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MHEPATTIVH MMUHEPARDTWYECKMA
HSGHAN

VK 549
0. I. MaTkoBCbKUM

CTtaH i nepcnekTuBn po3BUTKY
MiHepanorii Ha mexXxi TUCA4YO0NITb

[IpoaHanizoBaHO HalBaXJIMBIilli JOCSITHEHHSI MiHepasorii 3a ocTaHHiil yac. Bin3dHaueHo, 110 OypXJIMBUIi PO3BUTOK
MiHepaJiorii y Apyriii moaoBuHi XX CT. 03HaMEHYBaBCsl MOSIBOXO HOBUX ii HANPSIMKIiB, BIAKPUTTSIM BEJIMKOI KiJIbKOCTi
HOBUX MiHepaJliB, BCTAHOBJIEHHSIM OKPEMMX MiHEpaJOriyHMX 3aKOHiB, MEPEXOIOM MiHEPAJIOriuHMX HOCiIXKEeHb i3
MiKpO- Ha HaHOpPiBEHb, BUSIBJIEHHSIM HOBMX BUIiB MiHEpaJbHOI CUPOBMHU. KOpOTKO OXapakTepuM30BaHO TOJOBHi
3aBaaHHs MiHepatorii y XXI cr. BuniseHo HaiiBaxJMBilli nMpoOieMu 3arajbHOMiHEpaJOriyHOro, MPUKIJIALHOIO i
METOIMYHOIO XapakTepy.

BucBiT/IeHHST cTaHy i TTepCIeKTUB PO3BUTKY MiHepasorii y MOBHOMY 00CsI3i Ha MeXi IBOX
TUCSYOJIiTh 3JAEThCS AYKE BaXXKUM, TOMY HaMU 3AiHCHEHO aHajli3 HaWBaXJMBIIIUX 11
nocsiTHeHb Y XX CT. i 3aBAaHb, 110 TOBUHHI BUpilryBatuch y XXI cT.

MiHepaJoriss HaJIeXXUTh A0 TMPOBITHUX TeoJOTiYHUX HaykK. BoHa mpoiiiiia ckiagHui
LIUISIX PO3BUTKY Ta AudepeHLialii i € ¢yHIaMEHTAJILHOI HAayKoOl, L0 HEOJHOPa30BO
MigKpecaoBaM BUAATHI  BYEHi-aKaJaeMiKu . C. Kopxuncbkuii, €. K. JIazapeHko,
0. C. INoBapennunx, O. B. Cunopenko Ta iH. ®yHaaMeHTaIbHICTh MiHEepaJIorii BU3HAYAEThCS
Hacammepen ii TICHUM 3B’SI3KOM 3 TUIOBUMHU (yHAAMEHTAJbHUMU HayKaMM, 30Kpema 3
XiMi€lo i (hi3UKOI0, MOJOXKEHHSIM Cepell iHIIMX Te0JIOTIYHMX HayK, a TAaKOX THUM, II[0 BOHA €
iX pogoHavaabHUIIC0. MiHepasorii K ¢hyHAaMeHTaIbHil Haylli y Tajly3i reoJIoriYHMX 3HaHb
OyJIO MPUCBSIUEHO CIeliajlbHy HayKOBY cecilo Bcecoro3HOoro MiHepajaoriyHoro ToBapucTBa
y 1977 p. [11]. [lutanHs yHAAMEHTAIBHOCTI MiHepasorii 06roBoproBaiM i Ha 6araTbox
iHIIMX MiHepaJoriYHuX (opyMax pi3HOTO PiBHS.

CyyacHi IOCSITHEHHsI MiHepaJiorii MOB’si3aHi MepenyciM 3 HOBITHIMM BiIKPUTTSIMU Y
¢izuii Ta XiMii, 0COOJUBO 3 TUMU, 110 CTOCYIOTbCSI OYAOBU aTOMiB XiMiYHUX €JIEMEHTIB, 3
OOCTiAXEHHSIMM y Tajly3sax (i3ukud TBepmoro Tiia i (pizumkoximii, 1o oOYyMOBMHIIO
BIIPOBAIXKEHHSI B MiHEPAJIOTil0 HOBUX BMCOKOUYTIMBUX METOMiB: €JIEKTPOHHOI MiKpOCKOITil
Ta ejJeKTpoHorpadii, peHTreHOCIIeKTPaJbHOIO MiKpPO30HAYBaHHS, MecOayepiBChbKOI1
CIIEKTPOCKOIii, iH(ppauyepBOHOI i paMaHiBCbKOI CIEKTPOCKOITil, a TaKOX padioyaCTOTHUX
(enexTpoHHO-TIapaMarHiTHUi pe3zoHaHc — EIIP, smepHo-marHiTHMIT pe3oHaHc — AMP,
simepHU KBagpymnojabHuii pezoHaHc — AKP), audpakTromeTpuyHux, €IeKTPOCTaTUIHMX,
JIIOMiHECIIEHTHUX, KBAHTOBO-OINTUYHUX Ta iH.

BypxnuBuii po3BUTOK MiHepajorii y XX CT. CIpusB BUHUKHEHHIO JABOX BaKJIMBHUX
HarpsiMiB, 1110 JIeXXaTb B OCHOBI Cy4acHOi MiHepaJsorii: KpUCTaJoXiMiYHOTO, 3aCHOBAHOIO
€. C. ®enopoBUM, i TE€HETUYHOIO, OCHOBOIIOJOXHUKOM SIKOTO OyB Halll CHiBBITYM3HUK
B. 1. BepHancbkuii. Po3BUTOK KpucTaoXiMii po3moyaBcs TMicas BIAKPUTTS Audpakilii
PEHTreHiBCbKUX MpOMEHiB y Kpuctamax (M. Jlaye, 1912) i mepumux po3mudpoBoK
KpucTaniyHux cTpykTyp MminepaiiB (Y. I'. i Y. JI. bperru, 1913). ¥ nonansiiomy, ocobI1uBO
y OpyTiii ToJa0BUMHI XX CT., iHTEHCUBHI JOCJIIKEHHSI Y 3a3HAYeHMX HarpsMax CHpUsUIA
BUHUKHEHHIO HU3KW HOBUX PO3LIiB y MiHEPaJIOrii: CTPYKTYPHOI MiHEPaJIOTii, KpUCTAIOXiMil
MiHepasiB, MiHepaJoriyHoi Kpuctaiorpadii, ¢i3uku MiHepaliB, OHTOreHii i ¢isoreHii
MiHepatiB, TepMoOaporeoxiMii MiHepaJtiB, TUIIoMopdi3My MiHepaJliB, KOCMiYHOI MiHepaJIorii,
GioMiHepasorii, ekcrnepuMeHTaIbHOI MiHepasorii Ta iH. Oco6auMBOro 3HauyeHHs HaOyJa
MpUKIagHa MiHEpaJorisl, Y CTPYKTypi sIKOi copMmyBaiMcs TaKi PO3Miav, SK IOIIYKOBa
MiHepaJsoris i MiHepaJloriuHe KapTyBaHHsI, TEXHOJIOTiYHA MiHEpaJIorTisi, MiHepaJIOTisl HOBUX
BUJIiB MiHEepaJbHOI CUPOBUHM, T€MOJIOTisI, MeIUYHA MiHEPAJIOTisl, MiHEPAJIOTisl TEXHOTEHE3Y
Tolo. Baromymu € 3m00yTKY B TOITOMiHEPAJIOTiYHUX TOCiIKEHHSIX Ta Y BUPIIEHH] ASSIKUX
BaXXJIMBUX IpoOJieM 3araJibHOTeOJIOTIYHOTO XapakTepy (reoTeKTOHiKU, cTpaTurpadii,
MEeTPOJIOTii, JIITOMOril, MiHepareHii) Ha 3acagax JeTaJbHOTO BUMBYEHHSI TUMOMOPQi3My He
TiJIbKY TIOPOJIO- i PYIIOYTBOPIOBAJILHUX, a i aKIIECOPHUX MiHepaiB. 3a BUpa3oM Kopudest
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MATKOBCBKHH O. 1.

MiHepaJoTiYHOT IyMKU Apyroi nojoBuHu XX cr. — €. K. JlazapeHka, MiHepail — BaXXJIMBUI
TeOJIOTIYHMI JOKYMEHT, 0e3 SIKOr0o HEeMOXJIMBO BiITBOPUTH icTopilo 3eMJi i 3po3ymiTi
Mpolecy, 110 B Hili BinOyBaroThcs [2].

Y po3BUTKY Maiixe yCix 3a3HAYeHUX BUILE HAMpsIMiB Cy4acHOI MiHepasorii BaxkKJIUBY
poJib  Bifirpaaud JOCTIIKEHHS YKpaiHChbKUX BUEHMX, a TAaKOX OpraHisallisl 3 iHilliaTUBU
€. K. JlazapeHka JIbBiBCbKOIO Ie0JIOTIYHOTO i YKpaiHChKOrO MiHEPaJIOriYHOIo TOBAapUCTB
Ta MiHepaJoriyHuX BuIaHb. Bin 1947 p. Buxoauts "MiHepanoriunuii 30ipHUK" JIbBiBCHKOTO
yHiBepcutety, sikuii y konminHboMy CPCP crtaB apyrum cnenianizoBaHUM BUIAHHSM 3
MiHepazorii miciag "3anucok Bcecow3HOro MuHepaJoruuyeckoro obiiecTa" (HUHI
"Bcepoccuiickoro”), Bin 1979 p. — "Munepanoruyeckuii xypHan" HAH Ykpainu (Kuis).
Ha €BporneiicbkoMy KOHTUHEHTI cepell IepiofuYHUX BUIaHb 3 MiHEpaJIoTii MpoBigHe Miclie
nocimae "European Journal of Mineralogy", sikuit Bumaetbes 3 1989 p. Y npyriii mojioBuHi
XX c¢T. B YKpaiHi cpopMyBanucs BigoMi IIKOJHU: JbBiBCbKO-KUIiBChKa PEeriOHaJIbHO-
MiHepanoriuna €. K. JlazapeHka, KHWIBCbKa 3 KpHcCTajoXiMii i di3zuku MiHepaliB
O. C. INoBapenHux ta I. B. Marsiia, nbBiBcbka TepMoOaporeoxiMivuna M. 1. €pmakosa,
KpHBOpi3bKa MiHepanoro-texHojoriuna b. 1. Iluporosa. Lli mikosu i cbOroaHi yCHillIHO
PO3BUBAIOTLCSI YYHSMU iX 3aCHOBHUKIB.

Ha cropinkax "MiHepayioriyHoro 36ipHuKa" 3a1104aTKOBaHO HAIpPsIMM 3i CTPYKTYPHOI
MiHepayorii — y Bimomux Hapucax M. B. BenoBa (y3aranbHeHi B KHurax "OuepKu IO
cTpyKTypHOI MuHepamoruu" (1976); "Odepku mo Teopetnyeckoi muHepagoruun” (1982), y
cniBaBropcTBi 3 O. O. I'ogosikosuM i B. B. Bakakinum), mo Ha moyaTtky 1980-x pp. Oyiau
nponmoBxkeHi Koro yuynsmu (B. C. ¥Ypycosum, M. 0. IlymapoBcbkuM Ta iH.), Ta 3
Kpuctamoximii — B okpemux crattsix B. C. Co6Gonesa i O. C. IloBapeHHUX, gKi Oyi10
y3arajlbHeHO y KJIJaCHYHUX MOHOTrpadisix, 1110 He BTpaTWJIM CBOTO 3HAYeHHS i HUHI: "BBeneHue
B MUHepasioruio cumkaroB” (1949), "KpucrauioxuMudeckast KjiacCU(DUKALIS MUHEPaTbHBIX
BumoB” (1967).

Y nopanplioMy pPO3BUTKY KpUCTaJOXiMii MiHepajiB BaXJuBE 3HA4YE€HHS Maju
IOCTiIXeHHsT 3 (i3uKM MiHepajliB — HOBOIO MEPCIEKTUBHOrO HampsMy B MiHEpasorii,
3anoyatkoBaHoro B. M. BunokypoBum i A. C. MapdyHiHMM Ta aKTUBHO PO3BMHYTOTO
ykpaincbkumu MiHepanoramu (O. C. IToBapenHux, O. M. ITnaroHoBuM, A. M. TapaiiaHom,
I. B. Marsiuem Ta iH.) micis opraHizaiii y 1969 p. 3 iniuiatusu M. I1. CemeHeHKa [HCTUTYTY
reoxiMii i ¢izuku MiHepaiiB (HUHI IHCTUTYT reoxiMii, MiHepasorii Ta pynoytBopeHHst (ITMP)
HAH VYxpainu). PesyabTaTé pociigxeHb y3arajbHeHO Yy MOHOrpadisx 3 ONTUYHOI
CIIEKTPOCKOITii, JJIOMiHECLIEHIIil Ta pamioCIeKTPOCKOii MiHepasiB. ¥ po3BUTKY CTPYKTYPHOI
MiHepaJorii BaxXJIMBUMHU € gociimkeHHs1 €. I'. KyKoBCbKOTO 1o CTPYKTYPHUX MEPETBOPEHHSIX
y MmiHepanax i O. JI. JIuTBuHa 3 KpHUCTAJIOXiMii i CTpYKTYypHOTO TUIIOMOPGi3My MiHepaJiB.
[pangsiMu 3 pizrku MiHepasliB oep>KaHO BaXKJIMBi IaHi III00 PeaIbHOI CTPYKTYPH i IPUPOAU
KOHCTUTYLiHUX BJIACTUBOCTEH MiHEpasliB Ha aTOMHO-eJeKTpOHHOMY piBHi. Lli gaHi €
MPUHIUIIOBO HOBUM [IKEPEJIOM KPUCTAJIOXiMiUYHOI I TeHeTUYHOi iH(opmallii.

Y "MinepanoriuHoMy 30ipHUKY" JIBBIBCBKOrO YHiBepCHUTETY YIepllie, 3aBIsSIKU
€. K. JlazapeHKy, 3’SIBUJIOCSI HAyKOBE MOHSTTS MiHepasoeiuHa Kpucmanozpagis, siKe
a0 MOYaTOK CAaMOCTiliHili HayKOBill TMCUMIUIiHI, 1110 BUBYAE KpHUCTAJIOMOPGOJIOrilo,
BHYTPILIIHIO OyTOBY Ta OHTOI'€Hil0 MiHEpaJIbHUX iHAWBUIIB Ta iX 3aKOHOMipHUX 3POCTKIiB.
Inei €. K. JlazapeHka Ta po3po0OKM iHIIMX aBTOPIB y 1Iiil rajy3i y3araJbHeHO y cepii Ipalb
npod. I. I. IlappaHoBCHKOro Ta HHOro KpuctajorpacgiyHoi IIKOJU, TOCUTh AETalbHO
npoaHajizoBaHo y ctarti O. I. MaTtkoBebkoro i 3. B. baprommHcbkoro "Lsixu po3BUTKY
MiHepaoriuHoi Kpucranorpadii”, omy6yikoBaHiil Ha cTopiHKax "MUHEpaIoTHYeCcKOro
xypHaia" [5]. B Ykpaini 1eii HanpssMOK ycmilltHO po3BUBAaEThcs 3. B. bapTolnHcbKuM,
B. M. KBachHuueto, I1. K. BoskoM, b. I. Cpe6ponobcbkuM Ta iH.

Ha cropinkax "MiHepatoridHoro 36ipHuka" JIbBIBCbKOTO YHiBEpCUTETY OYJIO pO3IoYaTo
nyoumikanii mpod. M. I1. €pmMakoBa, 3a pe3yiabTaTaMU IOCHTIIKEeHb BKIIOUEHb MiHEpaiB,
1o Oynu ysaranbHeHi y MoHorpadii "McciaenoBaHusi MUHEPaI000pa3yoIIMX pacTBOPOB”
(1950) i 3amouaTkyBaj cOO00 HOBUII HAMpPSIM — TepMOOApPOreOXiMiyHUIA. Horo ycmiixo
MPOJOBXYBaIM I TPOIOBXYIOTh po3BuBaTi B. A. Kamoxnwii, FO. O. onros, [. K. Bo3HsIK,
10. B. Jlsixoe, O. M. Ierpuuenko, A. B. ITisHiop Ta iH. HailBauBiwi y3araibHeHHs
TEOPETUYHOTO W METOAMYHOTO CIPSIMYBAaHHSI BUCBITJICHO y BiIOMMX Tpalsx:
"'eoxuMUUECKHUE CUCTeMBbl BKIOUYeHUi B MuHepamax"' (1972, H. I1. EpmakoB);
"Tepmobaporeoxumus” (1979, H. I1. Epmakos, FO. A. Joaros); "MeToau BUBYEHHS
Gararoa3oBux BKIIOUeHb y MiHepamax" (1960, B. A. Kamoxuwuii); "OCHOBBI y4eHHUs O
MUHepanoobpasytouux daounax” (1982, B. A. KamoxHuii); "MeToau AOCTiIKXEHHS
BKJTIOUEHb Y MiHepasax rajoreHHux mopin" (1973, O. M. I[letpudeHko).
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[My6nikariss BumaBHULTBOM JIBBIBCHKOTO YHiBepcuTeTy 3 iHimiatuBu €. K. JlazapeHka
kuuru npod. . I1. I'purop’eBa "OnHTorenust muHepanos” (1961) crnpusna popmyBaHHIO
BaXJIMBOTO PO3IiTy T€HETUYHOI MiHEPaJIOrii, 110 BUBYAE OCOOJIMBOCTI 3apOIKEHHS, POCTY
i 3MiHM MiHepaJbHUX iHAMBUAIB Ta iX CyKymHocTeil (arperatiB). Lle 0OyMOBWJIO IMOIITOBX
JIO IIIMPOKOMACIITAOHUX OHTOT€HIYHUX AOCTIIKEHb, Pe3yIbTaTH SIKUX y3araJbHEHO Y KHUTAX:
"Onrorenust MuHepanoB. Munusuasl" (1975, 1. I1. I'puropees, A. I'. 2KabuH); "OHTOreHUS
muHepanoB. Arperatel” (1979, A. T. XKabun); "OHTOreHUYECKHil METOI B MUHEpaJIOrvuu"
(1988, B. M. IMapaumux, H. I1. FOmkuH, B. A. TTomnos.).

Oco06sMBe 3HAUEHHS y PO3BUTKY T'€HETUYHOI MiHepasorii MaloTh (GyHIaMEeHTaJbHi
moHorpagii €. K. Jlazapenka "OcHOBBI reHetmyeckoii MuHepagoruu” (1963) i "OnbiT
reHeTu4ecKkoil Kiaccupukanuu MuHepanoB" (1979). B ocrtaHHiil KHU3iI 3po0JIeHO TEpILy
CIpoOy TeHeTHUYHOl KJacu¢ikalii MiHepaJliB, B OCHOBY $SIKOi MOKJaAeHO pe3yJbTaTu
IOCTiIXEeHb MPOLIECiB MiHEpaJOyTBOPEHHSI, TEHETUUYHMX OCOOJMBOCTE MiHEpaTbHMX
KOMIUIEKCiB i TUmoMopdizMy MiHepasiB. ¥ 1iii HOBaTOPCBHKill KHM3i BUKJIAAEHO TaKOX
OpUTiHAJbHI OJYMKHM CTOCOBHO MiHepajoriyHoi Moneii 3emMili Ta eBOMIOLIl MiHepaJlbHUX
KOMILIEKCiB 3eMHOI Kopu. I'mbokuit aHani3 MpolieciB mepeBaXHO €HAOTE€HHOIOo
MiHepaJIOyTBOPEHHS Ha MPUKJIAi BJACHUX JOCiIXKEHb Pi3HUX TUIIB MiHEpaJIbHUX POAOBUIILL
HaBeleHO y KamitanbHii npaui B. ®. bapabanosa "T'eHeTuueckast muHepanorust” (1977).
JocuTh 3HAYHUMU € TOCSATHEHHS Y BUBYEHHI MiHEepaJliB i MPOIIECiB MiHEPaJTOyTBOPEHHS B
MaHTii 3emMJi, ki BucBiTiaeHo y mnpausx B. C. Co6onea, M. B. CoGoseBa Ta iH.

VY BupileHHi 6araTboX CIipHUX MUTaHb T€HETUYHOI MiHEpasorii BaXJIUBY pPOJb
BifirparoTh eKCepuMeHTAIbHO-MiHEPAJIOTiUHI JOCTiIKEHHsI, HaliBaroMillli 3MO0YTKY SIKUX
onepxaHo B kosmiHboMy CPCP, a HuHi B Pocii B [HCTUTYTI eKcniepMeHTaIbHOT MiHepaIorii
PAH (. C. KopXHHCbKUIA, B. A. XKapukos, O. O. Mapakyues, H. {. Hexpacos,
JI. JI. Tlepuyk Ta iH.). 30KpeMma, CYTTEBi JHOCSATHEHHS € y BMBYEHHI (pa30BMX piBHOBAr
pi3HUX MiHEpaJIbHMX CUCTEM, KiHETMKM i AUHAMIKU IPOILIECiB MOPOIO- i pyIOyTBOPEHHSI,
CUHTe3y MiHepaJjiB, y MOJEIIOBaHHI IpolieciB MiHepajoyTBopeHHs. B YkpaiHi momiOHi
IOCHiIXEeHHS, 0COO0JMBO (i3MKO-XiMiYHOro HampsMy, MPOBOASTHCS Yy BiAMidi
ekcniepuMeHTaabHO1 MiHepasorii ITMP HAH Ykpainu (HUHI Binfii CMHTE3Y MOHOKPHUCTATiB
IM HAH VYkpainu) (0. I1. MenbHuk, I'. T. OcraneHko Ta iH.).

VY cepii ny6aikauiii €. K. Jlazapenka, A. A. fIcuHCBKOI Ha cTopiHKax "MiHepaJloriYHOTo
30ipHMKa" MOGAYMJIM CBiT HApUCH 3 KOCMIUHOI MiHepajorii — HOBOTO HampsiMy B Haylli,
3anouatkoBaHoro 1. I1. 'purop’eBuM i 1o6pe HampaiboBaHOTO B YKpaiHi A. A. Banbrepowm,
B. 1. Cemenenko Ta iH. LluMM OOCTiIKEHHSIMWA BCTAHOBJIEHO TOJIOBHI BiIMIHHOCTI i
MOAiOHOCTI 3€eMHMX, MiCSIYHUX Ta METCOPUTHUX MiHEpaliB, TUIOMOP(HiI O3HAKW SIBUIIL
yIapHOro MeraMopgizMy, 3 SIKMM TOB’sI3aHe YTBOPEHHS iMITAKTHUX KpaTepiB (acTpobiiem).

VY apyriit mosoBuHI XX CT. BEJIMKY yBary NpUAUISUIM OCHOBHUM MOHSTTSIM MiHEepaIoril
(minepan, minepanvbruil iHOUBIO, MiHepaAbHU U0, MIHEPAAbHUI PI3HOBUO), & TAKOX MTUTAHHSIM
HOMEHKJIAaTypu i TepMiHouorii. Ix posrtsmamu M. B. Benos, I'. B. Bokiit, A. T'. Bynax,
. I1. I'purop’es, €. K. Jlazapenko, O. C. INosapennux, B. C. Cobones, B. 1. [TapnmuimH
i 6araro iHIIMX MiHEpasoriB; BOHU OOTrOBOPIOBAIMCS Ha CIeLlialbHUX Hapanax. Matepianu
onHiei 3 HUX, 1O BigOynaacsa B YKpaiHi, y3arajbHeHO Y KHU3i "OCHOBHBIC TOHSITHS
muHepanoruu” [9]. Lli muTtaHHS, K i 6arato iHIIMX TEOPETUYHUX i METOAMYHUX TMPOOIEM
CydacHOI MiHepaJiorii, JOCUTh JeTajibHO BHUcBiTIeHO y KHU3i M. I1. IOmkina "Teopust u
MeToabl MuHepanoruu” (1977).

Hpyra nosioBuHa XX CT. XapaKTepU3YETbCSI iHTEHCUBHUM PO3BUTKOM MPUKIATHOI
MiHepaJjorii, TEOpeTUYHOIO OCHOBOIO SIKOI € TUIOMOp(i3M MiHepaliB i perioHaabHO-
MiHepaJoTiyHi AochimXeHHs (TomoMiHepanoris). Ilepuri Haa3BUYallHO BaXKJIUBI
y3arajJbHEHHS 1IOJ0 3a3HAYEHOTro HaBeleHO y MoHorpacgdii "MuHepajiorunyeckue
HUCCIeIOBaHUS B TTPAKTUKE reojioropa3BenovyHbix padot” (A. U. I'muzoypr, B. . Ky3bmuH,
I'. O. Cunopenko, 1981), B siKiii BUALJICHO i J€TAIbHO BUCBITJIECHO TPU OCHOBHI HAIpPSIMU:
TOIIIYKOBa MiHEpaJsorTisl; TEXHOJIOTiYHa MiHEPaJIOrisl; MiHepasIoTis HOBUX BUAiB MiHepaIbHOI
CUPOBMHM. IX aHaisy mepedye po3MiN, MPUCBSIUEHUI XapaKTepUCTHUL TUIIOMOpPdizMy
MiHEpaJiB i CydJaCHUX METO/iB JOCTIIKEHHST TUTIOMOP(HUX BIACTUBOCTEN MiHepasiB. Bemke
3HAYEHHSI Y PO3BUTKY MPUKIAAHOI MiHEpaJorii MaloTh KHUTra (pOCIHCHKUI Mepexian 3
aHrIiiicbkoi MoBM) aHriilickkoro BuyeHoro M. I1. IxxoHca "TlpukiamHasi MUHEpPaJOTHS.
KonmuuectBeHHblir aHamu3" (1991), MmoHorpadgii pociiicbkkux miHnepanorie H. 3. €B3ikoBoi
"IMouckoBass kpucrtamiomopdonoruss” (1984) i B. A. Ilonmosa "lIpakTuueckas
kpuctajuioMopdonorust MmuHepanoB” (1984), a B iHIIMX 3apyOixkKHMX KpaiHax myoJikairii
30ipHUKIB Ta MoHorpadiil mia 3arajbHOI0 Ha3Bo "Applied Mineralogy"”.

BuenHs1 npo tunmomopdizM MiHepadiB € BaXJIUBUM JOCSITHEHHSIM MiHepaJorii

ISSN 0204-3548. Munepan. wcypn. — 2001. — 23, Ne 4 7



MATKOBCBKHH O. 1.

y XX ct. Mloro Han3BuYaifHO aKTMBHO po3polJisui B KomuiraeoMy CPCP y Takux HampsiMax:
1) HarpoMamKeHHsT (paKTiB, y TOMY YMCIIi BUSIBJIEHHSI HOBUX TUTIOMOP(HUX O3HAK MiHepaJiB;
2) YIOCKOHAJICHHSI TEOPETUUYHMX OCHOB; 3) po3poOKa NMpUKIagHUX mpobsieM. B ycix 1ux
HarpsiMax, ocOOJMBO B IEPIIOMY, JOCSITHYTO 3HAYHUX PE3YIbTaTiB, sKi BimoOpaXeHi B
OaraTboX MyOJiKallisgX, y TOMY YMCJIi B TeMaTUYHUX 30ipHUKaX i MOHOrpadiyHUX Tparsix
A. 1. Tin306ypra, €. K. Jlazapenka, B. 1. Ilasmummnna, H. B. ITiotposcekoi, ®. B. YUyxposa,
M. II. FOmkina Ta iH. Jlyke BaxiauBuUM € BuaaHHS y 1989 p. mepiuoro moBigHHWKa
"TunmoMopdu3M MuUHEpasioB".

Oco6MBO CIiJ BiA3HAUYUTU MOCSITHEHHS y HOCTIIXEHHI aKIeCOpPHUX MiHepaJiB,
pe3yabTaTu SIKUX y3araibHeHO B MoHorpadiuHux mpatsix B. B. JIsixoBuya i 6araTbox iHIIIMX
BueHuX. B YkpaiHi 1i mociimkeHHs HailaKTHBHIiLIe PO3BUBaIM MiHepasorn OaechbKoro
yHiBepcuteTy iM. I. I. MeunukoBa mig kepiBHuLTBoM 1. B. HocupeBa. YcTaHoBIeHO BEIUKY
iH(OPMaATUBHICTh LIMX MiHEpaJiB 1O0J0 BUPIlIEHHS HU3KU JOCUThH CHipHUX MUTAHb METPO-
i JiTOoreHe3y, MiHepareHiyHoi creliami3allii Toulo.

TeopeTuyHi MOJIOXEHHS i METOAMYHI NMPUHLMIIM TOMOMiHEpaJIorii, BKIIOYAOUU i
€JIeMEHTU MiHepaJIoTiYHOTO KapTyBaHHS, po3mIstHYyTO Y MoHorpadisix M. I1. FOuikina: "Onbit
cpenHemacuitabHoit ronomunepanorun” (1980) i "Tonmomunepanorus” (1982). Hum
BiIMiYeHO YOTUPU TOJIOBHi (byHKIil TomomiHepasorii: 1) mi3HaBaJbHa, SIKa OXOILIIOE
cHCTeMaTUYHEe MiHepaJIoriyHe BMBYEHHS HAIIOl TUIaHETH Ta iHIIMX KOCMIYHMX OO’€KTIB i
BCTAHOBJIEHHSI MPOCTOPOBO-YACOBUX MiHEPAJIOTIYHMX 3aKOHOMipHOCTE, B TOMY 4YMCIi
3aKOHOMIpPHOCTeU KOHIIEHTpallii KOPUCHUX MiHepaJiB i popMyBaHHS MiHEpaTbHUX POJOBUIIL;
2) HayKOBO-TIPOTHOCTUYHA, SIKa MA€ Ha METi CTBOPEHHS TeOpil MiHEPAJIOTiYHOIO PO3BUTKY
3emiti i KOCMiUHMX MiHEpaJIbHUX CUCTEeM; 3) METOAMYHA, 10 3abe3reuye yIOCKOHAJIEHHS
€IMHOTO KOMILIEKCY METOMIB TeOJIOTIYHUX MOCHTIIKEeHb;, 4) MpakTU4Ha, CIOpsIMOBaHA Ha
CTBOPEHHSI HAayKOBMX OCHOB METAJOTE€HiYHOIO aHajli3y, MPOrHO3YBaHHS i MiHEPaJIOTiYHUX
METO/IiB MOIIIYKiB Ta OLIIHKWA KOPUCHUX KomaauH. i muTaHHs, 0cOOJIMBO CTOCOBHO BUBYEHHS
pOIOBUIIl KOPUCHUX KOMaJMH, BUCBITIEHO TakoxX y MoHorpacdii O. I1. IBaHOBa
"TonoMUHepaJOrMYeCKUi aHalu3 PYIAHBIX MecTopoxaeHuit" (1991), y TeMaTUUYHUX
BUOaHHAX: "MMHepaJloruyeckoe KapTUpoBaHWE PYAOHOCHBIX Tepputopuii” (1985),
"MuHepaornieckoe KapTupoBaHue W MHAMKATopbl opyaeHeHust" (1990) ta iH.

Baromi gocsrHeHHS yKpaiHChbKMX MiHEpaJoOTiB B TOIMMOMiHEPAJOTIYHUX MOCHTiI-
JKEHHSX JeTaJlbHO IpoaHadi3oBaHi B OoNy0JiKOBaHOMY PO3IIMPEHOMY BapiaHTi dO-
nogiai O. I. MatkoBcbkoro i B. 1. ITaBmuinuHa Ha Ilepinux HayKOBUX YMTaHHSX iM. €BreHa
JlazapeHka, NMPUCBAYEHMX MPOOJEMaM perioHaIbHOI MiHepatorii [6]. HaiiGiabl iHTEeHCHBHO
B YKpaiHi pO3BMBAEThCS CIELiali30BaHUII MiHEpaJOTiYHUI HaIpsM, pe3yabTaTh JOCTIIKEHb
SIKOTO HaBeleHO Yy (yHIaMEeHTaJIbHUX MoHorpadisx 3 miHepasorii Bomuni, 3akapraTrs i
IMpukapnarrst, BomuHo-TTominns, JoHeubkoro i KpuBopizbkoro Gaceiinis, Ipuaszos’s. Ham
BUIAHHSIM LMX MoOHorpadiii TmpalfoBaB BeJIMKUN KOJEKTUB aBTOPIB IIiJ pe’akili€ro
€. K. JlazapeHka. Pe3yjabTaTv BUBYEHHSI OKPEMHUX MiHEpasiB Ta IXHbOTO TUIOMOPQi3My
BUCBITJIEHO Y YMCJIEHHUX MOHOTpadisix Ha MpUKJIaii MOpOao-, pyaOyTBOPIOBAIbHUX Ta aKle-
COpHUX MiHEpaJiB i3 pi3HMUX TeOJIOTiYHUX 00’€KTiB. Pedynbraty mocmimkeHb TepMobapore-
OXiMiYHOrO HamnpsiMy BUKIAAeHO B MOHOIpadisix, MPUCBIYEHUX MiHEPATIOYTBOPIOBAIBHUM
dumoinaM 3aHOpUIIEBUX TerMaTUTIiB BosiuHi, rinporepManbHux pomosuil JloH6acy, 3akap-
MarTsl, rajJJoreHHUX YTBOpeHb Ilepenkapmnarts.

Haitgaxnusilum 3100yTKOM Y TOIIOMiHepasIorii YKpaiHW HanpukiHi XX CT. € BUOIaHHS
ming penakuielo M. TI1. Ilep6aka moBimHuka "MuHepanbl Ykpaunbl' (1990) Ta ABOX KHMT
GararoroMHOro BunaHHs "MuHepanbl YkpanHckux Kapmat” (1990, 1995), a Takox MoHorpadii
"[MpuponHsie kpuctayuibl YKpauHbl" (B. M. KBacHuug, B. 1. TTamuinuz, O. I. MaTKOBCHKMIA,
1990) i "Camoponse 30j010 YKpainu" (B. M. Ksacuuug, I. K. Jlatuim, 1996). Hag3suuaiiHo
BOKJIMBUMU € JOCTIIKEHHSI, MPOBEACHI OCTAHHIMU POKaMU, 3 MiHEPaJIOTil pilKiCHOMETaTbHOTO
3pYIEeHIHHSI HaAp YKpaiHMW, pe3yJbTaTH SIKMX IiACYMOBaHi y CIeliaJbHOMY BUIYCKY
"Munepanorndeckoro xypHaia" 3a 2000 p. [8].

PerioHasibHO-MiHepaIOTiUyHi JOCTIIKEHHS 3 eIeMeHTaMM MiHEPAJIOTiYHOTO KapTyBaHHS,
SIKi 3AIACHIOBAIMCS MEPEBaKHO Pa3oM 3 T'e0JIOro-TIOITYKOBUMU 1 T€0JIOrOPO3BiNyBATBHUMU
poboTamu, CIIPUSIIM BiIKPUTTIO B YKpaiHi 0JaropomHo- i piIKiCHOMETaJbHOI MiHepaJbHOI
CUPOBMHU, B TOMY YMCIIi BiIKPUTTIO HOBUX MPOMUCIOBO-TEHETUYHUX TUIIIB IXHiX POMOBMIII.

B YkpaiHi € 3HauHi 1OCATHEHHSI B TEXHOJIOTIUHIN MiHepaJIorii, sika rependayae BUBYEHHS
PYA POAOBMUILL ITif Yac iX po3BidyBaHHS Ta eKcIUlyarallii. Taki JociiaKeHHsT HalOiIbLI TJTiIHO
pO3BUBAIOTECSI MiHepaoramu  KpuBopisbkoro TtexHiuHoro yHiBepcureTy (b. 1. Iluporos,
B. JI. €BTEeXOB Ta iH.) HA NPUKIIAZi BUBYEHHSI, TOJIOBHIM YMHOM, 3ai30pyIHUX POAOBUILL. IM
HaJIeXXaTh BaXJIMBi TEOPETUYHI i1 METOAWYHI pO3POOKHU y IIbOMY HaIpsiMi B3araji i 0coOIMBO
1IOJI0 MiHEePaAJIOro-TEXHOJOTIYHOTO KapTyBaHHs. BaXMBi HOCTIIKEHHSI TE€XHOJIOTiYHOIO
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CTAH 1 IEPCIMEKTUBU PO3BUTKY MIHEPAJOTII

CTIpSIMYBaHHsI 3 Pi3HUX BUIIB MiHEpaIbHOI CUPOBUHU (aIMa3u, 30JI0TO, TUTaH-LMPKOHIEBI
pyau Ta iH.) TPOBOASTHCS (DaxiBUSAMU YKPaiHCHKOTO NEPXKaBHOIO iHCTUTYTY MiHEepaabHOI
cupouHu (1O. O. IMonkanos, K. A. Apritos, I'. K. €pboMeHKO).

Benmmue3num mocsirHeHHsIM XX CT. € BIIKPUTTS OibIIOCTI HOBUX MiHEpasliB, KiJbKiCTb
akux HuHi niepesuiye 4000, a Ha moyatky cToiiTTs Oyna 6au3bpko 1000. TTpudyoMy LiKaBUM
€ Te, 110 3a ocTtaHHi 40 pOKiB y CBITi BIIKpUTO OiJibllle MiHEpaJliB, HIX 3a BCIO MONEPETHIO
icTopiro MiHepasorii. Ha xaJb, Ha TepuTopii YKpaiH1 BUSIBJICHO TiJTbKM 0J1M3bKO 720 MiHepaiB
[6]. Cuix 3a3HaYnTH, 10 BIIKPUTTS HOBOIO MiHEpAIy € JOCUTh CKJIaOHUM ITPOLIECOM, SIKUI
3aCBiTUYE i MEBHOIO MipOIO BifoOpakae 3araibHUIA CTaH PO3BUTKY MiHepaJIorii. SIK cripaBeaInBo
3a3Havana e y 1974 p. Binomuii Minepasor nipod. €. M. bonitenr-Kyruiercbka, BigKpUTTSI
HOBOTO MiHepaJly TMOB’si3aHe 3 TPOBEACHHSIM KPOTITKOI Ta BiIIOBiTaIbHOI POOOTH, SIBJISIE
co0010 OyXke BaroMuUil BHECOK Yy MiHEpaJorilo, BiiOMBAaE 3arajbHUA piBeHb il PO3BUTKY Y
pi3HUX KpaiHaX, a TaKOX 3aCBiIUy€ 3alMTU MPOMUCIOBOCTI B MiHEpalbHill CUPOBUHI y TOM
UM iHILIMNA TIepion.

3HaMeHHUM I KiHIsT XX CT. € mepexil MiHepaJoriyHMX IOCIHiIKeHb 3 MiKpo- Ha
HaHOpPiBeHb i MOsBa HOBOTO HAyKOBOI'O HamNpsMy — HaHOMiHepajorii [7], sika BUBYae
yIBTPAAMCIIEPCHY MiHEpaJbHy ped4oBUMHY HaHOpo3MipHoro pisHg (1077—1079 m) —
HAHOKPHMCTaJIM Ta iHIII HAJZaTOMHi i HAaJAMOJEKYJSIpHI TBEpAi YaCTUHKHU 3 PETYJSIPHOIO
CTPYKTYpOIO (IIPOTOKPUCTAIN, KJIACTEPU, KPUCTATiYHiI BipycH, ¢ysiepeHn, OJOKU KPUCTaiB,
MOJIEKYJISIpHI arperaT Ta iH.).

EnoxanbHuM y po3BUTKY MiHEpaiorii Apyroi MmojoBUHU XX CT. € BCTAHOBJICHHSI HU3KU
BaXJIMBUX MiHEPaJOTiYHMX 3aKOHOMipHOCTEH, BimHEeCEHUX M0 paHry 3akoHiB. Cepen HUX €
Taki: 3axkon inepyii, 60 "MiHepasoriunoi mam’sti”, 1. I1. I'purop’esa (1968) — y KoxHOMY
MiHepai 3aKiafieHa MOTeHLifHA MOXJIUBICTb SIKOIOCh MipOIO IPOTUIISITA PYIHIBHOMY BILTUBY
30BHIIIIHIX Jiif Ta iHEPLIiifHO 30epiraTy FeHeTUYHY iH(OPMAllilo; 3aKOH MIHEPANORIYHO2O PE3OHAHCY
M. I1. Ouikina (1977) — 3MiHM B MapaMeTpax cepenoBHrIla MiHEpaTOyTBOPEHHSI (DiKCYIOThCS
Y BJIACTMBOCTSIX MiHepaJsiB, 3MiHU BIACTUBOCTE MiHEPAJIiB, Y CBOIO Yepry, € BilOOpaXKeHHSIM
3MiH Y MiHEpaJIOyTBOPIOBAJIbHOMY CEPENOBUILL; 3aKOH CUMEMPILIHOI MIHEpan02iuHoi cmamucmuku
I. I. IladpanoBchkoro (1992) — BiACOTOK MiHEpaJbHUX BUIIB, 110 HajeXaTb OO IEBHOL
KaTeropii ab0 CUHIOHIl Y/ BUIYy CUMETpii, BeIMUMHA CTaja (TOYHIllle, TSATOTIE 1O KOHCTaHTH).

Crany BeuMuMHY (KOHCTaHTY) ocTaHHboro 3akoHy M. I1. FOuikiH nponoHye Ha3uBaTu
MiHepaabHumMu Kaapkamu, ado Minepasoeo-kpucmanoepagiunumu kaapkamu [14]. 3akoH
CUMETPIAHOI MiHEepaJoriyHOI CTaTUCTUKU A€ MOXJIMBICTb MPOTHO3YBAaTH KiJIbKiCTb HOBUX
MiHEpaJIbHUX BUMIB, 1110 BiIKpUBATUMYThCS y MailOyTHbOMY, a TaKOX OyayBaTW 3arajibHy
MOJeNb MiHepaJlbHOro 1apctsa [12].

Yce HaBeneHe BMIIE CBITUMTh, 110 HUHI CIIPABEUIMBUMM 3aIUIIAETHCS BUPA3 BiIOMOro
MiHepasora A. 1. IiH30ypra, BucIoBIeHUiT Ha moyatky 1980-X pokiB, 1110 MiHepaJIorist CbOromHi
HabyBa€e HiOUTO "APyroro AMXaHHs" i Ma€ HaUCIIPUSTIIMBILLI YMOBU 11 IOAAJIBIIOTO IIBUAKOTO,
ctpubKormnoaioHoro po3sButky [1]. Came Takum Mae OyTu po3BUTOK MiHepasorii y XXI cr., i
MEePCHEKTUBY IJIsI LIbOTO € AOCUTh 3Ha4Hi. ToOMy OCHOBHI 3aBIaHHSI MiHEpaJIOTii y MaitOyTHLOMY
BOQYaEMO TaKUMM.

Cepen npobnem 3aearbHOMiHepano2iuHoeo achekmy Ha TOAAIbIIY yBary 3aciyroBYIOTb
MUTaHHS, 1110 CTOCYIOThCSI OCHOBHUX ITOHSITh MiHEpasorii, KpUCTATOXiMii i (i3uku MiHepatis,
MOXJIMBOI KiJIbKOCTi MiHEpaTbHUX BUIIB i TIEPCIIEKTUB BiIKPUTTSI HOBUX MiHepasiB. 30KpeMa,
BOXJIMBMMU € PO3poOKa T€HETUYHUX aCMeKTiB KPUCTAJIOXiMil MiHepasiB, SIKi BiIKpUBAIOTh
HOBi MOXJIMBOCTI II[O0 ITi3HAHHS MPUPOAM i BIACTUBOCTEM IJIAHETHOI PEYOBMHU HA PiZHUX
eTamax il eBOJIOLlii, po3poOKa KPHMCTaJOXiMiYHOI Teopili BJACTUBOCTEH MiHepasiB, sKa
CIIPUSITUME CTBOPEHHIO HU3KW CHMHTETUYHUX CIOJYK 3 YHIKaJbHUMHU TEXHIYHUMU
BJIACTUBOCTSIMU. AKTYyaJIbHOIO € TIpobJjieMa 11040 MOXJIMBOI KiJIbKOCTi MiHepaJbHUX BUIIB, B
SKiil JOHWHI iCHYI0Tb aBa pizko npotwiexHux norau. O. C. INosapennnx i B. C. Ypycos,
BUXOMSIUM i3 KPUCTATOXiMiYHMX 200 T€HETUYHMX YMHHUKIB, CTBEPIKYIOTb HEMUHYYICTb Y
MaiiOyTHbOMY OOMEKEHHSI KiJIbKOCTI MiHepaJlbHUX BUIIB, Tofdi sk O. I1. XoM’sIKoB, 3 iM’siM
SIKOTO TIOB’sI3aHe BiIKpUTTsI MoHaa 70 HOBMX MiHepaJliB, TPOrHO3y€e 6araTopa3oBe MepeBUILICHHST
KiJIbKOCTi MiHepaJIiB y MOPiBHSIHHI 3 HUHI BUSIBICHUMHU Y IPUPO/I. 3BiZICH BUTIKAae HEOOXiTHICTb
MOAAJBbIIOTO TJIMOOKOTO BMBYEHHSI KPUCTAIOXIMIYHMX MPUYMH OOMEXEHHS KiJIbKOCTi
MiHepaJTbHUX BUIiB, OOTPYHTYBAaHHSI BIUIMBY FT€eHETUYHUX YMOB Ha KiJIbKiCTh i CKJIall YTBOPEHUX
MiHepaJbHUX BUIiB. BaxIMBUM € TaKOXX BUSIBJCHHS KiJIbKiCHOI pPOJIli KOXKHOTO MiHEpaIbHOro
BUIY Y Pi3HMX Mpoliecax MiHepaTOyTBOPEHHSI B MeXaX 3€MHOI KOpHY, BEPXHbOI MaHTIi Ta B
IHIIKMX TIPUPOTHUX OO’ €KTAX.

[IpoGnema, sika CTOCYEThCSl BUSIBICHHSI HOBMX MiHEpalliB, Mg YKpaiHU € OCOOJMBO
aKTyaJbHOIO 1 BaXJIMBOMO. SIKIIO y CBiTi OCTaHHIMU poKamMu BinKpuBaiu IopiuHo 30—40
MiHepasiB i OiIbIIe, TO B YKpaiHi 1Ie YMc/Io Maibke yrpudi MeHie. 3a maHuMu 10 pokiB, 3
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1986 1o 1996 p. BustBuIM Juiie 13 miHepaniB [6]. OmHaK MePCIEKTUBY IS BiAKPUTTS HOBUX
MiHepaniB, SK i BiTOMUX, ajie¢ He BUSBICHUX B YKpaiHi, € HUHi JOCUTb BEJTUKUMHU.

HoBi 3aB1aHHsT B MaiiOyTHHOMY Mae i MiHepanoriyHa Kpucragorpadist. IX ocHoBHa
CyTh — AaKTUBHILIMI TepexiA Bill MPOCTOPOBO-PETYISIPHUX CHCTEM JI0 aHajli3y 00’€KTiB 3
MOPYLIEHOIO i TIEPBICHO HEIOCKOHAJIOW PETYJISIPHICTIO; Y MPOHUKHEHHi, 3 OMHOro OOKy, Ha
MiKpO- i HaHOPiBHi, a 3 iHIIIOTO — B MEraCUCTeMM, aX 10 KocMiyHuX. [Topsia 3 HeopraHiYyHUMU
IHOMBiZaMK i arperataM ii OLIbII MTOBHOMPABHMMM 00’€KTaMM MOBMHHI cTaTH GiocHCTeMM
Pi3HUX CTPYKTYpPHHUX DiBHiB, i 1O pO3MIsny MiHEpaJOyTBOPIOBAJIbLHMUX IPOLECIB MamOTh
BKJTIOYATHCsl OioKpurcTaizalliiiHi MeXaHi3MM, aX OO0 MeXaHi3MiB KpuCTasi3allii XUTTs.

Y reHeTMYHOMY IUIaHi BaXXJIMBUMU € KOMIIJEKTYBaHHS OHTOQiJOTeHiYHUX,
TepMOOAPOTreOXiMiYHMX i i30TOIMHO-TeOXiMIYHUX JOCIIKEHb Ta IX KOMIT'I0TepHE MOJICTIOBAHHS,
TnoJajibllia po3podKa TEOPETUYHUX OCHOB BUYEHHS MPO TUMOMOp(di3M MiHepaliB i po3podka
HamiiHUX (OMHO3HAYHUX) TUMOMOP(MHUX iHOAWKATOPHUX O3HAaK MiHepaiB. MaioTh BeauKe
3HAUEHHs AOCTIMIXEHHS 3 €JeKTPOXiMii MPOLECiB MiHEepaJOyTBOPEHHS, a TaKOX OKHCHO-
BiIIHOBHMX BJIACTMBOCTEU XiMiUHMX €JIEMEHTIB MiHEpaJOyTBOPIOBAJIbLHUX CEPEIOBMIL SIK
BAXJIUBUX (PaKTOPIB, 1110 PETY/IIOI0Th MOSIBY MEBHUX MiHEpaliB i MiHepaJbHUX MaparcHe3uCiB
[3]. Han3pruaitHO 3HaYHUM € TIOAAJIbIIIMIT PO3BUTOK €KCIIEPUMEHTAIBHOI MiHEepaJIorii, 30KpemMa
IOCTiIXEeHb 3 MOJEJIOBAHHSI TPOILIECIB MiHEPAJOYTBOPEHHS Ta CHUHTE3Yy, OCOOJMBO THUX
MiHepaJiB, 3amacu SIKUX BUUYEPIYIOTbCS a00 iX BUAOOYTOK € HEPEHTAOEIbHUM.

CrieniaTbHOro BUBYEHHS ITOTPEOY€E HOBUIA Ty>Ke LiKaBUil pO3/1iJl FTeHETUYHOI MiHEepaJIorii,
HaspaHuii M. IlI. IOmKiHUM icTOpuKO-eBoMOLIiitHOIO MiHepasorieo, a @. B. Yyxposum i
H. B. ITiotpoBcbkoto — icTopuuHO0 MiHepaorieto. CyTs il IoJisirae y BUSIBJICHHI 0COOIMBOCTEM
MiHepasliB i MiHepaTbHMX acolliallil Ta YMOB MiHEpaJOyTBOPEHHs B Pi3Hi I€OJIOTiYHi €MOXH.
TicHO mpuMUKae 10 LIbOTO PO3IiTy MpobdieMa MiHEPATOYTBOPEHHSI i/l Yac Pi3HUX Ie0JOTiYHMX
MPOLIECIB Y 3eMHilf KOpi Ta MUTAaHHSI MiHEPAJIOYTBOPEHHSI B MaHTIii, B 00JacTsIX LIeabdy i
CBITOBOTO OKeaHy, iHIIIMX KOCMIYHUX Tilax.

Y TpeTbOMy TUCSYOMITTI IIMPOKOMACIITAOHOIO i IOIIMOJIEHOr0 BUBYEHHSI IMOTPeOye
HaWOIBLI yIbTpagucIiepcHa pedyoBMHA 3eMJli i KOCMIYHMX TiJI, CKepoBaHa Ha 3’sCyBaHHS
KOHCTUTYLIIMHUX OCOOJMBOCTEH I BIAaCTUBOCTEM MiKpO- i 0COOJIMBO HAHOIHIWBIAIB, MTi3HAHHS
3aKOHOMIpHOCTel i MexaHi3MiB iHIMBimyati3allii, arperailii i BUIOyTBOpeHHs [7].

Cepen npobaem npukaadnoeo xapaxkmepy NeplIOYeproBUM 3aBIAHHSIM € IIMOOKE BUBYCHHS
MiHepaJiB 3 METOIO BUSIBIEHHSI HOBUX BUIiB MiHEpaJIbHOI CUPOBUHM i 3aJTy4eHHSI ¥ TIPOMUCIIOBE
BUPOOHUIITBO OiNbINOI KilbKOCTi MiHepaniB. Iloku 110 y HapoJHOMY rocromapcTBi
BUKOPUCTOBYEThCSI 0aM3bKO 15—20 % 3 ycix BimoMMX MiHepajiB, a 3adydyeHHs Yy cdepy
TMPOMUCIJIOBOTO BUKOPUCTAHHSI HOBOTO MiHEpady MPUPIBHIOETbCSA OO BiIKPUTTSI HOBOTO
KpynHoro pojpoBuiia [1]. Tomy MoTpiOHO NMPOAOBXKYBaTH MIMOOKE i pi3HOOIUHE BUBYEHHS
KOXXHOTO MiHepally 3 METOIO BUSIBJICHHSI Y HbOMY KOPUCHUX UTSI JIIOAWMHU BJIACTUBOCTEN abo
KOPUCHMX CKJIAJIOBUX KOMITOHEHTIB i MOXJIMBOTO MPAKTUYHOTO BUKOPWCTAHHS. 3 TIOIISILY
BUSIBJICHHSI HOBUX BHJIiB MiHEpaJbHOI CHPOBUHHU, 30KpeMa B YKpaiHi, Ha MEpLIOYEPIroBY
yBary 3acJIlyToByIOTb HOBi TUTIM MiHEPATbHUX POJOBUIL, OCOOJMBO TEXHOT€HHI, MiHEPAJIOTiUHi
TOCIIIXEHHS SIKUX Yy TPEThOMY TUCSUOJIITTI MOBUHHI CTaTu IpioputeTHUMU. Ha Taky yBary
3aCJIYTOBYIOTb M TOCIiAXKEHHSI 3 €KOJIOTIYHOI MiHepaJsorii, IKi 6e3MmocepeaHbO CTOCYIOThCS
TeXHOTeHHUX MpolleciB. Ha cneniasbHe MiHepasoriuHe BUBUEHH ST 3aCJIyTOBY€E PilKiCHO-
MeTajJbHa CHUpPOBUHA, IO IJd YKpaiHU Ma€ BUHSITKOBE 3HaueHHs. SIK crmpaBedivBO
3azHavae B. I. [laBnuinuH, Bix HasIBHOCTI PiKiCHUX METaliB 3aJIeXKUTh MailOyTHE EKOHOMIKM
VYKpaiHu — pPO3BUTOK TEXHOJIOTiii, METAIyprii, aTOMHOI €HepreTMKM, HadTOBOI MPOMUCIIO-
BOCTI, HaMiBIPOBIIHMKOBUX MaTepialiB, KepaMiku Touio [8].

[ToTpeOyroTh yBaru nojajblili po3poOKM i YIOCKOHAJIEHHS MiHEPaJIOTiYHUX METOiB
MPOrHO3Y, MOIIYKIB i OLIIHKMA MiHEpaJIbHOI CUPOBUHU, MPOOJIEMH TEXHOJIOTIYHOI MiHepasoril
pyl, 30KpeMa, CTBOPEHHsI HAyKOBUX 3acaj KOMIIJIEKCHOTO BMKOPWCTaHHSI CUPOBUHU i
0€3BiIXOMHOro BUpoOHUIITBA. JloCTiIKeHHSI HOBUHHI OYyTH CKEpOBaHi, Mo-Tepiiie, Ha AeTalbHe
BUBYEHHSI Pi3HOMAHITHUX POMOBHUILl 3 METOIO BWJIYYEHHS 3 HMX MAaKCHUMAaJbHOI KiJIbKOCTi
KOPUCHMX KOMITOHEHTIB; MO-Apyre, Ha IMOJajblile BUBYEHHS PO3BiTaHUX I103a0agaHCOBUX
POINOBHIIL IJIsT 3ATyYeHHSI iX 10 OCBOEHHSI; MO-TPETE, Ha BUBYEHHS BilBaJIbHUX IPOAYKTIB 3
METOI0 iX MOXJIMBOTO BHUKOpUCTaHHSA. Lli mochimkeHHS MOBMHHI CyNpOBOIKYBaTHCS
MPOBEACHHSIM KPYIMHOMACIITAOHOrO MiHepaJloTiyHOro KaptyBaHHSI. OCTaHHE € aKTyaJlbHUM
IJs1 YKpaiHM i TToTpedy€e po3poOKM €AWHOI METOAMKM 1 BKJIIOYEHHSI HOro o 3arajbHOro
KOMIUIEKCY Pi3HMX TeOJIOTiYHUX NOCTIIXeHb [4].

He MeHm1 BakiMBUMU € HUHI i Yy MailOyTHbOMY MpOOJEeMM remMojiorii. I'emosoris, K
CrpaBeUIMBO 3a3Hayae pociiicbkkuit miHepasor b. M. IlImakiH, He MoxXe OyTU TTOBHICTIO
BiIHECEHA J0 MPUKJIAAHOI MiHEpaJIOrii i € PO3MijIOM HayKU Ta rajly3310 JIOAChKOI JdissIbHOCTI.
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CTAH 1 IEPCIMEKTUBU PO3BUTKY MIHEPAJOTII

3 morjsay 1bOro BYEHOTO, TOJJOBHUM 3aBIAHHSIM YCiX MiHEpaJIOTiB i MPeACTaBHUKIB iHIIMX
HayK, 1[0 MPAalIOTh Y Taly3i reMOoJIOrii, € 00’ €THaHHS 3yCWIb, CIIPSIMOBAHMX MPOTU Pi3HOTO
pony 3HeLiHEeHHSI iCTUHU Y il cepi J0AChKOI AisuibHOCTI. TOMy B iHCTUTYTAaX i JJabopaTopisx
MiHepajoriyHoro npodijio, B yCiX TeoJOTiYHMX i MiHEepaJOTiYHUX My3esIX HEeOOXiIHO
MiATOTOBUTU KOJIEKIIiliHI MaTepiaau i po3poOUTHM peKOMeHHallil IoA0 iX Mpomaxy abo
30epexXeHHs y JepXKaBHUX My3esX, a TaKOX CTBOPUTH MPU KOXHOMY Aep>KaBHOMY abo
BiTOMYOMY My3€i TOPrOBi TOUKM 3 MPOAAKY TAKMX KOJEKILIMHUX MaTepialliB i pi3HUX CyBEeHipiB
i3 BUKOPUCTaHHSIM caMouBiTiB [13].

BupilmeHHs1 pizHUX TpobyieM MiHepaorii HeMOXIuBe 0€3 MOJAIbIIOr0 Po36UMKY U
YVOOCKOHANCHHSI MIHepanoeiMHux memooié 00CAiONCeHHs, BKIIOUAIOUYM TIOSIBY HOBMX TEXHIYHUX
NOCSTHEHb, 110 IMiIBUILYIOTh TOYHICTh, JIOKAJIBHICTh i BUOIPKOBICTh aHali3y, a TaKOX
aBTOMAaTU3alliI0 OKPEMHUX eTarliB pobiT, a MOXKJIMBO, i BCLOTO MPOILECY 0OPOOKU MiHEpaJIOTiyHO1
iHdopmaliii i3 3actocyBaHHsSIM EOM i KOMI'IOTEpHUX TEXHOJOTIH Ta iHIIOI CreliaabHOl
amapatypu. OTxe, 111 BUBYEHHSI MiHEPaJIbHOI pEYOBHHU MiKpPO- i 0COOJIMBO HAHOPO3MipHOTO
piBHSI HeoOXigHa opraHizallisi, xoya 0 y MPOBIAHUX MiHEpaJOTiYHUX LEHTpax YKpaiHu,
crieliaTbHUX JJabopaTopiid, OCHAILIEHUX BiIIOBITHOIO TEXHIKOIO IS TaKMUX TOCTIIKeHb, 30KpeMa
BUCOKOEHEPIreTUYHOIO TPOCBIUYBATBHOIO €JIEKTPOHHOIO MiKpPOCKOMIEID i BHMCOKOYYTIMBOIO
PacTpOBOIO MiKPOCKOITIE€IO (CKaHYBATbHUI €JIEKTPOHHUI MiKPOCKOIT) 3 MOKJIMBICTIO MiKpoaHaJTizy
(XBWIBOBI Ta AUCIEPCHO-CHEPreTUYHi CIEKTPOMETPU), TYHEIbHOIO CKAaHYBATbHOIO I aTOMHO-
CUJIOBOIO MiKpOCKori€lo (pactpoBo-TyHenbHUil (STM) i atomHo-cuioBuii (AFM) mikpockonw),
a TaKoOX TOMiOHMMM IM MeTOIAMM Bidyastiallii HAaHOOO €KTIB i HAHOCTPYKTYD.

HapernTi, BaxJIMBUM € MUTaHHS MiATOTOBKM (DaxiBLiB y rajy3i MiHEpaJorii 3 IMOOKUMU
TEOPETUYHUMU 3HAHHSIMU i BCEOIYHUMY MPaKTUYHUMU HaBMKaMU, a TAaKOX BUIAHHST CyYaCHUX
MiAPYYHVKIB i HaBYaJbHMUX MOCIOHMKIB 3 MiHEPAJIOTIYHUX KYpPCiB Ta CHEUKYPCIiB IS Pi3HUX
piBHiB HaBYaHHSI.
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PE3IOME. TIpoaHau31poOBaHbl BaXHEHILINE TOCTHKEHUSI MMHEPAJIOTMU B rociieaHee BpeMsi. OTMeYeHo, 4To OypHoe
Pa3BUTHE MUHEPAJIOTMM BO BTOPOU 1MoioBuHE XX CT. 03HAMEHOBAJIOCH MOSIBJICHHEM HOBBIX €€ HAMpPaBICHUI, OTKPbITHEM
0OJIBLLIOrO KOJIMYECTBA HOBBIX MUHEPAJIOB, YCTAHOBJIEHNEM MUHEPAJIOrMYECKUX 3aKOHOB, MEPEXOOM MUHEPATOrMYECKUX
McclefOBaHUM ¢ MHUKPO- Ha HaHOYPOBEHb, BBISIBIEHMEM HOBBIX BHMIOB MHHEpaJbHOro chipbsi. KpaTko
oxapakTepu30BaHbl IaBHellue 3anayn MuHepanoruu B XXI cr. BuiaeneHbl BaxHeiiline npoOaeMbl
001LEMMHEPAJIOrNYECKOr0, MPUKIAJIHOIO U METOAMYECKOTO XapaKTepa.

SUMMARY. Significant recent achievements of mineralogy are analysed. Rapid development of mineralogy in the
second part of the XX century was marked by appearance of its new directions, such as structural mineralogy,
rystallochemistry and mineral physics, mineralogical crystallography, ontogenesis, thermobarogeochemistry of minerals,
applied mineralogy, cosmic mineralogy etc. as well as by discovery of agreat number of new minerals, establishment of
some mineralogical laws, transition of the mineralogical knowledge from micro- to nano-level, discovery of some new
kinds of mineral raw materials. The main tasks of the mineralogy in the XXI century are shortly characterized. The
most important problems of general mineralogical, applied and methodical character are distinguished.
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Y[K 549.0
A. K. Bo3Hsik, B. |. MaBanwivH

BucokoTepmMmoG6apu4Hi NOTOKMN
piakoro CO, Ta ix ponb y MiHepasoyTBOPEHHi
(Ha npuknagi YKpaiHCbKOro wura)

3a GmoinTHMMK BKITIOYEHHSIMU 3adikcoBaHoO Jit0 BUcOKoTepMoGapuuHux (= (1110 ... 1240) °C i> (8,2 ... 8,8) kGap)
notokiB pinkoro CO, Ha MOpoaM IpaHy.1iToBOI (alii MeTaMopdi3My pi3HUX AUISTHOK TEKTOHIYHO aKTMBHMX PailOHiB
YkpaiHcbKoro uiura. Y mnepiiomy Bunaaky (Maiicbke 3010TOpYAHE POAOBULIE) AISIHKM MOPid, MO SIKUX PyXalucst
GuIoiHI MOTOKM, BiI3HAYAIOTHCS MiIBULIEHOI0 KOHLEHTpPALli€lo 30J10Ta, Y IPyroMy (CIOAYMEH-METaliTOBI MErMaTUuTh
3axigHoi yactuHU KipoBorpaacbkoro 6;0ka) — BOHM CYNPOBOIXYBAJIM METACOMAaTUYHE YTBOPEHHS KBapll-ajibOiT-
MeTaliTOBOI MOPoAM — OCHOBHOI pyau ponposull Ilonoxisebke, Hanist, CTaHKyBaTChKe.

BintBopenHst P7-mapameTpiB (popMyBaHHSI pOAOBUII y MeTaMOP(iYHUX MOpoAax TOKeMOpito
3a QJIIOITHMMU BKIIOYEHHSIMUM — CKJIaJHe 3aBAaHHSA. TpyoHicTh IoJSIra€ B TiM, LIO Yy
MiHepajiaXx TakuX TMOpid 3a (QIIOITHUMM BKIIOYEHHSIMM TOMOT€HHOIO MOXOMKEHHS [6]
BIA€TbCSl JOCUTb TOYHO BU3HAUMTHU TiIbKU ckiapd i ryctuHy ¢moiny (CO,, N,, CH,, ix
cyMilli), ToOTO BCTAaHOBUTHU JIMIIE i30XOopy Ha PT-miarpaMi cMCTeMU BiIIOBIIHOIO CKJIamy
[7, 11]. LLLo6 ckopuctatucs PT-mapamMeTpamMu BCTAaHOBJIEHMX i30X0p, HEOOXiAHI HE3aTIEXXKHO
oTpuMaHi 3HaueHHs 71 ab6o P. BoHwu, 3a3BuUYail, € HAONMXXEHUMHU i MOXYTb 3HAYHO
BiApi3HATUCS BiJ NiAICHMX, a BiATaK I103a YBarolw IOCJIiAHUKA 3aJUIIAIOThCS BaXKJIUBi
YUHHUKKA MiHepasoyTBopeHHs. [Ipo e iiTume mMoBa naii.

VY npobyieMi YyTBOpEHHSI 3¢MHOi KOpM TPaHYJITHU IOCiAaloTh LieHTpanbHe Micue [13].
BBaxaeTbcs1, 110 MOpOAM I'paHyIiTOBOI (halii MeTaMopdi3My cKJagaloTh TTMOMHHI 00JacTi
KOHTHMHEHTIB i € MepeBaXKHO JOKeMOpiiCbKMMU. Xova MpoIecy YTBOPEHHSI TPaHYJIiTiB JOCUTh
CKJIaAHi i BMKJMKAIOTh XBaBY MUCKYCilo, ABa (pakKTW MOXHA BBaXaTu ycebOiuHO
obrpyHToBaHUMM [11]. [lepwiuii — rpanyiTH 30cepelkeHi B 0OMeXeHUX MiITHKaX KOpH i
BimOMBaIOTh crielgiyHi yMOBU MeTamMopdizMy, sIKi iCHYBaJIM YIIPOAOBX KOPOTKOTO yacy
(3BuuaitHo 50—200 MaH pokiB). 3adikcoBaHi 3a MiHepasamu PT-mapaMeTpud iXHbOTO
MeTamMopdi3My BKa3ylOTb Ha aHOMaJbHE ITOTOBIIEHHSI KOPU y LIMX MICISIX i €Mi3oanyHe
HarpiBaHHsI, SIK€ BUPI3HSIE TPAHYJITH B I'€OTEPMIYHOMY IOJi BMiCHUX HOKEeMOpPidChbKUX
TOBII. /Ipyeuii — CTaHOBJIEHHS TPaHYJITIB BiIOyBaJOCh 3a HU3bKOTO MapllialbHOTO TUCKY
BoAM: (pITIOINHI BKITIOUEHHSI y MiHepasiax rpaHyJiTis 30aradeHi CO, i 36inHeHi H,O. Yucnenni
myoJikanii migrBepavi BUcHoBoK JIk. Type [24, 25], 110 (iioigHi BKIIOUYEHHS y TOJIOBHUX
MiHepajax TPaHyJIiTiB yChOTO CBITYy € iCTOTHO HiOKCUABYIJICLIEBUMMU.

deHoMeH "cyxocTi" MiHEpalOyTBOPIOBAJILHOTO CEpelOBHUILA TTOPil rPaHYIiTOBOI halii
MeTaMopdi3My MOSICHIOETHCS TPhOMa FOJIOBHUMU YAHHUKAMKM — 3HEBOAHEHHSIM 32 PaXyHOK
aHartekcucy, notrokoM CO,, nedinutom (oiny, sIKi MOXYTb i B3a€EMOLISITH.

B. Apmii [19] 3ayBaxye, 1110, X04a MOBeAiHKA (ITIOINIB 3a perioHaaIbHOTro MeTaMopdizmMy
€ KIIOYEM JI1 PO3YMiHHSI L[bOTO MPOLIECY B LJIOMY, AOCHIIXEHHS Mirpauii dmoinis y
KPYITHUX MacliTabax He3HayHi i iCHye HEOMHO3HAYHA OLiHKA POJii (hrridHux nomokie Tin
yac MmeTaMop@di3my.

ITpo motoku (aroifgiB CyasiTh 3a HacaigKaMu IXHbBOI Iii, 30KpeMa, 3a CIPUYMHEHOIO
HUMHU (palliaJIbHOK 30HAJbHICTIO MeTamopdiyHux mopia. Ham, uum He Bmepiue, Baajgocs
JOCUTh TOYHO 3’sicyBatu PT-miapameTpu Ge3nocepeaHbo (DIIOITHOTrO MOTOKY y TEKTOHIYHO
AaKTMBHUX 30HaX NMIMOMHHUX PO3JIOMIB Pi3HUX OUISTHOK YKpaiHchkoro muTa (Y1), ne moponu
3a3HaJIM TPaHYJIiTOBOI (palii MeTamopdizmy.

BucokorepmobapuuHi (oigHi MOTOKM BUKJIMKAIOTh CYTTEBI 3MiHM BMiCHUX IODi.
Ha MaiicekoMmy pomoBuili 3010Ta ([JHicTepcbko-by3bkuii re0bJ0K) KaHadu, MO SIKUX
pyxaiucs QIroinHi TOTOKY, BUSIBUINCS 30araueHUMHU 30J10ToM. Ha ponosuiiax IlonoxiBebke,
Hapnist, CraHkyBarchbKe 11i uIioinu cipusuid MPosiBy METaCOMAaTUYHOTO 3aMillleHHS TTePBICHUX
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Puc. 1. 3anexnicte T, Au Bin P [20];
MPSIMOKYTHUKOM BMJIIJIEHO BUCOKOTEMIIE- ) X , )

paTypHy obnacth PT-piarpamu CO, (auB.

puc. 2) 0 20 40 60 Zxdap

MEerMaTUTiB MarMaTUYHOTO ITOXOMKEHHS NPiOHO3€pHMCTOIO0 KBapll-alb0iT-MeTaliTOBOIO
nopopolo (3aximHa yactuHa KipoBorpaacbkoro 0yoka).

MaiicbKe 30J0TOpYaHE poaoBuie. ['€0I0ro-CTpyKTYpHi YMOBHU JIOKaJli3allii 30J10TOpYIHOT
MiHepaJjizalii Ha pOAOBUILI, 11O Bi3HAYAETHLCS BUCOKOKOHTPACTHUM ii pO3MOMAIJIOM, IyxXKe
CKJIaIHi, IMOBIpHO, BOHM III¢ OCTATOYHO He 3’SICOBaHi.

MaiicbKe 3010TOpyaHe pomoBuile BigkpuTo y 1991 p. reomoramu 3 AI'TI "Kiposreosnoris”
[2]. 3 uborO Yacy BUBYAETHCS 3AEOIIBIIOrO TpynaMy AOCTIAHMKIB IHCTUTYTY reoximii,
MiHepasorii Ta pynoyrBopeHHs1 HAH Ykpainu [8, 9] ta JIpBiBCcbKOTrO yHiBepcutety [2]. 3a
iX maHumu, MaiicbKe 30JI0TOpyIHE POAOBUILE JIOKATi30BaHO B MeXax MepHUAiOHAIbHO
opieHToBaHOTO OnechbKo-TalbHIBCHKOTO IITMOMHHOTO PO3JIOMY, a IOT0 Te0JIOTiYHa MO3UIIist
BU3HAYAETHCSI TOJIOXKEHHSIM MiX JIBOMa KPYMHUMHU CHHKIiHaisIMu — CaBpaHCHKOKO Ta
CrrocapeBChbKOlo, SKi CKiIaaeHi po3MmaiTumMu aiadTopoBaHUMM mopoaamu. PomoBuiie
KOHTPOJIOETHbCSI TEKTOHIYHUM ITOPYIIEHHSIM, 110 Ma€ CYOIIMPOTHY Opi€HTalilo, i SBisE
co0o10 UiTKe (PIeKCypoIrioaioHe YTBOPEHHS, SIKe YCKIAIHIOE MiBHIYHO-CXigHE KPUJIO KPYITHOI
CaBpaHcbkoi cuHKTiHaM. TouHuii BiK (popMyBaHHSI MaiichbKOTO pOJIOBUILA HE 3’SICOBAHO.
HaBomuthbcst Takumii iHTepBan 3HadyeHb: 3280—2040 + 40 MJIH pOKIB, SKWA XapaKTEepU3YE,
Ha AyMKy aBTopiB [17], BiK (popMyBaHHSI CYNpakpyCTaIbHUX W iHIIMX ITOPiJ POIOBMIIIA.

Po3rpickaHi BKJII0OYeHHSA 30J0Ta y KBapui, fAK MiHepajoriuHuii TepmoOapomerp.
3anporoOHOBAaHUIT HaMU METOJ I'PYHTYEThCSI Ha BUKOPUCTaHHI TOYOK IMEPETUHY KPUBOL
3aJIEXHOCTI TeMIepaTypu IulaiaeHHsa 3osmora (7, Au) Big tucky (puc. 1) [20] i PT-
napaMeTpiB i3oxop Bkimo4yeHb CO,, IO pa3oM i3 AOYipHIMHM BKJIIOYEHHSIMM 30JI0Ta
TPAIUISIIOThCS Y 3aJiKOBAaHMX TPIilllMHAX HaBKOJO PO3TPiCKaHUX BKJIOYEHb 30JI0Ta Yy
npo3opomy KBapili [4]. [IJ1sT KOpEeKTHOTO BUKOPUCTAHHS 1IbOTO TepMobapoMeTpa HeOOXiTHO
JIOBECTHU, 1110; @) BKIIIOYEHHSI 30J10Ta 3a3HAJIM TUIABJIEHHS i pO3TPiCKyBaHHS; 0) cepel JoUipHiX
BKJTIOYEHD 30JI0Ta TPAIUISIIOThesl BKMOUeHHsT CO, sIK TOMOT€HHOTO, TaK i TeTepOreHHOTro
3axorieHHs [6]. CroyaTKy BUKIJIaAeMO CYTh METOAY, MOTiM — MpPaBOMipHICTb HOro
3aCTOCYBaHHSI Ha MalicbKOMy POIOBMIILI.

Orxe, KoM cymicTuTn Aiarpamy 3anexHocti 7, Au Bin P 3 PT-piarpaMolo cucteMu
CO, [14], To PT-mapaMeTpy TOYOK MepeTUHY i3oxop meBHUX ryctuH CO, i3 KpuBOIO
sanexHocti 7, Au Bin P BiAlTOBiZaTUMyThb MiHiMaJIbHUM 3HAYEHHAM IapaMeETpiB CTaHy
Gawiny, ssKuif OpaB ydyacThb y 3aJiKOBYBaHHiI TpIllMH PO3PHBY HABKOJO PO3TPiCKAHUX
BKJIIOUEHb 30J10Ta y MiHepasi (puc. 2). BpaxoByoun XiMiuHUMii CKJIaJ caMOpPOIHOIO 30J10Ta
y KBapli Maiicbkoro ponosuila, iforo 7., mpuiinsaTo 3a 1063 °C. Yepes Te, 110 3a1€XHICTh
T, Au Bin P B Mexax Bil aTMocdepHOro TMcKy no 10 x6ap € Maiixe npsMO NPOMOpPLIiHOIO,
OTpMMaHi pe3yjabTaTH MOLIJbHIllIE MPEeICTaBUTU B JELIO iHIIOMY BUIIsAAi (puc. 3).
3anponoHOBaHMii METO BUXOAUTS i3 TOro, 110 Ha 7, Au Brumsae auuie 3HadeHHs1 P CO,,
a He foro xiMiuHi Bi1acTUBOCTI. Lle qomyleHHsT mpaBOMipHe, OCKiIbKM MMOBIPHiCTh iHILIOTO
BruiBy Ha T, Au, xXpiM P ¢umioiny, y BUKOPUCTOBYBaHUX Mexkax PT-mapaMeTpiB He3HaYHa.

VY nposzopomMy kBapui Maiicbkoro pomoBula iHomi cepen BumiieHb (0,15—1,50 mm)
camoponHoro 3oiota (Au — 99,20; Ag — 0,56; Cu — 0,10; Fe — 0,00; Bi — 0,00 %)
TpaIJISIOThCSI PO3TPiCKaHi BKIIIOUEHHS 30J10Ta. BoHU 3a cBo€l0 MOpGOJIOTi€0 BiIMOBiJaI0Th
TUMOBUM IOro BiAMiHaM: Bill 3epHa 30J10Ta (MAaTEPUHCHKE BKIIIOYEHHS) BiIXOASATh 3a/1iKOBaHi
TPILIMHM, L0 MicTATh ApiOHI (mouipHi [6]) BkItoueHHs 3o0s0Ta (puc. 4). KinbkKicTh
3aJ1iIKOBaHMX TPIIIMH KOJMBAETHCSA B LIMPOKUX MeXax — Bill KiJTbKox 10 6—10, a B OKpeMHx
BUIMagKax (BUOOBXEHI 3epHa 30/0Ta) — [0 KIiJbKOX NecATKiB. TpiluMHMU 3Ae0iIbIIOTO
KJIMHOITOAIOHI: 1IMpoKa (TMpJioBa) AUISTHKA MEXYE 3 MaTepMHCHKUM BKJIIOUEHHSIM (puc. 4,
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Puc. 2. PT-niarpama CO, [14] cymiiena 3 niniero 3anexuocti 7, Au Bin P. [Tone niarpamu: niBopyy — TBepaa dasa
Au, npaBopy4 — po3ias. KpyxxkoMm nozHaueHo MiHiManbHi P7T-napametpu (1108 °C; 7,8 k6ap), siKi Oy/iv iIeHTUUHUMU
Ta iCHyBaJIM T1i1 Yac KOHCepBaLlii BKIIOUEeHb PO3ILIaBIeHoro 3o0ta i pinkoro CO, (p = 1,0 r/cm?)

Puc. 3. 3anexuictb PT-napameTpiB IJIaBJIeHHs 30J10Ta Bill [yCTMHM criiBicHyloyoro 3 HuM CO,-¢umoiny (1omycKaeThes,
wo Ha T, Au primpae quuie 3HauyeHHsa P CO,). Kpyxok Bianosinae miHimanbHum PT-napameTpam KoHcepBallil
BKJIIOYEHb PO3ILIABICHOro 3001a i pinkoro CO, (p = 1,02 r/cm?) y kBapui MaiicbKoro ponoBuila 3010Ta

a, 06). Ha 1e BKa3yoTh TaKoX BeJWYMHA i ¢hopMa AOYipHiX BKIIOUEHb — MO Tepudepii
TPIlIIMH BOHM MalOTh i30MeTpUYHY (popMy i CyOMiKpOCKOITiYHi po3MipH, a B HaNpsSIMKY 10
iX TUpJa CTaloTh OibIIMMY i HA0yBalOTh 3a0KPYIJIEHOI Kparuie- abo aMebonoaioHo1 (hopMu.
Ix dopma BKasye Ha pinKuit cTaH BMIiCTy DOYipHiX (PO3IUIaB 30J0Ta) BKIIOYEHb Y MOMEHT
iXHBOI KOHcepBallil. 3a XiMiYHMM CKJIaIOM JOYipHi BKJIIOUEHHS iICHTUYHI MaTepUHCHKUM.
IHOmi y 3ayliKOBaHMX TpillIMHAX TPATUISTIOTHCS BIMTHOCHO BeJIMKi aMe00IonioHoi (popMu J104ipHi
BKJIIOUeHHs (puc. 4, ¢ — e). 1li 3Haxigku cBimyaTh, 110 Yac 3aJiKOBYBaHHSI TPIilLIMH TIPU
> T, Au He 3aBX1u OYB HaCTiUIbKU TPUBAIKMM, 1100 3a0€3MEYNTH PO3IAUIEHHS YCiX TOCUThH
BEJIMKUX YTBOPEHb Ha APiOHI i30METPpUYHI JOYipHi BKIIOYEHHS.

Y npoximHOMy CBIT/i KBapll Y paiioHi CyOMiKpOCKOMIYHMX MOYipHiX BKJIIOUEHb 30J10Ta
HaOyBae rojiyooro 3abapsieHHs1. Ciim Big3HAYWTH, 1O aHAJOTIYHI BOAHI PiIMHHO-TAa30Bi
BKJIIOYEHHSI Y KBaplli 3a IIMX YMOB 3Mal0ThCsl OypuMM. IHOAI cepel AOYipHiX BKIIOYEHB
30JI0Ta TPAIIAIOTECA BKIIOYeHHS pinkoro CO, ax romoreHHoro (auie CO,), Tak i
rereporeHHoro (3os0to + CO,) 3axorneHHs (puc. 4, 6). [lepeBakHa OUTBIIICTD 3ATIKOBAHUX
TPIlMH Yy KBaplli HABKOJIO PO3TPiCKaHMX BKIIOYEHb 30JI0Ta MiCTUTh JIUIIE TOYipHi BKITIOYEHHS
30JI0Ta: UMOBIpHO, y IMX BUIMAAKaX IJIaBJICHHS 30J10Ta i 3a1iKOBYBaHHS TPILIMH BigOyBasiocs
0e3 ydJacTi MiHepaJoyTBOPIOBAILHOIO (hjoiny, TOOTO BOHM He OYJIM PO3KPUTUMU i He
KOHTaKTYBIM 3 MiHEPaJIOyTBOPIOBAILHUM CEPEIOBUIIIEM.

Ximiynmii cknag, rycruHa CO,-dmoiny. JlaHi KpioMeTpUyHOro aHajisy (TaGuuLst)
CBiJUaTh, 110 BMICT TTPO30PUX BKJIIOUEHb, SIKi "MPUIMILIM" IO JOUYipHiX BKIIIOYEHB 30J10Ta
(puc. 4, 6), mpencraBieHNi po3yHOM pinkoro CO, i3 TOMIlIKOI0 KOMIOHEHTIB 3 MEHILIIMH,
Hix y CO,, TemnepatypaMu NOTpiiiHUX To4oK (7}, ,). 'ycTrHa dmoiny BKIIOYEHD BifNOBigae
yrictomy CO,, BCTAHOBJIEHOIO 3a 7, BKIIIOYEHb.

Yac nposiBy ¢umoinuux notokiB. CymicHe nepedyBaHHsI BKII0UeHb pigkoro CO, i 3o/mota
y TpillIMHAX 3aJ1iKOBYBaHHS HaBKOJIO pO3TPiCKaHMX BKJIIOYEHb 30JI0Ta OMHO3HAYHO CBiMUUTb,
11O iX IIABJ€HHS U pO3TPiCKyBaHHS CYNMPOBOIXKYBAJIOCh i COPUYMHIOBAJIOCH MOTOKAMU
pinkoro CO,. OcraHHi NMposIBWIMCS Micjasl BiIKJaJaHHSI 30J0Ta (CTaisi caMOPOZHUX
ejaeMeHTiB) [4, 8].

Ti P norokis pinkoro CO,, 0 CynpoBOIKYBaB IUIABJEHHS il PO3TPICKYBaHHs 3epeH
30j0T1a y kBapui. ['yctuna CO, y BKIIOUEHHSIX, IO Opaln y4yacTb y 3aJliKOByBaHHI TpilllMH
PO3pUBY y KBaplli HABKOJIO 3epeH 30510Ta, cTaHOBUTH 1,02—1,03 r/cm? (Tabiuus, aH. 1—4).
Tomy T'i P motoky pinkoro CO, 3 ryctunoio 1,02 r/cMm3, 1o CynmpoBOIXYBaB YTBOPEHHS
pO3TpiCKaHUX BKIIIOYEHDb 30J10Ta, mocsira i Oyna o6iabiioro 3a 1112 °C i 8,2 kbap (puc. 3).
PT-mapameTpy MOTOKIB MOTJIM OYTH MEHIIMMU ¢ Je1o OLIbIIMMU 32 OTPUMaHi pe3yJbTaTu,
OCKUTBKH TYCTMHA BTOpMHHMX BKmodeHb CO, y KBapui KomsaeTbes Bin 0,67 mo 1,07 r/cm3.
OnHak peajbHICTh TAaKOTO JOMYIIEHHS MOTPEOYE 1iie MpSIMUX J0Ka3iB. SIKIIO0 y 3alliKoBaHUX
TpilllMHAX HAaBKOJIO PO3TPiCKaHUX BKJIIOYEHb 30JI0Ta BUSIBISITUMYTHCS PilKi BKIIOYEHHS
ryctuHoto 1,07 r/cm3, To PT-mapaMeTpy Takux NOTOKiB Oyiau >1115 °C i > 9,8 k6ap. Koau
CO,-¢moinu rycrrHoto 0,67 T/cM? He BUKIJIMKAIM TUIABICHHS i PO3TPiCKYBaHHS 30710Ta,
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Puc. 4. Po3rpickaHi BKJIIOYEHHSI 30J10Ta (TeMHe) y KBapli MaiiChbKoro 30JI0TOPYAHOro ponouiua (IHicTepcbKo-
By3bkuii reodsok YIL): @ — 3aranbHMii BUTJISIT, HABKOJIO MAaTEPUHCHKOTO BKJIIOUEHHS (BUALJIEHO IITPUXOBOIO JIiHI€EI0)
pO3TalIOBaHO OaraTo 3aJlikOBAaHUX TPIiLLMH — OJIHA 3 HUX JIEXUTb Y POKYCi 3 YMUCIEHHUMU JOYiPHIMU BKIIIOUEHHSIMHU;
0 — JeTajlb BKJIIOYEHHS d, CIIOCTEPIraeThesl 3pOCTaHHS BEJMYMHU JOUipHiX BKJIIOYEHDb Y HAMIPSIMKY 10 MaTePUHCBKOTO
BUJIIJIEHHS 30JI0Ta, 1110 BKa3ye i Ha 30iJbLUEHHS TOBIULMHU KJIMHOMOLIOHOI TPILUMHU Y LIbOMY X HANpsIMKy; 6 —
BKJIIOYEHHS1 30J10Ta i1 pinkoro CO, roMoreHHoro (1) Ta reTeporeHHoro (2) 3aXoruIeHHs y 3aliKoBaHiii TpilllMHi HaBKOJI0
MaTepUHCHKOI0 BKJIIOYEHHSI, YaCTMHA MOro npeacTapieHa Ha pUCYHKY YOPHOIO CMYXKKOIO CIipaBa (pUCYHOK BUKOHAHO
3a (ororpadie); e, d, e — 3aMiKoBaHi TPILMHU 3 JOYiPHIMM BKJIIOYCHHSIMH, IO BiAPi3HSIOTHCS BEJIMYMHOIO i
¢GopMo10, HABKOJIO Pi3HUX PO3TPiCKAHUX BUMIIJEHb 30J10Ta; OifblUi AOYipHi BKJIIOYEHHS MalOThb HEMPaBWIbHY
ame6ononioHy dopmy. Ha ycix dotorpadisix MiTku-Mipuia Bianosinaots 20 MKM

TO ixHi PT-mapametpu Oynu MeHmumu 3a 1063 °C i 3,5 x0ap.

Po3TpicKyBanuch He JMile BUAUIEHHS CAMOPOLHOTO 30JI0Ta, aje i BKmodeHHs CO,.
AH. 15 (Tabavis) Biamosinae 6ibiromMy 3a po3mipamu (60 MKM) po3TpiCKaHOMY BKJTIOYEHHIO,
a aH. 16 — HeBeiaukomy (10 MKM) HepO3TpiCKAHOMY BKJIOYEHHIO 3 IH€l X 3aJiKoBaHOI
TpituHuU. TTpupicT 06’eMy y pasi po3TpicKyBaHHS BKIIIOYEHHS 15 craHOBUB 0Jm3bKo 20 %.
Po3TtpicKyBaHHsI BinOynoch 3aBAsIKM HalJIMIIKY P BcepennHi BkmoueHHs CO, 4n 30710Ta
Haj 30BHilIHIM. HagxomkeHHs1 (IOifHUX MOTOKiB OyJI0O OaraTropa3oBHMM, Ha 110 BKa3ye
pisHa ryctuHa CO, y BKJIIOYEHHSIX Ta iX pPO3TPiCKyBaHHSI.

ToynicTh MiHepasoriuHoro TepmodapomMerpa. IcCHye reBHa HEBU3HAUEHICTh MiJl YaC OLiHKU
TOYHOCT| 3alpONOHOBAHOTO HamMK MeTody. BoHa crocyerbcs cucremu CO, (3a JaHUMH

Temnepatypa (a3oBux nepexoniB i rycTuHa (hIIOITHMX BKJIIOYEHb, IO TPAIUISAIOTLCA B 3aJiKOBAHHX
TPIlMHAX Y KBApUi HABKOJIO PO3TPICKAHMX BKII0YeHb 30J0Ta (1—4) ado mo3a numu (5—16) (Maiicbke
ponosuine 30j01a) [4]

Homep 3/n | T,,+0,2 T.+0,2 p Howmep 3/n T, T | P
1 —57,2 —18.,9 1,02 9 —-57,8 -0,9 0,92
2 —57,2 —18.,9 1,02 10 —=57,0 -22 0,93
3 —=57,0 —18.,9 1,02 11 —59,2 —10,8 0,96
4 —57,2 —-21,8 1,03 12 —=57,0 —-17,8 1,01
5 —58.,0 +27,0 0,67 13 —60,0 —25,0 1,05
6 —=57,0 +18,8 0,78 14 —-57,8 —33,0 1,07
7 —57,6 + 7,8 0,87 15 —57,4 + 5,5 0,885
8 —57.,0 +14.,0 0,82 16 —57.4 —23,1 1,04

I puMiTka. Temnepamypa, °C: T, — NOTPiHUX TOYOK; T, — roMOreHi3alii BKIIOYEHb; p — IYCTMHA BKIIOYEHb, I/CM>.
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Puc. 5. CymicHe 3HaXOmKEHHSI BTOPMHHUX KpParuiernoaioHmx
MipOTUHOBUX (TeMHe) (a, 6, 6), kKapboHaTHUX (Ka) BKiItOUeHb
(6) i cunikarHoro ckia (Cin) (a, 6) y KBapli MipOTUH-CATIT-
KBapLIoBoi opoau porosuiia Hanist. Mitka-mipuiio Bianoigae
20 MKM

pi3HUX aBTOPiB, IMOJOXEHHS i30XOp MOXYTh
iCTOTHO Bimpi3HATHUCS MixX coboto [14]) it 0GrpyH-
TyBaHHsI BUOOpPY i30X0p (PIIOITHUX BKIIOYEHB
CO,, o 3axoIuToBaIKCcs Mil Yac 3aliKoByBaH-
HsI TPillMH pa3oM 3 JOYipHIMM BKJIIOYEHHSIMU
3010Ta. SKIIO MPUIHSITYU 3a OiliCHi: a) BUOpaHy
cucremy CO, (HaMu BUKOpHCTaHa cucrteMa bepr-
MmaHa [14]); ©6) sanexwnicte 7, Au Big P [20],
TOYHICTh BiJHOCHMX BHU3HauyeHb PT-mapamert-
piB Moxe Oytu He ripmot 3a =+ (2...3) °C
i+t (0,3...0,5) kbap.

KaHanu — npoBimHUKM MOTY>XXHUX CTpyMe-
HiB (oiny Ha MalicbKkoMy pOIOBUILI TPaCyOTh-
csl KBapll-0i0OTMTOBMMM MeETacoMa-TUTaMU, SIKi
TMOBCIOJHO TPAILISIIOThCS Y MPUKOHTAKTOBUX 30-
Hax KOHTPAaCTHMX 3a CKJIaaoM Ta (pizuKo-me-
XaHIYHUMHU BJIACTMBOCTSIMU MOPIiA: MirMaTUT-
aM@ibomiTiB, MirMaTUT-THEWCiB, TpaHiT-
amdiboiTiB, rpaHiT-rHeliciB [4]. Ha pomosuiui Temmeparypa motoky pigkoro CO, Oyia
HaCTiIbKM BUCOKOIO, 110 JaBaja 3MOTY MEPEeBiAKIagaTH 30J0TO HE JIMIIE Y PO3UMHEHOMY
CTaHi, ajie W y BUIJISIAI KpalleJb po3ijaBy. Ha 1ie BKa3yloTh SIK pO3TpiCKaHi BKJIIOUEHHS
30JI0Ta Y KBaplli, TaK i KyJbKO- Ta KparJiernomioHi ¢opmMu HOro iHAUBINIB, CYLiIbHE
BUITOBHEHHSI HUM TpiliMH y MiHepanax. [lopoma, 1o BMillye po3TpicKaHi BKIIOUEHHS
3oj10Ta (cB. 6407, 1. 210 M; ¢B. 6451, 1. 135,9 M), Bin3HaYa€ThCst 3HAYHOIO KOHLIEHTPALIIE€I0
3oso0ta. [lotoku pinkoro CO,, KpiM JoKani3alii i Mepepos3Nofilly BXe iCHYIOUOro Ha
pOIOBUIII 30J0Ta, MOXYTbh MPUBHOCUTHU i MOTO HOBI MOPIii SK MPOAYKTY Aerasalii
MarMaTU4HOro posruiaBy. Bimomo, mo 36araueni CO, i H,S dmoinn MoxXyTh nepeHoCUTH
3HaYHi KiJabKOCTi 30j10Ta [21]. MarMaTtuyHi 3epHa 30J10Ta BUSIBJICHI B Jamripoirax [23].

PinkicHomeTaybHi mermaTuTi 3axigHoi yactunu KipoBorpaacekoro osioka. lle € paiioH
TOIMPEHHS TUIACTONMOAIOHUX TIErMaTUTOBUX XKW, SIKUI SIBJISIE COO0I0 TEKTOHIYHO aKTUBHY
30HY, 1110 BiI3HAYAETHCS Pi3HUMU GallisiMu MeTamMopdi3My: Bil TpaHYIiTOBOI (3a pesiKTaMu
eHIepOiTO-THEMCIB i ABOMiPOKCEHOBMX KPUCTAJOCIAHIIB Yy MirMaTUTO-THEMCOBUX
KOMILIEKCax iHTYJO-iHTYJelbKOI cepii) Mo BMCOKOi i momipHoi amdibosiToBoi darii [5,
10, 18]. INonidasuuit mMetamopdizm amdidoiToBoi ¢allii 3aBepIIUBCS BKOPiHEHHSIM
monoaimx HoBoykpaiHcbkoi i KopcyHb-HoBomupropoacebkoi iHTpy3iit 2,1—1,75 mupn pokiB
Tomy [16].

[TposiBu Aii BUCOKOTepMOOApUYHMX (UIIOITHMX MOTOKiB pinkoro CO, 3adikcoBaHO y
MaJIOTIOTY>KHUX KOHTAaKTOBO-iHQiJNbTpallilHUX €HIOoCKapHax, sKi 4acTO 3a3HaloTh
BTOPMHHOTO OKBapILIOBaHHS i TParuIsIIOThCS SIK MOOJAM3Y CHOAYMEH-TEeTaTiTOBUX TiJ
ponmosuilia Hanist, Tak i Ha Bimmani 8—15 M Bim HUX y rHECOBO-MirMaTUTOBOMY CyOCTpaTi
BMICHUX MOpil. AINOCKApHOBUI KBapUMUT — 1€ MAacCUBHa IOpOJAA i3 3€JIEHUMM BiTiHKOM,
CKJIaJeHa mpo3opuM KBapioM (85—90 %) i MicTUTh PeTiKTOBiI BKIIIOYEHHS cajity (5—8),
mipotuny (3—5 %), pialue mmiariokiasy i aKTMHOJITOBOI pOTrOBOi OOMaHKMU.

BucokorepmobapuyHi ¢oinHi MoToku 3adikcoBaHi: a) po3TpiCKyBaHHSIM i ILJIaB-
JICHHSIM MipOTMHOBUX BKJIIOYEHb; 0) YTBOPEHHSIM BTOPMHHMX KPArUIeNoOmiOHUX BKIIO-
YeHb, 10 3a CKJIAJOM BiAIIOBiJAIOTh MipOTUHY i CWJIiIKaTHOMY CKJIy (puc. 5); y 3ajlikoBa-
HUX TpillMHAaX TPaIUSIIOTbCS BTOPUHHI  BKIIOYeHHs1 pinkoro CO, rycruHomwo 0,90—
1,04 r/cM3; B) BUHMKHEHHSM KPaIIENMOAIOHUX BKIIOYEHb KapOOHAaTy (IEpeBakKHO KaJbLIv-
Ty) y TpilllMHAaxX, sIKi Ci4yThb 3epHA CaJliTy i TEHETUYHO IOB’SI3aHi 3 HUMH. Y TpilllMHAX
TAKOX HasIBHI BKIIOYEHHs pinkux posumHiB CO, + N, rycrunomo 0,87—0,95 r/cM3, BMicT
a30Ty y IKUX CTaHOBUTHL 48—66 % macu [3].

PT-ymMoBU pO3TpiCKyBaHHSI IMIPOTMHOBUX BKIIOYE€Hb i BUHMKHEHHS y 3aJliKOBaHUX
TpillMHAX KparulemoAiOHUX IipOTUHOBMX BUIJIEHb Ta BKJIOYEHb CKjJa U KapboHaTy
IPYHTYIOTbCS Ha Takux (akrax: 1. Po3TpicKyBaHHSI MipOTMHOBUX (3 XaJIbKOMipHUTOM)
BKJIIOYEHB, IO HE MOIIKOIXEHi TpillMHaMM 3 BKIOUeHHsIMH pigkoro CO,, BKasye, 110
TemmepaTypa ix HarpiBy nepesuinyBaia 1180 °C. lle 3HaueHHS BiAmoBiZae TeMrmepaTypi
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BUCOKOTEPMOBAPHUYHI ITOTOKHM PIAKOIO CO,

IJIaBJICHHS TipOTUH — po3iuiaB (48 % Fe) y cucremi Fe — S [1]. 3 ogHOro 60Ky 3MeHIIEH-
HA T, MipOTUHY 3a paxyHOK HEBEJMKMX BUAUIEHb Y HHOMY XaJbKOIIPUTYy HE3HAYHE, a 3
iHIIOrO — JIITOCTATUYHMI TUCK BUKJIMKATMME 3pOCTaHHs 7T, BKJIIOYEHb MiPOTHMHY.

2. Temmepatypa mepeMilneHHsI (a30BOi MeXi CHJIIKAaTHOTO CKja i MipOTHHY Y
KparuienoAiOHMX BKIIIOYEHHSIX 3aJliKOBAHUX TPIllMH CTaHOBUTHL > 970 *+ 20 °C. Otrxke, 1i
¢a3y BKIIOYEHDb 3a Ili€l TeMIepaTypu € BXe piIKuMM (IlepeOyBaloTh Yy pPO3ILIABIEHOMY
CTaHi).

3. YTBOpeHHS KparuienoaiOHMX BKIIOUEHb KapOOHaTy (TIepeBaskHO KaJIbIIUTY) IO CaIiTy
BinOyBayocs 3a Takolo cxemoro: Ca(Mg, Fe)[Si,O¢] + 2CO, » CaCO; + (Mg, Fe)CO; +
+ 2Si0,. Kpim Toro, noroku po3unHis pigkoro CO, BUKJIMKaIA OKBapLIOBAHHS KOHTAKTOBO-
iHDiNBTpaLiitHMX cKapHiB i 30aradyBanuch N,, 1o 3adikcoBaHo y BKIOYeHHIX CO, + N,
1O TPUJIUILIM OO0 KPaIIenomiOHUX BKJIIOUYEHBb KaJbLIUTY a00 OKPEeMO TPAILISIOThCS Y LIMX
3ajikopaHux TpimmHax [3]. Temmeparypa miasieHHs Kanbuuty mpu 500 - 105 IMa CO,
craHoBUTh 0u3bKO 1240 °C [15]. MMoBipHO, TeMIiepaTypa KOHcepBallii KparienoaioHux
BKJIIOUYEHb KaJbIIUTY Y KBaplli €HJAOCKApHiB MepeBUIllyBaia 11 3HAYCHHSI.

T'onoeHi BucHOBKM. 1. Benmki 3HaueHHs1 PT-mapametpis pinkoro CO, (= (1112 °C;
8,2 kbap)) mist Maiicekoro pogosuiiia 3oj0ta i > (1180 ... 1240) °C, > (4,7 ... 8,8) kb6ap s
piaKicHOMeTaJbHUX MerMaTUTIB 3axigHoi yactuHU KipoBorpaachbkoro 0joka, SKi
BCTAHOBJICHO 3a (MIIOITHMMU BKJIIOYEHHSIMM, OTHO3HAYHO BKa3ylOTh, 1110 BOHU MOB’s3aHi 3
GIoiTHUMM MOTOKaMM, a He 3 P7T-ymMoBaMM perioHaJibHOro Meramopdiszmy. Jxepenom
HanxomxkeHHs motokiB CO, B Kopy MOXyTb OyTH [11]: "rapsyi Touku" nekapooHaTU30BaHOi
MaHTii [22], nerasauis mizkopkoBux rabpoinis [24, 25] abo KopoBuX iHTpPY3iil cepenHboro
ckiany [26]. UmoBipHO, reHepaiisg (aiOifHOro MOTOKY BiIOYBAa€ThCI YHACTILOK
BIIPOBAXKEHHsI MaHTiliHoro niamipy [12]. [IutanHs npo nepsicHe mxepesno notokis CO,
OCTaTOYHO He 3’sicoBaHe. MOKHa CTBEpIKYBaTH, IO TMPUBHIC TeIia MOTOKAMHU PiIKOTo
CO, 3abeamnevye HEOOXiTHI yMOBU AJIs1 peati3allii rpaHy1iToBoOI (allii MeTaMopdizmMy BMiCHHX
nopin.

2. MNortoku pinkoro CO, BUKIMKAIOTh: JIOKaJli3allilo i Mepepo3Noail pyIHOTO
KOMITOHEeHTa Ha MalicbkoMy pofoBHUILli 30J10Ta. BpaxoBytouu Te, 1110 JKePETOM HaIXOIKEHHS
CO, Oyna nerasallisi MarMaTUYHOTO PO3ILIABY, 30iJbLIEHHS] KOHLEHTpaLii 30JI0Ta MOIJIO
BimOyBaTHCs 3a paxXyHOK IMPUBHOCY HOro nuMu (uroizaMyd; MeTacoMaTU4HEe 3aMillleHHS
MepBicCHUX (MarMaTUYHMX) MiHEpaJbHUX acolliallii pimKiCHOMeTaJbHMX IEeTMaTUTIB 3
YTBOPEHHSIM APiOHO3EpHUCTOrO METANITYy — OCHOBHOI pyau poaosuill [lomoxiBceke, Hamis,
CraHKyBaTCbKe.

3. PosrairyBaHHs KaHasliB-NPOBiTHUKIB OTOKiB CO, y 3a3HaYeHUX pailoHaX, a TAKOX
TPUBAJICTh IX Ail iCTOTHO BIUIMHYJM Ha JOKaji3alilo pyl, iX MiHepaJbHUI CcKJad Ta
CTPYKTYPHO-TEKCTYPHi 0COOJIMBOCTI. TOMYy BUSIBJIEGHHSI KaHaJliB-TIPOBIAHUKIB (DJIIOITHUX
MOTOKIiB IMOBUHHO CTAaTW BaXXKJIMBOIO CKJIAIOBOI0 METOAMKM PO3BIIKU i TMOIIYKY POXOBUIIL
KOPUCHUX KOTaJIWH Y TEKTOHIYHO aKTMBHUX pailoHax YILI.
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IHCcTUTYT reoximii, MiHepaJIorii Ta pyaoyTBOPEHHSI Hagniitua 5.05.2001
HAH VYkpainu, Kuis

Kwuis. Hau. yH-T iM. Tapaca llleBuenka, Kuis

In-1 npuknagHoi ¢isuku HAH Ykpainu, Cymu

PE3IOME. B TeKTOHUYECKM aKTUBHBIX PailOHAX Pa3HbIX YYaCTKOB YKPAMHCKOTO 1UTA MO (IIOUIHBIM BKIIOYEHUSIM
YCTQHOBJIEHO BO3/IEiiCTBME Ha MOPObI BbicoKoTepMobapuueckux (= (1110 ... 1240) °C u> (8,2 ... 8,8) kbap) MOTOKOB
xuakoro CO,. Ha ocHOBaHMM COYETaHMs IUIABJICHMsI 3epeH 30y0Ta B KBapue u xuakoro CO, (1,02—1,03 r/cm?)
BKJIIOYEHUI1, KOTOpbIEe ero (hDUKCMpPOBaJIM, MPEATOXEH HOBBI TepMoGapoMeTp. B oqHOM ciiyyae 30HBI MOPOABI, 1O
KOTOPBIM JIBUTIUCH (DJIIOMIIHBIE TOTOKH, OTJIMYAIOTCS MOBBILLIEHHO KOHLIEHTpauueii 3o10ta (Maiickoe MecTopoxaeH1e
30j10Ta, JIHecTpoBcKO-byrckuii reo6sok). B npyrom ciydae (CriomyMeH-TMETaIMTOBbIE MErMaTUThl 3analHoi YacTH
KupoBorpazackoro 6;0ka) daonaHble MOTOKU OOYCIOBWIM TUIABJIEHUE W PACTPECKMBAaHME MUPPOTUHOBBIX 3€PEH B
KBap1e, 06pa3OBaHl/lC BTOPUYHBIX KAIUICBUIHBIX ITMPPOTUHOBLIX, KapﬁOHaTHbIX BKJIIOYEHU U U Bbl,[leﬂeHVl]‘/Jl CWINKATHOIo
crexya. ITorokn CO, conmpoBoXIand MeTACOMaTUUECKOe OOpa3oBaHME KBapl-albOUT-NETATUTOBON MOPOABI —
OCHOBHOM pyJbl MecTopoxaeHuii ITonoxosckoe, Hanusi, CraHKyBaTckoe.

SUMMARY. In tectonically active regions of various sections of the Ukrainian Shield by fluid inclusions influence on
rocks of highthermodynamic (> (1110 ... 1240) °C; (> (8.2 ... 8.8) kbar) flows of liquid CO, is established. On the base
of combination of melting of gold grains in quartz and liquid CO, (1.02—1.03 g/cm?) of inclusions fixing it a new
thermobarometer was proposed. In one case, rock zones, on which fluind flows were moving are distinguished by high
gold concentrations (the Mayske gold deposit, the Dniester-Bug geoblock). In the other case (spodumene-petalite
pegmatites of the west part of the Kirovograd block) fluid flows caused melting and cracking of pyrrhotine grains in
quartz; formation of secondary droplike pyrrhotine carbonaceous inclusions and segregations of silicate glass. CO,
flows accompanied metasomatic formation of quartz-albite-petalite rock — the basic ore of the Polokhovskoye, Nadiya,
and Stankuvatskoye deposits.

18 ISSN 0204-3548. Munepaa. cypn. — 2001. — 23, No 4



MMUHEPARDTWYECKMA
HSGHAN

YK 549.0 : 552,111
B. C. MenbHukos, I'. O. Kynbuuubka, C. I'. Kpusgik, C. M. CTpeko3oB

Cknap nopoaoyTBOpIOBaNbHUX MiHepanis
rinepcosibBYCHUX CIEHITIB — iHAUKaTOp
CTyneHs KpucTtanisauinHoi andepeHuiauii

3po6iIeHO MOPiBHSIbHUIA aHAJT3 CKIIay MiHepaliB i3 YOTMPbOX LITOKIB rinepcoibBycHUX cieHiTiB [TiBneHHoi 'peHnanii,
sKi 3a po3MipamMu, MiHEpaIbHUM CKJIAAOM i CTynmeHeM KpucTatizauiiiHoi nudepeHuiauii 6aM3bKi A0 CieHITiB
SActpybenbkoro it A30BCbKOrO 1ITOKIB Ha YKpaiHCbKOMY LMTi. HaBeneHo TpeHaAM 3MiH XiMiYHOTO CKJIaLy MOJbOBOIO
wraty i deMiyHuX MiHepasliB 3aJleXXHO Bill HampaBJeHOCTi i cTyreHs audepeHuiauii cieHitoBoro posruiasy. Lle nae
3MOTY 3a CKJIaJlOM MIOPOI0yTBOPIOBAJIbHUX MiHEpasliB BU3HAYMTH METPOJIOTIYHUI TUII CIEHITY i cTYNiHb AudepeHLianii
iHTpy3ii. PO3MISIHYTO YWHHUKM, 1110 BIUIMBAIOTh HA XapaKTep TPEHiB, MiATBEPIXKEH]I eKCIEPUMEHTATBHUMU JaHUMU
i pe3yJibTaTaMy BUBYEHHSI BKJIIOYEHb MiHEPATOyTBOPIOBAJLHOIO CEPEIOBUILA.

Beryn. Tattn i Boyen [27], BpaxoByrouu CKjIaj Ta pO3IOALI B MOPOAAX JYXKHOTO IMOJIbOBOTO
wmaty (JITTLL) i muarioknasy, BUAUIMIM OBa TUIW TPAHITIB i CiEHITIB — ABOIIOJILOBOIIMA-
TOBi (CyOCOJIbBYCHi) Ta OIHOIIOJbOBOIIMATOBI (TiMEepPCONbBYCHi). Y TiMepCcOJbBYCHUX IO-
poaax TUiariokias sIK MPOAYKT po3maay TBEpAOro po3uuHy yTBopioe neptutu B JIIILI. ¥V
cyOCOMBBYCHUMX TpaHiTax i cieHitax rarioknas i JITIII — me camocTiiiHi ¢a3u, a po3noain
Na MiX HUMU BU3HAYa€ThCsl YMOBaMM KpucTaiidalii. EkcriepyMeHTanbHO noBeneHo [18],
o y pasi Tucky H,O 6mmsbko 5 I'Tla JITTII nepeOyBatoTb B €BTEKTUYHOMY CIiBBiIHOLIEHHI.
SIximo 7'< 730 °C, To B cucTteMi icCHYIOTb ABi (ha3u: abOiT i OpTOKIa3, OOUIBI MpeACTaBICHI
TBEpAUMU po3unHaMu. I3 30iblIeHHSIM B cucteMi BMicTy Ca TeMmepaTypa CoJliiycy 3pocTe,
a tuck H,O 3meHmMTBCS, i, TAKUM YMHOM, OJHOIIOJIbOBOIIIATOBI MOPOAN KPHUCTATi3yBa-
TUMYThCSl 3 NIEIIO CYXIilIOrO PO3IUIaBY 3a HUXXYOTO TUCKY, ajie 3a BMIIOI TeMIIepaTypu.
3HayHe 3HUXEHHSI TeMIIepaTypu coJliaycy crpuuyuHioe ksapi [18]. OTxe, BumileHi aBa
TUIIMA TIOPil BiIA3epKaaiol0Th YMOBM iXHbOro yTBOpeHHs. [lopoau cyOGCOJBbBYCHOTO THUITY
KPUCTaJTi3yIOThCSl B NIMOMHHUX YMOBAX y pasi MOTEHIIiaJIbHO BEJIMKOTO HACUYCHHST MarMa-
TUYHOTO PO3IUIaBy Bomoto. [imepcosbBYyCHI YMOBM XapaKTepU3YIOThCS 3HAYHO MEHIIUM
tickoM H,O (Ha paHHBOMY eTami cucTeMa OJM3bKa O "Cyxoi'), ajle BHIIOK TeMIlepaTy-
polo. Y TinepcobBYCHUX Ci€HiTaX cymMa HOPMATMBHOIO KBapIly i MOJbOBMX IIIATIiB 3BU-
yaiiHo BulIa 3a 70 %, TOOTO Lig cUCTEMa HAJEXWUTh IO "TETPOreHiYHo 3aauiukosoi” [21].
JITIII TyT KpuUCTami3yeTbcsl OMUM3BKO TeMIepaTypud 'TOJbOBOILIMNATOBOIO MiHiMymy", IIIO
Bianosizae npubaMsHoMy cknagy Ab,,Ors,. Temnepartypa i cxuan JIIIII y Touni MiHiMymy

TUIaBJIEHHS 3a7eXaTh Bill (Ab;,Ory mia Fy,o = 5 I'Tla i Abg,Oryg st Py,0 = 2,2 I'Tla)

[18], ane B mpupOAHUX MarMaTUUYHUX CUCTeMaX YMHHUKIB, 110 BIUIMBAIOTh HA IMOJIbOBOIII-
naToBUi coiimyc, Habarato Oinblie. Hampukian, 3HUKEHHS MiHIMYMy ITIJIaBJI€HHSI MOXeE
OyTH CIpUYMHEHE, HapUKJal, foJaBaHHsIM KBapity [14], a HaitGinblle migBUILleHHS BinOy-
BaeTbes Tomi, konu B JITILI Bxomute Ca [21].

Takum 4MHOM, roJIOBHA O3HaKa KpHCTaji3allii MTOPOaUd B TiMepcOJbBYCHUX YMOBAX —
YTBOPEHHSI TIEPBUHHOTO aHOPTOKJIAa3y 3 JOCUTh BY3bKMM iHTEPBAJIOM KOJWBAHHSI CKJIAmy
(Bim 55 10 75 % Ab). Cknan JITTII y cyGcomiayCHUX MOpoaax 3MiHIOETbCSI HabaraTo Iupiie
i mepeBaXxHoO Bimmosimae optokiasy (Bim 15 mo 50 % Ab). I xoua iHBepcis rimepcobBYCHOT
CHCTEeMU B CyOCOTiTyCHY i HaBIMaKU TEOPETUYHO MOXJIMBA, LIJISIXW pealli3allil LIbOTo MpolLecy
B IIPUPOAHUX CUCTEMaxX He BUBYEHI.

3aJMIIKOBUI XapaKTep pO3IUIaBy TillepCOJIbBYCHMX IOpi[ Harepea BH3HAYa€e Horo
noJaiblly €BOJIOLII0 Y Mpolleci KpucTtanidawiiiHoi audepeHuianii. [TouarkoBe 30araueHHs
pO3ILIaBy 3aji30M Ha TJi HU3bKOTro BMicTy MgO 3yMOBIIOE KpMCTaTi3allilo CUIbHOIJIMHO-
3eMUCTUX ampiboJiB, MipoKCceHiB, ciatoau. 3i 30iAbLIeHHSIM CTyneHs audepeHuialii y
deMiyHuX MiHepaJax pocTe BMICT JIYriB i Mn i3 mporpecuBHUM 3MEHIIEHHSIM poai Mg i
Ca. 36inbireHHs yacTku SiO, y po3IiaBi CIPUYMHIOE YTBOPEHHSI Ha OCTaHHIX eTarax
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; Puc. 1. liarpama An — (Ab + An) s
rinepcojbBYCHUX CIi€HITIB: [Hmpy3ueHi
xomnaexcu: Kynenam [29]: 1 — "ocHoBHi"
cieHiTn CxingHoro wWTOKY, la — cieHitu
4r < 3axinHoro 1wTOKY; Scmpybeyvkui [2]:
I — rosioBHa po3uiapoBaHa cepis;

1 P Knokken [22]: 111 — BepxHs

/ } posiiapoBaHa  cepist; Tyemymokx [28]:

s { i} II IV — neprosurtu; Azosecvkuii [5]: V —
1

@ ya MEJIAHOCIEHITU  (PYIOHOCHI TaKCUTH);

[ Ve - p— Va — neiikocienitu; VI — nermaroigHi

i ) . ¥ L ) L CIEHITH, JIy>XHi I'paHiTH, MiKporpaHiTu
75 7ﬂ b‘g ﬁg ﬁj Ab "Aﬂ PI3HUX KOMILJIECKCIB

KpUCTai3allii KBaplIOBUX CIEHITIB i JIyXXHMX rpaHiTiB. @emiuHuM MiHepasiaMm (ciona, amgico-
JIN), 10 MICTSAThCS B LIMX AudepeHIiaTax y He3HauyHidl KiJIbKOCTi, BJIAaCTMBi 3HayHi
3aJIi3UCTICTh i JYKHICTh. ¥ HUX pi3KO 30iIblLIyEThCS BMicT okcunHux Fe i Mn, a Takox, 1110
nyxXe BaxJMBo, JeTkux KoMroHeHTiB (F, Cl, CO, Towo). EBomowist po3ruiaBy Mae MoBHE
BimoOpaXeHHsT y CKJaAi MiHepasiB i, TAKUM YMHOM, OCTaHHil MOXHa pPO3TJSIIATH SIK
iHAMKATOp CTyMeHsI (PpaKilioHyBaHHSI.

Sk GyJ0 Bim3dHaUeHO BUIIIE, TilT€PCONbBYCHI PO3IIJIaBU 32 CBOEIO IPUPOIOIO € TTOPiBHSIHO
"cyxumu". MiHepaiu, 1110 MicTsITh Bomy (aMiboJu, CITI0aM), KPUCTATI3YIOThCS EIo Mi3Hillle,
HEPiIKO 3aMilllalouy paHillli OMiBiHM i mipokceHU. BomoHacMYeHiCTh 3aIMIIKOBOTO PO3ILIABY
3aJIeXXUTh HE JIMIIE Bil MOYaTKOBOI KOHIIEHTpallii BOOAM, a W CTyHeHs IONepeaIHbOoro
GpakilioHyBaHHSI MarMu, 3pOCTal0YM Pa3oM i3 YACTKOIO BXXe 3aKpPUCTaTi30BaHOTO PO3ILIaBy.
B ogHux rinmepconbByCHUX iHTPY3isSIX Ci€HITiB JOMiHYIOTh TedeHOepriT i dasulit Ha TJi
HEe3Ha4yHol KiJbKoCTi ampiboay i ciroau. Bimomi cieHiTH iHIIOro TuIy, Je MHepeBaXxaloTh
3aJli3ucTUil aM@ibos1 i 6i0TUT 3a oOMexkeHOoi poJii dasuliTy i MOHOKJIIHHOIO ITiPOKCEHY.
3po3yMinio, 110 1Ii ABa TUMU MOPiJ KPUCTATi3yBajlucs 3 PO3IUIaBiB, HACMUEHUX BOJIOIO
HEOTHAKOBO.

VY naHiit ctaTTi 3p00eHO MOPIBHSIBHUI aHali3 CKJIaay MiHepasiB i3 YOTUPHOX IITOKIB
rinepconbBycHUX cieHiTiB IliBaeHHoi I'pennanmii (1yxxHa mnpoBiHuisgs [apmep), ski 3a
MiHepaJbHUM CKJIAJAOM, pO3MipaMM i cTynmeHeM nudepeHIianii 6Ju3bKi 10 Ci€HITiB
Sctpybeubkoro i A30BCHKOrO INTOKIB Ha YKpaiHCbKOMY IuTi [2, 3, 5, 6]. OcKinbku B
MEXaxX OCTaHHBOIO IITOKY JIOKaJi30BaHEe 3HaYHE LIMPKOHIN-piAKiCHO3eMeTbHE POMOBUILE,
Take 3iCTaBJIEHHS € MPAKTUYHO BUITpaBIaHUM, 00 1100 FeHE3UCY POAOBUIIA HEMAE EAUHOI
aymku [3—6, 16].

JIy:KHMii MOJbOBHI IINAT — OCHOBHUIM CaJiYHUIA MiHEpas TilepCOJbBYCHUX CIEHITIB.
Bin 3aiimae oHan 75 % 06’eMy mopoau (HOpMaTuBHi ab + or + an > 75—85 %). T'onoBHOIO
oco0auBicTIO ckiaany rinmepcoyibBycHoro JITTII moxHa BBaxkaTu Te, IO 3HAYEHHS
criBBinHoieHHsT K/Na KouBa€eTbes B IyXe BY3bKOMY iHTepBaJli 3 YiTKUM CTaTUCTUUYHUM
MaKCHMyMOM BMICTy aJIbOiTOBOro KOMIOHeHTa 6;113bK0o 63 % Ab. Takuil cKian BiAmoBigae
MiHiMaJIbHil TeMIlepaTypi IJIaBJIeHHs B MOTPiliHii MoaboBolINaroBiii cuctemi Ort — Ab —
An — (H,0). Cepen npuponHux HalicuibpHille AudepeHLifoBaHUX Ci€HITIB
rinepcoibByCHOIO THUITY BiIXWJIEHHS Bim MiHiMymy cTaHoBuTh *+ 10 % Ab i Oinblue.
BBaxkaeTbcsl, 1110 OCHOBHA MpPUYMHA LILOTO — ILTOCKA KOHGIrypaiisi MojJbOBOIINATOBOTIO
JIKBiIyCy, 110 CIPUYMHIOE 3HAYHE BiIXWJIEHHS CKJIaay TBepaoi (ha3u Bil "MOJILOBOIINATOBOTO
MiHiMyMy" 3a HEe3HAUHUX 3MiH CKJIaay piavHu (posruiaBy) [14, 18]. 36inbleHHS TUCKY
Goiny TakoX ITOCYBa€ MiHiMaJIbHY TeMIlepaTypy IIaBAeHHs. PUTMiUHICTD KyMYyJSITUBHUX
npolieciB BimoOpaxaeTbcst y ckiami JIITI, ame icHyrOTb, iMOBipHO, HOelO 3arajbHillli
YMHHUKU, 10 BriauBaioTh Ha ckjan JITII, Hanpukian, ¢TyniHb (ppakiioOHyBaHHS.
BcraHoBneHo, 1110 BMiCT aHOPTUTOBOTO KOMITOHEHTA BiJl paHHIX M0 Mi3HIilIMX AudepeHIliaTiB
3MEHIIYEThCSI, TOOTO BiH MOXe OYTHM BUKOPUCTAHUM SIK iHAMKATOP CTyIIeHsI AudepeHIialiii
yciel cucremu. Ciig Od4iKyBaTH, IO B TOYIli ITOJHOBOIUIATOBOrO MiHiMymy BMicT Ca B
JITTII Takox Oynae MiHiMaJIbHMM.

Ha miarpami An — (Ab + An) (puc. 1) Buzmineni mos ckiamy JIITII 3 rinepcoabByc-
HUX CI€HITIB pi3HOro cTyneHs audepeHIiallii i, MOXIWBO, pi3HOI TepMidyHOi icTopii. [IBa
cieHiToBi mToku — 3axigHuit KyHrnart ta Cxignuit KynraaT mictsats JITTI, 1o Bigpi3Hs-
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I0ThCSI 32 BMICTOM aHOPTUTOBOTO MiHamy [15, 21]. TTonboBuii mmar 3 Ginbiuum BMictom Ca
(mo 10—11 % An) BxomuTh 0 CKIamy cieHiTiB CXiZHOro IITOKY ciabiie audepeHiioBaHo-
ro. IToponu cunbHilIe audepeHiioBaHoro 3axigHoro mtokKy Mmictars JIIII 3 3—5 % An.
[ mopin HUKHBOI 1IapyBaToi cepii TyT Bim3HauyeHO 30inblieHHs BMicTy K i 3MeHIeHHs
Ca pas3oM i3 pocTtoMm (pakiioHyBaHHS, ajie criBBimHoleHHsS K/Na He ayXe 3MiHIOEThCS,
60 K nmenani Ginble BXOOUTh y CTPYKTYpy MadidyHMX MiHepasiB (aMdiOoiB, CI0aAM, MipOK-
ceHy), a ckian JIITII Bu3HavyaeTbcs TeMIepaTypHUM MiHiMyMoM Ha cogimyci. [Ipomyktu
KpHcTati3allil HU3bKOTEMITepaTypHOTO 3AIMIIIKOBOTO PO3IUIaBy — 11€ YMCJIEHHI KWW MiKpO-
TPaHiTiB, 110 MepeCciKaloTh CIEHITU 1Ii€i cepii. Y HUX BUsIBIEHO aMdibon pubekiT-apdnen-
COHITOBOTO pSIAy, €ripyMH, acTpodiJiT, eHirMaTUT i 3HAYHy KiJbKicThb (rooputy. BepxHs
cepist 3axigHOro IITOKY CKJIaleHa MepPTO3UTaMM 3 KBaplLOM B iHTepcTULisiX. CXiTHUIA 1LTOK,
3 HEUITKOIO IIapyBaTiCTIO, CKJIAIeHUI Ci€EHiTaMU i KBapLIOBUMU CieHiTamMu. 36aradyeHi Jy-
raMy KucJi audepeHiiaTu TyT BiICYyTHi, a B CIEHIT-TIETMaTUTaX MiCTSITbCSI CUIEPUT i Kajlb-
LIUT.

KBap1ioBi Ci€HiTH i Ci€HITH TilepCOJBBYCHOTO KOMIUIEKCY TYrTyToK [28] GIM3BKi 10
nonepenHix 3a Bmicrom Ab B JIIIL, age mocTymamThCsl BMICTOM y HUX aHOPTO3WTOBOIO
kommoHeHTa (< 2 %). HaiiMomommuii — HeBeaWMKUi LIeHTpaJbHUI IITOK TMEPTO3UTIB
(1,5x1,25 kM), Ie MOpPOAOYTBOPIOBAIBHUM € aHopTokia3 (Ab 67,5—63,5 %) 3 HU3bKUM
Bmictom An (0,8—1,8 %). 1li mopoan HajiexXaTb OO TMPEICTABHUKIB HAWBUILOIO PiBHS
nudepeHmianii, 60 B iHTepcTuiisax JIITII KpucTamizyroTbcsl KBapll, aHiT, eTipWH-aBriT,
nyxHuit amdioon, acrpodinit ta eHirmatur. Ckman JITTII 6au3bKuil 40 TaKOro ISt
TeMIIEpaTypHOTO MiHiMyMy.

VY no6pe BuBUeHOMY KoMIuieKci KimokkeH [22] criocTepiraerbesi mepexin Bifl JIy>KHOTO
rabpo 4depe3 rabpo-Ci€HIiTH i CiEHO-IiOpPUTHU A0 Ci€HITIB 0€3 BUpaXKeHOI 1IapyBaTOCTi i gai
IO 11apyBaTuXx cieHiTiB. Cepel OCTaHHIX CITOCTEpIiraeTbcs YepryBaHHs (TepelapoByBaHHS)
TUIACTiB TPaHYJISIPHUX Ci€EHITIB 3 APY30BMMH IIapyBaTuMU cieHiTamu. LllapyBaTicTh BUpaxeHa
yepe3 pUTMiuyHe 30arayeHHsI HOPMaJbHUX JIEMKOCIEHITIB regeHOeprirom. MadiyHum
PI3HOBUAHOCTSM, MEPEXiTHUM IO IIapyBaToi Cepii, BIAaCTUBMI 30HAIBHUI MOJbOBUIA 1LITIAT
3 MJariokyJa3oBUM SIAPOM i 30BHIIIHBOIO 30HOI0 KPUMNTOMEPTUTOBOIO CKJIAMY.
HaitimoBipHiliie, 1110 11l MOJIbOBUIA 1ITIAT KPUCTaNi3yBaBcs B cyocoabBycHUX ymMoBax. JITTIL
i3 1apyBaroi cepii TUIIOBO TillePCOJbBYCHUM 3 By3bKOIO 00JACTIO 3MiHM ckiany (58—68 %
Ab) i CTaTUCTMYHUM MaKCHMMYMOM, 1O BiamoBinae Abg;Orsys [22]. Bmict An B JIITLI
3MEHIIYEThCS Bif HelapyBatux cieHitiB (7,5 %) mo mapysatux (3,2 %), 1O CBiAYUTH PO
BUILMIA CTyMiHb AudepeHianii octanHix. Xoua JITTII 3MiHIOE cCKIan y IIMPOKOMY iHTepBaJli,
1T cepist 61M3bKa A0 MOJIbOBOILITNATOBOrO MiHiMyMy. Ckitan MadigyHUX MiHEPAJIiB TiATBEPIKY€E
3aJIMIIKOBUI XapaKTep CHJIIKaTHOTO pPO3ILIaBy.

AcTpybeubkuii MaCUB — 1€ TUITOBUIA IITOK TiMepCOJbBYCHUX PO3ILIAPOBAHUX CiEHITIB,
MPOCIiAKOBAaHUX CBEPIJIOBUHAMU A0 IuouHu 1,5 kM [2]. [Tonpu BimHOCHO TIpocTy OyI0BY
1LITOKY, HE YCKIAAHEHY iHTPY3isIMM Mi3HilIuX audepeH1iaTiB, Horo CTymiHb nudepeHIianii,
3Baxatouu Ha ckian JIITII, oyeBuMaHO, menio HUXYMU, HiX cieHiTiB KiokkeH u4u
LentpanbHoro Tyrryroka. ITimBuilieHMiI BMIiCT aHOPTUTOBOro KommoHeHTa (mo 3—4 %)
BractuBuid JITTI i 3 BepxHboi, i 3 HUXKHBOI (TOJIOBHOI) po3lIapoBaHoi cepii. HaitHuxkyi
3HavyeHHsT An (1—2 %) Bigzuaveni B JITIII 3 HaiimudepeHLiii0BaHIlIO YACTUHU IITOKY —
eripMHOBUX CIEHITiB KBaplIOBOTO SIApA i Ci€HIT-TIerMaTuTiB. 30iMbIIEHHS KiJIbKOCTi KBapIly
CYNPOBOMIKYETbCSI OOHOYACHUM 3MEHIIEHHSM ajbbiToBoro kommnoHeHTa B JIITII. B
SActpybenbkoMy 1ITOLI He 3adikcoBaHi IBOMOJBbOBOIIIATORBI acolliallii, Ha 3pa30K TUX, IO
Bigomi B MacuBi KilokkeH.

IIpote Taka acomiallis BimoMa B Jy>XKHO3€MEJIbHUX Ci€HiTaX A30BCHKOTO IITOKY —
BOHM OTOYYIOTb TilE€PCOJbBYCHI TACTMHICHUTOBI i aHIiTOBi Ci€HITM LIEHTPAJIbHOI YaCTUHU
KOMILIEKCY. JIBOITOIBLOBOIIIMATOBI CiEHITU 3a CKJIaAOM TEMHOKOJiIpHUX MiHepasliB MOXHa
BiIHECTH 1O "METPOTeHiYHO 3aJMIIKOBUX"' CUCTEM, ajie iXHsI KpUCTaji3allis BimOyBayiacs B
Ccy0CcobBYyCHUX yMoBax. LlilkoM MOXIMBO, 10 1i CiEHITM HajieXaTbh OO PaHHBLOIO eTaIy
PO3BUTKY LICHTPAJbHOI'O KOMILJIEKCY a00 € CaMOCTifHOIO OiJIbII paHHBOIO iHTpY3i€to. BiaacHe
rinepcojibBYCHiI CIEHITH TIpeacTaBieHi TBoOMa pi3HOBUAHOCTAMHU [5, 6]: a) (eporacTHHI-
cUTOBUMU (£ dasimiT  remeHOEpriT) KBapLIOBUMHU i 6€3KBaApPILIOBUMM Ci€HiTaMu; 0) aHITOBUMM
cieHiTaMM, iHOAi MOHOIIOJBbOBOIUMNATOBUMU (TIE€PTO3UTAMM) 3 MErMaToOifHOIO CTPYKTYpPOIO.
KoHTakT MixX HUMHU 4YiTKMWii, ajle He ciuHuii. O3HaKu 3arapTyBaHHS IOpiA BiICYTHIi.
KoHTpacTHicTh miacuItoeTbes pizkoto pizHuilero ckiuany JIITI (puc. 1), mpuyomMy Bapiartii
IXHBOTO CKJamy HabaraTo MeHIi, HiX g iHIuX mToKiB. [IpoTe HailbinbIIa BigMiHHICTh
Bim JITTII i3 cieHiTiB iHIIMX IITOKIB Tojisirae B ayxe HU3bkoMmy BMicti Ca. KinbkicTh
aHoptutoBoro kommoHeHTa B JIITIII 3 060X TUITIB Ci€HITIB pinko mepeBuInye 2 %, TOOi SIK
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Puc. 2. KpucranoxiMiuHi TpeHaH MipoKce-
HY i OJiBiHY ISl iHTPY3MBHUX KOMIUIEKCIB:
1 — IliBgennuit Kopok [24, 25], 2 —
Irmnepdircanik [26]; 3 — KiokkeH [22];
4 — KynrHat [26]. TpukyTHUKM — A30B-
CbKMI 1UTOK, KPYXKU — ScTpyberbkuii
mToK. Cumeoau minepanie: Di - miokcun,
= Hd — renen6eprit, Ac - akmit, Fo — dop-
Fa 60 70 81 a0 Fa creput, Fa — dasnit, Te — Tedpoir

ni

Yy ABOITOJIbOBOILIMNATOBUX Ci€HITaX A30BCHKOTO KOMILJIEKCY OPTOKJIA3-MiKpPOIEPTUT, SIKWM
CITIBICHY€E 3 KUCJIUM TUIariokiaa3oM (oJiirokiaazom), Mictutb 10 5—7 % An. CepenHiit ckian
(pepOoraCTUHICUTOBUX CIEHITIB — 62, a JIEMKOKPAaTOBUX aHiTiB — 72 % Ab. Y MenaHOKpaTo-
Bux cieHitax BMicT An B JITIIL 3MeHIIyeThCS Bill cepeAHBO3EPHUCTUX OTHOPIAHUX BiIMiH
0 TAKCUTOBUX (MErMaTOIAHUX), ajie BMiCT An 3pOCTa€ y TUX JEMKOCIEHITaX 3 aHIiTOM, 1O
JiexxaThb BUlle (ToOTO Mi3HilIMX). Baxkko MOSICHUTY 110 Pi3HMIIIO JIUIIE Ha MiACTaBi MPOCTOl
rinepcosbBycHOI cucreMu Ab — Or.

Hnsa sxicHoi ouinku ckiamy JIITII moxHa BMKOpuUCTaTH OCOOJMBOCTI MOpoJoril
neptuTiB. Bimomo, 1o Mopdosorisa meptutoBux BpocTkiB B JITTI 3amexuth He Juile Bix
IIBUAKOCTI OXOJIOMKEHHS 1 CTYIIeHsI ITIepeTBOPEHHSI, a TaKOX BiJ criBBimHomeHHs K- i Na-
daszu. Ha BinMiHHiCTh MOp(oJIorii, MeXxaHi3My YTBOPEHHS i CyOCOJIiIyCHOTO MEPETBOPEHHST
neptuToBoi cTpykTypu JIIILL 3 rimepconbBYyCHUX i CyOCOMBBYCHUX ITOpPiA 3BEPHYJIU yBary
B. Bpayn i A. Tlapconc [11]. Byno BusiieHo [10] Bpaxaiouy 3ajesXHiCTh MOP(OJIOTii IEPTUTIB
BiJl BMiCTy aibOiTOBOTO i aHOPTUTOBOTO KOMIIOHEHTIB. Hanpukian, crpykrypa tumy "3ur3ar”,
sika y Mipy 30UIbllIeHHSI BMiCTy Ab TmepexoauTh y poMOOIoaiOHy, (hOpMYy€EThCS B iHTepBai
45—75 % Ab, xomu BMicT An < 4 %. Ko X BMicT Ab HUKYUT — DOPMYIOThCS JMiHiiHi,
c1a003BUBKCTI a00 XBwisAcTi meptuT. Komu Ab > 75 %, T0 BUABISAETHCS TEHAEHLIS 10
YTBOPEHHSI KOPOTKUX JIIH30MOAIOHUX MEePTUTIB. 301TbILIEHHSI BMiCTY An 3yMOBIIIOE YTBOPEHHSI
pi3HUX 3a TOBXMHOMW JIiHiHMX nepTuTiB B ycix JITII i3 BMictom Ab Bix 20 no 80—85 % *.
B omHOMOMBOBONINATOBMX Ci€HiTaX A30BCHKOIO IITOKY MEPTUTU 3i CTPYKTypow "3ur3ar”
CHiBICHYIOTb (HaBiTh B OJHOMY KpHUCTasi) 3 JiHilHUMU Me3oneptuTamu. Y JIITII 3
JeiikocieHiTiB, 36arayeHux Ca, HiliCHO TepeBaXaloTh JiHIHI MEPTUTU, XOo4a BMICT
aHOPTUTOBOIO KOMITOHEHTA He mepesulinye 2—3 % [3].

Came ckuan JITTI € BM3HayaJbHUM — YU HajJeXaTh TpaHITH W Ci€eHITH OO
TiMepCcOoJbBYCHOTO THUIY. 3arajJibHa TEHACHIIIST BUSBISETHCS Y 3BiUIbHEHHI MOTPIAHOTO
MoiboBoro 1mary (Ab, Or, An) Bim aHOPTUTY, i, TAKUM YMHOM, BMiCT aHOPTUTY XapaKTepu3ye
CTYIiHb AuepeHLiallii po3IliaBy, 3 SIKOTO KpUCTajli3yBaBcs MOJbOBMI IIMAT. Y Mi3HIlLIKX
nudepenniatax JITTIL mictuth myxe Mano Ca, ajie CIIoCTePirac€ThCsl TEHIEHIIIS 0 30arayeHHsI
Ba i HaBitb Rb. IlpoTe Ham HesicHO, HACKiIbKM BIUIMBAE Ha (a3oBi CIiBBiIIHOIIEHHS B
MPUPOIHUX CHUCTeMax cKian (oimHoi ¢asu.

OuniBin. CuibHO3aMI3UCTUI OJiBiH (TOPTOHOMIT-(AsIIT) — XapaKTepHUIl MiHepas
nudepeHiioBaHMX TilTepcoIbByCHUX CieHITiB. Cepes O1TBIIOCTI pO3IIapOBaHUX CiEHITOBUX
iHTpYy3ilt Oaratuii Ha Mg OJIiBiH CITOCTEpiraeThcsl B HailpaHilux audepeHiiatax, a GasiT
XapaKTepHUI ST Mi3HILIMX cTafiidl. Po3roaiseHHs oJ1iBiHY B MOPO/i TOCUTh HEPiBHOMIipHE,
00 BiH CKyMm4yeTbCsl mepeBaXxHO B MadiuHux audepeHliaTax i € PiAKICHUM OIS
JeiikokpaToBux. [loMideHo, 1110 0JTiBiH (0cO0JMBO Mg-pi3HOBM) HECTIMKUI Y CyOCOTiAYCHY
CTaflilo i pO3KIANAEThCS i Ai€l0 Tapsyux (roimiB, ajge 3Me0iabIIoro BiICYTHICTh OJIiBiHY
3yMOBJIEHA 3MiHAaMUM YMOB KpUCTaJli3allil Ci€HiTiB.

CxkJian oniBiHy B IudepeHIiiioBaHUX rabpo-CieHITOBMX KoMIuiekcax [22, 24, 26, 29]
3MiHIOETECA Bif roproHofiTy (Fasy)) mo maitxe uucroro dasity (puc. 2). IlopisHaHo 3
Oe3nepepBHUM TPEHIOM TipOKCEHY, TPEH/I OJIiBiHY MOKa3y€e po3pUBH, MOB’SI3aHi 3 TIepepBaMu
B Kpucrajizauii. BiracHe cieHiTOBI mopoau 3aiiMaloTh JIMILE HEBEJMKY YacTKy TpeHaa
(Fa;s—Fays). MakcumanbHUi BMICT 3aji3a, OYEBUIHO, HE [JOCATAETbCH, 3a 3HAYHUX

* OYeBMIHO, TAaK 3BaHi ME30MEPTUTH TPEACTABIAIOTh caMe IIeii MOPGOTOriuHMIA THIT.
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KoHIeHTpaliii Fe B cTpykTypy ofliBiHy BXoauTh Mn i BMiCT Te(poiTOBOro KOMIIOHEHTa
Moxe csarati 5—7 %. Jlelo nmapamoKcaJbHUM BUSIBUJIOCI MporpecuBHe BXomkeHHs Ca y
dasiliT Ha OCTaHHIX eTamax €BOJIOLII TilepcoybByCHOI cuctemu [24, 26].

@asniT, 6AM3bKMI 3a CKIAAOM 10 rpaHmyHosanizucroro (~ FagsTes), mpucyTHiii B
(eporacCTUHICUTOBUX Ci€EHiTax (TaKCUTax) A30BCHKOIO IITOKY, J€ MOTr0 BMiCT MOXE CSTraTh
20 %. B cienitax 3 KBapLOM i 0e3 KBaplly, 10 PUTMIYHO YepryloThcs, (GasuliT pa3oM 3
aM}i0010M KOHLIEHTPYETHCSI, TOJIOBHMM YMHOM, B OCTaHHiX. He BuIHO, 1100 (astyiiT Oijbli
paHHBOI acolliallii 3 KBaploOM po3KjiamaBcs, aje, SK IMpaBUIO, BiH INMepernoBHEHUU
BKJIIOYEHHSIMU MAarHeTuTy.

VY cienitax fcTpy6enbKoro mTokKy (dasuliTy Hemae, 1110, KMOBIpHO, TTOB’13aHO 3 BULLIUMM
3HAUEHHSIMU (YriTMBHOCTI KMCHIO B MarMaTMYHOMY pO3IUIaBi. 3a LIMX YMOB CIOYATKYy
KPUCTaNi3yeEThCsl TeAeHOepriT, a motiM eripuH. 3 i€l X nmpuuuHM GasuliT BiACYTHI y
Mi3HIIIMX AudepeHiaTax 3 KBaploM (MiKporpaHiTax, arulitax). ¥ HUX KPUCTali3ylThCs
MacbiuHi MiHepany 3 BeJMKUM BMictoM Na i Fe3™ (yxui ambiconu, eripun). HecymicHictb
3aJT1i3UCTOTO OJIiBiHY 3 JIyXKHUMM aMm@piOdosaMHu i mMipoKceHaMM CITIOCTepiraeThes AIsl 0ararbox
cieHiTOBUX iHTpY3ili. [1ependayaeThcs, 1110 paHHS KpUCTali3allis CUJIbHO3aJIi3UCTOr0 OJliBiHY
MOXJIMBA 4yepe3 Ii3HI0 KPUCTali3allilo MarHeTUTy, sika 3yMOBJIEHA BiTHOBHUMHU yMOBaMU
cyxoi marmMu. IcHye Takox mymka [22], 110 po3pMB B OJIiBIHOBOMY TPEeHi CIIpUYMHEHUI
pi3KUM MadiHHSIM TeMIepaTypu i 30iIblIeHHsIM KOHIEHTpAallil BoIM B po3ruiasi. JlilicHo, B
cieHiTax A30BCBKOTO ILITOKY JIOKATbHO (DiKCYIOTHCS O3HAKM 3arapTyBaHHS 3aJMIIKOBOIO
po3ILIaBy, 0COOJMBO cepel MeJaHOKpaToBUX mpouapkiB. [Ipote TicHa acowialisg ampidcony
i dasmiTy BKasdye Ha CKJIAAHIIIMKA MexaHi3M 3MillleHHs piBHOBaru B MarMi. HeoOximHo
3a3HauYUTU, 1O aMdiboan A30BCHLKOTO IITOKY XapaKTepU3YIOThCSI BKpail HU3bKUM
koedimientom okucHenHs (Fe3t/(Fe3t + Fe?') < 0,17), Tonmi gk mis amdibosis
SAcTpybeubKoro IITOKY, OJM3bKMUX A0 HUX 32 BMICTOM 3ajli3a i JIyriB, BiH 3HAYHO BUILIMKA
(> 0,25). Cnin BBaXaru, 1110 caMe OKHCHIOBAJIbHUI1 MOTEHIIiaJl po3IlIaBy OyB BU3HAYAJIbHUM
YMHHUKOM KpUCTajli3alii (pasiTy.

Momnokninnuii mipokcen. KanbiieBMii MOHOKJIIHHMI MipOKCEH IPUCYTHIiN Yy BCix
TilTepCONTbBYCHNX Ci€HITaX SIK FOJOBHMIN (eMiyHMIl MiHepan. Moro ckian MOCTYIOBO
36arauyeTbesa Fe2t pasom i3 poctoMm ¢pakiioHyBaHHSA, HOCATAIOYM BKIiHILI CKJIamy
reaeHOeprity. Ilpore MOBHUI TpeHH, SIK 1Ie¢ MOKa3yloTh IMiBACHHOIPEHJIAHACHKI CIEHITU
(puc. 2), noBuHeH Mmatu ABi rinku: Di,gHd;, — DigHd,,, Ta Hd,j,Ac, — HdjAc .
BinranyxeHHsl Apyroi riJIku TpeHIY CIPOBOKOBaHE 30UIbIIEHHSM JIY>KHOCTI OCTaHHIX
JudepeHLiaTiB, poCTOM aKTUBHOCTI KUCHIO i iepexonoM Fe2t — Fe3*. HaitmoBHiiumii TpeH
CIIOCTEpIiraeTbesl sl cepii AalikKoBuX AucdepeHIliaTiB KoMIuiekcy TYrTyToK y MpOBiHILIL
Tapaep: ayxHe rabpo —> aBIiTOBMIA CiEHIT —> (polistitoBa acowiais [25, 26]. dpyra riika
TPEHY HE 3aBXIU pealli3yeThes K Oe3nepepBHuil isomopdHuit nepexin Hd — Ac (NaFe3*
— CaFe?"), 60 BMMarae mporpecHBHOIO IiABAILIEHHS JYXHOCTI posruiaBy. Kpim toro, 3
eKCIepUMEHTAIbHUX JaHUX Bimomo [12], 1110 y pa3i ogHOYacHOi KpucTaisallii mipoKceHiB
Ta am}iboJiB y cepii reaeHOEpTiT-aKMIT Ma€ Micle PO3pUB 3 BUIIAMiHHSIM MNPOMIXKHUX
yieHiB. TpeHau 3 He3aBePIIECHOO JY>KHOIO TiJIKOIO XapaKTepHi IJIs MEHII JIy>KHUX Ci€EHITiB
Knokken [22] i, oueBunHo, Slcrpy6enbkoro mtoky [2]. B iHTpy3ii KinokkeH akmiToBoro
KOMITOHEHTa Oijiblll 3a Bce B mipokceHi (70—90 %) 3 Halmi3HIlIMX armJiiTiB, a JIy>KHa TiKa
ocHoBHOoro  Mg-Fe-tpenny 3akiHuyetbcst Ha 20 % Ac. Pa3oM ¢ TUM CIIOCTEPIra€ThCs
TEHIEHIST  posiuerieHHs Mg-Fe-tpenpa Ha  GesnmyxHy (Hd;q — Hdgy) i axmiToBy
(Hd;9 = Ac,,) risiku. BunagiHHa NPOMiXHUX YIEHIB, iIMOBIPHO, LIIOCTPYIOTh MIPOKCEHU i3
cieHiTiB ScTpybebkoro MacuBy, A€, 3 OQHOTO 00Ky, MAaEMO TefeHOepriTh 3 BMiCTOM aKMiTO-
BOTO KOMITOHEHTa MakCUMyM 24 %, a 3 apyroro — BiacHe akmiti (85—90 % Ac). ¥ umx
CieHiTax KpUCTaIi3yl0Thes JIy>KHi aM(i0oJi puOEKITOBOro CKJIaay Ta iXHi HU3bKOATIOMiHi€BI
PI3HOBUAY €ACHIT-PUXTEPUTOBOTO PSIIY.

AcTpybeubkuii MacuB IiKaBWiA 1€ ¥ TUM, 1110: a) MPOBIIHUM MiHEpaJoM y Ci€eHiTax
KBapLoBOTo "sapa”, sIK 3aJIMIIIKOBOTO KUCIOro nudepeHliary, € eripiH; 0) BUCOKHIA BMiCT
aKMiTOBOTO KOMITOHEHTa B MOHOKJIIHHOMY ITipOKCEHi (reIeHOepriTi) CIoCTepiracTbesl st
BCbOT'O PO3pi3y WITOKY (10 TMOUMHU ~ 1 KM); B) reIeHOEepriT 3 eHIOKOHTAKTOBUX Ci€HITiB
(30Ha 3arapTyBaHHs!) B3araji He MiCTUTh aKMIiTOBOi YacTKU. Y TillepCOJIbBYCHHUX Ci€HiTax
AB30BCHKOTO IITOKY MOHOKJIiHHUM MipOKCeH — 1€ MaKCUMAaJIbHO 3a1i3UCTUI TeAeHOepriT 3
MiaBUIIEHUM BMicToM Mn. BiH BusiBneHuii juine y (heporacCTUHICUTOBUX (TaKCUTOBUX)
cieHiTax. ¥ mooavHOKMX BUMagKax BiH melro 36arayeHuii Na, 1o Bigmosimae 5—10 % Ac.
MoxxHa JOMyCTUTH, 1110 KpUCTaTi3allisl MipOKCEeHY 3 MiABUIEHUM BMiCTOM aKMiTy 3yMOBJIEHA
He TaK aKTWMBHICTIO JIYTiB, SIK BapialliiMy IMapLiaIbHOTO TUCKY KHUCHIO.

Cxkuaa mipokceHy B nuepeHIiioBaHUX IITOKAX TiMepCcoJIbBYCHUX iHTPY3ill Bech 4ac
3MIHIOETbCSI, 00 Oro Kpucranizallis Oe3repepBHa IMPOTATOM YChOTO IE€pioay €BOJIOLL
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posmiaBy. ToMy ckian MipoKCeHY € TapHUM iHAMKaTOopoM (pakuioHyBaHHs. HaitiHgop-
MATUBHIIIMM IMOKa3HUKOM TSI OCTaHHIX CTaliii MoXHa BBaxkatd BMicT Na i meHiue Mn.
BMicT ocTaHHBOTO B MipOKCEHi, Ha BiIMiHY Bil (asutiTy, OUEBUIHO, AOCSTAE NESIKOTO Ipa-
HUYHOTO 3HAYyeHHs [26] i, TaKUM YMHOM, He BimoOpa)a€e MOBHOIO MipOIO CTYIiHb Aue-
peHuianii.

Am@ioomu. Kpucranizatist amibostiB BinOyBa€eTbCsI Ha OCTAaHHIX eTanax audepeHitianii
CiEHITOBUX IITOKiB. Y MaCUBHMX PO3IIAPOBAHUX iHTPY3isIX TilIePCOJbBYCHOIO TUITY aM(pioonn
3 SIBJISIIOTHCS, TOJJOBHUM YMHOM, Y Ti3HIlIKMX (cieHiTOBUX) cepisix. [Tpo 3B’s130K aMpiboiB
3 Mi3HIMM AudepeHIiaTaMy CBIIYMATh 1X acolliallisl 3 CHJIbHO3aJi3UCTUM TreleHOepriToM (>
Hdy,). BinbluicTh CieHiTOBMX LITOKiB MiCTUTbL IBa TMIM aMbiboJiB — BeJuKi itioMopdHi
KpucTaiu (4acTo 3 MOMKIJIOBPOCTKAMH iHIIMX MiHepaliB, B TOMY YMCJi IipOKCEeHY) i
00JISIMiBKM 200 BPOCTKM HETpaBWJIbHOI (hopMU B MipoKceHi. B A30BcbKOMY IITOIII BEIUKi
inioMopdHi KprCTaau CUJIbHO3aMi3UCTOro aMpidboy JOMiHYIOTh cepel MaiyHUX MiHepaTiB
CiEHITIB.

Ha puc. 3, a, 6 moka3zaHi TpeHAU 3MiHU cKIany aMiOoIiB 3 TinepcoabBYCHUX iHTPY3iit
pizHOro cryneHs audepeHiiamii. AK MOKa3HUKM CTyIeHsI BUOpAHO MBI KPUCTATOXiMiyHi
XapaKTepuCcTUKU amdidboay — BMIicT Al y TeTpaeApUUHUX MO3UILLISIX CTPYKTYPH i 3araJbHUNA
BMicT Na B no3uuisix A Ta M,. OctranHi nosuuii nepesaxHo 3aifHsATi Ca i Na (iHomi Mn),
ToMy BMicT Ca TakoX € MOKa3HUKOM cTyrneHs1 nudepenuianii. Bmict K He BpaxoByBaBcs,
60 3rigHo 3 fanuMmu 3 Tipadi [19], kopensuis K i Ca abo BincyTHs1, a60 He3HauHa. OCKIJTbKA
y pasi mudepeHLiaLii po3niasy TinepcoybByCHUX Ci€HITIB KiIbKicTb SiO, i JIyriB MporpecBHO
3poctae, a CaO — 3meHumyerses, TpeHIM Na — Ca i Al — Ca, ski 6a3yloTbcsl Ha
i3oMopdizmi 2Na — Ca i Si — Al, BinOMBaIOTh 3HUXKEHHS TEeMIIEpaTypu CUCTEMHU.
3ayBaxumo, 1o izomopdism Fe — Mg Takox € IoKasHMKOM audepeHIiarii, aje
BBAXXAETHCSH, 110 KOJIM aM(}pibo1 KpUCTaizyeThes 3 po3IuiaBy, bigHoro Ha MgO, okraeapuuHi
MO3ULIT CTPYKTYpH MakCUMMaJbHO 3aceieHi Fe2™,

Sx BumHO 3 puc. 3, 3arajibHa 3aKOHOMIpPHICTh 3MiHM cKiamy amibosly B Ipolieci
nudepeHLialii moxsirae y 3MmeHIneHHi BMicty Al i 30inbwieHHi Si, sike BimOyBaeTbcst
omgHoyacHo 3i 30inbieHHsM (Na + K) y Mmipy migcuneHHs nudepeHuianii. TakuMm yriHOM,
y HaiimisHimmx nudepeHniarax, 3daraueHux SiO,, crocTepiratoTbest JyxkHi amdidbonn
(pubexit, apdBeacoHiT). ¥ AcTtpybenbKoMy IITOLI IMPOCHiAKOBAHO €BOJIOLIMHUMA pSI
(GeporacTUHICUT — (PEPOracCTUHICUT-EIEHIT — PUOEKIT, SIKUIl Biga3epKaltoe 30iIblIeHHS
JIY>KHOCTI i 3MeHIleHHs riamHo3eMuctocTti (Si — Al). JlokanbHi KOJIMBaHHSI JY>KHOCTI B
po3IUIaBi BimoOpa3wiucs B YTBOPEHHI TapaMiTy abo karogopurty, TooTo amdidboaiB i3
ninBuieHuM BMicToM (Na + K). Lli pi3HOBMAHOCTI MOXYTb, iMOBipHO, YTBOPIOBATUCSI B
Mi3HIO CTafilo TilepCcoimyCcHOI KpucTaii3allii — sIK pearyBaHHsI Ha IiABUILEHY JYXHiCTb i
3HAYHMII OKMCHIOBAJIIbHUI MOTEHL{al 3aJMIIKOBOTO PO3ILIaBy, 30araueHoro SiO,.

3MiHa ckiany am@idoy Big cTyneHs nudepeHIialii po3iaBy 1o0pe MpOoCiiIKOBYEThCS
B iHTpY3isiX, sIKi MiCTSTh MOPOAY pi3HUX CTamdiit mudepeHiamii. Bcranosneno [22, 25, 26],
10 HampaBJeHICTh TpeHaa g aMGiOoiB 3aJeXXUTh BiJl CTyNEHSI HACUYEHHS PO3ILIaBy
SiO,. st cieniTiB, siki HeHacu4eHi Si0,, aM}ibou 3MiHIOIOTh CKJIaj BiATIOBIIHO JO TpEeHIa
JIY>XXHUM (PeporacTUHTCUT — KaTaopUT-pUXTEPUT — ap@BEICOHIT, TOMi SK y Ci€HiTax,
nepecnueHnx SiO, (HampuKIaA, y WITOKaX YKPaiHCBKOTO IIMTA), TPEHA OOMEXeHUN
TIJSTHKOIO TaCTMHICUT — KaTodopuT (puxTtepuT). BBaxaeThces, mo amdidbon i mipokceH y
pO3TJIaBi peakliiHO B3a€EMOAiIOTH, TOMY Ha paHHiX cTamisgx Kpucrtamizamii amMdicon
He3aJleXHO Bifl cTymeHs HacuueHHs SiO, Bianosinae ckianosi deporactuHreuty [26]. 3

poctoM Py,0, Po, ¥ akTUBHOCTI JyriB amMdibos cTae GBI JYXKHUM | KDEMHE3EMUCTUM,

ajle TUTbKM B po3IuiaBax HeHacuueHUX SiO, BiH gocsrae ckiany apdsencoHiTy. MoxHa
BiI3HAUYMUTHU OEeKidbKa €TamiB 3MiHM ckiamy am¢ibosy B mpolleci KpucTadizaliidHoi
nudepenuianii. CrioyaTky BimOyBa€eTbcsl MporpecuBHe 3aMillieHHss Mg Ha Fe ax mo
3aMillleHHs YCiX BAKaHTHUX M-TO3UILiil. AJle B TeTpaeIpUIHUX MO3UIIisIX 30epiraeThcs BeauKa
KoHIIeHTpalist Al, a cryninb 3amineHHs Ca Ta 3alTOBHEHHST BAKAHTHUX A-TIO3UILII JIyraMKi
HeBeauKi. © Ha mpyromy erari BinbyBaeThed 3aminieHHs Ca i 3aoBHEHHS BakKaHCil B A-
MO3ULIISIX JyraMu i mapajenbHuii pict Si B TeTpaeapax. TakuMm YMHOM (DOPMYETHCS TPEHI
(deporacTUHICUT — (epokaroGopuT — ap@PBEICOHIT. SKIO aKTUBHICTb JYTiB HEZOCTaT-
HsI, TO CTymiHb 3aMileHHsT Ca HeBeJMKUIA, ajle Moxe O0yTh cchopMOBaHUM TpeHH (epora-
CTUHTCUT — (epoelieHIT — (EepOaKTUHOJIT pa3oM i3 pocToM Si Ta BTpaTOIO JIYTiB.

Otxe, cTymiHb qudepeHLiallii CiEHITY MOXYTh XapakTepu3yBaTH ABa aM(piO0JIOBi TpeHIU

* Kinuesoto $asoio € (heporacTUHICUTOBA POroBa OOMaHKa 3 BeMMKKUM BMicToM Al i Husbkum Na + K.
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Puc. 3. Kpucranoximiuzi TpeHau amdi6onis Ha aiarpamax Al — Ca i Na — Ca 114 iHTpy3MBHUMX KOMILIEKCiB: /, 2 —
cyOKasbLi€eBi i JyxHi amdibonn fAcrpybeubkoro WToKy; 3 — amdibonM 3 MeJIaHOKPAaTOBUX CIEHITIB A30BCHKOIO
wtoky; Fe-Hst — deporacrunreur; Fe-Ed — depoenenir; Fe-Act — depoaktuHoinit; Kat — karodopurt; Rich —
pixreput; Rib — pubekir. Tpenou: 1 — TliBnennuii Kopok; 2 — Kynrnart; 3, 3a — Slctpy6enbkuii; 4 — A30BCbKUI

Ha OCHOBI i3oMopdHuX 3aminieHb: a) Na, K—Ca i Si — Al; 6) Si — Al. ITouaTkoBoo
dazoro € Fe-ractuHrcut, 60 MoyaTKOBUI CTYIiHb AuUdepeHIiallil po3IiaBy, 3 SIKOTO YTBO-
pwincg aMm@idosau, 0yB 10CUTh BeJduKuil. I1po 1ie CBiqUMTh He3HAYHa KiJIbKiCTh B HUX Mg,
SIKMI BXe 3axOIUICHWi paHille oJiBiHOM i mipokceHoM. [ToHuit Tpena Ca-amdicon —
Na-amdi6bon peanizyeTbes auie B HeHacuueHUX SiO, cieHitax. ¥ HacnueHux SiO, cieHiTax
(TmepeximHUX 10 KBapLIOBUX CIi€HITIB i JIykHUX TpaHiTiB) Ca-Na-TpeHn, sIK MpaBUIo, He3a-
BeplieHui (puc. 3) i B HbOMy € po3puB. MOXKIMBO, 11 3yMOBJIEHE HEOCTATHBOIO KiJIbKiCTIO
npoaHajizoBaHoro marepiany. Lleit po3puB n1o0pe BusiBIeHUI B am@piOonax i3 cieHitiB fc-
TpyOeLbKOTO IITOKY, J€ JYXKHUU aM@ibon (iKCyeThCs pa3oM 3 €ripyHOM B KBapllOBOMY
"anpi”. ¥ mrokax IliBmeHHoi1 I'pennanmii nyxHuit amdidon crocrepira€rbcs B Mi3HiX
IPaHITHUX TJIACTOBMX AuWdepeHIiaTax, 10 TMepecikaioTh cieHith [26, 29]. B A3oBcbkoMy
LUITOL HAMTYyKHillIWi am@iOoJ1 BUSIBIEHWI Y HUXKHII YaCTHHI TAKCUTOBUX CIEHITIB B acoLiialii
3 KBapLoM i ¢mooputom. Moro ckian Binnosinae xatodoputy. TOHKI FONKH KaTOhOPUTY
nomupeHi sk BkaodeHHs1 B JITIII i xapakrepu3ytoTb, 04€BUMIHO, Mi3Hil iHTEPKYMYJIIOC-
Huil Matepian. Ciimg AymMaTH, 110 TaKCUTOBI Ci€HITHM HajiexkaTb JO NPEICTaBHUKIB JTOCUTh
BUCOKOTO piBHSI audepeHiiialii, aje Bce X TaKu AajieKi Bil KiHIeBoi cramii. Pizka 3miHa
ckiany am@piboiB Ha OCTaHHIX eTamax audepeHliiallii, a TaKoX acolliallii MiHepaliB H0-
BKOJIa CBigyaTh MpO Pi3Ky 3MiHY yMoB KpucTatizauii. HeobximHo BpaxoByBaTHu, 110 Ha
cTafii Kpucrajisalii amdiocoiB MOCTYOBO 3pocTae (PIoifOHACUYEHICTh PO3ILIABY i B LIUX
yMOBax (pYriTMBHICTb KUCHIO, piBeHb sIKOi OyB HabmkeHUM 10 QFM-0ydepy, Moxe pi3ko
3pPOCTHU.

IMonpu Hu3bkuit BMicT Mg cniBBinHomeHHss Mg/Fe B am@ibonax, tak camo fK y
MipoKCeHax, € iHAMKATOpPOM CTyIleHs AuepeHiiailii, 0co0JMBO B THX BUIIaIKax, KOJu
ckian audepeHIliaTiB 3MiHIOEThCST Bill rabpo-Ci€HITOBOIO A0 Mi3HBOTO cieHiToBOTrO. IIpoTe
FOJIOBHUMMY MOKa3HUKaMu qudepenuiantii ciuin BBaxaTtu Alyy i (Na + K) y kpucragoximMiyHin
dopmyni minepany. Ti B Kinbkocti 1o 3,0—3,5 % TiO, BusBnenuit y cknani amdidonis i3
CIEHITIB pi3HUX IHTPY3iid, ajie IKOro-HeOyIb 3B’SI3KY MiX CTyIeHeM nudepeHIiallii Ta BMicToM
Ti He mpocHiAKOBYETbCS. AKOIOCh MipOIO 1I€ TaKOX CTOCYEThCSI Mn, Xoya B OiIbII JTY>KHUX
amdiboax Horo KiabKiCTb 3pOCTAE.

BioTur. Y nopoaax rabpo-cieHiToBux koMruiekciB (KinokkeH, gaiiku TyrTykok) ckiaf
GioTuTy OesnepepBHO 3MiHIO€ThCs Bin Phls,Anng, o ~ Ann,g, 3i 30UIbIIEHHAM CTyIIEHS
IudepeHuiauii. BigmoBigHo, 3MiHIOETBCSI 3aIi3UCTICTh OIOTUTY i lLieli MOKa3HUK BinOuBae
CTyIiHb AudepeHuianii mopia. ¥ posiaponaHiil cepii KiokkeH ckiam GiOTUTY 3MiHIOETbCS
Bin 30 no 94 % anitoBoro komroneHTa (f = 0,55—1,0). s GiIbIIOCTI CIEHITOBUX IITOKIB
CTIOCTEPIraloThCsl TPY OCHOBHI (pOpMU BUAUIEHHST BUCOKOTJIMHO3EMUCTHUX CIIIO: a) peaKIliiiHi
O0JISIMiBKM JOBKOJIA 3€pEH MarHeTuTy, ¢asuliTy i pimiie reaeHOepriTy ado amdiboy; 0)
IHTEePCTULIIHI BUALIEHHS Y TTOJbOBUX IIITIATaX; B) MOMKITITOBI BPOCTKY B ITOJBOBUX IIITTaTaXx.
BincyTHi maHi, SK CMIbHO Bipi3HSEThCA CKam UX TUITB. OCKiJIbKM OiBLIICTh aHaATi3iB
0iOTUTY 3M00YTO €JeKTPO30HAOBUM METOAOM, SIKMI HE iH(OPMYE MPO BMICT Pi3HOBAICHT-
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Puc. 4. BkJOYeHHs 3aKpUCTali30BAaHOIO PEJIiKTOBOrO pO3IJaBy B
AHOPTOKJIa3i y BUIJISIAI HEraTUBHOTO KPUCTATY

HUX (HOpM eJeMEeHTIiB, 3aJIeXKHICTb CTYIEHSI OKUCHEHHS
0iOTUTIB Bill 3ai3MCTOCTI 3aJMIIAETHCA HE3’SICOBAHOIO.
I'munozemucticts (Al/(Al + Si)) 6i0TUTY 3MiHIOETBCS pa-
30M i3 30ibIIIEHHSIM CTyneHs audepeHiarii. s cieHiTiB
mtoky KiokkeH BUSIBIEHO ITOCTYNOBE 3MEHILEHHS TJv-
HO3EMHUCTOCTi 3 pOCTOM f i B pO3IIAPOBAHUX Ci€EHiTaX aHIT
XapaKTepU3YETbCS Malike ileaJbHUM CITiBBiIHOIIEHHSIM
Si/Al = 3. IToniGHa 3ajexXHicTh criocTepiraeTbest st Scr-
pyOeLbKOro IITOKY, € TUIIOBI aHiTWM KPUCTaJi3ylOThCS B
OCTaHHiX audepeHIiaTax — pubeKiT-eripiHOBUX Ci€HITaX.
B am@ibonoBux cieHitax A30BCBHKOIO IITOKY aHIiT TiCHO
acollito€e 3 (peporaCTUHICUTOM, YTBOPIOIOUM TOHKI (10 0,5—
1,0 cM) mIacTUHKMU. Moro BMicT HeBennkuil. B aHOpPTOK-
JIa30BUX JIEMKOCIEHITaX, HEPiIKO MEerMaTOiMHOI CTPYKTY-
pY, BUIIJIEHHS aHITy JieMcTOoMmoaiOHi 1 Beauki (o 5—7 cM), CKJIaa aHiTy rpaHUYHO3aTi3U-
cTuil (Anngs). XapakTepHOIO OCOOJMBICTIO aHITIB i3 Mi3HIX IUbepeHLiaTiB Clil BBaXaTu
rporpecuBHe 36i1blIeHHsT Mn, Ha piBHi 4 % manradHodiaity. © Bmict Mn B ciaromi MoxHa
BBaXaTW iHOIMKATOPOM CTymeHsl AudepeHuialii po3miaBy. [lopiBHsiHO 3 aHiTamu fctpy-
OELIbKOTO IITOKY CTYMiHb OKMCHEHHS aHiTy A30BCHKOIO IITOKY HWXKYa, ajie B3araji BUIIA,
HiXX B TaCTMHTCUTaX, 3 SIKUMM BiH acollitoe. Jlpyra ocoOaMBICTh CIIION — BUCOKMI CTYITiHb
3amineHHs1 Si Ha Al, T06To mMHO3eMucTicTh nocsirae 0,30—0,35, 1110 He xapakTepHO ISt
nudepeHuiiioBanux cieHiTiB ['apaepa. Xoua BMicT Ti B aHiTax BUCOKMH, 1€l eJleMEHT He
TOKAa3y€e YiTKOi 3aJIeXKHOCTI Bi cTyreHs audepeHuialiii. [IpoTe MoXHa o4iKyBaTu 3HUKEH-
Hs1 KoHueHTpauii Ti B cuiabHile audepeHIiioBaHUX MPOIYKTaX.

HajiBax1uBili YMHHUKK 3MiHM CKJIAJy TOJOBHMX MiHEpaJiB rinepcoJibBYCHUX Ci€HITIB.
o HuMX HajexaTh TaKi: a) MOYATKOBMM CKJIad Ci€EHITOBOrO pO3ILIaBy, SIKWM BimoOpakae
TMeBHUI eTan (ppaKilioHyBaHHSI B MAarMaTMYHOMY BOTHMUIIi; 0) MOTEHIIiad KUCHIO B PO3ILIaBi
Ta moinHil ¢asi, 110 BimoKpeMuaacs Bill HbOTO; B) CKJal BiloKpeMyeHoi ¢GuitoinHoi da3u
Ta ii TUCK; I') TeMIlepaTypa po3ILIaBy, MOYaToOK i KiHeLb KpMcTaji3allii, TpUBaJiCTh
KpUCTaJli3allii; d) CKJIaa MocTMarMaTuyHoro ¢mioimy, ioro TUcK (TOOTO HampaBlIeHiCTbh
3MiHM THCKY), KHUCJIOTHI XapaKTePUCTUKHW, TPUBAJIICTb B3aEMOIil 3 TBepAUMHU (ha3aMu.
BinbIricTh i3 IMX YMHHUKIB MPSIMO YK OTIOCEPEIKOBAaHO MPUB’SI3aHi 10 IMOMHU (hOpMYyBaHHS
nopin. HaiiGinpiie 3aciayroByloTh Ha OOBipy BHM3HauyeHHS (i3MKO-XiMiYHHUX YMOB
KpUCcTaji3alii MiHepaJjiB, peKOHCTPYIOBaHi 3a JaHUMM JOCTiIKeHHS (JIIOITHUX BKIIOYEHb
SIK PENTiKTiB MiHEPAJIOYTBOPIOBAILHOTO cepenoBuina. Ha xxanb, HaM HEBiIOMi, 32 BUHSITKOM
A30BCBKOTO IITOKY [5, 16], pe3ynbTaTh BUBUYEHHS TillepCOJbBYCHUX CIEHITIB 3 IIbOTO OOKY.

IIlo crocyeTbcsi A30BCHKOTO IITOKY, TO BUSIBI€HI B IMPKOHI BKJIIOUEHHSI Naayd 3MOTY
OLIIHUTH TTOYATKOBY TeMITepaTypy po3iuiaBy He Hrk4y 3a 1250 °C [5]. ITowmacTuio BUSBATA
BKJIIOUEHHSI MiHepasoyTBoptoBaibHOro cepenosuiia B JITTI (puc. 4), ki He 3aauIIalOTh
CYMHIBiB, 110 HA MOMEHT iXHbOT'O 3aXOIUICHHSI BMiCT BKJIIOUEHHS 3aJMILIABCS PiIKUM, ajie
PO3KpHCTali3allisl 3aXOIJIEHOI0 PO3IJIaBy BigOy/acs HalOIMKYMM YacoM Micjist KOHcepBallii,
IO YTBOPeHHs NepTUTiB. I xoya momibHOTro TUMy BKJIIOYEHHS TPAIISIOTHCS HEdacTo,
OibIIICT, MiHEpaJbHUX arperaTiB BcepeauHi kpuctaniB JIITII moxna BimHecTu mo
CUHTE€HETUYHUX YTBOpeHb. BoHM KpucramizyBanucs ado omHoyacHo 3 JIIIL, a6o nmeimo
Mi3Hille, i3 3aXOIJIEHOrO KpHUCTajioM po3riaBy. CUHITeHETUYHI BKIIOYEHHS CBimyaTh Ipo
Iy>XXe 3HAYHY HEOMHOPIAHICTh 3aJMIINKOBOIO PO3ILIaBy, IO MOXE OyTH 3yMOBJEHE SK
HaJI3BUYAHOIO B’SI3KICTIO pPO3IUIABY, TaK i AyXXe IIBUAKUMU TeMmnamu Kpucramizanii JITTLL
Ha T/ pi3KOro 3HWXEHHS TeMreparypu i MiHauBoro TUcKy. Ciim 3a3HaAYMTH, 110 CKJIam
pesiktoBoro poaruiaBy B JITTI Bigpi3Hs€TbCS He JulIe AJS MeJaHOKPAaTOBUX i
JIEMKOKPAaTOBUX Pi3HOBUAHOCTEN, CTaOUIbHICTh BiJICYTHS B MeXaX OZHOIO THUITy ITOPOIM,
HaBiThb Ha AyXe BY3bKux AinsHkax. Y JIIIII 3 MelaHOCIEHITIB TOMiHYIOTh BKJIIOUEHHS,
TOJIOBHUM KOMITOHEHTOM SIKMX € 3€JeHMI CIIOMOIOAIOHUI MiHepas, SK MTOBUHHO OyTH y
pa3i KpucTaiizalii po3riaBy 3a (eHHEpPOBCHKOIO cxeMmoio. MIoopuT, MarHeTUT, aibOiT,
KapOoHarT (KaJablLUT) — LI Ti (ha3u, yacTKa SIKUX cepell MPOAYKTiB KpUCTali3allii peJiKTOBOro
¢moiny Bech yac 3MiHwoBaacsi. B JITIII 3 jeiKOCIEHITIB TOJOBHUMHU y BKJIIOYEHHSIX €
pYIOHiI MiHepaiM i aJbOIT B HEMOCTIMHIN acowianii 3 ¢aoopuToM, KapOoHATOM (CUIEPHUT)
i 3€JIEHO->KOBTUMMU CITyTaHO-BOJIOKHUCTUMU arperataMu, 1110 HaraayloTh rinpocmony. Ilonpu

* ToTeHLi#HO BMicT MaHraHodiIiTy B aHiTi Moxe csirati 50 % [19].
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’ Puc. 5. KpucranizauiitHa HeoOqJHOpPiAHICTh
" LT pO3IUIaBy, 3aKOHCEPBOBAHOIO y BKJIIOYEHHI

-l % ]

HecTabiIbHICTh IXHBOTO BMicTy BKItoueHHs B JITTII cBimyath Bce-TakKu Ha KOPUCTb IeHe-
TUYHOI CHOPiMHEHOCTI BUAIEHUX TUIIIB Ci€EHITIB.

SAckpaBy imocrtpaliito qudepeHiialii po3riaBy B MiKpoMaciiTabi MOXHa CriocTepiratu
B OIHOMY 3 BKJIIOYEHb B aHOPTOKJIA3i 3 MEJAaHOKPATOBUX CI€HITIB, Maii>ke Ha KOHTAaKTi 3
sefikokpatoBumu. Lle dparmMeHT, 3aBIOBXKKM | MM, BEJIMKOTO BKJIIOYEHHsS (puc. 5), ske
Mae ¢GopMy IJIOCKOTO, Jell0 BUIOBXEHOro HeratuBHoro kpuctaia JITILI, wmo e
He3alepeyHUM KpUTepieM 3axOIUIeHHsT ioro 3 piakoi da3u. KoHTypH BKIIIOYEHHS HEpPiBHI,
OoKpeMi a3y BUCYBAIOThCS 3a MOTO TemepillHi Mexi. Take sSIBUIlE € TUITOBUM IS BKIIOYEHb
pO3IJIaBy, LIO 3YMOBJIEHE BilKJIalaHHSIM Ha CTiHKAaX BaKyoJli KOMITIOHEHTIB pO3IJaBy,
CIIOpinHEHMX 3 MiHepajoM-rocronapeM. O0’eM aHOPTOKJIA3y, BiIKJIAJAEHOTO Ha CTiHKaXx,
CTaHOBUTD OJIM3BKO TPETUHU CY4aCHOTo 00’€MyY BKIIIOUEHHSI, IOr0 KpucTajizallis BigoOyJacs
10 YTBOPEHHs IMEPTUTIB. YHACTIZOK KpHUCTaji3allii pellTH 3aKOHCEPBOBAHOTO PO3ILIABY
YTBOPUBCSI 3€PHUCTUI MiHepalbHUI arperar, B SIKOMY 3a JOINOMOIOIO MOJSIpU3aliliHOrO
MiKpOCKOITIa MiaTHOCTYIOThCSI JBa TUIIM CIIOOM — TEeMHO-3ejJeHa i 6e30apBHa, (IIOOPUT,
anb0iT, pyAHi MiHepaliu — MarHeTuT i reTut. CIoCTepiraeTbesi CBOEPiIHA 30HATIBHICTD Y
po3TalllyBaHHI BUKPMCTATi30BaHUX MiHEpaliB Bim Kparo 10 LeHTpY (puc. 5, a, 6), SKIIO
BBaXkaTW, 1110 PO3KOJ BKJIIOUEHHS BimOyBcs nmocepenvHi. Ha mepudepii 1oMiHYIOTh JelicT
TEMHO-3eJIeHOI (3a1i3UCTOl) CIOAU, SIKi 10 LIEHTPY 3MiHIOIOThCS i30METPUYHUMMU JIyCKaMU
conu 0J1imo-3e1eHoi i 6e30apBHOI (amoMiHieBOT). CKymueHHs (DJII0OPUTY CKOHIICHTPOBaHI
BUKJIIOYHO B LIEHTPi Y BUIJISIAI PO3TATY>KEHUX 3BUBUCTUX iHIMBIAIB B abOITOBI MaTpUIIi.
OueBMIHUM € HapoOIleHHsI KOHIeHTpauii F mo KiHug Kpucrajizaiii 3aKoHCepBOBAaHOTO
pO3ILIaBy.

HeonHopinHicTh 3a/IMIIIKOBOTO PO3ILIaBy 3yMOBJIEHA TAKOX JiKBalliltHUMU MPOLIECaMU.
Jyxe 4acto B MMoJie 30py MiKpPOCKOIa MOTPAIUISIIOTh BKJIIOYEHHS, sIKi 3a BCiMa O3HaKaMu
HaJiexaTb J10 IEPBUHHUX, ajle CKJIa[ 3aKOHCEPBOBAHOTO B HUX PO3IUIABY HACTUILKY Pi3HUIA,
1O J03BOJISIE MPUIYCKATU JiKBallil0 B 3aJMIIKOBOMY PO3ILJIaBi — BiOKpEeMJIEHH S
TOMOTE€HHOTO CUJIiIKaTHO-TaJ0IMHOIO pO3ILIaBy Bil 6aratoro 3ajizoM cujiikatHoro. [lepiimii
pO3ILJIaB PO3AUIMBCS 1€ pa3, 3 YTBOPEHHSIM CHJIIKATHO-COJIbLOBOI €MYJIbCil, i K KiHLIEBUM
pe3yJabTaT MU CIIOCTEPIraEMo 3akKpyrjieHi 3epHa (GII0OPUTY B MATpULi TUIACTUHYACTOTO
anebiTy (puc. 6). He MOOMMHOKMMU € 3HAXiOKU CUIIKATHUX KYJIbOK Y (hIIOOPUTI, HEPIIKO
3 HMpKOHOM (puc. 7). "EmynbciitHi" 3epHa GIr00pUTY MIiCTAThCS TaKoX B amdiboJIi, coi,
6esnocepenHbo B JITTLL i Mixk 3epHaMu LIMX MiHepaliB. 3 OMIsIAY Ha Pi3HUIA cKa GIIIoinHUX
BKJIIOUYEHb y caMOMy "eMyJibCiiiHOMY" (hJII0OpUTI 1ie pi3Hi TeHepallii (hTopUIay Kajbllilo, 110
BUKPUCTATi3yBaBCs 3 Kpareb rajoinHoro (uioiny pi3HOTo CKiamay — Bil YMCTOTO COJIbO-
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. ¥ "~ Puc. 6. JleiicTononi6Hmit anboiT 3 BKIIOYEHHAMM
W ![],ﬂm i30METPUYHUX 3epeH (UIIOOPUTY SIK HaCiIoK
— KpUCTali3aLii CUJIiKaTHO-COJIbOBOI eMYJIbCii

Puc. 7. Kynbku 3akpucTani3zoBaHOro
CUJIIKaTHOro po3mjaBy Yy GIOOpPUTI.
OIHOroMOBUI KPUCTAT LMPKOHY CBIIYMTh MPO
{ioro HampasJeHMii pict

BOTO i CMJTIKaTHO-COJIbOBOTO PO3IUIABY JO PO3COJIiB-PO3IIABIB i MEPECUYEHUX COISIMU PO3-
YWHIB, BiTOKpEeMJICHUX Ha pi3HMX eTarnax audepeHiialii MarMmaTuyHoro posruiay. Lli mpo-
1lecH BimOyBaJMcsl B peXUMi 3HVXKeHHsT Temrepatypu Big 800 (MoxiuBo i Buile) g0 500—
450 °C. Ilepie 3HaYeHHSI XapaKTepU3yE YMOBHM KpUCTaTi3allii (hJIr0OpHUTy BUKJIIOYHO B MeJia-
HOKpPATOBMX IIapaX, OCTAHHE € TUITOBUM ISl JICHKOKPATOBUX. 3HWXXEHHSI TeMIIepaTypu Cy-
MPOBOIXYBAIOCS 301IbIIICHHSIM KOHIEHTpallil Bonu y ¢hTopuaHoMy GIloifi Ha TIi 3arajbHO-
TO BUCOKOTO THCKY JIETKUX KOMIIOHEHTIB.

IMpo ¢isuko-xiMiyHi YMOBM KpuCTai3allii cBimyaTh cami MiHepalu sSIK iHIWBimyamizo-
BaHi (ba3u eKCIepMMEHTATbHO BUBYEHUX MPUPOTHUX cUCTeM. MiHepanu, 10 € YleHaMu
i3oMop(dHOro psay, B mpoleci AudepeHILitoBaHHS TilepCcoIbBYCHOIO CiEHITOBOIO PO3ILIaBY
3MiHIOIOTh CBill CKJIa[l Ha 3arajl 3aKOHOMipHO, i LIS 3aKOHOMipHiCTb 30€pira€ThCs B yCiX BilOMUX
IHTPY3isIX TilepCOJbBYCHUX CIEHITIB.

Hns JITII cieHiTiB cnocTepiraeTbcsi 3aKOHOMipHEe BIiIXWJIEHHS CKJIady Bind
MOJILOBOIIMATOBOrO MiHIMyMy. Y Ci€HiTax 3 KBaplOM i B [elI0 Mi3HiluX audepeHiiatax —
JIYXKHUX TpaHiTax i mermMaturax cepeaniit ckman JITTI 3mitnyerbest B 6ik optokiasy (50—40 %
Ab). JITIII 3 eripyHOBUX Ci€HITIB KBap1oBOro "smapa” SIcTpyOGerbKoro ToKy MiCTUTb JIMILE
52 % Ab. 3HMXeHHsT BMicTy Ab croctepiraetbcsa B JITTII 3 merMaToifHMX KBapli-
TOJIbOBOIITATOBMX CiEHITIB A30BCHKOro IITOKY [5]. Lle y3romkyeThcst 3 TUM, 110 B IMi3HILIAX
Kucux audepeHIliataXx CIocTepiraeTbesl He JIMILE 3HWXKEHHST KiJIbKOCTI JIYTIiB i 3aji3a, a i
30ibIeHHs criBBigHOIIeHHs: K/Na i 3MeHieHHs1 criBBigHoueHHsT K/Rb [29].

Ha igxunennst ckiany JITTII Bix "MosboBOILIMNATOBOrO MiHIMYyMY' MOXYTh BIUIMBATH
pi3Hi ynHHUKM. [To-nepiue, minBuieHHsT TcKy H,O 3Milltye TouKy MiHiMyMy B Gik Ab [13].
IIpucyTHICTb Y JEMKOKpPATOBUX CieHiTax cmomu (iHomi mo 15 %) ¢dopMaibHO CBITYUTH TIPO
BUCOKY KOHIIEHTpalito BogHoro dmoiny. Ili3Hima cybcosimycHa Kpucrtamizauis 0ioTUTY
MOPYIIY€E CIiBBIAHOIIEHHS JYTiB y paHHbOMY MoJboBOMY Iumarti. Kpim Toro, ¢a3osi
CMiBBiIIHONIIEHHSI MOXYTh OyTH MOpYIlIeHi y pa3i BimaiuteHHs ¢moinHoi da3u, 30arayeHoi
rajoigamu i CO,.

MOXJIMBUM YMHHUKOM “aJIbOiTH3allii’ Moxke OyTM peakilisi YTBOPEHHS aHiTy 3a paXyHOK
MarHeTury i oproxitasosoro kommonenTa: Fe;0, + KAISi;O; + H,0 — KFe;[AlSi;O,,/(OH), +
+1/20,. Anbp0iTOBI OOJISIMIBKM NOBKOJIA KPHUCTAJiB aHITy 3 MarHeTUTOBUMU “sapamu’
CIIOCTEPIraloThCs JOCUTH YAaCTO i He JIMIIE B CiEHITaX A30BChKOro MITOKY [23]. Binbiunii BMicT
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aTb0ITOBOrO KOMIIOHEHTA B aHiT-aHOPTOKJIA30BUX JIEMKOCIEHITaX A30BCHKOIO IITOKY [5], sKi
MICTATh MiABHUILEHY KilbKicTb F i SiO,, Moxe OyTH 3yMOBJIEHUI i 3MIilLIEHHSIM TeMIlepaTyp-
HOro MiHiMyMy B OiK aib0iTy, i peaxiliiiHolO B3aemogielo Fe-okcumiB 3 Kami€BUMU KOMIIO-
HenTamu JITILL 3 yrBopeHHsM aHiTy. [IpoTe BUHUKAE CYyMHiB, YA MOXYTb 11i JIOKAJIbHiI 3MiHU
ckiany JITI mpu3BecTu A0 HACTIJIbKM CYTTEBOIO 3CYBY CEPEAHBOrO CKJIaay B OiK Ab.
HaiimeH111e BUBYEHMIT YUHHUWK TOB’ I3aHWI 3 BEJIMKOIO KOHIIEHTpAILIEIO B PO3ILIaBi TOpY.
Barato sKi TirmepcoibBYCHI CiEHITM XapaKTepW3YIOThCSl MiIBMILEHUM BMicToM ¢Topy [3, 4,
29], iKWt BXOAUTB 10 CTPYKTYPHU JesIKMX MiHepastiB (aMibois, cimon, docdariB, KapOoHaTIB),
a TakoX YyTBOpIoe (hIIOOPUT YK€ Ha CTaldii MarMaTWMYHOI KpucTamidauii. PecTpyktypusaris
CWJIIKaTHOTO PO3IUIaBy (PTOPOM BUSIBIISIETHCS Yepe3 3HAYHE 3HWKEHHST TeMIepaTypy COJTiLyCy

i B’s13KocTi. ExcniepumenTanbHo noseneHo [17], 1o B posmiasi, HacuueHoMy Bonoko ( Py 0 =

= 1 I'Tla), Mae Miclle 3HMKEHHSI TeMIepaTypy KBapll-IOJIbOBOIINATOBOI €BTeKTHKU 3 720
[27] mo 630 °C, konu KoHueHTpauis F > 4 %. Ckian eBTEKTMKU Pi3KO 3MIiHIOETHCS B OiK
3MEHIIEHHsST KiTbKocTi KBapuy (3 37 mo 15 %) i 36iablueHHsT aab6iTOBOI CKJIamOBOi.
TemnepaTypHuii MiHiMyM TepeMillyeThest Bifl Abs,Or,g (v cucremi 6e3 F) 1o AbgOrs, (4 %
F). Komu Bmict F Benukuii (F > 4 % a6o F > 8 % CaF,), MoxHa crioctepiratu 1Ba edekTu:
cucteMa abo MepexonuTh Y IBOIMOIbOBOLINATOBRY (CyOCOMBBYCHY), a00 JiKBipy€ 3 YTBOPEHHSIM
rajoigHoi i cuimikatHoOi pimuH. JlesKki JelKocieHiTH A30BCHKOTO INTOKY MicTaTh a0 10 %
dmoopury i He Ginble 20 % ksapuy, a Kinbkicte Ab B JITIII gocsrae 72 %. Y Takomy
BUITAAKY CJil OUiKyBaTM MpPOSIBY HE3MIllyBaHOCTi, ajie JUIsl LbOTO, OYEBMIHO, IMOTpiOHA
KOMIUIEKCHa mist JeTKoi ¢a3u i F Ha posmias.

Binomo, 1110 dopmyBaHHsI 100pe pPO3BMHEHOI ITEPTUTOBOI CTPYKTYPY MOXKJIMBE JIUIIE B
YMOBaX MOBUTLHOTO OXOJIOKeHHSI. HeBeauKi po3Mipy TilepcosibByCHUX IITOKIB i MTOPiBHSHO
Masia rmbrHa hopMyBaHHS HiOW He CIPUSITIIMBI VTS 11boro, IpoTte K-daza nepTutiB Biamosigae
BHCOKOMY CTYIIEHIO BIOPSIIKYBaHHS (MaKCUMaJIbHUI1 MiKPOKJIiH ), HaBiTh SIKIIIO BOHA ONITUYHO
MOHOKJIiHHA (opToKia3). Lle Moxke Oyt 3yMOBJIeHe: a) iHTpy3i€lo po3ruiaBy B "rapsidi” mopoau;
0) HU3BKOIO TEMIIEPATYPOIO COJbBYCY, 11O CIIPUYMHIOE IIBUIKE BIOPSIAKYBaHHSI 6araroi Ha
Na romoreHHoi (a3u; B) MiABUILEHUM BMICTOM (DIIIOIIIB, SIKi MIPUCKOPUJIM BHOPSIAKYBAHHSI.
HaitimoBipHilue, 1110 BU3HaYaIbHUM OYB IPYTUii YUHHUK, 00, MO-TIepille, B KpaloBUX (allisix
JITTL meH11Ie BIIOpsIIKOBaHUI, TOOTO eheKT 3arapTyBaHHS Bce-Taky MPOSIBUBCH, i, MO-ApyTe,
B 0araTb0X BUIIAAKaX YTBOPIOIOTHCSI KPUITOIEPTUTH 3 KPAaCUBOKO OJIAKUTHOIO ipu3alli€lo, B
sikux Na- i K-dhaza BUSIBIISIIOTh KPUTITOABIHMKOBY OynoBY (MOHOK/TiHHA ontvkal). Lle cBimuuTh
PO HEBEJIMKY aKTUBHICTh BOTHOIO (JII0iay 400, MOXKIJIMBO, IIPO KOPOTKMIT Yac Moro B3aEMoJii
3 JITII. ¥ Thx BuUMaakax, KOJAM IMOCTMAarMaTMUHMI (IeHTepUYHUIA, 32 TEPMiHOJIOTIEID
A. TlapcoHca) ¢uoin aKTUBHO B3a€EMOIIE€ 3 MEPTUTOBOIO CTPYKTYpOIO, MPOLIEC cerperanii i
"nmepeKkpucTatizalii’ mepTUTIB MOXe 3aBepIINTUCh TTIOBHUM PO3IUICHHSIM MEPTUTY Ha ajibOiT
i mikpokutiH. Ileit mpoliec BuBYeHUI netanbHo [30], a fioro ocTaHHi cTanii HaOLIb1E BUpaXKeHi
B JITII i3 TakcuTiB A30BchbKoro 1Toky [4]. Cerperatiist TepTUTIB MOXe ITPU3BECTH IO TIOMUJIOK
npu Bu3HaueHHi ¢azoBoro ckiuany JIIIII, xoau rpy6o3epHUCTi MOpOAM BUBYAIOTHCS
MiKpPOCKOITIYHO.

®emivyHi MiHepanu 3 i3oMopdHUM 3amillieHHsIM Mg Ha Fe mokasyioTb mporpecMBHUIA
picT 3aji3ucTocTi 3 XomoM auvdepenuialti. [Toza cyMHiBOM, 3MEHIIEHHST CIiBBiZHOIIEHHS
Mg/Fe € HaclminkoM 3HUXEHHs TemIiepatypu, 00 3amizucti wieHu Mg-Fe izomopdHux
psniB — 1e OiTbII HU3bKOTeMITepaTypHi (a3u. Ock YoMy TOJIOBHUM UTsT (peMiYHMX MiHepasliB
€ Mg-Fe-Tpena 3MiHUM cKiamgy 3aleXHO Bia cTymeHs audepeHuiarii. g MiHepamiB, 1o
mictath Ca (mipokceH, amdi®os), MPOCTiIKOBYEThCS 1Ie OAMH TPEHJ, 110 3alIeXUTh Bil
TeMIIepaTypy, — Ha ocHoBi 3aMileHHs 2Ca — Na + Fe3*. [Iporte peanizalis LIbOro 3aMillleHHS

3QJIEXUTD Bill TOTEHL{aly KUCHIO B po3IulaBi (~Fp, ) 1 NpU MEBHUX 3HAYEHHsIX, AK Le Mae

MiClie B yCbOMY OiJIbLII HiXK OJHOKIJIOMETPOBOMY PO3pi3i SCcTpyOeLbKOTO 1ITOKY, TeIeHOEepTIT
TOKa3ye BUCOKMIA BMiCT aKMiTOBO1 MoJieKyu. JIyxkHuit amioot i mipokceH (pubeKiT, eripuH)
PO3MillleHi B KiH1Ii ITbOro TpeHIy. Acoliallisl MX MiHepaJiB 3 KBApLIOM CBiTUUTh PO TEHAEHIII0
pocty SiO, B MEHIII Trapsiumx i, O4eBUAHO, OaraTIIMX BOAOIO po3uiaBax. SK Biln3epKaaeHHs
iei TeHaeH1ii, B amiboJi criocTepiraeTbest MporpecuBHe 3amillieHHs Al Ha Si, 1110 BUSIBJISIEThCS
B 3aMiHi (eporacTUHTCUTY Ha (epoeleHiT i mi3Hille Ha epoKaTohopuT.

IlepenbavyaeTbes, 1110 aKTMBHA KPYCTATi3allisl JIy>KHUX aM(iOoJIiB CUIIbHO OOMEXY€E CKIIa
MipoKceHy 3 60Ky aKMiTOBOTO KOMIOHeHTA. [ilicHO, CiEHITH i JIy>XHi Ci€EHITH po31IapoBaHO1
iHTpy3ii (HerinepconbBycHoi) Ilonkin Car [19] He MmicTare am@iboay, 3a BUHATKOM
apdBeICOHITY B HAIUTYXHILIMX MOpoaax cepii. IM B1acTuBa MaBHA 3MiHa CKIamy MpPOKCEHY
B OiK akmiTy, mpuyoMy rmodaTok Na-TpeHza BilloBinae ckiamy 3 BeJIMKUM BMicToM Mg (40—
75 % Hd). Takum 4MHOM, KpUCTaIi3allisl TY>KHUX MiPOKCEHIB 3aJIEXXUTh BiJ aKTUBHOCTI BOJ-
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Horo ¢umoiny, sAKuii 3yMOBIIOE yTBOpeHHsT amdibony. ITinsuienuii Bmict F i Cl y po3masi
3HAYHO PO3LIUPIOE 00J1aCTh CTA0LIbHOCTI aMdi®ojy B OiK BMILMX 3HAYEHb TeMIlepaTypH, 1ie
Oinblle OOMEXYIOUM CKJam IipokceHy 3 6oky Hd i Ac.

JIyHicTh po3ruiaBy Haitbiblle BIUIMBAE Ha ckian O6iotuty. ITomiueHo [8], 1o Giotutn
3 JIy’KHUX (TilePCObBYCHUX ) CIEHITIB BIIPI3HSIIOTHCA Bil OIOTUTIB i3 JTy>KHO3eMeTbHUX MEHIIIUM
BMicTOM Al i Gi1bIIMM — Mn. A30BCBKHI LITOK MOKA3Yy€ Pi3KUiA KOHTPACT MixK JIeKOCIEHITAaMU
i pO3TalllOBaHMMU HUXXKY€ TAKCUTOBUMU Ci€HiTaMU. BHCOKOINIMHO3E€MUCTHI aHIT — JOMiHyIO04Ya
TEMHOKOJipHa (paza B MerMaToilHOMY aHOPTOKJIA30BOMY Ci€HiTi, SIKMII HEe Ma€ 30HU
3arapTyBaHHsI HA MeXi 3 TakcUTaMu. SIKIIO TPUITYCTUTH, IO JEHKOCIEHITU € HACTYITHOIO
craniero audepeHIialii mcist MeJaHOKPAaTOBUX TAKCUTIB 3 (PepOraCTUHICUTOM, TeleHOepriToM
i ¢asimiToM, MY MOBUHHI MOTOAMTUCS 3 TUM, 11O IXHSI KpPHUCTajli3allisl CIPOBOKOBaHA Pi3KOI0
3MiHOIO iCHYI0UOI piBHOBaru. Ilepenycim 1ie BUSIBUIOCS B pi3KOMY 30ibIIEHHI alb0iTOBOrO
komnoHeHTa B JITTII i B kpucramizaiii aHiTy. Xoya caofa 6aratiia Ha Bomy, HiXXK aMdiboi,
TOBOPUTH TPO 30UTbIIEHHST KOHILIEHTpallii BOAW B PO3IJIaBi HEMA€E MiACTaB, 00 BMICT aHIiTy B
Topomi ayXke HM3bKWiA (0 CyTi, 1l MepTo3uTh) i meptutoBa ctpykrypa JIITII maitke He
3MiHWIacsl. Bu3dHavYalbHUM YMHHUKOM 3MilllEHHSI PiBHOBarvM ILIBUALIE MOXHAa BBaXkaTu
Bucokmii BMmicT SiO, i F, mo Bin6unocs B yrBopeHHi ¢umooputy i kBapuy [17]. Bumict F y
MadiyHUX CIJTiKaTax 3aJIeXKUTh Bill TEeMIIepaTypH iXHbOI KpUCTaJTi3allii i, OTKe, BitOMBaE CTYIMiHb
nudepeHiianii. BctanosaeHo [13], 1o 3 pocTtoM 3aji3ucTocTi KiabKicTh F B GioTuTax
3MEHIIYEThCS, 1 B aHITi Mi3HiX AudepeHIiatiB foro Bkpail Mamo. Huszbkuit BMicT F B aHiTi
MOXe OyTM CIIPUYMHEHUI TaKoX CyOCOJiIyCHOIO KpHcTaji3ali€lo ocraHHboro, 6o F, Ha
BinmiHy Bix H,O, yrpumyeTbcst B po3IuiaBi, 0ocoOIMBO B Jy>kHOMY. Acouianis amdioony 3 F i
aHiTy 6e3 F Moxe CBiIUMTU TpPO Pi3HUUM CMOCI0 iXHBOTO YTBOPEHHS, TOOTO 3 PO3ILIaBY i
MOCTMarMaTuyHoro (Jroimy.

J1J11 BUCOKO3aJTi3MCTUX MiHEpaliB Ci€HITIB BIACTUBMU MigBuileHUiA BMicT Mn. Te, 1o
Mn 30araveHi i paHHi (oniBiH), i Mi3HiIII HU3bKOTeMMepaTypHi (aHiT) a3y, CBIAYUTH TPO
3arajibHy TeHIEHLIi10 30arayeHHs1 po3rjaBy Mn y mpolieci KpucTaaidaliitHol gudepeHuialii.
BinzHauuMo, 110 MPOTSKHICTh TPEHMIB 3MiHU CKJIAAy MiHEpalliB 3aJIeXKUTh TaKOX Bif
MMOYaTKOBOIO CKJamy iHTpymoBaHOTo po3ruiaBy. OcKiabku cepel (eMiuHUX MiHepalliB
A30BCBKOI0 Ta SIcTpyOelIbKOro LITOKIB MM HE 3HAXOAMMO Pi3HOBUIB, OaraTux Ha Mg, MoXHa
IIATA BUCHOBKY, III0 MarMa IIUMX iHTPY3iii — OOWH 3 OCTaHHiX (OJU3bKUI 00 3aJIMIIKOBOIO
KiHIIEBOTrO) MPOMYKTIB (hpaKIliOHYyBaHHSI OiIbIII OCHOBHOTO PO3ILIABY, JOKATi30BAHOTO IIMOIIIE.

3aciyroBye Ha yBary BilXUJICHHSI MiHEpaJIbHOTO CKJIAMy CiEHITIB Bill IESIKOTO "CepeTHbOT0"
3HaueHHs1. BOHO CyIpOBOIXKYETHCS 3MiHAMU CTPYKTYpHM Mopoau (TermMaroinHa, MOMKIIiTOBa,
nceBoorpadiyHa Tollo) i 3MiHaMU Yy CIiBBiTHOILIEHHSIX MiHepaliB TEMHOKOJIipHOI Tpynu abo
MadiyHuX i camiyHUX MiHepaiiB. Tak, y IIMPOKO PO3MOBCIOMKEHUX cepell CIEHITIB "BHYTPIllIHIX"
nerMaTurax (iHOmi 3 KBaplioM, ajie He 000B’I3KOBO), JIe TOMiHYIOTb BEJIMKi KPUCTAIM OPTOK/Ia3-
MepTuTy abo MikpornepTuty 3 ~ 54—48 % Ab, MomiOHi JIOKaJbHi YTBOPEHHS CBim4YaTh MPO
3MillleHHSI piBHOBaru B pO3IMJaBi, 1O KpHUCTaldi3yBaBCsI, BHACHigoK "¢aykryanii”
TepMOIMHAMIYHUX TapaMeTpiB, HANpUKIIAL HACHMYEHOCTI JieTKolo dazor. DiykryauiiitHuit
XapakTep KpMCTalizallii BUSIBJISIETbCS 4Yepe3 TOHKOLIApyBaTy TEKCTYpPY ITOPOIM, 3YMOBJIEHY
YyepryBaHHSM I1IapiB Pi3HOro MiHEpaJbHOIO CKiany (KyMyJsTUBHI cTpykTypu). Lllmiposi
BUIJICHHSI TEMHOKOJIiPHUX MiHEpasiB y TAKCUTOBUX CiEHiITaX A30BCBHKOTO IITOKY MOAUISTIOTHCS
Ha Taki acomiari: amdidbon 3 kBapuoM; aMdibon 3 ¢asuitoM abo remeHobepritom (abo 3
TIEPIINM i IPYTUM); PIIKiCHIIIMMHU € KYMYJISITY 3 TeieHOepriToM, dasutitoM, ane 6e3 amdidoy.
3po3yMmisio, 110 MOMOBHEHHs MadiuHOI acouialii MiHepanamu, o Mictate H,O, Hanpukian
amM@ibos0M, HEpiAKO pa3oM i3 Mi3HIlLMM, aje MarMaTUYHUM OiOTUTOM, 3YMOBJIEHE
MepioAMYHUMU 3MiHamMHu XiMiuHoro noteHuiany H,O B posruiasi. KonnBaHHST OKMCHIOBATEHOTO
MOTEH1jay, 1[0 MOB’sI3aHi 3 MepioNMYHUM HAIXOIKEHHSIM Yy po3iuiaB H,, Morm cipuauHuTH
TepepBy B KpuYcTaizallil dasuliTy, sKi (iKCYIOTbCS SIK pO3PUBU Ha TPEH/I.

lapHuii mpukiam 3MillleHHsI PiBHOBarM y pasi YTBOPEHHSI TOHKOI IIapyBaTOCTi MU
CTIOCTEPIraEMoO B TAKCUTOBMX Ci€HiTax. K Bxe OyJio 3a3HayeHO, aMdibo Moxe IepedyBaTu
B acolliallii 3 KBaploM i ImipokceHoM (* asutit). I xoya HUIipOBI Mpolapku OyBalOTh
pO3TallloBaHi qyXe OJIU3bKO MiX CO00I0 (~ NIEeKiJlbka CAaHTUMETpiB), cKiIam amMdidosy B HUX
HeomHakoBWii. B acomiaiii 3 KBapioM (peporacTUHICUT 3aBXIU OiMbIN JY>KHUNA i MEHII
IJIMHO3EMUCTUI, HiOW iMiTye cuTyallito B mi3Himmx audepeHuiatax. BkazaHi "purMiuHi"
KOJMMBaHHS ckiany amdidomny (i MiHEpaJbHOTO CKIaay LUTipiB) BUSIBSIIOTH 3MiHM TEPMOIM-
HaMiYHUX TIapaMeTpiB po3miaBy. MoxHa Julle MPUIYCTUTU, 10 3MiHA CHiBBiZHOILIEHHS
Si/Al B amiborni BimoOpaxkae 3MiHy CHiBBiJHOLIEHHsI XiMiYHMX MoTeHLianis Na,O i H,O B
posmiaBi. O4yeBUIHO, TaKi pUTMiuHiI (IyKTyallii mapaMeTpiB HajlexXaTbh 0 XapaKTEepHMUX
0CO0IMBOCTEN KyMYJISITABHOTO TPOIIECY i € MOT0 MOXJIMBOIO MPUUYMHOIO.
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IMpo 3miHu xiMiyHOro moteHuiany H,O cBinyaTh TakoxX JIeTKi MPOLYKTU MipOJi3y OKpe-
MUX MiHepatiB i moponu B 1inoMy. Bmict 38’s13aH1x H,O i CO, cyTT€BO 3MiHIOETHCS HaBITh
y310BX 1-MeTpoBoro iHTepBaidy mopin. HecrabGinbHMM € BMICT iHIIMX JIETKHUX CHOJYK, 110
YTBOPIOIOThCS Mif yac miponizy — H,, CO, CH,, N,. B uinomy y pasi HarpisanHs 1o 1000 °C
cienitu Brpavarots Big 0,1 10 2 % cBo€i Macu y BUIIIOI JIETKUX CITONYK. OCOOIMBO pi3KO
KOJIMBAETbCST BMICT BooM B cieHitax — Bin 0,02 no 1,4 %. ®aykryauii CO, gewmo MeHIi —
0,04—0,9 %. Kopenstusno H,O i CO, majno nmos’si3aHi, Tomy cniBigHoweHHs: CO,/H,0,
sIKe, OYEBUIIHO, 3aJIEXXUTh Bill TUCKY (IIOITHMX KOMIIOHEHTIB Y CEpelIOBUILl MiHEPATO-yTBO-
PEeHHsI, TAKOX 3MIiHIOEThCS, 3aIUIIAI0YMCh, MPOTE, MOPIBHSIHO BeJIMKKUM i OinbiiuM 3a 1. Ha
TJIi MEJTAaHOKPATOBUX ISl JIEMKOKPATOBUX 11€ 3HAYEHHSI Ie1o Oisbliie, Xoua cepesl 000X pi3HO-
BUHOCcTel € fimstHku, ne CO,/H,O < 1. Haiibinblue JeTKMX MPOAYyKTiB, SIK cil OyJI0 O4iKy-
BaTU, MIiCTSITh MiHEpaJIM, 110 KPUCTATI3yBaIMC OCTAaHHIMM, B iHTepcTULisIX KpuctatiB JITTIL,
TOMY O0’€M TPOAYKTIB MipOJi3y 3pOCTa€ Maiike MPOTMOPILIMHO 3alOBHEHHIO iHTEPCTHMIIINA.
IMpore cnisBinHowweHHst CO,/H,O B TakoMy BUMAAKy 3MEHLIYETHCS SIK iHIMKATOP AUHAMIYHO
CJIaOKMX 30H, KyAu MepeMilllaBcsl 3aluIIKOBUI (umoin. Aje i 3a LUMX yYMOB TUCK (roimy
3aJIMIIABCS 11e 3HaYHMM. BusiBiieHi y kBapili, aab0iTi Ta (aooputi QmioigHi BKIIOYEHHS —
TOMY TiATBepaKeHHS. 2KomHe 3 ra3opifMHHUX BKIIOYEHb B iHTEPCTULIMHOMY (DIIIOOPUTI HE
BIAJIOCS] HABiTh HAOIM3UTH [0 TeMIIEpaTypd TOMOIeHi3allii, 11100 BOHO HE PO3repMeTU3yBaTOCs
yepe3 BeJIMKUI BHYTpilHil THcK. Bxmoyenna pinkoro CO, 3 1, ~25 °C BusBIeHi y KBapui i B
HEMEepPTUTOBUX BUILICHHSIX albOiTy cepen JieKocieHiTiB. HaBiTh sIKIIO 1i MiHepaau Kpuc-
TaiizyBamcs 6mu3bko 200—300 °C, to tuck Habmmkascs no 100 MITa. Ille cuibHie cruc-
Henuii CO,-dmoin (7., = —17 + =2 °C; ryctvHa, 3 ypaxyBaHHsAM gomimku CH, > 0,8—
0,9 r/cM3) 3adikcoBaHMii y KBaplli 3 MEJJAHOKPATOBMX MPOLIapKiB. [lapaienbHo 3 MM KBap-
oM a0o0 Jelo paHillle KpUCTalidyBaBcsl KBapll i3 BKJIIOUEHHSIMU COJIbOBUX po3coiB. Temrie-
paTypa yTBOpPeHHsI OoCcTaHHBoro Oysia He Hik4a 3a 400 °C. HaBiTh CKpOMHa OIliHKA THCKY
MOKa3ye, 1o ioro 3HayeHHs Moo gocsraty 200 MIla.

SK myke BaXJIMBUI NTOKAa3HUK, SIKUI pearye Ha YMOBM B MarMaTW4Hiil Kamepi (0COOIMBO
Ha OCTAaHHIX eTarax KpUCTaii3allii, KoJu BinOyBaeTbcsl 30araueHHs1 posmuiaBy H,O), mMoxHa
BUAUMTH criiBBinHOLIeHHsT Fe?t/Fe3* B Madiunmx MiHepanax, mo mictite H,O (amdibomm,
cmoaun). 3a UM CHIBBiTHOLICHHSIM cieHiTH SIcTpyOelbkoro il A30BChKOIO IITOKIB, OJM3bKi
MiX co0010 3a MiHepaJbHUM cKjaaoMm, ckiaamom JIITII i crymeHem audepeHLiallii, CyTTEBO
po3pisHsitoThes. [lo-Tepiie, B3noBxX ychoro po3pisy AcTpy06enbKoro mToKy B TEMHOKOJiPHUX
MiHepanax QikcyeTbes 3HauHMi BMicT Fe,O5 [2]. Y rosioBHiii posiiaposaHiii cepii, Ky MoxHa
3iCTaBUTU OO TEeBHOI Mipu 3 aMdiObOJOBUMU TaKCUTOBMMHU Ci€HiTaMU A30BCHKOTO IITOKY,
BmicT Fe,0; y mipokceHax, amdibonax i 6ioturax KonupaeTbest B Mexax 6—7, 8—1116—9 %
BinnosigHo. B amdibonax Asoscbkoro mtoky Fe,0; He Ginblue 5 %, a reieHOepriT NpakTUYHO
He Mmictuth okcuay Fe (II). IMimeumennit BMict Fe,O; crnocTepiraetbca B cmofi 3
JIEKOKPATOBUX aHITOBUX CiEHITIB (10 6 %), ajle B LIbOMY X MiHepaTi 3 (peporaCTHHICUTOBUX
PI3HOBUIHOCTE BiH He BULINUI 3a 5 %. Taka cyTTeBa pi3HUILIS CTYIEHST OKUCHEHHST TOJIOBHUX
MadiYyHMX MiHEPAJIB Y IITOKAX MOB’s13aHa 3 (Pi3MKO-XiMIYHUMM OCOOIMBOCTSIMUI KpUCTaTi3allii
cieHiTiB, Hacammepesa 3 aKTUBHICTIO KUCHIO. OCKiIbKM 3HayHuil BMicT Fe3™ BractuBmii
reieHOepriTaM, sIKi KpUCTali3yBaJIMCsS OMHUMU 3 MEPILINX, CTiJ JyMaTH, 110 B MPOLIECi €BOTIOL1
pO3IUIaBy aKTUBHICTb KMCHIO 3aJIMIIAIacs CTaOiIbHOIO ISl ACcTpyOelbKOro TOKY TPpUBATMA
nepion.

IIle cknagHimow € mpobysema MexaHi3My 3MiHM MOTEHLiaJly KMCHIO B po3ruiaBi. B
MiHepagax A30BCHKOIO IITOKY MM IOCTiM{HO CITOCTEpiraeEMo Ayxke HU3bKe IMOPiBHSIHO i3
cieHiTaMM 3 IHIIUX LITOKIB criBBinHOWEHHS Fe3t/Fe2t [5], 3yMoBIeHe BiTHOBHUMU YMOBaMU
KpucTanizaiiii. 1leil YuHHUK BU3HAYa€ IMi3HIO KPUCTATi3allil0 MarHeTUTY, MiABUIIEHUA BMiCT
dastity B mopoAi (0AHOro 3 HalpaHHIIIMX CHUJIKaTiB) i YTBOpPEHHS JOCHUTbH PilKiCHOTO
depocuniTy (cxoxe, 110 1€ €IMHA 3HaXiAKa pOMOIYHOTO MipOKCEHY B TilepCOJbBYCHUX
cieHiTax). HU3bKMii OKMCHIOBAIbHUI IMOTEHLIAT MiATPUMYBABCSI MPOTSTOM YChOrO Mepiomy
KpucTaizallii, 60 B yChOMy BUBYEHOMY 00’€Mi IITOKY (heMiuHi MiHepad XapaKTepu3yIOThCs
HU3BKUM CIIiBBiIHOIIEHHAM Fe3™/Fe2™. SIk BUHATOK, MOXHA Ha3BaTH JIEMKOCIEHITH, 1€ aHiT
Mae migBuiieHni BMicT Fe3t. Lle Moxe GyTv HACTiIKOM HIZKUYOI TeMIIEpaTypyu KpUCTali3allii,
3yMOBJICHOT migBuIilieHUM BMicToM F. 3i 3HIKEHHSIM TeMIlepaTypyu pocTe XiMiuHMIT MOTeHIia
Bon (i Takox K,0), 110 y cBoto yepry oGyMoBiioe picT Fe3™ B 3aiMInKoBOMy po3ruiasi.

Ha miacraBi maHux mpo €BOJIOLIIID CKJIaay MOPOAOYTBOPIOBAJIbHUX MiHEpaliB
TiMepCOIbBYCHUX Ci€EHITOBMX iHTPY3iil, BUKJIQAeHUX BUIE, MOXHa CIpoOyBaTM BU3HAUWTH,
xo4ya 0 3aralbHO, KpUCTaji3aliiiHy icTopilo Ta "cTaTyc" PYIOHOCHUX Ci€HITIB A30BCHKOTO
1ITOKY. He3Baxaiouu Ha Te, 1110 B oro Mexax JiokajizoBaHe Beluke pomoBuile Zr, TRiY,
BiH TIpociinkoBaHuii yume mo mmouHu 300—350 M. Tomy it BUSICHEHHS HOTO DPiBHS
IudepeHLiaLii HeoOXiTHO OYJI0 3aCTOCYBATH METOJ, MOPIBHSJIbHOTO aHaJTi3y TPEHIIB 3MiHU CKIIamy
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" ‘ . ~"‘;J'- ¥ s ZEJHK.‘-"I JITII. OcHOBHI MiHepaju CepLeBUHU — Kasli€BUM
N e o f————  nomosuit mrar, aapoit, Gaoopur

MiHepaJliB B CIEHITOBMX IITOKAX aHajoriyHoro tiiy. Haramaemo, 1110 BIacHe TirepcoibBYCHi CIEHITH,
sIKi OTOYE€Hi, MOXJIMBO, OUTbII paHHIMH, CyOCOJITYCHUMM, YTBOPIOIOTH BAa KOHTPACTHUX TUITU
(mBa mudepeHItiaTH?) — METAHOKPATOBI CYTTEBO (DEPOraCTUHICUTOBI 3 TAKCUTOBOIO CTPYKTYPOIO i
JIEWKOCIEHITH 3 aHITOM $SIK TOJIOBHUM (peMidHUM MiHepaioM [5, 6]. OcTaHHI MOXHA pO3IISIATH SIK
ni3HilmMi audepeHLiar, 60 pasoM i3 BucokuM piBHeM JyriB (Na,0O + K,0 ~10,5 %) 3HauHO
30inbIIyeThest KinbKicte SiO, i H,O. Ase mpusepTae yBary pisKuil Imepexin MiX LMMH
PI3HOBUIHOCTSIMU i pi3Ke 30UTbILIEHHS aTb0ITOBOr0 KOMIIOHEHTA B JieKoCieHiTax 10 72 %, 110 Ha
10 % Ginblie, HiX Yy TOUL "MOJHOBOILIATOBOIO MiHiMyMy". 3araibHa OCOOJMBICT CIiEHITIB —
3HAYHM BMicT mooputy. OcTaHHSI OOCTaBMHA MOXKE iCTOTHO BIUIMBATM Ha Xill KpWCTasi3aiiji
3aJTULLIKOBOTO PO3IUIaBy, 0co0miBo ko SiO, B Hamwmky [17].

IIupokuii criekTp (peMiyHMX MiHEpaliB y PYIOHOCHUX TaKCUTaX JO3BOJISIE OLIHUTHU
(mpubm3HO) cryniHb audepeHianii posruaBy. Ckian JITTII maitke ineaapHO Bimmosizae
MiHiMaJIbHOMY 3HAUEHHIO B TiEPCOMbBYCHil crcteMi (~ 62 % Ab). Y HbOMy IysKe MaJo aHOPTH-
TOBOTO KOMITOHEHTA, 1110 B3arali XapakKTepHO JIJIsI BEPXHiX cepiii crbHOIM(MepeHIIiHOBaHMX iHTPY3iii
(KnokkeH, Llentpanpauii Tyrtykok) [22, 28, 29]. OniBiH i mipoKceH HajeXarb 10 CHIbHO3AIi3M -
CTHX Pi3HOBUIIB i3 migBuieHUM BMicToM Mn (FagsTes, Hdgs_ (). TTisHiwui Minepama — amiGo-
JIM ¥ CTOAM TaKOX HaleXaTb M0 KpaiHiX CHIIbHO3AL3UCTUX WIEHiB izoMopdHoro Mg-Fe-psiny.
Takum yrHOM, WIS yCiX TEMHOKOJIPHUX MiHepaJliB MOXKHa CTBEpIKYBAaTH MOBHE 3aMillicHHSI Mg
Ha Fe, 1110 CBiIUMTB MpO 3aJIMIIKOBUIA XapakTep po3iiaBy. MoxHa MPUITYCTUTH, 1110 Horo aude-
peHLiaList Oya 3aBeplilieHa 10 (opMyBaHHS Jy>KHOro 3aiviuky. Ha 1ie BKasye ckiag OCHOBHOL
Macu amMdiboiB, 1e He dikcyeTbest cytreBe 3amileHHsT Ca i Al Ha nyru i Si (puc. 3). Tlpore
TEHJCHLIis1 10 YTBOPEHHSI OiIbLLI JIY>KHOTO PO3ILUIaBy Ha OCTAHHBOMY €TaIli KpucTastizallii (pikcyeTbest
CUHICHETMYHUMMU ¥ erireHeTMdHUMM BKtodeHHstMA B JITTLLI, 30araueHrmu JiyraMd — Bill TOJI-
yactoro (epokatooputy 10 GymISIpOromiOHUX KpUCTaTiB (pUC. 8) CHIbHO3aTI3UCTOI CITIONU
(emimomerany), 30aradyeHol Ha Fe3™. O6’eM iHTepCTULIIHHOIO PO3ILIaBy, EBHO, OYB HE3HAUHKM,
ajie 1ie He 3arepeyye MOXJIIMBOCTI "BIITMCHEHHS MOro BHACIIMIOK KPUCTaTi3alliifHOrO YIIiIbHEH-
Hs. B TakcuTOBUMX Ci€HiTax He BUSIBICHO IEPEXOAY OO0 KUCTIIIMX AUGEPEHLIartiB i3 JyKHUMU
amidonamMu. MoxMBO, TpUYKMHA IXHBOI BiICYTHOCTI ITOJISITAE B €pO3iiHOMY 3pi3i, a00 MpeacTaB-
HUKaMU KUCJIMX IydepeHLIiaTiB CJIil BBaKATW JIYKHI TpaHIiTH, BUSABIEHI MOOIM3Y A30BCHKOTO
TOKY. Y 11iloMy GynoBa A30BCHKOIO IITOKY (MacuBy?) MOxe OyTH Habarato CKiIamHillow, 60
JIY>)KHO3eMeJTbHi (JIBOMOJTLOBOIIITIATOBI) CIEHITH i IPUJICT/IMIA 10 HUX Ha MiBIEHHO-CXiMHil OKpaiHi
MacHB JIy>KHOTO (heporadbpo [7] MOXyTh OYTH MpeACTAaBHUKAMU 11ie PaHIIIMX JTudepeHIaTiB, 110
MaloTh 3 TilepPCOJbBYCHUMU Ci€HITAMM CITbHE MarMaTWU4yHe LKEPEsio.

MoxHa 3poOUTH BMCHOBOK, 1[0 PYIOHOCHi Ci€HIiTU A30BCHKOTO INTOKY — II€ MPOIYKT
KpUCTaJli3allii po3IuiaBy CIiEHITOBOIO CKJany, Maiike Imos0arieHoro Mg, ane 30arayeHoro Fe i
netkumu pyxommumu KomrnoHeHtamu (H,O, F, CO,), sikuii OyB TepeMillleHWit y BULL LIapu
3eMHOI KOpHu. BiZHOCHO BHMCOKMII CTYIiHb 30aradyeHHsI po3IuiaBy BOAOIO, 11O OOYMOBUJIO
KpucTami3zanito aMdibony, BiIpi3HsIe A30BCHKMIA i SICTpyOelbKUil IITOKM Bil, CYTTEBO (hasuliT-
reneHOepritoBux cieHitiB Iapnepa. OcraHHsI 0OCTaBMHA MOXe OyTH MPUYMHOKO TeTeporeHisarli
cucteMu (pO3IUIaBy) BHACHINOK JIiKBallii a00 BiOKpeMsIeHHsT BOAHOI (hasu.
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IH-T reoximii, MiHepaJIOrii Ta pyJOyTBOPEHHS Haniiiua 14.06.2001
HAH VYkpainu, Kuis
IMpuazoscoka I'PE, BonHoBaxa

PE3IOME. CnenaH cpaBHUTEJIbHbII aHAIM3 MUHEPAJIOB M3 YEThIPEX IUTOKOB I'MMEPCOTbBYCHBIX CUEHUTOB FOXKHOI
I'pennannuu, KoTopble MO pa3MepaM, MUHEPAIbHOMY COCTaBy M CTENEHW KPUCTAUIM3ALMOHHON auddepeHmannm
0aM3KM K cueHuTaM fcTpybeukoro M A30BCKOro IITOKOB Ha YKpauHcKoM wwuTe. [IpuBeneHbl TPeHAbI
KPUCTAIJIOXMMUYECKHE MOJIEBOTO LUMaTa U GeMUYeCKUX MUHEPAIOB B 3aBUCMMOCTH OT HalpaBjieHHOCTU U CTENEHU
auddepeHuMaUny pacriapa. 3To 1aeT BO3MOXHOCTb IO COCTaBy MOPOJ00OPA3YIOLIMX MUHEPAIOB ONPEAEIsTh
METPOJOTMYECKUIA TUIT CHEHUTOB M CTeNeHb AuddepeHIMauu UHTPY3uu. PaccMoTpeHbl GakTopbl, KOTOPbIE BIUSIOT
Ha XapakTep TPEHI0B, 000CHOBAaHHbIE 3KCMEPUMEHTATbHBIMU JaHHBIMU U MCCIIENOBAHUSIMU BKJIIOYEHUIT MUHEPAIO-
obOpasyolleil cpesbl.

SUMMARY. Comparative analysis of the composition of minerals from four stocks of Southern Greenland hipersolvus
syenites, which are close to syenites of Yastrubetsky and Azov stocks on the Ukrainian shield by their mineral composition,
size and differentiation degree, has been done. Trends of change of chemical composition, and some other peculiarities
of the feldspar and femic minerals depending on direction and differentiation degree of syenite melt are given. In spite
of high differentiation degree of Azov syenitic stock the evolution of silica melt was finished befor the crystallization of
the alkali amphiboles and egirine. It is istublished that difference between the syenitic melts of Azov and Yastrubetsky
stock appears in oxygen potential and fluore coutent. It helps to evaluate the position of each intrusion of syenites
among similar according to mineral composition. Factors influence on trends and proveded by the experimental data
and inclusion investigation of the melts are discussed here.
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MMUHEPARDTWYECKMA
HSGHAN

YOK 549.211/283:552.511(477.45)
€. M. Cnueko, b. I. Maniok

MiHepanoriyHi 03HakKu BMJIMBY MaHTiMHUX pakTopiB
Ha GOpPMYBaHHA TEKTOHO-MeTaCcoOMaTUYHUX 30H (Ha
npuknagi Kipoeorpagcbkoro 6snoka YKpaiHCbKOro wura)

JlokeMOpiiicbKi 1IUTU XapaKTepu3yIOTbCs HU3KOK O3HAK B3a€EMOAil 36MHOI Kopu i ManTii. [Ipumnyckaerbcsi, 1o
KaHajJaMM MaHTillHOrO TEIIOMAacONEepPeHOCy CAYryBajJM Pi3HOMAaHITHI IIMOMHHI PO3JIOMM, $IKi y3arajJbHEHO
PO3IJISITAIOTECS SIK TEKTOHO-METaCOMaTH4Hi 30HM. 30KpeMa, MaHTiiiHe MaconepeHeceHHs! y ¢dopMi po3riasiB abo
G0TIHO-PO3IUIaBHUX CyMillleil peastizyBasocsi B mepepoOLi pe4OBMHM 36MHOI KOPY Ta CyMPOBOIXKYBAIOCS MPOLECAMU
MPUBHECEHHS] — BUHECEHHsI pe4yoBUMHU. [1opoau KiMOepsiTOBOI Ta JaMITPOITOBOI IPYI BUSIBIEHO B OKPEMMX TEKTOHIYHUX
3oHax KipoBorpaacbkoro 6;10Ka i po3risiiaoTbes K NpsiMi O3HAKW NMPUBHECEHHS! MaHTiiiHOI peyoBUHHU. [TocepenHi
O3HaKM BIUIMBY MaHTi1 BUSIBJIEHO i/l YaC BUBYEHHS! 30JI0TOPYAHMX POIOBHILL, PO3TALLIOBaHUX Yy Mexax KipoBorpaacbkoro
[JIMOMHHOTO PO3JIOMY (TEKTOHO-METAaCOMaTU4HOI 30HM). CTUC/IO oXapaKTepu3oBaHUil crieundiyHuil Habip MiHepa-
JIiB — ajJMasy, MyacaHiTy, LUPKOHY, (GJIOromnity, iIbMEHITy i 30/10Ta, — SIKMA MPaKTUYHO iIEHTUYHWUI y BUBYEHMX
noposax KimHuUiBcbKoro pyaHoro mosst Ta PiBHeHcbkoro mosst BUOyXxoBHUX CTpYyKTyp. HasiBHiCTBb 30s10Ta y Takiii
acowiaLii, a TaKOX reoJIoriyHa Mo3uLlist 30J10TOPYIHUX POJOBULLL JAOTh 3MOTY PO3IJISIAATH MPOOIEMY BIIMBY MAaHTiHUX
YUHHUKIB Yy 3araJlbHOMY KOHTEKCTi MPOOJIEMU TeHE3UCY ME30TEPMaIbHUX POLOBUILL HUXKHBOTO JOKEMOpito.

Henani rmmbie mi3HaHHST MPOILIECiB, SIKi JOMiHYBaId YIPOAOBX HOKEeMOpiiiCbKOro mnepiomy
PO3BUTKY 3eMJli, 3yMOBJIIOE HE TiIBKM IOCTiiiHe HAaKONMWYEHHsS (DaKTUYHOIO Marepiainy,
ajie ¥ MosiBy HOBMX KOHIIEMIIii, sIKi HaMaraloTbCsl BiATBOPUTU XapakTep i TUHAMIKy IUX
npoieciB. LliTKoM NMpUpOAHO, 110 CTBOPEHHSI KOHUEMIi CYMpPOBOIKYETHCS BBEAESHHSIM
NeBHUX AediHilliid, SKi Jal0Thb 3MOTY YiTKO OKPECIMTU MpeaMeT AociaiakeHb. Ha Hairy
TYMKY, CaMe YiTKe BU3HAYEHHST OKPEMMX TEPMiHiB a00 MOHSITh, SIKi BAKOPUCTOBYIOTb aBTOPH,
CIIPUSIIOTh YHUKHEHHIO IMCKYCili HaBKOJO caMuX Ae(iHillilil i mepeBeAeHHI0O OOrOBOPEHHS
y TUIOIIMHY PO3TJISIAY MPaKTMYHUX ab0 TEOPEeTUUYHMX pEe3yJbTaTiB, 1O OTPUMAHO 3
BUKOPUCTAaHHSIM LIMX TepMiHiB. BialtoBiqHO 10 1IbOTO MPUHIUAIY MU HE OyIeMO 3YITMHSITUCHh
Ha aHaJi3i ICHYyIOUMX YySBJE€Hb LIOJ0 MPUPOAMU Ta XapaKTEPUCTUK TaK 3BAHUX TEKTOHO-
METaCOMaTUYHMX 30H [5] i BUKOpPHCTAEMO TaKy poOouy IeiHillilo: meKmoHo-Memacomamuyti
30nu (TM3) — uye dinsnku pyliHyeanHs ma nepepobku nopio 3emHol Kopu, PopmyeaHHs SAKuUx
3YMO064eH0 0i€i0 MOOINbHUX aepecUBHUX 2AUOUHHUX (aroidie.

TakyM mOCUTH IIMPOKUM BU3HAYEHHSIM MOXYTb OYyTM OXOIUIEHi MPaKTUYHO YCi
MIMOMHHI PO3JIOMU Ta YMCACHHI AM3’IOHKTUBM BMILMX TopsnkiB. Lli 3araibHOBHU3HaHI
TIOHSITTSI BAKOPUCTOBYIOTh [IJIsI XapaKTePUCTUKU CTPYKTYPHUX MepedynoB JiTochepu, TOOTO
CYTO TEKTOHIYHMX MPOILIECiB, TOMi SIK AOUIJbHICTh BUKOPUCTAHHSI TEPMiHY mMeKmMOHO-
Memacomamu4yHa 30Ha MU BOAYaEMO B aKIIEHTI Ha peYOBMHHUX MEPETBOPEHHSIX BiIMOBITHUX
TIJSTHOK 36MHOI KOpY MapayieJIbHO 3 YpaXyBaHHSIM iXHbOI TEKTOHIYHOI crienMdiku, 30Kpema
PEOJIOTIYHOIO PEXUMY. AKTYaJIbHICTh AOCITIIKEHb Y IIbOMY HampsiMi BU3HAYAETLCS TUM,
110 OCTAaHHIMM pOKaMHU cepel AOKeMOpiiChbKMX YTBOPEHb ILIEHTPaJbHOI YaCTUHU
Yxpaincbkoro nuta (Y1) BcraHoBiaeHo cepito TM3, 3 SKUMU OB’ sI3aHi CBOEPiIHI MpOsSBU
MiHepaiizauii 3osora i anMaziB [15—17 Ta iH.]. Taki 00’€KTH BUKJIMKAIOTh iHTEpeC 3
MPaKTUYHOTO TOIJISIAY, OAHAK HE MEHII BaXXKJIVMBUM BUIAAETHCS MUTAHHS 1IOJ0 MEXaHi3MiB
IXHBOTO (POPMYBaHHSI.

Y reHeTMYHOMY acIleKTi cepell TOCTiMHYKIB MepeBaXa€e MO MPO BUKIIOYHO KOPOBi
YMHHMKM PEYOBMHHUX TEPETBOPeHb y Mexax TM3, npoTe (akKTUYHiI CIOCTEpeXEeHHS i
TEOPETUYHiI MipKyBaHHS JalOTh MiACTaBY 3ajydyaTd i MaHTiliHI YMHHUKU IS MOSICHEHHS
MeXaHi3MiB MiHEepaJOyTBOPEHHSI B LIMX 30HAX. 3YMUHUMOCS Ha ACSIKUX MiHEpaJOriyHMX
O3HaKax TakKoro pomy.

00’ekr nocaimkens. Haini mociimkeHHs 0a3yroTbesl Ha (aKTUUHOMY MaTepiali,
OTPUMaHOMY B MeXaxX IBOX AiTTHOK — KJIMHIIIBCBKOTO 30J10TOPYIHOTrO o i PiBHEHChKOTO
noJist BUOyxoBux cTpykKryp (puc. 1). IlormmubieHe BUBYEHHSI PEYOBMHHOIO CKJIALy LIMX
00’€KTiB TMOB’SI3aHO 3 MPOBEACHHSIM KOMILIEKCY HAayKOBO-IOCIMHUX POOIT i3 MiHepareHii
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MIHEPAJIOTTYHI O3HAKHW BIUJINBY

Puc. 1. PerioHajbHO-Teos0riYyHa Mo3uLlisi 00’€KTiB
NOCHIIKEHHs (a) Ta po3pi3 LapiB 3eMHOI Kopu
Kiposorpaznckkoro 6;10ka 3a 0. I1. OpoBeribkum [9]
(6): @ — rpaHMIli YKpaiHChbKOro Inura; 2 — OJOKK
YkpaiHcbkoro muta: I — PocuHCbKO-TiKMUBKMIA;
II — AHicrepcbko-by3bkuii, 111 — KipoBorpancbkuii,
IV — CepenHbonpuaHinpoBCbKuit; 3 — IUIyTOHIYHI
yTBOpeHHs1 KopcyHb- HoBomupropoacekoro ta Hoso-
yKpaiHCbKOro MacuBiB; 4 — rpanuui Kiposorpaacb- | -
KOro MasriiiHoro niamipy [9]; 5 — 3oHa Kiposo-
rPaiCbKOro MIMOMHHOIO PO3JIOMY; 6 — JOCHiIXY-

BaHi AisTHKY (LMdpu Ha pucyHKy: I — KimHuUiBcbke E { p III 4 4 mﬂ IE I
3 a L

30510TOpyAHe mosie, 2 — PiBHEHCbKe MoJsie BUOYXO-
BUX CTPYKTYp); 6 — ¢popmauii [7]: 1 — nenTuToBUX /i
THeMCiB + JiefiKorHeico-rpaHitoBa, 2 — BYJKaHO-
reHHO-KPEMEHNCTO-CIaHLeBa + ToHanitoBa, 3 — 7
dnimwoinHa MerarpayBakoBa, 4 — rpaHiTOBa 4
(TpaxitoinHi rpadiTi HoBoykpaiHCbKOro MacuBy i ﬂ
110p(hipo6IaCTHYHI IPAHITH KipOBOIPaChKOro THILY); ff I L
5 — "rpaHiTHMI1" 1ap 3eMHOT KOpU; 6 — PO3IOMM 32

nanumu I'C3; 7 — rdinep6a3mu KpaitoBoi (auii ‘! 2 IEJ Elt’,t. Folw Ib
niamipy; "eopuzommu” dianipy. § — TinepOba3UTOBMIA, : —— -
9 — HopuTOBMiA, /0 — rabpoBuii, /1 — aHOPTO3UTO- 7 Mmﬂa NN it E‘@Q"ﬂ il E"’ﬁ e

BUii; 12 — 0b6JacTh ceprieHTHHi3aLlii 5

30JI0Ta i aJiMa3iB, Xoya HAasIBHICTh aHAJOTIYHOI 3a CKJIAJOM MiHepaii3allii mepeandayaeThes
i B Mexax iHmux TM3, momupeHux y KipoBorpaacbkomy 6:oti. LleHTpanbHa yacThHa
0JI0Ka XapaKTepU3YEThCSI 3MEHILIEHOIO MOTYKHICTIO 3¢MHOI1 KOPH 1 MiABUIIEHUM TEIJIOBUM
TMIOTOKOM, IO ITOB’SI3YIOTh i3 BIUIMBOM PO3MIllIEHOr0 Ha IIMOMHI IpoTtoacTteHomty [9]. 3
TeOJIOTIYHOTO TIOTJISIAY i 3 OIJISiAY Ha MOXJIMBICTb MPOCJIiNKYBaTU KOPO-MaHTIiiiHI 3B’SI3K1
BUOip LIMX OO’€KTIB IIiJIKOM BUMpaBAaHMiIl, OCKiIbKM KIMHIIBCBbKE 30JI0TOpYAHE ITOJIE
po3TallloBaHO B MexXax nobpe BimoMoro KipoBorpaachbkoro riMOMHHOIO PoO3JoMy, SIKUM y
JaHOMY BUTAaAKy MU po3risimaeMo sk TM3. Po3ioM TSTHETbCSI MO CXiZHOMY Kparo
HoBoykpaiHChbKOT0 MacuBY TpaXiTOIMHUX T'PaHiTiB, y MeXax SIKOrO BUSIBJIEHO MaJl€030MChKi
MPOSIBU TTOPi KiMOEPJTiT-JIaMIIPOITOBOTO PSIAY, SIKi MalOTh MaHTIiliHE MOXOMKEHHSI i MOXYTh
OyTH TOB’SI3aHi 3 mpolecaMH, IO 3YMOBWJIM B IpoTepo30i ¢opMyBaHHS 3ragaHoOro
aCTEHOJITY.

dynpamenTt KipoBorpaachkoro 0i0ka CKiIameHUiA rianbokoMeTaMopdizoBaHUMU
apXeChbKUMU YTBOPEHHSIMHU (ITOOY3bKUI YapHOKIT-TPaHyJIiTOBUI Ta pOCUHCHKO-TiKUIIbKUM
riariorpaHiT-amM@i®oJiTOBUI KOMILJIEKCH), a HMXKHBOIIPOTEPO30MChKUIT MPOTOUOXOT —
TepPUTeHHO-0CaJ0BUMU, MeTaMop(di3oBaHUMU Ta yiabTpameTamMop(dizoBaHUMU. 3HAYHY
yacTuHy 0J10Ka 3aiiMaloTh HoBoykpaiHChbKUIA MAaCUB TPaxiTOiAHUX IPaHiTiB i po3TallloBaHUI
nopy4y KopcyHb- HoBoMUpPropoacbKuii IyTOH, CKIaAEHUI TpaHiTaMU palakiBi, rabpoigaMu
Ta JIyXXHUMU TOPOAAMMU.

Pomosuma i nmposisu 3onota KipoBorpancbkoro 6Jioka, MOB’SI3aHi 3 HUKHBO-
MPOTEPO30MCHKUM THEHCOBMM KOMIUJIEKCOM, PO3MillleHi y mopoxax ¢iailroigiHoi
MeTarpayBakoBoi (opmartii (ambidoiToBa (allisi perioHabHOro MeramopdizMy) y 30Hi
3iM’sTTa B Mexkax KipoBorpaacbkoro rimbuHHOro posnomy. IlepeBaxkaroTb GiOTUTOBI,
aM@i001-0i0TUTOBI Ta iHIII IJIario- Ta IBOMOJbOBOIIIIIATOBI THEMCH, SIKi MTepelIapoByIOThCS
3 MiAMOPSAKOBAHUMU MiONCHUA-TIATiOKJIa3-KBAPIOBUMMU KPUCTUTIYHUMM CIAHISIMU,
amdibomiTamMy Ta iHIIMMU MopoAaMu. TparuisIioTbCsl TaKOX (OCOOIMBO Yy PYAHUX 30HAX)
JMAKOMOMiOHI OPTONMOPOIU, Pi3HOMAHITHI METaCOMaTUTHU, KBaplIOBi KWW TOIIIO.
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Ha miBnennwmii 3axin Big KIMHLIBCbKOTo pyaHoro mnojst y Mexax HoBoykpaiHCBKOTro
MacUuBY TPaxiTOiZHUX rpaHiTiB po3TainoBaHe PiBHeHChbKe (BiA c. PiBHe) MoJjie eKCITIO3UBHUX
CcTpyKTyp. TpyOKM i Jaliku BUIMOBHEHI BUCOKOKAJIiEBMMU ITOPOJAMM JIAMITPOITOBOTO PSAY,
sIKi OyJ10 Ha3BaHO piBHEHChbKiTamu [17].

PevoBuHHMI cKIaa AOCJiIKYBAHMX YTBOPeHb. Y MeXaX OOCIIXEHUX iISHOK
KipoBorpaacbkoro 6j0Ka BUIIEHO YOTHPHW IPYNU MOPim, IS SIKMX MOXHA MPUITYCTUTH
MpsIMUiA 200 TOCepeaHiil 3B 130K 3 MiIKOPOBUMM MIMOMHAMU — EKJIOTiTONMOMiOHI MopoIu,
I0- Ta micasiMeTaMopdiuHi Jaiku i Qrroinu3uTu.

ExsoriTononioHMMM Ha3BaHi OCHOBHI KPYCTaTiuHi CJIaHIli, CKJIaAeHi KJIiHOMipOKCEeHOM
IiOTICU-TeAeHOepriTOBOro psiiy, €HCTaTUTOM, I'paHaTaMy 3MiHHOIO CKJamy (MiCTSITh
MipONOBUiA, aTbMAaHIMHOBUIA, TPOCYJISIPOBUIA Ta CITIECAPTUHOBUI KOMITOHEHTH, SIKi Y BUTJISIAI
TOHEHbKUX OOJIIMIBOK 3aMill[yIOTh 3€pHa OCHOBHOTO IIJIariokjasy Ta MiolCUay), OCHOBHUM
I1ariokiaa3omM, KBapuoM. Ekaoeimonodioni nopodu Ha Y1 BuSIBIEHi MpPakKTUYHO B yCiX
CTPYKTYpPHO-GOpMaLiifHMX KOMIUIEKCaX HOKeMOpito [13], BOoHM HasiBHI B 30HaX 3iM’ITTS i
TAUOMHHUX PO3JOMiB, JIOKAJi3yIOThCS B CyOBEepPTUKAJIbHUX 30HAX TEKTOTeHe3y U
MeTacoMmaTo3y. B akiiecopHiil KiAbKOCTi MOpPOAM MICTATh amaTUT, TyYpMaJsliH, LIMPKOH,
TPAIUISIIOThCS. C(DEH, MOHAIIMT, MarHeTUT, Y 3HAKOBill KiJbKOCTi € MyacaHiT, iJIbMEHIT,
TeHKITiT, JeHKOKCeH, PyTWI, aHaTa3, Tomas, LICENiT, (IIOOPUT TOIIIO.

Hicaamemamopehiuni datixu peacTaBieHi niabazamu, JamrpodipaMu Ta KiMoepJiTaMu.
V paitoni KnuMHIIIBCbKOTro pomaoBHIlia BUSIBJICHO MBI Mailku 1aM O p o ¢ i p i B; mopoau
MaloTh MAacCUBHY Ta OpeKuiernofioHy OymoBY i KaMITOHITOBMI ckiiaa. MacuBHi BiIMiHU
CKJIaMIeHi OCHOBHUM ImIariokiazoM (35 % mopoau), TUTaH-aBriToM (~ 25), GapKeBiKiTOM
(~ 15), 6iotutoM — drmoromitom (2—3 %). CBixoro oJyiBiHy HeMae, 30eperyiiCs JIUIIe
XapakTepHi Tepepi3u, BUMOBHEHI CEPIIEHTHMHOM i TpemositoM [16].

Aatiku carodsnux kimbepaimie nopdipoBoi CTPYKTypu BUSIBIeHO Ha JIeJIeKiBChbKiil Ta
Iopcisepkiit minstHkax (Ha miBHiYHMIA 3axim Bim KipoBorpama). Y mopomax € oiiBiH,
30HaJILHUI (JIOTOIIT, KIiHOMIPOKCEeH, XPOMILITiHEMiAN (30KpeMa, YepBOHA XpOMOBa 1IITiHETb
B OOJIAMIBIII YOPHOI 3ajli3UCTO-IIMHKOBOI IIITiHENi), MEPOBCHKIT, iIbMEHIT, aJbMaHAWH i
nipomn-ajJbMaHIWH, TPAIUISIOTBCS MyacaHiT, cyabdiau (MipuUT, XaJbKOMipUT, TajeHiT,
apCeHOITIpUT) i IJIaCTUHYACTE 30JI0TO. Y OpeKUisX HasIBHI YJIaMKU XpOMILITiHEJIEBUX TYHITiB,
MEPUAOTUTIB i ekyoriTiB. IlepBMHHI MiHepaau iHTEHCUBHO 3aMillleHi KapOoHaTaMu,
CEpPIEHTUHOM, TaJbKOM, caroHiTom [14].

Ilin dmoinuautamMu MM PO3yMIEMO XWJIOIOMIOHI YyTBOPEHHS KaTaKJIaCTUYHOTO,
0JJaCTUYHOTO, iHOMAI CKJIyBaTOro BUIJISIAY, SIKi MiCTSITh YJIaMKW BMiCHMUX TOpPil i CTOpOHHI
KOMIIOHEHTHU, TpuBHeceHi dmwoinuzatamu [11]. Dawiduzumu y Knaunuiscekiit TM3
MposIBJI€Hi, 3a3BUYail, Ha MiKpopiBHi. HasgBHicTh (PAMOIAU3UTIB MapKYyIOTh CMYTH
"OJIACTOMIJIOHITIB", IOAIOHMX O MOPi TEKTOHIYHOTO MTOXOMXKEHHSI, MiKpoOpeKUii, aprilizuT
(JK BTOpMHHIi, Mo QIIIOIAU3UTaX, YTBOPEHHS), TOOTO MEPBUHHI IMPOSIBU MEPETBOPEHi
aBToMeTaMmop(dizMOM i MeTacoMaTO30M Y CIIOAMCTi, aMdi00JIOBi, MOJIbOBOILINATOBI
YTBOpeHHSI. MOXHa TakoX MPUIYCTUTH [16] HasBHICTH TPYOKOMOMIOHUX DPO3JTiH30BaHUX
TiT (QIIOIAU3UTIB, SKi HUHI BUIJISIIAIOTH SIK SICHO3a0apBJieHi CyOBepTUKAIbHI JIIH3W Ha TJi
TeMHMX O10TUTOBUX THEMCIB i KPUCTAIOCIAHIIIB; JiH3U CKJIaJeHi KaodiHiTOM, 1110 PO3BUBCS
10 TaK 3BaHill MOJbOBOIIIATOBIM cummyylli. Matpuilst QIOIIU3NUTIB MpeacTaBieHa CBITIMMU
TOHKO3€PHUCTUMU arperaraMy KpHCTOOaJiTy abo IMOJbOBMX IIMATiB, il TPpMMa3KU MOMITHi
Ha 3epHax 0aratbox MiHepasiB. HasiBHiI MyacaHiT, iTbMEHIT, KOpYH]I, CTaBPOJIIT, PYAHi KyJIbKH,
CKJIyBaTi YaCTMHKU, OJAKUTHUI amaTUT, HOBOYTBOPEHW TIpadiT TOIIO, TParIsIIOThCS
oIjaBJieHi akuecopHi MiHepaau. Ili3Hi GAOIAM3UTU BUNOBHIOITHL TOHKi (IO
CYOMiKpOCKOITIYHMX) Pi3HOOPIi€EHTOBaHiI TPIilIMHKU. Y MiKpOOpeKUisiX pO3pi3HSEThCS
TOHKO3EpHUCTa MPOMEHUCTA SICHO-Cipa, 3eJIeHKYBaTO-Cipa OCHOBHa Maca, B sIKili IMOMITHi
YACTUHKU TOJIbOBHUX IIITIATIB, XJIOPUTY, JIIMOHITY. Y 1utidax [16] ue BUIIAOA€E IK KaTaKJIa3uT,
aTb0ITU30BaHMI i XJIOPUTU30BaHUI GIIOIIU3UT. 3 MiHepalsliB BUSIBJICHI CUIEPUT, Oapwur,
MyacaHiT, aHaTra3, caJlaTHO-3€JeHUI KJIiHOMipOKCeH, TeMHUI aM@iboy, TpaHaT, 30HaIbHi
0oykomoaibHi KpucTaau (QJOTromiTy, a TaKOX Ny3UpyacTi YACTUHKMU ITyXKOTO
sicHOo3abapByieHoro matepiany. IlomiOHi yTBOpeHHs BUSIBJIeHi 11 Ha PiBHEHCBHKill minsiHLI
PO3BUTKY €KCIIO3UBHUX mopia. KpiM Toro, TpamisiioTbCs CBOEPiAHI 3epHA (hIOTOMITY
i3oMeTpu4YHOI (hopMU 3 ABOOIYHUM "GOpIIOPOM” TTO OKPYKHOCTI 3 000X OOKiB, 1110 BUHUK,
MMOBIpHO, YHACIIZOK pPO3BaJbIIIOBAHHSI KpaiB IiJl Yac TPAHCIIOPTYBaHHS Yy uroinu3ari.
TyT mouiabHO 3ragartu, 10 Ha popoBuinax CximHoro 3aGaiikamist (Guoinu3uTH, sKi 106pe
PO3Mi3HAIOTLCS 3aBISIKM OPEeKYiiioBiif OyIOBi MOPil, YACTO CYNPOBOMIXKYIOTh pyau abo caMi
HecyTh 3pyAeHiHHs [11].

VY KiuH1iBcbKOMYy pyITHOMY IT0JIi BUSIBJIEHO aIMa3| TaK 3BAaHOTO KOKYETABCHKOT'O THUITY.
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TouHy JiTONOriYHY MPUYPOUYEHICTh alIMa3iB TYT BU3HAYUTH AOCUThH CKJIAmHO. ImeTbest mpo
Te, 1110, 3 METOIO YHUKHEHHSI 3apaKeHHSI TEXHOTEHHUMU aJiMa3aMM, 60po3HaMu olpoOyBaiu
Mia3eMHi TipHUYi BUpPOOKM, a y pasi ¢uiinenonaioHoi 6ymoBU TOBII y MpoOy MOTparisiv
MOPOAM Pi3Hi 3a CKJIamOM (HE TiJIbKK eKJIOTiTOMOAiOHI yTBOPEHHSI, a i1 Gi0TUTOBI MiariorHeiicu
Ta KpUCTaJocaaHIli, aM¢piOoJoBi Ta AioncuaoBi BinMiHu Topim). [Ipobdu BimOupanu ABivi, i
B 000X BUIagKax BUSIBICHO NOPiOHI (AecsATi yacTKM MijiMeTpa) aJMasu, cepel SKUX 3a
MOpGOJIOTi€EI0 PO3Pi3HSIOTbCS KyOOinmM, cKesaeTHi popMmu Ta iHIII pisHOBuAM. Ha aymKy
B. M. KBacHuIli, BOHM MOIJIH, SIK i KOKYETABCbKi, KpUCTali3yBaTucs 3 ra3oBoi ¢asu [16].

I'. M. Auenko BBaxae [7], 110 aiMa3u TPAIUIIIOTLCS B Pi3HUX OXOIJIEHUX MeTacoMa-
TO30M ITOpPOJAaxX, pa3oM i3 BUSIBJIEHMMHU MiHepajJaMu-CyIIyTHUKAMU — MYacaHiToM,
LIUPKOHOM, araTUToM, 1ucTteHoM Ta iH. Ak i B KokuyeTaschkiit 6pwii [1iBHiyHOTO Kazaxcrany,
TYT HEPIAKICHUMU € BTOPUHHI 1I0I3UTOBI Mopoau, ckapHu. HasgBHi 6ioTUTOBI i (pyioromiToBi
CIIIOAUTH, 30arayeHi KaJlieM, a TAKOX CIIOAMCTI aM(biO0JIOBi THeWCH, 30arayeHi aKiieCOpHUMM
MiHepajaMu, y TiM YKicili 30j0ToM. CIIIOAUTH 3a JYXKHICTIO Ta 3araJlbHUM XiMiYHUM CKJIaIOM
HaiOiablle 6JU3bKi 10 PiBHEHCHKITIB, SKi OMUIIEMO HUX4Ye. BUCOKMIT BMICT aKlleCOpPHUX
MiHepaJliB 3aikcoBaHO y KajlieBUX (PIIOifu3uTax, MEpeTBOPEHUX B aprili3uTu. Yce 1ie
MOX€E CBiTYUTH TIpO 3B’S130K anMasziB i3 TM3, mpaBaa, XxapakTep TaKOro 3B’SI3KY MOXHa
JIMIIE TIpUITycKaTh. 30epeXeHOCTi aiMa3iB, He Oepydn 10 yBaru Metamopdi3M, yiabTpaMeTa-
Mopdi3M i MmocTyJbTpaMeTaMopdiuHi SIBUIA, MOIJIA CIPUSITU BiTHOBHI YMOBM TJIMOOKUX
PiBHIB 30JI0TOPYIHUX pomoBul [16].

LlixaBi pe3yJbTaTy OTPUMAHO ITiJl YaC BUBYEHHSI CKJIaIy ra30BUX KOMIIOHEHTIB y ITOpOaax
i MiHepanax KnuHLiBcbKOro pomosuila. Bigzomo, 110 HagXOIXXKeHHSI MAHTIMHUX (II0iIiB
(N,, H,, CH, Tta iHwi rasu) 30inbLIyeTbesl Mif yac "po3KpuTTs” posnomis [1, 2]. Humu
ra3zamMy HacH4eHi ITOPOAM 30H PO3JIOMIB, 1110 MICTSTh 30J10Te 3pyaeHiHHs. CITiBBiZTHOLIEHHS
rasziB y pi3HMX Iopojax i MiHepaiax HeomHakoBi. Y Mexax Kiaunuicekoi TM3 aszor
repeBaxae y BaJoOBUX IMpobax rHeciB (63,0—89,6 % (06’eM. monst)) [1, 12], BusBIEeHM y
TypMaJtiHi Tepy-apasiToBoro psimy (mo 33,5 %), Ais SIKOTO XapaKTepHMIA TaKOX MeTaH
(63,9—86,4 %) 3a minimainbHoOi Kinbkocti CO, (2,6—10,3 % (06’eM. no7151)). Y LIbOMY 3B’513Ky
JTOLIJIBLHO 3rafaTh pe3y/IbTaTH, sIKi OTpUMAaJIM 3aBIsgKy BUBYeHHIO Konbchkoi Ta CaatiiHChKOI
Hanraubokux ceepmioBrH [8]. TyT BUSBUIM TaK 3BaHi TPAaH3UTHI 30HM — KaHaJW Mirpaiii
ra3o¢IOiTHUX MOTOKIB Y 3eMHilf KOpi Ta YMOBH JIOKali3allil pyqIHUX MiHepasiB, y TiM YUCIi
30J10Ta, B ii MIMOMHHUX 30HaX. Y TpaHiTorHeiicax Ha mmobuHax 7013, 8063—8120, 9350—
10670 M Ta iH. 3HAAEHO CaMOPOAHI 30JI0TO, Cpib/IO, 3ai30, CBUHELD, CHIILMIN 3aji3a.
st TaKMX OUISTHOK XapaKTepHi aHOMaTbHO HU3bKi MPYXKHI BIaCTUBOCTI, MOHVKEHi 3HAaYeHH ST
LIBUAKOCTEH MpPYXHUX MO3I0BXHIX XBWIb, Bucokuit BMict H,, CH,, He. TpaH3utHi 30H1
CyOropM30HTaIbHi, MPOTE CIOMYYAIOThCS HACKPi3HUMU BEPTUKAIbHUMU KaHAJIaMM Jera3aliii
i1 TerroMacorniepeHocy. CaMopoaHi MiHeEpaTi YTBOPIOIOTHCS 3a YYACTIO BUCXiTHMX (IIOITHUIX
MOTOKIB y pi3Ko BimHOBHUX ymoBax. Y KiuumHuiscekiit TM3 Takox 3adikcoBaHoO
TOpU30HTaJbHE PO3IIapyBaHHsS 3a IMPYXKHUMU BJIACTUBOCTSIMU, OJHAK CITOCTEPEXKEHHS
OOMEXYIOThCSI MaJUMM TJIMOMHAMU.

Pisnencokimu — 11€ cepeIHbO3EPHUCTI MOPGipOBi, MOAEKYAN OpPEeKUiENOniOHI MOPOIH,
MOPiBHSIHO JIEMKOKpPATOBi i BUcOKoKamieBi (3,29—8,63 % (mac. nonst) K,0), mpryomy BMicT
K,O y mBa—m’saTh pasiB mepesuinye BMicT Na,O. 3a HabopoM MiHepalliB BOHM Oarato B
yoMy nomiOHi mo ¢moinu3uTie KimmHniscbkoi TM3. BkparieHMKM cKJageHi 30HAJIbHUM
(JIOTOITTOM i MEHIllE — MOIIMPEHUMU MiOTNICUAOM i 3BMYAHOIO POroBOI0 OOMAaHKOIO, a
MAaTpUIsl TMOMENSICTO-CipOro KOJbOpy — TMOJBbOBUMMHM IIMaTaMu (IepeBaXKHO KaJliEBUMM),
KBapLIOM, MarHETUTOM, araTUTOM TolIo. TeMHOKOJipHi MiHepamu ctaHoBiasATh 10—30 %
nopoau. 3a BTOPUHHUMM TPOAYKTAMU Ta (OpMaMU BUIIOBHEHHS MOXHa TMPUITYCTUTH
HasIBHICTb JIEULIUTY i OJIiBiHY, MPUYOMY OJIiBiH i JiONCHUI B OCHOBHili TKaHWHi He
Tparisitotbes. TlommpeHi ylaMKu KpHUCTadiB MOJbOBUX IIIATiB i KBaplly, 3alo3UYeHi 3
BMICHUX TpaHiTOiIiB. 3HANIEHO yJIaMKH1 3MiHEHVX e(y3UBIB i TyGhiB cepeIHbOTO, CYyOIy>KHOTO
CKJIamy, a TaKOX PiAKICHI yJaMKM ITilIaHOI PO3MipHOCTI IOPiA YJIbTPAOCHOBHOIO CKIamy
(Tumy kapOOHATU30BAaHUX CIIOASHUX KiMOepiitiB) [14]. PiBHEHCBKITH SIBISIOTH COOOIO
3MillaHi Ty¢pomnoAiOHi yTBOpeHHs 3 OpiEHTOBAHUMMU TEKCTypaMHu, a He NPOAYKTHU
KpHucTajizallii MarMy, OCKiUIbKM BOHUW CKJIaJeHi yJaMKaMM IOpiJ i MiHepajamMu pi3HOIO
MOXOMXEHHsI. Y piBHEHCBHKITax BUSIBJICHO ajaMasu "TpyOKOBOro" THUITy, MyacaHiT, KOPYHI,
LIUPKOH, apMOJIKOJIT, allaTUT, MOHALIUT, PYTUJ, CyJb(ian, CaMOPOIHi 30JI0TO, BICMYT, Millb
Ta iH.

KoMrutekcHi pociimkeHHsT piBHEHCBKITIB CBiTYaTh MPO MOJIr€HHICTh iXHiX CKJIaIOBUX
YaCTWUH, JalOTh 3MOTY ITOOUIMTM IX 3a NIMOMHHICTIO ¥ MoxomxeHHsSIM. OcoOiuBoO 1ie
CTOCYEThCSI MiHEpaJIiB, cepell AKX MOXHA BUAUIATY Taki rpynu [14]: 1) MaHTiitHi MiHepaau
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"ajMa3HoI (arlii”, sIKi MOXHa BBaXKaTW CYNMyTHMKAMM ajiMa3y: MyacaHiT, OKpeMi BiIMiHM
LUPKOHY, KOPYHAY, PYTUIY, amaTUTy, LIbMEHITYy, XpOMIUIMiHEIiAM, apMOJKOJIT, Iipon Ta
iHIII TpaHaTH; 2) MOPOMOTBipHi MiHepalM MaHTIl Ta HWXHIX piBHiB KOpHU: (ioromir,
aHJIpaguT-IrPOCYJIIPOBi TpaHaTU, POroBa OOMaHKa, MiPOKCEHU, OJIiBiH, MarHeTUT, iIbMEHIT,
JIEULIUT, TOJbOBI IIMaTH, KBapll Tollo (Ili MiHepalu He € pe3yJbTaToM IudepeHIianii
€IMHOI MarMM, BOHM "HACWJIbHO" 00’€lHaHi B PiBHEHCHKITaX, MOXOAUTH BOHU MOXYTh i3
MepBUHHUX MarMaTUYHUX, METaMOP(MIYHMX TOPi, eKJIOTiTiB); 3) MiHepaau BMiCHUX TOPi;
LIMPKOH, aJbMaHAWH, KBapll, KaJi€Bi IMOJbOBI IIMATU, MOHALMUT TOIO; 4) HaKJaAeHi Ta
BTOPUHHI MiHEpaJu: 30JI0TO, Cyabdiau, JEMKOKCEeH, anaTUT, 0apuT, CUACPUT, CEPIICHTHH,
XJIOPUT, TAJIbK, anyJsip, IEOJiTH; 5) MiHepaau HEBU3HAUYEHOI HAJIEXKHOCTI — aHaTa3, IMCTeH,
CTaBpOJIT, ApaBiT Ta iH. (BOHM YacTO acCOliIOIOTh i3 MiHepajJlaMM MEPIIOi TPYMU, TOMY iX
MOXHa ITOB’SI3yBaTH 3 BEPXHbOIO MAHTIEI0 a00 HUKHBOIO KOPOIO, HATIPUKJIIAM, 3 €KJIOTiTaMU
Ta MpoayKTaMu ixHix 3MmiH). OKpeMi MiHepanu (amaTUT, iIBMEHIT, IUPKOH, PYTWJI Ta iH.),
BiIHECEHi IO pi3HMX IpyI, € HACKPi3HUMU, MPOTE 32 OCOOIMBOCTIMU MOPdOJIOrii, cKiaamy
TOLLIO BiPi3HSIIOTHCSI MiX CO00IO.

Anma3z y piBHEHCBHKITax NpeacTaBieHnii qpioHumMu (1o 0,2 MM) 3epHaMu *, cepel SIKMX
TOCTIMHVWKYA BUIISIOTh JABAa TUMM — PiAKiCHI 0e3KOJipHi YaCTUHKU KiMOepsiToBoro adco
JIAaMITPOITOBOTO THUITY Ta CipyBaTO-3eJIeHi, 3eJieHi OCKOJIKOBi (moHan 40 3epeH), 11010
TIOXOMIKEHHS SIKMX HeMae ogHocTaiiHoi AyMKH [15, 17]. be3konipHi 3epHa MiCTATh JOMIILIKY
(asu, Ky MOXKHA HiarHOCTYBaTH sIK CIonyky Si — Zr (24 % Si) a6o a3y, i30CTpyKTypHY
it cymimni (cuHroHis rekcaroHanpHa: a = 0,701 um; ¢ = 1,277 um). Leii dakT nopsn i3
CITIB3HAXOMKCHHSAM y "3pOCTKax", 3JMIIAHHSIX MyacaHiTy, KOPYHAY i ILIMPKOHY CBiIYUTh
TIPO CHIiJbHY iCTOPiI0 LIMX MiHepatiB. 3abapBiieHi aMa31 B PiBHEHCHKITaX OKPEMi JOCITITHUKHA
BBaXkaloTb TEXHOTCHHWMM, XOo4a MPUUHSATI 3aco0u TepecTtoporu (OypiHHS HeaaIMa3HUMU
KOpPOHKaMHU, BiJICYTHICTb aJIMa30HOCHUX IOpiJ y JJabopaTopii Ha yac oOpoOKu Ipod Ta iH.),
TMOBTOPIOBAHICTh 3HAXifOK Ha Il Ta iHIIMX AUISHKAX CBiIYyaTh Ha KOPMCTb MPUPOIHOIO
IXHbOTO MOXOMXKeHHs. Po3Mip 3eJeHKyBaTHUX ajMa3iB — IEpeBaKHO COTi, piAlle — IecsTi
JIoJii MiiMeTpa. Ha oco0uBYy yBary 3aciayroByloTh AOAATKOBI a3y, SIKi MOXHa po3risiaaTh
SIK TlapareHeTU4Hi acollialii, — mnepeBaxawTb a— adbo B-SiC, HasgBHUI MipaJbCITiTOBUI
rpaHar.

Myacanim momMpeHuid y BUTJSII TOCTPOKYTHUX 3€peH, HasIBHi IeKcaroHajJbHO-
TaOJUTYACTI KPUCTAIM Ta MPU3MATUYHI iHAMWBIAM 3 MPSIMOJIHIMHUMU pedpaMu, PO3Mip
3epeH He nepepuiiye 0,5 Mmm. 3abapBiaeHHs pi3HOMaHiITHe — OJaKMTHE Pi3HOI iIHTEHCUBHOCTI,
0JJaKUTHO-Cipe, cTajeBo-cipe, 0ipl030Be, TEMHO-CUHE J0O YOPHOTO, TPAIlISIOTHCS
0J1im03a0apBieHi poXXeByBaTi pi3HOBUIU. [1oMiTHA IITPUXYBaTiCTh TpaHel, y 6ararbox 3epHax
€ TBEpAi BKIIIOYEHHSI, CEpell SIKMX MOXHAa PO3Pi3HUTH TEMHi HEMPO30pi TaOJIMYKU, a TAKOXK
BKJIIOUEHHS i30MeTpUYHOI popMu Ta Oe30apBHi JiH30MOAiOHi. JloCUTh YyacTUMU €
OBaJTi30BaHi, HEMOBOM OIUIaB/IeH] 3epHa. TparIIIoThCsl BUMTAIKU "3UMNaHHs" a0 3pOIeHHS
3epeH ("31MIUI" arperaTv HEeMpPaBWJIBHUX 3€peH MyacaHiTy OIHOTO abo IEeKiJIbKOX KOJIbOPiB
Ta MyacaHiTy 3 KopyHuaoMm). [lnommHa KOHTaKTy 3epeH MNpsIMOJiHiliHa abo XBUIISICTA.
IToBepxHi Takux "cnasiHUX" 3epeH 4acTO TEeX OKPYIJI.

Kopyno ocobavMBO pi3HOMaHITHUI y PiBHEHCBHKITaX, B OKPEeMHUX Mpobax oro BMiCT
csrae 14,1 r/T. MiHepaln npeacTaBieHU HeMPaBWIBHUMM TOCTPOKYTHUMU 3€pHAMU; SIK i
MyacaHiT, pi3HOMaHITHOTO 3a0apBIEHHSI — € MaJIMHOBI, POXEBi, CMHI, 3eJIEHKyBaTi, OpyHaTHi,
0e3KOoIipHiI BiZMiHM, ©6araThboM BJIaCTMBa oOmajieclieHllisi. BusBieHo "omiaBieHicTh" i
"3MUMaHHs" 3epeH KOpPYHIY.

Cepen pi3HOMaHITHUX 3€PEH iabMeHimy B PiBHEHCBHKITaX Te€X TPaILISIIOTHCS HEMOBOU
oIUIaBieHi iHauBinu. Ha HUX MOMITHI MOBEpXHi rapTyBaHHsS, MiKpoIly3upyacTi dopmu,
0ini ¥ OypyBaTi mpucunku. Ily3upuacTi 3epHa 4acTO 3HAXOASThCS Y 3pPOCTKax i3
TUIariokjia3aMy CEpelHbOrOo i OCHOBHOIO CKJIaay, armaTUTOM i IMipOKCeHaMu, TOMY BOHU
MOXYTb MTOXOAUTU 3 aHOPTO3UTIB i, MOXJIMBO, OiIbIII OCHOBHUX IOPiJ, 10 3aJAraloTh Ha
rauOuHi. JocuTh LiKaBUMU € 3epHa iIbMEHITy pOryjiab4yacToi ¢opMH, SKi MaioTh
1IJTAKOTIONiOHUIA BUIJISIA, MiCTSITh BKIIOUEHHSI PYTUJTY (3a JaHUMU PEHTI€HIBCHKOIO aHalli3y),
a Ha TOBepXHi iX iHKOJIM TIOMiTHa Kipouyka aHaTa3zy. lleit mocuts cneuundiyHumii, iMOBipHO,
OLJIbII MNIMOMHHMI 1IbMEHIT, TAKOX 4acTO TPaIUISIEThCS B MyXKUX BidKjaaaax i Jo00pe MapKye
€KCIUIO3UBHI CTPYKTYpH.

BusiBneHi B piBHEHCBbKiTaX pi3HOBUAW anamumy YTBOPUJIMCS Ha Pi3HUX MIMOMHAX i
CTalisiX pPO3BUTKY EKCIJIO3UBHUX CTpYKTyp. Hampukmnanm, amaTuT y BUIJSII 3€peH
HETpaBUIbHOI (OPMU ¥ CipOoro KOJbOpY acollilO€ 3 iIbMEHITOM B yJaMKax aHOPTO3WUTIB.

* JleTanbHuil onuc MOpdOIIOTii KPUCTANIB i 3epeH alMasy i IIMPKOHY, a TAKOX iHIIMX MiHEpaliB i3 piBHEHCHKITIB
Ta nopia Kinunuiseskoi TM3 pazom i3 dororpadisimu aus. y npausix [15, 16].
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Puc. 2. Po3nonin eieMeHTiB-IOMIlIOK Y 103005,00
LIMPKOHI 3 pi3HMX mopin [3, 4, 18, 20]
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BIATIHKIB, TPAaIIgOTbCA KOpHY- —a—— Kimbepnimd (Tliedenra Adpuka )

HeBi Ta 6e3KOJIipHi BigMiHU. 3epHa MaloTh pi3Hy (hopMmy, cyGigioMopdHi KpUCTaau — pi3HUI
obpuc i, BiAMTOBIAHO, KoedillieHT BUIOBXeHHs (iHoni 3a noBxuHU 1 MM K csrae 10), mo
CBiIYUThH MPO Pi3Hi YMOBU (POpMYBaHHSI Ta HACTYITHI 3MiHU. XapaKTepHi i30MeTpUYHi OM-
JIaBJIEHi, a TaKOX CXOXi Ha JbOASIHUKM BUTHYTI 3epHa. BUPi3HSIOTbCS KpUCTaau Mpu3Ma-
TUYHOTO OOpHUCY, Ha TMOBEpPXHI SIKUX HasgBHaA Oijla MyXxKa "copouka" OKCHIY IMPKOHIlO,
noaioHa 10 Ti€ei, sIKoo OyBalOTh YKPUTI 3epHA LUPKOHY 3 KiMOepiTiB [4]. MiKpO30HIOBUM
aHajizoM [15] y mpu3aMaTUYHUX 3€pHaAX BUSBJICHO Pi3HOMAHITHI TBepHi BKIIOYEHHS
(KaytieBOro MoJIbOBOTO IIIIATy 3 AOMilIKOI0 Na; alloMOCUJIiKaTy BTOPUHHOTO TTOXOMXKEHHST),
a TaKOX CKJIaJHiI BKJIIOUYEHHS, sIKi MicTITh (pocdaTtHy ((pTOop-, XJI0pamaTUT) i CUJIKaTHY
(KasbLi€BUI aTIOMOCWIIIKAT) YacTUHU. B i3oMeTpuuHuX 3epHax 3adikcoBaHO BKIIIOUEHHS
KaJliEBOrO MOJILOBOrO IIIMAaTy i LepiliBMiCHOTO (pTOparaTtury.

BuBuenHs po3noniny pinkicHosemenbHux enemeHTiB (P3E) (La, Ce, Pr, Nd, Sm, Eu,
Gd, Dy, Ho, Er, Yb, Lu) y pi3Hux BimMiHax mupkoHy [18] mamo 3Mory BUAiIATH, SIK
MiHIMYM, 4OTUpU TUIU MiHepany. Jisg mepinoro tumy posmnoaini P3E xapakrepusyerbes
TUIIOBUM JJIsI LIMPKOHY CYTTEBUM IepeBakaHHSIM HOPMOBAHUX KOHIEHTpALliil BaXKKUX
€JIEMEHTIB Hall JIeTKUMHU, BimHOCHUM HammiiukoM Ce i Sm 3a medinuty Eu. Takuii nupkoH
MpaBOMipHO pO3IIsiAaTU sSIK a3y, sika KpHUCTadidyBajacsd y piBHOBa3i 3 po3IiaBoM
piBHEHCHKITiB. OOYMCIIeHNI 32 HUMM MOJAEJbHMI CKJIal JJAHTAHOIMIB Y pO3ILiaBi, 3 SIKOTO
KpHUCTaji3yBaarcs Mopoau, rnepeadavyae Moro 30arayeHHs JerkuMU eJeMeHTaMu, OCOOJIUBO
Ce, i BucHaxeHHs Eu. 3a CyKyIHICTIO TeOXiMiYHUX O3HAK IIMPKOH MEPILOro TUIY MOXHa
3iCTaBISITU 3 LIMPKOHOM i3 OCHOBHHUX i YJIbTPAOCHOBHUX IOpiA. LIMPKOH iHIIWX BUILIEHUX
TUITIIB 3BUYAaHO MpPEACTaBJIEHUI OIUIAaBJEHUMU 3€pHAMU, HACUYEHUMM Ta30BUMU
BKJIIOUEHHSIMU. IM BJIACTMBi aHOMaJbHi mapameTpu posnoainy P3E, ToMmy mosiBy Takoro
LIMPKOHY MOXHa MOSICHUTH AIi€I0 PO3IIaBy PiBHEHCHKITiB HA CHHTEHETUYHUIA 3 HUM LIMPKOH
B yMOBax JIOKQJbHOTO MOPYIIEHHS piBHOBArW i, MOXJIMBO, Ha KCEHOT€HHWI ILIMPKOH,
TMIPUBHECEHUI Yy PO3ILIaB i3 Ae3iHTErPOBAHUX YIaMKiB O0OKOBUX Iopia. BindHaunmo 3araibHy
noAioHicTh xapakrepy posnoainy P3E y nupKoHi 3 piBHEHCBKITIB i JaMmpoitiB ABcTpartii
(puc. 2), npuyomy B nepiuux BMicT 6ibiocti P3E Bullmii; Taka XX KapTUHA CIIOCTEPIira€Thest
Ha niarpaMax criBBigHouieHb eqemeHTiB Y/Hf, Ce/Yb, Th/U.

Os3Haku oBaji3allii Ha 3epHax ajJMasy, MyacaHiTy, KOPYyHIy, LIMUPKOHY, iMOBipHO,
BUHUKJIM IIiJl 4ac MEPETBOPEHHs MiHepasiB B YMOBaX BUCOKHUX TeMIIEpaTypu U TUCKY i
TPaAHCIIOPTYBaHHS Y OiSIMOBEPXHEBI TOPU3OHTU 3€MHOI KOPM.

@Dnoeonim y piBHEHCHKITaX MpeICTaBIEHUI 30HATbHUMU TeMHO3a0apRICHUMHU JIyCKaMU,
B LIEHTPi — 3€JICHKYBaTO-0ypyBaTUMHU, IO Tiepudepii — TeMHO-O0ypuMHU. 3ali3UCTICTh 3pOCTaE
J0 30BHILIHIX 30H, MOKAa3HUKU 3aJOMJEHHs 3MiHHi (n, = 1,603—1,651). KoediuieHT
MarHes3iaJbHOCTi KOJMBAETbCS B Mexax Bifg 71,23 go 77,27. Bwmict TiO, craHoBuTh 2,36—
3,85 %, F — 0,38—0,66 % (mac. monst). Bimomo [3], 110 croau i3 3axifHOABCTPaTiiiCbKUX
JammnpoitiB mictaTh Bix 1 go 12 % TiO, i no 7 % F, i B3arani 36araueHHs TUTaHOM €
TUITOBUM JIJISI CITIOJ, i3 YCiX JIaMITpOiTOBMX Topi. Lle MosICHIOI0Th HU3BKUM THCKOM, BUCOKOIO
TeMIIEpaTypolo i BUCOKOIO (YIMTUBHICTIO KKMcHIO. Cimionu i3 3axigZHoaBCTpalliliChbKMX
JIAaMIIPOITiB TaKOX MaloTh 30HaJbHY OyIOBY (30BHIllIHS YacTMHA — TeMHa YEPBOHO-
KOpUYHeBa, OiNbll 3aji3ucra, ckiaaeHa Terpadepudiaoromitom) [3]. 3a3HayuMo, IO
(roromit i3 dmoinusutie Knuuuiscekoi TM3 mictuts mo 2,31 % (mac. mons) TiO,.
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IleBHy iH¢oOpMalLiO B aCMeKTi, 10 PO3IJISIAAETHCS, HeCe i JionCua, OJHAK JOCiIKeH-
HsI JiOro 11Ie He 3aBeplUEeHi.

Linkom 3po3yMiso, 110 (popMyBaHHS MiHepanbHUX a3 y mexax TM3 BinOyBajioch B
PT-ymoBax 3eMHOi KOpH, 3a BUKIIOYEHHSIM MEBHOI YaCTMHM MiHepaliB KCEHOTe€HHOTO
noxomkeHHs. OTXe, mapareHeTUYHUI aHajIi3 OLIbIIOT YaCTUHU MiHEepasiB HECITPOMOXKHMI
BUSIBUTU BIUIMB MAaHTIMHUX YMHHUKIB, OCKiJTbKM (pa30Bi CHiBBiAHOIIEHHS MiHEpaliB y
nopomax TM3 Bimn3epkamioloTh P7T-yMOBU 3eMHOI KOPM Ha MOMEHT METACOMAaTHUYHUX
nepeTBOpeHb abo X KOTEKTUYHOI MarMaTM4yHOI KpucTadizalii. MaHTiMHUI BOJIUB Mir
3iACHIOBATUCS IIUISIXOM MacoIlepeHOocCy, MPSIMUM CBiTUYEHHSIM SIKOTO MOXe OyTU HasIBHICTh
y Mexkax TM3 MarMatu4HUX MOPiJ1 JIAMITPOITOBOI Ta KiMOEPTiTOBOI TpyIl. Y TaKMX YTBOPEHHSIX
IHIMKATOPHY pOJIb Biflirpa€ HasIBHICTh MEBHUX "MPOOJIEeMHUX" MiHepalbHUX (a3, TUTIOBHUX,
CKopillle, JJIsI MAHTIMHOTO MeTPOreHe3UCy, Hix 1151 yMOB Kopu. O3HaKU BILUIMBY MaHTiitHOTO
MacoMepeHocy CJiA IIYKaT! Y BiIXWICHHSIX MOP(OJIOTIYHUX Ta XiMiYHUX XapaKTepUCTUK
MiHepaniB TM3 Bin Takux, sKi AMKTYIOTbCSI yMOBaMU KOPOBOTO METPOreHe3UCy. 3a HalllMMU
CIIOCTEPEXKEHHSIMU, CEpPed MOCIIIKEHOI CYKYMHOCTI MiHepadbHUX (a3 TaKi O3HAKU
MpUTaMaHHi 0OMeXeHii KinbkocTi MiHepasiB TM3. CuHTe3 HaBeaeHoi iHopMallii 103BoJIsIE
CXeMaTUYHO y3araJbHUTU MiHEPAJOTiuHi O3HAKM TaK, SIK 1Ie MOKa3aHO B TaOJMUIL.

OoroBopennsi. HaBeneHuii (hakTUUHUIT MaTepiaj 1a€ HaM ITiACTaBU PO3IJISIIATH OKpemi
XapakTepucTuku MiHepaniB TM3 Ak iHdukamopu BIJIWBY MaHTIiHHMX YMHHUKIB Ha
dopMyBaHHS 1IMX 30H y JOKeMOpii. OqHO3HAYHICTh TAKOI iHTEpIIpeTallii MOXHa, 6e3repeyHo,
CTaBUTH Mia cyMHiB. TyT MOXHa HaBiTh MOOAYUTH BUCMMKYBaHHS (PaKTiB 3 METOIO HETIEBHOIO
OOTpyHTYBaHHSI YMOIJISIAHOI KoHUeIIil. OgHaK mojaibliie 0OOrOBOPEHHSI HEe TPUCBSIYEHE
BUKJIQIEHHIO SIKOICh HOBOI KOHIEIIIIil, pajaile MU O XOTiIM PO3IISTHYTH apryMeHTH "3a" i
"mpoTH" MOJAaHOTO TPAKTYyBaHHSI, KOPUCTYIOUMCh apCeHAJOM paHillle BMCIOBJICHUX
TPUITYIIEHb Ta BiTOMMX YSIBJIEHbD.

Bubip 06’exTiB MiHepaJOTiUHUX OOCIiIKEHb 3a€ThCS ACIIO CKICKTUYHUM JIMIIE Ha
nepiuii morisa. Cripasai, K y Mexax KipoBorpaacbkoro rmmOMHHOTO po3joMy, Tak i Ha
PiBHEeHCBHKIl MUIAHII PO3BUHYTI YTBOPEHHS, SIKi BUHUKJIM BHACJINOK PYWUHYBaHHS IOpPII
3eMHOI KOpH (TeKTOHIYHA CKJIaIoBa) Ta MACIITAOHWX PEYOBUHHUX MEPETBOPEHb NIEPBUHHOTO
TMOPOIHOIO MaTepiaay 3 IPUBHOCOM OJHUX KOMITOHEHTIB i BAHOCOM iHIIIMX (MeTacoMaTuyHa
ckianoBa). Ha PiBHeHCBKiit AiISTHIII BUSIBJIEHO MTOPOIY Ta MiHEepaJiu, OMHO3HAYHO TTOB’sI3aHi
3 MpollecaMi MaHTiIHHOTO METPOreHe3UCy, i, OTXKe, TYT MeTacOMaTUYHA CKJIaJl0Ba MA€ YiTKe
"MaHTiliHe 3a0apBlieHHs" i He MOTpeOye A0AATKOBOTO OOroBOpeHHs. MeHIll OqHO3HAYHUM
y TJIaHi 3’SICYBaHHS MOXJIMBOTO BIUIMBY MaHTIiMHUX (aKTOPiB BUIJISAAE KOMILIEKC
PEUYOBMHHUX XapaKTEePUCTUK JOCTiKEHNX 00’ eKTiB KipoBorpaachkoro MOUMHHOTO PO3JIoMY.
ITpoTe Haragaemo, IO 1i 00’€KTU BiAPi3HSIOTHCS PO3BUTKOM IPOMMCIOBOI 30JI0TOPYIHOI
MiHepaJi3allii i MUTaHHS iX TeHEe3UCY CJIiJ pO3TJIsiAaTy He JIMILEe LJITIXOM aHajli3y HaBedeHUX
MiHEpaJIoTiYHUX O3HaK, ajie W y 3araJbHOMY KOHTEKCTi IpobieMu ¢GopMyBaHHS
Me30TepMaIbHUX POJOBMII 30J0Ta HUKHBOTO TOKEMODIlO.

3a ocraHHi 20 pOKiB ySIBJIEHHS TpO BIUIUB MaHTiMHUX YMHHUKIB Ha TpOLIECH
PYIOYTBOPEHHSI B 3€MHili KOpi yce Oiyiblile 3alyyaloTh IS MOSICHEHHS TIPUPOAU 30J0TOTO
3pyAcHIiHHSA B JOKeMOpii, 30KpeMa B 3eJeHOKaM sHMX TosicaX. ['pyHTOBHMWII OIJISII LIMX
ysIBJIeHb HaBegieHO B MoHorpadii [19]. IpakTnyHO, HEOOXiAHICTh Y 3aydeHHi MaHTIHHUX
(akTopiB BUKJIMKaHA AUCcOaaHCOM MacH Mif Yyac po3paxXyHKiB KiJbKOCTI 30J10Ta, 110 HOoro
HEOOXiTHO BUJIYYUTH 3 TTOPiJ 36MHOI KOPU TSI KOPEKTHOTO IMTOSICHEHHST TUX KOHIIEHTpallii
MeTajly, 10 CIOCTEPIiraloThCs B MeXax HUX CcTpykTyp. IlpobGiaema mossirae y TiMm, 110

OujiHka iHIMKATHBHOCTI MiHEPAJIOTiYHMX O3HAK BILUIMBY MaHTiiiHuX (hakTopiB Ha dopmyBanns TM3
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MOPOIHUI 00’€M 3eJIeHOKaM’ sTHUX TTOSICIB 3aMaJIuii IJIs1 TOro, abu 3a0e3MeYUTH BUITYYCHHSI
Jy>X€ BEJMKOI KiJTbKOCTi 30710Ta. [IpumylleHHsI CTOCOBHO BMJIYTOBYBAHHS 30JI0Ta HE JIMILIE
3 BYJIKAHOTEHHMX TOBIIL 3€JICHOKaM STHUX TOSICiB, ajie i 3 yCiX Mmopia 3eMHOI KOpHU BilOBITHUX
IOUISTHOK BUIAETHCS HAATO CIPOIICHUM. 3 T€OXiMiYHOTO TOIJIsIAY, He OepyThCsl IO yBaru
peanbHi KoedillieHTH BUJIYYEHHS 30J10Ta, alXe, SKIIO HaBiTh IEBHI MOPOAMW MalOTh
MiIBUILIEHUI KJIapK MeTaiy, Ha piBHi 10 Mr/T, To 1ie 30BCiM He O3HAYae, 110 yce 1Ie 30JI0TO
MOXe OYTH eKCTparoBaHe 3 TakKMX Mopia. JJoBoAUTHCS TaKOX MPUITyCKaTH, 110 3eMHa Kopa
3aKJIIOYHUX CTadili PO3BUTKY rpaHiT-3eJeHOKaM SIHUX O0JacTeil Majla XapaKTepUCTUKH
BUCOKOIIPOHUKIIMBOI APEHAXXHOI CUCTEMM, ITONPU CBili BUCOKUN TEPMIUYHUI PEXUM,
TUIACTUYHICTh, iHTEHCUBHUIA MeTaMOP®i3M i 3HaUHEe MOIIMPEHHSI IPaHITOITHOTO MarMaTu3My
# miamipuaMy. HaBiTh SIKIIIO 1ie 1 MOXHa YSIBUTH CXEMaTUYHO, TO BaXKO apryMEHTOBaHO
MOBECTU Ha KiJbKiCHOMY (i3MKO-XiMiYHOMY piBHi 3 ypaXyBaHHSIM T€KTOHOQMi3UYHMX
o0MexeHb [6].

KoHuenuiss BBy MaHTiHHMX (pakTOpiB HaOyBae OCOOJMBOTO 3HAYEHHS y pasi
pO3TIsIAY 30J0TOPYAHUX O0’€KTIB iHIIMX TUMNiIB — Maiicbkoro a6o KIMHIIBCBKOTO,
pO3MillleHUX Y BHUCOKOMeTaMOp(hi3oBaHUX THEWCOBUX KoMmILiekcax. TyT y (yHmaMeHTi
BIIMOBIMHUX CTPYKTYP, SIKUIA MOXKHA Oys10 O BBaXKaTu AXKepeJoM BIIIyUYEeHHS 30JI0Ta, B3arai
BIICYTHi TTOPOAM 3 MiIBUIIEHUM KJIapKoM Iboro Metany. Bimomi poboTu 3 reoximii 3o0Ta
TOpia BUCOKMX CTYITeHiB MeTamopdi3my [21, 22] cyMmicHO 3 mepenbadyyBaHUMK PEOJIOTiYHUMM
XapakTepUCTUKaMU BUCOKOMeTaMOp(di3oBaHMX KOMIUIEKCIiB HE OalOoTh 3MOTU YSIBUTHU
TEOJIOTIYHO pealibHy TPAHCKOPOBY NPEHAXHY CUCTEMY i Y LIbOMY BUITQIKY.

OTXe, B acrekTi MpobJjieMu, 10 PO3IJISAAETbCS, MOXHA IMOMEePeAHbO KOHCTATyBaTH,
1o 1) mKepesno 3070Ta 3HAYHUX 3a 3allacaMu POJOBMIL HUXKHBOTO TOKEMOpil0 HEBiIOMO;
2) MexaHi3M BWJIYYEHHS ILIbOTO 30JI0Ta 3 IOpiJ 3eMHOI KOpUM BUAAETHCS CYMHiBHUM i3
reoxiMiyHoro, izMKo-XiMiYHOIO Ta PEOJIOTiYHOIO TMOIJISAIB; 3) iCHye HU3Ka (haKTUYHMX
CIIoCTepeXXeHb 3a XapaKTepucTukamMu MiHepaiiB TM3, siKi TIpsMO 4M OITOCEpeaKOBaHO
CBimyaTh Ha KOPMCTb Y4acTi MaHTIAHOI peYOBMHM B iXHbOMY (POpMyBaHHi ab0 X BIUIMBY
MaHTIMHUX YMHHUKIB Ha MoAu(iKallilo iXHiX MeBHUX IapaMeTpiB.

LlikaBo BiA3HAYWTH, 110 TEOPETUYHI CYNEpPEeYKU MiX MPUXUIbHUKAMU KOPOBOro i
MAaHTIMHOTO JXepesl 30J0Ta PONOBUIL HWUXKHBOTO MOKEMOpil0 AyXXe HaraayloTb IMCKYCii
MiX TTPUXMJIBHUKAMU KOHILIETIIili OpraHiyHOro Ta HeOpraHiuHoro moxomxeHHs: Hadtu [10].
AHaJIOTisI MiX KOHIICIIIi€I0 OPTaHiYHOTO MOXOMXKEHHSI HadTW Ta KOHLEMII€EI0 KOPOBUX
JDKepes 30JI0Ta MOJISITaE y TiM, IO B 000X BUIMAIKax IepeadadyacThbes Mepepo3rofil Ta
aKyMyJISILIisT pO3CiSTHOI peYOBMHU B MeXKax (PiKCOBaHOTO Te0XiMiYHOIO pe3epByapy — 0CaaoBO1
TOBII, B TIEPIIOMY BMIIAAKY, i 36MHOI KOpU AABHiX IIUTIB, y ApyroMy. Y OUCKYCil 1IOI0
reHe3ucy Ha(pTu HUHI OKpecIuBCSI KOMIIPOMiICHMI BapiaHT, SIKMM mepenbavyae meBHUM
Mepepo3IoIiJl OpraHiuHOiI peYOBMHU OCAJOBMX TOBIL ITiJ BIJIMBOM arpeCUBHMX MaHTiMHUX
BYIJIEBOIHEBOBMicHUX GmoiniB. Ha Hamy aymMKy, TYT MOXHa MpPOCiAKyBaTW YiTKWAA
CTPYKTYPHUI i30MOp(}i3M Mopaeei, 110 € OMHUM i3 TOJOBHUX MPUHLIUIIIB CUHEPTETUYHOTO
Miaxomy 1O BUBYEHHS NMPUPOMHUX SIBUIL. 30KpeMa, 3aCTOCYBaHHS LILOTO ITiAXOMY MOXKE
BUSIBUTUCh KOPUCHUM AJSI MOAAJbIIOi PO3pOOKM TEOPETUYHUX YSBJIEHb IIOI0
JIOKaJIi30BaHOTO MiHEpPaJOyTBOPeHHSI B MexXaXx TM3 yHaclimok BWIIYyTOBYBaHHSI TEBHOI
YaCTUHU PYAHOI PEYOBUHMU 3 TOPiA 3¢MHOI KOPH ITiJl BIIMBOM arpeCUBHUX METAJTOBMiCHUX
MaHTIMHUX IIOiAiB Ta QIIOITHO-CUIIKATHUX CyMilllei.

Y pamkax naHoi CTaTTi HEMAa€ MOXJIMBOCTI A€TaIbHO PO3IISIHYTH Pi3HOMAaHITHI (hi3nKO-
XiMiYHi, Te0XiMiuHi, IETPOJIOTIYHI Ta FTeONMHAMIiUHi aCIIEKTU ME€XaHi3MiB MiHEPaJIOyTBOPEHHSI
y TM3 3a y4yacTio MaHTiHHUX YMHHUKIB. 3aBOaHHSI MU OauuWid y TiM, 1100 BMKIIACTH
dakTUUHI CrIOCTEpeXXEHHs, SIKi MPSIMO BKa3yloTh Ha Mil0 LUX (akropiB. OQHOYACHO MU
HaMmarajuch IPUBEPHYTU yBary AOCTiIAHUKIB OO Ti€l 0OCTaBUHM, 110 BIUIMB MaHTiMHUX
MPOILIECiB HA KOPOBi MEPETBOPEHHST YACTO HEMOOLIHIOETHCSI YHACTIOK JUBHOTO CTEPEOTUITY
TeOJIOTIYHOTO MUCEHHS, SIKE IMiACBIIOMO 3arepedy€e MOXJIMBICTb YYacTi MAHTIHHOT pEYOBUHU
y mpoliecaXx KOpPOBOro MiHEpaJOyTBOPEHHS 3aBAsSKMW BEJUKill Pi3HMLI TIMOUH MixX
MOPOAHUMHU KOMILIEKCaMM KOpU i MaHTii. JIoOBOAMIOCH YYyTH HAaBiTh BUMCIOBM Ha KILITAIT
TOTO, 1O 3aTyYeHHSI MAaHTIMHMX (haKTOPiB BUKIMKAHO OaxkaHHSIM CIIMCATH yCi He3pO3yMisi
pedi Ha MaHTiI0 SK TEeBHUI pe3epByap, TiMOTETUYHICTh YSBJIE€Hb MPO SIKMU T03BOJISIE
6e3BiAITOBITAILHO OyayBaTH HaidaHTaCTUYHIIII Momesi. 3BMYaiiHO, cydacHa TeoJIoTis He
MOXe€ MTOXBaJTUTUCh HAsIBHICTIO BUUEPITHUX 3HAHb MPO MaHTIiitHi mpouecu. OaHaK He Tpeba
MepeoLiHIOBaTU i MacIITaby HallIMX 3HAHb MPO OYIOBY i MPOLIECH 3eMHOI KOpU. 30Kpema,
MiJ 4ac OUiHKW B LIJIOMY CHCTEMHU YSBJEHb 1LI0A0 MeTaMopdi3zMy, MarmMoreHepauii Ta
PYIOYTBOPEHHS B 3¢MHili KOpi 3aBXI1 BUHUKAE BpaKeHHS, 1110 T€OJIOTiYHi KOHLIETLiT Maitxke
anpiopi BUXOIATh i3 CIIOHTAHHOIO 3apOKEHHS ILIMX MPOLECIB Ta iXHHOIO aBTOHOMHOTIO
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nepebiry B Mexax KOpu. 3a 1IbOro, HEMOB HE3aJIe>KHO iCHYIOTh YSIBJIEHHSI 111010 Ia30BOTO
JUXaHHS Haap 3eMJIi, 11010 TTO0ATbHUX re0IMHAMIYHUX ITIEPETBOPEHD JIiTOC(epr BHACTIIOK
KOHBEKTUMBHUX PYXiB y MaHTii, 1I0J0 TPAaHCMAHTIMHUX KaHaJiB TEIJIOMACcOIepeHOCY TUITY
rapsiyMx TOYOK, 1[0 BUHUKAIOTh Y PE3yJbTaTi JUCUIIALIl €eHeprii Ha MeXi Sapo — MaHTis.
HiiicHO, ySIBJEHHS 11I0A0 IIOOATbHUX MPOILIECiB 31€0LIbIIOrO TMMOTeTUYHI, aje X pealbHiCTbh,
1[0 CTa€ yce BiMYYTHIllIOIO, HE 3ajIMIIIa€E CYMHIBiB Y HEOOXiTHOCTI iXHbOTO ypaxXyBaHHSI Mil
Yac PeKOHCTPYKIIi TUX CTPYKTYPHO-PEUOBUHHUX MEPETBOPEHbD, SIKi BiIOYBAINCh Y 3€MHiil
KOpi, Y TOPiBHSIHO TOHKOMY MPUITIOBEPXHEBOMY 1Iapi MIAHETU, MOPOAHI KOMILJIEKCU SIKOTO
JMIIe W MOCTYMHI ISl Halloro 6e3mocepeqHbOro BUBYEHHS.
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IH-T reoJorii i reoximii roproy. KONnaiuH
HAH VYkpainu, JIbBiB

PE3IOME. [JlokeMGpuiicKie LUTbI XapaKTepU3YIOTCsl PSIOM MPU3HAKOB B3aMMOJIEIHCTBUSI 36MHOI KOPbl 1 MAaHTHUHU.
[Ipeanonaraercsi, YTO KaHaJJaMU MAaHTUITHOTO TEIIOMACCOINEPEHOca CAYXWIM Pa3HOOOPa3Hble TIIyOMHHbIE PA3JIOMBI,
KOTOpble COOMpATEIbHO PaccMaTpUBAIOTCS KaK TEKTOHO-METAcOMaTMYeCKHe 30Hbl. B yacTHOCTHM, MaHTMIHBIi
MaccorniepeHoc B (GopMe pacliaBoB WM (UIIOMIHO-PACIUIaBHBIX CMeceil peaqu3oBajicsl B IepepaboTKe BellecTBa
3€MHOM KOpbl M COMPOBOXIAJCS IMpolieccaMy MpUBHOCA — BblHOca BellecTBa. [1opoabl KMMOEPJIUTOBONH U
JIAaMIIPOMTOBOI TPYII YCTAaHOBJEHbI B Psiie TEKTOHMYECKUX 30H KupoBorpaackoro 6J0Ka M paccMaTpUBalOTCsl Kak
MpsiMble MPU3HAKK MPUBHOCA MAHTUITHOTO BellecTBa. KOCBEHHbIE MPU3HAKY BIMSIHUSI MAHTUU BbISIBJIEHBI TPU U3YYEHUU
30JI0TOPYAHBIX MECTOPOXIEHUI, PacloyoKeHHbIX B npeaenaax KupoBorpaackoro riiyOMHHOro pasjaoma (TEKTOHO-
MeTacoMaTHyecKoil 30Hbl). KpaTko oxapakTepu3oBaH crieLM@UUecKHUili HabOp MHUHEpaJoB — ajiMma3, MyacCaHUT,
LMPKOH, (QIIOTOMUT, UJIBMEHUT U 30J10TO, — KOTOPbII MPAKTUYECKU UAEHTUYEH B U3YYEeHHBIX nopojax KianHuoBckoro
pyaHoro mnossi 1 PUBHEHCKOro Mmosist B3pbIBHBIX CTPYKTYp. IlpucyTcTBue 3010Ta B 9TOil accoluanvu, a Takxke
reoJjiornyeckast o3uLMsl 30J10TOPYAHBIX MECTOPOXKIAEHUIA TTO3BOJISIIOT pacCMaTpUBaTh MPOOJIEMY BIMSIHUS MAaHTUITHBIX
GakTOpoB B 00L1IEM KOHTEKCTE MPOOJIEMbI FeHe31ca ME30TEPMATIbHBIX MECTOPOXAEHUI HUXXHETO JOKeMOpUs.
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MIHEPAJIOTTYHI O3HAKHW BIUJIMBY

SUMMARY. Precambrian shields provide a number of distinct signs of the crust-mantle interaction. Crustal normal
fault zones as well as strike-slip faults are supposed to have been the major channels for the mantle heat and mass
transfer, and these zones are defined in the paper as tectono-metasomatic. Particularly, in case of mass transfer from
the mantle either as melt or fluid-melt mixture, influx and discharge of this matter has affected re-crystallization of the
crustal rocks as well as chemical exchange, that is matter addition and removal. Rocks of kimberlite-lamproite affinity
are established in some tectonic zones of the Kirovograd Block in the Ukrainian Shield. These are considered as direct
evidences for the mantle-matter invasion into the Earth crust of the Precambrian shield. Indirect signs of the mantle
input have been found investigating gold ore deposits located within the Kirovograd fault (tectono-metasomatic zones).
These indications include a distinct set of minerals including diamond, moissanite, zircon, phlogopite, ilmenite and
gold. It is notable that exactly the same set of minerals is established for the mentioned mantle-derived rocks of this
region. Presence of gold in this association and geological position of gold ore deposits allow to consider the problem
of mantle factors contribution in general view of genesis of Early Precambrian mesothermal deposits.
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Formation Mechanisms and Dynamic
Characteristics of Free Radicals of Biominerals
as Deduced from EPR Spectroscopy

Preliminary studies of the dynamic characteristics of free radicals R,, located in the organic component of biominerals
was performed. The influence of heating and irradiation on the spectroscopic characteristics (g-factor, width of a line,
spin-lattice relaxation time), and also on the quantity of free radicals in different mineralized tissues was determined.
In addition, the characteristics of free radicals in implant materials following removal of these materials from the bones
of the animals was investigated. It was established that the stability of free radicals increases with the degree of
mineralization of the tissues. A conclusion was drawn that the stable R, radicals (located in an organic matrix of
biominerals) are simultaneously associated with crystal particles of the mineral components of these objects. The
assumption was also made that the stable organic radicals of the soft tissues are also associated with the crystal mineral
particles, which have sizes on the order of nanometers. It was shown that in living tissues at least, three mechanisms of
free radical formation are possible: biooxidation, radiation stimulation and cellular mechanisms. The radicals formed
by these mechanisms are located in different components of the organic matrix and their roles in the functioning of
mineralized tissues are different. Due to cellular mechanisms, the concentration of free radicals in immature or recently
laid down proteins is more then ten times higher than in mature proteins. The free radicals formed by the cellular
mechanism have low stability and promote mineralization of proteins, while the radicals formed by biooxidation and
radiation stimulated mechanisms have high stability. These stable radicals collect in bone tissue and influence the
electrical state of the proteins and accordingly the demineralization of bones. Approaches are analyzed, which can be
used to influence the quantity of stable free radicals in bone tissue and to control of this effect.It was shown that
research in the dynamic characteristics of free radicals provides new opportunities for solving fundamental problems of
biology and mineralogy, as well as practical problems associated with diseases of bones and teeth.

1. Introduction

Biominerals are synthesized and regulated by living organisms [8, 14]. Typical representatives
are tooth enamel, bone, mollusk shells and egg shells. The study of biominerals is of interest
to mineralogical, ecological and medical scientists. Broadly defined, biominerals have three
main subsystems, i.e., mineral and organic components and water [8]. For different type of
biominerals the ratio of quantity of organic and mineral components is unequal. In tooth
enamel, which is highly mineralized tissue the mineral, organic and water components
make up about 95—96, 1—3 and 2—3 % by weight respectively. In different types of bones,
the amount of organic component is 25—35 %. References [1, 2] showed that biominerals
are mineral-organic nano-associated (MONA) systems, i.e. properties of organic and mineral
components are interdependent. At the present time the properties of organic and mineral
components of biominerals are often investigated separately. Basically, this is due to research
being conducted along traditional disciplinary lines as well the techniques being used. The
study of the native or background free radicals of biological tissues is interesting because
insights can be gained about the normal functional mechanisms of bone, as well as the
processes which lead to the development of diseases in bones and teeth.

A significant quantity of work has been devoted to the study of biominerals by electron
paramagnetic resonance (EPR), nuclear magnetic resonance and electron nuclear double
resonance [3—6, 11, 18]. The majority of the investigations are devoted to study of mineral
component of the biominerals. The characteristics of the EPR signal of the organic component
of bone tissue have been investigated in greatest detail in reference [12]. The variation in the
form of native EPR signals in different samples of tooth enamel is described in reference
[17]. At this time, the formation mechanisms and the structure of the free radicals, located
in the organic component of biominerals, are inadequately investigated. This is mainly
because the intensity of the EPR signals, associated with the organic component, as a rule,
is very small. The small intensity of EPR signals complicates the study of structural and
dynamic characteristics of the relevant free radicals. It needs to be emphasized that information
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Fig. 1. EPR signal of native radicals R, in tooth enamel.
Numbers 7 and 2 designate the EPR signals of the
3rd and 4th lines of Mn2* ions in the MgO standard.
The native signal is the center of the spectrum. The
intensity of the native signal we designate as /,. The
value /, is the peak to peak intensity of the signal

about the local structure, the formation mechanisms and the dynamic characteristics of free
radicals is what is needed to solve important applied problems, involving bone and teeth
diseases.

The purpose of this paper is to report on the structural and dynamic characteristics of
the free radicals, located in the organic component of biominerals. Formation mechanisms
of free radicals and the factors, which influence the quantity and type of free radicals in
different biological tissues, will be described.

2. Samples and experimental technique

The biominerals of human tooth enamel, bones of rats and cows, as well as demineralized
cow bone were investigated in this study. The demineralization was performed with a 10 %
solution of nitric acid for 22 hours. Synthetic analogues of bone tissue (synthetic
hydroxyapatites), which are used as implant materials for treatment of bone diseases, were
investigated. The implants were manufactured in the form of hydroxylapatite porous ceramic
(porosity approximately 50 %, size of porous 0.1—0.5 mm). The implant materials were
investigated both before and after implantation in the bones of animals. In addition, a
number of organic materials (collagen, gelatin, benzoic acid) were investigated in the paper
as well.

The basic measurements were done using three different EPR spectrometers: RE-1306
(Russia), PS-100.X (Belarus) and ERS-231 (Germany), which operated in the three-
centimeter range. The collection of EPR spectra was done at room temperature.

The irradiation of samples was done with a RUP-120 X-ray machine (anticathode
voltage 70 kV, current 2 mA), a cobalt gun (isotope %0Co, energy of quantum 1.25 MeV) or
a KGU-1 high pressure hydrogen lamp. Heating of samples was done with muffle furnaces
in an air or inert gas (helium) atmosphere. The heating in air was performed in two modes:
free access to (heating in an open cup) and with limited oxygen access (heating in long
tube). Duration of heating was approximately one hour.

3. Experimental results
3.1. Comparison of the g-factors, widths and forms of EPR signals
The EPR signal of native radicals can be recorded in all untreated samples of tooth enamel
and bones. Example of EPR signal of native radicals in tooth enamel is shown in Fig. 1.
Spectroscopic parameters of the native EPR signals in different substances are given in
Table.

It can be seen in the Table that the spectroscopic characteristics of native EPR signals in
different samples are similar, but are not identical. The value of the g-factor (g = v/(B;* k),

Characteristics of EPR signals of free radicals in different substances

Material g-factor Width, mT
Tooth enamel 2.0049 + 0.0005 0.89 +0.25
Dentine 2.0047 + 0.0005 0.71 +£0.25
Femur bone of cow 2.0044 + 0.0005 0.79 +£0.25
Demineralized femur bone of cow 2.0038 + 0.0005 0.79 +£0.25
Femur bone of rat 2.0045 + 0.0005 0.90 £ 0.25
Hydroxylapatite implant 2.0043 + 0.0005 0.82 +0.25
Collagen from rat tail 2.0043 + 0.0005 0.82 +0.25
Irradiated gelatin 2.0043 + 0.0005 0.86 +0.15
Irradiated benzoic aced (CcdHs — COOH) 2.0035 + 0.0005 1.48 + 0.33
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Fig. 2. Power saturation curves showing the intensity dependence of EPR signals. /, is the signal dependency while Pis
the of microwave field power. Curves /, 2 and 3 are for enamel, annealed at 200 °C; gelatin, irradiated by gamma rays
with 104 Gy; and tooth enamel, annealed at 600 °C. The abscissa shows the attenuation of microwave power in
decibels. The maximum power P, is equal to about 60 mW

Fig. 3. Dependence of intensity of EPR signals /, upon the degree of mineralization (M) of various tissues of the rat.
The abscissa specifies quantity of mineral portion in the tissue as a percentage of the weight of the tissue. From left to
right the tissues were tail collagen, spinal ligaments, muscle, vertebral bodies, vertebral spines, femoral cortical bone,
mandibular ramus and tooth (fang)

where v is the microwave frequency at which the measurements are taken, B, is the induction
of the magnetic field and k is a constant) is maximal for tooth enamel and as a rule smoothly
decreases with reduction of the degree of mineralization of biological tissues. The widths
(AB) of EPR signals in different materials are different. The form of EPR signals in different
samples of the same type of biominerals can vary. For example the ratio /;//, where /; and
I, are the intensities of the low and high field peaks of the EPR signal (Fig. 1) for different
samples of tooth enamel is in a interval 1.1—1.4.

On the basis of the data shown in Table, it is possible to conclude that the native EPR
signals in different biological tissues are slightly different. These native signals can be related
to several groups of signals, which have similar spectroscopic characteristics. We will designate
the native radicals, which cause the EPR signals seen in Fig. 1 and in Table, as R,, and the
appropriate intensity of their EPR signals as /,. The value I, is determined as peak to peak
intensity of EPR signal.

The differences between g-factors and widths in different materials can be due to the
following causes. The first cause could be variations in the surroundings of the organic
substances where the R, radicals are localized. For example, this situation can occur if the
organic molecules, which contain R, radicals, are surrounded by different biochemical
substances. The second cause can be due to differences in the molecules in which the R, are
located.

3.2. Saturation of native radical signals by microwave power

The saturation curves of EPR signals in tooth enamel, bones and other biological tissues are
similar but not identical. There is a tendency for displacement of the saturation curve
extrema in the high microwave power region with increasing mineralization of biological
tissues. The largest differences in saturation curves are between tooth enamel (highest degree
of mineralization) and gelatin (unmineralized). The saturation curves of the EPR signals for
these two materials are shown in Fig. 2.

It is possible to explain the saturation data as follows. Since the R, radicals are located
in the organic matrix of the biominerals, the degree of mineralization of the tissues does not
strongly influence the spin-lattice relaxation time 7; of these radicals. However, the tendency
to reduce 77 in highly mineralized tissues indicates that the R, radicals are located near to
the surface, which forms the interface between the organic and inorganic components of the
biominerals. Thus the bounding of the radicals with the crystal particles reduces 7.

The changes in the width and shape of the native EPR signals with increasing microwave
power are insignificant. This indicates that the width of native EPR signal is caused by a
non-homogenous mechanism. This non-homogeneous mechanism can be due to hyperfine
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'Fig. 4. Changes in position and form of EPR signals upon heating of tooth enamel. The spectra a, b, ¢, d correspond
to samples annealed at temperatures of 287, 497, 600 and 850 °C respectively

Fig. 5. Changes of intensity of EPR signals upon heating of tooth enamel. The scale of a curve 2 is reduced by 50 times
in comparison with curve 1. The dotted lines specify the heating curves of the native radicals and the radicals associated
with the carbonization of the organic matter

interaction of the spin with the surrounding magnetic nuclei or by overlapping of different
signals, which have close g-factor values.

3.3. Ratio of native signal intensities in different biological tissues

Tooth enamel has the weakest EPR native signal. In the enamel of carious teeth the signal
is approximately two — five times more intensive than that of healthy enamel. Dentine
impurities in enamel samples also increase the value of /,. This problem is the reason careful
separation of enamel and dentine is necessary in retrospective EPR dosimetry of tooth
enamel [10]. The values of /, in different types of bone are different and depend on the age
and health status of the tissue. As a rule, aging and disease (osteoporosis), lead to increases
of I,. On the average, the intensity of the native EPR signal in bone is approximately four —
seven more intensive than that of tooth enamel.

The amount of free radicals in biological tissues depends on the degree of mineralization
of these tissues. This dependence for tissues of the rat is represented in Fig. 3. The points of
this curve correspond to mineralization of 2 %, 5, 7, 10, 45, 58, 62 and 70 % and relate
to the following tissues: tail collagen, spinal ligaments, muscle tissues far removed
from the tail axis, vertebral bodies (predominantly cancellous bone), spines, femora,
mandibles and tooth. Mineralization M is the ratio of a sample weight after annealing in air
atmosphere at 7= 800 °C to weight of an initial sample.

The curve in Fig. 3 has an extrema at M ~7 %. For samples with higher mineralization
the amount of free radicals smoothly decreases with increasing degree of mineralization. It
is important, that the EPR native signals of soft tissues have comparatively high intensity.
We believe that the stable native radicals in soft tissues are presumably associated with
nanometer-sized crystal mineral particles and it is the number of these particles which
accounts for the larger signals.

We have investigated the amount of free radicals in implanted materials extracted from
rabbit bones. The implants were porous ceramic on a base of synthetic hydroxyapatite. The
ceramic was implanted into rabbit femora for time 7. We have investigated initial
samples (¢ =0) and samples extracted from the bones after different intervals of time. Native
radicals are absent in the initial samples (¢ = 0). Within approximately ¢ = (14—20) days the
amount of free radicals in extracted material is maximum. In the samples, which were
implanted the longest, there was a decrease in the quantity of free R, radicals.
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Fig. 6. The changes in of width of EPR signal upon heating of tooth enamel
Fig. 7. The changes in the g-factor of EPR signal upon heating of tooth enamel

The intensity of the /, signals in extracted implant materials is approximately 10 times
greater then in normal bone, but in extracted materials there is less organic matter then in
normal bone tissue. Accordingly, the concentration of free radicals in the organic matter of
implanted material is essentially more then in normal bone tissue. Therefore, the proteins
that penetrate into implanted material have disproportionate numbers of free radicals.
Accordingly, these proteins are very active. The free radicals of the proteins promote to their
association with mineral matter of implants.

3.4. Influence of annealing on the characteristics of free radicals

During annealing of biological tissues the intensity, width and shape of EPR signals significantly
change. Alterations of the characteristics of EPR signals during annealing of samples of
tooth enamel are shown in Figs. 4—7. According to these figures annealing of samples at
200—300 °C results in significant increases of intensity (Fig. 5) but the width (Fig. 6) and
g-factor (Fig. 7) of EPR signals do not change much. Hence, in the temperature interval
200—300 °C the thermal generation of R, centers takes place. This generation may be caused
by the breaking of chemical bonding during annealing or by a thermally stimulated oxidizing
process. However, the structure of the component of the organic matrix that contains R,
radicals does not essentially change in this temperature range. Accordingly, the g-factor and
width of EPR signals that were generated by annealing in the temperature interval of 200—
300 °C are similar to those of the native radicals produced by live tissues. It is known, that
during mechanical crushing of enamel, the intensity of 7, signals increases [7]. In small
granules this increase is stronger then in large ones. We believe that the difference of EPR
signals in small and large granules is associated with higher mechanical heating of the small
granules during the crushing of the enamel.

Annealing of samples in the temperature range 300—400 °C results in decreasing the
intensity of the signals and the changing of their g-factors and widths (see Figs. 6, 7). These
experimental data show that in the temperature interval 300—400 °C significant alterations
of the components of the organic matrix that contain the R, radicals take place.

Annealing of enamel in the temperature range of 400—800 °C produces radicals with
characteristics which differ from those of the native R, radicals (see Fig. 4). During annealing
of biominerals at 400 °C, the EPR signals of CH,, CH; and other organic radicals appear.
These are the result of the intensive decay of the organic matrix. Radicals that can be
observed in the temperature interval 400—800 °C, are associated with the carbonization of
the organic matrix of biominerals. Appreciable decreasing of the width of EPR signals in the
temperature interval 400—600 °C is caused by exchange interaction (at high concentration of
paramagnetic centers their wave functions significantly overlap and this results in increased
exchange interaction and as a result to narrowing of EPR signals [20]). The increase in the
signal width in the temperature interval 600—800 °C is associated with the decreasing of
center concentration (see Fig. 5). During the decrease of center concentration their exchange
interaction also decreases and accordingly signal width increases.

The changes of the characteristics of EPR signals in dentine, cow bone and in
demineralized cow bone as functions of the annealing temperature are shown in Figs. 8—10.
These curves are qualitatively similar to the same curves for tooth enamel, but they are
shifted to lower temperatures in comparison the ones shown in Figs. 5—7. According to
Figs. 8—10 the radicals of demineralized bone have the least temperature stability.
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According to the experimental data shown in Figs. 5—10 it can be concluded, that the
mineral component increases the temperature stability of R, radicals localized in biological
tissues. We believe that stable radicals in organic matrix of biominerals are associated with
crystal mineral particles that are immersed in the organic matrix. The bond of the component
of the organic matrix containing the R, radicals and the crystal particles increases the stability
of the R, radicals.

The annealing curves of the EPR signals in bones depend considerably not only on the
annealing temperature but also on oxygen access to the sample during annealing (Fig. 11).
If oxygen access is limited, the curves shift to higher temperatures. The same situation is
observed during annealing in inactive atmosphere (helium). However, in the temperature
interval 100—150 °C the annealing curves of biological tissues do not seem to depend essentially
on oxygen access. Thus, in this temperature range, processes (including oxidizing processes)
in biological tissues depend slightly on external conditions.

3.5. Influence of external irradiation on free radicals in biominerals

External irradiation of biominerals and other biological tissues increases the amount of free
radicals inside them. Studying the influence of irradiation on R, radicals of mineralized
tissues is a difficult task. This is caused by the following factors. As a rule, the increase in the
quantity of free radicals during external irradiation is small, so that the efficiency of R,
radical production is low. However, both X-ray and gamma ray irradiation effectively create
CO; radicals in highly mineralized tissues (tooth enamel, bones). The presence of intensive
CO, radical signals affects the study of EPR signals of native radicals. According to the
results of our experiments with highly mineralized tissues irradiated by doses of hundreds of
Gy the intensity of EPR signals of native radicals increases three — five times. X-rays
produce native R, radicals (at the same doses) more effectively then gamma irradiation.
Ultraviolet irradiation by the KGU-1 hydrogen lamp produces EPR signals in tooth enamel
and bones like the EPR signals of the R, radicals.

Irradiation of poorly mineralized tissues and of demineralized bone results in increased
EPR signals of R, radicals. Irradiation of demineralized bone tissue by hundreds of Gy
increases /, by 2—3 times. However, EPR signals in irradiated demineralized bone tissue are
unstable. The lifetime of these centers is a few months.

The irradiation of gelatin by a gamma source results in the appearance of a very intensive
doublet signal with g = 2.0046, but this signal is unstable. This signal transforms into a signal
like that of native radicals (see Table) after several months. Irradiation of benzoic acid
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Fig. 10. Dependencies of EPR signal widths in dentine of human teeth (/), cow bone (2) and demineralized cow bone
(3) upon heating temperatures

Fig. 11. Dependencies of EPR signal intensity in rat bone upon heating. Curve [ corresponds to free access to oxygen
(heating in open small cup), and curve 2 — to limited access to oxygen (heating in long tube). Curves [ and 2 are
normalized to the maximum values of the signal intensities. For curve 2 the maximum signal intensity is about 20 times
more, than for curve /

(C¢Hs — COOH) with gamma rays results in appearance of a EPR signal like that of R,
radicals (see Table).

3.6. Influence of chemical treatment on EPR signals of R, radicals

Intensity of I, signals in biological tissues can be significantly decreased using chemical
treatment. References [9, 16, 19] describe different methods of decreasing the /, signal in
tooth enamel to solve problems of retrospective dosimetry. It is important for dose
reconstruction, that chemical treatment influences only the organic matter of tooth enamel

(on EPR signals of R, radicals) and do not affect EPR signals of CO, radicals. According

to [11] treatment of tooth enamel by hydrazine (N,H,), which is a strong reducing agent,
considerably decreases the intensity of the [/, signal in tooth enamel. In reference [12] the
methods of chemical treatment of bone to decrease the intensity of the /, signal are given.

The mechanisms of the influence of chemical treatment on /, signals may be different.
Chemical treatment possibly removes different components of organic matter of biominerals,
which results in decreasing of intensity of the /, signals (if the chemical treatment removes
tissues, that contain R, radicals). Moreover, chemical treatment (especially treatment by
chemical reducing agents) may change charge state of R, radicals and not affect the amount
and composition of the organic matter of bone tissue. The decrease of the intensity of the
EPR signals /, in this case is probably due to the transition of R, radicals into the
nonparamagnetic state due to the capture of electrons from the reducing agent.

After demineralization with nitric acid the intensity of /, signals changes slightly. However,
the demineralization leads to a decrease of the g-factor value (see Table) and thermal
stability of the /, signals (see Figs. 5—10). We have established that formalin treatment of
demineralized bone tissue decreases the intensity of the [/, signal, but does not affect the
EPR signals of normal (not demineralized) bones and teeth.

Boiling of bones in water for 10 hours increases the intensity of the /, signal by 3—4
times. During boiling different organic components (at first lipids) are removed from bone.
Long boiling under pressure removes an essential part of the organic matter of the bone
tissue and results in loss of mechanical strength (bone turn into small particles). However,
boiling of bones does not decrease but rather increases the /, signal. Thus, most of the R,
radicals apparently are localized in the organic components of the bones, which are firmly
associated with the mineral particles. Moreover, during boiling the thermogeneration of R,
radicals takes place. We believe that the increase in the EPR signal is caused by heating of
samples during the boiling.

Annealing in temperature range 400—600 °C of boiled bones with partially removed
organic component produces EPR signals. However, in boiled bones the intensity of EPR
signals (generated by annealing in 400—600 °C) is by 10—100 times less then in non-boiled
bones.
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4. Discussion

4.1. Mechanisms of formation of free radicals

Radicals R, are associated with broken chemical bonds in the organic matter of mineralized
tissues. The value of the g-factor of the R, radicals indicates that these radicals correspond
to hole type of paramagnetic centers. Hence general schema of formation of R, paramagnetic
radicals can be represented as follows:

RO - Rf +e (1)

where R,? is the precenter in the component of organic matter, which can lose electrons
under some external influence and change to the paramagnetic R,J{ state. The value R,J{

corresponds to the R, notation. However, in (1) notation R,J{ shows that the structural
component associated with the free radicals has a positive electrical charge.

To understand the nature and properties of native signals it is necessary to study
the structure and properties of the R,? component and to identify the type of bioorganic
compounds, that contain this component. Moreover, we must determine the driving

forces that change the electric charge of the R,? during the formation of R, radicals.

Native radicals are formed in living tissues as a product of life. According to the
above mentioned experimental data in mineralized tissues extracted from a biological
tissues, the paramagnetic radicals with the parameters close to those of the native
signals can be produced experimentally. The mechanisms of formation of R, radicals in
living biological tissue and in extracted bones cannot be the same; because the properties
of the mineralized tissues (and processes inside it) irreversibly changes after extraction
from the living organism. However, the experimental data from extracted tissues may
be useful for investigating the formation mechanisms and the properties of the native
radicals in living tissues.

It can be hypothesized that in living organisms, reaction (1) is caused by the
oxidization processes of the biological tissues. It is known [13] that antioxidants, ferments,
vitamins and other biologically active substances significantly affect oxidization and
reduction in living organisms. We will call the mechanism of producing of R, radicals
in living biological tissues by oxidization as biooxidation mechanism. The processes of
fermentative oxidization of biological tissues (to produce radicals R,) may be solved
using in vitro tissue extracts, but this has not been done.

According to the above described experimental data the irradiation of bones (and
other biological tissues), extracted from living organisms, produces R, radicals. In
biological tissues extracted from living organisms, quanta of ultraviolet, X-rays and
gamma irradiation can detach electrons from different components of organic tissues,
or ionize these components. It can be hypothesized that in living tissues, reaction (1)
may also be caused (except for fermentation oxidization) by radiation stimulated
processes. Irradiation of living biological tissues may stimulate production of R, radicals,
(1) directly, thanks to the removal of electrons from precenters and, (2) indirectly, as
a result of the influence on oxidation-reduction processes in living biological tissues.
Since irradiation only has a slight effect on the intensity of the [/, signal in bones
extracted from living organisms, the second (indirect) mechanism is possibly more
effective for living tissue than the first (direct) mechanism. We will refer to the
mechanism of producing of R, radicals by irradiation of living tissues as the radiation
stimulation mechanism.

In biominerals extracted from living organisms, the R, radicals can be produced by
annealing the samples (see Figs. 5—7). Heating possibly stimulates the oxidization
processes within the samples. Investigation of properties of R, radicals that were produced
by annealing of the samples, provides information about the stability of the R, radicals

and about the characteristics of R,? components of organic matter. This information is

useful for the study of the formation processes of the R, radicals in living organisms.

According to our experimental data the "new" proteins, which grow into the
implanted material, have high concentrations of native radicals. Hence, the bone tissue
cells produce proteins with high concentrations of free radicals. This mechanism of
formation of R, radicals we will refer to as the cell mechanism. Due to the cell mechanism
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the "new" proteins (or proteins just after their production by cells) have high
concentration of R, radicals. The presence of high concentrations of free radicals
increases the activity of proteins and is conducive to the mineralization of the proteins.

In addition to the above described formation mechanisms of R, radicals other
mechanisms are probably also possible. Further investigations are needed to clarify the
details of the formation mechanisms of R, radicals.

4.2. Possible localization sites of free radicals
Since the spectroscopic and the dynamic characteristics of free radicals in different
biological tissues are different, we suppose that there are several types of free radicals
located in different components of the organic matrix of biominerals.

It is possible to assume that formation processes of free radicals R, are associated
with oxidization of carbon-hydrogen (C — H) bonds of different bioorganic compounds.
One possible variation is shown in the following equation:

[(Comp);= C — H] + O, —» [(Comp),= C — OH]* + (OH)". )
In reaction (2) the value (Comp); corresponds to some bioorganic compound that

contains carbon-hydrogen (C — H) bonding and can be oxidized. If the hydroxyl group,
which was produced during the oxidation is unstable, the following reaction may occur:

[(Comp); = C — OH]* — [(Comp), = C = O]* + HO. 3)

For the formation of the double bond between carbon and oxygen in reaction (3) an electron
is necessary. This electron may be taken from carbon orbitals or from orbitals of the involved
compound (Comp),. On the basis of this supposition we believe that the complex [(Comp); = C =
O] is paramagnetic. Paramagnetic holes may be localized on the carbon ion or delocalized on the
complex [(Comp), = C = O]*. The oxygen ion makes a significant contribution to the wave function
of the paramagnetic hole but this paramagnetic center is not a hole center O~ (in that the case
g-value would be ~2.06). We suppose, that the influence of the (C = O) bond gives a g-tensor value
of (2.004—2.005) that is typical for R, free radicals in mineralized tissues. We believe that the
differences in g-factor values for R, radicals of different materials (Table) are caused by differences in
the nearest neighbors of the [(Comp), = C = O] complex in different tissues and also to differences
in the structure of the (Comp); compounds in different materials. Radicals R, produced by different
mechanisms (biooxidation, radiation stimulation and cell mechanisms) may be localized in different
fragments of the organic matrix of biominerals.

We suppose peptide groups and aromatic rings of organic compounds are the most likely
components of organic compounds to contain the R, radicals. Among the substances, which contain
aromatic rings are flavine-semiquinine enzymes, flavineproteins and flavanols. According to reference
[12] the EPR signals of these compounds are similar to the native signals of mineralized tissues. The
simplest compound containing an aromatic ring is benzoic acid (C4H; — COOH). The EPR signal
of benzoic acid (see Table) is similar to that of the native radicals.

Peptide groups are important components of the structure of protein molecules. All proteins
that form the organic matrix of bones and teeth contain these groups. Values of the g-factor for
carbon-oxygen groups associated with the benzene ring and peptide groups are different. These
differences are small but detectible. Further investigations are needed to determine the differences in
the values of the g-factors of free radicals localized in different components of the organic matrix of
biominerals.

It is also possible that the R, free radicals are formed by breakage of sulphide bonds which
determine the spatial structure of protein molecules. It is known, that during the oxidization of

sulphide bounds of proteins the SO; radicals may be produced [15]. The SO3 and other sulphide
radicals have g tensor values close to those R, free radicals localized in mineralized biological tissues.

SO; radicals may be identified on the basis of the hyperfine splitting of the 33S isotope. The

hyperfine splitting can also be used for diagnosis of carbon ions due to splitting on the 13C nuclei.
However this technique requires intensive EPR signals because of the low abundance of the isotopes
with magnetic nuclei (0.74 % for 33S and 1.1 % for 13C).

We think that the types of organic compounds which contain the R, radicals are not limited to
the above mentioned variants. For the solution to the question about localization of the R, radicals
further investigations are necessary. Since the differences between the spectroscopic characteristics of
R, radicals in different substances are small, the development of new approaches for study of the
differences is needed.
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4.3. Stability of fiee radicals in mineralized tissues

An important characteristic of free R, radicals in mineralized tissues is their high stability. In tooth
ename] and bones extracted from living organisms the R, radicals exist indefinitely. The stability of
R, radicals in tooth enamel and bones extracted from living organisms is determined by the stability
of the organic substances where they are localized.

According to the above described experimental data the stability of R, radicals increases with
increasing mineralization. It can be hypothesized that the solid state crystals that form the mineral
component of biominerals, stabilizes the R, free radicals. This stabilization is only possible if the
organic compounds which contain the R, radicals are associated with the nanocrystals of the mineral
component of the mineralized tissues.

It can also be hypothesized that the soft tissues also contain a small amount of inorganic
crystalline particles and that stable free radicals are associated with these crystalline particles. We
suppose that these crystalline particles have nanometer dimensions and apparently have structure
similar to those apatite or calcite.

Factors that determine the stability of R, radicals in living mineralized tissues and in tissues
extracted from living organisms are different. Metabolic processes influence the stability of R, radicals
in living tissues. According to our experimental data the R, radicals produced by cell mechanisms
have low stability. The quantity of this type of radical decreases during the mineralization of the
proteins. On the contrary the R, radicals produced by biooxidation and irradiation in mineralized
tissues are stable. These radicals apparently accumulate throughout the life of the living organism,
because their quantity increases with age (unpublished data, G. Kenner). It is known that in bone
(unlike tooth enamel) intensive metabolic processes take place. These processes have an influence
on the dynamics of the free radicals in bone. However, the accumulation of some types of free
radicals with age provide evidence of high stability of the native radicals in mineralized tissues.

4.4. Interdependence between firee radicals and diseases of bones and teeth

There are R, radicals in all the highly mineralized tissues including healthy bone tissue and tooth
enamel. R, radicals are associated with broken chemical bonds, thus the high amount of R, radicals
is an indicator of pathological processes in mineralized tissues. According to our experimental data,
disease increases the amount of free radicals in bone tissue. In carious tooth enamel, the amount of
R, free radicals is approximately five times more than in healthy tissue. R, radicals are an indicator
of the state of the organic matrix of mineralized tissues. Defective enamel matrix in carious teeth also
contains higher quantities of R, radicals. We hypothesize that R, radicals are markers of the state of
mineralized tissues during their illnesses. Accordingly, by EPR it should be possible to study the
disease processes of bone and teeth by emulation of disease_processes in experimental animals.

It was mentioned above that R, free radicals are positively charged centers. Thus, the presence
of these radicals changes the local electrical state of bounded mineral and organic components.
Changes of the local electrical state on the surfaces of the organic and mineral components shift the
dynamic equilibrium processes of growth and dissolution of the nanocrystals of the mineral component
of bone tissue. Accordingly, the free radicals (or changes of local electrical state on organic-mineral
surface) can be a local cause of osteoporosis and other diseases associated with demineralization of
biological tissues. It is important that the general cause of the diseases may be associated with the
processes on the body level, on the organ level, on the level of the cell system or lower. However, the
final demineralization processes occur at the nanometer level, i.e., at the level of nanocrystals of
mineral matter and of protein molecules associated with these mineral particles. Thus, the R,
radicals due to their electrical charge play important role in biological processes at the nanoscale
subsystem level.

It is known, that protein molecules may be both cationic and anionic, depending
on the pH. Because the R, radicals have electrical charges, the electrical state of
protein molecules (relative to environment), can be changed by any pathological process.
This may be the motive force (besides above mentioned mechanisms) for the formation
of free radicals in protein molecules. Presently, we do not know if R, radicals are only
indicators of diseases or if they are also the cause of the diseases. However, in any case
it is important to develop methods for controlling the quantity of free radicals in living
mineralized tissues. This influence may be realized through acting on the oxidation-
reduction and metabolic processes of bone tissue in experimental animals. It is important
that antioxidants, vitamins, ferments and other biologically active substances influence
the above processes in living organisms. We hypothesize that due to influence of these
substances, i.e., their reducing abilities, or their ability to alter the pH of the environment
in bone tissue, may result in reaction (4), which is the opposite of reaction (1):
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RS +e — R,(,) . (4)

If free radicals are not only indicative but also the cause of patholgy in mineralized
tissues, then reaction (4) may be the basis for the development methods for preventing
bone diseases.

5. Conclusion

The results of our investigations and literature survey show that free radicals play an important role
in the function of highly mineralized tissues including bone tissue and tooth enamel. There are
several types of free radicals in mineralized tissues, which are found in different components of the
organic matrix. Different types of radicals play different roles in the function of mineralized tissues.
For example, radicals produced by the cell mechanism in newly formed bone tissue are important
for protein mineralization. On the contrary, in mature bone tissue the radicals produced by biooxidation
and irradiation mechanisms are conducive to bone demineralization and osteoporoses. Different
types of radicals are located in different components of organic substances, and thus have different
effects on the electrical state of proteins and on the processes in bone tissue.

The spectroscopic characteristics of different types of free radicals are very similar. Thus, it is
very difficult to evaluate the contributions of the different types of free radicals in the experimental
EPR spectra. In order to solve this problem further detailed studies of the dynamic characteristics of
free radicals and the development of new approaches for studying of their structure and properties
will be necessary. Electron nuclear double resonance has great potential for studying the local
structure of free radicals. Using this technique it is possible to determine the local structure of free
radicals and to identify the different types of radicals. To separate the different types of radicals the
study of the hyperfine structure of magnetic nuclei with low abundance 13C and 33S is very promising.

To separate the contributions of the different types of free radicals and to evaluate the bonding
energy of these radicals with the crystal particles of the mineral component, it will be possible to use
EPR saturation curves and temperature stability data for these radicals. If the bonding energy of these
radicals to the crystalline particles increases, it will result in decreases in the spin-lattice relaxation
time and increases in the stability of these radicals.

In conclusion we would like to emphasize that despite the presence a number of unresolved
questions the experimental data about the properties of free radicals gives us the opportunity to solve
different medical, biological and mineralogical problems.
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PE3IOME. T1poBeieHbl NpeaBapUTeIbHbIE MCCIEN0BAHMS TMHAMMYECKUX XapaKTePUCTUK CBOOOIHBIX paauKanos R,
JIOKQJIM30BAaHHbIX B OPraHWYeCKOil KOMIIOHEHTe OMOMMHepanoB. MccienoBaHO BIAMSIHUME OTXKMIAa M OOJIyyeHMs! Ha
CIEKTPOCKONMUYECKUE XapaKTEPUCTUKU (g-PaKkTop, LIMPUHA JIMHUM, BPEMSI CIIMH-PELLIETOYHOI pefakcalim), a Takxke
Ha KOJMYECTBO CBOOOIHBIX PAJMKaJIOB B Pa3HbIX MMHEPaJIM30BaHHBIX TKaHsXx. Kpome Toro, mcciaenoBaHbl
XapaKTepUCTUKU CBOOOIHBIX PAJMKaJIOB B MarepuasaX UMIUIAHTATOB MOC/IE U3BJIEYEHUS ITUX MaTepPUAIOB U3 KOCTEi
KMBOTHBIX. YCTaHOBJIEHO, YTO CTaOMJILHOCTb CBOOOAHBIX PaJMKaJOB BO3pPACTaeT C yBEJMYEHUEM CTEIeHU
MUHepaIn3aliy TKaHeit. ClieaH BbIBOI, YTO panuKaibl R, , TOKATM30BaHHbIE B OPraHUYECKOi MaTpyLie GMOMUHEPAIOB,
OJJHOBPEMEHHO aCCOLIMMPOBAHBI C KPUCTAUTMYECKUMU YaCTULIAMU MUHEPATbHOM KOMITOHEHTbI 3TUX 00beKTOB. Cle/laHo
MPEANONIOKEHUE, YTO CTAOMJIbHbIE OPraHMYECKUe paguKasibl MSTKUMX TKaHEil Takxe CBs3aHbl C KPUCTAUIMYECKUMMU
MUHEpaTbHBIMU YAaCTULIAMM, KOTOPbIE UMEIOT pa3Mephbl Mopsiika HaHOMETpoB. [TokazaHo, 4TO B XKMBOM OMOIOrMYECKOM
00BbEKTe BO3MOXHBI, [0 KpailHEll Mepe, TP MexaHM3Ma 0Opa30BaHMsI CBOOOIHBIX PaJUKalOB: OMOOKUCIUTENbHBINI,
paIualMOHHO CTUMYJIMPOBAHHbBIN U KJI€TOUYHbII. Pagukanbl, 00pa3oBaHHbIE 10 3TUM MEXaHU3MaM, JOKaJIU30BaHbl B
Pa3HbIX MOACUCTEMAX OPraHWYeCKOil MaTpullbl OMOMMHEPATIOB U COOTBETCTBEHHO UX POJb B (DYHKIIMOHWPOBAHUU
MUHEPAIM30BAaHHBIX TKaHel pa3auyHa. biaromapst HaIMuMio KJIETOYHOTO MEXaHM3Ma KOHLIEHTpalMsl CBOOOIHBIX
panukaioB B "cBexux" nmpoTenHax 6osee yeM B 10 pa3 Bblllie, YeM B MPOTEMHAX "3pesioi’” KOCTHOM TKaHU. CBOOOIHbIE
paauKanbl, 0Opa3oBaHHbIE MO KJIETOYHOMY MEXaHU3MYy, O0JIalaloT HU3KOI CTaOMJIBHOCTBIO M CIIOCOOCTBYIOT
MMHEpaJIU3alui MPOTEUHOB, a PaguKalbl, OOpPa30BaHHbIE C MOMOLIbIO OMOOKMCIMUTEIBHOIO U PaAMALMOHHO
CTHMYJIMPOBAaHHOTO MEXaHU3MOB, 00JIa1al0T BBICOKOI CTAOMIBHOCTBIO. DT CTaOMIbHBIE PAIUKaJIbl HAKATIMBAIOTCS
B KOCTHOI TKaHW M M3MEHSIIOT 3JIEKTPUYECKOE COCTOSIHUE MPOTEUMHOB, YTO CTUMYJIUPYET OCTEONOpPO3 U
neMuHepanu3auuio kocteit. [IpoaHaaM3MpoBaHbl MOAXOAbI, C MOMOLIbIO KOTOPBIX MOXHO BJIMSITb Ha KOJMYECTBO
CTaOMJIbHBIX CBOOOJHBIX PaJMKaIOB B KOCTHOM TKaHM, a TakXke CIocoObl KOHTPOJIst 3Toro BiausiHus. [lokaszaHo, yTo
uccie10BaHue AMHAMUYECKUX XapaKTePUCTUK CBOOOAHBIX PAaAMKaJOB B OMOMMHEpaax OTKPBIBAET LUIMPOKHUE
BO3MOKHOCTH U5 peLlieHMs1 KaK (yHIaMEHTaIbHbIX IPO0JIeM OMOJIOTMU M MUHEPATIOTMU, TaK U MPAKTUYECKUX MTPOOIIEM,
CBSI3aHHBIX € 3a00JIEBaHUSIMU KOCTEil U 3y0O0B.

PE3IOME. T1poBenieHO MOMepeHi JOCTiIXKEeHHs IMHAMIYHNX XapaKTepUCTHK BiTbHUX paauKaiiB R, ToKali30BaHUX
B OpraHiyHiil KOMIOHEHTi GiomiHepasiB. JloCHiAXeHO BIUIMB Bianany i ONPOMiHEHHS Ha CHEKTPOCKOIMiYHi
XapaKTepUCTUKHU (g-haKTop, LLIMPUHA JIiHii, Yac CMiH-TpaToOBOi pesiakcallii), a TAKOX Ha KiJIbKiCTh BiJIbHUX paaiuKaliB
y Pi3HMX MiHepasizoBaHUX TKaHMHax. KpiM Toro, nocmiZXeHi XapakTepUCTUKU BiIbHUX PaAMKaliB y Marepianax
IMIUIaHTATIB Mic/asl BUTATY LIMX MaTepiajiB i3 KiCTOK TBapvH. BcTaHOBIE€HO, 110 CTabilbHICTh BUJIBHUX paauKasiB
3pocTae 3i 36ibLIEHHAM CTYNeHs MiHepanisallii TKaHWH. 3po0JeHO BUMCHOBOK, IO paavkaaum R,, nokanizoBaHi B
OpraHiyHiil MaTpuLi GioMiHepaliB, OAHOYACHO ACOLiOBAHI 3 KPUCTATIYHUMM YACTKAMKM MiHEpaJIbHOI KOMITOHEHTH
uux 006’ekTiB. 3pOGJICHO MPUMYILEHHS, 110 CTabi/ibHi OpraHiuHi pagMKaiu M’SKMX TKaHWH TaKOX MOB’s3aHi 3
KPUCTATIYHUMU MiHEpaJIbHUMU YacTKaMM, 110 MalOTh PO3Mipv MOpsaKy HaHomeTpiB. [lokasaHo, 110 B XHUBOMY
GioyorivHOMY 00’€KTi MOXJIMBi, MPUHAWMHI, TP MEXaHi3MM YTBOPEHHsI BUJIbBHUX paaMKajiB: 0i00KMCHIOBAIbHUIA,
paniauiiiHO CTUMYJIbOBaHU i KJITUHHUI. Panukanu, yTBopeHi 1o LiMxX MexaHi3Max, JJOKali30BaHi B Pi3HUX MiJcUCTeMax
OpraHiyHoi MaTpuLi 6ioMiHepaJliB i BilMOBiAHO iXHsI posib Y DYHKLIOHYBaHHI MiHEpali30BaHUX TKAaHWH Pi3HOMaHITHa.
3aBIsIKM HAsIBHOCTI KJIITMHHOTO MEXaHi3My KOHLIEHTpPaLlisl BUIbHUX paauKaiiB y "cBiXux" npoteiHax Oibw HiX y 10
pasiB BUlLe, HiX Yy MpoTeiHax "3pioi" KicTKOBOi TKaHWHU. BilbHi panuKaiu, yTBOPeHi MO KJIITHHHOMY MexaHi3my,
MalpTb HU3bKY CTa0iIbHICTb i CHpPUSIOTH MiHepaji3alii NpoTeiHiB, a paiMKalu, YTBOPEHi 3a AOMNOMOIOIO
0i0OOKMCHIOBAILHOIO i pajialliiHO CTUMYJILOBAHOI'O MEXaHi3MiB, MalOTh BUCOKY cTabibHicTh. Lli cTabinbHi panukanu
HaKOMUYYIOTbCSI B KiCTKOBiii TKaHWHI i 3MiHIOIOTb €JIEKTPUYHUI CTaH MPOTEIHIB, 110 CTUMYJIOE OCTEONOpo3 i
neMiHepatizailito Kicrok. [TpoaHasizoBaHO Minxonu, 3a JOMOMOIOIO SIKMX MOXHa BIUIMBATH HA KiJIbKICTb CTaOLIbHUX
BUJIbHUX PaJMKaJliB Y KiCTKOBiil TKaHMHi, a TAaKOX 3aCOOM KOHTpPOJIIO LbOro BIUIMBY. [loka3aHo, 110 AOCTiIKEHHS
JNMHAMIYHUX XapaKTePUCTUK BiIIbHUX paauKaliB y OiOMiHepalax BilUMHSIE€ LIMPOKI MOXJIMBOCTI ISl PillIeHHs $IK
dyHzameHTanbHUX NPOGJEeM GioJiorii i MiHepaiorii, Tak i MPaKTUYHKUX MPOOJIeM, MOB’SI3aHUX i3 3aXBOPIOBAHHSIMU
KIiCTOK i 3y0iB.
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PeXxumbl OCTbIBaHUSA NMNACTOBbIX TaraMmMToB U UX
BJiusHNe Ha COXpPaHHOCTb MMMNaAKTHbIX aJiMa30B

Bbll'lO.)'lHCHbl TC]'U'IO(I)]/B]/[‘{CCKMC pacyeTbl TUHAMUKH OCThIBAHUA 200—MCTp0B0ﬁ TOJILLH CTEKJIOBATbIX UMITAKTUTOB
(TaraMuTOB) BONTHILICKOI acTpobIeMbl HA YKPAMHCKOM IIHUTE U 95-METPOBOro IiacTa TaraMMTOB CEBEPO-3aaHOro
yuactka [lonuraiickoro Kpatepa Ha ceBepe AHabapckoro 1uTa. Kak MuHepajibHble KpUTEPUM JUMHAMUKU OCTbIBAHUSI
HMCII0JIb30BaHbI PE3YJIbTAThl UBMEPEHNM S PEAKIIMOHHBIX KAEMOK BOKPYT BKJIIOUEHMIA KBapUeBbIX 06J'IOMKOB B TaraMuTax
(BonTeilcKas actpobiieMa) U pacrpeieeHne KOHLEHTPalMKM UMITAKTHBIX aJIMa30B 1o ri1youHam rotoka (Ilonuraickuii
kparep). [losydyeHHble pe3ybTaTbl MOTYT ObITh MCIOJb30BaHbl MPU MOMCKAaX M OLEHKE MPOSIBJICHUH alMa30B He
TOJIBKO B UMITIAKTUTAX, HO U B MarMaTu4€CKMUX Iopojax.

BBenenune. Bo BTOpoil mosoBuHe XX B. 0003HAYMJIach MCKJIIOUMTEIbHAsT POJib MUHEpa-
JIOTUYECKMX MCCJICAOBAHUI B MOHMMAHUU 36MHBIX M KOCMUUYECKHMX MPOLIECCOB, KOTOPBIC B
CUJIy 3KCTPEMAIBHOCTU (DU3MKO-XMMUUECKMX M BPEMEHHBIX MApaMETPOB MX IMPOTEKAHMSI
HE MOTYT OBITh MOHSTHI MyTeM MPOCTHIX aHAJIOTUI ¢ HAOJIOAaeMbIMU MPUPOAHBIMU SIBJIC-
HUAMU (METOJ aKTyajau3Ma) UM BOCIPOM3BENEHBI SKCIIepUMEHTabHO. 151 Bocco3aaHust
TaKUX MPOLECCOB UX HAOIIONEHHbBIE MUHEPAIOrO-TIETPOJIOTMUYECKUE U TEOXUMUYECKIE CIIe-
CTBUSI COTIOCTABJISIIOTCSI C pe3yJbTaTaMu (PU3UKO-MaTeMaTUUECKOTO MOICIUPOBAHMSI.

Takoit moaxoa pa3BuBajcs B YKpauHe ¢ cepenuHbl 1970-X TIT. MPUMEHUTENbHO K
pelieHU0 GYHIAMEHTAJIbHBIX W MPUKJIAAHBIX MPOOJIEeM B3PBIBHOTO METEOPUTHOTO
KpaTepoobpa3oBaHusi. PaboTbl TOro BpeMEHM CHITpaJid BaXKHYIO POJIb JUISI TTOHUMAaHUS
0COOEHHOCTE CTPOEHUS U MPOUCXOXICHUS MMITAKTUTOB W YTBEPXKICHUS KOHUEMIIUK
METEOPUTHOTO YIapHO-B3PHIBHOTO MPOMCXOXKIECHUSI BMEILIAIOIINX WX CTPYKTYp. DTO CTAJIO
BO3MOXHBIM OJlaromapsi MOAAEpPXKe, COBeTaM M MPaKTUYECKOW IMOMOIIU CO CTOPOHBI
BeIgatoluxcs yueHbix — MuHepanora E. K. Jlazapenko (1912—1979), MuHepaiora u
netposiora B. C. Co6oneBa (1908—1982), pusukoxumuka A. C. bepexnoro (1910—1996),
¢usuka B. 1. Tpedunora (1930—2001). ABTOpHI OTYETIIMBO CO3HAIOT, UTO 6€3 BHUMAHWUSI,
OKa3aHHOTO 3TMMM YYEHBIMM HAIllUM MCCIIEIOBaHUSAM, TaHHas paboTa He MoIjia Obl OBITh
BBITTOJTHEHA.

Kak moka3aHO BO MHOTMX CHELUMaJbHBIX HMCCICIOBAHUSX, B 3HAYUTEIBHOU Mepe
000011IeHHBIX B MOHOrpaduu [17], cToNKHOBeHHE ¢ 3eMjieil TMTaHTCKUX METEOPUTOB
MPOVICXOAUT MPAKTUUECKU 6€3 TOPMOKEHMUSI, CO CKOPOCTSIMU, KaK MPABUIIO, TOCTUTAIOILIMMU
WY npeBblIaomuMu 15 km/c. TIpu TakoM CBEpXCKOPOCTHOM MaleHUW Ha eIMHUILY MacChl
MeTeopuTa Bhigesiercss sHeprust 108—10° [Ix/Kr, yTo Ha ABa-TPU JECATUYHBIX IMOPSAKA
BBILIIE, YeM YiAelbHas BHEPrusi B3pbIBA XMMUYECKUX B3PHIBYATHIX BEILIECTB. DHEPTUS
00pa3oBaHMSI TUTAHTCKUX METEOPUTHBIX KpaTepoOB UCUUCISIETCSI, OYKBaJIbHO, aCTPOHOMMU-
YeCKMMM  BeJMYMHamMu. Hampumep, mjisi KpymHeiliero kpatepa YKpauHCKOro IIWTa
(YII) — Boareimickoro oHa oueHeHa B 3,5-1020 Ixx, a ang 100-KuIoMeTpOBOTO
INonuraiickoro kparepa — B 6-1022 [Ix. 3HaunTeIbHAS YacTh STOM 3HEPIUM PACXOLYETCS
Ha HarpeB BelllecTBa MeTeopuTa (yoapHUKAa) M 3€MHBIX TOPHBIX MOPOI B MECTe IMaacHUs
(MumieHb). YacTh BelllecTBa MUILIEHU TUIABUTCSI 1 UCTapsieTcs. B pacriiaBe KOHLIEHTpUPYETCs
15—30 % oHepruu obpa3oBaHus Kpatepa [9]. M3 cka3aHHOro BhIIIE OYEBUAHA DPOJIb
MMIIAKTHBIX PacIlaBOB B ()OPMUPOBAHUN MUHEPAJIbHBIX CUCTEM B3PBIBHBIX METEOPUTHBIX
KpaTepoB.

MMrakTHBIE paciuiaBbl M3HAYaAJIbHO OTJIMYAIOTCS OT 3HIOTCHHBIX BYJKAHUYECKUX
neperpeThiM XapakTepoM. [1ocie cIoKHBIX IepeMellieHUI BelleCTBa, CMEILICHUST C TBEPAbIMU
00JJOMKaMU M OCTHIBAaHMSI yIapHbIE pacIUiaBbl MPEBpallalOTCs B TOPHbIE MOPOIBI —
MMITAKTUTBI, CPEAU KOTOPHIX BBIACISIOT JIBE OCHOBHBIE Pa3HOBUIHOCTHU: OPEKUUU C
BKJIIOUEHUSIMU YaCTUILI cTekia — 3reumsl (0T Sueva — IlIBabus, roe B Pucckom Kpatepe
BHEpPBbIe OBLIM OMMCAHBI 3TU MOPOIbI) W TMOPOJLI CO CTEKJIOBATON WJIM pPACKPUCTa-
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Puc. 1. Cxema reoJioriyeckoro crpoeHust BoiThILLCKOi acTpOOIEMbL: @ — KapTa: naieonpomepo3otickue nopoosl OCHOBAHUS
Kkpamepa: 1 — KUPOBOTPAICKWE TPAHUTHI, 2 — JICKOKPATOBbIE I'PAHUTHI, 3 — THEWCHI; UmMnaKmuvle nopoos: 4 —
JIMTOKJIACTUYECKHE OPeKUNH, 5 — UMITAKTUThI; 6 — rpaHMLIA BIAAMHbI B KPUCTAIMYECKOM (yHIaMeHTe; 7 — Mpoune
re0JIOrMYeCKMe IPaHUIIbl; § — OCTaTKM "KOPEHHOro Baja" — IMOPOJAbl OCHOBaHWSI, MPUIOAHATHIE Ha 30—60 M Hax
CpPeHUM YpOBHeM (byHaaMeHTa; 9 — monoxkeHue rry6okoi ckB. 11475; 10 — YKpaHCKUil IIUT (CM. BPE3KY); 6 —
paspe3: [ — KpUCTaJUIMYECKHEe TOPOIbl OCHOBaHMsI; 2 — JIMTOKJIACTHYECKHUe OpeKYnn; 3 — MacCUBHbIE TaraMuUThI;
4 — 310BUTHI M MOPUCTbIEC TATAMUTBI; 5 — KpaTepHble 0Canky (MajeoLeH); 6 — MOpPObl yexJia (0LeH — aHTPOIOTreH);
7 — Ty0boKasl CKBaXHHa; § — OCTaJlbHble CKBaXKMHBI

JIN30BAaHHOMN Matpulleid — maeamumsl (OT CIIOXEHHOU MMM Topbl Tarama B mpenenax Ilo-
MUTalicKoro Kparepa).

MopeanpoBaHue OCThIBAHMS WMIAKTUTOB BIIEpBBIE OBIIO BBITOJHEHO s 80-
KWJIOMETPOBOTro KpaTepa MaHukyaraH B KaHajge M I JyHHBIX TOpOJ C II€JbIO0 BEIOOpa
TeHEeTUYECKUX MOJeNeil U MPOrHo3a TEIJIOBLIX IMOTOKOB [25, 27]. B aTux paGotax Gbuia
000CHOBaHa KOHLICIIIIUS IByX3TaITHOTO ocThiBaHUs ("Monesb CumMoHaca") pacIiaBoB MOPOI,
KOTOpBIE TT03aHEee, 1o npetoxeHuo B. JI. Macaiitica Ha3BaHbl "Taramutamu”. B TeueHue
TEPBOTro 3Tarna OBICTPOTO OCTBIBAHMS, MIstIerocs, mo oueHkaM Y. CuMoHIica ¢ coaBTOpaMK
[27], mo 100 ¢, mpouCXOAUT pe3Koe CHIDKEHHE TeMIIepaTyphl IEeperpeToro paciuiaBa 3a
CYET CMEILIEHUSI €r0 C XOJIOAHBIMM OOJIOMKAMM, B TOM YMKCJIE OYeHb MaJIbIX Pa3MEpOB.
M3yyeHne GONTHIIICKUX MMIIAKTUTOB MO3BOJISIET MPEAMNONIOKNTh, YTO OBICTPOE OXJIaXKIECHE
MPOMCXOIUT TaKKe 6y1arofapst BHICOKOM yIelIbHOM MOBEPXHOCTH paciuiaBa (MajoMy pa3Mepy)
OTHEJbHBIX Kameib, T. €. pealu3yeTcs B 3HAUYMTEJIbHOM Mepe B packajeHHoM obiake. O0
3TOM CBUAETENLCTBYET CTPYKTypa OCHOBHOM MAacChl OBICTPO 3aKaJIeHHBIX HOPMCTBIX
MMIAKTUTOB CKJIOHOB IIEHTPaJbHOW TOPKM, B KOTOPBIX Pa3IWYMMbl T'PAHUIBI MEXIY
OTIEJbHBIMU COIPUKACAIOIIMMUCS KarUIIMKM 3acCTBIBIIErO paciiiaBa IPU OTCYTCTBUM
KPUNTOKPUCTAJTMYECKOro 0Oasuca.

Bo BpeMst BTOpOro (IJIMTeIbHOI0) 3Tarna OCThIBAHUSI IPOMCXOIUT KOHCOIUIALMS TOJIIIN
pacruiaBa, hOpMUPYETCS TEOJJOTMYECKOE TEJIO TaraMKTa, OXJIaXKIaloleecs Kak eauHOoe 1IeJioe,
T. €. OTHOCUTEJIbHO MEIJIEHHO, OT JIMKBUAYCHBIX M CYOJIMKBHUIYCHBIX TeMIIEpaTyp, B
OCHOBHOM, 3a CUET M3JIyYEeHUsI U TETIONPOBOIHOCTH.

Hactosmass pabora pa3BuBaeT BBINOJHEHHBIE HAaMU paHee ucciemoBaHus [4, 5] 1o
YUCIIEHHOUN PEKOHCTPYKIINU PEXXKMMOB OCThIBAHUSI KOHKPETHBIX TATAMUTOBBIX TEJI, IIPY 3TOM
aKILIEHT cAeJlaH Ha TPOTHO3 COXPAaHHOCTM MMIIAKTHEBIX ajiMa30B. PellleHa B oOlleM Buie
3a7a4a O CTEMeHU pa3pylLIeHUs ajiMa3a B 3aBUCHMOCTH OT HadyaJlbHBIX TEMIIEpaTyp paciuiaBa
M BPEMEHM OCTBIBaHWUSI, OIPEICISIEMOro MOJIOKEHMEM ajIMa3HBIX 3€peH B Tejie TaraMMTa.
IIpenoxeHbl MUHEpaJIbHbIe KPUTEPUU MPOBEPKM IPOTHO3a PEXMMOB OCTHIBAHMSI.

O0BeKT ¥ MeTOBI HccIeNoBanna. PaccunThiBaiach TMHaMKKa ocThiBaHMs 200-MeTpOBOit
TOJIIIY CYIIECTBEHHO CTEKJIOBAThIX TaraMMTOB BONTBIIICKOI acTpobjieMbl U 95-MeTpOBOTO
TMOTOKa aJIMa30HOCHBIX TaraMUTOB [lomuraiickoii actpo6iemsl. 1151 OONTHIILICKMX TaTAMUTOB
pacyeTHOE BpeMs OCTBIBAaHUS IJId pa3HOTO MOJOXEHHS MOPOABI IO IIyOMHeE IuTacTa
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COIOCTABJISIOCh C IIMPUHON pEeaKIMOHHON KaeMKU BOKPYT OOJJOMKOB KBaplIEBbIX 3€pEH,
OMpenesIIOIIMX OTHOCUTENbHYIO IJIUTEIbHOCTh M CKOPOCTh IMPOTEKAHUSI peaklUu
pacTBopeHUsI KBapila B paciuiaBe. st motoka Taramuta [Tonuraiickoro Kparepa pesyJibTaTbl
pacyeta ITMHAMUKW OCTHIBAHUSI COMOCTABUJIM C LIMTUPOBAHHBIMU B paboTe [2] maHHBIMU
B. T. KupuueHko o pacrnpeneeHUHd COAepKaHUsSI ajiMa3a B ITOTOKE TaraMHUTOB.

I'eonornueckoe ctpoeHue bonartbiickoi actpobnemsl u Ilomuraiickoro Kparepa gaHo
BO MHOTHX paboTax W CyMMMpOBaHO B cBoake [15]. boamwviuckas acmpobaema (puc. 1)
MpeacTaBisieT cOO0U XOpOIIO COXPAHUBIIUIACS KpaTep CI0XHON (popMbl, 0Opa3oBaHHBINA B
MaJeoNpPOTEPO30MCKUX TPAHUTAX U THEMCAX, 3aXOPOHEHHBINA MO YEXJIOM KaWHO30MCKHUX
ocamovHbIX nopona. Ha ypoBHe MOBEPXHOCTM KPUCTAUIMYECKUX TOPOJA CPEIHUI ITUaMeTp
KpaTepa cocrtaBiseT 23 kM. Bokpyr BmaguHbl HaOII0JaeTCsl KOJIbLIEBOE IMOMHSTHE
KPUCTAJLTMYECKOTO OCHOBaHMS (LIOKOJIbHBIN Bayi) auaMeTpoMm okojo 30 km. Haubonee
BeposITHOE BpeMmsl 00pa3oBaHUs KpaTepa — Ha wiu BOau3u K/T-rpaHulipl, T. €. OKOJIO
65 MJIH JIeT Hasa.

MaccuBHBIE CYIIECTBEHHO CTEKJIOBATbie TaraMUThl OOpa3ylOT MOIIHYIO TOJIIY B
KOJIbIIEBOM TpOTe, OKpYyXalolleM LieHTpajibHOe MoaHsIThue. OHU TMepeKpbIBaIOTCS
MMITAKTUTAMU OpEeKUYMEBOM CTPYKTYphI: TUMWYHBIMU 3I0BUTAMU WU CBOEOOpPa3HBIMU
MMOPUCTHIMU TaraMUTAMM CO CTEKJIOBATOM MJIM YACTUYHO PACKPUCTA/UIM30BAHHOM MaTpUIICH.
YcraHOBIEHHAsT MOIIHOCTh  3TUX OpEKYMEBBIX MMITAKTHBIX MOPOJ B Ipeneiax Tpora —
50 M. Ha ckiioHax LeHTpalbHOI TOPKU MOPUCThIE TATAMUTHI 00Pa3yI0T MaJIOMOILIHBIA TTOKPOB
C YCTAHOBJIEHHON MOIIHOCTBIO 10 4 M U HeGoJblre Mpoxuiaku (1o 0,8 M) B OpeKunpo-
BaHHBIX MOPOJIAaX OCHOBAHMSI.

IToBepXHOCTb JIMH3bI TTOPUCTHIX TATAMUTOB B TIpeaeiax Tpora — CyOropu3oHTaIbHAs.
B ckB. 11475 mopucTble TaraMuThl BCTpeUeHbBI Ha IyouHe 545 M. Habmomaercst u3BMeHeHue
cocTaBa moponbl ¢ ryouHoi. KonauvectBo makpornop auamerpoMm 1—20 MM cocTaBisieT
okosio 30 % B Bepxax TONIIU, CHUXKasICh 10 5—10 % Ha ryouHe 580 M M MpPaKTUYECKU 10
0 Ha rryouHe 600 M. KonmyecTBo U pa3Mep OGJIOMKOB MOPOA M MMHEPATIOB TOXE PE3KO
yObIBaeT ¢ IyonHOI: oT mpuMepHo 80 % B Bepxax 3ajieXd MPU MaKCUMAJIbHBIX pa3Mepax
JI0 IECSITKOB CAHTMMETPOB COOTBETCTBEHHO 10 50 % 1 pa3MepoB B HECKOJIBKO CAHTUMETPOB
Ha riyouHe 590 M 1 10 10 % MUJUTMMETPOBBIX ¥ CYOMUJUTMMETPOBBIX 0OJIOMKOB Ha IITyOMHE
600 M. B caMmoM BepXy TOJIIIM MOPUCTHIX UMITAKTUTOB BCTPEYEHBI HEPACTBOPEHHBIE YaCTHIIbI
TeTepOreHHOro cTekjaa. MuHepalbHbie U TMOPOAHBIC BKIIOYEHUS HECYT ClIeIbl YIapHO-
MeTaMOop(GUUYECKUX BBICOKOTEMIIEPATYPHBIX M3MEHEHMI: TIarMokijaa3 MpeBpallieH B
IVArUIEKTOBOE CTEKJIO WIM CTEKJIO TUIABJICHUsI, KaJIMEBBIM IOJEBOM IIIMAT 4acTO HMMeEEeT
XapaKTepHYIO "My3bIPUCTYIO" CTPYKTYPY, CBUACTEIbCTBYIONIIYIO O YaCTUYHOM HUMITYJIHCHOM
pacruiaBjieHUU. BKIlOUeHUs] MUHEpaJIoB KpeMHe3eMa 4acTO MMEIT MMKpOoarperaTHoe
CTPOEHUE C LIAPOBLIMU OTAEIbHOCTSIMU, XapaKTePHBIMU IS CTPYKTYP PaCKpUCTA/UIM3aLNU
Jlelatesbeputa. B aTHX 00pa3oBaHUsX BCTpedaeTcsl NpuMech Kpuctobanurta. [lopbl, Kak
MPaBUJIO, BBIMOJHEHB (DIOUAOTeHHBIMU MUHEpadaMU: KaJlbLMTOM, LIEOJTUTAMM,
MOHTMOPWIIOHUTOM. [lo CpaBHEHUIO C MAaCCMBHBIMHM, MOPUCTHIE TaraMUThI U 3IOBUTHI
BoaTeiickoro Kpatepa obGoraiieHbl IeJo4aMM M UMEIT 0ojee BBICOKME 3HAYEHUS
otHomeHust K/Na.

MaccuBHBIE UMITAKTUTHI BHYTPEHHUX YacTeil 3aJIeKH B pa3pe3e, BCKPBITOM CKB. 11475,
3ajieraloT Ha ryouHe 590—790 m. MIx xuMudeckuii coctaB, B 00l1eM, OJIM30K K CpeTHEMY
COCTaBy TPAaHUTOMJIOB MUIIEHM M AOCTATOYHO TOCTOSIHEH, O YeM MOXHO CYAUTh IO
MPAKTUYECKU TOXIECTBEHHBIM CPEIHMM HAaHHBIM pa3HbIX BbIOOpOK. B mpoueHTax* (c
okpyreHuem 1o 0,1 %) oH cocrasisiet: SiO, — 68,1; TiO, — 0,3; Al,O; — 14,1; Fe,0; —
1,1; FeO — 2,3; MgO — 1,3; CaO — 2,0; Na,0 — 3,3; K,0 — 3,8; P,0O5 — 0,1; MnO < 0,1;
H,0 + CO, — 3,5. MaccuBHbIE MMIAKTUTBI OOJaNAIOT XapaKTEPHBIM MHMKPOIOPUCTBIM
CTPOEHMEM CTeKJa co cpenHuM auamerpom mop 0,2—0,4 uMm [1]. HecMoTpst Ha MUHEpaIbHbIE
MPU3HAKK MPUCYTCTBUS JIETYYMX KOMIIOHEHTOB B "BepXHUX" MTOPUCTHIX TaraMMUTax (KaJbLIUT,
MOHTMOPWUIOHUT, LIEOJUTHI), XUMUYECKN OMNpENessieMOe UX COAEpXKaHUE (X;) HIXE, YeM
B MAaCCUBHBIX (x,) 1 coctaBisieT (%) *: x; = 1,47 £ 0,48 (n™ =4); x, = 3,57 £ 0,30 (n = 12).

[Monctunaercst TojIIa MACCUBHBIX MMIIAKTUTOB KPYITHOTJIBIOOBOM (METPBI — HOECSTKU
METPOB) OpeKuYMeil rPaHUTOUIOB OCHOBAaHUS, LIEMEHTUPYEMOI TaraMUTaMU. 3aKaHYMBaeTCsl
pa3pe3 UMIMAKTHBIX MOPOJ, BCKPBITHIX 3TOM CKBAXMHOM 3I0BUTOMONO0HON Opekumeit (TJ1.
900—915 ™M), oTiMyarolIeiics OT TUIMMYHBIX 3IOBUTOB TEM, YTO I'e€TEPOTEHHOE CTEKJIO
MPUCYTCTBYET B HEW HE TOJBKO B BUIE OOJOMKOB, HO M cjaraeT nemeHT. B ckB. 11475
(ueHTpaJibHasE YacTh TPOTa) YCTAHOBJICH TMOCTENEHHBINA TEpexoa MEXIy MOPUCTBIMU U

* Mac. goinsi;
™ 1 — KOJIMYECTBO aHAIU30B.
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MacCCHMBHBIMM TaraMuTamu. bimke K Kpawo Tpora B ckB. 50 3ToT mepexon pe3kuii. He
HCKIIIOYEHO, YTO TMOPHMCThIE TaraMUThI "(hallMaJbHO" CMEHSIOT MAacCHBHBIE K TepHGbepUn
CTPYKTYpBL. B mopucToM TaramMmuTe BepXoB 3aJIe3KM MUKPOJIUTHI MPEACTaBICHbl aHOPTOKJIA30M
(~ OryAb,), cOCTaB KOTOPOTO OTBEYAeT TEMIEPATYPHOMY MUHUMYMY KPUCTa/UIM3aLUK
1LLIeJTOYHO-ITOJIEBOIIITATOBBIX paciiaBoB, — okojo 1050 °C mist cyxux cucteM [28].

[MpumepHoO ¢ mry6rHBI 590 M XapakTep MoJIeBOTO LIMaTa MUKPOJIUTOB MEHSIETCSI: BMECTO
AHOPTOKJIa3a MOSBIISIETCS 30HANBHbBIA aHIE3MH cocTaBa Anys B Anpe U Anjs_,, — B KpaeBoi
yacth. [IpumepHo ¢ 600 M u riay6Gxke 30HATbHBIE MHUKPOJUTHI IJIArMOKJIa3a MMEIOT
J1aOpoOPOBBIiA cOCTaB sAApa (Ans,_ss) U (Anys_,e) — BO BHELIHeN Kaiime. OT sapa K Kaiime
HECKOJIBKO MOBBIIIACTCS YIOPSA0YeHHOCTh IJIarMoKjasa, ONpenesisaBIIasics ONTUYECKU,
no meroay A. C. MapdyHuHa [14]: ot A = 0 B sape 10 A = 0,25 — B Kaiime. Bmecte ¢
MJIAaTMOKJIa30M TTOSIBIISTIOTCST MUKpOJUTHI ruriepcreHa (Fs = 30 + 60 %), Xele3uCTOCTh
KOTOPOTO MMEET TEHIEHIIUIO K MTOBBIILIEHUIO OT KOHTAKTa K LIEHTPY 3aJIeXkK1, a KOHTPACTHOCTb
30HAJILHOCTU COCTaBa OTAEIbHBIX KPUCTAJJIMTOB B TOM K€ HalpaBJICHUU MOHMXKACTCS.

[MpuBeneHHbIC JaHHBIC MOKA3bIBAIOT, YTO UCMApPEHUEe, €CU U UTPao OIpeneIeHHYIO
POJIb Ha HAYaJIbHOM TIEPUOJIE€ OCTBIBAHMS TIOPUCTHIX TATAMUTOB, TO HE OBIJIO CYILIECTBEHHBIM
(hakTOpPOM TPU OCTHIBAHMU MacCHUBHBIX. COMOCTaBIEHHE C OKCIIEPUMEHTATbHBIMY JaHHBIMU
[8] mo3BossIET  OLIEHUTH TeMIIepaTypy Hayaja KpMCTaUIM3allui MAaCCUBHBIX UMIIAKTUTOB
B 1150—1200 °C. B commacum cC TakKoil OLIEHKOW HaXOOSTCS Pe3yJIbTAaThl BBHIIOJHEHHBIX
En. E. JlazapeHKko ornpeneeHUit TeMnepaTypbl TOMOT€HM3alUM BKIIOUEHUI B MUKPOJMUTAX
miarnokitasa: 1130—1180 °C [5]. B cooTBeTcTBMM C 3TUMU JaHHBIMHU IIPY MaTeMaTUYECKOM
MOJEJIMPOBAaHUU 3Talla MEIJIEHHOTO OXJIaXACHUS 3HaueHUEe HayaJlbHOW TeMIlepaTyphl
TaraMuTOB ObUTO TIpUHSATO 3a 1150 °C. B Bepxax 3ajiexku HeJIb3sl UCKJIIOUUTh U HECKOJIbKO
MEHBIINUX UCXOAHBIX TemmepaTyp. OQHAKO M 37eCh BBICOKAs TUIACTUYHOCTH (TEKY4YeCTh)
BSI3KUX KHUCJBIX pacIllaBOB, O Ye€M CBHUIETEJIbCTBYET, B YACTHOCTH, TOPU3OHTATbHAS
MMOBEPXHOCTD JIMH3bI TAaraMUTOB, TTOKA3bIBACT, YTO HavyaJlbHAsl TeMIlepaTypa KOHCOJIUIALIMU
TOJIIIM TaraMUTOB OblIa B MHTEPBAJIE JIMKBUIYC — COJIMIYC.

[Mpu Terutousznyeckux pacyeTax BEPOSITHBIX CKOPOCTEl OCThIBAHUS MPEAIOJIarajaoch,
YTO TIJIOCKHWI CJIOM pacruiaBa MOIIHOCThIO 200 M oxjaxkgajicsl CBepXy aTMoc(epHBIM
BO3IIyXOM, a CHHU3Y OTHaBaJl TEILUIO MAcCHMBY HepacIUIaBJIEHHBIX IMOPOMI, NepBOHAYaabHAas
TeMIIepaTypa KOTOPBIX Oblia MPUHATA PABHOM €CTECTBEHHOM TeMIlepaType FOpPHbBIX MOPO/IL.
ITockonbKy BOJIM3U TeMIIEpaTyphl IIABJICHUS BSI3KOCTb KMCJBIX PACILIaBOB JOCTATOYHO
BEJIMKa, HET OCHOBAHMS CUUTATh, YTO B 3aCTHIBAIOIIEM pACIllaBe MPOMCXOIUT 3HAYUUTEIbHOE
KOHBEKTHMBHOE TiepeMellinBaHue. [1py BBIMOJHEHUM pacueToB IMpeANnojaraiu, 4To MmepeHoc
Terjla KaK B paciUlaBe, TaK U B MOACTWIAIOLIEM MAacCUMBE TOPHBIX IMOPOJ MPOUCXOAUT 3a
CYeT TeIIONPOBOIHOCTH.

BepxHsist yacTh 3aCThIBAIOIIETO paciyiaBa 00pa3oBajia MOPUCThIE UMITAKTUTHI, UMEBIINE
MEHBIINI KO3(DOULINEHT TETUTONPOBOAHOCTH, Ye€M TIOTHBIE TATaMUTHI LIEHTPAJIbHON 4acTh
3ayiexkul. [TopuCTOCTh NOKHA CHUXKATh MHTEHCUBHOCTD OXJIAXKIEHMS paciiiaBa. TernioooMeH
37eChb MOT OBITh MHTEHCHUBHEE 3a CYET MCMApeHMs, B YaCTHOCTH, METEOPHBIX BOI,
MPOHUKABIIKX B MOPbL. DTH MPOLECCHl B ONpEAeIeHHON Mepe MOIJIM KOMIIEHCUPOBATh
Ipyr apyra. BBUOy HemoCTaTOYHOW MHGOPMALMKM O HUX B PaCYETHOM aHAaJIM3€ OCThIBAHMS
pacruiaBa OTMEYEHHBIE SIBICHHMS BO BHUMaHHWE He MPUHUMAIWCh. J[OMycKaslioch, YTO B
pacmjaBe MPOUCXOAMUT MEePEeHOC Telja TOJbKO Ojarogaps TEIUIONMPOBOIHOCTU U
Termao(pu3nYecKre CBOMCTBA €ro ¢ MIyOMHOM He U3MeHsoTcs. Takue npuOIMKeHUS
NOCTaTOYHO TI'pyOble, HO, KaK IMOKa3blBaeT MPUBEAEHHOE HUXE COMOCTaBJIEHUE C
MUHEPATbHBIMU KPUTEPUSIMU OTHOCUTEBHBIX CKOPOCTEM OCTBIBAHUSI, BITOJIHE JOMYCTUMBI.
ITockoJibKy B paccMaTprMBaeMoOli CUCTEMe TeMIiepaTypa U3MEeHSeTCs B IIMPOKOM IHUana3oHe,
YUUTHIBAIIOCH TEMIIEPATYPHOE U3MEHEHUE TeIUTO(U3NYECKIX CBOMCTB TOPHBIX mopoi. Tak
KaK TOPU3OHTAJbHBIE Pa3Mephl Tejla 3aCThIBAIOIIErO paciljlaBa 3HAUUTEIbHO (Ha TOPSIIOK)
MPEBBIIIAIOT €T0 MOIIHOCTh, TO IJII ONMMCAHMS TeIIoNepeHoca MOXHO MCIOJIb30BaTh
OJIHOMEPHOE HEeJMHEeiHOe ypaBHeHMe TerutonpoBogHoctu [10]:

ot _ 0 ot
C(z,zﬁ—g{x(z,z)a—z},

rie  C (z, 1) — abdekruBHasgs  oObeMHas TeIUIOEMKOCTh ropon, Hx/(m3 - K); 7 —
ryouHa, M; ¢t — Temneparypa, ‘C; © — Bpems, ¢; A (z, ) — KO3(pOUIIMEHT TeTUIONPOBOI-
HoctH, Bt/(M* K).

TopHble MOpOABI TIABSTCS W 3aTBEPACBAIOT B HEKOTOPOM JMAIia3oHe TemIlepaTyp,
MO3TOMY CKPBITYIO TETIJIOTY (DAa30BbIX MEPEX0OA0B MOXKHO yUeCTh B 3(h(eKTUBHONH 00BEMHOM
TEIJIOEMKOCTU MOPOJI, OMpPeaessieMOil 0 COOTHOLIEHUIO
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Puc. 2. PeakunoHHasl KaiiMa BOKPYT yIapHO-
MeTaMop(hU30BaHHOTO 3epHa KBaplia. BuaHbl
cTOJIOYAThIe 3epHA TUIlepCTeHa B Goliee
cBersioM crekiie (ckB. 11475, ri. 769,6 M; npu
Slisikni ;  OIHOM HUKOJNE)

C(zh=C+1L

sp 2

rae C — o0beMHas TeroeMKocTb ropon, JIx/ (M3 - K); L, — cnekrpaibHas Teruiora da-

30BOTO IMepexona, paBHas [ :%, Jx/(M3+K); L — Tterora asosoro nepexona, Jx/m3.
t

IIpu pacueTax OBLIM KCIIOJIb30BaHBI OMYOJMKOBAaHHBIC CIpaBOYHbIe AaHHbIe [13] O

TerioU3NIecKuX CBOMCTBAX TOPHBIX MOPOJ M PacIUIaBOB, a TakXke JaHHbIe U3 pabOThI
[26].

ITerporpacduuecku omnpenesieMbiM KpUTEpUEM JUIMTEHOCTU OCThIBAHUSI pacrijaBa
IO OTIPe/IeIEHHBIX TEMIIePATyp SIBJSIETCS] IIMPHUHA PEAKLIMOHHBIX 30H BOKPYT HEPABHOBECHBIX
BKJIIOUeHUI, Hanmpumep kBapua [18]. [Ipu HOpMabHOM NaBAeHUM KPUCTALJIbI KBaplia
HaxOJSITCSl B peaKLIMOHHBIX OTHOIIEHUSIX IaXe C pacrlaBaMU 3HAUUTEbHO 0oJiee KUCIbIMU,
4yeM Te, KOTOpble 00pa3oBaii OOJTHILICKME TaraMuTbhl. OO0 3TOM CBUAETENbCTBYIOT KakK
HaOJoJieHue Pe30POUPOBAHHON TMOBEPXHOCTU TJYOMHHBIX BKpPAlIEHHUKOB KBaplia B
JIMTIapuTax, Tak W 9KCIepuMeHTalbHble JaHHble [20]. B ciayyae GONTBHILICKUX TaraMUTOB
peaklMoOHHbIE 30HBI BOKPYI OOJIOMKOB KBapiia, OOBIYHO yAapHO WJIU TepMajbHO
U3MEHEHHBIX, MPENCTaBIeHbl TMIEPCTEHOBBIMUA "KOPOHAMU": YIJIMHEHUE MUPOKCEHOBBIX
MUKPOJMTOB OPUEHTUPOBAHO HOPMAJIBLHO K MOBEPXHOCTU OOJIOMKOB KBapla (puc. 2).

B nutndax taraMuTOB, OTOOPAHHBIX C pa3HbIX IyOMH 10 KepHY CKB. 11475, namepsiiach
IIUpUHA PEaKIMOHHBIX KaeMOK BOKPYT BKJIIOUeHUI KBapua. st Kaxaoi TayOuHbI
M3MEPEHMSI BHINOJHSIUCh HE MEHEE, YeM ISl AeCATU 3epeH. It MHIMBULYaJIBHOIO 3€PHA,
€CJIA SIBHO HE HaOJIIONATIOCh SKPAaHUPOBAHUE TPAHU JPYTUM OOJOMKOM, B COOTBETCTBUM C
2JIEeMEHTAPHBIMU TE€OMETPUUYECKUMU COOOpPaXeHUSIMU 32 UCTUHHBIE MPUHUMAIU
MUHUMaJIbHblE 3HAYeHUsI. BBIMUCISIM cpenHee 3HAUeHWE LIMPUHBI KaeMKU ST TaHHOM
TJIyOUHBI.

Tlonueaiickuii kpamep (puc. 3) pacrojioXeH Ha CeBEPHOM CKJIOHEe AHA0ApCKOTo IIUTA.
D10 — cn1abo NeHYyAMPOBAHHbIN, YACTUUHO MEePEKPHITHII HEOreH-UYEeTBEPTUYHBIMU OCaTKaMU
MHOTOKOJIbIIEBOI MMIIAKTHBIM OacceiiH, obpasoBaBiumiics 35,7 = 0,2 MJH JieT Hazaj.
MaciuTtabbl COOBITUS U IBYXbSIPYCHASI MUILIEHb OOYCIOBUJIM CJIOXXHOE CTPOEHKE MOBEPXHOCTU
IHA KpaTepHOW BMAaAWHBI, IJIABHbIE 2JIEMEHTbl KOTOPOTO — LIEHTPaJIbHOE MOIHSITHE,
yepeaoBaHWE KOJIbLIEBBIX XpeOTOB W BHAAWH, BHELIHSSI MeJiKasi U TOoJioras BOPOHKa B
YTPUPOBAHHOM BUIIE MPU CUJILHOM UCKaXEHUM BEPTUKAIBHOTO MacIlITadba ULTIOCTPUPYIOTCS
paspe3om (puc. 3, 6).

TaraMuTBl 00pa3ylOT IUIACTOBBIC Tejla YCTAHOBJIEHHOW MOIMHOCTBhIO mo 600 M
(rIpeobJianaeT MOUIHOCTb B IECSITKMU — T€PBbleé COTHU METPOB), 3ajleralollive Ha Mopojaax
OCHOBaHUSI WK CPey 3I0BUTOBOM ToiiU. B 001leM, TaraMUTOBbIE TeJla TATOTEIOT K HU3aM
3aMoJHAIOIIMX KpaTtep nopoa. OO6HaxaroTcsl MPEeUMYIEeCTBEHHO TaraMMThl, 3aJieraroliue
Ha BEpILUMHAX KOJBLEBBIX MOAHATUN 3amalHOM 4YacTU CTPYKTYphl. I monmuraickux
TaraMUTOB XapaKTepPHO IIMPOKOE Pa3HOOOpazue CTPYKTYPHO-TEKCTYPHBIX U MUHEPATbHbBIX
0COBEHHOCTEl MpU cpefiHelt KpeMHekucaoTHocth 63,1 + 1,2 % SiO,. Ilpu 3HaunTebHOM
U3MEHUYMBOCTU CTETIEHU FeTepPOreHHOCTU MOPOJbl MO pa3pe3y 37ech, KaK U B OOJTHIIICKOM
TOJIIE, CYIIECTBEHHO CTEKJIOBaThle PA3HOCTU, IJIAaBHBIM 00Pa3oM, Pa3BUThl BO BHYTPEHHUX
4yacTsX MOTOKOB. B 11eJIoM MOMUraiiCKUM TaraMuTaM CBONCTBEHHO OOJIbIIOE KOJUYECTBO
BKJIIOUEHHUI Kak ynapHO MeTaMopdUYecKM W TepMajbHO MpPeoOpa3soBaHHBIX, TaK U

60 ISSN 0204-3548. Munepan. weypn. — 2001. — 23, Ne 4



PEXMMBbI OCTbIBAHHMSA TTJIACTOBBIX TATAMUTOB

Puc. 3. Cxema reonoruyeckoro crpoeHust [lonuraii- =

CKOro Kparepa (MmocieKkpaTepHble OCaIKHU CHSTbI): a = mope

— KapTa: nopoosl 0cHogaHus: 1 — apXelcKue rHeii- = Aatimebsx e

Cbl, 2 — OCajIoYHbIe MOPObI BEPXHETO MPOTEPO30s] S
=

Y HUXXHETO Majieo30si, 3 — 0calo4YHble, BYJIKAHOTEH-
HBIE U M3BEPXKEHHBIC ITOPOJbI BEPXHETO MaJI€0305 U o !

Me303051; UMHaKmHvle nopoosl: 4 — TaraMuThl, 5 — A3 T \
3I0BUTHI, 6 — KOMNTOKJIACTUTBI, 7 — JIMTOKJIACTHYEC-
Kue Opekuuu; 6 — paspes: I — mopojbl OCHOBAHMSI;

2 — TaraMuThl; 3 — 310BUTHI, 4 — KOINTOKJIACTUTHI { 5
RX:Es

MaJIOU3MEHEHHBIX MOPOAHBIX U MUHE- @J7
paJbHBIX OOJIOMKOB.

B. JI. MacailfTuc 1 COTpyaIHUKHU yC- 24
TAaHOBWIM BBICOKYIO M 3HAUMUTEIBHO Ba-
PBUPYIOIILYI0 aJIMAa30HOCHOCTb Tara-Mu-
toB ITonuraiickoro kparepa [16]. s
OIHOTO U3 IMOTOKOB TaraMuTa CeBepo-3a-
MMagHOIO CEKTOpa KpaTepa MOLIHOCThIO 95
M B. T. Kupuuenko [11] usyyeHo Bep-
TUKAJIbHOE paclpenesieHue KOHIEH-Tpa- n ~1 5o vz =
1M ajiMa3a, KOTOPOEe XOPOIIO OMUChIBA- ] { 23 4
eTCsl TePMUYECKUM pa3pylIeHU-eM MHU-
Hepaja MpU pa3HON IJIUTEIbHOCTU OC-
TBIBAHMS 10 TeMITepaTyp, IPU KOTOPBIX MpeKpaiiaercst 3Tot npoiecc [2]. B naHHoi1 pabo-
T€ Mbl PAaCCUYUTAIM IMHAMUKY OCTBIBAHMS 3TOTO IMOTOKA 3a CYET TEeIUIONpPOBOAHOCTU. M3y-
YyeHre 0COOEHHOCTE! cocTaBa TaraMUTOB JaHHOIO pa3pe3a HaMU He MPOBOAMUIIOCH, ITO3TO-
My HadajJbHas TemIlepaTypa pacljaBa Ieproga MeIJeHHOro OCThIBaHUS Oblaa MpUHSTA
1150 °C, kak M 1j1s1 GONTHIICKMX TaraMuTOB. BBUT cleslaH pacdeT peaklMi TEPMUYECKOTO
paspylieHust anMasa. [loaydyeHHble B pe3ysbTaTe pacueTa JOJM COXPAaHUBIIMXCS aIMa3oB,
B 3aBUCUMOCTU OT TJIyOMHBI, CPABHUBAIUCH C HAOMIOAeHHBIMU. TakuM 006pa3oM, B KaueCTBe
MUWHEPAJIOTMYECKOTO KPUTEPUS TMPaBUIBHOCTH TEIIOGU3UYECKUX PACUeTOB AMHAMUKH
OCTBhIBaHUsI TaraMMTOB OBUIO MPUHSITO HAOMIONEHHOE pacIipeiesieHre COmepKaHUs aaMmasa
no niyouHe moToka. [Ipu onpeneneHnn MmapaMeTpoB peakiuu TEPMUUYECKOTO pa3pyIlIeHUs
ajgMa3a MCXOAWIM U3 TOTO, YTO 3TOT IMPOLECC MOXET ObITh omucaH [7, 22] ¢ NMOMOILbIO
ypaBHEHUsSI AppeHUyca U CKOPOCTb €ro BhIpaxkaeTcst Kak

758"

w=w exp{— E]
0 RT)’
rie FE — oHeprus aKkTUMBaLlMKM, R — yHMBepcajbHas ra3oBasl MOCTOSIHHAs, paBHas
0,00199 xkxan/moib - K.
CKOpOCTh peakLMM BBIPAXKAETCS Kak

dM

dt’
roe M — Mmacca mpopearvpoBaBiero Matepuana (% MCXOZHOTO KOJUYECTBA); T — BpEMs
MPOTEKAHUST PEAKLINU.
Orclona

T
dM =wdv n M= [wdr.
r\
VuuThIBasg, YTO W 3aBUCUT OT TeMrepaTypbl w = w (1), KoTopasi, B CBOIO Ouepelb, B
OINpCaCJICHHbBIX MECTaX B MaCCUBEC U3MCHSCTCA BO BPEMCHU T= T(T), oJiydyaeM 1Jid JOJIU

Pa3pYLUUBILErOCH aIMa3a BbIPAXEHUE
° ( E/R
M= [WT(t)dt=w, [exp| - =" Zldt [%] .
f{ [7(7) 0 r{ p[ T(‘E)]

IIpy MHTErpUpOBaHMU YMCIEHHBIM METOOOM HauboJiee MmpocTas pa3HocTHasT (popMyJia
WMeEeT BUI:

T[ w +

M=y ffw""(‘t[—‘t[_]) [%] .
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KonnyecTBo coxpaHMBIIETOCS Marepuaia
Meoxe =100 — M [%] .
BpeMst noiHOTO pa3pylueHus uMeBLInXcs KpuctamioB (M = 100 %) npu moCTOSTHHOM
TEeMIIepaType COCTaBIISET

100

E T

100=w, ex [—7] dr
Y { ’

0% 100 _100 . [E/R]
E/R .
W, exp[—Ti] "o

T

ITockonbKy i onpeneneHus wy, U E JOCTOBEPHBIX 3KCHEPUMMEHTAIbHBIX JaHHBIX
HEIOCTaTOYHO, 3HAYEHMSI 3TUX BEJIMYMH OLEHWJIM TPU MAallMHHOM Iepebope BapuMaHTOB
MyTeM OTBICKMBAaHUS HauOOJBIIET0 COOTBETCTBMS C KapTUHOW HAaOGJIOIEHHOTO
pacnpeneiaeHust [2] .

PesyabTaThl. PesynbTaThl pacueTra IJIMTEJIbHOCTU OCTBIBAHMSI TaraMUTOB 10
omnpeAeJeHHBIX TeMIepaTyp, B 3aBUCHUMOCTH OT ITOJIOXEHHUSI B IUIACTOBBIX Tejax,
npencTaBieHbl Ha puc. 4. B coorBerctBUM ¢ Teopueit [10], Ha KOHTaKTe IIJIACTOBOTO Teja
pacrjlaBa M XOJIOAHOTO  MaccuBa MPAKTUYECKM MTHOBEHHO YCTaHABJIMBAETCS
MoJiycyMMa TemrepaTyp 9TUX Cpell WIM NMPUMMEPHO IOJOBMHA 3HAYEHUS] TeMIlepaTyphl
pacrJjaBa Tp/2 ~ 575 °C. B mi1yOb Tejla TaraMMTOB OCTBhIBAaHME IPOUCXOIMUT CO Bce OoJiee
3aMeIJISIONIECSl CKOPOCThIO. B ILIeHTpalbHBIX YacTsX 3ajiexeil, HalpuMep, IIUTEIbHOCTh
CYILIECTBOBAHMS TEMIIEPATyp, MPU KOTOPBIX MOXKET MPOTEKATh peaKklMs pa3pyllieHus aiMas3a
(6omee 650 °C) cocrasnsiet 800 et misg 200-MeTPOBOI TOJMIIU OONTHILICKUX TATAMUTOB U
240 net mas TaraMuToB 95-meTpoBoro moroka Ilomuraiickoro kpatepa. [JocTaTO4yHO
MPOAOKUTETBHBIM SIBJISIETCSI Y PACCUMTAHHOE BPEMsI OCTBIBAHUSI 1O BICOKOM TeMITepaTyphbl
1060 °C: 180 u 30 yeT COOTBETCTBEHHO.

Pe3ynbTaThl M3MepeHUs] IMUPUHBI PEAKIIMOHHBIX KAaeMOK BOKDPYT pPaCTBOPSIIOIIMXCS
3epeH KBaplia B OOJITHIIICKUX TaraMMTax (puc. 5) MOKa3blBaeT OTYCTIMBYIO TCHACHIIUIO UX
pocCTa B HaMpaBJIeHUU OT KOHTAKTOB K LIEHTPY 3aiexu. g TaraMuToB cKB. 50 HabromaeTcst
3aKOHOMEPHOE YMEHBIICHUE IIIUPUHBI peaKIIMOHHBIX KAEMOK 10 OTHOIICHUIO K pe3yJbTaraM
M3MEpeHUsI, TOJYYeHHBIM 1Mo ckB. 11475. Ha puc. 5 mpuBeneHO Takxke HM3MEHEHUE C
ry6uHoi GyHkunn f= L2, rne L — M3MepeHHas IIMPWHA PEaKMOHHOW KailMbl. BuaHo
XOpolllee COOTBETCTBME 3TOM KPUBOU pacUyeTHOUM KPUBOW pOCTa C IIyOMHOU IIUTEIbHOCTA
ocTbhiBaHUs UMIakTUTOB Ha 300° or ucxomgHoi temrepaTypsl (1150 °C).

Hnst 95-meTpoBoro moroka taramuToB [lonuraiickoro Kparepa ObUIM OIpeaeIeHbI
MOTEPU ajiMa3a MpU OCTBIBAHWM pacIljiaBa 3a CYeT TeIIONMPOBOIHOCTH OT TOM Xe HayaJlbHOMI
TeMriepaTypsbl. [1pu epebope BapuaHTOB XOpolliee COBMaAeHUe C HaOMIOAeHHBIMU JaHHBIMU
B MPUKOHTAKTHBIX YACTSIX MOTOKA ObLIO momydyeHo npu wy, = 0,5 %/4 mpu 1600 °C, yto
YIIOBJIETBOPUTEJILHO COOTBETCTBYET OLIECHKAM, KOTOPbIE MOTYT OBITh ClieJIaHbl HA OCHOBaHUU
SKCIEPUMEHTANIbHBIX JaHHbIX [24], u 3HaueHuu E, = 40 xKaa/MoJb.

Oocyxnenne pesyabraToB. HabmoneHHoOe xopoiiiee coBraaeHue ¢GopMbl BO3pacTaHUS
KBaJApaTOB LIMPUHBI PEAKIIMOHHBIX KaeMOK OT KOHTAaKTOB K LEHTPY 3ajexXu Hu
MPOAOKUTETLHOCTU OCThIBAHUSI pacIiaBoB OoNThIICKKMX TaraMuToB Ha 300 °C (puc. 5)
MOKa3bIBaeT, YTO MPEANOJOXEeHNEe 00 OCThIBAHWM paciulaBa 3a CUET TEIJIONPOBOIHOCTH
BIOJIHE peaJibHO.

PactBOpstiommecst 06JIOMKM KBapliia SIBJISTIOTCSI HE TOJBKO XOJIOTHBIMU "TTOIJIOXKAMMU ",
Ha KOTOPBIX MOTYT 3apOXAaTbCsl KPUCTALIUTBI, HO W mocTaBliukamu SiO, B pacriias.
BosHukaroniee pazbaBieHre 00JaCTU paciljlaBa, OKPYXallei BKIIOUEHUE OTHOCUTEIbHO
MahUIeCKNX KOMIIOHEHTOB, BeAeT K BOBHUKHOBeHUIO 1udpdy3uu Mg u Fe B HampaBieHUn
pacTBopsiolerocsi Kpucramia. I1oCKOJIbKY aKTMBHOCTb 3TUX KOMIIOHEHTOB B pacIulaBe
pacTeT C IMOBBIIIEHUMEM €r0 KPeMHEKHCIOTHOCTH, B OoraTtoil Si OTOpOYKE JOCTUTAOTCS
KoHLeHTpauu Mg u Fe, mocraTouHble i KpUCTaUIM3alluM POMOMUYECKOTO MHUPOKCEHa.

KaeMka OCBETJIGHHOTO CTeKJa, B Ipeieiax KOTOpOil HabJtogaeTcsi MMPOKCEHOBast
"KOpoHa", XOpOoIIO 3aMeTHA B NMPUKOHTAKTOBBIX YacTsX 3ayiexku (puc. 2). B meHTpasbHBIX
YyacTsIX 3aJIeXX pa3IuuMil B OKpacKe U IoKa3aresie MpeJIoMJICHUS CTeK1a B OTOPOYKE BOKPYT
BKJIIOYEHUII M B OCHOBHOM Macce He HaOmomaercsi. OObsSCHEHHME 3TOMY NaHO B pabore
[18]: mpu MeMIEeHHOM MPOAOIKUTEIHPHOM CHMXXKEHUU TeMITepaTypbl POCT MMPOKCEHOBBIX
KPHUCTA/UIOB B OTOPOYKE MPOMCXOIUT 3a CUET BIpABHMBAHUSI KOHILIEHTPALIU MeXay Hell u
OCHOBHOI1 YacThlo pacruiaBa. B 1r060M ciyyae 1MpruHa 30Hbl BbIpABHUBAaHMSI KOHIICHTPALIVIA
(L) 3aBucut ot BpeMeHu (f) kak L2 = const ¢-D, tne D — koapPuument nuddysnn. Takas
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Puc. 4. TIporHo3 BpeMeHH OCTBIBAHUSI TOJILIY TAraMUTOBBIX PACIUIABOB 10 3aIaHHBIX TEMIIEPaTyp: M0 OCU OpAMHAT —
BpeMsl OCTbIBaHUsI, JIET; MO OCU abcuuce — TyOMHa mo paspesdy, M: a — Bonartbiuickast actpobsiema, 200-MeTpoBast
Tonuia; 6 — Ilonuraiickuii Kpatep, 95-MeTpoBasi ToJIIa
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Puc. 5. V3MeHeHue c IyOMHOI cpefHeil 1MPUHBI PEAaKLIMOHHBIX KAeMOK BOKDYT BKJIIOYEHUI KBapLa B TaraMuTe:
1 — nannble 1is ckB. 11475; 2 — nanuble 1st ckB. 50; kpuebie: @ — N3MEHEHHE LIMPUHBI KaiiMbl ¢ TIIYOMHOM, MKM;
6 — Bpemst octhiBanus Ha 300 °C OT Temmeparypbl JMKBULYCa; 6 — GYHKIMs f= L2

XK€ 3aBUCUMOCTb CYIIECTBYeT MEXIy BpPEMEHEM BbIpaBHUBaHUs TEMIEpaTyp U pa3MepoM
obsacteit BoipaBHUBaHUs [12]. [TosToMy NpHMepHOE COOTBETCTBUE MEXKIY U3MEHEHHUEM C
IYOMHOM TOJIIM TaraMUTOB PAacYeTHOTO BPEMEHM OCTbIBaHUsI B MHTEpBaje JTUKBUAYC —
COJIMAYC M KBAapaTOM IMUPUHBI OTU(GOY3MOHHBIX 30H SIBISIETCSI KPUTEPUEM HMCTUHHOCTHU
MPUHATONA MOJENIN OCThIBAaHUSI C(HOPMUPOBABIIIETOCS Tejla UMITAKTHOTO paciliaBa 3a CYeT
TETUIONPOBOAHOCTHU.

Yro KacaeTcst COOTHOLLEHUS MeXIy aOCONOTHBIMU 3HAYEHUSIMU PACYeTHOTO BPeMEHU
OCTBhIBaHUSI PACIUIaBOB 0 TeMIIEpaTyp, MPU KOTOPBIX 3aMOpaXuBaloTcs Ouddy3rnoHHbIE
MpoLuecchl, U BpeMeHeM (opMmupoBaHus Oud@y3MOHHOI KalMbI, TO 3/1€Ch TOXE MOXHO
0XUIaTh 6JIM3KOro cooTBeTCTBUSA. [1o naHHBIM paboThl [18], BpeMst (hopMUpOBaHUS KaliMbl
B 100 MKM BOKpYr BKJIIOYEHUs KBaplia B ocHOBHOM pacruiaBe mpu 1200 °C cocrapisieT
HecKoIbKo cyTokK. ITo maHHbIM [23], cioii kBapua TosuHoi B 100 MKM pacTBopsieTcsl B
ocHoBHOM paciuiase rpu 1060 °C 3a 10 4, a mpu 1200 °C — 3a 3 4. DTU JaHHBIE TTO3BOJISIOT
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Puc. 6. Pacnipenenenne KOHLEHTpALMi MMIAKTHOTO

aMasa 1o TyouHe 95-MeTpoBOro MOTOKa TaraMMTOB

ZU 40 6‘” 80 H M [Monwuraiickoro Kparepa (Macwitab JUHEHHbIH): 1 —
]

HaOJIIOJICHHbIE 3HAYeHMsI, 2 — TPOrHO3 COXPAaHHOCTH
——— {— —-2 npu E = 40 kxan/Monb, Wi600 °:c = 0,5 %/4

oLeHUTh BpeMst opmupoBaHust 100-MMKPOHHOI peaKIIMOHHON KaliMbl BOKPYT KBaplieBO-
ro BKJIOYEHMSI B OCHOBHOM paciuiaBe Tipu 1060 °C 0T HEeCKOJIbKUX YacOB IO HECKOJbKHX
nHeil. Kucnblit pacriiaB coctaBa OOJTHILICKMX TATaMUTOB MPU TEX K€ TeMIlepaTypax UMeeT
B 104 pa3 GOIBLIYIO BI3KOCTh, YeM 0a3ajIbTOBBIE pacIliaBbl, paCCMOTPEeHHbIE B [18, 20, 23].
ITockonbKy ckopocTh nuddy3uu, a cilegoBaTeJbHO, U pOCTa PEAKLIMOHHOU KalMBbI
MPOTNOPLMOHATIbHA BSI3KOCTM M PE3KO YObIBA€T C TOBBIIICHUEM KPEMHEKHUCIOTHOCTU
pacruaBoB [20], MOXHO 3aKJIIOUYUTh, YTO B CjIydae OOJTHIIICKMX TaraMuUToB KaiimMa B 100
MKM dopMupoBanach B redenne 105 4 — 104 cyr wim 5—30 ner. KaeMka cpenHeii TOMIIUHBI
100 MKM B GOJITBILLICKMX TaraMMTax (DQOPMUPYETCs BOKPYT BKIIFOUEHMIA KBaplia Ha pacCTOSTHUM
npuMmepHo 30 M oT koHTakTa (CckB. 11475). Ha 3TOM paccTOSHUM OT KOHTaKTa pacueTHOE
BpeMst ocThiBaHUs paciiiaBa 10 1060 °C cocrasiser 10 set, a 1o 650 °C — 60 net (puc. 4).
Takoe coBmaieHUE OLEHOK CIEAYeT CUMTATh XOPOIIUM.

B ckB. 50 HaGmomaeTcsa 0ojiee MENJICHHBIM POCT IIMPMHBI KaeMOK C TIYOWHOM,
CBUIETEJLCTBYIOIINI O 00jiee OBICTPOM OCTBIBAHUM. DTO MOXKHO CBSI3aThb C IOJIOKEHUEM
CKBaXWHbl Ha nepudepur TaraMMTOBOM 3ajieXu, Ile Ha CKOPOCTb OCTBHIBAHMSI MOTYT
CYILECTBEHHO BJIMSATH "O0KOBBIE" MTOBEPXHOCTU U BHIKIIMHUBAHUE 3AJIEXHU, T. €. 31ECh YCIOBUS
OCTbIBaHUSI OBUIM MHBIMU, YEM JJIsI TIOPOJ, BCKPBITHIX CKB. 11475, 1 Ipu NMPOrHO3UpOBaHUU
UX HEKOPPEKTHO UCITOJIb30BaTh T€ XK€ MOMYILIEHUSI.

Pe3koe mageHre KOHIIEHTPALIMK aJIMa30B C TJIyOMHOM B 95-MEeTPOBOM MOTOKE TATAMUTOB
IMonuraiickoro Kparepa (puc. 6), XOpoIllo COBIAIAIOIIee C PACYETHBIM BPEMEHEM OCTBIBAHUST
paciiaBoB 3a CYET TEIUIONPOBOIHOCTU IO TeMIIepaTyp, MPU KOTOPHIX TEPMHUYECKOE
paspylieHue MuHepaa npekpamiaercs (~ 650 °C), CBUIETENBCTBYET O TOM, YTO TEPMUYECKOE
paspylleHue SIBISETCS OJHMM U3 TJaBHBIX (haKTOPOB (hOPMUPOBAHUS HEOTHOPOIHOCTEM
colepXXaHusl 3TOro MUHepasia B TaramuTax. Eciu B 4KCTOM BHIEe 3aBUCMMOCTb, MOAOOHAs
M300paxkeHHOM Ha puC. 6, HAOIIOAAaeTCsT IOCTATOYHO PENKO, TO 00lIee 0OoralleHre aTMa3aMu
MPUKOHTAKTOBBIX YacTell TaTaAMUTOBBIX 3aJieXei TPy 00eTHEHUN UMU LIEHTPaJIbHBIX YacTeit
pa3pe3oB Haboganach B. T. KupuueHko B 86 % ciyyaeB. DTa 3aKOHOMEPHOCTh OTMEYAETCsI
n B. JI. MacaiitucoM ¢ coaBropamu [16]. YcraHoBIeHHass MMM 3HauMMmass obOpaTHas
KOppeJIsIus pa3MepoB peaklIMOHHBIX KaeMOK ('pa3Mep MUKPOJIUTOB B PeaKIIMOHHOI KaiiMe"
u "pa3mep (MOMEPEYHMK) arperaToB CKOTUIGHUs TUMepCTeHa") OMHO3HAYHO OOBSICHSETCS
pacCMOTPEHHON BbIIIE MJIUTEIbHOCTHIO OCTHIBAHUSI TaraMUTOB 10 TeMMepaTryp
3aMOpakMBaHUs Mpoliecca pa3pylieHUsT ajMasa.

AJIMa3bl B pacriaBe MOTYT pa3pyllaTbes MyTeM IpadUTH3alMKU 3a CUET OKUCIICHUS 110
cxeme C, + 0 - CO u manee CO + CO - C, + CO,, a Takke MyTeM pacTBOPeHUs 32
cyer paspbiBa cBsi3u C — C B anmase M Iepexoja MOBEPXHOCTHBIX aTOMOB yrjepoaa B
pacruiaB [6]. DKCIIepuMEHTAIbHO CKOPOCTH pa3pylIeHUsT aiMas3a ONpeaeaeHbl s BBICOKMX
TeMriepatyp. Ilpoliecchl pa3pylleHUs] ajMa3a IPOMCXOIST Ha TMOBEPXHOCTH, MO3TOMY UX
CKOPOCTb MPSIMO TPOMOPLMOHANIbHA TUIOLIAAM TTOBEPXHOCTH [7], T. €. OYEHb 3aBUCHUT OT
dopMbl 3epeH W OyIeT BbIlIE JAJIS1 TUIACTUHYATHIX 3€pEeH WMMITAKTHBIX aJMa30B, YeM JUIS
0oJjiee M3OMETPUYHBIX DHIOTeHHBIX. [lojslyudeHHbIe MyTeM Ioadopa MU CpaBHEHUS C
HaOJIOJEHHON KOHIEHTpalMel ajaMasa IMo pa3pe3y TaraMUTOB BEPOSITHbIC 3HAUCHMSI
CKOPOCTH DPa3pylLIeHHUS U SHEPTUM aKTUBAIIMM 3TOTO Ipollecca CBUAETEIbCTBYIOT O TOM,
YTO B TMPUPOJE peaausyeTcs KaK OKUCIeHHUE depe3 rpadUTHU3alldio, TaK U PacTBOPEHUE.
HOnsa oxucneHus (rpaduTU3alMKi) ajiMa3a XapakTepHble 3HAYeHUs F COCTaBISIIOT OKOJIO

64 ISSN 0204-3548. Munepaa. cypn. — 2001. — 23, No 4



PEXMMbI OCTbIBAHHMSA TTJIACTOBBIX TATAMUTOB

60 kxan/monb [7]. TlepecueT pe3yabTaTOB DKCIEPUMEHTA MO PACTBOPEHUIO alMa3oB B Oa-
3aibToBOM paciiase [19] mpu 1130 u 1200 °C npuBoauT K 3HayeHUIO E ~ 25 KKaj/MOJb.
Hawnbonee cooTBeTcTBYIOLIME HAOMIOACHHOMY HaMU pacIipeie/IcHUI0 3HaUeHUST COCTABIISIOT
30—40 kkan/mMonb. CKOPOCTb PacTBOPEHMS] M30METPUYHBIX aJIMa3HBIX 3€pEH pa3MepoM
0,6—0,8 MM B 0a3aIbTOBOM pacIlIaBe MPU HOPMaJIbHOM JaBJICHUU COCTABJISIET, 10 JaHHBIM
skcnepumenTa [19], okoso 1 %/mun nipu 1130 °C u 1,55 %/Mun — 1200 °C, 4T0 IpUMepHO
Ha ABa MOpsIKa MPEeBOCXOAMT OLEHKHU, cCAellaHHble B pabore [6], mMpu MOMOIIU
MPUOIMKEHHBIX SKCTPATTOJSILIAI pe3yIbTaTOB BBICOKOTEMITEPATYPHBIX SKCIIEPUMEHTOB [24].
Takoe pacxoxXaeHHEe MOXHO OOBSICHUTb KaK HETOYHOCTBHIO OTHAJCHHBIX 3KCTPaIOJISIIUIA,
Tak U pa3jIudyveM B COCTaBe PacCILIaBOB.

Mogeab OCTHIBAHUSI 32 CUET TEIJIONMPOBOMIHOCTU XOPOIIO OMUCHIBAET CHUXKEHUE
KOHIIEHTpAIMM ajMa3a TOJbKO m0 rayomHbsl 15—20 M. PaccMmaTpuBaeMble MeXaHU3MBI
paspylieHus ajJMasa Mpu TMPUHSITOM CHOCO0OE OCThIBAHUS HE IMO3BOJISIIOT OOBSICHUTH
CylLIECTBOBaHME 3TOr0 MUHEpaja B LICHTPAJIbHBIX 4YacTAX MOTOKa. s TOro, 4ToObI
coXpaHWIach XOTsl Obl HU3Kas KOHIICHTpallMsl 3TOT0 MHUHepaja, BpeMs CYILEeCTBOBaHUSI
3/1ECh BBICOKMX TeMIIepaTyp JOJDKHO OBUIO OBITH He Gosiee 3—5 JjieT, T. €. Ha JBa MOpsSaKa
HUXe pacyeTHoOro (puc. 4).

OOBSICHEHHE TaKOrO HECOOTBETCTBMSI MOXKET COCTOSITb B BBICOKMX IOJIOXUTEIbHBIX
ombKax B OIpenejeHUU ajiMa3a B OeAHBIX NMpobax 3a CYeT 3arpsi3HEHMS] MaTepruaioMm
6oratbix Mpo6. OUeBUAHO TaKXKe, YTO, XOTSI Obl OTYACTU 3TO MOXET OOBSICHSTHCS OoJiee
CJIOXXKHBIM MeXaHU3MOM (OPMUPOBAHUS TAaraMUTOBBIX TeJ 3a CYET MOCTEMEHHOTO
BbIpAaBHUBAHMS TeMIIEpaTyp U CTPYKTYp MepBOHAYAIbHO HAJOXEHHBIX APYT Ha JIpyra ClIOeB
C pasHbIM colepXaHUEM "XOJOAHBIX" 00JJIOMKOB. MIMEHHO TakKMM MEXaHU3MOM CIEdyeT
OOBSACHUTh CJIOXHYIO M3MEHUYMBOCTb aJIMa30HOCHOCTU MOIIHOIO CJOSI TaraMMTOB
ITonuraiickoro Kparepa, Hab/IIOIeHHYIO B padore [16].

Uro kacaeTcsd OOJTHIIICKOW TaraMUTOBOW TOJIIM, TO TYT BAUSHUE UCXOIHOM
TeTEePOreHHOCTU IPOSIBUJIOCh 3HAUMTENbHO ciabee. OHO BhIpaxaeTcsl, HalpuMmep, B
BapMalMsIX IO pa3pe3y colmepKaHUsT HEpPaCTBOPEHHBIX OOJIOMKOB (IPEMMYILECTBEHHO
kBapua): 600—610 M — npumepro 10 %; 610—630 m — 0; 630—655 M — g0 1; 655—
690 M — 5+11,5; 690—740 M — ~1,5; 740—750 m — 1+5; 750—770 m — ~ 1,5; 770—
790 M — 5+10 %. TakuM 00pa3oM, MOXHO MNPEAIOJOXUTh, YTO IEpBOHAYaIbHO "0oJjee
XOJIOAHBINA" CJIOM CYLIECTBOBAJA B LIEHTPAJILHON YacTHU 3ajJeXM Ha mIyomHax 655—690 M.
[MpocnexxuBaeTcsl TakKe OJM3Kasi 30HAJTLHOCTh U B CTEMEHU PACKPUCTA/UIM3ALIMU CTEKJIA.

BeinmonHeHHast paboTa MO3BOJIIET BEPHYThCS HAa HOBOM YPOBHE K PacCMOTPEHUIO
MepPCNeKTUB aaIMa30HOCHOCTU BonTeiiickoii acTtpobiembl. Mcxonst M3 OLIGHKM 3HEPTUM
00pa3oBaHMS 3TOTO KpaTepa, 30Ha 3aKaJeHHOro rpaduT-aJIMa3HOro Iepexoaa pacroyoxeHa
Mexnay mnojychepaMu, OTBEUYAIOIIMMU 3HAYEHUSIM HUMITYJbCHBIX JABJICHUNM MTPUMEPHO
55 I'Ma (7, = 1500 °C) u 45 I'lla (T, ~ 800 °C) 1 umeroMyI COOTBETCTBEHHO PaguyChl
1,49 u 1,58 kM. Macca mopoasl B 3T0i 30He coctasiger 3,68-109 1. Xorss Boarbickuii
Kparep ObL1 00pa3oBaH B MUILEHU, rae rpacuTOBbIe MOPOAbI HE HAOJIOMAIUCh, HEIb3sl
HUCKJIIOUUTh BEPOSITHOCTh HAXOXIEHMS rpacuTa B TaKoi 00JbII0i Macce mopoabl. OgHako,
KaK TIOKa3bIBaeT OIBIT M3ydyeHUs bemmnoBckoil actpolOiemsbl [3], comepxaHue ajaMmasa B
caMbIX OoraThlx Tpobax Taramuta mpumepHo B 100 pa3 MeHbIlE CpeIHEro coaepKaHus
rpaduta B 30He nepexoaa. ClemnoBaTesibHO, JaXe eCAU MOJIEeIb OCThiBaHUsI eauHoro 200-
METPOBOTO Tejla TaraMUTOB HE BIIOJIHE KOPPEKTHA, BO3MOXKHOCTh COXPAaHHOCTH JaXe
eIVHUYHBIX 3epeH ajiMa3a B LICHTPAJbHBIX YacTsX 3ajieXXu MOJKHA ObITh MCKJIIOYEHA.
Heckonbko Gosiee GJaronpusITHBIMU [JISI COXPAHHOCTU ajaMa3oB SIBIASIOTCS OBICTPO
OCTBIBABIIIME MMOPUCTBIC TaraMUThl BEPXOB 3ajeXXUd U 3IOBUTOIMOMOOHBIC OpPEKUYUU €€
ocHoBaHUsA. OIHAKO B HUX ajiMa3bl BCTpeueHbl He Obuth. [103TOMY MOXKHO MPEATONOXUTh,
4yTO 0OHapyXeHHOe B MHCTUTYTe MUHEpaIbHBIX pecypcoB (CruMbeporiob) B Iepro paboThl
¢ OoraTbIMU TIONMMUTAMCKUMM TMPOOAMKM 3HAKOBOE COACPXKAHMUE ajMa30B B CTEKJIOBATBIX
uMnakTurax ckB. 11475 Ha rmyounax 720, 740 u 780 M cBsI3aHO C 3aCOpEHUEM.

BoiBoapl. 1. BeimosiHeHHbBIE pacyeThl 1 MUHEPAJIOTMYeCKUE UCCIeTOBaHUS TTOKA3bIBAIOT,
YTO TI0CJIe 00pa30BaHUSsI TOJIIM UMITAKTHOTO PacIijiaBa IJIaBHBIM MEXaHU3MOM €0 OCThIBAHUSI
SIBJISICTCSI TETUIOMPOBOAHOCTb.

2. TlpuHsiTasg Moneslb OCTBHIBAaHMUSI OOBSICHSIET HabJogamplieecss pe3koe IMajeHue
comepXXaHUs ajIMa30B OT KOHTaKTa B TUIyOb TAraMUTOBBIX Te€Jl M MOXKET ObITh MCIOJb30BaHA
MPU TIPOTHO3MPOBAHUM AJIMAa30HOCHOCTU HE TOJbKO WMITAKTUTOB, HO M MarMaTU4ecKux
MOpPOI.

3. CopnepxaHue alMa30B BO BHYTPEHHMX YacCTSIX MOIIHBIX TOJII MCXOIHO
MaJI0aJIMa30HOCHBIX TaraMUTOB paBHO WJIM OJM3KO HyJ0. Bo BCcsIKOM ciydae, Haauyue
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30€CHh MPAKTUYECCKN MHTCPECCHOI'O COACP KaHUA aJIMa30B IPEACTABIACTCA HEBEPOATHBLIM.

PaGoTa BbIITOJIHEHA MTPY TOAAEPXKE MUHUCTEPCTBA MTPOCBELEHUST ¥ HAYKW YKPauHbI
(moroBop Ne 2M/253-99 ot 17 aBrycra 1999 r.).
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WH-1 npukinan. duzukn HAH Ykpaunst, Cymbl, Kues IMoctynuna 18.05.2001
BapmuHcko-MopaBckuii YH-T, OnblIThiH, [Tonbuia

PE3IOME. Po3paxoBaHO MOJEJb OCTUTaHHsI TOBLUi MAaCMBHMX TaraMiTiB Bill JiKBiIyCHMX TeMIepaTyp 3a paxyHOK
TEIUIONPOBiAHOCTI. JlOBEIEHO, 1110 PO3MO/iJ 3HAaUeHb LIMPUHU PEaKLifHMX 00JISIMiBOK HAaBKOJIO KBapLIOBUX BKJIIOYEHb
Ta CXOPOHHICTb iIMIAKTHUX aIMa3iB MOXHa OMMCATH 3a JOMOMOIOI0 L€l MOaei.

SUMMARY. The massive tagamites bedding cooling model by heat conduction from liquid temperatures is calculated.

It is shown that distribution of width values of the reaction rims around the quartz inclusions as well as impact diamond
concentrations can be described with the help of this model.
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MMUHEPARDTWYECKMA
HSGHAN

YK 552.124:571.3
Mn. B. 3apuukun

N3yyeHue ayTureHHOM MUHepannsauum
(0COOEHHO KOHKpeLui) ocaao4vHbiX Nopoa U ero
3Ha4YeHue A9 peLleHns ooLereosorM4eckmux

n aimTonorn4yeckmnx Bonpocos

"Tounoe, demanvHOe u3zy4eHue KOHKpeuui
daem Haodexcdy Ha noayveHue UHMEPECHbiX
U HEOMNCUOAHHBIX pe3yabmamos”.

I'. Copbu [15]

JlaH KpaTkuii 0030p UCTOPUM M3YYEHUs] KOHKPELMWi, pa3BEpHYTOE OMNpelesieHUe TOHSTUSI KOHKpeyus, 0OOCHOBAHO
MPerMYLIECTBO KOHKPELMI Mepell ayTUTeHHBIMU MUHEpalaMM, PacCesiHHbIMU B LieMeHTe nopoa. OxapakTepru3oBaHa
CrieuuMajibHasg METOAUKa — KOHKpCLlVIOHHb]ﬁ aHallu3 U €ro poJjib B PCHICHUU TCOPECTUYCCKUX M TNPUKIAIHBIX
re0JOrMYeCcKMX M JIMTOJOIMYECKMX BOMPOcoB. Ha KOHKPeTHBIX MpuMepax MokKa3aHa LuMpokast chepa MpuiiokeHUs
KOHKPELIMOHHOIO  aHaliu3a: MPU M3YYEHUM TOJIE3HBIX MCKOIMAEMbIX OcagouyHOro reHesuca (pyabl Fe, Al, Mn, P u
IIp. — Ha cylle; xejie3omapraHueBble U (ocdarHble KOHKpeLUMU — B OKeaHe), NMpu GauuaibHO-GHOpMaLlMOHHOM
AaHaJIM3€ OCaJOYHBIX TOJII, KOHKPCHWW — KaK YHHUKaJIbHBIC KOHCEPBAHTBI OPTaHUYCCKUX OCTATKOB, IJIs OLICHKH
WHTEHCUBHOCTU ayTUT€HHOTO MMHEpPaJoo0pa3oBaHUs U MepepaclpeiesieHust BEUIeCTBa B XOJ€ JUTOTeHesa,
MPUBOJSILLErO K reTeporeHn3aly OCaoyHbIX MOPOA U 00pa30BaHUI0 KOHKPELMIA.

KoHKpeluy 0THOCSTCS K KATerOpuy ayTUTeHHBIX MUHEPaJIbHBIX 00pa30BaHUi B 0CaTOYHbBIX
nopoaax. MHoOrojeTHue UCCIEIOBaHUS yOeauau Hac B TOM, YTO KOHKpELMU OOJamaroT
SIBHBIMY MpEeUMYyIeCTBaMM Tlepea MUHepaJlaMu lieMeHTa nopoxa. Eciau mocnemHue mocie
CBOEro oOpa3oBaHUS MOTYT CYILIECTBEHHO M3MEHSTHCS Ha IOCHAEAYIOIIMX CTamusIX
JIUTOTeHe3a, TO KOHKPEIUU MPaKTUYECKU HE U3MEHSIIOTCS 1 3aKJII0YAIOT B ce0€ YHUKAIbHYIO
WHGpOpMaIMIO 00 YCIOBUSIX CBOEro oOpa3oBaHMs Ha KOHKPETHBIX CTaAMsIX JIMTOTeHe3a.
DTO HaAeXHbIe "CBUIETEJM" COOBITUI, MPOMCXOMSIIMX Ha pa3HBbIX 3Talax JUTOreHesa,
OHU "MOMHSAT" YCJIOBUSI, B KOTOPBIX POAWINCH, U SIBJISIIOTCSI HEUCUEPIIAeMbIM UCTOYHUKOM
CBEICHUI O TaKMX YCJIOBHUSX. 3adauya MccienoBaTtesieil yMeTh "3alaBaTh’ MM BOIPOCHI U
MOHUMAaTh "OTBeThI" Ha HUX [2—4]. [103TOMy C MO3MIIMIA CETOMHSIIHETO OIMbITa U YPOBHS
W3y4eHUs KOHKpEeLMidi MOXHO cKa3zaTh, YTO IpUBENEHHBIE B amurpade cioBa 0Ka3aaucCh
TIOUCTUHE MPOPOYECKUMHU.

Ecau yrnyOouTbcsi HEMHOIO B MCTOPUIO pa3BUTHUS MaTePUATbHOM KYJIbTYPHI
YeJI0BEYeCTBa, TO CAeAyeT OTMETUTD BIIOJIHE OINPEAeIeHHO, YTO KOHKPELMHY CTaIu 00beKTOM
BHUMaHUsI U UCIOJb30BaHUS YEJOBEKOM 3a[0JIr0 IO IMOSIBJICHUSI HAYYHbIX MpPencTaBIeHUN
U pabot o Hux. HauuHast ¢ maneonuta, Koraa sl U3TOTOBJIEHUS OPYIUI Tpyda U OPYXKUS
HCIOJIb30BAJICS KpeMeHb (KPEMHUCTbIE KOHKPEIIMN), pa3IuyHble 0 COCTaBy MUHEpaIbHbIE
CTSDKEHUST HalUTM caMo€ IIMPOKOe MPUMEHEHWEe KakK IMOJIe3Hble MCKOIaeMble.

BMmecTe ¢ TeM XOTs KOHKpelMM Kak ocobasi rpyra MPUPOIHbBIX TeJl ObUIA BbIAEICHBI
emwe B XVIII B. (mo Havyanma XIX B.), 1o odopmieHUsI reoJoruv Kak HaykKu OHU HeE
MOJIb30BAIMCh OCTaTOYHBIM BHMMAaHUEM MCCleIoBaTesIeil, KOTOpble pacCMaTpUBaIM UX
KakK HEIOHATHYI0 "urpy npupoasl’. Tojlbko co Bropoii nmojoBuHbl XIX B. MHTepec K HUM
cTaj BO3pacTaTh M Hayadu CKJIaIbIBaThCsl OJIM3KUE K COBPEMEHHBIM IPEACTABICHUSI 00 UX
MpUPOAE, NMPOUCXOXIEHUU; OBbIO BBISIBICHO LIMPOKOE paclpoCTpaHEHUE U BaxXHOE
MPaKTUYECKOe 3HAUEHUE MHOTUX TPYIIT KOHKPEIWid KaK IMOJEe3HbIX MCKOMAaeMbIX. YKe Ha
pyoexe XIX—XX BB. ObIO YCTaHOBJIEHO, YTO KOHKpPELMM CJIaraloT MeCTOPOXIACHUS
TOJIE3HBIX MCKOTIaeMbIX ocagoyHoro reHesuca (pyasl Fe, Al, Mn, P u np.). [loatomy HaurHast
co BTOpOro aecsatuieTuss XX B. OCHOBHOE BHUMaHHUE (YK€ CO CTOPOHBI HAyKU) YAEJSIIOCh
M3yYEHUIO BEIIECTBEHHOIO COCTaBa KOHKpELWi, YTO OTpaxaJlo BCeBO3pacTalolIMi
MPOMBIIIEHHBIA UHTEPEC K HUM.

[MpuMepoB UCMOIB30BaHMSI KOHKPELIMI B KaueCTBE MUHEPAIbLHOTO ChIpbsi MHOTO [2].
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3APULIKHUU II. B.

PasuTenbHBIM MpUMEpPOM SIBJISIIOTCS JKeJie30MapraHileBble KOHKpellud MHpOBOTro OKeaHa,
o011IMe 3amachl KOTOPBIX MPEBBILIAIOT HECKOJIBKO TPU/UIMOHOB TOHH. M 1ej10 He ToabKo B
OTPOMHBIX 3aracax XeJjie3a M MapraHiia B HUX (KCTaTH, 3arachl TOJIbKO MapraHiia MpeBbIIIaloT
3amachbl BCEX €ro MeCTOPOXACHMWII Ha Cylle), HO U B TOM, UYTO B 3THUX KOHKpELUSX
MPUCYTCTBYIOT B MOBBILIEHHBIX KOHLIEHTPALIUSIX (10711 — TIEPBbIe MTPOLICHTHI) TAKUE BasKHbIE
JUTSL TIPOMBIIILIEHHOCTH MeTailibl, Kak Co, Ni, Cu, Mo u Jip., MeCTOpOXKIeHUsT KOTOPbIX Ha
KOHTUHEHTaX BbIpAOATHIBAIOTCS OYEHb OBICTPO. DT KOHKPELMU B HAIlM JHU HU3y4aloTCs
Ype3BbIYATHO MHTEHCUBHO, TIPENNPUHUMAIOTCS MOMBITKU IO HUX T00bIYE U TepepaboTKe
KakK TMOJIMKOMITOHEHTHOM pyIbl HOBOTO THIIA.

TakuM 00pa3oM, poJib KOHKPELIMI1 B XKU3HU COBPEMEHHOTO U OYAYIIETO YeJIOBEUECKOTO
00111eCTBa KaK BaXKHOTO MCTOYHMKA MUHEPAJIbHOTO ChIPbsl OMHO3HAYHO Bejvka. Ho uMeercst
M JIpyrasi, He MEeHee BaKHasi CTOPOHa MpPOOJIEMbl: 3HAUEHWE M3YyYEHMS] KOHKpELWil IUIst
pelIeHKs 001IEere0JOrnYecKrX U CellMalbHbIX BOITPOCOB KaK HAYYHbBIX, TaK U MTPUKJIATHbBIX
[1—4].

B mocnegnue pecarunetusi, HauuHasi ¢ 1950-x rr., ocobeHHo B ObiBiieM CCCP,
BBISICHUJIOCh MHOTOCTOPOHHEE 3HaYeHUE M3YyUYeHUsT KOHKPEUUl M KOHKPELIMOHHBIX
KOMILIEKCOB KaK YYTKMX WHAMKATOPOB (alnanbHO-(DOPMALMOHHBIX YCJIOBUI OCaaKO-
HaKOIICHMSI, CTaIMIHOCTU JUTOTeHe3a, TeHETUYECKOTO M MTOMCKOBOTO MPU3HAKOB U T. TI.
Nmenno B CCCP 6butn mpoBelieHbI MepBbie B UCTOPUU T'€OJJOTMYECKON HAyKu TISITh
Bcecoto3HbIx HayuyHBIX KOH(pepeHLuii Mo npobseme "KoHKpelMy M KOHKPELUMOHHBIN
aHamu3" (Jlenunrpaa, 1970, 1976, 1986; Xapokos, 1973; Tiomenn, 1983) [5—9, 12, 13, 16,
18].

Bo3MoXHOCTH pellileHusT IIIMPOKOro Kpyra 3aaay reoJOrMy W JIMTOJOTUM, TTOoMcKa U
MPOTHO3a MECTOPOXKACHUIA MOJIE3HBIX MUCKOIAEMBbIX ITyTEM M3YYeHUsI KOHKPEInii 00yCI0OBUIN
pa3paboTKy 0co00ro JUTOJOr0-reoXMMUYECKOro MeTolla — KOHKPELIMOHHOTO aHaiu3a, a
TaKXXe €ro CHCTeMaTHMYeCcKoe HCIOJIb30BaHHWE U COBEPIICHCTBOBAHUE IMPU WM3YYECHUM
0CalIOYHBIX TTOPOJ U CBA3aHHBIX C HUMU TOJIE3HBIX MCKOIMaeMbIX. KOHKpEeIIMOHHBII aHaIu3
LIMUPOKO TIPUMEHSIETCS M B MPAKTUKE TeOJIOTOChEMOUYHBIX, MOUCKOBBIX, Pa3BEIOYHBIX M
9KCIUTyaTallMOHHBIX pabot [2—13, 15, 18]. YeTko ompenenunoch 3HaYeHUE IMPOLIECCOB
KOHKpelnureoopa3zoBaHuss B ()OPMUPOBAHUU MECTOPOXIECHUI TOJIE3HBIX MCKOIMAaeMBbIX.
[ToMuMO pYOHBIX KOHKpELUUil HMMelTCcs crneluuduuyeckue KOHKPEIHUU PYAOHOCHBIX
dopmaruii, mapareHeTUYHbIC MECTOPOXKIECHUSIM, KOTOPBIE MOTYT CJIYKUTh T€HETUYCCKUMU
WY MOMCKOBBIMU TMPU3HAKAMU TaKUX MecTopoxaeHuit [2, 3, 13].

[MpuopuTeT OTEeYeCTBEHHON JUTOJOTMYECKONM HAyKK B 00JIACTU M3YyUEHUSI KOHKPELUIA,
pa3paboTKH1, COBEPILICHCTBOBAHUS U BHEAPEHUSI KOHKPELIMOHHOTO aHaIn3a O0LIeNpU3HaH.
OTMETUM 3aMETHBI POCT BHUMaHUS K HHUM 3a py0eXom, B YaCTHOCTM K paboTam Mo
M3YYEHHUIO XeJle30MapTaHIeBbIX KOHKpELMd Ha JHE OKeaHa W psma APYTrUxX TPYIII,
MPEACTABJISIOIINX HOBBIM MEPCIEKTUBHBI UCTOYHUK MUHEPAIBLHOTO ChIpbs. JIuTepatypa,
MOCBSIICHHAs! KOHKPELIMSIM, OXBaThbIBA€T MHOTME COTHM HauMeHOBaHWIi. OmyOJuKOBaHBI
nepBble obobuIatoe MoHorpaguu [1—4, 10 u ap.], cnenuanbHble cOOpHUKM [5—9, 11—
13 u ap.], 3amMILeHbl KAaHAUIATCKUE U JOKTOPCKUE ITUCCEepPTAIIUU.

KoHkpeluyn — 3T0 MUHEpaJbHbIC XeMO- UM OMOXEMOTECHHBIE CTSKCHMUSI, OTIMYalo-
LIMecs OT BMeILaolei cpenbl (ocaaka, MOopobl) o cocTaBy, ¢opMe U IPYTUM MPU3HAKaM,
pacTyliue 3a CYeT KOHILEHTpAllUM pacCesTHHBIX BO BMEILAOIIICH cpele WM MPUBHECEHHBIX
B Hee KOMIIOHCHTOB IO OMpeaeJIeHHOMY MOP(hOJIOrMYecKoMy 3aKOHY, 0ojiee WJIM MeHee
JIMTHEMHO-KOHIIEHTPUYECKOMY, T. €. MO CyOIapayjie/JIbHbIM, XOTSI Obl YaCTUYHO KPHBBIM
MOBEPXHOCTAM (B OTJIMYME OT PACTyIIMX IO TUIOCKOMAapauleIbHOMY 3aKOHY KPHCTAJIJIOB).
Cpenu HUX MpeodJafaloT LEeHTPOOeXHO-pacTyliue Teaa. KoHkpeuuun obOpas3yloTcsi u3
WCTUHHBIX WIM KOJUIOMIHBIX PAacTBOPOB B pe3yibTare Auddy3uu uim MHOUIbTpaluu
KOHKpeleoopa3oBaressl K lIeHTpaM BbinaneHus. OcaxkIeHue BelllecTBa MPOUCXOIUT Kak
B (opme rensi, Tak U B (opMe KpUCTAUIMYECKUX arperatoB. PazMepbl KOHKpeLMid
M3MEHSIOTCSI B IIMPOKUX TpeaesaX — OT J0JIe MWIIMMETpa A0 ACCITKOB CAHTUMETPOB U
MeTpoB. 1o coctaBy KOHKpelreoOpa3oBatesisi pa3inyaloT MOHO-, OU- U MOJTUMUHEpaIbHbIE
koHkpenuu. Cpeny KOHKpelieoOpa3oBatelieii rpeobanator kapooHatel Fe, Ca, Mg, Mn,
okcunbl Fe, Mn, Al, Si, cynbdunsr Fe, Cu u ap., cynbdarer Ca, Ba, Sr, 6opater Ca, Na,
Mg u np.

Baxnedmmymu mpusHakamu ajist KiaccurKaluy KOHKPELMI SIBJSIIOTCS XUMUYECKUI
U MMHEpalbHBIN cocTaB, MOP(MOJOTUS U pa3Mepbl, BHYTpEHHEEe CTpOeHUE (TeKCTypa M
crpykrypa). [lpu onmMcaHMM KOHKpELMWI CleAyeT OTJMYaTh U APYrue MpU3HAKU U
0COOEHHOCTU: XapaKTep pacnpeaesieHUsI B CJI0€ MOPOJbI, TUITBI KOHKPEIIMOHHBIX CPOCTKOB,
HaJIMuMe B UX TeJaX OPraHMYeCKHUX OCTAaTKOB, MUHEPaJIbHBIX HOBOOOPAa30BaHUIl B TpELIMHAX
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M3YYEHUE AYTUTEHHOM MWHEPAJIM3ALIUU

COKpalIlICHUSI U TIOJIOCTSIX, COOTHOLIEHHWE MTPU3HAKOB KOHKPEIUIA C TPU3HAKAMU BMEILAIOIINX
nopon u T. 1. CoueTaHue 3TUX 0COOEHHOCTE onpeaesaeT 60JblIoe pa3HOOOpa3ue JIUTOJIO-
TUYECKUX TUITOB KOHKPELUii, KOTOPhIE TECHO CBSI3aHBI C YCIOBUSIMUA OCAIKOHAKOIICHUS U
paHHETo AuareHe3a 1 Mo3TOMY MOTYT ObITh UCITOJIb30BaHbI MpU (alyanbHo-(GOpMalIMOHHOM
aHaJlM3e OCAmOYHBIX TOJIIII.

Konkpeiuy o6pa3yorcst Ha pa3HbIX CTaausIX JIUTOreHe3a (CeAUMEHTOreHe3, TUareHes,
KaTareHe3), a TakKe MOTYT BO3HUKATh WJIM MPeoOpa3OBbIBATLCSA HA CTaAUsX MeTareHe3a u
MeTaMopdu3Ma.

Hnst nuTodauuaabHOrO aHalIM3a, najeoreorpaduueckKux peKOHCTPYKIIMiA, CTpaTurpa-
¢uryeckoro pacuieHeHUsI U KOPPEISILIUU pa3pe30B OCAAOUYHBIX TOJII U APYTUX Liejeil Hau-
Oosiblliee 3HAUEHUE MMEIOT paHHeAUareHeTUYeCKHue (caMble PachpoOCTpaHEHHBIE) KOHKpe-
LIVU, 3aJieTalollne in situ, a He KOHKPELUM MePeoTIOXeHHbIe (aNTOKOHKPELIMU) WK OCTa-
TOYHBIC (MepJIOBUAIbHbBIC). XUMUYECKUI U MUHEPATbHBINA COCTaB U CTPYKTYPHO-TEKCTYp-
HbIe OCOOCHHOCTH TaKMX KOHKPELM MPaKTUYECKU HE U3MEHSIIOTCS TPU MO3IHEM auare-
He3e U KarareHese U Jaxe MeTareHe3e (3a UCKIIOYeHUEM IPOIIECCOB BhIBETPUBAHMUSI), UTO
U TIO3BOJIIET UCIOJIb30BaTh UX JUISI BOCCTAHOBJICHUSI YCIOBUI OCAIKOHAKOILICHUS U T'eO-
XUMUYECKON OOCTAaHOBKM OUareHe3a BMEILAMOIIMX WX TOPOJA, OCHOBHBIE YEepPThl KOTOPOIt
3aKJIabIBAIOTCST (MMPOrpaMMUPYIOTCS) €ellie B CeAMMEHTOTeHe3e.

KoHkpeluyu mepeoTIokeHHbIE U OCTATOYHBIC CJEMyeT BBIACIATH 0CO00, MOCKOJBKY
OHMU, YTPAaTUB HETIOCPEACTBEHHYIO CBSI3b C CYOCTPaTOM — Cpeaoil 00pa3oBaHUsI, OTIMYAIOTCS
MUHUMaJbHONW MH(GOPMATUBHOCThIO. OQHAKO M3ydyeHHEe MX B 0a3ajJbHBIX U MexXdop-
MallMOHHBIX KOHIJOMepaTaxX IO3BOJISIET, B OIpPEAc]ICHHOW Mepe, BOCCTAHOBUTH
naneoreorpaUUecKyto 00CTaHOBKY, MPU3HAKU U OCOOCHHOCTH Pa3MBIThIX B 3TUX MeCTax
0cafkoB (MOPOA) WIM e MX CKOIUIEHWI, IMpoliecchl pymaoodpazoBaHus ((pochopuToBbie
KOHTJIOMEPAThI, OOKCUTHI U T. 11.) BCJEACTBUE MPUPOIHOTO IPaBUTALIMOHHOTO O0OralieHus.
MeTonuka TOJIEBbIX HaOJIOACHMI, OMUCAHUS KOHKPELUMil M OCHOBHBIC IMPUEMBI
KOHKPEIMOHHOrO aHajn3a M3JIOXKeHBI B padoTax [1, 3, 4, 11]. OctaHOBHMMCSI KpaTKO M Ha
HEKOTOPBIX APYrux cepax MpUIOXKEHUs KOHKPELIMOHHOTO aHaIu3a.

KoHKpenun — yHMKajibHble KOHCEPBAHTbI OPraHMYeCKHMX ocTaTKoB. Kak u3BecTHO,
TOYHOCTb U TTOJIHOTA ONMMCAHUS U AUATHOCTUKU MCKOMaeMoil ayHbl U (JIOpbl BO MHOTOM
3aBUCAT OT CTENEHU uX coxpaHHocTH. KoHkpeiuu (0COOEHHO paHHEAUAreHeTUYeCKUe
KapOOHATHbBIE) SIBJISIIOTCS XOPOILIMMM KOHCEpBAaHTaMM OPraHMYECKHMX OCTATKOB U CJICIOB
UX KU3HEAEATEIbHOCTH, KOTOPHIE COXPAHSIOTCS B HUX, K TOMY Xe, 6€3 TPpU3HAaKOB 00beMHOM
nedopMaliMy B OTJIMYME OT TAKOBBIX BO BMellalolIux mopogax. Kiaccuueckuii mpumep: B
Hauane XX B. mHorue ucciaemoBarenu (Kykyk, 1909; Cromnc, Barcon, 1909; 3anecckui,
1914 u nap.) mokaszajiu, YTO BBICOKAsI CTENEHb COXPAHHOCTU KJIETOYHOTO CTPOCHUS
yriieo0pa3ylolux pacTeHUi B KOHKPELMSIX YTOJbHBIX IUIACTOB — YTOJBHBIX IMOYKax
MO3BOJISICT M3ydaTh AaHATOMMIO MCKOITAeMbIX PACTeHUI He XyXXe, YeM HbIHEXKMUBYIIMX.
M. Crorc oueHUBaNa yrojbHbIe MOYKM KaK YHUKaJIbHbIe 00pa3oBaHUsI, KaK CTPYKTYDHI,
He BCTpevaloluecs 0oblie B reojiornu. Yxxe B Hamre BpeMss H. C. CHurupesckas (1964)
Ha 0a3e M3yyeHUs YrOJbHBIX MOYEK CYIIECTBEHHO NOIOJHWJIA TpeAcTaBieHUsl o duiope
cpenHero kap6oHa donGacca u cBsi3sgx ee ¢ ¢aopoir 3amamHoit EBponbl m CeBepHoIt
AMEpUKU U CUUTAET YTOJbHBIE MOYKM HEUCCSIKAEMbIM WUCTOYHUKOM 3HAHUH O
PacTUTEILHOCTU OOJIOT pa3HbIX OOTAaHUKO-reorpapuyecKux ob1acTeil MO3MHETO Maneo30sl.
[o CBUIETENbCTBY aMepHKaHCKMX aBTopoB (Mawmoii, Moxencon, 1961), 6raronapst n3y4eHnIo
YTOJIbHBIX TTOYEK B TIEHCUJIbBAHCKUX YITIEHOCHBIX OTJIOKEHUSIX ObLIIM OTKPBITHI MAJIC030iCKUE
nrepugocnepmbl. MCKIIOUUTEIbHOE 3HAYeHUE YTOJIbHBIE MOYKM HMMEIOT ellie U TOTOMY,
YTO OHU ToATBepkaaoT (oTMeTua enle M. 1. 3anecckuii, 1914) aBTOXTOHHOCTh 00pa30BaHUS
3aKJTIOYAIOIIMX MX TIJIACTOB YIJIst, OO TPYIHO MPEACTABUTh, YUTOOBI HEXKHBIC YaCTU PACTCHUIA,
MMHEepaJu30BaHHbIE B KOHKDEIUSAX, MOIJIM COXPAHUThCSA TPU CKOJbKO-HUOYIb 3HAYM-
TEJIHLHOM ITIepeHOCE.

Oco60ro BHUMaHUS 3aCHyXKMBalOT KOHKpPELMU-KOHCEPBAHTHI (MpeXxae BCEro
KPEeMHHUCThIC) U3 MeTaMOp(GUUYECKUX TOPOJ, MO3BOJSIONIME TyOXe M IMOJHee MO3HaBaTh
OpraHUYEeCKMii MHMpP JOKEeMOpMsI, UCIIOJb30BaTh €ro OcTaTku (MMKpPO(hOCCUIUU) B
ouoctpaturpaduun u nameoreorpaduu [1, 5 u ap.].

OueHka nepepacnpejesieHds1 BemiecTBa npu auareHese. [IpencraBieHMe O COCTOSIHUU
3TOr0 BOIpOCa 10 HENAaBHEr0 BPEMEHM MOXHO OBUIO MOJYYUTh M3 BbICKAa3bIBAHUS
H. M. CrpaxoBa [14] o ToM, 4TO TepepacnpeneicHUe BelecTBa SIBJISIETCS ONHON U3
XapaKTepHbIX YePT IUareHe3a, 10 MOCJIeIHEro BpeMEeHH, OJHAKO, He MpUBJIEKaBIIas K cebe
BHUMAaHUS HMCCleaoBaTesieil, KOTOpble OrpaHWYMBAIUCh JIMIIbL KOHCTaTaluMeid akrta
nepepacrpeae/ieHust, He TbITasiCh CKOJbKO-HUOYIb YIJYOUTBhCSI B €r0 U3y4YeHUE.
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Tonbko B MOCAeIHUE HECKOJIbKO AecaTuiieTuii XX B. MPOBEAEHBI 3HAYUTEIbHBIE 1O
00beMy U TJIyOMHE HCCIeIOBaHUSI AMareHe3a, KOTOPbIe IMO3BOJUIM BCKPHITh OCHOBHBIE
3aKOHOMEPHOCTH M MacCITa0bl TMareHeTUYeCKOro MHHEepasoo0pa3oBaHUs U Tepepacripe-
JeJIeHUsI BEIIECTB.

B paHHeM auareHe3e KapTUHA pacripenesieHUs] 3JIeMEHTOB, CIIOXKUMBIIASICSI B CEIMMEHTa-
LIMOHHBIN TepUOA B OCaaKe, B TOW WM MHOW Mepe MeHsieTcsl Ojaromapss MHTEHCUBHOMY
nepepacnpeneieHuIo (pelerno3uiinm) BellleCTBa BHYTPH CJIOSI, TEOXMMUYECKOMY B3auMOIeii-
CTBUIO COCEIHUX B pa3pe3e padHobalMaIbHBIX CJI0EB, YTO MPUBOIUT K 0Opa3oBaHUIO
KOHKpelrii 1 0opMICHUI0 MUHEPAJTbHO-TIETpOrpauecKoro 00JIMKa 0CagouHOM MOPOIbI.
CBUIETEJbCTBOM MO3AHEAMAreHETUUYECKOTO TepepacipeaesieHus] BelllecTBa CyXkKar
MMHepaJbHbIe HOBOOOPA30BaHUS MO KOHTPAKIIMOHHBIM TpEelIMHAM KOHKpPELUii-cenTapuii
(KampLMT, KBapll, AMKKUAT, OApUT, TaJICHUT, challepuT, XaIbKOTTUPUT, MUIEPUT, XJIOPUT U
IIp.), U3BECTKOBBIC (adhaliaibHbIe) KOHKPELIMU ¢ TEKCTYPOil KOHYC B KOHYCE, KPEMHUCTBIC
KOHKpPEIIMU B YroJIbHBIX Tuiactax [2, 4]. be3ycioBHO, 3BeCTHBIE KOPPEKTUBHI B pacripene-
JICHUE XMMUYECKUX BJIEMEHTOB BHOCATCS U TMO3Xe, B yXe C(OPMHUPOBABILIMXCST OCaTOYHbBIX
MopoJax, OMHAKO, 00bEM U3MEHEHUI XUMUYECKOTO U MUHEPAJIbHOIO COCTaBa B KaTtareHese
(TT0 cpaBHEHMIO C IMareHe3oM) BecbMa orpaHuyeH. IlosTomy canmanbHO-neTporpadu-
YECKUH TUM TOPOJ MPAKTUYECKU HE MEHSIETCS.

sl KOMTUYECTBEHHOM OIIEHKM WHTEHCUBHOCTM IUAr€HETUYECKOIO0 MHMHEpalo- U
KOHKpe1MeoOpa3oBaHusl, Tiepepaciipeie/IeHUsT BEIIECTBA HAMU MCITOJIb30BaHbl CJIEAYIOIINe
koadbuuneHTel. Koagpuyuenm romkpeyuenocnocmu — K., TpeacTaBisiolinii coboit
BBIPAXXEHHOE B IPOLEHTAX OTHOLIEGHUE JMOO CYMMAapHOW MOIIHOCTH TeJl KOHKpEelWil K
orpeneJeHHOMY MHTepBajly pa3pesa (CJI0ii, mayka, CBUTa U T.I1.), JIMOO MacChl WM 0O0beMa
KOHKpeluid B 1 M3 BMelIaoniei mopoasl, IM00 CyMMapHOM TUIOLIAAM CEYEHMS] KOHKPELii
Ha 1 m? moponsl. Koagpduuuenm ommuocumenvnoii xonyenmpayuu — K, Kak Mepa
TEOXMMUYECKON TMOABMKHOCTU XUMUYECKHUX 3JIEMEHTOB B XOJ¢ KOHKpelneoOpa3oBaHUS:
OTHONIEHHME COACPKAHUSI DJIEMEHTOB B KOHKPELMSIX K MX COACPKAHWIO BO BMELIAIOIIMX
nopoaax. Kosgpuyuenm abcoaomnoti konyenmpayuu — K, (M1 xos3pduumeHT
"cTArMBaeMOCTH") — BBIpaXEHHOE B MPOILEHTaX OTHOIIEHWE COIAEPKAHUS DJIEMEHTOB,
"CTIHYTBIX" B KOHKPELWH, K BEJIUYMHE MCXOMHOTO (IO mepepacnpenesieHus) colepKaHus
nx B ocagkax. O6a mociegHux KosdpduIMeHTa He 3aMEHSIOT, a JOIOJHSIOT APYT Apyra,
n6o npu Beruuciaenun K, yunTbiBaeTcs Takxke M KO3(M(OULUUEHT KOHKPELMEHOCHOCTH.

ITo orpoMHOMY KOJIMYECTBY MaTepuaja yaajioch YCTAHOBUTh, YTO KOHKPELIMU 00pa3yioT
HE XMMUYECKUE DJIEMEHThI, MAKCUMAJIBHO TTOIBMXKHBIE B JAHHBIX YCIOBMSIX CPENbl B OCallKaXx,
M HE DJIEMEHTbI, HEMOABUXHBIE B 3THX YCJIOBHUSIX, a 3JEMEHTBl C ONTUMAaJIbHOU
MONBUXKHOCTBIO KaK JUISI MOOMJIM3alUMU (Tepexoja B WJIOBBIE PAcTBOPHI), TaK WU JJIsI
OCaXIEeHUsT UX B BUIE AyTUTEHHBIX PACCEIHHBIX NUArcHeTUUYECKUX MUHEPAJIIOB WJIU
CKOIUICHUI WX B BUAE KOHKpeluii. Heobxomumo Takxke co Bceil OmpeneaeHHOCTBIO
MOMAYEePKHYTh, YTO MPU PACCMOTPEHUU KOJUYECTBEHHON CTOPOHBI MPOILECCOB
IareHeTUYEeCKOTO MMHEPasoo0pa3oBaHUs U TepepacnpeesieHusT BellecTBa, T. €. TOBOPSI
0 MPOAYKTUBHOCTH AMAreHe3a B 11eJIOM, Hallo YYUThIBaTh U TG dY3HO paccesiHHBIE B TOpoaax
ayTUTeHHbIe MUHEpaJIbl (KapOOHAThI, CyTbMUAbI, CUIMKATHI, (hocdaThl, CyabghaThl, OKCUIbI),
BEIIECTBO IJIsi 00pa3oBaHUSI KOTOPBIX MOOMJIM30BaHO (reHEpUPOBAHO) MpolieccaMu
auareHe3a ocaakoB M, 0E3YCJIOBHO, IpeTepIliesio ONpelesieHHOe IMepeMelleHue
(pemeno3uimio) B mpocTpaHcTBe. [lo HaluMM TojacueTaMm, B JOHELIKOM KapOoHe Macca
"CTIHYTBIX" B KOHKpPELMSIX 3JIEMEHTOB COCTABJISICT JIMIIb HEOOJbIIYIO YacTh BElECTBa,
TeHEPUPOBAHHOTO B AuareHe3e. JIMHEeHbIM METOIOM ObLT TAKXKE MOACYMTAH KO3(MDGHUIIMEHT
KOHKPEIIMEHOCHOCTH B YIJICHOCHOM KapOoHe (maHHbIe 1Mo 41 cKBaxXMHeE, 00111asi MOLTHOCTh
paspesa okojio 25000 M). OH okazascs paBHbIM 1,52 %. [1o npyruM mapaandecKiuM yroJTbHBIM
GacceifHaM MosrydeHb! 613Kue 3HadeHus1 K. Bce 3To M03BOJIsIeT BHECTH COOTBETCTBYIOLILYIO
MOMPAaBKy B UMEIOLIMECS MPEACTABICHMS O KOJIUYECTBE KapOOHATOB B 0CaJOUYHOM 000JI0UKe
3emiu — cTparucdepe, OCHOBaHHBIE TOJIBKO Ha ydyeTe CeIMMEHTALMOHHBIX KapOOHATOB.

OueHKa N0 KOHKpenusM CTeNeHH COKpalmieHHs MOUIHOCTH OCAJKOB B XOl€ JIMTOTeHe3a.
Ocanku, Mpoxo/s CTaauIo IuareHe3a, B TOM WIM MHOM Mepe YIJIOTHSIIOTCSI, M Takasl ycalaka
CEpPbE3HO CKAa3bIBACTCS Ha OTJIOXEHMH BBIIICIEXKAIUX CJIOEB U HAa CTPOCHUU OCAIOYHOI
ToMy B ejaoM. OMHAaKO HEJOCTATOUHO MPU3HAHUST PealbHOCTH 3TOTO SIBIEHUS, HE0OX0onuMa
KOJIMYeCTBeHHasl ero oleHka. K coxaneHuio, B padoTax MHOTHX aBTOPOB Aaxe JJIsI
ONHOTUIHBIX TOPOJA MPUBOAMMBIE KO3(PGUIUEHTH COKpalleHUs] MOUIHOCTU (MU
K03 UIIMEHTHl ycaJKd) BapbUpYIOT B BeCbMa IMMPOKHUX IMpeneiax, YTo MOOYyIuIo Hac
MMPOBECTU COOCTBEHHBIC BHIUMCIEHUS. HaMu ObLIM MCITOJBb30BaHbl HAOMIOACHUS Haj
B3aMMOOTHOILIEHUEM CJIOMCTOCTU IOPOJ C JAMAreHEeTUYECKUMU KOHKPELUSIMU, KOTOphIe
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Kak Tejia, TUTU(UIIMPOBAHHbBIC YK€ HAa paHHEW CTamuu AMareHe3a, OKa3bIBalM COMPOTHUB-
JIEHWE BepTUKAJIbHOMY CXaTHIO, TOrIa Kak 0OBOIHEHHAs IJIaCTUYEeCKast Macca 0caaKa BOKPYT
HUX YIUIOTHSIJIACh, YTO U BBIPA3UJIOCh B OTMOAHUM CIOMKAMM OCaJKa KOHKPELIMOHHBIX TeJ
cBepxy U cHuzy. KosdduiueHT ycaakud onpeaesisicss OTHOLIEHUEM PACCTOSTHUSI MEXIY
CJI0KaMM, OXBaTBhIBAIOIIMMU KOHKPELWIO CBEpXy M CHU3Y B 00JIaCTM €¢ MaKCUMaJbHOM
MOIIIHOCTH, K PACCTOSIHUIO MEXIY TeMH Xe€ CJIOMKAaMM PSIIOM C KOHKpelueil, B 30He
MUHUMaJIbHOTO MX cOmmkeHust. Oka3zaioch, 4To KOG@UIIMEHT COKpPAILEHUsT MOIIHOCTA
00JIOMOYHBIX TTOPOJ HAaXOOUTCS B YETKOW OOpaTHOM 3aBUCHUMOCTM OT HMX TpPaHyJOMET-
pPHUYECKOTO M MMUHEpaJbHOro cocTaBa (CpeaHee IJs aprujiura — 2,34; aneBpojuTta
MeJIKO3epHUcToro — 2,1; KpynmHo3epHucrtoro — 1,7; rnecyaHuka menkozepHucroro — 1,4;
cpeaHesepHucroro — 1,15 u . m.) [2].

Bompoc 0 cokpailleHur MOITHOCTH TOP(MSIHOTO BellleCcTBa MPU Mepexoae B KaMEeHHBII
YroJib U aHTPALUT JaBHO MHTEpecoBaj uccliegoBaTesieil. XOTs MMEETCS MHOXKECTBO
JINTEPATYPHBIX MCTOYHUKOB UM HCIIOJb30BAHBI PA3IMYHBIC MOAXOAbBI M CIOCOOBI, HEJb3SI
cKa3aTh, YTO 3Ta BaKHas MpobJieMa YroJbHOM Ie0JIornu (1 IUTOJOTUM B 1IEJIOM) B OCHOBHOM
peuieHa. OTciona HenmpueMIeM IIUPOKWiA auana3oH Ko3h@UIIMEHTOB yCaaKu B psiay Toph —
KaMEeHHBI yroib — aHTpauuT: oT 2 10 30 u 6onee (Motr, 1943; PyxuH, 1953; BoOpoBHUK,
1960; ®amuuu, 1965 u gp.). [Mostomy B. H. BonkoB (1964, 1971) BeIcKa3aj COMHEHUE B
HaJIeXKHOCTY BBIYUCIICHUSI YCAAKK MO Fe0JIOTMYeCKMM HAOII0ONEHUSIM 1 TIPEANOoYTeHUE OTaall
cnocoby orpeaesieHWsI TAKOBOW C MOMOIIBIO pacuyeTa M3MEHEHUsS MacChl U oObeMa
MaTepUHCKOTO BelleCTBa B psiny yriaedukanuu. OH MpULIe K 3aKITI0YeHNI0, YTO MOLTHOCTh
3penoil TopdsTHON 3amexu (¢ BIaXHOCTBIO 50 %) cokpalaeTcsl MpU Mepexone B Oyphlii
yrojib B cpeaHeM B 2,2 pa3a, B KAMEHHbIN yroib — B 4,5 U B aHTpauuT — B 6,5 pasa.

151 pelieHust 3TOro BOIpOoca Mbl BOCITOJIb30BAIMCh HAOMIOAEHUSIMA HaJl B3AMMOOTHO-
LIeHueM KapOOHATHBIX, CYyJIbGUIHBIX M KPEMHUCTBIX KOHKPELMI CO CIOMCTOCTHIO
BMewaolmx ux yriaeid. I[lo Gosblinoil cepuu 3aMepoB MOJIyYeHbI KOA(MOUIIMEHTHI yCanKHU:
U1 KaMEHHBIX yraeid — 4,3—5,0, mig a"HTpauuroB — 5,4—6,3; 570 BecbMa OJIM3KO K
MOJYYCHHBIM PACUETHBIM IyTeM IPUBENECHHBIM BbIlle BeanuumHam B. H. Bonkosa, yto
HEJIb3s1 CYMTATh CIydyailHbIM. [103TOMY, MpuHUMAasi BO BHUMaHKE, UYTO YroJbHbIC MOYKU —
o0pa3oBaHUsl paHHeIMareHeTUYEeCKUEe, MOXHO CUYMUTaTh, YTO OIMpeiessieMble 10 HUM
KO03(hGULIMEHTHI ycaaKu TOPpSIHON MacChl BeCbMa OJIM3KM K IEHCTBUTEIbHBIM UX 3HAUEHUSIM
W MOTYT OBITb MCIIOJIb30BaHbI IJIsI ONMpeaeeHUsT UCXOAHOU MoIIHOCTH Topda [17].

Oco00 creayeT MOAYEPKHYTh, UTO Pe3yJIbTaThl TPUMEHEHUS] KOHKPELIMOHHOTO aHaIu3a
TeM 3HAUWTE/IbHEE, YeM JeTabHEe 1 MHOTOCTOPOHHEE M3Y4aroTCsl pa3HbIe TPYIIbI M TUITbI
KOHKpPEIWiA U KOHKPELIMOHHBIC KOMIUIEKCHI C YUETOM HMX XMMUYECKOTO U MUHEPaJIbHOTO
COCTaBa, IIUPOKOTO CIEKTPa Te0JIOTUYECKUX, JIMTOJIOTMUECKMX, TEOXUMMUECKIUX 0COOEHHOC-
Tell KOHKPELWii 1 BMEIIAoNIMX UX opoa. Henb3st u3ydyats KOHKpELMU B OTPBIBE OT CPENb,
KOTOpasi X IIPOU3BeJia U B KOTOPOI OHU HAXOASTCS KaK 3aKOHOMEPHAast M BaXKHasl COCTaBHast
yacTh [2—4]. AHamM3 M y4eT CTaIMIHOCTY KOHKpPEIHeoOpa3oBaHUs, €€ COOTHOIIEHUST CO
CTaAUIHOCTBIO JIUTOTeHe3a — HeoOXOoAuMBbIe YCIOBUS 3¢ (MEKTUBHOIO MPUMEHEHUST KOH-
KPEILMOHHOTO aHajM3a B HAYYHBIX M MPAKTUYECKUX LICJISX.
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XapbK. Hall. YH-T, XapbKOB IMoctynuna 13.06.2001

PE3IOME. HaBeneHo CTUCIWI OIJIsiA iCTOPii BUBYEHHSI KOHKPEIliil, pO3rOPHYTe BU3HAUCHHS TIOHSITTS KOHKpeuis,
OGI'PYHTOBAHO TepeBaru KOHKPeLiil Hajl ayTUreHHUMU MiHepaJlaMu, PO3CiSIHUMU y LeMeHTi nopin. CxapakTepu30BaHO
crieliajJbHy METOAMKY — KOHKPELiHMI aHali3 Ta HOro posib y BUPilIEHHI TEOPETUYHUX i MPUKIATHUX F€O0JOTYHUX
i JliTosOriYHMX NMUTaHb. Ha KOHKpETHUX MpUKJagax Moka3aHo cdepy 3acTOCyBaHHSI KOHKpELiHOro aHati3y: min yac
BUBYEHHSI KOPUCHUX KoMajluH ocanoBoro reHesucy (pyau Fe, Al, Mn, P ta iH. Ha cyxonofi Ta 3aji30MaHIaHoBi i
docdarHi KoHKpeuii B okeaHi), (auiaabHo-DopMaLiiiHOro aHalidy ocagoBUX TOBIU, KOHKPELIl SIK yHiKaJbHi
KOHCEPBAHTH OPraHiYHUX PELUTOK, VISl OLiHIOBaHHSI iIHTEHCMBHOCTI ayTUT€HHOIO MiHEPaJIOyTBOPEHHSI i Mepepo3noiy
PEYOBMHM ITiJ] Yac JIiTOreHe3y, L0 CIPUYMHIOE T€TePOreHi3allito ocaroBUX MOPia Ta YTBOPEHHSI KOHKPELiid.

SUMMARY. A brief survey on history of studying concretions and a broad definition of the concept "concretion”, their
precedence over the autigenic minerals, which are scattered in the cement of rocks, the advent of special technique that
is the concretional analysis and its importance in solving geological and lithological theoretical and applied problems
are given. A wide range of application of the concretional analysis is shown on the specific examples: while the
examining the mineral resources of sedimentary origin (ore Fe, Al, Mn, P and other on land, and Fe-Mn and
phosphate concretions in the ocean), while the facial-formational analysis of sedimentary rocks, concretions as unique
preservatives of organic remains, for of the intensity of autigenic mineral formation and redistribution of substance in
the lithogenes estimation, leading to the heterogenization of sedimentary rocks and concretion formation.
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dinoreHia akuecopHux MmiHepanie (MarmaTun4Hi nopoam)

Po3pobka cyyacHOI reHeTUYHOI Teopii BUMArae yJ0OCKOHaIEHHS i 00’€IHaHHsI Ha €IMHii1 HAYKOBiii OCHOBI yCiX MiaxomiB
110 BUBYEHHSI I'eHe3ucy MiHepasiB. JlocaiixKeHHsl By3bKOro napareHe3ucy akleCOpHUX MiHepalliB, CTBOPEHHS SIKOTO
BiZIOYBAa€TbCsl Y KOHKPETHY a3y (opMyBaHHSI MarmMaTM4YHOI MOPOAM — OCHOBHE 3aBiaHHs (iyoreHii. PozBuTok
inoreHii aklEeCOpHUX MiHepaliB Ja€ 3MOTY pO3pOOMTH METOIMKY BU3HAYEHHSI YMOB i ocobauBocTeil (hopMyBaHHsI
reoJIOriYHOro 06’eKTa 3a HaWbLIbLI iHpOpMALIHHUMK 3 MiHEpaliB — aKLECOPHUMU MiHepalaMH.

®Dinorenis minepaniB. TepMiH ¢hinoeeris BBeACHUI y BITYM3HSIHY MiHepasoriio npod.
. IN. I'purop’eBuM B 1954 p. y Tiif XKe cTarTi, Je pO3MIIAAIOC i ITOHSTTSI OHTOreHil. 3 THX Tip
OHTOI€HiYHE BMBUYEHHSI MiHEpaJIbHUX IHOMBILIB JICTAJO IIMPOKOIO PO3BUTKY i HAOY/IO CTaTycy
OKpEMOTo HayKOBOro HampsiMy B MiHepasiorii. IToHSITTSI XK (ijioreHii 3aIMiumIocss He 10 KiHLIS
PO3KPUTHM y 3B’SI3KY 3i CKJIAIHICTIO CAMOTO IOHSATTS, a TaK CaMO i€PapXidyHOIO 3aIeXKHICTIO Bif,
HampaloBaHb OHTOTIeHii. Pa3oM i3 TUM y HACTYITHi pOKM Pi3Hi aBTOPM HEOIHOPA30BO MOBEPTAIU-
Cs 10 BU3HAYeHHsST (bijloreHil B3araji i (bijloreHii ypaHOHOCHUX METACOMATUTIB 30KpeMa.
LIromy npucssiueHi poodotu [I. IT. I'purop’esa [1], FO. M. IumkoBa [2], A.TI. 2XKabGina [3—5],
€. K. Jlazapenka [7, 8], . B. Pynnksicta [12]. 3 aHasi3y ony0/1iKOBaHOTO BUILIMBAE, 110 JOTENEP
HEMa€E €AUHOro po3yMiHHs, 1o Take ¢inoreHist. Tak, A. I. 2KabiH nporioHye mif iloreHiero
PO3YMiTH BUHUKHEHHSI (TIOXOKEHHSI), €BOJIIOLIIO i MOXKJIMBE BUPOMKEHHSI MiHEPAILHOIO BUILY
3a Tepiof iCHyBaHHSI KOCMIYHOro Tila Tvmy IutaHeTH [3]. Icropmko-eBosmoliiiHa MiHepatoris
SIBTISIE COOOIO €IHICTh OHTOTEHIl i (hiJToreHii Yv MpUpPOIHY iCTOpilO iHIWBIMIB i BUIIB MiHEPaATiB Ha
T TeosoriyHoi icTopii 3emi [4]. Y mi3HiImii yac muTaHHs (iToreHii HEOMHOPAa30BO OOrOBOPIO-
Bamucs y npansx M. I1. FOmkina [13] i B. 1. INapmammna [11]. Y ixHeoMy po3yMiHHI (pinoreHist —
IIe PO3BUTOK IMapareHeTWYHMX acowjariii y 4aci. OueBUIHO, IO TaKe Pi3HOYMTAHHSI TIOHSTTS
BUKJIMKaHE Oro HeogHopimHicTio. Tak, Ko po3IIsiIaTh €BOJIOL{I0 MiHEPAIbHOIO CBITY B T€0-
JIOTiUHii1 icTopii 3eMHOI KOPH, TO MOXKHA T'OBOPUTH IIPO 3araibHy (hiIoreHio [6]. A SIKILO 3BepHY-
TUCS 10 (pOpMYBaHHSI KOHKPETHUX TE€OJOTYHMX 00’€KTIB, HANPUKIIAN MarMaTMYHOIO Tijla, MeTa-
MOp(}iYHOI TOBIIIi, PyIHOTO POAOBHILIA YM KOPY BUBITPIOBAHHS, TO Y LIbOMY BUMAJIKY HAETHCS MPO
YacTKOBY (DiJIOreHiro.

Koo nuraHp, 110 TOPKAIOTLCSI Pi3HUX OOKIB I'€HE3UCY TOrO UM iHILIOrO TUITY POIOBHIL B
icropii 3eMHOI  KopM, BimoOpaxkae dinoreHe3 (icropuyHMii po3BUTOK) [12]. BuBueHHS
(inoreHe3y — BUPIlLIEeHHST HOBUX MUTaHb: a) YCTAHOBJIEHHs MaclTabiB €BOMIOLIiI PyIOYTBOPEHHS
y 4aci; 6) po3pobka METOAMKM BUBYEHHSI TEHETUYHUX TUITIB POJAOBUIIL, B) BU3HAYEHHST TOJIOBHUX
0COOJIMBOCTEH, 1110 OOYMORBJIOIOTh XapaKTepHi PUCKM €BOJIOLII; T) 3’SICyBaHHSI TIPUYMH EBOJIIOLII
TEHETUYHUX THUIIB POIOBHIIL.

Kpaiym npukianoM (iioreHeTMYHOTO aHaTi3y €BOJIOLLT CTPYKTYPHUX TUITIB € PO3MiJ KHUTH
10. b. Mapuna [9], B gKiif BUKIafeHi KpUCTATOXiMiUHI BIACTUBOCTI aKIIECOPHUX MiHEpasiB y
TPaHITOITHUX (hOpPMALIiSIX Pi3HOTO BiKy.

V nmaHiii poOOoTi aBTOPU CTABJISITh Mepe]l CO00I0 1IiJIb C(DOPMYJTIOBATH PO3YMIHHS ¥ PUHLIMIIA
YaCcTKOBOI (DiJTOreHii HacaMmIiepen 3 OIVIsSITy Ha il pealbHy MPaKTUYHY CIIpsSIMOBaHicTh. [lormbieHe
JOCIIKEHHSI OHMoeerii MiHepasliB (po36umok MiHepanbHoeo iHOuUBIOa 6i0 BUHUKHEHHS 00 pyUHauii 3
ycima 3miHamu) HEOOXiMHO PO3IVISIIaTh B €IHOCTI 1 B3a€EMO3YMOBJIEHOCTI 3 iCTOPUYHUM PO3BUT-
KOM — @inoeeniero (iCTOpUYHUM PO3BUTKOM MiHEpalTbHUX BMIIB i IXHIX acollialiii y rporeci
eBomolLLii). 3a ysIBIeHHSIMU aBTOpiB, (iJloreHiss — 1ie 3MiHa MapareHe3MUCiB y MPSIMOMY BEKTOpi
yacy. BinmoBigHo, (ijloreHiuHUil aHalli3 SIBJsSE COOOI €BOMIOLIIMHO-ICTOPUYHE BUBYCHHS
MiHepaJIbHUX acollialliii y KoopauHaTax "OHTOreHe3 — rapareHes".

OCKiJIbKY OY/Ib-SIKHiA €BOJIOLIITHO-ICTOPUYHWIA METOJI, € 33 CBOEIO CYTTIO METOIOM PO3B'SI3aHHSI
3BOPOTHOI 3a/1avi, TO LIJIKOM OYEBMIHO, 1110 JJIsI OO0 BUKOPMCTaHHSI HEOOXimHe BBEIEHHS
PaHXXUPYBATbHUX TPAaHWYHUX YMOB. [0 TpPaHMYHMX YMOB MEPILIOTr0o paHTy B MiHEpaJIorii MoXHa
BITHECTH MTOXOMMKEHHSI, TOOTO CIIOKOHBIYHO JOCTIKYBAHMI 00’€EKT KIACU(MIKy€EThCS SIK MarMaro-
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TeHHUI, MeTaMOp(OreHHUI YM TirnepreHHuid. I, BiamoBiqHO, 1151 KOKHOTO 3 HUX XapaKTepHi CBOI
TIPUHLIAIN TTOOYIOBM (DTOTeHIYHOro AepeBa. Y maHiil mpaili po3IysiaacThcsl JIMILE Tepiia yacTv-
Ha — MarMaToreHHe ITOXOIKEHHS i 3p00sIeHO Crpody (ijIoreHiYHOro aHalizy KUCIOro iHTPY3UB-
HOro MarMaTU4Horo mnpouecy. HaiiBaxxmmsilmm (pakTopoM IMOBHOLLIHHOCTI (DUIOreHiYHOTO aHaJlizy
€ iH(opMaTBHA EMHICTb MiHepasiB. [J1s1 JOCITHEHHS 1€l METU aBTOpaMU BWUTYJa€eThCS iH(DOp-
Mallisl 3 aKIIECOPHMX MiHepasliB, BUIOBA KUTbKICTh SIKMX B iHTPY3UBHMX MarMaTMYHMX MOpoaax Ha
TIOPSIIOK BUILIA, HXK TTOPOAOYTBOPIOBATEHUX (PHCYHOK).

BuBueHH:T aKiieCOpHMX MiHEPaJTiB MiABUILYE MMOBIPHICTb KOPEJISLIil OPi, BipOTiqHICTh JaHUX
MpO TE€HE3UC MarMaTMYHUX i MEePBICHUI CKJIal MeTaMOp(hiyHMX i yJIbTpameTaMophiyHrX TOopin,
BU3HAUEHHSI aOCOJIIOTHOTO BiKYy MOpiL Ta iXHBOI MOTEHLIHOI pymoHOCHOCTI. Poboru, 1110
MPOBOISITLCS aBTOpaMM, CIPSIMOBaHI Ha YIOCKOHAJIEHHS METONY M BU3HAYeHHS (DiJoreHil
aKIIECOPHUX MiHepaJliB SIK CAMOCTI{HOTO HayKOBOTO HampsIMy y BUBYEHHI IIMX MiHepaiiB. MoxHa
TOBOPUTHU i TPO (DUIOreHil0 pi3HMX TeHepallill aKIeCOPHUX MiHEpaTiB UM acollialliii reHepariit
aKIIECOPHUX MiHepaiB.

®opMyBaHHSI MiHEPAILHUX CHCTEM IIKOPSIEThCS 3aKOHAM CaMOpPETYIIOBAIbHUX CHCTEM,
110 caMOOpraHi3ywoThess. HasgBHICTh y Topoai MomiOHMX CUCTeM, MOOYAOBAaHMX Ha OCHOBI
MiHepaJlbHOro iHOMBiAa (4M arperary?), TMOSICHIOE 3IATHICTb IO BiITBOPEHHSI, GaraTtopa3oBOro
TOBTOPEHHSI OHTOI€HETMYHMX LIMKJIiB, BAHUKHEHHSI 11 iCHyBaHHS iHAUBIAIB i arperatis [3]. Axio
TIOHSITTSI OHMOeeHe3 i ghinoeeHe3 BIMOOPAKAIOTh €BOJIIOLIIHI PUCH TIPOLIECIB MiHEPAJIOYTBOPEHHSI,
TO METOIWYHUM MPUAOMOM OTpMMaHHSI iH(hopMallii OO0 X TPOIECIB € CTaMiaIbHUIA aHATI3.
I'enetnko-iH(opMaliiiHe 3HAYEHHS CTaliaJlbHOI'O aHajli3y Ha Pi3HUX PiBHAX MOJSrace B
YHiBepCaTbHOCTI LIbOTO METOY 1010 OTPUMAHHST TAaHUX JJ1s TTIOPIBHSTHHSI TeHE3UCY 00’ €EKTIB OMHOTO
COPTY, OMTHOTO BUILY, 1110 BAHUKJIM Y Pi3HUI reosioriyHmii yac [3, 11]. JocmimkeHHs (QitoreHeTHIHUX
3B’SI3KiB MOXJIMBO Ha OCHOBi CTamiaibHOro aHamisy. lle mae 3mMory mopiBHIOBATH iCTOPMKO-
eBOJTIOLIIHI (hiToreHeTHYHi) MapareHe3ucu, TOOTO HaNOiIbII 3araibHi RIACTMBOCTI 00’€KTIB i
TpaliEHTU 3MiHM iXHiX JiarHOCTWUYHMX RIACTUBOCTEN B Yaci.

JocimKeHHsT BYy3bKOIO TapareHe3ucy akIECOPHUX MiHEpaliB, 1110 BUHUKIM Y KOHKPETHY
a3y CTBOpEHHSI MarMaTW4HOI MOPOAM, — OCHOBHA 3amaya (inoreHii. Po3BuToK inoreHii
aKLIECOPHUX MiHEPAJIiB CITPUSIE PO3POOLII METOAMKM BU3HAYEHHST YMOB i 0COOIMBOCTE (DOpMyBaHHSI
TeOJIOTIYHOTO 00’€KTA 3a HAMOUTBII iH(POPMATUBHUMHU 3 MiHEPATIB — aKIIECOPHUMM MiHepaIaMHu.

BimHOBIeHHST TIpOTiKaHHST Mpouecy (QOpMyBaHHSI MOPiI MOXJIMBO 32 OCOOJMBOCTSIMU i
BJIACTUBOCTSIMA OKPEMMX aKLIECOPHUX MiHEpaliB, a TAKOX 3a acoLjalisiMA i KOMIUIEKCAMM 1IUX
MiHepaJtiB (i BAIUIEHUMM TeHepaLisiMi aKIIeCOPHUX MiHEepaJTiB i acolliallisiMy reHepalliii akiieCOpHMX
MiHepaniB) [6, 10, 13]. Acowiawii reHepariiii — 3aKOHOMipHe CITIBTOBapMCTBO TeHepaLliil KiTbKOX
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OUIOTEHIA AKHECOPHUX MIHEPAJIIB

MiHEepasiB, 10 YTBOPIOIOTHCSI B MEBHMX TEPMOIVMHAMIYHUX YMOBaX, SIKi BilIOBiOAIOTh CTaIisiM
MiHepaJoyTBOpeHHsI. TuromMopdidm acollialiiii TeHepaliii aklecopHUX MiHepasiB 00yMOBJICHUI
TUM, L0 IXHE TMOETHAHHSI XapaKTepU3ye OCOOJMBOCTI KOXHOI CTalil mpouecy (OopMyBaHHS
TPaHiTOIiB.

OCHOBHUI TiAXil, 110 BUKOPUCTOBYEThCS HaMU IUISI BIATBOPEHHs Tpolecy (opMyBaHHS
TeO0JIOTIYHOTO 00’ €KTA, — 1Ie¢ BUBUYEHHSI OHTOTEHil aKIIeCOPHMUX MiHepaiB. JIjIsl 1IbOro BUBYAIOTHECS
MiHepaJIbHi IHIWBIIM OTHOTO MiHEpaIbHOro BUAY. {0 IMOBHOIO KOMIUIEKTY OHTOT€HETUYHUX
MPUMOMIB HaJlexXaTb: JeTalbHE BUBYEHHSI KpHCTalorpadiyHuX MOBEPXOHb, BHYTPILLIHEOI OYyIOBU
(aHaToMii), BHYTPIlLIHBOI CTPYKTYPH, XiMIYHOTO CKJIady, BMICT MiKpO€JIEMEHTIB, HASIBHICTb BKITIOYEHb
ToLI0. MeTo1 OHTOreHIYHOTO aHaJTi3y aKIIECOPHMX MiHEpaTiB Nepeabdayac: 1) 3HaXOMKEHHS TUTIO-
MOP(MHUX XapaKTepUCTUK ISl TeHepalliii KOXKHOro FeHETUYHOI'O TUITYy aKIIECOPHOIO MiHepay
(11 IbOTO BU3HAYAIOTH MiHEpasIbHI BIACTMBOCTI, aHATOMil0, OCOOIMBOCTI XiMiYHOTO CKJIamy, Ha-
SIBHICTb BKJIIOUEHb TOIIIO); 2) aHaJli3 po3MOiTy reHepalliii i TeHeTUYHMX THUIIiB aKLECOPHUX MiHe-
paiiB, 110 BUBYAIOTh y BUOIpKaX MiHEpaIoriyHOi NpoOH TipchKoi moponu; 3) 0OUMCIeHHS BMICTY
(y % abo 1/T) KOXHOI TeHepallil i KOKHOTO TeHETUYHOIO TUITY aKLIECOPHOIO MiHepay.

T'eneTwyna iHTepnpeTanis MiHepasoriynoi inpopmaiii. [ eHeTHUHA iHTepIIpeTaLliss MiHepaTOTiYHOI
iHdopMarlii 3BoIUTECS 10 HACTYITHOTO |7, 8]. BiTHOBMOEThCS IpolLiec opMyBaHHST TiPCHKOI ITOPOIH,
BilMOBiNTbHMIA 32 (POPMYBaHHSI OCHOBHOI'O 00CSITY TOPOAOYTBOPIOBATbHUX MiHEPaJIiB, i TOJIOBHOI
TEKCTYPHOI OCOOJIMBOCTI TiPCHKOI MOPOU, SIKY BHBYalOTh. KOMIUIEKC MiHEpasiB, 1O CKJIamae
TipCbKY TOpOMY, BiNIOBIAA€ TeEPIiii 3 TPaHMYHUX YMOB, a caMe MOXOMKEHHIO: MarMaTU4HOMY,
MeTaMop(MiYHOMY, TillepreHHOMY.

I MarmMaTiyHi, i MeTacoMaTuuHi, i MeTaMopdiuHi ripCchbKi MTOPOIY PO3BUBAIOTLCS Y CTAMiATbBHOMY
peXkKMi i B IXHBOMY PO3BUTKY MOXKHA BUIIUISTH €1eMEeHTapHI UK. CramianbHicTh (IMKITIYHICTb)
BJIACTMBA yCiM TeOJIOTIYHMM MpollecaM (audepeHiiallisi MarMu, OcaaKoHarpoMaIKeHHs,
MiHEpaJIOyTBOPEHHSI, PIiCT KPUCTAIIB i T. MI.) i 0OYMORIEHA 3MiHOIO (hi3MKO-XIMIYHMX TTapaMeTpiB
cepenopuiia. IlpoliecaM MiHepaJOyTBOPEHHSI TAKOX BJIACTMBUIA XapakTep caMoOpraHizariii i
CcaMOpeTyJIIOBAHHSI, 1110 TOSICHIOE CTAmialbHICTh LMX TpotieciB. CTanii mporecy HeMUHYyYi y pasi
10r0 CaMOpETYJTIOBaHHS, SIK y3aralli Y pasi po3BUTKY OyIb-sIKMX TPUPOIHMX crcTeM [4]. Lle mosicHioe
MPUIVHY HEMOXJIMBOCTI TOYHOI OMHOYACHOCTI KpHcTafizallii ABox uyu Oinbiie ¢a3. Hagith B
€BTEKTHIIi KPUCTaJIi3yIOThCs MONEepeMiHHO TO MaTpU4Ha, To BimoMa ¢aszu [5]. Ock YoMy, SIKILIO MU
TOBOPMMO, 1110 aKLIECOPHi MiHepaii BUHMKAIOTh Ha paHHili cranii popMyBaHHSI ITOpOIU, TO 1ie He
O3HaYa€ TOYHY OMHOYACHICTh iXHBOI KpUCTaJli3allii 3 MOPOIOYTBOPIOBAIBHUMM MiHepaIaMHu.

Cucrema MiHEpaTOYTBOPEHHS CKJIala€Thesl 3 MBOX miacucTeM. Ilepia 3 HMX TOB’si3aHa 3
(OpMYyBaHHSIM IOPOJOYTBOPIOBATBHUX MiHEPAJIiB, Ipyra — aKLECOPHUX. YTBOPEHHSI MiHepaJliB i3
PO3IUIaBy BiOYBA€ThCS BIIOBIIHO 10 3aKOHY Oirouux Mac: TIEPILIMMU Y XiMiYHi peakiiii BCTynaloTh
XiMiUHi €JeMEHTH, MacoBa KiJbKiCTb SIKMX HaiiOinblua. TakMM YMHOM, Ha MEPIIMX CTaIlisiX
GopMyBaHHSI MarMaTUYHOI TiPChKOI TTOPOAM TepeBakaloTh MOPOAOYTBOPIOBAIbHI MiHEpaId, 110
CKJIafaloThesl 3 0OMexXeHoI KimbkocTi eneMeHTiB, — O, Si, Fe, Al, Mg, Ca, Na, K Ta in. Ilpouec
(GOopMyBaHHSI TTIOPOAM Ma€ CXiIJacTUil XapakTep, i KOXKHa 3 LMX CXOOWHOK BillITOBiIAE OKpeMilt
KOHKpETHi#l craaii mpoliecy MiHepanoyTBopeHHs. Crafisi mpolecy MiHepaJoyTBOPEHHS
XapaKTepU3YEThCSl MapareHe3McoM MiHepasliB, SIKUU CKIama€eThCsl 3 HAOOpPY MiHEpalliB, IO
YTBOPWJIMCS pa30M Y KOHKPETHO BU3HAYEHUX (Di3MKO-XiMiYHMX yMOBax. Takuii CXimJacTuii TIpoLec
YTBOPEHHSI MOPOAM BiA3HAYAETHCSI Pi3KMMU 3MiHAMM IMapaMeTpiB MiHEPaJTOyTBOPEHHS, IO
BiIOYBaIOThCSI 32 PAaXyHOK 3HAYHOI 3MiHM XiMIiYHOTO CKJIamy IMEPBUHHOIO PO3IUIABY, 3 SIKOTO
dopMmyeThest nopona. [lnaBHuiA Xin MiHEpPaIOyTBOPEHHST MEPEPUBAETHCS, i B PEAKIil0 YTBOPEHHS
MiHepaJliB BCTYIAIOTh €JIEMEHTH, 1110 IoTernep He Opamu yJacTi (npasuio Kopocurcokoeo). [TounHaloTh
YTBOPIOBATUCST aKLIECOPHi MiHepaiu. BMHMKAIOTh MapareHeTWYHi acoliallii, 1110 CKJIAJaloThCsl SIK
i3 MMOPOIOYTBOPIOBATIBHMX, TaK i 3 aKLECOPHUX MiHepasiB (pUCyHOK). Came BUBYEHHSI BY3bKOIO
napareHe3ucy akleCOPHUX MiHepalliB, YTBOPEHHSI SIKOTO BilIOYBAa€TbCsSl B KOHKPETHY (hazy
(GopMyBaHHSI MarMaTUYHOI MOPOAU i € OCHOBHOIO 3amayero (ijsoreHii. Takuii mapareHe3uc
aKIIECOPHUX MiHepasliB 00YMCITIOETHCS 3a CTATUCTUIHUMM TTapaMeTpaMu, 110 CKIIanaloTh HACTYTTHUI
piBeHb IpaHWYHKMX YMOB. Po3paxoByeThbcsl cepeqHe apridMeTHuHe BMICTy MiHEpaliB (X), 4acrora
3yctpivanbHocTi (V), koediuieHT Bapiartii (W), noipdi iHTepBamm (x £ ?). 3a uuMK napameTpaMmu
BUAUISIIOTECS] TPYIU aKIIECOPHUX MiHEpasliB — CHHIIETPOreHHi, aBTOMETaCOMaTuyHi, HaKIaieHi.
OKpeMO BUIUITIOThCST PEJIKTOBI MiHEpaM, IO TAKOX MOXKYTH OYTH aKIIECOPHMMM.

AKIIECOpHi MiHepaJIi y BUOipKaX MiHEPAJOTiYHUX MPOO MarMaTUYHOI TTOPOIU TMPeACTaRIeH
acollialliero JeKiJIbKOX reHepauiil. AHajIi3 po3Noauly reHepaliii i TeHeTUYHUX TUITIB aKLIECOPHUX
MiHepaJliB, 1110 BUBYAIOTHLCS, IA€ 3MOTY OLIIHUTH CTaliaTbHUAM PO3BUTOK ITPOLIECY YTBOPEHHS MOPOIU.
Acoriarlii aKilecopHuX MiHepaliB TaK camo, SIK i acollialii reHepailiii akiieCoOpHUX MiHepaiB,
YTBOPIOIOTH B KOXHY (ha3y PO3BUTKY MPOLIECY CTPOro 0OYMOBIEHI MiACUCTEMM, 110 iIeHTU(IKYIOTh
CTaH CepeAOBHILA Y TPOCTOPOBO-YACOBIi 3aKOHOMIPHOCTI €BOJTIOLIT ITOPOAOYTBOPIOBAIEHOI CUCTEMU.
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3pi3 Ha piBHI KOXHOI TaKOI MiICUCTEMHU i Ia€ KUTBKICHY OLIHKY CTajlii MiHepaJIoyTBOPEHHST (pUcCy-
HOK).

Bukopucranns minepanioriunoi ingopmamii 11a iHTepnpeTanii yMOB KHMCJIOTO MarMatusmy. Y
(ioreHeTMYHOMY aCTIeKTi Mil Yac KpUCTali3allii KMCJIOro MarMaTUYHOIO MPOIIECY peasli3yroThCs
KiJbKa TiTOK aKiiecopHMX MiHepasiB: 1. OKcHMIHa, 10 SIKOi HaJeXaTh MarHeTUT, UIbMEHIT, pYTWII,
OpyKiT, aHara3, KOJYMOIT, KoBeJliH, KacuTepur. 2. MocdaTHa — anaTuT, MOHALIUT, KCEHOTVM.
3. CunikaTHa — LIMPKOH, OPTUT, TWUTAHIT, TpaHaT, Tonas3, TypMaiiH. 4. CyibdinzHa — Mmipur,
XaTBKOITIPUT, apCEHOITipUT, canepuT, MOOACHIT, TajeHiT, KiHoBap. 5. dTopuaHa — GmoopuT.

3arabHOIO I YCiX TUIOK € HasBHICTh X04a O OHOro reHepawiifHoO CIIPOMOXKHOTO MiHepaJy,
1110, SIK MPaBUJIO, € HAUTIOIUIMPEHILLIMM Y LI TiILj.

[lepii Tpu TiNKM B KMCIOMY MarMaTM4HOMY IIPOLIECi peali3yloThCsl MTOCUThH TOBHO i
BiMNOBIOAIOTh CUHITETPOreHHUM. TYyT Tak caMO HaMiyaroThCsl XapaKTepHi 3aKOHOMIpHOCTI, 1O
MOXYTb OyTH OLlIHEeHi 3a KUTbKiICHMM CIHiBBiTHOIIIEHHSIM aKIIECOPHUX MiHEpaJliB. Y>ke Bil3HaYaIocs
B Jtitepatypi [6, 10], 1110 rpaHIiTOIIM i3 GUTBIL IIMPOKMM PO3BUTKOM (hocdhaTHOI TiJIKK, HacaMIiepe.
anaTtuty, (hOpMyBaTMCS Ha BEJIMKMX IMOMHAX, a TPAHITOIMM 3 PO3BMHEHOIO OKCUIHOIO TUIKOIO, B
Teply Yepry MarHeTUTy, — Ha BITHOCHO MEHIIMX IIMOMHAX.

HactyrmHoto oco0MBICTIO CMHIIETPOreHHUX TiJIOK € HasIBHICTb Y HUX PiTKiCHO3eMETbHUX
MiHepaiB. [1osBi 1yx MiHepaliB (y HallIOMy YSIBRI€HHI) CIIPUSTIOTh CTafii MiABUILEHHS JTY>)KHOCTI,
3 YMM 3B’13aHO 3aMillieHHSI TUIarioK/Ia3iB Ha Kali€Bi MOMBOBI 1IMaTy (Ti3HhOMarMaTHyHa CTaist).
Binrak BuHuKae HaummkoBuii Ca2™ i BUBUIBHIOIOTECS PiIKiCHO3eMeNbHI eleMeHTH. Y pasi repe-
BaxaHHs1 P Hag Ca pinkicHo3eMeNbHi eleMeHTH (DIKCYIOThCsI B TUTaHITI. SIBUIIE KOHTaMiHallii
TPU3BOIUTD JO TIOSIBU OPTUTY.

Ha nizHilmx cramisix nmpouecy Bce OiTblIy pojib MMOYMHAIOTH BidirpaBaTy JIETKi KOMITIOHEHTH,
i e cnpusie (POPMYBaHHIO TaKMX MiHEpaiB, SIK TOIa3, TypMaliH, (QIIOOPHT.

CynbhinHa riika peatizyeTbest B TUX BUMQIKAX, KOJIU CKJIall KMCIOTO MarMaTUYHOTO PO3ILIaBy
3[aTHUN Yy pasi audepeHuialii (popMyBaTi pyaHi TiIpoTepMaibHi po3ruiaBu. AJle L 3JaTHICTb
yKe (DIKCYETbCSI B MAarMaTWYHil MOPOMi Y BUINISII aKIIECOPHMX CYIb(MiliB, BilI3epKaIiO0uM TUM
CaMUM YSIBIIEHHSI 1LIOJ0 MOTEHLIHHOI PYIOHOCHOCTI MarMaTMYHOIO TUla i THIy MOXJIMBOTO 3py-
JCHiHHSI.
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Onec. Hail. yH-T iM. I. I. MeuHikoBa, Oneca Haniiiina 23.05.2001

PE3IOME. Pa3paboTKa COBpeMEHHOI1 FeHETHYECKOW TeOpHH TPeOYeT YCOBEPILICHCTBOBAHUSI U 00beJMHEHMsI Ha €AMHO
Hay‘iHOl?l OCHOBE€ BCEX IMOAXO010B B U3YYECHUHU I€HE3MCa MUHEPAJIOB. ['naBHas 3aja4dya (l)I/lJ'lOl"CHI/lI/l — M3YYEHHUE Y3KOro
rapareHe3uca akLecCOPHbIX MUHEPAJIOB, CO3aHUE KOTOPOro MPOUCXOAMT Ha KOHKPETHON cTaauu HopMupoBaHMs
MarmMaruyeckoi nopoabl. PasBuTve (GUIOreHMM akLECCOPHBIX MUHEPAJIOB MO3BOJSIET pa3padaTbiBaTb METOAUKY
Orpe/esIeHUsl YCJI0BUI U 0coOeHHOCTEN (DOPMUPOBAHUSI TE€OJOrMYecKoro oobekTa no Hamdosnee MHGOPMALMOHHBIM
13 MUHEPAJIOB — aKLIECCOPHbIM MUHEpaJaM.

SUMMARY. Elaboration of the modern genetic theory requires association of all approaches on a uniform scientific
basis. The main task of phylogenesis is to research narrow paragenesis of accessory minerals, creation of which takes
place at a certain phase of magmatic rock formation. Development of phylogenesis of accessory minerals allows to
work out the definition method of conditions and peculiarities of formation of geologic object by the most informative
minerals — accessory minerals.
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0. M. NoHomapeHkKo

Mopdonoro-aHaToMiYHUM aHanNi3 KpUCTaniB LMPKOHY
B i30TOMHO-reoOXpPOHONOriYHNX AOCNIAKEHHAX

BucaiTiieHO pe3ybTaTi MonepeaHboro KOMILIEKCHOrO MOp(d0I0ro-aHaTOMiYHOIO aHali3y aKlieCOPHOIo LIMPKOHY i3
nokeMOpiiicbkux nopin PocuHebko-TiKMIIBKOTo pailoHy YKpaiHCbKOIo LIUTA Mif Yac iX i30TOMHO-re0XPOHOIOTiYHOTO
naTyBaHHs1. BusiBieHi 0co0IMBOCTI IMPKOHY BUKOPUCTOBYIOTBHCS [J1s1 3aTBEPIXKEHHS CXEMU XiMiYHOI MiATOTOBKU MPOO
y pasi i30TOMHOro aHai3y. BpaxyBaHHSI LIMX acMeKTiB Ja€ 3MOTrY, SIK MPaBWI0, 3HAXOAUTHU BiMOBIAHICTb MixK OTPMMAHUM
3HAUYEHHSIM i30TOIMHOIO BiKY i peaJIbHOIO T'€0JIOTiYHOIO MO0,

Y cydacHiil reoJioTiuHiii MpaKTUIli IUPKOH AKTUBHO BMKOPUCTOBYETHCS JUISI i30TOIMHO-
FeOXpPOHOJOTIYHUX AochaigxeHb. [lonyasipHicTh 3acTocyBaHHSI O0OyMOBJieHA #Oro
pi3HOOIYHMMMU BJacTUBOCTAMU. Hacammepen LMpPKOH Mae IepeBary mnepen iHIIMMU
MiHepajlaMu 3aBIOSIKW CBOIM CTIMKOCTiI 11040 (hi3UKO-XiMiYHOI Ta MeXaHiyHOi il y pasi
eMireHeTUYHUX MepeTBOpeHb. BimHOCHO MiABUILEHUI BMICT pagioakKTUBHUX ejeMeHTiB (U,
Th), npoaykTiB ix po3mnaay 3abe3nevye HafiliHe BUSHAUYEHHSI i30TOMHOTO PO3MOBCIOMKEHHST
3 HJIEXHOIO TOYHiCTIO. JIJIs1 KpUCTaTiuYHOI MaTpulli IUPKOHY BiJICYTHSI CMOPiAHEHICTh i3
CBUHIIEM 3aBASIKM ICTOTHiIll BiIMiHHOCTI iOHHMX paiiyciB i (hOopMyJIbHili BaJe€HTHOCTI
(BinmoBimHO +2 y Pb i +4 B Zr). Taka BigMiHHicTh 3abe3reuye HasBHICTb y KpHUCTajax
LIMPKOHY TEPEeBaKHO pamioreHHOoI yacTku cBuUHIO [3]. Lleit MiHepas 3HAYHO MOIIMPEHUIA
B TipChKHUX ITOpOJax pi3HOro reHe3ucy Ta cKiiagy. MopdoJiorisa KpucTajliB 4iTKO pearye Ha
3MiHy XiMiYHOIO CKJaJy CepeAoBHILA, PEXKMMY KUCJIOTHOCTI — JYXXKHOCTI pPO3IJaBiB i
po3uMHiB, P7T-yMOB Ta iHIIMX (aKTOpiB KpUCTadi3allii, 110 BiIKpUBAE IMEPCHEKTUBY
BCTAHOBJIEHHS KOpEJSILil MiX BiINOBIZHUM MOPGOTUIIOM LMPKOHY W TeHEeTUYHUMU
napamMeTpamMu BYJIKaHi3My, iHTPY3MBHOIO MarmaTuzMmy 4u metamopdizmy [1].

BinoMo, 110 30BHilIHA ¢opMa MiHepaJdbHUX iHAMBINIB BU3HAYaeTbCs [9] SK iX
BHYTpILIHbOIO OYyIOBOIO, TakK i ymMoBaMU KpucTaizauii. [Ipore mocmimkeHHs MopdoJorii
KPUCTaJIiB a€ 3MOIYy BUSIBUTHU JIMIIE OCOOJIMBOCTI (DOPMM, SIKa BiII3epKallO€ KiHIEBUM
MPOAYKT KOHKPETHOTO TI'e0JIOrO-MiHepajoriyHoro mpoiecy [5] i € pesyabTaToMm (ikcarii
OCTaHHbOI B3aEMOIi1 KPUCTATy 3 CEPEAOBUILEM, B IKOMY BiH C(hOpMYBaBCsl. YTBOPEHHS XK
Ta (opMyBaHHSI KPUCTaIiB YIMPOMOBX IXHBOTO iCHyBaHHsI HabaraTo CKJagHille, TOMY
BM3HAYUTU PO3BMTOK MiHepadiB, 3adiKCOBaHMI B 30HAJbHOCTi, CEKTOPiaJbHOCTI,
MO3ai4YHOCTi, MOBEPXHSIX POCTY, BKIIOYEHHSIX TOILIO MOXHa 3aBISIKM aHAaTOMiYHUM
npocimkeHHsM [9]. 3MiHU B TeoJIOrivHi# icTopii KpyCTalliB IMPKOHY MPUBOSTD, K ITPaBUIIO,
1o nepedynosu ioro U-Pb cucremu i ToMy (popMmaibHO OTpMMaHa palioMETpUuYHa Jara
MOXXe He BiIlIOBigaTH yacy YTBOPEHHs MOPOAU, a BimoOpaxaTu yac ii mepeTBOPEeHHs, Y4 He
MaTH peaJbHOTO CEHCY B3araji. MeTa cTarTi — BUSIBJICHHS BiINTOBIIHOCTI MiXK OTpMMaHUMM
3HAYEHHSIMU i30TOMHOTO BiKY i T€0JIOTIYHUM TPOLIECOM, 3a(hiKCOBAaHMM Y KOHKPETHIii mopoji,
110 BMilllye MiHepaJl, SIKMI aHaJli3yBaBCsl, Ha 3acajgaX Mop@ooro-aHaTOMiYHOIO aHali3y
LIMPKOHY i3 mopia qokemMopito PocuHcbko-TikuibKoro paiioHy YkpaiHcbkoro muta (YIII).

MopdosioriyHi AOCHiAXEeHHSI KPUCTAIiB IIMPKOHY BUMKOHAHO Ha IBOKPY>XHOMY
roHiomerpi I'JI-1; fioro 3HaueHHs [12] moysdrae y BUCOKiil TOYHOCTI aHaJIi3y i MOXJIMBOCTI
BUKOHAHHSI MallMHHO1 00OPOOKM pe3ybTaTiB, BUCOKIN iH(OPMATUBHOCTI IMill yac KOPEJsIil
KPUCTaJIiB Pi3HUX P00 i y 3’sICyBaHHI KpUCTATOMOPDOJIOriYHOI €BOJIOLLiT TeHepalliii IUPKOHY
onHiei mpo6bu. 3adikcoBaHi mpocTi GOopMM LIMPKOHY IpeACTaBJeHi y BUTIALI
AKCOHOMETPUYHHUX i cTepeorpaciyHux MpOeKIIii.

JliopuT 3BeHMropoiaChbKOro KoMILIeKCY, npoba BI-2-3/80. BUnoBXeHHsI KpUCTalliB
nepebyBae B Mexax Bin 1 : 2 1o 1 : 4 (mepeBaxae 1 : 2). Y BepTUKaIbHOMY MOSICi KPUCTAJIiB
pPO3BUHEHI IpaHi TerparoHanbHOi mpusmu {110} i {100} 3a He3HAUHOTO MepeBaxkaHHsI MePLIOT
3 HUX (puc. 1, a). [HKoIM TparuisItoThCsl KPUCTAIM, Ha SIKUX Pi3Ko mepeBaxkae rpaHb {100}.

© 0. M. ITonomapenko, 2001
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Puc. 1. Tunosa opMa KpuCTaTiB IMPKOHY 3 IiOPUTiB 3BeHUTopoacbkoro koMiuiekey YIII (mpobda BI'-2-3/80): a —
AKCOHOMETPUYHA TPOEKLisl KPUCTaJiB LIMPKOHY, HAKpeclIeHa 3a KOOpAMHATaMU MoJjiocy npoekuii f= 71°30" i
p = 80°; 6 — 3BemeHa crepeorpadiuHa  mpoekuis. [loaBiHHMMHU KpyXeukaMH TMO3HAYEHO HaWpPO3BMHEHilli
dopMH, BeTMKUMU — IPYTOpsiiHi, MAIEHbKUMU — DPiJKiCHi

Puc. 2. Tunosa ¢hopMa KpUCTaJliB LMPKOHY 3 KBapLIOBUX JiOPUTiB 3BeHUTOposchbkoro komruiekey Y1 (npo6a [TM-8-
1/80). IMosicHeHHst auB. Ha puc. 1
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Puc. 3. Tunosa dopma KpucTaniB LMPKOHY 3 O6i0OTUTOBUX NMOPQipoOIACTUYHUX MIrMaTUTIB TETiiBCbKOIO KOMILIEKCY
YUI (npo6a O-1/84). INosicHeHHs1 AMB. Ha puc. |

Puc. 4. Tunosa opma KpucTajiB HMPKOHY 3 GiOTUTOBHUX MOPGhIpOGIACTUYHUX MIrMATUTIB TETiiBCbKOTO KOMILIEKCY
VI (npob6a [13-5-1/84). IlosicHeHHs1 auB. Ha puc. |

KpiMm 3a3HaueHux ¢GopM y TOMy X MOSICi € CJIaGOpPO3BMHEHI OAWHWYHI TpaHi AUTETparo-
HanbHux nipusMm {210}, {310} i {710} (puc. 1, 6). Ha ronoBkax KpucrtaiiB, 3BUYaiiHO, Tepe-
BaxaloThb TpaHi TeTparoHajbHOi Gimipamingu {311} y KomOiHauii 3 OiNbII PO3BUHEHUMM
rpaHsIMU TeTparoHaJbHOi Oimipaminu {111}.

KombGinamiero {110} + {100} + {311} + {111} mepeBaxHO i BU3HAYAETbCS TabIiTyC
KPUCTaJIiB aKIIECOPHUX LIUPKOHIB 11iel mpobu (puc. 1, a). 3mebinpllioro Ha KpucTaaax, 1o
TOCITIIKYBaIMCs, HassBHI CJTaOOPO3BUHEHI TpaHi TeTparoHanbHux Oimipamin {110}, {211},
{553}, {552} Ta in. (puc. 1, 6). I'panb {101} iHkonM 3a po3Mipamu csirae {111}, a y BUnaaxky
JTOMIHYIOUOTO PO3BUTKY Y BepTUKalbHOMY Tosici {100} cTtae HaBiTh rabGiTyCHOIO Ha TOJIOBII.
I'pani {211} i {929} pinkicHi i, Sk mpaBwIo, clabopo3BUHEHi. sl yCiX APYropsaHux i
piaKicHUX ¢opM XapakTepHa HEMOBHOIPAHHICTh. YCi KpUCTaIU OKPYIJi, YUM APiOHIlI —
TUM OKpyriili. IlepeBaxxHa KiJbKiCTh TpaHeil KpUCTaliB MalOTh MAaTOBY ITOBEPXHIO.

KBapuoBuii giopuT 3BeHMropoACbKOro KoMmIuiekcy, npoba IIM-8-1/80. BunoBxeHHs
kpuctaiiB 1 : 2 — 1: 3, pigko carae 1 : 5. I'abiTyc KpucTaniB BU3HaYa€Tbcsl HAOOpoM popm
{110} + {311} + {111} (puc. 2, a). Y BepTukanpHomMy nosici {110} aeuro nepesaxae {100}
abo X BOHM PO3BMHEHiI ogHakoBO. Ha rojoBkax kpucraiiB rpaHb {311} mepeBaxkae Han
{I11}. YacTto TpamisioThcs rpaHi cJaboOpO3BMHEHOI HEIMOBHOTPAHHOI TeTparoHaJbHOI
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Puc. 5. Tunosa dopma KpucTaliB LMPKOHY 3 6i0TUT-aMdib0I0BUX THelciB pocMHCbKO-TiKMLbKOI cepii YL (mpoba
b-3-1/80). IMosicHeHHsI nuB. Ha puc. |

Puc. 6. TunoBa dopma KpHCTaJliB LIMPKOHY 3 KOpHiHCbKOro rpaHity YIII (mpoba KH-2-1/82). TMosicHeHHs1 1uB. Ha
puc. 1

Gimipamiau {733}, inkoau 61u3bkoi 10 {10.01} (puc. 2, 6). Kpucranu okpyrieHi, IBiiHUKIB
HE BCTAaHOBJIEHO.

BioturoBuii mopdipodiacTuyHmii MirMaTuT TeTiiBCbKOro Komiliekcy, npooa O-1/84.
Bupopxenns kpuctaniB 1 : 2 — 1 : 5. 'abitycHa ¢hopmMa BU3HAYAETHCA KOMOiHALIi€I0 TpaHei
{110} i {111} (puc. 3, a). Ha kpucranax npucyTHi c1abOpOo3BUHEHi HEMOBHOIpaHHiI (hopMu
{311}, {331} 1 {100} (puc. 3, 6). BinzHauaeTbcsl OKPYIITICTh KpUCTATiB. [IBiifHUKIB HE BUSIBJICHO,
iHKOJIM HasIBHi TiJIbKU TapajeibHi 3pocTKY. BeepenuHi nesikux KpucTatiB y ruiomuHi {001}
€ MPSIMOKYTHI (OJU3bKi 0 KBaApPaTHYX) sipa TEMHIIIOTO KOJIbOPY 3 TPaHsIMU, MTapaleIlbHUMU
{110}. Taki MOMEHTH BU3HAYAIOTHCSI ONTUYHUMU edeKTaMU 30HATBLHOI OYIOBU KPUCTAIIB.

BioTuroBuii nopdipodaacTHUHMIi MirMATUT TEeTIiBCBKOrO KOMILIEKCY, npoba /[3-5-1/84.
JocnimxkeHi Kpuctaayd 3a MOP(OJIOTi€EI0 MPaKTUUYHO HE BiIPi3HSIOTHCS BiJ OMMCAHOI BUILE
nmpoou O-1/84. Ha kpucranax LHupKoHYy mpodbu JI3-5-1/84 momaTkoBO BCTaHOBJIEHO
cinabopo3BuHeHi rpani {551} (puc. 4, a, 6), ane BiacyTHi rpaHi {773}.

Amid01-0i0THTOBMII THeliC POCMHCHKO-TIKMIBKOI cepii, npoba b-3-1/80. BunoBxeHHs
kpuctaniB 1 : 3 — 1: 7, pinko 6inbiie. Kpucraau LMpKOHY OKPYIJIEHI, HEMOBOM 3IJIAJIKEHI,
YacTo 3 MepexXuMaMM i YTOHYEHMMM BepliMHaMu. ['abiTyc KpuCTajliB BUBHAYAETHCS ABOMA
dopmaMu — TeTparoHajabHoOM pusmoto {100} i TeTparoHanbHOIO Ginipaminoro {111}, iHKoan
0 HUX TPUETHYIOTHCS TpaHi TeTparoHaibHOi mpusmu {110} (puc. 5, a). HaltHacuueHi
dopmamu tpu nosicu kpuctanis {001}, {110} i {011} (puc. 5, 6). Y BepTUKaTbHOMY MOSICi
KPUCTaJiB HAllPO3IMOBCIOMXEHI OMMHWYHI rpaHi AuTeTparoHaiabHoi npusmu {210}, y mosci
{110} — mepeBaxae {112}, y mosci {011} — {211}, {311}, {511}. Pinko TpamisitoTbcst
claboBUpaXeHi IpaHi miHakoima. YacTHa HEMOBHOIpaHHUX (hOPM pPO3TALIOBYETHCS Ha
BiIbHUX cTepeorpadiuyHuX TMpoeKIisix 6e3 3B 43Ky 3 OCHOBHUMHU IOsSCaMU KPHUCTAJiB.
XapakTepHOIO0 OCOOIMBICTIO OTPAaHKM AOCTIIKEHUX KPUCTAJIiB € BiICYTHICTh TpaHel y mosici
{010} 3a BimHOCHOTO HAaCUYEHHSI, HE XapaKTePHUX JIJIsI KPUCTAJIiB LIMPKOHY, B iHIIIUX IOsICaX.
Inkomu TpamasiioTbes 3aokpyriaeHi mo {001} kpucranu. ABiHHUKIB y MiHepajax He
BctaHoBneHo. Cepell ippallioHaTbHUX rpaHei MpucyTHi {77.65.10}, {12.78}, {13.61}, {14.10}
Ta iH.

I'panit KopHiHCbKUMil, npoba KH-2-1/82. BunoBxeHHs1 kpuctaniB 1 : 2 — 1 : 5, iHKonu
oinpmie. Kpucrtanu gemro okpyriaeHi. 'abiTyc kpucTaldiB BU3HAYE€HUU TpaHIMU
terparoHanbHol npusmu {110} i mpusmm {100} (mepeBaxae {110}) i TerparoHanbHOI
oinmipamigu {311} (puc. 6, a). [IJig KpUCTAIiB HaA3BUYAHO XapaKTepHi YUCIEHHI APYrOPsSIIHi
npocti ¢opmu, sIKi, sIK MpaBWIO, He MOBHOrpaHHi. HaiiHacuyeHi dopmamu (puc. 6, 6)
nmosicu: {110}—{113}, {112}, {221}, {331}, {551}; {011}—{111}, {311}, {211}, {212} i {001}—
{110}, {100}, {321}, {310}. ¥ mosci {010} Bu3HaueHo n’sitb opm. 11 opm i3 3a3HaUEHUMU
nosicaMM BUAMMOTO 3B’SI3Ky He MaloTh. barato rpaHeil MaloTh ippallioHaJbHi iHIEKCU TUITY:
{11.27}, {19.11.4}, {15.72}, {11.91}, {66.22.5} Ta iH. [IBiifHWKIB He BUABJICHO. Y 0arathox
KpUCTajaxX YiTKO CIOCTepiraroTbcsl ApiOHI BKIIIOUEHHS, 11O MalOTh OKPYIIy (hopMmy.

AHaJli3 BCTaHOBJEHUX MOP@OJOriYHUX OCOOJMBOCTEN LMPKOHY AA€ 3MOTYy AilATH
BUCHOBKY, IO KOMOiHallisl OCHOBHMX, OPYTOpPSIAHMX i PiAKiCHHUX raGiTycHUX (opM
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noxinsgeTbcst Ha yotupu tanu: 1. LlupkoH i3 kBapuoBux gioputiB (rmpoda IMM-8-1/80) i
nioputiB (r1po6a bI'-2-3/80) 3BeHuropoackkoro komriekey rpadiroinis YIII. PizHuiist mix
HUMU BKpail He3HayHa i MpOSBISIETbCS, B OCHOBHOMY, TUIBKM Y HA0OPi piAKicCHUX hopM.
2. IlupkoH i3 GioTuToBUX MOpdipobracTMYHUX MirmMaTUTiB (ipobu J13-5-1/84 i O-1/84)
TeTiiBCbKOTO TpaHiToimHOro Komiuiekcy YII. IcHye He3HauHa BiIMiHHICTbH y HAOOPi TPhOX
IPYTOPSIAHUX MpocTUX (opm. XapaKTepHOIO O3HAKOW s 000X MpoO € HasIBHICTh y
KpucTanax 3oHajabHOCTi. 3. LlupkoH i3 amibon-6ioTuToBUX THeliciB (mpoba b-3-1/80)
pocuHCcbKO-TikuIIbKOI cepii YIII. 4. IlupkoH i3 kopHiHChbKMX rpaHiTiB YIII (mpoda KH-2-
1/82).

PesynapTatu mociifxeHb MEPEKOHJMBO OOBOISITH MPUHAIEXHICTh HMPKOHY IO
OMHOTUIHUX TTOPiA (BiAMOBiMHO mepiua il apyra mapu). LIMpKoHU TpeThoi i YeTBEPTOI IPyIl
€ CaMOCTIHHMMM YTBOPEHHSIMU. ¥YCi TPpOoOU MpoaHaIi30BaHOTO LIMPKOHY XapaKTepU3yIOThCs
KpUCTATOMOP(DOJIOTIYHUMU OCOOJIMBOCTSIMU, BJACTUBUMM IS MiHepadiB MarMaTUYHUX i
yIbTpaMeTaMopGhiyHuX IIOpi.

Mikpokpuctanomopdooriuni nocaimkenns. 3a B. I'. ®exniveBum [10], mikpoxpucmano-
Mopghonoeis POITISINAETHCS SIK YaCTUHA 3arajlbHOTO TMOHSTTS Kpucmanomopgonoeis, ajie Ha
BiIMiHY Bil. OCTAHHBOI BMBYAE MiKPOCKOIIIYHY OYyIOBY I'paHHOI MOBEpPXHi KPUCTaJiB, iXxHi
OKpeMi JeTalli, BUSIB/ISIE 3aKOHOMIPHOCTI OyIOBU i YTBOPEHHSI MiKpopeJbedy MiHepaiB.

I. I. IlacdpaHoBchbKwMit [12] 3ayBaxKyBaB, 1110 BUBUEHHST HETOCKOHAIUX PEATHbHO iCHYIOUMX
y NpUPOIi KPUCTATiB AA€ IIMPOKE YSIBICHHS IMOMAO AETajeld KpUCTali3allifHOTrO Mpolecy,
Gi3UKO-XiMiYHUX OCOOJMBOCTEN KPHUCTAJIOYTBOPIOBAILHOIO CEpPEeIOBUINA, HAIPSIMKiB
MOTOKIB, 1[0 ITiKUBIIOIOTh KpUCTaJ TOWIO. Jlyke BaXJIMBO TAaKOX Te, 110 3a3HAYEHUMU
BUECHMMU PO3IIMPEHO MOHSITTS KpUcmaiomop@onoeis, 3aBIsIKU 4OMY pa3oM 3 TpalUuLlifHUM
BUBYEHHSIM (pOpMU aKTUBHO IOCHIIXKYETHbCSI BHYTPIllIHSI Oyq0Ba KPUCTaliB: 30HAJbHICTb,
CMalHICTh, TPIIMHYBATICTh, BKJIIOUYEHHSI, MaJeOMiKpopeabed TOIIIO.

LinecnpssMmoBaHi MiKpoMOP(OJIOTiUHI MOCTIAKEHHSI TPaHHOI MOBEPXHi MiHepaliB 3
BUKOPUCTAaHHSIM €JIEKTPOHHO-MiKpPOCKOITIYHOTO aHaJli3y IIMPOKO TpeACTaBlIeHi y poboTax
B. . ®exkiivea [10, 11] 3 pekoMeHIali€l0 000B’SI3KOBOr0 BUKOpHCTaHHSI ¢oTorpadiit
Mikpopenbedy. Jnst Takux HochigkeHb HUM HampauboBaHO [10] meB’SITb OCHOBHUX
MOJIOKEHb, YOTUPU 3 SIKUX BUKOPUCTAHO Yy LIl Mpalli: MOBEpPXHS peaJbHOIro KpHUCTaTy
1IOPCTKA i MOKPUTA BEJMKOIO KiJTbKICTIO IJIOCKUX i KPMBOJiIHIMHMX MiKporpaHeil; KoxXHa
iCHyIouYa Ha KpucTadi ImpocTta ¢dopMa i AiHCHi IUTOCKi MiKporpaHi, 110 ii yCKJIaIHIOIOTb,
XapaKTepu3yIOTh MEBHI YMOBU iXHBOTO YTBOPEHHS; MiKpOpeabed yCiel MOBEpXHi KpucTaia
SIBJIsSIE cO00I0 KOMOiHaIlil0 00MeXeHOi KiJTbKOCTi MpocTux (OopM pi3HUX 3a CUMBOJAMHU i
MOXOMXKEHHSIM, BUPAXKEHUX Yepe3 CYKYITHICTh BEJIMKOI KiJIbKOCTi MiKpOIpaHeil; MiKpopeabed
MEBHOTO TMOXOJKEHHSI Ha KPUCTaJi BiITBOPIOE MEXY B3aEMOil CTPYKTYpM KpHucTaaa 3i
CTPYKTYpOIO CEpEeNOBUILA.

ITlin yac MikpoMOpGOJOTiYHUX MOCHIIXEeHb KPUCTAIIB LUPKOHY iCHYIOTH IE€BHi
CKJIAIHOCTI, MOB’s13aHi 31€0iIbIIOro 3 IXHIMU MaJUMU pO3MipaMH.

3HauHux ycmixiB gocsar A. A. KpacHoGaeB [8], sskuii ogHUM i3 MepIInX 31iliCHIOBaB
MiKpoMopdoJIOTiYHMI aHali3 Ha MPUPOMHUX i IITYYHO BUPOLIEHUX 3pa3Kax LUPKOHY Yy
3B’SI3Ky 3 T€OXPOHOJIOTIYHUMU JOOCTiIKEHHIMU. HUM OTprMaHO BaXKJIMBi pe3ysibTaTHl ITif
Yyac MOJEJIOBAaHHS IPOLIECiB PO3YMHEHHSI MOBEPXHi KPUCTAIIB IUTYYHUX i MPUPOIHUX
LIMPKOHIB y pi3HUX cepegoBuilax. Kuciie cepeloBuile MOAETIOBAIA PO3YMHAMU Pi3HOI
KOHIIEHTpallii IMJIaBUKOBOI i CipyaHOI KMUCIOT, JIy)KHE — JIYTOM KaJjlilo, HaTpilo abo ix
CyMilllIo. Y pe3yiabTaTi 0yJ10 BCTAHOBJEHO, 110 PO3UMHEHHSI ITOBEPXHi BIUIMBAE HE TiJIbKU
Ha YTBOPEHHSI TPAaHHOT0 MiKpopenabedy, aje TaKoX i Ha oOpUC KpUCTaTiB.

MikpomMopdoaoriyHi mocaigXeHHs LHUPKOHY BUKOHYBaJU Ha €JEKTPOHHOMY
pacTpoBOMY MiKpPOCKOIi, 3MiMCHIOIYM Bi3yaJibHE MOCHIIXEHHS i (oTorpadgyBaHHS
3arajJbHOTO BUIJISAY KPUCTaliB LIUPKOHY 3BepXy i 300Ky, MpUOIM3HO Tig KyTom 45°, a
TaKOX MISTHOK TpaHHOI MOBEPXHi IUMPKOHIB 3a MaKCUMAaJbHOI PO3MiIBHOI 3MaTHOCTI Il
JeTaje.

Bcranosneno [7], mo TiibKA moymHaiouM i3 200-KpaTHOro 30ibLIEHHS MOXHAa
crocTepiraTd TpaHHUN MiKpopeabed.

VYV HamuMx JOCHiIKEHHSX mapaMeTpu 30iIbleHHsT nepebyBamm y Mexkax Bim 200 mo
10000 pa3ziB. fk eTajioH BUKOPUCTOBYBABCS 3pa3oK MixnabopaTopHoro cranmapty CT-11-2
(puc. 7, a, 6) njs1 TEOXPOHOJOTIYHUX JOCTIIKEHb i3 I'paHiTiB pamakiBi KopocTeHChKOro
wrytoHy YIII 3 i3oTonmHuM BikoM 1770 MJIH pOKiB, KpUCTAIM LIUPKOHY SKOTO — MPAKTUIHO
ineanbHi 6araTorpaHHUKM CTOBITYACTOTO OOPUCY i MTPU3MATUYHOTO TabiTyCy 3 BUIOBXEHHSIM
1:3 —1:5. [loBepxHsl KpUCTaJliB MIaJicHbKA piBHA 0e3 BUAMMUX JeTajleil HaBiTh Y pasi
36inbieHHs B 50000 paziB. 3Bigcu MoXXHa 3pOOUTH TIPUITYLLIEHHS, 1110 TIOBEPXHSI KPUCTAJIiB
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LIMPKOHY i3 TpaHiTiB pamakiBi € TUIIOMOP(HOI O3HAKOIO MarMaTUYHOTO ITOXOIKEHHSI.
BoHa Takox CBiTUMTH MPO BiACYTHICTh BIUIMBY HaKJIadeHUX Mi3HilIMX mpouecis. Ilix yac
nociaimkenHs: U-Pb cucteMu 1ux 3paskiB OyJO BCTAaHOBJIEHO MOOpY 30epekeHiCTb,
MPaKTUYHO I YCiX (pakiliii IMPKOHY OTPUMAaHO KOHKOPAAHTHI 3HAYEHHS BiKy.

IIpoba TIM-8-1/80. Kpucranu LMpKOHY TpeacTaBieHi Ha dortorpadisx (puc. 8, a, 0).
[MoBepxHs KpHUCTajliB YaCTKOBO 3a0KpYIieHa. [XHbOIO OCOOGJUBICTIO € HAsIBHIiCTh
ippauioHaIbHUX IrpaHeit. 1le BuIuimBae Hacammepen i3 po3iMndpoByBaHHSI pUCYHKA TTOBEPXHi
uupkoHy (puc. 8, 6). Ilo Bciii MaoOIIMHI MOBEPXHiI BUAHO 3A€0iJbIIOTO TPUKYTHUKU
PO3YMHEHHS Bin’eMHOI (popMu. B iHIIMX BUIMagKax CriocTepiraloTbest Girypku po3dymHeHHs!
IOBiIbHOI (hopMHU. Y LEHTpalbHiil YacTUHiI pucyHKa Bim’eMHi GOpMHM PO3YMHEHHS
3JIMBAIOTHCSI i YTBOPIOIOTh XBWJISICTI KaHaidu Ta 3arauOieHHs. A. A. KpacHoOaeBUM
BCTAaHOBJICHO [8], 1110 aHaIoTiuHi (JOpMM PO3UYMHEHHS YTBOPIOIOThCS HA TTIOBEPXHi KPUCTAJIIB
LIMPKOHY ITiJl BIUIMBOM Jil arpeCMBHOIO KMCJIOTO CEPEIOBUIIA.

IIpoba bI-2-3/80. 30BHillIHIl BUTIAL TIpeacTaBieHU Ha doTtorpadisx (puc. 9, a, 6).
IToBepxHsT BUTJIsIIAE OKPYIJIOO, 3TIAIXKEHOIO, SIK i HAa KpUCTalIaXx MOMepeaHbol Mpodu, 110
MOB’SI3YETHCS 31 CXOXMMHU YMHHUKAMM 3MiHM ITOCKorpaHHoi ¢gopmu. Bapro nuie
3ayBaXUTH, 11O MiKpopeabed TI'paHHOI MOBEPXHi LMPKOHY B3araji He TaKWil MO3aidyHUA
(puc. 9, 6) it ycKJIagHEHU MEHIIIOIO KiJIbKiCTIO TPUKYTHUKIB PO3UMHEHHS. Y LIbOMY 3pa3Ky
He BUSIBJIEHO AUISTHOK 3i CTPYKTYpOBAaHOIO TTOBEPXHEIO, 3BiIKU BUXOIUTD, 110 KpUCTaTi3allis
LIMPKOHIB i3 TiIOPUTIB 3MilICHIOBATACH 3a OiIbIIOI KOHILIEHTpallii IMPKOHIIO, HiX Y KBApLIOBUX
JiopuTax.

IIpoba KH-2-1/82. TlpencrapieHa KpycTaJlaMyd BUTOBXEHOTO OOPUCY i MPU3MaTUYHOTO
rabitycy Ha doTorpadisix (puc. 10, a, 6), Ha TOBEPXHi IKMX YiTKO (DiKCYETHCS CTPYKTypOBaHa
TOBEPXHS y BUTJISIAI BM’SITUH, TIPOTHHIB Ta iHILIKMX HEPiBHOCTEH, 1110 CBiTYaTh MpPO CTUCHEHI
YMOBH POCTY. IHIIIOI0O MOBIpHOIO MIPUUYMHOIO MOXe OyTH OpaK LIUPKOHII0 B CEPEAOBUILI.
Hagenenuit Mikpopeabed rpaHHOI ITOBEPXHi KPUCTAIiB LIMPKOHY i3 KOPHIHCHKUX TPaHITiB
(puc. 10, ¢) monepenHiMU JOCTITHUKAMYU HE CIIOCTEpiraBcs. AHAJIOTIYHI CipaibHO-11apyBaTi
BilliHaJIbHI BUCTYNM BUsIBIeHO [11] Ha TMpoTpaBieHill KUCIOTOIO TpaHHilA MOBEPXHI
¢aooputy. MoxHa NpUIYCTUTH, IO lLieil pelbed BUMHMK Ha 3aBepllajbHiil cTamii
KpucTajizallii MiHepaJly B yMOBaX HEJOCUYEHOCTI CepeloBMIIa KpUCTaTi3allii.

IIpoba b-3-1/80. HenockoHai, npurHidyeHi kpucranorpadiuyti ¢opMu IUPKOHY BUIHO
Ha ¢ororpadisx (puc. 11, a, 6). baraTtoiuapoBi crmipajbHi BilliHaJIbHI Y30pM Ha TpaHHIl
noBepxHi (puc. 10, ) MOXHa iHTepHpeTyBaTH Tak, SIK 1Ie¢ 3pO0JIEHO s LIMPKOHIB
MOMNEePEaHbOI MPOOH.

IIpobu J[3-5-1/84 (puc. 12, a — 6) i 0-1/84 (puc. 13, a — 8) XapaKTepuU3yIOTbCs
OKpYIJIUM O0pHCcOM, OOYMOBJIEHUM Mi€I0 arpeCMBHOrO cepenoBuina. JliarHocTHKa ioro
CKJIafly BUKJIMKAE TPYAHOLL, OCKIJIbKM 3arJIMOJIEeHHST 3aHaATO BEJIVKi, 11100 iX MapaJjesizyBaTu
3 SIKUMOCh cepeloBuIleM. MOXIMBO, IO BEJMKi 3arJMOJeHHSI Ha TpaHHIM IMOBEPXHi
KPHUCTaJIiB UPKOHY CIPUYMHEHI TEKTOHIYHOMO Ii€0.

AHaTOMiYHMi aHAJi3 KPHCTAJIB IMPKOHY. AHATOMisl MiHepasiB, TOOTO iX BHYTPIiLIHS
OylIoBa — OCHOBHE JxKepeJio iHpopMallii Ipo reHe3uc MiHepaJbHUX iHIUBIAIB i TEXHOJOTIYHI
BJIACTMBOCTI MiHepaiB [9]. Byno mocnimkeHo [4], 1110 3aKOHOMipHUIA XapaKTep BHYTPillIHbOT
HEOTHOPITHOCTI KPUCTAIIB MOB’SI3aHUI 31 CTPYKTYpOIO, MOP(dOJIOTi€0, YMOBAMU POCTY
IHIVBIIIB.

MikporeoxiMiuHU# CTaH KPUCTAIiB LIUPKOHY BHM3HAYaBCSI PEHTIe€HOCTEKTPaIbHUM
MikpoaHaiizom (PCMA), 3a 10ITOMOTIOI0 SIKOTO OTpUMaJIH iH(OPMALIio 111010 PO3MOALICHHS
eJIEMEHTIB MO ILIONIi KpUCTaja Ta iX JOKaJbHOI KOHUEHTpallii. 15 KOXHOI IMpoOdu HaBO-
IThesl poTorpadii 3 Tormorpacgiero MOBEPXHi KPUCTATIB Y MOTJIMHEHUX MPOMEHSX i Xapak-
TepUCTUYHUX MPOMEHSX €JIeMeHTiB. Po3risiHeMO NIBa XapaKTepHi MPUKIAIU.

IIpoba bI-2-3/80 (puc. 14). Tonorpadisi MOBepXHi 3pi3y LIMPKOHY MOKAa3ye TOYKOBY i
MiCILISIMM KPYITHIilIly HEOAHOPiAHICTh, OOYMOBJIEHY HEMIPO30PUMU BKIIOUEHHSIMU. Y MaTPUIISIX
Si i Zr cocrepiraloTbCsi TEMHi OUISTHKY 3aBASIKM HAsIBHOCTI BKJIIOUEHb, 1110 BMIIYIOTh Al,
K, Ca. Ha ¢ororpadisx He crnoctepiraetbcst posnoniienns U, Th, Pb, mo yrpyaHoe
BMIIJIEHHST TIEBHOTO TUITY 30HAJIbHOCTI, SIKY BUILJIEHO Y TIpalli [6], ajle OTpMMaHO BiIHOLIEHHS
Pb/U (tabnuus) anst npo6 IIM-8-1/801 bI-2-3/80, siki XxapakTepu3yloThCsl BUTPUMAHICTIO,
1110 Ta€ 3MOTY BBaXXKaTH 1X 3aMKHYTHMU CHUCTeMaMU CTOCOBHO IIMX Palioi30TOIiB 3 MOMEHTY
YTBOPEHHSI LMPKOHY. IIpsiMO mporopuiiiHa 3anexHicts 298Pb Big cyMu pelitd — Tpbox
i3otoriB Pb 3yMoBIII0€ MpUMnyIeHHs, 1110 BigHoleHHss Pb/U BUKOPUCTOBYEThCS KOPEKTHO,
xo4a i 6e3 232Th. BusHayeHHs oro BMicTy mepebyBac 3a MeXaMH YyTIMBOCTI TPUIIALIY.

K-Al acouianii MikpoeJeMeHTiB, iHKOJM pa3oM 3 HasiBHiCTIO Si, SIBISIIOTH CO0OIO
BKJIIOYEHHSI MEPIIOro pomay, 1O YTBOPWJIMChH BHACiAOK 3aXxBaTy LIMPKOHOM BMiCHOTO
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Puc. 7. 3aranbHuil BUIIISAA i MiKpopeabed
rpaHHOI MOBepXHi 1MpKoHy (rpoba CT-
LI-2): a — x 500, 6 — x 10 000

- _,.4‘
- .
I e - ~ Puc. 8 3araibHuii BUBIL i MiKpopeJbedy rpaHHOI MOBEpXHI LMPKOHY (poGa
) a " . IIM-8-1/80): a, 6 — x 350, 6 — x 3500

+ Puc. 9. 3aranpHMii BUTJISIL i MiKpopesibed TpaHHOI MOBEPXHi LIUPKOHY (mpoba
BI'-2-3/80): a, 6 — x 350, 6 — x 1000

]

Puc. 10. 3aranbHuil BUIISID i MiKpopeibed IpaHHOI MOBepXHi LIMPKOHY (rpoba
KH-2-1/82): a — x 350, 6 — x 200, ¢ — x 1500

po3IlIaBy, sIKi, 3rigHO 3 mpartelo [6], y pa3i mikpoaudepeHialii po3nagaroThess Ha OKpeMi
dasu, i auine Aeski 3 HUX MOXYTb yYTBOPIOBAaTM MOHOMiHepaiau. HasiBHiCTb MEepBUHHMX
MiKpOBKITIOYEHDb [6] MOXe MPU3BECTH OO CYTTEBUX IMOPYIIEHb BiKOBUX CITiBBiIHOIIEHb,
SIKIIO Bi3BHAYAETHCSI 1X BeJMKA KilIbKiCTh. I 1IbOro BapTO 3aCTOCOBYBATH CIIeILlialbHi
cxeMu XiMiyHOi 0O6poGKM. BMicT mepBMHHUX BKJIIOYeHb cTtaHOBUTH 0,1—0,2 % i B
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Puc. 11. 3aranbHuil BULJISII i MiKpopesibed I'paHHOI MOBEPXHi LIMPKOHY (Ipoba
Bb-3-1/80): a, 6 — x 350, 6 — x 3500

Puc. 12. 3aranpHMii BUIISIT i MiKpopelbed rpaHHOI MOBEPXHi IIMPKOHY (Ipoba
J3-5-1/84): a — x 200, 6 — x 500, ¢ — x 2000

Puc. 13. 3aranpHuil BUTJISA i MiKpopesibed IpaHHOI MOBepXHi IMPKOHY (ITpoba
0-1/84): a — x 350, 6 — x 200, ¢ — x 1000

MOCTiIXeHUX Mpobax HE MOXE CYTTEBO BIUIMHYTM Ha i30TOIMHI CIiBBiHOIIEHHS Mid yac
BU3HAUYEHHS BiKy i3 JOKeMOpiiicbKuMX yTBOpeHb. BTOpuHHiI 3MiHM, TMOB’s3aHi 3
TMPOHUKHEHHSIM POXEBUX MiKPOKTiIHOBUX I'PaHiTiB, HA LIMPKOHAX CYTTEBO HE MPOSIBUIKCH.
IX He3HauHa HasIBHiCTb XapakTepHa IUISl KpalloBMX 30H KpUCTaliB. Bin BMicTy B HuUX
HepagioreHHO1 KOMMOHEHTH MO030aBIsIMCh HEOOBrOTPMBAJIOK OOpPOOKOIO HUPKOHY
posb6asineHol0 HNO;. Binbu npo6aeMaTHyHOIO € HasBHICTb TOPiHBMiCHMX BKJIIOYEHD, SAKi
MOPYIIYIOTh 3BUYHE PO3TAllyBaHHsS (PirypaTMBHUX TOYOK Ha JdiarpaMi 3 KOHKOpII€lO, IO
XapakTepHe ISl LIUPKOHIB.

Ilpoba b-3-1/80 (puc. 15). Tonorpadist moBepxHi LIUPKOHY XapaKTEPU3YETHCS IIIMPOKOIO
CHUCTEMOIO TPIllMH, 30H MoApiOHeHHs. LIISHKM Mo3a MeXaMy LUX 30H SIBISIOTh COO0I0
OIHOPITHY MOBHOKPUCTATIUYHY MOBEPXHIO. XapaKTep MOBEPXHi MOB’SI3aHUIl 3 T€OXiMiYHUM
PO3IOAUIEHHSIM MiKpOEJIEMEHTIB, sIKE YMOBHO MOXHA PO3IiIMTH Ha ABi yactuHu. [lepia 3
HUX SIBJISIE cOOO0 TOJiIe 3 TOMOTEHHMM po3TairyBaHHAM Si, Zr, Y, Al. [Ipyra yactvHa
enementiB — Ce, Ca, U, Fe, Th i K npuypoueHa 0 Big3HayeHUX paHille TPilllMH i 30H
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Puc. 14. Tonorpadist moBepxHi (@) Ta PO3MOAiIEHHS
MiKPOKOMITOHEHTIB y MaTpuLi UMPKOHY (rpoba BI'-
2-3/80): 6 —Si; 6 — K; e—Y;0— Zr; e — Ca;
ac — Hf;, 3 — Al

nonapioHeHHs. Ilepia rpymna ejxeMeHTiB
BU3HAYAETbCS SIK MEPBMHHA — CHHTe-
HeTW4Ha 3 uupkoHoM. Cepen 1ii€i rpynu
0COOJIMBO BUIIISIETHCSI CBOIM BMICTOM Y,
o craHoBuTh 1,01 % (Tabmuis). dpyra
rpyrma 3 HepiBHOMipHUM PO3TalllyBaHHSIM
MiKDOKOMIIOHEHTIB BM3HayeHa S$K
BTOpWHHA, 11O YTBOPWJACh Mil Mi€lo
HakJaneHux mporeciB. Ilig yac 3icTaB-
JsiHHST oTorpadiii 3’SICOBYETBCS, 1O
po3TalllyBaHHsI BKJIIOYEHb TOYHO TMOBTO-
pIOE MaTOHOK nedeKTiB, HassBHUX Ha
TororpadiuHiii MoBepxHi LIMPKOHY, i, HA
Hallly AYMKY, € JOKa3oM IXHbOTO BTO-
pUHHOTO ToXomKkeHHs. Bmict Pb i U,
BU3HaueHW MetomoM PCMA, Maiixe Ha
MOPSITOK, BUILIMIA Bill iX BMICTy, 110 BU3-
HAueHUI METOMOM i30TOMHOTO pPO306aB-
JIEHHS Micjas crheuiajJbHOi XiMiuyHOi
00po6xu. ToOTO i30TONMHMIA aHaAMi3 LMP-
KOHY 0€3 CeJIeKTUBHOTO BUAAJIEHHSI BTO-
PUHHHUX TOMIlIIOK MiKpOeJEMEHTIB HellO-
MyCTUMUH.

CriBBiIHONIEHHS IMPKOHY i BMIiCHHX
NOpPOJOYTBOPIOBAJBHUX MiHepaJiB.
XapakTep CIiBBiIHOIIEHHS 3adikcoBa-
HUil Ha ¢otorpadisx (puc. 16), 3po6-
JIEHUX IIiJ ToJsipu3aliiHUM MiKpoc-
KOITOM ITpU CXpelleHUX HiKoJs1X. JIoriuyHO
MPUITYCTUTU, 1110 HAsSBHICTb LIMPKOHY B
MEBHOMY MMOPOIOYTBOPIOBAILHOMY MiHe-
paii mepenbavyae MeBHY MOCIiAOBHICTh
KpucTajizalii uX iHAMBIOIB, a TaKOX
HarpaBleHicTh Ipolecy B 1izomy. Ilim
yac JOCTiIKEeHHS AJ151 i30TOMHOro aHaJli3y

[2] cnoctepiraauch pi3Hi CHiBBIZHOIIEHHSI LIMPKOHIB 3 iHIIMMM MiHepadamu. PenikTosi
KpUCTaIM LUPKOHY OyJM HasBHI B iHTEPCTUIIISIX MOPOJOYTBOPIOBAIBLHUX MiHepaliB, a
CUHIEHETUYHI 3 TTOPOJ0I0 — PO3TalllOBYBAJIMCh YCEpEeIMHiI OCHOBHOI Macu MiHepaliB.

XimiuHuii BMIiCT MPKOHY i3 KpucTadiunux nopix Pocuncsko-Tikunpkoro paiony VIII, %

KommoHeHT bI'-2-3/80 IIM-8-1/80 KH-2-1/82 b-3-1/80 J13-5-1/84 0-1-84
AlLO; 0,06 0,07 0,08 0,04 0,02 0,07
SiO, 34,70 34,40 33,35 32,96 34,60 33,20
P,05 0,08 0,08 0,14 0,31 0,04 0,11
K,0 0,02 0,02 0,01 0,01 0,01 0,01
CaO 0,07 0,04 0,11 0,09 0,04 0,06
FeO 0,18 0,16 0,24 0,23 0,21 0,38
Y,0; 0,15 0,08 0,16 1,01 0,10 0,22
Zr0, 62,27 63,60 62,86 62,06 62,10 63,85
Ce,0; 0,12 0,01 0,14 0,11 0,13 0,13
HfO, 1,61 1,49 1,70 1,61 1,86 1,78
PbO 0,24 0,13 0,22 0,33 0,13 0,18
ThO, He ycr. 0,08 0,15 0,31 He ycr. 0,04
U,0; 0,14 0,07 0,19 0,59 0,05 0,09
HfO,/Zr0, 0,026 0,024 0,027 0,025 0,03 0,028
Pb/U 1,784 1,969 1,215 0,584 2,59 2,045
Pb/Th He BusH. 1,658 1,629 1,105 He BusH. 4,439

IIpumiTtka Heycr. — He ycTaHOBJIEHO, HE BU3H. — HE BU3HAYaBCs.

84

ISSN 0204-3548. Munepan. ncypn. — 2001. — 23, No 4



MOP®OJIOTO-AHATOMIYHUMN AHAJII3 KPUCTAJIB

Puc. 15. Tonorpadiss moBepxHi (a) Ta
pO3MOIiJIeHHs] MiKPOKOMIIOHEHTIB Y
MaTpuui LMpKoHy (rpoda b-3-1/80): 6 —
Si;6—Caje—U;0—Zr;e—Y; oc —
Fe;3— Th; i — Al; k — Ce; 1 — K

Ilpoou I[IM-8-1/80 i bI-2-3/80. Kpucranu 060X NpoO TparuisIioThCsl B TaOJIMUKaXx
iariokinasy (puc. 16, a, 6). 3ictaBiaeHHs X GakTiB 3 TaHUMM iHIIMX JOCTITHUKIB MiITBEP-
JIKYE CUHTEHETUYHICTh IMPKOHY i TIIariokiiasy. 3HaXOMKEeHHsI LIMPKOHY BCEPEeIMHI TUIarioK-
J1a3y TOSICHIOETHCSI BUILOIO TEMIIEPATypolo KpUCTajlidallii HUpKOHY. InioMopdHi Tabamuku
TUIariokJia3iB He HeCyTb Ha c00i ClimiB BTOPMHHUX 3MiH. TakoxX B HUX BiICYTHi PENTiKTOBi
yTBopeHHs1. OTXe, He 3MiHEHi KPUCTaM IUIariokyiasy, siKi BMIIYIOThb aKIECOPHUI ILIMp-
KOH, € (hakTOpoM, 110 crpusie 30epexkeHHIo i3otonmHux cuctem U, Th i Pb.

IIpo6a KH-2-1/82. LIupKOH i3 KOPHIHCbKUX I'PaHiTiB 3a(hikCOBaHMI1 TIIbKY B TAOJIMUKAX
6iotury (puc. 16, ¢). HaBKpyru LMpPKOHY CIOCTEPIra€TbCs IIEOXPOIYHUN IBOPUK.
BunoBxkeHHS LIUPKOHY MEPIIEHAUKYISIpHE 10 craitHoCTi 6i0TuTy. CUHTEHETUYHICTh IUPKOHY
i OioTuTy MiATBepAXEHO 3HaueHHsAIMU i30TomHOro Biky U-Pb mo mupkoHy i K-Ar mo
6iotuty — 2055 MJIH POKiB.

Ilpo6a b-3-1/80. llupkoH i3 6ioTUT-am}piOOJOBUX THENCIB TaKOX € B 6iOoTUTI (puc.
16, 2), ane, Ha BiIMiHY BilI TIEPILIOro BUIAIKY, 1OT0 BUAOBXKEHICTh, Y3TOMKeHa 3i CITaifHiCTIO
0iOTUTY, B HaSIBHOCTI € IUIEOXPOiYHi ABOPUKU. BUXOASTUM 3 KpUCTATiYHOI CTPYKTYpU Oi0TUTY
MOXHAa 3ayBaXXMTH, 1110 B IMOPIiBHSIHHI 3 TUIAriOKJIa30M BiH € MEHIIIMM 3aXMCHMM 06ap’epom
s i3oromiB U, Th i Pb.

Ilpobu O-1/84 i J[3-5-1/84. B pe3yabraTi MpoBeAeHUX AOCTIIXEHb JTOBEACHO
IICHTUYHICTb K CaMMX ITOPiJ, TaK i BUAIEHUX 3 HUX LIUPKOHIB. OCTaHHI CIIOCTEepiraroThCst
B TabJIMYKax IUIarioksasis (puc. 16, a, 6). B 060X BUTagKax BUTOBXEHICTb IUPKOHY BiIHOCHO
cnaiiHOCTI TjIarioksiasy pisHocrnpsimoBaHa. Ha HaBemeHux dororpadisix 3adikcoBaHO
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Puc. 16. CniiBBiTHOLIIEHHS! IMPKOHIB i MOPOJIOYTBOPIOBAILHUX MiHEpaliB y CXPELIeHUX HiKOJSIX MOJsIpU3alliiHOro
Mikpockomna: a — [IM-8-1/80; 6 — bI'-2-3/80; ¢ — KH-2-1/82; ¢ — b-3-1/80; 0 — [13-5-1/84; e — O-1/84

Puc. 17. TlonipoBaHi 3pi3u IMPKOHY Y BiOMTOMY CBiTJIi Mix pyaHUM Mikpockonom: a — [IM-8-1/70; 6 — BI'-2-3/80;
6 — KH-2-1/82; ¢ — B-3-1/80; 0 — [13-5-1/84; ¢ — O-1/84

MPOSIBJIEHHS TEKTOHIYHOTO BILIMBY Y BUTJISIII 30H MOApiOHEHHs. K OyJ10 MoKa3aHO paHile,
TEKTOHIUHUI BIUIMB MPOSIBUBCS i HA caMUX KpuUcTajlaX LUPKOHY (puc. 12, 6; 13, 6).

JlocimKeHHs NOJTipOBaHMX 3Pi3iB UPKOHY Y BiIOMTOMY CBITJIi pyaHOro Mikpockona. 1ocBin
aHaJli3y IMPKOHIB Y BiTOMTOMY CBITJIi Ja€ 3MOTY SIKiCHOI 1iarHOCTUKU Pi3HUX MiKPOBKIIIOUEHb,
ocobsnuBo pynHux. HaziitHo ¢ikcyloThesl pe3yabTaTy MPOSIBIEHHSI TEKTOHIYHOTO BILIUBY Y
BULJISIII MiKPOTPIlllMH, 30H IMOAPIOHEHHST i OKpeMUX KPUCTATiYHMX MiKpOOJIOKiB Ta iHIIi
neTani.

IIpobu I[IM-8-1/801 bI-2-3/80. Ha dpororpadisix (puc. 17, a, 6) B No3ullii 6 BUSABIECHO
BKJIIOYEHHSI HepyAdHOro MiHepany. [lpu 3icTaBieHHi 3 TaHMMU MiKPO30HIOBOTO aHaJli3y
OyJI0 BCTAHOBJIEHO, 1O 1€ amaTuT.

IIpo6a KH-2-1/82. TlonipoBaHuii 3pi3 MpeacTaBIeHUI TTOBHOKPHCTATIYHOIO MOBEPXHEIO
(puc. 17, ). ITomekynu crocTepiraloTbCsl KABEpHOUKM i MaJieHbKi YOpHi BKItoueHHsT. ITim
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Puc. 18. 130xpoHHa Jiarpama 3 KOHKODPI€lO Ul aKLIECOPHOTO LMPKOHY i3 KBApLIOBUX JiOPUTIB 3BEHUTOPOICHKOTO
komruiekey Y1 (nmpoba ITM-8-1/80, BiK y MJIH pOKiB)

Yyac MoAaIbIlIUX TOCTiIKEeHb OyJI0 BCTAHOBJIEHO, 1110 Tieplle — e AedeKTH IMoIipyBaHHsI, a
JIpyre — BKJIIOUYEHHST pPyAHOTo MiHepany. PynHi BKIIOUeHHS y BiIOUTOMY CBITJIi BUTJISIAAIOTh
CBiTJIO-Cip¥MM, BiZOMBHA Benu4uHa csrae oim3bko 20 %, TBepaicTh Oinbliue 5. HaBemeHi
napamMeTpu JOCHTiIKeHHsI BU3HAYaIOTh LIeW MiHepasl SIK MarHeTuT.

IIpoba b-3-1/80. dnst KpucTajliB UUPKOHY L€l MpoOU OYJIO BUSIBJICHO BKJIIOUEHHS
cynbdinis (puc. 17, ), mpeAacTaBIeHUX, UMOBIpHillle 3a BCe, MPUTOM — BiH i30TPOITHUM,
XapaKTePU3YEThCST OiJIbIIOI0 BiIOMBHOIO BJIACTUBICTIO 1 SICKpaBO-O0iIMM BiZOJIMCKOM.

B ocranHix mBox mpoOax BKJIIOYEHHS MPUYpPOYEHi, B OCHOBHOMY, 10 KpalOBMX 30H
KPHUCTaJIiB i po3TallloBaHi XaOTUYHO.

IIpoou O-1/84 i /[3-5-1/84. TlonipoBaHi 3pi3u KpucraniB LHMpKOHY (puc. 17, d, e)
XapaKTepU3yIOThCsl TOOPOI0 KPUCTATIYHICTIO i BiICYTHICTIO BiIMiHHUX MiHepaJbHMX (a3.
Ycs noBepxHs KpUCTaJliB po301Ta Ha OKpeMi KpUCTaTiuyHi OJI0KHU, 1110 YTBOPUJIMCSI BHACTIIOK
TEKTOHIYHOTO BIIMBY. OCTaHHii1 (hiKCy€eThcs i Min yac iHIIMX aHATOMIYHKX i MOP(OIOTiYHIX
nociimkenb (puc. 12, ¢; 13, 6; 16, 0, e). TeMHi UATKM — II€ YACTKOBi BMKPHUIIEHHS i
BKJTIOYeHHS. JlOCHiXKyloud OCTaHHi, HaMW BCTAHOBJIEHO, IO Iie IMipuT. MiKpO30HIOBUIA
aHaJli3 BUSIBMB TaKOX HAsSBHICTb y MiKpOTpPillMHKAX YTBOPEHHS IOJbLOBOrO IIMATy, SIKi
pa3oM i3 cyabdizaMyd MOXYTh YTPUMYBaTWM AOAATKM HEPadiOT€HHOrO CBUHIIIO, KUK
CIIOTBOPIOE T€OXPOHOJIOTIUHY iHdoOpMallito.

I30TONHO-reoxpoHoJoriyni mociimkeHns. Po3riasHeMo XapaKTepHMU BUIMAaA0OK
BUKOPUCTAHHS Pe3yJbTaTiB MOP(OJOro-aHaTOMIiYHOTO aHallizy KpHUCTajiB LIMPKOHY B
130TOMTHO-TE€OXPOHOJIOTIYHUX TOCTiIKEHHSIX.

IIpoba I[IM-8-1/80. BusiBieHWIi BIUIMB arpeCMBHOTO KUCJIOTO CepelOBUIIA Ha KPUCTAIN
LIMPKOHY TPHU3BiB 10 YAaCTKOBOIO YTBOPEHHS 3arjiuOjeHb, HEPiBHOCTEH, SKi MOIIU OyTU
KOHIIEHTpaTOpaMM HepamgioreHHOro CBHUHINO. ToMy Bci HaBakku Oy obpobGieni 0,3 H.
kumusiyolo HNO;. Mikpo3oHI0BMM aHalizoM OyJI0 BCTAHOBJIEHO TOPiMBMICHI BKJIIOYEHHH,
1[0 € KOHIIEHTPAaTopaMu MiaBuiieHoro Bmicty 298Pb. Buxomsauu 3 1boro, 4otupu (paxiii
LIMPKOHY T yac XiMiYHOI MiATOTOBKY aHali3yBaJM 3a pisHUMHU cxeMaMu. [lepiry it apyry
dpakiii HIMPKOHY FOTyBaJIM 3a 3BUYaifHOIO cxeMot0. TpeTs i ueTBepTa (hpakilii Oyau po3TepTi
y nyzapy i nonatkoso 06potuieHi 0,3 H. HNO;. JlouibHicTb Takoi cxeMu 6yJ10 MiATBEPIKEHO
Mac-CIeKTpOMETpUYHMM aHaizoM. Ha miarpami 3 koHkopgieto (puc. 18) Touku mepiumnx
NBOX (ppaxiliif po3TalioBaHi BUIllE KOHKOPii, 1[0 XapaKTEePHO JIs1 TOPiliBMiCHOTO MOHAIIUTY,
a TpeTs i yeTBepTa (ppakilii 3aiHSUIM MOJIOKEHHST HMXKYE KOHKOPIl, IKe Y OiUIbIIOCTi BUTIAAKIB
npuTaMaHHe TUPKOHY. Po3nmibHUI aHami3 ¢pakiliii MposIBUBCS SIK Ha 3araJibHOMY BMIiCTi
Pb (mis mepiumx nBox ¢pakuiii BMicT Pb cranoBuB 0,01 % m1st KOXHOI, a ISl ABOX OCTaH-
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Hix — 1o 0,005 %), Tak i 3a i3oTonHO0 po3nosciomkeHicTio 2%8Pb (31,17 i 49,03 % mns
Touok 1—2, 12,24 i 13,34 % — nnst Touok 3—4). B3araji yci 4OTUpPY TOYKHU anpOKCUMYBa-
JINCh OJHIEI0 TIPSIMOIO, 1110 Ma€ BepXHill MepeTUH KOHKOPIii B Toulli 3 BikoM 2140 + 10 miH
POKIiB.

BucHoBKHu. [3 HaBemeHOro KOMILIEKCY MOpPGOJOro-aHaTOMIYHUX AOCHiIAXEeHb
aKIECOPHOro IMPKOHY BUTIKAE€ OJAWH OCHOBHMI BUCHOBOK, IO BiH Y CY4YaCHMX

TEOXPOHOJIOTIYHUX JOCTIIKEHHSIX € He TiJIbKMU HeoOXimHuM, a i ob6oB’s3koBuM. lli
OOCTIIXEHHSI CNPUSIOTh 3’SICYBAHHIO OCHOBHUX TUTaHb IPO CTaH LIMPKOHY: CTYIiHb
30€peXeHHsI, HasBHICTb PEIiKTOBUX CKJIAAOBUX, MPUCYTHICTb HOBUX TeHepalliid TOIIO.
LlinKkoM DOCTOBipHO B OiTbIIOCTI BUMAAKIB BU3HAYAETHCS T€HE3MC LIMPKOHY, BCTAHOBITIOIOTHCS
YacoBi 1 MPOCTOPOBi B3aEMOBITHOIIEHHS 3 iIHIIUMU MiHEpaJlaMH.

Hesiki 0COOIMBOCTI LIMPKOHIB PO3KPUBAIOTHCSI TiIbKW Y pa3i CYMiCHOIO 3iCTaBJIEHHS
JMaHUX aHaJi3y JeKiIbKOX METOMIB: HasIBHICTb CNTilliB pO3UMHEHHS pebepHUX (hOPM LIMPKOHY,
MPUCYTHICTh MEBHUX BKJIIOYEHb, CJiliB TEKTOHIYHOTO BILUIMBY TOIIIO.
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PE3IOME. TlpencrapieHbl pe3yJibTaThbl MpPeIBapUTENbHOTO MOP(OIOro-aHAaTOMUYECKOrO aHaIN3a aKLIECCOPHOTO
LMPKOHa M3 nokeMOpuiickux mopox PocuHcko-Tukuuckoro pailoHa YKpamHCKOro IiuTa NPU UX M30TOIHO-
T€OXPOHOJIOTMYECKOM JaTUPOBAHUU. BhisiBIeHHBIE OCOOEHHOCTH LHMPKOHA WCIIOJB3YIOTCA IJIsd Bblpa60TKVl CXEMBbI
XUMUYECKOM MOATOTOBKU l'lp06 NP1 U30TOIMHOM aHaJIu3e€. Yuer atHX aCIIeKTOB, KaK IpaBWUJIO, MO3BOJIACT HAXOAUTh
COOTBETCTBUE MEXIY IMOJYYCHHBIM 3HAYCHUEM M30TOIMHOIO BO3pacTa W pe€ajlbHbIM I€OJIOrMYCCKUM COOBITHEM.

SUMMARY. Results of the preliminary complex morphologo-anatomical analysis of zircon from the Precambrian
rocks of the Ros-Tickich region of the Ukrainian Shield are illuminated. Peculiarities of zircon resulting from the
influence of sub-solidus processes are ascertained. These are in use for estallishing of sample chemical preparation
procedure scheme for isotopic investigation. Thorough consideration of these aspects allows usually to find out
correspondence between obtained isotopic age and real geological event.
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AesKi akTyanbHi
npo6sieMmn cy4acHoi remonorii

Po3ristHyTo Aesiki 3arajibHi MpoOjaeMM TeMoJIorii i BUAIEHO iXHi KyJbTYPHi, iCTOPUYHI i MCUXOJOriYHi acCmeKkTH.
HarosnouieHo Ha HEOOXiAHOCTI PO3pOOKM HOBOI METOJMKHU OLIHKM KOJEKUIMHUX i MY3eiHUX €KCIIOHATIB, CTBOPEHHSI
HOBMX iH(bOpMaLifHUX TEXHOJIOTIH y reMOoJIoriuHiil mpakTHLli il eeKTHBHOro BUKOPUCTaHHSI MiHEPAJIbHO-CUPOBUHHOI
6a3u.

I'emosnoriss — Hayka Tpo KOIITOBHE KaMiHHs [2, 5, 12], MeToau ioro mociimkeHHsT i
KyJbTYpy BUKOPHUCTaHHS. I'eMoJjiorisi — 1ie TaKoX ITOCTiiiHO MiHJIMBE 3a 3MIiCTOM Ta Mpe-
METHO pO3rajy>keHe BUeHHS 1100 CyYaCHUX CIIOCOO0IB €KCIIEPTHOTO BU3HAYEHHST KOIITOB-
HocTel i 3aco0u MoOyA0BU iHTErpOBAaHMX BUCHOBKIB CTOCOBHO iXHbOI L[IHHOCTi Ha OCHOBI
aHaJli3y peYOBMHHOTIO CKJIaly, iCTOPUKO-KYJIbTYPHUX TPAAULIiii BAKOPHUCTAHHSI, HAJTEXHOCTI
IO iICTOpUYHUX MOMil i BumaTHUX ocobucrocreii [4, 7, 11, 12]. CyyacHa remMoJiorisi po3im-
PIOE KOJIO 00’ €KTIB TOCTIIKEHHS 32 PaXyHOK KOJIEKIIIN TipChKMX TOpif i MiHepasliB, OpraHOTeHHMX
YTBOPEHb, BMKOMHUX PEIUTOK TBAPMH i POCIMH, NEKOPATHBHOIO KaMiHHS [7].

DyHaaMeHTalbHI MiHEepaJIOTiuHi Ta MeTPOJIOTIYHI JOCTIIKEHHSI PeUOBUHU 3eMITi, TIPO-
BelleHi yrmpomoBxX XX CT., CTBOPWJIY YHiKaJbHY HayKOBY 0a3dy IUIsl y3araJbHEHHs MOTY>KHO-
To TuUlacTa 3HaHb MPO KOIITOBHE KaMiHHSI, a HOBI HAyKOBi JOCSITHEHHS Y cepi BUBYEHHS
TICUXiKM JTIIOAVMHU AAl0Th 3MOTY C(OPMYJIIOBATH i YCITILIIHO BUPILIYBAaTU OCHOBHE NMUTAHHS
TeMOJIOTIi: 1110 TaKe KOIITOBHOCTI i YOMYy BOHM iCHYIOTh. BinTak MU XXMBEMO y 4yac IOSIBU i
CTAHOBJICHHST HOBOTO €TaIly PO3BUTKY I'€MOJIOTii, 1110 BiA3HAYAETHCS HAMaraHHsIM 3pO3yMiTh
CEHC iCHYBaHHSI KOIIITOBHOTO KaMiHHSI HA OCHOBiI HAyKOBUX 3HaHb IPO iXHIO (Pi3UYHY CYTb,
a TaKOX Ha MaTepiaJiCTUYHiii OCHOBI ICUXOJOTIi, iCTOpii Ta KyJIbTypOJIOTii.

3arajbHa iHdopMalliiiHa iHTerpailisi HayKOBUX 3yCWJIb YYEHUX 0OaraThboX KpaiH CBiTy
JIIOBOAUTH, 110 YKpaiHa, TaK caMo, sIK i iHIIIi KpaiHU, HE Ma€ BIACHUX CIeMMIiYHNIX MpobieM
y chepi Oyap-sIKMX HayK, a 3aBIaHHsSI, ITOCTaBJIeHE B 3arojiIoBOK IIi€i CTaTTi, BimoOpaxae
JIMIIEe OIS KiIbKOX Halicepiio3Himux mpo6ieM. BomHoyac 1i npobjieMu He €
OPUTiHAIBHUMMU 1 CKIaNal0Th TUTbKM YaCTKY 3arajlbHOi MHOXWHMW MOTHUBAllill, MUCIUMUX Y
HayKoBiil mpakTulli. Po3risiHeMo KOpOTKO 3MiCT HaWBaXJIMBIlLIUX i3 HUX.

Ilepiioro 3a 3HAYYIIICTIO MPOOJIEMOIO, sIKa 3HOBY CTa€ (DyHAAMEHTAJbHOIO i MOTPeOye
HOBITHBOTO Ta 3MiCTOBHOI'O BMCBITJIEHHSI B T'€MOJIOTil, € icmopis po3eumky YsaeéaeHb Hpo
Kowmosrnocmi. CbOrOJHI MU MAa€MO YSIBJICHHS JIMIIE TpPO 3arajbHi PUCHU TIpOIECy
CTAHOBJICHHSI JIIOACHKMX 3HaHb PO Kpacy Ta KOIITOBHOCTI, a OTXKE, IOCTa€ MUTAHHS: 1O
Take KOILUTOBHOCTI?

1. HeoOxinnicTh morjmu0ieHOro BUBYEHHS iCTOPii PO3BUTKY YsIBJIeHb NMPO KOIUTOBHOCTI.
Ha mouaTky 3apokeHHsI CBiTOMOCTI, 11le Y TaJeoliTUuHy 100y, YSBI€Hb PO KOIITOBHOCTI
He icHyBaso [4, 8, 19]. 3i craHOBIEHHSM i€papXiyHOi opraHi3allii CyCITiJIbCTBa, KOJIU JIIOON
noyajad CaMOYyCBiZoMJIIOBaTH cebe 3a CyCHiIbHUM CTaHOBUIIEM, BUHUKIU CUMBOJIHU,
Mpy3HaYeHi JJ1s1 BUAIEHHSI OKpeMUX OCOOMCTOCTEl TJIeMeH i poAdiB. Ha 1iboMy eTarti Briepiie
3’SIBUJIUCS CIIPABXHI MPUKpPaAcH; Tovyanacs icTopist po3BUTKY YSIBJIEHb PO MPeKpacHe i mpo
KOIITOBHOCTI — aMyJIeTH, TTaM’SITKU, TaliCMaH!, 3aMiHHUKHU TPOILIeid, CUMBOJIM 3aMOXHOCTI
Ta iH. [9, 17, 19].

IMopanpiia icTopis goacTBa Oyla HEBilI’€MHOIO Bil CUMBOJIB Kpacu, 3aMOXHOCTI,
MPUYETHOCTI IO BUILMX CUJI, COLIIaJIbHOTO CTAaHOBMINA, HALliOHAJbHUX TPaAMIIii, peirii Ta
PO3BUTKY KyJbTypH B 1ijoMy. Lleii miact iHdopmallii € cCbOroaHi Ijis1 HaC OCHOBOITOJOXKHUM
CTOCOBHO YSIBJIEHb IIPO KOIITOBHOCTI Ta cKjiagae 0a3y iHgopMallil JIsT TPOrHO3yBaHHS
SIKOCTi ¥ BapTOCTi KOIITOBHOTO KaMiHHS i KOIITOBHOCTEH, SIKi MOTO BMIlI[yIOTb.

HoBgi po3po0ku y cdhepi AoCTimKeHHs iCTOpii pO3BUTKY KYJbTypH BiIKPMBAIOTh IILISIX
o yHidikalii ysiBleHb MpPO KOLUTOBHOCTI B wLijioMy. Lle € 0CHOBOMOJOXHKM 3aBIaHHSAM
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IUIST PO3BUTKY T'€MOJIOTIYHOI HayKu MaiibyTHboro. Ha xamb, chOromHi Iieil acmekT Ipak-
TUYHO HE PO3BUBAETHCS i MaHIBHUU BIUIMB HAa HAYKOBUI CBITOINISIA MalOTh YSIBICHHS IPO
KOIITOBHOCTI, BUCBITJIEHI y TIpallsiX TaKMX BUJATHUX AOCIiTHUKIB MUHYJIOTO, K IxX. KyHII,
I'. Cwmit, I1. Ix. Pun, E. ®pakeii Ta iH.

Axiio cripodyBaTHl OiTbII MPEAMETHO BUSHAYUTH CYTh HA3BAaHOT'O BUILIE HOBOTO HAIIPSIMY
PO3BUTKY T'€MOJIOTii, TO MOro MOLIAbHO (POPMYJIIOBATU SIK iCTOPUYHE MOCIiAXKEHHS
KyJbTYpPHUX i TICUXOJIOTIYHMX 3aKOHOMipHOCTe! BMHMKHEHHSI Ta PO3BUTKY YSIBJIEHb MPO
KOILUTOBHOCTI B LIiJIOMY.

Bucnosiooun BiacHy OyMKY, 3a3HAUMMO, 110 KOIUTOBHOCTI — 1€ OyIOb-SIKi peyi, 110
BUIISIOTHCS cepel MomiOHMX co0i 3a HemepecCiyHMMMU 3arajbHO BU3HAHUMM i
MATBePIXKEHUMU iCTOPUKO-KYJIBTYPHUM JOCBIIOM CIIOXXUBHUMM siKocTsimMu [3]. Hanpukian,
>KiHOUYi 1 YOJIOBiYi MpUKpacu, 30posi, 3BUYAlHi CTOJIOBI MpeaIMeTH, BUTOTOBJIEHI i3 cpibia i
30JI0Ta; KapTUHU CIaBETHUX XYIOXHUKIB a00 MaTIOHKY TaJeOJiTUYHOI JIOOWUHU, 3pO0JIeHi
B JaJICKOMY MUHYJIOMY, TOOYTOBi ITPEAMETH, SIKi HajeXXaaIu BUAATHUM OCOOKMCTOCTSIM, YJIaMOK
0azaibTy, Ha SIKOMY 30eperjucs Ieplli B iCTOpii JIIOACTBAa CHUMBOJIbHI TEKCTH TOIIIO.
KomToBHOCTI — 1€ MpeaMeTH, BUCOKa SIKiCThb i, BiAMOBIAHO, BApTICTh SKUX MiATBEPIKY-
IOThCSI ICTOPUKO-KYJIbTYPHUM OOIPYHTYBaHHSIM. BiATak KOIITOBHOCTI — 1€ BOOHOYAC i
pedi, i okpemMe iCTOPUKO-KYJIbTYpHE i 3araJbHOCYCHiIbHE sBUIIE [4].

BapTicTh KOIITOBHOCTE — 1€ €KBiBaJ€HT iXHiX CIOXMBHHUX SIKOCTEM, 3MiCT SIKMX
PO3KPUBAETHCSA Y iICTOPMKO-KYJBTYPHUX TPAAUIIisSX CITOXWBaHHSA [3].

st TOro o6 excnepT Mir BU3HAYMTUCH 1010 CYTi OIepalliif OLliHKM KOIITOBHOCTEM,
a e HacaMrepe ] pi3HOBUAM JIOTIYHUX OIlepalliil 3iCTaBACHHS, BAXJIMBO 3HATU, 10 KOICHUI
00°ekm excnepmu3u HeoOXiOHO po3ensdamu K 00UH i3 MHOJCUHU NOOIOHUX 00 eKmis, [ AKWo Us
YM08a He GUKOHYEMbCS, MOJi AKICHA eKchepmu3a 83aeani € HemModNcAueol. AOCOIIOTHO
VHIKaJIbHUI 00’€KT, SIKMII HE Ma€ HisSIKUX aHAJOTIB 3a CBOIMU CIMOXHWBHUMM SKOCTSIMHU, €
HEJOCTYITHUM JJIsI BUKOHAHHSI €KCHEepTHMX poOOiIT, i AOCHIAMTH HOro CIOXWBHI
XapaKTePUCTUKU HEMOXIIUBO.

OTke, MeTa i CYTh OYIb-SIKOI €KCIIEPTU3M KOIITOBHOCTEM IMOJISATAE Y BUBHAUEHHI iXHIX
CTIOXKMBHUX SIKOCTEU i BCTAHOBJEHHI BilIMOBiAHOI MPOTHO3HOI BapTOCTi Ha OCHOBI anaroeii
3 {HIIMMU KOIITOBHOCTSIMU, CIIOPIZHEHUMU 3a CIIOCOOOM CIIOXKMBAaHHSI.

BriBUeHHSIM KOIITOBHOCTEN TPAAWIIIHHO 3aliMa€EThCsl TOBAPO3HABCTBO, SIKE PO3IJISIAAE
CIOXHWBHI SIKOCTi $IK OKpeMYy COlliaJibHO-eKOHOMIiuHY Kateropiio [3], 3MicT sikoi
PO3KPUBAETHCS Y BiAIIOBIIHUX MiaJEKTUYHUX IMPOTUIEKHOCTIX (EKCHEPTHUX KPUTEPIsX),
TiCHO TOB’SI3aHUX 3a 3MICTOM 3 TPAaKTUKOI0 BMKOPUCTAHHS KOHKPETHUX IPEIMETIB.
KomToBHOCTI TpamuliiiHO MOMIISIOTh, HA TaKi TPYNY TOBapiB: MPUKpPacu 3 JOPOTOLiHHMX
METaJliB i TOPOTOLIiIHHOIO KaMiHHSI, Yy TOMY YMCJi JOPOTOI[iHHOIO KaMiHHS OPTaHi4YHOIo
TOXOIKEHHSI, MOHETAPHi 3JIMBKU JOPOTOLIIHHMX METaJliB, HACTUIbHI, HACTIHHI MpPUKpacu, 30pos,
KYJIBTOBI pedi, TToOYTOBI pedi, am’ITK1 iCTopil i KyJbTYpHY, HayKOBi paputeTu (Tadu. 1).

Cnig mam’sitaTv, wo HiSKi eaacHi (ampubymueni) o3naxku npeomemie cami cobow He
MOdCymb Oymu SUSHAHUMU K APSYMEHMU CHOCO8HO KOWMOBHOCMI OOHIEl KOHKpemHol pedi.
Tak, HanpuKJIaa, 30J10Ti KOHTAKTH Bill €1eKTPUYHOI MPacku abo JIOM JOPOTOLIiHHUX METaJliB,
TeXHiuHi inb’epn 3 MPUPOTHMX aJMa3iB TOIIO HE MOXYTh BBAaXKaTHCSI KOIITOBHOCTSIMM.

BuzHauut mpeaMeT K KOIITOBHICTh — O3HA4ya€ NOBECTM BUKOHAHHS OJHI€l i3
3arajlIbHUX YMOB, TOOTO KPUTEPIiB: cuMB04 Kpacu, SIKUA CTUMYJIIOE PO3BUTOK OOpa3HOI ySIBU
Ta pO3yMOBOI Tpalli JI0AeH, 3a JOIMTOMOIOI0 SIKOTO BOHM HaMararoTbCsl HaaaTu 3MicCT (iIero)
OTOYYIOUMM IpeaMeTaM i BJaCHOMY KWTTIO, BUPA3UTU CYTh i TapMOHIilO0 3aKOHiB MPUPOAH,
a TOJIOBHE, TTOKA3aTH i YUMOCH BUIIJIUTU CBOIO BJIACHY OCOOUCTICTb i HEMMOBTOPHICTbh; YiHHUI
nodapyHok, 1110 BUpaxkae (hopMu o0psiiB 001apoByBaHHS, € (hDOPMOYTBOPIOBALHUM ILIOO
iCTOPMKO-KYJIbTYPHUX TPaOMIIiii OKpeMUX COLiaJbHUX TpYyIl, HapodiB, Halliii, JepXkas;
apmepaxm abo 1aM’sITKa iCTOpii i HAyKH, sIKa € CBIMYEHHSIM 3HAUYIIMX MOl i ocoOucTOCTe i
MUHYJIOTO.

B ocHOBY BMKOHaHHSI Ha3BaHUX 3araJibHUX KPUTEPiiB IMOKJIANEeHO JIOTiYHi omepaii
CyMillleHHsI ¥ 3iCTaBJE€HHSI KOMILUIEKCIB ysIBIeHb (00pa3iB) Mpo IMpeaMeT €KCIepTU3U 3
CHUCTEMOIO a0CTPAKTHUX YsIBIeHb (00pa3iB) Mo KOIITOBHOCTI B 1iloMmy. Llst toriuHa ornepartist
Ha3MBAEThCS AHAJIOTIEIO i Iependayae HassBHICTb OMHOTO ab0 KiJIbKOX "00’€KTiB-TIPOTOTUIIIB"
i "06’exTiB-aHaznoriB". OTXe, NepLIKil KPOK Y HAMPSIMKY €KCIEPTU3M KOIITOBHOCTEH — Iie
MOIIYK iXHiX MPOTOTMIIIB; APYTMil — 3icTaBAE€HHS 3 MPOTOTUIIAMM; TPETii — BUOip
OCMMCJIEHOI CXeMU OILIiHIOBaHHSI.

[linbuBatoun MiACYMKHU, 3a3HAYMMO, WO 2eMO0402is MAE CRPAgy came 3 KOUMOBHOCMAMU
i, maKum 4uHoOM, 20108HOK) KOMNOHEHMOW 045 noOy008U GUCHOBKIE w000 aKocmi i eapmocmi
KOUWMOBH020 KAMIHHSA € GU3HAYEHHSA | NPABUNbHE YPAXYBAHHSA eKCNePMHUX MOMUGAUIl cOUianb-
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JNEAKI AKTYAJIbHI TTPOBJIEMU

Tabauys 1. 3araabHa kaacudikauis KoeKUifiHMX 3pa3KiB NMPUPOJHOTO KaMiHHS TA BUKONHMX PELITOK
TBAPUH i POC/IMH re0JIOTiYHOTO MHHYJIOTO

Karero- Hassa kaTeropii sikocri ITopsnok saxocri | KoedinienT
pist AKOCTi (KOpOTKHMIi KOMEHTap) 3paskiB 30iIbIIeHAS
BapTOCT1
Tunosi konexyiiini
I I'ipcpki mopoan, MiHepain, BUKOIHI pelTKH TBapuH 1 pocnun  Ilepmmit — 1
reoJIOTIYHOTO MHHYJIOTO, K1 BiANOBINAOTH TaKUM THITOBI (6a3oBa
y3araJbHEHHM KpHUTepisiM: BapTICTh)
MPUAATHICTh I BUKOPHCTaHHS B HAaBYAJIbHUX, TEeMATHYHHX  Jpyruif — 2
i HAYKOBHUX KOJIEKIIAX, a TAaKOX SK HAOYHHI Marepiay s THIIOBI,
JIEMOHCTpALil IBUIL IPUPOIH; JIOBepIIIeH]
HasBHICTh XapaKTEPUCTHYHUX O3HAK, SKi OJHO3HAYHO Tperiit — 4
BKa3ylOTh Ha iX IeHETHYHY HAJEXKHICTh N0 TPYH CIOPiA-HEHHX THIIOBI,
00’€KTiB, MOMUPEHUX y IPHPOLI; JIOBepLIEH,

HasBHICTh HAYKOBUX BHUIAHb, B SKHUX OIMCAHO AHAJIOTIYHI  CHMBOJIYHI
3pa3Kd, a TaK0X BHCBITJIIEHO 3aKOHOMIPHOCTiI iX yYTBOPEHHS Y

IpHUPOi
11 Piokicui konexyitini
I'ipcpki mopoan, MiHepaiH, BUKOIHI PEIITKH TBapHH 1 pocnuH YerBepTHii — 8
reoJIOriYHOTO MHHYJIOTO, AKi BiNNOBiNAOTH TaKuM pinkicHi
y3araJbHEHHM KPHUTepisiM:
HasBHICTh OKPEMHUX BIACHUX 00’€KTUBHO BH3HAYCHUX O3HAK I’ atuit — 16
SKI CBigYaTh MPO HeENepeciuHi SBUINA NPUPOIH, PIAKICHI pinkicHi,

oOCTaBHHM  YTBOpPeHHS 00’ckra, npo o0cobIMBI  pHcH,  JOBEpLICHI
IpHUTaMaHHI 3pa3kaM y HHU3IL 10 Ji0HUX;

HasIBHICTh HAYKOBHX BHJaHb, y AKHX 3acBiguyerbcs Te3a npo  loctuit — 32
PiAKICHICTB MOMIOHUX 3pa3KiB y IPUPOII; pinKicHi,

HasBHICTh BIiJOMOCTEll IpO eKCIepTHy igeHTHdiKalifo  JOBepIleHi,
0COOJMBHX O3HaK KOJIGKLIWHOTO 3pa3ka, HAa OCHOBI SIKHX BiH  CHMBOJIYHI
BiJHECEHHH 0 PIIKICHUX

111 Vuixanwvni konexyiiini
Tipcbki mopoau, MiHepayid abo BHKOMHI pemTku TBapuH i ChOoMHIA — 64
POCIHH TEO0JIOTIYHOTO MHUHYJIOTO, CTOCOBHO SKHX BCTaHOBJIEHO YHIKaJIbHI
BIIMOBIAHICTh 1X SKICHUX XapaKTEPUCTHK TAKUM 3aralibHUM

BHMOTaM:

HasIBHICTh OKPEMHX BIJIACHMX O3HAK, SKi 3YMOBIIOKTH X BocbMuil — 128
BHKJIIOYHY PIJKICHICTE cepel IHIINX CHOPiTHEHHX OO0’€KTIB  JOBepIIeHi,
MPUPOJIH; YHIKaJIbHI

HasBHICTh HAayKOBMX BHJaHb, y SKHX € CBimueHHs mpo JleB’sTHid — 256
MOOJANHOKI 3HAXIJKH aHAJIOTIYHUX 00 €KTIB y CBIiTi; YHIKaJIbHI,

iCHyBaHHS OO’€KTHBHHMX MeETOMIB igeHTH(diKaLii O3HAK, CHMBOJIIYHI,
HasSBHICTh SIKUX € KPHUTEPiEM MIOJO BiZHECEHHS KOHKPETHHX  JOBEpILICHI
KOJICKIIIHHUX 3pa3KiB JI0 KaTEropii yHiKaJIbHUX

HO-KYAbMYPHO20 3Micmy.

2. CTBOpeHHs palioHAJIbHOI TeXHIYHOI JOKYMeHTalii, gKa perjJaMeHTyBaTMMe eKCIepTHi
onepanii o0paxyBaHHs MPOTHO3HOT BApPTOCTiI KOIMITOBHOrO KamiHHg. Hacamnepen My moBUHHI
noOymyBaTH HOBi Cy4yacHi TeXHiYHi BMMOI'M IIOAO MPOBEACHHSI KOHKPETHMX €KCITEPTHUX
pOOIT BIOMOBIAHO O 3aKOHY: €apmicmb KOWMOBHOCMEU € NPONOPUiliHO 00 KinbKocmi
nosumugHoi ingopmayii npo Hux. Pobora Hanm 1i€r0 NMpoOJeMOI0 BXe poaroyaiacs y
Jep>xaBHOMY TeMOJIOTiYHOMY LIeHTpi YKpaiHu. TyT po3poOjeHO nesiKki HOpMaTUBHI
nokymeHTH: Haka3 JlepXXaBHOTO reMoJIoridyHOro 1eHTpy YKpainu Bin 19 rpyaust 2000 p. Ne
541 "Tlopsinok BHU3HAY€HHS MPOTHO3HOI BapTOCTi KOJEKUIMHMUX MPUPOIAHUX KAMEHIB Ta
CKaM’SIHiIMX pEeIITOK TBapUH i POCIMH Te0JIOriYHOTO MUHYJoro" ta mpoekr Hakasy
MinicrepcTBa ¢iHaHciB Ykpainu "[lpaBuiia BU3HAYeHHSI OLIIHHOI BapTOCTi MaM’sITOK
My3zeitHoro ¢oHIy YKpaiHu, sIKi MiCTATh JOPOTOLIHHI MeTau i JOPOroIliHHe KaMiHHS, Ta
IcTopuyHoro (oHmy MOPOroliHHMUX METaliB i TOPOrOLiHHOrO KaMiHHS YKpaiHu'.

3rigHo 3 HaBeAECHMMU JTOKYMEHTaMU, MOXHa 3/iiiCHIOBaTH MPOTHO3YBaHHS BapTOCTi
3pa3KiB TipChKUX TOPiJ Ta MiHepasiB y CKJIaJi HayKOBOI KOJIEKIIii Y1 My3€lo, 3a0e3reuyBaTu
CcTpaxyBaHHsI MaiiHa My3eiB YKpaiHU, MPOBOIUTH iX HE3AIEXHY Bill KOMEPIIiHHUX iHTepeciB
ekcrieptudy. Ilopsimok mepenbaya€e BMKOHAHHSI TaKUX Pi3HOBMIIB OOOB’SA3KOBUX POOIT:
ineHTUdiKallil0 KaMiHHSI; OLIHIOBAaHHSI SIKOCTi; IPOTHO3YBaHHSI BapTOCTi.

151 KONEeKLiMHKUX 3pa3KiB MiHepasliB, TipCbKUX TOPiJl Ta CKaM’STHIJIMX PELITOK TBapUH
i POCIVH TeOJIOTiYHOTO MUHYJOIO0 CYTTEBUMM € XapaKTEpUCTUKHU, SIKi BKAa3yloThb Ha iX
TMIOXOMI>KEHHSI Y MIPUPOi, BHYTPIIIHIO OYIOBY, XiMiYHUIA Ta MiHEpaJIbHUIA CKJIaJ, 30BHILIHIO
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GopMy, a TaKOX Ha HaJIeKHICTh A0 MEBHUX KYJbTYPHHUX MOIill a0 BiZIOMUM OCOOMCTOC-
TSIM.

Konexuiiinuii 3pa3ox, 3 IKUM MnependayaeThcsi BAKOHYBAaTU TOPIOBi omepallii, TOBUHEH
OyTh aTtecToBaHMil 3rimHO 3 BuMoramu IlocraHoBu KaGinety MiHicTpiB Ykpainu Bim 6
BepecHs 2000 p. 3a Ne 1396 "IIpo 3aTtBepKeHHS IIPpaBUJ aTeCTallil JOPOTOLiHHOIO KaMiHHS,
JIOPOTOLIiIHHOTO KaMiHHSI OpraHOTEHHOr0 YTBOPEHHSI, HAMliBIOPOrOLliHHOTO Ta IeKOPATVBHOTO
KaMiHHA", a TaKOX imeHTU(hIKOBAaHMUI BiAMOBIMHO MO TPhOX OCHOBHUX KaTeropiil sIKOCTI
3paskiB: "munosuil’, "piokichuit", "yHikaroHuu'" .

My3eiiHi 3pa3KM NMPUPOITHOrO0 KaMiHHS Ta CKaM SIHIJIMX PEIITOK TBAPWUH i POCIUH
TeO0JIOTIYHOTO MUHYJIOTO MOBMHHI OyTY 00JIiKOBAaHMMM 3TiTHO 3 BiIIOBITHUMU TEXHIYHUMU
BMMOTraMM Ta OITMCAHUMMH YHi(piKOBaHMM IacIopToM, (popMa SIKOTO PO3pOOJSEThCI Ta
3aTBEPIKYETHCSI PO3MOPSIIHUKOM I[iHHOCTEH.

OuiHKa SIKOCTi KOJISKLIMHUX 3pa3KiB MPUPOAHOrO KaMiHHSI Ta CKaM SIHIIMX PEIITOK
TBapuH i POCIWH Ie0JIOTIYHOTO MUHYJIOTO 3[iACHIOEThCSI HA OCHOBI TECTYBaHHSI iX BIACHUX
SIKICHUX XapaKTepUCTUK 3a JOIIOMOIOI0 KPUTEpiiB sIKOCTI (Tabi. 1), sIKi y3araJbHIOIOThCS
3a TpbOMa OCHOBHUMM KaTETOPisIMHU.

Ho nepuwoi kareropii sikocti ("munogi') Hajnexarb 3pa3kKv MiHepasiB, TipCbKUX TOPif
Ta BUKOITHUX PEIITOK TBAPUH i POCIUH IreoJIOriYHOro MUHYJIOTO, SIKi OMKCaHi ab0 3ramyioThCs
B HaBYAJIbHUX, EHIMKJIONEIUYHUX Ta CHeLiaIbHUX BUAAHHSIX, SIBJISIIOTH COO0I0 MaTepiaJIbHUM
pe3yabTaT MPOTiKaHHSI J00pe BMBUEHUX i MOLIMPEHUX Yy MPUPOJi FE€OJIOTiYHMX MPOILIECIB i
HE MaloTh BJIACHUX OCOOJMBUX O3HAK, SIKi © MOIJIM CIY>KUTHU MPEIMETOM JUISl BUIIICHHS iX
i3 psimy MomiOHMX (aHaJoTiB 3a IOXOIXEHHSIM, (popMOl0, MiHEpaJbHUM abo XiMiYHUM
ckianoM Ta iH.). [lepiia kateropis, BiAlOBiIHO, MOAUISIETbCS HA TPU MOPSIIKU sIKOCTi (1-14,
2-i, 3-i1).

Ho dpyeoi — "pidkicni" 3pa3Ku — HaJleXaTb Ti MiHepaJid, TipChbKi MOPOAM i BUKOIIHI
PELITKY TBAPMH i POCIIMH Te0JIOTiYHOTr0 MUHYJIOTO, SIKi TOOpe BUBYEHI i1 OMMUCaHi SIK piIKicHi
y cHelliaJbHiii, HaBYaJbHilA Ta €HUMKIONENWYHIiN JiTepaTypi, MaloTh HoOpe BUpaxkeHi i
MpuUTaMaHHi Jville iM 03HaKW, BUSIBJIEHI y opMax, po3Mipax, MiHEpaIbHOMY i XiMiYHOMY
CKJIalli, KOJbOpi, HAsIBHOCTI BKJIIOYeHb Ta iH. Taki 3pa3ky He 4acTo TPAIUISIIOTBCS Y MeXax
TiJ T€OJOTIYHUX OO’€KTIB — pPOMNOBUIL, MAaCUBiB, OKpEMUX YTBOPEHb, a iX HasIBHIiCTb
TOSICHIOETBCSI OCOOJMBUMU T€OJIOTIYHUMU YMOBaMM, SIKi PilKO BUHUKAIOTh Y IPUPOIi.
s migTBepJIKeHHsI MPaBOMIpHOCTI BilHECEHHs 3pa3KiB MO IIi€l Kareropii HeoOXimHe
BUKOHAHHSI CTOPOHHIMU (haxiBLISIMM JOJATKOBOI HE3aJIEeXHOI eKCrepTu3u. Jlpyra KkaTeropis
TAaKOX TIONIISIETbCA Ha TPU TOPSIAKU SKOCTI (32 Kpi3HOI0O HyMepalli€lo BiMoBimHO 4-ii,
5-i1, 6-i1).

Hdo mpemvoi — "yHikaavbHi" — HalexXarTb 3pa3Ku TipCbKUX TOPiJ, BUKOIHI PEIITKU
TBapUH i POCIMH Te0JIOTIYHOTO MMHYJIOTO Ta MiHepadiB, SIKi MalOThb J00pe BUpaxeHi i
MpuUTaMaHHi Julle iM YHiKaJlbHi O3HaKW, OMUCaHi y cleliadbHill, eHUMKIONEeAUnYHil abo
HaBYaJIbHil JiTeparypi, BUSIBIIEH] Y hopMax, po3Mipax, MiHEpaJIbHOMY I XiMiYHOMY CKJIai,
KOJIbOPi, HAsIBHOCTI BKJIIOYEHb Ta iH. [1o 1LIi€i KaTeropii BiZHOCSATh TaKOX YHiKaJbHi LIOMHO
BUSIBJIEHI 3pa3Ku, Mpo sIKi He OyJIO MOCi HisIKMX BiZOMOCTel. YHiKaJibHi 3pa3Ku — 1€
TIOOAWHOKI €K3eMILISIPH, KiJTbKICTh SIKMX OOUYMCTIOETHCSI ONMHUIISIMU Y LIJTOMY CBiTi. PitieHHs
Mpo BiMHECEHHS 3pa3Ka 10 TPeThOi KaTeropii SIKOCTi BUMara€ miATBepIKEeHHsI He MEHII K
JIIBOMa He3aJIeXKHUMM eKCIiepTaMu. TpeTsl KaTeropisl MOMIISIETbCS HA TPU TMOPSIAKU SIKOCTi
(3a Kpi3HOI0O HyMepalli€lo BinmoBigHo 7-ii, 8-i1, 9-ii).

[Ans1 reMosoriyHoi poOOTU, SIKY HEOOXiIHO MPOBOIUTU B MYy3€5X iCTOPUUYHMX
KOILLITOBHOCTE!, MU IPOMOHYEMO AaHAJOTIYHMUM TMiAXix, SKWii 0a3yeTbCsl Ha BpaxyBaHHI
iICTOPMKO-KYJIbTYPHOI 3HAYYIIOCTi peaMeTiB. EkcriepTriza BapToCTi maM’sITOK TTPOBOIUTLCS
Ha OCHOBI TIPUHIIUIIIB 00’ €KTMBHOCTI, iCTOpU3MY, BCEOIYHOCTI i KoMITIeKCHOCTI. OOOB’I3KOBO
OepyThCS IO YBarv MOXOMKEHHS, 3MICT, XyIOXHS LIIHHICTh i 30BHILIIHI OCOOIMBOCTI ITaM’ ITKH.
OcraHHi KI1acudiKyThCs, 3a KaTETOpisIMM LIIHHOCTI, Ha MaM’SITKA CBITOBOTO, PEriOHaIbHOTO
i MicueBoro 3HauyeHHs. BucHnoeéku npo oyineHny eapmicmb, aKi pobasms ekchepmu abo
8i0N0BI0ANbHI NPAUIGHUKU MY3€r0, MAIOMb 3HAYEHHS NPOCHO3Y.

ImenTudikaliist mam’siTOK 3MiiICHIOETBCSI HA OCHOBI YHi(hiKOBAaHOTO MacIopTa Ha My3eiHi
MpeaMeTH aepkaBHOI YacTMHU My3eitHoro doHay YkpaiHu i nepenbdayae 30ip y eqIuHOMY
JTOKYMEHTi yChOTO KOMIUIEKCY HasIBHOI iCTOPMKO-KYJIbTYPHOI iH(MOpMallii Mpo AOCTIIKYyBaHY
mam’sITKy .

[Tam’siTKa Mae OYTH aTeCTOBAHOIO 3TiHO 3 OMHUM i3 OAMHAIUATU MOPSIIKIB iCTOPUKO-
KyJbTYpHOI 3HAUyIIOCTi (TabJ. 2) Ha OCHOBI BCEOIYHOTO aHali3y HasIBHUX y Hel O3HAaK i 3
MaKCUMaJbHUM ypaxyBaHHSIM iHdopMallii, MpeacTaBieHoi B yHipikoBaHOMY MacIoOpTi Ha
My3€iHi mpeaMeTH Aep>KaBHOI yacTUHU My3seitHoro ¢oHay YKpaiHu.
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Ta6auys 2. OpienroBHa BapricHa Kiaacudikauis nam’srok My3eitnoro Ta Ictopuynoro dounay
Vkpainu, gki MicTATb JOPOrouiHHi MeTanu i AOPOrouiHHe KaMiHH:

PBeHb Koedm/THT
MortuBau 100 BUOOPY pBHS [CTOPUKO-KY/IbTYPHO [ 13HaYyLLOCT ] CTOPUKO- 30 AbLIEHHS
mam’sITOK, sIK[M/CTATh JOPOTOLI HH MeTaIM [ [IOPOTrOIl HHE KaM HHS KYJIbTYPHO BapTOCT
3HAYYLIOCT
CyvacHTUNOB[IMam’SITKA ILMPOKOTO BXUTKY, TUPAXKOBaAH [y 1 1
BEJIMK[I KABKOCT(
CyyacHTUNOBLIMaM SITKA ILIMPOKOTO BXUTKY, BUTOTOBJIEH[ Ha 2 1-2
B[AOMUX BUPOOHMLITBAX Y BEJUK[# KABKOCT!]
YHKanbH[(€KCKITIO3UBH[) TIaM’SITKM B[IOMMX Cy4aCHUX aBTOP(B 3 2—4
YHKaJbH [ ITaM’ITKY, peJtKB(I,) ITOB’si3aH[ 3 BUBHAYHUMU 4 2—4
[CTOPUYHUMM [KYJIBTYPHUMH TIOJSIMU 200 OCOOUCTOCTSIMU
cyyacHocTl
Tunos[nam’ATKU LIMPOKOTO BXUTKY, TUPAKOBaH[ly BEJUK i 5 4-8
KbpKocTl) 1o 100 pokB
Tunos[nam’ATK1 LIMPOKOTO BXUTKY, BUTOTOBJIEHHa B[HOMMUX 6 4-8
BUPOOHULTBAX Y BEIUK M KbKocT[) 1o 100 pokB
YHKanbH[(EeKCKITIO3UBH[) TIaM’SITKM B[IOMMX aBTOpP(B, 10 100 pokB 7 8—16
VYHKabH [ ITaM’SITKY, peJtKB(I,) ITOB’si3aH[ 3 BUBHAYHUMU 8 8—16
[CTOPUYHUMM [KYJIBTYPHUMHU TIOJSIMU ab0 ocoductoctsimu, 1o 100
POK[B
CrapoBUHH [ TUMOBIMAM SITKU ILIMPOKOTO BXUTKY, TUPAXKOBAH[y 9 16—32
BeJIMK (T KAbKocT) mo 200 pok(B
CrapoBUHH [ TUMOBIMAaM’SITKM IIMPOKOTO BXUTKY, BUTOTOBJICH [[HA 10 16—32
B[AOMHUX BUPOOHMILITBAX y BeJIUK(# KIbKOCTL) 1o 200 pokB
CrapoBUHH[yH KaJIbH[(€KCKJIIO3UBH[) MaM’ITKK B[IOMUX aBTOP(B, 11 32—-64
1o 200 pokB
CrapoBUHHLyH KaJbHIMaM’ITKU Ta pesKB() MoB’s3aH 13 12 32—-64
BU3HAYHUMM [CTOPUYHUMU [KYJIBTYPHUMU TMOASIMU a00
ocobucroctsimu, 10 200 pokB
CrapoBUHH [ TUMOBIMaM SITKU ILIMPOKOTO BXUTKY, TUPAXKOBAH[y 13 64—128
BeJIMK (it KAbKocT) mo 300 pok(B
CrapoBMHH [ TUMOBIMAaM’SITKM IIMPOKOTO BXUTKY, BUTOTOBJIEH [[HA 14 64—128
B[AOMUX BUPOOHMILITBAX y BeJMUK(# KIbKocT) 1o 300 pokB
CrapoBUHH[yH KaJIbH[(€KCKJIIO3UBH[) MaM’ITKK B[IOMUX aBTOP(B, 15 128—256
1o 300 pok®
CrapoBUHH[yH KaJIbHMaM’ITKH, pesiKB(I) OB’s13aH[13 16 128—256
BU3HAYHUMM [CTOPUYHUMU [KYJIBTYPHUMU MOASIMU a00
ocobucroctsimu, 10 300 pokB
CrapoBUHH [ TUMOBIIMAM SITKU ILIMPOKOTO BXUTKY, TUPAXKOBAH[y 17 256—512
BeJMK (it KabKocTl) B 300 pok(B [I0[MbIre
CrapoBMHH [ TUMOBIMAaM’SITKM IIMPOKOTO BXUTKY, BUTOTOBJIEH [[HA 18 256—512
B[AOMUX BUPOOHMLITBAX y BeJUK(# KIbKocTL) B 300 pokB [
[siE
CrapoBUHH[yH KaJbH[(€KCKJIIO3UBH[) MaM’ITKK B[IOMUX aBTOP(B, 19 512—1024
BiA 300 pokB [JOlibLIe
CrapoBUHHLyH [KabH[IaM’ITKA Ta peJiKB(I) TTOB’s13aH[ 13 20 512—1024
BU3HAYHUMM [CTOPUYHUMU [KYJIBTYPHUMU MOASIMU a00
ocobucroctsimu, BlA 300 pokB [IO[bIIe
YHKanbH[Inam’sITKU, pesiKBII) IK]pO3KpUBAIOTh [CTOPIO [ 21 1024 —
KYJIBTYPY JaBH[X HApoA[B [UMBJI[3all i [0 Jib1ue

BcTaHoBieHi BiracHi 03HAaKM JAalOTh 3MOTY BU3HAYMTU BapTiCTh MaM’SITKU IILISIXOM
JIOBEJIEHHSI HAsIBHOCTI CTBEPJHMX BilIIOBiIel Ha KpUTepiaJbHi 3alIUTaHHS, TIPEACTaBIEHi y
Tabs. 2. OOGYMCIEHHS OLIIHHOI BapTOCTi 3MilICHIOETBCS 32 (hOPMYJIOIO

3=beCeMellBe3H,
ne 3 — MOKa3HUK OLIHHOI BapToCTi, ob4yucieHuir TeopetuyHo; b — 0Ga3oBa (cykymHa)
BapTiCTh JOPOTOLIHHUX MeETajiB i moporouiHHoro kamiHHs; C — KoedillieHT BapTOCTi;
M — mMaca mam’sitku; [1B — moka3HMK MiIBUIIEHHS OLiHHOI BapTocTi; 3H — mokasHuk
3HUKEHHS OLIHHOI BapTOCTI.

Takum yrHOM, Opyra BUAiIeHA HaAMU MpobseMa € TOCTYIMHOIO ISl BUPILLIEHHS i AyXe
BaXXJIMBOIO JIJISI Cy4yacHOI IeMOJIOoTii, aje mepeOyBa€ JIMIIe y MOYaTKOBIil CTalii po3poOKU.
ITo3a yBaroo 3aavIlIa€THC YUMAIO aCOPTUMEHTHUX T'PYN KOIITOBHOCTEH, 1[0 MOTPeOYyIOTh
cucTeMaTu3allii, BABYEHHsI Ta BU3HAYEHHSI 1IOAO IMOPSIAKY 3AiMCHEHHS iX TOBaAapO3HABUMX
eKCIepTus.

3. IIpobuema yHidikauii eKCniepTHAX JOCTIKEHb TA CTBOPEHHS BiANOBiqHMX iHGopManiiiHux
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TexHoJoriii. [1in yac mpoBeaeHHs eKCIepTU3U KOXEH TeMOJIOT MPUITyCKae, 10 HOro ayMka
CTOCOBHO JTOCITIIKyBaHOTO 00’€KTa MOXKe ITiJIaBaTUCh KPUTHLIi, i HABITh 3HA€E, 3a AKUMU
caMme o3Hakamu [2]. Cy0’eKTHMBI3M y reoJIOTiUHiN MpaKTULi piuy 3BMYaiiHA, OJHAK € pedi
LIJIKOM 00’€eKTMBHI a00 TouHO BuMiproBaHi. Lle — ¢isuuHi BaacTMBoOCTI (Bara, muTroma
Bara, KoJip Ta iH.), IpM3HAY€HHS BUPOOY i MOTHMBallisl OTO CTBOPEHHS, aBTOPCTBO,
TEXHOJIOTisI BUTOTOBJEHHSI Ta iH. AKIIO po3poOMTH CUCTEMY MOKYMEHTAJIbHOI aTpuOyILil
KOIITOBHOCTEM, 3HAayHa YacTWMHa €KCIEPTHOI HisIbHOCTI Moxke OyTH YHi(dikoBaHOW0O Ta
MPUBEJICHOIO A0 PiBHS OAHAKOBOTO iHAWBINYaIbHOTO CIPUUHSATTA. 3A60AHHSA CY4ACHOT
eemonoeii noasieae y po3pobuyi opmManbHUXx OCHO8 045 YPAXY8AHHS ICMOPUKO-KYAbMYPHOI
iHghopmayii MomiOHO DO TOro, SIK 1i¢ TMPOJEMOHCTPOBAHO Yy TOMEpeIHbOMY PO3Mdidi, ma
CMBOpeHH s 8I0N0GIOHUX IHGOPMAYITHUX MEXHOA02IL 045 PO36 I3AHHA CYMO NPAKMUHHUX 3080aHb
abo npoeedeHHs HAGUAHD.

3a3HaveHa MpobJjieMa He BUPILIYEThCS LIBUIKO TOMY, 11O HAETbCS MPO MEBHY MOBHY
JIOMOBJICHICTb YChOT'O CYCITJILCTBA, sIKa HE MOXe OyTU pe3yJabTaTOM TEOPETUYHOI PO3POOKHU
OKpeMoi J1abopaTopii, a YKIaga€eThbCsl iCTOPUYHO i COLiaJIbHO SIK MpaKTUYHA HEOOXiIHiCTh
My3€iB, KOJIEKIIIOHEPiB, CTPaXOBUX KOMITaHii Ta iHIIMX 3alliKaBJeHUX YYACHUKIB 3araIbHOTO
CYCIIJIBHOTO PO3BUTKY.

HificHo, iCHyBaHHSI iCTOPUYHUX i KyJbTYPHHUX KOILITOBHOCTEH y OKPEMUX MiCLISIX
30epiraHHsi — II¢ MEBHUM YMHOM (hiHAaHCOBUIA IMACUB, yMijlie PO3MOPSAHULITBO SKUM €
OCHOBOIO JIJIsI CTBOPEHHSI TOAATKOBOI BapTOCTi, HEOOXiqHOI ISl X YTpUMaHHS, pecTaBpallii
i (hiHaHCYBaHHS BiAMOBiAHOTO ITepcoHany. Tak, sIKIIO My3€iHi LIIHHOCTi € BIACHICTIO YCbOTO
Hapony YKpaiHW, TO, BU3HAUYMBIIM IX MPOTHO3HY BapTiCTh (BiAMOBIAHO MO CIELialbHOL
TeXHIYHOI MTOKYMEHTallii), MOXHa 3HiCHIOBATH iX CTpaxyBaHHS 3 JEP>KaBHOTO OIOMXETY,
amKe po3MOPSITHUKOM iX € aepkaBa. OTpUMABILM CTPAXOBi TapaHTii, MOXKHA OpaTH rPOIIOBUI
0aHKIiBCbKUIT KpeauT (MOKJIAfarouMd y 3acTaBy rapaHTiiiHi 3000B’SI3aHHSI) Ha IMPOBEACHHS
MPUOYTKOBUX BEPHiCAXiB i TAKMM YMHOM CTBOPIOBATU JOAATKOBI JKepesa Ijisi OTpUMaHHS
npudyTKiB. Ha Xaib, Taki (piHaHCOBi cxeMM B YKpaiHi 11le He HapalboBaHi, i TOMy IIpeKpacHi
naM’ITKU icTopii i KyJbTYypH 3aJIMIIAIOTECS Ha TTOBHOMY YTPMMaHHI JepKOIOIKETY, 110 He
CIIpUSIE TIPOTPECY B LIJIOMY.

OkpeMuM i BKpaii BaxkKJIMBUM 3aBIaHHSIM B FeMOJIOTII € 3a0e3MeYeHHs] KOMIT FOTEPHOIO
TEXHiKOI0 My3eiB i CTBOpeHHs YHi(hikoBaHOI KOMIT'IOTEpHOI CUCTeMM JIsI MacropTu3allii
LIHHOCTE! MY3eMHUX Ta KOJEKLiMHUX (POHMIIB, 0e3 SIKOi CTa€ HEMOXJIMBUM IOAAJIbLINIA
PO3BUTOK cCHiBIpalli My3eiB YKpaiHu 3 My3esiMU ycboro cBiTy. Ciin TepMiHOBO TOTyBaTH
BiIMoOBimMHMX (paxiBIIiB y By3ax, BIIPOBAIKYBATH Cy4yacHi (hiHAHCOBI MeXaHi3MU OTPUMAHHS
JMIOAATKOBMX KOIITIiB Ha TepeHax MY3eiHOi CIpaBu.

Ha xanb, Takux mociimxeHb B YKpaiHi IPOBOAUTHCS AyXe Majo, i Ile MeHIIe iX
BUKOHYIOTh MpalliBHUKM 3alliKaBIEHUX YCTAHOB — My3€iB, YHiBEpPCUTETIB, MiIBIIOMUYMX Ta
aKaIeMiYHUX HayKOBO-JOCTiZHUX iHCTUTYTiB. HaBiTh BUuMorn Buinoi arectauiiiHoi KoMicii
JI0 KaHAUIATChbKUX JUCEPTALliii He mepeadadyaoTh MOXKIMBOCTI BAKOHAHHS TaKMX aKTyaJIbHUX
i BKpaif HOBITHIX HAYKOBMX 3aBIaHb acIlipaHTaMU Ta cIiBiryKadyamu. CJlif BHECTH BiIIOBiIHI
3a0X0YyBaJIbHi 3MiHM A0 YMHHOI HOPMATUBHOI JOKYMEHTALlii, sIKa perjjaMeHTy€e€ BUMOTHU 0
KaHIUIATChbKMX 1 JOKTOPCHKUX AWCEPTalliif, i BCTAHOBUTU MOXJIMBICTh BUKOHAHHSI POOIT,
MOB’SI3aHUX i3 BNPOBAMXEHHSIM CyYaCHUX HAyKOBO OOTPYHTOBAaHHUX iHdOpMalliitHuX
TEeXHOJIOTiil y MpakTUKy opraHizauii HaykoBoi poGoTu. lle Q03BOJMTH 3HAYHO
iHTeHCU((DiKyBaTH HAyKOBE XUTTS, CIPSMYBATU IPOTPECUBHY HAYKOBY NYMKY B IPaKTUKY,
OTPUMATU IOAATKOBI MPUOYTKM, HEOOXiAHI MJIs1 BiApOIKEHHs J1abopaTOpHOi 0a3u TOILIO.

Hdo mpobieM, MOB’SI3aHUX 3 TPAAWLIWHUMU TEMOJOTIYHUMU IOCTiIIKEHHIMU
"MaTepiany", 6e3yMOBHO, TTOBUHHI OyTH pO3BUHYTI i 1oJaHi HOBi HANIPSIMU HayKH, TIOB’sA13aHi
3 BHBYEHHSIM MOXJMBOCTeW dopmanizalii i palioHamisallii 3araJbHOKYJIbTYPHUX,
iCTOPUYHUX, TCUXOJIOTIYHUX, €KOJIOTIYHMX, TOBApO3HABYMX i (DiHAHCOBUX OCHOB IS
dopmyBaHHSI 00’€KTUBHOI HAyKOBOi TyMKH. HeoOXximHO 3po3yMiTH, 1110 HasBHA IOTYXXHa
0aza 3HaHb PO PEYOBUHY B CYYaCHiil reMOoJIOTii Ma€e OYTH peBi30BaHOIO 3araJIbHOKYJITYPHOIO
MPaKTUKOIO, IHTETPOBAHOIO Yy "BMIIi MOHATTA", OUTBLI JOCKOHATI i pallioHaIbLHO IOCTYITHI
IJISI OCBOEHHSI CY4aCHOIO TapagurMOI0 XKUTTS.

[linbuBaroun MiACyMOK BUKJIAA€HOTO, CJIil BUIIMTU TaKi 3arajbHi 3aBOaHHS Cy4acHOiL
remMosiorii: 1) 3MIMCHUTU MOCTIIXEHHS iCTOPUKO-KYJbTYPHUX i ICUXOJOTIYHMX AacCIeKTiB
CyYacCHUX YSIBJI€Hb IMPO KOIITOBHOCTI i JaTW CydyacCHe BU3HAUYEHHS TepMiHA KOowmoeHUll
Kaminb; 2) BUBYATH KYJbTYPHI Tpaaullii BUKOPMCTaHHS KOIUITOBHOIO KaMiHHSI Pi3HUMU
HapoaaMu, i cepen HUX HaponoM YKpaiHu; 3) BUBHAYUTH MPUPOTHMI MOTEHLiaJl KOIITOBHOTO
i AeKOpaTMBHOIO KaMiHHSI 3 pPOAOBUIL YKpPaiHM Ta iCTOPil0 iX BUKOPUCTAHHS TSI BAOBOJEHHS
TUX YU iHIIMX MMOTPeO; 4) pO3pPOOUTHU CydacHY TEXHiUHY JOKYMEHTAIlil0 LIOAO0 OLIHKHU
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KOIITOBHOTO KaMiHHSI, @ TAKOX BUPOOiB 3 HHOTO; 5) po3pOoOUTU HOBI 3araJIbHOKYJIBTYPHI Ta
(iHaHCOBiI MeXaHi3MU pallioHATBHOTO KOPUCTYBAHHST KOIITOBHOCTSIMU 3 MY3€iB Ta KOJEKIIii
3 METOI0 BUKOPMUCTAHHS iX JUISI MpoMaraHAy BHUCOKMUX KYJbTYPHUX CTaHIAPTiB KUTTS Ta
OJHOYACHOTO OTPUMAHHS MOJATKOBUX IMPUOYTKIB; 6) MONIMIIUTUH CUCTEMY OOJIKYy Ta
30epiraHHsl KOIITOBHOCTE HAa OCHOBI KOMIT'IOTEPHOI IMacmopTu3allii Ta aBTroMaTu3allii
00JIIKOBUX TIpouenyp; 7) 3a0e3leyruTH MOXJIMBOCTI Ui iHTerpalii HayKOBUX 3HaHb Yy
3araJlbHOCBITOBOMY MacIlTaoi.

4. BuBYEHHSI POIOBHIN KOIITOBHOTO KAMiHHS TA MOMKPEHHS TeMOJIOTIYHMX JOCTiIKEHb
Ha JeKopaTuBHe KaminHs. [locunalourch Ha MaTepiald YMCEIbHUX CHeliali30BaHUX I'e0JIo-
TO-pO3IIYKOBUX POOIT, BUKOHAHUX B Pi3Hi pOKM Ha TEPUTOPii YKpaiHM, a TAKOX BiIOMOCTi
Mpo AeTaIbHY PO3BiIKY 0ararboX POMOBHIL KOPUCHUX KOMAJIWH, MOXHa IEePEKOHATUCS Y
HasIBHOCTI BEJIMKUX i HEBUKOPUCTAHUX MiHEPAIbHO-CUPOBUHHUX PECYpPCiB KOIITOBHOIO Ta
HamniBKo1ToBHOro KaMiHH [10]. OcKiJIbK1 KOIIITOBHE KaMiHHSI TepeBaXKHO BUI00YBAEThCS
CYIIyTHBO 3 OCHOBHUMM BHIAaMU KOPUMCHUX KOMAJIWH, BiTHOBJIEHHS BUIOOYTKY Ha BiIOMUX
IiITHKaX POMOBHUIL i OCBOEHHSI HOBMX IMOKJIAIiB MOXYTh 3TOJOM JOKOPiHHO 3MiHUTHU
ACOPTUMMEHT €KCITIOPTHOI MPOAyKIlil 3 YKpaiHu, MONMOBHUBIIM HOT0 YMCICHUMHU BUpOOaAMU
3 KOILITOBHOTO i HaITiBKOIITOBHOTO KaMiHHSI.

BpaxoByrouu icTOpUKO-KYJIbTYPHUI 3MIiCT ITOHSITTS KOUMOBHEe KAMIHHA, MAEMO TOBOPUTU
npo GhyHIaMEHTAIbHICTh HAYKOBUX MOCIIIXKEHb Yy Tajly3i BUBYEHHSI KOIITOBHOIO KaMiHHS
YKpainu (reMoJIoTiuHi TOCTiIKEeHHSs), a TAKOX MPO MparMaTUYHUA 3MiCT CITIpaBU — PO3BUTOK
KYJBTYpY 00pOOKM KaMiHHS Ta OpraHi3allilo HOBUX CEKTOPiB pUHKY BUPOOiB 3 HUX. OcTaHHE
€ HUHi HaiBAXXJIMBILIMM i BUPILIAJbHUM aclekKToM IJIs1 BiIpOIKEHHs YCi€l ClIpaBu, YCIiX y
SIKiii Oe3MocepeqHbO 3aJeXKUTh Bil HAsSBHOCTI MEBHUX KYJbTYPHUX TpaaMiliii, BUIATHUX
MaUCTPiB, MOMYJISIPHOI i TOCTYMHOI IJIsI OCBOEHHSI CUMBOJIIKU.

IMocunarounch Ha OCHOBM Cy4yaCHOTO TOBapO3HaBCTBa [3], MOXHa cKa3aTy 110 Oyab-
sIKi TIpUKpacu, CTBOPIOBaHi JIIOAbMU, OIIHIOIOTbCS 3 YpaXyBaHHSM iXHbOI OCHOBHOIL
¢yHKIii — OyTH CHMMBOJIaMH, BMOTMBOBAaHMMHU COLliaIbHUMM YMHHUKaMHU. P03BUTOK
TEXHOJIOTiii 0OpOOKM AEKOPAaTUBHOIO KaMiHHSI OOYMOBMB TaKWii CTaH, KOJW IPOMMCIIOBI
BUPOOU 3 IEKOPAaTMBHOIO KaMiHHSI MalOTh BUCOKi €CTeTUYHi MOKA3HUKM, TJIMOOKI Tpamguliii
BUKOPUCTAaHHS Ta iX eKCIIepTU3a CIIOPIAHIOITHCSA 3a 3MiCTOM 3 poboToro remosiora. OTxe,
JIO TEMOJIOTIYHOI MPAKTUKHU Aeali JacTillle MOTPaIIsIioTh BAPOOU 3 1EKOPAaTUBHOIO KaMiHHSI.
Hampuknan, 3 mommMpeHUX pPi3HOBUIIB YEPBOHUX T'PaHITIB Ta SICKpaBMX 3a ipu3alli€lo
J1abpaJoOpUTIiB BUTOTOBISIIOTh IOBEJipHi BUpOOM. 3 KOIUTOBHOTO KaMiHHSI — 4YapoiTy,
HedpUTy, aMa30HITYy — BUTOTOBJAIOTH NMpUKpacu IJsI iHTep’€piB Ta (parmMeHTHU
obuioBaHHs. Taki HOBi aClIeKTH BUKOPUCTAHHST KaMiHHSI BEAyTh 10 Meperisiay HiHHOCTel
i HEOOXiMHOCTI BUBYEHHSI AEKOPAaTUBHOTO KaMiHHSI CYTO I'€MOJIOTIYHMMH METOJaMU.

TpaguuiiHUMM 11 YKpaiHChKOTO HApOAY CTaJIM IMPUKpAcu 3 OYypIITUHY, YEPBOHUX
KOpaJjiB, araTy, rarary, KBaplly, CKYJbIITYpHi pi3bOJeHHS 3 MipoGidiTy (IKMA IIHPOKO
BiIOMMI SIK YepBOHUU MIM(EpHUIT claHellb), OYpIITUHY, MICKOBUKY, apriliTy, MapMypy Ta
rpaHiTy. B3araji BeJUKMI TTONMUT 3aBXIW Majd JIMILIE SICKpaBi YepBOHi, XKOBTi, 3eJIeHi Ta
OJaKUTHi, 3HAaYHO MEHIIUI — ciabo3abapBieHe KOJbOPOBE KaMiHHS. TakuM 4YMHOM, B
VKpaiHi € BeauKi MOXJIMBOCTI JUII BUKOPMCTaHHSI MPUPOAHUX OaratcTB KOJIbOPOBOIO Ta
JIEKOpaTUBHOIO KaMiHHS Ta CTapi, MOXJIMBO, YACTKOBO BTpaycHi, Tpaauliil y Lii ramysi.

['o10BHUM BUIOOYBHUKOM Ta EPEPOOHUKOM KOJIHOPOBOTO Ta JEKOPATUBHOIO KaMiHHS
B YKpaiHi Ma€ cTaT¥ HOBUI CEKTOpP BUPOOHUIITBA, MOB’SI3aHUIl 3 PO3BUTKOM MAajoro Tta
CepeIHbOro 0i3HeCy, a FOJOBHOIO MPOAYKIIEID — €KCKIH3MBHI XyI0XKHi, IOBEJipHi peyi, a
TaKOX JEKOPaTUBHO-03100/110BajIbHi BUpOOU. AJie B 11i YyacH, Ipo 110 MU BXe HEOTHOPA30BO
TOBOPWJIM, B YKpaiHi 1lle He CKJIajJach HOBA KyJbTypHa Tpaauliliss MaCOBOIO BUKOPMCTAHHS
KOJIbOPOBOTO i IEKOPAaTMBHOTO KaMiHHSI, i HasIBHi EKOHOMIYHi YMOBU HE CIIPUSIIOTh PO3BUTKY
LLIMPOKOTO CHOXMBAHHS B Lil cepi.

CripaBXHi XymoXHi BUpoOU 3 YKPAiHCHKOTO KOJBOPOBOIO KaMiHHSI 3aBXIM CTBOPIO-
BAJIKUCH JIMILE aMaTopaMy Ta HEBEJWKUMU €KCIEPUMEHTATbHUMHU ITiANpUeEMCTBaMU. Tak,
YKpaiHChKe JAeKOpaTMBHE KaMiHHSI BX€ CTaJlo J0Ope BiZoOMe YChbOMY CBIiTOBi, aJXKe CJIaBUTh-
Csl YHiKaJIbHUM 3a CBOEIO0 HACUYEHICTIO 3a0apBIEHHSIM, BUCOKOIO MilIHICTIO Ta BUTPUBATICTIO.
XKoneH cCMHTeTMYHMIA MaTepial He MOXe KOHKYpPYBaTM 3 HMM 3a IPUPOIHOIO Kpacolo,
MEXaHiYHOIO i XiMiYHOIO CTilKiCTIO.

TpaguuiitHuMu opMaMy BUKOPUCTAaHHSI TEKOPATMBHOTO KaMiHHS 3 MpalaBHiX 4yaciB
Kuiscbkoi Pyci Oynu TecaHi BUpoOM — MpUKpacu ISl XpaMiB Ta MPUBATHUX MA€ETKiB,
TPOTYapHi i LIJSIXOBI IUTMUTH, CXOAM, OpYKiBKa, IIalllKa i Mo3aika, OOpAopu s ILISXiB,
¢GyHIaMEeHTHiI Ta CTiHOBi OJOKM; pi3HOMaHiTHI MpUKpacu IJs IMiABIKOHHSI, IBEpPHI
00JIIMyBaHHSI, 0ajKu, 110 MepeKpuBaloTh BikHa, Toulo. Lli BUpoOM yacTo mMajanm opHaMeH-
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TaJbHE MiACWIEHHSI AeKOPAaTUBHOCTI TPaAULiIMHUMKM T€CAaHWMMU OpHaMeHTaMu, 300pakeH-
HSIMU POJWHHUX TepOiB, (GIOPUCTUYHMX, DayHICTUMHUX Ta TEOMETPUYHUX CloXeTiB. Taki
caMi METOOM BUKOPUCTAHHSI JEKOPATMBHOTO KaMiHHSI MpPUTaMaHHi IS apXiTEeKTypH YCix
NaBHiIX €BPOMNENMChKUX MicT. Po3BMBalouM KaMeHSPCTBO B YKpaiHi, MU ITOBMHHIi i HUHI
OpIEHTYBAaTUCh Ha aCOPTUMEHT TOBApiB 3 JEKOPAaTUBHOIO KaMiHHS, IO € CHOpPiIHEHUM
TpaAulliiHOMY Ta BiAMOBIAHOMY Hallliii KyJIbTYpHil Tpamuilii.

3ragaiimMo, 110 B MEPioJl TOXPUCTUSHCHKOTO MOJITEICTUYHOIO CYCIJILCTBA Oy
MOILIMPEH] TecaHi 300paXeHHS Ta CKYJbNTypu OoriB. Ll KyabTypa BUKOPUCTAaHHS
NeKOPAaTUBHOTO KaMiHHSI JOCUTH YIEBHEHO MpOMIIJIa Kpi3b TUCSIYOJITTS i TapMOHiMHO
BOMcanacsd B cydacHuUx Mictax YkpaiHu — Kwuesi, JIbBoBi, XapkoBi Ta iH. HaBith He
CIIPSIMOBYIOUM CBOiX 3yCHJIb Ha peKJIaMyBaHHSI CIOCOOiB BUKOPUCTAaHHS KaMiHHS Y
OyIiBHUIITBI Ta MOHYMEHTAJIbHOMY MMUCTELTBi, MM BCE€ OAHO MPUPOIHO BiTUYBAEMO iX Yy
MaOyTHiIX OYMiBASIX BITUM3HSHOIO CTUJIO MiCTOOYIYyBaHHS: HaA3BUYAHO HacUYEeHE
3a0apBJeHHs Ta iXHs1 Ipy0o3epHUcTa OynoBa; KOJOPUCTUUYHE PO3MAITTS Ta KOHTpAcTHA
TEKCTYpPOBaHICTh; BiACYTHiCTh (200 HE3HAYHUI IPOSIB) MPUPOMHOI MEXaHiYHOI HaIpyru,
1[0 CTa€ MPUIMHOIO PO3TPICKYBaHHS BUPOOIB i3 IIMX KaMEHiB yIIPOIOBXK IXHbOI €KCILTyaTallii;
BUCOKA IIIJBbHICTh MOPOAOYTBOPIOBAILHUX MiHEpaJbHMX arperartiB, 110 3abe3rnedye Mairy
BOJIOTOTIOVIMHABHY 3[aTHICTh i BEJIMKY MeXaHiYHY BUTPUBaTiCTh. KOMILIEKC IMX OCHOBHUX
XapakKTepUCTUK POOUTH AEeKOpaTHUBHE KaMiHHS YKpaiHM BU3HAYHMM IOPiBHSIHO 3
aHAJIOTIYHUM KaMiHHSIM CBITY.

KomToBHe KaMiHHS € JOCUTh MiHJIMBUM Ta HECTAIUM €KOHOMiIYHUM PECYpCOM OyIb-
SIKO1 Jep>kaBM, aJXe BapTiCThb Ta OOCSTM CIIOXMBAHHS iX CHJIBHO 3ajieXKHi Bigl 3MiH
ACOPTMMEHTY TOBapy Ha PUHKY, OCOOJMBOCTEH KyJbTYpPU HApOINiB, €eKOHOMIYHOIO CTaHY
nepxkaB, MOAU i cMakiB. Pa3oM 3 TUM BOHUM MOXYTb CTaTH BaXJIMBUM KEPEJIOM I€P>KaBHOTO
npubyTky. [IpupoaHo mMokIagaTHCh Ha AYMKY IpO Te, WO ix marms eudobyeamu i
nepepobasmu NepegasiCcHo y NPUGAMHOMY CeKmopi MAn0e0 ma cepeoHb0eo NiONPUEMHUUMEA i
60HU Oe3nepcneKkmueHi 04 opeaHizayii NOmyxcHux depicasnux nionpuemcme. Bpeuri-pelnr,
110 Te3y peasli30oBaHO B YCiX €KOHOMIYHO PO3BMHEHMX KpaiHaX CBiTy, TOAi SIK B YKpaiHi
BOHA Ille He HaOysa BTiIIEHHS 3aBISKM >KMBYYOCTi BUXOBAHOTO BIPOIOBXK OaraThoX POKiB
Miy Hpo HEOOXiMHIiCTh XXOPCTKOTO AE€PKaBHOTO KOHTPOJIO B raiay3i IOBEJipHOIO
BUPOOHUIITBA.

Cepen kaMiHHs YKpaiHU HaiOinbllle TPOMUCIOBE 3HAUYEHHS MaloThb Oepui, ToIas,
KBapll, araT (Ta yci BiAMiHM XaJlleNOHY), OYpIUTHUH, SIIMa, Tifc (aHTiAPWUT), MipodiiT,
KBapILUT i JKECHiIT, He(pUT, KOTSIUE Ta TUTPOBE OKO, €MidO3MT, KBAPIiT Ta MapMypOBUIA
oHikc. lleli cmMCcoK BUILIMBAE 3 aCOPTUMEHTY BMPOOIB, 1110 BUPOOJISIIOTH aMaTopy Ta Mai
MianpueMCTBa B YKpaiHi i sIKi HAUHI MpeacTaBieHi Ha BHYTPILIHbOMY PUHKY.

Ille pa3 migKpecJI0OEMO, IO BUIUIEHHS cepel KaMiHHS "mTOpOTOIiHHOTO",
"HaIliBKOIITOBHOro" abo "mekopaTMBHOIro" € Kiacu@ikKalliiilHOIO Ta CYTO TEOPETUYHOIO
Mpo0JIEMOIO, SIKY HEMAE CEHCY pO3IISIAATH Mif yac BUPILIEHHS MPaKTUYHUX i TUM Oijblie
€KOHOMIYHUX ITHUTaHb.

BapricHi criBBiZHOLIEHHS MixK TOTOBUMU BUpOOaMU Ta CUPOBMHOIO B rajy3i epepooKu
KOIIITOBHOTO KaMiHHSI MOXHa OOYMCIMTH, BUKOPUCTOBYIOUM TaOJMYHMU MaTepial, IO
peryisipHo myOiKyloTh B xXypHani "KomToBHe Ta nekopatuBHe KaMiHHs". CaMoperyJsilis
PUHKY TMPOAYKIIii 3 KOJbOPOBOIO KaMiHHSI BiAOyBaeTbcsl JiMile Ha 0a3i 3MiH B oOcsrax
CIIOXKMBAHHS 1 € Maiixke He3aJeXXHOIO BiJl BApTOCTi BUTpAaTHUX MaTepiajiB, €HEpProHOCIiB Ta
iHIIMX €KOHOMIYHMX YMHHUKIB.

[linHeceHHsT BUpOOHUIITBA y chepi BUTOOYTKY Ta BAKOPUCTAHHSI KOIITOBHOTO KaMiHHS
€ 3QIeXXHMM HaBiTh Bill MOMiiA, 1110 MalOTh 3araJIbHOKYJIbTYpHEe 3HaueHHs1. HegaBHiil cBiTOBUIA
nonuT Ha OyputuH (1992—1993) TicHO noB’sa3aHuii 3 moka3oM (inbmy "Tlapk OpchKOTo
nepiony” i MPOBEIEHOI0 TPAHCHAILIOHAJBLHOIO PEKIAMHOIO KOMITAHI€I0; JaBUHHWMA ITOIUT
Ha OUTy 3 YOpPHMMU IUIIMaMM MEKCUKAHCBKY SIIIMY, KU CIIOCTEPIira€Thcsl ChOTOAHI B
€spomni, — 3 mynbrdinemoM "CTo OmMH JaJMaTUHENB"; TIOMUT HAa BUPOOU 3 Hedputy Ta
pi3b0JIEHOrO araJbMaToJIiTy W MipodiniTy — i3 MpOBENEHHSIM MacIITaOHUX MPOMUCIOBUX
BUCTaBOK "HoBoro" Kurawo, Ha SKUX yMiJO, 3 pEKJaMHOI METOI0, BHMKOPHUCTOBYIOTH
Halikpalli JOCSITHEHHS CTapoJaBHbLOI KyJbTypU ApeBHbOTo Kwurai, sKi iCTOTHO
BiIPI3HSIIOTBCS Bil €BpoIreiicbkux. Lle cTMMysoe yTBOpEHHST BJAaCHOTO CErMEHTa PUHKY Ta
Micy Mpo 0COOJMBICTh KUTAMCHKUX TOBAPIB, XO4 00’€KTUBHO 11¢ TBEPIKEHHSI HE € BIpHUM.
Enoxa momysipHOCTi pocificbkoro majaxity B €Bporii po3noyanach i3 mepiioi mpoMUCcIoBOL
BuctaBku (1851, JIoHmOH), Ie poOCiiichbKi MiANMPHEMII TIPENCTABUIM "MalaxiToBy KiMHaTy"
i3 He3HaHoro B €Bponi KamiHHs. Takuii camuii "cruieck” TTOMUTY HA BHYTPIllITHBOMY PUHKY
koauiHboro Panmsincbkoro Coto3y Baanocs opraHizyBatu (1970—1980) i3 Bupobamu
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(roaTOBaHUM HAMUCTOM) 3 iHIOIMCHKOTO araTy Ha XBWJIi MOMyJsipy3allil iHAIAChKOI KyJIbTy-
pU Ta KiHO; KpiM TOTro, CIIpaIlloBajo Te, 110 TaKi pedi B Ti Yacu He OyJM BiIOMi BITYM3HS-
HOMY CIIOXMBaueBi. AHaJloTiyHe "migHeceHHs" Majau BUpoOM 3 Oiplo3u 3a yaciB BiliHU B
Adranicrani.

3 KOXHHM BiJOMUM KOIUTOBHMM KaMEHEM IIOB’SI3aHO 0araTo I[iKaBUX iCTOPUYHUX
¢akTiB i, MabyTh, KOXEH, XTO KOJMUCh KYITyBaB BUPOOM 3 KOJHbOPOBOIO KaMiHHSI, MOXeE
3rajaTv, YoMy BiH 1I¢ poOMB, I y OiIBLIOCTI BUMAAKIB 1Ie BimOyBaJlocsl HE TiJIbKM 3 OTIJISIy
Juiie Ha Kpacy. ToxX CIoXuBay COpUiiMaEe KOIITOBHE KaMiHHS 3 IMiABUIIEHUM iHTEpecoM
JIMIIE 332 YMOBU CTBOPEHHSI MEBHOrO iH(GOpPMaLilifHOro cepedoBMINA Ta 3 YpaxyBaHHSM
Tpamuiliii Toro yu iHmoro Hapoay. Craja crpaBeIIMBOIO JyMKa: KOJIM CIpaBa CTOCYEThCS
KOJIbOPOBOTO KaMiHHSI, Ma€ ceHC (popMyja: "Xouelll 3apoOUTU — BUAyMail HOBY 4YapiBHY
Kasky".

Po3ymitoun HeoOXigHicTh "MiAlITOBXyBaTU' TOBap A0 IMOKYIILS, Ha AHAPIiBCbKOMY
y3B0o3i B KueBi TOproBii KOIITOBHUM KaMiHHSM BUKOPHMCTOBYIOTH "KaM’SIHi" TOpOCKOIIH,
"KaMm’sIHY" MeIUIIMHY, iCTOpUYHi akTh Ta MicTU(iKalii Ijas CTUMYJIIOBaHHSI iHTepecy it
301IbIIEHHS TTONUTY. AJie 11i 1lle MPUMITUBHI 3acCO0M peKJIaMU He Aal0Th HUHiI MOXJIMBOCTI
nocsarty 6axaHoro ycmixy. Ille HeiHTerpoBaHe B IEBHOMY KYJbTYPHOMY Ta €KOHOMiYHOMY
MPOCTOPi YKpaiHChbKE CYCHIJIbCTBO 3aJMINAETHCSI ChOTOAHI MaJOCHPUUHSITIMBUM 10
npuadaHHSI KOIITOBHOTO KaMiHHSI.

3 IaBHiX YaciB, 3a CBITYEHHSIMU iCTOPYKIB Ta 3HABLIB KAMiHHSI, TCHAEHILisI 10 TBOPEHHSI
yrogo6aHb B MEBHOMY COILliaIbHO-KYJbTYPHOMY MpPOIIApKy TeX Maja Miclle i, 30Kpema, B
VYkpaini. byna emoxa mipodiniTy, Koau CTiHM XpaMiB NpUKpallaid 6apeabedamMu 3 1IbOIO
kameHio (IX—XII c¢T1.), emoxa OyplITUHY, eroxa YyepBOHUX KopaxiB. Hampuknazm, y
TMIOXOBaHHSIX XiHOK 4YaciB KuiBcbkoi Pyci apxeosoru yacto 3HaXoasiTh HaMKCTa 3 KOJbOPOBO1
IIMHY (Tak 3BaHa "KusiHULA"). SIK mpaBwio, 1Uisi BAPOOHMIITBA LIMX MPUKpac (sKi, A0 pedi,
BBaXXaJKCsI KOIITOBHOCTSIMU i oGeperamMu) BUKOPUCTOBYBAIU SICKPaBO-YEPBOHY IJIMHY;
3roJIoM, i3 MOSIBOIO 3aMOPCHKMX TpUKpac i3 YEepBOHUX KOpadiB, LSl Tpaaulisa Oyja
TpaHcOpMOBaHa B HalliOHaJbHE YMOAOOAHHS A0 YEPBOHUX KOpaJiB, SIKi € MPOCTO
SICKpaBilIMMU Ta MPaKTUYHUMU. TOX, HaBiTh TpaaMliiiHe TOHYAPCTBO, 110 OYJI0 BaXXKJIMBOIO
Ta XUTTEBO HEOOXiJHOMIO CIIPABOIO, CTAJO KOJMCKOIO JUISI CTBOPEHHSI CepeIHbOBIYHMX Ta
CyYyaCHUX KJIaCMYHUX OOpasziB, a 3pelITolo, CTWIiB B 0araThboX HaIpsMKaxX YKpaiHChKOTO
MUCTELTBA — XYJOXHbOMY JIIUIEHHi, MaJsIpPCTBi, KAMEHEOOPOOIIi.

Bigznaurmo, 1110 KyJIbTYpHi Tpaauliii 00poOKU KaMiHHS B YKpaiHi HeJOCTaTHbO BUBYEHI
1 IMIIAIOThCA 611010 TUISIMOIO" B HAlliOHAJIBHIM iCTOpIi, TOMY CJIiI 3a3HAYUTH, 1110 TPAKTUIHO
HEMOXKJIMBO 3pO3YMITU KyJbTYpHi TpaaMilii HApOiB, SIKIIO HE 3HATH iXHiX yIOA00aHb 1I0A0
KOIITOBHOTO Ta JEKOPATUBHOIO KaMiHHS Ta OCOOJMBOCTEN iX BUKOpUCTaHHs. Hampukian,
BaXKO YSIBUTH JOCHTiTHUKA iCTOPii, SIKWI1 HE PO3YMIE€ThCSI HA KaMEHSIX.

TakuMm YMHOM, TOBOPUTH PO KOJbOPOBE KaMiHHS Tpeba OKpeMo 3 OISy MPaKTUYHO
peajizoBaHUX Oi3HEC-MPOEKTIiB a00 HasIBHOI KyJbTypHOI TpaaMlilii, amke iX 3HA4YyLIiCThb i
€KOHOMIYHMI MOTeHIiaJl TTOBHO PO3KPUBAIOTHCS JMIIE Y BUPOOAX i3 HUX, Y NMPUYETHOCTI
IIMX BUPOOIB JO MEBHOTO iCTOPUKO-KYJIbTYPHOTO CE€peloBMILNA, B KOHTEKCTi IO,
MiHJMBOCTE MOIY, TpamMiliii Ta BIMOAOOAaHb.
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Jepx. remo. ueHTp YkpaiHu, Kuis Haniinua 14.05.2001

PE3IOME. PaccMOTpeHbI HEKOTOpPbIE O0LIKe MPOoGJIeMbl TEMMOJIOTMU U BbIIEJICHBI X KYJIbTYPHBIE, HCTOPHYECKUE U
rcuxosnornyeckue acnekTsl. [loquepkHyTa HEOOXOAMMOCTD Pa3pabOTKU HOBOW METONMKU OLEHUBAHUS KOJIEKLIMOHHBIX
U My3€HHBIX 3KCIOHATOB, CO3JaHMSI HOBBIX MH(MOPMALIMOHHBIX TE€XHOJIOTMil B T'€MMOJIOIMYECKON MPAaKTUKE U
3¢ GEKTUBHOIO UCMOIb30BAHUSI MUHEPAIBHO-CBIPEBON 0a3bl.

SUMMARY. Some general problems of gemmary are discussed, and their cultural, historical and psychologic aspects

are marked. Necessity to work out new evaluation methods of collection and museum samples, to create new information
technologies and to make sufficient use of mineral raw base is emphasized.
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MMUHEPARDTWYECKMA
HSGHAN

YK 549.1 (477.6)
B. C. MNaHoB

HoBoe B MuHepanorum
AoHb6acca u NMpuasoBba

OnucaHbl pe3y/bTaThl AETATbHBIX MUHEPATOrMYECKUX UCCIEOBAHUI PYIOTIPOSIBICHUIT M MECTOPOXIEHUI JIOHELKOrO
GacceitHa 1 [1pra30BCKOro KpMCTALIMYECKOr0 MaccuBa, OOHapyKeHHbIX 3a mociaeaHue 15—20 ner. HoBble Haxonku,
OTHOCSIILIMECS] K MPOCTbIM BELIECTBAaM, CYJib(UaaM U aHAJOTMYHBIM COeIMHEHUSIM, oKcuaaM, docdaram, cyibbaTam
JOTMOJNHSIIOT nepeveHb 10 229 B JonGacce u 10 230 u3BecTHbIX B [1pra3oBbe MUHEPATIbHBIX BUIOB.

JoHelnKuii KaMeHHOYTIoJbHbI O0acceiitH M IlprazoBCKUl KpUCTATIMYECKUIA MacCHUB
Ykpaunckoro mura (Y1) ObutM AeTaqbHO M3yYeHBl B MUHEPATOTMYECKOM OTHOIIEHUU K
koHI1y 1970-x rr. 6arogapsi 06001aIKM padboTaM GOJIBILION TPYITITBI T€0JIOr0OB HayYHbIX
yupexXAeHWI, By30B 1 MPOM3BOJCTBEHHBIX opranu3aunii Bo riase ¢ E. K. Jlazapenko [13,
14]. TMocaenyromumu padotamu [1—3 u 1p.| mepedyeHb 0OHapykKeHHbIX MUHepasioB JloHbacca
u ITpua3oBbsi ObUI paclIMpeH U JOTOJHEH HOBBIMU TaHHBIMU. BHUMaHMe vccienoBareseit
MPUBJIEKAJIM CAMOPOTHOE 30JI0TO, ajiMa3, cepedpo, CaMOPOAHBINA ATIOMUHUI, HOBasl IS
perMoHa HaxoJKa aJIOMUHMTA U JAPYTrMe MUHEpaJIb.

CamopoaHoe 30J10TO BbIssBIeHO Oojiee yeM B 30 Mectax JloHOacca, rie yCTaHOBJIEHO 3
MeCTOpOXIeHUsT, 7 pymomnposiBieHuid u 20 Touek MuHepanuzauuv. Cpeayd HUX JIydlle
uzyyeHo BoOpHUKOBCKOE MecTOpoXaeHUe, paclojoXeHHoe B HaroibHOM Kpsike
HeHTpanbHoit yactu oH6Gacca. C momolibio padpaboTaHHOTO Kadenpoil pasBeaKu
MECTOPOXIEHUI MOJIE3HBIX MCKOIMaeMbIX [IOHEIKOro rocyaapCTBEHHOIO TeXHUYECKOTO
yHuBepcuteta (JoHI'TY) HoBoro cmocoba J10KaJlbHOIO MPOTHO3a 30JIOTOPYAHOM
MMHEPAIU3alu ObUI ClieJIaH BBIBOJ O HAJIMUKM 3[1€Ch ITYOMHHOTO sIpyca 30JI0TOCYIb(hUIHON
muHepamusauuu. CkB. 634, mpobypenHas III'O "Jlyranckreosjorus” B 1989—1990 rr.,
MOATBepAMJIa 3T NporHo3bl [23]. B uHTepBane rayomn 580—1280 M OB BBISIBIECH
TIIYOWHHBINA PYAOHOCHBIN SIpYC, MPEACTaBIEHHbBI OOMJIBHBIMU XXUJIbHBIMU TPOSIBICHUSMU
KBapl-KapOOHATHOTO C Cyib(MHUIaMU U CAMOPOIHBIM 30JIOTOM cocTaBa. Haubonbliee nx
KOJIMYECTBO OBLIO BCKPHITO B MHTepBaie 720—1280 M mpu comepkaHuu B HUX 10 28,5 /T
3osota 1 103 r/T cepedbpa. B HekoTophix nHTepBaiax (320—720 M) MOLIHOCTb >KUJI COCTaBMJIA
oT 6 10 30 M nipu cpeaHeM coaepkaHuu 3050Ta 2,5—3,7 r/T. IloaydyeHHbIE HOBBIE JaHHBIE
10 YKa3aHHOM BHIIIIE U IPYTMM CKBaXXMHAM CBUICTEIBCTBYIOT O TOM, YTO, IO TTPOTHO3HBIM
pecypcaM, BoOpPHUKOBCKOE MECTOPOXICHHE MOXKET OBITh OTHECEHO K KPYIHBIM
30JIOTOPYAHBIM 00beKTaM YepHOCIaHIIeBoi opmaniuu. Cpeau pyIHBIX MUHEPAJIOB yyacTKa
MPU MUKPOCKOITMYECKOM M3YYeHMHM OBUIM OOHapyKeHBI CAaMOpPOAHOE 30JI0TO MpoOkl 770—
859, nupuTt, apceHONMUpPUT, cHaaepuT, raJleHUT, XaJIbKOIUPUT, OJIEKJIbIE PYAbI, MUPPOTHH,
draopeHcur, moHauuT. HepynHbie mpeacTaBieHbl KBapleM, aHKEPUTOM, KaJlbLIMTOM,
CEPULINTOM, XJIOPUTOM, 3MUAOTOM, anaTuToM. C IJIyOMHOI OTMeYaeTcsl MOBBIIIEHUE POJIU
MBIIIIbSIKA, HUKEJIST, XKeJle3a M CHMXKASTCS KOJTMYECTBO LIMHKA, CBUHIIA, CYPbMbI, YTO TMTPUBOINT
K OTHOCHUTEJIbBHOMY YBEJIMYEHUIO CPEIUd PYIHBIX MUHEPAJIOB KOJMYECTBA apCEHOMUPUTA,
MUPPOTUHA, TTOSIBIICHUIO repcaopduTa, 3aMelleHNI0 TeTpasipyuTa TCHHAHTUTOM U YMEHb-
LIEHUIO KOJIMYECTBA repMaHus B mupuTax. PasMepsl yacTtuil camopomHoro 3oyota bobpu-
KOBCKOTO y4YacTka, kKak 1 Ocrpobyropckoro B HarosbHOM Kpsike, MPEUMYILIECTBEHHO 110
0,2 mM. M3penka BcTpevyaroTcsl 30JIOTMHBI pa3MepOM OKOJIO 1 MM M 4pe3BbIYAHO PEIKO
3epHa B 2—5 mMm. [ToaToMy 0cob6oro BHMMaHUs 3aciy>kKrMBaeT oOHapyXeHue reojorom A. B.
IInpKyHOBBIM camMopoaKa 300Ta Maccoii 19,5 r u pasmepamu 3,0 x 2,0 cm. 1o ero yctHoMy
coobmeHunio, a takke 0. H. bparnna, 3ToT camMopomoK 30j10Ta ObIII OOHApYXXKEeH B ITOYKE
CUIEPUTA CPeIU MeCUYaHO-TJIMHUCTBIX Topoa BoOPHUKOBCKOTO KyIoia B 30HE BHIBETPUBAHMUSI
MPpU TIIATEIBHON TOKYMEHTALMU TPOMIECHHON 3/1eCh KaHaBHI.

Hapsiny ¢ oTKpbITHEM B MocIeaHEee BpeMSI 30JI0TOr0 OPYAEHEHHUs B TITyOOKHMX FOPU30HTaX
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BoOpUKOBCKOTO MECTOPOXICHMS OINPEACIUINUCH TEPCIEKTUBBI MPOMBIIIEHHONW 30J10TO-
HocHOcTH OJIbXOBaTCKO-BOJIBIHIIEBCKON aHTMKIWHAIW, 3aHUMAIOIEH TEPPUTOPUIO MPO-
TSKEHHOCTBIO 55—60 kM Mexny HUKWUTOBCKMMM PTYTHBIMM MeECTOpOXaeHussMu u Ha-
roJbHbBIM KpstkeM. B 1988 r. mpu mpoBeneHuu mouckoB pTytu I'opnosckoit 'PD 6buto
BBISIBJIEHO TepcriekKTHBHOEe OJIbX0BATCKOE MposiBieHue 30510Ta. OHO MPUYPOYEHO K CBOIOBOM
yactu OJIbXOBaTCKO-BOJIBIHIIEBCKOW aHTUKJIMHAIU, KOTOpasl SIBJISIETCSI COCTABHOW 4acThbIO
npoTskeHHo# ['maBHo# anTukiaMHamu JloHn6acca [32].

['maBHBIM PYyOIHBIM MUHEPAJIOM TPOSIBICHUS SIBIASICTCS MUPUT, CPeAd KOTOPOTO
BBIACISIIOTCS TPU TeHepaluyd, B TOM YMCIIEe 30JIOTOHOCHAsI ¢ ColepXXaHWeM MeTajlia 1o
150 r/T 1 6o7aee. B mecyaHukax mUpuUT ob6pasyeT cTpatudOpMHBIE 3aIeXKU, a B aprHJLIUTax
M ajJeBpPOJIMTAaXx — IPOCIOU MOIIHOCTBIO A0 15 cMm. KonamuecTBo mupuTa B OTAECIBHBIX
nHTepBanax oypeHust — 10—30 %. I[MupuTH3MpOBaHHbIE TOPOIBI COAEPKAT MHOTOUMCIIEHHbBIE
MPOXWIKU KBapIll-aHKEPUTOBOI'O COCTaBa C MEJIKOM BKPATUIEHHOCTbBIO TaJIeHUTa, cayepura,
TeTpasJapuTa, OyJlaHXepUTa, a Takxke IMpOoCeYKaMU NUKKHUTA, MHOTIA ¢ KUHOBAaphblO.
BceTpeueHbl Takxke MUHepanbl Hepuss — GJaopeHCUT U MoHanuT. [lomoGHOro poxa
MMHepaJibHasl acCollMalldsl XapakKTepHa ISl 30JI0TOMOJMMETAITMYECKUX MECTOPOXICHUI
HarosbHoro pyasHoro paiioHa, ocodeHHO boOpukKoBckoro 3osotomnposiBicHus. [lopomsl,
BMeEILIAIOIIME OPYACHEHUs, B CBOJIE aHTUKJIMHAIW XapaKTePU3YIOTCS WHTEHCHBHBIMU
MeTacoOMaTUYECKUMM M3MEHEHUSIMU. MeTacoMaTUThl COCTOSAT M3 BTOPUYHOIO KBaplia,
CEepULINTa, aHKEPUTA U MHUPUTA, YTO JejIaeT UX CXOAHBIMU C Oepe3uTamu.

Ilepsas TeHepalMsi MMpUTAa MUMEET OCAJIOYHO-IMArecHETUUEeCKOe MPOUCXOXICHUE U
MpeAcTaBjieHa TOHKO3EPHUCTBIMU C(epOUIaTbHBIMU BbIIEICHUSAMU B MECUaHUKAX, a TAKXe
OKPYIJILIMU CKOIUIEHUSIMU C KOJIoMOpHOI MUKpoTekcTypoil. Ko eémopoii reHepaunu
oTHocutcs 6ostee 90 % Bcero mupuTa pymomnposiBiaeHus. D1o ckomieHue meakux (0,1—0,7
MM) KPUCTAJUIOB U UX arperaroB B (hopMe JIMH3, OKPYIJIbIX CTSIKEHUI U TTPOCIOEB B MOPOIaX.
B apruinuTax 3TH BblIENI€HUs CIUIOLIIHOTO MUPUTa MHOTAA OKAWMIISIIOTCSI JOHOACCUTOM, a
TaKXe TepeceKaloTcs] MPOXUIKAMU KBapiia B 1—2 MM M IIpOoCeYKaMu AUKKWUTA. Tpembs
Pa3HOBUIHOCTD MUPUTA MPUYPOYEHA K MIPOXMIKAM KBapIl-aHKEPUTOBOTO COCTaBa, TI¢ MUPUT
HaOJIoaeTcsi B BUIE PEIKUX BKpAIUICHUM KPUCTAJIOB KyOMUYECKOTO M OKTa3IpUYeCKOro
rabutyca pasmepom okoyio 0,5 mMm. 1o cocraBy OKOJOPYIHBIX M3MEHEHWI, IIHPOKOMY
pacpoCTpaHEHUIO ITMPUTA C TTOBBILLIEHHBIM COIEePXKaHMUEeM MBIIIbsIKa U 30J10Ta OJIbX0BaTCKOE
MPOSIBIEHUE CXOIHO C MECTOPOXACHUSIMU 30JI0TO-KBaplIeBO MajoCcyIbpuaHol (popMalu
U ee cyJbGHOaHTUMOHMTOBBIM TMOATUIIOM. Hanmuue nepus m IUMPKOHUSI B MUHEpasax-
BKJIIOUCHMSIX B KOJYEAAHOTOAOOHOM MHUPUTE HAIIOMUHAET CYJIb(GUIHO-BKpPAIICHHbBIC
30JI0TO-PEAKO3eMEJIbHbIE PYIAbl B YepHocaaHLEeBbIX ¢dopmanusax TsHb-lllansa. JlaHHbIe
M30TOITHBIX aHAJIM30B CEePbI, KUCIOPOIa U BOJOPOAa MUHEPAIOB YKa3bIBAIOT HA TTyOMHHBII
BBICOKOTEMIIEPATYPHBI MCTOYHUK DPYAO0OpPa3ylUIUX PACTBOPOB, BO3MOXHO, B 30HE
aKTUBHOTO BJIUSIHUSI CKPBITOM MHTpy3uu [32].

HoBoii nns lonGacca siBasieTcsl 30J0TOpyAHAasT MuUHepanusauus KapiawH-TuIa,
BBISIBJICHHAs] CpelM KapOOHATHBIX OTJIOXEHMI B 30HE ero cowieHeHus ¢ IlpmasoBckum
KPUCTAJUIMYECKMM MAacCUMBOM. 31eCh IIIMPOKO MPOSIBJIeHA TUAPOTepMasibHasl IesITeIbHOCTbD,
0 YeM CBUACTEIbCTBYIOT MPOSIBJICHUS TOJMMETAJIOB, PTYTH, (byitoopuTa, aMeThCTa, 6apura
u apyroii MuHepanuzanuu. HegaBHo Ha CTBUIBCKOM MECTOPOXACHUU T0JJOMUTOB OYPOBBIMU

pabotaMy ObLIM BBISIBJIEHBI MEXAY FOpU30HTaMU C; u Clt:) Mayku KapOOHATHBIX MOPOJ

MoIIHOCThI0 2—10 M, obOorailleHHble KPEeMHE3eMOM U CEPOii, Cpeau KOTOPBIX TI'e0JoraMu
IMpuazoBckoit 'PD ObUIO ycraHoBAEeHO 30y0TO. [IpM cpemHeM colmepKaHUU cepbl BO
pMmetnamoiux nopoaax 0,01—0,2 % BeisgBiIeHHbIe ABe mayku cogepxat 0,33—0,58 %, 1. e. B
7,6—6,0 pa3 6onbliie. B 4,5—8,5 pa3 Gosblie cpeaHee KOIMIeCTBO KpeMHe3deMa (9,5—17 %)
npu ero poHoBoM comepxkanuu 1,7—2,8 %, 4TO CBUIACTEIBCTBYET O MPOSIBICHUSIX
OKBaplieBaHMS U cyabduausanuu [15]. B aTux 30Hax sHOAOreHHBIX U3MEHEHU B 27 nmpobax
KosnnuecTBO 30j0T1a coctapwio 0,1—1,0 r/T, B yeTbipex mpodax — 1—3 u B ogHOI npobe —
1o 13 r/1. Takum o6pa3om, pe3ynbTaThl 6oJiee 30 aHATM30B YKa3bIBAIOT Ha HaJIMYME 311eCh
30JI0Ta B TTOBBIILIEHHOM, BILJIOTb 10 TIPOMBILIJICHHOTO, KOJIMYECTBE, YTO TPeOyeT MPOBEACHUS
yoIyGIeHHBIX ccaenoBaHrii. OTMETUM, UTO 30JI0TO B HEPACTBOPUMOM OCTAaTKe KapOOHATHBIX
mopoJ, BoCTOYHOI0JJOMUTHOTO U APYTUX YYAaCTKOB 30HBI couwleHeHus Jlonbacca u [IpuazoBbst
OBUIO YCTAHOBJIEHO HAaMHOTO paHbliie [13]. 3aech OHO MMeeT BUA MIACTUHYATHIX BBIIEJICHUMA
pasmepamu 10 0,4 x 0,5 x 0,05 MM, BcTpedaeTcss BMECTE ¢ MEJIKUMMHU 3epHaMU KMHOBapH,
MUpUTa, KBaplia, 6apyrta U Apyrux MUHepanoB. [lepcrneKTuBHO onpoboBaHUEe KapOOHATHBIX
MOPOJI HUKHEMEePMCKOT0o Bo3pacTa B LIEHTPAJIbHOM YacTU U APYTUX MecTax OacceiiHa, Tae B
IUIacTax JOJIOMUTOB R,, R; M Jp. yCTaHOBJIEHA CyJb(MAHAs BKPAIUIEHHOCTb (TajJeHMT,
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ctaneput, TUPUT), COMPOBOXKIAEMast KaJbLIUTOM, KBaplieM W APYTMMHM MHWHEpaJaMu.

B Jlon6acce nmeroTcst Takoke Clieibl MHOTOUMCIIEHHBIX POCCBHIITHBIX MTPOSIBICHUM 3010Ta,
B TOM YHCJI€ C BBICOKMM comepxXaHueM Meau (1o 15—26 %). DTo yCTaHOBIIEHO B JIpeBHE-
YETBEPTUYHBIX AJTIOBUAJIBHBIX OTJIOXEHUSAX peK KpbiHKa 1 MuUyc B FOXKHOI YacTH peruo-
Ha, B BEPXHEKAMEHHOYTOJIbHBIX M HUXHEMEPMCKUX MecuyaHuKax baxMyTCKoOil KOTJIOBUHBI
u B EHakueBckoMm paitoHe. Haxomku BBICOKOMEOMCTOTO 30j0Ta (Kympoaypuaa) MMEIOT
BaXXHOE METaJUTIOTeHUYEeCKOe 3HauYeHUe, CBUACTEIbCTBYSI O HAJIUYMU B PETMOHE U €ro o0-
paMJICHUHU ellle HE BBISBICHHBIX KOPEHHBIX MCTOUHUKOB Takoro 3osiota. Cieabl poCChII-
HOTO 30J10Ta OOHAPYXEHbBI B IPUOPEKHO-MOPCKUX KOHIJIOMEpaTax M MecyaHUKax CpeaHei
I0phbl Ha ceBepo-3arajae Jlon6acca B paitoHe roponoB CiaBsiHCK U M310M B Bujie IJIaCTHH-
YyaThIX ¥ KOMKOBAaTbIX YacTuil pasmepom 0,1—0,25 MM, ero mpoba usaMeHsietcst ot 650—700
1o 800. 3Haku 3o0j0Ta pasmepoM 0,04—0,15 MM yCTaHOBJIEHBI TaKXKe B OTJIOXEHMSIX BEPX-
Hero Mena, TajeoreHa M HeoreHa. Hamboisiee ollyTMMbIE €ro KOJWYecTBa coaepKarcs B
MecKax 20lieHa B palioHe MujiepoBo M Mopckux rajeyHukax HopomaxtuHcka. Takum
00pa3oM, MPUCYTCTBUE 30JI0Ta YCTAHOBJICHO IMPaKTHMUECKU Ha Bceil rurtomanu JLoHEelKOro
bacceiiHa Mo BceMmy cTpaturpauueckoMy pa3pe3y — HauuMHas OT HMXXKHEro kKapOoHa
(3omotunbl pazmepamu go 0,05 x 0,4 x 0,05 mm B m3BecTHsikax JloKyyaeBcka) W 10
YETBEPTUYHBIX OTJOXeHUI. Eci MpUHSATH BO BHUMaHKE TIOCASTHUE HAXOAKH 30JI0TOPYTHOM
MMHEpalIM3aluu K CeBepo-3amaay M ro-Boctoky ot HaroiwHoro kpstka (OJbXoBaTCKO-
BonbiHIIEBCKasl aHTUKJIMHAD, ¢. boaasipeBo 1 ap. PocToBckoii 001.), TO clieayeT rOBOPUTh
0 HaJIMYUU 30JIOTOPYAHBIX W MHBIX THAPOTEPMAaJbHBIX IMPOSIBICHUN BIOJb [J1aBHON
aHTHKIMHaIM JJoHOacca Ha TpoTsokeHUU 10 150 KM, T. €. 0 MacluTabHOCTH MPOMCXOIUBIIIMX
3IeCh pya000pa3yoIIUX MTPOLECCOB.

YCcTaHOBIEHBI U OTHOCUTEIBLHO M3Y4YEHBI B MOCJIEIHEE BPEMSI PYIOIMPOSIBICHUS U
MecTopoxkaeHusl cepedpa. Hauboisiee kpynHoe u3 Hux — 2KypaBcKoe cepeOpopyaHoe
MECTOpPOXIEHUE, PACIOJOXEHHOe B BOCTOYHON 4actu HaronbHo-TapacoBCKOro pyaHOTo
nojst HaronbHOTO Kpsika, KOTOPOE MPEACTABICHO XWJIbHO-TPOXWIKOBBIM TUIIOM 30JI0TO-
cepebpsiHO pynHoit ¢opmauun. Ha mMecTopoxXmeHUM BBISIBIEHBI HECKOJbKO TUIIOB
cepeOpsIHBIX Py, pa3IWyarolIuXcs MO COCTaBy PYA000pa3yolIMX MUHEPAJIOB, TNIABHBIMU
U3 KOTOPBIX SIBJISIIOTCS TAJICHUT, ChalepuT, apCEHOMMPUT U TETPa3ApUT, KOHIIEHTPUPYIOLIUe
cepedbpo. ObOpazoBaHKMe KOHAMIIMOHHOTIO CEpEeOPSIHOTO OpYIEHEHMSI CBSI3aHO C TO3THEM
Gazoii cepedpo-cyaIbPUIHON MUHEPAIM3alMK, HAJIOXKEHHON Ha BCe MPEALIeCTBYIOIIME TUTIBI
opyneHeHus: [2]. [IpoMbllJIEeHHOE coaepXaHUe cepebpa yCTAaHOBJIEHO TakKxXe Ha
BepectsHckoM MecTopoxaeHUM baxmMyTckoil KOTJIOBMHBI. Bwmeliawoiine mopoabl
KapTaMBbILLICKOW CBMTHI HUKHEH TEpMU MpPENCTaBICHBI M3BECTHSIKAMHU, NMEeCYaHUKAMM M
aJieBpOJIMTAMM M COJEPXAT MEJKYI0 BKPaIlJICHHOCTb XaJIbKO3MHA, MajlaxuTa, a3ypuTa,
XaJbKONupuTa, 60pHUTA, cdajepuTa, rajeHuTa, KoBeiaunHa, nuputa. OpyaeHeHUE
cepeOpoIoIMMeTaNTNYeCKON (popMaliMi KOMILIEKCHOEe — C coaepXaHueM Meau ao 3,85,
unHKa 10 1,45, cBuHua 10 1,2 % v mpOMBIIIJIEHHBIM KOJIM4YecTBOM cepebpa [2]. CremyeT
OTMETUTh, YTO, MO MMEWIIMMCS JaHHBIM, B MEIUCTBIX IecuyaHuKax baxmyTckoii
KOTJIOBMHBI YCTAaHOBJICHO 30JI0TO B KojuudectBe no 0,4—0,24 r/T u clieabl nauiagus
(anamutuk A. A. IOmmH, UTMP HAH Ykpaunsr).

A. @. ToposbiMm u 0. I1. lllyGuHeIM B Mopogax TeppukKoHa maxThl "KpacHbrit
IMaprusan” (Jlyranckas 0061.), pazpabaTbiBalollell YTOJAbHBIE IJIACTBI ks U Kg, a 3aTeM B
YIJIUCTO-TJIMHUCTBIX apriiuTax CeBepHO#l aHTMKIMHaMU (J0KaHCKMiIT yyacTOK) B BUIIE
XKWIOK 10 1 cM ObutM oOHapykeHbl HOBbIE i JJoHOacca MUHepaabl — LIMHKUT (KpacHast
uuHKoBass pyaa, ZnO), npyctuT (Ag;AsS;), a TakKe TETPasAPUT C IMOBLILUEHHBIM
colepXaHueM cepebpa. DTU MUHEpaiabl TUAarHOCTUPOBAHBI PEHTICHOCTPYKTYPHBIM,
MMKPOCKOMUYECKUM, J1a3ePHO-CIEKTPaIbHBIM METOAAMMU.

CaMOpOIHbBIi aTIOMUHUIA, HECMOTPS Ha BbICOKUH (8,05 %) KilapK 3TOro sjeMeHTa B
3eMHOI KOpe, BCTpeyaeTcsl OYeHb PEAKO, UTO OOBSICHSETCS ero XMUMUUYECKMMU
0COOEHHOCTIMU. MUKPOCKOIIMYECKUE 3epHA CAMOPOIHOIO aIIOMMHUSI ObUIM OOHApYKEHBI
B. . Kynenko npu aetaibHOM MUHeparpaduyeckoM usydyeHuu pya HUKMTOBCKOTo pTyTHO-
pyaHoro mons B Jlon6acce [12]. CaMoponHBIil aTIOMUHKI BEISIBJIEH Ha TPEX MECTOPOXKIEHUSIX
Huxkutosckoro mosst: moaykynosne Hoom (ueHTp pyaHoro moiist), YepHoit Kypranke
(3amamHblii ¢uianr), 2Kene3HsiHKe (BOCTOUHBIN (uiaHT). DTOT MMHEpasl HaiileH B 00pa3liax
OKBapIIOBAaHHBIX MMECYAaHUKOB M3 30H ApoOsieHus1. B aHuuMbax oH MMeeT BUI MEIKUX (10
0,5 MM) BbIIEJICHUI, OOBIYHO 3aMOJHSIOLIMX MHTEPCTULIMM MEXIy 3epHaMu KBapla. Pexe
aJlOMMHUI OTMEUYEH Ha KOHTaKTe 3epeH KBaplla M KMHOBapu. B oTpakeHHOM cCBeTe
CaMOPOJHBINM allOMMHUI GeJoro 1BeTa MU MMEET BeChbMa BBICOKYIO OTpaxaTeJbHYIO
croco6HocTh. Ero Mukporsepaocts ot 83 mo 118 kr/cM?2, 4eTKo BbIpakeHa aHU30TPOIIMSL.
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PeHTreHOMeTpHrUeCKe MCCACIOBAaHMS TTOKA3aJId €r0 COOTBETCTBUE METATTMYECKOMY ajlio-
muHuo (ICPDS 4-0787). YcraHoBiaeHBI MpUMECH PTYTH, LIMHKA, Xeye3a, Meau. ['eHe3uc
CaMOPOJIHOTO aJIOMMHHUS B pa3apoOJeHHBIX PYIOHOCHBIX INMecyaHWKax HUKUTOBKHU
00BsSICHSIETCS KpUCTAJUTU3AlIMEel 3TOro 3JIeMEeHTa U3 Ta30BOi (pa3bl MOIITHBIX TOTOKOB METaHa
M YTJIEKUCIOTO ra3a B MEPUOJ aKTUBU3ALUU TEKTOHMYECKMX HapymeHuit [12].
PacripocTpaHeHre caMOPOIHOTO aJIOMUHUS U, BEPOSITHO, IPYTMX MUHEPAIOB CAMOPOIHBIX
3JIEMEHTOB B 36MHOI KOpe, CyJsl 10 3TOi HaXOJIKe, MOXET ObITh TOpa3io 6oJsiee IMIMPOKUM,
YyeM CUMTAJIOCh paHee.

HoBblii BUI TJIMHO36MHOTO MUHEPAJTBLHOTO ChIPbSl B YKpaHe — MUHEpal aTlOMUHUT
(AL[(OH),SO,]-7H,0) — ©Obl1 0OHapyXeH cpeau NOJOMUTOB HIXKHEro KapboHa B 30HE
couneHenust JJonbacca ¢ INpuaszockum maccuBoMm Y1 Ha ceBepHoOil okpauHe c. CTblia.
JeTaabHble U30TOMHO-UH(PACTPYKTYpHBIE HMCCAENOBAaHUS aJIOMUHUTA MU
COKPUCTA/UIM3YIOIIMXCS MUHEpajaoB (MMpuUTa, KBaplia, KajiblIMTa, TWIICA, CEJIalOHUTA),
npoBeaeHHbIe B. M. ApTeMeHKO W [p., TMO3BOJWJIM BBISIBUTH JBa TUIA aJIOMUHHUTA:
TUAPOTEPMANIbHBI M TUIIEPreHHBIH W YCTAHOBUTHb (PU3UKO-XUMHMYECKHE YCJIOBUS UX
dopmupoBanusg [1]. B 1998 r. B 3TOM paiioHe BIlepBble Oblia BBISIBJIEHA HEOOBIYHAS
kpanpgamumrosas (CaAl,(OH),[PO,],-H,0) amomodochaTtHas munepamusauus [31], 4ro
MO3BOJISIET CYMTATh 3TOT paiiOH IMEPCIEKTUBHBIM JUISI TTOMCKOBO-TIPOTHO3HBIX PabOT Ha
HOBBI1 BUJIl TTTMHO3EMHOTO ChIpbsi. XMMUYECKHWI COCTAB aTlOMUHUTA (110 JaHHBIM aHAJIU30B,
BbIMoNHeHHBIX B YKpT UMP, 1998 1.), %: Al,O; — 22,99—-30,27; SO; — 20,00—25,17; SiO, —
0,16—5,12; CaO — 0,37—3,46; MgO — 0,03—0,13; K,0 — 0,03—0,38; Na,O — 0,11-0,17;
Fe,0; — 0,63—1,29; CO, — 2,71-6,77; H,0* — 15,55—24,14; H,0~ — 21,42—-22,57.

Ha rore [lon6acca — B AMBpocueBcKoM paifoHe pabotamMu YKpI' MMP Obl1r OTKPBITHI
JIBa HOBBIX MEPCHEKTUBHBIX MecTopoxkaeHUsl docdaTHbIx pyd: HoBoamBpocueBckoe u
OcbikoBckoe [3]. Topu3oHT GochOpHUTOB MOIIHOCTHIO 5—6 M MPUYPOYEH K KAMITAHCKOMY
SIpyCy BEpPXHEMEJIOBBIX IOPOJ, MPEACTABICHHBIX MECYaHUCTHIMU MEprejisiMu M KBapli-
IJIAaYyKOHUTOBBIMU TIeCUaHUKaMU. MuHepaibHbIi cocTaB (DOCHOPUTHBIX Py CPABHUTEIHHO
npocT: ¢GochOopUT B BUIE 3€PeH U X CKOIUICHU, a TAKXKe MEJKMX KOHKPELWii, TJIayKOHUT,
KBapll, KaJblIUT, TJIMHUCTbIe MUHepasbl. ClemnyeT OTMETUTh BaKHYIO OCOOEHHOCThH PYI:
dochop HaxoguTcss He TOJABKO B (docdopuTe, HO U B 3epHAX IJTAyKOHWUTA ) B XOPOIIO
ycBamBaeMoi pacteHusiMu dopme. Hapsimy ¢ kanvem, TMPUCYTCTBYIOIIMM B TJIAYyKOHWUTE,
9TO JeJlaeT IJ1ayKOHUTOBbIE KOHIIEHTPAThl HOBBIM YHUKAJIbHBIM YIOOpEHUEM C
nepcnekTuBoii. Heo6xonqumo Takke MOAYEPKHYTh IKOJOTMUYECKYIO YMCTOTY JOHEIKUX
dochopuToB, coaepxauniux B Tpu-TiaTh pa3 meHbie U, Y, Zn, As, Cd (mo 100 pa3) u
JIPYTUX TOKCHUKAHTOB IO CpaBHEeHUIO ¢ ¢ochoputamu u3 Amkupa, TyHuca, Mapokko u
Cupuu [3].

B donbacce 3apoauaoch U YCIIEIIHO Pa3BUBAaeTCsl HOBOE HAIlpaBJeHWE B U3YYECHUU
MMHEepaJbHBbIX 00pa30BaHUIi, CBSI3aHHOE C MCCICIOBAHUSIMM TEXHOTEHHBIX MUHEpPAJIOB,
00pa3ylolInXCcsl B pe3yJibTaTe MCceBIo(yMapoJbHON AESITEIbHOCTU TOPSIIIUX TEPPUKOHOB.
N3 1257 Takux TeppMKOHOB 35 % moaBepXeHBI MpPOLlECCaM CaMOBO3TOpPaHUS YIJs.
UccnenoBanust 6onee 100 mpo6 TeXHOTEHHBIX MUHEpPaJOB TEPPUKOHOB JOHELKO-
MakeeBCKOro M APYTruX YyIJeNpOMBILIJIEHHBIX pailoHOB [JoHOacca, NMpoBeleHHbIC B
nabopatopusix UT'MP HAH YkpauHbl ¢ TOMOIIBIO pEHTI€HOCTPYKTYPHOTO U IPYTHUX BUIOB
aHaAJIM30B MUHEPAJIbHOTO BEIlIeCTBa, TTO3BOJIWIIM BbISIBUTH CJICIYIOIIYI0 HEOMUHEPATIU3aLIMIO:
camMopojaHasl cepa, HallaThlpb, MAaCKaAHbUT, TaJOTPUXUT, MUKKEPUHTUT, XaJIbKAHTUT,
aJlyHOTeH, peayibrap, YepMUIUT, COMOJIbHOKUT, TaMapyruT, MeJIaHTEepUT, IeKCaruIpur,
JIETOBULIUT, 3TICOMUT, MYJUIUT, TeMaTUT, aMMOHUeBas ceautpa, K-, Na-kBaciibl, aHTUIPUT,
rurnc. MHoTue U3 HUX YCTAHOBJICHBI BIIEPBbIC, YTO PACIIUPSIET CIIMCOK M3BECTHBIX MUHEPAJIOB
Honb6acca [26].

OnHO U3 KpymHelIux B MuUpe HUKUTOBCKOE PTYTHOPYAHOE MOJIE CIYXKUIO
TPAAULIMOHHBIM OOBEKTOM HCCJIENOBaHUI, MpoBeaeHHbIX reosoramu JoHI' TY B 1980—
1990-¢ rr. MccaemoBaHo comep:kaHue 30JI0Ta U cepebpa B KWHOBApU M aHTUMOHUTE Pa3HBIX
ero mectopoxneHuii: Codueckoro, YerapHukckoro, YepHOKYypraHcKoro, a TaKXe
noaykynona Hosslit u BepoBckoro pymomposiBieHuss B EHakueBckoM paitoHe. HoBbie
JaHHBIC TT0Ka3aJM, YTO CpeJHee comepkaHue 30JI0Ta B KWHOBapu Bapbupyet: oT 0,015 mo
0,030, B antumonute coctapiser 0,020—0,025, B mupure — 0,030 r/1. CpeaHee KOJUIECTBO
cepebpa yBenumuuBaeTcsi B psany: KuHoBapb(0,01—0,04)—nupur(0,030—0,21)—
antumoHuT(0,07—1,17 1/T). Hambosee oboraiieH cepeOpoM aHTUMOHUT BepoBckoro
PYIOOIPOSIBJIEHUSI, PACIOJOXEHHOro 3a mnpenejaMu HUKUTOBCKOro pyaHOro IoJisg, Ha
3anagHoM 3aMblkaHuM OJybXxoBaTCKO-BosbIiHIIEBCKOW aHTHKIMHamU [19].

CrenyeT OTMETUTb HaXOJKy peajibrapa cpeau opyaeHebIx MecyaHuKoB 2Kee3HSIHCKOTo
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MecTopoxaeHus: HUKUTOBCKOTrO pymHOro IoJjsl. DTOT MUHEpasl acCOLIMUPYET ¢ MapKas3u-
TOM, KBaplieM, aHaTa30M, PEMEPUTOM, MOJIUOIEHUTOM U IMKKUTOM. 1o M30TOMHOMY CO-
CTaBy cepbl peajbrap 0JUM30K K KUHOBApU M aHTUMOHMTY MPOMYKTUBHBIX CTaAMil MUHEpa-
ym3auuu. B rry6okux ropusoHtax CodueBckoro mecropoxaeHuss HUKUTOBKM cpeau my-
CTOT B 30HAaX JPOOJICHUS PYJAOHOCHBIX MTECYaHWKOB BCTPEUAIOTCS HATEYHbIE KOPKO- U TPO3-
JIEBUIHBIC MUPUT-MApKa3UTOBbIE PYAHbIE OOpa3oBaHUS, MOKPBITHIE MHOTOYMCICHHBIMU
MeJIKUMU (10 1—2 cM) CTajlakTUTaMH, pacTyllIMMU OT 00llero ocHoBaHus. Pexe oGHapy-
JKUBAIOTCS 00Jiee KpymHble (0 5 ¢M) OTHeIbHbBIE PYIHBIC CTAJaKTUTHL. [10BEpXHOCTH CTa-
JIAKTUTOB yCesTHa PBIXJIBIMU BOMJIOKOMOAOOHBIMU OTOPOYKAMU U TTBUICBUIHBIMM TTPUCHITI-
KaMy TOHYANIIMX WTOJOYeK aHTUMOHMTA. B TorepeyHOM CeueHUU pydHbIE CTAaKTUThI
MMEIOT KOHIICHTPUYECKU-30HAJIbHOE CTPOCHUE C YepeJoBaHUEM DPa3HbIX IO CBOCH CTPYyK-
Type CJIOEeB, CIOXEHHBIX B OCHOBHOM MapKa3MTOM, YTO MOATBEPXIACHO MUKPOCKOMUYEC-
KMMM MCCIAETOBAHUSIMM U PEHTTEHOCTPYKTYPHBIM aHanu3oM. CTporo BepTUKaJIbHOE pac-
MOJIOKEHUE CTaJIAKTUTOB CBUIETEJIbCTBYET 00 OTCYTCTBUM TEKTOHUYECKUX MOIBMXKEK IO-
cie (popMHUpPOBAaHUST STUX PYAHBIX 0Opa30BaHUII HA 3aKJIIOYMTEIBHOM CTaIiMU MUHEpaIn3a-
. ITo U30TOMHOMY COCTaBy cepa MapKa3WTa CTAJaKTUTOB XapaKTepU3yeTCs IMOBBIIICH-
HBIM copepxaHueM "nerkoit” cepsl (8S3* 21,1 %), 4To rOBOPUT 00 AKTMBHOM YYacTUU B
3aKJIIOYUTEIBHON CTalMU TUAPOTEPMAJbHOIO Ipoliecca CyIbMUIHON cepbl BMEILIAIOIIMX
opyreHenuss mopona [20]. Kpome HuUKHMTOBCKOro pyaHOTO ITOJNs PYIHBIE arperaThbl
KOJIJIOMOP(HOTO CTpOeHUsI OBbLIM YCTAaHOBJICHBI TakKXXe Ha MeCTOpoxXneHusix HarombHoro
kpsxa, IlokpoBo-KupeeBckoM ¢(I00OpUTOBOM MecCTOpoXaeHUM, KoMcomMoiabCcKOM
CBMHIIOBO-IIMHKOBOM TIPOSIBJICHUM, B M3BECTHSIKaX HMXHEro KapboHa Ha tore JloHbOacca,
YTO CBUOCTEJILCTBYET 00 y4acTUM B UX (POPMUPOBAHMM KOJIOMIHBIX PacTBOpoB. Takasi
reHeThYecKasi 0COOEHHOCTh MHHEpalooOpa3oBaHusl B JloHeUKOM OacceiiHe oOyciioBjieHa
UX 00pa3oBaHUEM TIPU OTHOCUTEIbHO HU3KOM BHEIIIHEM JIaBJICHUU B YMEPEHHO IJTyOMHHBIX
U TIPUTIOBEPXHOCTHBIX YCIOBUSIX.

Cnenyer otMeTutb, uTo XOTs Ha 01.01.1994 r. Ha HUKUTOBCKOM PTYTHOM KOMOMHATe
yucnuiaoch 18,2 MITH T pyabl co cpeqHuM coaepxanuem 0,122 %, wam 22260 T Metanna,
paboThl MO MOObIUE M BBIMJIABKA PTYTH 3/1€Ch OCTAHOBJIEHBI. DTO OOBSICHSAETCS PE3KUM
CHUXXEHHEM CITpoca Ha Hee Ha MUPOBOM PBIHKE M3-3a TOKCUYHOCTH PTYTU B OBITY, MpU
MPOU3BOJICTBE KAayCTHUKA, B JIECOOYMaXKHOU MPOMBILIJIEHHOCTU U Ipyrux orpacisax. C 1989
mo 1993 r. mpou3BOACTBO PTYTM Ha KOMOMHATe CHU3WIOCh ¢ 545 mo 50 T B rom; YKpanHa
noTpebsiia uib 18 % npousBeaeHHo# B Havyane 1990-x rr. prytu. Ipu 1eHe 3a 1 Kr Ha
MHpoBOM pbIHKe 2,9—3,5 nomut. CIIA nmpou3BOACTBO PTYTH M3 HUKHUTOBCKMX PYI CTaJlo
HE3KOHOMHUYHBIM U3-3a PE3KOro pocTa 1LIeH Ha 3JIeKTPO3HEPTHI0, TOPHOE 000pyIOBaHUE
u T. a. [losTomy B Hacrosiiiee BpeMmsi pyoAHUKM HUKUTOBKM HaxomsTcs Ha "MOKpOii"
KOHCepBalvHu.

JeTanbHO M3y4Yajach PTyTHasi MUHEpaJu3alnsl B AMBPOCHUEBCKOM paiioHe, HamboJiee
WHTEPECHBIC TPOSBIEHNUS KMHOBApU ObUIM OOHApy>Ke€HbI Ha BOCTOUHOM 3aMbIKaHUU
AMBpOCHEBCKOTO KYIlOja, TJe IMpOCeXXruBaeTcs AalKOBBIA Tosc JamMrpodupoB. 3aech
YCTaHOBJIEHA BUAMMAsT KWHOBAapHasi MUHepaau3alysl, MpuypodeHHas OObIYHO K KOHTaKTaM
JaeK JaMmnpodUpoB C BMEIIAMOIIMMM TMeCYaHO-TJIMHUCTBIMU MOpoJaMu KapOoHa.
Bkparnenust kuHoBapu pasmepom g0 1,0—1,5 M conpoBOXIAIOTCS TUPUTOM, TaJICHUTOM,
canepuToM, XaJIbKOMUPUTOM, a TaKXKe AUKKUTOM M KapOOHaTaMH.

N3zyueHune Mopoorum u coctaBa MUPUTA U3 YroJIbHBIX I1acToB JJoHOacca mokasano
HUX OCaZOYHO-AMAreHETUYECKOE MPOUCXOXKICHUE W HAJIMYME B HUX BJICMEHTOB-IPUMECEii:
Mn — g0 0,46 %, Ni — go 0,005, Ti — mo 0,25, Cu — mo 0,025, Pb — 0,015, Co — mo
0,0003, As — gmo 0,05 %. OnpeneneHsl 3HaueHMs1 mapameTpa g, — 5,4169—5,4198, uto
3aBUCUT OT coiepxaHusi Mn u Ni. [lo COOTHOLIEHUIO 2JIEMEHTOB-IIPUMECENd B MUPUTE
Jonbacca ycTaHOBJIEHO, YTO 3TOT MHUHepaJ, KaK U BMelIalollKe €ro ocaaodyHblie
00pazoBaHUsi, chOPMHUPOBAJICS B IPECHOBOIHbBIX YCIOBUSIX. B HUX OTMevaeTcst MOBBILLIECHHOE
colepXaHue BJEMEHTOB € XaJlbKO(WIbBHBIMU CBOWCTBAMU IO CPABHEHUIO C TAKOBHIMU B
MUPUTE U3 MOPCKHUX OTJIOXEHMI. YCTaHOBJICHA 3aBUCUMOCTb U3MEHEHUSI ITapaMeTpOB KpH-
CTAJIJTMYECKOM pelleTKM OT MapKu YIJIeil M cocTaBa 3JIeMEHTOB-TIpMMeceill B HUX, OCOOCH-
HO Ni, Mn n Co. Iloka3aHo, 4TO IjIsI TUPUTOB KyOMYECKOTO, pOMOOIOIEKADI-PUIECKOTO
1 OKTa3JpPUYECKOTO rabUTYCOB XapaKTEpHO IMOCTENEHHOE YBEJIMYEHUE MapaMerTpa a,, YTO
3aBUCUT TakKXKe OT CTelleHM MeTaMopdu3ma yrjieii — OT ra3oBbIX A0 aHTpauuTtoB [17].
DKOJIOrMYecKoe 3HaueHUe pe3yIbTaTOB UCCICIOBAHUI 3aKIl0YaeTcss B TOM, YTO Ha UX OC-
HOBE MOXHO Yy4ecTb mocTyruieHue As, Pb u IpyrMx TOKCHYHBIX 3JIEMEHTOB B OKpYXKalo-
LIYI0 CpeAy MPU MPOMBIILICHHOM WJIA OBITOBOM MCIOJIb30BAHUU JOHELKUX YIJICH.

B [IlpuazosckoMm 6ioke Y1 camopomHoe 30/0TO BIEpBbIe ObLIO OOHApPYKEHO B
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1952 r. Ha MajOSTHUCOJLCKOM MEIHO-PYIHOM IpOsIBICHUM. Ero mpucyTcTBue B MMKPO-
CKOITMYECKOM KOJMYECTBE, MO AAHHBIM CIEKTPaJbHBIX U MHBIX aHAJIU30B, OTMEYaeTCs
MPAKTUYECKM BO BCEX KOMILIEKCAX NOKEMOPUIMCKMX KpHUCTauIMyeckux mopon. OmHako
HauboJjiee KPYyIMHBIC MPOSIBJICHUSI CAMOPOAHOIrO 30J10Ta, BIUIOTH A0 IPOMBIILICHHOIO
conepxanus, yctaHoBieHbl B 1990-x rr. I'TTI "Kuposreosnorust” B pe3ynbrate npoBeACHUS
MMOMCKOBO-PEBU3UOHHBIX paboT Ha 30J0T0 B COPOKMHCKON TEKTOHUYECKOM 30HE,
30JIOTOHOCHOCTb KOTOpO# Obla ycraHoBieHa eiie B 1970-x rr. [30]. B aroii 30He K
HACTOSIILIEMy BPEMEHHM BBISIBJIEHAa CepUsl TIEPCHEKTUBHBIX 30JIOTOPYAHBIX TposiBaeHuil. Ha
tpex u3 Hux (Cypoxckom, AHapeeBckoM M COpPOKMHCKOM) NpOBedeHa OlleHKa
MepCIeKTUBHBIX pecypcoB [5]. BoisBieHHass OypeHUeM pyaHash MUHepaau3alus JeTalbHO
n3yyeHa Ha CypoXCKOM MeCTOpOXIeHHM 30ji0Ta. OHa mpejacTaBicHa 371eCh CAMOPOIHBIM
30JI0TOM, CyJAbGUIaMU, TEJIYpUIAMM, apCeHUIAMU, cyabdoapceHUAAMU, OKCUIAMHU U
Bosbdpamaramu [8, 9]. 30JI0TO MPUYPOUYEHO K PYAOHOCHBIM CYJIbGUIN3ZUPOBAHHBIM
METacoOMAaTUTaM, CJararolliM OCHOBHBIE PYAHBIE Teja, W CBA3aHO, IJIaBHBIM 00pa3oMm, C
KBapleM. 31ech CoaepKaHue 3010Ta focturaet 114 r/T pu ero KoJauM4ecTse B pyIOHOCHOM
MarHeTuToBoM kBapuure 3,24 r/T. OCHOBHAasl 4aCcThb CaMOPOIKOB 30JI0Ta UMEET pa3sMepbl
0,01—0,02 MM, peaku 3om0TuHBI 10 0,1—0,5 u eme pexe no 1—2 mMM. ITog MUKpocKoImoM
BUIIHBI OKPYTJIbIE BKJIIOUEHUS 30J10Ta B XaJIbKOITUPUTE U MMUPPOTUHE, a TAKKE UX COBMECTHbBIC
cpacTaHUsl ¢ pe3KMMU KOHTakTaMu. Mopdosorus 30J0TUH pa3Has: OT KCEHOMOP(MHBIX
BbIICJICHUI pa3HOi (pOPMBI BIUIOTh OO MPOKUIKOBBIX U aBTOSMUTAKCUYCCKUX HapacTaHUI
B BUJIC HECOBEPILIEHHBIX MHOTOIPAHHUKOB Ha IMOBEPXHOCTH KCEHOMOP(MHBIX €r0 BbIICICHMIA.
ITpo6a 30J10Ta BRICOKAsT U OYeHB BhICOKast (926—983), B e AMHUYHBIX CITyYasiX OHa CHUKACTCST
10 869. TunoMopdHBIMU 3JIEMEHTAMU-TIPUMECIMU B 30Ji0Te sBiIsTIoTcs Ag (ot 5,10 1o
12,78 %), Cu (mo 0,24), Bi (mo 1), a takke Fe (mo 2 %). B coTbix O0JsIX TMPOLIEHTA
ycranoslieHbl Ni, Co, Sb, Hg, As, Pb u Zn. Cpenu cyibdumoB HanboJjiee 4acTo BCTPEYAIOTCS
MUPPOTUH U MUPUT. OTMEUEHBI TakKKe MapKa3UT, XaJbKOMUPUT, TEHTIAHAUT, BUOJAPUT,
MaKKMHABUT B BUIE paclaja TBEpIOTO pacTBopa B NEHTIAHIWTE, MWLIEPUT, chalepur,
raJleHUT, MOJIMOOeHUT, BUCMYTUH. Cpeamn TeanypunoB B mnpeneiaaXx CypoxKCKOTO
MECTOPOXACHUS YCTAaHOBJICH TEJUIYPOBUCMYTUH B TapareHe3uce C XaJbKOIMPUTOM U
CaMOPOJIHBIM 30JI0TOM. ApPCEHUIbl U Cyab(GOapCeHUIbl MPEACTABICHB HUKEJIMHOM,
MayXepuTOM, OpeTOHUTOM U opcenuToM (Ni,As), a TakxKe apCeHONMPUTOM, repcaopHUTOM
U KoOambTUHOM. OKCHIBI MECTOPOXICHUSI B BUIIE MAarHETUTA U UJIbMEHUTA IMPUCYTCTBYIOT
B MAarHeTUTOBBIX KBapIMTaX, Pa3JIMYHBIX PYAHBIX MeTacoMaTUTax, yJbTpaba3utax W
ampuoboauTax. M3 BojbpaMaToB OTMEUEH TOJbKO LIEEJUT B ACCOLUMALIMU C MOJIMOICHUTOM,
MUPUTOM, MUPPOTUHOM, XAJIBKOTMUPUTOM U 300TOM [9]. Tlo maHHBIM MCCIeIOBAaHUS
GAOUIHBIX BKIIOYEHUI, 30J10TO OTJArajoch M3 TeTepOTeHHBIX TUAPOTEPMAaIbHO-
METacOMaTUYECKUX PacTBOPOB C BBICOKOI COJIEBOI KOHILeHTpauuei, comepxasimx CO,,
N,, CH,. HJasneHue B mpouecce GoOpMUPOBaHUS 30JOTOPYAHOW MUHEpanu3aluu
yMeHbIIWIOCh OT 350 no 48 MIla, a TemmnepaTypa pyaoo0pa3yiolnX pacTBOPOB CHU3WIACH
ot 300 mo 120—100 °C [4].

HoBoe pynomnposieneHue 3o0j0ta — CKUdCKOe YCTAaHOBIEHO B IOr0-BOCTOYHOI YacTH
VIII ¥ npuypouyeHO K 3K30KOHTAKTy KPYIMHOTO MacCuMBa I'PAaHOCHMEHUTOB HUXHETO
MPOTEPO30sl B MpeJeiax peruoHaJbHON TEKTOHUYECKOW 30HBI. 30JI0TO YCTAaHOBJIIEHO B
KUJIbHOM KBapiie (2,73 1/T), THe31a U MPOXUIKM KOTOPOTrO HAaXOASTCS B TUAPOTEPMAIbHO
M3MEHEHHBIX OpeKYMpoBaHHBIX Mopoaax. KpoMe caMopomaHOro 30Ji0Ta B KBaplie
YCTAaHOBJIEHBI MTUPPOTHH, MUPUT, MATHETUT U LUPKOH [6].

I[MomMumo nperanpHO M3ydeHHO# IleTpoBo-I'HYTOBCKOI Mapu3UT-(IIOOPUTOBOI XKUIIbI
Bo BTopoii moyioBuHe 1980-x rr. B [IpuasoBbe ObLIM BBISIBJICHBI €llI¢ JBa CXOIHBIX
IIOOPUTOBBIX PYAOIIPOSIBICHUSI. DTU HOBBIE MPOSIBICHUS (IIOOPUTOBOI MUHEpaIU3aLNMU
pacroJioXeHbl B cpeaHeM TeueHuU 6anku Banu Tapama toxkHee OKTAOPHCKOro 1IEJI0YHOTO
MaccuBa U TIPEICTaBJICHBI (DIIOOPUT-XANIEIOHOBBIMUA XUJIAMU MOIIHOCTBIO A0 5—6 M,
MPOCTUPAIOIIMMKUCS B MEPUAMOHAJILHOM HalpaBJIeHUM Ha paccTtosiHue Gojee 100 M.
MuHepanbl 3TUX XWJI, OOHapy>XeHHBIX Ha OKpaumHax cesl 3HamMeHoBKa M KpacHoBKa,
MpeACTaBICHbI CBETIIO-CEPbIM MHTEHCUBHO KaTaKJIa3MPOBAHHBIM XaJILIEAOHOM, (PHOJIETOBBIM
droopuTOM, 00pA3yIOIIMM CILIOLIHBIE CKOIIJICHUS B 3KMJIe pa3MepoM 10 1 M B MoMnepeyHuKe,
a TakXkKe MEJIKMMU BbIICJICHUSIMU TUPUTA, XaJIbKOIMUPUTA, MOJUOIEeHUTa, OacTHEe3UTa M
napusuta. JleraibHoe u3ydyeHue ¢a0opuTa 3HAMEHOBCKOrO MPOSIBICEHUS IOKAa3ayo
MPUCYTCTBUE B HEM PEIKO3EMENbHBIX 2JIeMEHTOB (68,4 T/T), Cpein KOTOPHIX MPeo0IafaloT
La (5,65), Ce (18,10), Pr (3,23), Nd (13,10), Sm (3,94). KomuectBo Y cocrasnsieT 12,2 /T, Tak
YTO IO COAECPXKAHUIO PEIKO3EMEJbHBIX 3JIEMEHTOB M3YYEHHBIH (DIIOOPUT CYIIECTBEHHO
(Ha MopsImoK MeHble) oTanyaercss oT ¢mooputa IlerpoBo-I'HyTOBCKOI XWibl. Bmecte ¢
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TeM (DIIOOPUT U3 HOBBIX Haxonok B [IpuaszoBbe B 2,5—3,0 paza u 6ojee MPEBOCXOAMT IO
KOJIMYECTBY PENKO3EMEIbHBIX 2JEMEHTOB (DIIOOPUTHI, U3BECTHBIE B JOoHOacckoM Ilokpo-
Bo-KupeeBckoM MecTopoxkaeHuu, U ¢GuIoopuT TposieaeHust pyaHuka JdansHero [18]. IMo-
MHMMO OOHApYXEHHBIX (DIIOOPUTOBBIX MPOSBICHUMN, CYIsT MO UMEIOLIMMCS T€O0JIOTMYECKUM
JAaHHBIM, B yKa3aHHOM paiioHe [Ipua3oBbsi BOBMOXHO OTKDPBITHE €lll¢ HE BBISIBICHHBIX
HaxXoJ0K.

[ToBbIlIEeHHOE BHUMaHUE B ITOCIEIHEE BpeMs, OCOOEHHO IOCI€ OTKPBITUSI TeoJIoraMu
IMpuazosckoit 'PO nepBbix B YKpanHe KUMOEPIUTOBBIX TeJl B KOPEHHOM 3ajieraHuM (TpyOKu
Hanexna, FOxHasi, HoBoacnuHcKas ¥ CONpsiKeHHbIE ¢ ABYMsI OCJASIHUMI OMHOMMEHHBIC
JaiKyi KUMOEPJIUTOB), yAeIssioch pabotam Ha anma3sbl. HauumHas ¢ 1990—1994 rr. 6buto
MPOBEACHO MEIKOOOBEMHOE OMPOOOBaHME Tel KMMOEPIUTOB, B pe3yjbTaTe KOTOPOIO B
Tpyoke Hanexxna (o6oraimieHo 13 1) 66110 BbISIBIEHO Tpu Meakux (0,2 MM) 06J10MKa ajMasa,
Toraa Kak mo tpyoke FOxnas (55,1 1), Tpyoke u maiike HoBomacrimHckast (15 T) Obuin
TOJTydYeHbl OTpUllaTebHbIe pe3yabTaThl [7]. I1ockoNbKy Ha MpoBeneHue paboT Ha aaMasbl
B peruoHe 3a IOCJeIHUE TOAbl OTPULIATEJBbHO BJIUSIOT KpaiiHe HM3KMU YPOBEHbB
(UHAHCUPOBAHUS U €ro HecTabUJIbHOCTh, reosiord JoHI'TY ucnosb3oBaayM HOBBIM METOMd
TMOMCKOBO-OILICHOYHBIX pabOT Ha ajiMasbl, pa3padOTaHHBIA aBCTPATUMCKHMU TeoJIoraMu
(B. JI. I'pucppun m np.). Ero cyumrHocTh 3akio4yaeTrcsi B NETATbHBIX MCCIEAOBAHUIX
TUMMOMOP(MHBIX XMMUUYECKUX MPU3HAKOB MHIMKATOPHBIX MUHEPAJIOB KUMOEPJIUTOB
(xpoMmIiupomna, MUKPOUJIBMEHUTA, XPOMIUTUHEIUIOB U XPOMAMOIICHIA) Ha OCHOBaHUU
MPUHLIMITUATBLHO HOBOM MH(OPMALIMU O 3aKOHOMEPHOCTSIX paCIpOCTPAHEHUs B HUX MaJIbIX
W PeAKO3eMEeJIbHBIX 2JIEMEHTOB, MOJIy4aeMOil ¢ MOMOIIbIO MPOTOHHOTO MUKpOaHaau3aTopa
U JIpYyroil COBpeMeHHOI JabopaTopHoii TexHUKU [27—29]. [1o HOBBIM JaHHBIM, CpelHee
comepXaHue peAKO3eMeJbHbIX U MaJIbIX 3JIEMEHTOB B XpOMITUpOIax U3 Tpyook FOxHas u
HoBomacnHcKast COCTaBIISIET COOTBETCTBEHHO, I/T: La — 0,25—0,36, Ce — 0,54—0,49, Dy —
2,64—3,15, Y — 14,3—15,32, Eu — 0,68—0,71, Sr — 0,89—0,72, Ni — 54,52, Zr — 85,4—
75,0, Ga — 5,63—5,01, Hf — 1,82—1,79, Nb — 0,31—0,55 u np. [29]. Bricokue 1UPKOH-
WUTTPUEBBIC OTHOIICHMSI, MaJjlass KOHILIEHTpallUsl CTPOHIIMS, CYIIECTBEHHOE oboraiieHue
TSDKEJIBIMM U CPEAHUMM PEIKO3eMETbHBIMU 3JIEMEHTaMM TP TTOHMKEHHOM KOJUYECTBE
JIETKMX JIAHTAHUIOB CYIIIECTBEHHO OTJIMYAIOT M3YYEHHBIE TTPOOBI XpPOMITMPOIIA IIPUA30BCKUX
KMMOEpJIUTOB OT MPOMBIIIJICHHBIX aHAJIOTOB KMUMOEpPJIUTOBBIX TeJl Mupa, yKasbiBasg Ha
OrpaHMYEHHBI YpPOBEHb ajaMa30HOCHOCTM B TpyoOkax lOxHast u HoBomacnmuHckasi.
Conepxxanue (r/T) aneMeHTOB-TipuMeceid B xpomiunuHenuaax (Nb — 1,2, Zr — 4,42, Ga —
60, Zn — 522, Co — 287, Ni — 1295, Mn — 1772, V — 1723, Ti — 10817) B TUKpOUIbMEHUTE
u xpomauoricuae [20] He TOIbKO MOATBEPKAAET CKa3aHHOE BhIIIE, HO U CBUAETEIBCTBYET O
3aMETHBIX METaCOMaTHMYECKUX HM3MEHEHHUSIX MUHepasloB B KuMOepnurtax I[Ipua3osbs,
HEraTUBHO CKa3bIBAIOIIMXCS Ha COXPAaHHOCTU anMa3oB. Mcronb3oBaHue Ni-TepMomeTpa u
Cr-6apoMeTpa MO3BOJWIM OMNPEACIUTh TeMIlepaTypy 00pa3oBaHUsS XPOMIITMPOIIOB U3
kuM6epauToBbiX Tpyook IlpuazoBbss — 1100—1000 °C u maneoreorepMasibHbIC TTapaMeTphbl
cpeansl MuHepanooOpaszoBaHus — 42—45 mMBr/mM2. [1o TUNOMOP(GHBIM XUMHYECKUM
MpU3HaKaM MHAWKATOPHBIX MUHEepaloB [1pna3oBbsl, YUUTHIBAIOLIMX KOJIMYECTBO B HUX Y,
Zr, Ti 1 ap., ObLIM BbICKa3aHbI CYXXACHUSI O MOILIHOCTY JUTOC(HEpPhl B U3YYEHHOM PETHOHE
— 140—150 xm [29]. DTu 1 apyrye BaXXHbIC B HAYYHOM U MPUKIATHOM OTHOILIEHUU JaHHbIC
nokazaju OOJbIIMEe BO3MOXHOCTUM HOBOTO cmoco0a M3ydyeHUsT KUMOEPJIUTOB U
MEePCIEKTUBHO-TIPOTHO3HOM OLIEHKM MX aJIMa30HOCHOCTH.

[Mpu nzyuenunn netposiorun mwenounbix mopoxa YII C. I'. Kpusaukom u B. . Tkauykom
[10] 3HaunTenbHOEe BHMMaHMe ObLIo yaeieHo IlpmazoBckoMy 06J0Ky. 31ech OETalbHO
nuccienoBaH YepHUTOBCKUi KapOOHATUTOBBIA MaccuB, IleTpoBo-I'HyTOBCKasi roopuT-
nmapu3uToBasi gaiika, OKTSAOpPbCKUIA 1LEJOYHOM MAcCUB, IPYrMe MAacCUBBI U TPOSIBJICHUS
11I€JIOYHO-YJILTPAOCHOBHOI M rabObpo-CMEeHUTOBON (opMalnii, a TakKKe CHUEHUTOBbIE U
rpaHOCHEHUTOBbIE MaccuBbl. [lpu meTanbHON XapaKTepUCTUKE IMMOPOA00OpA3YIONINX U
aKIIECCOPHBIX MUHEPAJIOB ITOPOJI 3TUX MAaCCUBOB U (hopMalivii OAPOOHO OXapaKTepHU30BaHbI
cuKaThl (OJIMBUH, MMUPOKCEHBI, aM(bUOOIIBbI, CIIObI, TOJIEBbIC 1ITAaThl, HeeanH, TpaHarT,
9HUIMATUT, acTpOUJUINT, WIbBAWUT), KapOOHAThl (KaJIbIUT, JOJOMUT), aKIIECCOPHbIE U
pYIHbIE MUHEPAJIBI, B TOM YMCIE afaTUT, LIMPKOH, OanieaenuT, MUpoXaop, KOJyMOUT, OPTHUT,
MOHAIIUT, OPMUTOJUT, peAKOo3eMebHble KapOoHaThl. ABTOPBHI HE TOJbKO MPOCIEAUIN
0COOEHHOCTH paclpeaeeHUs JIEMEHTOB-TIPUMECEN B IIEJOYHBIX MMOpOAaX U KapOOHATUTaX
[Tpura3oBbst, HO U PaCKPbUIA YCIOBUSI UX KPUCTAIM3ALUU, MEXaHU3Mbl (DOPMUPOBAHUS U
COCTaB MCXOOHBIX paciuiaBoB. [IpuypouyeHHOe K 3TOMY KapOOHATUTOBOMY MAaCCHUBY
HoBomaBioBcKOe MECTOPOXIEHWE alMaTUT-PEAKO3EMEJbHBIX PYI MOXET HUMETh
CYILIECTBEHHOE TPOMBIIIIEHHOe 3HayeHue. CleayeT OTMETUTh HaJIMuhe MPOMEXYTOYHBIX
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10 COCTaBY MACCHUBHBIX MJIU OpPEKUYMEBUIHBIX MOPOA — KUMOEPJIUTOBBIX KapOOHATUTOB,
MPEACTABISIOINX OO0 MeJTaHOKPATOBbI€ (DJIOTOMUT-OJMBUHOBBIE ITOPOIBI C OTHOCUTEJILHO
MastbiM (25—50 %) KomM4ecTBOM KapOOHATOB, MPEICTABICHHBIX KATBLIUTOM U JOJOMUTOM.

KpynHbiM npoctikeHueMm reosioroB IlpuaszoBckoit 'PD sBisercs obHapyxkeHHe TpU
npoBeaeHuu paboT mo I'TK A30BCKOro mMpKOH-peaKo3eMeIbHOTO MECTOPOXIECHMSI,
pacrioysioxxeHHoro B Bosomapckom p-He oHeukoit o6i., B 20 kM or Mapuymnosi.
MecTtopoxaeHrue MpUypOYeHO K pacCIOEHHOW WMHTPY3UM TuIla JjonoyuTta Boiomapckoro
MaccuBa rab0opo-cueHUTOBOM (dopManuu. PyaHas MuHepanusalnusi, MMemollas BaXHOE
MPOMBIIIEHHOE 3HAYeHHe, NMPUypoYeHa K IeJT0YHO-TI0JIEBOIITNATOBbIM cueHUuTaM. CocTtaB
Pyl — LUMPKOH-OPUTOIUTOBBIN (OaCTHE3UTOBBIN) cO cpefHUM coxepxaHueM ZrO, — 1,80
u TR,0;— 1,27 % [5]. Ha nomo uttpuesoii rpymmel npuxoautcst 20 % Beex peaKo3eMebHbIX
snemMeHToB. Cpenu netanbHo usydeHHbIXx B UTTMP HAH YkpauHbl MuHepasioB YCTaHOBIEHBI
OJIUBUH, MUPOKCEH, (PEeppOracCTUHICUT, IEJOYHBbIE ITOJIEBbIE IIIAThl, MPEACTaBICHHbIE
aHOPTOKJIa3-MUKPOTIEPTUTOM, JIETUAOMEJaH, (QII0OOPUT, IUPKOH, OPUTOJIUT, OPTUT, a TAaKXKe
MarHeTUT, WIbBMEHUT, TTUPUT, TUPPOTUH, XaJIbKOIMPUT, KapOOHATHI (KaJbIIUT, CUACPUT) U
ByIbIBpUT [16]. BaXHO OTMETHUTb, YTO BIEPBBIE B YKpaWHE BbISIBICHA MPOMBIIILJICHHAS
peaKOMeTa/UTbHO-peNKO3eMeTbHAsI MUHEPATU3alvsI B KOPE BEIBETPUBAHUS Ha IBYX y4acTKax
MecTopoxXIeHusl. PymHble MHHepaibl MpeacTaBAeHbl 31eCh LIMPKOHOM, pabmodaHuTOM,
YEepUUTOM, MOHALUTOM M TJIMHMCTBIMUA MUHEpajJaMU, COPOUPYIOIIMMM PeaKO3eMebHbIC
ajieMeHThl. 1o MMeIuMcsl TaHHBIM, TIPOTHO3HBIE W TEPCIEKTUBHBIC PEeCypchl B KOpe
BbIBETpUBaHUs cocTaBisiioT: ZrO, — 1,5 mian T u TR,0; — Gonee 600 Thic. T, 4TO HenaeT
A30BCKOE MECTOPOXIEeHNE YHUKAIbHBIM [5].

I'eonoramu I1puazosckoit 'PD u JonI'TY B koHile 1980-X IT. OTKpHITO AHAIZOJBECKOE
MecTopoxaeHue opturta [22]. HeTajibHOe M3ydyeHHUE BEILECTBEHHOIO COCTaBa PYA 3TOTO
MECTOPOXAECHHUSI, MIPUYPOYEHHOIO0 K IK30KOHTAKTY aHaAOJbCKUX TPAHUTOUAOB U
MeTaMOpP(PUUECKUX MOPOJ LEHTPATbHOMPUA30BCKOW cepuu, IOoKa3ajao, YTO B XUJE C
OpPTUTOBO MUHeEpaau3alMeil TJaBHBIMUM MUHEpajaMM SIBJISIOTCS KBapll, MUKPOKIWH,
TJIarMoKjIa3bl, BTOPOCTENEHHbIE MPEACTaBICHbl XAILEIOHOM, 3MUIOTOM, (IIOOPUTOM,
OMOTUTOM, PUOEKUTOM, BTUPUHOM, aBTUTOM, XJIOPUTOM U OGapKUBEKUTOM. PymHbIe
MMHEpaJIbl — OPTUT, MATHETUT, UJIbMEHMT, LIMPKOH, ITUPUT, allaTUT, C(PeH, Mapu3uT, TpaHaT
U TUTEPreHHble TeTUT U ruaporetuT. OpTUT cpemd HUX UTpaeT INIaBHYIO poJib, o0pasys
MHOTA CIUIOIIHBIE MAaCCUBHBIE BbIIEICHUs THe31000pa3Hoi opMbl ¢ pasmepamu 10 10—
15 cMm u Gosee. Tak Kak 3TOT MUHepald B YKpanHe BCTpeyaeTcsl Kak aKleCCOPHBIN cpeau
Kpuctauimyeckux nopoj YIII B Buae MUKpOCKONMMYECKUX BhIIEICHUI, YKa3aHHask HaxoaKa
opTHTa ObLTa THIATEJbHO U3ydeHa. OnpeaesneHbl ero (U3NYECKre CBOMCTBA U XUMUYECKUI
COCTaB, 2JIEMEHTBHI-TIPMMECH Y IMapaMeTpbl KPMUCTaUIMYeCKOl pelieTku. I[loBbIIeHHOE
KosmuecTBo Mn (1o 1,48 %), 4To B TpM-CeMb pa3 GoJIble OOBIYHOTO COAEPKAHUS B OPTUTAX
VI, cBumeTeabCTBYeT O €ro MPUHAIJEXHOCTHU K MaHraHoopTUTy. Paccumrtana
KpHUCTaUIoOXUMHU4Yeckas (popmyna, a Takke (opmysa peaKo3eMeIbHbIX JIEMEHTOB B OPTUTE:
TRy 93 = CeqsoLlag ,Ndg 13Prg oY 03Smg o). DT 1 1pyrue naHHbIe TOJHBIX aHATU30B
peaKo3eMeNbHbIX 3JIEMEHTOB B OPTUTE YKa3bIBalOT Ha JOMUHMPYIOIIYIO POJb LEpUEBOM
rmoarpynmel (6onee 95 %) mpu pe3Ko MOAYMHEHHOM 3HAYEHUU 3JIEMEHTOB WUTTPHEBOM
noarpynisl (10 4—5 %). JlabopaTopHble U TEXHOJOTMUYECKHME MCIBITAHUS KOHIIEHTpaTa
OpTHUTA U3 aHAJOJbCKOU XKUJIbI, TPOCIEXXKEHHOU IO MTPOCTUPaHUIO 10 1,5 KM MPU MOIITHOCTU
10 3 M u o nageHuto Ha 400—500 M, kotopsie TipoBeneHbl B HITA (JIHenporieTpoBcK) u
Ha IlpunHenpoBckoM xumudeckoM 3aBone (ITX3), mokasaau xopoiuue pesyabraTsl. [1X3
TOTOB €XerogHo motpe6sath 10 Toic. T 20%-T0 OTEYECTBEHHOIO OPTUTOBOIO KOHIIEHTpATa
BMECTO MMIIOPTHOTO, NMpuBo3uMoro u3 KazaxcraHa. 3amacbkl OpTUTOBBIX pya AHAIOJIbCKOTO
MECTOPOXIEHUSI MO3BOJISTIOT 00€CIIeYUTh MOTPEOHOCTh YKParHbI B PeIKO3eMEIbHOM ChIphe
6onee yeMm Ha 30-nmeTHMit epuon [24].

B IIpuasoBbe ObLIT BBISIBJCH M JI€TaJlbHO WM3y4YeH HOBBIM HETPAAWUIIMOHHBIA BUI
MWHEPAJIbHOTO ChIpbsI — cTaBpoJUT [11]. OH MOXeT ¢ GOJBIIMM 3KOHOMHYECKUM U
9KOJIOTMYECKUM 3(PGHEKTOM 3aMEHUTh TPAAUILIMOHHO TPUMEHSIEMbI B METAJUTypru4ecKoit
MPOMBIIIEHHOCTY pa3pylIalolIMil 030HOBBIN CI0M 3eMJIM IJIaBUKOBBIN 1mar. diaroopur
IUIs1 YKpavHbl — BaJIIOTHOE ChIpbe, UMIIopTupyeMoe u3 Kuras, Poccuu u np., mostomMy ero
3aMeHa CTaBpoiMToM OCUIIEHKOBCKOTO MECTOPOXIEHMS B JOJMHE p. bepaa, BBISIBIEHHOTO
reonoramMu IlpuaszoBckoit 'PD u JouI'TY, mMmeer cylmecTBeHHOE 3Ha4YeHUE.
CraBposMrconepxkaliie ClIaHIbl OCUIIEHKOBCKOW CBUTHI COPOKMHCKONM TEKTOHUYECKOM
30HBI BMELIAIOT 10 35 % 5TOro MuHepasia, Tak 4To OOIlee €ro KOJIMYECTBO B M3YYEHHOM
TOJILE cocTaBisieT oKojo 100 MJIH T, YTO HAmOJTO OOECIEeUUT PaboTy METa/UTyprudecKux
3aBOOB YKpauHbl. CBOMCTBA Pa3XUXUTEJS paCMIaBOB OMPEACSIIOTCS BBICOKUM
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colepkaHueM B cTaBpojuTe raumHo3deMa (52—54 %) u Fe (II) (11—14 %), uyto GbUIO TIOI-
TBEPXKIEHO UCIBITAHUSIMU Ha TpeX METaUTyprMuecKuX 3aBoAax YKpauHbl. 3HAYMTEJbHbBIC
MEePCIEeKTUBBl BHISIBJIEHUS 3TOTO0 HOBOTO BUIAa MHHEPaJbHOTO CHIpbS MMEIOTCS B
KpuBopoxckom u npyrux paiionax YIII.

[Mponoxanuck paboTHI 1O U3YUYEHUIO OCOOEHHOCTE M30TOMHOIO COCTaBa KUCIOPOaa
u yrieponma kapboHaToB [Ipra3zoBcKOro KpucTajaduyeckoro MaccuBa. KomriekcHoe
usyyeHue 6osiee 50 Mpob KaiablWTa, JOJOMUTA, MAPU3UTA U IPYTUX MUHEPAJIOB-KapOOHATOB
OKTSOpPHCKOro IIEJIOYHOro MaccuBa, YepHHMIOBCKOTO KapOOHATMTOBOTO MacCHBa,
COpOKUHCKOI TEKTOHUYECKO# 30HbI, ManosHuconbckoro, @enoposckoro, KaasMuycckoro
Y4acTKOB, a Takxke Mapuynonbckoro, Kopcakckoro, KyKCyHTypcKOro kene3opyaHbIX
MECTOPOXIEHUI ITOKa3aJlo 3HAUMTEIbHbIC BapuallMM M30TOIMHBIX NaHHBIX. B mapusute
ITetpoBo-I'HYyTOBCKOI KapOOHATHO-(IIOOPUTOBOM XUl U KaldblUTEe KapOOHATUTOB
HoBomnosrasckoro MecropoxiaeHusi YepHUTroBckoro maccuba 3HaueHne 8O!8 cocrasiser
ot +6,4 no +10,5 %o, 4TO yKa3biBaeT Ha 3HAOTEHHOE MPOUCXOXICHUE YKa3aHHBIX
KapOoHaTOB. DTO MOATBEpPXIaeTCs NaHHBIMM M30TOIHOTO COCTaBa MX yrjepoja co
sHayeHnamu 8C13 ot —4,5 1o —8,6 %o. OcoGeHHBII MHTEPEC BBI3BHIBAIOT HOBBIE N30TOITHEIE
JaHHBIE 10 KaabLUTYy OKTAOPHCKOTO IIEJIOYHOI0 Maccupa, ajis kKotoporo 8O18 = +11,2 u
8CI13 = —7,1 %o. D! maHHbIE, IPAKTUYECKN aHAJOTMYHBIE KATBLIUTY KApOOHATUTOB, MOTYT
CBUIIETEJIbCTBOBATh HAPSIAY C APYTUMHU (hakTaMu (KOHLEHTPUYECKHU-30HATbHBIM CTPOCHUEM
MacCHuBa C YepeJOBAHUEM ITOPOJ OT YJIBTPAOCHOBHBIX JI0 LIEJIOYHBIX HE(ETMHOBBIX CHEHUTOB,
LIMPOKUM TIPOSIBIEHUEM METACOMATUYECKMX IPOLIECCOB, HAIMYMEM TUITOMOP(HOM aJist
KapOOHATUTOB LIMPKOHMUEBOW ¢ HUOOMEBO MUHEpaau3alMu) 0 KapOOHATUTOBOM MpUpoIe
3TOr0 MacCHBa U BO3MOXHOCTU BBISIBJICHUSI 3[€Ch HOBBIX KapOOHATUTOBBIX 3ayexeit. st
OoJplIell YyacTyu MpoO, XapaKTepHU3YIOIIUX MPaMOpbl U KadbLUUMUPBl JOKEMOpPUICKUX
KeJIE30pYIHBIX MecTopoxaeHuin [Ipra3oBes, quanazon 3HayeHuit $O18 cocrasmsier ot +15,4
10 +24,8 %o, 4TO COOTBETCTBYET NMEPBUYHO-OCATOUYHON UX MpHUpone. JarbHelinas nepeKpuc-
TaJuTM3alysl 3TUX TOPOJA B YCJIOBUSIX pa3HbIX (halluii perMoHaJbHOro Metamopdusma (or
AMUIO0T-aM(pUOOTUTOBON O TPaHYJUTOBOM) MpuBena K AuddepeHIUann U30TOIMHOIO
coctaBa KapOOHATOB. AHAJOTMYHBIC JaHHBIE C CYIIECTBEHHBIM pa30pOCOM M3O0TOIHBIX
3HAYEHUI1 yIjiaepoja MOATBEepKAAIOT cKa3zaHHoe [21].

B 3akimoueHre OTMETUM, UTO NMPUBEACHHBIC HOBBIC JaHHbBIE IO MUHepasioruu JloHbacca
u IIpua3oBbsi CBUAETEIbCTBYIOT O 3HAUYUTEJIbHOM WHTEpece HcclenoBaTesieil K 3TUM
pernoHaM YKpauHbI, IIMPOTE OXBaTa M TIyOMHE W3YYEHUS BAXXHBIX MHUHEPATOTMYECKUX
BOIIPOCOB, TO3BOJIMBIINX OTKPBITh HOBBIE JUISI 3TUX PETMOHOB MUHEpaJibHble BUabl. OHU
OTHOCSITCSI K TIPOCTHIM BElLECTBaM, CyJb(puaaM U aHAJIOTMYHBIM COCAUHEHUSIM, OKCUAAM,
docharam u cyabdaraM. HoBble MUHEpajabl He TOJLKO HOIMOJHSIIOT YK€ M3BECTHHIE B
Honb6acce u [Ipua3oBbe MepeyH MUHEPATbHBIX BUIOB 10 229 1 230 COOTBETCTBEHHO, HO
U PACKPBIBAIOT OCOOEHHOCTUM MX TeHe3Mca, a TaKkKe BO3MOXHOCTU MPaKTUYECKOTO
WUCIOJIb30BaHUsI B TMPOMBILIJIEHHOCTH M CEJIbCKOM XO3SIMCTBE, YTO SIBJISETCS HACYLIHOM
5KOHOMMYECKOM TMPOOJIeMOil COBPEMEHHOCTH.

1. Apmemenxo B. M. AmOMiHIT — HOBUI BUJ IJIMHO3EMHOI MiHepaibHOI CUPOBMHM B YKpaiHi // MiHep. pecypcu
Ykpainu. — 1999. — Ne 2. — C. 37—-39.

2. bouau JI. A., T'aauuykui JI. C., Kyauw E. A. u op. Kapra 30J10TOHOCHOCTM YKpauHbl Maciutaba 1 : 1500000 //
OObsICHUT. 3am. ['ockoM YKpauHbl 10 Te0JOrMy M Mcnosib3oBaHuio Heap. — Kues, 1998. — C. 101.

3. Bpaeun KO. M. CTBOpeHHsI CUPOBMHHOI 6a3u 1ist hocdaTHOI POMMCIOBOCTI — 3aBAaHHsI HayKoBLiB // MiHep.
pecypcu Ykpainu. — 1997. — Ne 4, — C. 23—24.

4. Bosuax M. K., Tanrabyoda IO. A., Kpaguenxo I. JI. TIpo yMOBM YTBOPEHHsI 30JI0TOPYAHOI MiHepaiizailii 3axigHoro
IMpua3or’st (3a GIOITHUMU BKIIOYSHHSIMU) // MuHepai. kypH. — 1997. — 19, Ne 6. — C. 10—19.

5. Iypcvkui J. C., Kaainin B. I., Boinoscekuii A. C., Jloseniokoe B. I. TIporHo3Ha olliHKa pecypciB — 3amopyka
PO3LIMPEHHST MiHepaJbHO-CUPOBUHHOI 6a3u YKpainu // MiHep. pecypcu Ykpainu. — 1997. — Ne 4. — C. 6—8.

6. Iypckuii . C., Mapyenko E. 5. PynonposiBnenue 3oiota Ckudcekoe (YkpanHckuid mut) // Tam xe. — 2000. —
Ne 4. — C. 5—6.

7. Kusaszvxoe A. Il., Manvii A. B. O630p 1 aHaiu3 paboT, OCYIIECTBIEHHBIX B IOTO-BOCTOYHOM 4acTH YKpauHbI Ha
anMasbl (I[Tpuasosbe, [lonbacc) // Tam xe. — C. 14—16.

8. Kpasuenxo I. JI., Bondapenxo C. H. PynHast muHepanu3aiuss COPOKMHCKOI TeKTOHMYecKoi 30HbI ([Tpra3oBbe).
Cynbdunsl, Temutypunsl // Munepan. XypH. — 1997. — 19, Ne 2. — C. 3—14.

9. Kpasuenxo I. JI. Cypoxckoe 300TOpyaHoe MecTopoxaeHue (3amaaHoe IlpuasoBbe) // Tam ke. — 1999. — 21,
Ne 4. — C. 7-19.

10. Kpueoux C. I, Txauyx B. H. TleTposorus meJodHbIX opon YKpanHckoro iuta. — Kues: Hayk. nymka, 1990. —
407 c.

11. Kpusornoc B. I1., Ilanos b. C., Ioaynosckuii P. M., Yypouxun B. H. HoBasi ceipbeBasi 6a3a cTaBpojiMTa Ha YKpau-
He // PasBenka u oxpana Heap. — 1987. — Ne 12, — C. 23-31.

12. Kynenxo B. HU., Ocaduuii E. I. CaMOpOAHBIA allOMUHMI B pysaX HUKUTOBCKOTO PTYTHOTO MECTOPOXIEHHUs //
CaMopoHOe MUHepaTooOpa3oBaHue B MarMaTuueckoM mporecce: Tes. noki. — Skyrck, 1981. — C. 87—90.

13. Jlasapenko E. K., Ilanose b. C., [laéauwun B. H. Munepanorusi JloHeukoro GacceitHa. — Kues: Hayk. nymka,
1975. — 4. 2. — 502 c.

ISSN 0204-3548. Munepan. xncypn. — 2001. — 23, No 4 107



I[TAHOB b. C.

20.

21.

22.
23.

24.

25.
26.
27.
28.
29.
30.

31.

32,

. Jlazapenko E. K., Jlaspunenxo JI. A., Bywunckas H. H. u op. Munepanorust I[Ipuazosbsi. — Kues: Hayk. mymka,

1980. — 432 c.

. Jlevids M. I. 3onote 3pyneHiHHS B KapOoHaTHMX nopoaax IliBneHHoro JloHGacy Ta iHIIMX perioHiB YKpainu //

Minep. pecypcu Ykpainu. — 1995. — Ne 2. — C. 8—13.

. Meavruroe B. C., Bosuak /. K., Ipenanoeckasn E. E. u op. A30BCKOe LIMPKOHMIA-PeIKO3EMEIbHOE MECTOPOXKICHHE:

MUHEPAIOTMYECKre M TeHeTHYeCKre 0co0eHHOCTH // MuHepat. xypH. — 2000. — 22, No 1. — C. 42—61.

. Mueyas II. C., Ilanosé b. C., Meavnuxoé B. C. u dp. MopdoJjoruss 1 coctaB MUpUTa M3 YroJbHBIX IIACTOB

IHoHenkoro GacceitHa // MuHepai. c6. JIbBoB. yH-Ta. — 1988. — 42, Bbin. 2. — C. 58—61.

. Ilanos b. C., Kpusonoc B. II., Iloaynosckuii P. M. u dp. HoBoe niposiBieHue diooputa B Boctounom IlpuasoBbe

// Dokn. AH YCCP. Cep. b. — 1988. — Ne 10. — C. 20—22.

. Ilanos b. C., Heanmuwuna O. M., Kynenko B. H. O conepxxaHuu 3010Ta U cepedpa B KMHOBapH M aHTUMOHUTE

MecTopoxaeHunit Hukurosckoro pynHoro nosst // Jokn. AH CCCP. — 1989. — 306, Ne 1. — C. 185—187.
Ilanos b. C., Kynenxo B. H., Cmapkoe A. B. PynHbie ctanaktuthl HuKMTOBCKOrO MectopoxaeHust B Jlonbacce /
/ Tes. noki. Beecoros. munepaiornyd. cem. — CoIkThiBKap, 1989. — C. 120—121.
Ilanos b. C., Ioaynosckuii P. M., Kpueonoc B. Il. OcOGEHHOCTM M30TOMHOIO COCTaBa KKMCJIOpOIA M Yyriepoaa
KapooHatoB [IpuaszoBckoro kpucrauimyeckoro maccusa // XII Bcecoros. cuMIl. MO CTaOMIBHBIM M30TOIAM B
reoxumun: C6. Hayd. Tp. — M., 1989. — C. 214—-215.
Ilanos b. C., Heanmuwuna O. M., Kpusonoc B. I1., [loaynosckuii P. M. HoBoe nposiBjieH1e aKLIeCCOPHOiT OPTUTOBOM
MuHepanusauuu B Ipuasosbe // doki. AH YCCP. — 1991. — Ne 4. — C. 97—-101.
Ilanos b. C., Heanoe A. I1. 3onoto B [Jlon6acce u [puazoBbe. Kpurepuu nouckoB 1 NepCcreKTUBbI POMBILIEHHOM
30JI0TOHOCHOCTH YKpauHbl // Tp. 2—ro MexsenoM. coBenl. — Onecca—Kues, 1993. — C. 188—204.
Ilanoe b. C., Bacuavuenxo B. B. HOBblil MPOMBILIJIEHHBI THUM PEIKO3EMEJbHBIX PyA YKPauHCKOrO MIMTA.
baaroponHbie u peakue metamibl // C6. uHbopmail. marepuanoB 11 MexnyHap. koHd., BPM-97. — JloHelk,
1997. — 4. 1. — C. 50-51.
Ilanoe b. C., Ipugpgpun B. JI., Ilanosé 0. b. OcoGeHHOCTH cOCTaBa XPOMILTTUHEIUIOB U3 KUMOEPIUTOBBIX TPYOOK
IMpuasosbst // Munepan. xypH. — 1999. — 21, Ne 2/3. — C. 53—61.
Ilanos b. C., Ilpockypus IO. A., Meavnuxos B. C., Ipeuanosckas E. E. HeomuHepanuzaiusi TOPSIIIMX YTOJbHBIX
orBaioB Jlonb6acca // Tam xe. — 2000. — 22, No 4, — C. 37—46.
Ilanos b. C., Ilanos IO. b., Ipugpgun B. JI. HoBble naHHBIE O XMMHYECKMX OCOOEHHOCTSIX MUKPOMJIbMEHHUTOB
IMpuasosbst // U3B. By3oB. ['eonorust u pasenka. — 2000. — Ne 2. — C. 59—66.
Ilanoe b. C., Ipupppun B. JI., Ilanos FO. b. PT-ycioBust 06pa3oBaHust XpOMITHPOIIOB M3 KUMOEPIUTOB YKPaUHCKOTO
wura // Jokin. HAH Ykpaunsl. — 2000. — Ne 3. — C. 137—143.
Ilanos [O. b. TUTTOXMMKU3M MUHEPATOB-CIYTHUKOB aiMa3a U3 KUMOepIMTOBbIX Tesl [1prua3oBbsi: ABTOped. auc. ...
KaHJ. reoi.-muHepat. Hayk. UTMP HAH Ykpaunsl. — Kues, 2001. — 20 c.
Yeenko I. C., Kpaguenxo I. JI., Caxaypkuii I. I. TIpo 3010T0HOCHICTh COPOKMHCHKOI TeKTOHIUHOI 30HU (ITpra3os’s)
// ODonos. AH YPCP. Cep. b. — 1973. — Ne 4. — C. 322-327.
Yemunoe B. U., Ipunenko B. A., Apmemenxo B. M., Yepnuyvina O. M. V30TomHO-UHGPACTPYKTYpHOE U3YueHHE
YCJIOBUI 00pa30BaHMsI ATIOMUHUTA HA PTYTHO-30JI0TOPYIHOM MecTopoxaeHun JloH6acca // XV CUMIL. 10 FeOXMMUU
n3otonoB uM. akaia. A. I1. Bunorpamosa: C6. Hayy. Tp. — M., 1998. — C. 291—292.
Hlymasnckuii B. A., 3aps B. @., Heanmuwuna O. M. u dp. TlepBast HaxojiKa 30J10TOCY/IbGUIHON MUHEpATU3allun
B KapboHe ObxoBarcKo-BosbiHieBckoit anTukianHamm // Jokin. AH YCCP. Cep. b. — 1991.— Ne 1. — C. 71—
75.

JIOHeLK. roC. TeXH. yH-T IMoctynuna 02.04.2001

PE3FOME. OnucaHo pe3y/ibTaTH JeTATbHUX MiHEPATOTiYHUX JOCTIIXKEHb Pi3HUX Ie0JIONYHMX KOMILIEKCIB JJoHebKOro
GaceiiHy Ta ITprna3oBcbKoOro reobaoka YKpaiHChKOTO LIUTa, MPOBeAeHMX 3a octaHHi 15—20 pokis.

SUMMARY. Results of detailed investigations of minerals of various geological complexes of the Donetsk basin and the
Priazovian geoblock of the Ukrainian Shield of the last 15—20 years are described.
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B. M. KeacHuug, I. B. KeacHuug, 9. O. Kocoecbkuii, B. B. MaTelok,
B. J1. NMpuxoabko

Kpucranomopdonoria camopogHoi
Migi i3 ByJsIKaHiTiB BonuHi
Huvine 6 npe3perHuu Meab, a 3040mo 6 ebicuiem
noueme,
Tak 06pau¢eﬁue 6pemMeH U3MeHAem 3HaveHue
npeomemos...
Jlykpeunii
"O npupone Beleit”,
KH. 5, 1274, M., 1945

PosristHyTo KprcTasoMopdoorito caMOpoIHOI Milli, HalOIIbILNIT BHECOK Y PO3BUTOK SIKOI 3p00WIn Kpuctanorpadu
i Minepasiorn XIX cT., a Takox MOp@oJIorito KpUCTaliB Mifi i3 ByJKaHiTiB BoauHi. [IpencrasieHo nepesnik ycix HUHI
BiZIOMUMX MpocTUX GOpM OaraTorpaHHUKIB Mifli, JaHO OLLIHKY iIXHbOI rabiTycHOI poJi.

Beryn. CamoponHiii Mini BacTviBe 6aratcTBo (hopM BUAUICHHS, Cepel SIKUX PO3Pi3HSTIOTH iTioMOp(Hi,
reMiigioMopdHi i1 KkceHoMopdHi. Jlo mepimx Hajiexarb OaraTorpaHHUKM, 1XHi 3pOCTKM i JesiKi
JNEHIPUTH, 0 IPYTUX — OUIBIIICTb ASHIPUTIB i IEHAPUTOINIB, HEIOCKOHATI KPUCTAIM, 10 TPETiX —
TUIACTMHYACTI, TUIIBYACTi, TyOUacTi, Kparuie-, IpyJIKo-, KUJIKO-, aMeOOMOoIiOHi i CyLITbHI MacUBHi
¢opMU; TOCUTh YacTi mceBIOMopGo3u Mo AESKMX MiHepanax (KYMpUTY, KalblIUTy, aparoHity,
a3ypuTy, XaJbKO3UHY...) Ta iHIIMX peyoBMHaX. [lepesiueHi opMU BIACTVBI MEBHUM TUIIAaM DY,
1[0 3yMOBJIEHO TEPEeBAXXHO 30BHILIHIMU (haKTOpaMM: CTyI€HEM MPOHUKHOCTI CEpeloBHUIlA, B
SIKOMY BiIKJIQIAEThCS Millb, CKJIAIOM PYIOYTBOPIOBATBHUX PO3YMHIB, (Di3UKO-XiMIYHUMI YMOBaMU
PYIOYTBOPEHHSI.

Benukuii iHTepec BUKIMKAIOTH BiTHOCHO PifKi imioMOpdHi BHIUIEHHS CaMOpPOIHOI Mimdi i
30KpeMa 0araTorpaHHMKH, SIKi TPATUISTIOTHCS SIK CEpel, TIMOIeHHUX, Tak i TilMepreHHUX i reHeTUYHUX
TUMiB. ['0JI0BHOIO YMOBOIO 151 pOCTY OaraTrorpaHHUKIB MiJli € HasIBHiCTb Y MiHEPaJIOyTBOPIOBAJIbHOMY
CEpEeNoBUILi BUILHOTO TPOCTOPY (ITOPOXHUWH, TPIllIMH), 1O TOTO X CEpedoBUIIE Mae OyTu
JICTKOTIPOHUKHUM 1St MimHuX umtoiniB. Popma GaraTorpaHHUKIB BU3HAYAETHCS KOMOiHAILIEO
30BHIIITHIX i BHYTPILIIHiX (DaKTOPiB, cepell OCTAHHIX BUPIlLIAJIbHE 3HAYEHHS Ma€ CTPYKTypa MiHepay.
Sk BimoMo, caMOpogHa Mifb KPUCTALi3yEThCSl B T'€KCAOKTaGAPUUYHOMY KJaci CUMETpii KyOidHOi
CHHTOHII i il 6araTorpaHHMKKM MOXYTh XapaKTepU3yBaTMCs CiMOMa TUTIaMU TIPOCTUX (hopM: KyOoM,
poMOonoeKaeIpOM, OKTaeApOM, TeTpareKcaeapoM, TETparoH-, TPUIOH- i TeKCAOKTaeIpaMHu.
CaMopoHa Mifib Y CBOil ineaibHili CTPYKTYpi (THIM rpaTku — KyOiYHA rpaHelieHTPOBaHA) MiCTUTh
TUIBKM aTOMM Mifi, POTe JesKa 1X KiJbKiCTb MOXKE 3aMilllaTUCS iHLLIMMM €JIEMEHTAMU, TAKUMU K
Ag, As, Au, Zn...

IIpocTi hopmu camopomnoi Midi. BimoMocTi mpo KpricTaToMopdoJTorito caMOpOTHOI Mifli MOXKHA
3HAWTK Yy mparisix 6aratbox Kpucranorpadis i miHepanoriB XIX cr. [11]: Taroi (1822), Morc (1822),
®inine (1823), Taiininrep (1826), Posze (1837), Jlesi (1837), IMpecn (1837), Yanmen (1849),
Mimnep (1852), Ipayd (1872, 1873), Kokiapos (1876), 3anetek (1876), Cenirmen (1876), Epemeen
(1877), Pac (1878), ®neruep (1880), Intue (1898) Ta iH. OcobmmBo Tpeba Bim3HAUUTH IBi
KpucTanorpadiuHi mparti, MpUCBIYEHi OaraTorpaHHUKaM caMOpoIHOiI Mifdi. [lepiiia 3 HUX HaJIeXXUThb
E. lena [9], sikuit 3pobuB aHaji3 hopM KpucTajizallii cCaMOpPOIHOI Milli 32 CTAHOM BUBYEHOCTI Ha
1886 p. i JOMOBHMB 1Oro0 HOBUMH MPOCTUMHU (POPMAMH i raGiTyCHUMU TUTIAMM CAMOPOIHOI Mifi 3
ponosuill 03. BepxHe (CLLIA, 1rat MiviraH), npoiTtocTpyBaBLLIH 1ie 54 300paKeHHSIMU KPUCTAJIiB
Ta iXHiX 3pocTKiB. IlimcymMok KpuctajorpagiyHuM mpaisiM 1oao camopomaHoi Mimi y XIX cr.
3po6uB B. Tonpamviar y "Amiaci kpucraniuaux dopm” [11], me HaBemeHO XapakTepucTuky 114
KpUCTaJIiB Ta iXHIX 3pOCTKIB JUISI CAMOPOIHOI Mijli 3 POIOBUILL YChOTO CBiTy (Haiioumbiie i3 CILA,
wtaT Miviran, i Pocii, Ypan). Ha Toit yac Ha KpucTagax caMopoaHoi Mifi 6y/10 BcraHOBIEHO 21
npocry ¢dopMy, Kpuctaigorpadu XX cT. JOMOBHWIM CITMCOK MpocTux (popM Mifi e 11 (tad. 1).

Ilepenik ycix BimoMHMX HMHI MPOCTUX (POPM KPHUCTATiB CaMOPOMHOI Mili MPEACTaBRIeHO B
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Puc. 1. TlowmpeHicTb npoctux ¢GopM KpUCTaliB CAMOPOAHOI Mili y ponosuilax o3. BepxHe (wurar Miuiran, CLLA)
(@) i y pomosuinax cBity (6). Iictorpamu, mooymosani 3a nanumu E. [lena (1886) (@) i B. Tonpaiumiara (1918) (6):
1 — {100}, 2— {110}, 3 — {111}, 4— {210}, 5 — {211}, 6 — {311}, 7— {410}, & — {411}, 9 — {511}, 10 — {520},
11 — {530}, 12 — {531}, 13 — {740}, 14 — {12.3.2}, 15 — {11.6.1}, 16 — {18.10.5}

Tabauysa 1. Ilpocti dopmu KpuctaiiB camopoaHoi Mmini, ixni TeopeTnyHi cepuyHi KoopauHaTH Ta
MDKIJIOIKMHHI Binnani

Howmep 3a naHuMu [ToBHMI Koopannaru A
3/n (9100 [ (i [6] nepes K* o | »
1 001 001 001 001 — 0°00' 3,6106
2 011 011 011 011 0°00' 45°00' 2,5531
3 111 111 111 111 45°00' 54°44' 2,0846
4 012 012 012 012 0°00' 26°34' 1,6147
5 112 112 112 112 45°00' 35°16' 1,4740
6 013 013 013 013 0°00' 18°26' 1,1418
7 113 113 113 113 45°00' 25°14,5' 1,0886
8 — — 023 023 0°00' 33°41,5' 1,0014
9 014 014 014 014 0°00' 14°02' 0,8757
10 — — 223 223 45°00' 43°19' 0,8757
11 114 114 114 114 45°00' 19°28,5' 0,8510
12 124 124 124 124 26°34' 29°12,5' 0,8510
13 115 115 115 115 45°00' 15°47,5' 0,6949
14 025 025 025 025 0°00' 21°48' 0,6705
15 035 035 035 035 0°00’ 30°58' 0,6192
16 135 135 135 135 18°26' 32°18,5' 0,6103
17 — 116 116 116 45°00' 13°16' 0,5857
18 — — 245 245 26°34' 41°48,5' 0,5382
19 — — 227 227 45°00' 22°00' 0,4782
20 037 037 037 037 0°00' 23°12' 0,4741
21 047 047 047 047 0°00' 29°44,5' 0,4478
22 — — 057 057 0°00' 35°32,5' 0,4197
23 — — — 049 0°00' 23°57,5' 0,3666
24 — — — 059 0°00' 29°03,5' 0,3507
25 — — — 259 21°48' 30°53,5' 0,3443
26 — — 459 459 38°39,5"  35°26' 0,3269
27 — — 1.3.11 1.3.11 18°26' 16°01' 0,3154
28 — — — 089 0°00' 41°38' 0,2898
29 2.3.12 2.3.12 2.3.12 2.3.12 33°41,5' 16°43,5' 0,2882
30 1.6.11 1.6.11 1.6.11 1.6.11 9°27,5' 28°56,5' 0,2872
31 0.10.11 — — 0.10.11 0°00’ 29°52' 0,2429
32 5.10.18 5.10.18 5.10.18 5.10.18  26°34' 31°50,5' 0,1704

* 3 ypaxyBaHHSIM HalllMX JaHUX.
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Puc. 2. Tlpoekuii npoctux (GopM KpUCTaTiB CAMOPOIHOI Mili: @ — yciX HMHI BimoMux (GopM, 6 — HalvacTilnX
rabitrycHux dopm

Puc. 3. 3BeseHa crparurpadiyHa KOJIOHKA BYJIKaHIYHMX YTBOPEHb BOJIMHCHKOI cepil AiissHkM 2Kupudi: 1 — 6azanbTu
adaHiToBi MMrmasekam’siHi; 2 — 0Ga3albTH cl1abopo3KpHcTalizoBaHi; 3 — Tydu 6a3aibToBi, 4epBOHYBaTO-OYpi
JITOBITPOKJIACTUYHI Pi3HOYIaMKOBi; 4 — Tydu 6a3a1bTOBi, CTPOKATi 3a KOJIbOPOM, JIITOBITPOKJIACTHYHI Pi3HOYJIAMKOBI;

5 — naBoOpekyii 6a3ayibTiB

Tabauys 2. MopdoJioris ApiOHMX BUALIEHb caMOPOAHOI Mini i3 0a3anbTiB Ta ixHix Tydis Ha Bosuni,
ninsaka 2Kupuyi

Howmep T'opuzoHT [Mopona Kopotka xapakTepucTuka ApOHUX BUIJIE€Hb M

npoou

5819/1 3B, bazansr KceHomMophH[l Ta  remIAOMOpdHL YTBOPEHHS, 3POCTKU
HEOCKOHAIMX KPHUCTATB, PAKICH AOMOpdOH [ BUAOBXKEH
MIKPOKpPHCTaIM, GaraTorpaHHUKHU (poMOoaoaeKaeapu) paKcH ]

5812/4 0 3B, Bazanbt 0 KcenomopdH[l Ta  remIa[oMOpdH[] YTBOPEHHS, 3POCTKHU

5822/9 TYD HEJOCKOHAIMX KPUCTaI[B, 3HAYyHO Oliblie [O[OMOpPdHUX
KpUCTa[B, GaratorpaHHMku (nepexiH(]{hko} + {110}, {110})
qacT il

5819/9 3A, Te x  KceHomopdpH Ta rem[OMOpbHL YTBOPEHHS, 3POCTKU
HEeIIOCKOHATNX KpUCTa(B, BIIHOCHO pAKT  BeJMKL
pombononekaenpuyHKkpuctanu (0,5—1,0 Mmm)

5810/11 [ 3A, " KcenomopdHJ ta remIaoMopdH[] yTBOpeHHs, 3 0a3abTy

5810/8 6araTto OKpYIIMX BUAICHb, OaratorpaHHuku ({hko}, {hko} +
{110}, {110}) plAKICH[] cepen BuadieHb M[A[] 3 Tydy Oarato
nonenp® ({hko} CckenetH {110}, KyOu) Ta X 3pOCTKB

5810/4 O 2b Bazanbt KceHomopdH[l Ta  remIA[OMOphHI] YTBOPEHHS, 3POCTKU

5822/30 HEIOCKOHAJIMX KPUCTaI(B, OGarato monlenap®: {hko} + {110},
{110}, {hko} + {110} + {100} + {111} + {hkk}; nennpurolam [
IPOTOITON[GHlyTBOPEHHSI; 3pOCTKU BUIJICHb M3 KpUCTATIaMU
TeTUTY

5817/37 2A Tyd KceHoMmopdhH[J yTBOpeHHs1, 6arato ApOTONOAOHUX BUIJIEHb,

Mmaio {hko}, {110} Tmepexiinux dopm {hko} + {110}, 3HaYHO
OlibllIe KyOOOKTaenp®
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Puc. 4. ToHioMeTpUYHO BUBYEHi GaraTOrpaHHUKYN CaMOPOIHOL
4 Mini: @ — i3 Tydobpekuii Padanicbkoro kap’epy; 6 — i3
GazanbTy AiastHKY 2Kupudi, ropu3oHT 2b. Po3mipu Kpucraiis
6113bK0 0,5 MM

1704
i, p

Puc. 5. 'HomocTtepeorpadiuHi NpoeKLii rpaHeil TOHIOMETPUYHO BUBYEHUX OaraTorpaHHMKIB caMOpOAHOI Mii BonuHi:
a — i3 Tydobpekuii Padaniscbkoro kap’epy, /—13 — HOMepa rpaHei, 3a Tabi. 3; 6 — i3 6a3anbTy AiITHKY 2Kupudi,
ropusoHT 2b, /—31 — HoMepa rpaHeii, 3a Tabi. 4

MOPSIIKY 3MEHILIEHHSI BiIMOBITHUX MIXTUIOILIMHHMX BiICTaHEH, TOOTO 3TiHO 3 iIXHBOIO CTPYKTYPHOIO
BaXXJIMBICTIO 3a 3a3HAYeHUM BHIIE MMOKAa3HMKOM.  Hacammepen BUIHO, IO OKPiM HaMGiIbII
CTPYKTYPHO BaXKJTMBHX MPOCTUX (hOPM, TaKHX SIK KyO, pOMOOIOJAEKAeIp i OKTaeap, B OrpaHIOBAHHI
KPUCTaTIB Mimi OepyTh ydyacTh 13 TeTparekcaenpiB, 7 TeTparoH-TPUOKTAaeApiB i 9 reKcaoKTaeIpis.
Heo0ximHO TakoX BiI3HAYMTH, 110 HA KPUCTaJIaX Mijli TTOKU 1110 He Oy1o 3adiKCOBaHO KOMHOTIO 3
MOXJIMBUX TPUTOH-TPUOKTACIPIB.

[1pnGaM3HY OLIIHKY HOIIMPEHOCTI MPOCTUX (POPM KPUCTATIB CAMOPOIHOI Mijli Ta iXHBO1 poJIi
B OrpaHIOBaHHI MOXHa JaTW, BUXOISYM i3 KpucTatoMmopdonoriyunmx manux E. Jlena [9] i B.
Tompmiminra [11]. Hagitk i3 Takoro aHanisy (puc. 1, a, 6) BUIHO, 1110 HalHOUIbII MOIIMPEHUMH i
HalKpallle po3BMHEHMMM € MPOCTi (POopMU Mifi, SIKi MalOTh BaXJIMBE CTPYKTypHE 3HaueHHs. Ha
Mpoekisix (puc. 2, a, 6) OUIBLICTb BiTOMUX MPOCTHX (DOPM Mifi JIeXXuTh y ABoX mosicax: (001) :
(011) — e cepist Terparekcaenpis i (001) : (111) — e cepist TeTparoH-TproKTaeapiB. Haityacriie
TiTbKM (DOPMM 1LIMX TIOSICIB MalOTh TabiTycHe 3HaueHHs1 (puc. 2, 6). Takuii BaxIMBUIA TOSIC, SIK
Tabauys 3. Pe3yabTaTH roHiOMETPHYHUX AOC/I/KEHb KPUCTAJIA CAMOPOAHOI Mili 3 BYJKAaHITIB
Pacdaniscbkoro kap’epy

Howmep KoopanHatu Cumson
rpaH(] BumpsiH Burnpagien ITpuBeneH rpaH’]
P p P p P p
1 248°00' 60°10' 215°15' 60°10' 35°15' 60°10 (232)
2 178°13' 60°10' 144°43' 60°10' 35°17 60°10 (232)
3 69°00' 60°10' 35°30° 60°10' 35°30' 60°10 (232)
4 358°30' 60°10' 325°00' 60°10' 35°00' 60°10 (232)
5 213°10° 90°00' 179°40' 90°00' 0°20' 90°00' (010)
6 159°50' 90°00' 12620 90°00' 36°20' 90°00' (570)
7 338°37' 90°00' 305°07' 90°00' 35°07' 90°00' (570)
8 303°50' 90°00' 270°20' 90°00' 0°20' 90°00' (010)
9 123°35' 44°40’ 90°05' 44°40' 0°05' 44°40' (011)
10 302°10' 44°40' 269°40' 44°40' 0°20' 44°40' 011)
11 33°10° 35°25' 359°40' 35°25' 0°20' 35°25' (057)
12 213°30' 35°20 180°00 35°20° 0°20' 35°20° (057)
13 — 0°00' — 0°00' — 0°00' (001)

* 3a peTMKYJSPHOI IMIJTBbHICTIO CITOK TEOPETHYHA MOCIiZOBHICTH (GOpM Oyae Helio iHIIOKW: OKTaeap,
pombononekaenp, Kyo...
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Puc. 6. baraTorpaHHMKM caMOPOIHOI Mifi i3 ByJKaHiyHMX mopia Bomuni: [ — {110}; Il — ckenetnuii {110}; 11l —
{110} + {hko}; IV — {hko}; V — nBiitnuk {hko}; VI — {110} 3 {111}; VII — {111} 3 {hhl}; VIII — {100} 3 {111}; IX —
{111} 3 {100}

(111) : (011) 3anuiaeTbest 6e3 TPUTOH-TPUOKTAeAPiB. IHILII Mosic po3BUTKY dopM Tury (hkk) :
(hko) He mocuTh BUpasHi, SIK i 3HaYeHHsT (popM (TeKCaOKTaeApiB), 1110 Ha HMX JiexkaTh. [ToMiTHO
TaKOX IPYIyBaHHS CJIA00PO3BUHEHUX (DOPM KPUCTATIB Mifli OUTSI CTPYKTYPHO i TabiTYCHO BaXKITMBMX
dopm, Takux sik {110}, {210}, {311}, {320}.

TpoTe 1151 KOHKPETHMX TeOIONUHUX 00 €KTIB (pYIOITPOSIBiB, POIOBUIIL) POJIb TIEPEPaXOBaHUX
npoctux ¢GopM y rabiTyCHOMY OTpaHIOBaHHI KPUMCTAJiB Milli pi3Ha i1 TeOpeTHUHi (CTPYKTYpHi) Ta
peanbHi (MpUpomHi) psiny KX (GopM He 30BCiM 30iratoThesl, 1110, 6e3yMOBHO, BimoOpakae BILIMB
30BHIlIHIX (hakTOpiB KpUCTATi3aLlii Ha MOSIBY i PO3BUTOK THX UM iHIIIMX (DOPM KPUCTAIIB CAMOPOIHOL
Mifi.

Bararorpannuku camopoanoi Mini Bosmmi. Ille moHemaBHa BimomocTi mpo mopdoioriio
BOJIMHCBKOI CaMOPOIHOI Mifi Oy 0OMeXeHi XapaKTepUCTUKOIO MEePEBAXHO 1i JOCUTb BEJIMKHUX
caMmopozKiB (> 5 MM) i3 ripoTepMaJbHO 3MIHEHMX i MMIAaieKaM’siHUX 0a3aibTiB, Ty(poOpeKyiii
[2—5, 7]. 3a mTaHUMM LIMX JOCTIMKeHb, KCeHOMOPGhHI BUALIEHHST Milli JOMiHYIOTb cepef 1i CAaMOpPOIKiB.

Hirkue HaBemeHO pe3yabTaTv AOCTIIMKeHb MOpdoJIorii IpiOHOI caMOpOaHOI Mili 3 Pi3HMX
ByJKaHiTiB BonmHi. BuBuamucst BumizieHHs: Mimi (mepeBaXHO MeHIe 1 MM) i3 MacMBHUX i
MUTIaJIeKaM SSHUX 0a3asibTiB, iXHIX TydiB, JaBo- i TyhoOpeKyiii BOIMHCHKOI cepil BEHIy Ta XKW
KBaplly 3 IBOX JiJISTHOK TOIIMPEHHS By/IKaHiTiB: 2Kupudi (puc. 3; Taon. 2) Ta Pacanika (mepeBakHo
3 BYJIKAHITIB Kap’epy).

3a JaHUMY TOHIOMETPUYHUX AOCTIKEeHb, Ha KpPHCTaaX BOJMHCHKOI Mifli BCTAHORIEHO TaKi
npocti opmu: {100}, {110}, {111}, {210}, {311}, {322}, {320}, {520}, {740}, {750}, {940}, {950},
{980} i {952}. Sk mpukiIam TakuX HOCTIIXEeHb HaBeAEHO Ppe3yJbTaTH TOHiOMETpii MBOX
CKJIaMHOOTPaHeHMX KpUCTaliB (puc. 4, a, 6; puc. 5, a, 0; Tabn. 3, 4).

IIIo crocyeTbest rabiTyCHOro 3HaYeHHST BCTAHOBJICHMX MPOCTUX (hOPM Ha KPUCTaIax BOJTMHCHKOI
Mifi, To cepen ApiOHMX GaraTorpaHHUKIB MepeBaXkaroTh KoMOiHaliiHi opmu tumy {hko} + {110},
pomboionekaenp, TeTpareKcaepu i CkiianHi 6aratorpaHHUKY vy {hko} + {110} + {100} + {111}
+ {hkk} (puc. 6, 7). Kyou, oktaenpu i KyOOOKTaeAPpH € BiTHOCHO PIIKMMU YTBOPEHHSIMMU, IO TOTO
3K OCTaHHI yacTillle TparusioThesl B Tydax. HaiibaraTinumu Ha mostieipy € BYJIKaHITA TOPU30HTY
3A, i ocobmmso 2b (tabn. 2). Lle Moxe OyTM iHIMKATOPHOIO O3HAKOIO TAKMX BYJIKAHITIB, fIK i
3HAYHA MOLIMPEHICTh IPOTOIMOMIOHMX YTBOPEHb Y Tychax ropu3oHTy 2A (puc. 8). OTke, MOXKIMBA
CBOEpinHa cTpartudiKallist ByJIKaHIYHUX BUBEPXKEHb i ITOTOKIB 3a crielidikoro Mopdosiorii BUIiIeHb
CaMOPOIHOI Mifi.

OoroBopenns. BomvHCbKi pynonposiBU Mifi 3a GaratbMa MOKa3HUKaMHM, Y TOMY YHUCIi 3a
KpucTajioMopdoJIoTi€r0 Mifi, HaramyroTh MidiraHChKi pomoBuina Mimi. Tak, 3a HOBUMU JaHUMU
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Puc. 7. TlommpeHicth TabiTyCHUX (GOpM KpUCTaliB  CaMOpPOIHOI Miai y BYJKaHiYHMX moponax BosuHi: 1 —
{110} + {hko}; 2 — {110}; 3 — {hko}; 4 — {hko} + {110} + {100} + {111} + {hkk}; 5 — {111}; 6 — {100}

Puc. 8 CamoponHa Mib i3 BYJKaHITiB OiissHKM 2KUpudi: eepxuii psimi — Aesiki KCeHOMOPMHi yTBOPEHHsI, cepedHiii
psii — OPOTONONiOHI YTBOPEHHSI, HuxcHil psii — reMiiniomopdHi yrBopeHHs. Po3mip BuaineHs Mini 61m3bko 0,5 MM

[12, 13], Terparekcaempu ({750}, {410}, {520}) i pomOomomeKaemp TAKOX HOMIiHYIOTb Cepe
GararorpaHHUKIB Mini 3 pomosuil 1rary Mivirad (CLLA). Ky6u it okraenpu Tyt pinkicHi. OTxe,
KpucTajoMopdoJIoriuHi JaHi CBim4aTh, 1110 YMOBU KpMCTaJIi3allii GararorpaHHMKIiB BOJMHCHKOI I
MidiraHChKOI Mifli € OM3bkuMU. B 000x Bumagkax poMOonoaekaeap i MEHII CTPYKTYPHO BasKJIMBi
TIOJIOTi TeTparekcaefpy € HalpO3BUHEHIIIMMU 1 HAUMOIIMPEHIIMMU (OpMaMU.

Buxonsuv 3i CTpyKTypu camMOpOmHOI Midi MOXHa OyJo O TPUITYCTUTH, IO HaWOLTbLI

Tabauys 4. Pe3yapTaTH roHiOMETPHYHUX AOCJI/KEHb KPUCTAJIA CAMOPOIHOI Mini 3 0a3ajbTy AiNSHKH
Kupuyi

Howmep KoopauHaru CumBorn
rpaH Bum(psiH Bunpasiex [1puseneH rpaH
[ | %) ) | %) [ | %)
1 298°30' 54°44' 316°00 54°44' 44°00' 54°44' (111)
2 208°30' 54°44' 226°00' 54°44' 44°00' 54°44' (111)
3 118°00' 54°44' 135°30" 54°44' 44°30’ 54°44' (111)
4 27°00' 54°44' 44°30' 54°44' 44°30’ 54°44' (111)
5 253°00' 45°00' 270°30' 45°00' 0°30' 45°00' (011)
6 164°50' 45°00' 182°20' 45°00' 2°20° 45°00' (011)
7 344°20" 45°00' 1°50' 45°00' 1°50' 45°00' (011)
8 253°00' 29°30° 270°30' 29°30' 0°30' 29°30' (047), (059)
9 253°00' 33°00° 270°30' 33°00' 0°30' 33°00' (023), (058)
10 253°00' 61°00' 270°30' 61°00° 0°30' 61°00° (074), (095)
11 253°00' 65°00' 270°30' 65°00’ 0°30' 65°00' (094)
12 164°00' 61°00' 181°30' 61°00° 1°30' 61°00° (074), (095)
13 164°00' 65°00' 181°30' 65°00’ 1°30' 65°00' (094)
14 164°00' 29°00° 181°30' 29°00' 1°30' 29°00' (047), (059)
15 164°00' 33°00° 181°30' 33°00' 1°30' 33°00' (023), (058)
16 344°00' 26°00" 1°30' 26°00' 1°30' 26°00' (012)
17 344°00' 36°00° 1°30' 36°00' 1°30' 36°00' (034), (057)
18 204°55' 90°00' 222°25' 90°00' 42°25' 90°00' (890)
19 192°00' 90°00' 209°30" 90°00' 29°30° 90°00' (470), (590)
20 226°00' 90°00' 243°30’ 90°00' 26°30" 90°00' (120)
21 300°40' 90°00' 318°10 90°00' 41°50' 90°00' (780), (890),
(670)
22 9°10' 90°00' 26°40' 90°00' 26°40' 90°00' (120)
23 44°20' 90°00' 61°50° 90°00' 28°10° 90°00' (120)
24 233°35' 72°05' 251°05' 72°05' 18°55' 72°05' (131)
25 186°20' 29°05' 203°50' 29°05' 23°50° 29°05' (259)
26 298°10' 90°00' 315°40' 90°00' 44°20' 90°00' (110)
27 279°00' 90°00' 296°30' 90°00' 26°30" 90°00' (120)
28 320°00' 90°00' 337°30' 90°00' 22°30° 90°00' (250), (270)
29 208°00" 90°00' 225°30' 90°00' 44°30' 90°00' (110)
30 228°00' 90°00' 245°30’ 90°00' 24°30° 90°00' (120)
31 188°00' 90°00' 205°30' 90°00' 25°30° 90°00' (120)
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TOLIMPEHUMH i rabiTyCHUMU (hopMaMu pOCTY 1i KpUCTaliB MaB 0v OyTu KyO abo oKTaeap, MOTiM
yxe ¥ayTh poMmbononekaenp i terparekcaenp {210}. Tlpore craTMcTyHi maHi 11T BOJIMHCBHKOL i
MiYiraHChKOI Mifli TMOKa3yloTh, 110 KyO, K i OKTaedp, TYT 4YacTillle HajlexkaTb OO0 APYTOPSITHUX
dopm, Tomi sIK pombOomonekaenp i OJM3bKI OO HHOTO 3a T€OMETPUYHUMM KOHCTAaHTAMM
TeTparekcaenpu IOMiHyIOTb. HasBHiCTh KOMOiHAILilfHOI IITPUXOBKM Ha ITOBEpXHi TpaHeu
TeTparekcaepiB (mapaiesibHO pebpaM Kyba) Moxke BKasyBaTW Ha Te, 110 HaiimoBipHile {110} i
{hko} € macuBHUMM (opMaMu POCTYy 3a paXyHOK BHUPOMKEHHsSI KyOa 3a BMCOKMX IIBHIKOCTEN
pocTy itoro rpaHeit. IIprynMHU Takoi MOXKIIMBOI €BOIIOLIT (POPM KPUCTaJliB CaMOPOIHOI Mili MOKH!
1110 HEBIIOMi, TOMi SIK KyO LIJIKOM 3aKOHOMIPHO CTa€ IOJIOBHOIO POCTOBOIO (bOpMOIO Mifi. SIKio
3BEPHYTHCS 10 EKCIIEPUMEHTAIbHO OTPMMAHMX OaraTrorpaHHUKIB Mifli, TO Bigomo [8], 1o pi3Hi
YMOBHU POCTY BIUIMBAIOTh Ha IXHIO opMy. Y pasi KpucTatizallii Mii 3 ra3oBoi (pa3u uu 3 po3IuiaBy
i GararorpaHHUMKM HaOyBalOTh rabiTyCHOI OKTaeApW4yHOI (popMu B KOMOiHALIii 3 APYropsiIHUMU
rpaHsiMu KyOa, pimiie it pombononaekaenpa. baraTiia it 61M3bKa 111 MPUPOIHUX KPUCTAIIB Mili
MopdosIorist 1i GaraTOrpaHHMKIB, SIKi KPUCTATI3YIOThCS i3 COJNIbOBUX PO3UYMHIB, — OKTaeIpH,
yekinanHeHi rpaHsmu {100}, {110}, {211}, {210}, {311}, {511}, i ocob6mBO y pa3i pocTy 3 pO34rHY
XJIOpYA Mifi + OpoMia Mifli — rabiTyCHi TeTparekcaepu it TeTparoH-TpUOKTaeApU 3 APYropsTHUMU
rpadsimu {111} i {100}. TakuM YyMHOM, HANCKIIQAHIllIe OTpaHIOBAHHS, Y TOMY UMCJI 3a Y4acTio
MEHII CTPYKTYPHO BaXJIMBMX (DOpPM, MaloTh OaraTOrpaHHMKW Mili, SIKi OTpMMaHi B pe3y/bTari
XiMiYHOI Ta €JeKTPOTITUIHOI KpUCTaTi3allii.

7151 MpUPOIHUX KPUCTATIB Milli BAKIMBUM (haKTOPOM 3MiHU TabiTyCHUX (POPM MOTJIM TaKOX
OyTH IOMILLIKM, SIKi CIIPUYMHWIM O 3MiHY IIBHAKOCTEH pOCTY IpaHeil pisHuxX (opM. OmHak siK
BOJIMHCBKA (Y TOMY YMCITi | KpUCTATN), TaK i MidiraHChKa Millb € HAA3BUYANHO YMCTUMK MiHEpaTaMHu.
BoHu MicTsITh He3HAuHi JOMILIIKYM 3aJ1i3a, cpibjia, iHOMi 30/10Ta, MUILI'SIKY. TOMY NpUYMHY MOSIBA
JOMiHYIOYMX (DOPM BOJIMHCBKOI i Mi4iraHChKOI Mifli, MaOyTh, CJIiJI LIIyKaTU B OCOOJIMBOCTSIX CKJIAmy
MiTHVIX PO3YMHIB i TeMITepaTypi KpycTatizarlii Mifi. BimxvieHHs (€BoMOLLisT) orpaHIOBaHHST KPUCTATiB
Mifi Bix HaiGiIbLI cTpyKTYpHO BaxiuBux (opm {100}, {110}, {111} y Gik MeHII BaxmBux {iko},
{hkk}, {hkl} Bimn3epKaaioe TaKoX CyTTEBUI BIUIMB B3aEMOJii pO3UYMHIB i Oe3rocepeaHbO
GaratorpaHHuKiB Mini. OKpiM Toro, KybiuHMii TabiTyc KpHMCTaliB Mioi € Haifuactillie 3a Bce,
PE3YIILTATOM POCTY, MIMOBIpHO, i3 MepeHaCMYeHNX PO3YMHIB, TUIEKU TOMI 3’SIBJISIIOThCS (hopMU 3
HEBEJIMKOIO KiJIBKICTIO TpaHel, sIKi HAaWIOBIIbHILLIE POCTYTh.
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PE3IOME. PaccMoTpeHa KpucTaioMopdoiorust CaMOpoiHOM Meu, HauOOJbLI A BKJIAJ B pa3BUTUE KOTOPOIi Caeiaiu
kpuctasutorpadsl 1 MuHepanoru XIX B., a Takxke MOphOoI0rust KpUCTAUIOB MM U3 BYJIKaHUTOB Bonbinu. [1pencrasieH
MepeyeHb BCeX M3BECTHBIX CErOHS MPOCTbIX OPM MHOTOrPAaHHUKOB MEIM, JaHa OLEHKA MX TabUTYCHOM poiu.

SUMMARY. This article contains a review of the crystallomorphology of native copper. List of all known simple forms

of copper polyhedrons has been presented. Habit role of these forms has been evaluated. Morphology of copper
polyhedrons from volcanites of the Volyn’ region has been considered.
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Mopdonornyeckue n xmmmyeckKkume
0COOEHHOCTU apceHonupuTa
CepreeBckoro MecTopoXxaeHus 30Ji0Ta

PaccMoTpeHbl 0coGeHHOCTH MOP@OIOrMM MU XMMHUYECKOro cocraBa apceHonuputa CepreeBcKoro 30J0TOPYIHOro
MectopoxneHust (CpeaHee [TpunHenpoBbe). BolaeaeHbl YeTbipe pa3HOBUIAHOCTH apCEHOMUPUTA: OJIU3U30METPUUHBIE
BbIIEJICHUS, UTOJbYaThle KPUCTALIbI, CKPHITOKPUCTAIIIMYECKUE arperatbl U cKejleTHble Kpuctajuibl. [TokazaHo, 4yTo
MOC/IeIHUE TPU PA3HOBUIHOCTH Yalle BCEro MpeAcTaBleHbl 3€pHaMU ¢ OoJsiee UM MEHee OTYETJIMBO IMPOsIBJIEHHOM
30HAJILHOCTBIO B pacrpeie/ieHU Kak OCHOBHBIX 3JIEMEHTOB, TaK U 3JIEMEHTOB-TIPUMECEI U 110 CBOEMY XMMUYECKOMY
COCTaBYy MPAKTUYECKU HEPA3JIMUMMBI, & TIepBasi PAa3HOBUIHOCTb MpeCTaBlIeHa, KakK MPaBUJIo, OMHOPOIHbIMU 3€pHAMU.
HameueHa nocienoBaTeslbHOCTb 00pa30BaHUsI yKa3aHHbIX Pa3HOBUAHOCTE apceHONMUPUTA.

ApPCEHONUPUT HE TOJIBKO COMYTCTBYET 30JI0TY B MHOTOYMCIIEHHBIX MECTOPOXKIECHUsIX Mupa,
HO U HEPeIKO SIBISIETCSI OCHOBHBIM 30JI0TOCOAEPKAIIMM MUHepasioM. IS KOHKPETHBIX
TUIOB MECTOPOXICHUI XapaKTepHbl OIpeae/eHHbIe (hOPMbl BbIIEICHUN apCeHONMUpPUTA U
XUMUYECKHUI COCTAaB, UTO HEPEIKO CIIY>KUT OMHUM U3 MIPU3HAKOB 30JIOTOHOCHOCTU. MIMEHHO
3TO OOYCJIOBIMBAET HEOOXOAMMOCTh BCECTOPOHHETO M3YUYEHUSI TUMOMOPQHBIX,
TUMOXUMUYECKUX U OPYIMX OCOOEHHOCTE apCeHOMUPUTOB BOOOIIE U apCeHOMUPUTOB
30JIOTOPYAHBIX MPOSIBIEHUN B YaCTHOCTHU.

Ha CepreeBckoM MeCTOpOXAeHUM (CeBepHAasl U FOXKHAsl 30Hbl) apCEHONUPUT BBISIBJICH
B CYIIECTBEHHOM KOJIMUECTBE KaK COBMECTHO C XaJIbKOIMUPUT-ITUPPOTUH-MUPUTOBOM
MMHepalM3alKeil B 30HaX Karakja3a U MHTEHCUBHOTO OpeKYMpOBaHUSI OMMCAHHBIX paHee
[8] xBapi-KapboHaT-aM(pUOOJIOBBEIX METACOMATUTOB, TaK M B TOPAa3I0 PeXe BCTpeYalolIMX-
Csl KaTakJIa3MPOBAHHBIX YOOTO CyJb(MUAHBIX TaJbK-KapOOHATHBIX C XJIOPUTOM METaco-Ma-
TUYECKUX TeJax.

OtaenbHbIe BOIMPOCH TUIIOXMMHU3Ma apCEHOMUWPUTOB 3TOM IIOLIAAM HaMU YyXe
paccMaTpuBanuch [9]. B yacTHOCTHM, BIiepBble IJII apCEHOMUPUTOB YKPAMHCKOIO IIWTa
(YIII) 6buto moka3aHO HaJIWYKME XMMUYECKOW 30HAJbHOCTH B OTAEIbHBIX Pa3HOCTIX
apceHOnUpUTOB CepreeBCKOr0 MECTOPOXKICHUSI U 3HAYUTEJIBHOTO O0OrallleHUsI 30JI0TOM
(0 HECKOJIbKMX KWJIOIPAMMOB Ha TOHHY) ONpeleeHHbIX 30H. Hapsiny ¢ 30710TOM B Takux
30HaxX 3a(MKCHPOBAHO IMOBBIIIEHUE KOHIICHTPALMM MBIIIbSIKA W CHIXXEHUE KOJIMYeCTBa
Xese3a, CypbMbl U cephbl. JIaHHBIE, TTOJyUYeHHbIC B TTOC/IEAHEE BPeMsI, TTO3BOJISIIOT HE TOJIBKO
CYILIECTBEHHO JOTOJIHUTh CBEACHUSI 00 OCOOCHHOCTSIX TUMTOXMMMU3Ma 3THUX apCEHOTMPUTOB,
HO U OTMETUTh HEKOTOPbIE UX TUIMIOMOP(MHBIC XapaKTePUCTUKMU.

Ha ocHoBaHMM MMKPOCKOITMUYECKOTO U3YYEeHUsI MOJUPOBAHHBIX INTY(MOB PYIHBIX TeJ
CepreeBCKOro MeCTOPOXAEHUS TMOSIBUJIACh BO3MOXHOCTb BBIACIUTH CJCAYIOIINE
MopdoJIoruuyecKrue pa3HOBUIHOCTU BBIAEICHUI apCeHONMUPUTA, MPUCYTCTBYIOIIETO B
30JI0TOCOAEPKAIIMX MeTacOMaTUTax: 1) CpaBHUTENILHO HEMpaBUIbHbBIC U OJIM3U30METPUYHbBIE
3epHa; 2) UroJibvyaThie M JUIMHHOMPU3MATUIYEeCKIE KPUCTAJLIBI; 3) CKPBITO- Y TOHKO3EPHHUCTHIC
arperatbl; 4) CKeJIE€THbIC KPUCTAJLIbI.

ApPCEHONUPUT MEePBOM Pa3HOBMIHOCTU MPUYPOUYEH, IJIaBHBIM 00pa3oM, K ydyacTKam
pa3BUTUS XaJIbKOMUPUT-MUPPOTUH-MTUPUTOBON MHUHEpaIU3alMU, B KOTOPBIX MHUPUT
HabamgaeTcsl yallle BCEro B BUIE CPaBHUTEJIbHO KPYMHBIX METaKpPUCTAIIOB
MeHTaroHaoAeKasapuieckoro raburyca. [IMppoTMH M XaJbKOMUPUT, KaK IMpaBujio, OGoiee
MO3AHMUE IO OTHOILIEHWUIO K TaKOMY IMUPUTY. APCEHOMUPUT 3TON Pa3HOBUIHOCTHU
HaOJromaeTcsi B BUAE OTAEIbHBIX BKparuleHUi, 1o ¢opMe BbIIEICHUN YacTO MOXOXUX Ha
3epHa MUPUTA, WK MPOKWIKOBUIHBIX 000COOJICHHUI B XaIbKOTTMPUT-ITMPPOTUH-TUPUTOBOM
Marepuayie M SIBJISIETCSl OTYETIMBO HauboJiee MO3AHUM MUHepasoM. He uckiodyeHo, 4to,
Mo KpaiiHeil Mepe, HEKOTOpash 4acTb 3TOTO apCeHOINMUPUTA MPEACTaBIsIET COOOM
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nceBnoMopdo3sl 1Mo nmuputy. O TMociaeaHeM CBUAETEIbCTBYET, B YaCTHOCTH, HaJMuue B
TMOJIMPOBAHHBIX IITydax MUpUTa HEPAaBHOMEPHON OKPACKM, BHIPAKAIOIIEHCS MOSIBIEHUEM
0o0Jiee CBETJIBIX 30H, MSITEH BHYTPU OTAEIbHBIX 3€pEeH U aHAJIOTMYHBIX KaiilM B UX mepude-
puitHbIX YacTsx. [1o maHHBIM Ja3epHOTr0 MUKpOCIeKTpaibHOro (aHamuTuk b. M. I'eiinman
u H. A. [Ipuxoapko) U peHTreHOCIIeKTpaIbHOTO MUKpPo30oHA0BOoro (aHaautuk Y. H. boH-
JMAapeHKO) aHaau30B (TabauIlla), yKazaHHbIE 30HBI U KaiiMbI IO COCTaBY OTBEYAIOT MBIIIbS -
KOBHMCTOMY MUPUTY, JUOO cOOCTBEHHO apceHonuputy (aH. 3). CaMocTosiTeSIbHbIE Bblaesie-
HUSI apCeHOMUpPHUTA JAaHHOW Pa3HOBUAHOCTU HauboJjiee KPYIHbIE U JOCTUTAIOT B MOIepey-
Huke 1,5 MM u OGoJblie.

Xumuyeckuil coctaB apceHONUMPUTOB CepreeBcKoOro 30J10TOPYIHOr0 NMPosiBjieHus (1Mo

nanasiM PCMA), %
Kommo- 1 2 3 7 3 6 7 8 9 10
HEHT
Fe 35,77 35,77 35,16 35,17  35)778 3493 34,57 33,31 35,49 35,47
S 20,87 21,59 20,19 20,24 21,31 20,14 20,28 19,74 20,09 19,33
Co 0,06 0,05 0,05 0,03 0,02 0,00 0,03 0,06 0,02 0,01
Ni 0,00 0,00 0,00 0,02 0,01 0,01 0,01 0,00 0,02 0,03
As 42,89 41,86 43,83 4394 42,07 4490 4465 41,35 4439 45)16
Sb 0,41 0,81 0,71 0,23 0,80 0,00 0,42 0,03 0,00 0,01
Au 0,00 0,00 0,05 0,37 0,00 0,01 0,04 5,51 0,00 0,00
Ag 0,00 — — — — — — — — —
As/S 2,05 1,94 2,17 2,07 1,97 223 220 2,09 221 2,34
Cymma 100,00 100,00 100,00 100,00 100,00 100,00 100,00 100,00 100,00 100,00
Kowmio- 11 12 13 14 15 16 17 18 19 20
HEHT
Fe 35,32 35,34 3546 3572 35,67 3574 33,45 3507 33,82 33,22
S 20,60 19,92 23,01 21,93 21,50 22,90 20,60 20,90 20,92 19,31
Co 0,04 0,04 0,02 0,05 0,07 0,06 0,03 0,08 0,05 0,13
Ni 0,00 0,01 0,00 0,00 0,00 0,02 0,01 0,00 0,00 0,02
As 43,19 44,73 41,12 42,05 42,10 41,86 45,47 43,95 4396 4548
Sb 0,83 0,00 0,42 0,28 0,54 0,28 0,05 0,00 1,25 0,0
Au 0,02 0,00 0,00 0,00 0,10 0,00 0,38 0,00 0,00 0,28
Ag — — — — — — — — — 0,0
Cymma 100,00 100,00 100,00 100,00 100,00 100,00 100,00 100,00 100,00 98,44
As/S 2,10 2,25 1,79 1,92 1,96 1,83 2,21 2,10 2,10 2,41
KomroHeHT | 21 | 22 | 23 | 24 | 25 | 26 | 27
Fe 32,69 34,22 33,20 36,36 35,96 35,71 35,41
Co 0,03 0,04 0,22 0,00 0,00 0,00 0,00
Ni 0,02 0,00 0,50 0,00 0,00 0,00 0,00
Cu — — — 0,01 0,00 0,00 0,00
Ag 0,00 0,00 — 0,03 0,00 0,05 0,00
Au 0,00 0,10 0,06 0,42 0,00 0,11 0,12
Bi — — — 0,00 0,00 0,00 0,07
Te — — — 0,00 0,00 0,00 0,01
Pb — — — 0,00 0,00 0,00 0,00
S 18,43 18,77 19,85 22,67 23.83 22,82 22.75
As 45,02 46,52 43,15 40,37 39,64 39,56 41,04
Sb 0,75 0,87 0,15 0,13 0,39 0,61 0,34
Zn — — — 0,00 0,01 0,00 0,03
Cymma 96,94 100,52 97,13 100,16 99,83 98,86 99,77
As/S 2,44 2,49 2,17 — — — —

Mpumevyanue. KiuHoBuaHoe 3epHO apceHonupura (1 — Kpaid, 2 — ueHTp) — ckB. 173, . 198,6—200,2 wm;
3 — apCeHONMUPUT B CPOCTKAX C MUPUTOM, COAEPXKALIUM TPELIMHHbIE 060COOIEHHsI CAMOPOIHOTO 30J10Ta — TaM Xe;
4—5 — KJIMHOBMIHOE 3epHO apCEeHONMMPUTAa — TaM Xe (4 — Kpaii 3epHa; 5 — LEHTp 3epHa); 6—7 — apCeHOMUPUT C
TUIACTMHKOM CaMOPOIHOTO 30JI0Ta MO KOHTAKTy ¢ KapOOHAaTHO-KBapLEBbIM MaTepuaioM — Tam xe (6 — kpail, 7 —
LEHTp 3epHa); 8 — HenpaBWIbHOW (HOPMBI BbIAENCHMS] apceHONMUPUTA (MO OTPaXaTeJbHOW CIOCOOHOCTH M3-3a
HaXOXIECHHUSI B TECHBIX CPACTaHUSIX C CAMOPOIHBIM 30JI0TOM OYEHb MOXOXHME Ha MUPPOTHH WK CyIb(OCoib), TECHO
M TYCTO MPOpOCIIKE 30JI0TOM — TaM Xe; 9—10 — kiIMHOBMIHBIE 060COOIeHHsT apceHonuputa — cKB. 1611, T
237,7-238,0 M, (9 — ueHtp, 10 — xpait); 11—12 — dbymapoBuaHoe 060cobieHre apceHonupuTa — TaM ke (11 —
LeHTp, 12 — Kpait); 13—14 — BBITSIHYTOE 3¢pHO apCEHOMMPUTA M3 3BE3AYaTOrO CKOIIeHusT — ckB. 1937, ri1. 230,4 m
(13 — kpait, 14 — ueHtp); 15—16 — HeHTpajbHbIE 30HBI APCEHONMMPUTA U3 TOHKO3EPHUCTBIX CKOIIEHUIT — TaM Xe;
17 — apceHONUPUT, OKAMJIEHHBI 30JI0TOM U IO OTPaXKaTeJIbHOI CITOCOOHOCTH, HaXOIsICh BHYTPU 30J10Ta, MOXOXHUIA
Ha cynbdoconb — ckB. 173, 1. 198,6—200,2 m; 18—19 — apceHONMMPUT, HA KOHTaKTe C MUPUTOM, COAEPXKAIIMM
MeJIKMe BKJIIOYEHUSI CAMOPOIHOro 30710Ta, — TaM Xe (18 — Kpail 3epHa OKOJIO BKJIIOUEHHsI B MUPUTE CAMOPOIHOTO
30510Ta, 19 — LeHTp 3epHa apceHonMpuTa); 20 — apCeHONMPUT ¢ MEJIKMMM BKJTIOUEHUSIMU 30710Ta, cKB. 183, r1. 207,8 M;
21—22 — ckB. 0701, r. 228,3 m; 23 — ckB. 0701, 1. 226,5 m; 24—27 — ckB. 1937, 1. 230,4 M (24 — cBeTJast 06aacTh
B apCeHOMUpPUTE, 25 — TeMHasl 00J1acTh B apceHOMUpuTe, 26—27 — MPOMEXYTOYHbIE 00JIaCTH B apCEHOMUPUTE).
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Puc. 1. 3Be314aThie CKOIUICHUST apCCHOMUPUTA.
IMonupoBanHblit 1wKd. Pexum dazoBoro
KOHTpacTa. BUAHO Haluvyue CBETIBIX U
TeMHBIX 00JlacTeil B OTHEIbHBIX 3epHAax
apceHonuputa (ckB. 1937, . 230,4 m)

CET Puc. 2. ArperaTUBHBIA POCT CKEJETHBIX
- KPHUCTAJIOB apceHOoNnUupura. Hlnud

i . MOJIMPOBaHHbBIN (CKB. 2112)

Ipeobranaroias 4YacTb UrOJIbYATHIX M JATMHHOMPU3MATUYECKUX KPUCTAJUIOB apCeHO-
MUPpUTA BTOPOU pa3HOBUIHOCTH, a TaKKe THe3A000pa3Hble CKOIIEHUSI pa3HOOPUEHTUPO-
BaHHBIX UTOJIOUEK, HEPENKO OOpa3ylolluX 3Be3auarbie arperatsl (puc. 1), cocpeaoToyeHa
yallle BCEro B yyacTKaX KaTakja3a TaJbK-XJOPUT-KapOOHAT-KBapleBbIX HEPENKO C CYJb-
dunamu MeTacoMaTuTOB. JIIMHA MHOMBUIOB IMpakTUYecKW He Tpesbiinaer 250—300 Mkm
(enMHUYHBIE — 1,5 MM) MpM OOBIYHOM TOJIIIMHE He 00Jiee HECKOJIbKUX JECATKOB M COTEH
MUKpoH. Ero momepeuHble ceueHUs] UMEIOT POMOOBUIHYIO (OPMY, a NMPOMEXYTOUHbIE —
KJIMHOBUAHYIO.

TOHKO- M CKPBITOKPUCTALIIMYECKUE arperatbl apCeHOMUPUTa TPEThell pa3HOBUIHOCTU
(puc. 2) B 1IeJIOM pacrpocTpaHeHbl He3HAUUTENIbHO. OHU B OCHOBHOM BBITIOJTHSIIOT ITyCTOThI
U TPEUIVMHKK BO BMeNIAlolIel mopoje, 000co0sIs1Ch MPY 3TOM B BUJIe HEMPaBUIbHON (OpMbI
THE3[ U TOHKUX MPOXKUIKOB.

K Haubonee mpumeyareJbHBIM 0COOEHHOCTSIM Pyl CepreeBCKOro MeCTOPOXAECHUS
clielyeT OTHECTH TNMPUCYTCTBME B HMX TaK Ha3blBa€MbIX CKEJETHBIX KPUCTAJIOB
apCceHOoNMUpuUTa. DTO TeM OoJiee UHTEPECHO, UTO B OMYOJIMKOBAaHHOM JIUTEpaType MPUBOISITCS
MPUMEDPBI CKEJIETHOTO POCTa B MPUPOIHBIX YCIOBUSIX KPUCTAJIOB CPABHUTEIBHO OOJIBIION
IPYIINbl MUHEPAJIOB: anaTuTa, TypMajanHa, 0epuiia, IMPKOHA, KBaplia, STUpUHA, KaJIUueBOro
MOJIeBOTO 1lMaTa, rpaHara, KOpJAuMepuTa, CTaBpOJMTa, MarHeTUTa, WIbMeHUTA, cheHa,
MMUPOXJIOpa, JIOTIApUTa, KOJIyMOUTa, mupuTa u ap. [1, 4, 6, 7, 9—11]. Kpome Toro, ckeJeTHbIE
KPUCTAJUIB OJIMBMHA, AJTIOMOKAJIMEBBIX KBACLIOB, HATPUEBOM CEJUTPBLI, KAMEHHOM COJIU U
JIPYTUX OBbLIU MOJyYeHbl 9KCIIEPUMEHTATbHBIM MyTeM [2, 7]. OnmHaKo HaJlMuue CKeJEeTHbIX
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Puc. 3. THe3mooOGpa3Hble CKOIMJICHUS
CKEJIETHBIX KPHUCTAJJIOB apCeHONMUPUTA.
IMonupoBanHbie NUMGBI (@ — 2, H — CKB.
173; 0 — ckB. 2112)

dopM y 3epeH apceHONUpPUTa, OCO-
OEHHO TONOOHBIX BCTPEYalO-1IUM-
cs1 B pynax CepreeBcKoro MecTo-
POXIEeHUs, HUTAEC He YMOMUHaeT-
cs1. B cBSI3U ¢ 9TUM MBI COUIM He-
00XxoauMBbIM OoJiee MOAPOOHO OCTa-
HOBUTBLCSI HA 3TOM SIBJICHUU.

Cpagy ke 3aMeTuM, 4TO Mpu
MUKPOCKOMUYECKOM H3YUYEHUU
MOJUPOBAHHBIX WITYGOB pya
BBISIBJIEHO HE MPOCTO Hajluuue
CKeJeTHBhIX ¢GopM y 3epeH
apCeHOINUPUTA, HO U YCTAaHOBJIEHBI
NIBa BapuaHTa pOCTa TaKUX 3EpeH:
MpY MEePEKPUCTAIIIN3AIUU CKPBITO-
KPUCTAUNIMYECKOTO apCeHOMUpU-
TOBOTO arperatra WM NpU POCTe
METaKpUCTAJJIOB B KUJIbHOM
cyoctpate. PocT cKeJeTHBIX
KPUCTAJUIOB MO TEPBOMY BapUaHTY
HaOJIoasICcsT OYeHb peaKko (puc. 2).
B 3aBUcCHUMOCTM OT CTeMeHU
WUHTEHCUBHOCTU TMPOSIBIEHUS
NAaHHBIN TPOLIECC YCIOBHO MOXHO
pasaenuTb Ha JIBe CTAIUU: Ha nepeoll
(puc. 2, a) — CKpPBITOKpPHC-
TAJUIMYECKU arperat HayMHaeT
npuodpeTaTb MUKPOTOPUCTOCTD,
COMPOBOXKIAIOIIYIOCS TIOSIBIEHUEM
(parMeHTOB CKeJIEeTHBIX KpUCTal-
JIOB, Ha 6mopoii — 00pa3yeTcsl arperat, CJOXEeHHbI Pa3HOOPUEHTUPOBAHHBIMU (Y TIISIPO-
00pa3HbIMU KpUCTAJIAMU PA3HON CTereHU coBeplieHCTBA. OCOOEHHO XOPOIIO BUIEH CKe-
JIETHBINM POCT B MOMEPEYHBIX CEYCHUSIX KPUCTALIOB, MEHEe OTUETIMBO, OJHAKO JOCTaTOY-
HO SICHO, — B MIPOAOJIbHBIX CeueHMsIX (puc. 2, 6, 6). JJOMMHUPYIOT, COMIACHO Kiaccupuka-
muu C. A. Pynenko [10], Takue ckeyneTHbIe OpMbI, KaK 30HaJIbHbIC (QYTISIPhI C KOJUYECT-
BOM KOHLIEHTPUYECKUX 30H OT 2 o 4—5. Bo Bcex Tumax ceuyeHus (B MOMEPEYHBIX —
B BUJIE YETKOTO poM0Oa, B MPOJAOTIbHBIX — MPSIMOYTOJbHUKA, B KOCBIX — BBITSIHYTOTO IlI€C-
TUYTOJbHUKA) LIEHTPaJIbHAsI 30Ha MOXET ObITh MpeAcTaBleHa Kak COOCTBEHHO apCeHOIH-
puToM (CBETJIOE), TaK MU BMELIAIOUIMM CyOCTpaTOM, 3alOJHUBIIUM IyCTOTy (TeMHoe). B
000uX clyyasix pa3Mepbl 3TON 30HBI COMOCTaBUMBI, B TO BpeMsl KaK MO HaIlpaBIeHUIO K
nepudepun KpUCTaUIoB MollHble (10 3—4 MKM), Kak MPaBUJIO, CILIOIIHbIE apCeHOMUPU-
TOBBIE 30HBI PA3AEISIOTCS CYLIECTBEHHO Y3KMMU, WHOTAA MPEPLIBUCTHIMU (B BUJE CILIOLI-
HBIX M LITPUXOBBIX JMHUI) "MOJOCTSIMU", MOLIHOCTb KOTOPBIX OOBIYHO HE MpeBbIlIaeT 1
MKM. Hepeako ckeneTHBI KPUCTALT OTAENSIETCS OT CKPBITOKPUCTALIMYECKOTO apCeHOMu -
PUTOBOTO arperata MMEHHO Takoil "mosiocTbio”. Tam, rae QyTasipbl KOHTAKTUPYIOT C BMe-
1IaouIei Moponoii, OHM OOBIYHO MMEIOT OoJjiee COBEpIICHHBIA 00auK. dauHa Oonbliei
JIMaroHaIy poMba B MOMEPEYHOM CEYeHUU ckeyeTa aocturaetT 35—40 MKM, JJUHA KpUC-
TaoB — 50 MKM U GoJee.

AHanu3 HopM CKeIETHBIX METAKPUCTAILIOB apCEHOMUPUTA, 00PA30BAHHBIX B XWJIbHOM
MaTtepuaie, MpeuMyIleCTBEHHO B KBaple (puc. 3, 4), MoKa3blBaeT, 4TO, Kak U OObIYHbIE
(CIUTOLIHbBIE) UTOJIbYAThIE BbIIEICHUSI MUHEpala, CKeJIeTHbIE KPUCTALIBI MOTYT 00Pa30BbIBaTh
HE TOJIbKO PEeKYI0 BKPAIlJIEHHOCTb, HO W THE3000pa3Hble CKOIMIeHUs. B mpeaenax 3Tux
rHe3n mpeobiagaloT  QyTasipoobpas3Hbie  KpucTaibl, To  kinaccudukanuu C. A. Py-
JIeHKO, — (yTISIpbl, BHYTPU KOTOPBIX 3aK/II0UeHa BMellaloasl mopoaa. 3HaYUTEIbHO pexe
BCTpeyaloTcsl 30HaIbHbIe DYTISIPHI (puc. 4, a). ToslmrHa CTEHOK MOJbIX KPUCTAIIOB OOBIMHO
u3MeHuMBa. Hapsimy ¢ 3aMKHYTBIMU BCTpEYalOTCSl U HE3aMKHYThle (KaK B TMOMEPEYHbIX,
TaKk U B APYTUX ceueHusix) dytaspbl. Bo BHyTpeHHe!l MOJOCTH HEpeaKO HaXOMASITCS

ol LTIV
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Puc. 4. DyTasspoodpasHble KPUCTALTBI
apCeHOIMPUTA CO CIIEaMU PacTBOpe-
Hust. Lnmudsl nonuposaHHble (a —
ckB. 1611, 6 — ckB. 207)

BKJtoueHus ("3apoasiiin”) apceHonupuTa (puc. 3, d, ). B MpoOmOIbHBIX CEUYECHUSIX 3TU
BKJIIOUEHUST UMEIOT (DOPMY HETPaBUIBLHOTO "CTEpKHS'', KOTOPBI B OOJIBILIMHCTBE CIIyyacB
HaXOAUTCSl HE B LICHTPE IOJIOCTU, a HECKOJIbKO CMEIIEH OTHOCHMTEJbHO HEro, WHorIa
CIMBAsCh C OMHOW M3 CTEHOK (BHYTPEHHUX TpaHeil) mpusmbl. [lomepeuHsblii cpe3 3Toro
"cTepxkHs", TTO-BUAUMOMY, (PUKCHUPYETCS HATMYUEM OKPYIJIBbIX BKIIOYEHUM, ACHMMETPUYHO
pPacTmoIOXEHHBIX BHYTPU POMOOBHMIHOIO 3aMKHYTOIO M HE3aMKHYTOro KOHTypa. Ha
MPOAOJbHBIX CEYEHHUSAX BUIHO, YTO NMPHU OTHOCUTEJHBHO XOPOIIO BbIPaXKeHHBIX
MPU3MATUYECKUX TpaHsIX (GYTISIPOB UX KOHEUHbIE TPaHU Pa3BUTHI KpaitHe c1ab0; OMHAKO
Ha KX MECTe TOJIIMHA CTEHOK (DYTISIPOB OOBIYHO 3HAYMTEIBLHO BO3PACTaeT, YTO, BEPOSITHO,
MOKa3bIBaeT UX MHTEHCUBHBIN pocT. KpoMe 000C00JeHHBIX GYTISIPOOOPa3HBIX KPUCTAIOB
BCTpEYalOTCsl UX 3Be3a4arbie CpocTkU (puc. 3, e). HabmonatoTest Takke cpocTku GhyTIspoB
¢ OOBIYHBIMU KpHUCTaZIaMU apceHonupura (puc. 3, a).

HapyxHble U BHYTpeHHHME TpaHM Oosiee KpPYMHBIX KpucTtamioB (m1o 200 MKM B
MOTMepeYHUKe) HECYT ciieAbl pacTBopeHus (puc. 4, a, 6), cKopee BCEro, MUMEBIIErO0 MECTO
rnocJyie X o0pa3oBaHuUsl.

B cBsI3u ¢ oGpa3zoBaHMEeM 30HAJIbHBIX (QYTAIPOOOPA3ZHBIX KPUCTAIIOB CIEAYeT
HaAMOMHMTb OMMcaHHOE B pabote [9] HalmMuue B KpUCTaJlaX apCeHOINMPUTA 30H, B TOM WU
WHOW Mepe OOOorallleHHBIX WJIM OOCTHEHHBIX MBIIIbIKOM, CEpOii, CYpbMOl U 30JI0TOM,
BEpOSITHO, CTPYKTYpHBIM. [Ipy M3ydyeHMM XapakTepa pacrhpeieeHus 30JI0Ta U CypbMbl B
O/IHOM M3 TaKUX CKEJIETHBIX KpUCTAIOB (Tabauia, aH. 11, 12) yctaHOBIeHa 3HAYUTEIbHAS
0o0oralieHHOCTb CypbMOIl MaTepuaja BHYTPEHHUX CTEHOK CKeJieTa, YTO ITO3BOJIIET Ipel-
MMOJIOKUTh OJHOTUITHOCTb XMMM3Ma (POPMUPOBAHUSI CKEJETHBIX M 30HAJBbHBIX 3€peH
apceHomnupuTa.

Jns cpaBHEHUSI C OMUMCAHHBIMM BbIllIe (GYTASIPOOOpPa3ZHBIMU KpUCTAJLIAMM —
MPOAYKTAMU CKEJIETHOTO pOCTa — IpMBEAEM OAWH M3 MPHUMEPOB BCTpevalollierocs Ha
MECTOPOXIEHUM 3aMellleHUs apceHOoINupuTa NMUuppoTuHoM (puc. 5). Ilpu HekoTopoM
CXOJICTBE Pe3YJIbTUPYIOLIEH KapTUHBI, HA HAIll B3TJISII, HET COMHEHMS B pa3HbIX MEXaHU3Max,
MPUBEIIINX K 00pa30BaHUIO CKEJETHBIX (pOPM B IMEPBOM CIy4yae U CTPYKTYp 3aMEIIeHUST —
BO BTOPOM.

BrioniHe ecTecTBEHHO, YTO pa3ivyHasi MOpP(OJOTHsl KPUCTAIOB JIIOOOro MUHepaa
ellle He SIBJSETCS OCHOBAaHMEM JIJI BbIBOJA O TOM, YTO MBI MMEEM JAeJ0 C pa3sHbIMU
reHepanussMu 3Toro MuHepana. O pa3HbIX reHepalusx ¢ YBEpeHHOCTbIO MOXHO TOBOPUTh
JIMIIbL TOTAA, KOTAa OCOOEHHOCTU MOP(MOJOruu KOppecrnoOHAUPYIOTCS C APYTUMU
MpU3HAKaMU: TapareHe3ucoM MuHepanaa, U3UYeCKUMU CBOMCTBAMHU, XUMMYECKUM
COCTaBOM, COCTaBOM O3JIEeMEHTOB-TipuMeceil u T. 1. Tak, B 3osotopyaHoM mose Komap
(MHous) kpome apceHONMUpUTA TMEpPBOI T'eHepalui, B KOTOPOM BCTPEYAIOTCS BKIIFOUEHMUSI
U MUKPOIPOXWJIKA CaMOPOIHOTO 30JI0Ta, HAa BEPXHMX TFOPU3OHTAX MOXKHO HaOJ0aaTh
MeJIKM€ KPUCTATMKM MO3AHEr0 apCeHONMUpUTa, OKaiMIISIONINe 30J0TUHBI [5]. B pyaHbIX
tenax MecropoxaeHusi @ymanu (FOAP) umerorcst paHHsist, GegHasi MbIibsikoM (41,53—
43,61 %) w accouuupyiomiast ¢ MUPPOTUHOM U MUPUTOM, U TO3IHSIsSI, Ooratast MbIIIbSIKOM
(46,23—46.,92 %) u HaxonsIasics B IMapareHe3uce C MUPUTOM, XaJIbKOMUPUTOM U
JISJUIMHTUTOM, TeHepaluu apceHonupurta. Ha omHom u3 mectopoxneHuit [12, 13] Ttpu
BbIIEJICHHBIC TeHEepallii apCeHOMUpPUTA MpU 0J1M3Koit hopMme (0T KOPOTKOIIPU3MATUIECKOM
IO UTOJIbYATOM) pa3aInyaroTcs pa3MepaMu KPUCTA/UIOB (OT paHHEH K MO3AHEeH MPOUCXOAUT
YMEHbIIIEHUE Pa3MepPOB 3epeH), XapaKTepoM MPOsIBIEHUSI 30HAIBHOCTU pocTa (Haubosee
OTYETJIMBO TPOSIBJICHA B KPUCTA/UIaX MEPBOil reHepali) U MUKPOTBEPAOCThIO (CHUXKAETCS
B TOM K€ HaIlpaBJE€HUH).

Uto KacaeTcs xapakTepa B3aMMOOTHOIIEHMN OMMCAHHBIX pa3HOBUIHOCTEM
apceHonuputa CepreeBCKOro MeCTOPOXKIEHUSI C IPYTMMU PYIHBIMU MUHEpaJIaMu, 3aMETUM
caenytolee: 1) Bce oHM 00pa3oBaHbI MOC/IE OCHOBHOM MacChl MUpUTa; 2) Haubosiee TeCHO

120 ISSN 0204-3548. Munepaa. xcypr. — 2001. — 23, No 4



MOP®OJIOTMYECKHUE U XUMHUYECKHWUE OCOBEHHOCTU

ELRTTST

Puc. 5. Koppo3sus KPUCTANJI0B
apceHonuputa (6eablil) NUPPOTUHOM
(cepniit). [Lnud nonupoBaHHbIi (CKB. 1936)

acCOLMUPYeT C MUPUTOM apCEHOMUPUT TEPBOl Pa3HOBUAHOCTH; 3) CaMOPOAHOE 30JI0TO
SIBHO HAJIOXEHO Ha apCeHONMMPUT MEepPBOIM reHepaluu, o0pa3ysl B HEM, KaK M B IHUPUTE,
BKpPAaIJIEHHOCTh, MUKPOITPOXKMIKH, TUIEHOYKM Ha MOBEPXHOCTU KPUCTAJIOB; 4) NEHIPUTO-
BUAHBIC BBIACJICHUSI CAMOPOIHOTO 30JI0Ta, HAaOJI0JaeMble B CKPBITOKPHCTALIMUYECKOM
apCeHOINMMPUTOBOM arperaTe TakKe CBUIETEIBCTBYIOT O 0oJjiee MO3JAHEM €ro 00pa3oBaHUU
MO0 OTHOILIEHWIO W K JaHHOW pasHOBUIHOCTU apCeHOMUpPHUTA; 5) HamOosiee OJU3KUM I10
BpeMeHM 00pa3oBaHUs K CaMOPOJIHOMY 30JI0TY SIBJISIETCSI, CKOpEe BCEro, apCeHOIMUPHUT
BTOPOl — YeTBEPTON pPa3HOBUAHOCTEM, HA YTO YKA3bIBA€T HAJIMYME B HUX IPEANo-
JIOXKUTEJbHO CTPYKTYPHOTO 30JI0Ta; B TO € BpeMsl BUAUMOE (IMCKPETHOE) 30JI0TO, KakK
HaxoJslleecsl BHYTpU 3€peH apCeHONMUpHUTa, TaK U oOpasylollee KailMbl M TJIEHKU BOKPYT
HUX, HECOMHEHHO, SIBJISIETCS 3HAUMTEJIbHO 00JIee TIO3IHUM; POCTPAHCTBEHHO BTOPAst, TPEThSI
U YeTBepTast pa3HOBUIHOCTH apCEHOMUPUTA HECKOJIBKO 000COOIISIIOTCS OT TIEPBOIA; 6) MHUp-
POTHH, XaJbKOTIUPUT U chalepuT, caraiollne CaMOCTOSTEIbHYIO MaparecHeTUYECKYIO
accoluralvio, KOppOIUPYIOT BCe Pa3HOBUAHOCTU apCEHOIMPUTA; 7) — BTOpasi, TPETbS U
yeTBepTasi pa3HOBUAHOCTH apCEHOMUPUTA TTPOCTPAHCTBEHHO HECKOJBKO 000COOJISIOTCS OT
MepBoii U BMecTe ¢ TeM (ymIsIpooOpa3Hble CKEJIEThl, KaK OTMEUYaJIoCh paHee, pa3BUBAIOTCS
MO CKPBITOKPUCTAUIMYECKOMY arperaTy apCceHONMUpPUTA, a TaKXKe HEepeaKo HaxXomsaTcs B
CPOCTKaX € 3epHAMU WMTOJIbYATON (hOPMBI.

C uesbio BbIACTEHUST BO3MOXHBIX TeHEpalMii apceHONMUPUTA MO XUMUUYECKOMY U
MPUMECHOMY COCTaBy 3€pHa apCeHONUpPUTA pa3HOi MOpdOoJoruyM ObLIM MCCIACIOBAaHBI C
TMOMOIIbI0 MUKPOPEHTICHOCNEKTPAIbHOTO M Ja3€PHOr0 MMKPOCIEKTPAJIbHOIO aHaJU30B.
Pesynbratbet PCMA, mnpuBefeHHbIe B Ta0Julle, CBUAETEILCTBYIOT O TOM, YTO B pyAax
CepreeBcKOro MeCTOpOXICHUS pe3KO MpeobianaeT apceHOMUPUT, 00eTHEHHbBI MBIIIIbSIKOM.
N3 27 aHanu3oB 24 mokasajau coiepKaHUe MbILIbsIKA HUXe cTexruoMerpudeckoro (41,29—
45,84 %) B mepecyeTe Ha CyMMY Xejle3a, MbIbska U cepbl Ha 100 % ¥ JUIIb B TpEX OHO
coctaBuiio bonee 46,00 (46,13—46,95); cpeaHee colepxkaHue MBIIbsKa B Boioopke — 44,41 %.
Ipu cpenHeM 3HayeHUM OTHoOLIEeHMS As/S — 2,16 u auamnasoHe Bapuauuii ot 1,79 o 2,49
23 aHayiM3a XapaKTepU3YIOTCS HEIOCTATKOM MBIIIbSIKA M0 OTHOLIEHUIO K cepe. KommyecTBo
cephbl B apCEeHOIMPUTE BapbUpyeT B GoJiee Y3KUX Mpeaenax, yeM Mbiiibsaka (18,81—23,10 %;
cpenree — 20,55 %). B KOJMYECTBEHHOM OTHOIIEHUU CAMBIM CTAOMJIbHBIM KOMITOHEHTOM
CIIYXMT 3KeJie30 (pa3HMIAa MEXIY MaKCUMaJIbHBIM U MUHUMAJIbHBIM coiepxkaHuemM — 2,59
%). Ilpy cpaBHEHUHU BbIIEJIEHUI pa3HOM MOP(MOIOTMHY BBISICHSIETCS, YTO TIO CBOEMY XUMU3MY
OHU MPaKTUYECKU HEOTIUUYMMBI, HO UMEIOT OJHY OOILIYI0 OCOOEHHOCTh — Mpeodiaaarollee
BO3pacTaHWe OTHOILIEHUsI As/S OT LIEeHTpa KPUCTAJLIOB K ux nepudepun. [Tpumecu 300Ta,
cepebpa, HUKEJIST U KoOajbTa B TPOaHAIM3UPOBAaHHBIX 3€pHAX YCTAHOBJICHBI B KOJIMUYECTBE,
He MpeBbILIAoIIEeM MpUBeIeHHOE B paboTe [9]. AHATOTUYHBIE Pe3yabTaThl MOJYYSHBI TTPU
HUCCIETOBAaHUM 3€PEH apCEHOMMPUTA C MOMOIIBIO JJa3¢PHOr0 MUKPOCIIEKTPAJIbHOTO aHAIN3a.
MakcuMabHOe cojepxXaHue coctaBuio, %: 3omoto — 0,08, cepeopo — 0,06, HUKEIb —
0,05, xobameT — 0,15; K unciy mpumeceii fobasuiack Menb — 10 0,05. AHaym3 13 mokasan
comepxaHue cypbMbl — 1,25 %.

B 1eoM mosydeHHBIE HAaHHBIE XMMHUYECKOTO COCTaBa apCEHOMMPUTA IMOKa He
MMO3BOJISIIOT 00OCHOBATh MPABOMEPHOCTh BBHIAEJIEHUSI TON WM WHOW TeHepaluu 3TOro
MHUHEepaJa, 4TO, Ha Halll B3I, MOXET OOBSICHIThCS JTMOO HETOCTATOYHBIM JIJISI PELCHUS
TakoW 3aJa4ld KOJUYECTBOM aHAJIM30B, JTUOO OJM3KMM XUMUYECKUM COCTABOM PacTBOPOB,
00YyCIIOBUBIIMX OTJIOXEHME BCEX Pa3HOBUAHOCTEH apceHomupurta. Tem He MeHee Ha
OCHOBAHUU 3TUX JAHHBIX MOXHO IMPEIIOJIOXUTh, YTO POCT Pa3HBIX MO (opMe KPUCTAJIIOB
apCeHONMUPUTA MPOUCXOAMI Ha (POHEe BO3pacTaHUsI B PYJAOHOCHBIX PACTBOpAx KOJIMYECTBa
MBIIIbSIKA W 30JI0Ta MO OTHOILIEHUIO K Cepe U CypbMe, MPUBOAMBILErO K 0OOTalEHHIO
MBIILIBSIKOM, OTYACTH 30JI0TOM, BHEIIHUX 30H KPUCTAJJIOB.

HecMoTpss Ha OTCYTCTBUE OTYETJIMBBIX Pa3MUYMil B XMMHUUYECKOM COCTaBe
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PacCMOTPEHHBIX BBIIIE Pa3HOBMIHOCTEH apCeHONMPUTAa, MOXHO TOIBITATbCS BBIAEIUTH
reHepaliy apCeHONMMpPHUTa TOJbKO HAa OCHOBAaHUM MOP(OJOTMYECKUX U aCCOLMATUBHBIX
MPU3HAKOB, paccMaTpUBasi KaXAylo TeHepallMio KaK OTAe/IbHOe "MoKojieHue" MuHepana. B
Ka4yecTBe MOMOJHUTEILHOIO MpU3HAKa MOXHO MCIIOJb30BaTh MPEACTaBIEHUE O TOM, UYTO
00pa3oBaHME CKEJIETHBIX KPUCTAJUIOB OOYC/IOBJIEHO MOBBILIEHHOMN BSI3KOCTBIO MPOAYLUPY-
IOLIMX X PAcTBOPOB [2, 7]. YUuThIBast 3T0, OTMETUM CJICIYIOIIME TeHepaluy apCeHONMUPUTA:
nepeas — OJU3U3OMETPUYHBIE W HENpaBWIbHbIE BbIAEACHUSI (HanbOosee KPYIHBIE);
émopas — CKPBITOKPUCTAJUIMYECKUI arperar; mpemsvs — WIOJb4YaTble KPUCTAJUIBI C
TepexonoM B (pyTsipooOpa3HbIe CKEIEThI (CAaMOCTOSITEbHBIE BbIIEIEHMS U pa3BUBAIOIIMECS
MO CKPBITOKPUCTAUIMYECKOMY arperaty) B TeX ydyacTKaX, IJIe BCIEICTBUE OXJIaXKICHMUS
pacTBOpPHl MPUOOpPENU BBICOKYIO BSI3KOCTh. M XOTd BOIpOC O MOCIeA0BaTeIbHOCTHU
BO3HMKHOBEHMSI YKa3aHHBIX TeHepaluii, 6e3yCJIOBHO, TMCKYCCUOHEH, MpPeaCTaBIsIeTCs
OYEBUIHBIM, YTO apceHONMUPUT Ha CepreeBCKOM MECTOPOXKIECHUU MOXET ObITb OTHUM U3
Haubojiee MHGOPMATUBHBIX MUHEPAJIOB HE TOJbKO KakK IMPU3HAK HaJW4usl 30J10Ta, HO U
KaK MHAUKATOP YCJIOBUU pymooOpa3oBaHUsI, U JOJDKEH CTaTb OOBEKTOM MPUCTAJIbHOTO
BHUMaHUSI MUHEPAJOTOB, 3aHUMAIOLIMXCS M3YYEHUEM BEIIeCTBEHHOrO COCTaBa pPYI
MECTOPOXIEHUS.
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HWMW reonorun AI'Y, JHenponeTpoBck
KIT "FOxykpreosorust”, JIHenponeTpoBcK

PE3FOME. Po3riisiHyTO 0co0MBOCTI MOPGoJIOrii Ta XiMiYHOro cKiany apceHomnipuTy CeprieBChbKOro poaoBuiiia 30j0Ta
(Cepenne IpunHinpos’s). BumineHo 4otupu MopdoioridyHi pisHOBHAM apCeHOMIPUTY: HAOJIMXEHO i30METpUYHI
BU/IJIEHHSI, TOJIYACTi KPUCTAIM, MPUXOBAHOKPUCTAIIYHUI arperar, ckeJleTHi kpuctaiu. [TokazaHo, 1110 OCTaHHiI TpU
PI3HOBUIM HaityacTillle MPeICTaBIEH] 36pHAMU 3 OLIBII-MEHIL YiTKO IPOSIBIEHOIO 30HAIBHICTIO Y PO3MO/ii IK OCHOBHUX
€JIEMEHTIB, TaK i eJIeMEHTiB-IOMILIOK i 32 CBOIM XiMiYHMM CKJIAIOM NMPAKTUYHO HE BiJPi3HSIOThCS, a EPLINiA Pi3HOBULL
MpeaCTaBIeHUI, 3a3BUYaii, OMHOPiTHUMHU 3epHaMu. O3HAYEHO MOCIiZOBHICTh YTBOPEHHsI BKa3aHUX Pi3HOBUIIB
ApCEHOMIPUTY.

SUMMARY. Specific character of the morphology and chemical composition of arsenopyrite from the Sergeevka gold
deposit (the Middle Dnieper Area) is described. Four morphological varieties of arsenopyrite (near-isometrical grains,
needle crystals, cryptocrystalline aggregate, skeleton crystals) are distinguished. It is shown that they are indinstinguishable
by chemical composition. Sequence of formation of the varieties mentioned above is proposed.
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30/10TO NOXOBAHUX aslloBiaNbHUX po3cuniB YKpaiHCbKOro
wuTta (Cypcbka cTtpyktypa, CepenHe MNMpuaHinpos’s)

BuBueHO 0COGAMBOCTI BHYTPIlIHbOI Oy1OBM, JIITOJOTiYHMI Ta MiHEpaJbHUI CKJIal MPOLYKTUBHOrO IUlacTa, AesKi
TeHeTHYHi acleKTH IMOXOBAaHMX alloBiaJlbHUX PO3CUMiB MiBaeHHOI yacTUHU CypchKoi cTpykTypu CepeaHboro
[MpuaHinpor’s, siki JlokanizoBaHi B 6azaJibHUX Bifkjagax OydalbKoi cepii i po3MilllyloTbCsl B 00J1aCTi HAKOMTMYEHHSI
MPOAYKTiB PO3MUBY 30JI0TOHOCHOI KOpW BUBiTploBaHHs1 poroBull CepriiBcbke i banka 3o1ota. 3po6ieHO BUCHOBOK
MPO HEOOXiAHICTh iX MOAAILLIOr0 BMBYEHHSI 3 METOIO MiATOTOBKM IJISi MOXJIMBOrO MaiOyTHHOIO MPOMUCIOBOIO
OCBOEHHSI.

PoscunHi nposieu 3oo0ta B Ykpaini BimoMi B Kapmarax [9], y HoH6aci [11], Ha menbpi
YopHoro Mopst [17], B iHmmx perioHax [10], a Takox B Mexax YkpaiHcbkoro mura (Y1)
SIK 'y 4eTBepTMHHUX [7, 11], TaK i y ApeBHiX TepureHHUX Biakiaanax [5, 14]. Ha ocoGiuBy
yBary cepei HUX 3aCJyrOBYIOTh PO3CUITHI KOHLIEHTpallii 30JI0Ta, SIKi po3TallloBaHi y MiBIeHHI
yactuHi CypcbKoi cTpykTypu [16] B 06acTi akyMyJIsLii MPOIYKTiB PO3MUBY 30JI0TOHOCHOI
kopu BuBiTproBaHHSI COJIOHSIHCBKOro pyaHoro mojs [15]. ¥ Mexax OCTaHHBOTO
pO3MIlIYIOThCS TaKi BimoMi pomoBuila, sik CepriiBcbke i banka 3osora, pynonposiBu
ArnosioHiBcbkuii, CXimHOamoJoHiBChbKUii, Po3paxyHKOBUII Ta iH. i YMCIEHHiI NMyHKTH
MiHepaii3alii, sKi mepeBaXXHO HajeXaTh OO 30J0TO-KBAapIIOBOI Ta 30JI0TO-CYab(iaHO-
KBapLoBOI pyagHUX (popMalliii. ¥ CYKYITHOCTI 1Ii 00’€KTH CTBOPIOIOTH MOTYKHE JIXKEPEIO ISt
GopMyBaHHSI PO3CUITHUX CKYMYE€Hb 30J10Ta.

3a pesyabTaTaMud PO3LIYKOBUX POOIT, BUKOHAHUX aBTOopaMu y 1989—1998 pp., yci
BUSIBJIEHI po3curiHi mposiBu CypchbKOi CTPYKTYpHM BXOISITH IO CKJIAAy IMOPIiBHSIHO a00pe
BUBYEHOTO TMOTEHIIITHO-TIPOMUCIIOBOTrO IHINMpoBChKOro i Majgo BuBUYeHOro CepriiBCbKOro
pO3CUIIiB. Y AaHOMY BUIAIKY i AaJi TEPMiH po3cun MaTUMeE 3arajbHe KOPUCTYyBaHHsI, 00
MiI HYUM aBTOPY PO3IJISIAIOTh MPUCYTHICTh BiIBHOIO CaMOPOMHOIO 30JI0Ta B OCAIOBUX
BiIKJIamax, He3aJe>XHO Bill WOro BMICTY B HUX.

3a3HaveHi pO3CUIIM MPUYPOUEHi IO MilllaHO-TIMHUCTUX PIYKOBMX BiIKIadiB Oy4yalibKoi
cepii, SIKi 3aJ5ITaloTh y MiAOIIBI MIAT(OPMHOTO YOXJIa Ha KOPi BUBITPIOBAHHS KPUCTATIYHUX
3€JICHOKAaM’ SIHUX YTBOPEHb i BMITOBHIOIOTH ApeBHi gonuHu. OCHOBHMI 00’€M 30J0Ta
CKOHLIEHTPOBAHMI B OCbOBUX YaCTUHAX Oy4yallbKUX MaJ€OJ0JIMH i aCOLIIIOE 3 a/TIOBIEM TOHHOI
miadauii pycioBoi (CTep:KHeBOI) dallil, SKUif Ma€ TaKWii JITOJOTIUYHMIA cKian, %: ranHa —
10—40; micok — 20—0; rpaBiii — 5—50; ragpka — 1—25. [IpoayKTUBHUII TOPU3OHT
XapaKTepU3YEThCS PUTMIYHOIO OymoBolo JiMHiYHOTO TMMy [13]. Buminserbcst Bim omHOTro
IO TPHOX €JIEeMEHTApHUX PUTMIB, KOXEH 3 SIKUX CKJIAJA€TbCS i3 BEPXHBLOI IpyOO3E€pHUCTOI
Ta HUKHBOI TJIMHMCTOI YaCTUH. 30JI0TO TSKiE 1O TPYyOO3EPHMCTUX YACTUH €JIeMEHTapHUX
PUTMiB, a MAKCUMaJIbHUI HOTO BMICT YacTillle 3a BCe BiI3BHAYAETHCS Y MicKaX HAWHUXKYOTO
HaarmioTukoBoro putMy. CepeaHiii BMicT 3osota y JIHinmpoBcbkoMy Ta CepriiBcbKoMy
po3cuIiax, sIKi MPOCTiAKOBaHI B3IOBX MNaJeONOJMH Ha MHPOTA3i BigmoBigHo 5 i 20 KM,
cranoButh 0,1 1/M3 i Ginblre. Y Mexax 060X DO3CHUINIB BUSIBJIEHO IEKilbKa 30aradyeHux
"cTpyMeHiB" 3i cepenHiM BMicToM 3osota 6im3bko 10 r/M3. OmuH i3 Takux "cTpymeHiB”
JeTalbHO BMBYEHMWI Ha TUtolli JHIimpOBCHKOro po3cuIly. ¥ IulaHi BiH Ma€e (opMy BY3bKOI
JIIH30MMOMIOHOI CTPiUKK 3aBIIUPINKKA 10 17 M, MPOTSKHICTH sikoi 1100 M 3a MOTYXXKHOCTI
MPOAYKTUBHOTO TOPU3OHTY 2,1 M.

3aisiraHHsl 3a3HaYEeHUX PO3CUITiB Ha TuouHax Big 30 mo 70 M Big 3eMHOI ITOBEPXHi He
Ja€ 3MOTYM HMHI BU3HAYUTM iX MpakTUYHe 3HadyeHHs. [IpoTe BUCOKMIA BMICT 30j0Ta y
MOENHAHHI 3 €KOHOMIYHO HM3bKO3aTpaTHUM TEXHOJIOTIYHUM IPOLIECOM HOro BWIYYEHHSI
i3 BMICHUX TIOpiJ CIIOHYKAa€ Ha IOJAJIbIIi T'eOJIOTiYHi JOCTiIKeHHsI 00’€KTiB TAKOTO THUITY
IUIsT BipOTiAHOI OLIHKMW iXHiX pecypciB i MPUAATHOCTI IJIs1 MaOyTHHOTO MPOMUCIOBOTO
OCBOEHHSI.

© H. M. l'aesa, B. B. Cykau, 2001
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30JI0TO ITOXOBAHUX AJIIOBIAJJbHUX PO3CUIIIB

3arajibHi MUTaHHS JIiTOJOrO-(aliaJlbHOTO CKJIaay 30JOTOHOCHUX
BiIKJIadiB OydalbKoi cepii, yMoBU (popMyBaHHSI pO3CUIIIB, iXHsI MOPdOJIOTist
Ta PO3MOMIiJ 30JI0TA YaCTKOBO PO3TJISHYTI Hamu panime [1, 16]. 3a
MOMepeaIHbOI0 OLIIHKOI pecypciB MeTaay, OyJIO HarojolIeHO 100 iX
MOTEHLITHOTO MPOMMCIOBOTO 3Ha4YeHHs. Jlo IIbOro HeoOXiTHO momaTH,
IO TIiJ 4Yac MigApaxyHKY pecypciB Opajiocs OO0 yBaru TiJIbKA BUIMMeE abo
Tak 3BaHe "TpaBiTalliiiHe" 30J0TO, BUSIBJIEHE MiHEPAJOTIYHUM aHaJli3oM,
6e3 ypaxyBaHHsI JUCIEPCHOTO "MUIONOAIOHOTO", BMICT SIKOTO Y TINTMHUCTUX
mopojax, 3a JaHUMM MpoOipHOro aHajizy, csrae 3—5 r/T.

VYV wiii ctaTTi HaBegeHO MaTepiaaM AeTadbHIilIOTO BUBYEHHS
MiHEPaJIbHOIO Ta JIITOJIOTiYHOrO CKJIaay MPOAYKTUBHOTO IJIacTa MOXOBAaHUX
poscumniB miBaHS CypchbKOi CTPYKTYPH, PO3LJISHYTO AEsIKi OCOOJIMBOCTI
¢dopMyBaHHSI 30JJOTOHOCHOTO IIacTa, OXapakKTepu30BaHO MOPGOIOTiyHi
napamMeTpu 30J10Ta.

JHINPOBCHKUI PO3CHUI, IO PO3MIIIYETHCS B OOJIACTI aKyMyJsILii
NpPOAYKTIiB po3MHBY pomoBuina banaka 3oj0Ta, XapaKTepU3yEThCS
HEepiBHOMIpHMM PO3IOALJIOM "TpaBiTalliiHOro" 30J10Ta y MPOAYKTUBHOMY
MJacTi K IO BepTUKaJi, TaK i Mmo jaTtepani. Pe3yabraTu OypiHHS
CBEPIJIOBMH, 110 TIPOWMIEHI y Mexkax 306arayeHoro "cTpyMeHs" OmHa Bim
o/HOi Ha BincTaHi 5—10 M, 3aCBiTUMIIM, 1110 HAWBMILIMIL BMICT 30J10Ta (TTOHA
30 r/M3) y NMPOAYKTMBHOMY ILIACTI MPUYPOUYEHU N0 Tpy6O3€pHUCTHUX
YacTUH HAWHMWXKYOTO HAAIJIOTUKOBOIO, PiAllle APYroro 3HWU3Y PUTMIB
OyualnbKoi cepii. [IpruuomMy HallKpyIHillle caMOPOIHE 30JI0TO — PO3MipOM
10 4 MM i Macoio 36—160 Mr — OyJio BUsBIEHE caMe y HaiOinbIn
rpy0O03epHUCTUX PYCJIOBHUX IilllaHO-TaJeYHO-TPaBiiHUX Bigkaamax (BMiCT
6J1aropoHOr0 MeTaay CTaHOBUTH MmoHax 100 r/m3).

Pe3ynbTaTyt JiTOJIOTIYHOIO Ta MiHEPAJOTiYHOTO BUBYEHHSI HAATLIOTH -
KOBOTO TJIMHUCTO-TpaBiliHO-MilaHoro mapy HAHimpOBCHKOrO pO3CUIY
3acBimumiam (Tabia. 1), 110 YacTka 3epHUCTOI (MminraHoi) (gpakiii y HboMy
CTaHOBUTBH 57—65 %. BoHa mpencraBieHa HaniBoOKaTaHUMU (65—85 %) i
kytactumu (10—25 %) 3epHamMm KBapily, BTiM HaWKpYIHIilLIi cepel HUX
(po3mipom 1—3 cM) € caabKooOKaTaHMMM 3 YMCEIbHUMM ITyCTOTAMM
BWJIYTOBYBaHHS. [JIMHUCTa CKJIagoBa HAATUIOTUKOBOTO IIapy MPUCYTHS Y
KimbkocTi 26—33 %. OGCsT mipUT-MapKa3UTOBUX CTSIKiHb Ta JKOBEH JIOCSITAE
9—11, iHoni 18 %.

3a maHUMU TPaHYJIOMETPUYHOro aHamizy (taba. 1), koedillieHT
COPTYBaHH# S, MiCKiB HAAMJIOTMKOBOTIO 11apy 3i CEPEHIM PO3MipOM 3epeH
kBapuy 2—4 MM Mae 3HavyeHHs Big 1,7 mo 2,8, mo cBimuuth [8, 13] mpo
CepelHE Ta ToraHe COpPTYBaHHS 3€pHUCTOro Marepiany. Lli gaHi y3romxy-
I0TbCSI 3 TUIIOBUMM YMOBaMU PO3MUBY, TEpEeMIillleHHS Ta BiIKJIaaeHHS
BOOHMMU TTOTOKAMU TIPOAYKTIB KOPU BUBITPIOBAHHS KPUCTAIIYHUX MOPII
VI, y ToMy uncii i 3omota, BintBopeHumMu M. C. Kopambuykowm [6], i
ocobsuBocTAMU (opMyBaHHs po3cuniB CypcbKoi CTPYKTYpU Ha
MJIMHUCTOMY TIOTUKY. OCTaHHI MOJIATAIOTh y HACTYITHOMY.

HamniB3pyiiHoBaHi yJaMKu TOPIBHSIHO CTiMKUX y 30Hi TilmepreHesy
3pYACHIIMX OKBaplLIOBAaHUX IMOPiA i 30JI0TO y 3pOCTKax i3 HUMHU abo y
BUIBHOMY CTaHi, MOMaaaloyu y BOOAHUN MOTiK, YaCTKOBO 3aHYpPIOBAIUACS Y
B’S13Ky KaOJIIHITOBY Macy KOpHW BUBITPIOBaHHsI, BTpavyajyd MOXJIUBICTb IJIst
nepeMillleHHS 1 MOoAaJblliol ajioBiaibHOI 0OpoOKM (MOoApiOHEHHS,
o0KaTyBaHHSI, COPTYBaHHSI). 3a BiTHOCHO BUCOKOI LIBUIKOCTI Teuii ApiOHMIt
(mepeBaXkHO TJIMHUCTUI) MaTepiaJl pa3oM i3 MUJIOMNONIOHUM 30J0TOM
3HOCUBCS BHU3, a KpyMHillMi (IiCOK, IpaBiii, raibka) — pa3oMm i3
"rpaBiTalliiiHUM" 30JI0TOM ab0 y 3pOCTKax IMOBLIBHO TEpeMilllyBaBCs Y
TOBILII aJlIOBil0, KOHLUEHTPYIOUMCh Y HOro HaaIUIOTUKOBiK 4yactuHi. Ilig
yac TepeMillieHHSI BiIbHE 30JI0TO 3aBASIKM BMCOKill MUTOMIl Ba3i 3HAYHO
BiICTABAJIO Bifl TEPUTEHHOI0 MaTepiaiy, 3 SIKUM BOHO HAilIIIO Y BOMOCTIK.
YactuHa 30510Ta, sKa 3aTpuUMyBajach Y KaoJiHITOBiii Maci NJIOTHKY,
3aHypIOBaJIaCh B HbOTO Ha MIMOMHY Bill JEKiIbKOX CAHTUMETPIB 10 1 M i
Oifblire, 3a7eXHO Bifl IITbHOCTI KOPY BUBITPIOBAHHS Ta Baru i MopdoJiorii
OJaropogHoro Metaay. Y pe3yJbTaTi NMPOAYKTUBHUIA IIJIACT PO3CHUIIIB Y
OinbIIOCTI BUMAAKIB CKJIAZA€EThCS 3 BEPXHBOTO I'PyOO3EPHUCTOrO
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HaIJIOTUKOBOTO Ta HMXKHBOTO (CaMOTO TUIOTMKA) KaoJiHiTOBOro mapiB. HanexHicts 30510T1a
i3 KaOJIiHiTOBOIO 1lIapy 10 PO3CUITHOIO MiATBEPIXKEHA TUM, 1110 BOHO 3a po3MipaMu, opMOI0,
CTyneHeM O0KaTaHOCTi, XiMiYHUM CKJIaJOM € aHAJOTIYHMM TaKOMY i3 HaAIJIOTUKOBOIO
1apy.

HucniepcHe (ab0 MWJIOMOAIOHE) 30JI0TO, IO TSDKIE€ 10 OCaAiB IMiABUIIEHO] TTMHUCTOCTI,
e y 1970-x pp. BinzHauanocst mjist Cepeanboro [pumHinpos’s y Kinbkocti 0,1 r/T y miiaHo-
MIMHUCTUX i BYIVIMCTMX Bigkiagax cepeaHboro eoieHy [14]. IMiaBuineHi KOHUEHTpalii
00yMOBJIEHI 11Oro cOpOyBaHHSIM IIMHUCTUM MaTepiajoM i, 110 MyXKe BaXKJIWBO 3 IOIJISIY
30arayeHHs Ta BUIYYEHHSsI, MipUT-MapKa3UTOBUMM TillePTeHHUMU CTSDKiHHSMU i (KOBHAMU.
OcTtaHHil (akKT € TUMOBUM i MOXOBAaHMUX PIYKOBMX PO3CHUITIIB i OMUCAHUU ISt
30JIOTOHOCHUX KpeunsiHux BinkiamiB miBHiyHoro cxwiy Y1 [5]. [llogo MoxmuBux pecypciB
MUJI0MOAIOHOr0 30J10Ta MOXHA ragaTv 3a MOro BMiCTOM Y KOpiHHUX JXepenax. Tak, st
pyaHUX 00’eKTiB niBAeHHOI YyacTuHU CypchKoi 3ejieHoKaM stHOT cTpyKTypH (COJIOHSIHCBKOTO
PYIHOTO ITOJIsT) BMICT TUCTIEPCHOTO 30JI0Ta B PyaX CTAHOBHUTh Y CepeqHbOMY He Oibiie 15 %
3arajbHOI KiJIbKOCTi MeTay.

3051070 JHIIPOBCHKOIO PO3CUNY 3a pO3MipOM 3epeH, 3TrifHO 3 Kiaacudikallieio
H. B. IletpoBcbkoi, moninsieTbes (Tab. 2) Ha KpyrHe (2—4 MM), cepenHboi KpymHocTi (1—
2), api6ue (0,1—1) ta gyxe mpione (0,05—0,1 mm). OcHOBHA KiJTbKicTb 3epeH 300Ta (82 %)
HaJIeXUTh A0 IPiOHOTO Kjiacy, pa3oM 3 TUM L€l Kjiac CTAaHOBUTH JIMIlE OJM3bKO TPETUHU
MacoBOTO BMiCTy MeTajly. ¥ MacoBOMY BimHolIeHHI 8 % myxe OpiOHOTrO 30J10Ta MPAKTUYHO
HisIK He BUpaXxeHi, nuiie 2 % KpymHUX BUALIEHb 30JI0Ta CTAHOBIATL 37 % macu [1].

CepeaHiii po3Mmip 3epeH 3o0710T1a (M) cranoButh 0,45 MM, KoedilieHT copryBaHHA (S)
npopiBHIOE 1,9. OTXe, y nepeBaxHill KiJIbKOCTI 30JI0TO CJ1TA0KO COPTOBAaHE i BiIHOCUTHLCS IO
Kjacy apioHoro. Bumume 3050T0 JIHIMPOBCHKOIO PO3CUITy IepedyBa€e y BiUIbHOMY CTaHi i
JIMIIIE B OKPEMUX BUITaJKaX BiI3HAYAETHCS y 3POCTKaX 3 MipUT-MapKa3UTOBUM MaTepiajioM,
1110 HaliMOBipHillle € HACIiAKOM TillepreHHoi abcopOllil AMCIIEPCHOIO 30JI0Ta, PO3CISTHOTO
Yy DJIMHUCTIN pakiiii.

BinbiricTh 3epeH BUIBHOTO 30J10Ta € HalliBOOKaTaHWMU. JIulle 3pigka TparuisiioThCs
noOpe oOKaTaHi BUAUIEHHS. K mpaBuiio, i Ti i opyri 1o6pe 30eperiu mepBUHHI KOPiHHOTO
kepena ¢GopMU — KMYTKOIIOAIOHY, HENIPaBWIbHY 3allOBHEHHS TPIilllMH, iHOMI 3i CligaMu
rpaHel OKTaeapiB i CILUIIOLIEHMX KpucTaliB. KpymHe 30JI0T0 — MacuUBHE, i3 1IarpeHeBOO
MoBepxHelo, ApidHosIMUYacTe, iHOMI TopOKyBaTe 3 HapOCTaMHU, Bil3HAYaIOThCS TaKOX
MOPOXHWHY BUJIYTOBYBaHHS (puc. 1).

305010 CepriiBcbKOTo po3culy, SIKAii po3TallloBaHUI HaJ MiBHIYHO-CXiTHUM (hJIaHTOM
BiTOMOro OMHOWMEHHOI'0 KOPiHHOrO 30JIOTOPYAHOTO POMOBHINA i BUBYCHUI JIMIIE
MOOAVHOKMMU CBEPIJIOBMHAMU, TAKOX IPUYpOYeHE A0 IpyOO3EepHMCTOI YaCTHUHU
HaIIJIOTUKOBOTO pUTMY. [IpOIyKTUBHUIA IJIACT MAa€E MOTYKHICTb 2,4 M i 3ayiirae Ha MIMOUHI
57 M. Bwmicr 3omora  craHoButh 14,12 r/m3. 3a po3MipoM BOHO PO3MOAIISAETHCS Ha
KpyIiHe — 28, cepeaHboi KpymHocTi — 28 i apioHe — 44 %. B oaHiii i3 mpo6 BUSBIEHO CiM
3epeH 30J10Ta 3arajbHO0 Macoio 24,79 mr.

30/10TO — mepeBakHO oOKaTaHe, pimile HamiBoOKaTaHe, 30epira€ mepBUHHY (opMmy
3allOBHEHHS TPIlLIMH. Horo MOBEpPXHSI LIarpeHeBa, piAko ApiOHosiMyacTa, ropOKyBarta, 3
MOPOXHUHAMU BUJIYroByBaHHSI (puc. 2). XiMiYHUI CKJIa# pO3CUITHOTO 30JI0Ta IiBIHS
CypChbKOi CTPYKTYpH JOCTIIKYBaBCsI MiKpOPEHTI€HOCIIEKTPAIbHIUM METOIOM Y JJabopaTopii

Tabauys 2. Po3noaia 3o00ta JIHINpoBCbKOro po3cumy 3a po3MipoM, BMICTOM i Macoio

Knacudkau/s 3a po3ampom Posmip, mm| KiabkieTh Yacrka Maca caMOpOJHUX BUIJIEHD,
3€pEH, MM 3€peH, LUT. 3arajlbHoO Mr
(3a H. B. IleTpoBcbKOI0) KAbKOCTL) %
Kpymue 2,0—4,0 3,0—4,0 4 0,8 90 (37)*
2,0—-3,0 6 1,2
Cepennbol KpymHocT[11,0—2,0 1,0—2,0 40 8,0 73 (30)
Hp6ue 0,1—1,0 0,5—1,0 62 12,0 39 (16)
0,3—-0,5 121 23,0 34 (14)
0,15—0,3 150 28,0 7 (3)
0,1-0,15 98 19,0 0,2 (0,0)
Hyxe npone 0,05—0,1 0,08—0,1 29 6,0 0,06 (0,0)
0,05—0,08 10 2,0 0,01 (0,0)

* YV nyxKax — BiZICOTKU.
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30JIOTO IMTOXOBAHUX AJIIOBIAJIbHUX PO3CHUIIIB

Puc. 1. 3071010 i3 JIHITPOBCHKOIO MOXOBAHOIO ATIOBIAIBHOIO PO3CHITY: @ — 30JI0TO 3i 30epeKeHUMM KPUCTATiUHUMU
(opmMaMu oKTaepiB, TPUKYTHHKIB, 30. 5; 6 — c1aOKooOKaTaHe 30J10TO 3 IMYACTOK KaBEPHO3HOIO MOBEPXHEIO, 30. 6;
6 — 30JI0TO 3 IMYCTOTaMM BWJIYTOBYBaHHS i 3aJMIIKaMU TiApOKCHUIIB 3ami3a, 30. 10; ¢ — HamiBoOKaTaHe 30J10TO
JKMYTKOMOIiOHOI hopmu, 30. 8; 0 — obKaraHe 30J10TO, iHOMI y 3pOCTKax 3 MipUT-MapKasuToMm, 30. 10

Puc. 2. 3omoto i3 CepriiBcbKOro moxoBaHOrO altoBiabHOrO po3cuiy; 30. 14

IHcTuTyTy Teoximii, miHepanorii ta pynoyrBopenHss HAH VYkpainu B. C. MoHaxoBuM.
JocnimkeHHsT KpaloBUX Ta LUEHTPalbHUX AUISHOK 3€peH NajJo 3MOTY BUSIBUTU HE3HAYHE,
ajie TUIIOBE JJIs1 PO3CUITHMX POAOBUI MiAABUIIEHHS MPOOU y KpailoBMX YacTMHAX 30J0Ta.
Bzarani 301010 Brcokoi mpoou — Bix 820 mo 969. Kpim cpi6na (mo 13,2 %) i BicMyTy (10
1 %) y xinmbkocTti 0,01—0,6 % yacTo BUSIBISIOTBCS MOJIOAEH, Midb, CBUHELb, CYpMa, PiIKO
MJIaTUHA, PTYThb, 3ai30, LIMHK.

3a pe3yabTaTaMd BUKOHAHUX JOCTIIXEHb y MexXax MiBAeHHOi yacTuHU CypcbKoi
CcTpyKTypH Bimomi HinpoBchkuii Ta CepriiBCbKUil MOXOBaHi aloBiajbHiI PO3CUIIN 30JI0Ta,
sIKi TIpUYpOYEeHi A0 TepMIeHHUX BiIKJIamiB OydalbKoi cepii i 3a BMiCTOM 30Ji0Ta, HOro
pecypcaMu B MaiiOyTHbOMY MOXYTb CTaTU BaXJIMBUM CaMOCTiiiHUM abo momyTHUM (y pasi
po3pobku KopiHHUX ponoBuill banka 3omora i CepriiBcbke) mkepeoM 0J1aropoIHOro MeTaiy.
Came ToMy TOTPiOHO TMPOMOBXKYBaTH iX IiJIECIIPSIMOBaHi JETaJlbHi MOIIYKM Ta yceOiuHe
reoJioriyHe BUBYECHHsI. BpaxoBytouu 3aisiraHHs Ha MOuHax 10 70 M, He0OXiTHO po3pobJIsATH
HeTpaJMIiiHI METOIU iX OCBOEHHSI, TUM Oisblile, 1110 MPOMUCIOBO OCBOEHI 00’€EKTH TaKOTO
Kkiacy [4] 3 moaibHOO reosIoriuHOK OYyI0BOIO € Y BiTOMUX PO3CUITHUX TPOBiHLisSX Pocii (Ha
VYpani, B Anrai, B flHo-KonnMmcbkoMy paiioHi [2, 3]) i MOBUHHI po3rasigaTUCs SIK MOXKJIMBI
aHaJIorM Mif yac BUBYEHHS.
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KTI'IT "IiBnenykpreosnorisi”, HoBoMock., [IHinporneTp. 061. Hanivnua 19.05.2001

PE3IOME. 3y4eHbl OCOOEHHOCTH BHYTPEHHETO CTPOCHMSI, TUTOJIOTMYECKUIT M MUHEPAIbHBII COCTaB MPOLYKTUBHOTO
riacra norpeGeHHbIX AJUTIOBUATBHBIX pOcChIneil 103kHOit yacTi Cypckoit cTpykTypbl CpeaHero ITpuaHenpoBbsi, KOTOpbIe
JIOKQJIM3YIOTCSl B 0a3aJIbHBIX OTJOXEHUSIX OyyaKCKOW CepUM M Pa3MEeLIaloTCsl B 00JACTM HAKOIJIEHUsI MPOAYKTOB
pa3MblBa 30JI0TOHOCHBIX KOpP BbIBETpMBaHMSI MecTopoxaeHuit CepreeBckoe u banka 3onorast. CrenaH BbIBOL O
HEOOXOIMMOCTH MX AaJbHEHIIEro M3yyeHUsl C LIeJbI0 MOArOTOBKM JISI BO3MOXHOIO OydyLIEro MPOMBILLIEHHOIO
OCBOEHUSI.

SUMMARY. The paper presents the results of lithological and mineralogical research carried out in productive layer of

the buried alluvial gold placers hich are located in the southern part of the Sura structure in sedimentary rocks of the
Buchak series. These placers show promice for binge an important source of native gold in future.
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MMHEPANOTNYECKNH
AYPHAR

Y[IK 553.31:549.3 (477.63)
B. . €eTexos, I'. 1. CmipHOBa

TexHonoriyHa miHepanoria cynbdinis
IHryneubkoro poagosuwa KpnBopiabkoro 6aceiHy

Po3risiHyTO 0COOJMBOCTI pO3MONiIY MipUTY i MiPOTUHY Y 3ali3HUX pyaax [HryjeubKoro ponoBuila i B OepXKaHUX i3
HMX MarHeTUTOBUX KOHLIEHTpaTax.

[HryIeLbKe ponoBUIille MArHETUTOBUX KBApIIUTIB PO3TAILIOBaHE HA KpAiHBOMY TiBIeHHOMY (hIaH3i
3aJTi30pyaHo1 cMyri KprBopi3bKoro GaceiiHy i mpuypodyeHe A0 3aMKOBOI YacTMHM JIMXMaHiBCbKOL
cuHkJiHam. CHUpOBMHHOIO 0a3010 POMOBHUILA, SIKE PO3POOJSEThCS IHTYICLBKUM TipHUYO-
30arayyBaibHUM KoMOiHaTtoM (IHI'3K), € 3ami3ucTi KBapLMTH 3 MEpLIOro, IPYroro, TPeThOro,
YETBEPTOTO i ITATOrO 3aJli3UCTUX TOPM3OHTIB CAKCATaHCHhKOI CBITH.

SIKicTb MarHeTUTOBOTO KOHILEHTPATY, KM ONEPXKYIOTh TiC/s 30araueHHs KBaplLIMTIB 3a
HU3KOIO MOKA3HWKIB, HE BilIIOBiAa€ BMMOIaM CBITOBOTO PUHKY IIOAO 3aJli30PYIHOI CUPOBUHMU.
OnmHuM i3 MapameTpiB, sIKWil BU3HAYa€ HEAOCTATHIO SIKICTh KOHIIGHTpATy, € TMiABUILIEHMIA BMICT
cipki. 3HaueHHsT LIbOro MoKa3HMKa KonmBaerbes Bim 0,05 mo 0,30 % (mac. monst) i Giiblie y
3B’SI3KY 3 MepeBaKaHHsIM Y PyAHii Maci CUpOBUHM 3 TOTO YU IHIIIOTO 3aJli31CTOTO TOPU30HTY, 3 Ti€l
Yy iHIIOI MiHEepaJbHOI BIIMIHU pyIOM, aje 3a 3arajlLHO BU3HAHWMMM BHMOTaMW HE TMOBMHHO
nepesuiysat 0,10 %.

Pesynbrati nomnepenHix gociimkeHs [1, 3, 7] cBimyarh, 1110 OCHOBHMMU BUIAMU CYIbMiTiB y
CKJIadi pyad € IpuT i IpOTUH, a MiHepaJioM, KWl OOYMOBIIOE ITiABUILIEHUI BMICT CipKU B
KOHLIEHTpATi, €, MepeBaKHO, MipoTMH. BUCOKi 3HaYeHHSI NMUTOMOI MAarHiTHOI CHPUMHSTIMBOCTI
MipOTHHY MOPIBHSIHO 3 MiPUTOM CIIPUYMHIOIOTH MOT0 HAIXOMKEHHS 10 3aJ1i30PyIHOTO KOHIIEHTpATy
y MpOLIECi MAarHiTHOI cemapallii MiAroTORIEHOI A0 30araueHHsI IMoApiOHeHOI pyTHOI MacKh. YacTKOBO
N0 KOHIIGHTPAaTy HAaJXOOUTh TAKOX MipUT, SIK MPaBWIO, Y BUIVISIAI 3pOCTaHb i3 MArHETUTOM.
SHWKEHHST BMICTY TPOTHHY i THPUTY y CKJIalli KOHLIEHTPATY Y 1BA-TPU Pa3y CIPUSUIO 6 3HAUHOMY
301JIbILIEHHIO BAPTOCTi KOHLIEHTPATy Ha CBITOBOMY PUHKY, PO3LIMPEHHIO MEPEXi 1Oro CrioxKuBayviB.

Pe3ynbraty monepenHix TONOMiHEPATOTiYHMX JOCTIIKeHb aBTopiB npati [10] mokazamm, 1o
po3noALT CyIb(dimiB y MPOTYKTUBHIN TOBILI POMOBMILIA € Ty>ke HepiBHOMipHUM. BMicT cynbdifis y
pO3pi3i KOXHOro CTparurpaiyHOro ropuM30HTY 3aIeXKHO Bill MiHEPaTbHOIO CKJIamy 3ali3UCTUX
KBapLIMTiB 3MiHIOETbCS B JeKilbKa pasiB. IlepeBakaHHSI Y CKIaldi TOPU30OHTY THUX UM iHIIMX
MiHepaJbHMX BiIMiH 3aTi3UCTUX KBapLIUTIB CIIPUYMHIOE CYTTEBY PiZHULIIO MK 3aTli3HUMU pyIaMu
3a cyJIb(]inoeMHICTIO. 3HAYHUMU € TaKOXK KOJTMBAHHSI CITiBBIIHOLLIEHHST MiX TTiPUTOM i MipOTMHOM
SIK Y pO3pi3ax OKpeMHUX CTpaTUTpadiuHMX TOPU30HTIB, TaK i Y PO3Pi3i CAKCAraHChKOI CBITH B LILJIOMY.
Yce 3a3HaueHe CBiTUMTh, 110 BUKOPUCTAHHST TOMOMIHEPAIOTIYHUX JaHUX JA€ 3MOTY BUIUIATU B
MeXax MPOMYKTMBHOI TOBILI POJOBUIIA 30HW PO3MOBCIOKEHHS PYI Pi3HOI CyIb(hiToEMHOCTI i
Pi3HOI 34aTHOCTI 10 BUAAIEHHS CyJIb(iliB y MpoLeci 30araueHHsT 3 KOHLIEHTpaTy A0 1LiJIaMiB.

Ha nymky aBropiB, TOJOBHMMM YMHHMKAMW HEOTHOPIMHOCTI BMICTy CipKd B TillEpIreéHHO
He3MiHEeHVX OiMHMX 3aJTi3HUX pyIaX POIOBUIIIA € TakKi: 1) MposiBIeHHsI ayTMTeHHO-MeTaMOp(OreHHoi
MiHepaJIoriYHOI 30HATIBHOCTI 3a/Ti3UCTHX TOPU3OHTIB; 2) CTYITiHb JMHAMOTEPMATTBHOTO MeTaMopGizMy
3TI3UCTUX KBAPLIMTIB; 3) MPOSIBU JIy>KHOT'O METAcCOMATo3y B 3aJTi3MCTHUX KBapIIUTaX.

711 MpoBeneHHsT MiHEepPTOro-TeXHOJIOTIYHUX AOCTiKEHb aBTOPM 3a yYacTiO IpalliBHUKIB
reosyioriyHoi cmyxk6u [HI'3K Bimiopamu 158 mpo® GimHMX MarHeTUTOBUX PyH (MArHETUTOBHX
KBapLIMTIB) 3 YCiX I'SITM 3aJli3MCTUX TOPU3OHTIB, SIKi CKJIa[IA0Th MPOMYKTUBHY TOBIILY PONOBHUIIIA.
BinbupanHs npo6 3miiiCHIOBaIM TaKMM YMHOM, 1100 MOXHa OyJiOo 3’SICyBaTH BIUIMB Pi3HUX
TEOJIOTIYHMX YMHHMKIB Ha BMICT Cy/Ib(]iliB y 3a1i30pyAHOMY KOHIIEHTpari. loctiny mpoBoauaM 3a
CXEMOI0, aHAJIOTiYHOW N0 cxeMu 30arayeHHs pyn Ha dadpukax IHI3K. IMompibHeHHsT pymu
MPOBOMWINA Y TpU cramii 1o KpymHocti — 0,050 MM. 30arayeHHsI BinOyBaJloch Y CTaHIAPTHUX
MarHiTHUX ToJisix HanpyxkeHictio 0,1—0,15 Tu. Jdocniau npoBoauM y labopaTopisix Ha Kadeapax

MiHepaJiorii i 30arayeHHsI KOPUMCHUX KONaauH KpHBOpi3bKOTO TEXHIYHOIO YHiBEpCUTETY,

© B. [I. €Brexos, I'. 5. CmipHoBa, 2001
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Puc. 1. 3miHa BMicTy cipku y cKjaaai pyn
020 L oy | YETBEPTOro 3aji3UCTOro TFOPU3OHTY i B
i / A——"1A OJIep>KaHMX 3 HUX MarHeTUTOBUX KOHLIEHTpaTax
/‘ P S (BIATIOBIAHO 1O MiHEPAIOriyHOI 30HAJBHOCTI
L~ // FOPHU3OHTY): Og — BMICT CipKM y BUXiIHii
040 — 3aJ1i30pYIHiil CUPOBUHI; Bg — T€ X Y KOHIIEH-
! P e TpaTi; Minepanvhi pisHoeudu pyd: 1 — KBapLUUTH
2l 3aJ1i30C/TI0IKO-MarHeTUTOBI, 2 — KBapLMUTH
MarHeTuToBi, J — KBapUUTM CHUJiKaT-
Q00 MarHeTUTOBi, 4 — KBapUMTU MarHeTUT-
! 1 ? 3 4 cunikarHi

KpuBopizbKoi reosioropo3BinyBaabHOi ekcrienuilii, HaykoBo-mocaimHoro i mpoekKTHOro iHCTUTYTY
"MexaHooOpuopmet”. XiMmiuHi aHalli3u BUKOHYBaiM y Jyiaboparopii [liBHiuHOro ripHHUYO-
30arayyBalbHOro KoMoiHaty i KprBOpi3bKoi Ie0jIoropo3BinyBaJbHOI €KCITEAMILLI.

V3arajibHeHi po3pizu 3ajdizMcTHX ropu3oHTiB. OCOOJMBOCTI MiHEpaJIbHOrO CKJamy pyn
IHTYNIEebKOrO pomoBMIlia — CIIBBIAHOIIEHHS y iXHbOMY CKJIali KUTbKOCTI MpUTY 1 IpOTUHY,
XapakTep 3pOCTaHHS iHOUBIMIB CYIb(DiiB i3 KpUCTaTaMy MarHeTUTY i HEPYIHUX MiHepasliB Ta iHIi
MOKA3HUKU PYyJ, LIbOTO Ta iHIIMX POAOBUIL OaceiiHy, 3a/ieXaTh, MepeBaxkKHO, Bifl MO3MLIil PYIHOIO
TIaCcTa y 30HAJIbHII MiHEPATOTIUHII CUCTEeMI 3arizucmuti eopu3onm — caanyesuti eopusonm 3,4, 9, 12].

BrimuB aytureHHO-MeTaMOp(hOreHHOI MiHEpaJoriuyHOi 30HAJIBHOCTI PYAHOI TOBIII I
OOYMOBJIEHOI LIMM HEOTHOPIAHOCTI CKJIamy pyd Ha NMepeposIofiyl CyabdidiB MiXK MarHeTUTOBUM
KOHIICHTPATOM i BiJixomamu 30arayeHHs] BUBYAIM Ha TPUKIALI Pyl YETBEPTOrO 3ali3MCTOrO
ropy3oHTy. Byrmo BimibpaHo 33 mpoOu 3ami3MCTHX KBapLMTIB Pi3HOTO MiHEPaIbHOIO CKIIALy
(ta6m. 1). Ilix yac BinOUpaHHs MPOO CUJTIKAT-MAarHETUTOBUX i MarHETUT-CUJIIKATHUX KBApLIUTIB HE
3BEpTaJIM yBary Ha CTYIMiHb iXHbOI'0 JMHAMOTEPMAIbHOI0 MeTaMopdi3My, TOOTO Ha CIiBBiIHOLLIEHHST
y 1X cKJami XJIopuTy (allis 3eJIeHUX CIaHIIIB), a TAKOX Oi0TUTY, KyMIHITOHITY (erinoT-amdiootiToBa
darlis) 3 METOI0 BU3HAYEHHST YCEPEMHEHUX TSI POJOBUILA XapaKTEPUCTUK PYTHUX TOBIII.

Pe3ynbTatii MiHepanoriyHMX i XiMiYHMX JOCIKEHDb Py, SIKi BXOAWIM JI0 CKJIAmy BimiOpaHMX
Npo0, T0Ope Y3rOmKYIOTECS 3 OIMCAHMMM Y TIOTIEpeIHIX poboTax [3, 4, 8—10, 12] 3aKOHOMIpHOCTSIMI
3MiHM BMICTy CyJbGiliB y po3pi3ax 3ali3UCTUX TOPU3OHTIB poaoBuila i Kpusbacy B 1iomy. Bin
3aTi30CTI0AKO-MarHeTUTOBMX KBapLMTIB, SIKUMM CKJIaIeHi LIEHTPaJIbHI 30HU IOCTIIKEHOro
YETBEPTOTO 3aTi3UCTOr0 TOPU3OHTY, IO MAarHETUT-CUJIIKATHMX KBaplLMTIB, $IKi CKJIATalOTh MOro
niepucepiiiHi 30HU, BMIiCT HipUTy, MPOTUHY i 3arajlbHUIA BMIiCT CipK1 3aKOHOMipHO 30LUTBIITYIOTHCS
(tabn. 1; puc. 1, 2). [Ipuyomy BMiCT MipOTUHY 3HAYHO 30iJBIIYETHCS (Y IEB’SITh Pa3iB) MOPiBHSIHO
3 MipuTOM (y TpH pasm).

30araueHHsT pya 0OYMOBWJIO CYTTEBUIA MEPepO3MOiT MPUTY i MiPpOTUHY MiX 3a1i30pyIHUM
KOHILICHTPATOM i IIUTaMaMK. 3 HaBeICHUX JaHMX BUITHO, 1110 BMICT CipKU Y KOHLIEHTpaTax, OepXKaHMX
3 PyA yciX MiHepanbHuX BiMiH (Bg) y 1,5—2,0 pasa HYxKuMid, HDK y BUXiIHii 3aTi30py/Hil cMpOBHHI
(o). BuzHaueHHs1 CIiBBiIHOIIEHHSA Y KOHIIEHTpaTaX MIpuTy i MIPOTUHY MOKA3ajo, IO KUIbKICTh
TMEepIIOTro 3MEHIIWIACh Y BUTIAJIKY 30araueHHs! 3ali30C/I0IKO-MarHETUTOBUX KBAPIMTIB Y 2,4 pa3a;

Tabauys 1. Cepenniii BMiCT mipuTy, mipoTHHY, 3aji3a i JHesKi MOKa3HMKM 30aradyeHHs pyn
4eTBePTOro 3ali3UCTOr0 rOPU3OHTY

K-
Hopora e o | o | O | O | B | Bs | B | B
YEHb
KBapuur 3a130Cm01Ko- 6 38,82 0,098 0,067 0,015 67,13 0,061 0,028 0,011
MarHeTUTOBUM
KBapuur MarHeTUTOBHUIA 10 38,21 0,167 0,103 0,022 66,87 0,105 0,031 0,015
KBapuur cunxar- 9 35,74 0,323 0,172 0,081 65,54 0,176 0,030 0,048
MarHeTUTOBUM
KBapuurt marHeTut- 8 31,05 0,406 0,211 0,127 66,47 0,211 0,042 0,073
CWJIKaTHUI

IMpuMiTKa. o — BMicT 3aii3a i cipku (%, mac. nonst) i MmiHepaiis (%, 06’eM. 10s1s1) y pyli; B — Te€ X Y KOHLIEHTpPATi;
TYyT i B TabJ. 3: prt — MipuT; prn — MipOTHH.
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Puc. 2. Bapiauii BMicTy miputy (@) i mipoTuHy (6) y cKJIaji 3aJ1i3MCTUX KBapLMTiB YETBEPTOrO 3aJ1i3MCTOr0 TOPU3OHTY
i B OlepKaHMX 3 HMX MarHeTUTOBMX KOHLIEHTpaTax (BiAMOBiZHO N0 MiHEPAJIOriyHOi 30HAJILHOCTI TOPU3OHTY): Qs
Oy — BMICT 1.1ipmy i mipoTuHy y Bl/l.XiLLHWl CUPOBUHI; Bores Born —TeXY KOHueHTpaT_i; MiHepanvHi pisiftosudu pyo: 1 —
KBapLMTH 3aJT1i30C/II0KO-MarHETUTOBI, 2 — KBapLIUTH MarHeTUTOBI, 3 — KBapUMTH CUJIiKaT-MarHeTUTOBI, 4 — KBApLUTH
MarHeTUT-CUJIiKaTHi

Puc. 3. 3miHa BMicTy Sy CKJIalli Py IPYroro 3ali3McTOro ropru30HTY i B OfiepsKaHMX 3 HUX 3aJ1i30pYIHUX KOHIIEHTpaTax
(BiAMOBIAHO 10 MiHEPAJIOTiYHOI 30HATBHOCTI TOPU3OHTY): @ — pydu, MeTamopdizoBaHi B yMOBax 3eJeHOCIaHLeBOL
dautii; minepanvHi pisnoeudu pyo: 1 — KBapIUTH 3aTi30CTI0KO-MarHeTUTOBI, 2 — KBapLIUTH MarHETUTOBI, 3 — KBapIUTH
XJIOPUT-KapOOHAT-MarHeTUTOBI, 4 — KBAPLIUTH MarHETUT-XJIOPUT-KapOOHaTHi; 6 — pyau, MeTamopdizoBaHi B yMOBax
emnigor-amdidosiToBoi dallii; mireparvHi pisHogudu pyd: 5 — KBAPLUUTH 3ai30CTI0IKO-MAarHETUTOBI, 6 — KBapLIMTH
MarHeTUTOBi, 7 — KBapLUMTH KyMiHITOHIiT-MarHETUTOBI, & — KBapUMTH 6i0TUT-MarHETUT-KYMiHITOHITOBI; olg — BMICT
CipKM Y 3aJli3HUX pyjax; Bg — T€ X B OIEPXAaHOMY 3 HUX KOHLEHTPATi

MarHeTUTOBUX KBapLIUTIB — Y 3,3; CUJTiIKaT-MarHeTUTOBUX KBAPLIUTIB — Y 5,7; MAarHETUT-CUJTIKATHUX
KBapLuTiB — y 5,0 paza.

Ha BimMiHy Bin mipyTy 1ii MOKa3HUKU 11 THPOTUHY € 3HAYHO MEHILIMMU. Y pasi 30arayeHHs
3aJTi30C/TIOIKO-MAarHeTUTOBUX KBAapLIMTIB MOr0 BMICT Y KOHLIEHTpaTi MOPIBHSHO 3 KiJIbKICTIO Y
BUXiIHil CMpOBUHI 3MeHIIYEThCs Y 1,4 pa3a; y pa3i 30araueHHS] MAarHETUTOBUX KBapLIUMTIB — Y 1,5;
CIJTIKaT-MarHeTUTOBUX KBAPLUTIB — Y 1,7; MarHETUT-CIIIKATHUX KBapLMTiB — y 1,7 pasa.

OneprkaHi 1aHi CBiMUaTh, 1110 Yepe3 MiJIBUILIEHY TMTOMY MarHiTHY CIPUIAHSITIIMBICTD BUAAICHHSI

Tabauys 2. Cepenniii BmMicT (%, mMac. noas) 3aii3a i Cipku y nmpoaykrax 30arauyeHHs 3aJi3UCTHX
KBApUUTIB IPYTOro 3aji3UCTOr0 rOpPU3OHTY, MeTaMop(i30BaHUX Yy Pi3HMX yMOBaX

[Topona KAabK(ETh O s Bre Bs
BU3HAYCHb
3enenocranyesa gay s

KBapuur 3ay130C/101K0- 4 39,01 0,109 66,81 0,032
MarHeTUTOBUI

KBapuur MarHeTUTOBHIA 6 38,16 0,183 66,54 0,084
KBapuur xjaopur-kapOboHaT- 4 36,34 0,296 65,78 0,125
MarHeTUTOBUI

KBapuut MarHeTuT-XJ10puT- 3 30,55 0,387 65,93 0,184
KapOOHATHUIA

Enldom-amehlboamosa pays

KBapuur 3ay130C101K0- 3 38,73 0,074 67,27 0,051
MarHeTUTOBUI

KBapuur MarHeTUTOBHIA 5 37,99 0,121 66,80 0,088
KBapuur KyMHITOH[T- 5 35,42 0,230 65,41 0,189
MarHeTUTOBUI

KBapuur 6[OTUT-MarHeTUT- 4 31,29 0,347 65,19 0,245
KYM [HI'TOH [TOBUI

Mpumitka. TyriBTabn. 3: o — BMicT 3a1i3a i Cipkul y BUXiIHii1 3a/1i30pyIHiii CMPOBMHI; B — T€ X Y MAarHETUTOBMX
KOHLIEHTpaTax.
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Puc. 4. 3miHa BMicTy miputy (@) i mipoTHHY (6) Y CKJIali pya APYyroro 3ali3ucTOro ropu3oHTy, MeTaMopdizoBaHUX B
yMOBax 3eJIeHocIaHLeBoi dauii i B O/IEPKAHMX 3 HUX 3aJ1i30pyIHUX KOHLEHTPATAX: Oy, Gy — BMICT MipUTY i MiPOTUHY
Y 3ali3HUX PYRAX; B By, — T€ X Y 3QIi30PYAHOMY KOHLEHTDATI; MiHepaavhi pisosudu pyd: 1 — KBapuuT
3a1i30CII0KO-MarHeTUTOBI, 2 — KBapLUMTH MarHeTUTOBI, 3 — KBapLMTH XJIOPUT-KAapOOHAT-MAarHETUTOBI, 4 — KBapLIUTU
MarHeTUT-XJOPUT-KapOOHaTHi

Puc. 5. 3miHa BMicTy miputy (@) i mipoTHHY (6) Y CKJIali pya APYyroro 3ali3ucTOro ropu3oHTy, MeTaMopdizoBaHUX B
yMoBax eninor-amdidonitoBoi dauii i B ogepxXaHUX 3 HUX 3a1i30pyIHUX KOHLIEHTpaTax: ey Oy — BMICT MipUTY i
MipOTUHY Y 3aJIi3HUX py[ax; Bpn, Bpm — Te X y 3a1i30pyTHOMY KOHLEHTPATi; MiHepaavHi pisHoeudu pyd: 1 — KBapLUTH
3aJ1i30C/TI0IKO-MarHeTUTOBI, 2 — KBapUUTH MarHeTUTOBi, 3 — KBapLUMTU KYMiHITOHIT-MarHeTUTOBi, 4 — KBapUUTU
0i0TUT-MarHETUT-KYMiHT TOHITOBI

MipOTHHY 3 PYIHOI MacH MiJ1 yac 30ara4yeHHsI BiOyBa€TbCSI MEHII €(DEKTUBHO MOPIBHSHO 3 MTiPUTOM.
1151 crtikaT-MarHeTUTOBUX | MATHETUT-CUJTIKATHUX KBAPLIUTIB caMe TTiPOTUH, a He MIPUT € TOJIOBHUM
HOCIEM CipKU Yy 3aJTi30pyIHHUX KOHLIEHTpaTax. Y 3B’SI3KY 3 MiIBUILEHHSIM BAMOT IO KOHLIEHTpATy
CJ1i[T 3arIpOBAIUTH 3aXOIM, SIKi O CIIPUSUIM BUKJTIOYEHHIO HAIXOMKEHHST 10 3a1i30pyIHOI CUPOBUHU
pya 3 niepudepiiHUX 30H 3aTi3UCTUX TOPU3OHTIB, 1110 CKIaAeH1I MArHETUT-CITIKATHAMU KBapLIUTAMU.

JIIsiHKY 3 MpPOSIBOM IMHAMOTEPMAJIBHOTO MeTaMopdizmy pisHnx damiif. 3amizucTi KBapuuTy i
BMIiCHi CJIaHLIi pomoBula MeTaMopQi3oBaHi, NepeBakKHO, B YMOBAX emigoT-aM¢idostiToBoi (artii
[2]. Ane y TpomyKTHBHii1 TOBILII iCHYFOTh JUISTHKH, B MEXaX SIKMX 3aJTi3Hi pyIy 3a3HaId MeTaMopdizmy
B YMOBax 3eJIeHOoCJIaHLIeBoi ¢auii. HaiinmolumpeHilni BOHM y 30Hi 3aMMKaHHS JIMXMaHiBChbKOL
CHUHKJIiHATI, pillle TPparvisTioThCsl Ha Kpwiax i€l ckianku. JuHamoTepMalbHM MeTamopdizm
3aJTi3UCTUX TOPiJ CYNPOBOIXKYBABCSl iCTOTHMM IE€PEpPO3IONIJIOM CipKU y po3pizax 3ali3UCTUX i
CJIaHLIEBMX TOPM30HTIB CAKCAaraHChKOI CBiTW, a TAKOX 3MiHOIO KUTbKiCHUX CIiBBITHOIIEHb MiX
JIBOMa OCHOBHUMM MiHepaJbHUMM (hazaM CyIbDiliB — MipyTOM i MPOTUHOM. Y 3B’SI3KY 3 LIUM
y TpaKTUYHOMY BiTHOIICHHI IUIST 3’SICYBaHHSI, 3 SIKMX MUISTHOK PONOBMILA HAIXONSATh PYOU 3
HEOJHAKOBUM BMIiCTOM MipUTy i MipOTUHY, HAA3BUYAMHO BaXXJIWBUMU € MOCTIAXKEHHS

Tabauys 3. Cepenniii BMicT miputy i nipotuny (%, 00’°eM. 10J5) B MeTaMOP(i30BaHMX y Pi3HUX
yMOBax 3Ji3MCTHX KBAPIUTAX APYIOro 3aji3MCTOr0 TOPM30HTY i B O/IePKAHMX 3 HUX MATHETHTOBHX
KOHIIEHTpaTax

[Topona KabK[CTh Oy Oy Bot Bom
BU3HAYCHb
enenocranyesa gays

KBapuur 3an30c1oaKo-MarHeTUTOBUIA 4 0,060 0,015 0,023 0,008
KBapuut marHeTutoBuit 6 0,124 0,020 0,028 0,010
KBapuut ximopur-kapooHar- 4 0,231 0,051 0,032 0,029
MarHeTUTOBUIA

KBapuur MarHeTuT-XJI10pUT-KapOOHATHUI 3 0,306 0,072 0,035 0,037

Enldom-ameplboamosa payls

KBapuur 3an30c1oaKo-MarHeTUTOBUIA 3 0,052 0,016 0,025 0,015
KBapuut marHeTuToBuit 5 0,095 0,032 0,033 0,021
KBapuut Kym(HITOH[T-MarHETUTOBUIA 5 0,178 0,083 0,031 0,046
KBapuur 6/0TUT-MarHeTUT- 4 0,227 0,151 0,040 0,107

KYM[HTTOH[TOBUIA
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Puc. 6. Xapakrtep 3MiH BMicCTy cipku i ok 010
cynbdiniB B MexXax 30HAIbHUX TiJl HATPiEBUX 1 14
METAaCOMAaTUTiB YETBEPTOrO 3aji3UCTOro
ropu3oHTy IHryjeunpkoro poposuwa: I —
nipur, 2 — mipotuH, 3 — cipka. 3onu mm 2+ I UUU
Mmemacomamuynux min. 1 — eripunizauii, _ _ o _ )
Il — pubekitusauii, 11l — oKBapilOBaHHS, 1 I u W
IV — He3MiHEeHMX MarHeTUTOBMX KBapLUTiB

CyIb(hiTOHOCHOCTI Py pidHUX (aliil MeTamopdizmy.

JI11 BUKOHAHHST MiHEPaJIOro-TeXHOJIONYHMX JOCIIIKEHb OyJI10 BiniopaHo 34 mpoGu py[, APyroro
3aJTi3UCTOr0 TOPUM30HTY, i3 HUX 17 MeTaMopi3oBaHi B ymMoOBaxX 3ejeHocIaHLeBoi (awii i 17 —
eminoT-am@iboIiTOBOI. 3BEpTaM yBary Ha NMPUOJIM3HO OTHAKOBY IPEICTABIEHICTh OCHOBHMX
MiHepaTbHMX BiTMiH Py BIIITOBITHO 3 ayTUTEHHO-METaMOP(HOreHHOIO MiHEPATIOTiYHOIO 30HATIBHICTIO
JIPYTOro 3aJTi3UCTOrO TOPU3OHTY — Bill TPHOX JIO IIIECTU MPOO i3 KOXKHOI MiHEPATBLHOI BIAMIHM Py
000x (auiii MmeTamopdizmy.

MiHepaoro-TeXHOJOTiYHI AOCTIKeHHST MPOBOAWIN 3a OIKMCAHOIO BUILE METOAMKOIO.
Opep:xaHi pe3yJbTaTy HaBemeHo y Ta6ia. 2, 3. [Jani TaGia. 2 BigMOBiZalOTh 3araJbHUM
3aKOHOMIPHOCTSIM Bapiallii BMICTy CipKM y po3pi3ax 3aJli3UCTHX TOpU30HTIB |7, 9]. g pyn 06ox
MeTaMopiyHMX (alliii XapakTepHe MOMITHE 30UTbIIEHHS BMICTy CIpKM Bill IIEHTpaJbHUX 30H
JIPYTOro 3aJ1i3UCTOr0 TOPU3OHTY (KBAPLUUTU 3aTi30CTIOIKO-MArHETUTORBI) O TMeprdepiiHuX 30H
(KBapLIMTU MarHeTUT-CWJIiKaTHi) (puc. 3).

IMopsia 3 Tum, 1o a1t pya 000X (patiiii MeTamMopdizMy XapaKTepHi OTHAKOBI 3aKOHOMipHOCTI
Bapiallii BMICTy CipKu Yy po3pi3i 3a1i3UCTOro rOprU30HTY, CIIOCTEPIra€ThCsl HU3bKUI BMICT CipKHU Y
BUCOKOMETAMOP(i30BaHUX pydax IMOPIiBHSIHO 3 iXHIMU cjabomMeTamMopdi3oBaHUMM BiAMiHAMM.

Y mpoueci 30araueHHsI METOJOM MAarHiTHOI cemapalii 4acTMHA CipKu ITOTparuisie 10
KOHIIEHTpaTy. AHai3 MiHEpAIOro-TEXHOMIOTIYHMX JAAHMX CBITUMTH, 110 3arajlbHUI BMICT CipKHU Y
KOHLIEHTpaTax, oJep:KaHMX 3 BUCOKOMETaMOP(i30BaHUX Py, MpUOIM3HO y 1,5 pasa BULLMIA, HixX
y KOHILIEHTpaTax, ofepxXaHUX i3 crabomeTamopdizoBanux. Hampuknanm, it 3a1i30CmoaKo-
MarHeTUTOBMX KBapLIMTIB, MeTaMOp(di30BaHMX B yMOBaX 3€JI€HOCIAHLIEBOI (allil, BMIiCT CipKU y
KOHUEHTparti ctaHoBUTh 0,032 % (Mac. mons), a Ui aHAJOTIYHMX 3a CKJIAZIOM DY 30H MpOSIBY
MeTamMopdi3My emminoT-aMdiooiToBoi (i eit mokasHuK — 0,051. 1711 MarHETUTOBUX KBAPLIMTIB
Taki mapaMeTpy BinnoBinHo ctaHoBIsATh 0,084 1 0,088, mst cuikar-marHeTuToBux — 0,1251 0,189,
It MarHeTuT-citikatiux — 0,184 1 0,245 % (mac. nons).

Takum yrHOM, MiATBEPIKYETHCS paHillle BUCIORICHA [1] AyMKa, 1110 OCHOBHUM (PaKTOPOM
HaIXOMKEeHHST HAIMipHOI KUTBKOCTI CipKM 10 3amizopyaHoro KoHueHTpary IHI'3K € HegoctaTHRO
edeKTMBHE BWIYYEHHSI CIpKM Y TIPOLIECi MarHiTHOI cerapalil KyMiHITOHITBMiCHUX 3aJTi3UCTUX
KBApLUTIB i3 mepubepiliHUX 30H 3aJli3VUCTUX TOPU3OHTIB, sIKi Oy MeTamMop(i3oBaHi B yMOBax
ernimoT-amMibosIiToBOI allii.

711 BU3HaUYeHHS MiHepaJIbHO1 (hOPMU CIpKM i3 KOHIIEHTpATiB, OfepKaHMX 3 KOXKHOI MpoOH,
OyJI0 BUTOTORIIEHO CKPITUIEHI SMOKCHIHOI CMOJIOK Mpo30pi i TMosipoBaHi 1utidu (o 2—3 mis
KOXXHO1 po6u). Pe3ynbTaTi migpaxyHKiB KiJIbKiCHUX CIiBBITHOILIEHD ITIPUTY 1 MipOTMHY B HUX, a
TaKOX Y BUXITHUX 3aTi3UCTUX KBApLIMTAX BiIIIOBIIHOIO CKiIamdy, sIKi HaBeleHO y TabJ1. 3 i TToKa3aHo
Ha puc. 4 i 5, cBigyarh, IO JO KOHLIEHTpPATy OUIBIIOI Mipolo moTparuisie mipotvH. [lpudomy,
He3BaKaloul Ha HU3bKUIA BMICT Y pyAax, KUTbKICTb HOro B KOHLIEHTpaTax, OAepXXaHUX 3 OKPEMUX

Tabauys 4. Cepenniii BMicT cipku (%, mac. 10ss1) Ta cyabginis (%, 00°eM. 10Js) y HaTpieBUX
MeTacOMATHTAX YETBEPTOrOo 3aJMi3UCTOTO TOPU3OHTY

IMopona KinbkleTb S [Mipur [Tipotun
BU3HAYCHb
MeTtacoMaTUT pUOEK[T-MarHeTUT- 8 0,213 0,31 0,01
eT[PUHOBUIA
KBapuut prbek(T-MarHeTUTOBUIA 6 0,204 0,25 0,05
KBapMT MarHeTUTOBUII OKBapIIOBaHUI 7 0,176 0,20 0,08
KBapIMT MarHeTUTOBUII HEe3M [HEHUI 10 0,167 0,13 0,11
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PI3HOBUIIB py/I TIEPEBUIIYE KUTBKICTh MipuTy. OCOOIMBO 1ie XapaKTepHO U Py i3 TieprdepiiiHuX
30H 3aJli3UCTOro ropu3oHTy. Hanpukian, y KyMiHITOHIT-MarHETUTOBUX KBapLIMTaX BMICT ITPUTY i
MmipoTuHY cTaHoBuB BimmosigHo 0,178 i 0,083 % (06’eM. m0js1), a B OAEPXaHUX 3 HHUX
koHueHTpatax — 0,031 i 0,046. Taki X MOKAa3HMKM A OiOTUT-MAarHETUT-KYMiHITOHITOBUX
KBapuuTiB craHorIsATh — 0,227; 0,151 i 0,040; 0,107 % (06’em. monst).

VY 3arajbHOMy BiTHOIIEHHI BMICT MipUTy B KOHIIEHTpaTax, OAEpXXaHWX 3 pyd o0ox darriit
MeTamopdizMy, MPUOIM3HO OTHAKOBUIM IUISI BiAMOBIMHUX 32 MiHEPAIbHUM CKJIAIOM pya. Y Toi
K€ Yac KiTbKICTb MIPOTHHY B KOHLIEHTPATaX, ONepXXaHWX 3 pyA enigor-amdioonitoBoi dawii y n1sa-
TpU pa3ul TIEPEBUIIYE MOro BMICT 3 KOHLIGHTPATIB, OAepKaHUX 3 Pyl 3eJeHOCTaHLEBOl allii
MeTtaMopizmy.

BuBueHHs1 XapakTepy 3poCTaHb iHAMBINIB NipOTUHY 3 PYAOTBIPHUMU MiHEpalaMM ITOKa3aJio,
1110 KPiM MiIBUILIEHOTO BMIiCTy MipOTUHY Y BUCOKOMETaMOP(i30BaHVX pyaax JjIsl HbOrO TYT TUTIOBUM
€ YTBOPEHHSI TiCHMX 3pOCTaHb i3 MarHeTUTOM, Y TOM Yac SIK y pyldax 3eJeHOCJaHLEeBOI allii
MIpOTUH MPOCTOPOBO TSDKIE€ AO CUIIIKATIB i KapOOHATIB.

TakxuM 4YMHOM, TOJOBHOIO MPUYMHOIO IiABUIIEHOIO BMICTy CipKu B 3a/li30pyIHUX
koHueHTparax IHI'3K ciix BBaXaTy HamXomMKEeHHsI 10 HBbOTO Y TpOoLieci 30araueHHs MipoTUHY sIK
MiHepaTy 3 BUCOKMM 3HAYE€HHSIM MarHiTHOI CIPUIAHSITIIMBOCTI. MakcMaTbHa KiTbKiCTh MipOTUHY
MOTparJsie 10 KOHLEHTpaTy y pa3i 30araueHHsl BUCOKOMeTaMOp(di30BaHMX 3ali3HUX DY
nepudepiiiHMX 30H 3aTi3UCTUX TOPU3OHTIB, sIKi IIPEACTARICHI KyMiHITOHIT-MarHeTUTOBUMMU, OiOTUT-
MarHeTUT-KyMiHITOHITOBUMM KBapLIMTaMU. 3aXOIy 3 BUPILLIEHHS MPOOIEMU TTiIBULLIEHHST SIKOCTi
3ayizopyaHoro KoHueHTpaty IH3K moBrHHI BpaxyBaTHl 1110 0COOJIMBICTh MiHEPaIbHO-CHPOBUHHOI
6a3u [HTy/IelbKOTO PONOBUIIIA.

3oHn HaTpieBoro Meracomaro3y. HatpieBuii MeTacomMaTro3 MpoOsIBICHWII B MeXax pOJOBMILA
eripyMHi3allielo, puOeKITU3alli€l0 3ali30CM0IKO-MarHeTUTOBUX, MarHETUTOBUX, KYMiHITOHIT-
MAarHeTUTOBMX KBApLIMTIB, a TAKOXK MEHII 3HAYHOIO MipOI0 — a/IbOITU3AaLIi€l0 MarHETUT-CUJTIKATHUX
KBapLUTIB i pi3HUX 3a MiHepaJbHUM CKJIamIoM ClaHLiB [5, 6]. HaiiGinbin moumpeHi HatpieBi
METaCOMATUTH y TOBILIAX IPYIOro, YeTBEPTOTO, MEHILIE — IT SITOTO 3aTi3UCTMX TOPU30HTIB i MPAKTIYHO
BIICYTHI cepell MOpiJ MEPLLIOro i TPeThOro 3ajli3UCTHX i YCiX CJAHLIEBUX TOPU3OHTIB.

3arajbHUIl BMICT CyJb(iniB, cyMapHa KiJIbKiCTb CIipKM y METaCOMAaTMYHO TIePETBOPEHMX
3QJI3HUX PyJax TICHO MOB’sI3aHi 3 MiHEpaIbHMM CKJIAZOM METACOMATUTIB, OCOOIMBOCTSIMU
MiHEpaJIOTiyHOI 30HATLHOCTI MeTacoMaTuyHux Tt [11]. JocmimkeHHs1, TpoBeAeHI Ha TPUKIIadi
30H METACOMATMYHMX TEPETBOPEHb PYI YETBEPTOrO 3ajli3MCTOr0 TOPU30HTY, CBim4aTh (Tabn. 4;
puc. 6), IO BMICT CIpKM Y pyAaX Bifl He3MiHEHMX MArHETUTOBHX, 3aJ1i30CITIONKO-MarHETUTOBUX
KBapLMTIB 4yepe3 30HM IXHBbOIO OKBAPLIIOBAHHS i pUOEKiTM3allil 10 TWIOBMX 30H eripuHi3allii
TTOCTYTIOBO 30WIbIIIYETHCS. Lle 06YMORIEHO, TOJIOBHUM YMHOM, iICTOTHUM (B 2,5 paza) MiABUILIEHHSIM
Y MeTacoMaTuTax KutbKocTi rmiputy — Bin 0,13 % (00°eM. 105151) Y HE3MiHEHUX 3aTi3UCTUX KBApLIMTAX
1o 0,31 B eripdHOBUX MeTacoMaTuTax. Y TOi ke yac y 3a3HaYeHOMY HarpsIMKy BMICT TMipOTUHY
3meHIyeThest y 11 pa3 — Bim 0,11 % (06’eM. 10isT) y HE3MIHEHUX 3aTi3UCTHX KBapimTax 10 0,01
B €TipMHOBMX MeTacOMaTHUTaxX. 3a3HayeHi OCOOJIMBOCTI IEPEPO3NONily CipKM MK OCHOBHUMMU il
MiHepaTbHUMU (hazaMu, 0e3 CyMHiBy, TTOBMHHI OOYMOBIIOBATU Pi3HY KiJbKICTh CyIb(idiB y
3T30PYIHMX KOHLIEHTpaTax, sIKi OIepKyIOTbCS 3 Py Pi3HUX METACOMaTMYHUX 30H.

MiHepanoro-TeXHOJIOTYHi TOCTiIKeHHsT aBTOPIB MOJISITAIM Y BUBYEHHI MOBEMiHKU CYIbdiliB
y TIpolieci 30araueHHs! BUXiTHUX 3aJli3UCTHMX KBapLMUTIB i MPOAYKTIB IXHHOTO METaCOMAaTM4HOro
niepeTBopeHHs. OnepXaHi JaHi y CMCTeMAaTH30BaHOMY BUIVISIAI HaBeAeHO y Tabj. 5. SIK BUIHO,
METacOMAaTUTH Pi3HOTO CKIIaTy Bipi3HSIOTHCS HE TUTbKM 32 SIKICTIO OIEPXKaHOTO 3 HUX MATHETUTOBOTO
KOHLIEHTpaTy (KOMMBAaHHSIM CepeIHiX 3HauyeHb P, Bin 64,98 mo 67,26 % (mac. nons), aie i 3a
BMICTOM Cipku (KosmBaHHsI Bg Bin 0,040 1o 0,105 % (mac. nosst)). Posnonin cipku o KOHLIEHTpaTax,
Ollep>KaHUX 3 PYA Pi3HUX METACOMATMYHMX TiJl, MA€ 3aKOHOMIDHMI XapakKTep: Bil He3MiHEHHX
3aJT3UCTUX KBapLIMTIB yepe3 IepeloBi MO TWJIOBMX 30H METACOMATMYHMX TiT LIEi MOKA3HMK
3aKOHOMIpPHO i MOCTYIOBO 3MEHIIYEThCSI MPUOIN3HO y 2,5 pasa.

IopiBHSUTBHI JOCTIIKEHHST TPaHYJIOMETPUYHUX i MOPGhOIONTYHUX XapaKTepUCTUK TpUTy i

Tabauys 5. Cepeani TeXHOIOTIYHI MOKA3HUKM MPOAYKTIB 30arayeHHs] HATPIEBMX METACOMATHUTIB
YEeTBEPTOro 3aJi3UCTOr0 ropu3oHTy, % (Mac. moJs)

ITopona Kbk eTh Ope s Bre Bs
BU3HAYCHb
MeracomMaTuT puOEK T-MarHeTUT- 8 39,14 0,213 65,73 0,040
eT[PUHOBUI
KBapuut pubek T-MarHeTUTOBUI 6 38,55 0,204 67,26 0,061
KBapuut MarHeTUTOBUIT OKBapLIOBAHUIA 7 36,79 0,176 64,98 0,088
KBapLuT MarHeTUTOBUII HE3M [HEHMIA 10 38,21 0,167 66,87 0,105

I[TpuMiTKa ag i ag — BMICT 3aii3a, CipKM y 3a1i3UCTUX KBapLUTax i MeTacoMatutax; Pg. i Bg — Te X B
OJIEpPXKAHOMY 3 HMX MarHeTUTOBOMY KOHLIEHTpATi.
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MipOTUHY Y BUXiTHIl 3a1i30pyIHill CUPOBUHI i B OlEp>KaHUX i3 HUX 3aJli30pYTHMX KOHIIEHTpaTax
JaT MOXJIMBICTb BUBHAYMTU MiHepaJIoriuHi (pakTopu, siki 0OyMOBWJIM Bapiallii cyJIb(inoeMHOCTI
3aJTi30pyIHUX KOHLIEHTpaTiB. Bin MepBMHHMX 3aTi3MCTUX KBApLUTIB yepe3 MepeaoBi A0 TUIOBUX
30H METACOMATUYHMX TiJl CepeHiii po3Mip KpUCTAIB IMiPUTY MOCTYOBO 30utbliyeThest Bin 0,073
MM Yy MarHeTUTOBMX i TeMaTWT-MarHeTuToBux Ksaprmrax go 0,088 MM — y ix OKBaplIOBaHMX
BimMmiHax, 10 0,134 MM — y pUOEKiT-MarHeTUTOBUX, TeMaTUT-PUOCKIT-MarHETUTOBUX KBAPLIMTAX i
10 0,229 MM — y pHOEKiT-MarHeTUT-eTipUHOBUX MeTacoMaTuTax. OmHOYAaCHO CIOCTEPira€Thest
TIOCTYIIOBE YIOCKOHAJIEHHST (POPMU KPUCTATIB MipUTY: SIKIIIO B HE3MIHEHUX 3aTi3UCTUX KBApLUTaX
BiH MpeICTaBlIeHUiA, TOJOBHUM YMHOM, KCEHOMOP(HUMM iHAMBIIAMU i 3€pHUCTUMM arperaramu,
TO B €TipMHOBUX METACOMAaTUTaX — JOCUTb TPABWJIBHUMHU KpHCTaJlaMU KyOi4YHOTO, piflle
KyOOOKTaeApUUHOIo rabiTycy.

30ibilIeHHsT po3Mipy i KpucTajorpahiyHOI JOCKOHAIOCTI iHAMBIMIB MipUTy OOYMOBIIOIOTh
Moro Kpaile po3KpUTTS, BiIJJICHHS Bil KpUCTajliB, arperaTiB MarHETUTy. Y CBOIO uepry, lie €
TMPUYMHOIO e(hEeKTUBHIILIONO BUTYJEHHS MipUTY i3 3aJTi30pyIHOTO KOHIIEHTpATy Y MPOLIECi MarHiTHOI
cenapailii ToapiOHeHOI 3aJTi30PYIHOI CUPOBUHU.

AHaJIOTiYHe BUBYEHHSI MipOTHMHY IOKA3ajo, IO IS He3MiHEHMX 3ali3MCTUX KBapIIUTIB
3BUYAHOIO € Ioro ApibHa BKparuleHiCTb (po3Mip BuUIiIEHb, TOJOBHMM 4YMHOM, Bim 0,01 mo
0,03 MM) y pyIHUX TTpolliapKax. 3 HApOCTAHHSIM METaCOMATMYHMX 3MiH OTHOYACHO 3i 3MEHILIEHHSIM
3arajlbHOI KiJIbKOCTI MipOTHHY BiIOYBaBCs MO0 Mepepo3MOil, IKUiA CyTIPOBOIKYBABCsI YTBOPEHHSIM
CIIUIbHMX arperatiB 3 MipUTOM. YHACTIOK IbOTo OiIblIa YacTMHA IMipOTUHY Y BUIJIIAL 3POCTKIB 3
HEMarHiTHUMMM 4acTKaMU MpUTY HAIXOAUTh J0 BimxoniB 30araueHHs. [TiapaxyHKy KijIbKOCTi IipUTy
i MipOTHHY Y KOHILIEHTpaTaX, OAePXKaHWX 3 EripHHOBUX METACOMATWTIB, IMOKA3aI, 1110 CepeaHiil
BMicT miputy B HuX — 0,063 % (00’eM. mons), a mipotuHy — 0,012. BimmoBimHi MOKa3HUKU
KOHIEHTPATIB, OIEpKaHMX 3 HE3MiHEHHX 3aTi3CTUX KBapUUTIB craHoBIsATh 0,1311 0,076 % (00’ eMm.
JIOJIST).

TakuM YMHOM, He3BaXKarouM Ha 3arajibHe MiABUILICHHS Y 3B’I3KY 3 HaTPiEBM METaCOMaTO30M
BMICTY Cy/IbMiliB y 3aTi3HMX pydax POMOBMILA, KOHLIEHTPATH, SIKi ONEpXKYIOTb 3 METaCOMATUYHO
3MiHEHUX PYI, XapaKTepU3yIOTbCsl HU3bKUM BMICTOM CipKH i, 3@ IIUM TTOKA3HMKOM, BiIMOBiIaIOTh
HaBUILMM BUMOTaM CBITOBOI'O PUHKY JIO 3aJli30pYAHOI CUPOBUHMU.
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PE3IOME. PaccMOTpeHbl OCOOEHHOCTM pacTpeiesieHus] MMpUTa M MUPPOTHHA B KeJe3HbIX pyaax MHryjieunkoro
MECTOPOXIEHHS U B MOJYYSHHBIX U3 HUX MAarHETUTOBBIX KOHLIEHTpaTax.

SUMMARY. The peculiarities of pyrite and pyrrhotine distribution in iron ores of the Ingulets deposit and magnetite
concentrates produced are considered.
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Feoxnmua TBepAbIX NPOMbILLIEHHbIX
oTxonoB npepnpuatui [loH6acca

Ha tepputopuu YKparHbl HAKOIJICHO OTPOMHOE KOJIMYECTBO TBEPIBIX OTXOMO0B MPOMBIIIJICHHBIX MPeAnpusaTuii. OHK
TOKCUYHBI M 3arpsi3HSIIOT OKpYyXKalollylo cpeny. TeM He MeHee HEKOTOpble M3 HUX MOXHO MCIIOJIb30BaTh B KayecTBe
HETPAaAMLIMOHHOTO MCTOYHMKA MMHEPAIbHOIO ChIPbS.

Ha Tepputopuu YKpauHbl HAaKOILJIEHO OKOJIO 25 MDA T TBEPIBIX OTXOIOB YrOJbHOIA,
TOPHOPYIHOM, METAJJIyPrU4YeCcKOi, 3HEePTeTUYeCKO M NIPYrux oTpacjieil HapogHOTro
XO3STMCTBA, U3 KOTOPBIX OOJbIlIAs YacTb HAXOmUTCs B mpenenax JJoHbacca u pa3MellieHa B
1200 yroapHBIX TeppUKOHax, 63 XBOCTOXpaHUIMIIAX OOOraTUTENbHBIX (adbpuk, 11
30JIOIIJIAKOBBIX OTBajJlaX META/UTyprU4eCKUX 3aBOJOB M TEIUIOBBIX CTAHUMI U T. M. Takoro
KOJIMYECTBA OTXOMIOB JOCTATOYHO, YTOOBI MOKPHITh BCIO TEPPUTOPMIO TOCYAapCTBa CIIOEM
MOIITHOCTBIO 110 2 cM, a Jlonbacca — mo 14 cM. Ha kaxmoro xutesnst YKpauHbI IPUXOIUTCS
npuMepHo 500 T, a Ha xwutens Hdonbacca — 4000 T TBepABIX IMPOMBIIIJIEHHBIX OTXOIOB.
ExerogHo mx KomayectBo BodpactaeT Ha 100—150 muH 1. Otxomsl 3aHuMalor 10 160 Teic. ra
TUTOAOPOIHBIX 3€MeJIb M KaXnIblid Tof 1t Hux oTBoautcsd 900—1000 ra HOBBIX IUIOLIAIECH.
OHU MpeACTaBJISIIOT CO00I MOCTOSTHHBIA MCTOYHUK 3arpsi3HEHUS] OKpYXKalollel cpeabl He
TOJIBKO ISl UHIYCTPUAIbHBIX PailOHOB, HO U IS BCEH TEPPUTOPUU YKPAUHBI, TTIOTOMY UYTO
10 70 % sHepreTMYeCKMX yIieil cxuraercs 3a mpegeaamu Jlonbacca, a MECTHOE HacelieHUe
HUCMOJIB3YET 30J1y JJIst XO3STMCTBEHHBIX HYX. B 0TX0max BhISIBJIEHBI BHICOKME KOHILIEHTPALIMU
MHoOTUX MeTtajutoB, Kr/T: Li, Mn u Ti — cBbiue 10, Ge — mo 5, Sc — g0 0,5 u 1. 1.
CTOMMOCTh M3BJICYEHHOIO M3 OTXOHOB TOr0 WM MHOro Metauia B 10—15 pa3 HuXe ero
CTOMMOCTH 13 MPUPOTHBIX MECTOPOXACHUM. ['ocynapcTBeHHAsI BAXKHOCTb U3YUEHUSI OTXOIOB
orpenesieHa 3akoHaMu YKpauHbl "O06 otxonax" u "O06 oxpaHe oKpykarolieil cpenpbl”, YKazom
IMpesuneHTa YkpauHbl "O Te0JOrMYECKOM M3YYEHUM U TOPSIIKE MCIOJb30BaHUS
TEXHOT€HHBIX MECTOPOXICHUI TOJE3HbIX MCKOMAeMbIX YKpauHbI", COOTBETCTBYIOLIUMU
noctaHoBjeHUsiMU KabuHeta MUHUCTPOB.

Hamu m3ydyeHo pacnpenesieHUe 3JeMEHTOB-MPUMECEil B TBEPIBIX OTXOJaX YrOJbHBIX,
SHEPreTUYECKUX M MeTatyprudyeckux mnpennpusatuii JJon6acca. I[IpoayKTel yroibHOro
MPOU3BOJCTBA TPEACTABICHbl BMEILAIOIIMMU MTOPOAAMU, TOPHOM MACCOM, yIJeM U 30J0i
yroiei 259 maxToriacToB 86 IIAXTHBIX Mojieil. JIeBITh TOCYIapCTBEHHBIX XOJAMHTOBBIX
komnanuii ("Jlucuyanckyrons”, "TlepBomaiickyrons”, "CraxaHoByrob", "KpacHoa1oHyromb",
"JIyranckyroip", "CeepmroBanTpauut”, "PoBeHbkuaHTpanut', "AHTpanut” 1 "JoHbaccaH-
Tpauut') B mnpeaenax JlucuuaHckoro, AimMasHo-MapbeBckoro, KpacHomoHckoro, JlyraH-
ckoro, CenesHeBckoro, JlomkaHcko-PopeHelikoro, bokoBo-XpycTanbCKOro yrjieHOCHBIX
(reosioro-npoMbIlUIeHHBIX) paitoHoB CeBepHoro JloHOacca pa3pabaThIBalOT YrOJbHBIE I1J1a-

ctel cBut C3 (15 mmactos), C3 (2 mnacta), C3 (24 mmacta), C$ (22 mnacta) m C} (8

macToB) ¢ yrissmMu Mapok ot JI (XK "JIucuuanckyrons") no A (I'XK "CsepmioBaHTpauut”
" 1p).

B otBanax Jlyranckoii u LLITepoBCKOI TEMJIOBBIX CTaHIMI ObLIO 0TOOpaHo 179 o6pa3iioB
1IIJTAKOB, B oTBajiax AdeBckoro, CtaxaHoBcKoro, EHakmeBckoro, MakeeBckoro, JIoHeIKoro,
KoHcTaHTHHOBCKOTO M KpaMaTropcKoro MeTajurypru4eckKux MpearnpusaTuii — 668 oopasios
1IIJJAKOB, 1IJJAMOB Y TIOYB, MPUJIETAIOIIMX K 3TUM OTBajaM. [1o JaHHBIM pa3HbIX aHAJIU30B,
B HMX ycTaHoBJieHo npucyrctBue Li, Be, F, P, Sc, Ti, V, Cr, Mn, Co, Ni, Cu, Zn, Ga, Ge,
As, Sr, Y, Zr, Nb, Mo, Ag, Cd, Sn, Sb, Ba, La, Yb, W, Hg, Pb u Bi.

PacnipeneneHue s1eMeHTOB B MPOAYKTaX AOOBIYM IIAXT M OTXOAaX IlepepaboTKu
YTOJIBHBIX, METAJUTyPIrUYE€CKUX U SHEPreTUUECKUX MPEANPUSITUIl 3aBUCUT OT COCTaBa TOPHBIX

© A. ®@. TI'opoBoii, H. A. Topogast, 2001
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MOpoJ CTeleHu UX MeTtamopdu3ma. Hamu usydeHbl MpeAcTaBUTENM Hu3koi (YIJu Mapok
O—T; JIucuuaHckuit u AnMazHo-MapbeBCKUI YIJIEHOCHbBIE paiiloHbl), cpedHeli (YIIM MapoK
XK—T; CenesneBckuii, Jlyranckuii 1 KpacHOZOHCKMiI1 YIJIEHOCHBIC PAlOHBI) U 6bICOKOL
(yomm mapku A; JlommkaHcko-PoBeHelkuii 1 bokoBo-XpyCTaIbCKUIA YIIEHOCHBIE PaliOHbI)
cTerneHeil MeraMopdu3Ma yrjieHOCHOM Toniu. Hanbosplliee KOJIMYECTBO 3JIEMEHTOB C MaK-
CHMaJIbHBIM COJIEpKaHMEM YCTAaHOBJIIEHO BO BMellaromux rmopomax Hu3koi (Li, Be, Sc,V,
Mn, Ga u Nb) u cpenneit (Cr, Co, Ge, As, Yb, Sr, Nb, Sn u Bi), B 3051e yrieit BbICOKOI
creneHu metamopdusma (Be, Sc, Ti, V, Co, Ni, Cu, Zn, Ga, Y, Ag, Cd, Sn, Sb, La, Yb, W
u Pb), ¢ MunumansHbiM — B ropHoii Macce (Li, Ti, V, Co, Ni, Cr, Zn, Ga, Sr, Y, Nb, Mo,
Cd, Yb, W u Pb) u yriax (Li, F, Sc, Ti, V, Cr, Mn, Co, Ni, Cu, Zn, Ga, Ge, Sr, Y, Zr, Mo,
Sn, Sb, Ba, Yb u Pb) cpenneii creneHn Metamopdusma. OTMeuyeHa TCHACHLIMS yBEIUYE-
Hus comepxanus Be, Ge, As, Sr, Y, Mo, Cd, Yb u Hg B psaay BMelnaronias nopojga —
TropHasl Macca — YroJjib Hapsily CO CHMIKEHMEM COAepXKaHUSI OCTaJbHBIX 3JeMeHTOB. Mc-
kmoueHue cocraBuau Li, Cu, Ag u La, MakcMMaJlbHO€ KOJIMYECTBO KOTOPBIX BBISIBJICHO
B ropHoOi Macce. B 3oj1e yrieii MakcuMaabHBIM coJepXXaHueM xapakTepusylorcs Li, Be, P,
Sc, Ti, V, Co, Ni, Cu, Zn, Nb, Mo, Ag, Cd, Sb, Ba, La, Yb, Pb u Bi, B mmakax T9C — Cr
u W, B OTBajlax MeTaJulyprudeckux npeanpusatuii — F, Mn, Sn u Hg.

B oTxomax yrojbHOro, HepreTMYecKOro M MeTaJJypru4yeckoro IMpoOu3BOJICTB
YCTaHOBJICHBI KaK TOKCUYHBIE, TaK U TIOJIC3HBIC 3JIEMEHThI. AHAJIN3 UMEIOILICICS INTePaTyphI
MMOKa3bIBAET, YTO METOMMKA OLIEHKH U MPOTHO3a TOKCUYHOCTU TBEPABIX OTXOA0B OTCYTCTBYET.
151 OLIEHKM TOKCUYHOCTHM HaMU TpeljioKeHa METOIMKa, OCHOBAaHHAas Ha OMpele/IeHUU
TaKUX TOoKa3aTesel, Kak oOllee KOJIMYECTBO TOKCUYHBIX 3JIEMEHTOB, OOLIAs U CPEIHSS
CyMMa yAeJIbHOM 4acTOThl BCTPEYaeMOCTU TOKCUYHOTO 3JIEMEHTa, O0ILast U CPeaHSIsI CyMMa
KpaTHOCTU MPEBbILICHUS TIpeaebHo aonycTtuMmoit koHueHTtpauuu (ITJK), comepxkaHue u
posib HauboJsiee pacIpPOCTPAHEHHOIO TOKCMYHOTO 3JIEMEHTAa, a TakKKe XMMUYECKWA THII,
KJIacC U TOAKJIACC TOKCUYHOCTH [2, 3]. Obuee koauuecmeo moxkcuuHbIX 31eMeHmoe — CyMMa
TeX XUMUYECKUX DJIEMEHTOB, coaepxkaHue KoTtophix mnpesbiiiaet [AK. Ydeisvnas yacmoma
ecmpeyaemMocmu MOKCUYHO20 34eMeHma TI0Ka3biBaeT, KaK 4YacTO TOKCUYHBINA 3JIEMEHT
MPUCYTCTBYET B aHAJIM3UPYEMBIX TTpo0ax. Obwas cymma yoeavbHol Hacmomsl 6Cmpe4aemocmu
MOKCUUH020 3/4eMeHma — pe3yabTaT CyMMHUPOBAaHUS 3HAUYCHUI YIEJNbHOW 4YacCTOThI
BCTPEUAEMOCTH BCEX TOKCUYHBIX 3JIEMEHTOB B aHAJIU3UPYEMOii TIpobe, cpedHsss — pe3yabTar
JeJIeHust 0011eil CyMMBbI Ha KOJIMYECTBO TOKCUYHBIX 3JIEMEHTOB. Kpamuocmb npeebluleHust
I1/]K moka3bIBaeT, BO CKOJIbKO pa3 cofep>KaHre TOKCMYHOTO 3JIEMEeHTA MPEBBIIIAeT 3HAUEHUE
MMAK. Obwas cymma onpenensieTcss B pe3yJbTaTe CYMMMPOBAaHUSI 3HAUEHUI KpaTHOCTEM

Tabauya 5. OcHOBHbIE Te0J0r0-9KOHOMHYECKHE NMOKA3aTe M MUHEPAJBLHOTO ChIPbsl B 30Jle IIAXTHBIX Mojeil Jlyranckoi
001,

MuHumanbHOE Konnuecto OpUEeHTUPOBOYHAsI
DneMeHT MPOMBILLTIEHHOE [MpunsToe LIAXTHBIX [TporHo3Hble cTouMocTb 1 T, K01
COJepxKaHUEe conepxaHue, /T MnoJjei, LWT. 3anachl, T CIIA
(KOHIULMS), T/T

Bi 5,0 8,5—13,8 51 16050,0 —

Cu 500,0 553,4—602,8 8 59121,0 2000,0

Sb 150,0 183,3 1 1466,0 —

Zn 2000,0 4355,6 1 34844.,0 750,0

Co 100,0 104,9—222,8 18 43842,0 55,0 ThIC.

Mo 30,0 40,0—74,2 66 34549,0 10,0—12,0 TbIC.

\Y% 500,0 531,5—887,6 7 51845,0 2,0—10 TbIC.

Ti 7500,0 7750,0—10000,0 17 1384321,0 350,0

Ag 5,0 7,2—18,8 7 969,0 300,0 TBIC.

Li 175,0 215,7-735,0 60 383417,0 50,0 ThIC.

Be 20,0 25,7-72,3 23 8124,0 150,0—200,0 TbIC.

Y 75,0 123,6—251,4 73 134497,0 10,0 TeIC.

Yb 7,5 9,8—30,9 53 13744,0 10,0 TBIC.

Zr 600,0 637,5—786,0 16 138710,0 —

Sc 50,0 74,2—90,4 17 18726,0 18,0 MaH

Ga 100,0 111,8—200,6 11 23180,0 500,0 TeIC.

Cd 5,0 6,1-22.9 16 2133,0 —

Nb 50,0 54,5—80,6 4 2161,0 —

Ge 150,0 220,6—654,0 10 39116,0  300,0—400,0 TBIC.

Sr 1500,0 2500,0 1 20000,0 —
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MPEBBILIEHUST BCEX TOKCUUHBIX 3JIEMEHTOB B aHAJIM3UPYEMOI Tpode, cpedHss — AeleHUeEM
00111ei1 CyMMBI Ha KOJIMYECTBO TOKCUYHBIX 3JIEMEHTOB. Hauboaee pacnpocmpanertbiii moKcUYHbIl
anemenm onpeaensiercss B enmHulax I1K, a ero yaeabHoe comepkaHUe Cpeay OCTaJIbHBIX —
B mpolieHTax. Haubosiee pacnpoCTpaHEHHBIN 3JIEMEHT OIpEAe/sIeT XUMUYECKUN THII
TOKCUYHOCTH, CJICAYIOIIMI 3a HUM IO PaclpOCTPaHEHHOCTM — €€ KJlacc, a 3aTeM — ee
MoaKyace.

TokcMyHOCTh MOXHO TIPEACTaBUTh B BUAE (POPMYJIBI, COCTOSIIEH M3 TpeX Haubosee
pacrpocTpaHEeHHBIX TOKCUYHBIX 3JeMeHTOB. Ilepea CMMBOJIOM XUMUYECKOTO 3JeMEHTa B
HUXXHEM MHJAEKCe yKa3bIBaeTcsl KpaTHOCTb mpeBbilieHus1 TIJIK TokcuMuHOro smemeHTa, B
BEpXHEM — ero yaeJbHoe comepxaHue B npoueHrtax ed. [TJK. I'padpuyeckoe nzodbpaxkeHue
3aKJIF0YaeTCsl B TOM, UYTO Ha BEPTUKATBLHON OCH OTKJIANBIBACTCS O0I1Iee KOTUUECTBO TOKCUUHBIX
3JIEMEHTOB, Ha TOPU30HTAJIbHOM — CpemHsisi cyMMa KpaTHocTH TipeBbiiieHust [TJ1K TokcnHbIX
3JIEMEHTOB.

KonuuectBeHHast OLIEHKA [TOKAa3aTe/Is TOKCUYHOCTU YCTaHABIMBAETCS ISl 00bEKTa OHOTO
ypoBHS (TUIACT, 11IaXTa, XOJIWHIOBask KOMITAHUS, YIJIEHOCHBII paiiloH M T. JI) IO BO3pPacTaHUIO
COBOKYITHOTO CyMMAapHOro WM YIEJbHOro peiiThHra. IlociaeaHuii MOXET MCITOJIb30BaThCS
JUTSI COCTABJICHUST KamacTpa TOKCMYHOCTA UM MOCTPOCHUSI TIPOTHO3HBIX KapT TOKCUYHOCTH.

Hcnonb3oBaHre MPenIoXKeHHOW METOAMKHU IO3BOJISIET YCTAHOBUTH 30HAJIBHOCTh M
TUITOMOP(MHBIE TOKAa3aTeM TOKCUYHOCTH, BBIICHUTh 3aKOHOMEPHOCTH PACIPOCTPAaHEHUS U
OCOOEHHOCTU TIPOMCXOXKICHUSI TOKCUYHBIX 3JI€MEHTOB, MOCTPOUTH MOJENb W TPOTHO3HbBIE
KapThl TOKCUYHOCTH JIJIsl BBIOPAHHOTO paifoHa, OMpeeIUTh CPEIHUIT COBOKYITHBII MTOKa3aTellb
U XMMMYECKUI COCTaB TOKCMYHOCTH, CO3/1aTh KaJacTp TOKCHMYHOCTH OTXOIOB, MPEICTaBUThH
TOKCUYHOCTh B BUIE (POpMYJbl U Ha rpaduke, BHITIOJHUTH COIMOCTABICHUE TOKCUYHOCTU
pa3HbIX 00BEKTOB. TUMOMOp(MHBIE MOKa3aTeIM TOKCUYHOCTU TPOAYKTOB JOOBIYM U OTXO/IOB
nepepaboTKM yIjieil maxTHeIX Mmojeil CeBepHoro JloHOacca mpuBeneHb! B Ta0. 1.

MakcuMasbHasi TOKCUMYHOCTb BMELIAIOIIMX MTOPOM, TOPHOIM MAacChl, YIJIe U 30JIbl yIei
LIAXTHBIX TOJIEil OTMEUeHa TMPEeUMYIIECTBEHHO B FOXKHBIX (IIaXTOyIpapieHus "AjiMazHoe",
"Xpycranbckoe", "BopoluniaoBckoe" M MHOTME JAp.), MUHUMaJlbHass — B CEBEPHBIX (IIaXThI
"UepHomopka", uM. MesbHuKOBa, "TolkoBekas”, "Pagyra” u mHorue nip.) paiioHax CeBepHOTro
Honbacca [2]. TunoMopdHble moka3aTead TOKCUYHOCTH IPOIYKTOB JOOBIYM M OTXOJOB
repepaboTKKU yIJIel NEeBSITH TOCYIApCTBEHHBIX XOIIVMHIOBBIX KOMITAHWIA MPUBENCHBI B Ta0JI. 2.

IToBbIILIEHHO TOKCMYHOCTBIO XapaKTepU3YIOTCsS BMEILAIOLINE TIOPObl, TOPHAsl Macca,
YIoJib U 30J1a yIJiei, J0ObIBAEMbIX TOCYIapPCTBEHHBIMU XOJIMHTOBBIMU KOMITAHUSIMU FOXKHOM
(I'’XK "PoBeHbkuaHTpauut”, "AHTpauut" 1 "JloHb6accaHTpauT"), MOHUKEHHON — KOMITaHUI
cepepHoii (I'XK "TlepBomaiickyrons", "CrtaxaHoByronb" u "JIMCMYaHCKYroJip"') 4acTeid
CesepHoro Jlonbacca. TurmomopdHble rmoxa3areay TOKCUYHOCTH TTPOAYKTOB JOOLIMHU Y OTXOIOB
nepepaboTKU yIiiell ceMU YIJICHOCHBIX (Te0JI0ro-MpPOMBILIUICHHBIX) palilOHOB TPUBEIEHBI B
Tabu. 3.

HaunGonbliieit TOKCUYHOCTBIO XapaKTepU3YIOTCsl TOpHAsl Macca, YroJib U 30J1a YIJIeH I0XKHBIX
(bokoBo-Xpycranbckuii, oyxaHcko-PoBeHelkuit), BMellamlue MOpoabl CEBEPHBIX
(JIucuyaHckuii, AnMasHo-MapbeBckuil) 1 LeHTpaibHbIX (KpacHomoHckuit, Cene3HeBCKMiA)
palioHOB, HauMMeEHbIlIeil — BMellawlnue Mmopoabl 0XHBIX (BokoBo-XpycTanbckuii,
HomxaHcko-PoBeHelKrii) 1 ropHasi Macca, yrojib, 30ja yrjeid ceBepHbIX (JIMcUyaHCKUIA,
AnMa3zHo-MapbeBCcKkuit) (reosoro-rmpoMBILIUIEHHBIX) PAallOHOB.

TokcuyHocTh 1UTaKOB u3ydeHa Ha LllTepoBckoit u Jlyranckoit TOC (tabm. 4). Ilnaku
[Teposckoit TOC okazanuch 0o0Jice TOKCUYHBIMU. B HUX BBISIBJIEHO 1IECTh TOKCHUYHBIX
aneMeHTOB (As, Cr, Sb, Pb, V, Ni), ob111ast cyMMa yieIbHOI YacTOThl BCTPEUAEMOCTH COCTABIISICT
5,0, obuiast cymMma KpatHoctu npesbiiueHust ITIK — 34,4, conepxxanue As — 8,6 en. TTJK.

HccnenoBaHre TOKCUYHOCTU OTXOJOB METAJUTypPr4eCKOrO MPOU3BOJICTBA BHITIOJHEHO B
oTBajiax, IIJaKax, IljJamMaX M IoYBax, NMpUJEralmiinuxXx K oTBajaM, Ha AJTYEBCKOM
METaJUTypru4ecKoM KOMOMHATe (IOMEHHbIM M MapTeHOBCKUI orBay), CTaxaHOBCKOM 3aBOJE
deppocnnaBoB, EHakneBCKOM (KOHBEPTOPHBIM WM MapTEeHOBCKO-IOMEHHBII OTBaJjbI),
MakeeBckoMm, [loHeukoM, KoHcTaHTMHOBCKOM U KpamMaTopckKoM MeTallTypruyeckux 3aBojax
(Tabn. 4). ITo creneHu BO3pacTaHUsi TOKCUYHOCTU (BEJIMYMHA COBOKYITHOCTH YAEIBHOTO
peiiTMHIa) OTBajJbl PACIOJIOXEHBI B TaKOW mocienoBarelbHoCTH: MakeeBckuit (1,2),
CraxaHosckuii (2,2), EnakueBckuit koHBepTopHblii (3,4), JoHeuxkuii (4,0), EHakueBcKuit
MapTEeHOBCKO-IOMeHHBIN (4,2), AnmueBckuii MapteHoBckuii (4,4), Kpamaropckuii (4,4),
AryeBcKMii JoMeHHbI (4,8) n KoHcrantuHOBcKMiA (6,0); mmaku — MakeeBckuii (1,2),
EnakueBckuii MapTeHOBCKO-TOMEHHBI (2,8), CraxaHoBckwii (3,2), KoHcranTuHOBCKMI (4,4),
AJTYEBCKUI JOMEHHBII (4,6), AiTueBCKUi MapTeHOBCKUi (4,8), Tonenxuii (5,0), Kpamatopckuit
(5,0) u EHakueBcKuii KOHBepTOpHBIiA (5,4); nutambl — MakeeBckuii (1,6), AmyeBckuii (2,4),
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CraxaHoBckuit (2,6), JloHeUKUI
(2,6) u Kpamaropckuii (2,6); mod-
Bbl — MakeeBckuii (2,0), CtaxaHOB-
ckuit (2,4), Kpamatopckuii (2,6),
AmyeBckuii (2,8), NoHeukwmii (2,8),
EnakueBckuit (4,2) u KoHcraH-
TUHOBCKUH (4,8).

B mouBax mo cpaBHEHHUIO CO
LIJJaKaMM M IIJIaMaMKM BO3pacTaeT
conepxanvue Pb u Sb, Ho cHMXaeT-
¢ — Mn, Cru F. Illnaky 1 niamsl
XapaKTepU3yITCsl OAWHAKOBOM, a
MOYBBI — MOHWXXEHHOM TOKCUYHOC-
Thio. Ilpu wu3yyeHUM cocTaBa
OTXOJIOB 0KA3aJI0Ch, UTO B 30JI€ YIJICH
M OTBajJax CoIepKaHWe METaslIOB
BBIIIE TIPEABSIBISIEMbIX KOHAMIIWA,
YTO JIe/1aeT 3KOHOMUYECKH BO3MOX-
HBbIM MX M3BJICUEHHE U3 OTXOJ0B
(Tabn. 5).

[TpoMbllIeHHBIE COepKaHUST
HekoTopbiXx MetauioB (Mn, Cr, Ni,
Cd, Ba, Sr, V, Mo u Li) BbIsIBICHBI
B OTBaJlax AJTYEBCKOTO MeTaJlTyp-
ruyeckoro kombuHata, EHakmeB-
ckoro, JloHeukoro, KoHCTaHTUHOB-
ckoro u KpamaTtopckoro meTtan-
JIyprAYeCKUX 3aBoA0B, JlyraHCKOM 1
IlItepoBckoit TOC (tabn. 6). 3a
uckmoyeHueM Cd, KOHIULIMOHHBIE
KOJIMYECTBAa METAJUIOB YCTAHOBJICHBI
B eIWHUYHBIX Npobax. Haubosee
pacripoctpaHeH Mn — oOHapyxXeH
B II1akax U nuiaMmax. Hanbombiias
YacToTa BCTPEUACMOCTH TOKCUYHBIX
3JICMEHTOB YCTaHOBJIEHA B IILJIaKax
KoHCcTaHTMHOBCKOTO, AJTYEBCKOTO U
EnaxueBckoro 3aBonoB, JlyraHckoit
TOC. Cr oTMeuyeH B OTXOAax
AnyeBckoro u EHakueBCcKOTO
METaJUTypru4eCKuX TpeanpUsITUA.
Ha AnueBckom komOunHarte Cr
00HapyXeH B JOMEHHBIX IILJIaKax
HUXHET0 YpOBHSI OTBaja, B
MapTeHOBCKOM 1IIJIJaKe — BEPXHETO
YPOBHSI U B 11IJIaKe Y HIDKHETo 60pTa;
Ha EHakneBCKOM — B IOYBOIILIAKE
13 BOCTOYHOM YaCTU MapTeHOBCKOTO
JOMEHHOTO OTBajia. Ni BbISIBJIEH B
LIJJaKax OXHOW YacTM MapTeHOB-
CKOro oTBajia AJTYEBCKOTO KOMOM-
Hara U B BOCTOYHOIM 4YacTW OTBajla
IItepoBckoit THOC. Kanmuii
0OHapyXeHHBI! B IJIaKax, LIJJamMax
M TIOYBAaX MHOTHMX MeETaLTypruvec-
KUX TpPEennpusTUil, B IIJaKax
Ll TepoBckoit TOC, xapakrepu3yer-
Ccsl BBICOKMM CPEIHUM COIepXKa-
HueMm. Ha AnyeBckoM KoMmOMHaTe
Cd ycraHOBJIEH B MapTEHOBCKMX
1IJIaKaxX BEpPXHETO YPOBHsI OTBaJIa; Ha
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EHakneBCKOM 3aBojie — B IIJIaKe KOHBEPTOPHOTO OTBaJia, B MOYBOILIJIAKE W TIOYBE MapTEHOB-
CKOTO OTBajia M TMOYBOIILIAKE JOMEHHOIO OoTBaja; Ha JIOHEIKOM — B IIIaKe, IMOYBOLIUIAKE 1
MOYBE 3alamgHoOM YacTu OTBaia; Ha KOHCTAaHTMHOBCKOM — B IIIaKaXx M TOYBaxX 3araaHoi,
BOCTOYHOI UM LIEHTpaTbHOM YacTeil oTBana; Ha KpaMaTopckoM — B IIUTaKax W Ilamax 3amai-
Hoii yactu otBana; Ha IlltepoBckoit TOC — B BOCTOUHOW, CEBEpHOM M 3amamHOM 4acTIX
OTBAJIOB, a TaKXXe B HEKOTOpBIX Iypdax. Hambosee BbICOKash KOHIIEHTpaLMs OTMEYeHa B
nouBax KoHcraHTuHOBcKoro (14,2 r/t), mousoiniakax Kpamartopckoro (15,0 r/T) 3aBomnos.
ITpombllieHHAs KOHLIEHTpalus Ba oGHapy»eHa B MoYBax MapTeHOBCKOTO OTBasIa AJTYEBCKOTO
KoMOuHata 1 KOHCTaHTMHOBCKOTO 3aBOjia K IOTYy OT OTBajla, a COBMECTHO CO St — B IITaKax
M3 1IJJAMOHAKOITUTENIST M B BOCTOYHOM yacTh oTBasia KpamaTopckoro 3aBoma. Mo oTMeueH B
cekunu 3, Li — B Kapbepe u B cekuysax 1—2 u 4—5 Jlyranckoit TOC; V — B BOCTOUHOI1 YacTu
oTBana, Li — B IOXXHOWM, CEBEpHOI M 3amamHON YacTsX OTBaja, a Takke BO BceX HIypdax
IlTepoBckoit TOC.

JleiicTBUTEIbHBIE 3aTlachl METAIOB M HEMETANIOB B 30je yrieir Ha 25—30 % Oyayr
BBIILIE 32 CYET YCPETHEHMS BHICOKOTO M HU3KOTO cofepxkaHust. 110 eqMHOM TEXHOIOTUM MOXHO
U3BJIEKATh HECKOJBKO METATIOB. M3BECTHBI LIAXTHBIE OIS, B 30Ji€ YIJIEN KOTOPBIX BBISIBIEHO
CBBIIIE JECATH METAJUIOB C MPOMBILIJIEHHON KOHIEHTpalue. YTiau, B 30j1e KOTOPBIX
YCTaHOBJIEHO BBICOKOE COMEPXKaHUE METAJLIOB, ClIEAYeT HAIPaBJIsITh OMHOMY MOTPEOUTENTIO, U
B 3TOM CJTy4ae MOXKHO TTOJIYYUTh 00OTalllieHHOE 1 GeCIIaTHOE HETPaaUIIMOHHOE MUHEPATbHOE
coIpbe. [TpocToit pacyeT MoKa3bIBaeT SKOHOMUYECKYIO 3(D(PEKTUBHOCTD M3BJIEYEHUST HEKOTOPBIX
META/UTOB U3 NMPOMBILUIEHHBIX 0TX0H0B. IIpennonoxum, uro B 1 T yrig conepxurcst 20—30 %
30J1bI, comepkaHue Sc B KoTopoii cocrasisier 300,0 r/1. M3 TaKkoii 30161 MOXKHO M3BJIe€Yb, KaK
muHuMyM, 50,0 T Sc. Croumocth 1 kT Sc coctapisieT 18 Thic. moswr. CIIA, croumocth 1 T
yrig — oxkojio 20 momui. CIIA. DTo 006CTOSITENBCTBO, MO BCEM BUAMMOCTH, JOJIKHO
3aMHTepPeCcoBaTh MHBECTOPOB. IIpeaBapuTebHbIE TaHHBIE CBUICTEILCTBYIOT O TOM, YTO B
3oyie yraei maxt JoHeukoi u JIHempomeTpOBCKO# 06jacTeil oOHApyXXeHO BBICOKOE
colepxxaHue TakuxX MetauioB (T/T), kak Sc — g0 500,0, Y — ngo 500,0 u ap., a conepkaHue
Au — 3,0. B umakax, 1uiamMax M MoyBax MeTaUTypIrMYeCKUX M SHEPTETHYECKUX MPEANPUITHI
HauOOJILIINI MHTepeC i1 U3BIedeHusT npeactapisiior Mn u Cd. IlepBuuHylo nepepaboTKy
U TMOJyYeHHe KOHLIEHTpaTa MOXHO OCYLIECTBIISITh Ha OMHOM M3 KOKCOXMMMYECKHMX 3aBOIOB
JloHbacca, a MoJy4eHHe TOTOBOTO MPOAYKTa — Ha CIEIUATM3MPOBAHHOM MPEITPUITHN.

IIpoBeneHHbBIE MCCIEAOBAHUS TMOKA3aJIU, YTO OTXOMbI YTOJbHBIX, METAUTYPrUUECKUX U
DHEPreTUYECKUX MPEANPUATHIA TOKCUYHBI U CIYXAT UCTOUHUKOM 3arpsi3HEHUST OKPYKaroLeit
cpefibl, OMHAKO HEKOTOPbIE M3 HUX MOTYT OBITh MCIOJIb30BaHbI B Ka4eCTBE KOMITIEKCHOIO
MTOCTOSIHHO BOCITOJTHSTIOIIETOCS MCTOYHMKA MUHEPATBLHOTO CHIPHS.

IMpoMBILIJIEHHbIE OTXOIBI MPEANPUITHIN TPEACTABISIOT COOO0M creunduyecKuit
re0JIOTMYECKHIT OOBEKT, KOTOPBI TPeOyeT 0cob0ro moaxoma A M3ydeHHUs. DTa OrpOMHast
Macca TopoJ, KaK TMPaBMIO, PacojioXKeHa Ha 3eMHOI MOBEPXHOCTH W TOABEpraeTcss (pu3m-
YECKOMY U XMMWYECKOMY BBIBETPUBAHUIO ¢ 0Opa3oBaHUEM XUMUYECKUX COEIMHEHMIA pa3HO-
ro cocrana. ITocneqHue CrIOCOOHBI K MUTPALMKA M KOHLEHTPALIMK TMOJIE3HBIX 3JEMEHTOB U
TOKCUYHBIX. MI3BECTHBI MHOTOYMCJIEHHbBIE TIPUMEPHI COBPEMEHHOTO MUHEPAI000pa30BaHUS.
N3ydeHreM MPOLIECCOB, MPOTEKAIOIIMX B OTXOAAX MPOMBIIIJIEHHBIX MPEINPUITUANA, MyTei
MUTpALU XUMHUYECKUX COETUMHEHMI, YCIIOBHII COBPEMEHHOIO MHHEPAI000pa30BaHUs,
HAKOIUIEHUsI TIOJIE3HBIX M TOKCHYHBIX DJIEMEHTOB JOJDKHO 3aHMMAThCS CaMOCTOSITEIbHOE
Hay4YHOE HarmpaBlieHUe B LIMKIE HayK O 3eMjle — TeXHOreHHasl TeOJIOrHsl.

1. Toposas H. A., Toposoii A. @. MeTonuKa OLEHKM U MPOrHO3a TOKCUYHOCTH TBEPbIX MPOMBILIIEHHBIX OTXO0B//
Mertautypr. ¥ TOpHOPY. MPoM-cTh. — 1998. — Ne 2. — C. 139—141.

. Topoeoii A. ., Toposas H. A. OueHKa 1 MPOrHO3 TOKCUYHOCTH MPOAYKTOB 100U M OTXOIOB MepepaboTKU yIuieit
miaxtT AsiMa3Ho-MapbeBCKOro YIJIeHOCHOro paitoHa JloHGacca // BectH. MexnyHap. akaa. HayK 3KOJOTUU U
Ge30MmacHOCTH Xu3HeaesaTeabHocT. — 2001. — Ne 1 (37). — C. 108—111.

. XKapoe I0. H., Meiimog E. C., lllaposa H. I lleHHble TOKCUYHbIE 1eMeHTHI B yrisix Poccuu: Crpas. / Ilon pen.
B. ®. Yepenosckoro, B. M. PoroBoro, B. P. Kiiepa. — M.: Heznpa, 1996. — 240 c.
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JloHGac. ropHO-MeTaLIypr. MH-T, AnveBcK JlyraH. oo. IMoctynuna 21.05.2001

PE3IOME. Ha teputopii YKpaiHM HaKOMMYEHO BEJIMKY KiJIbKiCTb TBEPAMX BiIXOMiB NMPOMMCIOBUX MiANPUEMCTB.
BoHM TOKCHYHI Ta 3a0pyIHIOIOTH HABKOJMIIHE cepenoBuiie. OnHaK AesiKi 3 HUX MOXXHAa BUKOPUCTOBYBATH SIK KEPEJIO
HEeTpaauLiiiHOI MiHepaJbHOI CUPOBUHH.

SUMMARY. The huge quantities of firm industrial wastes are accumulated in the Ukraine territory. They are toxic and
pollute the environment, but some of them may be used as a source of untraditional useful mineral raw material.
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IOpuin NMeTpoBuy MenbHUK

MMUHEPARDTWYECKMA
HSGHAN

(k 70-neTuio co AHA POXX[EHUs)

7 aBrycta 2001 r. ucnonHuiock 70 JeT co AHS
poxneHust 1 47 JeT Hay4HO-OpraHM3alMOHHOM
ACATCJIBHOCTU OAHOIO M3 BUIAHBIX YUYCHBIX B
obsiacT HayK o 3emJie, IIOKTOpa reojioro-
MUHepalornyeckux Hayk (¢ 1973 r.) uieHa-
KoppecnoHaeHTta HauuvoHanbHOU akageMuu
Hayk YkpauHbl (¢ 1979 r.) Opus IletpoBuua
MenbHuKa.

[TnogoTBOpHas Hay4yHasl [OesATeJbHOCTb
10. 1. MenbHuka Havasacb B 1954 r. mocne
okoHyaHus Kwuesckoro YHUBEPCUTETA M.
T. I'. llleBueHko B MHCTUTYTE IeOJOrMYECKUX
Hayk AH YCCP. C 1972 o 1996 r. oH Bo3riaB-
JISUT OTAENl 9KCIMEPUMEHTAbHOM MUHEpaIoruu
B MHcTUTyTE reoxumMuu U GU3MKU MUHEPAIOB
AH YCCP, ac 1996 r. — 3aBeayioLuii OTAEIOM
npoOsieM 3KoJornyeckoil 6ezomacHoctu [ocy-
JApCTBEHHOrO0 HAay4YHOTrO LIEHTpa paguoreo-
xumuu okpyxatouieit cpenst HAH Ykpaunsl u
MUC YkpauHbl.

OCHOBHOE HarnpaBJeHUe HayYHbIX UCCIIEN0-
BaHuit 10. I1. MenbHuMKa CBsI3aHO C pa3paboOTKOii
aKTyaJIbHbIX MPOOJIEM Ie0JIOTMK, MUHEPATOTUU
U pyrooOpa3oBaHUsI Ha OCHOBE TI€O0JIOTO-
F€COXUMUYECCKUX, MUHEPAJTIOITMYCCKUX, IKCIIC-
PUMCHTAJIbHBIX U TEPMOJUMHAMUYCCKUX JAaHHBIX.
Droii npobiemMaTuke, HaXOASIIEHCs HA CTbIKE
reoJioruu, MUHEpAJIOruu, (1)VI3I/IKI/I n XUMHUHU
MOCBSIIICHO OOJIBIIMHCTBO HaydyHbIX TpynoB lO.
I1. MenbHMKa, MOJYYMBIIKUX IHMPOKOE MPU3HA-
Hue Kak B ObiBiieM CCCP, Tak 1 3a pyoekoM.

OH sBasiercst aBropom 200 HayuyHbIX paboT, B
ToM uucie 12 mMoHorpaduii, U3 KOTOpbIX JBE
U3MIaHbl 32 PYyOEXKOM.

10. I1. MenbHUKOM BIEpBble Ha OCHOBa-
HUN KOMILJIEKCA 3KCINECPUMEHTAJIbHBIX UCCJIC-
ZLOBa—HVlﬁ — TEPMOJUHAMUYECCKUX PACUYETOB U
reoJIOro-rcOXuMM4YeCKUX JaHHBIX — BbIITOJHECH
aHaJIM3 CJIOXKHOTO FreOXMMUYECKOTO LIMKJIA XKeJe-
3a U KpeMHe3eMa B JOKeMOpuM U pa3paboTaHa
AKKYMYJIALMOHHAA OnoreoxuMmuyeckast MOJ€CJIb
00pa3oBaHusl JOKEMOPUIICKUX XKeIe3UCTO-KpeM-
HUCTBIX MOPOJ U PYI, COIIACOBaHHAsI C COBpe-
MEHHBIMU NPEACTABICHUSAMU 00 3BOJIIOLINU
0CaJIKOHAKOTJIEHUSI, BYJIKaHU3Ma, atMocdepbl,
ruapochepsl 1 6uochepsl B nokemMopuun. Oc-
HOBHbIE Pe3yJbTaTbl 3TUX MCCIEAOBAHUI OMyO-
JIMKOBaHbI B cepuU cTateil u MoHorpaduu "®Ou-
3UKO-XMMUYECKUE YCIOBUs 00pa3oBaHUsl J10-
KEeMOPUICKUX 3KeJIEe3UCThIX KBapLUMTOB", yIOC-
ToeHHoit npemuu B. U. Bepnanckoro AH YCCP
(1972).

Bosblioe 3HaueHue UMEIOT paboThbl YYEHOTO
B o0jacTU Teopuu MeTaMopduiama, napa-
FeHeTUYEeCKOrO aHaiu3a, IKCINepUMEeHTAIbHOM
MUHepaIoruu u nerposioruu. Im Bnepsble Obl1a
pazpaboTaHa CUCTeMa COIJIACOBAHHbBIX TEPMO-
JUHAMUYECKUX KOHCTAHT MUHEPAJIOB XKEJI€3a U
MarHus, npeajlokK€H MU NOATBEPXKIACH 3KCIIC-
PUMEHTAJILHO HOBBII METOA NPOTHO3MPOBAHUA
CBOJICTB PpCaJIbHbIX Ira30B IPU BBICOKUX 3HAye€-
HUAX TEMINIEPATYPLI U JaBJICHUS U TCOPETUYCCKU
OOBSICHEHbI IJIyOMHHbBIE MPOLECCHl KapOoHa-
TU3alMu. Pe3yabTaThl 3THX McCaeq0BaHU ObLIU
000011eHbl B MOHOTpadusix "TepmoanHamuyec-
KM€ KOHCTaHThI IJIs1 aHajiM3a yCJIOBUiA 00pa3oBa-
HUs1 xese3Hbix pya" (1972) m "Tepmonu-
HaMMYeCKue CBOMiCTBa ra3oB B YCIOBHUAX
n1y6uHHOTO neTporeHesuca” (1978) (mociemHsist
ynocroeHa [louyeTHoil rpamotsl Bcecowos3Horo
xumuyeckoro oobuiectsa uM. 1. . Menneneena).

Ha ocHoBaHuu 3TUX TCOPETUUYECCKUX U
SKCMEPUMEHTAJIBHBIX paboT ObUTM pellieHbl KOH-
KPETHbIE BOMPOCHl MeTaMop(du3Ma Xene3nucrTo-
KPEMHMUCTLIX, Kap60HaTHle N YJIbTPAOCHOBHBIX
nopoj, YKpauHCKOro UIMTa, OOBSICHEHO 00pa3o-
BaHUE CJIOXHOW 30HAIBHOCTH, OIPEIesIeHBI
Bapuauuu 7T, P u coctaBa GJIOUIOB MpPU
MeTacoMato3e (cepust MoHorpacdwmii 1984—1987 rr.).

3a muMkia pabot "T'eoxumusi, meTpoJIOrust
U PYIOHOCHOCTb JOKEMOpHUsI YkpauHb!"
10. I1. MenbHuKy ¢ coaBropamu B 1998 r. npu-
cyxnaeHa ['ocymapcTBeHHasi mpemMusi YKpauHBbI.
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B oGnactu MUHEpaJoruMm U TeOXUMUU
PEAKO3EMEIbHBIX 9JIECMEHTOB YUYCHBIM BbITTOJI-
HEH psill MCCAeNoOBaHUI, UMEIOLUX 00IbLIOe
MNPaKTUYCCKOEC 3HAYCHUC. Cpem/l HUX BbIAC-
JISIIOTCSI paboOThI, MOCBSILICHHbIE aHATU3Y YC-
JIOBUI ocaxnaeHusi U (opMm mepeHoca ypaHa,
TOpuUsl U BoJbdpamMa B BOAHBIX pacTBOpaXx,
npobJjieMaM 3KOJOrMYeckoil 6e30MmacHOCTH.

[110a0TBOPHYIO ~ HAyyHYIO NESITeIbHOCTD
10. T1. MenbHUK COBMELIAET C OOLLECTBEHHOM
M Hay4YHO-OpPraHU3alMOHHON paboToil. OH ObL1
uneHoM bBropo OtaeneHuss Hayk o 3emiie
AH YCCP u 3amectutesneM akajeMuKa-ceKpe-
Tapst (1977—1987 rr.), npe3uneHToM YKpauH-

CKOro MuHepaioruyeckoro obiiectsa (YMO)
(1981-1991 rr.), ¢ 1991 r. — MOYETHBIN WieH
YMO; 3amectutesb aBHOro peaakropa (1979—
1990 rr.), tnaBHblii peaakrop (1990—1994 rr.)
v wieH penkosieruu (¢ 1994 r.) "MuHepanoru-
YeCKOro XypHaja"; 3aMeCTUTeIb IpeacenaTesst
(1992—1995) u npencenarens (1995—1999) skc-
MEePTHOrO COBETA MO IEOJIOTMYECKUM HayKaM
BAK VYkpauHbl.

[Moznpasnsast KOpust [etpoBuua ¢ 06uie-
€M, Hay4dHas O6LL[CCTB€HHOCTI) U PpEeaAKOJICTUS
"MuHepaJIoruyeckoro XypHaiaa" XelalT emy
KPEMNKOro 310poBbs U ﬂMbHeﬁmMX TBOPYECCKUX
yCIEeXOB Ha 6Jaro HayKH.
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3010 TOHOCHI MiHepanbHUii ckiIaz I'panynomMerpuuHi
Howmep mapH, 1o IntepBan |[IToTyx- Koe(illieHTH MicKiB
cBepI- BXOJATh 10  PBansrauus, M | Hicts | KimbkicTs Miput- 3epHucra I'nunucra Copry- CepenHniit XapakTepucTHKa 30J10Ta
JIOBHHH cKIazxy mrapis, 3epeH MapkasuToBuil | ppakuis, % | dpakuis, % | BanHs, So po3mip (ob6kaTanicTb, MOpP(HOJIOTIS, PO3MOALT 32 PO3MIpOM)
MPOJYKTUBHOTO M 3osoTa, WT.| Matepian, % M, mm
Jjiacra
1073 Haammoru-koBi 58,9-59,5 0,6 11 4,0 65,0 31,0 1,8 2,2 HamiBoOkaTaHe  HempaBWJIBHOI  KMyTKOmoAiOHOT  Qopmu,
MiCKH nmoBepxHs marpeHesa. Ipione — 8, ayxe apione — 19 %.
TJIMHUCTO-
rpasiiiHi 3
raJibKOI
ITnoTux 59,7-60,0 0,3 55 6,0 24,0 70,0 — — OOkaTaHe 1 HamiBoOKaTaHe, HeMpaBWIbHA 1 Tabnuryacra Gopma
(kaomiHiTOBA 3 MyCTOTAMH BWJIYTOBYBAaHHS, IOBEPXHsS JApiOHOsSIMuacra i
KOpa BUBI- marpenesa. Cepenapoi kpynHocti — 15, npibne — 85 %.
TPIOBAaHHS)
1074 Tlicku 59,6-61,0 1,4 35 10,0 63,0 27,0 1,7 4,0 HamiBoOkaTaHe y BUTJISAII OKPEMHX 3/IBITHUKOBAHHUX OKTae/piB,
TPUKYTHHUKIB HENpPaBWIbHUX (OpPM, TOBEPXHS IIArpeHeBa.
Kpymnuae — 9, npioune — 91 %.
IInoTux 61,0-62,0 1,0 12 9,0 4,0 87,0 — — HamniBoOkaTaHe XMyTKOMOAIOHOT HENPaBUIBHOT 1 TabIUTHACTOT
¢dhopmu, noBepxHs npidHOsIMuacra. Kpymue — 17, npibne — 83
%.
1075 Tlickm 57,9-58,9 1,0 90 11,0 56,0 33,0 2,0 2,0 HamiBoOkaTaHe y BUIJIAII BUIOBXKCHUX TaOJIHIb, OKTaeApiB i
JKMYTKOTIOIOHE, TTOBepXHs marpeHea. CepeHbOT KPYMHOCTI —
1, apione — 99 %.
IImoTux 58,9-61,0 2,1 1 18,0 7,0 75,0 — — HamniBoOkaTaHe sxMmyTKonoAiOHOT popmu. piGHe.
1112 TTickm 58,0-59,3 1,3 60 4,0 64,0 32,0 1,9 2,4 HamiBoOkaTaHe y BHIUISAI BHIOBXEHUX Ta0iHIb, 31 ciligaMu
rpaneii. Halikpynuime 3epHO XMyTKomoxaiOHOiI ¢dopmu, Ha
MOBEPXHI BIA3HAYAKOTHCA JAPiIOHI TOPOMKH 1 TMOPOKHUHU
BuiIyroByBauus. Kpymnue — 2, npioue — 96, nyxe apioue — 2 %.
TTmoTuk 59,3-60,0 0,7 3 4,0 11,0 85,0 — — Haniso6katane »xmyTkomnoaioHoi Gopmu. Ipidbne — 67, myxe
npioHe — 33 %.
1120 TITickm 60,0-61,2 1,2 42 9,0 65,0 26,0 2,0 2,8 HamiBoOkaTaHe >KMyTKONOIiIOHOI, JAeHApOBHIHOT  (opmu,
moBepxHs apioHosMuacta. CepeHbol KpynmHOCTi — 2, npidHe —
98 %.
IImoTux 61,2-62,2 1,0 52 15,0 25,0 60,0 — — HamiBoOkaTaHe CIUTIOIIEHOT i30MeTpUYHOI (OPMH, MOBEPXHS
npionosiMuacra. Cepennboi kpynHocTi — 13, npibne — 87 %.
1127 Tlicku 59,5-61,0 1,5 15 10,0 57,0 33,0 4,4 2,4 HanBo6kaTtaHe xMyTKomon GHO ][ ICILTIOIEHO [ ITabIuTIacTo
dopmu, moBepxHs 1rarpeHeBa. CepeaHbol | KpymHOCT|— 20,
npoHe — 80 %.
IMnotuk 61,0-63,0 2,0 8 2,0 6,0 92,0 — — HanBoGkaTaHe, KMYTKOTIOA[GHOT, [BOMETPUYHO] [

crutiotnieHo | (popM, TOBepxHs apGHosiMyacta. CepemaHbol
KpymHocT— 25, nplbHe — 75 %.




IpoaykTsl 100BIYH U Hawubonee O6ee As, YnensHOE XHUMHYECKHIT THII TOKCHYHOCTH
OTXO/IbI TepepaboTKH pacnpoctpa- KOJIHYECTBO CyMMa yenbHOH 4acTOTHI en. [TJ1K conepkanue As
HEHHBIC TOKCHYHBIX | BCTPEYaeMOCTH TOKCHYHBIX DJIEMCHTOB Cymma kpatHoctu npessiierus 1K cpenu
TOKCHYHBIE 3JIEMEHTOB, OCTalbHBIX
3JIEMEHTBI mT. TOKCHYHBIX
O6wmas | Cpennsist O6mast I Cpennsist JJIEMEHTOB, %
Bmemaromue F,Cr, As 2-3 1,0-3,0 0,5-0,9 0-4,8 1,0-1,9 0 0 M BIIIBSKOBHUCTBIH
TOPO Bl
T'opnas macca As, Pb, Cr 1-2 0,3-1,8 0,3-1,0 1,1-48,5 1,0-46,5 10,7-46,8 90,0-100,0 "
Yrons Hg, Li, As 0-2 0-2,0 0-0,9 0-5,0 0-3,0 0 0 PryTHBI’
3oua Mo, As, 9-14 8,0-13,0 0,8-1,0 30,8-198,5 0-18,5 6,7-180,6 90,0-98,9 M BIIBSIKOBUCTHIN
Pb, Cr
IIponykTh Hawubonee O6ee As, YnensHoE X¥UMHUYecKuil THII
00BIYH U pacmpocTpa- KOJIMYECTBO CymMa yienbHOU 4aCTOTHI en. MAK cojJiepkaHue As TOKCHYHOCTH
OTXO/IBI HEHHBIC TOKCHYHBIX BCTPEYaEMOCTH TOKCHYHBIX Cymma kpatHocTH npebitnenns [1JIK Cpeu OCTalbHBIX
nepepaboTKH TOKCHYHBIE 3JIEMEHTOB, LIT. 3JIEMEHTOB TOKCHYHBIX
3JIEMEHTBI
O6was | Cpennsist O6mast I Cpennsist JJIEMEHTOB, %
Bwmemaronue Cr, Pb, As 34 1,3-2,5 0,4-0,7 3,5-7,2 1,2-3,0 04,9 0-4,9 XpoMOBBIit
TOPOJIBI
Topnast macca As, Pb, Sb 1 0,7-1,0 0,7-1,0 33,4-38,8 21,8-38,8 66,8-81,2 100,0 M EBIIBAKOBUCTHINA
Yromis Li,Hg 0 0 0 0 0 0 0 JInTnessrit
3oma As, Pb, Mo, 12 2-11,4 0,8-0,9 110,0-880,0 8,0-10,2 121,5-161,7 70,8-97.,4 M BIIBSKOBUCTHIN
Cr

67,8-80,0

1218,8-1703,1




IIponykTs Hawubonee O61ee As, YnensHOE XuMHUeCKHil THIT
JOOBIYM pacnpocTpa- KOJIMUYECTBO CyMMa yJenbHON 4acTOTHI en. ITJAK cojepxkaHue As TOKCUYHOCTHU
0TXO/1bl HEHHBIC TOKCHYHBIX BCTPEYaEeMOCTH TOKCHYHBIX DJIEMEHTOB Cymma kpatHocTH npesbiuierns [TIJIK cpenu
nepepaboTKH TOKCHYHBIC 9JIEMEHTOB, IIT. OCTaJIbHBIX
9IIEMEHTBI TOKCHYHBIX
O6mas | CpenHsis O6mas | CpenHsis JJIEMEHTOB, %
Bmemaronue  Cr, As, Pb 34 2,0-2,8 0,5-0,8 4,3-72 1,8-2,1 2,5-3,6 39,5-57,1 MBI SIKOBHCTBIH
TOP OBl
Topnast macca As, Pb 1 1,0 1,0 31,2423 21,2-36,2 24,8-42,1 100,0 "
VYroas He conmepx. 0 0 0 0 0 0 0 He comepx.
3oma As, Mo, Be, 13 9,0-11,8 0,9 132,6-703,5 10,2-55,0 60,8-80,7 95,7-97,8 MBI SIKOBHCTBIH
Pb
634,3-673,0
OTx0aBI Haun6onee Oob1iee KOTHYECTBO XuMudecKuit
METaJUIyprUYeCKUX U pacpocTpaHeHHBIE TOKCHYHBIX 311eMeHTOB, | CyMMa yAenbHOI 9acTOTHI BCTPEYaeMOCTH TOKCHUHBIX THI
9HEPreTHIECKHX TOKCHYHBIC DJIEMCHTBI IIT. JIIEMEHTOB Cymma kpatHoctH npessiurernst 1K TOKCHYHOCTH
P EeANPUTHH
Oo6mas | Cpennsist Obmas | Cpennsist
M emannypeuueckue npeonpusmus JJonbacca
OTBaJIBI Mn, Cr, Pb 2-4 2,0-2,3 0,6-1,0 11,0-20,0 2,3-4,0 XpOMOBBIit
Il naku Mn, Cr, F 2-4 2,0-3,7 0,7-0,9 3,0-22,0 1,3-3,4 "
I namer Cr, Mn, F 3-5 3,0-4,0 0,8-0,9 8,2-13,5 1,6-3,4 XpOMOBHIii,
CBHUHIIOBBIH
TTouBbI Cr, Mn, Pb 2-6 1,0-3,4 0,9-1,0 3,7-7,2 1,8-3,9 XpoMOBBIit
DHnepeemuueckue npeonpusmus Jlyeanckou oo
1 naku Cr, As 2—6 1,3-5,0 0,7-0,8 5,7-34.4 2,9-5,7 !




Merautyprudeckoe Konnu- Mn Cr Ni Cd Ba Sr \Y% Mo Li
MpeanpusTHe YECTBO
1npoo
AiyeBckuit MK
TIOMEHHBII 49 1000,0 —> 0000,0 50,0—7000,0 He o6H. He o06H. He o06H. He o06H. He o6H. He o06H. He o6H.
oTBaj 7409,3 1733,9
MapTEHOBCKUI 84 700,0 — >10000,0 70,0 — >10000,0  5,0—700,0 0—30,0 0 — >10000,0 " " " " " " " "
oTBaj 4090,7 1855,5 99,6 0,1 475,8
Enakuesckuit M3 129 1500,0—10000,0 70,0—7000,0 He o6H. 0—30,0 He o6H. " " " " " " " "
3546,6 638,0 2,7
Honeukuit M3 90 7 —1 He o06H. " " 0—20,0 " " " " " " " " " "
3039,8 1,4
KoncrantnHoB- 60 1000,0 — >10000,0 " " " " 0-30,0 —>1 " " " " " " " "
ckuit M3 53443 6,2 1240,9
KpamaTopckuit 59 700,0 — >10000,0 " " " " 0—20,0 0 — >10000,0 - " " " " " "
M3 5450,3 4,5 858,2 100,8
Jlyranckas TOC 138 500,0 — >10000,0 " " " " He o6n He o6H. He o6H. " " 1,5-70,0 0—300,0
948,2 5,1 111,1
ITeposckas TOC 41 He o6H. " " 50,0—700,0 0—30,0 " " " " 100,0 — >1000,0 He o6H. 30,0—500,0
114,2 3,4 205,0 172,2






