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llanoacenrr peayJrbrarbl MrruepaJroro-netporpa$urrecrcn(, reoxrrMrlrre€ rt]tx ]ra$cleprdMegTaJrbHbrx r4c-
cue4onanraft nBapqr,ITo-ilecqaxtrnoB onp;r.rcrofi ceplur Vrcpar,rncnoro u1rrra, crarrlcrnrrecrofi o6pa6or6r,r, Tep-
MollrHaMrtqecnoro !{ Ktrlrerrrlrecrcoro alraJltrSa troryqeuxbrx AaErrbIrL lfpe4ctannega reoJroro-reoxtr'r'rlecrafl
MoAeJrb Jrrdroreu€ga artrx rropo& roropbre 6rruu nepnuun u caMbrMr4 ApeBrrrdMrr Mopcrcr,rMlr ocagrcagr4 Ha
Seuue (rax rospacr 1600-1300 unx ret), orJraraJrrrcb nllrr paaubrBe neprofi cyrufi, rrpeAcrannexnofi no4-
rlflTrdffMtr rpaEnrordArrofi rconryrnexra;rrnori aeuxofi ropbl c BbluleJrarurBag reM KarrrogoB rrg ocaAKoB rcnc.nofi
no4ofi xrarnneprafreficrcux ruopefi. Oqenenrr ycJronnfl Jrr[Toreneaa KBapquro-trecqaunKoB (pH mopcnofi Bo,qbr -
0'15 u Eh -*0,8 B), rx uSMeHeHtre Bo BpeMeHr r c ruy6uxofi, a tarure cnopocrb nncJrorgoro BbruleilanrrBanr4fl
14 ocaArorraKorlJreatrfl. O6paeonaxue KBapqtrro-necrranr{Kol xaparcreprrayer lterurtTeJrrrrrfi noropor B reoJro-
ilrqecrcofi ucroptru Serwwr or pasBr.{Banuluxcfl oHAorexnbrx Maruarlrqec$r{x rrpoqeccoB B parrueM 4orceru6pun
x npeo6.na4aHr.rn cauonpor{aBoJrbrtbtx anaoreurrbrx rrpoqeccoB n pr,rSefi-SaHepoaoficrcue -reoJrorrrqecgne aloxrd
B cBfl3u c yMerrbluentreu Bxyrpeunefi anepruru Servrun rd oxJra?rcAexr,relr eey11ofi ropbr, rrro trp!{Beno n l}aa-
pacTaE r() cyuIII, tlHTeHctrBrroMy ocaAKoIIaKotrJIeE rror uosBJleElr(} llcll3n]t xa Seuler n [oBBOJIfleT Ta$flce cAe-
narb BbrBoA o roM;'rro cno6o4nrrfi nucnopog trorBrrJrcfl n aeuxofi annocsepe errle Ao pu$ea a6r,rorenxrru
rlyreM. B peayurrare arraJrnsa uerpoxnurtvecr rx xaparcTepncwrrg r,r yc.noarafi BaJreraxnfl rropoA aBTopbr
npr{Iunl4 r BbIBoAy' lITo T(MIqa rcBaprlrtro-trecqauttKoB na Orpyvcrcofi noasrrruerrgocT!{ tno31jeT cJryrcrrTb
6;raronprnruofi cpenofi AJrr ncoJrflrpu pajlnoarcurBnbrx orxoAon.

Bnegenne. Cpe4n MHororll4cJleunux npo6JreM reoJrorrr4, nerpoJrotytr fi reoxrrMr4r4 goneu6pr,ra
Vnpanucroro uII4Ta (VII{) nporcxo}KAeHr,re oBprrcrcr4x rcBaprlrrroB saHr4Maer oco6oe Mecro. Eru nnap-
ul4rbl ToqHee KBaplll4To-necqaurrrcrl, Aarrrpyrorcff Hrl?rcHr{M pr$eenl [9,22,27], oruocarcs rc xau6oaee
ApeBHI4M nnar$opnreHHblM ocaAlcau u Srrccupymr Harraro HoBoro rrogAHeAonenn6plcicrcoro ararra, Koro-
pufi tvtoaruo HasBarb lcopeunbrM nepeJroMoM B reoJrorr4qecnoft racropur VI{ [2, 3, 11, 20]. O4nano, eroft
upo6neme B reororxqecnoft.nureparype yAeJreHo cJlr{urcoM MaJro BHI4MaHr4"E, gHatMTeJrbHo MeHbrrre, rreM
oHa roro sacJlytrcl4Baer. Tluerotcfl ctMTaHHbre Ha)rqHbre rpyAbr, uocBsrrleHHrre smfi npo6neue: B.IL By-
xapea [8], tI.Jt Jfu.{ar [2], 7LB. Boraqnas n A.C.,fipannurc [?], JLA.TapaHoBa [24J, B.I\d. Crco6e;ren [22],
B.A' Ps6esrco, T.II. MNxnuqrcaa [15], B.B. Qyprec [25], P.ff. Eenenqen u ap. [l-5], JI.B. Itrymrsucrcyrfi
u C.B. Eor4anoaa [27].

Koue'rrro, prseftcrcue uopo4bl He Mor;rr cpaBnrlTbcff rro pacupoerpaHeHHoerx r4 Macce c paHHe-
4orce6pnftcrcvrMvt ,tJM Aaxce $anepoeoficnrun. Ho s aroM-To r{ cocror,rr oAHa r4a BaraAoK reoJrorr4-
qeeKofi ucmpilw Seunr: MI4JIJrI4apA rer pN$ea (r. e. novru rrerBeprb oroli rcropun) narc 6rr slrna-
,qalor I,I3 Hee, ilocftoJrblcy uo Macce pu$eftcnrae nopoAbr B AecffTrcr4 pae ycryrrarcT KaK aHAoreHHbrM
MarMaroreHHo-MeraMop$oreuHurvr KoMrrJleficaM apxeff 14 paHHero rrporepmofl, TaK rd gKBoreHHbrM

ocaAotrHblM ToJIIIIaM $anepoaoa! Ha oro o6pauiau BHr4MaHr4e B.M. Ke.mep [11], noropufi orgec
I(BapIItITo-neca{aHtIItx Htlttfirero pu$ea E caMbrM ApeBHr4M ocaAKaM Ha Bcex KoHTrrrreHTax rr Aa}fie
npegnoJraraJr aHoMaJrbHo Hr4arcyro cttopocrb ocag$oua$orrJreHr,rfi r pu$ee.

Ha4o oruertlTb, aITo JII,IToJIotua ocaAKoB $auepoaoa r nopoA pannero gorena6pua, rcoropbre o"Ho-

@"Eeneauea P.fl,, l4ecronaroe 8.M., Cnileax C.4., Huxoraenro 8,14., 6naxxo B.14., AygKo g.C.,
Kprcveuro H.O., KyseHxo C,8., JlasapeHxo E.E., Cauuyr A.h., lareeru A.E., Kosenxo-8.10.,20j0
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cJ{r fi MeraMop$raorauHblm ocaAKaM, coBepruenuo paeHbre. @auepoeoilcnr{e ocaAftr{ cocrofir B cpeA}reM
na 50-60 ta uB tlrrfirt, Ha 20 fa vB ]/rBBecrHaHoB n sa 20 /a fia neceaHrccrbrx ropoA. Cocrae ropog
paHlleAolceM6pufiffcrx KoMrurelccos coBeprueuHo rHoft. Koutla:reHraJrblrafl Kopa cJrolnena Ha 7A-BA Vo trs
rpaHI4rOt'I,4oB' KOTopbIe' COrJIaCHO IrpeACTaBJIeHI4Io TeOJIOTOB-ocaAOr{}tr{non (HenrynrCrOr), ofipaeonanu r
pe8yJlbrare rpaHI4TilSaIxtIlI KBapll-nJrarr4olcJra3osrrx rHerzcoa, 6nuat*ux Eo xr4Mr4qecrcoMy cocraBy rc
noJII4MI'IKTOBbIM I{Bapq-uoJIeBoilInaTOBbIM rrecr{aHr{HaM. Hacronrqre rJrr4Hbr B paHHeM gOneruopru
orcyrcrBylor' raxfice KaK 14 l4anecrHfiKi{. He 6o.nee I ft ocago.rHo-MeraMop$ruecnnx nopoA orgocffrcs
It norocqarblM 

'ICeJIeBr{crbIM 
KBaprllrrann, 6enuM KBapr{r4TaM, rurr{HoaeMr4c?brM rneficau rr AoJroMr{TaM.

O4nano, HIl o,qHa tIB orMetleHHbrx ocaAorrHo-MeraMop$u'recnrx nopoA paHuero gorceubpux ne o6nagaet
o,4HoBHaqHbItfiI4 npl43HaftaMrr "Hacroflu1ux" ocagrcon $anepoaoa 12, 3, 20]. Eo.nee roro, xoporllo o6oc-
HoBaHo npeAcraBJleHlre o relie3uce lvalrtnttoBblx I,r drorrr-rpaHamBbrx ruelXcos paHHero goxeruSpra nan
o npoAyKrax vreranaop$tl3Ma ApeBHI4x roHaJrrlroa l2-4, 13]. Ecnx oro rar(, BoBHr4Kaer Borrpoc: KorAa
nasBvrJrucb flepBble ocaAKu ,{ IcaKoBbI onlr? IIo AaHHbIM aHaJrrraa ocagovnolZ o6onoqrtx noHTr4HeHToB, ca-
MbIMI4 ApeBHI4MI4 oKaablBalorc.fi ocaAKr4 Hr4?fiHero-cpeAHero puSea Bo3pacroM 1650-10b0 r,,r"rrH ner [20].
Or.nomenrs HI'IlIdHero prasea Ha Bcex KoHTr4HeHTax rpaHcrpeccr4BHo BaJreraror Ha pauHeAonevr6-
pulicxom rpaHl'trol4AHoIvr $yn4aIraeuTe 14 BecbMa cnequsr.rHbr - [peAcraBJreHbr AoBoJrbHo rrrouluolZ
ronlqefi KBapqHTo-[ecqaHI4RoB. Hepe4ico nocJleAHrze uoAcreJreubr KncjrbrMr{ r'r ocnoBHbrMr,r ByJrrcaHr4-
TaMI{, nepel{pblBalorcfi ruIL{HI,IcrbrMlz lr nap6ona?HbrMr.r oca,qrcaMr{ cpeAHero r{ BepxHero pu$en Ul, 20].

flpo6leirna JII{roreHeBa prseficrcnx o6paeoeanufi cnoxna il ocraercff 
"ep"*errolZ. 

flpogo.uxa-
Iorcfi cnopbl o crparl4rpa$r.r"recrcorvr noJrolrceHr4r4 oBpyrrcnl,rx KBapUr4roB r4 noAcrr4Jraroil{r4x lrx e6pant-
KoBcltilx ByJIKaHi4ToB. Kaaprluro-necqaHrntl I4HorAa Bnlroqaror ocrarnu naleoaorZucrdx opragrraMoB
[16, 25]. JzlaoronHtui tsospacr rpaHl4roB-pananr4Br,r * l,?5 MJrpA Jre", a e6panarcotscnux ByJrKaHr,{roB yr

KBapi"Ir4To-recqaHilrcoB - 1,3*1,7 MJrpA rrer 19,22,20]. Oca4rcu onp;nrcrolZ cepr4r4 BecbMa cneqr$nunu
I4 peaRo orrutqalorcfi KaK or panHeAoneM6pruZcxux, ran ,,r or $aNeposoiicnrx [2, 3, 20j.

Tlccne4oaantte nerporpa$uu u reoxl,rMr4r4 npeo6;ra4aruulr{x B onpyvcnolZ cepwt KBapr{ffro-
necqaHl4ltoB, a raICEte gICCnepI4MeHrbI, Mo,qeJrnpynqne I4x Jrr,rroreHeS, Mbr HaAeeMcfl, nOMOryr pa3o-
6pa$ca He roJIbKo s npo6telvle oca4noo6paooBaHl,rfl, Ho raftrrce B xr4Mrrrrecnoft ononruqurd orceana 14 B
xapa$Tepe reoJlorl4qecicoli ano.nrcqru 4oneu6prrfl, B rIeJroM. C npodneiwoft lNroreneaa pr$eficnux
KBapI{I4To-necrIaHtIItoB TecHo cBfigaHa sBoJrrorlr4fl xr4Mr4qecnoro cocraBa oneaHa e 4onenn6pulr. Huxe
npt{BeAeHbl peSyJIbraTbI neTporon4a{ecft}'rx, reoxr{Mr{r{ect\14x vt SKcrrepr4MeHTa"nbHbIX NCCne4OAaUUrz,
HanpaBJreHHbrx Ha peureHr4e erux npo6.nevl.

B Vnpaiane pr$eficnr,re ocaAoqHbre ropoAbr - npe?rc4e Bcero Morqnaff roJriqa BecbMa xapagrep-
HIIX KBapql4ro-necqannnoa (onono 1000 M Morrlnocrx) onpyvccofi cepmv, Bbrxo,qbr Koropbrx Ha no-
BepxHocrb - ne 6onee I to reppuropru Yrcpar4HCKOro rlr4Ta.

Tonqa oBpyr{cnux KBapIItIroB Mo}rcer 6url 6.naronpunrnofi cpe4ofi AJrfl BaxopoHeHrrff paArroa$-
rI{BHbIx orxoAoB (PAO) [3, 5, B, 23, 26J. Bricora BoAopaBAeJroB HaA ypoBHeM Mop;r cocraBJrser Ha
Orpyvcconr roAnsrr{il 170-280 M, a Bpeabr pefi - 120-140 u. Itrpenmueur4e BoAopaBAeJroB HaA Bpesa-
MI4 pelc na OrpyrcroM noAHffrttu - 30-140 M, r. e. BoAopaaAeJrbr pearco flo4Hfirbr HaA BpesaMr,r pe6
Irt I'IMeIor MoIr{EyIo soHy aDpallwr s 20-L00 rvr. 3or-ra aeparlr4r4 KBapqr/moB Ha BoAopaaAeJrax Mo*cer
I4crIoJIbSoBarbcE KaK BpeMeHHoe xpaHxJrr4ilIe AJrE HI,rBrco- ,r cpeAHeanTr4BHbrx PAO u orpaborauuoro
sAepHoto roIIJIr{Ba (OflT). ,{nn rny6nHHoro xpaHr4Jrrlrrla AoJrro}rcr4Byrqrx PAO 6.uarouprnrHoli cpe4oli
vt3oJIfl\urt 6ylyr KBapIItITbI Ha BoAopaaAeJrax, KaK TenToHrrr{ecnr4 cra6ramurre, xrrMr4qecKr4 14

paAl4aqJ4oHuo ycrofi"ruBble, a ranlrce cra6o fipoHr4rlaeMbre nopoAbr npr4crarrr4qecnoro {yu4aueura Ha
rnybuue 6onee 300-500 M or 4neBnofi noeepxuocrr.

Ieouoro-netporpa$uvec$ue 
'rccre1oBaHua. 

B Vrcpar4ue roJrrrla ftBaprlr4To-rrecrraur,r4oB rr cJrafl-
IIeB TorKarresc$oft cB!{TbI (onono i000 u tvroulxocria) ilepenpbrBaer Krrc.rrbre rd oeuoBHbre ByJrrcanr,trbr
a6paurnoacnofi csrtrr (rraorqxocrr lo 300 u) n Ha;reraer Ha rpaHurortlqbr l{opocreucnoro nnacc:rna [],
6, ?,8, 12, 16,22,24,26-28].3rN nopogu cJtararc" Onpy.rcnurZ u Fe;rorcopoem,acrcuilt cr{HnJrr.rnopr4r{,
rAe saJleraar cy6ropuaoHTaJrbHo. Keapqnro-necr{aHr4ftt4 cocraBJrElor 90-95 /o reoJrofiarrecftorc pa3pe-
3a, a Ha cJIaHI{bI lrpldxogl,lTcs Jrr4rub 5-I0 Vo. Moqnocru ciranqeBbrx npocJroeB ue6olrruan - go
HeC$OJIblCJ4x AeqI,IMe?pOB, pelfie - AO ilepBbix IvreTpOB.
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Puc, 1, lbomoepaSuu u,utu$oe nopol oepgucttoil, cepuu nod nuttpoettonorn: & - o6p, OB-1/3: motucoaeprwun
a"neepurnoeati, rcpeuuucmntr, qerweltxn c pa*JrLeport aepeu 0,005 wn nexAy Ksapl4,elbunu o6nounanu 6 ceemJlorn ru

Ksapquxno-nacqelruwe (pa"nna 1,0 .tnn, Nuvorru cxpeu4et*t); 6 - o6p. OB-2: nceeAonop$oaa no rLqa?uolulaaA, cocrnofl.u
w N6ap1+e, ont6uma u nupo$ruutu'rne - na rnpeu4u'Halw cnail,woctnu. Pas.nep eepua 0,2 il.,fit 6 nonepeeuune (paww 0,4 t
Nultorlu expeu4ewu); e - o6p. OB-4/2: 6*o^n+w{t rceapg (pa.wn A,8 ,mn), e - o6p. rnon1. x&e: lea sepna Ksapl4a {0,13 n"
nanepeuutnce) oepyx$erlbL m/e rcpennucrnbl.n urerneH,man (panra 0,6 ,nn, Huvort'u cxpeu4enuQ; 6 - o6p, OB-9: ct
KpUnHge Bruroqevue (3,5 nn 6 nonepeqwulee) rn/s puollurna c Aqacruca,nu Brnopwmaeo Keap14@ e c/t rceapqur,
necqe'tnllwe (e a1,nawxanw lte 0,3 &utL u ueuy&rcanu IIp$) (panrm 2,5 utt,, 1+uworlu cwpeu4euw), e - o6p. m,anr tce: rr'
IIpS-Ite wea1omop$osu no pon6oeu0*ong nopSupasoil,A eutAener+u'to noJrelozo uun&rne 6 olcsapVolavvon puoawne (p*l
7,6 a.n, f.ilialLu erpeu4euat); x - o6p rnorn uce: peuJ,ennqerrxae crLpyunx"gpq K,6ilp14eeoeo sepwa - ncee)o,uopSoeat
n&ne,solwA unamA npu sbLuyelxevu*dl:,uu ua xe?o Kg.mila*oe a m,utofr, cpe1e {nonepearut aepfiq 0,4 nn), (pamna 0,8 t
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p
tLuKoJLli, crcpeu4enat); e - o6p, n'Lo'rn x,ce: npe&LoA?olrblto-6now+an crnpylemApa l$apqa - ncee1onopSosbl no norleeolnA
ulnarng (panxa 0,6 u"n, tulntnrlu cnpeu4et*l; u - o6p. m,on1. ?rce: ndpa;"rLuLbllo opuevnw,po6at,Hefr, crnpAwrnypa e aepl+ar
KBepVa (pawxa 7,6 ww), x - o6p. morn sce: (panra 0,8 nu, tuuvorru crcpeu4euat); n - o6p. OB-10,ilea npocnoa wlesporlunlq"
(no 0,5 rrlrn il,o1.t+1tocmxt, o6nonwu lte - 0,01-0,02 mn e nonepewuxe) e m/s Ea-Xa-My uauqe (panrca 2,5 um,lLurcollu
cxpeu4enat); u - o6p. 4-06: menuvni m/a tceapr4urno-nec4&1+uv, O6nonrcu 0,15-0,25 ilot s nonepeuuu,rce: npeo6naOaem
Kaapq, acrnpeqarcrnc& eAJIKaHlflnbL, ueputtri'tirtrbterruirn, serlel+ble sepus rnApJnaJLuH"a, npusJnbl qupnova, L\euenm - Ife,
IIpS, len (paurca 2,5 nn, Hw@rlu napal&e&:.r.r,bL), rt - mo uce (uurconu cnpeu4eu,ut), o - o6p. 9-06: cnaueq c Ke, Eu, Mg,
X,n, Mm, I4Lt. Odnonxu lta - 0,01-0,A5 u,n e ylanepew+uKe (panna 1,2 u,*t , 1dttlearlu ndpuLftenbubL), n - o6p. CF-6: mow-
llue rneJw+bLe np,cf'ou lrloul:t+o}nxbn 0,03-A,AT lwrn, cJLo?tceHHbLe ?eJwan',,uyfl\rw, 8a0on, quryol+otL unbJwe$urnot|, e n/e ceem-
Jnru KsapVurno-nec\,u{1ilrc; o6tontw lte 0,1-0,2 lurtt, e nonepsuvuve; ovarn&ntnt& gwpteow - 0,06 w (wupuxa pamrcu 0,8
rn*L); p - o6p, 5-06: 1r,oun1,arcn'L c/s weapt4urno-neaua"wuua u m/a cmuqa; 6 qerweH,fiLe Ksapgumo-necsavulca u s cneltqe-
Ita, Mg, Eu, I4Lr,, Mm (paurca 2,5 ,mm, flIx1co;lu cxpeu,eurt)
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cocrae (%'t Etfr cran4ap"Froe orKJnG*

s*pyErcmer? ceprdpr

Ta6nut4a 1" Kssmx{E{ec$€Mffi cmevas sd€trJxeffi#ffie*sxflbsx *6pasx{sm, ;ryr

flopognr 0ts p:;1ic iroit
cepmm MeTarvropibiis[]tsai{br

ts ycJIoBr,IFX SeJeI{{:}CJT ai{il e-
Bolh $aqxn. Tenrneper)?a
HX ereralrop$lrsrra 300-
40$ oC, AaBiielure He 6c-
Jree 2 rc6ap, r{To onpereJie-
HO nO npi4cyTcTBrri(3 alila-
Jlyar'rra rc. Br4pr'rtriiria [1, 3,

s, 8, 12, 22, 27, 2E].

Txnl,r.rriru7r napere]re-
3?1C MmHepa*TiOB I.rIf, KBap-

rtrr4roB: r{Bapq (Kn) + IIpS,
a ,qJifl cJraHiIeB - lie ; IIv *
+ Em + Xn (pprc. 1i.

Itna P 
tt I4To- n e c qa Hvr-

Iud poSoBble, cepble, aeJleHoBarbre, pelne (n ua"nonnorqHbrx npocJrogx MorrlHocrbro orcoJro 10 ctrl) TeMHbre
BI4ITIHeBo-KpacHbIe. O6lru{o MeJrxoaepHr4crbre (0,15-0,25 uu), MeHee ,pacnpocrpaHeHbr cpeAHe-
aepHucrbre (0,3-0,5 uu) r oqenb pe,qrrl Kpyrr{Gepur4crbre.

Crpyrmypa 6.nactoneauMldroBas, cpeArd od.roMrcos peano upeo6na4aer KBapr{ (95-100 16). Ilepesle
IIpoqeHTbI cocraBJIErcT o6nourcu oKBaprloBanHbrx roHr(oaepHlrcrbrx nop$lrpon, oKaraHHbD( rL-rbMeHHroB,

I{I4pIcoHOB, rypMaJrr,rHoB (pNc. 1, d-s). IlervreHr cocraBJiffer He 6onee 5-70 Vo 14 npeAcraBJeH nHpo*

Snaaxrom, ToHIcoBepHI4crbIM KBapqeM, reMarrrroM, peuce onctr,qaMr,r MapraHr{a, a ra$fire MvcroBr,rrom,
xJIopI4ToM, 6rorurov. Onarannue o6rourclr $Bapqa Aocraror{Ho peArcil, nau6o.urnrre aepHa ,{ocrr4raror
0,8-1,0 MM B nouepeqxr{Ke. BsIgennrorca,4Be rJraBHbre paauoBr{Auocrr KBapqr.rro-necqani4xoB: cBerJrbre
lr TeMHbIe. Ilpeo6na4aror cBerJrble $Bapgr4To-necqantrKr4, a 

"eMHbIe 
cocra&trfiroT Jrl{rr]b orAerbHbre

Ilpumevarure. Buepxy - cpegrrafi :orMr,rsecnrrfi cocraB, 7q r;sury - cranAalyruoe omcJro-
nerule (o), IrJrJr. - trorepr npn [poraJluBanrr,r. Mmepa.nrnrrfi eocras: cBsrJrbre nBal]qlr-
mr - Iln - tIpS - Iem - Il - I& - Tlp t Ip$ t My f Xn t orccugu Mn; reMgbre rcBapqr,rrbr -
Itr - My -Ieru -II - rln - Ilp - X.n t IpSi cnanqhr - My - Itr - Eu - fenr - X.u - llt - II -
lp&t lpftte6 tMr, Cyn

XHnrH.{ecnufi

cocTaB

F{cnaep c6pasqa
4
I L

4
J r+ 5 tt t 11

oB-1/3 oB-2 8:ts-412 oB-9 oE-10 i a-CI6 2a-A6 -1-:-i5 --..',: l-"t ld*l*i - 
--",* j -iis

sioz 96,58 89,26 96,69 95,64 6C,gg 82"6 92,95 94,34 >i . , :q .:J :'1. ': i - l': - i. i:l
TiS2 0,11 0,07 s,07 0 0,86 tr,88 1,8E n "?"tw,/-/- #,26

Al2O3 1,65 6,24 1,65 2,31 21,29 {?} 2,G ?q 15.77 :-!":: :-* .-<.:5

Fe2O3 0,36 oSut 0,56 cGuI 4,52 o6ut 0,34.o6ry 1,27 4,31 5,14 0,56 r,42 2.7 lg j -l

FeO 1.,73 0,86 {},36 {},21 *,21 L.;: '\

MnO < CI,01 < O,CI1 0,15 < 0,01 0,01 < 0,C13 < CI,s3 < s,{}1 < 0,01

.tr ,d'- 11rvig\J -t\l1U, I urSz urJz -t\'lq.u-i tn
I^J

n n..'vry I urtlJ f\ rturoJ t\ f.
U:oJ '\ {'}

CaO 0,46 0,23 0,46 a,46 < 0,s5 < fj,05 < il,05 a,46 <0.05i i-'-li <:,:j .i i

Na2O < 0,1 0,01 0,fll 0,{} 1 1,29 0,4 < 0,02 0.12 < 0,*z

Kzo < 0,1 1,69 0,5 6,69 1,89 1,8 {J,4 1
n 5.01 ji- i'r',

Pzos 0,01 0,01 0,01 0,01 0,f)6 < 0,01 < 0,01 < 0,0] < 0,0i <fi.ill ,<i.r.,r: r:":- il.06

Heo- 0,1 0,06 0,1 0,04 0,18 c,i 6 0,tri 0,ii 0,16 0.3: i:i-::

j fi.n.u. &,3V 0,gg 0.17 0,36 3,45 L,l ! l,1i) 1,6S 0,8
q < G,01 < O,Cll < s,01 s,04 < 0.01 i 0.ill i'i"l.^ r:i.il:

Cylarraa 99,53 99,51 99,66 99,55 99,57 99,56 qq {? l{icr,?7 99,58
I

99,76 i 99.f *';::
Copr 0,09 0,51 s,04 a?=) 0,12 s,1 0,05 tr),05

Fa:uaep a$nom-
xon Kn, nana

0,15 4,2 U'j 0,5 0,015 0,15 Cf,15 na
vtL' 0,2 8,02 0.0: ltj

l{op*gu si02 Tio2 Atr2O3 Fe2O3 FeO Mgo CaO Na2O Kzo il.il.fi cop, r
!-J

Knaplryr'ru

0seTJibre

95,00 0,13 2,1 0,52 0,21 0,36 4,29 0,05 0,38 0,67 s,05 s,39

2,06 0,1 1 0,52 0,53 0,04 0,28 4,24 0,05 0,4 0,6 0,03 fi,27

Knapqxrur
TCMHbIE

85,7 l,s7 4,94 3,53 0,43 0,89 0,09 0,13 Ii7 1.1 4,21 0,19

3,41 0,95 1,51 )1 0,3 0,55 0,09 0,1 I 0,45 0,15 0,2 0,03

Cnauqur
6g"lg 1.1 16,65 1,82 1,19 1,6 0,21 0,72 4,37 3,5 0,113 0,02

6,58 0,54 3,15 1,31 0,7 a,992 0,18 0r6 2,5r 0,11 0,08 0,01

trffi l$Sru A07S-S5SX. FTouryxmma rfr eKsfioriqr*a resxsftfilfi, *SXS" $€g'! {1S}.
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npocJlol4 ,qeql,IMerpoBoft ruorqHocrrr cpeAl4 cBerrbrx. Bcrpeualorcn cer)nque rlcrrJrr{n KBapqa. Tlxor4a
na6nrc4arctca BHaIcI4 naopcrofi pa6r. Sanrepena pa6r B.qByx odpaaqax: B nepBoM aMrrJrrtTyAa cocraBJrser
18 nrnr, Bblcora - 3,4 uvr, actlMMerpI,rn - 0,41; Bo BTopoM aMrurrdryAa - 23 uLn, Bbrcora - 4 mm,

acllMMerplIfi - 0,31. Tluercrcs roHrcr{e r4corHyrbre reMHbre flpocJrou (cyryprr), cJrofieHHbre poccbrnfiMr4

TA)ICeJIbIX MI4HepaJIOE, CpeAtI CBeTJIbIx MeJIKOAepHI,ICTbIX IcBapqI4TO-ueCr{aHuXOe (pnC. l, n).
Cygn uo peayJlbraraM nerporpaS:,ruecxoro rr xrdMfirrecnoro aHaJrrroa (ra6n. 1, 2), rnapqr4To-nec-

aIaHr{KI4 cocroflr ua 85-95 /o we olnonor{Horo KBapqa, 6noqrioro roHrcogepHr4croro rcBaprla Earc [ceB-
4olvlopSoerr rlo ocrarorlHonily ]cpeMHe3eMy nocJre Bbrrqeraqr,rBaHrrg KarrroHoB ila noJreBbrx rurraroB
(puc. 1, e-rc), co4epxar oOnomxu rfs ByJrrcanr,rroB, rreMrroro nltpo$uu.nura, MycnoBilra, TeMHoqBe-
ToB - reMarl4Ta, I4JIbMeHr{Ta, MarHerI4Ta, rlr,rpKoua, TypMaJII4Ha, peAlco Mn-urnyneJlr4 - raJral{ctlTa,

rpa$nra. Ilprpo4a uepnofi orpacrclr KBaprlrdro-necqaHfiKoB onpeAeJrse"cff nperzMyrrlecrBeHHo HaJri4-
rrl4eM reMarura, & Tarclrce r{JrbMeHr4Ta, MarHerHTa, BogMoficHo rpa$rra, peAlco oRcrrAaMI4 MapraHLIa -
lo 0,15 7o {o6p. OB-4/2}. B c.nanqax npeo6na4anr MycnoBr{r (go 60 70) n rceapq (go 40 ft), nepeue
npolleHrbl cocraBJlfipr 6xorvt 11 xJropr4r (puc. 1, 6, e, LL, r), unor4a rrpucyrcrByer nnpo$uilJrur rI
a.nr6vr (o6p. 3-08). C.rariqu coAeplrcar aJreBpoJrr4roBbre, pexce ncaMMr4roBue o6.nounu KBapqa (puc. l,
n, o), ua6rloAaercfl irpr4cyrcrBI,Ie reMarfiTa, xJropr{Ta, 6uotrra, r{JrbMeHIlTa, MarHerI4Ta, rpa$ura,
peAlco anr6ura. flepexo4 or $Bapllr4ro-uecqaHurcoB K cJraHrIaM xoporuo Srancupyercs flo )rrvreHbrue-
HI,Irc paaMepoa o6.novrorrHbrx sepeu KBaprIa or 0,1 go 0,03 MDr B rronepeqHl.rne (pnc. l, JL, o, p).

Errnu ,{ccJreAoBaHbr corHr4 oopaaqon. Bunomreu xr{MuqecKili,r, a*tanna 13 oopaaqoB, a rarcEce

orrpeAeJren cpe4nult xr4Milr{ecnr4li cocras nopoA orpyrcrcoft cep:,rr,zt (ra6.u. 1, 2, pnc. L).

Onucarute o6paa4oe (ra6n. 1) (corpaqeHxbre HaBBaHrrs Mr{Hepanoa: A6 - alr6ur, Eu - 6norur,
Ieu - reMarI4T, FpS - rpafrur, Mx - unwtexur, Ke - xraprl Mr - *rarnernr, My - MycKoBr{T, IIpS
urpoSramm, Cyn - cym$Ng, Typ * TypMaJII4H, X;r - xnopur, II * rlraprcoH, L - paarvrep o6noMo'r-
nrrx aepen), MC - Mr4HepaJrbHufi cocrae.

I - o6p. OB-1/3 (puc. l, c.) - caernopoaonult croncrrnZ MeJrnosepr{r4crulX (nr/s) KBapqrrro-
IIecqaHIrK; B IIeMeHre conpu$ocHoBeHr4ff: Ks, IIp$, Ieru; cyrypbr MencAy npocnofrranau. Muuepantuufi
cocraB no peayJrbraraM xxMrrqecnoro aHaJrr4oa (MC),lo: Kn - 93, fIpS - 7; nrayanruo onpeAeJrenbr,

/o: olnourcv Ke (90) - 0,1-0,2 MM B nonepeqHr{Ke, pnorrr4ra - 5, ItrpS - 2-5,Ievr, lp$, Cy.n, {.
2 - o6p. OB-2 (pnc. 1,6) - cBerJroaeJrenwfivtf a KBaprlr,rro-recr{anr4n, B rleMenre - Itr, My,VI.n,

Mr, Xn; MC, /a: Ke - 76, i\{y - 14, Iip$ ' 7. Bwsyanuno, /a: oGaouxr Kn (80) * 0,2 nau n
no[epeqHr{fte; cJrroAa - 15, ItIn, Xx.

3 - o6p. AB-4/2 (pxc. 1, a, A) - rentttlni nn/a nnapqr{To-necrraHxn c arepHbrMr,{ oncrr.qaMr,r

Maprauqa. MC, /c: rarrancrrr (MnAl2Oa) - 3, Kn - 96. BusyaJrbHo, Vo: Ks (90) - o6.xonrcn 0,3 unn e

nonepeqHr,rne, o6aounu ByJrKaHr4ToB, qepHbre oftcr4Abr Mn, Ieu.
4 - o6p. OB-9 (prac. 1, d-rc) - cBerJropoaosril? cnoucruft cpeAHe-rcpyrrHoaepnrrcrwir (c/a, n/a)

KBaprlrrro-rrecqaur4t, B rleMeHre Ka, fIpS, My, ncrpeuarorcfl rcpylHbre o6rourcu KBaprleBoro nop$upa
(ao 4-5 MM B nonepe.rniane). MC, lai Ks - 94, flp& - 2, My - 4. Bvsyanano, /o: Kn (90) - 0,3-0,5
MM, peArco go 2 nau, B cpeAHeM 0,5 urvr B nonepeaiHrdrce, ecrb sepuo fln e naeunofi flp$, o6rouotc
roHno-BepHr,rcrorr (r/a) ay.nrcarura (5-10) - go 3-4 mu, cJrroAa B nJreHorrHoM rleMeHre.

5 - o6p. OB-10 (puc. l, n) - rla cJraHrlbr c Kn, My, Xr, Bu, ecrb roHrdr4e rpocJrold rcBapIII,Iro-

uecqaHilKa. MC,/o: Kn - 20, My - 60, Xn - 7,fIn - 10, Mr - L,IAn- 2.Bvayanrno,/o: Kn (5-
10)- 0,01-0,02 rvrrvr B flonepeqHNne, npeo6Jra,qaer My, ecrl Eu, npoc.nor4 aJreBpoJrr{ra (npeo6.naAaer

Ke - 0,03-0,1 uu B uonepetrnune) r npocJrou [ecqaur4na (Ks - 0,3 utn B iloneperrHxne), fena, Eu, Xr.
6 - o6p. 1a-06, npourofi 5-? crrr MorrlHocrr4 TeMno-Br4rrrHeBono ufe rcnapquro-uecqaur4xa B cBerJro-

cepoM KBaprlr4ro-recqaHr4ne. MC,flo, Ke - 70 , My * 15, XJr - 10, Mr * Z,VIr - 4. Buayanrno, /6: Kn
(80) - o6nounx 0,1-0,2 MM B noneperrHr{Ke, My -10, Ieu - 3-4,MJr otcpyrrarft - l-2, Typ, II.

7 - o6p. 2a-06, npocnofr 6-8 cu Morr{Hocr}r reMHo-Br{ur}reBoro nr/a nrapqtrro-necr{aHl4xa B

cBerrro-cepom rrr/a rcBapilnro-rrecr{anr4ne (nogo6nrrfi o6p. 1a-06). Brayannao, la'. Ks (70-80) -
o6nounr 0,1-0,2 MM B rronepeqHr.rrce, My - 10-20, Iervr - 4-5,Wn oitpyrnuft - 2-3, Typ, Mr, Il.

8 - o6p. 4-06 (puc. 1, m, u) - c-nf s poaonud ceernsrri Ktsapqr{ro-necrraHl{K-rpaBeJti4T c 6ennr*In

rurpo$unxnroBbrur4 Brrroqenr4sura (1-3 mm). MC, Vo: Ks - 90, My - 4, Xn - 5. Bnaya,nlao, /o: Ke

$$$N *S7S-$S6K" f?mwy*rorus ra eKs.msriqn*a resxEe{iffi, g#t#" Nst{"f;#}. ffi?

"-"'.,'...".
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($il-9fi) o6;:onamm CI,5-1,$ MM, cP'

0,fi1*fi,03 MM B rlonepe'lllldne, NIy, Mn,

S o6p. ?-06, reMHo-Br{IIJHetsbIi?

Breayarlbno, Ya: Ke (70-S0) o6xonnnpt

S,8 MM, r /e ByJIKaH?IrbI (eRltsml{bl npoqenton} cfinonnnm

Fem.

wr/s lcrapl{t{r cnxnncfr. MC, Ys: Ks * S?, My 10, Xx 3.

0,2-CI,3, ep. 0,2 MM B IlonepeqHt{Ke' My, Fenn, Typ, o6nOnnHH

ByJTKaHL{TOB.

10 - o6p.9-06 (puc. 1, o), remuo-aeuenufi cJlaseq. MC,/a: Ks - 45, My - 45, Br, Xu - 5,VIn-

3, Mr - 4. Bl,rayan"i,7o, upeo6aagaet My -50-60, uen*fi lts (30) - o6novrnn 0'03-0,05 MM, cP'

0,02 uu B noflepeqnlane, Ieu, Bu, IPS'
11 - o6p. 14-06, reunrrfi crraHeq c reMarl4roM, MY (no4o6nllfi o6p' 9-06)' MC,/o: My - 50, Ka-

40, Eu - 5,IIn - 4. Bvrcyanvuo, fo: My -50-60, Kn (10-20) - o6norurcr 0,01-0,03 MM' cp' 0,02 uu e

floileper{HI4ne, feu, Eu.

12 - o6p. 1?-06, reunuft rcBapqrrr mf a, na Kouralcre c cepblM (so,4o6nufi o6p' 7-06)' Bneya'nl-

no,fo: Ite (?0-80) - o6nounN 0,2 uru B noneperlHltne, My, leu, eynraHr{Tbl'

13 - o6p.3-08, posoao-6etufi cJraHeq l"tt.upoott).MC, 7o:Ks - 41, IIpS - 39, My - B, A6-

Ll,Inn - 0,?. Mr,rH. COCTaB UepBnrrHoro ocaAlca, lo: - Kv - 54, naonvtHvtT - 26' 46 - 79,ILn - 0,?'

Braya.lHro,To:Ks (30-35) - o6rro**" 0,05-0,15 MM' cp. 0,1 tvlwt B uonepeqHure, IIp$ (u My) - 40-

50, fena, .{6 c ceplqurou.
peayuurarg crarrrcrwrecrofi o6pa6orrcr,r nerpoxuml,rqecnux AaEIrbIx. flponegeH crar,lcrl4rrec-

nrft anayrug peByJIbTaTOB OnpeAeJIeHI'tE xIlMt4aIecKOrO COCTaBa nOpOA OnpyrCrOft CepI4I'l' tr{CuOnraOsa-

no 13 aHaJrr4BoB - g rcsapqr,rmB 14 4 c.xanqen (ra6n. 1). Cpe4u lcBapqItroB - 5 anamagoB cBerJIbIx

paoHoBl44Hocreilu 4 - tennuux.

flocrpoena ra6nuqa KoppeJrffrlr4osnoft CBfl3I4 pesyJlbraroB xtlMl4qecKoro aHaJlusa nopoA

(ra6n.3) la rpasuKr4 KoppeJrflqrroHHbrx saBl4ctlMocTeli (prac. 2). KpeuneseM cBffsalr crlunoii Koppe-

naqrOnnOft BaBIlcI4MocTbIo Co BceMI4 KoMIIoHeHraMil' KpoMe Fe2O3 I'I paaMepa o6nOMros (ra6n' 3)'

Konluonenru Tio2, Al2o3, FeO, MgO, Na2o' K2o' Feo6rq. 14 rr. lt. n. O6paeylor "anraroHl4crruecnya"

rpynny rc SiO2, 
" 

*"*a/ao6ofi, onu eBflBaHbr noJro?rcr4reJlruorZ rcoppenaquonsofi saBl4ctlMocrbrc'

IIpu ana;rrse saBtICI4Mocrr Al2O3 u SiO2 Mo?fiHo Ha6nn4arr, trro AJIfl TeMHbIx 14 cBeTJIbIx KBap-

rdrrro:r€c{&Hr46oB xapagTepHo yBeJrrrqeHr4e .of,.p*""ta Sio2 upu xeOourruou Al2o3 u Feo (puc' 2, a,

5). Saoucuuocrb MencAy Tio2 u Fe2o3 ffB:nflercs cmsnolz - c yBeilI4rreHl4eM coAep?IcaHl4fl oAHOro

KoMnoHeHTa yBeII4tItIBaeTcs CoAepgIcaHI4e Apyroro (pr'rc. 2, a); npvr yBeJrtlqesuu paaMepa o6'non'IKos -
yBerr,rquBaeTcfl coAepllcaru,re SiO2 (pwc.2, z); cOAepXanue FeO n Fe2O3 MI4HrMaJIbHo B cBerJIbIx ftBap-

,1"ro-rrua""Hrrnax, FeO uarccuruaJrbHo B cJranr{ax, Fe2O3 - B TeMHbIX KBapqI4TO-[eCqaHI4KaX (puc' 2, d);

[pr4 yBenr4qeHrr4 coAep]fiaur4fi SiO2 ynenurrr4Baercfi coAeptfiaHl4e Fe2O3 B reMHbIx KBapqtlTo-necqaHl4-

Kax, B cBerJrbrx E{e npr4 MaKcrrMaJrbHoM coAep?rcauru SiO2 coAeprrcaHl,Ie Fe2O3 MI4ITI/IMaJIbHo (prc' 2, e)'

Ta6tu4a 3, IcoppelnquouHarr ra6naqa xfiilIlqecKono cocTaBa nopoA onpy'rcrcofi cep, il

TiO2 Al2O3 Fe2O3 FeO Feodut Meo CaO Na2O Kzo Pzos n.n.il Copr La6n

sio2 -a,64 -0,95 -0,34 -0,88 -0,98 -0,7 4 0,04 -0,64 *0,93 *0,53 -0,90 -0,16 0,67

TiO2 0,43 0,82 0,59 -a,72 4,67 *a37 0,13 a,57 -0,05 0,45 -0,04 -0,48

A12O3' 0,07 0,81 -0,95 0,56 0,07 4,77 0,86 0,77 0,93 0,02 *0,64

Fe2O3 0,27 0,56 -0,44 - 0,13 4,79 0,28 0,11 -0,06 *,27

FeO a,74 s,02 0,45 0,94 0,30 fi,7L 0,15 -4,57

F*oorrr
*0,67 *0,5i -a,76 :0r88 -0,64

Meo -0,25 0,09 0,7 5 "0,07 0,64 -0,002 -0,43

CaO
0,11 0,13 0,19 -0,11 0,09 -0,08

Na2O
0,46 0,96 s,7tr 0,s2 *s,43

K:O
0,35 s,75 fr,28 -U,5S

Pu os
0,62 8,04 *LtrJ I

m,$.n.
s,s3 t9e4y

Ccpr
-U,23

Lc6n

Rffi !$$N A0?g-S$6X. $lcreryxosa ra exorrori*€Ha nesxinfiis. 2010' Ns.E{1*}'
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Puc. 2. fpa$weu KoppeJLa.t4uovnhlt BaeucllryLocmett e nopolar oepy,tcttott cepyu: Homepa o6paat4ne (cn, ma6n.1):
1 -_cee'm,ntrc Neapl4urno-nac4afl1rv.u. c Sio2 6onee 90 7o (o6p. 1-4, g), metnit te Miapqumo-nec4eulnan i s{o, az-aa Vo b6b.6,7' 12); erwtLl|bL (o6p' 5, 10' l1); &nelporlurnoebril c.naueq (o6p. 13); I - qenmpit noaet rutacmepoe. K6ppetna*inin
satuclt'nactnu: a- Al2O3u SiA2,6 - Fe-O u SiOz, e - TiO2 lt Fe2Os,z- metrc|g SiA2upas^efimo*a.oirce*opqnt
K6apl4urno -nec4al{unat u crlaul+a,{,, A - FeO u Fe2O 3, e - Fe 20 g u SiA 2

IIpu nocrpoenrru $arcropHoft Ar4arpaMMbr ropoA onpyicrcolZ cepilyt (puc. B) ycranoBJregbr rpr{
rpyrnbl KoMIIoHeHron (Sarcropon). Ilepnan - SiO2 rr paaMep o6lonnrcoe, rcoropbre Soprrarpyrcr na
$arcropnoft AI4arpaMMe noJre cBerJrbrx rcBaprlr4roB; Bropaa - A12O3, FeO, Na2O, k2O, n.n.n. -
orBerlaer rIoJIIo cJIaHIIeB' TpeTba - TiO2, Fe2O3, MgO - $oprr,rrpyer lroJre TeMHbIx KBaprIr,tToB
(puc' 3). CoorsetcrseHHo, BblAeJlffrorcfl Tpr4 noJrs nopoA B aaBr4cnMocrr4 or r4x cocraBa (prc. B):
nepBoe - no SiO2 tI paaMepy o6nonl$oe, B Koropce ilonaAaror na $arcropiroft 4uarpaarrme cBerJrbre
KBapIIi4rbI; Bropoe - no Al2O3, FeO, Na2O, K2O, n. n. fi., coornercrByloqee noJrxl cJraHqea (o6p. 5,
10, 1l), a rperbe - no Tio2, tr'e2o3, Mgo - roJrro reMHbrx Ktsapqfiron (o6p.6, ?, 1z).

Peanas orptll{areJlbHaff KoppeJrfirtrr4fi MerKAy si02 :c ocraJrbt{brMr4 rcarfioHa}'rfi B nopoAax
onpyrcnofi ceptll4 u ocoCeuno B cBerJrbrx $Baprlmro-necqanr,rKax (ptt*. 2, a, 6, 3j, a rar{tfie ro, 'rro
coAeplldaHl4e SiO2 B orr{x l{Bapqfim-fieeqaHl4Kax cocraBnfier 93-9? /0, noaaouxer ripeAnoffo}*$,rTb
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@atwn *p i{C*mr,Po?t,#??f "l };
,St,Or : +8,37,Ti'*s: *0,23,

A{,20 J : -S,3S, F e20g =: *0,72,

Fe# * *0,32, IVJEO : *#,27 
,

Cfi,O * S,03, ffc2$ : -#,27 ,

KeO : :#,33, PeSs : -#,Ai u

F{ zA : -A,28, PPP * -#,34,
Cope : *#,44,

p#,lrv{ep *6,ra*ms*oa {L} : -snl6.
@slcrnop 3 {Cornqonsnt 2}:

'5?02 - 
*# ,{}2, Ti'C; : S,J$,

AlzO S =i *8 ,15, Fe20 3 - {},sfi,

Fe? - 0,08, Mgfr = {},S2,

CsO _ *0,32, iVa:C
Kz?_ S,#5, PzOs* -4,15,
tt zC _ -S,#9, PPP _ -{},S9,
Cope 7= -$,05,
pffirwep o6**mt*as {L} : -0,#Z
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Csrnpsnent t

cnequsuuecKile ycJroByrfr r x JrrrroreHe3a. A.ns rconqeHTpallvll4 KpeMHeBeMa t{ orJloficeHl a KBapiIeBbIx

nec,4oB npl,r JlrrroreHe3e BogMotrcHbl ABa npoqecca: Al4naMI{qecict'tit - otreneHl4e rJI}'IHtIcrbIx qacrnlr

or ncaMMlrroBoro KBaprIa Ha Mopcnou urenr$e flpn a6paaun BbIBerpeJIbIx rpaHrrrotl4oB vlJrtr per{Hblx

necftoB; H XrrMxqecrcuia - KT4CJTOTHOe pa3ro,fi,eHr4e cI{JIilRaroB' BbIHOC ICaTI4OHOB B MOpCKyIO BOAy c

oTJroEceHLreM ocTaT0qHoro ftpeMHeSeMr{cToro ocaAKa. B o6orx cJl)rqaflx per{b I4AeT O IIeCr{aHbIx

oca,4rcax, Koropbre oucrpo nepeMerqanTcfl I4 ocallcAaloTcff, B oTJItIqI4e OT aJIeBpr'IToBbIx qacTtlq'

cgopocrb ocarrcAeHr4s Koropbrx MeHbrrre Ha ilopsAon I4 Koropble JIerKo cJlllnalorcff [2], c' 198} Cpegr

oBprrcKnx nopoA upeo6la4amT MeJrrmSepHr,rcTble [ecr{aHI4KI4.

Ectr nplfirflTb Ar4HaMr,t.{ecnrui npoqecc Jrr4ToreHesa oBpr{cKl4x necqaH}'IROB' TO npl4 paSMbIBe

BbrBerpeJrbrx rpaHr4TorlAoB noHTrrHeurarlsoft Kopbl IcBapIIeBbIe nec$r cocraBlIJIJa 6rr ronlno 30-35 70

ocaAorrHbrx rIpoAyKToB sToro npoqecca, a ?0 /o cocrannanw6]ril IJII{HbI, ftaK [poAyltrbl BbIBerpI4BaHI4fi

noJreBbrx r[rraroB. flpu paarvrtrBe.cBer*r{x rpaHr4ToI,IAoe o6paayrorcfl oJIuroMI4I{ToBbIe [ecKt4 c upeo6-

JraAaHr4eM o6noM6os noJreBbrx ruflaroB. B $auepoaolZcnux ocaAor{Hblx roJIIrIax Ha AOJIP rJII'lHI4crbIx

or.roxenulZ [prrxoArrrcs 7A lo, a oJrnroMI4KToBbIe rrecrrl cocraBJlrllor ue 6oaee 20-30 /o' Kaapgenue

'fie 
nec$r4 AocraroqHo peAKr4 lr o6paeyror npocJrol4 MorllHocrbK) ne 6o.nee HecKoJIbItI4x AecgrKoB

merpoe [21].
Orcm4a BbrBoA: AJrs uopoA onpyrcnofi cepr,o,r nar6olee o6ocnosaxHolZ Rsrsercfl MoAeJIb xilMu-

qecKorg JrlrroreHe3a. Cytl ee B cJIeAyIouIeM: BoAa pr$elicnux rnropeft 6una rucnoft v npv oTJIo'IceHI4I4

npoAyrcroB pa3py[reHr4fl rpaHr{Toil,qoB KoHTr4uenranrnoft Ropbl B Bt{Ae MeJIKoBoAHbIx ocaAKoB rcucnoft

mopclcofi soAori Bbruleraqr4BaJrrrcb Karr{oHbr, a orJraraJlllcb KBapq-npeMneSeMl4crble IrecKI4' TIHaqe ue-

BoBMorcHo o6rscnutr npanTr4rrecnr{ noJrnoe orcyrcrBr4e }cartlonoB n uotqnotZ Kl4JloMerponofi oapyrc-

rcofi rongle, B nopo,4ax noropoft cpeAHee coAeplrcaHl,Ie KpeMHeBeMa cocraBJlser 92 7o. B upeo6JlaAa-

rorrlr^x cgerJrbrx KBaprlr4To-necqanr4$ax Her o6roulcoB [oJIeBbIx urnaroB' rl4ApocJlloA,{eroro I4JI!{ fiap-

6onarsoro qeMeHTa, opraur4nr4, a coAep?fiaHile rJII4HogeMa He rlpeBblruaer 2 lo. ManovtolrlHble npocJlo'I

MycIcoBr4TOBbrX cJraHrIeB cocraBJrfiror oKoJro 5 fo r*raccn ncetz ronqu, a nepBtlrrHble aJIeBpI4TO-UII'IHI4C-

Tbre orcBr4BaJreHTbr orrrx cJraHrtrer BepoflTno orJraraJll4cb Ha Bnaqnteurnoft Ivropctcofi rny6une ylKe B

cnabonucsoti cpe4e.

Cnernue rcBapqrrrbr orJraraJrr{cb na uanofi uopcroft uy6uue 6nua deperon (ueuee 20-30 nn), c

rre* cBfisa' pagMep ncaMMr4ToBrrx o6rourton [21]. Tewsre rdBaprlrrrbl orJIaraJII'Icb HeclcoJlbi(o rJIy6*

rrce - c4gpee Bcero a yrny6nenl4fix He,4aJleno Ot 6epera Mopff (nepnue AecflrrcI4 uerpon)' o r{em Taptfie

CBr,rAeTeJIbCTByer nrenlrurfi paSMep ofi.uOna6Os KBapIIa. CnaHqar, imft aIeBptIrO-rJIllHI4crbIe oTJIOtfie-

uua, $optvlnponaJll4cb Ha snarllarersno 6ollruefi rnyGune - 100 u r 6onee [21]' Anespuro-necqasl4c-

Tbre oca,q6rr fiBJrflrorcfi npxopexcuuuvrr,t r{ oTltna,4blnalotca ua rny6uue go ?0-100 m. o6 aroM cBI4,{e-

TeJrbcrByror Haruque 
" 

tn"ntl"* oS.ronrnon KBapqa areBpl4roBoro paaMepa - 0,01-0,03 MM' a ralt'fie
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rol{}tux npocJloeB eJieBpi4To-ilecr{aHI4$oB' ,{nr orux oca.qlcoB xapanTepno rrocrofiHnoe rrJli4 nepr4oAm-qeclcoe BBMirquBaHi4e B EoHe Mopcffioro npr6oa. Kap6ouanu, a reu 6o*ee rap6ouargbre orJrolrcegr{ff B
paspe3e onpSnicnolt cepwt prSea orcyrerB)Ior. CogepmaHile yilrepo,4a HeanaqiareJrbgo - go 0,1-B,Z /s.Koe$$ilquerrbi r{oppe.rflr{r4rr Meri{Ay Fe2O3 ra FeO , *u*!y Fe2O3 u SiOe, HesgaqxMbr {ra6n.3, plrc' 2,6, eJ, qro I'lcltrlotlaeT olfl4cneHl,te ,fieJle3a B ort{x flopoAax flpr coEpeMeHHoM BbrBerpr{Bairrrr,.
Brgnuo, Bblcoftoe coAepE{aHI'Ie Fe2o3 B TeMHbIx fiBaprlr4To-necrraHu$ax cBfiga'o c o*r{cJrr4TeJrbHbrMr4
yeJIoBt'IfiMI4 nptl JlilToreHege' a BblcoKoe FeO s cJlaHqax - c BoccraHoBr{TeJrbnbrMrr ycJroBr4fir\4r4 11pi4
oTJroffi eHr,tu r.nyoononogHbrx a.rie Bpo -rJrxHr4cTbrx ocaAKoB.

Baai'!1,{ooraorueHre Me}fiAy oI{cI4AaMI4 ,iceJreaa Fe2o3 lr Feo orpa?rcarcT rrcMeuegr4e orcr{cJrnre-
JlbHo-BoccraHoBI4TeJIbHbIX ycJ:oBl{it npv nerporeHenl{ce, T.e" ilpu Jrr{Toreneae, uerauop$r4aMe }r
BbIBerpI4BaHux ocaAor{Hbix rlopoA. lTpi,t warorenese necnoB npeo6uaga"n reMariar. Co4epxcinre no-
cJIeAHero ocodenno SHar{ffTeilbuo B TeMr{brx $Bapr{r4To-necr{aHr{Hax, a ornolnewre Fe2b3 : FeO e
KBapIII4To-[ecr{aHI4Kax cocraBJlffer 7-i0. B ro xce BpeMfl, aaBr4cr4Mocrb Me}rcAy coAeppcaHr,leM
0KCI4AOB 

'r{eJIeSa 
B TeMHbIX KBapr{trrax r4 cJraHrlax orpr{rlareJrbHa, a orHorrleHue Fe2o3: Feo

yMeHbluaerc.s or 7,0 n remublx Knapllurax Ao 1,0-1,5 r cnanqax (puc. Z, 6). B:a4lann"o oro
OfipeAeJIflJIOCb yCJIOBI4flMJ4 JII{TOreHeBa, a He B['IBeTpI4BaHI4g, rrOCKOJIbKy 11ptl BbIBeTp;y1BAH;/I]/- BO BCeX
iropoAax 6rrna 6u nprMeplro oAr,maKoBafi Beri4qHHa orHorrreHr4fl Fe2o3 : Feo.

ocnoslmascb Ha 3Tux AaHI{rIX, Morrcuo cAeJrarb BbrBoA o roM, qro B Hr,{?KHenn pu$ee rcBaprleBbre
neclu4 KaK nepBl4riHble SKBffBaJIeHTbI I(BapIII4TO-[eCrIaHr4noB orJlaraJlr4cb n 6olee nrc.norsolz 14 onr{c-
nurellnofi o6ctaHoelce, Heli{eJIr'I aJleBpl,rro-r;luHr{crbre orJlo}fieHi.{fi, Koropbre flBJlfi1grcfl nepB},Ir{HbrMI4
9nBlfBaJreHTaMr{ CJraHrIeB 

'{ 
OTJraraJr}.rcb Ha 60nruefi rny6xne.

OrccnepramelrraJrbHoe MoneJrl,Ipocaulle Jr[rroreHesa nopoA onpyrcxofi cepm{. fina o6ocnoBagufl
reHerl4qec$ofi uo4enr JluroreHeaa KBapql4ro-uecqaur4nor onpyvcr*olZ cepr4r4 B HTTHCHeM pu$ee, a

"amfie 
MOA€JII4 It'{cJIOro O$eaHa' npOBeAeHbI COOTBeTCTByIC}iqxe OHCnepI,tMeHTbI rro BblillefiaqraraHuto

reaT'.roHoB r43 rpaHr4TOr,rAOB B y.y,cnOi,t. cpeAe.
Mon$ro paccql,{rarb l,lcxoAHylo KI4cJrorHocTr (pH) ofteaHrrr{ecKotZ nogu B Hr4?rcHeM pr$ee (1600

MJIH JIer Haaag), ucxoAfl fi3 Toro' r{To Ao ororo py6e}$a oneaH cocraBJrflJr cnJiorxuyro o$onovrcy, na
3eu.ne orcyrcrBoBaiia cyIIIa ?! iloDroMy He orJrararuct ofinoruoqHbre ocaAor{Hbre ropoArr [2, B].

Rna pac'reroB I'IcrIoJIlsoBaJIt{cb AaHHbre A.E. Ponona u AF. [20] o xlrnnraqec6oM.cocraBe ocaAor{-
Hofi o6ono'{K}t KoHrl{Heuron, E.I( Mapxrirxua [14] o cocratse ByirnaHrdqecnnx raaoB, a rarcfice AaHHbre
o cocratse o$eaHr4arecnolt no,qtr [1b].

Co4ep*canue coneli B coBpeMeHHolZ oneanu.recKoft Bo,qe cJreAyroilIee, r/l: NaCl - 28, KCI -
0.7, MgCl2 - 3,5, CaSO4 - 1,5, MgSOa - 2,3. CpeAtl KarI4oHoB npeo6nagamr HarprrZ $A %) w warnuilt
(L6 Va), a cpeAl4 aHt{oHoB - xrlop - 90 Vo. Co4epxauue xrropa n uopcrolZ BoAe - 20 r/n. Orgo4a,
Macca o$eaHl4qecnoft noAu cocraBJlser 1370'1018 Kr, a Maeca xJropa - 27.101s rg. B oca4ovnoli
o6ono'{Ke KoHrI{HeHToB Heorefi (pu$eft-Sanepoaofi) orJro}rcfiJroc6 15. lgia nr xJropa [20], a npn ByJr-
$aHI/I3Me BbIAeJItIJIocl (3-10)' 1018 rcr xJlopa [14]. Buaunno, B Hx]icHeplrSeficrnx Mopsx coAep*caHr4e
xJlopa cocraBJIEJIo (30-40)'1018 rr, qro coorBercrByer ero EoHueurparlrul 22-90 r/n.Ecnu Aoryc-
TI{rb' ltro ro4a 4opuSeli$coro o$eana npamr}4rrecnr,r He co4ep?rcaJra coJrefi [2, 3) r4 rrpeAcraBJrflJra
codolZ pacrBop consnolt $tIcJIorbI, ro ona raMeJra pH = 0,1-0,2. Br.na4 n pH pN$eltcrcolZ ruopenofi rogsr
cepuoft Kr{cJrorbr 6lr.rt HesHa'{ffreJrbnbrM - nopa4rca b /0"

IIpu unxue-cpe4nepu$eficcom JII4roreHeBe (1600-1050 MJrH Jrer uaaa4) orJror{cr,rJrocb He Menee
70' 10r8 $r ocaARoB, npeuuyuiecrBeHHo lcBaprleBbrx necr{oB [20]. Iipu 

"ror, 
ru Eopo,q rconTrdrregTaJrb-

uolZ tcopu 6lIJIo auuleJlor{eHo B Mopcnyrc nogy (10-20)'t0u Kr rcarrroHoB, AJrE.rero Heo6xo4nnro 6uno
sarparilrb (20-30)'1018 xr HCl. fipn Macce BoAbr oneaHa onorro 1300. i018 nr 4opu$eficnan Mopc6as
BoAa' BepoflTHo, npeAcraBJIflJla coboli 2,5 Vo paalannesHrrfi pacrBop consnoft Kr{cJrorbr c pH = 0,1b.
3ra genn'Ixna fiBJlfiercs riau6onee aeponrncfi gan gop:a{reficnoro r,r Hr4}rcHepr{$e*cxoro o$eaHa.

OncuepurueuTbl no I{I4cJIorHoMy BbullefiarrrdBal{r{}0 npoBe4er{br c uan6oaee pacnpocrpar{e}rgbrglr
rlopoAaMfi goneubpNa yIil - 6Norttr-poronoosuanrcotsbrM!{ rne:}canns (Oauarcmnnu n roHaalrram), r
rpaHl4raMli!. ]'Icnonlsosana npeI4MyrrtrecrBenno MefiKorecqanaa Spanqmn (0,1-0,25 uu) g"r{x nopoA,
B Hexoropbrx onbrrax go6anaena aJreBplrroBan $parcqun.
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Mstr,o1uxa ucc,ne\oeauufr. Vlecne1oeanu rHefic (6norrt-audpu6ononux nnarrornefic: o6p' It-10,

npo$rr fu-I, Iu-2, In-3, In-4) r4 rpaHr4r (Ororrr-amsra6ononlrfi rpaHldr-pananvrr;vt: o6p. 1/131, npo6u

Ip-l, Ip-2, Ip-3, Ip-4) (ra6n. 4). Ilopo4u 6sr.nra pae,4po6neHrr Ao MeJIKorIecrIaHoto pasMepa sepeH -
Megb1ge 0,25, no 6onee 0,1 mu.,{ytn ontna 6pam 5 r necqaHofi $panryar nopoAbl' Koropyro noMeIrIaJII4

s b0 Mr Bo,qHoro pacrBopa consnofi Br,tcJrorbr. Pexcutvt oIrbITa no,qnrxuruZ, reMlleparypa 25 oC. Tonlno

B orrbrrax 1lr-2 u fp-2 6pamr 10 r uecqaHo-aJreBpl,ITonoli Sparcqula rlopoAbl (< 0,25 rvrrrr). Mrnepa.xu-lsui

cocraB r{cxoAHoro rseftea (o6p. K-10, unry.xrcnufi rueftc, K.nuHqoncrcoe soJloropyA$oe

MecropornAenre), Vo: Ks - 25, fll - 25-35, Opr -- 20, Ev - 8, Por - 7, IVI' (Cep) - 4, VIn - l'
Muuepaurntu7 cocran r4cxoAgoro rpaHllra (o6p. 1/131, c. l, rn.556 u, Kopoctencnufi uaecun), Vo:Ks-
80, neprur - 45, Ilnlg - 15, En - 5, Por - 6,VIn - 1. flpo4oJlxrctlreJlbHocrb onblroB 80 Rnefi.

Ilocle tZ ruret, 40 gaeil u oKoHtraHr4a oHcnepr4MeHTa (uepea 80 mefi) onpeAeJIEJItl xnlrlrqecnlrli

cocraB TBepAbrx Sparcqnft (ra6l. 4). Merolorrn arounofi a6cop6qur oilpeAeJleHbl EceJleso, anrcunniaft,

*rarnralZ, na;rqrfi, MeroAoM nnauennolZ Sorouerpzr4 - coAepxcaHile liarpnfl vt rtan:f/,s. floctosuso

BaMepffJII4 pH pacrnopa.
XxMu.recrr,re oJreMeHrbr BbruleJraqr,rBarorcfl I4B nopoA tcrcaotofi c paauofi cnopocrblo (ra6n. 4).

Ba B0 4ueft na rneficos pacrBopoM c HaaraJrbnbuvr pH = 0,15 (up. fn-l) 6st.no nlrlqeroqeHo Rarl4o-

goz,/o: cyMMapgo - 6,8 or rcxo4nolZ uopoAbl, B ToM rrl4cre rl4raua - 62, xenesa - 43, rcanna - 40,

KaJrbIII4fl - 11, anronrt Hvrfi. - 4, xarpua - 1.

Brrrqelaur3aHrde Karr4oHoB MeHburee n cna6o IuacJIbIx pacrBopax.,{na pactropoB c HarrarbHblM

pH = 1,0 (np. Iu-3) Bburleraqr4BaHr{e orMeqaercs, /o: Marnvfl - 19, 'rcanun - 15, KaJIbIII{s - 14 u

rr4raHa - B (cynama BbllqeroqeHHblx lcarl{oHos - 0,6 Vo).

BsruleaaunBaHrre flprr Haqarbuorvr pH = 3,0 (up. Iu-4) eqe MeHblrree' /oirvrana - 16, ntarnna-

L4, KaJrbrlila 11; cyMMapHo 0,2. Cynauapnoe BbllqerarrtrBaHl4e KarI4oHoB MotrcHo raRlrce

o11pe4eJrflrb rro rrBMeHeHI4n coAepfiranun SiO2, Koropoe, He nepexoAs B pacrBop; yBefi]ttltlBaercs B

HepacTBopeHHoft nopoAe 3a crleT BbIHOCa KaTyIOHOB.

Ta6nut4a 4. I{sruexreHr,re xrrmr,rqecmoro cocraBa nopoA

pasrrbrx pH cpeAbl , 7o

Cocras

llopoEa

['Hefic ['pauNr

K-10 fu-l fn-2 fH-3 fn-4 1/13r lp-l rp-2 rp-3 rp-4

pH
0,15 0,15 1,00 3,00 0,15 0,15 1,00 3,00

0,56 0,78 2,00 8,00 0,31 0,38 1,7 | 6,51

sio2 67,39 74,20 72,24 68,00 67,1 8 72,36 74,54 7 4,72 7 4,72 72,93

Tio2 0,53 0,20 0,34 a,49 0,44 0,35 0,23 0,18 0,18 0,31

A12O3 13,03 12,54 12,67 13,7 5 13,45 t2,53 L3,23 12,87 12,87 13,24

Fe2O3 0,65 a,2a 0,60 1,25 0,85 0,20 0,78 0,38 0,38 a,52

FeO 4,36 2,66 3,42 4,53 5,17 2,15 r,37 1,44 1,44 2,44

MnO 0,10 0,06 0,04 0,06 0,05 0,04 0,02 0,02 0,02 0,03

Mgo 2,81 0,49 1,13 2,27 2,43 0,82 0,10 0,10 0,10 0,49

CaO 2,87 2,55 2,78 2,42 2,55 1,38 4,92 4,92 a,92 1,16

Na2O 2,88 3,04 3,69 3,02 2,94 3,02 3,46 3,16 3,16 2,80

Keo 2,82 1,70 1,40 2,39 2,94 5,22 4,70 4,40 4,40 3,80

Pzon 0,21, 0,09 0,15 0,17 a,2t 0,06 0,03 0,06 0,06 0,09

Heo- 0,41 0,48 0,40 0,34 *,44 0,37 0,10 a32 0,32 0,10

II. IT" II. 2,L8 !,69 1,53 1,63 2,20 1,05 0,7 tr 1,17 l,r7 1,96

Cyrvrua 100,28 99,92 100,01 100,32 100,19 99,55 100,20 99,66 99,66 99,9\

fxanaolloB 30,05 23,44 25,57 30,18 30,74 25,7t ?4,7I 23,47 23,47 24,75

Xlpmnae"1axg*re. flpogoJnmrdreJrbrrocrb orxbrrt]B 80 Rsefi, pFI nplrBeAeHo Ao

{nnepxy} H nocrre (sxruoY} onura

TanNnn o6paaoM, cyMmap-
ilpH Hoe BbIIrIeJIarrI4BaHI4e KarI{oHoB

vr} rHer?coB 3a" B0 AHefr TaK BaBI4-

cr4r or pH pacrBopa: pll = 0,15

BnIHOC KaTIaOHots 6,8 Yo, pH :

=1,0 - BbrHoc 0,6 Yo, pH = 3 -
BbIHoc 0,2 Vo.

BuruleJIaaII4BaHIde KarIiIoHoB

onpeAeJleH0 TaH)fie npH noMolltrvl

aroMHo-aocopoqroHHoro aHaJII4-

3r4poB anwfl, pacrB0poB. ,,{anHue
nocJreAHero npI{MepH0 coBila-

,qaror c $ualtno-xl{Ml4qeCKI4M
aHaJrr{3oM nopoA, ItpoMe caMbIX

TpyAHo Bbllr{eraqfiBaeMbIX. flo
aHaJrr{3y pacrBopoB B npo6e lu-l
coAeplKaHtle aJlloMvrH.vrfl, yMeHb-

rur4Jrocb 3a B0 cyr Ha 5 Tr, Har-
pl,Iff - Ha 0,6 Voi s IH-3 aJIaMI{-

Hr{ff Ha 1,5 To, a Na2O Ha 0,4 To.

Ms lH-4 aJIloMIaHfffi npanr!'Iqecnil
He Bbruleilar{uBaercfl, a Harpl4fi

Ha 0,4 Ta. OtMe'{eHHbIe coorno-

rrreHr{ff o6rncHfiI0Tcfi TeM, a{To

npx HeSHaaII4TeJTbHOM Bbllqefiaql4-

BAHrAr{ I{ATfiOHA er0 coAep}KaHme

s2 lS$N 20?9-956X. tloruyxoga ra eKonoriqna reoximin. 2010" Nstrt'!01'

l,,*



fleoxm nn &$* n s{TCIreH gge oB py*r cxrdx $ffi a p e.{ffi T.o- m €cqa H H Ksn pm $ex

B cocraBe rlopoAbl Molrcer ,4a'ffe HecIcoJIbIto yBefltlql4Tbcfi Ba cqer 6onee gHaqr,rrerbHoro BbrHoca Apy-rl{x KaTr{oHoB.

lpar*m" pacrBopffercfi ts

r-paHi4ra {rup. I'p-l }pacrtsoposr
rrs ecefi nopo,qbr Z,B; Mfr.rnrar{
HX"fl -. 3, Harpla"g tr,F.

{pNc.

ripn

(prc.

STOVI

Knneturca rlrcJrorEoro BblrrleJraqlrBalrrrfl rcarrorrol rls rpaHuTorgor. onrrrbr no rcr4Herr,fice
IrpoBoAI4JII4cs C o6paaqaMl4 nopoA - draorrr-atvrsn6o.nonsrx rJrarrrorHertcos (np. I-2, Iu-3) r 1uorurau$n6oaonbrx rpaHr4roB pananrBrd (np. Ip_2, If_B)

Cropoctr BbIIrIeJIagI{BaHrIfl' ua nopo,q ftarr4oHoB nncuororz Mo}nHo ol{eg},rrb ,,o
rueueuenua pH.

cHopocrr4

Itrp* ilpoBeAeHIaI4 onblra c odpaar{oM Fru-Z Ha"1afibgoe p}I
4, s), ilpH Mo,qeJlr,{poBa Hww crd"yaqp{x Ha 10000 cyr (pxc"

EroM *opu*yrra nprrMer BrrA: pH = 0,tr69466 + 0,0?gz86b.
IIpm npoEeAeHIaId onblra c o6pasr{cm fn-3 Har{afibr{oe pH
4, B), npH rvroAerrvrpoBa Hvrrd cr{ryaqmm Ha Bz00 cyr (puc. 4,
&opnnyna np?rMer Brrx: plI = l,00bS+ 0,12gg4 . { t"
flpra nponeAeHtll4 onblTa c o6paaqorrl Ip-2 uavanruoe pH cocraBJraJro 0,1b, vepee g0 eyr - 0,40

rp?I DroM Sopanyira nprdmer BrdA: plI _ 0,tr62 + 0,0814. d t"
IIpr npone4eHtll4 onblTa c oopaaqorrt Ip-3 navanrnoe pH cocraBJrsJro 0,g4, vepee Bl cyr - !,74

n, a pH ""';;;;;:;;;;",qb;:npu prom *opuyrra npr{Me? Br4A: pH = 1,00bg + 0,lz3g4-.{ t
Tepuo4uuaM[Ka Jrr4ToreEe3a nopoA onpyrcrcofi cepflrr. rlocnomny rcBaprleBbre Eecrcr4, rcannepBffrlHble aKB,'IBaJIeHTbI nBapl{tlTo-necqaHr,rKoB oepyxcrcofi cepmt4 pr$ea, oopasonanncb B pesyJrb-rare pagMblBa KopocreHclcxx rpaHI4ToB' coAepffiaHl4e KBapIIa B noTopblx He npeBbrruaer B11-Bb /0,

sorn'orl Kr'rcJrore rrpr{MepHo B rprl pasa xy*ce rnerZca. 3a g0 4nert ue
c HarrafibHbrrvr pH = 0,lb 6rrao BbrrrleJroqeHo KaTrroHoB, /o: clmwapfta- 90, rca.rraqna- Bl, TilTaHa - l?, xa.rrnR - 1.0, xeneaa * g, aJrroMn_

cocTarJrfi"rro 0u18, tlepes 62 cyr - CI,91

!, 6) pH Bbrrslr{r{r4 coc"an vrno 6si g,

r/ t.
cocranrrnJro 0,94, 'repea g1 cyr - 2,04
'a) pll Bbrr"sxrnr4 cocTaBr4Jro 6u S, nppr
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puc, 5. Ituuemtnta nu,crnrnqaeo Bblu+eJlaqilaanua 6uomurn-ww$u6onoea,x ?peu.atnos WnaMtsu, a - np, lp'2
(e*cnepumeu,m),6 - np. Ip-l (npoenaa); e - np. lp-3 (arcnepu.neurn), e - np' lp'3 (npoeu'os)

nan6onee BalKHbrM rrpoqeccoM rrpr4 r4x JrlrroreHese ffBJrffercfi xl4Ml4qecKoe paSJlotrdeHl{e ct{JII4RaToB 14

OKCI4AOB rpaHrrTOB. Itl:rtttnu CJIOBaMI/I, B npoqeeCe pagpyuIeHl4ff rpaHI4TOB [paKTI4qeCRtI BCe MI4HepaJIbI

pacrBopsJrr4eb B Mopcnofi so4e (rcpoue nnapqa), a ranlrce ocrarorrHoro KpeMHeaeMucroro KapKaca

cr4JrnrcaToB, noTopbre BbruaAaJrrr B ocaAoK B BI ,4e MeJIKO-, pexte - cpe,AHeSeHtlcToro KBapIIeBoro [ecna.

Ero soaMoficrro roJrbKo B cr4JrbHo KT4CJTOM BOAHOM paCTBOpe, B ICOTOpOM He pacrBopl4M ICpeMHeSeM' HO

n rcoropgfi xopouo uepexo,qflT KaTtIoHbI Al, Ti, Fe, Mn, Mg, Ca, Na, K [10]. IuIe 5TI4x KaT]loHoB

nau6olee [o6a3areJrbgbrM AJrs orIeHKr4 rcI4cJIorHo-uIeJIotIHbIx yclonnfr JItIToreHeaa ocaAKoB oBpyq-

CrOft Cepuu ABJIr{eTCff aIlourunfi, TaK KaK OH Xy}Ice ApyrI4X KaTTOHOB paCTBOpI4M B RI{CJIOTaX tI' B TO

rrce BpeMrr, ero coAeplrcaHr4e AoBoJrbHo anaarxreJlbHo B Marepl4ncrcl4x lropoAax. IloAo6nlre npoqeccbl

na6nlo4anrcb 11pr4 o6paaooanrr4 AepuoBo-rrogaoJll4crblx uorrB (pH = 3'5-4) Ha BoAHo-JIeAHI4KoBbIx

cyrurrrHKax (IlO.recte). Ilpoqecc cocrosJr B Bbruleraqvt&alf'vtu rcarr4oHoB t13 CyTJIilHKOB C yBerl',tt{eHl4eM

coAeplrcaHils KpeMHeBeMa B HI4x or 80-85 go g5 lo B JIecHbIx nouaax [5].

PaCraopruocTb KarrroHa aJrroMrdHrrr{ B BoAHOM pacTBope MOTIcHO onpeAeJII4Tb IrO pea$ql4l4

BbrnaAeHnff ru66cuta:
Al3+(n) * 3H2Ox = Al(OH)r * 3H+(e), (1)

AG (l)zss = + 47,24 rc,[x/uonr; lS K(1) = -8,17; lg[Al3+(n)] = 8,17 - 3pH, rAe ]ft - ]rcllAras

$aaa, B - BoAHaff, TB - rBepAaff.

Cor;acso peagqr{H (1), cogepxaHre A13+(n) navunaet 6rrcrpo yBeill4tltlBarbcff B }cl4cJlofi cpe4e

or 0,004 rf t npu pH = 4 go 4 r/n npra pH = 3. Cy,4n no drHM AaHHbIM, pH mopctcoft roglt upn

Jrrrrorege3e nrxuepuseficrgax KBapqeBbrx necnoB AJrs BbrrqeJraqlrBaHl4fl aJIIoMtIHtlfi gonxceu 6srrr

Megee 2. Tannrvr o6paaou, Motrcuo npegrroJloxcrlTb, vro cocraB Hramnepu$eftcnoft uopcnofi BoAbr peBICo

oTIr4qaeTefl oT coBpeMeHHOrO 6Onee srrcoKoft lcucJloTHocTblo.

ffi4 tS$N a&FS-S5SX" $?eruyxotsa ra e$(smoli*rrta r€oximEm" 2StS" Nst{XS}"
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f'eexm an &{fi .fi g{Toremesff ompyqsm&rx KBa p$.isd ro- ;'[ ecqa F! !,! Kom pw $em

Ta6nut4a 5' llameneuile MoJrbnofi Inaccrr Mt[HepaJroB rpa'r,rrorqoB rrpu pearcrlrrflx KrrcJrorgoro
ButrIeraqHBalrtlfl lcarr[onoB tts fiuorura rl noJrenbrx runaroB c o6paaorau[eu ocrarorrsoro

Kpeurreaema * -SiSZ{rn}

Houep
peaKqHH YpanHeHHe

Macca, r/nao:m

HCXO,qHbIX

MHlrspaJ{08

{5u, ilruJ)

Maoca, r/nronn
KCIHSTiHOTO

npoAyxra -.
Si02(rn)

Llruorueulrer
(n 7o) inaccnr

Si$2{re} x
r{cxoAHbrM

MI{}TENN TTgM

I K(Mg, Fe)2,5Alzsi2.b Oig(OF{)z(rs) +XZF{.{n} =
= K*(s)+2,5(Mg2o,Fet=)(n)+2A13*(n)+ 2, jSi0a(m)+ TH2Ox 478 180 40

2 KAlSisOe(rr) + +H-(e) - 278 i8s 65
1
J caAlzsizos(rg) + SH-(s) - ca2-(n) +2A13*(n) + 2sio2(rei+ 4l{zox 278 12* 43
4 ) +AF*(n) + 3Sio2(rn)+ 2FI2Ox 252 180 69

BrnrleuavrBa'r{e ftar'oHoB MarHI4fl, ,fieJle3a, KaJII4g, aJrroMl4Hilg, fiaJlbrlr4ff, Harpl4ff uB oc'oBHbrx
MI4HepaJIoB Kpr{crarrl'IqecKl4x nopoA (6vorwra, rroJreBbrx urnaron) s Rracmrft nogulli pacrBop c
ocraroltHblM $peMHeseMoM B BIIAe IcBapIIa (rs - ronevnufi) r{Aer no cJreAyrour,rM peanr{r4flM,
npe,4craBJIeHI{bIM e ra6n. 5. Ms Hee BI4AHo, trro nocJre rcr{cJrorHoro BbrrrleJraqrrBagilrl Mr.rgepaJrbr
TpaHI4TOI4AOB CoxpaHsrcfl B BtIAe rBep,qoro ocrar$a - rpaHrrrHoro rcBapqa r4 ocraror{Horo KpeMHeSeMa
or noJIeBbIx urrlaroB' Koropble cocTaBflT npl4MepHo 70-80 /o M&ccbr rcxoguofi nopoAbr, B ToM rrr{cJre
ocraroqHoro ftpeMHeSeua - 35-45 /o. Trpvt IcI4cJrorHoM Bbr[Ierarrr4Batytu Bta.rtrurreJrbgo yMeHbrrraercfl
Macca ucxoAHblx MlIHepaJIOB,/o: aRoprrara - Ha 34, opronnasa - Ha 24w analura - Ha lg.

IzI, cooteercTBeHHo' yBeII4qI4BaeTcs I4x noptlcTocTb I4JIvI yMeubluaeTcs o6teu Mr4uepaJroB npr4
yrIJIorHeHtItl. ocratoqnurz npeuHeselvrr{crrrft MarepnaJr Morrcer ge$opnnupoBarbcff, yrrJrorHfiTbc.fi 1,r

npeBpalrlarbcs B ToHKoaepnracruft reapqenrul arperar nrra "6ro'rxllli" Knapq, rca6 nceBAo*rop$oaa
no BbIIqeJIOT{eHHOMy TIOJIeBOMy IUrIary, Icoropas rrSMeHfiercff npr ,4r4areHe3e, Hararerrese rr Mera-
naop$rsn're. 3rN ncee4ouop$osrt nponBJlfiIorcs B Br4Ae r{epaBHoMepHoaepur{croro rcBaprleBoro
?IClIJIbHOto arperaTa B pI4OJItITe' BbIAeJIffnTCg B BI4Ae IIeMeHTa B ICBapIItrTo-neCr{aHI,rKe r'nn6O B BI4Ae
ncaMMl4roBux od.nounoB co cJlolrcuofi nnyrpenuefi crpynrypofi (puc. l, a-rc). IlopSr4poBbre BbrAeJre-
Hufr B pxoJll4"ax $urcorpyrcrcs no MeJrrr"rdM ueruyftrcana tIpS 

" My, noroprru 
"*L"t" co Bropr4rrgbiM

rolIKosepHHCTbLlt RBapIdeM coxpaHEror KoHTypnr nop$rpoBoro BbrAeJreHrrs B Br4Ae pouoonr4uoli
ncergonnop$oobl IIo nop$raponoMy BbIAeJIeHT{}o rJlarr4onJraaa B pr4oJrr,rre. Krcnornoe Bbur{efiaqr4Bauue
KarI4oHoB tl3 noneBblx llmaroB Harll4Haercfl c Hapocranra IIpS u.nlr My no rperrlr4ua]r cualtuocrN s
uIartIoKJIaSax' a npflMoyro.nrHo-6.no"{Has crpyltrypa KBaprIa Morrcer paccMarpnBarbcff rca$
peJIXKTOBafl' IcOTOpafl COxpaHffeTCA nOCJIe BbIIIIeJIaqtIBaHtIff ICaTI4OHOB I43 nOJIeBbIx InnaTOB. Ognuu ra
AoKa3areJlbcre obpaaoBaHtlff sepen KBaprIa c oprreurr,rporauno-geSopMr{poBaHnolZ crpyrcrypoft n
peSyJlbrare IGI{CJIO"HOTO BbIUIeJIatMBaHUg rcarrroHoB rr3 rroJreBbrx rIIIIaroB rLJrU EyJTRAHfiTOB CJry]rcr4T
napaJIJIeJIbHocrb ,'Ix opueHTI,IpoBaHHbrx rerccryp. 3ra opueuu4poBrca Br4.qr4Mo nosBJnrerca y Hrrx npr4
HanpaBJIeHHbIx ueramopSuqecrcl4x AeSopnraqrax pbrxJrbrx ftpeMnegeMrlcrbrx ocrarKoB fiocJre
IcI'IcJIorHoK) BbIlIerar{I4BaHpIfl ftarr4oHoB nB MuHepaJroB Kpr4craflJrr4rrecKr4x [opo,q. eru aepna KBapqa c
arperarHo-opneHTHpoBauuofi crpyntypolt peano orJir4rrarorcfl or oAnopoAHbrx BepeH "rpaHr,trgoro"
KBapqa. Orulcannrre crpylcrypbl KBapIIeBbrx arperaroB - oAHo r4a AonaaareJrbcrB o6pa"o""*"o
ItBapIII4To-IrectIaHHIcoB oepyvctcofi cepr4rd BcJIeAcrBr4e Bbrulerarrr4BaHr4s rcarr{onoB r4g g4Jrr4rcaroB
macnoli ro4ofi mxnepr$elicrcrx rrlopeli.

Peanquu BblulerarltlBa:altr. tr ocaEc,qenllfi 
'fieJreaa 

BaBrdcffT or pH u ofttrcJir4TeJrbgbrx ycnonulZ.
IIpr noccraHoBI4TeJIbHbIx ycJIoBI4rIx, xapalcrepubrx AJrff Jrr4ToreHe3a Ha aHaqlrreJrulro:Z mopcrtoft r.uy-
6une, nanpuMep' nptt o6paaosaurtl aJleBpilro-rJrr4Hracrbrx ocaArcoB, lrceJreao ycrolZ"runo 

" 
g"y*u"rrunr-

uofi Sopure' oAHafio, Irptl ct4JIbHo oI{}IcJII4TeJrbHbrx ycJloBrlsx B 6.xuenoeepxuocrubrx EoAax }rceJrego
olfl4cJlffercfi Ao rpexBaJlenruoro rro peaxrlr{r4 I (ra6n. 6) u ocax4aercs B Br,rAe rerr4Ta r4Jrr4 reMarfiTa,
nocKoJlblcy noJle IrocJIeAHI4x IIpn yMeHbrueHrn pH pacur4pfiercs c yBefi"qeHrerrl Eh (puc. 6).

PasHoeecue Fe2+(n) 14 reMari4ra,qJrF peanqffn 1 (ra6n. 6) pacc.rrrauo,qJifl p"""or* pH, Eh u po2
no $op:vlynam 2-4 [10]. Als lg[Fez*] = -l (r encneprMer{re no BbrrqeJraqr,rBaHr4ro rcarr4oHoB

*
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Honrep

ypaBHelIlIJt
Ypanueul,Ie peaKqHH

aGzgg'
mfixc/nnoxr

pH Eh le[Poz] 1g [Fez*J gKp

I 2Fe2*(r)+ 0,50'7 + 2F{2O=, t FerOt + 4H+(x) -84,1 s,15 +S,,76 ; (+0,82) 77,2; {-23,2) *1 t*2) tr5

2 15,S = -4pH - 2 lg[Fe'n]- 0,5 lg[Pg2i i,G +A,492; {+0,433) -34 ; t-23,2) *t ; {-z} 15

3a Eh : A,728 - 0,059 1g[Fe2*] - -0,177 pH 0,15 +8,76 -1

4a Eh : 1,23 + 0,01475 lg[Fgz] - *0,059 pH 0,15 *,27,9 -1

Eenegqem P"S,, flles?$m&JTCIg 8"M,, Sr*&{gax e.rfi' Fg flF"

KogqeHrpar{r4s ,rceJreaa B pacrBope cocraBJlffer 2800 mr/.n no AaHHbIM atouno-a6cop6quoirxom

auamasa) 3,r npil pH = 0,15 noJif{eno Eh = *0,?6 B, a AJIa lg[Fez*](a) = -2 u pH = 0,15 nofl)rqeHo

Eh = *0,82 B (puc. 6). Bucoroe Eh npr JrlrroreHese KBaprlr4ro-Irecr{aHl4KoB noArBep?IcAaercfi HaJIt4-

r{I{EM B OTAETbHbtX IIPOCJIOflX OKC'4AOB TPCXBAJIEHTHOM MAPTAHIIA, ,4JIff KOTOPbD( HY}ICHO IIPI'I TCX }KE

pH aHa,rurenuno 6olee Bbrco6oe Eh, uanpnnnep;npl4 pH - 0-4 paBHoBecnoe Eh 6o.uee +1,5B[10' l5].

Teunue rcBaprlr4To-necqanrrnr4 Ha arane Jll4roreHesa otnaraticl upr Eh = *0,4 B ra pH

onoJro 3. Oto o6rgcnner HaJrntrr4e B trx cocraBe accoql4allutl reMarlrra c MycKoBI'IToM. ,[na cnaHqen

BepoflTHbI 6onee BoccraHoBrrreJrbHbre il rqeroqHble ycJIoBI4R ocaAKonaIcoIrJIeHIdE ux_ nepBtr-tlHblx

ErcBr,rBareHroB, rarcxe $arc AJrfl odrrqurIx $aHepoaoftc$'Ix aJleBpo-rrllnr{crblx ocaAlcoB: Eh - ot 0,0 4o

+0,1 B r pH - 4-6 (prc. 6).

O reonoro-reoxrryr,rqecrcofi uo4,eJrlr Jrr{rorelreaa nopoA oBpysctofi cepuu. Ha ocnoeaHtlN

n3JrolrceHHbrx Bbrlue AaHHbrx o rrerporpa$uN, nerpoxttwvtvt, crarucrl4qecKoro aHaJlvtaa n a$c[epl4-

MeHToB Bbrcrpar{Baercff HoBaff reoxr4Mrqec$as MoAeJIb JItIToreHeBa nopoA oapyrcnoft cepI4I'I n pr$ee'

Cyrr ee B cJreAyroqeM: BoAa pu$eficrcnx rvropeli 6lrna nlrc.noft [3] tI BbIrrIeraqI4BaJIa KarI4oHbI

r43 necqaHbD( MeJrKoBoAHbrx ocaAKoB - rrpe,,IMylllecrBeHHo IIpoAyKToB pa3pylueHl4ff rpaHI4roI4AOB

cytu'1. B cpe4nervr pu$ee ynce orJraraJrrdcb MopcKI4e rBBecrHffIcI{, AJIfl 'rero Heo6xo,4uIra pH rtopcnofi

Tadnut4a 6, VcJrosns paBlloBecut peanqtlr reMaTuTa u Fez+ B BoAnoM pacTBope

Eh, B

t3.o$.

i*.i6

,Br4

'.

r$$g

srs'

PL.tc. 6. fiuaePamma Eh PH
JLUrno?eNe\& O1e0t{,;o6 o6puarcrc,0{,

cepuu 1r,u,3+$r,eeo pu$ea. ocwoau [3J
Auazpo"n*te Eh - PH: 1 - n'u,m0w,utno-

6bie npffiiclull{u I ?ps,rlutw&x; z - noa'r

Bb' u pectne1rf,ufl {E-20, naflsalluc-
wl,{rfr, IA-1 - qepu,ll&frt, C-9 mlq#,
Xlr xJtopo#lllL{1, B nolsarructn&n
JLeC+{efi, naa{B&, a'q,eclrl,ox Bepecwfl, {5i,);
3 napwcrnfle soda I aqfi't+wn&ff,

cKB. 1, eJLU6wtt'&, ,tul', 4 ??,opodb[

a9paq,c?f'iltx rc8ep1&um'0-wee's4&,ww1{,08

pw$en: CI{ c*sffi$"l"lue x*sepquwz"a'

wgca{&1r:&KLt,, TB rrhilwti,;biue weeplryw-

rwo*wea4{&wu16u, cJtr *,ht'yc1*afiwrnarble

c,!Lew44%e

*&$'
pff't,fy

g:d,
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f*eoxE* nm 6d ffi JT stror*Ff, €sfi smp$esc Kffix KBa pqffi T.o- m esqa H ffi K&m pw Sem

tssgbi ad, ? 
*8. trIporruoe BpeMerrm F{&

meltrpeJrprcarlrflIo Kr,rcJrCIfr *nopcmolh BoAbi
npm Oe AffKOHAI{OnJIeI{yr}f ri$ ,qAHHbilvr
Dr{enepfiMer{Ton {pruc. 4, S} noxaabrnfi,€r, E{To

rupru Fratla$buom pffi = *, tr n fin$r
nerZrpaJrmsardr{m $rscnorbr rpe6yerctr
{paspyruenr{e rHeficon w Jrmr,orerren
ffiBepr{enbrx necnon} or{oJrs 30 Jrer} a
npa,HHT'oB - onoJro 2S{} ner" IIpm Ha.rafiFlF{oM

pH = 1,0 Boga uefrrpaJrrdayercfi rnefrcannta

Ba 1* Jrer, a rpaHI{TaM}d sa 20 Jrer. Xors
ilpff pH = 100 KrdciroTbr B nnopcnofi BoAe
y3$e He,qocTaTor{HC EJr,ff Bbrrxlefiaqr,rEaHXg

KAT!4OHCIB t43 T4CXOAHbiX nOpOA yr

o6paaonanua puSerZcct{x KBapllr{ro-recqaHxrcos. KaK no}caoaHo Bbrrre (c yrerou AaHHbrx [20]), ana
orJlolrceHils KBapIIHTo-necqaHfiKoB Heo6xo4uo Barparr{rb (20-30). 1018 nr HCl, a npra pH = 1,0 no4a
oneana coAeprfiaJla 0,35 /o HCl, r. e. 6rrno pacrBopeHo se 6onee 5 . l0t8 ftr, rrro e 4-6 pa3 Megbrrre,

'relvl Heo6xoAI,IMo Ana o6paaorauua plr$eficrrrx KBaprlt'tro-nec'ranr4nos. Ero cBr,r,qeTeJrbcrByer o roilr,
vro pH ro4u pu$eftenoro oneaHa cocraBnsJr ue uenee 0,1b.

KnHerury pr$erZcroro JlumreHeaa rorrnee MolrcHo or{eHyrb rro Kr4cJroruoMy BbruleJrar{rBaHr{ro
nnopcnofi no4ofi Harpl4fl vtg rcplrcraJrJrr,rqec$rx nopo4, Koropoe ilpor4cxoAr4T Me,qJreHgee
BbruleJraqnBaHr4s Apyrilx KaTlroHoB.

Moncro BbIril,IcrI4Tb BpeME, neo6xo4rnroe AJrfl BbrrqeJraqr4Baur4ff Harpr4ff ua rnelicoe no $opnryre
xnnu'{ecnori rcrnerrnr [17]:

/v = t'Io 
-/-t

rge N - Korttl{ecrBo ocraBruerocfl Harprrs B [opoAe rc MoMeHry BpeMeHr4 t (s 7o Or Bcero
Harpl4fi a nopo4e), /vg - rcxo,4Hoe KoJrr4qecrBo liarpr{s (npuunm sa 100 Ta), I - nocroflHHafl
Bbr[IerarrHBanua, 7f A - BpeMff BburlerarrrrBaH]rfl o,qHora Vo rrarprrfr, t - BpeMff B roAax.

Ilocne B0 4neli (unvr A,22 ro4a) nrurleJra.u{sasrb rcarfioHoB us rFreficos (np. In-I, In-2) npr
HarIaJIbHoM pH = 0,15 B pacrBop (Xwor) cocraBJrfier 22vr/a r{arprdfl, r.e.6ltno BbrilIeroqeHo0,007B/o
(Xw"Vo) or Bcero Harpl4n B lropoAe. IIo yparneuvrw (2) 4nn rHertcos(pH = 0,15),1 = 3,32?.-10-4 7o
B roA, a BpeMfl noJluoro BburlerarrrrBaHr4fl Harpr4fl r4B [opoAbr cocraBJrger tnonn = 14000 .ner. ,{la
pH = 1,0 (o6p. In-3) rroJr)rqeHbr ranr{e ,qauHbre: XNoo = 13 nnr/n, XNoo = 0,0043 Vo, I = 2,0-n Vo B roA,
& trrorrn = 23000 ;ler.

Peay.ntrarrr BKcrrepI{MeHToB no Bbruleraarr4BaHr{ro Harptrfl ua rpan}rroB upr pH = 0,15 aa B0
gHeft (up. Ip-I, Ip-2) rarcoBbr: XNoo = 54 ur/n, XNoo = A,}LB Vo, ). = B,l?4-4 /o n roA, a trorr" =
=6000 ner.,{na pH = 1,0 (o6p. Ip-3) noJrJrqeHbr rarcr4e AaHHbre: Xwf = 2lvr/n, XNoo = 0,0A7 Vo,
1 = 3,17-4 /o B top,,3 tno.rn = 15000 ter.

Bslcrpee Bcero BbrrrleJrar{r4Baercff uarpufi na ra66po u na6pa4opr4ToB; trorr" = 1b00.ler.
Karc ussecrHo, ocaAnonalconJrenr,re B reororr4qecnoft vtcropr vt Seunu flBfirlercs Hapacraroulr{M

upoqeccoM r cBagaHo c anTrBttaaqNeft aeprulcaJrbHbrx rcole6aretrnbrx rercronur{ecnr,rx grrxenufi
Oronos aeMnoft Kopbl J4 c yBerrrrreHraeM aMlJrl'rryAbr arr4x gnrxeuufi [21]. MarccuMaJrbnas cnopocrb
oca,qKoHaKorrJIeHI,Ia yBerrlrrldBaercfl B TeqeHr4e $aiiepoeoa or 400-500 u ea I MJrH Jrer B rril,riHeM
rareosoe go 1000 ufwm rler B MeJry u to 1200-1700 rvr/nann rer n rcafinoaoe [2], c. 530]. Cnracer-rue
npol€Bo,4tITeJIbHocTI4 ocaAKonanorrJrenr{a c yBefirqesr4eM ero Boapacra r4Meer cnonurrrfi xapanrep r,r

Mofiter Snrrl onucailo uapa6onrqeennMr{ r4Jrrr Jrorapu$naavecruurir MogeJrflMn. flo paaubrM MoAeJrffM
MaKcI{MaJIbHarI cldopocrb ocaAroHarconJreHraff B Hr4rrcueM pu$ee 6una se6oururofi r cocraBJrfiJra MeHee
100 u MorrlHocrn ornomesrft (M) ea I mnn ner.

IIo norapu$Mu'{ecxoft MoAeJrr{ M rar gaavct r or Bospacra orJro?KeHrrft (1, rr,un ner):

r#s.l

F{Jfi

t $r$l

tr ?#o

tr u{r&

F F{$n

a 4L!0

H rs$
#X ]fXI

tCI*

{}

,,f "f "$' s* '.$1 'd'\+ 'lt*' +tttt $ -$ .-.;'$ ,,:r" ,.,p'" +s' 
"t*' 

ss
ETIH .iIgT

Pac. 7. .3ae ucurwocrnb ii,gveurvlanbwoil, Jwory?tocrfiu
ocefloxtwbltr nopo? ft mempar so 1 rwJLld &ern) orn uff sffipacme
{a n^rtw llern}

(2)

{3iM # g$?ffi,8 320,4" ln t
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SenesqeE P.S., lllecronanoo 8,M., Gnrsax C.A. u gp.

IIo eromy ypaBHeHI4Io (3) naarccua,raJrbHa.fi MorrtrHocrb rnrmnepn$ejicit;.rx oi;cxeHuri Bo3pacroM
1300-1600 MJIir JIer coeraBJlffJla B0-20 nr aa L MJrH Jrer, r. e.,qJrs o?Jroll{€l}.Jin 1000 r,r (Bapr-trff"o-
fiecrlaHl4ltoBblx ocaAI{oB oapyvcxolZ cepmv ueodxo4nuo 6or:ee 10-50 MJrri ,-rer (p;lc. ?i.

IIo erru AaI{HbIM oea,qKoHaKonJIeHI4e ua Semne Haqrnaercn He paHee l?0C rr:rs.re.r.. Bxguuo,
1?00 rvrnn JIer HasaA BafioHtIJ4JIcg niryronr{qecnufi aran rcororr4rrecnolz i,rcrcp;lr 3el:;;.i (**1rpyerer?
rpaHl4ToB-pananunn) 14 rlarlaJlcs onaoreuurrfi oran ee rrcropr,rr [2, 3]. ]ia.{aJcn o:; c odpaeoBaHr4fl
SHaru4TerbHblx nOAHETI'IrZ dnorcos itonTllHeHTanrHoil Kopbr rra AHe oxeaHa r{ rTepBcro ncsB!'reHXE cyrrrr4
B nr4cJroM orceaHe' paSMbrB nopoA noropofi fipr{BeJr K orJroEceHr{ro ilepBbix oca,rcciibix iiopo,q Ha Senn-
JIe - KBapltruro-necrraHtlltoB Hr{}nHero pu$ea, B ToM r{I4cfie 14 nopoA oepy-cxo;"i cecr,trl. O.qi:areo crco-
pocTl4 oTl/tx nepBblx SIeSOreHHbIx npoqeccoB - rloAHflxt'tilt cytnv, paBMbrB r{x. or;oxeHrre }cBaprleBbrx
trecnoB BbluleJiaau{Ba]dvrg, il onycKanl4e AHa noA oruMi4 orJlo}KeH}Ifirvlu Slurlr i;e5o.-:lii;;i:,iii - iia nopfi*
AoR MeHbIUI4M,'I' HetfieJlr{ cKopocrb ocaAIcoHaKolIJIeHI4fl n $anepoaoe, a trco6eHHo 3 )1eaLr-HarZHosoe.

Ilpo4onmrre,rb'ocrb ocaAKoHaRo''JIeHpIfl KBapr.reBbrx necrcoB oBpvr{c*o!'r cepilr B Hr.,xcHeM
pu$ee, )rql4TblBafi rcone6arellHble ABt4?ftei{rrs AHa fipr qacroM [epecJra],rBa HrJi c..3 ir iv17/G necgoB c
TeMHbIMI{ $BapIII4TaM,{' aJIeBpI4TaMtI tl IJIUHAMI4, a TaICffie BOAMO?IIHbIe rIeDeDb]BbI B OCa.qKOI{a-
KorrJrenr4?r, MolrcHo orleHr,r"b e 200-800 MJrH Jrer.

cpe4ue- t{ MeJIKoSepHI4crbre rrecKn oca}rc,4arorcfl B Mope ua uySri:;e 20-00 v [21] ouN
IrocroffHHo B3Myqylorca Ha r.ny6ltHy oIcoJIo oAlroro Merpa 14 xxMr4qecr{t4 Bsal:}ro:el-:crByror c Mop-
cnoft eoAofi. Aneopnru ocallcAalorcfi Ha r.ny6nue 50-?0 M, a rJrrlrHbr - Ha eue ic.:;u:elZ r;ry6uHe.rlacrxqu aJIeBpo-tJII4HI4crbIX or.norresurl cJrrrraro?cfi n flooroMy cna6o ;{}r\1;iqecHrl BBaxMo-
4eftctnymt c vropcroft no4olZ. Oca4o.ruue nopo.qbr onpl"rcnolZ cepi/fi4 o6utel:r IroruHCCrbFo ono;ro 1000
M cocToffT tla 90-95 /o us trBapIII4To-necqaHtIIcoB, IrcTopble cO,qepniar or.;oJc 100 lra.ncnroil-trHbrx
npocJloeB cJIaHIIeB [24], o6paaoBaHHbIX no nepBt{r{HbrM aJreBp},rro*rJu{Hi4crbl,1 ccaiKarrr. .{.rrn orJro-
EcelII{s HII4HttcrbIX ocaAKoB Heo6xo4ruo [orpy]fienr4e AHa nporu6a He Mei:ee -{e:vi Ha i0-100 ru.
floarovly ga nonedateJibHble ABl4rfieHr4s o,qHoro rlt4$Jra, Haarr4Han c or.rroxerirr' [ecnoB, aareM Ha
norpy?r{eHl4e AHa ocaAoqHoro nporuOa npl4 orJIoxceHtII4 aJreBpo-rJrr{Hr,rcrbrx ocal6oe u o6parHoe
noAHffTl4ff AHa 'qo 

rnyduu ocalIcAeHI,IJ{ HoBoro cJlori necnon neo6xo4yMo Barpar;r:b He Me'ee I u'H
JIer npl't coxpaHeHilI4 o4xnarconofr cftopocrl4 orl4x ,qBnficenulZ. Taxr,ru o6paecr,r, npr4 orJrolr{egr4r4
ocaAKoB onpyucttofi cepvw (rcnapqenlrx necnoB ra .200 [pocJroeB aJreBpriro-i;rrir) Heo6xo4]4Mo
Sarparl4Tb He MeHee 200 rrnnn ner. Erux [pocJloeB HaMHoro 6o.nrure, yqr,frb]Ba.q qacrbie nore6auns
seI'IHoI? nopbl' Hanpruep, o6paaorauue roHlo{x fipocJroeB TeMHbrx MrHepaJr)B ts cBerJrr,ix KBapqr4-
tax (puc' 1, n). Ha4o orMerI4Tb, t{To KoHceAI4MeHTarIroHHbre renToHrrr{ecn}re .rBrr}$eHff"fl n prsee
6lr.nu cnonofinee, qeM B $aHeposoe , v! wneJrvt ue6o.nauryro c$opocrb. IIo nparrxqecrtoMy orcyrcr-
orn rpy6oo6louoqnrix ouoacenuft MolItHo [peAnoJrararr u ne6o.ubrxyn Bbrcory pasurmaeuofi n
pr$ee cy[rl4' a raKrrce u ue6o.nrurue rpaAr4eHrsr aruoc$epHoro ,qaBJreHrrfl N poeHufr r{Jrr{Mar c
ne6onruroft c$opocrbro Berpa.

Moxclto ralcfice npe,4lroJloncrfTb, rrro B Hr4?rcHeM pr$ee, cpaoy nocfle BaBeprueHr4fl Bbrco6oreM-
neparypHblx npoqeecoB nJl)moHI{qecKoro rpaHr4THOrO MarMaru3Ma e oeMuol:l Kope, oKeaHr4r{ecKas
no4a 6una He roJIbKo Kncnoft, Ho tI TelrJrofi, nosuoxHo Aaxce ropr.relZ - 4o b0-70 oC. To.{Hee uo4a
oqelltlrb rpyAHo. Cxopocrl MrHepaJloo6paaylorqux npoqeccoB upu ranoli reMneparype HecgoJrb6o
BbIIue' rIeM npr HopManbHblx ycJroBr!ffx (25 "C), - npr4MepHo s 1,b-2 paea.

Bnno4rr. 1. Ha ocnoaa*nil Ml4uepaJloro-nerporpaSr4rrecnyix, reox'rMr4qecnlrx r4 a6crlept4MeH-
raJIbHbIx 

"ccJleAoBaHuli 
nopog oBpyqcKofi ceplltl VnpauHclcoro rrlr4Ta, crarl4cr,ir{ecnoli obpa6orn4,

repMoAr4HaMI'IqeC$Oro I{ KI4HerI,IrIeCftOlO aHaJrrrSa ,qaHHbrx c.4eJraHbr BbrBoAbr c roM, qro npeMHr4cro-
KBapItreBbIe necKl4 HtllrcHero pr$en, Ka$ nepBI4tIHbIe ErcBr4BaJreHTbI KBapilr4To-necr{aHr46oB onpyrcrcoft
ceptll4' o6paaonauNcb B peayJlbrare Bblulel:aqr{Banrrff KaruoHoB ,{g }tpr4crarirr4r{ec6r{x ;1opo,q rucnoft
nogofi Hrlrenepu6eli$cux nopefi. Bnaqane ocaAxcnanorrJreHr4ff (npmnnepno c 1600 M"r:H "qe? naea4) pH
otofi uopcxofi eo4st cocraBJlffer orcoJro 0,15, a ynee B cpeAHeM pn$ee (120S-1000 MfiH Jrer naaag; pH
B peayJrbrare nefirpa;rvrcaL\vlt Kr{cJroTbI rcarr4o}raMr4 no,qfis.ircfi go ?-g, r{T0 cA€.lr?;':o BogMo}fiHrilx{
orJIoJ*ceI{I4e ,{3BecrHffKoe. ,{nn ftBapIItITo-EecqaHI4ICoB xapa$repeH teMarr{T, r{To coorBercrgyer
onr4cJrrdreJrbnofi o6crauoBrce JrrdroreHeaa c Eh orcoao + 0.8 B"

ffiffi
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2. Bo sceM Mnpe HtrlrcHepu$eliccre orJlolt{eHr4fl npeAcraBJreubr [per4MyrrlecrBeHao nBaprlrrro-
necrraHl4riaMu [11]. 3to csu4eteJrbcrByer o roM, rrro ycfioBr4r ux SopnrrrpoBarrrdfi 6rrur ogunanoBbrMr4
il KBapIII4m-necrIaHI4ItI4 Moryr cJryxcl,rrb crparurpaSvrirecnnuvt pefiepaMr4 HrrrrcHero pr$ea (1600-
1300 naulr ner). Ha VxpauxclcoM IIIr{re nxxHepnselZucuuu flBJrnrorcfl KBaprlr4To-necrraHr,rnr4 ?oJrr€-
uercrofi, 6enonoponuqcrcofi 14 nyrar{eBcxotr car{r. Eru uopo4rr 6lrlu [epBbrMr4 r,r caMbrMr4 ApeBHr{Mr,r
Mopcrcr4Mla ocaAlcaMrl aa 3emre, o6pasoeaaurvmvrcfr. npr4 paaMbrne nepnolZ cy[rr4, npe4cranuennofi
noAHJ{TrsMr4 rpanrror4,4nofi noHrurieHranlnolZ aeunoft Kopbr.

3. Crcopocrb orJrotrceHr4a ocaAnoB onpyrcrolZ cepr4r,r 6rua se6o.nruroli B cBaBil c nrsrori
anTrdBHocrblo BeprrrnaJlbrrbx TexToHrrrrecnr4x,4ruxeuuft 6no$os geMHofi Kopbr, ts ToM rrilcne fioAHfiTr,rff

cyurr ri nporNbauun gHa 6aecelZHoB ocaA$oHarconJreurla. flpogonxcr4TeJrbHocrb ocaAnouarconJreHrirfl

KBapqeBbrx necnoB onpy.icrofi cepr,ru B Hr4rrcneM pr$ee, yrrr4TblBaff no.ne6arenrnbre ABr4'rceHr,rg AHa
npr4 rracroM [epecJrar{Banuu cf a u vf a necnoB c reMHbIMr4 KBaprlr,rrarvri,r, aJreBpr,rramv u rJrtrHaMr4, a
rarcrrre BoBMoEcHbre nepepbrBbr B oca4ftouaro[Jrenr4r4, MoxcHo orleHrrrb n 200-300 MJrH Jrer.

4. QilsuKo-xltMllqecrcue ycJloBt,Ifl orJrolr(enr4s ocaAKoB B Hr4rfiHeM pr,rSee xapar"epr43oBaJrrrcb B

rIeJroM yMeubrueHileM co BpeMeHeM nr4cJrorHocrr4, or,'reJreHHocrr4 r4 TeMneparypbr Mopcrcofi no4rr.
Ilpeo6na4arcrqxe cBerJrbre KBaprleBbre rrecnr orJraraJrrrcb Ha MaJrbrx rny6rHax ilprr Mancr..rnaanrnofi

Kr4cJrornocrvt vt otivtcJrvrre"usrioft o6craHosne c ocax4eHreM rerrrra. Teunrre necrcr4 ocaxc,qaJrldcb Ha

HecrcoJrbno 6o.nrurelZ r;ry6rne 14 npu naemu:eli nr4cJrorHocrr4, Ho rrpr{ Bbrconorvr Eh. Alteepttru r
aJleBprrro-rJrl4Hxcrbre nopoAbr (erwrsaaenTbr cJraHrIeB) orraranrcb Ha Bnarrnrenanofi rny6rire (6o.nee

50-100 lvr) npN ue6o;nurolZ rcr4eJrorHocrr4 r4 BoccrauoBrrreJrbnbrx ycJroBr4sx.

5. Ot.noxenr4e KBapr1eBbrx rrecnoB Hra'fiHero pu$ea - fiepBr,rqHbrx arcBuBaJreHToB rdnaprlr4To-

ilecqaHrrr{oB oepy'rcxoli cepwt, a rarc}rce aHarorr4r{Hbrx ilopoA Ha Bcex KoHTr4HeHTax, xapa$Tepr43yror
perrl4reJlbHutZ noeopor B reoJrorxqecnofi vtcropun Semnn (a csnau c yMeHbrrreurreM BHyrpenueft
oueprtlr4 Seuar H oxJralrcAeHl{eM seMuofi rcopu) - or paaBr4Baroulr4xcs DHAoreHHbrx uporleccoB B paH-
HeM AoneM6pur (apxee r4 paHHeM nporeposoe) rc npeo6naAaHr4rc eaMonpouaBoJrbubrx onooreHubrx
npoqeccoB, nperrcAe Bcero ocaArcouarconJreHrra. PraSelZcrc[e rcBaprdeBbre flecrrr, conpoBorrcAaroqfie rrx
aJleBprrrbr r tJrxxucrbre ocaAnr,r - TenepeuHr4e nBapqi,rro-ilecrraHrrnr, urpo$uJrJrrtToBbre aJreBpoJrrr-

ToBbIe cJIaHIIbI I.{ MycnoBr{ToBbre aJreBpoJrrlTo-rJvrH}rcrbre cJraHqbl 6rurir nepnbrMr{ ocaAor{HbrMr{ flo-
p€AaMr4 na 3eune, nocnoJrbny B paHHeM gorcervr6puu noHTuHeHTaJrbHafl nopa.6rua fionpbrra c[Jroru-
HbrM orceaHoll, BoAa Koroporo 6srna cunrHo wrcnofi (pH oxono 0,15). Pr$elZcrre rcBaprleBbre necnr4
o6pasoaa.nncr npr{ paaMbrBe nepnoli cyrur4, rcoropaff 6rua cJro?rceHa paHHeAoKeM1puf,tcxvrwt
rpanr4Tor4AaMr4, a ran?$e noAcrr4Jrarcr4raMtr oBpyqcryro cepr4ro iruxneprSelZcnuuu abpanrnoacrcunru
ByJrrcaHi4TaMv.

6. B nNxnervr pu$ee r4a paaMbrBaeMbrx rpaHr{TordAon, ra66ponAoB rr ByJrnaurirroB rcrrcJrbrMrr

Mopcnr,rMI,r BoAaMr{ BbrMbrBaJlr4cb npanTr4qecfir4 Bce Karr..roHbr - vraruuft, rdamqnfi, EceJre3o, uarprft,
$axuilq antonruxnir., a B ocaArcax coxpaufiJrcs nper4MyrrlecrBeHHo KpeMHeseM c sebonluroft Ao6asftori
rrrApooncr4AoB aJrroMr4Hr,rff, ,rceJre3a n MapraHrla (e nuge ru66cura, KaoJrrrHrlTa, rerr4Ta, eaga). Tonnue
aJreBpo-neJrr{roBbre ocaAnr4, cocraBJrffrorqr{e onoJro 5 /o o1teva rropoA orpyrrcrofi eepufi, o6oraulennr
rurrnooeMoM, oncrAaMr4 rrceJreaa l,r rcaJrr,reM (uycnonumBbre cJraHrlu). Cpenu oBpfrcnr,Ix ornoxcenrfi
npeo6.ua4a.nr4 MeJrnoaepHr4crbre IIecKtr, npr4 Jrr4ToreHege rcoropbrx rroBepxuocrb pearcrlroHHoro BBaIa*

uo4eficrnra ncaMMr,rroBrx obnounoB c Mopcrcoft ao4oilt BecbMa BHarrr4rerbHa. ,{na nr*crepu$elienux
ocaAKoB ara rroBepxnocrb upr4Mepno B Mr4JUrr4oH paa npeBbrrlaer rrJrorqagb [oBepxHocrr Senanu.

?. B panne4oneu6pr'rficnr4x nopoAax ,{ ocaAnax onpyrcrcofi cepror rpa$Tr,rqec$n Her opraHr,rqec-

Koro yrJrepoAa, rrro odrscnsercs nlrcorcoft $r{cJrorrocrbro Bogbr paHHe4oreMbplducom oneasa. IIo-
oroMy ,rcr4Bbrx opraHr,raMoB B Kr{cJrbrx Mopflx pannero gorervr6pra ,{ rrr4}rcnero prSea ne nromo 6rrrs.
Tonsno Haqr4nas co cpe,quero pra$ea coagaJrr4cb ycJroBr4s AJrF BoaHrdnHoBenr{ff 14 paBB}rrtIE ?rcuBHI4 Ha

3euae. Ero o6ocuoBbrBaercs rarcfice nofiBJreHi4eM ToJrbKo c pr$en cynr$aruofi ceprr, $oropas
oborauleua rfitr(eJrbrM usoronoM - 3{S 

[20].
8. Hanr.il,re onrcreHnolZ nlrcJropoAuofi arrraoc$epbr 14 orcyrcrBfie IIcI{BHI4 B cI,IJIbHo nrctofi aoge

nnxnepr,rseficnrx uopelZ cBr4AereJrbcrBylor o roM, vro ceo6o4xrrft rclrcuopoA rrofiBldJtcs s aeMHoIZ

aruoc$epe eule Ao pn$en u a6uoresnblM rrJrueM.
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9. Tonuta KBaprltro-necqa$rrnoB ua Onpyrucofi soassnueHIlocrl4 EB-'Ifierc.q i;a:cnplrarHofi cpe-

Aofi Ang v}olrfr:g;,1ivr pa,qr4oaKu4BHbrx orxo,qos. Brrcora BoAopagAeJIoB Ha: )-DoBi:Il x{--}ofi coc?aBJlfler

Ha OapyicrcoM ro,4gflrutr L70-280 M, a Bpeabr pen - 120-140 u. flpearruels(e EolopasAeJroB HaA

BpegaMr.{ pe1q Ha Onpyrcrowr rro$HfiTvru - 30-140 M, r. e. BoAopagAeJIbI pe3Ho ilo.f,:i.ETll lia.q BpeBaMI4

pe6 r4 r{Meror MorrlHyro BoHy agparluu e 20-LA0 rr,r. Sosa aDpaIII4tI KBapIIr'IToB Ea tso.frlpa3lelax Morfier

ucnoJrb3oBarbcs KaK BpeMeHHoe xpaHI4JII4IrIe ,qJlff HI4BKo- u cpeAHeaxrl{Bi$cli PAO ir OfiT. ,{ns
rnyburmoro xpaHnJrr{qa AoJrroncrrByulrx PAO Snarouprarnoft cpe4olZ el3o:tflIfrnr 6r-:1-i KBapIII4rbI Ha

BoAopaaAeJrax, KaK TegToHrrqecxN cradrttHble, xI4MI4qec&il u pa,4t{aut{oHxcr 1-cro;'r*tBble' a ranffie

cta6o fipoHrrrlaeMbre nopo4br Kpr4crariltlqecftoro $yn4avrenra Ha r.ny6lu'Ie f'L:ee 300-500 u or
gnenHoft noBepxuo€rtl
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PESIOME. B crarti arax.ira4eni peayJrbrarrr ruixepa;roro-nerporpa$ivnnx, reoxirui.rnr.lx ra
€nctreplrMeHTaJlbrrrrx Aoc.niAffienr xaapquro-nicrosnrcis onpyvcrrol cepil Vrpalxcbrcoro utrrrra, craruc*.ruol
o6po6rcn, repMoAr4rlaMiqnoro ta xinetlr.ruoro anaaiay a4o6yrrax Aau]tx. Ilpe4crauerra reoJroro-reoxirwi.rna
MoAeJrb nitoreneay qux nopi4, ari 6y;ru neprurrMn ra caMrrMn Aanxiun MopcbrnMrr ocaAoBrrurd tropo4agu Ha
Send {Ix nirc 1600-1300 nrax porcir), ari eigxragaJurcs npu poarurcni nepruor cyrui - nr,rcrynir rpaxiror4xol
KorrrtrHeHTalrnol aelrnol nopr,r 3 BHJIyroBJrBarrxtM narionin a oea4rcir rcr4€Jroro Bono11; nrxuepifreficbrcr,rx
ruopefi. Oqineni yltlloBn nitorexeay KBaprlrrro-nicroauris - pH = 0,15 m Eh (6nuarro *0,8 n) uopcrrcol nogu,
tx sMiHu ilraci ra s rxH6I,tHoIo Mopfl, a Tarolrc urnra4ricrr Krl€Jrornono BuJryroByBaxnaru i oca4rcoga6o116-
qelrHfl. QopmyrauHs KBapqttro-nicxosr,ffcin Hrd?rcxboro pi$ero xaparcreprraye piuryvufi troBopor n reouoriqnifi
icropil 3em;ri niA po3BttBalovtrx exAoreurrr,rl( MarMarr,rtrxnx npoqecin B paHnboMy 4orcem6pil Ao nepe'a?rcarr'fl
caMosinrHr4x eK3oreHr{Hx npoqecin r pi$efi-franepoaoficrrci reonoriqgi eroxil r cn'aary gi sMesrue'HflM
rxyrpiurnrol enepril 3em.ni ta oxoJroAilcenrrau aeunol nopn I{e nptdBeno Ao poapocranna cyrui, ixrencussoro
ocaArcosarco[nqeflHfl' uoasi xllrts na 3em.ui, i 4oanouae Tarionc apo6nrra Br{crroBon rrpo re, rqo rinrnr,rfi
KI4ceHb 3'8BttBc8 s seMHifi arnroc$epi qe Ao pi$en a6iorenxr,rrw rrrJrflxoM. Torula rcBaprryrro-[iclcoBlqcis Ha
Orpyvcrrcir? stlco.rrrrri € c[pttflTJrnnr{M cepe4oBrrrqeu nrrfl iaonnqi'f pa4ioarcrnnuux ni$olis.

SUMMARY. In the article on the basis of mineralogical-petrographical" geochemical and experimen-
tal investigations of the Ovrutch quartzite-sandstones and thermodynamig statistic analysis data ls sbted"
Geological-geochemical model of lithogenesis of these rocks are presented" These rocks were very ancient

tedimental rocks on the Earth, they have age 1600-1300 millions years, and when sour dissolution elements ..

in water of the Late Proterozoic (Ripheus) sea from granite fragments during lithogenesis were formed.
Physical-chemical cond.ition of lithogenesis, speed of sour dissolution and of lithogenesis are determined.
Formation oI quartzite-sandstones in the Late Proterozoic (Ripheus) characterize decisive change in geo-
logical history of the Earth from endogenous magmatic processes in the Early procambrian for exogenous
processes in the Early Proterozoic and the Phanerozoic. In the Early Proterozoic appear free atmospheric
oxygen and life on the Earth were appeared. The Owutch quartzite-sandstones are perspective enl'iron-
ment for storehouse of radioactive waste.
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