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BoBTHUCHKUY KpaTep Yy IJeHTPaAbHIN YacTHHI YKPAIHCHKOTO IIUTA € CKAAQAHOO iIMIIAKTHOO
CTPYKTYPOIO, sIKa YTBOpPeHa T'AMOOKHUM BHYTPIIITHIM KpaTePOM 3 IIeHTPAaABHUM MAHATTAM Y IEeHTPI
Ta nepudepiiHoIO Aenpeciero. BHYTPIlIHIN KpaTep 3all0BHEHUN MOTY>KHOIO KiABIIEIIOAIOHOIO
TOBILEIO YAQPHOPO3IAABACHUX IIOPIA, IIJ0 OTOYYE IIeHTPAaAbHE MAHATTA. TOBIY CKAGAQIOTH ABA
TOAOBHI THIIM IIOPiA;: MIKpOIIOP(hipOBi MOPOAY 31 CKAYBATOIO MATPUIIEIO Ta IOPOAU 3 KPUCTAAIU-
HOIO MaTpuliero. [Topoau 31 CKAyBaTOIO MaTpHUIlEI0 YTBOPUANCS 3a@ 3aCTUTaHHS CYyXOro IMIIaKTHO-
T'O PO3IAABY, TOAL IK IOPOAU 3 KPUCTAAIYHOIO MaTpHUIlelo ChOPMOBaHI Y KpalOBUX YaCTUHAX
TOBIIII ITiA, B3AEMOAIEIO PO3MIAABY 3 IOBEPXHEBUMM BOAAMU Ta IIOPOAAMHY, IO MICTITh BOAy. BceTa-
HOBA€HO, IIJ0 BOBTHCBEKA CTPYKTypa YTBOPUAACS BHACAIAOK IAAIHHS XOHAPUTOBOTO acTepoipa
65,17+ 0,64 MAH POKIB TOMY Ha KPeHASHO-TIaA€OTeHOBOMY PyOesKi OAHOYACHO 3 KparepoM Yikcy-
Ay6 y Mekcuti, aKuii CHpUYMHUB MacOBe BUMUPaAHHS OPraHivHOIO CBITY HAIIPUKIHII Me3030I0.

The Boltysh crater in the central part of the Ukrainian Shield is a complex impact structure
composed by a deep inner crater with a central uplift and a peripheral depression. The powerful
annular sheet of impact melt rocks fills the inner crater around the central uplift. Two main
types of impact melt rocks are presented in the sheet: the microporphyric rocks with glassy
matrix and rocks with crystalline matrix without any glass. While the glassy matrix melt rocks
are the product of solidification of a dry melt, the crystalline matrix melt rocks were formed in
the marginal zones of the sheet by interaction with water and water-bearing substances. The age
of the Boltysh structure is 65,17+ 0,64 Ma that is an evidence of its formation at the Cretaceous-
Tertiary boundary simultaneously with the Chixhulub crater in Mexico, which caused a mass

life extinction at the end of the Mesozoic.

BoAThIIICKag UMOAaKTHad CTPYKTypa AllaMeT-
poM 24 KM ABASIeTCS KPYITHEUIIIUM KpaTepoM Ha
YKpanHCKOM IIWUTe U BO BCel I0KHOM YyacTu Boc-
TouHO-EBpOIEecKoM NAaTQOpMbl. XOTSI UHTEHCUB-
HOe M3y4yeHNre KpaTepa Kak UMIIaKTHOYU CTPYKTY-
PBI IPOAOAIKAeTC yrKe DoAaee 35 AeT CO BpeMe-
HU AOKa3aTeAbCTBA €r0 YAAPHO-METEOPUTHOTO IIPOo-
ucxoxxpenus [['onyOeB Ta iH., 1974; MacauTtuc,
1974], HOBBIY UMIIYABC AAS BCECTOPOHHETO U3Y-
YeHUs CBSI3aH C YCTaHOBAEHUEM ero 00pa3oBaHUs
Ha MeA-TIaAeOTeHOBOM pyOeske 65 MAH AeT Ha3aa,
[Kelley, Gurov, 2002; Watson et al., 2009]. Oco-
OBl UHTEpEC K U3YUYEHUIO CTPYKTYPHI OIIpe-Ae-
ASIeTCSI CAEAYIOIIUMHU ee OCOOEHHOCTIMU.

BoATBIIICKasA CTPYKTypa — BTOPOM N3BECTHBIN
Ha ITIOBEPXHOCTHU 3eMAN KpaTep, 00pa30BaBUIUICS
65 MAH AeT Ha3ap Ha MeA-IlareoreHOBOM pyOe-
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>Ke OAHOBPEMEHHO C TUTaHTCKUM KpaTepoM Huk-
CcyAyO B Mekcuke, OIpeAEAUBIIUM KaTacTpodu-
JecKHe COOBITHS M MacCOBOe BEIMUPAHMe Opra-
HUYeCKOTO MUpPA B KOHIIE Me3030MCKOM 3PHIL.

[MToAHast cOXpaHHOCTL KpaTepa U U3y4eHHOCTb
OypPOBEIMHM PaOOTaMU ITO3BOASIOT PACCMATPUBATh
€ro KaK 3TaAOH CAOKHOU MMIIAKTHOM CTPYKTY-
PBI C IIeHTPAABHBIM ITOAHATHEM, 0OpPa30BaHHOU
B KpucTtamudeckux nopopax [['ypos, I'yposa,
1991; Gurov et al., 1995].

B cTpyKType cOpEP KUTCS YHUKAABHASA 3aAeKb
YAQPHOPACIAABAEHHBIX IIOPOA AuaMeTpom 11—
12 XM, U3y4eHHEe KOTOPOU ABASETCS KAIOYOM K
OIIpeAeAeHHMIO COCTaBa KpaTepooOpasylollero
TeAd ¥ BpeMeHM 00pa3oBaHUs KpaTepa.

Leab HacToamen paboTel — onucanue boa-
TBIIICKOW UMIIAKTHOU CTPYKTYPEL, IPU 3TOM OC-
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HOBHOe BHUMaHNe YAeAeHO NU3YYEHUIO CTPOEeHUS
1 COCTaBa TOAIIY YAAPHOPACIAABAECHHBIX IIOPOA,
Panee noaryyeHHEBIe pe3yAbTaTH AOTIOAHEHBI AQH-
HBIMU MCCAEAOBaHMSA OCOOEHHOCTEMN IeTporpa-
pryeckoro, MUHEPaAbHOTO ¥ F€OXUMUYECKOI'0
COCTaBa yAAPHOPACHAABAEHHBIX IIOPOA C IpHU-
MeHeHUeM ONTHYEeCKOM U SAeKTPOHHON MUKPO-
CKOIINH, @ TaK)Ke AEKTPOHHO- U BOAHOAUCIIED-
CHOHHOTI'O aHAAU30B (DAA) (CKAaHUPYIOLIUN SAEK-
TpOHHBIN MUKpOCcKoIl (COM) Geol-6490 LV, muk-
poanaauzatopbl EDS INCAx-act, WDS INCA
Energy*,Oxford). [Ipu nccrepoBaHUM MUHEDPAAD-
HBIX pa3 U UX XUMHUYeCcKoro cocraBa Ha COM
IPUMEHSIAVICH PEJKUMBI BTOPUYHBIX U OTPa’keH-
HBIX 9AEKTPOHOB; SHEPrOAVCIIEPCUOHHBIN CITEKT-
POMETP UCIIOAB30BAACSI B PESKUME PEHTTeHOBCKO-
o KapTUPOBAHUS, CBI3BIBAIOIET0 XUMUUYECKUHI
aHaAM3 B TOUKE C KOOpAWHATaMMU Ha IIOBEPXHO-
cTU 00pa3sna, KapTUPOBAHUS BAOAL BEIOPaHHOU
AUHUN U B peXuMe TOYeYHOTO MHKpPOaHaAW3a
3aA@HHOM 30HEI pa3MepoM IIOpsAKa 1 MKM.

I'eonrornyeckoe crpoeHue Kparepa u yCAO-
BUS 3aAeraHus B HeM yAapHOpacIAaBA€H-
HBIX MOPOA. CTpoeHHe BOATHIIICKON CTPYKTY-
PBI U3y4eHO IO MaTepHaraM MHOTOUYMCAE€HHBIX
CKB&)KUH, NPOOYPEHHBIX IIPU pa3BeAKe MeCTO-
POKAEHMSI FOPIOUMX CAQHIIEB, F€OAOTOCHEMOY-
HBIX paboTax M HEKOTOPHIX OOAee MO3AHUX HC-
caepoBaHmax [Watson et al., 2009; Bacc u ap.,
1967]. TToAHBIN pa3pe3 CTPYKTYpPH B ee Hambo-
Aee TAyOOKOM 4aCTU BCKPBIT CKB. 11475, pacmo-
AOKEHHOM Ha PACCTOSTHUU 3,5 KM K IOTO-3allaAy
OT IIeHTpa KpaTepa M OKOAO 1,8 KM — OT Kpas
IIOBEPXHOCTH IIEHTPAABHOTO MOAHATHUS (pHC. 1).
B 1984 r. B r0r0-3aN1aAHOU YaCTH CTPYKTYPHL ObIAQ
npoOypeHa cKB. 50 rAyOmHOM 736 M AAS U3yde-
HUS TOAIIA YAQPHOTO paclnAaBa M AeMOHCTpa-
ouu KepHa yuyacTHuKaM XXVII ceccun Mexpy-
HaApOAHOI'O reOAOTHMYecKOro KoHrpecca [['ypos,
Psibenko, 1984; Crieve et al., 1987]. B 2008 r. B
3allapAHOM YaCTH KpaTepa II0 HalleMy HNPOEKTY
IO 3aKa3dy U Ha cpeAcTBa OTKPBITOrO YHHUBED-

Puc. 1. CxemaTnueckas KapTa BOATBHIIICKOW UMIAKTHOU CTPYKTYphl. KOAB-
neo6pa3Hasl 3ane’Xb YAQPHOPACIAABACHHLIX IIOPOA 3aHUMaeT TAYyOOKHH
BHYTPEHHHUH KpaTep CTPYKTYypHI. [ToKa3zaHO MOAOJKeHUe pa3pesa M0 AMHUU
cKkBa)XXUH (I—I) 1 HEKOTOPBIX OTAEABHBIX CKBa)XWH: | — yAapHOpPACIIAAB-
A€HHBIe IIOPOABI; 2 — KpPHUCTAAHYeCKHe IIOPOABI OCHOBAHMS Kparepa; 3 —
TPeIIMHOBATOCTL M APOOAeHMe IOpoA OCHOBaHUs. [locTyapapHBIE OCap04-

HEbIE O6paSOBaHI/IH CHATHI.
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cureTa B BeannkoOpuTanuu npoOypeHa CKB. 42
rAyouHou 597,8 M AAS U3yUeHHs BepXHero ro-
PHU30HTa YAQPHOPACHAABAEHHBIX IIOPOA U IIOA-
HOT'O pa3pes3a TOAIIM IIOCTKpaTepPHBIX OTAOXKe-
HUY, HAKOIIAeHUEe KOTOPBIX HAaUYaAOCh HEIIOCPEA-
CTBEHHO Ha MeA-TlaAeOreHOBOM pybOeske [Watson
et al., 2009].

OcHOBHBIE OCOOEHHOCTH CTPOEHHUS CTPYKTY-
PEI PACCMOTPEHBI B MHOTOUUCAEHHBIX ITyOAUKA-
nuax [I'ypos, I'yposa, 1991; Baabrep, Psibenko,
1977 T'eonorus ..., 1980 u ap.]. B HacTog1ie pa-
0oTe cTpoeHUe CTPYKTYpPhl OXapaKTepu30BaHO,
TAQBHBIM 00pa30M, [0 MaTepUaraM IyOANKALANA
[Gurov et al., 1995; I'ypos, I'oxuk, 2006; Gurov
et al., 2003].

BoAThINICKasgd MMIIAKTHAA CTPYKTypa pacIo-
AOJKEHA B [IEHTPAABHOU YaCTU YKPAWHCKOTO IIH-
Ta B OacceiiHe p. TgacMuH, IIpaBOro IpUTOKA
p. AHenp. B peabede oHa IpepcTaBA€HA B BUAE
IIOAOTOM M30METPUUYECKOU B IIA@HE AEIIPECCHH,
rAyOuHa KOoTopol cocTaBageT 140—160 M Hap
YPOBHEM MOPS B ee IeHTPaAbHOM YacTH U IIO-
BhITIaeTcst A0 180—200 M Ha KpasgX Hap PeAuK-
TaMU 3POAMPOBAHHOI'O KOPEHHOro Bana. K 11eHT-
Py Aelpeccuu IO papUuaAbHBIM HAIpaBAEHUSIM
TEKYT YeTbIpe HeOOABIIINe PeYKU, KOTOpPBIe IPU
CAMAHUM 00pas3yloT p. TacmuH. AoanHa p. Tdac-
MHH B BUAe HerAyOOKOTO KaHBOHA IIpoOpe3aeT
KOPEHHOM BaA KpaTepa B ero CeBepo-3allapAHOMN
4acTu B pauoHe r. KaMeHKa.

AnaMeTp KpaTepa IO Kpailo BOPOHKU B IIO-
BEPXHOCTHU IIOPOA AOKEMOPHUICKOTO KPUCTAAAN-
YeCKOI'0 OCHOBAHUS COCTaBASeT Ha COBpPeMeH-
HOM ypPOBHE Cpe3a OKOAO 24 KM. VICXOAHBIN AU-
aMeTp KpaTepa 1o TpebHI0 KOPEeHHOTO BaAa, 1o
oneHke B paborax [['ypos, I'oxxuk, 2000; Amuu-
yeHKo, 2005], coctaBasin okoao 30 kM. Ha coBpe-
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MeHHOU IOBEPXHOCTU CTPYKTypPa IIePeKphITa PhIX-
ABIMU YE€TBEPTUYHBIMU OTAOKEHUSIMHU, U TOABKO
B ee CeBepOo-3allaAHOM YacTH B AOAMHe p. Tsc-
MMH BCKPBITHI KaTaKAQ3WPOBAHHbBIE TPAHUTHI 3PO-
AUPOBAHHOTO KOPEHHOI'O Baha. B To BpeMst Kak
HACBIITHOM BaA CTPYKTYPHI YHUUTOJKEH 3PO3HeEN,
BOKPYT Hee Ha MAOIIAaAU OKOAO 6500 kM2 coxpa-
HUAVCH PEAMKTHI IIOKPOBa 3aKpaTepPHBIX BEIOPO-
COB, MPEACTABAEHHBIX TOAIEN OpeKuYuil Kpuc-
TAAAMYECKHX IIOPOA OCHOBAHMS KpaTepa MOIIl-
HOCTBIO AO IIEPBEIX AeCATKOB MeTpoB [Gurov et
al., 2003; I'ypos, Baasrep, 1977 I'ypoB, XMeAb-
HUIKMM, 1996]. OGAOMKY TTOPOA ¥ MUHEPAAOB B
OpeKUYnSIX COAEPIKAT OTYETAUBLIE IPU3HAKU YAAP-
HOTO MeTaMop(H3Ma, YTO OAHO3HAUHO AOKAa3bl-
BaeT UX IIPOUCXOKAEHUE B PE3YAbBTATE OTAOKE-
HHSI OOAOMOYHOTO U IILIA€BATOTO MaTePHang, BbI-
OpOIIIEHHOTO M3 KpaTepa o OaAAUCTUYECKUM Tpa-
€KTOPUSIM.

BOATBIIICKUA KpaTep MPeACTaBAEH CAOKHOU
UMIIaKTHOMN CTPYKTYPOU C IIeHTPAABHBIM ITOAHS-
TeM (puc. 1, 2). LleBTparbHyro, HauboOAee TAy-
OOKYIO ee 4aCThb 3aHMMAET KOAbIIeOOPa3HbIN BHYT-
PEeHHUM KpaTep, B eHTpe KOTOPOIr'o BO3BHIIIA-
eTCsl CAOKEeHHOe OpeKUYMpPOBAHHLIMU I'DAHUTA-
MU U THelicaMu nopHgTHe. Ero pAuamMeTp OKOAO
4 KM II0 HOBEPXHOCTH, BbICcOTa — A0 580 M Hap
UCTUHHBIM AHOM CTPYKTYpPHL. [I0BEpXHOCTH MOA-
HATUSA UMEEeT IINAaTOOOPa3HBIU CAa00 pacYreHeH-
HBIA peAabed C OTHOCUTEABHBIMU IIPEBBIIIEHUSI-
Mu A0 100 M: rAyOMHA 3aneraHus ITOBEPXHOCTU
U3MeHdeTCsd OT 423 M B CeBEPHOU 4aCTU ITOAHS-
TUsA (CKB. 9828) A0 526 M B IleHTpPaAbHOU ero Ya-
cTu (cKB. 9819). BHemIHMN AaMeTp BHyTPEHHe-
ro KpaTrepa paseH 11—12 kM, rayOBHa — OKOAO
400 M OT TOBEPXHOCTHU CAOKEHHOTI'O TOPHOM MY-
KOU AHA CTPYKTYPBI AO €r0 Kpaes 1 OKOAO 950 M
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Puc. 2. Cxematuueckuii paspe3 (I—I) yanapHOpacnAaBA€HHBIX IIOPOA B IIeHTPAABHOM YacTU Boa-
TBIIIICKON CTPYKTYPHL. [lorpy’keHue MCTUHHOTO AHA CTPYKTYPHI IIOA TOAILY YAQPHOPACIAaBAEH-
HBIX IIOPOA Ha Kpasx 'AyOOKOro BHYTpeHHero KpaTepa HaOAIOAaeTcsl Ha IpUMepe pa3pe3oB CKB.
9839, 9833, 50 u 11 475 B ee 10TO-3amapAHOM YacTu M cKB. 9827, 9832 u 9834 B ceBepo-BOCTOUYHOU
yacTu: | — IOCTyAa@pHBIE OCAAOUYHEBIE OTAOJKEHUS; 2 — yAQPHOpACIAaBAEHHEBIE ITIOPOABL; 3 — aa-
AOTeHHBIEe O6peKuny; 4 — MOPOABI KPUCTAAAUIECKOTO OCHOBAHUSI.
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OT AHA AO YPOBHS COBPEMEHHOM ITOBEPXHOCTH.
BHyTpeHHUI KpaTep 3allOAHEH YAQPHOPACIIAAGB-
AEHHBIMHM IIOPOAAMU, 3I0BUTAMU U aAAOT'€HHBI-
MU OPEKUMSIMU.

INlepudepnyeckasa 4acTb UMIAKTHOU CTPYK-
TypBI BOKPYT BHYTPEHHEro Kparepa o6pa3oBaHa
MEAKOMN KOABIIEBOM Aellpeccrel, TAyOrHa KOTO-
po¥ Ha Kpalo BHYTPeHHEro KpaTepa COCTaBASIET
0KOAO 500 M M HOCTENeHHO yMEHBIIAeTCS A0
BBIXOAQ Ha MMOBEPXHOCTH Y TOAHOXKbSI 9POAUPO-
BaHHOTO KOPEeHHOTO BaAa. CTpoeHNe KpaeB BHYT-
peHHero KpaTepa U ero COOTHOIIeHUe C Iepu-
(pepUdYeCcKOM’ KOABIIEBOU ACIIPECCHUEN IIPOCAEIKU-
BAlOTCSl B IIpepeAax MPOMUAS CKBa)XUH IO IIO-
TPY’KEHMIO AHA 3TOU AEIIPECCUU IIOA TOAILY YAQP-
HOPACIAABAEHHBIX IIOPOA, 3AIIOAHSAIONIUX BHYT-
peHHuM Kpatep (puc. 2). B 1oro-3zanapHoOU 4acTu
CTPYKTYPHI KAaTaKAAQ3UPOBAHHbBIE TPAHUTHL OCHO-
BaHUs B cKB. 9839 Ha paccTosiHUU 4 KM OT Kpas
BHYTPEHHErO KpaTepa 3aAeraroT Ha rayOnHe 468 M
U Ha eTo Kpalo, B CKB. 9833, — Ha rayOuHe 518 M.
B cks. 50 Ha paccrogaum 0,9 kM oT ckB. 9833 K
LIeHTPy KpaTepa Ha TAyOuHe 573 M BCKPHBITA I10-
BEPXHOCTH 3I0BUTOB U yAQPHOPACIAABAEHHBIX
nopop,. ['To aTuM A@HHBIM, Kpasi BHYTPEHHero Kpa-
Tepa Ha 55 M BO3BBIIIAIOTCS HaA IIOBEPXHOCTHIO
3aAe’KU YAAPHOPACIIAABAEHHEBIX ITIOPOA, @ UCTUH-
HOe AHO CTPYKTYpPHI B CKB. 50 morpyskaeTcs Ha
rAyouny 6onee 736 M. B ceBepo-BOCTOUHOM Yac-
T MMIIAKTHOM CTPYKTYPHI Kpasi BHYTpPeHHEro
KpaTepa B KPHUCTAaAAMUYECKUX IIOPOAAX B CKB.
9832 maxopdarca Ha rayounre 580 M, B cKB. 9827
Ha PacCTOSHUU 2 KM K IIeHTPy OT Hee IIOBepX-
HOCTb 3I0BUTOB 3aneraeT Ha rayouHe 590 M.

3aneXb YAQPHOPACIAABAEHHBIX IIOPOA, BHI-
TIOAHSIeT BHYTPEHHUM KpaTep KaK HauboAee TAY-
OOKYIO 4aCTh UMIIAKTHOU CTPYKTYPBL U 00pa3y-
€T KOABILleoOpa3Hoe TeAO BOKPYT IJeHTPAaAbLHOT'O
HOAHATHA (pUC. 2). BHyTpeHHUN AuaMeTp 3aie-
K11 OIIpeAeAsdeTcd AUaMeTpoOM I[eHTPaAbHOI'O
MIOAHATHS U COCTaBAsIeT OKOAO 4 kM. [ToBepx-
HOCTB IIOAHSITHS BO3BBIIIIAETCS Hap TIOBEPXHOC-
TBIO 3aA€KH YAAPHOPACIAABAEHHBIX ITOPOA Ha
BBICOTY OKOAO 80—100 M. BHemHuii auameTp
3aAeKU OIPeAeAsieTCsI AMaMeTpOM TAYOOKOIo
BHYTPeHHero KpaTepa UMIIAaKTHON CTPYKTYPHI U
coctaBasgeT 11—12 kM. [Thomiaab 3aAeXKU IO II0-
BEPXHOCTH 0KOAO 90 KM2,

OcHoBaHUe 3areXU YAapPHOPACIAaBAEHHBIX
TIOPOA BCKPBITO CKB. 11 475 B HauboAee TAyOO-
KOM dacTu BOATHIIICKOM CTPYKTYpHl (puc. 3).
3A€eCh IOBEPXHOCTE IEPEKPHITHIX 3I0BUTAMU YAQP-
HOpPACIAABAEHHBIX IIOPOA 3aAeraeT Ha TAyOUHe
581 M. OcHOBaHHe 3ar€KU BCKPBITO Ha I'AyOu-
He 792 M, IIOAHAsI ee MOIITHOCTEL COCTaBAsieT 211 M.
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Huxe B mHTepBare rAyonH 792—915 M B TOA-
11le aAAOTeHHBIX OpeKuyuil B HUHTepBare 875—
891 M BCKPHITO AOKaAbHOEe paiKooOpasHoe (?)
TeAO YAQPHOPACIIAABAEHHEIX IIOPOA, AAMOTeHHEBIE
OpeKYNH 3aAeTaloT Ha IIOBEPXHOCTH TOPHOM My-
KU, caararoiiet uarepBar 915—1065 m. 'opHas
MyKa IIpeACTaBA€HA HeClleMeHTUPOBAHHEIM Ma-
TEepUaAOM, COCTOSIIMM U3 YaCTHUI, MUHEParOB
TPAHUTOB IIeCUaHOUW Pa3MepPHOCTU C PEAKUMH
BKAIOUEHUSIMH OOAOMKOB KaTaKAA3MPOBAHHBIX
rpanuToB. MaTtepBaa ot 1065 M A0 3abosi Ha
rayounHe 1148 M chrararoT cAaOOKaTaKAA3UPOBAH-
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600 600

M

oo o o o Mo o

700 700

S S

PRI IT

800—V.vV

900

940\
1040

+ +
1100 T F
i
ot
M =t

Puc. 3. CxemaTuueckue paspesbl 3aA€KU yAapHOPac-
MIAQBAEHHBIX IIOPOA U IIOPOA OCHOBAHUSA B CKB. 50 (TAy-
Oouna 736 M) u 11 475 (ray6uHa 1148 M) B roro-samap-
HOM uyacTu u CKB. 17 (rayOuna 677,3 M) B BOCTOUHOM
YACTHU CTPYKTYpBL: | — IOCAeyAApHBIE OTAOJKEHUS,;
2 — BO3BpallleHHbIe 3I0BUTHL; 3 — YAQPHOPACIIAABAEH-
HBIe NIOPOABI C KPUCTAAAMUECKOW MaTpunen; 4 — To
JKe C CYIIeCTBEHHO CTEKAOBATOU MATPHUIEH; 5 — aAno-
reHHble OpeKuuy; 6 — ropHasd MyKa; 7 — I'DAHUTHL
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HBle TOP(PUPOOAACTOBBIE OMOTUTOBBIE TPAHUTHI,
copeprKalliye cAaabble IPOSIBAEHUSA YAQPHOTO Me-
Tamopu3sma.

B ckB. 50, pacnoAOKeHHON Ha PacCTOSHUU
4,9 KM OT JeHTpa CTPYKTYpPhl, BCKPLITA KpaeBas
IOro-3alapHas 4acTb 3aAeXU yAAPHOPACIIAAB-
AEHHBIX IIOPOA. 3AECh II0A ITOKPOBOM 3I0BUTOB,
CA@rarommx uHTepBaA 573—595 M, 3areraeT TOA-
I11a YAQPHOPACIIAABAEHHBIX IIOPOA, IIPOCAEKUBA-
IOLIasaca A0 320051 CKBa’KUHEL HA TAyOuHe 736 M.
ITo coxpaHHOCTHU He IIpeTepIeBIINX IAaBAEHUE
OOAOMKOB KBaplIia B 9HAOKOHTAKTE 3aA€KU YAAP-
HOPACIIAABAEHHBIX ITOPOA, (CKB. 11 475) MOLIHOCTD
30HBI 3aKaAKWd B HUX ollpepereHa B 20—25 M.
[To 3TUM AQHHBIM, COXPAHHOCTH OOAOMKOB yAap-
HOMeTaMOp(HU30BaHHOTr'O KBaplia B CKB. 50 B MH-
TepBanAe OT 725 M A0 3a005 IIO3BOASET IIPEATIO-
AQraThb 3aAeraHre OCHOBAHUS TOAIY yAAPHOPAC-
NIAQBAEHHBIX ITOPOA Ha TAyOMHe OKOAO 750 M.
TakuM 06pa3oM, MOITHOCTb BCKPBITOTO pa3pesa
YAQPHOPACIAABAEHHBIX IIOPOA B CKB. 50 paBHa
141 M, a mOAHasE MOITHOCTh 3aA€KM OIleHUBaeT-
ca B 155—160 M.

I'nyOrHa 3areraHus TIOBEPXHOCTH TOAITU YAQD-
HOPACIAABAEHHBIX IOPOA COCTaBASeT 576—591 M
IO pa3pe3y YeThIpexX CKBa’XKUH B IOr0-3allapAHOU
4acTU Kparepa, 562—575 M — B ceBepo-BOC-
TOYHOM €ro 4aCTH, YBEeAWUMBaeTCsd A0 542 M B
CKB. 9852 B KpaeBou ceBepHOU ero dactu. C yde-
TOM COBPEMEHHOro peabeda rAyOMHaA 3anera-
HUS IOBEPXHOCTHU 3aAe’KU OAM3Ka K TOPU30HTa-
A —420 M u coctaBasieT oT —4 10 po —430 M.
BAn3Koe K TOpU30HTAABHOMY 3aAe€TraHUe II0BEPX-
HOCTHU 3aA€’KU PACIA@BHBIX MMIIAKTUTOB CBUAE-
TEeABCTBYET O TOM, YTO BBICOKOTeMIIepaTypPHBIN
MOABVIKHBIM YAQPHBIN paciAaB oOpa3oBaia o3e-
PO BO BHYTPEHHEM KpaTepe BOKPYT IIeHTPaAb-
HOTO IIOAHSTHS, 3alIOAHUB HauboAee TAYOOKYIO
YacTh MMIIAKTHOM CTpPyKTyph!l [['ypoB, I'ypoBa,
1991; Gurov et al., 2003].

BepxHssa yacTh paspesa 3are’ku yaapHopac-
TIAQBAEHHBIX IIOPOA B CEBEPHOM, CeBepPO-BOCTOU-
HOM M BOCTOYHOU YaCTIX CTPYKTYpPhl BCKPHITA
ckB. 21, 9814, 9821 u ApyruMu Ha MOIIHOCTb
10—40 M oT ee moBepxHOCTHU. B ckB. 17, mpo0Oy-
peHHOU B 3,8 KM K BOCTOKY-CEBEPO-BOCTOKY OT
IIeHTpa CTPYKTYPHL (puc. 1, 3), IIoA TOAIEH ITOCT-
KpaTepHBIX 0OCAAKOB B uHTepBaAe oT 580,4 M A0
33005 Ha TAyOuHe 677 M BCKPBITA TOAIIA CAOXK-
HOIlepeCcAamBaloIUXCs 3I0BUTOB U yAapHOpac-
IIAABAEHHEIX IIOPOA. B paspese mpeobaaparoT
3I0BUTHI C BBICOKMM COAep’KaHueM OOAOMKOB
CTeKAA U KPUCTAaAAMUYECKHUX ITOPOA OCHOBAHUA,
IpuYeM COAep KaHUe MOCAEAHUX YacTO AOCTHU-
raetT 40—50 % ob6bema mopop. OGoralleHHBIE
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0OAOMKaMM IIOPOA OCHOBAHUS YAAPHOPACIIAAB-
AE€HHBIE TIOPOABI CAATalOT MHTEePBaAbl 583—587,
628—641 u 658—677 M. BOAbIIasg 4acTb BKAIO-
YeHUN 0OAOMKOB IIOPOA U MUHEPAAOB B HUX He
TpeTeprieAa MAABAEHUS U COXPAHSIET CAEABI YAAP-
HBIX BO3AEMCTBUY, B TOM UMCAE CUCTEMBI IIAQ-
HapHBIX dAeMeHTOB B KBaplie. [1o 3TUM AaHHBIM,
CKB. 17 He BHIIIIAQ U3 30HBI 3aKAaAKU TOAIIU YAAD-
HOPACIAABAEHHBIX IIOPOA,.

B ceBepo-3anapHOM 4acTU BOATEIIICKON CTPY-
KTyphl BEPXHSASA YaCTh 3aA€KU YAQPHOPACIAAB-
AE€HHBIX IIOPOA BCKPEITA CKB. 21. 3peCh ITOA TOA-
e KpaTepHBIX OCAAKOB 3aAeTaeT TOAIA 3F0BU-
TOB B MHTepBare 533—585 M, B cocTaBe KOTO-
PBIX COAepIKaHUE CTEKOA TAABAEHUS COCTaBAS-
eT okoAo 10—20 %, copepskaHue 0OAOMKOB TIO-
poa u muHepanroB pocturaeT 30—50 %. Huke po
320051 CKBa)KUHBI Ha FAyOuHe 599,3 M BCKPBITHI
TOHKO3€ePHUCTHIE TOAHOKPUCTAANYECKIEe MUKPO-
opUpOBLIe YAAPHOPACTIAABAEHHBIE IIOPOABL C
BBICOKMM COAep>KaHHeM BKAIOUEHUU OOAOMKOB
MMHEPaAOB M IIOPOA OCHOBAHMS CTPYKTYPHIL. Kpo-
Me TOTO, Ha TAyOuHe 594 u 588 M B pacHIAaBHBIX
UMTIaKTUTaX HaOAFOAQFOTCSI MHOTOUHNCAEHHBIE BKAIO-
4YeHUs 4aCTull CTekAra. ODAOMKY MUHEPAAOB IIPEA-
CTaBAEHBI KBaplleM M MOAEBBIMU IIIaTaMM, KakK
TpeTepHeBIIUMH TIAaBAEHUE, TaK W COXPAHUB-
LIINMU YAQPHEBIE AeDOPMAIIUU.

B 10r0-BOCTOYHOM YaCTU CTPYKTYPEL B CKB. 42
BEPXHSS YaCTh 3aA€XKHU YAAPHOPACIAABAEHHBIX
TIOPOA, BCKPBITa B MHTEpPBaAe 594,7—597,6 M 1mmop,
croeM 310BUTOB. O6oraliieHHbIe 0OAOMKaMU MU-
HepaAOB pacHAaBHBIE MMIIAKTHUTHI COCTOSIT U3
MEAKUX MUKPOAUTOB ITOAEBHIX HITIATOB B TOHKO-
3epHUCTOU MaTpHIle, He copeprKalllel CTeKAA.

B BOATBHILIICKOM CTPYKType yA@pPHOPAacCIAaB-
AEHHbIe TIOPOABL, KpOMe 3aAesKH B TAYOOKOM BHYT-
peHHeM KpaTepe, 00pa3yioT OTAEAbHBIE AOKAAB-
HBIe TeAra B OpeK4usaxX U OPEeKUYHMPOBAHHBIX I10-
poaax. Teaa pacmAaBHBIX UMIAKTUTOB HEOOAB-
LIIO¥ MOIJHOCTUA YCTAHOBAEHHI B CKB. 19 B Opek-
YMSIX I'PAHUTOB U THEMCOB IT€HTPAABHOTO ITOA-
HaATHg. Hanboaee MOITHOE TEAO paCIAA@BHBIX UM-
MaKTUTOB 3aAeraeT Ha ITOBEPXHOCTU MTOAHATHUS B
uHTepBare 497—501 M HEMOCPEACTBEHHO TIOA
TOALLLEH ITIOCTKPATEPHBIX 0CapKoB. Huxke 1o pas-
pe3y ckB. 19 mMaroMOUIHBIE TeAa PACIAaBHBIX
UMIAKTUTOB 3aA€raloT B TABIOOBBIX OpeKuYUsaX B
uHTepBarax 514—517, 520—522 u 531—532 M.

AOKaAbBHOE TEAO YAAPHOPACIAABAEHHBIX II0-
POA BCKPHITO CKB. 11 475 B TOAIIle aAANOT€HHBIX
Opekuuii B nHTepBare 875—891 M Ha 83 M HUIKe
OCHOBaHUA UX 3arexu (puc. 3). Ilpeanoroxu-
TEABHO, 3AeCh PaCIAaBHBIE UMIIAKTUTHI OOPa3yIoT
CeKkylllee AQMKOOOpa3HOe TeAO HeNPaBUABHOU
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(opMEL B TABIOOBOU OpeKkuuu. [Topoabl TpepCcTaB-
A€HBI TOHKO3ePHUCTBIMU ITOAHOKPUCTAaANYECKU-
MM MUKPOIIOP(UPOBBIMH PAa3HOCTSIMU, aHAAOT Y-
HBIMU [TOPOAAM 3HAOKOHTAKTOBBIX 30H 3aA€7KU.

Ha noBepxHOCTH 3aAeKU yAQPHOPACIIAABAEH-
HBIX I[IOPOA TIOA TOAIEW KpaTepHBIX OCAAKOB
3aAeraeT IPEePBHIBUCTHIN TOKPOB BO3BPallleHHBIX
3I0BHTOB MOIIHOCTBIO AO TIEPBLIX AECSTKOB MET-
poB. B 3amapHO-IOro-3amapHOU YacTU CTPYKTY-
PHL B CKB. 50 3I0BUTHL CAQTAIOT UHTEPBAA OT 573
AO 595 M, B ckB. 42 — ot 581,7 po 594,7, B CKB.
11 475 — ot 557 po 581, B ckB. 21 K ceBepo-
3alaAy OT LeHTpa CTPYKTYphl — OoT 533 p0 570 M.
OTCcyTCTBUE TIOKPOBA 3I0BUTOB Ha IIOBEPXHOCTHU
YAQPHOPACIAABAEHHBIX IIOPOA YCTAHOBAEHO B
HEeKOTOPBIX CKBaykuHax (9817, 9824 u Ap.) B ceBe-
PpO-3amapHOM U CEBEPO-BOCTOYHOM YaCTsAX CTPYK-
Typbl. HepaBHOMepHOe pacIpepereHUe 3I0BU-
TOB IO IIOBEPXHOCTU 3aAE€KU YAAPHOPACIIAAB-
AEHHBIX TIOPOA OIIPEAEASIETCSI OCOOEHHOCTSIMU
Impoliecca UX OTAOYKeHUsI IpU OOpaTHOM Iaje-
HUU B KpaTep BLIOPOIIEHHOTO II0 CyOBEPTUKAADL-
HBIM TPaeKTOpHUSAM MaTepHara. [Ipeaprnonaraet-
CsI, 4YTO 3I0BUTHI OOpPA30BLIBAAU ''TIA@BAIOIIHME
OCTpoBa" Ha NMOBEPXHOCTU YAAPHOPACIIAABAECH-
HBIX IIOPOA, TaK Kak IMAOTHOCTE 3I0BUTOB COCTaB-
asgeT 2,35+ 0,07 r/cM3 10 cpaBHEHHUIO C IIAOTHO-
CTBIO YAAQPHOPACIAABAEHHBIX IIOPOA KpaTepa,
pasHoit 2,50+ 0,10 r/cm3,

Ha moBepxHOCTH TOAIIM YAQPHOPACIAABAECH-
HBIX IIOPOA U 3I0BUTOB 3aAeraloT IIOCTKpaTep-
Hble OTAOKEHUSI — Pa3AUYHBIE TUIIHI OCAAKOB
KpaTepHOro o3epa. BOATHIIICKUY KpaTep Helo-
CPeACTBEHHO ITOCAe OOpa30BaHMS IIPEACTABASIA
CcO0OI OKPYTABIM B IIAQHE CyXOU OacCeUH TAy-
OMHOM B IIeHTPaAbHOU YacTh OKOAO 500 M, OK-
PY’KEHHBIN IIPUIOAHATHIM BaroM. Hakonnaenue
OCAAKOB U 3allOAHeHUe aTMOC(epHBIMU BOAAMU
HA4YanAOCh B HauboAee TAYyOOKOM 4acTHU KpaTrepa
BOKPYT II€HTPAABHOTO OAHATUSA Ha TOpsAYel II0-
BEPXHOCTH YAQPHOPACIAABAEHHBIX IIOPOA U BO3-
BpallleHHBIX 3I0BUTOB, YTO CTAAO BO3MOIKHBIM
mocae ee oxaaxkperus Huxke 100 °C [Gurov et
al., 2006]. B ocHOBaHUM OCAAOUYHOM TOAIITU 3aAe-
raloT aAeBPUTO-TAMHUCTBIE CAA0OCIIEMEeHTHUPO-
BaHHEBIE IIOPOABL (CKB. 21, 42, 11 475 u Ap.) uan
mecuaHuKMU ¢ KapOOHATHBIM IleMeHTOM (CKB. 17,
50). B mopoaax HabAIOAQIOTCSI MAAOMOIITHBIE TIPO-
CAOM OCaAO0YHBIX Opekunii. BzauMopelicTBre BOA
(opMUPYIOIIErocd 03epHOTo OaccelHa C MOA-
CTHUAQIONIMMHU HarpeThIMU IIOPOAAMU AHA IIPU-
BEAO K MHTEHCUBHOMY M3MEHEHUIO ITOCAEAHUX,
BBIPa’KEHHOMY B XAOPUTHU3AIIUHN, PACKPUCTAAM-
3allM CTEKOA U BHINIEAQUMBAHUU U3 UMIIAKTU-
TOB HEKOTOPBIX KOMIIOHEHTOB. DTOT IIPOIEeCC CO-
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IIPOBOYKAAACS OTAOKEHHEM B KPATEPHOM O3epe
IIPOCAOEB IIECUYaHUKOB C KapOOHATHBLIM I[eMeH-
TOM, a Tak’ke OCa>KAeHMEeM MaAOMOUIHBIX IIPO-
CAOeB KapOOHATHBIX IIOPOA C BBEICOKMM COAEP-
xxaHuem ¢gocdopa [Gurov et al., 20006].

O0I11as MOUITHOCTE 3aTIOAHSIOIINX KpaTep 0CaA-
KOB B HaubOoAee TAyOOKOU ero 4acTHU AOCTUTaeT
570 M. OTAOKeHUS IPEACTAaBACHBI KOMIIAEKCOM
IIeCYaHO-TAMHHUCTBIX TIOPOA, BO3PAcT KOTOPBIX
OXBaTHIBAET OTPE30K BpeMeH!U OT HauaAa Iareo-
reHa AO HACTOSIIero BpeMeHU. BaxxHoU ocobeH-
HOCTBIO COCTaBa 3allOAHSAIONIEN KpaTep 0Cap0yd-
HOU TOAIIM ABASIETCS COAEPIKAHUE B ee paspese
MHOT'OYHCAEHHBIX IIAACTOB TOPIOYNX CAaHIeB. Ha-
IIpuUMep, B CKB. 42 TOAIILA OCAAOYHEIX IIOPOA, CO-
A€prKalllX CAOU FOPIOYMX CAQHIIEB MOIITHOCTHIO
AO 8 M, 3aneraeT B UHTEePBaAe TAYOUH OT 264 A0
344 M. T'optourie cAaHITBI B BOATHIIIICKOM MMITaKT-
HOU CTPYKType 00pa3yroT NPOMEIIIAEHHOEe MecC-
TOPOJKAEHNME C pPa3BeAAHHBIMU 3ariacamMu 6oaee
3MApPA T [Bacc u ap., 1967; Grieve, Masaitis, 1994].

ITerporpacgusa u MuHeparorust yhapHopac-
IIAABAEHHBIX IIOPOA. OCHOBHBIE OCOOEHHOCTH
MMHEPAAOTHH M COCTaBa yAAPHOPACIIAABAEHHBIX
IIOPOA, BOATBIIIICKONU CTPYKTYpPBI TAABHBIM 00pa-
30M U3y4YeHHI IO KepHy cKB. 11 475 1 50, a TakKe
17, 21 u 42, BCKPBIBIIIUX BEPXHIOIO 9HAOKOHTAKTO-
BYIO 4aCTh 3aAe’KU. PaHee 0CcOOeHHOCTH MUHEPA-
AOTHMH YAQPHOPACIIAABAEHHBIX TIOPOA CTPYKTYPHI
OBIAM OoIMcaHbl B padborax [['ypos, 'yposa, 1991;
Grieve et al., 1987; BaabTep, Psibenko, 1977; I'eo-
Aorus ..., 1980; I'ypos, I'oskuk, 2006]. B HacTosmen
CTaTbe IPUBOAATCS AQHHBIE, Oa3UpyroIIUecs Ha
MaTepuasax SAeKTPOHHO-MUKPOCKOINYECKUX KC-
CAEAOBAHUM ITIOCAEAHUX AeT, IPOBEAEHHEBIX B VH-
CTUTyTe reororudeckux Hayk HAH Ykpaussbl.

PacrinaBHEIE MMIIAKTUTEL B BOATBIIIICKOM CTPYK-
Type IpeACTaBAeHBI MUKPOIOP(MUPOBBEIMU IO -
poAaMU C MUKPOAWUTAMU ITOAEBBIX LINATOB U M-
POKCeHa B CTEKAOBATOM HWAU TOHKOKPHCTAAAM-
Jeckou marpunie. Haunboaee Ba)KHBIE PA3AUYUA
B CTPYKType U MUHEPaAbHOM COCTaBe IIOPOA 110
paspesy UX 3aAe’KU BBIAEASTIOTCS 10 CTelIeH! U3-
MeHEeHMsI MaTPUIILI OT YHCTOTO M30TPOITHOTO CTEK-
Aa (puc. 4, a) A0 B Pa3sAnMUYHOMN CTEIleHU AEBU-
TPUPULUPOBAHHOTI'O CTEKAA (PUC. 4, 0) ¥ BIIAOTH
AO ee IMIOAHOKPUCTAAUUYECKUX pa3HOCTeN (puc.
4, B). OOpa3Iiibl TOPOA C MaTPUIled U3 CBEKETO
UAM YaCTUYHO AEBUTPUMUIMPOBAHHOTO CTEKAA
UMeIOT YepHBIM WAM TEeMHO-CepBIM IIBET U Xa-
PaKTEPU3YIOTCS CTEKASHHBIM UAM CMOASTHBIM OAe-
CKOM Ha CBeXXMX CKOAaX. OTU IOPOABI 00pa3sy-
IOT IIPeOOAAAQIONIYIO IO MOIJHOCTU HH KHIOIO
JacThb pa3pesa 3aAe’kU B UHTepBaAe OT HUKHETO
KOHTAKTa C MOACTHUAQIONIUMU OPEKINIMU AO TAY-
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Puc. 4. Tunsl CTPyYKTyp MaTPHUIbl YAQPHOPACIAABAEHHBIX ITOPOA BOATHIIICKOrO KpaTepa (6e3 aHaau3aTopa): a —
MaTpHlla U3 CBEKEro IMOAHOCTbIO M30TPOIHOI0 CTEKAA C MHUKPOAWTAMHU IIAArdoKAa3a U NMUpPOKCeHa (maudg 778);
6 — YaCTHYHO AeBUTPUMUIINPOBAHHAS MaTPHUIla C MUKPOAUTAME IIAQTHOKAA3a U IUPOKCEHA; B CBEKEM CTeKAe Ha-
OAIOAQIOTCS ISITHA U YYACTKU KOPUYHEBOTO aHW3O0TPOIHOTO CTEKARd, O0AAAQIOIIETO CAAOBIM IISSTHUCTHIM ABYIIPe-
AoOMAeHUEM (maudg 761); B — AeBUTPpUPULIMPOBAHHAS MaTPHUIlQ, HE COAeprKalliasi CTeKAQ, C MUKPOAUTAMU IIAATMO0-
KAA3a; HaOAIOAQIOTCS ABa TUIIA PACKPUCTAAM3ALMU MATPULEL B BUAEe C(PePOAUTOB PAAMAABHO-AYUYUCTOTO CTpOe-
HUS U Pa3AeAsiollell UX CBA3YIOIIed TOHKO3ePHUCTOM MAacChl KBapIi-IIOAEBOIIIATOBOIO COCTaBa (mAud 723).

OWHBI 645 M B cKB. 11 475 u oT 3a605 A0 657 M B
cKB. 50. BepxHI010 YaCTh pa3pes3a 3aAeKU A0 UX
KOHTAaKTa C 3I0BUTAMU U ITOCTKPATEPHBIMU OTAO-
SKeHHUSIMU 00pa3yoT TOHKOKPHUCTaAAUYECKUe 110-
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POABL, He copepsKallliie B MaTpulle CBEKEero CTe-
Kra. OHM UMEIOT TeMHO-CEPBLIU UAU CepPhIM C KO-
PHUUYHEBBLIM OTTEHKOM ITBET 11 HEPOBHBIM CKOA, Ha
KOTOPOM ITPOSIBASIETCSI X TOHKO3EPHUCTOE CTPO-
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eHue. BaxkHasg 0COOEHHOCTB ITIOPOA, C IIOAHOKPH-
CTAAAVUEeCKON MaTpUIled — IIOAHOe 3aMelleHne
B HUX MUKPOAWUTOB IINPOKCEHa XAOpuTOM. Kpo-
Me TOro, B COCTaBe TOHKO3EPHMHCTOU MaTPUIILI
3TUX IIOPOA NMOSBASIETCS KBapll, BEIAGACHUSA KO-
TOPOTO OTCYTCTBYIOT B COCTaBe IOPOA CO CTeK-
AoBartoi Matputle. [ToAHOKpHCTaAAYeCcKUe TI0-
POABL OOPa3yIOT TAaK)Ke MAAOMOIIHYIO 30HY HUXK-
Hero sHAOKOHTAKTAa 3aAe’XU B CKB. 11 475 B uH-
TepBanre 781—792 M.

YaapHOpacnAaBAeHHbIE MOPOABI CO CBe-
JKe!l CTEKAOBATOM MaTpullef. OTU IOPOALL B
CKB. 11 475 caararoT mHTepBaAwel 781—762 u
706—705 M, B ckB. 50 — uHTepBaA 673—657 M.
B maundax nopoasbl UMEIOT MUKPOIIOP(PUPOBYIO
CTPYKTYPY C MUKPOAUTAMM IIOA€BOIO IINaTa U
IUPOKCEeHAa B CTEKAOBATOU MaTpuile (puc. 4, a).
[TocTogHHO OTMeYaloTCsl BKAIOUEHUSI OOAOMKOB
M3MEeHEeHHOr'0 KBaplia U IIOAEBBIX IIIaTOB, KOTO-
pble OCOOEHHO OOUABHEL B UHTEpBaAe 772—773 M,
rAe ux copepykanme pocturaeT 40 %.

MaTpuiia Iopoa IpeACTaBA€Ha OAHOPOAHBIM
CBE>XXMM CTEKAOM, OObeMHas AOASI KOTOPOTO CO-
craBasieT oT 70 A0 80 %. B maundax matpuna Ha-
OAIOAQEeTCS B BUAE OAHOPOAHOI'O CBETAO-KOPHY-
HEeBOTO M30TPOIIHOI0 IIPO3PAavyHOro CTEKAQ, Yac-
TO MMEIOIIEro IIePAUTOBYIO OTAEABHOCTD. CTeK-
AO peHTreHOamMopdHoe. [Tpy 3AeKTPOHHO-MUK-
POCKOIIMYECKOM M3YYEHUU CTEKAO He OOHapy-
>KUBaEeT IPU3HAKOB PACKPUCTAAAM3AIIUN U TMe-
€T PaKOBUTHIN M3A0OM. Ha KOHTakTe ¢ MUKPOAM-
TaMU IINATMOKAA3a B CTEKAE HAOAIOAQIOTCS KOH-
TPaKIMOHHbIE TPEIUHBI PACTIKEHU.

IToreBoM mIMAT IpeACTaBAEH UAMOMOP(QHEI-
MU TaOAMTUYATHIMU U IPU3MATUYE€CKUMU MUKPO-
antamu pamnaoM 0,3—0,7 MM, copepskaHue KOTO-
pBIx cocTaBageT oT 10 A0 18 % oO0beMa ITIOPOABL.
YacTo HaOAIOAQIOTCS KOpOoOYaThble MUKPOAUTHI,
B KOTOPBLIX MX BHYTpPeHHHE 4YaCTH 3allOAHEHBI
CBETAO-KOPHUUYHEBELIM CTEKAOM, aHAAOTUYHEIM CTe-
KAY MaTpPHUIIBL, @ TaKKe MUKPOAUTEI CO CTPYKTY-
pamMu AacTOYKMHA XBocTa (“swallow-tail textu-
res"), BIIepBhle ONIMCAHHBIMU B YAQPHOPACIIAAB-
AEHHBIX IIOpPOAAX Kparepa Nannaspsu B llIBe-
nun [Lechtinen, 1976]. CoraacHo IpepCTaBAe-
HuaM M. Lechtinen, HaAn4YMe CKeAETHBIX OpPM
MHKPOAWTOB B BUAE KOPOOUATHIX BHIAGACHUM CBU-
AETEABCTBYET 00 UX KPUCTAAU3AINU B BA3KUX
pacnaaBax. HacTo OTMEYArOTCs IIPOCThIE ABOM-
HUKU. [ToAeBOM HIIIAT CBEKUM U HE COAEPIKUT
IPU3HAKOB BTOPUUYHOTO M3MeHeHUs. MuHepan
30HAABHBIY, B HeM HaOAIOAQeTCS YeTKO BEIpa-
JKeHHasl BHEIHAS 30Ha ¢ OOoaee HU3KUM ITOKa-
3aTeAeM IIPEeAOMAEHU (pHUC. J, a). LleHTparbHBIE
30HBI MUKPOAUTOB IIPEACTaBAEHEI aHAE3UH-AA0-
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PaAOpPOM, COCTaB KOTOPOTO M3MEHsSIeTCsI B IIpe-
Aenrax oT AG,q Al Opy A0 AGsy Al Ops (TAOA. 1).
CocrTaB BHeIIHeN 30HbI MUKPOAUTOB PE3KO OTAU-
4yaeTcs OT COCTaBa BHYTPEHHUX 30H U COOTBET-
CTBYeT cocTaBy caHuAMHA Opsg AGsq Aly LHy) —
Opgz ADy; Any 1H,. B cocTaBe moAeBOTO 1IIaTa
BHeIIIHEN 30HBI HAOAIOAQETCS IPUMeECh MOAEKY-
ABI 6apHEeBOTo MMOAEBOTO IITaTa — I[eAb3UaHa, O
yeM CBUAETEABCTBYeT copepskaHue BaO po 1,0 %.
XapakTep M3MeHeHUsI COCTaBa 10 pa3pe3y 30-
HaABHOTI'O MUKPOAUWTA ITOKAa3aH Ha puc. 5, a. Kpo-
Me MUKPOAWTOB B MaTpuile, HOBOOOPa30BaHMs
IIAQTMOKAA@3a Pa3BUTHI Ha ITIOBEPXHOCTH OOAOM-
KOB IIOAEBBIX IINIATOB B BUAE IIPEPHIBUCTHIX 30H
UAU OTAEABHBIX MUKPOAUTOB (pHUC. 5, 0).

[MupokceH B MOpPOAAX CO CTEKAOBATOM MarT-
pullel IpeACTaBA€H MUKPOAUTAMU OT KOPOTKO-
AO AAWHHOIIPM3MATHUYECKOIro raburyca AAMHOU
ot 0,4 po 1,5 MM 1 Toaruaou oT 0,04 po 0,07 MmM.
CopeprkaHrie MUKPOAMTOB IIMPOKCEHA COCTaB-
AsteT OoT 5 A0 9 % oO6'beMa TTOPOAHRI.

Peakuie KpyTIHbIE MUKPOAUTHI IMPOKCEHA AAU-
HOM A0 1,5 MM UMEIOT 30HaAbHOE CTpOoeHue (pHUc.
5, B). Ix meHTpaAbHBIE 30HBI COOTBETCTBYIOT Mar-
He3uaAbHOMY TUIIepCTeHy UAY OPOH3UTY-THUIIEeP-
CTeHy coCTaBa DHq, Dcsy. K KpasM MUKPOAUTOB
>KEeAe3HCTOCTb BO3PacTaeT, COCTaB COOTBETCTBYET
runepcTery OHss Dcys (TabA. 2). B yKazaHHBIX IIO-
POAAX IIPe0OAaAAIOT MUKPOAUTHI ITMPOKCEHA IIPH3-
MaTuueckoro raburyca apauaou Ao 0,4—0,6 M,
He30HaAbHBIE UAU CAAOO30HAABHEBIE, COCTaB I10-
CTOSTHHBIY, OAM30K K COCTaBYy BHEIIIHMX 30H KPYII-
HBIX MUKPOAUTOB M COOTBETCTBYeT IHIIEPCTEHY
OHg, Ocyg — OHg Deyg (TAOA. 2).

Kpome MUKpPOAWTOB B MaTpuile, IUPOKCEH 00-
pas3yeT KOPOHBI IPU3MaTHYeCKIX MUKPOAUTOB Ha
IIOBEPXHOCTU BKAIOUEHUU OOAOMKOB KBaplia, rAe
ux panHa pocturaet 0,2—0,3 MM (puc. 5, r). At
BBIAEAEHMS MUPOKCEHaA 110 COCTaBy OAU3KH K MEA-
KM MUKPOAUTaAM IIMPOKCEeHa (puc. 5, 7).

M3ydeHBl aKklleCCOpHbIE U PYAHBIe MUHepa-
ABl B COCTaBe yAQPHOPACHIAABAEHHBIX IIOPOA
BOATBIIICKOM CTPYKTYPHI.

HaunbGoaee mMPOKO pacnpoCTpaHeHsl B pac-
IIAAQBHBIX UMIIAKTUTAaX IIAQCTUHYATHIE BEIAEACHUSI
UAbMeHUTa. VIX TOAIIIMHA cocTaBAseT 1—3 MKM,
amameTp — 10 + 50 MM (puc. 5, g). Pexxe Ha-
OATOAQIOTCS BBIAGAEHUS UABMEHUTA HelIPaBUAb-
HOM dopMBl padMepoM okoro 10 mrm. CocTaB
IIAAQCTUHYATOTO BBIAEAEHUS HWABMEHHTA Xapak-
TepusyeTcs IpuMechio 8,9 % KpeMHe3eMa, a Tak-
Ke aAIOMUHUS U MarHud.

CyAb(HABL B COCTaBe YAAPHOPACIAaBAEHHBIX
IIOPOA, CO CTEKAOBATOU MaTPUIEN TPEACTABACHEL
NIMPOTUHOM U MEABCOAEP KAIIUM CyAbpHAOM. [ T1-
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100 mxcw 20 40 60 rxa’

Puc. 5. MUKpPOAUTHEI M BKAIOUEHUSI MHUHEPAAOB B yAAPHOPACIAABAEHHOU IOPOAE CO CTEKAOBATOW MaTpulien
(obpazer 1 mAU@BI U3 UHT. 778 M ckB. 11 475): @ — 30HaAABHBIM MUKPOAUT IIOAEBOTO IIITIaTa C IAPOM aHAE3MHa-
Aabpapopa u Kamou caHuprHa (COM-MUKPOMOTO, PEXXKUM OTPa’KEHHBIX JAEKTPOHOB); Ha rpadukax rokasa-
HO pacIpepeAeHUe KaAbIlWs, HATPUSA U KaAUsd IO AMHUU A—DB, YTO UAAIOCTPUPYET 30HAABHOCTb COCTaBa MUK-
POAUTa M BBEICOKOE COAep’KaHHe OPTOKAA30BOI'O KOMIIOHEHTa BO BHelllHe¥ 30He (COM—OAA); 6 — BKAIOYe-
HUe OOAOMKA IIOAEBOTO IINaTa C MHMKPOMO3aW4YHOM CTPYKTYpPOM, OKPY’Ke€HHOe KanlMONM HOBOOOpPa30BaHHOI'O
IIOAEBOrO IIIAaTa; B CTEKAOBATOM MaTpUlle TaOAUTYATble MUKDOAUTHI IIAQTMOKAA3a M KOPOTKOIPU3MaTUYeCKUe
BBIAGAEHUS NHPOKCEeHa (MUKPOMOTO, ONTUYECKHUNM MHKPOCKOI, 0e3 aHaAM3aTopa); B — MHUKPOAUT CAab030-
HAABHOTO TUPOKCEHa B CTEKAOBATOM MaTpHIle; IPOPUAL paclIpeAeAeHUsT MarHusl U >keae3a no AmHuu A—b
TIOKa3bIBaeT M3MeHEeHHe COCTaBa U IIOBBIIIEHHE JKEeAe3UCTOCTH MHHepaAa K KpaeBBIM 30HaAM; I' — BKAIOUEHUE
00AOMKAa KBaplla C MUKPOMO3aW4YHBIM CTPOEHHEM U I'PyOBIMU IIapUKOBBIMU (ballen) cTpyKTypaMmu, OKpy>KeH-
HOe KOPOHOM MUKPOAUTOB NUPOKCEHa (MUKPOMOTO, ONTUYECKUM MUKPOCKOI, 0e3 aHaAW3aTopa); g — MHUKPO-
AWT OUPOKCEHa M IMAACTUHUYATOe BBIAEAEHNE MABMEHUTa; Ha rpadukax BAOAL AMHUU A—DbB, mepecekaromieit
TAACTUHY UABMEHUTA U CAaOO030HAALHBIM MHKPOAUT NMHPOKCEHa, ITOKa3aHO paclpepeAeHUe MarHusd, jKeaesa u
tutaHa (COM—3AC); e — 0O6AOMOK 3epHa KBaplia C CUCTeMaMH NAAHAPHBIX 3A€MEHTOB, OKPY’KeHHBIN KOpO-
HON MUKDOAMTOB NIMPOKCEHA; B CTEKAOBATOU MATpUIle — MHKPOAUTHI IINQrMOKAA3a U MMPOKCEeHa (MUKPOMOTO,
ONTUYECKUM MHMKPOCKOMN, 6e3 aHaAM3aTopa).

PpOTHH 06pasyeT chepruuecKkre 3epHa B CTeKAe Ara- 1,6 MKM, 3aKAIOUeHHBIMU B CTEKAOBATOM MaTpHU-
MeTpoM 3—10 MrM. KpoMe OCHOBHEIX KOMITOHEH-  1le. OT cOCTaBa XaAbKOIIMPHUTa MUHEPaA OTAU-

TOB OH copepXkuT 0,71 % KpeMHe3eMa. YaeTcsl HU3KUM COAep’KaHUeM cepbl. AHAAU3E
CyAb(duA C BLICOKMM COAEPKaHMEM MEAV TIPEA-  TPeX OTAEABHBIX BLIAGAEHUM MUHepasa C OAM3-
CTaBAeH OKDPYTABIMM 3epHaMm pasMepoM 1,0— KUMH COAep’KaHUSIMHM TAABHBIX KOMIIOHEHTOB
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Taoauniga 1. CocraB MOAEBBIX HINAaTOB YAAaPHOPACIIAABAEHHBIX MOPOA
BOATHIIICKON CTPYKTYPHL, %

OKcup, CKB. 778 CKB. 761 cKB. 603
flapaMeTp 1 2 3 4 5 6 7 8 9
SiOy 58,04 | 66,30 | 56,08 | 6044 | 68,71 5588 | 61,17 66,18 | 66,59
TiO — 0,08 — — — — — — 0,03
Al O3 26,48 19,10 | 27,92 | 24,74 17,25 | 27,74 | 24,47 18,66 18,25
FeO" 0,12 — — 0,12 — 0,42 — — 0,09
MnO — — — — — — — — —
MgO — — — — — — — — —
CaO 8,96 0,30 10,56 7,24 0,21 10,20 6,59 0,78 0,42
BaO — 0,40 — — 1,23 — — 1,06 0,60
Nay O 5,37 4,10 4,86 6,10 3,93 5,39 7,07 5,59 4,63
K0 1,02 9,72 0,58 1,36 8,67 0,37 0,70 7,73 9,39
AG 49 39 44 55 40 48 63 49 41
An 45 1 53 37 1 50 33 4 2
Op 6 59 3 8 57 2 4 45 56
Lu — 1 — — 2 — — 2 1
ngaiq;ss:o 5 5 5 4 2 7 2 2 4

Ilpumeuanus: ckB. 778 — ypapHOpPACIIAGBAEHHBIE IIOPOABI CO CTEKAOBATOM MaTpuIel: 1 — aHAe3uH-Aa0pa-
AOP IIEHTPAABHBIX 30H MUKPOAWTOB; 2 — CAaHUAWH BHEITHUX 30H MUKPOAWUTOB; CKB. 761 — yaapHOpacIAaBAEH-
HBIE TIOPOABL C YaCTUYHO AeBUTPUPUIIMPOBAHHOU CTEKAOBATOU MaTpullei: 3 — Aabpapop IeHTPAABHBIX 30H
MHMKPOAUTOB; 4 — @HAE3UH BHEIIHUX 30H MUKPOAUTOB; 5 — CAHWAUH BTOPOM I'eHepallui MUKPOAUTOB; CKB. 603
— KPUINTOKPUCTAANYECKHE YAQPHOPACIIAABAEHHBIE TIOPOABL: 6 — aHAE3UH-Aa0PaAOP LEHTPAABHBIX 30H MUK-
POAUMTOB; 7 — @HAE3WH BHEITHUX 30H MUKPOAUTOB; 8 — CAaHUAWH CTPYKTYP HapacTaHUY Ha IOAEBOIIIAaTOBBIX
MHKPOAUTAX CO CTPYKTypaMU AACTOYKMHA XBOCTa; 9 — CAaHWAWH BTOPOU reHeparuii MUKPOAUTOB IIOAEBBIX
mIIaTOB. 3AECh U B TaOA. 2 3Be3A0UYKON 0003HAUEHO, UYTO IIPUBEAEHO 00lIlee COAepIKaHMe JKeaesa.

TI03BOASIIOT IPEABAPUTEABHO PACCMATPUBATH €T0
KaK CaMOCTOSITEABHYIO MUHEPaAbHYIO a3y, Tpe-
OYIOUIYIO AAABHENIIIero N3y4eHUs.
Ilpoanarn3upoBaHEL 2 3epHa MOHALUATA, 00-
pa3oBaBIiiiie BEIAGACHUS B CTEKAE pa3MepoM 2 X
x 12 m 2x 10 mxm. Copepxanune Ce, 05 coCTaBAsI-
eT coorBeTcTBeHHO 23,31 u 27,7 %; La, 05— 12,59
u 14,48; Nd,O; — 749 u 9,14; P,O0; — 22,84 u
28,80 %. B opHOM 0Opasiie yCTaHOBAEHO COAEP-
xaunue ThO, — 2,88 %, B Apyrom — 2,13 %.
BraroueHns 0OAOMKOB MUHEPAAOB ITPEACTAB-
A€HBI KBapIleM U MOAEBBIMU HHaTaMu. OOBIYHO
KBapI] IIpeBpallleH B MUKPOMO3audHbIe arpera-
TBL U UMeeT I'PYOYIO IIAaPUKOBYIO CTPYKTYPY (PHUC.
5, r). BMecTe c TeM B uHTepBare 781—772 M Ha
paccrossHum A0 20 M OT HOAOIIBEL 3aA€3KU YaCTh
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OOAOMOUHBIX 3epeH yAaPHOMeTaMOP(HU30BaHHO-
TO KBaplja He IePEeKPUCTAAN30BaHa U COAEPIKUT
1—3 cucTeMbl IA@HAPHBIX SAEMEHTOB (pHUC. 5, e).
OO0AOMOUYHBIE 3epHA KBapLa, Kak IIPaBUAO, OKPY-
SKEeHBI KOPOHaMU, COCTOSIINMU 13 MUKPOAUTOB ITH-
pOKCeHa.

OOGAOMKHY TMOAEBBIX MIMTATOB HAOAIOAQIOTCS B
BUAE BKAIOUEHMM MHKPOMO3aWYHOTO MaTepua-
AQ, 4aCTO C 3aKOHOMEPHOU OPUEHTUPOBKOU WH-
AUBHAOB MO3auKM B BHAE 'IIaXMaTHBIX CTPYK-
Typ" (“checkerboard structures”, mo [Lechtinen,
1976]), B KOTOPBIX MHOTAQ COXPAHSIOTCS PEAUK-
ThI IOAMCUHTETUYECKUX ABOMHUKOB. HacTh IIO-
A€BOIIIIATOBBIX BKAIOUEHNU 0OpacTaeT KauMaMu
HOBOOOPAa30BaHHOTO MMAATMOKAa3a (CM. pUc. 5, 0).
Ha noBepxHOCTU ITOAEBOIIIIATOBLIX 3epeH UHOT-
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Taoaumma 2.

CocTaB MHUKPOAUTOB IMHPOKCEHOB N XAOPHUTA

B YA@QpPHOpPACIAABAE€HHBIX MOPOAAX BOATBILICKOW CTPYKTYpPHI, %

CKB.
Koo CKB. 778 CKB. 761 603
1 2 3 4 5 6 7
SiOg 54,46 52,90 53,30 54,64 52,98 49,95 40,59
TiOy — — 0,15 — 0,25 0,23 —
Aly O3 2,23 1,56 1,37 2,14 1,49 6,37 5,86
FeO* 18,06 26,76 27,09 19,13 26,99 32,42 17,85
MnO — 0,53 0,22 — 0,15 0,59 —
MgO 24,35 17,78 17,40 23,44 17,68 9,27 11,97
Cr2 O3 0,21 — 0,22 — — — —
CaO 0,69 0,47 0,47 0,64 0,46 0,48 3,58
Nay O — — — — — 0,31 0,13
KoO — — — — — 0,38 0,19
En 71 54 53 68 54 34
Oc 29 46 47 32 46 66
il INCIN IET AN INPU IR AU

Ilpumeuanus: ckB. 778 — ypapHOpPACIAaBAECHHBIE IIOPOABI C CTEKAOBATOM MaTpulleil: | — IleHTpaAbHEBIE
30HBI MUKPOAUTOB; 2 — BHEINIHUE 30HbI MUKPOAUTOB; 3 — MO3AHUU HE30HAABHBIM MUKPOAUT; CKB. 761 —
YAQPHOPACIAAGBAEHHBIE IIOPOABI C YACTUYHO A€BUTPU(MHUIIMPOBAHHOMN CTEKAOBATOM MaTPUIIEl: 4 — IIeHTPaAb-
HbIe 30HbI MUKPOAUTOB; 5 — BHEUIHNE 30HbI MUKPOAUTOB; 6 — CKeAeTHbIe MUKPOAUTHL BTOPOM reHeparuy;

7 — XAOPHUT, BGMeLHaIOUJ;I/Iﬁ MUKPOAUTEHI IMPOKCEHaA.

Ad HAOAIOAQeTCS HapacTaHWe TOHKOIPHU3MaTHU-
YeCKUX MUKPOAWTOB IIAATMOKAA3a.

YaAapHOpacnAaBAeHHbIE IOPOABI C AEBUT-
pudunupoBaHHON MaTpuLen. BOAbITyIO YacTh
paspesa 3are’kKU YAAPHOPACIAABAEHHEBIX IIOPOA
COCTaBASIIOT UX Pa3HOCTU C MaTpUlleM U3 dYac-
TUYHO A€BUTPUDUITMPOBAHHOTO CTEKAA. IDTH II0-
POABI CAQrarOT UHTEPBAA OT 762 A0 645 M B CKB.
11 475 u 736—673 M — B CKB. 50; IIBET YepHBIH,
OAeCK CAAOLIM CTEKASHHBINM Ha CBEXXMX CKOAAX.
CreneHb AeBUTPU(PUKALINUA CTEKAA U3MEHIETCS
OT COXPaHEHMS CBEKEro CTeKAa C PEAKUMMU TISIT-
HaMU AeBUTPU(MUKALUU A0 PA3HOCTEMN, B KOTO-
PBIX CBEKee CTEKAO COXPAaHsSIeTCs B AOKAABHBIX
y4JacTKax MeskAy cepornTaMu. OTHOCUTEABHOE
copeprkaHre MUKPOAUTOB KoAebAeTcs oT 15 Ao
25 %, OHU TIpeACTaBA€HBI MAATMOKAA30M U IIH-
pokrceHoM. [ToBceMeCcTHO pacIpOCTPaHEHE PEA-
Kle BKAIOUEHHUSI OOAOMKOB KBaplla U IMOAEBBIX
LITIaTOB, COAePsKaHMe KOTOPHIX OOBIYHO He IIpe-
BBITIIAET MEePBLIX IIPOIEHTOB.
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YaapHOpAacIAaBAEHHBIE IIOPOABL CO CAQDO Ae-
BUTPUPUITUPOBAHHOMN MaTpuUIlel B pa3pe3e CKB.
11 475 pacipocTpaHeHbl B UHTEpBaAe 762—751 M
Ha KOHTaKTe C IOPOAAMH CO CBeJKel CTEeKAOBa-
TOM MaTpHUIlel, a Tak’)Ke B BUAE AOKAABHBIX 30H
Ha rayomnHe 699—698 M, u ckB. 50 B HUHTepBanre
657—665 M u Ap.

B mandax 3TUX IOpOoA B CBEXXeM IIpo3pad-
HOM CTeKAe HAaOAIOAQIOTCS HelpOo3padyHbIe yda-
CTKY, MHTEHCUBHO OKpAallleHHbIE B KOPUUHEBHIN
nBeT (CM. puc. 4, 0). Y4acTKU AeBUTPpU(PUKALUYA
UAM PaCIIpOCTPaHeHbl HEIIOCPEACTBEHHO B CTEK-
AOBATOM MaTpHIle, AU PACIOAATaAIOTCS Ha II0-
BEPXHOCTU MUKPOAUTOB. OHU UMEIOT U30MeTPH-
Jeckylo ¢opmy, pasmepsl oT 0,05 po 0,30 My,
copepkanme B crekae oT 10 po 30 % obbema
MaTpuilbl. KOHTAaKTHI CO CBEKUM CTEKAOM He-
yeTkUe. [Ipy BAEKTPOHHO-MUKPOCKOIIMIECKOM
U3yUYEeHUU ACBUTPUMPUITUPOBAHHBIX Y4aCTKOB CTe-
KAa HaOAIOAQIOTCSI BRIAEAEHUS TTOAEBOTO IIIaTa
B BUAE A€HAPUTOBUAHBIX O0Opa3oBaHUM Helpa-
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BUABHOU (QOPMEL (puc. 6, a). HoBooOpa3oBaHusa
Ha MOBEPXHOCTHU CKEAETHBIX MUKPOAUTOB IIOAE-
BBIX IINIATOB YaCTUYHO HACAEAYIOT X OPHUEHTH-
POBKY, B TOM 4HCA€ OPUEHTUPOBKY CTPYKTYP AdC-
TOYKMHA XBOCTa (puc. 6, 6). CocTraB HAACTHH -
YaTBIX BEIAEACHUU OTBEeYaeT CAaHUAUHY C BBICO-
KUM COAepsKaHUeM aAbOUTOBOM COCTaBASIONIEN
U He COAEPKUT IPUMECHU aHOPTUTOBOU MOAEKY-
ABL Orgy Absg — Orqy Abg,. 3a mpeperaMu ydacT-
KOB AeBUTPpU(PUKAIUU B 0O0BEME MATPUILILL IIpe-
00AaAQeT CBesKee MIPO3PAavHOe CTEKAO.

ITopoabl ¢ UHTEHCUBHO ACBUTPUPUIIUPOBAH-
HOU CTEKAOBATOU MATpULlel HauboOAee HMIMPOKO
pacIpoCTpaHeHHl B COCTaBe 3aAeKU YAapHOpac-
IIAABAE€HHBIX IIOPOA BOATHIIICKOM CTPYKTYPHI, B
TOM YHCA€e B pa3pe3e cKB. 11 475 npeobraparoT
B UHTepBanrax 762—712 u 701—645 M.

B aTHX mopopax MUKPOAUTEI IAATMOKAA3a U
NIMPOKCEHA 3aKAIOUYEHBl B MaTPHUIle, COCTOSIIEN
U3 c(hepPOAUTOBBIX ¥ CHOIIOBUAHBIX arperaTos, B
IIPOCTPAHCTBE MEeKAY KOTOPBIMH COXPaHSAIOTCS
Y4YaCTKH CBEXXero npo3padHoro crexkaa. Cdepo-
AUTHI HApPACTAlOT Ha MOBEPXHOCTH MUKPOAUTOB
TIOAEBOTO IIIIIaTa UAM 00Pa3yroTCs B CBOOOAHOM
MIPOCTPAHCTBe MeXAy HuMHU. Ha rpanuiie cse-
JKero CTeKAA U C(pepOAUTOB B HEKOTOPHIX PAa3HO-
CTAX MOPOA HAOAIOAQIOTCS BOAOCOBUAHEIE TPHU-
XUTHI IMPOKCeHa (puc. 6, B). Pazamepnl cdepo-
AUTOB KOAEOAIOTCA B IMIMPOKUX IIPEAEAAX — OT
0,1 po 1,0 mm. BemjecTBO chpepOAUTOB CAADO UHAM-
BUAYAAU3UPOBAHO, U OTAEABHBIE MUHEPAABI HE
pasanauMel. CHepOoArTEL 0OAGAQIOT CAAOBIM ABY-
IIPEAOMAEHHEM U CEKTOPHUAABLHBIM IIOTaCaHUEM
(pmc. 6, r). AudpakTorpaMMBbl CAQraroIero cde-
POAUTHI BeIlleCTBa, OUUIEHHOIO OT BKAIOUEHUN
0OAOMKOB MUHEPAAOB U MUKPOAUTOB, XapaKTepu-
3y10TCA AM(PDY3UOHHBIMU OTPAKEHUAMU [IOAEBBIX
LINATOB B He COAep’KaT OTPaKeHUM KBapla.

AAST TIOpOA € MHTEHCUBHO PACKPUCTAAAM30-
BAQHHOM MaTpUIleX M PEAHMKTAMU CTeKAA XapakK-
TepHO 00pa30BaHUe arperaToB IIapaAAEAbHO UAT
cyOnapasreAbHO OPUEHTHPOBAHHBIX TOHKOIIAQ-
CTUHYATHIX KPUCTAAAUTOB IIOAEBOTO IIIIIATa, CTPO-
eHle KOTOPhIX HECKOABKO HallOMMHAaeT KOAOCHU-
KOBBIE CTPYKTYPHI XOHAD METEOPUTOB (PHC. 6, J).
HebOonplline KOAYEeCTBa CBEKETro CTEKAA COXPa-
HSIOTCS TOABKO B IPOCTPAHCTBE MeJXAY IIOAEBO-
IINAaTOBBIMM arperaTaMu.

Bo Bcex omucaHHBIX Pa3HOBUAHOCTSIX YAAp-
HOPACIAABAEHHBIX IOPOA C YaCTUYHO AEBUTPU-
(PUIIMPOBAHHON CTEKAOBATOU MATPULLEN MUKPO-
AUTHl IPEACTAaBAEHBI, KaK YKa3aHO BHIIIe, IIAA-
T'MOKAA30M U IUPOKCeHOM. [TocrepHmit oOpasy-
eT ABe reHepaliy, YeTKO pa3Andaloluecs hop-
MOM BBIAEAEHUHU, pa3MepoM U cocTaBoM. [Toae-
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BBIe IMIIATHl TakK’Ke ITPEeACTaBAEHBI ABYMs TeHe-
pauuaMy, IIO3AHSASA B BUAE MUKPOAUTOB MUKPOH-
HOU pa3MepHOCTH UMeeT ITOAUYMHEHHOe PacIpo-
CTpaHeHUe.

IMharrokrnaas mpeACTaBAEH MUKPOAUTAMU Tab-
AUTYATOM , TOACTOTAOAUTIATOM , peKe YAAUHEH -
HO-TIpU3MaTU4YecKoM popMbl AanHOMU 0,3—0,7 MM
n ToAanimuoun 0,05—0,2 mMm. HacTo HabAIOAQIOT-
Cs1 CKeAeTHBbIe KOpoOYaThle MUKPOAUTHI C BKAIO-
YeHUSIMHU CTeKAA B UX I[EHTPAAbHOU YacTH, a
TaK’Ke MUKPOAUTEI CO CTPYKTyPaMU AACTOUYKHHA
XBOCTa (puc. 7, a, 6). MUKpPOAUTEI CAA00 30HAAB-
HBl. VX IleHTpaAbHas 9acTh IIpeACTaBA€HA Aald-
PaAOpPOM M aHAE3UHOM-Aabpap0OpoOM COCTaBa OT
AG,9 At550p; A0 AGyq Al g Op;. Tlo HanpaBAeHHIO
K IOBEPXHOCTU MUKPOAUTOB IIOCTEIIEHHO ITOBHI-
LIaeTCs COAEP KaHNe aAbOUTOBOM COCTABASTIONIEH,
COCTaB UX KPAeBBIX YaCTel COOTBETCTBYET aHAe-
3uHy oT A6, Ay, Opy A0 ABsg AHg, Opy, (CM.
TabA. 1). KpoMe pacnpocTpaHeHusi B MaTpUlle,
MHUKPOAMTHI IAQTMOKA@3a HapacTaloT Ha II0BepX-
HOCTHU BKAIOYEHUU OOAOMKOB IIOAEBBIX IINATOB
C IIaXMaTHBIMU ¥ MO3aWYHBIMU CTPYKTYPaMU.

[Mo3pHAS TeHepals TOAEBHIX IINATOB MIPEeA-
CTaBA€Ha CKEAeTHBIMU 00pa30BaHUSIMHU B BUAE
TOHKOINAACTUHYATHIX BhIAeAeHnM aanHOM 0,03—
0,07 mm (puc. 7, B). Hapsgay ¢ KpuCTaaAUTaMU B
MaTpulle K 3TOU TeHepalud OTHOCITCS IIOAe-
BBI€ IIIATHI, 0Opa3ylolire CTPYKTYPhl HapacTa-
HUS TUIIA AACTOUYKHMHA XBOCTa Ha TMOBEPXHOCTHU
MUKPOAMTOB TAATUOKAA3a (puc. 7, 6). CocraB 3TOMU
da3bl pe3Ko OTAMYAeTCsS OT COCTaBa MUKPOAM-
TOB IIAQTMOKAA3a U COOTBETCTBYET CAHUAUHY C
BBICOKMM COAEpP KaHHeM aAbOMTOBOTO KOMITOHEH-
Ta (cM. TabA. 1). OcoBeHHOCThIO COCTaBa IMoAe-
BBIX IINATOB 3TOU (pa3bl ABASETCS HaAuuue B
HUX 0apHsi, MOAEKYASIPHAas AOASI KOTOPOI'O COOT-
BETCTBYeT IIpuMecHu A0 3 % IeAab3uaHa.

ITupoKceH B coCTaBe NOPOA C AEBUTPUPULIA-
POBaHHOM CTEKAOBATOM MaTpUIleN ITPeACTaBAEH
ABYMs TreHepalusaMu. PaHHgaa HaOAIOAQeTCSA B BU-
Ae UAMOMOP(MHBIX MUKPOAUTOB OT KOPOTKO- AO
AAVHHOIIPU3MATUUYECKOro raburyca AAUHOU A0
1 MM npu npeoOAGAQHUU MUKPOAUTOB AAVHOU
0,3—0,5 MM u ToammuHoM ot 0,04 A0 0,1 MmM. Muk-
POAUTHI INPOKCEHa 00pa3yloT CAOXKHBIE Cpac-
TaHUS C MUKPOAUTAMU IIAATMOKAA3a, B PEAKUX
CAy4Yagax oOpacTaioT BEIAEGAEHUS ITOAEBOTO IIIIa-
Ta (puc. 7, a, r). ['lupokcen caabo OKpalleH B
OAMBKOBO-3€A€HBIN IIBET ¥ 00AaAQ€eT CAAOBIM IINEO-
XPOU3MOM. MUKPOAUTEI MIMPOKCEHA CAAD0 30HAND-
HBL. VIX BHyTpeHHUe 30HBI IPeACTaBAEHEBL OpPOH-
3UTOM-TUTIEPCTEHOM C HU3KUM COAep KaHueM dep-
POCHUAUTOBOU COCTABALIOIIEN U COOTBETCTBYIOT CO-
craBy OHy,Dcyg — DHge Degy. [To HaTPaBAEHUTIO
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Puc. 6. CTpyKTypEl AeBUTPUDUKAIIUN MaTPUIBl YAAPHOPACIAABA€HHBIX IIOPOA: @ — arperar IAaCTUHYATHIX
BBIAEAEHUY IOAEBOTIO HInarta B cTekae (CKB. 11 475, uHT. 761 M; COM-MUKPO(DOTO, PEKUM OTPa’KeHHBIX IAEKT-
POHOB); 0 — y4aCTOK A€BUTPU@UKALUU CTEKAQ; CAOKHAS CUCTeMa IPIMOAMHENHBIX U U3TUOAOIINXCS BBIAEAE-
HUM IIOAEBOTO IIIIIaTa HAaCAEAyeT OPHMEHTHPOBKY KOpPOOYATOro MUKPOAWUTA CaHUAMHA (CKB. 11 475, uHT. 761 M;
COM-MuKPOGOTO, PEKUM OTPaKEeHHBIX IAEKTPOHOB); B — MHMKPOAUTHI IAGTMOKAA3a U MUPOKCeHa B YaCTUYHO
AEeBUTPUMULIMPOBAHHON MATPUIlE; CBETABlEe YYACTKM MATPUIIBI — CBe)Kee HU30TPOIHOEe CTEKAO, TEMHBIE IATHA
— Y4YaCTKU ee AeBUTpU(UKAIINYU; B KPAeBBbIX YaCTSIX YYAaCTKOB CBEJKEro CTeKAa BUAHBI BOAOCOBUAHBIE TPUXU-
TBI NUPOKCeHa (ckB. 11475, uHT. 749 M, Oe3 aHaAW3aTOpa); I' — PAAUMAABHO-AYUHCTOE CTPOeHHe CEepOAUTa
AeBUTPUPUIIUPOBAaHHOMN MaTpullbl (ckB. 11 475, uuT. 749 M, C aHAAM3aTOPOM); 4 — UHTEHCUBHO PACKPUCTAAAU-
30BaHHAad MaTpUlla C MUKPOAUTAMU IIAQrMOKAa3a U IHUPOKCeHa (CAeBa) M UTOABYATHIMU MUKPOAUTAMU (Peppo-
TUIIePCTeHa; CBETAOE IISITHO B HUJKHEM 4acTU — CBe’Kee CTeKAO (CKB. 11475, unT. 729 M, O6e3 aHaAM3aTopa).
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Puc. 7. MUKPOAUTEL U CKeAeTHBIe (DOPMEI BEIAEAEHUY MHHepPaAbHBIX (ha3 B YAAPHOPACIAABAEHHBIX IIOPOAAX CO
crabo AeBUTPUPUIIUPOBAHHOM MaTpuilei (ckB. 11 475, maT. 761 M). COM-MUKPO(MOTO, pe’XUM OTpPa>keHHBIX
9AEKTPOHOB (a—r, e), MukKpogoTo (g): a — TabAuUTYaThle U KOpOOUYaThle MUKPOAUTHI IAATMOKAA3a; CAeBa
BBEPXY MUKPOAUTHI IUPOKCEHA (CBETAOE); O — CKeAeTHOe BhIAeA€HUe OapuiCcOoAepsKalllero CaHUAUHA B CTEKAe
B BHAE CPOCIIHXCS IIOA OCTPHIM YTAOM IINAQCTHH; B — HapacTaHWe CaHMAMHA B (popMe AACTOUYKMHA XBOCTa Ha
MHKPOAUTE IINQTHMOKAA3a; CAeBa — AEBUTPUMHUKAINUSA MATPUILEI B BHAE CETUYATHIX BBIAGACHUM B CTEKAE; I' —
KOpOOYaThEII MUKPOAUT TUIIEPCTeHa, 00PaCcTaloero MUKPOAUT IIAATUOKAA3a; J — CKeAeTHOe BBIAeAeHUe dep-
porunepcTeHa B CTEKAE C IATHAMU AEBUTPUMUKAIIUYN U IEPAUTOBBLIMU TPEIUHAMY; MUKPOAUTHI IPEACTaBACHBI
TOACTOTAOAUTYATHIMU U KOPOOYATHIMU 3epHAMU IIAATMOKAA3a U NPU3MaTUYeCKUMH BBIAGACHUSMHU THIIepCTeHa
(6e3 anaamsaTopa); e — KpecTooOpa3Hoe CKeAeTHOe BBIAeAeHUe (peppoTullepCTeHa B CTeKAe; HadaAbHas CTa-
AUSL AeBUTPUMDUKAIUU CTEeKAA B BUAE PAAMAABHO PACXOASALIUXCS C MOBEPXHOCTU IMUPOKCEHA CBETABIX AyYew.
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K IIOBEPXHOCTU MHUKPOAMTOB B HUX IIAABHO yBe-
AMYUBAETCSI OTHOCUTEABHOE COAepIKaHUe JKeae-
3@, ¥ COCTaB KPaeBbIX 30H COOTBETCTBYET COCTa-
By rurnepcreHa OH; Dcs3 — OHs5Deys (CM. TabA. 2).
K panHel reHepalnm OTHOCATCS TaK)Ke MUKPO-
AUTHI TUpoKceHa panHoM 0,07—0,15 MM, oOpa3sy-
IOllIYie KOPOHBI Ha IOBEPXHOCTH OOAOMKOB KBap-
na. Mx cocraB OAU3KO COOTBETCTBYET COCTaBY
KpaeBbIX 30H MUKPOAUTOB.

[TupokceH o3AHEN reHepaluy IPeACTaBACH
CKEeAETHBIMU KPUCTAAAUTaMU B BUAE AAMHHOIIPU3-
MaTHYEeCKHUX, UTOABYATBIX ¥ KOIIbEBUAHBIX 00pa-
3oBaHuM. lIIMPOKO pacnpocTpaHeHbl CAOKHBIE
KpecToOoOpa3Hble BEIAEAEHN, COCTOSIINE U3 ITeH-
TPAABHOI'O CTEP’KHSI AAMHOU A0 1 MM U MHOXKe-
CTBA MOIIEPEYHBIX [TaPAAAEABHBIX UAU CyOlapan-
AEABHBIX COCTABASIOINIUX TOAITUHOM 5—15 MKM
(puc. 7, g, e). B HEKOTOPBIX CAyYasxX IIO3AHUE
BBIAEAEHUSI MMPOKCeHa HapacTaloT Ha MOBepX-
HOCTU MUKPOAUTOB IIMPOKCEHA PAaHHEU reHepa-
nuu. [To cocTaBy MuUHepaa XxapakTepusyeTrcs: 00-
Aee BBICOKOM JKeAe3UCTOCThIO, YeM IMHPOKCEH
paHHeM TeHepaluy, U OpPeACTaBAeH (epporu-
nepcTeHoM OHg Dcgg — OHgzs Deg, . Kpome ToTO,
B COCTaBe IIO3AHEro MUPOKCeHa YCTaHOBAEHO T10-
BEIIEHHOE copepskanue Al,O5, cocTaBasionee
ot 4,0 po 7,0 % (Taba. 2). Takum oO6pa3oM, B CO-
CTaBe NMPOKCeHa 00enX TreHepalui HabOAIOAA-
€TCSl paspblB B COAEP’KAHUU (DEPPOCUAUTOBOU
cocTaBAsIoner oT 45—53 % BO BHENIHUX 30HaX
MUKPOAUTOB paHHEM reHepanuu A0 64—69 % B
COCTaBe CKeAeTHBIX MUKPOAUTOB IIO3AHEM reHe-
patuu. [ToBIIIeHNE )KeAe3UCTOCTH ITI03AHUX CKe-
AETHBIX KPUCTAAMTOB INPOKCEHa (pUKCUPYyeT o
HIDKeHNe TeMIlepaTyphbl paclAaBa B IIpoljecce
ero ocTelBaHud [Aup u Ap., 1969].

BratoueHus: B yAapHOpPACIAABAEHHEBIX IIOPO-
AAX C YaCTUYHO AeBUTPU(PUIMPOBAHHOU CTEK-
AOBATOM MaTpHUlled NPEeACTaBAECHBI OOAOMKAMU
KBaplia ¥ IIOAeBOTO IIaTa. KBapi] MOAHOCTHIO
IIepPeKPUCTAANN30BaH B MUKPOMO3aWuHbIe arpe-
raThl C TPYOBIMU IIaPUKOBBIMU CTPYKTypaMu. Ha
IIOBEPXHOCTH BKAIOUEHUN HAOAIOAQIOTCS KOPO-
HBI 3 MUKPOAUTOB IINPOKCEHA.

[MToaeBomInaToBble BKAIOUEHUSI MMEIOT MUK-
poMo3anyHble U l1axMaTHble CTPYKTYpPHL. B He-
KOTOPBIX CAydYadgx OTMeYaeTCd YaCTUYHOe IIpOo-
IIAaBA€HUE ITOAEBOIIIIAaTOBEIX BKAIOUEHUN C CO-
XpaHeHneM UX OAMHAKOBO OPMEHTHUPOBAHHBIX pe-
AMKTOBBIX BEIAEA€HUN IIPU3MaTUYEeCKOIo radu-
TyCa, Pa3AeAeHHBIX CTEKAOBATOM MaTPHULIEH.

YcTaHOBAEHA TOCAEAOBATEABHOCTE KPUCTAA-
AU3AIUM U 3aTBEPAEBAHMUS pacliaaBa Ipu oOpa-
30BAHUM IIOPOA CO CTEKAOBATOM U AeBUTpUDU-
ITUPOBAHHOU MaTpUIlel: MUKPOAUTHI IEPBOM Te-
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Hepaluuy, NpeACTaBAeHHbIe TUIIEPCTEHOM U IIAa-
THOKAA30M, — MHUKPOAUTEI BTOPOM reHepalun,
IpeACTaBA€HHBIe (DePPOTUIIEPCTEHOM M CaHU -
AUHOM C BBICOKMM COAEPIKaHUeM aAbOUTOBOU CO-
CTaBASIIOIIIEN, — CKeAeTHbIe BBIAGAEHUS CaHWU -
AVHA B MaTpulle — CcTeKAaoBatad Matpuiia. Co-
cTaB U (popMa MUKPOAUTOB, & TaK)Ke 3aCThIBa-
HIe OCTaTOYHOT'O paclinaBa B BUAE CTEKAA CBU-
AETEABCTBYIOT O CYXOM XapaKTepe YAAPHOTO pac-
TIAaBa.

YaapHOpacnaaBAeHHBIE IIOPOABI C KpUII-
TOKPUCTAAAMYECKON MaTpuLen. Bepxuuii ro-
PH30HT TOAIIM YAAPHOPACIAABAEHHBIX ITOPOA
MIPeACTaBAeH ITOAHOKPUCTAAANYECKUMU MUKPO-
NOP(MUPOBLIMU IIOPOAAMU , HE COAEPIKAIUMU
CTeKAa B MaTpulle. Ha MOAHYI0O MOIIHOCTB 3TH
IIOPOABI BCKPBITHI CKB. 11 475 B nHTEepBare 645—
581 M u ckB. 50 B uHTepBare 657—595 M. Kpo-
Me TOTO, BEepXHdd YaCThb pa3pe3a 3THUX IIOPOA
BCKpHBITa CKB. 21 (nHTepBan 599,3—579,5 M), 42
(uaTepBan 597,6—594,3 M) u Ap. MaKpOCKOIIH-
YeCKM IIOPOABI UMEIOT CePYIO AU TEMHO-CEPYIo
OKpPacKy U COAep>kaT MHOTOYMCAEHHBIE BKAFO-
4yeHUs OOAOMKOB IOPOA M MHHEpPAAOB. Paszmep
Hanboaee KPYIHBIX OOAOMKOB IIOPOA AOCTUTAET
1 M. B uMniakTuTax pacupocTpaHeHbl MHOTOUNC-
A€HHBIE IIYCTOTBHI OKPYTAOU (DOPMEL pa3MepaMu
OT AOAeU MUAAUMeTpa A0 8—10 MM, Ha BHYT-
peHHelN TOBEPXHOCTH KOTOPBIX HapacTaloT TOH-
Kye KOPOYKH XAOPHTA.

[Topoabl ¢ KPUNITOKPUCTAANYECKON MaTpH-
el B mandax 0OHapy>KUBAIOT MUKPOIIOP(UPO-
Bble CTPYKTYPBI C MUKPOAUTAMU ITAATMOKAA3a U
XAOPUTA B TOHKO3EPHUCTOU MaTpule (CM. pUc.
4, B; 8, a), npuueM (popmMa BLIAEAEHUN arperaToB
XAOPHUTA CBUAETEALCTBYET O TOM, UYTO OH SIBAS -
€TCsI IIPOAYKTOM ITIOAHOTO 3aMellleHNsT MUKPOAU-
TOB IIUPOKCeHA. Apyras 0oCOOeHHOCThb COCTaBa Io-
PoA — TIOSIBA€HUE B TOHKO3EPHUCTOU MaTpUIle
KBapIa.

[ToreBoOM mIIAT MPEACTABAEH TAOAMTYATHI-
MU U OPU3MaTUUECKUMU MUKPOAUTAMU AAUHOU
0,4—0,6 mM. HacTo HaOAIOAAIOTCSI CKeAETHEIE KO-
pobuaThie BLIAGACHUSI U MUKPOAUTHI CO CTPYKTY-
pamMu AaCTOYKUHA XBOCTa (puc. 8, 6). MUKpoAu-
THI IIAQTMOKAA3a CAA00O 30HAABHEL. BHyTpeHHUe
30HHI II0 COCTaBy COOTBETCTBYIOT aHAE3UHY-AA0-
papopy AG,3 Al Op, — AlGs; Ay, Op,. Bo BHeI-
HUX 30HaX MUKPOAUTOB HaOAIOAQETCS TTOBHIIIE-
HUE COAEPIKaHMS aAbOUTOBOM COCTaBASIONIEN, 1
KX COCTaB COOTBETCTBYeT aHAe3UHY Alg; AH;5 Opg
— ABggAH3, Op, (cM. TabA. 1). HapacTanus Ha
TIOBEPXHOCTU MUKPOAUTOB B BUAE CTPYKTYP AdcC-
TOYKMHA XBOCTA II0 COCTaBY Pe3KO OTAMYAIOTCS
OT MUKPOAUTOB ¥ COOTBETCTBYIOT COCTaBY CaHU-
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5 MKM

Puc. 8. YpapHOpacnAraBA€HHBIE TOPOABL C KDUIITOKPUCTAAMYECKON MaTpullel (cks. 11 475). MukpodoTrorpadun
0e3 aHaauzartopa (a, r) u COM-mukpodgoTorpacdun B pekxuMe OTpa*keHHBIX dAeKTPOHOB (6, B, 4, €): @ — MUKpPO-
AWTHL NIAQTMIOKAA3a U 3aMeIleHHOI'O0 XAOPHUTOM IIMPOKCEHa (TeMHOe B IIeHTpe) B MaTpuIile CO CHEPOAUTOBEIMU
CTPYKTypaMu (HMHT. 623 M); 6 — TaOAUTYATBEIM MUKPOAUT NAATHOKAA3a C OOAee CBETABIMHU BBIAGACHUSIMU CAaHUAU-
Ha B popMe AaCTOYKMHA XBOCTa Ha pebpax rpaHeil (uHT. 603 M); B — BBIAeAeHHE OapuiicopepsKalllero CaHUuAUHA
B MaTpulle, UMeloIe AByx(a3HbIN COCTaB; CBeTAas (ha3a IpeACTaBA€HA LIEAOUHBIM IIOAEBBIM IINATOM, BUAHO ee
HapacTaHWe Ha IIOBEPXHOCTU CaHUAWHA; TeMHas (pa3a MMeeT CYIIeCTBEHHO KBapIIEBHIM COCTaB C COAep KaHUeM
KPeMHEKUCAOTEL OKOAO 90 % (uHT. 603 M); I — IOBEPXHOCTh CKOAA YAAPHOPACIAABAEHHOW ITOPOABL C PO3eTKaMu
XAOPUT], 3aMelaloUMU MUKPOAUT NUPOKCeHa (B meHTpe) (UHT. 603 M); F — IOBEPXHOCTH CKOAa CepoAnTa
(uaTepBar 603 M); e — KOHTAKT CPEepPOAUTOBOM MATPUIILI C BKAIOUEHUSIMU MHKPOAUTOB IAATHOKAA3a (CIpaBa
BHM3Y) C TOHKO3E€PHUCTOW MaTpHUIlel (B IIEHTPe U CAeBa), COCTOLIeN M3 IIOAEBBIX IINATOB, KBapla U XAOPUTA;
KBapl, obpa3yeT KCeHOMOP(QHBIE 3epHA U IIAACTUHYATHIE BBIAEAEHUSA B XAOPUTe (HMHT. 623 M, 6e3 aHaAU3aTopa).
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AVHA C BBICOKUM COAep>KaHUuEeM aAbOUTOBOM CO-
CTaBASIOINIEH, a TaKKe IIPUMeChIO ITeAb3UaHOBOU
MOAEKYABL: AGyqOpys A, L13,.

KpoMe MUKPOAUTOB NAArMOKAa3a B IIOPOAAX
HaOATOAQIOTCS BHIAGAEHUS TTIOAEBHIX IIITIATOB TTO3A-
Hel reHepanuu, oopasyroljre TOHKOTaOANTYA -
Thle U NAAQCTUHYAThle KPUCTAAAMTBHI AAMHOM AO
0,1—0,2 mm. [ThacTuHYATBIE KPUCTAAAUTEL OOBIY-
HO BXOASAT B COCTaB C(PEePOANTOB MaTPHUIIE], peKe
TIPEACTaBAEHBI OTAEABHBIMU BHIAGAEHUSIMU B TOH-
KO3epHUCTOU MaTpulle (puc. 8, B). Ilo cocraBy
KPUCTAAAUTHI IIO3AHEU reHepalui BecbMa OAn3-
KM K CAaHMAVHY CTPYKTYpP AQCTOUYKMHA XBOCTA
MHUKPOAUTOB U IIPEACTaBA€HBI CAHUAWHOM CO-
craBa Ops5 A0,y Al L3, — Ops; AGyy AHy (CM.
Taba. 1).

MUKPOAUTEI TEMHOITBETHOTO MUHEpaAa AAU-
HOM A0 0,5—0,7 MM MOAHOCTBIO 3aMellleHbl KpUTI-
TO3€PHUCTBIMU arperaTaMy 3eAeHOT'O XAOPHTa IPU
TTIOAUYUMHEHHOM PaclpOCTPaHEeHWU CBETAO-KOPUY-
HeBoro ouoTtuTa. [IpruamaTruyeckas opMa MUK-
POAUTOB C XapaKTepPHBIMU ITOTIEPEYHLIMI Ceue-
HUSIMU CBUAETEABCTBYET O TOM, YTO XAOPUT SBAS-
€TCsI IPOAYKTOM 3aMellleHus THpoKceHa. Kpome
3aMeleHns MUKPOAUTOB B MaTpPHUIle MOPOA, Ha-
OAIOAQIOTCS XapaKTepHbIe KOPOHEBI IICEBAOMOPG03
XAOPUTA Ha IIOBEPXHOCTU BKAIOUEHUU OOAOMKOB
KBapIia. BHyTpu MEKPOAUTOB XAOPUT PA3BUBAET-
Cs1 B BUAE U3OTHYTHIX MNACTUHYATHIX BEIAEAEHHUH,
YacTO OOPa3yIoIIUX PO3ETKU U CHOIIOBUAHLIE ar-
perathl (puc. 8, r). CoctaB nmceBAOMOpP(d 03 XA0-
pHUTa II0 MUPOKCEHY IIPUBEAEH B TaOA. 2.

B cocTaBe yaAapHOPACIIAABAEHHEIX IIOPOA BEPX-
HETro TOPM30HTa HAOAIOAQIOTCS MHOTOUMCAEHHEBIE
BKAIOUEeHMS OOAOMKOB I'PA@HUTOB, @ TaK)Ke KBap-
1Ia U IIOAEBBIX IIIIaTOB. ' paHUTOMAHBIE OOAOMKU
COCTOSIT M3 3epeH MO3anyHOro KBaplia C Iapu-
KOBBIMU CTPYKTypaMHU U arperaToB IepPeKpUC-
TAAAM30BAHHBIX [IOAEBBIX LITNIATOB. B BepxHel ya-
CTH pa3pe3a TOAILIM YAaPHOPACIAaBAEHHBIX I10-
poA B MHTEpBaAe OKOAO 20 M OT ee ITIOBEPXHOC-
TH KpoMe KBaplia C HIapUKOBBIMU CTPYKTypaMHu
pacnpocTpaHeHbl OOAOMKU HellepeKPUCTAaAAN30-
BaHHOI'O yA@pHOMeTaMOp(pU30BaHHOTO KBaplia C
IIAQHAPHBIMU 3AeMeHTaMU. BkatoueHUsT 0OAOM-
KOB IIOAEBBIX IITIAaTOB IIpeBpalleHbl B MUKPOMO-
3aWYHble MACChl, YaCTO UMeIolINe IIaXMaTHBIe
CTPYKTYPHL

Marpuna NOAHOKPUCTAAAMYECKUX YAAPHO -
paciAaBAeHHBIX TOPOA IIpeACTaBAeHa cheporn-
TOBBIMU U CHOIIOBUAHBIMU BBIAGAEHUSIMHU, B IIPO-
CTPAHCTBE Me>XXAY KOTOPBIMU PacIoAaraloTCsd
y4acTKU OoAee TIOAHO PaCKPUCTAAAM30BAaHHOTO
MUKPO3EPHUCTOIO MaTepuana (cm. puc. 4, B).
LlenTpE! C(hepOANTOB pacloAaratoTcsd Ha IOBEepX-
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HOCTU MUKPOAUTOB IIAATHOKAA3a, PeKe B IIPOCT-
PaHCTBe MeXXKAY MUKPOAUTaMHU. AuameTp cde-
poautos 0,2—0,5, pocturaet 1 mm. ChepoAUThl
UMeIOT CEKTOPUaAbHOe KpecTooOpa3Hoe Imoraca-
Hue. B HanboAee MOAHO PaCKPUCTAAAN30BAHHBIX
y4acTKax C(PEepOAUTOB PA3AUUYUMBI CKEAETHEBIe
o0pa3oBaHus MOAeBOro minaTa. [Ipu OOABIIUX
YBEAMYEHHUSIX ONTUYECKOTO MUKPOCKOTA B cde-
POAMTAX BUAHO HEUETKO BBIpa’KeHHOE IISITHHUC-
TOe Mo3auyHoe Itoracanve. Ha asAeKTpOHHO-MUK-
POCKONIMYECKNX CHUMKaX C(DEePOAUTHI MaTPUIILI
UMeIOT BUA CyOIapasAeAbHO OPUEHTHPOBAHHBIX
BBIAEAEHUM CTEKAOOOPA3HOI0 BEIECTBA (CM. PUC.
8, 4). Matpulia cchepOAUTOB OOHAPYKUBAET ABYX-
a3HBI COCTAB B BUAE CyO3BTEKTUYECKHUX 3a-
KOHOMEPHBIX UX cpactanuit (puc. 8, B). CBeTAas
dasa obpa3syeT CeTKy, B ds4eMKaxX KOTOPOU pac-
IIOAATraloTCsl BEIAEAEHUSI DOAee TeMHOOKpAllleH-
HOM (ha3bl. Ha TOBEpXHOCTH KPUCTAAAUTOB IIOAE-
BOTI'O IIIIIaTa HAOAIOAQIOTCSI €e CPACTaHUs C BbI-
AEAEHUSIMU CBeTAOOKpalleHHOU a3kl [1o paH-
HBIM MUKPO30HAOBBIX OIPEAEAEHUH, CBETAAs (ha-
3a MO COCTaBy OAM3KAa K CAaHUAWHY, B TO Bpe-
MsI KaK TeMHOOKpallleHHasl IpeACcTaBAeHa KBap-
eMm.

Muxkpo3epHUCTad MaTpuila B IPOCTPAHCTBe
Me>XAY C(hepoAuTaMU paCKPUCTAAAU30OBaHa 00-
Aee IOAHO B TOHKO3epHUCTHIe arperaTbl Heco-
BEpIIIEeHHBIX KPUCTAAANTOB IIOAEBOT'O IITIATa, BbI-
AEAeHUU KBapla um xaopura (puc. 8, e). Keaprg
oOpasyeT 3epHa HeNIPaBUABHOU (POPMEI, PacIo-
AOKEeHHBIE B IIPOCTPAHCTBE MEXKAY ITOAEBLIMU
mmnaTamMu. KpoMme Toro, pAAsL KBaplia XxapakKTepHBI
TIAQCTHUHYAThIE BEIAEAEHHS, CBUAETEABCTBYIOIIHE
0 ero oOpa3oBaHUM 110 KPUCTAAUTAM TPUAUMMU-
Ta, IIOAOOHO TOMY, K@K 3TO UMeeT MeCTO BO MHO-
TUX TUIAX BYAKAHOT'€HHBIX IIOPOA KHCAOTO CO-
ctaBa [Aup u Ap., 1960]. TeMHOIIBETHBIN MUHe-
par — XAOPUT — 06pas3yeT KPUIITO3ePHUCTHIE
MaccChl B IIPOCTPAHCTBE MeXKAY KPUCTAaAAUTaMU
TIOAEBBIX IITIATOB U KBaplia. B oTAnume OT nces-
AOMOP( 03 XAOPUTa IO MUKPOAUTAM ITUPOKCEHAQ,
dopmMa BBEIAEAEHUN XAOPHUTA B COCTaBe MaTpu-
1Ibl He TO3BOASIET YCTAHOBUTHL €ro pa3BUTHUE B
pe3yAbTaTe 3aMellleHnd NupokceHa. [Ipeanoaa-
raeTcs, YTo POPMUPOBAHUE XAOPUTA B MaTpUIle
IIPOM3O0IINO Ha ITO3AHEN CTapAuU aBTOMeTacoMa-
TUYECKOT0 IIpeo0pa30BaHus YAAPHOPACIIAABACH-
HBEIX TIOPOA OAHOBPEMEHHO C XAOPUTHU3ALNEN
MHUKPOAUTOB NUPOKCeHa. TakKuM 00pa3oM, MUK-
pO3epHUCTas MaTpHlla B IIPOCTPAHCTBE MEXAY
chepornTaMm gBASIETCS IPOAYKTOM KPUCTAAAU-
3aIlUM IIOCAEAHUX MOPLUY YAQPHOTO paclAaBa
IIPU BO3AEUCTBUU BOAHOU (pa3bl Ha 3aCTHIBAIO-
LIYIO TOAIY YAQ@PHOPACIIAABAEHHEIX IIOPOA,
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Kpucraarnzanusa v npeodpa3oBaHUsI MUKPO-
OP(PUPOBLIX ITOPOA BEPXHETO TOPHU30HTA C KPUII-
TOKPHUCTAANNUECKON MaTpPUIlel TPOUCXOAUAU B
IIOCAEAOBATEABHOCTU: MUKPOAUTHI IIAQTMOKAA3a
U IUPOKCEeHA IepBOM reHepalyu — CKeAeTHbIe
MHUKPOAUTHI CAHUAWHA U €T0 BhIAEAEHUS B BUAE
CTPYKTYP AACTOUYKHMHA XBOCTA Ha MMOBEPXHOCTHU
MHUKPOAUTOB IIAAQTMOKAA3a — KPUIITOKPUCTAAAN-
yecKas MaTpuila cpepOAUTOB — TOHKO3EePHUC-
Tast KBapIl-TIOAEBOIIIIIAaTOBAasI MaTPUIla — XAOPUT
II0 NTUPOKCEHY MUKPOAUTOB U B COCTaBe MAaTpH-
unl. [ToaHOE 3aMelleHre MUKPOAUTOB IINPOKCE-
Ha XAOPHUTOM U ero oOpa3oBaHUe B COCTaBe TOH-
KO3E€PHUCTHIX YYaCTKOB MATPHUIIBI — PEe3YAbTAT aB-
TOMETAaCOMAaTUYECKOU ITepepadOTKM ITIOPOA BEPX-
Hero ropu30HTa 3aCTHIBAIOIIEN TOAIIU YAQAPHO -
PacIAaBAEHHBIX TIOPOA IIPU ee B3aUMOAENCTBUM
C TIOBEPXHOCTHBIMU BOAAMM.

ITopoaAbI S HAOKOHTAKTOBBIX 30H. Ha Kon-
TaKTaX C BMEeNaloNMMU II0POAAMU ITOAHOKPUC-
TaAAMUeCKHe YAAPHOPACIAABAEHHBIE ITOPOABI
TpeACTaBAEHBI 9HAOKOHTAKTOBLIMU 0OPa30BaHM’-
sIMM 30HBI 3aKaAKU. [TOpOABI BEepXHEro 3HAOKOH-
TaKTa BCKPHITEL CKB. 50 B nHTepBanre 601—595 v,
cKkB. 11 475 — B uHTepBanre 586—581 M, ckB. 42
— B uHTepBare 594—597 M u Ap. [Topoabl HUXK-
HEero 3HAOKOHTAKTA BCKPBITHI TOABKO B CKB. 11475
B nHTepBare 792—785 M. Kpome TOoTrO, K 3TOMY
THUILY OTHOCSTCS IIOPOABI CEKYIIErO AQUKOOOpas-
HOTO TeAd B aAMOTEHHBIX OPEeKYMsIX, MTOACTHAA-
IOIIUX TOAILY YAQPHOPACIAABAEHHEIX IIOPOA B
ckB. 11 475 B uHTepBare 875—E891 M.

[Topoab!l 30HBI 3aKaAKU IIpEeACTaBA€HBI TOH -
KO3ePHUCTBIMU TOAHOKPUCTAAANIECKUMU 00pa-
30BaHUSIMU, He COAEePKAIllUMHU CTeKAA B MaTpu-
ne. OHU COCTOAT U3 MUKPOAUTOB ITAATMOKAA3a U
3aMeIeHHOT0 XAOPUTOM HUPOKCEeHAa B KPHUIITO -
KpucCTarAmdeckol maTpuiie. OcoO6eHHOCThBIO MO-
poa sABAsieTCs 6oaee MEAKUN pasMep MHUKPOAU-
TOB, AAHHA KOTOPBIX cocTaBasieT oT 0,05 oo 0,1 MM.
XapaKTepHO BBICOKOE copepyKaHue OOAOMKOB
yAapHOMeTaMOpP(PU30BaHHBIX I'PAHUTONAOB pas-
MepoM A0 1 cMm u Ooaee, @ TaKyKe MEAKHX 00-
AOMKOB KBaplia U MOAEBBIX HITIATOB. B mopoaax
BEepXHEro HAOKOHTAKTA Pa3BUTHl OKPYTABIE ra-
30BBI€ IIYCTOTHI AMAMeTpoM A0 5—10 MM, BHYT-
PeHH:S IOBEPXHOCTh KOTOPBIX ITIOKPHITA TOHKM-
MU KOPKaMM XAOPUTA.

ITharnokaas obpasyeT TaOAUTIATHIE MUKPO AU-
ToI AAuHOHU 0,04—0,06 MM ¢ OTHOIIEHUEM AAMHBL
K TOAIITUHE OKOAO ' 1. MUKPOAUTEI TEMHOILIBETHO-
ro MUHepaAa IpeACTaBAEHBI IPU3MaTHYeCKUMU
ceBAOMOP(O3aMU XAOPHUTA IO MUPOKCeHy. Mat-
pHIla COCTOUT M3 KPUIITO3EPHUCTHIX Macc, oOHa-
PY>KUBAIOIINX CAaDOe TOUEeUHOE ABYIIPEAOMAEHUE.
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[MTopoakl BepXHEro SHAOKOHTAaKTa B MHTEPBa-
Ae 5—10 M BHYTPb 3aneXu oOpas3yroOT MOCTe-
TIEHHBIN TTEPEX0A K HUJKEAESKAIUM IIOAHOKPHUC-
TAAAMYECKUM IIOPOAAM C yBEeAWUEeHHeM pa3Me-
POB MHUKPOAUTOB IIAATUOKAA3@ U XAOPUTU3UPO-
BaAHHOTO MMPOKCEHQ, a TaK>Ke MOBLIIIeHUEM CTe-
IIeHU pacKpucCTasamsanum Marpuilbl. Ha pac-
CTOAHUM OKOAO 10—20 M OT KOHTAKTa pasMephl
MHUKPOAUTOB IIAATMOKAA3a AOCTUTAIOT UX OOBIU-
HOTO pasMepa AASI HUKeAeKAIUX ITOAHOKPHUC-
TAAAMYECKUX IIOPOA,

CocTaB yAapHOpacnAaBA€HHBIX TOPOA. Co-
CTaB YKa3a@HHBIX IIOPOA CTPYKTYpPHI M3y4eH IO
KepHY CKB. 11475, 50 u 17, cocTaB mopop Mu-
LIIeHW — II0 KepHy CKB. 11 475, a TakKe CKB. 18
1 20, BCKPBIBUINX ITOPOABI II€HTPAABHOI'O IIOA-
HATUS, U 00Pa3I0B U3 €CTECTBEHHBLIX OOHa)Ke-
HUM Banra KpaTepa W TOAIIU BBIOPOCOB. XUMU-
YeCKMU COCTaB YAAPHOPACIAABAEHHEBIX IIOPOA
IpUBEAEH, TA@BHBIM 00Opa3oM, IO AQHHBIM pa-
oot ['ypos, I'yposa, 1991; I'ypos, 'oxxuk, 2006;
I'ypos u Ap., 1986].

YcTaHOBA€HA BBICOKAs CTelIeHb OAHOPOAHOC-
TH COCTaBa YAQPHOPACIIAABAEHHBIX IIOPOA, IO CKB.
11 475 u 50, pacIIOAOKEHHBIM Ha PACCTOSHUU
1,7 KM APYT OT APYTQ, @ TaK)Ke 110 pa3pesy 3are-
KU B 9THUX CKBa>KUHAaX (TabA. 3).

ITpu GOABIIION OAHOPOAHOCTHU CPEAHEro Co-
CTaBa YAQPHOPACIAABAEHHBIX IIOPOA OTMEYaloT-
Ccs HEKOTOphle M3MEeHeHHUsI COCTaBa II0 BEepTH-
KaAbPHOMY paspedy ux toAmu. OpHO U3 Haubo-
Aee OTUETAUBBIX Pa3AWuUMU¥ — U3MeHeHUe CTe-
IIeHU OKMCAEHHOCTH >XKeAe3a I10 pa3pe3y TOALIN
PaCIAaBHBIX UMIIAKTUTOB (TalOA. 3). CpepHsasa Be-
AnuvHa oTHomenus Fe,0,/FeO cocTtaBasieT OKOAO
1,1 B HIOAHOKPUCTAAANUECKUX IIOPOAAX BepXHe-
ro ropu3oHTa U yMeHsblaercsa A0 0,3 B yAapHO-
paclAaBAEHHBIX ITOPOAAX HM)KHEro ropu30HTa
CO CTEKAOBATOU HUAM YaCTUYHO AEBUTPUPUIIU -
poBaHHOM MaTpullel. B mopopax KpUcTarrUdec-
KOT'O OCHOBAHUSI 3TO OTHOIIIeHue cocTaBaseT 0,5.
Hauboaee 4eTKO M3MeHeHUE CTEIeHU OKUCAE-
HUS >KeAe3a IMPOSIBASIeTCd B IIOPOAAX IIO paspe-
3y CKB. 11 475: B TO BpeMs KakK B IOAHOKPUCTAA-
ANYECKUX YAQPHOPACIAABAEHHBIX IIOPOAAX OT-
HOIIIeHMe OKUCHOTO kKeAe3a K 3aKMCHOMY KOAed-
aetcs oT 1,1 Ao 2,2, B TOpopax HUKHETO TOpPU-
30HTA CO CTEKAOBATOU MaTpHUIlell OHO COCTaBAL-
et ot 0,1 po 0,3 (puc. 9). B Hu>kHelN yacTH 3are-
KU B IIpeAeAax SdHAOKOHTAKTOBOM 30HBI MOIITHO-
CThIO OKOAO 10 M 3TO OTHOIIIEHUWE ITOBHIIIAET-
csa po 1,5—2,0. B cocTaBe pAatikooOpa3HOTo TeAa
VAQPHOPACIAGBAEHHEIX IIOPOA, 3aAETAIOIEero B
ckB. 11 475 B untepBare 875—891 M, ycTaHOB-
A€Ha BBICOKas CTelleHb OKUCAEHUS JKeaes3a C OT-
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Taoarnmmga 3. XUMHYECKUA COCTaB YAAPHOPACHAABAEHHBIX IMOPOA M MOPOA
KPHUCTAAANYECKOTO0 OCHOBaHUS BOATBHIIICKOM MMNAaKTHOI CTPYKTYPHL, %

KowmmonenT 1 2 3 4 5
SiOo 68,51 67,78 67,41 68,09 70,27
TiOo 0,39 0,32 0,54 0,35 0,40

Al, O3 13,91 14,22 13,85 14,07 13,72
Fey O3 1,88 0,85 2,67 1,28 1,38
FeO 1,70 2,68 1,58 2,26 2,76
MnO 0,08 0,06 0,04 0,07 0,04
MgO 1,49 1,29 2,38 1,41 1,08
CaO 1,99 2,05 1,54 2,04 1,40
Nay O 2,99 3,36 3,31 3,20 2,87
K20 4,22 3,73 4,90 3,95 4,88

P2 05 0,18 0,15 0,19 0,17 0,15
H,O 0,79 0,32 0,51 0,52 0,20

IT. m. m. 1,65 2,85 1,10 2,31 1,10

Cymma 99,78 99,66 100,02 99,72 100,25
Fey O3/ FeO 1,10 0,32 1,69 0,57 0,50
K;)I;‘;“g;:o 18 30 4 52 34

Ipumeuanus: 1 — KPUNTOKPUCTAAUUECKHE YAAPHOPACIIAABAEHHBIE IOPOABI BEPXHETO TOPU30HTA TOAIIIN
(ckB. 50, UHT. 595—648 M; cKB. 11 475, uHT. 582—640 M); 2 — ypapHOpPACIAABAEHHBIE IIOPOABL CO CTEKAOBATOMN
WAU YaCTUYHO ACBUTPUPUINPOBAHHON MaTPUIleX HUJKHETO TOPU30HTA TOAIU (CKB. 50, MHT. 652—736 M; CKB.
11 475, uHT. 657—791 M); 3 — AOKaABHOE TEAO YAAPHOPACIAABACHHBIX IIOPOA, B TOAIle OpeK4uil (CKB. 11 475,
uHT. 875—891 M); 4 — cpeAHUM COCTaB YAQPHOPACIAABAEHHBIX ITIOPOA,; 5 — KPUCTAaAUUYeCKHe TIOPOALI OCHOBA-
HUd (cKB. 11 475 u 18, a Tak>Ke 06pa3Ibl U3 OpeKunl BHEKpaTepHBIX BLIOPOCOB).

HomeHnueM Fe,O5/FeO, papariM 1,7. Takum 00-
pPa3oM, B MMOPOAAX CO CTEKAOBATOM MaTpUIlel Ha-
OATOAQIOTCS HariboAee BhICOKas CTelleHb BOCCTa-
HOBAEHUS >KeAe3a IO OTHOIIEHUIO K MOPOAAM
MUIIIeHU ¥ ITOBLINIEHNE CTEIIeHU UX OKUCAEHUS
B TOAHOKPUCTAAANUYECKUX ITOPOAAX BCETO BEPX-
Hero rOpu30HTA 3aA€KU U €€ IHAOKOHTAKTOB.
ITopo0HOE pacpepereHre CTEIIeHU OKUCAECHUA—
BOCCTaHOBAEHUS JKeae3a — CBUAETEALCTBO TOTO,
4TO AQHHBIU IIPOIIECC CBSI3aH C B3AUMOAENUCTBU-
€M TTOBEPXHOCTU TOAIIIM OCTBIBAIOIIErO PacIliAa-
Ba C aTMOC(EPHBIMU OCaAKaMU U POPMUPOBA -
HUEeM ITHEBMaTOAUTOBO-TUAPOTEPMAAbLHBIX CHUC-
TeM B KpaeBBIX YaCTIX 3areXu. Kak ykKasaHOo
BHIIIIe, HAUOOAEE YeTKO IIPOSIBAEHNE BTOPUYHBIX
MIPOIleCCOB B U3MEHEHUU MUHEPAAbBHOTO COCTa-
Ba YAQPHOPACIAABAEHHBIX IIOPOA BHEIPa>XeHO B
TTOAHOM 3aMelleHUH MUKPOAUTOB MMUPOKCEHAa XAO-
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PUTOM B COCTaBe BEPXHETO FOPU3O0HTA TOAILIHM.
Kpowme TOro, BasKHBIM THAUKATOD IIOHUKEHUS Cy-
XOCTH PAacIlAdBa B BepXHeM OPU30HTe — Pac-
KPHUCTAAAM3ANUs CTeKAA U 00pa3oBaHHWe KPHII-
TOKPUCTAAANYECKOM MATPHULIBL.

B cocraBe ypapHOpaCHAABAEHHBIX IIOPOA, IO
paspesy ABYX CKBa)KMH OTMedaeTcsl caaboe IIo-
BBIIIIEHNE COAEPIKAHUS KAAUS IIPU ITOHUKEHUN
COAEp’KaHUs HAaTpUS OT IIOPOA HUJKHEro ropu-
30HTQ, TA€ OTHOIIEHuEe Na20/K20 COCTaBASIET
0,7, AO mOPOA BepXHero ropu30HTa, TAe 3TO OT-
HouleHue paBHO 0,9.

Ha ocHOBaHMY N3y4eHNUsT MUHEPAABHOI'O ¥ XU~
MHMYECKOr'0 COCTaBa YAAPHOPACIAABACHHEIX I10-
POoA BOATBILICKOM CTPYKTYPBL YCTAHOBAEHO, YTO
PA3HOCTH IIOPOA, CO CTEKAOBATOM MaTpUIlel Hau-
Ooaee OAU3KO COOTBETCTBYIOT COCTABY UCXOAHO-
T'O CyXOTO BEICOKOTEMEPATypPHOTrO YAAPHOI'O pac-
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BOATBIIICKAA UMITAKTHAA CTPYKTYPA U EE YAAPHOPACIINABAEHHBIE TIOPOABI
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Puc. 9. MameHeHUe cTeneHU OKUCAEHHOCTU >KeAe3a B
YAQPHOPACIAABAEHHBIX IIOPOAAX MO pa3pes3y CKB.
11 475. BepTukarbHasg AMHUS Ha rpaduke IOKa3bIBa-
eT OTHOIIIeHHe OKUCHOIO JKeAe3a K 3aKUCHOMY B KpHU-
CTAAAMYECKUX IIOPOAAX MUIIeHH: | — IOCTyAapHbIE
OCaAOYHBIE OTAOKEHMS; 2 — BO3BpallleHHbIe 3I0BU-
TBI; YgApPHOPACNAQBAEHHble NOpogbl: 3 — 3HAOKOH-
TaKTOBBIX 30H, 4 — C KPUINTOKPUCTAAAUUYECKON MaT-
puiieii, 5 — ¢ YaCTUYHO AeBUTPU(PUIIMPOBAHHOU MaT-
puiiei, 6 — co CTEKAOBATON MaTpUIlel; 7 — aAAOTeH-
Hble OpeKuuH, ropHas MyKa.

TIAQBa, B TO BpeMsI KakK XAOPUTHU3NPOBaHHbIE KPUII-
TOKPUCTAAANUECKUE TOPOABL IBASIOTCS IIPOAYK-
TOM BTOPUYHBIX M3MEHEHUN ITOPOA, TIPU UX OCTHI-
BaHUU U B3aUMOAENCTBUY C BOAOCOAEP KAIUMU
cucTeMaMHt: aTMOC(EepPHBIMU OCapKaMHU Ha II0-
BEPXHOCTH 3aA€KU U ITIOA3€MHBIMHU BOAAMHU B I10-
PoA@xX OCHOBaHUS KpaTepa.

OcHoBaHue BOATHIIIICKOTO KpaTepa CAararoT
IpoTepo3oiickre mTophupoOAaCTOBBIE TPAHUTHI
1 OUOTUTOBBIE THeMCch. OTHOCUTEABHOE COAep-
>KaHHe UX B COCTaBe MHUIIEHM OIpepAeAeHo, KaK
5:1, mo moapcueTaM cocTaBa OOAOMOUYHOI'O MaTe-
puara B 0OHa)KeHHUSIX BEIOPOCOB UM COOTHOIIIE -
HUIO 3TUX TUIIOB IOPOA B CKBasknHax [['ypos,
I'ypoBa, 1991; l'eororus ..., 1980; I'ypoB u Ap.,
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1986]. YcTranoBAeHa O0AbBIIasg OAU30CTH COCTaBa
paciAaBHBIX UMIAKTUTOB U COCTaBa IIOPOA KpU-
CTAAAMYECKOTO OCHOBAHUS CTPYKTYPHI, KOTOPbIe
MIOCAY’KUAM MAaTEPUAAOM A 0OPa30BaHUSI YAAP-
HOTO pacIraaBa (Taba. 3).

leoxuMuueckoe U3ydeHHE YAAPHOPACIIAGB-
AEHHBIX TOPOA BOATHIIIICKOU CTPYKTYPEI HallpaB-
A€HO, TA@BHBIM 06pa3oM, Ha OIIpeAeAeHle Bepo-
STHOTO COCTaBa OOPA30BaBIIErO ee yAAPHUKA.
Oco0GeHHO aKTyaABHBIMU 3TH UCCACAOBAHUSA CTa-
AM TIIOCA€e OIpepeAeHHUsT 00pa3oBaHMI KpaTepa
Ha MeA-IIaAeOTeHOBOM pybeske OAHOBpPEMeHHO
¢ kpaTtepoM UukcyayOd B MeKCUKe, OIPEAEAUB-
INM KaTacTpodudeckre COOBITUS B KOHIIE MEAO-
Boro nepuopa [Kelley, Gurov, 2002; I'ypos, Kea-
A", 2003]. YcTaHOBAEHUE COCTaBa aCTEPOUAA AAT
BOATHITIICKOTO KpaTepa MOKeT CBUAETEABCTBO -
BaTh 00 OAMHAKOBOM HAU PA3AUYHOM COCTaBe
KOCMMYECKUX TeA, 00pa30BaBIINX TOTPaHUYHEIE
MeA-IIaAeOTeHOBBIe KpaTepbl Yukcyayo u Boa-
TBIIICKUY, YTO IPUBEAET K OOAee ITIOAHOMY ITOHU-
MaHUIO UX BO3PACTHBIX B3aUMOOTHOIIeHu!. OAu-
HAKOBBIN COCTaB YAQPHUKOB C OOABIION BEpPOAT-
HOCTBIO MOJKET CBHUAETEABCTBOBATH O TOM, UTO
9TH CTPYKTYPHI BOBHUKAM B pe3yAbTaTe eAMHO-
ro COOBITUS, IPU KOTOPOM BOATEHIIIICKas CTPYK-
Typa oOpa3oBaHa (hparMeHTOM acTEPOUAQ, OT-
BETCTBEHHOTO 3a OsIBA€HHE KpaTepa YuKcyayo.
B TO >Xe BpeMs yCTaHOBAEHHE Pa3AWYHOTO CO-
CcTaBa TeA, OOPa30BABIINX 3TU KpaTephl, OYAET
CBUAETEABCTBOBATH O COAMIKEHHBIX BO BpeMeHU
ABYX HEe3aBHCHMBIX YAQPHBIX COOBITHSIX BCAEACT-
BUEe aCTepPOUAHOTO A0XA4. [Ipu TakoMm creHa-
pUH UMeeTCsl BepPOSITHOCTb YCTaHOBACHUS Ha II0-
BEPXHOCTU 3€MAU APYTUX UMIIAKTHBIX CTPYKTYD,
00pPa30BaBIINXCS Ha MeA-IIaAeOTE€HOBOM pyOe-
JKe 65 MAH AeT Ha3aa,.

CoraacHoO pe3yAbTaTaM MHOTOYHCAEHHBIX HC-
CAeAOBaHUM IO OIIPEAEAEHUIO COCTaBa YAApPHU-
Ka, oOpa3oBasiiero kpatep Yukcyayo, Haubo -
Aee BEpPOSITHO YAAPHHUK OBIA YTAUCTBIM XOHAPU-
ToM [Montanari, Koberl, 2000; McDonald et al.,
2009]. I'Tpu onipepeAreHUH COCTaBa YAApHUKA Boa-
TBIIIICKOTO KpaTepa A. A. BaabTep U COaBTOPHI
[BaawvTep, Pabenko, 1977; BaabTep u Ap., 1984]
OIKCaAU OboTallleHle YAAPHOPACIAABAEHHBIX I10-
POA UMIIAKTHOM CTPYKTYPHI HUKEAeM U KOOaAb-
TOM IIO CP@BHEHMIO C IOPOAAMHU KPUCTAANYEC-
KOTO OCHOBaHUsA. XOTS MCCAEAOBATEAM He TIpHU-
LIIAM K OKOHYQTEABHOMY BBIBOAY O BEPOSITHOM JKe-
Ae3HOM COCTaBe KpaTepooOpasyIoIlero TeAd, AaH-
HBIEe UX UCCAEAOBAHUM ITOCAYKUAM OCHOBaAHHUEM
B.U. ®eabpmany u coaBTopaM [DeabpMaH U Ap.,
1984] AnsL 3aKAIOUEHUS O 5)KEAe3HOM COCTaBe yAap-
HIUKQ, 00pa30BaBIIeTO BOATHIIICKYIO CTPYKTYPY.
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Taoarumuma 4.

KoHueHTpauuu 3A€MEeHTOB MAQTHHOBOW rpymnmbl U 30A0Ta (ppb) B

YAQpPHOPacCHAaBAE€HHBIX MOPOAaX BOATHIIICKO!N MMIAKTHON CTPYKTYPHI (CKB. 50),
no [Mc Donald et al., 2009]

HNurepBan, M Ir Ru Rh bt Pd Au
580 0,08 0,32 0,06 1,12 3,05 1,35
603 0,09 0,34 0,07 0,39 1,04 0,23
627,8 0,10 0,31 0,09 1,31 1,00 0,35
650 0,36 0,80 0,17 1,97 1,25 0,11
682,2 0,31 0,77 0,16 2,52 1,60 0,17
684 0,08 0,23 0,09 0,82 1,22 1,33
717 0,07 0,22 0,06 0,29 1,36 0,30
734 0,31 0,72 0,15 1,70 1,71 0,19

OrpaHnueHHOe KOANYECTBO aHAaAM30B IIOPOA
BOATBIINIICKOrO KpaTepa, BEITOAHEHHBIX HEUTPOH-
HO-aKTUBALIMOHHBIM METOAOM, IIO3BOAMAO yCTa-
HOBUTH OOOTaleHne yAapHOPACIAABAEHHBIX T10-
PpOA KpaTepa OTHOCUTEABHO IPAHUTOUAOB OCHO-
BaHHUS XPOMOM, UPUAUEM, PYTEHHEM U HEKOTO-
PBEIMU ADYTUMU PEAKUMU 3AeMeHTaMu [['ypoB u
Ap., 1986]. OboraieHre UMIaKTUTOB XPOMOM U
COOTHOIIIEHNE B HUX COAEP’KaHUM 3TUX dAeMeH-
TOB CAY’KaT CBUAETEABCTBOM KaMEeHHOTO, BEPO-
SITHO, XOHAPUTOBOTO COCTaBa KpaTepooOpasyro-
11ero Teaa 0e3 yrouHeHus ero tumna. Copepika-
HUe MeTeOPUTHOIO KOMIIOHEHTa B MMIIaKTHOM
pacraaBe Pa3AMYHBIMU HUCCAEAOBATEASIMU Olle-
HuUBaeTcs B npepenrax oT 0,05 po 0,5 % [Grieve
et al., 1987, I'ypos, 'oxxuk, 2006].

B HacrosIee BpeMsa B BeHCKOM yHUBepCUTe-
Te IIPOAOAYKAIOTCSI TeOXUMUYECKHe HCCAeAOBa-
HMS COCTaBa PACHAABHBIX UMIIAKTUTOB BOATHIII-
ckoro kpatepa [McDonald et al., 2009]. B Ta6ba. 4
NIPUBEAEHBI AQHHBIE O COAEPIKaHUM 3AEMEHTOB
NIAQTUHOBOM IPYIIEI B COCTaBe CEMU 0OpPa3IoB
YAQPHOPACIAABAEHHBIX IIOPOA IO paspesy Ux
TOAIIIM B CKB. 50. B Tpex o6pasitax pacrAaBHBIX
UMIAaKTUTOB U3 UHTEPBaroOB 650, 682,2 u 734 m
YCTAHOBAEHO UX 3—4-KpaTHoe oOoralleHue Upu-
AUeM, PyTEeHHEeM U peHUeM U 2—3-KpaTHoe —
nratuHOU. CopepsKaHUe OCMUS B CBA3U C OCO-
OeHHOCTSIMU MEeTOAUKU aHaAU3a He ONpPeAeAs-
AOCh. Bce oOpasiel yaapHOPACIAABAEHHBIX I10-
POA, C IOBBIIIEHHBIMU KOHIIEHTPAIIUAMU IIAQTH-
HOMAOB IIPEACTABAEHEI PA3HOCTSMU CO CTEKAO-
BAQTOM WAM YAaCTUYHO AEBUTPUMPUIUPOBAHHON
MaTpunen. Pe3yAbTaThl 3TUX UCCAEAOBAHUM TaK-
JKe IIOATBEPIKAAIOT 00pa3oBaHMe BOATHIIICKOMU
CTPYKTYPBI aCTePOUAOM XOHAPUTOBOTO COCTABa,
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OAHAKO HH3KHe KOHIEHTpAaIU{d MeTeOPHUTHOTO
BellleCTBa He IIO3BOASIOT OOAee AeTaABHO OIlpe-
AeAnThb ero tunl [McDonald et al., 2009].

Bo3pacT MMIaKTHOM CTPYKTYPbI. BOATHIIII-
CKasg CTPYKTypa oOpa3oBaHa B KPHUCTAAAUYeEC-
KHUX IIOPOAAX YKPAUHCKOTO IIUTa, IOBEPXHOCTh
KOTOPOT'O B AQHHOM peTrroHe KO BpeMeHU 3TOTr0
YAGPHOT'O COOBITHS IPEAIIOAOKUTEABHO OBIAQ CBO-
00AHA OT IIePEeKPHIBAIOIINX IIAAT(OPMEHHEBIX OT-
AOKeHUU. BepxHsa Bo3pacTHas TpaHUIla olpe-
AEeAeHa KaK IMaAeolleH II0 ONHMCaHuio (hayHBI B
TOAIIIE OCAAOYHBIX IIOPOA, ITePEKPHIBAIOIINX OpeK-
YUU KpaTepHBIX BEIOPOCOB B pP-He C. Ay3aHOBKAa
K 3alaAy OT MMIAKTHOM CTPYKTYphl [ MakapeH-
Ko, 1970]. Kpome Toro, octaTku (hAOPHL aA€0-
1IeHOBOTO Bo3pacTa 6wiau ommcanbl O@. A. Cra-
HucAaBckuM [CraHicaaBcbKuM, 1968] B HU>KHEN
YacTHU pa3pes3a TOAIN OCAAKOB, 3aIIOAHSIONINX
KpaTep. [TocKOABKY BpeMs 00pa30BaHUI UMIIAKT-
HOU CTPYKTYPHI IO TEOAOTUYECKUM AQHHBIM OIl-
peAeAeHO B MHTepBaAe OT AOKeMOPUS AO ITareo-
IleHa, OCHOBHAS POAb B YCTAHOBAEHHHU €€ BO3-
pacTa OTBOAUTCSI U30TOIHBIM MCCAEAOBAHUSIM .
ToABKO B IIOCAepHee BpeMs OBIAU CAEAAHBI Ha-
XOAKHU MAaCTPUXTCKOU (hayHBI B OOAOMKAxX Oca-
AOYHBIX IIOPOA B TOAIIE 3aKpaTepHBIX BEIOPOCOB
CTPYKTYPEI, KOTOPBIE CBUAETEABCTBYIOT OO Orpa-
HUYEeHHOM PacIpOCTPaHEHUN MaaCTPUXTCKUX OT-
AOKeHUU B MUIIIeHU KpaTepa K MOMEHTY yAapa
[Valter, Plotnikova, 2003].

[To A@HHBIM KaAMU-aproHOBOTO METOAAQ pa-
Hee OBIAU NTOAYYEHBI 3HQUEHUs BO3pacTa yAap-
HOPACIIAABAEHHBIX IIOPOA BOATBIIICKOU CTPYK-
Typel OT 55—56 [KaTanor ..., 1978] po 170 maH
AeT [Bacc u Ap., 1967]. OnpepeAreHHEBIN ITO3AHEe
5TuM MeTopoM A. K. Botiko u coaBTopamu [boii-
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KO U Ap., 1985] BospacT kpaTepa, paBHBIM 88
MAH A€T, AO IIOCAEAHET0O BpeMeHU HauboAee Jac-
TO HCIIOAB30BaACSI B F€OAOTMUECKOM AUTEpaTy-
pe [Grieve et al., 1995; Rampino, Haggerty, 1996].
AAns moaydeHUsE O0Aee HAAEKHBIX AQHHBIX 110
OIIpeAEA€HHIO BO3PAcTa BOATHIIIICKOM CTPYKTY-
pel B OTKPBITOM YHUBeEpPCUTeTe B BeaukoOpuTa-
HUM apTrOH-apTOHOBBIM METOAOM OBIAM BBIIIOA-
HeHBI aHAAU3BI CeMU 00Pa3IjoB YAAPHOPACIIAGB-
AEHHBIX TTOPOA U3 ckB. 50. ITo Tpem obOpasiiam
ITIOAHOKPHUCTAAANUECKUX YAQPHOPACIIAGBAECHHBIX
TIOPOA,, OXapaKTepM30BaHHBIX [IAATOOOPAa3HBEIMU
CIIEKTPaMH, IIOAYUYEHO CpeAHEB3BelleHHOe 3Ha-
yeHHe Bo3pacTa 65,17 + 0,64 MaH Aet [Kelley,
Gurov, 2002; I'ypos, Keaan, 2003], xkoTopoe B
HacTodlllee BpeMsl IPUHHUMaeTCs Kak Hanboaee
AOCTOBEDPHBIU BO3PACT UMIIAKTHOU CTPYKTYDHI.
AAdg Tpex oO6pas3IoB IIOPOA CO CTEKAOBATOU UAU
YaCTUYHO ACBUTPUPUITUPOBAHHOU MaTpUIiei 1mo-
AyYEeHBI CAOKHBIE CTyIleHYaThle CIIeKTPhI, KOTO-
pble He MOTYT OBITh UCIIOAB30BAHEI AN XapaK-
TEPUCTHUKM BO3PacTa YAAQPHOPACIIAABAEHHBIX I10-
poa. TakuM oOpa3oM, yCTaHOBAEHBI (POPMUPO -
BaHWe DOATBIIICKOM CTPYKTYPBI Ha MEA-TIAAE0-
reHOBOM pyOe’ke M COBIIaAeHMeEe ee BO3pacTa B
IpepeAax OIINOKY U3MepeHUM ¢ BO3pacToOM Kpa-
Tepa HYukcyayO, paBHEIM OT 65,36 +0,36 p0 65,42+
+ 0,08 MmaH AeT [ Montanari, Koberl, 2000], uanu
65,46 = 0,6 MaH AeT [Kelley, Gurov, 2002].
TouHOe olpepereHrIe OAHOBO3PACTHOCTH 3THX
ABYX MUMIIAKTHBIX CTPYKTYP UAU OTHOCUTEABHOU
TIOCAEAOBATEABHOCTH X 00pa30BaHUs IIPEACTaB-
AdeT OOABIIION HayUYHBIY MHTEpeC AA OOoAee TTOA-
HOI'0 IOHUMAaHUSA KaTaCTPOPUIECKUX COOBITUH ,
TIPOM3OIIEAIINX B KOHIle MeAoBoro nepuopa. C
1IeAbI0 pellleHus AaHHOTO Bompoca B 2008 r. B
BOATBIIICKOM CTPYKType IO 3aKady OTKPBITOrO
VHUBepcuTeTa B Beankobpuranuu npoOypeHa
CKB. 42 rAyOmHOM 598 M AAS M3ydeHUs1 0a3anb-
HBIX CAOEB IMOCTKPATEPHBIX OTAOKEHUU U IIOUC-
KOB B UX COCTaBe BO3MOJKHBIX CAEAOB TAODOAAD-
HO pacIpoCTPaHeHHOTO KaTaCTPOPUIECKOTO CAOS
kpaTepa Yukcyay6. B HacTogiiee BpeMa B OT-
KPBLITOM YHUBEPCUTETE IIPOBOASTCS AeTaAbHbBIE
WCCAEAOBaHMS IOCTKPATEPHBIX OCAAKOB BOATHIIII-
CKOI MMITaKTHOY CTPYKTYPHI [Watson et al., 2009].
YcTaHOBAEHE! TOBHIIIIEHNE COAEPIKaHUs OpraHu-
YeCcKOro BeIlleCTBa OT HOAOIIBEL 0CAAOYHOTO KOM-
IIAeKCa BBepX I10 pa3pesy, a Takyke Ipeobrapa-
IOI]asi POAbL BOAOPOCAEN B 3aCeAeHUU KpaTep -
HOTO 03epa U HaKOIIAeHUM B HeM OpPTaHUKU.
3akaroueHne. boATHITIICKast UMITaKTHASI CTPY-
KTypa 00pa3oBaHa B KPUCTAAMNIECKUX T0OPOAAX
YKPauHCKOTO IIUTa, IPEACTaBAEHHBIX B 3TOM pa-
MoHe MPOTEPO30NUCKUMHU TTOP(PUPOOAACTOBLIMU
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TPaHUTAMM IIPU ITIOAUMHEHHOM PaclIpOCTpaHeHNH
OMOTHUTOBBIX THEMCOB. AaMeTp KpaTepa B IIO-
BEPXHOCTU KPUCTAAMUYECKUX IIOPOA COCTABAS-
€T OKOAO 24 KM.

BoaThIIICKUM KpaTep IpeACTaBAsdeT co00u
CAOKHYIO UMIIAKTHYIO CTPYKTYPY C II€HTPaAb-
HBIM IopHATHeM. Hamboaee TAyOOKyIO 4acTh
CTPYKTYPBI 0Opa3yeT KOAbIIeOOPa3HbIN BHYTPEH-
HUU Kpatep AuaMeTpoM 11—12 KM U TAyOUHOU
1000 M, OKpy’KaIOLINK [eHTPAaABHOE IIOAHATHE .
KpaeByto 9acTb CTPyKTypEl 0Opa3yeT nepude-
pHrYecKas KOABIIEBas AeIIPECCUs AUAMETPOM OKO-
A0 24 KM u TAyOMHOU A0 570 M.

I'AyGokuit BHyTpeHHUU KpaTep BOATBEIIICKON
CTPYKTYPHL 3alIOAHEH 3aA€KbI0 YAAPHOPACIIAAB-
AEHHBIX TTOPOA AaMeTpoM 11—12 KM 1 MOIITHO-
CTBIO A0 211 M. 3areXb UMeeT KOABLLeOOPa3HYIo
(opMy BOKPYT [EHTPAABHOTO IIOAHATHS, BEPIIIN-
Ha KOTOPOT'O B BUAE PACUAEHEHHOI'O IIAQTO BO3-
BBIIIAETCS Ha) ITIOBEPXHOCTHIO 3aA€’KU Ha BBICO-
Ty A0 100 M. CyOGropusoHTaAbHas IIOBEPXHOCTD
3aMeKU U YCAOBUSA €€ 3aAeTaHus BO BHYTPEHHEM
KpaTepe YKa3bIBAIOT Ha ee 0Opa3oBaHUE B pe-
3yAbTaTe HAKOIIAEHUS IIOABAKHOTO BBICOKOTEM -
IepaTypHOro YAAPHOTO pacliAaBa B HauOOA€Ee TAY-
OOKOM 4aCTH UMIIaKTHOM CTPYKTYPHL B BUAE O3€epa.

3arexxb CAATal0T MHUKPONOP(MUPOBEIE YAAP -
HOPACIAABAEHHEIE IIOPOABL CO CTEKAOBATOM UAU
KPUITOKPUCTAAAMYECKOU MaTpulleid. [Ipeobaa-
AQIOIIYIO 110 MOIIHOCTH HUJ)XKHIOIO 4acThb pa3pe-
3@ 3aA€’KU CAATafOT IIOPOABI CO CTEKAOBATON UAU
YaCTUYHO A€BUTPUPUIUPOBAHHON MATPUIIEU U
MHMKPOAUTAM IINArMOKAA3a U IUpOKceHa. CocTas
MMKPOAUTOB U 3aCThIBaHNWE OCTATOYHOI'O PACIIAQ-
Ba B BUAE CTEKAA CBUAETEABCTBYIOT O CYXOM Xa-
paKTepe yAAPHOTO PacIIAaBa.

BepxHul ropu30HT 3areXKu 0OPA3yIOT KPHUII-
TOKPUCTAAANUECKHE TIOPOABLI C MUKPOAUTAMU TIAQ-
THOKAA3a U 3aMellleHHOTO XAOPUTOM ITHPOKCeHa
B IOAHOKPUCTAAAMYECKOMN MaTpHUlle, He COAEP-
JKaleu crekaa. [loaHoe 3ameleHre MUKPOAU-
TOB IMPOKCEHAa XAOPUTOM M ero obpa3oBaHle B
COCTaBe TOHKO3ePHUCTHIX YYaCTKOB MATPUIIHI SIB-
ASIFOTCSI PE3YABTATOM aBTOMETacOMaTUYeCKOH Ie-
pepaboTKU ITOPOA BEPXHETrO TOPU3OHTA 3aCThIBA-
IOIIEU TOAIIM IIPU B3aUMOAEMUCTBUU C BHINIAAA-
IOIIMMHU Ha €e MOBEePXHOCTh aTMOC(epPHBIMHU
OCaAKaMU.

XMMHUYECKUU COCTAaB YAAPHOPACIAABAEHHBIX
IOPOA BOATEIIICKOM CTPYKTYpPBI OAM30K K COCTa-
BY IOPOA KPUCTAAMYECKOTO OCHOBaHUS, IIPeA-
CTaBAEHHBIX TIOP(MUPOBLIMU I'PAHUTAMU IIPU TIOA-
YMHEHHOM PacHpOCTpaHeHUN OMOTUTOBBIX THEN-
CcOB. AASl YAQPHOPACHAABAEHHBIX ITOPOA, Xapak-
TepHA OAHOPOAHOCTE COCTaBa KakK IIO AATEPAAH,
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TaK ¥ II0 pa3pe3y ux 3arexxu. Hanboree 3amert-
HBIM PasAMYMeM COCTaBa MMOAHOKPHUCTAAUYEC -
KHUX TIOPOA U TOPOA CO CTEKAOBATOM MaTpHUIleH
SIBASIETCSI Pa3Hasi CTeIeHb OKUCAEHUS JKeaesa:
IIPY OTHOIIIEHUH OKUCHOTO JKeAe3a K 3aKUCHOMY
B ITIOAHOKPHUCTAAAMYECKUX ITOPOAAX B ITPeAerax
1,1—2,2, B mopoaax co CTEKAOBATOMW MaTpuUllei
oHo noHwuxkaercsa po 0,1—0,3. B xaoputusupo-
BaHHBIX ITOPOAAX HU)KHETO SHAOKOHTAKTA 3are-
KM BeAWYMHA 3TOTO OTHOIIIEHUs Bo3pacTaeT. Ta-
KUM 00pa3oM, ITOBBIINIeHNE CTeIeHN OKUCAEHHO-
CTH Keae3a (PUKCHUPYET IIPOSBACHUS IO3AHUX
IIPOIeCCOB M3MEeHEeHUsI YAaPHOPACIAaBAEHHBIX
IIOPOA B BepXHeH YaCTH pa3pesa 3aAe’kH, a TakK-
JKe B ee HIDKHEeM 3HAOKOHTAaKTOBOM 30HeE.
FeoxumuuecKyue HCCAEAOBAHUS yAapHOpAac-
IIA@BAEHHBIX ITIOPOA ITIO3BOAMAM YCTAaHOBUTE 000-
raieHre UX COCTaBa OTHOCUTEABHO MCXOAHBIX
ITOPOA MUIIIEHW HEKOTOPBIMHU PEAKHUMU U pacce-
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