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IMPEOHCITOBHE

[Ipemiaraemas witatensam mororpadus U.A. 301oBa cogepxut 06oBulcHite 1
passutne padot JI.C. Kopxunckoro — Buifatouterocst ietposiora XX crofetis,
NOCBAILIEHHBIX HHTPUIYIOWEH HAce 06 yyaCTHH MOTOKOB CBOGOMHOI i 10 aHOil
Ga3sbl npu 06pa30BAHUK U IBOJTIOUMH Marm, B Ipoueccax MeTamMopdii3aa it e-
TaCOMATH3Ma, CONMPOBOKAAIOLIMX [IPOIABHIAIOWHECS MATMDI, H B JHIOTCHHOM Y-
J006pa3oBaHuH. ‘

Omipasicy Ha rnyGokue M OGUIMPHLIE 3HAHUS TEONIOro-NeTporpaduyecKoro
MaTepHala M0 MHOTHM perdoHaM, OONaas YIMBHTETbHLIMH CMOCOBHOCTAMY
HAaXOOHTh B3aMMOCBS3b TeOJIOTHYECKUX SIBIEHUI H COOBITHH, BLIABIATH TJIaB-
Hple ¢axKToppl, yHpaBnstoume 3THMH fpoueccamu, H.C. Kopxauhexuit ewe
B KOHue 40-x rofioB NOHAM, YTO psAd ABIEHHH, CONPOBOXIAWWMX MArMaTH-
YeCKHMH MpOLECC, HEBO3MOXHO OOBACHHTL OC3 MPHBMACYCHHS NPEAITONIOARCHHS O
CyLIeCTBOBAHMM B PaCiUIaBJIEHHbLIX MArMaTHUCCKHX MaccaX NOTOKOB GiI10HI08.
Ero yBepeHHOCTb 060 CHOBBIBIIACH COBOKYMHOCTBIO CIC/IYIOUIHX ODCTORTSILCTE
IMPOKHM pacnpocTpaHeHHEM ABJICHHH MATrMaTHYCCKOIO 3UMCLUCHHS BMCULLIO-
WYX TOJIL, CYWECTBEHHOH XMMHUYECKOH OJHOPOAHOCTLI MArMATHUCCKHN HOPO/L
B 0ONBLUIHX O0ObeMax, MpOABIEHHCM IIYDOKHX XHMHUCCKHX HIMCHCHHIT DOKO-
BBIX MOpoJ Meped GpoHTOM MArMaTHUESCKOTO 3dMCIHICHHS BILTOTH (10 o0pasona-
HUS 30HQIBHBIX TeJl METACOMATHTOB, NPHOIHMKAIOWHN BMCUAOIHC HOPOIIL K
coctaBaM Marm. HaGop 3THx 0coBeHIIOCTER XOPOLIO COTMACYETCH ¢ HIOTe3ON
0 TpaHcMarmaTHyeckux cmronnax. Hyxno 3amMeTHTb, yTo 32 40 10T, NPOLLICILIHN
€ TeX Nop, He MOSABWIOCH HH OJHOTO &ILTEPHATHBHOIO IMPCANONOARCHHA, OObAC-
HSIOLIETO BCI0 COBOKYIIHOCTb OTMeueHHbIX daxToB. HecMoTps na oo, runotesa
npoGHBana Jopory ¢ TpydOM, MHOIO JIET OCTABUACH HHCTPYMCHTOM HO3HUAHHS
JVIUL CPAaBHUTENIBHO HEGONBILOTO WICNA METPONIOTroB. JTOMY CHOCODCTBOBWIN
cnabas GU3HKO-XMMHMUcCKasg MOATOTOBKA OOJNBINMHCTBA NETPOrpadhoB 1 HX
HeBHMMAaHHE K B3aHMOMEHCTBHIO Marm ¢ 6OKOBBIMH [10pojlamit. CKa3bIBATOCH 1l
LLMPOKO pacHpocTpaHeHHOe 3a0IyKICHHE O HEAOCHILLCHHOCTH MArnt (uTIONILANIT,
BasUpyloLcecss Ha OTOXACCTBICHHH CHOKIBIX TA30BBIX CMCCCH ¢ UHCTOH BOLOIL.
MHOTO CnOpOB BBI3LIBAIIA CAMa BO3MOKHOCTD HCPEMCLUCHHS FA30BbIN HY3BIPCH B
Marme H3-3a BbICOKOH BSI3KOCTH MarM. OQHAKO IKCHEPHMCHTAIbHBIC padoThI
®.A. [leTHUKOBA 0 NPOTOHKE (UIIOHAOB Yepe3 PaCIUaBbl, MPOOYIbKHBUHKE Ii-
30B uepe3 JIABBI NMOKA3a/H  pEeIbHOCTb ABIKCHHS (DIIOHAOB B CHIMKATHHIX
pacrmaBax. Kak 6l 10 HU GbUTO, HO 06pa30BalHE HEKOTOPLIN CHEUHGIIUCCKHX
MeTaCOMaTUTOB Mepel GPOHTOM MarmMaTHYecKOTO 3amelletiHsi, CHHXPOHHOL
C NpOABHIKEHHEM MAarmbl, SIBJIAETCS 10POXKACHHEM (DIIOHIOB, BLINOLAAUMN H3
MpOMIBUTAIOLICHCS " #HBOI™ He 3aCTBIBLUCH MArmbl.

EcTh HayuHble NOHATHS, SIBACHHS, CBOHCTBA HPHPOIHLIX OBLEKTOB. lpolLee-
Cbl, KOTOPDLIC COBPEMCHHAS HAYKd 11 B COCTOSHUH MOKI H3YWITh 1PN Lo,
HeMoCpeACTBEHHO. HeT BO3MOWKHOCTCH HPOHMKHYTH B MUIHTIHIO  3eatii 1t 0 tod-
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paTb MpoOb! ISl H3yYeHHs1 ee COCTaBa M CBOiCTB. OHAKO H3yyeHHe COCTaBa U
TPOLECCOB B MAHTHM MACT NOJIHBIM XOAOM; OHO BBINONHSAETCA MO KOCBEHHBIM
OaHHBIM, MO pe3ynbTaTam mponeccoB. K mopgoGHBIM npoGiieMam OTHOCHTCA M
BOMNpOC O TpaHCMarMatHueckux ¢mroupgax. Mx HeBO3MOXHO HaGNMOmaTh, Kak
HEBO3MOXHO IOKa HEMOCpPEeACTBEHHO BMOCTb CTAHOBIIEHUE HHTp}’SHB—}TbIX TEJI.
OnHaxo pe3ynbTaThl BO3MEACTBHA GIIOMIOB Ha MArMbl H BMeLUAIOIIHE NOPOIBI
U3YYEHHI0 OOCTYNHbI. 3aKOHOMEPHOCTH OBMXKEHMS (IIIOMIOOB M BO3[EHCTBHUs
GIIONa0B, NPOXOOALMX Yepe3 MAarMy, MOTYT GbITb pelleHbl ¢ Heo6XOOUMOi
NOJTHOTOM MpH pa3paGoTke U UCMONB30BAHHH JIOCTATOYHON COBOKYNHOCTH KpPH-
TEpHEB DAacClo3HaBaHUA 3TOTO Npouecca. SIBMeHUsA, CBj3aHHbIE C B3aUMOMEHCT-
BHEM TpaHCMarmaTHuecKux ¢nioHgonoTokos ¢ Marmoil, HasBausl JI.C. Kop-
HMHCKHM MeTaMarmaTH3MOM. B TepMIIHaX rHIOTe3bl O METaMarMaTU3Me Halloiu
cTporoe 06bACHEHHE 3aKOHOMEPHOCTH 3BOJIIOLMH MarMaTHYeCKHX TeJ H OSBH-
7lacb BO3MOXHOCTb Ha MpPHHIMIAIBHO HOBOM YPOBHE HCCNIENOBAaTh Marma-
TOTeHHOE PYNooO6pa3oBaHHe, HANTH M NOHATb €r0 NpPHUAHBI, OLEHHTb YCIIOBUA
BO3HMKHOBEHHS MECTOpOXOeHHA. Takue (axTpl, KK OTCYTCTBHE KOPpes siIHK
MEX/Iy pasMepaMH MeCTOPOXIeHU X 0ObeMaMH MarMaTHUeCKHX Tel, HX MOpo-
IMBLINX, PpaKIHOHMPOBaHHE M30TONOB BMONb MAarmMaTHYeCKHX KOJIOHH M pYH-
HBIX Tell, BEPTUKAIbHAA U TaTepajibHas 30HATBHOCTD Py He HAXOAAT YIOBIETBO-
PUTENBHOTO pELICHHA B paMKaX MpPeXXHHX FHNoTe3 U TpeGy0T HOBbIe NOXOIBI K
HX M3YUYEHHIO, YUeT THIIOTe3bl O METaMarmMaTH3Me, B

Beem 3tHM npoGnemamM nocBslleHa NpemlaraeMast KHHra. ABTOp ee MHOTHe
roapl NMPOBOJWIT OETANIbHBIC paGOTbI 110 MOHCKY HOBBIX KPUTEPHEB YCTAHOBJICHUA
BO3[eHCTBUA TpaHCMarmMaTHyeCKHX GITIOMIOB Ha NpOLEeCCHl MHHEPAIO- U pyHo-
obpa3oBanua. ITH paboThl ObUIM HAayaThl M NMPOBOMIIKCH NOJ, PYKOBOJACTBOM H
npu yvactin JI.C. KopxaiHckoro, npuaasasliero uM Gonslioe 3HaueHne. Ilocne
yxona u3 xu3un J1.C. KopxuHckoro, aBTop NpoaoskaeT HCCIegOBaHue MpoGie-
MBI, ITIaBHBIM OGpPa3oM B NPWIOKEHHH K MarMaToreHHOMY H IHApOTepMaIbHO-
My MHHEpanooGpa3oBaHHIo,

OnMH M3 pa3feNioB KHHUIM paccMaTpHBaeT BONPOCH! IPHYMH U MeCTa 3apoxpe-
HHUS TPAHCMAarMaTHuYeCKHX (IIOHAOB. ABTOPOM BBIABHHYTA H pa3paGoTaHa ruIo-
Te3a 0 MAaHTHHHOM MX MCToyHMKe. IIfisi 3TOr0 NOTpPeGOBaNIOCh MPOU3BECTH Nepe-
OLEHKY (IIIONOOHACBILEHHOCTH BELIECTBAa BEPXHEH MaHTHH, NIPOaHAIH3HPOBATh
BIIUSIHME MEXaHHUeCKHX (TeK TOHMYECKHX) MpOLeCccOB Ha ryGHHHOE MarMooGpa-
30BaHHe, pacCMOTpPETb BOMNPOCHI paclpeleNeHHss KOMIIOHEHTOB Mexmy duioun-
HOH M xoiAxoit ¢asamu, npoGremMbl IOKATH3aUWH NMOTOKOB GIIIOHIOB B MOp-
oo rHyecKHt CIOXKHBIX MarMaTHyeCKHX KOJIOHHAaX M KaMepax. ['unoresa o6cyx-

- JaeT-BOMpOChl HCTOYHNKA PYJHOTO BEILECTBA, €T0 31<crpa1<uuu nepeuoca H OTNIO-
’KEHHMA B MarMaTHYECKHX CHCTEMaX, :

B kHure nogpoGHO paccMOTpeHbI HeKOTOpre Mexalmamm TAKHX. cnommx
ABJIEHHI, KaK NPUKOHTAKTOBOE OLUEJIauMBaHHe, KOTOPOE MOXET . NPOMCXOAUTh
HpH OTTOKeE Liefjloueil B MarMy OT KOHTaKTa JIKGO. NpH 3aMelleHHH GoraThIX Le-
JIQYaMH 9K30KOHTAKTOBBIX NMOpoA. IIJisi HauaIbHOTO 3aMELIEHHs. Marmoii BMe-
IAIMX NOPOM aBTOP NMpPEeTONIUT MEXaHH3M YaCTHYHOTO. IUIaBJIeHUA. ITOT BOII-

pOC NMpeACTaBIAeTCA MUCKYCCHOHHDBIM, MOCKONbKY NPH MarMaTHYecKoM 3amelte- |

HHH KOHTpaCTHBIX 60jlee TYTOIUIABKHX . IOPOJ,- BUAMMO, . JOJIXKHO . IIpeobnanars
_pacTBOpeHMe YacTH MX 00beMa C OJHOBpPEMEHHBIM 3aronHeHHeM marmoil. Iluc-
KYCCHMOHHBI H HEKOTOpble JApyrHe MOJIOXeHWs, pasBuBaemble H.A. 30TOBBIM,

0coBeHHO B THIMOTE3e O MAaHTUHHOM reHesmce TpaHCMarMaTHYeCKHX (IJHIOH)IOB. ;o
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OnHako rumoTe3a MMeeT MOJHOE MPaBO HA IPAKIAAHCTBO, TAK KAK ONHpAacTCH Ha
COBpEMEHHbIE IKCIIEPUMEHTAIbHDBIE M Te0NIOTHYECKHe [aHHble, BHYTPEHHE COrma-
COBaHa M HeNpoTHBOpeurBa. OueBM/IHO, YTO HEOGXOMMMBI HOBbiE AETajbHbIE M
obLMpPHblE MCCIENOBAHMA IA PeLIeHHs 3TOH (YHNaMeHTanbHOMH, KIII0YeBOH
npo6rembl NETPOIOrHHU.

Het comuenus, yro npemiaraemas mMoHorpagus 6Gy/eT BCTpeueHa ¢ GOsbLIMM
HHTePECOM METPOJIOTaMH LIMPOKOTO NPOGUIA H CNELHATUCTAMHU N0 IHAO FeHHBIM
MECTOPOXICHHAM H MOCIYXUT PaclpOCTPaHEHHIO HEeyCTPeMIEHHBIX METPOITO-
IMYECKHUX PaboT HOBOTO MOKOJIEHHUSI.

HH Hepxiee
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YTO TAKOE "TPAHCMATMATHYECKHE OIIHOUILI?

"Tpancmarmatuueck ue Gpiouapl” — MOHATHE M TEPMHH, PEAKO UCIOJIb3YIO-
IIMECA B COBETCKOH M OTCYTCTBYHWLIME B 3apy6exHOH reonorHyeckoi jurepa-
Type, KOTOPbIMM OOO3HAYAIOT MOTOKH HAJKPUTHUYECKUX MAHTUMHBIX Ta30B,
TIPOXOMALIMX Yepe3 elle KUIAKME MarMbl. ITO MOHATHE GbUIO CHOPMYIMPOBAHO
Bhigaroummces ferponorom I.C. Kopxutckum [47] nouru 40 et nasan (1952 r.)
B DaMKaX THUIOTe3bl, MO3BOJIAOLIEH OObACHHTL COMPSAXEHHOCTb IIPOLECCOB
METacoMAaT03a W IUIaBJIEHHs THEHCOB M CNAaHLEB B 30HAX INyGUHHOM IpaHMTH3a-
UMH, UMPOKO pPAaCNpOCTPaHEHHOH HAa KPHCTAJUIMYECKHX LIMTAX, HO MPOABIAI-
LWeACA ¥ Ha MeHbIUMX rny6uHaX. CyIIECTBO IMINOTe3bl 3aKIIOYANoCh B Iped-
TMOJIOXKCHHH O HEPEIKOM MpOSABIEHHH B pacIUiaBJIeHHbIX MarMaTHYeCKUX Tejlax,
B YaCTHOCTH, FPAaHHTHOrO COCTaBd MOTOKOB CYIIECTBEHHO BOMAHBIX, KaK TOTHa
TPEe/CTaBJIAIOCh, PaCTBOPOB. Byayun paBHOBECHBIMH C IPaHUTHBIMH MarmMaMH,
pacTBOPbI IPH BCTYIUIEHHH BO BMELLAIOLIME TOPOMbI OTIIMUHOT O COCTABA HOJIKHBI
XMMHYECKH B3aHMOMEHCTBOBATb C HUMH, BbI3bIBAs METACOMATHUECKHE H3MeHe-
Hust, [IpH JOCTAaTOUHO NMpPOMOIKHTENBHOM M HANpaBJIEHHOM H3 MAarmsl MOTOKE
pacTBOpOB 1peobpa3oBaHus GOKOBBIX MOpof OymyT, OYEBHOHO, IPOHCXOMUTH
B HanpaBjieHMH COJMKEHMS MX C COCTABOM MarMbl U MpH JOCTHXEHHU ero
TIPOM30HAET IWI1aBlieHHe cyOcTpara. B atom mpollecce yacTh K OMIIOHEHTOB GOKO-
BBIX IMOpPOMA, HU30BITOUHASI CPAaBHUTENIBHO C MAarmMoi, GyJeT yHeceHa W3 30HbI
KOHTaKTa, 3 HEIOCTaK1ast YaCTh KOMIIOHEHTOB OTJIOXKEHA HOTOKOM DPacTBOPOB.
B pesynbrate BMeliawliie Marmy TBepjible IOPOLNBI 3aMECTATCA pPacIiaBoM,
ONIM3KHM MJIM HAEHTUYHBIM IO COCTABY C MarMoH, BbI3bIBAKILEH 3TH U3MEHEHH S,
3aMeuenre paciiaBoM uamensemoin nopoas! I.C. KopxuHckuit [47] Hassan
MHGWIbTPALMOHHBIM MarMaTHYecKUM 3aMellleHHeM, a IpOLEeCC IpeBapuTellb-
HOTO H3MEHEHHA IOpOJd — MeTacoMaTO30M MarMaTHYeCKOH CTaauM. BaxHoit
OCOGEHHOCThI0 MAarMaTHYECKOro 3aMeLIeHMsl ABJIAETCA COXPAHHOCTb CTPYKTYp
GokoBBIX MOpPOA, TAK KaK CyUIECTBEHHOTO M3MEHEHHsA OObema IpU 3TOM He
TIPOHCXOHT, XOTA 3TO He UCKITIIOUEHO.

Funotesa JI.C. KopxuHacoro 6bUla BBIABHHYTa B KYJIbMHHAUHOHHBIA MO- .

MEHT [MCKYCCHHW CTOPOHHMKOB TOJIBKO METaCOMATHYeCKOH (MX Ha3blBaJIH
TpaHCHOPMUCTAMH) MM TOJIBKO MAarMaTHUYeCKOH [pPHPOHbl TpPaliMTOB 30H
IPaHUTH3AUMH, B KOTOPOH YYaCTBOBAIM BCEe KpYMHeHllHe NETPOJIIOTM MHpa
(cm. cebuikn B cratbe H.C. KopxuHekoro [47]). HeTpymHo 3aMeTHTh, uTO
runoteza [1.C. KopxuHckoro oGbeJMHMIA B3IIIAABI U apryMeHTBl IMPOTHBO-
BOpCTBYIOUMX CTOPOH M, BHMMO, CHsJIa OCTPOTY AMCKYCCHH. OTKpBIThI

aucmyT npexpatvics, u runoresa J1.C. KopxaHCKOro noiyywna 1MpoKoe MpH- -

3HAHME OTEUCCTBEHHBIX TEOJIOTOB, H3YUaBIUMX PErHOHANIbHO-MeTaMOpdHUecKHe
KOMIUIeKChbl 0b6nacreit rpaHuTH3auMi. OgHako ¢ cepemuubl 60-X rogoB BIUIOTH
0o Hayana 80-x B 3apy6exHLIX CTPaHaX M OTYACTH B Hallel CTpate npeobaaaaio-
liee pacrpocTpaleHHe NOMYYHITH MPEACTaBiAeHHs] O MalMHICHHOM M 4HATEKTH-
YeCKOM O0Opa30BAHMM MArMaTHYeCKMX pACHIAaBOB 30H IpaHMTH3AUMH  (CM.,
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Hanpumep, KHurn K. Menepta, I'. Bunxnepa, B.IL Iletposa, B.C. lllkoasunc-
KOr0). 323 CYeT PpACMABIICHUSI MOPOJA COOTBETCTBYIOWICIO JHTONOIHUECKOI O
COCTaBa, T.6. TEPPHIEHHbBIX MEJMTOBBIX NMOPOL H UX METAMOPGhHUECKHX aHUION 0B
WM BbIIUIABJICHUA JIETKOIUIABKOH (pakuMM W3 MOPOd OTJIIMUHOTO COCTABA.
Heo6xoauMblil [u1sl 3TOrO NpOrpeB CBA3BIBAIIM € HOTpYkeHHeM Toud B 60oJiee
HArpeTble TeOTEePMHYECKHM TEMIOM INyGHHHBIE YpoBHH. Ho B HacTosiuee
Bpems B Hawell crpane [17] u 3a pyGexom [135] ywxe ¢ upHBneueiinem reo-
XHMUUECKHX, H30TOMHBIX AAHHBIX U HAGIIIOACHHH HA/l ra30BO-KUAKHMH BKIIIoUe-
HMAMM B MHHEpaJlax BHOBb PACTET MOIYJIAPHOCTb NPEACTABIEHUH O MPAHUTH3A-
MM 107, AeACTBHEM NOTOKOB INTYOHHHBIX ¢ ITIOHA0B.

Onnaxo Oymer HeBEpHO cuuTaTh, yTo runoresa J.C. Kopxkutckoro o notokax
TpaHCMarmaruuecKux ¢monnoe Gbuia 3abpiTa B Haleit crpaHe. Co Bpemenu
CO30aHHA OHAa aKTUBHO pa3BuBanach npexpge Bcero I.C. KopxuhckHM, ero
yuenvkamu B.A. JKapuxoBbiM, A.A. Mapakywessim, JL.U. IllabbiHudbIM U
OpYTMMHU, BKJIIOYasl aBTOPA HACTOSALLEH KHUTH,

MloueMy >ke HEOCTATOUHO WIMPOK (POHT MCCeOBaHUi 1poBIeMbl TpaHC-
Marmatuueckux ¢monpos? Ilpexge Bcero noromy, Y1o olia OTHOCHTCs K 11po6-
JIeMaM BBICOKOH CJIOKHOCTH, [JISi TOJIHOrO pellleHUst KOTOPOH COBPEMCHIIbIIl
YPOBeHb DPAa3BHTHUs TEOXMMHHM, JKCIIEPUMEHTANbHON H TEOPeTHUECKOH 1eTpo-
JIOTHH, CMEXHBIX HAYK — QU3HKH U XHMHH — HeaoCTaTOuCH. [IaBHLIM HpesT-
CTBHEM B €€ BOCIPHATUHM fBJISIETCA OTCYTCTBHE W IO CeH [eHb lIpHEeMIeMOi
$H3nYecKoN MoJeMM ABMXKEHHs TPAHCMAarMaTHUECKUX (DITIOMIIOB Uepes CHIMKAT-
Hble pacnyiaBbl B (popMe, OTIIMYHOH OT BCIUILIBAHUA My3bipbKoB rasza. He menee
CJIOXKHBIMHM OKa3aJIMCb Ie0JIOro-neTporpaduueckue cTopoubl npodnemsbl. [axe
AeTanbHO pa3paGoTaHHas Teopusi GOPMHPOBAHHA OJHOTO M3 THIIOB MEeTACOMa-
THTOB MAarmMaTHYeCKOH CTagMM — MArHe3WasbHbIX CKAPHOB, SIBASIOWMNCA AP
KHM CBHOETENIBCTBOM [EHCTBUA TPAHCMATMATHUYCCKHUX IIOHMOB, OKa3asach
CJIOXKHA U1 UMPOKOIO NOHWMAHHUA M BHENPEHHUA B [OBCEAHEBHYH ICOJIOIH-
YyecKyr NpakTUKy. HepocTaTouen ypoBeHb NMOHMMARHA HPOLECCOB H3OTOIHOIO
¢ pakMOHUpOBaHUA B (BIMOMIHO-AMHAMMYECKHX CHCTEMAX, Ha OCHOBE KOTOPBIX
BO3MOXHA pa3paboTKa NPU3HAKOB TpaHCMarMatiueckux ¢pounonoroxkon. Kax
NOKAa3aHO HHKe, TaKoe ¢ pak UMOHHPOBAHHE YCTAHOBIICHO B HCKOTOpPBLIX OBBeK-
Tax. HesceH cocTaB MaHTHiiHbIX (IIIOMIOB W c1abo M3YHeHO pacnpeaeseHue
KOMIIOHEHTOB MEXY MarMaTHYeCKUMM pACIUIdBAMHM U Ta30BbIMH CMECAMH.
3T BONpPOCEl B HACTOsIEE BpeMsi aKTUBHO HccilenylotTesi. OfHAKO Ha 3TOM
MYyTH OXHOAKTCA 3HAUUTEJIbHbIE METOAMUECKHE CIIOKHOCTH H3-3d IKCHEepHMeH-
THPOBAHUA B BbICOKO BOCCTAHOBHTENIBHBIX M dIPECCHBHBIX Cpeilax.

HecMmoTpst Ha HeomNpeeneHHOCTH, FHIIOTe3d TPUHCMATMATHUECK HX (DIIIOHIOB
NpencraBiisieT coOOH >KUBYK pa3BHBalowlylocs Hpobiemy. Muorue i Bce Gostee
pa3Hoobpa3Hble reoJIorHuecK He 0Opa3OBaHUA HEIPOTHBOPEUHBO 0BbSICHAIOTCS
JMUIb ¢ MpHBJIeYeHHeM 3TOMH runoTe3bl. K HUM OTHOCATCS MCTACOMATHTbI Marma-
THYECKOH CTaJMH, OllesoueHHbie (GAUMH MAarMAaTHUCCKHX Tell B KOHIAKTAX ¢
HOpOJaMH OCHOBHOIO COCTAaBa, OKMCIIHTENILHO-BOCCTAHOBHTENLHBIC B331HMO-
OEHCTBUS B MArmMax M MHOTHE [pYrue siBJIeHHs, KOTOPLIC 0OCY KIAIOTCH HIKRS.
O6nacTb NPUITOXEHUS THIIOTE3b! PACIUMPACTCH, BKINOUAS PYILHbIC 0DPRa3oBAHKSL.
Ha ee 6aze B 1980-1984 11. M.A. 3otoBbim [25] 1 J1.C. KopKHHCKHM ¢ Kosine-

raMu [54, 144) BbIABUHYTA THHOTE32 OBPA3OBAHIN KPYIHBIX H VHHKAJILIBIX
MECTOPOKUEHHH, KOTOPOI HPCLHOIAFAETCl BEAYULAS POILL FPALICA MATHUCCKHA
(IIOHI0B B [IEPEHOCE NOME3HBIX KOMIOHEHTOB JHIOICHHBIN MCCTOPOKICHHIL
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Hononuutenbrylo MOANEPKKY TUNOTe3a TPAHCMATMATHYECKUX (hIIIOMIOB nony-
uwia B pe3ysnbTate OBHapyxeHHA QIIOMOHOIO METACOMATO3a B OBGMOMKAX MaH-
THAHOTO BellecTBa, BBIHOCHMOTO TJyGHHHBIMH MAarmMami Ha 3eMHYI0 NOBEpX-
HOCTb. JTO yKa3biBaeT Ha MaHTHAHOE BelIeCTBO KaK Ha BEPOATHBIA HCTOYHHK
obcyxmaeMbIx GIIOKUOOB. ’

Takum o6pa3oM, rumoTesa TPAaHCMAarMaTHYeCKHX (IIOMAOB mNpHOGpeTaeT
YEPThl KPYNHOH MEXAMCUMIUIMHAPHOR TEOJIOrHYeCKON MpobieMpl, KOTOpas
BCKPbIBA€T HOBBIC MOTOJIHUTEIIbHBIE XAPAKTEPHCTHKH Pa3HOOOpPAa3HBIX IHIAOTEH-
HBIX MpOLECCOB — MarMaruaMa, Meramopdusma u pynooGpasosanus. Iloxa
OHa OBOCHOBBIBAETCA INPEHMYLIECTBEHHO TIeONIOTHYECKUMH HAGJI0eHM AMH
C MpUBJIEYEHHEM METONOB (UIUKO-XMMUUECKOTO aHANM3a MApareHesHCOB MH-
Hepanos. Hamu paccMaTpuBaioOTCA INIaBHBIM 0GPa30M 3TH aCMEKTHI MPOGIEMBL.
PaspaGorka ¢uamuyeckux M XHMHUYECKHX BOMPOCOB MpOGIIeMbl COEep>XUBaerca
HEIOCTAaTOYHBIM YPOBHEM 3HAHMH B 3THX o6nacTaAx. OgHAKO 3TO He IOJKHO
NpeNATCTBOBATb Pa3BUTHIO TUIOTE3bl TPAHCMATMATHYECKHX (PIIOMIOB BBUIY
ee CnocoGHOCTM BHECTH HOBBIE 3JIEMEHTBl B TOHMMAaHME XONA 3HIOTE€HHBIX
NETPOreHETHYECKHX M PYAOTeHHBIX NMPOULECCOB pPa3HbIX YpPOBHeH rIlyBGUHHOCTH.

* CKapHOBBIX

OCHOBHBIE BEXHW B PA3BHUTUH THIIOTL3bI
TPAHCMATMATHYECKHUX ®JIOUIOB

XOTA TOHATHE O TpPAaHCMarMaTHYecKHX (IIOHIAX M CYLIECTBO THIOTE3bI
6buth chopmyrmposanst J1.C. KopkutckuM B 1952 1., OCHOBaHHEM CyXWIH
pe3ynbraTsl Gornee paHHux ero pabot. Tax, eme B 1947 r. I.C. KopsxuHckHii
[46] oGocHoBan BmoNHe MOXBMXHOE MOBENEHHE B MAarMax He TOJIBKO JIETKO
neryunx H, 0 u CO,, Ho takxe K;0 u NayO. Mx xuMMuecKHe NOTeHLMAbI
ONpefeNaoT MUHepaloruyeckue Gauiu W MOpANOK KPHCTAaNIU3AUMH MHHepar
JIOB MarM, B YaCTHOCTH IpaHMTOMAHbIX. B To Bpemsa I.C. KopxuHCcKHil nped-
nojaraj, Yro OObIYHAA BbIAEPXAaHHOCTb MHHEpaJIbHO-NapareHeTHYecKo# dauu-
ATHHOCTH MAarmMaTHYeCKHX MAacCHBOB OINpedenseTcss BbICOKOH HddY3HOHHOM
MOABIXKHOCTBIO B MarMax uiesioued. OpHako HHM3KasA ckopocTh muddy3uu
KOMITOHEHTOB NPHBEJIA ero MO3[Hee K 3AKJIIYEHHIO O BHIPABHMBAHHH MOTEHIMA-
JIOB luejioveil B Marmax C NOMOILBI IPOCAYMBAIUMXCA Yepe3 HHX (oMIo-
TIOTOK OB.

Ipu paspaGorke rumnoTe3bl TpaHcMarMaTtHueckux ¢monnos J1.C. KopxuH-
ckuii [47] omupanca Ha upero ¢panuy3sckoro nerponora I1. TepMbe, KOTOpsIit
eute B 1910 r. mpennonarai, 4TO rpaHUTBL ¥ OMEPEXAWIIMA HX METAMOPGHUIM
BBI3BIBAIOTCSL BOCXOMASAIUMMH TOTOKAMHM TOPAYMX BOMAHBIX pacTBOpoB. K upuee
I1. Tepmbe JI.C. KopxuHCKHIT 0GpaTuIICA He CITyuaiHoO, TaK KaK yXe B CepemH-
He—KoHe 30-X rofoB OH MPHIIEN K BbIBOAY O BIIOJIHE NOABHXHOM MOBENEHHH
H;0 n CO, B mpoueccax perHoHagbHOrO BBICOKOTEMIIEPATYPHOTO MeTaMop-
¢HaMa, YTO MOIJIO MPOABMTBCA JIHIIL B NMOTOKAX CMECH 3THX KOMIIOHEHTOB
yepe3 MeTaMopdu3yeMble TOJLLH.

OcHnopononaraowas crates J.C. Kopxuuckoro [47] comepskana BaxHOe
IJI8 pasBUTHA IUIOTE3bI MIPAKTHYECKOE IONIOXKEHHE; B Hel ObIJIo chopMyHpo-
BaHO IIOHATHE O MET4COMATHTAX MAarMaTHYeCKOH CTaMM Kak 06A3aTesIbHOM
30He HM3MEHEHMA OOKOBLIX MOpON Ha (POHTe MAarMaTMyecKOro 3aMELIEHHH.
Haymmue TakuMX MeTacOMaTMTOB, MHTPYHMpPYeMbIX 06pasylolweiica B HX TbUTy
Marmoii, yKasaHo B KayecTBe reoJIOTHUYeCKOro MpH3HaKa NOTOKOB TpaHcMarma-
THYECKHX ¢IIoMIoB. Takue MeTacoMaTHTbl MOTYT CpaBHHUTEJIbHO JIETKO OBHApy-
XHBAaTbCA B F€OJIOTHYECKHX 0OHAXEHUAX MO HAJMUHI0 KCEHOMTOB METaCOMATH-
TOB MJIM MX TNEpPEeCEeYeHHI0 KOHTAKTHDPYIOUMMH MarmMaTHYeCKMMH TenamH. B
KauecTBe IpHMepa MeTacOMAaTHTOB Marmatuyeckoii ctamuu JI.C. KopxHHCKU#H

- [48] yxasan Ha umuHeNbCOmepXkalMe MarHesHaTbHble CKapHBI, IEpBOHAYAJIBHO

YCTaHOBJIEHHbIE UM B 0ONACTAX I pPAHUTH3ALIUH.

- Havarpie B 3TH rofpl aKTHBHbIE UCCTEMOBAHHS TTMYGHHHBIX MarHe3HalbHO-
JKENe30pYAHBIX  MeTCTOpoxieHud Anpana  (JILM. 1HabGoinun,
A.A. Mapaxymes, H.H. Tlepues), runabuccanbHbIX MarHe3uaibHO-CKAPHOBBIX
Gopupix MecTopoxaeHuit Bepxosubsa (H.H: [epues), runmaGuccanbHbIX cKap-
HOBO-NONIUMeETAJNIMYecKUX MecropoxnaeHuit. Kapamazapa (B.A. )Xapuxos),
Tle TIpOABIIEHBI W MarHe3uajibHble CKApHbI, MO3BOJIWIM  pa3paboTaTh TCOPHIO

MarHesuajbHoOro ckapHoo6pasosanus. [loxaszano, uro  Gornblive 06BEMbI LMY
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Helb-() OPCTEPUTOBLIX M LINMHHENL-NMHPOKCEHOBBIX CKAapHOB (G OPMHUpYIOTCA B
pe3ynbTaTe METacoOMaro3a MarHe3HaNbHbIX KapOGHATHBIX MOpPOM, 33 CYeT Mpu-
BHOCAa B HUX Al,O; u SiO, U3 ewle XUIKOH MarMbl B COCTABE BBIXOIALUMX U3
Hee BOOHO-YTJIEKHUCTIOTHBIX (irouaoB. OOLIMpPHbIE pasMepsl TeJl CKaploB (Ha-
lipumep, na onucaHhom JLW. lilaGuinmubim [118] 30510TO-MeIHOM MeCTOpOsie-
v Xonp-I'on, KHIAP, onHo U3 ckapHoBBIX Ten cToN16006pa3Hoit GOpMbI HMeET
MowHocTh 40 M NpY NpOTAXEHHOCTH OKoJIo 450 M) He MOryT oBbSCHATBLCH
¢opMupoBalHeM uX TONBKO ra3amu, [MEpechbILABUIMMH MarMy KpaeBbIX
YacTed MarmMaTHyecKMX TeJl. CHIIbHaA HW3MEHYMBOCTD MOILHOCTEH MeTaco-
MaTUTOB B pa3HbIX YYaCTKax KOHTAKTa OJHOTO MAarmMaTHYeCKOro .MacCHBA
yKa3blBaeT Ha CTpyWuaTbIM XapaKTep NMOTOKAa TpaHCMAarMaTHuYeCKHX (IoHIoB
B Marmax.

MpencraBnenns [1.C. KopkuHCKOro 6blM ¢ 3HTY3Ha3MOM BOCIDHHSATHI
NeTpoJsIoraMy Hallied CTpaHbpl. B nuTepaType CTajM MOABIATbCA COOOIIEHHA
0 Bce 0Oomee pa3sHOOOGpA3HBIX THMAX METACOMAaTMUTOB MarmMaTHYeCKOH CTauu
B KOHTAKTaX MarmM pas3JIMyHOro CcOCTaBa M PpasHOro YpOBHsA TIJTyOMHHOCTH.
I".JI Tlocmenos (1955 r.) oTmeuan WIKHpOKOe pacnpocTpaHeHHe MOppHpPHTH3AE-
UMM U nopdupusauun 60K OBBIX NMOpoJ (BKIYas KapGOHaTHblE) B KOHTaKTax
TUIMabHCCANIBHBIX MHTPY3UBOB OCHOBHOTO M CpE[HEr0 COCTaBa B CKapHOBO-
XKeJ1e30pyAHbIx MecTopoxdenuax I'opuoii Iopuu u Ha Canaupckux HojuMeTan-
JTUYECKUX MECTOPOXKIEHHSAX,

K meraconatHTam marmaTHuecKod cTaguu ObIIM OTHECEHbI LIMPOKO pac
npocTpaHeHHbie U ob6wupHble (10 3—5 KM wupuHOH [97]) Opeossl WETOYHBIX
METacOMaTHUTOB — ¢eHUTOB, pa3sBHMBAIOUMXCA MO THedcam M raGbpoupaMm B
IK30KOHTaKTax HedenuHoBbIXx cueHuToB (PM. fAummna, B.M. Kosanenko,
PI1. TuxonenkoBa u gp.). OueBHOHO, HMKAKMMHM PasyMHBIMH CIEMEHAMH
nepecbiuleHuss GIIOHIAMH CIWIMKATHBIX MarM TaKHe MacliTabbl M3MeHEHHs
BMELAN X [TOPOA 00bACHUTL HeEJb3A U NPpUXOJHUTCA AOMYCKAaTb BO3MOXHOCTDb
NPUTOKA TpaHCcMarmMaTHyeckKux GIoMOoB M3 IiyBOKHX 4acTeit MarMaTH4YeCKHX
KOJIOHH [0 Hayana KpHUCTaJUTM3alMM KpaeBblx ¢auuit maccuBos. [locnenHee
BBITEKAEeT M3 ONpENesICHUA ITHX METaCOMATUTOB KakK 06pa3013aHm"{ Marmaru-
YeCK OM CTaJlHH,

B koHue 60-x romoB AHUCKYCCHA O MeTacomMaro3e MarMaTHYecKoro 3rala
COCPELOTOYMIIaCh BOKPYT IMPOUCXOXHeHHs KapOoHatuToB. Bbulo ycTaHOBJIEHO,
YTO M ITM Marmbl BbI3bIBAIOT OOLIMpPHbIe opeonbl ¢enuTHsammu (A.B. JlammH,
1982 r. 1 MHOrHe OpyTHe) .

XoTs npoBedeHHble TUCKYCCHM M JIOKa3alM HECOMHEHHOE CyllecTBOBAaHHMe
METaCOMATHTOB MarMaTHYeCKOH CTaguM B KOHTAaKTaX Marm Joboro npupon-
HOrO COCTaBa W Ha pPa3IMUHBIX YPOBHAX [JIyOMHHOCTH, PELUMTENILHOrO CIBHra
MarMaTMCTOB K TMPH3HAHHIO TUMOTE3bl TPAaHCMArmMaTtHUeCKUX (IIOUIOB He
MTPpOU30OLIO. Ileno B TOM, YTO HE ObIIH YCTAHOBJICHbI HaJeXHble KPHTCPHH,
I103BOJIAIOILIME OTJIMYaTh HHbEKIMOHHbIC MarMaTHyeCcKHe Tena oT 06pa3oBaHHbIX
IlyTeM MarmMard{yeckoro 3aMellleHHWs TbUIOBBIX 30H METaCOMAaTUTOB MarmarH-
yecKOM cTaguu. JTa npoblieMa akTyasbHa [0 HacTosuiero BpemMeHd. Ona o6
YCJIOBJIEHAa He TOJIBKO HEQOCTaTKOM MpeACcTaBHTENIbHOrO KOJHYECTBA TOHKHX
reoXuMHuecKHx (B YaCTHOCTH, M30TOIMHBIX) AAaHHBIX, HO H CYLIECTBOM lpoliecca
06pa3oBaHHA pacIUIaBOB MarmMaTH4ecKOoro 3aMeineHus. IlomHHMaroumecss M3
ryGoOKHX ypOBHieH MarMaTHUCCKHMX KOJIOHH W paBHOBECHble C HHMH TpaHc-
MArMaTH4YeCKHe q)III'OPLU.bl OOJIXKHBI NPUBOOUTL pacIuiaBbl 3aMeElUIEHHs! B IIOJIHOE
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NeTPO- H re0XUMHYECKOE COOTBETCTBHE C IOBCHHIILHBIMH Marmamu. Tax, ycToi-
YMBOCTb COCTaBa MAarMaTHYeCKHUX MACCHBOB OJIHOM BO3pacTHOH (opMalHy,
TNpOsIBJIIEHHOW Ha OOIIMPHOW TEPPUTOPMM M B PA3/IMUHOM JIHTOJIOTHUECKOM
OKDpYXeHUH (Hanpumep, ABycMonstbie rpaHuTbl Cranosoro xpe6ta) J1.C. Kop
XKUHCKMH NpPUBOLWI B KayecTBe apryMeHTa B IOJIb3y CTaHOBIEHHs MarmaTH-
4ecKOH G OpMAlMH MOM, BO3[EHCTBHEM MOTOKA TPAaHCMarMaTHuecKHX (IIIOHI0B
OTpefIENeHHOH  LIEJIOYHOMETAIBHOCTH.  ACCHMWISILMA €  JIHTOJIOTHUECK H
PasHyHOro BMELLAIINEro CyOCTpaTa MOJIKHA BbIPA3HTHCH B [1a PATeHETHUECKOM
pasHoobpasuu MarMaTHueCcKUX MOPOJL Pa3HbIX MaccHBOB popmamn. Eue Gonee
3Ta apryMeHTalMs MPHMEHHMa K MacCHBAM YINIbTDALLEIOUHbIX H KAapGOHATHTO-
BbIX MArM, CpeIx KOTOPbIX [J0JIA paclUIaBOB MarmMaTHYECKOTO 3aMeLIeHHS IO
Ha GbITb BBICOKE, YTO CIie[lyeT M3 GONBIIOrO O6beMa CONpPOBOXKMAIOWIMX HX
METACOMATHTOB MarMaTHYeCK Of CTafIMH.

OrMmeyeHHas MHMHEpPAJIOT O-NMApareHeTHYeCKas yCTOﬁ‘lllBOCTb MArMaTHuYeCKH X
b opMauuit NposBIACTCA B perHoHanbHoM Iuiate. JUTst OTRENBbHbBIX Ke MacCHBOB
C AKTHBHbBIMH NMOTOKAMH TPAaHCMATrMATHYECKHX d’)JIlOHIlOB NXdpaKTepHy d)lllLH(l.‘Ib-
Hast M QaszoBas HecTaBwibHOCTb. C HANPABICHHLIM LABIDKEIMCM, T.C. hribTpa-
I(HeH TPaHCMarmMaTHUeCK X BIIIOMIOB H3 MarMbl B GOKOBbIC HOPOILLI OCHOBIIOIO
cocraBa J.C. Kopxunckuit [49], a nozke u apyrie HCCNeNoBATeNH CBA3bIBAH
HepemKoe MoAuieNlaudBaHHe IJHIOKOHTAKTOBBIX GalUuH MaccHsoB. SlBnelie
OOYC/IOBIEHO pEeaKLMOHHBIM MOBBIIEHHEM KO3h(PUUHEHTOB AKTHBHOCTH M
CaMHX aKTHBHOCTeH OCHOBAHMH B PacTBOpAX NMPH BCTYIUIEHHH HX B OCHOBHYIO
cpeny. M3-3a pasHUUbI B AKTHBHOCTAX KOMIIOHEHTOB (IIpex/ie BCCro 1ielIoveit)
B Pa3sHbIX YAaCTAX KOHTAKTA IIPOMCXOIMT MiPY3HOHHBIH OTTOK UICTIOMHBIX
KOMIIOHEHTOB U3 3K30K OHTaKTa B MarmMy.

Jpyroil THIl U3MEHEHUH MArM, CBA3aHHBIX C IOTOKAMM TPAHCMArMaTHUECK HX
$ONOB, BbIPaXaETCA B METAMArMaTHYecKON [e6asudHKauMH pacimaBos.
Jror nmpouece, paHee HHKeM He BbinenaBumiica, I.C. Kopxkuuckuit [51] obbsc-
HsUT pEaKIMEN Marmbl ¢ OXJ1aX/IAIOWMAMUCA K KOHTAKTAM  M2cCHBa (IIOHMAAMH,
KHCJIOTHOCTb KOTOPBIX C IMOHHXCHHEM TeMIlepatypbl pacteT [56]. I1pw 3tom
BO3pacTaeT pacTBOPUMOCTb BO (INOMIaX (EeMMUECKHX KOMIOHEHTOB C Mepe-
pactipeneneHueM Mx M3 Marmel B JeTyuylo ¢asy. [Ipouecc sxcnepumenTansho
M TeOpeTHYecKH oBocHoBaH M.B. Jmembbaymom u A.Jl. Kysueuosbim [63].
K npopgykxTtam meramarmatuueckoit ne6asudmukaumm rpauutHpix Marm J1.C. Kop-
KUHCKHA OTHOCHI AIUIMTBI, JICHKOKDATOBble LUIMPbI B TPAHHTHBIX MAcCHBAX,
OHIOHHMTbI  (TOMa3cofepxaliie JIeHKOrpaHUThI) otk poiToie B.HM. Kosanenko

" [38], a TaKxe merMaToMIHOro OBIMKA TaKCHTOBbIE rab6po-onepHTbl Bepxiie-

TATHAXCKHX HMHTPY3HBOB ¢ JIMKBAlMOHHBIMH PYAaMH H IIpeaMO0KHTeILHO
F pPAHUTOMOHbIE MarMbl Mcnanmmu.

_ABTOp Hacrosiied KHHUIH [24] BbIme/IM APYrofl THII MeTaMarMaTHUCCKHX
B3aHUMO[EHCTBHH B . IPUKOHTAKTOBLIX YACTAX MATMATHUCCKHX Tes, CBA3AHHDLLI
C OKMCJIEHHEM BOCCTAHOBMTENIbHBIX TPaHCMATMAaTHUeCKHX IIONIOB. 3T0T
THIl B3aUMOJCHCTBHA HIpaeT BAXHYIO pOMb B (BOPMHPOBAHHI  CyilbdiuL-
HBIX JMKBALUMOHHO-BK pAaIUIeHHbIX pyA B 6asHT-ynbTpaGasHTOBLIX HHTPY -
BaX. BuIMMO, C HMM CBA33HO M3BECTHOE BO MHOHX pPYLHO-IPONVE [iB-
HbIX MAarmMaTHYeCKHX MAacCHBaxX O0OralueHHe 3HIOKOHTAKTOBBLIX (allit pyi-
HBIMH KOMIIOHEHTAMH H COOTBETCTBYIOLUMMH aKIECCOPHLIMH MHHEPAIIAMIL.

IlepcnieKTHBHOE HaMpaBiicHHE BBISBMIIOCH B HPHIOXKEHHH TMIOTE3bI TpaHC-
MarMatiyecKux QImoMHOB K npobnemMaM 3HOOTEHNOro pyaoobpaioBaiis W
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Cro CRA3M ¢ MarmatuamoM. Ewe B 1969 r. J1.U. Wabbminn [118] onmucan marke-
THTOBOC OpyHCHEHHE MATMATHYECKOH CTamuu. B [Tk ApanTcKoM MeCTOpOXie-
Hu H0kHOM Kapenuu NOUKOBMAHBIE M MOJNOCYATHIE BbIIETEHUst MArHETHTA B

MpaMOpaX Cpe3alnTc M 3aMewanTCs MarHe3yanbHbIMU CKApHAMH U TPAHUTAMH.

Tak kak 5TM MarHesuasnbHble cKapHbl oGpa3yioTcs TPaHCMarMaTHYECKUMH
(lioMaaMK, 4 MArHeTUTOBasA MMHepaTH3aLHs pasMmemleda Ha ux ¢poHre, TO
PE30HHO MpEAMNOJIOKHTL MPUBHOC XKeJle3a 06CysKiaeMbI MK dmwonpamu, B 1970 r.
JI.C. Boponun u A.C. MaBneHko Bbickasany (6e3 oBocHoBaHuA) MpemnonosKe-
HHE O BO3MOXHOM NpPHBHOCE TPaHCMarmaTHuecKMMM ¢ITIOMIAMH pa3Hoobpas-
HBIX pYNHBIX MeTannoB. JLH. Ouunnukos [87] Taxoe NIPEINOIIoKeHHe 0GOCHO-
BaJl TIOJICUeTAMH K ONWYECTBA PYIHBIX 3TIEMENTOB, BBIHOCHMBIX BYJTKAHUYECKHMU
Ta3aMH, K KOTOpLIM, KaK OH CYMTAll, GIM3KH TpaHCMarmaTHuecKue ITIoMIpI.
“3BECTHO, YTO KOJMUECTBO MONE3HBIX METANIIOB, BBHIHOCHM bIX BYJIKaHHYECKUMHU
Ta3amu Mpu H3BEPXKEHHAX, COMOCTABUMO C 3aNMACAMM CPE/IHMX MECTOPOXKIEHHIA.
OnHaKo 5TH  NpemnonoXkeHus TpeGOBAMM  TeONOTHYECKOrO obocHOBaHusA.
N.C. Kopxunckuit [45, c. 57-62] yxasan Ha BO3IMONKHOCTb 00pa3oBaHus
TTMKBAUHOHHON CYNb)UIHOA BK parsleHHOCTH B 6a3uT-ybTpaGa3UTOBBIX UHTPY-
SMBAX B Tlpollecce MX METAMAarMaTHuecKon fAeGasMduKauuyu 3a cyeT pymHbIX
KOMIOHEHTOB M3MEHAEMON MarMmbpl. [Ipy meTanbHOM M3yueHHM MemHO-HHKee-
BBIX CYNbQUAHBIX MeCTOpOXmenuii TaHaxckoro pymHoro yana namu [24, 25]
OblM HalIeHbl MHOrOUHCIIEHHbIE CBHIeTeNbeTRa 06pa3oBaHus IMKBAKOHHO-
BKPalIeHHbIX B HHTPY3MBAX PYL 33 CUET METAIUIOB, IPUBHOCUMBIX BOCCTAHOBH-
TeJIbHbIMI TpaHCMAarMaTHyeckumu ¢dimonnamu. Pacumpennoe Tonkosanue atoro
ABJICHAS TIO3BOJIMIIO BBLIABMHYTbH Gorlee oOLyI0 KOHUEINUMIO YYacTHs TpaHc-
MarMaTHuecKux ¢roMmoB B 06pa30BaHHM 3HIOTEHHBIX MECTODOXAEHUH TIIaB-
HLIM 06pa3oM, KpPyNHbIX M yHHKabHbIX [24]. CormacHo THIIOTE3€e, HCTOYHHK OM
TIOJIE3HBIX UCKOMAEMBIX ITHX MECTOPOXIEHUH MOXET GbITh HE TONBKO MATMATH-
ICCKOC  BElIeCTBO, HO M TPaHCMAarMaTHYecKHe GIIOMObL. ITO HanpasiieHHe
Pa3paboTky npo6remMbl TPAaHCMArMAaTHYECKUX (GIIIOMIOB ele TOJbKO 3apoXx-
paercs.

B 1973 r. 10.A. Kysneuos, 3.11. Usox [64] copmynuposanu runotesy of
MHTPATEJITY pHYECKHX MOTOKAX TeIUla M BElecTBa B KOpe ¥ MaHTHH. [10 MHeHMI0
aBTOPOB, JTH MOTOKM BO3GYXKMAKOT MPOLECCHI IUIABJIEHHA HA Pa3HBIX YPOBHAX
mraHeTst. Uepes S neT GbUTM yCTaHOBIIEHBI HOOCTOBEPHbIE MPH3HAKH METacoMa-
TO32 B K CEHONMTAaX MAHTHHHOTO BELIECTBA HA YPOBHAX 3aPOXAEHHSA Iy GUHHBIX
MarM. MHeHHe O CTUMYJIMPOBAHMM MAaHTHIHOrO Marmoo06pa3oBaHus Ty GHH-
HBIMU (JIOHIONOTOKAMHU PACIPOCTPAHEHO M eIy 3apyOexHbIX yueHpx [138,
154]. OgHako 312 TouKa 3peHus He Beccnopha u o6cysxmaercs B IV vactu KHHrH.

H0.A. Kysnenos u 3.I1. U3ox paspensior muenue JI.C. Kopxuuckoro o Bnon-
HE TONBHXHOM MOBEJCHMM LIETIOYEH B Marmax, yKasbiBas Ha BbIAepXKAHHbIH
THI 1ETIOYHOMETANIbHOCTH OT Ga3uT-YIIbTpabGa3HTOBBIX [I0 TPAHHTHBIX WIEHOB
MHOTr0pa3HbIX HHTPY3UBHbIX cepHit. “CKBO3bMAarMaTHuecKHe” HiH TpaHCcMarma-
THueckue ¢mounnsl 1.C. Kop)kKHHCKOrO aBTOpbI OTOKAECTBIAIT ¢ HHTpaTeuty-
PHUYECKUMH Ha JTafle CyeCTBOBAHUA MarMaTHYECKUX PaclylaBoB.

10.A. Kysneuos u 3.I1. MU3ox npennonaranu, yro HHTpATeJUly puuecKHe ¢io-
MBI 3dPOXKIAOTCA HA TTYGHHAX B HECKOJILKO COT KWJIOMETPOB Ge3 yKa3saHus
NPHYMH MX rexepaumy. A.A. Mapiyures u JLJL. Tlepuyk [79] yxasanu va Bbicoxo-
TUTOTHBIA XapaKkTep FMAPHIOB LIENOYeH U OKUCIOB IeTOUHbIX 3eMeJlb, KOTOpble
B CWIY 5TOTO MOryT GbiTh THIMYHBIMH COCTABISIOUMMH HU30B BEpXHedl M
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BEPXOB HIXHEA MaHTMH. CHWXKEHMe [ABJICHHA MOXKCT, 110 HX MHCHIIO, Oblis
NIPHYMHON [eras’alMy coefMHEHHN ¢ 06pa3oBaHHCM MOTOKOB BOCCTAHOBIICHHBIX
ras’oB. Mx oxwucieHHe B TeppHIEHHBIX TOJIL@AX KOPbI CHYAKHT HCTOMHMKOM
TEeIIa IPOLIECCOB I1POTrPeCCHBHOTO MeTamMopdu3Ma H rpaHHTH3auuu. Hanommm
npepnonoxexne B.H. Jlapuna [66] o BLICOKOBOLIOPO/IHOM COCTABE 3EMHOTO
AApa, ABNANWErOCsa HCTOYHHKOM BOJOPOAHBIX CTPYH, B3aUMOOEHCTBHE Koro-
PbIX C BEUIECTBOM MaHTHHM H KOPpbI, 0O MHEHHIO ABTOPA, MOXeET ObITh [PHUHHOMH
KPYMHOMACIITAOHbIX TEKTOHMUECKUX [BMXKEHHH W MpOSBIIEHHH MarmMaTH3Ma.
[To pocTymHbIM HaGMIONEHHI0 JHIOTCHHBIM NPOABIEHMAM TPYIOHO paclo3HaTh,
ABJIAIOTCA OHHU CNeNCTBMEM Mopenu MapaxyiueBa-Tlepuyka unu Jlapuna. -

Ha ocHOBaHWM COMOCTAaBJICHUS COCTABA ra30BOH KOMIOHEHTbI MArMaTHYECKHX
06pa30BaHHH PA3HOTO ypOBHSA 3APOXKACHHA U MCTaMOP(HIOBAHHBIX NMOA NEHCT-
BHEM OJHJIOTEHHbIX (GMOMOOB Mopon pa3Hoobpasubix daunit O.A. JleTHHKOE.
¢ xomneraMu [68] cmesnaiid BbIBOMA O NMpeo6Iaflaiid BOCCTAHOBJICHHBIX KOMIIO-
HEHTOB (JIIOMOOB Hal OKMCIIECHHBIMH B MAHTHIHbIX Mpou3sodtbix. [fo mepe
NOTbeMa BOCCTAHOBIICHHbIE MaHTHHHBIE Ta3bl OKMUCHANTCH KOPOBLIM BeLIECT-
BOM M B pe3yjibTaTe BHYTpeHHeil 3BOJIOUMM C M3MeHeHWeM TEMIepaTypbl H
paBiieHHs. B nocnemylomux c6opHukax nom pepakumei ®.A. JletHuxkosa crienan
BBIBOJ O CMEHEe [pEeBHEro BOCCTAHOBMTEJIBHOTO PEXHMa Ha OKHCIIHTENbHBIN
(cymecrBenHo BOMHBIN) Ha py6Gexe apxesa—nporepozos [68]. Boapacmaii
9BONIOIMA TNyOUHHBIX ¢mongoB npuHATa O.A. JleTHHKOBLIM 33 KpuTepHi
CTapeHHs acTeHocdepsl.

B HacTosMA MoMeHT HauBoNlee aKTyaJIbHA 3ajaua TNpWIOXKEHHA Mpend-
CTaBJIEeHMH O MpHpOJie U IBOJIIOUMH MAHTHHAHBIX (ITIOMOOB K NpobileMe B3aHMO-
CBA3M IleTporeHe3uca M pynoobpa3oBaHua. B cBeTe atoro HeoBxommmo Bhife-
sutb KHUTY AJI. llernosa u U.H. Fosoposa [122], B KOTOpO# CHCTEMAaTHYHO
H IOCIEeN0BATE/IbHO MpOBeNeHa Wiaed O Bedylled pOJH MaHTHHHBIX (IIOHIOB
B 00pa3’soBaHWM pA3/IMUHBIX THUIIOB MECTOPOKACHHUH METAJUTHYECKHX MOTE3HBIX
HcKOMaeMbIX. Pafora 1leHHAa OTKpbITHEM HOBBIX MYTeH M3yueHUA MHOTHX TH-
OB MECTOpPOXAEHHH.

CIUCOK NMPUHATBHIX COKPAIEHUA HA3BAHHA MWHEPAJIOB

A6  —anvbur K¢ — xanecHaut IMupp  — NUPPOTHH (MoO-
Am  —amopubon Ky6 — xyGanur HOK/MHHBIA U
An — anaTur Me — MA4CHE3UT reKcaroHasnbHbI)
bu — 6uotur MeH  — MarHetut Cyabvd — cynbduabl
I'p — rpaHat . Mx  — MOMXYKHT TH — TAJHAXMT
Hu  — nuoncun Hp  — nedenmn Tp — TPOMIIHT
Hoa — monoMur Opr  — opTOKJ3 ®n — dqriorounr
Ke  — kmapny ITep —icpHknas Po — dopcreput
Ko  — xopnuepur Iu — KIIMHOTIHPOKCeH  Xn = XanbKONMPHT N
Kop — xopyHn In — Nnaruoknas Xny - XWILKOIHMPHT KY -
Knw - xanuwnar ITh — neHTIaHauT Guueckuii

in — HITHHC L

32 — JTHPHH
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Yacrts I

METACOMATO3 MATMATUYECKOH CTAIWUU

Boiwe ormeuanocs, uto stor TR MeTacoMarTo3a UMeeT KIII0YeBOe 3HayeHue
B THINOTE3e O TPAHCMATrMaTHYECKMX (BIIIOHAAX KAK BakHbIH TNPH3HAK HX MpoO-
ABJICHUSL B MarmMaTrHYeCKHMX MAacCHBax. Mexay Tem GONbLUIMHCTBO neTporpa-
$OB NpH M3yveHMM BO3MEHCTBUSA MarMbl Ha GOKOBBIE MOPOABI YIYCKAKT MX
u3 Buay. llpuuun sTomMy Heckonbko. INMapHas cOCTOMT B He[TIOOLEHKE TeOpeTH-
HECKOT0 M OCOGEHHO [MpPAKTHYECKOrO 3HAYEHHA HX NMpOABJIEHHH. YMecTHO Ha-
MOMHHUTb BpickaspiBakue J1.C. KopxuHckoro [50] o ToMm, uto B 3HauuTesD-
HbIX Macwtabax MarMatvyeckoe 3amerneHue (4, 10GaBUM, 06A3aTENTBLHO comnpo-
BOXMAOLIHE €r0 MeTacOMAaTUTbI MarmMaTHYecKOji CTafuH) MpOABIAETCA Ha
MECTOPOXAEHUAX, T.6. B CBA3M C PYZAHO-NIPOYKTHBHBIMH HHTPY3HBaMH.
CMbICIT 33KOHOMEPHOCTH BBISCHWICH MO3Ke [25, 55, 144] u o6cyxnaercs
B IIl vact kuuru.

MeracomatuTbl mMarmartuueckoil cramuu PEOKO OIUCHIBAOTCA W HM3-3a HX
CXOACTBA TO reosOrHuecKHM (GOpMaM, YCIOBHAM 3ajieraHus, neTporpacu-
4CCKMM M MHHEpAIOro-NapareHeTHYECKUM  YepTam ¢ KOHTaKTOBO-METaMOp-
¢buYeckuMH  06pa3oBaHUAMH M BbICOKOTEMINIEPATY pHBIMH  [IOCTIeMarMaTHye-
CKHMH METACOMAaTHTAMH. Tpy[HOCTH B BBIWIEHEHHH MeTACOMATHTOB MAarma-
THYECKOH CTaZMM 3HAUHTENbHBI M CITyvalOTCH Y pa3pabOTYMKOB TeOpHM HX OG-
pasoBaHua [120]. TeM He MeHee BbIIENATh HX HeO6XOOMMO, TaK KaK TakHe

MCTAaCOMATHTbI MOTYT GbiTb IJIaBHBIM MOKa3aTelleM NpOMBbILUICHHOI nepcrex-
THBHOCTH paHoHa.

H3YYEHHOCTb M ETACOMATHUTOB MATMATHYECKOA CTAOUU

Hecmotps ma yxe paurenshyio HCTODHIO HCCIIENOBAHHMA, HAYABINYICA C
aByx pabor II.C. KopxuHckoro [47, 48], mMHOTHe THIbI ofcyxmaemMbIX Me-
TaCOMAaTUTOB OCTAOTCA M0 M3yuyeHHpIMH. O6mas KJacCHpHKAUUA MeTaco-
MATHTOB MarmaTHYeCKOH CTamuu mpusedeHa B.A. Kapuxosbim 1 B.H. Omens-
AHEHKO (1965 r.). HauGomnee o6croarenbHo H3YyYeHbl MarHesHajibHble CKap-
Hbl M EHUTbI, XOTA W B ITHX rpynmax TIPONOJI)KAETCA ONMCAHMEe HOBBIX pa3-
HOBHIHOCTEH W YCJIOBHH MpOABIICHUS . Hanpumep, H.H. IMepues u A.JI. Kyna-
KOBCKHIH [90] Bnepsble olMchIBAIOT Ha Taexutickom XKeJIe30pyIHOM MeCTQ-
POXUEHHH AJIIdaHA MarHe3HallbHble CKApHbI, DAa3BHBAWOWIHECA 110 ObIBIUMUM
YIbTpabasuTam, U BTOpyio nocite Hro-3anagHoro llamupa naxopxy xopauepur-.
CONCPXUIIHX CKaploB. Eule NpencTtout pasoGparscsi c NPHHATJIC )KHOCThIO
Ge3rNMHO3EMHCTBIX [MOTICHIOBBIX CKAPHOB M OpCTEPHT-KAILUMTOBBIX 30H,
pAaCIIPOCTPAHCHHBIX B pALE Tell M3BECTKOBO-PeOGPA30BAHHBIX MArHe3Halp-
HBIX CK3pHOB, K MarmMaTHYecKOMY HIIH nocnemarmMatHyeckoMy stanam [120].

B Hacrosweit kuure Bnepspie Ha NpuMepe XHOHH pPaccMATpHBAIOTCS anOMOIH-
TOBbIE METACOMATHTBI, AHATIOTHUHbIE () eHUTAM.
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,prrne THUTBI METACOMATHTOB MarmMaTH4YeCcKOd CTaHH H%{yl{e}lbl Clu; M:H[b\(‘
uie, Hanpumep, METAdCOMATHTDLI, CO]'IpOBO‘/KLlalOLLlHC rpamnnsaumo IJ1y OHH I:o,-
KOMIUIEKCOB, KOTOpasi MCCile[lyeTcss He MeHee cTa JieT. HecmotTpa Ha pacnp ‘
CTpaHeHHple T[eO0JIoro-MeTporpaHUecKue OMHUCAHHA, MOLCHCTDI 6zu1a}{ca’:i'
LleCTBA B 30HAX MHIMATH3ALWMH, OOLIME 3aKOHOMEPHOCTH lpolCccoB -rp% }
TH3AUMH ewle TONMBKO HameualoTcA. B HemaBHed paboTte B.A. }Kaplrfk(')Bd H
C.H. T'aspukosoit [17] BuepBble 4YETKO OMpelesicHb MHHCp'dJlb}:lO-ﬂdp'd'FCHC-
THYECKHl COCTaB M 30HAIbHOCTb MeTaCOMAaTHTOB (OpMaLH l‘deHTHJ:lLLHM,
yGelUTeNIbHO MOKa3aHa HHQWIBTPAUHOHHO-METACOMATHYECKAA, a He uanuﬁu-
reHHO-aHaTeKTHYeCKas TNpHpOJa MHUIMatuToB. leoXuMMUecKHe [AHHbIE YKa-
3bIBAKOT HA 06pa30BaHHC rpaHHTHbIX COCTABJIAIOWIAX MHIMAaTHMTOB 110 BO3-
DeiicTBMeM MOaKOpoBbix (mo TepmuHosnorun I.C. KOp»HHCKOrO0), T.e. MaH-
T"”é{lill: ?/‘Inelg:){lilj(:?B‘B JIMTEPATYpE CBCIJ,CHHi;l O METdCOMATHTAX MerMLlTH‘ICCKO‘H
CTagMH B KOHTAKTdX MarmMaTHYeCKHX Tejl OCHOBHOFO COCTaBa‘,‘”(,) Hc/ m;;a;
XKaeT HUX pacnpOCTpaHeH}{ocm B Hpupone. CBCLI.CHHH O MCTdCO‘MdTH({HS) l?ll/l N’
BO3HEHCTBHY radbbpoMaoB Ha BMeLlLAOLIHE [1OPObl CyMerpOBcbel >E)>.
sgespiM (1983 r.). HauGosnbuias crelleHb MX M3yueHHOCTH uocl.mnfym: mm;—
MO, Ha TeppHTOpHM T&THAXCKOrO pPY[AHOTO y3ila Grarofaps paboTas w'rpy
uukos LIHUTPU (B.B. 0muHoii, .M. Typosuesa, B.K. CTenaHosa) 1 Haumm

4].

HCCI\I;lZi(c))BZH;ZZ{r}EC% ]o BO3ACHCTBUM HA BMELIAIOWHE NOPOLLI yﬂbpa?CHOB}{b[X
Marm, HeCMOTps Ha MX BBICOKOTEMIIepaTypHbIH XapaKTep. BO'Jlbmdﬂ CTa"I‘bﬂ.
0 MeTacoMaTHU3HpyIollueM BO3IEHCTBUH ByuLiBelbacKOro MaccHBa HHABMCLL}&?O'
wue Ttonwmu (BwiboH, 1949 r.) He Haua UIMPOKOroO ()TKJ]’HKaM. B hOH][:;II\TIdi
MHOTHX yJIbTpaba3sHTOB He yKa3bIBaeTCH Haxe TeIUIOBOe BO3eHCTBHE. HO u
TanbHOe HcciiegoBaHHe Hoko-JloBbIpeHCKOro r366p0-uepuuomrosor? Mlzlt‘,
cuBa B CeepHom I[lpuGaiikasibe [14] noxasano Hajiuuue B crg 3}31‘10;\()»”41\-
TaX MHOTOUMCIIEHHBIX BBICOKOTEMIIEPATYPHO MepepaboTaHHbIX }\LCH()JH}!TOB'
BMEHIAIINX MOpOJ MOMNepeuHHKOM 100—150u M, PaBHOMCPHO Ilp()l“}jL:Jllwl\;\-
M TIOJBEPXEHHBIX METAacOMATO3y MArMATHUYECKOH CT4/IHH Ll4]. Crons x:oﬂ v
Goxo Mpeo6pa3oBaHbl OrpOMHbIE OCTAHLBI BMELIAIOWHX  TOJIL  JUTH b
1—-1,5 kM B UnHeiickom maccue (3abafikalibe), MaccHBe ﬂyKKyHchB‘op.
(Kapenust). K Takum 06Gpa’soBaHMAM OTHOCATCH, BHIMMO, H WITHHENb-KOP
[MepUTOBbIe CanGepuTbl MoHueropckoro wiytosa [14]. .

U3NOXeHHbI MaTepHal CBMIAETENILCTBYET O TOM, 4TO METaCOMATO3 Mal
MAaTHUECKOH CTalMH CBOMCTBEH Marmam BceX MpHpOAHBbIX COCTABOB H n)po\ma-
JICH Ha pa3HbIX YpOBHAX (bOpMHpOBaHHﬂ maccHBoB. K HI]CTO??I[ICM)/ BpeMCHH
XOpOLIO U3yYeHO Or pAHHUCHHOE YHCIIO THIIOB TAKHX MCTACOMATHTOB.

FEOJIOTHYECKHE ©®OPMbl METACOMATHYECKHN TEJ
H HUX PABMEPDI

Macwtabpl  MeTacomMaTo3a MarMaTHYeCKOH CTa[HH CWIBbHO K?J’xeGmOTc;{
He TOJBKO OT pafiOHAa K paiOHYy, HO M B Pa3HLIX YWAaCTKUX KOHTAKTA OJIHOTO
MmaccuBa. HauBonee oBuiMpHble H3MeHeHHs BbI3bIBAIOTCA (BIIIOHIAMH Tleno-
CBILEHHBIX KPEMHE3eMOM YIIBTPALIENOUHBIX MarM H Kap6“0H'dTHTOB’. Hanpu;
mep, B MmaccuBe Qen (Hopserus) teno miomn-Menmf:nrmon pda“MCOpgl,\_
05X0,8 KM? OKpyXeHO HellpepbIBHBIM OpEONoM (EHHTOB WIMPHHOR .15




Puc. 1. CxeMaTH3MpLBaHHBIH MNaH Kospopckoro maccuna LIeNOYHO-Y ITPAOCHOBHO-Kap60-
HATHTOBRIX MAarMaTHYECKHX opof 1o B.A. KoHononoit [ 44, cM. ¢wr, 22 |

I — onuBuHHUTLI; 2 — AKYTHPAHT UT-Y PTHTBI; 3 — MHAOIMT-NOPGD MPbI U Hed eTMHOBbIE CHEHM-

Tbl; 4 — MeTacoOMaTHYECKHe OHUOTICHI <) IO TOMUTO Bhle MOpoAbl MarmMaTHYeCKOM CTaauwu;

5 — MeJIMIIMTO BbIE, MOHTHUEJUTHTOBbIE, FPAHATOBbIE MOPOAbI; 6 — GO CTEPHT-ANIATHUT-MAaTHe-
THTO BblE METACOMATHYECKHe mopoab! (kxamadopursr); 7 — KapOoHaTHTbI

1,0 kM, a kommiexcHoe Teno NaMnpodHpoB M KapGOHATHTOB [MAMETPOM
1,5 kM — opeonoM umpunoit 0,5 km [145]. B KoBpopckom KOMIUTeKCHOM
MaccuBe (puc. 1) M3MeHeHHA ONHUBMHHMTOB GougaMi MAOUTOBBIX M MeNu-
‘IMTOBBIX MarM NOCTHIAlT WHMpHHbI 4—5 kM [44]. B cuny HepaBHOMepHOTO
MPOABICHHA HIMEHEHHH Hepenko B GOpMe W1 BOSHMKAIOT Pa3IMYMA B OIICH-
Ke Macutabos Meracomarosa. K npumepy, P.II. Tuxoneukosa [113] roso-
PHT O 30HaX (EeHUTH3AUMH THEeHCOB, BMEWANILMX XHGHHUTOBbIE Hedesu-
HOBLIC CHEHHTbI BHCUIHETO KOJIbUA XMGMHCKOrO MaccHBA, LIMPHHOMN OT nep-
BbIX METpoB 110 1,5-2,0 kM. B.H. Topcrka OrpaHHUYUBAET UIMPHHY BO3MIEH-
CTBUA TIEPBLIMH [ICCATKAMH METPOB, HE YUMTBIBAA XWIbHBIX BOPM (eHUTOB.

Eite 6osiee rpaHmHO3Hble H3MeHeHHs NpOABNAOTCA [PH IpaHUTH3ALMH
THeifcoCiatueBbIX TOMuw. Ckaxem, Ha FOro-3amagHom [Tamupe (BBepx o
p. JlanxBapuapa) Meracomarusupylomee BO3JeiicTBHe HEGONBIIOTO COTNIAC-
HOTO T€/Na TpaHOOHOPUTOB MOILHOCTEI0 150—300 M M MWIowWAmbio BHIXOOE B
3 km? MpOABIACTCA HA yNANeHHH [0 12 KM B (OpMe H3OIMPOBAHHBIX 30H
OYKOBbLIX THEHCOB M JIEHKOTPAHUTHBIX XXWI MOUHOCTbIO OT 20 CM mo 1,5 M mur-
matuToB [23]. C npuGnuxeHuem K HHTPY3HBY HHTCHCUBHOCTb W3MeHEHHI
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pacreT. AMGHGOTHTBI XOpPOTCKOH CBUTBI B KPOBJle TPaHOAHOPHTOB Ha HC-
ToKamu p. Kyxmian nopseprmich 06beMHON KATHLIMATH3ALMH.

THeficoBbie M craHueBble NMAleOCOMBI TPAHHTHBIX MUTAMUTHTOB npeTepie-
BalOT CKpbITble H3MeHCHHs, HadpiBaeMble MHOTAR AITIOXHMHUCCKHM METaAMOp-
(1)}{3MOM‘ B HuX MeHATCA He TOJIBKO CONEP>XXKAHUA OTHEILHBIX J2J1€MEHTOB
(vawe Bcero wenovedl M MHKPOIIIEMEHTOB), HO M KOJHuecTBd (a3 (MuHepa-
7I0B), MX COCTaB, OOHM basbl CMeHATCA Apyrumu. B amdubonurax, K npu-
MeEpy, NOSABNAITCA MMOJIeBble LINATHI, KBApl, OMOTHT, a B aNOMNEJIHTOBbIX THEH-
Cax MCYE3aT CWIMKAThl TNIHHO3eMa (KHAHMT, CWUIMMAHHT), 3aMeluacmble 110-
JIEBLIMH WINIATAMH 33 CYeT IIpHBHOCA wesloyed. B cwiny uimeHeHus B rHejicax.
M CNaHUAX COJEPXAHMH HETeTyuMX KOMIOHEHTOB IpOMyKTbl TAKHX IpeBpa-
LIEHHA MOXHO OTHECTH K METaCOMAaTHTaM (MarmaTHueckoil cramuu). A.A. Ma-
pakyuieB (1965 r.) cuurtanm, yro rIyGHHHBIA pETHOHANLHBI METAMOpPHUIM_
TIpOTEKAET NpH CYLIECTBCHHON NONBHXHOCTH LUeNOueH, H BhIOENAT MeTaMOp-
¢HM3M HaTpHeBOrO M KaiueBoro npodwis. Euwe patbue J1.C. KopskuHck mit
(1962 r.) oGocHoBan mnpencraBnelue O GOPMUPOBAHHH YAPHOKHTOBBIX THCH-
CO-CNaHLEBBIX KOMIUIEKCOB B YCIOBHAX BBICOKOTO XMMHYECKOIO IOTCHLHAIA
MK,0 M NMOITOMY Ha3bIBal YapHOKHUTOBblE THEHCHI “METACOMATHYECKOH 1LeIoY-
HOH cdaumeit”. Takum 06pa3oM, B [Ty GHHHBIX YCIOBUAX [pouecchbl, aHaTOTHY-
Hble MeTacoOMarO3y MarMaTHYecKOW CTagMH, MOTYT NpHOGpeTaTh perHoHalb-
HbIH XapakTep.

Ha MeHbUmMX ryGHHaX 0GbEM METaCOMATHUECKMX HM3MeHeHHHl COkKpaula-
eTcA. YMeHblIaeTcA JONA (pOHTATBHOTO METACOMATO3a CPaBHHTENILHO C XKHTh-
HbM. JLU. lla6pun [118] nokasas, 4to MarHe3uanbHble CKapHbl 3amelua-
0T JOJIOMHTOBBIE MpAMOpbLI 10 IUIOTHOH ceTH TpewuH (25 wITyk Ha faeuu-
MeTp), pa3’pacTasch M3 MX MepeceueHMil M NpnoGperas TpyGOOGpasHbie hop-
Mbt (cm. [118, puc. 20]), uro cBHmeTeNbCTBYET 06 MX OBGpaIOBAHHM MeTa-
COMAaTHUeCKH, a He MyTeM BbINOJHEHUA nojiocted. CnuBasch, OHH OGpa3yioT
KpynHble, KOHUEHTPHYECKH 30HalIbHbIE B CeYeHMH [IpEBOBMIHbIE Tesad, KaK,
Hanpumep, B [Tutkapanre (Kapenust) [118].

B ‘ManornyGuHHbIX OGBEKTaX METaCOMATHTBI, B YAaCTHOCTH CKapHBI, pa3-
BHB2IOTCA BJOJIb CTIOUCTOCTH. B 3THX clyyasx MX NpUHUMAIOT HepedKo 3a Opo-
FOBUKOBaHHble CHIMKAaTHO-KapOGOHATHble MpPOCIOM WIM CKAapHOW[bI, KaK, Ha-
NprMep, B TaTHAXCKOM pyIHOM y3lle.

HecMOTpsi Ha WIBHBIA XapakTep MaTOTrNyGHHHBIX METACOMATHTOB, HX
obreM B HEKOTOpbIX MacCHUBaAX ObIBaeT 3HauHTeNeH. Yke OTMCHAIOCh, MTO
Ha MecTOpOXaeHHH Xonb-I'051 M3BeCTHbl MarHe3HaJIbHOCKAPHOBbIE Tpy6bi
NpOTAXEeHHOCThIO Gosee 400 M u auamerpoM okoso 50 m [118]. B nopouu-
Be CpeflHEeH YacTH CeBEpO-BOCTOYHOH BETBH BepXHETaNnHaxcKOro MHTpY3uBa
raGOpOHIOB XWIIbHBIE MarHe3WalbHble CKapHbl CJ1araiT HOYTH  Helpe-
PbIBHOE myamieo0pa3HOe Tejl0 MOLIHOCTbIO 1O 45 M Ha IUIOWAgH OKOJIo
1,5 kM2,

Townsle mopcueTs! 06HEMOB MeTaCOMATHTOB MarMaTHUeCKOil CTaiMH H mar-
HE3HAIBHBIX CKapHOB, B YacTHOCTH, NMpPHUBOMAATCA pPEOKO M3-3a MX HENOJIHON
OGHaxeHHOCTH. Ho M npHBeneHHble [aHHblE CBHIETEILCTBYIOT O TOM, UTO HHOT-
O3 HX TpOAB/EHHA 3HAUMTENIbHbI, a OObEMbI MpPHUGIMKAITCA M JaXe NpeBoc-
XOBAT (B 30HaX rpaHMTH3aUMM) O6bEMbI MATM — UCTOYHMKOB METACOMATH3H-
PYOIIHX TpaHCMarmaTuyeckux (GIougoB. 31O fACHO MOKA3LIBAET, UTO OCHOB-
HOH uX oGbeM He MOT BXOIUTb B COCTAaB MAarM KOHTAaKTOBLIX 30H MacCHBOB
2. 3ax. 1667 ' 17




B BH/IE€ MEPeCLILAIOCH HX Ta30BOHA (a3l M NpeanosiaraeT MOATOK (IIIOHIOB
U3 IJ1y GHHBI.

Hna nopasnsiouiero GONBUIMHCTBA. MArMaTHYecKHX OBpa3oBaHmil TaKue
METaCOMATHTbl BCE )K€ He CBOHCTBEHHbI WIH HX OObeMbl HE3HAUMTENIBbHBI.
[losToMy HeyOMBHIENbHO, YTO MeTPOJNIOTH-MATMATHCTBI MATO 3HAKOMBL C Me-
TaCOMATHTAMH MarMaTHYeCKOd CTaguH M YNMYCKAaWT HX M3 BHAYy. JTO Hemo-
IyCTHMO [MpH H3YYEHHH pPYJOHOCHBIX WHTPY3HBOB M OCOGEHHO NpOrHO3HpO-
BaHHH [IOTEHUHATLHO-pYIOHOCHBIX MarMaTHUeCKHX 06 pa30BaHHii.

B3AHMOOTHOHMEHHA METACOMATHTOB
C MATEPUHCKHMH MArMATHYECKHMH NMOPOJAMH

PaccmatpuBaemble MeTacoMaTHTBI OTHOCATCH K BBICOKOTEMIIEpaTypHOMY
THNy. OHH pasmewanTcs B TEPMAILHOM Opeolie KOHK PETHBIX MarMaTHYeCKMX
TeNl WIM 30HaX aKTHBHOW MHIrMarM3aliM{, M IpsAMble KOHTaKThl HX C Marma-
THYECKHUMH Tellamu OGbIuHbI. [IoHCK TaKHX KOHTAKTOB, yCTaHOBJIEHHEe BO3-
PacTHOrO CTApIIMHCTBA (KOHEYHO, OTHOCHTENBHOTO) MBYX OGCYXIaeMbIX

TpynIl 0Gpa30BaHHA HEOGXOOMMbI U1 OTHECEHHS METaCOMaTHTOB K Marma- |

THYECKOH cTamuH. MX COOTHOLIEHMA Ha NpHMepe MAarHe3MAsbHBIX CKapHOB

MHOTOKpaTHO onucbiBaiHch JLW. IaGbiiuupiM  [118], KOTOpBI Ha MHOFHX .
OObEeKTax OTMeYan XWIbl W NPOXWIKH MArMaTHYECKHX NOpOX B CKapHax, '

a TaKXe KCCHOIMTbI CKADHOB B MHTPY3HBaX. Takue e B3aMMOOTHOIIECHHSA
TpaHUTOB, IHOPHTOB, TaGGPOHNIOB, YIILTPAGA3HTOB, LIETOUHBIX U HedelNHHOBBIX
CHEHUTOB C IUNHHENb-pOPCTEPUTOBLIMA M LIMHHENb-THPOKCEHOBBIMH CKap-
HAMH HEONHOKpaTHO HabGmwopat B.A. Xapuxos, H.H, Ilepues, B.U. Kosa-
JIEHKO M 1p.

B Ta6nuuax I, II npuseneHbr ¢ororpadhuu 06pasuon LUINIHHeNb-(h O peTe pH-
TOBbIX CKAapHOB, KOHTAaKTHDYHIIMX C OJMBHHOBLIMHM raG6po-OoiepUTaMu
CYNbQUUOHOCHBIX PYJHOTIDOOYKTHBHBIX MHTDPY3uBOB TaHAXCKOrO pyaHOTO

y3na (Hopunbckuit paiton). B 06pa3suax BWIHBI 3aKIIIOUeHHble B MarmaTti- |

YECKHe TMOpO/bl KCEHOJIMTBI ILUMTHHENIb-pOPCTEPHTOBBIX CKApHOB, KOpPpPOIH-
pOBaHHple M SBHO MOBEpHYTble B MarMe INepHeHOHKYJIAPHO K KOHTAaKTy:
(Tabnuua I) win BblenenHble Marmoit u3nyTpu (TaGuuua II). B o6pasue Ta6-
muubl I MMeeTcA 4eTKo OuepueHHbIH (HaKenooGpasHbIl BhICTYN HoJe puTa
(Marmaruueckoe 3amellleHHe) B cKapHe, a B oGpasue TaGmmusr 11 IpHUMeYa-
TeJIbHbI M30OMETpHYHble BbleNeHHs [ONepuTa B CKapHe, ’TO[BelleHHBIe” Hajl
MAarMaTHYeCKHM KOHTaKTOM. ITH HOJIEPHTOBbIE OBOCOBIIEHHA ABIAITCA M30-
METPUYHBIMH CEUEHHAMH XKWIOK MarMaTHueCKOTO 3aMelleHHs, OpHUEHTHpO-
BAHHBIMH BHOJNIb KOHTakTa. Hukakux mosmocrei, KOTOpble Marma morna Gbl
3aMOJIHATD, B CKApHax HeT.

KCeHONM!TbI MarHe3MasibHbIX CKapHOB B Y/IbTPAaOCHOBHBIX MOpPOIAX GbUIH
ormcanvr C.A. T'ypynesbim [14] u HH. Ilepuesbim, JIU. lla6pmumbiv [45]
B Hoko-Jlosbiperckom maccuBe Ilpubaiikanss. [epeceuelne MarHesHaltbHbIX
CKApHOB JKWIaMM MeNbTeHIrHTOB (HedemWH-THPOKCEHOBBIX MOpOM) YCTaHOB-
steHo B.M. Kosanenko u gp. [40] B KaryHckom Maccuse Bocrouoit TyBbI,
a XWIAMH He(EnMHOBBIX CHEeHHTOB — Ha Cromsinke (3aGaiikanmbe) A.A. Ko-
HeBpiM [43]. TlpuBeneHHbIH MaTepuanm HeCOMHEHHO CBHIETENIBCTBYET O ¢dop-
MHPOBAHHH 3THX MAarHe3HaJIbHbIX CKApHOB [10 KpPHCTALTH3AUMK MPHMBIKAI0-
IIMX K HMUM MITEPHHCKHX He(eNHHCONePXKAIMX MarMaTHYecKHX MOpOL, .
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AHanorHyHbIe CBHIOECTECIILCTBA 06p330B8HHﬂ B MarmMaTtvHyeCKyrw CTagHw HMeE-

JoTCA 1A (EeHUTOB B KOHTaKTax HedelMHCHEHHUTOBBIX Marm. IleTanbHbie MaH-

Hple Takoro poga npuBezeHbl P.I1. TuxoHenkoBo# [113] s anorHefcoBbIX
(G EHHTOB 3K30KOHTaKTa XMOMHCKOro maccuBa M PM. flumuoit [127] mna
anora66poBbix ¢eHuToB KoprepenaBHHCKOro maccHBa HedelIMHOBBIX CHEHH-
10B l0ro-Boctounost TyBrl. B XuGuHCkOM MaccHBe, MO [JaHHbBIM YKa3aHHOIO
aBTOpa, B 9HIOKOHTAKTe XHMOMHHUTOB (MeCTHAas PasHOBHUIOHOCTb HedeIIMHOBBLIX
CHEHHTOB, CJIAarallias BHelIHee KOJbUO IUIYTOHa) pa3sBHBaloTcA HH3KOHede-
JIMHOBBIE DA3sHOCTH CHEHHTOB (YMIITEKHTBHI M JIMCTBADHUIbI), IIpeCTaBJICHHbIE

9KWIAMH B anorHedcoBbix ¢eHutax. B Koprepemabunckom MaccHBe IUIArHO-

KJIascoflepkallide Hedp eJIMHOBblE CHEHMTbl (MyJITaCKHTbI) OOpasyroT KWIb
B anoraGbpoBbIX 3CCEKCUT-hEHUTaX.

HoBeiM B mnerpomorun XHGHHCKOTO MacCHBa fIBWIOCh YCTaHOBJIEHHE
WM. llepekpecrom, B.B. CMmupHOBbIM [88] MpHHAOIEHHOCTH pPHCYOPPHTOB,
I0BUTOB, M&IMHBHIOB (Ha3pIBaeMbIX TaK)Xe ~“TIOHKWIHTOBLIMH HedelTHHOBbIMU
CHEHHTAMH”’) K alOMHOJIMTOBBIM K&TMIUNATOBbBIM METACOMATHTAM Marmatu-
yeckoit craguu. Haum HaGmiopenus [26] NoaTBepownM Takyl TpaKTOBKY
U TMO3BONWIH OTOXIECTBHUTb 3TH METACOMATHTHl ¢ (PeHMTaMH - MpOJYKTAMH
MPEUMYILIECTBEHHO KaJIHEBOIO METAacOMAT03a BMCLUAOWHX [OpOA B IK30-
KOHTAKTaX HedelHHOBBIX CHEHHTOB. IleTain MX MHHepalnOruu, leTporpadHu
U TeHe3HC OOCYXTATCA B [Apyrom pasfene. 3[ecb K€ Mbl paCCMOTPHM HX
COOTHOLLIEHHE C MaTe pHHCKUMH U1l HUX MarMaTHYeCKMMH MOPOIaMH.

Ha amatutoBom Mectopoxpenuu [lapTaMuopp CKBaXMHAMH BCKpbIBAKOT-
cA NABOYOPPHTOBBbIE HeeJIMHOBBIE CHEHMTBI, COMAEpXAallMe MHOTOUMCIIEHHDBIE
KCEHOIIMTbl HMHOJHMTOB C MNOpGHPOBBIMH  BblAeNEHHAMH [IDH3MATHUECK HX
kpuctawioB kamuumara (Ta6muua III). Kpucrajuibr noseBoro wmara noss-
NAICA B MAOJIIMTAX JIMUIL B KOHTAKTE C CHEHHTAMH, OYEBMJIHO, MOJ HX METa-
COMATH3UpPYWOLIMM BO3JeHCcTBHeM, B ckBaxMHax M3 paioHa 03. bonbuioi
BymeaBp (N° 545) u B ropHom kopeHHOM oGHaxenuH [lapxa oTabixa r. Ku-
POBCK2, Takxe Habiofaerci HOBOOGPa30BaHHe KOPOTKOMNPH3MATHYECK MX
MM NOHKWIOGIACTOBBIX KPHCTA/UIOB KATHLUNATA, THIOMOPGHBIX WA NOPOL
PHCUODDHIOBOH TrpyNIbl, B HHOMMTaX BOIH3H TPAXHTOMOHBIX XHOMHHTOBbBIX
HeenuHoBpiXx cueHuTOB (Tabmmua IV, 7). 31M ¢akThl COOTBETCTBYIOT XO-
-pOIIO M3BeCcTHOH B XMGHHAX 3aKOHOMEpDHOCTH, BbIpaXatouleHcs B NOABIIEHHH
B MHOJMTOBOH TONLIEe Ha KOHTAKTaX KaK C XMOMHMTaMHM, TaK M JIABOYOPPH-
T&MH “’Cl1051” MAJIMHBHTOB M JIySIBpUTOB, BhifencHHbIx O.B. Minakosoim. [lo-
POABI CJI0A IO 3epHHCTOCTH M MEIaHOK paTOBOCTH MOXOXH Ha MPHUMbIKA0IIHE
K - HUM MHOIHTHI, OTIMYasAChb OT IOCHEeIHHX IPHCYTCTBHeM MNOMKWIHTOBbBIX
WIH OpHEHTHPOBAHHBIX BJOJIb CJIOA JEHCTOBbIX NMOPHUPOBLIX BHUICIICHHH Ka-
JIMUINAT3 B MAIMHBHTAX M JIYABPHTAX COOTBETCTBEHHO. B KOHTAKTE ¢ NABO-
YOpPPUTOBBIMH He(eTHHOBBIMH CHEHHTamMy UEHTPAIbHOrO LITOKA [U1yTOHA
TOPOBI PUCYOPPUTOBOM TpYIIb IlepeceKarnTCA XKHIaMH HedelIHHOBbIX CHEHH-
TOB (*JIyAABpUT-IerMaTtuTOB’’). 3TH NOPOIBI CEKYTCA TAKKe H XHIAMH MENKO-
3epHHCTBIX XHOMHHUTOB BHelUIHero HedeJIHHCHEHHTOBOTO KOJIbUA M4CCHBY.
XKunbl mocnemHMx HaGmioganuch Hamu H B.B. CvupHosbim [104] B cxB. 1417,
1477 na mectropoxpeHnd Pacsymuopp. Panee xwibl TaKHX JKe CHEHHTOB B
pHcuoppuTax BONM3HM xHOMHHTOB oTMmeuanmuch C.M. 3axom u np. (1973 r.),
HO .HEBEpHO MpPHHHMAIHCh 33 >KWILHYI0 ¢a3zy pHCUOPPHTOB. TaKHM OBpasOM,
MHOMUTHl B 3K30KOHTAKTaX KAaK JIABOYOPPHTOB, T4K M XHOHHHMTOB 3aKOHO-
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MCpHO  TOABCPraloTCA KAIMWINATH3AUMH M OHHOBpPEMEHHO CEeKYTCA >KHIb-
HbIMH OTBETBJIEHHAMH aKTHBHBIX HHTPY3UBOB, CBHIETENbCTBYIOLIUMH O TOM,
UTO METaCOMATO3 MpOABIAICA B MATMaTHYECKYI0 CTAIMIO,

B Tamnaxckom PYAHOM Yy3lle K MeTacOMaTHTaM MarmMaTH4ecKO# CTamuu
NIpHHA[JIEXKAT HE TONbKO YMOMMHABLIMeCSH LITIHHEITb DO pCTepHTOB bIE CKapH#I,
HO ¥ IUIarMOKJIa3H3WPOBAHHbIE pPOTOBHKOBOMONO6GHKIE MOHOMHHepaIbHbIE
KIIMHOMHPOKCEHOBbIe MOpofbl. MX KceHOnuTsl ¢ mpusHakamu MpOTpeccHpylo-
WIETO 3aMeleHHsT MarmMoi yCTaHOBJIEHbl B MK PHTOBBIX rab6po-monepuTax
BepxHertanHaxckoro untpyaupa (Tabnuna V,23). .

Ho wuanGonee momunbie NpOABNIEHHA METacOMAaro3a MarMaTHYeCKOH CTa-
AMH H 3AKTHBHOE [eHCTBME TpPaHCMArMaTHYeCKHX GIIMIONOTOKOB, Kak OT-
MCHAJIOCh, yCTAHABJIMBAIOTCA B 30HAX IpaHUTH3aLMK. B TPaHUTHBIX HEOCOMax
MHUIMATHTOB  IIMPOKO  pacMpOCTpaHeHbl CKHAIMTHI BMEILAKIGHX CIIAHIEB
M THEHCOB, T.e. UX TeHeBble, IPe0GpPA3OBAHHbBIE OCTATKH. CKHATHTEI 0coB6eHHO

XapaKTEepHbI I arMaTUTOBBIX MHIMAaTHUTOB C ABHBIM IlepeceyeHHeM MeJlaHo-

KpaToBbIX 0GocobeHHit NefKOK paToBbIMU TP2ZHUTHBIMH XWiamMH. OpHako
HEACHO, KOTZA GbUIM MeTAaCOMAaTH3MPOBAHBI KCEHOJIMTHI CIAHIEB M THEHCOB —
[0 3aXBaTa HX TPAHHTAMH HITH NOCTIE TIOTPY>KEHUS B MarMy.

B cBAsH ¢ 31UM HHTEepeCHbl KCEHOJIMTHI CJIAHIIEB U THeHCOB B MaccuBax ‘'

KPYNMHOMOPGHPOBLIX TPaHHTOB, MOBONBHO THIMYHBIX WIA DIYGHHHBIX KOMII- |

7IeKCOB. MacCuMBBI TaKMX TpaHHTOB M3BeCTHHI Ha YkpaunckoM kpucranu-
4eCKOM muTe. OHM BCKpBLITH OTHAENBHBIMU KapbepaMH, [OCTaBISIOU[AMH
OGMHUOBOUHBIA MaTepHan mIA CTaHUMI MOCKOBCKOTO MeTpononureHa. Ka-
MEHb KapbepoB 0GJ1afaeT MHIMBHILYAIbHBIMH TEKCTYpaMH, OKpAacKoM, OTYacTH
COCTaBOM, YTO ABJIAETCS OCHOBOM OGBLENMHEHHA UX B MACCHEBI (nanpumep
Kuposorpanckuii, Kutomupcknit), CoBOKYNMHOCTb TakMx MacCHBOB, BepOAT-
HO, 06pasyer HOBOyKpamHCKMil TpaHHTHbIN KOMIUTEKC, MNpOTArMBAOLIHIACA
B MEPHIHOHAILHOM HampaBleHMM Ha 400 KM npu umpude 200—250 kM.

XapakTepHbIM mia 06CYKIAEMBIX TPaHHTOB ABNAETCA HX KPYMHONOPGHpO-
BbIA OOMHMK. Penkie (emuHmubl Ha 1 m?) nopbUpOBbIe BbIeNeHUs MpeCcTaB-
JICHbL CPaBHHTENIBHO  MMOMODGHBIMH, M3OMETPHYHBIMH KpPUCTA/IIAMU KaJTH-
LIMNaTa, OKaHMIIEHHBIMH TaBIMTYATBIMU 3¢pHAMH II0JIEBOTO 1HITaTa OCHOBHOMH

MAacChl WM TpHOGPETAIWNMH TabNMUTYaThle BOPMBI TyTem HapacTaHHUA Ha -

HHUX HOBBIX, XOpOLIO 3aMeTHBIX 30H (pHC. 2). B rpaHHTax OGBIHBI TaKKe Kce-
HOJIUTBI ME30KPAaTOBBIX GHOTHTOBBLIX CIIAHUEB M THeHCOB. B KCeHOMMTax zo-
BOJIBHO  pefKO OTMEYalTCH e[MHMYHbIE HIMOMOpGHbIe, H30METpHYHbIEe NOp-
(HpOBbIE KpHCTAIBI KaNMuwmaTa, 1o dopme, pasmepy u oxpacke HueHTHu-
Hble C MOPQHPOBBIMH BBUIENICHHAMH B OKpYKAIOUIUX rpanurax. [lopdupst
KaTHIIMNATa GbIBAIOT LENHKOM 3aKJIIOYEHB B KCeHONHTHI, HO HepeaKo yacTb
TAaKOro KpHCTAIA BMEUIAETCA CIIAHUEM, a [pyTas yxe NOTpyXKeHa B TpaHHT.
IIpuBenenHsIit MaTepuan CBHIETENILCTBYET O TOM, YTO MOPGUPOBbIE K PUCTAILTHI
KaMIUMATa HaXOOWIHCh B FPAHHTHOM pacIUlaBe, YTO NOKAa3bIBAETCA obpacra-
HHEM HX TabIUTYATBIMH KDPHCTAZIAMH OCHOBHOH MacChl HOpOMbI M [OpALIH-
BaHHEM HX NO Tabnutyateix (opm. NpuUcyTCcTBHe Takmx e N0 phHPOBBIX BhI-
JIENIeHHH  KATMIINATA B KCEHONUTAX MOKA3BIBAET, 4TO NepBOHAYaIIbHO OHH
06pa3oBaINCh BO BMELIAIOIINX THeMCax (otcrona u Hemarmaruueckas ¢opma
KPHCTAIOB), NOCTe DACTBOPEHUS KOTOPBIX B TPaHUTHOH Marme NOpHUpPEI
OKa3BIBAUCL B paciUlaBe. XapakTepHOe LIHPOKOe paclpOCTpaHeHHe KCeHO-
KPHCTOB TOJIEBOrO IUMATa B TpaHHTaX KOMIUIEKCA MOKa3bIBAET, YTO HX 06-
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Puc. 2. TekcTypbl NOpgHp OBBIX PaHHUTOB HoBoykpauHckoro miytona (4) ¢ KCeHOMHTaMK
GHOTHTOBBIX KpHcTassiocnaHues (5 v B). MaxkcHMa bHbIH pasmep nop¢HPOBLIX BKpane-
HHH KayMumara 5 cm. [TosicHeHHe B TekcTe
1 — 06mK nopd MPOBBIX BbIIENEHH KaMUIMATA: 4 — NepBUUHbINA, 6 — ¢ KaHMONH MAarMaru-
UeCKOro KaJMmnaTa, 8 — ¢ KBapU-KaJHIUNATOBOM KaitMoil; 2 — npU3MaTHUeCKHe K PUCTaN-
JIBI KQJIMUIMNATE 0CHO BHOH Macchl FpaHuTa; 3 — 6uormoaprﬁ KPHCTAJDIO CITAH el

pa3oBaHHe CBA33HO C METACOMATH3HPYIOLIMM BO3JEHCTBHEM Marmbl Ha BMe-
warwwmye noponst, lomagasa B pacrnas, nopgupoBble KpUCTALIBI NpUCHIOCaB-
TMHBATHCE K MarMaTtHYeCKHM YCIIOBHAM NyTeM MacCHBMUPOBAHHA TaBIHTYATbI-
MM KDHCTA/UIAMH CaMOW Marmhbl WIM [JOpatlMBaHHEM [0 TaGIMTYAaTBIX HOpPM.
Mocnenee BO3MOXHO NHIUL NPH XHMUYECKOM DABHOBECHH MEXIY [OpPDH-
pPaMH M MAarMOH, YTO, CyIs MO HepeaxoMy 6p0}mpoaa1{m<3 0 pHHPOBBIX KpH-
CTAJUIOB TAaGIHMTYATBIMH, CIyyalioch He Bcerga, B manbHeflueM Mbl MOKaxeM,
UTO XMMHYECKOe IIpUCIIOCOGIIEHHE COCTaBa KCEHOTEHHbIX MMHEPAIOB K Mar-
Me, U3 KOTOpOH KPHCTANIU3YIOTCA MHHEpPATbl AHATOTHYHOTO BHAA, HO MHOTO
COCTaBa, BO3MOXHO TNpH oMb y3HOHHOM B3aMMOIEHCTBHH MAarmbl ¢ GOKOBBI-
MH nopopamu, Tlo HameMy MHeHMI0, MHOTHe TDaHHTHbIE NOpPGHPOBbIE MarMa-
THYECKHE TIOpOIbl, KOTOphle HEpENKO pAacCMATpHBAOTCA B KayecTBE pYIHO-
TIPOJlyKTHBHBIX Ha pAle MECTOPOXIEHHH, HallpUMep, Ha 30JIOTOPYOHBIX Me-
@:;bpoxcnemnx ¥Y36exucrana (Hcynos, 1982r.), BeposaTHee Bcero, 06pa3oBa-

"JHCh PACCMOTPEHHBIM IIyTEM.

. IlpuBeneHHbIe MaTepHanbl HECOMHEHHO CBMIETENbCTBYIOT O paclpoCTpa-
HEHHOM TNpOSIBJICHHH MeTacoMaro3a GOKOBBIX MOPOA B KOHTAKTAaX elue. KHI-
KHX MarM M JO HX KOHCONMHOAUMH. I'eONOrMYeCKMMH IpH3HAKAMHM MeTaco-
MaTHTOB MarMmaTHuecKOit CTAIHH ABJIAIOTCA MepeceYeHHe UX MarmMaTHuecK UMH
KHIAMHA ¥ 3aXBaT MarMamH KCeHOJIMTOB MeTaCOMATHUECK H H3MEHEHHBIX nopofI.

Crienyer, ogHaKko, MOMHHMTb, YTO CXOMHBIE B3AHMOOTHOLIEHHA MOTYT BO3-
h ﬁln(ny‘rb MeXy MeTacOMaTHTAMH MarMaTHueCKOH cTaguu Gonee paHHe# ¢asbl

MAarmMaTH4YeCKOro KOMIUIeKCa U ero NO3JAHHMH MarMaTHYeCK UMM HHDBEeKUHAMH.




MHHEPAIOTONIETPOrPAGHYECKHE OCOBEHHOCTH COCTABA
H CTPOEHUA HEKOTOPBLIX THIOB METACOMATHTOB
MATMATHYECKOH CTAIMH

Kax oTMe4asioch, MeTacoMaTHTBI MarmaTHueckoi CTaIMH H3yueHbl JaneKo
HETIOTHO M HepaBHOLEHHO. WMMesA 1e/iblo BBIABIICHHS G H3UKO-XHMHYeCK O
CYLIHOCTH MET4COMATHYECKHX MpOLECCOB [JAaHHOIrO THNA KaK OCHOBbI MO3HA-
HUA [EHCTBHA TPAHCMArMaTHUYeCKHX (IIOHIOB, paccMOTpHM Gosiee M3yueHHbIe

BHIBL MET4COMAaTHTOB, HanGosbuimit deHoMeHONMOrMYeCK it M reHeTHueCK il

HHTEpEC BbI3BIBAIOT 30HaJIbHbIE THIIbI METACOMATHTOB, KOTOpbI€ B CHIY 3TO-
ro JOCTaTOYHO LIMPOKO OCBELIEHBI B JIHTEpaType.

MATHE3HWAJTBHBIE CKAPHBI MATMATHYECKO# CTAIMH

Kpome ocHosononarawowmeit craten JI.C. Kopxumickoro [48], sror tHm;
CKapHOB JIETabHO paccMOTpeH B psfe (yHIAMEHTAIbHBIX pabot B.A. )Kapu-i
koBa (1959, 1968 rr.) [89, 118, 120]. IeranvHble cBeneHus o HEKOTOPBIX
UX PasHOBHAHOCTAX npuBopwinch I1.B. KomapoBbiM, B.M. CHHAKOBBIM
B.H. KoBaneHnko ¢ xoyuteramu, U.A. 3otoBpM, O.P. BaparoBbiM u MHON{MH’E
ApyrumH. TIONBITKH HX 3KCIePUMEHTABHOTO CHHTe3a nposogwikcs I'.Il. 3a-!
PAHCKUM, ONHAKO GbUTH MOMTYYEHBI UL MOCTEMAIMATHUECKHE MArHE3HATD-
Hbl€ CKApPHBI, 3[1eCh HE PACCMAaTpHBaeMble. |

Marnesuanbhble ckapHbl (MarmartHuecKoit CTAa[IHH) BO3HHKAIT B cosep-E
UICHHO ONpefeNieHHOH, He MMemoulell HCKITIoYeHHs TeOJIOTHYeCKOH MO3ULMHU i
Ha KOHTaKTE BBICOKOMAarHe3HANbHBIX, HEHOCHILEHHBIX KpeMHe3eMOM  Cpel
€ TIOMOCHIHKATHBIMH TNOPOAAMH M MarMaMH. B KauecTBe MarHesHaibHpIX
HH3KOKDPEMHHCTBIX Cpell BBICTYNAWT ualle BCEro MarHe3HabHble Kapﬁomirj
HbIE MpaMOpbI ¢ cotepxaidem MgO He menee 8—10 mac.% (6onee 40 mon.% go-
nomura) [89, c. 96]. UMK MOryT GbITh Takike OJIMBUHHTBI, pa3BUBILMECSH
N0 CEpNCHTHHUTAM M TaTbK-CepNEeHTHHOBLIM nopogam [90] M, BO3MOMHO
MArmMaTH4eCKHe NyHHTbl. MCTOUHHKOM KpeMHe3deMa M IJIMHO3eMa npH CKapHO:
O0pa30BaHMM CNYKaT NPUMBIKAIOWHE K MAarHe3HabHbIM NOpOJIaM SKHUIIKHE
MArMaTHUeCKHe MacChl HIIH TBEpible &TIOMOCHTHKATHBIE TIOPOJbI. :

CKapHbl MarMaTHYecKOW CTAagMH B KOHTAaKTaxX TBEPAbIX ATIOMO-CHIHKAT- }
HBIX II0pON M3YYeHBI HEyHOBJICTBODHIENbHO. K HHM OTHeceHp! Kaiuumar-|
TMIIEPCTCHOBBIE OIM3CKAapHOBBIE HIH OKOJOCKAapHOBbIE NOpoAb! ¥ KOpIHepH-|
TH3MPOBAHHbIE THEHCHI C CHIHKATaMH IJIHHO3eMa Ha AyjaHe [118, 90] u kop-

AIMCPUTOBbIE CKApHbI, pa3BMBAIOLIHECH MO KHaHHT-KBAPLEBbIM NopoJaM Ha i~

Wro-3anangHom IMamupe [23]. lpennonaraercs, uro onu popmupyrotest cun- |

XPOHHO M NpOCTPaHCTBEHHO COIMKEHO CO CKApHAMM W3 KOHTAKTOB ewle He- |

KOHCO/IMHAHPOBAaHHBIX MarMaTHYeCKHX Tell, YTO 3aTPYOHAET HX pacwieHeHHe
B nepBom cnyuae ATIOMOCWIHKATHbIE 30HBI CKapHOB pa3BUBAKTCA TOJ‘ILKO'
0 ATOMOCWIHKATHBIM MOPOJAM, TOTHA KAaK B KOHTAKTAX C MarMamu Bech
06beM cKapHOB ofpa3yercs N0 MarHe3HaIbHbIM nopopam.
MNocnemarmatuuecke  mMarne3manbHbre CKapHbl (OpPMHpPYIOTCA  TaKxKe
C 3dMEUICHHCM TBEPABIX WIIOMOCHIMKATHBIX nopon. Ho kak 6osnee HH3KO-
TEMIICpAaTypHble 0Opa30BaHMUs OHH OTJIMYATCA OT CKAapHOB MAarmaTHueCKOH
CTaAHH TIPHCYTCTBHEM B HX COCTaBe MHHEpAIOB, 060raleHHbIX JIeTyYHMH
KOMINOHEHTAMH, Hanpumep, ¢IOronura, MHHEpANIOB rpynnpl TyMHUTa W Ap.
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[118]. MU3-3a HemOCTaTOYHOH M3YYEHHOCTH CKapHbl M3 KOHTUKTOB M4THCIHAib-
HbIX cpel C TBEpObIMH aTlOMOCHIMKATHBIMH MOPOJAMH HCKJIIOUCHLI H3 [aJib-
He#HlIero pacCMOTpeHH A,

OGpatuMcs K MarHe3sHaJIbHBIM CKapHAM MarMaTHUeCKOH CTajtiH, 00p43yio-
mWHMCS B KOHTAKTaX JKHOKHX MarmMaTHYeCKMX MacC C BbICOKOMArHe3Halb-
HbIMH Cpedamu. B npepplpyuiem pasfelie yxe MPHBOMUIHCH [OKa3aTe/bCTBA
X 0BpasoBaHUA OO KOHCOJNMAAUMH MAarMaTHYECKHX Macc, T.e. HA Marmartude-
CKOH cTagMu. B pambHeHimeM OHM OYOYT HMEHOBATbCA ~MarHe3HajIbHbIMH
cKapHamMu” Ge3 HOMOJIHHTENIBHBIX ONpene/IeHHH.

CnoxxeHbl TaKHe CKapHpl HEOOJBIUMM YHCIIOM  MHHEpAJIbHBIX  BHIOB:
KapbOHaTaMH KalbUMA M MarHua (KIbIMTOM, JAOJIOMHTOM, MAarHe3HTOM) ,
nepuxnaszom (MgO) (mouru Bcerma 3ameweH 6pycutom — Mg(OH),), dop-

{ CTEDHTOM, BBICOKOKATbLHMEBBIM TTTHHO3EMHCTBIM KIIMHOIIMPOKCEHOM — dhac-

CaUTOM M CaJUTOM B OKOJIOCKApHOBBIX MOpOJAX, JHCTATUTOM-THIIEPCTEHOM,
IUIarHOKJIa30M TOBBILIEHHOH OCHOBHOCTH, >KeN€3MCTO-MarHe3uajibHOM, [IIH-
HO3eMHCTOH LINHHENbI0 — IUIEOHACTOM. BO3MOXHO, B COCTAaB MATHE3HATBHBIX
CKapHOB BXOAMT MAarHeTHT. B MaIOrTyGHHHBIX YCNOBHAX JIAPHHMT-MEPBEHHTO-
BOH auyH, XapaKTepH3YKLHXCA HU3IKUM Pco , B COCTaBE MATHC3HAILHbIX
CKapHOB elle Ha MarmMaTHYeCKOM OJTare MOABIAIOTCA MOHTHUENIMT, Telle-
HHT, cnyppHur. Ho vaire oHu, BUAMMO, 0Gpa3syloTcs MpH NMOCIEMArMaTHUYECCKOM
M3MeHEHHH 0GCY)XIaEMbIX CKapHOB B CHIly CHIXeHHA Pco, Ha 9TOM aTale 3B0-
JIIOIMH MarMaTHYeCKHX KoMIulekcoB [89, 101].

JIOBOJIBHO NMPHUMUTHBHBIA MHHEpAIbHBIH COCTaB CKAapHOB YINpOLIAETCHA yMe-
PEHHOH W HM3KOH >eJIe3HCTOCTbI0 CWIHKaTOB. Ha OCHOBaHMM OOLMpPHBIX Ha-
omogenuit JILM, lllabriHuna [118] >kenme3uCTOCTb CWIMKATOB OOCY KOdeMBbIX
MarHe3HanbHBIX CKapHOB He NpeBOCXomuT misA dopcrepura 30 moi.% xerte-
3MCTOTO MHUHANA, WISl OpTONHpOKCeHa — 23,4%, mna KAHHONWpoKceHa — 20%
COBOKYMHOCTH, no mueHnto H.H. Mepuesa (89, c. 132], munanos CaFe® Si; O,
CaFe**AlSiO4, CaFe3'SiO¢. OnHako M yka3aHHble MakCHMAIbHbiE 3HAUCHHA
KeJIE3UCTOCTH SBISIOTCH DPEAKHMH M YCTAHOBJICHBI B CIEUH(PHUECKHX YCIO-
BHAX, IJIf OpTONIMPOKCEHA — B OKOJIOCKApHOBBIX WIH GNU3CKAPHOBLIX IO
pojax mo rHeficam [118], a 1A KIIHHONMPOKCEHa, BEPOATHO, IpH pELKO
NpOABNAIOWMXCA coueTaHnAX BoicOKMX T, P u fo, [89]. OGbruio B marHe-
3HAIBHBIX CKapHax OB6CY)KIaeMOro THIIa KeJIe3HCTOCTh CWIMKATOB He NpeBOC-
XOmuT 15 MON.% mNpH CyliecTBEHHO 6OJlee BBICOKOH (MHOTa B 2 pa3a) xe-

© JIESHCTOCTH AHAWIOIHYHBIX MHHEPAJIOB B MATCPHHCKHX JIA HHAX MarMaTuuyeCcKHx

nopopax. JKene3ucTocTh [IIHHO3EMHCTOH LIMHHeNM ObiBaeT B 2 pasa BblLle,
"4eM  XKeJIe3UCTOCTb CWIMKAaTOB, OCHOBHOCTb IUIArHOKJIa3a MarHe3uaibHbIX
CKapHOB He GbIBacT HHXe AH4o. VIHOrma B cKapHaX BCTPEUaeTCsA UHMCTBIH
aHOpTHT, .

HauGonee mnonHas Ojisi CerogHsALIHET0 YPOBHS 3HAHHH MHHEPAIOTO-IETpPO-
JIorudecKas MHpOpMauMs NO MarHe3uabHbiM ckapHam monyuena H.H. Tep-
ueBpiM  [89]. MeTOgOM aKTHBHOCTEH H XHMHUECKHX TNOTEHUHWIOB KOMIO-
HEHTOB IIpH PA3HBIX MHTEHCHBHLIX 11apaMCTPaX MM HCCIC/IOBUHA YCTOHUHBOCTL
. MHHEp&JIOB M MapareHe3uWcOB CKapHOB. JTH pa3pabOTKH B COBOKYIHOCTH ¢ 06-

"} CTOATENBHBIMH M OGIUMPHBIMH T€OJIOTO-MeTpOrpadHUCCKHMH  [aHHBIMH 11O

-CKapHAM MHOTHX MecTOpoxyecHui [89, 118] malor nosnyie KapTHHY HX CO-

" ¢TaBa, pasMeIUeHHs M OGpa3OBaHMA, MO3BOJIAWLIYI0 NOHATL CYUIHOCTb MpO-

. I{eCcoB OPMHPOBAHHA CKAPHOB MaIrMaTHUECKOH CTalHH.
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Paccmorpum ocoGentoctu CTPOCHHA MArHe3HalIbHBIX CKApPHOB 3TOrO THIIA.
CkapHoBble Tena Bcerga MMelor 3aKOHOMEpHOEe 30HANIbHOE CTpOeHMe He3aB-
CHMO OT MOUIHOCTH Tell, MeHAIIelica OT CaHTHMETPOB [0 MECATKOB M [ase
MIEPBBIX COTCH METPOB. JTO COOTBETCTBYeT Teopetnieckomy Brisogy I.C. Kop-
XKHHCKOro [53] 06 omHOBpeMeHHOCTH 06pa3oBaHUA BCEX 30H MeTACOMATHUTOR
M0BOr0 THNA NMpPH TepMOLMHAMHYCCK K PaBHOBECHOM XOje mpouecca. Bmecte
C TeM 3TO NOKa3bIBAaeT HMEHHO TAaKOil, a He PEAKIHOHHO-K HHETHYECK Uil CIIOCOG
¢$hopMupoBanus CKapHOBOH 30H&IBHOCTH, Mpu KOTOpOM mNoOciegHAs BO3HH-
K2€T 1332 HEONMHAKOBOH CKOpOCTH PACTBOPCHHA MHUHEpaloB B THApOTEp-
MATbHOM pacTBOpe. [lostomMy He 6pBaer CKApHOB C NPUMHTUBHON M MOJIHOMH
JOHaIbHOCTBIO (C.A. ArleKcaHapoB), xota wucro 30H B HHX MOXeT ObITb
Pa3IHYHO B 3aBBUCHMOCTH OT COCTaBa pearnpyroumx cpeft, Pogy ¥ Poo, .

Ha rny6unax 8 3 xm u Bonee, xorma mocruraercs Pco_, npen;{;chyromee
PA3NTOKEHUIO IONIOMHMTA HA NepHKIIA3 ¢ KATBUUTOM npy Mzarmamqecxnx TeM-
nepatypax (700-1250 °C), umcno 30H B TeJlaX MAarHe3HaIbHBIX CKapHOB
Gnu3ko x Makcumymy. B TpHpozie Mpeo6irajjanT GhoperepuToBbIe CKapHBI
¢ KITHHONHPOKCEHOBOH 30HOI, HMeWIHe leayuee THIOBOe CTpOeHHe:

30Ha 0 — IONOMHTOBBI Win HJOJIOMHT-KaIIbIMTOBBIH Mpamop ¢ 06uxmv;
COLEpKAHHEM B HEM HOJIOMHTOBOIL MOJIEKyIIbI (BKJTIOYAs M30MO
Mecb B Kanbuute) 6Gonee 40 06.% (MgO > 10 mac.%)
CKapHUPOBAHHIO HCXONHAA MOpoaa;

30Ha | — UIMHHeNTb~OpCTepUTOB Bl KIbHdHp;

30Ha 2 — WIMHHENb-hOPCTEPHTOBBIA CKAPH, HHOTIA Coepxalluit NMpuUMech
KajIbUMTa (€AMHUIBI 06bEMHOTO NpoueHTa

30Ha 3 — LIMHHENTb -KJINHOTUPOK CEHOB bIit (daccaurosrrit) CKapH;

30Ha 4 KJIHHOMMPOKCEH  (CalMT) -IUIarMoOKIa30Bas oxo;rocxapuoaaﬂ
nopona;

30Ha 00 — rpaHHTOMmHas win AAMOpPHTOBAA Marmardyeckas nopopa 06pa-
30BABUIASICA HA MECTE XHOKOI B MOMEHT CKapHOOGPa30BaHHS Marmel. ’

Wnbre  miyGunnocts  (unm Pco,)’. COCTaB 3aMeILldeMbIX MarHe3HabHbIX
MIOpPOZ M aKTHBHBIX MArM BhI3BIBAIOT H3MeHEHHA B KOJIHuYeCTBE 30H ¥ MuHe-
PAUTPHOM CcOCTaBe CKapHOBOH KOJIOHKH. YMeHblueHue Ty BHHHOCTH, cornpo-
BOXXJAIOWIEECA CHHKEHHEM ~Pco,, .MPHUBOJIHT K pAa3NIOXKEHHI0 HOIOMHTAa Ha
4CCOLMALMI0 MEPUKTIA3 + KaTBUMT C MOABJIeHUeM 30HBI NMEPUKIIA30BRIX (uale
6pycHTOBBIX) Mpamopos. B MaJIOTyGHHHBIX CKAapHAX MOABIAETCA 30Ha
c MOHTH‘{eHnH“TOM [118], pacnonaramomascs Mexay $OpCTepHTOBOM M KITHHO-
IMMPOKCEHOBOH 30HAMH NpHBENEHHOMN KONOHK} (Maccu Koupep B 0ot
Axytun) mn cnenyrowas C€pasy 3a MpaMopamu (MecTOpOIeHHe Jlecmpom-
Xo3Hoe B I'opuoit llopun u Kancaiickoe B Y36ekucrane). C no&mmennem%?xy-

HENb MOHTHYE/UTHTOBBIX CKAPHOB CMEHAETCHA TelleHHTOM. Eme

JIe, TaAK Kak YCTOHYHBOCTH oﬁcymaeMbe MHHEpAJIOB acCoUMauMH 3dBHCHT

TdKXe OT Pco, W TeMnepatypsi. Bmecre ¢ tem JI.C. Kopxwuuckuit (1966 r.)
YKa3pIBal HAa Malylo BepOATHOCTD GOPMHPOBaHHA CyiiecTBEHHBIX 06beMOB
BBICOKOTEMIIEPATYPHBIX METAMODPGHYECKUX H MeTacoMaTHUECK HX accoumanmit

H
a ry6uHax meHee 0,8-1,0 xm B CWITy Mapoo6pa3HOro COCTOAHUA THApO-
TEPM B ITHX YCIIOBHAX.
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CpaBHHTENIbHO pefKHit THI CKApHOB C 3aMeHOH KITMHONHMPOKCEHa 30H 3 u 4
MAITOXENIE3UCTHIM OPTOMHPOKCEHOM [OCTOBEPHO H3BECTEH TONLKO B [yGHH-
HBIX DErMOHAIBPHO IPaHUTH3MPOBAHHBIX KoMIUekcax (3o0T1oB, 1974 r., c. 88).
Takue ycnoBua MX O0Opa3’OBaHHA ABIANTCA IPeAMETOM HCKYCCHH. XOTA
HH. Mepues [89] u oBocHoBan Bemyuiyio ponb BBICOKOil MarHe3uanbHOCTH
3aMellaeMbIX MOpOJ B 3TOM SBE€HHH, HeOGXOIMMa IIpOBEPKA BBIBOOA HA
00beKTax CKapHHPOBAHUA YIIbTPAOCHOBHBIX MarMaTHYECK HX OO,

B cBere TemarMkM paHHOM paGoTbl HaMGONBLUMI HMHTEpec MpeacTaBNACT
3aBHCHMOCTb COCTABA M CTPOEHHS KOJIOHKH MAaTHE3HalbHbIX CKapHOB OT CO-
. CTaBAa AKTHBHBIX MarmMaTHYeCKHMX WHTPY3HBOB. 3TOT BOIPOC JIMIIb YaCTHYHO
{ 3aTparuBaICA B OfHOH pagore [120]. Mexny TeM 3Ta 3aBHCHMOCTb JOKa3bIBa-
¢ €T CHHXpOHHOCTh 00pa30BaHHA OGCY>KIAEMbIX CKAapHOB M MATE€pPHHCKHX sl
HHX MarmaTHyecKHX Tell, IpUBeNeHHe CKapHOBOH KOJIOHKH B M1apareHeTHYeCKOe
COOTBETCTBHE C AKTHBHOH Marmoit.

Tak, B koHTakTe ¢ raG6po JIGOro COCTaBa B CKAPHOBLIX Tenax OTCYTCI-
BYET NMHMpPOKCEH-IUIarMOKsa30Bass OKOJIOCKAapHOBasA nopoga (30Ha 4 CBOOHOM
KOJIOHKH), KOTOpast NpH BIIOJIHE MOMBMXHOM TOBECHHH HAaTpHA B MarMari-
YECKHX Mpoueccax IpeBpalaeTcs B rabOpoMIHbIA paciiiaB. B koHTakTax OnH-
| BHHOBBIX M OJIMBHHCONEpAUIUX raB0po B CKapHax OBLIMHO OTCYTCTBYeT ellle
H 30Ha 3 [LNHHEb-KIIMHOMHPOKCEHOBOTO COCTaBa, MpeTepleBaluas IUlaB-
TteHye. Tejta MarHe3HaIbHBIX CKapHOB MOLIHOCTBIO [0 NMEPBbIX METPOB H MpO-
TAXEHHOCTbI0 10 3040 M C 30HATBHOCTBIO TAKOTO THNA GbUIM HETATLHO M3Y-
YeHbl HaMH [24] B KOHTaKTax rabOpPO-IONEPUTOBBIX HHTPY3MBOB TamHaxa
(Hopwibckuit paiion), HeCylMX IpOMbILUICHHYI0 JIMKBAUMOHHYH CY/bdHI-
Hy10 BKDAIUIeHHOCTb. ['e0JIOrHYecKHe COOTHOLUEHHA 3THX CKAapHOB C Mare-
 PUHCKHMHM MarMarHYeCKMMH TMOpOJAMH XapakTepu3oBanuch Bbiwe (Ta6-
- mupn I, II). UnrepecHsiM B ckapHax TanHaxa ABNsieTCA NMO3[Hee, NMOC/IEMAr-

MaTHYeCKOe BpeMs OGpa30BaHHA MOHTHYEIUIMTOBBIX CKAapHOB, YTO CBA3bIBA-
- €TCA HaMM cO CHWXeHHeM Pco, B MarMarMyecKHx ¢mIOMiax Ha TOM JTane.
" Mopo6Has 3BOMIOLMA MarMaTtoreHHbIX QIIIOUIOB GbUTa paHee OIHOBPEMEHHO
- ycraHosneHa W.JI, PaGumkossm [101] u H.H. [lepuessim [89].

" MarHe3snanbHble CKapHBI B KOHTAKTaX HEJOCHILEHHBIX KPeMHE3eMOM YIbTpa-
{tﬁenoqﬂux (MONUTOBBIX M HedeIMH-CHEHHTOBBIX) MAarM OBUIH [ETATIbHO
~u3ydensl B.U. Kosanenxo ¢ wxomneramu [40] n A.A. Kouesnim [43]. Ckap-
“HBl KaryHCckoro MaccuBa HedhenMHOBBHIX CHEHHTOB CeBepo-Boctounoit TyBbI
[40] mowmoctio mo 10 M crokeHsl BO BHeluHeil uyacTh ¢$OpCTE pHT-K AT bLH -
" .-TOBOH MOpOOB! (MOLHOCTB — MECATKH CAHTHMETDOB), CMeHAEMOi (accanTo-
BbIM CKapHOM ¢ 30 06.% Kabuuta, HO 6e3 IITMHETH (MOIUHOCTh — NepBble

“Metphl). Ialee cleflyeT 30Ha MeNBTENTHT-HIONHTOB — KITMHOIHPOKCCH-He-
E (emHOBbIX Mopox ¢ 7—22% MarHeTHTa u AKUECCOPHbIMH BHOTMTOM M ama-
- THTOM  (MOwHOCTL 0 30 CM), CMeHAeMbIX Ge3 pe3KHUX MepexOJOoB MeIaHo-
. KpaTOBBIMH, @ 3aTeM Me30KpaTOBBIMH He(CITHHOBBIMU CHEHHTaMH OCHOB-
. HOM vyacTM MaccuBa. M3BecTHBI KWIKH HHOJMTOB B (accaHToOBLIX CKApHAX
“H ME30KpaTOBBIX CHEHHTOB B MeJIAHOKPATOBBIX. ABTOpbBI OMHCAHWA CYMTAIOT
} | MAONUTEI MAarMaTHUeCKHMH OGpa3’sOBAHMAMH C HEeXapaKTepHbIM IUIA TAKOBBIX
* IPEHMYLIECTBEHHBIM HMIMOMOpPGH3MOM THpOKCeHa Mepen HedenuHoM. Ta-
.KOe e COOTHOWIeHHe B HEMOMOpdHM3Me MHHEpaTiOB COXpaHAETCA B MeNdHO-
’ KpaTOBbIX HepeIHHOBRIX CHEHHTAX, HO MeHAeTcs Ha 06paTHOE. THIHYHOE UIA

T
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MAarmMaTHiYeCKHX 10pOJlI B ME30KpaTOBbIX CHeHHTaX. [IpHMeuvaresibHO 30HANDL-
HOe CTpOEHHe 1IMpOKCEHAa WHOJINTOB M METaHOK paTOBbIX CHEHHTOB C MOBBILLIE-
HHEM 3THpHHOBOTO MHHA&IA B KpasAx KpHcTauloB. HexapaxtepHple pis mar-
MATHYECKHX MOpPOJ CXEMbl HIMOMOPGH3IMA MHHEDPAIOB, CHILHO BbIpakeH-
Hasl 3OHAILHOCTL MHPOKCEHA, TYTOIUIABKMI XapakTep MHOIMTOB (CpaBHH-
TeNbHO C CHEHHTAMM) NO3BOJSIOT MPENOIOKUTh MUX METACOMATHUYECKOe Tnpo-
HCXOXIeHHE B pe3ynbTaTe HedelMHM3aUMH (ACCaMTOBBIX CKAPHOB C COOT-
BCTCTBEHHBIM H3MCHEHHEM COCTaBa MMpokceHa. [0 cXOmHBIM ABYM mepBbIM
IpH3HAKAM MEJIaHOK paTOBble CHEHHTHI, BHOMMO, [MpEACTABIISIOT COGONH uac-
THUHO pACIUIABIIEHHbIC IIOPOJBl C KCEHOTEHHBIM, YHACIe[OBaHHbLIM OT HIOJIH-
TOBOH 30HLI NMMPOKCEHOM. XKWIbl ME30KpPAaTOBLIX CHEHMTOB B MEN@HOK paro-
BbIX HMEIOT, CKOpee BCEro, MeTaMarmMaTHuecKylo MpHpOdy, OBCYKEAaeMyro
B ClIELHaTIbHON YaCcTH KHHUIH. 3

MarHe3nanbHble CKapHbl M3 KOHTAKTOB He(eNMHOBBIX CHEHHTOB C [ONIO-|
MHUTaMH Ha CIIOJAHCKOM MECTOpOX/IeHHH B 3abaiikaibe [43] Bo MHorOMf
H 1Ipexe BCEro B CTPOCHHM 30HAIBHOCTH CXOMHBI C BBILIEONUCAHHBIMHU. ITpu-!
Me'aresibHa  AHATOTMUHAA HACBILEHHOCTb (DOPCTEPUTOBOH M NUPOKCEHOBOI|
30H KambUMTOM. B Crropsiickux cxapHax Gonblile LIHHENH, KOTODPAsk MOXeT
MHOT/Ia CMEHATBCSA HeeIMHOM [1aXe B TlepeIOBbIX CKAPHOBBIX 30HAX.

Kak ormeuanocs, B nutepatype eure penxo OMMCHIBAIOTCS MAarHe3WaNbHbIC
CKapHpl MarmMaTHYecKOM CTaaMH, pa3sBUBAKLIMECS MO BbICOKOMATHe3HaIbHbIM
CWIMKATHBIM MOpOJaM, CKaXXeM, OIMBUHHTAM WIH AYHHTAM, XOTH 3TO BIIOJI-
He BO3MOXHO. Bens oTu mopodpl mo cocTaBy cXOOHBI ¢ BHeLIHEN, dopcrepu-
TOBOH 30HOM aMO/IONIOMHTOBBIX CKapHOB. B cBere 3TOro MHTepecHbl MarHe-
3HAIbHbIE METACOMATHTbI MAarMaTHYeCKOH CTalMH, pa3BHBaiOlIHecd IO OJIH-
BHHHTaM KOBHOpCKOro MaccBa Ha () pOHTE 3aMeLieHHT MX HHOJHTOBLIMH
marMamn [97]. 3pech BHeluHsis 30Ha BbIpaceHa HOBOOOpa30BaHHEM B OJIH-
BHHHTAX KIIMHOINMPOKCEHa M CMEHSETCA CYLIeCTBEHHO (PIIOTONMUTOBBIMU TO-
POOAMHU € TIHPOKCEHOM, KOHTaKTHUPYWUIUMHU ¢ HionuTamu. [Io MuHepaibHOMY
COCTABY 3TH METACOMATHTBl CXOOHBI C aMOAOIIOMHTOBBLIMH MAarHe3HabHbIMH
CKApHAMH, MOCIeMArMaTHYCCKUMH H3-32 YCTOHYMBOCTM B HHMX (JIOTONUTA.
Hoxane}jne focNieHero Ha MArmMaTHYeCKOH CcTaguMu OBGYCIIOBIIEHO, BHOMMO,
BBICOKOH aKTHBHOCTBIO KAIHSA B TpaHCMarmMatHyecKMx (JIIOMARX ILETOYHbIX
marm. TlofoGHble MeTacOMAaTHTHI BEPOATHbI B KOHTAKTAX JICHUMTOBBIX CHe-|
HUTOB.

HemocratouHo -u3yyeHs! alo/I0NOMHTOBBIE MarHe3HaibHbIE CKapHbl B KOH-}
TAKTAX yJIbTPAabA3UTOBLIX MarM. BriepBblie OHM 6GbUTM ONMHCaHbl B 1967 r.f

C.A. TypyneBnim u K.C. CambyeBbiM [14] B cOCTaBe KCEHONHTOB rabopo-}-

NepHaOTUTOBOro0 HMoko-JoBBIpEHCKOrO MaccHBa M3 Cesepnoro IlpuGaiikanss.

3necy OHM M3yuanuch Takxe H.H. IepueBbiM u JI.LU. HlaBbIHHHBIM [45, c. 92, -
93]. MowHoCTH cKkapHOB Kiloya UeHTpabHOrO B KOHTaKTe [yHHTOB (comep-|

XKAUHX XPOMMT) M OJIMBMHHTOB (C IUIEOHACTOBON HIMMHEIbIO U MarHeTHTOM)
He TpeBbiualor 1 M. B ckapHax XOpouio BblpakeHa OfHa 30Ha — LIMMHENb-
¢opctepuToBoro cxapha. 30Ha KJIMHOMMPOKCEHOBOTO CKapHa Npenonara-}
CTCA ABTOPAMM MO ACCOLMAUMAM BTODHYHBIX MHHEpPIOB, HO Bce Xe ee Hamu-}
‘e HeNlb3d CYMTaTh JOKa3aHHbIM. MHrepec ipencrasnser pa3sButHe B ¢opcre-f
PHTOBOM  CKapHe MHTePCTHUMATBHOTO KIIMHONMHpOKceHa (¢accauta), BKIIIO:
Haowero B cebA 3epHa LUMMHeNH. JHNOKOHTAKTOBble OJIMBHHUTBI, MO MHe-
wiuwo JLH. [laGoinnHa, 0Gpa3oBanuck B pe3ymbTare [UIABJICHHA ¢dpopcrepuro-
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BBIX CKapHOB, HO, KaK Mbl MpednonaraeM, JIMLIb YaCTHYHOIO B Y4acTKax
C HHTePCTHHHATBHBIM ITHPOKCCHOM.

Ilo xmouwy Benomy H.H. Ilepues c¢ JL.MU. lllaBpiHMHBIM ONHCAIH MarHe-
3HAIbHbIE CKapHbI MarMaTHueckoil craguu Gonee Monogoro unkid. K Hum
oTHeceHpl ManomouwHble (10—20 cM) oOpa3oBaHMA C 30HWILHOCTBIO; O -
KaJIbUMT-OPYCHTOBBIH (aNONepHKIIa30BbIH) Mpamop; 1 — MelWIHT-MOHTHYCH-
JIUTOBBIA CKapH; 2 — LIMHHEIb-KITHHOMHPOKCEHOBBIH ckapH; 00 - TpokTO-
sut. OcOGBIA MHTepec B JTHX CKapHaX MpelCTaB/isieT IUMHHEsb-IHPOKCCHOBAs
nopopa, KOTOpasA IO MHepTHBIM KOMMOHeHTaM - MgO, Si0,, Al; O3 — uso-
XMMHUYHA C TPOKTOJIMTAMH H IIpH BIIOJTHE TNOOBH>XHOM IIOBEOEHHH HlCﬂOllei
u CaO pomkHa IUIaBUTbCs. ITOT BONPOC HETATBHO pACcCMOTpeH Ha IMpHMepe
ckapHoB TallHaxa B gpyrom pasperne KHHUTH.

B cuiny XMMHMYECKOro CXOACTBA [YHHTOB, OJIMBHHHTOB, CepIleHTHHHTOB
C BHelIHeH 30HOH aloxkapOOHATHBIX CKAPHOB MX MarmMarHueCKOC 3amelleHHe
TaKXe [OOJIXXHO COHpOBO)KIIﬂTbCﬂ qﬁ)OpMPlpOBaHHEM MAarHe3HaJIbHbIX CKapHOB
WM cKapHomopmoGHbIx OOpasosanuit. IlocnenHie, Kak OTMEUaNOCh, H3BECTHBI
B KoBIOpcKOM 111e7104HO-yIBTpaOCHOBHOM MacciBe [97]. Onu nonskibl ObITh
O6bIYHBI B CIOXHBIX Ga3UT-yNIbTpaGa3uTOBbIX MAacCHBaX, B KOTOpPBIX MO3MHHE
rab6porHbIe MHBEKLHMH MEpeceKalnT paHee CO(pPMHpPOBAHHbIE YJIbTPaBa3HTbL.
Takux MaccuBoB MHOxecTBO. Hanpumep, B Yailickom maccue CeepHoro
IIpuGaiixansa aBTOp BMecTe C CpyMIoid yueHsix [55] HaOimwonan rumepcre-
HH32LHIO CepIeHTHHU3UPOBAHHLIX JAYHHTOB OKOJIO TOHKHX (TONWHHOMN B | cMm)
rHHepcreH-maruoxnasoBblx METAaCOMATHUECKHX XKWIOK, Oﬁpi.l:}OBl]HHC KO-
TOpbIX HECOMHEHHO CBA3aHO C MHTpYy3HeH MO3jHMX ra6bpoupusix marm. He-
CMOTpPA Ha HeGOJNBUIYID MOL{HOCTD WHOMBHIYaNbHBIX XWIOK, HX COBOKYT-
‘HOCTb BbI3bIBAET M3MEHEHHsA, NpuMepHOo, 1-5% obvema OyHHTOB. Huskas
akTHBHOCTb Ca0, 06ycIIOBICHHAsA ero IIPAKTHYECKHM OTCYTCTBMEM B 3ame-
HIaeMbIX IIOpOAAx, OOJDKHA BBIPAKATHCA B IPEUMYLLECTBEHHOM pacllpocTpa-
HEHMM B MeETAacOMaTMTax THIlepcTeHa BMECTO KJIMHONMPOKCeHa, KOTOpbIH
MOXeT ObITh THIHYEH [jIf MHTPY3HWBOB ¢ KapGOHaTHTaMHM, Kak B KoBHOpCKOM
MaccuBe. Opnako C.A. TypyneB [14] cuMraer KJIHHOMMPOKCEHH3ALHIO Xa-
‘PaKTepHOH M [yIA raGOpo-NepHIOTHT-IYHUTOBBIX KOMIUIEKCOB. JTOT BOIOC
3aCIIy>KMBaeT OoJiee INIyGOKOFO H3yueHHA. 3aMeTHM, uTO creayeT OBCYIUTh
"BO3MOXXHOCTb TIDUYHCIIEHHA OJTHX METACOMAaTHTOB K CKapHaM, K KOTOpbIM
‘OHH OVIHM3KHM MO MHHepaIbHOMY COCTaBY W reHe3ucy. B cBfizu ¢ 3THM OTMme-
THM HcenenoBanue H.H. IMepueswim u AJL Kynmakosckum [90] marHesuans-

i ‘HBIX CKapHOB TaexHOTO JeNle30py/IHOTO MeCTOpOXIeHHA ANIaHa, HeKoTo-

pble ‘M3 KOTOpBIX OKa3wiMCh C(HOPMHPOBAHHBIMH He MO HOJIOMHTAM, @ 3a
"CYET aNOCEPIIEHTHHHTOBBIX OJIHBUHHTOB.

TpuBeneHHbI MaTepHaT 1I0Ka3bIBACT, YTO TLUIOBLIE 30HLI MATHC3HUIBHLIX
CKapHOB NpPHUBOMSTCA B HAPArcHETHUECKOE COOTBCTCTBHC C BO3DYRITAIOLUIMK
HX 00pa3OBaHHEe MarMamH, UTO OTPAXKACTCA B MHHCPATLHOM COCTABC BHYT-
PEHHHX 30H MET4COMATHTOB M Ha KOJIHUECTBE 30H B KOIOHKaN. TaK. MIKCH-
MQJIPHOE KOJIMYECTBO 30H BO3HHKaeT B alOHOJOMHTOBBIX CKUPHIN B KOH-
TaKTaX TPAHUTHBIX MArM, CPABHHTENIBHO C KOTODPLIMH TbUIOBUS 30 ORO10-
'CKapHOBBIX IMHPOKCEH-IUIATHOKIIA30BbIX NMOPOJ CIHLIKOM TYTOIUIdBKUS 11 OC-
Taerca TBepHoi. Jlo6GapneHHe e K Hell KaJlMLHIaTa B KOHTAKTE C KBApUHOP-

' MATHBHOH Marmoil NpHBOOMT K [UIaBIEHHI0 OKOJIOCKApHOBOIl 1oponsl. Bu-

AUMO, MO3TOMY B KOHTAaKTaX IpaHUTHBIX MArmM HeH3BECTHbI OKOJIOCKApHOBbIE
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Nnopoabl C KaJIMLUIIATOM. B 1o xKe BpeMsa Kamuuinart-ny
OKa3bIBAOTCA (ojlee TYrOIIABKHMH CPaBHUTEIILHO ¢ MAaTepUHCKUMH 1A HHUX
HeeNUHOBBIMIt CHEHHTAMHM M OHM Caraior OIHY M3 30H (eHHTOB — MeTaco-
MAaTHTOB MarmMaTtHyecKOH CTaguu HedelMHCHEHHTOBOM dopmaunn (cM. Huxe).
B KOHTaKTax xe € raG6pOMIHBIMU MarMamu 30Ha MHPOKCEH-IUTarHOKJTa30BbIX
OKOJIOCKAapHOBBIX [ODPO/ OTCYTCTBYET, TAK KaK OHa 10 COCTaBy OJIIM3KaA K 3B-
TEKTOWIHOMY COCTaBYy Marmbl M IUIaBHTCA. [10 3TOi1 ke NpHYMHE B CKapHax
H3 KOHTAKTC OJIMBMHCONEPXAUIMX TaG6pOMAHBIX Marm OTCYTCTBYET H30XH-
MHUHASA UM MO0 HHEPTHBIM KOMIIOHEHTaM 30Ha LIMHHESTb-IHPOKCEHOBOrO CcKap-
Ha. B marHesuanbHeix cikapHax HedelHH-CHEHHTOBOI dopmaunn, xak 6buio
NIOKA33HO, TbIIOBaA 30HA CJIOKEHA Hed eNTUH-THPOK CeHOBOIA OKOJIOCKapHO-
BOH 10pOOW, mnapareHHOH ¢ MHHEpaIbHO-HO pMaTHBHBIM COCTaBOM AKTHB:
HOH Marmpl. 3TO NapareHeTHYecKOe COOTBETCTBHeE 3OHAILHOCTH MarHe3uasb-
HBIX CKapHOB ¢ COCTABOM MarM [OKAa3bIBAeT UX 06pazoBaHue [0 KOHCOMMOa:
UMH pacrulaBoB. CHenaHHbIA BBIBOS NOATBEPXKAAETCA €UWEe U TEM, YTO paccMoT
PCHHbIE CKApHBI pa3BHUBAIOTCA TONBKO 3a CYET IK30KOHTAKTOBBIX nopon u Hei
3aTparMBaioT MpUMbIKAIOLIHE MArMaTHYECKHE 06Pa30BaHHUAL.

POKCEHOBbIE IO POMbI

i

i

[
OEHUTHI i
3
O®exntamu B 1921 r. B.C. bperrep Hazsan wenoutble 3rupuH-nonesomma.
TOBbIC METaCOMATHTL], OOpa3oBaHHble M0 IPaHUTAM JK3OKOHTAKTA MIOJIHT-
KapBOHATUTOBOH MHTPY3MH MaccuBa DeH B Hopsermi. losxe takue xe Me:
TACOMATHTLI ObUIH OMMCAHBI BO MHOLHX MAcCHBAX HedhelTMHOBBIX CHEHHTOB,
MArMaTH4eCKHX KapGOHaTHTOB M WIENOUHBIX TPARHUTOB. B OTeYeCTBEHHOH Ju.
TepaType OCOGEHHO aKTHBHO OHH OMUCHLIBANMCH B 60-X H 70-X rogax. Jinsa et
HHTOB XapaKTepHO NpPHCYTCTBHE B COCTAaBe¢ XOTH Obl HEKOTOpBIX 30H 1eI0Y!

HBIX TIMPOKCEHOB H/HIIH IIETOYHBIX POTOBBIX OGMaHOK. [T0XOKHe TPELIHHHbIE)

"LUENOUHBIE METACOMATHTBI"” K PHCTALTHYECK HX UIMTOB C MarMamH He CBA3aHI
M K eHHTAM He OTHOCATCH.
W.II. Tuxonenkos, P.I1. TuxoHeHkoBa B 1962 r., 3aT

1 B.U. Kopanenko ¢ konneramu [40] npemnoxunu orHocHTb K dbeHnTam nuws

LIEJTOYHbIE METACOMATHUThI YNbTpauleIOYHbIX H 1<ap60Harm'osb1x KOMIUIEKCOB,}

ChOpMHpOBaHHbIE B MAarmMaTMuecKyio CTAafHIo, T.e. 10 KOHCOJIMJAIHMH Marma.
Tideckux Ten. Oguako IL.T. Hepawkosckuit [84], HanpuMep, OTHOCHT K e}
HHTaM METaCOMATHTh! LIEJIOYHO-TPAaHUTHBIX MAaCCHBOB KaK MarmMaTHYecKOoH,
Tak M NOC/IeMAarMaTHYecKOn CTaiuit, KOr[a MpOABNAETCA UILGHTH3AMMA C e
JIOUHLIMH NIHPOKCEHaMH 1 ampubonamu. PaccMoTpum 31oT BOMpOC Mo poGHee,

B 60-x u Hauare 70-X rOJOB CpeH COBETCKHX YUeHBIX GbUIO pacrnpocTpad
HCHO MHEHHEC O LIMPOKOM pa3sBUTHH MOCIEMArMaTHUYECKUX METaCOMATHUTOB,|
CXOmHbIX ¢ eHnuTamMHu. C Hedenuuusaumeii, pasBuBawuieiics B HedeIHHOBBIX
cuennTax  (doitsautax) OKTAGPLCKOrO MaccuBa Yipaunpl, EJI. Ocoxmm|
(1965 r.) cBaspiBan 0GpasoBanue MQJIOMOLUHBIX (JO HECKOJIbKUX OeCATKOB!
CaHTHMETPOB) JIMH304YeK YpPTHTOB, a M.JI. THXOHEHKOB (1963 r.) — yuukas.

HO GONbIIUX OB6BLEMOB Menbreﬁrm-uﬁonm—yerTOB XHGHHCKOrO IWIyTOHa.f; ‘.
;- MHHEDAIbHbIX BHIOOB: JIEAKOKPaTOBbIMH — LIEJOUHBIMH TOTeBbIMH LUMNATA-
E‘M‘K;Kan‘nesoro, HAaTpHEBO-KAIHEBOro0 pAAa (KalMIUNAThl) M HaTpHEBOTO, peXxe

lpennonoxenne W.II. TuxoHeHkopa He MOATBEPAWIOCH U TeNepb OGuenpH3-

HaHO MarmMatuyeckoe MTPpOUCXOXKEeHHe Meaneﬁrm-ymeoaoﬁ CEpHH IUIYTO-
Ha.

B IUE&TOYHBIX KOMIUIEKCax l'IpOi{BJlﬁeTCﬂ ﬂpeHMyLL[eCTBeHHO Ha mMarmaruye-
28 :

em PM. Aumna [127]}

' Pa3oM, K (EHHTAM NpaBOMEPHO OTHOCHMTH JIMLIb LIETOYHbIE METACOMATHTHI
’MarMaTHYecKOH CTauu YKa3aHHbIX MarMaTHYeCK X GhOpMalHii.
*... KanuumumnaroBble MeTacomMaTHTBI MarmaTHUecKoil CTa4AMH M3 KOHTAKTOB llie-

TakuM 0Gpa3oM, yCTaHOBNIEHO, YTO MeTACOMATHYECKAS Hed eTHHU3ANUAE .

CKOH CTajiMM M JIHIUb HE3HAUHTENbHO HA MOCJIEMArMaTHYCCKOM dTarne [44].
Kanuumaru3auus MarMatiyeckod CTagmM MOposkaaeT OGLIMpHbIE 30HWib-
€ opcosibl (EHHUTH3AUMK BOKDYr HedellMHOBBIX CHeHHTOB. HauGonee na-
JIeKO TPOABHHYTHI 30HbI KATHIINATOBBIX ACCOUMALMIA B TEPPHUr CHHO -TPAHHTOM-
HBIX TOJNWIAX, @ B YIbTPaba3uT-0a3UT-KapOOHATHLIX CPedax HM IIpe/lllecTBYIOT
30HBI ¢ HOBOOOPA30BaHHBIMU AIbGHT-OJIMIOKIIA30M, MAarHe3UasIbLHO-XKeJIC3HCT bl-
MH CIIONaMH, am¢HBONOM, KITHHOMHPOKCEHOM H HedeIMHOM. B BbICOKO-
MarHesuabHbIX Cpefax O00pa3ywTcsi MarHe3uanbHble CKapHbl. JTH 06pa3o-
BaHHUA JETAILHO pacCMOTPEHBI HHXKeE.

AbGUTH3ALMA NOCTOSAHHO M HEPEAKO IIMPOKO MpOABAECHA KAK ABTOMETA-
COMATHYECKHMH Tpouecc B MaccHBax HedenHMHOBBLIX cuHetHoB. Olia OmicaHa
B XHOuHCKOM miyToHe (TuxOHeHKOB, 1963 r.), B OKTaGpbckom (OcokH,
1967 r.) u Buumesoropckom MaccuBax. B accoumaumn ¢ anbGHT —ONMroKia-
30M YCTOHUYMBA 11€IOUHAaA pOroBas O6MaHKa M BHICOKOITHPHHOBBIH MHPOKCEH,
CBHICTE/IbCTBYIOUIMA O BbICOKOM XHMHUYECKOM IOTEHUM&le HATPHA B MeTa-
COMATH3HPYIOUIMX pacTBOpax. B KONOHKax MOCneMarmMaTHueckKoil ajbBHTH-
3auuu B OKTAGPbCKOM MaccuBe, B e¢ BHewLIHei 30He E.JI. OcOK M bIM (1967 r.)
OMHMCaHa He3HAaYHTeNlbHAafd KATMLINATH3aUMA C HOBOODODA30OBAHMEM JUMpPHHA.
OBluMpHas KamuuINaTH3aUMA (PHCYOPPUTH3AUMA) HMHOMHTOB B XHOHHCKOM
Maccuse, paccmarpuBaemas B.E. Bopyukum ¢ xomneramu [8] kax nocre-
Marmaruyeckas [isa HedeMTMHCHEHHTOBBIX HHTPY3HBOB, [PYTHMH HCC/IedoBa-
TensiMu [26, 88] oTHeceHa K MarMaTHuecKOMYy JTany.

Takum 06pa3om, reHepanbHas HaNpaBlIEHHOCTh METACOMATO3a MArMaTH-
YeCKOH CTanuH ¢eHUTOBOH (GOpMAUUM UIeNOYHO-KapBOHATHTOBBIX MACCHBOB
OTIpENeNsAETCA OBYMA IJIaBHBIMH IpOllecCaMH — HedelTMHM3aUMeER M KalWiuna-
TH3AUMeHA MOPOJ 3K30KOHTaKTd. OHM NPOABIAIOTCA COMpAXEHHO B eOUHBIX
KOJIOHKax, (OPMHpYs 30HaIbHble MeTacOMaTHUeCKHe Tena. [lociiemMarmarH-
| UECKHMil WIENIOWHON MeTacomaros BBIPAXAETCA B AIbOHTH3AUMH C COMpAKeH-
HpIM 00pa3oBaHHeM GOratoro 3THPHHOBBIM KOMIOHEHTOM MHPOKCEHA, Lie-
‘JIouHOro amdubona. [lpu GMarompUATHOM JIMTOJNIOTMYECKOM H MHHEPATbHOM
COCTaBE 3aMewlaeMbIX MOpON B MepedOBHIX 30HAX KOJOHOK aibOHTHIALMH
Ha (pOHTE paCTBOpEHHA MOrYT JIOKAIbHO MpPOABMTHCA KATHUIMATH3AUHA M
HedbemuHu3auma. Bugumo, 7TH NPOU3BOHbIE HEBEPHO OMMCLIBAKTCA KAaK MO-
. cleMarmaruyeck e QeHutol. JlocTOBepHble (DEHHUTbI OTIHUAIOTCS OT HHUX He
TOJIKO BO3DAaCTHBIM COOTHOLIEHHEM C MAaTepHHCKHM HHTPY3HUBOM, HO H reo-

HbI

| XHMMYECKHM (CYIIECTBEHHO KaTHEBbIM) NpoduIeM MeTacOMATH3UPY HLIHX

- QIOWIOB MpH BBICOKOH AKTHBHOCTH Hatpus (HedemuHuszauus). Takum oG-

- mouHbIX (Ge3Hed enMHOBBIX) M KBapleBbIX cHenuros B.M. KoBwieHio ¢ Kou-
neramu [40] Bkmowwn B cdenurosyto dopmaunte. Ho 51 MertacomatiTbi
He conepmal‘ UICJIOYHBIX TEMHOLBETHBIX MHHECPWIOB H HE MOI'YT HA3bIBATLCH

* eHHTaMH.

. .. IIomo6HO Nmpouum MeracomariTam (hEeHHUTBI CITOXEHbI OrpaHHUEHHBIM MHCIIOM

KalbUHEeBO-HAaTpHeBOrO psfa (KHC/ble IUIaTHOKIA3bl), HedelTHHOM M OUeHb
- POAKO KAIBCHINTOM, a TAKKe TEMHOLBETHbIMH — KJIMHONIHPOKCEHAMH 3TH-
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Jeupun

Huoncud Fedendepeum

Puc. 3. BapHaumu cocTaBa NMpOKCEIOB MArMaTHYECKHX KapOOHATHTOB, HeheIMHOBEIX CHe-
HHTOB M MOpOXAAEMBIX MX (IIOHAAMH METACOMATHTOB MarMaTHYECKOH CcTaiuH (¢enuToB,
HPOK CEHHTOB, HAOTHTOB, I0B UTOB-PHCYOPPHTOB) HEKOTOPBIX MACCHBOB.

Crpenkamu 0603Have HbI HaMpaBIleHHbIE K KOHTAKTY TPCHObI H3MEHEHMA COCTABA MHMPO-
KCEeHOB; A—FE — marmatuueck He HOopoAbl M MitracoMaTUThl MaccuBa PeH [145, cm.

¢ur. 11}: A — namnpoduper, B, C — Hed e/IMHOBbBIE CHEHHTBI, Y PTUT bI-HI{OJIHTbI, CHIIMK O-}

KapGonaturel, JI — (GheHHTLI B 3K30K OHTAKTE CHWIMKATHBIX MArMaTHYeCK ux nopon, £ — de
HUTBI B 5K30KOHTAKTe KapGOHATHTOB; 1—5 — COBOKymHbIE MJIA (EHUTOR M MAaTepPHHCK HX
AT HHX  MATMATHYCCKHX MOPOM, TPeHObl COCTaBAa NHUPOKCEHOB 33pyOeskHbIX MACCHBOB
[145, ecm. dur. T1): 1 — AnbHe, 2 — Mopory, 3 — HxHnasn I'pennanpgus, 4 — Xenesubiii
XonM, 5 — BocroyHan Yranoa; 6—9 — Tpenanl cocTapa MHPOKCCHOB METACOMAaTHTOB.COBO-
K)'Ht(() C MOPON3MH IHAOKOHTAKTOB maccuBoB CCCP [44, cm. Ta6r. 25): 6 — YaTsipxoit-
CKHH, 7 — XapanuHckui, 8 — JaxyHypckuii, 9 ~ KoBpopexkwmit; 10—12 — TpeHasl cocrasa
[IHPOKCCHOB METaCOMATHYECKHX MaJIMHBUTOB, I0BHTOB, PHCYOPPHUTOB W MAaTePHHCKHX MUIA

HUX HedenHHOBBLIX CHEHHMTOB XMGHHHTOBOTO M JIABOYOPPUT-PORANTOBOrO KOMIUIEKCOR}

Xubuuckoro maccusa [58, cm. puc. 31]: 10 — XMOUHUTBI, 11 — JIABOYOPPMTHI, aiauryy,
12 — meracomarursl [2, 58].

PHH-ILMOIICHI-TC1CHOEPrUTOBOTO  pAa M (ACCaUTAMH, BbICOKOHATPHEBBIMY
dMGHGONIAMH  MarHe3HaJlbHO-KCENE3UCTOr0, HU3KOKATBLHEBOrO0 H MATOK b

UMEBOro psana (TacTHHICHTHI, ap(pBelCOHHTDI, PHXTEPHTBI, pHOEKHUTDbI), Marf

HE3HAIBHO-KENE3UCTbIMHU  CJIIOJAMU. AKHCCCO}’)HLIC MHHEpAJTbI p83H006p83HBI

H Hepeako COOCPXKATCA B KOJIMUECTBE [IECATKOB IIpOLEHTOB, OCOGEHHO Mar-}

HETHT W THTAHOMArHETHT, anaTuT, cPeH. ANATUT B MCTACOMATHTAX (heHHTOBOH
¢hopmaunn  o6pasyer, Kak Byner MOKa3aHO, NpPOMLILITIEHHOE OpyleHEeHHe,
B HaCTHOCTH 3HAMCHHTbIE allATUTOBbIE MCCTOPOXKIOEHHsI XHOHUH.

OrpaHuueHnbiit MHHEPATLHO-BUOBOI COCTAB denutoB noarsepxaaer Gop
MAlHOHHOEe eOHHCTBO Oﬁcy)Kﬂ,aeMbIX THIIOB METACOMATHTOB, Q)OpMpr}OLIiH).(.'
CA B OrpaHHUUYEHHBIX TeMiepaTtypHbIX paMKax. BMmecre C TeEM OT MCTHCOM&THTOB
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MHOTHX Apyrux (opMauui ¢GeHUTbl OTIHYAITCA HIHPOKHAME  BUPHALLAMH
COCTAaBOB CJIAaTAalOMIMX MX MHUHCPAJILHLIX BHOOB, XOTS H He BCeX. YCTOHUHBBIM
AIBJIAETCA BbICOKOHATPUEBBIM COCTAaB IUIarHOKIa30B. B oTimume OT HHX Ka-
JIMILTATHI MEHATCA OT YUCTO KAJMEBBIX PA3HOCTEH O COUCPAKALIHX B CBOCM
.cocraBe 40—60 Mmon.% anbOUTOBOro KOMIIOHeHTa. B Hedenune couepikatite
KaJIbCHINTOBOM cOcTaBiiAlowmed MeHsercss ot 19 go 30 monb%. ThipokceHn
(GeHHTOB IIcpeKPBIBAIOT MOYTH BeCh OHOMNCHA-TefdeHBeprHT-0rHPHHOBLIH Tpe-
YTOJIBHUK cocTaBoB (pHc. 3). XapakTepHbl HeOQHHAKOBBIE H jixke [pPOTH-
BOIIOJIOXKHO HallpaBJieHHble, HO [OCTATOYHO YCTOMYMBBIC TpCHILL H3MCHCHIS
COCTABOB IIHPOKCEHOB B MET4COMATHUYECKHX KOJIOHKJX pPA3HLIX MACCHBOB.
- He MeHee 3HauMreslbHbl BapHalMM COCTaBOB aM(HEGOIIOB MO COJIEPKAHHIO Lie-
- JIOUEH, Xelle3UCTOCTH-MAarHe3HaJIbHOCTH M B MCHDBLUCH CTellel 110 COLEPIKAHHIO
Kanpuus. Cpeln HHUX pa3iMYalOT T[ACTHHICHMTBI, PHXTEPHTLl. apGBCACOHHTDI
4 pubexkutsl. [louTH HeOrpaHHueHbl BapHAlWH COCTaBa CJIIOM MO >KENE3MCTOCTH-
MarHe3uaJibHOCTH.

Tena ¢enuToB BCerga KMMEWT 30HANBHOE CTpOEHME, HEOJHOKPATHO OIH-
CbIBaBIIEECH COBETCKMMHM M 3apyGeXHbIMH YYEHbIMH BO MHOTHMX MACCHBUX.
Tun 3oHanbHOCTH B Hau{boJblIeH CTeNEHH OMpelcnfeTcsl COCTABOM IK3OKOH-
TAKTOBBIX TOPOJ, MaTePHHCKHX MarM H HX IICIOYHOMETAJILHOCTLIO. B Ope-
nenenun I.C. Kopxuhckoro. IMo napareHeTHYCCKHM OCODCHHOCTAM M JLHHA-
MHKe Ppa3sBHUTHA 30HWIBHOCTH BbIACHAITCA (GCHHTBI, 0OpasylowHecs 10 Bbi-
COKOKBaplieBbIM 10poaaM  (FpaliHTOMIAM, THCHCAM), @IIOMOCILIKATHLIM
C BBICOKHMH copepxxanusamu Ca, Mg u Fe (THna raB6pOoMIOB), BLICOKOMT-
HE3UATBHBIM MpaMOpPOM M YJIbTpaGa3uTaM, M3BECTKOBLIM MpaMOpaM H Bbl-
COKOMIENOYHBIM HU3KOK peMHUCTBIM NOPOJAM (MAOIIMTAM) . JBOIHOIHA 30HWIb-
HOCTH, MHMHEpallbHO-NIapareHeTHUeCKHe OCOGEHHOCTH (EHUTOB. OCODEHHO X
* TBUIOBBIX 30H pa3fnyaloTcsi B KOHTAKTaX  MHOJHMTOBLIX, HedellHHCIEeHHTO-
BBIX, KAapOOHATHTOBLIX, MEJIMIIMTOBLIX H ILEIOUHOIPAHHUTHBLIX MarMm. Mute-
PaJIbHbIE acCOLMALMKM ThUIOBBIX 30H (PEHHTOB KOPPEIUPYIOTCH ¢ MaparcHe3u-
- CAMH MaTepMHCKMX [UIA HHX MATMaTHUECKHX IIOpOJi, OlipeueisieMblX COOT-
HOIIEHHEM XHMMYECKHMX MOTEHUHATOB (aKTHBHOCTEH) LICNOUCH B MHTPV3H-
- Bax. CoueraHue 3THX (aKTOpOB Olpeie/sAeT OFpOMHOE pa3HOOOpa3He  TH-
noB (dauui) ¢GeHUTOB, KOTOpOe He MOKET BbITb MOJIHOCTLIO OCBELIEHO B Ha-
crosued pa6oTe. OCTAHOBMMCA HA4 HEKOTOPBIX H3 HHX, BCKPBIBAIOIIMX OC-
F HOBHbIE (PH3HKO-XHMHUECKHE 0COBEHHOCTH ¢ eHHTH3ALIM.

) OGparmMcAd K NpocTeffUMM CITy4aaM (eHHTH3AUHH MalOKOMIOHCHTHBIX

3 .
- M3BECTKOBbIX M MAarHe3Ha1bHO-CUITHKATHBIX NOPOJL [44]. B wourakte wifonu-

;
¢ TOB _JlaxyHypCKOTO MaCCHBA € UMCTO HM3BCCTKOBBIMI if JIOJIOMHTHCTbIMH
(3 06.%) KaIbLMTOBBIMH MpamOpaMi OGpPA3yeTcs 30HA MOHOMHHCPWILHBIX
MHPOKCEHOBBIX TIOPOJL, KOTOpbIC C IPHOMIKEHHEM K MATMATIUCCKOMY KOII-
TakTy HedenuHusupyiorca. [HpokceHbl MaccHBa Kak MeETACOMATHTOB, TaK
H 'MarMaTHYeCKHX MHOJIMTOB BLUIENISIOTCA BBICOKOI MIMHO3EMHCTOCTbIO 11
"QPOBHeQ—'lO Mac.% Al, O3 npH HesHauHTesnbHOM HaTpieBocTH (10 1.3% Na; O

f .MeHee 10% SrMpHHOBOH MONCKYJIbI), HeCKOIBKO BO3pACTAIOMCH B Iapare-
| He3Hcax ¢ HedestnHoM. XKele3HCTOCTb cpeHasa, [OBBILAIOWANCA B Hederni-
. HOBBIX NIOPOAAX.

B OHTaKTe H3BECTKOBLIX MPUMOPOB C HECIHHOBLIMIL CHEHHTINMH 30-
- HWIBHOCTb YCNOXHCTCA W, Hallpumep, B XapiiHckon macckbe Hxnoit Tysb
" J125] oHa mMeeT Bud: 30Ha O — KWIBIITOBLI MPAMOpP: | MOHOMMHCPLTL-

k|




Hag MHpOKceHOBas nopoma; 2 — HedeNTMH- THPOK CEHOBbIE MHAOIUTHI C Kajp
UMTOM M aNaTHTOM, MOCTENeHHO HCYe3aIIHMK U3 MOpoael; 3 — CylleCTBeHHO
HedeTMHOBbIE MOPOMBI ¢ KATHIUMATOM ¥ [TApOKCEHOM, Ha3BaHHbIe HBHTAMH;
30Ha 00 — nHpokceHOBbIi TPAXHUTOUAHbIA HedenMHOBBIR cuenut. I Beex
30H XapakTepeH yCTOHYMBBIA COCTaB TTHPOKCEHAa ¢ HM3KON IITMHO3EMUCTOCTBIO
(2.11-2,50 mac.% Al,03), Bbicokoii KEIC3UCTOCThI0 (CyMMa OKHCIIOB Fe —
18-24, MgO - 3-65 Mac.%), YMepeHHOH uIeNoYHOCTbIo (12-20% arupu-
HOBOTO MuHana). Xene3ucrocts M HAaTPUEBOCTb MHHepana YBEJTHUHBAIOTCA
K MarmMaTHyecKOMy KOHTaKTy. XapaKTepHO HMHBEKLHOHHOE pasBUTHe Npo-
UECCOB meTacomato3a MpamopoB TIpH pa3pacTaHHH Bcero ¢poHTa 1o 350 M
W bormee. MHOrna HedbennHOBble cHeHMT HETIOCPENCTBEHHO KOHTAKTHpYIOT
¢ MpaMOpaMH, 8 KPUCTLIBI KAMILNATA ¢ KAIBLKTOM, HallpuMep, B ApyKTHH-
CKOM maccuse TyBbr [126] u B Yaxp1proiickom “MHBekuMOHHOM” moje 0T0-
BocTOuHOH TyBbr [44]. Jlna nocnensero MaccHBa XapaKTepeH IMHPOKCEH MOy
TH TIpenenbHOM xenesucroctu (MgO - 0,34-0,55 mac.%), cpenteit TIIHHO3e-,
MHCTOCTH M HEBLICOKOH ILeNOUHOCTH (25-32 mon.% ITUPHHOBOTO KOMIO-!
HEHTA) , NOHWaIoLLeics K MarmMaTHyecKkoMy Temy.

B paccmotpenHbIx denurax AMCKYCCHOHHOM NpefcTaBnserca NIpHpOIa HHONH-
TOBbIX mn0pon. OTmeveHHble aBTOpbI CUMTAalOT MX MarMaTHiecKUMH. JToMy,
OAHAKO, MPOTHBOpPEUNT GONlee TYTOIIABKHI COCTap MEJIbTEHTUT-Y PTHTOB CpaB-|
HHTENILHO C NPHMBIKAIOIWMMH M CMEHSIOLIMMHU X HeelTHHOBBIMM CHeHHTaMM,
AJJIOTpHOMO P HBIe MHKpPOCTPYKTYpbl NOpOS,
THX MAcCHBOB HeMOXOXHM Ha CTPYKTYpBbI IOCTOBEPHO MAarmartHYecKHX HHONU-
TOB M MENIbTCHIHTOB, B KOTOpBIX HecheluH TIpe/icTaBleH HAHOMO pGHbIMH KBax-|!
PATHBIMH M IIECTHTDAHHBIMM KpHCTUINAMH. B 06cyKaeMbIX HIAOIHT-Mejtb-|

TeHTHTaX nposaensoTcs METaCOMATHYeCKHe HedelHHM3AUMA | KaJIM1InaTu3a-| -
uusi [126], sumumo, HETIOCPENCTBEHHO MpeNuIecTBYOWMe MUIABNICHMIO nopop.{_

METACOMATO3 B ApPYKTHHCKOM MaccuBe|
BRIDDKACTCH B THIIOMOPGHON ATbGHTH3ALMK W CONpPSXEHHOH ITHPHHU3ALMM.| |

HOCHCMHFMBTHHCCKHﬁ W1eJTIOYHOH

B XapnuHckom u Yatbipxoiickom maccupax ¢eHuTH3aNMER OXBaveHb1 TON-]

WH MOILHOCThIO A0 HeCKOJIbKHUX COT METpOB. Takue 06BbeMbI METAaCOMAaTHUTOB
HEBO3MOHO Oﬁ'bﬂCHHTb,

MarmMaTHyeckux ¢wonaos.

[lpoxceHoBble MOpPOMIBI 2 it
po ol e OMICH CHHTHIIN HIBECTICOBBIX " PaMOpOE - cbl. IInowans Koprepenabunckoro maccuBa 35 km® ¢ miHHHON OCbl0 OKONO

B.A. KoHonosa [44] wasniBaer CKapHaMH. Msl cuntaem 310 HeNpaBOMepHbIM
NIOTOMY., YTO NUpPOKCEeH HTHX TNOpPOJL OTIHYAETCA OT CKAPHOBOTO HU3KOH IIIHHO-
3CMHCTOCTblO,
COKOH KeJIe3UCTOCTLI0 (mo  npenensHoit) . Anokap6oHaTHbIe ITHPOK CEHOBbIE
NOpONbI NyyLIe HA3bIBATH MUPOKCEHUTAMHK $eHuTOBOI hopManyy.
ManiokomnoHenTHbe MarHesuaibHple nmopomsl B opeore ¢beHnTH3aINY,
KaK oOTMmeyasioch, 3aMeluarorcs MarHe3nabHpIMH .
CTafMH. BO BHEIIHHX 30HAX KONMOHKH OHH TONOGHBI CKAPHAM TI'PaHHTOMIHBIX

W TaGBpOMAHBIX MAaCcCHBOB, HO OTIMYaroTCH OT HHMX 3aMeHOH MHpOKceH-Iw1a-f

THOKJ1a30BO# NMOpOAk! Heg eNHH-NTMpOK CeHOBO. OueBunHo, 310 06YCNOBTEHO
BBICOKOH AKTHBHOCTbI0 HATPpHA pACTBOPOB, OTAENAIMWKXCA OT Hedenutco- f.
ACPXAHX  pacniiaBoB. XapakTepHbl Gombmme MOWHOCTH (JeCATKH MeTpoB) f -
GoJlee KpeMHEKHCITBIX Marm, .

JTHX CKApHOB, He CTOJIb THIWYHBIC 1)1

B Koemopcikom maccupe B KOHT4KTE MAOIIMTOBOH MHTpY3Hu deHUTH3aLMH
NOMIBEPratTCA  OIHBUHHTbI
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ApyKTtuHckoro [126] u mpy-f-

He omMpasch Ha mpencraBneHns o morokax TpaHc-|

TIOBBILLIEHHOH HAaTpPHEBOCThIO, HeKOTOpbIM nedyuntom Ca, Bh-f

CKapHaMH Marmatuueckoijt k-

Bornee paHHell Marmarvyeckoi dbaspr. Tpouece F

HeoGbIYaHHO MOWHbIA M, MO aauubiM W.T. Pacc [97], pacupocrpansercs Ha

yoateHde 10 2,5 kM. 30HaJIBHOCTh METaCOMAaTHTOB TaKOBa: 30Ha 0 - OJIHBH-

HAT; 1 — NMHPOKCEHH3HPOBAHHBIA M (IOTOMHUTHU3UPOBAHHLIN ONUBHINT, MOI‘ll'
HOCTh — 1,2 km; 2 — cmomut, 0,7 KM; 3 — HedbeIMHU3HPOBAHH bl mipoxkce-
HUT, 0,4 KM; 4 — HedenuH-MUPOKCEeHOBas nopoaa, 0,2 kM; 30Ha (00 -~ MHOJIMT.
[THpoKceH ManOrIIMHO3EMHCTBIN ¢ XeNe3HCTOCTbIO OT 8 0 3} ar.%, 1MoBbIILAL0-
LieHCA CO CNMAafamM K MarMaTHYecKOil 110pofe, B KOTOpOil IIHpOKCceH Gonee
xelle3ucTpIH. CoflepykaHne 3THPHHOBOI MONEKYNbI B MeTAaCOMATHUeCKOM IH-
poxcede 7-10%, a B Marmatnyeckom — 17%. Keneaucrocts ¢noronura ot 10-
B0 40% mnOBBIAETCA K MarmMaTMYeCKOMY KOHTAKTY, KdK M THTaHHCTOCTb.
[lo MHHep&IbHBIM acCCOLMALMAM METACOMATHTBI MOXOXH HAd MArHe3uass-
Hble CKapHbl, HO ¢ (IOrONHTOM BMECTO IUMHMHeNH. Buaumo, sto 06ycnos{1e-_
HO HEOGBIYHO BBICOKOH AKTHBHOCTBIO Kanus B PacTBOpAX, OTAETAIIHXCH
OT MHOJIMTOBOH Marmbl. BeicOkas aKTMBHOCTL KaJiMA B Heil [OKa3piBacrcs
BBICOKHM copepxaHuem K,O (691 mac.%, 22% xaibcwiura) B He(l)eﬂml'e.
Mrak, QeHnTusauus pa3HOOGpa3HBIX MAIOKOMIOHEHTHBIX MOpON Bbx?.{-
XKAEeTCA B NPUBHOCE B HMX M3 MAarmMsl KpemHe3ema, [‘JIMHOSCMB,)KBJICZ!Z],'MdI-
HHs, HO OCOGEHHO HATPHUA M KIS, XHMHYECKHE AKTHBHOCTH KOTOpPhIX Bbi-
COKH. ITO M OMpefiensieT WIeNOYHON XapakTep ¢eHHTOB, 06pa3oBaHue B HUX
UIEJIOYHBIX TEMHOUBETHBLIX MHHepanoB. Beicokas wmienoyHocts Me'rac?M’am-
3MPYIOUINX pAacTBOPOB 6e3YCIIOBHO YKAa3bIBaeT HA IIENIOYHblE MATMbI KK 1fa
MX HCTOYHMK. JTO NOATBEpPXAETCA COIMXKEHHEM COCTABA MMHEpUIOB MeTa-
COMATHTOB C OJHOMMEHHBIMH MHHEpalaMH MarmMaTHueck HX NOpom. 2(ap8}<l‘cp-
Ha XOpOWIO BbipaxeHHasi 30HATBHOCTb METACOMATHTOB M HCOGBLIMAIHO 6OMh-
e HX oGbemsl. [locnenmtee HeM3BeXkHO MPMBOAMT K MpPU3HAHHIO 1OCTYIUle-
HUA (IIIOHIOB B BHOE TPAHCMArMAaTHUECKHX II0TOKOB, T.¢. NOTOKOB, [POXO-
OMBLUHX Yepe3 Marmy. N
PaccMoTpuM  deruTH3AUMIO MHOTOKOMIIOHEHTHBIX MOpO/1, HLlIIpHMCp',’ rab-
6po, HepeaKO MpOpbIBAaEMbIX HeEITMHOBBIMU CHEHHTAMH [44]. (Dc_mmmuuuo
rabGponJoB AeTanbHo uccinenosana P.M. SlumHa B KoprepenaGutckom MavCC}l-
Be toro-Boctoka Tyssl [127] u B.W. KoBateHko ¢ konneramu [40] B Karyn-
ckom 1 CoporckoM MaccHBax ceBepO-BOCTOKa TyBbI.
PM. flmmHa meranbHo MccieoBaTa MUHEPAIOTHIO, METPOXHMHIO H MHKpO-
CTPYKTYpHBIe NpeBpalleHus nopoji, NMO3BOJAIILNE PEUIMTh CIIOXHblE BOMpPO-

10 xm (puc. 4). MTpoTs>keHHOCTb METACOMATHYECKOH IyTH OKONO 20 KM Nnpu
-MOWHOCTH OT 1,2 KM Ha cesepe 0 40—-60 M Ha 3aname  toro-poctoke. Boa-
PACT TaCTHHICHTOBBIX HeeIHHOBLIX CHCHHTOB 110 CHOTHTY M KaTHUINATY
OIlperienieH KAJIMH-aproHOBbLIM METOIOM B 3Q4 %12 MIH ner. -
BipecT MpOCTHpaHus MeTacoMaTHYecKOil JIyrH H MarmaTHuecKoro KOHTAK -
Ta HaGUIONAeTCA 30HANBHOCTb: 30Ha O — HMCXO/IHOE ONMBHH-HPOKCEHOBOE
ra66po; 1 — neHKOKpPAaTH3MPOBAHHOE ONUBHH-MHPOKCEHOBOE rab6po; 2 -

.~ ONIATOKJIa3suT-peHuT; 3 — OpTOKNIA3oBbIt 3ccekcHT-peHnT; 4 — HedeNHco-

HepXAlKi 3ICCEKCHT-DEHNT; S — MynackuTel (MarMaTHuecKHe 110 C(HIQHH}()

H); : “HelnTbl. M3neHe-
PM. Aumuoit); 3oma.00 — TpaxuTouatisie HedenHHOBbLIC CF ene:
HHe raGOpo HauMHaeTcs HepaBHOMepHO, MATHUCTO C anoGpCTcuucz\: TAKC »
TOBOIO CIIOXeHHst. JIeHKOKpAaTOBbIC OJIMTOKIA3UT-HCHHTLI 30HLI 2 HMCIOT
BHA, OAHODOOHBIX, CpPEHE3CPHHUCTBIX CYHIECTBCHHO  IUIArHOKIIA30BBIN  [10-

n <
© pont. MowHocts 301 — 0,515 M. JccekeHT-heHHTs MomHOCTbio 0T 20 SO

3. 3ax. 1667 3
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Puc. 4. CxemaTHueckas reonorudeckas kapra KorepemabuHekoro maccusa o P.M. SwuuHoi
[127, cm. dur. 1]
1~3 — BMewalowsme nopoapl; | — MpaMOpPH30BallHbIE U3BECTHAKH, 2 — NHUPOKCEH-POrOBO-
abMmankoBLle rabbpo 1 guopuruy; 3 — rpauurbl; 4—7 — Marmatideck ue nopoabl Kopre-
penabHHCK Oro MaccHpa: 4 — ULeIOYHbIe OJIMBHH-ITHPOK CeHOBbIE rabbpo 1 ¢a3wl, 5 — Tpaxu-
Tonmble Hed e IMHO Bue CHEHHT DI H dofinuTb 11 $a3bl, 6 — HedenMH-NONeBOWNATOBbIE Mer-
MATHTLL, 7 — WEJIOUHbIe TPAHHTBI (2), TPAHOCHMEHHTBI M LIEJOUHbIE CHEHMT b (6) Il uurpy-
3uBHOR ¢adbl; §—/2 — MeracoMaTHTbl MarMaTHYECKOR CTamHK 3HIOKOHTAKTOBbIE TTOPO-
Abl MarMaTHYECKOro 3amewleHHs: § — CHITepCTeH-aBIUTOBbIe rab6po BHeIHE 30HBI H3Me-
Henusi, 9 — MeracomaTHyecKue ONMr 0K N1a3«heHurb! u 3cceK cHTheHHTh, 10 — 3K30-, IHIO-
KOHTAKTOBLIE LIEIOUHbIE CHEHWTLI, MYTacKuTLl, 1] — anbBUTH3MPOBaHHbIC HedeNHHOBbIE
CHEHHTLI, /2 — KaTaKJIA3MPOBAHHBIE ¥ TMAPOTE PMAJBHO H3MeHeHHbIC Hed) NHHOBBIE CHEHM-
Tu1; {3—-17 — cTrpyxkTypHuie 35eMentni: 13 — 23MMYT M YroJl NafeHHA BMeELUAoU HX 10 PO,
14 — 371eMeHTLI 32J1EraHUA TUIOCKOCTHOM OPHEHTHPOBK M MOMEBBIX wnaros, 15 — 3oHa rny-
GuHHOro pasnoma, 16 — NPHKOHTAKTOBbIE TeK TOHHYE CK He HapyueHHus, 1 7 — 30HbI TEKTOHH-
YCCK H HAPY LIEHHDBIX H MMAPOTEPMAIILHO H3IMEHEHHBIX OJIMBHHOBLIX rabGpo

+ + + + + + o+ + ]+ ¥ e
+ o+ 4+ + o+ o+ T+ 4
+ + + + 4+ 4+ + + + +/%s
+ + + + o+ + X + + v
S S S S AN s vov ¥
TR A ANAY A I & +
+ o+ o+ o+ S A + \&
+ 4+ 4+ 4 LN NN Vv
AN R VR RN 7 B RN
R PV ZSNAPI W] 7 WSS S I 5
NI S S VR L) 5 + 4+ + +/+
+ o+ o+ o+ 0\ S, + + 4+ [+
+ 4+ + + \¥ + + + +
+ + + o+ 4\ + + + +
+ + + + + + + +
+ o+ o+ + + +
+ o+ + + + 4+
+ o+ + + +
>67 —r+ + + +
63 60{50 _____ + + +
65, + + +
+ + +
72
Ay bos N+ o+ o+
5\ \\++++
N 72 oo + | omory
A2 o+ o+ | B
+ + +
SN [
+ +
g\t Tt f
lqlv - A0
69\ v
s)
N /77’
7 =]
2z

0o 300 M Gonee OAQHOPOOHBLI H KPY{IHO3CPHHCTLI, HO I'PaHHIlA 30HLI VCIaHAB-
JIMBAETCA TOJBKO MHMKPOCKOIMYECKHMH MeTomamu. llepexoa K nyirackuram
YeTKHH, & TIOpoda MMeeT OJHOPOLHOE KpYNHO3epHHCTOEe cIpocHHe. CTpyRTYpa
MyJTaCKHTOB MeHACTCA OT HEOJHOPOMHO 3epHHCTOH HA KOHTAKTE ¢ (PCHHTOM
Ha Gojiee paBHOMEpHYI0, C NPH3MATHYECKHM OOJIMKOM KIHILUNATA Ha rpaHi-
e ¢ HedelHHOBbIMH cHeHUTaMH. [lepexon Mekay HUMH NocTeneHHbli. Mouwt-
HOCTb MyJIACKHUTOBOTO KOJIbLIA paBHA MOLIHOCTH 3CCEKCHT-hEHHTOB.

CpenHuil MHHepanbHbIA COCTaB NMOpOJ MpuBefeH B Taba. 1. B accexkcuro-
BOil 30He 3—4 COOTHOLIEHHA TUTArMOKIIA3d M KAIMIUNATA HeyCTOHUYHBBI BBHIY
MpOTpeCCHBHOTO 3aMeLLeHHs [1epBOTrO BTOPLIM.

PaccMOTpHUM MHHepanbHble NpeBpallleHHs B H3MEHAIOWHXCA Nopoaax. B nBy-
IUTarHOKJIa30BbIX rabopo 30HbI 1 rmarHoknas (AH3, —36) 0Bpasyer paspacraio-
LUIHeCA KaHMbl BOKDYr ©$o0jiee OCHOBHOTO IEepBHYHOTO IUlaritok/iasa rabGpo
(AHas —s2) xaK NopdHpoGNACTBl € BKJIIOYEHHAMH MHPOKCEHE W OJIMBMHA.
OnuBuH 3aMemiaeTcs aBrHTOM M 6GuOTHTOM. [locmenHui 0B6pasyer KOpOHHTO-
Bble KaHMbl BOKpYT MAarHeTHTa M 3aMewnlaeT MHPOKCEH B yUaCTKAX C KHCIIBIM
IJIaTHOKJIa30M, COJIEPKALLHM aHTHIIEPTHTOBbIE BPOCTKH KAJIHILIATA.

B nopopax onuMroknasur-GpeHHTOBOM 30HbI 2 NPOJOIKAETCA POCT H MOKHCIle-
HHMe IUIarHoKJI1asa [0 AH,4 -5 C BPOCTKAMH KaJMIUINATA, ONHBUH 06Orallaer-
¢ xene3oM A0 roproHonuta (Pazeo). MarHeTut, He GpOHHPOBAHHBIN arpera-
TAMH aBTHTa M OJIMBMHA, NpOAONIXaeT 3aMellatbcss OHOTHTOM. B moponax co-
XpaHSOTCA peNIMKTbl MHHEpanoB MNpelblAyuicd 30Hbl M gawe ra6opo. Omnu-
TOKMa3-peHuTbl Goree NeAKOKpaToBble (UBETHOM HHACKe 13,09), uem penniny-
11{{e NOPOMLI.

B orenyiomer 30He (3) OMHIOKIA3-OpPTOKIIA30BBIX ICCEKCHTDEHHTOB TIpo-
HCXOIMT TMpPOTPEeCCHBHOE 3aMeLUCHHC I[UIATHOK:A3a KTHIMIATOM. M3 cocrasa
HOpOAdbl MpPAaKTHYECKH HCYe3aeT OJIMBMH, H TEMHOLBCTHBIC MHHEPWIbl Ipei-
CTaBJIEHB! aBTUTOM H GHOTHTOM.

B 30He HedenuHOBBIX 3cCceKCHT-hEHHTOB cuie GOMlee KHCIBIH 1UIArHOKIIA3
XOTSl M OCTaercs BHYTDH KpYNHBIX KaJlMIINATOBLIX NMOHKHIOGHACTOB. B 6Olb-
LIMHCTBE Cy4YaeB BPOCTKH B HeM Ilpe[cTaBiieHbl HedesanHom. [liporceH npu-
0bpeTaeT 3elleHyl0 OKpacKy 3a cueT NpHMecH 3THPHHOBOH MolNekynbl. Bokpyr
TEMHOLBETHBIX MHHEPAIOB (MMpOKCeHa, GHOTHTA, MAarHETHTAa H pPeIMKTOBOTO
OIMBHHA) BO3HMKAET KafMa FaCTHHICHTOBOR pOTOBOH OBMaHKH. B TbLiy
30HbI TOABIIAITCA YUYaCTKHM 0$0Jlee KPYMHO3EPHMUCTBIX NOPOA — I1YJdCKHTOB.

B nymackurax 30HbI 5 IUTarHOKIIa3 MpaKTHYECKH OTCYTCTBYET H CTPYKTYpY
HOpOJipl ONpEAeN 0T KpPYMHble KCEHOMOPGHbIE KPHCTALTL KATHLUNATA ¢ TMep-
THTOBBIMH BPOCTKAMH aIbOHTA, MeXIY KOTOpbIMH pacliojlaraiTcs Gonee
MeJIKHe KCEHOMOpQHble 3epHa HedelIMHA M TaCTHHICHTA ¢ GHOTHTOM. UnetoT-
CA pEeTMKTOBble MHHEpaIbl NpeabldyHX 30H. K KOHTAKTY ¢ HedelTHHOBbIMH
CHEHUTAMH KPHUCTAIbl KATHIUMATA NyJIaCKHTOB NPHOGPETA0T MPH3MAaTHUECK Hil
O6MMK. Mexay HUMH — KceHOMOpGHbic HedelHH K I'ACTHHICHT, YTO OTIIM-
YaeT CTPYKTYpy OT THINHYHO MarMaTHYeCcKOH. B 3TOM ke HampaBleHHH BHYTpH
amMpu6OIOB MOABIAKNTCA KPHCTAUIbl ITHPHH-ABTHTA.

EpuHCTBeHHBIN aHaNMH3 MHPOKCEHA M3 ICCEKCHTDEHHTOB HOKA3al yMepeH-
HyI0 IIMHO3eMHUCTOCTh (3,31 Mmac.% AlyOj), Hu3kyw HatpiesocTh (0.90 aac.
Na,0). Mupoxcen w3 ¢oitantos KoprepeaabHucKOro MIcCHBL  COICPRHI
75 ™MON.% 3rHpHHOBOI cocTapiisiiouteil. 10 H3MEHEHHI0 OKPICKH IHpOKCeHa
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TabGnuua 1 )
Cpentue cogepxaHus (B 06.%) rnasHbix MHHepasnoB 30H ¢ eHuTH3aunH Koprepenabutckoro Mmaccupa no gauHe!M P.M. SIHIMHOH (1963 r.)

00

Tpaxutom-

Hble Hedesn-
HOBbIE CHe-

HHTbI

Jccexcut-denur | [lynackur

HedemHcomep-

KalHH

JcceKkcHT-heHuT
OJIMF OKIIN3-0pTO-

KJ1a30BbIH

OnHrokna-

3UT-penur

JleMKOK paTH3H-
poBaHHoe ra6-

6po

HcxonHoe
ra66po

Muuepan

35,4

67,8

Mnarnoxnas Aun, e —,,

2,3
41,9

22,6

4.9

32,4

Mnarwoxnas Au,, _,

34,5

76,9

Mnarnoknas Au,, _,,

1,9

Mnaruoxnas Au,, _,,

3.4

9,8

Onusun da, ,

0,6

1,0

Onusun dag

10,9

Mupoxcen Ju

44

5,3

10,1

[Mupokcex Age

1,3
43

1,9
4,6

2,6
2,5

Mispokcen J2-Ag2

AMpubon (racTHHICHT)

8,2

5.8

Buorur (opaHx.)

3,0
0,6

2,4
0,2
79,7

3,5
1,1

33,8

4,0
04
29,3

2,7
0,9
44

Buorur

2,4

44
1,2

TuraHomarHeTur

69,1

1,9

Na-oprokna3s
Hedenuu

14,8

7,1

10,9

0,6

12,6

29,0 13,0 12,2 104 9.9

30,2

LiBeTHOI HHOEKC

Npumevanwue, 0,1,2,3,4,5, 00 — 30851 CTPYKTYPBI.
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T
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BBISIBIIACTCA HOBBIUEHHE COMEPKAHUS IIHPHHA B HHPOKCEHC (PeHHTOB K Ml -
MAaTHYCCKOMY KOHTAKTY, HO /10 €r0 1I0CTHXEHHA ITHPOKCEH CMeHsIeTCa Iac THHT -
cutoM. B nocnentiem comepxurea (8 mac.%) TiO, — 3,5, Al,O; — a0 11.81.
CYMMbI OKHCIIOB Fe — 24, Na,0 — 2,6 u K,0 — oxono 2. Kauiuesniii noe-
BOM IUNaT HedeNMHOBBIX CHEHHTOB cofepxur 40-50 MOn.Sh anbbuTa, a4 He-
denun — 20 Mon.% KaTHOCHIHTA.

B KOHTaKTe OGHOTHT-MPOKCEHOBBIX HedelMHOBBIX CHEHMTOB COpOrcKoro
# KaryHcikoro maccBoB rab6po ¢eHHTH3MpyeTCs Ha paccTOAHMe B nepBble
merpsl [40]. TD1aruokmas ra66po MOKMCHAETCA COMPAKEHHO C HOBOODOpaszoBa-
HUeM Kanumnata U ameuGona. Hedenun nosensiercs Gimxe K Marmariue-
CKOMY KOHTaKTy, [Inaruoxnas ¢eHHTOB XxapakTepHO 3amellaerca KalHLINA-
TOM ¥ HedelHHOM, HaXONAUMMHCA B CHMIUIEKTHTOBBIX CPOCTKAX aromnei-
uuToBOro o6nuka. Iono6Hvie xe o6pasosanns P.M. flumna naxomwia 8 Kop--
repefabMHCKOM MaccuBe.

B XubuHCKOM MaccuBe BbIfBJIEHA (eHHTH3auMA HitonuToB [26, 88], Goree
NOApOGHO paccMOTpeHHas Huke. DEeHHTH3AUMH NOIBEPralTCA H MHPOKCEHH-
Tbl, OOpa3OBaHHbIE B KOHTAKTaX HedelIMHOBBIX CHEHUTOB C H3BCCTKOBBIMH
¥ IOJTOMHUTOBBIMH MpPaMOpPaMH; OHM HedeIHHU3UPYIOTCH.

B XubuHax ¢deHHTH3AUMA HAONMTOB MPOSIBWIACH B OYeHb GOIBLIOM OGbEME
M NipuBena K (GOPMHMpPOBAHMIO OBYX TMFaHTCKHX KOMel (BHELIHErO W BHYT-
PEHHEr0) pUCYOPPUTOB M IOBHTOB (pHC. S). ITH MOpPOMbI OGBEHMHANTCA B
PHCYOPPHTOBYI0 METACOMATHYECKYI0 TpPYMNy, XOTA GONBUIMHCTBO MCCHel10Ba-
Tellel  CUMTAOT WX MarmaTHueckmmu. OBa KOMbUA TOPOR PHCHOPPHTOBO
TPYMMNbI pAaclOIaraloTcA Ha rpaHUUAX MHONMT-YyPTHTOBOM “LEHTpaIbHOH 1yri”
M HEeEeIHHOBBIX CHEHHTOB BHEIIHErO KOJMbUQ H UCHTPAIBHOTO IITOKA MACCH-
Ba. [lo ouenxe E.B. Bopyuxoro [58], nopousl pHcuoppHTOBOil rpymis cia-
raT He MeHee 10 06.% CHIaHTCKOTO IUTYTOHA JHAMETPOM OKONO 60 KM,
BBuiy cmopoB © reHeswce MOpO; PHCYODPPUTOBOM TPYMNbI PACCMOTpPHA! BO-
npoc mopgpo6Hee.

O6pasoBaHue 3TOM TIpymmsl NOPOA BCeraa MPUBJIEKANO BHHUMAHMe H3-3a
UX pacnpOCTPaHEHHOCTH HA AMATUTOBBIX MECTOPOXIEHHAX H CleuHdHUCCKOTO
obmuka. Cpef HUX Npeo6NafanT NOpoabl pe3Ko NopdHpOBOro 06mika, KO-
TOPBIH ONpENENATCH KPYNHBIMH M30METPUUHBIMH TNOHKMIHTOBBIMH K PHCTAI-

" IaMH KaJIMeBOTO MMOJIeBOTO UIMAaTa ceueHHeM S5—15 cM, paBHOMEpPHO HALLIH-

TOBAHHRIMH MENKHMH (2-3 MM) KDHCTAUIMKAMH KOpPpPOLHPOBAHHOTO He-
denuHa. Menkue KpucTamibl HedernHHa M BBICOKO3THPHHOBOIO IHpPOKCeHa
CllaraT OCHOBHYI0O Maccy nopod. MHorpma nmpoxcen, kak M xanuwnar, 06-
pasyeT KpyllHele NOHKWIOKpUCTabl. [JOCTOBepHO Marmarueckue Hede-
TIHHOBBIE CHEHHTHi XHUGHH (M IpYrMX MAacCHBOB ) NpAKTHUECKH BCErJid CllO-
XeHbl MOHOIUTHBIMH MPH3MAaTHYECKHMH KpHUCTalaMi Kanuumara. OpHako
B HENOCPE[ICTBEHHBIX KOHTAKTAX C pHCYOPPUTAMH HedeTHHOBbIE CHEHMTbI
XubuH u3penKa cOlepxar TaGNUTYaThiC MOMKWIHTOBbIE KPHCTAIIbl KATHILNA-

- Ta, MOXO0>XXHe Ha PHUCYOPPHUTOBbIE U MPHU3HAHHbIE HAMH KCeHOKpHCTaMH nocnen-

HHX, 4TO 0GOCHOBBIBAETCA B Clle[yIoUleH YaCTH paboThl.

.. Haumnas ¢ 30-x ronos, ¢ pa6or B.M. Kymrerckoro u H.A. Ennceesa ¢ xorn-

_JIETaMM, TIOPOIbI PHCYOPPMTOBOH TIpYMMbl MPHHUMANHCh 33 MArAATHYECKHe

" 0Gpa3’oBaHHA M3-32 KaYeCTBEHHOrO MX CXOLCTBA MO MHHepalbHOMY COCTaBY
©" € MOCTOBEPHO MarMaTHYeCKHMH HedeJIMHOBBIMH CHeHuTanmu. Takoe Ipefd-
- CTaBJIeHHE COXpaHAIOCh B KHUrax u crateax T.H. Meanosoii, A.B. lataxosa.
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Puc. 5. Cxematuueckas reosoruyeckas KapTa XUOHHCKOTO NMIyTOHA H ero pa3pesbl Ha ama-
THTOBBIX MccTOpOXAcHUsAX Onenud pyueit (1— 1), Hbopknmaxk (2-2), Koausa (3-3)

Pacnymuopp (4-4) (cocrasneno B.B. CMUHPHOBBIM) , ’
1-3 — komrekc HeheNMHOBBIX CHEHHTOB: | — ¢dolisiuret, 2 — naboYoppuTsl, 3 — XUGHHM-
Tbl MaccHBHBIC (@) » Tpaxuroupmnte (6); 4—5 — CPpYyIm MeTacoOMATHUYECK HX r,lopon Marma-
THUCCKOR CTaLMH; ¢ — ManuubiIbL, 5 — 10BUTLI (@) 1 pucuopputnl (6); 6—7 — nopoasl
HHOJIUTOBOI CEPHU: 6 — MAaCCHUBHBIE YPTHTLL, 7 — TPaXHTOUAHBIE Y PTHT bl ((,1) H HﬁOHHTSI ©)
C NOONMMHEHHLIMH MeEJIbTEHrHTaMH; & — anaTHT-Hed eIMHOBblE PYAbI; 9 — TPaeKTOPHH

CKBAXHH
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- CTOAHHOE HOBOOGpaf}OBaHHC KaK TAOJMTUYaThIX. TAK H HOHKILIHTOBBLIN 110JIe-

C.M. 3axa ¢ xomeramu, E.A. Kamenesa, JLH. Koraprko i muorux apvras,
BblileilInX B 50—70-x ropax, U B nocieaHux paborax [2]. OuHawo. Haum-
Hast co crateu JIJ1. CosonosHukoBoit [106], Bbiwenuieit B 1959 1. 1 oco-
OeHHO Onarogaps wucciepoBaHusam M.I1. Tuxowenwkona (1963 r.). E.L. bo-
pyukoro [58], a takxe C.A. PyueHxo, B.H. Turosa B snmrepatype puaspaba-
TbIB2ETCA IpEACTaBJIeHHEe O MeTacOMATHUYECKOH MpPHPOIC Kd4K HOHKIUIHTOBO-
ro KajMILIIATd, TAK M MOPOJ PUCYOPPHTOBOH TpyNIbl B 1C/IOM. ITHMH HeciIe-
JOBATE/IIMH OHH pacCMAaTpHBAIOTCA KaK  pe3yJibTaT [OCICMAIMATHUCCK O
KATHIINATH3AUHH Hed eIMHCHEHUTOBOTO 3aBEpIUAIOLICTO MAarMaTHUSCKOTO HM-
MyJbCca [UIYTOHA, BO3MOXHO, C rMyGHUHHBIM HCTOUHHKOM uronnoB [58]. Ho-
BbIH BAapHAaHT MET4COMAaTHUYECKOro MPOHCXOXACHHS OBCY’KHIACMBIX I1OPOI He-
pasHo mnpepnoxed M.U. Ilepekpecrom u B.B. CmupHosbim [88], kotopble
OTHOCAT [MOpPOJbI PHCUOPPUTOBOH TIpyMbl K METaCOMATHUCCKHM OBpi30Ba-
HHAM MarmMaTHYeCKOH CTamuH, chOpPMHpPOBAaBLIMMCA B HHOIMTOBOI TOJIILE
Moj BO3JcHCTBHEM JIIOHIO0B HedeIMHCHEHHTOBBIX MAarm JIsiBOUO ppHThOii-
AUTOBOIO M XMOHHMTOBOIrO KomiuleKcoB. Hawm uccrienoBanust [26] 1ojrBeps-
HAK0T 3TH NpeACTaBJIeHUA.

M310KMM aprymeHTbl B MOJb3y MeTACOMATHUECKOIO IHPOMCXOAKIIEHUS [10-
POIl pUCUOPPUTOBOH T pYMIIbI.

1. OpuruHanbHble [OMKWIHTOBblE CTPYKTYpbl MOpPOL. BbIpMKCHHbIE B IpH-
CYTCTBUM KPYMNHBIX TNOHKWIOKDHUCTA/IJIOB KAJHLINATA CHUTOBHUHOrO OBIHKa
(puc. 6), He CBOMCTBEHHBI MAarmMarHUeCKHM TMOpPOIAM, HO OBbIMHLI B METACO-
MaTHUeCKHX OGpa3oBaHuAX. [IATHHCTOE pacnpendefieHHe CKeJIETHBIX KpHCTan-
JIOB K&IMIUMATA B DHUCYOPPHTAX COOTBETCTBYET JITOMY. [10HOBHBIC CTPYRTY-
pbl HM3BEeCTHbI, K MpHMepy, B HedelHHOBBIX 3cceKCHT-peHnTax Koprepe:a-
OuHcKoro maccuBa [127], paccmorpeHHOro Boiuie. [TOHKIWIHTOBBIE KpHC1al-
Jbl K@IMIINATd 3TUX MOPOM, KaK M PHUCYOPPUTOB XHOHH, HAIMHIOBIHBLL 3¢p-
HaMH HedelIMHA, KOTOPBIH 37eCh ABIAETCA HOBOOGpasoBaHHeM. TakHat 00-
pa3oM, CTPYKTypbl NOpPOA pPHCYOPPHTOBOH [IpyMNIbl OTHOCAICH K topdipo-
011acTOBOMY, T.€. METAaCOMATHYECKOMY THITY.

2.10BUTbI M pHCYOPPMTBI CJ1ATAlOT HEPEAKO KpyHIble ILIACTHHOOGpA3HbIC
TeJ1a MOLIHOCTBIO A0 150 M M NMpOTAXEHHOCTbIO B COTHH METPOB H KHJIOMCTPbIL.
COITIacHbIe CO CJIOMCTOCTBIO MHOJIMTOBOH TONILK (cM. puc. 5). OHHAKO B HHX
MMEITCA 6ofiee TOHKHe (MOLLHOCTBIO B HECKOJIBKO CaHTHMETpOB i JlelHMET-
POB) KOCOCEKYILIHe XWIbl PUCUOPPHTOB (Hallpumep, B BpexHem ycrylie Ko-
AIIBUHCKOTO Kapbepa), YTO CBHIETENBCTBYET 06 MX OTHOCHTEJILHO MOJIOA0M
BO3pacTe. 31O MNOATBepXKmaercss UUIeHPOM MAUIOMOLUHBIX TeJl PHCHOPPHTOB
H IOBUTOB BMOJIb MOJIOrO CEKYIMHX CJOHCTOCTb HHOMHMTOB KOHTAKTOB JIfABO-
YOPPHTOBLIX Hed eTMHOBBIX CHEHHTOB UEHTPATLHOTO IUTOKA M XHOMHHTOBBIX
HeeTHHOBBIX CHEHMTOB BHELUHEro KOJbla. JTO OCOBEHHO XOpOINO BHIHO
Ha TIYy6OKHMX TOpH30HTAaX, IOE COKpalaeTCA MOLIHOCTh Tel PHCYOPPHTOB
(cxB. 1467, 619, iato PacBymuopp).

3.B ceBepHbIX 4YacTfIX MAacCHBa, [[le PHCUOPPHTHI H HOBHTbI BHYTpPECHHErO
KONbU2@ CWIbHO COKpawaoTcAd B MOILHOCTH, B JIABOUOPPHTAX HOsIBIsOTCA
MHOTOUHCIEHHbIE KCEHONMUTBI MEJIKO3EPHUCTBIX HHOJIMTOB C HOBOOGpu3oBaH-
HBIMH Tab/IMTYATHIMH KpPHCTAUTAMH Kaldiunara. Tabmuusl 1py6o OpHCHTH-
POBaHbI NepleHAHKYNAPHO IpaHuuam kceHosnutoB (Tabmuua 1, 1, 2). C me-
TaCOMATU3UPYILUM  BO3[AEHCTBHEM JIABOUODPPHTOB, BHONMO. CBA3IHO 1O-
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Puc. 6. Texcrypusie ocoGeniocTu

- . e - .
1 Hedennu; 2 KJMHONNPOKCeH; 3 — Kanuwnar (nopdupobnacrosoro obnuka);

4 — chen; 5 — koHTaKT PHCYOPPHTA C YPTHUTOM

PHCYOppHTa, KOHTAKTHPYIOLIETO C YPTHTOM

BbIX LUMATOB B KOHTAKTaX ¢ HUMH. HpH 3TOM CTPDYKTY pbl JIABOYOPPHTOB Ha
KOHTAaKTax ¢ ﬂOHeBOIJIIIaTHBHpOBaHHbIMH MHONMUTaMH OCTalTCA HEU3MeHHbI-

MH, 4YTO CBHOETEIILCTBYET O NpOABJIIEHUH KaJIMIUMATH3ALNHA oo KpHCTaJ'[IIHfia-:

UHH MATMBbI JIABOYOPPHTOB.

HoBooGpasoBaHne TaBnuTyaThIX MIM MORKWIMTOBbBIX KPHCTULIOB KaJlu-
WINaTa B MAOMHTAX HAONIONAETCA M B pefKHX NpAMBIX KOHTaKTaX MX C XUOU-
HHTAMH B CKB. 552 M 549 (loro-3anam maccuBa) u B KOPEHHOM OGHaKeHHUH
BOCTOYHOH YacTH MMapka orgmpixa r. Kuposcka, B 30 M Hag OcHOBaHHeM ropsl,
BbIlE JIOPOXXKHOH BhIEMKH. B ckBakuHax B KoHTakTe ¢ MeJIKO3epHUCThIMH
KPaeBbIMH haUMAMH XHGMHUTOB B MIAONHMTAX OTMEYAIOTCA eMMHHUHbIE TAGIHT-
datbie (1,5 M) KpHCTanIIbl 3e/1€HOBATOTO KAJIMILNIATA, @ B MOLIHOM (mo 100 m)
IUTaCTHHOOGPAa3HOM TeNle PHCYOPPUTOB, COTNIACHOM C TPaXHUTOUTHOCTHIO BMe-
WAIHUX  XMOMHUTOB, HAGIIONAIOTCA MHOIOYMCIIeHHble PETIMKTOBBIE YYACTKH

MACCHBHBIX YPTHTOB, KOTOpbIE, BHOAMMO, TpEBpALIeHbl B pHCYOppHThI. Beposr- |

HO, MONOGHOe e TMpeBpdieHHe GIOKA MACCHBHBIX YPTHTOB pa3MepoM
7 MX25 M, 3aK/0YEHHOTO B TpaxXUTOHHbIE XMOHHMTHI, HaGnmwoOaeTcs B yka-
3aHHOM KOpCHHOM OGHaxeHMH. 3[1eChb OTYET/IMBO YCTAaHABIWBAaeTCH pa3sBHUTHe
MOMKWINTOBLIX KPUCTAUIOB KWIMIUNATA OT KOHTAKTA ¢ XMGHHHTAMU BHYTph
maccisHpiX ypTHTOB (TaGmuua IV, 7). U ocramshas vacrs Gruoxa YPTUTOB
noaBepxeHa MATHHCTO-0YarOBOH KaIMINNATH3AUMH, BUANMO, Ha ¢dpoHTe crox-
HbIX OTBETBJIEHHH XHGHHHTOB,

OGpauaer Ha ce6sA BHUMAHHe CXOHCTBO MpOoLECCOB MpeoGpa30BaHuA NMOpoOS

HHOJIUTOBOHK CepHH B KOHTAaKTax He(beHHHOBbIX CHUEHHUTOB KaK JIABOYOPPHT- |

GOAAUTOBOrO LITOKA, TaK U BHeLHero XUOGMHUTOBOTO KOJIblIa MAacCHBa. B ko-
peHHOM OOHaXEeHHM W H4 KOHTAKTe MIlONHTOB B YKAa3aHHBIX CKBa)XMHax He-
40

(eJTMHOBBIE CHEHHThl KATMIUNATH3aUHH He IIOUBEpPKEHbl, BHAMMO, H3-33 M-
KOCTHOTO COCTOAHHA B MOMCHT DHCYODPPHTH3auMH YpTHTOB. Ha konTaxTax
PHCUOPPHTOBOTO Tejld HMEIOTCA H3MCHCHHA XHOMHHTOB, B HACTHOCTH 0Bpac-
TaHHC MNPH3IMITHUCCKUX KPHCTALIOB MArMATHYCCKOTO KUIMIIIATA HOMKHIH-
TOBBIMH MaHTHAMHU. ITOT ¢akT Hcenonp3oBwlca M.Il. TrxoneHkoBbIM H
B.E. bopyukuM B KauecTBe OTHEeCEHMA BCeil OMUCHIBAEMON KTHIINATHIAUNN
IIYTOHAa K [IOCTCHECHHUTOBOM cTaguu. Borpoc, ogHaKo, HEeIb3sl CUMTATH pellcH-
HbIM, TaK KaK KaiMbl MOHKWIMTOBOTIO KAIHLINATA MOTYT COpMHPOBATLCA
H B pe3yjibTaTe peobpa30BaHWA paHHEr0 OPTOKJIa3a B MHKPOKIIHH, CKAKEM,
npu anbOUTH3aUMK cHeHHTOB. Ho, MOXeT ObITb, HMeeT MeCTO NpOCTpPaHCTBCH-
HOe cOBMelleHHe [BYX ¢a3 TpOrpecCHBHOH KaJIMLINATH3AUHH cOOBpasHo ¢
[IpeanojiaraeMbIM  ABYX(}aszoBhIM MNpoABIeHHeM HedeTMHCHEHUTOBBIX Marm.
4.Ilpu cxoncTBe B KaueCTBEHHOM MHHEPAIbHOM COCTaBe MOpPOIbl pHCYOp-
PHTOBOH TPYNNbl pe3KO OTIMYAKNTCA OT [OCTOBEPHO MarMaTHuecKHX Hedesnu-
HOBbIX CHEHHTOB MO COCTaBY Bcex MOpomoobpasywmwnx MuHepanoB. [Todku-
JUTOBble KATMWINATBI [OPOJ PHCYOPPUTOBOK Tpynnbl GedHbl ATbOHTOBBIM
KOMIIOHeHTOM — 2—11 ™Mon.% (npeo6rafawT MeHbliHe 3HAYCHHA), TOrHA
KaK B HedeTMHOBBIX CHEHTHaxX paclpOCTpaHeHbl KaJIMEBO-HATpHEBbiC TMOTle-
Bble wmarel ¢ 40—60% anbbura (cm. puc. 8). Hedenun u3 nopoxa pucuoppu-
TOBOH TIpyINIbl CONEPXHT KalbCWIMTOBOH MoJlexkylibl 10 28,5--30,0%, u3 He-
GETHHOBBIX CHEHHTOB IUTYTOHa — MeHee 26% (B ocHOBHOM 18--24%), u3
MOpOJi MAONMHUTOBOH cepun — 17-22% (puc. 8). Bonee BbICOKOE coiepRaHHE
3THPHHOBOIO MHHajla B NMHPOKCEHaX PHCUOPPHTOBOH rpylnbl (CM. puc. 8)
JOTIONIHAET OTNHYHME KX MNMapareHe3ucOB OT MMHEpAILHBIX ACCOLMAIHI Marma-
THYECKHMX HedeJIMHOBBIX CHEHHTOB MAacCHBAa. JTH [AaHHbIE YKA3bIBAKWT Ha pa3-
JHYHblE (QU3UKO-XMMUYECKHEe YCIOBHA KpPHCTAUIM3AUMK NOPOJ pHCUOppPHTO-
BOH TIpynnbl (MpH BBICOKHX XMMHUCCKHX NOTCHUMAIAX W HATPUA, H KWIHA)
H HepeJIMHOBBIX CHEHHTOB (MpH BBICOKOM MOTEHUHANE HATPHA, HO MOHHKCH-
HOM Kanmua), CrneunduyeckHe yCIOBHA B DPUCUOPPHTAX OIIPENSHMIIH LIPHCYT-
CTBHE B HMX pedKHX B MpHPOOE KaIbCWINTA, CYJIbPHIOB KaIUA — JuKepdH-

LIEPUTA U PaCBYMHMTA. ,
[IpuBeneHHBIA  MHHEPAIOTO-NeTpOrpadHUeCKUil  MATEpHASl  HECOMHCHHO
yKa3biBaeT Ha cleuHdHueCKHe (GHUIHKO-XUMHUECKHE YCIOBHA (OpPMHPOBAHHA
NOpOA PUCUOPPUTOBOH TIpyNIbl, OTJAWYHbIE OT YCJIOBHH KPHCTAUIM3ALUMH 10-
CTOBEPHO MarmarvyecKkux HedeJIMHOBhIX cHeHHTOB. He mnoxomar Ha mar-
MaTHYeCKHe H pHCUOPDHTOBbIE MHKPOCTPYKTYpbl. BMecTe ¢ IpH3HaKamu
NATHUCTOTO HOBOOGPA30BaHHA TNOpPO pPHCYOPPHTOBOH TpyIINbl B HHOJIUTO-
BOH TONLIE IepeuyuciIeHHble YepThl ABJIAOTCA [OCTATOYHBIM OCHOBAHHEM Wis
BBIBOJIla O METACOMATHYECKOM MPOUCXOXIEeHHH 3THX MOpPOMd B pe3yibTate Ka-
JHMNATH3aUMM HHONMHMTOB. Takad KWIMLIMATH3AlUMA, KAK OTMEYIoch, Mpo-
ABNIAETCA HAa KOHTAaKTe C SCHO MarmMaTtHYeCKHMMM HedeHHOBBIMH CHCHHTaMH
(XMOMHHMTAMHM M JIABOYOPPHTAMH), KOTOpble HECOMHEHHO CITyaT HCTOHH-
KOM KJIHIUNIATOBOrO KOMIOHEHTa MeTacoMaTH3upyloulero ¢onaa, TaKk Kak
cofepxar 3TOT muHepan. [IpHcyTCTBHE KanMIIMATH3MPOBAHHBIX HHOJIMTOB
M YPTMIOB B BHJle KCEHOJIUTOB BHYTpH MarmMarHiyeckHX HedelTMHOBBLIX CHEHH-
TOB, NepeceYeHHe pHUCUYOPPHTOB KWIAMH HedeIHHOBBIX CHEHHTOB, ABISAIOLIH-
MHCA, TI0 BCEH BEPOATHOCTH, OTBETBJIEHHAMH OT OCHOBHbIX Tell HedpellHHOBBIX
CHEHHTOB IUIYTOHA, MO3BOJIAIOT OTHCCTH METACOMAaTHYECKHEe MOpOMbl pHCUOD-
PMTOBOH TpYNNbl K OGPa3OBaHMAM MarMaTHUeckOH cTaguu. K Takomy MHe-
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Puc. 7. Cxemamyeckas wapra paclipoCTpaHeH U MHHCPATbHBIX 3CCOUMALMKU NopoaooGpa-
3YIOLIHX MUHCPAIIOB B cpetieh dacT XHOHHCKOro MaccHsa; no [58, cm. puc. 10]
I — orupun, 2 — ITHPHH-CAMT, 3 — 3rMpHMH-ZMoNCHI, 4 — apbBeacoHuT, 5 — GHOTHT,
enMaomMenaH, 6 — CyuwecTBEHHO KajaHeBbIi nosieBOM wINaT (MMKPOKJ'IHH, anynspo-
BUAHDBIA OPTOK N1a3)

HHIO HECKONLKO paHbute npuuiy M.M. Ilepexpect u B.B. CmupHor [88]. Cy-
IUECTBEHHO  KATHEBLIM XapaKTep OGCYXKAAEMOro MeTacomarosa, MpOsBIIeHHe

€ro Ha MarmMaTHyecKOH CT4OHMM 3BOJTIOLMH Y/IbTPAILEIOYHBIX Marm, BO3GYx-"

uamum“x METACcOMATO3, MO3BOJIAT OMpeNennTh €ero Kak ¢6HHTH381L}HO no-
POL MHOJMTOBOH Cepuu. M3-3a crieunduueckux ycioBHit TIpOsIBJIEHUA M ero
leOLlvaTOB XUOHHCKHE HCCJICJOBATEIIM HA3bIBAKT 3TOT npouecc pHqupp}’lTH'
3aUMEN. '

l'eonornvyeckoit creunduxoil XuBUHCKOro IUIyTOHa ABNseTCA MHOTOKpaT-
HOCTb HMHTPY3MH Hed) &IMHCHEHHTOBbIX MarM. KpoMe MOJIOOro mailKoBOIro
KOMIUIEKCA, GONBLIMHCTBO MCCIENOBaTeNledl NMPH3HAIOT HE MeHee YeM OBYX-
¢asHoe GopmupoBaHHe NBYX MNpOCTPAHCTBEHHO M30JTMPOBAHHBIX, Mpeo6ia-
AA0WHX B OGbeMe TUIYyTOHA HebeTHMHCHEHHTOBBIX MHTPY3HBOB: OTHOCHTENb-
HO JIpCBHHUX XHOMHHTOB BHELIHEr0 KOJBUA HHTPY3MBa M JIABOYOPPHTOB-
(pOUANTOB UCHTPAIBHOrO wWTOKa (CM. pHC. 5). 3Ta MOCIenOBaTeNbHOCTL Of-
pcaeicta no cyryﬁo “KOCBCHHBIM [IpU3HAKaAM. Bmecte ¢ tem HMEIOTCA NMpHU3HA-
KH  [BYXOTaHOrO  IIPOABJIEHMS PHUCUOPPHTH3ALMH, O UYeM YIOMHHAIOCH
Bbilwe. Ha rny6GuHe opeosibl pUCHOpPPUTH3ALMM XMGMHUTOBOI K JIABOYO ppUTO-
BOil CyOda3 MarMaTu3ma CIMBAIOTCA M WX OTIIMUMTESbHble NPH3HAKH He SCHBI.

Cneunduka pucuopputuzauun B XuGHHCKOM IUTYyTOHE COCTOMT B KauyecT-
BCHHOM MHHEPAILHO-NIApareHeTHYECKOM CXOICTBE 3aMelljaeMbIX TOPOJ C Bbl-
SbIBAIOUIMMH MX M3MEHEHMS MAarMaMM M TNpPOAYKTAMH MX KpPHCTAIH3aLMH
(puc. 7). B tex yuactkax MacCHBa, Ifle NMpOsIBJIEHO UX AKTHBHOe B3aHMOEH-
CTBHE, BbIpaxawuicecss B 0GpasOBAHHH NOPOM PHCYOPPHTOBOI TpyMilbl, B He-
¢ ENnHHOBBIX CHEHHT4X pacTpOCTpaHeH MHPOKCEH, KaK Y B HIi0JIMTAX H MeTa-

comatutax. B cesepo-3amamHoit u ceBepHOil uacTAX MaccuBa, rae TeNo MO-
a2

pOH pHUCUOPPHTOBOH TpyMNMbl BHYTPEHHEro KOJIbld BLIKJIIHHHBAETCSH, TEMHO-
UBEeTHBIH MUHepasl JIABOYOPPUTOB MpejcTaBlieH apdpenconutom. € yaasie-
HHEM OT PC4KUMOHHBIX KOHTaKTOB B HeEIHHOBBIX CHCHHTAX TeMHOUBCTHBIC
MHHepalbl lpedCcTaByieHsl aM@HOOJIOM M [HPOKCECHOM, @ B IUCHTPAILHOM
WITOKe — amMpHOONOM H GHOTHTOM.

CXOOCTBO COMEpPXdHHH KaIHA B HedCIHHAX H3 HOPOL HHOIHTOBOH CepHH

M M3 HedCMHOBLIX CHCHUTOB YKA3LIBACT HA HX H30(AIHLILHOCTL [0 ypOB-
HI0O XMMHYECKOrO [MOTeHUMANa KaliuA H pasjiMyaloUlMXCs. CYIfl 10 COCTABAM
NHPOKCEHOB, MOBBILIEHHBIMA XHMHUECKHMH HOTEHUHATAMH HATPHSA H welle-

3a B He(&JIMHOBBIX CHEHHUTAX.

B CW1Yy OTMEUEHHOTIO MHHEpaJ1bHO-I1IapareHeTHYeCKOro CX04CTBa H3MEHACMbBIX
nopon HHAOJIMTOBOH CEpHH M BbI3bIBAOUIHX HX METACOMATO3 HC(l’)CIHIHCHCHH-
TOBbIX MarmM pHCUYOPPHTH3aUUs MHOTMTOBBLIX MOPOJ He COMpPOBOXIAETCS CMe-
HOM TmapareHe3ucOoB, KaK, HalpHMep, B pacCMOTpPEHHOH Bbllic KOJIOHKe de-
HUTH3auMH ra66poupoB KoprepenaGuHCKOro maccWBa. IJTO COXpaHeHHe la-
pareHe3ucoB TpH OGpa30BaHMHM MOPOJ PHCUOPPHTOBOH CEpHH MOPOIHIO Tpyl-
HOCTH C BbIACHeHMeM MX Npupoasl. Mx paccmarpuBanu 1o Kak cyb6dasy Hede-
JMHCHEHHTOBOrO MAarmMarti3ma, TO MNpPHUHCASUIM K KOMIUICKCY HHOJIHTOBOH
cepuu nopon. Ob6a NpeanonoxeHus, Kak 0Ka3a10Ch, OUMBOYHDI.

C npubnM>keHHEM K MarmMaTHYeCKOMY KOHTAaKTYy B pHCUOPDHTAX H IOBH-
Tax HabMomanTCcA CTPYKTypHble H3MeHeHHS; MOWKWIMTOBbIC KpPHCTANIbl MO-
JIeBbIX LIMNATOB, COXpaHAs KpyMHble pasMepbl, NpHODOpPETAT B [OIMEpCUHbIX
ceyeHHAX HescHO neitcroBble dopmbr (TaGnuua IV, 2) ¢ yMeHbliueHHeM B HHX
KONIMYyeCcTBa BKIIIOYeHHH 3epeH HedenuHa, Takxe Oosee MAHOMOpdHbIX. H0BH-
Thl H PHUCYODPHUTBI C HEesICHO JIEHCTOBBIMH MOJIEBBLIMH LINATAMH TcONOTH-NpaK -
THKH HageJIAlT OflpelelieHHAMH TIABOYOPPHTONOAOGHbIE” H3-3a COMHKEH-
HOCTH (OpM KDHCTAUIOB KaIHUINATa C JIEHCTOBBIM €ro OBiIHKOM B Hedelu-
HOBBIX CHEHHMTaXx. MHKpPOCKOMHYECKHEe HCCICIOBAHHA [OATBCPKIANT VMCHDL-
1IeHHe KOJIMUeCTBA KPHUCTAJNIMUCCKHUX BKIIIOUCHHH YRE HIHOMOPGHOIO Hede-
JIMHAa B HEACHO JIEHCTOBBIX KaJIMLIIATAX, MEXIAY KOTOpPLIMH pd3MCUIdOTCA
CKOIUIEHHSA HOMOMOpdHBIX 3epeH HedenuHa. [IpumeuaresibHO 110siBNEeHHe Cpe-
A TIOCTEOHMX MENKHUX M30METPHYHBIX KPHCTAJIMKOB KalHUIATa HOBOH
reHepalyu, 4ro OOHapyXeHO HaMH BlepBble. B 3TUX e yuacTKax pasmelie-
Hbl pedKHe BblOeleHHs KCEHOMOpgHOIo MHpOKCeHa. JTH HOBOOGDA30BaHHSA
3HaMeHYI0T YacTH4HOe IUIaBlIieHHe MOpOJbl, YTO [eTd/ibHee OOCYXIaercs B Clle-
AyIolLel YaCcTH paBoThl.

O6GBIYHO ¢ ﬂpH6I1P{)KeHP[8M K KOHTAdKTY C pHCUOPPHTAMH H HBHTAMH H3Me-
HAIOTCA M CTPYKTYpbl MarmMatHyeckux 1nopop. JleHcToBble KpHCTalibl Hojie-
BOTO IUMNAaTa JIABOYOPPHTOB YKOpP4UHBAKTCA H MpPHOOpeTatoT GopMmy paBHO-
CTOPOHHHMX Tabnuyexk. MHOrma 3pech nosABIAKTCA GOJlee KpYIHbIC H3OMET-
pHuHble TAGIHYKH KAJIMIINATA C pedKHMMH BpOCTKaMHM HedelHHA. JTH TNOH-
KWIO-TabJIMTYaThle KpPHCTAJUIbI Mbl CUYHTAEM KCEHOKpPHUCTAITdMH, OCTABLIH-
MHCA OT pacIUlaBHBIUMXCA KCEHOJIMTOB pPHCUYOPPHUTOB H HOBHTOB. Urto kacaet-
ca omucaHHpix M.II. TuxoneHkoBbiM (1963 r.) u B.E. Bopyuxum [58] ciuy-
YyaeB 0OpacTaHUA JIeHCTOBBIX KAJIHLINATOB XMOMHUTOB OTOPOUKAMH HOHKH-
JIMTOBBIX KDMUCTAUVIOB M 3aMelleHHsl TepBbIX BTOPbIMH, TO MDI CBSI3bIBAEM
HX C pHCHYOppHTH3auMedl BTOpOH ¢a3bl, KOTOpas BO3DYXOAeTCst JISIBOYOpPPH-
TOBOH HHTpY3Heil, HaTOXXeHHOH Ha XHOHUHHTLI.

Boite xapakTepu3OBallHCh B OCHOBHOM CTPYKTYpHbBIC H3MeHCHHS B pic-
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YIOLIKUX MHHepanos PAa3HBIX Tpynn nopoj XHGHHCKOTO MaccHBa no OaH-

HeM [2, 58]

Puc. 8. Crarucmuueckue amarpammur cocrapa nopogoo6pas

YOPPUTAX M IOBUTAX C HPUOIHMXKCHHEM K MATEPHHCKHM TS HHX Marmatiue-
CKMM  HeeNMHOBBIMHM CHEHMTAMH. bBosibumHcTBO 3THX HAbmoncHuil 1po-
BOOMJIUCb B JIABOYOPPHTOBOM KOHTAKTe. BepoATHO, CTPYKTYpHble H3MCHE-
HUA B MMOPOJaX COHPOBOX/IAITCA HIMEHEHHAMH COCTABA MHHEPWIOB, UTO. K CO-

KAICHUIO, CHCTEMATHUCCKH HC M3Y4wloch. [Uist BpiAaBiicHUs 0OUIHMN 3aK0tomep-
HOCTEH Mbl BOCIOJIL30BAJIMCh CTATHCTHUCCKHM QHAIH30M HAKOIUICHHBIX B JH-
Teparype [OBOJIbHO MHOTOUMCIIEHHBIX aHANHTHueCKHX HaHHeix {2, S8]. Tu-
CTOTpaMMBbI COCTABOB MHHepalOB IpHBedeHul Ha pHc. 8. Ha Hux xopomo sua-

HO OTJIHYHE [0poj HIIOJIMTOBOW cepuH H HeEIHHOBBIX CHEHHTOB MO COCTABY
IIHPOKCEHa, CYUieCTBEHHO Gojiee 3THPHHOBOIO B CHEHHTAN, H CXOJCTBO X
Mo cocTaBy Hedenuua. Penxue B MHONUTAX KATHLINATHI MPAKTHYCCKH JIHLICHDI
HAaTpHs B OT/IHYME OT KaJIHEeBO-HATPHEBBLIX [MOJIEBLIX UWIMATOB HedellHHOBBIX
cHeHUTOB. [lopoasl pHUCUOPPHTOBOIT TIpyNIbl OTIHUAOTCA OT MAOIMTOBON ce-
PHH TIOBBILIEHHOH ITHPHHOBOH COCTABIIsAIOUIEH B IHPOKCEHAN H KXIbCHIHTO-
BOrO KOMIIOHeHTa B HedesinHaX. OT HedpenMHOBBIX CHCHHTOB OHM OTIHUAIOTCA
Takxke OoJsiee KanHeBbIM HedenHHOM M IIPAKTHUYECK:H OC3HATPHEBBIM KATH-
uinatom. Ha rucrorpamMmax MHHepasoB NOpPOA MHOJIMTOBOH CCPHH H PHCUOp-
PHMTOBOH TpyIlNbl HAONOAAETCA llepeKpbiTHe COCTaBOB UIA TpeX CPaBHHBAEMBbIX
MHHEpAIOB, YTO CBSI3AHO C [OMajjaliieM B BpIGOPKY NOpOJ HHONHTOBOH CepHH
06pa3ioB ¢ HAYILHLIMH NPOABIECHUAMM PHCUOPPHTH3AUMM. BO3IMOKHO BKIIIO-
yeHHe B oGy BbIGOPKY NMOPOM ¢ MO3ZHeil M0CIeMarMaTHyecKOH JTHPHHH-
sanMeii. Bce ckasaHHOe TeM 6o0lee KacacTca KIHIUNATOB HHOJHTOBOH CEpPHH,
JIMLIb pefIKO COAEpXKAalIMX HX flepBHUHble BbulesicHHA. COCTaB MepBHUHbBIX
NHpOKCeHa W HedelMHa HHONMTOBOM CEpPUH, CKOpce BCero, COOTBETCTBYeT
MaKCHMyMaM THcTOorpamm pHc. 8. Pa3bpoc COCT4BOB MHHEpWIOB HOpPOL
PHMCYOPPHTOBOM rpymiisl OGbACHAETCA MX H3MeHeHHEM BKpPECT 30HAJIbHOCTH
METAaCOMATHYEeCKUX KOJIOHOK KakK [0 MpOJOJIbHOH OCH, TAK H B MOMEpEYHOM
HampaBieHuu. HenpencraButesibHa BbIGOpPKA 110 COCTABAM MHHEpPLIOB  Mar-
MAaTHYeCKHUX HedeTHHOBbIX CHEHHTOB BBHY HEJOCTATOWYHOrO K HHM BHHMIHUA.

Ilpu Bcex HeollpeneneHHOCTAX IPOM3BEAEHHOTO ¢ MOMOUILI0 THCTOIPIMM
CpaBHEHHA MMHEPIOB BbIETeHHbIX M B3aUMOJENCTBYIOLMX TPyl 110pO;L
pasnuuAs MexJy HMUMM BIIONTHe OIpedesieHHbl W YKa3aHbl Bblule. JTH pasii-
YU O[IHO3HAYHO CBHU/ETETIbCTBYIOT O CBOeOOpasHH (HIUKO-XHMHUCCKHN YyC-
JOBUH KpPUCTUIIM3AUMU MOpOJ CpaBHUBAEMBIX TPYII M, YTO OCOOCHHO BiK-
HO, O HEeCXO[CTBe YCJIOBHH KpPHCTAUUIH3AUMH 1IOPOM PHCUOPPHTOBOH TpyMNiibl
W MArMarMuecKux HedeIHHOBBIX CHCHHTOB, HECMOTDA Ha COBIIajleHHE KauecT-
BEHHOrO MMHEpAILHOTO CcOCTaBa. JTO ABJIAETCA CHILHBIM JIOBOIOM [IPOTHB
Marmaruyeckoil MpupoAbl MOpPOX PHCUOPPHTOBOH rpymrbl. OOHOBpEeMEHHO
BBICOKHE IIpH UX OGpPa30BAHMH XUMHUECKHE MOTEHUHAIbl H KUIHA, H HATpHUA
He MO3BOJIAIOT CYMTAaTbh MX MapareHHbiMH b depeHaTaMu HH HIONHTOBBIX,
HH HedelIMHCHEHUTOBbIX MAarmMaTHYeCKMX OYaroB, KdK [IpeiilonaraiT HEeKo-
TOpBbIE aBTOPbI.

[Ipu3HakoM pUCUOPPHUTH3AUMM TMOpOJ HHOJIMTOBOIl CepHH SBIACTCA He
TOJIbKO HOBOOGpa30oBaHMe B HHUX KAIHILNATA. 3HAUHTENILHO paHblle ero Ha
YOAIEHHH OT YYyacTKOB HOBOOGPA3OBaHHA MepBbIX KPHCTLLIOB KdIHLINATA
B HECKOJIBKO METpOB H Ja)ké OECATKOB METPOB B HHOJIMTAX NOABJIAWTCA 3€p-
Ha 3BAHAIATA MAIMHOBOTO I[BETA. JTOT UMPKOHOCHIMKAT .ABJACTCA THIO-
MOpGhHBIM dKLECCOpHEM, -2 HepedKO H TMOpoaoo6pasyouliM MHHEpATOM He-
b ENHHOBBIX CHeHNTOB. THIMUeH 3BIMATMT M J[UIA TOpPOJ PHCYOPPHTOBOH Cce-
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PHH (B MWIHHBUTAX €TO

conepxan < T
CATKOB pKanue 11epeiKO COCTABNIACT HECKOJIBKO fie-

npouen ¢ 7 "
¢ Kaqccmp uenros ofnema). Jist HOpoa MAOIHTOBOM CCPHH OH yKa3bIBaercs
y e nc;xdpamcpnoro aKueccopHoro muHepana [58]. UnrepecHo -oT
CTHUTL, YTO (heHUTHU3AUMUS TrHCH . G-
CHCO-CJIaHUEBBIX HOpOM B JK30
° KOHTaKTe XHGH-
HHTOB ap: :
e m;aKM X4paKTepH3yeTcs HOBOOGpasoBaHueM sBauanuta [113], nog
}};a Ocnore}{echgKoe CXOLCTBO  DHCUOPPUTH3AUMU C ITHUM [POLECCOM
BA4HUM [ETAILHBIX MCCIIeHOBaHHH '
HH [eTpOreHeTHYeCKHX
Ha alaTHTOBBIX MECTO S
pOxueHHAX XHOGHH BbUIO BbICKa3al
‘ 10 mipenmnorno
0 comps ; a8
0 PIRCHHOCTH NMpouecca OTJIOKCHUSA aNaTHTA ¢ PUCUO PPHTH3ALHEI! [26, 88]
JTa HOBAA W IPAKTHUCCKH BAaXHAS TOUYKA 3 :
"Pynoo6pazosanue”,
obpa3syercs

. peHUs 060CHOBLIBaeTCs B pa3mene
, HeCb JIMUIb OTMCTHUM, YTO allaTHTOBAf MHHCpaJIu3alus
MET4COMATHYCCKHM  MyTeEM  Ha (b poHTE PHUCUYO PPUTH3ALUH
Ha ocnose IIPHBE/ICIIIOr0 MdTepHalla BbIPHCOBbIBAETCS cenymoas Kononxa.

pHL‘IOpledeuuH HOPO,H. HHUOJTUTOB p (b e
HTOBOH CepUH B KOHTAK rax Hegenuu CHEHHUTOBLIX
Marm.

3ona 0. MenbTeiirute, HHOJIUTDI,
L{HECsT PHCUO PPHTH3ALIHH.
30H: H i
e a 1. MenbTefiruTul, HAONHTBI ¢ BAMATIHTOM M aNATUTOM HU3KOKOHIH
HHO€ paccestHOe alldTHTOBO : :
€ M JIMH30BH/HO-TIONIOCYATOE O
o : pyneHeHue, cde-
OBBIC pY/Ibl, HHTCPCTUUHANILHO MePEK PHCTAIUTH30BAHHBIE Y PTHTbI Z 11((1: 0-
Abl HAUAJILHBIX CTYTCHEH PHCYO pPUTH3ALHMH °
ol . , )
raT::,e a 2. TIATHUCTO KaMIIMATU3UpOBaHHLIe Nopoabl HHOIIMTOBOMH CepHH, 6O
MATHUCTBIE M CIUIOLIHBIE alla Wi e yp-
dTHTOBLIC pY/ibl, OpeKuHeBH
e ‘ Liou , AHble pyabl C yp-
OBLIM LEMEIITOM, C 4IIATHTOM M Ge3 HEro — 30Ha ¢ HAYAIbHOI KP') 'yp
urony aJIMILITATH-
30Ha ¢
o 3.Ib1:/:dnmug;u|, IOBHTbI M PUCYOPPUTBI ¢ PEAKHUM DENIMKTOBBIM [He3/0
KWIbHBIM YBOTMM AMATUTO BBLIM O -
AeHeHHeM — :
D K py €M — TbUIOBAS 30Ha PUCUO PpH-
3oHa 00. Iupok ceHoBLie 1 amdubonoB vie 1ABOYO
MTHPOKCEHOBBIE XHOMHUTBLI —
Konoukwu ¢ nostno npeger

YPTHTBLI — HCXOOHble NoponbI, NnoJaBe praro-

PPHTBI M KPYIIHO3€e pHHCTbie
MIOPOABI JIIAOKOHTAKTA DPUCYOPPUTOBBIX Tell
e meerms, Toemon P 3T0‘1incunmm Ha0OPOM IOPOLL M Pyl YCTAHABIIMBAIOTCA
. acaeTcsl opyaeleHus IpoMb 7
O o PeRe B p 1UUTEHIIBIX KOIIIHLIHA.
HTOB OHO BCTpeYdeTcs pefiko
M B MajloOMOIUHBIX Tenax. H
IIPOMBIUUTEHHOTO  OpycHeH st
Ml M OKOJIO PHCUOPPHTOBL
IX H I0OBMTOBBLIX
BO BHYTpEHHHX YaCTHX MeJIbTeil i o
TEUIHT-YPTUTOBOH TOonuiu. H
11 | - Ho HenpomblumnenHas
MHHCDAJIM3ALUHA OKOJIO HUX 06 ;
bI4Ha. XapakTepllo Takxe ¢ H
Mt CHHIKeHHe KOH
AMATUTOBLIX PYD H HX B s
bIPOXKACHHE [10 aKUECCOPHDIX ¢ i
IX COOEPXAaHMH aAMaTHUTS
o o ‘ HTa
o npc: YBOIHUEHUA HHTCHCHBHOCTH PHCUOPPUTH3AUMH. DTa 33KOHOMEPHOCTh
CTJIMBA B IJIABHBIX PYIHDIX TeJi ¢ ‘
4X, pACNOJIONKEHHBIX B JiexaueM 6
YOppHTOB. TakuM 06pa3oM, ycTal er Mpoec.
» YCTALABIMBAIOTCSA CIIOMXHDIE ¢
: COOTHOLIEHUSA TMPOLLEC-
COB KaJIMIUNMATH3AUMH U aMaTHT \ Toran
OBOIO OpyJeHeHHS B Tenax
UCUYO ppHUTOB. [1 -
HbI DTOTO BYOYT 06CYRAATBCS g ’ o omn on
1 B JIpyrom paspeiic. B 3nat H
. . MTCJILIIOH Mepe Ol Oll-
PEACIISIIOTCS TCKTOHUUECKON 06CT: H i .
CTAHOBKOH, 110 TaksKe HaIlpa
‘ : BlleHHeM (uibTpa-
umécbmonnon H COHCpKAIHCEM B 1MX (pOCcHOPHBIX coeauteui @ P
. 4pHALMH COCTABA MHICPAJIOB (10 30HAM METACOMATHUCCKOI KONOHKH OCTA
Cb Heu3yucHnbiMH. Ho cyns mo rucror -
M. FHCTOrpaMMaM (cM. puc. 8) H ¢ 7
I'puMMe BAPHILHH COCTABOB o aconmon (o
g H [THPOK CCHOB  YIILbTPalues o bIX
‘ 5 bIX MACCHBOB (CM.
pHc. 3), ¢ NpubiuxkelneM K MarmMaTHieCKOMy KOHTaKTY MUpOKCeH MeTaco(Ma
THTOB OGOTALIAETCA IIHPHHOBLIM MHHAMIOM M conmxaercs :
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¢ TAKOBbIM Hed)en H-

HOBBIX CHeHUTOB. HedesiMH METACOMATHTOB B DTOM HAHPABICHHH JLOIARCH 0bu-
ramaTbesl KaJideM, @ KaJIMILIINAT — anpOUTOBLIM KOMIOHEHTOM. Takoc u3sMeHeHie
MO’KeET NMPOMCXOAMTb He MOHOTOHIIO, a CKaW<o0OpasHO, MECTAMM BOIBPITHO,
Kax 370 oTMeudeto W.T. Pacc [97] upu denntnsaunu onusutintos Kosuopekoro

MaccuBa.

XUBHHCK Ml MAaCCHB MPECTABIIAET PeKY10 BO3MOKHOCTh HAGIIIOAATD dbennTH-
3upyolee BO3jeicTBHe BOrlee JIEHKOK PuTo BOI, YPTHTOBON (a3nl HIAOIHTOBOK
Marmbl Ha pallee KOICOIMIMPOBaAIIHbIE ME3OK PATOBbIC HHONHTBI. Ye1aHoBiieHO
[2], 4TO cTPyKTypa HAOIUTOBOrO KOMIUIEKCA MACCHBA (en. pue. 5) obpasoBata
TOHKO- U Ipy6opaccloeHHON ToJlLEH TPAXHTOHITHDIX MCIIBTEHTHTOB, HHOIIHTOB,
YPTHTOB, HOJIOTONAMAIOWCH K LCITPY MACCHBA, KOTOpPAs puccenaci Donee
no3aHeit cy6coraclioll MHTpy3Hed OUIOPOMUHBIX MACCHBHDLIX YPTHTOL Hid BCpN-
HIOI0 M HHXKHIOIO TAUKH TPAXHTOHIIBIX MOPOLL.

B CIIOMCTBIX I4yKax MecTamu HabiioaaerTcst Gonlce TONKOE PUTMHYHOC pdc-
crioenne (TaGnuua [V, /) Ha BepxilMit CIIOR YPTHTA, NOCTEHEHHO CMEHAIOUCTOCA
KHU3Y MHONMTOM H 33TCM MelbTEHIHTOM. MeJIbTEHTHTOBBIH CITOH CHH3Y cpe-
3aeTcsl YPTHTOM HHXKHErO pUTMA. YpTUTbL ObOrauienbl cheHom. MoUHOCTL
OfIHOTO pHUTMa JOBOJILHO YCTOHYHBAaA — 15-20 cm. 3aKoHOMCPHaSI NOBTOPsC-
MOCTb PHTMOB M MX BHYTPEHHETO CTPOEHHA, OlPEeN AeMOr0 HAKOTUICHHEM KHH-
3y Gonee IUIOTHOrO MHPOKCEHa (a TAKXKC UMATHTA M MATHCTHTA MO MHK POCKOLH-
YeCKHMM HaBIIIOLeHHAM), He OCTABNAIT COMHCHHA B 0OpU30B4HHH HX B pC3ylib-
TaTe PHTMMYECKH NMOBTOPAIOLIEACA KPHCTAJUTH3AUHA MATMATHICCRUY CHOHKOB
¢ FPABUTALMOHHO-K PHCTAJUTH32 LHONHOH i G epeHLHalHeH BHYTPH HHX.

Kpome Takux CIOAKOB CyGMOHOMMHCPAJILIBIX YPTHTOB. B MACCHBE Paclipo-
CTpaHeHbl Tesla MPaKTUUeCKH MOHOMMHCPUIbHDIX VCIUMBHBIXT YPTHTOB MOLL-
HOCTbIO 10 HeCKONbKHX MeTpoB. [IpoHcxoxjleHHe MOCIedHHX IIpeiAcTaBIAeTes
3arafoyHbIM, TAK KaK MX CJIOXHble (POPMbI M OTCYTCTBHC KOMIUICMCHTAPHbIX
MeJIaHOK paTOBbIX OPOJ, He MO3BOMMIOT CUMTATL X Pe3YJibTATOM [paBHTALHON:
HO-K pUCTAIU1H3aLHONHON Ay epeHiIHaluy.

Mbl 06paTMiM BHUMaHHe, YTO MOSIBIAITCA OHH HAa KONTIKTAX TeJl MACCHB-
HbIX YPTHTOB, CCKYLIMX CIIOMCTO-TPAXHTOMIHDLIC HAUKH wiosros. HarieTosu-
JIHBYATbIE BBICTYTIbI CJIMBHBIX YPTHTOB B OK DY RAKUIHE PACCIOCHHDIC HHOIHTDI
yKa3biBAlOT Ha pA3BMTHE MX 32 CUET HOCICIIHX METUCOMUTHUCCRIN HYTCA.
C MaccHBHbIMM YPTHTAMH KOHTAKTbl Pe3K HC. MaUMATHUCCKHE. TuRHe cOOTHOMIC
HUS CIIMBHBIX YPTHTOB C OKDY KAIOWIHMH HHOPOLIMIL TO3BOJIAIOT IIPEIULOIOMRIUTE,
YTO OHHM ABJSAIOTCA MCTACOMATHTAMM MAIMATHUCCKOH CTAHH MAUMDL MUCCHB-
HbIX YPTMTOB, PAa3BMBAIOLMMHCH 3a cueT HionuToB. [pemosnoxeite Tpedyel
06CTOATENILHOM NIDOBEPKH.

Bpicokaa  (IIIOHIO0AKTHBHOCTL HeesIMH-CHEHHTOBBIX  MdTrM Xubuuexoro
IUTYTOHA, 3ahUKCHPOBAHIAA B DHCUOPPHTH3ALMH HAOMHTOB, ELLE patbllie ObUIA
BpisiBiena P.T1. Tuxoucikoroit [113] 1o (eHHTHIaUHI THEeHcOBO-CaHLEe BHIN
TONU, B KOHTAKTAX ¢ XWUOHHMTOBBIMH HegeJIMHOBBIMH CHCHHTAMH BHCUIHCTO
Kobua mrytona. C 3allafla B CeBCpd BMCLIAIOUIME HIITPY3IHB TOJIILH TPCACTAB -
NeHbl aMpHBOI-BHOTHTOBLIMI H GHOTHTOBLIMH THEHCAMH, MHIMATHTIMIL it IUTd-
rnorparutamu. OT BbI3bIBAtOWHX HX (EHHTHIAUHIO XHOHHHTOB OTH HOPObI
omiHualoTea GONbUMM comepxatiemM SiO; HIPHMEPHO iy 10 nac.% H MeHb-
wum — AlLO; — 7, K,0 — 4, Na, O — 3. Mac. % Jlmub 18 KaJTHs 3TH PasJIHIH A
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TIPEBBILIAIOT NONOBUHY €rO COMICpPHANUS B I'PAHUTAX u rueficax. Ins 3aMenelus
HX HedeTMHCHEHHTOBOR MarMoil HeOBXOIM MBI He3HAUNTEIbHbIe nepemMene HU A
bewectda npn Gpenntusammun. o maGmonenusm P.IT. Tuxonenkosoit [113],
(CHUTH3ALMA 11pOABIISTETCA 1A YA34JeHHH OT MiCCHBa B 1—2 KM. Buauane B nopo-
AAX MPOUCXOMUT I'PaHyJIMPOBallhe MarMOKIIa3a | KBapla, conpoBOXnawuieecs
POCTOM HX MEJIKHX KPHCTAJUIOB B MHTePCTULMAX, MIIATHOKIIA3 pacKUC/ AeTCA
OT AH,yg_35 10 AMqyo_s,, OKONO 3€peH KBapua 0bpa3yloTca KaemMku rony6o-
BaTO-3¢s1€HOTO amdpubona. Box pyr NEePEK pUCTAIUTH3O BAHHBIX GUOTHTA U NepB HY-
Horo amdubona obpasyetcs MEJTKO3¢ PHHCTBIH GHOTHT. 3TH NpeBpaleHUA HOCAT
YEPTBHI HATPUCBOLO MeTacoMaTo3a. Bilmke K MaccHBY 1OpOAdbI, Ha3BaHHbIe
P.II. Tuxonenkosoit onurokazossivy beruTaMm, c0XeHbI MNarMoKnazom
AHyg_|s M NATHHCTO PaclipeleJIeHHbIM Lite/IouHbIM amduBonTom — KaTtaopu-
ToM. B nopone coxpansores PCIIHKTOBBIE MHHEDATIBI HCXOTHBIX NIOpOX, U THel-

COBHIIHOCTb, YTO CBHJETENILCTBYET O METaCOMaTHYeCK O Npupoe wusMe-
HEHHH.

EluC Ormxke K MACCHBY B OJIMTOK JTA30B bIX

(bCHUTAX TPOMCXOIUT NOCHOitHas
KaJIMUIIA TH3a M,

HecupoitnnkoBannbit  kamumar 3aMelliaeT IJIarHOKJIa3
¢ KpaeB, MOCTENeHHO 3aXBaThIBAsA 3¢PHO LETHK OM. W3omerpuunpie 3epHa kanu-
UMATa cpacTarnTcs B Goslee KpymHble ¢ 11 paJU1eNIbHO O PUEHTH POBAHHBIMH BPOCT-
Kamu M1arHoK1asa, 4To, BEpOATHO, CBHUIICTENLCTBY €T O CTPYKTYype pacnapa. B pa-
JIOBOM CocTaBe Kammunata comepiutea 40 MOm.%ab6ura. AmuGon npenctaBen
arperaThuiMU CKOTICHUAMH, 3 110 COCTAaBY OTB eYaeT BBICOKOHATpHEBOMY KaTaco-
puty — (Na, 5Ko,3Cay 1) o(Fe") ,%Fe+0,%1M32,4Mno,1A10,5)4,91(517,[Tio,2A10,7)8 0,,
(OHg »F )5, CONepxkaleMy 6ONbLIOE KOJNMYECTBO dropa. Mocnennee xopowo
COOTBCTCTBYCT BLICOKODTOPUCTOH 06CTaHOBKe ($hOPMHPOBAHMA MarMaTHYeCK UX
H METACOMATHICCKHX KOMITEK COB TUIYTOHA. ATIATHT MacCHBA OTHOCHUTCA K GTOp-
HOMY THMy, & B PHCYOPDHTAX U4CTO BCTpeuaeTcs bTOPHA HATPUA — BelTMOMHUT
(NaF). 3ru Kamunar-amgubonossie noponp: 00pa3syIloT 30HY KamMINAaTOBBIX
dbennto. B Menanok paToBbix MPOCIOAX NOPOJL ITOH U Aare N peblmyLeit 30Hp!
MOABNAOTCA 3epna HedenuHa, YTO yKa3bBaeT Ha MH} WITbT paMOHH b1 XapakTep

MCT4COMATO34 C PEAK LIMOHHBIM M3MEHEHHEM XMMHYeCK UX NOTCHUMAJIOB BIOJIHE
IIOAB HXKHBIX KOMITOHEHTOB, B YaCTHOCTH HAT
cybcrpara.

lloponer 3011 HenmocpencTeentoro KOHTAKT4 C HeETMHOBBIMH CHEHUTaMU
!A3BAHbI Hedenuil-nose BoWNaToBbIMK erntamu. OHU cocTo ST Ha 60-75 06.%
M3 KAMWNMATY 1 KA 515 06.% u3 Hedenuna. P.I1. Tuxonenkosa NnoavepKUBaeT
CTPYKTYPIYI0 HCOMHOPOAIOCTL HOPOX, 30HpL ¢ NepexonoM rpaHoGNacToBbIX
CTPYKTYP B TMIIMANOMOPhHO3E PHHCTbIE (vavano nnamnenus) c NOfABNIEHHEM
B nopoae Hedenuna, Kanuwmar TPHOGPETACT IpU3MATH YECK He OYepTaHUA, Kapii-
cBafcioe ABOMHMKOBAHME, UTO HCCeloBaTeNn XuOHH CUMTAIOT HANENH bIM 1pHu-
3HAKOM MArMaTHUCCKOTO IPOHCXOMKIeHH S, KpynHbie mmomopdusie Kpucran-
Il Kanuumata u HedpeNMHAa MOrpyskeHbl B MEJIK 03¢ PHUCTYI0O Maccy HedpelliH-
KaJIMIWIATOBOrO COCTaBa, YTO, Ha Halm B3IJIAN, CBHAETENIBCTBYET O HENOJIHOM
IUIABJICHUH NOPOJ, ¢ KCEHOTEeHHBIMK nopgupox pucramu. Mo manupim P.I1. Tuxo-
HieHKOBOH, KAaNMIUNAT 3TOM 30HDI COREpXHT OKoN10 20 Mon.% anvbura, a Hede-
auH — 19,0 mMon.% wanvcunura. Hedenun xubunuros CONEPXHUT KallbCHIIUTA
Gonbite u MeHbiue 3TOTO 3uaYCHus, Temiousetnnii munepan HedeNMH-Ka -
IUHATOBbIX (CHUTOB, KAK M XUBHHMTOB, TIpCACTABIEH NHpPOKcelioM ¢ 37 Mon.%

drHpuHoBoit, 27 Mon.% reficHGeprutoBoit U okono 16 mMon.% IUOIICH IO BO
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pHA B 3aBHCHUMOCTH OT OCHOBHOCTH

MOJIeKyJl. 3HauMTeIbld J10J14 KAAEHTOBOH MOJIEK YIIbl —~ 1‘) .\“j”,.? :\‘flp\nl\(ltli
O OTJIMUHe BceX NMOpoaoobpasyroulHx MHIlEepasioB al[OFHCHu)I'pd} HT ,A)Y e e
JTUH-KAJIMUIIATO BoIX (DEIMTOB OT COCTaBa allajlo rIHYHbIX MHHC[“\”OB[ ”t?el;i‘;iupl ¢
40 ppHTOBO rpynni;l. TMpoxcenpl nocieaHux Borave '3rup|mo.1, Hec >
KaJIbCHITMTOM, a KaJIMIINaTh! Oefitice anibObMTO BbIM MMHAJIOM.

Il cpaBHeHHA KpaTKO onuuueM ¢elHTH3ALHIO rpaumoln‘n‘ KOI{;IF)B}:{TI(; ;1{1:)01;;:
TOBOrO M KapGOHATHTOBOIO HHTDY3HBOB anlCCH‘IeCKOI‘O‘MAL(.H'BB Emmm EOC.
ruy, HeJaBHO HcclleloBaHHOro nosropho [145]. Iupuna Op‘CO,I? cb' o coc
tapnsaer 0,8--1,2 KM, MOUTH gocTUras AMAMETpa MarMaTHYCCK X Te,l.) reno-
BaTeJIH BbIOENAT (eHUTbl HU3KOH, cpelHeH H BblCOKOH”CTCII('iHH l({T; Ml;;}pnﬂi/c
pbi?) H3MeHeHHH, HapacTawilell K HHTPY3UBY. AB'EOpbl ymulemTB B;;xnmmo-
(beHHTH3A1MH B 10 POJIaX JK30KOHTAKTa Mog, BO3/ICHCTBHEM dmouao T, o
IWMXCA U3 MarM. MarmMatyeckue Noposibl BO3AEHCTBHIO 3THX’ ‘q)mon,mn }far,\,;].
Bep>KeHbI, YTO [AOKA3bIBaeT NMPHHAIEXKHOCTL (hEeHHTOB K 00pa30BaHHAM M
mqg)ce}:ls};nzgaﬁuﬂ'no;mepra}orcxi BHOTHTOBbBIE nnarnoEpuHMTbI, a ucro‘{}mKo:
MeTacoMaTU3HpYIOLUX (DOHAOB ABJIIIHCD MarMbl Muonm-yprmosoro), (;ronM-
KaT-KaJbUMTOBOro (CeBHTOBOIO) U JOJOMHTOBOIO (payxaBru'rOBo‘ro cow
wiekcoB. Mx ¢deHuTsl, pacnonarascb B pa3HbIX HacTAX MACCMBA, CITHBAIHTC

H BIBHbBIA Opeo.
06%?2});?;?;*&;‘: };;I;Eeuﬁos nog, choancﬁcmHCM Ebmonnoy ,l1ﬂ(’:l,!il'li',va;rl:r:)} {l}rtlll(\
KOMIUTCKCAa BBIPAXACTCA BO BHellled (vaalieHloi oT ,\mMdTu‘ll{‘_u\ox:PiH m;.
Ta) 30He B 3aMelleHUH MePBUHUHOTO GHOTHTA napareneaucgm }\‘1111\1{{111‘ ‘.ﬂ;B“w_
3HasbHbI aphBeACOHHT+MArHETHT. ATperaTbl rluparcueaxwd oK py,*\jx;o;t“ GH;‘O ;
KO3THPHHOBBIM MHPOKCEHOM ¢ MATHEeTMTOM. AHe3HH Jamcurgen” c’1£1-'xg'1;1.
MpH COXPAaHHOCTH KBapla. BepodTHo, HHpOKce}H'MaI‘HCTHT*’aJXE: UT plz 4 }\:T;;qe.
eT acCOLMALMI0 cllefylolllei 30Hbl eHuToB. Kaymumar nepBoH 30111,11 E)(})MMm €
CKHM JIMIIEH anbOHTOBOTO KOMITOHEHTa, MHPOKCEH CONePAMT 75— MO
a.

3m§"{*§>30;00:ﬂ*1:§;m}<m MOPOJBI CII0XeHbl B OCHOBHOM HMpOKCCHOM-H neparu‘;
TOBbIM KanuumaTtom (40% anbOGHTOBOrO KOMITOHEHTa) C npy{MCCbm;:Bipl;oc;
anbOUTa. ITHPHHOBLIH KOMIIOHEHT MUpPOKCeHa 30HBI MeHAETCH OTG, ”;rlmmm
MpH NPUMCPHOM paBCHCTBE COAEDXAHMA OMOMNCHOOBOTO W TejleHOep
Mm&?{?ﬂbl M3 HellOCpPeICTBEHHOr0 HHTPY3UBHOTO KOHTAKT4 He mylfem)t. }il;l)a:;:
CMOTpPeHHOM YacTH pa3pe3a Tesia ¢eHHTOB oOpallaet Ha C?6ﬂ BHNHI'\/:;dHHP:H“H g)
pbIBHOE TMOHMXKeHHe B MHPOKceHe ITHPHHOBOrO MHMH4A (CM. PHC. ,noﬁnamw-
¢ Npu@IHXEHHEM K MACMAaTHYECKOMY Teny, HpOTHB(‘)HOHO)KTfoe npe o e
UM TEeH/IEHILHAM B (pCHUTOBBLIX OpeosiaxX Apyrux Macuuso_n (cM. puc. K OB
JIIOLUA COCTaBa MUPOKCEHOB B HHOMKUTAX, HANIPOTHB, Bblpﬂ)i\aeTcg;‘i pOCTiocraBbl
TaKTy KOJIMYeCTBa 3TBWNHHOBOro MuHana (cM. puc. 3, nmmﬂ6 R :.Ke).mﬂ o
MUPOKCeHOB (heHHTOB U MarMaTHYeCKHX NOPOI K KOHTaKTy C HH?K ; m;mmm
HO MOJarath, YTO BOIM3M MHOMTMTOBOrO KOHTAKTA IPOMCXOIUT HED eIlu
(heHHTOB, KaK B 0peosiaXx KapBGOHATHTOBBIX M APYTMX MACCHBOB. | .

B KOHT4KTax ¢ CHMIHKO-KANbIITUTOBbIMH CECBUTAMHU H uommnmm,%;\{.n’:nywa
HaTHT4MH TPAaHUTHI aTbOUTUSUPYIOTCA C 3aMelileHHEM nepmmgor}qi rxn.ilrxu)ﬂu,l;’n;
KaJMumnaTa M KBapua, Toraa Kak OHOTHT NpeBpamacTcst B arperar }\"1411‘;“”{;)“-
+MarHeTHT+pUOCK UT; MOCTeOHUHA NO3XKe 3dMELACTCA IIHPHHOM M OTHY ‘.dg
4, 3ak. 1667




THTOM. Ha camom KOHTUKTE ¢ ceBHTaMUM eHHIBL CIOKCHBL [THPOK CCHOM
¢ 30—40 MOJL% JIHpPHIL, KAOIMILIIAT-LEPTUTOM ¢ HeBOJIbLLIO | IIpHMeEChI0 aJIbOUTa
K4NIbUMTOM W OGHIIBHBIMH AKLECCOPHBIMH — CheHOM, ANATHTOM, Mar}lemromj
Ha koHTaKTe ¢ NONMOMHTOBLIMH KapBOHATHTAMH (beHUTDbI 1IpefICTaBleHbl KaJIH-
WHAT-pIIOTONUTOBbLIMU NOpoAaMH. [IHpoKceH n3 GeHUTOB KapBOHATUTO BbIX Ten
C IpHONMKEHHEM K MarMaTHYCCKOMY KOHTAKTy (CM. pHC. 3, THHHA E) cbnu-
KAETCH ¢ COCTABOM NMUPOKceHa KapBoHaTHTOB (MuHUH A K B).

3aMelende KBapua wbGHTOM B deHuTax maccupa (DeH, a He aMpubonom
HJIM TTHPOK CEHOM, KuK B XHOHHAX W IPYTHX MaccHBa X, 06y ClIOBNEHO, BEPOATHO,
HE3HAUUTC/ILHOH dKTHBHOCTBIO M TPAHCIIOPTOM JKelleda (iiionaamMu MaccuBa QeH.
[lootomMy 1 costepxaiie JTHPHHOBOR MOJICKYJIBI B TTHPOK CeHe ($EHUTOB 3TOTO

MJACCHBY ¢ IlpMGJIH)KCHHeM K HeMy Hajder, TOTdd K4K B OOJILLLIMHCTBE ApPYTHX
MAaCCHBOB pacTerT.

Taxum 06pa3oM, passutHe ¢ CHUTOB M0 NOPONAM JK30KOHTAKTO B 1L &TOUHBIX
H KapBOHATUTOBBIX MACCHBOB NP OTCYTCTBUK CONPAXEHHBIX M3MeHeHUil B 10-
POMIaX 3HIOKOHTAKTOB CBHAETENILCTBYET O MATMaTHUECKOM MCTOUHHMK € heHHTH-
3UPYIOLIHX (IIOHOB, OTAENAIOUWMXCH OT elle *UIAKHX MarM. CrlefI0BaTelbHo,
GbeHUTbI OTHOCATCA K METACOMATHTAM MAarMaTHUeCKO# CTalM. Orpomibie 06be-
MbI MET4COMATHTOB, CONOCTABHUMBIC M [axke NpeBOCXOAfAHe (Hanpumep, B Kop-
0pe) pa3Mepbl MArMaTHUECKHMX TeJl, He MOTYT 0Gpa3’oBaThes 3a Cuet pecypcoB
CAMHX M4aTrMAaTHUCCKHMX TeJl H, BEepOAITHee BCEIO, MOCTYNasiM B BUIE NPOUCXO1A-
LHX 4CPC3 MAI'Mbl IOTOK OB (T PAHCMATMATHYe CKUX) (ITIOHOB.

XapaKTepHasi 0CODEHHOCTh HEHHTH3ALMK TIOJTHK OMIIOHEHTH BIX 110 pofl B OTIH-
‘MU OT MAJIOKOMITOHEHTHBIX COCTOHT B TOM, YTO H3MeHeHH i [ POHUCXOAST yTeM
TIPOTEK 4HHA NONTUMHKHEPAIbHBIX PeaKIMil Tha MeTaMopduueckux. Taxkoit npo-
Lecc MOJKeT ObITh COMOCTaBEH C HEH30 XHMHUYe CKUM (aJU10 XHMH Ye CKHM) MeTaMop-
GHU3MOM, YTO 3aTpy/IHAET HAEHTHd UKALMIO IO KAK MeTaCOMATHUECKOTO npolec-
ca. JIulb B THUIOBBIX 30HAX METaCOMATHYECKHX KOJIOHOK MOPO/bI npHoOpeTatoT
XdPAaKTEPHbIH I METACOMATHTOB MAJIOMHHe paJIbHbI! OBMMK U HMEIOT TEKCTY-
Pbl, HE34BHCHMbIE OT HCXOIHOTO Cy6CTpaTa.

OPYTUE THUIIbI METACOMATHTOB
MATMATHUYECKOW CTAIMUU

Bbrure paccmoTpelibl B¢ Haubomnee H3yueHHble HOPMALUK METACOMATHTOB
MArmMaTHuecKon cTaguu. CylHOCTh MarHe3uanbHo-CKapHOBOM dopMauuu on pe-
AENACTCA T1eTPOXHMH ie CKHMH 0COOEHHOCTAMHU 3aMellaemMoro cyberpata — ero
BbICOKOH MATHE3HAJILHOCTbIO W HEe[OCHILEHHOCTbI0 KpeMHede MOM. DalipabHoe
Ke pasHooBpasue GOpMalUM — MHHepaJOTHS M 30HAJIBLHOCTD CKapHOB — 0Oy-
CTIOBJICHBI COCTABOM MarM W ypOBHeM My6UHHOCTH (u/win Pcg. ) ux dopmm-
poBaiia. QOpMals (HEHHTOB, HATIPOTHB, OMPENENACTCA COCTABOM 110 pOXaak0-
LUHX HX MarM — yJIbTpalieTOUHbIX (HeHIOCBILIEHHbIX KPeMHE3eMOM H HaChilleH-
HblX MM) M KapGOHAaTHTOBbIX. JIMTONIOTHA 3amellaeMbiX nopofd BbI3blBaeT da-
UHAIBHBIC BAPHALIME METACOMATHTO B. M3 conocrarnenus daxTopos, on peen sito-
LHX METACOMATHYECKYI0 (OPMALIO, Ole BHIHO, BBITEKIET, YTO 3TH ABe (opMa-
LWHH le OXBATHIBAIOT BCe ¢ OpMaLHMOHHOE Pa3HOOBpa3He TPyIbl METACOMATHTOB
MarmMaTHiIccKon cTaui. HeoXapaKTepH30Balbl, CKaXCeM, MeTaCOMATHTbI U3 KOH-
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TAKTOB MaTM HHbIX THIIOB H Pa3BHUBAIOLLHCCS 110 HH3KOMATHC3HAIILHBIM K peMHe-
KHCTbIM TOPOJAM.

Cpeld HHUX LUMPOYAHIIMM  PAaclipOCTPAHEHHEM HOML3YIOTCA MCTUCOMUTHTDI,
COT PO BOXK/AAIOLHE TPAHUTH3ALIMIO JIHTOJIOTHYECKH PA3MUUHbBIX 10 pofl. Omita dop-
MalufA TAKHUX MeTaCOMATHTOB, @ HMEHHO MarHe3nasbHO-CKapHOBas, yxe 06Cy*-
fanach. Jlpyrde MeTacOMaTHTLI 3TOH IPyNIbl H3yUueHbl HEJOCTATOUHO, HeCMOTP
Ha MIOYTH BEKOBYIO HCTOPHIO MCCIIE[LOBAaHUA TpaHHTH3alMH. HO  OHa He 10 KOH-
Ia moHsATa. [lpeyIokeHO HeCKONBKO TeHeTHUCCKHX MOJesieli IPAHHTH3ALHH!
MeTacOMaTHYECKasl, dHATEK THUECKasl, HHbeK LIHO HITO-MAarMaTHue CKas, NaJIHreHHO-
MeTaCOMATHUECKAA M MalMaTHUeCKOTO 3ameiueHHA. M3-3a HepadpaboTanHOCTH
OTJIMMUTEIILHBIX KPUTEpHEB MOellcH BOK PYT I'DAHMTH3aUHH BeAyTCA HellpeK pa-

. walMeca OMcKyccHu [17,47, 81, 121 u ap.]. B 1npiupoiie BO3MOXHY pealin3a-

LHA 110608 M3 MoJelied, XOTA B OMNpefleleHHbIX YCIOBHAX NpeobnalaeT olHa
u3 Hux. CkaxeM, Ha mybuHax 30—40 KM edmBa JIM BO3MOXKHO UIMPOKOe HPOAB-
NeHHe MHDBEK UMOHHOH MHUIMATH34UMH U3-3d HU3HYECKH OTPAHHUEHHBIX BO3MOX-
HoCTeit MepemelieHns BewecTBa. Kak noxasanu B.A. Xapurxos, C.H. T'aspuxo-
Ba [17], 3pech NpeoBNaanT npolecchl MArMAaTHYECKOTO 3aMelle HH A, 06A3aTe Ib-
HO COMpPOBOIAIOLIMECT METACOMATO30M MarMaTHuecKo# cramuu. [ToawiHen-
HOCTb M HE3HAUMTEJIbHOCTb MPOABIIEHUH Ha JTHX [1yOHHAX MAaTMHI¢HHO-AHATeK -
THYECKHMX MPOLECCOB [0KAa3bIBaeTCHA MPAKTHUECKHM OTCYTCTBHEM 3HeChb PeCTH-
TOB, KOMIIJIeMEHTapPHbIX [PAHUTHBIM HM3KOIUIABKHM PACIIABEM. 31O XOPOLIO
noka3sato B.A. Xapukosbim # C.H. TaBpukoBoil. MHTepecho, 4o W AHTORO MHe-
CKH GMaronpHsTHble WIS MAJMHIeHe3a W AHATCKCHCE AHOHNCIHTOBDLIC THCHCDI
MNaBATCA JIMLLb JIOKAJIbHO B YUYAaCTKaX, Npe ABAPHTEIILHO 11 po paGOTaHHBIX HHOPOL-
HpimMu piionaamy [94]. K BbIBOY O I'PaHHTH3dLMH 1107 AeHCTBHENM IITYOHIHDIX
YITIeK HCTIOTHBIX (DIIIOMIOB NPHXOAT H 3apyBesxible yuellble [135].

[ paHHTH3aLMA KaK MarMaTHYecKoe 3amelletie 0BA3ATENbHO COMPOBOX/IAET-
CA MeTacoMaTO30M THeilcOB MarmaTHueckoil cramnu [47]. Hanbonee narnsanio
3TOT Mpollecc NMpOfBAAETCH NMpH FPAHUTH3ALMH KpPHCTAUIOUIaHLeB Ba3HTOBOTO
COCTaBa, BbIPAaXaAch B HMX MOJeBOLUMATH3AUKK H OCBeTIICHHH. SIPKHC HIPHAE LI
TAKUX M3MeHeHHit HabnropaloTcsa B HeOy IMTOBBIX MHUTMATHTAX. B HX rpuHHTHBIX
COCTABJIAIOLHX OCTAIOTCA HeCMelleHITble TellecBbIC PElTHK Tl HCXOJIHOTO cyBeTpa-
T4, pasfefieHHpble B3aHMHOIEPECEKAMHMMHCA HHIIKAMH [PUHHTOB (AT MITHTO-
Bble MHIMATHTBI). JJOKA33aTeNbCTBA NPEATrPalIMTHOTO M3MEHEHHA TUKHX PENHK-
TOB GbUIM TIpEJCTaBIelbl B pa3fleNic XapaKTePUCTHKH TCONIOTHYCCKHX (OpM
NpoABieHHs 0O6CYKIaeMbIX METACOMAaTHTOB M TdM K€ [PHBOUMIIHCL JIOBO/bI
B NOJb3y MX peTHOHAIILHOTO pacnpocTpaHeHus. IIpy BeceH OUeBHIHOCTH DTHX
M3MeHeHHIl U OOWIIMM B JIMTEpaType MaHHbIX N0 COCTaBY B3aHMOJIeHCTBYHOWIHX
Cpefl OCTAKTCA HeACHBIMM MeTporpadHiueckue H I1eTPOXMMHYECKHE 3UKOHOMED-
HocTH mpouecca. O3aJaunBaeT HeyCTOHYHBOCTb [IPHBHOCA—BBIHOCA KOMIIOHEH-
TOB [IpH IPaHHTH3ALMH, OCOGEHIO HATPHS, KaJlHA, d TAKIKe ITHHO3CMA. KiJIbLLHA
u np. Eule MecHee #ACHBI 3aKOHOMCPHOCTH MHHCDAIILHO-IET POTPad HUCCKHX
npeppaluernit. HectabuibHOCTb GanaHca BellecTBd, BHAHMO, CBA34HA ¢ CHIBHON
JIHTOXUMHUCCKON HeOJIHOPOHOCTBI0 3aMCUECMBIX TOMIN, BIHAOILICH Hd XHMM-
YECKHMil MOTEeHLIMAJI BMOJIHE [OMIBHXHBIX KOMIIOHCHTOB 1t HX Ocwxiehune. B nep-
BYI0 Ouepedb 310 OTHOCHTCA K lleouaM. Pasnoe conepiaiine HIEPTHBIN KOMIO-
HeHTOB B 3aMellaioutem cyOcTpate TpeByeT HeOUHHAKOBOIO HX HIPHBHOCU- Bbi-
HOcCa, YTO BBLITCKAE€T M3 3aMeuletH s JIHTOXHMHUYCCK H PA3JITHUHLIX TTOPOJT OO pOJL-
HbIM B KOHeuHOM cyeTe pacniaBom. K mpumepy, MarsaTHUeCKOe 3aMelleHie

51




I‘HCﬁC(%CJl’dHlICBbIX TOJHL TUITATHOTPAHUTHBIMH  MaTMaMH BbI3bIBA€T B THeHcaX

POCT MOphUPOBITACTOB [NATHOK JIa3a ¢ 06pa3oBaHneM 0UKO BBIX TEKCTYp, a B aMm-
¢ubonurax — HoBoOG6pazoBalHMe Kajmumara, GHOTHTA, albMaHAKHOBOTO IpaHa-
Ta ¥ KBapua. I'palluTusauma, Bo36yxaaemas GIIOHOAMH MATM MOBBILIEHHO i 11e-
JIOMHOMETAJIBHOCTH, HallpHMep, ABYNOJIE BOLUNAT-KIMHOMIMPOK CEHOBLIX M THIlep-
CTCHOBLIX TPUHMTOB, BBI3LIBAET BO BMELIAIOLMX TOPOHAX KaJIMIIMATH3a1HIo,
JaMelletHe GHOTHT-K BAPILeBBIX 4CCOLHA LM KaJIMLITAT-TUTIe PCTEHO B bIMH,
LLEITHE TUTAMOK I 308 AHTHIEPTHTOBBIMU BPOCTKAMM.

YKe 1OCHe COCTABIICHHMA TeKCTd KHUIM B I 13
B.A. Kapukosa, CH. T

HacCbl-

MEeYaTH UHTEepecHaA CTAaTbA
aBpukoBo#t [17], B KOTOpO# K paTKO 06cyxpawTcea npo-

LEeCChl TPAHUTU3A UM Ha 100 -3aMa 10U OKpautie AJID,Z!HCKOI‘O wHuTa. Ilo ux AaH- -
HBIM, Ipoucce BbIpAXKAeTCA B AKTHBHOH MOJe BOIUMNATU3a UMK BOKOBBIX HOpOIl}

¢ obpasoBaiineM BHyTpeHleit MOHOMHHEPaJIbHON 30HBI, CIOKEHHON OJIMIOK jIa-
30M WIH K4MUINATOM (B [10POJaX OCHOBHOTO COCTABa).

Takum 06pa3oM, MeTacOMAaTHTbI MarMaTHue cKoit CTalMH, COIl pOBOXIAIOLLL HE
TPAIMTH3ALMIO THEHCO-CNIAHLEBbIX TOJIL, M3yYeHpl HEOCTATOYHO, YTOGBl rOBO-
PUTb 06 YCTOMUMBBIX 3uKOHOMEpPHOCTAX. MckMmiouenue NpeACTaBIAIT [NYGHH-
HLIC MAarHeHATIbHbIC CKApHBI, I0IPOGHO paccMaTpUBABLIMECH BbLLle.

C.A. Typynes (1983 r.) TpeUTOXXHIT BbIACNIATL HOBble HOPMAINH MeTaco-
MATHTOB MATMATHYECKOH CTA[AMM, CBA3ANHDBIC C BO3AEHCTBHeM bmonnos ra66po-
HIUIBIX MarMm Ha pa3HooBpasHbie 6ok oBbie Moponsl. OH Ha3Ban TpH dopManuu:
TTHPOK CeH-TUTATHOK JIA30 BbIX POTO BHKOB, MHPOKCEHUTOB, POroBoOOMaHKOBOCO-
CCIODHTOBBLIX MeTacoMaTHTOB. K HuM CLA. I'ypyneBbIM oTHeceHb! TIHPOK CEH-
IUIdTHOKJIA30BbIC M M3MeHEHIIble KOp/IMe PUT-T paHaTOBble porosuku Yaiickoro
MACCHBA,  ILMHHEIIb-TUTAMHOK JIa3-K O PN ePHT-THIle pCTEHOB ble NopoAbl M3 3K30-
KOHTaKTd MOHYeropckoro nyyToHa, TUIIEpCTEH-TUIArHOK TA30Bbie M KJIMHO-
poKcelioBble noponpr Yaitckoro u Opuink aHcKoro MaCCHBOB, [THPOK CeH-I1J1a-
THOKIA30 BbIC TLUIAMTHI YPASIbCKHX [IyHHTOBBIX MacCHBOB, MJIarMOK 1a30Bble aM-
¢ ubonuTe npubaiikanbekoro DOK eMOPHA, HUIKOK peMHUCTble NIeHK OK paTo Bble
THEHCBI ¢ OUKOBBIMH TEKCTYpaMH Hiopyraykancioro maccua. OcoGenno unTe-
pCCHb! - ITHPOK CCH-TUIATHOK TA30BbIE  ANOTIENI HTOBbIE MeTAcoMATHThI Yait cicoro
MacenBa (KoHnnkos, 1986 r.). O6biuto xe HOPOAbI MEJIMTOBOTO COCTABA HAa KOH-
TAKTAX ¢ rab6ponaamMu NyIaBATCA NpeBpalasics B rpaHo¢ upsl, Hanpumep, B Ta-
HaXCKOM pymiom yajie [24].

Monvrrka Beinenuts rpymny popmMaLMA MEeTacOMATHTOB MarMaTHYeCKoO cra-
Luu rabOPOMAHBIX MAM OMpaBHaHa. B MX KOHTaKTax H3BeCTHBI clieund HdecK He
NPOUeCcCh! MA4THOKTA3H3AUU U TTH
Topbie AT. locnesnos [95] waspian nopdupusaumeirt U nopdbupHTHIALMEIL,

Mpumep Takolt nnaruok siasu3auun B KOHTAKTC OJIMBHIICOAE PKAIUMX rab6po-
HnonepuToB OBUI MCCIIEOOBAH
HIMCIICHHAM OB epratoTes ¢y GMOHOMUHE pasb
HoBbie nopossl. OporoBHK oBallHe Mepreteit u

Npoleccbl MeTaCOMaTO3a MpoAB-
JISUTHCHL Ha [‘H}’GHHC B

2,5 KM. Bnu30cTh K 3eMHO# NOBEpPXHOCTH 0Oy CNOBWIA Bbl-

COKHC TCMICPATY pHbIC TPAAHEHTDBI M GBICTPYI0 KPHCTAINTM3AIMIO BHICOKOTEMTe- |

PATYpHDIX OBpa30BAHMH, uTO BeIpa3uIOCh B MEJIKO3e pHUCTBIX CTPYKTYpax

POroBHKOB. Pusmepsl 3¢peH NUPOK CeHOB He npeBbiliaoT -2 MM. B Heno
CTBCHHOM KOHTaKTe

KPHCTAJUIBLI H COBOKYIIHOCTh
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MCJIKMX KPHUCTaJUIOB IJlarMokasa. B Gojblumicr-

POK CEHM3ALMN U3BECTKOBBIX MPAMOpOB, KO- |

Hamu B TanHaxckom pynsom yane [24]. 3gecs {
Hble alOMeprenucThle MUpoKce- |

cped: |
C H()JICPHTHM}{ B POTOBHKAX IOABIANTCA OTAeJIbHbIE g

Be cJlyydeB POrOBHKH KOHTAKTHPYIOT ¢ MEJIKO-, cpeflHe3e PHHCThIMI 310K OH-
TAKTOBbLIMH Ge30JIMBUHOBBIMU halMAMH [10J1¢ PHTOBBIX HMHTpPY3HBOB. Ho mitpo-
KCeHOBble POrOBHMKH, OOBIYHO B BHOE KCEHOJIUTOB, BCTpEYdlOTCA H BO Mny
PeHHHX KpYMHO3epPHHCTBIX [HKPHTOBBIX CJIOAX T'PaBUTALHOHHO pPacCIIOeHHBIX
MaccHBOB. DOpMBI U pa3Mepbl HOBOOGpPa30BaHHbIX 3epeH MIATHOKJIA3A B poro-
BUKaX MO HesCHOH MpHUMHE COBMAZAANT ¢ TAKOBLIMH BO3[ACHCTBYOLHX Ha HUX
noneputoB. HoBOOGPa3oBaHUA NMIarMoKIa3y B pOroBUKaX MpoABNIOTCA Ha yla-
neHun oT 10—15 cM [0 HeCKONbKHX METPOB OT MArMaTHYECKOrO KOHTAKTA.
C npufnnxenHeM K HeMy KOMHYECTBO KPMCTAJUIOB IUIATMOKJIa3a B pOI‘O‘BHK'dX
YBEJIMUMBAETCS BIUIOTb [0 NOSBIEHUA B YYACTKAX HMX CKOIUleHUA Mnkpoi}o-
NIEPUTOBbIX CTPYKTYD, €CNIM B KOHTAKTE ¢ HMMH HAXOOATCA KOHTAKTOBbIC pas-
HOCTH [I0JIEPHTOB ¢ TAKHUMH Xe CTPYKTYpamMu. B cryuae pasmelenns poroBukKos
B KOHTAaKTe C MK PHTOBBIMHU rab6po-aoiepuTaMu, o0naaaoliiMH cpefiHe3e pHHC-
ThIMH TNAHUIMOMO ppHBIMU CTPYKTYpaMH, IJIarHOKJIa3M3aLHA pOroBHUKOB BHaua-
Jle BbIpaXkaeTcsi B HOBOO Opa30 BAHMM B HHX M1PU3MATHUECK H-TAaBJIMTUATbIX CKesTeT-
HpIX Mopdupobnactos mmaruoknasa (Ta6nuua V, 2, 3). C npubinnxelnem kK mj-
KPUTOBbIM [10JIEPMTAM KOJIMYECTBO TaBNMTUYATBIX 3epeH [IArHOK1A33 nporpt?u
CUBHO YBEJIMYMMBAETCA M OHH OYHILAKTCA OT BKIIHOYEHHH MeJIKHUX 3epeH poro-
BHKOBOTO nupokcena (TaGnuua V, 3). I1pu n0oCTHKeHHH COOTHOLLE HUA KOl HYe-
CTBa 3¢ peH PEeJIMKTOBOIO NMHPOKCeHa U HOBOOBPAa30BaHHOTO MJAarHOKIIa3a, c00T-
BETCTBYIONIETO MK PHTY, MOpPOMa TaBHTCA M OT HBEHWIbHO MarMaTHieCK Ol ec
MOXHO OTIMYHTL TOJIbKO MO HeCPABHEHHO MeHbIIEMY COLNEPHKAHHIO B Hell oy
BYHa. : ’

CocTaB NMUPOKCEHOB (CanUTOB) MO JAAHHBIM MUK PO3OHI0BOIO PeHTTeHOBCKO-
ro aHanu3a Ha npubope Kameka MC-46” [24, cm. Tabn. 3] meHseTcs cle-
nywuwumM obpaszom:

B McxomioM porosuxe — (Cigg93Mgo,07)1,00(M80,63F€0,30A10,07S11 53 Tin,04
Alo,12) 2,0005,975 3

B KpaeBOH 4acTH MNOHKWNOGnacra nnaruoknasza — (Cago3Mgo.07)1.00
(Mgo,s7Fe’031 Alo,12) 1,00 (Si},77Ti0,03410,20) 2,000 960
' 31 %%, , o
B leHTpe KpucTala Tumaruoknasa — (Ciagg3Mgg07) 1,00 (MBos7F€0 3

Alp,12) 1,00 (811,84 Tig,04 Alo 12) 2,00 06,000;

B [IPUMbIKAl0LEeM MHKPHTOBOM rab66pononepnte — (Cag gaMgo,16)1,00(M80,70
Feoi9Alo,0o T10,01)099Si2,01 06,065 - ,

CpaBHeHHe COCTAaBOB MHHepasa MOKa3biBaeT, YTO B POTOBHKAX ¢ yMepeHHOH
[JIMHO3eMUCTOCTBIO NOPOJBI M MHHe pajla MOABJIEHHE B HEM HoaooSpa?osammx
CKEJIETHPIX NMOHKWIOONACTOB muaruoknasa ¢ 60—70 06.% srmovenuit (TaGmu-
ua IV, ) rnuHo3emucTOCTh (KOMMUeCTBO aToMoB Al Ha dopmyily) nupokceHa
noBbiIaeTcss Ha 68%, a KeNMme3ucToCTb OCTAaeTcs HAa TOM XKe YpoBHe (OKOJIO
30 ar.%). B mupOKCeH-MIIAIKOK 1A30BO# 30He MuHepas, Cyms HOBKI?O‘!CHMM
BHYTpPH IU1arHOKJIa30BbIX 3€peH, HMeeT ITIHHO3eMHCTOCTb HHXKe Ha 25% cpaBHH-
TEJIBHO C BHELLHeH IpaHHYHON 061acThio 6e3 U3MeHEeHHUsA KENE3HCTOCTH. I[Tpu ne-
pexole K KOHTAKTHpPYWLIEMY ¢ METACOMATHYeCKOW MOpomao#H nm<pmos'om?/
ra66po-nose puTy CcKaukooBGpa3sHO MOHMXKAeTCH T[JIMHO3EMHUCTOCTb M KeJle3Hc-
TOCTb MMHe PaJld COOTBETCTBEHHO Ha 62 U 42%. )

IMpokceH-NMNarnoknas’osana (HopMauMsi MeTACOMITHTOB HMceT ycrowmfa)f!(?
MHUHe paJIbHY10 $GOpPMY BbIpaXKeHHA M paclpoCTpaHCHA, BePOATHO, B KOHTAK rsx;
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rabdbpoumbIX HHT py-
POHIUILIX HHTPYIHBOB IUHPE, YeM IIpedcTarifgeTcs coiluc, H3yuena oHa He

Aocrarouno. Llpyrie dpopmauuu, HaMeuennpie C.A Iypy:cs
JUTIOTCA elle HeJl0CTaTOYHO 0B0CHOBAHIIBIMMU., e
Hosoiit T Meracomatuton MATMATHUCCKOHR CTaflMH, 110K
;?H;;/T:}LO;E?,:?{H M.Bf)lpmi-(aiom}{ﬁcﬂ B KQIMH-)KeJIe30 -MarHe3uw1bHOM
e OB CpeHeIo COCTaBy, UccllegoBad B.J1. PycutioBbim
JTHMETAJUTHICCK UX MCCTO POXKLCHUAX. Bunumo, nogo6usre xe

TO34 cxomelr ¢ mat I€3HAJIBH racoMaTo30 M dHHELIETOYHO cTan
1 bIM Mg p L H HH,

KAWUIUMCH B 6“ U ) p A
OTHTHU34UHH, KOTO bIH OIIUCBLIBAJI BA )Ka

: BbIpa-
e - ‘ : puKoB [16] Ha nonu-
e McTaCOM;:;T:[]C:Iﬁg?KACH“ﬂ)\ Kapamasapa (Cpenmss A3us), 01]1}1a}<o UM
. CCHbI K NOC/IeMAT MAaTHYeCKOMY 3Tall

ITo pannpim B.J1. PycunoBa, MetacoMaTuTb Y~
HO-IUTYTOHHYE CKHX KOMIIICK cax
Mmarmarusma. B npocrp

POABJIAIOTCS B CJIOXHbBIX BYJIK4-
o HA MO3JHHMX CTaOuAX AHAE3UT-THIIAPUTO BOTO
o, B f € M BO BpCMEHH MCTACOMATHTBI CBI3aHbI C 103/HH-
" ¢)p HTOHAOB HOBBOLUEHHON LIEHIOWIOMETAJIbHOCT
OpHT-opdHpamu. Ha
. MeUeHNlaA MM 30Ha >
P ‘ JILHOCTb HMeeT CleyWwni B
" Kanpeu,crs illH()M KOHTA4KTE C MarMaTHYeCK UMH 110 pOa MK Ppa3BHUT na areHm.
HuInd ) : .
e nop()T}l buornt (dnoronur) +amepucon (amoncun) + markeTur pllanee
bl C MapareHe3UCOM Kaj ‘
Hnat+ 6HOTHT + It
34 KOTOPbIMH pPACIIPOCTpe otornts, o T
CTPAHCHBI MOPOALI 3MHAOT+ K B: : ,
' : KBapltOpTokK I é
3dTh, YTO B COUCPXKAUHH ITHX METACOMATUTOR ; o yono cic:
rpebyrowero anbiemnx HCCIIeJOBAHH .

H — CHEHHT-IpaHo-

» HX 30H4JIbHOCTH MHOTO HesACHOTO
’

OU3HKO-XMMHYECKHE OCOBEHHOCTH
METACOMATO3A MAIMATHYECKOM CTAAUH

CYUWHOCTb METACOMATO3A MATMATHYECKOM CTA U

Kak noka
o 1O 33HO BbILlIE, METACOMATO3 3TOr0 THUNa IIPOABIIEH TOJILKO B 3K30
onTak MarmMaTHYeCKHX Tell W He 3aXBaThbIBAeT I10CIegHHE. Ortciopa cnemye
bIBAaETCSl OH QIIIOMOAMH, BbIXOOALUNMH H3 €LUE XMAKOH Marmal H oo,

BCCHLIMH ¢ Helt. B oGwem cryuae dnionmp
¢ BGOKOBbBIMH

PaBHO-
OKa3bIBAlOTCA HepaB
o ’ ! P4BHOBE CHbIMH
o KoBbIM: POMAMH H BCTYIAIOT ¢ HHMH B XHUMMUECKOE B3aMMOICHCTBHE
S an HallpaBJIEHHOCTb peaKUMA AOIIKHA BbIPd3UTbCA B npub'm{)i(e}mu.
o COCTaBA H3MCHSCMOH MOPOIbI K COCTaBY Marmbl nyTem O6MeEH
I KO &Y . 2] . a
prionta MIIOHLHMTJMH C BMCILUAIOWMMH NOpoagaMu. B HEINOCpeICTBE HHOM
K COcmﬂyc MarMOM MCETACOMATHYECKHC OPO/IbI OyoyT oueHb GJIM3KH K Heil
, TOTJA KakK Ha yOaieHWH
OHH JIMUb B HE3H: i
no oo ' HAYUTENBHOH cTen
mmmucum KOMnonentamMu Marmst. Tlpouece BbIPDABHUBAHUA COCTABa Bsaui:m
N l() , ~ _— y : O-
et n):) umx’upcu BGOKOBOH MOPOALI M MarMpr — BITOJIHE €CTECTBECH
poJloram XOpouwo H3BeCTeH OOMH THN TaKOro npot -

Md4rmMoOH BelllcCTBA BMeELWIaowmux nopon ¢ CcOOTBETCTB
COCTaBa pacCilJIaBOB.

€cca — aCCMMMIALMA

YIOLUHM  H3MeHeHHEM

emommoa ?onpsm(em{o AOCIDKHO  NpOABIATbCA M AU PY3HOHHOE

hepene {UECTBA MArMbl B BOKOBLIC HOPOMbI, YTO, O/IHAKO, MpPOABIIAET
YUWCCTBCHHBIX MAcWITA6aX M OOBIYHO HE HAXOOUT B m{ret,)uw e 0

- pe OTpa-

H4M IIpefCTaB-

HE TOJIYYUBILHH
META00MaTO -
[99] Ha 30510-

ror ' >PO Me€Tacomartu-
Yy eHHO OUOTHUTOBOTO COCT4Ba YIIOMHHAIOTCA [IPH OMMHUCAHUAX KZlCCH'I'M
e-

PHTOBBIX MecCTO H
poxnenuit Ilpumopba. He uckIloueHo, 4To 3TOT THII MeTacoma

e, MCTACcOMATO3 MArMATHUECKON CTajIH  KOOP/HILILIO OTIHEICT:L Ol
ACCHMHJIALMO HHOTO B3dHMOICHCTBHSI MATMbI ¢ DOKOBBIMH 110 POILIMH.
MeTACOMATO3 MArMaTHUECKOM CTAMIHH HMeCT HCKOMIICHCHPOBAHHDIN NupiK-
Tep. OH MPOABJIACTCH TOJNBLKO B OKIOKOHTAKTAN MUTMATHUCCRHX 1¢:1 1 OOLIHO
He CONpPOBOX/ACTCH 3aMCTHLIM 3aI'PA3SHCHHCM  MArMbl BCICCTBOM BOKOBBIX
nopon. JTOT aKT MOKa3bIBAET, UTO MOTOK MEeTACOMATH3HPYOLLHX IIOH!IOB
HanpaBJieH M3 MarMbpl B GOKOBbBIC MOPOIbI. M3meHeHHA COCTABA MPHKOKTUK [0~
BBIX pACIUIaBOB HMMEIOT TNPHHUMIHAIBHO HHOH XapakTep M OTHOCATCA K Kii-
CTIOTHO-OCHOBHOMY METaMarMaTHYeCKOMY B3aHMONCHCTBHIO, XapaKTCpH3YIO-
luemMycsi BO BTOpOil 4acTH pa6oTbl. B ommHune OT aCCHMUIIALONHOTO B3aHMO-
meitcTBHA MacliTabbl M3MeHCHHA OOKOBLIX MOPOL B JTOM CJIyHae OO PHbL
M He MOrYT MIFHOPHDOBATbCA MpH TEO0JIOTHUECKHX HCUICIOBAMHAX. Bosplme
o6bembl MeTacoMaTHTOB (110735107 kM) ¢ yueToMm (HOpPMHPOBAHHA HX
ITIOMIIAMH, BBIXOJALUMMH H3 MArMbl, TOBOPAT O CYLICCTBOBAIMI B ITHX YUdCT-
Kax MarMaTMyeckMX MAacCHBOB MOTOKOB (JIOHMOB. MBHKYILHXCA HCpCy pac-
nnaBpl. HeBO3MOSKHO [MpeCTABHTb, UTO BeCh OObEM METACOMATHIHPYIONIMX
¢nioMpoB  6bUT  COCPENOTOUEH B IHIOKOHTAKTHBIX paciulaBax Marmatiue-
CKHX Tell.
WHTepecHbie ¥ HeoObluHbIC Ha NMepBbiil B3MNIAL 0COBEHHOCTH BBIABIAITCA
B M3MEHEHUM XMMHUECKOTO cOCTaBa GOKOBBIX MOPOM B X0 METACOMATHUECKO-
ro npeofpasopaHHsi. B HM3MEHEHHBIX MOpojax C TpHEIIHKCHHEM K MArmMaTH-
YeCKOMY KOHTAKTY YMEHbLIAETCA COJCPXKAHHE KOMIOHEHTOB HCXOIHDBIX BMeE-
WAOWIHX MOPOJ M YBETHUMBAETCR CONEPXKAHHE KOMMOHCHTOB MITMBI. Opnako
TAKOE 3aKOHOMEPHOE H3MCHCHHE MPOHCXOJHT B OTHOLUCHHH JIMLIL HCROTOPRIX
PMarMaTHUCCKHX ' IKOMIIOHCHTOB, K KOTOPBIM IIPCKIC BCelo OTHOCHTCR MO,
AlLO; u SiO,, unorpga CaO. MeHAIOTCH TAKOKE COLCPXKUHI OKHEI0B tel a
B ()eHMUTaX M METACOMATHTAX 30H PAHMTHIAIIHH eute Na,0. K-0. Ho B ouim-
yue OT NepBbIX TPEX KOMIIOHEHTOB HX COMICPKAHHA MCHAKTCH HEIAK O HOME PHO.
Hanpumep, B MarHe3uajibHO-CK4pPHOBOH KOJIOHKE FpaHHTHOI dopratn 3a-
MellleHHe JOJIOMHTOBOIO Mpamopa LMK HeS b-(pOPCTEPHTOBOIT 30HOM 110THOCTbH
BoiTecHsieT M3 ee coctaBa CaO, KOTOPbIM BHOBb OCWKIAACTCA B cnemyoutei
30He LMHHEIb-(haccauTOBOrO CKdpHa Ha ypOBHE 20 Mac.%, HECKOJILKO CHHKAACH
B Clefyloileil, NHPOKCEH-IIArHOK/Ia30BOH 30HC. Hatpuit B KOJOHKC OTHX
CKapHOB TNpPUCYTCTBYET JHLIb B nocieHeil 30He BMecTe ¢ HeBOJbILHM KOJIKH-
yecTBOM Kanus. Ho B marHe3uasjibHO-CKapHOBBIX KOJIOHKAX He e THHCHE HHTOBOI
popMalmH coAepxKaHHe KalbLUHA OT IOJIOMUTOBLIX MPAMOPOB K MATMATHUYECK O~
My KOHTAKTY CHMKA€TCs (10CTENCHHO OT 30HBI K 30HE, UTQ CBA3MIO € VCTOI -
YMBOCTBIO KANbLMTAa B 30HAX LITHHENb<DOPCTEPHTOBOTO KaibUM(HPY M LLITH-
HeJIbIIMPOKCEHOBOIO CKapHa, OMHCAIHBIX B.M. Kosasnenxo [40] n A.A. Ko-
HeBbIM [43]. AHaIOTHYHBIM OGpPa3OM BCACT ceBs KaJIblHil NpH (PCHHTH3AIHH
KAIBLUUMTOBBIX MpaMOpOB. OKHCIIbI XKejle3a HAKAIUTHBAITCA B 1epHepHUCCROi,
MHPOKCEHOBOM 30HE (heHMTH3ALUMH H3BECTKOBBIX Mp4MOpPOB, MOCTENEHHO CHH-
asCh Yepe3 MHOMUT-MeJIbTCHTHTOBYI0 30HY K HECIIHHOBLIM CHCHHTAM.
Paamuuusi B MOBEAEHMM KOMIOHCHTOB B MPOLECCIX METACOMATO3a BOOOLWLE
M Tpy (OPMHPOBAHHH MArHC3HAIBHBIX CKAPHOB B YaCTHOCTH 110 IMEUEHDI
I.C. KapXHHCKHM HABHO [48] . neMeHTbI C YCTORUHBBIM H3MCHCHHEM CONCP-
*aHHs OT (POHTANBHBIX K THUIOBBIX 30HAM METACOMATHUECKIX KOJIOHOK BbULe:
NeHbl UM B TPYNNY BHPTYaJIbHBIX TEPMOMHAMHUICCKIT HIEPTHDIN KOMITOHCHTOB,

COOTHOLLIE H1E KOTOpPbIX onpenensacT KaueCTBEHHbBIH H KOJIHYEe CTBCHHBIH MHHC-
55
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PWIBHBIH COCIIB MCTACOMATHUCCKHX 30H. OCTaJIbHBIC W3 1IEPEeUHCIICHHBIX KOM-
HOHCHTOB OTHOCHTCH K I'pynne BIOJIHC MOUBHXHDIX, YpoBeHb dKTHBHOCTH HJIM
XUMHUE CKHX HOTCHUHDIOB KOTOPBLIX WIH OTHOLUCHHS MX aKTHBHOCTEeH oflpefe-
JIAIIOT COCTAB MHHEPAIOB (HaNpUMEp, XEJIe3UCTOCTh M HATPUCBOCTb NMHPOKCE-
HOB), THIl MHHEpAIOB MeTaCOMAaTHTOB (CKaxeM, HedelIMHA BMCCTO LUTTMHEIIH
WM 1JIaTMOKTIAa3a B CKapHaX), a Takxke 06pa3ynT HM3GbITOYHbIE MMHEDPAIBL
H.C. KopxuHckuit BbiaengeT 060cobieHHbIe HHEPTHbIE KOMITOHEHTBI, OINpefe-
JIAl0WME 1TOsBJICHHE WHIOMBMAYaJIbHBIX aKUECCOpPHbIX MuHepanoB. K Ttakum
KOMMOHEHTAM OTHOCATCA, K NpUMEpPY, THTAH, OMNpefeNIAIlIUi NOABIeHUe
B cKapliax cgeHa, M UMpKOHUi, 00pa3ylomwHil 3BaUanuT B deHnTax Hede-
JIMHCHCHMTOBOH (opMauuu, a Takxe ¢ochop, BXOOALMHA TONBKO B amaTHT.
Conepkalya  BIIOJIHE NOJBHXKHLIX KOMITOHEHTOB B 30He MeTacOMAaTHUeCKOH
KOJIOHKH OMNpe/IeNialoTcA BO3MOXKHOCTBIO MX BXOXACHHA B COCTaB MHHCDAJIOB
MCTaCOMAaTHTOB H KOJIMMCCTBOM JTHX MHHEpalioB.

DU3UKO-XMMHYE CKUH H ITapareHeTHYeCKHil aHAIM3 3BOJTIOLMH METacOMAaTHTOB,
MX 30HAJIBHOCTH TPOBOJATCA B 3aBHCUMOCTH TNpeXAe BCero OT MNOBeJeHUs
MHEPTHBIX KOMIOHEHTOB C NOMOIUBI TPEYTOJIbHBIX M TETPAWOHBIX IHArpaMM
no meromuke [.C. Kopxunckoro. Ilo comepkaHuio M KOJNHYECTBY MHEpPTHBIX
KOMIIOHEHTOB B METACOMAaTHTaX pa3lIHyaloTcsA CJlyYaH MeTacoMaTo3a MajloKOM-
TIOHEHTHBIX W MHOTOKOMIOHEHTHbIX Nopod. Mx MeracomaTtos mporexaeT He-
OIMHAKOBO.

METACOMATO3 MAJIOKOMIIOHEHTHbLIX MMOPO

PaccmoTpum BHauajie 0Gpa3oBaHMe MarHe3HIbHBIX CKapHOB MarmMaTHUECKOi
CTd[IHH, TCOJIOTHYECKHC M MNeTporpaduyeckre 0COBEHHOCTH KOTOPBIX MOApOGHO
OXapaKTEepHU30BaHbI BhillC. Ha puc. 9,a B MOJIEKYJIAPHBIX COOTHOLLICHHUAX HHEPT-
HbiX Komnonentos Al,0;, SiO,, MgO u usomopduoro ¢ nocneguum FeO
HB()6[)21)KCH];I COCTAaBbt B3aHMOU,€:l:‘lCTByIOluHX HCXOOHBIX Cp€a — MATHE3HAIbHBIX
MpaMOpPOB M TPAaHHTOUOB (Ha pHc. 9,6 —ra6GpoHIOB), a TAKXKe pa3BUBLMXCA
N0 MpaMOpaM 30HaIbHbIX MarHe3HasbHbIX ckapHOB. Ha mMarpammax xoporro
BHUOHO, YTO BCA COBOKYTHOCTDb OﬂyGH}{KOBaHHb[X B JIHTEpPATY p€ aHAJIN30B HUCXON-
HBIX TIOPOJ M CKapHOB YKJIa[ibIBaeTCA B CTBOP NpPAMOH JIMHMM, COeIUHsAIOLIEH
HONOMHTOBbIE MpaMoOpbl ¢ rpaHMTOHAaMH (rabGpoupamu Ha puc. 9,6). Umero-
11eccsa pacceMBaHHEC TOUYCK OOHOMMEHHBIX CKAapHOBBIX 30H, YUMThHIBAA YaCTHYHO
HU3KOTEMIIEPATYPHO U3MEHEHHBIH COCTaB HEKOTOPBIX M3 HMX, a TaKXe BapbH-
pyl()l_[l}‘[f{ COCTaB AaKTHBHbIX MATMATHYECKHX IMOpOQN, ClemyeT INpH3HATb HE3Ha-
YMTeNIbHBIM. BarkHO# 0COBEHHOCTbI0 pacnpefelieHMsT TOYeK COCTaBOB CKapHOB

—_—>
Puc. 9. [lnarpaMmb! cocTaB—Iaparehe3uc Marie3HasbHbIX CKapHOB MarMaTHYeCK off CTagH 1,

OK0JIOCKAPHOBLIX ¥ MATEPUHCKHUX IJIST HHX MarMaTHYeCKMX MOpOL,

a — oOoOweHiags gMarpaMma Osns CKapHOB MArMaTHYecKUXx ¢ opmMauuil BapbHUpylowero
cocrana oT rabbpo a0 rpaHuToB no naHubIM JI.U. WaGbikuHa [ 118, cM. dur. 47). ] — mar-
MATHUYECK HE NMOpPOAbl; 2 - arnog oo MUTOBDIE OKOJIOCKApHOBbIE MOPOADbI; 3 - MMHUPOKCeHbI
cxapHoB; 4, 5 — ckapHbl: 4 — WINHHe T-NUPOKCEHOBbIe (haccauToBble), 5 — WM HHENb-hop-
cTeputoBble; 6 — Kambunudupsl; 7 — nepuxm3oBble (M GpycuTOoBbIe) Mpamopsbl. 6 — COBO-
KYMHOCTh CKaPHOB IK30KOHTaKTa Tasrmaxckux cynb¢HIOHOCHBIX TPAaNMoOBbiX HHTPY3UBOB;
I — GesosuBunosbie rab6po-AosepuTbl IHAOKOHTaKTa; 2, 3 — CKapHbl: 2 — WNHHEb-NTUPO-
KceHoBble (¢accauToBble), 3 — CeprNeHTHHU3IWPOBaHHbIE wWINUHeNb-hOpPCTEpUTOBBIE; 4 —
anonepixmlonbie GpycHToBble M GpycuTcodepxkaue KanbUHUPHUPbI M J0JI0OMHTOBbBIE MpPa-

MOPpbl; 5 — noje NHPOKCEHOB; 6 — KOHHOIbI 11apareHe3MCcoB MarMaTH4YeCK X MMopon; 7 -
HAMpaBIceHUE 30 HANBHOCTH CKAPHOBDLIX TN
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ABJIACTCA MX I'PYIHIMPOBKA B JIMCKPCTHDLIE COBOKYMHOCTH, TATOTEIOUIHE K KOH-
HOMAM  IBYMIHCPAILHLIX  TAPAareHe3HcOB:  LIMHUCHL-POPCTEPHT,  LITHHENIL-
AHpPOKCeH, poKcel-ularnolknas. Ha HekoTopbix ckapHOBbIX 0BbeKTaxX BCTpE-
4a10TCA 30HDLI 1 PeXMHHEPWIbHBIX CKapHOB. SIBJieHHE 5TO KpalHe pefkoe H IUI0XO0
M3yueHHOe 3jech HE paccMaTpuBaeTcs. He paccmMaTpuBaloTCA TaKiKE 3HCTATH-
TOBble W THIICPCTEHOBbIE CKApHBbI, Mpobiema 0OOpa3oBaHMsA KOTOPLIX Npen-
CTABJIAETCS CAMOCTOATEIILIOH.

Ha puarpamme puc. 9 BUAHO, 4TO COCTAB 30H CKAPHOB B HallpaBJICHUM HHTDY-

. 3MBA COJIMXKaeTCsd C COCTABOM MAarmMaTHUYECKHX MOPOMA MO COOTHOLUEHHIO HHEPT-

HbIX KOMIOHEHTOB, BbIHECEHHBIX B yrilbl Tpeyroyphuka. Cofiepxkatus BIOJIHE
nomsrxHbix CaO, Fe, wenoueit MeHAI0TCA 110 30HaM HE3aKOHOMEPHO.
AHasiu3 puc. 9,a 1103BOACT NOHATH MPUPOMY 30HATILHOCTH MarHE3HANBHBIX

" CKapHOB MarmMaTHuecKon craguu. Yucrio 30H METaCOMaTHUEeCKONH KOJIOHKH,

MX MHHepaJIbHBIA H XMMHUCCKHI COCTaB, NOCIeJ0BATE/ILHOCTD 30H OTHOCHTEILHO
MATMaTHYECKOr0 KOHTAKTA OTpeseNisioTcs MepeceyeHHeM KOHHOM C JIHHWeH
COCTABOB B3aUMOMCHCTBYIOWIMX MOPOA. ITOT HPHHUMII IO3BOJIAET IOHATDL
NpPUPO/Y PACCMOTPEHHOrO Bbllle BOJILLIOrO pasHOOGpasus dauui MarHesuasb-
HBIX CKapHOB.

PaccmMOTpMM, K TpHMepy, BIepBble OMMCAHHble HamMH [24] cxapHbl oe3
UITHHESTbTTHPOK CEHOBOI  30HBI, pacnpoCTpaHeHHble B KOHTaKTax Bepxueran-
Haxckux WHTpy3usoB (Hopumnbckuit paiton). Ha muarpamme puc. 10 0TpaskeHbl
lapareHe3uCcbl M COCTAaBbl CKapHOB M MATCPHHCKHX MArMaTHYCCKHUX MOpPON
o6pasua, npencrasientoro B Tabnuue II. Cneundukoil ABJIACTCA OTCY TCTBUE
B KOJOHKC LUMMHETbTHPOKCEHOBOH H THPOKCEHTUIATHOKIIa30BOM 30H, HMEIO-
LMXCA B GOJILUIMHCTBE [APYTHX CKapHOB. JTO CBs3aHO C TeM, UTO IS MEPBbLIX
AKTHBHBIMH MarmMaTHYeCKHMH TMOpOJAMH, OTpaXkaloWMMH COCTaB Marmbl,
ABJIAIOTCA OJIMBHHCOJEpKalline rabGpo-noJiepuUTbl, KOTOpBIE 10 COOTHOLUEHHIO
MHEPTHBIX KOMIIOHCHTOB TCPEKPbIBAOT MOJIe I1MHHESb TTHPOKCEHOBLIX CKap-
HOB (cm. puc. 16). TlaparcHe3nchl CkapHOBOH 30HBI H MarMaTHyeCKOH NMOpOJIbl
pa3JIMYAIOTCA 110 cOflepraHuio BriojiHe nomsrxkHbix CaO u Na, O, conepxauuxcs
B 6ONblIeM KonuuyecTBe B ra66po-mosiepute. [IpH BBIpABHCHHOCTH MX XHMH-
YeCKHX MOTEHUMAIOB MO BCeil KOJIOHKE LNHHEIb{IMPOKCEHOBas 30Ha 06s3a-
TeNbHO TpeBpaTHTCA B rabbpouausii pacruias. [lo aroft ke MpuuMHe accaut
ckapros (puc. 10, Touka 9) HEYCTOHUMB M 3aMECLUAETCA MAJIOTTIHHO3EMH CTHIM
MarmaTHieCKHUM caiutom (Toukn 7—9) B accouMauMH C HE3HAUUTEJIbHbIMH KO-
HYCCTBAMH OJIMBMHA M IUIArMOKIIa3a, a KOMIIOHEHTbI IHMHEJIH pacXodyloTcs
Ha JIONOJTHUTENILHOE KOJIMUCCTBO HOBYX MOCICIHUX MHHepanos. HoBooGpasoBaH-
Hblit paciuiaB (Touka 4) Gosce MarHe3HaJIbHbOT, YeM yOaleHHbI OT KOHTaKTa
' joBeHWIbHBIA paciias (Touka 5).

OpHaKO He BCerfa B3auMMOJEHCTBME pacillaBOB OJIMBHHOBbBIX rabbpo-pore-
PHTOB €O UNIHHENb-POPCTEPUTOBBIMM CKAapHAMM BLIPAXKAETCA B HX 3aMELICHHH
OJIMBMHCOEPXKALMMH  raGOponaHbIMM  pacitaBami. Tak, Ha ¢ortorpaduu
B uentpe Toro xe o6pasua (TaGnuua Il, 4) moneputa BuaeH GynIsapo0CpasHbI
PCIIMKT KCEHONTHTA LUNHHENb-(POPCTEPHTOBOIO CKApHa, BHYTPECHHAS UaCTb KO-
TOPOrO BBOIONIHEHA 10JIEPHTOM, aHAJIOrMUHBIM BMeLUaloweMy KceHONUT. Jlepas
yacTb KCEHONMTA NIpeAcTaBlicHa ToHuajiwed (TonwmHok B 1,5-2,0 MM) JIeH-
TOUKOH  OJIMBHHAUIArHOKIIAa30BOH MNOPOMAbI, KOTOpas 110 MHK pPOCKONMHYECKHM
HaGjitofieHsM  76pasoBanach B pE3ynbTaTe 3aMELUEHHA LITHHEIH (hOpCTCpH-
TOBOTO CKapHd [IarHOKJIa3oM. B 1MpOKO NMpH3MaTHYECKHX 3¢PHAX MJIarHO-
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Puc. 10. IuMarpamma cocTaB-—MNapareHe3uc MarHe3HasIbHBIX CKAPHOB, MaIMATHYECKHN

nopod 4 IuddepeHuMaToB BepXHETANMHAXCKUX HHTPY3HBOB
1 — wnuHenb-¢OPCTEPUTOBBIE CKapHbl; 2 — COCTABbI MArmMaTHYeCKHX nopod obpasua;
3—5 — cpenHHe COCTAdBbI Pa3HOBMIOHOCTEM rabbpo-nonepHroB MHTPY3UBOB: 3 — anodusap-
HLIX OTBETBJIEHHH M 3HOOKOHTAKTOBbIX (auHi, 4 — TAKCHTOBBLIX, 5 — NMUKPHTOBLIX; 6 —
cocras ¢accauToBOrO MUPOKCEHa IIMHHeNb-haccauToOBOro  cKapHa; 7 — coOCTaBbl NHpoO-
KceHoB raG6po-ponepuroB; § — JIHMHHMA KOPPE/IALHH FEHETHUYECKH COTDPIDKCHHBIX MiTrMa-
TUUYECKMX [10pOM, CKAPHOB H HMCXOAHbIX MPAMOPOB; 9 — MAPArCHETHYCCKUA KOHHOIY BO3-
MOXHOTO LUNHHEJIBTTHPOKCCHOBOTO CKAapHA; 10 — MOHOBUPHAHTHbLIE MOMH ABYNMHHCPAJIL-
HBIX MapareHe3dcos rabbpo-nonepuron

KJI1a3a MPUCYTCTBYET CbIMb MeJpyai LMX KPHCTAUTHKOB MAarHeTHTA, CKOWJICHMHH
KOTOPBIX COXPAHAWT OJM3KHEC K KBAApaTHBIM (OPMbBI 3aMEIICHHBIX 3CPCH
wrmMHeH. QopcTepuUT JIEHTOUKH COXpaHAeT GOopMbl 3epeH ckapha. OaHako
XKeJIe3UCTOCTh €ro, OXapaKTepH3OBaHHass B 0OoJlee paHHeil paGore [24, cm.
Ta@n. S, aH. 13] u paBHas 24,7 ar.9%, G/M3Ka K >KEJIE3HCTOCTH OJHBHHA JoJIc-
pHTOB (26,9—28,8%) M pe3KO OTIIMYAETCH OT XKeENe3HCTOCTH GOpCTepHTa CKap-
HOB (Fg= Fe*?/(Mg + Fe*?) - 100% = 4,0—11,1%). Takum 0Gpa3om, OTHBHH
W MOJIEBOH ULMAT CYIMECTBEHHO MJIarHOKJIa30BOH [10POMAbI, 3aMCCTHBLUEH LIIH-
HeJib-hOPCTePHTOBLIA CKapH, OJIM3KM K COCTABY MAarmMaTHUeCKMX MHHEepAIoB
M B CWIy 3TOTO XMMHUYECKH paBHOBECHbI ¢ BMCUIAIOIUHM PACIUIABOM [OJICPHTA.
Bynyut 6Goree TyromnaaBKoOM, OMMBHUH-ITArMOKJIA30BasA MOPOAR He IIABHTCA
W HaxOOMTCA B paciulaBe B BHOE B3BecH. PeJIMKTLI OJIMBHHAUIArHOKIIA30BbBIX
MOPOJ XapaKTepHbl AJIs TAKCHTOBOIO TFOPH30HTA BCPXHETWIIAXCKHX HHTPY3H-
BOB. YacTHYHO OHM OOpA30BWIMCH 33 CYCT LLNIHHEIIb-POPCTCPHTOBLIX CKAPHOB,
4 OTYACTH — BBILIENEXKALErO rOpH30HTA IHK PHTOBbIX TabGpo -10J1e pHTOB.

YT100OB1 HOHATH 061’)&30B21}i}10 OJIHBHH-IUIATHOKIIA30BbIX KCCHOIHTOB, HeoD-
XOIOMMO CpaBHHUTb XMMH3M [BYX CNOco0OB NpeoGpa3oBaHHA LOIHHeb-hOp-
CTepUTORLIX cKapHOB. COIJIACHO TOMOJIOrHH OMarpammbr puc. 10. 3amelleHite
LUMHHENb-hOPCTEPHTOBOIO  CKapHa OJIHBHHCOOEDXKALIMM  [OJICPHTOBBIM  pac-
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M4BOM HPOHCXOJIUT ¢ IIPHBHOCOM B HIOPOZY M3 MArMbl HC TOJNBLKO KaJIbUMA H
HATPHA, HO W KpemHeseMa. [Ipu OTHOCHTENBHO HEGOJILILOM NPHBHOCE skee3a
thoperepit GpakTHUECKH NOBBIILAET KENE3UCTOCTh ML 10 11 a1.% H, OKa3bl-
BA5ICb HCPABHOBCCHBIM € MArMUTHYCCKMUMH (DITIOMIAMM, 3aMELIACTCA CAUTHTOBbIM
MATMATHICCKHM  IIHpoK ceHoM.  [lpeoGpazoBanue  Lumiiess-6i0 pcTepHTOBOTO
CKapHa B OJMBUH-UIArHOKIIa30Byl0 MOPOJY MPOMCXCOMT MHuc. B mopomy
110 -TIpeXHEMY B HCOTPAHHUYCHHOM KOJIMYECTBE MPUBHOCATCA BIIO.[HE MO ABHXHbBIE
Ca u Na, a Taxe Fe, B 10 Bpems kax npusHoc Si He 3ameTeir. B pe3ynbTaTe
LIITMHETb 3AMEINACTCA MUIATHOKIIA30M, @ GOPCTEPHT NpeBpaLAeTCA B YMEPEHHO
KCHE3HCTBIM OJMBUH, GIM3KHMII 110 COCTABY K MAarmaTHyeckoMy. BHOBb Bo3-
HHKI0as7  OJIMBHHAIJIATHOKIIA30BAs  OPOJIA OKA3bIBACTCS TEPMOJMHAMMYECKH
PABHOBCCHOH ¢ MArMOH M He BCTYNdeT C HeH B XMMHUYECKOE B3aUMODEHCTBHE.
Oma OTBeyaeT COCTABY KOTCKTHKH, H HEPEBO/ ¢¢ B PaciliaB BO3MOXKEH TOJIbKO
33 CueT TMOBbILUCHUA TemnepaTypbl. OOHAKO BO3MOXHOCTH YIS 3TOTO Y Marm
HEBEJIMKH,

Takum o6pasom, B paccmoTpeHHOM o6pasue (TaGnuua I1) ycTaHOBITeHDI
ABd THMMNA METACOMATHYECKOTO H3MeHEHHs WIUHENb-pOPCTEPUTOBOrO CKapHa
HOJ BO3MEHCTBMEM MarMbl OJIMBHHCOJEPXKAILMX [O0JIEPUTOB uepe3 MOCpe/CTBO
¢umonnos. Tlpu ogHOM OTUETIIHBO MHQMIBTPALMOHHOM THIE B3aUMOMEHCTBHA
LUIIHHENb-pOPCTCPHTOBBI  CKAPH MPCBPALIAETCA B CYLIECTBEHHO IHPOKCEH-
MIArHOKIIa30BYI0 C PHMECBI) OJIMBHHA MarMaTHYecKyio TOpOTy B pe3yibTaTe
HPCHMYILIECTBCHHOTO NpUBHOCA B ckapH Na, 0O, Ca0, Si0, H MeHee 3HAUMTEIILHO-
ro npusHoca FeO. Bo BTopom ciyyae ummuHens-popcTepHTOBBIE CcKapH npe-
BpaliaeTcs B OJIMBHH{IMPOKCEHOBYIO MOPOMY, KOTOpas He IJIaBMTCA M B Marma-
THYCCKOH Cpefie, B pe3ymbTaTe NPEUMYILECTBEHHOrO npusHoca Na, 0, CaO u FeO,
TOrfla KaK CYUIECTBEHHOro npuBHOca Si0, B 3TOM cllyyae He TPOMCXOMMT.
HerpynHo 3ameTHTh, UTO yCKOpEHHBHI MPUBHOC MepBBIX TpeX KOMIIOHEHTOB
CPaBHHMTENILHO C KPEMHE3EMOM CBOHCTBEH IH(dY3HOHHOMY MexaHH3MY Iepe-
MELLEHHST KOMIMOHEHTOB, NMPH KOTOPOM CKOPOCTb MX MH(QPY3HH B HUIKOCTAX
0BpaTHo NPONOPUMOHIBHA BAIEHTHOCTH KOMIIOHEHTOB. I103TOMy MBI mona-
Tacm, 4TO ONHBUH-UIATHOKJIA30BbIE aNOCKAapHOBbIE MOPOMIB! 06PasyrTCs B pe-
3ynprate 1M Y3HOHHOTO MPUTOKA M3 MATMBl 11 PEUHCIIEHHBIX KOMIOHEHTOR
4epes NocpefcTBO  dulionnHoil cpenpt. Criel0BaTeNbHO, B H3yueHHOM oBpa3ile
HPOSABJICHBI IBA PA3HLIX CMOCOGA B3aMMOMICHCTBHA Marmsl ¢ GOKOBbIMH MOPO-
HaMH: OMMH — ¢ y3HOHHDIA, XOPOILIO M3BECTHBII METPOSIOTaM KAaK acCH-
MMIIALNA, OPYrofl — MHQHUIbTPALMOHHDIA, ONMCLIBAEMBbII KaK METACOMATO3
Marmatyeckoi cragui. ConpsikeHHOE MpPOABIIEHHe ABYX MpOLECCOB B OMHOM
o0pasue sBJIAETCA CTPOTHM [OKA3aTelbCTBOM OCYIUECTBIIEHUS B npHpone
BTOpOTO THNA B3aMMOMEHCTBHA, B OTHOLUGHWH KOTOPOrO MHOTHE METPOJIOTH
BCe eule MpOABIIAIOT HeOGOCHOBaHHBIA ckenTHU3M. Ho onepexalomuii BeHOC
H3 MarmMbl KpEMHE3¢Ma CPaBHHTENIBHO C XeJIe30M MpPH 3aMElICHHH LIIHHED-
(pOpCTEPHTOBLIX CKapHOB [JOJIEPHTOBLIM pacliIaBOM, OYEBHMIHO, OT/IHYAETCH
OT [mubdy3HOHHOTO cltocoba MepeMeIleHHs KOMITOHEHTOB M 06¢CleuHBaeTes
IepeHOCOM HMX B COCTaBe pacTBOpOB. Kax M3BECTHO, B HMHQMIIbTPaUMOHHBIX
HPONCCCdX  HE3ABHCHMBIM - TCPMOJWHAMMUYECKHUM (BAKTOpOM ABJIAETCH KOH-
UCHTPAaLHA KOMIIOHEHTa pacTBOPOB. Bugumo, B MeTacomaTtusupylomux driou-
A3aX KOHUEHTPAaUMs KPECMHE3eMa BBILUE, YEM JKeJie3a, YTO M OMNpefesiAeT COOT-
BETCTB YIOWMH XO/1 MBMEHCHUA CKAapHOB.

”HTCpeCHa IpyHIIMpOBKAa COCTABOB CKapHOBBIX 30H OKOJIO ABYMHHEPAJIbHBIX
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KOHHOJ (cM. puc. 9,a) CTepepblBOM B COCTABAX MOPO MCKIY 30HIMH. Moo
rOBOPHTb O CKauK00OPa3HOM Mepexofe 0T 30Hbl K 30He. COTJIACHO TCOpHit MH-
GWIbTPaMOHHO# meTacoMartuyeckoi 3oHwibnoctH JLC. Kopxatucxoro [53],
30HaIbHOE CTPOCIIHE MCTACOMATHTOB 3TOI'0 THNA OBYUIOBIICHO CYILECTBOBAHICM
pAla TePMOMMHAMMUCCKOH MOABHKHOCTH  KOMIIOHCHTOB, BBIPAKUIOUICTOCH
B MOCICAOBAIBHOM Mepexofie HX BO BIIOJIHC [OABHKHOE COCTOANNC Bi0ib 10
ocu ¢nrougonoToka. Ha rpaHuuax 30H O[MH H3 KOMIIOHEHTOB psiild e pexOmT
BO BIIOJIHE TOOBHXHOE COCTOSIHME, B CBA3H C UYCM H3MCHSICTCA MHHEPLIBLHbLIH
U XMMHUYECKHH COCTaB MOPOJ C COKPAWEHHEM UHC/IA MHHCDPAIOB HA CIHHILY
BO BHYTpEHHe# 30He METACOMATHUECKOIl KOJIOHKH. CilejlyeT, OMEKO, HWMeTh
B BM/y, BO3MOJXHOCTb MOABJICHHA B 30HAX JIONOJHHTCILHOTO MItHEPWIL, ¢10-
YKEHHOTO BIIOJIHE [IOBHXHBIMH KOMIIOHEHTAMH M BBINOJIHATOWIKMH H3DLITOYHLI
06beM. [IpMMEHHTENIBHO K MAarHe3HajibHbIM CKapHaM MarmaTHiecKoi cTamin
TepPMOLMHAMMUYECKHI aHAIN3 MOBENEHHs KOMIOHEHTOB BBIMOJIHEH B'Aj Kapu-
KkoBbIM [16], KOTOPBI NpHILES K BBIBOMY, UTO IIPH Mepexose OT CaMOH BHeul-
Heil 30MBI KANbLUUQPUPOB (C MapareHe3McoM HONOMHT + GO pPCTePHT + LITHHETD)
K LIMMHEb-POPCTEPUTOBOH BO BIOJIHE MOABHXHOE COCTOAHHME nepexomT MgO,
Ha BHELUHEH CpaHHULE 30HbI LMHHETb-THPOKCCHOBOIO CKAPHA K HEMY TpHCOe i~
userca SiO;. Torma comtacHo npaBuiy ¢a3 KOpxMHCKOro, OMH MiHepall
30Hbl (LIMHHENIb) OMNpeenseTcs COOEP’KAHHEM B HEH HHEPTHOrO KOMIIOHEHTa
Al;03, a mupokceH BbinonHsieT oObeM. CmeHa QOpCTEpHTA MHPOKCEHOM
00yQI0BJIEHa BHICOKON aKTHBHOCTHIO KPEMHE3eMa B PACTBOPAX, O TIHUAIOLLHX CA
OT OOBIYHO HACBILIEHHBIX KpeMHe3eMoM MarM . OQHAKO HPHPOAa HPOKCCH-A-
THOKJ1a30BOi1 30HBI OCTajlach Heo6bsicHUMONH. B pamkax obcy:xnaaemoii MoJenH
CNIeIOBAIO OBl CUKTATh, YTO B HEHl BCe KOMIIOHEHTbI BMOJHe MomBidxHbl. Ho
Torga 3oHa Geula Obl CJIOXeHa OOHHM MHHEPAaJOM HIIH €ro MeCTO 3aHAJa Marma,
YTO HEe COOTBETCTBYET AeiCTBMTEsIBHOCTH. [l0dTOMY MBI NojtaracM, UTo M B Mi-
POK CEHINIarHOKJIa30BON 30HE OJMH KOMIOHEHT OKA3bIBACTCS MHEPTHHIM H HM
MoxeT ObiTh TONBKO Al,O5. TlpHunHa xe 0Bpa30BIHHA ABYX 30H C OIIHHM
M TeM e MHEPTHBIM KOMIIOHCHTOM 1IPH HOBHKHOCTH [IpyTHX 00ycI0B/ieHa
CKaYK00Bpa3HbIM M3MECHEHHEM Ha T'PAHMUC 30H AKTMBHOCTH OIHOTO M3 BLOJIHE
MOBHIKHBIX KOMIIOHCHTOB, BBI3BABILCTO CMCHY DJIHHO3CMCOJIE PRALICIO MHHC-
pana — LUMMHEIH HA Tularueknal. [IpH 5TOM H3MEHSETCH H COCTAB IHPOKCCHA,
KOTOPBIH CTAHOBUTCA MeHee MIHHO3eMHCTbIM. [IpeactaBiisiercs, 4TO KpHCTAI-
JIM3AUMA TUIATHOKJIa3a CTUMYJIMPOBAHA POCTOM AKTHBHOCTH BIIOJIHC 1OHBHK-
HOTO HATpHs, CBA3aHHBIM C BCTYTUIEHHEM MAarMaTHYeCKHX (IIIOMOOB B OCHOBHY0
cpely BOKOBBIX MOPOJ M peaKLHOHHBIM 1IOBBILEHHEM KO3 HULHEHTOB AKTHB-
HOCTM BCEX CHMIIBHBIX OCHOBaHMH (uitonpoB. KpUCTAINM3auMsA TUIArHOKIIA3d
BBI3BIBAET CBA3bIBAHME HATpHsl (UIIOWIOB, KOTOpPble Ha BBIXOJE M3 30HbI OOJa-
OUIM TMOHWXEHHOH KOHUEHTpalldeid 3TOro KOMIIOHEHTa, 4YTO crnocobersyet
KPUCTAUIM3ALMH IUNKHEIH B MOCIeQyHIMX 30HaX. Takum 0Bpasom, MHpOK-
CeHJUIaTHOKIIa30Bast  30HA METACOMATHYECKOH KOJIOHKH BhIIOJIsET pOJib
HONYNPOHHLAEMOI MeMOpaHbl, HM3OHpPAaTeIbHO OCAXKMIAsi HATpHA H3 TOTOKA
TpaHCMarmMaTHYeCKHX GITIOHAOB.

He Bce, 0iHaKO, CKJIOHHBI MHTEPIPETHPOBATh 30HAIBHOCTL MATIHE3HWILHBIX
CKapHOB C TOYKH 3peHMsl MOCIIEeHOBATE/IbHOTO MepeXoa KOMIOHCHTOB BO
BIIOJIHe TomBHxHOe coctosinke. Hanpumep, JLH. IHaGpmun, H.H. Tlepues u ap.
[119] cumnTatot, uro Mg, Al u Si MHEPTHBI BO BCEX 30HAX KOJIOHKH, € ueM CBA-
33HO 3aKOHOMEPHOE W3MEHEHHE HX KOHLEHTpPaUHH BOOJIb CKaPHOBOH KOJIOHKH.
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Iickpernoe usmenente cocraBoB 30H He GbUIO OGLACHEHO. Ml NI0Jaraem, yTo
6e3 CKa‘lK?OﬁpaZ!HOI‘O H3MCHCHMA AKTHBHOCTH KDEMHE3EMa Ha IpaHHUE (bop-
CTCPHTOBOM M [HPOKCEHOBOH 30H W, BMIMMO, HAaTPHA HA BHELUHeH I'paHHlle
THPOK CCHAUIIATHOKITAa30BOH  30HBI JIMCKPETHOCTb H3MEHCHHS COCTABOB 30H
OBLACHHTL Heslb3sl. BOHCTBCHHOCTL B TPAaKTOBKe sBIICHMsi TpeGyeT HOTIONHMU-
TeJIbHDIX HCCIIe JOBAHHH,

MenonbsoBanne npuHuMna nepeccueHus KOHHOL ¢ JIMHHMeN, CBA3BIBAIOLLLCIT
COCTdBbI MCXOIHDLIX B3dUMOJEHCTBYIOWIMX GOKOBBIX MOPOJ M MAarM B MHHe-
PWILHO AAPDATCHETHICCKHX  TPCYTONIBHUKAX € KOODIMHATAMM M3 MHEPTHBIX
KOMIIOHEHTOB, NO3BOJISIET MpE[ACKAa3bIBATh 30HAIbHYI0 CTPYKTYpY MeTacoma-
THTOB  MAarmMaTHYCCKOH CTa[MH, 3aMCLIAIOWMX MAaJIOKOMIIOHEHTHBIE MOPOLIbI.
Hanpumep, anaimsupys napareHeTHueckuii TPEYTrOJIbHUK ~ MAarHe3HallbHbIX
CKapHOB (CM. pHC. 16), MOXHO yGemMTBCA, uTO UIMHHENb )0 pCTe PUTOBASA
30Ha JI0/KHa GOPMUPOBATLCA B Cllyuae MIIAIMONE PHAOTHTOBOIO COCTABA AKTHB-
HOM Marmpl. JTO BBITEKACT W3 HAMUMA paspblBa B COCTaBe (xoTst U HeGOMB-
WOT0) MEX[y IUIHHENb-(hOPCTEPHTOBOH K $OpPCTepUT-NITATHOKIIa30BOMl  KOH-
Honamu. Tlocennss orpanyuMBaeT HaHMeHee KpPeMHEKMCIIble COCTABBI M-
THONEPUAOTHTOBBIX MarM, KOTOPbIC MOTYT HMETh CYLIECTBEHHO (O PCTEPHTOBbI
COCTaB, THIA MIarHoly 1o Hoko-JloBbipeHckoro maccusa. Bompoc o npu-
CYTCTBMM B KOHTAKTdX C HHMH LINTHHEIb-pOPCTEPHTOBBIX CKAPHOB paccma-
TPHBAICH BhILLC.

OcoGeHHOCTH MarHesHasbHbIX CKapHOB MArMATHYeCKOM CTAHH B KOHTAKTAX
Hed eNMH-CHEHHTOBBIX Marm COCTOAT, BO-NEPBBIX, B YCTOHUMBOM NpPUCYTCTBHH
KaJIbLIMTA B IUMHHENb-(POPCTEPUTOBON U LUNHMHENL-THPOK CEHOBOM 30HAX B K OJIM-
yectBe 50 u 30 06.% cooTBeTCTBEHHO, BO-BTODbIX, B 3aMeHe MHPOKCeH- IU1aruo-
KJIa30BOH 30HbI OKOJIOCKApHOBBIX MOpPOA HA Hed eNTHH-MUPOK CEHOBY IO, MO
CXOLCTBY € MAarMaTHYeCKUMHM MOPOAAMH Ha3biBaemyio HilormroM. Tlocimenosa-
TEJILHOCTb M KOJIMYECTBO 30H CKAPHOB MeXIy HCXOOHBIMH HOJOMHTOBBLIMH
MpaMOpamMH M He CIHHOBBLIMH CHEHUTAMU Te JKe, YTO M B CKApHOBBIX Tenax
TPaHHTOMIHOH opmauun. OHM JIErKo ycTaHaBNMBAIOTCA MO [PHHLHMITY nepe-
CCUCHHA KOHHOML TpeyroibHuKa B uHepTHLIX MgO, Al, O3, SiO, nuuueil, coeam-
HAWOIUCH COCTaBbl pearnpyrowmx cpei. [lapareHeTHuecKuil aHanM3 MOBemeHH:
YKa3aHHBIX MHCPTHBIX KOMIIOHEHTOB B 3TOM THIle CKAPHOB HE OTJIMYAaeTCs OT
BBIMOJIHCHHOT O BbllUe JUUIst IPAHMUTHOH (OPMAlMK 338 MCKITIOUEHMEM 3aMEHDI
TUIArHOKJIa3a HedeNMHOM B CUITy MOBbILEHHOH aKTUBHOCTH Na B HedeH-
CHEHHTOBBIX MarMax. MHorla aKTHBHOCTb HATpPUS OKa3bIBAETCH HACTONBKO.
3HAUMTESIBHOM, UTO HeeNMH BMECTO IUMHHENM [PUCYTCTBYET B COCTABE HPOK-
CEHOBOH 1 flaxe dopcre puTOBOH 30Hax [43].

Croxaice BOnpoc ¢ ycTORYHBOCTbIO B CKapHaX Kanbuuta. C OJIHO# CTOpOHBI,
Cro, Kasanoch Obl, MOXHO CUMTaTb H3OBITOYHBIM MHHEPANIOM, CIIOXKeHHBIM
BIIOJTHE l'lO[I,BH)KjlbIM]/[ Ca0 u CO;, KOTOpBIA BhINONHsET 0bbeM, HEMOJIHOCTbIO
MCIOJIL3OBAHHLIH MHHEpaJIaMH CKapHOB. Ho copmepkanusa kanblMTa ClMIIKOM
SHAUMTCNBHRL, H OH MPOHMKACT BO BHYTPEHIIME 30HBI CKAPHOB. B aToM nposis-
JIACTCA HEKOTOPAst OBILHOCTL C METACOMATUTAMH, 06 Pa3y IOIMMUCA MPU ¢ eHUTH-
SAUHH M3IBECTKOBLIX MpPAMOPOB B JK30KOHTAKTAX  HeheIMHCHEHHTOBBIX H
HHOJMTOBBIX MarM. PenukTbl Kanbumra Hepenko coxpawsworcs BHYTpH Marma-
THYECKHX TMOpOM B KOHTAaKTe ¢ HX MHMHepanamu. Takoro He GbiBaeT B KOHTaK-
Tax rab6po u Tem Gonee rpanHnToB. M3 NpOBENEHHOrO COMOCTABIICHHS MOYHO
CHenmaThb BBIBOA O TOM, YTO UIMPOKAA CTAGHILHOCTL KanbuMTa 0BYCHOBJIeHa
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dbauranbHpIMH  0COGEHHOCTAMU  1IPOABIICHUA  YJILTPALLEIIONHOrO MArMAaTH3MA.
BeposiTHee Bcero, 310 CBJ3aHO C CYWICCTBEHHO YTIEKHCIOTHLIM COCTABOM
COMPOBOXAAUMX WX GIIOHAOB, YTO BblpakaeTcsi B OOBLIYHON aCCOUMALMH
YIIbTPALLENIOUHBIX MArM ¢ KapBOIaTHTOBLIMH PaciulaBaMH. Bpicokoe mapimwin-
HOe [aBJieHHe YIJICKMCIOTBI BO (MITIOM/X  YiIbTPAIICIOUHBIX MAIM, BHUIMO,
00yCNOBNIHBaEeT BBICOKYH KOHLeHTpawio B pactsopax CaO u riyboryo ¢t
OMILHOCTb KJILUMTA B CBSBAHHLIX ¢ OTHMH MAIMAMH MATHOSHAILHLIN CRAPHAX.
[To HaizeMy MHeHMIO, 2TO O3nHauaer Hheprhoe nopejicHie Cal B CRAPHOBOM
rnpouecce wenouHoMarMatiueckoi Gopmatit. Miepriocin CaO coxpansicics
00 30Hbl HedeNMMH-IIUPOKCEHOBLIX 110POJL, Tie KajlbiT HeycToduns. Onnako
H.H. fTepueB (B simunoit Gecene, 1987 r.) MHTCPIPETHPYCT GUKT VCTOHUHBOCTH
KasnblUMTa B HECKOJBLKHUX CKAPHOBBLIX 30H2X KAK CBHUUCTCIILCTBO BIIOJIHE [OIBHA-
Horo noBenenusi CaO. [edicTBUTeNbHO, ak THBHOCTE Ca0 B IPUCYTCTBHH Kalib-
UMTa OOMHAKOBa B HECKOJIbKMX 30HaX METacOMAaTHYeCKOii KOMOHKH. Bnipan-
HEHHOCTb AKTUBHOCTH Ha BCeX CTYMeHsx Mpollecca XapaKTepHa JUIf BIOJIHE
noABMXHBIX KomroleHToB (no onpepenenuio J1.C. Kopsitexkoro). B atom
CMBbICIIE MIOBefleHHe K OMIOHEHTOB MHHEpaa, HCIONb3yeMoro B KauccTBe Oyde-
pa, aHaJIOrMYHO PONTH BIOMHC NOABHXKHBIX KOMIONEHTOB, AKTHBHOCTH KOTOPBIX
3amaercs ¢ AMIaMU BHellIHero uctounuka. Ho bydepusiit Munepan stoxet Onith
CTIOEH M MHEPTHLIMH KomnoHeHTamu' . TakMM 0BpazoM, BOIMOKIO KOHBEP
reHTHOe MOBefeHHe TePMOAHHAMHYECKH PA3JIHUHBIX KOMIIOHEHTOB.

BeiBon 06 uHepTHOM mnoBeneHHd CaO B METACOMATHTAX YJIHTPALEIOYHOM
MarmMatuueckoi ¢opmMaluH Mo3BOJIAET MOHATh 3aKoHOMEpHOE 00pa30BaHie
METaCOMATHUYECKHX ITMPOKCEHHTOB HA KOHTAKTEe HEeeNHHCHEHUTOBLIX MATM
C M3BeCTKOBbIMU Mpamopamu. Mx onuceiBaau PM. fummna, B.A. Kononosa.
E.Jl. AnnpeeBa Bo MHorux mMaccuBax [73, c. 140—162]. Buiwe 6bu10 pacemoT-
PEHO HECKOJIbKO TakKMX MNpumepoB. [lokasaHo, uto oOpasylowsecs NMpH ITOM
MOpOMbl CYIUECTBEHHO MHPOKCEHOBOrO COCTaBa lie MOTYT ObLITh HA3BAHBI CKAP-
HaMM{ H3-332 OTIMUYHOTO OT CKAapHOBOTO COCTaBa [MPOKCeHA  (3HUMHTCIIhHis
JTMPHHOBAsI COCTABIIsIOWAs, BhIcOKas, Gosnce 50 aT./% . KeAe3HCTOCTD, HIBK A
JIMIO3EMHCTOCTS) .

'lla IpaHHUE ABYX MCTUCOMATHUYCCKHN 30 MPOHCXOLHT YMCHBIICHHC KOJIHHCCT B creteed

CDOSO}IBI, YTO MOXCT BbI3bIBATBECH KAK IEPEXOAOM HHCPTHOI'O KOMITIOHCHIY BO BHOJHC
noaBIWKHOC COCTOAlIHME, TAK I COMCTAHHCM XNHMHYCCKHX AKTHBHOCTCH HHCP THBIN KOMITO-

HCHTOB, KOFAA OMH H3 HHX HC MOXCT H3MCHHTBCS HOBUBHCHMO OT ApYTHX. D10 npudas-
JSICT Ha TpaHUIe 30H OOMOJHHTENBHBIA MuHepan. B muddysuoHHOR MeTacoMaTHuceroit
KOJIOHKC TaKOH MeXallu3M, No-BHAHNMOMY, npeobnagact. COMHHTCIILHON NPC/CTaBIsCICs!
BO3MOXHOCTh 006pa3oBaHHs BIOJIHC NOABIDKIOIO MHHCPAnNa, HPHCYTCTBVIOWLTO B pa/le
30H OJHON MeTAaCOMATHYCCKON KOMOHK H, COCTABIICHHOIO H3 HHEPTHOIO H BIIOIHC 1O/ IBHA-
HOTO KOMIIOHEHTOB, KAK B C/yudc ¢ KaJILILHTOM. BHosie nogBinkiiblit KontonceHr €O,
HMCET OOHHAKOBYK (DYTHTHBHOCTE 110 BCC KOJNOHKCE. CJICAOBATC/ILHO, QIIHHIK OBYIO QK THR-
HOCTB B pasieix 3otax uMceeT it Ca0), TuK KAK NpOH3IBeIeHHe ak THBHOCTH CaO Ha pyTHTHB-
iloctb CO, 1pu tocTosiHHbIX T 1 P — Koucranta. [TocToslicTBO acy HPOTHBOPEUNT
MHCPTHOMY TMOBCACHHIO H3BeCTH, MOCKONBLKY MeTUCOMATHUECKAs KOJIOHKA obpasyeres
AHUL B IPAMHENTHON 30HC PCATHPYIOWHX HHCPTHBIX KOMIOHCHTOB. B APYTHN KOHKpeT-
HBIX CNyyasiXx COYCTAHHS MHEPTHBIX KOMIONEHTOB, COCTABMAWHX H3ObITOUHBIA MHIIcpa,
HO-BHOHMOMY, MOTYT MpH HCKOTOPLIX OrPaHHUEHHAX OUPENC/IHTh 1IPHCYTCTBHE Milicpad
B HECKONBKHX 30HAX KOMOHKH. BO3MOXHO H CYLLECCTBOBAHIE B PA3HBIX 30HAX H30BITOUHOTO
MHHepaia, COCTAaBIICHHOrO HIIHABQEPCHTHBIM HHCPTHBIM KOMIIOHEITOM, HC yHACTBY UM
B PCAK LHX MitHepasoobpasosanust. — [Ipust. o018, pedarTopa.
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Wc. 11. MapareneTnueckne mMarpammul MPOLY KTOB (heHUTH3AUMH HIBECTKOBBIX MPaMOpPOB
MaccuBoB: YaxpipTotickoro (q), XapnuHuckoro (6), Haxynypckoro (8); IIOHOMHEI"OB
KoTyHckoro maccusa (2) ¥ ONUBUHUTOB KoBmopckoro maccupa (,0) no [44
s
1 — nupoxcennr; 2 — oo 2 23]
y £ Oopoabl Pa3HbIX 30H KOJ’IOHKH; 3 - Hanpasneﬂue ABHXXE€HHA 3ITIOMO-
CHJIMKATHOT O MaTepHana, JTUHUA 3BOJIOUHH MC’I‘BCON{BTM‘ICCKOﬁ 30HAJIBHOCTH

Tlpumeuatenen cam daxT 06pazoBanus 30HbI MHPOKCEHUTOB HAa KOHTaKTe
H3BCCTICOBLIX MPaMOPOB € yJTbTPALENIOYHBIMH MarMaMH. B KoHTaKTax 11 YTUX
MarM Takue NHpOKCeHHThI He o6pasyiorcs. [IpuunHa sakmrouaercs anmmo
B TOM, 4TO (hIIHOMAABI YIIbT PALIENTOYHBIX MaTM XapaK TepU3ylorcs yr‘IleK;ICIIOTHbIM,
COCTABOM H B cuny 3Toro Goratsl CaQ, 4r0, BO3MOXHO, NPensTCTBYET pacTBoO-
PCHHIO M BLIHOCY KaNbLMTAa M3 MPAamMOpOB, KOTOPBLIl BCTYNAeT B peaKIMI0 ¢
KOMIOHEHTAMH dioupa.

C npubnuxennem MarmMaru4eCKOMy KOHTaKTy NMHPOKCEHOBAS 30Ha CMeHsE
€TCs NHPOK celi-He eIMHOBOM, KOHTAK THPYIOLIEeil ¢ HedeNTMHOBBIMH CHEHHTAMH
Ha puc. 11 nzoBpaxens AHArpaMMbl TaKHUM 1iepexonoB. OHM MEeMOHCTPH T
HE3NAUNTENIBHLI BLIHOC INIHHO3EMA B NUPOKCEHHTBbI MK BOOGLIE orcgﬂg}gge

TakoBoro. [lockonbky cocras GIIOUIOB, BBIXOAAIMX U3 Marm MOCTOAHEH

BHAMMO, > 10,

[IpH METaCOMATO3€ HM3BECTKOBBIX MPAMOPOB B OTJIHYHE OT CKapHOB
HE CO3MABANHCH YCIIOBUA IUIA OCAXCHHA TTHHO3EMA. BO3MOXKHO, 3TO CBA3AHO
¢ Bosee OCHOBHBIMM CBOMCTBAMH 1070 MHTOBBIX MpaMOpORB 110 ,CpaBHeH}{}O c
MIBCCTIKOBLIMMU, UTO HEONHOKPATHO MOMYepKUBANoch B paGorax JI.C. Kopxuu-
cxoro, B.A. ¥apuxosa, H.H. Iepuesa. B cBssy ¢ 5Tum HHTE PECHO BCNOMHHTD
uto J1.C. Kopxuuckuit [48] oGbsicHan OCXIEHHEe TIMHO3EMA BO BHeLUHMX’
30HAX  MArHE3HAIbILIX CKAPHOB PEAKLHMOHHBIM MOBbILEHHEM aKTHBHOCTH
amorteproro oxucia Al, Q, TIpH BCTYIJICHUH MAarMaTHUCCKUX DPAacTBOPOB B
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OCHOBHYI0 Cpefly MarHesHanbHblX NMopof. BHOMMO, H3BECTKOBhIC MPaMoOphl HE
BbI3bIBAIOT TAK OF0 U3MEHEHHs aK THBHOCTH TTIHHO3€EMa.

B koHTakTax ¢ HedeTHMHOBBIMH CHEHHTAMH MeXy 30HOH MHPOKCEHHTA
HITH KaJbUMTCOMEPKALUEro MMPOKCEHUTA PACIIONaraeTcsl 30Ha HeheHH-IIHPOK ce-
HOBOI Tlopoasl — Hitonura, MenbTedrita (puc. 11.a). OBbriHO ce obpaszopanie
CBA3aHO ¢ BoJsiee IrUPMHOBBIM COCTABOM MMHUPOKCEHA CHEHHTA CPABHUTENILHO
C IMPOKCECHUTOM B CHITY GOJIce BbICOKON aK THBHOCTH B MArMe HATPHA H KpeMic-

3eMa. B 9TOM cyuae iHonMT 0OpadyeTcs COIAACHO WICTO HPOABIAIOULCHiCH
B anpOI_IC peaKLlHH:
Muy, < x + K + Na, 0 ==, ITug, > x + Hp + K, 0.

Takoro pona B3aHMOMEHCTBHA PacpoCcTpaHelibl B IPHPOJIE WHPOKO H 06bAC-
Hs1I0T 06b1yHOE 06pa3oBaHMe 30H HECITMH-IIMPOK CEHOBBIX HOPOI MEKILY METa-
MOpGHYECKHMH H MarMaTHUECK MU MHPOK CEHUTAMH, LUTTHHENb-ITHPOK CEHOBBIMI
ckapHaMM M HedeMHCHEHHTOBBIMH MarmamH. TakoBbl, CKaXeM. MHONHTbHL
o6pasyioumecss MO NMPOKCEHHTAM Cpelld pPHCYOPPHTOBOTO Noms XHOHH HIH
WIONUTBI Ha rpaHHile (accauToOBOM 30HBI CKAPHOB M HeeHHOBBIX CHEHHTOB
KatyHckoro maccupa [40]. MeTacomarHueckas MpUPOLa peaK LHOHHOM HedellnH-
MTHPOK CEHOBO# MOPOJIbl ITOr0 MaccHBa 06OCHOBBIBANIACH BbILLE.

Taxum 06pa3oM, METaCOMATO3 MarMaTHYeCKOM CTa[lHH MAJIOKOMIOHEHTHDBIX
MOpPOA TOM AeHCTBHEM TPAaHCMarMaTHYecKUX (JIIOMI0B aKTHBHBIX MarM Ipouc-
XOOUT TyTeM (OPMHPOBAHHA OTYETIIMBO 3OHAJIbHBIX Tell METaCOMATHTOB.
JIns HUX XapaKk TepHbl pe3KHe IPAHMLbI M TUCKPETHBIH cocTas 30H. KonuuecTBo
M TIOC/IeOBaTeJILHOCTh 30H OIlpefierAeTcsl MepeceyeHHemM [1BYMHMHEPaJIbHbIX
KOHHO Ha OMarpaMMax B KOOPIMHATaX MHEPTHBIX KOMIIOHEHTOB C JIMHHCH.
COeOHHsIIOUIEH TOYKH HCXOMOHBIX pearMpywouux Cpel: BMeUWawumMx Mopon
U aKTHBHBIX MarM. 3aKOHOMepHoe cOIM)KeHHe COCTaBa W MapareHe3ucoB MeETa-
COMATHTOB C TaKOBBIMH MarMaTHYeCKHX MOPOM MOKa3blBAET, YTO METacoMaTo3
MarMaTHuecKo# CTaJlMH SIBJIAETCSL CocoDOM IpHBe/eHHsA OOKOBBIX 10POd B
TepMOIMHAMHUECKOE PaBHOBECHE C KOHTAK THPYIOWUHMH MarMamu.

METACOMATO3 MHOTOKOMIIOHEHTHBIX [OPOI

B GOMBUIMHCTBE ClIyYaeB METACOMATO3Y MAarMaTHuYeCKOH CTAHM 1I0[1BEPTaloT-
cA TOPOJIbI C BHICOKHMH COLEPKAHUSAMH HECKOJIbBKHX HHEPTHDLIX KOMIIOHEHTOB,
T.e. BIM3KHE K COCTaBY aK THBIbIX MarM, K TAKHM 110pogamM OTHOCATCs TeppH-
reHHO-0CafouHble, CJlaraniye GOJbIIYI0 YaCTh Pa3pe3a BepXOB 3CMHOH KOpbI.
a Takske pa3HooOpa3Hble U3BEPXKCHHbIE FOPHbIE NOPOMbl (3D DY3HBHBIC H HHTpPY-
suBHble). PacCMOTpEHHBIH MeTacOMaTo3 MalOKOMMOHEHTHBIX NOPOA OXBATbI-
BaeT JIMLIb HE3HAUMTEIIbHYIO JIONI0 BCEX B3aUMOOEHCTBUA MarM ¢ BOKOBBIMH
NopofamMH, a Gonblast HX YacTh MPHUXOAMTCH HAa MHOTOKOMIIOHEHTHbIE MOPO/IbL.

MeTacoMaTHueCKHE TIPOLECCH B MHOTOKOMITIOHEHTHBIX [10pOfIdX OKa3aslHCh
M3yYeHHBIMH XYK€ TAKOBBIX B MAIOKOMIOHEHTHbIX cpefiax. HpumMepom sBIAET-
csl cnaBas M3yUYeHHO CTh METACcoMAaT03a, COMPOBOXKIABIIErO FpaHHTH3aIHI0. JIILb
B TOCTeNHee BpeMs HAYANIOCh MX AKTHBHOE MCCIIE[IOBAHME B HalleH CTpaHe
(3.1. MNetposa, B.W. Jlepuuxwuii, 1984 r., C.H. T'aBpuxosa, 1985 r., B.A. Kapu-
xoB, C.H. T'aspuxona [17], E.B. Kypniokos, 1987 r.) u 3a py6exom. Heobxo-
OMMO BBHICTHTb crathio B.A. Wapuxosa, C.H. TaBpuxosoit [17], KoTOpBIC
yGeauTeNnbHO [1O0Ka3aiM, YTO PaHHTH3AUUA NpeacTaBiiaeT coboli mpouecc obpa-
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JOBAHUA TPaHUTHBIX DACIUIABOB Ha MeCTe pa3HOOGpa3HbIX MeTamMopdHYecKH X

TMOPOZL B pesysbTaTe NpeABapsAIOILCIO METacOMATHYECKOTO HX H3MeHEHH:H H
oBocHoBaHHO oTBepriHM IJTMHICHHYIO THIOTe3y. ABTOPbI yKa3aiM Ha YeTKYI
3OHAJILHOCTL METACOMATHTOB IPAHHTH3ALMH C YMEHbIUEHHEM YHCITa MHHEpanos
B 30HaX N0 onHOro-mByx (IUIarMOKNasa, KaMMIINATA WIH HX COBOKYMHOCTH )
B HAaNpaBIICHMH MAarMaTHYecKOro KOHTaKTa. DH3MKO-XHMHYECKHUil aHQIU3 Mpo-
tecca B cratbe He uanoxet. Heynosnersopurensto uayueno METacoMaTHYeCKoe
BO3/IEACTBHE MarM OCHOBHOIO M YJIbTPAOCHOBHOIO COCTaBa Ha MHOTrOKOMIIO-
HEHTHbIE OOKOBble MOpombl. OTYACTH 3TO CBA3aHO C BBICOKOTEMIEPATy PHbIM
XapaKTCpOM Ha3BaHHBIX MarM, HepelKO BbI3LIBAIOIINX najuHreHHoe (Gea
M3MEHEHHSA COCTaBa) paciyiaBiieHHe HOK OBbIX nopon. Hanpumep, B TatHaxckom
PYAHOM y3jic B KOHTAaKTaX TeJl CYJIbhUAOHOCHBIX OJMBHHCOLEP)AIMX ra66po-
HOHCPHTOB KBapucouep;KamHe TEpPpPHTEHHbIE nopoaobl OesoHa H nepMo-TpHaca
TaBstcs 0€3 M3MCHeHHs CocTaBsa, NpeBpaiasacb B OHOTUT-aMbHBOIOBLIE
rpanobupsi  [24], Hepenxo cocTaBnsowMe M0 I1IOJIOBHHB! MOLUHOCTH HH-
TPY3HBOB,

Ha ceropnaummit mens nmywwe scero METaCOMaTHYeCKOE BO3MEHCTBHe Ha
TOJIMICOMIOHEHTHDBIC NOPOMbI MarM  (IOCPENCTBOM BbIACTHBUIMXCA U3 HMX
TPaHCMarMaTHuecKHX (IIIOHIOB) H3YYeHO B KOHTAKTax MaccHBOB, 0Gpa3oBaH-
HBIX HEJOCBILCHHBIMH KPEMHE3EMOM, YJIBbTpaLeloYHbIMU paciuiaBamu. JTH
TPOSABIICHHA ONMCBHIBAIOTCA KaK (HEHUTH3AUUA rab6pounos, TPaHHTOB, I'PAHHTO-
THEACOB U T.II. Nopop.

Paccmotpum  cravarta  penntusamio rabbpounos, meranbHo OIIMCaHHYI0
PM. flumuoi [127] B Koprepenabunckom maccuse. IMopmo6Hbie sienus
omtceiBanuck  B.W. Kosanenko u ap. [40] B MacciBax HebeMHOBBIX cHeHHTOB
CeBepo-BocTouHoit TyBbI, H3BECTHBI OHM Takxe B KyshneuxoM Anaray u B
APYTHX pernoHnax. I'eonoro-nerporpaduueckue XapaKTePUCTHKH anorab6posbix
¢ennton Koprepena6urckoro maccupa NpHBOJTITMC B MpeabldyLieM pasfierte.
Hanomuum, uto dbenurnsaumeii 6pum OXBAYEeHBI TONIM rabbpo MOLIHOCTHIO
B HECKOJIBKO COT METPOB U OCTaHUbI—K CEHOJTHTHI pasamepom o 200 M. denuro-
BbIH ODPEOJT MMeeT 30HAJIbHOE cTpoente (0T rab6po k HedeMHOBELIM CHEHUTaM) :
0 — BHOTHT-OJMBUH-MHPOKCEHOBbIE rabbpo; 1 — NeHK OKpaTH3HpOBaHHO e
rabbpo; 2 — onuroknaszbennts; 3 — OPTOKIIa30BBIC 3CCEKCUT-HeHUTDI; 4 —
HepeMHCOmepxKatiHe 3CCEKCHT-QEeHUTHI; 5 —MYJIACKHTbI C AJTOTPHOMO pHO-
3CPHUCTOH CTPYKTYpOH; 6 — MyjacKuThl ¢ NPH3MAaTHYECKHM KaJIMUINATOM;
00 — amdubonosuie Hed elIMHOBLIE CHEHUTLI. ABTOp onucanus, PM. HumHa,
OTHOCHT BCe MYJTACKHTBl K JHJOK OHTaK TO BbiM d)aume MacCCHBa, OGpa:}OBHB-
LUHMCS . TlyTeM  MAarMaTHuecKoro 3amewteHus. OIHAKO, Kak 060CHOBBIBAJIOCH
'BBILLE, BBINE/ICHHbIC HAMH [PEAIOJIOKHTEIBHO MeTacoOMaTHUeCKHe ITyJ1aCK UThI
061agalnT HemarmaruyecKk MMM CTPYKTypamH. Ilynackursl ¢ npusMaTHueckum
KQTHIUNATOM, BHIMMO, 06pa3oBaJMCh M3 paciUIaBOB MarmMaTHYecKoro 3a-
MeELEeH A,

PaccMotpum  xumuueckue MSMEHCHHUA, KOTOpble mperepreBanT ra66po
B npouecce ux denntusaumu (puc. 12). Ha pucynxe XOpolo BHAHO, YTO MO
MCpe NpPOTpeCCHPOBAHHA METACOMATO3a, C MEPEXOJOM OT NEepPBUYHBIX raBGpo
K BO3MCHCTBYIOLMM Ha HUX aM(HUBONOBBIM HedeMHOBBIM CHEHHTaM NpoHc-
XOIHT COIHXKEHHE COCTABOB MeTACOMATHYECKHX nopox ¢ ceHuTaMH. JTO BbIpa-
KACTCH B BBIHOCE H3 3aMelllaeMbIX rabbpo Markus, xesesa, Kanblus u NIpHBHOCE

B HHUX 1UeJIouer U B HE3HAYHTCJIBHOM KOJIHYeCTBe AJIVMHHHA H K PpEMHHA. Ha-
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CHHOM

HECeHHbIH Ha [MarpaMMy THTaH YBEJHYMBAETCA B 4-—5 pa3s B NOALIEIOYCHH ™

CeX 10 )

ra66po (okomo 1 mac.%) M OCTaeTcsi Ha 3TOM YPOBHE BO BCeX nocne:?/ ]"[Imn

30HaX METacOMAaTHTOB, CHHXafACb BIIOJIOBHHY B He(beJIHHOBbD\‘C}{e}:{:a.‘;;mn}:c]-

Wil, TOrga Kak CcOfepKaHHe KaJii

MepHO TakK Xe BeldeT cebA HaTpHi, ' H ; T

nofrenem{o. B caMbix BHYTpeHHHMX 30Hax (5 M 6) HAaMpaBJIEHHbIR XOI “~3MC}K()
HUA cOfepkaHHil OKHCJIOB >KeJie3a Hapyllaercs H HX KOJIMUYECTBO HECKOJb

BO:‘;E:;C;?‘?.-B OTpakeHbl H3MEHEHHA MHHEPATbHBIX 1lupu1“cuc3ucon ‘rx‘laﬁgg}({)ul;gg
ux ¢enntuzamy. IleTporpado-MHHEPAIOr HUeCK He xapm:repngm:)‘rbm 1o
NPHBOOMIMCh B Ipefbigyliem pasfene. [lpuMevaTenibHOH ‘oco eu’ (;KOHOH;KH
Hecca ABJIAETCA MOJMMMHEPANIbHBIN COCTAB MOPON n1eracomfaruqec:§$m1;i‘ o
IpH  HeNpepbIBHBIX MHHEPAIOrHYECKHX npespamcmm,\’ “[B;m }13Mé|'{e|me
puc. 13, I nocnenoBaTesIbHO IPOHY MEpPOBaHHbIE ro‘fxu n0K431'>66 s
cocTaBa NOpoA B mpouecce (GeHUTU3AUUH OT HCXOOHOrO raa E,mmm s )
e aain. Kapouo ai CHEHHT?fe ﬁ;??g;{;l;ngii?mia MCT:]CAOMGTH»
Hy10 (auHio MacCHBa. XOpOLIO BHAHO TaKXK CTAB MeTASOMATIY

arMpl B HAlpaBJIeHHH MarMaTHYeCKOro KOHTAK
Eﬁa}in:(ﬁ:gssz,cch: Bblpéi)KZleTCHpB MpHBHOCE B MOPOMbI ’I"HHHOZB(?MB “,Kgi;{l}({zze]\,;i
B COOTHOLIEHHMH, MPUMEPHO OTBEYAIOIIEM COCTaBY KallHLUMATa, §
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OH THHA ¢ AKXe He O 06p3)K HHOTrO H 1
3 bl peaK MU MarHus, »XKeJl €34 (a T (7 (3 T c I a ar



5i0,

H H,0, C0,, K,0, Na,0
o f
6 ROy —_
flu :a m [T S—— Mg, —
7 71 3
An H ¥
/ >4
Z,
Pogs b Pogs F //
¥
Mazn
Men
(Mg, Fe)0 1 1/2 A1, 0, 2
Kl KW
I = Nnz7 7
7 u 4 1,
¥
7
Po,, 4 Pozs
Men
M
3 2H :
tt H,0,C0,,K,0, No,D, 0,, Cal
KW
fu Mu
Hyp
AM
5 6, 7

Puc. 13. HNuarpammur COCTAB—TAapareHe3uc VI 30H anoraG6poumHbIX (eHHTOB ¥ MaTepHH-

CKHX 17 HHX HedeMHOBLIX CHEHHTOB Koprepena6unckoro maccupa no netporpaduyec-

« KM panieiv PM. Swinnoit [127]

mlg\élmec;u_e cocraBbl: /| — MOPOA: 1 — McXomHble ra6bpo, 2 — J1€i1K OK PATU3UPOBAaHHbIE
po, OJTUIOKJM3UT-) EHUTDI, 4 — OPTOKMA30BbIE dccexcHr-penursl, 5 — HedenuHo-

Bbl€ ICCEKCUT-heHuTbl; 6, 7 — MarmMaTHue cKue noponae!; nynackursl (6) ;1 TPaxHTOUOHbIe

Hed) eTMHOBbIE CHMEHUTbI M; 2,3 - MapareHHbIX MHUHEPANOB: 2 — cTaGivIbHbIX, 3 — HecTa-

OMNBHBIX; 4 — HanpamieHue NpMBHOCA BewecTBa G rrovgamu ’

KanbuMA) 6e3 NpH3HAKOB HX HZKOIUTEHUA B MArMaTHYeCKHX nopofax. Uamene-
HHSL 3TH, OfHaK 0, He OueHb 3HauMTeNbHble. Mexmy TeM B NOPOAaX MpPOUCXONAT
AKTHBHbIE peaKlHMOHHble B3aUMOOEHCTBUA MuHepanoB. OT HavanbHOR NefKo-
KpaTu3auuu rab66po [0 30HBI OPTOKIIA30BBIX ICCEKCHT-PEHHTOB (BKIIlouas ee)
B MOpOJIaX MPOMCXOOUT YBETHYEHHe KONHYecTBa IUIarHoK1a3a NpH OJHOB peMeH-
HOM ero nokKHcieHHH. [lnaruoknas KoppooupyeT TeMHOUBETHbIE MHMHEpAIb.
OnHOBpeMeHHO OJMBHH, MHPOKCEH M MAarHeTHT oKaiMiswoTca OuoTHToM. Ha
mMarpaMmax pHc. 13, 2, 3 nepeceyeHHeM KOHHO[, HCXOOALMX H3 TOUKH [U1arHO-
KJ1a3a, $ICHO BBIPaXKaeTCsi NPWYMHA MMHEPATbHBIX pPEaKIMH: MpPH MOKHCIEHHH
IIArMOKJIa3a IapareHe3uchbl MHPOKCeHa H ONMBHHA ¢ GoJiee OCHOBHBIM MOJIEBbIM
UIIATOM MpedbIayuieii 30Hbl OKAa3bIBATCA HeYCTOMYMBBI H 3aMEILarTCs XHWMH-
YeCKH pAaBHOLEHHBIM (II0 MHEPTHBIM KOMIOHEHTaM) MapareHe3sucoM c Gonee
HAaTpHEBbIM IUIATHOKJIAa30M pacCMaTpuBaeMoOR 30HbL. [IpH 3TOM uacTh 3epeH
MpoKceHa U dopcrepuTa (M3MEHEHHOrO COCTaBa) OKAa3bIBAETCS B PaBHOBECHH
c Goree LENOUHBIM IUIArHOKIIa30M. [IpHBHOC, KaK OTMeEYasioch, KaJHIUMaTo-
BOTO KOMIIOHEHTa H BBIHOC MacdHUCCKHX BCOET TaK e K 3aMELIEeHHIO OJTHBHHA
IHMpoKceHOM (+ IAarMoknas), a MarHeTuta — GHOTHTOM (+ TUIarHOKnas).
Ilpn 3TOM moponb! HOBOH 30HBI CONEPXKAT CTOJBKO K& MHHEpanbHBIX (a3,
KaKk M mpensiayuwas 3oHa. ComepkaHWe Kalus M HaTpHA B IMOPOJAX pacTerT,
HO Kamuil UKcHpyeTcss B MeHblUeH CTeleHH, YeM HaTpHH, TaK KaK KaHIunar
CTAaHOBMICH YCTOMYMBBIM TOJIBKO B CJleflyIouieH 30HE OPTOKJIA30BBIX JCCEKCHT-
¢dennToB. OH MOABNAEICA ¥ B IpeNbIIyLIHX 30HAX, HO JMLUb B BUAE AHTHIIEPTH-
TOBBIX BPOCTKOB B IUTArHOKJ1a3e, U30IMPOBAHHBIX OT TCMHOUBETHbEX MHHEPAJIOB.
OnHako M B 30He OPTOKJA30BBIX 3IcCeKCUT-PeHHTOB (cM. pHC. 13, 4) ewe He
MPOUCXOOUT PaIMKATBHON MepecTPOHKH MHHEpalibHOr O napareHesuca.

CymiecTBeHHble M3MeHEHHA MpOAB/IEHbI HA TPaHHle cllefylollel 30HbI Hede-
JIMHOBBIX 3CCeK CHT-peHnToB. [Inarnoknas cocraBa AH, 4 OKA3bIBACTCA HEYCTOM-
YUBBIM M paclMajiaeTci Ha accoudauuio kamuumar+HedemdH. OOoHOBpeMeHHO
B 30He MOABNACTCA HOBBIH TEMHOLBETHBIH MMHepanm — aMdHub0Il, KOTOpbIH
OKaNMJIIeT MMPOKCeH, GHOTHT, MarHeTHT, H30MMUPYA UX OT IularHoxnasa. Hure-
pecHo, uTo HOBOOGpa3zoBanve amdubOna MPOUCXOOMT TOTMA, KOrJa TOYKA ero
cocTaBa Ha guarpamme (CM. puc.13,5) monagaer Ha JIMHHIO, COEIMHANLLYIO
OHOTUT ¢ KHCIBIM IUTarHOKIIA30M COCTaBa OKoJNO AH;s. UHcio coBMecTHO
YCTOMUYHMBBIX MHHEPAJIOB B 30He HedeJIMHOBBIX 3CCEKCHT-QEHHTOB COK pallderca
0O Tpex, XOTA B HHX MOTYT COMEPKaTbCS PENTMKTBI TeMHOLBETHBIX MHHEPATIOB
NpeabayHx 30H. [TapareHesnc caMoit BHyTpeHHEH METACOMATHYECKOH 0 PO bl
(mynackHTa C annoTpHOMOpGHOH CTPYKTYpo#) 06Gpa3’oBaH TeMH e TpeMs
MHHEPUIaMH, YTO U B MarMaTHuYecKHX MOpodax riaBHOW dalmu MaccuBa. 3TO
CXOACTBO TOMUYEPKHUBAET M30(AIMATBHOCTL TeX M IPYFHX, UYTO [OOKAa3blBaeT
¢ opMHpOBaHHE METACOMATHTOB 0[], BO3AEHCTBHEM KHIKOH MaTMbl.

CxonHpiM 0Gpa3oM B KOHTAKTax C YJbTPALIENOUHBIMH Marmamit ¢eHHTHIH-
pYIOTCA [pYTHe MHOTOKOMIMOHEHTHbIE MOPOIdbl — KBAapLCOAEpXallHe THEHCHL
ITH MpOlECChl UIMPOKO INPOSBJIEHbI B JIK30KOHTAKTaX XHOWHCKOrO IUYTOHa,
BHeIlIHee KOMNbLOKOToporo 06pa3oBaHO K pYMHOK PHCTAJIHYECKHMH HedelTHHO-
BbIMM CHEHHTAMM XHOMHMTOBOro Komivlekca. OHM [eTalbHO HCCIENOBaHBbI
PII. TuxoHenkoBoit [113]. BMmewatoume MaccuB THeHchl oTnHualoTca Gonb-
IMM JIMTONOTO-MeTporpadHyecKuM pa3HooOpasHeM, pasHOH CTeNeHbl MHIMa-
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Puc. 14. [lnarpammur coctap—naparchesuc (G EeHHTH3a UMM TITATHOIHENCOB B 3K 30K OHTAKTaX

XHOHHCKOro MaccuBa (CoCTaBrICHBI UBTOPOM [10 MeTporpadpuucckum ganusiM P.I1. Tuxouen-

0 — mmaruorueiicni; 1 KOB“Oﬂ Sy

}[c(bm!(WKanl(mnarg — OJIMTOKJIa30Bbift (PEeHHT, 2, 3 — KaTHINATOBBIE benuTni, 4, 5 —

oo K ! Bbie (eHuTH, 6, 7 — XUBHHNTBI IHIOKOHTAKTOBOH M ITIABHOM danuu
HHO ;S CTPETKaMH MOKA3aHO HANPABJIEHHE Pa3pacTaHMA MeTacOMaTHYECKHY 30H

H3auuH. Ilpeobnanaior marvorHejicer, deHHTH3aLHI0 KOTOpbIX PacCMOTpHM

1nojpobiee Ha ociuBe MaTCPUAIOB, Nos yuektbix P.IT. THXOHCHKOBOH B pe3ynb-
TATC MHOIOJICTHMX HCCIECTOBAHMIL.

pu HONBLIX HABMIOUCHISIX B (CHUTOBOM OPeOsic pamnHuaioTcs JBE YacTH.
Bo BHev i, HauBornee oBLMPHOI 30HE COXPAaHAETCA TEKCTYPHO-CTPYKTYpHBIA
OOJIHK HCXOJHOM THEHCOBO-CIAHLEBON TOMIM: CJIOHCTOCTb, THEHCOBBIC TEKCTY-
Ppbl, IpALIeNbHAsS OPHEHTHPOBKA TEMHOLUBETHBIX MHHepanoB. Bo BHYTpeHHeH
30HE, HEOCPE/ICTBEHHO MPUMBIKAIOWEH K WHTPY3UBY, MOpOAbl GoJnee OHO-
70

POAHBI H MO BHELHeMY OBIHKY COIMKAIOTCA ¢ MATMATHUCCKH MK, JIH (peHuThl
OTYEeTVIHBO HHDBEUHMPYIOTCS rpyBO3epHHCTLIMH MACCHBHBIMH XHOMHH TUMK, CO/LCp-
KaTCsl B HUX B BUJIE KCEHOMMTOB H PEJIHKTOB HENpPaBHIIbHOH POPMLI, YTO JOKU-
3bIBAaET MX IIPUHAIPICIKHOCTh K METACOMATHTAM MAarM4dTHUCCKOH CTUHH, Kolo-
pble, KaK U3BeCTHO, 06pa3yloTcs N0/ BO3OCHCTBHEM TPAHCMArMaTH4eCKHX (i1IoH-
OoB Gnuanexawero Marmatuyeckoro Tena, Cryyad pa3BMTHA GEHHTOB JTOIO TH-
na 1o XMOHHUTAM HEU3BECTHBDL.

B opeone ¢GeHUTOB BLIAEAAIOTCH ueTbipe 30HDLI: 1) HE3HAWMTENbHO H3MCHEH-
HbIX THEHCOB, 2) OJIMIOKJIa30BbiX GeHHTOB, 3) KUTHWHATOBLIX Qettos, 4) He-
enMH-KaTHIIATOBBIX (GECHHTOB. MOXHO BbIJIENIHTD €Ule O[HY 30HY JHAOKOHTIK-
TOBBIX Gauud XMOHHHMTOB. [laparcHeTHuecKHe MHHCPAIbHBIC dCCOLHALMH Bl
JIEHHBIX 30H (eHUTOB H300paxkeHnl Ha pHc. 14.

Ha puc. 14, 0 n306pakeHbl 4CCOUKALMH, BEPECCKAIOIUHCCA KOHHOIbI KOTOPbIX
CBUIETENbCTBYIOT O NOJHMHHEPAIBHOM COCTaBE MEPBHYHLIX THEHCOB M HilCpT-
HOM MOBEJEHHH HeNeTyYHX KOMIIOHEHTOB IpH X o6paszoBaniH. CTpelikoii 1t Tou-
KaMH NMOKAa3aHa HAMpaBJIeHHOCTb XHMHUECKUX H3MEHeHHH FHEeHCOB LOA BO3leH T
BHeM GIIIOHIIOB HedenUH-CHEHUTOBOH Marmbl. [IoCKOMbLKY H3MCHEHHS BbI3bIBU-
I0TCS1 MPUBHOCOM B THeilCbl KOMIIOHEHTOB H3 MArMbl, CTPJIKA HANPaBiIcHa OT
MarMaTHyecKHUX MOpoJ K HCXOAHbBIM NOpoidaM. OTHe TIHBO BHAHO, HTO CyulecTse
Mpouecca BbIpaXkaeTcst B NpHOIHXKEHHH COCTaBA MCTACOMATHTOR K MATCPHIICKUM
MAarMaTHyeCKoit Nopojie, T.e. K COCTABY MUI'MBb.

Kak 1 npu demTH3auMH raBOpoH/IOB, PacCMOTPEHHOH BBILLC, HAULILHBIC CTV-
MeHH M3MEHEHHi THeicoB MMeIOT BHA MCTaMOpPPHUECKHX PCdKUMi. Buauate su-
Hepalibl THEHCOB TpaHYIMPYHTCs, KBapu INpuHobperaeT obnaunoe yracaume,
MPOUCXOUT MepeKPUCTAUIIH3ALHS [UTaTHOKI1a3a ¢ HCUE3HOBEHHCM HBOHHIKOBO-
ro crpoeHus. OH CTaHOBHTCA BoJjiee WCTbIM, H €r0 OCHOBHOCTb [OHHKAETCs OT
AH30-35 B UCXOMHBIX THelcax 10 AH,g.7,. BOKpYr NepBHUHLIX KBapud. aMpH-
00J1a, MMPOKCeHa H BUOTHTA NMOSBAIOTC MESIKHE YELTYHKM TeMHOI crrombl. Ho-
BOOOpa30BaHHbIE CIYCTKH MENKHX KPHCTAUIOB POrOBOH OOMAHKH rpyIlHpY-
I0TCA QKOJIO KBapla.

Ha panpHeiilumx cTymeHsix mpouecca [OABISIOTCH BOee KpPyHHO3CPHHCTLIC,
KYuYHble CKOIUIeHHs TeMHOUBETHbIX MHHepwIoB. I'ycToTd OKpacki ambubona u
IMMpOKCeHa YBEeNHUMBAETCSA, YKa3blBas Ha MX MOALICIOYCHHBIT cocTas. [Lrarno-
Kna3 CTaHOBHMTCA ewie Goree HATPHEBBIM (AHyo_) s) H COACPAHT MHOTOUHUICH:
Hble PEIHKTOBBIE BKIJIIOYCHMA TEMHOUBETHBIX MHHEPAIOB, YKd3bIBAlOUe Ha HX
3aMeuleHHe IUTarHokiasoM. 10T THn nopon HazeaH P.II. TuxoHelkoBoi osro-
KJ1a30BbIM (eHHTOM. JI1A MMKpOCTPYKTYpPHOTO PHCYHKA HOPObl XapaKTepHbl
TeCHbIE B3aMMHble MMPOPACTaHUs MHHEPATIOB, CHMIUIEKTHTOBbIe CTPYKTyphl. Ho
TeKCTYpHbIH OBIMK NMOPOJ, HX MOJIOCYATOCTb H THCHCOBHAHOCTb COXPAHAETCS OT
rHeiicoB. [TapareHeTHueCcKkMe acCOLMAIMH OJIHIOKIA30BLIX (PCHHTOB H300 paxelibl
Ha puc. 14, 1. TlonosxeHHe KOHHOM 1O CPABHEHHIO ¢ HCXOJAHBIMH T'HCHCAMH Me-
HAETCA 34 CYeT HOKHCICHM S TarHoknala, ['ieiicopble N4ParcHe3HCLl TeMHONBCT-
HbIX MHHEPDWIOB 3dMCHHIOTCST Ha WX ACCOILHAILHH ¢ DOJICC TUCITOUHDLIM THIUTHOK T~
30M, B CHJIY UCTO B HIOPOUC MPOH3OUUIA CCPH PCARUHH 3UMCILCHHSL H CMCLLC HHO-
ro paBHOBECH S

Iu +Ila (AH2 0_32) >[I (AHlO-l 5) + An;
Am +IIn (AHa0-32) —~AM+[Ia (AHy ooy 5) thu;

Bu +In (AHy9-3,) > bu+In(Anyooys) +Me
71



ITH MHOTOUMCICHNbIE PeaKLMH KaK Pa3 M MPUBOIAT K YCIOXHEHHIO MUKPO-
CTPYKTYPHOTO PHCYHKE MOpPOS.

uHa TpahHle cO cileftyrotleit 30HOM KATHUINATOBbIX GEeHUTOB TIPOUCXOIMT MO C-
TIoHHOe (BRONb THEHCOBATOCTH) 3aMelreHHe ¢beHnToB npembiyIel 30H.I, [Tpu
JTOM IUTArHOKNA3 C KPaeB M MO CNAHOCTH 3aMeLIaeTCs HECABOHUKOBAHHbIM
KATHUINATOM, 06pa3y0lHM K pYIIHbIe aHTHNIEPTHTOBbIe KPUCTAIIbI H30METpHY-
HOH (OPMBI C HEPOBHBIMH TpaHHLAMY, XapaKkTepHO HepaBHOMeEpHOe, GIOuHOe
yracaHue KpuCTAIOB KATMIINATA M3-33 06Pa30BaHHA UX 32 CueT Cpa3y HeCKOJb-
KHMX pasHOOPHEHTHPOBAHHDIX 3epeH MUIAarMOKNa3a. B NMopo/ax 30HbI BHOBD NOSE-
THACTCA IHPOKCEH, yxe OBOTALEHHBbIH ITHPUHOBON MONEK YTOi. BUOTHT OKa-
SUICA B HMX HEYCTOHYMB M 3aMECTHIICHA MPEMMYIIECTBEHHO BbICOKOLLIETOYHBIM
ampubonom (xatadopuTom), a Takiie TMMPOKCEHOM H THTaHOMarHeTHTOM. Kax
BHIHO, UHCIIO MMHEpaTbHBIX (a3 mopoibl cokpalaercs, CBUIETENLCTBYSA O Ie-
PEXOLE pANa KOMIOHEHTOB BO BIOJIHE MOMBHXKHOE COCTOSHHE, YTO OTPaXXEHO B
YIIMHCHUH DANA IOABUKHBIX KOMIOHEHTOB, IOKa3aHHOM HaJ IHarpaMmoii Cripa-
Ba. Hedbenmun B 06cyxnmaemuix P23HOBHIHOCTAX META00 MATH3UPYEMBIX TIOPOST
ewe Heycroitwms. Ho on MoskeT npucyrtcrsosats B Gonee MeNTaHOK PaTOBBIX pa3-
HOCTAX MOPOX 30HbI. JTOT aKT yKa3biBaeT Ha MHGHILTPAUHOHHBIA XapaKTep
fpouecca, Tax Kax Gojee paHHee MOsBIeHHe HedeMHHa B MO POMax MOBBIILEHHON
OCHOBHOCTH CBA3AHO C PEAKUHOHHBIM MOBBILICHHEM XHMHUECKOH aKTHBHOCTH
HATPHUA, BO3MOXHOM TONIbKO B MOTOKAX (iounos. Kanuimart 06cyxnaeMon 30-
HbI COAEPXHUT okono 40 mon. % anbbuTa.

Cnenylowasn 30Ha cnoskeHa HeeNMH-KATHIINATOBbIMY eHUTaMH (cMm. puc.
14, 4, 5). TIoposbl 30HBI UMEIOT OO CYATHIH 061K M3-3a nepeMerxkae MocTH Mac-
CMBHBIX M MOoppupoBbix pasHocre. [lopduposbii o6muk NopofdaM INpHAAIT
KPYNHbIE BbIAENeHUs HedennHa, KOTOPbIN, KaK BUIHO U3 CPaBHEHU A1 MApareHeTH-
HECKHX MMarpamMMm KUTHIINATOBBIX H Hed eNMUH-KATHILITATOBbIX ¢denuToB, 06pasy-
CTCA B pe3ynbTaTe peakuu Am + Knw — Ix-ITu + He, IIpu 3TOM KONHMYecTBO
amMpuBona B Nopoje 3HAWMTENbHO YMEHbLIAETCH 3a cueT 3aMelleHUs ero M-
poxcenom 1 Hedentnnom. ITipokcen noponst conepsut oxomno 30 mon. % arupu-
Ha, 35 mMon.% renexGepruta u 40 mMon.% mMoncuna,

llokasaTenbo u3Menenue GopMbI KprCTANOB 1 CTPOEHHsA 3epeH KalTHIUINaTa
ernToB 30HBI. Hapsay ¢ kpynHbivm M30METPHYHBIMM KPUCTANIIaMH, YHACTeH0-
BAHHLIMH OT Mpe/IbIAyIlIeH 30HBI, NOABIAIOTCS 3epHA IIPU3MATHYECKO dopmsl ¢
HpOCTblMM, KapncOaacKMMH ABOMHUKAMM, MHOTOMETHUI ONBIT yGeown uceneno-
Batesieli XHOHHCKOrO mMaccuBa B TOM, YTO Takhe KPHCTAUTbI KAIMILTIATA IPUCY-
L0t MarMaTHueckuM noponam. CreloBatesnibHo, B OpOAax HAUMHAETCH I1aBJTe-
HHC, YEM, BHIMMO, BBI3BAHO MX IOJIOCYATOE CTPOCHHME, BeposiTHO, B yuacTkax
IUIABJICHUA HAWMHAETCA JIOKATIbHOE NepeMelleHie MaTepyana, BO3HUKAET CTpyi#i-
yatocTb. OBpawaer Ha cebs BHHMaHHe MPUCYTCTBHE YaCTH HedenuHa B dopme
KPYMHBIX MOPGUPOBBIX KPUCTAIOB, TOTAA KaK KATTHUINAT BMecTe C MENKH-
MU M30OMETPHUHBIMH 3epHaMM HedenMHa BOBJEKANCA B IUIABNeHHe. ITO CBU-
HCTENbCTBYET 00 armauToBOM THIe HOBOOGPA30BaHHBIX paciaBoB, KOTOpbIe
XapaKTCPH3YIOTCS BBICOKOH XHMHUYECKOH aKTHBHOCTBIO HATPHS M OTHOCHTETBHO
NOHMCHHOH aKTHBHOCTHIO KaNHs. B Takux pacmaBax Hedenunu KPHUCTUITH3Y-
CTCA paliblie ApYTHX MHHEDWIOB M [I03TOMY [OMKEH BOBNIEKATHCH B IUI1ABJIeHUE
nocnennumM. Topouposrie Bbimenenns Hedenuua 06pa3yoT HaIIBTeK THUECK Y10
$a3y B yuacTKax YacTMYHOTO MnaBnenms. Ijis CPaBHEHHsI HAIllOMHHM, YTO IpH

HaCTHYHOM IUTaBJICHUH PHCYOPPUTOB, HOPMHUPYIOLMXCA IPH OUYeHb BBICOKOMN XH-
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MHUYECKON aKTHBHOCTH KQIHSA, HAIIBTeKTHYecKOH $a30f OKAa3bIBAIOTCA HESCHO
MpU3MaTHYeCKHE KPHUCTAUTb! Kanuuinata. bosee BbICOKas aKTHBHOCTL HATpHA
N0 CPAaBHEHHMIO C KAIHEM B aNOTHEHCOBBIX GEHNTAX OTPakaeTcs B HOBbILIEHHOI
HAaTPHEBOCTH KaJMIUNATa. AJIBOUT MPUCYTCTBYeT B HEHHTAX M B BHOE CAMOCTOH-
TeJIbHBIX KpPUCTATIOB, BEPOATHO BBIJEIHMBILIMXCA M3 KATHIUNATOB IIPH OXJaxjle-
HHM nopop. Kanuumnar pucuo ppUTOBbBIX 30H MOUTH He CONEPXHT HAaTpHs.,

[Ipu nepexofie K 3HOAOKOHTAKTOBBIM XHOMHUTAM MO POMb] HedeNnuH-K aiHLLIna-
TOBOH 30HbI (PEHMTOB CTAHOBATCA DONee OIHOPOAHBIMH H KPYITHO3EpHHCTBIMH.
Kpucrannsl Bcex MHMHepanmoB CTaHOBATCA Bonee WOMOMOPGHBIMH, B MOpOAax
GOopMHPYIOTCA TUIMAMOMOPGHO3EPHHCTbIE MHKPOCTPYKTYpbl. OOHAKO OHM MO- °
NpeXHEMY COXPaHAT rpyGoNonocyaToe CTpoeHHe.

TexcTypHass HeOOHOPOOHOCTb NPOABIAETCA W B JHIOKOHTAaKTOBBIX daunax
XHBHHHTOB, BbIPaXKasACh B TAKCHTOBOM CTPOEHHH MMOPOH, rpyboH M0JIOCYaToCTH -
H TPaxXUTOUOHOCTH. MeNKO3epHUCThIE YYACTKH B HHX (JIararT H30JIMpOBAaHHbIE
060 co6ne s HelpaBUIIbHBIX OUepTaHUii, HeGombiinie NATHA. [lo cocTaBy M cTpoe-
HUI0 MEJIKO3epHUCTbIe YYaCTKH NMOXOXM Ha aNOTHeHCOBbIe ¢eHHTBI H, BEpOATHO,
ABNIAIOTCA HepacIUIaBleHHBIMU PEMUKTaMH. TakUM 06pa3oM, HMEIOTCA OTUETIIH-
Bble MPH3HAKH NPOSABIEHUA MarMaTHyeCKOTO 3aMelleHHs XHMOMHMTOBBIMH  pac-
wiaBaMM (EHUTOB, YTO MHOKA3bIBAET MPHHAICKHOCTh NOCIEIHHX K MeTaco-
MaTHTaM MarmMatHyeckoit craguu. [laparehe3ucbl XMOMHMTOB H306pakeHbi Ha
puc. 14,6, 7.

H3anoxeHHbIH MATEpHAJT NNOKA3bIBAET, YTO METAaCOMATO3 MATMAaTHUCCKOH CTa-
IMH MHOTOKOMIIOHEHTHBIX MOPOJ MpPOTEKAeT CIIOKHEee M CKpbITHEE, YeM MeTd-
COMATO3 MAIOKOMIIOHEHTHBIX nopon. [locnenHie u3MeHATCA ¢ 06pa3oBaHueM
OTYETJIHBO 30HATBHBIX METACOMATHUECKHX KOJIOHOK C pe3KMMH IPaHHLIaMH 30H.
BepoATHO, 3T0 CBSI3aHO C OTPaHWUUYEHHBIM UYMCIIOM KOMIIOHEHTOB, MMEIOLIHX Bbl-
COKHe KOHIEHTpaUMH B 3amellaeMbIX noponax. [TooToMy WM 1o HHEPTHBIX KOM-
NMOHEHTOB B TAKHX METACOMATHYECKHX KOJIOHKAX HEBEIMKO H OHM B YeTKOH NOC-
JeJOBAaTENILHOCTH NePeXOHAT BO BIOJIHe MOMBMXHOE COCTOSHHME MO OCH drtou-
HOOMOTOKA, YTO U ABIAETCA NPUUMHON BO3HUKHOBEHU A 30HATBHOCTH,

B MHOrOKOMNOHEHTHBIX MOPOJAaX 3HAUHTENbHOE YHCIO KOMIOHEHTOB XadpaK-
TEPHU3YIOTCA BBHICOKMMM CONEPXKAHMAMM, UTO 3aTPYAHSAET HX MEpeXoll BO BIOJNHE
MOMBH)XXHOE COCTOsSIHHE B MOTOKe (GIIOMOOB, TaK KAK W1 3TOTO TpebyeTcs Bbl-
HOC 3HAUMTENILHOTO KOJIMUECTBA KOMIIOHEHTA U3 3aMelllaeMoit nopomsl, [loaToMy
Ha GONBIUIOM MPOTAXEHHH METACOMATHYECKOH KOJIOHKHM MHOTHE KOMIIOHEHTbI
BeOyT cefsa TepMOOHHAMHMUeCKH WHEPTHO, YTO ONperdensAeT NOJUMHHEPAIbHOCTD
30H KONOHOK. IIpH U3MeHEHNH COCTaBa MMHEDPATOB B TAKMX NONHMHHEPATbHbIX
accolMalMAX, UCUe3HOBEHNM OJHOM M3 a3 Ha rpaHHlax 30H KOJOHKH, NPOHUC-
XOIOMT NMOCTeNeHHass WIM paIMKaTbHAA NepecTpOHKa MapareHe3UCcOB C yYaCTHEM
BCeX MHMHepaTbHBIX (a3, Kak B MeTamopdHuecKHX NpoueccaX. ITO CXOMCTBO
0COBGEHHO 33METHO BO BHELIHHX 30HAX METaCOMATHYECKOM KOJIOHKH, THe H3Me-
HEHUs HOCAT XapaKTep HeM30XUMHYeCKOTo MeTaMopdHama, C 3THM CBA3AHO COX-
paHeHHe TeKCTYpHBIX 0COBEHHOCTel HCXOIHBIX NOPOJ BO BHELIHMX 30HAX H3Me-
HeHuil. BoBiieueHHe B peakllMM BCeX MHHEpPAIOB MOPO BbI3bIBAET CYUIECTBEH-
HY0 MepeCTPOHKY MUK POCTPYKTYP. .

Bo BHYTpeHHHX 30HAX METACOMATHUeCKOH KOJMOHKH OCTaeTCA OTpaHHUCHHOE
Y IO UHEPTHBIX KOMIIOHEHTOB M COOTBETCTBEHHO MMHepanbHbIX a3. [loponb:
NPHOGPETAIT YepThl THITMYHBIX MO MHHEPATbHBIX MeTacoMaTHTOB. Crneumbrka
MeTacoOMaTo3a MarmaTHuyeCKOH CTafiHH, COCTOSIAsA B IUIABJIEHHH ThUIOBBIX 30H
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K()i[OHOK, OTp4HHYMBAET BO3MOXXHOCTD MO ABJICHHU Al llByXMHHCpaHbeIX acco -
umit. Jeno B TOM, UTO MArMaTHYECKHE IBTEKTHKH NMONMH(A3HBI. Honud)aaﬂbu;m»?e
COCTAB TbUIOBOM 30HBI METACOMATMUCCKON KOJIOHKH CNOCOBCTBYeT ee Gonee
GbicTpoMy mwaBneHnio. ITa 3aKOHOMEDHOCTh OGCYXIATACH BbILE B CBH3M C
TPOCITEKHBAHHCM YaCTHYHOTO TUIABICHU S Pa3HOO6Pa3HBIX (eHHTOB.,

Ectb Bce ocHoBahMs monaraTs, 4T MeTacoMaTos MarmaTHYecKoil CTafuu
THCHCOB M craHUeB B 06JIaCTAX I'PaHUTH3AUMM OTHOCHTCH K OTMCAHHOMY THII
MCTaCOMATO3a MHOTOKOMIOHEHTHbIX cped. OTCYTCTBOBaBIIEE Mpexe ng}{nma}-,
{HC TOTO, MTO BO BHEWUHMX 30HAX TAKHX METACOMATHTOB MPOMCXOOMT CMbIKa-
HHC ABIICHHA ¢ METAMOPQHUECKHMH MPOLECCAMH, He MO3BONIWIO MPebILY MM
HCCIELOBATCNAM IaTh NONTHOUCHHOE OMUCAHME STHX NMOPOJL. [lepBblit ONBIT TaKo-
ro omucaius conepimrcs B pabote B.A. XKapuiosa, C.H. T'aspnkosoii [17]

Yactse Il

MATMATHUECKOE 3AMEWEHHE
U METAMATMATU3M

POJIb ®/IIOHIO0B
B MAIMATHYECKHX HPOIIECCAX

BaxkHasg pONb JIETKO JIETYYMX KOMIOHEHTOB B JBOTIOLHH MarMaTHUCCRHX
pacinaBoB cTana scHa B 30-x rojax mocie paGot Hurrau u TopancoHa. bueta
YCTAaHOBJIEHA JIOCTATOYHO BBICOKAs PACTBOPUMOCTD B MArMax BOJbI W 3HAWATCIIE-
HOE TOHMIKEHWHE TEMIIEpaTyphl KPHCTAUTH3ALMK CHIHKATHBIX PACTIIaBoB (Mars)
¢ yBenMueHieM f1aBreHus ee TapoB. C TeX NOp BHILITO OTPOMHOC KOMHUECTBO pa-
6OT, I1aBHBIM 06pa3oM, IKCIEPHMEHTATHHOTO ¥ GH3HKO-XHMHUCCKOTO IUTaHa. B
KOTOPBIX ACTATLHO HCCIIEHOBAIHCH BOMPOCHI PACTBOPHMOCTH PA3NIHULIBIX JCTKO
JIeTYUHX COeOMHEHKH B Pa3HOOBPA3HBIX CIUTHKATHBIX PACIUIABAX. HX IINTABKOCTH B
LIKPOKOM HHTepBaiie JaByicHuit — oT | Gap 1o 30 k6ap. CrerenmaTHueCKHC ccme-
[OBaHMA B 3TOi oGnacti npopenenbl W Bemytcs [TIDk. Baimi, ML Padur
koBbIM, A.A. Kamuxom, M.b. JuensBaynmom. [TonyueHtbie pe3viibTaThbl IHPOKO
UCMONBL3YIOTCH B MOCTPOEHHH  OOWHX TETPOJNOTHUCCKHX MOICJTCH  IBOJTHOIIH
MarmaTH3Ma, HO B OUYEHb OIPAHHUEHHBIX MacllITabax (pce DOslec paciIHpi-
LMXCA) MPUMEHSIOTCA TIPH aHAIM3E PAa3BHTHH KOHKPCTHBIX MArMAaTHYC ORI
MacCHBOB M KOMIDIEKcOB. TpyAHOCTH CBSI3aHBI C GOJIBILIHM PAZHOODPAZHEM P
POIHBIX TIETYWHX COEIMHEHHH, OKa3bIBAKWUIMX HA MAarMbl HPOTHBONOIVKHOC
BIIHAHME, H OTCYTCTBHEM HaJIeXHBIX METOJOB YCTAHOBIICHH N BCIYLLIMX JCTYIX
KOMIIOHEHTOB B KOHKPETHOM 0GbeKTe. ITM BOTPOCHI HAHOOMICE AKTYaibHLI B
nacTosulee BpeMs. Taxum 06pasoM, COBPEMEHHOE COCTOAHHE TIPOGITEMDLI BIIM A~
HMS JIETYUdX Hd 3BOJIOUMI0 NPHPOMOHBIX MAarMarHuYeCKHX CHCTEM XNXdpaKTCph3y-
eTCsi He[OCTATOUHOH reoNOTHUeCKOH KOHKPETHOCTbIO. B muTepatype omcanm
¢[MHAUHBIE NMpPHMEpPBl MPOSBICHHI MarmaTi3ma, B KOTOPBIX Gbl OIHO3HAWHO
[IEMOHCTPUpOBAIach Befylias poib eTyuHX. K HUM MOTyT GbITb O THECEHDI, CRa-
’eM, HM3KOIJIaBKHe OHrOHUTOBbIE Marmbl, GOpMHPYIOLIHECH, KAK YCTAHOBICHO
B.U. Kopantenxo [38], np 0coBeHHO aKTHBHOMN pONiM (pTOPa, IPOHBIIEHHS META-
COMaTO3a MAarmMaTHYeCKOH CTaJM¥ H MarMaTHYecKoro 3amelicHHs DOKOBBIX
MOpOJ MOJL JieHcTBHEM NMOTOKOB TPAHCMAarMaTHYECKHX (ITIOMIIOB, XapaKTepH30-
B3BIUMECH BBIIIE, 3BOJIOIMOHUpPOBaHHE rabOPOHIAHBIX PYIHO-IPONYKTHBHbIX
MHTpY3uBOB HODHILCKOTO paioHa B NMOTOKAX, MPOXOMAMMX uCpe3 Marmy ce-
poconepxawux (IoMaoB, uto ycratosneno B.A. Kosanenkepos u np. [37]
o (ppaKUHOHMPOBAHMIO H3OTOTIOB CEPbI B JIHKBAIHOIHLIX KAIUTAX CYTbGHIHBIN
paciiaBoB. OrpaHHUeHHOCTh TAKMX NPHMEPOB 3aTPYIHACT HOHMMaHe OO
10§ posTH (ITIOUTIOB B IBOJIIOUMH NPHPOIIHBIX MATM.

Kpome Nepeurc/IeHHbIX, JIOCTOBEPHbIX NPHMCPOB NPOSBIICHHIT MArMaTH3MA
TIpH aKTHBHOI1 PONTH (JTIOMIOB, H3BECTEH PAJL IPYTHX MArMATHUCCRIIN ABICHII,
HEKOTOpbIE 3aK0HOMEPHbIC YePThl KOTOPBIX HCBO3MOKHO OOBACHITL Bes  1pH-
BIIeUEHHUS MPEJICTABNICHHA 06 Y4acTHH B HX (OpPMHPOBAHHH GITIOHIIONOTOKOB H3
BHELIHEro, rTyGHUNOro HCTOYHHKA. TloCie/IHIA onpelesiseT YeToitunbic BO Bpe-

MEHH UIeJI0O YHOMETWIbHbIC XapPaKTEPHCTHKH (b]llOllH()B H Ilp()p&ﬁlﬂ1>m:iCMNI\' HAMH
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CIOKHLIX MHOrO(ha3NbIX MarmMaTMUeCKHX KOMIUICKCOR B OIIHOM paiOHEe U HX
3AKOHOMEPpHIbIe POCTPaHCTBEHHBIE BapHALIHK B KpYNHbIX pernoHax. Ha npumepe
HECKONBKUX KPYNHbIX pervouoB B.d. Hareton [116, c. 192-211] nokasan
YCTON'MBLIA XapaKkTep cOOTHOWE NS KATHEBOH M HATPUEBOI ENOuHOCTH rpaHu-
TOB W 6a3aILTOHIOB elMHbIX KOMIUIEKCOB, 4TO MPH PAITHYHOM UCXOAHOM CY6-
CTpATC ABYX pastbiX MO KPEMHCKHUCIOTHOCTH THIIOB MAarM MOKeET obecnewiBats-
il nepepaboTkoit X GIIoMAaMU OAMHAKOBOI wenoynomeransHoctd, I1.B. Ko-
Basiy [116, c, 212-228] Ha npumepe MoHromuu YCTAHOBMI TPAHCKOHTHHEHTA b-
HY10 TCHACHUMIO BO3PACTAHH A UICIOYHOCTH H KPEMHCKHCTOTHOCTH HHTPY 3UBHBIX
MOpON OT Kpas KOHTHHEHTaNbHOTO 6J10Ka B rny6b A3MAaTCKOTO KOHTMHEHTa.
I'panTOOGpazosanne B dpyHmamente s 3aBUCHMOCTH OT €r0 COCTaBa [OJIKHO Bbl-

JIO COINpOBOXOATLCH NMPUBHOCOM LWIENOyen H, BO3MOXHO, K

PeMHe3eMa noaKopo-
BSIMH,

TPAHCMAarMaTHUeCKUMH  pITIOMIaMH, JlatepanbHoe n3MeNeHMe wienou-
HOCTH HHTDY3MBHBIX aCCOUMALMIl, 10 MHEHHIO aBTOpa, HMEET IIYOMHHYIO NpH-
poay, 06YCNOBIEHHYIO CTeNeHbIo I} depeHH pOBAHHOCTH MaHTHRHOTO BeLleCT-
BA, IMYGHHON MCTOYHMKA TPaHCMATMAaTHYeCKHX GNIoMIoB WK JlaTepanbHOH He-
ONHOPOLHOCTbI0 MaHTHH.

P(]CCMOTpH M CIUC JIBA MATMATHYECKH

N ABJICHHA, ONIHO OrPaHUYEHHOTO, OpYToe
O0Wero 3HaueHH s, KOTOpLIE, KAk npep,

CTABJIACTCA, TPYIHO 0OBACHUTH Ge3 yyeTa
$nonnos. Tlepsoe — renesuc Tak Ha3bIBaeMDIX OPOHKYNIAPHBIX IPAHMTOB, pac-
WMPOBKA NPUPOLIbI KOTOPBIX HECATHIETH AMMU 3aHHMaeT NEeTPOSIOroB. ITH 3K30-
THYECKHE HHTPY3HBHbIE 0GPa30BaHUA NPHBIIEKAIOT BHHMaHHe CBOeit HeO ObIYHOMH
TCKCTYPOH, BBIPAXAIOWERCA HATMMEM B Ga3mce OGBIYHBIX T'PAHHTOB KPYIHBIX
(3-8 cM B mHamerpe) L1apoo6pasHbIX 060COBEHNI, CIOKEHHBIX Ha NepBbIi
B3DIAL TEMH ke MAarMaTHYeCKMMH MMHepaTamu, Huorma sm wapooGpasnpie
060cobMIeHHA KaK 6bl CIUTIOWEHBI H HMEIOT B ceueHnu dbopMy snnunca, Konu-

YCCTBO TaKHX LIApOB 4YacTO ObiBaeT BEIIMKO, U OHM cna

TalT MOYTH BeChb 0OBbEM
Mo po.ibl,

4 BMCUIAIOWAA UX TPAHUTHAA MATPHLA 3aHMMaeT IPOMEXKYTKH MeXILy
wiapamu. lilapbr conmskalotes, Ho He cnuBaloTesa, B Pa3HBIX TPAHHTHBIX MaCCHBAX
HIApLI MMEIOT pazHoe cTpoenue. Kax npasuno, onu MHOTOCIIOHHBL;

BBIAETIMTL UCHTP M HECKONIKO HEeMpepbIBHBIX 06010ueK. B HekoT
THUYECKHX TenaxX B CTPOEHUH OBONOYEK AKTHBH
MHHEDAITBI, TOTNA 0GONIOUKH PE3KO PasfMyaoTe
MaccuBax oGONIOYKK OJHOUBETHbIE M X OCHORB

MONCBOH wmat. O rpaHUTaX C CywlecTBEHHO TIOJIEBOLINATOBBIMU O pBUKYTIa MU
NOWMAET peub Huxe. ITpexpe vem nepeittn x HHM, OTMETHM ellle HECKOJIBKO 3a-
KOHOMEPHDIX YepT OpOUKYISIPHBIX MarMaTHe CKHX nopon,.

Marmatiyeckue Tena Gnuakoro COCTaBa, a TAKKE Il
KOMIUIEKCY HMEIOT OOMHAKOBBINH COCTAB K CTPYKTY
TEKCTYDbl HC SBNAIOTCA MCKIIOUWHTENBHONH I
U3BECTHDI B rpaHOLMOPUTAX (KOPCHTLI) M lie
HbIM B ynbTpaba3zutax 3abaiikar
B MarMax moBoro cocraa,
JK30THKY,

B HHX MOJXHO
OpbIX Marma-
YI0 pOJib MTpaloT TEMHOUBETHBIE
A MO MX colepikanuio. B npyrux
y 06pasyeT KanueBo-HaTpHes bIil

PHHA[IIEXaWHe K O JHOMY
PY op6ukyn. OpGukynsapHble
PHHAIJIEXHOCTBIO TPaHUTOB. OHy
RaBHO 06HapyxeHsl [1.A. Banbixu-
bt. HecMoTpsi Ha BO3MOXKHOCTD MX N0 sBrelms
OpPGUK YN ApHDbIE NOPOABI MpPedCTaBAAIOT penKyto

Pacumbposka npupons OPOHK YISIPHBIX TEKCTYP 3aHHMAITa MHOTHX neTpono-
ros. Mmeetcs Gonbluoe Pa3HOOGpa3ue TUmoTes ux o6pa3oBaHus, BWIOTH MO
KPHCTWIH3AUMK OPOMKYN H3 reneit, KOTOpble MaJlOBEPOATHBI B CHJIHKATHBIX
paciuraBax. Yacroe npucytcTsue B UEHTpe OPBMKYN KCEHONHTOB GOKOBBIX IO-

PO CBHICTENLCTBY ET, N0-BMIMMOMY, 06 HX 06pa3oBatuy BOKDYT UCHTPOB CHIb-
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HOTO OXJTaXNICHH 5. Onnako 3TOMY NPOTHUBOPEWT TOT (bHKT. HTO OTCVTCTBHC Td-
KHX CTPYKTYp BOKPYr KCEHOJIMTOB B DOJIBHIHHCTBE MATMIATHUCCKHX ALICCHBOB
bonee paclipOCTpAHCHHOE ABJICHHE. B nocnenuee BpemMAa OGPSIHH[()TCH K THIIOTE-

3¢ KPUCTWINMH3AUMKH KHIKOCTCH, HCCMCHIHBIIOWMHXCA C PACIUEIBOM AMIATPHIIDL
B nons3y 3To# rMMOTE3bl FOBOPUT L1apooGpasHas dopma 0 pOHKYIT, HATIO MIHI K-
Was TeKCTYpbl “HUAKOCTb B JKUAKOCTH™, a TAKKE Pa3MHUHbIH COCTAB OPOHK)II

M BMewlawtleil nopoapl. B 3akntoueHHe 3aMeTHM, 4TO pelKOCTb 1'; l}pHp‘o-;lC ,.\1';1c:
CHBOB C OpOMKYIAPHBIMI TEKCTYPAMH CBHIOETENBCTBYET 00 ylmx‘mwouu”) c,lon
BHI1, B KOTOpO# oHM HopmMHpyIloTca. BMmecTe ¢ TeM TakHe yclOBHS BO3HHKIIOT ]
00LIeM ITPH HOPMATBHOM XO/I¢ IBOJTIOLIMH MarMaTHUeCKHX Tell. ' o
PaccmoTpHM 0OoMH npuMep OpOHK YT APHDbIX I‘palelTOB, c MaTCpHa:J;dMH n?ﬂm]
TOpbIM Hac npuriacuia o3Hakomutsea E.B. Herpeit netom 1987 r. }ZH rpa am: ]
CIararT ofHy M3 no3nHux ¢a3 Kenrckoro maccuBa leHTpansHoro azaxer 3:
MaccuB u3yvaetcsa E.B. Herpe#t Heckonbko seT, no Hemy cobpail 60m)m,0: :“_
MEHHO-ILUTHGOBOH M AHAUTHTHYECKHH MaTepHan, HO ny6nm<amm' e(riolaa,l u;:”m
Baslach M3-3a 3aTpyJHEHHH B pacitMpoBKe reHe3nca YHHKaabHbIX 06pason wm.
Hns ux npeoponemus E.B. Herpeit MpHUBEKNA PRI NETPOJIOrOB. 4TO noanf):n .””
CY3UTb WHCIIO TMMOTE3 JIO TpeX: IMKBAUHOHHOM, K PHCTATH3aLIH n'pu cmmc:u
o6ulero OaBJieHUA M NpeyIOXKEHHOH HamMM ObICTPOH Kpucmnn'naauuu .\lm.r{.qcc:
NepeoXIIaNJIEHHON M3-32 PEe3KOTO CHHIKEHHA OABJICHWA JICTYWIN B MATAMATI
Koy];K:ahgiiie V npuBeneHs! Gpoto mBYX 06pa3uoB OpOHKYNAPHBIX I‘p(lHl;T(}){[é:
OHM pa3nuyaloTCcs TeM, YTO B OJHOM o6pa?ue LEeHTpbl OpOHK YN cnox«:mi cc;;frm
3epHUCTBIMH  TpaHUTaMH OecnopsnoyHoH crpymypm,‘a BO B]]-_??qumm e
KOPPOOMPOBAHHBIM KCEHOJIUTOM OPOrOBHKOBAHHOTO (.ﬂ:llqﬂlll. unr'pT‘a. BOprr
Ky MOTYT ObITb M OTIENbHBIE KPYMIble KPHCTAUIBI NMOJICBOTO u'm.J vn:mi{;..
LIEHTPOB PpAacloJIOKeHbl TPH 000NI0UKH. [IBe BHYTPCHHHE Oﬁpafum,”,b,lma \m .
HO OPHEHTHPOBAHHBIMH K PYTHLIMI BLITAHYTBIMH NCPH CTbIM I\pH‘QVT.)L' Y a e }“
TMTOBOTO KaIMILUNATA, KOTOpble B MEPBOH OT LEHTPa 30HE HMCIOT Aun,xp‘n»rf b
obnuk., Takol BHO KpUCTATIAM NMPHAAIOT OTXOMALIHE OT OCHOBHOTO uap}f\):t
NpsSAMONHHENHbIE KOMbeBHIHbIE OTBETBJIECHHA, opuemnopo:a}.muc OTOCI-F;CKST\{T;{
OpOMKYIT K OCH KPHCTAJUIOB NOJ YITIOM NpPHMeEPHO B 45 . Mewxiy OTpGHOW.m
PACTIOJIOXKEHBI  MENKHE  3epHa KBapua, MOAUMHEHHOTO IO o6beMy, i o 3}<:
[TepTHTOBBIE BPOCTKH anbOHWTa B KAHMIINATE HMEIOT CTp)’HlIZlTb’IC cbopmm,émp ©
TepHble A CTPYKTYp paclajia KalHeBO-HaTPHEBbIX MOJEBBIX ILIIIST(?B. He”gw
OT LIEHTpPAa 30HAa TakKXe CIIOXKEHa pamHaIbHO paCHOHOX\’CHHb‘H’xm y.vLT}H e
MH KpUCTAUIaMM KaIulUnmata. TpeTbA M ueTBepTas 30HBLI YXe HEC s.('m pv !
pPamManbHO-IYUNCTbIX 3€peH KanHlUMaTa. B HUX NosBisercs Zl’ﬂbGHT Hdp{?ém.
KBaplieM M TOAUMHEHHBIM GHOTHTOM. 30HBI Kak Obl npuﬁmm\morc? ‘no :CT”M
BY K rpanutam matpHusl. Ilocnennss o6pasoBana Mcnxo-,Acpcunesupm n}}{
GUOTHTOBBIM AN bOUT-MUKPOKIIHHOBBIM TPAHUTOM. MHKPOKIIHH ITPCACTAB
KCEHOMOPGHBIMH H30METPUUHBIMU 3¢ pHAMH. b Heroet oBmaaver
®aza OpOMKYNAPHBIX FPAaHUTOB, MO HAONIOAEHHAM Elh.‘ c’rpc .thep(b;”o-
KpyTonapgawulee TpyGooOpasHoe Teno, NpOpbIBAlOLUee YiKe xonon6oJICC I.m“—
OpHTCOAEpKAUIMe OHOTHTOBblE ATbOHT-MMKPOKIHHOBBIE FPaHHTLI Bonee part
HeH ¢a3bl. Ha rpanuue ¢ nociegHumH marma MaTpHibl OpGHK YR ApHbL) 1{epgoro
TOB 3aK&THBAETCsl C MOSABJIEHHEM B Helt NMOpGHPOKPHCTOB KaIIN}{EBO-liZlTP oro
MOJIEBOTO WIMATa M KBapla, KOTopble, o MHeHuio E.B. Hcrpegii:ffgull]l:(icci:[;;_
oD < ) 3
3yI0T UEHTPbI Opfiukyn. OAHAKO B caMOM JHIOKOHTAKTC Op 3 -
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Tabnuua 2
} ’ XHMHUYECKHIt COCTAaB MaTpHLLbI
1 ABYX BHYTPCHHHX KOJBUCBBIX 30H Op6UKyn KeHTckoro Maccua, mac.% [83)

Okrcupnn 2 2
H/1bl MaTtpuua g:g}:zi};‘mlc 30Hb! || OKenpanr MaTphua g:ggieyl;]}me 30HbIL
|

sio, 77,00 76.72 K Na,0 4,73 473

Tio, 0,08 0.04 K,O 5.05 4.58

?1, 0, 11,62 12,63 Li, O o:ozo 0,009

ano, [1),(1)2 0,31 Rb,0 0,039 0,032

o b0 0,18 Cs 0,001 0,001
. 0,09 H,0 0,37 0,30

MgO 0,04 0,03 F 0,11 0,10

Ca0 0,05 0,20 Cymma 99,68 99:66

B
CyloT. PByluce Teno opGuKynsipHbIX rpaHHTOB, N0 MHeHHI0 E.B, Herpeit, He ume-
) b
T Ha OOHaEHHOM yyacTKe BBIXOA Ha 3¢MHYI0 NOBEpxXHOCTb. KBEepXy 0HO BEI-
HOJIaXHMBAETCA, YTO HC HCIITIOYACT €r0 BBIXOJA Ha NaIEONOBEPXHOCTb Ha HEKOTO-
SOM YAQICHHH OT MCCIIEIOBAHHOTO yyacTka. BaxHo ete o TMeTuTs, yTo B 0THENB-
me MECTaX OpOUKYIIAPHbIC TPAHUTDLI HCIBITHIBAIOT TPAaHUTH3HpYIOLIEe, UHPUITb-
- a u ;
PAUHOHHO-METACOMATHYECKOE BO3JEHCTBHE HOBOH MAarMaTHuyecKoi MHBEKIHH
KOTOpas, BO3MOXHO, GOpMHpye ’
T pacroJIOXeHHbIe NMOGIH3
KoTopar, o OCTH KepaMHyeCKHe
eTCI:a:cHOH 0COBEHHOCTBI0O pacCMATPHBAEMBIX OpPOHKYINAPHBIX TPAaHUTOB SBIIS-
XOACTBO XMMHUECKHX COCTABOB MAaTPHLbI M KOHIEHTPHYECKUX 30H opbu-

Kyn (Tabn. 2), o6paMnsommx ux LEHTPBI, COCTaB KOTO

pa3H006p830H PBIX, KaK OTMEYaJIoCh,

OBpaTuMcs K aHaNU3y NpHYHH 00pa30BaHUs PacCMOTPEHHBIX OPOHKY IAPHBIX
TekeTyp. OCTAaHOBHMCs CHavana Ha aKTaxX LOCTATOYHO OJHO3HAUHBIX (‘f -
TYpHDIC OCOBEHHOCTH 1EPBOF OT LEHTPa 30HbI OPBHKYII, CIIOKEHHOIT neﬁuérfrﬁfn
AEHPHTO BBIMH KPHCTAJIAMH KaIMEBO-HATPHEBOTO MOJICBOrO LINATA, OCTABIIA-
f0T MQJI0 COMHCHHH B TOM, 4TO K PUCTAJUIbI POCIIH OT L(EHTpa B CTOpOHy’ManHubl
Ha 510 yKa3bmaer ux BerBrenue c YOaneHHeM OT UeHTpa opOukyinbl. Bro ai;
30Ha, CIOXEHHAsA pafHANBHO OPHEHTHPOBAHHBIMU K PUCTATIIAMH Kalinmnfra
BEPOATHO, MPONOIIKAET 3Ty TCHAEHIMIO, XOTA GOpMa K PHCTAIIOB yrlpou.[aercx’

CyiuecTBeHHO HHGOPMATUBHBI COCTAB H CTPYKTYypa MOJIeBbIX LUNATOB MNe Bo"'
30HBI OpOHKYI. VX CNojHas CKeneTHas, JeHApUTOB HHAS ¢dbopma CBHIICTCJE[)bCTH
BYET O BBICOKOH CKOPOCTH K PHCTAJITH3ALMH. ITO XOPOLLO H3BECTHO B MeTal -
THH W HCNABHO BLIICHCHO B PE3yNbTaTe IKCNEPHMCHTOB 10 Kpncrammaau)xld;;
B D431OH CTCIICHH 11ePCOXIIAXKAEHHBIX PACIUIABOB MAarmMaTHUeCKHX nopon [133
134, 147, BtiICOKaﬂ CKOpOCTL K PHCTAJUTH3ALMH IeHOPHTOBBIX 3epeH noneBorc;
LUNATa NEPBOH 30HLI MOATBEPKAACTCA CMEUIAHHBIM KaIHEBO-HATPHEBBIM COCTa-
iz;;ﬁ I?{ pannoﬂmepnoaepm&croﬁ, MEIUICHHee KPHCTAJUM3YIueHca MaTpHie

)
MHKPOKH::?[TC?HH COCpEeAOTOUCHBI B DA3/eNbHO K PUCTAJUTM3Y IOIUMXCS allbBUTe U

Takum 06pa3oM, HECOMHEHHBIM SABIAETCA TO, YTO ABe BHYTPEHHHE 30HBI
OpBHKY ABNAIOTCS pe3y/NbTATOM  YCK OpeHHOI KPHCTalNIM3aLMH  NIOJIEBOTO
IUTIaTa OT LEHTPOB pasHoro coctasa. KpicTanisl nojneBoro wnara pociu cpene
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MX XHMHUECKHMX aHaiH30B. CIIeROBaTeNbHO, HET OCHOBAHMI CHHTATL, 4TO O pOM-
KyJibl 06pa3oBajiuch W3 OCODOM KHIKOCTH, HeCMeIUH BAIOWEHC A ¢ PACIIABOM
MaTpHUbl, Pasnuuust e BO BHellHem OBMHKe HOPOIL OPOUKYI H MATPHILBL,

OUeBHIIHO, 06YCJIO BileHbI MUK POCTPYKTY PHLIMIH OCOBCHHOCTHMH TUPO.L.

Tenepb NpOAHATU3HPYeM YCJIOBHA, KOTOPble MOTYT BbIZBITL YCROPCHHVIO
K PUCTAJUTM3ALHIO 1I0JICBBIX LITATOB OKOJIO PA3HOODPABHLIX N0 COCTUBY HLEeHTPOB
K PUCTNTU3ALHH. [TpH 3TOM JI0J3KHO ObITb YUTCHO BOBHHKHOBEHHE TARIX yeno-
BHii N0 BCeMy 00beMy MarMbl, chOpMUpPOBABILEN TENO OPOHKYIAPHLIN FPani-
TOB, 33 UCKJIIOYEHUEM 3aKaTeHHBbIX (aumit. BEpoATHO, 3TO MOKCET MPOHCXOLHTE
B YCTIOBMAX METACTaGHIBHOIO COCTOSIHHSL Marmbi, MPH KOTOPOM CIIHHHUHBIE
LEHTPbl C MOHWKEHHBIM MOPOrOM KpHCTAIUIH3AUMH CTAHOBATCH yUdCTKAMH
BBICTPOro pocTa KPUCTAIOB. B 06CYyKAaeMOM CITyuac TaKHMH LEHTPaMH ObICT-
pOif KpPHCTAalMH3aUMK GbUIM Pa3HOOOpasHble BKJIIOUEHHS: KCCHOJMTBI CIIaHLen
W rpaHuToB Gosee panHeit ¢asbl, ryGHHHBIE KCEHOKPHCTA/UIbLI, OTTOPIHYTLIC
W3 30H 33KaJIKH MOPPHPOK PHCTI.

UTo ke MO0 ABUTBCA NPUYHHOMN, NMpUBeAUIeR MarMy OPOHKYJISPHBIX Tpa-
HUTOB B MeTacTabwibHoe cocrosnnue? E.B. Herpeit u ®.I'. Peiid npentonaraior
[83], 4TO OHO BbI3BAHO CHHXKEHHEM OOILCrO JaBJIEHHA 33 CUCT MOMbEMA MATMbI
¢ BonblIoit rmy6UHBI, YTO, COTTIACHO AMArpaMMaM IU1aBKOCTH TPaHHTOB, NOJDK-
HO TPWBECTH K PACLIMPEHHI0 MOJIs K PHCTA/UTM3aUMH KaJMLINATa H KOHICHTpA-
LHOHHOMY TepeCBILUEHHIO MArMbl ITHM MHHepanoM. ONHAKO CHIXeHHE obuero
HaBJieHUA B OecdIOUIHON cHUcTeMe MPHBENET K CHHXXEHHIO TEMMEPATy pbl KpHC-
TAJUM3aUMM MArmbl, KOTOpas OKaXeICsi Hd HOBOM YpOBHE Meperperoi, uro
YCTpaHHWT mpepnonaraeMolii 3 dexT KOHUEHTPAUMOHHOrO MepechillieHus rose-
BbIM LImaTtoM. Kpome TOro, Asisi JOCTATOYHO TITYGOKOro KOHUEHTPALHOHHOrO
NepechilleHHs PAciUIaBoB HEOGXOMMMO 3HAuMTeNbHOC (HECKOJIbKO KHio6ap)
CHMIXXEHHe [ABJIEHHMs, YTO BO3MOXHO IIPU OUEHb YHATEHHOM PACHOMTOKCHHH
MAarmMaTHUYeCKOrO ouara oT Kamepbl JIOKATH3AUHH. 3TO CO3LACT ONpeiIe/ICHHbIC
3aTpy[dHEHUs B MPOCTPAHCTBEHHOM COBMCLUIEHHH DIHIHX 1T HOBILHHX HOPLOiL
Marmel.

Mpl mpepnonoxuid, 4rto B Kentckom maccie nefcTBoBas HHOH  MEXd-
HH3M — CHMOKEHHME NaBJIeHUs JIeTyuHX B KaMepe JIOKAJIH3aUHH MarmMbl OpoHKy-
JIAPHBIX TPEaHUTOB B CHIIY BCKPbITHSl KaMEpbl HA 3EMHY0 [OBEPNHOCTD. 4TO
[LOJIXHO TNpPHUBECTH K Jiera3alliy GoJbLIoro obbvema Marmbt. B pesymbTate chike-
HUSL faBieHHs GIIOCYIOIMX JIeTyYMX TemIleparypa KpHCTAJUTH3amHH MarmMbl
IOJKHA TIOBbICUTbCA. ECMM MOCTynuBiuast M3 riyGHHbI Marma umerna Grus-
JMKBHAYCHYI TeMmIlepatypy (4TO OGbluHO M ObIBaeT B IPHPONE, 4 B J3HHOM
clyuyae [IOKasblBaeTCs HAJTMUMEM HEPACIUIABJIEHHbIX KCEHONHTOB [PAHHTOB
paHHeil ¢asbl), TO Marma npu cBpoce JeTyYHX OKaXeTCH 11e peO XJIa X JICHHO H.
TeMneparypHblit 3d¢deKT TaKoro MepeoXNKACHHA 3HAUHTCIICH. Haupinmep.
LIS CITyuast C YMCTO BOMHBIM (PIIIOMIOM CHHOKeHHe MaBJIeHHs JICTYuHX Ha | KGap
BBI3OBET TOBBIIIEHHE TEMIEpaTypbl KPHCTAUIM3ALMH IpanuTa (WM ero nepe-
OXJIaX/IeHHUs1) NpUOIHM3HTENIBHO HA 50°C. Cyns 1o 3KclepHMeHTaTbHBIM JaHHBIM,
TaKas CTereHb NepenXiaX[IeHHA BbI3bIBAET H3MeHEeHHe GOpMbl K PHCTAILTH3YH0-
Werocs IUIArHOKJa3a OT NMPH3MATHUECKOH K CKENCTHOM, ¢y TnspoobpasHoi.
Ecmu ke ¢unocylomas neryyas ¢$pasa Marmbl BKIIOUaNa TAKOM g eK THBHbIH
mwiaBeHb KaK ¢Top (4To BHONHE BepoATHO B KeHrckom MaccHBe), TO Heob
XOOMUMOE TEMIIEPATYpPROE MEPEOXIIAXKAECHHE MOXKET NOCTHTATLCA TMpPH MEUBUICM
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lepenane j1aBJieHns Gionpos. [lpeanonaraemsiit lepenan AaBiieHUs NPU BCK pbl-
THH MarMaTHuyeCKOM Kamepnl Ha NOBEPXHOCTh BIIOJIHE pealicH M paBeH pacueT-
HOMY KpHTHYECKOMY H30bITOYHOMY [ABJCHHIO B BYJIKaHHYECKHX CHCTEMax,
AKTHBHasl pOJb JIeTyuux B mMarmax KeHTCKoro maccuBa moATBepxnaercs npu-
CYTCTBHEM ()IIIOOPHTA B NOPOAAX PAHHHX HHTPY3HUBHBIX (a3, KOTOpPbIC IPH ITOM
MECTAMH MMEIOT KEOLOBbIC TCKCTYPbI, a TaKKe MpPOABIEHUCM TpPAaHUTH3ALMU
Ha NO3AHMX 3Tamax marmatusma. OTCYTCTBHE OpOHKYIIAPHBIX TEKCTYp B 30HaX
3aKAJIKH, BEPOATHO, CBA3AHO C TEM, YTO B MOMEHT CHUXKEHHUS! NaBJEHH A JIETYUMX
o1H Gawin 6ol B 3HAYKTENBHOT CTENEHN KOHCONUANPOBAHBI.

Taxum o6pasom, opbukysspible rpaHuThl KeNTCKOro MaccuBa ABAAIOTCA
clle OAHMM APKHM NPHMEPOM CYIUECTBEHHOrO BIMAHUA (IIIOHIOB Ha 3BOJTHO-
uuio MarM. OpOHKyJIApHbIE TEKCTY pbt, 0GPa3OBaHHbIE [IEHIPHTOBBIMH K pHCTAII-
JIAMH KaJIHI-HATPUEBOTrO MONEBOTO 1UMATa, B MArMaTHUECKHX OPOAAX, BUAHMO,
He peakocts. Ioio6Han o pbukyna Ha 3aTpaBKe 06M1OMKA rPaHHTHOTO MErMaTHTA
C ITHCbMCHHOMW CTPYKTypoit Obuia 0BHApYyKeHa HAMH COBMecTHO ¢ E.B. Herpei
B Konnekmu windos JleBuicon-Jleceunra (43 poupos mysea UTEM AH CCCP,
Mecto oTGopa obpasua ne ykasano). [.A. Banbikuu u np. [4] oBHapyxumu
OpOMKYINIAPHbIE TCKCTYpbl BBICOKOTJIMHO3EMUCTBIX CYOIHKPHTOWIHBIX MO PO
B BEPTMKAJILHO NPOTSKEHHbIX MarmMaTtHyeckux Tenax CepepHoro [lpuBaiikanss,
oborawennbix Hy O n CO,. Kpucranmusaums opGHKYn B HMX, HaBepHsAKa,
MPOHCXOAWIA U3 NEPEOXNTAKACHNBIX PACIUIABOB, TaK KAK B CTPOEHMH OpGHKYI
YUaCTBYIOT YIJIHHEHHbIE K DHCTAILIbI ONMBHHA, 06pa3yIolpe Tak He HGOPMBI JIULLb
B ObICTPO OXNIAXIAIOWMXCA DACIUIABAX, HANpUMeEp, 30H CMEHHPEKC-CTPYKTY D
romatiutoB ApcTpanuu. I'. Kaperene [132] rtak xe o6wbsichsin ofpazopanue
ouertedt (OKpPyIInlX BhUleNeHHH) NONMKPHCTAIIIMUECKHX arperaros MOJIEBOTO
unata KpUCTajjM3auueit GOraTbiX JIETYUMMH, MepeoxXJIaXIEHHbIX TaMIpodu-
POBBIX pacnaBoB.

Cnenyer, oanHako, 3aMeTHTb, YTO MOKA MaJo OCHOBaHMIi PacnpocTpaHATh
PacCMOTPEHHbIH MEXAaHH3M Ha MarmMaTHuecKHe MOpPOMbI C OPBHKYNAMH, 06pa
30BAHHLIMM  MEPCMEXKAIIMMHUCA MEJIaHO- M JIeHKOKPaTOBbIMH CIIOAMH, TaK
KaK BUX CTPOCHUH KaK OynTo Obl He YYaCTBYI0T YAJIMHEHHbIC K PHCTAJUIbI, YK a3bl-
BAIOIUMC HA YCKOPCHHYKW KpHcTaM3auMio. TakHe e COMHEHHA OCTaloTCs B
OTHOLLEHUH OPOUKYJIAPHLIX TEKCTY P KOPCHTOB.

CaMblil paciipocTpaHCHHbIA BUI JBOJIIOLHH MAarmMaTH3ma — TOMOJIPOMHBIIA,
X3PaKTEPU3YIOLUIHHACA 1IOCIIeNOBATENIbHbIM YBETMUEHHEM K PEMHEKHCIIO THOCTH
OT PAaHHHX K MO3IHMM (hazaM MarMaTHYecKOH [esTeIbHOCTH, BUAMMO, GbI Gbl
OrpanuyeH 6e3 aKTMBHOrO yYacTMA B 3TOM mpouecce ¢iouaos. PaccMorpum
atot Bonpoc. HauGoree npsambie cBeeHHs 06 0GLUMX 3aKOHOMEPHOCT X IBOJTIO-
UMM MarmMaTW3ma COepHarcs B COBPeMeHHOM ByJkaHusme. Ecim paccmatpu-
BaTb IBOJIOLMI0O MarmMaTH3Ma OTHACbHBIX BYJIKAHOB M BYJIKAHMUYECKHUX 30H, TO
H3MEHEHHE COCTaBa MarM OT PAaHHMX K MO3[HMM 3TaNaM MarmMaTHYeCKOMH aK THB-
HOCTH ObiBaeT MobbiM: rOMOIPOMHBIM, aHTHPOMHBIM, CMELIAHHBIM, a COCTABbI
MarmM MOTYT MCHATLCA MOCTEIeHHO, KOHTpacTHO. Hepeliky cnyuan coBMecTHOTO
H3MSHNA PA3HBIX 110 K PEMHEKHCIOTHOCTH MATrM H3 OHOBPEMEHHO [IeHCTBYIO-
IUHX OTACNIbHbIX BYJIKAHOB OHOM AKTHBHON 30Hbl. ONHAKO B €UHHUHBIN LKKJI
AKTHBHOCTM OTAC/IBHOTO BYJKAHA COCTAB MArMpl OGBIUHO 3BOJIOLUHOHMpPYET
AHTHAPOMHO HJTH OCTACTCH NMOCTO AHHBIM,

JMHaMHuCCKAA aKTHBHOCTh BYJIKAHA B TEUEHMM LMKIIA TAK)Ke H3MEHAETCH
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Puc. 15. U3MeHeHHe pacxofa Marmbl B Mpolecce H3BepxeHHs BYNTKaHoB Bonbuworo Ton-
6aunka u [lapuxkyTun no [115]
1 -2 — mauHble no BynKaHy [apuKyTHH: ] — IMIupuueck e, 2 — pacueTHpre; J—5 — AaHHble
no synxkaHy Ton6ayux: 3 — 3MIHUPHYECK He, CyMMapHele, 4 — OMIHpHUeCcK e no HhxHomy
npopeiBY, S — pacueTHble, CyMMapHble

3aKOHOMepHO. EC/M [iesATeNIbHOCTs BYJIKaHa  CONpPOBOXIAETCS 06pasoBaHHeM
HECKOJIBKMX HACBIMHBIX MOCTeNoBaTeNbHo  GOPMHPYIOLIHMXCS  KOHYCOB, TO
BBICOTA IO3AHMX KOHYCOB CTAaHOBHTCH Bce MeHblle. JTa 3aKOHOMEPHOCTH
MpOABUIAch BO BpeMs XOpowWo HccrienoBanHoro Ceseproro npophisa TonGa-
YMHCKOro Hu3Bepxkenus. CHJIa ByJKaHAa K KOHIY UMK/2 KaK Obl CHHAKAIACH.
To ke camoe GHUKcHpyeTcss M TO JIaBOBBIM M3nMAHMA. Ha puc. 15 mpusencn
pacxon MarMel B mpoliecce W3BepxeHHH BynkaHoB Tonbauuka u ﬂ:}pm(ymna.
Ha HeM XOpoOuUIO BBIPaXXe€HO CHM)KeHHMEe NeOHTa JIABOBBLIX M3JMAHHH K KOHLY
L[MKJIA U3BEPXEHUH.

O6CcynuUM TpUYMHBI OTMEUEHHOH 33K OHOMEPHOCTH. OueBMIOHO, M3BEPXKCHHS
BYJIKAHOB BBI3bIBAKTCA TTaBHbIM 06pa30M H3OLITOUHBIM [IDOTHB JIHTOCTATH-
YeCKOoro AOaBJIEHHEM, TEM HWJIH [OpPYIrHM ITyTéM BO3HHKANIIHM B MMUTAILEM
BYJIKAH MarmaruueckoM ouare. JIJIs JajbHEHILEro dHaJIM3a HE HMeeT 3HAUCHHSA
M€XaHM3M BO3HUKHOBEHHS H30OBITOUHOrO MOABJIEHHA B TMTAIOUICM MATMATH-
ueckoM BacceiiHe M ypoBeHb ero pasmeluetus. Ilonaraior, uto BOIM3H NOBEPX-
HOCTH, HENOCPENCTBEHHO B BYJIKAHHUYECKOH MOCTPOHKE, MepesaBieMoe MarMoH
u36bITOUHOE [aBlienue coctapisier 100--1000 6ap. [lo pacueram >TOro nocCTa-
TOYHO [UJIA BCKPbLITHA BYJIKaHMYECKHX NMOCTPOEK, HO He [UIA MpOophLiBa MarMbl H3
MUTALMX 0Yaros, M3 HUX mMarma, BEpOATHO, MOJHMMAETCA 110 PA3JIOMHbDIM
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HAPYIHCHHSIM , 1IIPHUCM, KAK 110Ka3aJ1 C.A. (DCIIOTOB, MHTAIOWHM K3HAJIOM MOKET
ObITb TPCILUMHE MOLUHOCTLIO BCET'O B IEpBbIC HCCATKH METPOB.

Wr1ak, npy HeGoNbLIOM M3OLITOUHOM HaBJIEHMH Marma M cBoOOIHbIE JIETY uHe
BYJIKAaHOB M3BCPrdlOTCA Ha NoBepxHocTb. OueBMIHO, CHHXKEHME pacxoma 3THX
NPOYKTOB BYJIKAHM3Ma B MpOLEcce LIMKIIA aK THBHOCTH CBA3AHO C NOHHXEHHEM
H3OLITOUHOT O maBJlelina B NHTaoulem oyare. Ha 310 npaMo ykasbIBaeT CHIKEHHE
CO BpeMeHeM BLICOTbI HACBIIHBIX TY(OBBIX KOHYCOB BOKPYT JXepil M3BEPXKEHHUS,
JTOT BbIBOJ OYeHb BayeH [UTs JaNIbHENILEro aHalu3a.

Kax nokasan C.A. ®enotoB [115], BbICOTa MOgbEMA MATMbI U3 IMTAIOUIETO
OYara 3aBMCHT OT UBYX I'JIABHbIX ()AKTOPOB — BEITMYMHBI H30bITOYHOTI O HaBJIEHU A
M BA3KOCTH MarMbl. 3TO BNOJIHE NMOHATHO, TaK KaK MpPOABHramolias Marma
Gymer oxnaxparhcs, U Uem GbICTpee OHa JBHKETCS, TEM MeHbILE ee 0XJIaXIeHHE.
flcHO, uTO BA3KOCTH, MCHAKLWAACS Y NPUPOAHBIX MarM Ha HECKONBLKO MOPsI-
KOB, OKa3blBa€T CHJIbHOE BJIMsAHHE Ha CKOPOCTb ee ABIDKeHUA. Haubonee Bsskue,
oboratennple KpPEMHE3EMOM MarMbl MMeloT HaHMeHbLIME BO3MOXHOCTH Ist
NMPOJIBHXEHHS MX K NOBEPXHOCTH. ITH BO3MO>HOCTH OTpaHHUUBANTICH U TEM,
YTO KpeMHeKHcsble MG depeHIHMaTbl K3BEPraloTCs Ha MO3/IHUX 3TaNaX MarMaTu-
YeCKOH AKTHBHOCTH IIPH CYLIECTBEHHO MOHWXEHHOM H3OBITOUHOM OABJIEHHH.
OtmeueriHble TEHOCHIMM JOJKHBI BHIPA3UThCA B MOMYMHEHHOM M OT PAHHYEHHOM
NPOSIBIEHHH KHUCITBLIX M QepeHIMaTOB B By IKAaHHYECKHX IMKIIAX, YTO MPOUCXO-
muT He Bcernga. K npumepy, npu usBepxenun TonGaunxa Ha (oHe 3aryxaHus
AesTesbHOCTH CeBepHOro 1eHTpa KpyIHas BCMbIIKA aK THBHOCTH, BbIpa3HBLIAS-
¢t B ODLUIMPHOM H3BEPXEHMH JIaBbl, NposiBUNack B lkHom uentpe. Jlapa Hx-
HOTO LeHTpa OKasajach MeHee MarHesuanbsHoi (Ha 4,4 mac.%) u Gornee K peMHe-
Kucnoi (Ha 4,9 mac.%), yem marma CeBepHOT O LieHTpa. ITO ABJIEHHE, Ka3a70Ch
Gbl, MpOTHBOPEUalLee CMIeNaHHOMY BBILIE 3aKJTIOUEHUI0, HA CaMOM [ielie TIpeK pac-
HO MOATBepxHacT ero. Bonpexy CHIKEHHIO OCHOBHOCTH BA3KOCTSH J1aB HxHoro
LeHTpa OKa3alach Ha MOPANOK HHXKE, YeM BA3KOCTb y1aB CeBepHOro NpOphIBa.
Ob6bscrenne aToMy ¢akTy eule He HaitgeHo. Ho nerponoruueckoe 3HayeHue ero
OrpOMHO, TaK KaK [OKa3blBaeT, YTO B THMTAIOLIMX BYJIKAHbI MAarMaTMUYeCKHX
ouYarax COUPS)KEHO C ITOBBbILUEHHEM KPEMHEKHCIOTHOCTH H BA3KOCTH MO3OHHX
and pepeHUHaToB AeicTBYIOT MeXaHW3MBI, IOHWXKAIOUINE HX BA3KOCTb. Beposr-
Hee BCEro, 370 CBA3aHO ¢ MOBBILIEHHEM COfepXKaHus B MarMe ¢imouaos. Takum
00pa3om, TONMbKO HaKaIUIMBAKIUMECH B IMTAOIWEM ouvare (oMbl CIIOCOOHBI
obecrnevyuTh BhIBEIEHHE Ha 3¢eMHYI0 NMOBEPXHOCTh 3HAYMTENIBHBIX O6BEMOB IIO3[-
HUX KDPEMHEKMCIbIX NHPGHEPEHINAaTOB B TOMOIPOMHO 3BONIOLMOHHPYIOLIMX
ByJIKaHaX.,

Cnenannoe 3aKJloueHHE MOXHO PacHpOCTPAHUTb M Ha HHTPY3HBHbIH Marma-
TH3M. BepoATHO, HET OCHOBAHMIl MPOTMBOMNOCTABIATL BYJIKAHHYECKHI Marma-
TH3M MHTPY3HBHOMY. B MX OMHAMHUECKHX M IMETPOreHETHUECKUX OCOBEHHOCTAX
Bonbuie cxoncTsa, yem pasnuums. [IpeoGrnapaiomas HanpaBaeHHOCTh IBOIOLHA
MarmM — romoapoMHas. OOMHAKOBBI JHHAMUYECKHE OCOBGEHHOCTH [BHXKEHHS
MAarm uepes 3eMHy10 Kopy. Ha ocHOBaHMM HX CXOICTBA MbI CYUTAEM BO3MOKHBIM
BbIBO/IbI, CHOENAHHbIE 110 BYJIKAHHYECKOMY MAarMaTH3My, paclpOCTPaHUTh Ha MX
MHTPY3WBHBIK aHajor. EciM 310 crpaBemIHMBO, YTO NMOSBJISAETCA BO3MOXHOCTD
TNIOHATb NMPHPOAY FOMOAPOMHON MOC/IENOBATENIBHOCTH 3BOJIOMH HHTPY3HBHBIX
MarMaTHueCKMX KOoMIIeKcoB. Kak U B ByJlKaHHUYECKHX cHCTeMaX, ¢a3Has 3BO-
JIIOUMA CITOKHBIX MarMaTHUeCKHX KOMIUIEKCOB [IOJKHA ObITh HAalpapiieHa IO
MYTH COKpauleHHs OTHOCHTENbHBIX 0ObEMOB DoJlee MO3MHHUX H K PEMHEKHCIIBIX
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MarMaTHUeCKHUX MHbEK UM, CCIIM MUTAIOWMI 1IYOHHHLIH MarMaTHUCCK Hit Dac-
cellH pa3BHBAETCA KAK 3aKpbiTag cHCTeMa. 3TO CBA3RHO C 1IPCILHOJIATECMbIM
CHMDKEHHEM H36bITOYHOrO OaBJIEHHUA B MHTAIOLUEM Ouare 1o Mepe ci'o Hoc reneH-

HOTO OMNYCTOILUEHUsi B pe3ylbTaTe OTLIEIUIEHUA OT HeEro MOPIMH PACIIIABOK,
CokpaweHdo 06beMOB MO3AHHX (a3 MACCHMBOB CIIOCOOCTBYCT TaK®ke pocT
BA3KOCTH OCTATOUHbIX PAaCIIABOB, XOTs MapaliyielIbHO HAKAIUIHBAOUIHECH 0CTa-
TOYHO MAarmaTHuyeckHe QIIIOMIbI AOJDKHBI CIUIAXKHBATh JTY TCHIeHUHI0. TakHM
00pa3oM, MOCIEN0oBaTe/IbHOE COKpalleHHe OTHOCHTEIbHBIX oObemoB Oosee
MO3IHUX KPEMHEKHCIbIX a3 roMOOPOMHBIX MAaCCHBOB MOXeT CIYXHTb yKasa-
HHMeM Ha UX [TMTaHHe M3 MarMaTH4YeCKUX 6acceMHOB, 3aK PLITLIX IJIA 1IOCTY [U1CHHSA
B HUX JOTMOJIHUTENbHBIX (JIIOHI0B U3 BHELIHUX UCTOYHHKOB.

B npupome, onHAaKoO, UMPOKO paclpOCTpaHeHbl HHTPY3HBHLIE MICCHBLI,
B KOTODBIX MNO3OQHHE KPEMHEKHCIbIE (a3bl craraoT Sosbune H IIpeodirajiakime
o6bemMbl. TakHe MaccMBbI He MOTYT ObITb HPORYKTAMH IBOJIOUHH 33K PLIThIN

MarMaTMuyeckMx CcUcTemM, [IMTalouiMe MX MarmMatuuecKse 6acceiilbl I0TAKHLI
IMMOAIIUTbLIBATLCA OOIMOJIHUTC/IbBHBIMH dJIIIOHII‘dMH, CHHXAIUWHMH BA3KOCTL O3
HHUX KPEMHEKHCIIBIX paciJylaBoOB. Hauboree BEPOATHBIM  JIOIOJTHHTCITBHBIM

MCTOUYHHMKOM JIETYUHX [JIyDOKO 3ajeralolliiX MarMaTHYECKHX Ouaros upei-
CTaBJIAKTCA NOOKOPOBbIE TPaHCMArMaTH4YeCKHe PIIOHIOUOTOKH.

Taxum obpasom, posb GIIOHMAOB B MarmMaTHYCCKHMX IMPOUCCCAN Bakla H
MHoroo6pasHa. OHa ewe riyboKo He MOHATA MO MPHYHHE TPYZHOCTH HOHCKOB
NpAMBIX TPH3HAKOB GIIOMIOB [Jake B TeX MAarMaTHYECKHX [POABICHHAX.
B KOTOpBIX MX YuyacTHe HecOMHEeHHO. IlOHATb XOm 3THX IpofieccoB Oes Iipu-
BJIEUEHHA TPENCTaBJeHUH O (IIIOMIHO-MArMAaTHYECKOM B3MMOIEHCTIBHH, BHIIH-
MO, HEBO3MOXHO. XOpPOILUO U3BECTHO, UTO NMpPH K PHCTATUTH3AUMH MArMaTHUCCKHX
pacnnaBoB Gonblllas 4acTh GmoMgoB TepseTca. JdGeKTHBHOCTb OTIICIEHHS
GMOMIOB OT 3aCTBIBALIMX MAarM BbICOKA. 3TO HAlJIAOHO NEMOHCTPHPYCTCs
IyCTOTESIBIMHU KEO0JaMH BYJIKAHM4YeCKHX J1aB. MHOrooOpasue npoteccos ¢umonn-
HO-MarMaTHyecKoro B3aUMOIEHCTBHA, pa3HOMACIUTAOHOCTb HX. HPOABIICHHE OT
MHKpPOYPOBHsA [0 PpEerHoHanbHOro H rnobajysHOro maciraba 1pH oTCyICTBHH
HaJe)XHO Pa3pabOTAHHBIX IPU3HAKOB [eHCTBOBABIUMX (DIIIOHIOB COCTaBJIAOT
Cepbe3HY10 METPOJIOTHYECK Y0 pobiiemMy.

MAIMATHYECKOE 3AMENEHHE
U TEOJIOTHYECKHE ®OPMbl ET'O NPOABIIEHHSA,
OBPA3OBAHHE MATMATHYECKHNX KAMEP

MeTacomMaTo3 MarmMaTtHuYecKOoM CTA[MHM, KaK OLI0 NOKA3AHO, BBIPIKICTCH

B NMpUGIMKEHUH XHMHUYECKOTO COCTABA HAMCHAEMBIX HOKOBBIX HOPOI K COCTARY
aKTHBHOM MA4rMbl M 3aBeplUdeTCss HX IUlaBJIcHHMeM. B pesyisrare na aecre
TBEpIbIX 9K30KOHTAKTOBBIX MOPO 06Pa3yIOTCH PACHIABLI, MAJIO OTIHUAIOUIHECH
OT CMBIKAIOLIMXCA ¢ HUMH HHbEKLMIH 0BCHUIBHBIX MATM. TaKHM nyTes 1epno-
HaualbHO TBepble NMOponbl 3aMelatorcst pacrstaBamu. ItoT nporece J1.C. Kop
KMHCKHH HAa3BAT MAarMaTHuccKUM 3amMeulenieM. Ero obsizatesibHniM remerit-
YeCKHM 3JIEMEHTOM OH CYMTal BBIXOMALIMI M3 €l XHIKOH MITMbl 1IOTOK
JIETYYHX, MOJAMUTHIBAECMbIA TpaHCMarMaTHYeCKHMH QUIIOHOAMIH, HOCTY 1AI0UIHMM
H3 rIyGOKMX TOPH30HTOB MarmMaTHUecKHX KoOJoHH, Takum oOpasom, 1ox
MarMaTHYeCKHM 3aMelleHHeM HNOHHMaeTcsa oDOpa3oBaHHe pacinaBoB 32 Cuer
OOKOBBIX MOPOJ MArmMaTHUECKHX MACCHBOB [0 HACHCTBHEM BLINOSLIHX H3
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MarMbl HHQWIBT paiMOHHBIX GITIOMAONOTOKOB. U3 Onpesiene HUA HCKITIOUeHO TOHS-
THC O TPAHCMArMaTHUYCCKHX (IIoMaAax Mo ABYM npuusiaM. Bo-nepsbix, ABreHns,
NIOJTHOCTbI0 MACHTHUHBIC OMHCHIBAEMBIM KAK MAarMaTHYecKoOe 3aMellelide, MOTYT
B OTrpaHHYeHHBbIX MACIUTA0aX Bbi3bIBaThcA GIIIOMIAMM, IEPECHIIUAIOLIMMH BHE/I-
puBuUBiecs pacrtaBui. Bo-BTOphIX, HEOGXOAMMO [pHBIEYL BHHMaHHe K OO
CY’KOAEMOMY BOIMPOCY TeX MArMaTHCTOB, KOTOpLIE CKENTHUYECKH OTHOCATCHA
KK CYLICCTBOBAHHMIO TPaHCMAarMaTHUYECKHUX (IIIOHIOB, HO [ONYCKAT BO3MOX-
HOCTb TPOABJICHHA B MArMax IOTOKOB (hIIOHIOB, MOCTY NAOIIMX B PACIUIABSI,
K 1mpumepy, 3 Gokosbix mopon. IlocnenHss Touka 3peHMs CTaHOBUICS BCe
Goree pacnipocTpaHeHHOH. ONHAKO, MO HAlIEMY MHEHUIO, B TMMTaBUCCATBHBIX U
aBHCCANBHBIX MArMATHYCCKHX MAaCCHBaX (IIHAOTIOTCKH UMEIOT IPeMMYII{eCTBeH-
HO TpPAHCMArmMaTHUeCK Y0 NIPUPOAY M TOJILKO B IIPHUIIOBEPXHOCTHBIX MACCHBAX
M JTaBOBBIX II0TOKAX BO3MOXHO YUYacTHe B ITHX ABIIEHHAX PacTBOPOB BMellalo-
LIMX TOJIL.

BooGiue rosops, pacniaBbl Ha MecTe 3K30KOHTAKTOBBIX NMOPOJ MarMarH-
HECKHMX MacCHBOB MOTYT OGpa3OBLIBATbCA M MHAye, HaNmpUMep, B pe3yJsbTaTe
TMaITMHIEHHOTO  PaclyIaB/IeHHA MOPOJ MOAXOAALIETO COCTaBa B KOHAYKTHBHOM
TepMHUECKOM Opeojie MacCHBA HITM HEKOTOPOTO U3MEHEHHs B HY)XHOM HAMpaB-
JICHHH CcOCTaBa GOKOBBIX Mopon 3a cueT mMbdY3HH MErKo MOABIKHBIX KOMIIO-
HCHTOB M3 I0BEHHJILHOA MarMbl B GOKOBBIC NOPOIbI Yepe3 MOpPOBbIe (ITIOMIBL.
B nacrosweit paGoTe He 3aTparMBaloTCA BOMPOCHI MHbEKIMOHHOTO MATMO-
06pa3oBaHms, ILMPOKO PaCpOCTPaHEHHOrO B MPHPOJE, TAK Kak (IIOMIbI npH
JTOM HMEWT BTOPOCTCIIElHOE, KOCBEHHOE 3HAaueHHe, BJIMAA TOJLKO Ha BA3-
KOCTh pacIUlaBoB.

Kak camocTosTesibHble NMANMMHIeHHOE M MM((Y3HOHHOE [UIABIIEHHEe UMEIOT
KpaifHe OrpaHHuYeHHble MaCIUTAGbI, He MPEBOCXOMALLHE TIEPBBIX METPOB (0GBINHO
monedt Metpa). bornee UMpPOKO OHM, BUIMMO, MOTYT TPOSBIIATLCS B MHOWIbTpa-
UHMOHHBIX MOTOKaX (JIOMIOB, BBIXOAAWMX M3 MarM. OJHAKO B 3THX CNyyasx
pacnpocTpaHeHMe [OJDKHO TOJIyYHTh M MHOUIBTPAUMOHHOE MAarmaTHyeckoe
sametieHHe. COOTHOLUEHHE JTHX TPOIECCOB, pasiMuMe MX KOHEUHbIX MpOAYyK-
TOB TpE[CTaBisieT MHTEpeCHbH M abo pa3spaGOTAHHBI BOIPOC, YaCTHUHO
saTparuBaemeii Hibke. Ho npexpe ocramoBuMcs Ha reonormueckux ¢opmax
MarmMaTHyecKoro 3aMelle s, €ro 06beMax, KOTOpble XapaK TePU3YIOT BajkHeil-
LWIHIT [IETPOreHeTHUECKHA TIPOLECC — MOTOKH TPaHCMAarMaTHUecKHX GIonIos,
ONPEAETTAKILHMX K Py THOMACIITAGHOE MPOABIICHUE U JPYTHX TIPOLECCOB.

B nuTepaType KOHTaKTbl MarMaTHueCKMX TeNl ¢ BMELUAIOUIMMH TOJILAMH
OGBIMHO XapaKTepH3ylOTCs CKYNO M orpybienno. OT 3TOro CKJIambiBaercs
BIIEHATIICHUE, UTO KOHTAKTBI MMEIOT MPAMONHHeNHbIE (OPMbI, COOTBETCTBYIO-
e npeoBafgaolemMy NpeacTaBiIeHHI0 06 MHbeK IMOHHOM 00pa3oBaHHU Mmar-
MaTHUecKHX Ten. OOHAKO CHELHUaIbHOE M3yueHHEe MAarMaTHUECKHX KOHTAKTOB
TIOKA3bIBACT, YTO HEPEAKO PAaHHUbI MAarMaTHUECKHX TeJl MMEIT OUeHb CIIOXKHbIE
dopmMbl ¢ ByXTO0OpasHbIMU 3aJIUBAMM, TAMEHEBHARbIMMU BbICTYNaMHU U TpyGo-
OBpasHLIMH  OTBCTBIICHHAMH CIOXKIOH GOPMBI B BOKOBbBIE nopofapl. O6pIMHO
TAKHC OCJIOKICHHS 1LITAIOTCH OOBLICHUTL JIOKAMbHBLIM I[1aBJICHHEM GOKOBBIX
110pof oA BIIHAIHEM Telu1a Bosiee TYTOIUIABKOR MarMbi, Mbl eTa/IbHO HCClleno-
BAJIH TaKHE KOHTAKTBI Yy CYJIb(PUOOHOCHBIX PYIHONPOAYKTHBHBIX TPaNnoOBBIX
HHTpY3uBOB Tasuaxckoro pymtoro ysna (Hopwibckuit paiion) [24] u obuapy-
UM MX B OYEHb TyTOIUIABKHX BMEILAIOLIMX MOPOAX — LIMUHENb-(hOpCIepUTO-
BbIX CKapHaX, MMUPOKCCHOBBIX M aHOPagUT-MHPOKCEHOBBIX poroBHKax. YacTb
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TAKHX KOHTAaKTOB 1T0Ka3aHa Ha ¢otorpaduax obpasuos Tabnuu 1. 11, ;pyras
yactb — B Tabymue VII. 3TH KOHTAKTBI XapaKTEpHbI KAK [UIA [ILABHOI O Ted
MHTpY3uBOB (TaGmuusr I, I, VI, 2), Tak H 19 MHOT OUHCITEHHDBIX anoguzapHbIx
CcUnnonono6HeIX oTBeTBeHHit oT HUuX (Tabnuua VII, 3,4). Menkie u cioxkHble
(GOpPMBI KOHTAKTOB OCOBGEHHO XapaKTepHbl IUTA aNOdH3 M HPEACTABISIOTCS
uccienoaresiiM TalHaXCK MX MECTOPOXICHHUI 3araflouHbIMH, TAK KaK B KepHe
MHOTOUMCIIEHHBIX CKBaXHH (OCHOBHasi HOpPMa KAMEHHOTO MATCpPHAsIa) OHM
Yalwe BCEro MpeAcTaBIicHbl M3OJHPOBAHHBIMM 1APOODOPA3HLIMH 060COBICHH -
MH MEJIKO3EPHUCTBIX M ahaHMTOBBLIX HOJNEPHTOB B OIIHKHEM IK3OKOHTAKTC
maccuBHbIX anodus (TaGmuua VI, 3,4). B nmurepatype 2T DOMEPHTOBBIC CTsixe-
HUA NIPAKTHYECK U He OTPAXKEHBI, @ eCJ/IM OMMUCHIBAIOTCH, TO HX MBITAI0TCA TpPajIHILI-
OHHO pPacCMaTpHBATL B KaueCTBE PEIMKTOB 3AMEILEHHS [OJIEPHTOBBIX anodi3
OKPYXaloUHMMH Nopogamu. HHKaKux 1oKa3aTeNbCcTB NMPH 3TOM He MPHBOOUTCH,
KaK He OGbACHAITCA W Pe3KHe KOHTaKThl 060COGIEHHH ¢ BMewalouleit cpeloit.
[lpn nocremarMaTHueckUX HM3MEHEHUAX [OJIEPHTOB B YCHOBHAX TallHaxa B
EpeNOBBIX 30HAX U3MEHEHUH XOPOLLO COXpaHAETCH MHKPOCTPYKTYPHbIl pHCY-
HOK [I0JIEpHTOB, YTO MOXET GbITh HCMOJIb30OBAHO B KAYECTBE JIHCK PHMHHAHT-
HOTO NpH3HaKa mpouecca. Mexmy Tem B KOHTAKTaX apooBpa3HbIX [0JIepHTO-
BbIX 0060Cc00JIEHHH yacTo GUKCHUPYIOTCA ABJEHHA UIAMHOKNAZH3AINH BMCULR0-
Ied MAaTpULbl, B YAaCTHOCTH MHPOKCEHOBBIX porosukos (TaGmuua VI, /).
Ha yxaszaunbix MHKpodoTOrpadpusx Xopowo BMAHO pasBHTHC MIAFHOKIA30-
BbIX 3€PEH B MHTEPCTHIMAX MCXKAY KpPHCTanfgaMH mipokceHa. llodepHToBbie
0DOCOOIeHHA KPYrOBOrO CeUeHHs MMCIOTCHA TaK’Ke B JK3OKOHTAKTAX Iuie-
PEHLHATOB OCHOBHBIX HHTPY3HBHBIX TeJI, HANpHMep FOpPH3OHTA TaKCHTOBLIX
ra6b6po-noneputoB (TaGmuua II).

Mpupona 3arapouHbIX 060COBIIEHNI IOIEPUTOB B IK30KOHTAK TAX MACCHBHbIX
MarMarHyeCK X Tejl BBIACHACTCA INpH COMOCTAaBJIEHHH Pa3HbIX Cpe3oB 06pa3ua,
¢ororpaduu xotopeix npuseneHsl B Ta6muax I u I, B Hem takcHTOBbE 076
PHTBI OGpa3syoT HECKOJIbKO XHIIO- M (aKenoo6pasHbIX BLICTYTOB B ILIHHEb-
¢opcTepHTOBBIE CKApHBI IK30KOHTAKTa. CpaBHEHHe HX Cpe30B. NapaslessHpIN
u3o6paxenHomy B Tabnuue II, nokasano, YTo mepneHmHKYIAPHO OTXOMALIHC
OT KOHTaKTa JOJIEPHTOBBIE XKUIIKH yke B 1,5 CM OT HEro ilepeopHeHTH pyloTCH
TMapaieNnbHo KOHTAKTY. MX TNonepeuHble ceueHHA HMEWT KpyroByi hopmy.
a B obpasie — BHJ Kamnellb, 3aBUCAIOWMX HAJ MacCHBHBIM moneputom (Tabimm-
ua II). K TakoMy e BBIBOLY MOXHO MPUATH NpPH aHaiH3e TEKCTYpbl 0Opasua.
KOTOpLIH OTOGPaH B 3K30KOHTaKTe anodH3bl pyaHO-NPOMYKTHBHOTO MAacCHBA,
ynameHHOH Ha 1,5 k™ oT rmasHoro tena (Tabnuma VII,3). Ha Hem BumHO
HECKOJIbKO YITMHEHHDBIX IUIAMEHEBHUIHBIX BBLICTYNOB adaHHTOBbIX HONEPHTOB
B CTOPOHY NMOJIOCYATBIX MHPOKCEHOBBIX POrOBUKOB C AHTHIPHTOBBIM IIPOCIIOCM.
HutepecHeiliei ocoGeHHOCTbo 06pasua ABAAETCA OTCYTCTBHe KaKHX-THEO
MPU3HAK OB [eOPMalMH POrOBHKA MPH OBPA3OBAHHM B HeM BLICTYTIOB H0JIC-
puTa. MArKO 3aK pyrnsioumieci OKOHYaHHSA ONCPHTOBBIX BBLICTYNOB TO3BOTA-

10T JIerkKo UPCHCTQBHTb Ceﬁe, 4YTO B NOTCpetHHoOM CCUCHHH JTH BbICTYIBI HMCHOT
KPYroBble ccueHHs. McuesHOBeHue CHOMCTOCTH POTOBHKOB B BEpXHEl uacTH
obcyxHaemMoro o6pa3ua yka3biBaCT HA MPOABICHHBI B 3TOM VUICIKS MCTa-
COMATO03 MarMaTHYeCKOHW CTagMM, KOTOPBIA, KAK OTMEUAIoch. sIBIMCICH lepe-

AOBBIM (HPOHTOM MarMaTHYECKOTO 3aMeLLCHH.
Taknm 06pa3om, CTAHOBHTCS SICHA TIPHPOMA YAHBHTEMLHBIX DOPA MATMATH-
HECKHX KOHTAKTOB DYHHO-TIPOJYKTHBHBIX CYJIb(GUOOHOCHBIX 107EPHTOBLIX
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nurpysnsos Twirnaxa. Mx  MHOrouMciieHHBIC BLICTYIILI B GOKOBBIC [1OPOLbI
0bpa3zoBwIMCh IiyTeil MAarMaTHUECKOro 3amelleHust ¢ ONepexaloliM  MeTa-
COMATO30M MUIMUTHUCCKOH craguH. O6pasylowrecs TAKMM MyTeM MarmMaTu-
UCCKHE KHIbl HMEWT TpyBoobGpasHble GoOpMbl W lepeMEHHOe HaMpaBJieHHe.
B paccmotpenHbiX ciyuasx He MOXeT GbITh W PEYM O BBIMNOJIHEHHH MAarMoil
KAKHUX-JIHGO 1ycTOT B GOKOBbIX NOPOAAX, HMEILMX [UIOTHOE cioxeHHe. o pMbl
OIIMCAHHBIX KMJIOK MAarmaTH4YecKOro 3aMelleHHUst IMOJIHOCTbI COBNAJAKT C
MopdosiorHeil TpyBUaTbIX XHIJI MarHe3uanbHpIX CKapHOB MarMaTHYECKOMN CTaIiH
(Tabnuua 11). CnegoBarenbHo, Kak U CKaPpHbl, XHWIbl MarMaTHYeCKOrO 3aMellle-
HUf 00pasyloTcs 1IpM  MOCpPeAcTBe HMHGHILTPAUMOHHOTO [OTOKE (IIIOHAOB,
HCIIOJIb3Y I0WHX CJIOKHY 10 CHCTEMY TPELUMHOBATOCTH GOKOBBIX MOPOL.

OcHOBHbIC Tejla PACCMAaTPHBACMBbIX HHTPY3HBOB ([0 CKBaKMHHBIM MATepHa-
JlamM) pexe [eMOHCTPHUPYIOT TaKHe KOHTAKThI HO TO¥ IPHYMHE, YTO MX CIOKHOI
(opMbl OTBETBIIEHHA UMEIOT GOJiee K pyTHbIe pa3Mepbl, TPEBBILAIOLIHE THAMETP
CKBOXHH. B yuacTkax uX pa3OypuBanus ¢uUKcHpyeTcsa NMIUb yBeTHYeHHas
MOLUHOCTL MHTpY3uBa. UTo6bl yBeauThcA B 3TOM, LOCTATOYHO MOCMOTpETh Ha
pa3pe3 puc. 27, COCTaBJIEHHBIH MO MaTepualiaM pa3Be[KH 3anamgHo-Xapaenax-
ckoi naptun Hopunbckoit KTP3. Ha Hem BHHBI H30NHMpPOBAaHHBIE OT TJIaBHOTO
Tena, KaKk Obl MOJBELICHHBbIE B €ro KpOBJie MarMaTHYECKHE TeJla MOIHOCTBIO
B IlepBble JAecATKH MeTpoB. O6wiHe anodU3apHbIX OTBETBJIEHHH Ha naHrax,
(poHTE M B KpOBJIE ABNSAETCA TUIOMOPGHONH OCOGEHHOCTbIO PacCMAaTPHBAEMBbIX
nuTpysnuBos. Takum 06pa3om, ycTaHaBIIMBACTCA TOXIECTBO Pa3HOMACLUTAGHBIX
¢$OpM MarmMaTHuUeCKMX UHTPY3HBOB TasiHaxa, uTo yKa3bIBaeT Ha CXOLCTBO Mexa-
HU3MOB MX 00pa3oBaHusi, T.e. HOPMHPOBAHHE TeX U APYTHX B OCHOBHOM MyTeM
MAarM4aTHYECKOro 3aMeLLCHUA.

Marepuan, cobpanHplit 1pH feTaTbHOM Pa36ypHBAHHU TATIHAXCKUX CYIbMHIO-
HOCHBIX MHTPY3HMBOB, IIO3BOJIWI MOJYYUTb NPHHUMIMAILHO HOBYK HH(OpPMAlHI0
Mo BOMpocy 06pa30BaHHsA KaMep JIOKANM3alMd MarMaTuuyeckux Macc. Kax us-
BECTHO, B MarMaruame npobiieMa NpoCTPaHCTBA [UIs BHEPAIOLWIMXCA U3 TITyOH-
Hbl PacIUIaBOB OTHOCHTCH K YMCIIY CJIOXHBIX M JOITOBPEMeHHbIX. 3a MociiefH1e
TOZbI NPOSICHUIIMCH [1BA BOTIPOCA. Y CTAHOBJIEHO B OT/ENbHBIX PAHOHAX 3HAUMTETIb-
HOC pa3iaBMXKeHHe KpPYIHbIX OJOKOB 3¢MHOW MOBEPXHOCTH C 3allONIHEHHEM
NOJIOCTEN BHCAPHBIUMMUCA pacnyaBamu. K Takum palloHaM OTHOCATCA Jailko-
Bble TOJIA, XOT st BO3MOXHO HEO[HOK PaTHOC BHEIpEHHE IOTIOIHHTESIbHBIX Marma-
THYECKUX MHBEKUMH B OJHY M TY Xe pacludpsiiollyocs nojioctb, Obume Mol
HOCTH 00pa3oBaHHbIX TaKMM MYTeM MarmMaTHYeCKMX TeJl JOCTHIAKT COTeH
METPOB M KHIOMETPOB. [1pouecchr pasgBuxeHust GI0KOB KOPHI M 3alloJHEHHeE
oBpasyllIMXcs NOJIOCTEH MAarMOH NPOMCXOOAT COMNPSKEHHO, TAK KaK He-
3aTMOJIHEHHbIC MarmMoOH TpEeWHHbl OTCYTCTBYHT. [l03TOMy BO3MOXHO, YTO
pasaBuxXeHne 0JIOKOB MPOHCXOMMT B KAKOH-TO CTENeHH MO AABIIEHHEM MOLIHH-
MalOUMXCA cungy marm. Jlpyro#, HauMHAlOWHUK MPOsCHATLCA BOMpPOC KacaeTcs
MAarMOIIOABOMASILMX KAaHa/loB. YYWTbIBAR BA3KOCTHbIE CBOHCTBA Marm, HX
AeBHUT MNpH BYJIKAHHYECKHUX HIBEPXKEHHAX, 0ObeMbl M3BEPXKEHHbIX MarmaTH-
HECKHX 1IPO[YKTOB, YCTaHOBJICHO, UTO [UIsl HX IMTAHUA JOCTATOYHBI TPEWIMHBI
MOLLHOCTBIO B 1IEPBbIC JECHTKH MeTpoB [115].

Hesicubim - npepcrapnsercsi ¢GopMHpoBaHMe 07 3eMHOR [OBEPXHOCTBIO
KPYIHbIX MarMaTHUCCKHX MaccHBOB o6beMom B 1 km® u Gonee. MHbeKIMOH-
Hoe HX 0Dpa3soBanHe NOJKHO IIPHBOAMTL K CABHTAHUIO K pYIIHBIX MAcC BMELLA0-
LIHX MOPOA HAa COTHH METPOB M KHJIOMETPOB. 3TOTO, O/IHAKO, He HabmopaeTcs.
86

[osToMy mpeanonaraior, uto HeOOXOAMMOE ISt MArMbl HPOCTPRHCIBO O0cctic:
UMBaeTcA 3a cyeT OOBWIMBAHMA OJIOKOB KPOBJIH H HX HOFPYAKCHIA B Dol
riny6okue TOpM30HTbI MarMartuueckoro Tena. OfHAKO H0HOOHBLIC sBIICHHSH He
NOJIYYWIH JOKYMEHTAJIbHOTO TeOJIOTMUYECKOTO TMOATBEePAICHH, HIATIPHMEP.
B MAacCHBaX, BCK PbITbIX 3pO3HeH MO BEPTHKAJIM HA COTHH MCTPOB H JIA/KC KHIIO-
MeTpbl. JlefCTBME 3TOTO MeXaHM3Ma OTpaHMYMBAETCA M MajIOH MOLUHOCTBIO
MarMomnoaBOOALLIHX KaHaJIOB.

CyulecTBO npougcca MarMaTHUYeCKOrO 3aMeLIEHHs, KaK H COMpOBOKIAIOWErO
€ro MeracomMaTo3a MarmMaTH4YecKOH CTaauH, MpemarosaraeT HX MpoTeKallie 1pH
nocTosHcTBe 0ObeMOB. Takylo 3aKOHOMEPHOCTb MOXHO NOCTOSHHO HalIIIOM1ATh
B 30HaX TPaHHUTHU3ALMH, Ifie 0OPA30BAHUE IPAHMTHBIX HEOCOM HE COLIPOBOKIACT-
cA TMpHpalleHHeM MOIUHOCTH pa3pe3a BMELIAIUMX TOJI, KOTOpoe NOMMKHO Gbl
NPOABUTBLCA [axke TPH aHaTeKcHce M MaJIMHTeHe3e, He TOBOPA yxe 00 HHBEeKUH-
OHHOM 06pa3oBaHHWM MHrmaTuToB. COXpaHeHHe 00OBECMOB IIpH rpaliHTH3aLHH
obecneunBaercsi IpeobilafjaHHeM MEXaHM3Ma MarmMaTHYeCKOro 3aMellleHHs
[pH MUIMaTHTOOGpa30BaHHH, O YeM FOBO pPHIIOChH BbILLE.

Tax ol cnocoG 3aBoeBaHUS MpPOCTPAHCTBA MarMOil MHTPY3HBHBIX MacCHBOB
NposABWICA NpH GOPMHUPOBEHUH PYyIHONPOAYKTHUBHBIX CYJIb(HIOHOCHBIX rabbpo-
IOJIEPUTOBBIX HHTPY3uBOB Hopwibckoro paiioHa. ®aKT cOXpaHHOCTH oOuwleH
MOLIHOCTH M CTPOEHHA CTPAaTHrpadpHyecKOro paspesa BMEIAIUIHX ToTul B
MecTax JIOKAMM3aUuM MHTPY3MBOB Obul 1ogmeued B 50-x romax M.H. Foanes-
ckum [13] u U.A. KoposskosbiM ¢ xoJueramu [57] B Hopiutbckom pyiHon
y31ne. Bonpoc o ¢cTpyKTypHOM MOJOXEHHH 3THX HHTPY3HBOB HMeeT BarkHeHuee
NpaK THYeCKOe 3HaueHHe MO TOH NMPHUHHE, YTO YACTh TIPOMBILIICHHOTO OpYyricHe-
HHMA y371a Npe/CTaBJieHa JIMKBAUHOHHOH CYJIbHAHON BKPaIUICHHOCTbIO Olpejle-
JICHHBIX TOPH30HTOB PAcCJIOEHHBIX MAarMaTHYeCcKHX Telsl. Ero pewsenie ofiierya-
JIoCh TIPOCTOH CHJUIO00pa3sHOH (OPMOH HHIPY3HBOB  OTPAHHUEHHOH LIMPHHDI
(ro 1,5 kM), HeGONBIIOH MOWHOCTHIO (mpeHMymecTBeHHo 100150 n)
NpH MHOTOKMJIOMETPOBOH IMpOTSKEHHOCTH. 3aKJIIOYEHHbIC B HHX 0ObemMbl
MarMbr Gosbuive, a GOpMBI Tefla MpOCThie, YTO MO3BOJMIO MPH OBHIBHOM
KonuyecTBe OYpOBBIX CKBAXHWH, pasMelleHHbIXx Mo cetke 200X200 ™.
JeTanbHO TPOCNIEANTb YCIIOBHUA 3aJeTaHHs HHTPY3UBHBIX Tell BO BMELIAK-
wux Tomwax. Hago euwle ckasatb, YTO MHTPY3MBBLI 3aNleraloT BHYTPH J1eBOH-
TPUACOBBIX TOJIL TEPPUrEHHOTO, XEMOTEHHOrO0 M BYJIKAHOI€HHOTO IpOMC-
XOXHEHHA M TIIOYTH He OOHaXeHbl HA 3eMHON INOBepXHOCTH. KOHTAaKTOBbIi
MeTamopdH3M Ha OosnblUeH YyacTH IUIOLIAAM TOBEPXHOCTH MHTPY3HBOB 3HauM-
TENbHO NPOSABIEH Ha PAaCCTOSHHAX A0 HECKOJIbKHX [eCATKOB METPOB H JIMLIb Ha
(&poHTe MHTpPY3MBOB OXBATbIBaeT TOJLM MOILIHOCTBI0 0 S00 », 0 uem Gyner
cka3zaHo Huxe. TakuM 06pa3oM, MeTaMOpGH3M Cepbe3HO He [persATCTBOBAJI
PELIEHHIO TIOCTaBJIEHHOrO BOMpOca. ITOMY CHOCODCTBOBANA H JIMTOJIOTHUYECKAs
MecTpoTa pa3pe3a BMELIAUIUX TOJILL, MO3BOJIAILIAs MPOCIE)KHBATL THTOJIOMH-
YeCKHe MauyKy U JIABOBbIE CJIOM Ha BOMBIIOM pacCTOSTHHH. 3JIeraloT OHH [IOBOJIb-
HO CIIOKOifHO, HMes yriibl NManeHus menee 10°, CyBCOrIacHO ¢ BMeLLAIOUIMH
TOJIIAMH JIexaT W MarmaTHueckHe Tend. OBhIYHO OHM pa3MelleHbl B BopTax
pervoHanbHoro Hopuibcko-Xapaenaxckoro pasnoma, 0Bpa3oBaHHOIO cepueil
rpabeHoB, NapajieNbHbIX APYT APYry H ocH pasjioMa. Obwas IHPHHA Pas3iioMa
He mpeBbiiiaer 1,5 kM. Paznom siBnsiercs obuieit K OHTPONIHpYyOLILil CTPYKTY poil
ana Hopwmbckoro u TanHaxckoro pydHOro yssoB, yAAJIEHHBIX APYr OT Jpyra
Ha paccrositud B 30 kM. [lporArnBasch BHOMb PasjioMa., HHTPY3IHBLI PEUKO
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nonajaiot B 3oy rpabeos. OBUME KOHTYp HHTPY3HBOB OOLIMHO JIMIWIb B Ofl-
HOM MecCTe IlepeceKacT 30Hy pas3ioma TpH Hepexone B ApYro# ero 6opr.

Ilpu uccneponaimn uurpysusos Hopwibckoro pyasoro yana M.H. Topses-
ckuit v UA. Kopossakos yctaHoBWiH (310 6biio npushado I'.JI. MacnoBbim
(1963 r.) u M.®. CmupHOBbIM (1966 r.)), 4TO NOABIEHHC MHTPY3HBOB B
cTpaTurpadHueciKkom paspe3se He U3MeHSET 3aMCTHO HM €ro CTPOEHHS, HY ObLIeit
MOLWHOCTH. OHM HAa3BalM 3TH MHTPY3UBbl ~OTIMBKAMM”, 06pa30BaHHOrO He-
BbISICHEHHDbIM NnyTeM npocTpaHcTBa. H.A. KopoBsikos npeamonarai, yto marma-
THYECKHE HHTPY3MM BBINAXMBAIOT KaMepy, HO MeCTa CKYYHBAHHS BbIHECEHHOTO
MaTepHalla He ObUTH ycTaHoslienbl. M.H. TomieBckuit monaras, yto mpocTpaH-
CTBO OTYaCTH MOIJIO OGpa3oBaTLCA NMpH OTCIIOEHHH TOJIL BO Bpems rpabeHo-
06pa3soBaHKs, @ YACTHYHO 32 CYET MArMAaTHYECKOrO 3aMellieHHs GOK OBBIX MOPOLI.
Ho or npusnanusa Gombwioit pomu MOCITE[HEr0 MeXaHU3MA €ro y/epKHBalli
orpomubie Maciutaboi snenus. [lozxe B.B. 3onoryxun [19, 22] u A.B. Tapa-
cos [108, 109] cTany npHuaBarth peluaiowiee 3HaueHHe B 06 pa30Baiuy HHTPY3HB-
HbIX KAMCDP HHbIM MCXaHM3MaM — KJIABUUIHOMY NPHIOHUMAHHIO K POBJIM Tell,
YIJIOTHEHHIO 3K30KOHTAaKTOBBIX IMOPOM MPH UX OPOTrOBUKOBAHWM W Jerasaluu
KapGoHATHBIX M AHTHAPHTOBLIX MOPOJ MpPH MeTaMopduaMe. BmecTe ¢ TeM oHH
AOfyCKaATH MpOUECChl MarMaTUYECKOr0 3aMCLUEHHA NIpH 06pa30BaHKH TOPH30H-
Ta TaK CHTOBbIX raG6po-/IONIEpHTOB MHTPY3HBOB 33 CUET paHee 0GPA30BAHHOIO
/oA MHKPHTOBLIX raB6po-nONicpUTOB. YCTAHOBJIEHHAs paHee HEUapYUIEHHOCTh
CTpaTUrpapuuecKoro paspesa OKOJIO MHTPY3MBOB 3THMH MCCIIENOBATENIAMH
He oBcysknanach M, No-CyllecTBy, OTPHUAJIACD.

Hocne oTkpeitsa TanHaxcKoro pymHOro y3ja M [eTalbHOro pasbypHBaHMs
3anajiHbIX BETBCH €ro pYAHO-NPOAYKTHBHBIX HHTPY3UBOB I10 CTYILEHHON CETH
CKBaXXMH HaMH 1o matepuanam ctpaturpada 3.b. JlyHuHa, B To Bpems reonora
Hopwibckoit oKcneauiiy, no CKBaXMHAM C MOJIHBIM BBIXOIOM KepHAa GbUIO
HETAJIbHO HCCIeNlOBAHO 3ajleraiie XapaeslaxcKoil BeTBM BepxHeranHaxckoro
HHTpY3uBa. Ha puc. 16 npuBelieH CKOPpeMpOBAHHDIA BepTUKabHbIN pa3pes
uepe3 BMellalouiMe TOJIM M MHTPY3WMBHble Tella Xapaenmaxckod BersBH. [lo-
CTPOCH OH M0 JIOMAHOH JIMHMK (CM. pHC. 26), OPHEHTHPOBAHHOH NPHOIM3UTENb-
HO IO IIpononbHOH ocH BeTBH. CkB. 1 M 2 pacrnionmoxelst B 2,5 u 1,0 kM 3a
Pa3BE/IOYHBIM KOHTYpPOM MHTDY3HBHOIrO Tena, B ero ¢poHTe, a cKB. 9 — 3a
¢manroBbiM GOpTOM KOHIYpa IIPUMepHO B cpeaHeil uacTH BeTsH. CkB. 12 1 13
TArOTEIOT K 10r0-BOCTOUHOMY (itanry Xapaenaxckoit BeTBH. C wesiblo HHBEIHpO-
BaHUA BJIMSIHUA BEPTHKAJIbHBIX TEKTOHMUECKHUX CMELLEeHUH OTHeNIbHbIX BII0KOB
HHTPY3HBa Ha OJIHY IOPU30HTAJIb BbIBEJEHA CTPaTHrpaduuecKas IpaHULA MeXIy
HHXKHEH M BTOPOH NIMTOJIOrMYECKUMMU NauKaMHM MaHTYPOBCKOH CBHTbI CPEIHErO
nesoa. Ha paspese xopoluo BMOHO, Y4TO OBGBIYHO Ha3biBaEeMble HHTPY3H BHBIMH
TeJa aJOMOCHJIMKATHLIX H CyJb(HOHLIX pacilfiaBoOB, 3ajleraloliie B MOOLUBE
NEepBLIX W CIMBAOUBIECS C HUMH, 3aJI€raloT MPeUMYILECTBEHHO B pa3BelOvYHHH-
CKOH CBHTE TeppHrecHHO-XeMOTeHHBIX OCAHKOB, MECTAMH BBIXOJIA 33 €€ KOHTYpbI
B HHXXe- H BbIUIe/IeXKaWMe CBUTbI. MOWHOCTL pa3BeJOUHMHCK O CBHTBI Ha nep-
BbUi B3I NOCTOANHA, TOra KAaK MOWMOCTb MarMaTHYECKHX Tell MeHsAeTcs
na nopsgox. Tak uro 3amenneHHe YaCTH paspe3a CBMTbl MarMaTHYeCKHMH Tera-
MH COBEPLIEHHO OYEBM[HO H TOATBEPXIAET 3aKOHOMEPHOCTb, YCTAHOBJIEHHYIO
M.H. T'oynesckum u H.A. KopossikoBsim 8 Hopurbciom pynmom yane. Bonee
AeTasnbHblH dHAJIM3 MOKa3blBaeT, YTO MOIUMHOCTb pa3BeIOYHHHCKON CBMThI 0€3
marmatiucckux Ten (ckB. 1) Wi ¢ HeGoNbumMM HMX oBbeMOM (CKB. 9) He-
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CKOJIbKO MEHBUIE, YeM [IpH HANHUYMM B pa3pe3e UHTPY3uBOB. CIlenoBaTeIbHO,
94CTb Marm BbLINOJHANIA 0ObeM, OOPa30BaBIUMICS 32 CUET PACCTIOCHHS CBHTBI.
Ho Tak oit cBoG o HbI 06beM HEBEITHK | CpaBHEHHE MOUIIOCTEH Pa3pesy ckB. 8,9,
10 nm1 1, 3, 4 nokasbpiBaeT, 4TO paciuelUIeHHe TOJIIH MOKET KOMIIEHCHPOBATD
miun 53,4% MOWHOCTH MarMaTHyecK oro Teyia ckB. 10 1 juis 25.,5% MouocTi
Tena B ckB. 8. Ponbnpennonarasuierocs B.B. 30510TyxuHbIM BBICBOGOsK eI !
TIPOCTPAaHCTBA 3a cYeT MeTaMOPHH3Ma H [eras’aluy OcaKoB BOOOLIE He3aMeTH:,
TaK Kak, K NpuMepy, B paspede cKB. 8 pOroBHKOB 6ofiblue, Yem B cKB. 10,
8 MEHee KOMIEHCHPOBAaH 0GbeM WHTDY3WBHOTO Tela B CKB. 8. OTCYTCTBHe
NPHU3HAKOB BO3paCTaHHA MOLIHOCTH CTPATHIPadHUECKHX pa3pe3oB Ha dianrax
1 (pOHTe HHTPY3UBOB onposepraer mpeanosoxeude M.A. Kopossikosa o BbI-
HOCe HCOGXOMMMOro Wi oGpa3oBaHHA MHTPY3MBOB OGBEMA OCA/IKOB K TlepH-
bepHH KaMep NIOKaTH3A TN,

HMpoBenennslit aHaiu3 noxasan, uro ot 47 1o 75 06.% Ten PYLOHO-NPOAYKTHB-
HBIX BEPXHETANHAXCKHX HHTPY3WBOB GbUIM OGpa3oBaHbl MyTem NpPAMOro 3a-
MEIICHHA YACTH NOPOJL Pa3BelOYHHHCKON CBHTBI Marmoil. ToBOpHTS 0 cxomcTse
COCTaBa MOPOA CBHTBI C COCTABOM MAarmaTHYECKMX TeJl He IPHXOIMICH, YTO
ONpOBEPraeT BOSMOXHOCTD MaJIMHI€HHOro 06Pa3oBaHus Ha MeCTe CBHTbI rabGpo-
MIHBIX pacinaBoB. ENMHCTBEHHbIM MpHEeMIIEMBIM CIOCOBOM 0Gpa30BaHHs
BEPXHETAJIHAXCKUX HHTPY3UBOB HA MECTE [OPOJ CBHTbI MPEACTABIIACTCH Marma-
THYECKOE 3aMmellleHHe. ITO TeM Gollee BEPOATHO, YTO B MX KOHTAKTaxX LIHPOKO
pacnpoCTpaHeHbl pasnuuHble (PauMH MeTACOMAaTHTOB MarMaTHUYeCKOH CTamu:
MArte3dajibHble CKapHbI-H NMPOMYKThI IUIATHOKIIA3U3ALHMH, O YeM TOBOPHIIOCH
B | vact KHuru.

Jnst MonTBEpXIEHHA BO3MOXHOCTeEHl OGpAa30BAaHHA 3HAUMTEILHBIX OGHEMOB
rabGpo-goneputop TamHaxa MyTeM MarMaTHYECKOrO 3aMeLLeHis (IpHBELIEM
pa3pes no xepHy ¢kB. 1307 (puc. 17). Ha HeM BMIHO, YTO T€JIO TaK CHTOBBIX
rafOpo-IoNIepUTOB, CNaralollee HHXKHHI FOPH30HT BepXHETanHaXCKHX HHTPY-
3HBOB, 0GPa3oBAaHO MNPEMMYILECTBEHHO M0 OJOMHTOBBIM MpPAMOpUN Ty Ten
HX MarMaTH4YeCKOro 3aMelleHHst C ONCPEXAIOUMM PasBUTHCM MATHEIHAILHBIX
CKapHOB MAarMaTHYeCKOH CTamud. KCEHONHTIbl CKapHOB ¢ pelMKTAMH  ano-
TepHKIIa30BbIX OPYCHTOBBIX MPaMOPOB PACCesiHbl 10 BCEMY Pa3pe3y MArMarTh-
ueckoro Tena. Takum 06p3om, mo 40 METPOB MOUIHOCTH MarmaTHUECKHX Tell
MOrJIO, HECOMHEHHO, 06pa3oBarbcs MyTeM MArMaTHYECKOrO 3aMellleHHsi GOKO-
BBIX MOPOA, YTO GJIMIKO K OUEHKAaM, MONyYeHHBIM [P aHANH3e MPOOILHOTO
paspesa yepe3 XapaenaxcKyl BeTBb HHTPY3HBa (cM. pHc. 16).

B saxmioueHmne XxoTenmoch Gbl MOAYEPKHYTH, YTO uacTh OGbBemMa (npuMepuo
50 M MOUIHOCTH) MarMaTHYeCKMX Tejl BepXHeTAJIHAXCK HX UHTPY3HBOB 06pa30-
BaJIaCh HHBEKLHOHHLIM IIyTeM, BBINOJIHASA, BUAMMO, NIOJIOCTH OTCIOCHHS, 06pa3o-
BaBILHECs TIpH rpaGeHOOBpasoBanuu B 30He Hopumbcko-Xapaenaxckoro pas3-
JIOMa. BHesipeHHe MarM CONpsranoch ¢ HUM BO BPEMEHH, NO06HO TOMY, UTO
MMEET MECTO IpH 06pa30BanHHM MaMKOBbIX mosiei. K yxe nocse 3toro npowc-
XOIMIIO IOpaluHBaHHEe 06bEMOB CYIbHHIOHOCHBIX HHTPY3HBOB 3a CYET MATMi-
THYECKOro 3aMELUEHHs, BhI3bIBAEMOro MOTOKOM TPaHCMAarmaTHuecKHX Iliok-
moB. Mel fomyciaem, uTo H B 3TO BpeMsi MO IPOHCXOAMTb MeXaHHUYeCKHe
NepeMeIleHHsa MarM Mo BO3JEHCTBHEM HIPOTOMArMAaTHUYECKHX TEKTOHHUECKHX
npoueccoB. Takum 06pazoM, B HPHPOE MOXKET GbITh B 3HAUHTCIIbHbIX MACLUTA-
Gax mpOABINEHO COYeTAHMEe MHTPY3MBHBIX MPOLECCOB M 3aMelieHHs Marmoii
GokoBpix mopon. Paspenenne 3TMX ABYX npoueccos 33TPYAHEHO TCM, YTO B
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Puc. 17. Paspes no sepTxammnol ckBaskHHe K3-1307, nepecexarouieht dpoHTABHY IO
YacTh Xapaenaxckol BeTBM BepxieTanmHaxckoro HHTPY3HBAa; COCTaBJIeH MO [eTajLHLIM
NeTporpauyecKUM HCCreJOBAHUAM
1-7 ~ ra66po-ponepurnt: | — MEIK03epHUCTbIe GE30/TMBHHOBbBIE, 2 — KOHTAKTOBD blé MeJTIKO-
CcpeaHelepHiCcTble Ge30nuBHHOBBIE, 3 — CpeaHelepHUCTbIe 6e30TMBUHOBDIE, ¢ — OJIMBMH-
CONePXAlUHUE U OIHBUHOBDIE, 5 — MUK PUTOBBIE, 6 — TAKCHTODBbLIE KPYMHO3€PHHCThIE OJIUBH-
HOBbIE, 7 — KBAapUCOAepsKaLLHe, Ge3onuBMHOBBIE; 8 — NOIOMUTODBDIE M 6pycutoBble (anmomne-
PUK 3301 bie) MPAMOPBI; 9 — WIMHHENbDOPCTEPUTOBbIE CK3apHbl MArMaTHYeCKOM CTAOMM;

10—12 — munepans AHTHAPUTCOMEPIKAMX KOHTAKTOBO-MeTaMOpdHUeCKUX mopod: 10 —
KJMHomMUpokceH, /] - rpawuar, 12 — AHTUAPUT; 13 — JIUKBAUMOHHAA CynbhHOHAA
BK paTUTeHHOCTh
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pe3ynbTaTe MarmMaTHYeCKOro 3amelleHHs oOpa3yloTCs pacCIliaBbl, Mo BCeM
XapaKTEPUCTHKAM OJIM3KHE WHbEKLHOHHbIM. Pa3paBoTKa MX JHCK pHMIHAHT-
HbIX MPH3HAKOB ABJIAETCA He 1pPOCTbIM AeloM. OTCYTCTBHE 3THX IpHIHAKOB
CAEP*KUBAET BbIACHEHHE OGbeMHBIX COOTHOLIEHHH COMOCTABIIAEMBIX NPOLECCOB
B KOHKDETHBIX MHTPY3HBaX, OONBUMHCIBO U3 KOTODBIX He HMeET TAKHX Mpoc-
TbIX HOPM, CMIOKOMHBIX YCTIOBHH 3aJleraHHs, H X KOi!TypPbl He pa3GypHBaioTcs
TaK TwWarenbHo, kak B Hopwibckom paitoHe. [TonyueHHsle 3mech pesynbTaTs
YHUKQJIbHBI ¥ JOJIXKHBI HCTIONIb30BaThCs KaK ITaJIOHHbIe.

HHOUIIbTPAUHOHHOE H JHOOY3HOHHOE B3AUMOAENCTBHA MAIMbI
C BOKOBbBIMH I'IOPOD,AMH

[lponecc Marmaruueckoro 3aMelleHHst GOKOBBIX nopox 6GvUT paccMoOTpeH
B obwux ueprax. Hes3aTpoHyThIM OCTalCsi BaXKHEHLMH ero JieMeHT — mpe-
obpa3oBanie TBepHOH MOpPOMbI B paciuias. B nutepaType 3TOT Mpouece MpaKk TH-
HECKH elle He OBCYXOAICA M NPU3HAKH ero He scHbl. [IpH ero paccMoTpeHmu
HEH30€XKHO CpaBHeHHe MHQWIbTPAUHOHHOTO M MH(GY3HOHHOrO B3aMMOMENCT-
BHH Marmbl ¢ GOKOBbLIMHM MOpopaMu. MX pasnuuenHe, OKasbIBaeTcs, MOXET
HMETb BaXHOE INPAKTHYECKOE€ 3HAUEeHHe, HAMpPHMep, MPH BbIACHEHHH YCIIOBHI
JIOKANM3AUMH  OpYIEHEHHs MarMaTHyeckod cramuu. Bumumo, pano menarms
KakHe-mu6o 06obuienus no sTomy Bompocy. [loaTomy paccMOTpHM HEK OTOpble
KOHKDpETHbIe (aKThl.

O6paTHMCA BHOBb K M3aTEPHAJIAM MO Be PXHETATTHAXCKHM CYJTbbUAOHOHOCHDIM
PACCITOCHHBIM MHTPY3HBaM rab0po-noJiepHToB. MX HHXHMA TOPH3OHT CIIOXeH
KPYIHO3CPHHUCTLIMU ONTHBHHCOMCPKAMMH TAKCHTOBBIMU Iab6pO-HoTepHTaMH,
Tak cMTOBBIH OGNMK MM NPUIAIT MHOTOYHCIIEHHbIE JEHTO- netyieobpa3Hble
MEIIaHOK paToBble 00OCOOTIEHHUS, JIMUID PEIKO HMELIMe MOHOMMTHBIH 06K
KCEHOJIHTOB  UIMMHENb-(hOPCTEPUTOBBIX MArHE3HAbHBIX CKAapHOB, MOHOMMHe-
PUIBHBIX MHPOKCEHOBBIX POTOBHKOB M BbILIENEXAUIMX ITHKPHTOBBIX rab6po-
monepuToB. HaubGonee 3aramounsi netjieo6pasHbie 060COBIEHUA, OOHO U3 KOTO-
PBIX OTpaxeHO Ha Qororpadrmu obpasua B Tabmue VIII, /. 3amxHyToe coO
BCeX CTOpOH IlocKocTH obpa3ua nerieobpasHoe 060cofuleHte, B LEHTpe K OTO-
POro pacronaraercs Tak CHTOBbIH raB6po-10JIepUT TAKOro e obHKa H COCTaBa,
YTO M BMEWAKIIHA 060co6IIeH e, CTIOKEHO LIIHHENb-(hOPCTepHTOBOI MarHe-
3HANbHO-CKAPHOBOH accounnaumeit. Ilpupona o60coBNEHMA HeCKOIbKO 1posc-
HACTCA TIpH CpaBHeHHH ¢ 06pa3uom B TaGimue I1. B HeM BHIEH KCEHOJIMT aHAIO-
THYHOT O IIMHHENb-()OPCTEPHTOBOTO MarHe3HaIbHOTO CKapHA, JIEBAs YacTb K OTO-
POro 3aMelleHa TaK CHTOBbIM Tab0bpo-I10JIepUTOM, HO TaK, 4TO OT Hee OCTaach
TOHKafA, TONWHMHOK 1,5-2,0 MM, u30rHyTasg nomocka YePHOH HOPOAbI ¢ ABY-
CTOpoHHe# Genoit oropouxoit. Ilomocka npeacTaBiseT coBOi M3MEHEHHBbI
PENUKT BHEIIHEH OBONOUKH CKApPHOBOTO KCEHONMTA, M3HYTPH 3aMeLleHHOTO
[ONEpHTOM (MOJHAA aHAIOTHA C NpefbAYLIMM 0Gpasuom). PazomkHyToe
CBEPXY KOMbIO OGONIOYKM KCEHONHMTa YKa3biBaeT HA MECTO MPOHHKHOBEHHSA
(IIOHIOB, BBI3BABIIMX MarMaTHUeCKOE 3aMelleHHe, BO BHYTpEHHHE HYacTH
CKapHOBOrO KceHonuta. B o6pasue, usobpaxedHom B Tabmiue VIII, /, marna-
THYECK O€ 3aMELIEHHe BHYTPEHHEH YacTH CKAPHOBOTO KCEHOJHTA MPOHCXOIMIO
B HaIlpaBJIEHHH, NEPHEHAMK YIAPHOM IUIOCKOCTH 06pa3ia.

IIpoBeneHHOe HMcCemOBaHMe NMPHYMH COXPAaHEHMs B MarMe TAKHMX MENIKHX
PETIMKTOB CKapHOB, KaK B pacCMOTPeHHBIX 00paslax, MPUBENO K BHIBOAY O
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HX TCePMOOMHAMHYECKOW PABHOBECHOCTH C OKpyXawuied marmoii. Xemesuc-
TOCT> onuBuma (f7 = 24,7 ar.%) oGonouku KceHonuta o6pasua TaGmupt 11,
HECMOTpA HA COXpaHEHHE HM CKapHOBLIX Pa3MepoB H (HOPMbI 3epeH, OKa3anach
MIEHTHYHOH C KeNIe3UCTOCTbI0 K PYIHBIX KCEHOMOPOHBIX KPHCTAIIIOB OJIABHHA
(F =26,9-28,8 a1.%), K PMCTAJIH30BABLIMXCHA HeIoCpeACTBEHHO U3 pacIliaBa.
Coctas nnaruoknasoB (Au;,), 0GpasyILHX Benyo oTOpOUKy OKOJIO pelHK-
TOBOH UENOYKH OJNMBHHOBBIX 3epeH M 3aKIIOYAIOUIMX MX B cebe, GIM30K K
COCTABY IUIarHOKIa30B (AHgs), BMEILAOIIUX TAK CHTOBBIE rabbpo-nonepursl,
CocTaB 3epeH onMBMHA B meTNIeoGpa3HOM PEJIMKTE CKapHOBOrO KCEHOJIHTA
obpasua B Tabnuue VIII, / NepeMeHHbIA: GoNlee MarHe3HaIbHbIH B UEHTpe
PEJTMKTOBOH IUTOCKOCTH M 60JIee KeJe3HCTblH, OIM3KHIl K MarmaTHuyecKoMy,
B K paeBbIX 4acTsX MNOJIOCKH. Haxomsich B paBHOBECHH M KOHTaKTe C Marmoii,
KEJIE3UCTBIH ONMMBHH OPOHMPYET BHYTPEHHIOW YaCTh PENTHKTA ¢ GOjlee MarHe3H-
ATbHBIM (HOPCTEPUTOM M WIMHHENbI0. [loCieHie IMCTEpPOreHHO 3aMEIAIOTCS
Marle3uT-CeprneHTHHOBLIM arperatoM (Genas NONIOCKA BO BHYTpeHHeil YacTH
TemHo# B Tabnuue VIII, 1),

OnHao HauGoree BakHbIH My 06CysKIaeMOr 0 BOMpoca BIBOL ObUT MOIYy-
YeH IIpH INOWCKE MPHMYMH [BYX pa3HbIX CHOCOGOB B3aMMOMEHCIBHA MarmMbl C
IUMHHENb- OpCTEPUTOBBIM CKAPHOM, MPOSABIIEHHBIX B OJHOM o6pasue. B ogHOM
Clyuae CKapH 3aMeEIIaeTCsi pacilylaBOM IHPOKCEH-IUIaTHOKJIA30BOr0 COCTAaBa
(coBcTBeHHO MarmarMyeckoe 3aMelleHue), a B OpYTOM OH IIpeBpauiaercs B
TBCPAYI0 TYrONJaBKYI0 ONMBHH-IUIATHOKJIa30BYI0 NMOPOMY, CIAramiiyi0 MHOIO-
HHCJICHHBIC JICHTOUHbIE W MeTesbudTble 060cobNeHus. JIeNI0 0Ka3anoch B TOM, YTO
B TIEPBOM Cjlyuae B CKApH NPHBHOCATCA UpeHMywecTtBeHHo Ca u Si, a Fe B
NOMYMHEHHOM KOTMYecTBe. B pesynbTate wimnHenb 3aMewaercs M1arHoKIasom,
2 GOpCTEPHT, XKENE3UCTOCT KOTOPOTO YBEIMYABAETCA TONBKO C 4 no 11%,
3aMEILACTCA KJTMHONMPOKCEHOM. 3Ta aCCOUMAIMA COOTBETCTBYET raGGpoMaHO
IBTEKTHKE M IUIaBUTCA. (OOpa3oBaHMe e OJIMBHH-IUIArMOKJIa30BOM NOpOz bl
32 CYeT ILIHHEIIb-(OPCTEe PHTOBOTO CKapHa IIPOMCX OMIHT TIPH NIpeHMY11IeCTBEHHOM
fipusHoce B ckapH Ca u Fe, Torma kax Si nocTynaer B Or paHHUYEHHOM K OJTH-
YCCTBE, NOCTaTOUHOM JIMIIb 1A 0Opa30OBaHMA IUIArMOKJIA3a 33 CYeT LUTTHHEITH.
Ecnu npuBHeceHHble 06BEMBI paccMaTpHBATB C TOUKH 3pEHHA CKOpPOCTeH HX
TIEPEMELLCHHUA, TO CJIe[lyeT TOBODHTh O HAWMEHBILIEM €e 3HAYEHWH y K peMHHS.
Taxoe cooTHOLIEHHE CKOPOCTEl XapaKTEPHO, KK M3BECTHO [123], wis muddy-
SHOHHOTO JBIDKEHHS K OMIIOHEHTOB B pactiaBax. TakuM 06pa3oM, ecTb OCHOBa-
Hus npeanonararh AHGGY3HOHHBIH XapaKTep B3aHMOIEHCTBHA MarMbl ¢ LIIH-
HEJb-GOPCTEPUTOBBIMH CKADHAMH UIA CIyYas MX 3aMeleHHs OJIMBUH-IUIAFHO-
KN1a30BoH nopopoit. Torma BTopOi CTyyal [OOJDKEH pacCMaTpHBaTbCs Kak
PCAK LA CKApHA ¢ BCTYNAIOIMM B HETO HHQHUIIBTPAUHOHHBIM NOTOKOM ITIOHIOB,
OTHOCHMTE/IbHAA K OHICHTPAlMA KOMIOHEHTOB B KOTOPbIX OTMpedesnseT Xof
BCLLCCTBEHHDBIX MpeBpalileHld. CremyeT, BUAMMO, NpemIoNararb, YTo KOHLEH-
Tpawns Ca u Si B 31ux prronpax Gbpina Boiute, yem Fe, uto n OIlpedenuso 3aMellie-
HHE IIpH 3TOM CKapHAa [MPOKCEH-IUIArHOKIIA30BbIM pacinaBoM., Kak BHOHO B
PACCMOTPEHHbIX 06pa3uax, HHOHILTPAUHOHHOE U AU bY3HOHHOE B3AUMOIEHCT-
BHA MarmMbl ¢ GOKOBBIMH MOpPONaMH IPOTEKAWT COMPSIKEHHO, UTO, BUIIHMO,
ONpEMIENACTCA He paBHOMEPHBIM, CTPYHYATBIM XapaKTepoM HBIKEHUA (IIIOHIOB
B Marmax. BeiBox noptBepxnaer npencrabienns I1.C. Kopxx#HcKkoro o HepaBHo-
MEPHOM (TIIeHOYHOM M CTPYIMaTOM ) IPOCaYHBaHHK TPAHCMarMaTHYecKux ¢ Iiou-
J0B 4epe3 MarMbl. B croe TakcuTOBBIX rab6po-monepUTOB BepXHETaNTHAX CKHX
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MHIPY3HBOB JBHXKEHMEC CKBO3bMArMaTHUYEeCKHX (IIIOHAOB, BCPOSATHO, ObLIO
AOCTATOUHO AKTHBHBIM, YTOObI BOCIIPENATCTBOBATH Cy11{eCTBEHHOMY 3aIpA3HEHHIO
MarMpl BELIECTBOM OOKOBBIX MOPOM, TAK KaK OCPEeMHEHHBI COCTAB CIIOA BIIH-
30K K CpeHEeMy COCTaBY HHTPY3HBOB.

Ecnn xuMMueckuit M MuHepanbHbIT cocTaB NOpon BHYTpPEHHEH 30HbI MeTa-
COMAaTHTOB MarMaTM4eCKOH CTaAHH OIIM30K K COCTABY MAarmbl, TO 3amewiciiie
TIOpOAb! pacIylaBOM MPOHCXOMHMT B NOJMHOM OGbeMe, IPaHHUA MEKIy HHMHU
PE3Kas U XOpOLIO 3aMETHAA. JTOT CJIyYal HMeEeT MeCTO B TAJTHAXCKIHX HHTpY-
3suBax. Bo Bcex mgpyrux, r.e. B GoMnbliMiCTBe CllyuaeB, MeXIY MarMoH H MeTa-
COMATHTOM [OJI)KHA BO3HHKATh bonee unu MeEHEe MOLIHAS 30HA YacTHYHOIO
IIABNIEHHA. ITOT BOMNPOC KPATKO 3aTPArMBAJICA BbILle 11IpH 06 Cy AULCHH T1pu-
POIbI 30HBI HHONMTOB B MATHE3HAIbHBIX CKAPHAX HedeIHI-CHEHHTOBOM G OopMa-
UMM U 30HBI HeelHH-0PTOKTIA30BbIX anoraboponIHbIX denutos. Pucemotpim
MPOLECCEI, TMPOTEKAIOLIHE B NMEPEXOIHON 30HE, HECKOJIBKO METANMBHEC 1A IpH-
Mepe  aNOMHONMTOBbIX (EHHTOB (PHCYOPPHTOB, IOBHTOB) B  XiHOHHCKOM
MaccHBe.

Kax yxe oTmeuanock, B nonHocTsi0 TBEPIbIX METACOMATHYECKHX PHCUOPPH-
Tax M 10BUTAaxX TIOJIEBBIC IUNATbl MMEKT MOYTH YHCTO KaJHEBLINH COCTAB, APKO
BbIPAXXEHHBIH NMONKHI10671acTOBbI i 0BIHK U H30METpPHYHbIE POPMBI K PHCTAJIOB,
B nocrosepHo Marmatumueckux, pasHOOBpasHbIX 10 3C¢PHHCTOCTH Hed e THHOBbIX
CHCHHTAX TOJIeBble LLNATHI OOPA3YIOT CHIIBHO YIIMHEHHBIE, HPHIMATHYCCKHE
KPHUCTAJIIEl M MMEIT HaTpHEBO-KallMeBblil COCTaB (cM. pic. 8). Mexmy atimy
ABYM#A OTHETIHBO MaKPOCKONHYECKH Pa3HYANIHMHCA THIIAMH NOPOL B OBHA
KEHMAX 3aJIerarpT CO CTOpOHZbI PHCUOPPHUTOB TIOpObI C HEACHO IMPHU3MAaTHYSCKHM
NOHKIJIHTOBbIM MONeBbIM wnatom (Ta6rmua IV,2), a co croponbl Hedemtio-
BBIX CHEHHTOB — MX Pa3HOBHIHOCTH, COMIEPIXKALUHE OTIAENbHBIC K pyIIHble KOpoT-
KO-TabJMTYaTble M3OMETPHUHOTO OBJMKA KPHCTAMUIbI KajMinara Wil Gollce
PCAAKHE CPELHE3EPHHUCTDIE, MOJIEBbIE IINATHI KOTOPLIX 1PELCIABIEHb! KOPOTKO-
TabIHTYaTHIMU K prcTannamy. [locnemmue PasSHOBHIHOCTH HedeIMHOBbIX CHe-
HHTOB  pacripOCTpaHEeHbl Ha CeBepe IUiyTOHa. [leTporcHesiic iiepeunciieHHbIX
TOpOL MPENCTABNIAETCA HESCHBIM, M OHH elle He NOMYYIUTH [OCTATOUHOTO OCBe-
IUeHHA B JMTepaType. JIMIb BbIDeNEHHA H30METPHUYHBIX, KOPOTKO TadMT-
4aTbIX CNAGONOHKUIMTOBBIX KPHMCTANNOB CpemH MPH3MATHYECKHN B LPHK Ol
TaKTOBBIX HedeJMHOBBIX CHEHHTAX NBITAIOTCA HHTEPIPETH POBATE KiK 1I0CIIe-
MarMaTnyecKue, CHHXpOHHble ¢ (GOPMHPOBAHHEM KaJlHILNATa PHCUOPPHTOR.
I0BHTOB.

HetanbHoe MHKpoOCKOIHYECKOE W3yuelMe HBHIOB it PHCUOPPHIOB ¢ K pHC-
TaJUlaMH  HEAICHOTIPH3MATHYECKOTO, ClabONOHKHIMTOBOIO [O;IEBOIO  ililaTd
ToKa3ano cnepyrwowee. [IpHsmMaThyecknit 06MHK KpHCTAMIIbI HPHOOPLIAOT 31
CYeT TOro, 4ro PAacHnoJIOXeHHbIE MEXIOYy HHMH 3€pHa l{C(‘I,)CJ’lHHZi CTAHOBITCH
Bonee npuoMopdHbBIMH, a HX ceucHus KBaapatHbiMH. KomnyecTBo BKInoucHmit
3€peH Hedpemma B KpHCTAJJ1axX Kaluiumnara YMEHBIUACTCA, 2 CAMH BKJIKUCHIA
NPHOGPETAIOT HIHOMO pdHbIe KBaJlpaTHbIe dbopmbr. Omnako HanGonsuree 3Havye-
HIE JUI51 NOHMMAHH eTPOTeHE3HCa ITUX NOPOTL MMeeT HOBOOBPA3OBaHIC Cpeii
HedeNIMHOBBIX CKOIUIEHHH, pa3fieNAoWmX KPYIHbIE HEACHONPHIMATH YeCKHC
KPHCTAIUTbI KaJMIUIaTa, Goee MENKHX H30METPHYHBIX 3epeH HOMeBOro 1naTa.
OHM HMENT MOMHIOHaNbHbI OBIHK, BOAAHONPO3pauHbl, MOHOMA3HLI H 110
pasMepam OJM3KM K 3epHaM HedenuHa. OBbenHble COOTHOILICHHS K aHIINATA
M HedbenMHA B 3T X yuacTKax NPUMEPHO 1:3. YCTORYHBOCTD 3TOr0 COOTHOIICHHS
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CXO/ICTBO M CPAaBHHTENILHO BBICOKAA CTeNeHb HOMOMOpPGH3Ma 3epen kax Hede-
JMHA, TAK M MOJICBOTO ILMNATa YKa3bIBAKT Ha MX OJHOBPEMEHHYIO K PHCTAILIH-
3alMI0 U3 Cpellbl YCTOHYMBOro COCTaBa. BeposiTHee Bcero, 310 GBUIM yYaCTKH
pacnnaBa, 3aHMMAOUIMe HHTEPCTHUMH MEXOY KPYINHBIMH HEACHONPH3MATH-
YECKHMH 3epHaMit Kanuiunara. [IpucyTcTBue pacmiaBa, BHOHMO, croco6CTBO-
BAJI0 HEKOTOPOW TMepeK pUCTAIUM3ALMH He IpOLIEAUMX CTafMH [UIABJIEHHs
KPYTHLIX KDHCTaUIOB KajMUINara W HedennHa, KOTOpble B TaKOM cllyuae
CenyeT CYMTaTh KCEHOK PUCTAMH,

CocTas MHTEPCTHIMANILHOrO pPAcIUlaBa, BEpOATHO, OTBEYAN 3BTEKTHKe. ITO
Kak OyATo He COOTBETCTBYET COCTAaBY JBTEKTHKH HOBEHHIbHBIX HedeIMHOBBIX
CHEHHTOB, MMEIOWMX ATMAUTOBLIH MOPANOK KPUCTAUIM3AUMH C BbIeNeHHEM
HedeslMHAa B KavecTBe MepBOi, JIMKBHOYcHeil daspl [41]. CremoBaTensHo,
IBTEKTHKA J[OJDKHA ObITh CYWECTBEHHO 0OBoraueHa KajuILnaToM. [1pennona-
TacMbId Ke HMHTEPCTHUMANbHLIA paciUlaB PHCYOPPHIOB, [OBHTOB 0BOralleH
HedenmuHoM. OBbscHseTcss 3TO TeM, UTO (HIUKO-XHMHUECKas OBCTaHOBKA
B D4CCMATPHBACMBIX METACOMATHTAX  XAPAKTEPU3OBAIACH OUEHb BBICOKOM
4KTHBHOCTBH0 KAK HAaTpMs, TAK H KaIHs, TOINIa KaK arnauTOBble MAarMpl K pHc-
TUUTM3YIOTCA NpPH MNOHWKEHHOH AKTHBHOCTH KanMa. 3TH pasMuMs NOApoBHO
060OCHOBBIBANHCh Bbiuie. ECM 3TO Tak, TO M COCTAaB IBTEKTHKH HHTEpCTHIM-
aJlbHBIX pPAaclUIaBOB B PHCUOPPHTAX IHOJKEH CMECTHUTbCA B obnacte Gornee
BBICOKHX . COJlep’KaHHH HedelnnHa, a KanmuumnaT CTaTh JIMKBHOYCHOM dasoii
BMECTO HedeIMHA B CHeHHTaX. BHIMMO, 1O 3TOil MpHYHHE KpYIHbIE PEMKTO-
BbI€ KPHCTAJUILI KaNIHLITNATA PHCUOPPUTOB IUTABATCA MOCIIEAHHMH, HEPEdKo
COXpaHssACb B BHIE DEIIMKTOBBIX KCEHOKPHCTAJINIOB B JHIOKOHTAKTOBbIX (a-
IMAX HedeTUH-CHEHHTOBBIX UHTPY3Hil. [lofo6HOe siBNeHHe yixe 0BCyxaanoch Ha
nprMepe NOPGUPOBHIHBIX IPAHUTOB YK panHbl.

Heoxunannas napannens ¢ OpOMKYJIApHBIMM TPaHMTAMH BBIABHIIACH npu
NOMBITKE MOHATH NMPHYMHY YKOPOUEHHs MPU3MATHYECKHX KPHUCTAIIOB MOJIEBO-
ro umata, HabImoaloly0cs B JHAOKOHTAKTaX HedelMHOBBbIX CHeHMTOB. Kak
YK€ OTMEUaNOch, 110JIeBOH LIMAT B HUX YacTO MpeCTaBiieH TaGMUTYaThIMU K pHC-
TAUTAMH. B HHX HET M NePTHTOBBIX BPOCTKOB aIbGHTA, Upe3BbIYAIHO XapaKTep-
HBIX M OOWIIBHBIX B KaJIMIUIATAX IOBEHWIBHBIX HeEHHOBBIX CHEHHTOB. JTO
YK@a3bIBa€T Ha CYLLUECTBEHHO KaJIMeBbIH M HHM3KOHATPHEBBIA COCTaB TaGNMUTua-
ThIX KPUCTAIJIOB MOJIEBOrO LUNATA IHAOKOHTAKTOBBIX haumit cHennTtoB, Hamom-
HMM, YTO M METACOMATHYECKHH MOJIEBOH IUNAT PHCUSPPHTOB, HOBUTOB HMeeT
H3OMeTpHuHbIc (GOPMBI M CYIICCTBEHHO KaNlHeBblid coctaB. [Ipu oBcysieHHH
OpGHKYIIAPHBIX TPAHUTOB BBIABWIACH MONOGHAs Xe CBA3b MEXIy COMEpPKAHHEM
HaTpHsA B KaJMUIMATAX ¥ CTENEHbIO YITMHEHHA ero KpHCTAUIOB, PamuanbHO-
JyHMMCTbIe TEHIPHTOBbIC KPHCTAIIbl KajuuNaTa, obpasywuide OpBHKYIIbI,
HMEIOT KATMH-HATPHCBLIA COCTAB W COMEpXAT CTPyHuaThle MEPTUTOBLIE BPOCT-
KH anbbuTa. B rpauuTHOR MatpHile anpbUT KpPHCTAJUTM3OBAICA B BUMIE CAMO-
CTOSATENBHOH pa3bl, @ HUIKOHATPHCBBIH MHKPOK/IMH MPENCTABIIeH H30MeTPHY-
HBIMH popmamu. M3 3T0T0 CpaBHEeHHsI MOXHO cMIeNlaTh BHIBOI O TOM, YTO CTe-
eHb YUTMHCHUA KPUCTAJIOB KalTMIUNATa HaXOJUTCA B IPAMOINpPOIO PLHOHAIIb-
HOl 33BHCHMOCTH OT COJEPXaHHA B HeM albGHTOBOTO KOMMOHeHTa, OHAa BO3-
PacTaeT NMpH KpUCTAUTM3AUMH KaJMLINaTa B cpedaxX ¢ §ojiee BHICOKOH aKTHB-
HOCTbI0O HATpPHA, HANpUMeEp, B He(eNMHCHEHHTOBBIX Marmax, a TakXe IpH yBe-
JIHYCHHH CKOPOCTH KPHCTAJUTH3aLUMH, KaK B OpPOHUKYJIAPHBIX I'PaHUTAX, BEOYIIHX
K oBpasopanuio 60ice HATPOBBIX Kanuumatos. [IpH Gonlee MewIeHHOM KpHCTan-
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T3aUMA Marmel MaTpULbI OPOHKYTISAPHBIX TPAHHTOB U (hOPMH pOBaHMH pHcuop-
PHTOB IIDH BLICOKOH AKTHBHOCTH Kamus o6pasyorcs H3CMETPHUHBIC KpPHCTAT-
JIbl HU3KOHATPOBOTO KaldLIATa.

B cBeTe H3NMOXEHHOTO, TaBNHTuaTLIE GOpMBI  KPHCTA/UIOB  KallMILNaTa B
JHNOKOHTAKTOBBIX (PAUMAX HepeNUHORBIX CHEeHUTOB, CONPHKACAIOIHXCH ¢
PUCIOPPHTAMH, ONPEAIBIOTCA HX KPHCTAIIH3AHER B YCTOBHAX MOBBILIEHHOI
dKTHBHOCTH Kanuf, Ccrnocobctryiontelr 06pa3’oBaHHIO 110/1eBbIX LINATOR ¢ MOBbI-
UIEHHBIM COJEpIKaHHEM 3TOTC KOMIIOHEHTa M IO HKHKEHHEIM HaTpkA. Hopbouen-

Hast aKTHBHOCTE KaJlusl B pacniasax, KGTOpble 3aMellany PHCUODPHUTDBL, BUIIUMO,

obina YHacjIenoOBaHA OT nowieaHux. B ccoTrBercTBUU C OTHM HAXOOUTCH TOBb!-
LHICHHOE COLepIXXaHHEe KAJIUF B I3HIOKOHTAKTOBBIX (bBIIHHX HC(?)CHHI{OBLL\' CHCHH-
TOB, npuﬁnummmeecﬂ K €ero KOJHYeCTBY 3B PHCROppHTAX. Jra TCHACHUN R

OTUETITHBO MNpPOAIBNICHA B KWIbHbIX aNO(U3APHBIX OTBCTHIICHHIX XHOMHHTOR °

[18].

Yactwoe, nokanthoe juL1aBnenye, RUIUMO, HWHPOKO paclipocTpateHn 1pu
MarMaTHYeCKOM 3aMELICHHH, HO H3yUYelo HeyIORIeTBOPHrensho. TTpi ofcyxie-
HHHM MarHesHasnbHLIX CKapHOB HedbelMH-CHCHKTOBON dopmauny Tysai, omican-
woix B.M. Kosanenxo u up. [40], mbl muckyTnposatu no BOMPOCYy O HIPUpOIlE
MEJIZHOK PATOBBIX HE(eJIMHOBBIX CHEHHTOB, 3WIETAICUIMX MeXI)y MeTdcOMATH-
HECKHMH, Ha Hall B3ITIAR, HAOTMTAMH M GorNee JICHKCKPATOBBIMH Hede IHHOBbI-
MH CHEHHTAMH [I2BhOH HalMH MaccuBa. BBU cenad BBIBOT 0 4atiihed pac-

IUIaBJieHHOM COCTOAHHH <yDCTpiTa MEJIAHOKPATOBOI PasHCCTH Ha CGIoBAMHK

SOHATIBHOTO CTPOCHHA KPHCTANNIOB MHPCKCEHA, UEHTPbl KCICPBIX 110 cOCIaBY
GNMH3KH K MHPOKCEHY MAOAMTOB. 3701 MUPOKCEH, BUIHIMO . HMEET KCCHOTEHHYIO
npupony.

B neuatn mossumuch cooBiueHust 06 0BHapyxeHUH NEH3HAKOR HaCTHWIONO
IUIaBJIEHHs: NIOPOJ TEUIOBBIA 30H METACOMATHTOB MaTMaTHYeCKON CTAIHH B NOH-
TAKTaX ITyBUHHBIX TpaHuTOB [17] M MpHUNOBepXHOCTHBIX Tei IPanoOIHUPRICH
[99]. Onnaxo mompoforo ommcanus ssneHusa 1o TPHROIMTSS H SVANIL © ¢I6
NPOTEKAHHH 3ATPYOHHUTEIbHO,

B nmrepatype OoTCy1CcTBYHOT OnMcanus Auddy3HOHHOrO B3aUMO.eHCTBHS
Marmpl C BMEWIAIOIIMMH MOpofamMH. BmecTe ¢ Tem Takoe B3aHMOIEHCTBHe,
BO3MOHO, MMEET IMPOKOE PACIpPOCTpaHeHHUe,

3AUMCTBOBAHHE MATMOM BEUECTBA
BMEMAKIHUX TOIIW

ITpu  MarmaTHueckOM 3UMELICHMM eCTECTRCHHO - 3aHMCTBOBAHMC MATMO
BellecTBa GOKOBBIX NOPO/, HA MeCTe M 3a Cuer KOTODbIX NPOHCXOMHT HOBOOG-
pasoBdHHe pacrulaBoB. [lpouecc mpotexaer Tak ke, KaK H XOPOWO H3BCCTHRIN
NOCTIEMarMaTHYECKUA METACOMATO3, MPH KOTOPOM YACTb BEILECTBA H3IMEHSC MDIX
[OpONl BBIHOCHTCA W 33dMEIAETCA MPHBHECCHHBIM W3 BHRUIHCTO HCTOUMKKA,
4 [pyras 4HacTb BELIECTBAa MOYTH BCErNla HACIeAyeTCs HOBOOOPA3OBANHBIMM
METaCOMAaTHUECKHMH MUHepallaMH, Bo3MoxeH, KOHeuHo, 1 MONHBIH BBHOC Be-
LIECTBA 3aMelllaeMbIX MOPOL, HANPUMEp, MpH OBPAa3OBAHMH KBapLEBbIX KW B
KapBoHaTHBIX moponax. OmHAKO .M B 3TOM ClIyuae OCTAeTCA OTKPBbITBIM BOMNpOC
O 3aMMCTBOBAaHHH KHCTOPOHA MCXOMHBIX MO pPOLI.

Ilpu marmatiueckom 3amerenusu CJIyuan TMOIHOro BLIHOCA Beulectsa Do-
KOBBIX MOPOA HEHU3BECTIbI B CHIIY MHOTOKOMIIOHEHTHOTO cOCTaBa HOBCO6pazo-
7. 3ak. 1667 ! a7

e
HE




RS S (R T e s 5 o = 5

P AEAFAI RS 0

AT

3

E e
pray iR

i e Sy

i Gahes

£t

BaHHBIX pacru1aBoB. [103TOMy KOJNHYCCTBO I1IPHBHECEHNIOTO M Y[AJIEHHOTO Be-
LLCCTBA HAa cjmimLy oGLeMa 3aMelacMoi Nopoisl Meliblie, YeM MpPH O6bIYHOM
locneMarMaTHUecKOM Meracomartose. CkaxeM, NMPH 3aMellleHHn rab6po Kop-
repenabMHCKOro MacCHBAa JTHPHH-AMGHGOIOBLIMH He(eIMHOBBIMY  CHEHUTA-
MH C omepexalouieii  penntusaumein comepxkanne Si0; B epunnue (1 em?)
o6beMa NOpPOABI TPAKTHYCCKH HC MeHseTcs, BBIHOCHTC okono 0,03 r
(30 xr/m®) Fe, 05, 0,105 1 FeO, 0,205 r MgO, 0,24 r CaO ¥ npuBHOCHTCS
0,17 r Al;03, 0,06 r Na,0, 0,15 r K,0 [127]. Takue KoNMYecTBa BellleCTBa
coziepxarest B 2 ni c1abOKHCIbIX pacconoB. [Ipn 3aMellleHMH Marmoi pyrux
10pOJ, HAllpHMeEp JIOJIOMHTOB, MPUBHOC MOXeT JOXOmHTh [0 2 r/cM®, uTo MO-
KeT conepxkarbesi B 10 11 mpuponubix pacconios. Crepiosarensto, 10 1 peats-
HBIX PAacCOJIOB JOCTAaTOUHO, 4TOGbI 06paszoBaics 1 cM® MPUPOIHONR Marmbl Ha
mecTe J11060H BMeluawLeil nopoasl, 3Ta OleHKa He BBITJIAMT HepeanbHOi B
CBETe THIaHTCKHX OObEMOB ra30B, YUACTBYIOIIMX B MarmaTHuecKMX Mpolec-
cax, HTO WUIOCTPUpYeTCA BYJIKAHHUECKMMHU H3BepxeHusimu [124], Cornacho
JTOMY MCTOWHHKY, BO BpeMs Ton6auMHCKOrO M3BepXKEHHsi M3 ByJiKaHa Bblae-
mwocs 2,2 - 10 km? rasa o6umm Becom B 660 MiH T. Ecin Gl HX MHHepa-
TM3ALMSL M3PACXOJ0BANIACh HAa MArMaTHYECKOC 3aMellieHHe, TO MOTIIH Obl 06pa-
30BATBCH OOLEMDBI MArMDbI, HPHOIMKAIOLWKECH K pasMepaM, CKaKeM, OT/iellb-
HbIX BETBeH TAJHAXCKHX pPY[HONPONYKTHBHbIX HMHTPY3MBOB. JTH DacueTh
I0Ka3b1BAIOT JIMIIL TIPHHUMITHATIBHYI0 BO3MOXHOCTh OCYIUECTBJIEHHsT 3aMETHO-
TO MarMaTHYeCKOTO 3aMelleHMs JaXke TeMH ra3aMH, KOTOpPbIE BBIIENSIOTCA 1P
BYJIKaHHUECKHUX H3BepxkeHusx. OmHaxo He ciemyer aBCOMOTH3MPOBaTh 3Ha-
UeHHEe TaKHX pacueToB, TaK KaK ellle HEBO3MOXHO JaXKe NMpUOIIM3HTENLHO Ole-
HUTb COCTZB TPaHCMAarmMaTHuecKHX (bJIIOHIOB M MaJIO OCHOBaHMH OTOXOECTBIIATD
HX C BYJIKAHHUECKHMH razamMu. MHOTHe IeOJIOrH NPUHHUMAIOT MX 33 aKTHBU3H-
pOBaHHbIEe BOJbl M ra3bl BMEILAIOIIMX TOJIL, BOmpoc 3TOT CITOXHBIA U elle He
pelleHHblit. Her cOMHCHHUA, UTO B COCTaBe BYJIKAHHYECKUX Fa30B €CTh KOPOBAs U
10BCHMIIbHAs coctaBrstiowne. Hesco, oiHako, KaKoOBb! X NMpONOpUMM Ha pas-
HBbIX JTalldX JBOIOHHMH BYJHKAHOB. Mbl He HMeeM BO3MOXKHOCTH OCTaHaBJIIMBATbCSA
Ha JTOM BONpPOCE M OTChbUIaeM uMTaTeliss K 06CTOATENbHON cTaThe B.B. fApmorio-
Ka [124].

ITpH3HaliHe BEpOATHOCTM M BO3MOXHOCTM 3aMMCTBOBAHMA BelUECTBd GOKO-
BbIX MOPOf MpH MarMaTHyeCKOM 3aMelleHHH He[IOCTATOUHO [UIsi peleHHs] MHO-
IMX MpPAKTHYECKHX BOIPOCOB — OIlpe/lelieHHsi COOTHOLIEHHH 0OBbeMOB paciua-
BOB MarmMaTHYECKOTO 3aMELIeHHs M MHBEKUMOHHBIX B KOHKPETHBIX MacCHBAXx,
BO3MOXHOCTH aCCHMWISAUMH MarMOH pyZIHBIX 37I€MEHTOB BMEIUAIOLIMX TOMIL U
MHOTHX ApyruX. Ilpupoja pelko MNpeaocTaBiseT BO3MOXHOCTb OMpeMeNATh
O6beMbl pacrlaBOB MArMaTHUECKOTO 3aMELLIEHHS 10 CTPYKTYPHBIM 3JleMeHTaM
KdaK B ciiyuae ¢ unrpysusami Hopmincka u Tannaxa. Heo6xonume! Hanexible
FCOXHMMUCCKHE KPHTCPHH, KOTOPBIC eile He pa3paboransl, Ho emuHuwibie mpu-
Mepbl HMEIOTCS.

IIpn u3yueHnn nzoronos kuciopops B Hoko-TloBbipeHcKOM rab6po-nepu-
notHToBoM Maceuse Ceseproro Ipubaiikanea I'.C. KpuBomwisacossiM H fp.
[62] Guuto OBHApysKeNo, YTO B CTOMETPOBOIl 30HE JHAOKOHTAKTA nopopoo6-
pa3yloLtie MIHEpalibl MarMaTHYECKHX . NIOpOJl OGOrallleHbl TAXEeJIbIM M30TOMNOM
kuatopona: 8'%0 B onuBHHax +10,7% 00 ++15,7°/00, B KJIMHOOWPOKCEHaX —
+10,0%00 +12,0%. 3TO CBA3aHO C acCHMIIALMEH MAarMoil MacCHBAa THXKe-

JIOTO KHAIOpO1a OOKOBDBIX nopona, TaKk KakK B 33dKaJIeHHbIX CWIJIOBBIX 30HaX
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OTBETBJICHHA MACCHBA MHIICPAThl XapaKTepH3yloTcs CILEJ1Y IOLIMMI OTHOTHCHS -
MH H30TOIIOB: OJIMBMH — +6,4%/,,, KIHOIMpPOKCeH — +6.3% 40 st 911X we
MHHEPAIOB  JKIOKONTAKTOBLIX MATHC3HWIBHBIX  CKAPIOB  AMATMATHUCCKO O
JTama M pOroBMKOB — oiuBiH — +18,7%0, wimnomupoxcen — +13.99/,,,
3apaxieHue TAKEIBIM KHCIOPOAOM BOKOBBIX TIOPO/I BBISAIBJICHO HCCiieloBaTe-
JFIMH B TalIHAXCKHX PYNONPOMY K THBHBIX TPATIIO BbIX HHTpy3uBax, Tak, oru-
BHH TODH3OHTA I0BCHWILHBIX IHKPHTOBBIX rafopo-10NepHIOB Xapaenaxckoii
BETBH xapaitepusyercs &' °0 = +3,2% 0, Toria xak B 0B6pasyiounixcs HYTeM
MarMaTHyecKoTO 3aMELUCHKA TAKCHTOBBIX TabOpPO-TMONCPHTAX OMHBHH [IOKA3LI-
BaeT 3Hauenue +4% 4, KJIMHOMHMpOKceH — +4,3%,.. B YYaCTKC ¢ KCEHOJHTOM
MarHe3HajIbHOTO CKapHa — KJIMHOMMPOKceH — +5,9% ¢, mnaruoxsas — +8,3% 4.
B wicto MHTpy3uBHBIX b epeHUHPOBAHHBIX CWIIAX OJIHBHHOBBIX HOJIEPHTOB,
HE COJIepXaAlUUX KCEHOJMTOB GOKOBBIX MOpPOJ, MHHCpPATDI XapaKTepH3vIoTCst
3HaueHusiMH: BenbMuHckuit cout, onpniyg — +3,8% 00, Wrarnoxnas — +S.5%04:
Ky3bMOBCckHMH cUT, O/MBUH — +3,9% . miarnornas - +3.3% 4. Boute vie
NPHBO/IATINCh  [I0KA3ATENbCTBA OGPA3ORIHHA YACTH OGbHEMOB ‘.lm\'o-;'hmm;'wu-
CKOr0 MaccHBa M HMHTPY3HBOB TallHaX: 33 CUET MAIMATHUCCKOFO 3iMelictiy
BMCIUAIOIIHX TOJIU, YTO, BHIHMO, IIPHRCIIG K 3dPOKCHING ITHX YUACTROB M M. -
THHECKHX TOMIL TSAKETBIM KHCIIOPOLOM f:0KOBbIX HOPO.

Hono6roe omicaHHOMY 3apakeHie \arMpl KHCI0PON0OM BOKOBBIX 11001
BLIABJIEHO B [ECATHMETPOBOM 3HAOKOHTAKTOBOM ClOe CyNbPHIOHOCHOTO
Y/IBTPa0CHOBHOTO Maccusa Hymut (wirat Munsecora, CHIA) [151]. ABTOpaMH
NIOICUMTAHO, YTO B 3TOH yacTd 5070 ¢6.% Marmsi 06pa3oBaHo 3a cuer BeuecT-
Ba BMeEIAIOWMX 107, CrieyeT 706aBHTh, YTO MTA MAccHBA B LENONM HOLCUH-
TAHHBIA OOBEM Marmbl, 06pPa3OBaHHOl yTeM 3aMeIleHHA BOKOBbIX NOpO;L,
CICAyeT CUMTATb MHHUMATBHBIM, TAK K4dK YCTAHABIMBANICA OH /1A HONOMIK LI
MaccHBa. MarmatHyeckoe xe 3aMelletue, Kak [10Ka3ai MaTepiuinl 1o Tarua-
Xy, Haubosiee aKTHBHO MPOABIIACTCH BO BPOHTANBHBIX HACTHAX MIIMA THUCCKI S
Test. Takium 06paszom, MOKIO MpemIoNaraTh, 4ro H3IOTOILI KHEI0POI HBATCS
3GGEKTHBHBIM KPUTEPHEM IR OTIHUMA PACIUIABOB MarMaTHUCCKOLO 3aMelue-
HHA OT I0BCHHIILHBIX MArM, BHEIPHBLIMXCH MHBEKUMOBHBIM IIYTOM 13 [Ty OUHDL.

Hpu mMarmatiueckoM 3ameleHuH, BHIHMO, 3aHMCTRYETCST M UACTh CTPOHIIS
BMCLUAIOLHX MOPOL. 3TO BLUIO YCTAHOBIIEHO B ByIiBenbackon Maccibe [134].
B nocnemiue 5 mer BHMMAaHMe wccnemoBaTeNell 9TOrO KPYRNHCHIIIETO 111yTOHA
ObUIO MPUBIIEYEHO K MHOTOYMCITEHHBIM MAaTOMOLIHBIM anohH3APHBIN OTBET-
BJICHHAM, M3BECTHBIM Ha BCEX YPOBHSX Cro MANAIOWHX K UCHTPY (IaHrob.
Buauarne npennonaranocs, uro marma anodu3 Hauboee Bilnika K JIBVM 10BC-
HWJIBHBIM Marmam: GOHMHHMTOBOI i rabGpPO-aHOPTO3HTOBOI. OmaKo JIPYUHMI
YUCHBIMH BITH30CTb NOPOL ATO(H3 10BCHIUIBHBLIM MATMan OCIPHBACTC 1 1Ipert-
TIOJIAraeTCsi MX 3APAXKEHHOCTh BEECTBOM GOKOBLIX HOPOL D10 BLLIO oK -
3aHO € MOMOUIBIO H3OTONHOIO COCTABA CTPOILHI B A1IOMHIAN CCBLPO-BOCTIOMHO-
ro uiaHra IJIyTOH4, Ha3blBACMOTO Iotpigom. Hapo ckaszars, urto B arom
YaCTIE HCCOMHEHIIO  pPaCHpPOCTPUHEHDI M MArlCIHANBHBIE CKAPHLL MalMITH-
ueckoi  cramtn. Ulmbenb-poKcenoByie  ckapHbl HEBCPHO  HPHUHCICHDT W
MarMaTHueckum nopopam [136], a dhopcTepHTOBbIE, YACTO CHIIBHO CoprienTH-
HH3HPOBAHHBIE CKAPHBI MPHHHMAIOTCA 34 MPOAYKTHI METaMOPMIU3Ma JIOAONH-
TOB, XOTi METACOMATO3 B ITOM cilyuae Geccnopen. M30TonHbIR coctae cTponin
B IJIarMOKJIa30BOM MHPOKCEHHTE KpaceBOil uactH IInorpuda okasaiics sapamci-
HBIM KOPOBbIM BeuwtectBOM: Sr®7/Sr®¢ = 0,7127-0.7226. 3aise rsonaiie
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PACIUIABAMH 3aMCIICHHA CTPOHUMA GOKOBBIX MMOPOJ MOIHO 6bUIO Mpemmona-
FaTb B CWIly TOTO, YTO, KaK GbUTO MOKA3aHO, YaCTh LIEIOUHBIX 3eMelb HaClleyeT-
A MPU MArMaTHYECKOM MX 3AMEILEHHH.

O/mako He Beerna BOHPOC O 3aMMCTBOBAHUM BellecTBa GOKOBBIX MO PO Mar-
MaMH 33aMCLLICHUS PCIIACTCH TAK MPOCTO, KAK B CIIyude C KMCIOPOJIOM H CTPOH-
ueM. B kauectse mpumepa oBpartHMca K CyNMbHAOHOCHBIM rab6poumHbIM
HHTpy3uBam HOpwibcKoOro paitona, KOTopble NMPOPBIBAIT H HEPENKO JIOKAJIU-
3yI0TCA B TOML@AX aHTH/IPHTOBBIX XeMOTEHHbIX Mopofd. Ha nmpoTskeHun MHOIHX
JIET CYMTANIH, 4TO HeoObIMHO M3OTOMHO TaKenas cepa (5°4S = 49,5 ++16,0% )
TIMKBAUHOHHBIX CY/ILGHIHBIX BKpANICHUH B UHTPY3UBAX OMpEneNseTcs 3aUMCT-
BOBaHHEM cepbl aHruupHToB (5*S = +22,0 ++24,0%,,) GoxoBX mMOpOX
1l MECTC JIOKAJIN3AUMH HHTPY3UBOB. [1sl cpaBHEHUS yKa)eM, YTO B MOIABIISIO-
weM OOJIbIUMHCTBE Ga3UT-yNIbTpabasUTOBBIX MAarMaTHUECKHX MO PO/ U30TOHHBIH
COCTaB cepbl NPUCYTCTBYIOWUMX B HUX CYNb(HIOB HAXOMUTCA OKONO MEeTEeOpHT-
Horo craupapra (8°*S = —2,0 +42,0%,,), Kpome maceusa Mackokc (CliA),
TUC CyNbHabl HMXHHX CHOEB HHTPY3MBA OGOralleHbl TsdXeNoi cepon o
+10% 0. DTO cuA3BIBAIM ¢ acCHMHIIsIUMeR ceppl GOKOBBIX nopom. B cBere
OTHX JAHHDBIX MPCUCTABJICHIS O 3aMMCTBOBAHHH THIKCJION cephl U3 BMEILAIolHX
AHTHAPHTOBLIX MOPOM BBLIMJIALCIH BIONHE OGOCHOBAHHBIMU [UIA MHTPY3UBOB
HOpHiIbcKOro THMa. OnHako B 1974 1, B. A. Kosanenkepom u mp. [37] Gbutu
0600LeHbl ¥ [T1yGOKO MpOaHaTH3MPOBAHb! OGLIHPHbIE HAKOMMBLIMECA B JIHTE-
- PaType W OpHMIUMHalbHBIE [IaHHBIE MO H3OTONMK Cepbl B JIMKBALMOHHBIX CYIlb-
dHpax JTHX MAacCHBOB M IOJIYYeHbI 1160 KHAAHHBIE pe3ynbTaThi. OKa3anoch, yTo
[J1aBHAA 3aKOHOMEpHOCTh B M30TOLHOM COCTaBe Cepbl KalUleBHOHbIX JIMKBA-
IMOHHBIX BbIeNIeHHi CyNbOUAOB B MarMaTHYECKHUX MOPONAX COCTOMT B 06ora-
ICHIH HX Jlerkum n3otonom %S ot Teutosnix wacteit (63 S oxono +169/, 0)
K ¢rnanram u ¢ponty (oxono +10%,0) NMONOroNeKRamMX MArMAaTHYECKU X T,
B BCPTMKANLIBIX puspe3ax MHTPY3MBOB 3HAUHMBIN W 3aKOHOMEPHBIX M3MeNE-
HHH M30TOMIOTO COCTABA Cepul CYNbGHAOB HeT (cm. puc. 34). BoiapieHuas
3aKOHOMEpPHOCTb HAXOIMTCA B OYEBMIHOM MpPOTHBOPEUNH C MpeanoaraBlueiica
ACCHMWIAUMCH MHTDPY3MBAMM TSKEIOH cepbl BMCILAIOLIMX 4HTHIPUTOHOCHBIX
TOJ M, Ka3a10ch Gbl, ¢ IUMPOKMM paclpOCTPaHEHUEM B MX IHIOKOHTAKTAX
MarMaTHYeCKOro 3amelleHHA. YCBOEHMC MArmoil JTOH cepbl MPeNCTABIIIOCH
0COBEHHO BEPOATHOR B CHIY YCTOHUMBOCTH B Heil JIMKBALHOHHbIX CyNIbdua0B.
OmHaxo cynmbduabt OTCYTCTBYIOT B SHAOKOHTAKTAX MHTPY3HUBOB, IMle KaK pa3
W NIPOHCXONNUT AKTHBHAA NepepaboTka KCeHONMUTOB GOKGBbIX nopon. Ilepeson
AHrHAPHTOBOH Cepbl B Cy/IbpHIINOC BeILECTBO 3aTpPy[HEH U332 e BBICOKO
CTeTieHH OKHUCAeHHOCTH. [lo o6pasHomy ycTHOMy Bbicka3biBanuio H.C. T'opba-
ueBa (coTpymiuka U3M AH CCCP), PaccMaTpHBaBIIETO TepPMOIHHAMHYECKHE
aCMeKTpl CyninpupooOpa3oBaHUA B TallHAaXCKHX MHTpY3MBaX, ’C TauKOi Cephl
AHTHIOPHTA B PacIUIaB IOCTyMaeT TPYy3OBHK KHWI0poua”. B CHITy HEOOCTATOUHDBIX
BOCCTAHOBUTCIILHBIX PECYPCOB MATMbl AHTHPHUTOBAA CEpa €10 He YCBaHBAeTCA.
B marmax TasiHaxa medcTByeT ele W aKTHBHbBI Npouecc OUsllleHUs1 IHOOKOH-
TAKTOBLIX paCIUIABOB OT MPHMECHBIX KOMIOHEHTOB GOKOBBIX MOpPO, He BXO-
AALMX MPU N@aHHBIX YCJIOBHAX B COCTAB MAarmel, NOM, AeHCTBHEM MOTOKOB
TPAHCMAIMATHYCCKUX  (IHOMIOB. ITH (IIOMAbI HecyT Golnee Jierkylo cepy,
4CM Ta, UT0 COHEPXHTCH B OCAOUHBIX aHIUApHUTax. Iloa BO3MIEACTBHEM 3THX
(bJNOHIOB AHTMIPHTBI C NepBUUHON Cepoil M3OTOMHOTO cocTaBa §34S = +22 —

~+24%,0 B KOHTaKTOBO-METAMOPGhHUECKOM Opeosiec OBOraldioTcs H30TOMHO
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JIErKOH Ccepoil 10 cocTaBa +lf>°/oo. BMOMMO, 37107 ke 1OTOK hittonor npensit-
CTBYCT 3arpsA3HEHMI0 MarMbl MHTY3MBOB CCPOI BMCUE@IOWIX NOPOj. Boree
MOAPOGHL 3TH Mpouecchl paccMOTpenbr B 111 4acTi HACTOHIEN K H.

[IpMB2HeHHDBE MaTepHal yKasbiBAeT Ha OTPAHHUCHUBIC BO3MOXHOCTH veBoe-
HUS TaBOPOMOHBIMM MarMaMHM OKHCNEHHOR ceppl DOKOBBIX IOPOI, a TAK*Ke
OOKa3bIBAET IpedNIONIaraBlueecs paHec OUMUIAIOIEE NeHCTBUE TpaKcMarMaTii-
YECKHUX (IIIOMIIOB HA IHAOKOHTAKTORBbLIE daunn unTpy3uBon. Ow nperocrepe-
Fa€T OT YNPOWIEHHOrO n[ONX0Aa K NpohlleMe 2aWMCTBOBAHHMA MATMAMH Be-
wecrsa GOKOBBIX MOPOS, KOTOPOE BO3ZMONKHO NpH 3aMeUIEHHONM TOiKe TpaHcMar-
MaTHYECKHX (IIluHI0B.

OKMUTUT 2TBHO-BOCCTAHOBHTENIbHBIC B3AMMOMCHCTBUS MArMLI ¢ BMELLAKOUIH-
MH TOJILL@MH, MPOABMAWLIHECS B 3HAUHTENBHBIX OB6BEMAaX JHIUbL B HHI py3uBax
C aKTHBHBIMH I10TOKAaMH TPaHCMArMaTHUeCKHX QIICHIOB, HIPAWT S0Mbitryio
POJIb KAaK B pa3MEUIcHHH aKUECCOPHOH pyIHGH MUHEPANTH3ALMH BHYTPH MACCH-
BOB, -‘UCTOJIL3yeMOH MPH OUEHKE UX MOTEHUHANBHO pyIOHOCHOCTH, TaK H B BO3-
HHKHOBCHHM 37ICMEHTHOTC Pa3sHOCOpasusi ODY/ICHeHHs. BMecTe ¢ TeM 3To cOK pa-
L13eT BO3MOXKHOCTb OOPA30BAHUs Ha MArMd TMUCCKOM 3Tdlle MHHCPWIOR BOCCTA-
HOBHTENBHOH OGCTAHOBKH (BONBIUIMHCTEA CYNbGUIOB) B IK30- H IHIOKOHTIKTO-
BBIX 30HAX HE3ACTBIBLUMX MIIMaTHUECKHX Tesl. O0 3TOM BYLET CKA34HO HWKe.

Takum 06pasoM, MONKHO KOHCTATHPOBATb, UTO HPH MAarMaTHUeCKOM 3aMe-
IICHHX HECOMHEHHO NPOMCXOOUT 3aHMCTBOBAHHE YACTH BEINCCTRA GOKOBRHIX
nopoa. OQHaKoO 3TOT Npouecc MPOABIIKETCH HEePABHOMEPHO B UTHOWICHHH puz-
HbIX KOMITOHEHTOB, H 3aBUCHT OT (DHU3HKO-XUMHUCCKHX YOIOBIH B marame i
dKTHBHOCTH MOTOKOB TpaHCMArmaTU4eCKUX IIHOMI0B. HacTOATesbHa HeoONG-
BMMOCTb pa3paloOTKH MeTOI0B (UKCAUMH TAKOrO 3aMMCTBOBAHMA, CHEHOUMDBIX
KpHTepHeB MACIITAB0B TakMX NMPOUECCOB B MArMATHUECKHX mMacetmax. My upu-
BEEHHBIX MAaTEPHATIOB SICHL, JUIA 3TOIO MOTYT ObITh HCIIONL20BAHEI M30TOUHIII
COCTdB KHCIIODOJIE M CipiliMd. BmecTs B TeM B CIUTS HPIGSOHTOR TCBRIN ¢ L0
BeHHOCTEH  M3MEHEHMS  COCTOSIHNMA  AMAIMATHYCCKNX  (RIMACTOTOROR  yiBoe-
HHE Marmoi BellecrBa GOKOBBIX NMOPO;L POUCXOMT HEOIHHAKOBO WIS PasHbix
9JIEMEHTOB U NPEJICTABIIsAeT HHTEPECHYI0 NMEeTPOIOTHUECKY 10 HpOBIIehy .

NMPOLUECCHI METAMATMATH3MA H HX THIMH3ALHA

[Ipoxoxnenue ¢nounos HEpe3 MAarMaTHYecKHe TeNld BhIAbIBAET He 10JIbKG
METACOMATO3 BMELUAWINX MOPOM, 110 H U3MeHEHHE caMOii MArMbl, T 2. sIBJle-
HMe MeTamarMaTtuiMa. MetamarmMaTMaM — 3TO HOBBII KJlacce MATMATHUECKHX
TpOLIEcCOB, BepBEie BbiaedenHsnt 1.C. KopsaHeknum s 1973 . [51]. Cynt
HOCTb METaMarmMaTu3Ma COCTOMT B HapylUeHKH PaBHOBeCHS (proHI—Marna
BCJIEICTBUE M3MEHEHHH TEMIICPATYPbl, HABIICHHS, OKHCICHUA BeILECTBOM KO-
pPbl H KHUIOTHO-OCHOBHOTO B3aUMOMEN CTBHI DITIOMAKO-MArMATHUYECK HX CHCTCN
¢ BOKOBRIME MOpOAMH. Crpemilenve K HOBOMY paBHOBeciiiv {IPHBOIHT K
Nepepacrpeie/ieHHio XMMHYECKHX KOMIOHEHTOB MeXIly GIIIOHACM W Marmoi
H K H3MEHENHI0 COGCTaBa MCXOIMBIX pacniiaBoB. Buumatne J1.C. KopriHCeKOTO
BLUIO COCPEUOTOUEHO MMM HAa OIHOM THITC METaMarMaTHUCCKHY HPOLE e 0
METAMarMaTHUeCKOHR 1eba3sHPUKAUMH, BbI3bIBAEMON  CHHXXEHHEM TeMItepa -
Typb!  (BIIOMAHO-MATMATHUECKO  CHCTEMDL, HaNpHMep, B ITPHKOHTIKIOBBIX
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UacTax MaccHBOB. Ilpn 3TOM NPOMCXOOUT NMOBBILIEHHE KHCIOTHOCTH dionIoB,
IO BEJIET K PAcIUMPeHHMI0 NOJICH K PUCTAITM3ALMH KHCTIOTOGHITLHBIX MHHe paJioB
W3 MAarMbl (H3MCHCHHUIO cC KOTEKTHK M IBTCKTHK) M JKCTpParupoBaHuio (iionno-
HOTOKAMHU (EeMHUCCKHX KOMIIOHEHTOB M OCHOB4HMIl MarMaTHUeCKH X paciUlaBCB.
Ho cute pansiie [49] um 6bin BbijtelieH H NpYTOH THIl MeTaMarMaTHYeCKHX
MpOUCCCOB — KHUIOTHO-OCHOBIIOC B3aHMOMICHCTBHE MarMbl ¢ GOKOBBIMH I1O-

POJIAMH OTIIMUAIONICHCS OCHOBHOCTH. ITHMH ABYMsI THIIAMH He Or pAHHUMBAETCA
© BCe PasHOOBpa3He MeTaMarMaTHUeCKHX NpOLECCOB.

OuCBHMIHO, B BCPTHKAIBHO NPOTSDKEHHBIX MATMATHUYECKH X K OJIOHHAX Bonbume
llepenanpl AaBJieHnsi OyjiyT CONMPOBOXIATLCA 3HAUMTENLHBIMH H3MeHEeHHSIMH
cocTaBa cBOGOAHON (rIOMOHON (a3bl MarMaTHYECKOH CHCTeMbl Npex[e Bcero
B CWIy pasiIMuus B U3MCHCHHAX B 3aBHCHMOCTH OT JIaBJIeHHs! pacTBOPHMOCTH
B MarMax pasHDIX JIEFKO JIETYYHX KOMIIOHEHTOB. 3aBUCHMOCTDb 3Ta CJIOXHAA U
B 3SHAWATCIILHOH CTENEHHM ONpeNeNsAeTcs COOTHOLIEHHEM JIETYUHX B e PBUYHOM
MarmaTtHueckom ouare. K npumepy, ecnu B MaHTHiiHOM ouare Bofa CYUIECTBEH-
HO MpeobliaacT HaJl yrIeKUCTBIM Ta30M, TO XOTS PAaCTBOPHMOCTD MOCHEHHEro
B WIIOMOCWIMKATHDIX DACIIIABAX YMEHbIUACTCS C IOHMKCHUEM MaBJIeHHA CHIb-
HCC, HEM BOJILI, HO B CHIy H3HAYAILIOLO MpeoBNajaHus CofepKaHHe BOJbI
BO moniHOM  haze MOXKeT BO3pacTaThb BBEpX MO MArMaTHUeCKOl KOJIOHHe,
MaMenciMe cOOTHOILICHMIT OKHCHBIX M BOCCTAHOBJICHHDIX ¢dopm yrnepona u
Bomopona B cBOGOAHOM (hioMIHON (a3e Ha pasHbIX YPOBHSAX MAarMaTHUeCKOil
KOJIOHHBI, Kak floKazanu pacuerst A.A, Kamika [35], 6ymer Ka pIMHAJIBHO
PASIMUATLCA B 3aBUCHMMOCTH OT NpPHCYTCTBHSL WIH OTCYTCTBMA B Marme Gyde-
PHPYIOLLEro caMOpOHOTO yriiepona. He MeHbliee BiusHMe Ha cocTaB cBOGOJI-
HBIX (JIIOHIOB MAarmMaTHMYeCKOH CHCTeMbl JOJDKHA OKAa3bIBaTh HHTEHCHBHOCTD
B3aHMOJCHCTBUA TJyOHHHBIX MAarmM ¢ OKMUCIIEHHBIM BeleCTBOM KOpbl, KOTO-
past, BOIMOXHO, #ABJIACTCA INIABHBIM (haKTOPOM HEOTPAaHHUEHHOTO pa3HOOGpa-
3HA COCTaBa MpHpOAHLIX MarM, WM. Bonoxos [11] npupaBan Gonblioe 3ua-
HEHHC  peXHMy H3OJIILUMM MArMaTHUECKMX CHCTEM C TPaHCMarmMaTHYeCKHMH
(pJIOMIONOTOKAMH M NOTEpH MMM BOOPOJa AMCCOUUHMPYIollel BOMHOM ¢asbl.
Bee nepeurciiennbie akTopbl peruMTeNbHBIM 00pazoM BIUAIOT Ha COCTaB
cBOBOHON prIoM/HON (a3bl MArMaTHUeCKMX CHCTEM H, Clle[I0BATEJIBHO, Ha
PACIIpENICIcHHe KaK aKUECCOPHbIX, TaK M MOPOA0O6pasyomux KOMIOHEH-
TOB MOXIY MAarmoOi W ¢JIoMmaMHu. A 3TO BemeT K M3MEHEHHI0 COCTABA MAarm
107 BO3ACHCTBHEM (hIIIOMMIOB, YTO COOTBETCTBYET MOHSTHIO METaMarMaTH3Ma,

Creftyer, 0JHAKO, 3aMETUTD, YTO NEpeuHCTIeHHbIe THIIbI MeTaMarMaTHUeCKHX
B3AUMOJICACTBHA B NPOTSAXKEHHBIX MArMATHUECKHX CHCTEMAX HOCHAT [IOKa Be-
POATHOCTHLIA XapakTep. [leTposioram eue NMpepcTOMT feTanbHO NpOaHaJIu3U-
pOBaTb MX pACIpPOCTPAHEHHOCTb B NPHUPOJE M 3HAUCHHE B 3BOJIOLUMM MATrMaTH-
YCCKHX (HOPMAIHH M KOMIUTCKCOB. floatomMy Mx meranuzaus NpeXxxaeBpeMenta,

Pacemorpum Gosiee onipenenenibic  nipoecc METaMarMaTH3Ma, TpOsIBIIsAL-
LWHeECA B OBHaXKeHHHIX Ha MOBEPXHOCTH MarMaTHUeCKHX mMaccuBax, K HacToswe-
My BPEMCHH BhideneHO [54] Tpu THma TakMX NPOLECCOB, pAasIHUAIOWUXCA
0 BeaylHM (BU3MKO-XHMHUYECKHM haKTOpam MUHEpaJIo06pa3oBaHUA: MeTa-
MarMariucckas  fieba3sHdUKalusA, OKHUCIHUTENbHO-BOCCTAHOBHUTE/BHbIE W KHC-
JIOTHO-OCHOBHbBIE (PITIOHANO-MArMaTHUECK e B3aHMOEHCTBHA,

Memamarmatiueckas nebasudurkaumus. DTOT BHI MeTaMarMaTHUeCKHX npo-
HECCOB  BLIILIBACTCL NOBBILCHHCM KHCJIOTHOCTH 1IPOXOJALMX Yepe3 Marmy
TPAICMATMATHUECK HX (hTioH/1010TOKOB. Poct kuaiotnocti ¢monjon J1.C. Kop-
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KMHCKHMA [S3] cBssbiBar ¢ Ux oxJaskaehueM. TIpiniuy 71010 HPOCTO HoOH T
Ha JIpHMCpe ABYX(A3HBIX MAPO-BOMAHLIX PACTBOPOB, B KOTOPBIX 1330k i .
CywiecTBeHIIo oforaieHa 6osiee JieTyuMH KHAOTamu. TpH oxiasiemn: i
KOH/ICHCHPYETCA M IEPEXOLMT B pACTBOpP, YTO BEHCT K HOBBLIUICHHID 4 Hed
KOHUEHTPALUHH KHCIOTHBIX KOMIOHeHTOB. COOTBCTCTBCIHIO  pucTBOPHAIOCTL,
B pacTBOpPaX OCHOBaHHH M (PEMHUCCKHX KOMIOHEHTOB HOJIXKIIZ BO3pactu. Pucl
KHCJIOTHOH arpecCMBHOCTH MAarMaTHYecKHX (BJIIOMAOB ¢ MOHMKCHHEA Torilie-
paTypbl Gbll MOATBEPXKOEH 3KCIEPHMCHTANBHO [56]. Eciau cooriecti sioi
npouecc ¢ MarmMaTHYeCKOM CHCTEMOH, IPOMBIBAEMOIl IOTOKOM (hIIIOHION,
OXJTAXKHAMILUXCA, CKAXEM, B KPAEBbIX HACTAX MArMaTHUCCKHX TeJ, TO MalMi
9THX YYAacTKOB [0JDKHA MpeTeprieBaTh neGasHUKALMI0O B pe3yibTaTe BBLIHOCK
u3 nee CaO, MgO, FeO, otvactn Al,05. OTHOCHTENBHOE COMlepxKatie Kpenile-
3¢Ma B yuacTKax [eGasHpMKalLHH MarMbl YBETMUMBACTCS, UTO HPH BUOIHe
NOABHXXHOM IOBEICHHM LUETOUEH H HX BbICOKON CKOPOCTH iy 3Hi 13 colipe-
AENbHBIX YYACTKOB MArMaTH4eCKOro Tefia HPUBOAHT K OBOralICHHIO HPOIYKIOD
KPHCTAUIM3AUMH KBAPLUEM M LUENIOUHBIMH NOJICBBIMU HnmaTantt. JIeiikokpaii-
3auMA MarmM BO3MOXHA, KOHEYHO, JIMIUb B IOTOKaX (WIIOHAOB, BLIMOCHLUHN
MagHueCKHe KOMIIOHEHTDI.

CxeMaTHuecKH NpoLecc MeTaMarMaTHYeCKOH 1e6a3udIKaHE MATMDL MO -
HO MIUTIOCTPHpOBaTL lefyrowMM obpaszom [54). Ha puce. 18 mw306pwsenio
TPeyrojibHOe ceueHHe B Tpexcdas3noi obmacti obuwieil JHarpamMMbl IJIaBKOCTH
CIIOXKHOTO cocTaBa ¢ JeTyunmH. Ctopolia AB H306paxaer COMMIVC MarMari-
YECKOH CHCTEMBI, CIIOXKEHHOMN JIeHKOKPATOBbIMH (4) K MEIAHOKPITOBLIAIL {/2)
MUHepanamu, [, — [; — TMKBU/YC CHCTEMBI, @ BEPIIMHA /7 1IpeCcTABIsiet duitoi 1-
Hylo a3y ¢ pacTBODPEHHBIMH B Heil CIIMKATAMH, COLCPRAMIC 1 KUUCC TBCHIIL
COCTAB KOTOPBIX MEHFITCH B 3aBUCUMOCTH OT HM3KOH (/1 71.) Wil BhICOKOY
(Fnanang) KUCIOTHOCTH (Jlionia. B COOTBETCTBUM €O CKalalLIM BLUNC b
Bonee xkuciom cdioMpe GOJNblle pacTBOPEHO TeMHOUBETHLIX KOMIOHSHTOR,
CornacHo NpHHUMIY H3ONOTEHUMAIBLHOCTH PABHOBECHBIX (BINOWIION (u3bl it
paciuiaBa KpHCTaJUTM3aLUMsL MOCIIEIHErO NpOTeKaceT BAOMb KOHHOIbI, CBA3bLIBAN-
el cocTaBb! (pa3; HampHMep, PaciulaB COCTABa €;, PABHOBECHDIIT ¢ (rIIOH IO
$a30il MOHMKEHHOH KHCIIOTHOCTH 7,, 3aKPHCTAJUIM3YCTCH B MATMATHUCTKYIO
nopopy coctaBa £y . Ecnu ke B npoLecce KpHCTAIUIH3AUHH KHCIOTHOCTE (hilioH-
Ja TIOBBICHTCSA JIO COCTaBa TOUKH M4, TO MAarMa, OCTHITLAS COCTABI 1!y, [1POOI-
XHUT KPUCTAIN3AUMI0 BOOJIb HOBOH KOHHOMDI A4 €M1y W 30K PHCTMUHIIVETCH B 110+
pofy 6ollee JIEHKOKPAaTOBOTO COCTaBa TOUKH £y, TAK KAK aCTh MeJAHOK PATO-
BbIX MHHEDPAIOB Marmbl fepepacnpeneiTest o ¢Gmonanyio dasy. Ha uarpast
Me JIerko IpOWJUTCTPHPOBATh BO3PACTaHHE CTCMEHH  METAMATMITHUECKOT
ne6asupUKaUMH paciulaBa NpsiMO I1POTOPUHOHAIIBHO KOJIHUECTBY YUACTBYIONIC
My B DTOM Ipouecce KHenoTHoro dmoupa. Kipumepy, B paceMoTpeHOM citvuae
HOJIST KMCTIOTO (pJTHoMIA OTHOCHTENIBHO MarMaTHyecKoro pacilaea GbUTa HeBeilH-
Ka W OmpeleNnsach OTpe3KOM KOHHombl my E,. Ecii ke oTHOCHTENbHAs TOMsI
[axxe MeHee KHCII0TO (JIIOM/IAa COCTaBa N5 YBEITMUMTCS 10 pa3nepd oTpeska Ky,
TO KPHCTAJUTH3aUUs Ne6a3zudUIMPOBAHHOTO pacIaBa €; 3aKOHYHTCH 0Opaso-
BaHMEM JIEAKOKPATOBOH cOCTaBa A MOPOILI, JIHUIEHHOH TEMHOIBCTHLIN MHHe-

pasioB.
PaccmOTpenHast  cxema  METaMAarMaTHuecKoOi  JeOasH(HKGIL - OTpaskact

JIMLIb OJHY CTOPOHY SABJICHHS - 06IICe OBCIHCHHE MATMBL (DCAIUCCKHAMIE KOAL-

noHeHTaMH. HO pocT KHCIOTHOCTH BIMSIET Ha HOPSUIOK K PHC LI RIUTE Ml AL -
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F i, B
Puc. 18, CxemaTuucckasn KpueTauiuaaumonHast IMAarpaMMa MUTMaTHYCCKHX pAcliaBoB,
PABHOBECHBIX ¢ (IMOMIAMHU Pa3HOR KHCIOTHOCTH, BolpacTaloweH or F, x F,; cocrapnena
Hi ocHose jmarpammsl J1.C. Kopxkunckoro [S2];nosicHelina B Texcre
A — NeAKOKPATOBLIC KOMHUOHEHTDI (Munepann); B — MenaHOKpPaToBble KOMIOHEHTBI
(Munepanst) ; F - ¢pmoun

THHECKHX MHHCPANOB, HX COCTAB, COCTAB IBTEKTHKH, CHIXAET NOTEHIHAT KHAIIO-
POJId, XMMHUCCKYI0 4KTHBHOCTb M COACNAHME B Marme LEJTIOYHO PUITBHBIX
4KUCCCOPHBIX KOMIIOHCHTOB M 1I0BBILIAET aKTHBHOCTD GOJee KHUCTOTHBIX KOM-
[IOHCHTOB M KHC/IOT B LENOM. ITO BIIMSIHE [I0/IKHO APKO OTPAa3HTbCH HA FEOXH-
MUUCCKUX HH/IMKATOPHBIX Mapax 2JIeMEHTOR.

[IpiMepOM MeTdMarmMaTHuecKH NeGa3sHGHUUMPOBAHHBIX  PacilIaBOB  MOTYT
ABIIATLCS AIUIMTBL. OGBIYHO MX NPHHUMAIOT 33 OCTATOUHbIE IBTEKTOMHbIC pac-
TUI2BbI MO3IHUX CTAAHH KPUCTAIIH3ALMM TPAHUTHBIX Marm. OJHAKO AIUTHTBI He
MOI'YT GbITb TAKOBLIMH, TAK KaK TpPAKTHUECKH He COMEPXKAT TEMHOUBETHBIX
MHHEpAJIOB, O0Os3aTeNIbHbIX B COCTABe JBTEKTUKH. Xopolo H3BeCTHO, YTO
KPHCTAIIM3AUNA PACIUIABOB CIOXHOTO COCTABA NPOTEKAET MyTeM MOCNEOBa-
TEJIHOTO  yBE/IHUCHUS UMCTa K PUCTATUIM3YIOLIMXCH MHMHEpaNloB, TaK YTO B IB-
TEKTHKCE NOJDKHLI KPUCTAJUIM30BATHCA BCC BMIbI MHUHEParoOB MarMaTHUeCKOll
NOpoMbpl OAHOBPEeMEHHO. [10ITOMY OGbIUHbIE TPaHHTBI, GIM3KHE K IBTEKTH-
HECKOMY COCTABY, copepxat 5--7 06.% TeMHOLUBCTHLIX MHHEpaIoB. Ksapu B
HOPMAITbHBIX TPAHHTAX KPUCTAIIU3YeTCs B uMciie HocnemHux. OMHAKO B aIuin-
TaX KBAPL KPHCTAIIN3YETCA OJIHUM M3 1IEPBbIX. DTO yKa3blBaeT Ha KPHCTAITH-
3alMI0 AMUIUTOBBIX MATM B YCIOBHAX HNOBBILIEHHONH KHCIOTHOCTH. [TosTomy
dIUIMTbl  ClleflyeT  OTHOCHTb K TO3AHHM, MeTaMarMaTHUeCKH nebaszupunupo-
BAHHBIM OCTaTOUHBIM PACIINIABAM I'PaHHUTHBIX MarM.

ApKHM  NIPUMEPOM  MeTaMarMaTHuecKkH ne6a3sudbUIMPOBAHHBIX HOpPMAJIhL-
HbIX TPAMHTHBIX MArM H3BECTKOBO-LIEJIOUHOR CepUM sIBIISIOTCA JHTHHApTO-
PHCTDIC TPAHUTBI, IETaNbHO Uccnenosatuble B.M. Kosanenko [38, 116]. Uckrio-

HMTEJIBHASE OBOTANICHHOCTh 3THX MATM (BTOPOM He MOXeT GbiTh 0GbACHENHA
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CHCUHBHKOR KOPOBOIO cy6C1pata, H3 KOTOPOrG  BHULIARINOTCN 1o 11 110,
JUBIAOINAA 4ACTh TPAHUTHLIX Marm. TTodTomy upunioc dropa B 06, s #1e sbte
TPAHHTHBIC MAMMBI IOIKOPCBBLIMH TDEHCMATMATHUCCK UMM (b TH0H 1 ui COBep-
UICHHO HeoOXOmMM, JTuii<propHcTbic UPAHHTBL NPAKTHUCCKH THICHBL OGbIY-
HbIX TCMHOLBETHHIX MHHEPANOB, 4 KX IPHIIOBEPXHOCTHLIC AHANO! (OHTOIH-
Tbl) HECYT OTHETIMBBIE NpPH3HAKHU KPHCTUUTH3AHK B 0COBO KHCIBIN yEIIOBIY,
4O BLIPAKACICA B PENKOM #BJICHHH OBPA30BAHHA TONA3A HA PAHMX CTALAN
KPUCTANNH3aUMHU, Wrosibuarteie K pUCTAIIbI Tofaza OBHapYKEHLl B I'DAHHTIIBLIX
CTeKJIaxX, .

Ha ocHoeamum muartensioro awanusa ssomowmiu TPAHHTHOTO MATMATH3MA
Cesepo-3anmapnoro Mpudaiikanna BA. Kapuxos u C.H. aspuxosa [17] Boie-
T KOMIUIEKC aJUTIOXTOHHRIX HMHTDPY3UBHbIX IPAHHTOB, B boprHpoRaHi ner-
PO-TCOXHMHUECKHX YepT KOTOPOro GOMNsiuyIo poiL Hrpall IPOLECC MeTAMATI M -
THUYECKOR febasudyxaumy.

[lerponorMuecku  BaxHBII Clydad MeTaMarMalHueckoil AeDasHPHKALHH
onucad B.II. Merposrim [92] B nmuoueHoBbIX NOTIEPHTOBBIX JIABAX ApPMEHHH,
OTH HaGMOIEHHs MPONUBAINT CBeT Ha MAIOUCCIIEIOBAHKDIE, HO LIMPOKO  pac-
TIpOCTpAHCHHbIE B J1aBaxX TMOPUCThIe TpyHuarTble OGp430BAHUA. B OTHOCHTENbL-
HO MOJIO[IBIX, XOPOUIO COXPAHHBIUHXCS IY2LIPHCTBIX TABAX HePeliko BCTPEUaloT-
¢ cyBBepTHKaTbHEIe Tpy6006pasiibie CTPYKTYDbl, CIIOXeHiLle MOpogaMu ¢
Bonee KpymHbIMH (B 1LieCKOMBKO pa3) NOPAMH M HA MEPBbIA B 31193 SO IHAWM-
TEJIBHO GOJILIIMM OGBEMOM TOpP MU CRaBifelinIo < OK PYHKIOUIMMA Jiakann, Ho
fOGible 06pa3’oBalKA M3BCCTHLI ¥ R ApCBHMYX, HATPHAMED, IOPCKHN J1GBAX, HO
COXPAHHOCTL X TaM TAGXaA. TpyGuarnie Teila mPSHMYIICCTECIIO WIOMCT P bI
B TIONCPEUHBLIX CEUTHMAN OMAMCTPOM 10-20 CM M MHOIIE BOTEHTCS HO BOCS T1-
HHI0. BeTtpeualotest u ropuiontanuio ODHEHTHPOBAHHBIC TIOPHCTHIO 10D
JTH 06pasoBaliMA CIEUHATIBEO HaMH He AIVUATCh, PR OBCYIRTOHNI (1N rolre-
THYECKOTO SHAMCHUA Mbl OUHDAINCh Hi KPIIKVIO, HG HHDLPMA LB 0 pafory
B.I. [lerpoBa [92}, uccienosasiucro 1axie TPYSbl b HOPHCTBIY [LTHOLSHOBBIX
naBaX ApMeHnH. BasanbToBBIE NIABBI XOPOLIO PACKPHCTWITHIOBAHBL M 1Ipen-
CTaBJleHbl JI0JIEPUTOBOH DPAasHOBUMHOCTBIO. JIAS NpecraBHTCAbHOCTH 3aKITIO-
UEHHIT HCCITEIOBATUCH OGPA3OBAHUA TBYX. IABOBLIX 1IOTOKOB 11 LCHTDOB U3NHA-
HHit, OTCTOMUYX mpyT OT fApyra Ha 200 Kx1.

TeHesnc TpyG Tpaxtyetca omiosnauno. Kak u B.I1. [eTpos, Mb! cunTacns,
40 00pa3oBaNMCh OHM HA MeECTe WIH B pe3yNibTarte MOABEMA B JaBAX CKOIUIC-
HMH WK CTPYH# Ta3eBpIX iy3bipeit. Ha 510 yicaspisaror TTPEHMY LICCTREHIIO BOpIH-
KaJIbHas OpUEHTHPOBKA TPy, BapbHpylOWwas cTereiih KOHTPACTHCCTH MEWITY
NMOpOAaMH TPYO M BMCIUAIOWMX JIAB 110 TCKCTYpPe H GIIM30CTL MX 110 uBeTy.
locnemtiee cBUmETENLCTBYET O CXOHCTBE KaueCTBEHHOTO MHMHEPATBHOTO COCTa-
Ba nopon. Ilo Habmiomerunm B.IT. [Terposa, nopossl Tpyd Goraue wa 15-706
MHPOKCEHOM W Ha 4—~10% cyMMO# 1IBMEHHTA ¢ MAarHETHTOM, HO ABEiCHbI Ha
12% nnarnokinasom u Ha 10% onusunom, [Tpn s1OM 1UTarnoknas oGoramaercs
anbBUTOBON cocTaBMstiotelt. . ICTOUHHKOM Ta30BbixX crpyd BIL. Tletpom cuu-
TaeT BOJY JIOXa BYJIKAHWYECKHX NOTOKOB, HO CIELMANbHbIX Hcc/IC/0BalHi
M0 STOMY BOMpPOCY MM He NPOBOIUIOCE. OMAKO DaBHOMEpHAs PACIIPGCTPEHEH -
HOCTb Tpy6 1O NMOWANY JaBOBBIX NOTOKOB CBHIICTEIILCTBYCT, CKOPLC BCETD, 06
06pa3oBaH1H - CKOIUICHHH Tra30BbIX My3bIpeit, CNOCOBHLIX BCILIBATL H3 NeTy-
WX MOPHUCTBIX TMaR. 3TO He WCKIIOYaeT BONHOTO COCTABA M KOPOBOTO HCTOUMH-
Ka BCEX WIH HaCTH ITHX JICTYUHX, XOTs H HC ONIPOBEPraeT 4N MUHTHIIHOFO THpOHC-

: 105

i
'

i
i
;
i
i
.




i

!
i"
i
:

e

)

TR
AR

Puc. 19. Jlnarpamma u3MCHCHMS COLCPKAHMS KOMITO-

Aly 0y HCHTOB TIpH Acpexolde oT CHJIOWHON JIaBLl K Kanaymm
" ~ JWIKCHHSL rasosLix nyswvipesi no BUL [Merposy [92]
S~ I — cnnownbie nasbl; 2 — NOpoabl ra3zopbix TpyboK;
‘o \\ 3—4 — KOppeNnsuHOHHLIC JIMHHH JIABOBbIX NMOTOKOB:
.
! Se S = HOKUAPHEKCKOI'0, 4 — BOIIHUCCKOro

XOXMICHUA. Bripouem, 3TH HeACHOCTH He BIIMAIOT
Ha HHXKecneaytoume BbIBObL. s neneit maHHO-

,
%

§ IO pasfieNia BaxkeH HaKT HeCOMHEHHOro 06pa3o-

. BalMsl NOpOJ, CIATAIWHMX TPYObI, B pe3ynbTaTe
3 NIPOXOXACHUS Yepe3 JIABbl U B3aMMOJIEHCTBUS C
3 HHMM CTPYH MAarMaTHUECKMX ra3oB. Tpy6uarbie
&S OBpa30BAHK S ABIIAIOTCH NOKA3ATETLHBIM TIPHMe-

POM M NPUPOINHOH MOAENBI0 MeTaMarmMaTHyec-
KHX 11IpOLLE€CCOB.

PaccMoTpuM  mnaBHbple reHeTHueckme oco-
GeHHOCTH  TpyGuaThix 0Op4A30BaHM, Tpy6o-
06pa3Hast, a He TpeLWHHas GopMa Tell, U UX
npeobnafawuias BEPTHKAIbHAS OPHEHTHPOBKA
BMECTE C YBEIHYEHHbIM Ha MNOPANOK pa3-
MEpOM TyCTOT Iy3bIpuaTod (opMbl  CBHIe-

Sily, mac. %  TENBCTBYIOT, YTO TeNna OBGPAa’OBWINCH B Mec-

Tax MNPOXOXJCHUs CKOIUIEHMH Tra3oBBIX My-

3bIpcH Yepes  XMAKYH MarMmy. JT0 noA-

TBCPXIACTCS MAarMATHUCCKHM OBJIMKOM MHKPOCTPYKTYp NOPOJ, CNATAioLuX

TpyGuartbie teita. Takue e CTPYKTYpbl HMCIOT OK pyKalolLe NIOPHCTbIE JIABBI,

BLIXOjl KPHCTUIMKOB [JIaTHOKIIa3a M MIHpOKCCHA B NOPLI TOH M [IpyroH Io-

PO/ILT CBH/CTENILCTBYET O CYLECTBOBAHMM Ta30BBIX NY3bIpeid B eIle KHIKOH

marme. OTeyTeTBHE B NOPOJAX CyBCONMIY CHBIX MHHEPaTbHBIX HOBOOGpa30Ba-

HHH I0Ka3bIBAET, YTO (OPMUPOBaHHE TPYD He CBA3AHO C MOCIEMArMATHYECKHU-
MM [1POLIECCaMH,

TpyGuatble Tena NMpencTaB/sIOT YHUKANbHYI0 BO3MOKHOCTh OLEHUTh XUMH-
YCCKYI0 HAIpABJIEHHOCTb IIPOLECCOB METAMarMaTU3ma, T.e, U3MeEHEHHMs coc-
TaBa MarMbl B pe3y/ibTaTe PEAKUMH C MPOXOJsiuei uepe3 Hee QUIOHIHOM ¢a-
20#. CpaBHeHHe COCTaBa OJMHAKOBLIX IO Macce 00pa3uoB nopop U3 TpyBox
H BMELLAIOUMX J1aB [ABYX OTOKOB NpPONEMOHCTPHPOBANIO APKYH XHMHUECKYIO
BLIPASHTENLHOCTL ABJICHHs W elMHO0Gpa3ue npouecca (TaGnuua VIII, 2,puc. 19),
B yuacTkax npoxoskachus (UIIOHIOB M, OUEBMIHO, 3a cueT O6GMEHAa ¢ HHMM
ROMUOHEHTaMH MarMa obepnsercss Al, O3 npumepho Ha 2,5-3 mac. % (~18%
OTHOCHTEJILIO MCXO/HOTO  KonHuecTBa), MgO ~4-5 (~51-56), CaO ~1-2,5
(~12-30) u omiospemenno oforawaercss Si0, npumepHo Ha 1,5-2,7 mac.%
(~3-5%), TiO, ~1,7 (~90-180), Fe,05 ~1,5 (~40), Na,0 ~0,5-0,8
(—8-13), FeO ~1-1,6 (~25-50), K,0 na ~1,1 (~100-160), P,0s ~0,2—
0,6 mac.% (~200-450).

C no3MUMA pa3BHBAacMOl HAMH KOHLENUMH MeTaMarMaTH3Ma PacCMOTpeHHBbIi
Npotece poaCTBeH 1e6asH(HUKALMM ¢ XaPaKTEPHBIM BBIHOCOM OCHOBauuil (MgO,
CaO) o oTIoXeHHEeM KHUCIOTHBIX KOMIMOHEHTOB (5i0,, TiO,, P,0s, Fe, 03).
J710 yKaspIBaeT Ha NOBLILCHHYI0 KHCTIOTHOCTb (DJTIOHIOB, BbI3BIBAIOLIAX METa-
MArMAaTH3M, 110 CPABHEHHIO C YCJIOBHSIMH B HCXOOHBIX MarMax. 3aMeTHbIH BbI-
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HOC U3 Marm Al, O3 MOXeT CBHACTENILCTBOBATH O KHCIOM Xa parIcpe Qoo
TaK KaK IJIHHO3EM XOPOLIO PACTBOPAETCH TONBKO B KHCALIN M NICIOWHBIX pic! -

BOpax M mJIOXO B HERTpasibHbIX. PocT collepxatin wesoueii 8 JOICPHTAX 1pvD
HC UIPOTHBOPCUNT NOBRILEHHOH KHCIIOTHOCTH HIPOLCCCOB  MCTUMALMATHING.
B Teopuu oTkpbIThIX reonoruueckux cucrem J.C. Kopwutckoro coztepsanie
B MAarMaTHueCKUX MOPOAAX LUESIOUEeH, KaK BIOIHE MOABHAKHBIX KOMIOHCHTOR.
B ofweM cnyuae onpenensercs H30MODPPHOH EMKOCTBIO 110pOHOOBPABY IO
MHHEPAJIOR U HX KOJMUECTBEHHBIMH COOTHOLICHUAMM, 3aBHCSALUIMN OT COJEPAL-
HUH B pacIUIaBaX MHEPTHBIX KOMIIOHEHTOB — Si0;, AL, O3, CaO, (Mg, Fe)O.
Hepepacnpegenenue CaO u3 calimueckoil wacTy paciljlaBa B yBeJTHUMBILIYIOCS
MadHUeCKy10 (ITHPOKCEH), yBEHUeHHE K peMHEeKKCIOTHOCTH pacIvlana M ciu-
KEHUM €TO TIMHO3EMHMCTOCTH IIPUBENIO K TaKOMYy COOTHOLICHHIO COJepaHiii
Ca :Al:Si B canmueckoil uacth marmoi, KOTOPO¢ ONpeNesiHilo K PHCTAIIM 3 -
LMIO W3 Hee BOJlee WIEJIOWHOTO {U1aArHOKIIa3a. BrosiHe MomABHAIILIT 1a IPHKE CBA-
SBIBAJICA B NIOPOJIE COOTBETCTBCHHO KOJIMUECTBY M COCTABY MOJICBOTO IINAT:,
M30MOPGHO acCHMIUTMPOBABLIEMY K aJTHil,

Jpyroit BaxHbIH acleKT MeTaMarMaTH3Mma BbIABHICA TIPH CPaBHEHHM 110-
PHCTOCTH Iy3bIpUaThIX JIaB M NO0NIepHTOB TpyGOK. M3MepeHtbil npoleHT mno-
PHCTOCTH CpaBHHBAEMbIX NIOPOJ OKa3alics GNH3KHM; MAKCUMAJIBHOE NpeBbllle-
HHE IIOPHUCTOCTH NOpCH M3 TpyGok MeHbie 2%. 3TH maHHble OMpOBeprainT
arpHOpH NpefyIoNaraBieecs MOBBILICHHOE TIa30COMepPKaHHe MArMaTHUECKHX
TMOpOL, KPHUCTATM3OBABIUMXCA B KaHalax MOMBeMa ra3oBLIN cTpyit. Crie/io-
BATCJILHO, TA30HACBIIEHHOCTb  MAarMaTHUeCKHX MOPGHA He MOXeT HCHomL3Q-
BATBCA B KaueCTBE HANEXNKHOIO KPHTEPHsS MHTEHCHBHOCTH NPOPABOTKH Ml
TPaHCMarMaTHuYeCKUMH IIOMIaMH.

B.II. TleTpoB BbicKasbIBacT mNpenono)elue o MPOABJIEHHH HIPOUeCCon,
4HAJIOTHUHBIX OINHMCAHHBIM, KOTOPbIE Mbl HA3LIBACM MCTIMATMATHUYCCH HIALI: .
B 3aCTBIBIUHX B IIyGMHe MarmMaTHMUeCKHX TellaX. YMCCTHO HallOMHHTL, ro
ABTOP HACTOAINCH paGOTbI MIOTO JIeT pa3sBHUBACT MOMOGHLIC 1PelCTiliiciiis
B paMKax THIOTE3bl TPAHCMAIMATHYeCKHX (moHnoB. K yske M3BCCTHLIM che-
ACHUAM H NPH3HAKAM METAMAarMAaTHYECKHX IpOueccOB HccaenoBaims BT, Tlei-
poBa [I06ABIIAIOT OTCYTCTBHE PAa3fIMUMil B Fa30HAIIONHEHHOCTH MATMATHUCCIX
TNOpPOA, B PasHOii CTeNeHH NMpOpaBOTAaHHBIX TPAHCMATMATHUECK MM drnonman,
J10T BBIBOA AeNaeT Golee 0BOCHOBAHHLIM NpenosioKeHHe O hOPMHPOBALIHH
MACCHBOB  TaK HA3bIBAEMOTO CJIOKHOIO THMA B pe3y/IbTATC HepaBUOMEpHOil
NpOPaGOTKM MATrMAaTHYECKHX Macc CTpysMH dIlionnoB [25, 54]. K rtakosy
TUILy OTHOCAT HMHTDY3HMBBI, CJIOXKEHHbIE HECKOJIBKHMM MATMATHUSCKHMM (adi-
MH, He BBIXO[SIIMMH 32 KOHTYDbl €[IMHOTO MAacCHBAa. B TpakTOBKe retiesica
OTHX MACCHBOB HaHBOJIbLUME 3aTpyAHEHMs! BbI3bIBACT O1CYTCTBHE JAKANOUHBIX
¢datMid U MeTaMOP(PHUUECKHX BO3MCHCTBUH OMHHX ¢da3 va mpyrue. Hamu ot
(aKThl pacCMATPHBAIUCh KAK KOCBEIHBIE CBHICTENLCTBA METAMATMATHUCCKO-
TO MPOUCXOXIEHNA MEHBIUMX 10 06beMY MarmMaTHUeCKHX (a3 MACCHBOB.

HMopo6Hbie omucanubiM B.I1.TleTpoBoiM B nasax ApMeHHH XHMHUCCKHE 13-
MeHEeHUsA ycTaHOBeHbl A.IL. Tlonomapesoii [95] Bo MHOrHX MaccHBaX rpatii-
TOB MOBBILICHHON LIENOYHOMETAIBHOCTH. MX IIPHKOHTAKTOBDIC halHi 1 HAHDO-
Tiee MO30HHe (a3oBble: AMddepeHIHATHI HMEIOT JIeHKOKpPaTOBbLI 061K, OT
IaBHbIX (a3 W paumil HHTPY3IUBOB OHM OTJIHYAIOTCSH MOHMIXCHHDIM COMIEPIKAHH-
eMm AL O; (Ha4mac%), TiO; (ua 0,3), cymmb! okicios Fe (ma 1,3). K,0
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(ma 1,5), CaO (ma 1,4), o cymectsenno oforawennl SiO; (mo 10%). Bomoc
(PeMHUCCKHX KOMIIOHCHTOB H OCHOBAIHA MPH (POPMHPOBAHUH JICHKOK paTOBbIX
IPAHMTHBIX MAIrM H OcODelHO TJIMHO3eMa yKasblBaeT He TOJIbKO Ha OTHOCH-
TCIIbHYI0, HO M 12 aBCOMIOTHYI0 BLICOKYI0 KHCIOTHOCTb 06Pa3y mHX HX CKBO3b-
MArMaTHUECKHX (JIIOHIOB B CHIlY BIIOSIHE TMOABHXHOTO IOBEICHUS 3THX KOM-
NOHeHTOB. MX cBA3bIBaliME B MHMHEPAIbi M, CIIC[OBATeNIbHO, CONEpKaHHE B
MarMaTHYeCKOH ropoae OnpesesiAeTcss COOTHOLIEHHEM TepPMOIHHAMMUYECKH
MHEPTHBIX KpEMHE3eMa M TJIMHO3eMa, KOTOpOe B 3TOM MpOIecce MeHseTcs
B 11071b3Y yBCJIHUEHHU s [OJIH LLCJIOUHBIX TIOJIEBBIX LUMATOB.

OKHUIHTENHHO-BOCCTAHOBHTEIIBHBIE B3aHMOIEHCTBHA, Marmatuuekoe 3aMe-
WIEHHE KOPOBBIX MOPOA, OJOTAIEHHBIX KHCIOPOAOM IO CPABHEHHIO ¢ MAHTHIA-
HBIMH TJTyGHHHBIMH MarmMamH, JOJDKHO TPHBOMMTL K POCTY OKHCIMTENbHOLO
MOTEHUMANIA OT UEHTPAJIBHBLIX YAaCTel MarMaTHUeCKHMX TeJl K MX JHIOKOHTAKTO-
EbIM ¢aunsm. Takas 3akoHomepHOCTh GbUla BouiBleHa [24] B rabGpOMIHBIX
untpysuBax Tamuaxa u Hopwikcka, nopombt KOTOPBIX COAEPXAT OGHIbLHYIO
JIMKBAMOHHO -MArMATHUECKYI0  KAIUIEBMOHYI0 CYJIbGHUIHYI0 BKpaleHHOCTb.
B o1ix cy6ropusonannhpix MHTpy3uBax mowtoctbio 100--300 M comepxaHue
cepbl B Cy/bhHAX Kelle3d H MENH YBeITHYMBACTCA OT UEHTPAIBHBIX M TUIOBBIX
UACTEM MArMaTHYCCKHUX Tell K MX (POHTANIbHON YacTH, K BEpXHEMy M HHXKHE MY
JHOOKOHTAKTaM (cM. pHc. 34). B 3TUX HAanpaBIieHHAX B JIMKBALHOHHBIX CyJb-
GUIHBIX KAIUIAX aCCOUMALMH TPOWINTA M TAJIHAXMTA C MOMXYKHUTOM (GemHbIMH
CEpOH aHAIOraMU XalbKOIMMPHTA) CMEHAITCA BHauare acCOUMALMAMU C TeK-
CATOHAIBHLIM, & 3aTeM M MOHOKJIMH:DIM, TPENICIIBHO CEPHHCTBIM MUPPOTHHOM.
B maparenesuce ¢ nocieminm Haxomurcs OGBIUHBIA XalIbKONMPHT. Tak Kak
JHIOIKOHTAKTOBbIE (HALUMH MATMATHUECKHX Tell BOCOIle He COMEPKaT CyJib-
Guibt M M3BBITOUHOE Kee30 110pOJ, CBA3AHO B MArHETMT, TO ONMCAHHOE M3Me-
HEHHE COJICPXKAHUA Cepbl B CYNbpHUIAX He MOXeT 3aBHCETb OT ¢e KOHLEHTpal1H
B Marme. 3710 AB/EHHC HCBO3MOXHO OGBACHMTh M3MEHEHHEM TeMIlepaTyphl
B MarMaTHYeCKOM Telle, TA4K K4K COCTaB MarMaTMYeCKHX MOPOJ, BMEINAIOIINX
pasibie CyJibHHbIE ACCOUMALMHA, OOMHAKOB. CIIeI0BaTeNbli0, [JIaBHBIM (BaK-
TOpOM  (OPMHPOBAHMA DPACCMOTPEHHOH CyNbPHIHON 30HAIBHOCIM SBIIANCA
XHUMHYCCKHH 1IOTEHUMAT KHAIOPOA, YBEJIMUMBABILMACA K KOHTAKTOBBIM H
(POHTANBHBIM YacTAM MaccHBOB. Takoe M3MeHeHHe KHCIIOPOIHOTO MOTeHIHAA
BbI3BAHO ODOTaLICHHEM IPUKOHTAKTOBBIX YaCTel MarMb! KHCIOPOIOM BMeLla0-
LIHX [TOPOJL [1PH MATMAaTHYECKOM 3aMeleHHH. O6WibHble aMo(U3bl b KOHTAKTAX
Tannaxckux uHTPY3uBOB (cM. puc. 27) 06pa3oBaHbl TyTeM MarMaTHUECKOTO
3aMelleHHUA .

Hajgo 3ameruTb, uTO TANHAXCKME MHTDY3MBBI MpPOSABISIOT —pelKOe pas-
HOOBpa3He NPUHAKOB YuacTHS B MX (OPMHPOBAHMH NMOTOKOB TpPaHCMAarma-
THUCCKUX  pimonio. Hanbollce ApKMM NpH3nakom NpencTapiisieTcss (ppaxiy-
OHMPOBaHHE H30TONOB Cepbl B MATMATHUECKMX TeslaX, BhIPAKEHHOE B 3HauM-
TeJIBHOM OBOTUICHHH MAarmMaTHUeCKHX CyNb(hHIOB TOJIOBHBIX 4acTeil KHTpY-
3HBOB JIerkHM H3otomom >2S no cpaBHeHMIO ¢ cynbpHOaMU MPHKOPHEBbBIX
uacTe MacCHBOB. IJTO sABJieHMe OGDBACHUMO IMIIb NpPeOBNafalownM IBHKe-
HHCM (JH0MII0B, OBOTAIIEHHBIX JISTKHM H30TOIIOM Cepbl OTHOCHTENILHO CYJTh(hH-
[OB, U3 ThUIOBLIX HaCTE€H WHTPY3HBOB K MX (POHTAIbHBIM uacTaM. HeoBbrumo
BBLICOKHA BOCCTAHOBHTEIDHLIA HOTCHUMAN B TAJIHAXCKMX HHTpPY3MBaxX (B HHX
HafeHbl KapOHIbI KpeMHHs, BoJIbdpaMa M CaMOPOHOE XKeNle30) CBUAETENbCT-
ByeT O MaHTHIHOM MCTOUHHKE TPAHCMArMaTHUECKHUX (DITIOMIOB.
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Pic. 20. Feonoruyeckas cxema waprepa N¢ 1 noc, KexeleBo, O0HLKUOUIET S KOPAHCPHTORLI
IPAHTON B!

I -- BHOTHTOBBLIE W I'PANAT-OHOTITOBbIE Thailchl; 2 — KPHCTAILIHYS CKHE CMAHLUL OCHOBHGTO

COCTaBa ¥ MpaMopbl: J — KCCHOIHMTBI FHCACOB M CIAHIEB; + — GHOTHTOBLIC i FPANAT-ORO-

THTOBbIC [PAHUTOHUbL; J — KOPIMePHT-TLAHATORbIE TDAHHTCHILL, A ~ TIPOCAON 1 LHGb

(site MacwTaGa) CYILECTBEHHO KOPAHEPHTORLIX MK OKNDPATOBBIX TPAHHIOB: [RUTITIMNE

YECKHEC FPAHHULI: d —~ YCTAHOBIIEHH B, 6 — MPeIioridraer1bie; 8 - FDAHMUb! FAPLEPL P Y CUVTIO S

HpHMepOM TpaHiiHLIY MACCHBOR © MOTOKOM TPAHCMATMATHUCCKUX (hIlioH-
HoB M oBOTalieHHeM KHCIOPOOOM KOPbl JHAOKOHTAKTOBLIN haltdii uBsiseTcs
KOMIUIEKC KEXENe3CKHX IV UyhOBO-GepIuueBORHX FPAHHTUM, (OB YRt
CKOTO KPHCTAIUIMYECKOTO miM1a. MaccuB iomillekca, Binpuiibii y uoc. Ke-
KeIeBO, UMeET 30HAMLHOE CTPOCHME. B DHIOKOHTANTE MACCHBR PILBINTFL LIpei-
MYUWECTBEHHO BHOTHTOBbIC, DEAKO IPaHa1-OHOTHTOBLIC PU3HOCTH pEt HTOIIOB
LenTpasipHble wacTit MacCHBA CILOKCEHBI HOPAHEPHTOBLIMI  Ipattirasui. Kop:ite-
PUT paclpeficiled HEpABHOMEPHO  CKalUIKBasCh B 0ONCE KPVITHOZOPHHITBIN
M JIEHKOKPATOBLIN, 0BOIAMIEHHBIX KBAPICM TEANMTIN, CHIPHOWME NOJOCH 1
JH3bE MOHOCTBIe 0,2--0.5 M. KpoMe xopriHeprTs, B KAUeCTHe TOMUCUBATbIA
MHHEDPAJIOB  NPUCYTCTRYIOT OHOTHT ¥ rpaHat. B KopmHepHr-rpad2toBLiy pai-
HOCTSX TODPOA SHOTHT DUZBHBACTCH ¢ 3AMCLICHHEM ODOHX SMHHCPRTIOB, 110 -6H-
OIMMOMY, Ha HO3QUCMATMATHUCCKOM OJTalle. [IpHMeuatensino ymeubuionue co-
HOepXaHUA KODHMEPHTa B yYaCTKAX MACCHBA € KCCHOSIMTAMH  BMEILAOIIX
HOPO/L H €T0 1TVIIHOE OTCYTCTBHE B NIPUKOHTAKTOBbLIX (auunx (pHe. 20).

Mexanusm 05pa30BaHus KOPHIHEPHTOBLIX TPAHUTOB, BCTPCUAIOIIMXCH B Pas-
NUUYHBIX PErHOHaX MHpa, OCTACTCH 3araJOuHEIM, MEOTHe reTponory cuntaior
KOD/IMEPUT KCEHOTEHHbIM MMHEpAIOM, 32MMCTBOBAHHLIM H3 KOPIHHCPHTOBBIX
FHEHCOB WJIM PECTHTOB {IPH 4HAaTeKTHUCCKOM BLUDIABICHHH panuTOB. OlaKo
XapaKTepioe MPHCYTCTBHE KOP/IHCPHTA JIHIIE B HEICOTOPLIX HIBEKIHOHHBIX (ha-
3aX TIP4HUTHBIX MACCHMBOB M OJHHHAKOBOE ¢ APYTMMH TcMHOLUBETHbLIAMH Milie-
pUIaMH JI0JIOXeHUe KOPJAHEPHTa B MHKDOCTPYKTYPAX HIBEPKEHHLIX TOPOTL
YKa3bIBAIOT Ha KPHCTRIIM3ALMI0 €1'0 M3 MarMbl. OpIIHepHT B rpailiTaX K pHCra-
JIU3YETCA OMHWUM M3 NOCIICIHUX H YacTO 3aKJlloyel B 3epiax wpaplla (pic. 21).
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Puc.

[loBbluennble akTHBHOCTH K 1 H, O, kouewio, CORNPULLIIOT 10U VCTOM-
UHBOCTH KOleHCpHT{l H I'pdHaTy | paclwHpsiioT yCT()nU”HUCIh SHOTHIS B MIE AN,
OfHaKo KOpOMEepHT IHPHCYTCTBYET & IPAHHTAX COBMECTHO ¢ OHOTHIGM H Kil
JIMIINATOM, OLUIH BBICOKAs! TTIHHO3CMHCTOCTL caMa 110 ceGe HeHOCTa 10 SUst
00pa3OB4HHA  KOpHepHTa B rpauuTax. MMerwTtcs n Ge3KOpHepPHTOBDLIC BLI
COKOIJIHHO3EMHCTbIE  TPAHMTLI, HAIPUMCP MycKOBHTOBBIC. Pacemorpene
KOHKPETHbIX ~ peaKUMH OHOTHTH3AUMH TIPaHaT-KOPIHEPHTOBONH  dCCOLMAILH
(puc. 22) npu uueptHom nosepennn Ca0, MgO, FeQ. [ea 05, ALO,. SO,
TIOKA3bIB4ET, UTO HA YCTOHYMBOCTb KOPIMCPHTA € TPAHATOM BMECTO OHOTHT,
KpOME OTMEUEHHBIX (aKTOPOB, [OMKHBI BIMATL CHIGKEHHC KHCIOPOIHOIO
MOTEHLHANIA U yBeJIMueHHe KOJIMYeCcTBa KBApla.

Ha BoccTaHOBHTENBHYI0 OGCTAHOBKY B KOpPIMEpPHIOBLIX IPaHMTAX YKA3bl-
Ba€T OTCYTCTBHE B HHX OKHIOB xene3a [10]. Hauusie B.B. JInxosuuy [71]
0 YKpaHHCKMM KOPIHEPHTIOBBIM IPAHHTAM CBHICTENILCTBYIOT O HPHCVTCTBIN
B 1LIOpO/lax MHppPOTHHA BMeECTO MarHerHta. B uymioso-Gepuiucnerin rpanirax
y}(pﬂlﬂl])l BOCCTAaHOBHTEIIbHEIC YCIORHsI CO3JIABAIIHCHL B YIQICHHBIN O KOHTUK-
TOB YaCTAX MAacCCHBOB, I'l¢ KOP/HEPHT KOHLEHTPUDPYETCA B OTHOCHIC/IBIO JIcit-
KOKPAaTOBbIX H OBOTaUIEHHBIX KBAapLUEM [OJOCAX K JHH3aX. ITH YaCTH \LICCHBA
OKa3aIHCh HauOOIee NPOPaBOTAHHBIMU CTPYSAMH BOCCTAHOBHTCABIBIX 1 110710+
MY, BEPOATHEH BCEr0, MAHTHHHBIX (IIOHAOB. JHIOKOHTAKTOBLIC hatutr Mac-
CHBa 0BOramanmmch KHCIOpPOIOM GOKOBBIX KOPOBBIX HOPOJI B pesyIIbrare 3axBa-
Ta MX KCCHOJIMTOB M MArmMaTHYecKoro 3umetueHus. [lootomy 3mech rpanai-
KODIMEPUTOBBIA MapareHe3uc cMeHsieTcss GHOTHTOM. [locTosiiHOe KOPPO LLit-
POBaHHE IrpaHaTa M KOpAHEpHTa GHOTHTCM CBHOETENLCTBYET O POCTE [OTCHIHA-
JIa KMUIOpOAa K KOHILY KpHCTAJUIM3alMH 33 cueT O6ILero MOHMKEHHS Temile-
PaTypbl CHCTEMBI HJIM NOCTYIUTEHHS B MarMaTHUeCKYH) CHCTEMY OKHCIEHHbIX
PacTBOpPOB GOKOBBIX NOPOS.

Ilo  ycioBMAM  OKHMCIHTENIBHO-BOCCTAHOBHTENLHBIX  [IPOLECCOB . MACCHBbI
KOP[IMEPHIOBBIX IPAHUTOB YK PaHHbI MEHTHUHBI C rabOpOMIIHBIMH HHT Py 3HBa-
M TanHaxa. 9TO CBMIETENBCTBYET O BO3MOXKHO LUHPOKOM 1HPOABJICHUH [1O-
ROGHDBIX NPOLECCOB B MAarMaTHuecKHX Macciax. Ofa LUPHMEPA TTOTBC PRI -
0T CyLIeCTBOBaHHE I[NOTOKOB TPAHCMArMaTHYECKHX (pJHOHAOB, BOCCTIHOBH-
TENIbHBIA XapaKTep KOTOPLIX, O BCeH BEPOSITHOCTH, ONPEIC/AICH HX MAHTHII-
HBIM ITPOHCXOXKJIEHHEM,

Kucnotio-octosHoe B3anmoseitcraie. COracho MpMHLIY B3aHMOJICHCTBIS
ocHoBaHu#l [49] noGaBrieHHe CHIBHOTO OCHOBHOTO WIH KHCJIOTHOIO KOMIIOHEH-
Ta B TOMOTECHHYI0 CHCTEMY BBI3bIBAET H3MEHEHHEe KOIPQPHLMEHTOB 4K THBHOCTei
BCEX APYTHX KOMIOHEHTOB H 00Jiee 3HAUHTENbHOE H3MeHeHHe CIUIbHLIN KHUIOT
M OCHOBaHHA. AKTHBHOCTM OCHOBAHHI DACTYT NPH JIOBUBICIMI OCHUBHOTO
KOMIIOHEHTA, TOTAd KAK AKTHBHOCTH KHCIOT [IPH 3TOM YMeHbiuzinres. OBt oe
AEHCTBHE BbI3bIBACT HOGABIIEHHE KHCTIOTHOTO KOMIIOHCHTI.

B marmaruueckux mpoueccax ofcyxaaemoe sBIEHHC BLIPAIHICILHO HpPOLL -
JICHO B KOHTAKTAX MdrM ¢ BMECLUAIOUIHMH HOPOJAMH, 3AMCTHO O LJBHULIONIHMECS
10 OCHOBHOCTH 01 Marm, Hyluuc BCCIO JTH [MPOULCCHhl H3YUCHDI B KOHTIUK TuN
KHCIIBIX MarMaTHueCKUX Tell ¢ 60KOBBIMH o poamMH IHOBBILICHHOT OCHOBHOCTH.
HalnpHuMep AOJIOMHUTAMH, Ba3uTaMH M T.I. B KOHTakTe ¢ HHMH MIIMITHUCCKHC
10poAbl YaCTO OKAa3bIBAKTCS [0 MapareHeTHYECKHM acCOMHAILMAM DOJICe 1lle-
JIOYHBIMH, YEM I1I0pOAbl BHYTpDEHHHX uacTeli MaccuBoB. [lpu 3Ton Basnosas
OCHOBHOCTb MarMaTM4eCKHX MOpOA MOXET OCTABATbCH HEH3MEHHO{ M muxe
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TOBBIA, & 6e30NUBHNOBLIH ra66po-nonepur. Ha uaparenernueckoil AHarpamMme
pHC. 24 JIHHKSE M3IMCHCHMS 30HATILHOCTH CKAPHOB H MOPOJL JHIOKOHTAKTA UMeeT
11e1s1eo0pasHbIil U3 U, IpUXOSILIIMHACS Ha §e30JIHBUIIOBDIE JI0JICDHTbI 3HIOKOH-
TaKTd. Jlosiepurn oBoraietinr SiO, u Al, 04 1 oBemicksl MgO 1o CP4BHEHHIO C
MATCPHHCKHMH  HUKPHTOBLIMH  1a66po-n0Jieputami.  BepositHo, 0Gpa3oBaliue
MAJIOMOWHOMA (5 ¢M) 30HKH 6E30JIMBUHOBBIX PACIUIABOB CBA3AHO ¢ MY 3HOH-
HLIM OTTOKOM wienoueit (11pexae seero Na, O) n3 Gollee OCHOBHON CKapHOBOI
cpempl 006paTHO B paciulaB. B cBSI3M ¢ BO3pacTaHHeM B HeM XMMHUYECKOH aK-
THBHOCTH N2, O 1nojie noriowamwiero 3ToT 3/leMeHT IUIArHOKJIA3a [OJIKHO
PACUIMPHUTLCSA, YTO H BEAET K (HOPMHPOBAHHIO 0GOTallleHHONH UM MarMaTHYeCK Ol
nopojpt. MHrepecHo, WIo npu 3TOM paciuMpsercss ¥ NOJie KpHCTaSUTH3alMH
IMpOKCCHA, BO3MOXHO, B CWIy HE3HAUMTEJIBHOTO BXOXHEHHs B HErO HaTpHA.
OnMBHHOBLIA KOMIIOHEHT, KOTOPbIH [OJIeH HAKaMMBAaTLCH B JIBTEKTHKE, BH-
HAMO, yJIAJIAETCH B OK30KOHTAKT IOTOKOM TPAaHCMAarMaTHUeCKHX ¢IIIOM/IOB.
Kpucrannusyiowmecs B 30He OwwleNauMBaHHsl KOTEKTHUECKHE MHHe pATTbl UrpaloT
ponb ocuumteneit Si0p n Al Oy, npuBHOCHMBIX BIIOHIAMH H3 GOJlee riy6o-
KMX YpOBlciH MarMatHueckux Teil. [Ipeasioskennasi MHTEpHpeTaUMss KOTEKTH-
UeCKOi IIpHPO/Ibl MOPOJ 30Hbl OLUC/TAYHBAHMA MArMbl MOXeT ObiTh BCTpeueHa
KPHTHYECKH NETPONOraMu, KOTOPbIE CUNTAIOT, UTO NPHPOLHbLE pacIiaBbl GIIH3KH
K 3BTekTHKaM. [IpoGiiema 3acnyxuBaer manbheliiell pa3paBoTky.

PaccmOTpeHHbI clyuail KHKIOTHO-OCHOBHOTO METaMAarMATHUECKOTO B3aHMO-
[eHCTBUA C MpPOABJICHHEM MEXaHH3MA OTDPAKEHHOH LEJIOUHOCTH MOIHMMAET
HOBble Bonpocel. Heobxomuma olleHka mMaciuTaboB melCTBHA 9TOTO MeXaHH3Ma
B MAarmMaTHYeCKHMX MacCCHBaX ¥ €ro pojii B O0Gpa30BaHHMM reOJIOTHYECKH 3HauM-
MbIX 06LeMOB wenowibix MarM, Ham npepcrasisiercs, uto, HOCKONBKY B OC-
HOBe 1poluecca J1exHT AUhdY3HOHHBIH MeXaHU3M IBHKEHHA Lueliouei HaBCTpeuy
BLIXOJSILLEMY M3 Marmbl IIOTOKY (DIIIOHIOB, ero HeilCcTBHE 33 TeoJIOTHMYeCKH
pasyMHOe Bpemsi [OJKHO ObITE OrPaHHUYEHO NMepPBbIMH MeTpamu. O6bIYHO 30HbBI
OLIENTAUMBAHHA MArM He MNpEBBIUAIOT OJHOTO MeTpa. ITO MOATBEPXKIAETCH
Habnonenussmu A1, Tlonomapesoit [116, c. 76~89], u3yuaBuiell KOHTaKThI
MHOTOMMCITEHHBIX TpalHHTOMIOHBIX M CHEHHMTOMOHBIX MaccuMBOB KazaxcTaHa,
Y3eGekucrana, Antas, Ypana. M3 cKa3aHHOro cllefyeT, 4ro paccMOTpEHHbIN
cnoco6 06pa3oBaHMA MarmM MNOBLILIEHHOH LIENIOUHOMETAaIBHOCTH He MOXKeT
TNPUBOAMTDL K (hOpMHPOBAHHIO HX 3HAUHTENIbHBIX 06beMOB. O 6pa3oBaHHble TAKHM
lyTeM pacrulaBbl, MO-BUIMMOMY, XapaKTepHbl A KpaeBblX auuil UHTpY3H-
BOB, 3aJIeralolliMX B TONWAX OCHOBHOIO cOCTaBa. BHIMMO, OHH MOTyT Takke
00pa30BbLIBaTh anodH3apHble OTBETBIICHHA MAcCMBOB M OTPaHHYEHHOE KOJIH-
YECTBO 1HeBOJIbUIMX NANKOBBIX TeJl.

®OpMHPOBAHHE KPYNHDIX 0GBEMOB MArM NOBBILIEHHOH H BHICOKOM 1IEJIOUHO-
METANbHOCTH MPH YYACTHH METAMAarMaTHYeCKHX MpOIECCOB BO3MOXHO B IpO-
LecCe MAarmMaTHUYeCKOIO 3aMelleHHsl TOJIL OCHOBHOIO COCTAaBa H MX YACTHUHOIO
nnassiciuA. Tax, npu o6cyxmeHnn GEHUTH3AUMH  (pHCUO PPUTH3ALMK) HHOMM-
TOB B KOHTAKTaX HedelHHCHEHHTOBbIX MarmM XHOHHCKOIO IUIyTOHAa yXe He-
MOHCTPHpOBauCh NOAOGHbIe sBieHHs. HanmomuuM, uto npu uHGMIBTpauMH
TPAHCMarMaTHUCCKHX (JIIOMAOB B BBICOKOOCHOBHYIO Cpefly HHOJUTOB NPOHCXO-
A0 peakuMoIlHoe MOBBIIEHHE LUEIOUHOCTH Cpelbl [0 HeOOBIMAaliHO BBICOKOM
aKTHBHOCTH K, O. TIpH vacTHUHOM IJIABJIEHHM METACOMATHTOB BO3HHKAIOT OT-

Reuaiolle  3THM YCIOBHAM 3BTEKTOM[HBIC paCIUIaBbl, CYLUECTBEHHO Obora-
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LWIeHHbIC HedeMMHOM, Kauumiat B HHX ABJISAETCH KOTeKTHUCCKON hasoit. [Ipor-
PECCHBHOE IUIaBJIeHHE B JTHX YCJIOBHAX HaNpaBlieHO Ha 00pazoBalue MATM
BBICOKOH KaJIHEBOH LUETOUHOCTH, OTIHUAIIIMXCA OT MATePHHCKMX armauio-
BbIX, HEe(ESTMHCHEHNTOBBLIX MArM XHGHHHTOBOIO H JIIBOUOPPHTDOHARTOBOIO
KOMIUIeKCOB XHOHHCKOTO IUTYyTOHa, (EHWTH3ALUMsi W YACTHYHOE [LT4BJIEHHC
KPEMHEKHCIIBIX THEACOB B KOHTAKTe XMOHHHTOB NPOMCXOMMIIO, KaK Gbljo
MOKa3aHO, B yCIOBHAX BBICOKOH akTHBHOCTH Na, O u 3aBepiuanocy o6pazosa-
HMEM arfaHTOBbIX PACINIABOB MarMaTHYECKOTO 3aMelILEeHHS.

CxoHble MeXaHW3Mbl, BHAMMO, HEHCTBYIOT NpH TPAHHTH3ALMH YapHOKH-
T0BbIX KOMILIekcoB [I.C. Kopxuuckum (1962 r.) 6bU10 BBICKA3aHO 11 pEMIONO-
XeHHe O (OPMHMPOBAHWH YAPHOKHTOBBIX [1apareHe3HCOB, YCTOHUMBBIX 1npH
BBICOKOM XHMHYeCKOM mnoreHuuane K,O, B pesynbrate I'paHMTH3ALUHH BBICO-
KOOCHOBHBIX Ga3HTOBBIX TOJLI, ITHM Xe YCJIOBHSM MOJIKHBI COOTBETCTBOBATh
U IBTEKTOMIHBIC DACIUIaBbl YACTHUHOTO IUIABIIEHMS, TMpPeJICTABIIEHHbIE JICHKO-
COMAMH MUIMaTHTOB. QUeBHIHO, IBTCKTOMIHble pacriaBbl GyayT oBorauleHbl
KBapleM M ApYrUMH OeCKWIHEBLIMU H HU3KOKAIHEBBIMH MHHCpAIAMH (OCHOB-
HBIM TUIarHOKJIa30M, THIEPCTEHOM, KOPIAHEPHTOM, IPAHATOM, KIIHHOIHPOKCC-
HoM) . HerpymHo samernts, uro sty MHHEPANbl THNHWMbBI 1A JHIAepOHTOB JIeil-
KOCOM, UPE3BbIUAHHO XAPAKTEPHBIX I MHUIMATHTOB UYipHOKHMTOBLIX KOMII-
JIEKCOB.

TakuM o06pa3zoM, ruioresa meramarmartiama J1,.C. Kopxuhekoro moxer
BbITE yCHelHo MpHMeHeHa [UIs MOHUMAHHUA pSifia CIIONKHBIX H elle HeoBbscH -
HbIX MPOSBJICHHH MarmMaTH3ma, Bblolle paccMOTpeHbI JIHIIL HEKOTOPBIC H3 HIX.
HanpHeiiluee pasBHTHE THIIOTe3bl TpPeNCTABISEICA MOJEIHbIM B paspaboTke
TEOPHH MarmMoo6pa3oBaHus,

HEACTBHA TPAHCMATMATHYECKHX OJTIOHIOB
HA OTAIIE KPHCTAMJIM3AUHMH MAIM

PaccMotpeHHble Bbmle NMpolecchl W MX Pe3yBTATHI MOTYT HCIOJNBb30BATHCH
B KayeCTBe IPH3HAKOB NMOTOKOB TPaHCMarMaTHYECKHX, MaHTHIHBIX (IIIOHIOB.
OnHako ompITa MX WHPOKOTO PACHO3HABAHHSA elic He HAKOILICHO, WIO 3aTpyi-
HHET NOHMMaHMe U OINCAaHHE MPHPOIHBIX OGBEKTOB ¢ TPAHCMArMAaTHUECKHMH
¢rnronamu. CyluecTByeT BO3MOXKHOCTS pa3paboTKH GOMee NPOCTBIX KPHTEPUEB,
OCHOBAHHBIX Ha MpUHUHIIE CMEUIEHUs KOTEKTHYECKHX JIMHMH H 3BTCKTHK OT
BITHAHHA MHTEHCHBHBIX IapaMETpPOB, B TOM WHC/le OT (BH3HKO-XHMHUSCKHX
cBOHCTB  mronpioB. Hanpumep, poct o6uiero nasnenus o S k6ap B cyXoil
00CTaHOBKE MNPHBOJAMT K COKpALUEHHI0 OG/IaCTH PeaKUHMOHHBLIX COOTHOLLEHHIT
OJIMBHHA C M3BECTKOBO-WUEJIOUHBIM 6a3anbroBbIM paciulaBom. PocT jaBienus
BOAbI CTaGWIM3UpYeT OJIMBMH B Marme 1o 60jiee BHICOKHX aBricHuil. JloGaBra
B cucteMy CO, meHcTBYeT MPOTHBONOJIOKHO BOJE, a I0BGABKH OPTOKIA30BOTO
¥ aThOUTOBOTO KOMIIOHEHTOB OKAa3bIBAKT TakKoe >Ke BIHAHIHC, KAaK H BOIL,
MoxHo oxupats, uro noGaska K;O H Ni; O BO mIOHIHO-MATMATIHYECK VIO
CHCTEMY IIOBBICHT PAaCTBOPHMOCTb BO UiOHIE KPSMHCKHCIOTHL H COOTHRTCT-
BEeHHO PACIUMPHUT M0JIe KPHCTAUIM3alHH OJIMBHHA U3 paciUlaBa.

PaccMoTpHM B3auMoOzeiicTBHe (NIOHIOB, MATMBI M BBIIEHNAIOUNIXCH H3 Hoe
KpUCTA/IOB.  Ecni ¢riionp nonagaer B MArMaTHUCCKYI0 KaMepy HIH B Olipe-
HOeJIeHHYI0 YacTh ce, IC puHee HAayanach ywe KPHCTALIM3AUM B OGCTIHOBKC.
He[IOCBILICHHOH  (DIIOMIOM, TO BBHAY pasnHuisi IOACGKeHHH M COueTaHHil
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Puc. 25. CxemMa cmeileHHst AUKBUAYycCa

H COMMAOyca IJIAIHOKJIA30BOR CHCTCMBI

(1) c pocToM KMCIOTHOCTH (2) Hachl-

wapoumx  ee  duitonnon.  [losicHeHns
B TCKCTE

MHudrocms

TIOJIeH KPUCTAIIIM3AlMH B ~CyXOR™
M HaCblLeHHOH ¢IIIOHIOM CHCTe-
Max palice BbIJETHBIIMECS U3 MAar-
Mbl KDHCT&/UIbl [OJNXHbI pearu-
pOB4Th C MaTepUHCKHM pacIUla-
BoM. Ilpn 3TOM HekOTOpbie MuHe-

Temnepamypa

/

e —_—2 pajibl MOTYT pacTBOPATHCA, HHKOH-
TPY3HTHO  TUIaBUTBbCA,  [pyTde
> fojlee  MHTEHCHMBHO KpUCTAUIH-

Ansbum Anopmum

30BaTbCA C BO3MOXHBIM HM3Me-
HEHMEM XHMHYECKOTO COCTaBa,
BakHbIMH aKTOpPaMH M3IMEHEHHHl HOJeil KPHCTAINM3ALMH MarMbl SBJIAIOTCA
KHCIIOTHOCTb, OKWCIMTENbHBIA TNOTeHUMan, GYTHTHBHOCTE KMUCIOpPOJa, Cepbl,
bTOpa M APYTHX JIETYYHX B PABHOBECHBIX C Marmoit dionaax. Wameneme 3ux
1apaMeTpOB BO (IIOMIaX NPUBOIMT K H3MEHEHHIO B COO THOLUCHHMAX H COCTABE
KPHCTWUIM3YIOWMXCH U3 MarMbl ¢a3,

Ha ocHoBe 31HX B3aMmoneicTBMi ™Mbl NpemnaraeM Ha oBcyskIeHHe MeTOX
bHUKCcAUUN 1yTeH [BHXKCHHA TPAHCMAarMaTHUcCKMX (IIIOHIOB uepe3 MarmMaTH-
yeckue ' Kamepbl. B kaHanax npoxoxueHuA GIIOHICB YCHOBHMA KpHCTaLIH3a-
IHH MCXOOHBIX MarM H3MeHATCA, UTO BBHIPA3HTCd B CMelieHHM paBHOBecHH M
COOTBETCTBYIOIMX PEAKIHH MeXJIy MarmMod M paHee BbIHETMBIUMMHCA KpHC-
TAI1aMH.

B kauecrBe npocrediiero npumepa paccMOTPHM M3MeHeHHe XO[a KpHCTal-
JM3aUMK  IDIArMOKIIA30B B Mdrme J1eHKOKDAaTOBhIX IUIarHOTpaHUTOB IIpH BO3-
PACTAaHHM KHCIIOTHOCTH UPUCYTCTBYIOLUMX B cHcTeMe ¢uiton:108. TakoH Mpolecc
MPOHCXOMUT NPH METAMATMATUYeCKOH Jiebasu(PUKAUUH OXI1aXIEHHBIX Marm
B JHJIOKOHTaKTOBbIX (halUAX MaccHBOB. Tak Kak KBapl ABNAeTcA 6onee KHCIO-
TOGWIbHBIM MHHEPATOM, UeM IUIaTHOKIIA3, TO ¢ POCTOM KHCIOTHOCTH GIIUOOB
NoJle KPUCTAJIIIM3aLMK KBapla HOJIKHO pacLIMpATbCA, a TeMIlepaTypa KpUCTal-
TIM3aUMK  TDT4THOKIIa30B HECKOJIBKO TNOHM3MTcA (pHC. 25), COOTBETCTBEHHO
nojie  KPHUCTA/UIM3aUMH  IJIaTHOKIIa30B  CMeCTHTCA Ha J[MarpamMme BIIPaBO
(nynkTHpHble NMHHKM). Tlpeanonoxu™, 4TO cOCTaB Marmsl XapakTepuayeTcH
Toukoh X. Torpa npu temnepatype 77 mMarma Gyfet NpecTaBieHa XHIKOCTBIO
cocTaBa X M paBHOBeCHBIMHM C HeH KpHCTalIaMM Mnaruokmasa cocraBa K. Eciu
B JTOT MOMEHT KHCNIOTHOCTb  (ITIOMJIOB M BO BCeH CHCTeMe BO3pacTeT, TO
;lMarpamMMa NpuoGpeTacT BUA, 0OO3HaYeHHBIH NYHKTHPOM. B HOBBIX ycIioBUSX
IIAIHOKNA3Ll cocTaBa K OKaXKyTCs HeYCTOMYMBBIMH, CTaHYT pacluIaBiIAThCH
¥ pacTBOpATbCA B MarMe, NpuoOperast Gonee aHoprutoBhIM coctae K. Ilpu
31O0M 06pasycTcs 1eBONBIIOE KOJIMUECTBO pAciUlaBa Xy, CMELIMBAIOLICTOCA ¢
AMUKOCTbI0. TIpy OTCYTCTBHM TIOJIHOTO paBHOBECHS MeXIY pACIUIAaBOM H
UEHTpa/IbHBIMH  YacTAMH paHee BbUIENHBUINXCA KPHUCTAIIOB, YTO BIIOJHe
BCPOATHO M3-32 MalOW cKOPOCTH HHbdY3UM A; B IIATHOKNA3aX H BO3MOX-
HOro OpOHMpOBaHMA O06ONOYKaMM ©ONlee OCHOBHBIX [TarMOKIIa30B, 0b6pa3y-
IOTCA KPUCTAIbI ¢ OOGpaTHOM 30HANBHOCTBIO. [IpH yuere GpPOHMpPOBAHMA LEHT-
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PAIbHBIX Yacred pailee BbIACIIWBIUIMACA KPHCTAMIOR IUIATHOKI1d32a KONMHYCCTBO
oBpasywoweiics IpH 3TOM SKHIKOCTH OKaXeTcA MEHBLIE TeopPeTHUCCKOTO. JTH
OCITOXHEHUS Ha JHATPaMMe H2 OTPaskeHbl.

Ha puc. 25 pasoOpan ciydait 0EpasoBanuss KPHCTAIUIOB [LI2ZFHOKIA3ZA ¢
BHEIIHUMH 30HAMH, O6CraiileHHbIMH anopmmaoﬁ MORCKYHOI“! 0 CpdR HeHIO
¢ Bonee KUCIbIMA BHYTpeHHUME. TaxHe c1ydau 0GbluHDI B IPGHHTAX, HO BCTpe-
HalOTCA JIMWb B OTLENbHBIX YyYacTKax eHHOrO maccHBa. MHOTHe CHMTAIOT. 4TO
BO3HMKHOBEHHE B IUIAr0KIIa3aX OBpaTHOH 30HaBbHOCTH OBYCNOBIEHO KCeHO-
FeHHOM MpizpofIoll BHYTPeHHUX uYacTell IDIATMOKIIG30B MIH Pa3’oOrpeROM Marm
BHOBb BHEJIDHBLLIEACA MOPUHEH TOPAYMX paciinanpos. OHAKO JOKAILHBIN XapaK-
Tep JTHUX SBJICHME B MAcCHBAX JIOTMUHeE CBA3ATH CC CTpYHUiThIM CTPOCHHE M
[i0TOKA TpaHCMarMaTHYeCKHX hMIOMOOB, KCTOpble MAJiO BIIMAIOT HAd BaJOBbLIA
COCT4B IIOPOfBL,

Obcyxaembie ABIEHMS MpeaCTaBIAWT 6OMbLION HeTpONOruuecKHil Hitepec
BBHLY LMPOKOrO pAcCNpOCTPAHCHMA B MAarMaTHYECKHX MOPOAX MHHEPAiOB,
HACTH'HO KOOPAMHAPORAHHBIX MArMOH, PHTMHYHO 30HAJIBHDIX HIIH NK PYKCHHBIX
OBonoukamy Ipyrux muHepanos. [peanosaraem, uto Takue NpOHRCChl MOTiIH
BbI3BATb OOpa3OBaHME ReKOTOPBIX THIMOB MArMATIHIECKHX 1IOPOL ¢ OPOMKVIIAp-
HLIMH CTPYKTYpPaMH, 0CuDEHHO B CIyudnx o PHTMHUYHO-30HA/ IbHBINE OBOH NN
Ho 31oT BOmpoc TpeByeT clisiM@ILHOrO OBCYRIACHHS, 3AMCTHM JHUDL, 4Fo
HepaBHOMcpHOCTb ﬂpOHBJV\“HHH TAaKHUX TEKCTYP B MAIMMITHUYCCKHX TeadxX M
OTCYTCTBHE HX  CBAM C COCTABOM MNGPOL JIETKO OODLACHALICH (. HOHLHO M .-
[HYECKUM B33aMMOJCHCTBLEM, B PAMKAX pACPOCTPAHEHHDBIX TETPOIOTIICCR
KOHU,emJ.Hﬁ 3TH 06pa30BaHHH Jvalge BCero e NMOMYyYdT YAOBIETBOPDHTCIILHOTO
ObbAcHeHus. Hccnemosanne BIMAHMA GIIOHOOB HA KPUETALIM3AWEO MATM
TNO3BOJIMT pa3paboTaTh CHUCTEMY METPOrpadHUYecKUX NMPHIHUKOB KAHAICB [IBH-
KEHUS TPAHCMArMATHYECKUX (DIIIOMIOB B MArMATHUYECKHX KiMepaX.,
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FamH. OIHAKO He TpyIHO 3aMETHTb, YTO THIOTe3a NPOMCKYTOUHBIX OYATOB
HC YCTpAaHAET NpPOTHBOpEUHi yNpOLLEHHO TPAKTOBKH CBS3H OpYJICHCHHS C
MarmMamH 1 JIMLDb NEPEHOCHT MX Ha Ii1yGHHBI, MoKa HCLOCTYTIHDIE ISl TIPHMOTO
neenenosanus, Heynaun ¢ goxasarenscrBom IlpeanosiaraeMoro cnocoba mMoGH-
JH3AUMH PYIHOTO BEUIECTBA MArM Ha KOHKDETHO HCCNeNOBaHHDIX HHTPY3HBAX
MOPOX/JaI0T OBOCHOBAHHBIE COMHEHMS B MPaBHIILHOCTH THMOTE3bI NPOMEKY TOU-
HbIX OYaroB,

B Hacrosuee Bpems UOMYTIAPHOH CTaHOBHTCA TPAaKTOBKA CBA3H OpyHeHeHH
PacCMaTpHBAEMBIX THIOB MECTO POKHACHHI ¢ MATMAMH KaK CBAH3H, OlIOCpe/IOBaH-
HOH MaHTUHHBIMM dnronmamu [25, 54, 114, 122]. DeitctBuTensHo, NOCKOJbKY
MCTOUHHKOM WIH HHHLUHMAaTOPOM 3apOXIeHHS MArMm M PYIOHOCHBIX ¢ritoHIoB
ABNIAETCA MaHTHH, TO OYEBHIHOH CTAaHOBHTCH IIPOCTPaHCTBEHHAS U BellleCTBEH-
Hafg KOppelnsAUuMA OpyleHeHHH ¢ MarmMaTHuYeCKHMM o6pasoBanuami. [lpu stom
CHHMAKTCA IIaBHple MPOTHBOPeUUs NpefbINyLieil THIOTeb] - TIOCKOJIbKY MeTan-
7Ibl IIPHBHOCATCA He TOJIBKO M He CTOJIBKO MAarmoit, a u NapareHeTHYeCKH CBA-
3aHHPIMH C Hell MaHTHHHbIMM GIIOMIAMH, TO H 0Bbem Py He obsa3zatenbHo
OymeT 3aBHceTh OT Macurraba Marmatusma M CONEPX>KAHHA TOJIE3HBIX KOMIIO-
HEHTOB B pacIUlaBax.

HpennpuusToe Hamu paHee pacCMOTpEHHe 3TOH THNOTe3b! 1I0KA3AT0, YIO K
OHa HeJHlueHa mpotuBopewnit [25]. HeitctBuTensho, B paMKax THNOTe3bl
npepnonaraercs [87, 114 u ap.] HEKOTODas NMPOCTPaHCTBEHHAS He3aBUCHMOCTb
B TIepEMEIUEHHH MarM M MaHTHHHbBIX GITIonnoB. MHora AONYCKAKT BO3MOX-
HOCTb mNepeMeLIeHHs] MaHTHHHBIX (ITIOHIOB Ge3 NIPOSIBJIEHHH MarMatu3ma,
B 3mux monoxennsx KpOeTCH BHYTpeHHAS NPOTHBOPEYHBOCTH THMOTe3bl, Tak,
OUEBHIIHO, YTO B 30HaX INTyGHHHBIX PasfioMOB, O KOTOPBIM NpPeaNosio)HTe bHO
NONHUMAIOTCA MaHTHITHbIE (BIIIOHIbI, B MaHTHHM OGS3aTeNbHO HOJTKHBI 06paso-
BaThCcA pacibiaBbl H3-3a I‘OCHOJICTB}/}OIL[HX TaM BBICOKHX TCMIICpaTyp H CHHXe-
HHA [1aBJIeHHH B 30HAaX TeKTOHHMYECKHX Hapyuienuit. CiienoBatenbHo, 110 r1y-
GHHLIM pa3lomaM IIOJIKOPOBOTO 3a0%KeHH s OBA3aTENIBHO Oy LyT HOMHHMATBCS
KaK MaHTHiHbIe QIIOHObI, TaK M MATMbI, Kpome ToOrO0, NOHMMCHHAN HPOHH-
UaeMOCTh KPHCTAJUIMYECKHX MOPON Ha GO bILON ryGHHe, HecoMHeHHOe
PaclpOCTpaHeHHe B 3THX YQIOBHSAX IePeCHILUEHHDIX PacTBOPOB LOJIKHBI Iipe-
IIATCTBOBATh [UINTENIBHOMY CYILECTBOBAHHIO 30H TpewHHoBatocTH. Ilostomy
APCHUPOBaHHe MaHTHH BePOATHEe BCETO JIONKHO OCYILECTBIIATbCA yepe3 Marma-
THYECKHE CTONGBI, IO KOTOPIM (TIOHILI MOTYT MOIHHMATBCS KaK 3a CueT rpa-
BHTAallMOHHOIO MeXaHH3Ma, TdK M KOHBEKUHH BOIaThIX dmonzom 1opuui
pactutapo  [36]. U nocremmee. O61wenpusHano, YT0 B MaHTHH TOCMOJICTBYIOT
BOCCTaHOBHTeNbHbIe YTOBUA. [03TOMy H MaHTHitHbBIe drironbl HONKHBI GbITh
BOCcTaHOBUTENbHBIMH. Ipu nBusxeHny uepes TNOpOMIb! 3¢MHOH KOpBI OHHM BymyT
OKHCJIATECA M TepATb CBOM IepBOHAYAIbHBIE CBOHCTBA K CIIOCOBHOCTH K
NEPEHOCY NMOJIE3HbIX KOMIIOHEHTOB,

U3noxeHHble cooBpaxeHus [IpHBE/IH HAac K 3aKJII0YeHHI, YTO TFHIOTe3a 06
'YYaCTHH MaHTHAHBIX (VIIOHIOB B PY0OBpa3oBaHHH NONIXHa GbITh CBemeHa K

THIIOTE3¢ pONIM  TPAHCMarMaTHYecKHX (IHIOB B  9TON npobneme. Ilon
TpaHCMArmMaTHue CKUMH GITIOMIAMHU [IOHUMAKOTCS, 1o J1.C. KopxaHckomy, man-
THHHBIe GIIIOMIBI, COCOBHDBIE TeM MIIM HHBIM TyTeM NMPOXOIHTb Uepe3 Marmol.
Tunotesa o pynoo6pasyroupix TPaHCMAarmMaTHYecKUX GIIOHAAX JIHIIEHa Hepoc-
TaTKoB NpebIIYIIeH THIOTe3bl. B uacTHOCTH, Marmpr, mo KOTOPBIM JIBHXYTCH
MaHTHAHbIe BITIOMMBI, CIIOCOGHDI IIPCIOXPAHUTD HX OT OKHCIEHHS KOPOBBIMH
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MOPOJIAMH, NIOCKOJILKY € TOCHEIHHMH PCATHPYIOT TOJILKO JHAOKOHTAKTOBhIE
43CTH MarmatHieckux Ttest. KpoMe toro, u3-aa 61M30cTH IWIOTHOCTEH CHIIMKAT-
HBIX pacILTABOB H BMEUIAIOLIX 110POL 3eMHON KOPBI Marmsl, BeposATHO, MOTYT
CONPOTUBILITLCH TCKTOHHUECKHM HANPAKeHUAM 3a CYeT NABJICHUA Bbilllepaciio-
JIOXKEHHOTO cT0J164 »uAKOCTH. TeM cambiM MarmaTHuecKMe KOOHHDI oynyt
CIIOCOBCTBOBATH 1POJION AHTETLHOMY APEHHPOBAHHIO [A30B MAaHTHH.

Mnes yuacTa TpaHcMarmaTtHueckMx (IIOMIOB B pPynoo6pa3oBaHHH ke
MMCCT CBOI0 HCTODHIO, XOTA M HENpOJOJIKHTE/IbHYI0. BllepBble OHa He3aBH-
cumo 6puta Brickasana JI.C. Boponutsim u A.C. Tasnenko B 1970 r. NIPHMe pPHO
B ¢dopMme Takoro yTeepiienusi. Eciu TpaHcmarmatHueckye ditouapl cyuect-
BYIOT (B YeM aBTOPbI He COMHEBAINCH), TO OHH He MOTYT OBITb CTEPWIBHBI H
OOJDXHBI YyY4acTBOBAaTL B pynooGpa3oBaHMH, B 1opo6Hoit ke ¢dopme, HO B
OGCTOATENLHON CTaThe 3Ta MbICTb O6cyskmanach 3arem JIH. OBUYHHHHKOBBIM
[87]. UM oTmeuanock, ¥ro B NMONb3Y TAKOTO Npe[ICTaBIeHUsl CBUIETENbCTBYIOT
OTpOMHblE KOJIMYECTBA METAIOB, BBIHOCHMBIX BYITKaHMYECKHMM Ta3aMu npu
u3BepxkeHuax, JLH. OBuMHHHKOB ccbutanica Takxe Ha Gojlee paHHIoW paGoTy
JLU. labbuna [118], KOTOpbIH 1OKa3al, UTO YacTb MAarHeTHTA MarHe3Halib-
HO-CKApHOBBIX MECTOpOXIeHHH 06pa3oBajlach Ha MarmaTHuecKOH CTaiuH
Tpaicmarmatnueckumu  duitongamu, Takum o6pasom, B paGote JILU. laGpr-
HHHA BliepBble [10Ka3aTeNbHO YTBEPXNANOCh YYaCTHE TpPaHCMArmaTHYeCKHX
¢rrounos B oHEOTeHHOM pymooGpa3oBanny. Heckonbko mossxe I.C. KopxiuHe-
Kuit (1979 r.) npennonoxmst yuactue TpaHCMAarmMaTHuecKUX ¢roHaoB B 06pa-
3OBaHUU JIHKBALUMOHHOR cynbpUOHON BKPATUIEHHOCTH B GAa3UTOBBLIX MArMax
NIOHMXKEHHON LIENIOUWHOCTH B pe3ysbTaTe WX MeTaMarMaTHUeCKOll nebasudu-
Kauuu. 3atem A.B. Jlamubeim (ycTHoe coo6ienue, 1979 r.) GbUI0 BBICKAa3aHO
TTpearooxetue 06 yyacTHM TPaHCMAarMaTHuecKHX (ITIOHIOB B bopMUpOBaHHU
PCIIKOMETANBHOH MUHEPAIM3aMKH B CBA3K ¢ KAPGOHATHTOBBIMM MaccHBaMH,
a A.T. Xabuuwim ¢ B.C. Tnagkux [116] cdopmymuposano npencraBnenue o
FEHE3NUCE HEKOTODLIX THUMOB KOJIYEJAHHLIX PYH B CBA3H C ABJICHUAMM MeTa-
MarmaTHueckon audbbepeHumanmu.

HanGonee onpepenenno u oBcrostensHo yuacrue TPaHCMAarmMaTHye CKHX
GITIOMIOB B pyn006pa3OBaHUU BBIABHIIOCH Tipu u3yyenun Tanuaxckoro pyaHoro
y3na cynbQHIHbIX MeJIHO-HHKENEBbIX py/ TpammoBoil dopmauuu [24]. Itomy
BraronpuATCTBOBANA BBICOKAA CTeNeHb H3YuelHOCTH MarmMaTHyecKHXx, MeTa-
comaTHyeckux 06pazoBanuit ¥ pyn Tanuaxckoro H CXOHOHOrO ¢ HMM Hopms-
CKOTo pyaHoro yana, [Io oTHM o6beKTaM OnyGIHKOBAHO Gollee NECATKA MOHO-
rpadguilt ¥ MOHOrpapHUeCKHX COOPHHKOB, a TAKsKe MHOTO CTaTeil Cre /Ly oM X
apTopos: B.B. 3omotyxuna, A.B. Tapacona, A ]I, l'enxnua, A.A, OWINMOHOBOIA,
B.B. Huctnepa, B.A, Kosanenxepa, 1.A, Jonuua, M.H. Fomnesckoro, .M. Ty-
posuesa, B.B. I0guuoit, H.C. F'op6auesa, M.D. Cmuprosa, H.T'. Porosep u MHO-
r1e Opyrue,

Hanosxennbte akTbl JErnM B OCHOBY copmynupoBaHHOi Hamu Gornee
OGIICH TUNOTe3bl YYacTHsA TPAHCMATMATHYECKHX (hITIOMIOB B dbopmMHpOBaHMH
KaK COOCTBEHHO MAarMaTHYeCKHX, TaK M MOC/TeMAarMaTHUe CKUX MeCTOPO>KIeHHH
MArmaTorenHo# npuponst [25]. Cyrb 5T rHMOTesbl CBOMUTCH K CIEAYIOUMM
nonoxeuaM. KpylHpie pynHble MeCTOpoxieHMs paccMaTpHBAaeMOro THMa
00pa3yioTcs NOJNE3HBIMH IKOMIOHEHTAMHM, BHIHOCHMBIMHM M3 TIYGHH He COBCT-
BEHHO MAarmMamu, a CONpPOBOXOAIOWIMMH MX MOTOKAMH TpPaHCMATMAaTHYeCKHX
¢oMIoB, 061aNAIMMMH BOCCTAHOBUTENBHBIM XapaKTepoM. ITonesHble KOM-
120

NOHEHTDI, BbUIENAOLMECA HeMOCPEICTBCHHO U3 PacliIaBoB 1IpH KpHCTAIIH3A-
1UHH, B KOIMUECTBEHHOM OTHOLLCHHH He [OCTATOMHBI U5 ¢opmipoBalMa Kpyn-
HBIX DYNHDBIX KOHUCHTPAUMii U MOTYT 0Gpa3’oBbLIBATH 1L HEMPOMbILLIENHY 10
MuHepanu3aunio. I[lpn cpaBHMTeNbHON OueHKe 3HAWMOCTH ABYX HCTOUHHKOB
METAIOB  ClIe[lyeT, KOHEYHO, UMETb B BMIY, uTO MOHATHe ’MeCTOpOIeHHe”
HMEET TEXHOMOrHUECKHA CMBICT M 1O Mepe CHHKeHUs BopToBoro copepxatns
TOJIEHBIX KOMIIOHEHTOB C TOJdMM COBGCTBEHHO MAarMaTHueCKHil HCTOYHHK
METaoB GyneT NpHobpeTaTs Bee GoNbliiee MpAaKTHYECKOE 3HAYeHHe.

[IpumMeHeHHe  runortess TPAHCMATMATHYECKHX  ITIOHAOB K NONMMAlHI0
TCHE3HCA  TMOCIEMArMaTHYCCKHX  MECTOPOXKICHHI BO3MOXHO Ha OCHOBAHHH
Cllelylolero  npennonoxenua, Temiepatypuan  5somowis Marm, nepeme-
LWAIOUMXCA U3 TTYGHHBI B BEPXHHE TOPU3OHTHI 3€MHOI} KOpbL, ollpe/iesiscTcs
3aM3acoM Tella paclylaBoB (CTeNeHbio Hx NEPErpeTOCTH OTHOCHTEIILHO JIHKBH-
Ilyca), pasorpeBaoumM AciCTBHEM TPAaHCMArMaTHYECKHX BOCCTAHOBHTEIIbHDIX
¢rtounoB (Temio Bhigensercs TTPH OKHCIICHHH BITIOM0B KHCIIOPOIOM KOpOBbIX
TMOpox), CKOPOCTbIO OTBOJA TeMNa OT MArM BO BMeLauHMe NOpobl KaK 3a cyeTr
TEIUIONPOBOIHOCTH, TaK M C OTAENAIOLIMMUCA OT Marm bmonpamu (pu 3toM
MMECT 3HAYEHHE TeMIlepaTypa BMeLlatolHX Mopon M MX MPOHMUAEMOCTS).,
MoxHo cebe TIPENCTAaBHTb, YTO B MpOlLecCce MEXaHHYECKOTO HITH CIIOCO oM Marma-
THYECKOTO 3aMeLLeHHA NMPOABHXKEHHA MarM B Gofee XOJIO[HbIE BEPXHHE rOpH-
30HTbI 3€MHOM KOpBI MOXeT HACTYNUTb TaKOil MOMEHT, KOrfla TeHHOEeHUHA K
KPHCTA/IM3aUMH BO30GIafaeT Hall pa3orpeBaloluM mefcTBHe M TpaHCMarmaTi-
4eCKHX (IIIoHIOB. B 3ToM cnyuae ronmosHas wacts TIPOTSXKEHHOH Marmaruyec-
KOH KOJIOHHBI OKaeTCA 3acThIBLUEH, B TO BpemMsa Kak 6onee riny6GuHHble ec
HacTH, pacnoyarampmmecs B OBGIAacTH Bolee BBICOKHX TeOH30TepM, 6yayT
PACILIABJIEHHBIMU M CMIOCOBHBIMH NPOBOMNTH MOCTYNAIOWIHE M3 MAHTMH TpaHuc-
MArmMaTHuecKue Grionpl. ITH GIIOHIbI CTaHYT NPOHUKATb B 3aK PHUCTA/IIIM30BAB-
LIYI0CA TOJIOBHYIO YaCTh MArmMaTHYECKOH KOJIOHHbI, MeTtannyl, npusHOCHMDIE
¢rionpamMu, ABATCA UCTOUHHKOM NOCNeMAarMaTHYECKOH IO reOIOTHYeCKHM
YCIIOBHAM MHHEPAIU3aLHH,

M3 BLbIBMHYTOM runoTesb: BhiTekaer PAN BaXHbIX B NPAKTHUECKOM CMbIC/IE
cnencTBUA  [25, 54]. Teonoram XOpOWIO M3BECTHA CHJIbHaA audanpHan M
$azosas mubdepenHpoBaHHOCTS NPOAYKTHBHBIX Ha pyay maccuBoB, Cornac-
HO BbIIBHTAaeMOH TMIIOTE3e BBICOKAA mupdepeHIHALNA MArMaTHYCCKHX MaC-
CHBOB 0GYyCiOBJIeHa MHOTrOOGpa3HbIM feifcTBHEM Ha DBOJIIOLHIO PAcIUIaBOB
TpaHCMArMaTHYECKHX GIIOUKOB, ITH biloHIbI NOAOrpeBaOT MArMbl, CMOCOBCT-
Bysa G6oJlee MNONHOIl 'PABUTAUMOHHO-K pUCTaIIH3a IHOHHOM AHdbe peHumMaunu
PaCTIaBOB. 3a CUET MAarMaTHYECKOIO 3aMELICHHA B TAKHX M3CCHBaX MOTYT
BO3HMKATh HeOObrHble mupdepeHunaTsr. OIIOHIB CTOCOGHEI BBI3bIBATL B
Marmax MeTamMar MaTHueCK y1o mudbdepeH taumio U IMKBALHIO,

W3HavanbHas. pasroBecHoCTh TPaHCMAarmMaTHYecKHX (JIIOHAOB € MArmMam,
4 TaKxe, BO3MOXHO, C BBICOKOTEMIEPATYpPHBIMHU CYOCONMOYCHBIMH TIpOMYK-

. TaMH KPHCTAJUIH3Y IOILUXCA pacruiaBoB ONpEnEsIAIOT reOXHUMHUYECKOE CXOACTBO

MACCHBOB CO CJ1abpIM WM 3HAYMTENBHBIM [OTOKOM TPAHCMArMAaTHYECKHX
¢mionpos. 3TuM, ¢ Hawed TOUKHM 3peHHA, OOBACHAETCA paclpOCTpaHEeHHasn
TEOXMMUUECKAA HICHTHYHOCTb MPOAYKTHBHBIX Ha pydy M HeIlPOIY KTHBHBIX
MACCHBOB €[IMHOTO MAarMaTHYecKOrO KOMILTeKca. B To e BpeMA aKTHBHOe
HeACTBHE (ITIOMIOB MOXeT FeOXMMHYECKH 3aHKCHPOBATbCH B JHIOKOHTAKTO-
BBIX YACTAX MACCHBOB, & TaKke B MX JK30KOHTAKTAX, Ifle HPOHCXOOHT B3aHMO-
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JIEHCTBHE BOCCT4AHOBUTEN bHBIX TPAHCMATIMaTHYeCKHX (IIIOHIOB ¢ OKHCIIUTENIBHOH
06cTaHOBKOH KOPOBLIX 1HOpoA. C ITHM Mbl CBS3bIBAaEM M3BECTHOE BO3pacTaHHe
CTaTHCTHYECKHX 11apaMeTpPOB paclipelie/ieHUsl pyIHbIX KOMIIOHEHTOB B 3HIOKOH-
TAKTaX HPOUYKTUBHBIX MACCHBOB, a TaKXe OOHapy)eHHe BOKpPYT HHX NepBHU-
HBIX JIMAHALHOHHLIX OPEOJIOB IMOJIE3HBIX METAIIOB B KOHTAKTOBO-METaMOp-
¢dhuuecknx obpasosanusx (TaycoH, 1979 r.).

Heymautible NONBITKM HAaWTH B O6HaXKeHHBIX Ha MECTOPOXACHUSAX MAaCCUBOB
MArMaTHYCCKHX 1IOpOL  YYacTKH, ABJIABUIMECS HCTOUHHKOM IOJIE3HBIX KOM-
IIOHEHTOB, Mbl CBA3pIBA€M C PAaBHOBECHOCTBHIO PYHOHOCHBIX TpaHCcMarmartuuyec-
KMX (UIIOHIOB C elle He OXIaMBUIMMHCA CYOCONMMIOYCHBIMH IPOILYKTaMH
KpucTrauiM3auuu Marmol, [1pn o6bivHOM NOXOME 3aTpyHHHTE/ILHO ObUTO OOHa-
PYAKHTH W IYTH NPOCIYHBAHUA PYIHOHOCHBIX (T)JHOHLIOB Yyepe3 MarmMatHucckue
Tejld, B DHOOKOHTAKTaX KOTOPBIX paclosiaraloTcsi HEKOTOPble THIBI MeCTO-
POIEHHH, HAallpUMep I'PeH3¢HOBbIC M PEIKOMETaSIbHble OHTOHHTOBLIE M allbOH-
THTOBBIC. ITH MECTOPOXKIEHHA Kak Obl He UMeloT KopHel, Ho u MHoTHe fpyrue
MECTOPOXOCHHA TaKXe BBIKJIMHUBAWTCA Ha TNyOHHY, XOTHA D1y GUHHBIA
MCTOUHWK KX pYLUHOTO BelllecTBAa HeCOMHeHeH. Takoe BBLIKIIHHMBAHHE MECTO-
pOXHeH:«H Ha IMyGHHY, Ha Hall B3MJIAL, ClelyeT CBA3bIBATh ¢ HECIIOCOBHOCTHIO
TpaHCMarMaTHUeCKHX (UIIOHIOB OTIaraTth pyHHOC BEUIeCTBO B 30HaX BBICOKHX
TeMIlepaTyp, 0cOBEHHO B cpefle MarMaTHYeCKHUX N0 PO, 5 '

Bo3moxHOCTb NpUIIOKEHHS aHAIOTHYHBLIX NMpelCcTaBleHUH [UIsi NOCiieMarma-
THYECKHX MeCTOpOXIeHHH nokasaHa A.A. OGoseHckum [86] Ha mpumepe
pTyTH. 3Ta pa3paboTKa LieHHa TeM, YTO [EeMOHCTPHPYET BO3MOXHOCTh NpHIIO-
XKCHHUA THUNOTE3bl TpaHCMArMaTHYECKHUX (pII}OHHOB K HH3KOTEeMIIEpPaTy pHbIM
MECTOPOXKIECHUAM, JIMUIL OTOHAJTIEHHO CBA3aHHBIM C MAarMaTH3MOM, . .

'nnoTe3a TpaHcMarmMaTHUeCKHX (ITIOMHOB &TbTePHATHBHA CXOHHOH C Heit
rHNoTe3e IPOMEXYTOUHBIX OYaroB, KaK HCTOUHMKOB DYIHBIX KOMIIOHEHTOB.
Ona no3Bonser 0GONTH 3aTPyHOHEHHA C I'€OXMMHUYECKOH M METaNIOreHHYeCKOM
ClleUMaTH3aUuAMH MarM, HeoOXOaMMOCTbI0 BOJIBLIMX 0BbEMOB MarMaTHUeCKHX
Macc WISl 3HIOTCHHBIX MECTOPOXIEHHH.

POJIb TPAHCMATMATHYECKHUX OIHOHUOO0B

B ®OPMHPOBAHHUHU JIMKBALUHOHHBIX CYJIbOUIHBIX PY[
MECTOPOXIEHUA HOPHUIILCKOIO PAMOHA,
BYUBEJIbBACKOIrO NIAYTOHA U ABCTPAJIUH

Pyuwl, 1ipencrasiieHible paccessHHOR cylibGHIHON BKPAIUIEHHOCTbIO B He6OJIb-
KX TPAInoBbIX MHTPy3uBax Hopuibexoro pailona (Ha ceBepo-zanmame CuGup-
CKOH 1U1aT$OpMs1) M ruraHtckom Byusensackom miytone (Hxaan Adpuxa),
H3BECTHBI M HccllenyloTca Gosiee Tonyseka. HecmoTps Ha pasznyure B pazMepax
CpaBHHBAaeMbLIX MarmMaTHUYeCKHX Tell, B COCTaBE M BHYTpeHHeM CTPOEHMH HHTpY-
3UBOB, pa3Mepax pYIHBLIX TeJl BBIABJICHO HX 3HAUYUTENIBHOE CXOJNCTBO B MHHe-
PUIOTHH H TeKCTYPHbIX OcobeHHOCTAX pyH. IlpuypouenHOCTs CyNbGUOHOH H
CBA3aHHOM ¢ HeH IUIATHHOMIHOM MHHepalu3auHHM K MarmMaTHYeCKHM clIOAM
Byusensuckoro maccuba JaBHO M OJHO3HAUHO paccMaTpHBaeTcsi BCeMH Mcclle-
JOBATENIAMH KaK Pe3YJIbTAT KPHCTAUIM3dUHH pYIOHbIX MHHEpAIOB M3 KallejieK
CYJIbOUIHBIX  XKHIKOCTCH, HECMEUIHBAWIWMXCA ¢ CHIMKATHBIMH MarmMaMH.

JIuKBauMOHHLIA TreHeste cyNbGUIHONR BKpaluleHHOCTH B HHTpPY3uBax TanHaxa
1 Hopusibcka nposiieH ele sipue. YBeniueHHe pa3MepoB M KOJIHUECTBa Kallle-
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BHIIHBIX CYJIbOHIHBIX BbUIEJICHHI BHU3 110 pa3pe3y MHTDPY3MBOB B X cpellHeH
HaCTH CO3MaeT BIieYaT/IeHHe "cysibGUIHOTIO nowuA™. ONHBIH, HOHOBHO CyJib-
¢unaM, Takxke HakalUIMBaeTCsH KHH3Y W nocTHraeT 4060 06.% B ctoe MK pH-
TOBBIX Tab6po-nosIepUTOB, pacnosiaraiueMcs IIDHMEPHO B cpejitHel  HacTH
CWJIOO0Ppa3HpIX MarmaTvueckux Tten. Takoe pacnipefesieHde cyibhHIOB |
OJIHBHHA TPY[HO OOBACHMTbL WHAue, YeM I'DABUTAUMOHHBIM OMYCKAHHEM HX B
Marme. JTOMY COOTBETCTBYET KalUIEBWIHAA dopma BrineseHnil cynbdiios
(Tabnuua VIII, 3) u 0coBeHHOCTD MX BHYTPeHHEro cTpoeHus. Kaxuas Kanesnbka
pa3/leiieHa Ha NPEHMYLUECTBEHHO HUPPOTHHOBYIO HHKHIOIO UACTh M X4J bROINL-
PUTOBYI0 BEpXHIOIO, [IPHUEM I0BEPXHOCTb pa3festa Kallellb HOWTH Beelia pacto-
jlaraeTcsi ropu3oHTaTbHO. Han kasuiof cynbdbumHoi katvieil naeeTcs “UIalioq-
Ka” BOJIOCOMEPKAILMN X MHUHCPWIOB: BHOTHTA, HPCHUTA, KOTOPBIC 3aMEULH0T
TU1arMoOKJ1a3 U MHPOK CeH-CAIIUT OK pYkalLIeH MarMaTHuecK O Hopoust. B cocra-
Be 'Wwanouku” oBblYeH THIlcpeTeH, HHOIuA HPHCYTCTBYET I'PAHAT, A4HATHT,
aHTHAPHT. Taxue OCOBEHHOCTH cTpoeHUs CYNbPUOHBIX BbILeICHHIT GOJIbUIHHCT-
BO McCIenoBaTelleH CBA3LIBANT € KPHCTAULIM3AUHeH Kallelp CYJIbHIUIBIX
PAacIUIdBOB, KOTOpbIC, BO3MOXKHO, PAaCcC/IaHBAIIUCh €1le HA CYILECTBEHHO HpPpO-
THHOBYI0O W XaNIbKOMUPHUTOBYI0 XHOKOCTH, BbIICABLIIE TIpH KOHCOJHIALMH
TIETY4YHe KOMIIOHEHTBI,

YKa3aHHble OCOBEHHOCTH BepxHed 1/2-2/3 uactu paspesa PYIHO-TIPOAY K -
THBHbIX MHTpY3HBOB Tannaxa u Hopusbcka snsiorcs NpeobsiafaoutiMu 1
YCTOHUMBBIMH H OHH MHOTOKpATHO omuchmBanucy H.H, Yppanuesrim, M.H, op-
neBckuM, B.B. 3onoryxuueim, ALl Tenxuubim, A.B. Tapacoswim, ALTL. JTixa-
YCBbIM H MHOTHMH [pyrdmu. Ho pacnpocTpaeHbl H cryuam oTiIOHCHHs oOT
TdKMX 3aKOHOMEpHOCTeH, IPOABIIEHd KOHBEPreHTHOCTb, B uacTHOCTH, B MeTd-
COMATHYECKHX pY[iaX OOpa3ywTCs TeKCTYpbl, CXOMHblE C TCKCTYPAaMH JIMKRA-
IHOHHBIX Py, @ B MOC/HE[HHX — MHKDPOCTPYKTYpHble NPH3HAKH CyGcommmyc-
HOH IlepeK pHCTANIIN3aUMH, HekoTopbie M3 Takux ocoBennocteil nonomcHb: B
OCHOBY METACOMATHUYECKOH KOHLEMUMH OBpa30BAHHA BKPAMIICHNLIX B MAIMa-
THUECKHX TNOPOAAX CyNnbOUAHBIX pyH. JTa TOUKA 3peHus paccMaTpHBasach
BO MHOrMX pagotax B.B. 3onortyxuua u cotpymmkos HIIO “CeBMopreo™,
OmHAKO ¢ 3THX MO3MLMIA HEBO3MOKHO OBbSCHUTH 3aKOHOMEPHbBIE H3MEHCHHA
COMIEpH@HHUSA CYNb(PUIOB B MarmMaTHYCCKUX TeNax [0 BEPTHKAJIH, KalleBHIOHBIC
GOpMbl CYIIbOUIHLIX BbIIENCHHE, YCTOMYHBO NOBTOPSIIOLHECS OT CKBAKHHDI
K ckBaxuHe. [oatoMy 3a o6cysmaeMbiM THIIOM pY/L cilenyeT UPH3HATL Belv-
UMM JIMKBAUMOHHO-MarMaTH4eCKOe MPOMCX OXIIEHHE.,

NPOBJIEMA MCTOYHWKA PYJHOI'QO BEWECTBA BKPATIILHHBIX
B UHTPY3UBAX JIMKBAIIMOHHLIX PY]L

OnpepnenieHHe pacCMATPHBAEMBIX JIHKBALHOHHBIX pPyA KaK BKPAILICHHBLIN B
MarmMaTHiCCKHX MOpOJAX BaxHO Wist 06bekTOB Hopunbekoro paitona. Ha wix,
KpOME€ JTHX PYA, H3BECTHLI MCTACOMATHUCCKAHA Cleb(I)HlLllLHI MHIICpATIH3atus,
TOHKO BKpAaIUIEHHAs B PA3JIMUHOIO POJd MCTACOMATHTAX H POrOBHKAX. i TAIKC
Tejla MAaCCHBHBIX py[l, OGpa30BABLUMXCA H3 HHBEKLHIT CY/ILGHIHLIN paciiaBos,
BHEPHBLIMXCA 110CTie KOHCOMHOALMH CHIIMKATHBIX Marm [24, 12].

CTOpOHHHKH MArMaTHUECKOTO 00pA30BAHHA PACCCAHHON B MATMATHUCCKHA
NOpOAaX KaMIEBHIHOI CYJIbGUIHON BKPAIUIEHHOCTH PacXOHATCs B BOIpOCcax
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00 MCTOYHHKC PYILIOTO BCILICCTBA M CCPBI pY., 8 TAK)Ke BPCMEHH U MecTa obpa-
30B4HHA KAILICBHIIBIX M 6OJIce MCIIKHX BbIACIEHHH cynbUIOB,

Bonpoc 0ob6 HcTOuHMKE Cynmb(pMAHOro BelUECTRA M TUIATHHOMAOB HHKOTr[A
He BO3HMKAN Y HMccneponaTesied byumsensaa, Bonbias yacts cynbduaos 2Toro
THTFAHTCKOrO IJIyTOHAd CKOHIEGHTPHpPOBANA B ABYX CJIOAX — XPOMHMT-NIHPOKCEHO-
Bom cnoe YI'-2 u Pude MepeHckoro, MOIHOCTh KOTOPBIX He MpeBbILIAET S—9 M
MpH COMEP KAHMH B HUX cynbhHI0B He Gonee 5 06,%. MecTaMiu MOUIHOCTH CIIOEB
He 1peBbilaeT 1 M. YuutpiBas 10-KMIOMETPOBYH0 MOLIHOCTb JIOMONNTA, TPYAHO
BO3pa*ATb NIPOTHB MPETONIOKEHUA O BBIHOCE CYTbGUAHOTO BEUIECTBA U3 TI1Y-
OHlIbl B COCTABC MATMbl MACCHBA, BO3MOXHO, B MCTUHHO pacTBOpeHHOH dopme
W BbIACJIEHMK CynbPUANOA asbl NpH KPUCTAMIM3ALMH CHUITMKATHOR MarMbl,
IpuypoueniiocTs cynnhHaoB K OrpaHHYeHHON YaCTH pa3pe3a MacCHBAa, a HMEHHO
K BepxHed 4acTH KpHTHYCCKOH cepHH, BEHUAIOLIEH BBEPXY HHIXKHIOI TPETD IUTY-
TOHA, O6BLACHAIOT CMELICHHEM HA 3TOM YpoBIie IBYX marm [139]: Gonee nefxo-
KpaToBOil raGBpOUIHON MarmMbl ¢ AHOPTO3UTOBOW TEHACHUMEH KPHCTAIJIM3ALMH
M3 BEpXHEH YaCTH KaMepbl NIJIYTOHA, KOTOpas ObUla MCTOYHHKOM Cepbl, H HHXKe-
nexalei, Gonee MeNaHOKPATOBOH  yNbTPAOCHOBHOA MarMbl, COJepauleH
Menb, HUKellb W mnatutounsl, A Jx., Hanppen ¢ komeramu (1984 r.) cunraror,
yro Pud Mepenckoro u apyrue pAagom Jnexaume CyiabpUAOHOCHbBIE CIIOH 06pa-
30BaJIKCh H3 0COBOH WIIM OCOBLIX TOPUMH Marmbl, MOAHUMABUMXCA CTPYAMH
(TutiomMbl) B clue He 3acThiBLUEH MarMe HMKHMX FOPH30HTOB MAacCHBA M OCTAHAB-
JIMBABLUMXCA Yy MOHOIUBbLl KOHCOJIMAMPOBAHHOTO, HO eule He OCTBLIBIUErO Tena
Ga3uToBOI Marmsl. [lo UX MHeHMI0, Marma, KoTopas ofpa3oBajia pyIOHOCHbBIE
CTIOM, Y3Ke cofep:kana camMOCTOATENIbHYI0 CYJIbGHIHYI0 >KHIKOCTb, YaCTHYHO
oborawasiiytoca NJIAaTHHOMAAMM  MpPOPbIBAEMON  YJIBTPAOCHOBHOH Marmel.

OmHako B paMKax 3THX HOBBIX THIIOTE3 He HAXOOUT OODBACHEHMA HEPaBHO-
MEpPHOCTb pacrpefe/ieHus TUIaTHHBl M Majylafids 10 MPOCTUPAHMIO W paspesam
pYOOHOCHBIX crtoeB, A oGbAcHEHUA 3TOH 0COBEHHOCTH HEKOTOpbIE TEOJIOTH,
nanpumep [.A, Kunrcron, B.T. 3n-Hocyku [142], npHBnexaoT MeXaHH3M
[IOTIONTHUTENILHOrO OGOTalleHUA CYNbGHIOHOCHBIX Cc/loeB NannagveM (Masnna-
[MEBBIH METAacoOMATO3), KOTOPbIA NpPeATOIOXKUTENIBHO  NMpHHOCHIICA Oonee
HU3KOTJIABK O XaNbKOMUPUTOBOH KUK OCTLIO CHHU3Y,

Bompoc o ¢opme TpalcNOpTHPOBKH M MCTOYHHMKE CyJb(HIHOTO BeluecTsa
JIMKBAUHONHO-BK PATUIEHHBIX  pYd  HOPHIIBCKMX W TAIHAXCKHUX MHTPY3HBOB
CTOMT 3HauuTenbHo octpee. CpemHEeB3BELUCHHOE COACPXAHHE CYNbGUAHOTO
BelIeCTBa B MHTpY3MBax Okono 3 mac.%, a ¢ yyeToM MaTepuajia MacCHBHBIX
pya nocturaeT 8 mac.%. JKCNepUMMEHTANLHO YCTaHOBJIEHHAsA UCTMHHAA pacTBO-
PHMOCTb cepbl B 0a3uT-yNsTpaba3uTOBbIX pacrniaBax He mpepsiwaer 0,3%, uto
IIOATBEPXIACTCA e¢ COACPHaHUAMH B OKeaHHUeCKMX M OCTPOBHbIX OazajybTax.
Otcrona A.IL Jluxaues [70] mesnaeT BBIBO O TPaHCIOPTHPOBKE CYJIb(HIHOTO
BeulecTBAa B BHJIC IMYJIbCHOHHOM B3BeCH B CWIMKAaTHOH Marme. ITOMy Kak OyII-
TO COOTBETCTBYET HAKOINICHWE PYJIHBIX paciUIaBOB B IIPOMEXYTOYHOM Ouare,
13 KOTOPOI'0 OHU BHEIpsIINCh ¢ 0BPa3oBaHHEM TeJl MACCUBHBIX DY[.

A.A. Mapaxyues ¢ konerami [80] Brickaswin runoTe3y o liepeHoce BCero
CYJIbHIIHOTO BELeCcTBA MeCTOPOKIeHHHI (BKITIOUAs MacCHBHBIE DY[Ibl) CHIIMKAT-
HbIMH MarMaMH B UCTMHHO pacTBOpPeHHOH ¢dhopMe, UTO MOxeT ObITb 0GeciedeHo
0BOTrdlEHHOCTHIO MarM JIETYUdMH KOMIIOHeHTaMu (BOJIO#, pTOpom, Gopom).
3TH JleTyude [€lIOJIMMEPU3YIOT CHIIMKATHBIN paciulaB, yBeJIHYMBAA pPacTBOpH-
MOCTb B HCM Ccpbl. @ ¢ HeH M cynbdHOHBIX dneMeHTOB, Kak lokasanu IKcle-
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puMenTbl ALA. Mapaxywesa ¢ HU. Bessenom [77]. taxyio poitb IhderTn-
HOTO  JIeMOJIMMEPH3ATOPa BLIMOJIHAET M BOHOPOM. BhlieileHHe caMOCTOsITe: b-
HOM cy)IbQHIHON (Hasbl B Marme MHTPY3MBOB HOPHWJIBCKOTO THIA, IO MHEHHIO
A A, Mapakyuiesa ¢ konmeraMmu [80], mpoucxomut B pe3ylIbTaTe ONJIaxIICHHSA
M NoTepu Marmod neTywnx. Ho mepes 9THM elme HpoHcXOMHT THKBAIIOHHOE
pasiienietiue MCXOMIHOH pYIHO-CHJIMKATHOH Marmpl Ha YJIbTpabasHTOBYI0 yYacT,
B KOTOpOHM COCpe[OTOUeHbBI JIETYUHe U pyJIHbIE KOMITOHEHTBI, H MeHee “duttont-
HY10”, 0BeIHEHHYI0 Py IHOI cOCTaBNAloLIEeH Ga3HTOBYIO MAIMYy .

OnHako He Bce 3aKOHOMepHOCTH, CBOMCTBeHHble JTMKBAIIHOHHO-BK palUleH-
HbIM pyndm TanHaxa u Hopuiibeka, 0GbACHUMBI ¢ MO3HIHH MPHBHOCA PYIHOTIO
BEWECTBA CHIIMKATHOH Marmoil. Cynbuibl, HallpUMep, OTCYTCTBYIOT B MEIIKO-
3CPHHUCTDIX ITDHKOHTAKTOBBIX YaCTAX MHTPY3UBOB, KOTOPbIC TPAMUHOHHO pac-
CMATpUBAIOTCA KaK 3aKaleHHble 1IOPUMH HCXOMHOH MAarMbl. JTO BO3paxeHie
MOXKET ObITb CHATO, C€CITH ABTOPbI COOTBETCTBYIOLWIMX THIIOTE3 PH3HatT Obpa-
30BaHHE JHIOKOHTAKTOBBIX DACIUIABOB OTHX WHTPY3MBOB 3a cueT MarMaTi-
YECKOTO 3aMelleHHs BOKOBLIX IIOPOIl, KAK 3TO HOKABLIBACTCHA B HANIN pado-
Tax [24]. HeoGbAcHeHHBIMM OCTaHyTCH HEepaBHOMEDHOCTb  pacliperie/icHi st
CYNbHUOOB 110 NPOCTHPAHHI0 HHTPY3HBHLIX Tell, 33KOHOMEPHOE H3MCHCHHC
CYNIbUIHBIX aCCOUMALMH, COMlePkKaHHA cepbl B CYNbOHAAX, H3IMCHEHHE H30-
TOIHOTO COCT4BA cepbl B HHX M COOTHOIICHHIT PYJIHBIX NICMEHTOB B 110PO:LaY
BIIO/Ib OCH MHTPY3HUBOB OT TbUIa K UX HPOHTAILHBIM HACTAM. ITH 0COBeHHOCTH
JIMKBalMOHHO-BKPAIUICHHBIX PYIl BYAYT OXapakTepH30BaHbl HUKe. 31eCh OTMc-
THM, HTO HMCHHO 33KOHOMEpHAas H3MEHUMBOCTb COLEDPXKAHMH CYIbUIOB M
ME[IHO-HUKCITEBOTO OTHOLUICHHA B pylaX [aBHO paccMaTpuBatorcs B.B. 3osio-
TYXHHBIM B KauecTBE apryMeHTa B 10/1b3y yuacTHA (ITIOHIOB (1I0314HE MATMaTH-
UECKOTO M IOCIEeMAaTMATHUCCKOTO THIIOB) B X GOpMHpOBaHHuH. OIHAKO OTHe-
CCHHE [EHCTBUA (IIIOUIOB K NEPHO/Y 3aBeplIieHHA K PUCTALIH3ALHH rOPH3OHTA
MTHKPHTOBBIX [I0JIEPUTOB, COMEPXKALUMX OGHITbHYI0 KAIUIeBHIHY IO BKPAllleHHOCTD
CYnbGUIOB, MPOTHBOPEUMT HX MarMaTHUECKO npupoje.

TaxuMm 06pa3soMm, pan ocoGeHHocTel JTHKBALHOHHO-BK pallJIeHHbIX Pyl 3aTpy -
HHTeJlbi-[O OGBACHUTD C ITO3ULMIA MPHBHOCA BCEro PYIHOTO BeulecTBa CHIRKATHO
MarmoH, cpopmupoBasuied Kak WHTPy3uBbl HopHibekoro pailoHa, Tak M
Byumenbackuit wryton, [pegcrasnenus o HEKOTOPOM IlepeMeLcHHH XOTA Obl
YaCTH pYy[HOTO BellecTBA HE33BUCHMBIMH OT CHITMKATHBIX MArM H MarMaTHuec-
KHX IIOpOJ CaMOCTOATENIBHBIMH JIETKO HOBMXHBIMH CYBCTAHUHAMM THIIA
(ITIOMIIOB 1310T BO3MOXKHOCTD [PEOIONeTh ITH 3aTpyOHEHUA.

POJIb ®JIIOU]IOB
B ®OPMUPOBAHHUH MECTOPOXIEHWH HOPUIIbCKOTO PAKHOHA.
INPUPOIA @JIOUIOB

MBKpﬂIUTCHHbIC B MAarmMaTHUYeCKHUX noponax PYAab! OGPQBOB;UIHCI; H3 CKOILte-
HUH KAIUIEBUIIHBIX Bbl,[I,CIICHHﬁ Cyﬂb(b]u[Hle pPacCIUTaBoOB, PACCCAHHBIX B CHIIH-
KaTHbIX Marmax, JIBoNoUM A KOTOPBLIX JIOJIKHA Obl ONPC/ICHATD IIABHLIC HepThI
PYAHBIX Tell. ITOMY COOTBETCTBYET TPaBHTALMOHHOE HAKOILICHIe Py IHOTO
BellecTBa B HHXHUX YacTAX MarMaTHYecKMX Teit. OIHAKO yswe Ha lIepBbIX
3Tanax pa3palboTKM pyn MHTPy3uBa Hopuiibek-1 BuIABMITHCH 3i1¢ MEHTBI HC3ABH-
CHMOCTH (3MHMIeHETHUYHOCTH) OpyMeHeHUA OT BHYTPeHHeH CTPYKTYpbl HHTpY-
suBa [105]. CxomHble 0coBeHHOCTH OBHAPYXHMIIHCh B OTKPBITOM [031Hee
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{ ‘ XHE' XCKHX rab6po-gore-
Puc. 26. CxeMaTHYeCKHIt TIJaH pacnpocTpatcHUs BeTBeH BepXHeTaHaXCKHX ] p

PHTOBBIX CYJIbOHHOCHLIX HHTPY3UBOB ’ aronia:
| — KOHTYpPbl MarMaTHYCCKHX TeT MOIWHOCTLIO Gosee 10 M; 2 — TpaHmubl 3(:<H'hlfop o eaa,
3 — JIMHMM TCONOTHYECKHX DP33pPe30B; 4 — JMHMUA CICUHANIBHOTO reo/IorHYecKoro paspesa,

1306 pakeHHOT O Ha pHC. 16

TaiHaxcKoM pyuHOM y3ite, yiamenioM oT Hopunbekoro ysna Ha }{(?CKOJH)KO
jlecATKOB KhjioMeTpos, JDis Jyulicro HOHMMUHHA ITHX 4ClIeKTOB KPATKO pac-
*MOTpPHM BHYTpcHHCE CTPOEHHE HHTPY3UBOB.
’ I’elonoro-l)llefporpa(buqecme ocoDeHHOCTH WHTPY3HBOB. PynHO-NpONYKTHB-
Hble MHTPY3UBDI lIpeficTaBiicHbl Nofloronanaowumu (a0 10 ) rmuéooﬁpaavm;m{-
TEIAMH OI'paHHUEHHOH LIMpHIbI U MolIHOCTH (meHee 300 M), HO BOMBILOH pO-
TaxeHHocTH (puc. 26, 27). 3anerailoT OHM Cy6COITIaCHO B pa3HBbIX YacTAX pas
pe3a [eBOHCKHX M 1ICPMO-TPHACOBBIX TOJNLI, MpeCTaBJIEHHBIX KaK JIaBaMH,
TAK M TCPPUICHHO- M XEMOIEHHO-OCA[IOMHBIMM IIOpPOIAMM Pa3HOOBPa3HOTO
JIMTOJIOI'HUECKOTO cOCTaBa, BKI0Yas yIJIEeHOCHble MauKH, H3BECTKOBbIE U OOJIO-
MHTOBbLIC HOPOJ1LI H HAUKH AHTHAPHTOBDLIX llOpOLl. )
Hll'l'py',}HBl)l \)()p:!llyl()']' HECIKOJILKO l}CTBCﬁ, CJIABAIOILUXCA B nanpamlumuv I(;(
MCTOKOB, CKPLITLIX 110/1 BYJIKAHOICHHLIMM TOJWAMH, BHCLUHMEC KOHTYpPLI MArma-
THUCCKHMX TeJl NIPOCTDLIC B MX CPEIHMX UACTAX, I'HE PACIPOCTPAHEHBl MHOFOUHC-
JicHHBIC CHILI00BPA3HDBIC anodH3bl MOLUIOCTBIO 10 15 M. x
Pazpesbl cpeduMX uacTed HHTpY3HBOB NOCTPOEHDI 0;1}1006;333}{0. I}cpxugc
1/2—2/3 uacTit paspes3a CIIOKCHDLI TAK Ha3bIBACMOH PacCIlOeHHOH ceppfeu 1opoxn,
OT CpemHEe3epHHCTLIX OEe30JIMBUHOBBIX TaGGpO-IosiepHTOB  (KOHTAKTOBBIX)
BBCPXY Hepe3 KpPYIHO3EPHHCTbIE Ge30MBHHOBLIC MOJICPUTBI, CMEHsEMbIC HIDKE
OJIMBHIICOACPAALUIMH H OJIMBHHOBBIMH JIOJICPHTAMM, [0 CTIOSt GOraThX ONMMBH-
Hom (4060 06.%) mKpHTOBLIX raG6po-AoepHToB, Hike pacciioeHHOH cepHH
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3aJIeracT Clo rpybO3epHICTLIX TAKCHTOBDIX FadOPL-ILOACPHTOB, MCCTAMH CMe-
HACMBIX KHH3Y KOHTAKTOLLIMH MOJCPHTAMH (1HHEIO 2MI0KoNTaRTa) . Tarke-
TOBbBIE rabOpO-LONIEPHTDLI, HHOILE HA3BIBACMBIC METMATOMIANM, OTBCUAIOT O:1ii-
BHHOBBIM M OJIMBHHCOUCPARALMM  PAZHOCTAM M COACPAIT METIHOKPATOBLIC
0BOCOBIEH S, KOJIMUECTBO KOTOPLIN HHOFIA focTiiraeT 30 06, Mesanokparo-
Bple 0D0CcOBeHns NpeAcTaBiIeHsl B pasHoil crelicHH NepepaBOTAHHLIMH KCCHO-
JIMTAMH BMELLAWIIMX TIOPOA, 4 B BePXHEH 4acTH CHOA - VHICTKANG BLIICHC-
KALWMX THKPUTOBBIX raddpo-10/1epHTOB.

[To BOCCTaHMIO M MANCHMIO MATMATHUCCKHX TejT paspes iux mensieres. K gpou-
T&JIBHBIM K (bJIAHTOBBIM YACTAM GOTaTbie OJIMBHHOM w1 pepeHUHATLI BLIKSIH-
HHBAIOTCA, W SHOOKOHTAKTOBbIC (QAUMM MHTPY3HBOB M HX anodi3pl MpeHAY-
LUECTBEIHO  OOpPA30BaHDb! Ge30UBHHOBLIMHM  [I0EPUTAMIL CpeaHe- M MUJIKO-
3EPHUCTON CTPYKTYpbl. OT CpeHMX uacTeit Tes K ThUIOBBIM TAKCHTOBbIC 0. ic-
PHTLL MpHobperaioT Gosnce OOHOPOMHLIT H Gojice MCIIKO3EPHHCTLIH 00 K.
Takue MX pAasHOBMAHOCTH HABLIBAIOT TPOKTONHTANMI I TATHANHT M [22].

Pacnpegiesiciime JMKBaHO10i CYILMHON BRPAUICHHOCTH B HIUPY st
B TIepBOM NPUOIMIKEHHH KOPPC/IHPYCTCH CO CHOHCTON CIPYR INPOIT Aty
uecknx Ten. CyanbuaHan BKparieHHOCTb OBHAPYRHBACTCH B OIHBIHCO/ICPA-
LUHX pasHOCTAX NONEPHTOB, KOHUEHTPHPYACH B cpeitheil M NPHUGIOMIBO O
HACTAX  TOPH3IOHTA IMKPHUTOBLIX TABOGPO-AONCPHTOB, Tile OHA Lipeiic k. e
KaryeBHAHbIMH (opmami, Bropoil 1 Heck 051bKk0 Gobuutii MAK CHMY M CVITL(H-
AOB TNpHUXOOMTICA HAa BEPXHIOW UACTb CJIOA TAKCHTOBBIX ragépo-iomepiTon.
B HuX cynbbuiHble BbieneHus HmeloT Gosce HENPABHIBLHYI0, 3BEINATVI0
dopmy. B NpHKOHTaKTOBBIX daumnx AOJIEPHTOB M B HOPOMAX ANOMHI MAINMit-
THUYECKHE CYNIb(H/IbI OTCYTCTBYIOT,

HeoBxommmo oCcTaHOBUTLEA 1A BIAMMOOTHOLISHHAN MAIAETHUCCIIY CIIOeB
MEXAY COBOH. I'paHHLLI MeKIY CHOMNH PACCITOCHITON CePHH B O CHOBHON TOCT -
TICHIHbIE, OILHHKO TICPEXO)_I OT OJIMBHHOBDLIX HONICPHTOB K HHKPHIOBLIN OL14-
YAETCA HCKOTOPOIT PE3KOCTLIO, HA YTO OCOBOC BHIANAHHE O0pauior ALAL Mapa-
Kywes ¢ Konyeramit [80]. OHM MHTEPNPCTHPOBAIH 9T0T KOHTAKT KK pPe3yiih-
TaT IMKBALHOHHLIX B3AHMOOTHOLIEHHIT MATMBI K PHTOBBIX AOICPHTOB ¢ Donee
JerKoM  Bhluleslex@lueil Marmok, o6emHeHHOI MapHUECKHMH KOMIOHCHTANH
M pYHHbIM BewectBOM, B 10 xe Bpema A.A. flponesckuii ¢ COABTOPANMH
(1979, 1980 rr.) mokasanu Ha MAaTEMATHUCCKMX MOIENX BOINMONIOCTD odpa-
30BAHUA CTYNCHUYATBIX IPAHHMU TNPH OCAKIEHHUH B MATME MHHEPANOB. CQili HX
OIyCKaHHE NMPOHCXOIUT CPABHUTENLHO BLICTpo. CieoBaTelinHo, NpHPOA ITOH
TpaHMUbl TpeBGyeT [asbHelluero uayueHus. MayueHHe MHOFOUNCHCHHLIY CRDi-
HHH 49Epe3 TANTHAXCKHE HHTPY3HBLI HAC. KAK H GONLITHHCTEO HCCHC OB 1O e,
He YGCLIMJI() B TMOBCCMCCTHOCTH PC3KOIo Hepexo; MCW LV ()\’_)C}}'i{,l‘fl‘.\lhl\]}]
MATMATHUCCKHMH CITOSIMH,

HanBonbunte pasHornacus Bosuuiator IPH HHICPHPCTALLHE B3I AMOOT HO-
WEHHH TAKCHTOBBIX AB0pPO-A0MCPHTOB €O ClOCM HHRPHTOBLIN CLOHCPHITOR,
I‘pamlua MEXAY ITHMH CJI0SIMH OucHDb HCPOBHAST, ¢ MHOTOUMCIHICHILIMI BhiC1V-
TTAMH, HACTO NMPOMMIKOBUANLIMH, TAKCHTOBLIX LONCPHTOB B FOPHIOHT THKpPH-
TOBDBIX raB0po-A0sIepHTOB, OHAKO IPUAHHULL HTHX BLICTYIIOB CAOKHDIC, pacicipl-
BalOWHECs, “dy3HBHbIe”. MHOIHa 1aKCHTOBbIE OTBETBIEGHMHS BiL4101cy B rOpH-
SOHT MUKPHTOBBIX JONCPUTOB HA [ICCATKH CAKTHMETPOB I ke MCIpbl. Meciani
HaBIIIONAIOTCA CIIOH TAKCHTOBLIX AOJICPHTOB Cpeil nHKpirosnix, Hourt pee
HCCTIeNOBATEII CUHTAIOT TAKCHTOBLIC [OJIEPHTHI OTHOCHTC THHO MO O &S IHINE
TOBDLIX.

127



Puc. 27, Leonornueckne paspesnt (cM. puc. 26) 4epe3s pyAOHOCHBIC BCPXHE TaTHAXCKUC

HHTPY3HBLI
YenosHeie 0603HAUEHUA CM. H3 pHC. 16

JUist reHeTHUCCKOW WHTEPNPETAUMKM TAKCHTOBLIX TA66pO-MONIEPHTOB BasKHBI
TAKHE HX OCODEHHOCTH, KdK 06s13aTeNIbHOE pa3MeLIeHHe HX B ¢AMHOM KOHTYpe
MHTPY3HBOB C PCAKMMHK CAMOCTOATENbHLIMM OTBETBJIEHHAMM BO BMeUlAlouMe
NOPOIbI JIHILL HA IIAHFAX TeM, OTCYTCTBHE 3aKANEHHBIX KOHTAKTOB TAKCHTOBBIX
TeJ Ha FPaHUUC C IMKPUTOBBIMHU JIOJIEPUTAMH.

CyuiectByer nopasutenbHoe pa3Hoo6pasMe B3rJIALOB Ha TIPOHCXOXKIEHHE
TAKCHTOBLIX ra0OpPO-nONepHTOB, ['pyNNUPYA UX, BLIICIIUM ClIEAYIOLIHE,

. TakcuToBbic 1OMEPUTBI ABMAIOTCA TPOAYKTOM BHYTPHKAMEpHOH 3BO-
JUOUMH HCXOMHOH Marmpl, KOTOpas Ha 3TOM YpoBHe oGorauianach JIeTYYHMH
KCEHOJIMTOB BMCLUAIOLMX NIOPOJL HITH ra3aMu ONYCTHBLIMXCH B 3TOT CJIOH Kanesb
CyNbUIOHBIX PACIIIABOB.

2. Taxcurpl 0Opa3OBaHLI HOBOH MArMaTHYCCKOH MHbeKIMell, ABJISACL Mar-
MaTHUCCKOH (asoi.

3. TaKcuTOBbIC JOJICPUThI KPUCTATIM3OBATHCE M3 PACIUVIABOB, BO3HMKIINX
B pe3y)bTaTe METAMAIMATHUCCKOH J1c6a3ubHKauuy MCXOQHOM Marmsl IO
BO3JCHCTBHEM HOTOKA TPAHCMATMATHYECKUX (ITIORJIOB.

4. TakcHTOBLIC 1HOPO LI OOPA3OBANLI yTeM JICHKOK PATH3AUMU KOHCONHUIN-
pPOBANHBIX HUKPHTOBBIX [ONEPUTOB HOJ BO3jEHCTBHEM OCTATOYHO-MarMaTH-
YCCKHX M BATYXJdIONMX  TPAHCMATMATHUCCKUX (GNIOMLUOB ¢ IIPOXOXIEHHEM
CTAJIMH T1ABIICHH S METACOMATHIUPY CMbIX 1O POJL.

Beelt  cosokyimiocTn (akToB OTBEUAIOT IIpe/ICTABJICHHA O MeTaMarMarH-
YCCKOM  TIPOHCXOKIICHHH  MarmMbl TAKCHTOBLIX raBBpo-HoiicpuTOB, BIEpBbIE
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BbickasanHple JI.C. Kopxwuckum [51] 1 pasutble Hamp {24]. Mpu stom
AOMYCKAaeTCA paclulaBieHHOE COCTOSIHHE COA IIMKPUTOBBIX LOJICPHTOB B
MOMEHT 06Gpa3oBaHHA Marmbl TaKCHTOB, YTO OGbACHSET HX CIOXKHble B3aHMO-
OTHOULIEHHA, OTCYTCTBHe MPH3HAKOB BO3JCHCTBHA npyr Ha ppyra [20, 107].
Mertamarmatiueckoe NpomcxoskoeHHe TaKCHTOBHIX LHOJIEPHTOB OlIpedeltsieT HX
CTpOroe COBMCLUCHHE C JUPYTUMH muddepeHunaTamit HHTDY3HBOB B ¢IHHOM
KOHTYype. Kak nokasano Huxe, Takoe 06pa3’oBAHMC MAIMbI TAKCHTOB COOTBLTCI-
BYCT BCCMY XOLy 1POLICCCOB (hOPMHPOBAIIA MeCTOpOskJietis, Opako 1pesio-
JIOXeHHE O MCTAMArMaTHYECKOM TeHe3UCe TAKCHTOBBIX [OJCPHTOB OO/ bLIHHCT-
BOM MccnejoBateliell 110Ka He pasjelisieTcsl.

OmouaHBIN pexum PYIHONPONYKTHBHBIX HHTPY3uBOB. TalHaxcKkHil py:uinii
Y3CIL 1IpEACTABIIACT PeIKYI0 BOBMOXKHOCTh JUIS yCTAHOBJICHHS OCOBOI0 (drtion;-
HOTO pexHMa (GOpPMUPOBAHHA UHTPY3UBOB, ¢ KOTOPbIMH CBA3GHBI BCe 1IPOMBIII-
JICHHBIC DYJIHBIC KOHUCHTPAUWH Y312 M MarMaTHUYeCKHe HHGdepeHIHATLT KOTO-
PBIX CaMH IIPCUCTABIIAIOT 1IPAKTHUCCKHIT MHTepec. Bolpoc peluaetest 1yTem
CPABHCHUA DY/IHOUPOIYKTUBHBIX HHTPY3HBOB C NPHCYTCTBYIOUUIMH 3HCCh e
MArMaTHYeCKUMHU TeJIaMH MHbIX THIIOB, HEKOTOpbIE H3 KOTODBIX COLEPHKAT ONCHB
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a 6 Puc. 28, [lerporpadimucckuil paipe3 Mo CKBaxHHe

8:7 ey A K3-1103, NOKABLIBAOLIHE pas/iHie MOLHOCTH KOH-

TaKTOBO-MeTaMOPdHueckux nopoa (1, 3) oxono ano-
2 (DHIAPHLIN OTBCTBJICHHA BepXHCTAJHAXCKOIO HHTPY3uBa
(') ¥ (2, 4) pacciocHHOTO Teita HUXKHETAJHAXCKOTO

wurpysusa (T, I, Iy, Tp)
M [Hm] 3 1 - POTOBHKH H MET4COMATHUTDbI OCHOBHOrIO cocraBa
nMpoKceHporopHkosoin (@) M ambubon-porosHKosBoi
M 4 (0) daumit; 2 — anoneaHToBble POrOBHMKH THPOK CeH-
[ [w porosHKoBoit aui; 3 ~ 1o e aMd HG01-poroBUKOBOH

a 6 . . . o a - & . S — MK Ba-
900 4 dawnt; 4 — To ke 3eseHOCIHUEBOR daunm;

m ] UHOHHAA CyJIh(hluUl:!H BKPATUICHHOCTD arperaTiBHo-cuoe-
ponurosast (@) wn kamieBuunas (6); oGo3HavyeHus
HHTPY3HBHBIX nTOopod €M. Ha pUC. 16

940 4

= CynpPHIOOB H OTHOCATCA K CYJIbGHIOHOCHOMY
MarMamuegkomy xomiuiekcy. Ha Tannaxe pacn-
A\ pocCTpaHeHbl Tella GecCylbUIHBIX THTAH-dBIMTO-
%‘ Necmpoubem- BbIX nonepuro;i, CHIUIBL  CyNb(UACONEePHALIMX
980 noie pepeent OJIMBHHOBBIX JIEHKOrab6po u Telia cynbhUAOHOC-
HbIX JIOJIEPUTOB HHXHETATHAXCKOI0 KOMIUIEKCA.
"o Apeunnimo MHTpY3uBbI BCeX THUMOB MMEWT CHIIOOGpa3Hyio

1106 pasnogbernsie py
(GbopMy U CONOCTABUMBI MO MOILHOCTH C PYHAHO-
HpOAYKTHBHBIMU HMHTPY3UBAMM, Ha3bIBAEMbIMH

HE3HAMMTCIIbHYI0 BKP4IUIEHHOCTh MAIrMaTHUYECKHU X

”50T”\T'“\7’ BepXHETATHAXCKHMHM 3a pacCloOJIOKeHHe Ha Oolee
s BBICOKHX CTpaTUTpapHueCKMX TropH3oHTax. Bee
A ] THIIbI MarM4THYECKUX OBpa30BaHUil BCTpeyarTes

rn;: " rrn B N1106bIX CTPaTUTpadHueCKHUX FTOPU30HTAX PAVTHY-

. HOTO JIMTOJIOIHYeCcKOro cocraBa, CrieoBaTeNbHO,
’200'—',?["‘[;‘ OTJIMYMS THIIOB MArMaTHUECKUX TeJl He 0DyCioB-
W JICHBI HH MX pa3MepaMH, HH 0COOEHHOCTSIMM BMe-
watowux 1o, OcobeHHO MOKa3aTelbHO CpaBHe-

le fe HUE DBOJIIOUMM BepXHe- M  HIKHETATHAXCKUX

fc HHTPY 3HBOB, CpPeIHEB3BCILIEHHDIA COCTAB KOTOPbIX

r r OueHb OJIM30K; PasHHUA KOHUEHTpaUMi MIaBHbIX
AN IleTPOTEHHbIX OKHCIOB He MNpeBbiliaeT 2 mac.%

oo fe [22, 24]. Ot BCcex NpouHX THIOB PyIAHONPOAYK-

lc f TMBHbIC MHTPY3HWBbl OTIHYAKTCH OBHIIHEM CYib-
Paviiae Geru 4 GUABBIX BKpaIUIeHUH, CHITbHO NposBJIEHHOM Moc-

1260 anebpours: Nnonnoi mHpgepeHunaumeii, MPUCYTCTBHEM B HX

IHXKHEH Y4CTH XOPOLUO BbIPAXKEHHOTO TOPU30HTA
TAKCHTOBbIX JIEHKOKPATOBBIX Ta6GpO-I07epUTOB,
CIIOKHOH MO ponorueii Tell BO GJIaHTOBBIXYACTAX.
MarmaTiueck e Tena BCex THIOB OKA3bIBAIOT MeTaMOpdHU3yioliee BO3eHCT-
BHC 1 BMCWIAIONIHE OPOJIbL, HO CTelenb JTOTO BO3JCiiCTBMA 3aBHCHT OT THIIa
AKTHBHOTO HHTPY3HBa. lIpH cONOCTaBHMON MOUIHOCTH pa3HOTHIHBIX MHTpY-
3HBOB HHTEHCHBHOCTb H MACLITaObl OKOJIOHHTPY3HBHOI'O MeTaMoOpdH3Ma 60 Ko-
BBIX 1HOPOL YBEJIHUHBAIOTCH B cllellyiollcH 110CIIeHOBATEe/IbHOCTH: TUTAl-aBIHTO-
BbIe HOJNCPHTDLI, HIDKHETUIHAXCKHE HHTPY3HBLI, JICHKOrab6po U ¢ pe3KHUM OTpbl-
BOM BepXHETWIHAXCKHE HITPY3HBbl (phc. 28) . HanGonee oBumpHbie MeTamop-
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(hrviecKHe HIMeHEHMs IPOSIBISIIOTCH BO (BPUHTWILHON WacTH PYIHHOIPOIIY K THE-
HBIX WHTPY3HUBOB, I'/l¢ MOIUHOCTD METAMOPPHUECKOTO 0Opeoia HocTHIueT 500 A
[24]. Badukcuposano HPOABJICHHE METIMOPQHIMA. BLIPaKAIOUIeeCH B 05paso-
BaHHH  AHTMADHT-NUPOKCCHOBBIX 1OPOL, Hd YIWICHHH OT HHTPY3HBA  Ha
PaccTosHKe Gornee 1 KM lIpH MOLHOCTH METAMOPGHUSCKON HauKH OKOIO 50 M.
MowHocts BepxHero, MIPHKPOBENBLHOTO  METAMO PHHUYECKOTO Opeosia BOKpYT
TeJll HIKHETA/IHAXCKUX MHTDY3MBOB He IPEBBIUACT 25 M, a OKOJIO CTOMETpO-
BOTO Te/la TMTaH-ABIMTOBBIX [IOHEPUTOB MOLUHOCTD 3ej1eHOCHaHIIeB 0o Opeoid
He NpeBOCXOAUT 5 ™. Ha yuactue B KOHT4KTOBO-METAMO phHYECKHX BO3ekHCT-
BUHHX MMCHHO MarmaTHUecKuX (JIIOHIUOB, 4 He JaHMCTBOBAHHBIX H3 GOKOBLIX
IOpPOZl yKa3bIBAIOT YBelHueHHple (B 2—3 pa3a) MOLIHOCTH BEPXHEI0 KOHTAKTO-
BOro opcoJia OTHOCHTEIIBHO HHXKHETO H HE3aBHCHMOCTDL MacliTaBon MeTamMop-
pH3Ma OT JIMTOJIOTHUECKOTO cOCTaBZ BOKOBLIX nopoi (cat. pue. 16, 6, 28).

W3 reonornueckux ycnosuit suneranps HHTPY3uBoB TaiHaxckoro pyinoro
y3/la ¢iclyeT, 410 MeTaMOP(H3M BBI3LIBACTCH MArMaToTeHHBIMH donmann,
BBIICHABIIMMHUCA U3 MalI'MATHUCCKHX Mice, PyurotipostykmisHbie Bepxiterwinax-
Cie MHTDPY3HBbI BbUIEJIAUIH 3HAYUTEIIBHO GOJIbLUE JICTYUHX, YA MATMbI HPYTHX
THIIOB,

HoxaszarensHo orcyTcTBHE PEITHKTOB  CIIOHCTOCTH B MCTAMOPGHIYCMBIN
nopojax BOMU3H PYAHONPOYKTHBHBIX MACCHBOB, 4TO 0BYCIOBICHO nposgp:ic-
HHEM B 3THX 30HAaX METacOMAaTO3a MAaTMATHUYECKOH CTamMH, lilpuua 301 cocras-
nsiet 20-50 M. B 30He MeTacoMaTHueCKHX M3MeleHHIL TPHCYTCTBYIOT MATHC-
SHAJIPHBIE CKAPHBI MArMaTHYECKOH CTAfIMH, 3aMETHBLIME [ONOMHTOBbBIE WUIACT LI
(cm. Tabn, 1). B ponomurn MPUBHOCHTCA U3 MArMbl H OTJIATACTCA HOJbLUIOC
KOJIHYECTBO KpEMHE3eMad M TIJIMHO3CMA, YTO YKa3bIBaeT HA 3HAYUTOIblibrii
00beM GITIOMIOB, yYacTBOBAaBIIMX B 3TOM npouccce, Takoe KOJIMUCCTBO fleTy-
UMX HE MOIJIO BXOJHTb B COCTdB MAarmsl H, BHOMMO, 0DeCneuMBajIioCh 110TO-
KOM (pIIHIOB, NPOXOAMBLUIMX UEPE3 Marmy, rno Kpa#Heii Mepe, JHAOKOHTUKTO-
BbIX pacrnaBoB. Iti duironapt I.C. KopxHHCKHIT HA3BAJ TPAHCMATMATHUCCK H-
MH, @ UX HCTOUHHKOM CUMTasl MaHTHI0. BbicOKOBOCCTaHOBUTENBLHAS 06CTAHOBKA
$OPMHPOBAHHA TPAHCMATMATHUECKHX (BIIIOMIOB TaJIHAXCKHX HHTPY3HBOB [IOKa-
3bIBAET UX MAHTHHHYI0 (2 He KOpoBylo) Npupony. Cysbdiiipie HAPATEeHE 3HC LI
MATrMATHYECKHUX TOPOJL H/IEHTHUHBI C TAKOBHIMH MACCHBHBIX PV/I, B KOTOpBIX
ObuM HalifeHbl KapGU/BI KPEMHIA U BONbhpaMa [78] . B unTpysHBax npHcyTCT-
BYET TaK)Ke CAMOPOJIHOE KeNe3o,

Kpome yxasanHoro koceHHOro npusHiaka NoToKoB TPAHCMATMATHUE CKHX

. mouz08, NposBNEHHBIX B MHTpysuBax Hopuubckoro paioHa, 6b10 BLICKA-

33HO NPEMMNONOXKEHHEe O Beayuled poiM B HMX JIETKO JICTYUHX MCTAJIICO/IC-
HAUMX  POAaH-KOMIIEKCOB  [24]. OHH  yCTOHUMBLI B BOCCTAHOBHTCIBIOI
o6cTaHOBKE,

POJIb TPAHCMATMATHUYECKHMX OJIIOUIIOB
B OBPA3OBAINU JIMKBALMOHHO-BKPAIUTEHHBIX PY L

lNpusnakn “snurenerwunoctn”™ pyn. B.B. 3onory i [20], M.®. Cangprion
[105], A.B. Tapaco [108] oBpaTitii BHHMAHHC I HCCOOTBCTCTBHC MOPGO-
JIOTHM TEJl JINKBALHOHHO-BKPATUICHHBIX DY/, H MPOCTPAHCTBCHHOIO pachpejie-
JEHUST OTOCIbHBIX  PYIHBIX JJIEMEHTOB OTHOCHTCJILHO [itdhpepeiunpoBaNoii
CTPYKTYpPbl MHTpY3iiBa HOpHIbCK-1. DieMenTBI HECOOTBOTCTBHS  3aKIIIONI-

10TCA B crefiyiomieM (cM. pic. 30).
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Puc. 29. Pacnpepenenne JIMKBAUMOHHON CYIILOHUHON BKpPANNEHHOCTH OTHOCHTENLHO MArMATHUECKHX CJIOCB B NIPOMOIBLHOM

py3uBa no [ 12, cm. puc. 9]
— 7 — ra66po-gonepuTel: 3 — ONTHBUHOBDIE, 4 — ITHK -

;3
’ .
6 — onuBHMCOnepxXalHe, 7 — KOHTaKTOBble; 8~ /2 — OTHOCHTe/IbHbIE COMIEP>KAaHHA JIMK BaLIHOKHO it

HIDKHHH KOHTAKT HHTpY3HBA

BEpPTHKAJBHOM pa3pese yepe3 XapaenaxcKylo BeTBb BepxHeTaiaxcKoro MHT
2 -

Ubl MAarMaTHYEeCKHX CJI0EB;

pHTOBbIE, 5 — TAKCHTOBBIE,

1 — rpaHu

OT eNHHHYHBIX BKpamieHui (8) 00 MaKCHMAIbHBIX

H BKPAIDIEHHOCTH B IOpAOKe YBelHYeHHA ee KOHUEHTpPaLUHH:

cynb¢HaHo

comepskanuin (12)

. Cynbdunnr xonuentpupyiores CECBEPHOH, TOJOBHOH MACTH apMAaTH-
HECKOTO Testd M ofulee UX COHCpIKANME YMCHBLUIACTCA 110 11AC HHIO HHIpY 1B,

2. Pymmbie Tea TpesCcTABICHBI OTIC/bHbIMH JIHH3AMM, @ KPYIHBIE TCj1a
HMEIOT OTBETBJIEHA. OTMEUAIOTCA YYacTKH CrylueHus M PABPSIKRCHISL PYAHOTO
BeLIECTBA,

3. Her ctporoii koppensuwm MEXMY MOLWHOCTAMH HHTPY3HBHOrO Tea,
OTAC/IBHBIX €O CIIOCB M MOIIHOCTAMH pYIHBIX Tell, KOHLEHTPAIMANMH  CVilp-
¢umHoro Bewectsa, Kpynupie PYHHBIE 3371€#H MOTYT PasMCELlaTbes Ha yian-
rax, B yUaCTKax BbIKNHHUBANHA HHTPY3HBHOTO Tejla (pHc. 29, paspesno A-3) .

4. Ilo namenMio MHTpy3uBa HaBiiomaercs YBCJIHUEHHE COMHCPIKAHHA K eI
OTHOCHTCIIBHO  ME[IH, T.e. YMEHBLIUCHHE OTHOWICHHA MCIb/HHKCIDb., AHAIOM Y.
HbIM 06Pa30M MeHACTCH OTHOLLEHHE MIATMHOHIOB K KobansTy [108]. .

5. CynbdupHoe sewectso HEPABHOMEDHO paclpelieNeHO U 110 BepTHKAIN
MHTPY3UBOB, B ero pacnpepencHuu nmerorcs MaKCHMYMbl H MUHHMY MBI, YaCTO
C YBE/HYCHHEM KOHUEHTPAUMH HA IpaHMUAX MArMATHYeCKHX CIIOER (puc. 29,
30). Mo BepTHKanH MelsilOTCA TaKKe OTHOWIEHUS PYOHBIX JJICMEHTOB, HPHYCAY
BOTIpEKH 33KOHOMCPHOCTAM pacTpefieNeHHsT MeIH M IHKe) s MEKILY CY:ib(H-
AZMH, OJIMBUHOM H rabOPOUIHON HHIKOCThIO, OXAPAKTEPHBOBAHHDBIM HHKC, 11X
PacClpeesieHHe Mo BEepTHKANH HE COOTBETCTBYCT FPABHTAIHOHHOMY MCXI I
nxdgepeHunaumu,

OBbaAcHeHMA 5TUM dakTam  palor paznuunbie, F.b. Porosep (1930 1)
CUMTACT, HYTO MATMa 3aUMCTBOBAJIA BCLUCCTBO OJK3OKOHTAKTOBLIN MO [1COA:-
THYeckuX pyA. M.®. Cmupros [105] mpeanonaraer weckosnko MATMATHYCC-
KHX MHbEKUMH C cynbdupaamu. A.B. Tapaco [108, 109] nomyckaer mewo-
TOpOE€ MEpeMCLICHHE DY[HOIO BElIEeCTBA BHYTPH MAarmMaTHUCCKOTO Tella ¢
NIOMOLUBIO BbIOCIIHIOIMXCH M3 MarMbl netyuux. B.B. 3onoryxun [22] o06Bsac-
HACT 3TH  3aKOHOMEPHOCTH NPHBHOCOM pPYOHOrO BeilecTBa PacTBOPANH,
BBI3BbIBAOIIMMH OBpazoBaHue NOpPOH TAKCHTOBOIO ropusonta, Ho riasunin s
OTHX TIPEAMONIOKCHHAX ABNACTCA NMPHUIHAHME INIEMCHTOB HC3ABHCHMOCTH HCTOL-
HHUKa pYJHOrO BEWECTBA HJIM CrO MeCTHOIl TPAHCIIOPTHPOBKH OTHOCHTCIIBHO
CHITMKATHBIX pACTIaBOB M IBOJIIOLUH MATM, ,

3aKOHOMEPHOCTH, yCTaHOBIICHHbIE B HopununckoM HHTpy3HBe no3akee oGHa-
PYXWIHCD B BEPXHETANTHAXCKUX HHTPY3UBAX (CM. pHC. 30).

Kpome ormeuentbix, cnemyer ykazats u wa Apyrde siaKonomeproctd, [lo
MAACHUI0 MAarmMaTHYeCKHX TN  YYacTKH KOHUEHTPHPOBAHHOTO  OpyaCHCHI s
CMELIAIOTCA BHU3 110 pa3pe3y, YTO OCOBEHHO XOpOLIO BHIHO Ha pHc. 29, Ha
TIAHAX MarMaTHYeCKHX Te/l KOHTYpbI PYAHBIX CKOIUTCHHI B 10 PH3OHTaX ITHK pH-
TOBBIX M TAKCHTOBBIX raBbpo-goiepHTOB NOYTH coBNagaioT. JTH daKTbl cBHIlE-
TEIbCTBYIOT O TOM, YTO pYOHOE BELUECTBO ITHKPHTOBBIX rabBpo-1onepTOB
NPOHUKAIO M B MAarmy TAaKCHTOBOIO FOPH3IOHTA (CM. puc. 29). CitenoBaTenbHo.,
062 C0A HaXOIWIHCh B MOMeHT PYHOODPa3OBaHHA B paCIUIABIIEHHOM COCTON-
HUH W JIaTepaIbHOE llepeMelueHue pyIIHOTO BellecTBa HPOHCXOIHIO B HCKOH-
CONMUHPOBAHHOH Marme. Takoe nepeMelicHHe He MO0 HPOHCXOMTL  Be3
YHacTHs QIIOMIOB, IPOXOMUBILKX Yepes Marny. Hakotrene se MCIUE K FOHOB-
HOW YacTH MarmMaTHUCCKHMX Tell (cM. puc. 30) NOKasBIBACT, YTO OBILCE BHKCHIE
GIOHIOB IIPOHCXOMHIO BIONL OCH HHTPY3HBOB. XaADAKTEPHO TAKKE HCCOOT-
BETCTBHC M3MeHelinA Cu/Ni OTHOUICHHA B BepTHKWIbHOM Pa3pese HHTPY 3HBOB
PABMTALHOHHOMY OCAXACHHIO CYNILOHLIOB HOMMBHIA K HI3Y AMAIMATHUCCKHY
Tel. COMIacHO DK CIePUMEHTANLHBIM JIAHHbIM HUKEI b NPEUMY e CTBEHHO Hak all-
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Puc. 30. Cxemat yuccxkmit nmn ra66po-HonepHTOBOTO paccnociiioro HHTpy3uBa Hopunbek-1
M TCONIOTHUCCRHE PA3PEshl Yeped Hero ¢ OTOBPAK cHeM Pa3MEUICHHA B MITPY3HBC JIMKBa-
UHONNOR cy L uaHo# BKpanieniocTn 1o [105 ]

/=3 — OrHOCHTeNnbHBIE coaepxanua cynbpuaHoOi BKpaIuIeHHOCTH B nopaakKe yGbiBaHuA
KOHUEHTpauHn
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JIMBACTCA B Cy/bOHIAX H OJUHBHHAX (PHC. 31) M BMeCTe ¢ HIMI 0RO 1K AL
smBatben shnsy. OuHaxo B TastHaxekoM uiTpy3upe Cu/Ni B 510M HAIIPARITCHH M
pactet (pic. 32),

30HANBLHOCTL PYOHBIX TeJl Mo CyMbOHIHBIM MapareHesucam. HanGosee pulioe
3HaueHHe VISl IIOHUMAHWUA TreHesMca JIHKBAUHOHHO-BK PAIIICHHBIN PYy.1 MMeeT
SOHAILHOC paclipelie/icHHe B HUX CYJIbOUIHBIX HapaleHeTHUCCRIN 4eco i,
BBIABJICHHOE B TWIHAXCKHX MecTOposuehnsax [12]. 3ouwinnocts BLIP4RaCTCS!
B TOM, YTO BJOJIb OCH HHTPY3HBA, IIDHMCPHO COBNAOLICH ¢ MAKCHMYMOM
MHHEPATH3AUHK B IMKPUTOBBIX [I0JICPHTAX, NPOUCXOMHT CMeld accollHalii

Cunukamnsra Cynopuinsiu
pacnnal pacnnad

125
N cu/Ni”

(bec. xon)

Puc. 31 Ornowenus Cu/Ni (B yon. sec. 1)
B COCYILECTBYIOIUHUX CHIHKATHOM, CYJlb-
(UOHOM pacnimBax M KPHCTAUIAX OFH-
BHHa B rabOpouaHLIx marmax npu
1150°Cw 1atm o [24]

0,01

Onubun

MATOCEPHHCTBIX  CYNbGULOB ACCOUMAUHAME BBICOKOCEPHUCTLIN Pa3HOBH IHOC-
TeH B HANPaBJIeHHH OT THUTOBBIX YacTel MaIMATHUSCKHX Tall K HX P POHTUILHBIM
1 (JIaHTOBBIM YacTAM, a TaKXe K BEPXHEMY M HHXHEMY JHOOKOHTAKTAM HHTPY-
3MBOB. JTH 3aKOHOMEPHOCTH OTpaXcHpl Ha pa3pesax MHTpY3HBa TanHaxckoro
pyaHoro yana (puc. 33).

Ha nonepewnom paspese 1-I pucynxa BUIIHO, YTO acCOUMALHA CVIIbhHIIOB
C HaHMeHee CCPHHCTbIMU Cynbdumamu xenesa — rpowinton (FeS) — cnarator
THH30BHIHbIE OONAcTH B LEHTPAIBHBIX YACTAX CIIONA IIHKPHTOBLIX rabbpo-riosre-
puToB. OHM OKpYsKEHBI 110POIAMH, CONCPXKAWMMH Bce Gosice CepHHCTBIC CYilb-
¢unbl B accounauun sHavaie ¢ IeKCdroHaJIbHbIM MUppoTHHOM (FeS; 07—1.12)-
4 33aTeM M MOHOKIIHHHBIM MHPPOTHHOM (Fey,1a—1,15). B accounaumn ¢ meee
CEPHHUCTLIM TeKCaAroHaIbHBIM IHPPOTHHOM H TPOWITHTOM HaXOIMTCA KyGaHHT —
CYbGUI MelM U skeile3a, Golee GOraTblil Kelle3oM, yem HOPMAIbHBIH TeTparo-
HaTbHIA X&TbKOMUPUT. B accoumaunu c MAIOCEPHUCTHIM IIHPPOTHHOM (reKca-
TOHANIBHBIM) M OBA3ATENILHO B MPUCYTCTBHM TPOWIHTA YCTOHUHBLI PEUKO BCTpe-
HAI0UMECH B PHPOAEC MOMXYKHT, TAUIHAXHT, Pa3HOBHIHOCTH KYBHUCCKOTO Xallh-
KOIMHUpHTA — MHHCPATLI FPYINTBI XWILKOIUPHTA, HO MO CPABHEIHIO ¢ HHM O6e:l-
HeHHble cepoil.

AH@IU3KPY S CXeMaTHUeCKHUi paspes 1111 (cM. puc. 33) . posoibHbIil paspes
4epe3 ONHy M3 BeTBEH TAIHAXCKHX HHTPY3HBOB, MOKHO BHICTD, IO dcCOLMA-
Umsi campIX GeIHBIX ccpoil cylibduon oBpasyeT BuITANYTBLI WIACT yie BHYTPH
pynssix tei. Ilo statepwin, a takxke K Bepxy H HH3Y Telld BRPAIICHHBIX Pyt
4CCOLMALHHY MATIOCEPHHCTBIX CYIIbGUAOB CMEHSIOTCA 1OC/HC0BATEIBHO napa-
reHe3ucaMu 60Jlee CePHHCTLIX MHHEPUION.

[TpuBencHHbIl MaTepHw! 103BONACT HOYTH OIHOBHAUHO YTBCPIRIUATD, uTO
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ONPOGORIHMI CO CPEAHUM OTHOLIEHHEM PYIHBIX 3/1EMeHTO B . oS = o£H SV T = &
e N 7 A
: e SEENLEN T
4CCOLMALUMM  MUIOCCPHUCTBIX CYJIBOUIOB 06pasyloT cephUEBHHY Tella JIMKBa- I N 7 g ©F
UHOHHO-BKPAILICHHBIX B MAarMaTHYeCKMX NOPOJAX Py M OTOT IUTaCT Helpe- § = o=
PbIBHO H COIJIACOBAHHO C MOp(bOJIOI‘HCi"( MAarMaTHyecKoro Ttejia TAHETCHA B KOp—
HEBYIO 30HY HHTPY3UBOB, BBIKJIIMHHBAACh B HalpaBJIcCHUH JIHOOKOHTAKTOB

(puc. 34). HecomHeHHO Takske, 4o 3Ta 0cOBEHHOCTD pyd chopmupoBanach B
CUIC pacIUlaBjCHHOM COCTOSIHMM MHTPY[HMBAa, @ He Ha [10C/HCMarMaTHieCKOM
dTante. Ee uHTepripeTauns umeeT GoiiblIoe TeHeTHYCCKOE 3HAYCHHE.
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Puc. 34, Cxematnucckuit paspes 1o Npogosibhoft ocl Xdapae|axckoW BeTBW BepxHeTaimax-

CKOUO HHTpY3UBA C BbIHCCCHHEM Ha HeEro Mnucpunoruqccxoi 3O0HATNMBHOCTH JIMKBAaUHOHHO-
BKDUTHUICHHBIX PYI H paclipciciieHMeM B HUX 1130TONOB Cepbl

Lx |9

S

I = onupunoBbie seikora66po; 2—4 — cynvduuHble pyast: § — Mem<o3epHHCTBIE 1 Karule-
BiAIibie (C Ka4eCTBEHHOI XapaK Tep UCTUKOM pa3Mepos) NUKBal)oHHOBKparsIcHibie, 3 — HHTEp-
CTHUUMAIIBHOUTPEraTUBHDIC JIHK BAHOHHO-BKpamseHtbie, 4 — MacCHBHblE, MarMaTU4YeCKHe;
5, 6 — nopoael: 5 — MeTamMopd HUeCKHe H MeTacoMaTH4YeCKiY; 6 — XeMOTeHHO- H TeppUTeH-
no-ocanouHble; 7—/0 — reomoruvecKue TpaHuupl; 7 — cn‘n, 8 — MarmaTHyecKux Tes,
¥ — nuddepenunaTon unTpy3usa (ycnoeHeie), /0 — pyaspIx accouuauuit BKparnjeHHbIX
pvi; /] — npumepHbIii cpesHuil w3oTOMmHBIT cocTab cepbi (82%S b °f ) maKBaumoHO-

BKPAIUICHHBIX PYd B paspe3ax MHTPY3HBa

ABTOpbl, ycTanosusumMe dakonomeptocts (A, TeHkuH u gp., 1976),
OOLACHAIT ce yBelHucHHeM (YTHTUBHOCTH cepbl K YHOOKOHTAKTAM MAarmaTH-
UCCKHX Tell, NIPADICIIU3YS ce ¢ KOHUEHTpalueH JleTyYdX W yKa3biBasi Ha BO3-
MOKHYI0 POJIb TEMITEPATY DHOTO PeXHMA MarMaTHYecKHX Tell. B mpyroit paGote
{12, c. 184, 185] 3akoHOMepHOe pa3mellcHHe CyHl’”bHHHbIX acconuanuit cpi-
3bIBAIOT OTYACTH C TEMIlEPaTYpOH KPHCTATIM3ALUKY' BMELUAIOLIENO CYTbhUIbI
CWIHKATHOTO  paciUlaBa M YacTHYHO ¢ (YIHTHBHOETBIO KHCIOpOMa (fo,),
CBHBAIHON, 110 MIIEHHIO ABTOPOB, OOPATHOH 3aBUCHMOCTBIO ¢ YTHTHBHOCTBIO
Cepbl B MarMe TWIHAXCKUX MHTPY3HBOB, OJHako Brwumme TeMICpaTypbl yxe
e obeysylaerca. OBGpasoBaHHe pyu ¢ uuaxoccplluc)tbmm cyiibdHIAMH B 1M-
KPHTOBOM T'OPH30HTE OlM OGBLSCHAKT HOBLILEHHOJI (YIHTHBHOCTBIO KHCIIO-
poJi 1IPM KPHCTAIIIH3AUMH Marmpl ¢10, 06ycroBiHflalowelt noHWxkeHHe GyTH-
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THBHOCTH ceppl. C ITHUM OBBSICHEHHEM TPYIIHO CONACHTLCA. Talk Kak o0 IHe
B OTOM cCJIOe CyJIbHHUHON BKPAILICHHOCTH YKa3bIBACT HA BLICOKYI0 KOHUeHTpa-
UMIO Cepbl M, CIIEOBATEIIBHO, Ha ce GYIrHTHBHOCTL. HeBO3MOWHO TaKAe HaiiTit
IIpHUMHY [OBBIUICHHA B 3TOM CJIoe (DYTHTHBHOCTH KHCIOPOLd 10 CpaBHEHIO ¢
APYTHMH TODH3OHTAMH MarmMaTHYECKHX TeJl, HallpUMep, JHIOKOHTAKTOBLIMH
YUYaCTKAMH HJIH CJI0€M TAKCHTOBbIX rab6po-11071epHTOB, KOTOPbIe AKTHBHO aCCH-
MHJIMPOBAIN BELIECTBO BMELUAIOWHX IOPOM, B TOM YHCIle aHTHIPHTOBLIC [OPO-
IIbl C BBICOKOOKHCIIEHHOMR cepoH. :

BcecTOpOHHHH aHaTH3 30HAIBHOTO pa3MelleHHs CyiIbdHIHBIX ACCOLMALLHil
B MarMaTHYeCKHX TellaX MOKa3piBaet cieidyiollee. TeMilepatypa B 3TOM siBile-
HHH UIpajia BTOPOCTEIEHHYIO pONib, TaAK KAaK B OIHOM H TOM e MarmaThuec-
KOM ciloe IIMKDHTOBBIX [I0JIEPHTOB 3aKJIIOYEHb! PadIHUHbIC CYIIbH/IHbIE Napa-
redesucnl (cM. pHc. 33, 34). TemilepaTypHblil pexHM CIOA OIlpelelIsUICH Npeos-
Najarled 1o o0beMy CHIMKATHOM COCTaBNAOIWEH, MAlO H3MeHAHLLHICH
COCTaB KOTOPOH OGecleunBanl NMPHMepPHOe IIOCTOSAHCTBO TeMIEPATypbl B CIIOC.

KoHleHTpauus ceppl B MarMe Take He SIBSIETCA Ollpefes AOWEH, TaK KaK
B TOPH30HTE NMHKPHTOBBIX rabbpo-IONepUTOB MAocepHHUCTDIE CyJibhHIbl 06pa-
3yHTCA B Y4acTKax WX MOBbIUIEHHOH KOHueHTpauud, Ho B ewe Bonee Gorarwix
CynbpUAAMH TAKCHTOBBIX MOJICPHTAX YCTOHWMBLI OBOTalUeHHbIE Cepoil cylib-
¢dunp. Kpome Toro, cepa, BH/IMMO, 1OCTYMana M3 KOpPHEBBIX HacTel MarmaTh-
YeCKOIo Tena, TaK KaK ¢ulaHronble, (POHTWILHBIE H BOODIIE HPHKOHTAKTOBRIC
YaCTH HHTPY3MBOB HE COJIEPKAT MAarmMaTHueCKHX CYIIbhHIoB. CilelloBATeIIbHO,
TBUIOBbIE YACTH MAaIMATHUECKHX TeJl COEPRUIN ceput Gosibllle.

Ocraercsi paccMOTpeTh BIIMAHHE NOTEHUHANA KHCIOPOJA (MM ¢TO v Iiiis-
HOCTH) Ha COCTOsIHMe cepbl BOOGUe M B cynboduiax B uactTHoctH, Copa. Kaw
M3BECTHO, JIETKO [epeXOIMT W3 OJHOTO BaJIeHTHOTO COCTOSHHN B IIPY10C i
BCTpeyaeTcsl B NIPHpOJie ¢ 3apsfiaMH Ha OJMH aToM +6, +4, +2, 0, —1, —2 (psi
HapacTalowed  BOCCTAHOBNEHHOCTH cepbl). COOTBETCTBEHHO pAML CynbhHIOB
xeite3a — nUpUT (FeS;), MOHOKIIMHHBIA NUPPOTHH, TeKCATOHAILHBIA MTHPPO-
THH, TpowtnuT (FeS) oTBeyaer Bce Goliee BOCCTAHOBMTENBHBIM VCIOBHAM
(cHMXEHHIO NOTEHUMANa KHCIOPOHa) IPH MOCTOSHCTBE (YIHTHBHOCTH cephl
M OOHHaKOBOH Temiepatype. [1ogoGHBIH psil MOKHO OPraHM30BATH M3 MHHe-
paioB TpyIINbl X&IbKOMHPHTA. B cOOTBETCTBMM ¢ Takoro poua BIIMSHHEM
KHCI0pOJa Ha cyJib(pUIHbIE MapareHe3nchl 30HATBHOE UX PAa3MelLCHHE B MAI'Mi-
THYECKHX TelaX MOXeT WHTepIPeTHPOBATbCA KAK Pe3ysIbTaT pOCTd HOTEHUHAd
KHOI0pOfia K 3HOOKOHTAKTAM MACCHBOB. B YacTHOCTH, 3TH MaccHBBI B KOH-
TAKTaX aKTHBHO MPOMW3BOOAT MarMaTHUYeCKOe 3aMelleHHe DOKOBbIX OCANOYHBIX
nopoji, 6oraTeIx KHcIopogoM. Bilaromapsi 3ToMy paciulaBbl JHIOKOHTAKTOBBIX
daunii MarmaTHueckKHMX Tell OBOTALAIOTCA KHCIOPOIOM H (OPMHPYIOTCS HpH
Gostee BBICOKOM €ro MNoTeHUMasle 110 CPaBHEHHIO ¢ BHYTPEHHMMH H TbUIOBBIMI
YaCTAMH WHTPY3HMBOB, (GOPMHPOBAaBLIHMHCA B BOCCTAHOBMTEIbHBIX YCIOBHAX.

OGpasoBanHe JTHKBAUHOHHO-BKPAIUIEHHBIX B MarMaTHYECKHX MOpOIaX pyIl.
PaccMoTpeHHble MaTepHasibl, Ha Hawl B3Dsfd, yGe[HTENBHO CBHIETENbCTBYIOT
O TpeX ITIaBHBLIX OCOBGEHHOCTAX OBPa30BaHHA PYHOHOCHBIX HHTPY3HBOB laituxa
(1 Hopunbcka). B nx ¢opMHpOBaHHM dKTHBHOE YUACTHE HPHHHMUIN HOTOKH
TPAaHCMAarMaTHYECKUX  (JIIOHAOB, HPEHMYLIECTBEHHO HepeMeIdBUIMXCH 01
THUIOBBIX K (POHTA/IBHBIM YacTAM MAarMaTHUeCKHX Tell, ONIOHIBI, COOTBCTCT
BEHHO MX MAHTHHHON# NpHpode, UMEIIM BOCCTAHOBHTEIBHBIC XapPUKTePHCTHRH,
a B HMX cOCTaBe 3HAUUTENbHYI0 POJIL HIPAIH POJIAHHINBIE KOMIDICKCHI ¢ JIHTat-
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jom NCS™'. Tpancmarmamiueckue ¢UIIOHILL yuacTBOBAIH B 06pa3oBaHuK
JIMKBAUMOHHOR CyJIbPUIHOH BKDAIICHHOCTH B CHIMKATHOH M4TMe, YTO HOKa-
3bBACTCHA MOPGONOTHUCCKUMH 0COBEHHOCTAMH PYHHBIX Tell, HX re0XHMHYec-
KOH M napareHeTuueckoi 3oHalbHOCTLIO. [owTenHss yKa3biBaeT Ha Beldyluyio
poOJib LOTCHUHAIA KUEIOpPOMa B 0Opa30BaHMM ITHX pYil, IIPHYEM €ro MOTeH-
IHall  yBENIMUMBWICA OT CTEpPKHEBOH M THUIOBBIX YacTedl MAarMaTHUYeCKOIO
Te/ld K er0 JHIOKOHTaKTaM, hriaHraM H GpoHTY.

W3 3THX NONOXeHUH eCTeCTBEHHO BbITeKaeT BbBOM 06 06pa3oBaHHH THKBa-
UHOHHBIX CYJIbOUIOHBIX BbIAeNeHHA B MHTPY3HBAX B DedyibTaTe CynbdypHu3a-
LMH NPHUKOHTAKTOBBIX 4aCTeH MAarMaTHYeCKHX TeNl, He COHepKalUMX CyrbdH-
HOB, MO/ BO3ACHCTBHEM CEPOCOMEPKALUMX TPaHCMArMaTHYeCKHX (HIIIOMIOB.
llonTBepxneHHeM ONMKHO GbITh NMPHMEPHOE PABEHCTBO BAIOBOTO COMCPKAHHA
KeTle3a B TOPOLAX M, CJIC/OBATENbHO, B MarMe (IIaHrOBBIX M LEHTPANTbHBIX
Y4aCTed MarmMaTHUeCKMX Tel, TaK KaK Cynbdypu3auua paclUlaBOB [IOJIKHA
BBI3bIBATH INIaBHbIM 06pa3oM Nepexom ele3a M3 MarHEeTHTa H YaCTH CWIHKATOB
B cynbgumoe BewtectBo. Ilpn sToM HauBGonee paHHeR cynbdupHon dasoit
CIENYeT OXHMIATb IMPPOTHH M XalbKOIMPHUT-MHPPOTHHOBBIA paciuiaB, B coot-
BETCTBMM C MpeANoiaraeMpiM INIPOUECCOM HAXOHMTCA CYLUECTBEHHO MHPPOTH-
HOBBIA cocTaB pyn no nepudepun pymueix Ten [12]. B cormacuu ¢ momensio
HaXOIMTCA He3HaUMTellbHaA pa3sHHUA CpedHeB3BelEHHBIX CONEPXAHMH jxenesa
B ¢opme Fe, O3 Mexuy GaHroBoIMM M UEHTPWIbHBIMH YaCTAMH MarmaTH-
Yeckux Ten. OiaHru comepxart OkHcna Ha 1,1 mac, % Bornblle, ueM UeHTpaJIb-
Hple UACTH TIpH  paBeHcTBe JIBYXBaleHTHOTO xefle3a [22, Ta6n. 37].

XuMuuecKas CTOpOHa ABJIEHHA HAMM He aHATM3MPOBANAch M3-33 HeLOCTATOU-
HOTO KOJIMYECTBA XMMHUECKHX H TEPMOIMHAMMUECKHX MaHHBIX IO POJAHHCTBIM
COeIMBEeHU AM,

Eciu orpaHHuMTbCs Teonornueckoi, neTpo- U reoXMMHUECKHMH CTOpOHAMH
npouecca 06pa30BaHKA JIMKBAUHOHHO-BKpaleHHpx pyn TanHaxa u Hopunscka,
TO Helb3A He OTMETHTh €r0 COOTBETCTBHA ITIABHBIM, YACTO NPOTHBODPEUHBBIM
YepTaM PYIHONPOMYKTHBHBIX WHTPY3MBOB. HanmomHuM, uro HepaBHOMepHOCTBH
pacrpeneneHusa CynabpHIHOTO BELIECTBA B WHTPY3MBAX IO JIATEPAIH U B BepTH-
KTbHBIX Pas’pe3ax, 3aKOHOMepHad H3MeHUYMBOCTb OTHOIIEHWH pPYIHBIX MeTal-
JIOB B TeJ1aX BKPAIUIEHHDbIX PYH, YMeHblUIeHHe 00Iell KOHUEHTPAUMH CYIIbpUIOB
K TbUIOBbIM YaCTSIM MArMaTHUECKHX TeJl MPHBOOWIH Pl MCCledOBaTeNnedl K
NpeICTABJICHUAM O METaCOMATHYeCKOH INpHpOde pym M INpPUBHOCE MeTAIIOB
ruppotepmamu. [lpemnaraBumeca “MarmatucTamu” OObACHEHHA 3THX 3aKO-
HomepHocTell [105] HOoCWIM MCKYCCTBeHHBI XapaKTep W He IONYUHIIH MPU3Ha-
HUA B NaTbHeHUMX HccrleNOBaHUAX. MeTacoMaTHuecKas e KOHUENUMA MpOTH-
BODEUMIIA AIBHO MarMaTHYeCKOH NpUpOMe cynbGUOHBIX BKpaIUleHHH B Marma-
THYeCKUX Tenax., Tosbko npeanonoxeHue O GOPMHUPOBAHHM JIMKBALMOHHO-
BKpalUleHHbIX pyd MioHJamMd, MepeMelaBIIMMHCA B Marme, IO3BOJIAET
OGBACHUTD COBOKYMHOCTL YKAa3alIHBIX YepPT PY/IHBIX TeN 3TOTO THMA. JIoTyLieH’e
JIOKWIbHOTO HepeMellleHus ¢nwougoB B marme [109] Hemocratouno mis
oBLficHeHHA 3AKOHOMEPHOIrO pa3MelleHHsi Pyl B MarMaTHUECKHX Tellax,
MHHEPWIOTHYECKOH 30HAIBHOCTH PyH. MIMeHHO 3TH nMX 0cOGEeHHOCTH NMPHBOJAT
K [IPH3HAHUIO CYLIECTBOBAHHUA NOTOKA (QIIIOMIOB, IPOXOIUBIIMX MO BCeHl BCKPbI-
TOH CKBaXMHAMH JUTMHE XHIKHX MarmartHieckux Tei. Ux mMaHTHitHas npupoma
B TAIHAXCKHUX H HOPHIBCKMX HMHTPY3HBaX JIOKA3bIBAETCA BbICOKOBOCCTAaHOBH-

TEJIbHOM 0 6CTAHOBKOM B IleHTPUTBHBIX YacTAX MATMATHUCCKHX Tell.
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T'eHe3uc Ten ™MaccuBHBIX cynmbduoHbIX pyn. He octaHaBnupasich Ha 3TOM
BOIIpOCe feTalbHO, HEOBXOOUMO Bee e OOCYIHTh reHeTHUeCKYIo CBA3b 00paso-
BAHHA 3TUX Py ¢ GOpPMHPOBAHHEM JIHKBAIIHOHHO-BK PalUICHHBIX B MarMaTHYec-
KHX NOpoaax pyn.

Tena maccuBHBIX CynbGUOHBIX PYHN 3a1eraloT B BHIE CHWITOOGPa3HBIX HIH
M1acToobpa3HpIX TeJl B MOJOUIBEHHOM YacTH MpPOAYKTHBHBIX HHTPY3HBOB
Tannaxa u Hopwibcka. B ux xpoBne 0GbIYHO, HO He Beerfia 3alerakT M0pOIIbl
MHTPY3HBOB. B HEeKOTOPBIX yyacTKax Tela MAcCHBHBIX PYII OTHAE/IeHbl OT HHTpY-
3MBOB HeOpy[eHeJIbIMH pOTOBHKAaMM [IOBOJIBHO pa3HOOGpPAa3HOro cocTasa.
OmHako M NpH HeNOCpPeACTBEHHOM KOHTaKTe Tell MACCHBHBIX PYI C UHTPY3H-
BaAMHM OHM OTHeIeHbl OT JIMKBAUWOHHO-BKPpAIUTEHHBIX Pyl GeccylbOHIHBIMK
KOHTaKTOBpIMA M  Beccy/nbGUOHBIMM  TaKCHTOBBIMH  rab6po-monepHTamMu,
91 ¢aKThl BBIHYIHIM OTKA3aTbCA OT paclpocTpaHeHHbIX B 50—60-x ropmax
NPeANoNoXeHHH O (OPMHPOBAHMH MACCHBHBIX PYH H3 ONYCTHBUMMXCH BHU3
Kalelb CynbGUAHBIX XHMIAKOCTEH B COBPEeMeHHBIX KaMepaX JIOKATH3AlUH
MHTPY3UBOB. TpeumHHOOGpa3Hble GOPMBbI 3aleraHHA MacCHBHBIX PYIl B HHX-
HHUX YacTAX MArMaTHUeCKHX Tell, MPUCYTCTBHE DEHKHX OTBETBJIEHHH DYHHBIX
KW [laxe B CpeldHHX TOPH30HTaX HHTPY3MBOB YKa3bIBAKT HAa BHeIdpeHHe
BELIECTBA MAacCCHBHBIX pYI yXe [MOcjle KOHCOJIMHAUHH HHTPY3uBOB. MHorma
TdKHe XMIIbl MPOHUKAKT B C/IOH OJIMBUHOBBIX HOJTEePUTOB. ITOT GAKT, 3 TAKKe
HepeakKoe NMOABJICHHUE BOKPYTI T€l MAacCCHBHBLIX pyIl HeBONBUMX 30H BKpairicH-
HOTO OpYOeHCHHA 3710 OCHOBaHHe HEKOTOPbIM HCCIIEOBATLIIAN 1P/ TO-
XHTb, UTO MOUOOHBIM 00pa30M cHOPMHPOBAIHCh M KAIUTCBHI{HO-BK PAIUICHHbIC
B MHTPY3HBaX pyabl. OmHaKo OGbMHAA 1IPOCTPAHCTBEHHasA HE3aBHCHMOCTH TeX
H IpYIUX He NNO3BOJNAET COTTIACHTHCA C TAKUM NPEeACTABIICHHEM,

JpyruM cHOpHBIM aclleKTOM OOpa30BaHHA MACCHBHBIX PYH ABIAETCA BOI-
poc: chOpPMHUPOBaHBI W OHM M3 CYJIbGUIHBIX PacIUIABOB WM MeTacoMaTHUCC-
kuM nytem. He ymy@nsasce B auckyccHio, oTMeTHM clieftytomtee. KOHTaK ro-
BO¢ BO3[eHCTBHe MacCHBHBIX pyJ Ha TeppHTeHHble BMellakolie Opojipl 1PAK-
THUECKH BCerfa BbIpakaeTcsl B 0Opa3oBaHMH OKOJIO pYI 30HOK OCBETIIEHHA
H BO3HUKHOBEHMH NMOPOJ, CXOHOHBIX 110 MHHEPATTBHOMY COCTABY C TepPHTEHHBI-
MH, HO UMEWIMX MATMaTHUeCKYI CTPYKTYPY, IpaHO(GHPOBY0, XAPaKTePH3Y0-
LIYI0cA HaTHuMeM CHMIUIEKTHTOBBIX CPOCTKOB KBapua ¢ kamunmatom. [pose-
HeHHble Mo Hawled mpocbGe B.C. BoplenHeBbIM HCCIIEI0BAHHA M KPOBKITIOUC-
HUA B KBaplax MOKa3alH MPUCYTCTBHE B HUX CTEKJIa COBMeCTHO ¢ razom. [nas-
JIeHHe CTeKJa TPOUCXOMUT NpH 950—970°C, a rOMOTreHH3auus — npu 1040—
1050°. TlockombKy coueTaHHe B MAacCHBHBIX pyrax IIHPPOTHHA C XATbKOIHPH-
TOM IOCTOAIHHO, XOTs OBl 4acTb BellecTBAa MAacCHBHBIX Dy [OJIXKHA pacliia-
BUTbcA. BMecte ¢ TeM GOKOBBle NMOPOHBI HEPEIKO HECOMHEHHO 3aMelaTCs
CyNIbGHOHBIME pacIUlIaBaMM, YTO OTMeUaock He TONBKO Hami, HO M A.JL, Ten-
KMHBIM ¢ Komneramu [12]. TaxuMm o0Gpasom, cynbouiHble paciuIaBbl, Kak H
CHIIMKATHbIE, CNOCOGHBI IIPOM3BOIMTh MATrMaTHUeCKOe 3aMellleHHe GOKOBBIX
NMOpO[I, HO 3TH ABIleHHA Tpeby1oT Gollee MyBOKOTO H3yueHH .

[IpuBeneHHble MaTepHATbl NOKA3BIBAKT, YTO MACCHBHbBIE CYIIbGHUIHBIC PYIbI
06pasoBaIUCh U3 CYIIbGUIHBIX PACIUIABOB, BHEHPUBINHXCA H3 MYOHHBI B BHIE
CaMOCTOATEJIBHBIX HH'heKl[l{ﬁ. Hx BHE/IpEHHE NMPOH3OIILTO Moche KOHCOJIHTAaLHH
AUTIOMOCHIIUMKATHBIX Marm, .

EcTecTBeHHO NpenosnoxHTh, YTO CYNbGHIHBIC MarMbl BHCUPSUIHCH U3 1Ipo-
MEXYTOUHOI'0 Oouara, rmue OHH OGle:iOBaJTHCb H3 rpaBUTANHOHIO ONYCTHUBIHHXCA
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KalleJIb JIMKBAIMOHHBIX KHIIKOCTEH, HeCMEUIMBAIOILMXCA ¢ CWIMKAaTHOH Marmoil.
MpuwiHa nMKBauMKH M 06Gpa3oBaHuA Kallesb CyNbUIHBIX >KUAKOCTeH Morma
GbITb TOH Ke, YTO W IPHBENWAA K BO3HHKHOBCHHIO JTHKBAUHOHHO-BK paruieH-
HbIX B MArMaTH4YecKHX Hopodax pyu B Tannaxckom u Hopwibcxom pymHbix
ywiax. MMeercs B Biyly 1pouecc cysibgypu3alni CHIMKATHBIX MArm 10 BO3-
[eHCTBHEM IIOTOKOB TpalHCMarMaTHUeCKHX ¢monnos. ObumpHas Metamarma-
THUeCKas cylibdypusauns B HPOMENKYTOUHBIX OYarax JOJIKHA COIIPOBOXKIATbCA
0Opa3oBaHHeM 3HAWHTEIbLHBLIX 06LEMOB JIEHKOKPATOBBIX pacrutapoB. C HHMH
MBI OTOXUECTBJIACM JIeHKOrab6po, NpencTaBieHHble B PYAHBIX y3/1aX efHHUY-
Hbimu crwibtamu. Tlo yctuomy coouwehnio O.A. MioxHKOBaA, BHe PYHOHBIX Y37OB
MarMarHieckKue Tejla NMOJOOHOTO cOCTaBa He BCTpevaloTcs. Takad JoKaibHasA
CBA3b JeAKOrabbpo ¢ py[HBIMM y3JlaMH, BHIMMO, He cnyyaliHa ¥ HalWude
JIeHKOTAbOpPO CBUIACTENILCTBYET O NPOABIEHHH B POMEXXYTOUHBIX OYarax Mera-
MAarM4THYECKOH CynbdypU3aUMK U MOXeT MCTIONb30BaThcsd B KAaYecTBe KOCBeH-
HOTO TIpH3HAKA BO3MOXHOIO MOABJICHUA B 3TMX PalOHAX MacCCHBHBIX CyJbdHI-
Hbix pyu. CaMo cyliecTBoBaHHe MPOMEXYTOUHOTO MAarmMaTHUecKOro OYara o Ka-
3bIBACTCH CYLICCTBCHHON OBOTAlIEHHOCTBIO CYIIbhUIHBIX PYL KAK MAacCHBHOTO,
TdK H THKBAUKOHHO-BKPAIUTICHHOTO THIIA TsXelbIM H30TONOM cepbl (6348 o1 9
10 16%). IT0 0CcOBeHHO BEPOATHO B CHIlY OTCYTCTBHS TaKOTO 3apakeHHA Marm
B KaMepaxX HX COBPEMEHHOMN JTIOKATH3alHH.

HEKOTOPbBIE TEOJIOTUYECKHE
W NETPOTEHETUYECKHUE OCOBEHHOCTH BYUIBEJIBACKOTO MACCHUBA

BylBenbaAcKuit MHTPY3UB NpeficTaBAeT cOBOM IMIAHTCKHIl JIOMOMUT ¢ pas-
mepamu 450 X 250 KM npu MowHOCTH He Menee 10 kM. B BepTUKAIbHOM pa3-
pe3e JIONOTHT MMEET HCKITUMTENbHO CJI0XKHOE CTpoeHHe, 0By IOBIIeHHOe Gec-
KOHEUYHOH IIEPEMEKACMOCTLIO (JIOEB MarmMaTHyeCKHX NOpOI pas’HOro COCTaBa.
MowHOCTL OTHENBHLIX CIOEB YACTO He MpeBbillaet NIepBbIX METPOB H Haxce JI0-
sieit MeTpa. Bmecte ¢ Tem o6uwmit coctas HHTpy3HBa 3aKOHOMEDHO MEHSAECTCs CHH-
3y BBEPX OT NOpoJ yjbTPaOCHOBHOTO COCTaBa 710 rpaHuTOB. Camas BepxHss,
TpaHHTHAs YacTb JIOTIONINTA [4BHO PACCMATPHBAETCA KAaK HHOPO[IHOE Tello, 06pa-
JOBaHHOE, CKOpee BCEro, B pe3yJibTaTe IUIABJIECHUs TEPPUTEHHBIX I0POJ, KPOBIIH.
O6pazoBaHue xe ynbTpaba3ut-6a3uTOBOM, IMaBHOH 10 06bEMY YacTH MaccHBa
TPAaKTOBANOCH NO-pa3ioMy. O HeNaBHETro BpeMeHH HaGONlee pacnpoCTpaHeH-
HBLIM TNIPE/ICTaBJIANOCH POPMHMPOBAHHME ITOH UAaCTH pPa3pe3a M3 edMHOH Marmbl
OCHOBHOTO COCTaBa, KOTOpas AMddepeHuMpoBalach Ha CJIOM MyTeM IpaBHTa-
UMOHHO-KPHCTAUIM3AUHOHHOK UHddepe HIHALHM, OCIOXHEHHONH KOHBEK THBHBI-
MH IBHOKCHISIMH RHAKOCTH. BLICKa3bIBAIMC TaKKe IPEIIONONKeHHs 06 obpa3o-
BalMi MAaCCHBY H3 MHOTOKDATHBIX MATMaTHUECKHX MHBEKLMH ¢ OGlUell aHTH-
APOMHOH 1OCIENOBATENLHOCTLI OT BA3HTOB K ynbrpabasuram (JInxaues,
1975 1.). Onpenenextxas ponn B 06pa3oBaHHK PHTMHYHO CTH OTBOIWIIACh MeEXa-
HU3MY HANpPaBJIEHHOW KPHCTAIH3aLMH,

C 1981 r. yTBepmuIOCH NPENCTABACHHE O TOM, YTO 6a3uT-ynprpabasuToBas
CepHs IUTYyTOHa 06pa3oBaiach H3 MBYX HMIYJIbCOB MAarMaTHUECKHX HHBEKLHMI C
Ga3HTOBOM M YNbTPaGA3UTOBOM TEHACHUMAMM KpPHCTALIH3ALUHI [139}. Cor-
JIACHO DTHM IMPENCTABJIEHHAM YJIbTPAOCHOBHAA MarmMa 06pa3oBana HIKHHe CJIOH
nononuta (cHu3y BBepx): 1) HMKHAA KOHTAaKTOBas HOpPUTOBas 3oHa; 2) Ba-
3a1bHas 30Ha MOLMHOCTBbI0 1500 M CrI0sKeHa lepeMesKaloLHMHCS CII0S MM AYHH-
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TOB, MHPOKCEHHTOB M NEPHAOTHUTOB ¢ XpomuTom; 3) KpuTiueckas 30Ha Mo
HocTeI0 1500 M XapakTepusyeTcsi Gonee MHTEHCHBHOH pacclOCHHOCTDBIO HA ITH-
POKCEHHMTBI, HOPHTBI, aHOPTO3HUTBI H CIIOHKH XpOMHTA. B BepXHeil yacTH 30HbI
[IPUCYTCTBYIOT OBa CJIOS C MNPOMDBIIDICHHON IUTaTHHOMIHOH MHHepaTH3auHceH
(cnoit ¥T-2 u Pud MepeHckoro), otctosiuie aApyr ot apyra Ha 15—370 . Tpe-
THH, caMbli BepXHMH CnOH, OGOrauleHHbIl TUIATHHOMAAMH M Cyiibduaamu,
Pud Bacrapnm umeer MouwHocTh 1—2 ¢M M He NpPEJCTaBIsET NPOMBIILIIEHHOTO
HHTepeca.

Briute omucaHHOM yacTH paspesa, chOpPMHPOBEHHOH, KAK CUMTAKOT, Marmoi
YbTpaba3uTOBOTO THMA, PacloNIaraloTCs PUTMHYHO CJIOMCTbIE MaukH ['T1aBHOM M
BepxHelt 30H, 06pa3oBaHHbIe MarmMoi Ga3HTOBOTO THMA C aHOPTO3UTOBOH TeH-
ACHIMEH KPHCTalUTH3alMH, ['apHaa 30Ha MowHocThio 3700 M crodxeHa nepeme-
XawwumMica rab6po, HopuTaMM, rabbpo-HOpPHTAMH, aHOpTO3UTaMH. BepxHsas
3oHa MowHoCcTbio 2300 M 0OpasoBaHa rabbpo, TPOKTOIHTAMH U COHEpHHT 20
C10eB MarHeTHTa. 30Ha BEHYaeTCsi Maukoi HeppoaMOPHTOB MOLHOCTLI0 690 M.
Brille HMX pacnonaraloTcs rpaHUTHbIE IO POIBL.

PuTMHuecKkHe NMayky MaccHBa MpopBaHbl (YacTo 6e3 33aMETHOTO HapyLIEeHHs
3aJIeralva JIOEB BMEILAIOLWHNX NOpoa) TpyBooBpasHbIMU TellaMH IlerMaTOUIHO-
ro obnuka, cpeln KOTOPbIX HMEKTCS AYHHTOBbIe, TOPTOHOIIUTOBbIE, GPOH3UTO-
Bble, JMAJIJIarOBble PAa3’HOCTH, a TAKXE CYUIECTBEHHO MAarHeTHTOBbIC H BepMH-
KyJHToBbIie. IlermMaTonapl pacnonaraloTcs NpPeMMyIecTBEHHO B BepxHel uactd
KpHuTHueckOi 30HbI, @ MATHETHTOBbIE M BEPMHKYTHTOBBIC — B BepXy [J1aBHOU
B HM3y BepxHeit 30H. TOpTOHONHMTOBbBIE NMErMaTOHAbl HECYT MPOMBLILUTCHHYIO
IDIaTHHOHIHY0 MMHepalH3auuio. Tpyboobpa3Hbie Tenma cCUMTAlOTCH METACOMATH-
YECKUMH 0OPa3oBaHHAMH.

HecmoTpsa Ha npuHuMnmHaIbHble paziiMuus B pa3Mepax, BHYTpeHHEH CTPYKTY-
pe, COCTaBe MarMaTHueCKHX MNopoj bByluBenbOCcKOro mMaccuBa H TPAlNOBLIX
uHTpY3uBOB Hopunbckoro pailoHa, HMEIOTCH UYepTbl CXOJCTBA  MEXKIY HHMH.
Kak M B 9HAOKOHTAaKTaX TAIHAXCKHX HHTPY3HBOB, B KOHTaKTaX b ylIBesnbacko-
IO MAaCCHBa paclpOCTpPaHeHbl MHOTOYHCIIEHHbIE aNO(H3bl, HEKOTOPbIC H3 KOTO-
PBIX aKTHBHO XMMHUYECKH B3aHMOZeicTBYIOT ¢ GokoBbiMH nopopamu. Ha ssie-
HUA TpaHCHOpPMAIMH BMEIUAKUIMX [IOPOJ B MarmaTHyeckHe 06pa3oBaHHi, T.e.
Ha MpOABIIEHMSA MAarMaTHYeCKOro 3aMelleHHs B DyuuBenbie, yKa3blBaloch pa-
Hee [130]. C.B. Teitn u A.B. Mocrept [136] oBHapy»H HacTosLMe MarHe-

" BHAJIbHBIC CKAPHBI MarmMaTHYeCKOH CTaJIMH Ha KOHTAaKTe HHTpY3HBa C IOJIOMHTA-

MU B CEBEpO-BOCTOYHON OKOHEYHOCTH IU1YTOHa, HazBaHHOTO ILmatpudom. 3necs
CKapHbl BO3HHKAKT H BOKDYT OTPOMHBIX KCEHOJIMTOB HOJTOMMTOBBIX MpaMo-
poB. OOHaKoO yKa3aHHble aBTOpbI HE CMOIJIH TOYHO OMarHOCTHPOBATb MAarHe3H-
aTbHble CKapHbI M OIMCBIBAIT HX KaK NpOAYKT MeTaMOphH3Ma JOJIOMHMTOB, a
LM HEJ b-MHPOKCEHOBbIE CKApHBI MPHHMMAKT 3a MarMaTHYecKHe oBpa3’oBaHuA.
Kak moka3pBaIOCH Bblille, 3TH CKapHbI HABIIAIOTCHA [OCTOBEPHBIM MPH3HAKOM
TpaHCMarMaTHueCKHX (IoHAONOTOKOB B ByluBenbackomM miyToHe. OOLpHble
MaclTabbl nepepabOTKH TeppHIeHHbIX MOpPOAd B TI'PAaHMTBI B KPOBJIe MacCCHBA
MOTYT YKa3bIBaTh Ha aKTHBHOE yYacTHE TpaHCMarmaTHuyecKHX QuIoHOoB B ¢op-
MHMpOBaHHH MIyTOHa. HenmaBHO MX mposBiieHHe GbUIO YCTaHOBJIEHO B IUTATHHO-
HOCHBIX cnnosAx byuBenbaa.
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JIMKBALHHOHHO-BKPAIISTEHHBIE PY [Ibi BYWBEIbOA U
OCOBEHHOCTH UX OBPA3OBAHMSA

THnbt TUIaTHHOMMWMOR MMHepaM3auMK Byisen»ackoro IUIYTOHA HOBOJILHO
Pa3HOOGPA3HBI, HO BCE OHM COCPENOTOUCHBl B MArMaTHYECKHMX MM no a0 6HbIX
MM (nMermaToMmibix) mnoponax. IloBbiueHHas MHHEPANIU3AHA OTMEYaeTCA B
OTHETBHBIX XPOMHTOBBIX CIOAX Bazanshoit 301bI Maccupa (2-6 /1), B Heko-
TOPBIX MArHETHTOBBIX CIOAX OCHOBaHHA BepxHeit 30Hb1 (0,4—1,3 r/T).

IIpoMbIlIIEHHbIE KOHUEHTPALMK TUTATHHOMIHDIX 3JIEMEHTOB COCPENOTOYEHBI
B a1oax YI-2 mownoctsio 0,15—2,55 M, MecTamu 10 5,7 M, co cpeHHM copiep-
PKAHHEM JTIEMEHTOB MIATHHOBOM rpynnsl 6,9 r/T (0-32 r/1) u B pude MepeHc-
KOTO MOUIHOCThIO OT MeHee 1 M 1o 5-9 M npu cpennem COMlEpXaHMH IUIATH-
HOMMOB 6,3 r/T. ClIOM NIPOTATUBAKTCA Ha AeCATKH KMJIOMETPOB.

[Tpombiunentas 106s1va pyn Bepetes Takse Ha TpeX TpybKax ropTOHONIHTO-
BBIX M OJIMBHHOBLIX 1ICrMaTOMAHBIX NYHUTOB. B mByx TpyOKax opyneHeHHe coc-
PC/IOTOUEHO B TOPTOHONMTOBOH HYacCTH, a B Tpybke JMpuexon MHUHEPATH30BaHbI
MIOPOJIBI € MaNOXeNe3UCTbIM ONMBHHOM. CpedHue COepIKaHUA IUTATUHOHIIOB B
Pyfax cocrapnawt 12-14 r/1. Berpewanucs PYAB! C KOHUEHTpauue IIIaTH-
Honnos 200 r/t. JIMameTpbl TpyGOK M3MEHIOTCH OT HECKOJIbKHX METPOB [0
100—-150 m.

Tpetwit N npoMbluieHHOI MHHEPATH3AUMH 33KITIOYCH B MOPOJaX CeBepo-
BOCTOUHOTO OTBeTBNCHMA MaccuBa (IU1aTpud). 3pech IWIATHHOMMIHbIE MeTaLTbL
B Kosuuectse ot 1,0 no 20 r/T HaxomsaTcs B CEPTIEHTHHH3HPOBAHHBIX MHPOK Ce-
HHTaX M THOPUAHBIX, IO MHEHHIO ABTODOB [136] noponax, okaitmistowmx Kce-
HOJIUTLI NONOMHMTOB B MOpofax I'MaBHO#M 30HbI w1yToHa. MOLIHOCTH PYIOHBIX 30H
BapbupyrT ot 20 mo 150 m. Opyaenenue TNIPOSIBNIEHO HAa HECKOTIBKHX YPOBHSAX.
Kax mbt yxe ormevanu, opynmenensie NOPONbI NepBOHAYATIBHO IIPENCTABIIsUTH
coBOJi MarHesuanbHble CKapHbl MarMaTHYeCKOl CTafuH.

WanosxeHHbie cBemeHus CYMMHPOBAHBI MO MaTepuanam TpeTbero MexmyHa-
POLHOTO IUIaTHHOBOTO cHMnosuyma 1981 r. HauBonee NPaKTHYECKH 3HAUMMBI
H Tyuuwie usyvenibt pynsl cnoes YT-2 u Pucda Meperckoro. O Hux u MOHIET peys
HHKe.

Cynedunnan menkas (aMameTpoM B 2 MM) BKpaIIeHHOCTD B KOJIMYECTBE JI0
5 06. % NpenMyluecTBEHHO NTOKATHIOBAHA B BoNlce rpy6o3epHHCTBIX (MErmMaTo-
HAHOTO 06/HKA) MIPOKCEHUTOBBIX CTIOAX PUTMHYECKH PaccIOeHHbIX MayeK, co-
KCHHBIX CHH3y BBEpX NMHPOKCEHMTAMH, HOPHUTAMH M aHapTo3uTaMu (Pud Me-
PEHCKOTO) WIH NMMPOKCEHUTAMH M HOPUTaMH (¥T'-2). B nepgoii nauke umerorcs
OBa CNOHKA CYLIeCTBEHHO XpOMHTOBON NOopoakl, BO BTOpO# — opmH. Clou Hec-
KOJIbKO pauTHYalOTCA KOHIEHTpPALMER [UTaTHHOMAOB Ha cyneduany Mmaccy.
Croit YT-2 Gorave pemxumu snementamu. B XPOMHTAX 3TOTO CIIOA YCTAHOBIIEHO
YBEJIHUEHUE OTHOCHTENBLHOTO coliepxanua Fe' * Brepx no paspesy. Ilo HenaBHe-
TO BPEMEHH CUMTANIOCH, YTO NPHUUMHON HACBILEHUA MarMbl CepOH C BbIJIENEHHEM
Kanenb  cynbpUAHBIX PACIUIABOB GBUIO MOHMKEHME B Marme KOHUEHTpalluK U
TOTEHUHANIA KHCTIOPOZA B PE3yIbTaTe OCAKMEHUA XpoMiTa, OHAKO MHOIOUHC-
JICHHDLIC XpPOMHMTOBBIE CNIO¥KK B Basanbhoil 30He MaccuBa BbINENeHMAMM CyInb-
PHIOB He COnpoBOXAATCH.

B nactoswee BpeMa BHMManue Hcaienosaten it oBpaweHo Ha HuTHuKe B cOC-
TaB€ DPACCITOCHHBIX NAYEK NOPOJ, OGOTAILEHHBIX TUIATHOKIIA30M. DTH 0 pobl
CUHTAIOT NPOAYKTOM KPHCTAUTH3AUMH 6Orlee BEpXHel 6a3UTOBOI Marmel, a
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Puc. 35. CxemaTiueckoe cTpoetHe BepTHKabHBIX CTPYKTYP, KOHTPONHPYIOUIHX MifHepa-
JIOTHIO  ITaTHHOMAOB B BYLIBENBACKOM MaCCHBE: a4 — CXCMAaTHUECKHH BEPTHKMITHHbIf

pa3pe3 yepe3 INOJIOBHHY TaKOW CTPYKTYpPhI MO Mmartepuanam EJ1. Kunmnoua [143]; 6 — obuutft
BHI CTPYKTYpbI

MHPOKCEHHTBI — HHMXKeNeXKalleH yNbTpaoCcHOBHOMN. Paccnoemiible naukm pac-
CMAaTPHBAKTCA B KAYECTBE NPOAYKTOB CMELUEHHA ABYX MAarM; Cy/bpbHupl H 1011-
THHOHABI — pE3YNbTAT PEAKLMH Cepbi GA3MTOBOM MAarMbl H METWINOB YJIBTpi-
ocHoBHoi [139]. Hanppen ¢ xonneramu (1984 r.) npeanonaramor. uto pyno-
HOCHbIE CJIOM OOpa30BaiMCh M3 AOMOTHUTENBHBIX MArMaTHUECKHX HHbBEKIHIL,
YK€ COIEpKABIUMX CyNnbhUIIibIE BbIeJIEHH S,

OnHako nmeTanbHOe M3yueHWe BapHalMil NOTeHuMana KHQIOpOJd B pYZOHOC-
HOH YacTH pa3pe3a IUTYTOHA M 3aKOHOMEPHOCTEH M3MEHEHHS accoUMALHi MaTH-
HOHJIHBIX MHHEPAIOB KaK B pa3pe3e, TAK W MO IVIOLIAAH MACCHBA NPHBOIAT K
HHBIM BBIBOJIAM H MpeNCTaBleHHAM. JloKa3aTenscTBa yuacTus NOTOKOB (ltom-
HOB, MBHKYUIMXCA CKBO3b PACIUIABbI, B ONpeeseHHH MHHEPATBHO# GOpMbI ITNa-
THHOHNOB B a10sX YI-2 u Pucda MepeHckoro 6bun nonyvens: E.J1. Kutmiouem
[143]. BobismBnss peruoHanbHble 38KOHOMEPHOCTH H3MeHEeHH S MHHEpaIOTIHI
IDTaTHHOWJIHON MMHEPATH3ALUMH [0 BCEMY IUTYTOHY, IpyNNa HccleoBaTenet nom
PYKOBOJCTBOM YKa3aHHOTO aBTOPA HA NMPOTsAXeHHH 14 neT onpoGoBana MHOTHE
CKBaXMHBI C ONPENETIEHHEM Ha MUK POAHAIH3aTOPE BCeX 3epeH MPeroNnOXUTEN b
HO IUTATMHOMAHBIX MHHepanoB. BbiBombl MccremoBatened Gasupyrorcs Ha 6000
MHKPO3OHIIOBBIX ONpefielieHMH. MHHepabHble napareHe3uchl IWIATHHOUIOB 6bl-
1 BBIHECEHBI Ha I1aH Byumensackoro MaccuBa. B pesynbrate oGHapyxaniocs,
IO pa3sMelleHHEe IUTaTHHOMAHOH MHHEPATH3AUMH KOHTPOIHPYETCH KOHIEHTpPH-
HECKMMH B IU1dHE ¥ BOPOHKOOGpasHbiMK B 06beMe (pic. 35) crpyrTypasm. -
aMeTp CTPYKTYp Ha ypoBHC Puda Mepenckoro gocturaer 36--38 kM, 4 Ha ypos-
He cnos YT-2 — 30—-32 kM. Takum 06pasom, BOPOHKOOBpasHast, CyKAIOLAACH
KHU3Y GOpMA CTPYKTYp CTPOTO AOKA3ala M MOATBCKIEHA KOHTPOJIBIBIM pas-
GypuBaHHEM OHOM U3 IPOTHO3NPYEMBIX CTPYKTYP.
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UeHTppl BOPOHKOOGPA3HBIX CTPYKTYp UPHXOAATCA HA YYaCTKH YTOHCHH ST
(uotosnos, r.e. "npomoun™, "pLituH") Pucda Mepenckoro u YI-2 BinoTh 1o
HCUC3HOBCUHH PYJIONOCIILIX TOPH3OHTOR. LleHTpasibHble YaCTH BOPOHOK (pHC.
35) COOTBETCTBYIOT YCTOHUMBOCTH H30¢eppoitathibl. Jlanee K Kpako cTpyKTyp
PACNOJNIOKEHA 30H4 C APCEHMAOM IUIATHHBI (CHEPPHIMTOM), @ KpaeBble 30HbI
CTPYKTYp H BMELUAIOUHE MATMATHYECKHE TOJIIIM XapaKTCPU3YITCA yCTOHUM-
BOCTbIO CynbHIa ILIaTHHBI (KynepuTa). K UeHTpYy CTPYKTYp yBeluuMBaeTcs M
pa3Mep [UIATHHOMAHBIX MHHcpwIoB. [llaTHHoO-nannaguessie TeNNypHIL ABMSA-
HTCH CKBO3HBIMH.

EJI. Kuiou cuntaeT, uT0 30HANBHOCTb IUIATHHOBOH MMHEDWIH3AUMH BO3-
HUKA ewie B HesacThiBlIed Marme. JlokasaTenbCTBOM 3TOTO IIPEMNONOXKEHHs
ABJIACTCS TO, YTO MHHepan Nayput (GucynbdUA pyTeHHs C IPUMECBI0 OCMUA H
Hppuins) Ha 80—-90% BKIIOYEH B 3epHA HECOMHEHHO MAarMaTHYeCKOTO XPOMH-
Ta. Tlpuuem naypHT KOHUEHTPHpYeTCsi B CyGBEpTHKANbHO OPHEHTHPOBAHHBIX
CI0MiKaX XPOMMTA, KOTOpPbIC MOABIIAIOTCA B YYaCTKaX YTOHEHUS PYHOHOCHBIX r0-
PH3OHTOB, BbIPaXAIOUIEroCs Npesk/ie BCErO B HCYE3HOBEHHH XPOMMTOBOTO CIIOi-
Ka Ha[l pyAOHOCHBIM NErMaTOMAHBIM MHPOK CeHUTOM. [IpH 3TOM MOACTHIAIOIHIA
XPOMHTOBBIH c1oek B Pude Mepenckoro ewte coxpasetca. BeptukansHo opH-
CHTHPOBAHHBIH XPOMMUTOBbIH CIIOEK HIPAeT poOiib IEPEMBIYKH MEKIY ABYMS Xpo-
MHTOBBLIMH CIIOAMH H Ha3biBaeTcst KoHTakTHBIM Pudom.

Tak Kak MHHepaibHas 30HATBHOCTbL BOPOHKOOGPA3HBIX CTpYKTYp BbIpaxa-
€TCs B HIMEHEHHH aHMOHNOH cOCTaBnslowed (cepa, MbILIbAK) MUTATHHOBBIX MH-
HEPAIOB M BCE JTO IIPOMCXOMT B paciiiaBax, E.JI. Kunnoy pe3oHHo nonaraer,
uTO 06pa3’oBaHKE CAMUX CTPYKTYp M AehOpMaims PyIOHOCHBIX ClOEB 0GYCIIOB-
NieHa MPOXOMAUIMMM Yepe3 Marmy NOTokaMH ¢nionaoB. Mctounnkom diiou-
AoB OH CYUMTAacT MOACTWIAIOMWIME MACCHUB KapGOHATHblE NMOPO/bI, BbIAENAIOLIHE
npu Harpese CO,. Ha atom ocHoBaHuK OH fenaeT BLIBOJ, 06 OKHOIEHHOM Xapak-
Tepe MPOXONAUIMX Yepe3 MarmMul QIIIOHIOB U Napaulenu3yeT Ipouecc ¢ ImaBe-
HAEM Dyl B KOHBEPTOPHBIX IleYaX, OCYLIECTBISIOLIAMCA C NpOJYBKOH KHC-
nopona. B neuyax, B 3oHax riyGokoii nepepaboTkH paciu1aBoB KHOIOpPOJIOM I10-
ABAAIOTCA crulaBbl Pt—Fe, nonoGHble NPHPONHBIM, 32 CYET BBDKUTAHHA CYTlb-
¢unnoit cepbl. ONHAKO NOMHON AHAIOTHH MPOMYKTOB IUIABIIEHHA PYA B KOH-
BepTOpax ¢ pasMCIUCHMEM I[UIaTHHOMAOB B DYHNOHOCHBIX CNOAX IDIYTOHA HeT.
B 1aBWIIbHBIX Meyax MUIaTHHOMMBI C MOCEPHUCTHIMM CyTbGHIAMH HaKaIUTH-
BAalOTCs B UEHTPAIbHDIX YACTAX [UTABHUIILHOM 30HBI (B IUTEHHAX), @ OKHCIIBI OKCH-
$WIBHOTO >kelle3a HAKAIUIMBAIOTCA B BbILUENeXalUMX LTAKaX. B pyIOHOCHBIX ke
WI0AX WI1YTOHA CYNb(H/Ibl IPOCTPAHCTBEHHO CONPSXEHBI C XPOMHTOBbIMHM CJIOH-
kami. [lostomy npeanonoxenne E.JI. Kuimioua 06 OKMCIIeHHOM XapaxkTepe
pynooGpasylommx QIIoMIOB, BUAMMO, HEBepHO, MOHO MOKa3aTh, YTO CIUIABBI
IIIATHHBI C JKEJIE30M OOMHAKOBO CTabWIbHBI KaK B CHIIBHO OKHCIIHTEIbHBIX,
TaK W B BbICOKOBOCCTAHOBMTENIbHBIX BOMAOPOOHBIX CpellaX, TAK KaK B OBGOMX
Clyuasx cepa ynanfercs B ¢popme CynbdaT-HOHA WIH B BHIE CEpOBOIOpPOMA.

OKHCIINTENIBHO-BOCCTAHOBUTENbHBIC YWIOBHSA B PYOHOCHBIX C10sX ByumBens-
na B Teuene 4—5 jieT getanbHo uccnepoBanuch T.Jx. ByHTHHBIM ¢ koneramu
[131] c nomowbio MeTOna 3MEKTPOXHMHYECKHX siueeK Ha TpeX BOPOHKO0OGPas-
HBIX CTPYKTYpaX. IUIsi OUEHOK MCNONb30BANHCh XPOMHTBI, B KOTOPBIX OKHCIH-
TeNIbHO-BOCCTAHOBHTEIIBHBIE YCIOBUA GUKCHPYIOTCA TAKIKE 1O O THOLUIEHH IO IBYX-
TPEXBAICHTHOTO ene3a, MaMepeHHs no OQHOM M3 CTPYKTYp MOKA3anH cliefylo-
wee. OGpasibl OTOHpPaNHCh OT ropu3onTa — 972 M B Hanpasneuuu Puda Me-
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Puc. 36. Cxema GhOPMHpOBAHIA YYACTKOB KOPPOOHPOBAHMA (’'MOTONOB ") NIATHHOHOCHBIA
cnoes (“prgpos”) Byumsensckoro miytoha no [131]
1 — MenUieHHbIC KOHBEKTHBHbIE LBMKEHUSA MArmbl; 2 — H30IDIETh NapaMeTpa "—logfoz v
npu 1150°C

perckoro (OM). K yposHio — 677 M pyruTHBHOCTS kuaopona (fo,) noHK-
aunach 01 107° o 1077, BhinepxuBagch Ha ITOM ypOBHE B XpOMHTOBbIX
aiosx YI-1, YI'-2, YI-3. B Pude MepeHckoro yeTbipe M3MepeHHs HOKasaiu
fo, B unteppame 107'%°—107'%¢ Bonee mmiie 3HaueHHs monmyueHb 3
06pa3uoB, 0TO6GpaHHbIX Ha yyacTKax yToHeHns (“puitBHu’) Puda Mepenckoro,
B 060611eHHOM CXeMAaTH3HPOBAHHOM BHIIE Pe3yJbTaThl HeclenoBanuii T Ik, bvu-
THHA C KOJJIeraMi OTpaXXeHbl Ha PUC. 36. ABTOPBI 3aKJTIOYAIOT, YTO elle 33400
HO YPOBHSA IUIaTHHOHOCHOTO Puda marmatiyeckie nopofibl GOpMUPOBINICH B
0BCTaHOBKE YCTOHYMBOCTH CyNb(GHAOB. 3TO NOATBEPXKIAETCA TOABICHHEM [U1a-
THHO-CYNbUAHOH MHHepanusauuu B cioe YI-2. Buiwe Pudos Mepexckoro i
Bacrapa ¢pyruIMBHOCTD KHCIIOpOA yBeNHUMBAETCS, BLI3BIBAA 0Gpa30BaHite Mar-
HETMTOBBIX CloeB B BepxHeit cepun Byumesnbackoro maccusa. Ha Huskyio ¢y-
THTHBHOCTb KHCIOPOAA B CYNbQHAOHOCHBIX GIOAX YKa3bIBAeT MPHCYTCTBHE B
HUX (eppoIUTaTHHOBBIX CINaBOB, rpaduTa, MyaccaHuTa (Kapbuma KpemHis), a
TaKKe MpoucxonsAuee 10 cux nop soinenedde CHy, Hy S n Hy u3 yuacrkos yro-
HeHM s Puda Mepenckoro.

YT0 KacaeTcs NPUPOABI IVIAaTHHO-CYNbGUAHONH MuHepatuzauwuk bylsensaa,
@BTOPbI CUMTAOT €€ NPOAYKTOM BO3HEHCTBHA Ha MarMmy (uIoHIHbIX (TpaHcMmar-
MaTHYeCKHX, MO TepmuHonoruu J.C. KopxuHCkoro) smaHauui, gonyckass Mx
MaHTHAHBIH HCTOUHMK, HO He HacTauBas Ha 3ToM. CBOe NpeArNoNoeHie O HH
0GOCHOBBIBAIOT CIIEAYIOWIMMH (aKTaMu: 1) NOABICHMEM B pHAX [ermaro-
HIHBIX Pa3HOBHJIHOCTEH MOPOM; 2) Pe3KHM YBETHYCHHEM COLEPXKAHUH CCpblOT
0,003 Mac.% B NATHACTBIX aHOPTO3MTAX B nogouwse Puda Mepenckoro mo
0,3% B camOM pude, NPOHCXOAALIEM B HHTEPBAlE HECKOMBKHX CAHTHMETPOB;
3) Hanuwiem “pbITBHH’ B Pudax, KoTopbie XOTS 6bl B OTAENbHBIX clyvasx,
BH/IMO, 06513aHbl BO3JEHCTBUIO *"MarMaTHueCKHX $yMapon™ — Marmariiye ckHx
HHBEKUHMH C HOBOH MOpUHCH JIeTYyuX; 4) CyLecTBEHHO BOCCTAHOBHTENLHBIM Xa-
PaKTepoM (ITIOHIOB TPH M3MEPEHHOH (YTHTHBHOCTH KHUIOPOAd B CyHbdHIo-
HOCHBIX COSIX, KOTOPOH [OJIHbl COOTBETCTBOBATH (IIOHIB C OTHOLICHHCM
H,O : Hy =1 : 10 u cywecrBeHHbiM KonnuecTBon CO 1 CH,; 5) PC3KHM H
PACTPOCTPAHAIOILHMCS HA BCCh MACCHB NAMCHHEM NOTEHLHAd KHCIOPOAR UpH
noAxode K 30He CyIbpHI000pa30BaHHA, UTO MOXeT ObITh BLIIBAHO TOJILKO el
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KO NOIBMXHOW (ritouHOH da3oi. B nononuenue ABTOPbI YKa3bIBAIOT HAa OYEHbD
BLICOKYI0 KOHICHTPAUMIO [UIATHHOMIOB M CYNbGHIOB B PYAOHOCHBIX pudax.
Ecii 5T KOMNOHeNTHI 3aHMCTBOBATHCH TONTBKO H3 MarMbl MaccuBa, T0 s 3TO-
ro noTpeBoBancsa wIok MarMbl MOIIHOCTBIO OT 125 1o 1250 M B 3a8BUCHMOCTH OT
COTICPXAHUA PYIHBIX 3IEMEHTOB B MCXOJHOM pacinaBe. Eutn Takoi npouecc U
OCYLIECTBNIACTCA, TO CKOpeE BCETO NPH AKTHBHOM YUacTHH (TI0HIOB.

Taxum o6pazom, o6uapyxennsie E.JI. Kuiiouem BOPOHKOOGpa3Hble CTPYK-
Typbl Byusennbaa o6pa3oBaHsl, BeposTHee BCero, MOMHHMAIOLIUMUCS CHH3Y IO-
TOKAMH BOCCTAlIOBUTEIbHBIX (IIIOMAOB, OBUTABLIMXCA B YACTHYHO 338K pUCTATUTH-
30BalHOA (TOJNBKO XPOMMT) Marme. B cBA3M ¢ 3Tum HHTEPECHO ero ykKasaHHe
Ha TO, 4TO BOPOHKOOGpastible CTPYKTYpPhI BBIAGIAIOTCA MO NONONMTEN bHBIM rpa-
BHTALUHOHHBIM  aHOMAJTHAM, NOI06GHBIM aHOMATHAM Hal TOPTOHONHTOB bIMH Mer-
MATOMIHBIMH TENIaMH, TAKKe HECYLUHMH TUTATHHOMIHYI MHHepatusauuio, [o3-
Tomy E.JI. Kutnou nonaraer, 4to 06cysknaembie CTPYKTYPBbI, BO3MOXHO, 06pa3o-
BaHbI HAJl BO3BIMAIOLIMMHCA  MaCCaMHM  YJIbTPAOCHOBHOTO COCTaBa, KOTOpBIE,
KaK HaM KaXeTCs, U OTIpe/IeNnalT BOCCTAHOBMTENbHBI XapakTep (GIIOHIOB. IT1a
XdpAKTEPHCTHKA  CBHETENILCTBYET O MAHTHHHOI pHpoie BIIIOHIOB.

Jlerko 3ameTHTs, YTO pOMNB ¢nionnon, BhisBIeHHBIX B Byumensackom mac-
CHBC, €LI¢ MOJTHOCTbI0 HE PACKDbITAa. YCTAHOBIEHO MX BOCCTAHOBHTENIbHOE BO3-
JIeHCTBHE HA CYNbOHIOHOCHYIO YaCTh paspesa IUIYTOHA M BIHAHUE Ha MHMHepab-
Hble GOpPMBI I1aTHHOMAOB. OIHAKO MX PONb B KauecTBe PYIOHOCHOM CyGCTaHIMH
B PAacCMOTpeHHBIX paboTax He aHanu3upyetcs. Ha ocHoBamuu cpaBHerns ¢ meitct-
BHCM pYIOHOCHBIX BOCCTAHOBHMTEIIbHBIX TPAHCMArMaTHUeCKHX (BITIOUIOB B Tparn-
lIOBbIX HMHTpY3HBax Hopuibckoro paiiona MOXHO Mpemmonoxuts Cleny 0Ly
uX pons B byumenvae. Bupumo, pynHbie anmeMeHThI TPAHCIIO PTHPOBATTHCH ITHMH
¢niouiamMu B COCTaBe CepOCOAEPXKALIMX KOMIUTEKCOB, OTI0KEHHE Ke METaJUIOB
MPOHCXOMANO NPH OKHCIIEHHH M PATOKEHUH ITHX KOMIUTEKCOB HA XPOMHTOBBIX
CIOAIX, ABIIAWUMXCA AKKYMYNATOpaMH KHCTOpoaa. BumuMo, we ciyvaiino,uto
Ha HaYaTbHBIX CTYNEHAX (QOPMHPOBaHMS BOPOHKOOGDA3HBIX CTPYKTYp M3 HMX
COCTaBA HCUE3AET XPOMHUTOBBIA ClIOA (BepxHuit B Pude Mepenckoro) . Yrouenue
BCEro pyNOHOCHOTO CI0A B NMOTOJIAX CBHAETENBCTBYET O HAPYIIEHHH YCIOBHIt
KPHUCTWUIH3AIHN B HUX MarmMbl B CBA3H C BO3ACHCTBHEM Ha Hee BOCCTAHOBH-
TenbHBIX Qrtonaos. MuTepecHa 1 BopoHkooGpastas dopma cTpyKTyp, KOTOpPas
MOXeT OBITb 0GYCIOBIIEHa J1aTEPANTbHBIM pacTeKaHHeM (BIHIHO!M CTpyH B Mar-
Me Mo Mepe NMoabeMa. BHIMMO, MaKCHMMyM pacnpoCTpaHeHHsA OpYHEHEHHA IO
TOPH3OHTANH MPOMCXOAHT UMCHHO HAa YPOBHE TaKOTO MAaKCHMAIBHOTO ee pac-
TeKaHH#, TOTAa KaK Ha Gonee ryGOKHX YPOBHAX MONeEpeyHble CeueHHs (ITIoH-
HBIX CTPYH Maslbl M €le He BCTpeYeHbl GYpOBBIMH CKBaxMHaMu. OGS HaChl-
WICHHOCTb TUTYTOHA TAKHMH DYNOHOCHBIMHM GIIOHAAMH BbIPAaXaeTcss B MOCTO-
SHHOM 06OTaEeHHH TUTATHHOMOAMH H CYNbOHIAMH CIOEB ¢ BBICOKUMH conepxa-
HUAMH OKHCIIOB — XPOMMTA U AaXKe MArHCTHTA,

Taknm 06pa3om, oBHapyKHBAETCS NOPA3UTENIBHOE CXOMCTBO B NpHpOJe opy-
JIeHCHH s, X3PAKTCPHCTHKAX DYHOHOCHBIX CpPell U YCTOBMAX OTIOXKEHUS IOJe3-
HBIX KOMIOHEHTOB B TAKHX Pa3HbIX M0 06beMaM MarMaTHueCKHX 06pa3oBaHmusxX
KaK TpannoBsie WHTPY3uBbl Hopunsckoro paitona u Byursenbacicuit DY TOH,
B Tex n Apyrux pynOHOCHBIMH CyGCTaHUMAMM BBICTYNAKT BOCCTAHOBUTEN bHbIE
dbnronnp!, mBMkylMecs Mo ele He KOHCOJIMOHPOBAHHBIM MarmaM., Ux Boccra-
HOBMTCIIbHAA NIPUPONA YKA3bIBAET HA BEPOATHLIA MAHTHIHBIA UCTOUHHK (ITION-
0B, KOTOpBIC, CTIENOBATENLHO, MOTYT BbITH ONpeieNieHbl Kak TpaHCMarMaTyec-
KHe.

HEKOTOPBLIE OCOBEHHOCTH
®OPMHPOBAHUS PYIHOIPOIYKTUBHBLIX KOMATHHTOR
W HHUKEJIEBbIX CYJIbOUIHBIX PYIT ABCTPAJIMH

HccrienoBaHne pyooHOCHBIX KOMATHHTOB ABCTPAIHH upe3BbIvaitHO 3aTpy He-
HO MOYTH MONTHBIM MX AHAGTOPE30M M NpeBpalleHHeM B cepneHTHH-aMbIGono-
Bble nopoasl. CHIBHO H3MEHEHO M MX NepBHYHOE 3ameraHie: U3 MEePBOHAUATBLHO
TOPM3OHTATILHOTO MOJIOXKEHHsA OHH NMOCTABJIEHBI B CYGBepTHKAILHOE, Iloatomy
CTOJIb OTPAHHYEHbI TEHETHYEeCKHE XapAaKTePHCTHKH 3THX MHTEpeCHRHLIMX | npo-
MBIUUIEHHO BaXHBIX 06beKTOB. Mbl OCTAHOBUMCA NULLIb Ha [BYX CPaBHUTEIILHO
HE[aBHO BLIABIICHHBIX X TCOXMMHUYECKHX H TEONIOTHYSCKHX 0COBEHHOCTAX, e-
JIAOIHX BO3MOXHBIM COMOCTaBJIEHHE HX FeHEe3MCa C TeHEe3MCOM MECTOPOXKIEHHHA
Hopunsckoro paitona u Byursenspaa. Hapo CKa3aTb, YTO B JIMTepaType TAKHE CO- °
MOCTaBIEHU A OTCYTCTBYIOT.

Ha HavanbHpIx 3Tanax uccrieloBaHMI KOMATHHTOBBIX oBpasoBaHHit ABCTpa-
JIMH CHMTAIIM, YTO BCE OHH WUMENT J1aBOBOE MPOMCXOXAeHHe. OHAKO B paioHe
mecTopoxaenns Ckomna MUJL Maitak u M.JL. Imynunan [150] 6bL1 ycTanosmeH
HHTPY3MBHBIH, CYOBYNKaHMYeCKHIl XapakTep CyTb(HIOHOCHOTO Tena KOMATH-
HTOB. ITO COIHKAET MECTOPOXIEHHA KOMATHHTOBOI ¢$opMallH ¢ 06pasoBanus-
MH Tpanmopoit ¢opmaurn Hopwinckoro paitona. Moo NIPEANONIOXH T, UTO H
ApyrHe CYNbQHLOHOCHDIE Tela KOMATHHTOB PErMOHa TAKKe NpelCTaBNAT COo-
Goit cy6ByNKaHHUECKHE HHTPY3HBI.

M.JL Thaitmx u MJL. Wimynuan OBHApYXMIH B IK30KOHTAKTOBBIX TOMILAX
MHTpY3HBa 33aralouHble YNbTPAOCHOBHbIE GPEK UMM, KOTOPbIE MPEACTABIIEHbI e l-
BaKOOGPa3HbIMH 0GOCOBIIEHMAMH BBICOKOMATHE3HATbHBIX NOpOJI cpelu MeHee
MATHe3HabHBIX BMEILAIMX BYITKAHUYECKHX KOMATHUTOB. OGbiCHUTS IIPOHC-
XOxIeHHe 3THX GpeKuMi aBTOPBI 3aTpyAHA0TCA. Ha 0CHOBAHMI NaHHBIX NO ¢dop-
MaM KOHTAKTOB PYIHONPONYKTHBHBIX MHTPY3UBOB Hopiibekoro paiiona bl
CUMTAEM BO3MOXKHBIM MNpPEMINONIOKHTD, YTO YNBTPAOCHOBHBIE GPEK UMM ABIAITCA
anoQU3apHBIMK BBICTYNIAMH KOMAaTHUTOBOTO HHTPY3UBHOTO Tena. Onbit uayve-
HHA HOPWILCKHX MHTPY3HBOB MOKA3asl, YTO TaKHe anodu3bl 06pa3yioTcs nyTem
MarmaTHuecKoro 3aMelleHts GOKOBLIX NMOPOM MOJ AeHCTBHEM TPaHCMArMATH-
YeCKHX (IIIOHIONOTOKOB. YKa3aHWeM Ha TaKylo BO3MOXHYI0 TeHETHUECKYIO
OCOOEHHOCTh PYIHONPOLYKTHBHBIX KOMATHHTOBBIX HHTPY3HBOB ABJIseTCA [aB-
HO yCTaHOBJIEHHBIA (AKT X 3PPOAMPYIOILETO BO3AEHCTBHA HA GOKOBbIe 10 POBI
[69]. PynHonponyxTHBHbIE KOMAaTHHTOBbIE Tea. 3ameraioT B KOPbITOO6pa3HbIx
NPOTHGAX NMOJCTHIAIUHNX HX TOMIL, MOHO MpeMNoNo)HTh, YTO ITH CTPYKTYpbl
TAKOKE ABIIAITCA PE3yNbTaTOM MarMaTHYECKOTO 3aMelleHHA GOKOBBIX MOpOLL.
Ha ocHoBanny coBOKyYNMHOCTH 3THX maHHBIX Ha pHc. 37 u3o6paskeH Npennonarae-
MBI pa3pe3 pyOHONPOLYKTHBHOTO KOMATHHTOBOTO Tena. HetpynHo 3ametuts
€r0 CXONICTBO C pa3pe3aMH pyHHONPOLYKTHBHBIX TPaNNoBbIX HHTPY3HBos Ho-
PWIbCKOTO paltoHa.

Ecnn st npennonoxenns o6ocHoBabl, To, BO3MOXHO, 06pa3oBaHHe CYJlb-
(PUIHBIX THKBAUMOHHBIX Py aBCTPATHIACKHX KOMATHHTOB IIPOUCXO[THIIO C yyac-
THEM TPaHCMAarMaTHYeCKHMX QIIIOMIONOTOKOB. BONBUIMHCTBO HCCIed0BaTeN el
MHTEPIIPETUPYIOT UX 06pa3oBaHUe TPAAMLHMOHHO, NOTaras, uto cyabdHIiHoe Be-
IIECTBO NMPHBHOCWIIOCH B COCTAaBE MAarM, BUIMMO, B BHIIe TMKBAUHOHHON B3BeCH
CYTbOUOHBIX MHMIKOCTeH B CHIIMKATHBIX MArMax, a 3aTeM OT1aranoch TPaBHTa-
UIHOHHBIM MYTEM Ha MeCTe 3wleraHHs HHTpy3uBoB. Ommaxo P.P. Knaite [141]
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Puc. 37. PexoncTpynpoBaHHLIl NpeyionaraeMeli [IPONOJILHLIN pa3pe3 Yeped HUK CNeH OCHLIN
HHTPY3HUB KOMATHHTOBOMH cepuH ABCTpamuu

! — noacTwialowre MeTaba3anbTel (MeCTOPOKAEHUA Kambamma) ; 2 — rydo-naBoBas tonuia

KOMAaTHUTOBOW CEpHU; 3 — MHAMBUIYATM3MPOBAHHbIE NaBOBbIE CJIOH; 4 — 3aKaJleHHbIe (a-

IUHH J18B W HHTPY3HBOB; 5 — ynbTpaocHoBHble "'Gpexunn’’ (MarmMaTHuecKoro 3aMel eHus ?)

no [150]; 6 — KOHTAKTOBAA py[aHas 30Ha; 7 — CyGBYJIKaHHYECKOE MarmMaTHyeckKoe Teso,
nogo6Hoe MHTPy3IuBY MecTopoxaenua Ckotusa [150]; & — conoepx<aHHe B nopoaax MgO,
mac. %

Haluen yGelMTenbHble NOKAa3aTeNbCIBA TOTO, YTO CyJbPUAOHACHILIEHME ITHX
MarM OOCTHT&JIOCh HA KOPOBBIX YPOBHAX M HE MOTJIO MMETb MECTO B MAaHTHH.
310 wieayeT U3 GIM30CTH NMAMTaMA-UPPHIMEBOTO OTHOLIEHHSA B PyAaxX KOMaTH-
HTOB K METEOPHTHOMY, YTO O3HAuaeT OTCYTCTBHE AM(depeHIMAlHH 371EMEHTOB
B NEPBHYHOM MArmaTHyecKOM HCTOYHHKE B MaHTHH. B cwny 60nbiuero cpoacta
K cepe MNTAIMsA, YeM UPPHIMsA, OXOTHO PACCEHBAIOLIETOCS O CWIHKATHBIM (a-
3aM, THOGepeHUMALHS ITHX JTEMEHTOB H OTKIIOHEHHE HX OTHOLLEHH S OT METEO-
PHUTHOTO CTaHAApTa 6bUI0 6bl HEM3BEXKHO B Cyuae MPHCYTCTBHA B MAHTHH CyJlb-
¢unos. Yacts nocneaHux 06s3aTeNbHO OcTanach 661 B MAHTHIHHOM MarmaTHyec-
KOM ouare, a Apyras — B POMEXYTOUHOM ouare, oBe[IHsisi MarMy nanjiajaieM.

BeiBon, coenaunbiit P.P. Kualicom, kacaercs He TOJNbBKO MWIA KOMATHHTOBON
(hopMaiuu, HO TaKXe H JIMKBALUMOHHOTO CylbhU006pazoBaHua B HeraoM. OH
NOKa3bIBaeT, YTO CynbhHao06pasoBaHue B MarmMax, BO3MOXHO, IPOUCXOMUT He
B MaHTHM,a Ha KOPOBOM ypoBHe. IMEHHO TakMe reHeTHUeCKHe CXeMBbI pyJo-
00pa3oBaHus NPCAOKEeHbl HAMHM 1A TPANIOBBIX HHTPY3uBoB Hopwibckoro paii-
OHa M byuBenpackoro wiyToHa,

FEHE3UC XHBHHCKOIO YJIBTPAMETOYHOTO MACCHBA
H Er0 AITATHTOBBLIX MECTOPOXOEHWH

ITocie BoiaBHKEHNA TUNIOTE3bl OO YYaCTHHM TPAHCMATMaTHYECKHX ¢$ioM10B B
00pasoBaHHH KPYIIHBIX H YHUKIBHBIX MECTOPOXAeHHA [25, 54], paspaboran-
HOH Ha NpHMepe CYJIbOUIHBIX MeTHO-HUKETEBbIX 0GbEKTOB, BCTANl BOPOC O ee
IPUMERHMOCTH K MECTOpPOXJEHHAM [pPYrHX MeTaoB. Takoe MccrnenoBaHMe
BbUI10 BBITIOJIHEHO HAa XMOWHCKHX allaTHTOBBIX MECTOPOXKIAEHUAX. B pesynbrate
BbIABHIOCH  YYyaCcTHe TPaHCMAarMaTHYeCKHX ¢IIIOMAOB B OGpa3’OBaHHM M 3TOH
rpyniel MectopoxaenHi. Cyas Mo NTUTepaTypHbIM JAHHBIM, CHE/IaHHBIA BBIBO
NEHCTBHTENIEH U5l IPYIMX aNaTUTOBBIX MECTOPO>KIEHHH B alTFOMOCHIIMKATHBIX
10poJax, uTo O OTBEPXKIAET CPaBeUIHBOCTb Pa3BUBAEMOi FHNOTE3bl.
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FEHE3HUC XWBUHCKOIO MACCHBA
YIIbTPAWEJIOYHLIX MAFMATHUECKHUX 110PO]I

Braronapsi yuukanbHO GOJbUDAM 3aNacaM anaTHTOBBIX Pyl MACCHB TIIA-
TEJIbHO HcclepyeTes bostee 60 sieT. EMy nocssimeno MHOTo crarteii u 60s1ce jie-
CATKA MOHOIpaduil W [WccepTauMi, BeTyIMMH aBTOPaMH KOTOpbIX ABJIAIOTCH
A.A. Apsamacues, b.E. Bopyuxuit, A.B. Tanaxos, B.H. Fopcrka, B.B. JdynkuH,
C.B. 3ak, T.H. Usaunosa, E.A. Kamenes, JI.H. Korapko, E.E. Kocrputesa-JTaby -
uoBa, ®.B. Munaxos, M.H. Coxosnosa, W.II. Tuxoneuxos, P.II. TuxoneHkoBa,
3.B. Ilnwxosa. B crateax JI.M. Jlenuuuua, H.A. Enmceena, MU.A. 3otoBa,
B.M. Kymierckoro, B.B. Cmupnosa, JI.JI. Conoposuukosoit, C.A. Pynenko.,
B.H. Turosa, P.II. TuxoHenkopoit, C.M. KpaByeHko conepxartcs OcHoBOMOnNa-
TaIoUIMe W HOBBIE acHeKThl NeTpOreHe3nca XHOMHCKOrO MaccHBa H €ro Mecro-
POXKIEHHH,

lpencrabnenns o renesnce Xubuuckoro Maccusa. K Hactosiemy BPEMEHH
COPMYJIHPOBEHO HECKONBKO MPHHUMIHATIBHO OTIHYHBIX CXEM 0 CTeOBATEN b-
HOCTH (OPMHPOBAHHA MAarMaTHYECKHX KOMIUIEKCOB MacCHBA H HX COYETaHHS ¢
METacOMAaro30M,

MHorue roapl, BIOTh 10 HacTOAWero Bpemenu [2], Gbutn HOMYJIAPHBI Npef-
CTaBJIEHHsI O NPEUMYLIECTBEHHOH WIIM HCKIIIOMHTENbHOH POJIH MarMartHuecKux
NpOLECCOB B 0OPa30OBaHHK ITYTOHA, B TOM YMCJIe aaTHTOBBIX py . OIHAKO erwe
¢ KoHua 30-x rofloB CKIafpIBATUCh PATUUMA B TPAKTOBKE M0 CTeI0BATEIbHO-
CTH CTaHOBJICHHAl MarMaTHYeCKHX KOMIUIeKCOB. Mcxoma M3 Gnusocri docrana
HE(ETIHH-CHEHHTOBBIX KOMIUIEKCOB BHELIHEr0 KOMbUA H LEHTPATHHOTO {UTOKA
IIYTOHA M [IyrooGpa3HOH (OpMbl pas3fessIonlero Ux KOMIUIEKCA HilOMHTOBOwM
cepu, b.M. Kynetckut (1937 r.) npemonoxui 61u3Koe 10 BpeMeHH i paH-
Hee CTaHOBJICHHE TepBbIX MBYX H IOCHe[yiollee BHEJpPEHHE HHONHTOBOl Mar-
mbl. HAA. Enncees ¢ coastopamu (1939 r.), AKUEHTHPY sl BHHMAaHHE Ha KOHLCH-
TPHYECKH-30HAITPHOM CTPOEHHH OOHaXeHHOH YacTH TUyTOHa, chOpMYIHPOBAIH
NpeAcTaBilieHHe O MOCIEeI0BATe/IbHBIX HHbEKLMAX NOPLHHA MarM, GOpPMHpY IOLIHX
KOJIbLEBBIE TeNla OT Kpas K UeHTpy miyToHa, Cxemoit b.M. Kymietckoro npen-
noJjlaraeTc  aHTHAPOMHAS MOCNEeJOBAaTeNIBHOCTh MAarmMaTH3Ma, a CXeMOW
H.A. EnuceeBa — QHTHAPOMHO -TOMOJIpOMHAs. BOJIBIIKHCTBO Hcclle fOBaTe e
npupepxuBaeTca cxembl H.A. Enuceea, 0coBeHHO aetanibHO pa3paBoTaHHON
A.B. I'anaxoBeimM (1975 r.). PacxoxkmeHns Mexny ee cTOpOHHHKAMH KacaioTcs
KOJIH4eCTBA M TMOCJIEOBATENIbHOCTH MHBEKIUMA aMaTHTOHOCHBIX MHAOTHTOBDBIX
marm (cm. T.H. UBanoBa (1963, 1970 rr.), [2,18]).

CroponHnkoB cxembi B.M. Kynnerckoro menbue [41, 58], a B paGoTte
W.IL. TuxoHeHkoBa [112] OHa MONyuMna NpHHIMIHATLHO HOBYH0, METACOMATH-
YECKYI0 TPAKTOBKY. JTOT MCCIeNOBATE/b CYUHTAN, YTO NOPOAbI HAOTHTOBOM my-
il ¥ IPHMBIKAIOUIHE K Heil ¢ BHELUHEH CTOPOHBI IOPO/Ibl pHCYOPPHTOBON TPy MITpI
(TaK Ha3pIBaeMble MOMKHIIMTOBbIE He(eIMHOBbIE CHEHHTDI) SBJIAIOTCS Npo Iy K-
TOM OGUMPHOIO NOCIEMArMaTHYECKOr0 MeTacoMaTo3a HedeJIMHOBLIX CHeHH-
TOB BHEUTHETO KOJIbUA H UEHTPAbHOTO LITOKA TUTyTOHA. XOTA B NATbHEHILEM
METaCOMATHYECKAA NpHPOMId HHONMTOBOH [IyTH He MOATBEpAWIach, pabora co-
OPHEHTHpOBaNIa UCCIIe[lOBAaTeNIeH Ha 3HAYHTENIBHOCTb PONTH METAcoMAaTto3a B ¢op-
MHpOBaHMM Maccusa. Heckonbio panbie JIJI. ConoposHukosa [106] npuuma
K BbIBOIY O METACOMATHYECKOH NpHpOLe NMOPOA PHCHOPPHTOBOI IPYIILI, UTO
Bonee ocHoBatenwio G610 Aokasako B.E. Bopyuxum [S8). 3t paboter swio-
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KHJIH OCHOBBI HOBOTO, BOJIec PAZHOCTOPOHHETO MOAXOMA K IIOHHMAHUIO FeHe3H-
Cd MACCHBA M CIro dllaTU TOB bIX MCCTOpO)KLlCHHf{.

SHAUUTCHBHOI, HA HAIL B3MNAA, BeXOil B IpaBUITBHOM [IOHHMAHHU 3B OJTIOLMH
IIYTOHA crana HemasHas craths MW, Mepexpecra u B.B. CMupHosa [88], rme
BIIEpBbIC 06O CHOBBLIBAETCA NIOJIOKEHHE O BOJiee PaHHEM BO3pacTe Nopoj MHOIH-
TOBOTO KOMIUTCKCA M OTHOCHTENTbHO! MOJIOLOCTH BCeX HedelIMHOBBIX CHEHHTOB
TUIYTOHa, 3 110pO/bl PHCYOPPHUTOBOM IPYMIbI OTHECEHBI K NP0 MyKTaM MeTacoMa-
1033 MarMaTHieckod cramm. Haum uccneposanus [26, 54] noprBepaMnH Bpl-
BOMbI YKA3aHHBIX aBTOPOB M MO3BOJIMIIH OTOXIECTBHTH 0GCYKAAEMbIH MeTaco-
MaTo3 ¢ GeHUTH3AUKCH, LIHPOKO pacnpOCTpaHeHHO! B yIbTpaLleIOYHbIX MATMa-
THUCCKHX MACCHBAX, B YaCTHOCTH B XUGHHCKOM [] 13].

Hepasno B.E. Bopyukwit ! BBIIBHHYIT THAOTE3y O BYJIKAHOTEHHOR NMpHpone
HHAOJIUTOBOI CcepHH.

B npemnosxentom -kpaTkom 0630pe OTpaxeHbl 1aeKO He BCe COPHbIE MO-
MCHTEI JBOJIOLMH MACCHBA, B YACTHOCTH aGCONIOTHOBO3PACTHOE OaTHpPOBaHHe
€ro COCTaBJIAIIIMX, COXPAHHOCTb NIEPBUUHLIX uepT NOPOL HAOIHTOBOI CepHU U
ap. C HMMM MOXHO O3HAKOMMTbCH B ynomsanytoit paGote B.E. Bopyukoro u
psne apymmx [2, 58].

Oco6ennoctn crpoennss XuGHHCKOTO MaccHBa u B3aHMOOTHOILUEHHS CNAran-
UmX ero nopon. XubHHCKHIA NIYTOH UEHTpalbHOM vacth Konbkoro NoJIyoCcTpoBa
HBIIACTCA CAMbLIM KDYNHBIM B MHPC MAaCCHBOM MArmMaTHYeCKHX YNbTpallenoy-
HBIX HEJIOCHILICHHBIX KPEeMHEe3eMOM Nopog. Ilnowams 0BHakeHHOH YacTH mac-
cuBa — 1327 km?, AMaMeTp — 0KO00 60 KM, riy6uHa KOHY cO0Bpa3HOro jo-
NOJIUTA NPCANOMKHTENBbHO 0KONO 10 kM. B Ii1aHe maccup umeeT KpYTroBy1o ¢op-
MY C KOHLCHTPHUECKH-30HATILHBIM BHYTPEHHHM CTpOEHHEM (puc. 38). Hanpas-

JICHHOE K LUEHTPY MAacCHBA NMafieHHE BHELIHUX KOHT2KTOB yKa3bIBaeT Ha JIOMOJIH- .

T006pasHyio GpopMy. IHTOKOHTAKTHI MACCHBA CIIOKEHD] GeanedeTMHOBBIMH L1e-
JIOYHBIMH CHEHHTAMH M YMITEKHTAMH M JIHCTBAPHTAMH — HedeTHHOBBIMY cHe-
HHTaMH C HH3KHM copieprkaiem HedemuHa. ITH OPObI Hepe Ko 00pa3y 1T XH-
7l B eHuTax (ONMcaHbl B yacTu | KHHMIH), 3aMECTHBILIMX ApXeHCKHe TpaHUTO-
THEHCBI M NIPOTEPO3OHCKHE aNOTeppPUTEHHBIE 1 anomaba3oBele 3eNleHble CIAHILBI.
K uentpy maccuBa 3HmOKOHTaKTOBBIE CHEHHTHI NOCIeIOBATENIBHO CMEHAIOTCA
C1araiolMMHI KOJblia HedeNMHOBBIMH CHEHHTAMH (xubuHMTaMHU) Gecnopsamou-
HOM, a 3aTeM TPAaXHTOMIHON TCKCTYphbl. 33 HMUMM CIIEIyeT KOJIBIO TIOPOJL pHC-
YOPPHTOBOH TpYIINbl, TPUMBIKAIOLLEE C B He LLIHei CTOPOHBI K IyroobpasHomy Te-
Ny NOPOJI MHOJIMTOBOH CepHH, cOnepKaLlieit NJIaCTHHOOOpAa3HbIe TeNla alaTHTOBBIX
pyn. C BHyTpeHHe#l CTOpPOHBI HITONTHTOBOI AYTH pacriojiaraeTcs eule OgHO  KOJb-
U0 NOpOA PHCYOPPUTOBOH IpynIbl, KOTOPOE Cpe3aeTcss KOMILIEKCOM JHIOKOH-
TaKTOBbIX JIABOYOPPUTOB U QOAAMTOB (HeelMHOBBIX CHEHMTOB) UEHTpaJIbHOTO
UTOKa MIyToHa. BocTownas yacth wroka npopsiBaetcs KapGoHatHTamu. B pas-
HBIX 4aCTAX MAccHBa BCTpeYeHbl MOJIOJIblE IAHKH THHIYAaUTOB, LUENOYHBIX IH-
POKCEHHTOB, JIaMNpodUpoOB.

Ho rnyGokoro Gypenus, TIpOHM3BOIMMOTO Ha MaccuBe ¢ cepemMHbl 70-x ro-
[10B, HAOMIO/BUMECH B3aMMOOTHOLIEHHS TEPEUHCIIEHHBIX KOJBUEBBIX KOM-
[UICKCOB N0y CKAMK 1PaBMIONOOGHY0 TPAKTOBKY CTPYKTYpbl INIYTOHA Kak
CIOKHOTO [POAYKTa NOCIEI0BATENIBHOTO MHOTOKPATHOrO BHENPEHHA Marm

'B.E. Bopyuxiit. Moponoo6pasyoume MHHCPIbl BLICOKOLUCIOUHLIX KOMIUICKCOB. M.:
Hayxka, 1988, 215 ¢.
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Puc. 38. CeHepami3oBaHHbI cXeMaTye CKUA MmH XHOMHCKOrO MACCHBa 110 [112]
1-3 — KoMIUIeKC MarmMaTHueCKHuX HebeTHHOBBIX CHEHHMTOB: | — XUGHHUTLI, 2 — ITABOYOP-

PHUTBI, 3 — DOHAUTLI; 4 — IPymnna MeTacoMaTHYeCK UX MOPOId: MIIHHBHTBI, WHBHThI, PUCUOP-
PHMTBI; 5 — KOMIUIEKC MCIIbTEAruToB, HIONTUTOB, YPTHTOB; 6 — POTOBHKH W GeHnThI:
7 — BMewarol e THEHCBI, CIAHUDBL; § — MECTOPOXAEHUA AMATHTOBLIX pyd; 9 — YeTBep ruu-

HbI¢ OTJIO KEeH s

P43HOrO COCTaBa MO KOJIbUEBBIM W KOHHUECKHM MOJIOCTAM BOKPYT 1YiIhCAUHOH-
HO MOAHMMalolIeHicA KPOBJH M1yTOHa (cxema H.A. Enuceesa). Ho netporpadu-
YECKHe OCOBEHHOCTH HEKOTOPBIX MOPOJI, 0COB6EHHO MPHKOHTAKTOBBIX Pa3HOCTell,
AOMYCKAIH H HHY10 NETPOTeHeTHYECKY 0 TpAaKTOBKY. Tak yxe nasHo [106, 112]
Obuta NMOKa3aHa MeTacoMaTHYeCKas MPUPOMA MOPOJ PHCUOPPHTOBOI TPyl

Pe3ynbraTel GypeHnst, TNOATBEpkKNeHHblC HAGIIONEHUAMH C NOBEPXHOCTH,
TIO3BOJIHIIM YCTaHOBHTh GOslee MOJIOMIOM MO OTHOILEHHIO K NOPOAdM HIONHTOBOI
CepHH BO3pACT Beex Hee/TMHOBBIX CHEHUTOB MaccHBa (88, 104, 26, 54]. 310 no-
JIOXKeHNEe apryMEeHTHPYeTCA HalMYHEM KWI XHOMHMTOB B MHOSTMTAaX, NpOsBIe-
HHEM KaTMUMATH3aLUMH MarMaTHYCeCKOM CTAMH B MHONIMTAX M MACCHBHBIX yp-
THTaX B KOHTaKTax Kak xHGuHUTOB (Tabmuier 111, IV, 1), Tak 1 N4BOYOPpPHTOB,
TPHCYTCTBHEM KCEHOJIMTOB KAHLUINATU3HPOBAHHBIX HIOIMTOB CpeH JIABO-
uopputoB (Tabnmuuna IH, 7, 2). Bypenue Takske MOKa3ano, YTO BbIKJIMHHBa-
HHE C INYGHHOM MROJIMTOBOrO GI0KA MPOHCXOMUT GMarogaps cOIHKEHHIO KOH-
TaKTOB XHOHHHTOBOTO W JIABOYOPPHT-GOHAHTOBOTO KOMMIEKCOB (cM. puc. 5).

Tloponer MHONHTOBOMN cepuu Cl1araloT B cepemiHe MaccHBA ayroofpasHoe B
wiane Teno. Hayunas ¢ B.M. Kynnetckoro (1937 r.), 0HO MHOTHMH Hccle 0-
BAaTEJIAIMH MHTEPAPETHPOBATOCh KAK KOJBLUEBOH HHTPY3HB, XOTH TUKOBBIM He
serigeTcA. Komiulexc Milo/IMTOB, HaKIOHEHHBIT K HeHTpy maccuBa Ha 20—40°
0071a13¢T 3HAUMTENBHOM HEOTHOPOAHOCTBIO H PA3ACIACTCA HA TPH IIAUKH: BepX-
HIOI0 TPAaXHTOUIHY10, CPEOHIO MACCHBHYI0 H HHXKHIOIO TPAXHTOHIHYIO. Bcpxugg
H HWXKHAA MAYKH JTOXKEl bl ﬂCpCCﬂllHB(“()LLlHMHCﬂ :\10}111}{0Kpil'['0lH:lMH MCIBTCH-
THTaMH, ME30KPATOBBIMH COGCTBEHHO MHOMHTAMM H JICAKOK pATOBBIMH YPTHTA-
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MH (Bee 1Opo;int He meHee dem Ha 90% cilokeHbl OFHPHHHUCTLIM - JHOIICHI-TE-
nenbepruTom W HedeJIMHOM) . MecTamMM pacciioeHHOCTb HMCET 3aKOHOMEPHBIH
PHTMHUCCKMIl XAPAaKTCp ¢ YPTHTOM B BepXHeH YacTH PUTMA M MeJILTEHTHTOM B
IMOKHER YacTH IpH MolHocTH putma B 20—25 em (Tabnuua 1V, 1) . CtpykTypsl
NOpOJL Cpeftie- U METKO3epHHCThbIE, YacTO NOpQHPOBUIHLIE. Tewcrypbr mipex-
THBHDIE, Yalic TOHKOWTOKCTbIE (’TPaXMTOMIHBIC'™) 3a CUET MUIaHNApale/lbHOH
OPHCHTHPOBKH 1IpU3MATHUYECKHX KPUCTALUIMKOB I1IMPOKCEHA, peXe Marmaru-
yeCKMe JIMHCHHbBIC, BLIPAXCHHBIC BO B3aHMO Napajllc/IbHON OPHEHTHPOBKE 3e-
peH IMpOKceHa. MHOTA CJIOUCTOCTh CMATAa B M3OKJIMHATBHBIC CKIIAAOYKH, YTO
CBULCTENILCTBYET O METAMOP(DHUECKOH [IPUPOJIe CJIOMCTBIX TeKCTYp. B HibxHe#
YaCTH BEPXHCH TayuKH 4acTO IIPUCYTCTBYIOT GellHbie JIMH3OBHIHO-NOJIOCYATBIE
a11aTHTOBBIE PY/IbI.

CpemiAs Nayka WAONMTOBOrO KOMIUIEKCA CIOXeHa YPTHTaMH MAacCHBHOH
TekcTypbl. CTPYKTYphl 110pOJ MEHAIOTCA OT CpeOHE3epHUCTBIX [0 NermMaTou-
HbIX BHHM3Y. Yacro Tes0 MacCUBHBIX YPTHTOB MO BEPTHKAJIUM pa3fielIeHO TPaXHTo-
WIHBIMH MHOJIMTaMH Ha HECKOJIBKO MJIaCTOB C YKpYINHEHHEM CIPYKTYp B CTOpO-
Hy HHAHHX [actoB (ckB. 1477 Ha muato PacBymuopp), uTO yKasbiBaeT Ha pas-
BeTBJICHMC C[IMHOrO Tejla ypTHTOB. MaccHBHble YPTHTBI 3aJIeraiT COIJIACHO ¢
TPAXMTOMIHLIMU HAOJIHTAMH, HO MECTAMM OHM [POPBIBAKT NOCIEJHHE ¢ 3aXBa-
TOM M 1I0BOPOTOM HX KCEHONMTOB (HanpuMep, Ha nogsemHom pynHuke Kykuc-
ByMuOpp). B BepxHHX M CpeHMX YacTAX TeJl MAaCCHBHbBIX YPTHTOB 3ajlerawt 60-
F4ThiC MACCHBHBIC H IIATHUCTbIE aNaTUTOBbIE PY [Ibl.

CTpOCHHC HHOJIMTOBOTO KOMIUIEK A OCIIOXHSIETCA Cy6COFHaCHb[M 3ajiera- -

HMEM B HCM TeJl PUCYOPPHUTOBOH Tpynbi, KOJIMYECTBO KOTOPBIX YBETHUHBAETCS
Ha TJ1yBOKNX TOPH30HTax (cM. pHc. 5).

[Mopoap! pUcHOppUTOBOH I'pyMiNibl 06pa3yloT Ha MJIaHe MACCHBA [Ba KOJbLUA —
C BHelUHe# W BHYyTpeHHeill CTOpOH MHONMMTOBOM Ayru. B miybuHe MaccHBa OHH
UMeloT BoJiee clloXHOe cTpoeHHe. Teflo ¢ BHYyTpeHHEH CTOPOHbI JIyTd HMeeT KITH-
HOBMIIIY10 GOPMY C yBeJ/IMUeHHeM MOLUHOCTH O HECKOJIbKHX [IeCATKOB METPOB
Mo HATIPABJICHHIO K KOHTAKTY CO CPe3aioIMMH €ro JIABOYOPPUTaMH (CM. pHC. 5,
6—2). Huske 3TOro 0BHaXeHHOTO HA IIOBEPXHOCTH Tesla IOPOJIbl PHCUOPPHTOBOH
rpyNIpl CJIATAIOT JK3OKOHTAKT JITBOUOPPHTOB C BBICTYTIAMH H CyDBCOTIaCHBIMH
KWIbHBIMH OTBETBJIEHHSIMM B TOJLY HHAONNMTOB. Telo pucCYOpPPHTOB, 3aflerao-
wlec HAa BHElMel CTOPOHE IyrH MHONMTOB, MMeeT IjlacToobpashylo Gopmy H
mowtHocTs 10 100 m. KpoMe 3THX KpyTiHbIX TeJl, TOpO bl PHCUOPPHTOBOH rpyn-
bl 06pa3y 0T MHOTOUH CIIeHHbIE “IPOCTION” Ha riyBOKHX TFOPU3OHTAX MHOMHUTO-
BOM TOJILLH, Il HAMEUAETCA ee BbIKJIMHMBAHHUE.

Onicatnpic Tella pPUCIOPPHTOBOI TPYNINDI CITOXKEHBI Me30- U JIEHKOKPAaTOBbI-
MH Pa3HOCTSIMH — I0BUTAMH H PUCUOPPHUTAMH. UM 4acTO COMYTCTBYHT Tesa Me-
JIAHOK paTOBBIX TOPOJ rpyNiipl — MaJMHBUTOB. MHOrna manuHbHThI Npeobnana-
10T, HANIpHMCP, B KpOBJle alaTHTOBOrO MecTopoxaeHHs Hpioopnaxk, B ero wro-
3anagHor yacTd. OHKH ¢1araloT JanKornoaobHble Tesia, NpOCTHPAILKecs COrIacHO
C KOJILUEBBIMH CTPYKTYPdMH MACCHBA, CPEIH XHOWHHUTOB M PHCUOPPHUTOB rOpbI
Moausymuopp. Mecramu 5TH TeSla MATMHLUTOB pa3beneHbl BMELLAIOIHMH XHOH-
HUTaMH, YTO JIOKd3bIBaeT MX OOXMOMHMTOBOEe 0Gpa3oBanMe H HENPaBOMEPHOCTb
OTHECCHH sl HX K HACTOSLUMM [AiiKaM, CeK yUIHM XHOUHKTBI. B yactu 1 HacTosiuen
KHHTH 060CHOB bIB AN achpHHAIEK HOCTh NOPO Tl PHCYOPPUTOBOH TPYNMbI K MeTa-
COMAaTHTaM M4rMaTHueckoil crajuu. C 3T0H TOYUKH 3peHHsA obcyxaaemsble Tesa
MASTHHBHTOB HHTEPIPETHPYKTCH HAMH KaK MeTacOMAaTH3HPOBAHHbIE DESTHKTHI
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MEJILTEHTHTOBBIX C/10eB, NOABCPrUIMXCA MArMaTHUECKOMY 3aMCLICHHIO XHOH-
HUTaMH.

Kpome nepeuncrientbx npeofnapaowmx KOMIIEKCOB H TPy OO, B Mac-
CHBE NMPUCYTCTBYIOT MATb NeTpOorpado-reHeTHUECKUX THIIOB HETMATHTOB. YeTbl-
pe TMNa NanKoBbIxX nopon [58] u kapGoHaTHTe, ONKcanHble B kKiure 0.5, Hyn-
KMHa ¥ 1p. (1984 r.). Bee 3t 06pa3soBaHus, KaK HE UMEIOWHE 1PSIMOTO OT-
HOLUEHHSA K aNlaTHTOBBIM pYJIaM, HAMU He PacCMaTpHBAKTCA.

[lerporenesnc marmaTHuecKHX KOMIIIEKcoB Iw1ytoHa. Hamu npencrasnsiercs,
YTO HCCIeOBAHNs NOCeaHHX 10 JIET NO3BOJAIT PeILMTENbHO NMPOABHHYThCA K
NIPaBUJILHOMY HOHMMAHWIO F€HE3MCA MACCHBA M €70 MPOU3BOIHLIX, COrIIACY oLLie-
Mycsl C [JaHHBIMH NO ApYTrMm nogobHeiM oBbexTaM. [losyuenHrble pesysbTaTsl
TNO3BOJIAIT TAKXKE NPEOJIONIeTh HEKOTOPbIE YCTOHUMBBIC CTCPEOTHNBI B BO33pe-
HUAX, CJIOKMBLIMXCSA 33 UIMTEJIbHYI0 HCTOPHIO M3YYeHHs] MaccHBa. ITOMY cIio-
CODCTBYET H BO3POCIIMI YPOBEHb NETPOJIOTHH.

Kax otMeuanoch, MonynspHbIMH cXeMaMH MOC/IE0BATENIbHOCTh MarMaTH3Ma
Npemionaranace uacruyHo (cxema H.A. EnuceeBa) u  nonnocreio  (cxema
B.M. KymuieTckoro) aHTHIpOMHOM, T.e. OT paHHHX KPEMHEKHCIBIX K MO3AHHM
Gonee OCHOBHBIM MarmaTH4e CKHM ITPOU3BO MHbIM. MexIly TeM BO MHOTHX [IeCAT-
Kax JpyrHX LIEJIOYHO-YJIbTPAaOCHOBHBIX MAaCCHBAX IOCIENOBATENILHOCTh Marma-
TH3Ma TOJILKO roMoapomHas [73]. B Hux Bcerna HedellMHOBbBIE CHCHMTBI clle-
AYIOT 32 MHOIMTOBBIMH cepusamHu. Uccrenosanne M.U. llepexpecra u B.B. Cmup-
HoBa [88] moxasano, uto U B XMGHHCKOM MaccuBe Bce HedelTMHOBBIE CHEHHTI
MOJIOXe TMOPOJ HHOJIMTOBOH CepHH. JTO MO3BOJIIO NPUHUMITHAILHO HHAYE HH-
TePNPEeTHPOBATh NPOUCXOXKOEHNE MOPOL PHCYOPPHTOBOH CPYIIlpl, O uem GyreT
CKa3aHO HHXKe.

[IpoTHBOPEYHBO  MHTEpPIIPETUPOBAIOCH NMPOHCXOskKIeHHe HauBollee [peBHHX
MarmMaTHyecKuX OGpa3oBaHHH — MOPOA HHOJIMTOBOI CepHH, C KOTOPBIMH TCCHO
YBA3BIBIM GOPMHpOBaHHe AKOGbI MarMaTHUECKHX aNaTHTOBBIX pyil. B cuiy
OTHOCHTEJIBHO MO3AHETO 0GPa30BaHHsA NOCICHHX PACCMOTPHM IIPOHCXOKIIEHHE
HHOJIMTOBOH cepHH Be3 allaTHTOBbIX pY ..

Kak yxaspiBanocs, B cocraBe MAOIMTOBOW CEPHHM BBIAEIISNIOTCA TpH MAuKH:
BEPXHSAS H HUXHASA TPAXUTOMIHBIX HHOIIMTOB M pasmellsiolllas HX CpeHsisA NauKa
MaccuBHBIX ypTHTOB. C.U. 3ak u gp. [18] monaranu, 4to BbIHENEHHbIE 11AUKH
00pa3oBaHpl TpeMs CyGHHTPY3HAMH. ITOMY Kak BYOTO COOTBETCTBYET HECKOM b-
KO palIHyHasi reOXHMMHA OBYX TPaXMTOMIHBIX FaueK M pasiiyaiowicecs cojep-
XKaHHe IJNIeMEHTOB-TIpUMeCeH B AHATOTHYHBIX MHHepAIaxX, OIMMChIBaeMOe Kak
CKpbITas paccioeHHocts [59, 60]. K mpumepy, anmatut nporpeccHBHo o6ora-
LIAETC KBEPXY CTPOHLMEM, a MarHEeTHT — KHU3y THTAHOM, BaHamem. [eonoru-
YeCKHMe [@HHbIE OTUETIMBO YK43bIBAIOT HA MePBOHAYAIbHYI0 OBIIHOCTH TPAaXHTO-
HIHBIX MAOJIMTOB ODeMX MayeK, HAPYILUEHHYI0 MOIKe BHEIPEHHbIM Te/lOM Mac-
CHBHBIX YPTHTOB. B pasHbIX yacTAX njyToHa MaccHBHBIC YPTHTBI JIEXKAT B pa3-
JIMYHBIX YPOBHAX TPECXWUTOMAHOH TOMIUM, TaK YTO MOLLHOCTb 113Y€K MCEHSACTCH.
Onraka 0B/TMK ¥ MHHEPAIbHBIA COCT4B NOPOJ, XapaKTep cTpaTHhHKALMH B cpaB-
HUBaeMbIX MayKax OMMHAKOB. OBUIHOCTD ABYX MaueK TPaXHTOHAHBIX NMOpon ybe-
JUTEJIBHO, Ha Haul B3rJIsA[, NOKa3aHa A.A. Ap3amacueBsiM M ap. [2] Ha Koa-
LIBUHCKOM M€ CTO PO X/ICHHH.

B.E. Bopyukuii (1988 r.) (cM. cHocky Ha cTp. 152) ‘npejtnosaraer, 4To Tos1ua
TPaXMTOMIHBIX MNOPOQ, NEPBOHAUAJILHO MpeJICTaBlANa cOBOH BYJIKAHHUYECKYIO
ceputo. OfHaKO Koe-rae COXPAHMBLUAACA B HUX PHTMHUHAS TPUBHTAUHOHHO-
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KpHCTAIH3aUHO KAy paccnoeHHocts (Tabnuua 1V, 1), uTO moka3bBaeTCA yBe-
JIHYCHHEM KOHU.C}{TleL[HH anOKC&Ha 110 HAIlpaBJ/ICHUIO K TIO)ICTHJ'IH.IOLU.CM}/ CIIOH -
KY MCJIBTCHIHTOB, 06OTalIeHHE 110 clieIHero TJIOTHBIMH MMHEpaIaMH — MarHe-
THTOM H dIIATHTOM, YKa3pBacT Ha TO, 4TO TOJILUU TPaXUTOUOHBIX HﬂHOHYITOB
CHATAH PUTMHUHO-PACCIOCHHBIA HHTPY3HB. DTOMY ke COOTBETCTBYET IIpOsiBle-
HHEC CKPBITOH pZiCCﬂOCHHOCTH, T.e. Hanpannenﬁoe H3MEHEeHHe cocTaBa MHHepaJTOB
B OTHX noponax [59, 60]. [Moske runoternye cuii PaCCIOCHHDBIH HHTPY 3UB Gb1T
HAKJIOHCH B BOCTOYHOM HAIp4B/IeHHH Ha yron 20-40 °, a cllarawuide ero rno-
poubt METAMOPHHIOBAHBI ¢ 0GPAIOBAHNEM 110710 CUATLIX TEKCTYp C JIOK all bHOI
HX TOPPHPOBKOIA.

B omtnuke ot TpaxuTon minix 1I0pO 1 MACCHBHbIC YPTHTBI CpefiHel MayKK o6ia-
HawT OeclopsAIOYHON, Xa0 THYCCKOH CTPYKTYPOH H OTHOPOJIHBIM COCTaBOM, 4TO
XdpaKTEPHO [JIst MHTPY3UBBIX MarmMaTHUECKHX o6pazosanuit, Ho Hepenxo onu
MPETCPIEBAIOT MePEK pHCTULIM3ALMI0 ¢ 06pa3oBaHueM KpynmHeiX (oo 5—7 cMm B
IMaMeTpe) NOMKHI0061acToB MTUPOK CeHa, YTO, BUIMMO, NPEIUECTBYET LIMPOK O
fIPOABJICHHON B MAaCCHBE KaTHUMATH3AUMA MarMaTHuecKON CTaMH. KoxrakTe!
MACCHBHbIX YPTHTOB C BMCLLAIOWUMMH TPaXUTOMITHBIMH MHOMHTAMM MarMaTH-
YCCKHe, HO De3 30H 3aKAIKH M COMPOBOXAATCA 0Gpa30BaHHeM B BOKOBBIX IO-
POAdX CNMHUYHDBIX, HECOMHEHHO HOITOMY MeTacOMAaTHYECKHX KPHCTAJIJIOB Hede-
nuHa. Mbl npemmonaraem, uto NMOIOGHBLIA METacOMATO3 MarmMaTHYe cKOii CTaguH
MOXCT TIPUBOIUTL K OGPa30OBAHHI0 MOHOMMHEDATbHBIX “CITHBHBIX YPTHTOB,
A/ KOTOPBIX He MpeTOxKeHO MHBIX COCOGOB reHesHca. Hedenutsr mMaccuBHbIx
YPTUTOB OOBINHO cOLEp>KAT OBHIIBHBIE BIJTIONEHUS NapayieNbHo OpHeHTHPOBaH-
HbIX HMIOJIOYEK I3IUPHH-MHPOKCEHA, SBMAKLINXCH, CKOpee BCero, NMpoayKTOM
pacrnana Teepioro pactsopa HedenuHa. B nons3y storo CBHJIETEJILCTBYET OYHLIe-
HHCE KPAeBBIX 4acTeH KPUCTAIIHKOB HedelliHa OT BPOCTKOB MHPOK CeHa.

CHITBHBIM OBOJIOM B HOJNIB3y MarMaTHuecKoil NpUPOLBI MACCHBHBIX YPTHTOB
" OJNOBPCMCHHO yKa3aHHCM HAa MCTOUHHK MX MarMbl ABJISETCA COMOCTABIIeHHE
Sr/Ca oTHOwWeHUs B TPAXUTOMIHBIX UHONHTAX (CHNBHBIf MAaKCHMYM OKOJIO 3Ha-
uehus 0,025-0,030) u B MaccBHBIX ypTHTax (oxono 0,05) [2, em. puc. 21].
XapaKTepHO CXOACTBO ACHMMETPHH 3TOrO OTHOUICHH A B CPABHUBAEMbIX IpYyTax
MOPOA: CTATUCTHYECKHE KDPHUBBIC MMEIT KPYTOil HakKIOH ¢ MeHbLIeil CTOPOHBI
OTHOILUCHHA W IOCTEIIeHHOE acHUMIITO THYECKOe 3atyxanue y touek 0,15 u 0,17
JUI1 TPaXHTOMIIHBIX M MACCHBHBIX Pa3HOCTEN MOPOL COOTBETCTBEHHO. Cxopcrso
$OPMbI KPHBBIX, BUIMMO, CBHETENILCTBYET 06 MX ONMHAKOBOM MarmMaTHye cKOM
ITPOHCXOKICHHH, a CMelUeHHe MAKCHMYMOB NpH GoJlee JIeHKOK PATOBOM €O CTa-
BC MACCHBHBIX YPTUTOB, BepOATHee BCEro, CBA3AHO ¢ 06pa3oBaHHEM Marmel Io-
CIE[IHHX KaK OCTAaTOYHOTO paciulaBa OGWIEro oyara B pe3ynpraTe NpeuMy1ecT-
BCHHOM KPUCTAUIM3AUMH M TPaBHTAUMOHHOTO OCAXMICHUA IMOMCHIOBOTO M-
POKceHa. B pesyibrate ocTaTouHbIit pacias cTaHoBHTCs Gosee NIEAKOKPATOBBIM
M OBOTALUEHHBIM CTPOHUMEM 32 CYET y[aleHUs KallbUMA B COCTaBe MUPOK CeHa.

Taxum o6Gpasom, Bce poncraentbie TOPO/IbI HIAOIUTOBOH CEPHH MPOM30 LUK
W3 OBLIEro MarMaTMyeckoro oyara B npoue cce PaHHe! KPUCTAIH3AUMH H (pak-
UHOHHPOBaHMsA TNHpoKceHa. Ilepen BHenpeHMeM Marmbl MacCHBHBIX YPTHTOB
chopMupoBaBumMiica paHblie PHTMHYHO-paCCIIOEHHBIA MacCHB MHONMTOBOM ce-
PHH, BHIMMO, [peTepriesl MeTaMOpdM3M M TeK TOHHYECKYIo nedopmaiuio.

MpuBeneHuLIit MaTepuan e moasonser OBGOCHOBAHHO CYMTb O CYLIHOCTH
TIPOCTPAHCTBEHHON M, BUIMMO, IeHEeTMYECKON CBA3M MUOTHTOBBIX M HedesHH-
CHEHMTOBBIX MarM. HecomMHeHHa ML OTHOCHTENbHAT MONONOCTH nocJe gHUX,
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YTO O0BOCHOBBIBANIOCH B Mpe/bIAyLeM pasfele 3TOH rNaBbl H B YacTH | KHHTH,
Takas nowienoBateNbHOCT MarMaTHIMa XHOHHCKOTO MacCHBA COOTBETCTBYCT
N0 CeI0BATE/1LHOCTH, TIPOABJIEHHOR BO BCeX APYTHX LIEIOYHO-YABTPAOCHOB HBIX
MaccuBax [73]. U ecsin MOJIOMIOCTb JIABOYOPPHTOB (HEPABHOMEPHO 3CPHHCTHIX

HeEeMHOBBIX CHCHHTOB) M GOHAMTOB LUEHTPWILHOTO WITOKA 1YTONI 10 O THO-
LWIEHHI0 K HAOJHTOBOMY KOMIUIEKCY OGUICTIPU3HAHY, TO JUIH HeBeIIMHOB BIN Cie-
HUTOB XHOMHMTOBOTO KOMIUIEKCA, CIATAIOWHX BHEIIHEC KOIBLUO ILTYTOHI. 310

NOCNeIHEro0 BpeMeHH [2, c. 81] MpuHMMAaeTCA [OMIHOIMTOB i Bospacr. Ipuun-
MaeTcs, BUIMMO, TPAIMUHOHHO Be3 GaK THUEeCKOTO 06O CHOBAHM, d HpecTaR!le-
HHe O TMOC/eHHOIMTOBOM BPEMEHH CTUHOBIEHHS XMGHMHHTOBOTO KOMIUICK(A
[88] mpu3naerca HeoBoOcHOBaHHBIM [2, c. 83] u daxTHuecKK oTBEpTraeTCH He3
KPHTHYECKOIO pa3bopa apryMeHTOB OINIIO HEHTOB.

B 6Gonee pamiux paGotax B 060CHOBAHMM NOMIIONMTOBOTO OTHOCHTEIBHOTO
BO3pacTa XHOMHHTOB yKa3bIBAETCA HA HATHYME B MOCACHHHX KHI HIOIHTOB H
MAaCCHBHBIX YPTHTOB. MbI NepenpoBepuin reosoro-leTporpaduucckue cooTHO-
IIEHHT MOPO, [IBYX KOMIJICKCOB. VX NpsMble KOHTAKTbI KpaiHe pefikH B CHIlY
NPEOBNANAI0WErO 3aJIeTaHHA MeXIy HHMH MOPOJI PHCYOPPHTOBOH Tpyilipl. B
MACCHBE M3BECTHBI YEThIPE THIIA TAKHX COOTHO LLIEHHH.

Ha ceBepo-sanannom ywactke mwiato PacBymuopp, a Takxke B cKBaxHHax
N® 552, 547 coxpaHWwIcs NepBHYHBIA KOHTAKT XMGMHHUTOB C MC30KPaTOBLIMH
TPAXMTOM/THBIMH MHOJIMTAMH. B HanpaBieHMM KOHTAaKTa B MHOJHTAX YMCHbLIA-
€TCs pasMep 3epeH OCHOBHOH Macchl MOPO/IbI C MO ABJIEHHEM PEIKHX HeGOMbLUIHX
(mo 1 cM B momnepeunKe) MOPGUPOBLIX BbIziese HHil HedemiHa. B ckBaxkuHax
5—10 cM OT KOHTaKTa B MHAONMTAX BCTpEUEHDbI eIHHHUHDBIE KpynHere (10 2 cM B
MHY ¥ 10 0,5 cM B nonepeyHHKe) MpH3MAaTHYECKHE KPHCTA/IIbl 3€/ICHOBATO O
KaJIHlmara, OTCY TCTBYIOLLHE B MOPOAAX BOA/IM OT KOHTAKTa. B Kepie cKBakitH i
B OOH@OKEHHAX HABMIOAETCA YMEHBLICHHC 3EPHACTOCTH TPAXHTOMNBIX XHOHHH-
TOB C MpUBIMKEHHEM K KOHTAKTY ¢ HAOMMTamMu. JUTHHA HPHIMOYSK KivtHimia
B XMOMHMTax ymeHbumaetcs ¢ 2-2,5 cm 1o | cm. Ho cosepuiencrso OIPAHKI
NPU3MOUEK KAJIMLLINATA, XapaK TePHOE M1 HEM3MEH CHHBIX MarMaTHYCCKHX HOPON,
COXpaHAeTCA. B KepHe MpoABNIsgeTcs NOM0CYATOCTb B XUBHHHTAX BEIHIH KOHTA K-
T4, BbIPAXXCHHAA NepPEMEXAEMOCTbI0 CJIONKOB MOWHOCTbI0 00 40 cM ¢ MeHsiio-
umMces (Ha 3-S5 06.%) conepxanuem IMpoxcexa. [lo opuenTipoBKe 1pH3MO-
YEK KATMINATA B XMOMHMTAX NpPOSBIANTCA JMEMEHTbI CTpyiuatocTi. B npesbl-
AYWHX paboTaX ONMUCAHHbIE CTPYKTYPHbIE H3MEHEHHs KOHTAKTHPY IOLMX OpO1
MHTEPNpPETHPOBANIMCh KaK Pe3YJIbTAT 3aKAIKH HHONMTOBON MarMbl, MeTaMopdH-
3ylolled 3aTBepAeBLMe XUGMHMTBI. OHAKO  COXpaHeHHe HIHOMOpPH3Ma
NPU3MOYEK KalHITATa B NPUKOHTAKTOBBLIX XMOHHHTAX YKa3bIBAET Ha OTCYTCT-
BHE B HUX MCPEKPHCTALIN3AUMH. TaK 4TO yTOHEHHE 3epHHCTOCTH XHOHHHTOR B
HAMpaBJIEHWH KOHTAKTa, CKOpee BCEro, CBA3aHO C OXJTAXIAIOUIHM BO3ACHCTBHEM
Ha XHOHHHTOBYI0 Marmy TBep/ibIX HAOIHMTOB, & PACCTIOCHHOCTD H CTPYHYATOCTD —
C TeueHHeM (PaKLUHOHHO KPHCTAIIM3YIouleRcsd Marmbl, IIpH ITOM HIAOMHTLI.
BHIMMO, HCNBITHIBAIY METAMOPQHYECKYI0 MEPEKPHCTAIIM3AUNHI0 ¢ 00pasoBa-
HHEM MOPGHPOBIACTCBBIX YKPYNHCHHBIX KDHCTALIOB HeeIHHA M KaTHLIIATa,
HacTb KOMIIOHEHTOB KOTOPOTO, OYEBHIHO, NMpUBHeceHa (roMgaMH M3 XHOHHH-
TOBOH Marmbl. MOHOKpHCTasIbHble MOPGUPOBbIE BbINENCHHA He(heIUHA U KATH-
LmaTa B APHKOHTAKTOBBIX MENIKO3EPHUCTbIX HHONHMTAX He MOXOXH Ha IIIOMepo-
NOPGHPOBLIE CPOCTKH MOPGHPOKPUCTAIOB 3aKAaNEHHBIX (alHii Marmatuue-
ckux nmopon. Takum 06pa3om, paccMOTpeHHbIE KOHTAKThi BEPOATHEE BCETO YKa-

157




SbIBAIOT HA B34HMOJICHCTBHE XHOMHHTOBLIX PACIUIABOB ¢ KOHCOJIHIHPOBAHHBIMH
HHOJIHTAMHU, CBUACTENLCTBYS 06 OTHOCHTENLHOR MOJIOLOCTH XUGHHUTOB,

Kpyntoe tenio MaccusHbix yprutos, pasmepnbl 10—15 X 4—5 m, opuentHpo-
BAHHOC CBOHM IIPAMOITMHEHHBIM CCBEPHBIM KOHTAKTOM NOllepeK OPHEHTHPOBKE
PHIMATHUCCKHX KPHCTALIOB KWIHUNIATA BMELLAIOWIMX TPAXHTOHAHBIX X UGHHMU-
ToB, obhwxkeno B [lapke oravixa r. KupoBcka. OHO oM ChIBANOCH TIpe AbIAYIUHMH
neenenosatesiami (18] kak xwia, nepecexarowas XHGHHHTDL Ocmotp 31010
OBHAKCHHS 110KA3a1, OHAKO LPOABIEHHE KaTMILNIATH3aLNH YPTHTa, pacnpo-
CTPAHCHHOC B KOHTAKTe ¢ XubuuuTamu (Tabnuua IV, 1), 4To 00Ka3bIBAET OTHO-
CHTEJIbHYI0 MOJIOIOCTb BHeJpeHHs MarmMbl XHGHHHTOB H KCCHOJIMTOBYIO NIPHPO-
Iy 6710Ka ypTHTOB.

B BHCcauem Goxy xuGHHHTOBOTO MACCHBA, B HEKOTOPBIX MeCTax IpecTaBlieH-
HOM JIYABPUTONONIOBHBIMH MATHHBUTAMH, KOTOpPbIC NPUHUMAIT 3a MO ACTHIA0-
LMK CTIOM MHOJIMTOBO# TOJILUH, HEPENKH KHITbI CPEAHE3EPHHCTHIX He(ENHHOBBIX
CHEHHUTOB C NPH3MATHYECKHMH KPHUCTAIUIAMH KaTHLIMaTa. Panee [18] amu b
HPHHIMATH 32 5KIUTBHBIC TIPOM3BOIHBIC PHCIOPPHTOBOFO KOMIUleKkca. OHAKO
YUOMAHYTbLIE XHIIbl HE CONEPKAT XapaKTePHBIX [UTH 3TOM TPYTNIbI IOPO M MOHKH-
/MTOBBIX 3¢peH 11071eBOro umata. 1o npocrpaHcTBeHHOM BIM30CTH ¢ XHEHHUTO-
BbIM HMHTDPY3HBOM, CTPYKTYpHO-MHHEpATOrHYECKOMY CXOICTBY C KOHTaKTOBBI-
MH aUMAMH XHOHHUTOB ONUCBLIBAEMBIE KHITbl CHEHHTOB B MaIMHBHTAX 60Jee
OBOCHOBAHHO CUMTATD KMITbHBIMH OTBETBJIEHHAMM XHOHHUTOBOLO KOMIUIEK ca
B KOHCONMIUPOBAHHYH0 HHOJIMTOBYIO TOJLILY.

Haxoneun, xunnonono6ueie mactums MATHHbHTOB CpeH XHOHHUTOB, OBH K eH-
Hple, Hanpumep, Ha rope Ioausymuopp, He MOryT cuutaThes MarmMaTuye CKUMH
UHbEKUMAMH. Kak oTMeuasioch Bbiwte, nokaibHoe nepeceueHHe MX XHOHHMTa-
MH, NOAKHIIMTOBLIH OGNMK KaJIMLINATa B MaJIMHbUTAX TMOKa3bIBAKT, YTO OHH
NPEACTaBIIAI0T cOBOH OcTaHubl GOslee ApeBHMX HIOIUTOB, KaJTMILINATH3HPOBaH-
HBIX 1IDH MarMaTHYeCKOM 3aMeLlle HUM UX XMOHHUTaMHU,

Takim 06pa3oM, BO BeeX @iyyasix KOHTAKTOB XMGHHUTOB C MOpOJAMH HHO-
THTOBOTO KOMIUICKCA OTYETIIMBO NPOABIIAETCA OTHOCHTEIIBHAA MOJIOLOCTD XH-
O6unntos. Hapsyry ¢ atum OBLeNpPHU3HAH M NOCICHAOIMTOBBI OTHO CHTESbHBII
BO3pACT NABOYOPPHTOB (HedeIMHOBLIX CHEHHTOB) UEHTpaJIbHOro 1utoka, Ta-
KHM 006pa3oM, B XHOMHCKOM MacCHBe TIpOABJIEHAa HOpPMaJIbHAS TOMOMPOMHas
TIOCIIE NOBATENILHO CTh MAarmMaTH3Ma, CBOHCTBEHHasA MHOTHM OpYTHM LIEIOYHO-
Y/IbTPAOCHOBHBIM MaccuBam [73].

OCTaHOBUMCA Ha HEKOTOpBIX TIETPOJIOTHYECKHX OCOGEHHOCTAX HedeNUH-
CHCHHUTOBBIX HHIPY3MBOB XHMOMHCKOTO MaccHBa. Marmbl kak XHOUHUTOBOTO,
TaK W JIABOYODPPHT-HOHANTOBOIO KOMIUIEKCOB OK43bIBAIOT AKTHBHOE MeTaco-
MATHINpYIOlIEC BO3ACHCTBHE HA BMelUAtolue TOMUH. T XHEHHUTOBOLO KOM-
eKca JTo BrepBbie 6bU10 Nokazano P.II. THXOHeHKOBOI [113] npu usyvennn
(CHUTOBOTO Opeona, OKpyxalowero XuGHHCKHUIL w1yToH. B vactu I HacToAweiH
KHHTH NETATbHO OBCYXKOAETCH COCTAB, 30HATLHOCTb M reHe3uC bennTOB. 3pECh
JMLIb HANOMHHUM, NTO (CHUTUIALNU TOMBEPXKEHBI OCHOBHBIE H KPEMHEKH CJible
BMCLUAIOIAE TUIYTOH TOMH. MOWHOCTD 30HbI CIUIOLIHOM (hEHHTH3AUMH MeHs-
€TCA OT NCCATKOB 10 COTEH METPOB, a JKMJIbHAA DEeHHTH 3a 1A NpOsBJIeHa Ha yaa-
JIEHHH 10 2 KM. Mexay (peHMTaMM M XMGHHHTAMH O6BIYHO 3a71€eralT HU3KOHe-
denrHOBLIE M Ge3HedeTMHOBDIE LWIENIOYHble CHEHHTBI, SIBJIAIOLIMECS JHOOKOHTAK-
TOBBIMH (AlAMH MarmMaTHYeCKOTO 3aMELIEHHA BOKOBEIX nopo g XHOUHHTO-

BOit Marmnit. P.IT. TuxoueHkoBa opHa u3 TMepBLIX 060CHOBana 06pasoBatue te-
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HMUTOB Ha MarmMaTHYeCcKOH CTaMH, T.e. O KOHCOMMOALHH MATEPHHCKOM s HHX
MAarmbpl, B YaCTHOCTH XUGHHHTOBOH, uTO HOApa3ymeBaeT GHOPMHpOBatHe eHU-
TOB IIO[ BO3[EACTBHECM NIPOXOMALLHX Yepe3 MArMbl ¥ BLINOIAUIHX H3 Hee MOTu-
KOB TP4HCMAarMaTHueCKHX (JTIHI0B.

EcrectBeHHO 0XUOATD, YTO XUOMHHTOBAA MATMA JIOJIKHA BLIBLIBUTL MCTHCO-
MaTO3 MarmMdaTH4YCCKOHN CTaMH H BO BMELLAIOLLCH €€ ¢ BHCAUCTO BOKA 10:TUIe HHO-
nuToB. TlockoNbKy XHBHHMTHI OTJMYAIOTCA OT HIOJIHTOB 1IPEXOe BCero Halu-
UMEM B HUX KQJIMILUNATA, TO CleOyeT OXMIaTb, YTO BLIXOSLUHE H3 XHOHHHTO-
BOH Marmbl paBHOBECHbIE C Heil (pIIOMIbI BBIZOBYT KATHILNATHIAUHIO HIOJHTOB.
IIpoayKTOM TaKoro MeTacomMaTosa M SBISIOTCH NMOPOJbI PHCYOPPHTOBOTO KOM-
TJIeKCa BHELHEero MO OTHOILEHHI0 K WHOJIMTOBOM Ayre koJjibla. He mckitoueno,
YTO B HEr0 MOLYT BXOIHTb [pPOU3BOIHbBIE JIABOUOPPUTOBOTO BO3aciicTBHA. K
NpOOYKTaM MeTdcOMAaTOo3a MOJOOGHOrO THIIA NPHHAMIEKAT H NAiKONON0GHbIC Te-
la MATHHBMTOB B XMOHHHTaxX ropsl [loausymuopp. Mowkocrs nopon pucuoppu-
TOBOH CepHH B KpOBJle XHGHHUTOB mocturaeT 300—350 m.

He menee, a MoxeT GbITb 4 GOJlee AKTHBHOE MeTacOMAaTH3HpYyIoLee BO3LeH-
CTBHE Ha MHONHTOBblE TOJIUM OKA3bIBAKT MArMbl JISBOUYOPPUT-POIIHTOBOIO
UEHTPATBHOIO WITOKA MI1yTOHA. [IpaBuiibee TOBOPUTH O BO3MIEH CTBUM Ha HitOJH-
Tbl JIABOYOPPUTOBOH MArmbl, (Jlaraiouled BHELUHIOW YacTh LUTOKA W HEMocpel-
CTBEHHO KOHTAKTHpYIOWeEH C NOpogamu WHONHTOBOH cepuu. TpaHcmarmatu-
YeCcKHe (UITOMMBI JIABOYOPPUTOBOH MAarmsel, MOJOBGHO (IOMIAM XHBHHHTOBOI
MarMel, BbI3bIBAOT OOLMpPHYI KATHIUNATH3aUMI0 B MOACTHIAIOWHX HOPOmaX
HHOJIMTOBON CEepHH, 0Gpasys TeNl0 KWBHTOB-DHCUOPPHTOB BHYTPEHHErO KOJbLA.
MowHocTh MOHOIMTHOM YacTH PHCYOPPUTOBOTO TeNa mocTHraet 150 M, a ¢ Hp-
MBIKAWIWHKMH K HeMY CHH3Y MaiuHbHTaMH — 300 m. CokpallleHue MOLIHOCTH
3TOro Tejla pUCYOPPUTOBOH TPYIIbI Ha IJIyOHHY KOMIIEHCHPYETCs PacipocTpd-
HEHHEM B WHOJIMTOBOH TOJIle CYBCOIMACHBIX W1 PHCUOPPHTOB MOUIHO CTDIO
[0 HECKOJIBKHX JCCATKOB METpPOB.

Taknum 06pasom, HedesMHCHEHHTOBblE MarMbl XHGMHCKOTO [LIYTOHA OKa-
3bIBAIOT AKTHBHOC METACOMATH3MPYIOUICE BOBJCHCTBUC Hd BMCLUAOLLHE TOJIM,
B TOM YHCJIE HA IOPOMbl HHOJIMTOBOR cepuH. l1pooyKThl MeTdcOMATOBa ~ 110-
POABl pPHCYOPPUTOBOH IpYNNbl — CIardiT BTOPYI0 N0 06bEMY B IUTYTOHe 110-
POAHYI0 TpYNmy, cO3MaBass ero OPHIHHAIBHYK CTPYKTYpHYI enumuiy. dop-
MHpPOBAHHE 3THX METACOMATUTOB Ha MarMaTH4YeCKOH CTAJtHHM 3BOJIOUHH Hede-
JIHH-CHEHHTOBBIX MHTPY3UBOB CBHUACTE/ILCTBYET O BO3INEHCTBMH HA HHMX Marma-
THYCCKHX (UIIOHIOB, a 3HaUMTeSIbHbIH O6beM H3MEHEHHH MOKAa3bBaeT, UTO
3T QIIIOMIBI He MOTIH GbITh PacTBOpDEHBI B Marme W NOCTYNANH 3 [J1yGHHDI
MarmMaTtHyecKMx Macc B BHJE IOTOKa TpaHCMArMaTHYecKHX duitomnos. Hano
CKa3aTb, YTO CXOJHBIH C ONHCAHHBIM METACOMATO3 BMEILAKLMX OPOM B He-
MEHBLIHX MAaclITabaX XapaKTepeH [U1si APYTHX HedesHH-CHEHHTOBBIX MACCHBOB,
Tax ut0 B 3TOM MarmMaT3M XHMOGHHCKOTO TITYTOHA HE HCKITIUHTENIeH.

WHTepecHbl CTPYKTypHbIE H3MEHEHHS B JIBOYOPPHTAX, HEJapOM Ha3blBae-
MBIX €L1€ HEPABHOMCPHO3CPHUCTLIMH HehelIMHOBBIMH cHelnTamy. Ha ynanenuu
B 10-20 M OT KOHTAaKTa C I0BHTAMH M PHCYOPPHTAMH MOPOMbI HMEIOT KPYIHO-
3EPHUCTBIH OBJIMK C XapAKTEPHBIMH CHIBHO YIUIHHEHHBIMH IPH3MAaTHYECKHMH
KPHCTAIUIAMH  KAITHIMATa WIMHOH 100 3 cM. C NpUBMIkKeHHEM K KOHTaKTy
pa3Mep 3€peH MHHEpAIOB YMEHLIUAETCA H TMOpPOObI CTAHOBATEH CpejHe3ep-
HHCTHIMU. Ha paccTosHMH HECKONBbKHMX METpOB OT KOHTAaKT4 MPH3IMOYKH KAaJIH-
Umard YKOpauWBalTCA, d BOJIM3H KOHTAKTA IPHOGPETAIOT NMOYTH KBAJIpaTHy1o
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dopmy. MHorna BGaM3M kouTakTa B JIABOYOPPUTAX BCTpeualoTCs H30MeTpuy-
HbIE HIMPOKHEC, YBEJIMYCHHOTO MO CPaBHEHHIO C OCHOBHOI Maccoii pasmepa
KPHCTAJUTBl  KATMUIIATA C  BKJIIOYE HH MM KPHCTAUTHKOB HedenuHa. Taxue
KPHCTUHIbE KWIKIINATA NOXOOAT Ha HOAKHIIOBIACTBI  HeGONBLIOTO pasMmepa
H3 PHCUOPPUTOB. PaznoBumnOCTH JIABOUODPUTOB € MOHKHIIUTOB bIMH nopoupo-
BUIHBIMH  3€pHAMH  KanuNaTa OBHAXAKTCA B BCPXHEM 3amafHOM ycTyme
Koamsunckoro Kapbepa M Ha MECTOpOXAEeHHH Kyamsnop. Ucxoms us 06pa-
3OB2HHA JIABOYODPUTOB MNyTeM MarMarTHyecKkoro 3dAMELICHHA DHCYOPPHTOB,
MBI TIPCITIONAracM KCEHOTEHHOE I1POMCXOXKIeHHe MOHKHITMTOBBIX KpHCTALTOB
KaTHUMATa JISBOYO pPHTOB KaK peJIMKTOB 3aMelleHHbIX PUCUOPPUTOB. FTOMY
COOTBETCTBOBAIO Gbl yBeIMUEHHe COCpXKAHUSA ATbBUTOBON MOTIEKYITBI K Kpasam
KPUCTAIIIOB, YTO OCTaNoCh HEM3yYeHHbIM. MeXaHH3M aMaNTHPOBAHUA KCEHOreH-
HBIX KPHCTALIOB B Marme o6eyxaancs B yactu [| .

YKOpouenie npuamouex Kamuumara B IDHKOHTAKTOBBIX YYacTKaX JIfBO-
1OPpHTOB, BO3MOXHO, CBA33HO C yMeHbllEHHeM COCPXAHHA B HMX HAaTpHA
B CHJly BEPOATHOM KpPHCTAJUTM3IAUMH JTHUX Yacreil JIABOYOPPHTOBOH Marmsl npu
BBICOKOM XMMHYECKOM TNOTeHuMane kamus. Ero BBICOKHH ypOBEHB MOXeT
ObITh  yHacITenoBaH NIpH MarmMaTHYeCKOM 3aMelleHHH PHCUODDHTOB WIH mich-
$Y3MOHHO TOBBIIEH B KOHTaKTe ¢ HMUMH. CONMKEHHE COCTABA OHOMMEHHBIX
MHHEDAJIOB MarMbl M 3aMeILaeMbIX €10 GOKOBhIX NOpON NeMOHCTpUpyeTca Ha
MpUMepe MoneBbix 1mMaToB. CONMKAOTCH M Hx [1apareHe3uchbl, B YaCTHOCTH,
10 THIY TEeMHOUBETHOIO MHHEpaa  B3aUMOLEHCTBYIolIEH MarmaTHyecKoj
noponsl. Tak, Ha puc. 7 MosxHO BHOCTb, NTO HedeIMHOBbIE CHEHHTBI KaK JIABO-
YOPPUT-QOHAUTOBOrO, Tak u XHGHHHTCBOTO KOMIIEKCOB HMeloT ambugo-
JIOBBIT MM GHOTUT-aMbHE0II0BDBI cOCTaB BAAIH OT KOHTAKTOB C HilOJIMTOBO
JYrOH M CTaHOBATCH MMPOKCEHOBBIMH C NpPHBIHKEHHEM K Heil. Hupokcen
Kax Gbl HaclemyeTca Npu 3amerueHuu HHOJINTOB, B KOTOpBIX OH npeobnanaer,
XOTA, CKOpee BCero, 3ro 06ycIOBEHO 3dHMMCTBOBAHHEM M3 3aMelLdeMbIX
noponx CaO.

Takum o06pasom, NICTPOXUMHYECKHE, NeTporpaduucckie 1 MHHEpasioruye-
CKHE 4YepTbl He(DEeTUHOBBIX CHEHMTOB UyTOHa OByCoBNeHsl 06pa3oBantem
Y3CTH nX obbemMa NyTeM MarmaTHyeckoro 3aMCLIEHNA TMOPOJ HiIONMTOBOI
CEpHH. € ONepexalowell X KanuImaTH3almeit MarMaTiieckon cramu. Mponyx-
TOM  TakOro MeTacoMaTo3a ABNIAITCH TOpOJbI PHCYOPPHTOROH T'PYTIMBL. Mpu
9TOM NpPOTPECCHBHO HacTynarowuieli Marmoii 3aUMCTBYETCS KAaK YacTh BElECTBA
3aMEILAEMbIX TIOPOJI, TAK M MHHepansl. [locnegrmue  Moryr HCIIONIb30BAThCH
[UIA  OUEHKH 06beMOB pacnnasos, O00pa30BaHHBIX NyTEM MarMaTHyeckoro
3amewenna. Tak, ecnmM nupokcen HepeNMHOBRIX cHenuTOB OEH CTBUTEITLHO
YHACIIEIOBAH OT MarmMaTHUeCKOrO 3aMelleHHs Gokosbx mopop, To0 npemIono-
KHTC/ILHO HC MCHee NMOJIOBMHBI OBHAXEHHbIX Ha 3EMHOH MOBEPXHOCTH Hedeliu-
HOBBIX CHEHHTOB XHUOHHHTOBOTrO M JIABOUO PPUT-POAAHTOBOIO  KOMIJIEKCOR

BHEM TpaHCMarmaTHue CKHX (i)HIOHJIOB.

Ilerporenesnc nopop PHCIOPpHTOBO#A  rpymmbl. [Iponcxosknerme nopon
PHCIOPPUTOBOH TpyNNbl Npefcrapisercs TeNeph KIIIOYEBBIM MOMEHTOM B 110-
HMUMaHHH TeHe3uca anaTMToBbIX pyn XHGMHCKOTO MaccuBa. Bmecre ¢ tem xa-
pakTep obpasosunMs ITHX Nopon okaszancs HauGosee HescHbIM. OOHM CUMTaKOT
HX HCCOMHEHHO MATMAaTHYECKHMMH C BO3MOKHBIMM J7IEMEeHTAMH MO clleMarma-

THUYECKOTO NpeoOpa3oBaHua (A.A. Ap3amacues, A.B. l'anaxos, H.A. Enncees,
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C.H. 3ax, T.H. Usanosa, E.A. Kamenes, JI.H. Korapko, B'ML Kyinerexui,
®.B. MiHakoB), Opyrue — MeTacoMaTHYCCKHMH (b.E. bopyuxuii, H.A. 301‘01},
C.A. Pynmenko, B.B. Cmupnos, J1.J1. ConopmoBHukosa, B.H. Tuton, H.II. Tiuxo-
HeHkoB). Ha naw B3rnag, o6bekTHBHbIE ITPHYHHBL YIOPHOTO 11POTHBO CTO SIHHS
fBYX TOYCK 3DCHHA 3AKIIOANOTCA B cilelyloweM. Bosbunte oGbenbl 1 piyT-
PCHHAA ONHOPOMHOCTD TeJl PHCYOPPHTOBLIX NOPOJL HA KapTax H TCOSIOTHUSCRHX
Pa3pesax, HepeHe X HIIbHBIC GOPMbI H CXONCTBO ITHX NOPOI 1O KiuecThen-
HOMY MHHEpPANILHOMY COCTaBY (B OCHOBHOM CYWICCTBEHHO OTHPIHOBLI -
POKCeH, Hedelul, KalHLITAT) ¢ AOCTOBEPHO MArMaTHUECKHNMI Hedes IHHOB bINK
CHCHMTAMHM  NO3BOJIMJIM  [IPE/YI0NAraTh MX MAaTMAaTHUYECKOC MPOHCXOKICHHC.
Bmecte ¢ Tem He Metee 3aKOHOMEpHBIE M yCTORUMBBIC UCPTBE OTIIHUMA Hopolr
PHCYOPPUTOBOH TpYIIIbl OT MArMAdTHYCCKHX HCDETHHOBBIX CHEHHTOB. Kak -0
Pe3KO NMOHKHIMTOBBIA OBNMMK KaJHUMATA PHCUOPPHTOBBIX Hopon, HoutH Ges-
HAaTPHEBDBIA COCTAB ITOrO MHHeEpAIa, IPeAeNbHOE KOMHYECTBO KajHs B Hegelite,
HECBOHCTBEHHbIC MHTDY3UBHBIM MOPOLAM, MArMaTHCTAMM He OBbACHSIOTCA.
OpnHako aTH 0cOGEHHOCTH 11OpOf, PHCYOPPHTOBOI CPYIIDBL, @ TUKKE NATHHCTO-
HCOTHOPOJIHOE HX HOBOOGpa30BaHMe BO BMELIAMIINX HIIOIHTAX H ypTHTaX
B COBOKYNMHOCTH OGBbACHMMbI HMCHHO MX METacOMaTHYE CKOI npupopoi. Ha aro
e YKa3pIBaeT HX NOCTOAHHOE NOSBJIEHHE B KOHTAKTE HedeIMHOBDIX CHEHHTOB
MaccuBa ¢ NMOpOAAaMHM HHONMTOBOH cepun. C 3TOi TOUKM 3peHis 4pryMEHTbI
CTOPOHHHKOB HX MarMaTHyeckoro IpOUCXOK/IeHHA 1IpCUCTABIIAIOTCA Heyobe -
HUTEJIBHBIMH, TaK KaK (POPMAUMOHHAA BbIPAZUTESIBHOCTb CBOJICTBCHHA METa-
COMATHTAM HE MEHbLUE, YeM MarmMaTHyeCKHM OGpasoBaHuaAM. B peuwerun 06-
CYXI3EMOTro BOIpOCa HEMAJIOBAXKHO OGBACHHTL MEXaHH3M OGPA3OBAHMH ITHX
HEOGBIYHBIX NOPOJ, TOXAECTBEHHBIH MeXaHU3MY XOPOLIO H3YUEHHOTO LeTpo-
TEHETHYeCKOro npouecca. Kax noxasano 8 yacti | HacTOSILLECH KHHIH, AHATOFON
Npouecca 06pa3oBaHKs NMOPOJL PHCIOPPHTOBOM Cepit MpeacTaBiseTcs e
3aUMA  — UIENIOYHOH MCTAacOMATO3 MarMaTHYeCKON CTAMM. HCHIMEHHO 1Hpo-
ABJTAWIWMHACA B JK30KOHTAKTaX HedheiHH-CHEHHTOB bIX HHTPY3HBOB, B UdCTHO-
e xubuHekux [113].

B vyactu | kHurH petanbho APTYMEHTHPYETCA METACOMATHUCCKAA [1PHPO;L
IIOpOA pHCYOPPHTOBOH rpynnbl. [I0BTOPHM ri1aBHbIe MO0 KeHIA .

1. IIatHucToe HOBOOGpPa3OBaHME YYACTKOB OMMCBIBACMbIX 1OpOn BO BAe-
WAKLWHX HAOJIHTAX THUNHYHO 1A MEeTACOMATHYECKHX M HECBONCTBEHHO MATM -
THYECKHUM OOpazoBaHUAM;

2. CuTOBHAHOE CTpOeHHe ONKOKPHCTAIOB KAMMLIIATA 1opoa, oGniHOe
B METAMOPHYECKHX H METaCOMATHYECKHX OBPa3oBaHHsX, HEH3BECTHO B N10CTO-
BEPHO MAarmMaTHYeCKHX HE(DETMHOBBIX CHEHHTAX, B YACTHOCTH B XHGHHCKHX.

3. Ilo coctaBy muHepasioB  mapareHesncon bU3HKO -XUMHUECKHE yetoBisn
OBGpa30BaHHA MOPOJ PHCYO PPHTOBOI TPYTNBl ACHO OTJIMUAIOTCH OT CBOIICTBEH-
HBIX HEe(EeIIMHOBBIM CHEHHTAM, B Y3 CTHOCTH XUGHHCKHM.

4. 3aKOHOMepHOe pa3MellleHe OLHCLIBAEMbIX HOpOd B JK30KOHTAKTE He-
(ENHH-CHEHHTOBBIX MHTPY3HBOB C MilOJIMTOBOIT CepHeil, HWIMUYHE KCCHOIHTOB
PHCIODPHTOB, I0BHTOB, MAJIMHBMTOB B CHEHHTAX M liepeceueHHe HX AT
MOCICAMHX  YKA3BIBAIOT HA HPHHALUIEKHOCTh HIOPOM PHCYOPPHTOBOI TpVIIIbI
K METACOMaTHTAM MArMaTHYECK O CTaIHH. }

5. Hoponpr pucuoppuToBOIT rpynILI BBICTYIIAIOT KAaK ICHETHYCCKHA aHaJlor
XOpOIUO H3BECTHBIX (B yacTHOCTH, B XuBnHax) deHuTOB, C KOTOPbIMH OHH
CXOLHBI NO NMPUBHOCY UMPKOHUA U o cdopa.

11. 3ax. 1667 161
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6. IlpemionaracMoMy MET4COMATHYECKOMY CNOCOSY 0Opa3oBaHHA NOpPOL
PHCYOPPHTOBOII TPYIUIbI COOTBETCTBYET BCA COBOKYIHOCTb HX YEPT: ['€0JIOTH-
YeCKHX, MeTPO -MHUHEPATIOTHYECKHX H (PH3HKO-XMMHYECKHX.

Takum o6pasom, Brepspie 06pa3oBaHHe MOPO PHCYOPPHTOBOMH TPYIIIbE
1apajuleNi3yeTcss ¢ XOpPOLUO HM3BECTHBIM B METPOSIOTHH POLECCOM, 3aHHMAlo-
MM BIIOJIHE ONpefie/IeHHOe MECTO B XOJIe IBOIOUHH XHBHHCKOTO HiyTOHA.

FEHE3HUC XUBUHCKHUX ATTATUTOBBIX MECTOPOKILHHA

Teonornueckne ycnosusi 3aneranus M 3aKOHOMEPHOCTH BHYTPEHHETO CTpoe-
HHAl allaTHTOBBIX PYIHBIX Tes. [IOBBILICHHBI HHTEpE: K H3YUeHHI0 XHOHHCKOTO
MaccHBa OOyIOBJIEH HAJIMUMEM B HEM YHHK@IBHLIX {10 3311aCAM M KA4CCTBY
anaTHTOBBIX pyA. Ha 1poTskeHUM meCATHIICTHH 2TH MeCTOPOSKIEHHH ABIsI0TCY
OCHOBHOI 6a30# ¢ochopubix yaobpenuii CCCP.

Ha puc. 38 Ha nnae MaccHBa NMOKa3aHO pa3MeLUEHHE ANATHTOBBIX MECTO-
POXMEHHH, T.e. yUaCTKOB CKOIUIEHMA araTHTa B NPOMBILIIEHHBIX MacLTabax.
IloBpleHHBIE KOHUEHTpAIMH AllaTHTA M3BECTHB M B JIPYTHX YacTAX pa3pesa
MHONIMTOBOM, pexe pHCUOPPHTOBOH ToNMmL. Bee anaturoBbie MeCTOpORICHHA
3a71eraloT BHYTPH MHOJIMTOBOH TONWM, GIMXe K ee BHcsiuemy 60ky. B camo-
CTOATEJIbHBIX TOJILUAX NMOPOJ PHUCYOPPHTOBON TPYNNBI H B He(eTMHOBBLIX CHEHH -
TaX OOOMX KOMIUIEKCOB INPOMBIUDNIEHHBIC AllaTHTOBBIE 3alIeXH HCH3BECTHBI,
XOTA Ha MECTOPOXKIEHHAX I0KHOTO M I0rO-BOCTOYHOTO CEKTOPOB COMEpXKaHHe
PHCYODPHTOB, I0BUTOB M MAIIMHBMTOB AOCTHTaeT, HaBepHo, 30 06.% u Gonee.
JTH TOpOJBI TepeMeXAlTCA C OpYMeHENbIMH TauKaMH, 4 MECTAMH H CamH
COJIEpXKAT alaTHTOBBIE PYy[IbI.

Ha MenxomacumraBubix xaprax M paspesax (oM. pHC. 5) MecTOpOXIeHHs
H306paXalOTCA B BHE NPOTSKEHHBIX (Ha HECKOJIBKO KHIOMETPOB) M0 NpOCTH-
PaHMI0 H TMAJCHHI0 JIMH3, COTJIACHBIX CO CTPYKTYpOH BMEIHAIOLEH MHOIMTOBOM
TOMIHM. B OTHENBHBIX YacTAX MaccuBa MeCTOPOXKOEHHS CHIBHO COIKECHDI W
OpyfOcHeHHe NpOCJIeXKHBAETCA MO NPOCTHPAHHIO HHOJMTOBOH MHYrH IOYTH He-
MpepbIBHO. B Npyrix yuacTkax pa3pblB MekAYy MeCTOPOXKIEHHAMH [0CTHIacT
HECKOJIBKHX KHJIOMETPOB M TOBODHTb O HEMpEpbIBHOCTH PYLOHOTO ClOs B Mic-
CHBE HE NIPHXOUTCH.

Ilpn aHanu3e cTpoeHMs MECTOPOXKIACHHA BbIABIAETCA Bojlee NPOCTOC CTPOC-
HHE OHMX, IABHO OTpaBaThIBaeMbIX Ha 3aMaf-loro-3aliafHOM VUacTKE MACCHBA,
H CJIOXHOE, MHOTO9TaXXHOe CTPOEHHE [IpPYTHX, HAllPHMeEp MeCTOpox A Koaru-
Ba. Ha puc. 39 npusesien BepTHKaIbHBII padpe3 mecToposkpetis KykucBym-
YOpp, 3allaJiHOrO CeKTOpa MaccHBa. Ha Hem sipko oTpakeHa Benyiuas reonory-
UeCKas 3aKOHOMEDHOCTb, BBIPAKAMILAACA B 3aJleraHMH amaTHTOBBLIX PYIl B BH-
CAYCM KOHTAaKTe Tella MacCCHBHBIX YPTHTOB C BepXHeH NMauxoil TpaXHTOMIHBIX
————e e
Prc. 39. CxeMaTHYeCKMit reOIOrMYeCK A paspes yepe3 anaTHTOBOE MecTopoxaeHHe Ky Kiic-
BYMYODP, WIIOCTPHPYIOWIHA YCITOBHA 3aJlePaHHsl M Pas’MellleHus pyIl B CJIOWHON DMeIaw-

et Tosue
1 — ypTUTBFHROIMTLI TPaXHTOMAHBbIE, 2 — PHCYOPPHTBI; 3 — NMYHABPUTBI TPAXHTOMIHbIC
4 — ManUHBLUTLI; 5 — MAacCHBHbIE YPTHTLI; 6—& — THIILI ANATHTOBLIX PYil; 6 — NMATHHCTLIC,
NATHUCTO-NONOCYaThIe, 7 — KpynHoGloKossle, § — JTHH30BHUOHO-NIOJNIOCYATbIE; 9 — HRONM-
Thl JIMH30BUHble; [0 — KaTaKJIa3upoBaHHbIE YPTHTbI; [/ — OpHEHTHDPOBKA MPOCTHPAHUA
CTPYKTYPHBIX 351eMenToB; 12, 13 — TekToHHueckHe AedopMauii ¢ pa3pLIBHBLIMK Hapyule-

HusAMu: 12 — kpynHble, 13 — Menkue; /4 — NIHKaTHBHbIC, CKIBIYTbIC TeK TOHHYECK HE Ha -
pywrenna; 15 — npepnonaracmble reoJIOrHYeCKHe FPaHUUBI; 6 — TpaeKTOPHH CKBIXKHH
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HAOMHTOB. JTa 33KOHOMEPHOCTb, OGHAPY/KEHHAN MOYTH Ha BCEX M€ CTOpOXKe-
HUAX, NI OCHOBANME HEKOTOPHIM MCCIICAOBATE/AM CUMTATDL PYIHON PO Iy KTHB-

HOM JIHLUL Marmy ypTHTOBOH CyGHHTPY3uu. OLHAKO PYMbl 3aJ1€TaloT KAK B Mac- -

CHBHLIX YPTHTAX (B NMPHUKPOBE/IBHON YACTH Tesla), TaK M B MilOMHTax BepXHei
TPAXMUTOMIHOW 11aukn. Ha paspese X0opouwio BbIpakeHbl 3aKOHOMEDPHOCTH B pa3-
MCIICHIH  pa3HBIX NPOMBIUUIEHHBIX THINOB DpYH, pPasHuaOLUXCA TEK CTYpHO-
CTPYKTYPHBIMH OCOGEHHOCTAMM M CcOIep>KaHHeM amatuta. HauGolnee GOTAaThI
anaTiToM (o 95 06.%) NATHUCTBIE M NMATHUCTO-TIONO CYATHIE PYIbI, HECKOJIBKO
MEHbLUE €r0 B KpYMHOOJOKOBBIX PYHAax M HanGosee GemHbI MM JIMH30BUOHO -
HoNocaTbie M CceTyaThie. BpekuneBU/IHbIC pybl XapaKTEPH3YIOTC GOMbIIMMMU
BApHALMAMH conepxanua anatuta. Ha paspese puc. 39 BumHO, 4To MMH30BUMIHO-
1OJI0CHATbIE pY[pl LEMUKOM 3aJIeraloT B TPAXMTOM[IHBIX MilOTMTaX, a GOraTble
PVIbl 3AHMMAIOT KOHTAKT MX C MACCHBHBIMH YpTMTAMH. JIMHHMA KOHTAKTa
OKA3bIBACTCA  YHUNTOXEHHOH. BpexuneBnmmubie pympl npefcraBnsior coGoit
B Pa3HOH CTeNeHH OpyfeHenble OGIOMKH-K CEeHOTUTHI TPAXUTOUOHBIX HAOIHTOB
B MAaTpHLE M/IH LEMEHTE ~PHCYOPPHTU3IUPOBAHHBIX'® MAaCCHBHBIX ypTHTOB. [IpH
3TOM MOCTOSHHO COJEp>KaHMe anaTHTa B KCEHOMTax 3ameTHO (Ha 10-25%)
BbILue, dem B uemeHTe. Ha Hbroopnaxke u Onenbem pyube H3BecTHbI amatHToB b
OpekunM ¢ MAO/IMTOBBLIM 1IEMEHTOM, NPOMCXOKIEHHE KOTODPBIX He COBCeM
ACHO.

Ilo nmapenuio pynHeiIx 3anexeit oTmeuaeTcs HEpPaBHOMEPHOE pa3Mellie HHe
Y4acTKOB GOraThX pyn. B oTHX yuacTkax HaBniomaeTcsi 3HauMTeNbHas rIuica-
THBHAaA NEHOPMHPOBAHHOCTh, CMATHE B H3OKIMHAIbHBIE CKNAIKH aIIOMO-
CHJIMKATHOH COCTABIIAIOILEN M CAMHX Py

B Hanpasnemmn napemua pymubix Ten x UeHTpY MaccHBa, COIJIACHOM CO
CTPYKTYpOH BMELLIOUMX HHOMTOB M yPTHTOB, MOLIHOCTb OpYIEHEHUs COKpa-
LUAeTCA, YMEHbIIACTCA CONEPXaHHe B Py[aX anaTHTa M PYApl BHIKITHHMBAIOTCA,
HE [I0OXOnA N0 KOHTaKTa JIABOYOPPHTOB. [lo3TOMY reomormueckoe u rexeTH-
1ECKOE  COOTHOLUCHHE aNaTHTOBOTO OpYNEHEHHA C JIABOYOPPUTAMH OCTAeTCH
HesiCHBIM. OJHAKO py[ibl CEKYTCH SKHITaMH JySABPUTOB, KOTOpBIE, BO3ZMOXHO,
ABJIAIOTCA OTBETBJIEHHAMH JIABOYO PPHTOBOTO HHTPY3UBA.

[lono6Ho  olMcaHHOMY NOCTpOeHO GONBUMHCTBO MECTOpPOXAEHHH Mac-
CHBA, HO MCCTOPOXIEHHA OrO-BOCTOYHOTO CEKTOpa CIIOXKHee 3a CYeT nposBIe-
HHA OpYNEHCHHS B HECKOJIBKHX TOPH3OHTAX W B HECKOJIbKO HEOGBIMHBIX nopo-
Jax — M@TMHBHTAX, PUCYOPPHTAX, 10BHTaX. Boree 10apo6HO cpaBHemue CTPYyK-
TYPHDIX [IAHOB pa3HbIX MECTOPOXIAEHHH NpUBEHEHO B KHHMre A.A. Apsamac-
uesa u fp. [2]. YkasaHHble aBTOpBI CBA3BIBaIOT YCITOXKHEHHE CTPYKTYp MECTO-
POXJIEHMH C MHOrO3TAaMHOCTbIO MpOSBIIEHUA OpYHNEHEHHSA W MarMaTtuama
B HIOJIMTOBOM [Iyre, B YaCTHOCTH, ¢ IpOPLIBAHHEM DYJl MHTPY3HEH PHCYOPPUTOB,
I0BHTOB.

Tenesuc anmaturoBBIX pyn XubuuCKOTrO MecTopoxpaenns. Kax u B Bonpoce
ITPOHCXOXIEHHSA PHCYOPPHTOB, MCCIIEIOBATENIM aNaTHTOBBIX M€ CTO PO K/IeHHi
Pa37EUIIHCh Ha “’MarMarticToB” H “’MeTacoMaTicToB”. IIpencraBnenus o camo-
CTOATENbHbIX HOCHOPCHIIMKATHBIX HKHIKOCTAX BOCXONAT K paboram A.E. ®epc-
mana (1931 r.) u B.M. Kyunerckoro (1928 r.). QOpMHpOBaHME TAKHX XHI-
KOCTEH MpeTIoNIaraioch UMH B MECTaX CKOIUIEHHs [a3oB KpPHCTAUTH3YIoLLedCst
MAarmol B Kamepe HHTpy3usa. ILM. ®user (1932 r.), JI.B. AnTOoHOB (1934r.),
A.H. JTaGymios (1927 r.), noaxe T.H. Usanoga (1963 r.) npemonaranu otge-
TIEHHE TAKOH >KUOKOCTH Ha INlyGHHE C nociielyoleil HHTPpy3uelt B HitOJIMTOR Y0
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Tomuy. OpHako npeoGnanaeT npeactasieHHe 06 0GOCOGNEHHN AATHTIOBOTO
KOMIIOHEHTa B KaMepe MacCHBa, BUOMMO, H3-332 YCTONUHBOTIO 110J10%eHHA pyi
B CTpYKType MAOIMTOBOA Tomwuu. Kak Mbl OTMeuan, PYIOOHOCHOH CuMTaeTcs
Marma MacCHBHBIX YPTHTOB. BoONbLUMHCTBO yKa3saHHbIX HcolenoBaTeneii, a
Takke I'.B. Menentses u np. (1972 r.), JIM. Hemuuwin (1986 r.) [18] ckio-
HATCA K MEXaHM3MY JIMKBAMOHHOTO 060 cO6IeHUs docop-cunukaTHoM
KHIMCOCTH € MOCIEAyIoUIeR ee KOHUEHTpalMed H JIOKa/bHbIM MepemMeLlicHHeM,
¢ 06pa3oBaHueM, HanpuMep, GpeKuHeBHIHbIX pyn. JKCIepHMEeHTAIbHO NHKBA-
UM OGHapyxeHa B $ochOp-CHIMKATHLIX pacilaBax, 1IpaBAd, C CO/IepiKd HHEM
¢ochopa, MpeBLILIAIMM  pacCUMTaHHOE CpedHee B HHOJIHTOBO#H TOLC.
JLH. Korapko (1977 r.), xak pambiue H.A. Enucees (1953 r.), npemionaraer,
4TO PYJIHbIA AMATUT ABJANICA HOPMAJIbHBIM KPHCTAIIHIATOM MATMbI MaCCHB HIIX
YPTHTOB C (JIOTAUHOHHBIM HAKOIMJIEHHEM €ro B MPUKPOBENBHOI YACTH Murnma-
THYECKOTO Tena. APryMEHTBI CTOPOHHHKOB MarMaTHUecKOH KOHLEIILHH CYyM-
MHpPOBaHbl A.A. Ap3amacueBsiM U fip. (2, c. 89] M OCHOBaHBI Ha AKHEHTHPOBA-
HHM CXONICTBA AMAaTUTOBLIX 3alexed Mo pasMepy, dbopmam Ter, XapaKrepy
KOHTAKTOB M MHKDPOCTPYKTYpam ¢ BMEIUAIOUIMMH MarmaTHUeCKHMH 110 POIaMH,
4 TaKXe Ha OOIIHOCTH C HHMH 1O CHJMKATHBIM MHHepalam. MarmaTiueckas
KOHLENIMA MOOKPEIUIAETCA JKCIEPUMEHTANIbHO YCTAHOBIIEHHOMN BbICOKO pacrt-
BOPHMOCThI0O ocopa B MenaHedenunutax (u B OpPYTHX BbICOKOKWIbLHEBbLIX
MarMax) — NpoTOTHIIE HIfOIUTOBbIX Marm.

Hpyras rpynna uccnenosateneit (5, 8, 26, 58, 88, 98, 104, 106, 110112
Pa3BUBACT INpPENCTAB/IeHHE O MeTACOMATHYECKOM TI€HC3HCE anaTHTOBBIX pyn
XHOHHCKHX MecTopoxaeHmit. Ux apryMeHTbt OYIOyT NpUBCOEHbl HHXKE, HO
FIABHBI M3 HHMX 33aKITIOYAETCA B HAJIOKEHHOM XapaKkTepe OpyfeHeHHsA Ha Bce
¢ depeHIMaThI MHONHTOBOM CEpUH, B TOM YMCIe H Ha 3aKITI0MHTENbHbLe nerma-
THTOBbIE NpOM3BOAHble. BonpumiHCTBO MpemcraBuTeneit Toi TPYIIIBL yyeHbIX
OTHOCHT aNaTHTOOGpa3OBaHME HAa 3aBEPLUAIONIMI, [0CIeMarMaTHYecKHii JTall
bopmupoBamua mnytona. JTuum U.U. Ilepexpect, B.B. Cmupros [88] u aBTop
HACTOAIEH KHHIH [54] cBA3BIBAIOT 0Gpa3oBaHue pyA ¢ KamMUMAaTH3auHei
MarMaTHYecKOH CTajwH, MpHBemuell K $OPMHUPOBAHHIO MOPOL PHCUOPPHUTOBOM
Tpynnsl. HexoTopble McciienoBaTeN CUMTAalOT, YTO HCTOUHHKOM docdopa pyn
OBUIM 110[1BEpralouMecss MeTacoMaTo3y HilONUThI [S] wm eue Gonee panne
Kajlefonckue ynbTpabasutel [88], a mMbr [26] upemionaraent npusHoc wacty
docdopa TpaHcMarmMaTHueCKUMH  (bTIOMIAMH, BBIIEAAIOWIAMICH H3 HedeHH-
CHEHHTOBBIX MarM MpexM yLieCTBEHHO JIABOYOPPUTOBOrO KOMIUTEKCa.

BbiicHeHHe reHesMca amaTMTOBBIX pyn XUGHHCKHX MECTOPOKICHHI OKa3a-
JIOCh 1A aBTOpa KHUIH HauGoJiee CJIOXKHBIM [IEJIOM NpPH [eTANbHOM M3YUCHHH
XubuHcioro maccusa B 1983—1986 rr. CoTHoleHus PYIOHOTO Bel(ecTBa ¢ BMe-
WAIOIHMMH 1IOPOLiaMH ¢ TPYIOM MOANAIOTCA pacumMdpoBre. Kak BbIsACHHIOCH
TO3XE, 3TO CBA3AHO C M3GMPATENbHBIM XapaKTePOM OTIIOKEHUA aNaTHTA H ero
YCTOHYHBOCTBIO 11pH N0 CJIEAYIOILMX U3MEHEHHSAX.

Ilepeceverte anaTHTOBBIMU skuMTaMH YPTHTOBBIX MErMaTHTOB, HallpuMep,
Ha 238-MeTpoBOM ropusonTe Hbl0praxkckoro Kapbepa MOATBEPXKIAdeT, HTO
ANATHTOBbIC Py/bl HE ABIAKTCA MATMATHUECKHMH OHbdepetiiHaTadi HHOMHTO -
BbIX H YPTUTOBBIX pacrulaBoB. Eme paHblle nono6Hble haKTbl GbLIN VCTAHOB-
nensl M.H. Cokomnosoit (1972 r.) Ha miato PacBymuo pp u 1a 0k cnopexont Mec-
ToposkaeHHH [58]. IlerMaTuThl, KaKk M3BECTHO, ABTAIOTCA CAMBIMH HO3MHHMIL,
oBoraieHHbIMH JIETYUHMH OCTAaTOUHBIMH paciiaBavy. K MOMEHTY HOPMHPOBa-
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HHSU Y PTHT-ICIMATHTOB J1IPY THE [IPOU3BO/Hble HAOJIMTOBBIX MarM [OJKHBI ObUTH
KOHCOIMIIMPOBATLCA W HE MOTJIM TeHEepUpOBaThb KdaKHe-IHGO aMaTUTOHOCHBIe
paciiaBol.

CRenaHHbIA BBIBOA KOCBEHHO YK43bIBaeT Ha BCPOATHOE 00pa3oBaHHe anaTu-
TOBBIX pyd u3 (IIOWIOB, TAK K4K MHBIX, KPOME MAOIHUTOBBIX MaTM, HCTOWHH-
KoB  GochopoHOCHBIX KMAKOCTeR He wW3BecTHo. Ha K PHCTAIUTH3AIMI0 DY
M3 GINOMIOB, 4 1Ie M3 BBICOKODOCHOPHBIX KHUAKOCTE] yKa3bBaeT LIMPOKOe
PACHPOCTPUHEHHE B MHOJIMTAX M YPTHTAX pacCesiHHON, MeK3e pHOBON BK pdIUIeH-
HOCTH 4MaTHTd Ha hanrax pyaHbIX Ted. MarMaTHuecK UM »UIKOCT AM TIpHCY LA
KOMIAKTHOCTL B OTJIOXKCHHH BEWECTBA B CHIIY CBOWCTBEeHHBIX HM GOJIBILIOTO
IIOBEPXHOCTHOTO HATAXCHUA U MOBBIIEHHON BA3K OCTH.

bosee yBenutenvhuiit matepuan B uonn3y (IO HAHO-METaCOMAaTHUECK OTO
OBPA3OBAHMA ANATHTOBBIX PYJL I1PEOCTABIIAIOT GpeK une BUOHbIC pyznl. OHu pac-
(IPOCTpalielibl HY BCCX MCCTOPOXKACHUAX M 3JICTAIOT KAK BHYTDPH OGILETO KOHTY-
P4 pYyAHOTO Tesld, TAK M Ha ero dnanrax [2, puc. 24, 25]. Ionasnsiomee 6onb-
HIMHCTBO Gpekunit! 06pasoBaHo yriosaTbivm u 3aKpyINIeHHBIMU OBNOMK4MH
(JltlilMCTpOM 10-20 cm) u xpynHbIMU MbiBaMu (ceveHnem mo 1,5 M) B pas-
HOM — CTellel aUATHTH3HPOBAHHBIX  [IOJIOCYATBIX  TPAXHTOMIOHBIX MHOIMTOB
W CIDIOUIHBIX pyJ B MACCe MACCHBHBLIX MOMEBOLUTIATOBBIX YPTHTOB, OGBIYHO CO-
ACpKAILMX KpPYIHble MOHKWIOBNACTbI KaJTHLIIATA PHCYO PPHTOBOTO THITA. Ypru-
Tbl MATPHLDI TAKOKE HEPE/IKO COACPXKAT ANATHT, YACTO B PYJHBIX KOHLEHT paLIHAX.
B HeKOTOPBIX GpeKUHMEBHIHBIX TeNaX WIK WX YACTAX YPTHTBI COOEPHATCA B MOJ-
‘MHEHHOM KOJIHYeCTBE, Craras ueMeHT. HecoBnanawmwasn opueHTHPOBKa nosoc-
HaTOCTH B COCeHMX OBNOMKaX WHOJIMTOB YKa3blBaeT Ha MX MOBOPOT M CMellle-
HHC OTHOCHTENbHO ApYr Apyra. OLHAKO 3HAYMTENILHOTO CMeLIeHHSA OGIOMKOB,
BHIMMO, He IIPOHCXOMMUT, TaK KaK Hepe/IKO NOJI0cCYaToOCTb OBIOMKOB COBMagaeT
C TAaKOBOH BO BMELUAIOIIHX HHOMHTAX. OTCYTCTBHe 3HAUMTENIBHOTO MepeMelLeH s
OVIOMKOEB FBNAETCS OOHOW W3 3arajiok B 00pasoBahuu Opexwit. dpyras He-
AICHOCTb 3aKITIOMMETCA B [IMPOKOW BapHalUMH COMepKaHuil aNaTHTa B 0BNIOMKaXx
H LEMEHTE [TPH COXpaHEHU U 1IPSMOTNPOTIO PLLHOHAJILHO i 34BHCHMOCTH MEXTy HMU-
MH, NIpH KOTOPOH OBIOMKH MOCTOSTHHO HA S—20% 60rade aNaTHTO M. Opynene-
nas OpeKuMs Beeray HAXOMMTCS B Tenax alaTUTOBBIX pya. B paGorax T.H. Usa-
HoBOH (1963 r.) u A.A. Ap3aMaclieBa ¢ KOJUTeramu [2] BbIcKasbBaeTcsa npen-
MOJIoJKeHHe, 4T0 pynHble OpeKuun 06pa3’oBaHbl B pe3ynbTaTe GpeKuMpOBAaHHA
PYRHBIX Tell MPOPLIBAKIIHMH HX OBHT-PHCYOPPHTOBBIMH MarMaTHUYeCK HMH
Tentamu. B.H. Tutos u ap. [110, 111] o6nscHs0T 06pa3oBatue OpexuHi MeTaco-
MUTHYECKOH HedeIHHHU3ALMER W KalMIUNaTH3alpell 10 30HAM TeK TOHHYECK HX
HapyUICHHH B MAOIUTOBOH Tone. C MeTaCOMAaTO30M COMpsiXeHa M alaTUTOBas
MuHepanusauusa. B.H. Tutos ¢ kosuleramu nommerwiu BUXHY1I0 OCOBEHHOCTb
pyaHBIX OpeKuMil — nepeceueHlic HX LeMeHTd HTKAMU 4llaTUTa. 3TOT MOMEHT
OTpaxeH Ha oTtorpadun obpasua B Tabnuue VII, 4. E.T. Bamaradckas (1986 r.)
NIPOTPABIIMBAHHEM OGpUlLOB BBIABWIA C/IMAHHME ANATHTOBBLIX KWIOK IeMeHTa
¢ pynoit otviomxs . Meenenosauust B.H. Tutosa u E.I'. Banarasckoit yKa3bIBa-
10T Ha GoJlee IO3[HeC OTHOCHTENBHO MACCHBHBIX Y PTHTOB 06pa3oBaHHe AlATHTO-

1 B .
HeCpuBHEHE d : eMe *
PuBHCHHO MeHbLUIEM 0GheMe Ha MeCTOP OXKICHHUAX pacrpocTpaHeHb! 6peKyHH ¢ uiomu-

TOBBLIM LCMEHTOM. M3-33 peaAKOCTH W cmaboR U3YYeHHOCTH 3T Gpexuny mamlie He pac-
CMATPHBAOTCH.
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BbIX pyA. lIHpoKoe pacipocTpaHeHHe TAKUX COOTHOUIEHHH He TTO3BOJIAET HPHITH-
ChIBATb MX MO3AHHM IeHe palAM allaTHTA.

Takum 06pazoM, amaTHTOBOE OpYy/eHcHHe XHOHHCKHX MeECTOPOXKIEHHHA
¢GbOpMHpPOBaJIOCh, MO HALIEMY MHEHHIO, NOCTAe KOHCOMHIAUHH MaIrMATHYECKIIX
MACCHBHbIX YPTHTOB, I1POPbIBABUIMX H OPeKYHPOBABIUMX TOJILIH TP XHTO HILHBIX
HHOIHTOB. HeBornbuias ¢cMelueHHOCTb KCeHOTUTOB NocieHHX 00ycloBrleHa TeMm,
YTO MacCCHBHbIe YDPTHTbl B OCHOBHOM (DOPMHPOBAJIMCh MYyTeM MarMaTHUYECKOI'0
3aMelleHH ST HAOMUTOB. JTO, KOHEYHO, He HCKJIKYAJIO IOBOPOTA H He3HAUHTENbHO-
ro NepeMele HUA KCeHOJTHTOB B Y pTHTOBOH Marme.

[locTostHHasgs 0G6edHeHHOCTb anmaTHTOM YPTHTOBOIO LeMeHTd MO CpaBHEHHIO
¢ KCeHOJIHTaMM HHOMUTOB OOYCJIOBNIeHa NMPEeHMYILECTBEHHbIM H36UpaTeIIbHbIM
3aMellieHHeM anaTtHTom cyBcTpata MHAOMMTOB. Mbl Monaraem, YTO 3TO CBA34HO
¢ 0Opa30BaHWeM aNATHTA NYTeM B3aHMOUEHCTBHA TIPHBHOCHMOTO (HIIHOMIIANMI
docdhopa ¢ kanblBem nupokcella HHONHTOB. [ogobHas H3OHpATEILHOCTL B OT-
JIOMEHMH aMaTUTa 0COBEHHO OTUETIIMBO 11POABJIEHa B 0OPA30BAHKHH JIHH30 BHIHO-
nonocuateiX pys pymiuka KykucBymuopp. 31ech 3aMEIUCHHIO dIIATHTOM II0]L-
BepIIMCb TNpeABapHTEbHO TEKTOHHUECKH AedOpMHPOBAHHDIE HHOJIHTBI, 1IPHOD-
peTLHe JIMH30BHIHO-TIOJIOCUATYI0 TEKCTyPY, BbIPAKEHHIYIO B IPYHIIHPOBKe 3¢-
peH HedellMHa B JIMH30YKH MIMHOH 5-—7 CM H TOMWMHOH 2—3 cM, KOTOpble
00TexalwTcs NMOTOCKaMH NHpoKceHa. [Ipu nepexode B py[Hylo 30HY TeKCTypa
NOPOZbI TIOJTHOCTBIO COXPAHACTCH, HO MECTO MHPOKCEHA 3aHHMAeT alaTHT. B ony-
CaHHOM cnyyae 0Opa30BaHHe 4aMATHTa 3a CUET M Ha MecTe IHPOKceHa HHOJHTOB
BBICTYTa€T OTUETIIMBO.

Hedenun 3aMelaeTcs anaTHTOM Meliee aKTHBHO B CHJTY HECOBMA/IEHHA HX Ka-
THOHHOTO cocTaBa. [lo3TOMy ypTHTOBBIH LeMEHT OpeKuYHH BCErjd COAEepPXHT
amaTUTa MeHblle, YeM HHONMTOBBIE KCeHONMMTbl. OHHAKO 11pu 06pa3soBaHMK
CIUTOLLHBIX PYA, 3aMellaeTCs aNaTHTOM M Hedenud. Mbl 1ipemionaraem, 4ro 310-
My CcrmocoGCTBYeT MOBbILIEHHAA TeKTOHHYeCKaA HNedOpMHPOBAHHOCTD Hederln-
Ha M Hanpsi)keHHOe COCTOSIHMe pelleTKH TaKHX KPHCTa/UloB, cliocobcrByrulee
NOBBLILEHHOH €ro pacTBOPUMOCTH B pynroobpasyrwownx ¢iuonnax. Buonno,
M03ITOMY HauBosiee HANpPAXeHHO, ¢ 06pa30BaHHEM H3OKJIHHAJIBHOW, MHTMATHTO-
nono6HO# CKNIaAYaTOCTH TEKTOHHYECKH e OpMH POBaHbI YU4CTK M GOTATBIX pYIl.

HauBonbliryto CIOXHOCTL NpeacTaRisfgeT 3daa4i BBIACHEHHA TeHeTHUECKOH
CBA3M aMaTHTOBOIO OpYJeHeHHA C KaJIHIUMAaTOBBIM METACOMATO30M, (O pPMH PO-
BaBIUMM TOPOJbI PHCUOPPUTOBO# rpynnst. CyllecTBOBaHHe TAKOH CBA3H HaMe-
yanoch faBHo B paGorax JI.JI. Conouosnuxosoi, C.A. Pynenxo. B.H. Turosa
u nopaepxmsanocs B.E. Bopyuxum ¢ komneramu {8, 58, 98, 106, 110, 111].
Bee OHM CUMTANM, YTO KAJTHIUNATH3ALMA ABIIACTCA HepedoBhIinM (HpPOHIOM 0pyie-
HEHUS MJIM OHA BLI3bIBACT [ePekK PHCTAIUIH3ALLMIO H HEPEOTIIOREeHHE dHATHTY HHO-
nutoB. U.U. Tepexpect, B.B. CMitpHoB [88] Gnike BCeX HOMOULIH K 1IPaBlb-
HOMY, Ha Hall B3ITIAM, pellerHio BOIIpOCca, ONPeAC/IHB YIOMTHY TY 0 KATHIUIATH -
3aLMI0 KaK METacoMaTo3 Ha (pOHTEe MATMATHYECKOTO 3aMCILCH A HIOJIHTORB He-
GenuH-CHEHH TOBBIMH  MATMaMH, MOGHITH3YIOIWHA H NepeOTKIIAAbIBAIOIIHA pac-
CesHHBIA s MHOJIMTaX anaTur. Takas ke TPaKTOBKA MPeIo keIl I AllaTHTO BO-
ro opyneHeHHsA MaraHckOro MaccHBa YJbTpauleslouHblx nopon CuBipu (Pacc,
1987 r.).

Mbl mpHiuin K Gnu3kum BpiBogam [26, 54, 144], o BHauasie CTOJNKHYIIHCh
¢ GONBILIMMH TPYIHOCTAMH [IPH pACUIH( POBKE OTHOCHTRJILHBLIX BO3PACTHBIX CO-
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OTHOWICHHH PHCYAPPUTOR C ANATHTOBLIM opyneHenneM. Hapo cxasats, yro noii.
IIIHTOBbIC NOJICBLIC LUIATHI PUCYOPPUTOBOMO 06 HKa UIMPOKO, XOTA U B He-
GostbloM KolinuecTBe PACIIPOCTPAHCHBI Ha BCeX dMAaTHTOBBIX MCCTO pOKAEHUAX
B PYNOBMEURIOILKX MOPOAAX MM B CaMMX pymax. OcoBeHno 370 Xd PAKTe pHO
Wi MeCTOpOXIOCHUI I1U1aTO PacBymuapp, Koawsa, Onenuit pyueit. OpgHako
HCIIOCPEACTB CHHO allaTUT HeuacTo KOHTaKTHpyeT ¢ Kanwmwumatom. M korna sto
GUIYHACTCA, UNATHT YAIUC BCEIO HECKOMbK MMM IIYHKTUPUBIMH XUJIKAMH KaK Obl
TIEPECeKAET Kpynilble NOAK 0106/14CTbI Ka HILIATA, [TosTomy MHOrMe U3 Ha3Ban-
HBIX HCCllenoBaTesed CUUTaloT 4MATHTOBYI0 MHHE PaJTH3LHI0 MOJIOXKe MMONK HH-
' TOBOIO MONEBOTO WMaTa. Hactopaxusaer nmus to OBCTOATENbCTBO, YTO amaTur
NPAKTHYECKH HHKOIZIa He pachlpocTpaHseTcs BJIOJIb TPaHHL KPHUCTA/UIOB Kallu-
umara.  Hakonew, B ogHoil u3 BbIpaboTok Kuporckoro PYAHHKA yHamnoco
HABMIONATL POCT aeHAPHTO BUmIOrO NMOHAK WIMTOBOIO KPHMCTA/UIA KallMimaTa
OT NOMIOXKH AMaTUTOBOH MIIKU BO BMel@lomni nitonut. B stom aryuae
COBepUIeHHO ACHO NHBO CHHIeHeTHYHOe 00pa3oBaHHe aNAaTUTOBON MQUIKH U
KpHCTaa kammunata, nubo Gonee no3mueeero 00pa3oBaHHe ¢ MOCTYMIeHHeM
KaJItA CO CTOPOHDLI allATHTOBOH KWIK H. CrefoBaTensHo, pynHbIil anatut o6pa-
3YETCHA HHKAK He N03XKe MOAKMIOGNACTOB KajHimaTa, Bentenctsue storo nymk-
THPHBIC XKHIIKOBHIHDBIC BbIICTEHHA allaTHTA B KPHCTAJUIaX KaJIMUIaTa 6bUTH HH-
TEPIPETHPOBAHBI HAMM KAK PEeTHKTbI aNaTHTOBbIX KUJIOK B MHOJIMTAX, B KOTO-
PBIX TIPOHCXOAMT HOBOOBpa3oBaHKe Goslee MO3HMX MOHKHNI06IACTOB NOIEBOTo
wnata. oa mukpockonoM ymanocs HaGJII0NATL, YTO aNaTHTOBbIe K DHCTaJUTbI
[IPH 3TOM YBEIIMUMBAKOTCA B pa3mepe u MpuobperaloT uHoraa byTnapoo6pasnyio
GOpPMy 3a cueT BpacTaHMs B Hux Kayumard. CoxpaHeHMe MITH HelONHOe pact-
BOpeHHe KpUCTAJUIOB anatuTa npH KaJIMIMATH3a UMK CBA3AHO, BHOUMO, C TeM,
4T0 B TlepBYl0 Ouepe/ib KajMIMAT 3amernaer [JIMHO3eMCOfie pXKALLMH Hedben uH
H JTHIIb 3aTeM BbI3bIBAET PaCTBOpeHHe aNaTHTA,

COHOCTQBHCHH& BCeH COBOKYIHOCTH ¢)3KTOB 10 COOTHOIlLIE HUIO AllaTUTO BOTO

LIMATO BBIX MOPO1 YKa3bIBAET Ha TO, YTO docdop, Bunnmo, IIEPEHOCHTCA BBICOKO-
KaJIHEBLIMH PAaCTBODAMH M B COELMHEHHHU C KanueM. Taknum coemHeHHeM MO-
KET BbITb, CKaxem, Ky _ xPO4 _ +F,, kotopoe 610 TipeanonoxeHo A.A. Mapa-
KywesbiM [1] Npu usyueHun anatutosoii MHHEPAITH3aLMH B (hJIOrONUTOBBIX
MarHe3uasjbHbIX cKapHaX AJjaHa. IlpucyrcTBie B coenuuennn ¢bTOpa 0BocHo-
BbIBACTCA TeM, YTO py/ble aNaTHThI Beeraa TIpHHAZIEXAT K HTOPCO/IE pxaLliuM
PasHOBHIHOCTAM. TaKkoBbI M aMaTUTbI Xu GUHCK ux MECTO pOXIeHHI.
Hcrounmxcom xanusa s XubBUHCKOM maccupe MOTYT GbITb TONBKO Hed eNluHO-
Bble CHEHUTDI, TpaHCMar MaTHYeCK He droMapl KOTOpBIX, OTBETCTBeHHDIE 3a dop-
MHPOBAHHE NOpPOL PHCHO pPUTO BOL TPYIUIbL, BEPOATHO, ABNUINCH MepeHOCHM-
KoM docdopa B cocrase NMpeiyioXeHHOoro coennHenus. Takum 06pa3om, ucrou
HHKOM docdopa anaTUTo BbIxX MECTOPOXIEHHA XHOHH B 3HAUHTENbHO# CTeMeHH
MOIIH ObITb HedeNMH-CUEHHTOBbIe MAarMBl, U3 KOTODBbIX AKTHBHO BbIAE/AIHCH

TOBOH CEPUM M AKTHBHLIMM NOTOKAMH TPAHCMATMATHUECK HX (BIIOHIOB BhICOKO-
KaJIHEeBBIX MATM — Hed) eJIMHOBBIX CHEHHTOB. -
AHAJIM3 JIMTEPATY PHBLIX DaHHBIX [1] 110 JIpy FHM alla1 HTO BbIN ‘\wcmp()/}\:lulmv—
AM MOKAa3bIBACT, UTO OHM TAKXKe BOBHHUKAIOT B IK3OKOHTAKTAN Hehe IHHOBLIX
CHEHMTOB M CHCHHTOB, KOTOa BOKOBble NOPOMALI IPCACTUBIICHI nu'u\-nm:{u‘c- :
BbIMH, HO BOTATHIMH OCHOBAHHAMHU U OCOBCHHO KaJIbLLHEM Pa3HOCTAMM. E) l‘.'vlofh‘c»
HHe Ke anaTHTa IIPOUCXOMUT Ha GHPOIITE KAJIHEBOTO METACOAMITO3Y ¢ m)pd)x)fitl-
HHEM KasMwmaTa u/uiu Gproronura, Guotnta. TaKOBa alaTHTOBAA MHHC palII3a-
LHA B QJIIOMOCHJIMKATHLIX Topoaax KoBoOpekoro mMaccuBa, OnueaHias /\t}\: [‘;1’:1~
roneBbimM [1], B mmopurax OwypxoBcKoro MECTO PO, puccr‘qmputm;f
[.A. AHppeesbim [1], B aHopro3uTax [epaHckoro maccusa (ycTHoe Loofliufu{m
M. CyxaHoBa), B MHOrOuUMCieHHbIX raGGpo-cHEHHTOBbIX MaccHBax Casaupa,
aray.
KyﬁiﬁSéﬁaﬁgrod T4KOrO SBNEHHA, MPOABJIEHHBIM Ha MAHTHHIIbIX I'II’)/GTKH‘H)X,
0Ka3aJIuCb IPOUECChI MMIAaBIeHHUsT MepUIOTHTOB, ONUCAHHDLIE A.I?.vﬂxt(')‘,\nu:\?
u ap. [140]. KceHonmuTnl oBHapysKeHbI B WIEOUHBIX MarMiX. LOJC}M\JBHI‘L,\
okono 1,5% K, O n 0,4% P, Os. Tlpu naBiieHHH 0SMBHHA KCCHOIUTOB [Pt ,\’m(g
THAHOM [aBNCHHH B IUECTH CTEK/AX OBLIO YCTAHOBSICHO co;mp_;,f\';muu l\:‘
Ha ypoBHe 0K0JI0 4,5% H yAMBHTEILHO BbIJE PXRaHHOC KojMuecrso Py O - oKo-
10 1%. ABTOpLI He 0OBACHAIOT IPHUHHLI TAKOTO 0601 LeHH A LlIlOUJl‘ll‘lBLH‘(UVBMZ\
CTEKO KaNiHeM H GochOpoM, HO ITO TPYAHO OGBACHHTD, He HPHRICK 48 K _\ufu-
THIO B IUIABJIEHMM MATMATHYCCKHX [a30B, MPHBHOCHBUDIX JTH MCW“,I,Nf
Takum 0Bpa3’oM, amaTUTOBble MCECTOPOXJICHHA B AJIOMOCIITHKATHBIX r1(u1x>;14,\-
ABNAIOTCA NPONYKTOM [AeHCTBMA TPAHCMATMATHUECKHX QIIOHAOB, IIPHBHOCHD

umx dochop.




Yacts IV

BOIMPOCbl OBPA30OBAHUSI
TPAHCMATMATHUYECKHX @JIOMHIONOTOKOB
U UX B3AUMOCBA3W C MAIMOrEHEPALMEH,
PYJOOBPA30OBAHHEM W TEKTOTEHE30M

B npedpimyiunx pasgenax NOK4a3dHA IIMPOKAA pachpoCcT paHEHHOCTb TpaHc-
MarMaTHUe CKHX GJIIOUIOB B MATMaTHUeCKHUX MHTPY3HUAX N0BOro cocraBa M pa3-
HbIX ypoBHe# popmHpoBatHs. OcobeHO NpUMeyaTeJIbHO UX AKTHBHOC MPOABIc-
HHe B ODUIACTAX PCIrHMOHAJILHOH [PaHMTH3AaLUMH, paclipoCTpaHeHHON Ha riyOuHax
15--25--35 km. Jro naubosiee miyGoKHe YpPOBHM MATMaTH3Ma, JOCTYMHBbIC
HENoCpeAcTs cHIIOMY  M3yuclHi. [paHuTH3auMa o BO3Oy>kAaloliHe ee MOTOKH
TPAHCMATMATHUCCK UX GIIIOMIOB 11pOABJIAITCA, KAK BHIHO, B OCHOBaHHH 3¢ MHOM
Kopbl. MaJloBeposATHO, UroGbl OTH SIBJICHUS ObUTH CBA3aHbl ¢ MPOHUKHOBEHHEM
B TAKHe [51yBKIIbl HOBEPXHOCTHBIX METeOPHBbIX BOA. XHMHUYeCKH CBA3AHHbBIX Jle-
TYUHX, 1PCKIC BCEro BOJbI, BbLICIAIOILMXCA M3 pa30oTPeTblX A0 COCTOSTHUA
IIABJIEHUs MeTaMOpGHUCCK X NOpOI, ABHO HeOOCTATOUHO [J11 BO30DYXKIeHUS
perHOIIA/ILHOH IPaHHTH3a1HK. 3TO TeM BoJlee OUEBHOHO B CIlyyasX MPaHUTH3aLHH
MOLUHBIX DA3UTOBBIX TOJIU, HANIPUMep, Ha AJIIAHCKOM U YK paHHCK OM K pUCTal-
nuueck ux wnTax. Mostomy I.C. KopxuHekui [47] npepnonaran, uro MCTow
HMKOM TpaHCMAarMaTHUYeCKHUX (pIIIOMAOB SABIIAIOTCA HOAKOPOBbIE YPOBHH, T.e.
MaHTHHHOe BeilecTBO. [IpedcTaBieHusa O TOM, UTO M3 MAHTHH B KOPY NMPOHUKA-
10T NOTOKH (WHIOB, B HacTtoslllice BpeMsl LIMPOKO pacHpoCTpaHEeHbl B 3apy-
BexHoN stuteparype (eM., Hanpumep, [1351). TlpaBna, cuMraeTcs, YTo TaKHe
G rrongonoToK H 06pa30BalILl MPEHMYLLIECTB EHHO YIJIeK HCIOTON. MOXKHO YTBep-
HI4Tb, YIO I'e0JIOTHUECK UM OIILITOM [OK43aHO 3apo/ACHHE B MAHTHH M NTOCTYTI-
JlelMe B KOPY HOTOKOB JICTKO JieTyudx KomuoHentoB. MHTepecHbiMm sABnsieTCs
BONpoC 06 YCIIOBUAX 3apOKAEHHS TAKMX (IIOHAOTIOTOKOB.

B cospemennoit uerposornd opopmuwIoch W AKTHBHO pa3BHBAaeTCs HOBOE
Hay4HOe HalpaBiicliiMe O MAaHTHHHBIX IIpOHeccaX, NPOTEKAOLIMX C YuacTHeM Gio-
MIOMOTOKOB. IIpU3HAKOM HX CYLUeCTBOBAHHS SABJIAIOTCA MHOTOUMCIEHHDBIE
$HaKTbhl METACOMATO3d MAHTHHHBIX KCEHONHUTOB INyOMHHBIX Marm, MposiBAfAlO-
lerocs B MaHTHHHBIX YCJIOBUAX. B NpecTaBAeHUAX O MAHTHHHBIX IIIOHOONO-
TOKdX MHOTO HesCHOTO H CIIOPHOTO, Kacaloierocs cocTaBa ¢JloHIOB, MacllTa-
foB 1poassieHns GIIOHAHOIO METICOMITO3d, MHIIEpPaJIO-TIeTPO-Te0 X HMHUECK OT0o
CIO - BBIPUXKCHIST, OKHCJITHTCIILHO-BOCCTAHOBHTCIIBHLIX Xd PAKTEPHUCTHK nmpouecca
M MHOTOIO [pyroro. BmecTe ¢ TeM B 3TOH npofneMe 0 opMHIIUChL HEKOTO pble
YCTOHUMBLIC BO33peHHsI, B YACTHOCTH, Hd NPOCTpPAHCTBEHHO-TeHeTHYECKHE COOT-
HoLleHKs MaHTHAHBIX (JIOHIONOTOKOB ¢ MarmMoo6pa3oBaHueM. B xapakTe pHom
Bile OHM BbicKadalpl I1.Jx. Baitmum [154] u 0GoGuieHHO ¢opMyHpyOTCA
uleaylowHM o6pasomM. MaHTHHHbIe (AIOHOONOTOKH BO3MOXHBI M, BEpPOATHO,
CyWeCTBYIOT JIMIb B TBEPAOM MaHTHAHOM BelUeCTBe, HHXKE WIH Bbille YpOB-
HeH MarmoreHepauui. B 30HaX naBrieHHst MaHTHHHOTO BellecTBa ¢IIIOHIOMNO-
TOKH OTCYTCTBYIOT B CHIIY NOMIOILEHHA X HOBOOOpd30BaHHBIMM pACIIaBaMH.
IogoBHLIX  1pe/CTABIEHHA TPHACPXKUBAIOTCA BCe CTOPOHHHKHM  KOHLUEMLUHMH
MAHTHIIOTO Nerporeliednea ¢ yuactieM dunongonorokos, Hanpumep, I1.K. Bei-

nu, P. Boiutmep, A.B. Xopmann (eM. [138]). 3t BO33peHUs OCHOBLIBAKOTCA
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[J1aBHBIM 06P430M Ha ABYX IIOJIOXKeHHAX: 1) BBLICOKON pacts OpHMOCTH pasiiH
HBIX JIETKO JIETyUMX KOMIIOHEHTOB B aJIIOMOCWIHKATHBIX PacilflaBax lIpH Mah-
THHHBIX OABJICHHAX; 2) HU3KOM COHEPXAHHH JICTYUHMX B BelICCTBe BepXHei
MaHTHH.

Takum 06pa3om, oy gpHble B HECTOALLIEE BPEMS H AKTHBHO PalB HBAIOILHE-
CA MpeACTaBIeHHA O (IIIHAONOTOKAX B BepXHeH MaHTHH IIOAK PelIA0T rHIloTe-
3y 0 NMOAKOPOBOM HMCTOUYHHKE TPaHCMATMATHUECKHX (JIOHIOB. BmecTe ¢ Tem
IpeIoNOKeHHA O MOMMOWEeHNH IIIOUIONIOTOKOB B YUAaCTKAX NIIABIEHHA MiH-
THHHOTO BeILECTBA HAXOMAATCH B MPOTHBOPEUUH ¢ Hel. Beap TpaHCMarmartiue-
CKHe QIIIOHObI XapaxkTepHbIM OOpa3oM NPOARIAITCA KUK pa3 B MOMEHTBI
AKTHBHOM OBOJIIOLMH XHAKHUX MArMaTHYECKUX MAcC. 3TO 1POTHBOpEUHE 3aciy-
XHBaeT Oollee AeTaIbHOTO aHaJU3a.

MATMOOBPA30OBAHHE H ®OPMHPOBAHHE
TPAHCMATMATHYECKHX ©JTIOMAONOTOKOB B MAHTHH

Bonpocsl MaHTHIOTO MarmooBpa30BaHUs OTHOCATCS K CIIOWHE HILHM,
HO aKTYaJIbHLIM B COBpeMeHHOH MeTpoJIOrHH IMy6HHHbIX npoueccos. OHM Bak-
HBI [Tl MHOTHX Hay4HbIX HallpaBJIeHHH H NMpexe Bcelo GopMalHOHHOIO aHATH-
33 MarMaTtuama, pa3paboTKH T€OPUH MAarmMaTOTeHHOTO H 3HAOTEHHOTO pyioos-
pa3oBaHus. Mmeercsl oOUMpPHAA COBpeMeHHAs TUTEPATY pa 110 BOIPOCINM TeHeIH-
ca rny6GHHHBIX MarM, 0COOeHHO KHMMOEeIHTOBLIX, JIAMITPOHTORBIN, KOMATHHTO-
BbIX, 2HOE3MTOBBIX M Ap. He HMMeA BO3MOMNHOCTH AETanbHO aHAIM3UPOBATH
HAKOIUIEHHBIH MaTepHas, 3aTpOHeM JIMIUb HeMHOTHe ACMeKThl MAHTHHHOTO
M4drmMoOOpa30oBaHMsi, UMeEWLHE OTHOLUEHHe K (IIIOUIHOMY PeXHMY JTHX 30H.

I'naBHBIM BONPOCOM MarMOTeHepalH MpPEeACTABIIsAeTCH BbIACHeHHE OMOi
MM HECKOJIBKHX NMPHYMH TOFBIEHHS MAaTMATHUECKHMX XHOKOCTCH B TBEpAOM
MaHTHHHOM BeliecTBe. [lepeq ero paccMOTpeHHeEM YTOUHHM, O KAKOM MAlITHH-
HOM ypoBHe nmoHmeT peub. OBcyxmeline UesTecOOOPa3HO OIPAHHUHTD Y POBH MK
33apOX[IEHHA TOJIBKO T€X MAarM, KOTOpble IPOHHKAKT B BEPXHHE I'O PH3OHTLI 3e M-
HOM KOpbl M KPHCTAJUIHM3YIOTCA Ha INIYOMHAX, JOCTYNHbBIX NPIMOMY H3YUCHHIO,
XOTA 6bl U ¢ parMeHTapHOMY. M3 TAKHX Marm OOCTOBEpHO HaMBOIICe 111y EHHH bI-
MH ABIISIOTCA aIMa30HOCHBlC KMMOep/IMTOBble M NaMIpoHTOBble. HekoTopble
UCCIIeHOBATENH T1PEANMONAralT, YTO KOMATHUTOBbIE MATMbl IPOHCXOIAT ¢ eule
Gonblinx IMyGHH, HO NPAMbIX I0KA3aTe/IbCTB 3TOTO HeT.

MoxHO nyMmaTh, UTO aNIMa30HOCHBIE MAaCMbl 3apOKMAIOTCA Ha I71yGHHAX
He MEHBLIMX, YeM YPOBHH CTaOMIIBHOCTH anMa30B, edTi, KOHEUHO, MPIlePwH-
BATbCH NIPECTABICHHHA 06 06pa30BaHKK MUHCPAJIOB B YCIOBHAX TePMO/LHHA M-
YeCKOW yCTOMYMBOCTH. MHHMMarbHas rayGHHA TepMOOHHAMHUECKOR YCTOuH-
BOCTH a/IMa30B B MAHTHH 34BHCHT OT ce TeMIepaTypHOTO PeKHMA B CHITV 11OJIO-
KHUTEIIBHOTO HaKJIOHa P—T KpHUBOH paBHOBecus anmas—rpadur. U3-3a Gonee Bbl-
COKOTO 11pe[fIoNaraemMoro re0TepMHYECKOTO T'paiMeHTd B OKedHaX H TeKTOHH-
YeCKH AKTHBHBIX 30HaX KOHTHHEHTOB BEPXHHH YpOBeHb YCTOHUHBOCTH alIMA30B
B HUX 3arny@ieH H, BUOMMO, NPHXOOHTCA Ha O67acTH OBGILMPHOrO [IdBIcHEA
MaHTHH [75]. AnMa3bl B MIyBHHHBIX MarmMax 3THX o6acTeil peltki i BeTpeud-
I0TCSL B €[IMHHUHBIX 3epHaX. B reoTeRTOHHUeCKH CHOKOHHBIN O(IACTAN KOHTH-
HEHTOB, HallpiMep, Ha KPHCTAJUTHUECKHX LWIHTAX TCOTEPMHUCCR Ml I'paIelT He-
BEJIMK M BEPXHHMH YPOBeHb CTaGHIILHOCTH 4JIMA30B PACHOIATACT S Hi MEHBIITHX
ry6uHax. [lpu npeanonaraeMoi “KOHTHHEHTANBHOI™ redTepmMe o1 LOJIKEH HANO-
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mnTbea B 200--250 kM OT seMHOi 110BEPXHOCTH.

Belib reHepa i KUMGCePIUMTOBLIX M J1aMil
. MH Dy OHHAMH.

Umerotes Teopernueckye

Taxum o6pazom, BEpXHHH ypo-
POUTOBBIX MdI'M OrpaHHUMBAETCA 3TH-

PCANOCBIIKH OKUIOATH CYUIECTBOBAHUA €CTECTBEH-

HOTO  Buapbepa. NpeusTCTRYIOMETO MM no Kpaiiled Mepe 3aTpynHsowero
TTOALEM HPHPOMUILIX PACIVIABOR ¢ HEKOTOPOro rmyGHHHOrO ypoBHS. Ipennorno-
KEHHA OCHOBAHDI Hy BOJIbILEM KO

» HOJIKHO CKAaNIMBaTbCA BBepXY Mar-
MATHUCCKUX Bacce OB, NMpensaTcrBys MoALeMy marm. Bonpoc 06 ypoBHAX HH-
BEPCHU IUTOTHOCTEH CpaBHHBAeMbIX Cpel ceHyac yculeHHO ucenenyercs. K ua-
CTOALCMY BPEMCHH CIOXKWIOCH MHeHHe [146] o TomM, uro B 3aBUHCHMOCTH oT
WICJIOYHOCTH Cpellbl M COCTAB4 Marm 3ToT YPOBeHb pacnonaraercs Ha rmy6uHax
130-300 kM, HauBonbunx st Marm, oBoraieHHbIX JIe HIKOK PATOBBIMH K OMIIO-
HeHTamu. (J1eI0BATENBHO, BO3MOSKHOCTE BBIXOZId K 3¢MHOH MOBEPXHOCTH Marm
¢ my6ut 6Gonee 300 km OTpaHHYeHa. JTOT YpPOBEHb Mbl NpHHHUMaeM 3a HKX-
HIOI0 FPAHMILY reHepalluin KUMGEpPITHTOBBIX U JIAMMPOHTOBBIX PACIUTABOB, XOTHA,
BO3MOKHO, OH pacnonoxeH Heckonbko Bomie,

O6cyanum Bo3moxabIe IpHymiibl Marmoo6pa3oBaHus B BepXHeH MaHTHH
Ha Tny6uHax He Gonee 300 km. Ecnu ne YUHTbIBATb MpeanosnosxeHue E.B. Ap-
TiowkoBa [3] o BHCADCHHH DACIUIABIIEHHBIX Mace OT TPAHHIBI ANpa ¢ HHXKHe i
MAHTHEH, TO OCTACTCA  OrpaHHueHHOE UHCIIO  BEPOATHBIX NpPHUYMH MJIaBeHUSA
cyberpata Bepxeit maHTHM, a MPHHUKITHATILHBIX TOJIBKO TPH: 1) JOKasbHprik
NMONBeM TemnepaTyp; 2) BHeapeHue dmocyomnx KOMIIOHEHTOB, HaNpuMep

bmonnos, cHmkaomMx TeMIepaTypy IaBiieHus NepHOOTHTOB; 3) CHMeHHe
AABJIEHUA NP NOCTO AHCTBE TeMITepaTyp.

Paguoak THBHBHI HCTOYHHK Telsa B 06nacTs
HeneHcTBeHe B Ofy1acTsx 3apOXKIOEHU A
TPAaOCHOBHOTO COCT4Ba, TAK Kak coliepxa

X Marmoo6pa3oBaHus, BHOUMO,
[TYGHHHBIX MarM OCHOBHOIO M yIb-
HHA B HUX DaNMOAKTHBHBIX J/leMeH-

MArMaTH3IMOM, €ro NposiB/ieHHe OrpaHMYeHO B IPOCTPaHCTBE H BO BpeMeHH.

B mactosuiee spems IONyNApHbI NpeACTABNIEHHA O BO3MOMHOM JI0KaJIb-
HOM nporpese HuXHHX rOpH3OHTOB BepXHeH MaHTHM BOCXOLALMMU CTpy -
MH KOHBCKTHDYIOLETO BELMECTBA HUKHel MaHTHU [129, 138]. B kaxoii-To
MCPE OTH IPE/ICTABICHUA MOXHO NapajUTeNM30BaTh ¢ HAEAMU CyILeCTBOBAHUA
B MAHTHM 3aKpenIeHHBIX B NMpPOCTpaHCTBe “TOPAYNX TOueK”, Temso KOTOpbIX
BO36yxaaer Marmoo6pasosanie B BepXHel MaHTHH H B OCHOBAHHH FO pH30H-
TaJIbHO NepeMelUatIUHXCA JIMTOChEPHBIX MITHT (cM., nanpumep, [129]). Mexa-
HH3M Nepenaun Temwla B BepxHell MaHTHH u nuTOCh epe, MpHUMHBI Y3KOHanpas-
JICHHOH TCIUIONEPeaun OCTAIOTCA B ITHX MOLENAX HesAcHbl. MexaHM3M Temjo-
Macconepenioct B HMX 06CyxmaeTcs He Beerpa. Ilepenaua e tema NyTeM Tel-
JTONpPOBOOHOCTH HC HMeeT JIOKAH3ALHOHIBIX hopm pacnpocTpaHenus. U ecnu
ACHCTBUTCNBHO B IIPUPONE HMeeT MecTo Y3KO HanpaBiieHHas Nepejaya Terria

H3 HHXHell MaHTHH B BCPXHI0I0, TO OHa AOJIAHA OCYLIEeCTBNATLCS NoTOKaMH
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Puc. 40. Cyxue u "MOKpbIC conmmycst
6azameToB M HepuuoTuToB. [lonoxchue 500
JIMHUA 3auMmcTBOBanHO y A.A. Kammka,

Termnepamypa, °C
00 300 1100 1300 1500

T Q T T B ~‘Q§"
M.®. Openxenn [36, cm. puc. 2] x‘“{v @:é
S s5p W% S 15
i110MI0B, BBICOKO (GIIIOMAHBIX Marm S ‘&KP 2\ onudy:
WiH IIIOHIM3HPOBAHHOTO TBEPAOTO :E & ;g;ZdZ
BELLECTBA C BBICOKHMH PEOJIOTHYECKH- 1 fp ?’Oa 2\ Nzurr 250 5
MH cBoitcTBamu. [lockonbky Beiule s 2 %, S Comade -
Mbl YCTOBHIIMCh MCKJTIOWHTh M3 pac- . sl & \e < oyraes) E’
CMOTPEHHST BO3MOXHOCTb MOAbBEMA g > 4 730, S
marM ¢ ry6uH Gomnee 300 kM, a 3 7 _ﬁé e s
BEPOATHOCTb GBICTPOTO NMOAbEMA MaCC S 201 N eﬁ
TBepIbIX MOPOJ Ha PACCTOSIHUA B COT- % 5
HH KHJIOMETPOB COBEpLIEHHO HEsICHY, 251 3 =X d75
TO OCTaeTCA AOMYCTHTb, UTO Nepemna- 7/ %
Ya TeIUla M3 HHXKHeHl MaHTHH B BepX- 0 2 9

HIOI0 MPOHCXOJMT B IJTHX MoOfe- ‘
X ¢ nomMouibio ¢irtoMaoB. ONHAKO NMpPH ITOM BO3HHKAET 3aTpyHEHHC B }an
C OrpaHHYEHHbIM YEbHBIM TEMJIOCOe PKaHHEeM (IIIOHIOB 110 Cpd u:{cmql‘k«f ¢ KHA-
KOCTAMH. ManoBepOsiTHA M HECMECUMOCTb (IHOHIOB ¢ EU'IK)M()CHJI}H}\«H'AHITI.'\U'i
paciuiaBaMH MpH rOCNOACTBYIOWMX 34eCh BbICOKHX nuanemmx.‘ n(,j,jl.},“t? z? in.y‘-
THM NpHYMHAM BBIIUIABJIEHHE MArM Ha rmybunax metee 300 KM 33 C'ieT Telbia
HIDKHEH MaHTHH 1 poGle MaTHUHO. o o
[Ipencrabnenne 06 Y3KOMOKABIIOM HPOSIBIECHHH B BepXHCil Mdflﬂlﬂi o o
MarmMooGpa3’oBaHHs, B HEKOTOPOM CMbICIE CMBIKAKLIEECH ¢ nonm’nm roy
UHX TOUYEK”, MOXeT BbITb CBA3AHO ¢ HHOM pOJIbIO [Ny BHHIBIX CI)JII()H;I’OHUTO‘}\ 0B.
W3BecTHO, 410 MHOTHe JleTyuMe KOMIIOHEHTbI, B YACTHOCTH, m{xgor\o-}um‘p'o:
crpanertpie H, O u CO, 3nawnTessHO (Ha COTHM rpamycos) CHH'A\JIOT w;:ji:;f:,
Typy conuuyca marm (puc. 40). Ecnu npennonoxuts, uro 6cﬁu‘{oe e v
MAHTHHHOE BelecTBO MePerpeTo OTHOCHTEIILHO TeMIIEPATyphbl CONHIYCA IpH
HEKOTOpPOM YpOBHEe HaCbIIUCHHUA JIeTYUMMH, TO MOCTYIUIeHHe B ’HCI‘O cpmo;‘irtos
BbI3OBeT miamneHHe. CropoHHMKaMH TaKoro MeXaHH3Ma r»mrmcv)renepgmm
B MaHTHH fBIIAIOTCA MHOTHE HCCIIeIOBATEIH, HalpHMep, HLK' Beiinu [1-8]1.
IL.1x. Baiinnu [154] u nop. Mo puc. 40 u matepuananm B. Maiicenu, A. BCTT(‘IC}")A
[73] MOXHO yCTaHOBHTD, 4TO B YCIIOBUSAX paclpefesicHHA B MIIHTHHUTEMfl?pdT') p
COOTBETCTBEHHO “KONTHHEHT4TILHOR'® reotepme npeucmsnerm‘mu Mmtu'{(m.u
MarmMoo6pas’oBaHus MO3KeT MpOABUTLCA Ha 11y 6HHax Bonee 40 KM a1a ‘GA?an—
TOBBIX Marm H 6osiee 90 KM I yLTPAOCHOBHBIX Marm B~BOLI}IO-yI‘HC}\‘HL:T'IOT-
HbIX cpenax. [peanonaraerca, uro dmonab MOCTynaloT U3 Gosee rny60}f HX ro:
PH30HTOB MaHTHH, CKaXeM, H3 BELIeCTBa HIKHeH MaHTHH, KAK npenygmr‘p};-
BaeTcs Npejbinyuied Koluenuueil. [IpaBma, B HacTosiiee Bpems MHOI‘M’C cB
3bIBAIOT HCTOUHMK [NTYGHHHBIX (IIIOHIOB C HAJIEKO MPOJIBHHYTDLIMH n‘ Mj}’{rurg
KOHTHHEHTOB Cy6ayuHpOBaHHLIMH OKCAlMUCCKHMH IUTHTaMH. Ho Hvdilk.fl\Hbl,\
AOKA3aTeJIbCTB NPOMABHXEHHA OKCIHHUCCKHX [UIHT TaK [I@JICKO MOjL }\‘(\}{TI'I-
HeHTbl HeT. Tem lie MCHee H3MTOXKCHHAA THIOTe3a M:irr\1006pu"..xouuv}lnﬂyun,vl.ij
CYEeTC € pACHPOCTpaHeHHBIMH [IPEACTABACHHAMH O MAHTHHHLIN  (INOHIL
noTI%]::;T.cune MAHTHH MOET MPOUCXOJUTL B HB()’]'Cpl\ﬂillL'u\‘HX\ _\;L‘)."IOB:::I:
TpH CHHXXCHUHM [ABICHHUS, cnocobeTByioniero 06pasoBaHuio al ¢ u,n‘nw.z‘
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YICHLHLIM 0OBE MOM,

B unTepBase ty6un ot 3emuoit nosepxHocru no 300-ku-
JIOMCIPOBOTO

YPOBIST yUCHLHBIA 0O6LCM MarMaTHUCCK UX pacilylaBoB  BGoabuie
M Y HIPOLYKTOB HX KPHCTAIUTHIALUMH, TAK YTO CHHKEHUE ABICHUA B 3TOM mlj
tepBasie TIYBHIE MOKCT HPHBECTH K IUIABICHHIO MaHTHIHOTO cy6erpata. O6ey-
M BOSMOZKHOCTL IPOAIBIICHKA TAKOI'O MeXaHM3Ma MATI'MOTeHE pa MM,

Ewe nemasuo cuntany snonue BEPOATHLIM 06

S pa3oBakHe Marm IpH CHHXXEHUH

B 30H4X TEKTOHHYEeCKUX HapymeHui{, HOCTUravu X MaHTHHHbIX ro-
PH30HTOB C COOTBETCTBYIOLMMHU TemllepaTy pamu. [lposBrichue B BepxHeit
MaHTHH TEKTOHHYECKHUX CPBIBOB H CABHUIOB KPYHHbIX GIOKOB [OKa3bBaeTcs
BLIHOCOM M3 STUX IJlyOHH KaTaKJa3HpOBAHHBIX KCEHONHIOB M pa3mellieHHeM
3ech ?ﬂHU.eHTpOB 36MHCTPHC€HH}71, NopoxmaaemMbix nepeMeleHuAMH KPpYyHHbIX
MAHTHHHBIX OJIOKOB. an HX CMEUICHUAX BIIOJIHE BEPOATHO BO3HHKHOBEHHUe
YUY4CTKOB pe3Koro (KaTacTpod UuecKoro)  CHMdCHU S HaBjieHHA, TOe Moryr
BO3HHKHYTD paclljid Bbl. OLLHUKO BpEMA CYLIECTBOBAHHUA TUKHX YUaCTKOB, HX
pa3Mepbl B MaHTHHHBIX YCIIOBHAX HOJIXKHbBI OLITh MaJibl U3-34 I‘OCHOD,CTB)/}OU‘LCI‘O
TdM CHJILHOT'O CXHKATHA BewecTBd. OHM 6)/}1)/"[ Gl;lCTPO JlHKBH}.LHpOBHTbCH 3a cuer
KATAKTACTHYCCKOTO paspylue}mx OK py xdouero M&HTHF[HOFO Kapkaca. B 1o xKe
BPEMA JUIA IINABJIEHUS] MHHEPANOB TpeOyeTca 3HauMTenbHOE BpeMs B cHIly Ou(-
GY3HOHHOTO MeXaHM3MA OBbeaHHEHU JJIEMEHTOB B IBTEKTOM/IHbIEC COOTHOILIE-
Hus. [looToMy nnaBneHue ManTuu TIpH TEKTOHHYECKHX Pa3pAMKaX Han psxeHHUil
e MOXET BeCTH K 0Bpa3’oBaHMIO IeoliorHYecKy 3HaYMMBIX 00BEMOB Marm

CHiKeHHe I3BIEHHA B GOMBUIMX 0Gbe Max MAHTHH MOXeT [1POUCXOJHTh Hp}{.
noabeme (“BCMIIBIBAHMK") ee KPYTNHbIX 6II0KOB. 3¢ MIETPACEHHA HOKA3BIBAIOT
CYILECTBOBAHHE TAKHUX CMCLuCl{Mﬁ. 3KCHepMMC}lTaHbHO YCTaHOBJIEHHbIE BbICOK Ue
PCOJIO I'H‘ICCKHCMCBOIZCTBZI H CIIOCODHOCTDL K ﬂJIaCTK‘leCKOMy TCUYe HHIO HCpM,[lOTH-
TOB 1IpH MaHTHHHBIX NapamMeTpax ABJIATCA OCHOBO npeacraBiieHUit 06 ak TUB-
HbIX KOHBCKTHBHBIX [BHKEHHAX BepXHeMaHTHIHOTO Bewecrsa. ITo puc. 40
MOH\:J:IO rpy6o OUEHHTb BBICOTY cMelleHUA MAaHTHHHOTO GJI0Ka, HaXO4SMIEerocs
Hd "KOHTHHEHTA/IBHOA™ reoTepMe, l1e06xc511uMy}o 1Sl BbHIJIABJIEHHA B HeM
MdrmM OCHOBHOTO WM YJbTPaOCHOBHOTO COCTaBa (Ha cooTBeTCTBYIOLWEH THHUK
CONHAYCa) NpH cOXpaHeHHH B BIIOKe TeMIle paTy pbl, ONH3KOM K McxoaHoi. Tem-
llepaTypa nofHuMarolerocs 61oKa 06s3aTenbHO CHHXKAeTCs 3a cYeT aguabaTu-
YeCKOro yBellMueHna obvema nopon. Takoe M3MeHeHue Mano u He NpeBbOLaeT
AECATbIX [OJICH rpagyca Ha KunoMeTp noavema. Ilpu nogbe Me MaHTHIHBIH GOk
[IepeMewtaeTes B Bosee XOJIOOHbIe FOPHU3OHIBLIH ero Temncparypa OOJI)KHa YMeHb-
LATbCA 34 CYeT CTOKA TeIJsia B OKpYy’Karuue TOJIWH 3a cYyeT TeHJIOHpOBOIIHOCTH
H({ TEIJIONIPOBOJAHOCTL CHIIMK 4TOB HHU3K4d, M TdKoe OXJIaXKI1eH He prﬂHle MaH:
THHHbBIX 6HIIOKOB, OCOGEHHO B MX UEHTPAJILHBIX YacTAX, MOMKHO N POHCXOIHTh
IPC3BBIYAHHO  MensieHHO. [Ipu paccMOTpeHHM HayasbHbix CTAAMA 3BOJIIO MU
§emeC'rBa NOAHUMAIOUIMXCA BJIOKOB HM MOXHO T4IKKxe npeHereqb. CHCHOBH-
TeJIbHO, MpH ObICTPOM  (cKaskeM, MIHOBEHHOM) NOABEME KpyNHbIX MAHTHii-
HbIX GTIOKOB (C rOPU3OHTAIBHBIMH CEUHUSAMH B NepBble KHIOMeETpbI) Ha pac-
CTOAAHHKE, NPEANnosIoKUM, B 50 KM ero TEMITCpaTy pa CHU3UTCA JIMUIb Ha 20—215)°C
3a CYET anMUBATHYCCKOTO YBEIIMHEHHA 06beMa nopon. Io puc. 40 Haimem, yro
B BJIOKe KOHTHHEHTANILHOM MaHTuH, BbIABHHYTOM C Iy 6HHbI B 60 KM K 361\:1}-[017{
nonepxnocTyu, MOXET [IPOM3OHTH BbINTABI eHHe 6a3asIbTOBOM MarMbl Npu copep-
KaHHH B HeH BOAbL Uy Th Metee 0,5 Mac.%. [Ipn Takom xe Temme CHHXKEHUSA TeM-
IlcpaTyp B cyxuxhycnonnnx DasanbToBas AHMAKOCTb MOXeET NMOSABUTLCA npu nepe-
ABHACHHH MAHTHHHOTO 6J10Ka co 100 KM Ha ypoBenb 10 kM. [Ina BmnaBneHus
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B CYXHX YCIJIOBHAX YJIBTPAOCHOBHLIX MAT'M MAaHTHHHbBIC 010K W 10N AHBE Obl1b Bbl-
OBMHYTbI ¢ Gosiee ropsiuix w1y Bokux yposhueil B 200-230 Ka1 Hi paccionthe
Gonee 150 KM. B BOAHO-yITIeKHCNOTHOM a1mocdepe, 10 taHHbIM b MuiiceHa
1 A. Bettuepa [73], miiaBiienue 11C pHIOTHIOBOTO BCULLCT B MOKE T HPOHUNO LD
NpH NoJbeMe MAHTHHHBLIX GJIOKOB B aJIH4OATHURCKOM PeXHMCE Hi PacCIosiHi
oT 15 10 45 KM B 33BHCHMOCTH OT MOJIbHO# 107H Bo bl BO drnonde. Citeilatiible
pacueTbl NPHOH3UTENbHBI, HO OHH YK43bIBAKT HA MPHHUMIIHAJILHYI0 BO3IMOK-
HOCTb MarmMoOOpa30BaHHA B NMOOHHMAIOLIMXCA MAHTHHAHBIX BJIOKaX npu 61aro-
MPUATHBIX YcNoBHAX. TaKUM ycliaBHEM ABIACTCA [IPUCYTCTBHE B MAHTHIHOM Be-
LIECTBE JIETY Y X.

W3 paccMOTpeHHBbIX Tpex CnocofoB MarmMooOpa30OBaHMA B BePXHEH MaHTHH
BEepOATHBI [Ba: M30TePMHUCCKOC IUIABJ/IeHHe N0 (IIIOCYIOUIHM BO3JEHCTBHCM
NOTOKOB rnyﬁmmblx (i)JIlOMH,OB H a/iHabaTHYecKOe TAaBJCHHC B NOJAHHMAIOULHX-
cA MaHTHHHBIX BJIOKAX, colleprxaluux JieTyune. B ToM u apyrom ciyuae bossinoe
3HaYeHUe ‘UMel0T JIerKOo JleTyude KOMIIOHEHTbl, HX COLEpPXAHHC H NoBeleHHe.
PaccmoTpuM 3TOT Bonpoc nogpobHece.

MHorouuciieHHple (paKTbl NpOABJICHHA MeiacOMATO3a B MAHTHITHBIX YCIOBHSX
ABJIAIOTCA HeCOMHEHHbIM CBHIETENIbCTBOM CYLIECTBOBaHMSA B BepxteH MaHTHH
¢ mougonorokoB. OOHAKO WX paclipOCTPaHEHHOCTb, 0ObEMBI, MECTO H MCXAHH3-
MBI 3apOX/IeHUA OCTalTCA HeACHbIMH. Kak yiKe oTMeuasnoch, HPHHATO CUHTAThb
[154], 40 GmIOMAONOTOKH MOTYT CYLIECTBOBATH JIHIUD B TBEPAOM MAHTHIHOM
cyberpate, Hibke W Bbllle YPOBHeH Jake YaCTHUHOIO IJIABIIeHHA. JTO CyxIleHHe
OCHOBaHO Ha NpefiCcTaBleHHAX 0 HuskoM (0,2-0,03 mac.%) couepwaitn lerTy-
YUX B BEUIECTBE BCPXHCﬂ MUHTHH H BBICOKOH HX PACTBOPHMOCTH B Mil'Ma1HC-
CKHMX pacliaBax l1pH AdBJIEHHAX B HCCKONLKO JeCATKOB KWioBap.

HaHHble O T4KMX HH3KHX COMAEPXKaHMAX JIETYUMN B MAHTHHHOM Beulectse
NPOTHBOpEYAT TpellIOJIOKCHHIO O CYUlecTBOBAHHH B HeM CaMOCTOSICIbHOR
dmonaHOR ¢a3br U Tem Gonee GoOHAONOTOKOB. M3 YK43aHHOIO KOJIHUCCTBY
4acThb JIeTYUH X, O4eBHIIHO, 34KJII0OYeHa B MHHepajlax B H30MOpGHoil Gpopae (Ha-
ApumMep, rpynnel OH™ B rpaiaTax, a30T B aJMasax) H B COCTABC MeJKHX BKJIo-
YeHHH MIOTHBIX (imouAoB. C y4eToM 3TOro, BHAMMO, He 6OMbLUC MO0 BHHDL Jlc-
TY4uX oOpa3yer cBoGosHylo duonaHyo ¢a3y, npeacTaBasiouyo coOboH yioT-
HeHHyH HaOKpHTHYeCKYI0 ra3-kHAKOCTb ¢ Bbicokum (Bonee 30 mac.%) comep-
)KaHHEM B Heil pacTBOpeHHbIX KOMIIOHEHTOB MaHTHHHOIO BellecTBa. Ee 00wk
o6beM He npeBbicT 0,2% MaHTHHHOTO BelecTBa M By/eT NPEeACTiBIICH OIPaHH-
YEHHBIM YMCJIOM HIH €[QHHHUHBIM GIIOHOHLIM 060COOJIeHHEM HA I'PaHHIAX 3e-
peH H B uHTepcTHUMAX. Ilpu maBneHuAx B Heckosibko I'Tla ceueHHA Mex3e pHO-
BbIX 3a30pOB, BEPOSATHO, NPUOIU3ATCA K DA3MepaM BAKAHCHI B KPHCTasUlax
M CTaHYT HENpPOHHUAEMbl AJISl MOJIEKYJAPHBIX *MAKOCTeH. Takum obpazom,
MOJXHO NpPENNONIOXKHTb, YTO OLeHCHHOE KONHUCCTBO NIETYUHX OK@XKETCH MPOUHO
3aKOHCEPBHUPOBAaHHBIM B MAHTHMHHOM BeleCTBe H HecnocoOHbIM 0Bpa3oBaTh
¢ mONAONOTOK H.

OueHkKa cofepxaHHA JICTYUMX B MAHTHHHOM BeulecTBe 3dBHCHT OT MeTOd
pacyeta. PacueTb! NMPOM3BOAMIIMCD Pa3HBIMM ABTOPaMHM Hd OCHOBE pPA3JIHUHDBIN
CMIIOTeTHYeCK X TipedAcTaBneHni. Hanpumep, B.B. XitectoB (1979 r.) nexomuti
H3 NpelfiosioxKeHHs 06 0Opa3oBaHUH BePXHHUX CN0eB 3eMIIH M3 BEILECTBA XOHU-
PHTOB. B 3TOM Npeanonoxerii He yuHTbiBaeTcA AHQd epelilHatum 3eruin Ha no-

CJIEOHUX CTAAHAX AKKPeLHH, KOd MOIJIA BO3PACTH L0/ KOMCTHOIO BCILLCC T
bornee peanbHblMM NpeACTABIJIATCA MOIBITKH HCHONbL3OBAHI HCKOTOPBIN Xid-
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PAKTEPHCTHK FﬂyGHHHle Marm, H3BEprarwuiuxca Ha 3¢MHYKO ITOBE DXHOCTbD.

Hanpumep, U1, Pa6unkos [102] ouennsan COZliepKaHHe BOABI B MAaHTUU O ee

KOJIMUECTBY B MIyOMHHBIX LWeJIOYHBIX Ga3ambTaxX c YHYETOM [OJTH NnaBieHus.
Ipn 1aK0M NofCHCTe BepOSTHO 3unsketHe 11b p M3-30 BO3MOXHO# MoTepu Mar-
MAMH T430BOH (ha3bl B MOMEHTHLI NOjbeMa W NPOME XY TOUHBIX OCTAHOBOK,
4 TAKIKe HCJOOUCHKA HOJIM 1A BNEHUA MaHTHITHOro Bewecrsa. C.IIx. Annerpe
[128] onenusan CONCPRANIC BO/IBI B BCUICCTBE BePXHEH MAaHT UK [yTeM OTHece-
HHS Ha Becb OBbeM MaHTUM (mo rayGuns B 700 KM) BOpbl COBpeMeHHOH
runpocepnr. TIONOXUTENLHBIM MOMeHTOM TdKOTO MonIXoja, Ha Hawl B3rjsg,
ABJIACTCA TPYNHO OCIOpMMOe Npednonoxehue o BblleNleHHH aTMocdepbl U rup-
Pochepbl nnaHersr npu I PepeHIMALMY NTPeUMY LeCTBeHHO BEpXHEro cjos
3emin. OnHako TOJIIMHA 3TOTO CJIOA, IO BCei BEPOATHOCTH, aBTOPOM Bbla 3a-
BBILIEHA, @ OlIeHKA 0KAa3a/ach 3aHUKCHHOIL.

Hamu npoussenens: coGerpennpie PACHCTbI NIPENNONOXKHUTENILHOTO cofiepika-
HHA JIETYUHX B TMHOTETHYECKON NPUMHTHBHON MaHTHH ¢ NTOMOWIBI NOAXOAOB
W.J1. Pagunxosa u C.JIx. Annerpe. [leTpoxumuieckue 0coGeHHOCTH Iy GHHHBIX
MAIM HCIIONB30BANUCH IR TPy 6Oit OUCHKH TOMLMHBI 10 m1ddepeHunposan-
HOH MAHTHH, NOCIY XUBLUCH 1CTOUHHKOM BOJ OKeaHOB | Mopeil.

Hapo orsmeruts, uro BONPOC 06 ypoBHe 3aneraHus rpaHHLbI MM TpaHUL
pasiena nudgepeHunpoBantoi (0GeTHEHHON MK ACTIIETHPOBAHHON) W Henu-
depeHuHpOBaHHOI (npumuTHBHOR) ! wacTeit mManTUH 06cyxaaeTca B HacTOsALIEe
BPEM#A OueHb aKTHBHO. OH OCIIOXHACTCA BhlmeNneHuem eIle METacoOMaTHYeCKU
11epepabOTAHHBIX Y4acTKOB IHpdepeHIHpPOBAHHON  MaHTUH, KOTOpbIE TaKe
HA3bIBAIOT OBOTAlIEHHON (BTOPHUHO) MaHTHeil. BuGnuorpadua no srum BOMpo-
cam obumipHa (cM., Halpumep, y A.B. Xodmanua [138]). Ee 0030p nokaspiBaer
pasHoOGpasue B3rNAOOB, B TOM Yucie B3aHMOMCKITIOYAIOMINX, HAa OGbeMHBIe
COOTHOMICHUA W NIPOCTPAHCTBEHHOE pACTIONONKEHHe MAHTHITHOLO BeulecTBa
NPUMHTUBHOTO, [ENIETUPOBAHHOIO M BTOpHYHO oboraweHHoro tuna. Ilopas-
JiAtolee GOJIBILIMHCTBO YUeHBIX CYMTAIOT, YTO OCHOBHOI 06beM NMPUMHUTHBHOI
WM 4aCTHUHO M bdepeHUMpOBAHHOK MaHTH PAaCIIOJIONKEH HHXE TOpPU3OHTOB
OBEHCHHOR MaHTHH, Bpems OT BpCMEHH MHTPYOHpPYEMBIX HHIKesesKalm
BelecTBOM. Takoe MHeHHe B 061LIieM COrnacyercs ¢ JIOKajJbHOCTBIO H HeGOJbIIH-
MH O6LEeMAMM NpPOSABNEHHI y 3eMHON TIOBEPXHOCTH MarM, 0GNafalmx Npus-
HAKAMH  BpINNABJIEHUA W3 YYaCTKOB JIMIUb YaCTHUHO midbepeHuHpoBaHHO
MaHTUH. THIT MaHTMAHOIO MCTOYHMKA yCTaHaBIMBAeTCH IO CTeNeHU oGoraileH-
HOCTH (0GeIHEHHOCTH) €ro HecOBMeCTHMBIMH onemeHTamu. Ilpu 3tom nons-
3YIOTCH CONOCTAB/ICHHEM CONCPXKAHUM DNIEMEHTOB B KCEHOJUTAX MaHTHHHOTO
C/I0A U B NIDUHUMACMOM 33 ITAJIOH KCEHOMUTe NPUMHTHBHON MaHTHH. Ho vame
[UTA XapAKTEPHCTHKH THNA MAIITHH HONB3YIOTCA COEpHAHUIMH HeCOBMECTHMBIX

' Nop npumMHTHBHOR MaHTHefi {IOHUMZIOT THIT 1OPOJ, COACPXKALIMX MOBBILIEHHOE KOJIH-
UeCTBO GOMLILOR TPYNHBI TAK Ha3bIBAEMBIX HECOBMECTHMBIX 3MEMEHTOB, KOTOpbIe npH
HACTHYHOM UIABJICHHM MAHTHHHOI'O BelllecTBa TIpCHMYLLIeCTBEHHO fiepepachpeaeIAoTes
H3 KPHCTAJIHYCCKUX (Da3 B K HAKOCTL MNIH ¢umonn. Takoe nHoBegeHHe 3JIEeMEHTOB 06ycIIoB-
fICHO TeM, UTO H3-32 yBC/IHYEHHOTO pa3Mepa HOHOB y 0COGoit BaNleHTHOCTH OHH OTpaHKyYeH-
HO pAcTBOPHMEI B MaHTHHHBIX MuHepanax NpH TOCMOACTBYWILMX TaM aaBleHusax. K
HECOBMECTHMBIM 3ICMEHTaM OTHOCATCH LEIIOYH, PEAKHE LEeNIOYHO3eMeTIbHBIE 3]IeMEeHTEI,
leTKHC pefKO3eMeblibic 3IeMeHTH M fip. BelllecTBo LOenneTHpOBAaHHO# MaHTHH OGemHe-
HO HECOBMECTHMBLIMY 3/leMenTaMu. BTopuuHo oforaweHHoe MaHTHHHOE BellecTBO Xapax-
TepU3YeTCs  MORLUUCHHBLIM, HHOTAA 3HAYWTCIIBHO, COnepKaHHeM HecOBMECTHMBIX 3le-
MEHTOB.
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3JIEMEHTOB B MarMaTHYeCKHX INPOM3BOMHBIX IHATHOCTHPYEMOTO MAHTHIAHORO
cnost. Ilpyu 3TOM BaxkHa OLeHKa DO MIABNIEHUA MAHTHIHOTO cyBerpata,

MeHee scen BOIpoOC O rAyGHHe 3aneranus NMOBEPXHOCTH HENOJIHO andhepen-
U.HpOBHHHOﬁ MdHTHH. bosbumHcTBO HCCITENOBATEIICH OTOXKJICCTRIAIOL o0 ¢
rpaHuued pasnena BepxHe# H Hikuel mantun. Ho menactes 5710, 1o yrBepse-
HHIO aBTOpHTETHOrO B 3THX Bompocax P.K. O Huonca [ 149] cosepuienio yenosno
(JalCKTHBHO) H He llOJ_[KpCIUICH() (I)ilKTH‘ICCKHMH HaHHDBIMH. B HOHOJIHEeHHC
YK@XEM Ha OTMEUEHHYI0 Majlylo BEpOSTHOCTb BBIXOMA K 3eMHOM I0OBEpXHOCTH
Marm ¢ rny6ud Gonee 300 km. CreqoBatellsHo, IPOHCXOXICHHE 1opoy, 1pu-
HAMAEMBIX 1O  METPO-TCOXHMHUECKHM  XAPAKTEPHCTHKAM 32 [POM3BOLIHbIe
YYacTKOB HeNoNHO M hepeHIMpOBAHHOIO MAHTHITHOTO BellecTBa, OTpaHHUEHO
9THM e HHTepBanoM rnybuH. Ilo cywectBylonmm TepMOBGRpOMETpHIECKHM
METOaaM, OaIeKUM, npaBua, oT COBCpLUEHCTEH MO TOYHOCTH H OOHO3HAUHOCTH,
HauGonee ONM3KHE K NPUMHTHBHO MaHTHRHBIM HCTOMHMKH BBIABISIOTCH Ha
MaKcHMasbHbIX [IyGHHAX. Ha 310 ykaspiBdeT pocT WIeSIOYHOMET4TIbHOCTH
rNy6HHHBIX Ga3HT-yNbTpaGa3UTOBBIX MArMm 10 Mepe 3ariyOieHHs HX HCTOUHH-
KOB. lllenoqu, KaK HU3BECTHO, B YHCIIE APYTHX 3JIEMEHTOB OTHOCATCA K I‘?yIlIlC
HECOBMECTHMbBIX, OXOTHO ﬂCpCpﬂCﬂpEﬂeﬂHI’OmHXCﬂ NMpH NJIABJICHHH MAHTHHHOTO
BEUIeCTBA B MAarMaTHYecKHe UOKOCTH. KOHKpeTHble comepkaHHa B marmax
wesoyen 3daBHUCAT B ﬂepByl’O Ol{epe,[lb OoT KOHueHTanMH UX B TJIaBsAlIeMcs
cyGeTpate, a Takxke OT cTeNeHH IUIABJIeHUA, KOTOPYI0 MOXHO rpyGo OUCHUBATH
no copepxanuto B marmax SiO, u MgO. C yBenuueHuem oBbemMa nuaniteHus
pacnnaBbl MPOTPecCHBHO OBOTALIANTCSA TYTOMIABKMM (OPCTCPHTOBBIM KOMIlO0-
HEHTOM MAHTHHHOTO cyGcTpaTa. Cpeu 3aBeOOMO TNYGHHHBIX MArM cpenHeii n
HH3KOH KpeMHekHCIoTHOCTH (SiO; < 45 Mac. %), cpedHei H BbICOKOI Mariie-
suasibHocTH (MgO > 18%) B GoJiblueit cTenenn 0GOranieHsr tenoani HaHGosee
IyGHHHbIE KHMOBEpPIMTOBbIC M JTAMIPOHTOBBIE PACHNABBI. YTO YKA3bIBACT Ha
yBelMyeHHe ¢ ri1yGHHON LLEeNOYHOCTH MAHTHIHOTO cy6ctpata. CrlenoBaTenbHo,
B uHTepBane rny6uH no 300 km, 30HAMpYeMbIx NPHPOOHBIMH MarmManmMH, BHH3
10 paspesy nojis NPUMHMTHBHOTO KOMMOHEHTA B COCTABE MAHTHM pacTeT. Ha
3TOM OCHOBAaHHMHU MOXKHO HpeaInoyIOXHUTb HEIlOJTHO HHCb(bCpCHU.HpOB‘JHHOC HITH
BOoOGuwe HenMdPepeHUHPOBAHHOE COCTOAHHME BelUECTBA B OCHOBAHMI paccMaT-
pHB2EMOro rylyGMHHOrO MHTepBalla Hd YPOBHAX BBUUIABACHHA AJIMA30HOCHHIX
marm. Tlostomy rpanmiy paspena ofnactet menneTHpOBAHHOTO K npubMIDKato-
meroca K ﬂpP[MHTMBHOMy MA4HTHHHOTO BeLIEeCTBd Mbl YCJIIOBHO HPOBOIHM 110
MHHHMANIbHOH T/1yGHHe CTaGHIIBHOCTH 471Ma3osB, NPHOMH3HTEILHO 1A VpoBHe
200 xm (orpy6neHo s ynpoleHns fanbHeR X pacueTos) . )

3Has o6bem anddepeHUHPOBAHHON MAHTHH, TOCTYXHBLICH HCTOYHHKOM
COBPEMEHHOH rHapocdepbl M atMocdepbl TUT4HETBI, MOXHO Tpy6O OueHUTH
COMepKAHHE JIETYUHX B MPUMHTMBHOM MAHTHHHOM BellleCTBe, BHOMMO, elile
COXpaHAOWEMCA HHXE YCTAHOBJIEHHOTO ypOBHs. Macca 20%}(HHOMCTpOBOFO
BepxXHero ciios 3emiu Mfpu cpenHer mnotHocth B 3,0 r/cm® cocraBnser 3>~<
X 10*¢r. Io noncueram B.A. Unsuna [34], oGuwan macca BObl HA 3eMHOR
NOBEPXHOCTH, 3aK/IIOUeHHAA B MOpAX M OKeaHax, IpecHhiX 03epaX W peKax,
B JIEAHUKAX M BEPXHHUX CJIOAX 3€MHOH KOpbI OOXOOMT go 2,251 - 10°° r (c:);)r<
BETCTBEHHO B MIIH KM?: 1370; 0,75; 22,6 u B 3eMHO# kope 0,479 -10°° r
cBoBopHoi u 0,379 - 10** r xumuuecku cBsizanHoi H,0). Otcrona cpeitHee
conep»(am{e BOOHBIX KOMITOHEHTOB B THITOTETHYECKOM BeUICCTBC MPHMHTHBHOH
M2HTHH, BEPOATHO, paBHO 0,75 mac.%. [1pubaBasa k Hemy macey VEICKHCIOTh
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H 430Ta, cojiep’katis KOTOPbIX B MaHTHH IIPHHHMAIOTCH HA OIMH M B4 nopsaaka

metblie Boubr [102], cpentee conepxanme TpeX OCHOBHbIX JIETYYHX KOMIOHEH-
TOB B IIpHMHTHBHOM MaHTHHHOM BellecTBe HEOBXOIHMO OLEHHTH TIpUMeEpHO
8 0.83 mac.”. C yuetom Macchl Yrjieponga u BOIOpPOMA, 3aXOpOHEHHBIX B 3eMIle
3 BIUIC pAcCesiHOR OpraHuicckoi IpHMecH, YITieH, YITUCThIX claHIes, HedTH
Horasd MCTHHHOC 3HAueHMe CpejiHero ConepkaHus JleTyuymx MpUBIHKaeTCs K
I mMac%. B jauibneiuiem wist 11poctoTs pacueToB Mbl ByaemM MONIbL30BATLCA 3TOMH
BCJIMUHHOH, ITOHUMAS HELOCTHXUMOCTb GOJIee TOUHBIX OLEHOK.,

Ilonyuer[m)e 3Haucnue Ha 1-2 1HOpANKA TPEeBOCXOMMT OLEHKH CpEOHHX
CONEPHKANHN JICTYUHX B LIPUMUTHBHOR MAHTHH, I[PUHHUMAeMbIX OpYTUMH aBTO-
pamu. ONHAKO M DTOT0 YBeNMUCHHOTO KONMYeCTBA NIeTyUMX, BUIHMO, HegoCTa-
TOUHO ulsl OOpU30BANMA B TBCPUOH MAHTHM ¢uronpoNoToKoB 6e3 cheumdy-
4CCKHX HOArOTOBHTEIILHBIX 11pOLeccoB. Jles0 B TOM, UTO YacTh JIETYUHX, CKaXeMm
NOJIOBHHA, BynieT 3aKOHCepBMPOBaHA B MUHEpaTax B BHle H30MOp}HO# MpuMe-
CH M GMIOHANBIX MMKDOBKIoueHHit. OGheM ske CBOGOHOM dronpHoi daswl
BEPOSATHO, 06pU3y10UIcH BAKYOIIH HA CHIILIIO CKATHIX I'PAHULAX U B MHTepCTHU.H-’
X 3CpeH, ensa s tipesbickt 0,8 06.% npu pasnenuax B 4—5 [Ma (40—
50 kBap). 31a oueHKd MONyUeHa ¢ YUETOM CHIILHOTO YIJIOTHEHHA ra30B, KOTO-
po¢ MO OKCTPANONAUMK  SKCHCPUMEHTANIbHBIX [AHHBIX U1 3THX HABJIeHMI
BO3MOXHO, NOXOMHT /10 2 r/em® [91]. BBuny BEPOATHOW Ha 3THX FJI)’GHH&X,
HH3KOHM 1IpOHHLACMOCTH TBEPIOrO KapKaca MaHTMAHOTO BellecTBa, BKIIKYas
M MEK3CPHOBLIC TPAHUUbBI, BAKYONH CBOBOAHON (hitoMIHON daspr DOMKHBI
ObITb CTOJIL e HElOMBHXKHBbI, KaK W QUIIOHAHbIC BKJIOUEHHA B MHHepaJax,

Takum 06pasom, pake IpU MAKCHMATLHO BO3MOYKHOM COMEPKaHHH JIeTYUHX
B IIDHMHTHBHOM BellleCTBe BepxHell MAaHTHM ecTeCTBeHHOe 006pa30BaHKe B HeH
¢nrongonoroxos ManosepoaTo. BmecTe ¢ TeM mx MpOAB/IEHHS HECOMHEHHHDI.
Hna PA3pCIICHUs IIDOTHBOpEUUA CIIEAYCT 1IpenrionokHTh HEKOTODbIH NOMOJHHU-
TC/IbHBIR TIpolicce, CNOCOBHLIM BbI3BATL KOHUEHTPHPOBAHHE lipeanoaraembix
NeTyuux BO hIHOHIONOTOKH.

B HACTORUIEC BpeMA BHHMAHHE NETPOJIOrOB NPHBIIEKAIOT pa3pbiBHble nedop-
MAIMH MAHTHHHOrO cy6CTpaTa M BO3MOXHOE nubdepeHLHanIbHOe OBUXKeHHe
ba3 B nepemewaiouwmxcs KMIKOCTHO-TBEPABIX CMECAX, C KOTOPBbIMH OTOX-
ACCTBIISIOTCA llepeMeLldioliecs MaHTHIHble GITOKH. Boiwe yixe apryMeHTHpo-
B4IOCh NEHCTBUTEIIbHOE MPOsABIIEHHE B MAHTHM OBOMX IIPOLECCOB, XOTS HX pob
B MOGWIIM3ILUMM H KOHUCHTPHPOBAHUH (IIIOMZOB B NOTOKH HescHa. B THIPOOH-
HaMHUKe IHPdepeHUHaIbHAA HOABHKHOCTD reTepodasHbIX Cpef ¢ KOHTPACTHBIMU
IVIOTHOCTHBIMH M BASKOCTHLIMM CBOHCTBAMM CUMTAETCH BO3MOXHOMN, eciu
061»6&/1}1()0 colleprdtine Haumenbiueh dasnl tpesbiiaer 10% (Bap, 3acuasckuii
Hpmeit, 1971 1, puc. 10.4). 310 na HOPSILOK BOJIbILE MAKCHMANTHHO BOBMO)KHO-’
1O ROIMUECTBA cBOBOAIOR (IIOHIHOR (asbl B MaHTHIHOM BeluecTBe, He npe-
TEPHEBLIEM ClICUMHUCCKHX 1IPOUECCOB €€ KOHUEHTPHPOBAHHS, HpumeuatensHo
OTCYTCTBHC KpPYCTHOHKALMOHHBIX CTPYKTYp B OrpOMHOIN KOMMeK LU XOpOoLIo
H3YHEHHBIX KCCHONMTOB MAHTHHHBIX 110pPOJ, KOTOpble HeM3BexHo ¢dopmupoBa-
JUCh Bbl BOKPYT 3HAYHTCIBHLIX (IIOHIHBIX 060cobieHnit, BeposATHBIX B MO-
pomx ¢ 06“'1,eMUM‘ CBOBOMHBIX (IIIOUIOB B HECKONLKO MpPOLEHTOB. EquHCTBEH-
HBIH CIIYYdH TAKOH CTPYKTYpbl YCTAHOBJICH B MaHTHHHOM KCceHOTIMTE, OBHApY-
KCHHOM H4 TeppHTOpHH Monronun B.M. Kosanenko ¢ komicramu (1979 r.).
y}lilelIIbHOCTb HIXONKH CBUAETENLCTBYET O (PaKTHUECKOM O)CYTCTBHH B TBep-
AOH MAHTHH  YUICTKOB  KOHUCHTPALMH  CBOGOHBIX (BIIIOH/IOB B KONHUeCTBe
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HECKOJIbKHX OOBEMHBIX IIPOUEHTOB. B cuily atoro npeano:iaraemMpli MexaHH3M
OHHAMHYECKOrO0 KOHUCHTPUPOBAHHA (ITIOMOOB B [BHKYUIMXCH MaHTHHIBIX
6710Kax Heslb3s NpU34aTh AeHCTBEHHBIM B COBpeMeHHOH MaHTIH. Cpeit uayuel-
HbIX KCEHOJIMTOB NOpOJA MAHTHM OObIYHBI KATAKNA3HPOBAHHbIC PA3HOCTH. B
TOM uuclie 06OrateHHple J1Ierko NOABHXHBIMH B MAHTHHHLIX YCJIOBHAX dJleMet-
TaMM, BKJIIoYas HecOBMecTHMble. Takne 0Gpaslbl MHOIHMH HCCIICOOBATEIISIMH
He ©€3 OCHOBAHHA CUMTAOTCA GIIM3KHMH K CybCTpaTy HpPHMHTHBHOW MaHTHH,
IpeaNoJIOKHTeIbHO OBOTalleHHOMY M JIerKo JieTyYdMH KomnoHeHTamu. KaTa-
KJ1a3 ¥ TpeulMHOOOpa30BaHHe B TAKHX IIOpPOOAX HE CONpPOBOXKOANTCA, OOHAKO,
($OpMHPOBAHHEM B HHX KPYCTH(PHKILUMOHHBIX H 110pHHPOBIACTOBBIX CTPYKTYD,
KOTOpbl€ MOTJIK Obl YKa3bIBAaTb H4 IpOLECCbl KOHUEHTPHPOBAHHA CBOBOHLIX
GIIOHI0B MIIM UMPKYJIAUKHK B HHX (DIIIOMAONOTOKOB. BHOMMO, B CHIY CHIILHOTO
CXKaTHA TpelMHbl B TBEpAbIX MaHTHHHBIX [OpOJAxX OCTAIOTCA IHellpOHHUAeMbl
mist GIIMIOB H3-38 MAJIOTO WX CEYEHHS, UTO YoKe MpediioNarajioch Bbilule.

Takum o06pa3om, Npouecchi TEKTOHHYECKOTO OpOGICHHA H AHHAMHYCCKOTO
HepeMelleHHs TBepAOT0 MaHTHHHOIO CyBCTpaTd He CONPOBOKIAIOTCS H He BbI3bI-
BAOT 3aMETHOM MOGHMIM3AaLMH M KOHUEHTPALUMH MAHTHHHbBIX (II0HA0B. 30iibl
TPELUMHOBATOCTM M KaTakjla3aa B MaHTMHHBIX YCIOBMAX MaJlOIpPOHHLUAEMb]
Wis CBOGOIHO UMPKYNHpYyoWnX ¢ioHaoB. [IpakTuieckoe OTCyTCTBHE MAHTHH-
HBIX KCEHOJIHTOB CO CTPYKTYypaMH, YKa3bIBalOWHMH Ha OTHOCHTEJIbHO KpYHHbIe
060co6eHHss cBOGOOHBIX HIOMAOB, BbI3bIBAET COMHeHHE B COOTBETCTBHH
IIMPOKO pacHpOCTpaHeHHbIX NpeAcTaBiieHHH O (IIIOMIONOTOKAX B TBEPOOM
cyGeTpaTe HWXKHMX M CpedHHX TOPH30HTOB BepXHeH MAHTHH (UKTHUECKOH
KapTHHe. BUOMMO, B MaHTHH OeHCTBYIOT HHble MEXaHH3Mbl KOHUEHTPHPOBAHH
GNINAOB B NOTOKH, BbI3bIBalOLIME I71yGHHHBIH METACOMATO3.

B MaHTUM, HaBepHAKA, UMeeT MeCTO YaCTHYHOE IUIaBJIeHHe. KOTOPOe. Hd Haul
B3rNfA, MOXET OblTb 3 (EeKTUBHLIM KOHUEHTPATOPOM MAHTHHHBIX (DIIIOHIOB.
10 06YCJIOBJIEHO aKKYMYJHpPYIOlWeH pOJbI0 MAaHTHHHBIX KHIKOCTEH B OTHO-
LIEHHH 371eMEHTOB H COeIMHeHMH, c/1abo pacTBOPHMBIX (HECOBMECTHMBIX) B
MHUHepanax MaHTHHHbIX nopod. K HHM Ge3 cOMHEHHS AOJIXKHbI ObITb OTHECEHDI
U JleTyuHe, BO BCAKOM cJly4de B HHXXHHX OpU30HTAX 06CY)1aeMOr0 HHTepBaa
my6ud (no 300 xm). OrpaHMueHHOe [eHCTBHE 3TOrO MpaBHiIa B OTHOLUEHHH
BObl BepOATHO JIMuIb B MHTepBane 30—60 kM, B KOTOPOM YCTOHUHBBI Il0ro-
Ut H amoubon. A gns CO, cepbe3Hble OTKIIOHEHHA QOJIKHbI HAB/I0DAThCA HHXKE
OCHOBaHHA pa3pe3a, TOe paclUdpseTcss I0Jjle YCTOMUMBOCTH MarHesuTa [3o.
puc. 3 a, 6, ¢]. Takum oBpasom, B uHTepBase raydun o1 60 1o 250-300 K
MarmMaTHYeCKHe >KHAKOCTH MAOJDKHbI GbITb 3PGEKTHBHBIMH KOHUEHTPATOPAMI
JIETKO JIETYUHX KOMIIOHEHTOB. 10 MHeHHe pA3ACTHETCH BCeMH HCCTlOBATE 15~
MH, H OHO OTpPdXEHO B paclipOCTPAHCHHOM NPEACTABIIEHHH O "BLICY IUHBAIOLICM
BO3[IeHCTBUM MarmM Ha TBep[Oe MaHTHHHOe BEWECTBO B 30HUX YACTHUHOTO
TJ1aBJieHHA.

O6cynM BO3MOXHBIH  (GH3HUeCKHH 06pa3 MpoueccoB IKCTPATHPOBUHIs
JeTYWdX TUMNOTEeTHYECKOH NPUMMTHBHOH MaHTHH [IpDH YacCTHUYHOM MIABIICHHH,
[lpepnonoxum, 4yTo B MaHTMHHOM cy6cTpaTte o6pasyerca 2—3 mac.% pacruiasa.
Ero o6bemM HecKONBKO MNpPEBLICHT 3TH UHM@Pbl NPONOPUHOHAIIBHO OTHOUICHHI
YHEAbHbIX 06HeMOB paclulaBOB H HMCXOOHBIX TBEPIbIX HIPOIYKTOB. BeposTHO,
pacnuaBsl OBpa3ylOT CeTb COEIHHAIOWMXCS MEKTPAHYIIApHBIX TIEHOK B TBep-
IOM KapKace MaHTHHHOro BeluecTBd. B COOTBETCTBHHM C ODOCHOBAHHBIM Bbillle
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1IpaBUIIOM MOBeCHHs JIeTYUMX KaK HCCOBMECTHMBIX KOMIOHEHTORB OHH OMKHE
B OCHOBHOM 1IepCHTH M3 KpPHMCTA/UTHYeCKUX ¢a3 pectura B MarmMaTHyeckHue
KUAKOCTH. Mexons w3 nipegnonaraemoro COLNCPXAHUA JIETYUHX B MaHTHITHOM
cybetpate wa yponne | mac.%. ux COLEPKAHUE B MATMATHYECKHX ¥MIKOCTAX
NOIKHO - COCTABHTL  33-25 Muc.% COOTBETCTBCHHO NONMM IaBneHus. Takue
CONEPXKANNA, COITIACHO CYLUECTBYIOMM IKCIIEPUMEHTAIbHBIM oueHKa;v: [148
153], uaxomstes na YPOBHC HACKILICHHA AJIOMOCHIMKATHBIX paciIaBoB It n
nasyienuax 3,3-2,5 [MTla (33-25 Kk6ap). OctaBuB noka B CTOpOHe BOHpOch

WEHHH 3THX OLEHOK DPAacTBOPHMOCTH, O yem Byner ckasaHo
YCTHTb U MPH 3THX YCIOBHAX BEPOATHOCTb NMOABJIEHUS B Mar-
MATHYECKUX TUIEHKAX eMHHYHBIX ITy3bIDbKOB  CaMOCTOATEbHOIR dnronaHoi
daspl. Bo3moskHo, bnroMaHble 060coBeHus 6YOyT B OCHOBHOM 00pa3oBaHb]
TPYAHO pacTBODHUMBIMM B Marmax TeTyYMMHM, HalpHUMep YIJ1eBOAOpOoaaMH
OKHCIIAMH H MONEKYIaMU 430Ta, MOHOOKHChIO yraepona. Ho napany ¢ Humu Bc;
Gronanbie 060co6nenns 0GA3ATENBLHO BOMAET KAKAA-TO 4acTb JIETKO pacTBO-
PHMBbIX B Marme neryuux. MoskHo AOMYCTHTb, TO OT/eNbHble GIIOHAHDIE
IY3BIPbKH NOCTUTAIOT PAa3MeEpPOB, HOCTATOYHBIX AJIA X TPaBUTAUHOHHOTO NMObe-

-HHXe, MOxHO fon

TNOBBIIEHHbIX CONEPKAHMAX B HUX JIErKO JieT
[146]. Hetpynno 3ametuts, u4to umenno TAKHM YCTIOBHAM M XapaKTepUCTHKAM

ry6uHax 200-300 kM BenHuMHOl n < 0,5 Ia-c, uro na NOPsAIOK MeHblue
BA3KOCTH Ba3uTOBbIX pacnnasos npw | atwm, Takmum 06pasom, npu npepnonarae-
MbIX YCIOBHAX B 30HAX HeGONBLUOTO Mo 0BbeMY YaCTHUHOTO MNaBfeHHs Ha
MyBuHax no kpaiuei Mepe 80—-100 kM (ypoBens PACHONOXKEHHUsL acTeHOchep-
HOTO cnos BO3GYkaeHHON MaHTHM) BromHe BEpOATHO BO3HHKHOBEHMe y3b1 E-
KOBOTO [BMXeHHA IIONIOB uYepes mieHky MarmMaTHYeCKHX paclnaBos TI;K
KaK Qrounsl aBuKyTCs 1€pe3 Marmy, 10, COrNacHO TepMHHONOrHK I.C -Ko -
KHHCKOTO, X ClleayeT Ha3bIBATb TPaHCMATMATHYECKHMH. P

PaC“CMOTpeHHaﬂ KA4ECTBEHHAR MOMeNb MOGWIH3ALHH ITIOMIOB THIOTETH-
HECKOH NPUMHTMBHOM MaHTHM TpeGyeT OCBeleHus HECKONIbKUX HONOJIHUTENb-
HBIX BOMDOCOB: 1) BO3MOMHOCTH ee MpOAB/IEHUsS HA TTY6HHaX Gomee 100 Km-
2) TTPHUMHBL BO3OYK[IEHHA MHHULMATBHOTO MTaBITeHus MAaHTHITHOTO Bemecma',
3) ycnosui KOHUCHTPUPOBAHHA (IIOMIOB B [OCTATOYHO MIOTHBe MoTOKHK
CHOCOGHBIC BBIIBIBATH FEONOTHYECKH 3HAYUMEB e ABJIEHHA, B YaCTHOCTH Maumﬁ:
HbIH MeTacomato3; 4) cyiecTso TPOCTPAHCTBEHHO-TeHEeTHYECKOMH B3aMMOCBA3H
METACOMATO3a, MArMOOGPA30BAHNA U (BITIOMIONOTOKOB B MaHTHH B pamkax
IPeUT0XKEeHHOM rUNoTe3bI.

PBC(EMOTpCH}{aH TPMHUMITHANIHAS CXeMa MOGMITM3AUMK U KOHLEHTPHPOBAHUA

g HHX IY3bIDbKOBOTO NMOTOKA IlioMIOB OFpaHWUMBanace ray6uHoi B 100 KM,
TO OBYC/OBIMBANOCH NPUBAIKOA K HMelomMMes 3K CIIEPUMEHTATILHBIM OlleH-
KaM PACTBOPHUMOCTH JIETYUMX B MArMax Npu BbICOKHX naBneHusax. Bmecre ¢ Tem

paCIIpOCTpilHeHHe IIPHMHTUBHO-MaHTHHHOT O BellecTBd lipenrnonaraercs ¢ YpPOBHA
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B 200 kM. He cnenyeT, 0nHaKo, 3a6bIBaTh 06 YCIOBICHHOCTH IIPHHATON TpaHu-
Lipl, KOTOpast MOXET NPOXOAMThL H BaIlle 3TOr0 YPOBHsI, BhITh HEPORHOI, 11pH-
NOOHUMASACS, HallpuMep, 34 Ipeacnamnu KpaTOHOB. BEPOHTCH TAKAC HOIBEM
OMOKOB NPHMHTHUBHOM MaHTMH Ha GONlee BBICOKHE YPOBHM, C UCM, BHIIMAO,
CBA33aHO MX WHUUMANbHOE mnasjieHHe. O6 3TomM IIO,L[pOﬁHCL‘ CKRUBAHO  HUXKC.
Henbasn HUCKJTHOYUTb BO3MOKHOTO 33aHHKEHUs HpHHﬂTOfi OILICHKH  COICPKAHHA
JETYYUX B INPUMHTUBHO-MAHTMAHOM BellecTBe B | aac.Se. Ee yseimuetne,
ckaxeM, Ha 0,5% MO3BONUAO 6bl JOCTHIHYTh HACHILLEHHE MATM JICTYUHMH pi
4 T'Tla u 2% nnaBneHus. [TpuMepHO NpH TAKOM MITH UyTh GONbILEM OABIICHHH *
[OJKHO TIPOUCXOMHMTb M anMazo06pa3oBaHMe, eciH TeMllepaTypbl B MaHTHM
pacrpefiesieHbl B COOTBETCTBHH C KOHTHHCHTANILHOH re0TepMOit.

Ins onpepeneHns rayGHUHBI BEpOATHOrO NpOTEKdHHA OBCYXOAEMBIX HpO- -
[IECCOB HE€ MeHee BAdXHA TOUYHOCTh ONECHKH PACTBOPHMOCTH B AMATMUX JICTYUHX
ﬂpH MaHTHHHBIX naByicHUAX. WU3-3a MCTOOHYECKHX CITOKHOCTCH BbICOKOITIPANMCT-
PHUECKHX 2KCNEPHMEHTOB BO3MOKHO BHECEHHC B BYAYIHEA NOIPABOK B HCHO Ib-
3yeMble ceduac 3Hauenua. O6 aTom rosopunock B cooBuein 3.C. IMepeukona
Ha X BcecolosHom merporpadmueckomM coseuaun B I, HosocuBupexe
(1986 r.). OH 06paTHN BHMMAHKE HA MeTOLHUECKOE HECOBRpPIICHCTBO JKCHepI-
MEHTOB MO oueHKe pacTBOpUmocTH H, O B MarmaTHueckux >KHOKOCTAX fIpH
AABIIEHHAX CBbILIE HECKOJbKHX KHMJI06ap, HEONHO3HAYHOCTb HHTEpIpeTalHH
aHaJTHTHYECKHX [@HHBIX W TEOPETHYeCKHEe HEACHOCTH B MHTeplpeTalHl cOCTOs-
HHA pacIUIaBOB NpH pACTBOPEHHH B HUX HECKOJIBKUX J1ECATKOB IPOLEHTOR
H,0. OueHka pacTBOpPUMOCTM BObI B 3KCIEPUMEHTAIBHBIX PACHIABAX 110
OCTATOYHOMY MpHHUMNY ypeBATa 3aBbIILUEHMEM DE3YNbTATOB H3-3d MAJIOH CKO-
POCTH y[aNleHHsl U3 XHUAKOCTEH MEJIKHX CAMOCTOATENbHBIX BbIfefleHHI (rioH-
0B, BO3M0)KHO, HMEHHO 3Ta BOpJa onpepenserca Kak MOJIEKYNApHaa 1o
UK-cnextpam. Peskoe nagenne Temna cHUKeHHs TeMIepatyp cOMHIYCOB JKClie-
PUMEHTATBHBIX MArMaTHUECKHX >XHIKOCTeH ¢ pocTon paBsienus napos H,O
or 0,25 po 1,5-2 TI'lla, a 3aTemM M NOBbILUEHHE COMUIYCHBIX TeMIlepaTyp, Mo
MHennio 3.C. Tlepcuxosa, B NpHHIHMNE MOXET MHTEPNpPeTHPOBAThcA KAK yKa3a-

" HHe Ha cHWxeHHe pactBopuMoctH H, O B pacnnaBax. Mexny Tem cumraercs,

YTO pACTBOPHMOCTb BOIbl B MAarMaTHYeCKHX paclifiaBaxX ¢ pOCTOM [aBJIEHHS B
YKa3aHHBIX INpefenax paBHOMEPHO yBennuMBaeTcA. Hakowdeu, coBepiiento
HEONpeelleHHbIM CTaHOBUTCA NMpHMEHEHHE TepMMHa ’'paciulaB” B OTHOILEHHN
MarMarHyeckux xuaKocreil ¢ 50 Mon.% u Gornee MpeANONOXKHUTETLHO pacTBO-
pentoit H, O (Gomee 25 mac.% npu naBieHusax cepiwe 2.5 T'lla. cormacko cy-
WeCTBYIOINM olieHkaMm). CoenauHpii 3.C. TlepcHKOBBIM KpHTHUECKHIT aHAH3
npoGreMbl HaM NPEJICTaBIIACTCA BIOSHE PE3OHHBIM, ECIH IKCIepHUMEHTAIbHAA
NpOBepKa MOATBEPAMT XOTA Obl YaCTb BhICKA3AHHEIX 3AMEUAHHH, TO HCTHHHAs
PacTBOPHMOCTD JIETYYHX B MarmMax MOXeT OKa3aTbCA 3HAYHTETLHO HHIKE HCIIO!Ib-
3YEeMbIX HbIHE OLIEHOK. 310 PCUIMTCIIBHBIM 06p8301\1 NMOOKPeNHT BHIIBHHYTYVIO
HaMH THIIOTE3Y M MO3BOJIMT pACMpPOCTPAHUTL OGCYXAdemoe sBJIEHHC Ha Bech
HHTepBan ryGuH (Brnots o 300 kM) .

MoGunusaunsa ¢GpaionaoB Npu NIaBIeHUH NIPEANONAraeMoro BellecTBa NPHMH-
TUBHOH MaHTHH Ha rnyGuHax cBoime 100 KM BO3MOXHa ellie If B CHIIY BEpOAT-
HOro yBelnMYeHHs B 3TOM HaMpaBJIeHHHM OOJIM BOCCTAHOBIEHHbIX (OPM coemH-
HeHHMIl BO doMaax. B marmaTuueckMX HOKOCTAX TakHe COEHHEHHSA PACTBO-
PAKTCA XYK€ BOObl U YIIEKHUCIOTbI, TEM CAMbIM pacClUHpsis 0BNACTh HECMECH-
MOCTH (IIIOMAIOB C MarmMoi B cTOpOHY GOJIbIUMX gasieHuii W rny6ui. Jlonyiie-
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HHE OCHOBUHO Ha HPH3HAKAX [IOHHACHHOIO OKHCIMTCIILHOrO I10TCHUMATd B
nanbosiee 11y BHHHONM ManTiHOM Bewectse [54,91].

Taxkum U()p"UUM, HCT OCHOBAHHHU OIPdHUYHBAETD NencTBHe IIpealojlaraeMaix
APOUCCCOB MIOHIHO-MAIMATHICCKOR i hepeHia i HPHMHTHBHOH MaHTHH
1 00-KHIIOMCTPOBHIM Y pOBHEM.

Bawuel s aneMeHTomM 06Cy KudemMoro Hpolecca siBJisieTcss X0O HHULUMAb-
HOTO IUIABJICHHA MIHTHHHOIO BeILCCTBA, K()TOpl;IH pClUZHOUlHM 06p2:l3OM 3dBH-
CHT OT NpPHUMHBI IU1aBseHMs. Bpiwie GbuTM NpesioskeHbl OBa AJIbTEpHATHBHBIX
MEXdHH3Ma BO3OYKiaeHHA NNaBlieHUs: uliocylollee BO3eHCTBHE NOTOKA rny-
OUHHBIX IOMOOB HA NeperpeTplii MaHTHHHBINH cyBerpar M agMaBarTHueckoe
lnaBJieHHe B NMOAHMMaLeMcs 6/10Kke MaHTHM. Bbula 060CHOBaHa Takke HU3-
Kas (IIHONUAONPOHHIAEMOCTb MAHTHIAHBIX HOPOM ke B YuacTKax TPELMHOBA-
TOCTH, 4TO TIpH OrpaHHYeHHOM couepxanun (1 Mac.%) JeTyunx B MaHTHHHOM
BellecTBe YOCK/IdeT B MalOH BePOSATHOCTH epBOro MexaHH3Ma M4rMoreHepa-
unn. OBcymim Xon lipolecca 1pH BTOpOM cliocofbe MarmMoobpa3oBaHus.

llse ocoBennocTi anmuabuaruicckoro (6e3 NOTepH TeMsa) MIABIeHUS OeNaloT
€ro HauboJice BepOATHBLIM W, BUOMMO, TJIABHBIM MEXaHH3MOM MHHLMATBHOTO
MaI‘MOO6p'dBOBZJHPUl B FJ'I}/G()KHX FOPH30HTAX MAJHTHH. HUmu ABJIIAKTCA, BO-
NEepBbIX, BbLICOKHE pCONIOTHYECKHE CBOHCTBA (CIIOCOBHOCTD Teub) TBEPIbIX
OpOL HpH MaHTHHHDBIX 1ApaMeTpax M, BO-BTODHIX, HU3KaA TeMIONpPOBOMHOCTD
CHIHKATOB. [lepBoe CBOMCTBO CBA3AHO ¢ O6LEH 3aKOHOMEPHOCTBIO CHHXXEHHS
BA3KOCTH TBEPABIX TeJl C POCTOM TeMIepaTypbl H JaBJIEHHs, YTO 3K crepHMeH-
TAJIbHO MOATBEPXKAEHO HA 06pasliax MaHTHiHBIX Nopon. Poct stux napamerpos
CTHUMYJIHDYET [MCNOKAUMOHHbIE MEeXAaHM3Mbl TNepeKpPUCTAUIM3ALMH MHHEpPaloB
H TIOBBILAET CNOCOOHOCTL MOPON K XpYNKHM nedopmauusam. [ostomy mBixe-
HHA GIIOKOB 10pOf ABJAKICA €CTECTBEHHBIM COCTOAHMEM MAaHTHH. Takue
LBHXKEHUA ABJIAIOTCA TJIABHOH IIDUYMHON GOMNbLIMHCTBA 3eMileTpsiceHuit. Cko-
POCTH NBHXKEHHH, AMIUIHTY[bl €IMHHYHBIX CMELLUeHHH He MOTYT ObITh 3HAUHTENb-
Hbl M3-3d OTCYTCTBHA B MAHTHH CBOGOMIHLIX MPOCTPaHCTB. JIBHKEHMA OIHHMX
YH4CTKOB MaHTHHHBIX 110POJL AOJIXKHBI KOMIIEHCHPOBATHCA [ABHXKEHUSAMU [PYTHX.
CkopocTH IepeMellleHHst MAHTHIAHBIX MA4cC, BMOMMO, GIM3KH K CKOpOCTAM
BEPTHKAIbHPIX W FOPU3OHTANILHBIX JBHXXEHHH 1I0OBEPXHOCTHBIX GJIOKOB 3eMHOI
KOpb! — He 6onee 10 cm B rop.

ITpi HeBBICOKHX CKOPOCTAX ABUKEHHA BO3BIMAIOIIMXCA MAHTHHHDBIX GIOKOB
peuidioliee  3Ha4YCHHE V1 aIMabaTHueCKOrO [UIABJeHHA UMeeT COXpaHeHHe
TemllepaTypel 6710Ka. 3TOMy cNOCOGCTBYET HU3Kas TeIUTONPOBOJHOCTD TOpPHbIX
nopon. He nmest BO3MOXHOCTH CHeNaTh TOYHple MOJCYETDI, ByneM CYHMTaTh,
YTO BbIOpaH 110 AHUMAIOLIKIACA MAHTHAHBIR GIOK 10CTATOYHO 6onbILIOro pasmepa,
IpH KOTOpOM OTBOA M3 HEro Tenjid B GOKOBbIe MOPOMbI NpeHeBPeRUMO Marl
H TCMI1epaTypd CHHXKYETCH HEIHAUYNUTENTBHO TOJIBKO 33 CYeT HeBGOMBILOTO YBelliye-
HUA oBbema Nopon NpH WX MepeMelUeHHH HA GOTlee BICOKHe ypOBHH. BaxHbim
CIIEACTBHEM MEJIUTESIbHOCTH npouecca ABAKTCH HEBbICOKHE CKOpOCTH YBEJIH-
YeHUss OObemMa IJIABJICHUA., ITO 0BCTOATENBCTBO, BHAMMO, 0BycoBIHBaeT
BbICOKYI0 CTelleHb JKCTpAarupoOBdHUA pacllylaBaMH JIETYUHUX U3 KPHCTANITHYECKOTO
cybeTpata, 06A3aTeNbHOE [OCTHXCHHE COCTOAHMA MepechileHHs ¥UIKOCTH
JIETYUMMH, 1IpH KOTOPOM BO3MOKHO 00pa3oBaHHe (IOMAHbIX My3blpsKoB',

' OCTalOTCA HesICHBIMHM MCXAHH3M K MpHUYKHBI NepecbllleHisl 3apOoXKOaloUleHcs Marmel
neTyuumu. CrienoBaso Gbl paccMOTpeTb anbTepHAaTHBHbIE BApHaHTLI, Hanpumep OUbpyY-
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KOI‘D,B B KPHCTWIJIMYECKOM BELWECTBC BOBHHKIET COCAHHCHHAN COTb MCKIpL-

HYJIApPHBIX )KP[D,KOCTC;I, HOJI>KHO HAU4THCA FPABHTAUHOHHOE BCITBIBAHHE (I\.’HOHII-
HbIX NMY3bIPpbKOB. MenneHHbIH pocT 0ObeMd MIdBIIEHHA HO3BOACT HpeiOIiraThH
l'lepeMCluCHHe (i)”l()“ﬂ“hl,\' IijprbKOB HO TFeOTONHYCCKH 3HAUHMOC pllCL‘TU)IHHLK
3Ta Monelb TpeﬁyeT HOATBEPIKIEHHS PACYCTAMH, HEe BCC HECPCMCHHBIC KOTOPLIX

u3BecTHbl. OfHAKO GONbLIAS NPOLOIBKUTEIBHOCTb, MOCTENEHHOCTh 11poLiecei
NpeACTABASAIOTCA yOeANTeNIbHBIM OCHOBAHHEM €0 OCYLLeCTBHMOCTH B 1IpHpO/Le.

[lonpo6yem OUEHHTL pealMCTHYHOCTDL elue OFHON CTOPOHBI OBCYKiIaeMOro
npouecca — BBICOTb! CMELUEHHA MAHTHHHBIX GIOKOB, HeoBGXOOMMOIt st BO3-
6y>xIeHusi agMabaTHUecKOro IulaBjleHMA. Belllle yxe oOTMeuanoch, 4t0o wist
Hayana BbIIUIaBJIEHHs] OGa3WT-y/lbTpaba3suTOBBIX paciylaBOB B GecroHaHbIX,
PCyxux” ycnoBMAX NMpH paclpefelleHHH B 3eMile TeMIIEPATyp 10 KOHTHHEHTWIb-
HOH reoTepme HeOGXOAMMO MepemellleHHe MaHTHIHDBIX GJIOKOB BBepX Ha pac-
crostua o1 60 10 140 kM (cM. puc. 40). Lindpsl coBepLieHHO HepewbHble [xe
TNIpH YCIIOBHH, UTO YeTBePTAA-NIATAs YACTb JIHTOCHEPHOM TOMIUH, IepeKpbIBUIOLICH
6J10K, CMECTH/Iach H4 €ro Kpas M NOTpy3HIdch B KOMIEHCILHONHBIC IPOTHELI.
JTH pacueTbl ipe/ICTABIIAIOTCH CHIIBHBIM KOHTPAPTYMEHTOM CTOPOHHUKAN T111B-
JIeHHs: M2HTHH B ’cyxHX’ yclOBHAX. [le/lo B TOM. 4TO HaGIIoneHHsA HL HOBEpX-
HOCTH 3€eMIIM MOK43bIBAIOT, YTO [JOCTOBEPHBIC MAKCHMAIbHbBIE BEpTHRUILHLIC
nepeMellleHHsl KPYMHbIX M3CCHMBOB I'OPHBIX NOPOJ, YCT4HOBIIGHHKIC HA KpHCTan-
JHYECKHX LMTAX, He NpeBocxonAT 30-35 Kkni. PaccTosidus nOnyuycHbl HVTent
MepecueTa Naneonasnenuit (Maxcumys | Tlla unu 10 x6ap) 06pasuon kpucTi-
JIOC/IaHLEB Ha JIMTOCTATHYECKHE HAarpy3KH.

[InaBrnenne MaHTUHHOTO BelECTBA Ja)xe C OuYeHb HeGOMBLUIMM KOJIHUYECTBOM
JIETYYHX NPOMCXOMT COBepLIEHHO MHaue, HO 3daBMCUT OT COCTaBAa jleTyuelt (asnl
H obpasyoluerocs pacriasa. [Ipu comepxatuu B u36siTke Hay O conuitve 6a3aiin-
T2 ¢ ypoBHa paBieHud B 1,2 TTla (35 kM rnyBuHbI) Haxomutcs B OBsacTH
TEMITECPATY P HH)XKE KOHTHHEHTAIbHOH reoTepmbl (cM. puc. 40). 310 o3nauaer,
YTO ec/i¥ B MaHTHHHOM BellecTBe UMeeTcs J1060e KOMHUECTBO CBODOIHON BOib
1 0a327bTOBOr0 KOMMOHEHT4, KOTOPbIA MOXeT BbIACAHTLCS M3 KPHCTWITHYECKO-
ro cy6erpara, TO B 3TOM HHTepBaje IyOHH 06#A3aTe/lbHO 06pasyeTen Hasath-
T0BBbIA pacnnas. [lo nanHeiM B. MaiiceHaun A. Betruepa 73, cm. ur. 2], inansie-
HHe MoObIX MEPHUOOTHTOB B BOOHOH armMocdepe HAUHeTCsA B HHTepBwle IiVOHH
90-110 kM (2,5-3,2 TTlu). [lnaBneHue NepHOOTHTA cpemHell TYrOIIABKOCTIH
B atmocdepe H,O + CO,, corstacHo Tem ke aBTOpPdM, [IPOHCXOMMT ¢ IIySHH
95~150 kM npu MonbHOH NGH Boael oT 1.0 go 0,5 cooTseTcTBerHO, [Tnasnenue
[HONCH-hOPCTEPHTOBOH NMOpPOIbI ¢ 06pa3OBaHHEM YALTPAOCHOBHOTO paciljiaBi
Npon30iaeT B BogHon atmocdepe nmuius 1ipk 4,0 I'la (cm. puc. 40). [nasnenne
B TOH xe aTMOcdepe NpH MeHbUMX, YeM yKaszaiHble, 17yGHHAX (1dBIeHHAX)
BO3MOXHO JIMLIb AHAOATHYECKUM IIyTeM B [OAHHMAIOILHNCA MAHTHHHBIX 60-
xax. HeoBxomumas wist 3T0ro BpicOTA MOgbeMa 3aBHCHT OT COCTEBd MArMbl H
He MNpeBbICHT Wis yJbTpaba3uToB 45 KM. BpiulaBiieHHe Mars, coepsKatix
NOJIEBOLIIATOBBIH KOMIIOHEHT, MOKeT HACTYIHTb IIpH INOObEMe MIHTHIHBIX

3HIO pflCI'BOpCHHbIX NeTYYHX BBEpX H3-31 fonee pCJKUI‘O HCITOCHLITUCH I HME MAIMLL B
Berl"”D( HacCTAX KOJIOHHBI BCJICACTBHC YBEJIHYCHHSA obbeMa PACHIABY ¢ VMCHBITCHHCeN
nasjieHust. M3beiTouHast jleTyqas (a3a B 3TOM CAYYAC MOTAA Obl HOHBHILOS He B KOpHUN
3apoXKaeHHss MarMbl, 4 HA KAKOM-TO BoJice BLICOKOM ypoBHe. KoppeKTHOe 00OCHORAH
3TOH KMIOYEeBOil YACTH THNOTE3bl B GYIYLIEM COBCPILCHHO HEOOXOMNMO. (/Iprs. OT6eTCT-
8EHHO20 pedaKTopa).
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Tabnuua 1
BI10KOB 4 BLICOTHE Metee 30 kM. Tpebyembie wist Bhinasnenuns marm aaua-

DATHUCCKUM 1YTEM BLICOTHI HObeMa MUHTHIHHBIX GIIOKOB YKJIAABIBAIOTCA B
DAMICH JIOCTOBEPHO M3BECTHBLIX BEPITUKMILIBIX CMeLIeHH KOpOBBIX G0KOB.
Jro YKA3LIBACT HA COOTBETCTBHe penonaracMoro MCXdHHU3MU Zl}ll’[ﬂﬁll”i‘lccl(b-
POCILTIBICHIS MAaHTHHIOO BeuneeTsa (o (hinouaHoOR aT™MOcdepe) peanbHbiM
FCOTEKTOHMUCCRHM JIpOICCCan,

Bouiie wiasiicinte santing PACCMATPHBANIOCH B YCIIOBUAX M3GKITKA JleTyunx.
34KOHOMEpEH BOLPOC O BOIMOKHOCTH TCUCHHsI NONOGHBIX MPOLIeccOB B Tex e
FCOTEKTOHHUCCKUX PUMKAX, HO NPH HH3KHX CONCPXKAUUAX B MAHTHM Jleryyux,
Hpexie seero Bojnl. ALK, Puuryn (152, ur. 4-6, 6-4}, ilokasan, uro npH :
COACPAIMI B ampuBOcoaepkaLIEM THPOIIHTE (npennosoxutensiom semecr-  F
Be IlepBuinon mantun) H,0 B konuuecTne 0,1 mac.% ero COJIMITY C OTIMYaeTCs
OT 'eyxoro™ amanora najmunem HU3KOTeMIlepaTypHore tiporu6a B UHTepBale
ray6ui 75-150 km (2,550 I'Ma) ¢ remncparypamn NpuEnuaurensho 1020— F
1120°C cootrerctnenio. "liy6una™ MunuMyma coctasnser 146-200°. Takoit
PIYBORHIT MHHHMYM 1IDH CTOM HU3KUX CONCPKUHUAX BOJBI KAKETCA YIUBH-
TeipipiM. OmiaKko  conmryc BazwinTa, conepwxallero nehee 0,5 mac.% H,0, F
TARKE NOKa3pIBACT ¢ yposusa 1,2 T'lla PE3KOC CHHXEHHE TemilepaTypbl 1o ne-
PECCICIIN ¢ CONMYCOM BaiIbTa UpH H3GHITKE H,0 2,5 Ta (cm. puc. 40).
Ha camom neste B npupose MHHHMYMOB ITABJIeHUA MAHTHIHOIO BellecTBa 1pH
MIILIX - COUCPHRANMAX  BOABIL HET HMUCTO 33arafounoro. Omuy 3apOXKOAITCA B
TOUKAX pABINOKCHHST BOLOCOACPKAILMX MHHEpAnos cyberpata — amdu6oia uan
pIOTONUTY - ¢ BhiLeneHnem BOJIbL, KOTOpast BbI3pIBAET OBPA3OBAHKE: HeGINE- :
HHOTO KOJIMUecTBA paciuiaBa npw COOTBETCTBYWOLIEM Py, o = Poguy- Komuuectso
COMUAYCHOTO  PACIIABY JIMMUTHPYeTCH OBLMM COLiepxaHHeM BO[Ibl B MaHThil-
HOM CcyBeTpaTe MM dKClCpUMEHTANMHOMR HaBecice. Ipu a10M pacnnas okaspr-

<
BACTCA HACLILUCHH bIM HNETYUYHMHU, TdK KAK TeMllchTyp‘d CHCTEMbl MHUHUMAaJIbHA. 3
Paciuas ObI Bl HELOChILUEH BOION 1 e

o 6buI0 Gbl Goriblue, eciu b remme:  E
PATYPA HIpCEsICH  colltnychy o IIpH HCH3MEHHOM OBiueM  JaBNeHuy, Ipu
MCIVICHHOM Teuelni anMaGaTHUeCKOTO 1aBIeHms Ha HAYWIbHLIX 3Tanax 06nA3a-
TEILHO HACTYII4CT MOMEHT 0BPa3’oBaHMd HeBOJbLIOro KOJIHYeCcTBa Marmartu-
HCCKOTO pacniagd, HaCLILIEHHOTO NeTywnmH. B oTiuune ot LipocTefmMX sk cne-
PHUMEHTAIBHLIX  cMecel IIPUPOsHOe  MaHTHiiHO® Bewlecrso HMEET  CTI0XKHbIN
COCTAB ¢ DOAbIUMM HHTepBWIOM iaBnenus. Ero MOXHO NpeacTaBUTh Kak
CMCCb, CKUKEM, ABYX KOMIOHEHTOB — Ga3wIbTOBGro H NepUIOTHTOBOrO R
OlIpeneJICHHLIX COOTHOUICHUAX U ¢ o06aB KoM HeKOTOpO!‘O KOJ/IHYeCTBA JIETYUYHX.
Ha HAHAIBHOM JTatie 4)iHabaTHICCKO PO llJillBHCHHﬂ oBbem 6113}1.715’?0801‘0 pacnna-
Bd MOXKeET OIPCICIIben ero 10JIeH B CMCCH, (i).’]ZUCyl()HlC:'O JIeTyuero, Hanpu-
MEp BOJILE OKa34aThLCSH DostbuIe TpeaesIa HAaChlUleHU A, TOI‘LI,Z‘I H30bITOYHAS Yacrb
JCTYYCro, HOYTH HOJIHOCTLIO flepetesilero pACIuIdB B CHITY HECOBMECTHMOCTH
¢ KpHCTAULIMYeCKMMN (Basami, 06pasyeT B marme HMOMHBIA Ty3pIpeK, KOTO-
PBIH IIpH  GJIaronpusATHBIX YCHOBHAX MOXeET ABMraThes BBepx. Tak, Ha Haw
BIMJIAZ, MOTYT 3dpO3KI4Thea HOTOKH TpaHCMAarMaTuyeckux (JIoHIoB.
OTﬂeﬂthIC, BCIUTbIBdIOIIIME B ME)K[‘thHyHﬂprlX NMNeHKax pacnjiaBson d)ﬂ]OHLI-

T

p
24

MBIC NY3BIPLKH 1Ie 1IPEACTABISAIOT elie cOGOI HOTOK  TPAHCMAarMaTH'ICCK MY .
PitonnoB, nockonpky e MOTYT BRI3BU4TH AAPKG BbIPAXKEHHBIX, cneuuguyech ux -
oMacimabunix upoueceos. s ux 06pa30BANMA JOMXKIBI elle NpOABUThCA >

MCXAHH3Mp1 KOHHCHTPALKH CIIHHKYHLIX (i’)JHOMIIHbIX 1Y3bIpLKOB B A0CTATOYHO
IIIOTHBIC TTOTOKH, CHOCOBHBIC OCYIECTBIIATL FCOJIOTHUECKH 3HAYUMBIH Macco-
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TaGnuua VIII

nepeHoc. PaCCMOTpHM OJJHH H3 BCPOATHDLIX crocobon (I)OpMHpOBHHH)I TpaHc-
MAIrMdAdTHYCCKHX (I,)JH()MLLOIIOTOKOB.

Ha puc. 41 cxemaTHueckn M306paxceHa BEpOATHAA IBOJIOLMS IIpolieccoB
NNaBjieHHs M Oera3’alldH B NOAHMMAIOWeMcA 6JIOKe NPHMHUTHBHOH MUAHTHH,
@ TAKXC CONpSAKCHHbIX W3MEHEHHH B GOKOBBIX W INepeKpbiBdloWleH TOJMWIAX
AeNeTHPOBAHHOH MaHTHH. Ha cxeme npuusTOo, yto msis Hayana B 6iioKe aaua6a-
THYECKOTO YaCTHYHOTO TUTABNIEHHS! [IOCTATOYHO €ro Iogbema BBepx Ha 12—
15 km (puc. 41, A). CornacHo 3aKOHAM MeXaHHKH B3aHMHOO TnepeMeLeH st
BeLLeCTBA B INYGHHaX 3eMIIH, IKCIEPHMEHTATIBHO ycTaHOBIeHHbIM . PamGep-
rom (1974 r.), nogbeM MA4HTHIAHOTO Bnoka CONPOBOXIACTCH ONYCKAHHEM
OKPYXAaWUIKX TONI B KOMIeHcHpytownx nporubax. [pemnonaraercs takxe,
YTO MOLHOCTb TEPEKPhIBAIOLIECH 610K JIMTOChEPHON TOJILM COKpAWaeTcst Ha
BBICOTY €ro Nnogbema 3a cueT MOBEPXHOCTHOM 3PO3WH M UACTHYHOTO NaTepaib-
HOTO CMELUEHHA B KOMIleHCHpYIoLHMe Nporu6ul. bes cokpaluenuss MoWwHOCTH
NIEPEKPHIBAIOLUMX TOJIU M COOTBETCTBEHHO CHMIXKEHHS JIMTOCTATHYECKOTO Jasie-
HHA Ha ONOK He NpoM30ifeT ammabaTHyeckoe TmaBmenHe. Ha cxeme OTPAKEHO
HETIpepbIBHOE BO3/1bIMaHHe GJIOKA Ha Beex CTafMsAX Npolieccd, TAK YTO YacTHYHOE
TaBJeHHe 3aXBaTbiBacT BCe HOBbIE, 6OJiee TI1yGOKHE YPOBHM IIPHUMHTHBHOIN
MaHTHH. [Ipn 3TOM 0611a8 MOWHOCTL 30HbI IIABNEHHA PACTeT H OGbEM I1IdBJle-
HHA B BEPXHHX TODH30HTAX GJIOKAa HECKONbKO YBeJIHUMBAETCH. YKazaHHbie
OCOGEHHOCTH TEKTOHHYECKOH 3BOJIIOLMM NOAHUMAIOLIErOcsd MAHTHIHOTO GAOKa
H €ro OKpPY>X€HHA MOJIOXKEHbI B OCHOBY npornoanposaumi 1HnoBeaeHus (1)}11()11,‘108
H pa3BUTHA [1pOLleCCOB MarMOOGPa30BaHHS.

IIpu nogbeme 6710Ka NPUMHTHBHON MaHTHU ¢ colepxaHteM | mac.G: NeTYUHX
(B ocHOBHOM BOpbI) Ha 12—15 KM HauHeTcs yacTHUHOe (1-2 06.%) unassenue
KPHCTAJJIMYECKOro cyGCeTpaTa B crioe TONWHHON 1-2 kM. Kak necoBmecTHmbie
KOMIIOHEHTDI, JIETY4He B OCHOBHOM IlepepaclipefeiiAioTcs B MexrpaHyispHbie
IUIEHKH MarmMaTHYeCKHX DACIJIaBOB, HACbILLAsA M Nepechiiuas HX ¢ 06pa30BaHueM
GIIOHOHBIX NMYy3bIpbKOB. B cuny oueHb HH3KOH B 3THX YCJTOBHAX BSI3KOCTH
pacnnaBoB (n < 0,5 Ila-c) HekOTOpble [OCTATOUHO KpyrHbie GIIOHMHbIC
NY3bIPPKH HAUHYT BCIUTbIBATH MO COEAMHEHHbIM MArMaTHUCCKHM IJIaHKaM.
B cuny HepoBHOIH NOBepXHOCTH MNIABALErOCH MAHTHIHOTO BIOKA 11y3bIpbKH
(IIIOHIOB NOJXHBI HANPABIIATHCA B €F0 BBICTYNAIONINE YYACTKH, HAKAIUTHBAACH
B HuX. CTAruBaHne GIIOMIHBIX TY3bIPbKOB B @HTHKJIMHAIBHBIX BLICTYIAX
IUIaBAWErocss MaHTHAHOrO G6JIOKAa MpEACTABIIsIeT COBOH BMKHBIH  MeXaHH3M
KOHUEHTPHPOBAHHs (DIIOHAOB, C KOTOPBIM CBA3aHBI K4UCCTBEHHO HOBbie CHO-
c00bl MAHTMHHOrO MarMoO6pa3OBAHHA U MaHTHIHBIH MeTacOMATO3.

Haxannusanue ¢pnionaos B OrpaHueHHbIX YyacTKax MaHTHM BeleT K yBeJu-
UEHHI0O Macchl (II0MIA MO OTHOLUEHHI K MaHTHAHOMY BelllecTBY. Bummumo, B
3THX Y4acTKax HMEIT MeCTO BCe Te siBJIeHHs, KOTOpbIe NPHITHCBIBAIOTCA LETPO-
JIOraMH [eH CTBHI0 TOTOKOB MaHTHHHBIX (ITIOHAOB.

Ipennonaraempiit NPOMONXKHTENbHEIA U HelpepbIBHBIA NOZBEM MAHTHIIHOTO
Gnoka BO3BysaaeT YaCTHUHOE NNABJICHHe M [ETas’auuio Bce Goslec TiyGOKHX
ropusoHTOB 6noka (puc. 41, B, B, I'). Moctynaotme U3 Hux Ny3bIpbKH GITIOH-
J0B, Kak MW 0OJlee paHHHE, NOJIKHDLI CTATHBATHLCH B AHTHKJIMHAJIBHBIC YU4CTKH
aBswerocs 6I10Ka, YBEJIIHYMBAA B HUX MicCy (lelOHLILl OTHOCHTEJILHO MAHTHH-
Horo cy@crpara. HapawuBahiie 0GbeMa HCTOUHHKOB QUIOHIOB B FNyOHHY
obecleyuBaeT NOCTOAHCTBO H HEeIlpepbIBHOCTL NOTOKA d)Jl]OIUIlIle TYy3bIpbKOB.
YXO[ MX M3 BEPXHEro YaCTHYHO pAaciUIABIIEHHOTO CIIOA BOCHOJIHsAETCH NOCTY e-
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Pic. 41. Cxematnuceioe n306paxeine NOCIICA0BATCALHBIX CTALH (0T panHeit g k no3Heli2)
JBOMOUHK NpOLCCCOB NIABJICHUsE, MOGHIM3ALNK (DITIOHIOB U MeTaCOMATO3a B T1OMHHMAI0-
utemest 610K e IPUMHTHBHOR™ MaHTHU U B ¢ro KpoBJie

! = 0BiacTh arNoMepaTioro (YucTHINOrO, 2— 3 06.%) nnapnenus; @ — HauanbHOrO, 6 — Go-
aee obumpnoro; 2 — o6iacrs CrUIOWHOrO (NOJINOTO) NIABICHNA: Me PBUYHbIE MATrMAaTHYe-
CKHe ouyaru; 3 — o06J1acTh MaHTHIIHOrO METaCOMATO3a, BTOPHIHO 0BoraunleHHoR MaHTUM;
4 — noroxu dunoglon M naupasielue ux ABIOKENUN; 5 — TEKTOHMYECK Me HAPYIeHus;

6 — CpelliHil ypoBens e PBOHAYAJIBHON FPAHMUbI Pa3/AeNa CJ10 eB MAaHTUM

HHEM HOBBIX (IIOHAHBIX MY3LIDbKOB M3 HHXKENexallero MaHTHIHOIO cios,
BOBJIeKaeMOro B 1u1aBnienue. HenpeppisHocTh noToka (GoMaHBIX 11y3bIpbKOB
[dxe ITpH HEBLICOKMX CKOpPOCTAX WX NOmbema, BepOATHO, MOXET OGecleunTh
nepenoc BONBLINOA MAcCChi (})J’HOH}IOB 3d reoJIorHUecKH peanbibIn ﬂpOMe)KyTOK
BpeMEIH,

OGp‘dTHMC)I K HpOuCCCHM, IIPpOTEKAaOWKUM B YUACTKAX CKOIIJIEHUSsI (bﬂlOHﬂOB -

B AHTHIUIMHAIBIILIX BbICTYHAX YACTHYHO I1IJ1aBALIErOCa 6j10Ka NpUMHUTHBHOH
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MaHTHH. [lpu 31OM citejtyet uMerts B BHLY clocoGocTn PIOI0B pactBopaTy
W TEPEHOCHTL GOMbIIOE KOMMYECTBO WIOMOCHIHKATHOrD BeIeeTBA B AAHTHII-
HpIX ycnoBusax. U.JI. PaBuuioB skcnepumMeHTansio yetanosmn, 4ro IPH MaHTHIT-
HbIX TCMIepaTypax W [IABNEHUAX BOLHBIE GIIOHIbLI MOIyT COMEP ATh OKOJIO
50 Mac.% cyMMbI OKHCIOB wienoveit, ATIOMUHHA, KpeMHe3CeMa, Kelle3a, Kajlbi
[102]. JIuum oxuce maruus pacTBopsaerca B HUX cnaBo. Buanumo, Gnuskumm
TPAHCIOPTHLIMH  CMIOCOGHOCTAMH B ITHX YCNIOBMAX OGNANaIoT BOOHO-yTIle-
KHCIIOTHBIE M NPEUMYLIECTBEHHO YINEKHCIOTHbIC (uIoMmbl. TakHM 0Gpasom,
B 3OHbI cKOMNeHUs GIIOHAbI NMPHHECYT GONBILOE KONHYECTBO CHAMKATIBIX

KOMIIOHEHTOB H MOTYT CYIUEeCTBEHHbIM 06p€!30M H3MEHHUTbL BAJIOBLIH COCT4B
3THX YYacTKOB MAaHTHH.

Kak OTMeEYasocs, B BEepXHHUX FOpHU30HTAX HEMpEpbIBHO MOANUMAIOILEIOCH

OroKa NPUMHTHBHOR MaHTMM OBbeM TNaBiIeHUs Oyner Hapactath. Ero poct
CACP>KUBAECTCA MEMJIEHHBIM OXJIAXkIOCHUEM, HO elle Gollee JTMMHTHPYETCA cofep-
KaHueM ¢mionnoB. [lockonbky NIpennosiaraeTcss MOCTOAHHBbIA TOATOK HX H3
Ty GHHBI, TO OGbEMBI MUTABJIEHUS HONKHDI YBCIIHUMBATbCA. ITOMY BY/ET clloco6-

CTBOBATH NpHUBHOC CI)HIOHD,EIM}{ CUJIMKATHBIX KOMIIOHEHTOB,

CpelH KOTOpbIX
[LHEeJIOUYH CMOCOBHBI

OKa3bIBaTb aKTUBHOe (IOKCYlolllee BO3MeiicTBMUe. Henpe-
PBIBHBIH NOJATOK hITIOMIOB MOXKeT NMPHBECTH K CIUIOIIHOMY IlaBleHHw. B
COOTBCTCTBHH C 3THM Ha cxemMax puc. 41,
MNaBJICHUA HA MecTe CAMBIX BEDXHHX TO
THHHOTO BelllecTBa.

b, B, I’ nokaszana 30Ha cliomHOrO
PH30HTOB B10Ka IIPUMHTUBHOTO M-

Ho ewe Gonee axmusroe BosmeiicTnue CKATHBAOLIHECA (BIIIOHIIbE IOMTKHBI
OKa3bIBATb HA MOPOABI KPOBNH ANHAGATHYCCKH JNABALICrocs GilOK: MAHTHH,
KOTOpbIC NPENCTABNeHb! OBEAHEHHBIM (JeeTHPOBAHIBIM) THIOA MAlTHIHIOO
BewecTBa. C HUM (IIOMABI X HMMUYeCKH HEPABHOBCCHDBI, YTO AOMKHO BhI3BUTH
UX AKTHBHOE B3anMopeicTBHe. EcTb BO3MOXHOCTb OLEHHTS XApAKTEP W HATIPAB-
JICHHOCTb B3aMMOJEHCTBUA. [leneTMpOBaHHOe MaHTHItHOC BELUECTBO, OUEBHAHO,
0bOpPMHUIIOCH B pe3ynbTare NpeobpPa3OBaHMit, CXOIHLIX ¢ TeMH, KOTOpbIc npore-
KaloT B 00CYXJaeMOM HaMM NnaBALIeMcH NPUMHTUBHO-MaHTHITHOM BJIOKe,
CrlenoBatensHo, OHO MOTepANO NOuTH Bee JIeTyuHe H HECOBMECTHMbIE eMeHThI,
Ecnu B npouecce middepeHIMauuy HplHe HenneTHpPOBAHHbIA MAHTHHHBIN 610K
COCHAMHATICA 30HAMH NPOHULAEMOCTH C BEpXHUMH TOPH3OHTAMH 3CMHON KOpbI
WIH € e¢ MOBEPXHOCTBIO, TO OH, BO3MOXKHO, MOTCPAN M WACTb JICTKOMIABKHY
MarM, 6MH3kux k GasuTam. Ipu 3BOMIOWMM MOAHHMAIOWErOCs 610K B aellne-
THHOBAaHHOE MaHTHIHOE BeEUIECTBO MOCTYNaiT OTCYTCTBYIOLHE (IIOMabI H
NOTepAHHbIE paHee HECOBMECTHMbIE MIEMEHTBI, B TOM YHc/le AKTHBIO NOHKXA10-
Li1e TeMIepaTypy coumyca. Pionbl, OUeBUIHO, BBI30OBYT aKTHBHOC IUiaBJleHHe
ACIUIETHPOBAHHOTO  MAHTHAHOIO BelllecTBa. ITOMy CMOCOBCTBYET H TO, uTO
ObenHEHHOe BeluecTBO BOBNeKaeTcs B aAMabATHUECKHH TNpouece BMecTe ¢
NonHUMawMMena 6noxom. Ha atom ochosanuu Ha puc. 41, b, B, I nokasano
Pa3BUTHE 30H CNIIOWIHOTO NIABTIEHHA H3 MecTe NpOPAaBOTAHHOIO (hrioMaamMu
AEMIETHPOBAHHOTO MAHTHAHOrO BeluecTBa. OGpPa3oBaHHbIE NIPH 3TOM PACIIABI
Bce ke BynyT omIMuaTthes oT marm, CHOPMHPOBABLIMXCA 38 CUCT PHMHTHBHO-
MAHTHHHOTO 6J10K4, TAK KK OBeHeHHON MaHTHell B NpouwiomM 6sL10 NOTE

pano
CIUE U JICrKOMIABOe MAarMaTHueckoc BetnecTBO. Hao oTMeTHTS 1l

pOrpeccHBHbII
poct obbema MNaBJICHKn ;I L[C]UlCTP[pOBZ]HIIOI‘O BEleCTBA B lpouecce IBOJIOIHH
06CYXIOaeMOro UKMKIA sipiennii. Ha puc. 41 5TO NOKasaHO B BHJLC HPOUBHTAO-
lpxca BBepX “'(haKenos” cnnowHoro muasienns. Mo dopme oHH HATONMHHAIOT
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HIMPOKO 06cy>xuznouu1cc>i B JIMTCpAaTypC MAHTHHHbIE dCTCHOJIMTLI — MeXaHu-
HYCCKH TiepeMelnaronidecs BBCpX MdcCCbl HOJIY paClIaBJICHHDIX 1noponu. Marmaru-
yeckHe “daxkenn” oBpasyiorcs 6e3 cMelleHHs OTHOCHTENLHO OKpY>Kaollero
Cyﬁc'l'p'dTil, ITYTCM JiH1Ib MATMATHUCCKOTO 3dMeULeIIHs Cro.

Kax Buano, ysennunsaionmecs B 06beMe H NpOABHIaoLHecs BBepx “daxe-
JibI” CIVIOWIHOTO NIIaBJieHHs GOPMHUPYIOTCA HA MecTe C10s OBeaHeHHOH MaHTHH
11011 BO3AEHCTBHEM (ITIONAOB HHXKelleXAlIUX Marm. Ipu 3TOM nroujipl 06g3a-
TEJIBHO IIpUBHOCHAT 00JIblIOE KOJIMYECTBO HeJIeTYUHX Nnoponoo6bpasyoiux H,
KOHEUHO, Majlbix 71eMeHTOB. TakuM 06pa3oM, 3TH (nionabl MPOXOMAT yepe3
MAarmMaTHueCKHe MACChl, OCYLIECTBIIAIOT MOUIHBIH MaccollepeHOC M BBI3bIBAIOT
Ha BbIXOj€ M3 Marm ofumplioe marmaTHyeckoe 3aMelueHde. ClegoBaTeNbHO,
C HHIKHCTO ypOBHS 30H CIUIOLIHOTO NJIABJIEHHs 3TH GIIIOMAbI ¢ TOJIHBIM NPABOM
MOrYT GbITh HA3BAHbI TPAHCMArMATHYECKHMHU.

MTaK, 30HBI CNJIOWIHOTO MIABNIEHUA B KPOBJIE YACTHYHO MIABAILMXCA NIpHMH-
THBHO-MalTHAHbIX GJIOKOB 06pasyloTcsi 104 BO3[eiicTBHEM NMOTOKOB MarmaTH-
YeCKHX (JIIOHROB MyTeM MarmMaTHuecKOro, 3aMelleHHa BellecTBa obegHeHHOH
MaHTHH. Kak yxe OTMeuanock, liepen ppOHTOM MarmMaTHYeckOro 3aMellleHHs
00A34TeNIbHO NpPOABIAETCA METACOMATO3 MarMaTHYeCKOH CTaiuu. Mpl Npeno-
Jlaraem, 410 K NpOAyKTaM TAaKOTO0 MeTacOMaTO3a OTHOCHTCA GOJIBILIMHCTBO M3
ONHCLIBAEMbIX B JIMTEPATYpe METACOMATH3UPOBAHHBIX MAHIMHHBIX MOpOL.
CkaskeM, (IIOrONUTOBbIE KIIKH B HUX MOXHO Napasie/ii30BaTth ¢ NpoayKTaMH
METAacoMaT03a MarmMaTHueckon CTafuM, NpOABUBILEMCA B ONMBHHUTax Kosnop-
CKOTO M3ccHBa Ha KOHTAKTE ¢ MHONKWTaMH. OQHAKO NPOAONKaTh TAKHE AHATIOTHH
lipexxaespemMentiio. MaHTHHHBIA MeTacOMaTO3 M3yyeH elle He [OCTATOYHO, YTO
NOATBEpKAAETCsl OTCYTCTBMEM ero KiaccHdukauuu. He npeogonensl metomu-
HeCKHE 3aTpyAHEHHA Npu ONpedesieHHH rnyOMH NPOSBIIEHHS METACOMAaTo3a B
MAaHTHiHBIX 06pa3uax u pAQ ApyrHx TPYAHOCTEN U HETOYHOCTE.

B uTOre MoxHO KOHcTaTHMpoOBaTh credylollee. Paccmorpenne npoueccos
aaMaBaTHYeCKOro IU1aBJieHHs MpenrioNaraeMoro NpPHMUTHBHOTO MAaHTHAHOTO
BELIECTBA C COMEpkKaHHEM JIeTyunX 1 mac.% NpUBeNO K CO3QAHHMI0 B KauecTBeH-
HOW ¢hOpMe NpPHHLMNKANLHO HOBOH INeTPO-TEHETHYECKOH cXeMbl MAaHTHIHOIO
MarmMoofpa30BaHuA M CONPAXEHHOrO ¢ HUM MaHTHAHOro Meracomatosa. OcHo-
BOH Ilpollccca sBJIAETCH MHHLMAILHOE IUIaBJleHHe, MOGHIH3YIOLLee dnronant
KPHCTAJUTHUCCKOrO cyGBeTpata W BO3Gyxkaalolee NMOTOK My3bIPbKOB (hITIOHIOB
BBEpX. B paMKax cxembl GbUl BbIABIIEH MEXaHH3M KOHUEHTPUPOBAHUSA pacCesi-
HBIX MaHTHAHBIX (ITIOMAOB B AHTHKITMHAIBHBIX BBICTYNAX MUIABAWLHXCHA MAHTHil-
HbIX 6710K0B. B cuny Hakomnsienus smech NeTyunx GpOpMHMpYIOTCS 30HbI CIUIOLL-
HOT'O I1UIaBJieHUs, KOTOpbI€ NPOABHIAIOTCS BBEPX YXe NyTeM MarmMaTuuyeckoro
3aMeLlCHHs BelecTBa obeaHeHHOM manTuu. Ilpoece npotekaer nop Bo3neiict-
BMEM T10TOKA TpaHCMAarMaTHYecKHX GIIOMAOB, BO3HHKLIETO B pe3ysbTare
OTMCUCHHOrO MEXAHM3Ma KOHLUEHTPHPOBAHUSI PACCEAHHBIX MAHTUHHBIX (ITIOH-
noB. Marmaruueckoe 3aMelueHHe TpenBapAeTcs METACOMATO30M MArMaTH-
YECKOH CT4[IMH, K KOTOPOMY, BO3MOXHO, OTHOCHTCA GOJIbLIMHCTBO OMHCAHHBIX
B JIUTepaType MaHTUHHBIX METACOMAaTHTOB.

B03MOXHO, 1I0THOCTL NOTOKA TpaHCMArmMaTHueCKHX (IIOHIOB B NepPBHYHBIX
MArMaTHYeCKHX OYdrax M Ha BLIXOJE M3 HUX HEBEJIMKA B CHIY MOIIOLEHHs
¢biona0B  Marmon, oGpa3’oBaHHOH B OCHOBHOM 3a cueT AeNnIeTHpOBaHHOTO
MaHTHHHOTO BewecTBa. Ho no ycnoBusmM 06pasoBanus MarmMa oyaros HachlilieHa
neTyuuMH. MOXHO NMOKa3aTh, YTO yxe NMpPH HeGOIBLIOM nepeMellleHHH TaKoMl
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Puc. 42, dnoupgonortokyu B CXEMATH3IWPOBAHHON BO3ABIMAIOLICHCA MATMATHUCCKOMN KONOHHE
C BBIOEJICHHECM [1pE/IO/AraeMbIX YPOBHEN pasHON 1POHMLLCMOCTH BMCLLAOUIHN 105111

MarmMel BBepX Ha IlyTH HOAbeMa K 3¢MHOH MOBEPXHOCTH M3 Hee BbIme/HTCH
cBobonHas c¢monaHas ¢asa B 06beMax, JOCTATOMHbBIX U151 BO3HUKHOBeHHs
CaMOCTOATENBHBIX (IIIOHIONOTOKOB. YBeluueHHe 06beMa CBOGOMHDIX b nion-
AOB B NOQHWMAKLIEHCA Marme MOJMXHO NPOMCXOOUTH 110 TpeM TNpHYMHAM:
1) yBenuuenns ofvema yxe TNIpHCYTCTBYIOLUEH B pacilaBax cBOGOAHON dhiliomuz-
HOH (pa3bl M3-3a CHMIKEHHA O6LUero OaBJIeHUsA B BoJiee BBICOKHX TOpH30HTax
MarMaTH4ecKon KOJIOHHBI; 2) BbIfeNeHHs W3 Marmbl HCTHHHO PaCTBOPeHHbIX
B HeH NleTyuMxX B CMIly CHHXEHHS PaCTBOPUMOCTH ¢ NajeHHeM faBieHus; 3)
OTHENeHNsT JIETYUMX M3 30H NPHKOHTAKTOBOH KPHCTANUIH3ALMH, YTO ReTATbHO
obeyxpanocs A.A. Kagikom, M., dpenkenem [36] B pamMkax mexomnpeccHon-
HOH MOpmenu Marmatusma. PesymbTath MpOABJIEHUA 3THX INpPOLECCOB MOTyT
GpiTb 3HaunTenbHbI. Hanpumep, cumxenne PacTBOPUMOCTH BOMbI B 633a1bTOBOM
paclylaBe B 338BHCHMMOCTH OT riyGuHbl cocTaBut 1,0—1,3 mac. % (MHHHMATIBHO
okono 2,0 Mon. %) Ha 3 KM nombema (cHmxeHne pasnenus Ha 0,1 I'Ma wx
1 k6ap). BeigenuBruascs npu s1om 3 pacnnasa ¢uirougHas ¢aza Ha rnyGute
100 kM 3afiMeT B MarMe OTHOCHTENIbHbINA 06beM B 1,5%. C yMeHbLIeHMeM Ty G-
Hbl IipupocT obbema drmionaa Ha 1 MONb BbIREMBLIErOCs Ta3a OyneT pacti B
CHILy MEHbIUErO CxkaTuA. JUIA ApYruX ra3oB aTv 06beMbl GyayT Hible, HO BOJa
BO ¢nwoupax npeobnamaeT W onpepenser XapakTep sBrenua. Omupasch Ha
TIPUBEICHHbIC OPHEHTHPOBOUHDBIE OLEHKH, MOXKHO IIOACUHTATH, UTO yixe B 20 KM
OT NEpBUYHOIO HCTOYHHKA OGbeM cBOGOAHOM (hlioMAHOIN daspl B nomuMao-
LUeHCs HaChILEHHON JIETYUHMH 6a3aJIbTOBON Marme npesbicuT 10%. 1o 3akio-
HEHHIO CNIELMAaNUCTOB Mo ruapoauHamuke (Bap, 3acnasckuit, Upneit, 197] r.,
puc. 10, 4), yxe Npu TAKOM MHHMMAIBHOM COAEpPkAHHH B IBHXKYLeiics reTe-
PodasHoOl cpefie BO3HHKAIOT AHdbepeHUHaTbHbIE TOTOKH BellecTh. Hsurasics
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ITpOHKUAEMOCTE KPHCTAIIHYECKHX NOPO OTHOCHTEILHO paciulaBa
IUTs pas’iblX 3HAYCHUA panuyca GIIOHIHOTO My3bIpbKa

o n= Vlb" / Vp_p r, cCM KKp’ cm?
10-! 10-* 1,7.10"!?
2,5-10"! 6,25-10"!'?
0,5 2,5-10-"?
1,0 1,7-10"°
1072 10-? 1,7-10-13
2,5-10"! 6,25-10"'3
0,5 2,2.10712
1,0 1,7-10"!

ObicTpee, neTyuHe B Marme o6pa3yloT TpaHCMarmatuueckue (ITIOHIONOTOKH,
BU/MMO, CTPYHYATOrO THNA, ITOT BLIBOJ, OTPakKeH Ha puC. 42, rlie cXeMaTHYeCKH
1306paxeHa (IIIOMIHO-MAarMaTHyecKas KoJoHHa. [lpy craumoHapHOM pexaiMe
Hen30exeH KOHBEKTHBHbIH OGMCH BEUIECTBOM MEXMY HHXHHMH FOPH3OHTAMH
BbICOKOGIIIOHHBIX MAarM M BEPXHMMH, YaCTHYHO [€ra3sMpOBaHHBIMU pacIlia-
BAMH.

BaHpIM ABIAETCA BOMPOC O COXPAHHOCTH MOTOKOB (hIIIOHAOB B MAarmaTi-
UeCKHX KOJOHHax. Beicokue ¢imoMaHble naBneHUs, Ka3anoch Gbl, MOTYT BbI3-
BaTh NPOHMKHOBEHHE U pacceMBalHe (IIIOMOOB B GOKOBBIX Moponax. 1o Hameit
npocbGe B.B. HyxoBbIM pacueTHpIM MyTeM BbLINOJIHENO CpaBHEHHE NMpPOHMIAe-
MOCTH Uil QIIIOHNIOB MAarMaTHYECKHX >KMIAKOCTeH (My3bIpbKOBBIA MeXaHH3M
Croxca) M xpucTaimyeckux nopopn (mexauusm [Hapcu). I[lponuuaemocts
(K«p) KPHCTAINHYECKHUX TNOPOMN OTHOCHTENBHO pACIIaBOB OLEHHBAIOCH MO
CMeunalibHO BbIBe[leHHOH GOpMyre B 3aBUCHMOCTH OT 0GbeMHOM KOHUEHTPALHK
¢moupHo# daswl B pacinae (n = Vg,/V,_,) u paguyca (r) dumoupHoro
Ny3bIpbKa:

nr’ Ngn Ypep — Yon
KKp =?—~ . .

1,7-107° nr?,
TIp;p 7nop — Yén

THE Nn M Np_p — BA3KOCTH QIIIOHNOB M PACIIABA; Yepns Yp—p» Trop — YIAENb-
HbIE Beca ¢UIIOHIOB, PaciaBa | Nopo,.

K, , Haxomunoch NMyTem MOAGOpa 3HaueHWHt apryMeHTOB; pe3yNbIaThl pacue-
TOB NpHBefeHbI B Tabn. 3.

Mo TaBynHpORAHHLIM B CIPABOYHMKAX 3HaueHHAM mpoHuuaemocts (K, ;)
M3BECTHBIX TOPHBIX NMOPOJ OLEHHBAETCA CllenylowdM 06pa3om (B cm?) : rpaHHu-
b1 — < 107'*; ocangowible nopomsl — > 10714, B TOM UHMClle: NIOTHbIE H3BECT-
HAKH M 1pyTHe MOHONHMTHbIe Mmopomsl — 107!¢ < K, < 107'2; nutuduumpo-
BaHHbIC ¥ CIaBOLEMEHTHPOBAHHbIEe NeCYaHUKU — 107! ? <K, p < 107'%; mecxw,
rpaBHii, nec, cymIMHKH — > 107'%. U3 conocrasnenus pacyeTHbIX 3HAYeHUH C
TIPOHHIIAEMOCTbIO NOPOJ, ClIeyeT, YTO MOHOJIMTHbIE MeTaMO phHYECKHE MO POLIbI:
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POTOBHKH, 3¢JICHBIC H KPHUCTUUIMUCCKHC CITAHUbI, THCHCLI. KAK | MIIMATHUCCKHEC

TIOpPOAIbL, HEMPOHHUAEMBI 1A (hIIIOMAHBIX TY3BIPLKOB AHaMeTpoM Gosee 0,2 cht.

OriouAHbIc BhIJETEHHA MeHbLIErO (Ha MOPAIOK M 6Olee ) pa3Mepa oBpa3yior
ITOTOKH, IIIOTHOCTDb KOTOpBIX paBH4 IJIOTHOCTH TIOTOKA (bll)()HHUB B DOKOBBIX
MOPOAAX, HO CKOPOCTb MX NBHXCHHUA COMIM3UTCA € MH(PQPYBHOHHBIMH CKOPOC-
TAMH, He MMCIOLIMMH TeOJIOTHYEeCKOTO 3HaueHus. Tak, mo HAGITIOHCHHAM 34
JTHKBALHOHHBIMH BKpPAIUICHHAMK CYNbQUIHBIX HUAKOCTEH B rab6po-nosiepu-
TOBBIX Marmax TanHaxa Mbl 3aKJIIOWWIH, Y4TO 3aMeTHBIC I'PABHTALHOHHbBIC cMe-
LIEHHA (B HECKOJILKO METpOB) NpoABNAIOT  CylbGhUAHBIC BbIEICHHS [UtaMeT-
pom He meHee 0,3 cM. OTH pasMmepbl, KaK OPHEHTHPOBOUHBIE, MOTYT GbBITH
TpHHATBL M Y151 BCIUILIBAWLIMX B Marmax ¢IOMIHBIX BbiieneHui. [Iponuuae-
MOCTb TBEPABIX NOPOM BO3PACTACT B yYACTKAX TpeLIMHOBATOCTH. Ho ¢ rnyGiHoi
NpOHHLAEMOCTb TPELWIHH COKPAIAETCA H3-32 CHJIBHOIO cxatusa. [lo 3Toi win
ApYTOH NpPHYHHE MPOHHUAEMOCTb K DUCTAIUTHYECKHX TIOPOSL Ha T1y6uHe B 10 KM
OYeHb HM3KAs, YTO GBUIO yCTAHOBIEHO MO OTCYTCTBHIO 3AMETHBIX NMOTeph Gy-
poBOTO pacrBopa B Konbckoit cBepxmyBokoil ckBaxHe.,

Ha ocHoBaHMM OpHEHTHpPOBOWHBIX pacueToB, Ha puc. 42 NOKAa3aHO, uT0 Ha
BONBIIOM NPOTSKEHHH MOPOMIbI, BMELIAIONIHE MarMaTHUECKY 10 KOJIOHHY, NpaK-
THYECKH HEMPOHHUAEMBI UIA MarmaTtHueckux ¢uionnos. [locnemHue Moryt
NIOKH/IAaTh MarmMy B 3HAWMTEJILHOM KOJIMYECTBE JIMILb Ha INyBGHHAX MeHee 10 KM.
Ha Gonee rnyGokux ypoBHAX Marmel, BUOMMO, 60lee NIPOHHLAEMb! NS BITIoH-
AOB, ueM BMewawwHe tonwu. M.B. Jnensbaym ¢ komreramu [116, ¢. 254
269] cuntalor, uTO NepemelleHHe (GIIIOMEA B Marme AOJKHO OCYILECTBIATHCSH
Jerve, YeM BO BMELLAOLIMX OPOIAX.

W3 ckas3aHHOro cliefyioT [Ba BaXHbIX BHIBOAA. Tpancmarmartuyeckue dnion-
Hbl HA BONLLIOM MPOTSAXeEHHH MATMATHUECKHUX KOJIOHI, OT YPOBHS MX 3apoke-
HHA 10 BEPXHUX FOPU3OHTOB 3¢MHOH KODBI, COXPAHAIOT OGbEeMbI HEH3MEHHbIMH
WM MX KOJIMYeCTBO BO3pacTaeT. [lera3allMA MaHTHM 3CMIM, NpeAnonaracmas
MHOTHMH MCC1e0BATENAMH, BO3MOXKHA [JIaBHbIM 06pa3omM B (hopMe Tparcamar-
MaTHUYeCKHX GITIOMIIOB (CM. TaKxke [27]).

B CcBA3M ¢ 3THM BO3HMKAaeT BONMPOC O MAcIITAGaX METACOMATHUECKIX H3Me-
HeHMH B MAHTHM M TIOPOMIaX OCHOBAHHMA 3eMHOH KOpbI (30Hax peruoHAIBLHOH
TPaHHTH3aUKH) . B CHIly HU3KOI MpOHHLLAEMOCTH KPUCTATNTHYECKUX MOPOL ITHX
IyGHHHBIX YPOBHeH HHIMBMAYalbHble MOLIHOCTH MeTacOMAaTHUCCKHX Tell efBa
7 MOTYT NpeBBILATh MepBble METpbl. MX BHeluHHe IpaHMLbI [OMXHBI GbLITH
NPpUBIHKEHBl K MAarmMaTHYeCKMM KOHTAKTAM — PaHHLAM (PPOHTA MarmaTtH-
UeCKOTO 3aMelleHHA. ITO TeM Gollee BEPOSATHO B CBA3H ¢ BLICOKO KOHILCHTpH pO-
BaHHBIM XapaKTepoM (IIIOHIOB BBHICOKOTO naBiieHust. Mx HeBONbiHe 06beMbl
CTMOCOGHBI OCYIECTBIATh 3HAUUTETbHbII MAcCCOTIepeHOC, YTO 0COBEHHO XapaKTep-
HO 1A MAHTHHHBIX YpPOBHeH. PerHOHanbHBIA XapakTep MeTacOMATHYECKMX
M3MEHEHHH, BepOATHO, IOCTHIAeTCs B OCHOBHOM 3a CueT [BHXeHHA (IIIOMIOB
MO0 MHOXECTBY TOHKHMX MarmartnueCcKMx MHbexumi. [Mox meitctBHeM nocrynaro-
IHX MO HHM TpaHCMAarmatHyeCKux IIIONIOB Tella WHbEeKUMA pa3pacTaioTcs
MyTeM MarmaTH4eCKOTO 3amelleHHs GOKOBLIX NMOPON, CIMBasich B Bojlee Kpyn-
Hble MarMaruyeckHe Tena. B cBere 3TOro IpefcTaBinsieTcsi pe30HHBIM K pHUTHUEC-
Koe BbiCKasbiBaHHe A.B. Xodmanna [138] oTHOCMTenbHO NpeanonaraeMbix
3HAYMTE/IPHBIX MaclITaboB MeTacoMaTo3a B MAaHTHH. [loHATHeH CTaHOBHMTCHA
mo3uuuA HeKOTOprX l'IeTpOHOI'OB, KOTODBIE CBA3BIBAIOT HpOﬂBHCH}‘[H MaHTHH-
HOTO METacomatosa ¢ MM dy3uOHHBIM BO3MIeHCTBMEM Ha KpHCTAIIIMUCCKHE TIO-
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podbl pALOM MpPOUIEULHX MarMaTtHyecKHx HHbeKuud. Ho, Bummumo, HeBep-
HO CBA3bIBATH BCe NPOSIBIEHHA MAHTHHHOTO MeTAcOMAaTo3a TOJNbKO ¢ UPpdy-
3HOHHBIM OBMEHOM KOMIOHEHTOB Marmpl ¢ GOKOBBIMH Nopojamu. Hekoro-
pble METAaCOMAaTHYeCKHe H3MEHEeHMA, HallpUMep XMIIKH THOpaTCoepXKalmX
mMuHepanioB (¢drioronuta, amgubona), B MAHTHAHBIX KCEHONNTAaX MMEKT FBHO
HEKOMIIEHCHPOBAHHBIN , HHWIbLT pallUOHHBIA XapaKTep. §

[puBenem eute aprymMeHT B MONb3Y TeCHOH MpPOCTPaHCTBEHHO-TEHETHYECKOH
B3dHMOCBS3H MarM M (pJIIOMOONOTOKOB B ITTyOHHHBIX 30HAX KOpbI H MAaHTHH.
Boiuic yxe yKasnBal10Ch €O CCbUIKOH Ha puc. 40 u martepuanst b. MakiceHa u
A. Bertuepa [72], uto npu H36bITKe BOAHBIX H BOJHO-YIJIEKHCIbIX QIIIOHIOB
nopoast 6a3anbTOBOrO W Tem 060Jlee IPaHUTHOrO COCTaBa IpH TemIlepaTypax
KOHTHHEHT&IbHOW Ie0TepMbl IOJKHBI IUTABHTbCH Ha ypoBHe 35 KM u riyGxke.
Ina nepupoTHTa 3TOT YpOBeHb pacronaraercs Ha 75—100 xm. IlosBneHne
cBOGOOHBIX GIIIOHAOB B MOpPOJaX MepeurcileHHbIX COCTaBOB B OCHOBAHHH KOPBI H
B MAHTHM OOs3aTeNbHO BbI30BeT MX IUIaBieHHe. [losTomMy HHMxe YKa3aHHBIX
rIyGHHHBIX ypOBHeH MOTOKH MAaHTHHHBIX (JIIOHIOB HOJIXKHBI NpPOSBIATHCA
TOJILKO B COCTaBe Marm, T.e. B popme TpaHCMarMaTHueCKHX GJIOHAOB.

Takum obBpa3om, BceCTOpOHHee pacCMOTpeHHe BOMPOCa O MpPOCTPaHCTBEHHO-
reHeTHUECKHX COOTHOLUEHMAX IIIOHAOB ¢ MarMaMH MOKas3aio, YTO HHXe YpOB-
Heir B 40—75 KM ryOHHHble GIIOHAONOTOKH MOIYT MNpPOABJIATbCA TONBKO
B COCTaBe MarmaTHyecKux Tell. TpaHcMarmaTnueckue JIIOHALI He TOJIBKO
COXDAHAIOT, HO W HApAWHMBAT CBOH 00beM B MarMaTHYeCKMX KOJIOHHaX'NpH
OBHXEHHM BBepX, 0O IMyGHHBI NpuMepHO B 10 kM. JIMilb Bblllie 3TOTO YpPOBHSA
¢nIonabl MOTYT CBOGOJHO BBLIXOJMTb M PacceMBAaTbcA BO BMELIAIOUMX TOJI-
wax (cM. puc. 42).

0 COOTHOMEHHH MAHTHAHBIX
OITUAHO-MATMATHYECKHUX B3AVMOAEACTBHNA
C TEKTOHHKOH THTOC®EPBI

[Tpoueccsl MaHTHHHOrO MarmMoo6pa30BaHKUsA U reHepallMH NMepBHYHBIX Marma-
THYECKHX OYaroB C MOMOLIBK MAaHTHHHBIX (GIIOWIONOTOKOB PacCMaTPHBAIMCH
BHE CBSI3H C TEKTOHHKOH IJUTOC(EPHOH IUIMTHI, NepeKphIBalolled YaCTHYHO
[U1aB ALIHACA MaHTHHHBIN Gr1ok. Jlaxke cieHaibHO NOA4Ye pKHBAIOCh, YTO Npearno-
TIOKMTEJIBHO MPOHHKAILHEe B MAaHTHIO IT1yOHHHBIE pa3jIOMbl He MOIYT HIparb
CYUIECTBEHHYH poJib B MarMoo6pa3oBaHnH. JTH YTBEPXIEHHA KaK GYIITP BCTY-
MaT B MPOTHBOpEUHE C re0JIOrHYeCKOH NMpaKTHKOH, AeMOHCTpHpYIOILEH OHO-
3HAYHYI0 CBA3b MAarM C pa3pbiBHbIMH H IUTHKAaTHBHBIMH TEKTOHHYECKHMH CTpyK-
Typamu Kopbl. HeomHokpaTHO yKasbiBaiach 3aBHCMMOCTH COCTaBAa MarM OT
CTPYKTYpPHO-TEeKTOHHYECKOH 3BOJIIOIMH KPYMHbIX pAaHOHOB 3eMHOH KOpBI
(CTpYKTy pHO-TEKTOHHUeCKHX 30H). 10.A. BunnbuneiM Obuta paspabGoTaHa CTpo-
ras cxeMa B3aMMOCBSI3M BellleCTBEHHOH 2BOJIIOIMH MarmMaTH3Ma C reoTeKTOHH-
YeCKMM pa3BMTHEM OT/C/IbHBIX YYacTKOB Kopbl. IlpaBpa, B TOCIenHue rOIbI
3Ta cxeMa MOOBeprajiach HaCTOMUMBOH KPHTHKE M Obuia reHepalii30BaHa. Bblﬂ-
ABWIHCh HOBBIE THIIbI IeOTEKTOHMYECKHX OGCTaHOBOK CO CBOeH 3aKOHOMepHOH
NOCNe10BaTeNIbHOCTbIO MarmaTu3Ma, HalpHMep, B KOHTHHEHT&IbHBIX pHTAX,
roe 6a3anbTOMAHBIA MarmMaTH3m 3BOJIIOLHOHHpPYeT OT paHHELleJIOYHOro yepes
L1EJIOYHO3eMeJTbHBIA (M3BECTKOBO-ILENTIOYHON ) K MO3HeeIOYHOMY . Bo MHOTHX
paboTax MPOBOAMTCH MbICTb O MOBBINIEHHH MIEJIOYHOCTH MarM MO Mepe 3arny6-
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JICHHs pas3sfioMOB MpH Mepexojie OT KpaeB B rily6b KOHTHHEHTOB, YTO CB3bI-
BaJIOCb ¢ yTOoNueHHeM KOpbl. TakuM 06pasom, B3aHMOCBA3b MarmaTH3ma
C TCOTEKTOHHYECKMM pa3BHTHEM KODbI HECOMHEHHa, XOTA ee CylecTBO Oc-
TaeTcsi HesACHbIM. He MMess BO3MOKHOCTH aH&IM3MPOBATH BCIO COBOKYIHOCTb
BBICKA3aHHBIX HA 3TOT CUET MHEHHH, KPaTKO PacCMOTPHM CIIE[CTBHA H3 Pa3BH-
BaeMOH TUNOTe3bl, OTHOCSLIHECS K 3TOMY BOMpOCY .

O6patiumcs K puc. 41, Ha KOTOPOM OTpa’keHa IBOJIOUMA MAHTHHHOTO MarMo-
06pa3oBaHusl B KPOBJIE MEUIEHHO MOJHMMAIOIErocs GIOKa CTIPHMUTHBHO ™
MaHTHH. Ha cxeme npHMeuaTenbHO pasBHTHe 30H CIUTOLIHOTO IUIABJICHHS (nep-
BHYHBIX MAIMATHYECKHX Ollal"OB) 3da CUET H Ha MeCTe MOpOI KpOBJIH IOJIHHMA10-
werocst Groka. OueBUAHO, K pOBIIA NMpPeACTABIIseT HUKHIOW YaCTb KOHTHHEHTA b-
HOH JiuTOChepHOM JIMH3bI. Kak BumHO M3 puc. 41, nuTochepHas mwiuTa KOppo-
IHpyeTcs $aKenoo6pasHpIMM 30HAMM CIUIOLIHOTO [UIaBeHWs, MpOTpeCCHB-
HO [BHramiMMHCsA BBepx. Her, ogHako, ocHOBaHui morarates, YTo MarmatHyec-
KHe Tella MOTYT MpPOTUIABHTh BCKO IUIUTY TOMWHMHOK B 150 kM. 3anacyr dulion-
AOB, ONpENENANIIMX 06beMbl U MPOTAXKEHHOCTh MarMaTHUeCKHX “hakesioB”,
OrpaHHyeHbl OTHOCHTEJIBHO HeGOJIBLIOH MOLHOCTBIO CJIOS YAaCTHYHOTO IUIABlle-
HHA. 3aKOHOMepeH BONPOC O croco6ax MPOHUKHOBEHHS PacilIaBOB K 110BepX-
HOCTH 3eMJIH. ]

Bumimo, MarMpl NepBUYHBIX OYaroB MOJHMMAIOTCA K NOBEPXHOCTH MO pas-
JIOMHBIM HapyLUeHHAM. MasioBepOATHO, YTOGbI caMy MarmaTHueckue “dakesipl”
NOPOXAANM TaKHE HapylIeHHs, HApUMep, NyTeM TMApPOpas’pbiBd BMeLUAIOWHX
Tonu. O6beMbl M MPOTSXEHHOCTb 30H CIUIOLIHOTO IUIaBJEHHA OFpaHHYEHbI,
TaK YTO CHJIBI IUIABYYECTH TAKHMX MAcC He MOIYT GbITh 3HauMTeNIbHbI. JlaBneHue
MarMbl Ha (pOHTe BHEAPEHMs] MOXKET BO3pacTaTh B Tellax GONBLIOH MpOTH-
KCHHOCTH H3-33 pasHUUB! NaABJIEHHH B OCHOBAHHMH W TOJIOBHOM yacT Ten. [Tpo-
ABJIEHUIO TH/IPOPA3PBIBHOIO MeXaHU3Ma OJIarONpHATCTBYET MOHUXKEHHAS 11poy-
HOCTb KDHCTAUIMYECKHX MOpPOJA MAHTHH B CHIIY MX BBICOKHX PEOJIOTHUECKHX
cBOHCTB. Bonpoc, Kak BHIHO, He cOBCEM fiCeH H 3acnyxuBaer bosiee TIyBOKOTO
u3yueHns. OCTAHOBHMCSH Ha JIPyrOM, BIIOJIHE BEPOATHOM MEXaHM3MeE BCK PbITHR
NepBHYHBIX MArMaTHYECKHX OYArOB C MOMOIIbI0 TEKTOHHYECKHX HApyLICHHIT.

JlutocdepHbie WIMTBI, KaK M3BECTHO, BCErNA NPOHM3AHBI CCTHIO PAIOMOB
Pa3HBIX NOPANKOB. [IpHYHHBI MX 33pPOXICHHS, BEPOATHO, PA3SIMUHBI H ONpefesiA-
I0TCA KaK BEPTHKAIbHbIMH, TaK H FOPU3OHTAILHBIMU CHIIAMH, BO3/IeHCTBY HOLLH-
MM Ha Te WIH HHbIE YYaCTKH JInTocdepsl. PasMelieHHe ceTH TEKTOHHUYECKHX Ha-
pYLUEHUH Da3HBIX DaHTOB ONpeNeNnsieTcA (H3HYECKHMH CBOHCTBAMH JIMTO-
CepHOH IUIHTBI, IPUPOJIOI H BEKTOPOM HanpsixeHHit. OHU ONpeMeN AT MeCTa H
[1yGHHY 3I0XKEHHA pasJOMOB, B YaCTHOCTH, [JIyGHHHBIX, COTPOBOSKIAOLLIHX-
CA CEeTKOH pAa3sHOPAHIOBBIX ONEPAIOIIMX HapylleHHil. B NepBOM upuGiHskeHiH
MOXHO CUHTaTb, YTO CeTb TEKTOHHYECKHX HApYyIUeHHH 3aK/adbIBaeTCsl HE3aBH-
CMMO OT NpOTEKAWIIHX MIy6OKO B MaHTHM IPOLECCOB MArmMoOGpa3oBaHMs.

Ilo mepe 3arnyGnenns pasnomos Gosee 3HAUMTENBHYIO pOJIb HAYHHAIOT HT PaTh
¢u3nuecKHe CBONCTBA IMyGOKHMX TOPH3OHTOB nuTOChepsl. Ha 3ToM. Hamo
T0J1araTh, CKa)XeTCs MOHHIKEHHAS! MPOYHOCTb JIMTOCGHEPHON UIMThI HAM yuacTKa-
MH (aKeNoO6pPa3HBIX BBICTYTOB MAaHTHItHBIX MArMaTHYECKHX OYaroB. 3Mech
pasjoMpl MOTYT NpOHMKATh OCOGEHHO IIyBOKO, BCKpbIBAA YYACTKH MAaHTHil-
HOTO IUIaBJieHusA. TIpH X COBMellleHHH MarMbl, HAXOOSAMECHA N0 H3GbITOYHBIM
AaBJIeHHEM, yCTpeMATCA BBEpX M0 TEKTOHHYECKH OCTa@IeHHbIM 30HAM, YacTHY-
HO packinHuBas uX. Tak, BUOHMO, 3aK/TafpIBalOTCs MarMOBBLIBOMALLINE W Mar-
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MOJIOKWIMSYIOUMC  pA3IOMBL, KOTOpbLIC 1HIEPBOHAYAILHO MOTIM  pPa3BHBATHCA
KK MCJIKHE HapyllleHHsA BBICIUUX NMOPAOKOB, yJaJIeHHbIc OT IIABHBIX H HaHGO-
jiee TIyGHHHBIX CTPYKTYpPHBIX IUBOB B3aMMOCBA3aHHONH CeTH TeKTOHHUYECKHX
HapylleHHiH. Ha 3eMHON MOBEPXHOCTH MAarmoBLIBOIALMe pasnomel cKopee
BCCTO COXpANAIOT HCPTbI BTOPOCTCNCHHLIX HAPYIUEHUH, XOTA MO pa3MelleHHIo
B HMX [1YOHHIBIX Marm OHM OBBIYHO OTHOCATCA K ITYBMHHBIM pa3nomam. Ps-
JIOM pACNIONOKEHHDIC PA3NOMBI, BBIBOAALIME [JTyGUHHbBIE MAarMbl COCEIHIX MaH-
THHHM‘X 04aron, 06bIMHO 0GheAMHAIOTCA 563 NOCTATOYHBIX OCHOBAHHI B eJIMHY10
sony "CKPBITOr0™ rilyGHHIOTO pasnioMa. B 1o e BpeMsA OCHOBHOH CTpPYKTYp-
HbII woB ceTn fiapymcnnﬁ, XOPOLUIO BbIPAXCHHBIA HA OBEPXHOCTH, MPOTHXKeH-
HbIH rnyﬁmjm,m Pa3JIOM HEpeUKO OKU3bIBAETCH AMArMATHUYHBIM, €C/TM OH MHUHO-
BT MUHTHIAHbIE MArMaTHiccKue ouard. Takum 06pa3oM, Ha NepBOM 3Tame
TEKTOHO-MATMATHUYCCKOH DBOJIIOIMH  PaHOHOB TEKTOHHUeCKMe HApylICHUS WI-
Pa10T  BTOPOCTelNeHHY10, MACCHBHYI0 pOTb “KOHCEPBHOTO HOxa”, BCKphIBaO-
Wero  yxe CchOpMUpOBAHHYI0 MarmMaTHYecKyio CTPYKTYpY MaHTHH. B 3TOM,
MOXCT BbITh, KPOCTCA pasragxa MpeMMyLiecTBeHHOro pa3MelleHHA Marmaru-
HCCKHX TelT B pasnomMax BbICIUMX MOPANKOB, OMepAIOLIMX OCHOBHOI 1y OMHHBIH’
Pd3JI0M, aMarMaTUYHbIH Ha GOJIbLIEH CBOEH YacTH.

Bo3amOxHO, noOfBEM NPUMHUTMBHO-MaHTHIHOTO Grioka, cTUMyHpyIoLero
MarMoo6pa3oBalue, BhI3bIBAN B OTHENbHbIX Cnyuasix He6OmbILOE Kynonoo6pas-
HOe B3UYTHE JIMTOCHEPHON UIMTEI ¢ 06pa3oBaHueM B Heil COOTBETCTBYIOLUEH Cce-
TH TEKTOHWUECKHX HapyureHuit. [lo reodusnueckum npusnakam mop Takumu
MOOHATUAMH [IOJI’KHO OTMeuaTbCs COKpalleHHe MOLIHOCTH JIMTOChEph! B CHIy
3aMelICHUA ee MaHTHHHBIMU Marmamu. HeTpynHO oGHAapy HTh 3NeMeHTBI aHa-
JIOTMH OTMCAHHOM CTPYKTYpPbl C KOHTHHEHTaIbHBIMM pudTamMu. OgHAKO ycTa-
HOBJICHHC HX TOXIECTBEHHOCTH, & TAK)XKe AHWIOTHH C JIPYTHMH THIAMM peruo-
HZUlbl{()-TeKTOvHHlIeCKP[X CTPYKTYp MOTpeGyeT HOMONHUTENbHBIX CIeLHaTbHbIX
HCCITCLOBAHHH.

PaccMOTpuM  TeopeTHueckM BO3MOKHYIO 3BOJIOLHMIO €O pMHPOBABLIMXCA
TKUM TYTEM TEKTOHO-MarMaTHYeCKUX CTPYKTYp. [Ipefnonoxmm, yto MaHTHii-
HbIC MarMaTHYECKHE OYarM B GOJBIUMHCTBE OKA3aIHCh BCKPBITHIMH COOTBETCT-
BYIOUYIMH TEKTOHM'YECKHMH HApYLIEHHAMH M JMTOCHEpPHBIH GIOK OKa3aics
IIPOHH3AH BOCCTAIOLIMMH M3 MAHTMM MAarmMaTHYeCKHMM KOJOHHAaMH. Eciu npu
JTOM PErHOH MNO-MpekHEMY HMCMbIThIBAET TCKTOHHYECKOE HAMpsikeHHe H CTpyK-
TypHO 3BOJIIOUMOHUDYET, TO MAarmoOHAIOJIHEHHbII GJIOK, obnamas HM3MeHeH-
HBIMH (PHU3HUECKUMH CBOWCTBAMH, MOMKeH PearupoBaTh U TEKTOHMYECKH pa3-
BHBATbCA HHAue, YeM aAMarmMaTHuHble COCeHHE GIOKH. TaKuM obpasom, mar-
MOHAMOJTHEHHBIH JIUTOCGEpHBIH BIIOK MO CTPYKTY PHO-TEKTOHHUYECKOMY DEXUMY
CMOCOGEH BBIAENHUTLCA B CAMOCTOATENbHYIO TEKTOHO-MarMaTHYeCKY10 30Hy.
K npumepy, ecnu DETHOH 3BONIOUMOHHDYET B pexdMe OBLIEro OMycKaHMs, TO
MarmMOHaNoIHeHHbH GII0K, ONUpAWMACA Ha MarMaTHYeCKHe KOJIOHHBI, MOXET
BLICTYTATh KaK OTHOCHTeNIbHOe MOAHATHe. BO3MOXHBI M ApYTHE BapHaHThbI
COOTHOLIEHHH TCKTOHHYECKHX DEXMMOB aMArMAaTHYHBIX M MaCMOHANONHEHHEIX
JIMTOCh CPHBIX BII0KOB.

Ho mepe cTpyKTypHO-TEKTOHMYECKOI 3BOMIOLMH MarMoHarnoJIHeHHbBIX JIUTO-
cdhepHbIX GII0KOB B HMX BO3MOXHO YCWIIEHHE BeLIeCTBEHHOrO pa3sHoO6pa3us
MarmMatuama. OHO CBfI3dHO C HANbHEHIIMM NogbeMOM MAaHTHHHOTO GoKa,
€ro YacTHYHBIM NAABJICHHEM M Jlera3alMeil, a TaKXxe C BO3MEHCTBHEM MOTOKOB

TPAaHCMAarmMaTHUYeCKHX QJHIOHHOB Ha MPOMEXYTOUYHbIE FOPDU3OHTHI MAaHTHHM H KO-
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pbl, i€ MOTJIH OCTaHOBHTLCA HC MPOHHKIIIKUE HABCPX MATMATHUYCCKHUEC KOJIOHHBI.
Boobuie roBops, NOCTeNeHHOe, ¢ OCTAHOBKAMH M CIOpAaHYECKHM YCKOpEHHEM
OBH)XEHMA pacIUlaBOB CTaHOBJIEHHE MAarmMaTHYeCKMX KOJIOHH MpeCTaBnseT-
ca 6onec THMMYHBIM, YeM TIpedroJlaraBsllieecss Bhllle ObICTpOE MepeMeleHHe
MarMbl M3 MAaHTHHHBIX OYaroB Ha 3eMHYI0 [OBEPXHOCTb. B MOMCHTHI ocTa-
HOBOK Ha IIpOMeXYTOUHbIX YPOBHAX TpaHCMarmMaTtHueckue GIioHbl, MOCTyNaK0-
uMe B TOJIOBHYIO YaCcTb MarMaTMUYeCKHMX KOJIOHH, OOJIKHLI BBI3BIBATH IMUTaBIIC-
HHE M MarmMaTHYeckoe 3aMellleHHe JIMTOJIOIHYECKH OTIIMUHOTO OT I7yGHHHOTO
KPUCTAIHYeCKOro cybcrpata. Ha omnpepe:icHHbIX NOPH3OHTAX HMH OKaXKyTCx
THCHCO-CIIaHLEeBble H TePPUTeHHO-0CA[IOUHblE TOJUIM KOHTHHEHTATBHOH KODbI.
HACBIILEHHBIE K TOMY >X€ KHCIIOpOAOM. B Hux 6)’11}/'1' NMPOABJSTHCSL MPOIICCChI
FPaHMTH3aLUMK ¢ 0Opa3oBaHHeM K pyTNHbIX 6acceMHOB rpaHMUTHBIX Marm. Hapapy
C JTHM BepOATHBI AKTUBHbIE OKHCIIUTEIIbHO-BOCCTAHOBUTENbHbIC B3aHMOICHCT-
BHs, NOJOOHBIE OMMCAHHBIM B MAaCCHBE eXeJIeBCKUX KOpPOMEPUTOBBIX IpaHu-
TOB ¥ B TalHaXcKoM pygHOM y3ne. BnusHHe nopoGHBIX MpOLECCOB HAa 3BTEK-
TOHJHBbIE COCTABbl BBIIUIABIAIOLIMXCA MarM M HX MeTAJUIOTeHHYECKYIO ClelHa-
JIH3aLMI0 B Te3ucHOH ¢opme paccmorpedst B.C. Tonossim [96] . Bonpoc 3acny-
>kvBaeT 6oJiee OOCTOATEIBHOTO U3YUeHH .

3BOIIIOL[HH NMOJHUMAHErocsa MAaHTHHHOTO QioKa 3aBEPLUMUTCA €r0 NOCTEICH-
HbIM OXJIaX[AEHHWEM M KOHcOoNuAauMeR ¢ obpa3oBanMeM HeGONMLWIHX 0ObEMOB
OCTAaTOYHBIX pACIUIaBOB, GOraThblX JeTYYUMH H HECOBMECTUMBIMH JJIEMEHTAMHU.
Bungumo, oHH ABNAOTCA HCTOUYHHKOM raG6po-1aMnpodHpoBbIX Marm 3asepiuat-
LIUX CTAagUi reOTEKTOHHYECKON 3BOJTIOUHMH MAarMOAKTUBHBIX GJIOKOB KOHTHHEH-
TaJIbHOM JTHTOChEp.I.

Mogens 4acTHMYHOro IUIaBJIEHMA M [Era3auHyd Me1eHHO MNOJAHMMAKILErocH
NPUMHUTUBHO-MAHTHUHHOIO G/IOKAa HAMEyaeT HOBYIO TeOpeTHUecKylo 6aly s
MOHHMAaHHA B3aUMOCBA3M IPOLECCOB CTPYKTYPHO-TEKTOHHYECKOH H Marmaru-
YeCKOH 3BOJIIOUMH KpPYMHBIX YYaCTKOB KOHTHHEHTaIbHOH JinTOChCepbl. M3pecrt-
HOe MpEHMYILLUECTBEHHOE pa3MellleHHe WHTPY3HBOB B pa3jiOMax BbICILIHX 1O-
pPAAKOB MpH aMarMarMYHOCTH INYOGMHHBIX pAa3OMOB OOBACHACTCA HE3aBHCH-
MBIM (i)OpMHpOBZlHHCM MAarmMaTH4YeCKOW M TeKTOHHUYECKHX CTPYKTYP KOHTHHCH-
TAIbHOH II]/ITOCClJepr H HX Cﬂy‘laﬁl{bIM MPOCTPAHCTBEHHDBIM  COBMCIIICHHEM.
BckpbitHe MaHTMAHBIX MAarmMaTHYeCKHX OYATOB U CTAHOBIICHHC MpPOTAKCHHBIX
MarMaTHYeCKHX KOJIOHH IIpHIaeT JIMTOChepHOMY OIIOKY HOBble (DH3HUECKHC
KayecTBa. B pmanpHeMiled TEKTOHMYECKOH JBOJIIOUMH PETHOHA MAIrMOHAMNOIIHEH-
Hple ONIOKM pa3sBUBAWTCA CTPYKTYpPHO HHaue, YeM OKpYXKAKILHME HX AMATMATH-
YeCKHe YYaCTKM nuTocdepbl. BHAMMO, 3TH TNpouecchl BedyT K CTPYKTypHO-
MarmMaTHyeCKON HEOJHOPOJHOCTH PETHOHOB.

POJIb MAHTHHHbLIX OJIIOUAONOTOKOB
B ©®OPMHPOBAHHH PYJOHOCHBIX MAI'MATHYECKHX CHCTEM

Cornacto NpeoGrajalIyM BO33PEHHAM METAJUIOrCHUYECKAA H I'EOXHMH-
YecKas CMelHAIM3AUMH MAarMaTHYecKHX GOpMalUi ¥ KOMIUICKCOB 33poxiaet-
Cs Ha ypOBHAX MarmoreHepaiu. OQHAKO MeXaHu3Mbl (POPMHPOBAHHA METANI0-
FeHHYECKOH CrelMaM3aliH MarM OCTaI0TCA HEBbIACHEHHBIMH.

TocnoAcTBYOWUMMHU SABIATCA MpeCTABIEHHA 06 acCCHMIUTALHOHHOA NpHpo-
e METAUIOTEHHYECKOH CMEUHAIM3alHH MArM, KOTOpble B YNPOUICHHOM BHIC
cBOAATCA K (opmyrne: marma ofOlallleHa JIMIUb TeMW pYAHbLIMH KOMIIOHEH-
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TaMH, KOTOpble B TMOBBILIEHHOM KOJIHYCCTBE COJEPXKAIHCh B IUIABALUIEMCSA
cyberpare. Ilpn 2TOM ocTaBanuch He BCerja AICHbI MPHYMHBI 3apOdKAEHHSA pas-
JIMYHH B COZICpKAaHMUM pYOHBIX 3/IEMEHTOB B MarMOreHepupylowux cy6cTparax.
Itst TPAIMTHBIX Marm, BbIIUIABNIAIOIMXCA B CATTHYECKOM CIIO€ KOPpbI, pyaHas
CMECUMWTH3ALHMA TIOCTeIHEro cBA3biBanach ¢ auddepeHuMalHen BelecTsa B Ipo-
liecce ocagkoHakoluleHusa. Ho gnsa marm, reHepHpyeMbix B 6a3ajibTOBOM Clloe
3CMIOH KOpbl M B MaHTHH, TaKoe OObACHeHHe He MOAXOOMT. B sToM ciiyuyae
MCK&IM 0ODbsicHeHHEe B MexaHH3Max AHdGepeHUHanbHOro IUIaBJieHHs BeluecTBa.
Hanpumep, A.Il. Jluxaue (1980 r.) cuuTasi, IO MOTEHLMAIBHO HMKeEJb-MeLE-
HOCHbIC OA3MT-ysILTpaba3UTOBLIE PACiUIaBbl 3apOXKOAKTCA B TeX YYacTKax MaH-
THH, U3 KOTOpbIX NpCABAPHTEIIBHO ObUTH BbIIUIABJIEHbI U yOoalieHbl NErkKoIyiaB-
KHe Da3anbTOBbIE MarMbl, He cOlepixailde Cylb(HA0B B CWly GoNee Tyromias-
KOro xapakrtepa nocjienHux. B pesynbrarte cynbduiibl HAKAIUTHBAJIMCh B PECTH-
TOBOM MaHTHHHOM cy6CTpaTe, H3 KOTOPOIrO OHM M3BJIEK&IMCh MpPH BhIIUIaBMe-
HHU BoJlee MArHE3HAIbHBIX H TYIOMUTaBKHX MarM, HMEIOLMX CXOAHbIE C CYIbbhH-
A@MH TCMICpaTypbl TulaBieHusi. Jpyroi jioKaibHpld MeXaHM3M IpelpaciulaB-
HOTO oboraueHss MaHTHHHOIO BELIECTBA pYAHbIMM KOMIIOHEHTaMH B
noc/ielHee BPeMs CTalM CBA3BIBATb C MOTOKaMH (UIIOMIOB, METACOMATH3HPY 10-
UIMX MaHTHHHOEe BELICCTBO, MOCIEAYIOLIEE pacIUldBJICHHE KOTOpOro MpHBOOHUT
K 0DOpa30oBaHKI0 METATTOreHHYECKH CleUHaATH3HpOBaHHbIX MarM. C 3THM Mexa-
tuamom JLH. Korapko u U. 1. Pa6ukos [42] cBsi3bIBaloT, HallpHMep, NpOsBIle-
HUe BBICOKOPYNOHOCHBIX YJIbTPALIEIOUHbIX MarM XHOHHCKOIO IUTYTOHA, NOPOX-
HAIoWMX 3HAMEHUTble aMaTMTOBblE MECTOpOXaeHHsA. OJHaKO 3TH Npennosnoxe-
HUSl He TMOLTBEPXKOAITCA COCTABOM KCEHOJIHTOB MAHTHHHBIX MOpOA, BbIHeCEH-
HbIX Ha MOBEPXHOCTb 3eMJIM INyOHHHbIMM Marmamu. Kpome anmasoB, wibMe-
HUTa U pEAKO3eMeNbHBIX MHMHEPAJIOB, HUKAKHe ApYIHe pyldHble MHHepalbl He
NpPOABNAT INpPU3HAKOB HAKOIUIEHHA B MAHTHHHBIX Nopogax. B uyacTHocTw,
CynbGhu/bl W aNaTHT BCTPEYANTCA B HMX TOJNBKO B paccesHHOM aKLeCCOpHOM
cocTosiiui. CrieioBaTenbHO, NpH GOPMHPOBAHMH B MAHTHH MeTTIOr€HHYECKH
CMEUHATH3HPOBAHHBIX MAarMaTHYECKHX CHCTEM B OOJIBIUMHCTBE Clly4yaeB COMps-
KEHHO C MAarmMoo6pa3oBaHHEM [IOJIXKHbI NPOABIATLCH MeXaHH3Mbl 3KCTparupo-
BdHHA M KOHLUEHTpUPOBAHUA paCCesAHHbIX B MAHTHH pYOHbIX MHHEpAJIOB H 2M1¢-
MeHTOB. IlpeoxkenHas Mogenb 3KCTParHpoOBaHUs U KOHLEHTPUPOBaHUSA (ITION-
AOB B TMpOLECCe YACTHYHOTO IUIABJICHHS MAHTHH OTBEYaeT 3THM TpeGOBaHHMAM.

B oTnHuMe OT MalONOIBHXHBIX IUIEHOK MarMaTHYeCKHX pacivlaBoB B ario-
MepaTHOH 30He TUTaBJIeHHs MaHTHH OBHXKYLLHECH Yepe3 HUX ra3oBble ITy3BIPbKH
MpOXOAAT yepe3 OrpoOMHble 0B6bEMbI MaHTHHHOIO BElLECTBA, pABHOMEPHO OMBI-
Bas €ro U BCTyNnas ¢ HUM B paBHOBECHO€ B3aHUMOJICUCTBHE, d 3aTEM KOHUEHTpH-
PYIOTCSl B @HTHKJIMHIbHbIX JIOBYIIKAaX — YY4CTKaX MONHOro IUIABJIEHHA MaH-
THHHOIO BelllecTBa. EciM MaHTHAHbIE (r1loHabl CIOCOGHBI H3GHpaTeNnbHO 3KCTpa-
TMpOBaThb pY/HbIE KOMIOHEHTbI MaHTHMHHOTO BeLUECTBA, TO (IIOHMIONOTOKH
BMNOJIHC MOTYT BBLIMNOJIHATDH QJy}{KU.HH OKCTpPAreHTOB H KOHuBHTpaTOpOB pyH#HoOro-
BCLUECTBA COMPSIXKEHHO ¢ MarMoyeHepauuen. PaccMOTpUM HeCKONBKO HMOTETH-
YCCKHX TPHMEPOB [JCHCTBHA 3TOTO pPYJOKOHUEHTPHPYIOWErO MEeXaHH3Ma,

ANMa3bl, KdK H3BECTHO, KOHUCHTPHPYIOTCsI B menoqr{o-ynbrpaﬁaamoablx
paciUlaBax Ha MaKCHMAIbHO INyOOKHX H3 M3BECTHBIX YPOBHAX Marmoo6paso-
Batusa. BbICOKOLIENOUHON XapaKTep Marm CBHJIETENbCTBYET 06 HX 06pa3oBaHUH
B yCnoBHAX OGosiblMX [1yGHH, rae ACHCTBYET TMpPHHUMIT MpeHMyLUECTBEHHOrO
KOHLEHTPHPOBAIIHA 3MIEMEHTOB C KPYMHbIMH HOHHBIMH paadycami (Hekore-
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PEHTHbIE JNIeMEHTHI) B JKMAKHX M Ias’oBbiX ¢a3ax 3a cueT OKpYKAWIEro KpHe-
TAJUIHYECKOro cy6crpara. B crucke HeKOTepeHTHBIX 3/1€MeHTOB Beflyllee MecTo
3aHUMAIOT LIEN0YH, KOTOPLIMH M 06OralleHbl U1Ma30HOCHbIe Marmbl. McTouHs-
KOM LUesIoueil MOryT ObITb KaK YYaCTKH IIDHMHTHBHOM, HE MpeTeplieBulei noj-
HOM nHddepeHIMaund MAHTHH MM QIIIOMAONOTOKH, MOPOKACHHbIE TAKOH MAaH-
THel. MCTOUHMKOM KHMOEpPJIIMTOBBIX W JIAMIIPOHTOBLIX MarmM MOCYT ObITb
YUYAaCTKHU AeIUIETHPOBAHHOH, 06e[JHEHHOH HEKOr€PEHTHBIMH JJIEMEHTAMH MAHTHH
NpH YC/IOBUH MpeABAPUTENIBLHOTO (BTOPHYHOrO) OGOrallcHHA ee ITHMHU JJleMCH-
TaMH MO, AeHCTBHEM INTYOHHHBIX QIIIoHAONOTOKOB. [IpH3HAKH y4aCTHSA NeTUIeTH-
pPOBaHHOIO MAHTHHHOIO BelIEeCTBA B OOpa3’OBaHHH &JIMA30HOCHBIX pPACIUIABOB

HMEITCA.
®aKT CBA3M WIMa3000pa3oBaHHA C JIAMIIPOMTOBLIMH M KHMOEDPIHTOBBIMH
MarmMamMH HEeCOMHEHEH, OJIHAKO TEeTPOreHeTHYECKas CYLWHOCTb JTOH CBA3H
HeACHA. ECTb MHOXECTBO MAarmMaTHYeCKHX Tell MOA0O6HOT0 Hillt oucHb BIHIKOIO
COCTaBa, KOTOpble aIMa30B He HECYT WIH COMAEPXaT MX B HEBOJIBLLWIOM KO-
yecTBe. AJIMa3bl HEPABHOMEPHO PACTipe/le/icHbl U B KCEHOJIHTAX MAHTHHHDBIX 110-
pOf, COAEPXKAIUMXCA B alIMa30HOCHBIX KHMOEP/IMTAX; MHOIHE KCCHOIHUTbI BOOD-
lie He COMep>KaT aiMa30B. JTH JaHHbIe yKa3bIBAIOT HA HEPRBHOMEPHOCTb pa3Me-
IIIEHHsA AIMa30B B MAHTHHHOM BELUECTBE, YTO MOXeT ObITb CBA32HO C NCPBHYHOH
HEOJHO pOAHOCTbIO paclipefieNieHHs B HeM CBODOMHOIO yIjiepoa, a TaKkxe C [1po-
eCCaMM BTOPHYHOIO €ro KOHUEHTPHPOBAHHSA, COMPSKEHHOIO, CKOpee BCEro,
C ATMa30reHepHpYIIMM MarMaTHYeCKHM IpoLeccoOM. Mbl CKIIOHAEMCA KO BTO-
pOH BO3MOXHOCTH, TaK KaK B IPOTHBHOM CJlyyae He ObUTO Obl HHKAKOH CBA-
3 MexJy anma3oo0pa3oBaHHEM H CHeuHdHYECKHM MarmaruiMom. Eciu arto
NpeanonoxeHue MpaBWwibHO, TO AIMa3000pa30BaHHe JOJIKHO HOCHTL XapaKTep
MeTacoMaTHuYeCKOro (MpOABJIEHHOro B TBEPAOM MAaHTHHHOM cyGerpare) WiH
MeTaMarmMaTHyeckoro (MpOsBJICHHOTO B pacrUlaBe) IMpoluecca OTIONEHHA B
BH/€ aiMa30B INpHBHECEHHOrO yrnepoga. IIpH 3TOM MepeHOCYHKOM YIJiepold
He MO>eT ObITh CamMa MarMa B CHJIY HeYCTOHUHBOIO COAEPXKAHHI B Hel aIMA30B.
BeposiTHee Bcero, yrinepo/ NepeHOCHTCs 06CYKOABIIMMHCS Bblllle TPAHCMAI Ma-
THYECKHMH (rlrouaaMH. MajloBeposTeH MEepeHOC yriepona B aToMapHOH ¢opme,
TAK KaK B 3TUX YCJIOBHAX CBOOOAHBIN yrnepon NpefcTaBsieH CTabUNbHOH Hop-
MoOii anmasza. Bugumo, yrnepon nepeHocHTCs B cocTaBe okHcneHHbIX (COy)
wii poccraHoBnenHpix (CO, CHy, CN, n Op.) coemMHeHHA 1 ero BbiielieHHe
B CBOGOAHYI0 ¢OpPMY MPOUCXOAHT Ha BOCCTAHOBHTEJIbHBIX MilH OKHCIHTEIIbHBIX
Oapbepax coOTBeTCTBeHHO. O CylUeCTBOBAHHM KAKHX-IHOO cleUHHUYECKHX
BOCCTAaHOBMTE/IbHbIX 6apbepOB B MAHTHH HHYErO He M3BECTHO, HO H  3HAUHTCIb-
Has CTeMeHb OKHUCIEHHOCTH MaHTHHHOIO BELICCTBA MATTOBEPOATHA, XOTH MHCHHS
o 3toMy Bompocy pacxopartcs. Ilonasssiioiiee BOJIBUIMHCTBO Hec/leoBaTeIei
MO pa3HblM COOOpPaXKeHUAM (M3/71araBLINMCA BbILIE) CKJIOHAITCH K MHCHHIO O
CYLUECTBEHHO BOCCTAHOBHTCNBHBIX (XOTA Obl OTHOCHTEJILHO KOPOBbLIX) VCIlo-
BHAX B MaHTHH. Ilo3Tomy ByleM HCXOMHTb H3 MPEATONOKEHHs O MepeHoce yi-
jlepoia B COCTaBe OIHOW MIIH, CKOpee, HECKOIBKHX (OPM BOCCTAHOBIICHHbBIN
COEMHEHHH, HasBalHbiX Bbllle. OCBODOXIAEHHE CBA3AHHOIO B HHX yIrnepona
LOJIXKHO, CIe[OBAaTEeNbHO, MPOHCXOOMTL HA OKHCIHTENbHbIX BGapbepax. Hekoro-
pble HCCIIEIOBATEIN CKJIOHHDBI CUHTATh, YTO aJiMa3000pa30Batie B YNOMAHYTHIX
Marmax lIpOHCNONMT METacTabWJILHO Ha KOPOBOM YpPOBHE HX 3aleraHisi npH
OKHMCIIeHHH (ITIOHI0B KOpOBLIM BellecTBOM. CIHAKO, BEPOsITHLE BLCIO, WlMi-
3006pa30BaHHe MpPOHCXOAHT MPEHMYLIECTBEHHO B OGJIACTH €ro CTABGHIBHOCTIL.
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CIyualw Mpouecc MoskHO HHTCpNpeTHpPOBaTH TaK . [Tepsunpe KHMOCpIHTOBbIC
M JIaMIIPOHTOBLIE pacmiaBsbl, CONepKaime, no oSuremy MHCHHI0, MgO B KONnR-
Hectee 2225 mac. %, Npeacrasnsawrcs mMenee OCHOBHBIMIL, YCAT B3aMMO I1CHiCT-
Bylole ¢ Humy BLICOKOOJIMBHHOBBIE  MOpOIbI ACIVIETHPOBAHHON  MAHTHY .
Baaumoneiictue OlIOCPE/IOBAHO  NMOTOKaM)y TpaHCMarmaTHuccky bnonsos,
IT0  0BOCHOBBIBAETCA BRHICOK O] (IOMIOHACHILEHHOCTb IO KHMOBepnuToBbIX K

KOOCHOBHBIH MaHTHIHBI CybCTpar fnonskusl BO3pacTarh XuMuueck e AKTHBHOC-
TH BCCX OCHOBaHMii, HO 0coGeHHo ILCNIOYEH, YTO BCOCT K CHIDKCHHI0 KHCIIOTHO C-
TH I0ua0B. 310, B cBOJO O4EPE/lb, IONIKHO BBI3BATH HOBbILICH e NOTeHU MU
KHCIOpOa MIIH CHMKeHue BOCCTAHOBHTENBHOTO NMOTeHuaa COOTBCTCTBUH ¢
peaKuuel auccounaumu rogp: 2H,0 =4H* + O: + 4¢ . Ha TAKYI0 CBA3L OKHC-
JIHTENbHBIX XapaKTepHCTHK MHHCPAI006pasy wwmx CPCLIL CO INCHOUHOCTHIO Heoy
HOKPATHO ykasbian J1.C. Kopxuncinii, Buuunmo, PaceMoTpeltoe peakuHOHHOC
TIOBBILICHHE OKHCITUTENbHBIX CBOJWCTB TPaHCMArMaTHYCC KX DIMOHI0B  Kuar-
6epnur-namnpomosb1x MArM Mpu X B3aHMOJEHCTBHY ¢ BbICOKOMUTHE3HANI bHO I
cpenomn AEIIETHPOBAHHOM MaHTHK ABJISIETCA eCTECTBEHHpIM OKHCIHTENbHBIM
6apbepom, Ha KOTOpOM pasnararwrcsa BOCCTaHOBJIEHHDIe yrieponcoaepxatie
coemuuenus [6, 103]. Mpu coorsercrayiomem HABJIEHHM 0CBOGO X atlommiics
pH 310M yrnepop, BEpOATHO, 06pasyer KPHCTALIHYECKOM MaHTHITHO M cy6-
CTpate 3epHa anmasos, KOTOpbIe 3aTeM Moryt 3aXBaTbIBaThCA KHMOCPITHTOBBI-

AOB B MaHTHHHbIX Marmax €CTECTBEHHOE O6bACHEHNe Nonyyaer npouece anma-
3000pa3oBalusa B MaHTHHHBIX KCeHONHUTaxX, HCpaBHOMcpHOe PacHpocTpaHeHHe
B HHX anmasos, dopmupoBanue LTMA3OHOCHBIX Marm., OKHcnenpe BOCCTaHOB-
IEHHBIX MaHTHIAHBIX dillounoB HOJXKHO NPOUCXOAMTh BCAKHi Pa3, KOrna Bo3Hu-
KaI0T reoiMHaMuYeck e ycnosus B3aUMOIEACTBUA ¢ YOHAOHACIEHHBIX HAHGO-
71e¢ rmyOMHHBIX Marm c BbICOKOMarHe3uanbHbpIMy Noponamu nerwietHposantoi
MaHTHH. TIpn 310M BO3MOYXKHO o6pasosanue AIMA30B, ecnu B3aumopeiicTaye
HMEET MECTO Ha ypoBHsmx TepMOaUHAMUYECK O] YCTOHUHBOCTH MHHepwIa 4 BO
$monnax  mocrarouno yriepoaconepxatuux BOCCTAHOBNICHHBIX  COelMIeHKi].
HauGonee Gnaronpustheie 1 s1oro YCIIOBHA, BUIUKMO, UMeIOTCA Ha Iurargop-
Max, rie maurtHs ACIUIETHpOBaHA OCoBenio rmy6orxo. Io Beej BCPOATHOCTH,
B OpOreHax ee HMxHsasn TpaHHuA pacnonaraercs Bpiye YPOBHCH CTabOWIbHOCTH
4IMa30B, KOTOpbIE B Marmax jTux PafoHOB MpakTHucCKH He BCTpeuatores,

Paspupaemas runoresa MOKET BbITh yCHEWH O Henob3opana 1A OHUMaAHH A
YCTIOBHH 3apoxnmenys PYAHONIPONYKTHBHLIX CyNlbgUIOHOCHBIX dinonaHo -mar-
MATHYECKHX CHCTeM THIa PaCCMOTpEHHRIX Bblllle TATHAXCK X, HOPUIIbCKHX H o-
RO6HbIX HM. IIo CYWECTBYIOIMM TpencTaBienusam Boratbie cynbdummbiv pe-
IMECTBOM Ga3HT-ynbTpaBasuTopLe MaIMbl 33pOXIATCA B yuacTkax MaHTHH,

TaeT, uTO Takoe oBoramenye MIPOHCXOIMT B pesynbTate BLIUTABIICHHA W ypase-
HHUA H3 yYaCTKOB MaHTHu HH3KOMIABKHX Ga3anbTOBbIX Marm c TeMIcpaty poii
TUTIaBJIEHHUS HMXKe, yeum Y cynbbunos. C 3tum TPYIIHO COTIJIACHTbCS. Temneparypet
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urasenust mobuix GaswibTobIx !IODOL Ha COTHH I'PalycOB BBILC MHPPOTHH-
XzUIbKOHHpH'{Ol;Oﬁ IBTEKTHKH (0Ko10 715°C) | Kpowme toro, eure ne 6bm5icr e-
ICHLI MANTHIHBIC KCEHONUThI, oboraiucHHbIe Cynbduaamy. Hocnennue Bcer}jaa
npncchrriymr B HHX B BHIC pe/Ikux NpHMecei u COMHHYNBIX 3epeH.

Hpyroi, WILTCPHATUBIBIA clloco6 o6pa3oBaHusn CYJIbHAOHOCHBIX Marmari-
AICCKHX CHCTCM COCTOMT B BO3MOMKHOCTH JKCTParnpOBAHUA PACCEAHHOIO B MaH-

IIHKB&HMOIIHM)E CYNbQUIHBIX )uaKOCTel, B KOTOpBIX pacTBOpsanuch anemeH-
Tbl IVIATHHOBO# rpynmb. [Mpegnonaranocs TAKKe, YTO MeTaoHoOCHBIe popanuc-
TbIC COCAMHEHHA 3apoOaNHCh B BOCCTAHOBHTCNBHBIX yCIOBMAX MAHTHM u no-
CTYMANH K MECTaM peakUMu B cocTape TPaHCMAarMaTHYeCKUX prIOMIOB, ABKrap-
LWHXCS MO MHTPY3MBHBIM Marmam, KOTOpbIe COXPAHSUIH BBICOKO BOCZ)TZIHOBH-

iocmfucmm. 910 cnefyer u3 Bricokux ConepxaHUit a3oTa B ajimasax [6]. Ta-

HC€ Ta3bl, BEPOATHO, CNOCOGHBI aKTHBHO PACTBOPATH cynbdumbl, nepeBoas ux
b

B JICrKO NOJBHXHBIE KOMIUIEKCHbe PONaHHUCTbIC CoelHenns. B pamiax npemyio-

ACHHC NoToka ty3biphkoB dutionaos, KOTOpbIC ABMXYTCA MO MHTEPCTHLMANILHBIM
TUICHKAM  paCIUIaBOB, OMBIBas KpUCTWLTHYCCKHI cyBeTpar. Ecru g cocTraBe
dItionnoB uMeiotes YNOMSAHYTbIC LHAHMCTble K UHaHOMH/IHbIE COeNMHEHHS, TO
flocieiine  mMoryT  pearuposats ¢ BCTPCUROUMMHCA  eMHHYHBIMK 3¢ Hz’i

CYIbHOOB M NepeBOAMTL HxX B JIETKO MOABHIXKHbIE PONAHMOHbIE 1<0Mnnpex<cl\:fl
HMocnentine Bmecre ¢ OCTUILHBIMU  BIIOMAHBIMU COeHHEHM MU npe;monoxm-.

610K0B. ITH yyacTky CIUIOIUHOTO MU1aBlieHUs OTOXIOECTBIISATCS C NE pBUYHBIMHU
MArmMaTHYeCKUMK Ovaramu. 3HauMTeNbHbBIC MaclTab LI SKCTParupOBaHUA H Ha-
KOIUIeHHs CYynbGHOHBIX KOMMNOHeHTOR B MarmaTvyeckux BacceiiHax, koTo-
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pble, MO-BHAMMOMY, SIBISIIOTCS MCTOUHHKAMH CYNb(GHAOHOCHLIX MAra BHIOIHe
MOXHO OGBACHHTb GONBIUIHMHM OGHCMAMH YACTHUYHO IUIABAINCI OCA AMAHTHIHOTO
cyberpara (cm. puc. 41). ITo BCKpbIBAIOILMM TEKTOHHYECKHA HIPYHICHHAM OHHK
MIONHMMAIOTCA B TPHMOBEPXHOCTHBIC TOPH3OHTLI 3EMHOH Nopbl, (OpPMHPYH
MpOTsKEHHbIE MArMATHYCCKHE KOJIOHHDbI. KOJNOHHBI Clymal 1IPpOBOSIHHKAMM
COPMHPOBABLUMXCA YKA3aHHLIM  MyTeM METAUIOHOCHLIX TPAHCMArMaTHICCKHX
$1I0MI0B, KOTOpbIE OTNAraloT NOME3HBIA TPy3 B MCCTAX HX pasnoxeHus. Ha-
IpUMEDP, B TATHAXCKHX W HOPHWILCKHUX Tab6po-H0JCPUTOBBIX HHTPY3HBAX HMH
ABJIAIOTCA YUACTKH OKHCICHHA KOPOBBIM BEUIECTBOM B MPHKOHTAKTOBBIX 30-
HaX MarMaTHyecKOro 3aMelueHHs, a B ByluBenbackoM mwiyToHe (oLl oKic-
JATCA KHCIOPOAOM XPOMHMTOBBIX cioeB Puda Mepenckoro, Puda Bacraps,
¥r-2.

Takum 06pasom, ¢ NO3MUMA pAa3BMBAEMON THMOTE3bl BIAHMOCBAIN TIeHE3H-
Ca MarM M TpaHCMAarMaTtHueckuX (pIIIOMOOB B MAHTHH JOCTATOMHO JIOFHUHO pe-
LIAaIoTCst  BOODOCHLI  FEHEPALMH  CYJIbhUAOHOCHBIX  (hIIOHIHO-MELMATHUCCKH X
CHCTEM M3 pacCesAHHbIX PYAHBIX KOMMOHEHTOB MaHTHH.

CxoiHble MeXaHU3MBbI, BUIMMO, NEACTBOBATH Mpi $hOPMHPOBAHHH ANATHTO-
HOCHBIX  yJIbTDALIEIIOUHbIX MArMATHYCCKUX CHCTEM, MOLOGHLIX XHBHHCKOMY
miytony. JL.H. Korapxo u H.JI. Psi6uMkoB [42] BBICKa3wik rHioTesy BLiviap-
JIEHUA ANATUTOHOCHBIX M&IM B YUAaCTKaX MaHTHH, NpedBAPHTENLHO METACOMUTH-
YeCKH OOOrallleHHBIX amaTUTOM MO BO3MAEHCTBHEM YINEKHCIbIX MaHTHHHBIX
r10MI0B. BaXKHBIM 3IEMEHTOM THIIOTE3bI ABIACTCA 0BOCHOBAHHE CHOCOGHOCTH
TaKHX QIIOUAOB OCYLECTBIIATH NEpeHoc ¢ocgopa. T'unoresa J1.H. Korapro u
WU.JI. PabunioBa 3acnyxuBaeT GONbLIOTO BHUMAHHA H ABAACTCH ITHOHEPCKOit.
B Heil BNiepBble yKa3pIBaeTCst HA PYIOTEHHYIO pOJIb MPOTEKAKOLHX B MAHTHH Me-
TaCOMAaTHYECKHX MpOLECCOB. Mbl pa3fieNifieM OCHOBHblE MONOXKelMA ITON THIO-
TE3bI 33 MCKITIOYEHHEM O/IHOTO. B Heil npeanonaraetcs HeonpasuaHHblii paspris
BO BpEMEHH MeXY MPOLECCAMH MeTaCOMATHUYECKOIO 060rauleHHs MAHTHIHOTO
cyberpara ¢pocd)opom B Buie ANAaTHTA M MOCIEAYIOWMM [U1aBJIeHHEM ITHX yuacT-
KOB MAaHTHH C NpEBPAILEHHEM X B ANATHTOHOCHbIe pacruiasbl. Cpemn Horatoro
HaGopa MaHTHUHHbIX KCEHOJIMTOB HET 3HAUMTENILHO OBOralleHHBbIX AIATHTOM.
Bmecre ¢ TeM 3T0T MHHepan 0BblYeH B MaHTHITHbIX 06pa3uax, HO MPHCYTCTBYET
B CAMHUYHBIX 3€pHaX. ABTOpbI MPEANOJIAraT, uTO nepeHoc Gochopa K 3emMHOl
TOBEPXHOCTH TMPOHCXOJMIT B COCTABE MeNaHEeEIMHUTOBbIX MarM. ITO OTpaHUuH-
BAET OOIIHOCTL IMMOTE3bl, TAK KAK OHA MOXET NMPHBIIEKATBCH M1 OGLACHCHIS
ANMaTHTOHOCHOCTH JIHLUbL HEDENTHHCOAEPXKALIMX MAIFMATHUCCKHX KOMIUICKCOB.
B uactn Il KHHIM HamMu OBOCHOBBIBACTCSH MOJNOKCHHE O TOM. UTO pyHOTCeHE-
PHPYIOLUIMMH MarmMaTHIeCKUMH (PaA3aMH BMATHTOHOCHLIX KOMILICKCOR ABIIAI0TCH
BLICOKOKATMEBLIC MArmMbl CHCHHTOBOTO M HE(eIHI-CHCHHTOBOIO  COCTARA.

Bbiasuraemast Hamu runoTesa hOPMHUPOBAHHA AMATHTONOCHBIX MAIMATHUCC-
KHX CHCTEM B HMCXOIHDbIX MOMEHTaxX CoBMajaeT ¢ runotesoit JI.H. Korapko i
W.J. Pabukopa. B onpenenennn tbopmM MOGHIH3ALHH DHochHOpE HI MIAHTHITHO-
FO BELIECTBA H €ro MepeHoCa Mbl OMMPACMCA HA Pe3yJIbTaThl H3YUCHHA XHOHIIC-
KHX anaTHTOBLIX MeCTOpoxXaeHuH. HamoMHuMm, uto ocHoBHOIT opmoit tiepetio-
ca ¢ochopa NPU3HAHO THNOTETHYCCKOE COEQMHEHME THIIA K; _[POs _ (],
YCTOHUHBOE B BLICOKOKAIHEBBIX CPeNax, B YaCTHOCTH, B CHEHHTOBLIX H Hedeu-
CHEHHTOBbLIX Marmax. ‘

IlpeiicTaBnsercs, 4to B X0/1e YACTHUHOTO TUTABNEHHS! MOMLHIMAIOLICIOCH 1npi-
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MHTHBHO-MAaHTHHHOTO BJI0KA MPOUCXOAMT MOGMIIH3AILUS YTJIEKHCIIOTHOIO KOM-
MOHCHTA KPHCTUUTHICCKOTO cybeTpata. OH BXOUMT B COCTAB cBoboanoii dnrona-
HOW Ba3bl H B MIHTHIHLIX YCIOBHAX COC/HHACTCH €O LICJIOUAMH, B YaCTHOCTH
¢ wwem [42, 102]. CsoGounan dmonnnan haza b MEK3CpHOBBIX IUIEHKAX
HACTHUHOTO TULaBJICHHA 06pd3yeT MeWICHHO BCIUTbIBAIOLIHC My3bIPpbKH, OMbIBAI0-
ULHE KPHCLNUIMUCCKHH MAHTHHNBIA cyBeTpar. Ifpu BCTpeve ¢ 3epHom amaTuTa,
COJICPXKAILMM B CBOCM COCTaBE (GTOP, YITICKHCILIA KaIHil BCTYIT4€T C HUM B XH-
MHUCCKOe  B3aUMOJIeHCrBHe ¢ 06pa3oBaluem BbIUICYHOMAHYTOIO JIETKO 1of-
BHKHOTO Kann-hochop-hpropHoro kommiexca. Kak MpeanosnaraeTca pasBu-
BUEMONH I'MIIOTC30M, ITO COGAMHEHHME B COCTABE (pIIOMAHBIX Ty3bIPbKOB JOJKHO
HAKAIIMBATLCA B AHTHKIIMHAIBHBIX BBICTYNAX MUTABALErOCS MAHTHIHOLO brnoka,
rAc (pOPMHPYIOTCHA MEPBHYHbIE MAarMaTHYCCKHe Gacceiinbl. Tlpn X BCKpLITHH
TEKTOHWYCCKHUMH HApYyLIEHUAMH Marmbl BbIABUIAI0TCH B BEpXHHE TOpPH30OHThI
KOHTHHEHTWILHONH KOpbI, 0Gpasys MpOTAXeHHble MArmMaTHYeCK1e KOJIOHHBI.
Kai oTmeuatoch, yxe Npu oTHOCHTENBHO HeGONbLIOM NepeMellieHun BBepX B
MATMAxX  JLOJOKHDE ChOPMHUPOBATLCA  CTPYHUATLIC NOTOKH TPaHCMAarMaTHUYECK X
(1101108, KOTOpBIE NMPONKM3bIBAIOT HHTDY3HMBHblIE MACCUBBI B MeCTaX UX OKOH-
HATCILHOW JIOKWIH3AIHH. YCTOHIMBOCTL HOTOKOB TPIHCMAIMATHUCCKHX (hITIOU-
J1OB TIOJYICPXKIBACTCS NPOLOIDKAIOWMMHCS IA30BbLUICICHUAMM M3 30H 4aCTHUHO-
ro miamickus. HanGonbimit 061eM TpaHcMarmMaTHueck ux (hIoMR0B NPOXOAUT
4CPC3 Te MHTPY3HBIBIC OTBCTBIIEHUA-MACCHBhI MArMATHYECKHX KOJIOHH, KOTO-
pbIC COXpaHAIOT ¢ HUMM Haubomnee [UIMTENbHblE CBA3M. Kak OTMeuanocs, OT0o-
KeHue ¢dochopa B BHAC anaTUTOBbIX PYA MPOHUCXO/IHT U3 TpPaHCMAarmMaTHYeCKHUX
GIIOHIOB B 3K30KOHTAKTAaX CHEHHTOBBIX M HeenH-CHEHUTOBBIX (a3, B HU3KO-
KWIHMEBLIX MOPOIAX OCHOBHOTO COCTABA, MPECTABIEHHbIX IIHPOKHM CNEeKTpOM
MHHCPWILHO-NIETPOr pAPHUECKHUX THIOB. AMATHTOBbIC pyaAbl OTiaralTcid B
HHOJIMTAX, ONIMBMHHTAX, NHPOKCCHUTAX, BasuTax, QMOpUTAX, aHOPTO3UTAX, Mar-
HESHAMLHBIX CKAPHAX M JIOJIOMHTOBBIX MpaMopaX. OTNOXeHHe amaTuta conps-
AKCHO € BBICOKOTEMIICDATY PHBIM  KWUTMEBBIM MeTacOMATO30M MarmaTHyecKon
CTALHH, BLIPQAAIOWHMCA B KUIMWINATH3AUHH M DIOTO MUTH3ALMU MepeyncreH-
HbIX NOPOA. ATATHT KOHIEHTpHpyeTcs nepesl ppPOHTOM KaIMEBOrO MeTaco-
MaTo3a. MacuiTabbl aNaTHTOBOrO OpyCHEHUA HAXOMATCH B NpAMOMNpPOTIO pLUHO-
HaJIbHOM 3aBMCHMOCTH OT 0GbEeMOB PYHOJIOKUTH3YIOUMX CPEN U TpaHCMarMaru-
UECKHX (PITIOMIOB, {IpH3HAKOM KOTOpbIX ABJIACTCA YNMOMSAHYTBIA KajHeBbIil
meracoMaro3. Ha aToH ocHoBe BO3moHa pa3paboTKa BbICOKOIKOHOMUUHOI
CHCTEMbI MPOMBILLICHHOH OUEHKH M OMOMCKOBAHMS TEPPUTOPHH HA aMATUTOBOE
OPYACHCHHUC, B TOM UMCIIe CKPLITOTO THMA.

Hpewioxkennas s oBeyskaenua ruioresa MAHTHHHOro MarmMoo6pa3loBa-
HUA, CONPSXCHHOTO € NOTOKAMH TPAHCMArMaTHUCCKHX bionnoB, Moxer oka-
34ThCA HOJIC3HOH B MOUMMAHUM TPOLECCOB (hOPMUPOBAHUA PYAHONPOOYKTHB-
HBIX (hiHOMUHO-MATMATHYECKHUX CHCTeM. BaxHbIM JleMeHTOM THNOTE3bI ABJIA-
€TCA  3AKJIIOUEHHBIH B HEM MeXaHH3M KOHLUEHTPUPOBAHUA METaJNTOHOCHBIX
$IIOMIO0B, IKCTPArUpYIOLIMX paccesHHbIE B MaHTHM MOJNE3HbIE KOMIOHEHTBI,
IIpuBerCHHbIE NPHMEPBI FUMOTETHUCCKUX CXem topMHpOBaHUs pyaHO-MarMa-
THYCCKHUX CHCTCM OrpaHMUMBAIOTCA Tpems THNAaMH. MX 3uaucHue 3akiliouaercs
B TOM, UTO B HUX Hd MAHTHAHOM YPOBHE NPE/LIIONAraloTCs XHMHUECKHe B3aHMoO-
MCHCTBHS, TIPU3HAKH KOTOPLIX GbLIH o0HapysKeHbl NpH  HEMOCpeaCTBEHHOM
MCCIIC/IOBAHNHM  OBHAPYXKEHHBIX HA NOBEPXHOCTH Ie0JI0IHYeCKIX 0OBeKTOB.

3AKITWYEHUE

Hactosnas xnura saBepiuaet stan obiero uccnenosanis 1po6nemel Tpanc-
MarMaTHYCCKHX (IIIOM0B B DHIOTCHHOM METPOTEHE3HCE H PYIOOGPA3OBAHMI.
B Helt faHa TMNMH3aLMA NpOUECCOB MeTamMarmMaTH3Ma H NPEANOKEH TPHHLUNTL pas-
paboTKH MpPOCTEALINX METPOrpapuueckKUX METOMOB (HKCALHH METUMArMATHS:
Ma B MarMaTHYeCKMX MmaccuBaxX. OOCTOATENbHO MOKa3aHa pylHOreHHasA poib
TPaHCMArMaTHUeCKHX (IIIOWIOB W Ha DTOH OCHOBE BBIABHHYTA FHNOTe3a 06paso-
BAHHA KpYIHbIX W yHHKAJIbHBIX JHAOTCHHBIX PYIHBIX MCCTOPOXKICHHH. B Hire
BiepBble NETANLHO 0GCYXKAAIOTCH BOMPOChl GOPMHPOBAHHA B MAHTHH MOTOKOB
TpaHCMArmaTHuecknx ¢niouaos. Ilpu 5Tom oGHapyxmwioch, YTo B Mpoiccee
0Bpa3oBaHus OTH (BIIIOMIBI MOIYT BLINOAHATH POSIb AKTHBHLIX IKCTPUTCHTOR
pacCeAHHbIX B MAHTHH META/IOB H MpPH MOMOLLH UCHCTBYIOUIMN B MAHTHH Me-
XdHH3MOB KOHLEHTPHPOBAHHA (HIIOHMAOB COCPEIOTOUHBATE {I0JIe3HbIC KOMIO-
HEHTBI B MEPBHYHBIX MArMaTHYECKHX OUarax.

BuinBuuyTtan sravane II.C. Kopkutckum [47] s OTPAHHUCHHBIN TIEsieit
OOBACHEHHSA MPOLECCOB I'PAHMTH3ALMI THNIOTC3A TPAHCMATMATHUCCK N urronnos
C TONAMH paCNpOCTPaHANIACh HA BCE BONBLUMA KpYT JHAOTEHHbBIX ABMCHHIL. Ha eo
octose JI.C. KOp>KMHCKHM M €ro yueHHKaMH ¢ cepeliiibl 50-X FOfoB Gbuia co3-
HaHa TEOpHsA MCETaCOMATO3a MArMATHYeCKOH cTaiuH. B Hauwie 70-X roioB
I.C. KopsuHcKHit Ha OCHOBE THIIOTE3bI TPAHCMArMATHUCCK X dition108 060CHO-
BaJl CYUIECTBOBAHMC HCM3BCCTHOTO paHEE KIIACCA MATMATHUCCKHX [IPOIeCCOB
MCTaMarmaTtuama. B kouue 70-X ro/joB aBTOPOM HACTOSILEH KHHIH §hUIR 8bICKI-
3aHa THMOTE3a yuacTHA TPAUCMATMATHYECKHX (UIIOMIOB B JHIOTEHHOM pyio06-
Pa30BaHMH, B KOTOPOM OHH MOTYT BBIMOJHATH TPaHCMOpTHbIe pyHKLKI. Hako-
HELL, B HACTOALICH KHHTe HOPMYIHPYETCH HOBAS TMIOTE3a YYACTHA HX B 0bpa3so-
BaHMM B MAHTHHM MEPBMYHBIX MArMATHYCCKMX OUArOB ¢ KOHLCHTPHPOBAHHCM
B HMX BbILETOUEHHDIX H3 MAHTHHHOTO BEUIECTBA PYMHbIX eMeHToB. Mirepec-
HbIM pE3y/bTaTOM OBCYXACHNA THIOTETHUCCKHX MPOUECCOB MAHTHIHOIO Maf-
MOOGPA30BaHUA ABUIIOCH HPEMATNONIONKCHHE O HEIABHCHMOM PA3BHTHH DTHX 1Ipo-
UECCOB OT CHCTEMbI pa3pblBHbIX AebOpPMaUHil JUTOCHEPHDLIX WIHT. ITO MO3BO-
JIACT MHAuC BI3rJIAHYTL HA MX TMPOCTPAHCTBEHHbIE BIAUMOOTHOLICHH H HaiiTH
OODBsICHEHHE aMarMaTHYHOCTH TYGHHHBIX pPa3jioMOB  HpPH ONHOBPeMEeHHOI
JIOKATH3AUMH MarMaTHUeCKHX 00pa3oBaHHA B Pa3pbiBHBIX HapyileHHsX Hoice
BBICOKHMX TIOpANKOB. JTHM HAMEUaIOTCA HOBbIC MOMXOMbI K MPOBACME BIaHMO-
CBASH MarMaTu3Ma C TCKTOHHUCCKMMH CTPYKTYPaMHM KOpPbI M JIHTOCHCpHI.

Oco6o xoTenoch 6ol TOLYEPKHYTh POJIb TPAHCMArMAaTHUCCKHX (DIIIOHIOB B
JHJIOTeHHOM pYnoo6pa3oBaHuu. BeposTioe yuactue ux B hOpPMHPOBAHIHK Kpy Dl
HBIX H YHMKAJIbHBIX MECTODOXKICHUIH MO3BONAET HA OCHOBE NPH3HAKOB UPOsARiic-
HHA TpaHCMarMaTHYCCKUX (IIoOH/IOB pa3pabateiBath Honee 0GOCHOBUHILIC 1HO-
HCKOBO-OLEHOHbIE KPUTCPHH. Hepoyuer ux Bknama s (hOPMHPOBUHIEC KOH-
KPETHBIX TCONIOTUYECKHX OBpa3oBaHHit, 0COBEHHO KpyribIX MCCTO PORILCHIH,
BCAET K HEACHOCTAM, 3TPYUHEHHSM, HCTOUHOCTAM, @ TO I K Cepbe3HbIM UG-
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OBBACHEHHUA K ®OTOTABJIMUAM

Ta6;mua 1. KontaxT CYALOHACOLNCPKALICIO  TAK CHTOBOI'O rabbpo-itosepirta (mm'x,\‘; K

WHHHEIL-POPCTEPHTORBIM CKAPHOM (BBCPXY) . TpHMCUATCIbHL] HEPHEHHK Y BPHA K Kk oh

TAKTY OPHEHTUPOBKA KOPPOAHPOBAHHOIO KCCHOMHTA CKApHA BHYTPH HOjlepHIa H Gakpeio-

obpa3stas GpopMa (BBICTYI) MarMaTHYeCKOTo 3aMeLLeHHS [LOJICP HTOM MICCHBHOI'O CKANHA,

Obpaseu M3 HiKHero KoHTaxTa Xupaenaxckoft BeTBH BepXHCTAIIAXCKOTO MHTDY3MuLA.
YMeHbuIeHo B 2 pasa

Tabnuua II. ONHBUH-IIATHOKIA30BasT 30HK A (4) muddysnonnoro s3aumomne HCTBHA MarMbl
OJTMBHHCONEPIKALLETO TAKCHTOBOT'O Ta66p 0-I0MepUTa ¢ KCeHOMHTOM LU TTHHCJTB- OPCTEPHT O
BOTO cKapHa (5), BelefeHbIM’® MarM o M3HYTPH. (B) — H3OMCTpinHBIC COMCHUS 10:Tep H-
TOBLIX BBICTYIIOB MAIMaTHYeCKOTO 3aMELICHUS, OPHEHTHD OBAHHLIX NapanneiILHo KOHTAKTY,
B cKapHe. Cpea 1n1paBo# yacTu ofpasua, uzo6paxenHoro B Tab. 1. YMeHbBILOHO B 1,5 paza
Tabnuua III. KanmwmTtvlauus ufionntos (o6pa3oBanne pHCYOPPHTOR) ¢ Oliepexaoeh
HedeNMHU3aMed HX B 3K30KOHTAKTAX HeeNMHHOBBIX CHEHHTOB JNABOUOPPHTOBOTO K OMII-
nekca. O6Gpa3subl H3 CKB®KIH AlIATHTOBOTO MeCTOpOXK JcHHs lapramuopp
I - xammunar Genslit ¢ CEPBIMH YHaCTKAMM PUCUOPPHTOB. YMCHBLIEHO B 1.5 paza; 2 -
BHH3y CBETJIOE MATHO /ISBOYOPPHTA C XAPAKTEPHBIMH [UTH MATMATHUCCKHY 1HOpon lpH3Ma-
THYECKHMH K PUCTAJINIAMH K aJHILIIATa

Tabmuua IV. ] — KanunaTH3auus MaccHBHBIX YPTHTOB (06pa3oBaHiie KWBHTOk, pHCUOPPH-
TOB) B 3K30KOHTAKTe KpPYMHO3epHUCTBIX TPaXHTOHAHBIX CHEHHTOB XHOHHHTOBOI'O KoMmN-
Nlexca, claraliuux obpatHyo cTopoHy obpasua. Kanuwunar ApeAcTaBricH NOHKHITOBMacTaM i
(TeMHoO-cepoe), 06pasylounMK nosocy B UcHTpe 06pasua H pa3BUTLIMMH ‘B HHTCPCTHLMAN
GClBIX M3OMETPHUHBIX M KBapaTHBIX KpHCTa/uIoB Hedenz. O6paseu M3 KopeHHOro
OGHAXXCHUS TIOOHOXKbBS TOpbl H AopoxHoit BeleMKy B Tlapke orasixa r. Kuposcka, Yaehb
LICHO B 2 pasa; Z.— PUCYOPPHT C ABYMS YIUTHHEHHBIMH, HEACHO JICRCTOBRIM HOAK WIIO-
6rnacToBLIMU KPHCTAJITAMH  KQJIMIWUNATY € BKJIIOUCHHAMH 3CPCH H\.‘Q)L‘HHH'J. ()ﬁp(l‘lcll Wi
HENIOCPCACTBEHIOrO JK3OKONTAKT  NIABOYOPPHIOBOIO KHTPY3HBA. KepH CKBLNKIHLL 13
OBECNIOTYOPPCKOH TeKTOHMYECKO i 30HbI ropsr My Tinuyopp. Ouamerp Kepha 76 s

Tabnuua V. I — ogHo 3BeHO YpTHT-MAONMT-MeIBTEATHTOBOTO COCTABA M3 YUYACTKA MHOTQ-
3BCHHOTO DPMIMHYECKOr'0 pACCNOEHMs MOpON WHONMTOBOH cepitt XHOMHCKOIO MaccHBa,
KepH CKBaXHHBI, IIpOHIEHHON Ha anaTHTOBOM MecropoxieHu Koawsa. [lnamerp Kephia
76 MM; 2, 3 — NNarHoKnasM3auMs (MarmMaTHYecKof CTAIHH) MOHOMMHEPWILHOTO HHPO-
KCEHOBOTO pOrOBMKAa B 3K30KOHTAaKTe MHKPHTOBBIX rabbpo-mofeputos: 2 — B 15 om,
3 — B 5 cM or kouTakTa. Ha ¢dotorpaduu 2 KPHUCTWIN IUTAIHOKIA3A HMeCT HepHbIi
UBET BBHIY [OJTHOTO [ICCBAOM Op(HOTO 3JUMCLUCHHT €r0 THAPOTPAHATOM. Bed  anamn3aTopa.
YBen. 70

Tabnuua VI | - nnarMoknasusauss MarmMaTHYecKOM CTamui MOHOMHHCPAIBHOIO  1IHPO-
KCCHOBOTO pOTOBHKA B JK30KOHTAKTE GE30/HBHHOBOTO KOHTAKTOBGIO rabopo-1oepirra.
MuTepcTuimansho passupaowsecs 3CpHA IJIAFHOK/232 HMCIOT YCPHBIN LIBET M3-34 11CCBLO-
MOp(GHOTO 3aMelleHHs MX ruoporpatatom. bes anmanusatopa. Ypen. 70%; 2 - rtexcrypa
OpOHKYIAPHBIX TpaHHUTOB Maccupa KeHT (UenTpanbhbiit Kasaxcran). O6pa3seu npegocras-

JneH E.B. Herpe#t. YMeHbiieHo B 2 pasa
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Ta6nnua VIL / OpGuKysipHoc 060co6ieHIE B TPAHKHTax MaccHpa KellT C KOPPOAHpPOBAH-

HBIM K CeHOIIH10M OPOrOBHKOBAHHOTO Cllalua B UeHTpe opbukynel. O6pasen MpeaoCTaBlIeH
E.B. Herpe#t. Yaenvuneno o 2,5 pasa: 2—4 — crnoxliiple ©HOpPMBI MarMaTHYECKHX KOHTAKTOB
TIABHOTO Teity 4t allohu3 Xapaenaxckon persu Bepxneransaxckoro ra66po-foneputoBoro

HHTPY3UBa: 2 - B KPOBIJIC MABHOTI'O Telia HHTPY3MBa, 3 — anodM3apHOro Tena B CIOUCTHIX

ITHPDOKCCHOBLIN POrOBHKAX ¢ AHIHAPHTOBLIM IPOCIIOEM  (McHee OKpauieH), 4 — Tpy6o-

o6pasnoc orsersliicHne (B 1ONCPCYHOM  ceUeHHH) OT anodHuasl B CpaHaT-IHPOKCEHOBOM

porosuke. KpacBble 30HKM MarmMaTHuccK HX nopon o6pa3uoB ocBeT/ieHb! B pe3ynbTate

JAMCIICHUSA  PHIAPOTpAHaTOM  (Ha nociieMarmMaTuieckoit  cTaguu). InameTtpbl  Kep-
HOB — 76 MM

TaGmuua VIIL 1 - samkuyThis (cnpana, 33 wWIocKoCTLIO 06pa3ua) netnco6pasHblil PCJIMKT
(YepHoe) BHewHeR vacTu KCCHOMMTA  LIIIHHET-(DOPCTEPUTOB OO CKapHa B TaKCHTOBOM
raG6po-nonepuTe, 3aMeCTHBILCTO TaK K UEHTPANIEHYIO aCTh K CeHONUTA, YMcHbILEeHO B 1,5
pasa; 2 — nopwucras TpyOKa B Menko MOPHCTOH OOHOpOOHOH LonepuToBo# naee. [Tycrory;
Ha cHUMKe 3aTemucHbl. ®oro o6pasua Opefocrasneno B.II. IleTpoBeIM. YMeHBlICHO B
4 pasa; 3 — TUKBaUHOHHbBIC KamieBuaHpIC 060c06iieHUS CynpHIOB B [THKpHTOBOM rab6po-
AoJiepuTe BepxHeTanHaxckoro MHTpY3uBa. Bnaromaps pasnuuuio s XPYINKOCTH cynbdpumos
BHIIHO pasnenedde Kanenb 1o rpy6o TOPH3OHTANBHON IUIOCKOCTH Ha UPPOTHH BHU3Y U
XQILKOMUPUT BepXHel YacTH Kamesib. YMeHbireHo B 1,5 pasa; 4 — GpeKuHeBMgHAS anaTu-
Tobast pyna (0610MKoBuUAHBIC Gesble CKOMIEHUS allaTHTa) B HepPaBHO3EPHHCTOM MAaCCHB-
HOM  ypTHTe, nepeceYcHHOM MHOTOMHCIICHHBIMMU KUJICUKAMK  amaTHTa  (CBeTNIo-Cephle) .
Obpasey ¢ McCTopoxacHus Koawsa. Macluta6 H300paxeHd CNHYKOH (cnipaBa BHHU3Y).
®oTo 06pasua npenocrannicto B.H. TirtoBLIM
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