32 yCepeIHEHUMH
JTepaTypHUMH JIAHUMHU) OTPUMYEMO HACTYITHUN BUPA3 JUIs OLIHKM ¢, BUPaXEHOTO B POKaXx:

[_SH ]0
1, =43005—
[#.0]

3 OTpHMAaHOTO BUpa3y BUILIMBAE, IO Yac ¢ TIPAMO IPONOPIIHHHUH KiJTbKOCTi CIPKOBMICHHUX TPYTI
Ta 3BOPOTHO MPONOPLIHHME KiIbKOCTI Boau. OCTaHHIO (OPMYITy MOKHA BUKOPHCTOBYBATH IS
OLIIHKU JAMHAMIKN PO3KJIay OpPraHIYHOI PEYOBMHU Ha CTaJisX JliareHe3 — MOYaTKOBHI KararcHes.
BpaxoByroun BHIEHABEICHI YMOBH, MOJIENIb MAa€ a/ICKBaTHO OMMCYBATH BHJICHHS CiPKOBOJIHIO
B TIPOIIECi OCaIKOHATPOMA/KEHHS B 3aKpUTHX OaceitHax. BomHouac, ciin BpaxyBaTu 0OMeKEeHHS
i€l Mozeni: MOCTIHHY TeMIepaTypy, CTally aKTHBHICT BOIH, BIACYTHICTH BIUTUBY MiKpOOPTaHi3MIB,
BiJICYTHICTb 3B0POTHHX PEAKIIil, BIICYTHICTh 3B’ 13yBaHHs CIPKOBOIHIO y CIIOTyKH 3ai3a FeS/FeS ,
BIICYTHICTh MacOIEPEHOCY, BiICyTHICTh BTOPHHHOTO BKJIIOUEHHS CIPKU B OpTaHIYHY MaTpPHIIO.

HIBuakicTe peakiii Trizpoizy po3nsiHYTHX (YHKLIIOHAIBHUX TPy y Ipolecax JiareHe3y
Ta KarareHe3y HaJ[3BUYAiHO Maja, a 3HauUTh yac JIAOOpPATOPHOTO EKCIEPHUMEHTY HENOMIpHO
Besiukuid. [Ipore 3HaYeHHST KOHCTAHT IIBUJKOCTI peakuiii (1) MO)KHAa BCTAaHOBUTH 3HAIOUU KYTH
HaxXWiIy aHaliTHYHUX KpuBUX (3) 10 mpsiMoi abcuc y modarkoBuid MOMeHT vacy. [Ipu npomy
B II0YaTKOBHH MOMEHT 4acy CyMa KyTOBHX KOE(ili€HTIB JOTUYHUX JI0 KIHETUYHUX KPUBUX [—S—]
Ta [SH,] nopiBHIoEe KyTOoBOMY KOe(ilienTy kpuBoi [-SH]. IIpakTiuHi po3paxyHKH KilbKOCTeH
CIPKOBMICHHMX T'PyYTI IOLUILHO NPOBOANTH Y BUIVIS/II BITHOILICHHS J0 3aTralbHOT OPTaHigHOI CIpKH.

BucHoOBKHM Ta nepcneKTUBH NOAAJIBLIOTO JOCTiKEeHHSI.

l. OpranigHO 3B’s3aHa CipKa y BHKOIIHIN OpraHiuHill pedyoBHHI MOXKke OYTH [KEepeIoM
CIPKOBOJIHIO y XOJIi TEpPMIUHOI €BOIIOIIT 0CaJJOBOTO OPTaHIYHOTO MaTepiairy, 0COOIHBO B S-30a-
ra4eHUX CUCTEMaX.

2. 3anpornoHoBaHa CXeMa € CIPOIICHOI0 KiHETHYHOIO MOJEIIII0, IO OMHCYE BHECOK
Ja0UTbHUX CyMb(iTHUX GOPM OpraHiuHOI CIpKH 3a YMOB HAUIMIIKY BOAM HA CTAIisAX JiarcHe-
3y — PaHHBOTO KaTareHesy.

3. Moyenp 1mokasye, 1o MPOMIKHE HAKONUYEHHS TIOJIOBUX TPYIH 1 4ac JOCATHEHHS iX
MaKCHMyMy BH3HAYalOThCsI CITIBBIJTHOILCHHSM IMIBUAKOCTEH ABOX CTaJiil Ta €()eKTUBHOIO KOH-
LICHTPAIIIEI0 BOTH.

4. Moyzens He BpaxoBye MiHEpajbHE 3B’sI3yBaHHS CIPKOBOJHIO, BTOPMHHE BKJIIOYEHHS
CIPKH B OpPTaHIYHy MAaTpPHIIIO, 3BOPOTHI PEaKIlii Ta MacONEpEeHOCHI OOMEKEHHs, TOMY 11 CIIiJ
PO3IISIAATH K NEPIINi HAOIIKEHUH OITHC.

5. [Momampmmi nocimKeHHs MaroTh OyTH CIIPSAMOBAaHI Ha OIIHKY mapameTpiB AppeHiy-
ca Ta BepHQiKaIio MOIeNi 3a JaHHMH eKCTIEPUMEHTAIBHOTO T1IPOMIpOoizy 1 MPUPOTHHUX PAIIB
KaTareHeTHYIHO]1 3PiI0CTi.
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KINETIC MODEL OF HYDROGEN SULFIDE GENERATION
DURING DIAGENESIS AND CATAGENESIS
OF ORGANIC MATTER

Myroslava Yakovenko, Oleksandr Liubchak, Yurii Khokha
myroslavakoshil@ukr.net; oleksandr.lyubchak@gmail.com; khoha_yury@ukr.net

Institute of Geology and Geochemistry of Combustible Minerals of the NAS of Ukraine
3a Naukova St., Lviv, Ukraine, 79060

The paper addresses the problem of hydrogen sulfide generation from organically bound sulfur in fossil
organic matter during diagenesis and catagenesis. The relevance of the study is determined by the fact
that sulfur incorporated into humic acids, kerogen and other geopolymeric components of sedimentary
organic matter substantially affects the pathways and temperature limits of its transformation, as well
as the generation of gaseous products, the composition of bitumoids, oils and asphaltene fractions.
A review of published data shows that in sulfur-enriched systems thermally unstable sulfide, disulfide
and polysulfide fragments are important precursors of H,S, whereas catagenetic evolution is accompanied
by the relative enrichment of organic matter in more thermally stable thiophenic structures. These
regularities are characteristic not only of sulfur-rich kerogen and solid bitumens, but also of coal-bearing
organic matter in which the proportion of thiophenic and non-thiophenic sulfur changes systematically
with increasing maturity.

Taking these features into account, a simplified kinetic model of hydrogen sulfide generation during
the hydrolysis of labile sulfide groups in a geopolymeric organic matrix under water excess is proposed.
This assumption corresponds to a pseudo-first-order approximation and makes it possible to consider
the contribution of one specific mechanism of sulfur transformation separately from radical, thermolytic
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and microbial pathways. The model describes a two-stage conversion of organically bound sulfur through
the intermediate formation of thiol groups followed by H,S generation. A system of differential equations
is derived for the proposed reaction scheme, and its analytical solution is obtained. The solution makes
it possible to trace the temporal evolution of sulfide sulfur, thiol sulfur and gaseous hydrogen sulfide, as
well as to evaluate the limiting redistribution of sulfur among the components of the system.

It is shown that, over sufficiently long time intervals in water-saturated rocks, the amount of sulfide
sulfur decreases monotonically, whereas the amount of hydrogen sulfide increases toward a limiting value
controlled by the initial sulfur distribution. The model also predicts that the concentration of intermediate
thiol groups may pass through a maximum, and the time required to reach this maximum depends on
the ratio of the rate constants of the two stages, the effective water content and the initial abundance
of reactive sulfur-bearing groups. Thus, the model can be used for assessing the dynamics of hydrolytic
destruction of fossil organic matter during diagenesis and early catagenesis, including peat-forming,
coal-bearing and other carbonaceous sedimentary systems.

The proposed scheme is regarded as a first approximation. It does not take into account microbial
sulfate reduction, radical and thermolytic pathways of H,S generation, reverse reactions, mineral
trapping of hydrogen sulfide into FeS/FeS,, secondary incorporation of sulfur into the organic matrix,
or mass-transfer limitations. Nevertheless, it provides a useful theoretical framework for describing
one of the important mechanisms of sulfur evolution in fossil organic matter and may be applied in
further studies aimed at estimating Arrhenius parameters and validating the model by hydropyrolysis
experiments and natural maturity series.

Key words: organically bound sulfur, hydrogen sulfide, fossil organic matter, kerogen, peat, coal,
hydrolysis of sulfide groups, diagenesis, early catagenesis, kinetic model, thiol groups.

Jlama nepuiozo naoxooacenns cmammi 00 euoanus: 25.03.2026
BY Jlama npuiinamms cmammi 0o OpyKy nicis peyensysanns: 27.04.2026
G IOUIPOCIS: 13 0y Jlama nyb6nixayii (onpuntoonenns) cmammi: 29.05.2026

ninensii Bizkputoro nocryny CC BY 4.0



MINERALOGICAL COLLECTION | MIHEPANOTIYHUI 3BIPHUK
2026. Ne 76. P. 104—120 | 2026. Ne 76. C. 104-120
ISSN 2078-6220 (print) | ISSN 2786-6556 (online)

YK 549:57:550.47

CYYACHI HANPAMU OOCNIAXEHb Y BIOMIHEPANOTII

Cessmocnae Jlotiko, acriipaHm kaghedpu MiHeparioeii,
nempoezpadpii i 2eoximii imeHi npogpecopa Opecma MamkoecbKk020
Sviatoslav.Loiko@Inu.edu.ua
https://orcid.org/0009-0003-2613-7910

JlbeigcbKul HayjoHanbHUU yHieepcumem iMeHi lsaHa ®paHka,
syn. M. pywescbkoz2o, 4, Jlbeis, YkpaiHa, 79005

Biominepanoris Ha CydacHOMY €Tarli € OJHI€I0 3 HAHOLIbII JUHAMIYHIX MIKAUCIUIUTIHAPHUX Tary3ei
HayKH, y Kili IHTerpOBaHI METOJMYHI MiIXOAU MiHepasorii, reoximii, MOJIEKYIspHOi 010JI0T1i, MEAUIIMHU
1 MaTepiano3HaBCTBA.

VY craTTi y3araJbHEHO Cy4yacHi HalpsMHU JOCHIKeHb y OioMiHEpasorii Ta mpoaHali30BaHO OCHOBHI
TeHJeHLii ii po3BUTKY. OCOOIMBY yBary 30cepeykeHO Ha MeXaHi3Max OioMiHepani3alii K IpoLecy yTBO-
PEeHHS TBepAuX HeopraHiyHux (a3 3a O6e3nocepeaHboi yuacTi 610I0TiYHUX YHHHUKIB. PO3IIAHYTO CYTTEBI
BIIMIHHOCTI MiXk 010JI0T1YHO 1HAYKOBaHOIO MiHepamizaiieto (BIM), xapakTepHOI0 roI0BHO ATt MiKpOOHHX
cucTeM, 1 610JI0T1YHO KOHTPOJIBOBaHUM MiHepanoyTBopeHHsIM (BCM), BIacTUBHM BUILUM OpTaHi3MaM.

[IpoananizoBaHO poib OpraHIYHUX MATPHUIlb, 30KpeMa creu(iyHuX OIKIB 1 momicaxapuiiB, y Mpo-
necax HykJjeaiii, OpiEHTOBAHOTO POCTY i MPOCTOPOBOI OpraHizamii KpUCTaliB, 1o 3abe3mneuye hopmy-
BaHHS 0I0TeHHHUX MiHEepalliB 3 YHIKaJIbHOIO iepapXiuHoio OymoBo0 Ta creludivHuMU (i3UKO-XIMIYHUMHE
BIACTHUBOCTAMHU. CXapaKTepU30BaHO OCHOBHI MPUPOIHI MOJEIbHI CHCTEMH, Cepell sIKUX OioreHHi kapOo-
HaTU KaJbLio (KaJbLUT, aparoHiT 1 BITEPUT Yy CKIali ckeneTiB 6e3xpebeTHux 1 kokkomirtodop), Gpocdaru
KaJbLio (30KpeMa, TiIPOKCO-araTUT KiCTKOBOI TKAaHWHM), @ TAKOXK OI0reHHMH omaj AiaToMei 1 MarHeTUT
MAarHiTOTaKTUYHUX OakTepiil. OkpeMy yBary mpuaiieHo MiKpoOHil GioMmiHepamizawii SK BaKIUBOMY YHH-
HUKY TeoXiMiuHOi TpaHcdopMalii cepeoBuILa, MaTONOT1UHiM MiHepati3awii B opraHisMi JoAuHu Ta 6io-
MIMETHYHUM HampsMaM Y CTBOPEHHI HOBUX (PYHKIIOHAJIBHUX MaTepiaiB.

CyuyacHa OioMiHepaJoTisi Ma€ BayKJIMBE 3HAYCHHS U1 PEKOHCTPYKILIi MaJCOEKONIOTIYHUX YMOB, PO3-
BUTKY PEreHepaTUBHOI MEIULUHU Ta JOCTIDKEHHS 0loreoxXiMidHuX mpoueciB. OKpecaeHo MepcneKTuBU
Nepexo/y A0 MyJIBTHMACIITA0HOTO JOCITIIKEHHS CKJIay W CTPYKTYPH PEYOBHHHU Ha MIKPO-, HAHO- i aTOM-
HOMY PIiBHSIX 13 BUKOPUCTAHHSAM Pi3HOMAHITHHUX CIIEKTPOCKOMIYHUX METOAIB 1 CHHXPOTPOHHOTO BHUIIPOMi-
HIOBaHHS. [HTerparwis ux miaxoiB € GyHIaMEHTOM JUTS pO3yMiHHS 3aKOHOMIPHOCTEH MiHEpalOy TBOPEHHS
B KMBI{l 1 H&KUBIH MPUPOJII Ta PO3KPUTTA Poiii O10TH y II00ATBHUX TEOXIMIYHUX [IUKIIAX.

Knrouosi crosa: Giominepanoris, 6iominepanizanis, MikpoOHa OioMiHepatizallisi, HaToNori4Ha MiHepa-
nizarist, 610MiMEeTHYHI MaTepiany, TiAPOKCO-aaTuT, KPHCTAIOXiMig 610reHHUX (a3, HAHOCTPYKTypa MiHe-
pauis.

DOl https://doi.org/10.30970/min.76.09

IMocTanoBka mpodaemu. CyyacHHI eTan pO3BUTKY OlOMiHEpaorii XxapakrepusyeThest Gop-
MYBaHHSIM HOBHX JIOCIIIHUIIBKUX HAIpPsMIB, PO3LIMPEHHIM Kojla 00 €KTIB BUBYEHHSI Ta BIIPO-
Ba/DKEHHSIM BHCOKOTOYHHUX aHAJIITHYHHUX METOMIB, IO 3yMOBIIOE NOTPeOy B CHCTEMHOMY y3a-
rajlbHEHHI Cy4acHHUX TeHACHIIH 1iel ramysi. biominepanoris Bxe JaBHO BUHIIIIA 32 MEXI ONHCY
OKpeMHUX OIOTeHHUX MiHEpajiB i HUHI OXOIUTIOE BMBYCHHS MEXaHI3MIiB OiomiHepauizamii Ha
MOJICKYIISIPHOMY, KITITHHHOMY, TKAHHHHOMY ¥ re00ionorigHoMY piBHAX. OCOOIMBOTO 3HAYCHHS
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HaOyBaIOTh JOCIIKEHHS, MPUCBIYCHI POJIi OPraHivYHOi MaTpuIli B MiHEpaJOyTBOPEeHHI, (QyHK-
[IOHYBaHHIO aMOpP(HHX IONEPEHNUKIB, B3a€MOJIT MIKpOOPraHi3MiB 3 MiHepalbHOIO (a3oro,
NaToJIOTiuHii MiHepatizalii Ta 610MIMETHYHOMY BiZITBOPEHHIO TIPUPOIHUX MPOLECIB Y MaTepi-
aJI03HABCTBI.

AKTyaJIbHICTh IPOOJIEMH OCHITIOETHCS THM, 1110 Cy4YacHi aHaJIITHYHI METO/IH, 30KpeMa eJleK-
TPOHHA MIKPOCKOIIiSl, PEHTT€HOCTPYKTYPHHUI aHali3, CIEKTPOCKOIMIYHI Ta CHHXPOTPOHHI IiJI-
XOJIH, JIAIOTh 3MOTY JOCJIIKYBaTu OlOreHHI MiHepajM Ha 3HaYHO BUILOMY PiBHI TPOCTOPOBOL
1 CTPYKTYpHOI PO3AUTBHOI 3MaTHOCTI, HiXk paHimie. e cripuse mepexony Bix MOp(oIOTiHHO-0TTH-
COBOTO €TaITy PO3BUTKY OiOMiHEpasorii 10 MYyJIFTHMACIITAOHOTO aHai3y CKIIAAY, KPHUCTaIOXi-
Mii, HAHOCTPYKTypU ¥ MeXaHi3MiB (OpMyBaHHs OiOMiHEpalbHUX CHCTeM. BomHOYac HaKoOmH-
YeHHs BEJMKOI KUTBKOCTI MaHWX y MiHepaJsorii, reoximii, 61010Tii, MeAUIINHI, TaJICOHTONOTIi
Ta MaTepiaJo3HaBCTBI MOTpedye IX iHTerparii B MeXax €JMHOTO OTIISAOBOTO OaueHHS.

[IpoGnema mossirae TakoXK y TOMY, IO CyYacHi HAMPsIMHU TOCTIDKEHb y Oi0MiHepaiorii 4acto
BUCBITIIOIOTH ()parMEHTAPHO: OKPEMO PO3IVILIAIOTH MIKPOOHY OioMiHepasi3allio, maToaoriuHi
KanbiuQikailii, 0I0MIMETHYHI TEXHOJIOTIi, CKOJIOTIYHI i CBOJFOIIMHI ACIEKTH. 3a TaKUX YMOB
BHHHKa€E NOTpeda B y3araJibHIOBaJbHOMY aHalli3i, SIKWil J1aB OM 3MOTY IIOKa3aTH BHYTPIIIHIO
JIOTIKY PO3BHTKY Ili€] HayKH, B3a€MO3B’ 30K MK (DyHAaMEHTAIBHUMH 1 MPUKIAIHAMH AOCITi-
JUKCHHSIMH, @ TaKOXK 3HaYCHHs O10MiHEepaJIorii Uil pO3yMiHHS 3aKOHOMIPHOCTEH MiHEepasioyTBO-
PEHHS B KMBIH 1 HEKUBIH NPUPOSI.

Ananiz gocaimkens. Kimacnuni ¢dyHnameHTanbHi myomikamii 3 Oiominepaiorii cpopmysa-
JTU KOHIICTITYaJIbHY OCHOBY CYYacHHX JTOCIIKCHb, Y MEXax sikoi OioMiHepai3aIliio TPakTyIOTh
SIK TIPOLIEC YTBOPEHHsI OIOTeHHUX MiHEpadbHUX (Pa3 IMiJ KOHTPOJEM KHBHX CHCTEM, a BIAacHE
OiomiHepa — K CKJIAIHI OpraHO-MiHEPaJbHI KOMITO3UTH 31 CTIEIU(pIYHUMHI KPHUCTAIOXIMId-
HUMH, MOPQOIOTIYHIMHA ¥ 130TOMHO-TEOXIMIYHUMH XapakTepucTUKaMu. Y (hyHIaMEHTaIbHUX
y3araJlbHeHHSX MOKa3aHo, 1o OiomiHepaizailis 0e3mocepeIHbo OB’ si3aHa 3 010TeOXIMITHIME
[UKJIAMH, 0CaJOHATPOMAKCHHSM, ()OCHIIBHUM JIITOUCOM 1 TPO0IeMoro vital effect ((KUTTEBUH,
abo Gionoriunuil eeKT) — CHCTEMHUM BiIXWJIEHHAM i30TomHoro ckmaay (8'%0, §'°C, §**Ca)
Ta BMICTY CJIIJIOBHX €JIEMEHTIB y O10reHHUX (ha3ax BiJl piIBHOBRKHHUX a0lOreHHHUX aHaloris [16;
26]. Came 1i nparii 3aKi1aay TiAIPYHTS AJIs IEPEX0Ly Bijl ONUCY OKPEMHX O10r€HHUX MiHEpaIiB
JI0 aHaJIi3y MEXaHi3MiB IXHbOI HyKJIeallii, pocTy, pazoBux TpaHcdopmarii i crabimizarii B npu-
POIHUX CHCTEMaX.

YIpomoBx 0CTaHHIX POKIB JAOCITI THUIBKIH (OKYC IIOMITHO 3MICTHBCS B 01K MEXaHICTHYHOTO
1 MyJTBTIMACIITA0HOTO aHami3y 0iOTeHHUX MiHepambHUX (ha3. SIKIIo B OMEpeaHi TECATHITITTS
JIoMiHyBai MOp(hoOTiYHUH omuc 1 pa3oBa iAeHTH]IKAMIS, TO HUHI IPOBITHIMH CTaIX IOCHTi-
JUKEHHS HEKJIAaCHYHMX IUTAXIB KpucTamisaiii, pomi amopduux mnomepenankis (ACC!, ACP?),
MepeaHyKICaifHIX KJIACTepiB, OPraHIYHUX MaTPHUIh i KOMITApTMEHTAai3allii MiHepaloyTBO-
perHs. OcoOMMBO BAXKIIMBAMH B IIbOMY KOHTEKCTI CTalld BUCOKOPO3aUIbHA Kpio-TEM (TpaHcMmi-
CciifHa eJIeKTpOHHA MIKPOCKOITist), TOMOrpadisi Ta CHHXPOTPOHHI METOJIH, 30KpeMa, CKaHyBallbHa
TpaHcMiciiiHa peHTreHiBebka Mikpockorrist (STXM); BoHH j1ainy 3MOTy TIPOCTEKUTH Mepexi Bij
amMopHUX KanbIiii-pocharHux ad0 Kaiblild-KapOOHATHUX MOMEPEIHHUKIB 0 BIOPSIKOBAHHX
kpuctaniuaux das [6; 9; 26].

Oxpemuii MacHMB Cy4acHHX IyONiKalii MpucBsUCHUH MIKpoOHiH OlomiHepamizamii. Y mii
IpyImi JOCIiUKEHb OCOOJIMBY yBary NpUAUISIOTE PO3MEXKYBAHHIO MOHATH 0I0N02i4HO KOHMPO-
avosana minepanizayis (biologically controlled mineralization — BCM), 6ionoeiuno indykosana
minepanizayis (biologically induced mineralization — BIM), opeanominepanizayis (biologically
influenced mineralization). Y cyd4acHHX OIMIAIaX 3a3HAueHO, IO MTPOKAPIOTH 3AaTHI IHAYKYyBaTH

' Amopuuii kap6onar xanbiio (Amorphous Calcium Carbonate).
2 Amopouuii pocdar kanbuiro (Amorphous Calcium Phosphate).
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YTBOPEHHS IIMPOKOTO CTIEKTpa (a3 — BiJl OKCHIIB 1 OKCHTIAPOKCHIIB 3aidi3a (TeTHT, MarHETHUT)
110 kapOonartiB i cynbdiais [4; 8; 24]. OcobmuBe Miciie MOCIAAK0Th Tpalli PO MarHITOTAKTHYHI
Oakrepil, y sskux OIOr€HHHH MarHeTUT 1 TPEUTIT PO3IISAAI0Th SIK MOJIENIbHI (a3 BHYTPILIHBO-
KIITHHHOT MiHepaizaii [9].

[TapanenbHO MWIBUAKO PO3BUBAETHCS OJIOK JIOCIIKEHb, TPUCBIYCHUH MPUKIAJHAM acIeK-
Tam GiomiHepaorii. ¥ 2024—2025 pp. 0COOIUBO aKTHBHO y3arajibHIOBaIH O10MIMETHYHI IT1J1X0-
JIM 10 CUHTE3Y (YHKIIOHAIBHUX OpraHo-MiHEpaJbHUX MarepialiB, 30KkpeMa ckaposia-cucrteM
JUISL KICTKOBO pereHepartii, MaTepiaiiB Juis peMiHepaizanii TBepIuX TKaHHH, O101HCITIpOBaHNX
KOMITO3HTIB 1 MiHEpaJIi30BaHUX HOCIIB Il O10MEIUYHUX 3aCTOCYBaHb. Y IHX IpaIiix OioMiHe-
paJioriuHi MOJIeli BUKOPUCTOBYIOTH YK€ HE TIJIbKH JUIsl ITOSICHEHHSI TIPUPOIHOTO (pa30yTBOPEHHS,
a 1 71 KePOBAHOTO BiATBOPEHHS KPUCTAJNOXIMIYHHX 1 TEKCTypHHUX XapaKTEPUCTUK O10TeHHIX
MiHepadpHHX (pa3 y mTydHux cucremax [9; 12].

OTtxe, 6G10MiHEPAJIOTISI HUHI PO3BUBAETHCS B KUIBKOX B3a€MOIIOB’SI3aHUX HAIpsiMax: JOCHTi-
JUKeHHST (pyHJaMEHTaIbHUX MEXaHi3MIB HyKJealii Ta pocTy OlOreHHHMX MiHepaJbHUX (a3,
BUBYCHHS IXHIX KpPUCTAJIOXIMIYHUX, MOPQOJOriYHUX 1 TEKCTYPHUX OCOOJIMBOCTEi; aHaii3
MIKpOOHO-0MIOCEPEIKOBAaHNX MiHEepaldbHUX TpaHcdopmaliil; po3poOieHHs OioMIMETHYHUX
MartepialiB; iHTEpIIpeTallist poJi GioMiHepai3allii B Te0OriuHil ICTOpii Ta cydyacHHX 0ioreoxi-
MIYHUX IMKIax. BogHouac 30epiraeTbest morpeda B iHTErpoBaHOMY MiHEPAJIOTTYHOMY y3aralib-
HEHHI, sIKe MoeaHyBaNo O aaHi mpo (a30BUil CKIaJ, MEXaHi3MH KpUCTaji3amii Ta reoximMiuyHe
3Ha4YeHHs Oi0TeHHUX MiHepanbHUX a3z [8; 9; 12; 24; 26].

Merta cTaTTi — BUKOHATH CHCTEMHHI aHAaJi3 Cy4YaCHUX HAMPSMIB JOCIIKCHb y OioMiHepa-
JIOTi1, BUSIBUTH KJIFOYOBI TCHCHIII PO3BHUTKY Ii€l Tady3i Ta OOTPYHTYBaTH 3HAYCHHS IHTETPO-
BaHOTO MIHEPAIOTIYHOTO MIAXOAY O MOCIHiIKESHHS OIOTeHHMX MiHEpalbHUX (a3 sSK YHHHHUKA
TEOJIOTIYHHX 1 610T€OXIMIYHUX MPOIIECIB Y CyJacHHX 1 (POCHIBHIX CHCTEMaX.

BukJjan ocHoBHOro marepiaay. biominepamizamis € 0a3oBuM mpouecoM (GopMyBaHHS
OloreHHUX MiHepalbHHUX (a3 1 CTAHOBUTH (yHIAMEHTAJIbHY OCHOBY OlOMIHEpAOTii SK MiXk-
JUCUUILTIHAPHOT Tamy3i. Y MiHepaJloriuHOMY pO3yMiHHI HAEThCs HE TUILKH MPO BiacHe (axTt
YTBOPEHHS MiHEpaJly 3a y4acTIO KMBOTO OpraHi3my, a i nmpo ¢popMyBaHHs crieli(idHUX opra-
HO-MIHEPaJIBbHUX CUCTEM, Y SIKMX HYKJIeallis, picT, moniMopdHuii BUOip, MOpQoIIOTist KpUCTAIiB,
CTYMiHb KPUCTAJIIYHOCTI ¥ TEKCTypHa OpraHizallisi BU3HA4YeHi O10JIOTYHMM KOHTPOJIEM Pi3HOI
inTeHcuBHOCTI. CaMe 1151 03HaKa Bipi3Hsie O10TeHHI MiHEepalbHi (ha3u Bl IXHIX a0iOTCHHUX aHa-
JIOTIB 1 3yMOBJIIO€ TIOSIBY KPHCTAJIOXIMIYHUX 1 TEOXIMIYHUX XapaKTEPUCTHUK, SIKI HEPIJKO HE BiJI-
TBOPIOIOTHCS Y THIIOBUX HEOPraHIYHUX cucTeMax. biominepaiu, 3a3BU4aid, € He 130JbOBAHUMH
KpHCTaJIaMH, a CKJIQIHUMH OpraHO-HEOPTaHIYHUMH KOMITO3UTaMH, y SIKMX MiHepaibHa (asa Tic-
HO TIOB’s3aHa 3 OPTaHIYHOIO MaTPHUIICIO i HaOyBae crieru(iaHuX MOP(OIOTITHNX, TEKCTYPHUX
Ta 130TOIHUX O3HAK [26].

YopomoBx reonoriqHoi icTopii 6ioTa copMmyBasia IIMPOKHHA CHEKTP MiHEpaldbHUX (a3,
cepel SIKMX JIOMIHYIOTh KapOOHaTH KalbIiI0 (KaJIBIUT, aparoHit, BITepUT), Gpocharu Kabliito
(GiorenHuii amarut), OioreHHUH KpeMHe3eM (omnai-A), OKCHUAM, OKCHTIIPOKCHIM Ta CyIb(iau
3aiiza. bioMiHepasi3allisi MOCTae K MPOIEC KEPOBAHOI'O CTBOPCHHSI JIOKAJIBHO MEPECUICHOTO
MIKpPOCEPEIOBHIIA, Y MEXaX SIKOTO BiIOyBAaOTHCS HYKJICAIlis i MoJabIia cTadiizallis meBHOT
MiHepaibHOI (a3u. Take MikpocepeoBuIle MOXKe OyTH BHY TPIIIHbOKIITHHHAM, MIXKKJIITHHHUM
a00 MO3aKJIITHHHNM, OJHAK Y BCIX BHIAJIKaX BOHO Mepeadavae mpocTopoBe 0OMEKEHHS 30HH
MiHEpaJlOyTBOPEHHS, CEIEKTHBHE HAIXO/PKeHHS HoHiB, perymsamito pH, Eh, pCO, Ta y4acts
opraHiyHuX ma0moHiB [16; 26].

Sk GazoBuii mporec (a3oyTBOpPEeHHs, OioMiHEpaizallis OXOIUTIOE Kinbka piBHIB. Ha di3u-
KO-XIMIYHOMY PiBHI Il JOCATHEHHS TEPECHUYCHHS, 3apOPKEHHS HOBOI (as3m, piCT KPHUCTAIIB
1 cTabimizamist MeTacTaOlIbHUX MTOTIEPETHIKIB, 30KkpemMa. Ha kpucTamoxiMigyHOMy piBHI CyTTEBE
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3HAYEHHsI MAIOTh MOMIMOP}i3M, 130MOp(dHI 3aMillleHHsI, CTYIiHb TiJpaTallii Ta po3MmoIii CiliIo-
BHUX eJIeMeHTIB. Ha TekcTypHOMY piBHI KJIFOUOBUMH € OPI€EHTOBAHUH PICT KPUCTAIITIB Ta hopMy-
BaHHS 1€papXiuHMX KOMIO3UTIB [16].

Jlyis miHepasorii 6ioMiHepasizallis Mae 0coOIMBE 3HAYCHHS SIK JDKEPENIo iH(pOpMAIli mpo
YMOBH CepelIoBHIIA. [30TOMHMIA CKIIa] 1 KpUCTAJIOXiMIuHI 0coOMMBOCTI OioreHHHX (a3 BHKO-
PHUCTOBYIOTH JJIsl PEKOHCTPYKIIT MaleOeKOJOTITYHUX YMOB, X04a IHTEpIIpeTalis TakuxX JaHHX
ycKiaiHeHa siBuieM vital effect. OTxe, po3yMiHHS OioMiHepaizalii € He0OX1IHOI YMOBOIO JUIS
MIPaBHIBHOI IHTEPIIPETALlii TCOIOTIIHOTO JITONHCY Ta 3’ ICyBaHHS poOJIi O10TCHHUX MiHEpaIbHUX
(a3 y GioreoximiuHiit eBomtorii 3emii [26].

KitrogoBoto ocobmimBicTio 6iomiHepalmizaliii € 11 peaizamis sSK Iporecy, IeTepMiHOBaHOTO Ha
MOJICKYJIIPHOMY W KITITHHHOMY PiBHSX. Y CydYacHil HAayKOBiH mapamurMi, K 3a3HAYCHO BHIIIE,
BUIULAIOTH TpU TuUNH OiomiHepamizamii: BCM, BIM Ta opranominepamizarmito. ¥ pasi BCM
oprasizm 0e3MmocepeHbO PEryiiloe HyKjearlito, (a3oBuil ckiaj i KpuctanorpadiyHy opieH-
Tariro, (OPMyIOUH BHCOKOCIIEIIANi30BaHi cKeleTHI cTpykTypu. Hatomicte BIM € Hacmigkom
MeTaboJIIuHO 3YMOBIICHHX 3MiH (DI3UKO-XIMIYHUX MapamMeTpiB JoKalbHOTO cepenosuma (pH,
pCO;, Eh), xonu kitiTHHa € 1HILIATOPOM, a HE TOUHUM PETYISTOpOM (a3oyTBopeHHs [4; 26].

VY cucremax BCM BupimaibHy poiib Bilirpae opraHigyHa MaTpuilst, IpeicTaBieHa OlIKaMHu,
DJTIKONIPOTETHAMH U ToJTicaxapruiaMu, o (GOpMYIOTh TPUBUMIPHHH KapKac MiHEpaJOoyTBOPEH-
Hsl. BoHA BHKOHY€E HE TIJIbKH ONOpPHY, a i 1abnoHyBaJIbHy (YHKIIO, 3aJal041 MICISI HyKiea-
ii Ta KOHTPOIIOIOYH OPIEHTOBAHUH PIiCT KPHUCTANIB. B3aeMomis MK CTPYKTypHOIO MaTPHIICIO
Ta PO3YMHHUMH PETYIATOPHUMH MaKpOMOJIEKYJIAMH BHU3Ha4ae moiimMopdHui BUOIp, 30KpeMa,
CHIBBIIHOIIEHHS MiX KaJbIIUTOM 1 aparoHITOM, a TaKOK i€papXidHy OpraHizamito 0ioTeHHOI
MiHepaiabpHOI (asu [6; 26].

BaxnuBruM MexaHiI3MOM € KOMITapTMEHTAITI3aIlisl — CTBOPEHHS 130Ib0BaHUX MIKPO30H Y BE3H-
Kynax abo iHIMX MeMOpaHHO-0OMEXEHUX KOMIIAPTMEHTaX, /1€ MiITPUMYETHCS CIEUpIaHII
ioHHHMH romeocTa3d. MeMOpaHu TaKMX KOMIIAPTMEHTIB PEryINOITh TPAHCMEMOpaHHE TepeHe-
CCHHs KaTiOHIB 1 aHiOHIB, 30kpema, Ca?*, Mg?*, Fe**/Fe**, 3a0e3meuyioun jJoKalbHe TepecueH-
Hs1, HEOOXiHE U151 cTa0Ii3anii MeTacTablTbHIX ITOIICPEIHUKIB.

VY MIKpOOHUX cHCTeMax LIEHTPaMHU I'eTepOreHHOI HyKJealii CIyryroTh KIIITHHHI ITOBEpX-
Hi Ta Mo3akmiTHHHI momimMepHi pedosunu (EPS)’. Ixmi ¢yHkuionansHi rpymu MomudikyroTs
JIOKAJIbHE CepeIOBUILE, BIUIMBAIOYM Ha PO3Mip, MOPQOIIOTiio Ta CTyIMiHb arperyBaHHS KpHC-
TaJIiB. YHIKaJIbHOIO MOJIEIUTIO BHYTPIIIHBOKIITHHHOTO KOHTPOJIO € MAarHITOTAKTHYHI OakTepii,
y SKUX MEMOpaHHO-OOMEKEeHI MarHiTOCOMH 3a0e3MeuyroTh CHHTE3 €BIEPAIbHUX KPHUCTAIB
MarHeTHuTy abo rpeirity [24].

CyudacHi JaHi CBiI4aTh, [0 MOJEKYISIPHUI KOHTPOJIb YaCTO Peali3yeThCs Yepe3 HeKJIacH4Hi
IUIAXH KpUCTAaNi3alii — Bix cTabimi3arii neperHyKIeaiifHuX KI1acTepiB 10 KePyBaHHS IIEPEX0-
oM amopdua (aza—kpucran. Lle gae 3mMory >kuBuM cucreMam (hopMyBaTH MiHEpaIbHI arpera-
TH 3 KPUCTAIOXIMIYHUMH 1 TEKCTYPHHUMH XapaKTEPUCTUKAMH, 10 HE 3aBXKIH BiATBOPIOIOTHCS
B THITIOBUX a0iOTeHHUX cucTeMax [6; 16].

CyuacHiii 6iomiHepasorii npuTaMaHHUK NepexiJ Bij KJIacu4HOi Teopii HyKiearil 10 KOH-
Lenuii HeKITaCHYHMX HIISIXIB KpUCTalizalii. Y Mexax X ysBiIeHb (a30yTBOPEHHS ITOYHMHAETh-
csl He 3 0e310CcepeIHFOT0 3aPO/PKEHHS BIIOPSIKOBAHOI KpUCTAIIYHOT (a3 3 I0HHOTO PO3UUHY,
a yepe3 (OpMYBaHHS IEpEIHYKIICAIHHIX KJIACTEPIiB 1 piAKONOAIOHUX MiHEpaIbHUX MTPEKYPCOo-
PiB, SIKi BUCTYNAIOTh TPOMIXKHUMHM CTaisIMH Ha [UISXY A0 KPUCTAIIYHO BIIOPSAKOBAHOI CTPYK-
TypH [6; 26]. Cy4acHi ysIBICHHS JONATKOBO ITOB’SI3YIOTh (popMyBaHHS aMOP(HIX ITOTICPETHUKIB
i3 BUHUKHEHHSM TEepeTHYKICAIlIfHNK KIACTepiB i MIUIBHUX PiAKOTONIOHUX TPEKypCOpiB, SKi
TPaKTYIOTh AK MMPOMIKHI CTaJil Ha MIIAXY A0 cTadinmbHOI KpucTamiuHoi dasu [6; 26].

3 EPS — Extracellular Polymeric Substances.
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Crpareriudy poiib y 1mboMy Tiporieci Bimirparorh amopdui nonepenuukun — ACC ta ACP.
3aBIsIKM BiZICYyTHOCTI JIQJIEKOTO KPUCTAJIIYHOTO MOPSIKY Ta BHCOKIHM peakiiitHiii 31aTHOCTI 11
MeTacTadlIbHI (a3u CIIyryIoTh JIA0IIbHUM pe3epByapoM MiHEepaIbHOT peHYOBUHH. Y 010J0TTYHUX
cHCTeMax Taka HeCTabUIbHICTh € (PyHKLIOHAIBHOIO IIEPEeBarol0, OCKUIBKU JIA€ 3MOT'Y OpraHizMy
TPaHCIIOPTYBATH MiHEpaAJIbHY PEYOBHHY JI0 30HH MiHEPaJIOy TBOPEHHSI Ta KOHTPOJIIOBATH (opMy-
BaHHS CKJIaTHOT Mopdoutorii 6iorennoi ¢aszu. Cradimizamis ACC sk mornepeHuKa KaabIuTy abo
aparoHity Ta ACP sk pekypcopa 010reHHOTO arnaTuTy 34iHCHIOETHCSI OPraHiYHUMH MaKpOMO-
JIEKyJIaMH, a B KapOOHAaTHUX CHCTEMaX TaKokK i0HaMu-crabinizaropamu, 30kpemMa Mg?*, 1o jae
3MOTY CEJICKTUBHO PETYIIOBaTH MOMEHT i JIOKaui3amito (azoBoro mepexomny [4; 8; 10].

Jlo HEeKIaCHYHUX MEXaHi3MiB HAJIC)KUTh TAKOXK OPI€EHTOBAHE IPUEIHAHHSI, 32 SKOTO HaHO-
PpO3MipHi KpHCTamiyHi OJIOKH BHUPIBHIOIOTHECSA B MEKaxX OPTraHIYHOI MaTPHUIl B3IOBXK CIIITBHUX
kpuctanorpapiganx oceit. Lleit MexaHi3M MOACHIOE POPMYBaHHS ME30KPUCTAIIB — CTPYKTYD,
mo Mop(}OJIOridHO MOXKYTh HaragyBaTH MOHOKPHCTAJM, OJHAK (PAaKTHYHO MArOTh MO3aidyHy
Oy/oBY i MICTATh IHTETPOBaHI OpraHiuHi BKItoYeHHs [4].

Jyist MiHEpasIorii 11 Ma€e MPHUHIIUIIOBE 3HAUCHHSI, OCKUIBKH Ja€ MiJICTaBU MO-HOBOMY 1HTEp-
MIPETyBaTH KPUCTAIOXiMiuHI JedekTH, BapiadenbHUi CTYIiHb KPUCTAIIYHOCTI Ta 0COOIUBOCTI
noJiMopQHOro BUOOpy B OioreHHuX cuctemax. OTKe, TOCHIHKCHHS HeKJIIACUYHOT KPUCTaTi3amii
€ OJTHMM i3 KJIIOUOBHX HAIpsIMiB CydacHOI GioMiHepaorii, Skuil nmoeauye GpiznuHy Ximito ¢aso-
BUX HEPEXO/IB 3 O10JIOTTYHIM KOHTpoOJIeM OioMmiHepaioyTBopenHs [4; 10].

BazoBuil aHANITHYHUI KOMIUICKC CYyYacHOi OioMiHEpanorii IPYHTYETbCS Ha ITO€THAH-
Hi MOPQONOTIYHNX, (Ha30BO-aHATNITHYHIX, KPUCTATOXIMIYHIX Ta CHEKTPOCKOMIYHUX ITiIXO-
niB. TpagumiiiHO 10 HBOTO Halekath ckaHyBaitbHa (SEM) ta Tpancwmiciitna (TEM) enexrpo-
HHA MIKpOCKOTIs, peHTreHiBcbka audpakmis (XRD), indpagepBona crekrpockomis (FTIR)
Ta Paman-cniektpockonis. [xue moeananus mae 3Mory ananizysatu (haszoBuit ckaaj, momiMopdHi
Monuikarii, CTymHb KPUCTATIYHOCTI Ta iepapxiyHy oprasizaiito 6ioreHaux ¢as [17; 21].

SEM 3anuiiaeTbesi KIFOUOBUM IHCTPYMEHTOM JIJIsl BABYCHHSI MIKpOTEKCTypH, Toi ik TEM
Jla€ 3MOTY JOCIIDKYBATH YIBTPACTPYKTYPY i OpraHo-MiHepaibHHi iHTep(deic Ha HAHOPIBHI.
BoaHouac cyudacHi TOCIIKEHHS 3aCTepiraloTh Bijl CIIPOIIEHHUX IHTEpIpeTalii, 0COOINBO JUIs
kanbLiii-pocdaraux cucrem. [Ipsme oroToxkHeHHs 010TeHHOT Pa3n 3 «TiPOKCO-araTuToM» 0e3
ypaxyBaHHS J1e(peKTHOCTI CTPYKTYpH, 130MOp(HHUX 3aMillleHb, 30KpeMa KapOoHaT-ioHa, Ta HasB-
HOCTi aMOp(HHX JIOMEHIB 4acTO € HeKOpeKTHUM. JlJist ieTaizanii cKiiaay gefani mupiie 3a1y4a-
10Th TepMiunuii ananiz (TG/DSC?), sikuii 1ae 3MOry KiJIbKiCHO OIIIHUTH BMICT BOJH i OpraHiqHOl
PEUOBHHH, IHTETPOBAHUX y CTPYKTYpYy Oiominepainy [17; 21]. OCHOBHI aHATITHIHI MOKITHBOCTI
CY4YaCHHX METOJIIB AOCITIKeHHs 0i0TeHHUX MiHepaTbHUX (pa3 y3araiapHEHO B TaOImI. 1.

[IpopuB y po3ymiHHI AWHAMIKK OiOMiHEpaJIOyTBOPEHHS ITOB’SI3aHUHN i3 BIIPOBAHKCHHAM
METOMIB in situ Ta in operando. KpiorenHna TpancMiciiiHa exekTpoHHa Mikpockoris (cryo-TEM)
Ta piguHHO(Aa30Ba TpaHCMiciiiHa enekTpoHHa Mikpockoris (liquid-TEM) marote 3Mory Bidya-
JI3yBaTu MepeAHyKIealiiiHi KiacTepy Ta aMOpQHi NPEKypCcopH B IXHBOMY HAaTHBHOMY, TOOTO
rizparoBaHomy, crati. Lle kpuTHyHO Ba)<TMBO A7t Bepudikaliil Mojenel HeKJIaCHYHOT KpucTa-
Jti3auii, OCKIJIbKY TPpaaMIiiiHa I1IrOTOBKA 3pa3KiB YacTO CIIPUYMHSIE apTe(aKTHy JAerigparariio
i ¢a3osi Tpanchopmarii [7; 17].

Baromum eeMeHTOM Cy4acHOTO iHCTPYMEHTapIil0 CTall CHHXPOTPOHHI MeTou. CKaHyBalIb-
Ha TpaHCMiciliHa peHTreHiBcbka Mikpockoris (STXM) 3a0e3neuye BUCOKOPO3IUIbHE XiMiUHE
KapTyBaHHS KaJIbIIIEBMICHUX KOMITApTMEHTIB y kiiThHaX. Criekrpockomnivni migxoan XANES
(peHTTeHIBCEKA CHIEKTPOCKOITisS ONMMKHBOI 30HH mormiHaHHSA) Ta EXAFS (po3mmpena pertre-
HiBChKa a0COPOIIiifHa CIIEKTPOCKOIIis) JAFOTh 3MOTY aHaNi3yBaTH JIOKaJIbHY KOOPIMHAIIIIO, €TeK-
TPOHHUI CTaH 1 XapaKkTep BKIIIOYCHHS TOMIIIKOBUX €JIEMEHTIB y Oi0TeHHI MiHEepabHi (Qasm.

* TG — repmorpasimerpisi; DSC — nudepeniiaabHa CKaHyBadbHA KATIOPUMETPisl.
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Tabmums 1
CyuacHi MeTOIH 10CTiIzKeHHsI OioreHHUX MiHepaJbHuX ¢a3
Ta iX aHAJITHYHI MOKJIUBOCTI
MeTtoa/miaxix AHaniTuunmii poxyc MozxauBocti Jxepeso

CkaHyBalbHa Mopdosoris nosepxHi, Ealic?;ig ﬁiﬂﬁ}:}fan; (bogMy

eneKTy OHHA MIKpOTEKCTYpa, IPOCTOPOBE opraﬂisa 1o GiEMiHIe):ya?i]g Y [1; 25]

{CKTPOHH PO3MILIEHHS MiHepaIbHOT op 1o P ’
Mikpockomist (SEM) bazu 1 XapaKkTep MiHEpaJIOyTBOPEHHS
Ha MiKpOPiBHi
TpancwMiciiina VIBTpacTpyKTypa Mae 3Mory mpocTexyBary paHHi
€NIeKTPOHHA > ctanii Ga3oyTBOPEHHS, Hepexis
. : HAHOKPHCTAJIH, OPTaHO- . : .

MIKPOCKOIIS - o o BiJl aMOp(HUX TIPEKyPCOpiB 10 [7; 17]
(TEM/cryo-TEM/ MiHepanbHui iHTepgetic, BIIOPSIKOBAaHMX (a3 1 MexaHi3MH

liqui y aMop(dHi TONepeTHUKH il .. e

iquid-TEM) HEKJIACUYHOI KpUCTaIi3anii
Pentrenoctpykrypuuii | @a3oBuii ckian, 3abe3neuye HamiliHY Qa3oBy

aHai3 noiMopHi Moaudikarii, ineHTHdiKaIito Gi0OrTeHHIX
(XRD)YMIKpOKpUCTa/IiYHa | CTYIIiHb KPHCTANIMHOCTI, MiHepanbHUX (a3 i yTOUHeHHs! 5 [21; 23]
€JIEKTPOHOIU(MPAKIIST | CTPYKTYPHI XapaKTepPUCTUKHN | KPUCTAJIOXIMIYHHX OCOOIUBOCTEIT

MicroED CyOMIKpOHHUX KpHCTaIliB C1aOKOBIOPSIIKOBAHUX CHCTEM

Y p p P
s nepermopemuy | Pymuionasi rpym, |1 S8 RERY BURICEE T
; . ,
®dyp’e (FTIR) / kapGoHarHi Ta ocdarni 3aMIIIEHHs Ta CITiBBIHOMICHHS [2;25]

Paman-criekTpocKoris
(Raman)

JIOMEHH, KPUCTAJIYHICTB,
OpraHo-MiHepajbHi B3aEMOIIT

OpraHiyHoi i MiHepaIbHOL
CKJIAJOBHX Yy OioMiHepaax

CkaHyBajbHa
TpaHCMiciliHa
PEHTTeHIBChKA
MIKPOCKOTIist
(STXM)/PentreniBcbka
CIEKTPOCKOIIisI
OMIKHBOT 30HA
HOTIMHAHHS

(XANES) / Po3mpena
PEHTreHIBChbKa
abcopOuiiiHa
CIEKTPOCKOIIis
(EXAFS)

XiMiuHe KapTyBaHHS,
JIOKaJIbHA KOOP/IMHALLiS
€JIEMEHTIB, €JICKTPOHHUI
CTaH i JOMIIIKOBI 3aMiILEHHS

PoskpuBae kpucranoximiuHi
3aMIIEHH, JIOKAILHUN XiMIYHWI
CTaH eJIEMEHTIB 1 MEXaHi3MHU
¢dopmysanns vital effect

y GloreHHux (azax

[3; 13]

SnepHuit MaruiTHA
pe3oHaHc Bymieno-13
(APT)

CyGHaHoMeTpoBa
XIMi9Ha TeTepPOTeHHICTb,
TPUBHUMIPHHUH PO3MOALT
CIIIIOBUX €JIEMEHTIB

Hanae maibxe aToMHOMacIITaOHY
iH(opMaIio PO HEOTHOPIAHICTH
OiomiHepaiB 1 PO3MOALT
JIOMIIIOK y TBEPIHUX TKaHHHAX

[11]

Kopensrusuuit
MYJIBTHMACIITa0OHUN
aHaii3

[HTerpauis MopgooriyHux,
CHEKTPOCKOMIYHUX
1 BUCOKOPO3IUIBHUX JIAaHUX

[lae 3mMory iHTepIpeTyBaTH
OioreHHi MiHEpaJIbHI (a3 sIK
JUMHAMIYHI OpraHo-MiHepaabHi
CHCTEMH, a He SIK 130J10BaH1
KpHUCTaTiyHi 00’ €KTH

[11;13;
17]

e BaxknmmBo Ut iHTEpHpeTanii KPUCTATOXIMIYHAX 3aMiIlIeHb 1 MeXaHi3MiB (popMyBaHHS
vital effect [3; 13]. OqauM i3 HAHTIEPCTIEKTUBHIIINX METO/[iB aTOMHOTO MACIITa0y € aTOMHO-30H-
noBa ToMorpadis, sxa 3abesrnedye TPUBHUMIPHY PEKOHCTPYKIIO CyOHAHOMETPOBOI XiMiuHOL
TeTEePOTeHHOCTI Ta PO3IOJUTY CIIOBUX €IEMEHTIB y CTPyKTypi Oiominepary [11]. Ilepcrmek-
TUBHUM JIOTIOBHEHHSIM JIO LIbOTO 1HCTPYMEHTAPI0 € MIKPOKPHUCTAIIIYHA €JICKTPOHHA AUPpPaKIis
(MicroED), sika 1ae 3MOTry BU3HA4aTH CTPYKTYPHI XapaKTepHUCTUKH CyOMIKPOHHHUX 1 CJ1a0KOBIIO-
PSIKOBAaHUX KPHCTAJIIYHUX 00’ €KTIB, 110 OCOOIMBO BaXKIIMBO JUIS JOCIIIKEHHS JIpiOHOIKCTIep-
cHMX OloreHHuX Qa3 i nonimopduux Momudikariit [23].
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OTxe, METOZOJIOTTYHUN apceHall Cy4acHoi OloMiHepaioTii eBOMIOIIOHY€E B OiK KOPEISTHB-
HOTO aHaJli3y, Jie AaHl Pi3HUX MaclITadiB IHTEPIPETYIOThCS K B3a€MOJONOBHIOBaIbHI. Came
TaKUi MyJIbTUMACIITAOHMHN MIXIN Ja€ MiJicTaBu po3riisiaaTy OloreHHi MiHepasibHi (aszu He sk
CTaTU4HI 00’ €KTH, a SIK CKJIaJHI TUHAMIYHI OpraHo-MiHepaibHi cuctemu [11; 17].

Cepell MPUPOIHUX MOJICIBHUX CHCTEM OiOMiHEpasorii MPOBIAHE MICIE TOCITar0Th Kap-
GonatHi ¥ Qocdarni OiorenHi MiHepanbHi (asu Bummx opranizmiB. Came BOHM HalKparie
JIEMOHCTPYIOTb, SIK O10JIOTTYHMN KOHTPOJIb BIUIMBAE Ha MONIMOP(HUI BUOIp, KpUCTAIOXIMIYHI
0COOJIMBOCTI, TEKCTYPHY OpraHi3alito Ta (pyHKIIOHAIBHI BIACTHBOCTI OioMiHepaliB. Y MiHepa-
JIOTIYHOMY aCIEKTi i CHCTEMH 0COOJIMBO IiHHI, OCKUIBKH MOEIHYIOTh YiTKO BH3HAYEeHUH (a3o-
BHI CKJIaJ] 3 BUCOKHM PiBHEM MOP(OJIOTIUHOI Ta CTPYKTYpPHOI BIIOPSAKOBAHOCTI, IO POOUTH 1X
MIPUIATHUMH K U (yHIaMEHTAIBHOTO aHalli3y MeXaHi3MiB (a30yTBOPEHHS, TaK 1 I MaIeo-
EKOJIOTIYHHUX PEeKOHCTPYKIiH [5; 19].

KapOonarHi cucreMu mpeacrasicHi, Hacammepen, oiorenHnmu Momudikamismu CaCO3z —
KaJIBI[ATOM, aparoHiTOM 1, PiJiiie, BITEPUTOM — y CKJIaJli Yepernamiok MOJIFOCKIB 1 kopaiiB. dop-
MyBaHHs [IMX (a3 BU3HAUYCHE HE TUIBKU TEPMOAMHAMIYHUMH YMOBAMH, a i TOHKUM KOHTpPO-
JIeM HaJ JIOKQJIbHUMHU KOHIIGHTpAlisMU HOHIB, pH, opraHiuHOI0 MarpHIEel0 Ta MPOCTOPOBUM
OOMEKeHHSIM 30HU Kpucraiizaiii. [[ns OiomiHepasorii 0coONMMBO BaXKJIMBO, IIO IIi 00’€KTH
€ OCHOBHHMMH HOCISIMH iH(popMalii mpo MexaHi3MH 1HKOPIIOpALlii CIIiIOBUX €JIEMEHTIB 1 hopmy-
BaHHs Vvital effect, mo Ge3nocepeIHHO BIUIMBAE HA IHTEPIPETALII0 T€OXIMIYHMX IIPOKCI y maseo-
KJIIMaTHYHUAX JTOCTIDKeHHX [5; 19].

®docdaTHI cECTEMH OXOILTIOIOTh KiCTKOBY TKaHUHY, JCHTHH 1 eMab, ¢ JOMiHye OioreH-
HU{ anatut. BaxinBo 3a3HAauMTH, 10 MIHEPAILHUI KOMIIOHEHT KIiCTKH HE CIIiJ{ CIIPOLICHO
OTOTOXHIOBATH 31 CTEXiOMETPUYHHUM TiIPOKCO-AIaTUTOM: 1AETHCS MPO KaJblil-aedinnTHHH,
KapOOHATOBMICHMH amaTHT i3 BHPaKEHOIO0 AE(EKTHICTIO CTPYKTypH Ta, WMOBIPHO, y4acTio
aMop(hHO-HAHOKPUCTATIYHUX JOMEHIB. Y KiCTKOBii TKaHWHI MiHepasibHa (Da3a TiCHO MOB’s3aHa
3 KOJIAr€HOBOIO MATPHUIICIO, YTBOPIOIOYH I€EpAPXiuHy CHCTEMY, TOJI SIK Y BUCOKOMIHEPAIi30BaHUX
TKaHUHAX, 30KpeMa, B e€Malli, allaTUT MAa€ BUIUHA CTYIiHb KpucTaidiyHocTi. Came i CUCTeMHU
€ KIIFOYOBUMH MOJICIISIMU JUIsl TOCITIKEHHsI posti MaTpulll, epMeHTaruBHOI peryisiii gocdar-
HOTO 00OMiHY Ta MPOCTOPOBO-YaCOBOTO KOHTPOIIIO HyKJIealii if pocTy kpucraiis [17; 21; 27].

[NopiBHSIBHUI aHAaII3 IIUX CHCTEM Ja€ 3MOT'Y NPOCTEKHUTH CIUIBHI i BiMiHHI prcH Giono-
T'YHO KOHTPOJILOBAHOTO (pa30yTBOPEHHS. Y KapOOHATHUX CUCTEMAaX TOJIOBHUI aKIEHT IIPHIIaJIae
Ha noaiMop¢izm CaCOj3 Ta 3HaueHHs Oi0OMiHEepaIiB sIK TeOXIMIYHHX apXiBiB, TOI SIK y ocdar-
HUX — Ha Je(heKTHY CTPYKTYpY alaTUTy Ta 3B’ 30K MK HOro KpHCTAJIOXIMIYHIMH XapaKTepuc-
THUKaMH 1 MEXaHIYHUMH BIIACTUBOCTSIMHU TKaHUH. CaMe TOMY IIi CHCTEMH 3aJIMIIAI0ThCsl 0a30BHU-
MU MOJIEIEHUME 00’ €KTaMH Cy4acHOI OiOMiHepasorii Ta CTBOPIOIOTH KOHIIETITYaIbHUH MICTOK
JI0 aHaJi3y MIKpoOHOI 6ioMiHepaizalii i maToJoridHOro MiHepaIoyTBOpeHH [5; 21; 27].

MikpoOna GioMiHepastizallisi € OJHUM 13 HaWOIIbII JUHAMIYHUAX HAIMpPSIMIB CydacHOi 010-
MiHEpaJIorii, OCKUIbKH caMe MIKpOOpraHi3MH 3[aTHi iHimitoBaTH (hopMyBaHHs, TpaHChopma-
Iif0 Ta cTalii3alilo IIMPOKOTO CHEeKTpa OIOreHHUX MiHEpalbHUX (a3 — KapOOHATIB, OKCH/IIB
1 ripokcuiB 3aiiza, cynbiniB i GocdariB — y NpupoAHUX ceperoBUIIax. Y MiHEpaJoriqyHo-
MY acleKTi Il 3Ha4eHHs MOJISATae y 3AaTHOCTI IPOKapiOTiB CYTTEBO BILIMBATH Ha MOPQOIIOTiIo,
CTYMiHb KPUCTAJIIYHOCTI Ta XIMIYHY HEOJHOPIIHICTh MiHEPaJIbHUX MPOIYKTIB, a Yepes3 Iie 1 Ha
riepe0ir nodaapbHUX OioreoxXiMivHUX OUKIIB [4; §; 15].

CydacHi ysiBIeHHS IpO MiKpoOHY OGloMiHepaTizalliio IPYHTYIOTECS Ha PO3MEXKYBaHHI TPHOX
(byHIaMEHTAIFHUX THIIIB. Y pa3i 0i0JOTiYHO 1HIYKOBaHOI MiHEepami3amii MIKpOOpTaHi3MHU 3Mi-
HIOIOTH (Pi3MKO-XIMIYHI TapaMeTpH cepenopmia, 30kpema pH, Eh Ta BMicT HeopraHiqHOTO BYT-
JIEITF0, CTBOPIOIOYHM YMOBH JUIS TIEPECHYCHHS 1 MacoBOTO ocakeHHs (a3. Came UM MOSCHIO-
€TBCS POJb OakTepialbHOTO KapOoHaTOreHe3y y (hOpMyBaHHI CTPOMATONITIB, OCATOBUX TOBII
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1 mponecax Qocwmmizanii [4; 8]. biosoriuno 3ymoBIeHa MiHepamizallis MOB’si3aHa 3 THM, IO
KJIITHHHI MTOBEPXHI Ta Mo3akJiTHHHI nonimMepHi pedoBunu (EPS) BimirpaioTh ponb akTHBHHX
MaTpUYHUX CyOCTparTiB 1 IEHTPIB rereporeHHoi Hykieanii. Lle nae 3Mory MikpoOHUM KIIiTHHAM
3a/laBaTé TEKCTYPHI XapaKTePUCTUKU KPUCTAIIB HABITh 32 BiJICYTHOCTI MPSIMOTO FCHETUYHOTO
KOoHTpOJr0. OcoOMMBE €KOJIOTIYHE 3HAUCHHSI MalOTh 3aJ1i30BMICHI CHCTeMH, Jie OioreHHi depu-
rigput Fe** O, (OH), i rerur FeO(OH) cTaroTh BUCOKOPEAKTHBHUMH T€OXiMiuHMMH Oap’epamu,
3abe3neuyroun iMMoOLTi3amito 3a0pynHioBadis [4; 15].

BionorivHo KOHTPOIbOBaHA MiHEpaJi3allisl HailBHpa3HilIe MPEeICTaBlIeHa Y MarHITOTAKTHY-
HUX OakTepiil. ¥ Mexax MeMOpaHHO-OOMEXECHUX MarHiTOCOM (POPMYIOTBCS €BIrepatbHi KPUC-
Tamu Marnetuty Fe*'Fe’” 0, abo rpeiirity Fe*'Fe*”,S,. Ila cuctema 1eMOHCTpY€ 3aTHICTh Mpo-
KapioTiB Mpenu3iifHo perymoBaTH (a30BUi CKIa[, MOP(OIOTIIO Ta MPOCTOPOBY OpraHi3aIliio
MiHepaTy Ha TeHETHYHO AETepMiHOBaHOMY PiBHI [24].

T'ecoxiMiyHE 3HAYCHHS [[UX [TPOILCCIB MOJISTae He TIIBKU y (POPMYBaHHI CTIHKOTO MiHEpPaIbHO-
IO 3aIiCy B TEOJIOTIYHOMY JIITONHKCI, a ¥ y TXHIN ydacTi B IMKJIaxX BYIVIEII0, 3a1i3a, CIpKH 1 (oc-
¢bopy. MikpoOHO-0oTIOCEpeIKOBaHI (a3u € IHIUKATOpaMH YMOB MajIcOCEPEIOBHUIIIA, TOETHYIOUN
MiHepaJIOriyHUI aHai3 3 TeOMIKpOOiOJIOTIUHOI0 iHTEpIIpeTalieto npouecis GazoyrBopeHHs [4;
8; 24].

[aronoriune MiHEpaJOyTBOPEHHSI B OpPraHi3Mi JIIOJAWHH € BaXKJIMBUM 00 €KTOM CydacHOI
GiomiHepaJIorii, OCKUIBKH JJEMOHCTPYE, 0 OloreHHe (ha30yTBOPEHHS MOXKE peaji3yBaTHcs He
TUTBKN y (DI310JIOTIYHKX, @ i y AaTOJIOTIYHUX YMOBAX. Y MIHEPAIOTI4YHOMY acIeKTi HAeThCs Mpo
(hopMyBaHHSI EKTOMIYHAX a00 aTHIIOBO JIOKANI30BaHUX MiHEpaTbHHUX (pa3 y M’SIKUX TKaHWHAX,
MTOPOXHUHHUX OpraHax, CyAMHHIN CTIiHII, KJIamaHax cepis 9 OioruriBkax. Taki yTBOpeHHS HE
CITiJ PO3MIISIIATH SK TTACHBHE OCAIKECHHS COJIEH, OCKITBKH CyJacHi HOCIIHKEHHS 3aCBIAUYIOTh,
o ixHe GpopMyBaHHS IOB’s3aHE 3 3allaJCHHAM, JOKAIbHUMHU 3MiHAMH HOHHOTO CEpelOBHIIA,
MOSIBOKO MAaTPUUYHUX CyOCTpPATIiB JJIs1 HYKJIeallii Ta aKkTUBAIIIEI0 OCTEOTEHOMOMIOHUX CUTHAIbHUX
uusxis [22].

OnHi€r0 3 HAHOIBIIT MOKA30BUX MOJICJICH MaTOIOriYHOT OioMiHepaitizallii € ypositias. Cydac-
HUH MiIXia AeAalii JacTille TPAKTy€e HUPKOBI KaMEHI sIK MATOJOTivHI O10reHHI MiHepasu, JUis
aHaJi3y SKUX HEJOCTAaTHHO JIUIIE BU3HAUYCHHS 3araJibHOTo XiMiuHOro cKiazy. [IpuHnumnose 3Ha-
YEHHSI MalOTh KPUCTAIYHA CTPYKTYpa, TIOPUCTICTh, TPOHUKHICTD, CIIAMHICTb, TPINMHYBATICTh
1 MexaHI4YHI BIACTUBOCTI KOHKpeMEeHTY. J[jisl yposIiTiB XapakrepHe CyTTe€BE MiHEpaJIOTi4He pi3-
HOMAHITTS: Cepel OCHOBHUX (ha3 TPAIUIAIOTHCS OKCaIaTH KaJblliio, 30kpema, 10BeltiT Ca(Cz04) -
H,O0 i yememit Ca(C,0,) - 2H,0, docdaru kambIlifo, a TAKOXK YpaTH H iHIIT KOMITIOHEHTH, CITiB-
BiTHOIICHHS SKHUX BimoOpakae yMOBH (pa30yTBOPEHHS B OaraTOKOMIIOHEHTHOMY 010J0Ti9HOMY
cepemoBuIi. BayknBO, M0 HABITH 32 HE3HAYHOI MACOBOI YACTKH OPTaHiYHUA MaTPUKC MOXKE
CYTTE€BO BIUIMBATH Ha apXiTEKTypy KOHKPEMEHTY, MOIYTIOIOYH HyKJealiro, (pa30Bi mepexonn
1 TEKCTYpHY OyZ0BY MMaTOJIOTIYHOTO MiHepajapHOTO arperary [18].

[HIIUM BaXKJIMBAM HANpsIMOM € CyIMHHA 1 KialmaHHa Kajabludikailis, KOJIH OCaIKYyIOTh-
csl Kanblii-pocharni MiHepanbHi (Ga3u, OIM3bKI 32 CKIAJOM JI0 KICTKOMOAIOHOTO MiHepay.
CydyacHi JaHi cBiuark, M0 B KaIbIU(IKOBAHUX CYJMHHUX 1 KIaNaHHUX TKAaHMHAX IepeBaka-
10Th J00pe BropsiakoBaHi (ocdarHi dasu, Tomi K Ha PaHHIX eTamax MOXKE 3pOCTaTH YacTKa
OiIIBII HE3PIIMX 1 MPOTOHOBAHMX KalbIii-pocharHux kommnoHeHTiB. Lle 3acBimuye, mo s
rarosoriyHol Kanpludikaii BaKIMBI HE TIABKH JIOKaJi3allis i KUTbKICTh MiHEpaJLy, a i CTYIIiHb
1oro 3pinocTi, (ha30BHIA CTaH i KPHCTAIOXIMIYHA OpraHi3allis. IMOBipHO, CYTTEBY POIb Y IILOMY
MIPOIIECi BiMIrpaloOTh MO3AKITITHHHI BE3UKYIH, AKi (PyHKIIIOHYIOTH SIK JIOKAJIBHI MiKpOpEaKTOPH
MOYaTKOBO1 HyKIIeallii Kanblii-pocharaux das [22; 28].

Oxpeme wMicme cepex TMaTOJOTIYHMX OlOMiHEpalbHUX CHCTEM IIOCiae JICHTaIbHUI
KaMiHb fK MiHepamizoBaHa GiorutiBka. Moro MiHepajibHa CKJIajoBa MPEICTABICHA HEPEBAKHO
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Kasblii-hocharaumu haszamu, cepel AKUX AOMIHYIOTh alaTUTOBI Momudikaliii, a TaKOX 1HIII
¢docdarni it kapOoHATHI KOMITOHEHTH. BaxmiBo, 110 MiHepai3alis B IIbOMY BHIAJIKy BiJ0yBa-
€THCSI HC CIIOHTAHHO, a BHACIIIOK B3a€MOIii MIKpOOHOT O10TUTIBKH, EPMEHTATUBHOT aKTHBHOC-
Ti, 3MiHu pH Ta J0OKaNBHOrO nepecuueHHs Kaublii-pocharHoi cucremu. OTxe, ACHTAIBHUI
KaMiHb € TIOKa30BUM IPUKJIAJOM TOTO, SIK MAaTOJOTiYHE MiHEPaJOyTBOPEHHS MOETHYE MIKpOO-
HUH, Qi3UKO-XIMIYHUH | MATPUYHHUN KOHTPOIbL (hazoyTBOpeHHs [25].

Jns maronoriyHuX OlOMiHEpaJIbHUX CHUCTEM 3arajioM XapaKTepHI MiKpOreTepOreHHICTb,
30HaJIbHA OyloBa, BapiaOeIbHUH CTYIIHb KPUCTATIYHOCTI Ta CIeIu(iuHIi HaOip JOMIITKOBUX
xoMmoHeHTiB. Came IIi 03HaKH POOIATH iX IIHHUMHU 00’€KTaMH OiOMiHEpaJOTiYHOTO aHAII3Y,
OCKITBKH JAOTh 3MOTY JTOCIIKYBaTH MEXaHI3MHU HyKJIearlii, (pa3oBoi eBoIOIii Ta cTadimizarii
OioreHHNX MiHepanbHUX (a3 y HediziomorigyHux ymoBax. OTKe, IMaTONOTIYHE MiHEPaIOyTBO-
PEHHS B OpTaHi3Mi JIOAWHMA Ma€ TOMABIHHE 3HAYCHHS U CydacHOi OioMiHepasorii: 3 OJHOTO
00Ky, BOHO € MOJIEJIIFO TOPYIIEHOTro (ha30yTBOPEHHSI, & 3 IHIIIOT0, — JPKepesIoM iH(popMallii mpo
B32€EMO3B’ 30K MIXK 3alaJICHHSIM, MATPUYHUMU CyOCTpaTaMmu, JJOKAJILHOI TeOXiMI€0 CepeioBU-
11a Ta KpUCTanoxiMmiero MiHepanbHoi (asu [18; 22; 25].

CyuacHi 0iOMIMETHYHI MiJXOM IPYHTYIOTHCSI Ha BIJITBOPEHHI HE TUJIBKM XIMIYHOIO CKIIaay
MIPUPOIHKUX OioMiHepasiB, a i (yHAIaMEHTaNbHUX NPUHIUIIB IXHBOI HyKJIealii, pocty, (pa3oBux
TepexozIiB Ta iepapxiuHoi opraHizamii. SIkmo paHHi GioiHCIIpOBaHI MaTepiali NePEeBaYKHO KOITi-
I0BaJI OKpeMi MOP(OJIOriuHI PUCH NPUPOIHUX CUCTEM, TO CydacHa MapajurmMa 3MiILyeThCs 10
KEPOBAHOTO BiITBOPCHHS OPraHO-MiHEpAIBFHUX iHTepQErciB, cTadumi3amii aMophHUX MPEKypCo-
PiB Ta MPOCTOPOBO-YaCOBOTO KOHTPOJIIO MiHEpaoyTBopeHHs. Came ToMy OioMiHepaizalliro aeia-
JIi YacTille TPaKTYIOTh K TPUPOIHY MOJIEINb UTA KOHCTPYIOBaHHS (DYHKITIOHAJIBHAX MaTepiaiB i3
Harepes 3aJaHIMHU KPUCTATOXIMIYHIMH, TEKCTYPHIMHI i MEXaHIYHIMH BIACTHBOCTAMH [ 12; 14].

OnHUM i3 IEHTPATFHUX HAIPSAMIB € CTBOPEHHS 0iOMiHEPATOBMICHUX KOMITO3UTIB JIJISI pere-
HEpaTWBHOI MEIUIIMHYU 1 TKAHUHHOI imxkeHepii. CydacHi AOCTiPKEHHS 3aCBiMUYIOTh, IO iHTe-
rpaiiis MiHepasbHOT (ha3u B rosiMepHi a00 TiOpUIHI MaTPUIIl Aa€ 3MOT'Y HE TiJIbKH ITiJIBHIIYBaTH
MeXaHI4Hy CTIfKiCTh Marepiaily, a i BiATBOPIOBATH MIKPOOTOUEHHS MPUPOHOT TKaHUHU. Oco-
0J1MBe 3Ha4YEeHHS MalOTh HAHOCTPYKTYPOBaHi kKapOoHaT3aminieHi hocdaru KajbLito, siki 3a0e3re-
YYIOTh BUCOKY 010CYMIiCHICTh, OCTCOIHTETPALII0 Ta HAOIMIKECHHS BIIACTHBOCTCH IITYYHOTO MaTe-
piasy /10 KiCTKOBOT TKaHWHH. Y CTOMATOJIOTIYHOMY Marepiaso3HaBCTBI O10MIMETHYHI ITiJXOIH
0COOJIMBO BHPA3HO BUSBIICHI y TEXHOJIOTISX peMiHepaiizawii eMaii, koin OUIKOBI # cynpamo-
JIEKYJISIPHI MaTpHIli BAKOPHCTOBYIOTH ISl CIIPSIMOBAHOT'O POCTY anaTUToBOI (pa3u i 4acTKOBOTO
BiTHOBJICHHS YIIBTPACTPYKTYPHOI OpraHi3alii TBepaux TkaauH 3y06a [10; 20].

Ba)k/IMBUM HATIPSAMOM € TAaKOXK HACIIi[yBaHHs BlIacHe MexaHi3My Giominepaisarii. Maerscs
PO CHCTEMH, y SKUX OpTaHidHa MAaTpHIl, GepMEHTHI peryasTopu abo crabimizoBaHi aMmopd-
Hi TIONIEPEAHNKN 3a0€3MeUyI0Th KOHTPOIHOBAHE OCADKEHHS MIHEpanbHOI (a3u in situ. Taxwid
ITiIX1/T BIIKPHUBA€E MOXJIMBOCTI JUIsI CTBOPEHHS TiApOTeNiB, 3D-ApyKOoBaHUX KOHCTPYKIIIH, MiHe-
palli3oBaHKUX KapKaciB i HAHOKOMITO3MTIB, Y SIKHX MiHepallizallisi Bill0yBa€eThCs 32 M’ SIKUX YMOB
Temmeparypu i Tucky. Came 1e 30Kye 0iOMIMETHYHE MaTepiaJlo3HABCTBO 3 MPHUHIIAIIAMHU
«3eJIeHO1 XiMii», OCKIJIbKH Ja€ 3MOTY YHUKAaTH JKOPCTKHX (PI3UKO-XIMIYHUX PEXKUMIB CHHTE3Y
1 BomrHOUAcC 30epiraru BUCOKY CTPYKTYPHY BIOPSIKOBAaHICTb KiHIIeBOro Marepiany [12; 29].

Jis MiHepanorii NMPUHIMIOBO BaXKJIMBO, IO OIOMIMETHYHE MaTepiallo3HABCTBO JeAali
GiNble CIMPAEThCs HA KPUCTATIOXIMIUHY JIOTiKy MPUPOIHHX CHCTeM. MIeThcs mpo KepyBaHHs
OMIMOP(GHUM BHOOPOM, CTadiTi3ali0 MEeTacTaOUTBHUX (a3, KOHTPOIb pO3Mipy W opieHTamii
KPHUCTAJITIB, @ TAKOXK PO BIATBOPEHHS i€papXidHOi TEKCTYPHOI OpraHizallii. 3aBIsSKH I[HOMY
OioiHCITipOBaHI MaTepiaiy IMepecTaloTh OyTH MPOCTHMHU aHAJIOTAMH TPUPOIHUX OiOMiHEpamiB
1 TIepeTBOPIOIOTHCS Ha (PyHKIIOHAIBHI CHCTEMH, BIACTHBOCTI SIKMX 3aal0ThCS depe3 Ga30BUit
CKJIaJl, peKUM MiHEpaJIOyTBOPEHHS Ta OpraHo-MiHepalbHu iHTepdeiic [12; 29].
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Otxe, 610MIMETHYHI MIXOAU y MaTepialo3HABCTBI Ta MEIUIIMHI € OJHUM 13 HaWBaXKJIHBi-
IIUX TIPMKIAJHUX BiAradyKeHb CyuacHOi GioMiHepanorii. [XHs HiHHICTH MoNArae B TOMY, 11O
(dbyHIaMeHTaIbHI 3HAHHS PO HyKJIeallio, (ha30Bi mepexoan, aMopQHi MPEKYPCOPH Ta KPUCTAIIO-
XIMiUHY OpraHi3aifiro 610reHHUX MiHepaIbHHUX (Pa3 0e3MoCcCepeIHbO TPAHCPOPMYIOTHCS Y TEXHO-
JIOT1{ CTBOPEHHSI pEreHEPAaTUBHUX MarepialliB, CTOMATOJIOTIYHUX CHCTEM, O101H)KEHEPHUX KOH-
CTPYKIIiH Ta IHINX (yHKIIOHATBHUX KoMno3uTiB [10; 12; 14].

BioiHcnipoBaHi KOMITO3UTH Ta PEreHEPaTUBHI MaTepiajy € MPSMHM Pe3yJbTaToM IepeHe-
CeHHS1 OlOMIHEPAJIOTIYHUX TNPHHLMIIB y NMPUKIAJHY IUIOMIMHY. Y Marepialo3HaBcTBi (QyH-
JMaMCHTAbHI 3HAaHHS PO HyKJealito, (a3oBi Mepexoand Ta OpraHO-MiHepalbHI iHTepdeiicn
BHKOPHUCTOBYIOTh JIJIsl CTBOPEHHS CUCTEM, y SKHX MiHepallbHa i OpraHidHa CKIIAJOBI IMO€THAHI
B iepapxidyHO OpraHi3oBaHWH (QYHKIIOHATHHHUHA KOMITO3UT. HatOinpmmii iHTepec y 1IbOMy KOH-
TEKCTI CTAHOBIIATH KalbLil-pocdaTHi, KambIliif-kapOOHATHI Ta 3MilIaHi TIOPUAHI CHCTEMH, 3aT-
Hi BiITBOPIOBATH HE TUTLKH CKIIAJ], a i CTPYKTYPHY JIOTiKY MpUpoaHuX OiomiHepamis [12; 14].

[TpoBinHe Miclie cepesi pereHepaTuBHUX MaTepiaiiB MMOCiJal0Th KOMIIO3UTH Ha OCHOBI (oc-
¢dariB Kaiplito, HacaMIepen KapOOHAT3aMIIICHUX amaTHTiB, amopdHOro ¢ocdary KabIliro
Ta IXHiX KOMOiHAIi# 3 MOMIMEPHUMHI MATPUIIAMHU. IXHS MepeBara MoIATae B MOMKIMBOCTi TOHKO-
ro KepyBaHHs PO3YMHHICTIO, ()a30BHM CKJIAJIOM, IOPHUCTICTIO i Mik(pa3HOI B3aeMojiero. Taki
CHCTEMH aKTUBHO PO3IVISIAIOTH JUIS KICTKOBOT pereHepariii, ocTeoiHTerpaiii iMImIanTaris i Tka-
HUHHOI 1H)KEHepii, 1€ NPIOPUTETOM € BiJTBOPEHHS MPHPOAHOTO MiHEPAi30BAHOTO MIKpPOOTO-
YEeHHS, a He MPOCTO 3alIOBHEHHS e()eKTy IHEPTHOIO peuoBHHOMO [12; 29].

OxpeMuii HampsiM CTAHOBIATH MATPHIl, Y SAKUX MiHepalizallis BinOyBaeThcs Oe3mocepe/-
HBO in Sifu 1 peTyIIOeThCs PepMEeHTaMU, OiTKamMu 200 CYTIpaMOJIeKyIIIPHUMH CTPYKTypamu. Taki
CHCTEMH Jal0Th 3MOT'Y BiATBOPIOBATH BJIACHE MOCIIIOBHICTH OiOMiHEpaIOyTBOPEHHS — BiJ] CTa-
6imizarii aMOpPHUX TPEKypPCOPIB A0 MEPeXoay B yIOPAIKOBAaHUN anaTUTOBUil ctaH. [l pere-
HEpaTWBHOI MEIUIIMHY Iie 3a0e31edye MPpOoCTOPOBO-9aCOBUN KOHTPOJIb MiHepai3allii, 1mo 301u-
KY€ NITYYHUI Marepiall 3 IPUPOAHIUMHU MeXaHi3MamMu (OpMyBaHHS TBEPAUX TKaHUH [14; 29].

VY cromarosorivHOMy Marepiaso3HaBCTBI Oi0IHCIIPOBAaHI CUCTEMH HAMBHpa3HIilIe BUSBICHI
y JIOCIIDKEHHSIX peMinepaizaiiii emaii. CydacHi poOOTH CB1I4aTh, 1110 O1JIKOBI MAaTPHIII MOXKYTh
CIPSIMOBYBATH PICT alTATUTOBUX KPUCTATITIB, YACTKOBO BiTHOBJIIOIOUHU CTPYKTYPHY OpraHi3aIlito
JIIOZICBKOT eMalti Ta 1i MexaHiuHi BracTUBOCTI. [TapasenbHO po3BUBaIOTHCS KEPATHHOBI 1 METITH/I-
Hi CHCTEMH, 3/1aTHI CTBOPIOBATH YMOBH JUJIsl BIIOPSIKOBAHOTO allaTUTOBOI'O POCTY 3a (iziosoriy-
HUX YMOB. [le poOHTh iX mepCrIeKTHBHUMH JJIsl CTBOPEHHSI HOBUX MOKPHTTIB 1 pereHepaTHBHUX
cTomaronoriganx matepiamis [10; 20].

EdexTuBHicTE 0i10iHCITIpOBAaHMX KOMIIO3HTIB BH3HAUYE€HA KOHTPOJEM KPHUCTAOXIMIUHIX
mapaMeTpiB — (a30BOTO CKIAay, CTYNEHS KPUCTAIIYHOCTI, XapaKTepy 3aMilIeHb 1 TEKCTypHOL
opranizarii MiHepanpHOI ¢a3u. Came TOMy CydacHI pereHEepaTHBHI Marepiajl MPOEKTYIOTh
SIK KepOBaHI OpraHO-MiHEpaIbHI CHCTEMH, Y SIKHX BJIACTUBOCTI MPOTPAMYIOTHCS Yepe3 PEKUM
MIHEpaJOyTBOPEHHs. Y LbOMY MOJIATAa€ OJHA 3 TOJOBHHUX MPHUKIAJHUX MEPCIEKTHB CYy4acHOI
6iominepatorii [12; 29].

EBouttoniiini i ekonoriuHi acriekTn OGioMiHepaliorii BU3HAYaloTh 11 3HAUYEHHSI HE TINBKU SIK
HayKH [P0 MeXaHi3MHU ()a30yTBOPEHHS, a i SIK BXKJIMBOTO iIHCTPYMEHTA JJIsl IHTepIpeTarii reo-
JIOT1YHOT icTOpii Ta cydacHHUX OioreoXiMiuHHX MpolieciB. bioreHHe MiHepalOyTBOPEHHS € OfHi-
€10 3 KIIIOYOBHX EBOJIOLIHHMX IHHOBaLiH, 110 3a0e3reyniia BHHUKHEHHS CKEJIETHUX CTPYKTYD
1 CyTTEBO BIUIMHYJIA HA B3a€EMOJIII0 OPTaHi3MiB 3 TOBKULIAM. Y 1IbOMY KOHTEKCTi O10TeHHI MiHe-
panbHi Pa3u CTal0Th AKTUBHIMH YYaCHUKaMHU TIIO0ATBHUX ITHKITIB BYTJICITIO, KAJIBIIil0, KPEMHITO,
bocdopy, 3amiza it cipku [5; 15].

Exonoriune 3HaueHHs 6ioMiHEepaorii 0coOIMBO BUPAa3HO BHUABICHE Yy IpoIiecax biopeMesi-
arii. biomorigyHo iHAyKOBaHa MiHEpaji3allisl 34aTHA MMEPEBOIUTH PO3YMHHI (DOPMHU TOKCHIHIX



CesTocnas Jloriko

114 ISSN 2078-6220. MiHepanoriyHuii 36ipHuK. 2026. Ne 76

€JIeMEHTIB y TOPIBHSIHO CTiMKi MiHepanbHi (a3u, MO 3HWKYE IXHIO MirpaiiiHy 37aTHiCTh
y npupoxHux Bojax. Lleil MexaHi3M yBakaroTh MEPCIEKTHBHUM METOJOM iMMOOLTI3allii Bax-
KUX METaJIB 1 paioHyKIIi/IIB 4epe3 YTBOPEHHsI BTOPUHHUX KapOoHaTHHX abo (ocdarHux ¢as.
Y MiHepasoriYHOMy acleKTi 1e o3Ha4yae (opMyBaHHS CTAOLILHUX IT'eOXIMIYHUX Oap’€piB, Y IKUX
MOJTIOTAHTH (DIKCYIOTHCS Oe3M0cepeIHbO y CTPYKTYpi OioreHHHX MiHepaiiB. CydacHUM NpUKIIa-
JIOM TaKoro IiJX0y € MIKpOOHO- Ta (hepMEHTAaTUBHO-IHAYKOBaHE OCA/PKCHHSI KapOOHaTIB, 10
iX pO3MIANAIOTh SIK MEPCHEeKTUBHI IHCTPYMEHTH €KOJIOTIYHOI iHKeHepii, cTadimizamii IpyHTiB
1 KOHTpOJILOBaHOI IMMOOTi3anii 3a0pyaHioBadis [8; 15].

He MeHII BaXTUBHUM € 3HAUCHHS O10TEHHUX MiHEepadbHUX (a3 sSK apXiBiB Mmajeocepeio-
Buma. KpucTtanoxiMiyHUH Ta i30TOMHUH cKitax 610TeHHUX KalbIUTY i aparoHIiTy B CKeIeTax
KopaliB, popaMiHidep i MOTIOCKIB BUKOPHCTOBYIOTH I PEKOHCTPYKIIii TapaMeTpiB TaBHIX
6aceitnis. Oco6muBy ponb y nageookeanorpadii BigirparoTs i30TonHi cripBigHOomenHs §'20
Ta 0'3C sK IHAMKATOPH TEMIIEpaTypH i UKy BYIJIEII0, a TAKOK MIKpOEIEeMEeHTHI MPOKCi,
30kpema Mg/Ca ta Sr/Ca, 1mo BimoOpakamTh XiMi3M MOPChKOI BOAH. KOPEKTHICTh TaKuX
PEKOHCTPYKIIIH Oe3rmocepeIHbO 3aJIeXkKHUTh Bl po3yMiHHS MexaHi3MiB vital effect — 6iono-
riYHO 3yMOBJICHUX BIJAXUJICHb Y BXOIKCHHI 130TOIIB 1 JOMIIIOK O CTPYKTYPH MiHEpaiy.
OTxe, OioMiHEpaJOTIYHUI aHali3 € HEOOXiTHO yMOBOIO /ISl Bepudikalii majieoxiimarny-
HUX Mojenei [5; 26].

EBonroriiiHi 1 eKoJOTiYHI acreKkTH OioMiHepanorii 3aMUKAIOTh JIOTIKY JHUCIUILTIHK BiJ
MOJICKYJISIPHOTO KOHTPOJIFO HYKJIeaIlii 10 TUIaHeTaPHUX [UKJIIB PEYOBHHH. bioTeHHI MiHEpaTbHi
($a3u € OHOYACHO 1 aKTMBHUMH YYaCHUKAMH CYYacHHX T'€OXIMIYHUX IPOIECiB, 1 HATIHHUMHI
HOCIsIMH 1H(OpPMAIIT Tpo MUHYIII cTaHU OiocdepH, MOETHYIOYN MiHEPAJIOTYHUH, TeOXiMiTHIA
Ta MaJeoeKoNIOTIYHuH maxonu [5; 15; 26].

VY Tabn. 2 y3araJsHEHO OCHOBHI HAIIPSMH CyYacHHUX TOCIIKeHb y OioMiHepaorii.

Tabmuis 2
OCHOBHi HANPSIMU CYYaCHMX JI0CTi/IZKeHb Y OiomiHepaJorii
. TosioBHMIT HAyKOBUH Tunogi 00’exTHu / 6iorenHi
Hanpsm pocaimkenn . . Hdaxepeno
¢poxyc MiHepaJbHi (a3n
Hyxkueaist, pict KpucTaiis,
®dyHnamMeHTanbH1 ponb opraniunoi marpuni, | ACC, ACP, xonareH-anaTuToBi
MeXaHi3MI aMop(Hi TOTePEHIKH, CHCTEMH, i€epapXiqHO [4:7:17; 21]
1 HEKJIACHYHA nepeaHyKJIeariinti opranizoBaHi 0ioreHHi e
KpHUCcTasi3aris KJIaCTepH, OPraHo- KOMITO3HUTH
MiHepanbHi iHTepeiicH
Kpucranoximis,
KapGonarni TEKCTypHA OpraHi3arist Kanbuut, aparoHir, BiTepur,
it ocdarni cucremn | it GyHKIiOHANBHI OloreHHHMI alaTHT, KICTKOBa [5;17;21]
BHUIIIMX OpPTaHi3MiB BJIACTHUBOCTI OI0reHHUX TKaHUHA, eMallb, JCHTHH
kapOoHariB i pocdaris
BIM, BCM, poinp KIITHHHUX
nosepxoHsb Ta EPS, . .
. . : MarHeTHrT, rpeiirir,
MikpobHa BHYTPIIIHbOKJIITHHHA s,
L oE L ;i P kapbonaru, pocdaru, okcuan [8; 15;24]
OiloMiHepaizaris MiHepaizallis, MikpoOHO- S :
: - .| M TIAPOKCHN 3aii3a
OIIOCEePEIKOBaHI TeOXiMiuHI
TpaHchopmartii
ExTomiuHa kanpuudikaris,
3anajibHO-acolioBaHe CynuHHI Kanbuugikaty,
[Maronoriune (ha3oyTBOpEHHS, YPOIITH, KambIH}iKaIis [18; 22; 25; 28]
MiHEpaJoOyTBOPEHHSI | MiHEpasoriuHa M’SIKHX TKQHUH, JCHTAIbHHUN PSS
XapaKTepUCTHKA KaMiHb
TIaTOJIOTYHUX KOHKPEMEHTIB
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[ponorxerns Tabmmili 2

Buxopucranus

TIPUHIUIIIB IIPUPOJHOT bioincmipoBaHi armaTnToBi
biomimernyHi GiomiHepaizawil 1ust KOMITO3UTH, MiHEepasi30BaHi
Ta Marepialo3HaByi CTBOpPEHHS (D)YHKIIOHAJIIBHUX | MATPHIII, MaTepiau JUIs [9; 10; 12; 14]
HarpsMH Marepiaii, ckadpdomn- pemiHepaizarii Ta TKaHUHHOT

CHCTEM 1 pereHepaTuBHIX IHKeHepil

TEXHOJOT1}

[Moenanus MopONOTivHAX,

- - CIIEKTPOCKOTIIYHIX
AHaniTH4HI i BHCOII)(O e SEM, TEM, cryo-TEM, XRD,
Ta MyJBTUMACIITA0H] P - FTIR, Raman, STXM, APT, [11;13; 23]
- JUTSI BUBYCHHSI O10T€HHUX -
MJAXO0AU . MicroED
(a3 Ha MiKpO-, HAHO-
1 aTOMHOMY PIBHAX
Pounb GiominepainiB
_— Yy TII00aTbHUX IUKITaX - .
Exosnoriusi, biorenni xapbonatu,
€BOJIIOLIHI PCHOBHHH, PCKOHCTPYKLLIL 3aJ1I30BMICHI MiHEepau
. PP ayeocepeI0BUINa, . . S [5;15;19]
Ta 6ioreoximiuHi 6i P MiKpOOHO-1H/TyKOBaHi1
aCIEKTH lopemezyanl kapOoHarHi i ¢pocdatHi ha3u
Ta KIIMaTHIHUX
3aCTOCYBaHHAX

BucHOBKH Ta MepCcreKTHBY MOAAJbIIOTO0 IOCTizKeHHs. BUKOHAaHMIA aHaIT3 3aCBITYUB, 1110
cydacHa OioMiHepasiorisi copMmyBaiacs sIK MDKIUCIUILTIHAPHA rally3b, Y MEKaX sSIKOi IMO€HAHI
MiHEPAJIOTIYHUH, TCOXIMIUHUIA, O10JIOTIYHUI, MCIUYHUH 1 MaTepialo3HABUMI M1 TXOIH /IO BUBUCH-
Hs1 OloreHHHX MiHepanbHUX (a3. bioreHHe MiHepanOyTBOPEHHS CIIiJI pO3IVISIaTH HE SIK [TaCHBHE
OCaDKEHHSI COJICH, a SIK CKJIaJHUI KOHTPOJILOBAHMH IPOLEC, Y SIKOMY BHU3HAYQJIBHY POJIb BiJi-
IparoTh OPTaHiYHI MATPHII, MOJICKYSIPHUHN 1 KIITHHHAN KOHTPOJIb, aMOp(HI Ta MeTacTadlIbHI
TIOTIePEAHUKH, TToTiMOp(HUI BUOip 1 OaraTopiBHEBa TEKCTypHA OpraHi3allis MiHepaibHOT (a3u.

Jlo KIIFOYOBUX HAMpsMIB CydacHOi OioMiHepasorii HalekaTh JOCITIKeHHS (yHIaMeHTab-
HUX MeXaHi3MiB (pa30yTBOPEHHS, PONi HEKIACHYHOI KPUCTANi3allii, YIOCKOHAJICHHS MYJIBTH-
MacIITaOHUX METOIB aHaJli3y, BUBYCHHS KapOOHATHHX 1 (hOCHaTHUX CHCTEM BHIIUX OPTaHi3MiB,
MiKpoOHOi GioMiHepai3amii, MaToIOTiYHOTO MiHEPaIOyTBOPEHHS Ta MPUKIATHIX OloMiMeTHd-
HUX MarepiajiB.

[TokazaHo, 110 GioreHHi MiHepalibHi (Ba3u € He TINBKK MPOAYKTaMH YKUTTEMIsUIBHOCTI opra-
HI3MIB, a i aKTUBHUMH YYaCHUKaMH INI00aJbHUX 0I10r€0XIMIYHMX LUKIIIB, BXKJIMBUMH apXiBa-
MU TaJIe0CePEIOBHIIA Ta TIEPCIIEKTUBHOI OCHOBOIO JIJIsl CTBOPEHHS (DyHKIIIOHAJILHUX MaTepia-
niB. [laronoriyni KanpuudikaTh i KOHKPEMEHTH JIOLUIBHO TPAKTYBAaTH SK MOJIEJI IIOPYIIEHOTO
(a3oyTBOpeHHs, TO/i K OlOIHCIIPOBaHI KOMIIO3UTH BiOOpaXkaroTh MEpexis BiJ KOMIIOBaHHS
(bopMu 110 BIATBOPEHHSI JIOTIKM IIPUPOTHOTO MiHEPAIOY TBOPEHHS.

[NepcrieKTHBH TOJATBIINX JOCITIPKEHb OB’ I3aHi 3 PO3BUTKOM KOPEISTHBHHX BHCOKOPO3-
IUTBHUX METOIIB, 30KpeMa in situ Ta in operando miIxXomiB, TOTTHOICHHSIM KPHUCTAIOXIMITHO-
ro aHamizy OioreHHHX (a3, yTOYHEHHSIM POJli aMOp(HUX MOMEPEAHUKIB 1 OpraHO-MiHepaIbHUX
iHTepdeiiciB y MexaHi3Max (a30yTBOPEHHS, a TAKOX i3 PO3IIMPEHHAM EKOJIOTIYHO KePOBAaHMX
6iomiHepastizaliifHIX TEXHOJIOTiH y Oiopemeiariii, MaTepiaJO3HaBCTBI Ta MEIUIIHHI.
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Biomineralogy is currently one of the most dynamic interdisciplinary fields, integrating
the methodological approaches of mineralogy, geochemistry, molecular biology, medicine, and materials
science. Its relevance is driven by the rapid development of high-precision analytical methods and by
the need for a deeper understanding of the fundamental processes governing the interaction between
living systems and mineral matter throughout Earth’s geological history.

This article summarizes current research directions in biomineralogy and analyses the main trends in
the development of this field. Particular attention is given to biomineralization mechanisms as processes
of inorganic solid-phase formation under the direct influence of biological factors. The essential
differences between biologically induced mineralization (BIM), characteristic mainly of microbial
systems, and biologically controlled mineralization (BCM), typical of higher organisms, are examined.

The role of organic matrices, including specific proteins and polysaccharides, in nucleation, oriented
crystal growth, and the spatial organization of crystals is analysed, as these factors ensure the formation
of biogenic minerals with unique hierarchical architectures and specific physicochemical properties. The
paper considers the principal natural model systems, including biogenic calcium carbonates (calcite,
aragonite, and vaterite in the skeletons of invertebrates and coccolithophores), calcium phosphates
(particularly hydroxyapatite in bone tissue), as well as biogenic opal in diatoms and magnetite in
magnetotactic bacteria. Special attention is paid to microbial biomineralization as an important factor in
the geochemical transformation of the environment, to pathological mineralization in the human body,
and to biomimetic approaches to the design of new functional materials.

Modern biomineralogy is of great importance for the reconstruction of palacoecological conditions,
the development of regenerative medicine, and the study of biogeochemical processes. The prospects
for a transition toward multiscale investigations of matter at the micro-, nano-, and atomic levels using
SEM, TEM, XRD, infrared spectroscopy, and synchrotron radiation are outlined. It is concluded that
the integration of these approaches provides the foundation for understanding the regularities of mineral
formation in living and non-living nature and for revealing the role of biota in global geochemical cycles.

Key words: biomineralogy, biomineralization, biogenic minerals, microbial biomineralization
pathological mineralization, biomimetic materials, hydroxylapatite, crystallochemistry of biogenic
phases, nanostructure of minerals.
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JlbgigcbKuUl HaujoHanbHUU yHieepcumem iMeHi lsaHa ®paHka,
syn. M. Ipywescbkozo, 4, Jlbeis, YkpaiHa, 79005

Cruciio npoaHanizoBaHo BcebiuHy AisuIbHICTD Kadeapu nerporpadii, siky Oysao 3acHoBano 1945 p. Le
Oyna enuHa B Ykpaiui kadenpa, sika Mania Taky Ha3By 1 Ha siKii roTyBanu ¢axisuis-nerporpadis. Y 2020 p.
BHACJIIJJOK peopraHizaitii reojoriqnoro ¢Gakynsrety ii 06’ €Hanu 3 kKadeaporo Minepanorii, i HuHi e Kade-
npa minepasnorii, merporpadii i reoximii imeHi npodecopa Opecra MaTkoBChKOTO.

CxapaKkTepH30BaHO BHECOK CIIBPOOITHUKIB Kadeapu y pO3BUTOK METPOIIOTii Ta jitonorii. Bucsit-
JICHO OKpeMi aCHeKTH HaBYaJBbHOTO MpoLecy, 3A00yTKH y MIATOTOBLI i BMAaHHI HaBYAJIbHO-METO-
nuuHol miteparypu. Y pi3Hi poku Ha kadeapi rorysanu daxiBuiB-nerporpadis ajisi Takux KpaiH, siK
Amxup, Aurona, bBypkina-®aco, B’ernam, Kot-1’IByap, Ky6a, Jlaoc, Mourouxisi, H/IP, Cenerain, Cupis,
Typkmenictan. ¥ 1946 p. npu kadenpi crBopeHo uutipyBanbHy MaictepHio, a 1950 p. — mixkkade-
JpajbHy 1ab0paTopiro JITONOTIYHUX AOCHIKEHb, 5Ky 2020 p. 06’enHano 3 abopartopicro GizudHux
METO/IiB JIOCIII/DKEHb MiHEpaiB i FiPChbKUX MOPiA 1 HUHI 11 JTabopaTOpisi MiHEPaIOTro-NeTPOIOTYHUX
JIOCJTiPKEeHb.

IIpoaHasi3oBaHO rOJOBHI HAYKOBI HAMPSIMH, 110 1X PO3BHUBAIHM Ha Kadenpi Bij Movatky ii 3aCHyBaHHS
3nai npodecopu B. Cobornes, [I. Bobposuuk, O. Boopiesuy, K. CBeurnikos, ixHi koseru i y4ni. Cxapak-
TEpU30BaHO HAyKOBI IyOikallii criBpoOITHUKIB KadeapH, a TaKoXK TXHIO aKTUBHY yd4acTh B OpraHizarii
Ta [POBE/ICHH] PI3HOMAHITHUX HAyKOBUX (OPYMIB Pi3HOTO PaHTY.

VYV 1976-1993 pp. crynentH i ciBpobiTHHKM Kadeapu nerporpadii Opainu ydacts y IisuTbHOCTI Mikda-
KYyJIBTETCHKOT CTYACHTCHKOT HaykoBO-gocnianoi rpynu «Ilensdy», y 1995-2010, 2025 pp. — ekonoro-Kyib-
TypoJIoriuHOi exkcreaunii «{Hictepy.

Huni Ha kadeapi po3BUBAIOTH TaKi OCHOBHI HAyKOBI HAIIPSIMH, SIK MiHEPaJIOr0-TeOXiMiYHI IO CIHKESHHS
riIpoTepMalibHAX 1 MArMaTHYHUX POJOBHILL, HETPOJIOTIUHI JOCII/PKEHHSI MAarMaTUYHHUX 1 MeTaMop(idyHmX
KOMIICKCIB; JIITOJIOTISI 0Ca0BUX KOMIUIEKCIB; MiHEpasIo-TeoXiMIYHUI CYTIPOBIJ IMi/] Yac MPOBEACHHS pec-
TaBpauiitHux pooit Ta in. s peanizauii mocraBiaeHux 3aBaanb (Gaxisii kadexrpu akTUBHO CIiBIIPAIIOOTH
3 BITYU3HAHUMU Ta 3apyOIKHUMH HAyKOBUMH i BADOOHUUMMH YCTaHOBAMH.

© Onexcanap Koctiok, [nra [Tormosa, 2026
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®paHka.

DOl https://doi.org/10.30970/min.76.10

MeTa npoIroHOBaHOI CTAaTTI — yceOIUHO cXapaKTepH3yBaTH AisUIbHICTE Kadenpu rneTporpa-
¢ii, sika akTHBHO (yHKIIOHYBaJIa Ha reoyIoriyHOMY (hakybreTi JIbBIBCHKOTO yHIBEPCUTETY ITPO-
Tsirom 1945-2020 pp. HuHi 1 criiBpoOiTHUKY TPOIOBKYIOTH 3aIIOB3SITIIMBO TPALIOBATH y CKIIA1
HOBOCTBOpeHOI Kadenpu Minepanorii, nmerporpadii i reoximii imeHi nmpodecopa Opecra Mar-
KOBCBKOT'O

BuxkJian ocHoBHOro Matepiauty. Kadenpa nerporpadii sk OKpeMuii CTPYKTYPHHIHA ITi IPO3ILT
TeoJIOTIYHOTO (hakynpTeTy Oyna 3acHoBaHA 1945 p. I 1o 2020 p., xonu ii 06’ exHAMH 3 Kadeaporo
MiHepaJorii, me Oyna eanHa B YkpaiHi kadeapa, sika Masia TaKy Ha3By i TOTyBaja CIELIaTiCTiB
reoXiMigHOTO TIpodiTio 3a creniati3alieo nempozpagis.

Oxkpemi Kypcu 3 netporpadii mouaB Buknagatu me y 1860-x poxax depuinany Llipkenb
(Zirkel), nepumii 3aBinyBau kadenpu MmiHepasorii, 3acHoBaHoi 1864 p. Ha ¢inocopcrkomy
¢axynsreti JIbBiBchkOro yHiBepcutery [11]. Bin ynepmie 3actocyBaB KpHCTaJIOONTHYHHIMA
METOJI JUTS MiKPOCKOIIYHOTrO BHBYEHHS TIPCHKHX MOPiA i iXHbOI miarsoctuku. Moro miapyd-
nuk «Lehrbuch der Petrographie» (Bonn, 1866) 3namMeHyBaB 1mepioj BiJOKPEMIICHHSI TETPOrpa-
¢ii Big reosorii i Minepaorii; apyre Buaanus (1873) moOynoBaHe Ha JaHUX MIKPOCKOMIYHUX
nocmipkens [3; 4]. @enike Kpeiin (Kreutz), sikuit kepyBas xadeaporo minepanorii 1o 1874 p.,
MIPOIOBKYBAB YUTATH KYPCH 3 TeTporpadii Ta 3aiiMaBcss MiHepaoro-reTporpadigyHIMU 10 CTi-
JDKEHHSMH MarMaTu9HAX i ocamoBux mnopina. [Ipodecop Emine [lynixoBcbkwmii-I'abgank (Dun-
ikowsli-Habdank), 3aBimyBau xacdemnpu minepaiorii mpotsrom 1889—1925 pp., ymockoHaTuB
METOIMKY BWKIIQJaHHSI HaBYAJBHHUX KypciB 3 merporpadii: AJsS CTyIEHTIB CTal0 MOKIHBUM
BHUBYATH PI3HOMAaHITHI TipChKi HOPOAX HAa OCHOBI 310paHUX 1 BIIOPSIKOBAHUX KOJIEKIIIH T1pChKUX
mopiz 3 Mmy3eiHux Goumie. 3 1925 mo 1933 pp. Ha kadenpi, ska TOAI Majia Ha3By MiHEpPAIOTil
i merporpadii, mix kepiBHULITBOM 1pod. 3urmyHaa Beiibepra (Weyberg) BuBuanu mpobiemu
reHe3ucy TipChbKHUX mopif. Yke 3 1928 p. Ha kadenpi 3anpoBauin YOTHPUPIYHY ITirOTOB-
Ky MaricTpiB-MiHepayoriB i nerporpadis. Bimomuii negaror i JOCHiAHUK y Traily3i MiHepaso-
rii i nerporpadii Kapnar i Bonuno-ITogimns npod. FOmian Tokapeskuit (Tokarski) mpotsrom
1933-1939 pp. 3aBigyBaB kadenporo Minepanorii, a 1939-1941 — kadeaporo merporpadii
1 4nTaB Taki Kypeu, sk «Bcrymn o nerporpadii», «XiMiuna nerporpadis», «CrenianbHi po3ii-
i nieTporpadii» Ta iH. BiH BUXoBaB miIesy MOJIOAMX KazpiB i chopMyBaB BiioMy MiHepaio-
ro-reTporpadiuny Koy, npeacraBEukaMu sikoi oymu C. bickymepkuit (Biskupski) (3aBimyBaa
kadeapu MiHepanorii i Jexkan IpupogHIIOro GakynsreTy npoTsroM 1939-1941 pp.) i K. Cmymi-
xoBcbkmid (Smulikowski) (ogomoBaB kadenpy mirepanorii y 1944 p.) [3; 4; 11].

3 1945 p. HOBOCTBOpEeHY Kadenpy merporpadii y JIbBIBChKOMY YHIBEPCHUTETI OUOIIOBAIN
npodecopu B. Cobosies (1945-1960), 1. booposuuk (1960—-1974), O. boopiesuu (1974-1995),
noi. B. Xmemiebkuii (1995-2002), npod. K. Ceemrikos (2002—2006), notieatr A. CeHbKOB-
cekuit (2006-2011) Ta 1. [Tobepexcbka (2011-2012), mpod. B. Tymiii (2012-2019).

VY 1946 p. npu kadenpi nerporpadii ctBopeHo nLTidyBanbHy MaicTepHIo, siKa (QYHKIIOHYE
noci. Bona Oyna ocHarieHa nutidyBajibHUMU CTaHKaMH PI3HUX KOHCTPYKIIH JJIsl BUTOTOBJICHHS
nuTidiB TipCHKUX MOPIJ, aHIUTI(IB Py/ 1 MIACTHHOK MIHEpaiB [uisi meTporpadiyHux, MiHepa-
JIOTIYHMX 1 TepMoOaporeoxiMidyHMX AociikeHs. Hero 3aBinmyBamm €. Manasiok, B. I'punuyk,
B. Onnmixo, FO. Cunop [3], auni — €. [IBopkak. ¥ 1950 p. 3 iHimiaTBH TOxI IIe IOICHTA
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J1. BoOpoBHHKa po3moyana poOoTy MikkadenpaibHa 1a00paTopis JITOJIOTTUHUX JTOCITIIKEHb,
sky ouosoBaiin B. Uepruiosa (1950—-1995) ta 1. T'natis (1995-2020). V 2020 p. madboparopito
00’eHany 3 naboparopiero (Gi3MYHUX METO/IB JOCIHIPKEeHb MiHEpalliB i ripcbkux nopia. Huwi
1e J1abopaTopist MIHEPATOTrO-METPOJIOTIUHUX AOCIIKEHb, siKoto 3aBinye K. BypOan.

VY 2020 p. BHACIIOK pecTPpyKTypH3aLlii i peopraHizamii reoJiorivHoro (axkyinsreTy Kapeapy
nierporpadii Oymo 06’equano 3 kadeaporo minepanorii. I 3 1 ciuns 2020 p. ne crana xadeapa
MiHepaJiorii, merporpadii i reoximii, sikiit y 2024 p. Oy;10 MpUCBOEHO iM’ s BUIATHOTO MiHEpaJo-
ra, 6araToIiTHROTO 3aBixyBada Kadenpu Minepaiorii, mpodecopa Opecra Markoscbkoro. IIpo-
Tsirom 2020-2023 pp. HOBOCTBOpeHY Kadenpy owomoBas jgorl. JI. CkakyH, a y gepBHi 2023 p.
3a KOHKYpCOM Ha Tocaiay 3aBigyBada kadenpu obpano noim. 1. TToGepexceky [13; 14]. Orxe,
BIacHe Kadenpa nerporpadii pyHKIIiOHyBaa Ha TeonorigaoMy dakyisTeTi 3 1945 mo 2020 pp.

Humni xadenpa e BumyckoBoro 3i cneniaasaocTi E4 Hayku npo 3emitro i Mae 3HauHi 3100yT-
KM y po3po0Ili HaBYaIbHOI Ta HABYAIBHO-METONNYHOI JriTeparypu. Cepell HaBYaIbHUX JTUCITHU-
IUTiH neTporpadiuHoro npodiaro npotsirom ocranHix 10 pokiB Bukiaaadi kapeapu yuranu abo
YHUTAIOTh 3apa3 Taki KypcH, sik «OcHoBu netporpadii», «Ilerporpadisy», «Ilerporpadis kpucra-
J4HUX nopiny, «Kpucranoontukay, «OCHOBM MiHepalorii, nerporpadii, jitoiorii», «OCHOBH
nierposnoriin, «OcHoBu (izndnoi reoximii i merposnorii» «lleTposoris anMa3zoHOCHUX TOPI»,
«['eonorist Ta MiHEpAaJIOTis POAOBUIIN JiaMaHTiB», «JliTomoris», «MeToaH JTITOJOTIYHUX JTOCITi-
JUKEHBY, « AHaJI3 NeTPOXiMIYHUX JaHuX» (Juist Oakanaspis), «Ilerposoris», «Metoau nerpoio-
TYHHUX TOCIIUKEHb», «MarMaTuuHi KOMIUIEKCH YKpainm», «Mertamopdizm», «MeracomaTndHi
mporiecmy, «Jlitorenesy, «Ocamoi popmarii i darrii», «JliTomoriaamit npakTHKYM», «CTaians-
HUH aHaJi3 0CaJ0BUX MOPia», « PEHTTEHOCTPYKTYpHHUH aHali3 TipChKUAX MOPiT Ta pym», «PeHT-
reHo(a30BHI aHaJi3 TIPCHKUX TOPIT Ta pya» (T MaricTpiB).

HapuaneHuit mporec Ha kadeapi merporpadii y pisHi poku 3abe3medyBanu npodecopw,
ToKTOpH Teoir.-MiH. Hayk O. boopiesud [7; 15], 1. bo6posuuk [18], B. T'ymiii, B. Co6ones [1;
2;9; 10; 12], K. Cemnikos, JI. Tkauyk, 10LUEHTH, KAaHIUAATH Teoj.-MiH. Hayk H. BapraHoga,
O. lI'opb6auercobka, 0. [lopomenko, E. €micees, €. JlaBpenko, A. CenbkoBebkuid [16], €. Crus-
ko, B. Crenanos, 0. @enopuriny, B. XMemiBCbKHiA, aCUCTEHTH, KaHAUIATH T'€OJ.-MiH. HayK
€. Koctiok (Maxkapoga), [. KpuBonuivk, crapiii HayKkoBi CIiBPOOITHUKH, KAHAUIATH T'€OJI-MiH.
Hayk M. besBepxHiii, B. Jlammanos, A. Cmoromnok, O. XMeneBcbka, acucteHtu C. BoliToBuy,
K. KanroxxHa, B. [ToroBuak, €. Pubavox, a Takox HaBuainbHO-gomoMibkHIN niepconan: O. bypa,
I. T'mariB, K. I'ynmekina, M. JImutpenxo, JI. 3yokoa, T. PeBa, T. Conogiiosa, JI. ®emopenko,
B. Yepnanmosa. Croromani nerporpadidai AUCIUILTIHE Ha Kadenpi untaioTs gorentu 1. [Tode-
pexxcrka ta O. Koctrok, iMm momomarae imkenep 1. ITomosa (puc. 1-5).

[potsrom maiixe 20 pokis (1970—-1980-1i poxwr) Ha kKadenpi roTyBanu (haxiBIiB-eTporpa-
¢iB g Takux Kpail, sk B’ernam, Ky6a, Jlaoc, Monromis, HAAP, Cupis, mi3Hime cepex cTyIeHTiB
3 1HIMX KpaiH Oyiu mpeacTaBHUKU AJpkupy, Anronu, bypkina-®aco, Kor-1’IByapy, Cenerany,
ocTaHHIMH pokamu — 3 TypkMeHicTaHy.

Buknanaui kadenpu nerporpadii omyOnikyBamu O6mu3bko S50 MiApYYHUKIB, HaBYaJIbHUX
MOCIOHUKIB 1 PI3HOMAHITHUX HaBYAJIbHO-METOAMYHHUX MartepianiB (puc. 6), 30kpema: boopos-
nuxk /[. I1. Tlerporpadis ocanounux nopin (1974); Cecwniros K. 1., Ilobepesiccora 1. B. Tlpupoa-
Hi CHOJlyYeHHSI MarMaTH4HUX ripcbkux nopix (2005); Xmeniecoxuu B. O., Ilobepesiccoka I. B.,
Kocmiox O. B., I'namise I. I’ Tabnuii Ta pucyHKH 10 1adoparopHuX po0it 3 Kypey «Ilerporpadis
ocanoBux mopim (2005); Cecwniros K. 1., [lobepesccoka 1. B., [Jopowenko FO. I1. MarmatinaHi
TTOPOJIH Ta TIOPOIHI CITOMYYCHHS: TIeTporpadis, meTpooris, MeToan Aociimkens (2010); Jopo-
wenxo 0. I1., I[Tobepesccoka 1. B., @edopuwiun FO. I. OCHOBH KPUCTAIOONTHKH TOPOIOTBIPHIX
MiHepamiB ripcbkux mopin (2012); Cmenarnos B. ., ['enepanosa JI. B., /léoporcax T. C. MeTonn4Hi
BKAa3iBKH J0 JTaOOPaTOPHUX 3aHATH i3 KypCiB « AHaII3 MeTPOXiMIYHUX JaHUX» i «[ eogumHamivHi
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Puc. 1. Konexrus kadenpu nerporpadii, 1958 p.
3niBa HampaBo cuaaTh: mpod. 1. bo6posuuk, nou. H. Bapranosa, 3aB. kad., mpod. B. Cobones,
noit. O. l'opbauechka, acuct. K. Kanroxkna; crosts: acipantku C. [Tnakca, I. CioHeBcbKa, 3. JIsmikesuy,
acuct. €. Pubauox, ct. 1a6. B. Uepanmosa, acn. I. [llaiiHrok, acuct. €. Koctrok (Maxaposa).

Puc. 2. CniBpobitauku kadpenpu nerporpadii, 2004 p.
3niBa HampaBo cUAATH: 3aB. 1a0. . ['HaTiB, 3aB. kad., npod. K. Cemnikos, mou. €. CanuBko;
ctosiTh: joreHTH A. CenbkoBChbkuil, B. Ctenanos, acuct. O. KocTtiok, moi. B. XMeniBChbKHid, CT. HayK.
cmiBpoOiTHUK P. 3arxei, 3aB. nurigysansHoi MaiicTepri B. Onumixo.
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Puc. 3. Konextus kadenpu nerporpadii, 2008 p.
3niBa Harpaso: acuct. C. Boiitosuu, nouentu 0. Joporenko, 1. [Tobepexcrbka, 3aB. nab. I. ['Haris,
3aB. kad., nou. A. CeHpkoBChKUit, acucTenTH Y. bophsik, O. Koctiok, mou. B. CrenanoB.

Puc. 4. CniBpobitauku kadenpu nerporpadii, 2013 p.
3miBa HarpaBo cuaAath: imk. O. Bypa, 3aB. xad., npod. B. 'ymiii, nom. I. [ToGepexcrka; CTOATE: iHXKEHEpH
1O. Cunop, 1. Ilonosa, 3aB. na6. 1. ['naris, nouenrtu Y. bopusk, B. Crenanos, O. KocTrok.
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Puc. 5. CniBpoOiTHrkH Kadeapu MiHepaorii, meTporpadii i reoximii
imeHi npodecopa Opecra MatkoBcbkoro, 2023 p.
3niBa HampaBo: iHxk. 1ad. [. [1IBena, 3aB. 1a6. K. Byp6an, mou. C. Kpinb, imxenepu €. /IBopxak,
1. [lomoga, 3aB. xad., mou. 1. [Tobepexcrka, acuct. H. binuk, nonentu H. CroBorenko, O. KocTiok,
V. bopusik, JI. CkakyH.

pexoHCcTpykmii». Y. 1 (2013), Y. 2. IlerpoxiMiuai KoedillieHTH, 1HASKCH, MOy, TapaMeTpH
(2014); Cmenanos B. b., I[lobepesccovka I. B., Kocmiok O. B., [hamie I. I’ MeTonn BUBYEHHS 0ca-
noBux nopin (2014); Xweniecvruii B. O. OcobnuBocTi cTaaianbHoro anamisy sitorexesy (2015);
Xmeniscokuu B. O., Xmenescoka O. B. Jlitonoris. Cemumentorenes (2015); Xueniscoruii B. O.,
Xmenescorka O. B. Jlitonoris. Jlitorene3. Ocanosi noponu (2015); Jopowenxo FO. I1., I[1obe-
pediccoka I. B., Cmenanos B. b., Kocmwox O. B. llerporpadis kpucramiunux nopiza. Y. 3. Mera-
Mopdivni mopomu (2015); Jopowenxo FO. I1., I[lobepexccwvra I. B. Tlerporpadis KpucTamiqHuX
mopia. Y. 4. Meracomaruuni noponu (2016); Ilobepesccoka 1. B., Kocmiox O. B. JliTonorivni
Meroau gociimkens. Y. 1 (ynamkosi mopoan) (2017); Kocmiox O. B., Hlobepesiccovka 1. B., Bop-
nax V. I. Jlitonoriuni meroam nociijukens. Y. 2 (kapbonatHi nopoan) (2021); Kocmiwox O. B.,
Tobepesxccoka 1. B. Jlitomoriuni MeTtomu pocmimpkeHs. Y. 3 (mmHucTi mopomm) (2023);
Kocmiox O. B., Ilobepesiccoka 1. B., I'enepanosa JI. B., Bopusk V. 1., Boiimosuu C. I1., Lino-
max O. B., Binux H. T. Jlitonoriani metonu nociimkens. U. 4 (kpemenwucti mopozwn) (2026) Ta iH.

Ilepioouuni éuoanns
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Puc. 6. I1paui ciiBpo6iTHHKIB Kadeapu nerporpadii

CryneHTH Ml yac HaBYaHHS Ha Kadenpi MPOoXOsTh HaBYaJIbHI MOJBbOBI MPAKTUKH B PI3HUX
KyToukax Ykpaiuu. Cepen Hux Buropnar-I'yTuHChKe BynkaHiuHe macMo, cena Mixrip’st i KBacu
(3axapnarcbka 00:1.), [Tonuupkuii kap’ep 6a3anbriB Ta Bonmoanmupenpske pogoBuiie OypIiiTHHY
Ha PiBHenmuni, M. Kam’strens-Tloninbpebkuid, cena Kuraitropox i Maiiii Ha XMeTbHUIYHHI,
Mmicra Kpeminenp, 3aminmkn, byyau, nedepa Ontumictryna (TepHominbsebka 0011.), ¢. Kpumoc
(Iano-®pankiBcrka 00:1.), ¢. [Timkaminb (JIbBiBcbKa 0011.) Ta iH. [14].

[onan 30 3mo0yBauiB 3aKkiHUWIIO acmipaHTypy Ha Kadempi merporpadii. Cepen HUX KaH-

JTUIATCBKI JucepTariii cBOro 9acy 3axucTwiu Taki moiomi deHi: O. [opGaueBcpka (1954),
M. ®imkin (1954), B. 3onoryxin (1958), 3. Jlsmkesnd (1959), O. Ymrakosa (1960) — HaykoBwmii
kepiBHUK B. Cobomes; . [Tmakca (1965), B. XmeniBebkuit (1968), A. Ilaitarok (1969), I'. boii-
uyk (1972), 0. Kapnenuyk (1975) — nayk. kep. J{. booposuuk; I. Kpuonutuk (1984, Hayk. kep.
O. Bo6piesnu), M. Komisib (2002, Hayk. kep. A. CenbkoBebkuii), C. Boiitouu (2017, Hayk. kep.
B. Tyniif).
HOMaHITHI HaykoBi pociijpkeHHs. Ha kadenpi po3BHBanu Taki HayKOBI HaNpsSIMH: PO3CHITHA
QJIMa30HOCHICTh SIKYTCHKOTO i ApXaHTeIbChKOTO PETiOHIB, YKPaiHCHKOTO IIUTa 1 HOro CXMIIB;
HEOTeHOBI BYJKaHIYHI KOMIUIEKCH 3aKaprarTs Ta MOB’si3aHa 3 HUMH PYJOHOCHICTB; IJIayKOHi-
TOBI BigKiaan YKpaiHW Ta BUKOPHCTAHHS IVIAYKOHITY B IIPOMHUCIOBOCTI i OXOPOHI JOBKIJUIS;
BypiTuHChKe poOBHINE MaHTaHy Ta iHIII 3alli30-MAaHTAHOBI PYIONPOSBH 3aXigHOI YKpaiHu;
(dbocdopuToHOCHI BigKIamym YKpaiHH; JITOJOTIS Ta YMOBH YTBOPEHHS KapOOHOBHX BiIKITAIiB
JIpBiBCHKO-BonmHCHKOT 3anannHm; meTporpadis JokeMOpiiicChKIX yTBOpeHb BopoHespko- Ykpa-
THCBKOTO MerabioKa; PO3WICHYBaHHS i CHCTEMaTHKa MarMaTHYHUX TIOPiJ] Ha IMiJCTaBl BUIiICH-
Hs1 130MOp(HHX 1 ICEBAOMOPGHUX PSIIIB MarMaTiaHUX (hopMaliiii ToIo.

[IpoTsrom ocTaHHIX JECSITH POKIB MpaliBHUKK Kapeapu B Mexax podOYOro yacy BHKO-
HYBaJll Ta BHKOHYIOTH TaKi HayKOBO-JIOCIiJHI pobotu: «leoximiuHi Moneni abioreHHOro
MTOXO/DKEHHS KOHIeHTpanii ByrieBoHiB» (2014-2018) ta «MiHepajoro-reoxiMmiuyae moje-
JIIOBaHHS B3a€MOJIII CHJIIKaTHUX 1 KapOOHATHUX IMOPiJ 3a PI3HUX YMOB, TEMIEpaTyp, THCKIB
i cknany duroinis» (2019-2022) (naykosuii kepiBauk B. ['ymiif); «Ilerposoridni Moznesni eBo-
JOIIT MTMOMHHUX TIOPIiJ] Ta iX BUKOPHUCTAHHS JUIS IPOTHO3HO-TIONTYKOBHX ITisiei» (2016-2020)
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Ta «MiHepasoro-reoxiMiuHi i METPOJOTIUHI JOCHTIKEHHS MOPia Pi3HOBIKOBUX KOMIUIEKCIB
LHEHTpAJIbHUX Ta 3aXigHuX perioHiB Ykpainm» (2025-2027) (I. IToGepexcrka); «JliTorene-
THYHI 0COOJUBOCTI Ta PYIOHOCHICTh ocamnoBux ¢opmariiii Kapmar» (2017-2020) ta «Jlito-
JIOTO-TIETPOJIOTIYHI JIOCIHI/DKEHHSI TeHE3UCY OCaJ0BUX, MarMaTMYHHX Ta MeTaMOp(ivHHX
KOMIUIEKCIB MOPij 3aXiHOI 1 HEHTPAIbHOI YaCTHH YKpaiHH Ta MpobjaeMu IXHbOTO TeHE3UCY»
(2022-2024) (O. Kocrtiok); «JlocmipkeHHsT KaM’sTHOTO Marepiaily maM’sSiTHHKIB KyJIbTYpHOI
cnammuan [ammumam» (2016-2020) ta «Minepanoro-nerporpadiudi JTOCHiIKEHHS T'e0Ty-
pUCTHYHMX 00’ €KTIB Ta IMaM’ ITHUKIB KyJIbTYypHOI criaqmuHu 3axigHol Ykpaiam» (2021-2023)
(V. bopnsx) [14].

CriBpobiTHHKH Kadenpu merporpadii 3a 80-piuHy icTopiro omybmikyBanu moHan 750 Hay-
KOBHX TIpallb, Cepe HUX Bimomi MoHorpadii Ta pyHmameHTanpHi HaykoBi ctarTi B. Cobonena,
O. bobpieBnua, /I. BobpoBHrKa Ta iHmMMX BHAaTHUX y4deHHX. Cepen MoHorpadiif ocTaHHIX
20-tu pokiB 3a3HauuMo Taki: «Jlocmimkenns nrictpa: 10 pokiB TpoMaaCchKOi €KOJIOTIYHOT eKC-
nequuii «/Inicrep» (cmiBaBrop A. CenbkoBcbkuii, 1998); «Minepanu Ykpaincbkux Kapmar.
Boparu, apcenaru, ¢ocdaru, monidnaru, cynbdaru, kapOoHaTH, OpraHiyHi MiHepayu 1 MiHe-
panoigu» (cniBaBT. A. CenbkoBcbkuil, B. XmeniBebkuit, 2003); «['eonoro-reneTnyHa THIiza-
LSt 30JI0TOPYIHHUX POAOBHUII Ykpainw» (cmiBaBrop B. Cremanos, 2004); «Illanpke moosep’st:
XapaKTepUCTHKa a0I0TUYHHX 1 O10THYHUX KOMIIOHEHTIB eKocucTeM» (criBaBT. B. XmernmiBcbkui,
O. Kocrrok, B. Jlammanos, O. XmeneBcbka, 2008); «Minepamu Ykpaincekux Kapmat. [Iporre-
cu MiHepanoyTBopeHHs» (criBaBTrop B. Crenanos, 2014); «®akrtopu 3arpo3 6i0pi3HOMAHITTIO
3amoBimHUX TepuTopiit Ykpaincekux Kapmar, Po3zrouus ta 3axigaoro Ilomiccs» (cmiBaBTOp
O. Koctrok, 2016) Ta iH. (1uB. puc. 6).

Cepen crareiHmMX TyOJNiKamii, sKi UTFOCTPYIOTH HAA3BHYAWHY Pi3HOMAHITHICTH HAyKO-
BHX IHTEpEecCiB CHiBpOOITHUKIB Kadenpu nerporpadii, HaBeaeMo Taki mparli: «Jlo BUBYCHHA
KPUCTTIYHHUX IOPiJ OKONHMIL M. XMeJIbHHK BiHHUIBKOI oOmactiy (Pubadok, 1961); «/o
MUTAHHS PO FeHEe3uc camopoaHoi cipku [Ipukapnarcekux pomoBuin» (bodoposuuk, 1967);
«KopyHmoBi KpHCTaNiyHi ClaHIi B LEHTPAIbHIA YacTHHI YKpPAiHCHKOTO MIUTa» (CIiBaBTOP
€. JlaBpenko, 1976); «Meranorenis 3omotra Ykpaincbkux Kapmnar» (cniBaBrop B. Crenanos,
1994); «I'eoximiko-neTpoximiuHi ocodmuBocti Kimoepaitis [Tpuazos’s» (cniBasrop 0. deno-
puuH, 1998); «HaykoBe 00rpyHTYBaHHS IEPCIEKTHB KOPIHHOT Ta PO3CUITHOT aJIMa30HOCHOCTI
teputopii Ykpainnm» (cniBaBrop O. boOpieny, 2000); «[IpobieMn cucteMaTHKH ByJIKaHIYHUX
cepiit ocHoBHOTO cKiaxy» (cmiBaBrop K. CBemHikoB, 2001); «OcobauBocTi ceprieHTHHI3aMI
Ta KapOonaru3zaiii kiMOepmiTiB [Ipnazor’s» (cmiBaBrop FHO. @emopumun, 2002); «Mopdo-
JIOTisS Ta ONTHYHI BIACTUBOCTI adMa3HUX KyOiB Ta TeTparekcaeapis i3 KiMOepiTiBy (cmiBaB-
top I. [Tobepexcrka, 2003); «IIpo popmyBanHs cynpdiniB y MiaucTux Bigkiaagax CKuO0BHUX
Kapnar» (Koctioxk, 2004); «HoBa TepureHHO-MiHEpaIOTidHa MPOBIHINSA ¥ CydaCHUX 03EpHUX
BiIKIagax MiBHIYHO-3aXiHOT YacTHHU YKpaiHchkoro Ilomiccs» (cmiBaBT. B. XwmemiBChKHid,
B. Jlammanos, 2005); «YMOBU yTBOpPEHHSI I'PaHITOI/IIB MaJIeONPOTEPO30HUCHKOI TEKTOHOMAT-
MaTUYHOI aKkTHBi3allii YKpaiHCHKOTO MIMTa 3a XIMIYHHUM CKJIaJ0M OiOTHTY» (CIiBaBTOp
K. Cgemniko, 2005); «Canpornenesi mynu [Tonices (Ha npuknaai Hlanpkux o3ep)» (criBaBT.
B. XwmeniBebkuii, O. Koctiok, 2010); «Ilepina 3Haxifka KyCOHTITY B €KCIUIO3UBHHMX yTBO-
pennsix Yikpainw» (cmiBaBt. 1. [ToGepexcbka, B. Crenanos, 2014); «KoMnoHeHTHUI cKiaf
LITyYHOTO KaMeHIo ictopuyHoi yacTuHH M. JIpBoBa» (CeHbkoBchbkuii, CTemaHoB, AHApIis-
meBa, [Tobepexcrbka, 2014); «Ocob0nmBOCTI MiHEPaIIEHOTO CKIIaly Ta MOXO/DKEHHS KapOoHa-
tutiB Ciiniaesapsi (Oiangamis)» (cmiBaBt. B. T'ymiit, B. Ctenanos, 1. [Todepexcrka, 2015);
«Minepanoro-nierporpadidHi 0cOOTMBOCTI BYJIKaHIYHUX TOPix Buropiar-I'yruHCBKOTO TacMa
(oxomuti cmT Komsanuo Ta c. Kienosens 3akapnarchkoi obmacti» (cmiBast. 1. [Tobepexcrka,
B. Cremnanos, 2017); «IlepcieKTHBH MiHEpaIOTO-TIETPOTPaPigHUX TOCHTIHKEHD MTPHUPOTHOTO
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KaMiHHS JEeSKUX apXiTeKTYpHUX Ta CaKpaJbHHUX CHOPY/KCHb MHHYJIMX YaciB Ha TEPUTOPil
lannunany» (bopusk, T'yniit, 2018); «CepneHTHHU — iHAUKATOPH MeTaMOp(IYHUX 1 TeoArHAa-
MIYHUX NEPETBOPEHb ME3030MChKHUX MEepHIoTUTIB BHyTpimHiX Ykpaincekux Kapmnar» (cmi-
BaBTop B. Crenanos, 2019); «Ponosuia anebactpy [amuumuu» (Iyniid, bopusik, KocTiok,
Crenanos, 2019); «Pumpellyite from metabasalts of the Ukrainian Carpathians» (Poberezh-
ska, Bilyk, Matkovskyi, Slyvko, Dubrovskyi, 2023); «BepXHbOKpE€ii10BO-HHKHHOCOLIEHOBI
apriritu 3oBHiHIX Kapnar (meTpoxiMiyHMI Ta MajieoreoAMHaMIYHUHI aclieKTH)» (CI1iBaBTOP
O. Kocriok, 2024); «IIposiBu 6acanity B cynbhaTHHX Bifgknagax [0poanIIeHChKOTO POJOBHIIA
rinciB» (bimaii, [Tobepexcrka, binmuk, Mernmincekuii, 2025); «Features of the mineral com-
position of andesites from the Matekivskyi and Obavskyi volcanic complexes of the Vyhor-
lat-Hutynske ridge (Ukrainian Carpathians)» (co-author I. Poberezhska, 2025) Ta in.

CriBpobiTHrkH Kademapu neTporpadii Opany akTHBHY y4acTb B OpTaHi3aIlii Ta MpoBeICHHI
ITiJ] eTI00 FeOJIOTIYHOTO (PaKyIBTETy PI3HOMAHITHUX HAYKOBUX (POPYMIB PI3HOTO PaHTy, SK-OT
«Ocanose MiHepanoyTBopeHHs» (1955), «/locnimkenns i Bukopuctanus rua» (1957), Tpe-
Ts1 BylkaHosoriuHa Hapaja (1969), kondepenuis, npucsyena 90-piudro Bij JHS HApOIKESHHS
akazgemika B. Cobosnesa (1998) [6], HaykoBa KOH(EpPEHIIis 3 CydyacHHUX MPOOJIeM JiTosorii (10
100-pivus Big nus HapomkeHHs npod. JI. booposuuka, 2000), «IIpobaeMHi muTaHHsS MiHEpao-
rii i meTpororii» (o 100-piuust Bix mHs HapomkeHHs akan. B. Cobonera, 2008) Ta in. HaykoBii
Kagepy HeOTHOPA30BO IPEJICTABIISIIIN PE3YJIbTATH CBOIX JOCIIPKECHb HA TAKKX HAYKOBUX (DOpy-
Max, 110 iX peryisipHO OpraHi3oBye reoyoriunuii pakynsreT: HaykoBi unTaHHS iMEHI akageMika
€prena Jlazapenka (3 1997 p.), «I[Ipobnemu reororii ¢paneposoro Yrpaiam» (3 2022 p. «I[Ipobie-
MU TeoJiorii Ykpainm»), «['eoTypusm: mpakTuka i 1ocBimy. LI{opoky B3UMKY KOJIEKTHB Kadenpu
Oepe ydJacTh y TUICHAPHUX 3acCiTaHHIX Ha (aKylIbTeTi B Mekax 3BITHOI HaykoBOi KOH(EpeHIIii
JIHY imeni [Bana @panka [14].

CriBpobiTHukH Kadenpu nerporpadii TICHO CHiBIIpAOBAIM 3 KOJeraMy Pi3HUX HAYKOBUX
YCTaHOB 1 BUPOOHMYMX OpraHizamiii Ykpainu Ta iHmmx kpain. 3okpema, y 1997 p. 0. ®enopu-
mrH OpaB y4acTh B OpraHizaiiii Ta npoBe/ieHHi BUcTaBku «Minepanu Ykpainm» Ha XV MikHa-
ponHiit BucraBLi-spMapky y Minrkosnsii (Yropmuna). Y 2002 p. K. CeninikoB OyB y4acHUKOM
npoekty «Eurobridge», NMpUCBSYEHOMY KOMIUIEKCHOMY AOCIHIKEHHIO Jitocdepn TokemO-
piiicekoro kparona ITiBHiuHO-CxinHOT €Bponu. Y Mexkax NPOEKTY BiH KepyBaB HaBYAJILHHMH
MIpaKTHKaM# CTyAeHTiB Bpomnascekoro, Cinespkoro yHiBepcuteTiB Ta KpakiBcbkoi ripHHUOl
akajzeMii, siki BinOyBammch y KpuBopixoki Ta Kpumy. 3rigHo 3 yKIaAeHUMH YrofaMu IpariB-
HUKH Kadeapu MpOXOIMIn MIXKHAPOIHE HAyKOBE CTaKyBaHHS y BaprmaBchbkoMy yHiBepcHTETI
(YO. @enopumms, 1999), BporuraBeskomy yHiBepeuTeTi (actipanTka A. byunrceka, 2002), YHi-
BepcuteTi mpuknagaux Hayk M. Pura (O. Koctiok, 2022). ¥V 2010 p. FO. [Jopormienko y ckia-
Il nmenerarii TeoJorigHOTO (haKynbTeTy Ha 3alpOIICHHS MOHTOJIBCHKIX BUITYCKHHUKIB BifBi/IaB
Mownromito. JIbBIB’SIHE B3sUIM y4acTh Y HEPEMOHiT BIKPUTTS HaIlioHAIBLHOTO cBsATa «Haamamy»
3 Harozu 804-1 piunuui MoHromii i BiBiAa M YHIKaIbHE KOMIUIEKCHE 30J10TO-Mi/1b-MOJIi0/1eHO-
Be ponosuiie Oroy Tonroii B mycreni ['061. PogoBuiie BinkpuTe 3a y4acTio BUITYyCKHUKA (aKyiTb-
tety 1991 p., yuns 1O. Jlopomenka Tymyp-Ouipun Mynx6ara [8; 13].

Buknanaui kadeapu nmerporpadii 3aBxan 3a1ydaiy 10 HayKOBUX JOCIIPKEHb TaTaHOBUTY
CTYJCHTCBKY MOJIOJb. 30KpeMa, mpotsiroM 19761993 pp. npu kadenpi akTUBHO TparoBa-
Ja MDK(]aKyIbTeTChKa CTYJACHTChbKA HayKoBo-mociinHa rpymna «lllemsd», crBopena 1975 p.
3 METOI0 TIPOBEJCHHS CHUCTEMAaTHYHHMX KOMIUICKCHHX JOCHIKEHb HPUPOIHU, KYJIBTYPHHUX
maM’SITOK Ta eKOJOTIYHHUX Tpobnem Yikpaincekoro [lomices (Ha mpuxmani [lamekoro mpuo-
3ep’s1), pO3pOOKHN peKOMEHAIIH 3 IXHBOI OXOPOHH Ta PaIliOHATHHOTO BUKOPUCTAHHA. Bif reo-
JoTigHOTO (haKyIbTeTy TpyIoio kepyBanu B. Xwmeniscokuii, B. Jlamvanos ta E. Aruyk. Cry-
JEHTH-TEOJOTH JIOCTI/KYBAIN 0COOIMBOCTI JITOJIOTIYHOTO CKIAAy NOHHUX 1 MpHOEpEeKHUX
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BiaknaaiB Hlanbkux o3ep, mpoOIeMu JTiTOTeHe3y MOPEHHUX BiAKIAAIB periony. Y CKlaji rpy-
M, sika HajidyBana 01u3bko 450 cTyneHTIB, Oylu TakoX MPEJCTaBHUKU O10JIOTIYHOTO, Teo-
rpa¢i4HOTO0, ICTOPUYHOTO, OPUINYHOTO, (PiSIOJIOTTYHOTO (aKyIbTETIB YHIBEPCUTETY Ta IHIINX
3BO Kuena, Jlyupka, Tepronons i IBano-®pankiscbka. ['pyna Oyna oxHMM 13 iHiLIATOPIB
crBopenHs [1lanpkoro HalioHANBHOTO IPUPOIHOTO MapKy. 3a yac icHyBaHHs rpynu «lllemsd»
pe3yNbTaTh JOCHIPKEHb CTaIH MiAIpyHTsIM Juis HanucanHs 40 murmmoMHux i 100 KypcoBux
poOiT. ¥ 1982 p. crynent A. Cmopuiok Ta pou. B. XmeniBebkuii 3100y 111 npemito va py-
oMy BCECOI03HOMY KoHKypci «Exorexnika-82» 3a mpamro «lllampki o3epa i gesiki mpooiemu
ix oxopoHm» [5; 17; 19].

Crymentn xadenpu mnerporpadii mig kepiBHHITBOM A. CEHBKOBCBKOTO MPOTATOM
1995-2010 pp. Opanu akTUBHY y4acTh y POOOTI TPOMAICHKOI €KOIOTO-KYIBTYPOIOTIYHOI eKC-
neantii «J{HicTep», ska Oyma opranizoBana y JIpoBi me 1988 p. ToBapuctom Jlesa. J{ocmia-
HHUIIbKA TpyTia Ha KaTamapaHax i Oaiiiapkax cruiaBisuiacs 3a Tediero JIHiCTpa 3 KiTbKaJeHHIMH
3YIUHKAMHU T TOCIIDKCHD Y THpJIax HaiOuIbliux norumBiB JlHicTpa (1HOMI MPaKTHKYBaIH
¥ mimi moxoan). ['o10BHI 00’ €KTH T0CHTIKEHb — Boju J{HiCcTpa Ta #0oro MpuTOK, IPyHTH OeperiB,
JoKepesa 3a0pyIHeHHs BOJ, IPYHTIB 1 OBITps, Boaa B kpuHuisix [3; 13; 16; 19]. 3a pesynbra-
tamu excrienunii 2002 p. M. Komrinp 3axucTiiia KaHAWAATCHKY JHCEpTalilo Ha TeMy «JloHHi
BIJIKJIQ/IN BEPXHBO-CEPEIHBOT YacTHHU p. [lHicTep (ekonoro-reoximMiuHui acnekt)». Y 2025 p.
yuacTh B ekcrieanii «/{xicrep» Opana Y. bopHsik.

Ha xadenpi 30epiraeTbcst Bemde3Ha KOJCKIIiS B3ipIiB, a TAaKOXK MUTI(IB TipCHKUX TOPIJT
1 TOpOIOyTBOPIOBATBHUX MiHepatiB. Binpasy micns 3acHyBaHHA Kadenpu nerporpadii Minepa-
JIOTIYHUH My3eii niepenaB il YicIeHHi 30ipKH TipChKUX MOpif i MITi(iB. YIPOIOBXK yChOTO iCHY-
BaHHS KadeapH I1i KOIEKIii peryaspHO IOMOBHIOBAIIICS 3aBISAKH aKTHBHIN MiSTBHOCTI BUKIa a-
4iB 1 CIIIBPOOITHUKIB, CTYACHTIB 1 BUITyCKHUKIB (PaKyIbTETy. YIOPSIAKOBAHO HABUAIbHI KOIEKIIii
MarMaTuYHUX, MeTaMop(idHMX 1 MeTacoMaTuHuX mopin (monax 600 B3ipIiiB) Ta OCaTOBUX
yrBOpeHs (ronana 300). Y ckisiHUX BITpUHAX 1 3armacHuKax 30epiraerbes monazn 900 B3ipiiB pis-
HOMaHITHUX TIPCBKUX MOPIJ 1 MOPOIOYTBOPIOBAJIBHUX MiHEpaliB 3 ychoro cBity. [Ipeacrasneni
[IPaKTHYHO BCi ripchKi cucremu €Bpasii — Anbnu, Kapnaru, Kaskas, Ypan, Tsub-11aus, [Tamip,
Casnu, Anraii. [IpuBeprae yBary konekuis ey3uBHUX 1opin i3 3akaprnarts, Cuodipy, Kamuarkwu,
Kypunbscpkux ocrpoBiB, KaBkazy. Okpema BiTpHHA ITPUCBsSIYCHA MTOPOJIaM YKPaATHCHKOTO IIHTA.
Yac BijJ yacy npauniBHUKH Kade[pu OHOBIIIOIOTH BITPHHH, y SIKUX BHCTaBJICHO PUBATHI KaM sTH1
kosekuii BuknanadiB — Y. bopusk, B. T'ymis, 0. lopomenka, 1. ITobepexcproi Ta B3ipi, mpu-
BE3CHI CTY[ICHTaMH 3 HaBYAIbHUX MPAKTHK. [3 B3ipIiB mopif, mo 30epiratoThes y GoHIax, Heo-
JTHOPA30BO KOMITOHYBAJIM KOJEKIi Ul MpoBeAeHHs BceykpaiHChbKHUX CTYIEHTCHKHX OJIMITIaz
1 KOHKYPCIB.

Haguanpna xomekuis notigiB vHamiaye monan 4 300 omuHUIE i OXOIUTIOE TITiI(U MiHEpaiB
1 pI3HOMaHITHUX TIPCBKHX MOpiA. Y 3amacHuKax 30epiratoThes nutidu, 3podmeHi mo 1945 p.,
a TakoX UTi(H, 110 TX CBOTO Yacy nepenaBaiv Ha kageapy criBpoOiTHUKH JIbBIBCHKOT re0I0ro-
po3BigyBasibHOT excrienuitii Ta YkpH/II'P1. He MoxkHa He BiA3HAYNTH BaXKIIMBY POJIb y CTBOPEHHI
HaBYaJbHUX KOJIEKIIH HUTi(iB TakuX criBpoOiTHUKIB Kadenpu, sk 0. Jlopowenko, €. JlaBpeH-
ko, B. XmeniBcbkui, 1. [ToGeperxcbka Ta iH. 30epiratoThest TAKOXK OKpeMi KosteKIii 1utidis mopin
VYkpaiHncekoro mura, [lepenkapnarcpkoro periony, ocaais YopHoro mops, KimOepiiTis, AygaH-
cpKoro Ta [Hmilicekoro muTiB, 3abaikaiuis il IHIIUX PerioHiB. 3aBIsSKU YUMaIAM (QOHIAM IILTi-
(iB BUKIIaaui MalOTh 3MOTY PETY/SPHO MOITOBHIOBATH YU OHOBJIFOBATH HAaBYAJIbHI 301pKH.

BucHoBKH Ta mepcneKTHBHU MOAAIBIIOT0 AocaimkeHHs. Kapenpa merporpadii JTHY imeni
IBana ®panka 3a mepion 3 1945 p. mpoiinmia caaBHAN TBOPUMI NIISIX. 3100y TKH MPEICTaBHUKIB
Kaepu BHCOKO OITIHEHI HAyKOBOIO CITLIBPHOTOIO YKpaiHu, 1 He Timeku. 3okpema, B. Coboies
cTaB naypearom JlepkaBHOi npemii y ramy3i Hayku i Texsiku (1950). IIpemiero iMeHi akamgeMika
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B. 1. Bepnaacekoro AH VYkpaiau BigznadeHo A. CenbkoBcbkoro (1994). 3omoToro memamito
«JIrommua poky» (1998) Amepukanchkoro OiorpadiqyHOro IHCTUTYTYy Ta IMEHHOIO CpiOHOMO
menamno «Buaarni monm XX cronitrsy (2000) y Hominanii IBC KemOpumky (BenukoOpuTanis)
Haropomkeno O. boOpieuua. 3a miAroToBKy ¢axisiis aist Mouromii meaamio «800-piaus MoH-
ronii» Haropomkeno 0. [lopomenka (2010). /lepskaBHa reosioriyna ciyx6a YkpaiHu Haropoau-
na mam’siTHAM 3HakoM A. L. JIytyrina «3a 3acimyru y possiani Haap» 10. @enopummna [3; 13; 14].

CyvacHa kadenpa MiHepasorii, nerporpadii i reoximii iMmeHi mpodecopa Opecra MarTkos-
CBKOTO € IPOBITHOIO B MIATOTOBI{I BUCOKOKBAIi(hiKOBAHUX MOCITITHUKIB PSIOBUHHOTO CKIIATY
reoyioriunmx 06’ekTiB. [i MeTa — miAroToBKa (haxiBIiB, SKi 31aTHI pO3B’I3yBaTH CKJIAHI HAyKOBi
1 IpUKIIAIHI 3a/1a4i MO0 BUOOPY METOIB HOCHTIKEHB, aHAJi3y MiHEPaJOTIYHUX, METPOJIOTId-
HUX 1 TEOXIMIYHUX JaHUX, MOJCITIOBAHHS ITETPOJIOTIYHAX 1 TEOXIMIYHHX TPOLIECIB Ta IHTEpIIpe-
Tamii pe3ynbTariB gocmimpkeHHs. Konektus kadeapu i Hamam AOKIagaTUME MAaKCHMYM 3yCHIIb
I0/I0 IIATOTOBKU KBaJi(hikoBaHMX MPOQeCiOHaIB, 3MaTHUX YCIIIIHO BUPIIIyBaTH KOMILICKCHI
reostorivyni mpobsemu [ 14]. st peanizarii mocTaBICHNUX 3aBAaHb MOTPIOHO 3MIITHUTH KaAPOBHIA
MOTEHINIa Kaeapu, TAKOXK JOIIILHO PO3LIMPIOBATYA BCEOIUHY CITIBIPAIO 3 KOJICTAMH 3 1HIITHX
3BO BignoBifHOrO Mpogisito, reoyoriyHUX 1HCTUTYLIH 1 BUPOOHMYMX OpraHizaiiil Ykpainu
Ta IHIIKX KpaiH.
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DEPARTMENT OF PETROGRAPHY OF THE LVIV UNIVERSITY
(TO THE 80™ ANNIVERSARY OF ITS FOUNDATION)

Oleksandr Kostiuk, Inha Popova
oleksandr.kostyuk@Inu.edu.ua; inga.popova@Inu.edu.ua

Ivan Franko National University of Lviv,
4, Hrushevskoho St., Lviv, Ukraine, 79005

The comprehensive activities of the Department of Petrography, which was founded in 1945, were
briefly analysed. It was the only department in Ukraine that had such a name and trained petrographers.
In 2020, as a result of the reorganization of the Faculty of Geology, it was merged with the Department
of Mineralogy, and now it is the Department of Mineralogy, Petrography and Geochemistry named after
Professor Orest Matkovskyi.

The contribution of the Department's staff to the development of petrology and lithology is described.
Some aspects of the educational process, achievements in the preparation and publication of educational
and methodological literature are highlighted. The Department trained petrographers for such countries
as Algeria, Angola, Burkina Faso, Vietnam, Ivory Coast, Cuba, Laos, Mongolia, East Germany, Senegal,
Syria, Turkmenistan in different years. A grinding workshop was created at the Department in 1946,
and in 1950 — an interdepartmental laboratory of lithological research, which in 2020 was merged
with the laboratory of physical methods of research of minerals and rocks and is now a laboratory
of mineralogical and petrological research.

The main scientific directions developed at the Department since its foundation by the famous
professors V. Soboliev, D. Bobrovnyk, O. Bobriievych, K. Sveshnikov, their colleagues and students
are analysed. The scientific publications of the Department staff, as well as their active participation in
the organization and holding of various scientific forums of various ranks, are characterized.

Students and staff of the Department of Petrography participated in the activities of the interfaculty
student research group «Shelf» in 1976-1993, and in the ecological and cultural expedition
«Dniester» —in 1995-2010, 2025.

Currently, the Department is developing such main scientific areas as mineralogical and geochemical
studies of hydrothermal and magmatic deposits; petrological studies of magmatic and metamorphic
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complexes; lithology of sedimentary complexes; mineralogical and geochemical support during
restoration work, etc. To implement the tasks set, the Department's specialists actively cooperate with
domestic and foreign scientific and production institutions.

Key words: Department of Petrography, Department of Mineralogy, Petrography and Geochemistry
named after Professor Orest Matkovskyi, petrology, lithology, educational process, research work,
scientific publication, history of science, Faculty of Geology, Ivan Franko National University of Lviv.
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Y mucronani 2026 p. BunoBHIoeThes 100 pokiB Bin AHA HapomkeHHA MapTtiaa MarsifioBnua CuBka —
OaraTopiuyHOro noueHTa Kadenpu Minepanorii JIbBIBCHKOTO YHIBEpCHTETY, KaHAUAAaTa T€0JI0ro-MiHepao-
TiYHUX HayK, BIJOMOTo MiHepasiora i reoxiMmika. Bin 3axiHuuB reonoriunuii gpaxyasrer 1951 p., i BigTomi
BCE MOTO KUTTS 1 HAyKOBO-TIEAAroriyHa AisUTbHICTE OyiH MOB’A3aHi1 3 Kadeaporo MiHepasorii. Y HayKoBOMY
JIOpoOKy BUeHOro Maibxke 80 HayKOBUX mpalb, cepea sSkux MoHorpadis (1955) ta HaBuanbHUIA TOCIOHUK
3 reoximii y TpboX YacTHHAX, HAMUCAHUH yKpaiHCbKoI0 MOBoMO (1965, 1966, 1975).

Maitxe 50 % HaykoBux mpamps M. CiuBKa MpUCBSYEHO MiHEpaIaM Ipynu TypMaiidy. Bin qocnimxysas
MOpPQOIIOTiI0 KPHCTAIIiB, iXHE 3a0apBIeHHS (Ta HOr0o reoxXiMidyHe 3HaYEHHs), TYCTHHY, XIMIYHUIA CKIIAI, pij-
KicH1 1 pO3CisiHI eJIeMEeHTH, 130MOp(hHI 3aMillIeHHs, BKIIOYSHHSI MiHEPaJIOyTBOPIOBAIBHUX PO3YHHIB (Y TiM
YHCIT MEXaHI3MHU IXHBOTO YTBOPEHHS ), PICT KPUCTANIB (BUIBHUI PICT, pereHepaltist), MeXaHi3MH BiIIITOBXY-
BaHHS 1 3aXOIUIEHHS TBEPJMX YACTUHOK KPUCTAJIAMM, 1110 POCTYTh, CKYJIBITYPY IpaHeil. YueHui 3aiimascs
MUTAHHSIMU MIPOIIECIB TypMaiHi3alii y TpaHiTax i HerMaTuTax Ta MiCIleM TypMalliHy B Iporeci popMyBaH-
HS PI3HHUX METMATHTIB (CIIOIIHMX, PiAKICHOMETAIICBUX Ta iH.), MPALIOBAB HaJ KiIacH(ikaliero MiHepasiB
TPyNH TypMaiiHy, HOYaB 3aCTOCOBYBaTH MAaTeMaTUUHy CTATUCTUKY 0 BUBYEHHS KOHCTHTYIIIi MiHepay.

Hwuska npane nprcBsdeHa pisHOMaHITHAM aCleKTaM periOHalbHOI MiHEPaJIorii, icTopii HayKu Ta MIs-
XaM PO3BUTKY MiHEpaJIorii.

[Ipobnemu reoxiMigHOTO CIIpSAMYBaHHS, IO 1X mommoOaeHo BuB4aB M. CruBKo, OB’ sI3aHi, HacaMIe-
pexn, 3 sBUIIEM i30MOp(i3My B MiHEpaiax, 130MOpGHUMH 3aMilIeHHSAMH XiMIYHUX EJIEMEHTIB, B3a€EMO3B’ 13-
KOM MIX MEPiOJHYHOI0 CHCTEMOIO EIEMEHTIB Ta 130MOp(i3MOM.

Maptua MarsiiioBud OyB NpEeKpacHMM IEJaroroM, BHKJIAJaB HHU3KYy OCHOBHHMX KypCiB 1 CIIEIKYpCiB
3 MiHepaorii Ta reoximii. Moro roGHIi CTyIeHTH i ToBaykaiy Konerd. | 3araom Bi GyB TATAHOBHTHM i TpH-
CKITTMBUM YY€HUM, HA/I3BUYAIHO €pyIOBAHOIO i TIO3UTHBHOIO JTIONMHOIO Ta CIPABKHIM IaTpioTOM YKpaiHH.

Knruoei cnosea: Maptun MartsilioBnd CIMBKO, MiHEpAJIOTis, T€0XiMis, KPUCTATIOXIMis, TypMalliH, i30-
Mop}i3M, HAyKOBO-TIEAAroriyHa AisUIbHICTD, Kadeapa MiHepasorii, reoJoriyauii ¢paxynsreT, JIbBiBChKUI
YHIBEPCHTET.
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Bocbmoro nucronana 2026 p. BUIOBHUTHCS CTO POKIB Bij THS HapopkeHHs MaptuHa Mar-
BifioBnua CliMBKa — 3HAHOTO YKPaiHCHKOTO MiHEpasora, reoxiMika, KpHCTalloXiMika, KaHIu1ara
reoJIoro-MiHepaJoriYHuX Hayk, JolieHTa Kadenpu MiHepasorii JIbBIBCbKOro aep:kaBHOTO (HUHI
HAI[IOHAJILHOTO) YHiBepcuTeTy iMeHi [Bana dpaHka, TaJlaHOBUTOrO HAYKOBIIS U Mearora, siKui,
HAa JKaJb, MIIIOB BiJ HAaC AyXe paHo — 5 mroToro 1974 p., Ha 48-My POIL KUTTSI.

Maptun CnuBko Haposausest Ha JKuromupmiuni — y c. Hosuit Jloporunas Hapoauibkoro
(amHi KopocreHcbkoro) paiiony 8 imcromana 1926 p. y censHebkiit ponuni. Y 1928 p. B cemi
OpraHi3oByBallll KOMYHY, 1 Jlina CITMBKa PO3KYPKYJIHIIH, TOMY, 100 3apOOMTH I'pOIIEH Ha KUTTS,
Oarpko MartBiif BrnamTyBaBcs TpabapeM (3emiiekorroM) Ha 3ami3Hmmi. Lle mamo 3mory Kymurtu
KOHS 1 TI0YaTh pa3oM 3 CiM €10, Y sAKii Oylo m’sATepo AiTel, KouoBe rpadapchke KUTTS. Bakko
Oyio... I3 miTeit Bmxmia HalicTapia cectpa €BIokis Ta MapTuH, akuiil OyB TPETHOIO TUTHHOIO.

Konm mowanacst [Ipyra cBitoBa BiiiHa, ponnHa CIUBKIB uja B Oinopyci, 3BIAKH IOHAKa
1944 p. npusBanu B apmito. MapTuH BotoBaB Ha Tepuropii [lonbii, a B moromy 1945 p. noGnu-
3y lernuna iforo Oymno mopaHeHo.

Ta MapTtuH He majaB JyXoM: Micist 1eMOO1TI3aIlii BiH 3 30JI0TOK MEIAJIIIO 3aKIHYMB ITiro-
TOBYE Bi//liNIeHHs JIbBIBCHKOTO YHIBEPCHUTETY 1 BCTYIIMB Ha IEPUIMH KypC I'e0JI0T 4HOr0 (haKyIib-
tery (doto 1).

3 48l

®orto 1. Crynenr [ kypcy M. CiuBko (CTOITh y IIEHTPi) pa3oM 3 iHIIMMHU CTYJCHTaMH Ta BUKJIaJa4aMu
TEOJIOTIYHOTO (haKyIbTeTy Ha MEepIIii mpakTHi, 1ito 1947 p.

[Micnst cmepti Mmamu i Tata 'y 1947 p. 3 rpommma Oylio CyTy»HO, OHAK Ha JOMOMOTY TIpH-
v apysi Ta €red KoctssHTHHOBHY JlazapeHKo — TOMIITHIN 3aBiMyBad Kadeapu MiHepaIorii
1 mexaH reonoriqvHoro (pakynsreTy. Bin BramTyBaB MapTrHa Ha Tocay mpenapaTopa, a Imi3Hi-
e — nabopanTa kadenpu MiHepanorii. ¥ 1951 p. micns 3akiHUeHHS 3 BiA3HAKOIO T€OJIOTIYHO-
ro ¢axynsrety M. CimBKO BCTYNIHB B acmipanTypy a0 mnpogd. €. Jlazapenka (doro 2). Kangu-
JarchKy aucepranito «J{ocaimkenas TypManiniB aeskux pogosui CPCPy» ycrinHo 3aX1CTHB
1954 p., a B 1956 p. lioMy IPUCBOEHO BUCHE 3BAHH JOIEHTA. | 10 KIHIIS KUTTS BiH MPAIFOBaB
noueHToM Kadeapu Minepasorii (dporo 3, 4).
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®dorto 2. €. Jlazapenko (y meHTpi) cepex cBoixX yuHiB, 1953 p.
3niBa Hanpaso: M. Cnusko, 10. ITexyn, M. ®imukin, I. CMHpHOB.

®oro 3. Houent M. CiauBKO rotTyeTsest 10 Jekuii, 1957 p.

Hayxkosi inTepecu MapTtrHa MaTBiiioBUYa OXOILTIOBAIX IIMPOKE KOO muTaHb. Cepen HUX
KOHCTUTYIIS 1 KpucTanoMopdooris MiHepaiB, iXHs cMCTeMaTHKa i TepMiHOJIOTIs, periOHab-
Ha 1 FeHeTHYHa MiHepayoris, (i3uKa MiHepaiB, KPHCTAIOXIMisl, 3arajibHa TeoXiMisi, FeoXimis
OKpEeMHUX EJIEMEHTIB, ICTOpisl HayKH, IUISIXW PO3BUTKY MiHepajorii Ta iH. Y JopoOKy BUEHOTO
Maibxe 80 HayKOBHX Mpallb, Cepe IKUX OfHa MOHOTpadis.

3a3HaunMo, 1o Haykoto MaptuH CnuBKO mouaB 3aiiMaTncs 1€ B CTYACHTCHKI pOKH. Bin
OpaB aKTHBHY y4yacTh B €KCIEIMLINX, M0 iX €. Jla3apeHko opraHi3oByBaB y MOBOEHHI POKH, —
Ha TepeHax Ykpainu (Kapmaru, [oximrs, Bomuss, [Jon6ac, [Ipna3os’s), B YpaibchKkux ropax
(poto 5) Ta 3abaiikammi. Ilix yac Takux eKCIIEAWIIIN 30Mpany MiHEpaTOTIYHUIA MaTepian As
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MiHepasjoriYyHoro My3er TIeoJOoriyHoro (axKylabreTy 1 MPOBENEHHS Pi3HOOIYHUX HAyKOBHX
JIOCITiJPKEHb.

®oto 4. Hon. M. CnuBko Ta 3aBigyBad HEIIOAABHO CTBOPeHOI [IpobraeMHoi mabopaTopii reoxiMiaHuX
1 palioMeTPUYHHUX METOJIIB PO3IIYKiB POAOBHIL KoprcHHUX KonaiuH [ YemkemoB Ha kadeapi
MiHepaorii, rpyaeHs 1957 p.

Maibke monoBrHa HaykoBux mpans M. CiMBKa NMpPHCBSYCHA MiHepanaM TPyl TypMasliHy,
30kpema [3; 4; 7]. YaeHuit BuB4aB MOp(oIIoTito, Qi3HdHI BIACTUBOCTI, XIMIYHHH CKJIaJl, OHTOTEHIFO,
BKJTFOYECHHSI MiHEPAJIOyTBOPIOBANFHIX PO3YMHIB Ta iH. KprctamoMopdonoriuai JoCiHKEeHHS Hay-
KOBIISI CYTIPOBOJIKYBAJIHCS TOHIOMETPHYHUMH BIMIipIOBAaHHAMH (POTO 6) 1 MOOYTOBOIO OPTOTOHAB-
HUX IPOEKIIH BEPIIMHHNX IPAHEH 1 3BeACHUX THOMOCTEpeorpadiaHux mpoeKiii kpuctaiis (1963).

Byrno 3’sicoBaHo, 110 Y BEpTUKAILHOMY (IIPU3MAaTHYHOMY) MOSICI LIEPITy TePEBaAXKAIOTh I'paHi
rexcaronaipHoi npusmu {1120}, Toni sik rpani tpuronansHoi npusmu {1010} migmopsakosani;
y HOJIIXPOMHHUX TypMajliHaX — HaBIaKK: Y OUIBIIOCTI KPUCTAIIIB TPUIOHAJIBHA ITPU3Ma 3BUYAITHO
PI3KO JIOMIHY€E HaJl FeKCaroHaIbHOIO.

BictaBnenHs nodygoBaHux M. CIMBKOM KPUBHX MOP(OIOro-CTaTHCTHYHUX PSJIIiB TypMa-
niniB (1952) ta 3aranpHOro MoOp(oI0ro-CTaTUCTUYHOTO PsAY JUIsl KPUCTAIIIB 3aCBiIUMIIO, IO
00pHC KPHUCTATIB TypMaJiHy 3yMOBJICHHH NEPUIMMH TPbOMa—d0THpMa (hopMaMu, OTHAKOBUMH
Ut Beix kpuctainiB. [IpoTe 3adikcoBaHO BiAMIHHICTD Y KUTBKOCTI TpaHEel Ha TOJOBKAX KPUCTa-
JIiB: TIONIIXPOMHI BiIMiHH MiHEpasy 3 pomoBuil Na-Li mermMatuTiB MaroTh OOMEXEHY KUTBKICTh
¢dbopm, a KpuCTaIaM i3 POJOBHII HITNX THITB IPUTAMaHHE 0araTcTBO MUX GopmM. 3a Mopoio-
rO-CTaTUCTHYHUMH JIOCIIPKEHHAMH BHABHIIOCH, 1110 HallBYKIIMBIIIMMY OPOCTHMH (OpMaMH Ha
FOJIOBKAaX KPUCTAIIB TypMalliHy (@ IX HaJliuyeThes MOHAM CTO) € TPUroHaibHi mipamiau {1011}
a6o {0111} 3 oOumncieHo0 noNAPHOLO BigcTanHio 27°20". MapTun MarsiioBud yrepiie 10Cii-
JIMB OCOOJIMBOCTI CKYJIBIITYPH BEPIIMHHKUX IPaHel TypMajiHy, pi3HOMaHITHICTh KO BU3HA4YEHA
0e3J1144I0 CrIoco0iB HAPOCTAHHS rPaHel 1 PUYMH MOSBYU JUCIOKALIiH.
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®oro 5. IIpodecop €. Jlazapenko ta cryaent M. CiauBKo B MiHepanoriqHomy mys3ei
InmemencrKoro 3anoBinHuka (Ypan). Minepanoriyna npaktuka, 1949 p.

®oto 6. Maptia CIMBKO BUKOHYE TOHIOMETPUYHI JOCIIIKEHHS KPUCTAJIB TypMaiHy,
mo4atok 1960-x pokiB
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Y4eHuil y3araqpHUB HasiBHI HA TOW Yac aHATITHYHI JJaH1 CTOCOBHO XiMi3My MiHEpaiB rpynu
TypMaJliHy, Ha ITiICTaBl YOro BULIMB YOTHUPH I'PYIIH EIEMEHTIB, SIKi € B IXHbOMY cKiafi (1962):
1) ocHoBHi MiHepanoyTBoproBaiibHI — O, Si, Al, B, Na, H; 2) rosioBHi a00 THIIOBI MiHEPaJIOyTBO-
proBainbHi — Fe, Mg, Li, Mn; 3) npyropsiani minepanoytsoptoBaibhi — Ti, V, Cr, Pb; 4) enemen-
TH-IoMimku: i3oMopdHi — Rb, Cs, Be, Sr, Ba, Sc, Tl, Ga, Ge, Ni, Co Ta iH. i CyMHIBHO 130MOp-
¢Hi — Zr, Nb, Mo, W, As, Sb Ta iH. 3a rOJIOBHUMH MiHEPaJIOyTBOPIOBATBEHUMHU KOMIIOHCHTAMHU
M. CnuBko no0OyayBaB YOTHPHUKYTHI JliarpaMu CKJIaly Iepr—eabp0aiT—1pasiT, TCHiIaiznT—ennoa-
IT—1paBiT, MepiI—enb0aiT—TCUIIAI3NT, MIEPI—TCUIIAI3NT—IPABIT. 3aBIsKH UM JiarpamMam BHsB-
JICHO BAKJIMBY 3aKOHOMIPHICTh — PO3PHB i30Mop(hizMy MiXk ApaBiToM i enpOaiTom. Hesminrysa-
HICTh X KOMITOHEHTIB Y MPUPOJHUX IPOIECaX YUCHHUH IMOB’S3yBaB 3 SBHIIEM T'€OXiMITHOTO
TTOPSAKY, 3yMOBIICHIM Pi3HIMH YMOBaMH YTBOPEHHS MarHE3iaIbHOTO i JIITIEBOTO TYPMAiHiB.
Ha mizgcraBi oTpuMaHuX pe3yabTaTiB ynepine moOy10BaHO YOTHPHUKOMIIOHEHTHY TETPaeAPHIHY
JiarpaMy CKJIaay MiHepasiB rpynu TypMatiny. BoHa rana 3MOTy BUSIBUTH HE3MINTyBaHICTh ABOX
130MOpPQHUX PsiIiB — MIEPII-IIPABITOBOIO 1 MIEPI-e1b0aiT-TCHIIAI3UTOBOTO 1 HA I MiICTaBi BUIi-
JIUTH 7Ba MiHepanbHuX Buaw (1962).

3a TBepmkenusM O. Markoscebkoro i 1. Bimonikku [1], Maptun CinuBKo 3amodarkyBaB
B YKpaiHi BUBYCHHS (i3MKH MiHEpaiB, OCKUIBKH 1Ie B cepeauHi 1950-x pokiB movas ocij-
JKyBaTH TPHPOAY 3abapBiIeHHS MiHepalsliB rpynu Typmaiiny (1955). UucneHnHi BUMiproBaHHS
KPHUBHX BOMpAHHs Ha 00’ €KTUBHOMY CIIEKTPO(OTOMETPI JaH MiICTaBH 3pOONTH BUCHOBOK, 110
OCHOBHHMH €JIeMEHTaMH-XpoMoopamu B IiMX MiHepanax € Fe*', Fe*', Mn*, Cr¥', ski maiixe
HIKOJIM HE 3yCTPIiUalOThCs OKPEMO OJWH Bifl OfHOTO. BiracHe cymicHa mist TBOX YM JEKITBKOX
XpoMoQopiB, Pi3HI X MOETHAHHS Ta Pi3HI KiTbKICHI CIIBBIIHOIICHHS (3aBISKHA 130MOPQHUM
3aMIIICHHSAM) 3YMOBIIOIOTH I[UTy HU3KY THIIB 1 BIITIHKIB Ta CIPUYHHIOIOTH YCE€ CIIOCTEPEIKY-
BaHE PO3MAITTA 3a0apBIeHHS KpHUCTaTiB. JlOCIITHUK BU3HAYUB ITSITh OCHOBHHUX THIIIB KPUBUX
CIIEKTPAIBHOTO TIOTJIMHAHHS, SKi BiIIOBIIaIOTh TAKMM KaTioHaM-xXpoModopam ado ix rpymnam
y typmanini: Fe’*; Fe?*; Fe¥*+Fe?"; Mn**; Cr** 3a massuocri Fe*" i Fe’*. AGcomoTHa KibKicTh
xpomoopy BU3HAYAE IHTEHCUBHICTH 3abapBieHHs kpucrtaniB (1955). Maprun MarsiiioBud
TaKOXK JAOCIIANB MPUPOY TEPMIUYHOIO BHIBITAHHS POXKEBOTO TYypMalliHy i 3’sICyBaB T€HETHYHE
3HaYeHHs 1poro sBuina. [loOynoBaHi BueHNM rpadiky 3aJeKHOCTI 00’€MIB 1 TapameTpiB ere-
MEHTapHOI KOMIPKHM Ta CBITJIIO3aJIOMJICHHS BiJ] XIMIYHOTO CKJI/ly HE BTPATWJIN CBOTO 3HAYCHHS
i HuHI [2], OCKUIBKY al0Th 3MOTY BU3HAUaTH XIMIYHMHN CKJIa] MiHepairy.

Baxuse micue B qocmimpkennsax M. CinBka mocifanm npodieMu renesucy TypMaiiny. Bin
BUBYAB, IEPEIyCiM, OHTOTCHIIO Ta BKIIIOUCHHS MiHEpaIOyTBOPIOBAILHUX PO3YMHIB Y KPUCTAIAX
(1952, 1955, 1958, 1973). BunineHo mepBuHHI, YSBHO-TIEPBUHHI Ta BTOPUHHI BKIFOUCHHS, SIKi
KIacu(PiKOBaHO 3a CITOCOOOM i MICIIeM YTBOPEHHS: Y BIMHAJIBHUX 3arTHONCHHSIX Ha TpaHIX
MIPHU3M; y TUTOIIHMHAX 3POCTaHHS OJI0KiB MO3aiyHIX KPHUCTAIIB; i 9ac BIAMITOBXYBAaHHS 1 3aX0-
MJIEHHS TBEPAUX YACTHUHOK; Y MPOIIECi 3aIKOBYBaHHS TOMEPEYHUX 1 MO3MOBKHIX TPIIIUH; i
Yac pereHeparii Kpucraiis.

Pesynbrarn TepMoOaporeoXiMidyHMX JOCHIIPKEHb TYPMAaJIiHIB 13 HIEPJI-MYCKOBITOBHX IT€rMa-
TUTiB OoKoJHIe Kopris Ha JKuToMUpIIKHI Jadu MiICTaBH IJIsl BACHOBKY, IO IPOIEC TypMaiHi-
3auii B HUX BiI0yBaBcs 3aBIAKM il pifkuX posunHiB, Hacudenux CO,. Y nopiOHuX merMaTurax
VYpany # Mamceko-Uyiicekoro paiiony Cnbipy BUBYEHO IHAMBIAyasbHI BKIIOYCHHS B ILEp-
JIi Ta CHHI€HETHYHOMY KBaplli, a TAaKOX CKJIaJ BOJHMX BUTSKOK. Pe3ynmbrarn 3acBiquuiiy, II0
HaCHYEHHs MiHepaIoyTBOpIoBanbHuX po3unHiB CO, Ha MeTacoMaTHuHil cTafii GopMyBaHHs
MErMAaTUTIB — IIe IXHs XapakTepHa o3HaKa. KoMIUIeKC OTpUMaHHX JaHux JaB 3Mory M. CiuBky
iICyMyBaTH, IO TYPMaJliHU B IIErMaTUTaX HE € BUHATKOBO ITHEBMATOJITOBUMH YTBOPEHHSAMH,
sk cBoro gacy ncaB O. depcMaH, BOHH MOXKYTh KPHCTATi3yBaTHUCS 3 T1IPOTEPMATIBHUX PO3UH-
HiB [1].
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I1ix yac MPUPOAHKUX CIIOCTEPEIKEHD 1 EKCIIEPUMEHTAIBHMX 10 CITIKeH> MapTua MarBiiio-
BHUY BUSIBUB, 1110 PICT KPUCTAJIB TypMalliHy BiIOyBa€ThCs KUIbKOMa CIOCOOAaMH, SIKI MOXKYTh
3MIHIOBAaTH OJIMH OJIHOTO. BilacHe 1M, a TakoX MIMPOKHMM Jialla30HOM TEPMOJMHAMIUYHUX
YMOB KpHCTalli3alii MOXKHa IOSICHUTH BUHSATKOBY HEOAHOPIIHICTH BHYTPIIIHBOI Oy10BH
KpHUCTAJIIB TypMaJjiHy, IO BUSIBIECHO B OJIOKOBIN CTPYKTypi, rpyOili UM TOHKif MO3ai4HOCTI,
HasBHOCTI MOPOXXHUH (TIOCKUX a00 TpyO4yacTHx), TBEpIUX, razo-piikux i OararodazoBux
BKJIFOUEHB [2].

Kpim typmaniny, M. CruBko BHBYAB 1 iHII MiHepanu. Y criBaBTopcTsi 3 B. IaBmummnnm
(poto 7) Buiimm mparti, npucesYeHi isomopdii 3mimysanocti CaCO,~MnCO, (1962), xon-
CTHTYIIi TPUTOHATHHUX KapOoHaTiB (1967) Ta 3HAXIAI Y BOMUHCHKHX IETMAaTHTAX OIANY, IO
MICTHTB OpTraHiqHy pedoBuHy (1967).

@oro 7. B. [Tapnumms (iBopyd), M. CiuBko (y nenTpi) Ta O. MaTKoBChKHIA IIepe PO3KPUTHM TilIOM
KaMepHOro nerMaruty. Bononapcesk-Bonuncbkuit, 1967 p.

Cepen poOIT perioHalIbHO-MIHEPATIOTIYHOTO CHPSMYBAaHHS 3a3HAYMMO TaKOXK IIpaii Ipo
KWIBHI KapOoHnatn HarompHOro Kpspka (1949), minepanorito mioputis ¢. Kypunns na JXuro-
mupuHi (1950), anodan paiiony c. Bumkoo ma 3akapmatti (1953), kapOoHaTHI CTSOKIHHA
B topchkux Bifknanax Kapapary (1956, cniBasrop M. @imkin (doto 8)), nenecrun [puaHi-
ctpoB’s (1958, criaBTop €. Jlazapenko), chaneput Manraseiicbkoro pomosuiia (1958, crmiBas-
top €. [Ipomenko), reomitu 3akapnarts (1961, cnisasrop E. JlazapeHko) Ta iH.

YinpHe Miclie cepejl HayKOBUX yromo0aHbr MaprtuHa MarBiiioBHYA MOCINAIOTh MUTAHHS
icTopii MiHepaJorii Ta mepcneKTuB 11 po3BUTKY. BiamoBinHi mpari, HamMcaHi y CIiBaBTOPCTBI
3 €. Jlazapenkom ta O. MatkoBcekuM (1959, 1967), BuiNIIN PYKOM y BITYH3HSHHUX, BCECOIO3-
HUX 1 3apyOixHuX [11] Bunanusax. Haronomeno, o po3BUTOK Cy4acHOI MiHEpasorii MOBHHEH
I'PYHTYBAaTHCS Ha iCTOPUKO-TCHETHYHOMY TPHHIMII, SIKMH JJa€ 3MOT'Y BUBYATH EBOJIOLIIO MiHe-
pajbHOI PEYOBHHH B IUIAHETHOMY aCIIeKTi i palioOHAIBHO IiIXOIUTH HO0 3’sCyBaHHS BHCOKHX
KOHIICHTpAIIiif MiHEpaIiB B OKpeMUX IUITHKAX 3eMHO1 KopH (1967).
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doto 8. [Tepen kopmycom reosoriunoro dakynerety, 1957 p. 3niBa HanpaBo: M. DilikiH, FOCTS JIbBIB’SIH
1. Morancen — npyxwuna B. Mixeesa, aBTopa BiioM0oro «PEeHTTeHOMETPHYHOTO BU3HAYHUKA MiHEpaJIiBy,
€. Pubavox, noapyxoks CnuskiB — Onena 1 MapTux

Teopernuni HanparroBanHs M. CIMBKa MiHEpaJIOro-reoXiMivHOTO CTIPSIMYBAHHS ITOB’s3aHi,
HacamIiepes, 3 mpoodiaeMoro izomopdizmy. Cepen HUX CYyTHICTD MOHATTS i30MOpghizm, 130MOphHI
3aMilleHHs] XIMIYHMX €JIEMEHTIB, KOHIIHTPALlisl 1 PO3CISIHHS €IEMEHTIB Y 3eMHIi Kopi, B3aeMo-
3B’S130K MIXK TIEPIONYHOI0 CUCTEMOIO XIMIYHHX €JIEMEHTIB Ta i3oMopdizmom Toro (1961, 1962,
1965, 1966, 1969 Ta in.). Maptun MartgiiioBud yBaxas (1969), o BueHHs ipo i30MophizMm — 11e
OJIHAa 3 HAMBaXJIMBIMINX 3B’SI3HUX JIAHOK Y JIAHIIO31 XIMisi—MiHEpaJOrisi—KpHCTaIOXIMisi—TeoXi-
Misl. A TepiofuYHa CUCTEMa CJIIEMCHTIB — TOJIOBHE JDKEPEIIO TCOPSTHYHOT i PUKIAIHOT iHDOP-
Marii po OyJI0By Ta BIIACTUBOCTI aTOMiB, iXHi acoriamii B 3eMHiil Kopi. Tomy BoHa 3aBxan Oyze
CBOTO POy TIPOBITHOIO 3IPKOO Y PO3BHUTKY BUCHHS PO i30MopdisM. JloCimiTHIK HArmosIraB Ha
MIPaBUIFHOMY BXKMBaHHI HAYKOBUX TepMiHIB (1965): i3oMopdi3m — 11e 31aTHICTh peYOBHH, TIOMI0-
HUX 32 XIMIYHIM CKJIQJOM i OTHAKOBHUX 200 ONMM3BKHX 33 CTPYKTYPOIO, YTBOPIOBATH PS/IN 3MillIa-
HUX KpUCTamiB (Oe3nepepBHi a00 3 pO3pHUBOM), a 130MOp(dHI 3aMIIIEHHS XIMIYHAX €IEMEHTIB — I1e
SBUINE 3aMIMICHHA OKPEeMHX CTPYKTYpHHX OIWHHIF — aTOMIB, 10HIB (MPOCTHX a00 KOMILICK-
CHHX) — Y KPHCTaJIYHHUX TpaTkax MiHepaiiB. Ha mifcTaBi cTaHy XIMIYHHX €JI€MEHTIB 1 TPUPOAN
XIMIYHOTO 3B’SI3KY y KPUCTAJIIYHUX Iparkax MiHepasiiB M. CIIMBKO BULIMB Taki TUITH 130MOp(i3-
My (1965): aromHuil y CTPYKTypax 3 METAIIYHUM 3B’SI3KOM 1 B ICTOTHO KOBQJICHTHHUX CHOJIyKaX;
ioHHMH (1303apsAHUM 1 reTepo3apsaAHuii); i30Mopdi3M aHIOHIB (IIPOCTUX 1 KOMITJIEKCHHUX).

Muxot npans MapruHa MatBilioBrYa NpUCBSUEHUH I'e0XiMii OKpeMUX XIMIYHUX €JIEMEHTIB
y PI3HMX IpoLecax MiHepaJIoyTBOPEeHHs. J[o HUX HajeXaTh CTaTTi 3 IIPOOJIEM MOBEIIHKY B 3eM-
Hill Kopi OOpy 1 AESKNX IHMINX PiIKICHUX EIIEMEHTIB, @ TAKOXK KPHCTAJIOXIMIYHUX 3aKOHOMIpHOC-
Tel TX pO3CisTHHS.

Teoximist 00’eqayBana y M. CTUBKY HAyKOBIIS ¥ Iearora, apke BiH 3aKJIaB HA TEOJIOTI9HO-
My (aKymsTeTi OCHOBH Kypcy «leoximisy. Maptua MarsifioBUY HaITMCaB MUK JICKIIN 3 IIOTO
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Kypcy [5; 6; 8], skuii pakTUIHO CTaB MEPIIMM HABYAIbLHHM II0CIOHMKOM 3 re0XiMii YKPaiHCHKOIO
MoBO10. Y mparii [1] 3a3HaueHO, 110 Ieii MOCIOHMK «3a CBOEI0 OPUTIHAIBHICTIO, TOCTYITHICTIO
BUKJIaJly MaTepiajly Ta HayKOBICTIO € CydaCHHMM, XO4a CTaB, 3BUYAiHO, Oi0miorpadiuHow pia-
KicTio. BiH BUTIIHO BiZPi3HSAETHCS Bijl OararboX IHIIMX TAKUX MOCIOHUKIB 3 TEOXiMii THM, IO
OITUC MOBEAIHKN XIMIYHUX EJIEMEHTIB Y Pi3HUX I'€OJIOTTYHMX IMpoliecax 3IiiiCHeHNI Ha KpHrcTa-
JIOXIMIYHI# 0cHOBI». LIUKI cKkItamaeTbes 3 TPhOX YacTHH: «BeTymHi Jekuii 1o Kypey [ eoximisy
(1966), «Ximiunuii ckman 3eMHOT Kopu» (1965) ta «Mirparist XiMIiYHHX €JIeMEHTIB y 3eMHIH
kopi» (Buitnuia 1975 p., yxe micist emepti M. CnnBka).

Y mepmriif 9acTwHi [6] OMFCaHO THITH XiMITHOTO 3B’ 13Ky aTOMIB Y KpHUCTallaX, 3aKOHOMipHOC-
Ti 3MiHH aTOMHHX Ta HOHHUX PaJliyciB XIMIYHUX EIEMEHTIB 3aJIe)KHO BiJl IXHBOTO MICIIS B TIepi-
ONMYHIN TaOMWIl, CTYMEHS OKMCHEHHS W 30BHIIIHIX MapaMeTpiB MiHEpaJIOyTBOPIOBAIHEHOTO
CEpeIOBUINA, CXapaKTePH30BaHO KOOPAMHAIIHHI YHCIa Ta X 3HAYSHHS B TeoXiMii, a TAaKOX Aes-
Ki METOW BU3HAUEHHsS €Heprii KpUCTaIiYHOI TPpaTKi MiHEepasiB, MpOaHali30BaHO 3aKOH Ieoxi-
MIYHOI MOCHIJOBHOCTI KpUcTamizalii MiHepanis, chopmynsoBanuii O. depcmanoM. Y apyriii
YaCTHHI HABYAJIBLHOTO MOCIOHUKA [5] HaBEACHO NETAlbHUM aHaI3 KIAPKIB XIMIYHHUX CJICMCHTIB
3eMHOI KOPH, 130TOIHUIA CKJIaJI, BIIOMHIA Ha TOH yac XiMIYHMH cKiag meteoputiB. [TorubieHo
CXapaKTEepHU30BaHO PO3MOIUT XIMIYHUX EJIEMEHTIB Yy MiHepaiax Ta sBHIIe i30MopQi3my, sKe, Ha
ayMKky M. CriuBKa, Ma€ BaKJIMBE TEOPETHYHE 1 MPHUKJIafHe 3HaueHHs. OpUTiHAIBLHUMH € BiJJOMO-
CTi PO T€OXIMIYHI 3IPKM €JIEMEHTIB, CTaH i OPMH iX 3HAXOKEHHS B 3eMHIH KOpi.

VY Tperiif yacTuHi nociOHMKa [8] pO3MITHYTO JKepelia eHeprii reoXiMIiYHUX MPOIIECiB, reoxi-
MigHiI Oap’epw Ta Mirpamito # KoIooOir XiMIYHHX €JIEMEHTIB y TPHUPOIi, CXapaKTepH30BaHO
BHYTPIIIHI 1 30BHIIIHI (TeMIlepaTypa, TUCK, KOHIIEHTpAIlisl, BOMHEBUH Ta OKHCHO-BiTHOBHHIA
MTOTEHITialIN ) YMHHUKHY Mirparii. Ha migcTaBi Beix IUX JaHAX MPOAHATi30BaHO T€OXiMil0 BIACHE
MarMaTUuIHOTO, TIETMATHTOBOTO Ta TiAPOTEPMAIBLHOTO MPOIECIB i MPOIECiB rinepreHesy, y TiM
YUCITI Ha CYJIb()ITHAX POTOBUINAX; TAKOXK HABEJACHO TOJIOBHI PUCH T€OXIMIi raJioreHesy.

Kpim knacnunux aucrmiuiin «Minepasoris» i «[eoximisiy, Maptun MarBiiioBud uuTaB
Takoxk crenkypen «Kpucrangoximis», « MiHepasoris Ta reoxiMist piIKiCHUX 1 pO3CISTHUX eJIeMEH-
TiB», «MiHepaorisi ypaHy», NPOBOIUB MPAKTHYHI 1 JIADOpaTOpHi 3aHSTTS, KEpyBaB CTYJICHT-
CHKMMH KypCOBUMH 1 TUTFIOMHUMH pOOOTaMH, HaBYAIbHUMU 1 BUPOOHMYMMHU ITpaKTHKaMu. Bin
PO3pOOMB HU3KY METOIMYHHMX MarepiaiiB i poOOYMX IporpamM 3 MiHepasorii Ta reoxiMmii, 30Kpe-
Ma, BKa3iBKH JI0 CKJIQJAaHHS MPOEKTHOI YACTHHU IAMIUIOMHHX POOIT JUIS CTYICHTIB-T€OXIMIKIiB
Ta Mporpamy HepIroi BUPOOHNYOT MPAKTHKH 32 CIeHiadbHICTIO «[eoXiMish» I CTYICHTIB Tpe-
THOTO Kypcy. JloneHT CIMBKO aKTHBHO 3aiTy4aB CTYACHTIB J0 HAYKOBO-JOCIiIHOT poOOTH Yepe3
HayKOBi CTYACHTCBHKI TYPTKHU Ta HAyKOBi CeMiHApH KaenpH.

Amnrenina AuppiiBHa SICHHCBKa, TeX OaraTopiuyHWiA TOUIEHT Kadenpu MiHepajorii, y cmo-
ragax nmpo M. CrnuBka mucana, o «BH3HAYaIbHOIO PHCOIO MEeNaroriyHol AisibHOCTI MapTiuHa
MartgitioBuda CrnuBka Oysi0 BIACTHUBE MOMY YyTTs HOBOTO, IHUCIUIUTIHOBAHICTh Y POOOTI, Bif-
JIAHICTh CBOEMY OOOB’SI3KY, BUCOKOMY IOKIIMKAHHIO rearora i yuenoro. [llupoka epynuuis,
NearoTiYHUHN TaJaHT, BUKIIFOYHA MPALETFOOHICTH 1 miiecnpsmoBanicTh M. M. CnuBKa Cripusiiin
TOMY, 110 HOT0 JIEKIil, BUCTYIIH TIepPe]] CTYACHTCHKOIO ayJJUTOPI€l0, HAYKOBI JIOMOBI/II BUPI3HSI-
JIUCSI YITKICTIO, JOCTYIHICTIO BUKJIA Ty, CMOIIMHICTIO, NTUOWHO Ta HOBHU3HOIO, CYTIPOBOIKYBa-
JIMCST YMCIICHHUMH TIPUKIIAIAMH BIIACHUX CIIOCTEPEXKEHb 1 JI0CIIKEHb, BOHU MPUIICILTIOBAIN
CTyZIEHTaM iHTepec 1 110008 10 MiHepaiB. [1pu 1iboMy Harrpo4y/] rapMOHIHO BIIMCYBABCsI 1 30B-
HIMHIA BUIAL MaptuHa MatBiiioBrYa: 3aBKIH MATATHYTHH, CTPYHKAH, aKypaTHU, 3 0ioc-
HDKHUM KOMipiieM, 0e3 3aliBUX pyXiB 1 JKECTiB, Ha BycTax Jierka mocMmimka. Och BiH 3aiIIIOB
B ayIUTOPIIO HA TEPIIY, BCTYIHY JICKIIO 3 TeOXiMil Ha TPETbOMY KypCi, MIPUBITaBCA 1 TPOXH
CXBHJIBOBAHUM TOJIOCOM 3BEPHYBCS IO CTYACHTIB 3 TaKMMH HAIyTHIMH cJIOBaMH: «S1 He Xouy,
m[o0u Ti 3HAHHSA, SKi S TMOAM BaM, 3aJMIIMIINCSA y Ballliid mam’sATi SIK 3BEICHHS I HE 30BCIM
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YITKUX 3aKOHIB, MEPTBUX KaHOHIB, 11100 BOHU 3aJIMILIUINCS TaCUBHUM Oaraxkem. J[iis mene Oyzie
HAMBHIIOI HAropojoo, SKIO Ballli T€OXIMIYHI 3HAHHS IEPETBOPSATHCS y CTUMYJ JIep3aHb,
Yy METOJI HAyKOBOTO TOIIYKY, Y Aap nepeadaueHusn» (1970—1972 pp.)» [10].

Mapris MarsiitoBud 3aBKau OpaB akKTHBHY YYacTh Y PI3HOMAHITHHX 3aX0jax, IIo iX opra-
HI30BYBaJIM YHIBEpCHUTET 1 reooriyunii Gpakynsrer. TyT 1 OyAIBHUIITBO YHIBEPCUTETCHKOTO CTa-
niony (¢doro 9), 1 HaykoBi koH(pepeHwii (poro 10, 11), 1 moizaKM 31 cTyIeHTAaMH B KOJITOCI Ha
cinpebKorocnoaapeski podotn (poro 12). Moro HeoaHOpasoBo oGHpan cekperapeM YueHoi
pazy reoyIoriyHoOTO (haKyIbTeTy.

®oto 9. Maprun CruBKoO cepes CiBpOOITHUKIB T€0IOTITHOTO (haKyIbTeTy Ha OyIiBHUITBI
YHIBEpCUTETCHKOTO CTaiony, 1957 p.

3aiimaBcst M. CIMBKO 1 pelakTOpchkoio poboToro. 30KpeMa, OyB BiAMOBIIAIBLHUM PElaKTO-
pom myTiBHHKA 10 MiHepanoriunomy myseto JIJIY imeni IBana ®dpanka (doro 13) (yrmamaui
M. Kopo6roBa, H. JTuca, C. Maprunosa, 1956) Ta ykpaincpkoro BuganHs miapydnuka €. Jlaza-
penka «Kypc minepanoriiy, skuii BuitimoB y JIbBiBcbKOMY yHIBEpCHUTET] y TppOX gyacThHAX: Y. 1.
3aranbpaa Minepasoris (1958); U. 2. Omuc minepanis (1959); Y. 3. Minepaoris ripcbKux 1mopia
i miHepansHuX pomosum] (1961).

Maptun MartsiiioBud OyB wienom Kowmicii 3 minepasorii Ta reoximii Kapnaro-bankancbkoi
reoJioriynoi acouianii. 3a nopyuennsim ronosu Kowicii €. JlazapeHka BiH po3pOOHB MPUHIIK-
U CKJIAJIaHHs TeoXiMiuHoro oBigHKMKa Kaprnaro-bankaHchKol ripchbKol CHCTEMH 1 HaBiB CXeMy
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fioro reoximiuHoro onucy. Lli po3poOku Oyno cxBaneHo Ha 3acizanHi Kowmicii y JIbBoBi Ta omy-
omikoBano 1961 p.

®oro 10. Jouentu M. CiuBko (yriBopyu) Ta B. T'openpkuii Ha reonoriuniii ekckypeii y Hlnpui
i1 9ac Hapaau «JlociikeH s 1 BAKOPUCTAaHHS DIUHY», 1957 p.

®oro 11. Ha 3BiTHIi1 HayKOBiil KoH(epeHIil reosorivHoro (axynsreTy, aya. 219, motuit 1972 p.
3niBa HanpaBo: M. CnuBko, JI. Kontys, I UemxkemoB, A. SIcuHCBKa.
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®doto 12. JTouentu O. MarkoBcbkuii (iBopy4) Ta M. CIHMBKO Ha KyKYpYyA3sHOMY IOJ1
B KipoBorpaacekiit 061., 1970 p.

- .
®oro 13. [Jor. M. Cnuko y MinepanoriuaoMmy my3ei reonorigHoro ¢akynsrery, Kinens 1960-x pokis
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VY BinbHIN B podoT yac Maprun MarBiiioBHY 3aXOILIIOBABCS HKHUBOMUCOM. [licis HbOTO
3anummiocs noHan 30 KapTHH, roJoBHO nei3axiB (poto 14, 15), amxe ue Oy Horo Hailyio-
Onenimmit sxanp o6pa3oTBopyoro muctenTBa. ChOTOMHI i TBOPH «IIPAIFOIOTH» JUTSA HAC 1 SIK
eMoIIis, 1 SIK TOKYMEHT, 00 X [IesKi KPaeBUAM BXKE 3HUKIN Ha3aBkKIu. € TaKOXK HATIOPMOPTH
1 ypOaHICTHYHI KapTHHH.

®oto 14. M. Cnusko. [lepen rpo3zoro.

®doro 15. M. Ciueko. TymaH.

IT’storo nmucromana 1996 p. Ha reomoriuHoMy (akynbTeTi BigOynacs ypoducTa akaje-
Mis, mpucBsiueHa mam’ati M. CnuBka. Y Ti nHi Hlomy Oymo © 70. Buctymanum apysi, kosern,
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yuni Mapruna MarsifioBuda — O. MatkoBcbkuid, B. [Tagnmumun, I1. Binonixkka, A. SIcuHchka,
3. baprommuncekuii, B. lleBdayk Ta in. bararo npomoBuiB 3raaysaio, sik Maptun MarsiiioBud
y 1960-Ti poku 4nuTaB CTYJIEHTaM JIeKIlii yKpaTHChKOI0 MOBOIO 1 JIIOOUB IPUXOIUTH Ha Kadeapy
y BHIIMTHX COpPOYKaX, SIKi BUIIMBAja HOMY cTapuia cectpa €BIOKiL. B ypouncTocTsx Takox
B3siJIa y4acTh XKypHaJlicTka razetn «Bucoxuii 3amok» Csitinana lllamko, sika 3romom y crarTi
«3arakoBi Minepanu Mapruna CiauBKay Hanucana Tak: «Benukuii BIunB Ha (hopMyBaHHS HOTO
0coOuCTOi Ta HAyKOBOI JIOJI Majia CIIBIpaIs Ta Apyx0a 3 akajeMikoM €BreHom JlazapeHkoMm.
B poxu manyBaHHS «coBeTchKoI» imeornorii M. M. CruBko OyB THM, XTO BIACHUM MPHUKIATOM
MIPOBOJIMB Ha MPAKTHUIN YKpaiHi3amito HaBuaibpHOTO Tiporiecy y JIZIV. ... Ilicis cebe BiH 3amm-
IIVB BEIWKUN HAYKOBHH CIIAJ0K, 031114 3aKOXaHUX y TEOJIOTII0 YUHIB Ta ITOCTiOBHUKIB. HaBiTh
y ponuHi (ApYyXWHA, B TOYKH, 35Ti — YCl TEOJOTH) HeMae OalayKUX 10 TEONOTii JTIOACH. ...
3pemmroro, M. CuBKO OyB BETTMKUM KHTTETIO00M, JTIOIIHOIO OIEPKUMOIO 1 TATAHOBUTOIO» [9].

VYci, xT0 3HaB MaptuHa MatBifioBuua, 30epiraloTh CBITIIy MaM ATh PO HBOTO SIK TIIHOOKO
epy/IOBaHy JIIOIMHY, aBTOPUTETHOTO BUYEHOI'0, CKPYIY/IbO3HOTO HAyKOBIIS, YyIOBOTO Meaarora
1 Eporo narpiora Ykpainu.
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CENTENNIAL ANNIVERSARY OF MARTYN MATVIIOVYCH
SLYVKO

Yevheniia Slyvko, Petro Bilonizhka, Larysa Slyvko
yevheniya.slyvko@Inu.edu.ua

Ivan Franko National University of Lviy,
4, Hrushevskoho St., Lviv, Ukraine, 79005

November 2026 marks the 100" anniversary of the birth of Martyn Matviiovych Slyvko, a long-
time Associate Professor at the Department of Mineralogy at Lviv University, candidate of geological
and mineralogical sciences, and a well-known mineralogist and geochemist. He graduated from
the Faculty of Geology in 1951, and since then his entire life and scientific and pedagogical activities
have been connected with the Department of Mineralogy. The scientist's scientific output includes almost
80 scientific works, including a monograph (1955) and a textbook on geochemistry in three parts, written
in Ukrainian (1965, 1966, 1975).
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Almost 50 % of M. Slyvko's scientific works are devoted to minerals of the tourmaline group.
He investigated the morphology of crystals, their colour (and its geochemical significance), density,
chemical composition, rare and scattered elements, isomorphic substitutions, inclusions of mineral-
forming solutions (including the mechanisms of their formation), crystal growth (free growth,
regeneration), mechanisms of repulsion and capture of solid particles by growing crystals, and face
sculpture. The scientist dealt with the issues of tourmalinization processes in granites and pegmatites
and the place of tourmaline in the formation of various pegmatites (mica, rare-metal, etc.), worked on
the classification of minerals of the tourmaline group, and began to apply mathematical statistics to
the study of the mineral's constitution.

A number of works have been devoted to various aspects of regional mineralogy, the history
of science, and the development of mineralogy.

The problems of the geochemical direction, which were studied in depth by M. Slyvko, are related,
first of all, to the phenomenon of isomorphism in minerals, isomorphic substitutions of chemical
elements, the relationship between the periodic system of elements and isomorphism.

Martyn Matviiovych was an excellent teacher, teaching a number of basic and specialized courses
in mineralogy and geochemistry. He was loved by his students and respected by his colleagues. And in
general, he was a talented and meticulous scientist, an extremely erudite and positive person, and a true
patriot of Ukraine.

Key words: Martyn Matviiovych Slyvko, mineralogy, geochemistry, crystal chemistry, tourmaline,
isomorphism, scientific and pedagogical activity, Department of Mineralogy, Faculty of Geology, Lviv
University.
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JIbeigcbKull HayjoHanbHUl yHieepcumem iMeHi lsaHa ®paHka,
syn. M. Ipywesckkoeo, 4, Jlbeig, YkpaiHa, 79005

VYee xutts €Brenii MapruniBau CiuBko, sxiit 31 xoBtas 2025 p. BunoBHmocs 70 pokis, MOB’s3aHe
3 TeoJIOTiYHUM (aKyIsTeToM. BoHa KaHAMIaTKa Teonoro-mMinepaaoriyaux Hayk (1986), snana daxiBanns
B raity3i IOCIiKSHHS aKIIECOPHHX 1 PyIHUX MiHepaliB YkpaiHcbkoro muTa, 3 2004 p. — mouenTka kapeapu
EKOJIOTIYHOI Ta iHKeHEPHOT I'e0Iorii 1 riIporeonorii reonorivHoro GakyasTeTy JIbBIBCHKOTO HAILlIOHAIBEHO-
ro yHiBepcutery iMeHi [Bana ®panka. €Brenis CiauBKo — 0araTopiyHOIO BiAMOBITAIBFHOIO CEKPETAPKOIO
penkonerii « MiHepaaoriyHOTO 30iPHUKAY Ta BACHOIO CEKPETAPKOIO JIbBIBCHKOTO BiAINICHHS YKPAaiHCHKOTO
MiHEpaJIOTi9YHOTO TOBAPHCTBA.

Huni €. CiuBko BUKIaga€ Taki HaBYallbHI THCHUILIIHM, K «Ekomoriuna reosoris», «OCHOBHU
reoximii», «OXopoHa i pamioHaJbHE BUKOPUCTAHHA MiJ3eMHUX BOI», «MiHepanbHi Bogu YKpainm»,
«lH)XeHepHO-TeO0I0TiYHEe KapTyBaHHM», «|HKEHEPHO-T€0IOTiYH] PO3BiIyBaHHS B pailOHAaX MOMIMPEH-
HA IPOCAJAHUX I'PYHTIB» Ta iH. BoHa € aBTOpOoM i ciBaBTopoM 10 HaBYaNbHUX 1 HABYAIBHO-METOANY -
HUX Tpalb, cepel IKUX OJUH MiApy4HuK. HaykoBo-nocmigna pobota €. CIUBKO TOCHTH OararorpaH-
Ha, CBIAYCHHSAM YOTO € CIHUCOK il HayKOBHX Ipamb. BoHa € cmiBaBTOpOM ceMu MOHOTpadiii, aBTOpOM
4y criBaBTOpoM 125 HaykoBuX cTaTeil, 80 MaTepianiB/Te3 TOMOBiACH Ha MIXKHAPOAHUX 1 BITIM3HAHUX
HayKoBUX (opymax, I’ sITH JOBiAKOBO-iH(GOpMamiitHUX BUAAHB 1 YOTUPHOX AOBiAKOBO-6i0mioTpadiy-
HUX, a TaKkoX 27 PYKONMUCHUX 3BITiB PO HAYKOBO-AOCHiAHY poboty. Hocmigauns Opama Ge3moce-
peaHio ydacTh abo mpezacTaBisiia JonoBial Ha Maibke 30 HayKoBHX KOH(EpeHLisX 1 HapagaxX pi3HOTO
piBHSL.

Maitxe 20 pokiB €BreHiss MapTuHiBHa Oyla BUCHHM CEKpETapeM CIICIiai30BaHOI BYCHOI paid i3
3aXHCTy KaHAMIATCHKUX 1 JOKTOPCHKHUX AucepTamiil. BoHa € OaraTopiyHUM akTHBHUM WieHOM BueHoi
pazau reonoriyHoro ¢axynasreTy. HeogHopa3zoBo BUKOHYBaja 000B’SI3KM BUEHOTO cekperapst OprkomiTeTy

© Ilerpo Bomomun, Cepriii Llixons, Banentuna Mapycsik, 2026
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Ppi3HOMaHITHUX HAyKOBUX (POPYMIB, 110 X OpPraHi30BYyBaB reooriuHuii (haKkysIbTeT, roTyBaa o0 IpyKy 30ip-
HUKH MaTepiajiiB HuX GOpyMiB.

3a BUCOKI 3100yTKH B HAayKOBO-TIEAArOTiYHIN MisuIbHOCTI €BreHito MapTHHIBHY HEOTHOPA30BO HAro-
pomxeHo rpaMoTaMu i moaskamu kepiauirBa JIHY imeni IBana ®dpanka, npodcrinkoBoi opraHizarii
Ta JIbBiBCHKOT MiCBKOT pay.

Kniouosi cnosa: €renis MapruniBHa CIMBKO, MiHEpaOTis, €KOJIOTIYHA T€0JI0Tis, HayKOBO-TIeIaro-
riyHa AisUTbHICTb, reosoriunuii pakynsret, JIbBIBChKHI HalliOHANBHUI yHIBepcuTeT iMeHi [Bana Opanka.

DOl https://doi.org/10.30970/min.76.12

Tpunusts nepuie sxoBTHs 2025 p. — 10BineitHa nara y sxutti €Brenii Maprunisau Cinusko: i
BunoBHmI0cs 70 pokiB. €BreHiss MapTHHIBHA — KaH/IMJIaTKa Fe0JIOTYHO-MiHEPAJIOTIYHUX HayK,
JIOLICHTKA Ka(eIpu eKOJOTIYHOI Ta 1HKEHEepHOi reoyorii i rixporeosnorii JIbBIBCHKOTO HaIlio-
HaJIPHOTO yHiBepcHUTeTy iMeHi [Bana ®dpanka, 6aratopidHa BiINOBiaIbHA CEKPETApKa PEIKO-
nerii «MiHepanoriqyaoro 30ipHHKa», ydeHa cekperapka JIbBIBCHKOTO BiJIIEHHS YKPaTHCHKOTO
MiHEpPaJOTigHOTO TOBAPUCTBA.

€srenis Cruko Hapoaunacs 31 xoBTHs 1955 p. y JIbBoBi B pouHi reonoris. Ii Mama it Tato
3aKiHYMIH TeooriaHuil (akynsTeT JIbBiBChKOTO nepkaBHOTO yHiBepcutety (JIAY) imeni IBa-
Ha ®panka it acipantypy Ha kadeapi miHepasiorii i kepiBHUITBOM rpodecopa €srena Koc-
TaHTHHOBUYA Jlazapenka, y 1954 p. 3aXUCTHIN KaHIUAATChKI aucepraitii (@ypman O. Minepa-
sorist pochoputoBux ponosui [Ipuanictpos’s; Cruexko M. JlocnimKeHHs TypMaTiHIB IEIKUX
ponosuiy CPCP). Onena Ilerpisuaa (1927-2008) npotsirom 1950—-1954 pp. npairoBaia crap-
KM J1abopanToM Kadeapu miHepasorii yHiBepcurety, a 3 1954 p. 10 BUXOJQy Ha TEHCIIO —
CTapIIUM HAayKOBUM CIIBpOOITHHKOM IHCTHTYTY reosorii i reoximii roprounx xomanua HAH
VYkpainu. Maprua MarsiiioBuy (1926—-1974) y 1954-1955 p. 6yB acuctentom, a 3 1956 p. 1o
KIHIIS )KUTTS — JTOIIEHTOM KadeIpu MiHepaJorii.

VY 1973 p. €Brenis CaMBKO 3aKiHUMIIA 3 30JI0TOI0 MEAALIIO JIbBIBCHKY CEPEIHIO MIKOIY
Ne 4 1 moctynmna Ha reonoriuanit pakyneret JI/IY imeni [Bana @panka, sKuil yCHIIHO 3aKiHIMIA
1978 p., 3axuctuBmu pa3om 3 O. BoOpOBUM KOMIUIEKCHUI TUIIIIOM, IPUCBIYCHUH yceOiaHOMY
JOCIIPKEHHIO MAarHETUTOBUX KaibludipiB Cexperapcekoi cTpykTypu B Cepenapomy [ToOysxoxi,
Ta OTPUMABIIH JIMILIOM 3 BII3HAKOIO 32 CIELIANBHICTIO 2eoximis. Mooy daxiBuuHio Oyi0 cke-
POBaHO Ha poOOTY B HAYKOBO-JOCIIIIHY YaCTHHY T€OJIOTTYHOTO (paKyJIbTETY, Jie BOHA MpalioBaa
Ha noca/ii imkeHepa i MOJIOAIIOro HayKoBoro criBpoOiTHuka. [Tporsrom 1981-1984 pp. €Brenis
HaByaJlacsi B acripaHTypi Ha kadezpi MiHepalorii iz kepiBHUITBOM npogecopa Opecra Liisipo-
Bruua MarkoBcbkoro i 1986 p. 3axucThna KaHIUIATChKy IUCEpTalifo Ha TeMy «MiHepaoris
1 IMTaHHS TeHE3UCy JOKeMOPIHCHKUX KOHIIIOMepaTiB bilokopoBUIBbKOT cTpyKTypH (YKpaiHCHKUi
muT)». Y 1984-1994 pp. mparroBasia Ha 1ocaji CTapiioro HayKoBOro cIiBpoOiTHHKa [ amy3eBoi
HayKOBO-JIOCJIITHOT J1aboparopii BUBUYCHHsI PEUOBHHHOTO CKJIay PYAOHOCHHX (hopmariii (kepiB-
HUK — ['epman Muxaiinosny Sluenko), a mizHimre craina ii 3aBigysadxoro. Y 2000 p. €Breniro 3aiy-
YIJIH 10 HaB4aibHOTO mporecy: 3 01.03.2000 p. 1i mepeBemeHo Ha TMocaxy acWCTeHTa Kadenpu
MiHeparorii, a 3 01.01.2002 p. — norenTa 11i€i x kadenpu. Yurana nexii i mpoBoswia saboparop-
Hi 3aHATTA 3 TAKUX JUCIHUIUIIH, K «MiHepaJoriyHuii aHami3y, «3araisHa reoxiMisny, «[lonrykoBa
1 TexHOJOTiYHA MiHepanoris». Ha momatok o xypcey «Kocmiuna MiHepaoris» CTBOpHIIA 1Mo3a-
MEpeKEBHIi JIOKAIBHUI BeO-caiiT « MiHepasorisi METEOpUTIBY, KUl Ha TOW Yac MICTHB BEJIHKY
KUIBKICTB 1JIFOCTPaTHBHOTO 1 TEKCTOBOTO MaTepialy, MepeKiia/IeHoro 3 aHIIiHChKOT MOBH Ha YKpa-
THCBKY. [Tporsirom 2002—-2004 pp. €. CiuBko 3aBigyBaiia MiKkadeIpaIbHO JIA00PaTOPI€r0 PEHT-
TCHOCTPYKTYPHOTO aHAi3y 1 32 CyMICHHIITBOM IIpAIlfOBaJia JIONCHTKOK Kadempu merporpadii.
301.09.2004 p. no HuHI €BreHis MapTrHIBHA € JOIIEHTKOIO Ka)eApH eKOJIOTIUHOI Ta iHKeHEePHOT
reostorii i rixporeosorii JIHY imeni IBana ®@panka (poto 1). Arecrar nonenra orpumaina 2006 p.



IOBINEN E€BrEHIT CNUBKO

ISSN 2078-6220. MiHepanoriyHuii 36ipHuk. 2026. Ne 76 157

®oto 1. Kadenpa exonoriunoi Ta imxkeHepHoi reosorii i rigporeomnorii, 2019.
3niBa HampaBo y nepiiomy psaay: FO. Kpyncekwuii, B. Mapycsik, A. Byyarbka, €. Cnusko, I1. Hikonenko,
A. ®emuyn, O. Cronsp, y apyromy psiny: H. Kpewmins, I1. Bonommn, I. Kanm, B. JIsxiB.

3Ha9HUM € nopoOok €. CiIMBKO B HaBYAJbHINM 1 HABYAILHO-METOMUYHIN poOoTi. OcraH-
HIMHU JIECATWIITTSIMA BOHA 4YHTaja a0o Bukiamae HuHI Taki pucrwrmiian (nns OKP baxanasp
i Mazicmp cunientianeaOCTelt 101 — Exomorist Ta E4 — Hayku nipo 3emuito), sik «Exonoriuna reomno-
ris», «Exornoriuna reomnoris Yikpainuy, «OcHOBH reoximii», «[€oximisi TOKCHIHUX €JIEMEHTIBY,
«Exonoriuna reoximisy, «[eoximis moBkimism, «OXopoHa 1 parioHaqbHE BUKOPUCTAHHS TTij-
3eMHHX BONY», « MiHepanbHi BOIU YKpaiHuy, « [HK€HEpPHO-TeOoTiUHe KapTyBaHHs», «[HXKeHep-
HO-TEOJIOTIUHI PO3BiflyBaHHS B pailoHaX MOIIUPEHHS MPOCAJHUX IPYHTIBY», «[eoeKosoriuHmii
ayauT», «BeTyI 10 eKoJIoriuHOT AisIIbHOCTI», « YIIPaBIiHHS TPUPOIOOXOPOHHOIO JIisUTBHICTION,
«Exomnoriuni ¢yHkuii reosorivHoro cepemosuia», «OXopoHa reoJoriyHol craammHu Ykpai-
HU», «KoHIIemil cy4acHOro eKOJIOT4HOT0 Te0TYpU3MY», «IcTOpis pO3BUTKY re0TypH3My B CBITI
Ta YKpaini», «Maricrepcbkuii ceminapy, «HaykoBo-mociiiHuii mpakTHKym» Ta iH. J{o BCix auc-
LUIUTIH CKJIQJIeHO po0odi mporpaMu i cuialycH.

€srenist CnuBko Opasia aKTUBHY ydacTh B OpraHi3alii Ta MpOBEICHHI MepIIoi HaB4AIbHOI
npaktuku (poto 2), HaBUANBHOI MAariCTepchKol (MONTBOBOI) MPAKTHKH, BHPOOHHWUOI (IIepea-
JUIUIOMHOT) MPAKTHKH JUTS CTY/IEHTIB-3a09HHKIB, KEpye HAIMCAHHSIM KypPCOBHX, JUINIOMHUX
1 Marictepchkux poOit (oto 3), HeomHOpa30BO Oyiia MOpaTHUKOM TPYIH Ta WieHoM Ex3zamena-
LifHOT KOMIcii 13 3aXUCTy KBaJi(iKaiitHux pooiT.

€. CnuBko — aBTop 1 criBaBTOp 10 HaBUANBHUX 1 HABYATBHO-METOANYHUX MPAIlh, CEPE TKUX
niapyuauk Mamroecovkuti O., [aenuwun B., Ciusko €. OcHoBu MiHepasorii Ykpainu. JIbBiB,
2009. 856 c.; Tpu omHOOCIOHMX TekctH Jjekiii: Kocmiuna minepanoris. JIeBis, 2002. 74 c.;
Minepanoriunwmii anami3. JIbBis, 2004. 173 c.; 3aranpHa reoximis. JIbBiB, 2006. 162 c.; UK JeK-
it 3 Kkypcy «MeTtonu MiHepaloTridyHuX JociipkeHb» y 2-X 4. (bekema, Causko, binuk, 2013).
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®Doto 2. €. CiuBKO (CTOITH y HEHTP1) cepell BUKIAa4iB 1 CTYACHTIB IIiJ] Yac MaHAPiBKU
no [uictpy. [lepia HaBuanbHa mpakTuka, guness 2013 p.

®oto 3. Homu. €. Cnusko 3 MarictpoM [l. BopHskom micins 3axucty ioro mMarictepcbkoi poboTH,
14.12.2024 p.
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VY cmiBaBTOPCTBI 31 CIIBPOOITHUKAMH Kadeapu SKOJIOTIYHOT Ta IHKEHEPHOT reosIorii 1 rixporeo-
JIOTIT BUIAHO METOIUYHI TIOCIOHUKH 3 BUKOHAHHSI Ta 0()OpMIICHHsI KBasi(hiKaIiitHOT poOOTH ISt
CTYICHTIB TeosIoriuyHoro (akynprety 3a creriansHicTio 7.04010601 Ta 8.04010601 — exosorist
Ta OXOpPOHA HaBKOJMIIHLOTO ceperoBuma (2013) ta 3 GaxoBUX BCTYNHHX BUIPOOYBaHb JJIs
MaricTpiB i CHeLiaNiCTIB Te0NOriYHOr0 (haKyJabTETy 3a II€I0 XK CreliaibHicTIo y 4-x 4. (2014).
VY 2023 p. y criBnpani 3 [1. BonommauMm, B. Mapycsik Ta Y. BopHsk ckitageHo MeToandHi MaTe-
piasy 3 miroTOBKM, O(OPMIICHHS Ta 3aXHCTY KypcoBOI pOOOTH [UIsl CTY/AEHTIB KadeIpu eKoo-
TiYHOT Ta IHKEHEPHOI Te0JIOTii 1 T1IPOTeoIorii Ta 3 MATOTOBKU i 0QOpMIICHHS KBamidikamiiHol
(Marictepcbkoi) poOOTH IS CTYACHTIB Ii€i %k Kadeapu.

BararorpanHoto € HaykoBO-mocHigHa podora €. CnuBko. BoHa € cmiBaBTOpOM ceMH MOHO-
rpaciii, aBTopoM 4m cmiBaBTOpoM 125 HaykoBux crateid, 80 MaTepiaiB/Te3 IOMOBiAeH Ha Hay-
KOBHX (pOpyMax pi3HOTO paHTy, a TAKOXK 27 HAyKOBHX 3BITiB.

ITouatok HayKkoBOi HismbHOCTI €BreHii MapTHHIBHM MOB’A3aHUHN 3 JOCIHIIKCHHIMH aKIle-
COPHHX MIiHEpaJliB Ta JIITOJIOr0-MiHEPAJIOTIYHUM BUBUEHHSM 30JI0TOHOCHHX JOKEMOPIHChKUX
KOHIJIOMepaTiB bijTOKOPOBHUIIEKOT CTPYKTYPH B MiBHIYHO-3aX1/IHII YacTHHI YKPaTHCHKOTO IIUTa
(npaui 1982-1993 pp.). [loganeiui gocmipkeHHs OyaH CIIPSIMOBaHI TOJIOBHO HA BUBYEHHS Pi3-
HOMAaHITHHUX acIeKTIiB 30J0TO- i alnMa30HOCHOCTI Haap Ykpainu. Ilix yac podoru B [any3esiii
HayKOBO-JIOCIIIHIN JlabopaTropii peuOBMHHOTO CKJIaly PYJOHOCHHUX (opMalliii Ta opranizo-
BaHOMY B Mexax (akynabreTy [HCTUTYTI reosorii i MiHepareHii 30J10Ta, KOJIbOPOBUX METaiB
1 anmasiB Ykpaian (1994-1999) €. CnuBko Opasia y4acTh y BUKOHAHHI MIXKTally3eBOTO MpO-
exTy «3070T0 YKpaiHw» i TeM MIHOCBITH YKpaiHU 3 BHBYCHHS 30JI0TO- ¥ aIMa30HOCHOCTI
PI3HHX peTioHiB KpaiHu. Y CKIIafi TpyHH ITiJ KepiBHUITBOM JA-pa reoi.-MiH. Hayk . SeHka
MIPOBaIJIa aKTHBHI TOCHiHKeHHSI KITMHIIIBCEKOTO POOBHUINA 30JI0Ta Ta HETPAIUIIHHNX aaMa-
30HOCHHX (opmamiit Ykpainu, 3aiiManacs mpoOreMamu (IIroinn3aTHO-EKCIIO3UBHOTO MTOPO-
JI0- 1 PYIOYTBOPEHHs JTOKeMOpito i ¢daHepo3or. Pe3ymbraté muX MOCITIHKEHb y3araJbHEHi
B TPbOX KOJIGKTUBHHMX MOHOTpadisix, YUCIEHHUX CTATTAX 1 Marepianax HaykoBuX (opymis [1;
12;20-23; 30-32 ta in.].

VY mpoueci MiAroTOBKH MiApy4YHUKa 3 MiHepaorii Ykpainu y «Minepanoriyaomy 30ipHU-
Ky» BHHIIUIK JBi y3araibHIOBaIbHI cTarti €. Cnueko: «Onan y mopoaax Yipainu» (2006) [16]
Ta «bepui y reonorivHux yrBopeHHsX Yipaiam» (2007) [17].

Jocnigauns Opana akTHBHY y4acTh y HAIIMCaHHI, MIATOTOBII i BUJAHHI TBOX OCTaHHIX (3
°sTH) (PyHIAMEHTAJIBHUX KOJEKTHBHUX MOHOTpadiuyHMX Ipanb 3 nuKily «Minepanu Ykpail-
cekux Kaprmam» — «Cummikatny (2011) 1 «IIpomecn minepamoyTBopeHHs» (2014).

[IpoTsirom yciel HayKOBOI-ITeAaroTivHO1 AisTbHOCTI €BreHiss MapTHHIBHA TICHO CITIBITPAIIO-
Baja 3i CBOIM «MiHepanorigdauM» yuutenem — Opectom [mmsposudem MatkoBcbkuM [18; 19].
CBiT4eHHSIM IHOTO € YOTHPH CIIIBHI MOHOTpadii, 40 HaykoBHX cTaTei i moHas 20 iHIINX ApY-
KoBaHUX Tpanb [3; 4; 8; 9 ta iH.]. Cepen HUX 0COOIMBE MicCIle MOCIAAIOTH Mpalli, MPUCBIUYCHI
icTopii miHepaJorii, akazemiky €. JlazapeHKy Ta MiHepaIOTiuHii 1IKOJI, sika HUHI Ma€e HOro iM’s
[5-7; 11; 13; 26 Ta in.]. €Brenis MapruHiBHa, nepiia acmipantka Opecra [sipoBuya, HUHI
JIy’Ke TIIUTBCS, 10 caMe B JieHb ii HapomkeHHs, 31.10.2023 p., kadeapi miHepasorii, meTpo-
rpadii i reoximii reonorivHoro (akyinereTy MpucBoeHo iM’s poecopa Opecra MaTKkoBCHKOTO.

Huska mpaune €. CIMBKO CTOCY€ThCS PI3SHOMAHITHHX EKOJIOTO-TE€OJOTIYHUX MPOOIIeM:
IHapanvxo I. C., Ciusxo €. M., Aproe C. B. IIpo npaBoMipHIiCTh BUAIJICHHS HAyKOBHUX HAIPsMiB
Exonoeiuna eeonocisi Ta Exonomiuna eeonoeis B UK Teonorigaux Hayk (2013); Bonowun I1.,
Cnusko €., Knuw I, Kpemino H. Exomoro-reornoriuni mocmimkeHHS YKpaincekux Kaprmat
i [lepenxapmarTs mig 9ac HABYATBHUX CTYACHTCHKUX MpakTuk (2018); Mamxoscekuii O., Crug-
Ko €. BiIKpHUTTS CHENiaTbHOCTI exonoeiuHa 2eonocis Ha TeonoriyHoMy (axyasreTi JIbBiBChKO-
TO YHIBEPCHUTETY — BaXJIMBA MEPEAyMOBa MOSBH Ka(eapr eKoJIOoTiuHOl Ta iHKEHepHOi reororii
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i rigporeosnorii (2019); Borowun I1., Causxo €., Kpemine H., Knuw I. CydacHi BUKIUKH €KOJIO-
riuHoi Hayku (2019) ta iH.

Ocrannimu pokamu €. CiauBko Opasa y4acTb y JOCHIIPKEHHI OKPEMUX MiHEPaJIOTiYHUX IIPO-
61em Ykpaincwkoro mura [14; 24; 27] 1 Kapnarcekoro periony [2; 15; 25; 28; 29].

€Brenis MapTHHIBHA € CIIBAaBTOPOM I1’SITH JIOBIJJKOBO-1H(pOpMAIIITHUX BUAAHb, SIKI ITPH-
cBsiueHi kadenpi minepanorii (2004) ta reosoriunomy daxynsrery JIHY imeni IBana ®pan-
ka (2008, 2010, 2020, 2025), a TakoX YOTUPHOX JOBIAKOBO-0i0IiorpadiyHUX BUIAHb, IPHU-
cesiuennx Opecty limnsspoBunuy MarkoBcekomy (2009, 2014, 2019) ta Anrenini AunpiiBHi
Scuncbkiii. ABropcTBy €. CnMBKO Hanexarh YMCieHHI racina y BupanHi «Encyclopedia.
JIsBiBCHKHI HaliOHANBHUN yHiBepcuTeTy imMeHi IBana ®panka» (T. 1 : A-K. JIeBiB, 2011;
T. 2 : JI-41. JIsBiB, 2014), BOHa Oepe aKTUBHY ydacTh y IiATOTOBII APYyroro BUAaHHS EHIH-
KJIOTIE i,

Hocnigaums Oyna BiAMOBITATBHAM BHKOHABIEM a00 CIiBBHKOHABIEM ICPIKOIOMKETHIX
1 TOCIJIOTOBIPHUX TEM, MOB’SI3aHUX 3 BUBYCHHSIM PI3HOMaHITHHMX aCIIEKTIB 30JI0TO- U aMaso-
HOcHOCTI Ykpainu. Pesynbratu J0CHiKeHb 32 1I€10 TEMaTUKOI BHUCBITIEHI y 21 HayKOBOMY
3BITI.

€prenis CnuBko Opana ydacTh ab0 HpecTaBiisiia JOMOBiAI Ha Maike 30 MiXKHAPOTHUX
Ta BITYM3HSIHHUX HAyKOBUX KOH(EpeHIisX 1 Hapaaax pizHoro paury. Cepex Hux XVI cummno-
3iyMm Mixuapoanoi Minepanoriunoi acowmianii (ITiza, 1994), XVI kourpec KbI'A (Binens,
1998), X xonrpec €Bpormeiicbkoi reonoriunoi cminku (CtpacOypr, 1999), XXX, XXXI
ta XXXIII Mixuapoani reonoriuni kourpecu (1996, 2000, 2008), 3’i3au YkpaiHCbKOTO
MiHepanorigaoro toBapuctBa (oto 4), Mi>xkHapomHi HaykoBi KoH(epeHmii «[IporHo3yBaH-
HS 1 pO3IIYKH KOPIHHUX anMa3Hux pomosuu (1999) (dpoto 5), «EBomromist qokeMOpiChKUX
TPaHITOIMIB 1 MOB’SI3aHUX 3 HUMH KOPHUCHUX KOTAJIWH B 3B 53Ky 3 €BOJIOLIEI0 36MHOI KOPH
1 OCHOBHUMHU €TalaMu TeKTOHO-MarMarudHoi aktusizaiii» (2007), «Kopinai 1 po3cumHi pojo-
BHIIA ajMa3iB Ta HaiiBakauBinux metaniBy (2008), «Ekonoriudi npobieMu MpUupoIoKOPHC-
TyBaHHs Ta eekTuBHE eHepro3oepexenHs» (2010), «eonoris Ta pyaoOHOCHICTh JOKeMOPIitO
ta (aneposzoro» (2015), «AkTyanbHi MpoOIEeMH Ta MEPCIEKTUBU PO3BUTKY T'e0JOrii: Hayka
i BupoOHHITBOY» (2019), «['eonoriuni My3el i KoJleKLii: IX poib B HayIli, OCBITI Ta TYpU3Mi»
(2023), «I'eorypusm: npakruka i 1ocsin» (2024) (dhoro 6) Ta iH., HAyKOBO-BUPOOHNYA Hapa-
na «l'eosorist Ta MUTAHHS I'EOJIOTIYHOTO KapTyBaHHS 1 BUBUYEHHS JOKEMOPIHCHKHX YTBOPECHb
VYkpaiacekoro muta» (2007), HayKoBO-mpakTHYHA KOoHpepeHuis «MiHepaibHO-CHPOBUHHI
GararcTBa YKpaiHH: IUIIXHM ONITUMaJIbHOTO BUKopucTaHHss» (2018, 2020, 2021), HayKOBi KOH-
(bepenmii «I'eomoris i kopucHi kKonanuHA Ykpaiam» (2018), «3100yTKH i IEPCIIEKTUBH PO3BHUT-
Ky TeonoriyHoi Hayku B Ykpaini» (2019) Ta in.

VY 2023-2024 pp. €. CiuBKO MpoXoAniIa HayKoBe CTaKyBaHHS B [HCTUTYTI reoiorii i reoxi-
Mii roprounx konanua HAH Ykpainu 3 MeToro morTiuOiIeHHs TEOPETUIHHUX 3HAHb 1 TPAKTHUHUX
HaBMYOK Yy Tajy3l €KOJOTo-reoXiMIUHHX JOCII/DKEHb T'€0JOTIYHOrO i CYyMDKHHMX CEpPEeIOBHII
3axinHoro periony Ykpainu (180 ron, 6 kpenuris €EKTC).

Hay3Bu4aiiHO akTUBHOIO € HayKOBO-OpraHizauiiiHa aisuibHIcTh €. CiuBko. 3 1999 p. BoHa
€ BIAMOBINaIbHUM CceKpeTapeM «MiHepajoriyHoro 30ipHUKa», TOTyBala 0 IAPYKY KOMII O-
TepHU BapiaHT BUJaHHs. TpuBaiuii yac BOHa € BYEHUM cekperapeM JIbBIBCHKOTO BiliIeHHS
YKpaiHCHKOTO MiHEPaIOT1YHOTO TOBAPHUCTBA, WieHOM Tepminomnoriunoi komicii npu YMT i nay-
KOBO-PEIAaKTOPCHKOI Ta IMOTO/KYBaIbHOI rpyT « MiHepaoriaHoi eHIuKIoneii Ykpainm.

Maiixe 20 pokiB (1992-2011) €. CauBko Oyia BYSHHM CEKpETapeM CIIeniani3oBaHoi Bue-
HOI pagy TeosoriyHOro (hakympTeTy i3 3aXHCTy KaHIUIATCHKUX 1 JOKTOPCHKHX JIUCEpTaLlii
1 35.051.04. €prenis MapTuHiBHAa — aKTHBHAHN 0araTOpiYHUI YJIeH Y9E€HOI paJy TeOIOTI9HOTO
¢axynerery (poto 7), Oyna 4IeHOM METOIMYHOI PajIi.
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®orto 4. Ha JleB’atomy 3’13111 YKkpaiHCEKOTO ®oro 5. Ha mixkHapozHiit koHdpepeHmnil
MiHEpaJIOTi9YHOTO TOBAPHCTBA. «IIporHo3yBaHHs 1 PO3LIYKH KOPIHHUX alIMa3zHUX
Kuis, Bepecens 2017 p. POLOBHIID.

Kpuwm, Cynak, Bepecens 1999 p.

®orto 6. 1. byunHcrbka (y1iBopyd) Ta €. CruBko Ha BinkpuTti VI MiskHapoaHoi KoHpepeHIil
«l'eotypnsm: mpaxtuka i focBiny y Haykosiit 6iomioreni JIHY imeni IBana ®@panka, 25.04.2024 p.
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VY 2018 p. BoHa OyJa 4JeHOM KOHKYPCHUX KOMICIH TeosioriaHOro (hakyabTeTy sl HPOBE/ICH-
HSl YHIBEPCUTETCHKOTO (Iepiioro) eramy BceykpalHChbKHUX CTYAGHTCHKUX OJIMITia/ 3 HaBYaJlb-
HUX auciuIUIiH «Exosorivuna 6e3mnekay, « EKOHOMIKa IPHUPOTOKOPUCTYBAHHSD) Ta CIICI[IAIbHOCTI
«Exomnoriss”. €sreniro CIMBKO HEOAHOPA30BO MPU3HAYAIM BYCHHM CEKpeTapeM (WIEHOM Opr-
KOMITETY, BiJIIIOBIJAIbHUM CEKPETapeM PEHAKIiITHOT KOJIeTii) pi3sHOMaHITHHX HAayKOBHUX (opy-
MiB, 10 iX OPraHi30ByBaB I'e0JIOTIYHUH (PaKyIbTET, IPHUOMY BOHA TOTyBaJIa A0 JPYKY 30ipHUKH
MarepiaiB uX (GOpyMmiB.

®oto 7. Ynenu Buenoi paau reosoriuHoro ¢akynsrety B Jlens BumuBanku, 16.05.2024 p.
3nia Hanpaso: O. ["aiioBerkuit, O. Koctiok, €. Cnusko, C. Lixons, C. [laBun, 1. llaiiHora,
I. Tonantok, Y. bopusx

Cepen Hux — HaykoBi untanHs iMeHi akagemika €Brena Jlasapenka (IT'sti, 2007; Bocewmi,
2014; OBanamsri, 2022; Tpuramgisri, 2024), HaykoBi KoH(pepeHmii «HaykoBi 0CHOBH ITPOTHO-
3yBaHHsI, MOUIYKIB Ta OLIIHKK POJoBHIL 3070Ta» (1999), «Minepasoris: icropis, Teopis i npak-
tuka» (2004), Beeykpaincbka HaykoBa koHpepeHiis 10 20-piuds kadeapu ekonoriyHoi Ta iHxe-
HepHOT reosorii 1 rimporeosorii «Exonoriuni npo0ieMu HaapokopucTyBaHHs. Hayka, ocBiTa,
npaktukay (¢oro 8), oBuICHHI (hakyabTeTchKi KoHpepeHiii «[IpodieMHi TUTaHHS Te0I0r uHOT
ocBitH Ta Hayku Ha nopo3i XXI cromitrs» (2005), «CraH 1 NEpCreKTHBH CYy4acHOT reoJIoriuHOT
ocgitu Ta Hayku» (2010), «@yHgamMeHTaIbHE 3HAYCHHS 1 IPUKIIAIHA POJIb TEOJIOTIYHOT OCBITH
i Haykm» (2015), «80 pokiB reosorivHOMyY (akyiIbTeTy: HOBI TPEH/IM PO3BUTKY T'€0JIOTTYHOI OCBI-
10 1 Haykm» (2025).

HaykoBo-nienaroriuny misutbHICTh €. CIMBKO HEOTHOPA30BO BiI3HAYEHO TOMSKAMHU 1 Tpa-
MOTaMH peKTopa yHiBepcHTeTy, mpodemizok Ta JIbBIBChKOi MICBKOI pamu. 30Kpema, 3 Haroau
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®oto 8. Opranizaropu HaykoBOi KoH(epeHii 1o 20-pivdst kadeapn eKoNoriTHoI Ta IHKeHepHOT reoIoril
i rigporeonorii Oinst o3epa ['eomnoris Ha nutsixy y Bepxue CunpoBuane, sepecens 2019 p.
3niBa Hanpaso: I. Kuum, €. Cnusko, I1. Bonomun, B. Mapycsik, I. Bydanbka

80-1 piuHHMILI BiJ| AHS 3aCHYBaHHS I'e0JI0TiYHOr0 (haKysbTeTy BoHa orpumaia [ToasKy Bijg Micbko-
ro rosoBu JIpBoBa AHjpist CazoBOro «3a BUCOKHI podecioHalizm, eaaroriyny MaiicTepHIcTh,
BiJJIaHICTh CITpaBi BUXOBAHHS MOJIOZOTO MOKOJIIHHS HayKoBILiB» ((poTo 9). 3 Haroan 70-TiTHBO-
ro I0Bie0 €BreHito MapruniBHy HaropokeHo [logsxoro pexropa JIHY imeni [Bana ®panka
Pomana ['magmmeBcbKoro 3a «OaratopidHy CyMIIiHHY ITPaIfio Ta BaroMi 3100yTKH Y HayKOBO-TIe-
JaroTivHIN MiSUTBHOCTI», a TaKoX I pamoToro JIbBiBCHKOT 001acHOi opraHi3ariii mpodCriiky mpa-
LIBHUKIB OCBITH 1 HAYKH YKpaiHH 3a «0aratopiuHy IUTiAHY MpAIlio, BUCOKY MpodeciiiHy Maiic-
TEPHICTh, BATOMUI O0COOMCTHII BHECOK Y HAYKOBY, HABYAJIbHY Ta BUXOBHY pOOOTY, MiITOTOBKY
BHCOKOKBauTi(hikoBaHMX (haxiBIliB, pO3BUTOK MpodeciiiHol ramy3i B YHIBEPCHUTETi, TPOMaICHKY
AKTHUBHICTBY.

€prenis CnuBko — HenepeciyHa i OaraTtorpaHHa JIIOJMHA, AYXe IPAlbOBUTA, BiJIOBI-
JanbHa i epyaoBaHa. Yci ii )KUTTS MPUCBsIUEHE re0J0rYHOMY (QaKyIbTEeTOBI, INUPOKO AUBEP-
cudikoBaHa HayKOBO-II€JaroriyHa i opraHizamiiiHa AisUIbHICTH CIIpSIMOBaHa Ha Horo 0iaro
Ta MPOCSKHYTa IIMPUM OakaHHSIM 1 BIpOIO B yCITilTHE MailOyTHE ¥ HOBI HAYKOBI IOCATHEHHS
¢dakynbrery. BoHa 3Hae aHIITIMCHKY MOBY 1 pajo jomoMarae CBOIM KoJieram 3 MepeKiaioM
HAyKOBHX CTaTei. Yxke Oararo pokiB €BreHis MapTuHiBHa pelarye, KOpekTye i rorye 1o
npyky «MiHepanorigauit 30ipHHK» Ta 30ipKU MaTepiamiB pi3HUX KOH(EpeHIiH, mo iX mpo-
BOAWTH Teonoriuanii (axynsrer. | poOUTH BOHa 10O poOOTY Tak BIPAaBHO, IMIBUAKO i Oe3
MTOMHJIOK, IO AUBYyemics! €BTeHis — Aymia KOJEKTUBY (QaKyabTeTy, HAaBKOJIO Hel 3aBXKIHU T'yp-
TYIOTbCS JIOIH.

Jo6pa, 310poB’st Ta yaaui, €erenie MaprutiBao! 3 pocu i Boau — Ha JI0Bri poku!
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N
®oro 9. [Mepmmii 3acTynHUK Mickkoro rosioBu JIbBoBa AHpiit MockaneHko Bpy4ae €Brenii CuBKo
[omsixy Bin mickkoro ronosu JIsBoBa AHzpis CamoBOro Ha ypouuCTOMY 3acCilaHHI 3 HArOAW BiIKPHTTS
MikHapoaHoi KoHdepeHntii 1o 80-piuus reonoriunoro paxynsrety, 24.09.2025 p.
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ANNIVERSARY OF YEVHENIIA SLYVKO
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4, Hrushevskoho St., Lviv, Ukraine, 79005

The whole life of Yevheniia Martynivna Slyvko, who turned 70 on October 31, 2025, has been
connected with the Faculty of Geology. She is a candidate of geological and mineralogical sciences
(1986), a well-known specialist in the field of research of accessory and ore minerals of the Ukrainian
Shield, and since 2004, an Associate Professor at the Department of Environmental and Engineering
Geology and Hydrogeology of the Ivan Franko National University of Lviv. Yevheniia Slyvko has been
the Managing Editor of the «Mineralogical Collection» for many years and the Scientific Secretary
of the Lviv branch of the Ukrainian Mineralogical Society.

Today, Ye. Slyvko teaches students such basic disciplines as «Environmental Geology»,
«Fundamentals of Geochemistry», «Protection and rational use of groundwatery», «Mineral
waters of Ukraine», «Engineering-geological mapping», «Engineering-geological exploration in
areas of expansion of subsidence soils» etc. She is the author and co-author of 10 educational
and teaching-methodical works, including one textbook. Ye. Slyvko's research work is quite
multifaceted, as evidenced by the list of her scientific works. She is a co-author of seven
monographs, the author or co-author of 125 scientific articles, 80 materials/abstracts of reports
at international and domestic scientific forums, five reference and information publications
and four reference and bibliographic ones, as well as 27 handwritten reports on scientific research
work. The researcher directly participated or presented papers at almost 30 scientific conferences
and meetings of various levels.

For almost 20 years, Yevheniia Martynivna was the scientific secretary of the specialized
academic council for the defence of candidate and doctoral theses, and she has been an active member
of'the Academic Council of the Faculty of Geology for many years. She repeatedly served as the Scientific
Secretary of the Organizing Committee of various scientific forums organized by the Faculty of Geology,
and prepared collections of materials from these forums for publication.
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Yevheniia Martynivna has been repeatedly awarded certificates and thanks from the leadership
of the Ivan Franko National University of Lviv, the trade union organization, and the Lviv City Council
for her high achievements in scientific and pedagogical activities.

Key words: Yevheniia Martynivna Slyvko, mineralogy, environmental geology, scientific
and pedagogical activity, Faculty of Geology, Ivan Franko National University of Lviv.
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