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BOPHCOB M.B.

YBaHcaeMbie KOJiJiern, na sace^annH flHccepxauHOHHoro coBexa npncyxcxByiox 20

HJICHOB coBexa H3 27, B XOM HHCJie flOKxopOB HayK no cnennajiBHOcxH paccMaxpHBaeMofi

- 13.

KsopyM HMeexcfl, COBCX npaBOMonen npOBOflHXB saceflanne. CeroflHH Ha nosecxKe

aaiUHxa flHccepxauHH CnHBaK AHHOH BajiepteBHofi na xeMy «FeHe3HC

CBepxrjiy6HHHoro ajiMasa H nepBH^Hbix BKJiiOHeHHH B Bemecxse HHJKHCH ManxHn 3eMnn

(aKcnepHMCHxajibHBie Hccjie^oBaHHa)» na coHCKamie ynenoH cxeneHH ^OKXopa reojioro-

MHHepanorHHecKHx nayx no cneu,Hajn>HocxH 25.00.05 - MHHepajioma, KpHcxajuiorpa<J)HH.

Pa6oxa BBinojineHa B Oe^epajiBHOM rocy^apcxBeHHOM 6iOfl»cexHOM yHpe^c^enHH nayKH

HncxHxyxe 3KcnepHMenxajiBHOH MHnepajiornH POCCHHCKOH axa^eMMH nayK. HaynHBiii

v coHcyjiBxanx: ^.x.n. JIHXBHH lOpnii An^peeEHH (H3M PAH, r. HepnoronoBKa).

O4)Hii;HajiBHbie onnonenxBi: Ka^HK ApnojiBfl APHOJIB^OBHH - npo^eccop, floicxop reojioro-

MHHepajiornnecKHX HayK, saB. jiaGopaxopneH reoxHMHH ManxHH SCMJIH FEOXH PAH;

KaMHHCKHH OCJIHKC BHxoJiBflOBHH - npo(j)eccop, flOKxop reonoro-MHHepajiorHHecKHX

HayK, npesHflCHX KM TjHaMomi; 3KcnnopaHinH Jlxfl., BaHKysep, Kanaka;

AHXOHOB Bna^HMnp EBreHBeBHH - flOKXop (|)H3HKO-MaxeMaxHHecKHX HayK, sas.

jia6opaxopHeii <|>H3HKH BBICOKHX ^aBJienHH HOTT PAH.

Beflymafl opraHH3au;Ha - OeaepanBHoe rocy^apcxBenHoe 6iofl»cexHoe ynpe»c/];eHHe nayKH

MHHepanorHHecKHH Myseii HMCHH A.E. OepcMana POCCHHCKOH aKafleMHH HayK.

MBI MO»ceM npncxynnxB K paccMOxpeHHio ^aHHOH pa6oxBi. CJIOBO npe^ocxaBJiaexca

ceKpexapio fljia KpaxKoro omameHHa MaxepnajiOB zi,ejia.

KHCEJIEBAH.A.

CnHBaK Anna BajiepBCBHa B 2001 ro^y saKOHHHJia HpKyxcKHH rocy^apcxBeHHBiH

xexHHHecKHH yHHBepCHxex H nanajia pa6oxy B ropo^e MepnorojiOBKa B HHCxnxyxe

3KcnepHMeHxajiBHOH MnnepajiorHH cnanajia B ^OJDKHOCXH cxa^cepa, saxeM B Kanecxse

MJia^uiero Haynnoro coxpy^HHKa. B 2002 ro,oy, paGoxaa xaM, ona nocxynnjia B

acnnpanxypy. B 2005-M ona ee saKOHHHjia H nojiynnjia yqenyio cxenenB

reojioro-MHHepanorHHecKHx HayK H 6BUia nepeBe^eHa na ^OJI^CHOCXB Haynnoro

coxpyflHHKa H3M PAH. C 2013 ro^a, H ^o CHX nop ona paSoxaex xaM ace cxapniHM



coxpyzjHHKOM. EK> npe^cxaBJieHBi B COBCT BCC Heo6xo,n,HMBie

o(|>opMJieHHBie B cooxBexcxBHH c npaBHJiaMH BAK. EcnH HMeioxcfl Bonpoc&i no

flOKyMCHxaM, TO a Mory OTBCTHTB.

BOPHCOB M.B.

BonpocBi HMeioxca K ynenoMy ceicpexapio? Bonpocos Hex. Toryja fljifl ^OKJia^a

CJIOBO npeflocxaBJiaexcfl coHCKaxejno. BaM ^aexca 40 MHHyx, cxapanxecB yjio^cHXBca B sxo

CIMBAKA.B.

,3p6p&iH A6HB ysa^caeMBie HJICHBI flHccepxau;HOHHoro cosexa, KOJinerH. BaineMy

,noKjia,n no fl,Hccepxan,HOHHOH pa6oxe «rene3HC

CBepxrjiy6nHHoro amviasa H ero nepBHHHBix BKJiiOHeHHH B Bemecxse HH^CHCH ManxHH

(aKcnepHMenxajiBHBie HCCJie;i;oBaHHH)». Bonpoc o renesnce CBepxrny6nHnoro

BOSHHK, Korfl,a cpeflH MHnepajiBHBix BKJiiOHeHHH GBIJIH oSnapy^cenbi MHHepajibi c

rny6HH nepexo^Hoii SOHBI H HH3KH6H ManxHH. B nocneacxBHH, Kor#a GBIJI naKonjien

GojitnioH o6i,eM MHHepanorHHecKHx ^aHHBix, SXH BKJiioHeHHa GBIJIH

na yjn>xa6a3HXOByio, 6a3HxoByio H Kap6onaxHXOByio accoii;HaLi,HH. IlepBHHHBie

saxBaxBiBajiHCB BO BpeMH pocxa ajiMasaMH MS O^HOH o6m,eH cpe^Bi. H B CBHSH

c 3XHM, cxanoBaxca aKxyajiBHBiMH BonpocBi HsynenHa KaK XHMHHecKoro, xax H (^asofioro

cocxasa axofi MaxepHHCKOH ajiMa30o6pa3yion;eH cpe^ti, o BsaHMo^eHCXBHH ajiMaaa H 3xnx

nepBHHHbix BKJiioHeHHH H reHexHHecKHX B3aHMOoxnonieHHH c OKpyacaK)ii],HMH nopoflaMH

H MHHepajiaMH caMoii HH^CHCH ManxHH HJIH nepexo^HOH SOHBI SeMJiH.

Cocxas ManxHH ^o rjiy6nH 150-250 KM flOCxoBepno pacKpBix no flannbiM H3

KCCHOJIHXOB nopofl BepxHeii MaHXHH. IlofloSHBie naxoflKH nopofl nepexoflnoH SOHBI H

HH^CHCH MaHXHH Ha nOBCpXHOCXH 3CMJIH H6 oSHapy^CCHW. ITo3XOMy COCXaB (J)a3OBBIH H

XHMHHCCKHH 6l>IJI OnpeflCJieH 3KCnepHM6HXaJIBHO B paMKaX H3OXHMHH6CKOH

yjiBxpa6a3HxoBBix cocxasoB GBIJIH npoBe^eHBi sKcnepHMenxajiBKBie pa6oxBi no

nnpojinxa. B ycjioBnax HH^cHen ManxHH GBiJia noKasana

accorjHaijHa - 3x0 (^epponepHKJias, 6pH^»CMaHHx H KajiBUHeBBiii nepOBCKHX.

rioflo6Hbie pa6oxbi SBIJIH npose^eHBi c BemecxBOM OKeaHHHecKoro 6a3ajibxa. H B

6BiJia HOKasana cxa6HJiBHaa accou,Hau;Ha CXHUIOBHX,



nepOBCKHx, 6pHfl)KMaHHX, a xaiojce <J)a3bi co,zjep>KamHe ajnoMHHHH H

KOMHOHeHXBI. Hy3KHO OXMCXHXb, HXO CpCflH BKJIIOHeHHH B CB6pXrJiy6HHHBIX

ajiMasax GBIJIH HaMfleHBi B flocxaxoHHOM KOUHHecxse HeoSBiHHBie BKJiiOHeHHfl. 3xo cpocxKH

cxHinoBHxa - npeflcxaBHxeira 6a3HxoBOH accoHHaqHH H (JiepponepHKJiasa -

yjibxpa6a3HxoBOH accouHaijHH. 3iccnepHMeHxajiBHbiMH pa6oxaMH

BO3MO»cHocxB (JjopMHpOBaHHa xaKOH accou;Hau;HH, 3x0 Kor^a y Hac COBMCCXHO oGpasyioxca

6pH^»CMaHHX, MarH63HOBK)CXHX H CXHUIOBHX. A B 6oJiee ^CeJI63HCXOH HaCXH

cxaHOBHXca cxaSnjiBHOH caMa accoii;Haii;Ha MarHesnoBiocxHx H CXHUIOBHX. OflnaKo

HCCJie^oBaHHH npOBe^eHBi B ycjioBHax cy6cojiH,n,ycHBix 4>a3OBBix oxnonieHHax, H nosxoMy

paCKpBIXB (f)H3HKO-XHMHHeCKHH MCXaHHSM o6pa3OBaHHH ^aHHBIX aCCOLlHaî HH CJIO^CHO.

Bcero sxoro MO^CHO c(J)opMyjiHpoBaxB I^CJIH H 3a^aHH Hacxoamefi pa6oxbi:

H3yH6HHe 4>a3OBBix oxHonieHHH npn njiaBJieHHH npocxBix Kap6onaxoB Mg, Ca H Na

MHHepaJIOB BO BKJiioHeHHax FI3 H HM B CBepxrny6HHHbix ajiMasax), a

MHOrOKOMHOHeHXHBIX Kap6OHaXHXOBBIX COCXaBOB CHCX6MBI MgCOs - FeCOs -

CaCOs - Na2CO3 B oxHomeHHH rpaHHii; njiaBJieHna, ycxoHHHBocxH nacxHHHBix H HOJIHBIX

pacnjiaBOB, sepoaxnocxH HX pasno^ceHHa ^o sneMeHxapnoro yrjiepo^a;

2. HsyneHne 4>a30BBix oxHomeHHH npn njiaBJieHHH HCXO^HOFO OKCH^-cHJiHKaxHoro

BemecxBa HM c OHCHKOH <^H3HKo-XHMHHecKHx MexannsMOB ero yjiBxpa6a3Hx-6a3HxoBOH

SBOJIIOI^HH;

3. HsyneHHe c^asoBbix oxHomeHHH npn njiaBJieHHH npe^cxaBHxejiBHOH oKCHfl-cHUHKax-

Kap6oHaxHxoBOH CHCXCMBI MaxepHHCKHX cpefl ajiMasoB H BKJiiOHeHHH nepHKjias MgO -

BIOCXHX FeO - cxHinoBHx SiO2 - SPH/PKMCHHX (Mg,Fe)SiO3 - Ca-nepOBCKHx (CaSiO3) -

Kap6oHaxHx (MgCO3 - FeCO3 - CaCO3 - Na2CO3) c OUCHKOH

M6XaHH3MOB 66 yjIBXpa6a3HX-6a3HXOBOH ^BOJIK)^HH;

4. 3KcnepHMeHxajiBHoe Mo^ennpOBaHHe o6pa3OBaHHa

CBepxrjiy6HHHBix ajiMasos B napareH63Hce c yjiBxpa6a3HXOBBiMH H

MHHCpaJiaMH nepBHHHblX BKJIIOHeHHH;

5. HayneHHe ponH yjibxpa6a3Hx-6a3HxoBOH MarMaxHHecKOH SBOJIIOI^HH

HH^cneH MaHXHH, a xaK^ce B onarax ajiMasooGpasyiomnx pacnnaBOB (c



nocxpoemieM cxeMaxHHecKOH «£HarpaMMBi CHnrene3Hca» ajiMaaoB H nepBHHHBix

BKJIIOHeHHH B pOKHMC (JjpaKUHOHHOH KpHCXaJIJIH3an,HH);

6. paspa6oTKa renexKHecKOH KJiaccH^HKauHH nepBHHHBix BKjnoHenira B

CBepxrjiySHHHBix ajiMasax HH^CHCH MaHTHH H nocxpoemie o6o6ineHHOH ^HarpaMMti

MaxepHHCKHx cpefl CBepxray6HHHBix ajiMasos H nepBHHHBix BKnioHeHHH.

IIpH BBinOJIHeHHH flaHHOH pa6oTBI HCnOJIB3OBaJICfl UeJIBIH KOMHJieKC

3KcnepHMeHxajiBHoro oSopy^OBaHHa BBICOKOFO flaBJieHHH. TecxoBBie OHBIXBI npoBO^HJiHCB

na annapaxe c xopoHfl,ajiBHBiM ynjioxneHHeM xnna «HaKOBajiBHa c jiyHKoii» B ropo^e

HepHoronoBKa B HncxHxyxe SKcnepHMenxajiBHaa MUHepajiorna. Pa6oHHe flaBjienHa ^o 8.5

Flla. HsyneHna 4)a3OBBIX oxnoineHHH npn njiaBJieHHH HH^cneMaHXHHHBix CHCXCM, a xax^ce

anMaaooSpasyiomHX CHCXCM npoBO^HJiocB na annapaxe BbicoKoro flaBJieHHa -

x~\iHoronyaHCOHHBiH npecc. PaSonne flaBneHHH - ;̂o 26 FITa. 3xn pa6oxBi npOBO^HJiHCB B

BaBapcKOM reoHHCXHxyxe B ropo^e BaiipOHx. TaK»:e 6ojiBinoH o6i>eM 3KcnepHMeHxajiBHBix

pa6ox GBIH npoeeflen c npHMeHenneM annapaxypBi BBICOKOFO ^aBJienna c

HaKOBajiBHHMH H JiasepHBiM HarpeBOM. PaSoHHe ^aBJieniM - flo 90 Flla.

annapaxypa ncnojiBSOBajiacB fljia HsynenHa KaK npocxBix, xax H MnoroKOMnoHenxHBix

CHCXCM. /^IIH HCCJieflOBaHHa pesyjiBxaxoB 3KcnepHMenxa HcnojiBSOBajiHCB MCXO^BI

CKaHHpyromeH aJiexxpoHHOH MHKpocKonHH, 3JieKxpoHHo-3OHfl;oBoro anajinsa, PaMaH- H

penxreH-cneKxpocKonHH H ̂ pyrne flonojiHHxejiBHBie MCXO^BI.

IlepBOH sa^anefi npn HsyneHHH Bemecxsa HH^cneH ManxHH H ajiMasooGpasyioinHX

^npon;eccoB 6&uio HsyneHHe npocxBie KapGoeaxHBie CHCXCMBI. Hxo 6u HOXOM HaM axn

^aHHBie noMorjiH nonaxB xe nponeccBi, KOxopBie npoHcxo^ax y»ce B MHoroKOMnoneHXHBix

H MHoro(J)a3OBBix CHCxeMax. H nepBBiH mar B SXOH paSoxe 6Biji npoBe^en. HsynenHe

4>a3OBoro cocxoflHHa KanBn,Hxa. B peayjiBxaxe npose^enHBix sxcnepHMenxoB 6&ma

onpe^ejiena rpaHHn;a njiaBJienHa Kap6onaxa KajiBii,HH, a xax^ce 6Buia onpeflenena

rpaHHLia cxa6HJiBnocxH Kap6oHaxnoro pacnjiasa. Ha Koxopofi nponcxo^Hx

pasncwKCHHe KapGonaxHoro pacnnaBa c o6pasoBaHHeM oKCH^a KajiBi;Ha H CHJIBHO c^caxoro

4>jiK)Hfla CO2, KoxopBiii B nocjieflcxBHH npexepncBaex pasjio^cenHe c o6pa3OBaHH6M

(j)a3Bi yrnepo^a - rpa^nxa HJIH ajiMasa. Cne^yex OXMCXHXB, HXO Mexo^HHecKn /yifl

ncxoHHHKa yraepo^a H yBepeHHOcxn npaBHjiBHOcxH pesyjiBxaxoB



3KcnepHM6Hxa HcnojiBSOBajracB KapGonaxBi na ocHOBe 13-ro nsoxona yrjiepo^a. TaKHM

o6pasoM, ^aace ecjin y nac B 3KcnepHMeHxajiBHBiH oGpasen, nona^aji yrnepo^;, HCXOHHHKOM

yrjiepofla .zyia Koxoporo aBJiajincB ajiMasHBie HaKOBan&HH, xo MBI MOFJIH SXH pesyjiBxaxBi

HCXKO pasflejiHXB. H na paMan-cneKxpax nojiynenHBix oSpasnps MO>KHO HCXKO BH^CXB,

Korfla y Hac nojiynajica ajiMas HJIH rpa(J)nx B peayjiBxaxe pasjioxcenna Kap6onaxa KaJIB^HH.

CaMBiii rjiaBHBiH BBiBOfl H3 ^aHHoro Hccjiefl,OBaHHH xo, Hxo KapSoHax KajiBii;Ha njiaBHxca

KonrpysHXHO H HMeex flocxaxoHHO uiHpOKoe none pacnjiasa.

Cjie^yiomHM maroM GBIJIO nsyneHHe MarnesHxa. HcnojiB3OBajiHCB xe »ce MCXO^HKH,

o^naKO 6BiJia BHe^pena eme o^na nosaa Mexo^HKa ^Jia onpe^ejienHa rpaHHUBi

3xo - HcnojiB3OBaHHe flonHpOBannoro 6opOM c<|)epHHecKoro ajiMasa BO

3KcnepHM6Hxa. BBina onpe^ejiena rpaHHii,a njiaBJienna. noKasano, HXO MarnesHX

KonrpysHXHO. Hojie pacnnasa flocxaxoHHO mnpoKoe H orpanHHeno rpanHii;eH

cxaSnjiBHOCXH axoro pacnjiasa, na Koxopon nponcxo^Hx pasjio^ceHHe c o6pa3OBaHH6M

Marnna H CO2 c nocjie^yioni;HM pasjio^ceHHCM c oGpasoBEHHeM XBep^on

asBi - rpacjtnxa HJIH ajiMasa.

M flajiee Hccjie^oBanna no H3yHeHHK) ^aaosoro COCXOHHHH HaxpneBoro Kap6onaxa.

C naxpneBBiM Kap6onaxoM pa6oxaxB GBIJIO ^ocxaxoHHO CJIO^CHO. Ho yzjajiocB nojiynnxB

AocxoeepHBie pesyjiBxaxBi. BBiJia noKasana ipannma njiaBjieHHa HaxpHesoro Kap6onaxa, a

xaoKe Bepxnaa rpaHHii,a HaxpneBoro Kap6onaxHoro pacnjiasa. BBIUIC Koxoporo

nojie OKCHAa naxpna yrjiepo^a H KHCjiopo^a. Tax»ce GBIJIO ^onojinnxejiBHO

PaiviaH-cneKxpocKonHHecKoe nccjieflOBaHHe caMoro HaxpneBoro Kap6onaxa npn

6es HarpeBa. HsMeneHHH cxpyxxypBi o6napy»ceHO ne GBIJIO.

xoro KaK GBIJIH nojiyneHBi ^anHBie no noBe^eHHio npocxBix KapGonaxos npn

H xeMnepaxypax oxBenaiomnx ycjiOBH«M nepexo^HOH SOHBI H HH^CHCH ManxHH,

cjie,n,yK>iii,HM uiaroM 6Buio HsyneHHe MHoroKOMnoHenxHBix Kap6onaxHBix cncxeivi. 3xo

xpexKOMnonenxn&ie H HexBipexKOMnoHeHxn&ie CHCXCMBI, B cocxas KoxopBix BOIHJIH

ocHOBHBie Kap6onaxHBie MHHepajiBi, KoxopBie GBIJIH o6Hapy»ceHBi cpe^H BKJiiOHeHHH B

CBepxrjiySnHHBie ajiMa3Bi. B pesyjiBxaxe npose^enHBix Hccjie^OBanHH 6Buia onpe^ejiena

rpaHHii;a 3BxeKXHnecKoro njiasjieHHa, a xaK^ce nojinoro njiaBJienna MHoroKOMnoHenxHoro

KapGonaxHoro pacnnasa cocxasa Marneanx - CHflepnx - HaxpneBBiH Kap6onax. Oaaon



HBJiaexca MarneaHajiBHO-^cejiesHCXBiH Kap6onax, K KoxopOMy npn noHH3KeHHH

xeMnepaxypBI flo6aBJiaexca xsepflBiH pacxsop cocxasa Na2(Mg,Fe)(CO3)2, cocxaB Cannon)

nous onpeflejiaex cocxas cy6cojiH,nycHoro nona.

Floflo6HBie 3KcnepHMeHXBi 6BijiH npoBe^eHBi y^ce fljifl HexBipexKOMnoHCHXHOH

CHCXCMBI KajiBUHX - MarHesHX - CH^epHX - HaxpHeBBiH Kap6oHax. TaiOKe SBIJIH

onpe/jejieHbi rpaHHUBi 3BxeKXHHecKoro njiaBjieHHa H HOJIHOFO njiaBJieHHH CHCXCMBI. Oasofi

jiHKBHflyca HBjiaexca MarHe3HajiBHO-»cejie3HCXBiH Kap6onax. C noHH^ceHHCM xeMnepaxypBI

Kap6oHaxa c cocxaBOM asnaexca ^asoii nHKBH/jyca CHCXCMBI. Hpn noHH^ceHHH

xeMnepaxypBI 4>opMHpyexca acco^Ha^HjI (Mg,Fe)-Kap6oHax + Ca-Na-Fe-Mg-KapSonax +

pacnjias. Accou,Hai];Ha (Mg,Fe)-Kap6oHax + Ca-Na-Fe-Mg-Kap6onax + Na-Ca-Fe-Mg-

Kap6oHax + pacrnias onpe^ejiaex (^opMHpoBaHHe cy6cojiH^ycHOH accou;Haij:HH

(Mg,Fe)CO3 + (Ca,Na2,Fe,Mg)CO3 + Na2(Ca,Fe,Mg)(CO3)2. OCHOBHOH BBIBO^ no

H3yH6HHK) MHOrOKOMnOHeHXHBIX Kap6oHaXHBIX CHCXCM SaKJIIOHaeXCH B XOM, HXO

xeMnepaxypa nojinoro nnaBjieHHa CHCXCMBI HHJKC SHaneKHH peanBHBix xeMnepaxyp npn

TjaHH&ix ^aBJieHHHx na rny6HHax nepexo^HOH SOHBI H nanajia HH^CHCH MaHXHH. To ecxB na

rjiyGnnax y nac Moryx oGpasoBBiBaxBca Kap6onaxHBie pacnnaBBi, H XCM caMBIM

xBca ajiMa3Oo6pa3yioinHe onara. B pesyjiBxaxe CKaaaHHoro H c^ejianHoro

MO^CHO c(f>opMyjiHpoBaxB nepBBie sainnmaeMBie nojioacenHa:

1. npocxBie Kap6onaxBi MgCO3, CaCO3 H Na2CO3 (npeflcxaBHxenBHBie KOMnonenxBi

nepBHHHBix Kap6onaxHBix BKjnoHeHHH B cBepxrjiy6HHHBix ajiMasax H HX MaxepHHCKHX

pacmiaBax) nnaBaxca KonrpysHXHO c o6pa3OBaHHCM o^no^asHBix nojien cxa6HJiBHBix
.

Kap6onaxHBix pacnnaBOB npn /T-ycnoBHax F13 H FIM (1 l-73rna/1700-3000°C, 12-80

rna/1800-2600°C H 11-46 ma/2400-1700°C, cooxBexcxseHHo).

BBicoKOxeMnepaxypHBie rpaHHHBi (fjaaoBBix nonen Kap6onaxHBix pacnjiasoB CaCO3,

MgCO3 H Na2CO3 onpeflejiaioxca flByxcxynennaxBiMH peaK^HHMH paanoaceHHa

KapSoHaxHBiH pacnuaB = OKCH.ZJ + CO2 H CO2 = O2 + C;

2. na /T-flnarpaMMe MHoroKOMnoneHXHOH CHCXCMBI MgCO3- FeCO3 - CaCO3- Na2CO3,

BKJiioHaioiHeH rjiaBHBie Kap6onaxHBie KOMnonenxBi MaxepHHCKHX MarM

CBepxrjiyGHHHBix anMasoB, onpe^eJieHBi 3BxeKXHHecKHH cojiH^yc npn 12-23 riTa/900-

1100°C H jiHKBH^yc npn 12-23 rria/1300-16000C. Flpn HOJIHOM H nacxHHHOM



ee paBHOBecHBie oxHomeHHa onpe^ejiaioTCH <J)a3aMH HOJIHOCXBIO

CMCCHMBIX pacnjiaBOB H xsepflBix pacxBopoB (Mg,Fe)CO3, (Mg,Ca,Na2,Fe)CO3 H

Na2(Ca,Mg,Fe)(CO3)2. TeMnepaxypBi nepBHHHoro njiaBJieHHa Mg-Fe-Ca-Na-

KapGonaxHOH CHCXCMBI na cojiH^yce HHJKC reoxepMajitHbix ^JIH FI3 H HM, HTO

o6ecneHHBaex 4>H3HKo-XHMHHecKHe ycjioBHfl reHepaijHH OKCHfl-CHJiHKax-Kap

MaxepHHCKHX cpefl CBepxr;iy6HHHBix ajiMasoB npn ,n;aHHBix Pr-napaMexpax.

Cjie^yiomeH nacxBio paSoxBi 6Bmo HsyHenne HCXO^HOFO

Bemecxsa HH^CHCH ManxHH. FIpefl;inecxByK)iu;HMH aKcnepHMenxajiBHBiMH paSoxaMH GBIJIO

noKaaaHO, HXO cncxeivia nepmoias - BIOCXHX - CXHIHOBHX HMCCX cyScojiH^ycHBie nona -

Fbrd (±(PerWus)ss ±Sti); Fbrd+(Per-Wus)ss+Sti, a B HcejieancxoH nacxH ^HarpaMMBi

ninpoKoe H oSnrapHoe none Sti+(Wus-Per)ss. FIpH SXOM nepHKJias H BIOCXHX

HenpepBiBHBifi pa^ xBep^Brx pacxsopoB, a 6pH,o;5KMaHHx HMeex orpaHHHeHHBiH

xsep^Bix pacxBopoB c JKCUCSHCXBIM 6pn^»CMaHHxoM. BBIJIO noxasaHo, HXO (J>a3OBaa

accou;Hau;na cxHinoBHX H MarneaHOBiocxHX MOMCCX GBIXB cxa6HJiBna B flaHHBix ycjiOBHax,

O^HaKO, (^HSHKO-XHMHHeCKHH MCXaHH3M o6pa3OBaHH« flaHHOH aCCO^Ha^HH OCXaBaJICH nOfl

BonpocoM. ^Jifl HsyneHHa ^aHHoii CHCXCMBI GBIJIO BBi6pano ffsa nojinxepMHHecKHX

c co^ep^caHHeM OKCH^a acejiesa 30 H 70 %. H B pesyjiBxaxe

ce^eHHH GBIJIH npefljio)KeHBi cjie^yiomne <J>a30BBie

KoxopBie BBI Ha6jiK>flaexe na flaimoM cjiafi^e. OasaMH jiHKBH^yca

4)epponepHKJia3 H CXHHIOBHX. C nonn^ceHHeM xeMnepaxypBi oSpasyioxca HOJIH c

^.oSaBJieHHCM 6pH^)KMaHHxa. CaMoe HHxepecnoe B ^aHHofi CHCxene H B ^aHHOH CHxyau;HH

j , HXO ecxb npHcy6coJiH^ycHbie nona, B Koxoptix MBI BH^HM npncyxcxBHe pacnjiasa,

4>eppo6pH^»cMaHHxa, (J)epponepHKJia3a H cxHinoBHxa. Ho B pesyjiBxaxe npefljio^cenHOH

nepHxeKXHHecKOH peaicijHH y nac npoHCxo^nx HCHesHOBenHe 4)ePP°(5p]H,a.5KMaHHTa c

o6pa30BaHHCM CXa6HJIBHOH aCCO^Ha^HH MarH63HOBK)CXHXa H CXHIHOBHXa.

IlepHxeKXHHecKaa peaKii;HH npHBe^ena HH^CC. TaKHM o6pasoM, GBIJI noicasaH MexannsM

o6pa30BaHHa ^aHHOH acco^Ha^HH. FIpH HsyneHHH ^anHOH CHCXCMBI B nojinxepMHHecKOM

ceneHHH npn coflep^caHHH »cejie3HCxoro KOMnoHCHxa B 70 % 6i>iJia noKasana ^ocxaxoHHO

npocxaa Kapxnna, Kor^a MBI BH^HM 3BxeKXHHecKHH XHH njiaBJieHHH. S^CCB y nac 4>a30H

HBJiaexca MarnesHOBiocxHx H CXHIHOBHX. H c o6pasoBaHHeM B cy6cojiH^yce



ycxoHHHBOH accoHHaijHH MaraesHOBiocxHx H CXHUIOBHX. TenepB, CCJIH MBI c,zjenaeM

npoeicu,HK> nosepxHocxH JiHKBH^yca na fluarpaMMy cy6cojiH^yca, xo MBI nojiynHM

KapXHHy, ITJC y nac naHecenBi HOJIH H (JjasBi JiHKBH^yca - axo CXHIHOBHX,

4)eppo6pH^»CMaHHx H <J)epponepHKJia3. H fleHCXBHxejiBHO, MBI MO^KCM oxcjie^HXB

H3MeHCHHe cocxasa CHCXCMBI. ECJIH MBI BOSBMCM neicyio <f)HrypaxHBHyK) xoHKy, Koxopaa

cooxBexcxByex cocxasy ManxHH B none cxa6HJiBHOcxH (|)epponepHKJia3a H

4)eppo6pH^»cMaHHxa, xo npn njiaBJieHHH y nac ^ajiBHeHinee noBe^enHe CHCXCMBI 6y ;̂ex

KOHxpojinpoBaxBca yyKQ KOXCKXHKOH «^epponepHKJia3a, 4>eppo6pH^»cMaHHxa H pacnjiaBa».

B nepnxeKXHKe y nac npOHsoii^ex nepHxeKXHnecKaa peaKLina c HcnesHOBeHHeM

6pnfl»CMaHHxa H y»ce c o6pa3OBaHH6M cxa6HJiBHOH accouHauHH MarHesnoBiocxHxa H

cxHinoBHxa. TCM He Menee, ^aHHBie HsyneHHH 6BiJiH npoBe^eHBi B xaK HasBiBaeMOH

^MO^eJIBHOH XpeXKOMIIOHeHXHOH CHCXCMC. A peajIBHBie CHCXCMBI OHH flOCXaXOHHO CJIOXCHBI

H HMCIOX eme flonojiHHxejiBHBie KOMHOHenxBi.

Cne^yioiqHM maroM GBIJIO ^o6aBHXB K yjiBxpa6a3HxoBoii CHCXCMC sce-xaKH

SaSHXOBBIH KOMHOHeHX - 3XO KaJIBHHeBBIH HCpOBCKHX. To CCXB, CCJIH MBI HOCMOXpHM Ha

^aHHyio cxeMy, xo yBH^HM nam y^ce SHaKOMBiH xpeyrojiBHHK B OCHOBaHHH. fljix HsyneHHa

GBIJIO BBi6pano ceneHHe c co^epjKaHHeM 50% KajiBuneBoro neposcKHxa, B paMKax

Koxoporo 6BIJIO xoxce BBiSpano nojinxepMHHecKoe ceneHHe, Koxopoe H HaynajiocB.

Tonojiorna Cannon ^HarpaMMBi, Kan H nocjieflyiomnx ^narpaMM, 6y^ex noxo>KeH,

aHanorHHHOH. OaaaMH jiHKBH^yca xaicace aBJiaioxca <|)epponepHKJia3 H CXHUIOBHX. Ho

canoe SoJiBiuoe BHHMaHHe MBI o6pamaeM na npeflcy6conH^ycHBie HOJIH, B paMKax
_^-..
..jxopBix y nac (J>opMHpyexca accoii;HaLi:Ha «4>epponepHKJia3a, <J>eppo6pHfl»CMaHHxa,

cxHinoBHxa H y)Ke KajiBH,HeBoro nepoBCKHxa Kax npe^cxaBHxejia 6a3HxoBofi accou;HaLi;HH»,

Koxopaa B pesyjiBxaxe nepHxeKXHHecKOH peaKii;HH nepexo^nx yxce B cxa6HJiBHyio

accoii;Hai];HK) MarnesHOBiocxHxa, cxHinoBHxa H Kajibii;HeBoro nepoBCKHxa y^ce B

cyGcojiH^ycHOM none c noHH^ceHHCM xeMnepaxypBI.

To ecxB, paGoxBi GBIJIH HanpaBJienBi na HsyneHHe caMoro Hcxo^Horo OKCH^;-

cHJiHKaxHoro BeuiiecxBa HH^CHCH ManxHH H nepexo^HOH SOHBI, HO no ycjioBHaM HH>KHeH

, noxoMy HXO see Hccjie^oBaHHa nposo^HjiHCB npn 26 Flla.



maroM 6Buio HayHetme (fiasoBBix oxHoineHHH npH njiaBjieHHH B

ajiMa3Oo6pa3yioni,HX MaxepHHCKHX onarax, B cocxaB Koxopbix .ZJOJDKHBI EXO^HTB

Kap6oHaxHbie KOMnonenxBi. A xax KaK GBIJIH y^ce HccjieflosaHBi MHoroKOMnoneHXHBie

Kap6oHaxHBie CHCXCMBI, xo H K CHCXCMC 6BiJia #o6aBJieHa MHoroKOMnoneHXHaa

Kap6oHaxnaH cocxaBJiaiomafl, Koxopaa o6o3HaneHa SBCS^OHKOH. CocxaB

cocxaBJunomeii - 3x0 Maraesnx, CH^epHx, KajiBii,Hx H naxpneBBiH Kap6onax. B

cjiynae ocnoBa - nayneHHaa y»ce panee xpexKOMnoHenxHaa cHcxeMa nepHKJias-BiocxHx-

CXHIOOBHX H ^o6aBjiaexca MHoroKOMnoneHXHBiH Kap6onax. BBiSnpaexca

nojiHxepMHHecKoe cenenHe c cocxasoM 50% Kap6oHaxHOH cocxaBjiaiomeH. H y»ce B

paMKax ^aHHOH cncxeMBi BBiSnpaioxca nonHxepMHHecKHe cenenHa. KaK a H rosopHJia, B

ii;ejiOM xonojiorna flnarpaMM coxpanaexca. B saBHCHMOcxn ox xHMHHecKoro cocxasa

v^eHaioxca XOJIBKO nojioaceHHa 4>a3OBBix rpaHHii;. OasaMH jiHKBH^yca xaK »ce

4)epponepHKJia3 H CXHIHOBHX. H npe^cyGcojiH^ycHBie HOJIH... BBIJIO

noKasano, HXO accoii;Haii:HH fyepponQpeKjias, <J)eppo6pHfl5KMaHHX, CXHIHOBHX H Kap6oHax B

npHcyxcxBHH pacnjiasa, KOHCHHO »ce, B pesyji&xaxe nepnxeKXHHecKOH peaKqHH

(^epponepHKJias yxo^nx, H ocxaexca cxaSnjibHaH accou;Hai];HJi MarHesHOBrocxHxa,

cxnmoBHxa B npncyxcxBHH HOJIHOFO na6opa Kap6oHaxHBix MHHepanoB, nojiynenHbix B

npHcyxcxBHH pacnjiasa. Co6cxB6HHo rosopa, 3XH nojia y»ce onpe^ejiaiox cocxaB nojiefi

. Cjie^yex OXMCXHXB, HXO nepsoH Kap6onaxHOH (^ason B ^aHHOM cjiynae

XBep^bin pacxsop MarnesHxa H CHflepnxa.

CaMBIM CJIO^CHBIM H CaMBIM HaBCpHO HHXCpeCHBIM 3XaiIOM 6BIJIO COBM6II];eHHe BC6X

. To ecxB B Cannon CHCXCMC y nac npncyxcxByex H nepHKJias, H BIOCXHX, H

CXHIHOBHX, H KanBijHeBBiH nepoBCKHX, H MHoroKOMnoneHXHaa Kap6oHaxHaa CHCxeMa. To

ecxb, 6&UIH coSpaHBi see npefl,cxaBHxejiBHBie KOMnonenxBi ajiMasooGpasyiomero

MaxepHHCKoro onara. H GBIJIH HCCJie/i;oBaHBi HX c[)a30BBie oxHoineHHH npn njiaBJieHHH.

OCHOBOH B flaHHoii cxcMc y Hac flBJiaexca y^ce HsyneHHaH HH»HeMaHXHHHaH cncxeivia

nepHKJiaS-BIOCXHX-CXHIHOBHX-KaJIBIJHeBBIH nepOBCKHX, H K 3XOH CHCX6M6 6BIJI

KajibiiHeBBiH Kap6oHax. B pesyjiBxaxe nsyneHHa nojiHxepMHHecKoro CCHCHIM c

cocxaBOM 6Bijia nojryneHa cjie^yK)in;aH xapxHHa. F^e cpaay ocxaHOBJiiocB XOJIBKO na

npe^cy6cojiH^;ycHBix OOJMX, B paMKax KoxopBix o6pa30BBiBajiHCB accon,Han;HH
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4>eponepHKJia3, (j)epo6pH,ipKMaHHX, CXHIIIOBHX, KajibijHeBbiH nepOBCKHx H KapGonaxHBie

MHHepajiBi. B peayjiBxaxe nepHxeKXHHecKOH peaKijHH B npHcyxcxBHH pacnjiasa

npOHCXOflHJIO HCHeSHOBCHHe 6pH,Zi;5KMaHHXa H3 CHCXCMBI C o6pa3OBaHH6M CXHIHOBHXa H

MarnesHOBiocxHxa, a xaxace KajibijHeBoro nepoBCKHXa H na6opa Kap6onaxHBix MHHepanoB.

B pesyjibxaxe MOJKHO c^opMynnpoBaxB cjie/iyiomHe sainnmaeMbie nonoKCHHa:

(JjasoBtie oxHOffleHHa npn njiaBJieHHH HH)KHeMaHXHHHOH CHCXCMBI MgO-FeO-CaO-SiO2

npn 24-26 rila xapaKxepnsyioxca nepHxeKXHHecKOH peaKEtnefi

(Mg,Fe)SiO3+L=(Mg,Fe)O+SiO2 (BOSHHicaiomeH B rpaHwmoti xpoiiHOH cucxeMe MgO-

FeO-SiO2), cooxBexcxByjomefi HOHBapnaHXHOH nepHxeKXHHecKOH XOHKB

L+(Mg,Fe)SiO3+(Mg,Fe)O+SiO2+CaSiOs. ITpn SXOM coa^aioxcH 4)H3HK°-XHMHXieCKHe

o6pasoBaHHa B MarMaxHHecKHX ycjiOBHax napa^oKcaJiBHOH accon;Hai;HH Mg-

H S1O2, HeBOSMO^CHOH B yCJIOBHflX BepXHCH MaHXHH H nepeXO^HOH 3OHBI.

3c[)(|)eKXHBHOCXb pe^CHMa (J)paKI];HOHHOH KpHCXajIJIH3ai],HH B

cxHinoBHxa in situ B cocxase HH^CHeManxHHHOH 6a3HXOBOH accoijHaijHH, xor^a

MHHepajibi HeorpaHHHeHHbix xsep^bix pacxBopOB nepHKJias-BiocxHx (MgO-FeO)ss MO»CHO

OXH6CXH K «CKBO3HbIM» yjIBXpa6a3HX-6a3HXOBBIM;

OasoBbie oxHomeHHfl npn njiaBJieHHH oKCH^;-CHJiHKax-Kap6oHaxHbix MaxepHHCKnx

cpeA cBepxrjiy6HHHBix ajiMasoB FIM B CHCXCMC MgO-FeO-CaO-SiO2-Carb*, r^e

Carb*=MgCO3-FeCO3-CaCO3-Na2CO3, npH 24-26 THa xapaKxepnsyioxca

nepHxeKXHHecKOH peaKLtHen (Mg,Fe)SiO3+L=(Mg,Fe)O+SiO2 B npncyxcxBHH CaSiO3 H

Carb* H cooxBexcxByiomeH HOHBapHanxHOH nepHxeKXHHecKOH XOHKOH

^-t-(Mg,Fe)SiO3+(Mg,Fe)O+SiO2+CaSiO3+Carb*. FIpH SXOM cos^aioxca 4)H3HKO~

XHMHHecKHe ycnoBHa flna o6pa3OBaHHa napa^oKcajiBHoii accou;Hai];HH Mg-Fe-oKcn^OB H

SiO2 coBMecxHO c CaSiOs H Kap6oHaxHbiMH MHHepanaMH. O6pa3OBaHHe cxHinoBHxa B

c (Mg,Fe)O B MaxepHHCKHx pacnjiasax ocymecxBHMo HCKjiioHHxejibHo B

4>paKIi;HOHHOH KpHCXaJIJIHSaiJHH.

uiaroM 6Bmo Mo^ejinpoBaHHe npoijeccoB ajiMasooGpaaoBaHHa BO scex

CHCxeMax. Cjie^oBajio noKasaxb, HXO anMas MOJKCX o6pa3OBbiBaxbca KaK B

KapSoHaxHbix, xaK H B OKCH^;-cHjiHKax-Kap6oHaxHBix CHCxeMax. FIosxoMy 6bin npose^eH

D;HKJI SKcnepHMenxoB, B Koxopbix 6bino noKasano: ajiMasooGpasyiomaa 3<|)<t>eKXHBHOcxb



npocxBix Kap6oHaxHBix CHCXCM - KajiBunxa, MaraesHxa, HaxpneBoro Kap6onaxa. TaK >KC

paflH HHxepeca 6Bin npoHSBe^en CHHXCS ajiMasa, r^e HCXOHHHKOM yraepo^a cnyjKHJi

HsoxonHO-HHcxBiH rpa^HX yrjiepo^-13 H MHOroKOMnoHeHXHBIe KapGonaxHBie CHCXCMBI npn

18 rila. To ecxB 6Bma noKasana 3<])<})eKXHBHOcxB npocxBix H MHoroKOMnoneHXHBix

KapSonaxHBix CHCXCM c HCXOHHHKOM yrjiepo^a K ajiMasooSpasoBaHHio.

Cjie^yiomHM inaroM cne^oBajio noKasaxB coBMecxnoe cHHrenexKHHoe o6pa30BaHHe

ajiMasa H OCHOBHBIX npe^cxaEHxejieH KaK yjiBxpa6a3HxoBOH xaK H GasnxoBOH accoiiHaHHH

B paMKax xaKOH CJIO^KHOH CHCXCMBI. 3xo MarHe3HosiocxHX-(|)eppo6pHfl,»cMaHHX-cxHinoBHX-

KajiBii;HeBBiH nepOBCKHx-MarHe3HanBHo-»cejie3HCXBiH-KajiBLi,HeBBiH-HaxpHeBBiH Kap6onax-

yraepofl. H fleHCXBHxejiBHO y^ajiocB Boccos^axB npoii;eccBi ajiMasooGpasoBaHHa ajiMasa

COBMCCXHO CO CXHHIOBHXOM H MarHCSHOBIOCXHXOM. TyX HJIOXO BHflHO, HO XaK)K6 6BIJIO

o6pa3OBaHHe ajiMasa H 6pH^»cMaHHxa, MarnesHOBiocxHXHxa H cxHinoBHxa.

ex OXMCXHXB, HXO CCJIH HHCXBIC npocxBie H MHOroKOMnoHeHXHBIe KapSonaxHBie

CHCX6MBI SBJIHIOXCH 3(|)(^eKXHBHBIMH aJIMa3Oo6pa3yK)IHHMH Cpe^aMH, XO 3(^(|)eKXHBHOCXB

naxHBix CHCXCM onpe^ejiacxca xaK HasBisaeMBiM

6apBCpOM HyKJieaLtHH. £(QJ1O B XOM, HXO npH HCCJie^OBaHHH

BepxHeMaHXHHHoro ajiMasooGpasoBaHHH 6BiJio noKasano, HXO npn 30-35 % cHjiHKaxHOH

cocxaBJiaiomeH B Kap6oHaxno-CHJiHKaxHBix pacnnasax cnonxaHHaa HyKJieaijHa anMasa ne

B03MO)KHa, XaK KaK CHJIHKaXHBIC KOMHOHeHXBI BCflyX Ce6« B 3XOH CHCX6M6 KaK

HHraGnxopBi. nofloGnoe nccjie^oBaHHe 6BUio npoBe^eHO H npH ^aBJieHHax

cooxBexcxByiomnx BepxaM HH^KHCH ManxHH npH 26 FTTa. Ha ^anHOH ^narpaMMe BBI

BHflHXC HOHBIXKy H3o6pa3HXB fl;aHHyK) CHCXCMy CXCMaXHHHO, HXO6BI 3XO 6BIJIO HHXa6eJIBHO

H HOHHXHO. OflHH H3 KOMHOHeHXOB - aJIMO3 (yrjiepOfl), flpyrOH - MHOrOKOMHOHCHXHaa

Kap6oHaxHaa cncxeivia, H c flpyroH cxopOHBi - ncxo^naH OKCH^-CHJiHKaxHaa cncxeivta

HH^cHeii MaHXHH. O6jiacxB, Koxopaa orpaHHHena KOxeKXHKaMH, ncxo^amaa HX XOHKH

xcMnepaxypBi njiaBneHHa ^aHHoii CHCXCMBI K SBXCKXHRC. B CHCXCMC MHoroKOMHOHeHXHBiii

KapSonax - ajiMas y nac nponcxo^Hx 3BxeKXHnecKoe njiasjieHHe H KoxeKXHKa onycKaexca B

oGinyio 3BxeKXHKy. To 3xa JIHHHJI orpaHHHHBaex pacxBOpHMOCXB ajiMasa B ̂ aHHOH CHCXCMC

H no H^ee see 3x0 6ojiBHioe, orpoMHOe none, r^e 4>a3OH jiHKBH^yca aBJiaexca ajiMas, 6Bmo

6&i cnocoSno K o6pa3OBaHHK) ajiMasa. Ho, xaK KaK y Hac CHJiHKaxHBie,
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aBJiaioxcfl HHraStixopHbiMH B flaHHOH CHCxeMe, TO Mbi npocxo o6fl3aHbi

nposecTH KHHexHHecKyio rpaHHiry - KOHijeHXpaijHOHHoro 6apBepa HyKJieau;HH ajiMasa,

Koxopaa paaflejiflex flaimyio oSjiacxb na jia6HHBHBie pacxsopbi, r^e BOSMO>KHO cnoHxaHHoe

o6pa3OBaHHe ajiMasa, H xaM, r,ne y nac 6y^ex oSpasoBbiBaxbca B Kanecxse Mexacxa6mibHOH

4>a3bi rpa<|»Hx. H SKcnepHMeHxanBHo 6BiJio noKasaHO, HXO nono^ceHHe axofi

cocxaBJiaex 65-70 % OKCH^-CHJiHKaxHBix KOMnonenxoB B ̂ aHHOH CHCXCMC.

B pesyjibxaxe MO^CHO c<J)opMyjiHpoBaxb cneflyiomee san^nmaeMoe

npocxbie H MHoroKOMnoHenxHbie KapSonaxHbie pacnnaBbi

ajiMasooGpasyiomHMH cpe^aMH npn PT-ycjiOBHax 113 H HM. HyioieaijHfl H

KpHcxajuiH3au;iM ajiMasa B pacnjiasax rexeporenHbix OKCHfl-CHJiHKax-KapSoHax-

CHCXCM onpeflejiflexcfl KOHij;eHxpaLi;HOHHbiM 6apbepoM HyKJieau,HH (KBHA),

Koxoporo cocxasjiaex 65-70 Macc.% oiccim-CHJiHKaxHbix KOMnonenxoB B

ajiMa3oo6pa3yK>meH CHCXCMC npH 26 rila. HH»HeMaHXHHHaa MaxepHHCKaa cncxeMa

(Mg,Fe)O - (Mg,Fe)SiO3 - SiO2 - CaSiO3 - (MgCO3-FeCO3-CaCO3-Na2CO3) - C npH 26

cooxsexcxByex KpnxepHio CHnreHeanca H xapaKxepnsyexca CHHrenexH^ecKHM

ajiMasa H nojinoro naGopa naparennbix HHacneMaHXHHHbix MHHepanoB.

Tenepb nepefifleM K pas^eny renexHHecKOH KJiaccH^HKau;HH nepBHHHbix

rexeporeHHbix BRJIKDHCKHH B rjiy6nHHbix anMasax, MOACJIH ajiMO3oo6pa3OBaHHa B

ycjioBHax HHacHefi ManxHH. 3^ecb xax pas noKasaHa cxeMaxH^ecKaii ^narpaMMa, Kor^a y

nac B oflfioH nacxn npncyxcxByiox OKCHfl-cHJiHKaxnaa HHacneMaHXHHHaa CHCxeMa, a c

flpyrofi cxopOHbi HCXOHHHK yraepo^a. H Mbi BH^HM, HXO y nac yrjiepofl ne MO^cex

xiepeKpHcxajiHH3OBbiBaxbca B /jaHHoii CHCXCMC B pesyjibxaxe pacnjiaB-pacxBopnoro

MexaHH3Ma. B xo BpeMa KaK, ecjiH MM fl,o6aBJiaeM KapGonaxHyio cocxaBJiaromyio K

CHcxeM, xo y nac yyKQ pa6oxaex MexanHSM pacxsopeHna HcxoHHHica yraepo^a B

CHCXCMC npn flocxH^ceHHH njiaBJieniia, H ero KpHcxajuiHsaijiui, CCJIH cooxsexcxByiox

na6HHbHbix pacxBOpoB, xo Hflex KpHcxajuiH3aii,Ha ajiMasa. Ha Cannon fluarpaMMe

OH xapaKxepncxHKOH HBJiaexca KpHBaa pacxsopHMOcxH ajiMasa, H 3xa

onpeAejiena aKcnepHMenxajibHO. noKasana nocne^OBaxejibHOCxb (JjasoBbix nojiefi

KpHCxajuiH3ai];HH. 3xo ajiMas H accou;Hai],HH naparennbix BionoHeHHH B ajiMase, Koxopwe

Moryx oSpasoBbiBaxbca COBMCCXHO c ajiMasoM, H saxsaxbiBaxbca ajiMasoB BO BpeMH pocxa B



MarH63HOBK)CTHT, 3aXCM MarH63HOBIOCXHX H

c[)eppo6pH,n;3KMaHHX, flo6aBJiaexcH KajiBUHeBBiti nepoBCKtrr, na6op

MHHepajioB, H B flajiBHemiieM y nac npoHcxoflux oSpasoBamie IIOJIHOH

accounauHH MarnesHOBiocxHx, (^eppo6pHfl»cMaHHx, KajiBUHeBBiH neposcKHX, CXHHIOBHX,

na6op KapSonaxHBix MHHepajioB H ajiMas, HO, 3 ,̂ecB cne^yex ocxaHOBHXBca: flejio B XOM,

HXO He spa npeflcxaBJiena em,e o^na cxeMa. Hy^cno GBIJIO coBMecTHXB B paMKax O,H,HOH

flnarpaMMBi npou;eccBi yjiBxpa6a3HXOBOH-6a3HXOBOH SBOJUOI^HH Cannon CHCXCMBI, B

peayjiBxaxe Koxopon nepes nepHxeKXHHecKyio peaKU,Hio nponcxo^nx HcneaHOBeHHe

6pim}KMaHHxa H o6pasoBaHHe cxaGHjiBHOH accoi^Hau;HH MaraesHOBiocxHxa H cxHinoBuxa,

Koxopyio MBI BHfl.HM H Ha flaHHOM 4>a3OBOM nojie. TaKHM o6pa3OM, 6BiJia noKasana

BO3MO>KHOCXB coBMecxHoro o6pa3OBaHHa napa^OKcajiBHOH accoi^HaqHH MarHeanoBiocxHxa,

BMecxe c ajiMasoM.

K reHexHHecKOH KJiaccH(J)HKai];HH BKJiioHeHHH B CBepxrjiy6nHHBix

auMaaax. BBI BH^HXC cxeMaxHnecKoe HsoSpa^ceHne ^aHHofi KJiaccH<^HKati;HH, Koxopaa

BKJiioHaex B ce6a, B nepByio onepe^B, rjiaBHBie KOMnoHCHXBi, B xoxopBie BXO^HX

yjiBxap6a3HxoBBie, 6a3HxoBBie H Kap6oHaxnxoBBie KOMnonenxBi. CooxBexcxBCHHo cocxas

onara ajiMasooGpasyiomero 6a3Hpyexca B paMKax ^aHHoii sainxpHxcsaHHOH o6jiacxH,

Koxopaa onnpaexca na fl;aHH&ie CHCXCM&I. Cocxas 3xoro onara orpaHHHen rpaHHijeH

KOH^eHxpa^HOHHo^o 6apBepa HyKJIea^HH, a cocxas ero MO^CCX MenaxBca B pesyjiBxaxe

4)paKLi;HOHHOH KpHCXaJIJIHSaEtHH yjIBXpa6a3HXOBOH-6a3HXOBOH 3BOJIK)Li;HH. K TJiaBHBIM

KOMnoHCHxaM npHcoe^HHCHBi npHMecHBie pacxBOpHMBie KOMnoHenxBi, KOxopBie Moryx

v,v5pa3OBBiBaxB nojiHOcxBK) CMecHMBie pacnnaBBi, a xax^ce npHMecHBie nepacxBOpHMBie,

KoxopBie He pacxBopaioxca B Cannon CHCXCMC, HO Moryx o6pa3OBBiBaxBca MexaHnnecKH B

^aHHOM ajiMasooGpasyiomeM onare, MexanHnecKH saxsaxBiBaxBCH napa^y c napareHHBiMH

MHHepanaMH anMasoM, HO B ^annoM cjiynae 3x0 6y^,yx y»ce KcenoreHHBie BKJiioHeHHa. A

can yraepofl GBIJI BBinecen sa npe^enBi ^HarpaMMBi ^jia y^o6cxBa

B peayjiBxaxe MOKHO c^opMyjinpoBaxB nocne^Hee 3aiii,Hiii;aeMoe

oGocHOBana reHexHHecKaa KJiaccn(J)HKaii;Hfl cHHrenexKHecKHX MHnepajiBHBix BKJiioHeHHH B

CBepxrjiy6nHHBix ajiMasax H KOMnoHCHxoB ajiMa3oo6pa3yiomeH OKCH^-CHJiHKax-Kap6oHax-

MaxepHHCKOH cpe/jBi. IlepBHHHBie rexeporeHH&ie BKJUOHCHHH oxneceHBi K



naparCHHBIM - rnaBHblM paCXBOpHMBIM H npHMCCHBIM paCXBOpHMBIM (B MaxepHHCKHX

pacnnasax); a xaK>Ke K KcenorenHBiM npHMecHbiM HepacxBopHMBiM H HCCMCCHMBIM c

MaxepHHCKHMH pacnjiasaMH. Ha OCHOBC reHexHnecKOH KJiaccH^HKaijHH paspaGoxana

o6o6meHHaa ^naipaMMa cocxasa MHoroKOMimeHXHOH MaxepHHCKOii cpe^Bi fljia ajiMaaa H

rexeporeHHoro Bemecxsa CHHrenexHHecKHx BKJiiOHeHHH B ycjioBHax HH^KHCH

CnacnSo sa

BOPHCOB M.B.

Cnacn6o. KaKHe BonpocBi BOBHHKJIH K coHCKaxemo? Ho^canyHcxa. ^a,

lOpBCBKH.

riyilJAPOBCKHH A-K).

^- Anna BajiepBCBHa, OHCHB MHoronjiaHosaa pa6oxa, H o6ocHOBaHHaa, H pasHBie

3KcnepHMeHxajiBHBie ^aHHBie, HecoMHCHHO. Ho a Bce-xaKH xoxeji yxoHHHXB KOC-HXO: B

pa6oxe 6Bino nepeHHCJieno HICCXB sa^an rnaBHBix. B aBxope<J)epaxe y Bac CCXB rnasHBie

sa^aHH H BaacHeHuiaa sa^ana. KaK BBI caMH c^opMyjinpoBajiH SBI ocHOBHyio sa^any

Bamero Hccjie^OBaHHH.

C1THBAK A.B.

OcHOBHaa aaflana saRjnonaexca B onpefl,ejieHHH 4)a3OBoro H xHMHHecKoro cocxasa

CHCXCM B ycnoBHax HH^CHCH ManxHH. Box xaK.

Boo6ii],e roBOpa, MOJKHO a csoe MHenne BBicKa>Ky? TaK CKasaxB, MHC Kasanocb,

c(J)opMyjiHpoBaHa B HasBaHHH pa6oxBi.

CHHBAK A.B.

nyiHAPOBCKHH fl.K).

Ho ecjiH GBI BBI Mena cnpocHJIH, xo a GBI ero nonpaBHji, cKa^ceM xaK:

MaHXHH yyKe Morno GBI HCKjiioHHXB cjioBo «cBepxrjiy6HHHoro». /I,ajiBine.

HoHHMaexe, 3x0 KaK «KasHHXB nejiBsa noMHJiOBaxB», r^e sanaxyio nocxaBHXB. HoHHMaexe,

ox sxoro MHoro aaBHcnx. HoxoMy HXO, CCJIH flajiBine nocMoxpexB na HasBaniie, xo nnxaexca

xaK. JI,onycxHM. KpHcxaJIJIH3a^Ha ajiMasa, a ^anBine, H nepBHHHBix BKJiioHeHHH B Bemecxse



MEHTHH SeMJiH. JIorHHHee 6biJio 6bi, Rax MHe Ka)Kexca: reH63Hc ajiMasa H ero

nepBHHHBIX BKJIKReHHH, 3TO 5K6 QTO BKJIIOHeHHfl?

CIMBAK A.B.

3xo ero BKJiioHeHHa, axo H noApasyMesaexcfl...

nyujAPOBCKHH A.K).
/JajiBine, npocxo «B HH5KH6H ManxHH». BemecxBO MHC xo^ce Kaacexca JIHHIHHM

CJIOBOM. Ho 3x0 MOC oxHomeHHe, npocxo, xax CKasaxt, AIM CBe^eniM. Cpasy ^ce no 3x011

HacxH. ITo samHmaeMOMy nojio^cenHio. Box MHC nnxepecHO. TaM

flHarpaMMa, r^e nepexo^ KajiBii;Hxa B aparonnx, nanpHMep. 3xo npH KaKHX .

CIMBAK A.B.

Ilepexofl Kajibii;Hxa B aparoenx MBI caMH ne HsynajiH, MBI SXH ^annBie Bsajin HS

-^ixepaxypHBix HCXOHHHKOB. ITopaflKa flo 10 ITTa.

nvmAPOBCKHH ̂ .K).

no Marnesnxy HJIH ne Ba^cno, 3xn oflHOKOMnonenxHBie CHCXCMBI, B nxore

K <f)opMHpoBaHHK) OKCH^a njiioc CO2, saxeM rpa(|)Hxa HJIH ajiMasa. Bce-xaKH

aBJienna 24-26 Flla, xor^a ajiMaa y>Ke oSpasyexca, HJIH nex?

CIMBAK A.B.
.

Ha caMOM ,n,ejie Bam sonpoc ne xaKoii npocxon. Reno B XOM, HXO MBI Haxo^HMca no

H xeMnepaxypaM B nojie cxa6HjiBHOcxH ajiMasa. Bpo^e 6&i, H AOJ^KCH Bes^e y

nac o6pasoBBiBaxBCH ajiMas. Tax noneMy »ce y nac B 3KcnepHMenxax Hnor^a o6pa3yexcfl

rpa(^Hx. B 3KcnepHM6Hxe, KaK a ^yMaio, cpa6axBiBaiox HCKHC KHHexH^ecKHe MOMenxBi,

y nac oGpasyexca Mexacxa6HJiBHBiH ipa4)Hx. H CCXB 3KcnepHMeHxajiBHBie

, ne XOJIBKO naMH npoBe^enHBie, CCXB BCCM HSBecxnaa ^narpaMMa Ban^H,

OH noKasBisaex flocxaxoHHo oSniKpnoe nojie cxa6HJiBnocxH MexacxaGnjiBHoro rpa(f)Hxa

B nojie cxa6njiBHOcxH aiiMasa

nyil^APOBCKHH fl.

OSjiacxB flaBJieHH

CHHBAK A.B.

HopaflOK ^aBJieHHH ox 10-11 Ella H ̂ o 80 FFIa y nac GBIJIH

nyilJAPOBCKHH ̂ .K).



Ho 3x0 BBI noHHMaexe, 80 - 3x0 y)Ke IIOHXH 6nH3Ka 3OHa «R flBa urrpHxa». EjiH3KO.

3xo flOBOJiBHo 6ojiBiiioH flHanasoH.

CIMBAK A.B.

/Ja, 3xo 6ojibinoii flHanaaoH.

nyilJAPOBCKHH /I.IO.

10 - 3xo xo5Ke MHoro. BBI ne MO3Kexe o^HosnaHHO OXBCXHXB.

CHHBAK A.B.

Mano xoro, a XOHHO Mory cxasaxB, HXO npn 60 YYla B cjiynae nsyneHHa rpa^Hxa, y

Hac xo3Ke oSpasoBbiBajicH rpa(f)Hx. Ilpn 60 Flla.

. H eme. CKa^cnxe MHC, CCJIH MBI oxKpoeM xpexi>e samnmaeMoe nojioacenHe B

"sxope^epaxe. BBI MOFJIH 6Bi nponnxaxB Bxopyio <^pasy?

CI1HBAK A.B.

BBI HMeexe B BH^y Bxpoe npe^JioKenne?

«IlpH 3XOM CO3flaK)XCH (^H3HKO-XHMHHeCKHe yCJIOBHa flJIfl o6pa30BaHHJI B MarMaXH^CCKHX

ycnoBHax napaflOKcajiBHofi acco^Ha^HH Mg-Fe-OKCH^OB H SiOi, HCBOSMO^CHOH B

ycjiOBHax sepxHeii ManxHH H nepexoflHofi SOHBI».
.

nvmAPOBCKHH /I.K).

BaM 3^ecB see HpasHxca? 3xo 3ByHHx y^cacHO, Me^c^y HaMH rofiopa, xoxa no

CMBicny see Bepno H MO^CHO nonaxB. Cnacn6o. Tor,o,a a noxa ocxanoBJiiocB.

KYCKOB O.JI.

TaK xce KaK H /jMnxpiiH lOpBeBHH, noxBanio Bainy pa6oxy. A xenepB nosBOJibxe xpn

KOpoxKHX Bonpoca. rioHCMy HH^cnaa Manxna? HCM Bac He ycxpOHJia, cxa^ceM, nepexoAnaa

sona? TCM 6ojiee, HXO BBI sKcnepHMenx npoBO^HJin H npn 24 Flla. A 3x0 KaK pas rpamina.

HCM oGocHOBano? y sac 6Bina xaKaa-xo H^ea? MJIH xaK nonyHHJiocB? BBI nocxaBHJiH

KaKoii-xo 3KcnepnM6Hx, a noxoM y^ce noflxanyjiH? MHC HHxepecna Baina JiorHKa.

CFIHBAK A.B.

Ha caMOM ^ene BC« sxa pa6oxa nanajiacB c HsynenHa (J)a3OBoro COCXOHHH« KajiBii;HX -

KapSonaxa. H xaK Kax MBI y^ce na^ajiH HsynenHa B npe^enax ^o 80 FFIa, xo



6BUIO yyKG noHOTHO, HXO 3x0 ycnoBHa HH^CHCH MaHXHH. H GBIJIO HHxepecno pa6oxax& npn

BBICOKHX flaBJICHHflX.

KYCKOB O.JI.

To ecxB sac HHxepecoBajin BBICOKHC flaBJieHHa, a ne ajiMas.

CIMBAK A.B.

OHBHB HSHanajiBHo nnxepecoBajia Mexo^HKa pa6ox Ha annapaxype BBICOKOFO

c ajiMasHtiMH HaKOBajiBHaMH.

KYCKOB O.JI.

3xo B BafipoHxe?

CI1HBAK A.B.

B Banpoiixe, a B nocne^cxBHH y>Ke H y nac B HepHoronoBKe. TaK KaK y^ce injia

"~\6oxa npn BBICOKHX ^aBJieHnax, no HsyneHHio noBefleHna BemecxBa npn BBICOKHX

flaBjieHiwx, xo pa6oxa npoflOJixcajiacB. A HccjieflOBamm (^asoBoro cocxoaHna H 4>a3OBBix

oxHOineHHH npn nnaBneHHH HH^CHeManxHHHBix CHCXCM ... xpe6oBajica HCKHH 061.6]̂  flua

HccjieflosaHHa 3KcnepHMeHxajiBHoro semecxBa. H B jjaimoM cjiynae MHC yace noMor

MHoronyaHCOHHbiH annapax BBICOKOFO fl;aBJieHHa, HO flaBJienne oipaHHHHBajiocB 26 FITa.

MO^CHO flenaxB 3KcnepHMenx npn 30 FITa, HO He BBiine. FIosxoMy pa6oxa no

HHacneMaHXHHHBix CHCXCM y nac orpaHHHena BepxaMH HH^CHCH ManxHH 26-24 FFfa.

KYCKOB O.JI.

B o6m,eM, « nonaji. CnacnSo. TenepB cjieflyionjee. Box B BaineM

HanncaHo. L],HXHpyK): «ycxaHOBJieHo, HXO noJiyneHHbie asxopoM pesyjibxaxBi, HBJI«IOXCH

nOBaxopcKHMH, H B GojiBniHHcxBC CBOCM He xojiBKO He ycxynaiox, HO H npeBocxo^Hx

MHpOBBie paspaSoxKH B SXOH o6jiacxn». C SXHM CMBJIBIM saaBJieHHCM MOH Bonpoc. KaK BBI

c<J)opMyjiHpyexe CBOH npHHUHnHanBHBiH mar B Hayxe H KOHKpexHo B fl,aHHOH pa6oxe?

Hxo6Bi B cjie^yioinHH pas BBI flyMaJiH, HXO BBI nninnxe.

CIMBAK A.B.

/JyMaxB, HaBepno, na^o Bcer^a. He XOJIBKO Koryja nnuieniB, HO H Kor^a roBopnuiB

xo^ce.

KYCKOB O.JI.

BanioxBex......?



CI1HBAK A.B.

£ ffyuaio, HTO 6BiJia npoflejiana 6ojiBinaa paSoxa, B pesyjiBxaxe KoxopoS SBIJIH

BBiBOflBi, a HyscxByio H snaio, HXO OHH oSocnoBaHBi. KaK no (|)a3OBOMy

cocxoaHHK) npocxBix Kap6oHaxHBix CHCXCM, flo axoro HHKXO He nojiynan xaxne

pesyjiBxaxBi. H CCJIH 6BIJIH pacnexHBie pesynBxaxBi, xo B 3KcnepHM6Hxe HHKXO axoro He

KYCKOB O.JI.

3xo ne HasBiBaexca npHHu;HnHajiBHBiM maroM.

CRHBAK A.B.

3xo 3HaHHe. IIpHHHHnHajiBHBiH mar - 3x0 nojiyneHHe SHanna, KoxopBie HOXOM

Moryx HcnojiB3OBaxB flpyrne.

KYCKOB O.JI.

Hy, xopomo. Xopoino. H nocjie^Hee. Bee Bamn samnnjaeMBie nono^ceHHa HOCHX

Bnojine aaKOHHCHKBiH xapaKxep. Y Mena nex HHKaKHX BO3pa3KeHHH. Tor^a, HOSBOJIBXC,

3afl,axB Bonpoc. ECJIH OHH see xaK xopomo saKOHHen&i, HXO BBI njiannpyexe ,n,ejiaxB nocjie

CI1HBAKA.B.
..

Pa6oxaxB. ECJIH B pa6oHeM njiane, xo xonexca xenepB BepnyxBca K nepexo^HOH

3one. H xaM npoBecxH no,n;o6HBie Hccjie^oBanHH.

EPEMHHH.H.

fl,Ba HeSojiBHiHx Bonpoca. IlepBoe. B Jinxepaxype cymecxsyex Macca

upOXHBOpeHHBBIX CBe^CHKH, B KaKOM COCXOflHHH HaXOflHXCH KajIBU;HeBBIH HepOBCKHX HpH

BBICOKHX flaBJieHHflx. Bama xoHKa spenna? OH KySHnecKHH HJIH xexparonajiBKBiH?

CHHBAK A.B.

CxpyKxypnoro anajiHsa npOBefleno ne 6BiJio. B nepByio onepe^B HHxepecoBan

XOJIBKO (^asoBbiS cocxas 3KcnepHMeHxajiBHBix o6pasLi;oB fljia xoro, nxo6Bi MO^CHO SBIJIO

nocxpoHXB 3XH (JjasoBBie ^narpaMMBi, H onpe^eJinxB 4)a3OBBie oxHonieHHH ^aHHBix CHCXCM.

A cxpyKxypHBie HCCJie^OBaHHH He HPOBO^HJIHCB.

EPEMHHH.H.



. H BTOpofi Bonpoc. B flOKJiafle nposBynaJio, HTO pa^H HHTepeca c 13C

no6ajiOBajiHCB. Ha KaKHe-jm6o (JjasoBBie OTHOineHHa HSOTOIIHBIH cocTas HOBJIHJIJI HJIH HCT?

CITHBAK A.B.

HCT. E[o6ajiOBajiHCB B npocToii Kap6oHaTHoii CHCTCMe, nosTOMy HHKaKHX BJIH«HHH

He 6&iJio o6Hapy>KeHO. CHHTCS aJiMasa nponsBCJiH B CHCTCMC KajiBHHT-yrjiepo,n;.

EPEMHH H.H.

HOHOTHO. CnacnGo.

IlEKOB H.B.

HepBBiH Bonpoc EOT K STOH paMaHOBCKOH KapTHHKe. HoneMy y sac na pasHBix

cneKTpax nonoca c O^HHM H TCM »ce BOJIHOBBIM HHCJIOM, c o^HHaKOBBiM npo^mieu, B

o6meM, KaK OTCiofla BH^HO, noMenena TO ajiMaaoM, TO rpa<|)HTOM? Ho STO fljifl saTpaBKH.

CHHBAKA.B.

K CO^CaJieHHK), paSMCp KapTHHKH H6 nO3BOJIH6T 3TOFO yBH/JCTB. Ho fl,6JIO B TOM,

MBI TmaTejiBHo o6pa6aTBiBajiH pesyjiBTaTBi 3KcnepHM6HTa y nac 6BUIH

BefleHHfl, HOHCMy MBI o6o3HanajiH 3Ty 4>asy TaK HJIH HHane.

HEKOB H.B.

A KaKHC?

CIMBAK A.B.

B TOM HHCJie, HCKOTOpBie OHBITBI 6BIJIH npOBCfleHBI H Ha CHHXpOTpOHe, KOITja MBI

TOHHO 3H3JIH, HTO npH ^aHHBix ycjiOBHHX y Hac o6pa3yeTCH Jin6o rpa(J)HT, Jin6o ajiMas, HO

3TO 6&IJIH BBl6opOHHBie SKCHepHMCHTBI.

HEKOB H.B.

A HTO HMCHHO BBI Ha CHHXpOTpOHe OHpe^eJiaJIH?

CHHBAK A.B.

y nac GBIJIO 6yKBajiBHo HCCKOJIBKO 3KcnepHM6HTOB c KajiBu;HTOM H c

HHXHCMaHTHHHBIMH CHCTCMaMH. Kor^a B flHeHKC C aJIMaSHBIMH HaKOBaJIBH«MH HpH

HarpeBe, BO speMa narpesa CHHManocB in situ, HTO nponcxo^HT BHyTpn. ,3,H<|)paKHH5i, TO

ecTB. H Kor^a saKajiKa CHHMajiacB, 6Bma neTKaa KapTHHa, HTO nojiynnjiocB. AnMas HJIH

T. MOJKCT GBITB na cjiaiifle npHBeflena He yzjaHHaa KapTHHKa

HEKOB H.B.



KapxHHKa-xo npHBe^ena yuaHHaa, HHTepnpexHpOBaHO He y^anno. TenepB sonpoc

6onee o6mHH. HeMHoro B npoflOjmeHHe Bonpoca HnKOJiaa HHKOJiaeBHna. BBI onepnpyexe

na Bcex flnaipaMMax HasBanHHMH: 4>eppo6pH^;»cMaHHT, nepHKJias, BIOCTHT, Kap6oHaxBi.

KaKHM cnoco6oM BBI npncBaHBaexe HM nasBaHHfl? Y Ka^c^oro H3 SXHX coe^HHCHHH He

nojiHMop(|), a HCKoxopBie eme H c ynopa^OHeHHeM.

CTIHBAK A.B.

.fl KaK pas B npe^Bi^ymeM oxsexe oxsexHJia BaM na 3x0 sonpoc.

ITEKOB H.B.

BBI MHC npo KajiBii,Hx OXBCXHUH.

CIIHBAK A.B.

BmSopOHHO B 3KcnepHM6Hxax SBIJI npose^eH penxreHo^aaoBBiH anajiHS. He GBIJIO

BO3MO)KHOCXH, HXO6BI Ka^CflBIH 3KCnepHMCHX XaK npOBOflHXB, TflC HCXKO 6BIJIO

noKasano <f)opMHpOBaHne flaHHBix accoi;Haii;HH. Hxo 3x0 (fjepoGpuflJKMaHHX HJIH

, CXHIHOBHX.

I1EKOB KB.

H xorfla nocjieflHHH MajieHBKHH sonpoc. BBI B caMOM nanajie ynoManyjiH

, 3x0 orosopKa HJIH 3x0 fleHCXBHxejiBHO xaK?
..

CI1HBAK A.B.

Oeppo. Hex OepponepHKjias.

CHMAKHHAT.

Y MeHfl xo^ce HCCKOJIBKO BonpocoB. Box HHxepecHafl KpHBaa, r^c CO2 pasjiaraexcH

na yrnepofl H KHCJiopo,n,. 3xo KOHCHHO ne saina cxaxBa. ft snaio. Ho Boo6me KaK MO^CHO

ce6e npe^cxaBHXB KpHByio, Kor^a cjiesa O^HH ras, ny ne ras, a aMOp^naa cy6cxaH^Hfl, H

cnpasa aMop^naa cy6cxaHHH«. He MOJKCX SBIXB npaMOH. OHCBH^HO. Hy, noxoMy, HXO CCXB

KOHCxanxa paBHOBecna. EcxecxBenno KOHHeHxpaijHa KHCJiopo^a, KOHii;eHxpaHHa CO2. MBI

HarpesaeM H XCM caMBiM yBejiHHHBaeM nponopu,HH SXHX ppyx KOMHOHenxoB. HosxoMy HXO

oaHanaex jiHHHa? ECJIH 3x0 xBep^o<J)a3OBoe - xo 3x0 noHaxno. A HXO >Ke 3x0 xaKoe H

3XO HOHHMaXB?

CHHBAK A.B.

3xH ^aHHBie BsaxBi HS Jinxepaxypbi. H OHH npHBe^eHBi na Cannon



CHMAKHH AT.

HoHflXHO. Tor^a xo^ce Bonpoc. Y Bac )Ke CO2 csepxy, xo ne coraacyexca OHCBH^HO.

CHHBAKA.B.

CO2- TaKoe saMenaHHe SBIJIO H B oxsBiBax na aBxope(J)epax. ^ ceHnac xor^a cpasy

. Ha flByx ^narpaMMax. Ha flHarpaMMax (|»a3OBoro cocxoanHa KajiBunxa H

MaraesHxa /jeHCXBHxejiBHO xax nojiy^HJiocb, HXO flannoe none o6o3HaneHO KaK OKCH.ZJ

nnioc CO2- ^ejio B XOM, HXO sa ocnoBy ^aHHBix ^HarpaMM SBIJIH BSSXBI jinxepaxypHBie

^aHHBie. B cjiynae c KajiBLtHXOM 3x0 ^anHBie no y^apnoMy 3KcnepHMenxy, a B cjiynae c

MarneaHxoM 3x0 pacnexHBie ^aHHBie. H, KoneHHO »ce, 6Buio SBI 6onee npaBHjiBHo noKasaxB

3x0 none KaK OKCH^ HJIIOC yrjiepo^ HJIIOC KHCjiopo^, KaK GBIJIO c^ejiano B cjiynae

Kap6onaxa.

CHMAKHH AT.

HoHflji. ,Ha. 3xo IKQ in situ paMaHOBCKHH, OHCBH^HO? KoxopBin y^ce o6cy)KflajiH.

CHHBAK A.B.

S^ecB, ,n,a? J\a in situ.

CHMAKHH AT.

Tor^a, Kor^a pasjiaraexca c yraepOflOM H KHCJiopoflOM. KncJiopo^a nojiynaexca B

pasa GonBine. Ho n^ee BBI ^OJI^CHBI 6BIHH nanxH Ha cneKXpe cooxBexcxsyiomHe

nonocBi.

CHHBAK A.B.

.H cennac Bac oropny. 51 cefinac BHHMaxeJIBHO nocMoxpejia na cneKxp. 3xo ne in

ouu. ECJIH 6bi 3x0 6BIJIO in situ, xo na 1330 y Bac GBIJI GBI ajiMasHBifi HHK. A ajiMasHBiM HHK

nepeKpBin 6u see. To CCXB SXH cneKxpBi, KoxopBie npHBe,fl,eHBi, OHH aaKajiOHHBie. OHH

npHBe^eHbi flna HarjMflHocxH, H OHH y»ce saKajio^HBie.

CHMAKHH AT.

Tor^a noHflXHO. H nocne^Hee. Tor^a y^ce no noBo^y HyKJieaqHH. BCCB sxox

naparpatj) no Hyioieai^HH. MCHH CMymaex xaKaa accou;Hai];Ha[ «HHrH6Hxop&i» H

«Mexacxa6HHBHBie» BOX SXH flBa cnoBa. He COBCCM xopoino SBynnx. Mexacxa6HjiBHBie -

3x0 HXO osHanaex. To CCXB ^Be 4>a3Bi, ^onycxHM npocxo anopxHXBi H reKcaronajiBKBie

anopxHXBi. 3xo ^Jia npHMepa. Mexacxa6njiBHo Mo^cex BBipacxn 4>a3a, Koxopaa HOXOM



nepeHflex B cxa6HJiBHyio. MexacxaGnjiBnaa osnanaex, HXO CCXB neKHe ^BC 4>a3Bi,

cxa6njiBHaa, flpyraa Mexacxa6HJiBHaa. Hxo 3x0 osnanaex B cjrynae ajiMasa. . .3x0 3Ke ajiMas.

CIMBAK A.B.

TepMOflHHaMHHecKH, fla, cxa6HjieH ajiMas, HO flejio B XOM, HXO Kor^a MBI nona^aeM B

none Mexacxa6HHBHoro rpa<|)Hxa HJIH B o6jiacxB Mexacxa6HJiBHBix nepecBimeHHH, xo

npOHCxo^HX nepeKpHcxajiJiHsauHS Mexacxa6HJiBHoro rpa<|»Hxa. To CCXB HCXOHHHK

yrnepo^a pacxBOpaexca B Kap6oHaxHBix, HJIH B Kap6oHax-cHJiHKaxHBix, HJIH B Kap6oHax-

CHJiHKaxHBix pacHJiaBax, HO KpncxajijiHsyexca He ajiMas, a Mexacxa6njiBHBiH rpa^nx.

MBI c BaMH BBIXO^HM B pesyjiBxaxe saxajiKH na ycjiOBHH peaJiBHBie, KOMHaxHBie, xo

sxa (Jjasa cxanosHxca y»e cxa6HJiBHOH.

CMMAKHH AT.

B XOM njiane ... He COBCCM Bce...em;e Bonpoc. Hpocxo Kor^a BBI ncnojiBsyexe

saxpaBKy, H HyKJieauHOHHBiH 6apBep. 3xo xKHKHHenniee HBJieHHe, HasBisaexoi ...npn

roMoreHHOH HyKJIea^HH cymecxsyiox neKHe npe^ejiBHBie nepecBimeHH«...ecx& BO BCCX

flBJieniwx. ECXB xeopna roMoreHHoii HyKJieaqHH. Tyx ne ny^CHBi ...HHKaKHe

HHrH6nxopBi...HHHero xaicoro. 3xo npocxo, noxoMy HXO y ajiMasa oneHB 6ojiBinaa

noBepXHOcxnaa SHepraa ... H npocxo CCXB HCKHH npn^eji nepecBim;eHHa, npn KoxopOM

roMoreHHaa HyKJieau;Ha, CCJIH BOSMO^CHO.

CIMBAK A.B.

CosepnieHHo Bepno. Ho B ̂ aHHBix onBixax saxpaBKH ne ncnojiBsoBajiHCB. A KaK pas

BJIHHHHC oueHHBajiocB no BOSMO^CHOCXH cnoHxaHHOH HyKJiean;HH

BOPHCOB M.B.

ECXB eme ^cejiaiomne sa^axB BonpocBi? ECXB? BOJIBIHC ^cejiaioiii;HX Hex.

a xoxen nocoBexoBaxBca. Ho perjiaMenxy nojiaraexca ycxponxB xexHHHecKHH nepepBiB. Ho

MO»CCX GBIXB MBI o6oH/i,eMca 6es xexHHHecKoro nepepBisa? Y»c 6ojiBHO BpeMCHH y nac

Maiio. Jla^HO? Xopomo. TaK. C 3xofi ^po^e^ypoH MBI saKOHHHJin.

CJIOBO npe^ocxaBJiaexca HaynnoMy KoncyjiBxanxy ^Jia BBicKasBiBaHHfl CBOHX CJIOB no

. ripOH^Hxe cio^a K)pHH

JMTBHHIO.A.



,3,o6pBiH Benep. 3a naxHaflnaxHJiexHHH nepno^; snaKOMCXBa c AHCH KaK c

Hccjie,n;oBaxejieM y Mena XOJIBKO nojio^cHxejiBHBie SMOHHH no sxoMy noBo^y. Ona

uejieycxpeMjieHHBiH Hccne^oBaxejiB. Ona BocnpHHMHHBa K HOBOMy. Ona xoponiHH xaxxHK

B SKcnepHMCHxaJiBHBix HCCJieflOBaHHflx. BBI noHHMaexe, HXO B npHHunne

3KcnepHMeHxajiBHBie HccjieflOBamm, B KaxoH xo cxenenn, 3x0 KOJiJieKXHBHoe XBOpnecxBO.

Ho Korfla onpe^ejieHa cxpaxerna, xo pjix SKcnepHMenxaxopa BaxcHO GBIXB xoponiHM

xaKXHKOM. To ecxB B nocxaHOBKe 3KcnepHM6Hxa, B Hccjie/jOBaHHflx npOflyKXOB

3KcnepHMenxa H xaK flajiee. Ona 3x0 noKasajia. KpOMe xoro, a Mory XOJIBKO cKasaxB, HXO

HMeex xaKOH BHyxpeHHHH cxepjKCHB, KoxopBie ero npaBHjiBHO se^ex no JKHSHH H B

cjiynae no Hccjie^oBaHHaM. ECXB npHMepBi. O6 SXOM He rosopHJiocB, HO,

AHHC, B POCCHH BnepBBie H B HncxHxyxe SKcnepHMenxajibHOH MnnepajiorHH

oxenecxBeHHaa annapaxypa. 3xo ajiMasHBie HaKOBajiBHH c JiasepHBiM HarpesoM Ha

CaMOM COBpCMCHHOM MHpOBOM ypOBH6. KoHCHHO B 3XOM 66 SaCJiyra. Ona BC6 3XO OCBOHJia.

3XO H6JIOB6K, KOXOpBIH yHHKajIBHBIH CCHHaC B POCCHH, KOXOpBIH BJia^eeX BC6MH

cnoco6aMH B SKcnepHMenxe BBICOKOFO flaBJieHHH. 3xo H nauin oxenecxBeHHBie HaKOBajiBHH

c jiyHKOH, H ManxH3HBHji, KaK roBopHx, MHoronyaHCOHHBiH annapax ^o 30 Ella, H

naKOBajibHH c JiasepHbiM narpeBOM. Ona HMejia npaKXHKy c CHHXpoxpoHHBiM

. To CCXB, xaKoro cneii;HajiHcxa y nac B POCCHH Hex. H B SXOM njiane

cefinac B ee coGcxBCHHOH pa6oxe nepeMemaexca B cxopony c HcnojiBsoBaHHeM

naKOBajieH c jiasepHBiM HarpesoM. H a ayMaio, HXO sxox OHBIX HC orpanHHHxca H3MOM.

By^yx, KOHCHHO, BOBJieKaxBca cneii;HajiHCXBi HS yHHBepcnxexa, BOo6me H3 POCCHH, CCJIH
•^^^v

. CeHHac, HasepHoe, H3 oKpecxHOcxen HepnorojiOBKH. H xaKHM o6pa3OM y nee

xopomee Gy^ymee, HHxepecnoe H HOBOC. KOHCHHO nccjie^OBaHHe ManxniiHoro

Beinecxsa, ManxHHHBix npou;eccoB, B XOM HHCJIC ajiMa3Oo6pa3OBaHH«, Bce-xaKH CXOHX

npoflOJDKaxB. TaK HXO ycnexoB. H cnacn6o.

BOPHCOB M.B.

CnacnSo. TenepB CJIOBO npeflocxaBJiflexca YneHOMy ceKpexapio ^;JIH osnaKOMJieHHa

c saKJiioHeHHeM opraHHsatiHH, r^e BBinojinajiacB pa6oxa, oxsBma se^ymero npe^npnaxHa H

OX3BIBOB, KoxopBie nocxynHJIH na flHccepxau;HK) H aBxopecjjepax.

KHCEJ1EBA H.A.



MHHepanorHH BKJiioHeHHH, paspaSoxana MO^CJIB ajiMa3Oo6pa3OBaHHa B

ycnoBHax nepexoflHOH SOHBI H HH^CHCH ManxHH. JIornHHO npocMaxpHBaexca H

npaKXHHecKaa SHantiMocxB. SaMenanHe. B npaKXHHecKOH ananHMOcxH MHoroe HS xoro, HXO

HM66X OXHOIHCHHe K HayHHOH HOBH3H6. 3xO JICFKO BHflHO. HeCOMHCHHO, Hy>KHO OXM6XHXB

iHHpoKyio anpo6aipiK> pa6oxBi Ha paajiHHHBix KOH^epeHUHax H ceMHHapax. BOJIBHIOH

CHHCOK pa6ox BnenaxjiHex. BBi^BHHyxo HICCXB samnmaeMBix nojio^ceHHH. TeHfleHH,H« K

yBejiHHeHHK) KOJiHHecxBa samHmaeMBix nojio^cenHH y ^nccepxanxoB B nocne^Hee BpeMH

H6CKOJIBKO XpCBO^CHX. CKOpO BO3MO»CHO flOH^eX RO flCCaXH. A HCAaBHO 6BIJIO XOJIBKO 3-4

nono»ceHHH». 3xo HCKHH KOMMenxapHH. O6cy^c^;aK)xca samnmaeMBie

B OXSBIBC. BBiCKasBiBaexca o6m;ee saMenaHHe KO BCCM pas^ejiaM. BBi6op

HHxepBanoB ^aBJieHHH H xeMnepaxyp fljia Hccjie^oBanHH. BBi6op nnxepBajia flOJiacen 6bixB

s^TKO o6oCHOBaH.

SaMenaHHe KO 2-My samHmaeMOMy nojioKemno. B pa6oxe B pas^ejie 3.2., H3

Koxoporo H BBixeKaex 2-e noJio^cenHe, pe^B H^ex 06 HsyneHHH (J)a3OBBix oxHOineHHax npn

MHoroKOMnoneHXHBix CHCXCM. «^aHHBie OKcnepHMenxa npn BBICOKHX

H xeMnepaxypax ^eMOHCxpupyiox, HXO pacnuaBBi MHoroKOMnoHCHXHBix

KapSonaxoB xax ace, xax H npocxBix, ycxofiHHBBi npH ycjioBHax nepexo^noii BOHBI H

HtDKHeii ManxHH SeMJiH. KaK nojiHBie, xaK H nacxHHHBie KapSonaxHBie pacnjiaBBi

CTa6HjiBHbi, nojiHocxBK) CMCCHMBI H aBJiaioxca 34>4>eicxHBHBiMH pacxBOpHxenaMH yrjicpo^a,

H6M onpe^ejiaexca caMa BOSMOJKHOCXB reneanca cBepxrjiy6HHHoro ajiMa3a». A KaKHe 3x0

cpe^Bi: oKCHfl-Kap6oHaxHBie, HJIH CHjiHKax-Kap6oHaxHBie, HJIH OKCH^-cHjiHKax-

x.ap6oHaxHBie, sflecB B SXOM paa^ejie ne o6cy)K,n;aexcH.

3-e nojioaceHHe yGe^HxejiBno samnmeno BCCM npHBe^eHHBiM MaxepnajiOM,

rpaMoxHBiMH H npocj)eccHOHajiBHBiMH cyac^eHiMMH. CaMo saLqHmaeMoe nojioaceHHe

HCCKOJIBKO xaacejioBaxo, MOMCHO GBIJIO 6bi ero c<J>opMyjinpoBaxB Kopone H Hsamnee. B

BapHaHxe aamnmaeMoro nojio»eHHa 6ojiBine BH^na nonBixxa oGtHCHeHiia

oxHomeHHii H HCBOSMO^CHOCXH oGpasoBaHiM B MarMaxHHecKHx ycnoBHax

accou;Hai];HH Mg-FeoKCH^OB H cxHinoBHxa. A 3x0 ne cosceM

nojio^ceHHe. MO^CHO GBIJIO SBI HS ^Byx 3am;Hiu,aeMBix nojioaceHHH 3 H 4

cc[)opMyjiHpoBaxB OJI;HO. Be^,B HxoroBBie (fjpasBi H B 3-eM H B 4-OM npaKXHHecKH O^HH H xe



>KC. 3xo (|)OpMHpOBaHHe cxHinoBHxa nyxeM <J)paKnHOHHOH KpHcxajuiHsanHH, a

paCXBOpBI nepHKJia3-BK)CXHX MO3KHO OXH6CXH K «CKBO3HBIM» yjIBXpa6a3HX-6a3HXOBBIM.

Xonexca OXMCXHXB eme pas flocxoHHCXBa pa6oxBi. BOSMOJKHOCXB SKcnepHMeHxajiBHBix

pa6ox co CJIO5KHBIMH CHCxeMaMH H rpaMOXHaa HHxepnpexainia nojryneHHBix pesyjiBxaxoB.

3xo CHjiBHaa cxopona CnHBaK H KaK SKcnepHMenxaxopa H KaK HHxepnpexaxopa.

nojiHOCXBio npHHHMaexca naxoe 3am,Hiii,aeMoe nono^ceHHe. B UICCXOH rjiase npe^npHHaxa

nonBixKa na OCHOBC ^aHHBix no (|)H3HKO-XHMHHecKOMy 3KcnepHMenxy no

ajiMa3oo6pa3yion]iHM HHacneMaHXHHHBiM cncxeMaM flaxB neKyio oSoGmaionryio AHarpaMMy

cocxasa MHoroKOMnoneHXHOH MaxepHHCKOH cpe^Bi. ITpeAJio^ceHHaa KJiaccH^HKaii,Ha

nepBHHHBIX rexeporeHHBix BKjnoneHHH B rjiy6HHHBix ajiMasax ne aBJiaexca renexKHecKOH,

a npeflcxaBjiaex co6oH cxeMaxHHecKyio xapaKxepHCXHKy 4>H3HKO-xHMHHecKHX ycjioBHH

cBepxrjiy6HHHBix ajiMaaoB H nepBHHHBix BKJIIOHeHHH B paMKax MaxepHHCKOH

apGoHaxHBix MarM c nepeMCHHBiM co^epacaHHeM yjiBxpa6a3HxoBBix H

6a3HXOBBix KOMnonenxoB. TCM He Menee, axa rjiasa ^aex ocnoBy ^Jia xeopexHHecKHX

HHxepnpexau,HH xex 3KcnepHMeHxajiBHBix HccjieflOBaHHii, KoxopBie na BBICOKOM yposne

npOBejia Anna BajiepBCBHa. PaspaGoxana H npe^Jio^ceHa o6o6ni;aioii],aa

cocxasa MHoroKOMnoneHXHOH MaxepHHCKOH cpe^Bi fljia ajiMasa H rexeporennoro

CHHrenexHHHBix BKJIIOHeHHH B ycjiOBHax HH^CHCH ManxHH SCMJIH. O6o6maa Bee Bbime

CKasaHHoe, MO^CHO CKasaxB, HXO 3x0 HOBaa coBpeMennaa flOKXopcKaa flHccepxau;Ha. Ona

aBJiaexca saKOHnenHBiM xpy,n,oM, HCXHHHOH ^oKxopcKOH flHccepxan,HeH, a ee asxop

AOCXOHH npHcyacfl,eHHa cxenenn flOKxopa reojioro-MHHepajiorHHecKHX nayK no

^neii;HajiBHOcxH MHHepajiorna H KpHcxajuiorpa(|)Ha».

MBI nojiyHHJiH ,o,ecaxB OXSBIBOB na aaxope^epax. B nexBipex H3 HHX CCXB

Bee OX3BIBBI nOJIO)KHXeJIBHBie.

OxsBiB TypKHHa AneKcanflpa HBaHOBHHa cxapniero Haynnoro coxpyflHHKa,

reoji.-MHH. nayK HTM CO PAH.

- cxp.17 - norpeniHocxB onpe^ejieHHa ^aBiieHHa 4)a30BBix nepexo^os ^Jia o6o3HaneHHBix

asxopOM penepHBix BemecxB (KpoMe BHCMyxa) cymecxBenno BBIIUC saaBjieHHOH XOHHOCXH

H3MepeHHa ^aBJieHHa B 3KcnepHMenxax na MHoronyancoHHBix annapaxax;



- cxp. 21 H .zjajiee - cyMMa MOJI. % BCCX KOMnoHenxoB paBHa 100, no onpe^eneHHK). ECJIH

ona pasna e,zjHHHue, TO 3x0 MOJIBMBIC ^OJIH;

- pnc.6, 7 - npe,o,cxaBjiaexca 6ojiee KOppeKXHbiM npOBOflHXb rpaHHUbi nojien Ha paBHOM

yzjajienHH ox XOHCK OHBIXOB, noKasbraaiomHX pasHbifi cj)a3OBbiH cocxas;

- K co)KajieHHK), He y^anocB B HOJIHOH Mepe nacna^HXBca H3Hin,ecxBOM npe^cxaBJieHHofi

aBxopOM rpa(j)HKH H3-sa OHCHB MCJiKHX, nopofi HepasjiHHHMBix Ha^nHccH Ha pHcyHKax.

OxsbiB floicxopa reoji.-MHH. nayx Henyposa A.M. (sas. jiaGopaxopneH

3KcnepHMeHxajiBHOH nexpojiornn, HTM CO PAH), ^OKXopa reon.-MHH. nayx CoHHHa

B.M. (Be^ymHH HayHHbiii coxpy^HHK HTMCO PAH) H KaHflH^axa reon.-MHH. HayK

^CHMyjiesa E.H. (cxapuiHH HayHHBiii coxpy^HHK PITM CO PAH) - OXSBIB

c saMenaHHeM:

-B pasflene 5.1., nocBameHHOM cnnxesy ajiMasa B Kap6onaxHBix CHCxeivrax, ne

HCXOHHHK yrjiepofl,a flna o6pa3OBaHHH ajiMasnoH <|)a3bi. HpHBe^enHbie ^annbie HSOXOHHH

nosBOJiHiox npe,o,nojio}KHXB, HXO HCXOHHHKOM yrjiepo^a aBJiaexca Kap6oHaxHaa (jjasa. Ho B

pas^ene 3.1. ycxaHOBJieHHbie xeMnepaxypbi pasjio^ceHna Kap6onaxoB (pnc. 3, 4) MHOFO

Bbime no xeMnepaxype, HCM B SKcnepHMenxax no cnnxeay ajiMasa.

OXSBIB flOKxopa reoji.-MHH. nayK ApanoBHHa JI.^. (sas. Jia6opaxopHeH

MexaMOp<J)H3Ma H MexacoMaxosa HTEM PAH) - OXSBIB nojioacHxejibHbiii c saMenaHHaMH:

Pafl BonpocoB, CBasaHHbix c npoBe^eHHeM axcnepHMenxoB H o6cy^c^,eHHeM HX

pesyjibxaxoB, pacKpwx B aaxope^epaxe He^ocxaxoHHO HOJIHO:

- He oxapaKxepnsoBaHbi HCxo^Hbie BemecxBa;
**^*

oxcyxcxsyiox ^annbie o flUHxenBHOcxH onbixos H xpHxepnax flOCxnxceHHa paBHOBecna;

- coBepnieHHO He oGcy^c^aexca BJiHanne BaacHefimero, HOMMMO xeMnepaxypbi H

(J)aKxopa, onpe^ejiaiomero ycxoHHHBOCXb ^cejieso- H yrjiepoaco^ep»cau];HX

nexynecxH KHCJiopo^a (fO2);

- KaKHM, xoxa 6bi npH6jiH3HxejibHo, 6biJio snaneHHe 3xoro napaMexpa B

3KcnepHM6Hxax?

- KaKHM BHaneHHaM fOi cooxBexcxByiox noKaaaHHaa no JiHxepaxypnbiM ^aHHbiM P-T

KpHBaa pa3Jio)KeHHa COi na pnc.3 H 4. Be^b OHCBH^HO, HXO KpHBaa paBHOBecna

CO2=C+O2 He Mo»cex 6bixb e^HHcxBeHHOH B P-T-npoeKHHH.



ycxoHHHBOcxH CaO+CO2 (ppic.3) H MgO+CO2 (pnc.4) noKasanbi npn P-T

napaMexpax, r^e B COOTBCXCXBHH c pnc 3. He ^OJI^CHO 6bixb CO2?

- KpHBaa njiaBJieHHS Na2CO3 HMCCX oxpHnaxejibHbiH HaKJIOH Ha P-T ^narpaMMe (pnc.5).

3xo flOBOJibHO Heo6biHHbiH pesyjibxax fljia niiaBJieHHa HHCXBIX BemecxB H sacny^cHBaex

, XCM Sojiee, HXO npn yMepeHHbix ^aBJieHHax (̂ ;o 1 Flla) HaKJIOH xopomo

- CocxaBbi Kap6onaxHbix pacnjiaBOB B onbixax (cp. 21 H 22) npHBe^enbi c

BepOHXHO, HMCJIHCb B BH^y MOJIbHBIC flOJIH, a H6 MOJIbHblC %.

- Ho flaHHbiM aBxopa, njiaBJieHHC B Kap6onaxHbix CHCxeMax (PHC. 15, 17) nacxynaex npn

xeMnepaxype Ha 200-3 00°C HH^CC SHanenHH, cooxBexcxsyiomero pacnexHOH ManxKHHofi

reoxepMe, HXO npe^nonaraex ycxoHHHBoe cymecxBOBaHHe pacnjiaBOB na

xftooxBexcxByioinHX rjiy6HHax B ManxHH, nero, KOHCHHO, He Ha6jiK)flaexcH no

reO(J)H3HHeCKHM flaHHBIM. Ho-BHflHMOMy, 3XO CBH3aHHO C OHCHb BBICOKHM CO^ep^CaHHeM

KapSonaxa B SXHX onbixax. O^naKO nnxepecHo 6bmo 6bi ysnaxb, KaKoe MHHHManbHoe

KOJinnecxBo Kap6oHaxa BO3MO»CHO 6es oSpasoBaHHa pacnjiasa HH»ce npHMepno 1800°C

npn 26 FHa.

OxsbiB flOKxopa reoji.-MHH. nayK KocxpoBHincoro C.H.

coxpy^HHK HncxHxyxa reoxHMHH CO PAH) - OXSBIB nojioacnxejibKbiH c

- B aBXOpe(|>epaxe ne npHBe^enbi CCHJIKH na HccjieflOBaHiM HOBOCH6Hpu;eB, Koxopbie

ycneniHO npOBO^ax 3KcnepHMenxbi, B XOM HHCJIC H c Kap6oHaxHbiMH cpe^aMH, no

BbipaniHBaHHK)

reoji-MHH. nayK Bjia^biKHHa H.B. (sas. jiaGopaxopneH reoxHMHH

Hncxnxyxa reoxHMHH CO PAH) H Kan^Hflaxa reoji-MHH. nayK COXHHKOBOH H.A.

coxpy^HHK Jia6opaxopHH reoxHMHH mejioHHbix nopo^ HncxHxyxa reoxHMHH

CO PAH) - oxsbiB nojioacHxejibHbiH 6es saMenaHMH.

reoji-MHH. nayK FopSaneBa H.C. (riiaBHbiH nayHHbiH coxpy^HHK H3M PAH) -

nojioacHxejibHbiii 6e3 saMenaHHH.

OxsbiB fl;oKxopa nayK, npo<|)eccop /]y6pOBHHCKHH JI.C. (saMecxHxejib ^HpeKxopa no HayKe

BasapcKoro FeoHHcxHxyxa, YHHBepcHxex r. BaHpoiix) H ^OKxop HayK, npocj)eccop



/3y6pOBHHCKaa H.A. (pyKOBO^HxenB rpynnBi CJJHSHKH MaxepnajiOB H xexHOJioraH npn

SKCxpeMajibHbix ycjioBHHX jia6opaxopHH KpHCxajuiorpacJDHH YHHBepcHxex r. EaHpofixa) -

OX3BIB nOJIOKHXeJIBHBIH.

OXSBIB flOKXopa reoji.-MHH. nayK Bo6poBa A.B. (npo<J>eccop Ka^e^pBi nexpojiorun

reojiorHHecKoro 4>aKyjiBxexa MOCKOBCKOFO rocynapcxseHHoro yHHBepcnxexa HM.

M.B.JIOMOHOCOBa) - nOJIOKHXeJIBHBIH 663 SaMCHaHHH.

OXSBIB KaHflHflaxa reoji.-MHH. HayK BoBKyn A.B. (cxapniHH HayHHBifi coxpy^HHK

reonorHHecKoro ^aicyjiBxexa MOCKOBCKOFO rocy^apcxBeHHoro yHHBepcHxexa HM. M.B.

JIOMOHOCOBa) - HOJIO^CHXeJIBHBIH 6e3 3aMeHaHHH.

H nocneflHHH OXSBIB ox floicxopa reon.-MHH. HayK /^oporoKynu;a IT.H.( sas. Jia6opaxopHeH B

HHCXHxyxe SCMHOH KopBi CO PAH) - OXSBIB nojroKHxejiBHBra. Bce.

BOPHCOB M.B.

BaM npeflocxaBJiaexcfl BOSMO^CHOCXB OXBCXHXB na see BonpocBi H saMenaHHa,

Koxopbie nposBynajiH B OXSBIBC Be^ymero npeflnpHaxna H B oxsBisax na aBxope^epax.

CIMBAK A.B.

OXBCXBI na saMenaHHa B OXSBIBC Be^ymefi opraHHsan;HH.

DLO noBo^y BBi6opa HHxepBana flaBJieHHH H, HXO OH flon^en SBIXB HCXKO o6ocHOBaH. /Jeno

B XOM, HXO pasHBie pas^ejiBi fl;aHHOH flHccepxaii,HOHHOH pa6oxBi BBinojiHanocB c

pasjiHHHoro o6opyji;oBaHHa BBICOKOFO flaBJiemwi, H 3xox HHxepBaji KaK pas

ne XOJIBKO u;ejiaMH H sa^anaMH, nocxaBJieHHBiMH ^JIH HccjieAOBaHHH, HO xaK

xexHH^ecKHMH BosMoxcHocxaMH aaHHoro oSopy^OBaHHa. HosxoMy B pasHBix pas^ejiax

i-i cymecxsyex xaKOH SOJIBIHOH pas6poc no ^aBJieHHio.

ITo noBo^y xoro, HXO B pas^ene 3.2., HS Koxoporo H BBixeKaex 2-e nonoKeHHe, peHB

Hflex 06 HsynenHH ^asoBBix oxHonieHHax npn njiaBJieHHH MHoroKOMnoHenxHBix

Kap6onaxHBix CHCXCM H ne yKasano KaKHe 3x0 cpe,o,Bi: oKCHfl-KapGonaxHBie, HJIH CHJiHKax-

Kap6onaxHBie, HHH OKCHfl-cHJiHKax-Kap6oHaxHBie, S^CCB B SXOM pas^ene He o6cy»cflaexca.

TJa, fleHCXBHxenBHo, noxoMy HXO pas^eji 3.2. nocB^meH (J)asoBBiM oxHonieHHaM npn

njiaBJieHHH MHoroKOMnoneHXHOH KapGonaxHOH CHCXCMBI. A BBiBOfl Cflejian y>Ke onHpaacB

na HCKHH sKcnepHMeHxajiBHBiH OHBIX, HXO MaxepHHCKHe cpe^Bi B ne^pax SeMJiH, OHH He

Moryx GBIXB HHCXO Kap6onaxHBiMH, OHH see paBHO BsaHMOfleficxByiox c OKpy>KaioiH,HM
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semecxBOM MaHTHH H yyKQ nojiynaioxca MaxepHHCKHe cpe^bi CHjiHKax-KapGoHaxHbie HJIH

OKCHfl-CHJIHKaX-KapGoHaXHbie.

3-e saniHinaeMoe nojioKCHHe HCCKOJIBKO xa)KejioBaxo, MOXCHO 6bino 6bi ero

c<|)OpMyjiHpoBaxb Kopone H Hsamnee. Mano xoro, 3 H 4 sainHmaeMbie nojKmeHHa MOFJIH

6bITb CC[)OpMyJIHpOBaHbI KaK OffRO.

Sflecb a xony cKasaxb, OHH He MOFJIH 6bixb c^opMyjinposaHbi KaK O^HO. IloxoMy HXO B

xpexbeM samnmaeMOM nojio^ceHHH <J>opMyjiHpoBKa cKOHii;eHxpHpOBaHa na BbiBO^ax no

cHCxeMe. A HexBepxoe 3aiu,Hii],aeMoe nojio^ceHne BKnionaex B ce6a

cHcxeMbi. IIoaxoMy OHH KaK pa3 H pasAeneHbi, H c^opMyjinpOBanbi B

pasHbie 3amHiu,aeMbie nojio^ceHHa.

Ho noBOfly KJiaccH<|)HKaLi,HH, HXO ona He aBJiaexca renexKHecKOH, a npe^cxaBnaex

"",0608 cxeMaxHHecKyio xapaKxepncxHKy 4)H3HKO~XHMHHecKHX ycJioBHH CHHrenesHca

CBepxray6HHHbix aiiMasoB H nepBHHHbix BKJiioHeHHH.

KoneHHO. Ona npe^cxaBJiena B BH^e cxeMbi. H a na^eiocb, HXO axa cxeMa noHaxna. Ho

pas axa cxeMa H noKasbiBaex renexKHecKyK) csasb, B pesyjibxaxe Koxopoii MM

yBH^exb cocxas ajiMasooGpasyioiHeH cpefl,bi, r^e MO^CCX (^opMHpoBaxbca KaK caM

xaK H see napareHHbie BKnroHeHHa B ajiMase. IIpHHeM OHH Moryx ...He OHH, a caM onar

npexepnesaxb yjibxpa6a3Hx-6a3HxoByio 3BOjnou,Hio, B pesynbxaxe Koxopofi MM

nonynaxb pasnbie naSopbi BKjiiOHeHHH B CBeprjiy6HHHbie ajiMasbi H pasHbie

accou;Haii;HH axnx BKJiioHeHHH. riosxoMy a CHHxaio, HXO sxa KJiaccH(^HKaii,Ha reHexHHecKaa.

Tenepb, no oxsbiBaM na asxope^epax. npe^c^e Bcero, a xony no6naro#apHXb Bcex

asxopOB oxsbiBOB Ha aBxope<|>epax. Pa^ saMenaHHH B oxsbmax CBaaaHbi c

orpaHHHeHHOcxbK) oGteivia aBxope(J)epaxa H neBOSMoacHocxbio Aocxaxonno mnpoKo

ocxanoBHXbca Ha XOM HJIH HHOM sonpoce HJIH paa^ejie ^HCcepxai],HH. ABxope(J)epax

BKJiioHaex ocHOBHbie paaflejibi ^HCcepxaii,HH H BbiBo^bi, c^enanHbie na OCHOBC

npOBe^eHKbix SKcnepHMenxajibHbix pa6ox.

TaK, nanpHMep. SaMenaHna JleoHH^a ^KOBjieBHna o XOM, HXO:

- ne oxapaKxepHsosaHbi ncxo^Hbie BemecxBa;

- oxcyxcxByiox ^aHHbie o ^JinxejibHOcxH onbixoB H Kpnxepnax Aocxn^ceHHa paBHOBecna.
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H TO, HTO OTCyXCTByCT o6cy3K,0;eHHe OKHCJIHTejIBHO-BOCCTaHOBHTeJIBHBIX yCJIOBHH BO

BpeMfl npoBefleHHa pasntix 3KcnepHMCHTOB.

B TOM HHCJie saMenaHHe JleoHH^a CeMCHOBHHa H HaTajiBH AnaTOjiBeEHbi:

- HTO MeTOflHHeCKHe acnCKTBI pa6OTbI (OCOGCHHOCTH IIpOBefleHIM 3KCnepHMeHTOB, MCTO/i;

reHepaiiHH flaBJieHHH, 4>a3OBtiH H XHMHHCCKHH anajiHs MarepHajioB) MODIH 6ti SBITB

onucaHBi 6ojiee no^po6Ho.

H TypKHHa AneKcaH^pa HBaHOBH^a o norpeinnocTH onpe^ejiemiH ^aBJieHHa 4>a3OBbix

nepexo^OB. Bee STH MOMCHTBI noflpo6no onncanBi BO 2 raaBe ^HccepTau;HH. «MeTo^HKa

SKcnepHMeHTajiBHBix Hccjiefl,OBaHHH». CTapTOBBie H Hcxo^HBie BemecTsa - B pas^ejie 2.2.

«CTapTOBBie MaTepHajiBi»

Cne^yiomHe saMenaHHa JleoHH^a ^[KOBjieBH^a:

-^OHCMy nojia ycTOHHHBOCTH CaO+CO2 (pnc.S) H MgO+CO2 (pnc.4) noKasaHBi npn P-T

napaMCTpax, TRQ B COOTBCTCTBHH c pnc 3. ne AOJIMCHO 6BITB CO2?

ft y>Ke OTBenajia Ha ^aHHBiH Bonpoc, noTOMy HTO 3a ocHosy ^aHHBix ^narpaMM GBIJIH

B3STBI flaHHBie npe^inecTByioiii;HX HccjieflOBaTejieM, H, KOHCHHO }Ke, MHOK> ^OJI^CHBI GBIJIH

3TH nona SBITB yKasaHBi KaK «cooTBeTCTByioiii;HH oKCHfl, KOTOpBifi ocTaeTca npn

pasjioaceHHH Kap6oHaTa, H C+Oa- KaK H GBIJIO c^enano na ^narpaMMe c

Kap6onaTOM.

^.ajiee. KpuBaa luiaBHeniM Na2CO3 HMeeT oTpni];aTejiBHBiH HaioioH H 3TO B

Mepe ne oGcyjKfleHO. ^na ^aHHOH pa6oTBi GBIJIO Ba^cno noKasaTB, HTO Kap6oHaT

KOHipyaHTHo H ero pacnnaB cTaSHJien B ninpoKOM ^HanasoHe PT-ycjioBHH. Hy a

, TyT roBoproiH, HCM MHe saHHMaTBca .. .6yo;eT, HCM sanaTBca HOTOM.

Ho noBOfly MOJIBHBIX ^OJICH. Hpomy npoiqeniM. ^ocaflnaa onenaTKa.

Ho ^aHHBiM asTopa, nuaBJieHHe B Kap6onaTHBix CHCTCMax (pnc.15, 17) HacTynaeT

npn TeMnepaType na 200-3 00°C HH)Ke 3HaneHHa, cooTBeTCTsyiomero pacneTHOH

reoTepMe, HTO npe^nojiaraeT ycTOHHHBoe cymecTBOBaHne pacnjiasoB na

rjiy6HHax B MaHTHH, nero, KOHCHHO, ne Ha6jnofl,aeTca no

Ilo-BHflHMOMy, 3TO CB«3aHHO C OH6HB BBICOKHM

Kap6oHaTa B 3THX onBiTax. O^HaKo HHTepecno GBIJIO SBI ysnaTB, KaKoe



KOJiHnecxBo KapSoHaxa BO3MO3KHO 6es o6pa3OBaHHa pacrniasa HH^CC npHMepno 1800°C

npn 26 ITla. ̂ a, KOHCHHO 3x0 HHxepecHO. H BOSMO^ECHO 3x0 6y,n;ex B cjie^yioinHX pa6oxax.

Oxsex na saMenaHHa flOKXopa reoji.-MHH. HayK TypKHHa. Y Hero saMenaHHa

pejjaKijHOHHoro xapaKxepa, HO a y>Ke He Morjia BHCCXH HSMeneHHa B aBxope<|)epax. Ho 3x0

KOH6HHO MHC flaex jiHiHHHH HOBOfl, sa^yMaxBCH, Hxo neHaxaexca H Jiynnie nposepaxB CBOH

pa6oxBi.

OXBCX na saMenaHHa ^oKxopa reoji.-MHH. nayx KocxpoBHUKoro Ceprea HBanoBHHa.

BosMoacHo, OH ne OH6HB BHHMaxejiBHo npOHHxaji asxope^epax, noxoMy HXO SyKBauBHo c

nepBoii cxpaHHHBi H^yx CCBIJIKH na «HOBOCH6Hp^eB». 3xo na Co6ojieBa, Ha IlojiBaHOBa,

JlnxacoBa H IIIai],Koro. KOHCHHO »ce, a He Morjia npoSxH MHMO xaKHX pa6ox. 3xo npocxo

H6 BO3MO5KHO.

—- OXBCX na saMenaHHa ^OKxopa reon.-MHH. HayK ^enyposa. B pas^ene 5.1.,

nocBani;eHHOM cnnxeay ajiMasa B Kap6onaxHBix cncxeMax, He yKasBisaexca HCXOHHHK

yrnepo^a. B caMOM aBxope<J)epaxe pas^eji 5.1 cxp 32 H 33 yKaaaHBi CHCXCMBI B KOXOPBIX

npoBOflHJiocB oGpasoBaHHe ajiMasa, 3x0 KajiBii;Hx-yrjiepofl,, MarneaHx-yrjiepofl, HaxpneBBiH

Kap6oHax-yrjiepofl, MHoroKOMnoHenxHaa KapSonax-yrjiepo^Haa cncxeMa. Yrnepofl BO

Bcex SXHX CHCxeMax yKasan KaK caMocxoaxejiBHBiii KOMHOHenx CHCXCMBI, a snannx H

HCXOHHHK yraepo^a. Ha^o 6Bmo ^onncaxB, HXO HCXOHHHK yraepo^a - rpa(J)Hx.

CooxBexcxBCHHo, B pasflejie yKasaHBi xeMnepaxypBi, npn KoxopBix nponcxo^HJio

(^opMHpOBaHHe ajiMasa. TeMnepaxypBi pasjio^cenHa Kap6onaxoB yKasaHHBie B pas^ejie 3.1.

K Cannon CHxyaii;HH oxHoineHHa ne HMCIOX.
^^

H saMenaHHe flOKxopa reoji.-MHH. HayK floporoKyni^a Hexpa HBanoEHHa. IToneMy B .

xeKcxe BC3fle (Jmrypnpyiox «CBepxrjiy6HHHBie ajiMa3Bi», xor^a KaK B HassaHHH

AHCcepxan,HH 3xox ajiMas XOJILKO O^HH - «CBepxrjiy6HHHBiH anMa3»? 3xo 6ojiBine noxo^ce

na pnxopHHecKHH Bonpoc. AjiMas BBicxynaex KaK HMa HapnuaxejiBHoe.

BOPHCOB M.B.

PnxopHHecKHe Bonpoc&i flaBaii onycKaxB. Xopoiuo. TenepB nepexo^HM K

BBicKaBBiBanHaM cBoero saicjiioHeHHa o(^H^HaJII>HBIx onnoHenxoB. HepsoMy

npe^ocxaBJiaexca CJIOBO Ka^HKy ApnojiB^y ApHOJiB^OBHHy ^Jia orjiameHHa CBoero



KAJJHK A.A.

# xony CKasaxB, HXO KOHCHHO npe^Mexti HsyneHHfl AHHBI BajiepteBHBi OXHOCHXCH K

H3 caMBix CJIO3KHBIX npo6jieM SBOjnoHHH SeMJiH. Ee pa6oxa nocBamena HsyneHHio

xex MHHepaji&HBix cpe^ rjiy6nH Hamefi njianexBi, r^e npoHCxo^HJio ajiMa3oo6pa3OBaHHe.

Hnxepec K nryGHHHBiM annasa CBasan c XCM, HXO OHH, KaK MBI snaeM, coxparonox B ce6e

MHHepajiBi rjiy6nHHoro npOHCXOK^eHHa H ycxoHHHBBi K reoxHMHHecKHM BosfleficxBHHM.

paSoxBi onpe^ejiaioxca cnopnocxBio MHOFHX cxopon npoii,eccoB, KOxopBie se^yx K

fflo. H B ^annoM cnynae paccMoxpen AHHOH BajiepBCBHOH Bapnanx,

aiiMas cBasan c KapGonaxaMH. >I ^yMaio, HXO pa6oxa, necoMHeHHo, aKxyajiBHaa, H

CXOHX na ocxpne nayKH, H B SXOM HHKaKHX COMHCHHH Hex. KOHCHHO, na^o OXMCXHXB, HXO

pa6oxa BBinojiHena npH BBICOKHX flaBJiemuix na pasHBix ycxanoBKax. 3xo ee ocoSeHHOCXB.

ee 6ojiBinaa nojio^cHxejiBHaa cxopona, oco6enHo CCJIH yHHXBisaxB, HXO SKcnepHMCHX

c GOJIBUIHM xpy^oM. HepBaa rjiasa - 3x0 o6cy3K,n;eHHe npeAHiecxByiomHx pa6ox.

npo^ejian o6cxoaxejiBHO. H y6e^HxejiBHo c<J)opMyjiHpoBaHBi saflanH. 3xa

npH^ajia CXPOHHOCXB H nocjie#OBaxenBHOcxB nocneAyioiUHM rjiasaM.

2 nocBflmena onncaHHio HcnojiBSOBaHHBix MCXOAOB Hccne^oBaHHa. H 3^ecB

HXO flHccepxanx HcnojiB3OBan MHOFHC ycxanoBKH coBpeMCHHBie, caMoro

BBicoKoro ypoBHH. H BO MHoroM 3x0 o6ycjiaBjiHBaex ee ycnex B pemeHHH nocxaBJieHHBix

sa^an, eme, KoneHHO »ce, HcnonBsoBaHBi coBpeMCHHBie Mexo^Bi anajiHsa. Bee 3x0 cAeJiaiio

paGoxy OHCHB Ba^cHOH.

B xpexBeii rjiase nsjiaraioxca pesyjiBxaxBi, cBasannBie c nsyneHHeM npocxBix

Kap6oHaxoB. KoHenno, no Kap6onaxaM MHOFO CCXB HCCJie^OBaHHH, HO OHH #OBOJIBHO

pa3pO3H6HBI. H KOHCHHO 6Bina HeoGxOflHMOCXB H3yHHXB yCXOHHHBOCXB KapSoHaXOB H

4>a3OBBie ^HaipaMMBi. 3xa pa6oxa npo^ejiaHa y6e^HxejiBHo. H a ^yMaio, HXO samnmaeMoe

, CBasannoe c 3xofi raaBOH, HecoMHeHHO, flOKasano. ECJIH roBopnxB o

, xo 3a HCKJiioHeHHeM npe^nojio^ceHHa o flByxcxynennaxoM pasjio^ceHHH

Kap6onaxHBix pacnnaBOB npn BBICOKHX xeMnepaxypax. 3xo npe^nojioaceHHe xpeSyex

flonojiHHxejiBHoro SKcnepHMCHxaiiBHoro o6ocHOBaHHH, BO3MO5KHO c

cneKxpocKonnnecKHX HCCJie^OBaHHH in situ npH SKcnepHMenxajiBHBix napaMexpax.



Hflex JiorHHHoe HsyneHHe MHoroKOMnoneHXHOH Kap6oHaxHOH CHCXCMBI. 3xo

6asoBBie paBHOBecHH fljui Cannon pa6oxBi. OHH npoBe^eHBi xo»ce B niHpoKOH oSjiacxn

xeMnepaxyp H /jaBJieHHH. H xaKHM o6pasoM ^Hccepxanx yxpennna npe/jcxaBJieHHe o XOH

cpe,zje, c Koxopoii CB«3BiBaex anMa3oo6pa3OBaHHe. y6eflHxejiBHo noKasano, HXO Kap6onaxBi

Moryx 6&IXB cpe^on, r,n,e ajiMasBi oGpasyioxca. 3xo xo»ce BXO^HX B nojio^cenHe

, Koxopoe xo^ce oGocHOBano. Xoxa ^cejiaxejiBHBiM GBIJIO 6u 6onee no,apo6Hoe

HsyneHHe ^aHHBix CHCXCM, B ocoSenHOCxn, nojio^cenHa Me»c(J)a3OBBix

rpaHHi;. Ho a AyMaio, HXO B flajiBHeiiiHeM 3x0 Gy^ex c^ejiano.

MexBepxaa rjiasa - 3x0 y»ce HsynenHe MO^CJIBKBIX CHCXCM KapGonax-cHJiHKax MgO-

FeO-SiO2-Ca-nepOBCKHX-Kap6oHax, co6cxB6HHO rosopa, c KOXOPBIMH CBasano

o6pasoBaHHe anMasa. OxapaKxepHSOBaHBi nepnxeKXHHecKHe peaKii;HH, KOxopBie

"°onpoBoacAaiox njiasneHHe SXHX CHCXCM. H Han6onee napa^oKcajiBHOH cxoponon SXHX

HccjieflOBaHHH HBJiaexcH ycxanoBJieHHe ycjioBHH o6pasoBaHHa accouHauHH Mg-Fe-

OKCHflOB H CXHIUHBHXa. H flHCCCpXaHX MHOFO FOBOpHJia 06 3XOM. 51 XOX6JI 6BI OXM6XHXB,

HXO HOCXpOCHBI OHCHB CJIO^CHBIC ^HarpaMMBI. ,3,HCCepXaHX OH6HB CBOSO^HO BJiaflCeX 3XHM.

y nac OH6HB ne MHoro HCCJieflOBaxejien, KoxopBie BJia^eiox Mexo^aiviH xononorHH

CHO5KHBIX AHarpaMM. SnaHne SXHX MCXO^OB - 3x0 xapaxxepnaa nepxa HIKOJIBI JlHXBHHa.

peayjiBxaxBi cocxasjiaiox ocnoBy xpexBero H nexBepxoro samnmaeMBix

O6a samnmaeiviBix nono^ceHHa npe^cxaBJiaioxcH o6ocHOBaHHBiM.

OxHOCHxenBHO nexBepxoro nojio^ceHHH 6BIHO 6Bi HHxepecHBiM HMCXB anajiHXHHecKHe

o nocjieflOBaxejiBHOM HSMeneHHH KOHH,eHxpau,HH xapaKxepncxHHecKHX 3JieM6HXOB,

Bcero Mg H Fe no Mepe yrny6jieHHa npoii;ecca yjiBxpa6a3HX-6a3HXOBOH SBOJIIOUHH

pacnjiaBOB. ITojiesHO SBIJIO SBI conocxaBHXB nojiynenHBie pesyjiBxaxBi

C flaHHBIMH flJIH HepBHHHBIX BKJIK)HeHHH.

Haxaa rjiasa nocBamaexca KOHRpexno ajiMasooGpasoBaHHio B CJIO^CHBIX Kap6onax-

CHCxeMax. SflecB a xo^ce cnnxaio, HXO ^Hccepxanx floicasaji rnaBHoe

nojio^ceHne. H 3x0 6y^ex BJIEWXB na ^ajiBHenniee pasBHxne Hamen nayKH.

SaBepmaexcH pa6oxa KJiaccH(|)HKaHHeH cpe^, B KoxopBix H^,ex ajiMasooGpasoBaHHe. 3xo

OH6HB JIOFKHHO. H flHCcepxaHx npe^Jio)KHJi HOBBIH no^xofl, B 3XOM o6o6ni;eHHH.



ECJIH rOBOpHXb O CHJIbHOH CTOpOHC pa6oXbI, TO 3XO SKdiepHMCHX npH BblCOKHX

Bee samnmaeMBie nojioHcemifl o6ocHOBaHBi. H HHKaKHx BonpocoB y MCHH ne BO3HHKaex.

HcaieflOBaHHfl coHCKaxejia sacjiy^KHBaiox BBICOKOH OIJCHKH. OHH Hafiflyx niHpoKoe

npHMeneHHe B nayice o SeMJie, B noHHMaHHH MaHXHHHbix npoijeccoB. 51 CHHxaio, HTO

pa6oTa coHCKaxena sacny^cHBaex npHcy^c^eHHa cxeneHH flOKxopa reojioro-

MHHepanorHHecKHX HayK.

BOPHCOB M.B.

CnacnSo 6ojibinoe. ECJIH BBI He Bospaacaexe, xo concKaxejiB 6y^ex oxsenaxB na

Bonpocbi onnoneHXOB cpasy.

KA^KK A.A.

KOHCHHO.

BOPHCOB M.B.

Ilo npocB6e npHcyxcxsyiomero S^CCB xpexBero onnoneHxa sacjiyiuaeM ero

. ^asanxe nocjiyniaeM OXSBIB ^OKXopa nayK HS Kana^bi KaMHHCKoro OejiHKca

, KoxopBiH ossyMHx yMCHbiH ccKpexapb.

KHCEJIEBA H.A.

AHHBI BajiepBeBHbi CnHBaK nocBaiqeHa BecBMa HHxepecHOH H

npo6jieMe, - renesucy ajiMasa H flpyrnx MHHepajiBHBix <J>a3 B HH^CHCH ManxHH.

3xa npoSjieMa cxajia HHXCHCHBHO pasBHBaxBca sa nocjie^HHe 10-15 Jiex B peayjibxaxe

o6Hapy»ceHHa HH^CHeMaHXHHHBix MHHepajioB B auMasax HS HCCKOJIBKHX Mecxopo»cfl;eHHH.

3XH yHHKajIBHBie BKJIIOHeHHa, C O^HOH CXOpOHBI, nOflXBepflHJIH npe^CHHC
^N

pa6oxBi PHHreyzja, H ^pyrnx HccJie^oBaxejieH, c flpyroii cxopOHBi

ocoSeHHocxH cocxasa HH^CHCH ManxHH, - xaKHe, KaK, nanpHMep,

npncyxcxBHe B HH^CHeii ManxHH Kap6oHaxnxoBOH acco^na^HH MHHepajioB, cxninoBHxa,

3Kejie3Hcxoro nepnioiasa. HOBBIC ^aK™ noxpe6oBanH flJifl csoero noHHMaHHa HOBBIX

3KcnepHMeHxajibHbix pa6ox npH cooxBexcxByiomnx xeMnepaxypax H flaBJiemiax.

Hccne^OBaHHa GBIJIH BBinojineHbi B HncxHxyxe 3KcnepHMeHxajibHOH MHHepajiorHH PAH H

B BasapcKOM reoHHCxHxyxe ynHBepcuxexa B r. BafipoHx npn aKXHBHOM

ynacxnH



PacciviaxpHBaexcfl co^ep^caHHe rnaB. Pnasa 3 nocBflmena pesyjibxaxaM

3KcnepHMeHxajiBHoro HsynenHfl njiaBJieHHa Kap6onaxoB H cxa6HJiBHOCXH Kap6onaxHBix

pacnnaBOB B /T-ycjiOBHax nepexoflHOH SOHBI H HIDKHCH ManxHH.

3xH HccneflOBaHHa: oco6eHHO saxcHbi, nocKOJiBKy 3KcnepHMenxajibHbie ^annbie o

nose/jeHna Kap6onaxoB H npo,o,yKXOB HX pasno^cenHa npH BBICOKHX ^asjieHHax ,0,0

nocjieflHero BpeMCHH SBIJIH flocxaxonno (jjparMenxapHbi H .zniCKyccHOHHbi, H

3KCnepHM6HXBI A.B. CnHBaK flBJIfllOXOI nepBBIMH CHCXCMaXKHeCKHMH pa6oxaMH B 3XOH

oSnacxH. B KanecxBe no^cenaHEW fljia flajiBHeHniHX HCCJie^OBaHHH MO>KHO peKOMCH^OBaxB

6onee flexanBHoe HsyMenne cxpyxxypBi CaCOs B SXOH o6jiacxH, nocKOJiBKy, sonpeKH

xeopexHHecKHM H 3KcnepHMeHxajiBHBiM flaHHBiM, B npHpo^HOH acco^Ha^HH c CaSi-

nepoBCKHxoM npncyxcxByex ne aparoHHX, a KajiBunx.

B rjiase 4 Anccepxanx npaBHJiBHO oxMenaex, HXO accoii;HaLi;HH CXHIHOBHX +

(^epponepHKjias HCBO3MO»CHa B ycjiOBHax BepxneH ManxHH, rfl,e 3XH MHHepanBI pearnpyiox

c oGpasoBaHHCM sncxaxnxa H 4>eppocHJiHxa. TeM ne Menee, 3xa accoii,HaLtHa nocxoanno

npHcyxcxByex B HJDKHeManxHHHBix anMasax, H KpeMHese'M (CXHIHOBHX HJIH nocx-

cxHinoBHXOBBie ^asBi) cocxasjiaex ox 2,5 % flo 20 % BCCX MHnepajiBHBix (^as, BKJiiOHeHHBix

B anisias. Sara^Ka sxoro «cxHinoBHxoBoro napa^oKca» 6BiJia ycnenino peniena K).A.

JlnxBHHBiM H A.B CnHBaK, KOxopBie noKasajiH nepHxeKXHnecKHH MexannsM

KpHCxajijiH3au;HH cxHinoBHxa B accouHanHH c (^epponepHKJiasoM, )Kejie3HCXBiM

6pH^»CMeHHXOM, Ca-nepoBCKHXOM H Kap6onaxoM H flOKasanH 3x0

B rjiaBe 5, na ocHOBaHHH BBinojineHKBix 3KcnepHMenxajiBHBix pa6ox,

pesyjiBxaxBi HsyneHHa ajiMasooGpasyromeH 3<J)(|)eKXHBHOcxH pacnjiaBOB Kap6onax-

H OKCHA-CHJiHKax-Kap6oHax-yrjiepo^,HBix CHCXCM. B nocne^HHe ro^ti na

reojiorH^ecKHx HaGjno^eHHH H sKcnepHMCHxajiBHBix ^.aHHBix cxanoBHxca

, HXO o6pa30BaHHe npHpo^HBix auMasoB nponcxo^HJio B Kap6oHaxnoH cpe^e.

K rjiase 6 CCXB saMenanHe. OnnoneHx ne MO^CCX corjiacnxBca c KJiaccH(J)HKaLi,HeH,

coraacHo Koxopofi MHnepajiBHBie fysau pasflejiaioxca na «(1) naparenHBie K ajiMasy,

KoxopBie pacxBopuMBi B MaxepHHCKHx Kap6oHax-oKCH^;-cHJiHKaxHBix pacnjiasax; (2)

KcenoreHKBie K ajiMaay, nepacxBOpHMBie H necMecHMBie no OXHOUICHHIO K rjiaBHBiM H

pacxBOpHMBiM (JiasaM. npeac^e scero, OXMCXHM, HXO CHJiHKaxBi B



MBHTHH OTCyTCTByiOT; 3Xy 3OHy, B OXJIHHH6 OT BepXHCH MaHTHH, CJIQffyQT HaSBIBaXB H6

«CHJiHKaxnoH», a «OKCH^HOH». RsuiQQ, pa3flejieHHe Ha «napareHHBie» H «KceHoreHHBie»

MHHepajiBHBie ^ESBI B ajiMasonocHOH HH^CHCH MEHTHH, no nameMy MHCHHIO,

HCKyccxBeHHO, Bee MHHepajibi, oSpasoBaBiiiHeca B HIDKHCH MaHTHH H Haxoflanpieca B

acconHaijHH c amviasoM, naparennBi c HHM. MO>KHO JIHIHB roBopHTb o pasjiHHHOM

xapaxxepe sxoro naparenesHca.

BbiCKasaHHbie saMeHaHHa HH B KOCH cxenenn ne yManaiox o6in;ero BBICOKOFO ypoBHa

^OKXopCKOH flHCcepxau;HH. SnaneHHe BBinojineHHOH A.B. CnHBaK pa6oxbi xpy^no

nepeon;eHHXB. Pa6oxa HMCCX onpe^ejie'HHoe npaKxunecKoe snaneHHe fljifl ncnojiBSOBaHiM B

npoMBiniJieHHOM cnnxese ajiMaaa. OCHOBHBIC nojio^ceHHa flHCcepxai^HH npomjiH xopomyio

anpo6au;HK) na MHoroHHCJieHHbix POCCHHCKHX H Me»cfl,yHapoflHBix KOH(|)epeHitiMX H B pa^e

/^xaxefl, ony6nHKOBaHHBix B Be^ym,nx MejKflyHapoflHBix ^ypnajiax. ^nccepxanx,

6esycjiOBHO, 3acjiy»CHBaex npHcy^c^eHiM yneHOH cxeneHH ^oxxopa reojioro-

MHHepanorHHecKHX nayK.

BOPHCOB M.B.

H xpexHH onnoHCHX 3x0 AHXOHOB Bjia^HMHp EsreHBeBHH sas. jia6opaxopH6H

(|)H3HKH BblCOKHX flaBUCHHH.

AHTOHOB B.E.

51 AOJI^CCH cxaaaxB, HXO a caMBifi OGBIHHBIH (|)H3HK 3KcnepHMenxaxop. B OCHOBHOM

6y^y roBOpnxL, HXO npaBHjiBHO, HXO ne npaBHJiBHO c XOHKH apeniM (J)H3HKH. /Jjia nanajia

npocxo c^opMyjinpyio xe ,o,ocx!DKeHiM ^nccepxaHxa, KoxopBie MHC oco6eHHO

^onpaBHUHCB, H, no-MoeMy, xapaKxepHsyiox ee KEK y^ce cxaBinero floxxopoM nayK.

IlepBoe 3x0 njiasjieHHe npocxBix Kap6onaxHBix coeAHHeHHH CaCOs, MgCO3 H

Na2CO3, KoxopBie ona nsynpuia B peKop^Htix /jHanaaoHax ^aBJieHHa H xeMnepaxyp. Tyx

Bucejia flouro KapxHHKa ^aBJieHHe flo 80 Ella H 3000°C, cxoax aKcnepHMenxajibH&ie

XOHKH. 3xo npocxo npnaxHO nocMoxpexb. Ona ycxanoBHJia, HXO HMeexca flocxaxonno

uiHpoKaa oGjiacxb o^HOpOAHbix pacnnaBOB. H onpe,o,ejiHJia BbicoKoxeMnepaxypHyio

rpaHHii,y o6nacxeH o^HOpo^Hbix pacnjiasoB. ITocKOJibKy 3XH CHCXCMH

OCHOBOH fljia Bcex ocxajiBHbix Kap6oHaxHbix CHCXCM, xo xaKofi mar Bnepe/j

OH6HB



TenepB sKcnepHMenxaiiBHo Hccjie^OBaHBi ^asoBBie oxHomenHH npn

MHoroKOMHOHCHXHOH KapSoHaxHOH cHcxcMBi MgCO3-FeCO3-CaCO3-Na2CO3, cocxas

Koxopofi MaKCHMajiBHo npH6jiHxceH K Kap6oHaxHoii cocxaBjraiomeH POCXOBBIX cpefl

CBepxrjiy6HHHBix ajiMasoB. CaMoe HHxepecHoe H Ba^cnoe, HXO ona c^ejiajia. 3xo xo, HXO

OHa noKasajia najiHHHe SBxeKXHKH. H ycxanoBHna' o6nacxB cymecxBOBaniw

o,n;HO<J)a3OBoro pacnjiasa SXOH CHCXCMBI. CaMBiH BaxcnwH peayiiBxax npoBe^eHHoro

HccjieflOBaHHa - xo, HXO xeMnepaxypBi 3BxeKXHHecKoro nnaBJieniw CHCXCMBI MgCO3-

FeCO3-CaCO3-Na2CO3 ananHxejiBHo - na 500-700°C - HH^CC reoxepMajiBHBix. 3xo

oflHOsnaHHO ^OKasBiBaex BOSMOJKHOCXB (jjopMHpOBaHHH KapSonaxHBix pacnjiaBOB (B XOM

HHCJie, ajiMasoodpaByiomHX pacnuaBOB) B ycjioBHax HH^CHeii ManxHH.

SaxeM 3KcnepHMeHxajiBHO nsyneHBi ^asoBtie oxHomeHHa npn njiaBJieHHH

^npocxoii» xpexKOMHOHenxHOH CHCXCMBI MgO-FeO-SiO2. Ona oxsexcxBeHHa sa

oSpasoBEHHe onpe^ejiaiomHX MHHepajioB HH^CHCH Manxan - (J)epponepHKJia3a,

6pH^)KMaHHxa, MarHesHOBiocxHxa H cxHinoBHxa. CaMoe jno6onBixHoe, HXO o6napy»ceHa

nceBflo-HOHBapnaHXHaH nepHxeKXHHecKaa peaKii;Ha. 3xo «BHO flocxH^ceHne

^Hccepxanxa. O6 SXOM panBine H peHH He GBIJIO. Tax BOX HanHHHe SXOH nepHxeKXHKH,

no3Bo;raex B cnynae ^paKu;HOHHOH KpHcxajijiH3ati;HH npaMBiM o6pa3OM nepenxn H3

yjiBxpa6a3HxoBBix cocxasoB B 6a3HxoBBie. H peniHXB xo, HXO lOpHH

nastmaex «CXHIIIOBHXOBBIM napa^oKCOM». KaK xaxoe MO)Kex &BIXB, nxo6bi

o6pa3OBbiBanca BMecxe co CXHIIIOBHXOM H MarnesHOBiocxHXOM. Tax BOX MOJKCX, H ona

3x0 noKasana.

ona Hsynnjia 6o;iee CJIOKHBIC CHCXCMBI c ^o6aBKOH ^pyrnx KOMnonenxoB,

Kap6oHaxoB H CHJIHKaxoB. H noicasajia, HXO xaM xo^ce o6H3ana GBIXB sxa nepHxeKXHKa. H

BOSMO^CHOCXB nepexofla ox yjiBxpa6a3HxoBoro cocxasa K 6a3HxoBOMy, H o6pa3OBaHHe

ajiMasa, MarnesyoBiocxHxa H cxHinoBHxa.

51 flOJDKen cxaaaxB, HXO MHC CXOHJIO orpoMnoro xpy^a nonaxB caMy xpaexxopnio

3XOH (f)paKLi;HOHHOH KpHCXajIJIH3au;HH. H a npOHHXaJICH yBa^CCHHCM K ypOBHIO

npocxpancxBeHHoro Boo6pa^ceHH«. FIoxoMy HXO MHC SBIJIO xpy^no HOHHXB, a ona 3x0

a eme H o6i>acHHJia.



J'l'J

Tenepb SKcnepHMenxajibHO HccjieflOBana coBMecxnaa KpHCxajuiH3an,Hfl ajiMasa c

MHHepajiaMH BCCX xpex accon,Han,HH, xoxopbie o6napyaceHbi B KaHecxse BKJHOHeHHH B

aiiMasax. H onpe^eneHbi (j)H3HKo-xHMHHecKHe ycjioBHfl, npn xoxopbix see 3x0

oSpasyexca. B MOCM noHHMaHHH, c^enaH 6onbHiOH mar B noHHMaHHH, KaK ace pacxyx

3XH CBepxrnySnHHbie ajiMasbi, Koxopbie naxo^ax.

HeoSxoflHMo xaicace oxMexHXb ijeneycxpeMjieHHocxb H xopoume ^.ejioBbie H

opraHHsaxopcKHe Kaqecxsa ^Hccepxanxa. Ona SHannxejibHyio nacxb peayjibxaxos

nojiynHJia, pa6oxaa B yHHBepcnxexe BanpoHxa - BasapCKOM FeoHncxuxyxe no

BbiHrpaHHbiM eio MOJio^eacHbiM rpanxaM ITpesH^eHxa PO H POOH. Ona caMHM

S^X^eKXHBHblM CnOCo6oM HX HCnOJIb3OBaJia. BaBapCKHH HHCXHXyx - OflHH H3 JiyHHIHX

MHpOBblX I^CHXpOB HO SKCnepHMCHXajIbKblM HCCJie^OBaHHaM B ajIMaSHblX HaKOBaJIbHflX C

^asepHbiM HarpeBOM npn peKop^Hbix snaneHHax ^aBJieHHa H xeMnepaxypbi. A noxoM,

npHoSpexeHHbiH xaM onbix ona BecbMa 34>(|)eKXHBHO ncnojibsoBajia fljia passHXHH HOBMX

Mexo,n;nK B ee po^HOM HncxHxyxe SKcnepHMenxajibHOH MHHepanorHH PAH, Bneca

6onbmoH BKJiaA B cos^aHHe na 6ase H3M PAH nepBoro oxenecxBeHHoro KOMnneKca

annapaxypbl c anMasHbiMH HaKOBajibHflMH, JiasepnbiM HarpeBOM H in situ PaManoBCKOH

MHRpocneKxpocKonneH.

MOH KpHXH^ecKHe saMenaHHfl no ^HccepxaiiHH nocax HenpHHi^HnnajibKbiH

xapaKxep H oxnocaxca xonbKO K HHxepnpexanHH H (J>opMe npe^cxaBJieHHa nonyneHHbix

SKcnepHMenxajibHbix peayjibxaxoB.

1) Bbmofl fl,HCcepxanxa o flByxcxynennaxoM xapanxepe peaKu;HH

—,vdp6oHaxoB MgCOs, CaCOs H Na2CO3 B ycnoBnax nepexo^Hoii SOHBI H HHameii

c o6pa30BaHHCM CC>2 na npOMeacyxoHHoii cxa^HH corjiacyexca c npaBHJioM (J>a3 Pannsa,

HO Hy»c,n;aexcfl B ̂ onojiHHxejibHOM sKcnepHMenxajibHOM no^xBepacfleHHH.

2) B KanecxBe O^HOH H3 BepniHH KOHu;eHxpaLi;HOHHoro xpeyronbHHKa na pnc. 5.14

Bbl6paH 3BXeKXHHeCKHH COCXaB CMCCH (MgO)x(FeO)y(SiO2)z- 3XOX Heo6bIHHbIH Bbl6op

He yicasaH B xeKcxe ^Hccepxau,HH, a SBxeKXHHecKaa xeMnepaxypa HaasaHa xeMnepaxypoH

rpaHHHHoro cocxasa (MgO)(FeO)(SiO2), HXO 3(J«^eKXHBHO npenaxcxsyex

HHxaxejWMH npHBe^eHHOH napnc. 5.14



3) Ha nojiHxepMHHecKHx ceneHHflx pnc. 4.2 (cxp. 126), PHC. 4.9 (cxp. 134) H

pnc.4.13 (cxp. 143) xpn (^asoBtix nojifl CMBixaioxca B XOHKC na BIOCXHXOBOH cxopone

i, a na pnc. 4.17 (cxp. 148) xaicnx nojieii ,n,a)Ke nexbipe. C XOHKH speniw

3xo ,n;oirycxHMafl, HO OH6HB MajioBepoflXHaa CHxyauHfl. fijisi 6ojiee

KOppeKXHoro npeflcxaBJieniw neo6xofl,HMO «pa3^BHHyxB» 3XH XOHKH B xopoxKHe

oxpesKH. ^CejiaxenBHo xaic^ce npn^axt onpe^eneHHwe naKJioHBi ropHsonxajiBHBiM

JIHHH«M, orpaHHHHBaioinHM HeKoxopBie cojiH^ycHBie (J)a3OBbie nona Ha PHC. 4.3 (cxp.

126), pnc. 4.9, 4.13, 4.17 H HCCKOJIBKHX flpyrnx nojiHxepMHHecKHX cenenHax, Hxo6bi ne

cos^aBaxt y HHxaxejieii BnenaxjieHHe, HXO SXH JIHHHH onHCBisaiox HHBapnaHXHBie

paBHOBCCHH.

C^ejiaHHBie saMenaHHH ne cnn^caiox o6meH BBICOKOH o^eHKH flHccepxa^HH. Ona

-^nejiaHa Ha npeKpacnoM ypoBHe H y^oBJiexBOpaex BCCM xpe6oBaHH«M, npefltaBjiHeMBiM

BAK K flOKxopcKHM ^Hccepxau;HflM. H a npnsBiBaio scex npncyxcxByiomnx

nporojiocoBaxB «3a» npncyjK^eHHe HCKOMOH ^nccepxanxoM cxeneHH. Cnacn6o sa

BHHMaHHe.

BOPHCOB M.B.

CnacnSo. OxBenanxe, noacajiyncxa na saMenaHHa. >
CIMBAK A.B.

Bojibinoe cnacn6o see onnoneHxaM. H KopoxKO no saMenaHHaM. BOJIBIHHHCXBO

ApnojiB^a ApHOJiB^OBHHa, H Bna^HMHpa EfireHBeBHHa, H OenHKca

BBipa^caioxca B peKOMeHfl,an;HOHHOM xapaKxepe. CBoero po^a coBexsi.

, 6ojiBHioe cnacn6o sa axn saMenaHHH, noxoMy HXO OHH ny^CHbi H 6y^yx

B flajiBHeHHieH MOCH pa6oxe.

TenepB no cymecxsy. Ho saMenaHHio, c,zjejiaHHOMy pasHBiMH onnonenxaMH, no

flByxcxynennaxoMy MexannsMy pasjio^ceHHa Kap6oHaxoB. H noneMy 3xa rpaHHu;a

noKasana O^HOH JIHHHCH na (^asoB&ix ^narpaMMax.

fleuo B XOM HXO, sxa rpaHHii;a pacnojiaraexca B o6jiacxn, r,ne y^ce CO2 ne MO^CCX

6bixB cxaSnnBHLiM. To CCXB, KaK XOJIBKO pacnjias no^xo^nx K 3x011 rpaHHu;e

cymecxBOBaHHa cxa6njiBHoro pacnjiasa, Kor^a nponcxoflHX nepsaa cxa^aa pa3Jio»ceHHa c

CHJIBHO c^caxoro (JmioHfla, OH npaKXHHecKH cpasy ^ce npexepnesaex



pasjioKemie. B 3KcnepHMenxe ne BOSMOKHO «noHMaxB» COi, H MBI sxoro ne

. MBI BH^HM y»ce KOHCHKBIH pesyjiBxax Bxopon cxa,n,HH - 3x0 yrjiepo^ H KHCjiopofl.

Ho noBOfly xoro, HXO B nepBOH rjiase .zjHCcepxauHH MO^CHO GBIJIO GBI paccMoxpexB

SojiBinee KOJIHHCCXBO rnnoxes o XOM, KaK KapSonaxBi noasjiaioxca B HH^CHCH ManxHH.

HaBepno, fla, MO>KHO 6Buio SBI. Ha caMOM flene. 3xox Bonpoc uinpOKO flHCKyccHOHen. O

XOM, KaK OHH xaM nojiBJLaioxcfl, KaK OHH xaM cymecxByio, B KaKHX ^asoBBix COCXOHHHHX.

KaK pas caMa flHccepxau,H« H 6BiJia HanpaBJiena na peuieHHe nacxn SXHX BonpocoB.

/I,exajiBHoe HsyneHHe cxpyKxypBI CaCO3. ̂ a, KOHCHHO, 3x0 HHxepecno. H BOSMOJKHO

SXHM saHMyxca KaKne-xo flpyrne nccjie^oBaxejiH, ne o6asaxejiBHO a.

Ho noBOAy KJiaccH(^HKaitHH, HXO HCKyccxseHHoe pas^ejieHHe na naparenHBie H

KceHoreHHBie, noxoMy HXO OHH see HaxoAaxca B accouHauHH c anMasoM, a snannx OHH BCC

. ,D,a, ona naxoflaxca B accoij;HaE(HH c anMasoM, HO xor.ua OHH nojiynaioxca Bce

cHHrenexHHHBi c HHM. H ^eneHHe Ha napareHHBie H KcenoreHHBie GBIJIO

BOPHCOB M.B.

HepexoflHM K cBo6o^HOH ^HCKyccHH. Kxo GBI xoxeji BbicKasaxBca? /],a,

lOpBeBHH.

O HOJIO^CHXeJIBHBIX MOMCHXaX flHCCCpXaHHH y5KC rOBOpHJIOCB MHOrO. ^ JIHUIB

OXMCHy, HXO, KOHCHHO ^CC, TJiaBHOe 3XO 3KCnepHM6HX, COBpeMeHHBIH 3KCnepHMCHX. 3XO

pesyjiBxaxBi, KoxopBie 6BUIH ^ojio^ceHBi. H KoxopBie see HOHHJIH. 3xo Baacno xo^ce. H,

6esycjioBHO, Anna BajiepBCBHa sacnyacHBaex cxenenn ^OKxopa nayK. Ho, xenepB

cjiosa o XOM, HXO y MCHJI BBisBano HeyzjoBJiexBopeHHocxB. KaK lOpHH AH^peesHH,

Oner JlBBOBHH, KoxopBie npo(|)eccHOHajiBHO saHHMajiHCB na npoxa^cenHH CBOCH nayHHOH

KapBepbl KpHCXaJIJIOXHMHH H CXpyKXypHBIMH XpaHC(|)OpMa^HaMH npH BBICOKHX flaBUCHHJIX.

Mne xo^ce flOBenocB pa6oxaxB B csoe BpeMH ..... MBI Bce BHHxajiH xor^a acnyio H OHCHB

nexKyio (^opMy HSJioxceHHa npeflCxaBJieHHH pesyjiBxaxos. BCDOMKHM PCBBIO o4>

MHHepajioA^CH, nocBani,eHHoe BBICOKHM flaBjieHH«M, BC^B BcxynnxejiBRBie cjiosa xaM H

Paccena H Mao, 3x0 see, B o6ineM, 6BUIH npeKpacHBie o6sopBi. TaK BOX H xony cKasaxb,

Anna BanepBeBna, BBI nanHHaexe CBOIO pa6oxy B KanecxBe pefiH^^cepa -

caMocxoaxejiBHyio Haynnyio KapBepy. KonenHO, aaxope^epax c SXOH XOHKH spenaa



GBI B OHCHB CHJIBHOH H cepBesnoH niJinc^OBKe. ̂  cennac He Gyzry

Ha flexanax. BBI y»ce caMH 3x0 nonyBcxBOBajiH. H KaK 3x0 6Bino CKasano B

FapaHHHa, Hymio GBIJIO 3x0 cflejiaxB sjieraHxnee. TaK, xenepB. Ham COBCX

npHCBaHBaex cxeneHB no cnennajiBHOCXH MMHepajiorna H KpHcxajuiorpa<J)Ha. B CBOC BpeMa

y Mena nexBipe ro^a yniJio na oxnura^oBKy Moefi pyKonncn, MOCK flnccepxauHH, Koxopaa

samnmajiacB B HTEMe. ECJIH 6Bi a xaM BBinieji c HenpaBHJiBHBiMH HasBannaMH

MHHepaJIOB, xo a ne snaro, HCM GBI 3x0 aaKOHHHJiocB. B xo BpeMa «6pH,n,>KMaHHX» nncajica

nepe3 «a», He nepes «e». H 3x0 na^o HMCXB B BH,ny. B n;ejiOM, a He 6yny MHOFO roBopHXB, a

CKasaji, HXO xoxeji. ft, KOHenno y&e, npnsBiBaio scex nporojiocosaxB «3a» npHcy^c^eHHe

HCKOMOH cxeneHH.

KYCKOB O.JI.

Bce GBIJIO CKasano H 06 oSteKxe. ̂  KOHCHHO xony nofl,HepKHyxB, HXO o6i>eKXBi OHCHB

. B Hainen cxpane ne xaK MHOFO paGox, KoxopBie GBIJIH GBI nocsameHBi xaKHM

Bce 3x0 c^ejiano OHCHB XOJIKOBO, 3neprHHHO. Ha BBICOKOM

3KcnepHM6HxajiBHOM ypoBHe. 3xo xaK CKasaxB o(^Hii,HajiBHBie cjiOBa. A xenepB a xoxeji SBI

oGpaxHXBca K pexpocneKXHBe, ^pysBa. Snannx 30 jiex Hasafl; B ropofle KHCBC, B COBCXCKOH

YKpanHe npoxoflHJia KOH(|)epeH^Ha no BBICOKHM ^aBJieHHaM. BHJICH An^peeBHH )KapHKOB

SBIJI npe^ceflaxejieM opncoMHxexa, a MHC nopynnji BCCXH ceKinno nayK o SeMJie. HpHexajio

OHCHB MHOFO y»ce B xy nopy HSBCCXHBIX jno^eii. BBIJI xaM xaK ace nejiOBCK H3 ABcxpajiHH.

MHOFHM xopomo HSBCCXKBIH, nenoBeK KOxopBin nepBBiM oxKpBUi MarHesnajiBKBiH

jiepOBCKHx. Cnosa 6pH,n,3KMaHHx xor^a ne cymecxBOBano. H )KapHKOB xor^a em,e

MOJIOflOMy JlHXBHHy H 6111,6 6oJI66 MOJIOflOH JllO^e My^HHOBCKHX nopyHHJI npOH3BOACXBO

annapaxa c ajmamBiMH naKOBajiBHaMH. OcoGoro 3Hxy3Ha3Ma 3x0 He BBOBiBajio y HHX. H

BOX CMOxpnxe, nponuio 30 Jiex. KaK see ^aexca xpy^no B Hamefi cxpane. HosxoMy a xony

nosflpaBHXB H Anny BajiepBCBHy H lOpna AH^peeBHHa c SXHM BBICOKHM

ynnxBisaa xe xpy^nocxH, o KOXOPBIX a paccKaaaji. y/i,aHH BaM.

BOPHCOB M.B.

CnacnGo. Kxo xoxeji GBI eme BBicKasaxBca.

.r.



xoxeji GBI CBoe BBicxyruieHHe COBMCCXHXB c o6cy»cfleHHeM saKJiiOHeHHa.

Ha 2 H 3 cxpamme B OXSBIBC ox ,3y6poBHHCKoro H ,J]y6poBHHCKOH

cymecxsyex He6ojiBinoe saMenaHHe. «Mexo^HHecKHe acneKXBi pa6oxBi MOFJIH 6Bi GBIXB

onncaHBi noapo6Hee». HCMHO^CKO, xaK CKa»ceM, o6H^HO saMenaHHe. ̂  xony noacnnxB. ̂

, HXO noflaBJiaiomee 6ojiBniHHCXBO npHcyxcxByioiii,HX, npocxo ne fl,orafl,BiBaioxcH,

3KcnepHMeHxajiBHBiMH BO3MO»cHocxaMH BBI o6jia^,aexe. HoxoMy HXO ny6jiHKau,HH

xoro »ce ,Uy6pOBHHCKoro Kacaioxca OAHOFO Bemecxsa H saKaHHHsaioxcH ypaBHenneM

cocxoaHHH. Ho BBI reonor. BaM xpy^Ho. Mne, Ka^cexca, BBI npaBHJiBHo BBi6pajiH xpy^HBie

CHCX6MBI, Ha KOXOpBIX MOflCJIBHO MO^CHO HOKasaXB HXO-XO OH6HB Ba^CHOC H HHXepCCHOe.

Eme y MeHfl ecxB KOHKpexHBie BaMeHanna. Ha cxpaHHue, r^e «^OKa3aHO» ^sa pasa

noBxopaioxca «4>a3OBBie oxHouieHH«». Hy^cno CKasaxB xaK. «/J(oKa3aHa nepcneKXHBHOCXB

""icnojiBSOBaHHa nojiyneHHBix SKcnepHMeHxajiBHBix flaHHBix no (JjasoBBiM oxHonieHHHM

Kap6oHaxHBix CHCxeM...». H /i,ajiBine B XOM 5Ke caMOM npe^Jio»ceHHH. 3xo ^JiHHHoe

. «Ho ycjiOBHaM oGpasoBamia aiiMa3a...» B KOH^e a SBI ^o6aBHJi «...H

B cBepxcjKaxoM COCXO£HHH». H ^ajiBine xaKaa ^pasa «npOB6fleHa MOflH(^HKa^Ha

xpaflHH,HOHHBix Mexo^HK...», ^aBanxe jiynme HannineM <o<^(J)eKXHBHO

coBpeMeHHBie MexoflBi...»

BOPHCOB M.B.

FpHropBeBHH, npe^aHxe saMenaHHH ceKpexapio. Kxo eme xoxen GBI

? ^CenaiomHX Hex. Bee cnacn6o. AHH, xe6e oneHB KopoxKoe CJIOBO.

CHHBAK A.B.—,

# xony no6jiaro/i,apHXB BCCX npHcyxcxByiomnx B SXOM sane. BojiBinoe cnacn6o sa

xo, HXO BBicjiyiiiajiH Mena, sa^aBajiH MHC BonpocBi, BBicjiyniHBajiH MOH OXBCXBI. Bee. BceM

cnacn6o.

BOPHCOB M.B.

HpeAJio^ceHHe xaKoe. CocxaB CHCXHOH KOMHCCHH npe^jiaraexca xaKoii. ^DieHBi AHC.

coBexa CaMOHJiOBHH Mnxanji HcaaKOBHH, ^Ky6oBHH Ojisra BceBOJio^oBHa H HCKOB

HrOpb BHKXOpOBHH.

HJICHBI flHCcepxau;HOHHoro cosexa npoiny nporonocoBaxB. 3a cocxaB CHCXHOH KOMHCCHH.

Kxo «3a»? >5cHO. Kxo «npoxHB»? Hex. «Bo3^,ep»caBinHXC5i»? Hex.



(CoCXaB CH6XHOH KOMHCCHH npHHHMaCXCfl

HpncxynaeM K npone,n;ype xairaoro rojiocosaHHa. H xexHHHecKHH nepeptiB caMO co6oH.

(H#ex npoueAypa xaHHOro ronocoBaHHa).

(Hocjie nepepBisa)

BOPHCOB M.B.

CnexHaa KOMHCCHS saKOHHHjia pa6oxy. CJIOBO npe^ocxaBjiaexca

CHCXHOH KOMHCCHH CaMOHJIOBHHy MnxaHJiy HcaaKOBHHy.

CAMOHJIOBHHM.H.

CocxaB COBexa - 27 nejioBeK. HpHcyxcxBOBajio na sace^aHHH 20 HJICHOB

coBexa, B XOM HHCJie ^oRxopos nayK no npo<|)Hjno - 13. Pos^ano 6iojuiexeHeH - 20,

ocxajiocb He pos^aHHtix - 7, B ypne OKasaJiocb - 20. «3a» -20, «npoxHB» - Hex,

-^HefleHcxBHxenbHBix)) - Hex.

BOPHCOB M.B.

Hpomy yxBep^HXB pesyjiBxaxbi rojiocoBaHHH. Kxo «3a»? ̂ a. Kxo «npoxHB»? Hex.

(npoxoKOJl CHCXHOH KOMHCCHH yxBep^cflaexca e^HHorjiacHo).

TaKHM o6pa3OM, na ocnoBaHHH paccMoxpeHHa MaxepnaJioB flHccepxaii;HH H

pesynBxaxoB xaiiHoro rojiocoBanHH flHccepxau,HOHHBiH COBCX npncyxcflaex CnnsaK AHHC

BajiepbeBHe yneHyio cxeneHB flOKxopa reojioro-MHHepajiorHHCCKHx nayK no

cneu;HajiBHOCxH 25.00.05

Bac c ycnenmofi samnxon, Anna BajiepBCBHa!

H nocjie^Hee Meponpnaxne, Koxopoe naM ocxanocB. 3xo 3aMenaHHH no npoeKxy

, Koxopoe pos^aHO HJienaM cosexa. Ecxi> npe^Jio^ceHHe npnnaxB saKJnoneHHe B

ii,ejiOM c XCMH nonpaBKaMH, KoxopBie 6biJiH npe^,Jio»ceHBi. Kxo «3a»? J\&. Kxo «npoxHB»?

Hex. (3aKjiK)HeHHe npHHHMaexca e^HHorjiacno).

TaKHM oGpasoM, npocjiymaB H o6cy^HB MaxepnajiBi flHccepxati;HH,

flHccepxauHOHHBiH cosex npnmeji K saKJiioHeHHK), HXO Ha ocHOBanHH BBinojiHeHHtix

coHCKaxejieM HccjieflOBaHHii:

MaHXHHHO-Kap6oHaxHXOBaa KOHij;eni^Ha renesnca CBepxrjiy6HHHBix

H nepBHHHbix BKJiioHeHHH B BemecxBe HH^cneH ManxHH SCMJIH;



paspaSoTana renexHHecKaa KJiaccH<|)HKanHfl nepBHHHBIX BKJHOHeHHH B CBepxrjiySHHHbix

ajiMasax HH^HCH ManxHH H nocxpoenne o6o6m,eHHOH ^narpaMMBi MaxepHHCKHX cpep,

cBepxrjiy6HHHBix ajiMasoB H nepBHHHBix BKJnoHeHHH;

4)H3HKO~XHMHtieCKHH MexannsM yjiBxpa6a3HX-6H3HXOBoM SBOJHOUHH

OKCHfl-cHJiHKaxHoro Bemecxsa HH^CHCH ManxHH H rexeporeHHoro

CHJiHKax-KapGonaxHoro BemecxBa HH)KHeMaHXHHHBix ajiMasooGpasyiomHx onaroB;

AOKasaHa nepcneKXHBHOcxB ncnojiBSOBaHHa nojiyneHHBix SKcnepHMenxajiBKBix

no <J)a3OBBiM oxHOineHHaM Kap6onaxHBix CHCXCM H no ycjiOBiwM o6pasoBaHHa ajiMasa B

rexeporeHHBix OKCH^-CHJiHKax-Kap6oHax-yrjiepOflHBix CHCXCM npn CBCPXBBICOKHX

flaBJieHHax (^0 80 THa) B nayxax o 3eMJie, a xaK »ce, H na cxBixax xaxnx nayK KaK (|)H3HKa

H xHMHfl Bemecxsa B csepxc^caxoM cocxoaHHH.

snanHMocxB nccjieflOBanHH o6ocHOBaHa xeM, HXO:

^HSHKO-XHMHHecKHe McxaHHSMBi reH63Hca ajiMaaa H napareHHBix MHHepanoB B

nponecce nenpepBiBHOH yjiBxpa6a3HX-6a3HXOBOH 3Bonioii;HH ajiMasooGpasyiomHX

MaxepHHCKHX pacnnaBOB;

H3JioMcenbi KpnxepHH onpeflejieHHa (Jjasosoro H xHMHHecKoro cocxasa

ajiMasooGpasyiomero onara;
.

pacKpbir (^HSHKo-xHMHHecKHH MexaHH3M o6pa3OBaHH5i cxHinoBHxa B Bem;ecxBe HH^CHCH

3(^(J)eKXHBHOCXB pe^KHMa (^paKIi;HOHHOH KpHCXajIJIHSaUHH B (|)OpMHpOBaHHH

cxHinoBHxa in situ B cocxase HH^cHeManxKHHOH 6a3HxoBOH accon,HaHHH, xor,n,a KaK

..iHHepajiBi HeorpaHHHeHHBix xsep^Bix pacxBopoB nepHKjias-BiocxHX (MgO-FeO)ss MOXCHO

OXH6CXH K «CKBO3HBIM» yjIBXpa6a3HX-6a3HXOBBIM;

H3yHCHbI (J>a3OBbie OXHOHieHHa npH njiaBJICHHH HH^CHeMaHXHHHBIX OKCH^-CHJIHKaXHBIX

CHcxeM H OKCH^-CHJiHKax-Kap6oHaxHBix CHCXCM ajiMasooSpasyiomHx onaroB, H npeflnoxceH

cooxBexcxByioiHHx 4>a3OBBix ^narpaMM;

O HCnOJlb3OBaHbI COBpeMCHHBie MCXO^BI H3yH6HHa (J)a3OBBIX OXHOineHHH B

MHoro<J)a3HBix H MHoroKOMnoHCHXHBix CHCxeMax, nosBOJiHBHiHe peinnxB 3arafl,Ky

«cxHinoBHxofioro napa^oKca».



nojiynennBix coHcxaxejieM pesyjiBxaxos HCCJie^oBaHHa RJIX npaKTHKH

XCM, HXO

H BHe/jpeHbi opHrHHajiBHBie MCXO^BI no HcnojiBsoBaHHio B KanecxBe

cxapxoBBix MaxepHanoB XHMHHCCKHX peaKXHBOB Kap6onaxoB H yrnepo^a, nojiyneHRBie Ha

OCHOBC Haoxona yrjiepo#a 13C #Jia npejjoxBpameHHJi HCKa>KeHJDi 3KcnepHMeHxajiBHBix

pesyjiBxaxoB npn HcnonBSOBaHHH annapaxos BBICOKOFO ^aBjieHna c
1 0

, cocxas KoxopBix - Hsoxoii yrjiepofl,a C (99,9 %), a xax^ce

6opOM ajiMasa (^BA) c^epHHecKOH (J>opMBi B KanecxBe norjioxHxena

jiaaepHoro Harpesa npn onpe^ejienHH rpanimBi nnaBJieHHH MarnesHxa;

ycjiOBHa o6pa3OBaHH« ajiMasa H naparenHBix MHHepanoB B rexeporeHHBix

Sonax-yrjiepo^HBix cncxeMax npn flaBjieHHax oxBenaiomuM rjiySnHaM

3OHBI H HH^CHefi MaHXHH;

H BHe^pcH 3KcnepHMeHxajiBHBiH KOMnJieKC no HsynenHio BemecxB npn

3KcxpeMajiBHBix ^aBJiennax c HcnojiBSOBanneM annapaxos c ajiMasHBiMH naKOBajiBHflMH H

nasepHBiM HarpeBOM.

OijeHKa flOcxoBepnocxH pesyjiBxaxos Hccjie^OBanHH BBWBHJia:

fljia 3KcnepHMeHxajiBHBix pa6ox - naKonjien GOJIBIHOH cxaxncxHHecKHH MaxepHan

SKcnepHMenxajiBHBix ^anHBix, cyMMapno npoBe^eno CBBIUIC 300 OHBIXOB c

KOMnjieKca flonojinaiomHx fl,pyr ,npyra cospeMenHBix MCXO^OB

npn BBICOKHX ^aBJieHHax H xeMnepaxypax, a xaicace ^HarnocxHRH BemecxBa;

xeopna cooxBexcxByex MHoroHHCjienHBiM ony6jiHKOBanHBiM 3KcnepHMenxajiBHBiM ^annBiM

xeMaxHKe;

6a3Hpyioxca na anajiroe cospeMenHBix fl;ocxH»ceHHH B oSjiacxax 3KcnepHMenxajiBHOH

MHHepajiorHH, nexpojiorHH H reoxHMHH;

ycxanoBJieHO, HXO nojiynenHBie aaxopOM pesyjiBxaxBi HBJIHIOXCH HOBaxopcKHMH H B

6ojiBniHHCXBe CBOBM He XOJIBKO ne ycxynaiox, HO H npesocxo^Hx MHpoBBie paspaGoxKH B

3XOH o6nacxH.

JIHHHBIH BRJiafl coHCKaxejiH cocxoHX B Henocpe^cxBCHHOM npoBe,n,eHiiH

3KcnepHMeHxanBHBix pa6ox B Jia6opaxopHH <J)JiK)H/i:HO-MarMaxHHecKHx npoijeccoB H3M

PAH, a xaK^ce B BasapcKOM FeoHHCXHxyxe ynHBepcnxexa r. BaiipoHxa
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