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eHeTnyeckne n onpeaensiemble UMW KPUCTaNoOXMMMyeckne ocobeHHOCTU Kak ANOKTasapUYecKmX MMNHUCTBIX MUHEparoB
pasbyxaroLero Tuna, ¢ O4HOW CTOPOHbI, TaKk U COBCTBEHHO TPUOKTa3APUYECKUX Pa3HOBUAHOCTEN 3TOro TMna ¢ Apyron, obycnosnu-
BalOT MX Pas3NnNyHyI0 TepmMobapmnyeckyto yCTOMYMBOCTb B OCAA04HOM Yexre 3eMHOW Kopbl. B npouecce noctceAnMeHTaUMOHHOro
npeobpas3oBaHusi coaepxaliux pasdyxatoLime MuHeparbl OTNIOXKEHUA, Ha CTaausix, COOTBETCTBYIOLLMX NO3AHEMY KaTareHesy, CMeK-
TUTbI, KaK Hanbonee HU3KO3apsiaHbIE MUHeparnbl ceMencTBa 2:1, coxpaHsloT bonbluee KoNMYeCcTBO NabunbHbIX CIIOEB B CTPYKTYpE.
CoO0TBETCTBEHHO, MOHTMOPUINIOHUT-TUAPOCMIOANCTBIE CMELLaHOCINONHbIe 06pa3oBaHns, NEPBUMYHO CBS3aHHbIE C Aerpajauuen, B
OCHOBHOM, TPUOKTa34pUYECKUX CMo4 U ONOKTa3apu3aumen YacTUYHO COXPaHSIOLLMXCS OCTaTOYHbIX NPOAYKTOB, Grnarogaps coxpa-
HEHWIO CBOVCTBEHHOIO MCXOAHBLIM CroAaM BbICOKOro 3apsaa, puKempytoT K 3HaUnTeNbHO MHTEHCMBHEE, YEM CMEKTUTBI.

HccnenoBanue TTHHACTHIX MIHEPAJIOB IO pa3pe-
3aM KPYIHBIX OCaJ09HO-TIOpOaHBIX OacceitHoB (OI1B),
NIPOBEJICHHOE HAa Pa3HBIX KOHTHMHETaX 3EMHOro Iuapa,
MOKa3bIBaeT, 4YTO B CTPYKType pa30yxarolux pasHo-
BUJIHOCTEH 3TUX MHHEPAJIOB, B IEJIOM, IPOHMCXOJUT
3aKOHOMEpHOE C TIIIyOMHO yMEHBIIEHHE OTKPBITHIX
MeXKCI0eBbIX TpoMmexyTkoB [1-11]. IToatomy, pa3Oy-
XalolIue MHHEpalbl, K KOTOPbIM OTHOCSTCS CEMeWCTBa
CMEKTHTOB W, 0COOEHHO, ITHPOKO PACIIPOCTPAHCHHBIX B
MIPUPOZE Pa3TUYHBIX CMEIIAHOCIONHBIX 00pa3oBaHUH,
SIBIISTIOTCSL  IOCTaTOYHO OOBEKTHBHBIMH IIOKa3aTEIIMU
CTEeTIeHH MOCTCeIUMEHTAIIMOHHOTO (10 IeHCTBUEM
3aKOHOMEPHO MOBHIIAIOMINXCA 3HAYEHUH TeocTaTHde-
CKOTO JaBJICHUS W TUIACTOBOM TeMIlepaTypbl) Ipeodpa-
30BaHUSl OC3JAKOB M (OPMHUPYIOMIMXCS M3 HHUX IOPOJ
IIPY TIOCJIEIOBATENILHOM NOTPY)KEHUU MX B cTpaTHche-
py.

B paspese ocamodHOro uyexsia 3eMHOH KOpBI, B
COOTBETCTBHH CO CXeMOH MeTaMop(hu3Ma OpraHuuecKo-
ro BemectBa (OB), H.b. BaccoeBuuem [12] BbiaeneHb
cranun auareHesa ([I), mporokararenesa (I1K;), me-
3okararere3a (MK,s), amokarareneza (AK4) u mera-
reaeza (MI'). B mampneitmem C.I'. Capxucsaom u 1./
KorenpaukoBeiM [13] ocamouHbIi 4YeX0d Ha OCHOBE
npeoOpa3oBaHmsl Pa30yXaroImUX MHHEPAJIOB OBUT TMOJ-
paznenen Ha 4 3oubl: AI-IIK, MK, y ,, MK;35 - AK u
MTI'. U3 nux cragus [IK u noacraguu MK, 1, BMecTe co
craaueit JII" oTHOCATCS K paHHeMYy, a noactaguu MKj; s
u cragust AK — x nmo3nHemy karareHe3y. B 3ome MIT
OTJIOKEHHSI TEPSIIOT XapaKTEePHbIE ISl OCaJOYHBIX pas-
HOCTEH CBOMCTBA M NEPEXOoAiT B MeTaMOp(U30BaHHbIC
TTOPOTBL.

Ha cragmsx, cOOTBETCTBYIONIMX paHHEMY KaTa-
TeHEe3y, B CBSI3U C HU3KHMH TEPMOOAPHUECKIMH Tapa-
MeTpaM# CBOHCTBEHHOU eMy CpeIbl, COXPaHIIOT YCTOM-
YHBOCTh KaK CMEKTUTBI, TaKk W MOHTMOpPWJUIOHHUT-
THIPOCITIONICTHIE CMEIIaHOCIOWHBIE 00pa30BaHUs, CO-
nepxaiue Oonee 40% nadbuinbHbIX cioeB. Ilpu sTom
MOJIABJISIFOLIAs Macca MIIMHUCTHIX MUHEPAJIOB, HaKaIlIn-
BAIOIIUXCS B OCAJIOYHOM YeXJIe 3€MHOM KOpbI, BO3HUKA-
€T Ha KOHTHHCHTE B KOpPAaX BBIBETPHUBAHUS H3BEPIKCH-

HBIX, 3((QY3UBHBIX H METaMOP(QUIECKHX TOPOJ, a TakK-
JKE CBSI3aHA C Pa3MBIBOM W IMEPEOTIOKEHHEM B Pa3HOU
CTENIeHH THIEPreHHOM3MEHEHHBIX paHee chopMupo-
BaHHBIX OCAKOB M 0Ca/I0YHBIX TIOPO/I.

CMeKTUTBl 00pa3yloTcsi B TMPHUPOJE, IIaBHBIM
0o0pa3oM, 3a cueT pacKpUCTAIIM3alMK B 30HE T'HIepre-
He3a, T.€. B Pa3JIMYHOrO TUMA CyDa’pajbHBIX, a TaK¥Ke
cybaKBalbHBIX YCIOBHSAX (B MOCJEIHEM Clydae B Ipe-
CHOBOJHBIX M MOPCKHX, T.€ IyTeM AaKBaTOJHM3a WJIH
TaTbMHUPOJIH3a) pa3HOOOPa3HOTO MO XMMH3MY THAJIOK-
JACTUYECKOTO MaTepHajia, MOCTYMAImEero Kak W3 Ha-
3eMHBIX, TaK W TOJIBONHBIX SPYNTHUBHBIX AaIllapaToB.
Kpome Toro, CMEKTHTHI CBS3aHBI C pa3MBIBOM IMPOIYK-
TOB, CJAralOIIUX CpPEIHHE TOPHU30HTHI, MPEUMYIIECT-
BEHHO, OECCIIIOIUCTHIX KOpP BhIBeTpuBaHus [ 14].

B nepBom ciydae, 1o ruajoKiIacTH4ecKoMy Ma-
Tepuaiy, IPEUMYIECTBEHHO, CPEJHEr0 U KHCJIOro CO-
cTaBa OOpa3yloTCsl TUOKTadAPHYECKUE CMEKTHTHL. Bo
BTOPOM, B 3aBHCHMOCTH OT II€TPOXMMHUYECKOTO THUIIA
BBIBETPUBAIOLIMXCS MOPOJI, BOSHUKAET IUPOKasi raMma
CMEKTHTOB OT TPH- O TUOKTA3APHUECKUX Pa3HOBUIHO-
creil. Tak, pHU BBHIBETPHUBAHHUH YIBTPAOCHOBHBIX H OC-
HOBHBIX MOPOJ IOBHANBHBIE MPOIYKTEI MOTYT COZIEp-
KaTb CMEKTHTHI OT TPHUOKTASIPUICCKUX Pa3HOBHUIHO-
CTeH, BO3HHKAWOIINX B pe3ylbTare NpeoOpa3oBaHUS
Mg-Fe—munepanoB (¢ mociaenoBaTeIbHON JUOKTadIpH-
3alell 3TUX CMEKTHTOB uepe3 IPOMEKYTOYHbIE JH-
TPUOKTAdPUYECKHE Pa3HOBHIHOCTH) JI0 COOCTBEHHO
JIMOKTadIPUYECKUX, CBA3aHHBIX C PAa3JIOKEHHEM Xapak-
TEPHBIX /IS ATUX HOPOJI OCHOBHBIX IUIarnokiasos. Co-
OTBETCTBEHHO, MPH THUIIEPIEHHOM HM3MEHEHHH CPEJHUX
W KHCIBIX TOPOJA TI0 aHAIOTHYHOMY C HHMH COCTaBY
CBOWMCTBEHHBIX UM IUIaTMOKIIa30B CHHTE3UPYETCS TOJb-
KO JAHOKTAa3PUYECKAN CMEKTUT. | eHepamus CMEKTHTO-
BBIX MHHEPAJIOB, IPOUCXOAIAS PH HU3KUX 3HAYCHU-
SIX KaK TeO0CTaTUYECKOTO NABJICHUS M IUIACTOBBIX TEM-
mepaTyp, ¢ OTHOH CTOPOHBI, TaK M XapaKTEPHBIX LIS
30HBI TUIEPreHe3a BBICOKUX IMOJIOKUTEIBHBIX BEJINYUH
Eh u, ocobeHHO, mMOHMKEHHBIX 3HaYeHUN pH cpemsl ¢
JIpyro#, oO0yCJIOBIMBAEeT BEChbMa OrPaHUYEHHYIO B TET-
padApHYECKUX CETKaX CTPYKTYPbI STHX MUHEPAJIOB CTe-
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Puc. 1. ludpaxkromerpuyeckue Kpubble (ppakums
meapue 0, 001 mm) Na“ — MOHTMOPHJLIOHHTA 3 30-

HeHa AckaHbl, I'py3usi: a - ucxodHsil o6pasey, 6 — HacbI-
WEeHHbIL 3MuneHanuKoneM, 8 — HachIWEHHbIU eruyepuHoM, 2 —
obpabomaHHbili 1 H. pacmeopom KOH, 0 — o6pabomaHHbIl
HacCbIWEHHbIM 2ITUUEePUHOM

neHb 3ameinenus Si Ha Al. [ToaTomy, CMEKTHTBI Xapak-
Tepusytorcss HuzkuM (0-0,25) y AHOKTasApUYecKUX U
Heckosibko Oonee BbicokuM (0,25-0,6) y TpuokTasapu-
YECKMX Pa3HOBUIHOCTEH 3apsiOM CHIMKATHBIX CJIOEB
[15].

B ommmume oT 3TOro, MOHTMOPHJUIOHHUT-
THIPOCIIOUCTHIE CMEIIaHOCTIONHBIE 00pa30BaHMs BO3-
HHUKAIOT B 30HE TUIIEPreHe3a, B pe3ynbTaTe Aerpajannd,
B OCHOBHOM, TPHUOKTa3APHYECKHUX CIIOJ, MPEUMYIIECT-
BEHHO, MOJUTUIHON Moaudukanuu 1M ¢ auokTasapu-
3aliell YaCTUYHO COXPAHSIOMIMXCS OCTATOYHBIX IIPO-
NYKTOB. B MeHblIel CTENeHHu NOJBEpPrarTcs H3MEHe-
HUIO Ha YPOBHE, TJIaBHBIM 00pa30M, THPATALIH, TAKKE
Oosiee yCTOMYMBEIE B IPUPOJIE JTUOKTAdIPUUYECKUE CIIFO-
el Mmogudukanuu 2M; [15, 16]. Bece 3T0 B COBOKYITHO-
CTH OmpeersieT o0Iee yMEHBIIEHHE MeXKCIOEBOTo
3apsfa Ccioj B mporecce ux Jerpamamun. OgHAaKo,
CBOWCTBEHHBIN CIIIO/IaM MEPBUYHO BBICOKHH 3apsis cio-
eB (1 Ha OJOBUHY 2JIEMEHTApHOHN SYeHKH) 00yCIOBIH-
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BaeT OTHOCHUTEIbHYIO COXPAaHHOCTHb €ro, T.€. CTPYKTYp-
HOM mamsité [17] W nerpagupoBaHHBIMU Pa3HOBUIHO-
CTSIMH 3THX MUHEPAJoB, 10 CPAaBHEHUIO C yKa3aHHBIM
BBIIIIE TIEPBUYHBIM 3apsAaoM y cMeKTuToB [ 18, 19]. Hus-
KHe B 30HE T'HIIEpreHe3a TepMoOapHIecKue MmapamMeTphl
cpenbl ¥ yKa3aHHAs BBIIIE HAIPABICHHOCTh KPUCTAIIIO-
XMMHYECKOTO NPe0oO0pa30oBaHMs CIIOJUCTHIX MHHEPAJIOB
HE CIIOCOOCTBYIOT B 3THX ycnoBusax (ukcammm K or-
KPBITBIMH ME)XXCJIOEBBIMU TPOMEXYTKAMHU JIerpagupo-
BaHHBIX CJIIOZ, T.€. MX PEereHepauuy U TeM 0ojiee HOBO-
ob6pazoBaHuIo ATHX MuUHepasnos [20].

HecmoTpss Ha pas3nuuHbBIl MEXKCIOEBON 3apsij
00€e 3TH T'eHEeTHUYECKH pa3/IndHble Pa3HOBHJIHOCTH pas-
OyXarolxX MHHEPAIOB MUMEIOT OJM3KYI0 AU(PPaKIHOH-
HYI0 KapTHHy. OTO OIpejersieTcss Haubolee 3Hadu-
TEJIFHBIM BKJIQJIOM B Hee pa30yXarolluX KOMIIOHEHTOB,
MIPUCYTCTBYIOIINX OOBIYHO B COCTaBE ACCOIMAINH TIIH-
HHUCTBIX MUHEPAJOB B 30HAX, COOTBETCTBYIOIIUX pPaH-
HEMY KaTareHesy.

CoOCTBEHHO CMEKTHT XapaKTepu3yeTcst Ha PeHT-
reH-TU(pPaKTOMETPHUECKUX KPUBBIX HMCXOJHBIX 00pa3-
0B CPaBHUTENLHO CUMMETPUYHBIM IIPO(UIEM OCHOB-
Horo peduiekca co 3HaueHueM ~ 12,4 u 154 A, coot-
BETCTBEHHO, JUIsl HauOoJjee PaclpoCTPaHEHHBIX B IPHU-
poJie IMOKTAadAPHUECKUX CMEKTHTOB, T.€. MOHTMOPHII-
nmoruTOB MO0 ¢ Na (puc.1), mubo ¢ Ca (puc. 2) B Mex-
CJIOEBBIX IMPOMEXYTKaX. TPHOKTadAPHIECKHE CMEKTH-
THI, BKJIFOYAs Yallle BCETO BCTPEUYAOLIUICS B OCAI0YHOM
YyexJie 3eMHOM KOPBI CAllOHHUT, NMEIOT 3HaYEeHHE OCHOB-
HOTO OTpakeHHs ¢ Mg B MEXKCIIOEBBIX HMPOMEXYTKaxX
HeckobKo Gonee 14 A, IpUYeM, KaK MpaBHIIo, C MEHb-
e ero moxymupuHoi (puc. 3).

B cBoro ouepenp MpoayKThl TIyOOKO# aerpaja-
UMU TPMOKTAa3JIPMYECKUX CJIOA OTIMYAIOTCA Ha [M-
¢paxTorpamMmmax HanuumeM penukTa 10 - A cmoaucTtoro
pedrekca, xapakTepH3yIOIIErocs co CTOPOHBI yBeNInye-
HUSI YT7I0B 6 pe3KnM CHajgoM WHTEHCHBHOCTH, a CO CTO-
POHBI MaJIBIX YTJIOB O MEPEeXOoAsIiero B IIMPOKYIO AH-
(paKIMOHHYO IT0JIOCY BBICOKOW MHTEHCHBHOCTH C MaK-
CUMYMOM, OTBEYAIOIIUM OIPE/ENeHHOMY COOTHOIIE-
HUIO Hepa3OyXaromuX U pa30yXarIux CIOoeB B IMpeod-
Ja/IafoIIel 4acTH TUCTIepCHOro MaTepuana (puc. 4A, I u
II). B TakoMm ciydae riaBHOE OTpaKeHHE COOCTBEHHO
CMEKTUTa MAacKHPYeTCsl YKa3aHHOM BBIIIE MOJIOCOM.
Bonee BbICOKas MONMMANCIIEPCHOCTH MPOIYKTOB JETpa-
JIAUY  CIIo/I  00yCJIOBIMBAET PAa3IMYHYI0 WHTEHCHB-
HOCTh Pe(IIEeKCOB, COOTBETCTBYIOIIMX  OTJEIbHBIM
(dpakuusM 3TOro Marepuaiia, O3TOMY Ha UX Judpak-
TOMETPUYECKUX KPHUBBIX MOXET BO3HUKATh HECKOJIBKO
MakcMMyMOB. HeJJocTaTouHO 0OBEKTUBHBIE PE3YIIBTATHI
10 MAGHTH(UKAIMU CMECH 3TUX PAa3HOBHUAHOCTEH IIH-
HHUCTBIX MHHEPAJIOB B BEPXHEH YacTH OCaJTOYHOTO YeX-
J1a 36MHOM KOPBI aeT TaKKe COJbBATAIMS H3YIaeMOTO
Marepuajia OpraHM4eCKHMHU HATIOJHUTEIAMH (TJIABHBIM
00pa3oM, STWICHIJIMKOJIEM W TIHMIEPUHOM), a TaKXKe
IpoKajluBaHue ero npu temneparype 550-600° C.

B wacTtHOCTH, Kak CMEKTHTBI, TAK 1 MOHTMOPHII-
JIOHUT-TUJIPOCIIOIUCTBIE 00pa30BaHUsl C COAEpIKaHUEM
6onee 40% pa30yxaroUIMX CIIOEB XapaKTEPU3YIOTCS Ha
JmudpakrorpaMMax UX cMecell B KOMILJIEKCE CMEKTHT +
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1,788
258

+
Puc. 2. Iludpakromerpnyeckue KpuBbie Ca’" - mon-

TMOPUWJUIOHUTA U3 JoHeHA AckaHbl, I'py3usi: a — e
(ycrosHble 0bo3HayeHusi cM. puc.1), e — npokaneHHbIl 8 mede-
Hue 2 4 ripu 600° C

OpPTaHWYECKUI HANONHUTENb ONM3KHUMH 3HAYCHUSIMH
MEKXIIOCKOCTHOTO PAcCTOSHUS OCHOBHOTO OTPAaXKCHHUS.
JIy11 MOHOMUHEPATIBHBIX CMEKTUTOB C 3THJICHTIMKOJIEM
3TOT pedekc nMeeT BecbMa 3HAYUTENIbHYIO YETKOCTh H
cooTBeTCTBYET ~ 16,9 (puc. 16, 26, 36), a ¢ rmuuepu-
HoM ~ 17,8 A (puc. 1B, 2B). AHAJIOTMYHOE OTpasKEHHE
MOHTMOPHUIOHUT-TUAPOCTIOAUCTOTO CMEIIaHOCIOHHO-
ro obOpasoBanus ¢ cojepxanueMm Oonee 40% pa3Oy-
XaIOUIMX CJIOEB OTJIMYACTCS JIMIIb HECKOJBKO OOJbIIEH
KaK TOJTyITUPUHOHN, TaK U ero 3HaueHueM (puc. 4A, 16
II6), B cOOTBETCTBUM B IOCJIEAHEM CIy4ae C KOHKPET-
HOI HOPMOH COOTHOMIECHHS B CTPYKTYpE MUHEpaia pas-

Puc. 3. /Inppakromerpuyeckue KpHUBbIe CAIOHHTA
u3 apruwumra ¢ rayomnst 2020,5-2033 m ckB.701

MupHuHckoil miomaau, Cubupcekas niaargopma: a,
6 (ycrnosHblie 0bo3HaveHusi cM. puc. 1), 8 — MpoKaneHHbIU 8
meyeHue 2 4 ripu 600° C

JUYHBIX croeB [21, 22]. B cBs3u ¢ 3TUM pazaenbHas
nAeHTH(UKALNS PACCMaTPUBAEMBIX JBYX Pa3HOBH/IHO-
cTeil pa3OyxalolMX MUHEpPaNoB AHOKTA3PUYECKOro
TUMA NPEJICTaBISAET B BEPXHEH 4aCcTH 0CaJOYHOI0 dyexsia
3eMHON KOpBI 3HAUUTENIbHBIE TPYIHOCTH.

B cBoto ouepenp, B OTI0XKEHHUSIX MOTPY>KCHHBIX B
WHTEPBAJI, COOTBETCTBYIOIIMH MO3JHEMY KaTareHesy,
JIMOKTadApUIecKue pa3z0yXxaroliue MHHEpabl, 3a CYeT
¢ukcamm K MEXCII0EBBIMU MPOMEXYTKAMH HX CTPYK-
TYpbl, IEPEXOJAT B Pa3HOBHIHOCTH C COXPAaHEHHEM HE
6onee 40% OTKPBITHIX MEXKCIIOEB. YKa3aHHBIM Hporece
peanu3yeTrcsi, BCIEJICTBHE 3aKOHOMEPHOI'O CHUKEHHS,
npu 3ToM, napaMerpa Eh 10 oTpHLATEIbHBIX BEITHYUH
U, 4TO CaMO€ Ba)KHOE, NOBbILIEHUS 3HaueHui pH cpenst
¢ rIIyOUMHOM MOTPYKEHUS OTIIOKEHHI. DTO CIIOCOOCTBY-
€T yBeJIMYEHHIO CTeNeHHu 3amenieHus Si Ha Al B teTpa-
SAPMUECKHX M YaCTHYHOMY BOCCTaHOBIeHHIO Fe' B
OKTadJI[PUYECKUX ITO3UNUSAX CTPYKTYPHI Pa3Oyxaromux
MHUHEpPAJIOB ceMelcTBa 2:1, 4TO, COOTBETCTBEHHO, IPHU-
BOJIUT K OOIIIEMY MOBBIIIEHHIO OTPHULATEIBHOTO 3apsiia
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Puc. 4. luppakromerpuueckre KpuBbie OTJIOKEHMIT NMajgeoreHoBoro Bospacra IlpenkaBkasbsi: A — nramegop-
MmeHHasi obnacmb, TpyHoeckasi nnow,adb, cks. 4: | — anybura 701 M, MaliKorickasi cepusi HUXHe20 MuoueHa - onnuzoyeHa; Il — eny-
6uHa 804,4 M, benoanuHckas ceuma eepxHez0 soueHa; Ill — anybuHa 925,4 m, yepkecckasi ceuma cpedHezo soueHa. b — Tepcko-
Kacnutickuti npoeub, Omka3sHeHckasi nnowads: | — cks. 1, enybuHa 1501 m, malkorckas cepusi onueoyeHa: Il — cke. 3, enybuHa

2704,3, xaBymckuli 2opusoHm onueoueHa; Il — cke. 3, anybuHa 2944 m, sepxHul naneouyeH. a, 6 (ycrosHble 0603Ha4eHUs1 CM. puc.
3)
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CWJIMKATHBIX CJIOEB. BO3HMKAONMA B TakoM ciydae
M30BITOYHBIH 3aps]l UX KOMIICHCUPYETCS BXOXK/ICHUEM B
MEJKCIIOEBBIE TIPOMEXKYTKH K, 00yciioBImBaromero mpo-
rpeccupyoliee ¢ TIIyOuHOI yBelIn4eHHe CIII0A0I0n00-
HBIX CJIOEB B CTPYKType pa30yXalolmHuX MHHEpPaJIOB
TPEX3TAKHOTO THIIA.

OpHako B MPAKTHKE MCCIEJOBaHUA TITyOOKO I10-
TPYXEHHBIX OTJIOXKECHUH B pAAE CIydaeB HAOMIOAAIOTCS
QHOMAJIbHBIE TOJIIHM, XapaKTEPHU3YIOIIHECs MOBHIIICH-
HBIM, MO0 CPAaBHEHHUIO C BMELIAIOIUMH TOPOAaMH, CO-
JIep)KaHUEM OTKPBITBIX ME)KCIIOEBBIX IPOMEKYTKOB B
CTPYKType pa30yXarolux INIMHUCTBIX MUHEpasoB. J[is
paz0yxaronmx MUHEpaJoB cemeiictBa 2:1, TIaBHBIM
00pa3oM, IpymNIl CMEKTUTOB U CBA3AHHBIX C Jerpajalu-
el TPHOKTa’JpUYECKHX CIIIOJ MOHTMOPHUIOHHT-
THIPOCITIONUCTBHIX CMEIIAaHOCIONHBIX 00pa30BaHUH 3TO
00yCIIOBIICHO IPUBEICHHBIMU BBINIE IAHHBIMH 00 WX
pa3ITMYHOMN TeHETHIECKOW IPUPOIE.

bnaropaps coxpaHEHHIO BBICOKOTO OTpPHIIATEIb-
HOTO 3apsja, CHIBHO JETpaJpOBaHHBIC B 30HE THIIEP-
reHe3a CIIOJBI MPU MOTPYKEHUHU COAepKaIlUX HUX OT-
JIO)KEHHH, OCOOEHHO MOPCKOT'O THIA, B 30HBI, COOTBET-
CTBYIOIIME IMO3JHEMY KaTareHe3y, ¢ IMOCJIEJOBaTEbHO
noBbInatomuMcss pH cpeasl ¥ BOCCTaHOBICHHEM He-
CKOJIBKO YMEHBIICHHOM B 30HE TUIEpreHe3a CTENEHU
3aMerieHus Si Ha Al, HAYMHAIOT YHEPTHYHO (HHUKCHPO-
Bath K. BcenencTBue 3TOr0 NeTpaaMpoBaHHBIC CITIOMBI
IM B 3HaYUTENBLHOM Mepe BOCCTAHABIMBAIOT B 30HE
MO3/JHETO KaTareHe3a NepBHYHBIC CBOMCTBA C COXpaHe-
HueM B Hu3ax 30HBI AK He Gosee 20-25% pazOyxato-
mux cnoes (puc. 5). Elle MHTEHCHBHEE, Cy/s 10 MEHb-
weii nonymupune 10-A peduiekca, npoTekaer nporecc
pereHepalyu MpOAYKTOB IMEPBUYHON T'MIApATALUH JIU-
OKTayApuueckux cimoa 2M; (puc. 6).

B cBoro ouepesb, IMOKTadPUIECKUE CMEKTHUTHI,
B TOM 4YHCIIe HanOoJiee pacipoCTpaHEHHBIH B NPUPOJE
MOHTMOPHJUIOHHT, BCJIEACTBUE HMU3KOTO, BILIOTH a0 0,
MIEPBUYHOTO 3apsza CIOeB, 3HAUYMTENBHO ciaabee abcop-
6upytor K, coxpaHss cymecTBeHHO OoJIbIlee KOJHUe-
CTBO Pa30yXalOIMMX CJIOEB B CTPYKType BO3HUKAIOIIEH
MOHTMOPHIUIOHUT-THAPOCIIOANCTON CMEIIaHOCIOHON
¢a3pr. OTITUYATENEHOW OCOOCHHOCTBIO BHOBB 00Opa-
3YIOIICHCS] B 3TOM Cllyyae HOBOHU (ha3bl, B CBSI3U C MeEp-
BUYHO IOJHOW OTKPBITOCTBIO, T.€. OJHOPOIHOCTBHIO
MEXCJIOEBBIX INPOMEXYTKOB B CTPYKTYpPEe HCXOIHOTO
CMEKTUTa, SBIISETCS CPAaBHUTEIbHO CBOOOIHAs BO3-
MOXHOCTh BHeJpeHHs1 B HUX K U BecbMa BBICOKas ro-
MOTEHHOCTb OTJEJIbHBIX YacTUI] BOSHUKAIOIIEH cMmela-
HOCJIOWHOH (Da3bl IO COOTHOIIEHHUIO B HUX OCTAaTOYHBIX
MOHTMOPHJUIOHUTOBBIX M BHOBb OOpa3yIOIIUXCS CITIO-
JIOTIOZIOOHBIX CJIOEB. DTO OIPEAENseT NMPUCYTCTBUE Ha
mudpaxkrorpaMMax — OTHOCHUTEIBHO  CHMMETPHYHOTO
pedrexca co 3HaUCHHEM, TPOMEXKYTOUHBIM MexTy 10 1
12-15 A (puc. 4A, III) ¢ TeHACHIINEH YMEHBIICHHUS 3TO-
IO 3HAYEHUs 110 Mepe YBEIMYECHUs KOJIUYECTBa CIIOM0-
MOJIOOHBIX CJIOEB B CTPYKTYPE CMEIIAHOCIOHHOr0 00pa-
30BaHus (puc. 5 u 6). B gacTHOCTH, MPOCIOHU, COIEP-
XKall[e Takhe MPOJIYKTHI, YETKO BBIIENISIOTCA B paspe-
3ax MajeoreHOBbIX oTnokeHuil [IpenkaBkasps (puc.4A,
), a Taxxe Benna Bocrouno-Esporneiickoit n Cubup-

CKOM MIaThOpM M IPYruxX PerHoHOB, NPHYEM, BCIIEICT-
BHE€ M3MEHEHHs B 3TOM CIIyyae MPUPOJbI MOCTYIAOIIe-
rO C KOHTHHEHTa MaTepHasla, B HAKAIUIMBAIOIINXCS OT-
JIOXKEHUAX HAOIIONaeTCsl pe3Koe yMEHbBIIEHHE T'eHepa-
mun xioputa [23]. bmaromaps 3ToMy, Takue MPOCIIOH
MOTYT YCHEIIHO HCIOJIb30BAaThCA AT MICHTU(HUKALIH
B pa3pe3ax OCaJOYHBIX IOPOA CHIIBHO HM3MEHEHHBIX
MIPOJYKTOB BYJIKAHHUYECKOH AEATEIBHOCTH U, KaK «Map-
Kepbl», MPHU PacCWICHEHUH U KOPPENSAIHM YKa3aHHBIX
BBIIIE, OCOOCHHO JPEBHUX, OCIHBIX (hayHHCTHYECKUMU
ocTaTkamH, Toul [24].

B T0 e BpeMms, JerpaqupoBaHHbIE CIIOABI, B 3a-
BHCUMOCTH OT pa3Mepa YacTHI[ U, KaK CJIEJCTBHUE ITOTO,
CTETIEHH HX W3MEHEHHUS, MPOTEKAIOLIer0 CO CTOPOHBI
BHEITHUX 0a3aJbHBIX IIOCKOCTEH M TOPLEBBIX ydacT-
KOB KPHCTaJUIOB (C OTHOCHTENILHOM COXPaHHOCTBIO HX
BHYTPEHHUX 4YacTed), XapaKTepU3yITCS pPa3IHIHbIM
COOTHOIICHHEM B HHMX HOPMBI UYEpPEIYyIOLIMXCS CIOEB.
3710 00YCIOBIMBAaET WX TETEPOr€HHOCTh, YTO YETKO
MPOSIBISIETCST Ha JU(PAKTOMETPHUECKNX KPHUBBIX BO3-
JyITHO-CYXHUX OPHUEHTHUPOBAHHBIX IIpEenapaToB, Ha KO-
TOPBIX, KPOME HAJIUYMs OCTATOYHOro pedexca cobct-
BEHHO CJIIOJIMCTOTO MUHEpaja, paBHoro 10 A, otMeua-
eTCsl TaKkXKe MOCTCNCHHBIM, B BHUJC nuieida, craja WH-
TEeHCUBHOCTU (poHa TU(paKINOHHON KapTUHBI B CTOPO-
Hy MeHbIIHX yrioB O (puc. 4B, la - Illa). Ha ee ¢one
MOTYT TakXe JIOKaJN30BaThCs OTJENbHBIC Clladble OT-
paKeHUs,, COOTBETCTBYIOIHE CTATHCTHYECKH 000c00-
JICHHBIM TPYNIIaM YaCTHIL, UMEIOIINM OJHM3KYI0 HOPMY
YepeJOBaHNS Pa3INIHBIX CJIOEB.

AHOMaJIBHO BBICOKOE COJIEpXKaHHE pa3dyxaro-
IAX CJOEB B CTPYKTYpe MOHTMOPHJUIOHUT-THAPO-
CIIOZIMCTBIX CMENIAHOCIOMHBIX 00pa3oBaHMil OTMEYaeT-
ca Take [25, 26] B penuKTax CpeJHUX TOPHU3OHTOB
MEPBUYHO O0OTAIIEHHBIX Pa30yXalolIMMU MUHEpaIaMH,
JIPEBHUX TJIyOOKO IOrpeOSHHBIX KOp BBIBETPHUBAHUS
(puc. 7, II). B To xe Bpemsi, B epeKpbIBalOIUX UX Oa-
3aJBHBIX CJIOSX COOCTBEHHO OCAJOYHOTO YeXJa 3eMHOM
KOpBI, 3a CYET JECTPYKIUH Hanbosiee MUCIEPCHON Jac-
TH BBIBETPEJIOTO MaTepuaja IpH €ro IMepeoTIOKECHUH
[25], xommyecTBO MAOWMIBHBIX CIOEB PE3KO CHIDKACTCS
(puc. 7, 1).

Bonee ycTOWYMBBIMH B OCaJOYHOM HYEXJIE 3€M-
HON KOpBI SIBIISIOTCSA TaKkKe IPOCIOM TPUOKTadpuye-
CKHX CMEKTHTOB, B YaCTHOCTH carnonuTa [19]. biaarona-
pSl IPUCYTCTBUIO B OKTa3JpUYECKUX IMO3UIMIX TPHOK-
Ta’PUUECKUX MHUHEPAIOB, TJaBHBIM 00pa3oM, IOJ-
BIXKHBIX B OTKPBITOH CHCTEME MHHEPaI000pa30BaHUS
snementoB (Mg u Fe’"), 511 Munepansl, 0COGEHHO pa3-
OyXaroIlero THIIA, SBISIOTCS THIPOTEOXUMHYECKH He-
ycroiunBeiMu. OJHAKO, MOJHOE 3aMEIlEHHE BCEX Ba-
KaHCHH B OKTa3APHIECKUX CETKaX CTPYKTYpBI TPHOKTa-
9IPUIECKUX MHHEpaoB OOYCIOBIMBaeT Oojee BBICO-
KyI0 TepMOOapHUYEeCKyI0 yCTOHYNBOCTD X B OCAJIOYHOM
yexJie 3eMHOH Kopbl. [loaToMy, B 3aKphITOil crcTeMe, B
YCIIOBUSIX LIEIOYHOM Cpenbl U, caMoe TJIaBHOE, BOCCTa-
HOBHTEJILHOW OOCTAHOBKH TPHOKTA3JpUYECKUE pa3oy-
XalolIie MUHEPAIbl COXPAHSIOT Ha OAMHAKOBBIX TI1yOu-
Hax 0o0Jjiee BBICOKOE COJEepKaHKUe Pa30yxaroliuX CJIOEB,
4eM AMOKTadJpUYecKue MuHepaisl 3Toro tuma [13, 19,
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27, 28]. OcoGeHHO Ba)KHOM 0COOEHHOCTHIO TPUOKTAI-
pHUUECKUX pa30yXaroluxX MUHEPAJIOB, B YACTHOCTH NPO-
JIYKTOB arpaJlaliioHHON TpaHC(HOPMAaNNU MNaIbIrOPCKHU-
Ta, SIBJISIETCS] BOSHUKHOBEHNE B 30HAX ITO3/IHETO Karare-
He3a depe3 (aser Mg-Fe(Fe-Mg)-camorura u obora-
IIEHHOTO Mg MOHTMOPHJIJIOHHTA (B ACCOIMAINN C THI-
pocimogoi 2M; 1 MOHTMOPUIUIOHUT-TUAPOCITIIOIUCTHIM
CMEIIaHOCIOWHBIM 00pa30BaHHEM C COJEPKAHHEM Me-
nee 40 % pa3OyxammMX CJI0EB), TaKXKe XJIOPHUT-
CallOHUTOB. B mocnegHux [UIMTENBbHO COXpaHAETCS
yIOpaJ0YeHHOE uepeaoBaHue uepe3 oauH (T.e. 50 x 50)
Hepa3Oyxarouux Mg-Fe(Fe-Mg)- XI0puTOBBIX ITaKeTOB
1 OJIM3KUX TI0 XUMU3MY, HO MEHEe 3apsDKEHHBIX, 33 CUET
HECKOJIBKO GOIbIIeii cTemenn okuciaennoctn Fe’, pas-
OyXaloIIX CallOHUTOBEIX cioeB (puc. 8, II).

bam3kylo  mudpaknIMOHHYIO — XapaKTEePUCTHKY
HUMEIOT, KPOME TOTO, XJIOPHT-BEPMUKYJIHTHI, KOTOpPBIE,
6maronmaps 6oiee BeicokoMy 3apsay (0,8 u BeIe) Bep-
MUKYJIUTOBBIX CIIOEB, 10 CPABHEHHIO C CAIOHUTOBBIMH
[19, 21], B Mg-3amemieHHO# popme paz0yxaroT TOIBKO
C JTWJICHTJIMKOJIEM, HE pearupysi ¢ Oojiee KpyNHBIMH
Mousiekyiamu raunepuna (puc. 8, ). He npunasas 3na-
YEeHUsI TAKOMY BECbMa Ba)XKHOMY (akTopy, Kak pasiiiy-
Hasl TeHeTHUYecKas MPHUpOoJa XJIOPUT-CAIOHUTOB U XJIO-
PHUT-BEPMUKYJIHUTOB, HEKOTOpPBIE MCCIIEIOBATENH O0be-
JIUHSIOT UX B €IMHYIO0 TpYyHIy «KoppeHcuToB» [18]. Oto
HE MO03BOJISIET B TAKOM CIIy4ae JOCTATOYHO OOBEKTHBHO
UCTIONB30BaTh YKa3aHHBIC BBIIIC MUHEPAJBI YIS T€0JI0-
TMYECKOW WHTEPIIPETalluil YCJIOBHH HAKOIUICHHS CO-
JIepXKaIIUX X OTI0KEHHH.

AHOMaJBHO BBICOKOE COJZIEpXKaHHE pa3dyxaro-
nmx cioeB (50 %) mpHCyTCTBYyeT B PEKTOpUTAX INpHU
BO3HMKHOBEHHH HMX B JPEBHHX MOPOJaX B pe3yJbTaTe
HaJIOXKEHHBIX Ha HMX, B YaCTHOCTH, THAPOTEPMANbHBIX
n3MeHeHud. Tax, BHepBble MACHTH(OUIMPOBAHHBIN Ha-
Mu [29] B Poccun pexTOpUT IO MepBOHAYaIbHBIM Ha-
3BaHHEM «aJuleBapAuT» ObLI OOHapyXeH B BHIE Tele-
BHIHBIX O0Opa3zoBaHMN B jkeomax (puc. 9) meifacoBBIX
(mMHCOAXCKUX) CIIAaHIIEB IOPCKOH cucTeMsl Jlarectana.
B cBsa3u ¢ atum, untepnperauus O.I1. ConoruuHoi ¢
coaBropamu [30] HaXOAKM peKTopuTa Ha TiTyOmHe 6493
M B IEMEHTE IeCYaHWKa W3 TPHACOBBIX OCAJ0YHO-
BYJIKAHOTEHHBIX OTJIOXKEHHUH, KaK J0Ka3aTeIbCTBO, KO-
Obl OIIMOOYHOM, O0IIEeHl 3aKOHOMEPHOCTH Mpeodpa3o-
BaHMs Pa30yXaroluX MHHEPAJIOB IIPU HOTPYKEHHH CO-
JiepKaluX UX OTJIOKEHUH B cTparucdepy, He SBIsieTCs
00BeKTHBHOW. B yka3aHHOW paboTe COBEpIICHHO HE
YUUTBIBACTCA, YTO, HAa (poHE 0bmiero ot cramuu JI' mo
MI', BKJIIOUHTEIHHO, 3aKOHOMEPHOTO ITIPE0Opa30BaHUs
B 0CaJI0YHOM 4YeXJIe 3eMHOI KOpBI pa30yXaromux MUHe-
pajioB M- ¥ TPHOKTa3APHUECKOTO THIIA, COOTBETCTBEH-
HO, B OCHOBHOM, B CEPUIHUT U XJIOPHUT, NPH PE3KOM
CHIDKCHUM TE€OCTATHYECKOTO [aBICHMS M IUIACTOBOM
TEMIIEPaTyphl, a TaKKe YMEHBIICHHUS IIEJIOYHOCTH Cpe-
JIbl U TIOSIBJICHUSI 3JIEMEHTOB OKUCIIMTEIBHONH 00CTaHOB-
KM, MOJy4aroT Pa3BUTHE IMPOIECCHl PErpecCUBHOrO Ka-
tareHe3a [31]. B pesynabTare aTOoro, moj AecTBHEM
Takux (pakTOpoB KaK pPa3yIUIOTHEHHE MOPOJA M BHeEJpe-
HHE B NEPBUYHO CYIECTBOBABIINE HMJIM BHOBb BO3HH-
KaoIUe MPOHUIIAEMBIC MOPOJbI oborameHHbIx Si, Al,

Na, K u Ca runporepMaibHbIX PacTBOPOB, JaXKe B IIIy-
0OOKO TMOTPYKECHHBIX OTJIOKCHHSIX, BMECTO CIIFOJIUCTHIX
MuHepasioB U xioputa [18, 19, 32] MoryT BO3HHKATh
pa3HYHbIe, IPSUMYIISCTBEHHO pa30yXalollie IHOKTa-
SpUYECKUE MUHEPAIBI, B TOM YHCIE U PEKTOPHT.

Takum oOpa3oM, HapsAAy ¢ TEKTOHHYECKUMH KO-
neOaTebHBIMI JIBIKCHUSMH, M3MECHEHHEM KIMMara u
JUTOJIOTO-(haITMaIEHBIMH  OCOOCHHOCTSAMHU  OTJIOXKCHUH,
ONPEJIENIAIONINX TUI TOCTYMAOIIUX C KOHTHHEHTa B
KOHCUHBbIC O00JIaCTH HAKAIUICHHUs] IPOAYKTOB CHOCA,
0O0JIBIIIOE 3HAYCHUE IS OOBEKTHBHOW I'€OJIOTHYECKOM
MHTEPIPETAIIMM  PE3YIbTaTOB HW3YYEHUS TJIMHHUCTHIX
MUHEPAJIOB UMEET TeHETWYeCKass U CBsI3aHHAs C Hel
KpUCTAJUTOXUMUYECKAs IPUPOA UX Pa30OyXarolux pas-
HoBHIHOCTEH. [IpH 3TOM, YTO OCOOEHHO Ba)KHO, M/ICH-
THQUKAUS PA3TUIHON TEHETHYECKOW MPHUPOIBI TO-
CIeHUX HamOoJee UYETKO BBIABISIETCS IO JaHHBIM
OIIEHKH CTETICHH COXPAaHCHHs Pa30yXaroIlnuX CIIOEB MU-
HEepaJaMH B OTIIOKECHHAX, COOTBETCTBYIOIINX ITO3THEMY
KarareHe3y. B aTom cirydae mpoayKTHl peoOpa3oBaHUs
CMEKTHUTOB Ha OJMHAKOBBIX CTAJMAX JTUTOTCHE3a Xapak-
TEPU3YIOTCSI OONBIIUM KOJIHMUECTBOM JIAOMIIBHBIX CJIOEB
B CTPYKTypE, Y€M CMEIIAaHOCIONHbIC 00pa3oBaHus, re-
HETUYECKU CBS3aHHbIE C IMEPBUYHON JAerpajanuei, B
OCHOBHOM, TPHOKTA3IPUUECKUX CIIIO]I.
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O.I1. I'onuapenko, I'.A. Mockosckuii, H.C. Py3asieBa

Capamosckutl 20cy0apcmeeHublil YHUugepcumem

PaccMoTpeHbl 0CO6EHHOCTU MPUMEHEHWS PErpecCUOHHOr0 MeToAa MaTemMaTUYeckon CTaTUCTUKM C LENbIO BbISIBNEHUS 3a-
BVCUMOCTU MeXay XMMUYECKUM COCTaBOM BOAHBIX BbITSXKEK COMEW U yNbTPaMUKPOXMMUYECKMMUN aHanmn3amm BKIIOYEHWUIN B HUX C
Lienbio YyCTaHOBMNEHNS NCXOAHOIO COoCTaBa MOPCKUX pacTBOPOB M BbISIBNEHWSA HanpaBieHns ux U3MeHeHns no nnowaau 6accevina.
Mopo6HbI aHanM3 gaHHbIX XMMUYECKOTO COCTaBa ranoreHHbIX OTIIOXKEHUI YXKe U3Y4YeHHbIX MECTOPOXAEHUI NO3BOMMT NPOBOAUTL
Bonee TOYHOE NPOrHO3MPOBaHME COCTaBa KanUMHbIX U KanunHO-MarHWeBbIX COMnen, YTo 0CoOBEeHHO BaXKHO Npw npekpalleHnm 6ypo-
BbIX paboT Ha conu, HeCMOTPS Ha AePULMT KanuitHbIX Conew B CTpaHe.

HeobxomnMocTh M3y4YeHHs KaJMEHOCHBIX Oac-
CeifHOB 00yCIIOBIIEHa MPAaKTUYECKOW 3HAYMMOCTBIO CO-
CPEeOTOYCHHBIX B HHUX MOJE3HBIX HCKOMAEMBIX: XJIO-
PHUIHBIX U CYJIb(ATHBIX KAJTUIHBIX COJICH, KH3epUTA U
OumoduTa, paccoioB ¢ BEICOKMM COJEpIKaHHEM Opoma,
00pa, uX poJibl0 B (DOPMUPOBAHUN TCOXMMUYCCKHUX YC-
JIOBUM B HAJCOJIEBBIX U IIOJCOJIEBBIX OTJIOKEHHUAX, a
TaKXKe UX 3HAYCHHS KaK MOKPBIIIKH, CYIIECTBEHHO OT-
paHUYHMBAIONIEH MUTPALMIO YTIIEBOJOPOTHBIX (IIIOU-
noB. HebxoamMocTs BO300HOBIEHHS paboT MO OCBOe-
HUIO )K€ OTKPHITHIX B 3amagHoi yactu [Ipukacmms me-
CTOPOXKIICHUH KaTHMHHBIX coyiell (DIBTOHCKOTO COJISHO-
KYIOJBHOTO MECTOPOXKICHHUS W | peMsSInHCKOTro, pac-
MTOJIOKEHHOTO Ha fore [IpHBOMMKCKONH MOHOKITMHAIIH)
npu eGUIUTE KATUHHBIX COJIeH B CTpaHe — OYeBHJIHA.
Ho mocne mnpomo/mKHUTENBHOTO MajeHUs WHTEpeca K
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9THM MECTOPOXICHMSAM M IPEKpalleHus OypOBBIX pa-
60T, paHee MOJIy4YeHHbIE OTPOMHBIE MacCHUBBI HH(OpMa-
IIUH TI0 XUMUYIECKOMY COCTaBY COJICH, BOTHBIX BBITSKEK
U3 HUX W JPYTUX MaTepualioB, He 00paboTaHbI B JIOIK-
HOM Mepe U TpeOyroT nepeocMbicieHus. OHON U3 Bax-
HEHIIMX 3aJa4 MOpu 3TOM CTAHOBUTCA YCTAaHOBJICHHC
COCTaBa MUHEPATI000Pa3yIOMIUX PaCTBOPOB COJIEPOIHO-
ro 6acceiiHa U Ha ATOI OCHOBE PEKOHCTPYKIIHS MEePBUY-
HBIX TapareHe3MCOB KaIMHHBIX M MAarHUEBBIX COJIEH,
YTO OYCHb Ba)KHO IPH MPOTHO3UPOBAHUN COCTaBa IIPO-
JyKTUBHBIX HHTEPBAJIOB FAJIOTCHHBIX Pa3pe30B.
W3BecTHO, 4TO ycnoBus ()OPMUPOBAHUS Talo-
TEHHOH TOJIIIN MOTYT OBITh OXapaKTEePHU30BaHbI T€HETH-
YECKUMH MOKa3aTeIsIMH, OCHOBAHHBIMM Ha MUHEPAJo-
THYECKUX U TCOXMMHUYECKHX OCOOEHHOCTSIX COJISHBIX
nopoa. OHM OTpa)karoTCs B MOCJIENOBATENBHBIX PAAAX





