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TOpOJ B PABNMYHON Teofmmammieckoil oGecramoBke. Ha npmmepe aHjesHTOBO-
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BBEJTEHUE

ITpoGrema usywenns durongmoro peiuMa BepXHeH MaHTHH HAa COBPEMeH-
HIOM Talle MCCIENOBAHUSA PEINAeTCs ¢ IPHBIEICHHeM IMPOKOT0 KPYra pasHo-
o6pasunXx mexomumX Aanmmx. Hapany c TPAJUIHOHTEIMA HCCIe0BAHIAMMI
COCTaBa MAHTHHHLIX TOPOJ, POPMUPYIONMXCA B PASIHIHON TeOTMHAMAICCKON
obcranoske, GolblIoe pasBHTHE IIOJYwHIH OKCHEDUMEHTANBIEE H (H3MKO-
XUMIYeCKHe MCCIe[l0BAHMA ¢ IpHBIeYeHHmeM Momueix DBM.

B crere coBpeMemHmX IAHHHX 1O CHIMKATHEIM paciiaBaM, HM3yIYEHHBIX
METOlaMI PEHTITeHOBCKOTO AHANM3A M DIIEKTPOHHON MAKPOCKOIIHH, CTAHOBATCH
OEBHIHLIM, ITO OHH HMPEACTAaBIAIT COGOI0 TeTePOreHHEe MIKDOHEOTHOPOIHNE
cucTeMsl, 0cobeHHO B cyOnuKBHIycHOM ofmacTi. B »ToM miame TOHATHO pas-
HOOGpasHe rasoBO-RAIKNX BRJIIOYCHMIL, urcupyemoe B Mumepamax u cumu-
KaTHBIX CTeKJaX, ubo, BOBHMKHYB B Macce TeTepOreHHOTo pacimiIaBa, IY3h-
PeK rasa wam Boxel Gymer BaamMojeiicTBOBaTH B mepPBYIO oYepefb TOILKO ¢
OKPY:RAIOIEM €T0 PacIIaBOM, M3 KOTOPOT0 NOCTYHAIT B 00BeM OYBHpPbKa
CBEPXCTEXHOMETpHIeCKITe KoMnonenTsl. [loaTomy mysmipex me orpamaer coc-
TaBa Beero (uronza, B3aNMoeCTBYI0MEro ¢ IOPOJIOit, a TOTHKO TY 9acTh, KOTO-
pas GopMupoBamach B aHHOH MHKDPOIOIOCTH O BOBJIEIICTBHEM OKPYKaIONme-
ro pacmnasa. B cmmy aroro oberosrennerea MHIHBUYaIbHEE Ta30B0-KUTKAE
BRIIOUCHIA HEe MOTYT XapaKTepPHU30BaTh COCTaB (IIOWTA, IOJ BO3AEHCTBHEM
KoTOporo opmmpoBaiics pacmiaas. [ HOTHOTH KapTHHLI HeoOX0quMo IIpo-
M3BOMTE TOJHYIO /Iera3aluio TOPOJE!, YTO M BHIIOJHAETCS HAMH IPH Ta30BOM
XpoMarorpaguueckoM aHaimse FJ]GTHEI{OB @®. A., HIxapyma T. A., 19771

Hosas madopmarmsa 6mra moxyuena mo Mepe PasBHUTHA METOIOB I'a30BOi
XpoMarorpauu A ompepedenus (GrOHIHO COCTaBIAIONMEH, 3aRIIOYCHHOH
B moponax. Bmenpenme sroro merona B mpaxtuky paboT TMO3BONMIO ¢ HOBHIX
HO3MNMHA HOMOHTH K NOBHAHMIO TPONECCOB BHILIABICHNS I KOHCOIUZATHI
MaHTHEHHX 1OPOJl B PASIHYHEX TePMOAMHAMEUCCKIX yeaxosusax. Ocoberno
UHTEPECHEE BEIBOILI OBUIM IONYYeHE IIPH KOMOHHIDOBAHUM PasHo00pas3HEIX
MCXO/IHBIX AHAMUTHICCKNX JAHHLIX, YTO B HTOTE /IaJI0 BO3MOKHOCTD He TOILKO
nojHee NOHATH CHENHPUKY 5BOJTIONME MAHTHITHOTO cyberpara B PT-woopanm-
HaTax, HO W IO3HATH B 00mEeM BHJle 3aKOHOMEPHOCTH DASBHTHS MAHTHIHOTO
MarMaTH3Ma B Te0JOTHYeCKOH HeTOpHH Semirn.

HpuBnunmassuo HOBEM ABHICS BHBOJ 0 TOM, 9TO B OTJIMYHE OT HPERHAX
TPEfCTABNennil (QIIOUIHEIR DPesKHM BepXHeH MAHTHH BO BCP IeOLOrHYCCKIE
SLOXH He 0CTABAJNCA NOCTOAHHHIM U TJIe-TO Ha pybeske apxes u IIPOTEPO30s B
raobarsHoM Macmrale mpomsomma cmema BOCCTAHOBHTEIBHOTO (DIIONIHOTO
pesxaMa Ha ORucaumTe hbHEN [Jlermmror @. A., 1977). Unsvm cnosamum, Bes
HCTOPHA PasBUTAA 3eMIHM KAK KOCMHYECKOTO Tejla 3HAMEHOBAJACK OTCTYIIe-
HHEM B T1y0b ManTHH (POHTA BOCCTAHOBHTEIBLHEIX paonnoB, Xorga Ha fome
CHIDKEHUS TeMIePATYPH BepXHeil MaHTHH 3[ech OJ[HOBPEMEHHO HapacTaia
noxs Hy0, uro xax 6n1 KoMnencupoBaxo y6sIb TemIoBoil 9HEPrHm H CO3JaBa-
710 BOSMOMHOCTH JUIfi nNaBienus GasauabroBoro cyGerpara.

Bumecre ¢ Tem ManTmitHEIe MHTpY3HBHEe 00pasoBanHmsA XapaKTePHBYIOTCH
sadacTyio Goixee BOCCTAHOBHTENBHEM (IIIOMIHEIM COCTABOM II0 CPaBHEHHIO C
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Kopoprvu. IIpm aEammse yIsTPAOCHOBHEIX MOPOX PEAKO yaaercs DONYIATE
HECePIeHTHHUSHPOBAHHEIE DA3HOCTH, 4TO, €CTCCTBEHHO, MCKAKACT KOHEUMEe
pesynsrarsl. Haubomee nocrosepnme nammste monywemmr mo HORYJIAM Jeplo-
JUTOB H3 MOIOANX 0a3alnToB.

Yaarnsas mpomeccs mpeobpasoBaHm T CePHeHTAHATOR B IYHHTH HIN
ONMMBHHATH, He0OXOMUIMO TIATEIBHO MOLXOLUTH K HHTEPIPeTANAN (QIFOMIHEX
AQHHEIX TeX HOPOJ, IZie ATH IPoUecch uMexn Mecto. Hak mpaemio, momo6iste
PEreHepIPOBAHIKC TyHHTE coziepskat B ocnonHoM H,0 m CO,, uTo oToGpaskaer
aomanyo coemudury cepmeHTHHETOROrO cyGerpara, mo xoropomy oGpaso-
BaJach MauHAS IOPOJA.

Hcnonb3oBanme sKCHEPHMEHTANBHEX NANHEX IO H3YICHEI0 MaHTHUHEIX
mopox B mupokom PT-quanasone [aeT NPIHIANMATHLEO HOBYIO nudopManmio,
HO TpebyeT K cefe M KPATHICCKOTO mOX0/a, H6O YACTO YemoBuS SKCIOeDHMEHTA
He OTBEYAIOT mpHponuEM. B kauecTse Takoro mpmmepa yramem ma DKCIIepH-
MEHTE 1o mayvenmio pauAEma CO, Ha sBomommio MamTmitHoro cyGerpara.
M3 atmx pabor fematorcs BasKHEIC BIBOTH, XOTS 8aTACTYI0 ABTOPHI HE 3HAIOT
HIN He 06pamaroT BHAMANNA HA TO, YTO B 3THX DKCIEPHMENTAX MABICHEE 3a-
nasanocs CO, win emecsio Hy,0 + CO, 1 o6mee masmenme Gimo PaBHO JaBie-
HE© daonna. flemo, 9T0 TAKHe YCIOBHA B MAHTHH MOTYT PeaTu30BaTHCA HCK-
JIOTATENBHO Pefko, a 00LTHO Pos => P (uronjia m B TaKoM ciygae yeToiidm-
BocTh KapGomara mpn P, = 20—30 xbap n Py > Pyn Gymer onpemexaThes
coorOmenneM 7', Pos u Pcoz- To e camoe orHOCHTCS U K IKCIePUMEHTAM IO

oupesierernto pacreopamoctn CO, B pacmiasax, korma ¢ pocrom Pco, pacr-

BOPHMOCTD €r0 BO3pPacTaer, 4ro, BOPOdeM, BAIHO U Ge3 sKcmepuMenTos. I co-
ARaJICHNo, 3aTeM B pedepatax m mepeBopax «gasxenme CO, mam H,O» 3anme-
HACTCA Ha ([ABICHWE)» M B TEKCTE BCTPETAIOTCA TaKme (passl (.. ¢ POCTOM
Rasnerns pacrsopamocts H,0 n CO, B pacmiasax Bospacraer», wro spisercs
TOOATHEIM CIyYaeM MCKA/KEHHsA BKCUEPUMEHTANBHEIX NAHHHX, HO IPH 3TOM
AeNaloTCA eme ¥ HeBepPHHE IeTPOMOTHYESCKHe BEIBOJIEL.

Oco6oe mecto B meTpoxornm sammmaer mpobiema BOJIOPONia B MaHTHHAHHIX
mopofax, KOTOPHi, obmamas MakcmManbHOM muddysmonnoit HOO/IBIRHOCTRIO,
HOKHIACT IMOPOH! HA BCeX STANAX MX BBONIONUHM M TepPsSeTcs Kak mpm Kpobre-
HHA 1pol, Tak M gactuyno mpm amanmse. V. A. Hopoxarckmii (19751, pac-
CMaTpUBAsA 0COOEHHOCTH PACTBOPEHHA BOJH W BOJAOPOJA B ILIARAX, OPAXONHT
K BHIBONIY, 9T0 PaCTBOPEHHE 3HAYATEIBHEX KOJAUECTB BOLH BOZMOIKEO TOJBKO
B OKHCTHTENBHHX, a BOJOPOJia — B BOCCTAMOBHTENBHWX YCHOBHsX. VIHBIMIX
CIOBAMH, BHICOKAA PaCTBOPMMOCTE BOTOPO/IA BOBMOKHA TONBKO B PACIIABAX
¢ ieUIETOM KHMCIODPONA, CTEXHOMETPHUSCKH HEOCHIIEHHHX B OTHONMIEHNN
racroposa. CremoBatesnsmo, HATAIAE YABTPAOCHOBHEIX MAHTHHHEX oopox ¢
BEICOKEMHI CONCPRAHAAMHI BOLOPOZA ABJIACTCA YKASAHHEM HA CYIECTBEHHO
BOCCTAHOBUTENBHEI XAPAKTED CHCTEMEH, (OPMADPYOMEIACA IPH HH3KOM Po,.

Tax;xe NpUANUOEANBHO HOBHIM, PABBHTHM B AAHHON pabore, aBmxgercs
BHIBOJ 00 mHEBepCHE (GIIHIHOrO peRWMa IO Mepe GOPMHPOBAHHA MAHTHAHEX
TOPOA, YTO MO3BOMACT C HOBHIX IIO3ANMII PACCMOTPETH IETPOTOTHICCKIS AC-
HeKTH WX TeHesmca, KOTAa, AHAIMBUDYA O0YePeHOCTH KPHCTAITHSAMEN
MIHEDPAJIOB, MOKHO B 00meM BHJe OMEHHATH H3MeHeHHe GYTHTHBHOCTH KOMIIO-
HEHTOB B Ta30BOil $ase H 00BACHAT PASBATHC (BKSOTHICCKIX) I1aPATHE3HCOB.

Hammas momorpadua Gasmpyercs Ha razoBHX XpoMarorpadauecknx aHa-
JAN33X, BHIOTHEHHLX aHATHTHKAME JTa60paTOPHH DKCIEPHMEHTAIBHON I Teo-
permyeckQil merponornm Mucrmryra semmoit wopm (U3K) CO AH CCCP
T. A. [lixapynoir, H. B. 3a6oesoit m JI. A. Bapanonoii, B pacgerax ma 9BM
meobxonuman momomp Gnna oxasama I'. Y. Jlamkesna. B 0DOPMIICHIH PYKO-
mucu ygacreoeana M. H. Bypmaxuma. Beem mM aBTopw mpmaHATeabHE W Gixa-
TOTAPHEL



Paasna'l

OCOBEHHOCTH ®JIIONTHOI'0 PERMMA
«OPMUPOBAHIA MAHTHIHLIX IIOPOJ

Oco6oe MecTO B METPOJIOTHHA 3aHEMAET IpoGaeMa 2BONIONAN BepXHel Man-
THH B Te0JOTHYeCKodl mcropmu Seminm m ocobenHocTH ee crpoenms. Bompoc o
30HAJBHOM CTPOCHEHM BepXHeHl MaHTHH JI0 CHX IOD OCTAeTCs OTKPHTHM H pas-
JUIHEE CXeMH HE MOrYT O00BfCHATHL BCero MHOroo0pasms BEILIABIAIOIMHUXCH
anech mopop. lllupoxoe pasBHTHE HKCIEPUMEHTAJBHBIX H IeTPONOTMYECKHX
ACCIeN0BARMI TOSBOIMIO ¢ HOBHIX IOBMIMIT paccMoTperh pasinunke npobie-
MHE TJAyOMHHOTO IETpOoreHesuca W BIMAHHE (IIONJHOTO DeREMa MeracucreM
Ha #X spoxommio B mupoxom PI-pmamasone.

ConocrapieEne (JIONIHLEX AHANN30B PA2NNYHHX MAHTHUHEIX TOPEHRX
mOopoJi, BHIOJXHEHHKX B Hameil maboparopun, NOKasano, 9T0 OHA OTAMYAIOTCA
APYT OT ApPYra He TOJBKO IO COJIEPIKAHMIO OT/(eABHHX KOMIIOHEHTOB, HO H
CTEIeHBI0 ORUCICHUSA (IONI0B, 9TO a0 BO3MOKHOCTH ¢ 00muX nosnImii oxe-
BuTh (QIIONAHHI pekuM (QOpPMEpPOBAHMA STHX IHOPOJ M PEMMTE HEKOTODHE
BOIIPOCH oOmenerpoornyeckoro xapaxrepa [Jlermmros @. A., 19771.

Panee mamm u gpyrumm  mccuenosarenxamu [Hapcees B. A., Jler-
mukos @. A ., 1969; Mapaxymes A. A., Ilepayr JI. JI., 1971, 1974; JleTan-
xoB @. A. mup., 1975, 1977; m np.] Orn chopMynEpoBaH Te3UC 0 BOCCTAHOBIEH=
HOM Xapakrepe (IIOMI0B, METPHPYIOIAX U3 MAHTHH, B 0 GOpPMHDOBAHAE MaH-
THAHKX pacIiIaBoB B BOCCTAHOBHTENbHOH ofcranoBke. Jlampmeiimue paGornt
10 H3YUeHUIO cocTaBa QUIION/0B, 3AKOHCEPBHPOBAHNEIX B MAHTHUHLIX NOPOJAX,
BHECHIH KOPPEKTIBE B 9TH IIPeJICTABIEHHA, KOTODHE CBOJATCA K TOMY. 49TO B
XOJie reoJOrmdecKoil HCTOPHH 3eMIH TPOUCXONHI0 oTcTymiaeHHe (poHTa BOC-
CTaHOBJEHHLIX (IONA0B B IrIy0bh ManTHN M IPEMEPHO ¢ BepXHEI0o HPOTEPO30s
mIn, BepHee, ¢ (aHepPo30s B BepxHeil MauThn npeolragann oKkucIeHERe (aro-
e, B To jke Bpemsa GOKM yABTPAOCHOBHHIX HOPOJ, 3aKJI0YeHHEE B BepX-
Heil MaHTHU ¥ copMUpoBaBmuecs uau B Gollee moafuee BpeMs, min Ha Gouab-
mux ray0uEaX, XapaKTepH3yIOTCH 3HAYATEJIBHON BOCCTAHOBIEHHOCTBIO (urio-
HJ0B II0 CPAaBHEHNI0O ¢ OCHOBHBHIMH HOPOJaMHM BepXHel MaHTHH.

WaBepens (UIOMIHEIX MAHTHHHEIX CHCTEM OT BOCCTAHOBJEHHHX K OKHC-
JIeHHHEM SBHIACH TeM OnaronmpuaTHeM (AKTOPOM, KOTOPHIA CKOMIEHCHPOBAI
yOBUIL TEIIOBOM DHEPTUN B BepXHell MAHTHH IPH CHUKeHHN Ie0TePMUICCKOTO
rpajieHTa mo Mepe (OPMHPOBAHUA JeMJIH KaK KocMmudeckoro texa. Mupimm
CJIOBAME, TOCTEIleHHOe IoBEMmenme Koimuecrsa H,O B BepxHell MaHTHH C[ie-
JI8JI0 BO3MOJKHEIM BRIIABJCHHE B 3THX YCIOBHAX PAcINIaBOB OCHOBHOIO COC-
TaBa Ha (oHe majenma Temmeparypu cyGerpara. IlosTromy Gomee cmpasemmm-
BEIM Oyner yTBep;KIeHHe O TOM, YTO BOCCTAHOBHTEIBHEIA QAOUIEHT peuM
OB XapaKTepeH JIA BepXHeil MAHTHA M B KAKOH-TO Mepe ] KOPEL B apXee
H B OTJ[eIbHLIX YaCTHAX ee B pammeM mporeposoe. B Gomee mosjHee BpeMs 910
ObIn coGCTBeHHO OKMCICHHEE (MOHIHLEIE 30HH, Yepe3 KOTOPHE IO JpPeHH-
PYIOIIEM CPEHION MAaHTHIO PABIOMaM MOIJH IOCTYIATH BMCCTe ¢ pacmiiaBaMu
wan Ges HUX BOcCTaHOBJeHHBIe (IIOHH, IO BOsHelicTBUeM KOTOPHX (opmu-
POBANHCHL XapaKTepHHE ACCOINHAIME IOPOJ B BepxXHell ManTmm H KOpe.

Ecan mpocieiuTh reolorHYeCKYI0 MCTOPUI0 MAHTHIHOIO MarmMaTmsma, TO
oueBnnien ¢axr papacranua momun H,O m CO, 2o Bece Gonee mospgHHX acconda-
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MHAX IOPOK C pacmmMpeHneM XapakTepPHKX HOPO] THOA KapGomatuTos, amdu-
Gomosoro ra66po, rab0po-TMOPHTOBKIX cepuii u T. A. JTa B3aKOHOMEPHOCTEH
PuKcHpyeTcs TakKe W mo MAHIEDM XpoMmarorpafuvecknx amannszos [Jlermu-
koB . A., 1977]. B arom mwrame Bechma BasKeH BOIPOC 0 B0HAJBLHOCTH MAHTHI
BO BPeMEHH H IPOCTPAHCTBE H YPOBHE ee Jerasalfui [Bunorpamos A. it
1959 1.

Taxrum oGpasom, MoskHO canraTs, a0 MO Mepe pasBUTHA HJOTeHHKIX TPO-
TeccoB M B Xofe (OPMHPOBAHHUS 3eMHOIL KOPH IIPOHCXOJUIO0 BHIPaBHUBAHIE
COCTABA (TIONI0B MEKIY HIKHAME 9acTMIL KOPHL M Bepxueii MaHTHH TpH ak-
THBHOM BEIHOCE M3 Hee CHATITIeCKHX KOMIOHEHTOR, YYACTBYIONIX B OPOTECCax
dopMmpoBannsa semmoi ROPEL, BEAYIWM CPe/il KOTOPHIX SABIAETCA I'DAHATH3A-
maa [Jlyrm B. T., 1975]. CaenoBarensuo, ecam cunmrars OpH I'PAHATH3ATHK
VICTOTHHKOM IIeM0Yeil M KpeMHE3eMa BepXHIOW0 MaHTHIO, TO MEl IPHXOJUM K
BEIBOZY O TOM, 9TO IIMPOKOE PABBATHE LPOLECCOR TPAaHUTHBAIMA B KOPe JOJMK-
HO IPHUBOAHUTE K 00e/IHCHMI0 BepXHeil MamTmm mexodama (ocoberno K, Rb u
Cs) nan, wasvm croBamu, K ee Oasumpuxammm. [eomormueckie darTH Kak
Gyaro moxTBep:ERa0T 3TOT Tesme. B 061acTAX ¢ AHOMAIBIO IPOABICHHON rpa-
narazanmeii (3abaiikarse, Kokuerasckam raniba, Kamaga) Gamskme & meit mo
Bospacty MadTHinsle 00pa3oBammA ofeJHEHH meTOYaMu It KPeMHe3eMoM,
a mmenounkEe 0asutel Beerfa Golee mosmmme It IPHAYPOYEHE! K PermOHATBHEIM
Pa3710MaM, KOTODEe IPOHMKANT B Gomee riayboxme TOPH30HTHL BepXHEH MaH-
THH, HIke OGasmduumposamHOro cios. C YIeTOM HM3JI0;KEeHHOTO0 BO3HHKAET
MPEANOI0/KEHNE, UTO B apXee W OTYACTH PAHHEM IPOTEP030e BePXHAA MAHTHI
MMeJIa CocTaB, OJIM3KMIL K AHOPTO3UTOBOMY, HO B XOJie [ITHTENLHON Jlerasarim
LoTepsAia YacTh MEJ09el U KpeMHeseMa u npereprena Gasumrammmo.

Ha mam Baraam, raasmoir LUpHIHHOi, o0ycaoBmBuIeil pasamunge oyTu
muddepernmanan ManTHIEOrO cybcrpara, ABHIACH cMeHa GaongHoro pesxmma
MaHTHA B 3eMIH KaK KOCMHYECKOTO Tejia B nexom. Ha puc. 1 npusegensr man-
Oomee jocroBepHLIe MamHEe Mo XpoMarorpadugeckomy ¢aomgHoMy aHAIA3Yy
TOPHEIX TOPON, ABJIAIIMMXCA TPOHIBOIHEIMA BepXHel MauTHH H JlaTHPOBAH-
HLIME OT apXes JI0 KaleJ0HCKOro BpeMeni. U3 prox JAaHHBIX OYEBHU/HO, YTO 3a
TaKOH OTPe30K BpeMeHNm cymMa (PIIOMAHEIX KOMIOHEHTOB B MaHTHINEX mopo-
flaX BO3pOCIA WOYTH B WATH pas.

Brinnaprenne Bce Goxee mosmmux mo OTHOIIEHHI0 K apPXefCKAM MAHTHIi-
HEIX PacIIaBoB IIPOTeRano Ha PoHe HAPACTAHMA KOJMYECTRA daonguoit passi.
Kax yrasmmanocs pame, ormeuaercs OTYeTIHBAA TEHIEHIUA YBeJINUYeHHA CTe-
HCHI ORuCICHNA PIiON0B B MAHTHAHKIX TOpomax or apxes K IPOTEP03010 It
Aajee 1o raitno30a. OTcOna MOKEO 3aKII0YATH, YT0 B PAHHHE HIIOXH MCTOPHIL
3eMIln BHILTaBIeHHE cy0cTpara muto B cymecTBemno BOCCTAHOBHTCILHEIX YCIO0-
BEAX. B Goxee mosgrme smoxwm ato yie Opln oRECICHHEe (uionnn, B KOTOPHIX
seanka pors Hy,0 m CO,. B nmoasay rakoro HPelNoI0KeHHA TOBOPAT JaHHKe
conocrasienns H, w H,O 8 HOJYJIAX JIePHOJIHTOR U B KallHO30iICKUYX Gazamnn-
Tax, B KOTOPHX OHH 3aKTi0YeHH (pme. 2). Xapakrepras ofexHeRHOCTS aep-
nomnros I,0 ykasuBaer ma BoccramoBmTeTBELLN Xapaxrep dQuaongos, mox
BO3JlefiCTBIEM KOTOPHX (JOPMEDPOBATHCEH HTH TDOPOJIEL, 9TO TMOXYEPHUBACTCH I
UX cHenupuIecKuM cocraBom, 0TO0paKAIONMM HH3KMIT TOTeRITA RHCIOPOoja
npa ux obpazoBammn. Mexons ma prux faxTos m yumteBas 0Gmyio Hampas-
JCHHOCTH Pa3BUTHN 3eMIH, MOMKIO CHeJIATE BBIBOJ, YTO B X0/ Ie0JOTHIeCKO-
O BPEMEHIL IPOHCXO/IIIO0 OTCTYIICHHEe BOCCTAHOBUTEILHOTO darongroro gpon-
Ta BrIy0b OT pasgena KOPH W MaHTHH. Dro 00CTOATENBCTEO, HA HANI BATJIAN,
CHIDATO PRNIAIONYI0 POdb B (opMHpOBamUE MarMaTHYeCKHX cepuil MaHTHii-
HEIX TIOPOJ M OKAa3aJo peImalomiee BAMSHAE Ha X PYAOHOCHOCTD.

B nepymo ouepens sro kacaercs IpobieMsl yriaepofa u 0CoGemHo axMa-
80B M3 BepXueil Mautuu. Ecam cumrars, wro ma PAaHHAX CTATUAX DBOJIOIHI
3eMIn OpOJK BepXHel MamTHE dopmmpoBanncs B BoccTamoBIEHHKX ycio-
BHAX, TO 9T0 OGCTOATENBCTBO AONKHO OHLIO CBITPaTh POJAb OJarompuATHOTO
axTopa Ia mosBIeHHA B WEX MexEX KPHCTAJIOB (MMKPOJIHTOB) ajMasa,
KOTOpPLIE MOTIH Da3BHBATHCH METACTAGMIBHO B mOXe CTaBHIBHOCTH rpadura
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(mOAIEHX KOMIOHEHTOB B YJILTpa- GasampTax (£) B HOLYNAX IePHOTHTOB (I).

OCHOBHEIX ¥ OCHOBHBIX MOpOmax.

7 — apxeiickne mopomsr Ammana u ITpm-
faliganapA; 2 — MpPOTEpPO30iicKHe MOPOMkL
(AmaGap); 3 — OPOTePO30ifCKAE IOPOMIE
(CrasoBasd 30Ha); 4 — HTOPOIEl BEpXHEro
[IPOTEPO30A (Ipubaiikaiase); § — IOpO-
bl KamemoHexoro srama (IIpmbatiraise).

Ecam Takas nopofa (pacmiaB) mepeMecTATCs
B 36MHYI0O KODY H 3BOJIONHOHAPYET B BOC-
CTAHOBHTEJBHOI Cpefie IPH HH3KOM aKTHB-
HOCTH KHCJIO0POJA, TO BO3MOKHO YRPYIHeHHE
MHKDOJHTOB, IPeBpameHHe HX B KPHCTAI-
au anmaza. B memoM Takoit poct Gyder mpoTekarh B MeracTaGMIbHOM 00-
JMACTH CYMeCTBOBAHMA AaJIMAs0B M B HTOTe OMPENEIMTCHA (IIOMIHEIM Perrm-
MOM cHCTeMH. DBo3Mos;kHO, YTo TakuM oGpazoM (opMEmpOBaIMCh aaAMa30HOC-
HEe DKJIOTHTH B YCIOBEAX 3eMHOH Kopel. CieoBaTesxbHO, npobiaemMa Me-
KHX aJIMa30B B 0a3aXbTaXx M X IPOW3BOMHEIX, BEPOATHO, PENIAeTCA MO JIH-
HEE YCTAHOBICHWA INIyOHHBL 3aPOKIEHAA 09ara, B KOTOPOM IPOTERAIO0 IIaB-
Jerue, u ero QIOUIHOrO pe:kaMa. Bamgumo, ecinn HOTyCTATH HATAING B BEPX-
Heif MAHTAN IPAHAIEL, PasfelAomeii CHCTeMHl ¢ BOCCTAHOBHTEILHEIM M ORHC-
JIATETHHEM PE;KAMOM, TO AJMa3 MozkeT 00pPasoBaThCs TOJABKO HHKe dTOH rpa-
HETH, B [IYGHHENX METOTHEX BHCOKOMATHE3WAILHEX (asalbToBHX pac-
JaBaX, XapakTePH3YOMAX, TO MHEHMIO HeTPOIOroB, Gomee riIy0oKHe ropu-
somTsl Bepxmeit MamTmm. [l COXpaHeHMA jke anMasza Heo(X0XmMO, 91005
TaKoil pacmiaB GHCTPO IOCTYHNHI HA IOBEPXHOCTH, He IPETEPIeB CYIecT-
BEHHOTO OKHCJIGHHS, B IPOTHBHOM CTydYae (BHIrOpaHme» aaMasa HEH30eMKHO.

IIpobnema Temes3uca amMasa B MAHTHHHEIX HOpPOJAAaX MOPOKIACT APYIYI0
BechMa Ba:kEYI0 npobiaeMy o (opMax HaXOKIeHus YIIepoia B MAHTHH U 06
yraepone B manThd BooOme. Mul pamee yKassBalIn [Hapcee B. A., Jlernn-
xoB @. A., 1969] ma cnocoGHOCTE yriaepoja BXOAUTH B CHINKATHEIE aHMOHEL C

o6pazoBanmeM CMeNIAHHBIX COmOXmMepoB Thua (Si, C)0§~. IIpm atom BeckMa
uaTepecHo, uro ecau ¢ pocrom I m P ceass Si—O ocaabesaer, To C—O0 yen-
JguBaeTed. DTO A0 HAM OCHOBAHIE BHABUHYTH TE3HC O CYIMIECTBOBAHHA B
HIGKEC MaHTHH «CyOCHIMKATHEIXY COS[UHEHMI, Ile, HampuMep B gopcrepure,
SHAYMTeIHHAS YACTH MOHOB KPEeMHHS 3aMeHEeHA HOHAMH YIiepofia, IT0 B HTO-
re paer coemmmemme tuma Mg(Si, C)0,.

B cmay Toro, 4ro B aTom coeguaennn ¢Ba3b C—O ¢ magenuem PuT oc-
nabesaer, a Si—Q ycmimBaercs, TO HOCTYIVIeHHe Takoro cyGcrpara B Bepx-
HEe TOPH30HTH MAHTHH WK KOPHL JOJKHO MPHABECTH K CHOHTAHHOMY BHIeJe-
HEI0 yriaepofa ma comoimmepa. lIpm arom Boamomxmo oGocoGueHme ero B Ca-
MocTosTeAbHY (asy-rpadur, anmas mid jxe 00pasoBaEme COIMHEHHI ¢ a30-
TOM, BOLOPOOM, GTOPOM, XTOPOM, Cepoif, KHCIOPOLOM H T. J. B 3aBUCAMOCTH
OT aKTHBHOCTE IoclKegHuX. HeoGxoguEMo 3aMeTHTh, UTO KATAMHTHIECKAA aK-
THBHOCTH YIMepOJa, BHIGIAIIErocs M3 COmoimMepa, Gymer BHICOKOW, mGo
OH ABIAETCA B DTOM CIYJae (IIEMEHTOM B MOMEHT BhTedeHus». BoaMoixHO,
aToT (JAKTOP BHICTYHACT KAK OJMH M3 ONPEfeNAMEX HPH pocTe KPUCTALIOR
anMasza B MeracTa0mibHOi obmacTi.



B reoxmmun yraepona ects OllHa WHTepecHas 0coGemmocTh, KOTOpas mo
bama B momkmo# Mepe omemena nerpoxoramm u reoxnmmrami. CyTts ee coe-
CTOHT B TOM,4TO B OTIHIHE OT BCEX COCNEEHN ¢ KACTOPONIOM M Cepo, Oas Ko-
TOPHX ¢ pocToM I’ cpofcTBo k cepe n KHCJIOPONY yMENbImaeTcs, ¥ yraepoaa
HAMEYAeTCA O0paTHAA BaBHCEMOCTD, n DPearnpm

2058, =9C8S,
2C + 0, = 2C0

C yBeamgenneM I' cABNTAIOTCA BIPABO CO BEAYRTENBHEM IpEpamennem atco-
JIIOTHOTO 3HaYenusa AZ peaknum, mmes na nuarpammax AZ—7T OPOTHEOLO-
JOKHEIE HAKIOH KDPHBHX, B OTJATAEC OT Reox IponX coennmenmii. Sra yru-
KaJIBHAA CNOCOGHOCT: yriepoia, BOSMOKHO, IpeoNpeNesisieT paspATHE ero
coepmrennii CS m CO » mmkneii ManTom. Ecrectsenno, uto npn GrrcTpom mops-

GYAYT cHBATATECH BIeRO, TTO ToRNeweT 3a cololl nposenenne Tenmennpm x
oGocoGmernio yrmepoma » camocroaTentayio ¢asy. lansrefimasn ¢opma ero
CymecTBOBanNA Oyner onpemensThes GaronIEEM permMom CHCTEMEI, KOIna
dopma Haxommenus saeMenTon B CHINKATORX DAcHJaBax ONPeNeNsicTCH ORmC-
JHTEIBHO-BOCCTANOBNTCNBHEM TOTCHINANOM CHCTEMEL npn samasnmx PT-ye-
JIOBHSIX,

Kax 6rao moxasano I1. H. PaGunxoemm [1975], nas PasInuYnmX Marma-
THUECKAX IOPOJI, OT KHCIKIX [0 OCHOBHNIX, JETYUCCTE KACAOPONA MEHSETCH B
MAPOKHX mpenenax ot 10— no 10-2 ary, wro p H3BeCTHOII Mepe o6ycaorin-
BAETCA He TOABKO MX BAZOBHIM XMMIUCCKIM COCTaBOM, HO B 3HAUUTENbHON
Mepe ¥ QIIOMIHHIM peinnMoM dopyupoBanus stHx mopo, 1 B HTOTe omperie-
JfeTcss MEoroobpasme gopM Baxosmmenms YIIIepoia B TaKUX TOpOHax.

Cyna mo skemepmmenTamsmnm panneM  [Hopoxarcxkmii M. AL 1875
pacreopenne CO, B pacmrasax conpoeoskmaerces o0pasoBannem B muxX rap6o-

Hat-nona (CO3™), xorst 210 Bopce me HCEIIO¥ACT B manmans Modexyn CO, B
Pa8YIOPANOYCHHEIX MEKKIACTePHHX 30HAX. Ilockoasky CO mosker paBHO-
BECHO DACTBOPATHECA B PACINIABAX TONBKO B CHJILHO BOCCTaHORHTENBEHIX yC-
JIOBNAX, TO MAKCHMAJLHNE CONCPIRAHMS OKMCH Yyriepona BOSMOMKHE RIS
I cyrybo ManTHABEX OOpox, (GOpMAPYOMEXCA B 00CTaHOEKe 0YeHB HHEKO-
ro Po,, Toumo Tak ke, Kak AJIA Bojoposia m asora. B pesko BoceramoBuTenn-

HEX YCIOBHAX BO3MOMHO o6pazonanme KapGOBMALERIX coefmmennii, HO HTOT
BOIPOC ABIsETCA NMCKYCCHOEHMIM BENJY HHMBKOM TepMEYeCKOll yeTofumBoCTH
NONO0EKX coemEenmiL, OKCIePIMERTATEHO yeramoriieso [Rosenhaner M.,
Eggler D. H., 1975], g0 B AmOnCHmOROM pacnyiage mo aBJeEHeM CIOKHOTO
Gaonyia, B xoropom npeobaanator Hy,O m CO,, 1o 10 Kbap B saKalenBHX CTeK-

aax Goxpme CO,, a npn 30 x6ap B pacmiase cymecrsyer mos CO; -

Ocoboe smauenme » npobieme rayGEEnOTO HETpOTeResNCA ¥MeeT BOIpoC
00 HB0CTPYKTYpPHOCTH (NIomRERX KOMIOHEHTOB ¢ DOJEMEPHEMH BIH CHBO-
TARCHYECKUMH I'DYNINPOBKAME CHINKATHEX PacIIaros upu Beicoknx P u 7.
Bume pacematpupazacs posmosmocrs BXORICHUA YIepoia B CHIMKATHEE
TONAMEPHE B MaHTHIBHX paciiaBax ¢ o6pazoranmen nonumepos tana (Si, C)

% . B o1oM xe mumame 3aCAYIROBACT HBYYCHHs IPONECC BHeIpenus CO, B
nosumuio Si0, B cuamkaTHEX pacnmarax. B NONBEIY TAKOTO IPeNIoI0KenHs
TOBOPAT BKCIEPAMeHTAILENe PabOTH 1o nayvennio pamanns CO, ma mmapie-
nme nepuporara [Eggler D. H., 1974]. ITo sruu AIANBEIM B cucteme Na,0—
CaO—I\/IgO—AIEO,;-—Si02—(302 nop narnxenmeM CO, pacmmpserca TeMIepa-
TYPEE HHTEDBAJ MEMIY CONMAYCOM In JAKBH/IYCOM H NPOHCXOMHT CHOBHT
COCTAaBOB B CTOPORY Hefockmenns Si0,. [lenaercs BEIBOJI O TOM, 9TO B MAaHTHIi-
AKX YCHOBHAX B YYaCTKaX JOKATLHOTO IUIABIEHHS ¢ BEICOKRMM COMlCPKAHMEM
CO, n ornocmrensro HusKMM H;0 rewmepmpyrores MAarmMel, HEZOCHINEHHLIE
Si0,. Orciona cxenmyer, wro CO,, pactsopsasces B cmamrarnoM pacmiage, Bh-
SHIBAET BHAYHTEIBHEE MSMEHEHHT B ero CTPYKTYpe.

8



B mocienHee BpeMA MOABEJAOCH MHOIO SKCHEPHMEHTanbEHX palor ne
A3y9eHNI0 IPONECCOB KapGoHaTn3anui MaBTHHEHX PACOIAEBOB IPH BHCOKHX
P u T. He orpunas BakEOCTH NONOGEHX MCCHelOBaBENil, 3aMeTHM, 9TO B 6oun-
meit YACTH STHX SKCIEPEMEHTOB Aapnenne B cuereme sanaerca CO,y vam H,y0 +-
CO,, B TO BpeMs Kak B ManThH Pog> Pcoﬂ_n YCIAOBHA HACHIEHAA DPacIlJaBoB

CO, peannsyiorcsa B cnenufHUeCKHX YCAOBMAX, KOTOPHE BO MEOIOM He fCHEL
TlosToMy K METePUOPETANUH STHX JAHEHX HaN0 IOAXONUTE OCTOPOIRHO, y4YH-
THBAA YCJIOBHs HKCOEPEMERTA, NPH KOTOPHX H8YYaJHCh CHCTEMH.

B manTRiEHX DOpoaax KMCAOPOJ COREPIKATCA B MEHepanax u (IoONAHOMN
$ase, cocymecrpylomeii ¢ Munepanamn. Ecnn cunrats, uio Po, 0K0I0 10-? atm

ABJSETCH HUKHEOM SHAYCHEEM, IJie KHCI0DOj NPHCYTCTBYeT B rasoboil dase
B Bajie Modekya O,, TO CefyeT OPASHATH, 9T0 BCe OKHCANTCIBHO-BOCCTAHOBH-
TeJLEHE PeAKNHHE B MABETHHEBX PacDJaBax W LOPOAaX DPOTEKAIT 3a CYeT
KHCJIOPOZIOCONe /KA X Iag0B NN KOHACECHPOBAEEHX (has, rjie 8avacTyio je-
TyUeCTH KHCAOPOJA ABIAETCA TEPMOfmEaMuUCccKoll ¢ynKxumeil u ne nMeer usn-
gecKoTo cMECIa. TeM He MeHee Hajmune IIEHEJN B IIyGnBEEHX DOpoJaXx Koc-
BEHHO YKASHBAET HA JIOCTATOYHO PBHCOKYIO JeTyuccTs kucaopopa. Taxk, mo
sxcnepaMenTanbEmM fapEmM [Arculus R. G., Osborn E. F., 1975], npm
1300°Cu P-1 atm B cucreme MgO—FeO—Cr,03—Si0; parEOBeCEBIE COCTABED
mumEese, cOCYMeCTByIOmMAX ¢ mppokcenoMm um pacniarom npu CO,/CO =
= 40/1, cpeunyrs B o06aacth Golee EMBKNX COJleP;KaBmMil MarHus. Cpenam
BHEBOJ 0 TOM, 9T0 coorHomenue Fet/Fe?t B mnuuenu BoapacTaer NPH CHHE-
mun T, a ormomenue Mg/(Mg -+ Fe?+) manaer ¢ ymensmenuem Po,. Ha ocro-
BaHMY SKCIEPHMEHTOB CEJIAHO0 NPeJNoJI0keHne, 9T0 B HNPUPOAHEX YCJIOBHAX
MOPHEAH COCYMECTBYIOT C OJMBHHOM M TNHDPOKCEHOM NDH | P02g10*5—-
—10-7. = oo e |

IloBsimenye AABIEHAS CHAKACT JETYIeCTh KUCJA0POAA U MO MHOTOUHCJICH-
puM oneakam [Berger E., Vannier M., 1976] mpm T = 1200—1250°C,
P = 10—15 x6ap meryuecTh KHCIOPOJa B IMIKHEJIBCOACPIRAMAX JIePIOIHTAX
roaebaercs oxomo 10—1° arm. Jlsis rpaBaToCOjiepsRamMuUX JePIONNTOR B HATEPBa-
e 1400—1450°C, P = 30—32,5 x6ap, fo, = 10~ arm, a s IeNOYBHIX
6asanbToB, B KOTOPHX Hafilensl BRalouenus xeprointos,— 10=7 amm.

HxcmepumenTanbHo yeranosaeno [Speidel D. H., Nofriger R. H., 19681,
9TO COflep’KAHHE MATHAS B OJHBHHE, COCYMIECTBYIONIEM C MATrHETHIOM, BO3-
pacraer ¢ poctoM fo, npu mocrossHo# I'. OcofenHO pesko BTa 3aBHCHMOCTH
NPOABIAAETCA ¢ BOBPACTAHMEM fo, DPH OfHOBpeMeEHOM nonmmennn I'. Ype-
AUUEHHE 3KeJIeSHCTOCTH OJNBHEOB B IapareHesnce ¢ MArHETHTOM C DafleHHeM
fo, mpm mocrosmnoit T ormeuan rakke P. Tomcon [Thomson R. N., 1975]
B CBONX DKCIEPEMENTAX IO NJIARJEHHI0 OCHOBEHX ¥ IIEJOYHBIX JaB. YMeHb-
MeHHe JeTy9IecTH KUCA0pofa ¢ raybmmoil cymecTBenBEM ofpasoM BIHsET HA
PBOAIONUI0 MamTHiiHOTOo cyfcTpaTa, 410 Ha OOMMPHOM aRaJIMTHYECKOM Mare-
prane Gmao morasamo B. I'. Jlyrmem [1975], a paa rpaERTOHJHEIX Marm
. JI. Psabumrrosmm [1975]).

Ipn sravennax Po, > 10—% atM cepa B CHIMKATHEIX pacHiIaBax HAXOIHT-

ca B cyabdarnoil fopMe, KOTOPOHl OTBEYaET HOH S0%~, upu Po, <10-% arm—
B cynbdupmoil B Buge mona S~ [Horoxarckmii M. A., 1975]. Orciona mosmuo:
c/lenaTh BBIBOJ, YTO [Js MAaHTHIEHX pacniaBoB HamGolee BeposTHA CYABOUI-
HAg cepa WM jKe MOJeKYJIApPHAs, He MCKIWYasd Takme 0olee CIOKHEIX COe-
muuepnit Teoa CSN u 7. 1. Ilpn BRCOKUX TeMIepaTypax M HESKHX [JaBIEHHUAX
YIACBOZOPONE M aMMuak Tepummuecknm meycroiumes, xora CH, nanGomee
BepOATeH B YCIOBAAX BHCOKOTO NapIHAJbHOrO JABIEeHNA BOJOPOAA B CHCTE-
Max €0 CBOOOJHEIM YIJIepOAOM.

Cyia mo 9KCHepUMEHTANBHEIM JIAHHBIM, IO ONPEJeJeHHI0 PACTBOPUMOCTIE
asota B Meraaaypradecknx muakax [Hosoxarckmit I1. A., 1975] oma Tem
pHIe, geM Golblle cTelmenb BoccTaHoBieHua muiaka. IIpepmosaraercs, 410 B
pacmiaBax asoT PACTBOPAETCA B HECKONHKAX opMax: HUTPUAHOM — ¢ ofpa-
soBanmeM apmona N3—, mmammgmoit — CN— m B Buje anmona SCN—. llpu aTom
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nobaBIeHne cephl HOBHMIAET PACTBOPAMOCTE 3074, & BBJICHHE BIOCTHTA B 830T0-
Cojiepikalie pacIIaBhl NPHBONHT K GYPHOMY BEUIEIEHMIO a30Ta M pesroMy
TaJleHHio KOHOEeHTPAMA ero B pacmiaBe. ONBITHEIMI paboramu Gruro yera-
HOBJIEHO, 9TO OKHCIATEIBHO-BOCCTAHOBITEbHELN TOTEHIINAN CHCTeMHK OKAREL-
BaeT pemaninee BIAAHNE HA PACTBOPAMOCTH A30Ta B PacmiaBax m Bospacraer
OpA CHUMKEHHN Po,- Orciona mosmo IioJiarath, 9T0 o0 Mepe YBeIHYeHMHs riry-

Guasr fopmmponarmms ManTHITHEX PAacIIaBOB COfep;Kanue a30Ta B HUX JOIK-
HO Bo3pacrarh. B memom ke mompoc o mexammame PacTBODeHHA a30Ta B mpH-
POIHLIX CIVIAKATHEIX PACIIaBaX H $OPMAX €ro HAXOMICHHS B Pacmiase eme
TpeGyer cBoero pememms.

Becema mutepecen Bompoc o mammmun DIIEMEHTOB TEPeMeHHOil BajemT-
HOCTH HA DPACTBOPHMOCTH B CHIMKATHHIX DACILIABAX H,0 n CO,. Cymaa mo
OKCOEPUMEHTAJIBHHIM JAHHEIM, B CHCTEMe 8i0;—Fe0—Fe,0, PN OKHCIH-
TEIBHOM NOTeHNHANe TasoBoil (asel (Poz) 10-*—10-'° arm m mocrosEEOM

PH,O = 0,192 arm Gmmo ycramopxemo yMeHbIIeHHe pacrBopmmoctn H,0

10 Mepe yBeawdenus cremen: okucirenus FeO [Hosoxarcxmii I1. A., 1975].
Orciona MoxHO crexars BHBOT 0 TOM, UT0 IIyOMHHLE MAHTHITHEE PaCIIaBH ¢
BRICOKHM COZep/KaHHeM MeTaLIMIeCKOro jKeje3a W BIOCTHTA Oynyr obramars
BHICOKOIl ¢6MKOCTBIO» B OTHONICHIH pacrsopumoctn B mux H,0 3a cuer oGpaso-
BaHHA COOTBETCTBYWINAX COGMHHEHMH Kejesa o KHCJIOPO/IOM M KPeMHe3eMoM
W BOSHUKHOBEHHA MOJEMEDHEIX COeMHeHMIT 3aKHCHOTO JKeJIe3a, B COCTAB Ko-
TOPHX Ha GoJsiee mospHWX Aramax nponecca B3aUMOJEHCTBHA MOKeT BXOLHTH
1 rajppoxcmi. Bosmoskmo, 910 06CTOATEIBCTRO BamsteT HA mpomnece fopmupopa-
HHS aHOMAJABHO 00OTAIEHHEIX BOXOH CHIMEATHEIX PacIIaBOB 0CHOBHOTO COC-
TaBa, PUKCHDYEMBIX 3aTeM TejaMm raGopo, rab6po-mopuToB mam mx amaro-
TOB C BEICOKEM coftepsranueM H,0 n CO,. Ha ocroBammn AHAJN3A DKRCIEPIMEeH-
TATBHEIX W DACYETHHIX JIAHHEIX COB/ACTCS BIOEYATIAEHHE, UTO REJIE3HCTOCTE
TPMPOLHLIX PACHIABOB BO MHOTOM HPeNOIPEARIACT CHOCOGHOCTL TAKUX pac-
IIABOB X TOTJIOMEHMI0 OrPOMHOTO KOJIHYECTBA BOMEL, WACTD KOTOPOIt pean-
3yeTCA B IIpomeccax OKHCICHHS jKeje3a Wi (opmupoBamns crosRHEX mOIH-
MepoB ¢ ydacrmem OH-rpynm, apyras e IIPOCTO PACTBOPSETCA B pacuiase,
CHHZRAA TEMIEDATYPY €ro COMHmIyca o MUHAMATBHBIX, HPH Tauuex PT-3ra-
venusnx. Ecan npn sammopmeiicTnimn H,0 ¢ xemnesom Oynmer BrIeaATHCH BOJI0-
POA, TO PAaCTBOpeHHe eT0 B pacIiiaBe I B3aMMoJIeiicTBHe ¢ MOCTHROBBIM KHCJIO-
POJIOM CHUIMKATOB DKBUBAJEHTHO IOABICHWIO Ha nyra pupdysun Bomopoxa
RoporkozkuBynmx OH-rpymm, wro pasmocuasmo TOBRINICHHI0 KOHIEHTPaImi
BOJEL B pacIuiase.

Hammame Bomopoma B ray6mmmmx MHHEpaliaX MOATBeP/KACHO MHOTHME
HezapncuMeiva metogamu. Tak, merogamm I[IMP u UKC [Capomran P. U. u
ap., 19761 B xamnomapoxcenmax TPaHyIUTOBON pammm ycramosmeHo Haimame
SHATUTENBHKIX KOJMIECTB BOJOPOAA, KOTOPHIL BXOIUT B CTPYKTYDY MHHepaia,
HO ecTh 00pasmm, Iie BOXOPOX He 3amHmMaer CTPYKTYPHBIX NOBHITHIA. ABTOpHI
BEICKA3LIBAIOT NPEAI0JI0KeHHE, 9T0 MOH BOXOPOAA JORAIHIOBAH B BaJI@HTHEIX
(OH); — TeTpasapax.

Becema mmtepecen dakr, yeramoszemmuii MeTAILIypraMil IIPH OIpejeJre-
MU PACTBOPHMOCTH BOJOPOJA B CHIMKATHEIX PACIIaBAX [Hosoxarexmit 1. A.,
1975]. Oxasamocs, uro BOJIOPOZ B 3HAUHTEJNbHEIX KOJIWICCTBAX pacTBopsaercs
JHIIE B PACIIaBaX C CYMECTBeNHLM gedunrom Kncaopopa. Ecan o6parnrses
K TPHPOXHBIM MArMATHYCCKHM DPacIuIaBaM, TO HTO Oynyr manGosee rayGummse
MaHTHIiHEe o0pasoBaHms.

Cyrb aroT0 ABRCHMNT oTHACTH obbACHACTCS TeM, 4T0 B PE3KO BoCCTaHOBH-
TOABHEIX YCHOBHAX OTMEUACTCH YMEHDBINCHHE BAICHTHOCTH MHOTHX KaTHOHOB,
BILIOTE 1o kpemuns. Ilpm mammann somopoma wacrs taxmx KaTHOHOB MOJKeT
HaCHIMATE CBOM BAJEHTHHIE CBABH 3a CUET NPUMCOCAHHOHHS 0T0 13 rasoBoii (a-
8ol Mom, kax yrasssaer M. A. Hopoxarcrmii [1975], aro ruppuunsit me-
XaHHBM pacTBOPEHUA BOJOPOJAA B CHIMKATHELX PacIIaBax, KOTOpHIi Mosker
PeaIn30BATHCA TONBKO B CHIBHO BOCCTAHOBHTOBHEIX YCIOBHAX.
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I/IGXOIIF[ H3 npenc*ralsneﬂniz‘r 00 VBeJUYeHUHA CTeleHH BOCCTaHOBICHHOCTH

parongos ¢ rayOuHOi, MOKHO IOJaraTh, 910 B YCIOBHAX CPeMHEH MIM BepX-

Heil MaHTHH MOIJA CYIIECTBOBATh OYEHH BOCCTAHOBHTEeIbHAS O00CTAHOBKA,
B KOTOPOIl peajusyercd THAPHAHBIA MeXaHW3M PACTBOPEHHs BOAOPONA B CH-
JMKATHHX pacmiasax. HeMA croBavm, JOIKHO HMETh MECTO MHTEHCHBHOE
oforamenne BOXOPONOM IOJOGHEX CTeXHOMETPHYECKH HENOCHIEHHEIX B OT-
HOIMEHAH KACI0POAa PACIIABOB MM #e TBEDPAHX IOPOJ ¢ YIACTKAMA JOKAJb-
HOTO ILIABIEHIS.

Kpome Toro, Takme pacmiash ob6rafgaior OfHONH MHTepecHo# ocoGemHO-

CTHhI0 — CIOCOOHOCTHID K SHAUYUTEJPHOMY UePEeOXJaKAeHNI0 ¢ MUHHAMAJIbHBIM

pasBUTHEM IPOIECCOB KpHCTAILIU3anmu. Tak, Cys I0 SKCIEPHMEeHTAIbHBIM
mamaev [Bormamos A. T., m ap., 19661, niaBmensii kBapiy B BOCCTAHOBUTEN b=
HEIX YCIOBHAX MJH B BakyyMme (~10—° MM pT. cT. ) CTaHOBUTCA CTeXHOMETpPH-
YeCKH HEJOCHIEHHHM B OTHOMEHAH KHCaopoxa. V3-sa smaumrenxpHoro jedu-
mATA KACAOPOJA B HeM He o0HADY:KHBACTCH Jlajie CIeJoB KPHCTALIN3AIAH B
TeUeHHe HECKOJABKHX fecsaTroB dacos mpu I = 1300—1500°C, r. e. mmke
remuepaTyps commpyca za 300—500°C. Ecam Taxme pacmiaBhl CYIECTBOBAIA
B MaHTHH, TO, ¢ OJ[HOIl CTOPOHE, OHH ABIAINCH AKKYMYJIATOPAMH BOZODOAR,
a ¢ mpyroii — NmpeNCTABIAN JOJTOKABYINHe 0Yard IJIABJICHHS € TeMIepaTy-
paME pacmiaBoB HHzKe COJNHMAYCHHX mpu maumnx P m 7. Ecam B Takom pac-
IJIaBe B CHJIY PasduyYHBIX NPUYNH HAUYMHAJ HOBHIIATHCA MOTEHNNAJ KHCIOPO-
Ia, To 9TO AOJKHO OBLIO MPMBECTH K PAa3SBHTHIO IPOTECCOB OKHCIEHHS HEJ0-
OKUCIeHHEIX KaTHOHOB I BHXOY BoJopoja H3 rarux coeguuenmii. Ilpm mocra-
TOUHOI (yrNTHBHOCTH KHUCIOPOJA, CEDPH, yTaepojia, Xjopa, asora, ropa u
IPYTHX JeTYIUX OH Moker ofpasosmiBarh ¢ Humvu HoBhe coemmmermua (H,O,
H,S, HCI, HF, NH; u 1. 1.), KoTopsle Tak/e, B CBoI0 09epejb, OyAyT moHH-
RATh TEMIEPATy Py COMEAYCA MAHHBIX pacmiaBoB. Takmm ofpasom, mepexon oT
THIPHHON (OPMEL CBASH BOJOPONA B paciiiaBaX K THIPOKCHIBHON He IOBIe-
ger 3a coboif KpucTamIHaanuu Takoro pacmiasa, woo H,O m npyrme merywue,
KOTOpHE 00pasyioTcsi IPH HTOM, Tak:ke GyAyT BosjleiicTBOBaTH HA PACHIaB B
HAUPaBJIEHAN CHIKeHNSA ero TeMIepaTyphl COJHIyCA.

CireoBaTeabI0, MOYKHO IMOJIATaTh, YT0 B MAHTHH IyTH MHTpaI(HI BOCCTA-
HOBJEHHEIX (IIOHI0B JOX/AKHH TPACCUPOBATHCA AOJTOKUBYIAMI O0YaraMm
MarMaTH9eCKMX pAacIUIaBOB, CYMIECTBOBAHIE KOTOPHIX HA PAHHAOX CTAIHAX
§ymeT mpefonpefesATECA PACTBOPEHHBIM B HHEX BOJOPOAOM C THIDUHBIM TH-
oM CBf3eii, a Ha GoJee MOBLHAX — OKMCJIEHHEIX — € BEICOKHM COZIEPIHAHHEM
BOAH W jeryunmx, o0paszoBaBmmxcda Ha 0ase HAKOINIEHHOI'0 HA IPeEIyIIeM
aTame B PAaciiaBe BOHOPOJA.

Taxnm o6pasoM, Ha PaAHHUX CTAafMAX CYNECTBOBAHUA MOJOOHKX 09aros B
MAHTAN B HAX BO3MO/KHA KPHCTAIH3AIMA MIHEDATOB, 000TAImEHHBEIX Bie-
MeHTAME ¢ MAKCHMAJBHBEIM CPOJACTBOM K KHCIOPOAY, T. €. TeX, IMOHH3UTL Ba-
JeHTHOCTH KOTOPHIX MOKHO TOJIBRO JIMIIb B OYeHH BOCCTAHOBUTENBHOH 06-
cragoBke — a1o Ca, Mg, Al, Ti. 3pmecs e Gonee BepoATHA KPUCTAIIASAIAA
OCTPOBHEIX H IIENOYeYHEIX CILIHKAaToB (opcrepur, KIMHODHCTATHT, JUCTEH,
CHIIIMMAHUT, IHPOM, TIMHHETs X T. A.), B OKHCIHTOIBHEIX jKe YCIOBUAX B0O3-
HERAIN KAPRACHHE allOMOCIIUKaTh, ampuGons u, Eakomern, ¢gaoromur. Cire-
JI0OBATENBHO, BECH XOJ[ KPHUCTAIUBAIOHHOM DBOJIONUE MArMATAYeCKOTO OYa-
ra B MaATHH, (OPMHDPYIOMEroCs B CTAHOHADPHOM MOTOKE BOCCTAHOBJICHHBIX
¢aronnon, Gymer pasbmBaThes Ha ABa drama: 1) BoCCTAHOBUTENBHBIH — KpPHC-
TaIAMBANUs YIBTPAOCHOBHEIX TOPOM, B KOTOPHX B sapmemmoctn or P u T
MOTYT 00pa3oBaThCH IIMHHeNH, IMEPON, CIVIIMMAHAT MIH jucreH; 2) cixabo
BOCCTAHOBHTEIBHEI WAM €Ia00 OKUCINTeIbHBI— KPHCTALIN3AN A OCHOBHEIX
HOPOZ € TPeHMYMECTBEHHKIM pPASBATHeM KapPKACHEIX AJTIOMOCHINKATOB H
nospirenne ampubonos. EcrecTBeHmHO, 410 5T0 — TeHEpPAIN30BAHHAA CXeMa
M OHA MOJKET YCIO/KHATHCA B Ka/KAOM KOHKPETHOM CIyIae B 3aBUCHMOCTH OT
MECTHHEIX BapHaruil B cocTaBe mMarM, usmenenusi P— T-yciosuit n QaongaoTo
peskuMa QOpPMEpPOBAHUA TAKHX IOPON.
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Bo wmmorom me scmEM ocTaercs BOIpOC 0 COXDAHHOCTH BOJOPOAA B rop-
HEIX TOPOJiaX U MUHepajax mocae uxX xpucrazausanuu. Ecam ropoputs o mo-
JeRYJIAPHOM BOZIOPOJie, TO CTENEHD €r0 KOHCEPBANHM B JedeKTaX MEHeDAIOB
BEChMa BENMKA, IOCKOJBKY, MCXOAfA W3 JIMTEPATYPHHX JaHHHX, IOJBHIK-
mocts Hy B TBEpABIX KpHCTammmueckmx ¢asax HmuTo;kHO Mama. CoBCeM Io-
WHOMY 0OCTOHT JIeJ0 ¢ BOMOPOJOM, KOTOPHHi IPHCYTCTBYET B pacmiaBax B
moponiax B supe mporona (H+).Cyna mo skcmepmmentaabuEIM JammEnM, mpo-
sefienani J1. A. Homoxarckmm [1975], nporom xapaxrepmsyercs camoit pui-
COKOH HOJIBMHOCTBIO B PASAMYHKIX IO coCTaBy cmeremax. Hampmmep, B pac-
IJaBIeHHEX METAJIYPIrAYeCKUX IIIAKaX oTa BeIWYIHHA Kojebaercs ~10-%
em®- ¢, B cTex006paBHEIX MIaKax Takoro e cocrapa — 10-5 e ¢~ rsr mi-
repsana 750—1300°C. B kmcamx miakax sra BeIMuMHA HA IOPANOK GOJBIIE
B poollle TEHJEHIMA yBeJUYeHHS CKOpocTH audpdysum OpPOTOHA IO Mepe
YBeJUIEHHs KHCIOTHOCTH CHAMKATHHIX DACIJIABOB YeTKO YCTAHOBJIEHHAML.
Ilpn srom momyckaeTcs, 4ro pacTBOPeHHHIl B KHCIHX pacmiaBax IHJpO-
KCHMIBHBI BOMOPO MOJKET PACCMATPMBATHCHA KAK NPOTOHHBIL raa.

Cuntas, 9T0 B CHIMKATHEIX PacIyiaBaX THAPOKCIIBHEIE BOTXOPOS MHTDH-
PyeT IO MEXaHH3MYy NPOTOHHOTO NEPEXOfa OT OJHOTO AHHOHA KHCIOPOAA
K ZIPYTOMY, MOKHO WOJIAraTh, YTO IO Mepe HAPACTAHN CTCNEHN IMOIMMepPH3A-
I¥H IPUPOJHEX DPACINIABOB CKOPOCTh MHTDAIMH HPOTOHA B HUX Gyaer Bos-
pacrarb. Ecan ke yuecrs, 9ro xosddunments muddysun THIPHIHOTO BOMORO-
Ala MeHbIIe. UeM y THADOKCHAbHOTO Ha 1—2 mopspaxa, To ciaefyer npuaHaTh
Goiiee BHCOKYIO CTemeHb KOHCEPBALMH BOJOPOMA B Y/IbTPAOCHOBHEIX Topofax.
IO CPaBHEHHI0 € OCHOBHEIMH, Ha 0CHOBAHHE M3I0;KEHHOIrO BHINE W COMOCTAEB-
JCHAN JaHHEIX TasoBHX XPOMAaTOrpaduiecKUX anaju3oB IIIPOKOTO CIEKTDA
HOPOJi PasdHOTO FeHE3MCA C MX COCTABOM MOKHO CUMTATD, UTO HOCTe KPHCTAI-
JU3ANUH MAHTHHHEE HOPOJL (M APYTHE MOPOILL TOKE) TEPAIOT TACTH BOJO PO~
Ala, KOTOPHI 32 AECATKHA M COTHM MILLJIHOHOB JeT MeJJICHHOTO OCTHBAHMS Ha-
XOJUIMUXCA TOJL IABJICHUeM NOPOJ| YaCTHYHO HOKHJAET PEMIeTKH MUHEPAJIOB M
HePeXO/UT B Me;K3ePHOBOE NOPOBoe mpocTpamcrBo. Takoil mpomece MoskeT
PE3KO 3aTOPMOBUTHCHA, €CAH mpoToH Oymer peroMOMHNMpPOBaTh B Jedexrax
CTPYRTYpH ¢ oGpasoBanuem H,, B arom cayuae cremens KoHcepBamum Bogopo-
na B o6neme nopoxs Gyaer Bospacrars. Ilosromy mpm rasoBom Xpomartorpadu-
9eCKOM aHAJN3e TOPHEIX MOPOJ Mbl HKCHDYeEM B BHAYHTENBHOI MEDEe PeMMKTO-
BHIA BOXOPOA, CoXpamuBmmiicss B oGveme mnopomsr. Ha 510 06CTOATETBCTBO
panee yrasuBsaiu u ipyrue uccaeosarenn [Xueeros B. B., 19751, Ilorepn Bo-
Ropoja ycuiamupalorca upu Apobrenmn nmpoGe B npu camoMm XpomaTtorpadu-
ueckom anaanse [Jlermmxos @. A., Mixapyma T. A., 19771, SHATNUT, €CIAM MEI
¢urcapyem B cocTaBe mOPOJ BHICOKHE COJEP:KANUs BOXOPO/A, TO 3T0 0JIHO3HAT-
HO yKashIBAET, 4TO B MOMEHT OpMUPOBAHUS M0M0GHON HOPOJEl KOHIEHTPATASA
Bojiopofia W ra3oBoil gasu B ee cocraBe OBHUIA 3HAYMTENLHO BHINE, 9T0 HEOG-
XOlUMO YUHTHIBATH OpPH HETPOJOIHYCCKHX NOCTPOCHMAX,

A NpaBHILHOTO MOHMMAHMSA NPOLECCOB DBOJIONMIN BENECTBA B MAHTHH
B YCIOBHAX HM3KOTO HAPIHMANBHOTO JIABJERMA KHCIOpoja GoibImoe sHAYCHUE
mpuHoGperaeT 3HaHHE TePMOAMHAMEKH CcyGHOHOB M CyOCINIMKATOB JIEIKHX
MeraiioB. Ocolyio poab B OTOM INTaHE HIPAIOT HUBNNIE OKHCIH KPEMHMS W
amomunna [Hosepnuxos I'. H., Bogonsamos A. I'., 1977], KOTOPHI® YCTOIi-
UHBH JMIIbL B ra000pasHoM COCTOSNHNM, B BaKyyMe M mueprHoii armocdepe,
4 Ipu MOHWKeHHH I’ pas;araloTcs Ha MeTAald M BHCmui okmcerx. Tak, aas
AlO m SiO ycroiiumBmm sBasercs rasoo0pasHoe cocTosmme, a TBEpHoe —
meractabuabubiv. AlO pasmaraerca mpm komgemcammm, a SiO mpm 1250°C,
Korfia T’ nnapaenus ee jgexut B marepsaxe 1500—1600°C npm 1 arv. Coraac-
HO DKCOEPUMEHTANbHBIM JAHHKIM, MOJKHO CUHTATH JOKABAHHHEIM CYIIECTBOBA-
HHE TAKMX HH3IMAX OKHCIOB Kpemuma, kak Si0, Si,04 n Siy0,, yeroiausocTs.
KOTOPHIX NOBBIMAeTcs ¢ pocToM I', KOIJla MEHEMAJbHAA IPAHANA YCTOMIABOC-
a s Si0 o opmum onenkam 1180°C, a mo mpyrmm 900°C.

Husmue oxucas anoMunns A3BeCTHE TOMBKO B Ta30006pa3HOM COCTOSHNT
AlO, ALO m Al0,, xorpa ofmacTi HX YCTOHYMBOCTH YeTKO He ONpefieNentl.
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Tabauma 1

Copep:kanme duuoHIHIX KOMIOHEHTOB B MaHTHIHBIX mopojax, ma/r
]
ITopona, peruon (qucio H CO |- * 5
{ Dos g e H;0|CO; | CO | CHy | Hy | Ny [t o, [Knoe 8.1 8=
2 8 = = | [ o
el R ] (=)
L R S ) Y o]
Homym aiepnomuror »
‘RAUHO30/CKAX Gasambrax,
Ipubaiikamse (10) 0,150,13/0,26 [0,006/0,19/1,07/1,26(2,0 |1,82] 1,861,71|14,4
T'ab6po, ITpuGaiizamse
(14) 9,86/1,26(0,26 10,01 12,27)0,04(0,230,20 |0,22/13,7 |3,84 0,38
Amoprosutir, [Mpudaii-
Kame (21) 6,16/0,36/0,29 10,04 |1,25/0,05(,02 0,8 0,24 8,15[2,0 | 0,32
Ta6bpo-mmaGazrr, Ho-
PUIBCKmi paiion (17) 24,5 10,45/0,002] Her (0,7 10,05/0,030,004/0,03{25,7 [1,2 | 0,04

e —————————
-~ CO-OH:EH:

* 3necy u e AR
Fkon Kaoc GO+ H,0 a

U3 srEx coepmmenmii BechMa WMHTeDECHA TIMHOBEMUCTAS IMIHHOND AlO,
{Al0-Al,O; mim AlO-5A1,0;), obmapyskenmas npnm MOJYIeHUH BIICKTPOKO-
pyaga. Cyas mo muTepaTypHEIM [AHHBIM, B €6 COCTAB BXONNT O[HOBAJCHTHELN
amovurnit [Homepmmros I'. H., Bomomssamos A. T., 1977]. Boobme maxosm-
JileAAe B MAHTHHHEX IHOPOAaX CAMOPOAHBIX DIEMEHTOB WM HICMEHTOB ¢ HHE3-
KAMH CTEHeHAMU OKMCICHHA OOITHOe fBJICHME, KOTYIA COXPAHHOCTH WX upu
pocTe ORHCINTENIBHOTO MOTEHNHUANA CHCTEM HpPeONPENeNsercss KAHeTHIeCKI-
MH  ()JaRTOPAMI.

B Tabx. 1 mpusemeHs pesyabTaTH XpoMATOrpadEUCCKNX AHATHIOB MaH-
THHHBIX HOPOJ, POPMADPOBABMUXCA B pasaminbix P T-yexosuax ropui. Hamm
yie MOJNUePKUBATOCH, WUTO Jisi MaHTHHELIX HOJYICH JepuoidToB, BHHE-
CEeHHBIX 0a3aTbTOBO MAarMOil IPH W3BEPIKEHHH MOIOTEIX BYIKAHOB, B MOJaB-
JLIOMEM 9HCIe C1yYaeB XapakTepeH BOCCTAHOBHTONBHEI THAT (II0MT0B, wTo
COOTBETCTBYET OOIPH3BECTHBIM TEOPETHICCKEM KOHIEIIHAM 0 opeoGragagnn
BOCCTAHOBJIGHHHIX Ta30B B YIBTPAOCHOBHHIX HOPOJAX.

IIpaBma, mpm NHETEPHPETANME DTHX NAHHHX BETAECT BOIPOC O HPHPOAS
CaMUX HOMyJel, COCTAB KOTOPHIX B IEJOM 0AHOOODA3eH: OJHBEH -- mmom-
cmp -+ sHeratAT -+ muuEexns. [lo cux mop He gcHO, ABIAOTCA I HOMYIH
JIEPIONATOB MPOAYKTAMA JuepeHNAANUN HCXOMHOTO MHPOIATA MM K8 OHE
mMeroT Gojree NpeBHMIl BOBPACT M 3aXBAYeHH 0a3aIBTOBON MaTMOL opu ee
ABHKeHAN K moBepxnoctd Seman. Ten He MeHee cocTaB oTHX HORymef MocTATOu-
HO OHOBHAYHO YKA3BIBAeT HA HX Traybummyio mpupoxy. Cyas mo mammsM,
OPUBEHHRM B Ta0X. 1, ATA JepmoOaNTOB XapakTepHO MHHEMAIBHOE cofiep-
smaHne (QIIONIHHEIX KOMIOOHEHTOB, KOTAA KOJWIECTBO TAZ0B B mopoge Oomee
gem B 11 pas mpesmrmaer comepsmarme H,0. ITo Beem XapaKTepPHEIM COOTHO-
menmay: — Hy/H,0, CO/CO, — Koo dmronn B seprommre XapaKTepH3yeTcs
OTIETIUBEIMA BOCCTAHOBUTENBHEIME cBodcTBamm. Humvm cromaym, dmrony-
HEI® CHCTeMBI, IOJ BO3[EHMCTBEEM KOTOPHX ofpasoBarmch NepmoanTH, 0BT
UPEUMyMECTBOHHO BOCCTAHOB/JICHNLIME Ta30BEHIME, ¢ MHENMANBHEM COJICpIKA-
HUEeM BOJIH.

Jas aepnonnta B Gasaxsre n3 Hurepmm ompenensires drongami cocranp
(H,0 — 0,64, CO, — mer, CO — 0,63, CH, — 0,057, H, — 0,96; N, —
3,88 mn/r mopomsr), KOTOPLIE WOCKYIRUI OCHOBOM s pacuera paBHOBECHOM
razoBoii cMecu Ges yuera ee BsaumMopeiictBus ¢ mopogoii. Pacuer TIDOM3BOMIICA
Ha IBM BICM-6 mo mporpamue «Cemexropy. Crenyer 3aMEeTHUTh, 4TO ATOT 06-
pasen; Obul BHODAH HM3-3a aHOMANBHO BHCOKOTO COJEpIRAHIS a30Ta, IpPeBH-
HIAIOMEero CTaH/apTHOE ero conepskanme B xepmonurax B 8—10 pas. Pesyasra-
THl PACYETOB IPHBE/ICHH HA pUC. 3, IAie MOCIe[OBATEAbHO B MHTEpBajge 900—
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Puc. 3. Pesyaprars pacuera ma 9BM mo TeMieparype (IIONIHON CHeTeME TS Jie POOJIMTOR .
a — 1,5, 10 xGap; 6 — 15, 20 roap.

1400°C paccmorpena durommuas cmerema opu 1 Gap, 5 m 10, 15 u 20 kbap.
Ilpu samammoM HCXonHOM cocTaBe ¢ poctom P m T mogpmserca OJHO HOBOE
coeqmrenme NH;, koxmuecrso xoroporo HEBEJMKO, B OCHOBHOM e COTep:xa-
HHEEG a30Ta OCTAeTCA MOYTH HEM3MEHEHHBIM BILIOTH mo 20 xb6ap.

Conocrasuenme MoaBHEIX KoTHUIECTR ¢rronaunx KoMmoHeRTOR npm 1 Gap,
5 m 10 x6ap mpmsommr K CICAYIOMMM HBMEHEHUsM B cHCTeMe (cM. pac. 3).
C pocrom T or 900 no 1400°C, xorma P = 1 aTM, He3HAYHTENHHO CHHKAETCS
Koamuectso H,, CH, m CO, u Bospacraer CO u H,0 6ea usmenenna mexommmrx
AHATATHYECKA ONpEejleleHHKX CcooTHOmenwmiE. Ho npm 5 kbap cmerema pe-
TepueBaeT rayGoxme npeo6Gpa3oBanus m ¢ pocrom ' or 900 mo 1400°C xapak-
TEPUSYETCH DeSKHM YBeITHYCHHEM COMep;KAHMs H, n CO c o6mmm cumxe-
HueM xommdecrsa H,0, CH, u CO,, mpmuem mus OOCTeTHE BechMa HesHa-
waTensno. Eeam npm 900°C u 5 Kbap N, > H,0 > CH, > GOy >H %
= CO > NHj, 10 ¢ pocrom T no 1400°C Ny>H,>H,0>C0 > CH, >
> CO > NH,. Unaumn CIOBAMH, €CIIM B NEePBOM CJIydae 2T0 GHira cymecT-
BEHHO a30THO-BOJHO-METaHOBAs CHCTEMAa, TO BO BTOPOM — a30THO-BOJI0POJI-
HO-BOIHASA C BHICOKEM comep:kammem CO.

Iossmenne masmenms mo 10 Kbap HeSHATHTENBHO yMempmaer KoJInge-
crso H;0, Ny, CH,, CO u pocr CO, m NH; (cm. pme. 3). B ocransmom CHCTEeMA
MIEHTHIHA TaKOBOM, Kak m mpu 5 kGap. Us XapaKTepPHHX IeTajdell oTMeTHM
besroe ymerrmenne cofepskanna Hy0 y rpammmu 1050—1110°C opa 10 k6ap,
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"yeMy oTBedYaeT HekoTopoe moBmmenme KoamdecTBa CO, (cM. puc. 3). Yeaomus,
orevaromme 7' = 1400°C m P = 10 xbap, XapaKTepH3yerca CJIefyIOmMuM
panoM yosBarHA GuonAHEX KommorenToB: Ny > Hy, > H,0 > GO > CO, >
> CH, > NH,. 3pmech cuCTeMy MOKHO CUHTaTh a30THO-BOJIOPORHO-BOAHOI
¢ BrcokmM cofepskanmem CO.

Takum ob6pasom, B ganuom P-marepsaie poct T' ¢ 900 o 1400°C nosrima-
©T BOCCTAHOBIEHHOCTH (IIOMIHON CHCTEMBI, KOTZa C COGCTBEHHO Aa30THO-
BOJHOII OHa Hepexo[UT B a30THO-BOJOPOAHO-BofHYK. B eme Goiabmei Mepe
aTa ocoGenHOCTH TposABisercs ¢ nopsmenneM P go 15—20 x6ap (cm. pume. 3),
worma mpm 900°C m 15 xbap »TO ABOTHO-BOJHO-BONOPOJHAs CHCTEMa, T
N, > H,0 > CH, > CO, > H, > CO > NHj;, a mpu 1400°C m 15 x6ap —
a30THO-BOJlopofiHO-BofHaA, rme N, > Hy > H,0 > CO > CO, > CH, >
> NH,.

Cmerema mop masiaesmem 20 kbap B Hauade 7-mHTEpBalia a30THO-BOMHO-
Bomopoanas, rie Ny, > H,0 > H, > CH, > CO, > NH;, a B xoune asorHo-
BOJIOPOJTHO-OKMCIOYIIepOAHO-BofHast, Korga Ny, > Hy > CO > H,0 >
> CH, > CO, u NH,. XapakTepEEM OTIHYHEM ABJIAETCA TO, ITO B IHOC-
aegnem caydae cofepssamme CH, mame suime, gem CO,.

Takum 00pasoM, U3 OPHBEJICHHEIX PACYETOB CIENYeT, YTO BHIBOJ, CHEIaH-
HEI pamee 0 HaJWYAM BOCCTAHOBIGHHHX (JIIOHIOB B MaHTHH, IOJNYIaeT eIe
opuo moxrsep:kiaeHne. CO CHUKEHMEM JaBIeHHA M B OCHOBHOM TeMIEparyphl
MauTHiHag (IIOHAHAS CHCTEMa NCOBITHBAET WHBEPCHIO H M3 BOCCTa-
HOBJEHHOH cTaHOBHTCA 0ojiee OKHCIeHHO#l, CYNeCTBeHHO BOMHOM, B YC-
JAOBHAX 3eMHONT Kopel oror addert momken ycmamBaThea. OOpaborka
monyuennex pgamEmx Ha OBM @ BI3CM-4 mo nmporpamme «Hmacrep»
¢ IeJbI0 YCTAHOBIGHHS CHIEL CBASH Me;KIY (IIONIHEIMA KOMIOHEHTaMH Iaja
clepyomue pesyabrarsl (pue. 4). B kixacrepe BHIIeIAIOTCS JBe YeTKHE I'DYIIIEL,
MeIy KOTOPEIMH CYIecTBYeT oTpumaTelibHas cBia3b Ha yposae — 0,9. B mep-
By Bxogar H,—CO (+0,9), ¥ mam na yposue --0,6 mpummkaer N,, T. e.
BT0 CYIMECTBeHHO BOCCTAHOBHTeNbHas dacTh (uiomaa. Bo Bropoit rpymme
BEpensAoTca ase moprpymma H,0—CH, (+0,7) m CO,—NH; (+0,8), xo-
Topaie o0beguEAOTCA Ha ypoBHe -1-0,5. Takmm o6pasoM, Bo BTopym Tpymmy
BXOIAT B OCHOBHOM OKHCJIEHHEIE (IION/Hbe KOMIOHEHTH M e MOYKHO Ha3BaTh
BOJTHO-YTJIEKHMCA0-MeTAHOBOH ¢ MOMYHHEHHEIM KojmdectBoM ammmaka. llo-
nobmoe pasbumenme OJHO3HAYHO YKashHBAeT HA TO, 9T0 JAA JAHHOH CHCTEMBI
ofEOBpeMenHslit poct koamuecrsa H,, CO m N, mpuBefer K CHI)KeHHIO B Heil
H,0, CH,, CO, n NH; n o6parras 3aBECEMOCTH OyJeT HMETh MeCTO ¢ POCTOM
OKHCJIHTEIBHOTO TmapuTera (uromja. BechMa HHTepecHa TeCHAA MOJOZKHTENb-
mas csasp H,0 m CH, (Bommo-meramosas Berss) m CO, ¢ NH; (yraexmeio-
aMMmadHas BeTBB), 9TO MOKEeT, BOSMOKHO, NI'DATH CAMOCTOATENBHYIO DPOIB
B 9BOJIONHUA J0BEHAIBHEX (IIOHI0B IPH X MATPANUA K MOBEPXHOCTH SeMIIH.

B ornmune ot pacemorpennoro rpadEka (cMm. puc. 3), The sadEKcHpoBaHA
3aBHCHMOCTH cocTaBa (uomma or I m Tjie oHa uMeeT B o0meM IWHeHHBIHR
XapakTep, BIHAHHE [aBIeHHS HA W3MEHEHHEe COOTHOINEHHII KOMIOHEHTOB
Bo (uromge He CTONL OfHO3HaYHO. Ha pHC. 5 DpHBEIEHH AaHHKIE pPacdeTa
mo Toit ;e mporpamme «Cenextopy datomaEoro cocraBa Jdepmonmrta us Hnre-
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Puc. 4. Pesynpratsl (axTOpHOro aHanusa (QUMIOHIHEX KOMIOHEHTOB M3
TepIoTuTa.
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