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MHEPATTIVH MMUHEPARDTWYECKMA
HSGHAN

YIK 549.283 (477)
B. B. Npuuuk, B. M. KsacHuus, I. M. BoHpapeHko

CamopopHe 305070 i3 pyaonposBiB
Keacose i Bepern B 3akapnaTri

OnucaHo 3HaxXiJIKy caMOPOIHOIrO 30JI0Ta i3 ABOX pyaonposiBiB 6iyist cin KBacose (30Ha okucHeHHs1) i beperu (ocamosi
BiIKJIaZM), PO3TALLIOBAHMX Y CXillHiii yacTiHi BeperiBcbkoro pyHoro paifoHy. 3a ocobamuBocTsiMU Mopdortorii i XiMiuHOro
CKJIaJly CaMOpPOJIHE 30JI0TO 3 000X PYAOINPOsIBIB HAOiIbLI MOAIOHE A0 30JI0Ta i3 Pyl KBapli-KaodiHiT-AUKITOBOrO
TUIY CYCiIHbOro My>Ki€BCbKOro 30JI0TOTO POAOBMILA i Ma€ MiCLIeBi KOPiHHI JxXepea.

CamMopoJiHe 30JI0TO 3HaiiicHO y ABOX pynomnposBax 6ins cin KBacose i beperu (puc. 1)
y Mexax cxigHoi yacTuHu BeperiBcbkoi cmyru marop6is y 3akapmnarti. IHTepec mo
3HaxXigoK 30JI0Ta BUKJIMKAHWI po3TalllyBaHHSIM PYAOIPOsIBiB y Mexax beperiBchbkoro
pYAHOTO pailoHy Maiixke mopsn i3 mobpe BimoMumu beperiBCbKUM 3010TO-MOJiMeTa-
JiYHUM i MyXi€BCbKMM 30JJOTUM pOMOBMIIAMU. SIK BiZoMO, y IbOMY PYAHOMY pailoHi
BUIUISIIOTH AeKinbKa pyaHux moiiB (beperiBcbke, berancbke, KBaciBchbke Ta iH.), BUB-
YeHiCTh, OIliHKA i MepCcHeKTuBU sKMX HeomHo3HauHi. Came KBaciBchbKe pynHe Iojie
HaJIeXXUTh 10 HEJOCTAaTHHO BUBYEHMX i pa3oM 3 TUM, 3a monepenHiMu ganumu [1, 4], oo
MEPCIEeKTUBHUX Ha 30JI0TO U MoJliMeTalu.

KBaciBcbke pymHe mosie po3TallloBaHe B CXigHill yacTuHi beperiBcbKoro pyaHoro
palioHy, e iHTEHCHBHO IPOSBIEHUU paHHbOCAPMATCHKUU aHAE3UTOBUU BYJIKaHi3M.
TyT B aHAe3uTax Ta ix OpeKdisix, JiopUT-mopdipuTax i piaiie B piogiToBUX Tydax po3-
BUHYTI MPOXUJIKOBO-BKPAILIEHI 30JI0TO-TIOJIiMETaIiYHi TiJla i KBapI-TeMaTUTOBI KUK
i3 cyapdigamu. Ix MiHepaabHUil ckial, BepTHKaJbHAa pylHA i MeTacOMaTM4HA 30-
HaJIbHICTh TaKi X, K i y beperiBcbkoMy pomoBuili. K nmpaBuiio, METaCOMaTUTHU 1IbOTO
PYAHOTO MOJIs CyNPOBOIKYIOTh MOJiMeTaliYHe 3pyNeHiHHS Ha TJIMOUHI, SIKe Y BepXHiX
TOpM30HTax IepexoauTb y 6aputoBe [7]. TyT il BimoMi KOpiHHi 30J10TO- i CpiOHOMOJI-
MeTaJliyHi MpOsSIBU.

Pynonposs 6ins c. Ksacose. Camopo-
He 30JI0TO BCTAHOBJIEHO B Kap’€pi 4epBO-
HUX i OOpAOBUX TJMH, SIKi BUKOPUCTOBY- el
I0Thb JJsI  BUI'OTOBJIEHHS (ap6. Ilpoba
00’eMoM 6 11 Oysia B3dTa 3 IHA Kap’epy B
KOHYCi BUHECEHHS HEBEJIMKOi OOpO3HU.
Buxin Baxkoi (¢pakiii He3HaUYHU —
613bKo 20 T (4 T HEeMarHiTHOI i 15 r mar-
HiTHOI  (paxkuiit). BonHa CKJIaJeHa
rizpokcugamu 3aniza (~ 50 %) i 6aputom
(~ 50 %). Sk pinki 3Haku 3adikcoBaHi 3ep-
Ha rpaHary, IMPKOHY, IIbMEHITY i SIpDO3UTY. fepezu
B nerkiii ¢dpakuii mepesBaxae KBapi. 3 °
BaxKoi (pakiii BubpaHo 60 gyxe ApiOHHUX
3epeH 3o0jo0Ta: 20 — po3MipoM OJIM3bKO

o Ywegpod

~
y 74
Miw2p I

Lpengda
o

V7 Lo} ~\

o Hykavese

bepezabe

0,1-0,2, pemrta — 0,01—0,005 MM. o Bepceate
30JI0TO MepeBaxXHO MJIaCTUHYACTE,
rpyAaKoIonioHe, pigki KpucTaiu i ApoOTO- /:’gfacwe
noxi6bHi 3epHa (puc. 2). BoHo Mae HU3BKY
o Hywrefe
Puc. 1. Cxema posraiyBaHHsl pynonposiiB KBacose i be- Hebogerig
o

peru

© B. B. I'pyumk, B. M. Ksachuus, I. M. BonnapeHko, 2001
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I'PULIMK B. B. Ta iH.

Puc. 2. Mopdororisi camopoaHoro 3o0j0t1a i3 pysonposiBy KBacoBe: @, 6 — miacTuHuacTe 3epHO i parMeHT iioro
MoBepxHi 3 Kpuctagamu miputy (?) (@ — 36. 1000, 6 — 36. 12000); 6 — Ky6iuHMit Kpuctai; 30. 3100; ¢ — aporomnonioHe
30J10T0; 360. 1900

il cepenHio mpoOy, sika, 3a JaHUMU aHaji3y MeTOAOM MPOOipHUX TOJOK, CTAHOBUTH:
yoTupu 3epHa — 550, Bicim 3epeH — 600, wicth 3epeH — 650 i gBa 3epHa — 700; 3a
NaHWMU MiKpO30OHIOBOro aHaiidy (tadauus) — 730 i 780. XapakTepHi eleMeHTH-10-
mimky B 30j0Ti Cu, Fe i Te.

Pynonposs 6ins c. Beperu. CamoposiHe 30J0TO BUSIBJIEHO B Kap’epi, sIKWil po3Ta-
LIOBaHU Ha TpeTiil Tepaci p. bopxxaBa. Bucora tepacu csirae 20—22 m. Kap’ep Binkpu-
Ba€ BEPXHIO YACTUHY Tepacu, CKJIAAEHOI JIECOBUAHUMU MillaHUMU CYTJIMHKAMU i [JIH-
HaMU, OCTaHHi BUKOPUCTOBYIOTHCSI JUIsl BUMATIOBaHHS Lerau. Y Kap’epi B3saTo Tpu 10-
JIITpOBUX MpoOu. Y mpobi 3i cxigHOI yacTUHU Kap’epy, i3 CyrIMHKY B OOpPO3Hi, B He-
MarHiTHi#l (paxiii cepen 6araTOYMCIeHHUX 3€peH LUPKOHY, PYTUIY, OapUTy i piaKux
3epeH MipuTy, TajeHity i chanepurty 3adikcoBaHo 15 3epeH 300Ta po3Mipom 0,1 MM
i MeHIe. Y npo06i 3 LEeHTpaabHOI YaCTMHU Kap’epy, B3SITOI Ha HMOro AHi 3 MIMHU 3
piIKOI0 TrajJbKolo i rpaBiEM KpPeMEHMCTO-KBAapLOBUX IOPiA i 3 KOHKPEIiIMM TiIpoK-
cuniB MaHnrany Hamuto 380 3epeH 3oiota. 70 % 30m0THH MatoTh po3Mip 0,1—0,3 MM i
30 % 3epen Menuie 0,1 mM. [IesKi 3010THM nocsraioTh 0,4 MM y TTonepeuyHuky. bararto
3epeH 30JI0Ta € B "copoykax" i3 TiApOKCUAiB 3aii3a i y 3pocTkax i3 kBapiom. MiHe-

Ximiunmii ckjag camopoaHoro 300Ta i3 pyaonposiBiB Kacose i bepern 3a nanumm Mikpo3oHa0BOro
anauisy, %

EnemeHT KBacose | Beperu
Au 73,85% 78,87 78,06* 79,17 80,70*
Ag 24,56 20,97 17,50 20,66 16,21
Cu 0,21 0,0 0,15 0,0 0,18
Fe 0,01 Cnign 0,0 0,0 0,0
Pb 0,0 0,0 0,0 0,0 0,22
Zn 0,0 0,0 0,0 0,0 0,0
Bi 0,0 0,0 0,0 0,0 0,0
Sn 0,0 0,0 0,0 0,0 0,0
Sb 0,0 0,0 0,0 0,0 0,01
As 0,0 0,0 0,0 0,0 0,14
Te 0,05 0,01 0,0 0,01 0,0
Hg 0,0 0,0 0,0 0,0 0,0

*3a ganumu [2].

6 ISSN 0204-3548. Munepan. scypn.— 2001.— 23, Ne 2/3



CAMOPOJHE 30JI0TO i3 PYJIOTIPOSIBIB

’-
ol

Puc. 3. MopdoJiorisi caMOpOIHOro 30J10Ta i3 pyaornposiBy Beperu: a — rpynkononioHe 3epHo; 36. 1600; 6 — ruiacTuH-
yacte 3epHo; 30. 1100; ¢ — mpotonoaioHe 3epHO; 30. 1200; ¢ — KyGiuHuid KpucTai; 36. 1700; 0 — KyOiYHMI KprcTa
i3 mapamu pocty 1o (100); 36. 1900; e — 3pocToK KyOiuHMX KpUCTatiB; 36. 800; s — KyOOOKTaeApUYHMIA KpUCTaIT; 30.
1500; 3 — ckiIamgHMit ABIHHUK KyOooKTaeapis; 36. 930

paJIbHUI CKJIal BaXkkoi (pakuii OJU3bKUI OO TaKOro 3 Meplioi mpoou. Y mpobi i3
3axiHOT YaCTMHMU Kap’€py, B3STOI i3 BEPTUKAIbHOI CTIHKU 3 MaiixXe YePBOHUX CUIIBHO
03ajli3HEeHUX TJIWH, 3HalaeHo 30 apioHux 3epeH 3oyota (0,1—0,2 Mm). Y HeMarHiTHiu
dpakii, ska MicThUIa 30JI0TO, TepeBaXkalTh 3epHA OPAHXEBO-YEPBOHOIO PYTUIY W
0apuTy, OCTaHHIii Ma€e 30HaJbHY OyJOBY i poMOOIOAiOHY (hopMy, 11O 30JUXKY€E HOro 3
6apuToM MyXi€eBCbKOIo pomOBHMINA. 3HAYHO il B Wil Ta iHIIMX ¢pakuisx 3epHa
IUCTEHY, CUJIIMaHITY, iIbMEHITY, rpaHaTy, MAaTHETUTY, TATAHOMATHETUTY.

Mopdosorist 3epeH 30j0Ta 3 pyaonposiBy beperu Oinpil pizHOMaHiTHa — TIpyl-
KOMomiOHi, MIacTUHYACTi, IpoTonoaioHi 3epHa i 6ararorpanHuku (puc. 3). Cepen oc-
TaHHiX TPaIUISIIOThCS KyOiuHiI KpUCTaldu, iXHi 3pOCTKU, KyOOOKTaeApWYHi KPUCTAIM i

ISSN 0204-3548. Munepan. acypn. — 2001.— 23, Ne 2/3 7



I'PULUK B. B. ta in.

CKJIamHi ABiMHMKM. Bu3HadyeHa 3 TOITOMOro MeTOAy IpobipHUX ronok mpobda 20 30-
JIOTUH Ma€ Taki 3HauyeHHs: BiciM 3epeH — 810, mecartb 3epeH — 830 i gBa 3epHa — 860,
a 3a TaHUMM Mikpo3oHaoBoro aHanizy — 780 i 800. Cu i Te Tex BIacTHUBI LIUM 3pa3-
KaM.

3a MOp(dOJOriYHMMM # XiMIYHMMM O3HAKaMHM CaMOPOIHE 30JI0TO 3 000X pyao-
NpOsIBiB HaWOiIbLI OJU3bKE IO 30JI0Ta i3 Py KBapLIOBOroO, KBapll-KaoJiHiT-AUKiTOBOTO,
a yacTMHA, MOXJIMBO, 10 TETUTOBOrO THUITY, SIKi PO3BMHYTI y BEpXHiX ropuzoHTax My-
XieBcbKkoro pomosuina. 3a ganumu JI. 3. CkakyHa [35, 6], 30JJOTUHMU i3 KBapLIOBUX IEpE-
KpUCTaTi30BaHMX Py LILOro pomoBuina MaioTh po3mip 0,05—1,0 MM i mpoby 700—880,
i3 TIMHUCTO-KBapuoBux pyn — po3mip 0,005—1,0 mm i mpody 740—880. Came y kBapii-
KaOJiHIT-AMKITOBOMY THUMi 3pYyAEHIHHS TpaIISEThCS imioMOpdHE 30JI0TO Y BUTJSII
KpucCTaniB i neHapuris [3].

SAK1o CyMHIBY 1IOIO JXKepesa 30j0Ta i3 pyaonposisy KBacoBe He BUHUKAE, TOMY
1[0 HaBiTb HWOr0 3HAXOMXEHHSI B KAaOJNiHOBUX TJIMHAX (30HA OKUCHEHHS?) CBiTYUTH
Mpo MPUPOAY LILOTO 30JI0Ta, TO 30JI0TO i3 pyaonposBy beperu Moxe 0yTy MIpUHECEHUM
i3 ¢aimy Kapmar. IlpoTe Taki o3HaKu, K KyOiuHa i KyOookTaenpuuHa (popma Kpuc-
TaJliB, ABIMHUKM, JOMIIIKU B 30y10Ti Cu i Te, BiACyTHICTh 03HAK 3HOCY 30JI0TUH Pa3oM i3
TiIPOKCUIHUMU OOJSIMiBKAMU BKa3ylOTh Ha MOro MicleBe IOXOMXKEHHS.

Otxe, HeOOXiTHO BUKOHATU PeTeIbHI Ie0J0T0-MiHepaIoTiuHi JOCTiIXKEHHS 30J10-
TOHOCHOCTI CXigHO1 yacTUHU BeperiBCbKoro pyaHOro pailoHy 3 METOI BCTAaHOBJIEHHS
oro mepcrekTuB 1040 Lboro. [1oTpiOHO 3poOUTU HaJeXHY OLIHKY BCiX HEOTeH-4YeT-
BEPTUHHUX OCaJOBUX BilKJIaMiB LIi€l YACTUHU PYAHOTO pallOHy, sIKi, BUXOASYHU i3 HaHOI
po6oTH, MOXYTh MaTH MPOMMCIOBUI iHTEpPEC.
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Kpum. Bin-Hst YKp. Aepx. reoi.-possii. in-ty, Cimdeponons Hapiitina 14.04.1999
[H-T reoximii, MiHepasorii Ta py10yTBOPEHHSI
HAH VYkpainu, Kuis

PE3IOME. OnucaHa HaxojiKa CaMOPOIHOIO 30JI0Ta M3 JBYX PYAOMNpOsiBIeHUi Bodjie cen KBacoBo (30Ha okwMciie-
Husl) 1 bepern (ocanoyHble OTJIOXEHMSI), PACHIONIOXEHHBIX B BOCTOYHOI YacTu beperosckoro pyaHoro paiioHa. [1o
0COOEHHOCTSIM MOP(OJIOrMM U XMMHUUYECKOrO COCTaBa CaAMOPOJHOE 30JI0TO M3 O0OMX PYIONpOsIBJICHUI Haubolee
CXOJTHO C 30JI0TOM M3 Py KBapL-KAaOJMHUT-AUKKUTOBOTO TUMA COCEAHEr0o MyXHEBCKOrO 30JI0TOr0 MECTOPOXKICHUS
N MMEET MECTHBIC KOPECHHBIC MCTOYHUKH.

SUMMARY. A finding of native gold from two ore manifestations near villages Kvasove (oxidation zone) and Beregy
(sedimentary deposits) located in the east part of the Beregove ore region. By morphological and chemical composition
special features native gold from both of ore manifestations is most similar to the gold from ores of quartz-kaolinite-
dickite type of the neighbouring Muzhiyeve gold deposit and has local indigenous sources.
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MikpoaedeKkTHICTb XUNbHOro KBapuy YKpaiHu
3a AaHMMM ra3oBoi xpomartorpadii Ta NPOTOHHOro
MarHiTHOro pe3oHaHcy

MeTtogaMu MPOTOHHOTO MarHiTHOTO Pe30HaHCY Ta razoBoi xpomarorpadii JociiaxKyBaBes ckiaj GI0iAHUX BKIIOYEHb
i3 TPbOX PYIOMPOSIBIB XMJIBHOIO KBaplly YKpaiHChbKOro LMTa. BcraHOBIEHO, 1110 KiJIbKiCTh JIETKUX €JIEMEHTiB HE3HaYHA
i 30UIbLIY€EThCS 13 3MEHLIEHHSM PO3Mipy YaCTMHOK KBaply. JloBeAeHO, 110 BoAa AOCUTb MOLUMPEHA y XUJIbHOMY
KBaplli i MiCTUTBCSI TOJIOBHUM YMHOM Y BaKyOJIsIX.

HocnimkeHHsT ckianmy GMOITHUX BKIIOYEHb — HAWIMOLIMPEHIIMX 00’eMHUX nedeKTiB
KBapily — MPOBOIWJIM METOAOM IIPOTOHHOro MarHitHoro pe3oHancy (IIMP) i mMetomom
MipOJiTHYHOI Ta30BO1 XpomaTorpadii. s miposizy Oyio BigiOpaHo 1IicTh MPOO pi3HO3Ep-
HUCTOTO XWJIBHOTO KBaplly i3 MEPCIEeKTUBHUX PYAONPOsIBiB YKpaiHu: JIeHunHo, ApceHiBKa
i CknsHa Topa. TTpo6u 6yio moapidHeHo i moaineHo Ha dpakuii (1—2,0; 0,5—1,0; 0,25—
0,5; < 0,25 MM) mIa AeTalbHOrO BUBYCHHSI. METOAMKY MPOBEACHHS MipOi3y OMUCAaHO Y
npaugx [2, 3]. BuBuanu: cyMilll rasiB y temreparypHux inrepsanax 50—450, 450—650, 650—
1050 °C; 3aranbHuii 00’€M JETKUX MPOAYKTIB MipoJIi3y Ta pO3MOIii JIETKUX €JIEMEHTIB ITOMiX
pizHOBUIamMu KBapiy [2—4]. Pe3yabTati aHajidy BKa3ylOTh Ha iCHYBaHHSI 3aJIeXKHOCTI MixX
pO3MipOM YaCTMHOK KBapily, 1110 aHATi3yIOThCsI, Ta KiITbKICTIO TPOAYKTIiB MipoJli3y, a caMme: i3
3MEHILEHHSIM PO3Mipy KiJIbKiCTh KOXHOTO 3 KOMIIOHEHTIB i 3arajbHUil 00’€M MipoJIi3HOTO
rasy 3poctatoTb. KpiM TOro, 3MiHIOETbCSI TeMIlepaTypa MaKCUMAJIbHOTO BUIIJIEHHSI KOMIIO-
HeHTiB. Tak, Haii6inbina Kinbkicte CH, i N, rpy6oyraMkoBoi dhpakiii BULiIsSIETbCS B iHTEp-
Basi 50—450 °C, B To¥l yac sIK NpM HarpiBaHHI AucrepcHoi ¢dpakuii Mmakcumym miast CH,
3MilyeTbest B iHTepBan 450—650, a n1sa N, — B iHTepsan 650—1050 °C [4].

®pakiis 1—2 MM Ja€ ysBy PO CKJaa 3aKOHCEepPBOBaHUX (IToimiB (MiCTUTh HailOiIb-
1y KiJIbKiCTh HEPO3KPUTUX BKJIIOUEHB), a ¢pakiiss < 0,25 MM xapakTepu3ye KOMIIOHEHTH,
10 YTPUMYIOTbCSI Ha TTOBEPXHi BiIKPUTUX Ae(hEKTiB KBapIy XiMiYHUMU CUJIAMU.

ITpoOu XuabHOrO KBaplly 3 yCiX pyaoIposBiB, 3a JaHMMM ra30Boi XxpoMaTtorpadii, MiCTITb
H,0, CO,, CH,, N,, CO. MonekymsipH1ii BOIEHb Ta ByTJIeBOAHI, Baxui 3a CH,, BBaXaloTbcst
MPOAYKTaMU JUCOIliallii TPOTOHBMiCHMX I'pyn. HasgBHICTh BaxXKUX BYIJIEBOAHIB (MepeBax-
HO TOMOJIOTiB HEHACMYEHOro psiay) BiAMidaeTbes y pakilisix, ApiOHimmMx 3a 1 MM, 10
BKa3y€ Ha yTBOPEHHS LIMX KOMIIOHEHTIB y Tpoleci Mipoi3y.

B inTepBaii 50—450 °C 3aiiicHIOETbCS AeKpemiTallisi OCHOBHOI Macu (hIFOITHUX BKITIO-
YeHb y KBaplli. JleKkpemniTallis ByTJieBOOIHEBUX CIOJYK BilOYyBa€ThCS MEPEBAXKHO 3a TEMIIEpa-
Typu 450—650, azotHux — 650—1050 °C [4, 6]. Ha xpusux supinenus CH,, CO, CO,i H,
ik 6au3eko 500 i 600 °C BKasyloTh Ha OJHOYACHE YTBOPEHHS LIMX KOMIIOHEHTIB. 3 OC-
TaHHIM 3HAYeHHSIM He 30ira€ThCs MaKCMMYM BUAIEHHST MOJIEKYJIIpHOTO a3oty (~ 950 °C),
110 YHEMOXJIMBIIIOE KOPEJSIII0 a30Ty 3 iHIIMMU JIETKMMU KOMIIOHEHTaMU.

3ajIexkHiCTh BUIIJICHHSI KOKHOTO KOMITOHEHTA Bill TeMIlepaTypu € AyxKe iHIuBigyalb-
HOIO, ajie 3arajoM 00’€M KOMIIOHEHTIB i3 MiABUILEHHSIM TeMIlepatypu 3pocTae. Yepes 1ie
MaKcuUMaJbHe BUIIIEHHs 3aKOHCepBOBaHUX (moifiB BinOyBaeThest B iHTepBam 50—450 °C.
BunineHHst xeMocopOOBaHUX KOMITOHEHTIB 3AilICHIOEThCS 32 3BOPOTHOIO 3aKOHOMIpHICTIO,
1[0 TIOB’SI3YEThCS 3 PO3KPUTTSIM CYOMiKPOCKOIIYHUX BKJIIOUEHb a00 3 PO3KJIaI0M OpraHiu-
HO1 pEeYOBUHMU.

BuMict Boau Ta (popmu ii 3HaXOMKEHHS y KBaplli BU3HAYAIMCS 3a JOIIOMOIOI0 METOIY
[IMP. [Ing mocnimxeHHsT LIMM MeToAOM Oysu BimiOpaHi dpaxilii KUILHOTO KBaplly po3Mi-
poM 2—5 MM i3 pynonposiBi JleHunHO, ApceHiBka Ta CkiisiHa ['opa. Criektpu [IMP (Bu3Ha-
yeHHs A. M. Kaniniuenka, ITMP HAH Ykpaiuu) 3anucyBaauch Ha imMIyiascHoMy SIMP-
cnektpomeTpi 3 Pyp’e-nepersopenuam CXP-200 Bpykep (v, = 200,13 MI'u) 3a kimHar-

© . C. Yepnuui, 2001
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!

F4
i
Crnekrtpu [IMP kBapuy: I — 3pa3ok 2/1 (ApceHiBka),
2 — 3pasok 1/1 (Jlenunno), 3 — 3pasok 3/1 (CkisiHa
7 Yo7/ T
L5 opa)

Hoi TeMniepaTtypu. TUITOBiI CIIEKTPU AOCHIIKEHUX 3pa3KiB SIBJISIOTh COO0I0 MOOAMHOKI JiHil
(pucyHok). lllupuHa JiHill Ha MiBBUCOTI Av, /2 CTAHOBUTD 0,9; 1,0 Ta 0,8 xI'r 111 3pas3kiB 3
ApceniBku, JlenunHo ta CkisiHa ['opa BignosiaHo. IIlupuHa niHiii moravMHaHHS i yac CriH-
rpaTkoBoi penakcaii (7; = 1,2 ¢) BKa3ywoTb Ha Te, 10 normuHaHHs [IMP, sike croctepi-
ra€ThCs, 3yMOBJIEHE MOJIEKYJIAMU BOIM, 1110 MiCTAThCA Y Bakyousax [1]. g takoi Bogu T =
=1,6 c[5].

[NopiBHsITbHMI aHaji3 iHTeHCUBHOCTI JiHi [IMP n03BOJIMB BU3HAYUTH BMICT TaK
3BaHOI BaKyOJIbHOI BOIU 3a METOIMKOIO, OMMCAHOIO y Mpalli [7]. K eTaloH BUKOPHUCTOBY-
BaBcs kBapll 2011, siKuit € TaGOPATOPHUM CTAHIAPTOM B IHCTUTYTI reoximii Ta aHaNTiTUYHOI
ximii PAH [7].

BMicT BakyosbHOI BOIM Majlo 3MiHIOETBCST Y MeXaxX PyIdOMNpPOsIBiB (TaOIUIIST), ajle YiTKO
MPOCTEXYEThCS BIAIMIHHICTh BMICTY IIi€i BOAU B pi3HUX pyaomnposiBax. Hampuknan, cepenHi
3HA4YEeHHS y 3pa3kax i3 pymonposiBi JlenunHo i CkisHa ['opa craHoBsATh BignosigHo 0,020
ta 0,024 % (Mmac. no7s), y 3pa3kax 3 ApCeHiBKM KiJIbKiCTh BaKyOJIbHOI BOAW MPUOIN3HO B 2
pasu 6inbiia — 0,043 % (mac. mons).

BucHoBkn. 1. KuiabHuUil KBapll MepCHEeKTUBHUX PYIONPOSIBIB YKPaiHCHKOIO IIWTA
MICTUTh HE3HAYHY KiJIBKICTh JIETKMX ejleMeHTiB: Big 107> (asor) mo 1072 % (Byrieub, BO-
neHb). TTopiBHSHHS SIKOCTi XKUJIBbHOTO KBaplly YKpaiHChbKUX PYAOMNPOSIBIiB (32 BMICTOM JIET-
KUX JOMIIIOK) 3 aHAJOTiYHUMM (PpakilissMU €TaJJOHHO YMCTOro (TipChbKuii KpuiuTaab bpa-
3uiii, BonmHi, xxun HaronsHoro Kpsiky, Mopion BosvHi Ta iH.) CBiTUUTH, 1110 KOMIIOHEHT-
HUM CKJIad JETKUX JOMIIIOK YCiX 3pa3KiB OMHAKOBUIA, 3MiHIOETbCS JIMIIE IXHilA BMICT.

2. Boma y XuJIbHOMY KBaplli — HAWMOIIMPEHIIINWI JIETKUII KOMITIOHEHT. 3a JaHUMU
I[IMP, Bona, 1110 MiCTUTBCS Y 3pa3Kax XWIbHOTO KBaplly i3 YKpaiHChbKUX PYAOIPOSIBiB, JJOKa-
JII3YETHCSI TOJIOBHUM YMHOM Y BaKyOJISIX.

3. Kgapu pynomnposiy JleHunHo (ITiBHiuHO-3axigHuii pailoH) Bimpi3HSIETbCS Hali-
MEHILIMUM BMiCTOM KOXHOTO 3 JETKMX KOMIIOHEHTIB, a TaKOX HAaWMEHIIOI0 KiIbKiCTIO COp-
6oBaHMX gomiiok. CepeHbO3EpHUCTUI Pi3HOBUIL € HAWYMCTIIIIMM 3a BCiMa mapaMeTpamu
(BpaxoBylouM MOPiBHSIHHS 3 €TaJJOHHO YMCTMMU 3pa3kaMy KBaplly).

ABTOp BUCJIOBJIIOE TTOJSIKY KaHIUAATY Teojl.-MiHepaa. HayK A. M. KaniHiueHKy 3a BU-
KOHaHHS JOCJiIXeHb BMICTY BOIU Y XWJIbHOMY KBapli metomoM ITMP.

Inrencusnicts ainiii [IMP (/) (Bign. oa.) i Bmict H,0
cnektpis IIMP

wax (70, Mac. monisi) y KBapui, oduucienmii i3

Howmep JleHunHo Homep ApceHiBka Howmep CxuistHa T'opa
3paska I | H,0,.¢ 3paska 1 | H,0,.¢ 3paska 1 H50 ¢
1/1 7 0,022 2/1 11 0,048 3/1 4 0,020
1/2 9 0,040 2/2 9 0,044 3/2 He BuzH. He BusH.
1/3 5 0,021 2/3 12 0,048 3/3 5 0,021
1/4 7 0,022 2/4 11 0,042 3/4 9 0,040
1/5 7 0,019 2/5 6 0,047 3/5 6 0,026
1/6 7 0,016 2/6 11 0,040 3/6 4 0,017
1/7 6 0,015 2/7 8 0,034 3/7 4 0,016
1/8 6 0,016 2/8 9 0,036 3/8 3 0,014
1/9 5 0,012 2/9 10 0,039 3/9 6 0,026
1/10 7 0,015 2/10 13 0,048 3/10 7 0,032

Cepednitl 0,020 0,043 0,024
emicm
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PE3IOME. MetogaMu MPOTOHHOTO MarHMUTHOIO Pe30HaHCAa W Ta30BOi xpoMmatorpaduu McciaenoBaics coctan (uio-
WIHBIX BKJIIOYEHUI TPeX PYAONPOSIBICHUI YKPaWHCKOrO IKUTA. YCTaHOBJICHO, YTO KOJIMYECTBO JIETYUUX BJIEMEHTOB
HE3HAUYMTEIbHO M YBEJIMYMBACTCS C YMEHBLIEHUEM pa3Mepa yacTHLl KBapua. Jloka3aHo, 4To BoJa JOCTaTOYHO LIUPOKO
pacrpoCTpaH€Ha B XXKMJIBbHOM KBaple€ W HaXOAWUTCA IIaBHBIM 06pa30M B BaKyoJIsaX.

SUMMARY. Composition of fluid inclusions of vein quartz of three Ukrainian Shield’s ore occurences was studied by
means of the proton magnetic resonance and gas chromatography. It has been shown that quantity of volatile elements
is not considerable and increases with decreasing of the size of quartz particles. Water is widespread in vein quartz and
localized mainly in vacuoles.
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MaprapuTt 1 KOpyHa MapyHauTa 13
OuTakcKkux koHrnomepartos Kpbima

[MpuBonuTcst KpaTkasi XapakTepUCTHKa Maprapura M KOpyHAa (MOopomooOpasylolluX MHUHEPAIoB) MapyHIUTa,
OOHapyXeHHOTo B OMTakcKMX KoHriaomeparax Kpbima. [1o TeKCTYpHO-CTPYKTYPHBIM OCOOEHHOCTSIM (Maprapur
KOPPOAMPYET KOPYHI), MUHEPAILHOMY MapareHe3ucy U XMMUYeCKOMY COCTaBy MUHEPAIOB OMUChIBAEMbIE MAPYHIUTbI
SIBJISIIOTCST aHasoraMu MapyHauToB u3 KOxHoi Adpuku. Tlpeanosnaraercsi, YTO MICTOUHUKOM TajlbKM MapyHIUTOB B
OMTaKCKMX KOHIJIOMEpaTax MOTYT ObITh KpUCTaJuIMuecKre nmopoabl CKUGBCKON MIUTHI.

MapyHaut (0T margarite+corundum) TIpenCTaBlIsIeT cOO0I MaprapuT-KOpPyHIOBYIO TTOPOMY,
BriepBble onvcaHHylo A. JI. XojioM u3 pailoHa KOpyHIOBBIX MecTopoxaeHnil TpaHcBaasns
IOxHoit Adpuku [3, 5]. B YkpanHe MapyHIMUT ycTaHOBJIEH B KOHIJIomepatax Kpeima [2].
MapyHIuTBl U aCCOLIMMPYIOLINE C HUMU MECTOPOXACHUSI KOPYHAA HUKHEro JOKeMOpUs
TpaHcBaass onucaHbl B padorax [4—6 u ap.]. B cBsA3M ¢ peaKoil BCTpeyaeMOCTbIO MapyHI1 -
TOB OIpeAEICHHBIN NHTEPEC MOXET MPEACTABIIATh BHITOJTHEHHOE aBTOPaMU M3yYeHHe Map-
rapMra U KOpyHIa — IOpOJ000pa3ylolnux MUHEPAIOB TalbKi MapyHIHUTa U3 OUTAKCKHUX
KoHrJIoMepatoB Kpbima.

CornacHo pab6ote [1], Toma cpeagHEIOPCKUX OMTAKCKUX KOHIJIOMEPATOB, MOIIHOCTh
KOTOPBIX COCTaBJISIET HECKOJIbKO KUJIOMETPOB, BBIMOJHSET OJHOMMEHHBIN MPOTUO MEXTY
Kypuosckum nogHsitueM Ha tore u Ckudcekoil rummroii Ha ceBepe. KoHriomeparsl ¢ yrio-
BBIM HECOIJIaCHEM 3ajieraloT Ha TaBPUYECKUX CJIaHLAX M IEPEKPBIBAIOTCS OTIOXECHUSIMU
BepXHeil 1opbl, Mesia U najeoreHa. CocTaB MOpoJ rajiek pasHooOpa3eH: Hapsiay ¢ nmpeobia-
JAIOIIUMKM apTUJUIMTaMd U TIeCYaHMKaMUM PAaclpoCTpaHeHa rajibka KBaplla U KpPUCTaJUIM-
YeCcKUX claHueB. sl TIMHUCTO-TIeCYaHUCTOTO IIeMEeHTa OTMeJaeTcsl IpUMech Ty(DOreHHO-
ro mMaTepuajia, BCTpEYaloTCsl OpraHuyeckue octatku [1].

lanpka MaprapuT-KopyHIOBOI ITOpoAbl OOHapykeHa B HMKHEH JacTu pa3pe3a OMTak-
CKUX KOHIIIoMeparoB y ¢. CtporaHoBka. 1o TeKCTypHO-CTPYKTYPHBIM OCOOEHHOCTSIM U CO-
ctaBy (Mapraput — 55, kopyHI — 45 %) paccMaTpuBaeMasi Topofa UIESHTUYHA I0KHOoad-
PUKAHCKUM MapyHauTtam [2].

Mapraput ciaraeT OCHOBHYIO Maccy Trajibkyu MapyHauTa. [1o HaGmoneHusIM B uiMdax,
Mapraput MpeAcTaBieH TUIOTHBIMUA TOHKOYELIYyHYaThIMM MaccaMu, a TaKke CHOIOBMIHbI-
MM U BeepooOpa3HbIMU arperaTaMu HEOKpAallleHHBIX IJIACTUHYATHIX KPUCTAJUIOB pa3MepoM
2—3 MM. PeHTreHOMeTpHUecKasl XapaKTepruCcTUKa MUHEpajia COOTBETCTBYET 3TAJIOHY Mapra-
purta (tada. 1). [lo xumMHUYeckoMy COCTaBy M3YyYEHHBIM Mapraput OJM30K Maprapuram M3
10>kHOAPUKAHCKUX MapYHAUTOB (TabI. 2).

KopyHn o6pa3yeT kpucramtoomactel pasmepoM 0,5—1,5 ¢cM M CpOCTKU U3 HECKOJIBKUX
KPUCTAJIOB B MEJIKO3EPHUCTOM CIIIOAMCTOMN Macce. XapaKTepHbI MOJUCUHTETUYECKE JBOI -
HUKU, TpyOble TPEIIUHBI OTAeIbHOCTU. KpynmHble KPUCTA/UIBI 30HAJIbHBI, ¢ 60Jiee TEeMHbBIM
SIIPOM, HACBIIIICHHBIM MTbUIEBUIHBIMY BKIIOUEHUSIMU HEMPO3paYHbIX PYIHBIX MUHEPAJIOB, U
CBETJIOW BHEIIHEW 30HOM. [JIaBHbIE JTUHMU MEXIUIOCKOCTHBIX PACCTOSIHUI Ha PEHTIeHO-
rpamme 0,252 (10); 0,207 (7); 0,1582 (6); 0,1413 (10) HM U Op. COOTBETCTBYIOT KOPYHIY.
XUMUYECKHT cOCTaB MUHEpPasa onpeaeeH Ha Mukpo3oHae Camebax 50 SX, % (mac. mosns):
Sio, — 0,01; TiO, — 0,03; AlL,O; — 98,69; Cr,0; — 0,02; FeO — 0,72; MnO — 0,01;
CaO — 0,01; Na,O — 0,01; cymma — 99,50.

Cpeny mpoyux MUHEpAJIOB OTMEYaeTcsl cJ1abo TUICOXPOUPYIOLIUIA 3eJIeHOBaThIi (PyK-
cut (SiO, — 43,32 %; Al,0, — 37,26; FeO — 0,67; MgO — 0,12; CaO — 1,01; Na,O —
0,24; K,0 — 8,05 %) 1 TOHKO3epHUCTbIE BbLIENCHUS PYAHBIX MUHEPAJOB.

I'pany OOJBIIMHCTBA KPUCTAJUIOB KOpYHIa HepoBHbIE. 1o paGoTe [2], Mapraput Kop-
poIUpyeT KOPYH/, Kpasi 3¢peH KOTOPOTro MMEIOT GaxpomuaTble OYepTaHUs ¢ "OTTOpPXKEHLIa-
MH" B clogucToil Macce. Yelnyilkyu MaprapuTa pa3BUBAIOTCS MO TpelIMHAM OTAEIbHOCTH

© E. 4. Mapuenko, H. H. Makapos, C. C. Maitok, 2001
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MAPTAPUT U KOPYHJ MAPYHJIUTA

KOpYH/Ia ¥ BBIMOJIHSIOT B HEM TMO3HUE ceKylre TpelnHbl. [To pabote [4], Koppo3ust KO-
pYHIIa MaprapMTtoM OTMeuaeTcsl U IS 10XHOaDPUKAHCKUX MapyHIUTOB.

CornacHO JaHHBIM U3 paboThl [4], comepkaHUe IJIAaBHBIX MOPOA00OPA3YIOIIUX OKCH-
OB B MapyHIUTaXx bapOGepTOHCKOro 3e1eHOKAMEHHOIO IMosica BapbUPYeT B 3HAYMTEIbHBIX
npenenax, %: SiO, —21,45—14,90; Al,0;— 60,79-71,75; CaO — 6,34—1,05; = Na,O+
+ K,0 — 5,10—0,61; snemMeHThI-IIpuMecH NpencTasieHsl, I/T: Rb — 14—178; Sr — 871—
1650; Zr — 317—454 u Ba — 109—388.

Kak u3BeCTHO, KOPYHI M XpYIKHUE CIIOAbI IPYMIIbI Maprapura SIBJSIIOTCS pacIipocCT-
paHeHHBIMU MUHEpajaMu BBICOKOTJIMHO3EMUCTBIX MEeTaMOP(GUUECKUX U MeTacoMaThdec-
KUX TOPOJ, HO B KauecTBe MOpPOoA000pa3yoliX MUHEPATIOB B COBMECTHOM MapareHe3uce
Mapraput U KOPYHJ XapaKTepHbI TOJbKO IS MApYHIUTOB.

ITo paGotam [4—6], 1oxkHOAMPUKAHCKIE MAPYHIUTHI CJIOXKEHBI KOPYHIOM (B CpeIHEM
60 %) v MaprapuToM U B OTIMYME OT IJIIOMA3sWUTOB He COAEpKaT IIarMokiasza. B HeGob-
LIMX KOJMYECTBAaX B HMX HAXOHATCS OMOTUT, CEPULIUT, PYTWJI, TpaHAaT, TypMaJWH, MHOTIA
armatut 1 snuaotT. Cy6BepTUKAIbHOE, MO-BUAMMOMY, IJIACTOBOE TEJIO MApyHAMTOB IIpel-
CTaBJISIET LICHTPAJbHYIO YacTh KPYIMHOTO IE€3MHTErPUPOBAHHOIO 06JI0KA OCHOBHBIX-YJIbTpa-
OCHOBHBIX TTOpoj (aMbUOOIUTOB, KOMAaTUMTOB, CEPIIEHTUHUTOB, TAJILKOBBIX CJIAHIIEB), HAXO-
JSILIErocs B 10JIe TOHAJUTOB U TPOHIBbEMUTOBBIX THEHCOB. OTMeYaeTcsl OTAIbKOBAaHUE BME-

Tabauya 1. PenTreHoMeTprYeCKasi XapaKTEPUCTHKA Maprapura

1 2 1 2

J d/n J d/n J d/n J d/n

5 0,97 10 0,956 6 0,1896 — —

5 0,51 8 0,48 2 0,1843 — —

8 0,438 10 0,497 2 0,1753 — —

1 0,395 8 0,377 5 0,1713 — —

4 0,367 6 0,364 5 0,1670 6 0,1675

2 0,346 — — 2 0,1635 — —

3 0,334 8 0,338 7 0,1595 10 0,1593

4 0,322 8 0,322 1 0,1598 — —

6 0,314 18 0,318 2 0,1523 — —

4 0,297 — — 3 0,1501 — —

4 0,287 8 0,288 10 0,1472 12 0,1475

5 0,276 10 0,277 2 0,1354 — —

4 0,267 6 0,269 4 0,1339 — —

9 0,252 10 0,255 5 0,1296 — —

6 0,240 12 0,241 5 0,1273 — —

4 0,231 6 0,234 3 0,1249 — —

2 0,219 8 0,219 5 0,1222 — —

2 0,214 6 0,216 2 0,1202 — —

7 0,207 12 0,207 4 0,1167 — —

3 0,1985 35 0,1902 6 0,1146 — —
IMMpumeuanuwue | — u3raibku KpeiMckoro mapyHauta (aHamutuk JI. Y. Tony6, YkpT UMP); 2 — atanon
maprapura Ne 18—276 no kaproreke ASTM.

Tabauya 2. XuMAU4YeCKuii COCTAB Maprapura

KommoHeHT | 1 2 | 3 | 4 | 5 | 6 | 7 | 8
SiO; 30,47 27,90 29,84 37,10 35,79 30,64 29,86 29,84
TiO, 0,01 — — — — Crensl Crensl Crnenw
Al,O3 50,55 53,80 53,84 51,05 48,02 50,33 51,06 50,1¢&
Fe, 03 — 1,10 0,30 0,95 1,03 0,09 0,77 1,35
FeO 0,40 — — — — 0,89 0,28 0,6€
MnO — — — — — Crensl 0,03 Crenw
MgO 0,20 0,25 0,24 0,50 — 0,09 0,14 0,02
Ca0O 11,89 12,95 10,38 5,50 5,49 11,39 11,79 10,66
Na,O 0,88 2,45 2,46 — 2,27 1,25 1,75 2,15
K,O 0,02 0,15 — — 2,82 1,25 0,05 0,4¢&
P,05 — — — — — 0,03 Crensl 0,06
Li,O — — — — — Crnenpt To xe 0,21

H,O*t+H,0~ 5,58 1,55 1,32 2,90 5,40 4,83+0,02 4,52+0,01 4,78+0,01
Cymma 100,00 100,15 98,38 98,00 100,82 100,81 100,26 100,51

ITpuMmeuaHwue. | — U3 raibku KppIMCKOro MapyHaura (MMKpPO30OH/IOBbII aHanu3 Ha npubope Camebax-50 SX;
WH-T npob. MmatepuanosencHus, Kues); 2—8 — u3 MapyHauToB apxest FOxHoit Adpuku, mo |3, 6].
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LIAIOLIKMX YJIbTPAOCHOBHBIX TTOPOJ, Pa3BUTHE JIMH30BUAHBIX TEJl M XWJI KBaplia 1o nepude-
pum 6JI0Ka apXelCKUX 3eJIeHOKaMEHHBIX mopon [4].

A. JI. XonnoM [5] obcyxnanack BO3MOXKHOCTh 00pa30BaHUST MAPYHINUTOB 3a CYET ILTIO-
Ma3UTOB C Mpeodpa3oBaHUEM IIarMokiia3a B Mapraput. CoracHo padote [4], MapyHAUTHI U
KOPYHIOBBIE MECTOPOXIEHUS (POPMUPOBAIKMCH B pe3yJibTaTe MeTaMopdu3Ma U MPOLIECCOB
necunndukanu pasHOOOpPa3HbIX BBICOKOMIMHO3EMUCTBIX MOPOM (MUPOGU/UIUTOBBIX Ty-
¢oB gomuHbl p. KomaTtu, CaoasiHO-aHOaTy3UTOBBIX ClaHIEB Haropbsi bapOepToH u ap.)
CBa3WJICHACKOM cucTeMbl apxes. OO0 MHTEHCMBHOM BBIHOCE KPEMHUSI MpPU O0Opa3oBaHUU
MapyHIWUTOB CBUACTEJIbCTBYET OTAJIbKOBAaHME BMEIAIOIIUX OCHOBHBIX-YJIbTPaOCHOBHBIX
MOpOJ U pa3BUTHE XUJIBLHOTO KBapla Io repudepuu 3aJeku 3THX CBOeOOPa3HbIX MOPOI.

ITo pabote [2], MeTamMopdOreHHBI TeHe3UC HanboJjee BEepOsITeH W IS MapyHAUTa,
00HapyXeHHOTO B BUJIE TaJIbKM B OUTaKCKMX KoHroMeparax Kpeima. CornacHo pabote [1],
TOJIILIA CPEAHEIOPCKUX KOHTJIOMEepaToB (pOpMUPOBAIaCh KakK 3a CUeT MECTHOTO (TajbKa Tep-
MCKUX MeCUaHUKOB, apTMJIIMTOB Tpyaca-Jieiiaca), Tak M 3a cyeT 6oJiee JabHEero MpuBHOCH-
MOro Marepuasa (rajJbka KpUCTaJUIMUECKUX CIaHLEB, KBapia) ¢ ceBepa. [losTromy Haubo-
Jiee BepOSITHbIM MCTOUHMKOM KPUCTAUTMYECKMX MOPOJ, B TOM YUCJIE M MapyHAuUTa, OUTaK-
CKUX KOHTJIoMepaToB siBisieTcst Ckudckasi miira, rpaHuJaniasi ¢ 6UTakCKUM MporubomM Ha
ceBepe M CeBEepO-BOCTOKE.

Teonoeuss CCCP / o pen. M. B. MyparoBa. — M.: Henpa, 1969. — T. 8. Y. 1. I'eonornyeckoe onucanue — 575 ¢.

Makapos H. H., Mapuenxo E. 4., Mayiox C. C. MapyHaut u3 KoHriomepatoB Kpeima // MiHepaibHi pecypcu

Vkpainu. — 1999. — Ne 4. — C. 41.

3. Tomxees C. U. TleTpoornueckuii aHII0-pyccKuii ciioBapb. — M.: Mup, 1986. — T. 2. — 284 c.

4. Anhaeusser C. R. On an archaean marundite occurrence (corundum-margarite rock) in the Barberton Mountain
Land, Eastern Transvaal // Trans. Geol. Soc. Afr. — 1978. — 81. — P. 211-218.

5. Hall A. L. On the marundites and allied corundum-bearing rocks in the Leydsdorp District of the Eastern Transvaal //
Ibid. — 1922. — 25. — P.43—67.

6. Velde B. The stability and natural occurrence of margarite // Miner. Mag. — 1971. — 38. — P. 317—323.

N~

KpbIM. oT1-HIE YKp. roc. reoj.-pa3sel. uH-ta, Cumbepononb Ioctynuna 28.03.2000
WH-T reoXxuMuu, MUHEPAIOTUU U PyL00OPA30BaHUS
HAH Ykpaunsl, Kues

PE3IOME. HaBenena KOpOTKa XapaKTepUCTHKa Mapraputy Ta KOpyHay (MOpOIOYTBOPIOIOYMX MiHEpasliB) MapyHIu-
Ty, BUSIBJIEHOTO B GiTaKCbKMX KOHIIoMepatax Kpumy. 3a TeKCTypHO-CTPYKTYPHUMHU OCOGIMBOCTSIMU, MiHEPAIbHUM
MapareHe3McoM Ta XiMiYHMM CKJIaJioM MiHepaJliB OMMCaHi MapyHAUTHU aHAIOTiyHi MapyHauTaM i3 I[liBneHHoi Abpu-
KU. BUCIIOBIIOETHCS PUITYLIIEHHS, 11O JXKEPEJIOM TaIbKW MapyHAUTY Y OiTaKCbKMX KOHIJIOMepaTax Oy/Ii KpUCTaliyHi
nopoau CKi(cbKOI MINTH.

SUMMARY. The characteristic of margarite and corundum — the rock-forming minerals of marundite, found as pebble
in Middle Jurassic Bitak conglomerates of the Upland Crimea, has been given. According to structural relations, chemical
composition of minerals, and mineral paragenesis, the marundites described are analogues to marundites of the South
Africa. The probable source of marundite in the Bitak conglomerates is crystalline rocks of the Scythian platform.
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MMUHEPARDTWYECKMA
HSGHAN

Y[IK 523.681
B. . CemeHeHKo, A. J1. Tmpuy

XoHaput Kpbimka (LL3): I. MuHepanorus
rpadutTcoaepxawmx KCeHOJIMTOB

[IpuBeneHbl CTPYKTYPHO-MUHEPATOTMYECKHUE XapaKTEPUCTUKU CeMU rpaduTCcoaepXKaliuX KCEHOIUTOB, HallIEHHBIX B
OJTHOM M3 MHAMBMAYaJbHBIX 00pa3LoB xoHaputa Kpbimka. [1o cTpoeHMI0, MUHEPAIbHOMY U XMMUYECKOMY COCTaBY
KCEHOJIMTbI OJIM3KU APYT APYTY, HO OTJIMYAIOTCS OT OCHOBHOM 4acTu XoHApuTa KpbIMKa M IPYTMX METEOPUTOB.

BBenenue. HecMoTpst Ha paclMpsIIOLIAICS CIIEKTP KOCMUYECKMX 00pa3lioB, KOTOPhIE JOC-
TYIHBI IS UCCIeI0BaHUS, KAMEHHbBIE METEOPUTHl — XOHJIPUTHI — JI0 CUX IOP €IUHCTBEH-
HbIe CBUAETEM AOIUIAHETHBIX 3TAroOB 3apoxaeHus U 3Bomouuu CoJHeuHo cuctembl. B
OTJINYME OT APYTUX TPYIIN METEOPUTOB YIJIMCThIE U HEPaBHOBECHBIE OOBIKHOBEHHBIC XOH-
JIPUTHl WCHOBITAIA HE3HAUYUTEJbHbIE M3MEHEHUs Iocje oOpa3oBaHUSI U COXPAaHWIM OTIe-
YaTKK TOAKKPELIMOHHBIX MPOLIECCOB ra3orbuieBoii TyMaHHOCTU. OHM TakKe comepxKar pas-
HOOOpa3HbIe JUTUYECKHE (parMeHThl (KCEHOJUThI) MEPBUYHBIX JOXOHIPUTOBBIX TEJ, IO-
WCK M UCCIeI0BaHWe KOTOPBIX MpHoOpean ocoOylo 3HAYMMOCTh B COCTaBICHUM KaTajora
TUMOB KOCMMYECKOTO BElIECTBA M B PACIIMPEHUM HALIMX 3HAHUN O (hyHIAMEHTAJIbHBIX
npoleccax Kocmoca.

OpnHuM M3 HauboJiee MHTEPECHBIX MO HAXOJKaM KCEHOJIMTOB SIBJISIETCSI HEPaBHOBEC-
HbIii XoHApUT KpbiMka. B MeTeoputTe ObuiM OOHapyXXeHBI JUTHYECKHE (parMeHThbI Tpex
OCHOBHBIX TUIIOB JOaKKPELIMOHHBIX MOPO.I: YIJIUCTbIE ¢ MUCTEPUTOM [4, 6, 10, 11, 13], TOHKO-
3epuucteie [17, 19] u rpadutconepxainue [1, 2, 14—16, 18]. Ecau nepBble nBa Thna dpar-
MEHTOB ObLIM U3BECTHBI paHee B APYrux XoHapuTax [5, 7, 8, 10, 12, 20], To rpaduTconepxa-
e oOHapyKeHbI TOJIbKO B MeTeopuTe Kpbimka [2, 14] U UMeIOT YHUKAIbHBIN 111 KOCMU-
YECKUX 00pa3LOB COCTaB.

[MpeaBaputenbHOe UccaeqOBaHUE OAHOTO M3 rpadutcomepxauniux ¢parmeHToB (I'C-
¢dparMeHTOB) ITOKa3ajJ0, YTO €ro BEIIECTBO OTIMYAETCSI OT M3BECTHBIX paHee TUIIOB KOCMM-
YecKoro BellecTsa M c(HOPMHUPOBAIOCH, MO-BUAMMOMY, U3 BellleCTBa-TIpeAlleCTBEHHUKA,
oboraieHHoro yriaepogaoMm [2, 14—16, 18]. JloakkpeLimoHHast UCTOpUsl pparMeHTa BKIIOYAET
B ce0s1 oOpazoBaHUE IEPBUYHOIO Teja, ero hparMeHTalKIo, BEPOSITHO, BCIENCTBHUE Coyaape-
HUI B ra3omnbUIeBOM TYMaHHOCTH U BXOXJAEHHE B COCTaB POAWTEILCKOIO Tejla MeTeopuTa
KpbIMKa B mepuon akKpeliMu XOHIP W BelllecTBa MaTPUIIbI.

B 5T0i1 cTraThe mpencTaBieHbl Pe3yabTaThl CTPYKTYPHO-MUHEPATIOTMYECKOTO U XUMU-
yeckoro uccienoBanuii cemu I'C-dparmenton Meteopurta Kpeimka [1, 15, 16, 18]. Pacnoso-
XKEeHUEe 3TUX (PparMeHTOB BHYTPM XOHAPUTA IMPEACTABISIET OCOOBII MHTEpEeC — OHM ObUIU
HalIeHbl TOJIbKO B OTHOM MHAMBUAYaJIbHOM OOpas3iie Maccoit 140 T, mpuyeM KMEHHO B TOM,
KOTOPBIN ToABeprcss Hauboiee MHTEHCMBHOMY yAapHO-MeTaMopduiyeckoMy Ipeodpa3oBa-
HUIO M0 CPAaBHEHMIO C APYTUMHU oOpazuamMu MeTeopuTta. M3ydyeHue (pparMeHTOB I10Ka3alo,
YTO OHU COIepKaT He TOJbKO KPHMCTALIbI rpaduTta, HO U 00OTAlllEeHHOE YIJIEPOAOM Bellle-
ctBO (C-06oralieHHOe BEIIECTBO), TPUYEM MEXIY HUMU CYIIECTBYET, IO BCEil BUIUMOCTH,
reHeTnyeckast cBs3b [18].

Oopa3upl 1 MeToauka ucciaenosanmii. ' C-dparmeHThl 0OHApYKEeHBI HAa MMOBEPXHOCTHU
MU3JI0Ma MHAUMBUAYalbHOTro obpasua Meteopura Kpeimka Ne 1290/29. Ha ¢oHe ocHOBHOI
YacTy METEOpUTa OHU BBIAE/SIIOTCS OTCYTCTBUEM XOHIpP, OMHOPOIHOI CTPYKTYpOMl M OCKO-
JlouHoit opmoii. [To cBOMM MakpocKOIUUecKUM xapakTepuctukaM ['C-¢dparMeHThl OYeHb
OJIM3KU YIJUCTBIM (PparMeHTaM ¢ MUCTEPUTOM, OOHAPYKeHHBIM paHee B MeTeopuTe Kpbimka
[4, 10, 13].

M3 miotHoro BelecTBa OoAHOro M3 caMbiX KpymHbIx I'C-dparmeHtoB (Grl) ObLn
OTKOJIOTHI OCKOJIKM pa3dmepamul MeHee yeM 0,5x0,3 MM, KOTOpble BIIOCICACTBUU TOIBEPT-
JIUCh 3JIEKTPOHHO-MUKPOCKOIIMYECKOMY MCCAEAOBAHUIO CKYJIbIITYPhl IMTOBEPXHOCTU MUHE-

© B.II. Cemenenko, A. JI. Tupuy, 2001
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I'padurconepxaiie KceHOMUThl B XoHIpuTe KpbiMka (POM-CHUMKH B OTpaKEHHBIX 2JIEKTPOHAX): @ — (hparMeHT
Gr6, pacroNOXEeHHbII B MaTPULIE XOHAPUTA; XOPOLIO BUEH Oarogapst OTCYTCTBUIO XOHIP, HaIMUYMIO rpaduTa (dep-
HOE) M PaBHOMEPHO PAacrpeleieHHbIM 3epHaM TpowiuTa (6esioe) B CHIrMKarax (CBETJIO-Ccepoe, Cepoe); CrpaBa BHU3Y
u ciesa no nepudepun GparMeHTa HeYeTKO BUIHA KaiiMa TOHKO3EPHHUCTOrO CHUJIMKATHOTO BELECTBA; 0 — KPYIMHbIE
KpHcTa/LTbl TpaduTta (YepHoe) M 3epHa TpowsuTa (6esioe), paBHOMEPHO pacrpe/e/ieHHbIe CPey CUIIMKATOB (CBETJIO-,
TeMHO-cepoe) dparmeHTta Gr5; 6 — OOUH M3 KPYIHBIX KPUCTAUIOB rpadura (4epHOE), PACIONOKEHHBIA Cpean
CHJIMKATOB (CBETJIO-Ccepoe, cepoe) B KceHouTe Gro; B BepXHEW 4acTH CHMMKA BUIHBI JBA MEJIKMX KPUCTalia rpa-
(uTa; KpynHoe Gesloe 3epHO — TPOMIIUT; & — MEJNKUI KpUcTaul rpaduTa (4epHOe), pacroNoXeHHbI Ha (Ha3oBoii
rpaHuiie MIMOMOp(HHOro 3epHa Iiarnokiasa (cepoe) Bo dparmeHre Gro; CBETJIO-cepoe — MPEUMYLIECTBEHHO OJM-
BUH; 0 — MeJIKuii Kpucrawt rpadgura u C-o6oraiieHHOe BeLIECTBO (YepHbIEe YYacTKH), PACIIONOXEHHOE B MJIATMOK-
J1a3e (TeMHO-cepoe), pexke B OJIMBMHE (CBETJIO-cepoe) M MmupokceHe (cepoe) dparmeHta Gr7; e — OpeKYMPOBAHHBIN
CHJIMKATHBIN y4acTOK (CBETJIO-Ccepoe, cepoe), TPeLIMHbI B KOTOPOM YacTUYHO 3arosiHeHbl C-000rallleHHbIM Belle-
CTBOM (YEpHBIC XHWJIKM U HEMPaBUIbHbIC Y4aCTKH); CIIpaBa BBEPXY BHMEH KPYITHbIA KpUcTaLl rpadgura (4epHoe), a
no nepucepun dparmenta Gr6 — KailMa TOHKO3EPHMCTOIO CHJIMKATHOTO BElIECTBa (CBETJIO-Cepoe)

paJbHBIX 3epeH U peHTreHoaudpakunoHHomy onpeneneHuto (FeK ., ASTM) muHepaib-
HOTO COCTaBa.

it MUHepabHOTO U TieTporpaduyeckoro nsydeHus: I'C-dparMeHTOB OBLTH TTPUTO-
TOBJICHBI TIOJTMPOBAaHHbBIC NUTH(MBI. B 0T/IMYMe OT OCHOBHOI YaCTW XOHIPUTA ITOJMPOBAHHAS
moBepxXHOCTh ['C-(hparMeHTOB COIEPXKUT MHOXECTBO sSIMOK (Hampumep, 14,1 % oObemH.
noJist Bo parmMeHTe Grl), KOTOpble BOSHUKIIM MTPU MOJIUPOBKe 06pa3iioB. CorjlacHO MUKpPO-
CKOITMYECKUM MCCIIeIOBaHUSIM, MMEHHO PacIioiokeHUe rpacduTa Mo MexXda3oBBIM TpaHU-
1IaM 3epeH OOYCIOBHUJIO MOBBIIICHHYIO XpynKocTh I'C-parMeHTOB, a COOTBETCTBEHHO, U

o+p?
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XOHAPUT KPBIMKA (LL3): I. MUHEPAJIOT' U

Tabauya 1. CTPyKTYpHO-MHHEpPAJIOrHYECKHE OCOOEHHOCTH rpauTCoAepKAIMX KCEHOJMTOB B annumdax xonapura Kpeivka
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JIETKOCTh BBIKPOILIMBAHUST MU~
HEpaJIOB IpU UX MoynpoBke. K
COXAJIEHUI0, HATMI1E MHOXe-
CTBa SIMOK Ha IOJMPOBaHHOU
noepxHoctu ['C-dparMeHTOB
OTPaHUYMUJIO BO3MOXHOCTHU
omnpeneaeHus] KOJINYEeCTBEH-
HOTO coJepXXaHWsI MUHEpaIoB
W BAJIOBOIO XMMUYECKOTO CO-
cTaBa.

CTpyKTypHO-MUHEPAJIO-
TMYecKue UM Ierporpaduuec-
kue ocobenHoctu I'C-dpar-
MEHTOB OBLIM M3y4YeHBI Ha
OTNITUYECKUX MHMKPOCKOIaX
MHWH-9, Olympus BH-2,
Nikon HFX-II, a Takxe Ha
pacTPOBBIX  BJIEKTPOHHBIX
MUMKPOCKOIax PBM-100y
(UT'MP HAH VYkpauHshl,
Kues) nu JSM-840A (Cmur-
COHOBCKMIA MHCTUTYT, BarmH-
rroH; HaunmoHanbHbIA My3eit
ecTtecTBo3HaHUs1 PpaHLIUH,
[Mapux). ITocnenHuii mpudop
o0opynoBaH >HEProAaucIiep-
CUOHHBIM CHEKTPOMETPOM
(EDS), uTo mo3Boiuio B He-
KOTOPBIX CIydyasiXx MOJYYUTh
CBEIIEHUSI O COCTaBe CYyOMUK-
POHHBIX 3epeH 1 Hanuuuu C-
oboraieHHoro Beniecrsa. Co-
CTaB MMHEpAJIOB OIpeaesieH
Ha MUKpOaHaJM3aTopax
JCXA-733, Jeol Superprobe
(Kues), SX-50 (ITapux) u
JXA 8900 R (BamwuHrroH) c
WICTI0JIb30BAHUEM YCKOPSIIO-
mero HanpskeHust 10 kB mig
rpaUTOBBIX KPUCTALIOB, 15 —
it cuinkatoB 1 20 kB — most
MeTaJuInyeckux ¢a3, U CHUJIbI
toka 50 HA mia rpadura u
10 HA 1151 APYTUX MUHEPAJIOB.
Huametp 30oHma 2 MkMm. [Ipu
00paboTKe pe3yJIbTaTOB PEHT-
TEHOCIIEKTPaJbHBIX MCCIIEI0-
BaHU Mcnoiab3oBaHa ZAF-
rornpaska. BanoBblit xumuyec-
kuii cocraB I'C-dparmeHTOB
onpenenaeH pachoKyCUpOBaH-
HBIM 30HAOM (muametp 20
MKM) Ha MUKpo3oHae JXA
8900 R.

Pe3yabTaThl uccienoa-
HUA. B moavMpoBaHHBIX ILLIU-
dax I'C-dpparments (puc. 1, a)
MMEIOT OCKOJIOUHYI0 (hopMy U
JMOBOJBLHO YETKYIO TPaHUILy C
OCHOBHOU YacTblO XOHIpUTA
Kprimka. Pa3zmeps! 7 hparmeH-
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XOHAPUT KPBIMKA (LL3): I. MUHEPAJIOT' U

T0B (Grl—Gr7) BapbUpYyIOT B Ipejaeax
0,6 x 0,6—2,4x 2,6 MM (Tabu. 1). AHamorn4-
HO XOoHApaM 6osblUHCTBO U3 ['C-hparmeH-
TOB OKPYXEHbl KaliMOil TOHKO3€PHUCTOTO
CUJIMKATHOTO BELIECTBa, CTENEHb COXPaHHO-
CTU KOTOpo# paznuuHa (puc. 1, a). lllupuna
Kaiimbl MeHee 30 MxM. CTpyKTypa dpparmMeH-
TOB paBHOMepHo3epHucTas (puc. 1, 6). [lpu
MUKPOCKOIIMYECKUX MCCJICIOBAaHUSAX Ha
¢oHe CUIMKATOB YETKO BUAHBI paBHOMEp-
HO pacrpene/ieHHble MeJIKUe 3epHa TpOU-
JuTa (puc. 1, a, 6).

Munepanvnuiii cocmas. KonnmuecTBeH-
HBIi1 MOACYET COAEPKAHUSI MUHEPAJIOB B IMO-
JIMpOBaHHOM HLLIM(pE OJHOTO U3 (pparMeH-
ToB (Grl) mokasaj, 4To OH COAEpPXHUT, %
(oO6beM. mosisi): cuaMKaThl (OJMBUH, MUPO-
KCeH, Iarnokias) — 78,7; tpouaut — 11,3;
rpadput — 3,0; metam — 2,2; MarHETUT —
2,9; xpomut — < 1; docharet — < 1 u
eAMHWYHbBIC 3epHA TIEHTIAHINTA; CyMMaA —
100 (6e3 yyeTa IMOK BBIKPOLIVBILIMXCSI MU~
HepasnoB) [14]. CoriacHO JaHHBIM PEHTIe-
HoauGPaKIIMOHHOTO MCCIIeIOBaHUS Belle-
cTtBa (pparmeHTta Grl, Hanbojiee pacIpocCT-
paHEHHBIMU MUHEpajJaMU SIBJITIOTCS OJIU-
BUH M TPOWJIUT.

CunMkKatHble MUHEpPaJIbl KAK OCHOBHOM
KOMITIOHEHT ¢parmeHToB (puc. 1, 6) Haxo-
IATCS B TECHOM CPAaCTaHUM JIPYT C IPYTOM.
Pa3mep moamMuHepaabHBIX 3epeH OOBIYHO
<50, a MOHOMUHepabHBIX < 5—10 MKM. 3ep-
Ha — TUNUAMOMOP(MHBIE U KCEHOMOP(]HBIE.

O n1u B U H — HanboJjiee pacnpocTpa-
HEHHBbIN MUHepan uzydyeHHbix ['C-cdpar-
MeHTOB. KpymHble 3epHa OJIMBUHA COCTOSIT
U3 6osiee MEIKUX UAMOMOPGHBIX KpUCTaI-
JIOB, UTO CBUIETEIbCTBYET 00 UX PeKPUCTaI-
nuzauuu (puc. 1, 6). CocrtaB onvBuHa dpar-
MEHTOB HECKOJIBKO pa3jinvyaeTcs Kak I1o
conepxxaHuio Fa-KoMmoHeHTa, Tak 1 10 cTe-
neHu ero Bapuauuu (tadu. 2). KonueHrpa-
s FeO B omuBuHe Bcex I'C-dparMeHTOB,
KpoMe Gr6, BbIllie, YeEM B OJIMBUHE PaBHO-
BecHbIX LL-xoHmputos [9]. [To conepxaHuio
Fa-koMmnoHeHTa B ouBUHE, n3ydyeHHbIe ['C-
¢parMeHTbI MOXXHO pa3AeUTh Ha TPU TPYII-
ITbI, OTJIMYAIOIINECS 110 CTETIEHU OKUCIIEHMS.
Haunmenee okucieH pparmeHT Gro, Haubo-
nee — Gr3. Bce ocTaqbHBIE 3aHUMAIOT TIPO-
MexXyTouHoe mnoyioxeHue. CorracHo cocra-
BY OJIMBMHA, HauOoJiee OJIU3KKUE MEXIY CO-
6oit pparmMeHTsl Grl u Gr4, a Takke Gr5 u
Gri.

[To cremeHu BapuallMy COCTaBa OJIM-
BuHa ['C-dparMeHTbl MOXHO pa3nenuTh Ha
IBe TPymIbl: B nepsoit (Gr3, Gro6 u Gr7)
COCTaB OJIMBMHA 00Jjiee OAHOPOACH, YeM BO
Bropoii (Grl, Gr2, Grd u GrS).

ITupoxceHn b I'C-pparmeHTOB
HaxXomATCs B MOAYMHEHHOM KOJIUYECTBE IO

Tabauya 4. Xumudeckuii coctas Ca-o000rameHHOro mupokceHa B rpadurcoaepxanmmx Kcenoaurax xonapura Kpeimka, %
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Tabauya 5. XuMU4ecKHii cOCTaB ILIarHoKia3a B rpadurcoaepxkammux KceHoaurax xouapura Kpoimka, %

N
(]

OTHOUIEHMIO K oJiuBUHY. OHU TIpelcTaBIie-
Hbl Ca-00eTHEHHBIMU ¥ HECKOJILKO B MEHb-
mreii crerreHy Ca-o6oraneHHBIMU TTHPOKCeE-
HaMU U XapaKTepU3YIOTCs He3HAYUTEIbHbI-
MM BapuauusiMu cocrtaBa (tabin. 3, 4). Ca-
obenHeHHbIe TMpoKceHbl 'C-dparmeHTOB
MMEIOT CXOIHBIN COCTaB, KOTOPBI COOTBET-
CTBYET TaKOBOMY ITHMPOKCEHA B PaBHOBEC-
HbIX LL-xonapurax [9]. B To ke Bpemst BO
dparmeHTe Gr7 MPUCYTCTBYIOT OTAEIbHBIE
3epHa BHICOKOMAarHe3uajabHOTo MUPOKCeHa,
YacTh M3 KOTOPBIX IPEACTaBICHA SHCTATU-
TOM.

CocraB Ca-06eJHEHHOTO MUPOKCEeHa
HauboJjee OMHOPOAEH BO (parmMeHTax Gro,
Gr3 u Gr5, a Ca-oboraiieHHOro — Bo ¢par-
MeHTax Gro, Grl u Gr3.

[Tnaruoxka 3 npeacraBieH Kce-
HOMOpP(MHBIMU, pexke UTUOMOPGHBIMU 3€p-
Hamu. CocTaB ero JOBOJBHO TOCTOSIHEH U
CXOJIEH B pa3IMYHbIX (hparMeHTax (Tad. J).
EAvMHCTBEHHBIM HCKIIOYEHUEM SIBJISIETCS
dparmeHT Gr7, B KOTOPOM NIPUCYTCTBYIOT JIBE
TPYNIbl MJIaruokjiasa, OTAWYalolIuecs Mo
cocTaBy. BOJIBIIMHCTBO €ro 3epeH MMEIoT
OOBIYHBIN 1151 (PparMEeHTOB OJIMTOKJIA30BbIN
COCTaB, a eAMHUYHBIC 36pHAa — BBICOKOKAJIb-
LMEBBIA (Ang, ).

® o ¢ ¢ a T BI pacnpeaesieHbl B Bellle-
ctBe I'C-dparMeHTOB MPEUMYIIECTBEHHO B
BUe KCEHOMODP(HBIX U OKPYIJIBIX 3€peH
pa3MepoM MeHee 6 MKM. OHU TpeacTaBIie-
Hbl MeppunutoM (Grl, Gr2, Gr3, Grd u GrS)
u xnoparnatutoM (Gr2, Gro, Gr5 u Gr7). Kpo-
Me Toro, Bo ¢parmenTax Grl, Gr3 u Gr5 npu-
CYTCTBYIOT 3epHa (pTopamatuTa, 4TO SIBJISI-
€TCsl HEOOBIMHBIM 17151 XOHApUTOB [14]. 3ep-
Ha ¢ocdaroB TpewmrHoBaThl. COCTaB MX He-
3HAYMUTEJILHO BapbUpYyeT Kak B npeaenax ['C-
(pparMeHTOB, TaK 1 MeXXIy HUMMU (Tab1. 6).

I' pa @ u T paBHOMEPHO pacmpeneneH
B cuivkatHoM BeliectBe I'C-parMeHTOB B
BUJIE OTAEIbHBIX ITACTUHYATBIX KPUCTAJUIOB,
pexe B Bune KceHOMOp(MHBIX 3epeH (puc. 1, a,
6). Ilo oTHOlIEHUIO K OPYTMM MUHEpalaM
KpUCTaJLIbl TpachuTa XapaKTepU3yIOTCsl Hau-
0oJiee BBICOKOHM CTeMeHbI0 MaroMopdusma.
MOXHO BBIICIUTH ABE IPYIIIBI KPUCTAILIOB,
pasMyaloIMXcs Mo pa3MepaM U XapakTepy
pacripenenenus [1, 14—16]. KpynHbie Kpuc-
Tayiel rpadguTa (< 120x6 MKM) pacroso-
JKEeHBI cpeaiv CUJIMKaToB (puc. 1, 6). Vx pas-
Mepbl 3HAYUTEJLHO OOJIbIIE pa3MepOB OK-
pyXarolx ux 3epeH. MejaKue KpUCTauIbl
(< 10x2 MkM) pacrnojoxeHbl Ha Mexda-
30BOIl  TIpaHUIIE MHUHEPATbHBIX 3epeH
(puc. 1, &) WM BHYTpU CUJIMKATHBIX 3€peH
(puc. 1, 6), yacTUYHO BBICTYTIasl HaIl UX MMO-
BEPXHOCTbIO. PazMephl MEJIKMX KpHUCTAJJIOB
COM3MEPUMBI WJIM 3HAYUTEJIbHO MEHbIIIe
pa3sMepoB OKPYXAIOIIUX WM COmEpXKAINX
ux 3epeH. Pacmonarasicb BIOJIb CMEXHBIX
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XOHAPUT KPBIMKA (LL3): I. MUHEPAJIOT'UA

Tabauya 6. Xumudeckuii coctas ¢ocdaros B rpadurcoaepxammx Kcenoaurax xonapura Kpoimka, %

rpaHeil OgHOro 3epHa, HEKOTOpPbIE MEJKHUE
KPUCTA/UIBl 00pa3yloT ABOMHUKU. DJIEKTPOH-
HO-MMKPOCKOITMYECKOE U3YYeHUE TTOBEPXHO-
ctu ckoya ¢parmeHTa Grl mo3BoiwIo oOHa-
PYXUTh TIpaBUJIbHBIE T€KCAroHaJbHbIC TLIAC-
THUHKH pa3MepoM MeHee 2 MKM, MOp(OJIoru-
YeCKU COOTBEeTCTBYMoIIME rpacduty. OHU pac-
MOJIOKEeHBI BHYTPY CUJIMKATHBIX 3€PEeH, METall-
JIMYECKUX U TPOUJIUTOBBIX LIAPUKOB, YACTUY-
HO BBICTYIIasl HajJ UX MOBEPXHOCThIO, MHOTAA
pacroyiaraloTcsl Ha Heil WM Ha CTeHKax CU-
JINKAaTHBIX moJjiocteir [14].

B omimMure OoT MeIKuX KpUCTaIOB, KO-
TOpbIE B Pa3HBIX KOJIMYECTBAX MPUCYTCTBYIOT
Bo Bcex I'C-(dparmeHTax, KpyrnHble — OTMe-
YyeHbl B OOJBIIMHCTBE, HO HE BO BCEX KCEHO-
qutax. OHU He ObLIM OOHApyXeHbI BO ¢par-
MeHTax Gr3 u Gr7, a B Grd uX KOJIUYECTBO
KpaitHe orpaHu4yeHo. Pazamep KpymHBIX Kpuc-
TaJuIoB rpacdura MeHbllle Bo dparmeHTe Gr2
(250 Mmxm), yeM B apyrux kceHonurtax. Cyns
10 TUIACTUHYATOM (hopMe KPUCTAJUIOB B 11V -
e, momapstolee OOJbIIMHCTBO U3 HUX Mpe.I-
CTaBJICHO MPU3MaTUYECKUMU CEUEHUSIMU TOH -
KUX rpadUTOBBIX IIACTUHOK, YTO KOCBEHHO
TMOATBEPXKIAETCSI 3JIEKTPOHHO-MUKPOCKOITH -
YECKUMU TAHHBIMU 1O MOPGOJIOTHU MEJTKUX
kpucrauioB. OnHa U3 MOp(OJOTMYECKUX 0CO-
OeHHOCTE KPYIMHBIX KPUCTALIOB Tpaduta BO
dparmerTax Grl u Gr5 — 3TO UX IOJIOCYATOE
cpacTaHuMe C MPU3MATUYCCKUMU KpHCTasula-
MM TpowiuTa win Metamia. CocTaB KPYITHBIX
KPUCTAJUIOB rpaduTa onpeaesieH Bo (pparmeH-
tax Grl u Gr2 (tab:. 7). Bapuaiuum ux cocrasa
HE3HAUMUTEJbHBI B Ipelneaax KpPUCTaJIOB U
HECKOJIbKO OOJbIIIE OT 3epHa K 3€pHY.

W3oTonHbIi cocTaB yriepona, ornpenesieH-
Hbli JI. HutiepoM B Tpex KpucTaiiax rpacpura
BO (parmeHTe Gr6 Ha MOHHOM MAacCC-CIIEKTPO-
Mmetpe IMS-6F (Cameca) B MHctutyTe KapHern
(CIIIA), cocrasister §13C/12C = 2 %o [18]. D10
3HaYeHUeE BbILIE, YeM B TpaduTe IPyTruX OObIK-
HOBEHHBIX XOHJPUTOB U COOTBETCTBYET U30-
TOITHOMY COCTaBy yrIjepojaa B rpaduTe yrivc-
ThiIX XoHApUTOB CR. B TO Xe BpeMsi U30TOII-
HBIIl COCTaB a30Ta SIBJISIETCS HOPMaJIbHBIM BO
BCeX TpeX Kpucrauiax rpadura [18].

I'ununuomopdHble U KCeHOMOpPGHbBIE
3epHa rpadura MpHUCYTCTBYIOT BO (pparmeH-
TaXx Gr5 1 Gr6 U B HE3HAYUTEIILHOM KOJIHMYE-
ctBe B Grl. B ominuue oT MmiacTUHYATHIX KPH-
CTaJUIOB, KOTOPBIE XapaKTePU3YIOTCSI OMHOPOI-
HBIM CEepbIM LIBETOM, TUITUAMOMOPGHBIE U KCe-
HOMOpHBIE 3epHa Tpadura MMEIT MSATHUC-
TyI0 OKpacKy (OT Cepoii 10 cepoBaTO-KOPUY-
HEBOI1), 4TO 00YCJIOBJIEHO, MO-BUAUMOMY, UX
MOJUKPUCTALIMYECKUM CTPOCHUEM.

[Mpu COM-uccnenoBaHUsIX MOJIUPOBAH-
HbIX 1IMdoB 'C-hparMeHTOB B OTpakeHHBIX
3JIEKTPOHAX OOHApYXXEeHbI OKPYIJIble, KCEHO-
MOp(dHBIC M CeTYaTble YYaCTKU YEepPHOTO 1IBe-
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Ta, KOTOpbIC PaCIOJIOXEHBbI MO MeX(pa30BbIM TpaHMIIAM WM BHYTPU 3€pEH IperMyllie-
CTBEHHO Miarrok’iasa (puc. 1, d, e). B oTaeabHbIX ciydasx 4eTKO BUACH MX Mepexo B TuIac-
TUHYAThIe KPUCTAIUIBI Tpacduta. DHEPronUCIepPCUOHHBIN aHAIU3 TaKMX YYacTKOB BO (par-
MeHTe Gr6 ToKa3ajl, YTO OHUM CUJIbHO oGoraileHbl yriepogaoM [16, 18]. C-oGoraiieHHbIe
yyacTKM Hambosiee oOWIbHBI BO (hparmeHTe Gr7 M HauMeHee pacrpocTpaHeHbl B Grl u
Gr2.

Tpowunwut— Haubojiee paclpOCTPaHEHHbI HEMPO3pauHblii MUHEpaaT U3yYeHHBIX
I'C-dparmMeHTOB, TIpeCTaBICHHBIN B OOJBIIMHCTBE CJYYaeB TMITUAMOMOP(MHBIMU U KCEHO-
MOP(MHBIMHU, UHOTAA UITUOMOP(MHBIMU (MPU3MATUIECKUMU, TeKCAaroHaIbHBIMU WJIM KyOu-
YecKUMU) 3epHaMM paszmepamMu MeHee yeM 20x30 MKM, KOTOpbIe PaBHOMEPHO pacIipeie-
JIEHbl Cpeau CUIMKaToB. [lnacTMHYaThle KPUCTA/UIBI TPOMJIMTA SIBJISIIOTCS MopdoJiornyec-
KO 0co0eHHOCThIO parMeHToB Grl m Gr5. EqvHUYHBIE TeKcaroHaJbHBIE M KyOMdYecKue
KPUCTAJUIBI CyJib(uraa oTMeYeHbI TOJIbKO B Grl. Hanmuuue peaukroB mMeTasuia BHYTpU KyOu-
YECKUX 3€peH TPOWINTA yKa3biBaeT HA BTOPMUYHOCTb OOPa30BaHUSI TPOWIMTA IO OTHOILIE-
Huto K Metasuty [14]. CoctaB TpouauTa JOBOJILHO OAHOPOACH KakK B Ipelesiax 3epeH, Tak 1
B mipenenax parmMeHToB (TabJ. 8).

M e T a 1 1 TIpencTaBieH aBapyuTOM, TSHUTOM U KAMaCUTOM; aCCOLIMUPYET C TPOMJI-
TOM, pexe ¢ rpaduToM U XpoMuToM. OUeHb PEJKO BCTPEYAETCs B BUIE OTACJIbHBIX 3€PEH.
dopmMa 3epeH OKpyrias WIM HEepaBUIbHAS.

®azoBbIil coctaB MeTauia B pa3Hbix ['C-dparMeHTax pasiauvyeH. ABapyuT IIPUCYTCTBY-
€T TIOUTH BO Bcex ¢parmeHTax, kpome Gr2, nmpuyeM B Grl OH €QWHCTBEHHBIN MUHEpas U3
rpynnbl xene3a [14]. B apyrux I'C-¢dparmeHTax OH acCOUMUPYET ¢ TOHUTOM U/WIM KaMa-
cutoM. XMMHUYECKHUI cOCTaB MeTalinuyeckux a3 (Tabi. 9) BapbupyeT He TOJBKO OT dpar-
MEHTa K (pparMeHTy, HO M OT 3epHa K 3epHY. XapakTepHass 0COOCHHOCTh aBapyuTa — HaJlv-
yye BBICOKUX KOHIeHTpauii Co, KOTopble OJU3KU K TAKOBbIM B KaMacUTe WA B OTIE/Ib-
HBIX TOHUTOBBIX 3€pHAX U3 MaTpulibl XoHApUTa KpbiMKa. B ominune oT ToHUTA comepka-
Hue Co B aBapyuTe IpsIMO KOppeaupyeT ¢ KoHueHTpauusmu Ni [14].

ITo cocraBy aBapyuTa Bblaesitorcs aBe rpymnmbl I'C-gparmeHToB. B mepByio u3 HuUX
BXoIsT (pparmeHThl Grl, Gr3, Gr5S u Gr4 c 66npiinm conepxanueM Ni 1 Co (3a MCKITIOUe-
HueMm Grd) B oTmune oT BTopoii (Gro u Gr7). CocTaB TOHWTA MOEHTUYEH BO (DparMeHTax
Gr2, Grd u Gr6. B Gr3 u Gr7 conepxaHue Ni B TOHUTE 3HAYUTEILHO HIXKE, YEM B OCTAIbHBIX
dparmeHTax. OmHa U3 0COOEHHOCTEN COCTaBa TOHUTA — 3TO MOBBILLIEHHOE conepxaHue Co
B T3HMUTe (parmeHTa Gr7 u Bbicokoe comepxkaHue Co B TdHUTe (pparmeHTa GrS. CocraB
Kamacuta u3 Gr2, Gro u Gr7 MOXHO paccMaTpuBaTh TOJBKO KakK OMATHOCTUYECKUIA, IMO-
CKOJIbKY TOJIyYeH OH JII €AMHUYHBIX 36peH HEe3HAYUTEIbHBIX Pa3MepoB.

X p o M u T npucytctByer Bo Bcex ['C-(parmMeHTax B BUIE OTAEIbHBIX OKPYIJIBIX
3epeH pazMepoM MeHee 20 MKM B acCOLMALIMU C TPOWJIUTOM, Tpa)uTOM, METAJUIOM U TUIa-
rMoKIa3oM. EqvHUYHBIE KINOMOPGHbBIE 3epHA XPOMHUTAa OTMEUEHBI B Gro.

CocraB xpomuTta (Taba. 10) xapakrepusyeTcsl BapbUPYIOIIMMU TMOBBIIIECHHBIMU KOH-
uenTpauusamu TiO,, Al,O, u MgO. Haubonee Beicokue koHueHTpauuu TiO, (10 4,4 %, mac.
monsi)* oTMeueHbl BO dparmeHTax Gro m Grl, AlL,O; (mo 14,5) — B Gr2 u Gr4, MgO (1o
3,4) — B Gr4. Bapuauum coctaBa XpoOMHUTa OTMeuaroTcsl Kak B mipenenax ['C-¢gparMeHTOB,
TaK M B MpeJesax OTACIbHBIX KPYITHBIX 3€-
peH. OnHO U3 30HAJNIBHBIX 3epeH BO (hpar-
MeHTe Grl XxapakTepusyercs MOHUKEHHEM
koHueHTpauuu TiO,, MgO, MnO u V,0; B
HampaBJIeHUU OT lieHTpa K nepudepuun. Bo
Kommonent| Cpemsee Cpenmes dparmenTax Grl, Gr3 n Gr7 nIpuCyTCTBYIOT
13) (5) JIBE TPYTIIIbI 3epeH XpOMUTA, OTJIMYAIOLIe-
cs1 Mo cocTaBy. JOMOTHUTENBHO K 3TOMY B

Tabauya 7. Xummdeckuii coctas rpagura B
rpaduTcoaepKaIMX KCEHOJIUTAX XOHAPUTA
Kpeivka, %

Grl Gr2

©v
&)
2
&)

C 98,8 1,5 98,4 1,2
Na 0,09 0,07 0,07 0,05 Gr3 oTMeueHa Takxke Al-mmnuHesns. Bee oc-
Mg 0,15 0,08 0,16 0,12 TanbHble ['C-parMeHTHI coaepKaT TOJIbKO
Al 0,05 0,08 0,13 0,08 OJIHY TPYIIIY 3€pEH XPOMUTA, YTO, MO-BUAU-
Si 0,37 0,24 0,39 0,20  mMoMy, MOXHO OOBSICHUTH OrpAHUYEHHBIM
gl 2 88; 88? ggg 882 KOJIMYECTBOM JaHHBIX 10 COCTaBY XpOMMTA.
GoComobe 0n e | Omaome o com mm
F 0,92 0,47 0,87 0,17 -
NG; 0,35 0,07 0.10 0.09 Tax Grl, Gr3n G"S, aTakke B Gr2 u Gr4. B
Cymma 100,64 0,9 100,50 1,1 ['C-bparmenTax ¢ AByMsl TPyMmamu Xpo-

* lanee — % (Mac. mons).
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Tabauya 10. XuMHYeCKHii COCTAaB XPOMIINIMHEIHAOB B rpaduTcoaepkamux Kcenoaurax xouapura Kpoimka, %

N
S

* PaccuuTaHHOE CcomepXaHUe.

muta (Kpome Gr7) mpeobjamaroliee pacrpo-
CTpaHEHHE UMEIOT XPOMMTHI C MOBBILIEHHBIM
conepxanueM TiO,, Al,O; u MgO.

MarHeTWu T IPUCYTCTBYET B BUAE OT-
JEebHBIX 3€peH WJIM CPAaCTaHUIl C TPOUIUTOM
U MetajyioM Bo (parmeHtax Grl, Gr3 u Gr5.
MHorga oH Kak MPOAYKT 3aMElIEeHUsT Pa3BUT
1Mo KpasiM cyibUIHbIX 3epeH [14]. B enuHuu-
HBIX CJIydasX OTMEUEHbl MarHEeTUTOBBIE KpHC-
TaJUTbl, UMEIOIIMEe He KyOMUYecKylo, a TeKcaro-
HaJlbHYIO (opMy, KOTOpasi CBOMCTBEHHA TPO-
wiuty. CocraB marHetuta (FeO — 30,8;
Fe,0; — 68,6 %) B pasHbix I'C-¢parmeHTax
WIECHTUYCH.

Mouurt (98,1 % FeO) obHapykeH TONb-
Ko BO parmeHTe Gr7, HECKOJIBKO 3€pEH U JI b-
MeHHUTa (49 % TiO,) B accoumauuu co
IINUHEIbI0O W IUIarmokiasoM — B Gr3, a
nmentaauaurt (50,6 % Fe; 33,0 S; 15,1 Ni;
0,5 Co; 0,2 Cu; < 0,03 Cr; cymma 99,4 %) kak
MPOAYKT 36MHOTO BBbIBETPUBAHUSI TPOWJIUTA —
B BUJE €NMHUYHOTO 3epHa Ha nepudepun dpar-
MeHTa Grl.

IIpusnaku ydaproeo memamopgpusma B BUIe
CTPYKTYp XPYNKMX U TUIACTUYECKUX nedopma-
it otMevarTcsa Bo Bcex I'C-dpparmeHTax.
CuuKaTHbIe YYacTKM KCEHOJIMTOB TPEIIMHO-
BaThl, pexe OpeKUYMpoBaHbl. B oTaeabHbBIX CITy-
yagx, HalpuMep Bo ¢parMeHTe Gro, TPEIMHBI
OpeKYMPOBAHHBIX YYACTKOB 3aroHeHbl C-000-
ranieHHbIM BelllecTBOM (puc. 1, e), 4yTo cBuIe-
TEJIbCTBYET O €ro JIETKOIJIAaBKOCTU. BojbImH-
CTBO 3epeH oJIMBMHA BO pparmeHTe Grl xapak-
TEPU3YETCS] BOJHUCTBIM WJIM MO3aMYHBIM T10-
racaHueM. B To xe Bpems1 unoMopdHbie Kpu-
CTaJlZIbl OJIMBUHA OMNTHYECKU OXHOPOAHBI Oe3
KaKuX-1100 Mpu3HakoB HamnpsikeHus [14]. He-
KOTOpBIe KpHUCTaJUIbl rpaduTa cjierka U30rHY-
ThI, YTO yKa3blBaeT Ha MX ILJIACTUYECKYIO HOe-
dopmanmio. Bo dparmente Gr4 3epHa cyinbdu-
Ja XapaKTEepU3YIOTCS OYeHb CHJIBHBIM KCEHO-
MOP(MU3MOM, YTO CBUAETEIBCTBYET O HarpeBse
dparmeHTa 10 (UM HECKOJIBKO HMXE) TeMIIe-
paTypbl IUTaBJICHUS TPOWJIWTA.

Banoswiii xumuneckuii cocmae I'C-ghpaemer-
M08, KOTOPBII MOJIyYeH 110 JaHHBIM PEHTIeHO-
CIIEKTpaJbHbBIX UCCIENOBaHUI pachOKyCHUpO-
BaHHBIM 30HJIOM, CJIEAYET pacCMaTpuBaTh Kak
OPUEHTHUPOBOYHBII (Tabi. 11). D10 00YyCIOBIIE-
HO COINOCTaBMMOCTBIO pa3MepoB 30HIa C pas-
MepaMHu 3epeH, TpemmHoBaTocThio I'C-(dpar-
MEHTOB, HajinureM rpacpura, C-ob6oraieHHOro
BEILIECTBA, a TaKXKe MHOXECTBa SIMOK BBIKPO-
LIMBAaHUSI MUHEPAJIOB Ha TTIOBEPXHOCTH 1iLTHda.
I[To o61iieit cyMmMe KOMIIOHEHTOB, KOTOpast HUXKe
98 %, TpyAHO CyIUTh, KaKasl 4aCcTh HEJOCTalO-
1eil cyMMbl 00yCJIOBJIeHAa HalMyuMeM Tpaduta
u C-o0orailleHHOTO BelllecTBa, a Kakas — Jie-
dexTHOCTBIO 00pa3tia. OgHaKO Aaxke OPUSHTU-
pPOBOUHbIC JaHHBIC CBUACTEILCTBYIOT O CXO[I-
cTBe BajioBoro cocraBa I'C-gparmeHTOB, pas-

ISSN 0204-3548. Munepan. ncypn. — 2001.— 23, Ne 2/3



XOHAPUT KPBIMKA (LL3): I. MUHEPAJIOT' U

Tabauya 11. BanoBblii XuMHuecKuii coctaB rpagurcoaepkammx KCeHOIMTOB xouaputra Kpeivka,
NOJIyYeHHbI HA MUKPO30HIe pacGoKyCHPOBaHHBIM 30HIOM M nepecuntannbiii Ha 100 %

KommoHeHT | 6ia) | 62@n [ 68@5 [ 6405 | 6520 Gr7 (89)
SiO, 37,0 35,6 33,6 35,5 34,8 35,4
Al)O3 3,39 4,79 4,81 3,21 2,86 4,57
Na,O 1,57 1,66 1,29 1,01 1,21 1,72
MgO 25,9 23,1 2.2 24,7 25,1 25,3
FeO' 26.9 27.7 31.8 29,7 29.2 282
MnO 0,26 0,22 0,32 0,29 0,25 0,35
CaO 1,86 2,01 1,60 1,62 1,96 1,17
K,O 0,09 0,01 0,03 0,03 0,06 0,07
TiO, 0,13 0,12 0,12 0,13 0,12 0,08
P,0O54 0,15 0,36 0,44 0,30 0,59 0,37
Cr,03 0,54 0,56 0,53 0,58 0,60 0,38
Ni 0,47 1,01 0,81 1,25 0,80 0,63
S 1,62 2,86 2,51 1,73 2,44 1,70

Cymma 100,00 100,01 100,00 100,00 99,99 100,00
Cymma anaaum. 93,97 93,50 94,59 97,82 92,00 96,79
FeO/(FeO+MgO) 0,51 0,54 0,59 0,55 0,54 0,53

* Bee kene3o npuseneHo kak FeO.

JIMYAIOIIUXCsI, B OCHOBHOM, coaepxxaHueM FeO u S (B ¢B3M ¢ OrpaHUYEHHOCTBIO JaHHBIX
BaJIOBBIN cocTaB Gr6 B Tabiuiue He npuBeneH). HaubGosee Boicokas KoHueHTpauuss FeO
oTMeuaeTcsl Bo oparmeHTe Gr3, a camast Hu3kasi — B Grl. I1o cogepxkaHuio S OHU JIeasITCS
Ha aBe rpynibl. K mepBoif, KoTopast conepXuUT MeHblee konmdyectBo S (1,6—1,7 %), oTHO-
carcs Grl, Grd n Gr7, xo Bropoii (2,4—2,9 %) — Gr2, Gr3 u Gr5.

3akimovyenune. CTpYKTYpHO-MUHEPAJIOTMUECKUE U XUMUYECKUE UCCIeIOBaHUS TTOKa3a-
JIA, 4TO ceMb 0CcKoIoUHbIX ['C-(parMeHTOB, KOTOpble OOHAPYXXEHbI B OMHOM U3 MHOTOYMC-
JIEHHBIX WHAWBUOYalIbHBIX 00pa3lioB MeTeopuTa KpbIMKa, ClIOXEHBI rpaduTcomepKaiium
BEILIECTBOM M OTJIMYAIOTCS OT OCHOBHOM YacTU XOHApPUTA U Ipyrux mereoputoB. I'C-dpar-
MEHTBI OIMHAKOBBI M0 MAaKPOCKOITMYECKUM XapaKTepUCTUKaM U OYeHb OJIM3KM IO CTPYK-
TYPHO-MUHEPAJOTUUECKUM U XUMUYECKUM ocobeHHocTsIM. OO6mHocTh I'C-dparMeHTOB
3aKJII0YAeTCs B PABHOMEPHO3EPHUCTOM CTPYKTYpe M OTCYTCTBMM XOHIp, HAJMYUU TIPU3HA-
KOB TMEePEKPUCTAUIM3ALIUM BEILIECTBA, MTOBBIILICHHOM COJIEPXXKaHUM TPOWINTA, OTHOCUTEIbHO
MMOCTOSTHHOM COCTaBE CUJIMKATOB, HAJIMYMU KpUCTaIoB rpadura u C-oboralieHHOro Be-
1eCTBa, CreIuUIECKUX, OTJIMYHBIX OT OCHOBHOM YacTU METEOpUTA COCTaBe MUHEPAJIOB |1,
15, 16] 1 BaTOBOM XUMUYECKOM COCTaBe (hparMeHTOB. B TO ke BpeMsl KCEHOIMUTHI OTIMYa-
[0TCS APYT OT JIpyra IO CTeNeHU OKMCJICHUS BEILeCTBa, COMEPXKAHUIO S, HATMYUIO OTACIIb-
HBIX MUHEpaJIOB (aBapyuT, MaTHETUT, UJIbMEHUT, MOLIUT, Al-1IMMHEb, (PTOopanaTuT), Koauye-
CTBY M pa3MepaM KpUCTa/UIOB rpaduTa, pacnpeaeieHuo C-000raleHHOTO BeILeCTBa, a TAKXKe
110 COCTaBy OOJBIIMHCTBA MUHEPAIOB, OCOOEHHO XpoMHUTa U MeTasuia. Bece 210 cBUIETENb-
CTBYET O TOM, UTo u3yyeHHbIe ['C-(parMeHThl SIBISIOTCS pa3HOBUIHOCTBIO OJHOTO U TOTO
K€ THUIa BellleCTBa-TpeIIIeCTBEHHUKA M XapaKTepU3YIOTCsS CXOAHON, HO HEe MACHTUYHOM
JoarjioMepalMoHHOM ucropueii. detanbHee npupoaa I'C-dparmMeHToB OyIeT paccMOTpeHa
B ClIeayIollieil Halel cratbe [3].

OCHOBHas YacTb JaHHBIX PEHTICHOCIEKTPAJIbHOTO aHa/M3a ToJlydyeHa Ha MpuOOpHOit
6aze CmurcoHoBckoro Muctutyra (Bamunrron, CIIIA) 6narogapss CMUTCOHOBCKOMY Ha-
YYHOMY I'paHTy. MBI uCKpeHHe npu3HaTenbHbl E. Spouiesuuy, C. Paccen u I'. Mak®epcoHy
3a TIOMOILb B MPOBEACHUN 3TUX MCCAeNOBaHUil. POM-cHUMKH KceHomuTa Gro MOTydYeHbl B
yuupepcutete VI (ITapux, @panuust), 6marogapst mooesHoctr K. IleppoHa. Mbl TakKe TTpu-
gHateabHbl H. H. Kupumoky u T. H. T'opoBeHKO 3a mTOMOIIb MPU MOATOTOBKE CTaTbU K
rmeyaTy U pelieH3eHTy A. A. YIbSIHOBY 3a KOHCTPYKTHBHBIC 3aMEUaHUsI U LIEHHBIC COBETHI.
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l'oc. Hayy. LEHTP PaIMOreOXMMMUU OKPYXAIOLIEH CPeibl IMoctynuna 29.08.2000

HAH Ykpaunsl, Kues

PE3IOME. HaBeieHO CTPYKTYPHO-MiHEpaJIOTiuHi XapaKTepUCTUKU ceMU IpadiTOBMiCHUX KCEHOJITIB, 3HAWICHUX B
OIIHOMY 3 iHIMBinyalbHUX 3pa3kiB xoHaputy Kpumka. 3a Oyn0BoOI0, MiHEpaIbHUM Ta XiMiYHUM CKJIAZIOM KCEHOITH
0JIM3bKi OIMH [0 OHOTO, aJIe BiPi3HSIOTHCS BiJl OCHOBHOI YaCTMHM XOHAPUTY KpuMKa Ta iHIIMX METEOPUTIB.

SUMMARY. Structural and mineralogical characteristics of seven graphite-containing xenolithes found in one of the
individual samples of the Krymka chondrite are given. The xenolithes are similar to each other and differ from the
Krymka host and other meteorites in texture, mineralogical and chemical compositions.

26 ISSN 0204-3548. Munepan. cypn. — 2001.— 23, Ne 2/3



MMUHEPARDTWYECKMA
HSGHAN

Y[IK 523.681
B. . CemeHeHKoO, A. J1. Tnpuy

XoHaput Kpbimka (LL3): Il. Mpuponaa
rpadutTcoaepxawmx KCeHOJIMTOB

OGHapy:keHHble B xoHapuTe KpbiMKa ceMb rpaduTcomepx)aiiux KCEHONUTOB HE COOTBETCTBYIOT MOJHOCTBIO HU
OTHOMY W3 W3BECTHBIX TUIIOB METEOPMTHOIO BEILECTBAa M NMPUHAAJIEXaT K HOBOM Pa3HOBMAHOCTU BELLECTBA THUIA
YIJIMCTBIX XOHAPUTOB. [1o MMHEpaTbHOMY cocTaBy OHM HanboJiee 0113KHM yriauctomy dparmeHry u3 mereopura Kpbimka,
coziepxallemMy "MUCTEPUT", OpraHuueckue coeqrHeHust U rpadut. OGLIHOCTD IJIABHBIX U OTJIMYME BTOPOCTENEHHBIX
MUHEPATOTMYECKUX XapaKTepUCTUK rpadurconepxalinx GpparMeHTOB OObSICHSIETCS OOLIMM UCTOYHMKOM MEPBUYHOTO
BEILIECTBA, HO Pa3/IMYHOI CTENEHbIO MX MeTaMOp(UUECKOro Mpeodpa3oBaHusl B MEPBUYHOM Tejie (MM Tesax), Mo-
BUAMMOMY, ellle A0 yaapHoil ¢dparmeHtauuu. Pe3ynbTarsl MccienoBaHusi rpadutconepxalinx ¢pparMeHTOB
CBUJIETEJbCTBYIOT B MOJb3y aOMOTeHHON NMPUPOABbI OPraHMYECKOTro BELIECTBA, KOTOPOE ObUIO MPEALEeCTBEHHUKOM
MeTaMopdOoreHHoro rpaduTa B 3eMHbIX MOPOJAX.

B mpenpiayiieil ctatbe [5] MBI IpeACTaBUIM CTPYKTYPHO-MUHEPAJIOTMYECKUE U XUMHYEC-
Kre xapaktepucTtuku cemu rpacdurconepxainx (I'C) ¢parmeHTOB, HaliIGCHHBIX TOJBKO B
meteopure Kpbimka (LL3). Bce dparMeHTBl cou3dMepuMbl IO pa3MepaM, MMEIOT CXOJIHbIE
CBOICTBA YU MaKpOCKOIMYECKHE XapaKTepUCTUKHU, a TakKXkKe MOBOJbHO OJM3KWI XUMUYec-
KU 1 MUHEpaJbHbIN cocTaB. B 3Toil cTathe OymyT pacCMOTPEHBI OOLIKE U OTIUYUTETbHBIE
yepTbl ['C-(parMeHTOB C LIEJbIO BBISICHEHUSI MX B3aMMOCBSI3UM, TPUPOIBI U BO3MOXKHOIO
COOTBETCTBYSI M3BECTHBIM THUIAM KOCMHUYECKOIO BEIIECTBA.

B3aumocssa3b I'C-dparmenToB ¢ ocHoBHOI yacTbio xonaputa Kpeimka. [To Tekctype u
MMHepaibHOMY cocTaBy I'C-dparMeHThI OTJIMYAIOTCSI OT OCHOBHOM YacTH XOHIpuTa KpbhiMka
CIIEAYIOIMMU XapaKTepUCTUKAMU: PaBHOMEPHO3EPHUCTOM CTPYKTYpOW M OTCYTCTBHEM
XOHJp; HAIMYMEM IpacuTa; MOBBILIEHHBIM CONEpXKaHUEM TPOWJIWTA; Oojiee Y3KMMU Bapu-
alMsIMU COCTaBa CWIMKATOB; CIelM(UIECKUM COCTAaBOM MeTallla, XpoMHuTa U (ocdaTos.
Hanuuue rpadura u oboraieHHOro yriepoaom Beiectsa (C-o0oralieHHOTO BelllecTBa) B
KCEHOJINTaX — UX IJIaBHAasi MUHEpaJoTHyecKasi 1 XUMUYecKasi 0COOEHHOCTb, KOTopasi 00yc-
JIOBJIEHa UCXOAHBIM COCTaBOM MEPBUYHOIO BEIECTBA.

CmpykmypHsie ocobennocmu. Paznuuust B ctpyktype I'C-cdbparMeHTOB U OCHOBHO ya-
¢ty XoHapuTa KpbIMKa oTpaxaroT TaKOBbIE B YCIOBUSIX 00pa30BaHUS UX POAUTEIbCKUX TEl.
Xonaputr KpbIMKa — TIPOAYKT aKKpeLWW IeTepOreHHOro BellecTBa (XOHApP, MaTPUIIbI U
pa3HOOOpPa3HbIX JUTUYECKUX (PparMeHTOB), HE MPETEPIEeBIINI BIOCIEACTBUM KaKUX-JTUO0
3HAYUMBIX MeTamopduueckux uaMeHeHuii [7—10].

Cyns no orcyTcTBuIO B BellectBe I'C-dparMeHTOB HE TOJIBKO XOHJIP, HO JdaXKe KaKHX-
OO MX PEIMKTOB, MOXHO CIeJiaTh BBIBOI O €r0 MEPBUYHOM OECXOHAPOBOM cocTaBe. Pas-
HOMepHo3epHUCTass cTpykTypa ['C-(pparMeHTOB ¢ SIBHBIMU TpHU3HAKAMU PEKPUCTA/UIM3a-
IIMM BellleCTBa CBUAETEJbCTBYET O JOMUHUpPYIOLIEH poiau meTamopdusma B ee popMupo-
BaHUU. DTU JaHHBIC TTOATBEPXKIAIOTCS U MUHEpAJIOrMuecKuMu ocodbeHHocTsiMu. [Ipeoba-
JAlole CUJIMKaTHbIe MUHepaibl, 0JuBUH U Ca-o0eHEHHBII MTUPOKCEeH, XapaKTepU3yIOTCsI
0oJsiee BBICOKOI CTENEHbIO OTHOPOMAHOCTU 3€pEeH IO pa3Mepy M 3HAYMTEIbHO MEHBIIMMU
KoJiebaHUSIMU cOoCcTaBa Bo (pparmeHTax (puc. 1), yeM B MeTeopute B 1iesioM [19]. Tak, cocra
OJIMBMHA M IMMUPOKCEHA BO (pparMeHTax Bapbupyer B npeneiax Fa 24,5—38,9 u Fs 20,6—27,5,
a B Meteopute — B npeaenax Fa 0—94 u Fs 0—32 [19, 24, 28, 43]. 1o crerneHu Bapuauuu
coctaBa cuukaroB ['C-dparMeHTHl 6J11Ke K pAaBHOBECHBIM XOHIPUTAM, KOTOpPbIe BO3HUK-
JIV BCJIGACTBUE MeTaMOp(dK3Ma reTeporeHHoro Belectsa [19, 42], yem K HepaBHOBECHBIM. B
OTJINYME OT OCHOBHOI 4actn MeTeopuTa Kpbsimka [10], B KceHonmTax 0oJjiee IIUPOKO pac-
MPOCTpaHEeHbl TakKre MeTaMOp(hOreHHbIE MIUHEPaJIbl XOHAPUTOB, KaK IJIarMoKIa3, XpOMUT U
docdater. Hanmpumep, B 'C-dpparmMeHTax Imiarmokjia3 XoTh M BTOPOCTENIEHHAs!, HO HEOThEM-
JieMast 4acTh CHJIMKATOB. PazMephl ero 3epeH, KOTOpble B OCHOBHOM TMITMIMOMOPGhHEI (pexke
uaroMopdHbl), focturaror 10 MKM, B TO BpeMsl Kak B XoHIpuTe KpbiMKa OH TpencraBieH
eAMHUYHBIMU KCEHOMOPGHBIMU 36pHAMU MUKPOHHBIX pa3MepoB. OIMH U3 BaXHBIX CTPYK-
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f;(/ ;/ Puc. 1. Conepxanue Fa-KOMIOHEeHTa B OJIMBUHE U
6! bW ¢ M oL Fs-koMnoHeHTa B nupokceHe rpaduTconepxKaiimx
2 e 4 e KCEHOJIMTOB B XOHApUTe KphIMKa (MOJIbHASI 10J151).
w W 151 cpaBHEHMsI TIPUBEIEHbI 00JIACTH COCTaBa OJI-
’f] - ) gl e BUHA M ITMPOKCEHA B PABHOBECHBIX XOHApUTAX [26]
. » 7
12474
P P TYpHBIX TTPU3HAKOB MeTaMOp(pUIecKo-
W P ro uaMeHeHust BelecTBa ['C-dparmeH-
» L l R _ TOB — PAaCIOJIOXKEHUE MEJKUX KPUCTa-
fﬂi o b7 JIOB TpaduTa NMPEeUMYIIECTBEHHO IO
w = MeX(a30BbIM 'paHUIIAM WM Ha Tepu-
/z/ o depun 3epeH.
o sl . l Hap;uuly C PEKPUCTALIM3ALIMOHHON
Y 4y b CTPYKTYpOH, a Takke C MOBOJbHO-TaKU
@ g TIOCTOSIHHBIM COCTABOM CHUJIMKATOB (PHC.
“ i I 1) B BemiectBe I'C-(hparmMeHTOB coxpa-
S N N— HWIKCh OCTATOYHBIE TTPU3HAKU TIEPBUY -
U . o7 o
[_ Lt 4 HOI1 reTeporeHHOCTU UCXOTHOTO Bellle-
4 A CTBa, YTO MOXET YKa3blBaTh Ha €ro akK-
w7 7 KPELMOHHYIO Mpupony. B HEKOTOpHIX
1 - -
no L MT"_“ T T e (pparMeHTax IIPUCYTCTBYIOT Pa3HbIE IO
w7 “ e it COCTaBY T'pYIIIbI XPOMUTA, TMJIarMoKJIa-
P P 3a, Ca-00eqHEHHOro MUPOKCEHa, a
, ; TaKXe XJIoparatuT U (propanaTur.
o ' ’ it o - - Takum o6pazomM, CTPYKTYPHO-MHU-
P 2 Hepasorundyeckue ocobeHHoctu I'C-
» P ¢GparMeHTOB CBUIETEILCTBYIOT 00 00-
s R e pa3oBaHUM HX BellleCTBa-Tpemalle-
o8 H W V4 n CTBEHHUKa BCJICICTBUE aKKpELUU Te-
s . £
.o e A wian TEPOTEeHHBIX MUHEPaOoB. OMHAKO, B OT-

JIYMe OT OCHOBHOM 4YaCTH XOHIpUTa
KpbiMka, akkpeiysi mpovcxoauia B 6eCXOHAPOBON 00JIacTH ra3oMbLIEBO TYMaHHOCTH C
MOCAeaYIOINM MeTaMOp(hUUIECKUM TTpeoOpa3oBaHEM BelIeCTBa.

Ocobennocmu cocmasa mutepanog. CyluieCTBYIOLIE Pa3IuuMs B KOJUYSCTBEHHOM CO-
Jep>KaHUU U COCTaBe OOIIMX MUHEPAJIOB, TJIaBHBIM 00pa3oM MeTajljla, TPOUJIUTA, XPOMUTA U
docdaTtoB, 'C-pparMeHTOB U OCHOBHOM 4acTu xoHApuTa KpbIMKa oTpaxaloT OTIMYM-
TeJIbHbIE OCOOEHHOCTU X 00pa30BaHUS U SBOJIOIUU.

B otnnuune ot xonapura Kpeimka, rae MeTaul mpeacTaBlieH KaMacuTOM U 3HAYUTEITb-
HO peXe TOHUTOM M MX TOHKUM cpactaHueM — rieccutoM tuma IV [10, 30], Bo ¢parmeHTax
(3a uckmoueHueM Gr2) — TOJBKO aBapyMTOM WJIM aBapyUTOM C TOHUTOM M/WUJIY MHOTAA C
kamacutoM (puc. 2). Paznuums B (pazoBoM coctaBe HUKeIUcToro xejnesa ['C-dparmeHTOB 1
Meteoputa KpbIMKa TOBOJIBHO CIOXHO OOBSCHUTH O€3 yyera pa3iMuvii B UX MUHEPaIb-
HOM cocrtaBe. OGpalaeT Ha ce0s1 BHUMaHUE MOBBILIEHHOE comepxkaHue Tpowuta 11,3 %
(o6beM. monst) [36] Bo (pparMeHTax MO CPaBHEHUIO C OCHOBHOI 4acThio Meteoputa (4,3)
[10], a TakKe MOCTOSTHHAs accoLMallMsI TPOWJINTA C Hanubosiee BEICOKOHMKEUCTOU (ha3oit
MeTajlyla — aBapyuToM U obOoraieHue mnociaenHero Co B COOTBETCTBUM C YBEIMYECHUEM
koHueHTpauun Ni (puc. 2) [36]. Ipsmas koppensuus comepxanust Co u Ni 00bIYHO Xa-
pakTepHa JIjisi KaMacuTa, OJHAKO B TOHUTE 3TH KOMIIOHEHThl HAXOASTCS B OOpaTHOI 3aBU-
CUMOCTH.

YKazaHHbIE OCOOCHHOCTU W HaJIM4Me TMPSMbIX MOP(OJOTMYECKUX TPU3HAKOB pa3BU-
THUSI TPOUJIUTA TI0 KAMACUTY TOBOPSIT 00 00pa3oBaHMM TPOWJIUTA BCJICACTBHE CyJabhuan3a-
muu Metayuia [29]. Pasnmuuns B cocTaBe MeTalsla MOXXHO OOBSICHUThL OoJiee BHICOKOM CTere-
HBIO CyJIb(UIN3ALMY YAaCTULI MeTajlIa BO ()parMeHTax Mo CpaBHEHMUIO ¢ MeTeopuToM KphIMKa.
Cynbduanzanust Metaana (B mepBylo ouepenb kamacuta) B H,S-6orartoit cpene, BO3MOXHO
MMoJ, BIMSIHUEM TOPSTYUX (hItonaoB, 00yclIOBUIa BOSHUKHOBEHUE TPOUIUTA M obOoraiieHue
penukToB Metaia Ni 1 Co. MOXHO NMPeANoOXUTh MPSIMYIO 3aBUCUMOCTb KOHLIEHTpALIMit
Ni 1 Co B 0CTaTOUHOM MeTajljie OT CTeNeHM ero cyabbuauzanuu. CyabGuansanus MeTania
I'C-dparMeHTOB TPOM30IILIA, TO-BUAMMOMY, B JOArJoMepalliOHHbIN IIEpUo, T. €. 10 00pa-
30BaHUSI POIUTEILCKOTO Tesa XoHApuUTa KpbiMKa, OMHAKO Ha KaKOM 3Tare UX 3BOJIOLMU
OTBETUTb MOKA TOBOJIbHO TpyaHO. Kaxablit 3 ¢parMeHTOB MHAMBUAYaJIECH 110 ¢a30BOMY U
XMMUYECKOMY COCTaBy MeTajllla, a COOTBETCTBEHHO, U 10 ucTopuun opmupoBaHus. OmHako
MOXHO OTMETUTB OJIM30CTh YCJIOBUIT 0O0pa3oBaHus MeTauia Bo ¢parmenTtax Grl, Gr3 u Grd
(puc. 2).
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Puc. 3. Yructbiii dparmeHT XoHaputa KpbiMKa, KOTOpBIiA CO-
JePKUT MeJIKMe KPUCTaJUTbl rpadurta (YepHOE) ¥ M0 MUHEpallb-
HOMY cocTaBy Hambosee 6;m3ok I'C-dbparmentam. CBeTjio-ce-
poe, TEeMHO-Cepoe — CUITMKATBI, 6eJI0e — TPOWJIUT, MeTa/ul. POM-
CHUMOK B OTPaXXE€HHbIX 2JEKTPOHAX

Xpomut I'C-dpparmentos oboraueH TiO,, Al,O; 1 MgO, 4eM CHIIbHO OTIIMYAETCS OT
XpPOMUTa OCHOBHOW YacTH XOHJAPUTA, IJe OH MpPECTaBIeH AByMsI Pa3IMUYHBIMU MO COCTaBY
rpynnamu 3epeH — GoratbiMu 1 6eqHbIMU Al,O,. [TepBast u3 HUX conepxut, % (Mac. 107s):
Al 05 — 12,6, TiO, — 0,6, MgO — 8,4; Bropas —Al,0; — 0,1, TiO, — 0,5, MgO — 0,4 [18].
Kaxk BUIHO U3 9TUX NaHHBIX, Al-OoraTele 3epHa XpoMuTa MeTeoputa KpbiMKa aHaIOTUYHBI
xpoMuTy I'C-(dparMeHToB TOJIBEKO 1O coaepxkanuio Al,O, 4To 00yCIOBIEHO, KaK MPEeICTaB-
JISIETCS, UX PAa3IMYHBIMU MEPBUYHBIM COCTABOM M 2BOJIOLMOHHBIMUM TpeHaamu. Hamuuue
MOBBILIEHHBIX KOHUEeHTpauuii TiO, B oTaeabHbIX rpynnax xpomura I'C-dpparMeHTOB SABIA-
€TCSl BAXKHBIM CBUIETEIbCTBOM MX BBICOKOTEMITEpATYpHOTO obpaszoBaHus [3].

OnHa u3 ocobeHHocTelt MuHepaioruu ['C-¢dparMeHTOB 3aKkioyaeTcsl B MPUCYTCTBUU
(dropanaruTa, KOTOpHI B OTIMUME OT XJopanatuTa [41] peaok B MeTeopuTax, HO OObIYEH B
JIyHHBIX [11] 1 3eMHBIX ByJIKaHU4ecKux mopozaax [21]. HeT ero u B OCHOBHO#1 YyacTH XOH/I-
puta KpeiMka. ConepxkaHve F oueHb HU3KOE B OOBIYHBIX XOHAPUTAX, HO BhIllIE B BOCCTa-
HOBJICHHBIX METEOPUTAX (SHCTATUTOBBIX XOHAPUTAX U aXOHIPUTAX, XKeJe3HbIX METEOPUTaX),
IJie OH MPUCYTCTBYeT Bo droppuxtepute [16]. ITpucyTcTBre dTopamaThTta MpearoaaraeTcst
TONIBKO B yriavctoMm xoHapute Orgueil [25]. Ocob6eHHOCTH cocTaBa M OTCYTCTBHE MOP(doJI0-
TMYECKUX MPU3HAKOB KpucTaum3aiuu docdaToB M3 pacruiaBa yKa3blBalOT Ha UX BTOPUY-
Hoe MeTamopduueckoe nmpoucxoxineHue. OdpazoBaHue XJaopanatuTta U (propamnatura, Bepo-
SITHO, TIPOUCXOUJIO B BOCCTAHOBUTEILHON 0OCTaHOBKE, BO3MOXKHO, MO/ NEHCTBUEM TOPSTIMX
dmounos, conepxamux Cl u F. Otnuuust B coctaBe docdatoB Mexay pparMeHTaMu, BO3-
MOXHO, CBSI3aHbl C Pa3JIMYHON CTeMeHbI0 X MeTamopduieckoro npeobpaszoBaHus. He uvc-
KJIIOUEHO, YTO 00pa3oBaHue ¢docdatoB U cynbdUaU3alns META/UIa ObLIM BbI3BAaHBI OMHUM
MeTaMOPGUUYECKUM COOBITHEM.

CootsercrBue I'C-¢parMeHTOB IpyruM THIAM MeTeopuUTHOro BemecTtBa. Haubonee
HMHTEpeCcHas: MUHepaoTniyeckasi 0COOEHHOCTb (hparMeHTOB — 3TO Hajiuuue rpaduta, Ko-
TOPOro HeT B XoHApUTe KpbiMKa 1 B MOJABISIONIEM OOJIBIIMHCTBE IPYTUX OOBIKHOBEHHbIX
XOHIIPUTOB.

Munepanoeuueckoe coomseemcmaue. I1lo Mopdosoruu KpuctauioB rpacdura, UX pasme-
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BaioBblii XuMuueckuii cocraB xoHapuTa KpbIMKa, €ro KCEHOJMTOB M YIJIMCTBIX XOHIAPHTOB, TOJy4eHHbIA HA MHKDO30HIE Pac(hOKyCHPOBAHHBIM 30HAOM M mepecunTanHbii Ha 100 %

w
]

I pUMCUYaAaHHUE. B ckobkax YKa3aHO KOJIMYECTBO aHAJIU30B. 3Be3I0UKOI OTMEUYEHBI JIaHHbIC, Tpe6y]0mI/Ie YTOYHCHMS. HBC 3BE3I0YKN — BCE XKEJIE30 MMPUBCACHO KaK FeO.

paM, pacrpeaeJeHUIo 1 MUHePaTbHbIM
accouyalusM U3yYeHHbIe (parMeHThI
HE COOTBETCTBYIOT HU OIHOMY W3 U3-
BECTHBIX TpaduTcoaepXalmnx KOCMU-
yecKkux oopasos [17, 20, 23, 31—34, 36,
40]. Tak, B DHCTaTUTOBBIX XOHAPUTAX
rpaduT HAXOOUTCS B MOCTOSIHHOM ac-
COLIMAIIMA C METAJVIOM M XapaKTepu-
3yercs APYTUMU MOP(HOJOTUYECKUMU
ocobeHHocTsimu [1]. B ypennurax rpa-
GUT MIoXo pacKpUCTAIJIM30BaH U SIB-
JIsieTCsl cocTaBHOM vacThlo C-o0Oora-
1eHHoro BelectBa [15]. B xoHmpute
Bishunpur rpadut obpasyer Xuaku u
MACCUBHBIE arperatbl B acCOLIMAlIMU C
MetauioM [27]. B Xenme3HbIX MeTeopr-
Tax OH BCTpeyaeTcsl B BUIE LIAPOBUJI-
HBIX BKJIIOYEHMI BHYTpU MeTaina [4].
MUKpPOKpPUCTAUIBI TIPEANO0JIaraeMoro
rpacduta, 0OHapyXeHHbIE HAMU Ha I0-
BEPXHOCTU WJIM YACTUYHO BHYTPU MU-
HepanbHbIX 3epeH ['C-dparMeHTOB,
UMEIOT MOPDOJOrMYecKoe CXOACTBO U
COOTBETCTBYE IO pa3Mepy C JOCOJHEY-
HBIMM MMKpOKpUCTajiaMu rpadura,
BBIICJICHHBIMU XUMUYECKUM TyTeM U3
HEKOTOPBIX YIJIUCTBIX XOHIPUTOB [44].
OnHako OTCYTCTBUE KaKHUX-JIMOO JaH-
HBIX O MECTOHAXOXICHUM TOCICTHUX
U UX pacnpenejeHUr BHYTPU METEO-
pUTOB HE IIO3BOJISIET cAeaThb Kakue-
HUOYIb COMOCTAaBJICHMSI.

C 5TOli TOYKU 3peHUS] OJHUM U3
HaubOosiee OJU3KUX OOpa3loB SBJISET-
cs yrucThlii ¢pparmeHt K1, comepxa-
LI "MUCTEpUT", OpTaHUYECKHE COETH-
HeHUs U rpaduT (<4 % (00beM. nois)),
n3 mereoputa Kpeimka [6, 35]. TTo pas-
MepaMm, MOp(OJIOTUU U XapaKTepy pac-
MpeaeseHus: 3TU KpUCTaUIbl rpadura
(puc. 3) TMOJHOCTbIO COOTBETCTBYIOT
MEJIKUM KpucTajiaM rpadura, a uxX
00BEMHOE collepKaHUe COMOCTaBUMO C
conepxxaHueM Bcero rpagura B I'C-
¢parmeHTax. HecMOTpst Ha CXOICTBO
MMHEPaAJIbHOTO COCTaBa 3THUX JABYX TH-
MoB (parMeHTOB, TJAaBHBIC OTIMYUS
YIJIMCTOTO KCEHOJIMTA 3aKII0YaloTCs B
caenywoueM: 1) OoJjiee BbICOKasl CTe-
TIeHb OKMCJIEHUS U, BO3MOXHO, CYTb(hU-
IV3alliM BEILeCTBa; 2) HAJTMYKMe XOHIP;
3) OOBIUHBIN UISI XOHJAPUTOB COCTaB
MeTajla U XpomuTa; 4) GoJjiee MeJIKO-
3epHUCTasI CTPYKTypa; 5) Haauuue
"MuUcTepuTa" U OPraHMYECKUX BEIIECTB.
[IpaBma, 4Tto Kacaercsl MOCAEIHETO OT-
JIAYMSI, TO HEOOXOAMMO OTMETUTh, UTO B
I'C-dparmMeHTax OTMEUYEHO MPUCYT-
ctBre C-o6oralleHHOro BelecTa, co-
CTaB KOTOPOTro IOKa HE OIIpelesieH.
Takum obpa3oM, MOXHO caenaTh BbI-
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Puc. 4. CoctaB xpomutoB B ['C-parmenrax xonapura KpeiMka (aToMHast 1071s1)

BOJ O TOM, YTO M3 BCEX M3BECTHBIX rpadurcomepxkallnX METEOPUTHBIX BEIIECTB, TOJIbKO
yravctbiii ¢pparmMeHT K1 13 xonnpura KpbsiMKa MO CBOMM MUHEPATOTMYECKUM XapaKTepu-
CTUKaM Hauboiiee 01130K, HO He uaeHThYeH BewlectBy I'C-dparmenToB. He mckimoueHo,
YTO OHU MMEJHU OOIIYIO JOAKKPEIIMOHHYIO UCTOPUIO, HO HECKOJBKO Pa3IUYHbIA MCXOTHBIN
cocraB. Kpome toro, I'C-dparMeHTHl MCIBITAIM OoJiee MHTEHCUBHOE MeTaMopduyeckoe
M3MEHEHHUE BEIlleCTBa, YeM YIIMCTHIN ¢parmeHT [37].

Xumuueckoe coomeemcmegue. CpaBHEHME BaJIOBOTO COCTaBa MoKa3aso, YTo Mo coaepxka-
HUIO ITIaBHBIX MOpofoo0pasytonx KomnoHeHToB Si0,, FeO u B MeHb1uei crenenn MgO,
a takxe 1o otHouueHuo FeO/(FeO + MgO) BeliecTBo (hparMeHTOB 3aHMMAET ITPOMEXKY-
TOYHOE TMOJIOXKEHUE MEXAY XOHIpUTOoM KpbiMKa M ero yrjaucTbiM ¢parMeHTOM (Tabiulia).
Konuenrpauus SiO, Huxe, 4eM B XoHApHUTe KpbIMKa, HO BBbILLIE, YEM B YIJIUCTOM (hparMeH-
Te, a FeO — HaobopoT. TakuM 00pa3oM, BUTHO, YTO OOJBIIMHCTBO (DparMEHTOB UCIBITAIO
0oJiee BBICOKYIO CTETIEHb OKUCIIEHMS, YeM XOHIpUT KpbhIMKa B 1I€JIOM, XOTSI U 3HAUYUTEJILHO
0oJiee HU3KYI0, YeM YIJIMCThIN (pparMeHT K1.

Conepxanue CaO B I'C-¢pparmMeHTax Bbllli€e, YeM B YIJIMCTOM (pparMeHTe, HO, B OCHOB-
HOM, HIX€, YeM B XOHApUTe. [JOBOJbHO MHTEPECHbIE JAaHHBIE MOJYYEHBI IO COMepKaHUIO
Na,O — B I'C-dparmeHTax OHO BbILLE, YEM B XOHIPUTE U OCOOEHHO B YIJIMCTOM (hparMeH-
Te. To Xe MOXHO OTMeTUTDb U 1t Al,O;.

B nonasnsttoiiem 6ombimHcTBe 'C-(hbparmeHToB KOHLIeHTpauusi Ni HUXe, 4YeM B XOH-
npute U ocobeHHo B KI1. BamoBoe comepxkanue S B GosbiimHcTBe I'C-hbparMeHTOB He-
CKOJIbKO BBIIIIE, YEM B XOHAPUTE, HO, KaK HU CTPaHHO, HIKE, YEM B YIJIMCTOM (hparMeHTe.
Cyzast o peHTIeHOCTPYKTYPHOI OLIEHKE KOJIMYECTBAa TPOWJIMTA, KaK OMHOTO M3 IJIABHBIX
muHepanoB ['C-dparMeHTOB, MMEHHO JaHHbIE TT0 KOHIIEHTPAIIMU S SIBJISIIOTCS, TI0-BUIUMO-
My, 3aHMKEHHBbIMU. CTEHKM OOJIBIIMHCTBA SIMOK BBIKPOIIMBAHUSI MUHEPAJIOB COIEPXKAT
OCTaTKU TPOWJINTA, YTO yKa3bIBaeT Ha MX oOpa3zoBaHUE BCIEACTBHE BBIKPOIIMBAHUS Mpe-
WMYILECTBEHHO TPOWJIMTA.

Banoseiit coctaB I'C-dparmeHToB u otHoienue FeO/(FeO + MgO) (tabnuua) He-
TJIOXO COIOCTABJISIOTCS C JAaHHBIMM JUISI YIIMCTBIX XOHApUTOB Murchison u Renazzo [22].
Ecau yyecTb KOCBEHHbIE JaHHBIE O 3aHUXKEHHOM COJEPXaHWU B aHaauM3aXx UMEHHO TPOHU-
JIUTa, TO HEOOXOAMMO OTMETUTb, UYTO (parMeHThl BCE Xe OJIMXKe BElLIeCTBY XOHIpUTA
Murchison, yem Renazzo. B To ke BpeMsl 10 M30TOMMHOMY COCTaBY yIJiepoJa B KPYIHBIX
KpucTamiax rpaduta ¢parmMeHT Gré cootBeTcTByeT CR-XOoHIpuTaM [39].

Takum 00pa3oM, XMMUYECKHE W M30TOIHBIE JaHHBIE CBUIETEILCTBYIOT O IOBOJBHO
OM3KOM poJnCcTBe MepBUYHOro cocraBa ['C-(parMeHTOB U YIJTUCTBIX XOHAPUTOB.

T'enernueckas B3aumocBsi3b I'C-dparmentoB. CrereHb cooTBeTcTBUsI ['C-bparmeH-
TOB APYT IPYTy — OAMH U3 BaXHBIX TEHETMUECKUX BOMPOCOB. OUeBUIHO, UTO BCe (hparMeH-
ThI MIPENCTABIISIOT COOON OCKOJKM 60jiee KPYITHOTO TePBUYHOIO Tenaa (Tes), 00pa3oBaHHbIE
BCJIEACTBYE, IO BCEil BUAMMOCTH, yIApHOU (pparMeHTalnu B ra30IbLIEBO TYMaHHOCTH.

Nzyuennbie ['C-parMeHThl XapaKTepU3yIOTCS pa3HOW CTENEeHbIO OKUCIECHUSI U He-
CKOJIBKO pa3JIMYHbIM YpOoBHeM cyibbuauzauuu. O mocjaeaHeM CBUAETEIbCTBYET UX IPU-
HAJIJICXKHOCTh K IBYM XMMUUYECKUM IpyMIiaM, pa3ivudalolnmMcs no cogaepxanuto S. OmHako
B CBSI3U C HEKOTOPOM HEOIMpEeAeIEHHOCThIO B OIpeaeeHuu BajoBoro cocraBa I'C-gpar-
MEHTOB 3TU NaHHbIE BPSA Y TOMIEXAT AeTalbHOMY oOCyXkneHuto. boisiee HameXXHBIMU
SIBJISIIOTCSI JaHHBIE TI0 COCTaBY OJIMBMHA, a TAKXKe O HAJIMYMM B HeKOTOphiX I'C-parmeHTax
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4 7 & s, T Kpbimka (Mac. gosnst)

MarHeTuTa U MOLMTa, KOTOPble OMHO3HAYHO CBUAETEIbCTBYIOT O PA3IMYHOM CTENEHU OKMC-
JneHHocTH BeliectBa ['C-parmMeHTOB. DTH pa3inuusi MOTYT ObITh O0YCJIOBIEHBI KaK He3Ha-
YUTEJbHBIMU OTJIMYMSIMU B COCTaBE UCXOAHBIX BEILIECTB, TaK U Pa3HON CTEMEHbIO UX OKUC-
JIEHVsI B TOAKKPELIMOHHBII TIEpHO.

[IpoucxoxneHre MarHeTUTa B MeTEOpUTaX (KOCMMYECKOE WM 3€MHOE) — CIIOPHBIA
Borpoc. HutenomoOGHBIN MarHETUT HAOIIOAAICS B TPOUJIUTE B MaTpulle MeTeoputa Kpbim-
Ka 1 ObUT MHTEPIIPETUPOBAH KaK T03eMHOM, 00pa30BaBIIMICS BCIEACTBUE OKUCIECHUS CYb-
¢una [14]. MarHeTUT B YIJIMCTHIX, BHICOKOYIJIEPOAUCTHIX U KapOUA-MarHETUTOBBIX JIUTH-
yeckux dparmeHTax [17, 32—34, 40] TakKe MHTEPIPETUPYETCs KaK KOCMUYECKHil. B TO Xe
BpeMsI MHOTHE JaHHBIE YKa3bIBalOT Ha BO3MOXHOCTb 00pa3oBaHUsI MarHeTUTa BO MHOTHUX
BBIBETPEHHBIX METEOPUTAX B 3eMHBIX ycioBusx [12, 31].

Marnetut B I'C-(pparmMeHTax 1Mo cocraBy aHaJOTUYEH MArHETUTY M3 OCHOBHOI 4acTu
MmeTteoputa KpbIMKa M XapaKTepu3yeTcsl HEKOTOPBIMM OCOOEHHOCTSIMU, CBHMIETEIbCTBYIO-
MMU 00 00pa30BaHUM MarHeTUTa BCICACTBUE OKUCIECHUST TPOUIUTA. DTO — MPAKTUYECKU
TIOCTOSTHHAsI acCOLMALIMSI MarHETUTa C TPOWJIMTOM, PeXe C METa/UIOM U TpaduToM, a Takxke
MPUCYTCTBUE MOPMOJOTMYECKNX MPU3HAKOB 3aMEIeHUST TPOWJINTA MarHETUTOM, B YaCTHO-
CTU TeKcaroHajabHasl (hopMa OTAENbHBIX KPUCTALIOB MarHeTUuTa. To, YTO MarHETUT OOHapy-
XKEH TOJbKO B HEKOTOPHIX ¢hparMeHTax, a Bo ¢parMeHTe Gr7 MPUCYTCTBYeT MOIIUT, a He
MarHeTuT, TOBOPUT B MOJIb3Y JI03€MHOI0 00pa3oBaHMsl OKCUIOB xene3a B ['C-dparmeHTax.

Cpenu uszyuyeHHbIX ['C-(pparMeHTOB HET M JBYX, KOTOPbIE COOTBETCTBOBAIU ObI APYr
JIPYTY MOJHOCTBIO 110 CBOMM CTPYKTYPHO-MMHEPATOTMYECKUM U XUMMUYECKUM OCOOEHHOC-
TssM. OTMeEYaeTcsl TOJbKO UX YaCTMUYHOE COOTBeTcTBUE. Tak, dparMeHThl Grl u Gr5 umeror
MHOTO OOIIMX XapaKTePUCTUK, 3a UCKIIOUYEHUEM HEOOJbIINX OTJIMYMIA B cOCTaBe (propana-
TATa U Xpomuta. @parMeHT Gr3 OTAMYAETCS OT HMX OTCYTCTBUMEM KPYITHBIX KPUCTA/LUIOB
rpaduta 1 60Jee Keae3UCTBIM COCTABOM OJIMBMHA. YacTUUHOE COBIMAaAeHWE XapaKTepPUCTUK
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Habmomaercst y dparmeHToB Gr2 1 Grd. OHM XapaKTepU3yIOTCsS CXOMHBIM COCTABOM CUJIU-
KaToB, XpOMUTA, TOHUTA U KaMacuTa, a TaKXe OTCYTCTBUeM MarHeTuTa. dparMeHTHl Gro U
G¥7 OTIMYAIOTCS KaK APYT OT Apyra, TaK U OT OCTaJbHBIX ()parMEHTOB HEKOTOPBIMU CTPYK-
TYPHO-MUHEPAJIOTUYECKUMU XapaKTEPUCTUKAMU M OCOOEHHO COCTAaBOM MeTajljla U XpOMMU-
Ta

CtpykTypHO-MUHepanorudyeckue ocodbeHHocT I'C-(pparMeHTOB yKa3bIBalOT Ha pas-
HYI0 CTEIIeHb CJIIOXHOTO0 (MHOTOCTaAMMHOr0) MeTaMOp(hUYECKOro Ipeodpa3oBaHUsST UX
MEePBUYHOIO TeTePOreHHOro BEILEeCTBA. DTOT BBIBOA, YETKO MOATBEPKAAETCS TaHHBIMU IO
cocraBy xpomura (puc. 4). Haubonbiune Bapuauuu Habonaores B conepxanun Al,O; n

Cr,0; 1 HOCAT AMCKPETHBIN XapakTep (puc. 5). MOXHO BbLIEIUTH NATh IPYII XPOMMTOB,
YeThIpe U3 KOTOPBIX JIEXKAT B OAHOM U30MOPGHHOM psIy: Crin‘ — Alei‘ , UTO yKa3bIBaeT

Ha MX TeHETUYECKYI0 B3aMMOCBSI3b. B mpenmenax KaxkIoi TIpyMIibl COCTaB XPOMMTA TakKKe
BapbUPYeT, B OCHOBHOM, Mo conepxaHuto Cr,0O; u TiO,, mensiie MgO u mpakTUyecku
crabuien no Al,O, (puc. 4, 5). K nepeoii rpyrnne, ommyaionieics HanboIbLIMM COLePKaHM-
eM AL O; (13,8—15,1 % (mac. nonst)),* OTHOCSTCSI XPOMUTHI U3 dparmeHToB Gr2 u Grd. K
Hanbosee MHOrouMciaeHHoi émopou rpynme (9,9—12,0 % Al,O;) oTHOCUTCSI GOJIBIIMHCTBO
3epeH u3 ¢pparMeHToB Grl 1 Gr3 u Bce 3epHa u3 ¢parmeHTa Gr5. Tpemoro TPYIIITy XpPOMUTOB
(6,9—7,6 % Al,05) cocTaBislioT 3epHa U3 parMeHTa Gro, OTIMYAIOILUECS CaMOIl BHICOKOI
cpeau ¢parmeHToB KoHLeHTpauueit TiO, (4,3—4,4) u camoit Hu3koit — MgO (1,3—1,5 %),
a TaKKe OHO U3 3epeH Bo ¢parmeHTe Gr3, comepxauiee 2,1 TiO, u 2,2 % MgO. K uemeep-
moii TPYTITie XpPOMUTOB C HaMeHbLIUMU KoHLeHTpauusmu Al,O; (3,7—4,1 %), oTHOCUTCS
OOJIBLIIMHCTBO 3epeH u3 dparmeHTa Gr7 M OTOEIbHBIE 3epHa M3 pparmMeHTa Grl, oTIM4Ya0-

muecss Hu3KuM cozpepxanueM TiO, (1,3—1,8 %). K namoii rpynne, Bbinanaoleit u3 o6-
11ero u3oMopgHoro psiaa cnoﬁ— — Alzoi‘ (puc. 5), oTHOCATCS IBa 3epHa XpOMUTa M3

¢dparmeHTa Gr7, KOTOpBIE XapaKTepU3yIOTCS CaMbIMU BBICOKMMM KOHLeHTpauusmu Cr,0,
(62,1 %) u MgO (6,6) u cambiMu Hu3kumu TiO, (0,9); conepxxanue Al,O, cocrapisier 6,2
% (puc. 4, 5).

Cpasnenue aromHoro otHourenus (Fe?t/(Fe2t+Mg) k Cr/(Cr+Al)) (puc. 6) moka-
3bIBaCT HAJIMYME, KAK MUHUMYM, IBYX TPEHIOB KPUCTAJUTM3ALMU, OOILIKX IJIsI XPOMUTOB 13
Heckonbkux I'C-dparmeHToB. B TO Xe BpeMs KaXIplii ()parMEeHT XapaKTepU3yeTcs co0-
CTBEHHBIM HEOOJBIIMM TPEHIOM B3BOJIOLUU COCTaBa XPOMHTA. DTO CBUIETEILCTBYET O
MHOTOCTAAMIHOCTH Mpoliecca 00pa3oBaHUsI XPOMUTOB BO (hparMeHTax Win o auddepeH-
LIMaLIMK MX BElIeCTBa, TPOUCXOIMBLIEH 10 00pa3oBaHUsl XpOMUTOB. TakuM 00pa3oM, MOX-
HO clefaTh BBIBOJ O METAMOP(PUYECKOM MPOUCXOXKICHUNA XPOMUTOB M O Pa3IMYHOM CTe-
MeHU MeTaMop(dHUUECKOro npeobpa3oBaHus (pparMeHTOB.

Pasznuunsg B pasMepax KpUCTaIOB rpaduTa M HaIW4KMe KPYITHBIX KPUCTALIOB HE BO

* [lanee no cratbe — % (Mac. 101s).
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Bcex (hparMeHTaxX TakKe ITO3BOJISIIOT CAEJIaTh BBIBOJ O HECKOJBKO Pa3JIMYHON CTeNeHU
Metamopdudyeckoro npeodpazosanus I'C-dparmenTtos. I[Ipy sToM HabIIOmaeTcs TEHIACH-
11T K 00paTHOM 3aBUCHMOCTH KOJIMYECTBAa KPYITHBIX KPUCTAIOB Tpadura U yyactkoB C-
oboraieHHoOro BelecTtBa Bo pparmMeHTax [38]. K coxkanenuio, Ha JaHHOM 3Tarle MCCIIEI0-
BaHWI y HAC HET JeTaJbHbIX JAaHHBIX KaK O Xapakrepe U cTtpoeHuu C-o06oraiieHHOro Be-
1IeCTBa, TAK U O BO3MOXKXHOM IMPUCYTCTBUM BO (pparMeHTax opraHMYecKMX BelecTs. [emnast
MPEATIONIOKEHUE O MPSIMOI 3aBUCMMOCTH pa3Mepa KPUCTA/UIOB rpaduTa OT CTENeHU MeTa-
Mopduueckoro npeodpaszoBanusi I'C-¢pparMeHTOB, Mbl JOJKHBI OTOBOPUTBCS, UTO YETKOM
3aBUCUMOCTU MEXIYy pa3MepoM KPHUCTAUIOB U APYTMMM MpPU3HAKaMU CTEIIeHUW MeTamMop-
¢duyeckoro npeobpazoBaHusl BelllecTBa HeT. ECTh TOJMBKO TEHAEHIIMM, KOTOPbIE TTO3BOJISIOT
caenaTh MPEAIoNIOXKEeHUE O TOM, YTO (pparMeHThI, coaepKallue MeJIKMe KPUCTa/UIbl TpaduTta
U 3aMeTHOe KoinuecTBOo C-000ralilleHHOrO BelleCTBa, MpeTepIieju MEHbIIYIO CTeleHb Me-
TaMopdu3Ma, yeM (parMeHThI, CoAepxKallde KPYIMHbIe U MeJKUEe KPUCTaIbl Tpadura u
JIOBOJILHO OrpaHn4YeHHoe KonnyectBo C-oboraieHHOro Beiectsa. Keratu, obpaTHast Kop-
peNsiuys CoIepKaHusl KPYITHBIX KpucTayioB U C-00oralieHHOro BelllecTBa, a TakxKe JdaH-
Hble 0 nepexoae C-o0orallleHHBIX YUaCTKOB HEMOCPEJACTBEHHO B IJIACTMHYATHIC KPUCTAl-
JIbl TpadhuTa YKa3bIBalOT HA UX BEPOSITHYIO TEHETUYECKYIO CBSI3b.

TakuM 00pa3oMm, Aesias BbIBOJ O HEPAaBHOBECHOM XapakKTepe MEepBUYHOTO BElIECTBA
¢parMeHTOB U €ro CXOACTBE C YIIMCTHIMU XOHAPUTAMU, MbI MPEAIOIaraeM, 4rto ero rnocie-
OYIOLIMI yMEepeHHBI MeTaMopdu3M OOYCIOBWII clenyoliue mpeBpaiieHus: C-comepxa-
LIErO BEIIECTBAa: UCXOMHbIC OpraHMYecKUe coeauHeHuss — C-obOorailleHHbIe y4acTKU —>
MeJIKMe KPUCTa/UIbl rpacuTa — KpYIHbIe KpUCTaIbl rpadura. DTa cxema NpeBpalleHui
HaM TIpelCcTaBIsieTcsl Hauboiee BepOsITHOM, XOTS U TpeOyeT JOMOJHUTEIbHBIX MCCIIeI0Ba-
HUI, KaK OTHOCUTEJIbHO HaJIWuus peJuKkToB opraHuku B ['C-dparMeHTax, TaKk U 0COOCH-
HocTelt coctaBa U crpoeHus C-000rallleHHBIX YYacTKOB. B IMOJIb3y TaKoro MpenrooXeHUst
CBUICTEJILCTBYIOT JaHHbIC O HAIMYMU pa3audHbix C-copepxaniux a3 Bo ¢pparmente K1, T. e.
opraHnm4yeckux BeniecTB, C-000raleHHbIX YYaCTKOB M MEJIKMX KPUCTAIIOB rpadura [6, 35].

[To cTpyKTypHO-MUHEPATOTUYECKUM U XMMUYEeCKUM ocobeHHocTsiM I'C-dparMeHThI
YyKepOIHbI OCHOBHOM YacTu XoHApuTa KpbIMKa. DTO 03HAYaeT, YTo MPUPOAA U T0arjioMe-
paunoHHas ucropust I'C-¢parMeHTOB, XOHApP M BelleCTBa MaTpulibl MeTeopuTa KpbIMKa
ObUTM pa3auyHbl. OHM BO3HUKIIM B Pa3HbBIX YCJIOBUSIX, BCIEACTBUE PA3IMYHBIX MTPOIIECCOB,
O/IHAKO B arJIOMepallMOHHBII MepHUoa HaXOMAWJINCh B OAHOI 00J1aCTY ra30IbLIeBOro 0bJaka,
YyTO O0YCIOBWIO 00pa3oBaHKUE €IMHOTO POAUTEIBCKOTO Teja XxoHapuTa KpeiMka. B mocrar-
JIOMEPALIMOHHBIN TepUOa OHM UMEIU OOIIYI0 KOCMUUYECKYIO UCTOPUIO, B T€YeHUE KOTOPOM
WCTIBITAIN yOApHBIA MeTaMopbu3M in situ. UHIUBUAYaaIbHBINA o0pa3ell MeTeopuTa, B KOTO-
poMm obOHapyxeHbl Bce I'C-(parMeHThI, UCIIBITAT Hanbosiee BHICOKOE yaapHO-MeTaMopdu-
YyecKoe BO3IeicTBre, KoTtopoe oneHuBaeTcsd B 75—90 I'Tla m MakcMMaJIbHBIN HarpeB OT-
JebHBIX y4acTKoB > 1500 °C [8, 36]. B ominune oT Apyrux dacteil obpasiia, ¢hparMeHThI
comepXar NMpU3HAKK HE3HAYMTEIbHOTO yaapHO-MeTaMopduyecKoro Bosaeiicteus. Hanbo-
Jiee BBICOKOMY HarpeBy, IO-BHIMMOMY, BCJIEACTBHE yIApHOTrO MeTaMopdu3Ma IOABEPIrCs
dparmeHT Gr4. Hanuume B HeM psiia CTPYKTYp IUIABJICHUS] TPOWJIUTA CBUACTEIBCTBYET O
TemmepaType Harpesa < 988 °C.

N3znoxeHue pe3yabTaTOB UCCICIOBAHUS METEOPUTOB OOBIYHO HOCHUT OTBJICYECHHBIM
XapakTep, U CO3aeTcsl BrieyaTieHre, 4To (pyHAaMeHTaJIbHbIe MPOOJIeMbl KOCMOCA HaXO/SIT-
¢ B IIyOOKOM OTPBIBE OT HACYUIHBIX Te€OJIOrMueckux IpooyseM. OmHaKo MHWHepalbHBII
MUD €IMH, U pe3yIbTaThl U3yYCHUS] METEOPUTHOTO BEILIECTBA MOTYT OBITh MCITOJIb30BaHbI B
KavyecTBe He3aBUCUMBbIX "3KCIEPTOB" B pellieCHUM TUCKYCCHOHHBIX BOITPOCOB reojioruu. Tak,
Kacasicb BKpaTile OMHOM U3 aKTyaJbHbIX 36MHBIX MPOOJieM, a8 UMEHHO TTPUPObI OpraHruvec-
KOro BenlecTBa (aOMOreHHOW WM OMOTeHHOI), KOTOpOoe ObUIO MpPenlleCTBEHHUKOM MeTa-
MopdoreHHoro rpadura B 3eMHBIX Nopozaax [13], HEOOXOAUMO OTMETUTh, UTO IIOJIY-
YeHHbIE HaMU Pe3yJIbTaThl UCCIIEAOBaHUsI HOBOI pa3HOBMIHOCTU KOCMMUYECKOTO BEllleCTBa
CBUIETEJICTBYIOT B T0JIb3y aOMOTeHHOM MPUPOIbI OPraHUYECKOIO BEIIECTBA U €CTECTBEH-
HOCTH TIPOLIECCOB €ro MeTaMopduueckoro nmpeodpa3oBaHusi B rpadur.

3akimovyenue. HecMOTpst Ha TO, YTO OTHEIbHBIE OCOOEHHOCTU cocTaBa U ctpoeHus I'C-
¢parMeHTOB SIBJISIIOTCSI IPOTUBOPEUMBBIMU M HE JO KOHIIA MU3YYECHHBIMM, MOXHO CIE/IaTh
cenyolre BbIBOABI U TipennosoxeHus o I'C-gparmMeHTax u ux mpupoje.

1. B mereopute Kprimka obHapyxeHbl ['C-(parMeHThI, KOTOpbIE HE COOTBETCTBYIOT
MOJTHOCTBIO HU OJHOMY M3 M3BECTHBIX IpahUTCOAEPKAIIUX KOCMUYECKUX OOPAa3IIoB.

2. ITo BamoBoMy coctaBy I'C-parMeHTHI OJIM3KM YITIMCTBIM XOHApUTaM Murchison u
Renazzo, mo uzotonHomMy cocraBy yriepoaa — CR-XOHAPUTaM, YTO CBUIETEIbCTBYET O Tep-
BUYHOM BelIECTBe (DparMeHTOB THUIIA YIJIUMCTBIX XOHAPHUTOB.
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3. Tlo MuHepamornyeckum ocobeHHocTsIM ['C-dparMeHThl Hanbosiee OJU3KM YIIIMC-
tomy ¢parmeHty K1 xonapura KpbiMka, comepxaileMy "MHCTEPUT', OpraHUKY U rpadur.
DTU HJaHHBIE YKa3bIBAalOT HAa BO3MOXHOE CXOJACTBO MeXaHM3Ma oOpa3oBaHUs rpadurta B
pa3HBIX MO BaJIOBOMY cocTaBy (pparmeHTax. Ilpeamnoaraercs metaMopdoreHHoe oOpa3oBa-
HUe rpaduTa U3 BelleCTBA TUIA YIJIMCTHIX XOHAPUTOB IO CIEAYIOIICH cxeMe: opraHuvec-
Koe BeniecTBo — C-oborailieHHOe BeleCTBO — rpadur.

4. TlepBuuHoe Teno (viu tena) I'C-dparMeHTOB 00pa30Baioch BCICACTBUE aKKPELUKU
TeTepOreHHOIO BellleCTBa B OECXOHIPOBOM 00JIACTA Ta30MbLIEBO TYMAaHHOCTH.

5. OOILIHOCTD IJIaBHBIX U OTIMYME BTOPOCTEIIEHHBIX MUHEPAJTOTMYECKUX XapaKTepHC-
TuK ['C-(parMeHTOB OOBSICHSAIOTCS OOIIMM MUCTOYHUKOM MEPBUYHOTO TeTEPOTEHHOTO Be-
1[eCTBA, HO HEKOTOPHIMU OTJIUYMSIMU B MX DBOJIOLMU. DTU OTIMYUS OOYCIIOBICHBI pa3HOi
CTerneHb0 MeTaMOpGhUUYECKOro Ipeobpa3oBaHusl B epBUYHOM Tejie (uau tenax) I'C-dpar-
MEHTOB, TTO-BUAMMOMY, €llle IO WX YIapHOi (hparMeHTalluy Ha 6oJjiee MEJIKUE OCKOJIKHU.

6. OCKOJIKM MEePBUYHOrO Tejia (TeJ) BOLUIM B COCTAB POAMTENIBCKOTO Tejla METEOPUTA
KpbiMKa OIDHOBpEMEHHO C XOHIpPaMM, BEIIECTBOM MATpHUILI M APYIMMU KJacTaMU B
nepuon ero amomepanuu. I[locinenosaBiiunii ynapHblii MeTaMOp(du3M pOAUTEIHLCKOTO Tea
MeTteoputa KpbiMKa 00yC/IOBU HE3HAUUTEIbHBIE U3BMEHEHUSI B CTPYKTYPHO-MUHEPAIOTH -
yeckux ocobeHHocTsax I'C-¢parMeHTOB.

7. PesynbtaTthl ucciegoBanus I'C-(pparMeHTOB CBUAETEILCTBYIOT B IOJIb3y aOMOTEH-
HO MPUPOABI OPraHUYECKOTO BEIIECTBA, KOTOPOE OBLIO MPEAIIeCTBEHHUKOM MeTaMop(do-
TeHHOro rpadura B 3eMHBIX MOpOIaX.
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MpeTaluy TaHHbIX ro coctaBy xpomuToB, H. H. Kupumoky u T. H. 'opoBeHKo 3a TexHUYeC-
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CHUMOK yrucroro ¢gparmeHra (puc. 3) ObUM mojyyeHbl B HaluvoHanbHOM My3ee ecrte-
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l'oc. Hayu. LeHTp paaroreoxuMuu okpyxatoueii cpenslt HAH Ykpaunsl, Kues [Moctynuna 29.08.2000

PE3IOME. 3naiineni y xonaputi Kpumka ciMm rpadiToBMiCHUX KCEHOJIITIB He BilMOBiIalOTh MOBHICTIO XOIHOMY 3
BilOMUX THIiB METEOPUTHOI PEYOBMHM i HaJIeXaTh 10 HOBOI'O Pi3HOBHMIY PEUOBMHM THITy BYIJIMCTUX XOHAPUTIB. 3a
MiHepaJIbHUM CKJIaZIOM BOHM HaitGiIb1l GJIM3bKi ByriarcToMy dparmeHTy 3 Mmeteoputy Kpumka, sikuit MicTuTth "Micte-
put", opranivHi cnonyku i rpadit. CHiJIbHICTb FOJIOBHUX i BiIIMiHHICTb IPYTOPSIIHUX MiHEPAJIOTiYHUX XapaKTePUCTUK
rpadiToBMiCHUX (parMeHTiB MOSICHIOETHCS CIIJIBHUM XKEPEIOM MEPBMHHOI PEYOBUHM, ajle Pi3HUM CTYIIEHEM iXHbO-
ro MerTaMop(diyHOro nepeTBOPEeHHs B IEPBUMHHOMY Tijli (abo Tilax), iIMOBipHO, L1e 10 yaapHoi ¢dparMeHTauii. Pesynb-
TaTu AOCTiIXeHHS TpadiTOBMiCHUX (parMeHTiB CBiAyaTh Ha KOPUCTb abiOr€HHOI NMPUPOAM OPraHiyHOi PEYOBUHH,
sika OyJsia rornepeaHuKoM MetamopdoreHHoro rpadity B 3eMHHUX MOpoaax.

SUMMARY. Seven graphite-containing xenolithes, found in the Krymka chondrite, do not completely correspond to
any of known types of meteoritic matter and belong to a new kind of cosmic matter like carbonaceous chondrites. They
are most close to the carbonaceous Krymka fragment, bearing a "mysterite"”, organic compounds and graphite, in
mineralogical composition. Similarity of main and differences of minor mineralogical features of the graphite-containing
xenolithes is explained by a common source of primary matter, but different stages of their metamorphism in a primary
body or bodies probably before their shock fragmentation. Investigation of the graphite-containing fragments testifies
to the abiogenic nature of organic matter, which has been a precursor of metamorphic graphite in the earth rocks.
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OnTnyeckue CBOMCTBA 00JIy4E€HHbIX KaJibLiueBbIX
aMmduno050B KaK PYyHKLUA KPUCTaAINIOXMMNYECKOro
COCTOSIHUA XeJie3a B UX CTPYKType

W3ydeHo BiusiHME y-O0JyYeHHUsSI M TIOCIIEAYIOIIEro TePMUYECKOro OTXMra Ha onTuyeckue cBoiictBa Ca-ambubona.
Iloka3zaHo, 4TO M3MEHEHUE 3HAYCHUIA TTOKA3ATeIsl [IPEIOMIICHUSI /1, OMMCHIBACTCS! JIMHEIHO (DYHKLIMEl OTHOCUTEIbHOrO
CONEPXAHMsI OKUCIICHHOTO XKeJle3a B CTPYKTYPe a. ITo/yyeHbl aHATUTUYECKHE 3aBUCUMOCTHU My U 0. OT 103bI M BpEMEHH
00 TyYeHusl.

BBenenue. BaxHeilmymu 3agayamMu paaualluOHHONW MUHEPAJIOTUM SIBJISIIOTCS MCCEA0Ba-
Hue obpa3oBaHUs Ae(HEKTOB KPUCTAUIMYECKONW PEIIEeTKU B I10J€ MOHU3UPYIOIIUX U3Tyde-
HUM U BAUSIHUME UX Ha QU3MKO-XMMUYECKHE CBoiicTBa MuUHepayioB. [IpakTuyeckoe pelie-
HUE 3aJa4 BO3MOXHO MPU OCYIIECTBJIEHUM CJEAYIOLIMX PabOT: a) PEKOHCTPYKLHUS YCIIO-
BUII MUHepasooOpa3zoBaHUs; 0) BbIpabOTKa MOMCKOBBIX KPUTEPHUEB Ha paluOaKTHUBHbBIE
3JIEMEHTHI U TIPOCIeXUBaHWE MyTell UX MUTpaLMM; B) OlLleHKAa BO3pacTa PYAHBIX MOJIEH; T)
MoauGUKAIMSI U CUHTE3 MUHEPAJIOB C 3aJaHHBIMU CBOMCTBaMM, 00JIaropakuBaHue Aparo-
LIEHHBIX KaMHEW; 1) pa3BUTHE TEXHOJOTUI OOOTrallleHUs MOJE3HBIX UCKOMAeMbIX M U3BJe-
YyeHre U3 HUX XUMUYECKUX DJIEMEHTOB; €) BbIOOp MPUPOAHBIX TUIOLIANOK ISl 3aXOpOHE-
HUs pagnoakTuBHBIX 0TX0n0B (PAO) u ucnoiab30BaHuE pamgraliMOHHO-YCTOMYMBBIX MaTe-
pUAIIOB JJIsI CTPOUTEIBCTBA 3aIUTHBIX COOPYXKEHMIA; X) MPOTHO3UPOBAHUE YCTOMNYMBOCTU
SKCILTyaTallMOHHBIX XapaKTepUCTUK OOBbEeKTOB 3axopoHeHusi PAO Bo BpeMeHHU; 3) pa3Bu-
THE METOIOB MaJeoq03UMMETPUU U .

Onruyeckre CBOMCTBA MMHEPAIOB UMEIOT BaxKHOE TMPUKIATHOE 3HAYCHUE U TIOSTOMY
TpeOyIOT CUCTEMHOTO u3ydyeHUs. Boiblinyio posib B GOpMUPOBAHUU OKPACKM MUHEPAJIOB
WTPaloT XUMUYECKHME DJIEMEHTHI ¢ TepeMeHHol BajieHTHOcThI0O — Fe, Cr, Ti, Ni, Cu u np.,
KOTOpbI€, BXOJsI B CTPYKTYPY KPUCTAIOB B Pa3HbIX BaJCHTHBIX (hopMax U MO3ULUSX, GHOp-
MHUPYIOT IIMPOKUI CIIEKTP OKpacok [6, 10]. Okpacka MHOTMX OPOA00OPAa3yIOIMX MUHEPA-
JIOB OOycC/IOBJIeHa KOHIIEHTpalWel M paclpelneseHueM B CTPYKType MOHOB-XpOMO(OpPOB
Fe?™ u Fe3", 00yclIoBIMBamOLIMX WHTEHCUBHOCTD 3€JIEHBIX, 3€JI€HOBATO-XKEJTHIX, OYPBIX U
KOPUYHEBBIX TOHOB.

Lens Hacrosimeid paGoThl — MOIEJIMPOBAHME MPUPOAHBIX IPOLIECCOB B3aUMOMAEH-
CTBMSI SHEPTUM PAAUALIMOHHBIX TTOJEN C KPUCTALTUYECKON CTPYKTYypoil aM(buOOJI0B, BhISB-
JIeHVe TIPUYMHHO-CJIEACTBEHHBIX CBSI3ei MEXAY KPUCTALIOXUMUYECKUM COCTOSTHUEM Ke-
Jie3a B CTPYKType MUHepaja U ero ONTUYECKMMU CBOMCTBAMU, YCTAHOBJIEHME 3aKOHOMEp-
HOCTe! MX U3MEHEHUSsI NMPU TEPMUUYECKOM BO3INEWCTBUM, aHAIMTUYECKOE IpeACTaBICHUE
KOPPESIHMOHHBIX CBSI3EM MeXIy KOHTPOJMPYEMBIMM MapaMeTpaMyd W MaTeMaTUYeCcKoe
MpeacTaBieHue KMHETUKM HaOII0AaeMbIX MPOLIECCOB.

O0bekT U MeToabl uccaenoBanusi. OObEKTOM MCCIeqOBaHUS BbIOpAH KalbIlM-
eBblli aMmpubon u3 amMpuOOIUTOBBIX CIAHIEB LEHTPaJbHONW YacTU YKpPauHCKOIO
muTa (O6acceitH p. MHrynen), onmuMchiBaeMblii KPUCTAIOXMMHUUYECKON (HOpMYIOi:

(Ko 02Nag »3Ca; 9,Mgy 1My 3); 33(Me; g F612J§4 Feéflg Alg 59)500[(Si 95Alg,95 T 04)5,00 O22,00]

(OH, 76F,0400.20)2,00- B coOTBeTCTBIM ¢ MEXIyHAPOLHON MHUHEPATOTMYECKOH Kiacchpu-
Kauueir amduooioB [14], MuHepall JaHHOIO COCTaBa OTHOCHUTCS K MarHe3WaJbHBIM POTro-
BbIM OOMaHKaM.

AM®UOOJIBI IIMPOKO MPEACTaBIeHbl B 3¢eMHOI KOpe KaK COCTaBJISIONINE MOpPOJ pa3-
HBIX TEHETUYECKUX TUIIOB M KaK acCOLIMaTOPhbl PaauOaKTUBHBIX MUHepasoB. OHU MOTYT
BCTpeUaThCsl B MOpoJax MPUPOIHOI cpeanl 3axopoHeHUs: PAO 1 cpei KOMITOHEHTOB CTPO-

© B. I1. MUBanuukui, I1. O. Bosniok, C. 1. Cniupak, I'. H. BoHnapenko, A. H. IToHomapenko, 2001
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Puc. 1. 3aBUCHMOCTb 71,0T 103bl OOJYUCHNUs1. 3eCh U JabILe: CILTOLIHAS IMHUSL — TEOPETHYECKas KPUBAsI, PacCun-
TaHHas ISl 1aHHOM 3aBMCMMOCTHM COIJIAaCHO ypaBHeHMIO (1); TOUKM Ha KPUBOM — SKCIEPUMEHTAIbHBIE TOUYKU

Puc. 2. 3aBUCUMOCTD 0. OT JO3bI OGJIYUEHHUsI, PACCUNTAHHAsI COTJIACHO YpaBHEHUIO (2)

WUTEIbHBIX MAaTEPUAIOB 3aILMTHBIX COOPYKEHUIA.

[Mpu mpoBeneHUU UCCIEAOBAHUN HCIOJIb30BaIU CIIEAYIOIINE METOMIbI: KPUCTAILIOOI-
TUYECKUE U3MEPEHUs — KOHTPOJIb 3a IOKa3aTeJIIMU TPEJOMJICHUs, YIJIaMU ToracaHusl,
TUIEOXPOU3MOM M siiepHbIii raMma-pe3oHaHc (AAI'P) — ycraHoOBI€HUE CTPYKTYPHBIX OCO-
OEHHOCTE ¥ OTHOCHUTEILHOTO COACpPKaHUSI pa3HOBAJICHTHBIX (opM keneda. OnpeneneHue
MokKasarejieil IpeJoMJIEHUSI TIPOBEACHO MMMEPCUOHHBIM METOAOM: ITyTeM Moadopa XKW-
KOCTH C TOKa3aTeJIsIMU TPEJOMIICHUSI, COOTBETCTBYIOIIMMU TaKOBBIM y HCCIEAYEeMOTO Be-
1ectBa. B cuny HeogHOpoaHOCTH cocTaBa aM(puO0J0B (B 0COOEHHOCTH MOABEPTHYTHIX 00-
JIy4CHUIO) OMPEeIEsIsIv TOJIBKO 3HAYCHUs! MOKa3aTellsl NIPEIOMIICHUS H,, a 1, He (PUKCUPO-
Baju. y-00JyyeHue nposeaeHo Ha ycraHoBke YK-250000 ¢pukcupoBaHHbIMM mo3amu (D):
1,38:108 I'p, 3,85-108, 4,01-108, 5,75-108 u 7,62-108 I'p npu mowHocty no3sl (P) 36 I'p/c.
Takue 103bl COMOCTABUMBI C IPUPOIHBIMU, HAOMPAaeMbIMU B PAaUALIMOHHBIX TOJISIX B I'€0-
JIOTMYECKMX MacluTabax BpeMeHu. Kak mokasano B pa6orte [2], no3a 1-10° I'p Hakaruiisa-
eTCsl TIpYU KJIapKOBOM COAEPKAHUU PATUOAKTUBHBIX 3JIEMEHTOB B OCAIOYHBIX TIIMHUCTBIX
ropozax 3a nepuoz ~ 5-107 jiet, Ha MECTOPOXIEHUAX paguoaKTUBHEIX pyl — 105—106 nert, B
HauboJjiee MHTEHCUBHbBIX JIOKAJbHBIX PAIUOAKTUBHBIX TOJISIX, XapaKTePHBIX Ul YPaHOBBIX
muHepasioB, — 3a 500—1000 yset. Tepmuueckast o6paboTKa 06pa3IoB OCYILECTBIIEHA B TPYO-
yaToi 3JIeKTporneud B TeueHUe | 4 mpu (UKCUpPOBAaHHBIX Temmeparypax. [lorpeirHocTb
U3MepeHUs Temreparypbl coctaisier = 5 °C. B pabote ais1 aHanu3a MpUBeACHBI HEKOTO-
pble U3 paHee MOJYYEHHBIX pe3yabTaToB [4, 5], YaCTUYHO YTOUHEHHBIX HOBBIMU U3MEPEHU-
SIMU C TIpUMEHEHUEM 0oJiee COBEPILICHHBIX MTPUOOPOB U KOMITBIOTEPHBIX IPOTrPaMM.

DKcnepuMeHTaJIbHbIE pe3yabTaThl. [IpeabinyluMu ucciieIoOBaHUsIMU TToKas3aHo [3, 4, 7,
9], uto cTpyKTypa amduboI0B 00NagacT OrpOMHBIM OOBEMOM paJMallMOHHON "mamsTu”,
KOTOpasl 3aKjIloueHa B MaTpMlle MUHEpaia B BUIE paAMallMOHHBIX Ne(EKTOB U MPOSBISCT-
Csl B KOHCTUTYLMOHHBIX MapaMeTpax M (U3MKO-XMMUYECKHUX CBoiicTBax. OOydyeHHEe aM-
Gu1bOIIOB MHUIIMUPYET PEeaKLMU paguallMOHHO-XMMHUYECKOTO OKUCIIEHUS XeJjie3a B OKTa-
sapudeckux M1—3-To3UIUAX, YTO COMPOBOXAACTCA U3MEHEHUEM MapaMeTPOB KPUCTAJLI -
YECKOM CTPYKTYpPHI, IMJIOTHOCTU, PEaKIIMOHHOI CITOCOOHOCTH, aCOPOIIMOHHBIX, MATHUTHBIX
U ONTUYECKUX CBOMCTB. OKUCICHHOE XeJIe30 KaK paauallMOHHBIN Ae(eKT MOXET CITYKUTh

Tabauya 1. I3MeHeHHe ONTHYECKMX CBOWCTB M 3HAYeHMii o ampudoia B npouecce 00 ydeHnst

D108 T'p ng cNg [Teoxpousm Ue
no Ng | 1o Np
0 1,668 (2)** 19 3eneHbII ZKenToBaro-3eneHblit, 0,138
CBETJIBIA
1,38 1,689 (2) 14 TeMHO-3e1eHbIi CBeTJIBII KEJITOBATO- 0,376
OypoBartbIit
3,85 1,695 (2) — TeMHBIT To xe 0,440
KOPUYHEBATO-3€JICHbIiA
4,01 1,695 (2) — To xe "o 0,444
5,75 1,696 (2) 8—10 "o "o 0,460
7,62 1,696 (2) 6—9 Bypo-3enensri, CBeTJIBII KENTO- 0,465
KOPUYHEBATO-3€JEHbI  KOPUYHEBBIN
7,62* 1,673 (2) 12—15  3esieHOBaTbII CBeTI0-KeNThI i 0,150

* Qbpa3sell mocjie obaydeHus: mpokajieH npu temmeparype 475 °C B teuenue 1 4. ** B ckobkax — ommnbka uamepe-
HUS B TIOC/IeHEM 3Hake, Harpumep 1,668 (2) coorBercTByet 1,668 + 0,002.
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Puc. 3. 3aBUCMMOCTD MOKa3aTesIsl TPeIOMIICHHUSI n, OT o B MpoLecce 00JTy4eHHMsI, OMKChiBaeMasl ypaBHeHueM (3)

Puc. 4. 3aBUCMMOCTb U3MEHEHMsI n, OT TEMNEPATypPbl NPOKATMBAHUS [UIsl NPEIBAPUTEIILHO obsryyeHHoro (1) u He-
obsyyeHHoro (2) amdubconon

MepOoil paguallMOHHOro TMopaxeHus: CTpyKTypbl aMdubona. Ha AI'P-cnekrpockonuyeckue
rapaMeTpbl pagdalMOHHO OKMCJIEHHBIX MOHOB Fe3' cylecTBeHHOE BIMSHME OKa3bIBaeT
MX B3aMMOJEICTBUE C MOJIEM HAMNPSKeHUsS] KPUCTAUIMYECKOM pelIeTKH, CO31aBacMbIM pa3-
HOOOpa3HBIMU MPOAYLUHUPYEMBIMU U3JyYeHUEM Ae(eKTaMU. YBEIUYeHUE TeOMETPUUYECKUX
HCKaXEHWI KOOPAMHALMOHHBIX ITOJM3APOB KaTHOHOB Fe3' 3a cuer BimsHUA nedeKTOB
BeJICT K BO3PACTAaHUIO TPAIMEHTOB BJEKTPUUYECKUX IMOJIC Ha siapax Xeje3a M, Kak Clel-
CTBUE, K YBEJMYCHUIO KBAIPYIOJIbHBIX pACLIEIJICHUI AyOJETOB PE30HAHCHOTO MOIJIOLIe-
HUS, OTHOCUMBIX K PaIUallMOHHO OKUCJIEHHBIM MOHAM.

VYcranosneHa [3, 4, 7, 9] cmocoOHOCTh pagMallMOHHO OKMCIIEHHOTO XeJie3a K TepMU-
YeCKOMY BOCCTAHOBJIEHUIO KaK B BO3MYIIHOM, TaK U B HeliTpaiabHOI atMocdepe. Boccra-
HoBjieHre Fe3™ mpu oTXure conpoBOXIAETCS BOCCTAHOBJIEHHMEM IapaMETPOB BCEX HaBe-
JNEHHBIX O0JydeHHEeM (PU3UKO-XMUMUYECKUX CBOKMCTB J0 3HAYEHUI, OJIU3KUX AJIsT HEOoOJIy-
YEeHHOT0 MMHepasia. YKa3aHHble 0COOCHHOCTU paaualliOHHO OKMCJIEHHOIO XeJie3a MO3BO-
JITIOT TOCTOBepHO nuddepeHIMpoBaTh BKIaAbl paIiallMOHHO U TEPMUYECKU OKMCIEHHBIX,
a TakKe TeHEeTMYEeCKU BHEIPEHHBIX B CTPYKTYpy amdpudoiia B IMpoleccax KpucTaaaiooopa-
30BaHus MOHOB Fe3'. B KauecTBe KOHTPOJIBHBIX MTAPAMETPOB MbI BHIOPAI OTHOCUTEILHOE
coJiepXaHUe B CTPYKType MUHEpala OKHUCIEHHOro xkejesa — o = Fe3t/(Fe?™ + Fe3t) u
3HAUCHNsI MIOKA3aTelIei MPEJTOMICHUS 1, PesybTaTbl OnpenesieHnst ONTHYECKUX CBOKCTB 1
3HAUYEHUM o TTocyie 00JydyeHUsI U OT>KUTa MUHepasia MpuBeaeHbl B Ta0. 1.

Kaxk BumHO 13 1abi. 1, ¢ Bo3pacTaHreM IOMIOIIEHHOM 1035l oT 0 1o 7,62:108 I'p cre-
MeHb OKUCJIEHHOCTH KeJie3a BO3pocya, YTO MPOSIBUIIOCH B YBEIMUEHUH 3HaYeHuil o ot 0,138
1o 0,465. TIpu 5ToM noKa3aTesIb MPETOMIICHUS N, BBIPOC OT 3HAYCHUST 1,668, CBOIICTBEHHOTO
IUTSE ICXOMHOTo 00pasua, 10 1,696 — a1 00 1yde HHOrO MaKCMMAJTbHOM T0301, YTroJI Ioraca-
HUST yMeHbLIMWICI OoT 19 mo 6—9, a g TUIeoXpou3Ma JOMUHMPYIOIIMMUA TOHAMH CTaIH
KopuuHeBble U Oyprle. [IpokanuBaHue obpasna mpu temmneparype 475 °C B TeueHue 1 4 Ha
Bo3ayxe (Tabi. 1) MpuUBENIO K BOCCTAHOBIECHUIO (PUKCUPYEMBIX ITapaMeTPOB 10 3HAYEHMUH,
OJIM3KKMX K MCXOAHBIM. VI3MeHeHMe 3HaYCHHUIT 1, U oo KaK QYHKLMK 103l OOIyYCHHST HOCUT
SKCIOHEHUIMAIbHBIM XapakTep (puc. 1, 2). B obnactu 60iblimnx 103 3HaYeHUs 00enx (PpyHK-
LM BBIXOJAT Ha "HachlllleHue", oToOpaxkasi ICUepIIaeMOCTh peaKIIMii OKUCIEHUS U TIpefe-
JIbI U3MEHEHUsI ONTUYECKUX CBOMCTB MPU JAHHBIX YCIOBUSIX OOJIyUeHUSI. AHAJTUTUYECKUE
BBIpaXXCHUS JUISI paccMaTpuBaeMbIX (DYHKIIMA MOTYT OBbITh NpeacTaBiIeHbI 3KCIIOHEHIIU-
aJTbHBIMUA YPaBHEHUSIMU MEPBOTO IOPSIIKA:

ng=n,, — c-exp (— D/d) (1)
rae n,, = 1,69581 (3HaueHue n, 1Uisg OOJIy4EeHHOro obpaslia, BhILIeAIIee Ha "HAChIIIEHE " B
obsactu 6oabiux 103), ¢ = —0,0278, d =0,99214 I'p;
a=a,—k-exp(— D/n), )
rae o, = 0,45697 (3HaueHMe o U151 OGJIYYEHHOTO 00pa3la, BHILISALIEro Ha "HachlleH e" TI0
cogepxanuio Fe3t), k=0,31839, n=1,03928 I'p.

IMponyuupoBaHHbIE pagualeil U3MEHEHUsT YCTOMUMBBEI BO BPEMEHU B YCIOBMSIX OK-
pyxaroweif cpesibl. KOHTpobHbIE N3MEPEeHNs! 3HAYCHMUH o U 1, 00JTYYeHHBIX 00PA3LOB MOC-
Jie 20-JIeTHETO XpaHEHUs TTOKa3alu HEM3MEHHOCTb UX BO BpeMeHU. I1olydeHHbIe pe3yibTa-
THI YKa3bIBalOT Ha TUIIOMOP(MHOCTh JAHHBIX CBOMCTB I OOJyYeHHBIX aM(PUOOIOB U BO3-
MOXHOCTh MX MCIIOJIb30BaHUs U JUArHOCTUKM PagUallMOHHBIX BO3AEHCTBUIA.

OTMeTUM, YTO TIOBTOPHOE OOJIyYeHHE OTOXKEHHOro obOpaslia BHOBb MHULIMMPOBAJIO
peakUUM paguallMOHHOTO OKMCJIEHHUST KaTUOHOB Xejle3a M COMPOBOXAAIOCh M3MEHEHUEM
ONTUYECKUX XapaKTEPUCTUK aHAJOTMYHO TEPBOHAYAILHOMY OOIyYeHUI0. 3HAYEHUE o ISt
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ITOBTOPHO 00yueHHOTo obpasua (D~ 1-108 I'p) cocraBuio 0,313, uTo GIM3KO K 3HAYEHUIO,
paccyMTaHHOMY I0 ypaBHeHUIo (2). TTocimemHuit pakT CBUIETEILCTBYET O BO3MOXHOCTH
MPOTEKAHMUsI B MaTpulle MUHeEpaja LUKINYECKUX OKUCIUTETbHO-BOCCTAHOBUTEIBHBIX pe-
aKklMil ¢ YepemoBaHMEM BHEIIHUX BO3AEWMCTBUI TUIA 00ayuyeHUsI U orxura. ComocraBu-
MOCTb 3KCIIEPMMEHTAJIbHBIX W PACUETHBIX 3HAYEHMI o YKa3bIBae€T Ha BO3MOXHOCTh MC-
MOJIb30BaHUST ypaBHEHUS (2) MU PEKOHCTPYKLUU 103, MOJTYyYEeHHBIX MUHEpaJaMu B TPHU-
POIHBIX Y TEXHOI€HHBIX paguallMOHHBIX MOJISIX.

DKCIEPUMEHTATBHBIE 3HAYCHHUS 71, KaK (DYHKLUMHU o MOXHO MpPEICTaBUTh JTMHEHHON
perpeccuent

n,=atba, 3)

rae a = 1,65605, b =0,08726, dakrop Koppensauun R = 0,999. JInHeHHbIA XapaKTep 3aBUCH -
mocti n, = fla) (pUc. 3) OTpaxaeT MPsIMYIO MPUYMHHO-CIIECNCTBEHHYIO CBSI3b MEXIY CO-
CTOSTHUEM XeJjle3a B pellleTKe MUHepala U €ro ONTUYECKUMU CBOWCTBAMM.

IMpencraBnseT uHTEpeC ompeaeieHUe 00JacTU TeMmIlepaTyp YCTOMYMBOCTU paaua-
LIMOHHO OKMCJIEHHOTO XeJjie3a M HaBeIeHHBIX 00JIydeHHEM ONITUYECKUX CBOMCTB, a TAKXKe
YCTaHOBJICHUE KOPPEJSALMM MEXLY MapameTpaMu A, U o MPU OTKHUIe paanalMOHHBIX
MOpaXeHU CTPYKTYphl. JIMHaMUKa MU3MEHEHUS ONTHUYECKUX CBONCTB M 3HAYEHUN o
MPY TPOKAJIMBAHUKA HEOOyYEHHOTO M TpeaBapuTeIbHO ob6ayueHHoro (D = 8,62-108 I'p)
amMdub00B TpUBeaeHa B Tabu. 2 u oTrpaxeHa Ha puc. 4 u 5. I[Ipu comocTaBieHUN
3aBUCHMOCTEH 1, 1 oL OT TEMIEPATYPbI NPOKAIMBAHNUS YCMATPUBACTCS TOXKAECTBEHHBIH
XapakTep ux moBeldeHUs. Ha KpUBBIX HEOOJYUYEHHBIX 00Pa310B BBIAEISIIOTCS TPU TEM-
MepaTypHbIX MHTEpBalia, XapaKTepU3YIOLIUX COCTOSIHUE U3MepsieMbIX MapaMeTpoB: 1)
HuskoremmepatypHbiii (~ g0 500 °C) — ob6iacTh TepMUUECKON YCTOMUYMBOCTU Iapa-
MeTpoB; 2) 500—700 °C — obJracTb CKaYKOOOPa3HOTO BO3paCTaHUSI ITapaMeTPOB, OOBLIYHO
cBsi3biBaeMasi [9] ¢ mpoTekaHHeM IPOIECCOB OKUCICHUS KAaTUOHOB XeJie3a W JCeTuf-
pOKCHJIALIMY €r0 aHMOHHOTO OKpyxkeHust; 3) > 700 °C — o6yacTh BbIXOJA Ha HACHIIIIE-
HUe 3HAYCHUI MapaMeTpoB, OOYCIIOBJIEHHAsI UCUEPIIaeMOCTbIO MPOLECCOB OKUCICHMUS
U JeruApoKCWIalMU B MaTpulie MUHepaia [9]. I'paHuIbI paccMaTpuBaeMbIX TeMIepa-
TYPHBIX MHTEPBAJIOB OMPENEIISIOTCS COCTABOM MUHEPAJIOB U YCIOBHSIMU TepMOOOpa-
60otku. CIIOXHBIIM XapakTep KPUBBIX 001y4eHHOro ampubosa, B YaCTHOCTU MaaeHUE n,
M o 10 3HAYEHU I, OJIM3KUX HEOOJydeHHOMY 00pas3lly B HU3KOTeMIIEpaTypHOIl obiacTu

Tabauya 2. i3MeHeHne ONTHYECKMX CBOMCTB M 3HAYEHMIA o HEODJYYEHHOTO U 00JYYEHHOro
aM(}u00/10B B mponecce MPOKAJIMBAHHUSA

T,°C ng I[1neoxpousm Oloke
no Ng no Np
Heobayuennoiii o6paszey
Komnar- 1,668 3eseHbIi XKenToBaTo-3e/IeHBIH, 0,138
Hag CBETJIbII
550 1,672 Bypo-3eneHblit Kenro-3eaeHblit 0,177
600 ~1,678 CaeTiblit Oypo-3eJIeHbII CBeTIbIii XKeJNTO-3eJIeHbII 0,220
650 ~1,703 KopuyHeBbIit, TeMHO- CBeTJIO-XeThIi 0,575
KOPUYHEBBII
700 ~1,736 KpacHoBaTo-kopuuHeBaTo-  SIpKO-XeNThblil CBETJIbII 1,000
OpaHXeBbI
800 ~1,736 To xe To xe 1,000
Ob6ayuennvlii o6pasey,
KomHar- 1,703 TeMHO-0ypoBaTo-3eJIeHbII Caetio OypoBaTo- 0,482
Hast KEJITOBATBIi
250 1,703 To xe To xe 0,395
300 1,690 TeMHO-3es1eHblii CepoBaTo-XeaToBaTbI it 0,377
350 1,680 CepoBaro-3eJIeHblit CBeTJI0-XKeTOBAThII 0,300
400 1,674 Caemio-cepoBaTo-3ejieHblli  CBETJIO-KEITOBAThIN TTOUTH 0,265
110 6eCLIBETHOTO
450 1,671 CBeT10-3eJIeHbII To xe 0,258
500 1,671—1,674  To xe CaetJio-xentoBarbiii, mourn 0,245
OeCLIBETHBIN
600 1,678 CepoBaro-3ejieHOBaThIi CBeTI0-cepoBaTo- 0,382
>KeJTOBAThIA
700 1,735 KpacHoBaTO-KOpUYHEBBII JIMMOHHO-XeNThIi 0,770
800 1,742 OpaHXeBO-KOPUUHEBbIi KenroBaro-0ypoBaTblit 1,000
900 1,742—1,745 To xe To xe 1,000
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Puc. 5. 3aBUCMMOCTb M3MEHEHHSI 0. OT TeMIepaTypbl MPOKATMBaHMsI ISl TIPeABapUTEbHO 0byyeHHoro (1) u Heo-
6ayueHHoro (2) amubosI0B

Puc. 6. 3aBUCUMOCTb 3HAYEHHI1 0. OT BPEMEHHU OOJTy4YEHUsI, paCCUMTaHHAsl COTIACHO YpaBHEHUIO (4)

(~200—450 °C), cBsI3aH C OTXUTOM paavallMOHHBIX Ae(PEKTOB.

O6cyxnenne pe3yiabraroB. Pu3nyecKas U MaTeMATHYeCKasi MOJejb KHHETHKH pa-
JHAIMOHHOTO OKHMCJIEHHUS JKejie3a U M3MEHEHHsA ONTHYECKHX CBOMCTB. TOXIEeCTBEHHOCTD
M3MCHCHMUSI TapaMeTpoB 71, 1 o B TeMIiepatypHoM uHTepsane ~ 200—450 °C mnossossier
KOHCTAaTUPOBATh, YTO HaOJIOaecMasi pereHepaiusl ONTUYECKUX CBOMCTB B XOJ¢ MpoOKa-
JIUBaHUS CBsA3aHA, B OCHOBHOM, C M3MEHEHHUEM KPUCTAIJIOXMMHYECKOTO COCTOSTHUS
Keje3a B CTPYKTYpE, B YaCTHOCTM C BOCCTaHOBJeHMEM KaTMoHOB Fe3t mo Fe?', u or-
JKMTOM BBI3BAHHBIX OOJIyUeHHEM T€OMETPUUYECKUX MCKaXK€HUH MX KOOPAMHALMOHHBIX
noausapoB. [IpaBoMepHOCTb OOBSICHEHUSI BHITEKAET TaKXe W3 JIMHEMHOIo XapakTepa
3aBUCUMOCTeil n, = f(a)) LUIs1 IPOKaJeHHBIX OGIYYCHHOIO M HeoOMyYeHHOro aMmpubo-
J0B [5]. BeIBOO O BOCCTAHOBJIEHHMM T€OMETPUM MOAU3ApoB Fe3' BhITeKaeT M3 yMeHb-
LIEeHUd TTocae NMPOKAIUBAHUA KBaIpYIOJbHBIX paculeruieHnii nyoiaeros Fe3™ B 4I'P-
crekrpax. OTMeTnM, 4To 3(QPeKThl MafeHust 3HAYCHUN 71, ¥ o B HU3KOTEMIIePaTypPHOM
00J1aCTH MPOKAJIMBAaHUSI OTMEUYEHBl HAMU Y 3KCIEPUMEHTATbHO 00JIyYeHHBIX aMbur60-
JIOB Pa3HOTO COCTaBa C IIMPOKUM AMANa3zoHOM U3oMopdu3Ma KaK B OKTa3ApUUECKOM,
TaK ¥ TETPadIpU4eCKOii moapelieTkax (MarHe3naibHble, 3CHUTOBbIC, AKTMHOJIUTOBHIC,
TaCTUHTCUTOBBIE U (heppornapracuToBble pOroBble 00OMaHKU, eppoYepMaKUT, BUHYUT).
[To-BuaguMomy, 3T 3dEKTH XapaKTEepHBbI IJIS BCEX KeJe30- U T'MAPOKCUIICOAEpKa-
mux am(puboI0B, XOTA TeMIIepaTypHBbI OIMana3oH M MHTEHCUBHOCTb MX MPOTEKAHMS
OIPEACNSIIOTCSI COCTABOM U CTPYKTYPHBIMU OCOOEHHOCTSIMU KOHKPETHBIX Pa3HOCTEH.
AHAJIOTHYHBIN XapaKTep M3MCHECHUs A, M o MPU MPOKAIMBAHUKM 3apUKCHUPOBAH HaMU
u 'y aMmpubOJIOB, TCHETUYECKM CBSI3aHHBIX C MECTOPOXKACHUSIMM PaguOAKTUBHBIX 3JI€-
MeHTOB. TakuM oOpa3oM, yMeHbIlIeHUEe 3HAYCHUN #, U o B MpOLecce MPOKaIuBaHUsI
SIBJISIETCS TUTIOMOP(MHBIM CBOMCTBOM OOJIyUeHHBIX aM(PUO0JI0B, KOTOPOE OTpaKaeT MpU-
YUHHO-CJEACTBEHHYIO CBSA3b MEXIY KPUCTAIJIOXMMUYECKHM COCTOSTHUEM KaTUOHa-
xpoModopa B CTpyKType MUHepajaa (MpU4YMHA) U HABOAUMBIMU ONTHUYECKUMU CBOM-
cTBaMM (cleAcTBUE). DTOT BBIBOI BBITEKAET U3 IKCICPUMEHTAIBHO IMOJYYSHHBIX pe-
3YJbTAaTOB: @) MPSIMO TPOMNOPLMOHAIBHOI 3aBUCHMOCTH M, OT COACPXKAHMUSI Fe3* (puc. 3;
yp. (3)); 6) aHaIOrMYHOIO XapaKTepa U3MEHEHUS Ny W oL TPY TTPOKAIMBAH UK (puc. 4, 5).

OTtMeTuM, 4TO 3hGheKTh paauallMOHHOTO U TePMUYECKOro BO3ACHCTBUSI HA aM-
¢GubdoNBl COMPOBOXIATUCH COOTBETCTBEHHO aHM30TPOINHBIM paclIMpeHMEeM M BOCCTa-
HOBJIEHHEM CTPYKTYPHBIX mapamMeTpoB [7]. PacuimpeHue peuieTku nmpu obaydyeHHH, a
TakXe paiuallMOHHO CTUMYJIMPOBAHHAS OUCIEpPralusl U MpupalieHue pa3MepoB KpH-
CTaJIJIOB TOBJIEKJIM 3a CO00i yMeHblIeHue Ha 4,5 % miotHocTH aMpuboa mocie 0o-
JIy4eHus.

IMpu uccnenoBaHMM KUHETUKM PaadallMOHHOTO OKUCIECHMS Xeje3a B CTPYKTYpe
amMdn6010B [3] MBI HUCITOJL30BaTA (DU3NYECKYIO MOJENTb B3aMMOAEHCTBUST U3JTyUeHUS
CO CTPYKTYpO# TBEpAOTO Tejia, B COOTBETCTBUU C KOTOPOW MPOAYLIMPOBAHUE pagudaliy-
OHHBIX Je(PEKTOB COIMPOBOXKAACTCA MX YaCTUUYHOM pekomOuHauueii. [IpenamnosioxeHo,
YTO B CTPYKType 00JiydaeMOro MUHepaJla MHULIMMPYIOTCSI ABa OJHOBPEMEHHO MPOTE-
Kal[UX MPOTUBOMOJI0XHO HaMpaBJeHHBIX Pa3HOCKOPOCTHBIX Ipoliecca OKUCIEHUS U
BOCCTaHOBJIEHUS Xene3a. [Ipu HeKOTOpBIX TPAaHUYHBIX JA03aX CKOPOCTH JAAHHBIX MPO-
LIECCOB BBIPABHUMBAIOTCS M IMapaMeTp M3MEHEHUS OTHOCUTENBLHOTO comepxaHus Fe3™
CTabUIU3UPYETCs, T. €. BBIXOAMT Ha "HackllieHUe". B COOTBETCTBUU C MpPemMIOKEeHHOM
MOJEeJIbI0 KUHETUYECKOe YpaBHEHME JUISI oo MOXHO 3amucaTh B BUJE:

a=o, t (0g—a,) exp | —(k + k)1, 4)
rae o = 0,138 n o, = 0,457 — COOTBETCTBEHHO 3HAYEHUS 0. U1 UCXOMHOTO U 00JIy4EHHOTO
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@» Puc. 7. 3aBucuMOCTb 3HAYEHUI 71, OT BpeMeHH O0JIY4CHMsI, PACCUNTAHHAS
COIJIacCHO ypaBHEHHUIO (5)

169 /'—‘._q o0pasiia, BBIIIEAIIEro Ha "HAChIIeHUe" 110 COaepKaHUIO

Fe3*; k, = 1,581-1077 ¢ ' m k, = 1,879:1077 ¢! — xoH-

148 CTaHTBI CKOPOCTE OKMCJIEHUS U BOCCTAHOBJICHUS Xe-

Jie3a COOTBETCTBEHHO, pacCYMTAaHHbBIE TPUMEHUTENIHHO K
167 [ HCCenyeMol poroBoii oomanke; ¢t = D/P — Bpemst 00-
7

. JydeHus1. YucaeHHble 3HaYE€HUs 1apaMeTPOB YPaBHEH U
17/ A /A A z‘-/ﬂfg OIPENEISAIOTCI COCTABOM MUHEpaa.
Hcxons n3 ycTaHOBIEHHOM NMPSIMO NMPOTIOPLIMOHANb-
HOI{ 3aBUCUMOCTH 7, = flo) ¥ TOXIECTBEHHOCTH M3Me-
HEHUIl 1, U o MPU MPOKATUBAHNKM aM(HUOOJIOB Mbl BIPaBE MPUMEHUTb UCIOIB30BAHHOE
JUISL 0. MATEMAaTHYeCKOe MpPe/ICTaBNeHUe O KMHETHKe M3MeHeHus n,. Toraa

ng= ngoo + (ngO - ngoo) T eXp (_ k t)a (5)
Tae Ny = 1,668 u g, = 1,696 — COOTBETCTBEHHO 3HAYEHMUSI Ny ISl ACXOLHOTO M O0JTyYeH-
HOTO MaKCHMaJbHOM 1030i1 o6pasios; k = 3,63-1077 ¢~! — Hekoropast KoHcraHTa. B

ypaBHeHMU (5) KOHCTaHTa k, Kak U B ypaBHeHUHU (4), MOXKET ObITh MpPeACTaBIeHA CyM-
Moii k| + k,. OnHako 31ech k| U k, He UMEIOT MPEXHEro PU3MIECKOTO CMbICIA, TOITOMY B
ypaBHeHUU (5) MBI paccMaTpuBaeM k Kak HeKMi Koa(p@uIMeHT (mapaMeTp ypaBHEHUSI).
VYpasHenus (4), (5), anagoruuyro (1) u (2), XOpOILIO OMUCHIBAIOT 3KCIIEPUMEHTAIbHBIE pe-
3ynbTathl (pUc. 6, 7) U MOTYT MPUMEHSTHCS AJIs1 KOHTPOJS W MPOTHO3UPOBAHUST pagrali-
OHHBIX HAarpy30K Ha MMHEpaJbl B MPUPOIHBIX U TEXHOTEHHBIX IOJISIX, IJISI OLIEHKU Bo3pacTa
PYAHBIX MecTopoxaeHui. [IpakTudeckast peasmsanysi 3TUX MPEANOChIIOK BO3MOXKHA IIPU pac-
LIMPEHNN aHAJIOTMYHBIX MCCJIeIOBaHUI Ha MpeacTaBUTENIbHOM KOJIJIEKIUM aM¢pUOOJIOB pa3-
HOTO COCTaBa M CO3[IaHMK CPABHUTEIBHOTO HabOpa JaHHBIX O KUHETUKE U3MEHEHUS 71, U aL.

CBsI3b ONTUYECKUX CBOMCTB aM(PUOOJIOB C COCTABOM, B YACTHOCTH C JXE€JI€3UCTOCThIO U
COOTHOIIIEHWEM Pa3HOBAIEHTHBIX KaTUOHOB Xejie3a B CTPYKTYPHBIX MO3UIIUSX, TTPOCIEXM-
BaJlach U paHbllle TIPU MCCIeI0BaHUM aM(PUOO0JIOB pa3HbIX TeHETUYECKHUX TUIIOB M COCTaBa
[8, 10, 12]. M3BecTHBI MCClieIOBaHUS O BIMSIHUM Ha ONTUYECKUE CBOMCTBA aM(PUOOJI0OB pa-
JIUALMOHHBIX [4, 6, 9] 1 TepMuueckux [4, 9, 13] 06pabOTOK, a TAKXKE BO3AEICTBUI IIPUPOIHBIX
paguanoHHbIx Tosnei [11]. [IpoBeneHHBIN HAMKM aHAIM3 U3MEHEHU ONTUYECKUX CBOMCTB
aMbuO0JIOB IO BIUSHUEM OOJyYeHUsT MO3BOJIII BBISIBUTH 3aKOHOMEPHOCTH CBSI3M MEXIY
OINTUYECKUMU CBOMCTBAMHU M COCTOSIHHMEM Keje3a B CTPYKType MUHepaia U JaThb MaTema-
TUYECKOE BbIpaXEHUE IS UI3BMEHEHMUS MoKa3aTesl MpeJoMIeHUsT KaK (QYHKIIMHA OKMCIIEeH-
HOTO XeJIe3a, BhIBECTU 3aBUCHMOCTH 71, U 0. OT 03Bl (BpeMeHU) obayueHus. Hamuuue Takmx
KWUHETUYECKMX YpaBHEHUU TMO3BOJISIET paciiv(poBaTh MCTOPUIO MUHEPAIbHBIX Ipeodpa-
30BaHUI B MPUPOAHBIX PaAUALIMOHHBIX IMOJSIX, 3alJISIHYTh B MEPCIEKTUBY WX SBOJIIOLUM,
OCYIIIECTBUTh TEKYIIME W MPOTHO3HBIE OLEHKU COCTOSHUS MPUPOMHBIX M WHXKEHEPHBIX
00bekTOB 3axopoHeHUs1 PAO, T. e. MaTeMaTH4ecKoe OMMcaHKue MPOLIeCCOB, MHULIMUPYEMBIX
o0ydeHueM, IMO3BOJIIET CUMTHIBATh MHGOPMAILUIO O PaaVMallMOHHBIX MOBPEXIECHUSIX BO
BPEMEHU CTPYKTYpPbl MUHEPAJIOB, 3aJI0KEHHBIX M XPaHSIIUXCS B e¢ "MaMsITh" B BUAE pPaau-
AIlIMOHHBIX LIEHTPOB.

BoiBoapl. YcTaHOB/IEHAa CIIOCOOHOCTh paAWAllMOHHO OKMCJIEHHOTrO Kejie3a W IPOMdy-
LIMPOBAHHBIX OOJyYEHUEM ONTUYECKUX CBOMCTB aM(pUOOI0B K BOCCTAHOBJICHUIO TPU TepP-
MUYECKOM 00paboTKe KpUCTA/UIOB B BO3AYILIHON U HEHTpajbHOU aTMocdepe. JaHHBIN 3¢-
(eKT BOCCTAaHOBJIEHUST UIAEHTU(IUIIMPOBAH KaK TUIIOMOP(MHBIN MpU3HaK aM¢puOO0I0B, TTOA-
BEPrHYTBIX OOJYYEHMIO.

[IpocnexeHa Koppesiusl MeXIy U3MEHEHUEM OINTUYECKUX CBOMCTB M KPUCTALJIOXU-
MUYECKUM COCTOSTHHEM XeJie3a B CTpyKType MuHepaia. [lokazaHo, 4To u3MeHeHMe IoKasa-
TeJIsl MPEJIOMJICHUST 1, OMMCBIBACTCS JIMHEHHON (PYHKILINEH OTHOCUTEIBHOIO CONCPKaHMS
OKHCJIEHHOTO XeJe3a d.

[TosyyeHbl KMHETHUYECKKME YpaBHEHUS IJIsI OMMCAHUSI 3aKOHOMEPHOCTEN M3MEHEHMS
N, VI o OT 103BI U BPEMEHU obayueHust. KommnekcHoe ucrnonb3oBaHue SI'P-criekrpockonu-
YECKUX W KPUCTALTOONTUYECKUX M3MEPEHUI, HATMYKNE aHATUTUYECKUX CBSI3e MeXmy ma-
paMeTpaMM, KOHTPOJIUMPYEMbIMU JaHHBIMU METOJAMM, PACIIMPSIIOT TUATHOCTMYECKHUE BO3-
MOXHOCTH Y TTOBBIIAIOT JOCTOBEPHOCTh MH(OpMAIIMK O BO3ACUCTBUY paalallMOHHBIX TToIei
Ha MMHEepaJbHOE BEIEeCTBO.

[TomyyeHHBIE aHATUTUYECKHME TIPEACTABIEHUS] OTKPHIBAIOT BO3MOXHOCTU ISl OMKca-
HUS 9BOJIOLMU MUHEPAIOB, TEOXMMUYECKUX OCOOEHHOCTE! BMelIalolleil Cpenbl B YCIOBU-
SIX BO3IEUCTBUS MPUPOMHBIX U TEXHOTEHHBIX PaIUallMOHHBIX MOJIeH, /I OLIEHKU J030BbIX
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Harpy3oK MUHepajlaMM — accolldaTopaMy PagrOaKTUBHBIX MECTOPOXIEHUI U MUHepasa-
MU — KOMITOHEHTaMU CTPOMTEJbHBIX MaTepUATOB 3alUTHBIX COOPYXEHUI U OOBEKTOB
3axopoHeHust PAO, a Takxe JUIsl OLIEHKU BO3pacTa PYIHBIX MECTOPOXICHHUIA.

Pe3ynbTaThl NpeACTaBIsSIIOT MHTepeC M1 MASHTU(MUKALWKU LIEHTPOB OKPAacKU B MOPO-
Joo0pasyromux aMmdubosax 1 MHTEPIIPETALIMM ONTUYECKUX CITeKTpoB. CIIOXHBINA XapaKTep
W3MEHEHUI B ONTUYECKM aKTHUBHBIX LIEHTpax amM@uOoJOoB MoA BO3AEUCTBUEM (haKTOPOB
BHEIIHEN cpelbl, CBSI3aHHBIIA C BbIACJICHUEM BKJIAJI0B Pa3HOBAJIEHTHBIX KATUOHOB XeJje3a B
HE3KBUBAJICHTHBIX MO3ULIUSX [8], TOpOXIAET TPYAHOCTU B PEIICHUU YKA3aHHBIX MTPOOJIeM.
BosmoxHoctn AT'P-cnektpockonuu B nuddepeHIrauM KOHIEHTpAUid pa3HOBAJIEHT-
HBIX MOHOB kKeJie3a IO CTPYKTYPHBIM MO3ULIMSIM U TMOJy4eHHe Ha OCHOBAaHUHU €€ JaHHBIX
KWUHETUYECKMX 3aBUCHMMOCTEM o IJIsI KaXXAOM M3 MO3ULMIA CIOCOOCTBOBAIM OBl IOBBIIIE-
HUIO TOCTOBEPHOCTU B MHTEPIIPETALIMU ONTUYECKUX CIIEKTPOB.
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WH-T reoXMMUU, MUHEPAJIOTUU U PY1000pa30BaHUS IMoctynuna 23.03.2000
HAH Ykpaunsl, Kues

T'oc. HAYYH. LIEHTP PaIUOreOXMMUH OKPY3KAIOLIEH CPeibl

HAH Ykpaunsl, Kues

VKp. roc. TeXHOJIL. YH-T MHILL. TeXHOoruii, Kre

PE3IOME. BUBYEHO BIUIMB y-OMPOMiHEHHSI i MOAAIBIIOr0 TEPMiYHOIO BiAnaay Ha onTU4Hi BractTuBocti Ca-amdioto-
ay. [Toka3zaHo, 1110 3MiHa 3HaY€HHsI NTOKa3HUKA 3aJIOMJIEHHS 11, OTTMCYEThCSI JIiHIHOIO YHKILIi€I0 BiTHOCHOTO BMiCTY
OKHMCHEHOT'O 3aTi3a B CTPYKTYpi o.. OTpMMaHO aHATITHYHI 3a1eKHOCTI ngi o Bifl 1034 Ta yacy ONMpOMiHEHHSI.

SUMMARY. An influence of y—irradiation and of successive annealing on optical properties of calcium amphibole were

studied. A functional dependence of refraction index n, on concentration of oxidized iron in the mineral structure is
established. The kinetic equation of ngand oa function of irradiation doze (time) are obtained.
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B. . LWWaGanuH

CuHTE3 n nsyyeHne MMMoouIN3auuoOHHbIX CBOMCTB
Sr-, Ce- n Th-coaep>xawmnx LUPKOHOJIUTOB

”3y‘{CHbl YCJIOBHs CHUHTE3a LIMPKOHOJHUTA M3 IIUXTHlI COOCA’KACHHBIX FVI}IpOKCOKapﬁOHaTOB C I/l30M0p(l)Hb[Ml/l
npumMecsimu Sr, Ce u Th. YcTaHOBIIEHO, YTO MMHEPATbHBIN COCTAB MATPUYHOIO MaTepurasa, COCTaBJIEHHOIO Ha OCHOBE
LMPKOHOJINTA, 3aBUCUT OT YCIOBUI TEPMOOOPAOOTKM U XMMUYECKOIO COCTaBa MCXOAHOM IUMXTHI, YTO HEOOXOLUMO
YUYUTHIBATh IPpU l/[MM06l/U'll/l3aLll/ll/l BBICOKOPAAMOaKTUBHBIX OTXO/10B.

OO6pailieHUe ¢ BBICOKOpaaMOakKTUBHBIMU oTxoaamu (BAQO), ob6pasyooiumucs B pe3ysibraTe
paboThl aTOMHBIX 9HEPTETUYECKUX YCTAHOBOK, BBI3BIBAET MHOT'O MPOOJIEM, UTO TMPETSITCTBY-
eT JaJibHEeIeMy Pa3BUTHIO siaepHOi sHepreTuku. Ocoboro BHUMaHUsI TpeOyeT JoKaIn3a-
1IUsI BBICOKOTOKCUYHBIX TPAHCYPaHOBBIX 2JIEMEHTOB, KOTOpble HEOOXOAMMO M30JMPOBATh
oT onocdepsl Ha MHOTHE ThicsaueneTud [4, 15, 16].

N3zonsaumst panmoakTUBHBIX OTXOAOB OT OKPYXAaIoIlIel cpeabl B T€YEHUE NJIUTEIbHOTO
BPEMEHM U CTPEMJIEHHWE COKPATUTh CPOK OOCIY>XMBaHUWs XpaHWIMII BbI3BaIM HEOOXOMM-
MOCTb TMepeBOJa PAAUOHYKIUIOB M IPYTUX OMOJOTMYECKM OMACHBIX KOMIIOHEHTOB OTXO-
JIOB B TBepAbIe (POPMBbI, OTJIMYAIOIIMECS BBICOKOW TEPMMYECKOW U paavallMOHHON CTOMKO-
CTBbIO, XUMUYECKOW YCTOMYMBOCThIO, CTAOMJIBHBIMU (DU3MKO-MEXaHUUECKUMU XapaKTepuc-
THUKaMU B Tpoliecce xpaHeHus. B HacTosiiee BpeMsi Haubosiee MepCleKTUBHBIM METOIOM
XpaHEHUsI OTXOMOB CUMTaeTcss (POPMHUPOBAHUE CTEKJIO- U MUHEPATONMOAOOHBIX KOMITO3M-
uuit. [aBHBII HegocTaToK ocTeknoBaHUsl BAO 3akimouaeTcsl B HU3KOM YCTOMYMBOCTU CTEK-
JIOOJIOKOB K o-00ydeHuto. 1o caMbIM ONTUMMCTUYECKHUM pacyeTaM rapaHTUpOBaHHLIN
CPOK (DM3UKO-XUMUYECKON COXPAaHHOCTU OOPOCWIMKATHOTO CTeKJIa C Hepas3aesIeHHbIMU
BAO He npesbiaet 1000 neT [4]. 3HaunTeIbHOE YaydllleHUEe (PU3UKO-XUMUYECKUX CBOMCTB
BAO, nepeBeieHHBIX B TBEPAOE COCTOSIHUE, U OJHOBPEMEHHOE YBEJIMUEHUE CTETICHU BMEC-
TUMOCTU PAIVOHYKJIUAOB MOXKET ObITb JOCTUTHYTO MPU UCIOJb30BAHUM MATPUUHBIX KOM-
MO3UIUI, KOTOPBIE SBISIOTCS aHaJoraMy MPUPOIHBIX MUHepaaoB. BeiOop mx o0ycaoBIeH
TEOXMMUYECKOM CTaOMIBLHOCTBIO U CITOCOOHOCTBIO BMENIATh B KPUCTAIMYECKYIO PEIIETKY
KaTUOHBI HanboJiee OMACHBIX JOJITOXUBYIIUX PAAUOHYKIUIOB B BUIE TEPMOAMHAMMUYECKU
YCTOMYUMBBIX TBEPIABIX pacTBOpoB [11].

PaccMoTpuM pesynbTaThl MCCIEAOBaHUN YCIOBUIA CHHTE3a W HEKOTOpHIE CBOMCTBa
uupkoHosuta (CaZrTi,O,), KOTOPbIif MOXET OBbITh MCITOJIb30BaH B Ka4eCTBE MOTEHLIUATBHO
YCTOMUYMBOI MOHOMMWHEPAJIbHOW MaTpULBl Ui UMMOOWJIM3ALIMU aKTUHOUAOB W JIPYTUX
aneMeHTOB BAO [18]. DKcriepuMeHTHI MPOBEACHBI ¢ 11eJIbI0 OTPAOOTKM METOAUK XUMUYEC-
KOTo B3aMMOJAEICTBUSI IUPKOHOJINTA C KaTMOHAMU, TpucyTcTBytomuMu B BAO. [lns atoro
B €ro KpHCTaUIM4yecKyto pelneTky BBoauiau Sr, Ce u Th, KoTopble CiyXaT 3JeMEHTaMU-
umutaropamu BAO (tab6n. 1) [18].

CTpyKTypa LIMPKOHOJIMTA AETAIbHO omycaHa B padortax [12, 14]. Ee MoXHO cuMTaTh
MPOU3BOIHON OT CTPYKTYpPHOIO THUIIa (IIOOPUT-LIEpUAHUTA ¢ MOHOKJIMHHOM 3JIeMEeHTap-
HOI STYEMKOM. YCTOMYMBOCTD CTPYKTYpPhI 3aBUCUT OT CTEXMOMETPUYECKOTO COOTHOIIEHUS
kaTuoHoB Ca, Zr u Ti, 3aHUMaOIUX TISITh PA3JIUYHBIX MO3ULMii. Biarogapst 3TMM 0coOeH-
HOCTSIM LIUPKOHOJIUT CIOCOOEH COAepKaTh INMPOKUM CIEKTP Pa3IMYHbIX KATUOHOB, B TOM
Yyycie U TpaHCypaHOBBIX 3ieMeHTOB BAO. CuHTe3 LIMPKOHOJIUTA B HACTOSIIIIEE BPEeMS OCY-
LLIECTBIISIETCSI pPa3HBIMM CITOCOOAMU: XOJOMAHOE IMPECCOBaHWE CMECU MCXOIHBLIX OKCHAOB C
MoCIenyoIMM MpoKaauBaHueM [18]; ropsiuee mpeccoBaHue [6]; MmaaBieHUEe OKCHOOB [7].
HcxomgHas mmxrta uisi cMHTe3a LMPKOHOJMTA, MPUTOTOBJIEHHAsI B BUIE CMECHU OKCHUJOB,
KapOOHATOB WJIM HUTPATOB, HE BCerma obecrneynBaeT CTEXMOMETPHUIO U TOCTaTOYHYIO OTHO-
POIHOCTb COCTaBa 1, KaK CJAeACTBUE, CTAOMIbHOCTh CBOMCTB MOJYyYeHHbIX 00pa3iioB. K Tomy
K€ CaM CHHTE3 ITPOUCXOIUT MpU BbIcoKoi TemriepaTtype (1400—1500 °C) u tpebyer mocra-
TOYHO JITUTEJbHOTO NpoKanuBaHus (~ ot 20 mo 45 u) [18].

© b. I'. Ila6anus, 2001
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CUHTE3 U U3YYEHUE UMMOBUIN3ALIMOHHBLIX CBOMCTB

MpbI noyuuay o0pa3ibl HUPKOHOIUTA MPOKAIMBAHUEM IIUXThI COOCAXICHHBIX THI-
pokcokap6oHaroB (COI) mpu temneparype 900—1450 °C B TeueHue 1—4 4. B kauectBe
MCXOIHBIX COJIEH ISl MPUTOTOBJIEHUSI PACTBOPOB HMCIIOJIb30BAIN CJEIYIOIINE PEAaKTUBHI:
HUTpAThl KaJdblUs U CTPOHLMS Mapku "XY"; 4eThIpeXXJIOPUCTHI TUTAH KiacCUbUKALIMU
"U"; uutpaT uupkoHus mapku "UJA"; xnopun nepust Mapku "UJIA"; a30THOKUCIIBIN TOpUiA
knaccupukaunu MPTY-95-75-67. PactBopuTesieM sl BCeX COJIEil CayXuia Boga. B cBsa3u
C HEeCTaOMJIbHOCTBIO YMCTO BOAHBIX PACTBOPOB HUTpaTa LIUPKOHUS B HUX JOIOJTHUTEIBHO
BBOIWJIM a30THYIO KuciaoTy (mo pH 1).

PacTBOpbl HUTPATOB KajblLiUsl U CTPOHLMUS AaHATU3UPOBAIM TPUJIOHOMETPUYECKU |3,
10], ”HIUKATOPOM CITy>KUJT 3pruoxpomuepHbiii T B cpene ammuauHoro 6ydepa ¢ pH 10. Ins
KOMILJIEKCOMETPUUYECKOTO ompeaeieHrs KoHlleHTpauuu Ce B pacTBOpe UCMHOJb30BaI YPOT-
PONUHOBBIN Oy(dep, a B KauecTBe MHAMKATOpPA — METUITUMOJIOBBINM cuHuil. KoHlleHTpa-
LIVI0 BOIHBIX PacTBOpPOB Ti M Zr ompenesuii BECOBBIM METOIOM, MCIOJb3YST TUOKCUIIBI
MetayioB [1, 9]. Mcxoast 3 HEOOXOMUMOCTU TOJYYEHUSI CJIOKHOTO MHOTOKOMITOHEHTHOTO
Marepuaja, B coctaB Kotoporo BxoaaT Ca, Sr, Ce, Th, Zr u Ti, a Takke nmeronieiicsa nHbop-
Manuu o6 ycioBusix ocaxaeHus [3, 8, 10], ocanurenem BbIOpaH KapOOHAaTAMMUAYHBIN OY-
depnbiit pactBop. [NomyyeHue muxtbl Th-coaepkaliero MaTepuaga IPOBOAWIA B IIPUCYT-
CTBUM Tiepekucu Bogopona [1]. Ilpu 3ToM NpUTrOTOBIEHHAs CMECh PACTBOPOB HEOPIraHM-
YEeCKHUX COJIeil BBOOWIACH B ocamuTesb, comepxaiuuii 10 % neprumpons. Ocaaku oThUIbT-
poBbIBaJIM ((DUIBTPAT MPOBEPSUIM KAUYECTBEHHBIMM DPEAKLIMSIMU Ha TTOJHOTY OCaXKICHUS),
MPOMBIBAJIM, BBICYLIMBAJIA U TTOABEpraau TepMoobpadotke. [lIrxTa, MpUroToBIeHHAast TAKUM
CIoCcOOOM, COOTBETCTBOBAJIA 3aJaHHOMY CTEXMOMETPUUECKOMY cocTaBy (Tab:. 2). O6pa3ibl
UccefoBaIM MeTogaMu peHtreHodaszosoro aHamusa (JPOH-3.0, CuK -usnyyenue ¢ Ni
GUIBTPOM), ONTUYECKON 3JIEKTPOHHON Mukpockonuu (DMMA-2), a Takke moaBepraiu
panvalMoOHHOMY OOJIyYEHUIO B I10JIE TOPMO3HOTO W3JIyYEHUSI JIMHEMHOIo YCKOPUTENsT C
(wIbTpaLiell SIIEKTPOHHON KOMIIOHEeHTHI. [lommomennas go3a cocrasuia 2,3-107 I'p [2].
PeHTreHorpaduyeckue XxapakTepuCTUKU WMCXOAHBIX W paavallMOHHO OOJyYeHHBIX 00pas-
LIOB MPAKTUYECKU HE MPETePIIeBaOT KAKUX-IM00 NU3MEHEHUH, JINIIIb HE3HAYUTETbHO YMEHb-
1IaeTCSl OTHOCUTEIbHAS MHTEHCUBHOCTh IMMKOB PEHTIEHOTPaMM OOJIy4eHHBIX 00pa3lioB IO
CPaBHEHUIO C HMCXOIHBIMU.

B nporiecce TepMuyeckoit 06pabOTKU COOCAXKACHHOM LIMXThl LIMPKOHOJIUTA 00pa3y-
J0TCS TIPOMYKTHI, KOTOPbIE (IO AAHHBIM ONTUYECKOMN 3JIEKTPOHHON MMKPOCKOIIUU) TIpe.-
CTaBJISIIOT cOOOW OTHOPOAHbBIC, TTPO3pauyHblie, U30TPOIHbBIE 3epHA pazMepoM 1—3 MKM, He
MMEIOIINE ONpenesieHHOro raburyca. 3epHa cobpaHbl B arperathl pasMepoM oT 100 mo 250
MKM. PeHTreHorpaduyeckue ucciaeqoBaHUs MPOIYKTOB TePMOOOPAOOTKY LIMXThI COOCAXK-
JIEHHBIX TMIPOKCOKApOOHATOB IMOKA3ajM, YTO BBICYIIICHHAs! MPM KOMHATHOM TeMmIlepaType
LIKMXTa MPOAOJIKAET OCTaBaThCs peHTreHoaMopdHoii 1o temmeparypbl 750—800 °C (pucy-
HOK).

MexaHu3Mm ob6paszoBaHus HUpKoHoauTa U3 WKUXThl COI ¢ coOTHOIIEHUEM
Ca(Sr) : Zr: Ti=1:1:2 (taba. 1, 00p. 1) BKIIOYAET CTAANIO KPUCTAUIM3ALIMU IPOMEXKY-
TOYHBIX OKCHIIOB (ITIEPOBCKUTA, pyTUia U Oagaenenta). JanbHeliliee B3auMOIECTBUE MEX-
Iy X TBepIbIMU (ha3aMu MPUBOAUT K 0Opa30BaHUIO COOCTBEHHO LIMPKOHOIWUTA. PyTun u
GangeenT o0HapyXeHbl KaK IpuMecHble (a3bl B KOJMYECTBE, He MpeBbiiaooieM 5—10 %.

Tabauya 1. XMMU4YeCKMii COCTAB HUPKOHOJIMTA, %

Homep 1 .0 | S10 | 710, | Ce0, | TiO, | Tho, | Th | Ce | Sr
obpaszua
1 16,5 — 36,3 — 47,2 — — — —
2 13,1 0,9 32,8 — 53,2 — — — 0,8
3 12,0 7,4 35,1 — 45,5 — — — 6,2
4 7,7 14,3 34,0 — 44,0 — — — 12,1
5 11,2 — 34,9 3,6 50,3 — — 2,9 —
6 12,0 — 33,0 8,0 47,0 — — 6,0 —
7 10,5 — 30,1 13,2 46,2 — — 10,7 —
8 11,0 — 32,0 — 45,0 12,0 10,0 — —
9 9,8 — 28,1 — 43,2 18,9 16,6 — —
10 12,5 1,2 31,7 5,0 49,6 — — 4,1 1,0
Kpucmannoxumuueckue gopmynv
1. CaZrTi,05; 6. Cag 71Zrg 93Ceq,16Ti2,0506,99;
2. Cayg 775190321 ,88Ti2,2006,965 7. Cayg 66Z19,86Ce0,27Ti2,0407;
3. Cayg 755195 Z1Ti,O7; 8. Cayg 71Zr9,93Thy,16Ti2,0506,99;
4. Ca0,5Sr0,5ZrTi207; 9 Ca()‘66Zr0‘86Th0‘27Ti2‘0407;
5. Ca() 6321‘0 96C€0 0 Ti2 130 N 10. Ca() GSI‘() 0421‘0 ggce() 10Ti2 120 .
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JudpakrorpaMmbl cOOCaXaeHHON
LIMXTHl HMPKOHOIUTA. XapaKTepu-
CTUKY 00pa3110B CM. B TabuI. 1

& 78

ConepxaHue (a3bl MmepoBcKUTa (OLieHKa MPpOBeaeHa MO0 COOTHOILIEHUIO HanboJiee MHTEH-
CUBHBIX TMKOB PEHTreHorpaMm LupkoHosuTa [402| u meposckura |110]) yMeHbIaeTcss Ha
10—20 % c noBbIlIEHWEM TEMIIEPATYphl TepMO0OpadboTKu 10 1450 °C win ¢ yBeJIMYeHHEM
MPOAOKUTETLHOCTU npokanuBaHus (4 4 npu temmneparype 1300 °C). OnHako B IIMXTe,

npokajieHHo# maxe nipu 1450 °C B TeueHMe 2 4, KOTMYECTBO MEPOBCKUTA cocTanisteT 30—35 %.
IMpu 3ameniennun Ca Ha Sr (Tabu. 1, 00p. 3, 4) 0ObeM 2JIeMEHTAPHOM TYEHKU CUHTETH -
YECKOTO LUPKOHOJIUTA MPAKTUYECKU HE M3MEHSETCS, B TO BPEMST KaK OObeM STYEUKU ITe-
POBCKUTA CYIIECTBEHHO Bo3pactaeT (Tabj. 3). M3 mojydyeHHBIX pe3yJbTaTOB CIEAYET, YTO
JIMIIb HE3HAUYUTEIbHOE KOIM4ecTBO Sr 3amelaer Ca B CTPYKTYpe LIMPKOHOJIUTA, a OCHOB-
Hasl ero YacTh HaXOAMTCS B CTPYKTYpe MEPOBCKUTA. DTO MOATBEPXKIAET BHIBOJBI UCCIIEI0BA-
Teneit [12] o BO3MOXHOCTA M30MOP(MHBIX 3aMEIIEHUN B CTPYKTYpe IIMPKOHOJUTA KaTHO-
HaMU, MOHHBINA pagryc KOTOPBIX He npeBbiiaeT paguyc Ca2t (0,112 Hm)*, a TakKke JaHHbIE
Keccona [13] o mMakcumanbHOM coaepxaHuu SrO B accolMaliiid IIUPKOHOJUT + Sr-Tie-
poBckuT (He 6onee 1,4 %). ComepkaHue UUPKOHOMINTA 3HAYMTEIbHO Bo3pacTaeT (10 90—
95 %) TIpy OOVWHAKOBBIX YCIOBUSX CUHTE3a, KOTJAa B UCXOMHOM COCTaBe ILMXThI OTMEUAETCS
CTEXMOMETPUYECKUI HETOCTATOK IBYXBATEHTHBIX

Tabauya 2. CooTHOMEHHE 32aHHOTO
(1) u nonyyennoro (2) cocrasa
COOCAXKIEHHON CMeCH IMPKOHOIMTa, %

KomnoHeHT | 1 | 2
CaO 16,54 16,47
710, 36,34 36,39
TiO, 47,12 47,18
Cymma 100,00 100,04

I[Tpu™MedyaHu e XapakKTepUCTUKY CMECU
cM. BTao. 1, 06p. 1.

* VloHHBIit paguyc npuBeneH mno [17]

46

katnoHoB (Ca, Sr) U HEKOTOpbIil U3OBITOK YEThbI-
pexsaneHTHBIX (Zr, Ti, Ce, Th) (tabmn. 1, o6p. 2, 5—10).

[Moseimienue comepxanus Ce B o6pasuax
(Tab:n. 1, 006p. 5—7) NpUBOOUT K YBETUYEHUIO 00be-
Ma BJeMEHTapHON sTYelKU (ha3bl CO CTPYKTYpOM
uupkoHojurta (ot 0,997 mo 1,015 um3) (tabm. 3),
npuyeM IMocjeaHee MPOUCXOIUT B OCHOBHOM 3a
cyer pocra mapamerpa c¢. O0beM 3JeMEHTapHOI
SIYeUKU TIePOBCKMUTA MPU 3TOM IPAKTUUYECKU He
W3MEHSIETCSI, YTO CBSI3aHO C M30OMOP(MHBIM BXOXK-
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CUHTE3 U U3YYEHUE UMMOBUIN3ALIMOHHBLIX CBOMCTB

i AYeiKn IHPKOHOJIUTA

Mpuwmeuanuue. Cnocod noayuenus: oop. 1—7, 10 — coocaxnaeHne TMAPOKCOKApOOHATOB; 00p. 8, 9 — TO Xe B MPUCYTCTBUM MepeKucH Bomopona. Pexcum npokasusanus. Temnepamypa: o6p. 1,2, 5—10 —

1200 °C; 06p. 3,4 —1300 °C; npodoaxcumeavrocms: 06p. 1,2, 5—10 — 1 4; 06p. 3, 4 — 2 u. Kpucramoxummueckue GopMysibl 00pas3iioB cM. B Ta0I. 1.

Tabauya 3. Da3osbiii coctas (%) ¥ mapaMeTpbl 3J1€MEHTAPHO

ISSN 0204-3548. Munepan. acypn. — 2001.— 23, Ne 2/3

neHreM Ce B CTPYKTYpYy LIMPKOHOJIMTA.
C nossillieHUEM conepxaHus Th B 06-
pasuax (tabxa. 1, o6p. 8, 9) obbeM 371e-
MEHTApHOW SIYEHKHU CO CTPYKTYPOM LIMp-
KOHOJIUTA yMEHbIIAETCI B OCHOB-
HOM 3a cueT napameTtpa ¢. Comnocranie-
HUE TapaMeTpPOB BJIEMEHTAPHBIX SYeeK
da3 co CTPyKTypoil LIMPKOHOJIUTA, CO-
JepxKallux oqrHaKoBoe KonnyecTBo Ce
u Th (Tab6n. 1, 06p. 6, 8), MoKa3ano ciemy-
oulee: napameTpsl a u by Th-coaepxka-
X obpasnoB Oojblre, yeM y Ce-co-
nepxaiux; mapametp ¢ 'y Th-comepxka-
LIKMX 00pa3loB 3HAUMTEIBHO MEHBIIIE,
yem y Ce-comepxamux. [locnenHee u
00yCJIOBIMBAaEeT yMEHbIIeHUE oObeMma
aJieMeHTapHo stueiiku Th-comepxkarmx
00pa3ioB 1o cpaBHeHMio ¢ Ce-comep-
KalllMMM aHaJlorMyHoro cocrasa. Cre-
IyeT OTMETUTh, YTO TOBBILLIEHUE CONEp-
xaHust kak Ce, Tak 1 Th npuBoaur K
MOHWXXEHUIO B MOJYYEHHBIX 00pa3lax
conmepxaHusi (a3bl CO CTPYKTYpOil Ie-
posckuTa. [1pu atom B ciayuae ¢ Ce-co-
JIepXKalluMKu 00pa3laMy TPy OAUHAKO-
BBIX TeMIIepaType CUHTe3a U BpPEeMEHU
SKCIMO3ULIMY KPUCTA/UIM3ALIUsl IIPOUCXO0-
IUT ObIcTpee. AHAIU3 peHTreHorpadu-
YECKUX XapaKTePHUCTUK MOJTYUYECHHBIX
HaMu 00pa3loB IIMPKOHOJIMTA BBISIBUJ,
yro KatoH Ce*", kak u U4t [14], 3anu-
MaeT NMPEeUMYIIECTBEHHO MO3ULUU Zr
(poct mapamerpa c¢), B TO BpeMsl Kak
Th — npeamoururenpHo mo3unu Ca
(yMeHbllIeHHE MapaMeTpa c).

Takum o6pa3oM, U3ydeHUe YCIOBUIA
CHHTE3a LUPKOHOJIUTA M3 IHMXThl CO-
OCaXIEHHBIX TMAPOKCOKApOOHATOB C
nzomoppHbIMU npuMecsamu Str, Cett n
Th (snemeHTamu-umutratopamu BAO)
[MoKa3ajo, YTO MHUHEpPaJIbHBIA COCTaB
MaTpUYHOTO Matepuaa, chopMUPOBaH-
HOTO Ha OCHOBE LIMPKOHOJIUTA, 3aBUCUT
OT YCJIOBUI CUHTE3a U XUMHUYECKOTO CO-
cTaBa UCXOJHOM IIIUXThI, YTO HEOOXOIH-
MO YYUTHIBATb MPU UMMOOUIU3AIIUU
BAO. O6pa3oBaHuMe LMPKOHOJIUTA
(CaZrTi,0,), a Taxxe ero Sr-, Ce*'- u
Th-coaepxalliux aHagOroB COMPOBOX-
JIAeTCsl KpUCTATM3aluei TPOMEKYTOY -
HBIX OKCUIIOB — IEPOBCKUTA, PyTUJIA U
Oagneneuta. IlocaegHue nBa oOHapyxe-
HBbI KaK TpUMeCHbIe ¢a3bl B KOJIMYE-
ctBe oT 5 10 10 %. YBenuueHue LUPKO-
HOJIUTOBOI (pa3bl MOTYT BbI3BaTh pas-
HbIe TIPUYUHBI: TOBBILICHUE TeMIlepa-
Typsl TepMoobpadorku COT no 1450 °C;
YBEJIMUEHUE BpPEMEHM  ITPOKaJIMBa-
Husa (4 4 nipu temmepatype 1300 °C);
CTEXUOMETPUUECKUN HEAOCTAaTOK JIBYX-
BaJieHTHBIX KaTnoHOB (Ca, Sr) u Heko-

47



IHABAJIMH B. T

TOPBIN U30BITOK YeThipexBaaeHTHBIX (Zr, Ti, Ce, Th) B cocTaBe UCXOMHOM IIUXTHI. YCTaHOB-
JieHo, 4To mpeobiagaHue Sr (> 1,2 % SrO) B cocTaBe LIMXThl LIMPKOHOJIUTA MPUBOIUT K
KPUCTAUIM3ALMN Hapsily € LIUPKOHOIUTOM ST-COAEpXKAaIlIEero nepoBCKUTA, KOJUYECTBO KO-
TOPOTO BO3PACTaeT C yBelMueHueM cogepxanus Sr. [Tpu uzyyennn Ce**- u Th* -comepxa-
LIETO CMHTETUYECKOTO LIMPKOHOJINTA TIOATBEPAMIOCH M3oMop(dpHoe BxoxaeHne Ce*™ mpe-
MMYIIECTBEHHO B No3uuuu Zr, a Th*™ — B mosuuuu Ca.
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l'oc. Hayy. ueHTp panguoreoxumuu okpyxatoiueit cpensl HAH Ykpaunsl, Kues [Mocrynuia 22.07.98

PE3IOME. BUBY€HO YMOBM CHHTE3y LIMPKOHOJITY 3 LIMXTH CYyMiCHOOCAIKEHUX I'iIpOKCOKapOOHaTiB 3 i30MOphHUMM
nomimkamu Sr, Ce ta Th. BusiBieHo, 1110 MiHepaJlbHUI CKJIa[ MaTPUYHOIO MaTepiany, CKJIaaeHOro Ha OCHOBI IIMPKO-
HOJITY, 3aJIeXXUThb Bill yMOB TEPMOOOPOOKM Ta XiMiYHOro CKJIaay BHUXiAHOI IIKMXTHU. Lle HeoOXinHO ypaxoByBaTH NMpH
iMMOOiJTi3allil BUCOKOpalioaKTUBHUX BiJIXOMiB.

SUMMARY. Conditions of zirconolite synthesis from the charge of co-precipitated hydroxycarbonates with isomorphous
admixtures of Sr, Ce and Th are investigated. It is determined that mineral composition of the matrix material composed
on the zirconolite basis depends on the conditions of heat treatment and chemical composition of the initial charge. It
should be taken into account when immobilizing highly radioactive wastes.

48 ISSN 0204-3548. Munepan. cypn. — 2001.— 23, Ne 2/3

NI



MMUHEPARDTWYECKMA
HSGHAN

YIK 549.9
®. B. 3yayk

OHTOreHisi CTpyBiTOBOro KaMiHHS

JloBesieHO, 1110 BUBYEHI CTPYBITOBI KAMEHi YTBOPIOIOTBCS Y pa3i MOEHAHHS MPOLECIB CeAMMEHTaLlii i KpucTatizawii
3epeH Ha MOBEPXHi KOHKpeMeHTiB. Kosnu nepeBaxatoTh KpucTati3aLiiiHi npouecu HaJ celMMeHTaLiftHUMU, (DOPMYIOTHCS
NIPY30MOiOHi arperaru, 1110 nepexosiTh y cheposiToBy CTPYKTYpy. MiKpoopraHi3mu, siKi po31LerIooTh cevy, MaloThb
ornocepeaKOBaHMii BIUIMB Ha (hopMyBaHHsI KaMeHiB. BoHM, iIMOBipHO, TiIbKM MiATPpUMYIOTh piBeHb pH cepenoBuila Ta

reHepyITh 10HU NHZ .

[HdopMmalis 111010 BHYTPIlIHBO] GYIOBU CTPYBITOBOrO KaMiHHS B JOCTYITHHX JUISL HAC My6-
JIiKalisx ooMexeHa [12, 14, 17], Xxo4a 11e JOCUTh NTOIIXPeHa rpyma OioJiTiB.

Hamu pociigkeHo BiciM KaMeHiB CJ1a0KO BUTSTHYTOI OBajJibHOI (DOPMU i3 3€pHUCTOIO
nosepxHeto (puc. 1). Ix 3a6apBieHHS 3MiHIOETBCS Bifl SICHO-CipOro 10 TeMHO-KOPUYHEBOTO,
3aJIeXKHO BiJi BMiCTy OpraHiYHOi peYOBUHMU.

CTpyBiTOBI KOHKPEMEHTH MaloTh, SIK TIPaBUJIO, CYLIJIBHY TEKCTYpPY, ITPOTEe HaM TparuB-
cs1 60T 3 SICKpaBO BUPAXXEHOI KaBEPHO3HICTIO (puUC. 2), 1110, OYEBUIHO, CIPUYMHEHO Ha-
caMmIepen CIpSIMOBAaHMM POCTOM KOJOHIM MiKpOOpraHi3miB, $sIKi CIYTYIOTb OCHOBOIO IJISI
KpucTaiizauii cTpyBiTy. KpiM Toro, KaBepHO3HiCTb MiACUIIOETHCS AEHAPUTOIIOAIOHOIO KPH-
cTajtizalliero MiHepany B cepoJiTONoaiOHii YacTUHi OioiTy.

CrpyBiTOBe KaMiHHSI, SIK BiToMoO, (POPMYETbCS Y MPUCYTHOCTI MiKpOOpraHi3MiB (urea-
splitting infection), sIKi po3LIEILIIOIOThL CeUy, 110 3aCBiMYeHO AOCTiIKeHHSIMU (yIieplie MpoBe-
neHi 1924 p. [8]), a TakoX MiOTBEPAXYETHCS EKCITEPUMEHTATLHMMK pOOOTaMU, BUKOHAHUMU
Pilett (3a mpaueto [2]). Ha kpucranizauito cTpyBiTy came B iH(iKOBaHiii ce4i BKa3yloTb
aBropu npais [6, 7, 9, 10, 11, 15, 16].

KaminHs, 1m0 BuBYaau, copMOBaHEe TUIIOBUM XEMOTE€HHUM CTPYBITOM. 3a BHYTpIlll-
HbOIO OYIOBOIO BUAUISAIOTH 3€PHUCTE KaMiHHSI 3 OKPEMUMM eJieMEHTaMH IapyBaTOCTi i
KaMiHHSI 3 BHYTPIIIHbOIO 36PHUCTOIO Ta 30BHILIHBOIO C(PEPOTITOMOLIOHOI0 000IOHKAMMU.

KamiHHs i3 3epHHCTOI0 CTPYKTYPOIO Ta OKPEMHMH €JIEMEHTAMH IAPyBaTOCTi. 3epHUCTA
CTPYKTYpa XapaKTepU3YETbCS 3MiHOIO PO3MIpiB iHAMBIAIB MiHepady BiAl LIEHTpa A0 Mepu-
¢epil KOHKpEeMEHTIB, TOOTO IpiOHO3EpHUCTA CTPYKTYpa IOCTYIIOBO MEPEXOIUTh B Cepel-
HBO3EPHUCTY, 1110 3YMOBJIIOE CIA0KOBUPaXKEHY 1IapyBaTiCTh. Y APiOHO- Ta cepeIHbO3EPHU-
CTOMY CTPYBITi TparuIsSIIOTbCSI OKpeMi BeWKi 3epHa abo CKYMYeHHsI, 110 A€ IiACTaBy Kia-
cugikyBaTy TaKy CTPYKTYpy K nopdiporionioHy (puc. 3). OpieHTaliist 3epeH BincytHs [5, 12].
[H11i aBTOpPM MOPiBHIOIOTH 6YIOBY KaMiHHS 3i CTPYKTYPOIO MapMypy.

30HaJIbHICTh 3€PHUCTOTO KaMiHHS MPOCIiIKOBYETLCS (hparmMeHTapHO. BoHa 3ymoBie-
Ha MepepyBYACTMMU MiKpoIlpollapkaMy IpiOHOKpamyacToi KOBTYBATO-Cipoi Ta BEJIMKO-
KparmyacToi YOpHOI OPraHiYHOi peYOBUHM, IKa MOAEKYIU MEPEXOIUTh Y CYLIbHY. 30HATbHICTb
MOXJIMBA TiJIbKU TaM, ¢ € MPUJIErIi OJUH A0 OJHOIO 3epHa MiHepaiy.

3epHa CTPYBIiTYy B ONMKUCYBAaHOMY KaMiHHi MarOTh TaOJUTYACTU OOpUC, B HUX MPU OJI-
HOMYy HiKoJi 3aiKCOBaHi BKIIIOUEHHS KOBTYBaTO-Cipoi opraHiuHoi peuoBuHu (puc. 4). yxe
pIIKO CIIOCTEpPiraloThCsl iHAMBIAM MiHepasly MpaBUIbHOI (OpMU, sIKa BiAIIOBiga€e morepey-
HOMY Tepepidy KpPUCTAIMKiB, YTBOPEHUX CYKYITHICTIO pOMOiYHUX Mpu3M abo poMOiyHUX
Mpu3M Ta miHakoiga (puc. 4). Maitxe KBampaTHi repepi3y B 3epHUCTUX CTPYKTYpax OMUCY-
10Thb aBTOpM y Tipaui [3]. Jesiki 1mMo3m0BXHI mepepizu KPUCTAIUKIB CTPYBITY XapaKTepu3y-
IOThCS 30HA/IBHICTIO, 3yMOBJICHOIO BKJIFOUEHHSIMU KOBTYBATO-Cipoi IpiOHOKpamyacToi opra-
HiYyHOI peyoBUHMU (pucC. 4).

CynyTHiMM MiHepanaMu € 1oBediT i amaTtut. Ilim MiKpOCKOMOM IpW BEJIMKOMY
301IbIIEHHI OKCaJlaTH CIIOCTEPIraloThCsl Y BUTJISIII OKPeMUX T100yJ a00 iX HEBEJIMKUX CKYT-

* KaMiHb i3 THIIOBOIO C(EPOITOBOIO CTPYKTYPOIO 3 TOMYACTUX KPUCTAIUKIB CTPYBITY HAMM CIIOCTEPIraBcs B
kosekuii B. I. KatkoBoi 3a ii 3ronoto (CuktuBkap, Incrutyt reosnorii KHLL YB PAH).
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Puc. 1. 3epHucTa MOBEPXHSI CTPYBITOBOro KameHio (3pa3. 771)

Puc. 2. KaBepHa TeKCTypa CTPYBITOBOTrO KaMeHIo (3pa3. 685). Hikori ||

Puc. 3. TlopdipononiGHa CTpyKTypa CTPYBITOBOroO KaMeHIo (3pa3. 660). Hikoui ||

Puc. 4. HenpaBwiibHi 3epHa CTPYBITY 3 BKJIIOUEHHSIMH XXOBTYBATO-Cipoi JpiGHOKpANyacToi opraHiyHOI peuoBUHU (a)
Ta nepepisu oro NPU3MaTUYHUX KPUCTATUKIB (6) (3pa3. 608). Hikori ||

Puc. 5. 1piOGHOrIOOYISIpHUIA 0BEJIT (@) cepel opraHiyHOi peyoBMHM (6) Ta TaOJIMTYACTUX 3epeH CTPYBITY (6) (3pas.
608). Hikoni X

Puc. 6. 3aMillieHHs 3epeH CTPYBITY HblOOepiiTOM (3pa3. 608): I — XOBTyBaTO-Cipa ApiOHOKpAI4yacTa opraHiyHa peyo-
BuHa. Hikori ||

yeHb. FOBeiT MPOCTOPOBO MOB’SI3aHUI SIK 3 XKOBTYBAaTO-CipOI0, TaK i 3 YOPHOI BEJIUKO-
KpaIm4acTol OpraHiyHOIO PEYOBUHOIO (pHC. 5, 6), sIKa B HbOMY TPAIUISIETbCS Y BUIJISIII CKYII-
yeHb 260 MiKpOMpoIIapKiB. [HKOIM OKcanaToBi MOOYIM OTOUYYIOTh 3epHa cTpyBiTy. FOBemiT
CTIOCTEPIra€TbCsl He TIIbKW Y BUMISIAL TJTO0YJ, TOKPUTUX TOTYACTUMU MiKPOKPUCTAIMKAMMU,
30piEHTOBAaHUMU MEPIEHAUKYJISIPHO IO iXHbOI MOBEPXHi, a M Y BUIISIAI TaHTEJIENOdiOHUX
YTBOPEHb, C(POPMOBAHUX BisSUTONOAIOHUMHU TOTYACTMMU arperaTaMu, sIKi MOXXHa po3TysiaaTy
K He TOBHICTIO yTBOpeHi MikpocdeporiTi. Moro BMicT 3pocTae Bil LeHTpa 10 mepudepii
i craHoBUTh 1—3 %.

ATaTUT MPOCTiAKOBYETbCS Y BUIJISIAI HE3HAYHUX IYXKe NPiOHOMIOOYISIPHUX CKYITYEHb
MiX 3epHaMH CTpYBiTy. Moro KiibKicTh He mepeBuiiye | % 06’eMy KOHKPEMEHTIB.

OpraHiuHa pedyoBHMHA Y IIbOMY KaMiHHi HE TiIbKM BUKOHYE LIEMEHTYBaJbHY pOJib, a i
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Puc. 7. Tlepexin 3epHUCTOI CTPYKTYPH B LIEHTPi CTPYBITOBOro KaMeHio y cdepostiTonoaioHy Ha iioro nepudepii (3pas.
607). Hikoni X

Puc. 8 OcobIMBOCTI 3¢pHUCTOCTI CTPYBITY: @ — pi3HA 36PHMUCTICTh Y BHYTPIlIIHii1 0OOJIOHII CTPYBITOBOIO KaMeHIO Ta
ceporniTononioHuii i MoTUB Ha iioro nmepudepii (Hikomi X) (1); 6 — cxeMa 11apyBaTOCTi i 30HAILHOCTI, 3yMOBJIEHUX
CYKYITHICTIO YOPHOI Ta JKOBTYBaTO-Cipoi OpraHiuyHoi peyoBuHu (3pas. 725). Hikori ||

f

Puc. 9. OcobaMBOCTI po3MoiTy ApiOHOKPAMIACTOI KOBTYBATO-Cipoi (@) Ta BEJMKOKpPAMYacToi YOpHOi (6) opraHid-
HOI PEYOBHMHM B3IOBX TEPUMETpPA CTPYBITOBOrO KameHIo (3pa3. 607). Hikoui ||

Puc. 10. "KonoHa", chopMoBaHa MpU3MaTUYHUMKM KPUCTAIaMU CTPYBITY, SIKi 31IeMEHTOBaHi YOPHOIO BEJIMKOKpamya-
CTOIO OPraHiYHOIO PEYOBMHOIO Y CYKYITHOCTI 3 JyXe JAPiOHOIIOOYISIpHMM anatuToMm (3pa3s. 772)

Puc. 11. 30HaNbHICTh 3epeH CTPYBITY, CIPUYMHEHA JPIOHOKPAITYACTOI XKOBTYBAaTO-CipOIO Ta BEJIMKOKPAIMYAaCTOIO
YOPHOIO OPTaHiYHOIO PeYOBHMHOIO (3pas. 584). Hikori ||

CIIOCTEPIraeThesl SIK BKIIOUEHHST Y CTPYBITOBUX 3epHaX, (hOpMYe MepeBakHO cIabKO MOMITHI
TepepuBYaCTi MiKpolllapu, sIKi MMOAEKYAU € AEHAPUTOIOAIOHUMU. BMicT opraHiyHoi pevo-
BUHM 3POCTA€E BiA LIeHTpa A0 nepudepii KOHKPEMEHTIB.

Ha niepudepii ogHoro 3i 3pas3kiB Mmig MiKpOCKOITOM IPU BEJIMKOMY 30iJIbILIEHHI TTPO-
CITIIKOBYEThCS 3aMillIEHHST CTPYBITY HbI0OEpiiTOM (puc. 6). 3a CBOIMU OCOGIMBOCTIMU HBIO-
OepiiTu3alisi momiOHa 10 CepreHTUHI3allil YIbTPAOCHOBHUX TOPiA. 3aMillleHHSI CTPYBITY
HbI0OEPIiITOM 3ragyeThcs OaraTbMa aBTopamu [5, 13, 16]. TpaHcdhopMallisi, Ha IXHIO AYMKY,
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Puc. 12. BUnoBXxeHi KJIMHOMOAiIOHI KPUCTAIMKM CTPYBITY i3 30HAIBHICTIO, 3yMOBJICHOIO XOBTYBaTO-CipoI0 J1PiGHOK-
PaIJacToo OpraHiyHo PeYOBUHOIO (3pa3. 735). Hikori ||

Puc. 13. TlonepeuHuii i MO3MOBXHIM PO3MOIiN XOBTYBaTO-Cipoi OpraHiyHoOi PeYOBMHM B palialbHO 30Pi€HTOBAHMX
3epHax CTpyBiTy (3pa3. 735). Hikoni X

Puc. 14. CymicHe nepeGyBaHHsI B KpHCTalaX CTPYBITY KOBTYBATO-CipOi i BEIMKOKPANYacToi YOpHOI OpraHiuyHoi pe-
YOBHMHH, sIKa [IEPEXOIHTD y CYLIbHY (3pa3. 584). Hikoui ||

BiIOyBa€ThCA in vivo, TOOTO 3a MEXaMH OpraHi3aMy 3a YMOB KiMHATHOI TeMIepaTypH, i €
TIOCUTb MOBIIBHOIO.

KaminHg 3 BHYTPIilIHBOIO 3€PHHUCTOIO TA 30BHIIHBOIO cepoiTonoaionow 000M0HKaAMH.
inenTuHy cTpykTypy 3ramyiots y mpaui [12]. Ha pangianbHicTs y 6yI0Bi CTPYBiTOBUX Ka-
MeHiB 3BeptaB yBary 1e E. L. Prien [14]. Mexa MixX 3epHUCTOIO il cheposiTonoaioHow0
CTPYKTYpaMHM Y KaMiHHi YMOBHA, OCKiJIbKY MiXK HUMU € TUTaBHUI mepeXid. Y BCiX AOCTiIXKYy-
BaHMX OioJliTax 3epHUCTAa OydoBa 3aiiMae NMpUOIM3HO TPETUHY 3pa3Ka i TiIbKA B OTHOMY
KaMeHi BOHa OXOIUTIOE Maiixe 4/5 iioro o6’emy.

CTpyKTypa B LIECHTPi KaMeHiB € ApiOHO3EPHUCTOIO i TTOCTYIIOBO MEPEXOIUTh Y BEJIUKO-
3epHUCTY (puc. 7), TOOTO BUAISIOTHCS ABa Cl1abKO po3MeXXOBaHi 11apu, chopMoOBaHi CTpy-
BITOBMMM 3epHaMM TabIMTYACTOro obpucy. IHKOMM BoHA Moxe OyTU CKIaAHilIow0 (puc. 8):
NPpiOHO3epHUCTA CTPYKTYpa B LIEHTPi KaMeHsI MOCTYIIOBO MEPEXOAUTh Y CEPEIHbO3EPHUCTY,
e OKpeMi iHAMBIAM MalOTh pajiajbHy crpsiMoBaHicTb. OcCTaHHS y HampsiMi oo nepudepii
KOHKPEMEHTY MOCTYOBO MEPEXOAUTh Y BEIMKO3EPHUCTY, Ha SIKiil (POpMYEThCS 30BHIlLIHIA
chepoitornoaiOHuii map 3 iHAWBIAIB CTPYBITY He 3aBXAM MpaBWIbHOI opmu. Ocobu-
BOCTi 3¢pHUCTOCTi MOXXHa J00pe MPOCTiAKYyBaTH il MiKPOCKOIIOM Yy pa3i CXpelIeHUX HiKOJTiB.
Ha 3aranpHOMy ¢oHi cdepostiTornoaioHoi CTPpYKTYpH CIIOCTEPIiraloTbCsl YOTUPU MEpPEepUB-
YyacTi Mikpouiapy 3 IeHAPUTONMOMIOHUMU 3pOCTaHHSIMU KPUCTAIMKIB CTPYBITY, SIKi YaCTO €
xpecronofioHuMu. Lli MiKpolllapu 3acBiIuylOTh NEepepuBU B IMPOILECi KaMEHEYTBOPEHHS,
MIC/S IKMX PiCT KPUCTAIMKIB CTPYBITY MOYMHABCS 3 NEHAPUTOMOMIOHUX arperaris.

B ogHOMy 3pa3Ky 3MiHaA 3€pHUCTOI CTPYKTYpHM Ha C(PEepOoiTONOAIOHY CITOCTEPira€Thes
He TUTbKM y pa3i Iepexody Bill LieHTpa 10 nepudepii KOHKpEMEHTY, a i y310BX MOro rmepu-
meTtpa. Tak, MpuOIU3HO TpeTUHA KaMeHsI XapaKTepU3y€EThCsl 3HAYUHUM BMiCTOM YOPHOI Be-
JIMKOKpPAITJyacTol OpraHiuyHoOi peyoBMHM, 3a IPUCYTHOCTI SIKOi CHEpOiTONOAIOHUIA MOTUB
CTPYKTYpH (PiKCYETbCSI Malike Bill caMOro LIeHTpa KaMeHs, a 3a HassBHOCTi ApiOHOKpamyac-
TOI XKOBTYBATO-CipOi OPraHiYHOl PEYOBUHM PafialIbHICTh CIIOCTEPIra€ThCs TUTHKM Y 30BHIIIHIN
iioro yactuHi. YopHa opraHiyHa pe4oBUHa 3A€OUIBIIOrO MEPEXOIUTh Bill KpamyacToro cra-
HY B CYLIJIbHUIA, ii BMICT CTAaHOBUTD MpubOau3Ho 15—20 %. Peluta KaMeHs Bii3HAYa€ETLCS B
OCHOBHOMY JApiOHOKPAITYacTOIO XKOBTYBAaTO-CipOI0 OPraHiYHOIO pedyoBUMHOI0. BMicT YopHO-
TO Ta >XOBTYBAaTO-CipOTro Pi3HOBMIIB 30iMbIIYETHCS Bil LIEHTpa 00 Mepudepii KOHKPEMEHTY.
SIK BumHO 3 puc. 9, Mexa MiX TBOMa CEKTOpaMU 3 Pi3HOIO OPraHiYHOI PEYOBUHOIO TOCUTH
YiTKa.

Cepen nocCiiaKyBaHOTO KaMiHHST TPAIMBCS OAWH 3pa30K, B IKOMY 30BHIllIHSI O0OJIOH-
Ka copmoBaHa NPUJIETJIMMM OOHA IO OomHOI "KojoHamu"'. OCTaHHI € He3aKOHOMipHMMU
HapOCTaHHSIMU KPUCTAJIMKIB CTPYBITY. BifbIIicTh i3 HUX BUIOBXEHA Y3IOBX padialbHOCTI
"kosoH" (puc. 10). LleMeHTyBaJIbHUM MaTepialoM € YOpHa BEJMKOKpaIryacra OpraHiuHa
pevYoOBMHA B CYKYIHOCTI 3 ayxke ApiOHOrnoOyasipHumM aratutom. Lli "KonoHu" yTBopuucs,
0YEBUIHO, Y ITPOLIECi aKTUBHOTO POCTY KOJIOHil MiKpOOpTraHi3MiB, sIKi iHKPYCTYBaIuCs KpH-
cTaJiMKaMu CTpyBiTy. OCTaHHI MalOTh JOCUTH YiTKO BUpaXeHe IpaBUIbHE KpucTaaorpadi-
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Puc. 15. TpuKyTHUKOMNOAiIOHI yTBOPEHHSI CYLIJIBHOI BEJMKOKPANMYacToi YOPHOI OPraHiyHOi PEYOBUHU B 3€pPHAX CTPY-
BiTy (3pas. 607). Hikoi ||

Puc. 16. TlceBnoboKoBa Oya0Ba 3epHa CTPYBITY, 3yMOBJIeHa >KOBTYBATO-CipOI0 IPiGHOKPAYACTOI OPraHiuHO0 pe-
4oBHMHOI (3pas. 607). Hikoni: a — |; 6 — X

YHE OrpaHyBaHHSI.

OnucyBaHe KaMiHHsI BUPi3HSIEThCSI TaKOX 30HAJBLHICTIO, sIKa 3yMOBJIEHA MaliiXe Cy-
LiTBHUMU MiKpOITpolIapKaMy TepeBaXKHO >XOBTYBaTO-CipOi ApiOHOKpAMyacToi opraHiyHol
pEYOBMHHU, 1110 10OPE MPOCTiAKOBYETHCS Mil MiKpOCKOMNOM IpU ogHoMy Hikoui. IIpu cxpe-
IIEHUX HiKOJISIX 30HAIbHICTh YACTKOBO TaCUTHCS, OCKIJIBKA BUIHO TiJIbKWM YOPHY OpPraHiuyHy
PEUOBMHY; IIpU OJHOMY K HiKOJi cIocTepiraroTbcsl Apa ii pizHoBuau. Lle aBuine DOCUTH
nobpe BUAHO Ha puc. 8. [1pu cxpellieHUX Hikomsix (puc. 8, a) 6aunMo TiJIbKU MiKpoIpoiiap-
K1 YOPHOI OpraHivyHO1 peYOBUHU, TIPpU OAHOMY (puC. 8, 6) — 111apyBaTICTh i 30HAJIbHICTD, 1110
CIIPUYMHEHI PO3IOAiIOM XOBTYBaTO-CipOro Ta YOPHOTO Pi3HOBMIIB y CYKYyIHOCTi. Tomy
1IapyBaTIiCTh i 30HAJIbHICTh KaMEHsI, 3yMOBJIEHi OPraHiYHOIO PEYOBUHOIO, NEIIO BiApi3HS-
I0ThCS MiXX cO0010.

Pucu 3o0HanbHOCTI CBiAYaTh, 110 iIHAWBIAW CTPYBITY IMIiC/ISI OCiTaHHS HA MOBEPXHIO KOH-
KPEMEHTY MPOAOBXYBaIX CBil picT, MpUYOMY Mil 4yac MPUIIMHEHHSI ab0 MyXe 3HAYHOIO
CIIOBUIBHEHHS Tpolecy KpUCTali3allii 3epHa MepeKpuBaIucsl pa3oM i XKOBTYyBaTO-Cipolo i
YOPHOIO OPraHiYHUMHU PEYOBUHAMMU.

Mopdosoriudi 0coOIMBOCTI Pi3HOBUIIB AAIOTh ITIACTaBY CTBEPIXYBaTH, 110 YOPHUI
BEJIMKOKpAITJacTUil CTPYBIT, iMOBipHillle 3a BCe, € MPOAYKTOM XUTTEMISTBHOCTI MiKpOOp-
TaHi3MiB, i HaBMaKu — XOBTYBaTO-Cipuii ApiOHOKpaImyacTuii — 31e0iIbII0oro (iziosoriyHo-
MaTOreHHOT'O YTBOPEHHSI.

CTpyBiT B ONMMCYyBaHUX KOHKPEMEHTax SIBJISIE cOOOI0 Mailke i30MeTpUYHi 3epHa Tab-
JINTYACTOTO OOPUCY, SIKi Y chepoJliTONoAiOHIi YaCTUHI MepeXxoasTh Y BUAOBXeHi. LlemeHTOM
CJIyTye, 3a3BUYaii, )KOBTYBaTO-Cipa opraHiuyHa peyoBuHa (puc. 9). [Tonekyau BiH KOHTaKTHUIA.
[IpaBunbHi orpaHeHi KpUCTaIUKW TPAILISIOThCS PigKo.

VY 3epHax CTPYBITY 4acTO € 3HayHa KiJbKiCTh TBEPAMX BKJIIOYEHb 000X Pi3HOBUIIB
opraHiyHoi peyoBruHU. 2KOBTyBaTO-Cipa opraHiyHa pedyoBrHa (puc. 11) Moxe 3yMOBIIOBaTA
Yy BUJOBXEHMX 3€pHaxX Ha mepudepii KamMeHs qyke TOHKY 30HaJIbHiCTh, a YOpHA BEJIUKO-
Kparyacra, 110 MepexoauTh y CYUiIbHY, (POopMy€e MiKpO30OHM MEPEBAXHO 3 PO3TATYyKEHHS -
MM Ta 3BUBUCTUMU YTBOPeHHSIMU. OTXe, Y BUTOBXEHUX 3epHaX cHepoliTONOAIOHOT CTPpyK-
TYpU CIIOCTEPIra€ThCsl YiTKUI Tepexin Bia ApiOHOKpaImyacToi KOBTYBAaTO-Cipoi 1O BEJIUKOK-
paryacToi Maitxke CyLiJIbHOI YOPHOI OPTaHiYHOI PEYOBUHH, 11O (iKCYETHCS 3A€0UIBIIOTO Ha
nepudepii kameHiB. Cepen iHAUBIAIB, 1110 (GOPMYIOTh CHEpOITONOAIOHY CTPYKTYpYy Ha Tie-
pudepii KOHKPEMEHTIB, TPaIUISIIOThCSI TOBIi KJIMHOIOMIOHI 3epHa, SKi XapaKTepU3yHThCs
PUTMIYHOIO 30HAJIBHICTIO, 1110 3yMOBJIEHA HAsIBHICTIO )XOBTYBaTO-Cipoi, pidlle BeJIMKOKpaItya-
CTO1 YOPHOI OpraHiyHoi pe4yoBUHU. [IpryoMy Al OpraHiYHUX MiKpOIIPOIIApKiB MpUTaMaH-
HUM 3TMH, KyT SIKOTO MPUOJIM3HO OMHAKOBUU Yy BCiX 3epHAax CTPYBiTy. BepiivHa 3ruHy mis
BCiX BUITAJKiB JIEKUTh MPAKTUYHO Ha OMHIN JiHii (puc. 12). Yce 1ie nae npaBo cTBepaKyBa-
TH, 11O TYT 30HAJIbHICTh 3yMOBJIEHA 34JEHOBAHICTIO OBOX I'paHell poMOiYHOI MpuU3MU abo
rpaHeil poMOiYHOI TPM3MHU I TTiHAKOIIa, X04a 30BHI Ha BUAOBXEHUX 3€pHaX CTPYBITY BOHU
BiJICYTHi.

[Ipu myxe BeauKoMy 30UTbLIEHHI Yy MESIKUX pafdiaJlbHO 30Pi€HTOBAHMX 3€pHaX Ipo-
CIIIIKOBYETHCSI pO3WIEHYBAaHHSI MiKpOMpPOIIApKiB JXOBTYBaTO-Cipoi OpraHiYHOi peyOBUMHU
Ha JeKiJlbKa MepepuBYACTUX CKIAAOBUX HUXKYOTO PaHTy 3aBTOBIIKU Bil MPiOHUX 3TyCTKiB
10 OyKkBaJIbHO OfHi€T Kparnku (puc. 13). KpiM Toro, B IMx KprcTaauKax IMpy BEJIMKUX 30UTbIIEH -
HSIX CIIOCTEPITraloThCsl pafiaibHO BUTSTHYTI MEpepUBYACTI MiKpOIIPOIIapKK KOBTYBATO-Cipoi
OpraHiyHoOi PEYOBUHHU, 110 (OPMYIOTh MO3AOBXKHIO 30HAIBHICTh 3epeH. MoXHa CTBEPIXKY-
BaTM, 110 KpUCTaji3allisl CTPYBITY BigOyBajacsi OMHOYACHO 3 POCTOM KOJIOHIlA MiKpoop-
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Puc. 17. 3epHa CTPYBITY 3 BKIIOYEHHSIMM TOHKOCTiHHMX IJIOOYJI anaTUTy 3 YOPHOIO KPanKoio B cepeinHi abo 6e3 Hel
(3pas. 584). Hikoi ||

Puc. 18. MikpocdeposiTi 10BeJiTY B CyKYMHOCTI 3 YOPHOIO PiOHOKPAITYacTol0 OPraHivHoI peyoBUHOIO (3pa3. 607).
Hikoui ||

raHi3miB (puc. 13). Takuit BACHOBOK BUIUIMBAE 3 TOTO, 1110 3BUYAiTHA CeAMMEHTALlisl CIIPUSI-
Jla 6 XaOTUYHOMY PO3MIIlIEHHIO BKJIIOYeHb OPraHiYHOI PEYOBUHMU.

VY neHTpadbHill YaCTUHI JOCTIIKYBaHOTO KaMiHHSI 3epHa CTPYBITY Bil3HAYalOThCSI Ha-
SIBHICTIO BKJIIOYEHb OJJHOYACHO JABOX Pi3HOBUIIB OpraHiyHOi peYOBUHMU, CEpel IKUX IPiOHOK-
parJacToi XKOBTyBaTO-Cipoi Habararo Oiybliie, Hi>k YOpHOI BeJIMKoKpamn4yacToi (puc. 14). [e-
He-Iie € 3epHa, B SIKUX YOpPHA, OYEBUIHO, BEeJMKOKpaIryacTa OpraHiyHa pedyoBHHA YTBOPIOE
TPUKYTHUKOMOAIOHI ckyrmueHHs (puc. 15). OcraHHi y pa3i pacTpoOBOEIEKTPOHHOTO HOCTi/I-
JKEHHSI CTIOCTEPIraloThbCsl Ha TPaHsIX MiKpOKPUCTAIMKIB SIK TPUKYTHi 3amaavuHMU.

11 oKpeMux 3epeH CTPYBiTy pUTaMaHHa MceBa00J0KoBa Oya0Ba, 3yMOBJI€HA PO3I0-
IiJIOM XOBTYBaTO-Cipoi ApiOHOKpammyacToi opraHiyHoi pe4oBuWHU. Ilig MiKpocKomoMm Ipu
OIHOMY HiKOJIi 11i HENMPaBUIbHI IHIWBIAW MAIOTh BUTJISII HiOM CYKYITHOCTI OKpeMUX IPiOHIIIMX
3epeH, PO3diJIeHUX KOBTYBaTO-CipOl0 APiOHOKPAITYacTOX OpraHiyHOI PEYOBMHOIO; Y pasi
CXpelleHUX HiKOJIiB BOHM TaCHYTh SIK €MUHE Lije (puc. 16).

3a paHumu mpati [17], BKIIOYeHHS] OpraHiyHOiI PeYOBMHM B 3epHaX CTPYBITY HAIaloTh
MiHepasy XOBTyBaTOT0, KOpMYHEBOT0 abo Maiixke 4opHOro (6pymIHOro) KoJibopy.

SAK cymyTHi MiHepaau y [IbOMY THUIIi KAaMiHHSI BUSIBJIEHi amlaTUT i IOBEJIIT. ATIaTUT AyXe
NpiOHOMIOOYIIpHUM, BiH HE3HAYHO IOIIMPEHMI i MPOCiAKOBYETbCI MK 3€pHAMU CTPY-
BITY i MOAEKYIY CyIIPOBOIXYETHCS HE3HAYHOIO KiIbKICTIO alaTUTOBUX TJI00YJI, MepeBaxkHO
TOHKOCTIHHUX, 6€3 YOPHOI KpaIku BcepearHi adbo 3 Heto (puc. 17). Li robyaum MoxyTh OyTH
MiX 3epHaMU CTPYBITY UM B caMUX 3epHax sik TBepai BkioueHHs1. L. Cifuentes Delatte et al.
[6] Takox (DiKCYIOTH il MiKpPOCKOIIOM y Iijichax TIoOyJIsipHi YTBOPeHHS, abo, SIK BOHH
Ha3MBalOTh, MiKPOOPTraHi3MHU, 1110 TPATUISLIMCS Y CTPYBITOBMX 3€pHAaX BiIMOBIMHUX KaMEHiB.
MoxxHa NpUITyCTUTH, 11O ONKMCaHi HaMM TJIOOYJIM — 1Ie Ti 3K MiKpOOpraHi3aMu, sIKi CIiocTe-
pirajm BUllle3ragaHi aBTOPH.

IOBeniT mpocTexXyeThesl y BUTIAAI MikpocdepoitiB (puc. 18) i mikporio0Gyeit, 3ue-
MEHTOBAaHUX IepeBaxKHO CYLJIbHOIO YOPHOIO, pilllie XXOBTYBATO-CipoI0 APiOHOKpPAITYacToO
OpraHiyHoO pedyoBUHOI0. KilbKiCTh I0BEIiTY Ma€e TEHAEHILi10 10 3pOCTaHHs B MepudepiliHini
YacTWHI KOHKpeMeHTiB. KpiM Toro, MiHepays MoXe TpaIuisITHCS B OpTaHiuHiii peYOBUHi Y
BULJISIIL AyXe ApiOHMX BisUTONMOMAIOHUX arperaTiB roa4acTuX MiKpOKPHCTAIUKIB, BMICT SIKUX
He repesulnye 1 % 06’eMy KaMeHsI.

Iniyianoni yenmpu. Y DOCTIIKYBAaHMX KaMEHSIX iHIilliaJIbHi LIEHTPY BUILISIIOTHCS CJ1a00
i € pO3IUIMBYACTUMU. 3a CTAaTUCTUUHUMU TaHUMU [4], BOHU, MMepeBakHO, CTPYBITOBi. Mu
CTIOCTepIiraji Taki TPY TUMM iHilliaTbHUX LIEHTPiB: 1) NpiOHO3EpHUCTUI CTPYBIT, Ae-He-1e
31IIEMEHTOBAHUM NPiOHOKPAITUacTOl KOBTYBAaTO-CipOI0 Ta BEJIMKOKPAMYacTOl0 YOPHOIO
OpraHiyHo0 peyoBUHOIO (puc. 19, a); 2) BHYTpIllIHS MMyCTOTa, BUCTEJIEHA Ty>e ApiOHOTIO-
OYyJSIPHUM amaTUTOM y CYKYITHOCTi 3 YOPHOIO BEJMKOKPAITYacTO OPraHiYHOIO peYOBUHOIO
iHKOJIM 3a TIPUCYTHOCTI APiOHOIIOOYISIPHOTO IOBENITY I CKyITYeHb NPiOHOKpAM4acToi opra-
HiuHOi peyoBUHU (puc. 19, 6); 3) CTOPOHHE TiNIO (HUTKA OMHTA), iIHKPYCTOBaHE KPUCTAJIM-
Kamu cTpyBity (puc. 19, 6).

IIpoBeneHi mOCHimXeHHsI CTPYBiTOBOrO KaMiHHSI JAlOTh MiACTaBY MiMTHM TaKWX BUC-
HOBKiB. 1. BiojiTu hopMy10ThCsl Y pa3i MoOeAHAHHST CENMMEHTALIIMHOTO MPOLECy i KpucTa-
i3alifHOTO POCTY 3€peH Ha IMOBEPXHi KOHKPEMEHTIB, MPUYOMY YAaCTKOBO BilOYBAETHCS iX
OCiTaHHS 3 MONAJIbIIUM MPOJOBXEHHSIM POCTY iHAWBUAIB, 10 MiATBEPIKYETHCS 30HATbHI-
CTIO OCTaHHIX. Y BUIIaAKy MepeBaru KpucTajizaliiiHUX MPOILECiB HaJ ceAUMEHTalliiiHUMU
GOPMYETBCST CTPYKTYpa, SIKy MOXHa PO3MNISIIATU SIK pe3yJabTaT APY30IOAiOHOro pocTy Ha
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Puc. 19. IHilianbHi HEHTPH CTPYBITOBOTO KaMiHHs: A — CKYIYEHHs 3epeH CTPYBIiTy, 3LEMEHTOBAHMX APiGHOKpamya-
CTOIO JXKOBTYBAaTO-CipOI0 Ta BEJIMKOKPAITYAaCTOI YOPHOK OPraHivyHOK0 pevyoBHHOI (3pa3. 608), Hikomi X; B — BHYT-
pilIHS MycTOTa, BUCTEIEHA AyXe NpiOHOIJIO00YISIPHUM arnaTUTOM i3 YOPHOIO BEJIMKOKPAMYacTOI OPraHiyHOI pevyo-
BUHOW (/), IPiIGHOKPAINYACTOI0 OPraHiyHOK PEeYyOBMHOK (2) Ta 3epHamu CTpyBiTy (3) (3pas. 584), wikorni [|; B —
HUTKa OMHTa, Ha sIKiil GOPMYIOTBCSI KPUCTAIMKU CTPYBITY (3pa3. 607): a — Mopdosorisi KpUCTAIUKIB CTPYBITY He
MPOCTEXYETHCS, OCKIJIbKM BOHM BKPUTi APiOHMM arperaroM MoJIOYHO-0110ro Hbro0epiiTy 3 1IOBKOBUCTUM OJIMCKOM

chepuyHiil MOBEPXHi.

2. HasBHicTb 3epHUCTOI Ta chepoiTOnoaiGHOI CTPYKTYP CTPYBITOBOTO KaMiHHSI CBiTYUTb,
1[0 MiKPOOpPraHi3MHU, sIKi pO3LICILUIIOTh ceuy, MaloTh OMOCepeaKOBaHUI BIUIMB Ha (opMy-
BaHHs 010J1iTiB, TOOTO iX pOJIb MOJsITaE, UMOBIPHO, TIIbKU B MiATpUMYyBaHHi piBHS pH 1yX-
HOIO cepeloBHIlia Ta FTeHEPYBaHHI i10HiB NHZ .

3. Bennkokpamnyacta YopHa OpraHiuHa peyoBHHA, sIKa MEePEXOANTh Y CYLIJIbHY, €, Ma-
0yTb, 6ioreHHOrO MoxomkeHHs. Lle miaTBepIKY€EThCS MOP(OJIOTI€IO ii YTBOPEHbD: IEHAPUTO-
MOAIOHMMM arperaramu Ta JiHIfHO BUTSATHYTUMU CKYITYEHHSIMU, CYLIJTbHUMU MacaMu He-
NnpaBubHOI ¢hopMu Tolo. 2KOBTyBaTo-cipa ApiOHOKpamyacTa OpraHiyHa pedyoBUMHA 3e-
OiIBIIIOr0, MOXKJIMBO, (hi3i0I0TYHO-TATOTeHHOTO MOXOKEHHS, X04Ya YacTKOBO ii TAKOX MOXKHA
pPO3IJISIIATH SIK PELITKY BiAMEPIUX MiKpOOPTaHi3MiB.

4. CynyTHi MiHepaJau amaTUT i IOBEJIT MalTh Y JOCTIIXYyBaHOMY KaMiHHi OioreHHe
TMOXOMI>KEHHSI, TIPO 10 CBIMYMTH iXHS IJI00OYJISIpHA CTPYKTypa, XOo4a IOBEJIT 4acTKOBO (op-
MYETBCSI TAaKOX YHACTIIOK XeMOTeHHOI KpHUCTali3allii i CIIoCTepiraeTbcsl y BUIJISAMI MiKpO-
cepoiTiB ad0 BisSTONMOAIOHMX arperaTiB roJ4acTUX MiKpOKPHCTaIUKIiB.
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BonuHebk. aepX. yH-T im. Jleci Ykpainku, JIynbk Hapniiiia 04.12.2000

PE3IOME. [loka3zaHo, 4TO U3y4YeHHbIE CTPYBUTOBbIE KaMHU (hOPMHMPYIOTCSI MPU COBOKYITHOCTH TIPOLIECCOB CEAMMEH-
TalLMU U KPUCTAUIM3AaLMU 3€PeH Ha MOBEPXHOCTH KOHKpeMeHTOB. Koraa rnpeobianaoT KpUCTAIM3allMOHHbIE MPO-
LIeCChl HaJl CEAMMEHTALIMOHHBIMU, (DOPMUPYIOTCS 1PY30MOJ00HbIE arperaTbl, KOTOpble TpaHCcHopMuUpyoTcs B chepo-
JIMTOBYIO CTPYKTYpy. Pacuueruisiioniue Moy MUKPOOPraHM3Mbl KMEIOT ONMOCPEI0OBAHHOE BIMSIHME Ha (hopMupoBaHue

. +
KamHeit. OHU, BEPOATHO, TOJNLKO TOAIEPXMBAIOT ypoBeHb pH cpeabl U reHepupyIoT HOHbl N H4 .

SUMMARY. Struvite stones, which are formed during combination of sedimentation process with crystalline growth of
grain on the surface of the concrements, have been studied. Where crystalline processes dominate over sedimentation
ones, drusoid aggregates, which transform to spherulite structure, form. Microorganisms, which split the urine, have
indirect influence on formation of stones. Evidently they only support the level of pH of alkaline environment and

generate NHZ ions.
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MopaenupoBaHue npoueccoB
MUHepanoobpa3oBaHuUs B NOYKe OOJNbHbIX

JlaHa xapakTepuCcTHKa MUHEpaJloo0pasyolleil cpeibl B MoYKe 60JbHOro, MpUBOASILIAS K BOSHUKHOBEHUIO YPOJIUTOB.
PaccMoTpeHbl 1B OCHOBHbIE TapareHeTUYECKMe accoLMaluu: ypaTHasi U ¢hocdaTrHo-oKcanaTHast, KOTOpble 00pa3yloT
YPOJIUTHI. Ha ocHoBaHMM MHOIOKOMIIOHEHTHOI'O COCTaBa MOYEYHbIX KAMHEW B COUETAHUU C pH Cpeabl CoCTaBJieHa
MareMaTruyeckass Moaejib (1)]/]3]/1K0—XVIMVI‘{CCKVIX yCIIOBVI]‘/] yCTOﬁHMBOCTVI KPUCTANTMYECKUX (1)33 B MOYKe OOJILHOrO.

YponuTtraz — IIMPOKO PacIpocTpaHeHHOe 3aboyieBaHue, cocTapisioniee oT 30 mo 45 %
Bcex (hopM yposornyeckux GojiesHeir [6]. TTpomgoKUTEIbHBIN XapakTep TeYeHUsI, CKIOH-
HOCTb K PEUUAMBUPOBAHUIO, TSLKECTh BOZHUKAIOLIMX OCJIOXHEHMI, U3BECTHAsE HeoIpee-
JIECHHOCTb MPEICTaBJICHUI O MaTOreHeTUYECKMX MeXaHU3MaX MOUYEKaMEHHOI 00JIe3HU MpU-
JAI0T MpobJjieMe 0co0yI0 3HAYMMOCTb.

3aKOHOMEPHBII MHTEpeC MCCenoBaTeliell TPUBIeKAaeT KOHEUHbINH MPOAYKT JUTOTeHE-
3a — yposuT. MMeroluecs autepaTypHble JaHHbBIE OTHOCSITCS TIPEMMYILIECTBEHHO K UCCIIe-
JMOBAaHUIO XUMUUYECKOTO COCTaBa MOYEBBIX KOHKPEMEHTOB U UX MPOYHOCTHBIX XapaKTepHUC-
TUK [2, 4].

Hamu um3yvanack MuHepangooOpasyioliasi cpeia B MOYKe OOJbHOro, MPUBOASILAS K
BO3HUKHOBEHMIO yponuToB. OUeBUIHO, YTO KOHLIEHTpAllUs, TeMIeparypa, napieHue, pH, Eh
cpeabl — OCHOBHBIE MUHepagooOpa3ymwoliue ¢akTopbl. TemIiepaTypy W IaBleHUE B Teje
OOJIbBHOTO MOXHO TMPUHSTh MOCTOSIHHBIMU BEJIMYMHAMU, CY3UB TEM CaMbIM KOJIMYECTBO
MepeMEHHBIX MMapaMeTPOB 10 ABYX-TpeX.

CocTaB MOYEUHBIX KaMHEW OINpeaessieTcsl TaAKUMU MaKpOKOMITOHEHTaMU, KaK KaTUO-
Hbel Ca, Mg, ammuak, aHMOHbI OpTO(OC(OPHOIi U 1IaBEJEBON KUCIOT, MOYeBasi KUCIOTa.
KoHIlleHTpalu 3TMX KOMIIOHEHTOB B coueTaHuu ¢ pH cpeabl MO3BOJISIIOT COCTAaBUTh MaTe-
MaTUYECKYI0 MOJIETb (PU3UKO-XUMUYECKUX YCJIOBUI YCTOMUYMBOCTY KpUCTATMYECKUX (a3
B ITOYKE OOJILHOTO. YCTOMYMBOCTb KPUCTATMYECKUX (Da3 pacCCUMTHIBAIOT 1O CUCTEME ypaB-
HEHMUI1, B KOTOPYIO BXOMISIT YpaBHEHUS YCTOMYMBOCTU pacCMaTpUBaeMbIX COeIMHEHUIA, ypaB-
HEHUS AUCCOIIMALIMU 1IaBeJIeBoOii, opToochOopHOil U MOYEBOIT KUCIOT U YpaBHEHUE KOJI-
yecTBa (Mac. noisi) ochaTHbIX COeNMHEeHU B pacTBope. PerieHue maHHOW CHUCTEMBI OCY-
LIECTBISIETCSI METOIOM ITOACTAHOBKM W BBIPaXKCHUSI aKTMBHOCTU BCEX paccMaTpUBaeMBbIX
KOMITOHEHTOB Yepe3 aKTUBHOCTh MOHA BOAOPO/A, T. €. aKTUBHOCTh KaXk/I0r0 paccMaTprBae-
MoOro MoHa 3aBUcUT OoT pH pactBopa. [lepeiiTi OT 3HAYeHUII aKTUBHOCTH K MOJISZTbHOCTH
MOXHO, pacCUMTaB BHavyaJlle MOHHYIO CHJIy PacTBOpa, a 3aTeM, UCIO/Ib3ysl JaHHYIO XapakTe-
PHUCTHUKY, OTpeaeanTb Ko3(MOUIIMEHT aKTUBHOCTU KaXI0ro MoHA. 3Hasl 3HAUEHUST aKTUBHO-
CTU U KO3(dUIIMEeHTa aKTUBHOCTH, MOXHO PAacCUMTATh PaBHOBECHBIE 3HAUEHUST MOJISLIb-
HOCTH KaXIIOro MOHA MpU KOHKpPEeTHOM 3HayeHuu pH cpenpl.

Kak BumHO u3 muarpammbl (puc. 1), Tmoist yCTOMYMBOCTU, pa3rpaHUYEHHbIC JTUHUSIMU
paBHOBECHS [JIs KATUOHOB U aHMOHOB, UMEIOT pa3HOEe IMOJIOXKEHNEe OTHOCUTEIbHO TPEIIo-
JKEHHBIX KOOpAauHat. JIMHUM paBHOBECHUS] KATHOHOB MMEIOT HAKJIOH BIIPaBO, 8 aHUOHOB —
BieBo. O61acTH, 3aKIIOYEHHBIE MEXAY JUHUSIMU aHUOHOB U KaTMOHOB, MPEACTABJISIIOT CO-
00i1 HEe YTO MHOE, KaK TOJIsI YCTOMUYMBOCTU UX COCTUHEHUIA.

[MpoaHanu3upyeM IMOMYyYEHHYIO OTMarpaMmy C MO3ULMU YBEJIWYCHUS] KOHLIEHTpALIMU
KakK OCHOBBI JIJIsSI 00pa30BaHUs YPOJIUTOB: AUarpaMma IMo3BOJISIET CIAENaTh 3TO AJIs JI000ro,
Hanepen 3agaHHoro 3HayeHusi pH. K npumepy, pH cpenbl B mouke 340pOBOro yejoBeKa
U3MEHSIETCS B Mpeaesax oT 4 10 6. B 3ToM MHTepBajie BO3MOXHOCTh 00pa30BaHUS YPOIUTOB
HUYTOXHO Maja U MPOUCXOIAUT JIUIIbL MPU OYeHb BBICOKMX KOHILICHTPALIUSIX, ITPUYEM 3TO
MOTYT OBITb OKCaJlaThl KaJbLius U aMMOHUs. [Ipu cmemieHuu pH B 1eI0YHYIO CTOPOHY
BO3HMKHOBEHUE YPOJIMTOB BO3MOXKHO TPU CaMbIX HE3HAYUTEIbHBIX KOHIICHTPAIIUSX.

© C. B. KaagypuH, A. B. Yernkko, 2001
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uc. 1. BHOBECHBbI HA4Y€HUsA MO-

10 1 JISUILHOCTENH MCCIIEAYEMBIX KOMIIO-
1E-10 HEHTOB B MOYKE OGOJBLHOIO

Puc. 2. llentpanbHast yacth docdaTHoro yponuta: A — opraHo-MHHEPaTbHBIN 3apObIll; B — TepBbIid Hal 3apO/Ibl-
1IeM KOHLEHTP OPraHMYecKOro BELIEeCTBA, MMEIOILMI MPaBUIbHYIO OKPYriayio ¢opMmy; B — BTOpOil KOHLEHTD M3
OpPraHMYecKOoro BellecTBa MCKakeHHOU (opMbl; I' — TpeTuid KOHLEHTp. YB. 2000

PaccuuranHasi muarpaMMa IMO3BOJISIET MOCTPOUTh TEOPETUUYECKYIO KOHCTPYKIIMIO 3a-
POXIEHUST YPOIUTOB. JIJIsk 3TOro MpoaHaau3upyeM JIMHUI0, cooTBeTcTBYIoNIyl0 pH 8. Kak
BUIHO M3 JMarpaMMbl, Jaxe IPU OYeHb He3HAUYMTeJbHOM KoHueHTpauuu (1076 mosb/n)
docharet Mg u Ca nmpubamkaroTrcsl K JUHUM paBHOBecus. [Ipy KOHIIEHTpalluu, paBHOM
1075 MoJIb/J1, JOJKHA HAYAThCsl KPUCTAIUTM3ALKMS 600beppHTa, HO, KaK MU3BECTHO, 3TO OYEHD
peakuii MuHepasl, oObIYHO, He BCTpevaroluiicss B ypoaurtax. [IpyunHa 3aech, o HauleMy
MHEHUIO, KPOETCS B CIEMyIOIIEM: B METACTAOWIbHBIX YCIOBUSIX, MMPU HEBBICOKUX KOHIIEH-
Tpauusx katuoHoB Ca u Mg 1 aHMOHOB | Poi‘ | BcieACTBME BOCHAJIMTEBLHOTO Mpollecca B

MOYKY MPOHUKAIOT MOJIEKYJbl Gesika. CXOICTBO pa3MEpHBIX IapaMeTpOB MOJIEKYJ Oesika 1
KPUCTAJUIMYECKOM CTPYKTYpBI araruTa, a Takxke ux opMUpOBaHUE OIHOTO Ha APYroM IO
MPUHLMIY 3MUTAKCHUAJbHOIO HapacTaHUs oTMevajaoch aBTopamu [1, 5]. Takum oGpaszoMm,
OpraHuYecKoe BEIeCTBO — 3TO MaTpulla ISl 3apoxaeHus docdara Kaabliysi, OTTECHSIO-
1ass BO3MOXHOCTb (popmupoBaHusl docdata MarHusi. BeposTHOCTb HalTH (paKTHUUECKOE
MOATBEPKIECHUE 3TOMY JOCTaTOYHO Majia. Hamu mpu mMcciaeqoBaHUM YPOJIUTOB C TTIOMOIIbIO
3JIEKTPOHHOTO MMKPOCKOIIa M3ydvalics TpernapaT u3 ¢pocdaTHOro KaMHs, M3rOTOBJIECHHBII
TakKuM o0Opa3oM, YTOObI cpe3 mpoled yepe3 1eHTp (puc. 2). LleHTpaibHast cBeTiasi 4acThb
docdaTtHOrO ypoiaura — (ocdar Kanablusl, MOATBEPKICHHBI MUKPO30OHIOBBIMUA UCCIIEI0-
BaHUSIMU, a YePHOE — BTO OpPraHUYeCcKoe BelllecTBO. [Tpubimxasch K LIEHTPY, OpraHuvec-
Kre KOHLEHTPHI MPUOOPETAIOT MPAaBUJIbHYIO OKPYIIYI0 (hOpMY; B CAMOM IIEHTPE HAXOMUT-
Csl OpraHMYeCKuid 3apopbllil, pazmep Koroporo < 0,1 MKM.

[Tpu Gosee BbICOKMX KOHUEHTpauusix HoHoB Ca m PO, B obnacTi KpUCTaLIM3alun
docdara KanplLus, OYEBUIHO, TTPOUCXOOUT (hopMupoBaHue ¢HochaToB CO MHOTUMM IIEHT-
paMy KpUCTaIM3aluu (CKpbITOKpUCTAUIMYeCKKE (ocdaThl).

Y JMHUM paBHOBECHUSI OKcajlaT-MOHA PACMOJIOXeHa 00JIaCTh METacTaOUIbHOW KpHC-
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Puc. 4. DneKTPOHHBIII CHUMOK Cpe3a ypaTHOro MUKpoarperata: A — LEHTpalbHasi HEYNopsiIoueHHasi 4acTb; b —
nepudepryeckre 30HbI

TaI3ald OKCAATOB. 37eCh BO3MOXHO MOSIBICHUE MEPBBIX OKCAATOB, IS KOTOPBIX 3a-
POIBIILIEM UM MOAIOXKON oKaxkyTcs (ocdarbl. DTO HEOTHOKPATHO OTMEYAIOCh MHOTUMU
uccnenoparessiMu [2—4]. Takue o6pasiibl, MOATBEPKIESHHbIE MUKPO30OHIOBBIMU aHATU3aMU,
BCTpeueHbl U Hamu (puc. 3). B LeHTpalbHBIX YacTsAX OKCAJIATHBIX YPOJUTOB MpeobiaaaeT
dochop, uro moaTBepKAaET Cyx)aeHUE 0 hocdaTHOM 3apofbiilie B HEKOTOPBIX OKCATaTHBIX
ypOJIMTaXx.

Beiie nosst yeroitunoctu (hocdatoB Kanblivs Ha auarpamme (puc. 1) pacrosaraioor-
Cs1 TTOJISI OKCAIATOB KalbLUsl U aMMOHUSI. CIIOHTAHHO KPUCTAUIU3YIOLIUECS] OKCAaThl KaJlb-
LMST U TIEPEXOMbl YIBEJUIUT — YIIEIUT OMUCHIBAINCH MHOTOKPATHO pa3HbIMU UCCIEI0Ba-
TensamMu [2—4]. @opMupoBaHUe OKCAMMUTA BO3ZMOXHO JIMIIb MTPU OYEHb BHICOKMX KOHIIEH-
TpalusiX, KOTOpble penko (GUKCUPYIOTCs B MoUykKe O0JbHOrO, Tak KaK paHee cchopMUPOBaB-
myecsl Kpuctajuimyeckue ¢asbl, Kak MpaBuiio, yxXe MPUBOIAT K MOYEYHOU Kosuke. B ie-
JIOUHOW YacTW AMarpaMMbl pacrojiaraeTcsl moje ycToiunBoctu ¢ocdara MarHust 1 aMMo-
HUS — cTpyBUTa. 1151 GOpMUPOBaHUS CTPYBUTA HEOOXOMMMBI BRICOKME conepxkaHus (oc-
(ar-noHa, MarHusi U aMMOHUSI U BBICOKASI 1LIEJIOYHOCTh CPEIbl.

B ycnoBusiX MOBBILIEHHON KUCIOTHOCTU (puc. 1) 00pa3yloTcst KpUCTALIMYECKHUe pa3-
HOBUJHOCTH MOYEBOI KUCIOTHl. OHM 0fHOMA3HBI, B LICHTPE HAXOMUTCSl Macca, COCTOSIIIAst
13 GOJIBLIOTO KOJUYECTBA 3aTPaBOK, B MeprbeprUecKOil YaCT POCT YIOPsIIOunBaeTcs (puc.
4).

Oco00 MHTEPECHDI CTyyau, KOT/ia B YCIOBUSIX BHICOKUX KOHLIEHTpAIMi, BEPOSITHEE BCETO
HUCKYCCTBEHHO, B pe3yJibTaTe JeueHusl, pe3ko uaMeHsercss pH B mouke u BMecTo oxXunaemMo-
ro MeIMKaMUu pacTBOPEHUsI oKcajlaTHOro wiu (ocdarHoro yponura HaurHaOT GoOpMUpPO-
BaThCsl ypaThl, AJIs KOTOPBIX 3aTPaBKOWl CTaHOBATCSl paHee cHOPMUPOBABIIMECS YPOIUTHI.
Psin mogoGHBIX MHOTO(MA3HBIX YPOJIUTOB TAKXKE BCTpeueH HaMu (puc. 5). DTO ypOJIUT, KOTO-
phlil Havan opmMupoBaThes Kak okcanar. K Tomy e B LIeHTpe OKCaJaTHOTO YypOJuTa Ha-
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Puc. 5. Yponut cMeniaHHoro coctaBa: A — docdarHslii 3apojpliil; b — OKCalaTHBIA LIEHTP; B — ypaTHast nepudepust

omonaetcst docdaTHblit 3aponsiil. Ho BeieacTBue M3MeHUBIIIEHCS cpellbl B MOYKE Ha OK-
CaJIaTHOM YpOJIUTe Hauyau (OpMUPOBATHCS ypaThl.

Ha ocHoBaHMM MPOBEAEHHBIX UCCIEIOBAHUN MOXHO CIeNaTh CIeAyollie BbIBOABL: 1.
AHaINU3 TOJYYEHHON IUarpaMMbl YCTOMUMBOCTU KPUCTALIMUECKUX (ha3 B MOUKe OOJLHOTO
MO3BOJISIET YCTAHOBUTb, UTO HEWTpaibHble 3HaYeHUs1 pH cpeabl Ui MOYKU YeIoBeKa CO-
CTaBJSIIOT — 3—5. AHAJIOTMYHBIE 3HAYSHUST TPUBEIEHBI B MEAULIMHCKOI JIUTEpaType.

2. ¥Yponautsl, (popMmupyolmecs B Moykax 00JbHOro, 00pasyioT Be MmapareHeTuyec-
Kue accouualuu — ypaTHyIo U ¢ochaTHO-oKcaIaTHYIO.

3. TlepBbIMU NP KOHLEHTpALMK, paBHOM 1075 MOJIb/JI, B LIIEJTOYHOM Cpelie 3aposKia-
1otcst ocdarbl Kadblvsi, MPUYEM 3apOABbIIIEM JJIsI HUX MOXET CIYXWUTb OpraHuyeckKas
Marpuia. I1pu 6ojiee BEICOKOM KoHLEHTpauu (5-1073) B HEUTPaIbHOM Cpele 3apOXKIaloT-
Cs1 OKcaslaThl KaJIbLIMsl, 3apOBILIEM JJISI HUX MOXET CIIy>KUTh paHee oOpazoBaHHbIN (ocdar
KaJblus. B Kuciol cpeme MpU BBICOKOM KOHIEHTparu — ~ 1073 Mojb/1 3apoxaaioTcst
ypaTbl, KOTOpbIe B OOJIBIIMHCTBE CBOEM B YCJIOBUSIX CIOHTAHHOM KpUCTA/UIM3aluK 00pa3sy-
10T TaK Ha3bIBa€MbIil MECOK.
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Opec. Hau. yH-T, Onecca Tocrynuia 20.11.2000

PE3HOME. HaBeneHa xapakTeprCTHKa MiHEpaJIOyTBOPIOBAILHOTO CEPEIOBUILA B HUPLI XBOPOT'O, SIKE MPU3BOIUTH 110
BUHMKHEHHS! yposiTiB. PO3IJIsiHYTO 1Bi OCHOBHI MapareHeTUYHi acolialii: ypatHy i ¢ocdaTHO-oKcanaTHy, 1O YyTBO-
pooTh ypoiiTu. Ha ocHOBi 6araTOKOMMOHEHTHOIO CKJIaay HUPKOBOIO KaMiHHsI y cyKymnHocTi 3 pH cepenoBuiua
CKJIQJIeHO MaTeMaTUYHy Mojelb (hi3MKO-XiMiYHMX YMOB KpPUCTaTiuHMX (ha3 y HUPILL XBOPOro.

SUMMARY. Characterization of mineral formation environment in kidney of ill man resulting in emergence of urolites
is given. Two basic paragenetic associations are considered: uratic and phosphate-oxalate, which form urolites. On the
base of multicomponent composition of kidney stones in combination with environment pH a mathematical model of
physicochemical conditions of crystalline phases stability in kidney of ill man.
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Bo3pacT knactoreHHoro u meramop@goreHHoro
LUMPKOHA B nNopoaax ryfiimnosibCKOu CBUTbI

CorlacHO reOXpOHOJIOTMYECKUM JaHHBIM, OCAZIOUHbIE MOPOJbI IYJISIAMONBCKON CBUTHI 0Opa30BaIMCh MPH Pa3MbIBE
Me3oapxeiickux rpaHuTouaoB. U-Pb  Bo3pacT KJIACTOT€HHOTro LMPKOHA M3 KBAPLMTOB HUXKHETYJISAIONBCKOM
noacButhl — 2900 + 100 mutH steT. Bo3pact MeTramopdu3Ma mopos ryasiinoiabekoit cButhl 2200—2100 MTH JieT.

Berynnenune. CinabomeraMophu30BaHHbBIE HETrPpaHUTU3UPOBAHHBIE OCATOUYHO-BYJI-
KaHOTeHHbIe MOpoaAbl ['yIsinoNbcKoi OpaXxMCHMHKIMHAIU CO CTpaTUTpaUIeCKUM
HecorjacueM 3ajieraloT Ha apXeMcKuX rpaHutoumax Bo3pacTtoMm OGoisiee 2800 MuH
net [4]. Tyngaiinonbckas CBUTA pacuyjeHseTcs Ha TpU MOACBUTH [1—6]. Huxusaa —
clioXeHa KBapLUUTaMU M CJaHUAMUW JIBYCIIONSHBIMU U aHAAly3UT-CTaBPOJUTOBBI-
MU, CPeIHsIsI — TJIaBHBIM 00pa3oM KeJe3UCThIMU KBaplUTaMU U MeTaaHIe3UTaMM,
BEpXHSISI — ClaHLAaMU OMOTUTOBBIMHU, 4acTO TpadUTCOAEpXKAIIMMU, UHOTAA BHICO-
KOTJIMHO3EMUCTBIMUA KBaplUMTaMU M KBapUUTOCAaHUAMU C (PIMIIOUIHBIM 4Yepeno-
BaHUeM. B orpaHMyeHHOM O00beMe MeTaaHAEe3UThl BCTPEUYAIOTCSI TAKXKE B HUXKHETY-
JNSIAMONBCKONW M BEPXHETYIAUIoNbCKON moacBuTax. [1o MHEHMIO HEKOTOPBIX MC-
cienoBaTeseil, TyasiIonabcKasi CBUTa COIMOCTaBISIETCS C KPHUBOPOXCKOM cepuei
CpenHenpuaHenpoBckoro 6joka. OHa co crpaturpaduyecKuM HecorjiacueM 3aje-
raetT Ha Me30apXeMCKMX TpaHUTOMIaX. B claHIaXx BepXHEryasaiIoNbCKOM MOMCBU-
Thl BBISIBJIEH KOMIIJIEKC MMKPOMPUTOGOCCUINIA, COMOCTAaBUMBII C OpraHUYECKUMHU
OCTaTKaMU TIaHIEBCKO CBUTHI KPUBOPOXCKOM cepuu [1]. Hyst onmpeneneHUs] HUX-
HEero M BEPXHEIro reoXpOHOJIOTUUECKUX pybexkeill (popMHpOBAHUS TYJISNMONbCKOM
cBUTHl BhINMOJHeHO U-Pb maTtupoBaHMe KJIACTOTEHHOTO IIMPKOHA M3 KBaplLUUTOB
HUKHETYJISMMONbCKON MOACBUTHI U PAa3HOBUIHOCTU MeTaMOP(POreHHOTo LUPKOHA
M3 METaaHAEe3UTOB CPEAHETYJISIUITONbCKON IMOJACBUTHI.

PesyabTaThl reoXpoHOJOTHYECKHX HCCaenoBaHuii. Keapyumo: (CKB. 624-B, UHT.
438—455 M, nipo6a 92-343). B kpynHo#i ¢pakuuu IMPKOHA HAOIOIAIOTCS 3epHaA
TUIIMYHOTO JAETPUTOBOTO LIUPKOHA OKPYIJIOM M OBadbHOU GopMbI ¢ abpaaupoBaH-
HO#l moBepXxHocTblo. Bo ¢pakuusx pasmepom < 0,1 MM YaCTMYHO COXPaHUJIUCH
Kpuctajninyeckrue ¢GopMbl LMPKOHA. BBIAENSIIOTCS TPU pa3sHOBUIHOCTU IIMPKOHA:
1) 6ecuBeTHBIN YIJIIMHEHHO-TIPU3MAaTUUYECKUI CO CrJaXeHHBIMM TPaHSIMM MU MHO-
FOYMCICHHBIMU BKJIIOUEHUSIMU rpacduTa, 2) po30BBIA U PO30BATO-KOPUYHEBHIN
YAJIUHEHHO-TIPU3MAaTUYECKUIl, 3) OEeCLBETHBIII KOMbEBUIHBINA, YaCTO C COXPaHMB-
IIUMHUCS TPAaHSIMH. YpPaH-CBUHIOBBI M30XPOHHBIA BO3pacT IPOOBI LIUPKOHA CO-
crapiasger 2900 = 100 maH ner (Ttabauiia; pUCYHOK). YpaH-CBUHIIOBBIM BO3pacT
KJIACTOTEHHOTO IMPKOHA XapaKTepM3yeTCsl CYLIeCTBEHHOM AMCKOPAAHTHOCTBIO IO
Pa3HBIM M30TOMHBIM OTHOILICHUSAM, UTO U OIpPeaeasieT BHICOKYIO MOrPEIIHOCTb IMO-
gyyeHHoi U-Pb M30XpOHHOM gaThI.

Poeosoobmankoeo-6uomumosnsiii eHetic (MeTaaHae3UT, CKB. 692-b, uHT. 654,5—
663 M, ipo6a 89-458). K KoHIly MHTepBasia onpoboBaHUs POrOBOOOMaHKOBO-0KO-
TUTOBBIE THEWCHI CMEHSIIOTCSI THeilcaMu OMOTUTOBBIMU. POroBooOMaHKOBO-OMOTH -
TOBBIE THEHWCHI CYIIECTBEHHO 3aTPOHYTHI MpolleccaMy XJOPUTHU3AMU U KapOoHa-
TU3allMu, a OMOTUTOBBIE THEWCH — KapOoHaTM3aluell W smumoTu3anueii. MuHe-
palbHBI COCTAaB POrOBOOOMAHKOBO-OMOTUTOBBIX THEWCOB, %: muarmokiaz — 30—
32; kBapu — 30—35; kanueBbIii moJieBO mnar — g0 2; 6uotur — 7—15; poroBas
obmanka — 0—8; kap6oHat — 4—10; snumor — 0—3; XJIOPUT U pYAHBIE MUHE-
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panbl — IOJW MPOILEHTa; anmaTUT, UMPKOH U
cheH — B eMMHUYHBIX 3epHAX. XUMHUYECKUI
COCTaB pOroBOOOMaHKOBO-OMOTUTOBBIX THEM -
coB, %: Si0, — 62,76; TiO, — 0,04; Al,O; —
16,53; Fe,0; — 0,99; FeO — 3,43; MnO —
0,10; MgO — 2,95; CaO — 4,55; Na,O —
3,51; K,0 — 2,27; P,O; — 0,13; S — 0,08;
H,0~ — 0,10; n. . m. — 2,30; cymma — 99,70.
[To XuMHUYECKOMY COCTaBy POroBOOOMaHKO-
BO-OMOTUTOBBIE THEHCHI COOTBETCTBYIOT aH-
ne3UTaM, a B I'e0JIOTUUECKOM pa3pese 3aHU-
MAalT TaKoe€ e reoJIOTMYEecKOoe TOJIOXKEeHUE,
KaK M TeJla MeTanop(@UupHUTOB.

B oToii mpobe BBIAEASIOTCS ABE pa3HO-
BUOHOCTU UMpKOHa. [lepeas (50 %) — xen-
TOBAaTO-KOPUYHEBBIN, YIJIMHEHHO-TIPU3MAaTH -
YeCKHUIl LIUPKOH C ymiuHeHHeM oT 1 : 3 mo 1
: 5. PeOpa u BeplIMHBI KPUCTAJJIOB BhIpaxe-
Hbl HeYyeTKO. B oTmenbHBIX KpuUcCTaajlaX Ha-
OJrofaloTCs Hellpo3payHbie sapa. YacTh Kpu-
cTajJoB obOpacTraeT HUPKOHOM BTOpPO TeHe-
pauuu. Bmopas (50 %) — KOpUYHEBBIA U
TEMHO-KOPUYHEBBI YIIMHEHHBIH AUTETpa-
FOHAJIbHO-TIPU3MATUYECKUII LIUPKOH. Berpe-
YaloTCSd W TEepeXOoJHble Pa3HOCTU OO IOYTHU
n30MeTpUYHOTO. [[abUTyCc rMallMHTOBBIN. Y-
nuHeHue ot 1 : 3,5 1o nzomerpuuHoro. M3o-
METPUUYHBIE KPUCTAJJIbl MMEIOT YETKUE TIpa-
HU MJIW TpUoOpeTaroT apoodpa3Hylo dop-
My. Y 4acTH KpUCTaJJIOB MPUCYTCTBYIOT siapa,
MpencTaBlieHHbIe IMPKOHOM TEepBOi TeHepa-
uuu. Ha U-Pb u3oxpoHHOIl gumarpaMme c
KOHKOpAME aHAJIUTUYECKME TOYKU ITOTO
LHUpPKOHA MMEIT O0O0JbIIOK pa3dpoc, 4TO
00BbsSICHSIETCS TPUCYTCTBUEM PEIUKTOBBIX
saep ¢ 6ojee OIPeBHUM pagMOTeHHBIM CBUH-
umoM. Cynst mo 3HaYEHUSIM M3OTOIMHOIO BO3-
pacra 1o otHoweHuw 207Pb/206Pb, MeTamop-
doreHHBII TMPKOH o6pasoBasca 2200—2100
MJH JIeT ToMy Hazana (tabauua). HepeanbHo
BBICOKHE 3HaYeHUSI MoaeabHoro Sm-Nd Bo3-
pacta METaaHAE3UTOB TYJSAWINOJIbCKON CBU-
ThI YKa3bIBAIOT Ha HapylieHHocTh Sm-Nd cu-
CTEMBbI MMOPOJ B 1I€JIOM, CBSI3aHHYIO C MUTpa-
LUe peaKo3eMeJbHBIX 3JIEMEHTOB IpU Me-
Tamopdusme.

BuiBoabl. OcamgouyHbie MOPOIBI TYJISIii-
MOJbCKOW CBUTHI C(DOPMUPOBATUCH TIPU pa3-
MBbIBE HEOapXEHWCKUX M Me30apXeiCKHUX Tpa-
HutouaoB. U-Pb Bo3pacT KJIacTOreHHOTO
LIUPKOHA M3 KBapLUUTOB HMXKHETYJISNMOAbC-
Koit moacBuThl coctaisier 2900 = 100 muH
netr. Bospact MmeTaMopduszMa mopona Tyiasii-
MoJAbCKOM CBUTHI ~ 2200—2100 muH net. Ta-
KUM 00pa3oM, HUXKHSISI U BepXHss BO3pacT-
Hble IpaHUIBl 00pa3oBaHUS TYJISUMOIbCKOM
cBUTHl paBHbl 2900 1 2200 MJIH JIET COOTBET-
CTBEHHO.

Pe3yJ'l]:TaT]:l YPaH-CBHHIIOBOI'0 H30TONHOr0 HCCJICIOBAHHA HHPKOHA M3 MOpPOA WHHﬁﬂOHbCKOﬁ 6anﬂCﬂHKJIﬂHaJIﬂ

Mpuwmeuanue HM — HemarHuTHas dpakius. 3Be3009K0i 0003HaUeH pagroreHHsblii Pb.

(=)
N
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YpaH-CBMHLOBasl AMarpamMma ¢
KOHKODPJIMEii 0 LMPKOHY (BO3-
5,*7 - pacT, MJIH JieT): ] — KBapUUThI
(nipo6a 92-343); 2 — amdubon-
OUMOTUTOBBIE THEHCHI TYJsIii-
1 L L MoJIbCKOM CBUTHI (TIpoba 89-
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PE3IOME. OcanoBi nopoau ryJistiimibChbKoi CBITH YTBOPWIIMCH 32 PaXyHOK PO3MUBY I'PaHiTOINiB HEOApXeHChKOro Ta
Mme3zoapxeicbkoro Biky. U-Pb Bik KJ1aCTOreHHOro LIMPKOHY 3 KBAapLMTiB HUXXHBOTYJISIAMIIBCHKOI MiJACBITH CTAHOBUTh
2900 + 100 muH pokiB. Bik metamopdismy mopia rynsiininbebkoi cith — 2200—2100 MJIH pOKiB.

SUMMARY. Sedimentary rocks of the Gulyaypole suite result from granitoids of washout of Neoarchean and Mesoarchean

age. Clastogenic zircon’s U-Pb age from quarzites of low Gulyaypole suite is 2900 = 100 Ma. Age of metamorphism of
the Gulyaypole suite rocks is 2200—2100 Ma.
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MMHEPANOTNYECKNH
AYPHAR

YAK 541.183
A. A. Kpouk

N3y4yeHne ocobeHHOCTEeN COPOLMOHHBIX U
[AEeCOpPOLMOHHbLIX CBOMCTB J1IeCCOBUAHBbIX MNOPOA,

N3ydeHsl mpotiecchl copormu u aecopdumu Pb, Cu, Zn, Cd iecCOBUIHBIMU CYTJIMHKAMU. Y CTAHOBJICHbI 3aKOHOMEPHOCTH
rpoiiecca COpOUMM METAUIOB B 3aBUCMMOCTU OT MUHEPAILHOIO COCTaBa MOpoa M (HU3MKO-XUMHMUYECKUX CBOKMCTB
pactBopa. C MOMOIIBI0 MHOTOCTYIIEHYATOM SKCTPAKIIMK ONpe/ieIeHbl XMMUYecKue (hOpMbI CBS3bIBAHUST COPOMPOBAHHBIX
METaJLIOB.

M3BeCcTHO, YTO TJIMHUCTBIE MOPOIBI CIIOCOOCTBYIOT COPOLIMY TSIKeJIbIX MeTasuioB [1, 2]. JlaH-
Hasl CTaThsl MOCBSIIIEHA KOJIMYECTBEHHOI OLIEHKEe COPOLIMOHHBIX U I€COPOLIMOHHBIX CBOMCTB
JIECCOBUIHBIX TTOPOJ MO OTHOIIEHUIO K TSDKEJIbIM MeTa/ulaM. B KauecTBe 0OBEKTOB HCCIe-
JOBaHMsI MIPENCTaBIEHbI JIECCOBUIHBIE CYIIMHKU Oyrckoro (vd Py bd) u nHenposckoro (vdPy
dn) TOpU30HTOB, OTOOpaHHbIe B Oaike ToHHenbHast U y ¢. HoBoanekcanaposka (JHerpo-
MEeTPOBCKMIT p-H JIHemporneTpoBcKoit 0011.). MccmenoBaHo 37 pa3HbIx 06pa3ioB. BrlmoiHeH
KOMILIEKC omnpeneeHui GU3NIeCKUX U XMMUYECKUX CBOMCTB MO CTAaHAAPTHBIM METOIM-
kaM. PeHTreHoBCKUIii (ha30BbIi aHAIU3 MO3BOJIWI MACHTU(UIIMPOBATh B UCCIEIYEMbIX 00-
pasiiax OCHOBHBIE IJIMHUCThIE MUHEPAJIbl; MOHTMOPWIJIOHUT, KAOJUHUT, TUIPOCIIONY, B He-
KOTOpPBIX 00pasiiax — OMOTUT, CAIIOHUT, CEPIIEHTUHUT. [10 TaHHBIM BOAHBIX U COJISTHOKHC-
JIBIX BBITSDKEK, IMOPOIBI MOXHO OTHECTH K C1a003acoJIeHHBIM ¢ KapOOHATHBIM U CyJbdaT-
HBIM THUIIOM 3acosieHus. BanoBoe comepxkanue Cu, Pb, Zn, Ni, Co He npesbimaet 0,01, a
Cd — 0,001 %.

Hccnenyemble MOpPOAbI pa3anyaroTcs MO MEXaHWYeCKOMY MU MUHEPaJbHOMY COCTaBy.
CocTaB OTJIOXEHUI U colepKaHe KapOOHATOB B HanboJiee TUIMMMYHBIX 0Opa3liax MpuBeae-
HBI B Ta0I. 1—3.

Ha nccnenyeMmbIx ob6pasiiax sKcrepuMeHTalIbHO M3ydanach copouus Pb, Cu, Zn n Cd
U3 PacTBOPOB COJIEH 3THUX METAJJIOB B Pa3HBIX (PU3UKO-XUMUYECKUX YCIOBUSIX B PacTBOpE
U TIPU pa3HbIX COOTHOIICHUSIX MEXIYy KUIKOW M TBepAoi (hazamu.

Copbuusi u3yyanach B craTudeckux yciaoBusix. K HaBecke mopoasl Maccoit ot 0,1 10
10 r mo6aBsI pacTBOP COJIM METALIa C KOHLIEHTpauueil ot 5 1o 400 mr/aM3 mipu cOOTHO-
LIEHUSAX MEXIy TBepaoi u xuakoit dazamu oT 1 : 10 mo 1 : 1000. B kauectBe poHOBOTO
pacTBOpa, CO3IAa0IEro MOCTOSTHHYIO MOHHYIO CUJTy, ucrnob3oBaicst pactBop NaCl.

DKCMepUMEHTAIBHO YCTAHOBJIEHO, YTO HACHILIEHUE TTOPOJ METAJIOM 3aBUCUT OT KMC-
JIOTHOCTU MCXOIHBIX PACTBOPOB, COAEPKAIIUX META/UIbI, PA3HOBUIHOCTHU MECYaHO-TJIMHKUC-
TBIX TIOPOA U OT THIA copOoupyemMoro merasia. Jlydiie Bcero rmpouecc cCopoLuu MpoTeKaeT
B MHTepBasie pH MCXOAHBIX PacTBOPOB OT 3 10 6, B KOTOPOM ITOPOBI MPOSIBIISAIOT Oy(depHbIe
cBolicTBa. KMCIOTHOCTh MCXOMHOTO pacTBOpa HE3HAUMTEIbHO BIMSIET HAa HACHIILIEHUE T10-
pon Cd, MakcuManbHOE TOIJIOIIEHNE KOTOPOro BO3MOXHO Jaxe M3 KMCJBIX PacTBOPOB.
HauGonbmiee BmusiHe pH okaswiBaeT Ha copoumio Pb; mpu pH < 3 Pb BooO11Ee He copOu-
pyeTcsl, a MaKCMMaJIbHOE €ro TorjolieHue nocturaercs npu pH 5. Makcumym cop6umu Cu
u Zn Habmonaetcs ipu pH ucxomHoro pactBopa 6oblie 4. Kak nmpumep npuBeIeHbI 3aBU-
CHUMOCTU €MKOCTU HaChILLIEHUSI TIOPOAbl METAJUIAMM OT KUCJIOTHOCTU PacTBOpa ISl TIPOObI
2 (Tabmn. 4).

B nporuecce cop61iMy MpOMCXOmUT TOALLEIauMBaHNE UCXOMHOTO pacTBopa. McxonHoe
pH pacrsopa Cu cocrasiser 5,2, B pe3yabrare copouuu pH Bospacraer o 5,6—5,8; ucxon-
Hoe pH pactBopa Pb nMmeer Takoe e 3HaueHME, a B pe3yabrare copounu pH — 6,3—6,6;
st Cd — pH 7,0—7,2 v pna Zn — pH 7,5-7.7.

Hapsiny ¢ moniuenauMBaHWeM pacTBOPOB HaOMomaeTcsl M BbiMbiBaHUME MOHOB Ca u3
MOpOJIbI B pacTBOp. B pedynbrate mpoBeAeHHBIX UCCISI0BAHUI YCTAHOBIIEHO, YTO B MPOLIeC-
ce copOLIMM MPOUCXOAUT BhiTecHeHMe Ca KaK 13 OOMEHHOI0 KOMILJIEKCa, TakK M U3 KapOoHa-
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ToB. KonuuecTBo nmocrynaroiiero B pacteop Ca Ha OAMH—IBa MOPsIIKA MPEBbIIIACT KOJUYe-
ctBo Ca, comepskalierocsi B oOMeHHOM Komruiekce (Tabin. 5). Ipouecc BoitecHeHus Ca 3aBu-
CHUT OT Tuma copbupyeMoro Mmerauia. KomumdecrBeHHo Goibiie Bcero Ca BhITeCHSIET Zn,
menbiie — Cu u Pb. Cd BeITecHsieT B pactBop Ca Ha mopsimok MeHblue, yeM Cu u Pb.
HaubGonee tecHas ¢yHKIMOHaIbHASI CBS3b MEXIY COPOLMOHHONW €MKOCTbIO M KOJuye-
ctBOM BbITecHeHHOro Ca Haomonaetcst 1t Cu. Paccuntanbl KO3 UIIMEHTBI KOPPEISLIT

Tabauya 1. DU3MKO-XUMHYECKHE XAPAKTEPUCTUKH JIECCOBHAHBIX CYIJIMHKOB

Howmep [TnoTHOCTD, DpakiMOHHBII cocTaB, % KapboHartsl
poOkI r/em3 MMecok AsteBpur [nuHa Cau Mg, %
1 2,69 33,3 57,1 8,6 19,0
2 2,72 24,3 60,4 18,4 14,6
6 2,58 8,5 75,6 15,9 20,3
9 2,72 13,5 79,1 5,4 13,9
10 2,67 5,1 83,9 10,9 17,3
12 2,75 34,3 40,4 21,5 12,6
Tabauya 2. Coaepxkanne METAJLUIOB B JIECCOBUAHBIX CYIJIMHKaX, %
KommnoneHt Howmep nipo6b1
1 2 6 9 10 12
Cd 0,001 0,0005 0,001 0,001 0,001 0,001
Cu 0,005 0,008 0,007 0,011 0,007 0,009
Pb 0,011 0,013 0,013 0,020 0,014 0,018
Zn 0,017 0,018 0,017 0,027 0,018 0,014
Mn 0,15 0,15 0,15 0,24 0,18 0,17
Ni 0,009 0,013 0,012 0,021 0,015 0,016
Co 0,018 0,011 0,014 0,016 0,011 0,015
Fe 4,7 4,6 4,15 5,85 4,25 6,75

Tabauya 3. Comepkanue BOJOPACTBOPHUMBIX COEAMHEHMIl B JIECCOBHIHBIX CYIIMHKaX, %

Tabauya 4. 3aBUCMMOCTD MpPeEAEJIbHON COPONMOHHO eMKocTH N

max

(mr/r) or pH ucxoanoro pacrsopa

(mpoba 2)
DieMeHT PHjex 2 PHyex 3 PHyex 4 PHyex 5 PHyiex 6 PHyex 7
Nmax pHK()H Nmax pHK()H Nmax pHK()H Nmax pHK()H Nmax pHK()H Nmax pHK()H
Cu 30 2,1 70 5,3 140 5,2 155 5,3 — — — —
Pb 0 24 170 6,0 277 57 32 59 — — — —
Zn 25 2,1 50 7,0 115 7,0 125 7,1 135 6,9 — —
Cd 53 2,1 53 6,5 53 6,5 57 6,6 61 6,6 65 6,6

Ta6auya 5. BeitecHenue Ca U3 J1eCCOBMIHBIX CYIJIMHKOB

Howmep nipo6b1

Kap6onarusiii Ca, mr/am3

Ca, BBITECHEHHBII1 B PaCTBOP B Pe3yJIbTaTe
COpPOLIMKM METAJUIOB, MT/T

Cu [ Pb Zn [ Cd
1 45 38 33 44 4.4
2 47 47 47 47 6,1
6 70 57 47 67 5,7
9 47 36 32 44 6,2
10 62 50 42 59 5,7
12 43 40 32 45 5,6
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MeXIy COpPOLIMOHHOM €MKOCThIO M KOJIMYECTBOM BbiTeCHeHHOro Ca, KOTOpblE COCTaBUJIU
st Cu — 0,96, Zn — 0,83, Pb — 0,81 u mina Cd — 0,08.

B Taba. 6 mpuBedeHbl 3HAYEHMS TMPEAETbHOW COPOLIMOHHON €MKOCTH MOPO o
OTHOUIECHUIO K pa3HbIM MeTaiaM. OmnpeneneHue npeaeaibHON COPOLMOHHON eMKOCTU
BBIMOJHSJIOCH B ONTUMAJBHBIX ycioBusax (mpu pH pacTBopoB oT 5 10 6 M COOTHOILE-
Huu a3 1: 1000). M3 mosyyeHHBIX TaHHBIX BUIHO, YTO COPOLIMOHHASI €eMKOCTb JIECCOBM/I-
HBIX CYIJIMHKOB 3aBMCHUT OT COJEp>KaHUsI KapOOHATOB B mopoje. B aGCOMOTHBIX Koauye-
cTBax OoJblie Bcero copoupyetcst Pb, KoTopblil moroniaeTcst B IBa pa3a 6ojblie, yeMm Cu, B
Tpu pasa 6oJibliie, yeM Zn U B yeThlpe pa3a 6osblie, yeM Cd. OnHU U Te Xe MOpPOoIbl MOTYT
CcopOMpOBaTh pa3Hble KOJMUYECTBA MeTaslla.

C 1esblo BBISICHEHUSI XUMUYECKUX (DOPM CBSA3bIBAaHMSI COPOMPOBAHHBIX MOHOB TSIXKE-
JIBIX METAJUIOB MpOBeAcHAa MHOTOCTYIIEHUaTas XumMuieckast akerpakuust Pb, Cu, Zn u Cd,
copObupoBaHHBIX Topoaamu. Ha o6pasnax mopoxn copouposamchk Pb, Cu, Zn n Cd u3 MoHO-
pacTBOPOB ¢ KOHLEeHTpauuein 50 Mr/aM3 Mpy COOTHOLIEHUN TBEPIOM U Xuakoi ¢as 1 : 10.

Ha nepeoii ctynenu akcTpakuyu AJis BblIEJICHUs METALJIOB, CBSI3aHHBIX B KATUOHOO0-
MEHHOW MO3UILIMU, YaCTUYHO CBSI3aHHBIX C KapOOHaTaMM, a TakxKe JJIsSI X BOJOPACTBOPU-
MBIX COeTMHEHUI MCMoJib3oBaii pacTBop (1 Mosb/n) auerara ammoHus ¢ pH 7. Ha emopoti
CTYIICHU JJIsI M3BJICUEHUST METAJIOB, CBSI3aHHBIX ¢ ruapokcuaamMu Mn, Fe u ¢ kapboHatamu
ucnojb3oBanu pactBop (0,01 MoJb/7) TMIPOKCHMIAMMHA COJISIHOKKMCIOTO B CMECH C pa-
ctBopoM (0,01 Mounb/im) a30THOI KKMCIOTH ¢ pH cMmecu, paBHBIM 2. Tpembs CTYIIEHb COCTO-
sila B 9KCTParupoBaHUM METAJUIOB, CBSI3aHHBIX CO CJ1a00 OKPHMCTAUIM30BAaHHBIMU U CUJIU-
KaTHbIMU (hopMamu okuciaeHHoro Fe, ¢ ucronbs3oBanuem pacteopa (0,2 Mojib/J1) okcanara
aMMoHUsI B cMecu ¢ pactBopoM (0,2 Moinb/n) 1maBenaeBoit kuciaoTel ipu pH 3. Ha vemeep-
moil CTYTIEHU OTIPENe/IsUIM METaJUlbl, CBSI3aHHbIC B OpPraHOMUHEpaJbHble (hOPMBbI, KOTOpPbIE
u3BIeKaloTcsl pactBopoM (1 Mosb/n) cossiHoi KucaoThl pu HarpeBaHuu (100 °C) B Teue-
HUe 2 4.

AHau3 MOJyYeHHBIX Pe3yJbTaToOB MOKa3aj, YTo B Ipollecce COpOLMU OTHOBPEMEHHO
MPOVICXOAUT CBSI3bIBAHUE MeETa/Ula BO BCEX MO3UIIMSIX, OJHAKO paclpejaesieHue copoupo-
BaHHOTO MeTaJlIa 1O MO3ULIUSIM, TIPUYPOYCHHBIM K Pa3HbIM CTYMEHSM 3KCTPaKIIUU, 3aBU-
CUT KaK OT TUIIa METaJlla, TaK U OT COCTaBa MOPOIbI.

JecopOLusi METa/UIOB M3 JIECCOBUIHBIX CYIJIMHKOB TOKa3aja, 4To 3HAYMTeIbHAsl 4acThb
copoupoBaHHoro Pb cBs3aHa B TpymHopaspyuaronimecst ¢opmbl. OcHoBHas dacTh Cu 1 Zn
CBsI3aHA B KaTMOHOOOMEHHBIX MO3MLIMSAX U ¢ KapOboHatamu, Cd B 3HAUUTENILHOW CTEMEHU
copbupyercs B ITO3MLIMK, CBI3aHHBbIe ¢ KapboHaTamu Ca v rumpokcunamMu Mn u Fe (ta6in. 7).

DKCMepUMEHTAJIbHO J0KA3aHOo, YTO B Mpoliecce AeCOPOLMU U3 MOPOJ BHITECHSIIOTCST B
pactBop noHnl Ca, Mg, Na, Fe, Mn u Al. Haanuune 3TX MOHOB B pacTBOPE yKa3bIBaeT Ha
CJIOXHBII MeXaHU3M IIpollecca, KOTOpbIi CBA3aH C OJHOBPEMEHHBIM IPOTEKAHUEM He-
CKOJIBKUX PeaKlInii, TAKMX KaK MOHHBIII OOMEH, OCaXIeHUE, COOCAKICHHUE, KOMIUIEKCO00pa-
30BaHME, a TaKXKe pa3pylleHUe OTAeJbHbIX MUHEpalbHbIX (pakiuii. KomnyecTBo BbiTeC-
HeHHoro Ca MpOIOPUMOHAIBHO KOJIMYECTBY TOIVIOIIEHHOIO MeTajlljla M 3aTparvbBaeT He
TOJLKO MOHOOOMeHHBI Ca, Ho 1 Ca KapOOHATOB.

Takum oO6pa3oM, BbIIEICHBI YEThIpe (Ppakiy COpOLIMU METAUIOB B ITOPOIAX, ONpee-

Tabauya 6. TpenenabHasi eMKOCTDb MOIJIOIIEHHST TIOPOJ

Howmep Pb Cu Zn Cd

MpOoObI r/Kr "9KB/KT r/Kr | "9KB/KT r/Kr I"9KB/KT r/Kr "9KB/KT
1 250 2,4 130 4,1 100 1,8 75 1,30
2 345 3,3 160 5,0 120 3,7 70 1,25
6 365 3,5 165 5,2 137 4,2 85 1,50
9 280 2,7 115 3,6 105 3,2 75 1,30
10 235 2,3 155 4,8 130 4,0 70 1,25
12 310 3,0 115 3,6 107 3,3 75 1,30

)

Tabauya 7. Pe3yabTaThl JeCOpPOLUM METALIOB M3 JIECCOBUIHBIX CYIJIMHKOB

Craausi JecopbeHT Pb* Cu Zn Cd

| NHyAc (1 monb/n), pH 7 23,0 63,0 41,0 32,0

11 NH4OH-HCI (0,1 monp/), pH 2 4,0 20,0 26,0 53,0

11 (NH4),C,04 (0,2 Monb/n) + 6,0 16,0 4,0 0,6
+ H,C,04 (0,2 monb/m), pH 3

v HCI (1 monb/m) 5,0 12,0 1,0 0,9

Cymma no cmaousam 38,0 100,0 72,0 86,5

* KonnuecTBo 1ecOpOMpPOBaHHOIO MeTalia, % MOrJIOLICHHOTO.
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M3YYEHUE OCOBEHHOCTEN COPBLIMOHHBIX

JIeHa oy Kaxaou dpakuuu, oOHapyXKeHO pa3ivuyuve B MEXaHU3Me COpOLMU METasUIoB.
Hanbonee mpoyHomy ynepkaHWIO COpOMPOBAHHBIX METAVIOB B MOPOJAX CIOCOOCTBYIOT
amopdHbie coequHeHuss Fe 1 Mn, Ha KOTOPBIX MOTYT MPOMCXOAUTD MPOLIECCHI COOCAXKIE-
HUSI METaJUIOB.

[TomyyeHHBIE pe3yabTaTbl MOTYT OBITh MCIIOJb30BaHbI JJI NMPOTHO3MPOBAHUS (HOpM
HaxXOXACHUST METAIJIOB, BO3MOXHOCTA MX MUIPALIMU U pacIpedeieHUs] B TeOXUMUUYECKUX
LIUKJIaX.

1. Helios-Rybicka E., Kyziol J. Rola mineratow i skat ilastych w wiazaniu metalyiciezkich w $rodowisku wodnym //
Zeszyty naukowe. Sozologia i sozotechnika. — 1991. — N 31. — S. 35—43.

2. Sergeev V. J. Methods for estimating the properties of soils as geochemical barriers for heavy metals // ITC J. —
1994. — N 1. — P. 29-33.

HWMU reonorun IHenporneTp. Hail. yH-Ta, JIHenponeTpoBcK [Mocrynuna 01.03.1999

PE3IOME. BusyeHo npoiecu cop6uii it aecop6uii Pb, Cu, Zn ta Cd jnecononibHumMu cyriMHKaMu. BcraHoBieHO
3aKOHOMIpHOCTI Ipoliecy copOLii MeTaliB 3aJIEXXHO BiJi MiHEPAJIOTiYHOrO CKJaay nopin ta ¢hi3uKo-XiMiyHUX BJIacTU-
BOCTEil PO3uMHy. 3a JIOMOMOrol GaratopiBHEBOI eKCTpaklii BU3HaueHO XiMiuHi (GopMu 3B’sI3yBaHHS COPOOBAHMX
MeTaJiB.

SUMMARY. Processes of sorbtion and desorbtion of lead, copper, zinc and cadmium by loamy soils were studied.

Dependences of sorbtion and desorbtion of metal from mineral contents of the soils and physico-chemical properties
of solution were found. Using multilevel extraction the chemical forms of sorbed metals were defined.
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3. 9. XXoBuHckuii, U. B. KypaeBa, H. O. KpioueHko, H. A. LLlypnau,
U. A. KonaduHa

OcHoBHble POPMblI MUIFPaALIUM XUMUYECKUX
3JIEMEHTOB B HEKOTOPbIX TUMNaX NMUTbEBbIX
noa3eMHbIX BoA, YKpauHbl

N3ydyeHbl HGU3MKO-XUMHUUYECKHE OCOOEHHOCTH pacIipeesieHUs MUKPO- U MaKpO3JIEMEHTOB B HEKOTOPBIX MOA3EMHbIX
nuTheBbIX Bomax IlonraBckoit, JIbBoBckoi, Onecckoii 1 KueBckoit oonacreii Ykparsbl. OrpenesieHbl HOpMbl MUTPALIIN
MHKPO- U MAaKpO3JIEMEHTOB U pacCUUTaHa UX KOHUEHTpPALIMSI.

KadyecTBO MUThEBBIX MOA3EMHBIX BOM OMpPENesseTcs Mpexkae BCEro He XMMMUYECKUM COCTa-
BOM, a TEPMOJMHAMUYECKN YCTOMUMBBIMU (POPMaMU MUTPALIMM XUMUYECKUX DJIEMEHTOB, U
B MEPBYIO oYepeab, OMOTeOXMMUYECKM aKTUBHBIMU (popMamu.

DopMbl XMMUYECKHX 3JIEMEHTOB B MOJ3EMHBIX BOJaX Ype3BbIYaitHO pasHOOOpa3Hb. B
MOA3EMHBIX BOJAX, MPEACTABISIONINX COOOM CIIOXKHBIE MHOTOKOMIIOHEHTHBIE CHCTEMBI,
MHOTHE 3JIEMEHThI HaXOISATCS HE TOJIbKO B BUIE MPOCTHIX TUCCOLIMUPOBAHHBIX [2] MOHOB,
HO U B BHJE aCCOLIMMPOBAHHBIX COEAVMHEHMIA pa3IUYHOM CTenmeHu cioxHocTu [6]. Tlpu
3TOM 0Cc00ast poJib MPUHAIIEKUT MUKPODJIEMEHTaM, OTPeAesISTIOIINM OCHOBHbIE OMOTeOXM-
MUYECKUE TTPOLIECCHI.

Cpeny OMOreOXMMUYECKH aKTUBHBIX 3JIEMEHTOB, JaXe MPU UX HU3KMX KOHLIEHTpAlLlU-
six, moxxHo Bbiaenuth Ca, Mg, K, F, I, Fe, Cu, Mn, Co, Zn, Mo, Se u Br. MHorue u3 Hux
SIBJISTIOTCST OMOJIOTMYECKM aKTUBHBIMU, TTOCKOJIBKY pa3IMyHa MX J0JISI TTOCTYILJIEHUS B opra-
HU3M ¢ Bogou u nuueit [1].

Tak Kak OCHOBHOE MOCTYILJIEHHME TOKCUYHBIX 3JIEMEHTOB B OpraHM3M 4YeJoBeKa Ipo-
WICXOIUT 3a CYET MUThEBBIX BOI, 1I€b MCCIEMOBAaHUI ObLIa HallpaBjieHa Ha U3y4YeHUe TUMd-
pPOTeOXMMMYECKNX OCOOEHHOCTE! TaKMX BOJ B Pa3HBIX O00JACTSIX YKpaWHbI U OIpeaesieHre
OCHOBHBIX (hOPM MUTpALIM XUMUYECKUX DJIEMEHTOB B 3TUX Bomax. Hapsiny ¢ skcnepuMeH-
TaJIbHBIMUM MCCJIEAOBAaHUSIMU HCIOJb30BAaHbI METOIBl MaTeMaTUYECKOIro MOMAEIUPOBAHMUS,
TO3BOJISIIONIME YCTAaHABIMBATh 3aKOHOMEPHOCTU pPacCIpeleeHUs] aKTUBHBIX (OPM XUMM-
YeCKUX DJIEMEHTOB.

dakTrnyeckuii Martepuan npeactaBieH 780 mpodaMu, 0TOOpaHHBIMU U3 Pa3HbIX BOJO-
HOCHBIX TOPU30HTOB M KOMIUIEKCOB Ha TeppuTopun YKpauHbl: 184 — [lonraBckoii o6ac-
™, 148 — JIpBOBCKOI1, 114 — Opecckoit, 334 — Kuenckoii obaactu. Bo Beex mpobax ompe-
JeJeHbl MaKpo- U MUKPOBJEMEHTHI B TTOA3EMHBIX BOIAX U3 Pa3HbIX BOJOHOCHBIX TOPU30H-
ToB. B pe3ynbrare 00paboTKM (haKTUUECKOro MaTepraia BhISIBIIEHbBI OCHOBHBIE 3aKOHOMEp-
HOCTM pachpenejeHuss MaKpo- U MUKPOSJEMEHTOB B ITOA3EMHBIX BOAAX.

[nsa onpeneneHus: opM MUTpallid Makpo- U MUKPO3JIEMEHTOB M pacyeTa UX KOH-
LeHTpauuy ucrosiab3oBaHa rmporpamma PHREEQC [5], 6a3upyioiasicss Ha OCHOBHBIX 3aKO-
Hax aerictBust Mmacc. OCHOBY 3TOil ITPOrpaMMbl COCTABJISIET TOMYIIEHUE, YTO aHATU3UpyeMast
MpUPOAHAasl CUCTEMa HAXOOUTCSI B COCTOSSHUM TepMOAMHaMUYeckoro paBHoBecus. IIpo-
rpamma PHREEQC mno3BosisieT paccuMThiBaTh PaBHOBECHBIN cOCTaB rerepoda3HbIX MHO-
TOKOMITOHEHTHBIX CUCTEM, B KOTOPBIX OJHOBPEMEHHO MOIYT HaXOIMThCSI BOAHAs, ra3oBas,
OlHAa WJIM HECKOJIbKO TBEPIBIX (MUHEpaIbHBIX) (a3, a TaKKe OAHA WJIM HECKOJbKO MOHO-
OOMEHHBIX U (WIM) COpOLMOHHBIX (ha3. Bce KOMITOHEHTHI BOAHOIO pacTBopa AENSITCS Ha
JIBE TPYIIIIbl: HE3aBUCUMbIC — aHUOHBI U KAaTMOHBI; 3aBUCUMbIE — MOHHBIE Mapbl U KOMII-
JICKCBIL.

IIpu mpoBeaeHUN pacyeTOB IMPEAIOIarajoch, YTO B CUCTeME HaXOAUTCS TOJBKO OJHA
¢daza — BomHbIA pacTBop. McXOOHBIMU JaHHBIMM TSI pacyeTa SIBSTIOTCS: TePMOAMHAMM-
YyecKre KOHCTAHThl PAaBHOBECHSI XUMMYECKMX PEaKlIMii; MaKpo- U MUKPODJEMEHTHBIN CO-
CTaB MOA3eMHBIX BoJ, a Takke ux pH. Ilpu pacyerax ucnoab30BaaIvuch TEpPMOIMHAMUYECKIE

© B. 1. Kosunckuii, U. B. Kypaesa, H. O. Kptouerko, H. A. Iypray, U. A. Konsiouna, 2001
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JKOBUHCKUWM B. 4. u nip.

KOHCTaHThI, B3sATbie U3 6a3bl gJaHHBIX WATEQ4F [6], koTopast MOCTaB/IsSIETCS BMECTE C
PHREEQC.

CornacHO pacyeTHBIM JaHHBIM (TabyMIla), B BOAAX Pa3IMUHBIX 00JIacTeil BOMOHOCHBIX
TOPU3OHTOB MpeodaagaiuMu GopMaM¥ MHUIPAalMKA MakKpO3JeMEHTOB sBisiorca Ca?t,
Cchog , CaCO;, CaSO,, Na*, Fe?*, Mg>*, K*.

ITpeobnanaroiue Gpopmbl MUrpanuy MukpoasemenTos — F-, CuCO;, Cu(OH),, ZnCO;,
PbCO;.

BbIBOIBI. YCTAHOBJIEHO, YTO OCHOBHBIMU (DAKTOpaMHU, OTPEACISIOINMMU (DOPMbI MUT-
paly XUMUYECKUX 3JIEMEHTOB B MPUPOIHBIX BOMAAX, CIIYXKAT XUMUHECKUL cOCmag 00bl N
@usuUKo-XUMUYeCKUe napamempysl Uccae0yemMvix nPUPOOHbIX CUCHEM.

[TonyyeHHBIE HAMU pe3YJIbTaThl SIBJISIIOTCS MpeABapUTEIbHBIMU, HauaThle MCCIIEI0Ba-
HUS cJeayeT MPOAOKUTh Ha TEPPUTOPUHU APYTUX objacTteil YKpauHbI.

1. Bapeuw M. B., llleapy A. A. HoBblii moaxo/ K OLleHKE MUKPOKOMITOHEHTHOTO COCTaBa MOA3EMHbIX BOII, UCITOJIb3Y-
eMBIX TSI MUTheBOro BogocHaoxkeHust // 'eoakomorust. — 2000. — Ne 5.— C. 467—473.
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5. Kpainos C. P., Poiwcenxo b. H. AHanu3 paspelaoninx BO3MOXKXHOCTEH MPOrHO3HBIX MOJIeIel TEXHOIeHHBIX N3Me-
HEHUI XMMUYECKOTO COCTaBa IMOJA3EMHBIX BOJ, MX ONTHMAJbHOE TeOXMMHUYEeCKoe comepxaHue // Feoxumus. —
2000. — Ne 7.— C. 691—704.

6. User’s guide to PHREEQC — a computer program for speciation, reaction-path, advective-transport, and inverse
geochemical calculations / Ed. David L. Parkhurst. — Lakenood, Colorado, 1995. — (U. S. Geol. Surv.).

7. Ball 1. W., Nordstrom D. K. User’s manual with revised thermodynamic data base and test cases for calculating
speciation of major, trace and redox elements in natural waters. — 1991. — 185 p. — (WATEQ4F. — U. S. Geol. Surv.
Open — File Report 90—129).

WH-T reoxuMuu, MUHepaioruu u pynooopazosanuss HAH Ykpaunbl, Kues [Toctynuna 19.02.2001

I'CII "TexHouentp", Kues

PE3IOME. BuByeHo }i3nKo-XiMiuHi OCOOIMBOCTI PO3MOLICHHST MiKpPO- Ta MakKpOEJIEeMEHTIB Yy IesIKUX MiA3eMHHX
nuTHUX Bojax IMonraBcbkoi, JIbBiBcbKoi, Onecbkoi Ta KuiBcbkoi obnacteit Ykpainu. BusHaueHo dopmu mirpauii
MIiKpO- i MakpoeJeMEeHTiB Ta po3paxoBaHa iXHsl KOHLEHTpaLlisl.

SUMMARY. The physics-chemical features of distribution micro- and macroelements in some of underground potable

waters of the Poltava, Lvov, Odessa and Kiev regions of Ukraine are investigated. The forms of migration micro- and
macroelements are determined and their concentration is designed.
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YIK 552.45:552.42/43+553.311.2 (477.64)
r. J1. KpaBuyeHko

DdepponMpoKCeHuTbl, 3BAN3NTbLI 1 pasauTcoaepxaiiue
MarHeTuTtoBble KBapuutbl KameHHon Morunbl n
Kopcak-Morunobl (3anagHoe lNpua3oBbe)

OxapaKTepu30BaHbl BELECTBEHHbI COCTAaB M YCJIOBUs 0oOpa3oBaHusi (eppONMPOKCEHUTOB, IBIU3UTOB U
aCCOLMMPYIOLIUX C HUMHU (’paﬂnmcouepxamux MarHE€TUTOBBIX KBapIIMTOB ,ElCMbSIHOBCKOVI CBUTBI LHEHTPAJTbHOIIPHA30B-
CKOW cepyu Heoapxesi, KOTOPbIE PACCMATPUBAIOTCS KaK BHICOKOTEMIIepaTypHbIe (rpaHy IMTOBas (halnsi) MeTaCOMaTUThI
Mo paHHeNoKeMOpUiickuM deppoMeradbazuTam.

DepponUPOKCEHUTBI, IBIU3UTHI U (GasTTUTCOAEPKAILNE MATHETUTOBbIE KBAPLIUTHI BXOIST B
COCTaB XeJIe3UCTO-KPEMHUCTOM (hopMaLMK, IIMPOKo pa3BuToii B [Ipuaszosbe. B 1960—1980
IT. OHa aKTUBHO M3y4yayiach MPOU3BOACTBEHHBIMU M HAayYHO-UCCIIEI0BATeIbCKUMU OpraHu-
3auusMu. ['eojornyeckoe CTpOEHWE U BEILIECTBEHHBIN COCTAaB MOPOJ XKeJe30pYAHbIX Mec-
TopoxaeHuit [Ipra3oBbst ¢ pa3HOI CTENEHbIO AETATHLHOCTU OXapaKTepU30BaHbBI B paboTax
[2, 13—16, 18, 22]. BMecTe ¢ TeM B OTJIMYKME OT PYAHBIX KBAPLUTOB (DEPPOMUPOKCEHUTHI 1
SBJIM3UTHI B paliOHE MCCIEIOBAHUI Majo U3YyYeHbI M, HECMOTPS Ha TO, YTO paHee 3TU MOpPo-
Ibl yxe oTMevanuch Ha Kopcak-Morune [22], netanbHO ux He u3ydanu. CpaBHUTEIbLHO
HElaBHO XeJIe3UCTO-KPEMHUCThIe Topoabl 3amagHoro U BocrouHoro I1pua3oBbsi OTHOCH-
J1 K CauKMHCKOI CBHUTE LIEHTpaJbHONPUa3oBcKoil cepun (AR,). CornacHo HOBOH yTO4-
HEHHOM KOpPPEeJSIIMOHHON cTpaturpadudeckoii cxeme (1998 r.) oHM OTHECEHBI K JEeMbsI-
HOBCKOI CBUTE LIEHTPaJIbHOMPHA30BCKOI cepum Heoapxest Bo3pacTtoMm 2700—2800 MiH JieT.
B ocHOBY MpoOBeIeHHBIX MCCASIOBAaHMI MOJOXKEHO U3yUYeHHEe KEPHOBOrO MaTepuaa, Mmojy-
YEHHOTO TP IMTOMCKOBBIX M Pa3BeIOYHBIX paboTax Ha keye3o B mpenenax Kopcakckoro u
HoBoykpanHCKOro MeECTOPOXICHUI, a TAKXKe OTAEIbHBIX 00pa31I0B IMOPO/I [0 MECTOPOXKIE-
HusMm KykcyHryp u CepreeBCKOMy.

DBIM3UTHI, KaK 1 B Ipyrux paiioHax [1puazosss [5, 9, 10, 19], xapakTepu3yroTcs 3eJIeHO-
BaTO-KOPUYHEBATO-TEMHO-CEPBIM 1IBETOM, MEJIKO-CPEIHE3EPHUCTOM, MHOTAa HEpaBHOMEP-
HO3EPHUCTOM CTPYKTYpO M HEYETKO BBIPAKEHHON CliaHILeBaToi TeKCTypoil. OHU BbIsSBIIC-
Hbl Ha Kopcak-Moruje B CKB. 3, rie 3ajeraioT B BHIE IUIaCTa MOIIHOCTBIO 16,5 M cpeau
MaJIOpYIHBIX MaTrHETUT-TPaHAT-TUIIEPCTEHOBBIX KBAapLUTOB M IIPEICTaBICHBI MOYTU Oec-
KBapLIEBBIMU MarHetutcoaepxammmu (1o 5 %) rpanar(15)-opronupokceH(35)-dasanTo-
BbiMU(40—45 %) mopomgaMu MHOTAA ¢ OMOTUTOM, POrOBOM OOMaHKOM U cyibbuaamu. OT-
JIMYUTESIbHON 0COOEHHOCThIO 3BIU3UTOB Kopcak-Moruisl siBisieTcst To, 4TO TIpu oboraliie-
Hum kBapueM (10 40—50 %) B OTAEIbHBIX MPOCTIOX (10 3—6 M) OHU TMOCTENMEHHO CMEHSI-
10TCS hasIUTCOAEepXKAIIUMU PyaIHbIMU rpaHaT(5 %)-dasaut(5)-opronupokceH(15)-marHe-
TUTOBBIMU(15—20 %) nmub6o ManopymHbIMU MarHeTUT(5—6 %)-basmut(6—7)-rpaHar(12—
15)-opronupokceHoBbIMU(22—23 %) kBapuutamu. K sBau3nuTam, o4eBUIHO, TPUHAAJIEXKAT
U TpaHaT-OJUBUH-OPTOINMUPOKCEHOBBIE MAarHETUT- M KBaplicoAepKalliue Mopoabl U3 CKB. 7
Ha Kopcak-Morue, HeonpaBaiaHHO oTHeceHHbIe B 1962 r. F0. Wp. IMonoBunkuHOM [13] K
MarMaTMYeCKUM OJIMBUHOBBIM IHUPOKCEHUTaM (CaKCOHUTaM).

B orTiuume OT 3BIM3HUTOB CYILIECTBEHHO MUPOKCEHOBBIE MOPOAL — (epponupokce-
HUTBI B UCCJEIOBAHHOM paiioHe paclpocTpaHeHbI Gosiee Mpoko. OHU YCTAaHOBJIEHBI Ha
HoBoykpanHCKOM MECTOPOXIEHHUU, B 103KHOM yacT Kopcak-Moruibl 1 Ha MECTOPOXIE-
Huu KykcyHryp. OGbIUHO MX paccMaTpUBAIOT KaK 3BIU3UTONOM00HbIe Topoasl [20, 22, 23],
MMOCKOJIbKY C 3BIM3UTAMU UX COJMXKAIOT HE TOJILKO OCOOCHHOCTH COCTaBa M BHEIIIHEEe CXO/I-
CTBO, HO W OJIM3KUeE ycaoBUs oOpa3oBaHus. B To Xe BpeMsl Apyrue McciaenoBaTesd Ha3BaH-
HbIE TMOPOIbI OTHOCAT K K€JI€3MCTO-CUIMKATHBIM CJaHILIaM, UMEIOIIUM IepBUYHO-0CaI0Y-
HO€ MPOUCXOXACHUE W UCIBITABIIMM MeTaMOp(hU3M B YCJIOBUSX I'PAHYJIUTOBON U aMdu-
6onuToBoit dauuit [2]. . I1. Ceparouerko u ap. [16] monaraior, 4to (peppOnMpOKCEHUTHI

©T. JI. KpaBuenko, 2001
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(KamenHast Moruia, ckB. 12, 1. 460,8—461,3 m); 22 — 6uorur, 00p. 255; 23 — 10 Xe, U3 MeTacoMa-

, 00p. 308 (Kamennas Moruia, ckB. 12, ri1. 229,0—229,1 m); 24 — marnerur, o6p. 297. Kosgpuyuenmor: f, s = [(Fe+Mn)/(Fe+Mn+Mg)]-100, %

Ca = [Ca/(Cat+Mg+Fe+Mn)]-100, %. AHaim3bl BHITIOIHEHBI B XuMudeckoit ladoparopur UTMP HAH VYkpautsr, ananmutuku b. B. Mupckas (an. 1,3—12, 14, 15—17, 19, 22, 23); A. 5. Poraps (an. 13, 18, 20, 24);

OpTOIMpOKCeHa, 00p. 623 (Tam xe, ckB. 14, T1. 296,0—297,0 M); 14 — 1o e, 06p. 302; 15 — rpanar, 06p. 311; 16 — 10 Xe, U3 HeppOOPTONUPOKCEHNTA TPAaHATCOAEpXKalero, oop. 254 (KykcyHryp, ckB. 33, ri1. 224 4—
O. I. Kpactok (an. 2), M. JI. llaiikeBuu (aH. 21).

224,8 m); 17 — 10 Xe, 00p. 299; 18 — T0 Ke, 00p. 663; 19 — TO Xe, U3 MeTacoMaTUTa GMOTUTOBOTO C HEGOJIBIINM COlep)XKaHUeM rpaHara, oop. 255 (KykcyHryp, ckB. 33, 1. 228,5—229,0 m); 20 — KyMMUHITOHMT,

00p. 623; 21 — XeapuT W3 KPUCTALIOCIAHIIA THMIEPCTeH-OMOTUT-KeIPUT-TIArMOKIIa30Boro, oop. 316

TUTA OWOTUTOBOTO C HEOOJBIIUM COIICp>KaHMUEM TpaHara

MOTIJIM 00pa30BaThCsl 3a CUET MTEPBUYHO-META0CATOYHBIX PYAHBIX KBAPILUTOB,
MOJBEPIIINXCSA yAbTpaMeTaMophHUECKoil AuHaMoTepMalibHOl nuddepeH-
LAWK COMPSIKEHO ¢ MHBEKLUMSAMU TpaHUTOMAOB. Cpean 3TUX MOpOoa OTMe-
YeHbl KaK HauboJiee JyacTo BeTpevaroumecs 6e3pyanbie (Mt* < 5 %), marHe-
tutoBble (MT 15—20 %) u rpanarcogepxamue (I'p 10—20 %) deppoopTo-
MMUPOKCEHUTHI, TAK U HaOIIOAAIoIIMecs] 3HAUUTEJIbHO pexe (peppOoKIMHOIM-
POKCEHUTHI; MHOTIA BCTPEYAIOTCSI TMPOKCEHUTHI, CIIOXKEHHbIE MepeMEHHBIMU
KOJIMYECTBAMU POMOMUYECKUX M MOHOKJIMHHBIX TTUPOKCEHOB, a TAKXKE MHTEH-
CUBHO KYMMMHITOHMTU3UPOBAHHBIC U OCJIOACHENbIE UX PAa3HOCTHU.

Makpockonuyecku GepporMpPOKCEHUTH — 3eJIeHOBATO-TEMHO-KOPUY-
HEBBIE XOPOIIO PAaCKPUCTAINIM30BAHHbBIEC IMOJOCYATHIE, PEXE MAaCCUBHBIE HeE-
paBHOMEpPHO3epHHUCTHIe Moponabl. KpymHble ynauHeHHbIe (10 2—3 cM), pexe
KOPOTKOIPU3MATUYECKUE KPUCTAUIbl TEMHO-0YpOro OpTOMUPOKCEeHA WJIU
OypOBaTO-TEMHO-3€JIEHOIO0 KJIMHOMMPOKCEHA CJIaraloT OTAE/bHbIE MPOCIIOH,
MHOTAA THe37a, MOILIHOCTb KOTOpbIX u3MeHsercsa ot 0,5—1,0 no 10—15 cwm;
pexe MOIIHOCTh MnpocioeB yBeauuuBaercs a0 0,5—1,0 m. Kak npaBuio, oHu
YepeayloTcss ¢ OCBETJIEHHBIMM CIOMKaMU MEIKO-CPeIHE3EpHUCTOro KBaplia
WM C MaJIOPYAHBIMU MEJIKO3EPHUCTBIMU MarHeTUT-TUIIEPCTEHOBBIMU KBap-
muTamu. CymMMapHasi MOIIIHOCTh COJIMXKEHHBIX MPOCIoeB (heppOrMpPOKCEHM-
TOB u3MeHsietcst oT 14 no 70 M Ha HOBOYyKpanHCKOM MECTOPOXIAECHUU U OT
60 M Ha Kopcak-Moruie mo 140 M Ha MectopoxaeHun KykcyHryp [23],
npuyeM oOoralieHHbIe MAarHETUTOM (hepPPONMUPOKCEHUTH MMEIOT MOILIHOCTD
oT 4—5 go 10—16 m. ITo BHelIHEMY BUAY M COCTaBy (HeppONMUPOKCEHUTHI
BeCbMa OJIM3KM K M3BECTHBIM CUJIMKATHBIM 3KEJIE3UCTO-KPEMHUCTBIM MOPO-
JaM — TaKOHUTaM, KOTOphIe, KaK ToJaraior [18], B BuIe MaJIOMOIIIHBIX MPO-
CJI0€B OOBIYHO TIPUYPOUYEHBI K KPAeBbIM YaCTSIM XKEJE3UCThIX IJIACTOB.

Ha HoBoykpanHCKOM MeCTOPOXIEHUU CPelM MUPOKCEH-MarHeTUTOBBIX
KBaplLUTOB MIOMMMO OXapaKTepU30BaHHBIX BbIlIe (heppONMMPOKCEHUTOB BCTPE-
YalOTCSl CBETJIO-KOPUYHEBBIE MX IPOCIOM MOIIHOCTBbIO 3—5 €M, B KOTOPBIX
KPUCTA/UTBl MEHEe XKeJIe3UCTOro OPTOMMPOKCEHA MOBCEMECTHO OPUEHTUPO-
BaHBI TIOTIEPEK CIaHIIEBATOCTH, T. €. UMEIOT TOPLIOBYIO CTPYKTYpY. B aTHx mo-
polax MpakKTUYECKHU BCEraa OTCYTCTBYEeT MarHETUT, M 00pa30BaIUCh OHM, Be-
POSITHO, TIO3[IHEE, TI0 CPAaBHEHUIO ¢ OOBIYHBIMU (hepPONMUPOKCEHUTaMU. B 00-
JJACTM KOHTaKTa (peppONUPOKCEHUTOB C MAarHETUTOBBIMU KBaplUTAMU MeC-
TaMU oTMedarTcs 30HBI (5—10 cM) ¢ pacruIbIBYaTBIMU KOHTaKTaMu OoJjiee
MO3IHUX 3€JeHOBATO-UYEPHBIX KPYIMHOYELIYIYAThIX OMOTUTOBBIX MeTacoMa-
TUTOB (C/IIONMTOB), MHOTIA C I'paHaToM. B mpoliecce perpecCMBHOIO MeTa-
mMoppusMa (PeppONUPOKCEHUTH U 3BJIU3UTHI ObLIM aM@UOOIU3UPOBAHBI,
HepeaKo OMOTUTU3MPOBaHBI. [1o1 MUKPOCKOIIOM CTPYKTYpa 3BJIM3UTOB U (ep-
POINMPOKCEHUTOB TeTEPO- M MMOMKMIO0IACTOBAsI, YACTO C XapaKTePHBIM AUa0-
JIaCTOBBIM CpacTaHMEM OJIMBMHA M TpaHaTa, OPTONMPOKCEeHa U rpaHaTa, OpTo-
MUPOKCEHa W MarHeTuTa W Ap. Hapsiay ¢ IaBHBIMU TTOPOA00OPA3yIOIIMMU
MMHepaJaMUd pacCMaTprUBaeMbIX IMOPO/, O KOTOPBIX YIIOMUHAJIOCH BHIIIIE, B UX
COCTaB BXOJIST arlaTUT, LIMPKOH, WIBMEHUT U CYJIb(UABI Xejle3a — MUPUT U
MUPPOTUH, B HEOOIBIIUX KOJUYECTBAX — XaJIbKOMUPUT, TAJICHUT, MOJIUOAC-
HUT, BACMYTHH, LLIEEJTUT, (PIIIOOPUT, GApUT, XJIOPUT, KapOOoHAT, rpadur.

OJmBHH MpeACTaBIeH KCEHOMOP(MHBIMU 3epHAMU pa3MepoM 10 1—2 MM.
[Tox GMHOKYISIPOM LIBET €ro JIMMOHHO-XEJThIN, B LITM(dE TPsI3HO-3e/IeHOBa-
ThIi; He Tuieoxpoupyet. Cyast o XUMUYECKOMY cocTaBy (Tabu. 1, aH. 1), ou-
BUH XapaKTepU3yeTCsl BBICOKOM KeJIe3MCTOCThbI0 M OTHOCUTCSI K (DasiuTy.
Hanuuue B Hem HeGosbloro koaudecta CaQ, BEpOSITHO, CBSI3aHO C BPOCT-
kamu Ca-copepkaliero rpaHaTa. Mcxoast U3 conpsokeHHOTO M3MEHEHMS CO-
cTaBa OJIMBUHA C COCYIICCTBYIOIIMM OPTONMUPOKCEHOM [4], oOliast Xeae3uc-
TOCTb OJIMBUHA (06p. 663) U3 MaJOPYAHOTO MarHeTUT-(asIUT-TPaHaT-0OPTO-
MMUPOKCEHOBOTO KBapluTa coctaniseT 96 %. IIpuMepHO TaKylo XKe XKeJle3uc-
TOCTh UMEIOT (hastIuThl U3 OECKBAPLIEBBIX TPaHAT-OPTONMMPOKCEH-(DAsIUTO-

" 31€ech M Janee — CUMBOJIBI MUHEPAIOB: AJIIM — albMaHauH; bu — 6uorur; I'p — rpanar;
I'd — rpadur; I'poc — rpoceynsp; Ken — xenput; KB — kBapi; K — KanueBblil moseBoi
nimar; KyM — KyMMHMHITOHUT; MIT — KJIMHOMMPOKCeH; MT — marHetuT; On — onusuH; [Tup —
nupon; Iln — rurarnokias; Por — porosasi ooMaHka; P — opronupokceH; Cuil — CHIIMMAHMT;
Cnec — creccaptuH; ®a — dasuuT.
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BBIX BBIIU3UTOB.

Opronupokcen 00pa3yeT LIMPOKOMPU3MATUYECKUE YIJIMHEHHbIe KpyIHbie (10 10—
15 MM) 3epHa TeMHO-OypOro IBeTa; B MPOXOASIIEM CBETE XapaKTePHU3yeTCsl YETKUM ILjie-
OXpOU3MOM: MO Ng — CBETJI0-3eJIeHOBaThIi, T0 Np — CBETJI0-pO30BaThlii; pexe, Kak U Ha
JubpoBcKoii aHoMaauu [9], oTMevaloTCss MHAMBUABI CO CIa0bIM TIeoxporu3mMoM. Kak Buj-
HO 13 pe3yJIbTaTOB XMMUYECKOTo aHau3a (TabJ. 1, aH. 2—12), Bce OpTONMMPOKCEHBI OTHOCST-
csl K BBIIMTY U JIMILIb OAUH — K depporurnepcreHy. Haubosee BbiCOKast 3KeJIe3UCTOCTh Xa-
pakTepHa JUISl SBJIMTOB U3 (hasutuTcoaepKallux napareHe3ucoB (aH. 2, 3); B TO Xe BpeMmsi
TaKOBBIM 13 (DeppOMUPOKCEHUTOB, IPaHAT-TTMPOKCEHOBBIX MOPOJA M MarHETUTCOAEPKAIIUX
KBaplLUTOB CBOMCTBEHHA 0oJjice HM3Kasl O0IIasl KeJIe3UCTOCTh, KOTOopasi U3MEHSIETCSI B J10-
BOJIbHO Y3KUX ITIpeleiax W HaXOAUTCS B TMPSMOI 3aBUCMMOCTH OT KOJMYECTBa B IOPOJIE
MarHetuTa. B opTonupokceHax HabJomaeTcsi oopaTHasi KOPPESIIUs MEXIY COIepKaHUeM
FeO n MgO, a takxe mexny SiO, u fis,.. Heckonbko nosbienHoe koandectso Al,O; B
HEKOTOpBIX 3BIUTaX (aH. 3, 4) OOBSICHSIETCS HAJIMUMEM B HMX BPOCTKOB rpaHata. Kak u B
npyrux paitoHax ITpuasosbs [5, 10, 19], apauTaM B rpaHaTcoaepKaliux rapareHe3ucax CBOii-
CTBeHHa Hu3Kas KanbiuesocTb (Ca — 0,8—1,8 %), a B 6e3rpaHAaTOBBIX, HO KJIMHOMUPOKCEH -
colepKalllMX MapareHe3ncax oHa, Ha0OOpOT, MHOIAA Bo3pacTaeT 1o 3,6 % (aH. 8). MHorma
BCTPEYAIOTCS SBJIUTHI C NOBBILIEHHBIM cofepxXanueM Fe,0;, uTo cBg3aHO ¢ 0boraiieHHoc-
ThIO UX BKpaIUIeHHMKaMM OoJiee mo3aHero marHetuta (aH. 3). CrnieKTpajJbHbIM aHaJIU30M B
9BIIMTaX BbISIBJCHBI, I/T: Mn — 1000—3000; Ni — 5—15; Ti — 20—200; V — 10—20; Cr —
0—10; Cu — 3—10; Zn — 100—500; Sc — 1-6; Ge — 10—20.

KnuHonupokcen B (heppOKIMHOMMPOKCEHUTAX HaAOJ0AaeTCs B BUIE KOPOTKOIPU3Ma-
THYecKuX 3epeH (mo 10 MM), comepkaHne KOTopbix nHorma gocturaet 60—80 %. ITon GuHO-
KYJISIpOM 3eJIeHBIi, B IutM(e OJIeTHO-CepoBaTO-3eJIeHOBAThIi, He meoxpoupyer, cNg45°. B
MarHeTUTCoAepKallMX KBapLUUTaX U B (eppOOPTONUPOKCEHUTAX pa3Mephbl 3epeH MUHepa-
na (0,3—1,0 mM), Kak 1 ero KoandecTtBo (5—15 %), 3aMeTHO YMEHBIIAIOTCSI, XOTSI 00 pa3Ho-
BUIHOCTU KJIMHOMTUPOKCEHOB BO MHOTOM TOXIECTBEHHBI APYT Apyry. O6 3TOM CBUIETEILCTBY -
eT U XMMUYecKMil cocTtaB (Tabja. 1, aH. 13, 14), cortacHO KOTOpOMY OHU TPUHAIJIEXKAT K
cyokanbiueBsiM (Ca < 0,90 ¢. e.) deppocanuraM AMONCUA-TeIEHOCPTUTOBOI CEPUU C
HU3KOM IIEJIOYHOCThIO M C OJM3KMMM 3HAUYEHUSIMM OOIIEel XKele3nucTocTh. MUHaIbHBIN
COCTaB KJIMHOIMMPOKCEHOB MpuBeneH B Tabj. 2. Ha nuarpamme Xecca, yuuThIBaloleil COOT-
HoweHue CaSiO;, FeSiO; u MgSiO;, 06e npoaHann3upoBaHHbIE Pa3HOCTH MOHOKJIMHHBIX
MUPOKCEHOB MOMNaaalT B noJjie (peppoaBrura. CrieKTpaJbHbIM aHAJIM30M B KIMHOMUPOKCE-
He oOHapyxeHbl, T/T: Mn — 400; Ti — 300; Ge — 15; Y — 10.

I'panar oGpasyer u3oMeTpuuHble U OKpyribie 3epHa (0,4—1,5 MM) CBETJIO-pO30BOTO,
MHOTIA PO30BO-KPACHOTO 1IBeTa; B IuIMde OeCLIBETEH, U30TPOIIEH, YaCTO OTMEYAETCsI B CPO-
CTKaX C OPTOIMUPOKCEHOM U (DasIMTOM; HEPEIKO COAEPKUT CUTOBUIHBIE BPOCTKM KBapila.
Kak u B npyrux paifoHax pa3BUTHS SBJIM3UTOB U 3BIM3UTONOAOOHBIX (DepPONMUPOKCEHUTOB
IMpuazosesa [5, 9, 10, 19], mo 0cOOEHHOCTSIM XMMHMUYECKOTO cocTaBa (Tabiy. 1) M3ydeHHbIS
rpaHaThl OTHOCSTCS K MaJOMapraHIIOBUCTHIM MUPAIbCIIUTOBBIM Pa3HOCTSIM, CPelU KOTO-
PBIX BCTPEYAIOTCS COOCTBEHHO anbMaHOuHBI (aH. 15, 18) u Ca-anpbmanmuubl (aH. 16, 17).
OnHako MeXIy MCCIeOOBAaHHBIMU M YIIOMSIHYTBIMU BbIIIIE TpaHATAMU MMEIOTCS U 3aMeT-
Hble paznuuus. Tak, rpaHaThl paccMaTpu-
BaeMOro pailoHa XapakKTepU3YIOTCs 3Ha-
YUTEJBHBIMU KOJIEOAHUSIMU COJEPKAHUST

Tabauya 2. MuUHAJIBHBIA COCTAB
KJIMHOMUPOKCEHOB, %

KOMIIOHeHT AHaIM3bI abMaHIMHOBOTO KOMITOHEHTa, O0Jiee HU3-
13 [ 14 KOW OBIIEeH XeNe3MCTOCTHIO, TIOBBIILIEHHbI-
{Hlnoncgm 2(6)471 ig; MU KOJIMYECTBAMU MUPOITOBOTO M YaCTUY-
Ser?/re};me Pt 1’0 O’ 5 HO CIECCAPTUHOBOIO Y TMOHUKEHHBIMU
)Kaz[peHT o 20 KaJIbLIMEBOTO KOMITOHEHTOB (TabJ. 3). He-
MoxaHceHUT 2.1 z CKOJIbKO 060c00:1eH rpaHat (06p. 663) u3
Al- - 1(AISi — 1,5
Knxg:(gnggﬁngufl()@ 6.6 12,6 Tabauya 3. MuHanbHBIA cocTaB rpaHaToB, %
L nmrHens 1,2 0,9
MarneTut 2,0 — MuHan AHanu3bl
al 3,1 6,4 | | |
> > 15 16 17 18
Na/(Ca+Na 0,01 0,03
Ca;((Mgﬂ-Fe%*) 0.85 0.77 AJbMaHAVH 78,7 74,3 79,7 94,1
Fs 6,6 3 6,2 5 Mupon 12,6 10,2 8,2 3.4
o 009 001 CreccapTiH 2209 21 07
IIpuMeuyanue. XapakTeEPUCTUKY KIMHOIMUPOKCE- I'poccynsip 65 146 10,0 1.8
HOB cM. B Tab6ua. 1; al = [Al/(Al+Fe3*+Fe2*+Mn+ ITpuMeuaHu e XapakKTepUCTUKY IPAHATOB CM. B
+Mg)]-100, %; f, = Fe3*/(Fe?*+Fe3*). Taom. 1.
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MaJIOpYIHOTO MarHeTUT-(asuIMT-TrpaHaT-OPTOMMPOKCEHOBOrO KBapiuTa. OH xapaKkTepusy-
eTcsl HanboJiee HU3KMMU KOJIMYECTBAaMU MUPOMOBOTO, CIECCAPTUHOBOTO U TPOCCYJIIPOBOTO
U1 HauboJjiee BHICOKUM — aJbMaHIMHOBOTO KOMIIOHEHTOB, a TAaKXKe BECbMa BBICOKOIA KeJle-
3UCTOCTBIO (96,5 %), 4TO yKa3bIBaeT HAa CHUXKEHUE CTENIeHN MeTaMophu3Ma npu (popMupo-
BaHUU COMIEpXKallUMX ero ropHsix mopod. I'panat (o6p. 255) u3 rpaHaT-OMOTUTOBOTO MeETa-
comaruta (tabn. 1, aH. 19) mo cocraBy (Anmm 80,1 %; ITup 10,1; Cnec 3,2; I'poc 6,6 %)
MPaKTUYECKU aHAJIOTMYEH TaKOBOMY W3 PYIHOTO TrpaHaT-¢asuT-OpTONMPOKCeH-Mar-
HeTuTOBOTrO KBapuuta. Ha muarpammax IMup — Anm — Ca-rpanar u (Anem + Ilup) —
Cniec — Ca-rpanart [17] Touku coctaBa rpaHaToB (00p. 254, 299) u3 depponmpoKCeHUTOB
pacroJiaraioTcsl B 1oJie TpaHaTOB M3 XKeJIe3MCTO-KPEeMHUCTHIX nopo, 6orateix CaO. B 1o xe
BpeMsl TpaHaThl U3 PYAHBIX U MaJOPYIHBIX (hasIMTCOAEPXKAIUX KBApLIMTOB, a TaKXe U3
rpaHaT-OMOTUTOBOTO METACOMATUTA, KaK 3TO HU IapaloKCaJbHO, Ha OTMEYEHHBIX BbIIIE
IyrarpaMmax TSTOTEIOT K MO0 MeTaneanToB, 6enHbix CaO u 6orateix K,O, uTo cylecTBeH-
HO OTJIMYAeT MX OT rPAaHATOB M3 TUITMYHBIX 3BJIU3UTOB U 3BIU3UTONOMOOHBIX (eppornu-
pokceHuToB. CIeKTpajJbHBIM aHAJIU30M B rpaHaTe U3 (heppornupoOKCEHUTOB U TpaHaT-01O0-
TUTOBBIX METACOMATUTOB BhIsIBJIEHBI, T/T: Mn — 2000—10000; Ti — 200; V — 10—20; Cr —
10—30; Ge — 20; Sc — 40; Y — 600; Yb — 50.

PoroBas 00MaHKa — crHe-3eJIeHasl, BTOpUYHAsl, pa3BUBAETCS MISITHAMU 110 OPTOIMUPOKCE-
HY B Ipoliecce perpeccMBHOro MeramopdusmMa. MiHoraa B ¢hepponMpoKceHUTax HabIronaeTcst
3aMelleHNe OTIENbHBIX 3epeH alloMOMarHeTuTa (B BUAE KaiiMbl) 3eJICHO pOroBoil oOMaH-
koii. Ha HoBoykpalHCKOM MeCTOPOXISHWM B MarHETUTOBBIX KBaplLIMTaX BCTpeUYeHA 3eJieHast
poroBass 0OMaHKa Kak IMOpoa000pasyolluii MUHEpal B acCOIMAIlMU C OPTOIMUPOKCEHOM U
KYMMMHITOHUTOM.

KyMMHHITOHMUT — OTHOCUTEJIBHO HU3KOTEMITEPAaTypPHBIii HOBOOOpA30BaHHBI MMHEPAIT,;
B OTAEIbHBIX Pa3HOCTSX aMpUOOIM3UPOBAHHBIX (hepPOITMPOKCEHUTOB COAEPKAHKME €ro J0C-
turaet 90 %. HabGmronaeTcst B BUe IIMPOKOMPU3MATHUECKHX (10 4—6 MM) 3epeH, 00pa3oBaB-
LLIKXCSI, BEPOSITHO, TI0 OPTOMMPOKCEHY, PEJIMKThI KOTOPOTO OTMEYAroTCsl B TaHHOM ropoze. MHorma
BCTPEYAIOTCS 1IECTOBATO-JIyYMCTbIe KPUCTAJUIBI, CJIaraloliye OTAEIbHbIC MPOCION U THE3I0-
BUIHBIE 000c00eHMs. B 1immge KyMMUHITOHUT OeCUBETHBINA MM OJeIHO-CepoBaTo-3elie-
HOBAThIIi OMHOTOHHBI, HE TUIEOXPOUPYET, C XapaKTEPHBIMU YacTO Pa3MbITBIMU MOJIMCUHTETH-
yeckuMU nBoitHUKamu; ¢ Ng = 17°. Tlo xumuueckomy coctaBy (Tabi. 1, aH. 20) KyMMUHTTOHUT
3 am(pubOIM3NPOBAHHOTO (DEPPOKIMHOIMPOKCEHNUTA OTINYAETCS] BBICOKOM XKEIe3UCTOCThIO
U HECKOJIbKO TMOBbIIIeHHbIMU KonudectBaMu MnO u CaO [8]. CrnekTpaJbHbIM aHAJIM30M B
KYMMUHITOHUTE BhIsiBIIEHBI, T/T: Mn — 3000—5000; Cu — 80; Zn — 100—300; Ge — 10—20.

XKenpur TeCHO MPUMBIKAET K KYMMUHITOHMUTY. [lpencraBisieT coOOii pa3HOBUAHOCTh
MarHe3uaJbHO-XeJIe3UCThIX aM(PUOO0JIOB, 000TrallleHHBIX NIMHO3eMOM. JIOBOJIBHO PEIKO OTME-
yaetcst B [IpuazoBbe. OH BcTpeueH Ha HoBOyKpanHCKOM MecTOpoXXaeHUU B ruriepcreH (10—
15 %)-6notut(30—35)-)xemput(25—30)-miarnokina3oBbix(25 %) KpUCTAIOCIAHIAX, 3ajlera-
IOIIMX Cpead POrOBOOOMAHKOBO-OMOTUTOBBIX M OMOTUTOBBIX THeicoB. 2Kemput oOpasyeT
1LIeCTOBaThIe, pexXe UIMHHOMPU3MaTUIeCKe KPUCTaIbl pasMepoM 10 1—2 mM. Tlox Mukpo-
CKOMOM OH XapaKTepu3yeTcsl CJabbIM IJIeoXpou3MoM: 1o Ng — GJieaHO-3eJeHOBAThIM, 10
Np — GneaHO-XeITOBaThlil, MHOTAA C HEYETKMM BOJIHMCTBIM Moracanuem; ¢cNg = 0°. M3penka
Ha0JIIOIAI0TCA TIOJMCUHTETUUECKE NBOMHMKU. B ommnume ot keapura u3 rpaHat(5—18)-
keapuT(22)-runepcteHoBoro(60—90 %) kpucramtocnanua (I'pgy-2Kenyy-Pry,) Kopcak-Mo-
TWIBI [2], M3yYeHHBII XeIPUT 10 XUMUUYECKOMY cocTaBy (Tabi. 1, aH. 21) Mpu npakTHYecKu
paBHOI OOIIIEI XeJIE3UCTOCTH XapaKTepr3yeTcsl 3aMeTHO MeHbILIel TIIMHO3eMUCTOCThIO, U Ha
auarpamme E. A. Koctiok [7] Mg — (Fe?™+Fe3") — Al 3aHrMaeT IpOMEXYTOYHOE ITOJIOXKE-
HUE MEXIY CPEIHUM COCTABOM TUITMYHBIX XXEAPUTOB U XKEAPUTOB M3 aHTODWUIMT-KOpAKE-
PUTOBBIX TIOpOM, OJIXKe pacrnojarasch K nepBbiM. CIieKTpalbHbIM aHAJIM30M B MCC/IEIOBaH-
HOM 3XeJpuTe BbIIBIEHBI, I/T: Mn — 1500; Ni — 60; Co — 20; Ti — 1000; V — 150; Cr —
100; Zr — 40; Cu — 10; Zn — 500; Sc — 50; Y — 50; Yb — 5; Li — 60.

Buorur orMevaeTcst B (peppONMpPOKCEHUTAX, PEXe B OBIM3UTAX M MAarHETUTOBBIX KBap-
uurax. Ero obpa3zoBaHue, Kak 1 KYMMUHITOHMTA, CBSI3aHO C HAJIOXKEHHBIMM 060JIee HU3KOTEM-
repaTypHbIMU TIpoLiecCaMU perpeccuBHOr0 MeramopdusMa. OH XxapakTepusyercsl OyThUIOY-
HO-3€JICHO OKpacKOW M 4acTO pa3BUBACTCSl MSITHAMU MO KyMMMHITOHUTY WJIM 0OOpasyer
THE3NOBUIHBIC CKOIUIEHUS. B rpaHaT-OMOTUTOBBIX METaCOMaTUTaX OMOTUT OYTHLIOYHO-TEM-
HO-3€eJIeHbIi, YacTo KpymHouelyiuaTeiid. [To xuMuueckomy coctaBy (tabi. 1, aH. 22, 23) oH
OTHOCUTCS K BBICOKOXEJE3UCThIM HU3KOTUTAHUCTBIM Pa3HOCTSIM MarHe3uajibHO-XKeJIe3HC-
TBIX CJIIOJ, JJISI KOTOPBIX B aCCOLIMALIMM C TPAHATOM CBOMCTBEHHBI YMEPEHHBIC W TOBBILLICH-

34 %

HbIC TJIMHO3EMHUCTOCTD ( ay;|

= 6,0—11,7 %) u cTeneHb OKUCIEHUS XKeje3a.

" adl = [Aly/(Mg+Fe*+Fe?*+Mn+Ti+Aly,)]-100 %.
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OEPPOINMMPOKCEHUTDI, SBJIMU3UTDI

KBapn B u3yuyeHHBIX MOpOJAX pacrpenesieH BeChbMa HepaBHOMEPHO: B 3BIM3UTAaX OH
MPaKTUYECKU OTCYTCTBYET, a B (heppOMUPOKCEHUTAaX HAOII0HAeTCsl KaK B BUAE HEYETKHMX
npocioeB (Do 1—2 MM) M THe3d, OOBIYHO B accouMaluy ¢ cyabduaamMu, Tak U B BUIE
OKPYIJIbIX BKJIIOUEHUI B MUPOKCEHAX M KYMMUHITOHUTE. B dasimrcomepKalux MarHeTh -
TOBBIX KBaplUTaxX KOJMYECTBO KBaplia MHorga BospacraeT g0 40—50 %.

MarHeTdT B (eppONMMPOKCEHUTAaX 00pa3yeT CUTOBHUIAHBIE BPOCTKM B IMHMPOKCEHAX W
KYMMUHITOHUTE. B3aMMOOTHOIIIEHNSI MATHETUTA C 9TUMHU CUJIMKATaMU CBUIETEIbCTBYIOT O
ero Gosiee MO3AHEM MTPOUCXOXIACHUU. B asmuTconepkalimx KBapiuuTrax MarHeTUT TOMUMO
MUPOKCEHOB M (hasyIUTa 4acTO acCOLMUPYET Takke ¢ KBapueM. [1o XUMUUYECKOMY COCTaBy
(Tabn. 1, aH. 24) MarHeTUT U3 MarHETUT-IMUPOKCEHOBBIX KBAPLIMTOB, 3aJIeTalollUX BOJIU3U
KOHTaKTa ¢ (peppOrMUpOKCEHUTAMU, OTHOCUTCS K MPAKTUYECKN HEOKUCIEHHBIM Pa3HOCTSIM;
HaJM4YME B €TO COCTaBE HE3HAUYMTENbHBIX KoanuecTB TiO,, Al,O5;, MgO, CaO, ouyeBunHo,
CBSI3aHO C HEOOJIBIION MTPUMECHIO MOPOA00OPa3yIOIIUX CUINKATOB. CHEKTPabHBIM aHATHU -
30M B MarHeTMTe BbIABIEHBI, I/T: Mn — 30—40; Ti — 200—400; Cr — 10; Cu — 6—50;
Ge — 30.

Cyabduasl BCTpeyeHbI B TEKTOHUYECKHM OCNTAbJEHHBIX 30HAX W MPEICTaBIeHbI TUPPO-
TUHOM, TTUPUTOM U M3PEAKa XaTbKOIMUPUTOM.

[To pesynabTaTaM CHEKTpPaJbHOIO aHaIM3a YCTAHOBJIEHBI 3HAYMTENbHBIC KOJIeOaHUsI
colepkaHuss MUKPORJIEMEHTOB B M3yYeHHBIX Mopoaax. Tak, B HalpaBIeHUU OT (hepporu-
POKCEHUTOB Yepe3 MarHeTUT-TpaHaT-TIMPOKCEHOBBIE MOPOIbI K 3BIM3UTaM 3a(UKCUPOBa-
HO yMeHbllIeHUe coaepxkaHus, r/T: Mn — ot 3000—8000 xo 300—1000; Cu — ot 50—1000
1o 10—100; Ge — ot 10—15 mo 3—10; 1 Ha06OpOT, — yBeNIMYEeHUE coaepKaHus Ni — oT 1—
8 10 20—60; Ti — ot 600—2000 mo 1000—6000; Cr — ot 10—80 mo 100—300. Kpome Toro, B
depponUpOKCEHNTAX M SBIM3UTAX MHorga orMmevatorcss Pb — 1—10; P — 1000—3000; Ba —
100—600. B rpaHaT-GMOTUTOBBIX MeTacOMaTUTax o6HapyxXeHbl, T/T: Ti — 3000—6000; Nb —
10—30; Cu — 200; Pb — 10; Sc — 3—6; La — 30; Y — 60; P — 600; Li — 10; Ba — 200—1000.
ITo maHHBIM TPOOMPHOrO aHaaW3a, B U3MEHEHHBIX U XJIOPUTU3MPOBAHHBIX AKTHHOJIUT-
MarHeTuToBbIX KBapuurtax KykcyHrypa (ckB. 33, mi. 357—358 M) ycraHOBJIEHO 30JI0TO B
konuuectBe 0,142 /T, KOTOpOE, CKOpee BCEero, CBSI3aHO C HAMIOXKEHHOM CYJIb(MUIHON MUHE-
panu3anuein.

BMelnaonmmMu mopoaaMu UTsi ONTMCAHHbBIX BbIIIE (hepPOIMMPOKCEHUTOB, SBIU3UTOB U
MarHeTUTOBBIX KBApPIUTOB MTOMUMO (eppoMeTadba3uToB [22] SIBISIIOTCS pOroBOOOMaHKOBO-
OMOTHUTOBBIE U OMOTUTOBBIE HEPEIKO MUTMATU3MPOBAHHBIE THEMCHI ¢ MaJOMOIIHBIMU TIPO-
CJIOSIMU KaJIbIM(DUPOB, OE3PYIHBIX KBAPIMTOB, JIEHKOKPATOBBIX PO30BATO-CEPHIX IPAHUTOB
M TerMaturoB (MOACTUJIAIONIAS TOJIA) U CYIIECTBEHHO IpaHAT-OMOTHUTOBBIC (MHOTrAA C
KOPAMEPUTOM, CHIIIMMAHUTOM, TYPMAJIMHOM, TpaMTOM) YacTO KaJWIINATH3UPOBAHHEIE
THEMCHl TaKKe MHOTAA C MPOCIOSIMU (COMIACHBIMU TPOXMIKAMU?) TPAHUTOB M TErMaTu-
TOB (TIepeKphiBalolasl Tojia). B cocraBe poroBoOOMaHKOBO-OMOTUTOBBIX U OMOTUTOBBIX
THeiicoB BbIAENsIOTCs, %: poroBass ooMaHka — 10—20; 6uotut — 15—30; muaruokias —
30—40; kBapu — 20—30; kanueBblii mojeBoii mmat — 0—20, anaTuT, LMPKOH, TUTAHUT, WUJIb-
MEHWT, MATHETUT, CYJb(UIbI, XJTOPUT;, B COCTaBE TpaHAT-OMOTUTOBBIX THEWCOB: TpaHaT —
10—15; 6uotutr — 15—20; mnarvoknaz3 — 20—30; kamueBwlii mosneBoit mmar — 10—20;
KBapl — 35—45; anatut, HIMPKOH, MOHALIUT, TUPUT.

I'panar — U30METPUYHBIE U KCEHOMOPGHBIE TOPPUPOOIACTHI, YACTO C CUTOBUIHBIMU
BpocTkamu KBapiia. CBeT/I0-pO30BbIii, B LITM(e GeclIBETHBIN, M30TPOIHBII. Mcxonst u3 oco-
OEeHHOCTEe XMMHUUYECKOTO cocTaBa (Tadi. 4, aH. 1—3), ucciaenqoBaHHbIC TPaHAThI U3 THEHCOB
oTHOcATCST K MajoMapraHuoBuctbiM (Crrec 0,3—1,2 %) u ManokaibiuessiM (I'poc = 3,3—
5,4 %) anpmanouHam (Anm 74,3—77,1 %) MupajbCIUMTOBOTO Psifia, HO B OTIMYUE OT TaKO-
BBIX M3 asIUTCOACPKAIIMX KBApLIMTOB OHU XapaKTepU3YIOTCsS MEHbIIel oOleil kene3u-
CTOCThIO U 3HAYMTEJbHO 00Jie BBICOKMM cojepxkaHueM MupornoBoro KommnoHeHta (ITup
17,5—21,6 %), uto yKa3pIBacT Ha UX O0Opa3oBaHUeE MPU 0oJiee BRICOKUX PT-yCIOBUSIX METa-
mopdusma. Ha muarpammax IMup — Anmm — Ca-rpanar u (Aam+ITup) — Cnec — Ca-
rpaHar [17] TOUKM COCTaBOB M3YYEHHBIX TPaHATOB PACMOJIAraloTcsl B ITOJ€ METAIeIUTOB,
6enHpix CaO u 6orateix K,O.

PoroBasi o0MaHKa — Tpr3MaTUYECKUE 3epHa 3eJIEHOTO M TeMHO-3esieHoro 1iBeta. Cynst
10 cocTaBy (TabJ1. 4, aH. 4—6), poroBasi 0OOMaHKa 13 THEWCOB XapaKTepU3yeTCst HU3KOM TUTa-
HUCTOCTBIO, BBICOKOI M3BECTKOBUCTOCTBIO, YMEPEHHOM IIEIOUHOCTHIO, MOBBIIIEHHBIM CO-
nepxanuem Fe3™ (0,37—0,58 ¢. e.) 1 mepeMeHHOI 06LI€ei XKeae3ucTocThio. Ha quarpammax
V. A. dupa [3]: Al — (Aly+Fe3*+Ti) u Al — (Na+K) oHa TsiroTeeT K raCTHHTCHTY; B TO
ke Bpems, cornacHo b. E. JIuky [24], cpeny n3ydeHHBIX MUHEPAJIOB BhIIEJSIETCS MarHE31O0-
, eppo- u yepMakuTOBasl porobast ooMaHka. CrieKTpaJIbHbIM aHaJIM30M B POTrOBOI 0OMaH-
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Ke ycraHoBieHbI, r/T: Mn — 2000—3000; Ni — 20—150; Co — 10; Ti —
2000—3000; V — 200—400; Cr — 150—600; Zr — 30—80; Cu — 10—30; Zn
— 100—150; Sc — 30—100; Y — 60—150; Yb — 5—10.

BuoTuThl M3 pa3HBIX Pa3HOBUIHOCTEI THEHCOB 3aMETHO OTJIMYAIOTCS
Ipyr oT jgpyra. Tak, OMOTUT U3 POroBOOOMAaHKOBO-OMOTUTOBBLIX T'HEMCOB
XapaKTepu3yeTcsl 3eJIeHOBAaTO-TeMHO-0Ypoil, U3 OMOTUTOBBIX — TEMHO-KO-
pUYHEBOI, a M3 I'paHAT-OMOTUTOBBIX — KPAacCHOBAaTO-KOPUYHEBOW OKpac-
koit. Kak BUITHO U3 pe3yIbTaTOB XUMUUYECKOTO aHaau3a (Ttabu. 4, aH. 7—15),
M3YyYCHHBIM OUMOTUTAM CBOMCTBEHHBI IepeMeHHasi 00Iasi KelIe3UCTOCTb,
HU3Kasi GTOPUCTOCTh, JOBOJHLHO HU3KAsl U YMEPEHHas!, U3peKa HECKOJIbKO
noBblleHHas (00p. 187, 484) TUTAHUCTOCTh, CPABHUTEILHO HU3KHUE 001IIast
rmuHo3eMucToctsb (al” = [Al/(Y+Z)]-100 = 21—22 %) u comepXaHue HcC-
TOHUT-CUAEPODUUTUTOBOrO KOoMIoHeHTa (37—57 %) W Julib B IpaHar-
OMOTUTOBBIX THEMcaXx 3TH TMapaMeTpbl yBEIUUMBAIOTCS 10 24—27 u 69—
98 % cooTBeTCTBeHHO. ITOBBIIIEHHOE COmEpKaHUE B HEKOTOPHIX OMOTHTAX
Fe3™ 00ycnoBauBaeT MosBIEHNE B UX OKPACKE 3eJIEHOBATO-OYPHIX TOHOB.
OtHocuTenbHO HM3KOoe KoanmyecTBo K,O B HEKOTOpPBIX OMOTUTaX CBS3aHO
C YaCTMYHON rujapataiueii JaHHOTO MUHepaja B Ipoliecce HaJ0XEHHOTo
HU3KOoTeMIlepaTrypHoro Meramopdusma. CrieKTpajbHbIM aHAJIM30M B OMOTHUTAX
U3 POroBOOOMAHKOBO-OMOTUTOBBIX M OMOTUTOBBIX THEMCOB BBISIBJICHBI, I/T:
Mn — 800—1500; Ni — 20—200; Co — 5—30; Ti — 5000—10000; V — 100—
400; Cr — 50—300; Nb — 10—30; Cu — 5—10; Zn — 100—600; Sn — 0—
20; Sc — 3—10; Li — 100—200; Ba — 600—8000.

IInarnokna3s TOHKOCIBOMHUKOBAHHBINM, Y4aCTKAMU CEPULIUTU3UPOBAH -
He1id. [Ipencrasinen onurokiaz-aHae3nHoM Ne 20—40 (poroBooOMaHKOBO-
OMOTUTOBBIE THEWCHI) U ATLOUT-OJUTOKIA30M U oyurokiazom Ne 12—20
(rpaHaT-O0MoTUTOBBIE THelchl). KBapm KceHOMOpMHBII pa3HO3EepHUCTHIN,
MeCcTaMU JaBJICHHbIM, YacTo obpasyeT rHe3na v npoxuiku. Kaamesbiii mo-
JIEBOi IMAT BCTpeyaeTcsl B BUIE HOBOOOPA30BaHUI pPEILIETYATOTO MUKPO-
KJIMHA.

XJIopuT U3 HU3KOTEMITEPaTYPHBIX XJIOPUTOBBIX METACOMATUTOB BCTPE-
yeH Ha CepreeBcKOM MecTOpoxaeHUU U KyKCyHrype B TEKTOHUYECKU OC-
JaGJIEHHBIX 30HaX BOJIM3M KOHTAaKTa MarHETUTOBBIX KBAapLIUTOB ¢ (eppo-
MUPOKCEHUTAMU U CPEIU MEePEKPHIBAIOIINX PYIHYIO TOJIILY MUTMaTU3UPO-
BaHHBIX aM(pUOOINUTOB, POTOBOOOMAHKOBO-OMOTUTOBBIX U OMOTUTOBBIX THE-
COB. XapakTepusyeTcsl OYTBIIOYHO-3€JEHBIM LIBETOM M OTMEYaeTcsi B
BUAE MEJKOJIUCTOBATHIX BBIAEJICHUM WM TOHKOYEILIYHYaTON OMHOPO/I -
HOW Macchl 3epeH, MHOI/IAa B aCCOIMALlMU C TOHKO3ePHUCTHIM KBapIeM.
ITo xuMHUuecKOMy cocTaBy (Ta0i. 4, aH. 16) U3yYeHHBII XJOPUT OTHOCUTCS
K cpemHernmuHo3eMucToiM (al = [Al/(Al+Fe+Mg)]-100 = 33,7 %) xene-

3UCTBIM (fy5,, = 68,7 %) oxcuxnopuram (Fe,0;+FeO > 30 %) n Ha xnac-
cubuKauMOHHON nuarpamme Si — fiq,, [6] pacronaraetcs B mone punuuo-

JIUTa BOJIM3Y TPAHUIILI C MOJIEM MpOoXJopuTa. B HEKOTOPBIX pa3HOCTIX poO-
TOBOOOMaHKOBO-OMOTHUTOBBIX THEMCOB YCTAHOBJIEHO MOBBIIIEHHOE COMEP-
JKaHUe akleCCOpHOoro amatura. ITo xumuueckomy cocraBy (Tabi. 4, aH. 17)
OH OTHOCHUTCS K (hTOpamarury, JUisi KOTOPOTO XapaKTEPHO HEBBICOKOE CO-
aepxanue YTR,0; cylIecTBEHHO LEPMEBOTO COCTaBa C HE3HAYMTEbHOI
npumechbio Y — 400 u Yb — 20 r/T (maHHBIE CIIEKTPAJbHOIO aHaIu3a).

B Ta6:1. 5 mpuBeaeHbl XMMUYECKME aHAJIM3bI (PEPPONMUPOKCEHUTOB, (a-
SUTUTCOAEPXKAIIUX YU APYTUX MAarHETUTOBBIX KBAapIIMTOB, a TaKXKe BMelalo-
mux ux nopoa. K coxaneHuio, TUIMYHBIE IpaHAT-OPTONMUPOKCEH-dasiiv-
ToBble 3BIM3UTHI (Kopcak-Moruna) mpoaHaau3upoBaTh He yaanoch. I'pa-
HaT- U GuoTuTCcoAepxkKale (GepponupoKceHUTHl (aH. 1, 3) oTHOCSTCS K
HacbIlleHHBIM Si0, MopoiaM M XapaKTepHU3yIOTCsl MOBBILIEHHOM Xese3uc-
TOCTbIO, TIMHO3EMUCTOCThIO M ILEJOYHOCTBIO, YTO MO3BOJISIET IO KJIACCH-
dukaiuu H. I1. CemeHeHko [14], oTHeCTH X K HEPYIHBIM 3aKUCHBIM CUJIH -
KaTHBIM 3XeJIe3MCTO-KPeMHUCTHIM noponaM. Obpa3oBasiiuecs: 1o ¢eppo-
OPTONMPOKCEHUTAM B IPOILIECCE PErPECCUBHOIO MeTamMopdu3Ma KyMMHH-
TTOHUTOBBIE MOPOABI (aH. 5) XapaKTepU3YIOTCS MEHbILEU XKele3UCTOCThIO,
HO TIOBBILIEHHOW MarHe3MalbHOCTbIO U OTHOCSTCSI TakXke K HEePYIHBIM
3aKVMCHBIM CUJIMKATHBIM, HO YK€ MarHe3uaJlbHO-KeJIe3UCTO-KPEMHUCTHIM
nopoaaM. MarHeTUTOBble (PepPOOPTONMUPOKCEHUTHI (aH. 2) OTIMYAIOTCS
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6oparopunn UI'MP HAH Ykpaunsl, ananutuku T. W. Caraposa (aH. 1, 2,9, 10, 13, 17, 19, 20), A. B. Penkac (an. 4, 5, 7), JI. /1. CmupHoga (as. 18), W. I1. Jlonata (aH. 21) 1 B XUMUYECKO!

naboparopuu Tpecta "Ykpuepmerreonorusi” (Kepub), aHanmutuk M. I1. Bunpuenko (aH. 6, 8, 11, 12, 14—16).

381,2—381,7 m); 18 — rHelic rpaduT-rpaHaT-OMOTUTOBBII C HEOOJIBIINM COMepXKaHNEM CHJTMMAHNUTA, KAJIMEBOTO MoJieBoro 1imara, oop. 484 (Kopcak-Moruna, ckB. 72, ri. 240,0—242,0 m); 19 — kpucramio-
BBITIOJTHEHBI B XUMUYECKOM JIal

ClIaHel] TUTIEPCTEeH-ONOTUT-XKeIPUT-TIArMOKIIa30BbIii, 00p. 316 (Kamennast Moruia, ckB. 12, 1. 460,8—461,3 M); 20 — kainbuudup MarHeTuT-GIoronur-hopcrepuT-a10I0MUT-KaTbIIMTOBbIA, 00p. 314 (Tam Xe,
ckB. 12, rn. 271,8—272,3 m); 21 — KBapuUT MOHOMUHEPAIbHBINM C HEOOJBIIUM COlepXKaHueM OMOTHUTA, IJIarMoKiiasa, KalMeBOro mojeBoro mmara, oop. 319 (tam xe, cks. 15, m1. 390,7—391,7 M). AHanIU3bI

POroBOOOMaHKOBO-OHOTHUT-TLIArMOKIIa30BbIit, 00p. 322 (Kopcak-Moruia, ckB. 3, 1. 164,7—165,2 m); 16 — T0 ke, 06p. 312 (Kamennast Moruia, cks. 12, ri1. 60,7—61,3 m); 17 — T0 e, 06p. 320 (Tam e, cKB. 15, 1.
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OEPPOINMMPOKCEHUTDI, SBJIMU3UTDI

MOHUXXEHHOM KPEeMHEKUCIOTHOCThIO, 60JIee BLICOKMMU 3HAYEHUSIMU 0O011Ieil KeJIe3UCTOCTH
U CTENEHU OKHUCJICHUS Xejie3a U OTHOCSTCS K MaJOpyIHBIM OKUCHO-3aKUCHBIM MarHeTUT-
CUJIMKATHBIM XeJIe3MCTO-KPeMHUCTHIM nopoaaM. deppokImHonupokceHUTaM (aH. 4), B OT-
JIMYMe OT OXapaKTepU30BaHHBIX BHIIIEC, CBOMCTBEHHA IOBBIIIEHHAS M3BECTKOBUCTOCTh, B
pe3yJibTaTe Yero OHM TMPUHAIIeXAT K OeAHBIM 3aKMCHBIM MarHeTUT-CUJIMKATHBIM U3BECT-
KOBO-MarHe3uajJbHO-XeJIe3UCTO-KPEMHHCTHIM TopoaM. Ha muarpammax A — S* u SiO,
— (Na,O + K,0) ans1 MHTPY3UBHBIX yiIbTpaMaduUTOB U MUKPUTOB [1] n3ydeHHBIe (eppo-
MMUPOKCEHUTHI PACITONAratoTcs B MOJISIX JYHUTOB-OJIMBUHUTOB (aH. 2), JeploauToB (aH. 1),
BEpJIMTOB (aH. 4), OPTONMMPOKCEHUTOB (aH. 5) U CyOILeI0YHbIX Tab0pouI0B (aH. 3), uTo, Bepo-
SITHO, YKa3bIBAaeT Ha UX F€HETUYECKYIO CBSI3b C paHHEAOKEMOPUICKUMU Ga3uT-runepoasu-
TOBBIMU (DOpMaLIMSIMU.

Cpeny acCOLMUPYIOLIUX C 3BIM3UTAMU U (eppONMUPOKCEHUTAMU MarHeTUTCOAEpXKa-
LIYX KBapLUTOB MO XuMU3My [14] BbloessioTcs: HedochlleHHble SiO, OKMCHO-3aKMCHBIE
OoraTele CHMJIMKAT-MarHeTUTOBLIE (aH. §) M mepechllieHHble SiO, OKUCHO-3aKUCHBIE CPel-
HUE CUJIMKaT-MarHeTuToBble (aH. 9, 10), B TOM 4ucle U C MOBBIIIEHHOM XeJe3UCTOCThIO
(asumutconepxainye (aH. 6), a TakKXKe OKHCHO-3aKUCHBbIE MaJIOPYAHbIE MarHETUT-CUIIAKAT-
Hble (aH. 11) u GenHble 3aKUCHbIE MATHETUT-CUIIMKaTHbIE (aH. 12—14), B TOM uucie u bosee
KeJIe3UCThle (hasumTcoaepxkaiiye (aH. 7) Xene3nucTo-KpeMHUCThIe mopoasl. Ha kmaccudu-
KallMOHHOM nuarpamme [14] Bce M3ydyeHHBIE XKeJIe3UCThIe TTOPOIbI MOMAaAaoT B MOJe TPYII-
bl XKEeJIe3UCTO-KPEMHUCTHIX, a Ha auarpamme [1. Hurmm — B mojie u3BepXKeHHbBIX MTOPO/I.

PoroBoo0MaHKOBO-0MOTHTOBBIE THEHCHI 10 XUMUYECKOMY cocTaBy (aH. 15—17) xapak-
TEPUBYIOTCSl CPETHUMU 3HAUYECHUSIMU OOILLEH XEJe3UCTOCTH U CTENEHU OKMCIIEHUS Xeje3a
U MOBBIIIEHHBIMU — M3BECTKOBUCTOCTHU, TIIMHO3EMUCTOCTH M IIEJIOYHOCTH, YTO B COYETa-
HUU ¢ OCOOEHHOCTSIMU MUHEPAJbHOIO COCTaBa IMO3BOJISIET JOMYCTUTh, YTO OHU MOIJIM 00-
pa3oBaThCs B Mpolecce rpaHuTU3anuu aMmpuooanto. Ha nguarpamme I1. Hurrim onu mo-
MajalT B IOJIE MU3BEPKEHHBIX MOPOJ, a Ha auarpaMMe M3 pabothl [14] pacmonaraiorcss B
OJIe MOATPYIIbI 1IEJI0YHO3eMEIbHO-TIOMOCUIMKATHBIX OCHOBHBIX IMopoj opTopsina. Cyast
MO0 XUMUYECKOMY COCTaBy MeTaTeppMIeHHbIC TpaHaT-OMOTUTOBbIE THeMChl (aH. 18), Kak u
TUIIEPCTeH-0MOTUT-KEeIPUT-TUIArMOKIIa30Bble KpUCTAJUIOCAAHLBI (aH. 19), XapaKTepu3yoT-
Csl TIOBBILLIEHHBIMUA TJIMHO3EMUCTOCTHIO Y ILEJOYHOCTBIO, HO €CJIM MEepPBBbIM CBOWCTBEHHA
BBICOKAsI XeJIe3UCTOCTh, TO BTOPbIM, HA000OPOT, — MOBBILLIEHHAsI MarHe3uaJlbHOCTh. Ha muar-
pammMme [14] 06e pa3HOBUAHOCTU OTMEUYEHHBIX 00pAa30BaHUIA PACMOJIATalOTCs B MOJIe TJIMHO-
3eMUCTO-MarHe3uajbHO-KeJIe3UCTO-KPEeMHUCTHIX, a Ha auarpamme I1. Hurrmm — B mone
M3BEPXKEHHBIX MOPOJ. [10JIOMUT-KATbIUTOBBIC KalIbIIU(PUPBl MarHETUT-doronur-dopcre-
putoBoro cocrapa (aH. 20) Ha auarpamme [14] GuKcUpylOTCs B T0J€ U3BECTKOBO-Kap0Oo-
HATHOM TOATPYIINBI 1IEJI0YHO3eMeIbHO-U3BECTKOBOTO psifia. be3pymHble MOHOMUHEpPAJIb-
HbIe KBapUUTHI (aH. 21) ¢ HeOONBIIMM CoAepKaHUEM OMOTHTA, IIarMOKJa3a, KajJueBOIo
MOJICBOTO 1IITIaTa, MOBCEMECTHO XapaKTepU3YIOTCS MCKIIOUUTEIbHO BBICOKMM COIEPXKAHU-
em SiO,.

B oTHoleHUM mpoucxoxaeHus ¢GheppornrMpoOKCEHUTOB, SBIM3UTOB U MMPOKCEH-Mar-
HETUTOBBIX KBapLIMUTOB CYIIECTBYIOT pa3MYHbIC TOYKU 3peHHUs. BONbIIMHCTBO MCClenoBa-
TeJeil CUMTAIOT, YTO pacCMaTpUBaeMbIe IMOPOIbI OTHOCATCS K BBICOKOMeTaMOpGhU30BaH-
HBIM ITEPBUYHO-0CATOYHBIM MJIM ByJIKAHOI€HHO-0CaJOYHBIM 00pa3oBaHusM [2, 5, 7, 14, 16].
[TonydyeHHbBIE HAMM TaHHBIE CYLIECTBEHHO OTJIMYAIOTCS OT 3TUX IpeacTaBieHuit. B nusyuyeH-
HbIX yyacTkax [9, 10], B Tom uncie Ha KameHHoii Morune u Kopcak-Moruie, oTMedaeTcst
TeCHasl MPOCTPAHCTBEHHAs accollalvsl MUPOKCEH-MarHETUTOBBIX KBapILUTOB, (Gepporu-
POKCEHUTOB U 3BJIM3UTOB ¢ (heppoMeTabazuTaMu, peIuKThl KOTOPBIX HEPEIKO BCTPEUYAIOTCS
cpeau OTMEYEHHBIX BhIlIe Mopon. B mpoliecce BBICOKOTeMIEpaTypHOIro Meramopduima
TPaHYJIUTOBOM (hallMU MO BBICOKOXEIE3UCThIM heppoMaduTaM METaCOMAaTUYECKUM ITyTeM
MOTJIO TPOUCXOAUTh (POPMHPOBAHUE BTOPUYHBIX I'PAHAT-OPTONMMPOKCEH-(PASTTUTOBBIX 3B-
JIU3UTOB U (DEPPONTMPOKCEHUTOB, IO KOTOPBIM Ha 6oJiee TTO3AHEM 3Tare B IPOLIECCe OKKUC-
JIEHUSI TaHHBIX TTOPOJ U MOIJIM 00pa30BaThCsl MMPOKCEH-MarHeTUTOBbIC KBapIIUThL. Mexa-
HU3M 00pa30BaHUSI OMUCHIBAEMbIX XKEJE3UCThIX MOPOJA KaK BbICOKOTEMIIEpATYpPHBIX MeTa-
COMATUTOB IO (peppoMeTaba3nTaM, JeTAIbHO pacCMOTPEH B paboTtax [22, 23].

B mniponiecce 6os1ee HU3KOTEMITEpAaTypHOTIO PErpecCUBHOIO MeTaMopdu3ma, MpoTeKaB-
1Iero Ha ypoBHe aMbUOOJIUTOBOM (hallu, TPOUCXOAMIAa KYMMUHITOHUTH3AIIMS SBIU3UTOB
1 GeppONMPOKCEHUTOB, a B XOlI¢ MPEAIeCTBOBABIICH €if MIarnorpaHUTU3aluu BMEIalo-
mue dpeppoMeTadasuThl MOABEPrauch pa3rHEMCOBaHUIO U MPEBPAIEHUIO B IIMPOKO pac-
MPOCTpaHEHHbIE POrOBOOOMAHKOBO-OMOTUT-TIIATMOKIIA30BbIe M OMOTUT-ILIarMOKJIa30BbIe
rHelicel. PerpeccuBHOMYy MeTaMopdu3My, BEpOSITHO, MPEAIIECTBOBAN U KaJIUEBbI METaco-
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MaTo3, KOTOPbIi NPH BMOJHE MOIABIKHOM MoBeaeHUM SiO, compoBoXKaucsi BHIHOCOM U3
BMelnawoiux rmopoa Ca, Mg, Fe u npuBHocoM Al u mienoueit. Mcrounukom Al juist o6paso-
BaHMS KaJMEBOTO IOJIEBOTO INMAaTa M rpaHaTa B rpaHaT-OMOTMTOBBIX THeicax, Mo BCeit
BUIMMOCTH, SIBJISIICS KaJbLMEBBIN IJIarnokias ¢GpeppoMeTadba3uToB, KOTOPBIA MPU 3TOM
Mpolecce CyLIeCTBEHHO pacKucisics. [IpuBHOC 1esoueii, UrpallInX 3HAYUTEIbHYIO POJIb
B HOBOOOPA30BaHHBIX POrOBOOOMAHKOBO- M I'paHAT-OMOTUTOBBIX THEMCAX M KMJIBHBIX all-
JIUT-TIETMATOUIHBIX TPAHUTAX OCYIIECTBIISUICS, CKOpee BCETO, U3 TIIyOMHHOIO MCTOYHUKA
[10, 20, 22].

OCHOBBIBasICh Ha JAHHBIX, MOJYYEHHBIX IO OPTONMUPOKCEH-TPAaHATOBOMY T€OTEPMO-
metpy [11, 12], Temmeparypbl TpaHyIMTOBOro Metamopdusma B npeaenax KamenHoit Mo-
el M1 Kopcak-Morwbl gocturanu 3HadeHui 660—820 °C (ta6ur. 6). I1pu 3TOM He yIHUTHI-
BaJIUCh pe3yJIbTaThl, MOJYYEHHbIE TPY aHAJIM3Ee COCTABOB MOPOA000PA3YIOIINX MUHEPATIOB
B 00p. 663, MOCKOJIBbKY UCKIIOUMTETHHO BBICOKAST OOIIast KEJIEe3UCTOCTh IpaHaTa U3 3TOro
rapareHe3nca CBUAETENIbCTBYET O 3HAYMTEIbHOM CHVKEHUM CTeleHUW MeTaMopdusma U, B
yacTHOCTH, Temrepatypsl (590—600 °C) B npouecce nuadropesa. OOliee JaBIeHKHEe IO Op-
TOIMUPOKCEH-OJIMBUH-KBapiieBoMy [19] u opromupokceH-rpaHatoBoMy [12] reobapomer-
pam nipu £, = 730 °C usmensiercs B npenenax ot 510 no 780 MIla (cpennee 650), nspenxa
cHxasich 10 420—480 MIla. Otu 3HayeHus1 PT-TmapaMeTpoB HECKOJIbKO IMPEBBILIAIOT Ta-
KOBBIE JJIST BCEX M3BECTHBIX B [Ipra3oBbe paiiOHOB pa3BUTHsI OBJIM3UTOB U (PeppONMpoOKce-
HuToB [9, 10, 19].

HecMoTtpst Ha TO, UTO COCTaBbI KIIMHOMUPOKCEHOB (00p. 297, 307, 310) u opronupokce-
Ha (00p. 623) ocTaauch He U3YYEHHBIMU, TTPUOIM3UTEIbHBIE 3HAYEHUSI TEMIIEpATyphbl 00pa-
30BaHUS YKa3aHHbBIX ABYITMPOKCEHOBBIX acCOLMALMiA (Tabj1. 6) ObUIA MOJIyYeHBI IyTEM aHa-
JIM3a JUarpaMMbl COTPSDKEHHOro usMeHeHus Fe2t 1 Mg Mexny MOHOKJIMHHBIMA M POM-
OMYECKUMU IMUPOKCEHAMU B DBJIU3UTAX M KeJIE3UCThIX KBapuuTax IIpua3oBbs [21] u ycra-
HOBJICHHOHM 3aBUCUMOCTU KO3(MdUILIMEHTa paclpeaeeHUs] 3TUX DJIEMEHTOB MEXIy COCy-
LIECTBYIOLIMMU MUPOKCEHAMU OT TemrepaTypbl [4]. Mcxonst M3 MOJyYEHHBIX JaHHBIX, a
TaKXe U3 COOTHOIIIEHUST COCTaBOB OPTO- U KIIMHOMMMPOKCeHa B 06p. 302 (Tabi. 6), eiie 6oee
BBICOKHME, B CpAaBHEHMM C OTMEYEHHBIMU BbIIIE, 3HAYEHUsT TEMIIEpaTypbl MeTamopdusma
HCCJIEAOBAHHbBIX TTOPOJ MOJyYEHBI IO ABYITMPOKCEHOBOMY reoTepMoMeTpy [4, 12, 23]: 710—
850 (7., = 773 °C), HO OHH, T10-BUAMMOMY, HE BECbMa TOUHBI, TIOCKOJIbKY HECKOJIbKO 3aBbl-
1Ial0T, 0cobeHHO reotepmomeTp [23], 3T mapameTphl. bojee HU3KKMe TemIlepaTyphl MeTa-
Mopdu3Ma, TI0 CPaBHEHUIO C OPTOMUPOKCEH-TPAHATOBBIM U IBYITHPOKCEHOBBIM T€OTEPMO-
MeTpaMU, TOJyYeHBI 10 rpaHar-6uoTutoBoMy (620—650 °C), poroBOOOMaHKOBO-OMOTUTO-
BoMmy (640—670) 1 poroBooGMaHKOBO-IIarnokiaazoBoMy (500—540 °C) reorepMoMeTpaMm,
YyTO OOBSICHSIETCS OOJIee TTO3AHUM 00pa3oBaHUEeM OMOTHTA, TpaHaTa U PACKUCICHHOTO TIa-
rMoKja3a BO BMEIIAIOIIUX SBIM3UTHI U (EeppPONMUPOKCEHUTHI THelcax B Ipolecce Hajlo-
KEHHOIO perpeccuBHOr0 Metamopduima aMOUOOIUTOBOM M 3MUAOT-aM(bUOOIUTOBOM
dauuii.

[Mapunanshoe gasneHue Boasl nH,0 = PH,0 /Pyg, ipu t = 730 °C u P, = 650 MIla

xapakTtepusyercst 3HaueHreM 0,60, 4TO MpaKTUYECKU aHAJOTMYHO IJIs1 OBJIM3UTOB 3avyaThb-
eBcKkoil 1 JIMOpOBCKOM MarHUTHBIX aHoManuii [9, 10], HO 3HAYMTENLHO MPEBBILLIACT Ipe-
nenpHble 3HaueHuss nH,O (0,36—0,47) s 3BIM3UTOB MapuymnojibCKOro Xejle30pyaHOro
MectopoxaeHust [19]. Pexxum kuciaopoma nmpu Metamopdu3Me OLIEHUBAJCS C MOMOIIbIO

OPTOINMPOKCEH-MarHeTUT-KBapLieBoro reookcomerpa [19], cormacHo kotopomy lgfo, u3-

MeHsieTcst B mpeaenax ot —13,17 go —16,90 (cpemHee —15,04). DT0 CBUAETENLCTBYET O
3HAYUTEJLHBIX KOJIEOAHUSIX OKUCIUTETbHO-BOCCTAHOBUTELHBIX YCIIOBUIA, TIPU KOTOPBIX 00-
pa3oBaMCh U3YyUYEHHBIC MMOPOJIbI.

Takum o6pa3oM, (opMUpOBaHUE SBIM3UTOB U (pepponrpokceHnToB KamenHoit Mo-
riuiiel 1 Kopcak-Moruisl, B OTIMYKE OT APYTUX pailOHOB Pa3BUTHUSI aHATOTUYHBIX TTOPOJI B
IMpuazosswe [9, 10, 19], BeposiTHO, MPOUCXOAMIO TIpU OoJiee BEICOKUX PT-mapaMeTpax MeTa-
Mopdu3Ma T'PaHyJIUTOBOM (hallMM U COIMPOBOXKIATIOCH PE3KO M3MEHSBIIMMUCS OKHCITH-
TEJIbHO-BOCCTAHOBUTEIBHBIMU YCJIOBUSIMU, a TaKXKe 3HAYMTEIbHBIM pa3BUTHEM OoJjiee Mo-
3MHUX U MEHEE BBICOKOTEMIIEPATYPHBIX MPOLIECCOB PErPECCUBHOrO MeTaMop(u3Ma U rpa-
HUTH3AUUN. DTH MPOLIECCHI CMIOCOOCTBOBAIM MHTEHCUBHOW KYMMUHITOHUTH3AIUU XeJle-
3UCTBIX MOPOJ, 00pa3oBaHMIO O (heppoMaduTam B Mpolecce MIaruorpaHUTU3aluu pOTro-
BOOOMAHKOBO-OMOTUT-TUIATMOKIIA30BbIX M OMOTUT-TUIATMKIIa30BbIX THEMCOB, a TaKkKe IIU-
POKOMY PasBUTHIO BO BMEILAIOIIMX MOPOAAX MPOLECCOB OMOTUTU3ALIMHI, KATUIIITATU3ALMI
U OKBaplEeBaHUs.
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WH-T reoxuMuu, MUHepajioruu u pynooopazosanuss HAH Ykpaunbl, Kues IMocrynuna 18.10.1999

PE3IOME. OxapakTepu30BaHO PEYOBMHHUIA CKJIal Ta YMOBU YTBOPEHHS (hepornipoKCeHiTiB, eBIi3UTIB i aCOLiI0I0UNX
3 HUMU hasuliTBMiICHUX MarHeTMTOBMX KBapILIMTIB JeM’sIHIBCHKOI CBITH IIEHTPaJIbHOINPUA30BCHKOI cepii Heoapxelo,
SIKi PO3IJISIIAIOTHCS SIK BUCOKOTEMITEPATYpHi (rpaHyJiiToBa (allis) MeTacoMaTUTU MO PaHHbOLOKEMOPilicbKUX epo-
MeTaba3uTax.

SUMMARY. Matter composition and formation conditions of ferropyroxenites, eulysites and fahlite-containing magnetite

quarzites of the Demyanovka suite of the Central Near Azov series of Neoarchean, which are considered as high-
temperature (granulite facies) metasomatites on Early Precambrian ferrometafasites, are characterized.
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MeTtakomarTiitn COpOKMHCLKOI 3es5ieHOKaM’aHOoi
cTpykTypu (3axigHe MNpua3oB’a)

OnucaHo yreplie 1iarHocToBaHi y po3pizax COpOKMHCBKOI TEKTOHIYHOT 30HM METaKOMATiiTH, sIKi BXOASATh 10 CKJIaLy
HWXKHbBOI yJIbTPaba3sUTOBOI MapareHepalii MeTakoMaTiiT-ToneitoBoi ¢dopmatii. ['eosoriyHi Tiza ocTaHHBOI pa3oMm 3
KOMarMaTUYHUMU iM iHTPY3UBHUMU YJIbTPaOa3UTaMM YTBOPIOIOTb €IMHY BYJKAHO-IUJIYTOHIYHY acouiallilo.
MerakomariiTu ¢GopMyIOTbh CUCTEMY 30HAIBHO MOOYIOBAHUX MOTOKIB, Y CTPYKTYPi SIKUX BaXJIMBY POJb BillirpaioTh
criHieKkc-cTpyKTypHi 30HM. [leTpoxiMiuyHe BMBUEHHSI METAKOMATIiTiB CBIIYMTH MPO IXHIO HAJEXHICTb 10 MOPia
KOMaTiiTOBOI cepii. ¥ MeTakoMariitax mij BIUIMBOM HAKJIaJeHUX MPOLIECIB CITOCTEPIraEThCsl CYyTTEBA PO30aTaHCOBAHICTh
MEPBUHHUX CITiBBiHOLIEHb TOJOBHUX METPOr€HHUX KOMIIOHEHTIB, 1110 MPOSIBISETHCS Y 30iAHEHHI TIIMHO3EMOM NPU
OJTHOYACHOMY 30arayeHHi KaJbllieM, a TAKOX Y BiIUyTHIl 1ucnepcii BMicTy KpeMHe3eMy Ta 3aiiza. [laneoByskaHonoriyHe
Ta reosoro-reo@isnyHe BUBYEHHS AiNSHOK MOLUMPEHHSI METaKOMATIITiB Aago 3MOTry yIepllie pecTaBpyBaTH
¢parmMeHTapHO NPOSIBJIEHY MaJ€OBYJKAHIYHY CIOPYAY LIEHTPAJIBHOIO TUIY.

VYIIbTPaOCHOBHI yTBOpPeHHS B po3pidi COpoKMHCHKOI 3esieHoKaM’siHoi cTpykTypu (3C) Ge-
pPYTh y4acTb y OyIOBi ymeple BUAIEHOI Ta 3aKapTOBaHOI HAMM BYJIKaHO-TUTYyTOHIYHOI aco-
1ianii iCcTOTHO yJIbTPAaOCHOBHOTO CKJIaay, aHAJIOTiYHOI 10 BUIIIEHUX ITiJl YaC BUBYEHHS 3€-
JieHOKaM’ ssHUX TosiciB CepeIHbOIPUIHITPOBCHKOI IpaHiT-3eleHOKaM’siHO1 o6utacTi [7, 16,
20, 21]. OcTaHHi AaHi PO OCOOJIMBOCTI reoJIorii, TeKTOHiKY i MeTasoreHii CopoknHcbkoi 3C
BUCBiTJIeHO Yy mpaisix [10—14], reoxpoHOIOriUHI MaTepiaau oxXapaKTepU30BaHO Y Tpalsx
[1-3].

BynkaHo-mIyToHiYHA acoliialiisi OXOIIIOE BYJKAHOT€HHY CKJIaJOBY, 110 MpeIcTaBicHa
napareHepauicro KT-2 meTakomariiT-ToJieitoBoi (opmallii, Ta IUIyTOHIYHY CKJIAAOBY, IO
MpeAcTaBieHa YTBOPEHHSIMU Teplioi (a3u MeTamyHiT-rapuoypritoBoi ¢opmMariii. 3rigHo 3
OCTaHHIM BapiaHTOM yTOUHEHOI cTpaturpadiyHoi cxemu [15], acoliallist momupeHa y HUxKHii
YaCTHUHI pO3pi3y CTPYKTYpHM Y CKJali OCUIIEHKIBCHKOI CBITM BEPXHBLOIO apxelo. 3aBIsIKK
MPOBENeHUM HaMU JOCHTiIKEHHSIM BCTAHOBJIEHO, 1110 Y CTPYKTYPHO-PEYOBMHHOMY BiIHO-
LLIEHHI 1151 CBiTa € HEOAHOPiAHOW. B 11 00’e€Mi BUIIISETHCA, IIOHAWNMEHIIE, TPU Pi3HOBIKOBI
MopoaHi acouiauii. ¥ ¢opmaliiiHOMy BiIHOLLIEHHI BOHU BilIOBiIalOTh TPhbOM 3a3HAUCHUM
(Tabs. 1) cknamoBUM MOBHOTO PO3Pi3y METaKOMATIiT-TOJeiTOBOI (opmarlii. Y cknami dop-
Mallii MeTaKoMaTiiTh KOHIIEHTPYIOThCSI B CEpelHiil YacTUHI po3pi3y (mapareHepaiist KT-2).

[Mepiuunii JOCBiA MiarHOCTUKM, OMKCY Ta KapTyBaHHsSI MeTaKoMaTiiTiB y COpOKMHCBKIi
3C € Hag3BMYAHO BaXXJIMBUM ILIOJO ii imeHTU(iKallii SK T€OCTPYKTYpHU, 110 HAJIEKUTH IO
ciMelicTBa CTPYKTYp 3eJeHOKaM sSTHOTO TuIly. PaHillle HaMu MeTakoMariitu 0yJi0 ONMCcaHoO B
Kocusueschkiit 3C [15, 18, 19], ska y dhopmaliiiiHO-TeonoriyHoMy BiTHOIIIEHHI 1IJIKOM aHa-
soriyHa CopokuHcbkiii 3C.

I'eonorisi. CytreBo ynbTpabasutoBa mapareHepalis (KT-2) cumeTpuyHO OOGJISIMOBYE
6oproBi yactuHu CopokuHcbkoi 3C Maiike Ha BCbOMY ii MPOCTSITaHHI y BULJISIII BY3bKOI
(30—150 M) cmyru. XapakTepu3y€eTbCs TICHUM IapareHeTUYHMM CITOJyYEHHSIM BYJIKAHITIB
OCHOBHOTO (KBaplI-ILIariokaa3-XJOpUT-aKTUHOMITOBI ClaHIl, aMdibOJiTH IO TOJIEITOBUX
OazaibTax Ta 0a3aJbTOBMX METaKOMaTiiTaX) Ta YJIbTPAOCHOBHOIO (Pi3HOMAHITHi XJIOPUT-
aKTUHOJIITOBi, aKTUHOJIITOBI, TPEMOJIIT-aKTMHOJIITOBI, a TAKOX CEpIeHTUH-TAIBKOBI Ta cep-
TMEHTUH-TaJIbK-KapOOHAaTHi CJIaHIIi 1O MipOKCEHITOBUX i MEPUAOTUTOBUX KOMaTiiTax Bilmo-
BimHO y cmiBBimHoweHHi 1—3/10) ckmamy. MertaocamoBi mopoau y cKJaai mapareHeparii
YTBOPIOIOTH 1K MajionoTykHi (10—25 cM), TaK i moTyxHi npouapku (1—3 M), BUTpUMaHi 3a
MPOCTSITAaHHSM TUIACTH, 1110 AYXXE YacTO IMOB’sI3aHi MOCTYIOBUMH IMEPEXOAaMM 3 METayJbT-
pabasutaMu. Y 3B’S13Ky 3 KOJMBAaHHSIM BMICTY B ii p0o3pi3i MoOpia 0cagoBOro MmoxomkeHHs, a
TaKOX HasIBHOCTI BYJIKAHITiB OCHOBHOTO CKJIaAy ITapareHepallisl € JlaTepaJlbHO HEOIHOPil-
Hoto. B 11 po3pi3i BCTAaHOBIIOEThCS JliTodalliliHe 3aMillleHHST CaHIEBO-IKeCHiTiT-MeTaTo-
JIeiTOBO1 (popMallii MeTaocagoBO-3a1i3UCTO-KBAPLIMTOBUMHU YTBOPEHHSIMU. Y HACTiIOK YiTKOTrO
NposiBy y (pi3MUHMX TOJSIX Yyepe3 AoJaTHI MarHiTHi Ta rpaBiTalliiiHi aHOMaJii mapareHepa-

© 0. B. Bo6pos, B. 1. Mamok, A. O. Cisoponos, 2001

84 ISSN 0204-3548. Munepan. cypn. — 2001.— 23, Ne 2/3



METAKOMATIITU COPOKMHCBKOI 3EJEHOKAM’HOI

"OMOUTINONIITI OHORBHEOL ¢—] MWeduJy 4

(nugonododr) *Q v ‘nugodgoq *q °Q ®ee) 190H0 HHUITENdo] eH HdALIAdLY 1oM90HMI0d0) THIdoELA XMMIINIdOWINOY BHHRIAHIIhEOd BWIX)) ' Bhnygny

85

ISSN 0204-3548. Munepan. acypn. — 2001.— 23, Ne 2/3



BOBPOB O. b. Ta in.

Puc. 1. Cxema reojioriyHoi 6ynoBu Cypoxkcbkoi niisstHku COpOKMHCBHKOI 30HM: [ — Ga3uToBa MapareHepailist; 2 —
yabTpaba3uToBa napareHepatisi; 3 — radbpo-mipoKceHiT-ayHiToBa dbopMallist (TUIyTOHIYHA); 4 — TOHaTIT-TUIariorpa-
HiTHa dopmauisi; 5 — MirmatuTu GyHIAMEHTY 3eIeHOKaM sIHUX TOSICiB; 6 — KOHIJIOMepaT-TiCKOBMKOBO-TJIMHO3e-
MUCTO-ClIaHLIeBa dopMallist; 7 — po3IoMH; & — OMipHi CBEPAJTOBUHU

1is1 KapTYETHCS SIK CBOEPIMHUI MapKyBaJIbHUI TOPU3OHT IMOTYXHicTIO Bix 8 10 1500 m.

BHyTpilltHg OymoBa mapareHepallii BUpakeHa BYJIKaHiYHUMM LUKJIaMU TOMOIPOMHOI1
crpsiMoBaHOCTi. BoHa Mae sICKpaBO BHUpaXeHY CUMETPUUYHO-30HAJIbHY OyIOBY 32 paxXyHOK
nepeBaXkHOi KOHIEHTpallil yJIbTpaba3uTiB y MilOIIBI Ta MOKPiBIi ii po3pi3y.

Baxk1MBOIO pUCOIO CTPYKTYpHM pO3pi3y IMapareHepauii € CroJay4eHHsI YIbTPAaOCHOBHUX
MOpiJ Pi3HOMAaHITHUX CTPYKTYPHO-TEKCTYPHUX Ta PEUYOBUHHUX XapaKTepuCTUK. PectaBpa-
1is1 TIEpBUHHUX (IOoMeTaMOP(iUYHMUX) CTPYKTYPHO-TEKCTYPHUX O3HAK IIUX MOPil MO3BOJISIE
yIepiue BUIIJIATH Y po3pi3i CUCTEMY PO31IAapOBaHMX JIABOBUX IMOTOKIB i3 3rifHMMM TiJlaMu
KOMarMaTUYHUX iHTPY3UBIB aHAJIOTIYHOTO MiHEpaJbHOIO Ta IMETPOXiMiYHOIO CKiamy. 30-
HaJIbHICTh MOTOKIB IMPOSIBJI€HA HAsSBHICTIO CTIMKOIO MOBTOPEHHSI Y PO3pi3i yacTUH (30H),
1[0 CKJIaleHi MOPOAHUMHU Pi3ZHOBUIAAMM 3 Pi3HUMM CTPYKTYPHO-TEKCTYPHUMU, a iHOMI I
pPEYOBMHHUMM O3HaKaMU. SK mpaBWUIO, MixKk HUMHU BCTaHOBJIIOIOTHCSI 3aKOHOMipHi MOCTY-
MOBi TTePEXO/Iu.

VYci onucaHi HaMU JTaBOBi MMOTOKM MOXKHA PO3IUTATH Ha Taki tunu [4—6, 22, 23, 25, 27,
29]: Hedughepenyitiosani, cKianeHi oaHi€l0 i3 30H (3a3BMYail, KyMyJSITMBHOIO ab0 30HOIO
MacUBHUX TTOpGipoOBUX TOPiN); HenogHodupeperuyitiogari, B MexXax ssKMX BCTAHOBJIeHa 100pe
pPO3BHUHYTa KyMYJSITUBHA 30HA 3 IMOCTiIOBHUM I€PEXOJOM TOTOPU MOTOKY B 30HY MacHB-
HUX TopdipoBUX MOpiA i Jajdi B 30HY rpyboro criHidekcy (mepexigiHy OO0 KIaCUYHOiL
CITiHi(heKC-CTPYKTYPHOI 30HM); noeHoOdugepeHyitiosani, TpencrapieHi yciMa 3oHamu (i3
CIiHi(eKC-CTPYKTYPHOIO BKIIIOUHO).

XapakTepUCTUKY Pi3HMX 30H ITOTOKIB MOXHAa IaTy Ha MPUKJIAAi y3aralbHEHOIO OMUCY
MOTOKIB TTOBHOAM(EPEHIIIHOBAHOTO TUITY, PO3KPUTUX MPOGIISIMU CBEPIJOBUH Y Pi3HUX
yactruHax CopokuHcbkoi 3C: ¢B. 102-94 — 101-94; 100—94 — 103-94; 63-94 — 73-95; 94-
94 (puc. 1, 2, 5) Ta iH. H1KHST yacTMHA MOTOKIB TpeacTaBlIeHa KyMYJISITUBHOIO 30HO10 (B),
sIKa XapaKTepU3YETbCSI PO3BUTKOM CEPIIEHTUHITIB pi3Ko MopdipoO1acTOBOrO BUIJISILY BHAC-
JIITOK HasIBHOCTI TEMHO-3€J€HMX IO YOPHUX BKPAIUIEHUKIB CEPIIEHTUHI30BAHOTO Ta XJIO-
PUTH30BAHOTO OJIiBiHY Ta CEPIIEHTUH-TAIbKOBOI 3B’SI3yBAJIbHOI TKAHWHU, 1[0 PO3BUBAETHCS
o JAeBiTpu@iKoBaHOMY CKJIYy YJIBTPAOCHOBHOTrO ckiany (puc. 2). Bapiawii ¢popM, po3MipiB i
KiJTbKOCTI TaKMX BKpaIlJIEHUKIiB y MOpoAax HAaCTYMHUX iHTEpBajiB 3yMOBIIOE IXHill Xapak-
TepHUN BUIJISII i TIPUHAJIEXKHICTh JO MEBHUX 30H, a TAKOX IN€HETUYHY iHTepHpeTalil. Xa-
pakTepuCcTHKa LIUX MOpia Moxe OyTu 3pobsieHa, HanmpuKiIal, 3a iHTepBajJoM IMOuH 18,5—
19,5 my cB. 82-95; 232,5—237,51213,5-218,3 M — y ¢B. 94-94 (puc. 2, a); 33,0—-35,0m —y
cB. 72-95 (puc. 2, 6) Ta 3a GaratbMa iHIIUMU. Y TOPGIPOBUX CEPIIEHTUHITAX IOCIITOBHO
301TbIIYEThCST KUJTbKICTh BKpPAIJIEHUKIB BiJ MEpIIMX BiJCOTKIB Ha ITOYATKy iHTepBaIy OO
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Puc. 2. BynoBa MeTakoMaTiiTOBUX NMOTOKiB COPOKMHCBKOI CTPYKTYpH MO CBEpAJIOBMHAX 94-94 (a) ta 72-95 (6)

45—50 % — y xinui. Po3mip Bkparienukis Big 0,5—0,8 1o 1 cM. @opMa — Bif i30MeTpUUHOT
0 BUAOBXEHOI (30Ha IMOPpdipoBUX MOPiJ MOTOKIB).

OKpiM KyMyJISITUBHOI y pO3pi3i HMXKHBOT YaCTUHU TTOTOKIB BUIISIETHCS 30HA MaCHB-
Hux nopdiposux mopin (b), o mpeacraBieHa B iHTepBanax 237,5—244,6; 205,5—208,5;
218,3—223,5; 278,0—285,5 My cB. 94-94 (puc. 2, a), a Takox B iHTepBayi 35,0—37,5 My cB. 72-
95 (puc. 2, 6). KinbkicTb BKpaIUIEHUKIB Y MOpojax Ii€i 30HU CTAHOBUTb, SIK MpaBuio, 10—
15 % 3aranbHOi Macu rmopoan. MiHepalbHMIA CKJIaf € aHaJOTiYHUM 0 3a3HAYEHOTO BMILIE.
VY HampsiIMKy A0 BEpXHbOI YaCTMHM ITOTOKIB CIOCTEPIira€Tbcsl IOCiIOBHE Ta IMOCTYIIOBE
301IbIIEHHST BUOOBXKEHOCTI BKPAIJIEHUKIB i3 MOJAIbIIOI0 TpaHChOpMaIli€lo iX y roaJacti
bopmu.

BepxHs1 yacTMHa MOTOKIB, 11O MpeAcTaBieHa CITiHi(PEKC-CTPYKTYPHOIO 30HOK, MOXE
OyTH oxapakTepu3oBaHa iHTepBajamu rmouH 131,5—133,1 M y cB. 82-95; 229,0—232,5 Ta
208,5—213,5 M — y ¢cB. 94-94 (puc. 2, a); 55,0—67,5 ta 37,5—42,0 my cB. 72-95 (puc. 2, 6). Tyt
MoIIMpeHi mopdipoBi CeprIeHTUHITH, CUIBLHO PO3CIaHIIbOBaHi Ha MOYaTKy iHTepBaty. [lop-
GipoBi BKpaIJIEeHUKHA Y HUX TPEACTaBICHI XJOPUTU30BAaHUM Ta CEPIIEHTUHiI30BAaHUM OJi-
BiHOM (puc. 3, a). Po3mip BKparuieHuKiB 10 2 ¢M i Ginbliie, IMpUHa JIeHCT Big 2—3 10 4—5 MM.
BunosxeHictb 1 : 15 i 6inbiue. Kosip BKpamieHUKIB 3€JI€HKYBaTO-TEMHO-CipUii 1O YOPHOTO
Ha CBixKoMy ckoJii. Po3moia mo o6’eMy mopoay — XaoTUYHUIA, Oe3cucTeMHUI. 3B’ sI3yBallb-
Ha Maca MpeacTaBjeHa arperaToM KapOoHary, TaabKy, CEPIIEHTUHY (IUTTHKaMU — XJIOPUTY
i TpeMoiTy).

VY po3pisi crnocrepira€TbCs HeE3HAYHE KOJMBAHHSI PO3MipiB BKpPAIUIEHUKIiB, 110 BUpa-
’K€HO B iXHbOMY 30iJbILIEHHI M0 CepeaWHU iHTEPBaIy i MOTIM — Yy 3MEHINEeHHI M0 KiHIII
iHTepBany (puc. 3, 6). BkpalleHUKU SIBISIIOTh COOOIO CKEJIETHi KPUCTaJIM rapTyBaHHSI
CMiHi(beKC-CTPYKTYPHOI 30HU MOTOKIB MEPUIOTUTOBUX METAKOMATIiTiB. IHOAI moToKHM cym-
POBOIXKYIOTHCSI PO3BUTKOM KJIACTOJIaB METAKOMATIITiB, 1[0 TPUYPOUYEHi 10 BEpXHiX a00 HIDKHIX
yactuH (puc. 3, 6).

YcTraHoBieHa HaMM CIPSIMOBAHICTh 3MiHM 30H B ONMCAaHUX METAKOMAaTiiTOBUX ITOTO-
Kax € BaXJIMBUM iHAMKATOPOM BiITBOPEHHS peaIbHOTO IOJOXEHHS iXHbOI ITOKPiBIi Ta, K
HaCJIig0K, HaMPsSIMKY OMOJIOMXKEHHS po3pi3y. Tak, cyasiuu 3 Toro, 110 MOKpiBeJdbHi YaCTUHU
pecTaBpOBaHUX MOTOKIB YJIbTPAOCHOBHUX BYJIKAHITiB OOEpHEHI 3aBXIU A0 320010 CBEPIJIO-
BUH, 3ajsiraHHs nopia y miBaeHHoMYy Kpwli CopokuHcbhKoi 3C € 3alpOKMHEHUM, TOOTO
po3pi3z CopoknHcbkoi 3C HanOyIOBYEThCS A0 i LEHTPY (sApa) Ta CUMETPUYHO, Y 3BOPOT-
HOMY HaIpsIMKY, TIOBTOPIOETHCS Y ii MiBHIYHOMY OOpTi.

MertakomMariith CopokuHcbkoi 3C omucaHi HaMM yreplie, Ko He OpaTu A0 yBaru
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2.

3akinuenns maba.

90

Mpumirka A — cruiHipekc-CTPYKTYpHi 30HM PO3IIAPOBAHUX ITOTOKIB METaKOMaTiiTiB, b — 30HM MacMBHUX TOPGiPOBUX MOPiN PO3IIAPOBAHMX TOTOKIB METAKOMATIiTiB, B — KyMyJISTHBHI 30HU

PO3IIApOBaHKX MOTOKIB METAKOMATIiTiB, H — MOpoay HeBU3HAYEHOI CTPYKTYPHO-TEKCTYPHOI IIPUHAIEXHOCTI. Y JyXKaX — rMOuHa, M. JIiBa KOJIOHKa — peaibHi aHaJIi3M, NpaBa — MepepaxoBaHi Ha "

3aMnmIoK”, e yee 3aniso npencrasiaeHo sk FeO (FeO = [(Fe,0,:0,9)+FeO]. Ananisn sBukonano B nadoparopii KIT "Kiposreomnoris” (1998).

CyXuit

HEOoOTpYHTOBaHY (DaKTMUYHMM MaTepiaJioM 3raaky
npo 1e y mpaii [24], aBTop SKOi onepyBaB JIMILIE
pe3yabTaTaMy XiMiYHUX aHajli3iB yJbTpaba3uTiB,
He BUBYMBIIM camux Topia. lle B3arami cTaBUTh
i CyMHIB IXHIO "KOMATIiiTOBY" MPUPOIY, TOMY 1110
JIAIIE TIeTPOXiMiYHUX AOCTIIXKEeHb ST IIbOTO He-
IocTaTHbO. Huk4ye HaBeneHO pe3ynabTaTh MeT-
pOXiMiUHOrO BMBUEHHSI caMe€ TMX IOpim, sIKi 3a
CTPYKTYPHO-TEKCTYPHUMM O3HAKaMU Ta ITOBEIi-
HKOIO y IPOCTOPi BiJIIOBiIal0Th YTBOPEHHSIM BYJI-
KaHOTe€HHOTO XapaKTepy.

Ilerpoximisa. Ha TemepimHiii yac BCTaHOB-
JIEHO, 110 HasIBHICTb y po3pi3ax JOKeMOpPiliCbKUX
3eJICHOKaM’STHUX TI0sICiB MeTaMOpi30BaHUX KO-
MaTiiTiB € He BMMNAIKOBOIO a00 €K30TUYHOIO
MOoMi€l0, a HaBMaKW, OJHI€EI0 3 HaWBaXIMBILIMX
TUITOMOP(PHUX XapaKTEePUCTHUK IIi€i KaTeropii reo-
cTpyKTyp. OYeBUAHO, 1110 iHTEHCHMBHA OUCIOKO-
BaHIiCTh i MeTaMOp(i3M 3eJieHOKaM’ STHUX TOSICiB
OOYMOBJIIOIOTh 3HAYHY CKJIAAHICThb BiJOKpPEMJICH-
HsI ByJIKAHIYHUMX Ta IUTYyTOHIYHUX CKJIAAOBUX MOPi
KoMariiToBoi cepii, o Mae micue i y Copo-
kuHcbKil 3C. He3Baxaioun Ha Te, 1110 HaM BIaJIo-
cs imeHTr(iKyBaTU HaBeleHi BUILE pO3LIapOBaHi
MOTOKM METaKOMaTIiiTiB, TaKi CIIOCTePEXEHHS €
Haa3BUYaliHO pigkicHUMU. YacTilue 3a Bce T0CTi-
OHUKM, 110 MPalolOTh 3a MeXaMHU KJIACUYHUX
perioHiB PO3MOBCIOMKEHHSI C1a003MiHEHUX KO-
mariitiB (ITiBmeHHa Adpuka, Kananma, 3axinHa
Ascrpanist [17, 26—36]), 3MylleHi OMUCYBaTH Ta
XapakTepyu3yBaTU MarHe3iiiHi yTBOpEHHS 3€JIeHO-
KaM’SIHUX TMOSICIB Y paMKaX y3arajJbHEHOro I10-
HSITTSL nopodu Komamiimoeoi cepii. Takuii migxin,
0 pedi, € HAOIMbII TMPUUAHSATHUM UISI TI€PIIO-
YeproBoi XapaKTepUCTUKM MaTepiaay mo YKpa-
THCHKOMY IIUTY, 1€ iHTEHCHUBHICTb IPOSIBY BTO-
PUHHUX IepEeTBOPEHb KOMATIiTiB € TOCUTh BEJIM-
Koo [6, 8,9, 17—19, 20].

s meTpoxiMiyHO1 XapaKTepUCTUKU MeTa-
Mop}i30BaHUX KOMaTIiiTiB HaMM OYyJI0 BUKOpPUC-
TaHO MOBHi CWIiKaTHi aHaJli3u TMOpid, BimiOpaHux
3 IeKiJTbKOX MpPeICTaBHUIIbKMX CBEPJIOBUH (Ta0.
2). CraHgapTHa npoleaypa o0poOKU MeTpoXiMiu-
HOro Martepiajay IO KoMarTiiTaX JOKeMOpPilChKMX
3eJICHOKaM’ STHUX TI0SICiB, arpoOoBaHa paHillie Ha
yuciaeHHuXx o6’exrax CepenHboro ITpuaHinpos’s
Ta iHIIMX PErioHiB PO3BUTKY KOMAaTiiTOBOIO Mar-
matusmy [8, 9, 18—20], MicTUTb MiAroTOBKY BUOip-
KU, TTapaMeTpy KOl ITOpiBHIOBaHi 3 IapaMmeTpa-
MM €TAJIOHHUX 00’€KTiB a00 i3 3araJbHOMPUITHSI-
TUMU KiacuikaliiHuMu napametrpamu. Ilpak-
TUYHO 1€ AOCSTAETHhCS IUISIXOM MepepaxyHKiB
XiMiuHux aHamiziB Ha 100 % OCHOBHMX HETPO-
TeHHUX KOMITOHEHTIB, BHAC/IiAOK YOr0 HiBEIIOETh-
¢ "po3pimKyBadbHUN" e(PEeKT JETKMX KOMIIO-
HeHTiB (H,0, CO, Ta iH.). Y Toit Xe yac HeoOXiz-
HO MaM’sgTaT, 10 mepepaxyHok Ha 100 % (sx
YHUCTO MEXaHiyHa orlepallisl) He MOXe BiITHOBUTU
TIepBYHHI CITiBBiZHOILLIIEHHS MIETPOT€HHUX KOMITO-
HEHTIiB y TUX BMUIIaAKaX, KOJM BOHU OYJIU TOPY-
1IeHi Mig BIUIMBOM THX YU IHIIUX HaKJIaIeHUX
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Puc. 3. MeTakoMariiTi 3 pisHUX
30H IMOTOKY: @ — 30Ha "Trpyouii
crinidekc”, cB. 82-95, 1. 131,6 M
(luTyd y HaTypasibHy BeIMYM-
HY); YOpHi JIeficTH — XJIOpUT-
CEepIeHTUHOBMI arperar no
OJIiBiHY, SIKMil € B peJliKTax;
CBiTJIe — KapOOHaT-TalbK-Cep-
MEHTUHOBUIA arperar 1o cKiy;
6 — 30Ha TOJIYacToro criHidek-
¢y, cB. 94-94, 1. 213,0 M (110-
JIipOBaHUI KEepH, 30. 2x); OCHOB-
Ha Maca MOpPOAM — XJIOPUT-
TaJIbK-CEPIIEHTMHOBUIA arperar;
CBiTJIe — JIECTU CEPreHTHHi-
30BAHOr0 OJIiBiHY; 6 — 30HAa
PO3BUTKY KJIacTojaB, cB. 72-95,
1. 34,1 M (ToipoBaHUI KEpH,
30. 2x); YOpHE — XJIOPHUT-Cep-
MEeHTUHOBMIA arperaT mo oJjiBi-
Hy (B pesiKTax), CBiT/Ie — Kap-
GOHAT-TaJIbK-CEPIIEHTUHOBU I
arperat

MPOLECIB.

Ilepepaxynok Ha 100 % mpu3BOAMTH A0 30iMbIIEHHS KOHKPETHHMX 3HAYyeHb BMICTY
MEeTPOreHHUX KOMITOHEHTIB, ajieé He BIUIMBA€E Ha iXHi CIiBBigHOIIEeHHs. ToMy BiH € Heo0-
XiTHWUM JIMIIIE y pa3i BAKOPUCTAHHS JJISI ETPOXiMiYHOI XapaKTepUCTUKM caMe TaKuX Iapa-
METpiB, TOMi K 3aJlydeHHSI Pi3HOMAHIiTHMUX CIHiBBiIHOIIEHb KOMIIOHEHTIB ab0 CKJIagIHUX
KoedilliEHTIB Maiixke 3aBXIU MoXe OyTH peajli3oBaHe i 3a HemepepaxoBaHUMHU JAaHUMM.

Hacamnepen xiMmiuHi aHajgi3u MarHe3iiiHuUX mMopin OyJI0O BUHECEHO Ha ABi Kiacudi-
KalliiiHi aiarpamu, 1110 J03BOJISIOTh ineHTU(hIKyBaTH MOPOIU KOMaTiiToBoi cepii (puc. 4, a, 6).
Hesaxatoun Ha Te, 110 OLMBIIICTh MPOAHATI30BaHUX IIOPiA Ha AiarpaMax IOCHUTb YiTKO
TSDKi€ 10 TOJIiB KOMaTiiTOBOI cepii, HEOOXiMHO 3BEpHYTU yBary Ha ABi OCOOJMBOCTI PO3IO-
niny irypatuBHuX Toyok. [To-mepiiie, TOUKM HU3bKOMAarHe3iiHUX yTBOPEHb MaIOTh JA0CTAT-
HbO 3HAYHE I0JIe MOUIUPEHHsI, @ BUCOKOMArHe3iitHi mopoau ¢hbopMyioTh KOMIAKTHY TPYITy.
Io-apyre, na piarpami Al,0; — (TiO, 10) — MgO (puc. 4, a) 3Ha4YHa KiJIbKiCTb (irypaTus-
HUX TOYOK BMCOKOMArHe3iiHMX MOpiJ BiA4yTHO 3MillleHa B 0OJIaCTh IOJISI MOPil MiKpUTO-
BOi cepii. 3 1bOro, ofHaK, He Tpeba poOUTH Cepilo3HUX BUCHOBKIB KiacudikalliiiHOro ac-
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Puc. 4. Bapianii ckiany Ta MOJOXeHHS (birypaTMBHUX TOYOK MarHe3iiiHux mopin COpOKHMHCBKOI 3eJIieHOKaM’sTHOT
cTpyKTypu Ha aiarpamax B. C. Kynukosa (a), JI. [IxxeHceHa (6) Ta b. 1. Maioka (8)

MeKTy 11010 po3BUTKy y CopokuHcbkiit 3C, HanpuKJiIam, He KOMATIiTiB, a MiKPUTIB, OCKITbKU
Ha iHwii giarpami (puc. 4, 6) i3 GM3bKMMM MapaMeTpaMu B CYKYITHOCTI 3 JaHUMM XiMiYHUX
aHauiziB (Tabn. 2) mobpe BUAHO, 110 BMCOKOMArHe3iliHi MOpoau CHJIBHO 3MillleHi y Gik
(Fe+Ti) — Mg BHacnimok aediluTy ITMHO3eMYy, a He 30aradyeHHs TUTAaHOM, 10 Oyyio O
HEeOoOXiTHUM TS BiIHECEeHHSI IMOopia Mo MiKpuToBoi cepii. KoMariiToBa nmpupoaa mopia, Ta-
KM YMHOM, JIMIIIE€ BraAy€eThCS 32 OKPEMUMM PETiKTOBUMU O3HAKAMMU, a 3aralbHUIA XiMiYHUA
CKJIaJ LIMX TMOpiJ € TTeBHUM YMHOM MoaudikoBaHuM. CIlifi 3a3HaYUTH, 1O SKACh YacTUHA
"KoMaTiiToBUX" 03HAK, 1110 BUBYAJIMCH, SIBHO BTpayeHa.

HageneHi Buie meTpoxiMiuHi OCOOIMBOCTI MOCTIIKYBAaHUX IOpPiA BimoOpaxkeHi i Ha
6iHapHuX BapialifiHux niarpamax (puc. 4, ¢). Ix ki1acudikauiitHe HaBaHTaXeHHsSI 06YMOB-
JIIOETHCSI KOHTYPOM TIOJIiB MOPil KOMATiiTOBOI cepii i BimOym1oBaHO Ha OCHOBI y3arajJbHEHHS
noHan 1000 anani3iB koMmaTiiTiB 3 pi3HUX perioHiB cBity [19, 20]. YiTKO BCTaHOBIIOETHCS
OIMOJABHICTh PO3MOALTY (hirypaTUBHUMX TOYOK HU3BKO- Ta BUCOKOMAarHe3iiHUX yTBOPEHb.
s mepimx XapakTepHi CYTTEBI Bapiallil 32 KpeMHE3eMOM, 3aJ1i30M, KaJIbIiEM Ta KaJlieM.
BuicokoMarHesiiiHi Mopoau BiApi3HSIOTLCS iCTOTHUM 30iMHEHHSIM IIIMHO3EMOM 3 OJHOYac-
HUM 30aradyeHHsIM KaJblli€EM, a TaKOX BiIUYTHOIO JVCHEPCIEI0 32 KPEMHE3EMOM Ta 3a1i30M.

VY winoMy XiMiuHi 0COOJIMBOCTI IMX MOPOJHUX YTBOPEHb BUUEPITHO MOXYTh OYTH OIMM-
CaHi MapaMeTpaMu IMOJIiB MOpPid KOMaTiiToBOI cepii. Yci HasiBHi BiIXWUJIEHHS HaBiTh Bi3yalb-
HO HOCSITh B3a€MOIOB’SI3aHUII XapakTep, L0 AO03BOJISIE iHTEPHPETYBATH iX SK HACJilI0K
pYUHIBHOI Ail HaKIameHWX 3MiH Ha MEPBMHHI METPOXiMiuHi XapakTepucTuku. Haitsickpasi-
111010 O3HAKOI0 TAKOTO BIUIMBY € BUCOKi 3HAUYEHHS B. II. M., @ TAKOX BMICT BOJIU Ta BYTJIEKMC-
JoTH y ropoaax (ta6j. 2). [MoxiOHi pucu xiMiyHOTrO CKJIamy 3MiHEHHMX KOMATIITiB nepiogny-
HO BimMiualoThbcst y miteparypi [32—36].

VY GinbuIiit yacTMHI BUBYEHUX MOPia BigOyaocs po3dasaHCyBaHHS TIEPBUHHUX CITIBBiIHO-
1IeHb TOJJOBHUX METPOTeHHUX KOMITOHEHTIB, CKOpillle 3a BCe, BHACTIIOK MPUBHECEHHS Of-
Hux (CaO, nyru, JeTKi KOMITOHeHTH (Tabu. 2)) Ta BUHOCY iHwmX (SiO,, Al,O;, FeO) kommno-
HeHTiB. OTXe, came (akT po36aTaHCOBAHOCTI XiMIYHOTO CKJIaly BMBYEHUX YTBOPEHb HE
JMIO3BOJIMB HaM BUKOHATHU AETAJBHIIIWI TETPOXiMiYHUI aHasi3 BUSIBJIEHUX KOMATiiTOBUX
notokiB CopokuHcbkoi 3C, momibHoO 1o Toro, sIK 1e O0yJsio 3pobjieHo y mpaisix [8, 9] mis
komariitiB Kocusuescbkoi 3C.

Ha ocHoBi gochimkeHpb i3 3alydeHHSIM JaHUX BUMKOHAHOI HaMM $SIKiCHOI Te€OJIOTiYHOi
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Puc. 5. Cxema reosoriyHoi 6y10BM MajlMHiBCbKOTO NMajeoOBYJIKaHy. YMOBHI MO3HAUYEHHS AMB. Ha puc. |

iHTepripeTaiii kaptu (M-6 1 : 10000) MarHitHoro mojisi ManuHiBcbKoi AinbHULI Copo-
kuHcebkoi 3C (puc. 5) ymepiue BUAIEHO Ta 3aKapToBaHO (hparMeHT IajeoBYJIKAHIUHOI
CIIOpYAU, 110 TeHepyBaja JIAaBOBUIA Marepian mia yac opmyBaHHS napareHepauii KT-2.

ManvHiBChbKUI MaJeoBYJKaH (pUcC. 5) Ma€ LeHTpadbHY (HEKOBY) YaCTUMHY, MpeacTaB-
JIeHy abicaJlbHUMU MeTalepuIOTUTaMM i MEeTaayHiTaMu, KOMarMaTUYHUMU MeETaKOMarTii-
TaM. HaBKOJIO LIEHTPY JJaBOBWIMBY ITOLIMPEHO MapKyBaJbHi CUJIONOIIOHI Tijla aHAJIOTiYHO-
ro 3a3Ha4YeHUM cKJamy Ta (aliitHoi npuHanexxHocTi. @POoHTAbHI YaCTUHM MaJIEOBYIKAHY
CKJIaJleHi po31IapoOBaHMMM MOTOKaMM METAKOMaTIiTiB, 5IKi 3aI0KYMEHTOBAHO B Pi3HUX MOTO
yactTuHax. CUMETpUYHO-30HAIbHUN po3mofin (aliifHuX rpyrn MarMaTuTiB y Oro Mexax,
izoMeTpuyHa (y uizomy) ¢hopMa majeoByJIKaHy CBiIyaThb MPO HOro HajJeXHIiCTh A0 Iajeo-
CTIOpY LIEHTPAJIbLHOTO TUIMY. B yciX iHIIMX BUITagKax CIOJYYEHHS BYJKAHITiB Ta MIMOWH-
HUX MarMaTUTiB CIIOCTEPIra€ThCs y JiHIMHMX HAMpsIMKaXx, 1110 HiATBePIXKY€E iCHYBaHHS OKPiM
3a3HAYEHUX i IUIMHHUX NajeoByakaHiB. Ha xanb, qeTanbHilMii aHali3 majaeoByIKaHiYHOT
30HAJIBHOCTI Y MeXaxX BUSBJICHUX MaJeoCOpya HEMOXIMBUMN yepe3 HEAOCTaTHICTh HaleX-
HOI 1IUJTBHOCTI CBep/UIOBUHHUX MEPETUHIB.
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PE3IOME. Onucanbl BriepBble IMarHOCTUPOBaHHbIE B pa3pe3ax COPOKMHCKON TEKTOHMYECKON 30HbI METAKOMATHH-
Thbl, KOTOPbIE BXOASIT B COCTaB HMXHEil yIbTpaba3UTOBOI TMapareHepaliy METaKOMaTHUHUT-TOJEUTOBOM (opmanmu.
leonornueckue Tena MoOCHeAHEN BMECTe ¢ KOMarMaTMYHbIMM MM MHTPY3UBHBIMU YJIbTpaba3uTaMu OOpasyloT eiu-
HYIO BYJKAHO-TUTYTOHMYECKYIO accolianuio. MeTakoMaTuuTbl GOPMUPYIOT CUCTEMY 30HAJIbHO MOCTPOECHHBIX TOTO-
KOB, B CTPYKTYpPE KOTOPBIX BaXHYIO POJIb UIPAIOT CHMHU(DEKC-CTPYKTYpHbIE 30HbI. [TeTpoxuMuyeckoe u3ydeHue Me-
TaKOMaTHUTOB CBUETENLCTBYET 00 MX MPHHAIEXKXHOCTH K MOPOJaM KOMAaTUMTOBOI cepuu. B MeTakoMaTUMTax Moja
BJIMSIHUEM HAJIOXKEHHBIX MPOLIECCOB HAOMIONAETCs CYLIECTBEHHOE pa30allaHCHPOBaHME MEPBUYHBIX COOTHOLICHWI
[JIaBHBIX METPOreHHBIX KOMIIOHEHTOB, UTO MPOSIBIISIETCS] B 00ETHEHUH TJIMHO3EMOM MPH OHOBPEMEHHOM oGoraiie-
HUM KaJlblIMeM, a TAKXKe B OLLYTMMOI AUCHEPCUM COIEepXKaHUsl KpeMHe3eMa 1 xeje3sa. [laneoByikaHonornyeckoe u
reosioro-reom3nyeckoe M3yyeHue y4yacTKOB PacHpOCTPaHEHUsI METAKOMATMUTOB TO3BOJIMIIO BIIEPBbIE PECTABPUPO-
BaTh (hparMEHTapHO MPOSIBJICHHYIO MAJICOBYJIKAHMUYECKYIO0 MOCTPOIKY LIEHTPAIbHOIO TUIA.

SUMMARY. Metakomatiites first diagnosed in sections of the Soroky tectonic zone, which form part of the low
ultrabasite parageneration of metakomatiite-tholeiite formation, are described. Geologic bodies of the latter together
with comagmatic intrusive ultrabasites form a united volcano-plutonic association. Metakomatiites form a system of
zonally constructed flows, in structure of which spinifex-structure zones play an important role. Petrochemical study of
metakomatiites gives evidence of their relation to rocks of komatiite series. In metakomatiites under effect of superposing
processes an essential disbalance of primary proportions of major petrogenic components, resulting in impoverishment
in aluminium oxide and simultanious enrichment in calcium, and also in considerable dispersion of content of silica
and iron is observed. Paleovolcanologic and geologo-geophysical study of metakomatiites spread sections allowed to
restore the fragmentally manifested paleovolcanic structure of the central type for the first time.
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MeTporpadiyHi Ta neTpoximMiyHi 0cOBAMBOCTI
PiSHOBIKOBUX Cepiil OCHOBHUX nopiag
KopoCTEHCbKOro njayToHy

HaBeneHo pe3ybTaTh JOCTIIXEHHS BiKOBUX CIiBBiHOLLIEHb OCHOBHUX Mopin KopocreHcbkoro miryToHy. Ha ocHOBI
HOBITHiX I'€0JIOriYHMX i nmeTporpadiyHux AaHUX 3pOOJEHO BUCHOBOK PO HAsIBHICTb YOTMPbOX DPi3HOBIKOBUX cepiil
OCHOBHMX IOpiJl: pAaHHbOI AHOPTO3UTOBOI, FOJIOBHOI AHOPTO3UTOBOI, PAHHBOI TabPOINHOI Ta Mi3HBOI TrabpOINHOI.

1o oCTaHHBOTO Yacy BBaXayuocs, 1110 BKOPiHEHHSI OCHOBHUX Mopin y Mexax KopocTeHchko-
To TUTYyTOHY BiOYBaJIOCSI MPOTSTOM ABOX iHTPY3UBHUX (ha3: paHHbOI — aHOPTO3MTIB i rad-
pO-aHOPTO3UTIB i Mi3HBOI — TabpoiniB [1]. HoBiTHI reosoro-netporpadiyHi AOCTiIKEHHS
[3, 5, 6] mO3BONAIOTH BUILIMTH, SIK MiHIMYM, YOTHPHU Pi3HOBIKOBI cepii OCHOBHUMX TOPiJ, 110
BiIMOBiIal0Th OKpeMUM a3aM BKOPiHEHHSI MarMaTUYHOIO PO3ILIaBy. Y MeXax ILIyTOHY
HaMM BU3HAYE€HO PaHHIO aHOPTO3UTOBY, TOJIOBHY aHOPTO3UTOBY, PAHHIO Ta IMi3HIO rabpoiaHi
cepii, CTaHOBJIEHHSI SIKUX MPOXOIWJIO A0 BKOPiHEHHS iHTPY3ill rpaHiTiB parakisi.

Pannsg anopro3uToBa cepis IpeacTaBieHa KPYITHO-TiraHTO3€PHUCTUMU CBITJIO-CipH-
MM aHXiMOHOMiHEpaJTbHUMU aHOPTO3UTaMU (BaChbKOBUILILKUIA TUIT), OPOH3UTOBUMM HOPUT-
aHOPTO3UTAMU i JIEMKOHOPUTAMM, TPEMOJIITU30BAHMMM Ta XJIOPUTU3OBAHUMU BiIMiHaAMU
a”HopTo3uToBuX Mopia. [lopoayu paHHBOI aHOPTO3WTOBOI Cepii 3alsIraloTh y BUIISIAL KCe-
HOJIiTiB Pi3HOrO PO3Mipy cepel aHOPTO3UTiB, TaOPO-aHOPTO3MTIB i Ta0POIdiB Mi3HIlIMX (a3
BKOpIiHEHHSI, a TAaKOX Cepell Pi3HUX THUIIIB KOPOCTEHCHKUX T'PAHITIB i JTaliKOBUX IOpia oc-
HOBHOTO Ta CepeAHbOTO CKIAy.

MoxxHa NpUITyCTUTH, 1110 B paitoHi c. IlyraviBka rmopoau cepii MaloTh EPBUHHE 3aJIsI-
TaHHS W yTBOPIOIOTH TiJIO i3 CyOBEPTUKAIbHMM OpPiEHTYBAHHSM JIiHil Tedii, sIKe MpPOpU-
BA€ETHCSI MOJIONIIVMMU 3a BiKOM JIEHKOKpaToBUMU rabpoigamu. IlepBuHHe 3ansraHHs, MOX-
JINBO, Ma€ Miclle i y Mexax BachbKoBHIILKOTO Tijla 6ivx aHopTo3uTiB. HuHi "npeBHi" aHOp-
TO3UTH BimoMi y Mexax Bonomapchk-BonmnHcebkoro, Yonosuiibkoro, @enopiscbkoro, Iyra-
yiBcbKOro, IrHaTminbebkoro, HaponuupKkoro MacuBiB, TOGTO BOHU JOCUTB LIMPOKO PO3MOB-
cromxkeHi 1o mioii KopocTeHChbKOro riyToHy. Ajie Ha Cy4yacHOMY DPiBHi €pO3iiiHOro 3pi3y
IXHsI YyacTKa cepel OCHOBHMX MOpiJ He3HauHa. HaligaBHillil Bik yTBOpeHb PaHHBLOI aHOP-
TO3UTOBOI Cepii MiATBEPIKYETbCS JAHUMU i30TOIMHOI re0XpOoHOJIOriT [2].

3a MiHepaJbHUM CKJIaIOM cepejl TMOopiJ paHHbOI aHOPTO3UTOBOI cepii MOXHA BUIIIN-
TH: aHXiMOHOMiHepasibHi (OpOH3MTOBI) aHOPTO3UTH 3 BMICTOM ILiariokyasy moHan 90 %,
OPOH3UTOBI HOPUT-aHOPTO3UTH 3 75—90 % TUTariokasy, TeMKOHOPUTH 3 65—75 % mariok-
Jla3y, TPEMOJTITU30BaHi Ta XJIOPUTU30BaHi BiIMiHU JIEHKOKpATOBUX rabpoiniB. CyTTEBOIO PUCOIO
€ TIepeBakaHHsSI aHXiMOHOMiHEpaJbHUX aHOPTO3UTIB HaJd HOPUT-aHOPTO3UTAMM i JeHKO-
HOpUTaMH, 1110 BCTAHOBJEHO y po3pizax Oins cin IlyradiBka i Mexupiuka, a TakoX y mpo-
11eci BUBUEHHSI KCEHOJIITiB. 3BUYaiiHO, MOHOMiHEpaibHi aHOPTO3UTH i AHOPTO3UTHU 3 He-
3HAYHUM BMIiCTOM KOJbOPOBUX MiHEpaliB YEPIyIOTbCS 3 MiAMOPSIAKOBAHUMM HiTSTHKaAMU
HOPUT-aHOPTO3MTIB, KiJbKIiCTh IKUX He nepesuinye 10—15 %.

l'onoBHUMU MOPOAOTBIpHMMHU MiHepadaMyu OPOH3UTOBUX aHOPTO3UTIB, HOPUT-aHOP-
TO3UTIB Ta JEHKOHOPHUTIB € ILJIAriokja3 i OpPTOIMipOKCEH; BTOPUHHI MiHEpaJM — CEPUIIUT,
XJIOPUT, KBapll, TPEMOJIiT, ¢oromiT. Ilnarioknas npeacraBieHO aHAE3MHOM i J1abpagopom
Ang,_s;. Ha BigMiHy BiI mUuiariokyasis 3BMYaliHMX aHOPTO3MTIB (IOJOBIHCHKMIA abo Typ-
YUHCHKUIA TUM), Y OPEBHIX aHOPTO3UTAX IUIAariokjia3 HE MiCTUTh aHTUIIEPTUTIB, Y HbOMY
TaKOX BiZICYTHili TOHKMIA TOTYaCTUI IbMEHITOBUI MW, 110, SIK TPaBUJIO, HACUYYE TIariok-
Jla3 TEMHUX aHOpPTO3MUTiB. OpTOIpoKCceH 3a XiMiYHMM CKJIAJOM BiINoOBiZae OPOH3WUTY Ta
MarHesialbHOMY TrinepcreHy (f Big 22 mo 46 %). ITopiBHSAHO 3 MipOKCEHAMM iHIIUX Cepiii
OPTOTIiPOKCEHM PaHHbOI aHOPTO3UTOBOI CEPii XapaKTEePU3YIOThCSI JOCUTh BUCOKOIO TJTMHO-
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semucrictio (2,3—4,9 % Al,O;), 110 CBiIUUTh NMPO HANOGLIbII MIUOGMHHI YMOBM KpHCTali-
3anii. Ha Mexi 3 miariokiia3oM OpTOIipOKCEH 4acTO OTOYEHMI MpeprBYACTOIO peakiliifHOIO
CMYTOI0, [0 CKJIajJeHa JyCKYyBaTMMU 3€pHaMU CBIiTJI0-0yporo ¢JoroIiTy, sIKi 4acTo Opi€eH-
TOBaHi MapajieIbHO A0 KOHTaKTy. IIpakTuyHOo 0e30apBHUI mapajiebHO-BOJOKHUCTUN aM-
Gi00a TPEMOJIT-aKTUHOMITOBOTO PSIAY MICIISIMU PO3BUBAETHCS Y KpallOBMX YacTMHAX 3e-
PEH OPTOIMipOKCEHY, a TAKOX IO TpilllMHaxX. TpillluHU MOAEKYAU BUIIOBHEHI TOHKO3EPHMUC-
TUM TajibkoM. Ha BiAMiHy BiJ mopia roJoBHOI aHOPTO3UTOBOI cepii, Y ApeBHIX aHOPTO3UTAX
HE CIIOCTePiraloThcsl KJIiHOIMIPOKCEH Ta OJiBiH ab0 MPOAYKTH iXHboro 3aminieHHs. e ox-
Hi€I0 XapaKTepHOIO PUCOI0 MiHEPAIBLHOTO CKJIaay IPEBHIX aHOPTO3UTIB € HE3BUYATHO HU3b-
KM BMICT, aX JO BiACYTHOCTI, aflaTUTY i pyAHUX MiHEepaiB.

Toi0BHA aHOPTO3UTOBA cepis MpeacTaBieHa MepeBaXKHO JIEMKOKPAaTOBUMU BiAMiHAMU
OCHOBHUX IOpiJl Bil aHOPTO3UTY i rabpo-aHOPTO3UTY 10 JIEMKOrabpo-HOPUTY, 110 CKJIamga-
I0Tb OCHOBHUIA 006’€M OLJIbIIOCTI aHOPTO3UTOBUX MacuBiB. [Topoau cepii MiCTSITh KCEHOJITH
aHOPTO3UTIB i HOPUT-AaHOPTO3UTIB PaHHBOI AHOPTO3UTOBOI Cepii, ajge caMi MPOPUBAIOTHCS
Mi3HILIUMHU iHTPY3isIMU TaOPOIiB.

3a MiHepaJbHUM CKJIAIOM i CTPYKTYpPOIO Cepel ITOpiJ TOJIOBHOI cepii BUIIISIOTHCS
KiJIbKa BiIMiH, 1110 MMOB’S13aHi MOCTYIIOBUMU TepexoJaMu Ta SIBJISIIOTh COOOI0 €IMHUI €BO-
MouiiHui psa. Ha BimMiHy Bii paHHBOI aHOPTO3WUTOBOI Cepii, TYT MepeBakaloTh IMTOMipHO
JleiiKokpaToBi ropoau. HaitGiabln po3noBCIOMKEHUMM € KPYITHO-TIraHTO3epPHUCTI BiIMiHU
rabpo-aHOPTO3UTIB i JI€IKOrabpo-HOPUTIB i3 BMicTOM Iu1ariokuasy 65—90 %. MeHII mToLIu-
peHi MOHOMiHepaJlbHi aHOPTO3UTH i CIelM(piyHi CepeaHbO3EPHUCTI JIEMKOrabpo-HOPUTH,
1110 YTBOPIOIOTh TiJIa HEMPaBUJIbHOI, iHOJI JIIH30- 1 MJIacTOIOAi0HOI (GOPMHU, i3 MOCTYIIOBUMU
nepexoJamMu y KpyIHO3EPHUCTI radpo-aHOPTO3UTU. Y LIJIOMY cepell ITOpiJ TOJOBHOI aHOP-
TO3UTOBOI CEPiil IepeBaXaoTh TEMHO-Cipi, Cipi, 3eJIeHyBaTO-Cipi BiAMiHU 3 ipu3alli€lo yu 6e3
Hel, ajie TPaIUISIIOThCS M CBITJIi MOMENSICTO-Cipi pi3HOBUAM. YHACTiAIOK BTOPMHHUX 3MiH BH-
HUKaIOTh TUSIMUCTO-3a0apBieHi, 3eJIeHyBaTi, )XOBTyBaTO-3eJIeHYBAaTi BiIMiHU, sIKi Bi3yaJTbHO
Jy>X€ CXOXi Ha 3MiHEHi aHOPTO3UTU PaHHbLOI AHOPTO3MTOBOI Cepii.

l'onoBHUMY MOPOAOTBIPHUMU MiHEPaAJIaMU TYT € TJIariokjiasu, MipOKCeHU, OMiBiH; Ipy-
TOpSIAHI — PYIHi MiHepaau, KajJi€eBUIA MOJbOBUI 1IMAT, 0i0TUT, aaTUT Ta BTOPUHHI MiHepa-
qu. Ilnariokiasy 3a CKIazoM BilITOBINAIOTh OCHOBHOMY aHAE3MHY Ta JIAOpagopy Anys ).
Jlyxe XapakTepHUMM € Opi€EHTOBaHi BKJIIOUEHHs rojyactoro inmbMeHity (0,01—0,05 mm) ta
anturepTutd. OJiBiH MpeACTaBIEHMIA TiaIOCUIEPUTOM Ta TOpTOHOJITOM (f Bia 43 10 59 %).
OpToIipoKCeH SIBIISIE COOOI0 iHBEPTOBAHMIA MiXKOHIT, Ha 1[0 BKA3y€ HASIBHICTb CTPYKTYD
posmnany Ta iHBepcii — CUMIUIEKTUTIB [4, 7] — B opTomipokceHOoBii MaTpulli. Biactusa myxe
TOHKa ItacTuHYacta oyaosa mo (100), a TakoxX HasIBHICTh HENMpaBUJIbHUX i TaOJUTYACTUX
BPOCTKIB KJIiHOMipoKceHy 1o peikToBiii (001). 3ami3ucTicTs iHBEpTOBaHUX IMi>KOHITIB (f Bif
44 1o 54 %) NMOMITHO BMILIA MTOPIBHSHO i3 3aJIi3MCTICTIO OPTOIMiPOKCEHIB pAHHBOI aHOPTO-
3uToBoi cepii. [MuHozemucricts (0,5—0,7 % Al,05), HaBnaku, MeH1Ia. OKpiM BiHLEBUX 00-
JIIMiBOK HABKOJIO OJIiBiHY OpTOIipOKCEH (hopMy€e caMOCTiliHi 3epHa HENpaBUIbLHOI (OpMHU,
1110 32 ONTUYHUMU BJIACTUBOCTSIMM HE€ BiIpi3HSIOTHCS Bil mepiuvx. MOHOKIIHHUNA MipOK-
CeH TpelcTaBIeHUit aBriToM Wos, 4 Ens, 4 Fys »e (FBin 38 0o 46 %). Bin ytBOpIOe Ges-
0GapBHiI KCEHOMODPGHI 3epHa, 10 XapaKTepU3YIOThCsl TOHKOIO MJIACTUHYACTOK OYyI0BOIO MO
(001). OcraHHsI, MOXJIMBO, OOYMOBJIEHa BPOCTKAMMU ITi>KOHITY B aBTiTOBili MaTpHIi i Biamo-
Bimae poanamy NepBUHHOro asrity [4, 7]. KamieBuii mosboBMil 1IMAT KpiM BXe 3ragaHuX
AHTUITEPTUTIB YTBOPIOE KPYITHI (10 6 MM) iHTepCTHIIiiiHI 3epHa aMeOOIMomiOHOT (hOpMH.
Cepen pynHUX MiHepaiB y Mopojax cepii HailOuIbLI MOLIMPEHi iIbMEHIT i TUTAHOMAarHe-
TUT.

Panna raGpoigHa cepisi pejacraBieHa cepelHbO3EPHUCTUMU TPAXiTOIMHUMU, 3BUYA-
HO, JIEUKOKPAaTOBUMU rabpo-HOPUTAMU 3 Tabpo-0(iTOBOIO CTPYKTYPOIO (CAIMUUIILKAMN TUIT).
VYV CrhimuuibkoMy Kap’epi 1li TOPOIM MiICTATh KCEHOJIITH TEMHHUX aHOPTO3UTIB TOJIOBIiHCH-
KOro TUITy, ajie caMi MPOPHMBAIOThCS HAAWKOIO OJIiBIHOBMX MiKporaopo, 110 3a CKJIaaoM i
CTPYKTYPHO TEKCTYPHUMHU OCOOJMBOCTSIMHU BiAIIOBiAAIOTh Mi3Hil radpoigHii cepii. Takum
YUHOM, TPaxXiTOiAHi JEAKOKPATOBi rabpo-HOPUTH 3aliMalOTh BiIOKpPEMJIEHE IeOJIOTiYHe IT0-
noxeHHsl. [leTtporpadiyHo BOHUM BiIpi3HSIIOTHCS Bill Mi3HIlLIMX TaOpoimiB JIEMKOKPAaTOBUM
CKJIaIOM 1 HasIBHICTIO CepeaHbO3EPHUCTOI rabpo-odiToBOi CTPYKTYPU y KOMILUIEKCI 3 IH-
PEKTUBHOIO TEKCTYPOIO.

l'onoBHUMU MOPOAOTBIpHMMHU MiHEpaJaMu IIOpiA cepii € Iiariokiaas, OpTOIiPOKCEH,
KJIiHOMIPOKCeH; APYTOPSITHUMM — DPYAHUU Ta MICLISIMM KaJli€BUIA MOJbOBUI IIIIAT; y He-
3HAYHUX KiJIBKOCTSIX MPUCYTHi Oi0TUT, KBapll, anatuT. [liariokinas npeactapieHUit aHAE3U -
HOM Ta J1abpanopoM An,;_s¢. OpTonipoKceH — iHBepTOBaHMIA MixKOHIT. BiacHe opTomnipok-
CeHOBa MaTpUIIS NpeAcTaBieHa rimepcreHoM (f Bim 45 1o 55 %). TinmepcreH yTBOPIOE KCEHO-
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MopdHi 3epHa 3 JieAb MMOMITHUM IJIEOXPOI3MOM. 3aBXIM € CTPYKTYpPHM po3mamy Ta iHBepcii
TMEPBMHHUX MiXKOHITIB, cepell SIKUX PO3Pi3HSIOThCS Taki TWUIM: 1) TOHKA MacTUHYacTa Oy-
noBa 1o (100), sika moMiTHa y IBOX HiKOJISIX 3aBASKM HEPiBHOMIpHOMY IOTacaHHIO 3epHa;
2) MipMEKUTOIOAIOHI BPOCTKM KJIIHOMIPOKCEHY, 1110 TUIIMAMU PO3BHMBAIOTHCS IO TIIACTUH-
YacTUX OPTOIipOKCEHAaX, YacTo TsoKirouu mo mepudepii 3epHa; 3) cybmapaielbHi TabaUT-
YacTi BPOCTKHU KiliHoMipokceHy, 3aBroBiuku 0,015—0,02 MM, opieHTOBaHI mix Kyrom 1o [001]
BMicHOro rinepcreHy. KiliHOMipoKceH 3a ONTUYHUMM  BIAcTMBOCTAMM (cNg = 40—41°,
2V = +44—46°) npubnusHo Bianosinae asrity Wos, 1,Eng; soF,,_, (f Bin 16 no 17 %),
TOOTO MEHII 3aJIi3UCTUIA ITOPIBHSHO 3 aBriTaMM T'OJIOBHOI cepii. 3BMYaifHO aBriT 6e30apB-
HUI i XapaKTepHU3y€EThCSI TOHKOIO T1acTiHYacTo 6ynoBoro mo (001) Ta miamaroBoo okpe-
mictio 1o (100). dopmye npibHilIi, HixX TinmepcTeH, KceHOMOP(Hi 3epHa. MiclsIMK KJTiHOII-
ipOKCeH TsDKie a0 TepudepiiiHOi YaCTUHU TiMepCTeHOBUX 3€peH, e YTBOPIOE CBOEPIAHI
MpepUBYACTi OOJISIMIBKM, MPOJOBXKEHHSIM SIKUX € OPiEHTOBAaHI TaOJMTYACTI BPOCTKU B Op-
TOMiPOKCEHOBill MaTpulli. IJTbMEHIT pO3MOMAiISeThCS MO MOPOAI TUISIMAMM, iHOMI 30BCiM
BimcyTHiii. HempaBuibHiI 3epHa 3 Jlam4acTUMM OOpUcaMu € KCEHOMOPGHUMU BiTHOCHO
MipOKCeHiB. ATIaTUT 3’SIBIIIETHCS Ha MeXi 3epeH IIariokiasy, 4acTo Ma€ CKeJIeTHY Ta pyT-
JissponionioHy (opmu. BioTUT pO3BUBAETHCSI HA CTUKAX TiMEPCTEHY 3 IJIariokaa3amu, TSoKilo-
UM 0 OUISTHOK KalillIaTu3allii, JeaHOPTUTHU3allil Ta KapOoHaTH3allii B OCTAHHbOMY.

ITi3na raGpoigHa cepisi OXOIUTIOE YMCJICHHI BiIMiHM TraOpO-HOPUTOBMX IOpil, Meja-
HOKPATOBi rabpoiiu Ta yJbTpaba3uTH, sSIKi 3aIIraloTh Y BUIJISIAL iHTPY3UBHUX JailKoO-, 1ITO-
KO- i MUIaCTOMOAIOHUX TiJl Cepel MNPEeBHIlIMX YTBOPEHb I'OJOBHOI aHOPTO3UTOBOI cepii. Ha
BiIMiHY BiJi OCTaHHiX, ITOPOIM ITi3HBOI rabpoigHOi cepil y Mexax aHOPTO3UTOBUX MACHUBIB
MolypeHi 3HayHo MeH1Ie. OKpeMi BigMiHM rabpoiniB Ta yiabTpaba3uTiB MOXYTh CTBOPIOBA-
TH CaMOCTiliHi TiJla Y4 BXOAUTHU AO CKJIaay pO3LIApOBaHMX TaOpOiTHMX TiJ Y BUIJISIAI CUH-
TeHEeTUYHUX IPOIIapKiB. 3a3HaYMMO, 1110 OiJIbIlla YacTMHA YTBOPEHb caMe 1€l cepil paHilre
po3risiganacs K "KpaioBUiA KOMIUIEKC" abo BigHOCHJIACS IO CaMOCTiiiHOI a3y CTaHOB-
JIeHHsT 0a3UTOBMX MAacuBiB ILUTyTOHY [1]. Me3okpaToBi rabpoinHi mopoau cepii MpeacTaB-
JIeHi KiJlbkoMa meTporpadiyHMMu BiIMiHAMU, 110 TOB’SI3aHi MOCTYIIOBUMHU IEepeXonaMHu i
PI3HSTBCS 32 BMICTOM Ta KiIbKiCHUMU CHiBBiIHOLIEHHSIMU KOJILOPOBMX MiHepatiB. HaitGinbin
MOIIMPEHUMHU € OJIiBiHOBI raOpO-HOPUTHU Ta radbpo.

['o10BHMMM MOPOMOTBIpHMMU MiHepajaMMu raOpoiliB € IUIariokjiasu, MipoKCeHM Ta
ofiBiH. YacTka KOJbOpOBMX MiHEpaliB 3BMYAHO 3HAYHO OiJibllla HiX Y JieliKorabGpo-HO-
PUTIB TOJIOBHOI cepii. A pyropsiaHi MiHepaJM MpeacTaBieHi Kajli€BUM ITOJILOBUM IIIIATOM,
O6ioTUTOM, aMGidOIOM, PYAHMMH i amaTuToM. KBapil, cepuInT, COCIOpUT, KapOOHAT, iTUHTCUT
€ BTopMHHUMMU. Tariokiias 3a cKJ1aioM BilllIOBifa€e aHAE3UHY Ta 1abpagopy Ans, s,. I1lipok-
CEeHU TpeACTaB/IeHi MOHOKJIIHHOIO i pOMOiYHO0 BigMiHaMu. MOHOKIIIHHUIA MipOKCEH IO-
mIMpeHuii Oinblie. 3a XiMiYHMM CKJIaJoM BiH Bianosizae asrity Wos, 4,En,g 5,F,,_ 5. Tlo-
pyd 3 aBriraMu, MOAiOHUMU IO KJIIHOMIpOKCEHIB rojoBHOI cepii (f Bim 39 no 46 %), xapak-
TepHi i depoasriti (fBig 50 10 56 %).

[Mnactunuacra 6ynosa mo (001) obymMoBiaeHa BpocTKaMM OimHOI Ha Kaubliit (aszm
(opromipokceH abo0 MixKOHIT) Yy MaTpulli cajiToBoro ckiaay. OpTonipokceH MpeacTaBIeHUi
iHBepTOBaHMM TIiXKOHiTOM. 3ajisucticth (f Bim 56 mo 64 %) mepeBUIYE 3HAYEHHs, IO
MpuUTaMaHHi MiXXOHiTaM TOJIOBHOI cepii. 151 opTomipoKCeHiB IMi3HbOI TrabpoiaHOI cepii xa-
pakTepHi HalOLIbII TOHKI Ta TOCKOHAJI CTPYKTYpHY po3nany. TyT 3’SIBISIIOTBCS CUMITICKTH -
TOBi BpPOCTKHU aBrity mo pejikrosiii (001), 110 HajgexaTb OMHOYACHO JABOM CYMiXKHUM 3ep-
HaM OPTOMIPOKCEeHY 3 OJIM3bKUM ONTUYHUM Opi€eHTYBaHHAM. Lle siBuIlle OB’ sI3aHe 3i CKJa-
HICTIO 3MiMICHeHHSsI iHBepCili MpYU HU3bKUX TeMIepaTypax, KOJMW CTa0iTbHUMM € HaWOiIbII
3aj1i3ucTi MixKoHITH [4]. OniBiH 3a XiMiYHMM CKJIaZlOM BiJIIOBiIa€ TOPTOHOJITY Ta (peporop-
ToHoMNiTy (f Bim 52 mo 77 %). 3a onTMYHUMM XapakTepuctukamMu (2V = 65—75°) okpemi
BiIMiHU OJIiBiHIB BiAOBiZAIOTH TOPTOHOJITAM Ta TianocumeputaM (f Bim 47 mo 67 %), ane
3aJTi3MCTICTh OCTAHHIX Y cepeTHbOMY OiJIblla, HiX y TiajJocuaepuTax rojioBHoi cepii. KiibKicTh
PYOHUX MiHepaJliB, MPEACTABICHUX iJTbMEHITOM Ta TUTAHOMAarHeTUTOM, B MOPOJaxX Mi3HbOI
rabpoigHoi cepii pi3Ko 3pocTae.

MenaHokpaToBi rabpoiny Ta yabTpaba3uTU cepel Mopif Mi3HbOI rabpoiaHoI cepii Mmo-
LIMPEHi 3HAYHO MeHIe. 3BUYAaiiHO BOHU 3aJISITal0Th Y BUTJISIAI CHHTEHETMYHUX TPOIIAPKiB
cepel OJMiBiIHOBMX Tabpo i TPOKTOJIITIB Mi3HbOI rabpoigHoi cepii. JIuile iHOAI BOHU cKJlafa-
I0Th CaMOCTIiTHi Tijla y Tabpo-aHOPTO3UTAX TOJIOBHOI cepii. 3a MiHEpaJIbHUM CKJIaJOM OK-
peMi MpolIapKu BiANOBIiAAIOTh MEPUAOTUTAM, MipOKCEHiTaM, OJiBiHOBUM Mejarabpo i me-
JIATPOKTOJIiTaM.

l'onoBHUMU MOPOJOTBIPpHUMHU MiHEpajaMM € IipOKCEHU, OJIiBiH, PydHi; APYTOpsSIHU-
MM — TUIarioksia3, 6iOTUT, Kali€eBUi MOJIbOBMIA 1IMat, arnatuT. Cepen BTOPUHHUX YCTaHOBJIE-
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Cepenniii ximiunmii cknaa BikoBux cepiii 6a3utie Kopocrencskoro miyrony, %

KoMmmnoHeHT 1 2 3 4 5 6 7
X s X | s X s X s X s X s X s
SiO, 54,92 1,53 54,46 0,99 52,99 0,96 53,74 1,24 52,55 1,39 51,90 1,90 52,38 1,19
TiO, 0,13 0,05 0,25 0,09 0,34 0,11 0,29 0,33 0,86 0,48 1,11 0,36 0,92 0,21
Al O4 26,36 1,03 23,86 1,62 20,37 1,47 26,93 1,09 22,86 1,4120,16 0,81 18,51 0,92
Fe,04 0,19 0,12 0,52 0,27 1,23 0,63 0,48 0,35 1,23 0,55 1,54 0,48 1,81 0,76
FeO 0,89 0,53 2,59 1,16 5,56 1,20 1,40 0,58 4,54 1,37 7,24 1,62 7,16 1,08
0,9Fe,05+ 1,05 0,64 3,05 1,31 6,66 1,08 1,83 0,78 5,65 1,57 8,63 1,76 8,79 1,14
+FeO
MnO 0,02 0,01 0,06 0,02 0,09 0,03 0,02 0,01 0,07 0,03 0,08 0,05 0,14 0,06
MgO 1,07 0,52 3,02 1,24 5,94 1,23 0,63 0,27 2,11 0,75 3,24 0,92 4,96 1,01
CaO 9,28 0,82 8,69 0,75 7,63 0,39 9,94 0,91 9,18 0,81 8,25 1,41 8,49 0,95
Na,O 5,13 0,49 427 0,26 3,37 0,20 4,68 0,46 4,07 0,44 3,56 0,40 3,61 0,33
K,O0 0,90 0,23 0,81 0,37 0,74 0,52 0,81 0,26 0,99 0,32 1,14 0,32 0,74 0,29
P,0s5 0,06 0,04 0,07 0,07 0,06 0,05 0,08 0,07 0,26 0,15 0,43 0,30 0,28 0,17
f 35,20 6,75 36,26 7,68 38,83 3,60 61,83 10,71 60,11 7,51 60,06 6,90 49,92 3,37
ti 15,30 8,62 9,21 4,25 5,00 0,89 14,41 14,80 14,96 7,19 13,24 4,96 10,50 2,94
F 0,26 0,05 0,23 0,14 0,29 0,24 0,39 0,19 0,32 0,18 0,23 0,10 0,48 0,09
n 10 19 6 24 91 17 12
KomnoHeHT 8 9 10 11 12 13 14
X s X | s X s X | s X s X s X | s
SiO, 50,81 1,67 49,45 2,2547,52 3,5140,75 4,68 33,67 3,80 30,96 2,46 28,23 2,02
TiO, 1,35 0,63 2,37 1,19 2,93 1,17 540 1,71 6,21 2,06 7,52 1,18 7,40 1,88
Al,O3 16,03 1,37 18,77 1,41 14,52 1,81 12,23 2,37 6,79 2,19 3,81 1,66 1,74 0,89
Fe,03 1,93 1,27 1,91 1,10 2,54 1,10 4,40 1,84 581 2,63 524 1,56 7,56 5,44
FeO 8,84 2,01 8,99 1,74 13,06 3,00 16,69 4,1124,57 4,73 30,96 3,44 33,69 4,86
0,9Fe,O3+ 10,58 1,52 10,71 1,71 15,35 3,48 20,60 4,93 29,80 5,15 35,68 3,79 40,49 3,52
+FeO
MnO 0,12 0,06 0,12 0,08 0,18 0,26 0,28 0,29 0,28 0,10 0,47 0,09 0,40 0,15
MgO 6,81 0,86 3,83 1,21 4,57 1,20 5,63 2,08 7,08 1,61 8,20 1,35 8,71 1,30
CaO 8,48 1,01 8,40 0,87 8,17 1,25 8,09 1,43 9,77 1,43 9,56 0,87 8,54 1,41
Na,O 2,82 0,32 3,58 0,44 3,12 0,52 2,44 0,65 1,36 0,69 0,78 0,23 0,49 0,29
K,O 0,83 0,58 0,95 0,28 1,04 0,37 0,79 0,30 0,48 0,37 0,30 0,17 0,17 0,10
P,0s5 0,28 0,16 0,60 0,48 0,96 0,74 1,29 0,97 2,48 1,31 1,32 0,97 1,97 1,23
f 46,30 3,77 61,54 6,79 64,80 7,90 67,15 8,98 69,83 6,79 71,00 3,37 72,08 4,44
fi 12,40 4,74 21,85 10,76 19,20 8,09 27,37 10,74 20,72 7,59 21,25 3,40 18,42 5,66
F 0,27 0,23 0,23 0,18 0,20 0,10 0,28 0,13 0,25 0,14 0,17 0,05 0,25 0,23
n 10 41 98 59 46 4 12
ITpwuMiTK a. Panns anopmosumosa cepis: 1 — aHOPTO3UTH, 2 — HOPUT-aHOPTO3UTH, 3 — JIEUKOHOPUTH. [0406HA

aHopmo3sumoea cepis: 4 — aHOPTO3UTH, 5 — rabpPO-aHOPTO3UTH, 6 — JICMKOrabpo-HOPUTHU. ParHs eabpoiona cepis: T —
JIeliKorabpo-HOpUTH, 8 — rabpo-HOpUTH. [1i3Hs eabpoiona cepis: 9 — oNiBiHBMICHI Jieiikorabpo-HoputH, 10 — oiBi-
HOBi rabpo-HOpuTH Ta rabpo, 11 — pyaHi oniBiHOBi rabpo, 12 — oniBiHOBi Menarabpo, 13 — mipokceHit, 14 —
nepunoTuTu. [lempoximiuni koepiuienmu: f = (Fe/Fe+Mg)-100 %; ti = (TiO,/Fe,0;+Fe0)'100 %; F = Fe,0;/Fe0;
n — KiJIbKiCTh aHasi3iB (BpaxoBaHO 449 aH.); X — CepelHE 3HAUYEHHsI; § — CePeHbOKBAIPATUYHE BiIXMJICHHS.

HO aM}iboM, XJIOPUT, TaJIbK, CEPIIEHTUH, IIMHTCUT, KapOoHaTH, emigot. OJiiBiH € Haiixapak-
TEPHIIIMM MiHEPAJIOM TEPUAOTHUTIB i MEIATPOKTOJITIB, e BMICT iioro craHoBUThH 10—70 %.
3a XiMiYHMM CKJIAJIOM OJIiBiH yJbTpaba3uTiB 3BUYAHO BiAITOBiZAa€ TOPTOHOJITY Ta (epo-
ropronouity (f Big 47 no 74 %). Jlume B Mmenarpokronitax CTpeMiropoachKoro Tijia BCTa-
HoBJeHi riamocuaeputu (f Bim 32 mo 33 %). OniBiH yabTpaba3uTiB yTBOPIOE imioMOphHi
MOJiIrOHAJIbHI Ta OKPYIUIi 3epHa, 3a0apB/ieHi y OypyBaTHUii Ta 3eJCHYBaTO-OypyBaTHil KOJIip.
Cepen MipOKCEHIB ITOIIKMPEHI MepeBakHO MOHOKIIIHHI BiIMiHM, BMiCT IKUX CTAHOBUTH 8—
68 %, nocgaralouM MakCMMyMy B ITipOKCEHiTax. 3a CKJIagoM KJIIHOIIPOKCEHHU YILTpaba3uTiB
BiIMoBinaloTh aBritaM Wo,, 4Enye 17F,3 o5 (fBin 38 mo 49 %). XapakrepHi 3epHa Hempa-
BWJIbHOI i30MeTpUYHOI (popmu i3 c1abkuM OypyBaTUM 3a0apBJIEHHSIM. YMICT OpTOMipoOKce-
HY B yJabTpaba3uTax 3BMYaiiHO He miepeBuinye 10—15 %. 3a ckiamoM opTOMipOKCEH € Timep-
creHoM (f Bim 43 mo 61 %). Ilnariokia3 — OOWH i3 TOJOBHUX MOPOAOTBIPHUX MiHEpasiB
MEeJTaHOKPATOBUX rabpoimiB, ae BMicT ioro csrae 10—35 %; BiH BXOOWUTb IO CKJIaay MepUao-
TUTIB SIK ApyropsimHuii MiHepan. Ckian IJiariokiasiB yabTpamadiyHUX MOPia 3MiHIOETHCS
Bill 1abpanopy Ans;_g, A0 OJIrOKJIa3y An,g g HalimommpeHiluuM € annesus Anss_,q. Pyni
MiHepau MpeAcTaBlIeHi TATAHOMArHeTUTOM, iTbMEHITOM, ITipUTOM, iHOMi MIPOTUHOM i XaJlb-
komiputoM. Kinmbkicth ixHs MinauBa (8—20 %), y HesKUX BiIMiHaxXx BOHU BHMCTYIAIOTh SIK
rOJIOBHI TTOPOIOTBiIpHI MiHepaiu. BioTMT momeKyau B yabTpaba3uTax CTaHOBUTH 10 5 %.
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METPOTPA®IYHI TA IETPOXIMIYHI OCOBJIMBOCTI

[MonoxeHHsT BIKOBUX cepiit 6a3uTiB Ha meTpoxiMiuHux aiarpamax. Cepis: 1 — paHHsSI aHOPTO3UTOBA; 2 — TOJIOBHA
aHOPTO3UTOBA; 3 — paHHs rabpoinHa; 4 — mi3Hs radpoinHa. Lludpu Ha miarpamax BiAMOBiZalOTh HOMepaM aHasi3iB,
HaBeICHUM y TabJauLi

Po3BuBaeThCs MOpyY 3 iIbMEHITOM Ta TUTAHOMAarHeTUTOM, YTBOPIOIOUM CBOEPIMHI OOISIMi-
BKM. 17151 mesIKMX BiIMiH yJbTpaOa3uTiB XapaKTepHUIN KaJliEBUI MOJbOBMI 1IIIAT, 110 YTBO-
pIoe npiOHI KceHOMOpGHi 3epHa y MPOMiKKax KOJIbOPOBUX Ta PYAHMX MiHepaliB abo ¢op-
MYy€ aHTUIEPTUTU Yy IUIAriOKIa3ax.

CepenHiii XiMiuHUIT CKJIaj TOPin, 110 CKJIAJaloTh ONMMCAHI cepii, HaBeACHO Y TaOIUILi.
ITopoau paHHBOI aHOPTO3UTOBOI Cepii MOPiBHSIHO 3 BiAMOBIAHMMHM BiAMiHAMU TOJOBHOI
cepil XapaKkTepu3yloThcsl He3BUYaiiHO HU3bKuM BMicToM Ti0,, Fe, 05, FeO, P,0; i HaToMicTh
BUCOKMMM KOHLeHTparisMmu MgO. CymapHa 3aji3ucTicts (f) ctaHoBUTH Bim 35 mo 42 % i
B3araji BiIpi3Hs€ YTBOPEHHS paHHbOI aHOPTO3UTOBOI Cepii Bif iHIIMX BMCOKO3aTi3UCTUX
nopin KopocTeHchbKoro miyToHy. 30iIbllIeHHS] OCHOBHOCTI Ta 3MEHILIEHHSI CyMapHOi JIyXK-
HOCTi TIpM TIepexofli Bil MOHOMiHEpaJbHUX AHOPTO3UTIB MO JEMKOKPATOBUX TabpoimiB y
MeXax KOXHOiI 3 aHOPTO3UTOBUX CEpiil CYyMPOBOMKYETHCSI 3aKOHOMIPHUM TaiHHSIM BMiCTy
Al, 05, Ca0O, Na,O, npu 3pocranni TiO,, Fe,0;, FeO, MnO, MgO. Crissignowmennsa FeO:
: MgO ta FeO : TiO, (pucyHOK) NMpH LIbOMY CYTTEBO HE 3MiHIOIOTbCS, LIO BiNMOBiTae
"aHOPTO3UTOBIN" cxemi KamepHOI AudepeHLiallii 3 paHHIM BiZOKPEMJICHHSIM TLJIarioKiasy.

[Toponu paHHBOI radpoimHOI cepii MOPIiBHSHO 3 BiAMOBIAHUMHU BiAMiHAMM Ii3HBOI
rabpoigHoi cepii TaKOX XapaKTepU3yIThCsS HU3bKOMO 3aJi3UCTICTIO, TUTAHICTICTIO Ta (poc-
datHicTio. Ha BigMiHy Bill aHOPTO3UTOBUX CEpilf, y MexKax KOXHOI 3 TadpoimHUX cepiil xa-
pakTepHa 3aiexHicTs criBBigHoweHb FeO : MgO ta FeO : TiO, Bin ocHOBHOCTI Ta cymap-
HOI JIyXKHOCTI IMopi (PUCYHOK), 1110 BiAIIOBiga€e mpouecaM KaMepHoi AudepeHItiallii, B SIKUX
3HAUYHY POJIb BilirpaBaju IMpoiecu ¢pakilioHyBaHHS MahiyHUX i pyIHUX MiHEpaTiB.

Hagenenuit Mmatepian q103BoJisle HA HOBOMY PiBHi PO3IJISIHYTY CTAaHOBJIEHHSI OCHOBHO-
ro MarmMatu3My KopocTeHChKoro IUIyTOHY. Y MeXax BUAUIEHUX BiKOBMX cepiil 0a3uTiB Ipu
Tepexoi Bil paHHiX (a3 1o Mi3HiX MOMITHi CIIpSIMOBaHi 3MiHM PEYOBUHHOTO CKJIaay MOPil,
sIKi, Ha Hally AYMKY, BiITBOPIOIOTh €BOJIOLIIO CKJIAAy BUXiIHUX PO3ILIaBiB. 3MiHa OpTOITi-
POKCEH-IIarioKJIa30BOro MapareHe3ucy Ha OJIiBiH-ABOITIPOKCEH-IIJIarioKiIa30BUil B aHOP-
TO3UTOBUX CEPisiX, a TAKOX MBOIMiPOKCEH-IIJIarioKJIa30BOT0 MapareHe3ucy Ha OJliBiH-IBOIIi-
POKCEH-IJIarioKJIa30BUIA Ta OJiBiH-KJIIHOIIPOKCEH-TIariOKJIa30BUI y TaOpOIMHUX Cepisix
CYIIPOBOMIXYETHCSI Pi3KMM 3POCTAaHHSIM YAaCTKM PYAHUX, alaTUTY; 30UTbLICHHSIM 3ali3ucC-
TOCTi KOJbOPOBUX MiHEpaliB; CyMapHOi 3aJi3UCTOCTi Ta TUTAHICTOCTi MOPi.
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PE3IOME. TlpuBeneHbl pe3yJabTaThl MCCIEIOBaHUSI BO3PACTHBIX B3aMMOOTHOLLEHMII OCHOBHBIX nopos KopocteHc-
KOro IuJiyToHa. Ha ocHOBaHMM HOBEHILIMX I'€OJOrMUECKUX U neTporpa(puqecxmx JaHHBIX CJieJIaH BbIBOJ O HAJIUMYUU
YeTbIpeX Pa3HOBO3PACTHBIX CEPUIl OCHOBHBIX MOPOJ: paHHE aHOPTO3UTOBOIA, IJIABHOM aHOPTO3UTOBOM, paHHEN rad-
OpOMIHON U MO3HEeH rabdbpOUIHOIA.

SUMMARY. The result of investigation of the geological relationships of basic rocks of the Korosten pluton are

presented. On the base of new field geological and petrological data a conclusion about four age suites of basic rocks has
been made. There are Early Anorthosite Suite, Main Anorthosite Suite, Early Gabbro Suite and Late Gabbro Suite.
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IVOXYOOM, KVER, BEVIITAGH %‘ﬂ%ﬂl‘ﬁﬂﬂmmi

OT3bIB Ha MmoHorpaduio A. 1. XapbkuBa, H. H. 3uHuyka,
A. 1. KproukoBa "KopeHHble MeCTOpOXAeHUus aima3oB
Mupa”

B peueH3upyemMoil MoHorpaguu IeTalbHO OXapaKTepU30BaHbl I€0JOrMYECKOE CTPOEHME M BELIECTBEHHBI cOoCTaB
QJIMa30HOCHBIX KMMOEpPIUTOBBIX W JAMIIPOMTOBBIX TPYOOK BCeX NMPOBUHLMI Mupa M COCTaBIeHbl 00OOLLEHHBIE
reo0JI0r0-NMOMCKOBbIE MOAEIM MECTOPOXIEHUN KaXAOW NMPOBUHLMHU, KOTOPbIE IMOCIYXaT OTKPBITUIO HOBBIX
JIMa30HOCHBIX PallOHOB, B TOM YMCJIE U B YKpauHe.

B 1998 r. B Mockse usnatenbctBoM "Henpa" mpu nomnepxke AK "Anmassl Poccnu-Caxa”
ony0JMKOBaHa yYHUKalnbHas MoHorpadus "KopeHHble MecTOpoXxaeHMs aaMa3oB Mupa"
obbeMoM 555 c. Ee mosBieHune Ha ¢oHE pe3KOro COKpallleHHWsI BBIMYCKa I'eOJOrMYecKon
JIUTEPATypbl — JaJeKO He3aypsiTHOe U BO MHOTOM 3HaMeHaTeJibHoe coObiThe. KHura sBiis-
eTCsl JIOTMYECKUM TIPOJOJIKEHHEM HEe MEHee PEeIKOCTHON MoHorpaduu TeX Xe aBTOPOB
"Ucropus anmasa” (1997).

B MoHorpadgum paccMOTpeHBI IVIaBHBIE MPOMBILIJIEHHBIE TUIBI MECTOPOXACHUI B
KMMOEPJIUTOBBIX U JJAMITPOUTOBBIX TPYOKax, MH(MOpMAaIKs 0 KOTOPBIX pacripeneeHa B Tpex
pasHbIX 1Mo 00beMy vacTsx. [lepBast — MocBsiieHa 001l reoJOruu KOPEHHBIX MECTOPOXK-
neHuit anmMa3oB. HecMoTpst Ha KpaTKOCTh (52 €.), B Hel TOCTaTOYHO OCHOBATEIbHO M3J1ara-
eTcsl cyTh Tpobiembl. Bo Bropoit — Haubosbliieil mo oobemy (292 ¢.) — omucaHbl MECTO-
poxnenusi Poccuu, a B tpetbeil (171 c.) — paccMoTpeHBbl 3apyOexXKHble aIMa30HOCHbIE
MPOBUHIINH.

B 11e71o0M B KHUTE OMUCAHBI T€0JIOTMYECKUe OCOOEHHOCTH aJIMa30HOCHBIX KUMOEp/I-
TOB U JJaMIIPOMTOB Mupa, HO OCHOBHOE BHUMaHUE YAEJICHO MECTOPOXICHMUSIM aIMa30B
SIKyTUM, TIOCKOJIBKY aBTOpHI Gosiee 30 JIeT MOCBATUIM U3YyYEHUIO JaHHOro pernoHa. OHa
MPEeKpPacHO WILIIOCTPUPOBAHA, YTO CITOCOOCTBYET BOCHpUATHIO TeKcTa (131 miumoctpanys).

BaxHoit 0cOOEHHOCTbIO MOHOTpachUM SIBISIETCSl CTPOMHAs CXeMa OMUCAHUST KaXmoit
MPOBUHLIMU U €€ MECTOPOXICHUI, KOTOpasi BKIOYAET UX CTPYKTYpHOE TOJIOXKEHUE, BO3-
pact, MopdoMeTpUIECKHE TTapaMeTPhl, B3AMMOOTHOIICHUS ¢ BMELIAIOIIMMU ITOPOIAMMU, TIET-
porpacdnueckuii COCTaB U BHYTpEHHee CTpoeHUe TpyOOK B TUIaHE U B pa3pe3ax, MeTpOXu-
MMUYECKME OCOOCHHOCTH KMMOEPIUTOB U KCEHOJUTOB, TUITOMOpPGHbBIC CBOMCTBA MUHEpa-
JIOB-UHJIUKATOPOB, a TaKXKe TNIAaBHEHIIINE reojoro-sKOHOMUYECKHE CBeIeHUsI 0 MOpdoJIo-
MU, KPYIMHOCTU, (PU3MUECKUX CBOMCTBAX M KAaYeCTBE ajIMa30B, 3aKOHOMEPHOCTSIX X pac-
MpeaesieHus, 3armacax 1 IPpOrHO3HOM OIICHKe.

BonbimnHcTBO M3 50 KOpPEHHBIX MECTOPOXICHMUI aBTOPHI M3ydyaud. Beicokasi Hachl-
LIEHHOCTh MOHOTrpaduu (haKTUYECKUM MaTepuajoM, B TOM YHUCJIEe paHee HEeIOCTYITHBIM
(KOHKpeTHBbIe pe3yabTaThl mogaHbl B 101 tabnuiie), obimupHas 6udarorpadus (387 nure-
paTypHBbIX MCTOUYHUKOB) OIpEACIWIN IJITaBHOE Ha3HAYeHWe KHUTU KaK OeCleHHOro CIipa-
BOYHUKA JUISI CMEIMATIMCTOB, 3aHUMAIOLIMXCSI U3YYEHUEM MECTOPOXKIECHUI ajMa30B, paB-
HOTO KOTOPOMY /IO CHUX MOp He ObUIO HE TOJIbKO B OTEUECTBEHHOM, HO 1 B MUPOBOI JIUTepa-
Type.

B meyaTu mosiBASIMCH TOJNIBKO hparMeHTapHble JAHHBIC IO TFeOJOTUU U BELECTBEH-
HOMY COCTaBYy IPEUMYILECTBEHHO OEMHBIX IO COAEPXKAHUIO WJIM HE CONEpXKAalllMX aaMasbl
KUMOEpIUTOBBIX TpyOOK. Penko ocBeliaauch MpOMBILIJIEHHBIE MecTopoxaeHus. Hau-
0oJjiee TOJHBIM U3JaHMEM O KOPEHHBIX M POCCHIITHBIX MECTOPOXICHUSAX 3apyOeKHbIX
CTpaH IO TOSIBJICHUs peleH3upyeMoil KHUru Obuta MoHorpagusi B. C. Tpodumona
"Teosorust MectopoxaeHuin mpupoaHbix anmMaszoB” (1980). Bmecte ¢ TeM, 3a CTOJb TMPO-
TOJDKUTENIBHBIN Teproj] ObLIM  OTKPBITHl HOBBIE aIMA30HOCHBIE TTPOBUHILIMU: ApXaHTeIbC-
kast (koHew 1970-x—Hauano 1980-x IT.), epBbie BHICOKOAIMAa30HOCHBIE KMMOEPIUTOBBIC
nojist B Kananckoit mpopuHumu (1990-¢ 1r.), 1JaMIIpOMTOBOE T0JI€ B ABCTPaJIMICKOI MpoO-
BUHLIMKU (BTOpas mojioBuHa 1970-X IT.), a TakKXke HOBOE BBICOKOAJIMAa30HOCHOE KUMOEp/I-
ToBOE Tosie B SIKyTckoit mpoBuHiuu (1990-¢ rr.).
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ANCKYCCHUHU, KPUTUKA, BUBJINOTIPADPUS

B peuieH3upyemoii MoHorpaduu cojpepxKatcsi HauboJsiee MOJHbIe U paHee He MyOJInKo-
BaBILIMECS MaTepUaJIbl IO BCEM KOPEHHBIM MECTOPOXICHUSAM SIKyTHM, BKITIOYasi BHICOKOAJ-
Ma3oHocHble BoTyoGuHCKy10 1 HIOpOMHCKYI0 KUMOEPIUTOBBIE TpYOKHU, OTKPHIThIE B 1994 1
1996 rr. cooTBeTCTBeHHO. TakuM 0Gpa3oM, BTopast IPUHLIKUIUATIbLHAS OCOOEHHOCTh MOHO-
rpaduy — HOBU3HA, MOJHOTA U OPUTMHAJIbHBIN XapakTep MPUBEACHHOIO B Hell 0600I11e-
HUSI.

AHaU3 OOUIMPHOIO UM YHUKAIBHOTO MO CBOEMY COJAEPXKAaHUIO MaTepuasia MO3BOJIMI
aBTOpaM YCTAaHOBMTb KaK CXOACTBO, TaK U Pa3JW4usi MEXIy KOPEHHBIMU MECTOPOXICHMSI -
MM aJIMa30B pa3HbIX MPOBUHLIMI Mupa, B TOM YuCiIe U MEXIy KUMOEpIUTaMu U JIaMIIpoO-
WTaMU, XOTS B TO K€ BpeMsI KaXI0e KMUMOEPIUTOBOE WM JTAMIIPOMTOBOE TEJIO XapaKTepu-
3yeTcsl CBOMMM WHAMBUAYAIbHBIMU OCOOEHHOCTSIMU. OINKMCAHbI TUIOBBIE TI'€OJIOrMYECKUe
MOJIeJIM aJIMa30HOCHBIX TPYOOK, KOTOPBIE CIIy>KaT OCHOBOI IMMOMCKOBBIX KPUTEPHUEB, HEOIM -
HaAKOBBIX ISl Pa3HbIX MPOBUHIIUIA.

OHa, 6ecCropHO, MOCTYXUT MOIIHBIM TOJYKOM JIJISI TIPOTHO3HBIX MCCJENOBAHUI B
YKpauHe, Tae B MOCJAEIHUE TOAbl BCE MOJHEE BbIPHCOBBIBAIOTCS OJIATONPUSITHBIE TIPEIIIO-
CBUIKM TIOMCKOB aJIMa30HOCHOCTU. BecbMa oOHamexXvBaeT yIMOMUHAHUE aBTOpPAMM O TIpU-
CYTCTBUM B TUTAHCOIEPXKAIIMX IeCKaX FOXXKHOTO oOpaMieHUs YKpPauHCKOIO IIHMTa MeTa-
MOP(MOTeHHBIX aJIMa30B KOKUYETABCKOIO THUIIA, YTO SIBJISIETCSI TOJYKOM K TTOMCKY TaKMX ajl-
Ma30B B CEpPOTHEICOBBIX TOJILAX ayJIbCKON CEpUHU IIUTAa U B IMIPOAYKTAX MX pa3MbIBa pa3HO-
ro Bospacra. KHura mpezacraBisieT O0JbLIYIO LIEHHOCTh HE TOJBKO JJISl CHEIMaIMCTOB-aJl-
Ma3HUKOB, HO U JUISI CTYIEHTOB, KaK yyeOHOe mocodue. YHUKaIbHas MOHOrpachusi — A0C-
TOMHBIN MaMITHUK 50-JIeTHeMY 100UJICI0 OTKPHITUSI SIKYTCKOI aIMa30HOCHOI MPOBUHIIMU,
KOTOpBIi oTMeyvasics B aBrycte 1999 r.

Heobxonnmo HeCKOJIbKO CI0B cKa3aTh 00 aBTopax. Bce oHU BBITYCKHUKU JIBBOBCKOTO
YHUBEPCUTETA, T.C. SBISIIOTCS MPEACTABUTEISIMA 3HAMEHMUTOW IIKOJbI CHELUaTUCTOB-aj-
Ma3HuKoB akanemuka B. C. Cobonesa. [Tocie okoHUaHUS By3a B TEUEHUE HECKOJIbKUX ECs-
TuaeTuit pabotanu B CUOUPU U CTAIU BeAYLIMMU CITELIMAIMCTaMU 1O MPOTHO3UPOBAHMIO,
MOMCKaM, pa3Be/ike, OCBOEHUIO U HayYHOMY OOOOILEHUIO MaTepUAIOB IO Te0JIOTUU U ajiMa-
30HOCHOCTH HE TOJIbKO SIKYTCKOI MpOBUHLIMU, HO U Bcero Mupa. CieayeT OTMETUTh, YTO B
IPY>XKHON CEMbE IeOJIOTOB-AIMA3HUKOB SAKYyTUM pabOTaJM HE TOJbKO BBITYCKHUKU JIbBOB-
CKOTO YHUBEPCUTETA, HO U IPYTUX By30B YKpauHbl, Poccuu, I'py3un, Kazaxcrana.

Bri3biBaeT coxaneHue TOT (DakT, YTO MPU OTMEUYSHHBIX JOCTOMHCTBAX M aKTyaJbHOCTH
MoHorpadusl U31aHa COBepLIEHHO He3HaUUTeIbHBIM THpaxkoM (1000 3k3.). DTo mpeamnona-
raeT BbIITyCK BTOPOro U3AaHMsl, TIe aBTOpaMm ciienyeT MOAPOOHO 0XapaKTepr30BaTh He TOJbKO
KMMOEPJIUTOBBIN U JIAMIIPOUTOBBIM TUITHI aJIMa3HBIX MECTOPOXIEHUI, HO U Ipyrue, aaxe
caMble HE3HAUUTEJbHbBIC TUITBI UX KOPEHHBIX TPOSIBJICHUIA.

B 3axiioueHue Xxoyercsl BbIPa3uUTh MPU3HATENLHOCTh MPO(ecCHOHANTOB-Te0J0TOB U3-
nateabcTBY "Henpa" 3a TiiaTeabHO MOATOTOBICHHYIO M BEJUKOJEITHO O(OPMICHHYIO KHU-
Ty, KOTopasi, HSCCOMHEHHO, 3aiiMeT JOCTOMHOE MECTO CPeIr JIYUYIIUX CIIPABOYHBIX U3MAaHUI
Mupa 1 TOTOMY 3acTy>kKMBaeT MOOLIPeHUsI B (hopMe HAIIMOHAJIBHOMN M JaXe MEeXIyHapoI-
HOW TIpeMUMU.

Joodamko A. /., Kpasuenko B. M.
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MamaTtun Bopuca Naepunosunya filkosnesa

HeBo3MOXHO MPUBBIKHYTH K TOMY, YTO TeOsI MO-
KUaaloT oiu3kue apy3sbsi. bopuc SkosneB moutu
Bcerna ObUT PSIIOM, U 3TO BOCIIPUHUMAIIOCh KaK
camo co0oil pazymerolieecsi. A BOT KOIIa ero yxe
HET, TO 0OCOOEHHO SICHO OLIYILAeLlb TSXKECTb yT-
patbl

Bopuc T'aBpunoBuu SIKoBjaeB ObLT HEOpAW-
HapHOM M Jaxe B KaKON-TO CTENeHU MPOTUBO-
peYrBOI IMYHOCTBIO. B HEM ynUBUTENTBHO coUe-
Tajaach TOHKAasi MHTEJVIMTEHTHOCTD, NTyOOKOe 3Ha-
HHME MY3bIKU, NMPOQeCcCUOHATN3M C IpyOoBaTOi
npocToToi, GanarypctBoM. OH Bceraa ObLi ecre-
CTBEHHBIM, BECEJIbIM, KOMITAHEHCKUM, UHTEPECHBIM
cobeceqHrKoM. O0Ianan BeJMKOJIETHOM MaMSIThIO,
YTO BMECTE C MPEKPaACHOU neTporpadmyeckoi u
(hU3MKO-XMMUYECKOI MOJArOTOBKOM MO3BOJISIO
eMy JIeTKO, 1axe Kak-TO UTPalovM, peluaTh CI0X-
Hble MeTporeHeTHyeckue npodiembl. OH ymen
ObITh OaronapHbIM 3a 100pbie Aena. bopuc 'as-
PWIOBUY ObUT JIIOOSIIIMM, 3a00TJIMBBIM OTLIOM,
MpexaeBpeMeHHasi CMepTb CbiHA Muxauja rno-
JIopBasia ero 310poBbe. OH ObLT HEXHO BHUMATeE-
JIeH K ciaboMmy oy ...

HerctBo b. I'. AkoBneBa Obl10 HesterkuM. OH

HEOIHOKPATHO PaccKa3blBaJl O TOM, KaK Mpu "ue-
KMCTCKUX YMCTKaX" ellle 10 BOMHBI MOTePsLT OTLA,
M 9TO HaBMCAIO Hal HUM BCIO XU3Hb. Bopuca
SlkoBneBa He MPUHSUIM B KOMcoMoJl, a B KazaHc-
KU YHUBEPCUTET Ha reosIornyeckuii hakynbrer
OH TOCTYNWJI TOJbKO OJlarojapsi Tomy, 4To BCe
9K3aMeHbl chan Ha "orminuyHO". Ha dakynbrere
noapabaTbiBa JJaOOPAHTOM B MeTporpahuuecKoM
KabrHeTe (PEMOHTUPOBAT MUKPOCKOIbI, TOTOBUJI
npakTuyeckue 3aHsaTus). OTcioga ero 3HaHue
MUKPOCKOMUYECKoi usnorpadmy 1 BbicOYail-
wasi nerporpaduyeckas nmoarotroBka. OCHOBbI
(hU3MKOXMMUM OH MTOCTUT BO BPEMSI CTAXUPOBKU
B MockoBckoM yHuBepcutete y B. C. KonTepa-
JBopHuKOBa 1 Ha Jekuusax M. X. KapanersiHua.
IMocne okoHuaHust KazaHckoro yHuBepcuTeTa
B. I'. SIkoBieB HECKOJBLKO JIET paboTas neTporpa-
¢om 1o 06paboTKe MaTepuaoB ITyOMHHOIO Oy-
peHust Kpuctanyeckoro ¢hyHnamenTa Tarapcra-
Ha Ha HeTb. DTU JaHHBIE JIE[IM B OCHOBY KaH-
NIMAATCKOM MCCepTalvu, KOTOPYIO OH YCIEIIHO
saumtiil B MTY B 1967 1. 31ech U COCTOSIOCH
€ro 3HaKOMCTBO C MOCKOBCKOI1 neTtporpacuyec-
Kot anutoii. Heckonbko net bopuc NaBpuioBuy
pabotan B HoBocubGupcke B meTporpacbuyeckoi
KOMUCCHUM MO reosiornyeckoit kapre Cubupu, uyro
JIJI0 €My LUMPOKYIO MeTporpaduiecKyio 3pyau-
LMI0.
B 1969 r. b. I. SIkoB/IeB MepeBOAUTCS MO KOH-
Kypcy B MIHCTUTYT reoxuMuu U (pU3MKuU MUHE-
panoB AH Ykpanner (UT®M) (HbiHe UTMP)
B OT/IEJI HEPYAHBIX MECTOPOXKIEHU M, [1e OH U3Y-
yaJl BEpMUKYJIUTBI. 3aTeM Mepelles B OTAe MeT-
porpaduu U 3aHsICS CBOMM JIIOOUMBIM AEJIOM —
METPOJIOTHE OCHOBHBIX U YJIBTPAOCHOBHBIX IM0-
poa. bopuc I'aBpuioBuY ObLT MPeKpacHO U Bce-
CTOPOHHE MOJATOTOBJIEHHBIM MeTporpad)oM U rner-
posioroM. B 1970-x rr. ObUT 3HAUMUTEbHBIN B3JIET
MHOTHMX HayYHbIX HaIlPaBJIEHUii, CBSI3aHHBIN C T0O-
CYIapCTBEHHBIMU MOTPEOHOCTSIMU, C PACILIMPEHU -
eM MpUOOPHOIi 6a3bl U pa3BUTHEM METOJOB HC-
C/IeIoBaHMsI MUHepaibHOro BeliectBa. K HuUM
OTHOCUTCSI M CIIEKTPOCKOTUSI MUHEPAIOB, a [UIst
pelIeHts MeTPOJOrMYeCcKUX 3a1ady — 3TO MpPex-
JIe BCErO PEHTIeHOCMEKTPAIbHbBII MUKPOAHATIU3.
Bnarogapsi aToMy JIOKaJIbHOMY METOAY MOSIBU-
Jlach BO3MOXHOCTb aHAIN3a XUMUYECKU HEOTHO-
POIHBIX U 30HAIBHBIX MUHEPAJIOB JJIsl BOCCO3/1a-
HMSI TIETPOTEHETUYECKOI DBOJIIOLMU U pelIeHHUs
KUHeTndyeckux rpoonem. b. I'. SIkopneB onHuM U3
MepBbIX cpeau Hac yBieKes: STUM. OH HECKOJIbKO
Jet noapsia e3nui Ha Kamuatky M tam (Kctatv
OH poauJics B noc. Kitoun nox ByskaHom Kitio-
yeBckasi Corka) coueta MPUsTHOE C MOJIE3HbIM.
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XPOHUKA

[1pusiTHO — MOCMOTPETh U U3YyYUThb BYJKAHBI,
3apaboTath 3a neTporpaduyeckoe onucaHue ByJ-
KaHUTOB, KyMUTb KPACHOW PbIObI U UKPHI, a MO-
JIE3BHO — CHIeJaTh 3a CE30H JO0 ThICSAYM MUKPO-
30HIOBBbIX AaHAIM30B MUHEPAJIOB Ha ObICTpOIEH -
CTBYIOILIMX MHUKpOaHajam3aTopax B I/IHCTI/ITyTe
BYJIKAHOJIOTUH.

Hanpumep, o moeil mpocbbe OH BBIMOJIHUI
okosio 500 MuKpoaHanM30B MHUHepasoB Kpus-
Oacca, B TOM YKCJie 30HATbHBIX IPAHATOB, IJIarv-
OKJIa30B U Jp.

b. I'. SIkoBneB yBiaeKaacsi TOHKUMM METOaMMU
aHaau3a MuHepasoB U nopon. I[Ipu momouiu
PEHTIEHOCTPYKTYPHOIO METOAA, MAarHMTHOTO U
MPOTOHHOIO PE30HaHCa OH OIpeNessul pacrpe-
JACICHNUE KOMIIOHECHTOB IO MO3ULIMSAM B MUHEpa-
JlaX, CTPYKTYPHOE MOJIOXEHKHE BOIbl B IMOJEBbIX
Hrmarax 1 mMMupoKceHax. q)yHZLaMeHTaJ'leblMl/l sAB-
JISIIOTCS1 €ro paboThI MO OMPEAEIEHUI0 TEPMOIU-
HaMHUYECCKUX KOHCTAHT aJbMaHAWHA, U3YYCHUIO
pacrnpeeneHts] KaTHOHOB MO MO3ULIMSIM B pOTO-
BOil 0OMaHKe, HaXOJKWU MHBEPTUPOBAHHBIX MU-
’KOHUTOB B YJbTPAOCHOBHBIX U 2KEJIEC3UCTLIX IMO-
ponax u ap.

Koneunyio nenb uccnengoanuit b. I'. SIkoB-
JIeB BUJEJ B ONpeAeaeHnr GU3NKO-XUMUYECKUX
yCJIOBUI 00pa3oBaHUsST U MPOUCXOXIAEHUSI Mar-
MaTUYECKUX U METaMOP(GUYECKHX MOPOSL OCHOB-
HOTO M YJIBTPAaOCHOBHOTO coctaBa. HoBaTtopcku-
MU SABJIAKOTCA €ro BbIBOALI O IJIYTOHUYECKOM Mar-
MaTUYE€CKOM TI'€HE3UCE KPUCTATUIMYECKUX KOMII-
nekcoB [1o0yxbs u [IprnazoBbsi, KOTOpbIE OH A0OC-
KOHaIbHO HcciienoBa. OH ObL1, 6€3yCI0BHO, O/~
HUM U3 NEPBLIX, KTO C IIOMOILbIO (1)]/I3I/IKO—XVIMVI—
YEeCKUX METOJO0B OOOCHOBAI OTCYTCTBUE OCA0Y-
HBIX IMOPOJ B KPUCTAITMYECKOM IIJIYTOHUYECKOM
KOMILJIEKCE PAHHETO JOKEeMOpHUsI.

Bopuc lNaBpunoBuy crapareabHoO uzberan reo-
JIOTUYECKUX TIOCTPOEHU I KaK B CTPYKTYPHOM, TaK
Y B BO3PaCTHOM IIJIaHe, MOCKOJIbKY TPYAHO ObLIO
cOoIIacoBaTh METPOreHETUYECKHUE BBIBOABI C OCa-
JOYHOI mapaaurmoii. OH Bceraa orpaHUuyMBaICs
JIMLUB 00J1aCTbIO MEeTporpaduu, YTo eMy HEPEIKO
M COBEPILIEHHO HAMPAaCHO CTaBUJIM B YIIPEK U UTO

HECKOJIBKO 3aJIepXajlo 3allUTy €ro JOKTOPCKOM
nucceptauniu. [locnenHsist Obuia MocBsiLLEHa MPoO-
Oreme MarmatM3mMa U MeTamMopdu3Ma rpaHyu-
TOBBIX KOMIUIEKCOB YKPaWHCKOTO LLIATA U YCIIeUI-
HoO 3awiuiieHa B 1992 r.

Nnrepecsl b. I'. fIkoBnesa OblIM 3HAYUTENb-
HO LIMpe: OT MPOOJIeM METPOJIOTMY BEPXHENH MaH-
TUM 3eMJIM, TEPMOIMHAMUKY TBEPIBIX PACTBOPOB
MUHEpaJIOB, MUHEPATOIMYecKoi TepMobapoMeT-
pun 10 pyaIOHOCHOCTU MarMaTu4y€CKuXx rjiyToOHOB.
OH, 6e3yCI0BHO, BHEC 3HAYMTEIbHBIN BKJIAI B (b~
3UKO-XMMUYECKYIO METPOJOrMI0 PaHHEIOKEM-
OpMICKMX KPUCTALIMYECKUX KOMIUIeKcoB. M
HanucaHo Oosnee 100 HayyHBIX CTaTeil, OKOJIO
10 moHorpadwmit.

K coxanenuto, B mocienHue rofbl B CBSI3U C
najeHueM mpectuxka (yHIAMEHTAIbHON HayKu
M YCWIEHHMEM Halleil MparMaTMYHOCTU U Pa3o00-
weHHocty b. I'. SIKoBieB Kak-To moTepsii Npu-
BBIYHYIO OIIOPY U EMY MPUILILIOCHh 3aHUMATLCH HE
COBCEM NMPHUBBIYHBIM JCJIOM! TEXHOJIOTUen npo-
M3BOJICTBA KUPINKYeii, aMpopamu, cTpoitmaTepu-
anamu. M xotst atn 3a1a4M TOXKE IMO-CBOEMY MH-
TepecHbl, 1 bopuc 'aBpuioBrY ¢ HUMM BrOJIHE
JIOCTOMHO CIpaBJIsiicsl, BCE K€ 3TO ObLIO HE CO-
BCEM €ro JIeJIOM U HEMHOTO YTHETalI0, XOTSl OH He
JKQJIOBAJICSI U HUKOTJA HE Harpyxas Apyrux CBO-
MMU NipobieMamu.

B nocnennee Bpemsi 3nopoBbe bopuca I'ag-
PpUJIOBMYA PE3KO MOLUATHYJIOCh, OH YLIEJ Ha Ha-
y4YHY10 neHcrio. OMHAKO BCe Mbl HAESIUCh, YTO
b. I'. SIkoBieB cMOXeT BEPHYTbCSI K MOJTHOLIEH-
HOU Hay4yHo#i pabote. [Jla 1 caM OH BbIHALIMBAI
HOBbI€ HAy4YHbIC ITJIaHbI — YK€ IOTOBUJI Hayy-
HBIIl pedepar o ByJIKaHMYECKMX ra3ax B aTMOC-
depe 3emiu, JIMCTBI ¢ KOTOPBIM TaK U OCTAINCH B
ero nuuuyieid MamurHke... Ho cynbba pacropsi-
nuiaack uHave, u 25 mapta 2001 r. b. I'. fIkoeneBa
HE CTaJo.

OH ocTaBuI nocjie cedst HayuHbIe TPY/bI, KOJI-
JIEKLIMU, UACU U IPYy3eid, KOTOPbIE €r0 HUKOTAA HE
3a0yayT!

P. 4. benesuyes
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Mam’aTi €EBreHa Muxannosuua Jlasbka

leonorisi  3a3Hana Baxkoi BTpaTu. 27 BepecHsI
2000 p. MmilIOB i3 XUTTS OAMH i3 MPOBIAHUX Yyue-
HUX YKpaiHW, TOKTOP Fe0JIOro-MiHepaloriyHUX
Hayk, npodecop, Jaypear JepxkaBHoi pemii Yk-
paiHu, 3aciyXeHuii Aisiy HayKu YKpaiHu €BreH
Muxaitosuy Jlazpko. Moro im’st HIMPOKO BiioMe
reosioriynuM KojamM CHJI i 3a iforo mexamu.
€BreH MuxaiiloBuy 3poOUB BEIUKHII BHECOK Y
CIpaBy PO3KPUTTS iCTOPIi reo0riYHOro PO3BUT-
KY 36MHOI KOPM HallOi MJIaHETH, OCOOIMBO paH-
HbOJOKEMOPiiiCbKOT0 eTamy, B pO3pO0KY HayKo-
BUX OCHOB METAJIOTEHIYHOTO aHaJli3y, MPOTHO3Y-
BaHHSI i MOLIYKOBO-OLiHIOBaJIbHUX KPUTEPiiB €H-
JIOTEHHOTO 3pYAEHiHHS, B MiArOTOBKY MOJOIMX
MTOKOJIiHb I€0JIOTiB.

€. M. Jlazpbko Hapoauscs B M. BopoH110BO-
OnekcanapiBcbk CTaBpOITiJIbCLKOTO Kpato 15 Be-
pecust 1915 p. TpynoBy AisIbHICTb po3MoYaB y
1930 p. Ha OAHiii 3 BYTiJIbHUX 1IaXT PocTOBCHKOT
00J1. y SIKOCTi eJIeKTpoCtocapsi, mpotsirom 1933—
1934 pp. npailoBaB eJIeKTPOMOHTEPOM Ha OyiB-
HuuTBi CBipchKoi rinpoenekrpocranuii. ¥ 1934 p.
€. M. Jla3bKo cTaB cTyaeHTOM MOCKOBCBKOIO Ieo-
JIOro-po3BinyBanbHOro iHcTuTyty (MIPI), siknii
3aKiHYMB i3 BigszHakowo y 1939 p. i Bimpasy OyB
NMPUIHATUIA 10 acnipaHTypu. HaBuaHHS BiH mo-
€IHy€ 3 BUPOOHMYOIO POOOTOIO Ha Mocaii ro-
JIOBHOTO reoJiora Ta HayajJbHUKa I€OJOTiYHOI

nmapTii BcecorosHoro tpecry "lonmo3ojioro”. B
poxku BiitHu €. M. Jla3bKo SIK TOJIOBHUI iHXXEeHep
reoJIOrYHMX eKCHeU LIl BAKOHYBAB ypsIIOBi 3aB-
JIaHHS1 3 PO3LUYKiB, PO3BiIKM Ta BUAOOYTKY IT’€30-
ONTUYHOI MiHepabHOI cpoBUHU B CepenHiit A3il
ta CximHomy Cubipy. B AngaHchbKOMY perioHi
TOJJOBHMUM YMHOM 3aBIsIKU Horo pobortam Oyia
BiIKpMTA HOBAa KPUILITAIEHOCHA MPOBIHLIs.

Y 1945 p. €. M. Jla3bKo po3IoyaB MeaaroriyHy
NisSLTBHICTh Ha Kadeapi MiHepasorii il nmetporpadii
MOCKOBCBKOTO iHCTUTYTY KOJIbOPOBHUX METAIB i
30J10Ta; y 1946 p. 3aXMCTUB KaHAUIATCHKY IUCED-
Tauito. OMHOYAaCHO 3 MeJarorivHo pobOTO Ha
npotsa3i 1945—1951 pp. BiH mpallfoe croyatky
roJOBHUMM reosioroM HepuuHcbKoi exkcreauuii
MiHicrepctBa kosnbopoBoi Metanyprii CPCP, a
MOTIM — HAYaJIbHUKOM AJITAliChbKOI eKCITeauLlii
Minicrepcra reosorii CPCP, 1o BuByana mno-
JIiMeTasiuyHi MpOBiHLIi.

¥ 1950 p. Hakazom MiHicTepcTBa BULIOI OC-
Bitu CPCP €. M. Jlazbko OyB mepeBeaecHuUii 10
JIbBiBCHKOTO yHiBEpCUTETY, i3 reosorivHuM da-
KYJIbTETOM SIKOTO IOB’sI3aHa YCsI 1Oro HacTyIrHa
nmistbHicTh. TyT Ha mocamax 3aBigyBada Kademp
"T'eonorii CPCP" ta "Po3uiykiB i po3Biaku po-
JIOBUIL KOPUCHUX KOMAJIMH", @ B OCTAHHI pOKU —
npodecopa-KOHCYJIbTAHTa MOBHOIO MipoI0 po3-
KPMBCS IOro OaraTorpaHHMii TaJaHT SIK yYEHOTO
CBITOBOTO DPiBHSI, Nlefarora, OpraHizaropa Hayku i
OCBiTH, aKTMBHOI, YyiiHOI Ta Hebalayoi Joau-
HU.

[Menaroriyny nisibHicTh €BreH MuxaitioBuy
MOCTiIAHO MOEAHYBAB i3 HAYKOBO-BUPOOHUYOIO.
[Tpotsirom 1951—1958 pp. BiH 3a CyMiCHULITBOM
KepyBaB TeMaTUYHUMU AOCTiIKeHHsIMU 10-r0
l'onoBHoroO ynpapiiHHsg MiHicTepcTBa reosiorii mo
m’e3okBapioBux ponosuiiax CPCP, mpaitoBaB
CTaplIUM HayKOBUM CITiBPOOITHUKOM Ta KOHCYJIb-
TaHTOM Bcecol3Horo HayKoBO-AOCHiIHOTO
iHCTUTYTY I’ €30KBapLIOBOI MiHEPAIbHOI CUPOBU -
HH, B 1950-X pp. OYOJIIOBAB CTBOPEHY HUM EKCIIe-
nuuito JIpBiBCbKOrO YHiBEpCUTETY 3 BUBYEHHS
reo0JIOTii Ta 1’ €30KBapLOBUX POMOBUII AlliaHy. Y
1955 p. €. M. Jla3bKo 3aXUIlIa€ JOKTOPCHKY IH-
cepTalilo, HACTYITHOTO POKY oMy OYJIO PUCBOE-
HO 3BaHHsI rpodecopa. 3 1963 p. BiH 3ailicHIOBaB
HayKOBe KEpiBHULTBO poboTaMu 3abaiiKalibChb-
Koi ekcrneaulii JIbBiBCbKOro yHiBepcUTeTy, a 3
1966 p. 1e i HAyKOBE KEPiBHUIITBO MOCTiMIKEH-
HSIMU TPYIU CHiBPOOITHUKIB reosoriyHoro ¢a-
KYJIbTETY 3 BUBUEHHSI YKPaiHCHKOTO ILIMTA.

Binblue HiX n’siTuaecATUPiYHI perioHaIbHO-
Te€0JIOTiYHiI Ta PO3LIYKOBO-OLiHIOBAJIbHI POOOTH
i IOCIiIKEHHST pOIOBMILL ITpoBoamInch €. M. Jla3b-
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KO B Garatbox perioHax PagsiHcbkoro Corosy, y
ToMy uMci B YKpaiHi, 3abaiikawii, KaszaxcraHi,
Kapenii, Ha Annani, Jlanekomy Cxoni, Anrai, Kas-
Ka3i, KonbcbkoMy niBocTpoBi. Pi3HOOIYHI 3HAaHHS
reoJIoriyHoi OylOBU i POJOBUIL KOPUCHUX KO-
NaJvMH yKa3aHWX BUILE Ta iHIIMX PErioHiB, IMo-
KJIaleHi B OCHOBY YMCIEHHUX OMNyOJiKOBaHUX
npaib €. M. JIa3bka, 103BOJIMIM YUEHOMY 3pO0OH -
TH BaXJIMBi HayKOBi BUCHOBKHM i y3arajJbHEHH:
B Pi3HUX PO3IiJax reoJorii.

Ocob6auBy yBary €. M. Jlazbko NpUALISB MPO-
GyieMaM reoJiorii HUXXHbOro fokeMopit. [loyat-
KOM CTayii iforo gociimxkeHHst B 1940—1950-x pp.
Ha AJaHi, 10 3HAWIUIM BTUIEHHS y HU3LI CTa-
Teil i y3aranbHIOYiii MoHorpadii "'eonornuec-
KO€ CTPOEHMeE 3anaJHOi YacTh AJITaHCKOTO KpU-
crajutmyeckoro Maccusa” (1956). 3icrapieHHs reo-
JIoTii Pi3HMX PAaHHBOLOKEMOPICbKUX pErioHiB
JIaJI0 YYEHOMY MOXJIMBICTh BUCIOBUTH Y 1961 p.
oyXe TUTIHY OYMKY MpO OCOOJIMBHUIA XapakTep
PO3BUTKY 36MHOi KOPU B PAHHbOMY JOKEMODii i
JMIOKOPiHHY Pi3HULIIO MiX AOT€OCUHKJIiHAJIbHOIO
(apxeit) Ta paHHBOIO T€OCUHKJIIHABLHOIO (paHHii
MPOTEPO30ii) CTamisSIMM PO3BUTKY 3emili. €BreH
Muxail1oBM4 NMPakTUYHO 3amoyaTKyBaB IO-
PiBHSUIBHUI iCTOPUKO-TEOJNIOTIYHUI MiaXin oo
BMBYEHHSI PAaHHbOIO NOKEMODilo, SIKWIA HAOYHO
NPOAEMOHCTPYBAB y LI HU3LI MyOJikauiid Ta
y3arajJlbHUB y CBOiil (dyHIaMeHTaldbHil mpaui
"OcHoBbl pernoHanbHoit reosioruun CCCP. T. 3.
Uctopust popmupoBaHust ctpykrypbl” (1971).

[TopanpmiM po3BUTKOM LIbOTO MiAXOAY CTa-
Jia 3arpornoHoBaHa €. M. Jla3bKo imest 3acTtocy-
BaHHs MapareHeTUYHOro HampsMKy dopmarliii-
HOTO aHaJli3y NPy BUBYEHHI PAHHbOAOKEMOPilich-
KX yTBopeHb. [IpoBeneHi mif iloro KepiBHULIT-
BOM JOCJiIKEHHSI JOKeMOpilo YKpaiHChbKOIO
11T 3roJOM NpU3Beau 10 GOpMyBaHHS 3arajib-
HOBiZOMOI1 B YKpaiHi 1 3a ii Mmexamu JIbBiBCbKOT
reoyioro-opmaniiiHoi 1KOJU TeOJOTiB-I0KEM-
OpucrtiB. YucneHHi myb6aikalii pe3yabTaTiB ii 1oc-
JIIKEHb CTald BarOMUM BHECKOM Y BHBYEHHSI
LILOTO PErioHy, Horo reojoro-dopmaliifHoro ta
cTpaturpachivHOro po34jaeHyBaHHsI, PO3B’A3aHHSI
OaraTbox Mpo0bseM MeTpoJIorii, MarMaTu3My, TeK-
TOHIYHOI cTpyKTypu. byno mposeaeHo dopma-
LiliHy KOpessililo YKpaiHCbKOro LIMTa il iHIImMX
perioHiB Ta OOIPYHTOBAaHO TIeoJ0ro-copmalliii-
HY iHAMBIAYaJTbHICTb Pi3HOBIKOBUX KOMILJIEKCIB
JIOKEMODIito i IXHIO HEMOBTOPHICTb Y 3arajJlbHOMY
HEOOOPOTHOMY PO3BUTKY PaHHBOIOKEMOPIChKOL
3eMHOi Kopu. Llum npoGreMam npucBsiueHa HU3-
Ka MoHorpadiii, CriBaBTOPOM i PEAAKTOPOM SIKMX
oyB €. M. Jlazpko, — "HuxHuit 1okeMOpuii 3a-
MaJHOW YacTh YKpauHCKOro wurta. Bo3pactHeie
KoMmIuieKehl U popmauuu” (1975), "Meroauuec-
KM€ yKazaHusl 1Mo u3ydyeHuio nokembpus” (1970,
1979), "Kenesucro-kpeMHUCTbIE (hOpMaLMK A0-
KeMbpust eBporneiickoit yactu CCCP" ("3eneHo-
KaMEHHbIE Mosica U poJib ByJKaHU3Ma B (OpPMU-
poBaHuu MectopoxneHuit" (1990), "XKenesona-
KoruieHue B pokemOpuun” (1992)). BoHu takox
3HAW LN BiJOOPaKeHHs Ha reosoriyHuX, reoso-
ro-cdopmaliifHIX KapTax i B MOSICHIOBAJbHUX 3a-
MUCKax 00 HUX, MiATOTOBJIEHUX 3a Y4yacTiO Ta
nig penakuielo €. M. Jla3bka, 30Kpema, Ha Kap-
Tax TOKeMOpilo YKpaiHCbKOro IMTa Maclutady
1: 500000 (1983) ta 1 : 1000000 (1984). "Kapra

reosioriyHux opmauiil fokeMOpio YKpaiHCbKOro
wmTa" Maciutady 1 : 500000 (1991) e nepiuum y
CBITi JOCBIIOM CKJIaJaHHS KapT TaKOro TUIMYy Ha
napareHeTUYHiil OCHOBI i CBIAYMTb PO MPAKTUY-
He 3aBeplleHHs PopMaliiHOTO po3yYeHyBaHHS
HUXKHBOTO TOKEMOPil0 1IbOTO PErioHy.

B octanHi poku xutrsi €. M. Jlazpko 6arato
yBaru MNpUAISIB MeTaJoreHii JoKeMOpilchbKuXx
KOMILIEKCiB i opmauiil. Bin migrorysas no npy-
Ky, ajie He BCTUT ory0ikyBatu MoHorpadito "Me-
TaJIOreHisi apxero”.

SIcKpaBol0 CTOPiHKOIO HAayKOBOi MisIbHOCTI
€BreHa MuxaiiioBuya crajia KpyILTaIeBa 1’ €30K-
BapLioBa npobiemaruka. Pi3Hi i acnekTy — reo-
JIOTO-T€HETUYHi, MPUKJIIAAHi, €KOHOMiYHi — BiH
BUPIillyBaB Y BaXXKi BOEHHI Ta MiCAsSIBOEHHI POKHU
B MeXax KBapLOBO-XWJIbHUX MpoBiHUii [TaMipy,
[TonsipHoro Ypany, Annany. Pesynbraty Lux aoc-
JIIIKEHb CTal OCHOBOK MOr0O JOKTOPCHKOI IH-
ceprauii — "[eonornyeckue ycaoBusi GopMupo-
BaHUs MbE30KBAPLEBBIX MECTOPOXIEHUI Ajna-
Ha" (1955) i BuknameHi B MoHorpadii "Xpycra-
JICHOCHbBIE KBapLeBble XWJIbl U UX reHesuc” (1957).
Moro 3HaHHS i 1OCBiI 3roI0OM 3HAXONSTH 3aCTO-
CyBaHHSI MPU PO3BiALll Ta BUAOOYBaHHI 1’€30-
ONTUYHOTO KBaplly ¥ AOPOTOLIHHOTO KaMiHHSI
(Tomas, 6epui) B YKpaiHi i BUBOASITb yYEHOTO Ha
piBeHb YCECBITHbO BiIOMOTIO aBTOPHUTETY 3 IPO-
GsieM I’e30KBaplioBoi cupoBuHM. Ha mocani
MixxHaponHoro ekcriepta FOHECKO 3 ouiHkw ii
MPOrHO3HUX pecypciB BiH mpautoBaB y Comani
Ta Ediomii. Llst poboTa oaepxana BUCOKY OLIIHKY
cekperapiaty OOH.

Y tBOpUiii cnaguHi €. M. Jlazbka ocobnuBe
Micue 3aiiMaioTh poOOTH, MPUCBSIYEH] Teopil py-
JloreHesy. Y HUX po3po0JieHi TEOpeTUYHi Ta Mpu-
KJ1aJiHi OCHOBM HOBOTO B PY/Hiii Ie0s10rii HarpsiM-
Ky — TepMo0aporeoxiMisi eHIOT€HHUX PYIHUX
dopmalliit, Ta 10T HU3KMU MOT0 MimHAMPSIMKIB —
PYyIOIOIIYKOBa TepM0obaporeoximisi, TepmMoodapo-
reoxiMiuHe KapTyBaHHSI i MOJEIIOBAHHSI PYAHUX
M0JIiB, TEPMOTPaLiEHTHUI aHaJIi3 PyJOYTBOPIOIO-
4yux najneoriapocucteM Ta iH. Lle Oynau mepiui y
CBITOBIil MpakTULi CIPOOM MEpeBEIEHHS MOLLY-
KOBO-OLIiHIOBAJIbHUX JOCTI)KEHb Ha TPUHIIUITO-
BO HOBMI PiBEHb, SIKMIl 0a3yeTbcsl HA KOHKPET-
HUX KUJIbKICHUX XapaKTEepUCTUKaX PYAOTEHHUX CU-
CTeM i BiIKpMBa€ UUISIX AJs1 1X aHaJi3y 3a AOIMOo-
MOTOI0 CYYaCHUX KOMIT'IOTEPHUX TEXHOJOTIi.
JocBin npakTMYHOI poOOTH i TEOPETUYHI y3arajib-
HEHHSI LIbOTO HaIpsIMKY AisuibHOCTI €. M. Jlazbka
BUCBITJIEHI HUM Pa30M i3 AOr0 yYHSIMU B MOHO-
rpadii "®U3MKO-XMMUYECKHE OCHOBBI MPOTHO-
3UPOBaHUsI MOCTMArMaTUYecKoro opyjaeHeHus"
(1981) Ta uiniii HU3WI crareii. Came B HUX €BreH
MuxaiiloBMY 3ar04aTKyBaB L€ OJUH HaNpPsSMOK
reoJ0ro-reHeTMYHMX JOCiIXKEHb, SIKUil OfepXKaB
Ha3By "TIpMKIIaaHa TepMobaporeoxiMist”. YucneHHi
nyOJikalii LbOro HampsMKy 3pOOWJIM BaromMui
BHECOK y MOAAIbLIMIA PO3BUTOK YYEHHSI PO KO-
PUCHIi KOMaJIUHU.

[ToMiTHUM  BHECKOM OyiM JOCHTiAXKEHHS
€. M. Jlazbka y pO3BUTOK YYEHHSsI PO IMOUHHI
posnomu. Pazom i3 [I. M. TopkeBChbKUM yueHwMit
BUJIUIMB i ONMCaB OMMH 3 HaOLIbIIMX y CXigHii
A3ii MoHros10-OX0TChbKMIi ITMOMHHUIA PO3JIOM, a
pasom 3 [1. I1. Pe3BuM BOHM OOTpYHTYBalIM iCHY-
BaHHSI 3aKapnaTChbKOro TJIMOMHHOIO PO3JIOMY
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(1962) Ta y Hu3Li my6ikawii 4itko copmynio-
BaJIM TOJIOBHI O3HAaKM MIMOMHHUX PO3JIOMIB Ta
iXHE 3HAYEHHSs JJ1s1 BUPIlLIEHHsI MUTaHb TEKTOH-
iYHOTO pailOHyBaHHSI, BUBYEHHSI INTUOMHHUX MPO-
LIeCiB, MPOrHO3YBaHHS PYAHUX POJOBHUILLL.

I'muboki 3HaHHS, AOCBiA, EpYAMLIsl, ATMBOBUX-
Ha MpaLe3JaTHICTb Ta OPraHi30BaHiCTb MO3HAYM -
JIMCh 3HAYHUMU 3100yTKamMu €preHa Muxaiino-
BMYA y MeJaroriyHiil pissibHocTi. BiH po3pobus i
BUKJIA[]aB HA TeoIOriYHOMY (aKyJIbTeTi LiIMid psift
OCHOBHHX Ta CIEL[iaIbHUX TUCLUMUIUTIH, CEPel SIKUX
ocobmBe Micie 3aiimae Kype "T'eonoriss CPCP".
€. M. Jla3bko OyJsia mpoBe/eHa BeJMye3Ha poboTta
3 MiATOTOBKM Ta BUOAHHs Ha mpotsisi 1962—
1971-X pp. TPUTOMHOTO HaBYIBHOTO MOCIOHMKA
"OcHoBbI pernoHabHOI reosiorun CCCP", sxuii
y 1975 p. OyB nepeBuaaHUil Y JBOTOMHOMY Bapi-
aHTi nix Ha3Bolo "PernonanbHas reosorust CCCP"
i npotsaroMm 1970—1980-x pp. BBaXaBCsl OCHOB-
HUM MiIPYYHUKOM [UJIsl T€OJIOTIYHUX CHelliab-
Hocteil By3iB PansitHcbkoro Coro3dy. B ocranHi
poxu xuttst €. M. JIa3bKo MiAroTYBaB HaBYaJb-
HUi1 nocioHuk "ExnorenHi pyaHi dopmauii”, skuit
B OIy0JIIKOBAHOMY BUIJISIIi, HA MPEBEJIMKHUIA XKallb,
BX€ HE Mo0ayuTh.

3aranbHuil BHecoK €. M. JlaszpKa B HayKy i B
HaBUYAJIbHUI Mpoliec BiHYaloTh noHax 230 onyo-
JIIKOBaHUX Mpallb, Y TOMY YHCIi 8 0COOUCTUX Ta 6
KOJIEKTMBHUX MOHorpadiii i miapyyHukis. Cepen
floro yuHiB — 8 JOKTOpiB Hayk, mpodecopiB Ta
6u3bko 30 KaHAMIATIB HayK i AOUeHTIB. Bus-
HaHHSIM BUCOKOIO aBTOpuUTeTy €BreHa Muxaii-
JloBMYa OyJI0 TPUCBOEHHS oMy y 1985 p. mouec-
HOTO 3BaHHs "3acinyXeHui Hisiy Hayku YKpai-

Hcbkoi PCP" i BpydeHHst Haropoau fpocrnasa
Mynporo AH Buioi mikonu Ykpainu (1995). Bin
oyB yyacHukoM XII—XVII ceciit MixHaponHoro
reoJioriyHoro koHrpecy (1964—1984 pp.), ywieHom
MixHaponHoi acoliialii Mo pyaoyTBOPIOWYUX
po3urHax MiXBiTOMUYOro TeKTOHiYHOTO KOMiTe-
1y CPCP, psiny HaykoBux paz ("T'eosorist zokem-
opito" AH CPCP, "T'eoximist 3eMHOi Kopu Ta 3a-
KOHOMipHOCTI pymoyTBopeHHs", "I'eosoriuna
CTPYKTYpa Ta iCTOPisi r€0JIOTIYHOTO PO3BUTKY Te-
puropii Ykpainu" AH YPCP), urenom Kowmicii 3
npucymkeHHs [epxaBHUX mpeMiil YKpaiHChbKOI
PCP, YKpaiHCbKOTO perioHaIbHOro MixBilOMYOTO
cTpaturpaiyHOro KOMiTeTy, 4JI€HOM HM3KHU pe-
NaKUiiHUX KOJIEeTiid, TOJI0BOIO Ta WIEHOM CIiellia-
JIiI30BaHUX paj i3 3aXMCTy AUcepTalliii, 6aratopiy-
HUM wieHoM ekcrnepTHoi Kowmicii BAK CPCP.

€Bred Muxaitnosuy Jlazbko OyB JIIOAMHOIO
MOOPO3UWIMBOIO, BUCOKOI KYJIbTYpH, 0e3 mepe-
OibILIEHHST, EHUMKJIONEeAUYHUX 3HAHb i MPUHLIM -
MOBUM YUYEHMM, TisUIbHICTh SIKOTO 3aJIMIIKUIA SIC-
KpaBWii clif B Hayli, icTopii reojoriyHoro ¢a-
KyJIbTeTy JIbBIBCBKOTO YHiBEpCUTETY Ta OCBITH 3a-
rajioM, B XWTTi, TOJIi il TaM’sITi 10T0 YNCIEHHUX
KOJIET, YYHiB, APY3iB, lLIAHYBAIbHUKIB.

B. I1. Kupuark, A. M. Jlucak, 10. B. Jlaxos,
0.1. Mamxkoscokuii, H. 1. Masp,

K. 1. Cecunixos, A. O. Cieoporos,

I. M. fyenxo, A. C. Andpeesa-Ipueoposuy,
0. b. bobpos, O. I1. bobpiesuu,

10. I1. Jlopowenxo, T. C. I3omosa,

C. C. Kpyenos, B. 1. Jlawmanos,

M. M. [laeayns, 1. C. Ilapanvko,

B. I Ilawenko
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HAveETe!

Apremenko ['eHHanuii BranuMupoBuy — 1-p reos.-MuHepai. Hayk, 3am. aup. MI'TMP HAH YkpaunHbl

BenesueB Pynonbd SIKoBieBUY — A-p reoj.-MuHepasl. HayK, 4yi.-kop. HAH Ykpaunsl, 3aB. ota. T'HLL
POC HAH Ykpaunsbl

Boopos Anekcannp bopucoBuy — n-p reos.-MHHepall. Hayk, rpod., 3am. aup. YkpAT'PU

Bonnapenko 'epman HukonaeBuy — n-p reoii.- MuHepai. Hayk, 3aB. ota. [HILI POC HAH Ykpautbl
Bonnapenko Mrops Hukonaesuu — H. c. UIT'MP HAH Ykpannsl

Bo3niok [Tetp OkceHTbeBUY — KaHIl. pU3.-Mar. Hayk, 3aB Kad. YKp. roc. yH-T MUIL. TEXHOJIOTUI
Bosuak Imutprii KoHCTAaHTMHOBUY — KaHA. Teos.-MUHepall. Hayk, U. 0. 3aB. ota. UT'TMP HAH Ykpaunst
T'upny Asnuta JleoHMaOBHA — KaH/. reosl.-MUHepal. Hayk, H. ¢. THL] POC HAH YkpauHbl

I'pmumk Bacunuit BacunbeBruy '— KaHJ. reoJl.-MUHepaJl. Hayk, C. H. c. [ockomreonoruun YkpavHbl

Jdosoym TatbsiHa Mnbunuuna — H. c. UTTMP HAH YkpauHsb

Honarko AnekcaHap JIMUTpUEBUY — J-P reoa.-MUHepal. HayK, pod., 3aB. Kad. Hau. ropH. akan. Ykpa-
NHbI

2Kounckuii Dyapn SIkoBieBMY — A-p Teo.-MUHepall. Hayk, wi.-kop. HAH Ykpaunsl, 3am. ntup. UTMP
HAH Ykpaunsl

3unyenko Oser BiaaMupoBuY — KaHa. reosl.-MUHEpal. HayK, ao1l. Kues. Hall. yH-T

3y3yk ®enop BacuiibeBu4 — KaHA. TeoJ.-MUHepall. Hayk, 101l BoJibiH. roc. yH-T

Wanuuxknii Bragymup [MaBnoBuy — KaHA. reoj.-MUHepail. Hayk, c. H. ¢. UTMP HAH Ykpaunsl
Kanypun Cepreit Bnanumuposuu — nper. Opec. Hall. yH-T

KBacauna Bukrop HukonaeBuy — n-p reos.-MuHepai. Hayk, 3aB. ota. UI'MP HAH Ykpaunsl
Kupumiok Bukrop [laBnoBuy — a-p reosi.-muHepai. Hayk, npod. JIbBoB. yH-T

Konaduna Mpuna JleonunosHa — c. H. ¢. ['CI1 "TexHoueHTp"”

Kpasuenko Buktop MuxaitioBuu — Ja-p reoj.-MuHepal. HayK, npod., 3aB. kad. Hail. ropH. akan. Ykpau-
HbI

Kpasuenko ['eopruii JIbBoBUY — KaH[. reol.-MUHepall. HaykK, . o. Be. H. c. \TMP HAH Ykpaunel
Kpouk AHHa ApkanbeBHa — KaH/. XMM. Hayk, 3aB. 1a0. HUU reonoruu [IHenporeTrp. yH-Ta
Kprouenko Hatanbst OneroHa — m. H. c. UTMP HAH YkpaunHbl

Kypaesa Npuna BranumupoBHa — 1-p reos.-MuHepai. Hayk, y4. cekpetapb UTTMP HAH Ykpaunst
JIbicak AHaToMii MuxaitioBu4 — KaHA. reojl.-MUHepall. Hayk, 1ou. JIbBOB. yH-T

JIsaxoB IOpuii BacuibeBry — 1-p reosi.-MuHepasl. Hayk, npod., 3as. kad. JIbBoB. yH-T

Makapoe Huxkonait Hukonaesuu — KO YkpATI'PU

Mamok bopuc Mropesuy — a-p reoj.-MuHepai. Hayk, Bea. H. ¢. UIT'TTW HAH YkpauHsl
Mapuenko Esrenuii fIkosnesny — KaHz. reojl.-MuHepal. Hayk, Bel. H. ¢. KO YkpI['PU

Mamok Cranucinas CternaHoBUY — JA-p Teosl.-MUHepall. HaykK, Benl. H. ¢. ATMP HAH YkpauHsbl
MuTtpoxun AnekcaHap BanepbeBuu — accucr. Kues. Hal. yH-T

| Moassko Bangum ['puropsesuy |—£L—p reojl.-MUHepal. Hayk, mpod., 3aB. kad. Kues. Hall. yH-T

ITonomapenko Anekcanap HukonaeBu4 — KaHu. reosl.-MUHepal. Hayk, U. 0. 3aB. ota. MI'™MP HAH Ykpa-
NHbI

Cemenenko Bepa [NanTeneeBHa — a-p reoji.-MuHepai. Hayk, 3aB. ota. THL] POC HAH YkpauHbl
CuBopoHOB Anb0epT AJIeKCeeBUY — JI-P Ie0Jl.-MHHepal. HaykK, pod., 3aB. Kad. JIbBOB. yH-T
CnuBak CsemiaHa JIMutpueBHa — KaHz. reoj.-muHepai. Hayk. [HL POC HAH YkpaunHbl
TarapunoBa EneHa AnekcaHapoBHa — 3aB. OTA. MH-T po0J1. 9KOJIOTMU, re0(U3UKU U TEOXMMUU
Yemumkko AnekcaHap BaneHtuHoBuY — nou. Onec. Hal. YH-T

Yepuwim dapus CepreeBHa — acn. MI'MP HAH YkpaunHbl

ITa6anun Bopuc I'puropbeBuY — KaHI. reos.-MuHepas. Hayk, ¢. H. c. THLI POC HAH YkpauHsl
Illypnau Haranbst AnekcanapoHa — Ben. uHx. ['CIT "TexHoueHTp"
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KceHno- Pazmep, Tonkosep- MuHepalbHBII cocTaB
JoAT MM Mopma | HUCTast Kaiima OJIMBUH, TTHPOKCEHBI, Docdarst I'pacur Mertai, cynbduast XpOMIUTTUHETU B MarseTut, nouut
TJIarnoKJia3 (KpUCTAILTBI) WIBMEHUT
Grl 2,4x2,6 5-yronb- CruomHas  Fasy o; Fsy3 25 Fsjg7Woy35;  ®@ropanarut, meppunut  KpynHele, ABapyur, JIBe rpynmbl Marnetut
Has Abg) 401 4 MEJIKHE TPOWJINT, XpoMUTa
MEeHTIAHIUT
Gr2 0,7x0,8 4-yronb- To xe Fayg 6; Fsy34; Fsy1 sWo42,0;  Xnopanarur, meppunur  To xe TonuTt, Kamacut, OmHa TpymIa Her
Has Abg; 3010 » TPOWJIUT XpoMHTa
Gr3 0,6x0,9 3-yronb- [IlpepoiBuc- Faszy 15 Fsyz4; Fsg sWoys 4; ®dropanarut, MeppruT  Menkue ABapyuT, TSHUT, JIBe rpymniibl Marserur,
Has Tas Abg; 1016 TPOWJIUT xpomura, Al- WJIBMEHUT
LIMTUHEb
Grd 0,6x0,6 8-yronb- To xe Fas; g5 Fsyz 65 Fsjo,1Wo439;  Meppuur Menkue, ABapyur, TaHUT, OpmHa Tpymmna Her
Has Abg, 501 7 KpYITHBIE KaMacCHT, XpoMUTa
TPOUITUT
Gr5 1,3x1,7 4-yronb- Het Fazj o; Fsy35; Fsy32Wo393;  ®Topanarur, meppunur  Kpynseie, ABapyurt, TO9HUT, To xe Marnetut
Has Abg; ,0rg » MeEJIKHE TPOWJIUT
Gr6 0,6x0,7 bmmskas k IlpepoiBuc- Fays¢; Fsyp 55 Fsg sWoy44 45 XJiopanaTur To xe ABapyuT, TOHUT, " " Her
OKpYIVION Tas Abg ¢Orp KaMacHT,
TPOUJTUT
Gr7 0,8x1,5 5-yronb- To xe Faz; s5; 1) Fsyy 75 2) Fsy7; To xe Menkue To xe JIBe rpynmbl Houur
Has Fsg 7Wo44 8, 1) Abgg gOr3 o; XpoMUTa
2) Abys 1Org3
17
Grl Gr2 Gr3 Grd Grd Gro Gr7
Kommonent | CpenHee SD* CpenHee SD Cpenxee SD Cpenxee SD CpenHee SD Cpenxee SD Cpenxee SD
(50)** (57) 47) (98) (35) 93) (82)
SiO, 37,0 0,7 36,9 1,0 36,1 0,5 37,0 0,5 35,9 0,4 38,2 0,5 37,6 0,5
Al O3 < 0,01 0,02 0,09 0,15 0,07 0,11 <0,02 0,03 0,11 0,14 < 0,01 0,02 <0,02 0,03
MgO 34,6 1,8 35,4 0,9 30,6 0,5 33,6 0,9 34,0 0,9 38,2 0,4 34,3 0,6
TiO, < 0,02 0,03 < 0,02 0,02 <0,02 0,02 <0,02 0,02 < 0,02 0,02 <0,02 0,02 <0,02 0,02
CaO 0,07 0,09 0,10 0,08 0,04 0,02 0,08 0,03 0,10 0,29 0,10 0,02 0,04 0,04
FeO 27,9 1,9 26,6 1,2 32,2 0,8 29,2 1,1 28,5 1,0 23,5 0,6 28,2 0,6
MnO 0,29 0,07 0,34 0,07 0,42 0,06 0,30 0,05 0,33 0,05 0,43 0,06 0,44 0,06
Cr,03 0,05 0,06 0,09 0,18 0,06 0,04 0,05 0,05 0,07 0,05 0,08 0,05 0,05 0,04
P,0Os5 0,06 0,13 0,06 0,08 0,05 0,07 0,06 0,05 0,05 0,05 <0,03 0,04 0,04 0,04
Cymma 100,05 1,0 99,53 1,1 99,67 0,8 100,46 0,8 99,21 0,7 100,57 0,8 100,75 0,6
Fa 31,2 2,5 29,6 1,3 37,1 0,8 32,8 1,3 32,0 1,2 25,6 0,6 31,5 0,8
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Grl Gr2 Gr3 Gr4 Gr5 Gro Grl
Kowmnonent | Cpennee SD CpenHee SD CpenHee SD Cpenxee SD Cpenxee SD CpenHee SD Cpennee (7) | SD | 1 aHanu3
(6) 19) (24) (38) (10) (73)
SiO, 54,2 1,8 54,3 2,2 54,0 1,1 54,4 1,3 52,8 1,6 55,2 0,6 55,9 0,83 58,0
Al,O3 0,42 0,10 0,56 0,13 0,44 0,24 0,60 0,16 0,50 0,06 0,29 0,03 0,18 0,06 0,47
MgO 28,4 1,2 27,8 0,7 27,6 0,6 27,6 0,7 27,9 1,2 28,3 0,2 28,1 1,56 36,2
TiO, 0,17 0,04 0,17 0,03 0,15 0,07 0,18 0,05 0,20 0,06 0,22 0,04 0,12 0,04 0,04
CaO 0,79 0,17 0,68 0,14 0,83 0,36 0,88 0,54 1,15 1,26 1,12 0,07 1,00 0,79 0,39
FeO 15,6 1,6 15,4 1,3 15,4 0,5 15,5 1,1 15,7 0,9 14,2 0,5 15,1 3,13 3,21
MnO 0,35 0,06 0,37 0,07 0,42 0,05 0,38 0,06 0,39 0,06 0,43 0,07 0,51 0,30 0,26
Cr,03 0,23 0,08 0,20 0,03 0,24 0,58 0,25 0,12 0,23 0,04 0,24 0,03 0,24 0,32 0,70
P,05 0,05 0,09 0,06 0,07 < 0,02 0,06 < 0,03 0,07 0,04 0,06 < 0,01 0,02 < 0,01 0,01 < 0,01
V,0;3 He omp. — < 0,02 0,02 <0,03 0,03 <0,01 0,02 <0,03 0,05 < 0,01 0,01 < 0,00 0,01 <0,02
Na,O 0,06 0,03 0,04 0,05 0,06 0,06 0,05 0,04 0,06 0,04 <0,03 0,02 0,05 0,06 0,08
Cymma 100,37 1,1 99,68 1,0 99,20 1,1 99,99 0,8 99,11 0,7 100,20 0,7 101,19 0,69 99,41
Fs 23,2 1,6 23,4 1,5 23,4 0,8 23,6 1,5 23,5 1,0 21,5 0,7 22,7 4,66 4,71
En 75,3 1,6 75,3 1,4 75,0 0,8 74,7 1,3 74,3 3,1 76,3 0,7 75,4 4,42 94,6
Wo 1,52 0,4 1,32 0,3 1,62 0,7 1,72 1,1 2,19 2,4 2,17 0,1 1,94 1,53 0,74
18(2)
Grl Gr2 Gr3 Gr4 Gr5 Gro Grl
KoMnonent | 0 e (6) SD Cpennee (9) SD Cpennee(12) SD Cpennee (53) SD Cpenee (4) SD Cpentiee (16) SD Cpentiee (3)
SiO, 53,5 1,6 53,2 1,7 52,5 0,6 52,9 0,9 51,1 3,6 53,5 0,5 53,2
Al,O3 1,54 0,7 1,94 0,9 1,16 0,1 1,82 0,3 1,79 1,2 0,63 0,05 0,73
MgO 15,8 0,5 15,6 1,0 15,6 0,5 15,5 0,9 16,8 3,3 16,2 0,3 16,5
TiO, 0,53 0,06 0,53 0,12 0,36 0,08 0,55 0,09 0,47 0,11 0,56 0,08 0,31
CaO 20,6 0,9 19,7 3,2 21,9 0,5 20,6 1,6 18,8 4,9 21,6 0,4 22,1
FeO 6,57 1,5 6,89 2,6 5,84 0,8 6,09 1,3 8,53 5,5 5,80 0,3 5,53
MnO 0,15 0,08 0,19 0,06 0,17 0,03 0,19 0,06 0,17 0,06 0,20 0,05 0,18
Cr,03 0,71 0,13 0,92 0,29 0,68 0,08 0,89 0,13 0,72 0,14 0,67 0,07 0,54
P,054 0,07 0,05 0,28 0,54 0,04 0,07 0,03 0,05 0,04 0,04 < 0,01 0,02 0,07
V,03 He omp. — 0,09 0,05 He omp. — 0,07 0,02 0,05 0,06 0,05 0,02 <0,03
Na,O 0,78 0,07 1,04 0,4 0,65 0,09 0,99 0,17 0,94 0,48 0,46 0,04 0,49
Cymma 100,16 1,0 100,35 1,1 98,92 0,9 99,81 0,6 99,48 1,0 99,79 0,6 99,79
Fs 10,7 2,1 11,5 4.4 9,46 1,2 10,1 2,0 13,2 7,0 9,30 0,5 8,73
En 46,0 1,3 46,5 3,0 45,1 0,9 46,0 2,0 47,5 5,1 46,3 0,8 46,5
Wo 43,2 2,3 42,0 6,7 45,4 1,1 43,9 3,8 39,3 12,0 44.4 0,9 44,8




Grl Gr2 Gr3 Gr4 Gr5 Gro Gr1

Kownoment . vee (5| sD Cpemiee (2) | Cpenee (2) 1 ananus Cpentiee (6) SD Cpeniee (14) SD Cpentee (7)| SD | 1 ananus
SiO, 63,1 1,2 61,6 62,3 61,3 62,7 1,1 63,2 0,6 66,5 0,80 45,8
Al,O3 22,1 0,7 21,4 22,1 21,5 22,9 0,5 22,4 0,2 20,3 0,32 32,2
MgO 0,45 0,38 0,40 0,21 1,02 0,15 0,10 0,05 0,04 0,19 0,28 0,71
TiO, 0,06 0,04 0,04 0,04 <0,03 <0,03 0,04 0,05 0,03 < 0,01 0,01 0,05
CaO 3,53 0,1 3,56 3,42 3,50 3,77 0,1 3,88 0,1 1,26 0,17 16,14
FeO 1,29 0,3 2,18 1,45 1,45 0,88 0,05 0,88 0,08 1,04 0,10 1,84
MnO < 0,01 0,02 < 0,01 0,04 0,04 < 0,01 0,01 < 0,02 0,02 <0,02 0,03 < 0,00
Cr,03 < 0,03 0,03 0,06 < 0,02 0,00 <0,02 0,03 < 0,02 0,02 <0,02 0,02 <0,03
P,05 0,08 0,08 0,07 0,06 0,75 <0,03 0,02 < 0,01 0,01 0,06 0,09 < 0,01
Na,0 9,32 0,45 8,63 8,40 9,51 9,14 0,1 9,21 0,3 9,96 1,10 1,59
K,O 0,06 0,03 < 0,02 0,09 0,13 0,04 0,02 < 0,02 0,03 0,53 0,06 0,04
Cymma 100,05 1,5 97,98 98,13 99,18 99,72 1,4 99,76 0,89 99,81 1,18 98,31
Ab 82,4 0,9 81,3 81,1 82,5 81,2 0,6 81,0 0,4 90,5 1,10 15,19
An 17,3 1,0 18,5 18,3 16,8 18,5 0,7 18,9 0,5 6,36 0,82 84,7
Or 0,36 0,15 0,15 0,61 0,74 0,23 0,13 0,11 0,16 3,19 0,63 0,7

20

Anatut Meppunut
KommoneHT Grl Gr2 Gr3 Gr5 Gro Gr7 Grl Gr2 Gr3 Gréd Gr5
1 anaym3 | CpenHee Cpennee SD Cpennee | CpenHee SD CpenHee Cpennee | 1 ananmus | 1 ananms | 1 ananms | CpenHee SD
(5) (6) (3) (€] ()] (3) (5)

SiO, 0,45 0,32 6 0,88 0,67 0,33 1,01 0,7 0,59 3 0,16 0,85 0,16 0,87 0,54 0,37

Al,O3 0,14 0,08 7 0,05 0,06 < 0,03 0,11 0,07 0,11 0 0,24 0,55 < 0,01 0,16 0,06 0,07

MgO 0,18 0,15 4 0,71 0,39 0,64 0,44 0,41 0,29 9 2,93 3,97 3,22 3,60 3,51 0,4

CaO 52,6 52,7 53,2 2,5 51,0 51,3 0,3 51,7 44,8 43,3 45,8 42,1 45,0 1,1

FeO 1,38 1,60 2,26 1,5 1,49 2,50 0,4 1,94 1,74 2,42 2,01 4,33 2,03 0,7

MnO 0,05 <0,03 3 0,04 0,03 < 0,03 0,04 0,04 <0,02 2 <0,02 <0,01 <0,00 0,05 <0,03 0,03

P,054 41,7 39,8 39,5 2,3 40,4 39,7 1,5 39,2 45,3 41,7 46,6 42,7 44,3 1,1

Na,O < 0,01 0,50 ,08 0,23 0,34 0,68 0,54 0,10 0,40 8 2,55 3,21 2,28 2,59 2,77 0,2

K,O0 <0,02 <0,02 2 <0,01 0,02 <0,00 <0,00 — < 0,01 1 <0,03 < 0,00 0,04 <0,00 <0,03 0,01

F 5,23 1,17 2,41 0,4 2,39 1,48 0,1 1,07 0,64 0,69 < 0,00 0,59 0,73 0,07

Cl 0,41 3,60 0,70 0,13 2,21 3,53 0,4 4,19 < 0,01 0,38 < 0,00 0,05 <0,03 0,02

Cymma 102,15 99,92 100,06 1,6 99,14 100,63 1,3 99,44 98,36 97,06 100,14 97,06 98,99 1,2
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Grl Gr2 Gr3 Gr4 Gr5 Gro Grl
KommoneHT CpenHee SD Cpenxee SD CpenHee SD CpenHee SD Cpennee (7) SD CpenHee SD CpenHee SD
(28) (14) (15) (15) (15) (14)

Cr 0,04 0,02 0,04 0,02 0,05 0,06 0,07 0,04 0,04 0,02 0,05 0,03 0,04 0,03

Fe 62,8 0,8 63,2 0,6 62,5 0,6 63,1 0,5 63,3 0,5 63,1 0,3 63,4 0,7

Ni 0,07 0,09 0,07 0,04 0,16 0,18 0,06 0,05 0,07 0,05 0,06 0,07 0,18 0,09

Si 0,04 0,04 0,06 0,08 0,06 0,03 0,12 0,06 0,04 0,03 0,07 0,06 0,06 0,03

Cu < 0,01 0,01 < 0,03 0,04 0,06 0,08 < 0,02 0,03 < 0,01 0,02 < 0,01 0,02 < 0,02 0,03

Co <0,03 0,04 < 0,03 0,04 0,06 0,06 0,07 0,05 0,04 0,04 0,06 0,05 0,10 0,06

S 36,7 1,4 35,7 0,6 36,1 0,7 36,1 0,7 35,3 0,6 35,2 0,6 36,1 0,7

P < 0,00 0,00 < 0,01 0,02 <0,02 0,02 < 0,01 0,02 < 0,01 0,02 < 0,01 0,01 < 0,01 0,01

Cymma 99,63 1,2 99,05 0,9 99,05 0,7 99,49 0,8 98,83 0,7 98,60 0,5 99,91 1,2

23(1)

ABapyut ToHut Kawmacur

Kowmrio- Grl Gr3 Grd Grd Gro Gr1 Gr2 Gr3 Grd Gr5 Gro Gr1 Gr2 Grd Gro | Grl

HeHt |Cpen-| SD [Cpen-| SD [Cpen-| SD |[Cpen-| SD |Cpen-|Cpen-| SD |Cpen-| SD 1 Cpen-| SD 1 Cpen-| SD [Cpen-| SD 1 Cpen-| SD 1 1

Hee Hee Hee (9) Hee Hee (2)| Hee Hee aHanu3| Hee anayms(Hee (5) Hee ananms|Hee (7) aHanu3faHanM3
(19) (22) (25) (11 (24) (13) (18)

Cr <0,03 0,03 0,04 0,03 0,04 0,04 0,04 004 0,04 0,08 005 0,14 0,03<0,03 0,06 0,05 0,05 0,15 0,21 0,06 0,05 0,04 0,00 0,03 0,15 0,59
Fe 35,8 2,5 364 1,8 38,5 2,7 35,6 1,9 39,3 41,7 1,1 49,2 1,3 59,0 49,1 1,6 454 478 2,1 60,1 9,0 959 933 I,I 89,9 91,0
Ni 61,1 2,6 60,8 2,0 61,0 2,7 61,2 1,9 58,8 57,3 1,1 50,0 2,0 42,2 498 1,6 50,7 51,2 2,2 38,1 8,5 4,27 4,29 0,7 4,07 4,47
Si <0,02 0,01 0,10 0,04 0,09 0,02 006 0,03 0,09 0,11 0,03 0,08 006 0,09 0,18 0,11 <0,03 0,10 0,03 0,10 0,12 0,10 0,09 0,05 0,15 0,10
Cu 0,07 0,06 0,04 0,06 <0,02 0,04 <0,03 0,05 0,11 0,10 0,06 0,14 0,05 0,13 0,14 0,05<0,03 0,11 0,08 0,09 0,05 0,10<0,03 0,03<0,00<0,00
Co 2,39 0,3 2,44 0,3 1,77 0,3 2,63 04 1,73 1,75 0,4 045 0,04 045 048 0,26 5,08 0,64 0,53 1,51 0,3 2,21 1,99 0,2 2,87 0,38
S 0,07 0,08 0,04 0,04 <0,02 0,02 0,08 0,12<0,01 <0,03 0,02<0,03 0,05<0,03 0,04 0,03 0,02 0,05 0,02<0,03 0,02<0,03<0,03 0,03<0,03 0,09
P <0,00 — <0,01 0,01 <0,01 0,01 <001 0,01<0,00<0,01 0,02 0,04 0,23<0,00<0,03 0,01 0,07<0,02 0,01<0,01 0,02<0,00<0,01 0,03 0,07 <0,00
Cymma 99,44 0,7 99,87 1,1 101,53 0,4 99,67 1,0 100,00 101,06 0,8 100,07 0,9 101,85 99,78 1,0 101,46 100,05 1,2 100,02 1,2 102,66 99,83 1,3 97,21 96,65

23(2)



Grl Gr2 Gr3 Gr4 Gr5 Gro Grl
Komrmonent | Cpennee SD Cpennee | Cpennee | CpenHee SD 1 anamm3 | Cpennee | CpenHee SD CpenHee SD CpenHee SD Cpennee SD CpenHee
(11) (3) (2 (10) (3) (6) (3) (5) (12) (2)
SiO, 0,22 0,59 0,27 0,28 0,53 1,00 0,24 0,33 0,53 0,30 0,18 0,02 0,33 0,12 0,17 0,23 0,24
AlLO; 1,4 06 379 145 10,5 0,3 6,89 54,7 145 0,5 11,9 0,1 7,50 0,1 395 0,1 6,21
MgO 3,14 03 1,82 2,19 3,17 03 221 11,2 2,00 0,1 338 0,0 1,38 0,1 1,87 0,1 6,64
TiO, 4,00 0,2 1,50 2,93 324 05 2,09 1,06 2,89 05 363 0,0 4,40 0,1 2,86 0,2 0,87
CaO 0,08 0,07 0,17 0,16 0,39 0,58 0,08 0,10 0,07 0,03 0,07 0,02 0,05 0,02 0,10 0,05 0,12
FeO* 3,1 1,6 28,8 32,3 30,3 1,8 30,4 233 325 03 30,9 0,1 332 04 31,5 07 23,2
Fe,05* 1,73 1,3 3,09 1,88 300 1,3 6,79 0,33 1,98 2.7 1,75 0,1 0,07 0,15 0,91 0,58 0,86
MnO 0,30 0,04 0,44 0,32 0,39 0,09 0,44 0,14 0,33 0,09 0,37 0,06 0,40 0,02 0,52 0,07 0,50
Cr,03 46,4 0,8 58,3 43,1 47,0 1,3 49,0 7,20 43,1 1,4 45,9 0,1 50,7 0,9 57,4 0,9 62,1
V,03 0,48 0,10 0,71 0,47 0,61 0,11 0,67 0,37 0,42 0,09 0,54 0,00 0,62 0,02 0,68 0,05 0,73
Cymma 98,79 0,6 98,89 98,23 99,09 0,94 98,81 98,70 98,51 1,1 98,55 0,4 98,72 0,7 99,93 1,3 101,43
24
KommnoneHt Kpbimka KceHnomutel B xoHapure Kpbivka Murchison Renazzo
[2] Grl (112) Gr2 (227) Gr3 (205) Grd (95) Grs (220) Gr7 (89) K1 (55) [22] [22]
Sio, 40,1 37,0 35,6 33,6 35,5 34,8 35,4 31,7 33,9 34,8
ALO;3 2,93 3,39 4,79 4,81 3,21 2,86 4,57 2,03 2,53 2,43
Na,O 0,84 1,57 1,66 1,29 1,01 1,21 1,72 0,35 0,49 0,57
MgO 25,0 25,9 23,1 22,2 24,7 25,1 25,3 22,7 23,4 24.4
FeO* 25,3 26,9 27,7 31,8 29,7 29,2 28,2 36,3 31,1 32,3
MnO 0,34 0,26 0,22 0,32 0,29 0,25 0,35 0,28 0,25 0,25
Ca0 1,88 1,86 2,01 1,60 1,62 1,96 1,17 1,08 2,19 1,83
K,O 0,07 0,09 0,01 0,03 0,03 0,06 0,07 0,02 0,05 0,04
TiO, 0,14 0,13 0,12 0,12 0,13 0,12 0,08 0,07 He orp. He omp.
P,0Os 0,20 0,15 0,36 0,44 0,30 0,59 0,37 < 0,00" " "
Cr03 0,52 0,54 0,56 0,53 0,58 0,60 0,38 0,45 0,53 0,58
Ni 1,15 0,47 1,01 0,81 1,25 0,80 0,63 1,50 1,65 1,39
S 2,20 1,62 2,86 2,51 1,73 2,44 1,70 3,57 3,76 1,35
Cymma 100,61 100,00 100,01 100,00 100,00 99,99 100,00 100,00 100,00 100,00
Cymma anaaum. — 93,97 93,50 94,59 97,82 92,00 96,79 96,38 82,96 97,31
FeO/(FeO+MgO) 0,50 0,51 0,54 0,59 0,55 0,54 0,53 0,62 0,57 0,57

30



Howmep KommnoHneHT LlupxoHonur [Teposckur Pyrun
obpasia a, HM b, HM ¢, HM i Vv, um3 a, HM Vv, um3 a, HM ¢, HM
1 LHwupxoHomuT, mepoBckut (~30) 1,246 (1) 0,718 (1) 1,132 (1) 100,597° (170) 0,994 3,810 (5) 0,055 — —
2 LnpkoHOIUT, IEPOBCKUT (~5) 1,245 (1) 0,711 (8) 1,157 (1) 100,410 (085) 1,007 0,381 (1) 0,055 — —
3 LHwupxoHomuT, mepoBckut (~40) 1,246 (2) 0,718 (2) 1,132 (1) 100,590 (650) 0,995 0,384 (1) 0,056 — —
4 To xe 1,246 (2) 0,718 (2) 1,132 (1) 100,583 (069) 0,995 0,385 (1) 0,057 — —
5 LupxoHomuTt, mepoBckut (~10), 1,251 (1) 0,716 (1) 1,130 (1) 100,156 (165) 0,997 0,382 (1) 0,056 0,459 (1) 0,296 (1)
pytui (~5)
6 To xe 1,245 (1) 0,711 (1) 1,156 (1) 100,227 (114) 1,008 0,382 (1) 0,056 0,458 (1) 0,296 (1)
7 LnpkoHOIMT, TIEPOBCKUT (~5), 1,245 (1) 0,714 (1) 1,161 (1) 100,078 (081) 1,015 0,382 (1) 0,056 0,459 (1) 0,265 (1)
pyrun (~5)
8 LHwupxoHomuTt, mepoBckut (~20) 1,252 (1) 0,718 (1) 1,136 (1) 100,548 (068) 1,004 0,382 (1) 0,056 — —
9 LupkoHOMMT, TIEPOBCKUT (~7) 1,249 (1) 0,718 (1) 1,129 (1) 100,307 (211) 0,996 0,382 (1) 0,056 — —
10 LwupxoHomuTt, mepoBckut (~10), 1,252 (1) 0,716 (2) 1,133 (1) 100,093 (174) 1,000 0,384 (1) 0,057 0,459 (1) 0,297 (1)
pyruin (~5)
47
®pakuns, MM ppm N3oTonHbIE OTHOLIEHUS Bospacr, MiH et Th/U
U Pb 206 phy/Ph204 | 206ph,/207Ph | 206Ph/208Ph | 206Ph*/233Ph | 207Ph*/235Ph | 206Ph/238ph | 207Ph,/235Pb 207ph,/206Ph (Mor.)
Keapyum, nipo6a 92-343 (ckB. 624-B, uHT. 438—455 M, HUXKHETYISUTIONbCKAsT TTOCBUTA)
Hcxonnas 331 132 914 4,7285 4,7984 0,32189 8,8211 1799 2320 2816 0,241
HM 0,07-0,1 301 128 1410 4,8653 5,4587 0,35363 9,6218 1952 2399 2804 0.248
HM 0,04—-0,07 391 135 943 4,9393 5,2301 0,28337 7,4232 1608 2164 2742 0,186
HM < 0,04 495 157 917 4,9484 5,1140 0,26000 6,7844 1490 2084 2736 0,149
Pocosoobmankoso-ouomumossiii enetic, mpoda 89-458 (ckB. 692-b, UHT. 654,5—663 M, cpeaHETyIANIONbCKAST TTOICBUTA)
Hcxonnas 997 382 27250 7,369 22,884 0,37794 7,0534 2067 2118 2169 0,033
> 0,1 784 291 14240 7,458 27,396 0,36864 6,7752 2023 2082 2142 0,037
0,07-0,1 799 179 7710 7,200 25,005 0,22132 4,1913 1289 1672 2194 0,034
0,05—0,07 842 334 12020 6,879 23,124 0,38761 7,7201 2112 2199 2281 0,034
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T 1 | 2 | 3 4 5 | 6 | 7 | 8 | 9 | 10 | 11 | 12 | 13 | 14 15 | 16 17 18 19 20 21 | 22 | 23 24
SiO, 28,75 46,95 45,79 46,59 46,95 47,46 46,92 47,55 47,40 48,25 48,17 48,14 49,81 50,05 37,20 37,60 35,39 38,05 38,35 51,02 47,80 34,20 32,85 0,71
TiO, 0,06 0,20 0,02 0,08 0,03 0,03 0,08 008 0,03 002 0,02 0,02 He 0,03 0,04 0,05 0,02 0,01 0,02 He 0,28 1,29 1,12 0,27

OOH. OOH.
AlLO3 He 0,54 1,44 1,29 0,63 0,95 1,02 0,44 0,74 045 0,80 0,84 0,71 1,63 20,90 20,70 22,16 19,00 21,43 He 10,17 18,00 17,23 0,63
orp. OOH.
Fe,03 " 0,76 3,44 0,25 041 He 0,26 0,60 1,08 He 0,88 0,49 2,16 0,18 1,18 1,43 1,69 0,29 He 0,80 0,86 3,04 1,37 64,61
OOH. O0H. O0H.
FeO 66,72 44,90 41,66 43,46 43,53 4224 41,94 40,60 40,47 40,60 40,27 38,89 18,96 20,67 34,18 32,47 33,72 40,23 34,09 33,30 19,15 23,70 26,43 31,68
MnO He 0,12 049 0,11 0,14 0,20 040 0,12 0,22 0,38 0,17 0,21 0,67 0,10 092 0,38 0,87 0,30 1,34 1,15 0,25 0,09 0,06 Cremst
orp.
MgO 3,65 543 582 7,00 722 7,74 8,06 880 896 898 926 10,26 6,16 7,00 3,06 2,50 1,94 083 244 9,30 17,67 7,14 8,08 0,21
CaO 0,28 0,37 0,64 1,40 0,77 0,70 0,82 1,68 0,84 0,53 0,56 0,56 19,87 20,02 2,22 502 3,34 0,60 2,22 1,50 0,92 0,05 0,58 0,23
Na,O0 He 0,10 0,05 0,10 0,10 0,16 0,10 0,10 0,14 0,10 0,10 0,10 0,15 0,30 0,20 0,16 0,10 0,19 0,10 He 1,00 0,20 0,20 He
orp. O0H orp.
K,O " 020 0,00 0,00 0,10 0,10 0,18 0,10 0,10 0,08 0,04 0,10 0,08 0,10 0,05 0,10 0,20 0,03 0,05 " " Cumemnm 8,40 6,80 "
H,0~ He 0,23 0,02 He He He 0,08 He He 0,05 He He 0,46 He He He 0,02 0,02 He 0,58 Toxe 0,40 He 0,19
OO0H. OOH. O0OH. OOH. OOH.  OOH. O0OH.  OOH OOH. OOH. OOH. O0H. OOH.
Moo 038 040 036 " " 0,15 0,32 He 0,15 0,11 04 " " 027 072 0,19 030 " " 029 038 0,10 2,00 2,28 3,74 558 0,80
O0H.
Cymma 99,84 100,20 99,83 100,38 100,03 99,90 99,86 100,22 100,09 99,90 100,27 99,88 99,75 100,27 100,35 100,41 99,74 100,03 100,24 99,65 100,38 100,50 100,40 99,84
P, r/CM3 He He 3,657 3,771 3,785 3,774 3,753 3,789 3,757 3,777 3,750 3,771 He 3,546 4,160 4,051 4,086 He 4,140 He He He 3,152 He
omp.  orp. orp. omp. ofnp. Omp. Omp. omp.
foﬁm 91,1 82,5 81,3 77,8 77,4 755 748 72,5 72,3 719 71,4 684 66,3 62,5 86,9 88,5 91,3 96,5 89,0 67,9 39,1 67,6 65,8 —
a — 0,8 1,5 3,1 1,6 1,5 1,8 3,6 1,8 1,2 1,3 1,3 43,9 434 — — — — — — — — —
ng; 1 1,857 1,767 1,765 1,761 1,760 1,758 1,757 1,754 1,754 1,753 1,753 1,749 1,740 1,737 1,807 1,805 1,810 1,820 1,810 1,695 1,673 1,657 1,655 He
omp.
2V, —53 82 —80 =76 =76 =74 =73 =71 =71 =70 —69 —66 +59 +58 — — — — +88 +85 — — —
rpang
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KomnoneHT | 1 2 | 3 4 5 6 7 8 9 10 11 12 | 13 | 14 | 15 | 16 | 17

SiO, 38,53 35,96 39,20 46,90 43,75 43,47 36,27 35,26 35,06 35,61 35,86 34,90 35,17 34,45 33,29 24,93 0,10
TiO, 0,07 Crnensr 0,02 0,61 0,81 0,73 1,58 2,77 0,86 2,30 3,40 2,51 2,14 3,16 2,39 0,57 Crnensr
AlLO3 21,07 20,90 19,79 9,01 11,35 10,52 17,46 16,50 19,24 18,26 19,21 16,76 17,40 17,00 20,62 18,68 0,05
Fe,05 1,15 1,67 1,29 3,44 5,20 3,70 2,04 1,77 1,24 2,31 Crnenst 0,53 1,20 3,44 0,13 4,17 0,22
FeO 32,18 34,55 32,49 9,09 12,06 15,23 12,64 16,66 17,81 15,80 17,60 19,97 20,40 18,39 21,55 31,68 He omp.
MnO 0,14 0,37 0,53 0,35 0,32 0,75 0,20 0,26 0,04 0,28 0,02 0,24 0,20 0,24 0,01 0,22 Cnensr
MgO 5,26 4,69 4,21 14,06 11,00 9,00 16,60 12,78 12,56 11,76 10,79 10,62 10,38 9,60 8,06 9,10 0,04
CaO 1,27 1,16 1,82 13,26 11,57 12,49 0,89 0,88 1,06 0,56 0,17 0,84 0,98 0,96 1,29 0,06 55,05
Na,O 0,20 0,10 0,05 0,90 1,00 1,00 0,20 0,50 0,30 0,50 0,06 0,50 0,20 0,20 0,24 0,10 Cnensr
K,0 0,24 Cnenst He o6H. 0,60 0,70 0,80 8,80 8,44 8,20 8,60 9,20 8,60 8,20 7,80 8,70 Cnenpt He omp.
F He omp. He omp. He omp. 0,09 0,08 0,08 0,15 0,20 0,20 0,19 0,50 0,20 0,10 0,10 0,15 He omp. 2,38
H,0~ He o6H. 0,10 0,04 He o6H. He o6H. He o6H. He o06H. 0,40 He o6H. 0,56 0,32 0,20 He o6H. He o6H. He 00H. 0,12 0,08
IM. m. m. 0,05 0,08 0,30 2,04 2,37 2,72 3,66 3,58 3,89 3,77 3,53 4,14 4,04 4,97 4,00 10,57 0,16
Cymma 100,16 99,58 99,74 100,40 100,21 100,49 100,49 100,00 100,46 100,50 100,72 100,01 100,41 100,31 100,43 100,20 101,13
p, T/cM3 4,114 4,22 He omp. 3,181 3,168 3,220 2,918 2,947 3,009 3,060 He ormp. 3,024 3,102 3,030 3,036 He omp. 3,20
Joow 78,1 81,3 82,0 33,4 46,6 54,7 33,2 44,8 45,9 46,3 47,8 52,2 54,1 55,9 60,2 68,7 —
ng; N 1,798 1,802 1,803 1,669 1,681 1,688 1,614 1,638 1,635 1,627 1,651 1,653 1,641 1,644 1,648 He omp. He omp.
2V, rpan — — — —80 =74 —68 — — — — — — — — — — —

76



SiO, 46,72 40,06 44,11 51,24 52,02 58,20 50,00 38,68 48,72 53,94 53,08 50,48 52,64 60,22 54,96 57,88 61,80 60,90 48,43 18,91
TiO, 0,47 0,01 0,14 Cnemzet 0,08 0,13 1,20 0,11 Cpemmt 0,10 0,11 0,26 0,05 0,10 0,9 1,02 066 047 1,14 0,03

510 096 123 1,22 806 1,13 030 144 1,33 1,75 0,64 1,13 18,91 17,24 16,34 13,49 1504 0,64
Fe,03 7,35 18,38 3,14 967 7,45 2328 12,00 28,40 24,07 19,74 1950 11,87 14,70 14,80 2,64 339 1,84 3,15 344 7,22

FeO 28,88 30,74 34,50 20,74 22,47 14,70 24,87 25,70 21,96 17,98 19,62 27,75 25,73 16,56 4,89 3,83 4,53 10,56 10,15 9,57
MnO 0,10 0,22 0,05 048 040 0,09 0,09 0,019 0,05 0,04 0,09 0,08 0,07 006 0,09 0,12 0,09 0,10 0,09 0,41
MgO 5,36 5,68 7,76 4,67 12,02 0,86 1,28 2,06 3,06 228 192 384 293 3,33 343 303 2,53 296 11,90 13,85
CaO 1,60 2,76 0,08 997 1,23 068 044 1,25 1,27 2,30 3,21 2,04 208 2,32 6,22 6,51 450 1,16 1,85 25,86
Na,O 0,67 0,12 0,12 0,24 0,24 0,08 0,24 0,22 0,02 0,24 030 047 0,02 0,00 3,92 3,02 380 05 1,10 0,12
K,O 1,76 Cnempr 2,60 Cnemer 0,24 0,11 1,00 0,05 Cmemer 0,50 0,11 0,18 0,04 0,22 2,58 2,02 1,82 3,88 3,00 0,04
P,0s5 0,20 0,33 He 0,06 0,09 He 0,06 0,03 0,06 0,10 0,03 0,13 0,10 0,05 0,23 044 0,33 0,08 0,13 0,13

orp. O0H.
SO;3 Cnenpt Cnegpr " " He He 0,08 He 0,20 He Cnemst 0,07 0,13 Cnenmt 0,14 0,11 0,34 He Crenst He He
omp.  orp. orp. orp. orp. omp.  Ofp.
S 0,17 0,28 " " 1,77 0,12 0,02 0,07 0,02 0,02 0,10 0,01 0,08 0,25 0,06 0,12 026 029 1,09 0,20 0,23
CO, 0,51 0,02 " " He He 0,46 He 1,80 0,17 0,31 0,22 048 0,51 0,44 0,51 092 0,52 142 0,56 21,24
omp.  orp. orp.
H,O~ 0,15 0,14 0,05 0,10 0,06 He 0,08 He He 0,07 He He 0,08 He He He 0,03 0,10 0,18 0,11
O0H. 00H. 0OH O0H.  OOH. O0H. OOH. OOH.

Mmno 08 057 1,9 1,37 202 0,07 1,07 054 043 047 039 046 026 034 0,58 022 079 014 250 1,14
Cymma 99,63 99,65 99,64 101,27 99,67 99,98 100,46 100,38 100,33 99,61 99,99 100,00 100,26 99,87 100,09 100,24 99,87 100,40 99,71 99,85
Fodun 78,8 82,5 730 78,2 580 959 940 933 88,9 898 91,6 849 882 83,5 545 564 582 71,9 386 —
£ 0,19 035 007 030 023 059 030 050 050 050 047 028 034 045 033 044 026 021 023 040
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T,°C Pogus MIMa

Howmep [Taparenesuc Po-I'p Prn-Mn I'p-bu Por-bu Por-ITn Pr-I'p Pn-On-Ks
o6pasia [12] [ [12] | [23] | [4] [12] [12] [12] [12] [19]
311 (Dagl’l + PH31’3 + rp36’9 + KB, Mr 805 820 — — — — — — — 510
663 ®a g5 + Prigy 5 + I'pgs s + KB, MT, Bu, Kym 590 600 — — — — — — 480 420

7 Ongg—gs* + Priyg* + I'p + Kym ¢o* + KB, MT, — — — — — — — — — —

Por, bu [13]

254 Pn3* + I'pgg s + KB, MT 695 — — — — — — — 780 —
299 Pl'[75’5 + Fp91,3 + Mt 670 660 — — — — — — 670 —
16/53 P + I'p, Kym, bu, Mt [13] — — — — — — — — — —
623 Mg 3 + Kymgy 9 + Mt + P, Ks — — — — 710 — — — — —
310 Pn ¢34 + Mn + Kym + KB, Mt — — — — 730 — — — — —
309 Pny; 4 £ M + Kym + KB, Mt — — — — — — — — — —
307 Pn;; 9 £ M + Mr + Kb — — — — 760 — — — — —
296 Prizy 3 + Mr + I'p, Por, bu, KB — — — — — — — — — —
302 Pl'[72’5 + Ml'[62’5 + KB, Mr — — 800 850 760 — — — — —
189 Pnyy g + Kym + KB, MT — — — — — — — — — —
297 Pny; 4 £ Mn + Ks, Mr, Por — — — — 800 — — — — —
295 Pny; 5 + KB, Mr + I'p, M — — — — — — — — — —
619 Kym + Mt + Pn, bu — — — — — — — — — —
315 PO]‘33’4 + BI/I33’2 + H.H33 + KB, K — — — — — — 670 500 — —
322 P0r46,6 + BI/I44’3 + H.H35 + KB — — — — — — 660 540 — —
320 Porsy 7 + Busy  + I3y + Ks — — — — — — 640 520 — —
306 I'psg1 + Buysg + Cun + I, Ks + K — — — — — 640 — — — —
484 I'pg; 3 + buyyg + I'd + Iinyg + Kb £ Cunt, K — — — — — 620 — — — —
308 I'pg7* + Bugs g+ Kn — — — — — 650 — — — —
255 rpgg + BI/I67’6 — — — — — 650 — — — —
316 Prig* + bu + XKemzg | + sy — — — — — — — — — —
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CrparudikoBaHi YTBOPEHHSI

[1nyTOHIYHiI YTBOpEHHSI

DopmaliiitHi miapo3aian

Crparurpadivyni migposainu

dopmaltiiitHi migposaiau

[Minpo3minu MicieBoi

LIKATU
Crpykryp- | ®opma- ®Dopwmarrist [Taparenepa- Cepist Csita [Tincsita ®Dopwmarrist ®daza Kommekc
Ho-opMma- | 1iliHUIT st
LifHi psin
KOMIUIEKCU
. bepasincbka Tonanit- OcurneHKiBCbKUI
PionanuroBa _ _ Miario- _
rpaHiTHa
Konrnomepar- OcureHKkiB-
MiCKOBUKOBO- — cbka — — — —
TJIMHO3EMUCTO-CJIaHLIEBA
Tydonasosa 3
AHIIE3UTO- Bepxus IT daza
Tonamit- | OcamoBo- OazarbTOBa labpo-
3€JICHO- | BYJIKAHO- (KT-3)
KaM’siHUit | TeHHUM
labpo-
Matakomariit-toneitoBa | YapTpatasu- | KoHkcbka Copo- CepenHst MipoK- I daza ManuHiBcbKUit 2
TOBa KMHCbKa CEHIT-
(KT-2) JIYHiTOBa
bazurtoBa Huxus niabazoBa I daza 1
(KT-1)
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Kowmrmo- 99-91 (220,0) 102-94-1 102-94-2 102-94-3 102-94-4 102-94-5 102-94-6 102-94-7 102-94-8
HEHT b 1 B 2 B 3 B 4 b 5 A 6 B 7 A 8 B 9
Si0; 39,53 4508 3743 4281 39,59 4536 39,64 4494 39,18 4537 4443 4932 3454 40,13 36,70 4127 3850 4321
TiO2 0,19 022 020 023 019 022 022 025 017 020 0,13 0,14 028 033 028 031 034 038
ALO3 1,85 2,11 1,88 2,15 1,85 212 250 2,83 1,42 1,64 1,69 1,88 227 264 235 264 200 224
Fex0s 735 10,99 8,06 6,97 725 11,06 6,58 6,70 8,71 9,26 8,57
FeO 3,02 _ 330 12,07 3,09 10,73 3,23 334 1072 3,13 10,17 4,17 1395 3,84 13,69 3,88 13,02
MnO 0,14 0,16 012 014 012 014 0,11 012 019 022 013 014 019 022 019 021 019 021
MgO 34,80 39,68 3560 40,72 3420 39,18 33,70 3821 32,10 37,17 32,60 36,19 29,10 3381 2820 31,71 2680 30,08
Ca0 1,40 1,60 1,40 1,60 1,82 208 2,00 238 392 454 1,82 2,02 748 869 896 10,08 952 10,68
Na20 0,10 0,11 0,21 024 012 014 015 018 010 0,12 010 011 0,17 020 005 006 0,11 0,12
K20 0,03 0,03 0,03 003 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,02 0,02
P,0s 0,02 0,02 0,01 0,01 002 002 0,02 002 001 0,01 002 002 0,02 002 002 002 004 0,04
SO3 0,25 0,23 0,23 0,25 0,20 0,42 0,13 0,12 0,05
B.mm 11,70 _ 12,02 11,79 1131 12,82 — 912 12,67 1042 10,50 _
Cyma 100,38 100,00 100,49 100,00 100,00 100,00 100,49 100,00 100,04 100,00 100,03 100,00 99,74 100,00 100,40 100,00 100,52 100,00
CO» 0,69 0,96 1,38 1,24 3,03 0,69 4,95 3,58 3,57
H.0 0,56 _ 0,63 — 051 — 066 048 — 051 023 025 04l _
Kommo- 102-94-9 103-94 (213,0) 103-94 (173,0) 103-94 (61,0) 103-94 (57,0) 103-94 (52,0) 103-94 (42,1) 103-94 (21,0) 103-94 (20,8)
HEHT b 10 A 11 B 12 b 13 b 14 B 15 A 16 B 17 A 18
Si0; 3891 45,15 38,76 4434 38,56 4483 3275 41,90 42,02 4723 3907 44,53 41,72 47,16 4126 4681 39,77 4556
TiO2 026 030 0,24 025 029 0,10 013 0,11 012 015 017 016 018 0,17 019 025 029
ALO3 1,73 2,01 1,95 027 222 258 092 1,18 1,07 120 257 293 157 1,77 1,46 1,66 234 2,68
Fe20s 7,70 7,75 8,31 3,32 7,36 7,52 7,18 7,10 7,98
FeO 352 12,12 302 1143 391 1324 330 805 251 1026 294 11,06 2,69 1034 2,69 1030 3,41 12,13
MnO 0,15 0,17 012 014 014 016 015 019 0,11 012 012 014 010 0,11 009 010 015 0,17
MgO 30,80 35,73 3440 3934 2730 31,73 27,70 3545 3510 3945 34,00 38,76 34,00 3843 3440 39,03 30,00 34,36
Ca0 378 439 1,82 208 602 7,00 10,08 12,90 1,26 1,42 1,96 223 1,68 1,90 1,54 1,75 406 4,65
Na20 0,09 0,10 0,11 0,13 0,11 0,13 0,09 012 014 016 012 014 007 008 007 008 0,11 0,13
K20 0,02 0,02 002 002 002 002 002 003 002 002 002 002 002 002 002 002 002 002
P,0s 0,01 0,01 002 002 002 002 004 005 002 002 002 002 001 0,01 0,05 0,06 0,01 0,01
SO3 0,05 0,14 0,05 0,05 0,05 0,05 0,05 0,05 0,05
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B.mm. 12,59 _ 12,07 — 1362 21,85 10,79 — 11,51 1125 — 11,64 1220 _
Cyma 99,61 100,00 10042 100,00 100,53 100,00 100,37 100,00 100,56 100,00 100,05 100,00 100,50 100,00 100,54 100,00 100,35 100,00
COs 4,81 1,65 8,25 16,22 0,55 1,10 0,69 0,55 4,67
H0 0,43 _ 0,18 029 025 035 042 039 035 025 _
Komro- 103-94 (20,5) 71-95 (527.,2) 75-95 (139,5) 81-95-1 (235,6) 82-95-1 82-95-2a 5-96 (388,6) 5-96 (288,7)
HeHT B 19 H 20 H 21 B 22 A 23 A 24 A 25 H 26
Si0, 41,87 4849 4132 4696 4190 4332 37,11 4521 38,96 46,31 3526 43,07 29,16 3559 26,63 34,43
TiO2 0,36 0,42 0,25 0,28 0,64 0,66 0,15 0,18 0,13 0,15 0,12 0,15 0,33 0,40 0,23 0,30
ALO3 9,12 10,56 2,61 2,97 18,04 18,66 111 1,35 1,08 1,28 1,19 1,45 527 6,43 3,54 4,58
Fex03 1,08 3,77 2,68 291 3,00 5,09 8,05 8,82
FeO 2,69 424 7,26 12,11 11,64 14,53 521 9,54 5,96 10,29 3,74 10,16 7,83 18,40 2,59 13,61
MnO 0,09 0,10 0,18 0,20 0,16 0,17 0,11 0,13 0,09 0,11 0,18 0,22 0,32 0,41
MgO 10,40 12,04 27,10 30,80 9,80 10,13 0,11 0,13 3330 3958 29,50 36,03 2660 3247 2380 30,78
Ca0 16,80 19,46 5,60 6,36 7,84 8,11 28,00 34,11 1,82 2,16 7.28 8,89 511 6,24 11,62 15,03
Na20 0,39 0,45 0,15 0,17 2,50 2,59 7,70 9,38 0,05 0,06 0,10 0,12 0,16 0,20 0,25 0,32
K20 3,54 4,10 0,02 0,02 1,74 1,80 0,05 0,06 0,02 0,02 0,01 0,01 0,03 0,04 0,41 0,53
P,0s 0,12 0,14 0,11 0,13 0,03 0,03 0,02 0,02 0,02 0,02 0,01 0,01 0,01 0,01 0,01 0,01
SO3 0,40 0,05 0,05 0,05 0,02 0,14 0,30 0,51 0,44
B.m . 13,22 11,50 _ 3,02 __ 18,08 1561 _ 17.81 1689 2123 _
Cyma 100,08 100,00 99,92 100,00 100,04 100,00 100,52 100,00 100,20 100,00 100,50 100,00 100,13 100,00 99,89 100,00
COs 11,96 5,36 0,08 11,00 481 10,45 9,35 17,32
H0 0,07 _ 0,35 _ 0,02 _ 0,46 _ 0,23 _ 0,61 _ 043 _ 0,46 _
Komro- 11-96 (204,4) 13-96 (278.5) 13-96 (154,8) 13-96 (82,0) 13-96 (67,0) 13-96 (66,0) 14-96 (239,1) 16-96 (240,1)
HeHT H 27 H 28 H 29 H 30 H 31 H 32 H 33 H 34
Si0, 48,11 49,13 53,96 55,01 57,48 58,64 55,17 56,54 50,17 51,79 4585 48,83 52,01 52,81 4206 4629
TiO2 0,43 0,44 0,31 0,32 0,35 0,36 0,18 0,18 0,39 0,40 0,54 0,58 0,71 0,72 0,10 0,11
ALO; 12,92 13,19 6,95 7,09 8,87 9,05 8,87 9,09 9,45 9,76 10,00 10,65 7,81 7,93 6,64 7,31
Fex03 1,63 0,16 0,41 0,61 0,73 0,93 1,84 3,81
FeO 8,12 9,79 2,26 2,45 2,12 2,54 3,30 3,94 3,59 438 442 5,60 9,16 10,98 5,78 10,13
MnO 0,21 0,21 0,05 0,05 0,06 0,06 0,05 0,05 0,06 0,06 0,07 0,07 0,18 0,18 0,14 0,15
MgO 10,40 10,62 13,50 13,76 10,40 10,61 11,40 11,68 11,20 11,57 10,40 11,07 13,20 1340 2790 30,70
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Kowmro- 11-96 (204,4) 13-96 (278,5) 13-96 (154,8) 13-96 (82,0) 13-96 (67,0) 13-96 (66,0) 14-96 (239,1) 16-96 (240,1)
HEHT H 27 H 28 H 29 H 30 H 31 H 32 H 33 H 34
CaO 15,12 15,44 17,92 18,27 14,28 14,57 13,30 13,63 16,80 17,35 16,38 17,44 12,18 12,37 4,62 5,08
Na,O 0,89 0,91 1,07 1,09 1,50 1,53 0,89 0,91 1,33 1,37 0,89 0,95 1,31 1,33 0,17 0,19
KO 0,23 0,23 1,83 1,87 2,41 2,46 3,79 3,88 3,14 3,24 4,36 4,64 0,22 0,22 0,03 0,03
P2Os 0,04 0,04 0,09 0,09 0,18 0,18 0,10 0,10 0,08 0,08 0,16 0,17 0,06 0,06 0,01 0,01
SO3 0,05 — 0,05 — 0,05 — 0,13 — 0,16 — 0,25 — 0,05 — 0,50 -
B.m mo. 2,00 — 1,95 — 2,35 — 2,12 — 3,34 — 5,95 — 1,55 — 8,01 —
Cyma 100,15 100,00 100,10 100,00 100,46 100,00 99,91 100,00 100,44 100,00 100,20 100,00 100,28 100,00 99,77 100,00
CO2 0,16 — 1,02 — 1,57 — 1,18 - 2,17 - 4,84 - 0,14 — 0,22 —
H,O 0,08 — 0,10 — 0,02 — 0,13 — 0,17 — 0,29 — 0,05 — 0,14 —
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