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0«l>HUHaJIhHhIH onhlB Be)J.ymeH opraHH3aUHH 
$e)J.epaJIhHOrO rocY)J.apcTBeHHoro 61O)J.~eTHoro yqpe~eHHH HayKH HHcTHTyTa 

lKcnepHMeHTaJIhHOH MHHepaJIOrHH POCCHHCKOH aKa)J.eMHH HayK 
(H3M PAH) 

Ha )J.HccepTaUHoHHYIO pa60Ty lllaUKoro AHToHa $apHCOBHqa 
«YCJIOBIUI 06PA30BAHIUI KAP60HATOB H MEXAHH3M MHrPAlI,HH 

KAP60HATHbIX PACIIJIABOB B MAHTHH 3EMJIH», 
npe)J.cTaBJIeHHYIO Ha COHCKaHHe yqeHOH CTeneHH )J.oKTopa reOJIOrO-MHHepaJIOrHqeCKHX HayK 
no CneUHaJIhHOCTH 25.00.05 «MHHepaJIOrHH, KpHCTaJIJIOrpa«l>HH». 

)lI1CCepTaUI10HHa51 pa60Ta A.<l>. lllaUKoro rrOCB5ImeHa O)lHOH 113 Hal160JIee OCTPbrx rrp06JIeM 

COBpeMeHHOH rreTpOJIOnm rrOBe)leHI1IO Kap60HaTHbIX KOMrrOHeHTOB rrpl1 MaHTI1HHOM 

MarMoo6paJOBaHl1l1 H MeTaCOMaT03e. MHOrOtmCJIeHHbIe rreTpOJIOrl1'-1eCKl1e 11 reOXI1Ml1'-1eCKl1e 

)laHHbIe, rrO)lKperrJIeHHbIe 3KCrrepl1MeHTaJIbHbIMl1 I1CCJIe)lOBaHI151MI1 C KOHua 1970-x rO)lOB, 

rrOKaJbIBaIOT, '-ITO Kap60HaT CO)lep)J(aml1e rrepl1)lOTI1Tbl 11 3KJIOrHTbI BepXHeH MaHTI1I1, a B03MO)J(HO, 

11 60JIee rJIy6l1HHblX ee 06JIaCTeH MoryT 6bITb I1CTO'-lHI1KaMH Wl1pOKOrO crreKTpa MarM, BKJIfO'-Ia51 

HecpeJII1HI1TOBble, MeJIHJIHTI1TOBbIe H Kl1M6epJIl1TOBbIe COCTaBbI. 3Tl1 MarMbI TeCHO CB5I3aHbI C 

Kap60HaTHbIMH 11 Kap6oHaTl1TOBbIMl1 paCrrJIaBaMI1, CPOpMl1pYIOmI1XC5I B6JIl1311 COJII1)lYCOB Kap60HaT 

CO)lep)J(amHX rrepH)lOTI1TOB 11 3KJIOfHTOB. O)lHaKO cpaJOBbIe COOTHOWeHI151 Kap6oHaTOB B YCJIOBI151X 

MaHTHH 3eMJIl1 113)rtIeHbl 51BHO He)lOCTaTO'-lHO. 3TO KaCaeTC5I KaK «06bl'-lHbIX» Kap6oHaTOB Ca, Mg, 

Fe, TaK 11 meJIO'-lHblX Kap6oHaToB. Kap60HaTbI 51BJI5IIOTC5I Be)lymHM HCTO'-lHHKOM yrrrepO)la )lJI5I 

aJIMaJOB, a HX paCrrJIaBbI HrpaIOT rrpHHUHrrHaJIbHyIO pOJIb B pocTe aJIMaJOB. Kap60HaTbI CJIY)J(aT 

HCTO'-lHHKOM CO2 )lJI5I rJIy6HHHbrx CPJIfOH)lOB, MHrpHpyIOmHX H3 MaHTHH B KOPY, '-ITO 

3acpHKCHpOBaHO MI1HepaJIbHbIMH aCCOUHaUH5IMH HH)J<He KOPOBblX MeTaMOPCPH'-IeCKHX rropO)l. 

I103TOMY aKTYaJIbHOCTb rrp06JIeMbl cTa6l1JIbHOCTH 11 CPaJOBbIX COOTHoweHHM Kap6oHaTOB B 

YCJIOBI151X MaHTl111 He BbI3bIBaeT HHKaKoro COMHeHI15!. 3 Ta TeMaTHKa HaXO)lI1TC5! Ha rrepe)lOBblX 

py6e)J(ax MaHTHHHOH rreTpOJIOfHH H reOXI1MHI1. 
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C 

o HaXO.llKaX Kap60HaTOB B MaHTHHHhIX rrepH.llOTHTaX H 3KJIOrHTaX. 3 a.ll a '-Ia BToporo pa3.lleJIa pa60ThI 

- 3KcrrepHMeHTaJIbHOe HCCJIe.llOBaHHe MexaHH3MOB MHrpaUHH H cerperaUHH Kap60HaTHhlx 

paCrrJIaBOB B rJIy60KoH MaHTHH, BKJIIO'-Ia~ HCCJIe.llOBamm .llH¢¢Y3HH KOMrrOHeHTOB B 3THX 

paCrrJIaBax. Pe3YJIhTaThI HCCJIe.llOBaHI1H rro 3THM pa3.lleJIaM OCHOBaHhI Ha OrpOMFrOM 

3KcrrepHMeHTaJIhHOM MaTepHaJIe, [IOJIY"'-IeHHOM aBTopoM B Te'-IeHHe 8 JIeT pa60ThI, 

HCrrOJIb30BaHHeM OpHrHHaJIhHbIX MeTO.llHK H .lleTaJIbHhIX aHaJIHTI1'-IeCKHX HCCJIe.llOBaml~X. Oc060 

He06xo.llHMO OTMeTIUb, '-ITO B rrpouecce pa60ThI aBTopOM pa3pa60TaHhI HOBhIe ~'-IeHKH BhICOKoro 

.llaBJIeHH~ H C03.llaHhI CrreUHaJIhHhle MeTO;UbI rrpOBe.lleHH~ 3KcrrepHMeHTOB rrpH BhICOKHX .llaBJIeHH~X. 

OCHOBHhlMH HayqHhIMH .llOCTH){(eHH~MH .llHCCepTaUHOHHOH: pa60Thl A.ct>. llIaUKoro, '-IaCTb 

In KOTOPhIX COCTaBJI~eT 3alllHllIaeMhIe rrOJIQ)KemI~, ~BJUlIOTC~ CJIe.llYIOIIlHe HCCJIe.llOBaHH~, 

pe3YJIhTaThl H BhIB0.llhI: 

(1) 3KcrrepHMeHTaJIhHO HCCJIe.llOBaHhI ¢a30Bhle B3aHMOOTHOllIeHHJ{ H rrOCTpoeHhl T -X 

.llHarpaMMhl COCTO~HHH .llJIH 6HHapHblX H TPOHHhIX Kap60HaTHblX CHCTeM, BKJIIO'-IalOllJ}IX K2C03, 


CaCO}, Na2CO}, MgCO}, FeCO} rrpH MaHTFIHHOM .llaBJ1eHHH (6 rna). ECJIH rro HeKOTophIM H3 3THX 


6HHapHhIX CHCTeM HMeJIHCh 3KcrrepUMeHTaJIbHhIe ,[(aHHhle (rJ1aBHhIM 06Pa30M, .llJ1H HH3KHX 


.llaBJ1eHIIH), TO '-IaCTh 3THX CHCTeM H3Y"'-IeHhI BrrepBhIe B .llaHHoH .llHCCepTaUHH. 


(2) nOJ1Y'-IeHhl HOBbIe .llaHHhIe 0 BJ1H~HHH .llaBJ1eHH~ 11 KaTllOHHoro COCTaBa Ha CTeXHOMeTpHIO H 


CTpyKTypy rrpOCThIX H 6HHapHhlX Kap60HaTHhlX COe.llYfHeHHH, rrOJIyqeHhI pa~IaHOBCKHe crreKTphl 


HeKOTophIX HOBhIX Kap60HaTHhIX COe.llHHeHHH. 


(3) O.llH03Ha'-IHO 6hmo rrO.llTBep)K.lleHO, '-ITO ,[(BOHHhle Kap60HaTbl ~BJ1~IOTC~ rrOTeHUHaJIhHhlMH 


KOHueHTpaTopaMH lI1eJ10'-IeH 11 yrJ1ep0.lla B MaHTHH Ha rJ1y6HHax 180-210 KM rrpl-! TervlfIepaTypax ,[(0 


1200-1300°C, a TaK)Ke cnoc06Hhl 06pa30BhIBaTh lI1eJ10LIHhIe Kap60HaTHhle paCrrJ1aBhI rrpYf 


TeMrrepaTypax Ha 100-200
o 

C HH)Ke KOHTHHeHTaJIhHOH reOTepMhI. 


(4) BrrepBhle orrpe.lleJ1eHhI K03¢¢HuneHThl .llH¢¢y3HH CHJ1HKaTHhIX KOMrrOHeHTOB B 


Kap60HaTHblx paCnJIaBaX npH rrapaMeTpax rrepeXO.llHOH 30HhI H BepxoB HH)KHeH MaHTIIH. 


(5) MexaHH3M pacTBopemIH-OCa){(,[(eHH~ 060cHoBaH KaK maBHhIH MexaHH3M l'vIHrpaUHH H 


cerperaUHH Kap60HaTHbix paCnJ1aBOB B MaHTHH H paCC'-IHTaHhI BepoHTHhIe CKOPOCTH TaKOH: 


MHrpaUHH. 


Bce .3Tlf pe3YJ1hTaThl rrpe.llCTaBJ1HlOT HeCOMHeHHhlH: HHTepec .llJ1~ HCCJ1e.llOBaTeJ1eH B 061IaCTHX He 


TOJ1hKO MaHTHHHOH rreTp0J10rHH H MYfHepaJIOnIH, EO H KPHCTaJIJ10XHMlm H KpHCTaJIJ10rpa¢HH, 


¢H3H'-IeCKOH XHMHH, MaTepHaJIOBe.lleHH~. 


L(HccepTaUHH A.ct>. llIaUl<oro COCTOHT H3 BBe.lleHH~, 6 maB, 3aKJ1IO'-IeHHH, a TaK)Ke 

BKJ1IO'-IaeT crrHCOK JIHTepaTyphl (590 HamVleHoBaIDIH), 143 IfJIJ1IOCTpaUHH 11 42 Ta6J1HUhI. 06111HH 

06beM .llHcCepTaUHI1 COCTaBJ1J{eT 359 CTpaHYfU. TeKcT .1111CCepTaUHu co,[(ep)KHT rrO.llP06HhiH aHaJIH3 

J11UepaTypHbIX .llaHHbIX, 060cHoBaHHe 3a,[(a'-I HCCJ1e.llOBaHHH II BhI60pa 3KCrrepYfMeHTaJIhHhIX 

CHCTeM. B pa60Te rrpHBO.ll~TC~ CBe.lleHHH 06 I1CrrOJIh30BaHHhIX 3KcrrepHMeHTaJIbHhL'( H 

aHMHTH'-IeCKHX MeTO.llax. Bce ¢oTOrpa¢ID1, .llHarpaMMhI H Ta6JIHUhl HarJ1~.llHO HJ1JIIOCTPHPYIOT 

nOJ1Y'-IeHHhIe pe3YJ1hTaThl, a CllHCOK J1IUepaTyphI rrOJ1HO oTpmKaeT 3PY.llHUHIO aBTopa. 

Bo BBe;ueHHH aBTOp Tpa,[(HUHOHHO .llJIH .llHCCepTaUHH Ha COHCKaHHe CTerreHH .llOKTopa HayK 

OCBell1aeT aKTYaJIhHOCTh pa60Thl, ee ueJIh H 3a.lla'-IH, ¢aKTH'-IeCKHH MaTepHaJI H MeTO.llhI 

TICCJIe.llOBaHH~, HCrrOJIh30BaHHhlH B pa6oTe, xapaKTepH3yeTcH npaKTH'-IeCKa~ 3Ha'-IHMOCTh pa60ThI, 

ee anp06aUHH H J1H'-IHhIH BKJ1U.ll aBTopa. Ha Halli B3mH.ll l{eJlb plloombl cl/Jop.IUYJlUpOaaHlI 

lIeyoa'lUo: "BhIHBHTh B03MQ)KHhle aCCOUHaUI-1H Kap60HaTHhlx ¢a3, KOHTPOJ1HPYIOII1HX Ha'-IaJIO 

rrJ1aBJ1eHHH, orrpe.lleJ1HTh COCTaBhl cy6C0J1H.llYCHhIX Kap60HaTHhIX paCrrJ1aBOB 11 MeXam13M HX 

MHrpaUHH B MaH1'lm". ECJ1I1 rrO.llXO.llHTh K TaKoH ¢OPMYJ1HpOBKe ¢OPMaJIhHO, TO OHa He HMeeT 

¢I13HKO-XHMH'-IeCKOrO CMbICJ1a, TaK KaK cy6comI.llYc - 31'0 T-X 06J1aCTh, r,[(e OTCYTCTByeT paCrrJ1aB, 

Ha Halli B3mH,[( rrpaBHJIhHM ¢OPMYJ1HpOBKa Moma 6hl 6bITh, HanpHMep, TaKOH: "BhIHBHTh 

B03MQ)KHhIe aCCOUHaUHH Kap60HaTHhIX ¢a3, KOHTPOJIHPYIOIlI.HX Ha'-IaJIO rrJIaBJ1eHI1H, orrpe.llemlTh 

COCTaBbI Kap60HaTHhIX paCrrJIaBOB rrpH rrapaMeTpax cy6C0J1H.llyca CHJ1HKaTHhIX MaHTHHHhIX rropo.ll 

II MexaHH3M MHrpnUHH Kap60HaTHbIX paCnJIaBOB B MaHTHI1". 

Bo BBe.lleHHH aBTOp ¢opMynHpyeT 4 3alllllll1aeMblX rr0J10){(eHHH. B ueJ10M OHI1 rrOJ1HOCTblO 

OTpa)KaIOT CYTb pa60Tbl. O.llHaKO y Hac B03HYfKJ1H CJ1e.llYlOllIne 3fMte l IQUUR K 3atu,1IU{aeJ'rtblJlt 

nO.lIOJI<·eUIIRJ'rt . 
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(1) Ha HallI B3fJUI,ll, YTBep)K,lleHHe B rrepBoM 3all(Hll(aeMOM rrOJ1Q)KeHHH 0 TOM, 4TO «,llBOHHbIe 

Kap60HaTbI 5IBJ1HIOTC5I rrOTeHUHanbHblMH KOHueHTpaTOpaMH K, Na H C» He06xo,llHMO ,llOrrOJ1HHTb 

He TOJ1bKO HHTepBanaMH TeMrrepaTypbl H my6HHbl, HO H TeM, "4TO 3TO B03MO)l(HO B YCJ10BH5IX 

HH3KHX aKTHBHOCTeH BO,llbI. Oc06eHHO 3TO OTHOCHTC5I K KanHIO, rrOCKOJIbKY B rrpHcYTcTBHH H 20 
KannH 6Y,lleT Ky,lla OXOTHee BXO,llHTb BO cpJ10rOrrHT. 3TO rrO,llTBep)K,llaeTC5I MHOr04HCJ1eHHbIMH 

3KcrrepHMeHTaMH rro rrJ1aBJIeHHIO KanlfHCO,llep)l(all(lIX Kap60HaTH3HpOBaHHblx rrepH,llOTHTOB 

(Wendlandt, Eggler, 1980; Thibault et al., 1992; Ulmer, Sweeney, 2002; Enggist et ai., 2011). 
(1) Bo BTOPOM 3all(Hll(aeMOM rrOJ1Q)Kemm COBepllIeHHO He rrOH5ITHO, 0 KaKHX 3aKOHOMepHOCT5IX 

H,lleT pe4b. Ha HallI B3m5l,ll xapaKTepHCTHKa paCrrJ1aBOB KaK «K-Ca-,ll0J10MHTOBOrO» HJ1H «Na-Ca­

,ll0J10MHTOBOrO» He KoppeKTHa. 3TH Ha3BaHH5I BCTpe4aIOTC5I rrOBceMeCTHO B pa60Te. He06xo,llHMO 

6bIJ10 6bl J1H60 npOCTO rrpHBeCTH COCTaBbl paCIIJ1anOB (lITO 60J1ee KOppeKTHo), JIH60 HaJBaTb 

paCrrJIaBbl KaK «KanHH cO,llep)KalllHH ,ll0J10MHTOBbIH» HJIH «HaTpHH cO,llep)l(all(UH ,llOJIOMHTOBbIH». 

(2) B 3alllHll(aeMblX rrOJ1Q)KeHH5IX pa60Tbl He HalllJ1H CBoe MeCTO HOBbIe arrrrapaTypHo­

MeTO,llU4eCKHe ,llOCTH)KeIDI51 aBTopa. Mbl C4HTaeM, 4TO Hap5l,lly C HaY4HblMH pe3YJ1bTaTaMH, 

MeTO,llH4eCKHe paJpa60TKH COCTaBJ151IOT Ba)l<HeHlllYID 4aCTb rrpOBe,lleHHOH A<l>. lIJaUKHM pa60Tbl JI 

HX CJIe,llOBanO 6bI OCPOPMHTb B BH,lle OT,lleJIbHOrO 3all(HlllaeMoro rrOJIQ)KeHU5I HJIH XOT5I 6bl 

OT,lleJIbHOrO IIOJ1Q)KeHH5I 0 HOBH3He HCCJ1e,llOBaHHH. 

B fJIaBe 1 j{HccepTaUIDI rrpHBO,llHTC5I 0630p J1HTepaTypHblX ,llaHHbTX 0 HaXO,llKax 

KpHCTanJ1HQeCKHX Kap60HaTHblx cpa3 B rrop0,llax MaHum, BKJIlO4eHHH Kap60HaTHblX paCrrJ1aBOB H 

CPJIIOH,llOB B aJIMaJax, rrerp0J10rHU KHM6epJIHTOB H ,llpynle CBe,lleHH5I. Ha OCHOBe 0630pa 3THX 

,llaHHbIX A<l>. lllaUKHH rrpHXO,llliT K BblBO,lly 06 orrpe,lleJI5IIOll(eH POJTl1 Kap60HaTHblX KOMnOHeHTOB 

B rrpoueccax MaHTHHHoro MarMo06paJoBaHH5I. KpoMe Toro, B 3TOH maBe rrpHBO}lHTC5I 

06CT05lTeJ1bHbIH 0630p 3KcIIepHMeHTanbHblx ,llaHHblX rro rrpe,lleJIaM cTa61'IJIbHOCTH PaJJ1H4HbIX 

Kap60HaToB H rro H3Y'-IeHHIO 6HHapHbIx H 60J1ee CJIO)KHblX Kap60HaTHbIx cnCTeM. K 0630py 

rrpnpO,llHbIX H 3KcrrepHl'vleHTanbHblX ,llaHHblX, rrpe,llCTaBJ1eHHoMY B r JIaBe 1, y Hac 603HllKJlU 

CJleoylOU(lle 3{I.lUelfaHUR. 

(1) Ha HallI B3m5l,ll 0630p rrpnpO,llHbIX ,llaHHbTX 0 HaXO,llKaX H rrpucYTcTBun Kap60HaTHblx CPaJ B 

MaHTHHHblX rrapareHe3ucax 04eHb cKyn. B ueJIOM aBTOp orpaHll4UBaeTC5I rrepe4HCJIeHHeM CCbIJ10K 

Ha HeKOTopble pa60TbI, 6e3 lIeo6xo()UM020 aHaJtUmU' leCK020 0630pa. OH He paCCMaTpHBaeT 

accouuaunn, B KOTOPbIX 6bIJ1n Bbl5lBJIeHbl Kap60HaTbI, He rrp05lCH5IeT B KaKHX rrapareHe3Hcax ­

3KJ10rHTOBOM n rrepH,llOTHTOBOM - BbUfBJ1eHbI Te HJ1H UHble Kap60HaTHble CPaJbI, He YKaJbIBaeT, 4TO 

)Ke rrpe,llIIOJ1araeTC5I rro nOBO,lly npOHCXQ)K,lleHn51 Kap60HaTOB B 3THX aCCOUHaIUI51x. I1PHBO)l5l 

,llaHHbIe 0 Kap60HaTHbIX cpaJax B IIOpO,llax MeTaMopCPII"4eCKHX KOMIIJIeKCOB BbICOKoro ,llaBJ1eHH5I, 

aBTOp HHKaK He CB5I3blBaeT HX C MaHTHHHbIMH npoueccaMII, H )laHHbIH He60J1bllIOH paJ,lleJ1 Ha CTp. 

15 «rrOBlfcaeT B B03,llyxe». BCK0J1b3b YKaJbIBa51 0 HaXO,llKax Kap60HaTHbIx CPaJ B anMaJax 

«cBepxmy6HHHoro» IIPOI1CXO)l(,lleHH5I aBTOp H36eraeT YIIOMI1HaHII5I 06 I1X aCCOUHaUI151X. MQ)KHo 

6bIJ10 6bI ,llaTb XOT5I 6bI Ta6miUY, r,lle YKaJaTb, r,lle n B KaKHX acCOunaUH5IX HaH,lleHbl Kap60HaTbI. 

ABTOp He ynoMHHaeT 0 HaXO,llKaX BKJIlO4eHHH KpHCTanJIH4eCKHX Kap60HaTOB B ,llpyrnx MHHepanax 

KHM6epJ1HTOB, He TOJIbKO B anMaJax (McGetchin, Besancon, 1973; Hervig, Smith, 1981; Berg, 

1986; Smith, 1987), 0 HaXO,llKaX BKJ1104eHHH 3aKaJ1eHHhIX Kap60HaTHbIx paCnJ1aBOB B 

YJIbTpaOCHoBHblX 11 3KJ10rHTOBbIX HO,llYJ151X (van Achterbergh et ai., 2004; Kogarko et al., 1995; 
Ionov et al., 1996; Pyle, Haggerty, 1994), 0 Kap60HaTax B MeTacoMaTH3HpoBaHHbIx 3KJIOrHTOBbIX 

KCeHOJ1HTaX (Misra et ai., 2004; Shatsky et al., 2008). TeM caMblM aBTOp ynYCKaeT aHanH3 

paJHo06paJH5I rrp05lBJ1eHHH Kap60HaTOB B accOUHaUH5IX MaHTI1HHblX IIOPO,ll. B maBe He 

06CY)l(,llaIOTC5I CBH,lleTeJ1bCTBa 0 HaJ1H4ne llleJI04HbIX KpHCTanJIII4eCKHX Kap60HaTOB B MaHum . 

fOBop51 0 HaXO,llKaX (<I1P0,llYKTOB paCKpHCTanrrH3aUHH llleJI04HOrO Kap60HanfTOBOrO paCrrJIaBa», 

BKJIlO4eHHble B MHHepanbl KHM6epJIHTOB, aBTOp rr04eMY-TO H36eraeT ynoMHHaHH5I B KHM6epJ1HTaX 

KaKHX I1pOBHHUHH H Tpy60K TaKHe HaXO,llKH H3BeCTHbI (yrroMI1HaeTC5I J1HllIb Tpy6Ka Y,lla4Ha5l). 

(2) B mITepaTypHoM 0630pe B pa3,lleJIe 1.2.1 He paCCMOTpeHhI HeKOTopbIe HOBble pa60Tbl, 

HarrpHMep: ITepcHKoB 3.C., .5YXTH5IPOB IT.f. (2013). Oc06eHHocTH MeXaHI13MOB rrJ1aBJIeHH5I 

Kap60HaToB rrpH BbICOKHX ,llaBJ1eHH5IX cpJIIOH,lla CHCTeMbI C-O-H-Ar. 3KcrrepHMeHTanbHa51 

reOXHMH5I, T. 1, NQ 2. CTp. 73-75. (hup: llexp-geochem.l'u/JPdti'02 2013/RUS/21 02 2013 Rus.pdD 

B KOTOPblX CYllleCTBeHHO OTKOppeKTHpoBaHbI ,llaHHble pa60Tbl (Huang, Wyllie, 1976) H (Irving, 



Wyllie, 1975) (npe)],cTaBJIeHbI Ha pUCYHKax 1.2.2 H 1.2.8 )],uccepTauuu) no IIJIaBJIemnO KaJIbUHTa U 

)],OJIOMUTa npH )],aBJIeHHU 0.1 rITa. 

(3) B 0630pe 3KcnepUMeHTaJIbHbIX )],aHHbIX He 3aTparHBaIDTC5I )],aHHble 0 BJIU5IHllU )],pyrux 

JIeTY4UX, oc06eHHO BO)],bl, Ha <pa30BbIe paBHOBeCH5I B Kap60HaTHbIX CllCTeMax. 3TO 6bIJIO 6bl 

nOJIe3HO, nOCKOJIbKY )],aJIee aBTOp npHBO)],UT pe3YJIbTaTbl U3Y4eHU5I Bo)],oco)]'ep)Kall(HX 

Kap60HaTHbIX CUCTeM. 3)],eCb TaK)Ke 6bmo 6bl YMeCTHO TaK)Ke ynoM5IHYTb 0 BJIU5IHHU TaKUX 

KOMnOHeHTOB KaK F H CI (Jago, Gittins, 1991; Mitchell, Kjarsgaard, 2008). 
B r JIane 2 aHaJIU3upYIDTC5I Mo)],eJIU MurpauuH pacTBopoB II paCnJIaBOB B KpHCTaJIJIH4eCKHx 

MaTpm~ax H Mo)],eJIU )],e<popMauuH nopo)],bI B npucyTcTBHH Me)K3epHOBbIX pacTBopoB (paCnJIaBoB). 

ABTop npHxo)],HT K Ba)KHOMY )],JI5I )],aJIbHeHlUHx paccY)K)]'eHHH BbIDO)],y 0 TOM, 4TO MHrpaUH5I 

paCIIJIaBOB H HaCblll(eHHbIX CHJIHKaTHbIMH KOMnOHeHTaMH paCTBopOB B CHJIHKaTHbIX nopo)],ax npH 

BbICOKHX )],aBJIeHH5IX npOHCXO)],HT comaCHO MexaHI13MY paCTBOpeHH5I-nepeOTJIO)KeHH5I Ii 

KOHTpOJIHpyeTc5I CKOPOCT5IMH )]'H<P<PY3HH CHJIHKaTHbIX KOMnOHeHTOB B Me)IOepHOBOM paCnJIaBe 

(paCTBope). B Kallecmne KOJJUJleHmapliR II 3a./uellaHllR K :mlOii 2.;1ane YKa;m:e.u CJleOYlOlI(ee. Ha 

CTp. 48 aBTOp onpaB)]'aHHO OTMe4aeT, 4TO Mo)],eJIH, npe)],JIaraeMble )],JI5I MexaHH3MOB MHrpaUHH 

paCnJIaBOB B MaHTHH, OCHOBaHbI Ha 3KcnepHMeHTax npH OTHOCHTeJIbHO Hll3KHX )],aBJIeHH5IX, U HX 

pe3YJIbTaTbI TPY)],HO 3KCTpanOJIHpOBaTb Ha BbICOKHe )],aBJIe H lUI H3-3a pa3JHI4HH <pH3HKO­

XHMH4eCKHX CBOHCTB paCnJIaBOB. Oc06eHHO 3TO KaCaeTC5I Kap60HaTHbIX paCnJIaBOB, nOCKOJIbKY HX 

CBOHCTBa, a TO'{Hee llX B3aHMOOTHOlUeHH5I C CHJIHKaTHblM MaTepHaJIOM, CHJIbHO 3aBHC5IT OT 

)],aBJIeHIUl. 3TO KaCaeTC5I TaKHX CBOHCTB, KaK paCTBopHMOCTb CHJIHKaTHbIX KOMnOHeHTOB B 

Kap60HaTHbIX paCnJIaBaX, B03MO)KHOCTb )],eKap60HaTH3aUHH (oc06eHHO B 3KJIOrnTOBblX CHCTeMax; 

Hanp. Knoche, 1999), B03MO)KHOCTb )I<H)],KOCTHOH HeCMeCHMOCTH (oc06eHHo B 60raTblx ll(eJIO'IaM 

cHcTeMax). ABTop )],HCCepTaUHn )],OCTaTO'IHO no,np06HO pa36npaeT pe3YJIbTaTbI 3KcnepnMeHTOB T. 
XaMMy,nbI H ,U. JIanopTe (Hammouda, Laporte, 2000) npH 1 rITa, HO nO'IeMY-TO COBceM He 

ynoMHHaeT 3KcnepHMeHIbI B. MHHapHKa (Minarik, 1998) npH 1.5 rITa, KOTOPblM yKa3aJI Ha 

Ba)KHYID POJIb )KH,nKOCTHOH HeCMeCHMOCTH B MllrpaUHH paCnJIaBOB B Kap60HaTHO-CHJIHKaTHbIX 

CHCTeMax. bOJIee Toro, Ha CTp. 242 aBTop YKa3bIBaeT, 4TO H B ero 3KcnepHMeHTax ,na)l(e npH 16.5 
rITa 3<p<peKTbl )KH)],KOCTHOH HeCMeCHMOCTH Me)l(,ny meJI04HOH Kap60HaTHoH H CHJIHKaTHOH 

)KH,nKOCT5IMH Ha6JIID)],aJIC5I H ynoMHHaeT, 4TO TaKHe 3<p<peKTbI B03MQ)KHbI H npH 7 rITa. 

rJIana 3 ,nHccepTaUHH nOCB5ImeHa ,neTaJIbHoMY onHcaHHID MeTo,nOB 3KcnepHMeHToB H 

TeXHH'IeCKHX oc06eHHocTeH MHoronyaHcoHHoro 060py,noBaHH5I BbICOKoro ,naBJIeHH5I, 

HCnOJIb30BaHHoro B pa60Te. B ueJIOM rJIaBa HanHcaHO 4eTKO 1'1 aprYMeHTHpoBaHHo. 3)J,ecb YKa)KeM 

rJIaBHbIe ,nOCTfDKeHH5I aBTopa B pa3pa60TKe HOBblX 514eeK BblCOKoro )J,aBJIeHIl51 H HOBbIX MeTo,nHK 

npoBe,neHH5I 3KcnepHMeHToB npll cBepxBbIcOKHX )J,aBJIeHH5IX. 

(1) Pa3pa60TaHbl HOBbIe MeTo,nHKH npOBe,neHH5I 3KcnepHMeHTOB B 60JIblUOM 06beMe npH 

,naBJIeHH5IX )],0 24 rITa H onbITOB no <pa30BbIM OTHOlUeHH5IM B Kap60HaTHbiX cHcTeMax npH 

BblCOKHX )J,aBJIeHH5IX C HCnOJIb30BaHHeM KOH<pHrypaUI1H, n03BOJI5IIDmeH O)],HOBpeMeHHYID 3arpY3KY 

,no 42 KanCYJI C HCCJIe)J,yeMbIM BeIlJ,eCTBOM. 

(2) Ha OCHOBe y6e)J,nTeJIbHbIX MeTo,nH4eCKHX HccJIe)J,oBaHull aBTopoM BnepBbIe 060cHoBaHbI 

peKoMeH)J,aUHH no Bb160py OnTHl\IaJIbHbIX MaTepHaJIOB pa60'Illx 514eeK, ynJIOTH5IIDmnx npOKJIa,noK, 

CooTHolUeHHH pa3MepOB OKTa3)J,pH4ecKHx 51'IeeK H pa60'Inx nyaHcoHoB, BeJIH'IHH 

TenJIOH30JIllpYIDmHX CJIOeB 113 zr02 )],JI5I. pa60'IHX 514eeK H3 MgO H )J,pyrnx xapaKTepHcTHK. 

(3) BnepBbIe pa3pa60TaHbl OpHrHHaJIbHble MeTo,nHKH onpe,neJIeHH5I. K03<P<PHuneHToB .IJ.H<p<pY311H 

CHJIHKaTHbIX KOMnOHeHTOB B Kap60HaTHoM paCnJIaBe npH ,naBJIeHH5IX )],0 24 rITa H TeMnepaTypax 

)J,O 17000 
C. 

rJlanHbVtf 3(LIJfe'taHlIeJlf K mane 3 51BJI5IeTC5I TO, 4TO 3a pe,nKHM HCKJIID4eHHeM (Hanp., 

norpelUHOCTb XOJIO,nHOH KaJIH6pOBl<H annapaTOB THna KaBaH), 3)J,eCb He npHBo,n5lTC5I IITOrOnbie 

norpemHOCTIf H3MepeHUH H KaJIufiponOK ,nanJIeHHH H TeMnepaTypbl. 

B rJIane 4 paccMaTpHBaIDTC5I pe3YJIbTaTbi 3KcnepHMeHTaJIbHOrO H3yqeHH5I 6HHapHbIX H 

OT,neJIbHbIX BHyTpeHHHx ce4eHHH B TPOHHbIX Kap60HaTHbIx CHCTeMax, BKJIID4aIDll(HX CaC03, 

MgC03, FeC03, Na2C03, K 2C03 npH 6 rITa. KpoMe TOro, H3Y4eHbI )J,Be Kap60HaTHbie CHCTeMhI, 

BKJIID4aIDmHe H 20 (K2C03-rn)J,poMame3HT H Na2C03-rn,npoMame3HT). ,UJI5I. Ka)l(,noH CHCTeMbI 

IIocTpoeHbI T -X Ce'IeHH5I. 3KcnepHMeHTbI COnpOBO)lc)J,aIDTC5I peHTreHorpa<pH4ecKHMH H 

paMaHoBcKMH HCCJIe)J,OBaHH5IMH HeKoTopbIX HOBbIX Kap60HaTHblx <pa3, maBHhIM 06pa30M ,nBOHHbIX 



Kap60HaTOB. LJacTh 3KCnepI1MeHTOB no I1)J,eHTI1tPI1KaL{lUi BhICOK06apw-IeCKI1X tPa3 npOBe)J,eHa C 

I1CnOJIh30BaHI1eM CI1HXPOTpOHHoro I13JIY4emul. HeT HI1KaKOrO COMHeHIUI, 4TO npe)J,CTaBJIeHHhle B 

maBe pe3YJIbTaThI 51BJI5IlOTC5I npI1MepOM BhICOKOKJIaCCHOro 3KCnepI1MeHTaJIhHOrO HCCJIe)J,OBaHH5I, 

COnpOBO)K)J,alOLIwrOC5I BhICOKOTOtIHhIMH aHaJII1TI1tleCKHMI1 )J,aHHhIMI1. npHBe)J,eHHhIe HH)Ke 

3ll.Me1taHllR K Flla6e 4 HI1KOI1M 06pa30M He BJIH5IlOT Ha HHTepnpeTaLII1lO aBTopOM TOrrOJIOrHI1 

OT)J,eJIhHhIX CI1CTeM 11 Ha BhIBO)J,bI, C)J,eJIaHHhle Ha ee OCHOBe. 

(1) CI1CTeMa MgC03-FeC03. XOT5I Ha CTp. 129 yKa3hIBaeTC5I , 4TO cH)J,epHT nJIaBHTC5I 

HHKOHfPY3HTHO no cxeMe FeC03 = L (060rameHHhIH FeO HJIH Fe304) + CO2, 3Ta oc06eHHOCTh He 

OTpa)KeHa Ha T - X )J,HarpaMMe 4.1.2 ()J,aJIee Ha pHC. 4.3 . 1. 06JIacTh CO2+L Bce )K rrOKa3aHa). 

npe)J,nOJIO)l(eHI1e 06 HHKoHrpY3HTHOM nJIaBJIemUl CI1)J,epIHa He corJIacyeTc5I C )J,aHHhLMH Ta6JIHLIhi 

4.1.1., r)J,e npH COCTaBe 93 MOJI . % CI1)J,eplna COCTaB )KH)J,KOCTI1 T04HO COOTBeTcTByeT 3TOMY 

BaJIOBOMY COCTaBY. MhI comaCHhI, 4TO OLIeHHTh 3tPtPeKT pa3JIO)KeHH5I FeC03 = FeO + CO2 H3 

MHKP030H)J,OBOro aHaJIH3a )J,OBOJIhHO TPY)J,HO. Ho CJIe)J,OBaJIO 6hI XOT5I 6hI YKa3aTh 3TO B Ta6JIHLIe. 

Ha)J,o OTMeTHTh, 4TO npI1 84 MOJI. % CH)J,epHTa, COCTaB paCnJIaBa Ha 3 MOJI. % OTJIH4aerC5I OT 

BaJIOBOro COCTaBa CI1CTeMh1. CB5I3aHO JIH TO C HHKOHrpY3HTHhIM nJIaBJIeHHeM? C KaKOH LIeJIhlO 

6h1J10 c)J,eJIaHO TaKoe orpoMHoe KOJIlI4eCTBO 3KcnepHMeHToB B cy6COJIH)J,yce )J,aHHoH cHCTeMhI? 

Bep05lTHO, aBTop XOTeJI BhI5lCHHTh, eCTb JIH pacna,u TBep)J,oro paCTBopa MgC03-FeC03. 

(2) CHcTeMa CaC03-FeC03. Ha pHcynKax 4.2.1g-i B npo)J,yKTax 3aKaJIKH Kap60HaTHoro paCnJIaBa 

4eTKO BH)J,Hhl CBeTJIhle )J,eH)J,pHTHhIe KPHCTaJIJIHKH, npe)J,cTaBJI5IlOLIIHe, nO-BH)J,llMOMY, OKCH)J, Fe 

(rro)J,06Ho TOMY, 4TO H306pa)KeHO Ha PHCYHKax 4.2.2a-c). TaK JIH 3TO? ECJII1 TaK, TO nOHBJIeHfIe 

OKCH)J,a rrpH 1300
0 c MQ)J(eT 03HaLJaTh, 4TO aHKepHToBhIH TBep)J,hIH pacTBop B rrmpoKoM HHTepBaJIe 

COCTaBOB nJIaBHTC5I HHKoHrpY3HTHO. OTCYTcTBHe 51BHhIX rrY3hlpeH CO2 MO)l(eT YKa3hIBaTh Ha TO, 

4TO npH OTHOCHTeJIhHO HH3KHX TeMnepaTYpax tPJIlOH)J, XOPOLLIO paCTBOpHM B paCnJIaBe (CM. CTp. 

142). 

(3) KpHBa51 nJIaBJIeHH5I K2C03. Ha Ham B3[JI5I)J, KpHBaSi tPa30BOrO nepexo)J,a a-K2C03 B ~-K2C03 

HenJIOXO 3KCTpanOJII1pyeTc5I B TPOHHYlO T04KY, I1306pa)KeHHYlO Ha pHC. 4.4.4. 

(4) CHcTeMa K2C03-Mgs(C03)4(OHh*4H20. He nOH5ITHO, 4TO aBTOp nO)J,pa3YMeBaeT rro)J, 

TBep)J,hIM paCTBopoM H20 B K2C03. B03MO)KHO, 4TO 06pa3yeTc5I HeKoe rH)J,paTHpOBaHHoe 

coe)J,HHeHI1e THna K2C03*nH20 . 

(5) CHcTeMa K 2C03-FeC03. He rrOH5ITHO, OTKY)J,a aBTOp B351JI T-X Koop)J,HHaThI 3BTeKTHK, 

npHBe)J,eHHhle Ha CTp. 170: 7411200 H 4811250. COrJ1aCHO )J,HarpaMMe Ha pHC. 4.7.2 Koop)J,I1HaTbI 

3TI1X T04eK 65/~1100 H 4511150. 

(6) CHcTeMa K2C03-FeC03-MgC03. n04eMY ce4eHHe K2Fe(C03)2-K2Mg(C03)2 no MHeHHlO 

aBTopa 51BJISleTCSI nceB)J,06HHapHhIM? B HeM )Ke HeT HHKaKHX tPa3, JIe)KaLIIUX BHe 3Toro CeQeHH5I 

(4TO H 51BJISleTC5I npH3HaKOM nceB)J,06HHUpHOCTH). ComaCHO pHC. 4 .8.1 3TO ce4eHHe SlBJI5IeTC5I 

HCTI1HHO 6I1HapHh1M C HenpephIBHhlMH TBep)J,hIMH paCTBOpaMH. 

(7) CHcTeMa Na2C03-FeC03. Ha cTpaHHue 214 aBTop oc060 06pamaeT BHHMaHI1e, 4TO B 

3KcnepHMeHTax He Ha6JIlO)J,aJIOCh pa3JIO)l(eHHe CH)J,epHTa Ha KpnCTaJIJIWleCKHH OKCH)J, H CO2. TeM 

He MeHee, Ha pHC. 4.13.1 h nOKa3aH Fe304. L(eH)J,pHT006pa3Hhle BhI)J,eJIeHH5I OKCH)J,a, nO-BH)J,HMOMY, 

npHcyTcTBylOT H B npo)J,yKTax 3aKaJIKH paCnJIaBa (pHC. 4.13.1 i, j, 1). KpoMe Toro, B Ta6JIHLIe 4.13.1 

OKCH)J,hI )KeJIe3a YKa3aHbI KaK npo)J,yKThI onhITOB. npH4eM npH O)J,HOH H TOH )Ke TeMnepaType 

(1100
0 

C) npH 6JIH3KHX COCTaBax (60 H 50 MOJI. % Na2C03) KpHCTaJImnYlOTcSI pa3Hhle OKCH.l{hI, 

FeO H Fe304. C 4eM CB5I3aHO n05lBJIeHHe 3THX OKCH)J,OB? CY)J,51 no H3JIO)l(eHHlO npe)J,hI)J,ymHx 

pa3)J,eJIOB, nOSlBJIeHHe OKCH)J,OB CBSl3aHO HMeHHO C pa3JIO)KeHHeM Kap60HaTa Fe. 

B rJIaBe 5 xapaKTepI13YlOTC5I pe3YJIhTaThi 3KcnepHMeHTaJIhHhlX HCCJIe)J,oBaHHH CKopocTeH 

)J,HtPtPY3HH CHJIHKaTHhIX KOMnOHeHTOB B meJI04HhIX CyxHX H BO)J,oco)J,ep)KaLIIHX Kap60HaTHhlx 

paCnJIaBaX H B BO)J,HO-CHJIHKaTHOM paCnJIaBe. be3 COMHeHH5I, 3TO CaMa51 OpHrHHaJIhHaSi rJIaBa 

)J,HccepTaLIHH, MaTepHaJIbI KOTOPOH OCHOBaHhl Ha c06cTBeHHoH ymfKaJIhHOH MeTO)J,HKe aBTopa, 

KOTOpa51 nOKa OTCYTcTByeT B )J,pyrHx JIa60paTopHSIx Mnpa. B 3TOH maBe 04eHh rrpHBJIeKaeT 

)J,eTaJIhHOCTh onnCanH5I 3KcnepHMeHTOB, oc06eHHO MeTO.l{HI< aHaJIH3a, BhI60pa CHCTeM, aHaJIH3U 

3KcnepHMeHTaJIhHhIX )J,onymeHHH, Bhl5lCHemfSl pe)J(IlMa (KOHBeKLIIl51 HJlH )J,H(PtPY3H5I) B YCJIOBH5IX 

OnhITOB. ABTOPOM rrOJIyqeHhI BnOJIHe peaJIHCTHLJHhle K03tPtPHLIHeHThI )J,HtPtPY3HH CHJIHKaTHhlX 

KOMnOHeHTOB, KOTophle B03paCTalOT OT cyxoro Kap60HaTHoro paCnJIaBa 4epe3 BO)J,OCO)J,ep)KamHH 



Kap60HaTHoIH pacnmm K BO.L(HO-CHJlllKaTHOMY paCfTJIaBY (qmlOl1)J,y). B xO)J,e IneHIUI rJIaBbI 5 Y Hac 

B03HI1KJIH CJIe)J,YIOLQl1e BonpOChI H 3aMe4aHI151. 

(1) HaCKOJIbKO KoppeKTHhI paCqeThI nJIOTHOCTI1 paCnJIaBOB K 2Mg(C03)2±H20+MgSi03 H3 )J,aHHhIX 

o nJIOTHOCTH paCnJIaBOB MgSi03±H20 11 <pJIIOI1)J,a CO2, Be)J,b B 3TOM CJIY4ae CHCTeMa 

npe06paJyeTc5I B MgC03±H20+MgSi03, a nJIOTHOCTI1 paCnJIaBOB MgC03 H K2Mg(C03)2, 

Bep05lTHO, paJHhIe. IT04eMY He 6hIJIH B351ThI )J,aHHhIe no nJIOTHOCTI1 paCnJIaBa K2C03 (XOT51 6hI npH 

4 rITa) (Dobson et al., 1996) )J,mI 3THX pac4eToB? KCTaTI1, Ta6JIHI.~a 5.4.1, r)J,e )J,OJI)KHhI 6hITh 

npHBe)J,eHbI oueHKH nJIOTHOCTH, OTCYTcTByeT B )J,uccepTaU~IH. 

(2) vb 3apl1COBOK 5 .5.1 H 5.5.3 4eTKO BI1,lJ,HO, 4TO B xO)J,e OnhITa rpaHHua HCTO'-IHI1K-paCTBOp 

CMeLQaeTC5I H3 30HhI LT B 30HY HT. Oc06eHHo 3TO O'-IeBI'l,lJ,HO ,lJ,JI.5I CI1CTeMhI MgSi03+H20 (pnc. 

5.5.3). HaCKOJIhKO 3TO CMeLQeHl1e, a, 3Ha4UT, nepeMeHHa51 TeMnepaTypa Ha rpaHHue (B npe)J,eJIax 
0

rpa,lJ,HeHTa B 50 ) MO)KeT nOBJIH5ITb Ha MaccorrepeHoc? 

B rJlaBe 6 aBTop npUJIaraeT nOJIY4eHHhIe 3KCnepl1MeHTaJIhHhIe ,lJ,aHHhIe no <paJOBbIM 

paBHOBeCH5IM B Kap60HaTHbIX CHCTer-.mx npH 6 rITa U no K03<P<PHUHeHTaM )J,H<P<PY3UI1 CI1JII1KaTHbIX 

KOMnOHeHTOB B Kap60HaTHhIx paCnJIaBaX K MO)J,eJI5IM 06paJoBaHH5I (paJ,lJ,eJI 6.1) H MUrpaUI1H 

(paJ)J,eJI 6.2) TaKlIX paCnJIaBOB B MaHTlnl. B paJ,lJ,eJIe 6.1 aBTOp rrOllhITaJIC5I nOKaJaTh, qTO BHe 

3aBHCHMOCTH OT Kap60HaTCO,lJ,ep)J<aLQero cy6cTpaTa (nepU)J,OTUTOBhIH, 3KJIOfHTOBhm lIJIH 

nemnOBhIH) ero HaqaJIhHOe nJIaBJIeHHe KOHTpOJIHpyeTc5I <paJOBhIMU COOTHOIneHH5IMI1 Me)K)J,Y 

Cy6COJIH,lJ,YCHbIMH Kap60HaTHhIMU <paJaMH. B ueJIOM 3TOT paJ,lJ,eJI HanHcaH 060CHOBaHHO C 

rrpHBJIe4eHHeM XopOWO 113BeCTHhIX 3KcnepHMeHTaJIhHhIX )J,aHHhIX no nJIaBJIeHHIO 

Kap60HaTCO,lJ,ep)KamHX 3KJIOrHTOB, nepH,lJ,OTHTOB 11 neJIUTOB. TeM He MeHee, K HeMY Y Hac 

B03HHKJIH CJleoYIOUI,lIe 603paJIcenuH U 3a.Me l laHIIH. 

(I) B 3TOM paJ)J,eJIe aBTOp HaH60JIee 06mupHO HCnOJIh3yeT TepMHHhI «Cy6COJIlI)]'YCH.bIH paCnJIaB» H 

«qaCTHqHhIH paCTIJIaB», KOTophIe, no HaweMY MHeHI1IO, He HMeIOT <p113HKO-XHMH4ecKoro CMhICJIa 

(CM. BhIIIle). 

(2) AprYMeHTl1pyjl BhIBO,lJ,hI 0 IIJIaBJIeHHU Kap60HaT cO,lJ,ep)J<aLQHX 3KJIOrHTOB, aBTOp YKaJhIBaeT, lITO 

«Kap60HaThI, 3KcrYMHpOBaHHhIe C MaHTHHHhIX my6uH, npe)J,CTaBJIeHhI ,lJ,OJIOMUTOM». O)J,HaKO, 3TO 

He COBceM KOppeI<THO, nOCKOJIhKY B KOMnJIeKCaX BhICOKoro ,lJ,aBJIeHHjI (HanpI1Mep, KOK4eTaBcKoM) 

BCTpe4eHhI nopo)J,hI, CO,lJ,ep)J<aLQHe He TOJIbKO ,lJ,OJIOMlIT, HO H KaJIbUI1T, MarHe3HaJIbHhIH KaJ1.bUI1T If 

U3pe)J,Ka MarHe3HT. 

(3) TepMHHOJIOrHjI aBTopa «CHCTeMa 3KJIOrHT-C02 B npHCYTCTBHH HaTpHjI», «Na-CO,lJ,ep)KaLQI1H 

Kap60HaTu3HpoBaHHhIH 3KJIOrHT» TaK)J(e He KoppeKTHa, nOCKOJ1.bKY 3KJIOrHT - 3TO nop0,lJ,a, 

H3Ha4aJIbHO 060raLQeHHa51 HaTpHeM B BH,lJ,e )J<a)J,eI1TOBOrO MHHaJIa B KJlI1HOnl1pOKceHe. 

(4) To, 4TO nJIaBJIeHHe 60raToro HaTpHeM Kap60HaT cO,lJ,ep)KaLQero 3KJIOrHTa KOHTPOJIHPYeTC5I 

nJIaBJIemleM CHCTeMbI Na2C03-CaC03-MgC03 BbI3hIBaeT COMHeHI1j1, oc06eHHo npHHHMaji BO 

BHHMaHue COCTaBbI 6JIH3COJIH,lJ,YCHhIX paCnJIaBOB H3 3KcnepHMeHToB r . .5IKCJIH H r . Epa51 (Yaxley, 

Brey, 2004) H T. XaMMY)J.bI (Hammouda, 2003), npHBe,lJ,eHHhle B Ta6JIHue 6.1.2 . .L(a)l(e npH 

BhICOKOM cO,lJ,ep)J<aHHH Na20 B 3KJIOrHTe T. XaMMY,lJ,hI (2.91 Mac. %), 6JIH3COJIH)J,YCHbIH 

KaJIbUHeBblH Kap60HaTHhIH paCnJIaB CO,lJ,ep)I(HT Bcero 0.06 Mac. % Na20 (KcTaTH 06 3TOM aBTOp 

ynoMHHaeT Ha CTp. 267). 3TO 03Ha4aeT, 4TO KJIlIHOnHpoKceH )J,ep)KHT Na HaMHoro CHJIbHee, He 

)J,aBa51 eMY YXO,lJ,HTb B paCnJIaB. TaKHe I<OHueHTpaUHH Na20 B paCnJIaBe He conOCTaBHMhI C 

COCTaBOM 3BTeI<THqeCKOrO paCnJIaBa, 48Na2C03·52(CaO.63MgO.37)C03, B CHCTeMe Na2C03­

CaC03-MgC03, YCTaHOBJIeHHhIM aBTopOM )J,uccepTaUHH. 11 3TI1 HeCOOTBeTCTBHjI, KCTaTH, B )J,aHHOM 

CJIY4ae HeJIb3j1 06b5lCHliTh <mp06JIel'vtaMH MJlKP030H,lJ,OBOrO aHaJIH3a COCTana paCnJIaBa» B6JIH3H 

Comr,lJ,yca (CTp. 267). KpoMe Toro OTMeTHM, '-ITO Ter-.mepaTypbI COJIH,lJ,yca Kap60HaT cO)J,ep)KaLQero 

3KJIOfHTa B 3KcnepHMeHTaX T. XaMMY)J,bI B HHTepBaJIe 6.0-6.5 rITa CfIJIhHO 3aBHCjlT OT )J,aBJIemrjl: 

npH 6.5 rITa 3Ta TeMnepaTypa )J,eHCTBI1TeJ1.bHO COCTaBJI5IeT OKOJIO 980°C, HO npH 6 rITa OHa pe3Ko 
0 

B03pacTaeT ,lJ,0 1200-1250 C, 4TO CBjl3aHO C Kap60HaTHO-CI1JIHKaTHbIMH peaKUI151MH. n03TOMY 

TIp5lMOe cpaBHemJe pe3YJIhTaTOB 3KcnepHMeHToB no nJIaBJIeHHIO Kap60HaT CO,lJ,ep)KaLQHx 3KJIOrHTOB 

C pe3YJIhTaTaMH 3KcnepfIMeHToB aBTopa )J,HccepTaUHII B 4HCTO Kap60HaTHhlx CHCTeMax, Ha Haw 

B3fJ1j1,lJ" He BCer,lJ,a OnpaB,lJ,aHO, nOCKOJIbKY OHO He Y4HThIBaeT BJIU5lHHe Kap60HaTHO-CI1JIHKaTHhIX 

peaKUHH, KOTophle HMeIOT, BH)J,HMO, Ba)KHOe 3HaqeHHe npH )J,aBJIeHH5IX nOp51)J,Ka 6 rna (B OTJIH411e 

OT nepll)J,oTliTOBbIX) HMeHHO B 3KJIOfHTOBhlX CHCTeMax (Hanp., Knoche, 1999). 

http:XaMMY)J.bI
http:CHCTer-.mx
http:lJ,JI.5I


(5) Ha HalIl B3rJUI)J., ,UBa BbfBo,Ua, C<P0PMYJIHpOBaHHble aBTopoM Ha CTp. 268, He BnOJlHe KoppeKTHbI, 

nOCKOJlbKY OHH OTpa)l{alOT 3aKOHOMepHOCTH H3MeHeHH5I COOTHOllleHlIH Ca, Mg H Na Kap60HaTHbIX 

KOMnOHeHTOB B paCnJlaBaX, B03HHKalOmHX npH nporpeCCHBHOM nJlaBJIeHHH Kap60HaT 

co,Uep)l{alQI1X 3KJIOrHTOB H nepH,UOTHTOB, HO He conaB paCnJlaBOB. rOBOpH 06 3BOJIIOUllII COCTaBa 

paCnJIaBa B 3TIIX CIiCTeMax C TeMnepaTypoH B ueJIOM, npeiKJle Bcero He06xoJlIIMO YKa3bIBaTb 

BapllaUHII Si02. 
(6) XapaKTepH3Y5I KJIHHOnHpoKceH, KaK KOff~eHTpaTop KaJIH5I B BepxHeH MaHTHH, Mo)KHO 

COCJlaTbC5I Ha pa60ThI O.f. Ca<poHoBa C C03BTOpaMlI, KOTophle H3YLJaJIH B3aHMOOTHOllleHH5I 

KaJIHHco,Uep)l<amero KJIHHOnHpOKceHa B CHJIHKaTHbIX H Kap60HaTHO-CHJlHKaTHbIx CI1CTeMax. 

fOBOP51 0 <pa3ax, nOTeH~HaJIhHbIX KOH~eHTpaTopax KaJIH5I B MaHTHHHhIX YCJlOBH5IX, MO)l{HO 

COCJIaThC5I Ha pa60TY Harlow, Davies (2004), r,Ue npHBo,UnTC5I aHaJIHTHLJeCKHH 0630p TaKI1X <pa3. 

(7) 110JIe cTa6HJlbHOCTH CPa3bI X B KaJIHH Kap60HaT cO)J.ep)KaLL(eM nepn,UOTHTe paCllmp5leTC5I B 

06JlaCTb 60Jlee HH3KHX .z:r.aBJleHHH B )l{eJle30co)J.ep)I<ameH CHCTeMe, oc06eHHo npH BXO)!(,UeHIDI B 3TY 

<pa3Y Fe
3+ (Bindi et aI., 2007; B06pOB, JIHTBHH, 2009). 

Pa3,UeJl 6.2 cO)J.ep)!<HT npHJlO)f(eHH5I )J.aHHbIX aBTopa IIO H3MepeH111O K03<pq)H~HeHTOB 

)J.H<P<pY3HH CHJlHKaTHbIX KOMnOHeHTOB LJepe3 Kap60HaTHToBhIe H BO,UHO-CHJlHKaTHbIe paCnJlaBhI K 

np06JIeMe MexaHH3MOB H Cl<OPOCTH MHrpa~HH 3THX paCnJlaBOB B rJly60KoH MaHTHH. A.c!>. llla~KHH 
npHXO,UHT K BhIBO,UY 0 TOM, 'ITO Hau60JIee Bep05lTHhIH MexaHH3M MHrpa~HH Kap60HaTHTOBblX 

paCnJlaBOB 51BJ15leTC5I Mexmm3M paCTBOpeHH5I - nepeOTJlO)KeHH5I, JlHMHTHpyeMhIH ,U11<PclJY3HeH 

CHJlHKaTHbIX KOMnOHeHTOB B nOJle MaKCI1MaJIhHbIX MexaHHlfeCKHX Hanp5l)I<eHHH, KOTopbIe MorYT 

peaJIH30BbmaThC5I Ha rpaHH~ax fJly61IHHhIX nJIIOMOB. CpaBBlma51 CKOPOCTH nepeMemeHH5I 3THX 

nJlIOMOB B MaHTJ1"H CO CKOPOCT5IMH ,UH<p<PY3HH, aBTOp npHXO)J.HT K HHTepeCHOMY BblBO.uy 0 TOM, 'ITO 

Kap60HaTHTOBhle H conYTCTBYIOlI(He paCnJIaBhI ,UOJl)KHhI CKanJllmaThC5I Ha <PPOHTe nJIIOMOB (B lfX 

aTIHKaJIhHOM LJaCTn). 110 HallleMY MHeHHlO, 3TOT BhIBO)J. snOJIHe 060CHOBaH aBTopOM. O)J.HaKO K 

pa3,UeJlY 6.2 B03HHKJlH CJleoYIOUI,lle 3aAle'laHllJl. 

(l) ABTopy CJle,UOSaJIO 6bl 60Jlee no,Up06HO OCTaHOBHTbC5I Ha TOM, KaK paCCLJHThfBaJlHCh 

,UHarpaMMhI Ha pHcYHKax 6.2.4, 6.2.5, 6.2.7. HanpHMep, )J.IIarpaMMa Ha pHC. 6.2.7 OLJeBH,UHO 

nocTpoeHa C HCnOJlh30BaHHeM ypaBHeImH 6.2.1 H 6.2.2. O,UHaKo ,UJ151 3THX ypaBHeHH.H B TeKCTe He 

npHBe)J.eHhl 0603HaLJeHH5I napaMeTpoB. 

(2) I1pH paccMoTpeHHH HHTepecHoH H OpHrHHaJI'hHOH MO)J.eml MHrpa~HH BKJlIOLJeHHH 

Kap60HaTHoro pacnJIasa LJepe3 MaHTHHHhle nopo,UhI He Y'llIThlBaIOTCH H ,Ua)Ke He 06CY)K,UaIOTC5I 

B03MO)l{HbIe cy6COJIH,UYCHhIe peaK~HH ,UeI{ap60HaTH3a~HH npH B3aHMO)J.eHCTBHH CHJlHKaTOB H 

Kap60HaToa B ClIYLJae HaJIHLJH5I HX Henocpe,UCTBeHHhIX KOHTaKTOB B MaHTHI1. 

(3) BhIBO,U 0 KOH~eHTpa~HH Kap60HaTHToBhIX paCnJIaBOB B «rOJlOBaX» MaHTHHHhIX nJllOMOB, Ha 

HalIl B3r1I5I,n, He06xo,UHMO 61>1Jl0 npOHJIJlfOCTpHpOBaTh reOJlOrHLJeCKHMH )J.aHHhfMH 06 3BOJlIO~IDI 
Kap60HaTHT-KHM6epJlHToBoro MarMaTH3Ma. 

(4) OTCYTcTByeT 3aKJIIOLJeHHe K fJlase 6, l<aK 3TO c,UeJIaHO )J.Jl51 )J.pyrnx r1IaB. 

B 3aKJIlOLJeHHH A.C!>. llla~KHH KpaTKo cyMMHpyeT fJlaBHhIe pe3YJlhTaThI H BhlBO)J.bI pa60Thi. 

B Ka'lecmue 3llMe'IUHIIJl YKa)l<eM TO, 'ITO B 06meM 3aKJIIOlfeHHH 3TOH LJpe3BblLJaHHO Ba)!(HOH H 

aKTYaJIhHOH pa60ThI aBTOp nOLJeMY-TO COBCeN! He ynO~II1HaeT CBOH HOBLle H npHH~HnHaJIbHO 
Ba)KHhIe pe3YJlhTaThI annapaTypHO-MeTO,UHLJeCKHX pa3pa60TOl<. 

I10MHMO npnneneHHhIX BhIllIe 3aMe't.JaHHH, npHBe)J.eM HeCKOJlbKO pe)J.aKunOHHbIX 

3aMeLJamlH, KOTophle, Ha HaIll B3fJl5l)J., CJle.uyeT YLJeCTh aBTOpy npn ,UaJIhHeHIlleH pa60Te. 

(1) ABTop nOCT05lHHO HCnOJlh3yeT TepMHH «LJaCTHLJHhIH paCnJlaB» (Hanp., eTp. 21, 46,49, 149, 261, 
265 11 ,Upyri1e), KOTOPhIH, l\-f5lrKO rOBOp5l, He HMeeT CMhICJla. 110xo)Ke, 'ITO 3TOT TepMHH npHIlleJl B 

'uHccepTa~mo H3 aHrJlO5l3hILJHOH JIHTepaTyphI H 51BJl5leTC5I np5lMhIM nepeBO)J.OM TepMHHa "partial 

melt". OLJeBH,UHo, 'ITO np5lMOH nepeBO)J. Ha PYCCI<HH 513hIK He OTpa)!{aeT CMhICJI 3Toro TepMHHa, 

KOTOPhlH ,UOJl)KeH 6f,I 6hITh nepeBe.ueH KaK «paCnJlaB, 06pa30BaBIllHilc51 B xo.ue LJaCTHLJHOrO 

nJlaBJIeHH5I». ,UJlHHHO, HO 3aTO KoppeKTHo! 

(2) ECTh He6pe)KHOCTH B o<popMJleHHH PHCYHKOB n no,UnHceH no)J. HHMH. HanpHMep, no,UnnCb K 

pHCyHKy 1.1.1. BO MHorOM He COOTBeTCTByeT caMOMY pncyHKy: B nO)J.nHCH ynOI\'151HYTbl ~eJlhIH p5ln 

0603HaLJeHHH, KOTophle OTCYTCTBYIOT Ha pHC)'HKe. B no,Unl1CH K pl1CyHKy 3.5.5. YKa3aHO, 'ITO Ha 

pHCYHKe nOKa3aHO pacnpe,UeJIeHne )J.aBJleHI151, Torna KaK Ha pHCYHKe npe,UCTaBJleHO pacnpeneJleHne 

TeMnepaTyphl. 

http:nepeBO)J.OM
http:npHBe)J.eM
http:BhlBO)J.bI
http:BblBO.uy
http:npHXO)J.HT


OT3bIB 3aCJlymaH II YTBep"'.lleH Ha 3aCe.llaHIfIf YqeHOr 
(BbllllfcKa H3 npOTOKOJla npHJlaraeTcH). 

)J;OCTOBepHOCTb 3KCnepHMeHUUIbHbIX pe3ynbTaToB, I-I3nmKeHHbIX B 3aJ.l(luu.aeMbIX 

nonmKeHH5IX He BbI3bmaeT COMHeHHH. nonYLJeHHble pe3ynbTaTbI HMeIOT Me)K.llYHapO.llHOe 

npH3HaHHe, '-ITO nO.llTBep){(.JlaeTC5I ny6nHKau.H5IMH B Be.llYJ.l(HX Me)K.llYHapO.llHbIX peueH3upyeMblx 

)KypHaJIaX (peKOMeH.llyeMblx BAK P<l» U .llOKna.llaMU Ha OTeqeCTBeHHbIX U Me)K.llYHap0.llHbIX 

KOHcPepeHIJ,H5IX BbICOKoro ypOBH5I. B03MO){(HOCTU ucnonb30BaHH5I pe3ynbTaToB .llHCCepTaUHOHHoH 

pa60TbI CB5I3aHbI C npHnO)KeHHeM norryqeHHbIX 3KcnepHMeHTaJIbHbIX .llaHHbIX K pa3BHTHIO MO.lleneH 

KHM6epmn - Kap6oHaTHTOBoro MarMaTU3Ma, MaHTHHHoro MeTaCOMaT03a U aJIMa3006pa30BaHH5l. 

norryqeHHble aBTopOM HOBbIe CTPYKTypHble peHTreHorpacPU'IeCKHe xapaKTepHCTHKH H 

paMaHOBCKue cneKTpbf .llBOHHbrx Kap60HaTHbIX COe.llliHeHUH, TervmepaTypbI nnaBneHU5l npOCTbIX H 

.llBOHHblX Kap6oHaTOB, K03 cPcPHu.HeHTbI .llUcPcPY3I1H KOMnOHeHTOB B pacnnaBax BOH.llYT B cPH3UKO­

XHMWIeCKue CnpaBOQHHKU H 6a3bI .llaHHbIX. 0PUfHHaJIbHble MeTO.llHLJeCKHe pa3pa60TKH aBTopa, 6e3 

COMHeHH5l, I-JaH.llYT WHpOKoe npHMeHeHHe B npaKTHKe 3KcnepHMeHTOB npH BbICOKHX .llaBneHl151X. 

MaTepHaJIbI .llHCCepTau.nOHHoH pa60TbI A<l>. Illau.Koro npe.llCTaBn5lIOT TaK){(e 60nbWOH HHTepec 

.lln5l Hcnonb30BaHI15l B Y'Ie6HbIX Kypcax neTponorHU, reOXHMHU, MHHepaJIOfHH, cPH3HLJeCKOH 

XHMHU, KpUCTaJInOXHMHH H KpUCTaJInOrpacPHIf, MaTepUaJIOBe.lleHH5I. 

OO.llBO.ll5l IHor, Cne.llyeT nO.llLJepKHYTb, 'ITO .llHCCepTau.n5l A<l>. Illau.Koro B u.enOM 

npOU3BO.llHT xopowee Bne'IaTneHHe. OTMe'IeHHble B OT3bIBe He.llOCTaTKH CBH.lleTenbCTBYIOT nHWb 0 

LJpe3BbI'IaHHOH cnmKHOCTU pewaeMbIX 3a.llaLJ U MHO){(eCTBeHHOCTbIO n0.llXO.llOB K HHTepnpeTau.UH 

3KcnepHMeHTaJIbHbIX .llaHHbIX. 3aMe'IaHH5I He BnH5lIOT Ha 06J.l(YlO rrOnO){CHTenbHYIO OU.eHKY pa60TbI. 

)J;HccepTaUH5l A<l>. Illau.Koro 51Bn5leTC5I 3aKOH'IeHHOH HaYLJHO-HCCne.llOBaTenbCKoH pa60TOH, 

OCHOBaHHOH Ha 60nbWOM 06beMe HOBbIX 3KcnepHMeHTaJIbHbrx pe3ynbTaToB, nonyqeHHb!X Ha 

BbICOLJaHWeM HaY'IHO-MeTO.llULJeCKOM ypOBHe, U pa3HonnaHOBbIX aHaJIUTllLJeCKHX .llaHHbIX, "ITO 

MO)KHO KBaJIHcPHUHpOBaTb KaK pemeHHe KpynHoii: HayqHOH np06J1eMhI. YpOBeHb uCCne.llOBaHHH 

H 3aJ.l(uw.aeMblx rrOnO)KeHHH, a TaK)Ke npaKTHLJeCKa51 3HaqHMOCTb pa60TbI 3acnY){<IlBaIOT BbICOKOH 

ou.eHKH. BbmonHeHHa51 A.<l>. Illau.KuM .llHCCepTau.HoHHa51 pa60Ta CBH.lleTenbCTByeT 0 ero WHPOKOH 

HaYLJHOH 3PY.llHUUU, BbICOKOM np0cPeccHOHaJIU3Me B o6nacTH 3KcnepHMeHTanbHoH Mlmepanonm, 

KpucTannorpacPHI1, neTpononm H reoxHMHH, Bna.lleHUU IfM BceM KOMnneKCOM cOBpeMeHHblx 

amUII1TUqeCKHX U 3KcnepHMeHTanbHblx MeTO.llOB, YMeHHH rrpHnO)KHTb nonYLJeHHble pe3YJIbTaTbI K 

aKTyanbHbIM npo6neMaM MUHepanofHH, neTponorHH H reOXHMHH MaHTHH. ABTopecPepaT BnonHe 

cooTBeTCTByeT cO.llep)KaHHIO .llHcCepTau.HH H OTpa)KaeT OCHOBHYIO norHKY BceH pa60TbI. 

.l1.HccepTaLUfH «YCJIOBIUl OBPA30BAHlUI KAPBOHATOB If MEXAHIf3M 
MlfTPAll.lflf KAPBOHATHbIX PACnJIABOB B MAHTIfIf 3EMJIII», cooTBeTcTByn 
Tpe60BaHHHM nOJlo,..eHHH BAK 0 npHcYJK)leHHH yqeHblX cTeneHeH, a ee aBTOp lllaUKHH 
AHTOH <l>apnCOBHq, HeCOMlIeI-IlIO, .llOCTOHH npHCY"'.lleHHH Y"leHoii: CTeneHH .llOKTopa reO.flOro­
MIiHepaJlOrllqeCKHX HayK no cneUUaJlbHOCTH 25.00.05 «MIlHepaJlOrUH, KpucTaJlJlorpa41uH». 

3aBe.llYIOw.uH na6opaTopHeH nUToccPePbI 

<l>e.llepaJIbHoro rocY.llapCTBeHHoro 6IO.ll)KeTHoro 

yqpe)K.lleHH5I HaYKu I1HcTHTYTa 

3KcnepHMeHTanbHoH MHHepanonm PAH, 
.llOKTOP reonoro-MHHepanOrHqeCKHX HayK 

[naBHblH HaYLJHblH COTPY.llHHK na6opaTopHH 

TepMO.llHHaMHKH MHHepanoB <l>e.llepanbHoro 

rocY.llapCTBeHHoro 6IO.ll)KeTHoro Y'Ipe)K.lleHH5l 

HaYKH I1HcnnYTa 3KcnepHMeHTanbHoH 

MHHepanorHH PAH, .llOKTOP reonoro-

MHHepanOrHLJeCKHX HayK 

3.llyap.ll CepreeBH'I nep~HKoB 

d;n~ 
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BblnHCKA 

.vb npOTOKOJla 3ace.uaHlUI YqeHOro COBeTa <l>e.uepaJIbHOrO rocy.uapCTBeHHOrO 6IO,U)I<eTHOrO 
y~pe)!{.ueHH5I HayKH I1HcTHTYTa 3KcnepHMeHTaJIbHOH MHHepaJIOrHH PAH (113M PAH) 
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I1PHCYTCTBOBaJIH : 
IO.n. lllaiiOBaJlOB - 'UleH-Kopp. PAH, E.f. Oca.uqHH -.u.X.H., 

B.B. <l>e.ubKHH - K.r.-M.H., B.C. EarrHQKHH - .u.r.-M.H., npo¢eccop, 
H.I1. Ee3MeH - .u.r.-M.H., f.B. EOH.uapeHKo - K.¢.M.H., 

A.P. KOTeJlbHHKOB - .u.r.-M.H., IO.A. JhlTBHH - .u.r.-M.H., npo¢eccop, 
3 .C . flepcHKoB - .u.r.-M.H., OT. Ca¢oHoB - .u.r.-M.H., 

B.B. [10Jl5lKOB, .u.X.H., A.<l>. Pe.ubKHH - K.r.-M.H. , 
A .f . CHMaKHH - .u.cp .M.H., B.IO. 4eBbf'IeJlOB - .u.r.-M.H., 

A.B. CnHBaK - K.r .-M.H .,K.I1. lllMYJloBHq - .u." -M.H . 

CJIYlUAJUI: OcpHQHaJIbHblH OT3bIB Be.uymeH opraHl13aQHH <l>e.D.epaJIbHoro roCY.D.apCTBeHl-lOro 
6IO.D.)!{eTHOrO yqpe)K.ueml51 HayKH I1HcTHTYTa 3KcnepHMeHTaJIbHOH MHHepaJIOrHH POCCHHCKOH 

aKa.D.eMHH HayK (113M PAH) Ha .uHccepTaQHOHHYIO pa60TY lllaQKoro AHTOHa <l>apHCOBHqa 

«YCJIOBI151 OEPA30BAHI151 KAPEOHATOB 11 MEXAHl13M MvITPAUI111 
KAPEOHATHbIX PACflJIABOB B MAHTI111 3EMJ1I1», npe.uCTaBJleHHYIO Ha COHCKaHue 
yqeHOH CTeneHH .uOKTopa reOJlOrO-MHHepaJIOrHqeCKHX HayK no CneUHaJIbHOCTH 25.00.05 
«MHHepaJIOrH5I, KpHCTaJIJIOrpa¢H5I» . 
,[(oK,fIa.D.qHKH: OT. Ca<poHoB - .D..r.-M.H. H 3.C. flepCI1IWB - .D..r.-M.H. 
B 06cy)!{,UeHHH OT3bIBa npHH5IJlH Yl:£aCTHe IO.E. UlanoBaJIoB - 4JleH-KOpp. PAH, ET. Oca.uqHH ­

.u.X.H., A.P. KOTeJlbHHKOB - .D. .r.-M.H ., IO.A. JIHTBHH - .u.r.-l\I.H., npo<peccop, B.B. flOJl5lKOB, .u.X.H., 

A.<l>. Pe.ubKHH - K.r.-M.H., A.f. CHMaKHH -.u.<p.M.H. 
nOcTaHOBHJ1H: O.D.06PHTb npe.ucTaBJleHHbrn OT. CacpoHoBbIM - .u.r.-M.H. H 3.C. flepcHKoBbIM ­

.u.r.-M.H. nOJIo)KHTeJlbHbfH: OT3bIB Be.D.ymeH: opraHH3aQHH <l>e.uepaJIbHOrO rocY.D.apC'IBeHHOro 
6IO.D.)!{eTHOrO y~pe)l(.D.eHHSI HayKH 11HcTHTYTa 3KcnepHMeHTaJIbHOH: MHHepaJIOfHH PoccHi1cKOH 
aKa.neMHH HayK (113M PAH) Ha .D.HCCepTaUHOHHYIO pa60Ty illaQKoro AHTOHa <l>apHCOBHqa 
«YCJIOBIDI OEPA30BAH1151 KAPEOHATOB 11 MEXAHl13M Ml1fPAUI111 

KAPEOHATHbIX PACI1JIABOB B MAHTl1l1 3EMJII1». 

CeKpeTaph YqeHOrO COBeTa 113M 

K.r.-M.H. 

ill.anOBaJIOB IO,n. 

<l>e.ubKHH B.B. 
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