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CTOfrKOCTb-

BseAeHne
Oueuxa cnoco6socrll nor{B [r rpyHToB nporr4Bocrorrb pa3MbrBarorueMy

Aeilcrerlo reryueir BoAbr - o.uHa ras SyngaMeHr€urbHrrx npo6reM pycnoBeAeHr4-rr

LI 3po3I4oBeAeHI4t. 3xcnepulteHTa,'IbHble 14 Teoperr4rrecKl4e [IccneAoBagux erofi
npo6.rrentrt, trrMelotulle ror{Tl4 BeKoByto I4cropl4ro, BcKpbInI4 r{pe3Bblr{afinyro MHo-
roQarropHocrb B3aI4Moneitcteux reryueir BoAbr 14 rroAcrr4naroqero cy6crpara.
Onsarco I4MeHHo ilpu H3yr{eHr4r{ rrporl{Bo3po3rroHHofi crofircocrr4 rroqB HeAocra-
ToqHo BHnMaH[-f,, rlo cpaBHeHrrFo c rrrApaBnr4r{ecKlrMrr Sar<ropaul4, yAeJrrnocb
Mr4HepanoruqecKoMy cocTaBy [or{Bbr.

B.B. [orcyqaeB 11886, rrr4r. no - 1949] onpeAen-sn rorrBy KaK ((AHeB-

HbIe)) luru 6ru:rl4e K Hr4M roprl3oHTbr ropHbrx flopoA, Koropbre troA Bo3Aeficrsu-
eM BoAbI, Bo3Alxa, pacrllTenbHbrx 11 xr4Bbrx opraHrr3Moe npuo6penrr ceoficrso
nnoAopoAltg. on raKxe noArrepKr.IBaJr, r{To rror{Ba flBIrfleTc,fl caMocTotTe.lrbHblM
npI4poAHbIM TeJlOM. OTnI4r{arOIUI4MCr OT Apyfrlx T9.lr, B TOM qr4cre r4 OT fOpHOfr
rlopoAbl, LI3 Koropoii oua o6pasora,racr. Msoror{[c.]reHHbrMrr uccneAoBanr4flMrr
ycraHoBneHo, tITo raKlre oco6esuocrlr noqBbr KaK arperupoBauHocrb, BblcoKoe
coAepxaHl4e opfaHlrrrecKux BerJIecTB [r Apyrr4e cyuecTBeHHo cKa3brBaroTcr Ha
nporlIBo3po3l4oHHoil crofixocrr4 SToro npupoAHoro reJra. Bnrecre c reM, KaK cy-
IuecrBeHHo Hu ornl4llaerc.f, rroqBa or rrcxoAHofi uopo4br, ee poAHr{T c uefi ee Be-
luecrBeHHufr cocraB - B rIacrHocrll, fJrl4Hrrcrble MI4HepanbI florrBoo6pa^:yrorqux
[opor, Ha Koropbrx cQopru{poBaJrr4cr ualr6olee nnoAopoAHbre florrBbr Bo BceM
Mlrpe. M.C. Ky:Heqon 11981] ornae-ra,r, r{ro nporrrBoopo3r{oHHafl crofircocrr ror{B
II fpyHToB B 3HaqllTemsori Mepe onpeAen-flerc.fi Ko.]rnor4AHo-Ar.rcnepcHbrMr4 Mare-
pua.rIaMu, npeo6laaaroquMld B ToHKrrx Spaxquxx. Ma:ro ua6yxaroulr{e MlrHepa-
.llbl TUI]a KaOJTIIHIITa IIOHLI)KarcT pa3MbIBa]OlII4e CKOpOoTL{, a CIIJIbHo Ua6yxarO-
urlre (rn,lpoQl.tlrnue) nraHepa,rbl Tula MoHTMopr4JrJroHr4Ta noBbrrrraror rrporr4Bo-
3po3lioHHyro croiircocrb 3a cqer pa3nusufr B crlerrreHrau fCe4"rreqrufi, Jlapvouoe,
1e551.

ConporunneHr4e qacrr.rq [orrBbr orpbrBy noroKoM BoAbr, KaK frpaBr.rro,
Ha\lHoro 6o;bure rex cl{n fllApaBnrrqecKoro lpoucxo)K lle]Hr4fl, Koropbre ucIIbITbI-
BaeT JOXe IOTOKa B IIeJ'IOM, a TaOKe CnafarOUILIe efo TIaCTLIUbI nOr{B. OC.ira6:regUe
CIIJ CUelJleHI{t MeXify qaCTI4UaML{ IOqBbI IpOLICXOAI4T He TOJIbKO 3a CrIeT fI4A-

- 
Buno,rueuo no nJraHy HI,IP Hayvuo-r4ccne.loBare,rlcxoft

rpoueccoB urvr. H.14. Maxxaeeeea (f3) u npu $nHaHconofi
00414).
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paBn[qecKlrx 0I4JI rloroKa, Ho 14 6irarogapx MoneKy.]rrpHoMy B3ar4MoAeficrsu]o
r{acrl4u tror{Bbl c eoloia KaK BeluecrBoM nrrflonbHoro crpoeHug.. CHa\aJra cBfl3tr
MeXIy qacTnUaMu oc,ra6,r"aroTct B pe3ynbTaTe B3alIMogei.rcrnur qacTr4r{ [orIBbI c
nogoi'r, a 3areM r{acrlrubt, nI{urIBIrII4ec.s cBfl3l4 c cocerHI4MI4, 3axBarhlBa}orc-f, rlo-
roKox,r fllapraouoe, Syiuyee a r4 4p., 20I 6] "

llo4rnepN.ueHlle Bbl[rell3no)r(eHHoro [ono)KeHlrx rpe6yer cne4eHlrfi o
Mr.rHeparofurrecKoM cocraBe roHKr4x Opaxuvfi roqB, Svt:uxo_xr4Mr4qecKr4x 3aKo_
HOMepHOCT.f,X BJrIrHIlr Bonbr Ha ilorIBofpyHThl, a TaKXe SKCrIeplrMeHT€lJIbHbIX LIC_
crenoBaHl4i4 eo::eticrBllt pa3nl4r{Hbrx no MoJleKylxpnofi opr4eHTaulrlr Nu4rcocrefi
Ha florrBbr pa:uon cre[eHr4 rurpoQu,rbHocrrr. 3ro u ,BJrflrlocb rlenbrc sacrosruefi
pa6oru, B Koropofi s Ka.{ecrBe Bo3Aeficreyrorqr4x xr4AKocrefi prcnoJrb3oBa:rrrrcb
BOAa 14 3TI4JIeHfJrI'{KOJlb, KaK He noJrtpH€ul XLIAKOCTb, a pa3MbIBaeMOfO MareplraJla -
KaorIIrH 14 r{ep Ho3eMHat nor{Ba c npeo6na.uaHl4eM MoHTMopr4JIrroHI4Ta.

Mlruepa,rof uqecKlrfi cocrae norrB
fllluucrr,Ie MlrHepanbl - 3To frrAparl4poBaHHbre cnol4crhle 14 cJlorrcro-

reHTorrgbre cr4JrrrKarrr, o6pasyroruuecr [perrMyrrlecrBeHHo B nportecce xlrMrrqe_
cKofo BbIBerpI4BAllr4fl I'III4 rl4Aporrr{3a fopHbrx [opoA, a raK)Ke fr4AporepM€LJrbHbrM
nyTeM, oTll'Iqarcr{I4ect oT ApyrI4X cnoplcTblx clrJIlIKaToB BblcoKofi 4ucuepcuo-
crblo (pasnaep qacrI4II <1 uxnr) lr rr.r4poQlrnbHocrblo, qro olpeAen_fler r4x clerlr4-
Suuecxze Suszno-xr4MuriecK[e csoiacrea - cop6rtvro u uouurifi o6ueu. Onu _
caMble pacnpocrpaHeHHble I4 oqeHb pasHoo6pa3Hbre nopo4oo6pa3yroque Mr4He-
pnrrbr nepxuefr qacrr.r sexauofi Kopbr, fAe r{x coAepxaHlre IIo p€r3HbrM oueHKaM
cocraBJTter ao 40-5 0o/o or o6ulero cocraBa nopoA. Pasuoo6pa3r4e r.rrr4Hqcrbrx
MI4Hepa!.Ior o6yc,ronnl'IBaer urIaporcufi crreKTp r43MeHeHr4 fl. r4x ceoficrs ffpynro-
BeAeHr4e, 2005].

B 6o-rGruuHcrBe norIBeHHbIX Tr4noB B cocraBe r.ur.rcrofi Sparqura npeo6-
nanalor oKpI4cranrI43oBaHHbIe fJIr.{HI4CTbre Mr4HepalTbr, orHocrur4ec.f, K noAKnaccy
cnolrcrblx cllJll{Karon. 3ro 3Harrtr4T, qro B Izx Kplrcranrl4r{ecKr4x pe[rerKax B Kar{e-
cree o6x:areJlbHofo crpyKTypHoro KoMloHeHTa nprrcyrcrnyer clofi KpeMHeKr4c-
'iIopoJHbIX TerpasApoe. Hav6onee ruupoKo pacnpocrpaHeHHbrMpr B rrorrBax 14

noueooSpa3yloul4x rlopoAax fJIlrHI4crbIMrr MrrHepaJ'IaMI4 rBJlrrorct Kao.rrr4HI4TbI,
cJroXbI LI rl4lpocnronbr (u:rnurrr), BepMr4KyJrr{Tbr, MoHTMopr4Jr,rroHr4Tbr (cverrz-
ru). nrop[ITbl, [oqBeHHbIe xnoplrrbr 14 cMerrraHoc:rofiaue Mr.rHepiurbr. llouuuo
coScreeHuo f,rII{HlIcrbIX MrlHepa,ToB. T. e. ToHKoAI4cnepcHhIX cJrol4crblx er41rvKa-
ToB: B cocraBe [,uEcrbIX Qparcuuil nor{B tr no.{soo6pa3yroqr4x rropoA Bcrpeiraror-
ct MtlHepanbl, I{MeroIuLIe cTpoeHl4e, npoMexyTorlHoe Me)KAy.neHTOqHbrM r4 clrol{_
crblM (ceuuolnr-ranblrocxurrr), a raKxe HeKoropbre KapKacHbre cr4JrrrKaru (no-
JeBbIe runaru), KBap[. anlopQnue arr-IloMocrrJrlrKarbr (rpynna a,ro$auoe), nauue-
paJbl oKcI4noB I'I fllnpoKclI.loB xeiTe3a I{ arTIoMI4Hrna (rerur, ,rlerll4Aorporur, rz6-
6cl'rr), rap6oHarbr r.r HeKoropbre Jpyrrle Mr4HepaJrbr fcorco,roe & v rp., )oos1.

Munepa,u,I fp\'ttnbl KaoJ'IrIHLlTa AoBonbHo rracro BcrperrarcTct Bo MHo-
rl4x rl4flax rorrB. OHtt orHoctrc-f, r gnycnofiHbrM rrJtrr AByx3Ta]KHbIM crlovcrbiM
cI'InrIKaraM u o6o:saqarcTct qlrcJroBbrM [rHAeKcoM 1:1. Kpracrarnl4irecKa-fl pe-
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IrIeTKa 3TI4X MI4HeparToB cocToLIT I43 AByXcnofiHbIX naKeTOB, B KoTOpbIX Ha oAHy
cerKy oKrasApoB rlpl4xonrrTcfl oAHa ceTKa KpeMHeKrrcnopoAHbrx reTpa3ApoB. B
floqBax I4 rlorrBoo6pa:yroufllx nopoAax uau6o;ree IUupoKo pacnpocrpaHeHHbrMr4

lnlxc.ttofrHblMl{ cLIJTLIKaTaMLI fpynlbl KaoJrr.rHVTa l^Bltflrorc.s co6crBeHHo KaoJrr{-
Hr4r - Al1(OH)slsilOr0l rr rannya3ur - Ala(OH)8[Si4Or6] 4H2O fCoronoed v 4;p.,
200s1.

Kao.ruruur ne na6yxaer BcneAcrBrre lporrHbrx BoAoporHHx cs.f,sefi Nre-

xAy naKeraMLI. Y4elruax roBepxHocrb ero HeBerrr4Ka - or 5-7 go 25-30 w2lr.
Eunocrl Karl4oHHoro o6naeHa (EKO) coorBercrBeHuo Mana u o6H.{uo He npe-
Bblrrraer 10 nnolr (+)i 100 r fOploe v np.,2005].

Kao;u.tHIaroBble fJrtrrHbr coAep)Kar nplrMepHo 20-25o/o rrnr4cTbrx r{acTr4rl

(<0.001 nav), I43 HIlx 5-I0% qacrlzu Korrror4AHbrx pasMepon (<0,00025 nau). Ta-
Kue TJILIHrI l{Meror cpaBHr4Tenrso se6orbuyro ua6yxaeuocrb rr Jrr4rrKocrb [Bon-
AbrpeB, 19741.

B npe4enax 6opea,rbuoro rio-f,ca B cocraBe MHorr4x pbrx,Tbrx nounoo6pa-
3yrorulrx [opoA pa3n[r{Horo feHe3rrca KaoJrrrHlrT cocTaBr-fer 3Harrr4TeJrbHyro Ao-
JIro roHKr4x Qparqufi n pesy.rrbrare MHoroKparHbrx ulrK.rroB nepeHoca 14 flepeor-
JIOXeHI{' MaTepl4ana ApeBHLIX KOp BbrBeTpr.lBaHwfl. [{ [pOAyKTOB BbrBeTpl1lBaH]dfl
frrAporepMar'rbHo upeoopasoBaHHbrx tr3Bep)r(eHHbrx nopoA fcoronona v Ap.,
200s1.

flttsucrue rroponbl c BbIcoKrrM coAepiKaHrreM MoHTMopuJrJroHr4Ta Ha-
3bIBaIor 6esronurarran. Muuepanbl rpynrrbr MoHTMopr4JrJroHr4Ta - 3To rpexclofi-
HbIe anroMocr.rJrr.lKarbl c peruerrofi runa 2:I, t. e. oHrr co.Ilepx{ar.una c:rox (4ne
cerxu) KpeMHeKIrcnopoAHbIX Terpa3npoB, Me)KAy KoropbrMr4 pacnoJroxeH oKTa-
3Apl{qecKllil cloil. B ulrponofi nrareparype Anr o6osua.reHr4-f, Bcex Mr4HepaJroB
fpyn[bl MoHTMopu,'IJloHI4Ta B KaqeCTBe CT4HOHI4Ma qaCTO I4CtrOJIb3yeTC.rI TepMI4H
((cMeKrr4rrr> [OpnoB r4 Ap., 2005; Corolonev 4.p.,2005].

trll: uIaHepaJ-IoB MoHTMoprrnnounroeofi rpynnbr B rJrr4Hr4crbrx [opoAax
saLt6olee pac[pocrpaHeHbl MoHTMopnJrJroHr{T, 6efi4ellzr r4 HoHTpoHtrr. Ceofi-
crBa MoHTMopI{nnoHLITa 3Harr[TerrbHo orJrr4qarorc-{ or csoficre Kaonr4HI4Ta. nng.
MoHTMopI4.utIoHI4ra xapaKTepHa BbrcoKar yAenbHa-fl noBepxHocrb - 400-800 u2ir,
BblcoKat EKO - 100 MMonb (+)/100 r Ir Aaxe Bbrrxe; npra Ha6yxaHuv o6reu
MoHrMopr4nnoHr4Ta Bo3pacraer n 1,5-2,5 pa:a [Op:roB [r Ap., 20051.

MoHrnaopl4rlJroHuroBble fJrLIHbr o6ra4arcr, B orJrr4r{Lle or KaoJII4Hr4ToBbIX,
eHcorcofi ua6lxaenrocrblo, JILIfIKocrbro I4 cBr3Hocrbro. !l.a nux BecbMa xapaK-
TepHbIM TIpLI3HaKOM rBJr.fiercr BbrcoKar creneHb Ar4c[epcHocrra (4o 80o/o sactutl
pa3MepoM <0,001 urt. I13 Koropblx 40-45o/o r4Meror pa3Mep (<0,00025 nalr) [Eon-
rblpeB, 1974).

Cpegu fJILIHI{crbIX Ml4Hepanos 6omuoe Mecro [pr4HaAnex{r4T MuHepa-
naM rpynrrbl cnroA LI fl4lpocnroA. 3Tr.r Mr4Hepa-[br raK]Ke KaK r{ MoHTMopr4.nnoHr4T
I4Meror Kpl4crannuqecKylo pelxerKy rl{Ila 2:1 pt orHocrrcr K Tpexcnoftnuna cr4rrr4-
KaraM, Ho Ant HLlx xapaKTepeH errcoxrifi orpr.rrlarenrurrfi 3apfl1' nosHurarorqufi
B TerpasApl4r{ecKoNI cnoe 3a cr{er 3aMelr{eHr4r Si*- ua Al'- [OploB r4 Ap., 2005].
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B uo.Ieax 14 rlorrBoo6pa:yrour4x flopoAax crroArzcrbre M[Hepalbr, KaK

IipaBLIno, HaxoAtrct B cocraBe [br.]reBarbrx $parqufi u npe4craBJreHbr orAenb-
HbIMI4 KpI4CTannaMrI,,'IefKO paCCnaI4BarOqI4MI4C.f, nO IIJTOCKOCTIa CnafiUOQTtr Lr

LIHor.qa Qopnaupyrotul4Mr{ arperarbr n $opue ((KHr4)KeK)>. fra4pocJrroAbr (ranlurn)
npllcyrcrByror o6rtuHo B cocraBe rrJrrrcrofi u rosrcorrbrJreBarofi SparUuit u qacro
o6p a^:yror Mr.rKpoarpararbr HerrpaBrrJmso ft Sopurr fCoxonon d pr Ip ., 2 00 5 ].

llo Susuxo-xLIMurIecKrIM ceoficrsala fr4Aparr,rpoBaHHbre cnrcAbr 6o.nee
aKTIIBHbI, qeM KaOJTI4HItrbI, HO MeHee aKTITBHbI, iIeM CMeKTI{TbI. onra O6laAarOT
6oirrruefi eeruqnHofi EKO, 6omruefi AlrclepcHocrblo, rrz4po$n.rrbHocrbro Lt

yAemuofr roBepxHocrbro, rreM KaoJrrrHlrrbr ffpyuroeeAeHr4e, 2005 ].
BepuLrrcynl4Tbl - oro rpyfltra Mr4HepanoB, Koropbre KaK 14 rr4ApocJrronbr

(u;rnzru) o6pasyror cnroAo[oAo6nue cJrorz. Bepuuxynrrrbr orHoc.f,Tcfl K Tpex-
croifuuu cIrJrL{KaraM c rlIIIoM perxerKr4 2:l.3apnA sneMeHTapHofi .auefixz eep-
ML{KynI4ToB MeHbIrIe, qeM y cnroA rr fl4npocnrcA, Ho 6olrtue, r{eM B MoHTMopI4n-
noHI4Tax. Bc:re4crel{e sTofo rro cBor{M ceoficrnaN{ oHr4 3aHI4MarcT npoMe)Kyror{-
Hoe rroJroxeHr4e MexAy cnroAaMr{ n MoHTMopunnoHr4ToM fOpnon v I.p.,2005].

Mr.trep a,rbl fpyn rrbl xJr op r.rroB orHo cfl Tcr K qerbrp exc:ro fi nuu cJrol4crbr M
cI4nI'IKaraM tr o6osHaqarorct I{HAeKcoM 2:I:I. B ux Kpr,rcranir[.recxofi pelrerKe
rpexclofiHble lIaKerlrr 2:1 uepe4yrorct c eule oAHr4u go6anorrHbrM oKTasApr,rqe-
OKI4M crloeM. Heeunerpetlble xnoprlTbl BcneAcrBr4e naa,rofi EKO 14 orHocr4Tenbuq
Husrcofr creleHl4 AlrcnepcHocrll He oKa3brBaror cyrqecrBeHHofo BIrzrfl:nr4r, Ha
cop6qnonHue ceoiicrBa ilotlB. O4uaxo, MrzHepanbr srofi fpyrrlbr peAKo 6unaror
upeo6,ra4arcUllM KoMIIoHeHToM B cocTaBe ToHKoAIIclepcHbIX SparUrafi fCoro-
noBa !r Ap., 2005].

Cnreurasocnoirnue MrrHepanbr o6pasyror o6urupHyro, Ho or{eHb rrJroxo
Ll3yqeHHyto fpyrlny MrlHepanoB, cTpyKrypa KoTopbrx c.lroxeHa He oAHoTr4rrHbrMr{
IIaKeTaMLI, a IIaKeTaMr.I, [pr{HaAnex(arul4Ml4 pa3nI4rIHbIM LIHIIIBLIIy€UIbHbIM MI4Ho-
panaM. r{epeaoeaHl4e [aKeroB Mox(er 6rrrr yloprAoqeHHbrM, KorAa onpeAeJreH-
uufi Ha6op LI nocneAoBarenbHocrb naKeroB rroBToprrcTcfl rrepuoAr4irecKr4; Bo3-
MO}I(HO Ir HeynoptAor{eHHoe qepeAoBaHr4e rraKeroB, KorAa rrocneAHrre pacnono-
)KeHbI n c;ryuafruofi nocleAoBareJrbHocrr4. luaruocu4Ka cMerrraHocnofiHbrx Mr4-

HepanoB AocraroqHo c.lrolKHa lOploe v l1P.,2005]. lloororvry HeBo3Mo)r(Ho BbrAe-
rltrr ceoficrBa, xapaKTepHble An.f, ncefi rpynnbr cMelrasocnofiubrx crpyKTyp.
3ru csoficrBa Bapbllpyror B oqeHb rrrupoKrrx lpeAenax - B 3aBLrcr4Mocrrr or BXo-
.iIflIrII{x B cMellraHocloilHue o6pa:onaulrr KoMnoHeHToB, r4x coorHolrleHl4t 14 rle-

PEIOBAHI,I' B IIPOCTPAHCTBE.

B cocraee roHKoAI4cnepcHbIX $parqzfi roqB 14 noqBoo6pasyroulux ro-
poA cMellrauoclofinrte MrIHepa,rIbI Mofyr I4Merb pa3rl4rrHoe npor4cxolKAeHl4e.
9acru.ruo r4x reHe3r.rc cBr3aH c npoueccaMr.r BbrBerpvBaHvrfl 14 rroqBoo6pa:ona-
HI4.fl, rIaCTIrr{HO - C fHXpoTepMa-nbHbrMrr r4 ApyrrrMr4 HefrrlepreHHbrMr4 rrpoqecca-
lru. lllupoKo pacnpocrpaHeHHb]e B nor{Bax cMeruaHoclofiHrre [rnJrr4T-BepMr4Ky-
nI4ToBbIe LI u,rIJrLIT-MoHTNIopHnnoHLIToBbIe Mr4Hep€LTH o6rr.{uo flBJl.firorct rIpoAyK-
TaMr4 BbrBerpr4B aHtrf. cnroAr.rcrbrx cr4Jrr.rKaroe fcoron oBa u Ap., 2 00 5 ].
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TarcLrm o6pa:onr, eaxHeiiruue Srzsulco-xr4Mrrr{ecKr4e 14 no4no-Su3urrec-
Kue csoi{crBa nor{B 14 rrrr4Hr4crbrx nopoA - eMrocrb Karr4oHHoro o6uesa, rr4Apo-

Qlr"rrruocrb, cBt3Hocrb, rrullKocrb. peaKrll4.rr cpeAbl - HaxoAtrTc.rl B np.rlMoit zasu-
CI4MOCTI{ OT I4X MI,IHCOA-TO|IIIIECKO|O COCTABA.

(Dn:Hrco-xr,rMrrqecKue ocHoBbr Aeficrnnfl BoAbr Ha nor{BorpyHTbr
ConpenteHHble B3rJrtnbr Ha Quslrno-xr4Mr4rrecKrie acneKTbr nsauuo4efi cr-

B[Lf, BoAbI u [orIBorpyHToB, ualr6oree nonHo r43Jro]KeHbr e pa6ore B.LL OcvrrroBa

12013], Ha Koropyro Mbr B ocHoBHoM rr orrr4paeMcr Hrr)Ke.

Hapx4y c BHeurHLIMlr Harrprx(eHrrrMrr, o6ycronreHHbrMr4 3eMHbrM Trro-
TeHLIeM, rl4Apocrarl4qecKrrM AaBneHr4eM, MexaHI4r{ecKr4M eos4eficrnlreM Ha noqBy
parnoo6pa3Hblx ceJrbcKoxossficreeHHbrx opyAr{fi, s raxnofi ro.me 4vcnepcuofi
rIorIBeHHofr cpe4u 4efrcreyror BHyrpeHHrre HanprxeHr4.fl, pzt3Brrrlre Koropbrx cBr-
3aHo c pa3BIrrI4eM Srl:nrco-xuMurrecKux npoqeccoB BcJre.rlcrBpre pa3nr4qHblx ro-
BepxHocrHbIX f,BJIeHwil ua fpaHr.ruax Mr{Hepa,T - Bo3Ayx r4 MlrHeptrJr - NraArocrr. K
TaKUM .IBJIeHI{.flM orHocflTcr o6pasonaune AeofiHoro 3JieKTp[qecKoro cror qac-

rurq, o6pa3oBaHl4e Ha rloBepxHocrr{ qacruu rlrAparHbrx rrJreHoK ce-f,saHnofi BoAbr.

{ucnepcnue o6pasoBaHur cyuecrByror B rrpr4poAe 6laroAap.rr Hanuquro
ToHKIrx rI{AparHbIX rr.[egoK Ha noBepxHocrr{ Mr4uepanbHbrx r{acruq. ElaroAapx
3TI{M rI.lreHKaM AlrclepcHbrM cr.rcrenraM csoi.rcrBeHHbi raKr4e cnoco6nocrr4 KaK

arperallllt, Al4cneprar\ttf, nnacrr4rlHocrb, na6yxaenaocrb, cxclrMaeMocrb 14 MHo-
rIIe Apyrl{e. Couacuo Susr.rxo-xr.rMr4r{ecrofi reopuu eS$errr4BHbrx uanprNeuufi
B rpyHTax, ycroiiulrBocrb Ia ueyc'rofiqnBocrb AlrcflepcHbrx crrcreM, K KoropbrM
OTHOC'TCfl I{ IIOI{BLI, OnpeAenteTct COOTHOIXeHI4eM CI4n IIpI4TtnteHI{t t{ OTTa^IIKII-

Balr^rrfl. Mex(Ay rIacrLIuaMLt. B ocsoBe crrJr rlp[IT.rrx(eHr4r JIe)Kar Me)KMorleKyn.rrpHbre
B3allMoAeitctutts. (clurrt BaH-4ep-Banrca). Culanau orranKuBaHr4r rBJrrrorct
oneKTpocrarl4r{ecKl4e B3ar4MoAeficruvn, Bo3Hr,rKarculr{e B pe3ynbrare rrepeKpblBa-
HI4t BHeIITHIzx (AuQSysnrrx) qacrefi 4nofiHux 3reKTpuqecKr4x cJroeB rracrr{u, TaK
KaK B sToM cnyqae oAHouMeHHbre r{acrr{ubr orrzurKr.rBarorcr. lpyraa [prrrrr4Ha,
npentrcrBylouat c6:ruNestfio qacruU, Kpoercr n o6pason aHrrr4 a4cop6upoBaH-
noi;i BoAbI Ha ultuepamuofi rroBepxHocrr.r, o6laAarouefi cnequSuuecKr4Mr4
crpyKTypHrrMIa ceoficrBaMlr. To,'Irt1uua ycrofiuunbrx rpaHr4rrHbrx BoAHbrx [po-
cJIOeK, COOTBeTCTByeT TepMOAr4HaMr4rreCKOMy paBHOBeCr4FO Cr,rr flplrTfl)r(eHrrfl. 14

orranKl{BaHfi-f, Me)KAy B3arrMo4eircrnyrour4Mr4 Te.rraMr4. Ifto6oe r43MeHeHr4e rep-
I,IoIIIHaMI4TIeCKO|O I4.t]rr MeXaHI4qecKofo paBHoBecl4t MexAy rIacTr4uaMI,I [pI4BO-
nur K Ll3MeHeHlto flrAparuoi.t n.rreuKll LI Harrp.nxesnfi e Hefi. I,Is6HroqHoe AaBne-
HI1e, Koropoe [poflBJ'Irer ueNQasnafl npocnofira Nugrocrr{ [pI4 ee yToHqeHr4I4
IIIII yTOnUeHr{t{ ilOXyqnno Ha3BaHLre pac KnlrHrrBaroulef o AaB,rIeHur.

Buepnrre [oHtrLIe pacKnllHrrBarottlero AaBneHrdfl ToHKr.rx fpaHur{Hbrx
IITIeHoK BoAbI 6rtno BBeAeHo B.B. leprrr4HbrM z M.M. Kycaronuna [1936]. IrIs
sapy6eNnblx yrreHblx 6o:uurofi nr;raA B rrccneAoBaHr4e AaHHofo Boflpoca BHecJrr4
J.N. Israelachvili 119781 u S. Mar6elja u N. Radii lI976l. C nosraqufi repuo4rr-
HaMI'IKI4 nOA paCKnrlHIrBaFOUlr.{M AaBneHI4eM rI4AparHbIX nJleHOK IIOH[rMaeTCt
pa3Hocrb AaBneHut BHy'TpI4 [neHKr4 MexAy AByMr r{acrrlrlaMlr Lr B o6renrsofi
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Q ase NuaKocrI'I. B enlr.ilaua p acKnruHr4Baro uero AaBneHIrr gaBr4czrr or ronrqrrHbl
IiJ'I€HKI4 B KoHTaKTHoM 3a3ope. B cnoro oqepeAb paccTorHrre MexAy noBepxHo-
crrMr.r coceAHr.ix qacrurr onpenenrercr cyMMapHbrM geficreueM clrJr rrpr4TrxeHr4t
r.I oTTaJTK Lr BaHI4fl TB ep;IbIX nO B epXHOCrefi C O CeAHIIX qaCTU II.

Pacul.rnlrBarollee nei{crBue Mox(er 6rtrr KaK flo.lro)KrlTeJrbHbrM, T.e.
npentrcrBoBarb yMeHbIIreHHrc Torrqr4Hbr frJreHKr{, TaK I4 orpr4rlareJrbHbrM - c[o-
co6creonarb ee yroHbllreHLto. I4sMeHeHrle ronllr4Hbr [JreHKr4 npoqecc 4ocrarorr-
Ho MeAreHnrii.r.

Ha uexQa3HbIX rpaHuuax rBepAbrx reJT, xr.rAKocrefi r4 ra3oB 4eficrnyror
clIJIbI MoneKyntpnoii rrptlpoAbl - cl4nbl Bari-gep-Baa]rbca. Cyvruapnafl Berrurq.2rHa
STIrX CI'IJI 3aBI4Ctrr OT CTeIIeHI{ nl4cllepcHocTrl Marep[ana, noSToMy oHI4 r4fparor
6onruryro ponb B npoueccax, [por4cxonrrrlr,rx B r.]rr,rHr{crbrx Mr,rHepanax. F.
London 11930] BrepBble LI3Mepun AaJrbHocrb Bar4MoAeircrrlzrs MelKMoJreKynrp-
HbIX cIIrI. llosNe rpyIaMLI E.M. Jlz$ruuqa 11955] r.r Apyrr4x oreqecrBeHHbrx vc-
cneAoBare"rrefi f!:xnouruscnnfi v ltp., 196l; IluQurlrq, llzraeecKvri,r, 1978] 6uno
ycTaHoBJIeHo, r{To CLIJ'IbI MoJ1eKyn-[pHoro B3al4MoAeilcreun y6rrearOr 6uCrpee,
rIeM creAyer I43 pa6or @. IlonAoua. Tarc 3Heprr4r MoJreKynflpHoro nprrrflxeHr4t
am cQepl4r{ecKl4x qacrrll y6unaer flponopur4oHa.nbHo KBaApary paacroflHr4fl,
A.llt ro.rrcrbrx flracrr{u - rcy6y, r4 r{erBeprofi creuesv - rtn roHrr4x rracTtrr{.

r{acrt'rqu rJrll HLIcrbIX M llHep airo B Hecyr noJr o)Kr4Te.lrb Hbr e 14 orpr4rlareJrb -
Hbre 3ap-rrAu, e o6.rracrr{ Koropbrx KoHrreHTpr{pyrorcfl nporr4Bor4oHbr. Taxuna o6_
pa3oM, Ha [oBepXHocTIr qacruq o6pasyercs AnofiHoi.r OreKrpr4rreqcufi cnofi. llpra
HarTI4rlIlI4 B"rlaru B BuIe aAcop6upoBaHuoro cnot npoucxoAlrT flrApaTallr4fl. e1rofl
rIpoTIIBoHoHoB. B pe3ynbraTe KoTopofr rax B3arlMoAeficreue c 3aprAoM rracrr4qbr
oc,ra6"rqerct Ir Kor{rreHcaqlloHuufi cnofi [porl4Bor4oHoB pa3MblBae refl 14 Aenl4Tc-rr
ua a:cop6uuoHHbrr"r c;rofi nporr4BorroHos - crofi lllrepu6epra v ausQyrnrrfi
cJoI"I nporllBolloHoB - c"qoi{ fyu-gontreua. B au$Sysuufi cnofi [porr4Bor4oHoB
3a cqeT oc\loca npoHr.rKaroT MoneKynbr BoAbI, r{To [puBoArrT K yTonrrleHLrro Aa$_
Qr:Horo c.lot. iI HaKoHeu, qlrcJro r4oHoB 14 Karr4oHoB BhrpaBHrrBaercr. Iu$Qys-
Hrrir c-roit Ha\IHoro roxlue a4cop6qr.roHHofo 14 paclpocrpaHrercfl or rroBepxHo-
crrr qacrrru -to 100 Hrr (10-'u) pr 6onee [Ocunon,2013).

f"rlruncrlle MI{HepaJrIbI Aaxe B Bo3Ayrrrnofi cpe4e a4cop6rapyror MoJre-
K\ -lbl Bo-lbl lI )'nepxl'rBaror r.rx n $r.rsl4qecKr4 cBr3aHHoM cocrorHr4ra. llpovuaa
cBt3b a:cop5utrosuoi't rIreHKI4 BoAbr co3Aaercr 6naro4apr o[r,rraKcr4r4 - r43MeHe-
Hrllo crp\-Krypbr MoneKyn BoAbr noA Bo3AefiCrnr.relr ueHTpoB npr4TrxeHufl Ha
Salanrsor:t [nocKocrl4 r{acrllllbl. Bo,uu n a4cop6upoBaHHoM cocrorHr4r4 orJrr4rra-
erct or ceo6orHoro cocroflHu.q. OHa He nepeAaer rr4Apocrarr4qecKoro AaBJieHrrr,
He o6ralaer cnoco6Hocrlro B3BeIuI{BaHr4s., a B.f,3Kocrb ee e 3-5 pa3 Bbrrrre, rreM y
csoSorHoii eoAu. llpn c6:ru)KeHlrli rnr.rHr4crbrx r{acrr4rl Ao [epeKpbrrvfl a4cop6n-
poBaHHbIX ILTIeHoK BoAbI B03HuKaIoT cl{IIbI oTTarTKI4BaHI4t, o6ycloe.neHHble
c rpyKTyp H o - M exaHl4r{e c KI{M I'I c e o fr cre aN{ v agc op 6vtpoBaHHbrx rr JreHoK. 3rrz cultr
Ha3brBarcTc.rr crpyKTypuofr KoMrroHeHrofi pacrnr4Hr4Barouero AaBneuur^. pagvyc
4ei'rcrwrx crpyKTypHbIX cIrJI 3aBr{cr4T or crerreHr4 ruoSunruocrv 6asamHofi
nJrocKocrl'I qacrllu' CrpyrcrypHa{ cocraBJrflroluafl pacKJrrrHlrBarorrero AaBJreHlrfl
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AellcrByer B ToHKI4x rIJIeHKax ronrqr.rHofi MeHee 5 nu. fuapoSo6usaq:zfl. noBepx-
Hocrrr 3aMerHo cHr.r)Kaer paAr.ryc aeficrnun crpyKTypHbrx cr4Jr, BnJrorb Ao nonHo-
to ux I4crIe3HoBeHut.

PaccuorpeHHble BbIIrIe KoMIIoHeHTbr pacKnr4HrlBaroruero AaBJreHus, refi,-
crByroT oIHoBpeMeHHo r.{ r43MeHfforct [o pa3nllt{HbrM 3aKoHoMepHocT.rIM B 3aBI4-

cLIMocrI4 or roJTuII4Hbr frrrparsofi rrJreHKr4. llprl lrovr MoneKyJr.flpHa-rr cocraB-
rtrouat uMeer orplluarenbHoe 3HaqeHr{e, T.e. crpeMl4Tbc.f, c6lugl.rru qacrl4rlbl.
3lercrpocrarlrqecKat I{ crpyKTypHar KoMrroHeHTbr rroJroxr4TenbHbr r4 npen-rrrcr-
Byror c6rzNenurc qacrr.rq.

SlexrpocrarllrrecKat KoMrroHeHTa xapaKTepu3yerc-rr gaH6omruuna

,ilanbHoAeficrsueN{. B pas6anneHHbrx pacrBopax oHo Mo}r(er Aocrr4rau 300-500
uu. Mo,reKyntpHat KoMnoHeHTa rrporBnser sau6oJlb[ree BnkrflHne flplr roJrulr4He
rrreHoK MeHee 50 nna fOcnnos. 20]31.

O6rer<ru H Meronbr uccJrenosaHufi
Mo4elrurre o6pa:unt 6unu Ll3foroBJreHbr rr3 [axorHoro ropr43oHra (0-

20 cu) BblrlreroqeHHoro .rrerKorJrr4Hrrcroro uepHosenaa (Bonorcxufi pafioa, Tylr-
cxa-s o6,Tacrr), o6oralueHHoro KaoJrlrHa (uapra KE-z. E;resuscr<oe Mecropoxqe-
Hue) n KBapueBoro rrecxa (Teepcxaa o6lacrt, $paxuua 0,25-7,0 nrnr). Elesuu-
cKoe Mecropox(rIeHIie DiTroBLIaJrbHbIX KaoJIrrHoB pacnoJlo)KeHo B Kapra,uaHcKoM
pailone r{els6uscxoli o6.rracru 14 reHerur{ecKr4 cB.f,3aHo c lusefiHo-Tperrlr4suoft
xopoil BbIBerpI4Batvrfl KpynHo3epHr4crbrx nopSraporr4AHbrx MrrKpoKnr4HoBbrx
rpaHrrroB lxa6ur-Kaparaficrcoro MaccrrBa fCorogrcvfi u gp., 20091.

llo AaHHbrM o0uqualrHoro caina Hosoxaorr4HoBoro ropHo-
o6orarureJlbHoro rov6uuara (HfOK) co,qeplr(aHtre Mr4HepaJrbHbrx KoMnoHeHToB
e o6orarqeHHoM Kao.luHe (rraapr<a KE-2) cocraBnrer: Kaor[rHut - 84o/o, KBaprI -
80,4, rI'rlpocnloAa - 7oh, norenofi Irrrrar - Io , cepr4r{r4T - cneAbr. Co4epNauue
r{acrllu c pa3Mepanu <5 MKM - 30*5oh, <20 narna - 60+50A, <63 vrv - 99.4%
lTy s7 29 -070-00284s3 0-961.

I4s naxorHoro fopl43oHTa rorrBbr nyreM clxoro npoce[rBauvn orlupamr
arperarbl Sparqzfi pa3MepaMer 1-2 u <0,25 lrnr. fpanynoMerpr4.recrczfi cocraB 14

HCKOTOPbIE NPYTUC XAPAKTCPIICTI,IKII NAXOTHO|O |OPI,I3OHTA TOIIBbI NPIIBEAEHbI B

ra5;urue 1. HasecKr4 Bo3AyruHo-cyxofi ror{Bbr ($paruuu l-2u<0,25 nav) raorr-
Ha IIJII necLIaHo-KaoJII4HoBofi cuecr.r floMetuanr{ B MeraJrrll4qecKlre 6roxcH u sa
18-20 qacoB Ao Har{a[a 3Kcnepr4MeHTa cMaqr4BaJrrt soAofi r4Jrr4 3TrrJreHrrrr4KoJreM.
Braxuocrb HaBecoK AoBoAr4nrr N 24o or Maccbr Bo3AyrrrHo-cyxofi npo6u.

HenocpegcrBegHo [epeA 3Kcnepr.{MeHToM yBna)KHeHHbre HaBecKr4 Mo-
.feJbHbIX npo6 nepeMelrruBarr4 Ha rll4cre nepfaMr.rHa Lr 1eilvrzr Ha rpu paBHbre
r{acrl{. He6o,rrurI4MI'I rropuvflMpr nepByro r.r BTopyro saerr4 [epeHoc[nr4 B Kaccery
c Bno)KeHHbrM B Hee nepeBrHHbrM BKnaAbrrrreM AnvHofi s 20 MM, pa3paBHrrBurtr Lr

Ka)KAyro qacTb oTAenbHo ynJIoTHrJrrr AepeBflHHbrM cTepxHeM KBaIpaTHofo ceqe-
HI4t, nJIorHo 6es 3a3opoB BXoAI4BIrrlrM B Kaccery. lloc.rre 3aKJiaAKr4 eropofi qacrrr
o6pasqa Ha Kaccery craBlrnl{ HaAcraBKy raKoro xe cer{eHl{t, r{To n Kaccera, Lr

nepeHocr4Jrr.r B Hee ocraBrxyrocr qacrb npo6u. Kar u B rrepBbrx AByx cnyrraf,x
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MaTepI{ar'I B HaACTaBKe pa3paBEldBailId IIO AHy I4 3aTeM B Hee BCTaB.n-[nI4 KBaApaT-
HbIi{ AepeBtHHbIfi crep)KeHb. no Bbrcore B TorrHocrn paBHbrfi HaAcraBKe. 3areu
Kaccery c HaAcraBrofi tr crepll(HeM IIoMetIIa-IIr4 B BI{HToBofi npecc 14 BpaIqaJ'IH

Bl{Hr Io ynopa. Taxuu o6pason, IloBepxHocrb MoAenbHbrx o6pasqoe [plrBoAr4nr4
BpoBeHb c o6pesorra Kaccerbl, a I4x cpeAHroro nJrorHocrb AoBoAI4nv Io sallaHHoro
3HaqeHl4fl e 1,3 f/cM-', LIJIIr olpe4lelrflnv pacqerHblM c[oco6oM, ecJII4 ocraB€LJlct
ocraroK npo6rr.

Ilpultevanue: OB* - \{accoBas .qorr opfaHlrqecKofo BeruecrBa, no Troprlny; x* - o6-
NreHHbr e ocHoBaH Hr no LLIo.l"leu6eprepy.

3Aecr v s talilatte 2 (Dragl4Ko-xl4Mr4r{ecKrre aHaJrrr3br, rparryJroMerpr4qe-
crufr ra MuHepaloruqecx[fi cocraB IIorrBbI BbrIIo.]rHeHH e llo.rgeHHoM I4HcrI4Tyre
lrvr. B.B. loxyuaeea.

B encnep[MeHTax ucronb3oBar'rr,r flrApoAlrHaMrrr{ecKyro rpy6y nprMo-
yfonbHofo cer{eHfifl c BHyrpeHH[Mr4 pa3MepaMu 19,5 u 29,9 uu o6qefi gnuuoir
L:1020 MM, rr3roroBneHHyro r43 rrJreKcr4riraca rorrquuofi 12 v'rvr (puc. 1).

Plrc. 1. Cxeua rr4ApoAr4HaMrrqecKoil rpy6u
HoMerp, 3 - o6pa:eu [oqBbr, 4 - raccera, 5

TeJrbHat rrpoKnaAKd, 7 -

: 1 - perynrrpoBoqHrrfi rpau, 2 - tv,a-

- rrnyulrep,6 - pe3r,rHoBa.rr ynnorHrl-
noAaroruufi euHr.

Ta6,rr'rqa 1 " @Iasu rco-xuMl'IqecKtr{e r{ $r.rsuuecrcue ceofi crBa [axorHoro fopr43oHTa
Ll ()39Mit

Co4epNaHze
oB*,

%
PHn:o ^LIPT IKCI

N,rrro,rr(rrce)/l 00 r noqelr.**
0Z or cyuurr o6iueunsrx ocuoeaHnfi

luacrnu
<0,01 nv,

%

5,J9 6.53 55R
Ca'- lvlS- Na- K-
30.4
87.0

i 5R

10.2
cJie.qbr

oq7
2,9

50q
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Kaccery c MoAenbHuna o6pasuoM rroMerualr4 B npoeM B creHKe rpy6rr u

Qrarcrapona,'Il4 TaM 3aKperrr4TerlbHblM Br{HToM, rrro I4cKJIroqa,To ee [poAoJibHoe
nepeMeuleHl4e B npouecce oKcrpy3r.rlr npo6rr r43 Kaccerbr [oAaroqr4M Br4HToM B

TCqEHI4E OTIbITA.

llpeAeapureJrbHo nolSnpa,rr4 creneHb orKpbrrrrr BrrycKHoro r4 BhrrrycK-
Horo BeHTulefi c reM, .{ro6rt o6ecne.{r.rBarb cKopocrb rrorora n rpy6e 6lusryro r
1,0 l,r/c (0,98-1,04 vr/c). PacxoA BoAbr r{3Meprnz c rroMorrlbro BoAoMepHoro c.rer-
qllKa I4 BIIAeoKaMepbI. Tar rcar cKopocrb pa3MbrBa [orrBbr 3aBtrctrr or reMnepa-
rypbi BoAbI fllapuonoB I{ Ap., 20141, ro B rrponoJr}KeHrre orbrra ee noAAep>KvBarv
B y3KoM ALIa[a3oHe. lloc,re nycKa BoAbI rlo Mepe pa3MbrBa npo6y [ocTerreHHo
BbIraBnuBaJrLr tr3 Kaccerbl c reM pacrreroM, uro6rt noBepxHocrr o6pasrla Haxo-
.{lrnacb Ha ypoBHe 4ua rpy6lr B TeqeHr.re Bcero orrbrra.

Onrtr nporonxanl{ Ao IIoJrHofo pa3MbrB o6pasua vrrpr B re.reHrae 30
uuu. Bo BTopoM cnyqae ocrarKr.r o6pasqa r43B.rreKaJrr4 r43 Kaccerbr r4 BbrcyrrllrBillrr4
.qo Bo3AyllrHo-cyxoro cocroflHlr-f, rr B3Berrrr4Burv. IrlnreHcrasHocrb pa3MbrBa Bbr-
qI4cJItJII4 KaK r{acrHoe or AeJreHlrr crrurofi Maccbr o6pasqa Ha BpeMr r4 rrpr4BoAr4-
nI4 K nnouaAl4. paBHoii I u'. SpoalrpyeMocrb onpeAenrnr4 [yreM AeJreHlrr r4H-

TeHcIrBHocrII pa3MbIBa Ha rcy6 crcopocrrr noroKa. Onrrru npoBoArrnw e 3-6-
rcparuofi [oBTopHocrr.r.

llo AauHuM Ml4Hepanorur{ecKoro cocraBa r4Jrr4crofi $paruuu (<1 lmu)
naxorHoro ropl43oHTa qepHo3eMa ee coAep)Kanr4e cocraBJrrer 25,50 ta npel-
cTaBIIeHO CneAyTOULIMI4 KOMnOHeHTaMT4: CJrOX(HbrMr4 HeynoprAoqeHHbrMlr cMe-
llaHHocrloiisurratr o6pasoeauvflM\r cnroAa-cMeKTrrroBoro rr{na c pa3nrrqHbrM co-
r{eTaHueM cnrcArlcrblx LI CMeKTIITOBbIX [aKeTOB Kp[ICTannI4TaX, |I,IApOCJITOAaMII,
KaorHH r.rroM. xnopnroM (ra6t. 2).

llo 4anHrrM peHTreH-4uSparcToMerpr4r{ecKoro aHaJrvr3a cueruasocrofi-
HbIe cnIoAa-cMeKTI4ToBbIe o6pasoeaHr4fl orHoc.f,Tc.f, K Kareropr{u cr4JrbHo p€tsyrlo-
ptAorIeHHbIX t{ BblAenmorcr c Bbrcorranr (6olee 50%) coAep)KaHr4eM cMeKTr4To-
BbIX IIaKeroB LI Hu3Kuu (ueuee 50%) cnrcAr{crbrx. fu4pocJrroAr4crbrfi xounoueur
rlpeAcraBnter co6oli cMecb Suorr.rroerrx v MycKoBr4ToBbrx pa3HoBr4Auocrefi
crrroA. Kaorr.rulm ro rapaN{erpaM peQler<coB npr4 0,71 u 0,357 HM orHeceH K

Kareropl4l{ HecoBeplueHHoro. X;roprlr rro r4HTeHcr4BHocrrna peSnexcoB rrpr4HaA-
JIOXIIT K MafHe3I{a!-IbHO-){'.exe3I'lCTbIM CI4.IIbHO AefpaAI4pOBaHHbIM XlOpZfanA. B
ulucrofi Sparcunlr raKXe tipllcvrcrByror 3epHa KBaprIa lr.lrucrofi purMepHocrr4.

AATT

Ta6nlrqa 2. Cooruorleul4e MrrHepanoB B r4Jrrrcroir Spar<qura (<1 uru) raxorHoro
L{30 TA I{EPH )3eMa

Cogepxa-
HUE

Qpaxuuu
<1 ttlxlt,

%

(Dpaxqux <1 nrxu, oZ floqea e rleroN4, o%

CuelraHoc-
,roirgue

M14Hepa,lbl

I_ugpo-
cnroAa

X.ropnr
Kao,rn-

HIIT

Cueuasoc-
:roiinsre

MZHepanbr

fu4po-
cnroAa

X,ropur Kaolu-
HHT

25.50 445 3 1.5 1.9 22,0 1t,4 8.0 o5v)" \6



IIpe4cranneuHoe coorHorrreHrre ocHoBHbrx Mr4HepiL'roB B ulrzcrofi
Qpaxqun flBnterct AoBonbHo rrrrrur{HbrM Anr rrepHo3eMoB Ha JreccoBr4AHbrx or-
JIoxeHl{flx, o qeM HeoAHoKparHo ynoMr.rHa^nocb B nr4Teparype [r{lrNuKoBa, 1974;
PoNraHosa r{ Ap., 1982:9raxuKoea u rp., 2010].

!,rrr npoeerrleHrrr MoAenbHbrx oflbrroB B KarrecrBe neua6yxarculero Mrr-
Hepana 6rr,r err6paH KaoJrr4Hlrr, coAep)KaHrre Koroporo s AaHHofi rorrBe cocraB-
lxer 5,6oh Qa6t.2).

!,rr.t pa:nabrBa r4crro.nb3oBanacb Bona u He o6.naAarotuat AlrlonbHbrM
crpoeHl4eM xo{AKocrb - grLIJIeHrJrrlKo,Tb. @lrsfi.recrue ceoficrBa gTI4.]reHfJrI4KoJIt

cneAyrourle: rrloruocrb npr4 20 C - 1,116 f/cM'. rcoeQSuuueHT ArrHaMr4qecKoro
TpeHLIfl - 0,19 cxt'lc. Hecrrorpx Ha purnr4rruue QusuqecKr4e xapaKTepr4crlrKlr
BoAbI I4 3Tl{neHrnl4Ko,rr.fl B rr{ApaBrlra.IecKofi rpy6e ycraHaBrrI4B€L'IIrcb ilorrru oAI4-
HaKOBbI e C KO pO CTr4 npl4 MaKC 11 MarIbH O M OTKpbITI4I4 3 aABrr)r(eK HaCOCa.

Ha nepnou 3Tarle 3Kcrrepr.rMeHTa,TbHbrx r4ccneAosauufi [poBoAr4nvcb
orIbITbI c soAofr npll pa3nI4qHbIX coqeraHLrrx Kaonr4Ha c necKoM u $paxqraefi ar-
peraroB <0,25 MM r43 r{epHo3eMHoi.r no.{su. KourpoJreM cnyxr.rna Sparqua arpe-
raroB 1-2 nau nptr [norHocrl4 1,3 r/cu'. Bropofi oran oKcrrepr.rMeHToB BKrForrail B

ce6t onurbl c HacbIIIleHI4eM [r pa3MbrBoM MoAeJrbHbrx o6pa3uoB orr4JreHrJrrrKo-
neM.

Pe:y,r srarbr lr odcyxgenue
P esy.rmrarbl 3Kcnep IIM eHTaJIb Hbrx uccneA osaluft np [rBeAe HrI s ra6rraqe 3 .

Ta6,rruua 3. I,Isrencr.IBHocrb pa3MErBa MoAenbHbrx o6pa-:qoB rraxorHoro ropr43oHTa

_ qePx9!9u42 KaonlrHa u [ecrraHo-KaoJll4HoBbrx cMecer4 BoAor4 r{ STr4JreHruII,IKoJIeM

^ IlJrorHocrb Cnooocrs l4Hreuchsuocrt

Tl|i]t npo5'. ir;. noroKa, pa3MbrBa. rpoAHpveMocrb'

f/cM- Mi c f/M-c

Pa:Mrrs eoroii

Kao,lrrH 0,99 1,00 2r,30 21,30

Kaorr.rri 50oh + flecoK
s0%

1,04 64,40

KaornH 85o/o + no.tea*

Kao.ruu 50% * [o.{Ba*
50% 3,86

3F---l 11q

141

floqea
(rppaxqnx 1-2 r,ru)

Pa:Mrre 3Tr{JIeHIJII{KoJIeM

Kao,.ruir 85%
+ necor 150%

0,99 0,66

floqea* 1 .56 4 1,00 4,08 3,92

noqea
(gpaxuur l-2 *r) 1'30 3 o'98 ' o'oo o'oo 

i

* 
$paxunr flaxorHoro loplr3oHTa qepHo3ela c pa3MepoM ar-peraroB <0.25 rr,tn; n - KoJ,rr.rqecreo rl:nepeHr.rft.

0,611,49
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Irls no,ry.reHHblx AaHHbrx cnenyer, rITo SKcrrepr4MeHTbI no pa3Mrrny o6-
pa3IIoB soAoi{ Bo Bcex BaprraHTax orrbrra BbrflBnltvt 3Hartl4TerbHble BeJII4r{I4HbI I4H-

TeHcI{BHocrI4 cMbIBa r.r DpoAr4pyeMocru. llpuueM Kaonr4H npr4 nnorHocru 0,99
, .i ), )r/cM- rroKa3ar 3poAr4pyeMocrb paBHyro 27,3 c'lrvt'. B ro )Ke BpeM.rr DpoArrpye-

MOCTb CMeCI{ KaOnIrHa C neCKOM, B3tTbIX B paBHOM OTHOITT9HI{VL, 6ttna BbIIrIe 60-
ree, qeM s 2 pasa. IIo cpaBHeHl4ro c qrrcrbrM KaoJII4HoM, HecMorpt Ha yBeJlurreHue
IIJIorHocrIr cMecl4 no I,75 r/cv'. Bepoaruo. 3To cBr3aHo c yBerr4r{eHueu cpe4uefi
KpynHocrl4 Marepl{a;ra. BoAuufi noror 3axBarbrBaer cpaBHr4TeJrbHo 6olee Kpyn-
HbIe IIecqI4HKIr cKopee, qeM MeJrKr4e i{acrr.IqbI, Koropbre o6raAaror crIeIIJreHI4eM

fMaxraneen, 19551.

[alee ro BexLIqIzHe yMeHbIrIeH[Ir 3poAr4pyeMocrr4 cneAyer cMecb Kao-
TILIHa (85%) c Sparcquer.t uepuoseMa c arperaraMr4 pa3Mepou <0,25 runa (15%).
SpogupyeMocrb erofi cnaecr4 cocraButa 7,77 c2lw2. Erue HraNe oporr4pyeMocrb
cMecr4 Kao.rrr4Ha u Spaxqur4 rrepHo3eua (<0,25 unr), r:xrofi e panHoM BecoBoM
orHoIrIeHL{n. 3ra cMecb 6rrasra r Qpaxqur.{ qepHo3erva (<0,25 una) u [orrBeHHbrM
afpefaraM pa3MepoM 1-2 laru rpr.r nnorHocrr4 1,30 r/cu',. 3poaupyeMocrb 3Tr4x
o6pasqoe B AaHHbrx BaprlaHTax onbrra cocraBrrra 3,4I,3,39 v 3,52 c2lM2, coor-
BETCTBEHHO.

PasN{rts Drrl.neHrnuKorreM cMecr4 KaonrrHr.rra (85%) u recKa (15%) noKa-
3a!'r Har{MeHbrxyro 3poAr4pyeMocrb - 0,66 c"lM'.3po4upyeMocrb Qparquu uep-
Ho3eMa (<0.25 nau) 6:rlr:Ka K BeJrl{qrrHe rrpr.r pa3MbrBe BoAoit glx cMbrBa 3Tr4-

neHrJrr{KoneM - 3,92 c2ltvt2 14 rnfl BoAbr - 3,3g 
"'l*'.llora:are:rbHo. rITo B BapIraHTe onbrra c [oqBeHHbrMlr afperaraMrr pa3Me-

pou 1-2 lnt qepHo3eMuofi no.{nbl oHr4 npaKTur{ecKl4 He pa3MblBanl4cb gTl4.lreHfJur-

KoJle\{. Tanoe [oBeneHl4e [oLIBbI noKa3blBaer, r{To orl4neHfnllKorlb, KaK He rlon-[p-
Hat xll-lxocrb. ue cnoco6Ha Hapynarb cBr3rr Mexry arperaraMr,r florrBbl Ha HeKo-
ropori r-rr 6Irue. u rIo3ToMy MexarperarHbre cBfl3r{ yAepxr4Baror r4x ua vecre. B
oSpa:ue rr: QparuHH qepHosenaa (<0,25 nana) cMbrBarcrcr qacrrrrlbr c pa3MepoM
]leHee 0.25 rttvt, cBt3I4 Mexqy KoropbrMlr ycraHoBr4nr{cb, Ho rr4ApaBnr4qecKoe co-
fiporrrB,leHue (rpeHue) r.r:-ta Marrocrrr qacrr.rq [peBbrrxaer 3Tr4 cB'l3rt.

Taruu o6pasou, pe3ynlTarbr sKcrrepr4MeHToB no pa3MbrBy noqBbr, Kao-
.lttHa. c\IecLI KaonlrHa c [ecKoM u Spaxquu qepHo3eua (<0,25 Llru) rroKa3arTrr
c\ [IecrBeHHoe pa3nurll4e Me)KAy AByMr pa3nr4qHbrMr4 x(r4AKocrrMr4 - no4ofr, no-
Topat [pelcraBnxer co6ofi xllAKocrb rlonflpHoro crpoeHu fl., 14 irrrrreHrJrr4Ko.rreM

- BerrIecTBoM HeflonrpHofo cTpoeHI4.rI.

3arclroqeune
AHa,rlrs pe3ynbraroB pa3MbIBa rlepHo3errasofi nor{Bbr, coAepxarlefi e He-

3HarII{TeirbHoM KoJIIrqecrBe ue Ha6yxaFoiuue MLIHepaJIbI, 14 Kao,rII4Ha eoAoil Lr JTu-
reHfJII'lKoJreM, cBl4AereJrbcrByer o roM, qro BoAa o6naAaer 6onruefi cnoco6no-
crbro K pa3MbrBy nor{B r.r rpyHToB, coAep)Karuux na6yxaroq[e Mr4Hepzlnbr rvrfla
MoHTMopI4JIJloHI4Ta, r{eM STrlireHrJrlrKoJlr. Sruleuf.nr4KoJrb cloco6eu pa3M6lBarb
KaorI4H B cMecl4 c IIecKo\I B He3Haqfirenrsofr creIIeHI4. PasNarre STI4JIeHfJIrrKo.]reM
cMecll roqBeHHbIX arperaroB pa3\repolr 1-2 Mrra 6es 4o6aueuzr KaoJrr4Hzronofi
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cocraBn-f,rolueii orcyrcrBoBan. Taxuu o6pa:ou, noKa3aHo, rrro naz6ollureuy
cMbIBy rloABep)Keurt ua6lxaroqr.re B Bone Mr4Hepa!'rbr. Ha6yxaHrre Mr4HepaJroB

BbI3LIBaTOT 3XeKTpOCTaTUTIeCKUe CI'IJIbI OTTUI,'IKI{BaHII' |JIIIHI4CTbIX TIaCTI4II, BO3HI4-

Karorur4e rrpr{ 83araMoxeficrBr.ru soAofi .

TIITEPATYPA
Eondwpee A.trI. @usuqecKa.fi n KoJr.]ror4g:aafl xr4Mrrfl.. M.: Bucru. ruKoJra.

r974.
fpynroneAeHrre. Tpo$uuon B.T., Koponee 8.A., BosueceHcxrafi E.A.,

fo;ro.urcoecra-r f .A., Bacr4lruyr< IO.K., 3lraurr.rpon P.C. M.: I4sl-eo MfY. 2005.
,[epazttu 8.8., Kycarcoe M.M. Ceoficrna roHKrrx cnoeB )Kr4AKocrrr llLIss.

AH CCCP. Cep.xuv. 1936. l\b 5.

fsnnowuucrcuir n.E., JluQruurl E.M., Ilumaeecrcuil JI.II. O6ruas reopr4t
Bau-4ep-Baa-rrbcoBbrx cr4.rr ll Y cnexv. Suslluecrcr4x HayK. 1961 . T . 73 . Bun. 3.

foxyuaee B. B. kIslpaHHbre rpynbr. M.: I,Isl-no AH CCCP, 1949.
Rysueqoa M.C. llporueoepo3rloHHar crofirocm [orrB. M.: I,IsA-so

Mocx. yH-ra, 1981 .

,aapuouoe f A., Bytuyeea O.1., f,o6poeonbcKan H.f., Rupnxuua 3.1L,
Kpacuoe C.@., fumeuu L@. BnuflHve reMneparypbi BoAbr r4 BJra)r(Hocrrr [orrBbr
Ha 3poArlpyeMocrb o6pasqoe qepHo3eMa (nao4emuufi ousrr) ii llovBoBeAeHr4e.
2014. Ns 7 .

",tlapuouoe f.A., Eytuyeea O.f., f,o6poeotbcKqfl H.f., Kupnxuua 3.1I.,
Ittmeuu L@., Kpacuoe C. @. OueHKa BKnana cvr Herr4ApaBru.{ecrofi rpr4poAbr B

HapylxeHlle ce.f,sei{ Mex(Ay IIor{BeHHbIMI4 rlacrxrlaMr{ B npoqecce no4nofi 3po3rrrr
// llo.{soee.[eHrre. 2016. Ng 5.

'UttQttttutl E.M. TeopI4-tI MoneKynrpHbix crrn [plrrflxeHr4r MexAy rBep-
.rbrNrrr re,'raMr4 , Xt3T@. 1955. T. 29. X'q 1.

htQruutl E.M., Ilumaeecrcuu "U.il. TeoperuuecKar $usurca. T.9. Crarra-
crur{ecKat Qlasura. r1. 2. Teopzr KoHAeHcrrpoBaHHoro cocrorHus. M.: Hayra,
r97 8.

Marcxaeeee H.14. Pycno peKr4 rr 3po3r4r e ee 6accefiue. M.: tr4sl-eo AH
CCCP. 1955.

Optoe I.C., Cadoauurcoea Jf.K., Cyxauoea H.14. Xvtyrv,n noqB: M.:
Bncuraq rrKona. 2005.

O cttnoe B. I,I. o^ersrIKo-xllMl4qecKa-fl Teopur a$QexruaHbrx HarrpsNesufi
B rpyHrax // fpynroBeAeHr4e. 20\3. j\h 2.

Po.trauoea H.Ir., vucrcurcoea H.lr., fpadycoe E.Ir. Murtepa,'ror[r{ecrufi
cocraB $paxquu MeHee 0,001 MM cepblx necHbrx rrorrB r4 qepHo3eMoB r1enTpanb-
Hofi qacu.r Cpe4uepyccrcofi Bo3BbrrxeHHocrrr // lloqeoseAeHrre. 1982. Ilb 3.

Cednetlrcuu tr'[ I., Jlapuouoe 1.fr Ko.rrnorr.qHo-Ar4crrepcHbre MuHepzlnbr 14

noAHo-$ra3r4rrecKr4e ceoilcrea cBr3Hbrx rpyHroB ll fioxtr. AH CCCP. 1955. T.
102. Nb 5.

Corconoea 7.A.. Jpouoect T..fl., Tonnetuma IrI.LI. flunucrue MlrHepilJrbr B

norrBax: Ty;ra: fpuQ lr K. 1005.

A1at



Conodrcuil H.@., LAa.upurcoe A.C., Ilozpe6eurcoe B.M. MuHepalrno-
cbrpbeBar 6asa Vpana nrrfl KepaMr.rqecxofi, orHeylopHofi u creKoJlbHoil npo-
Mbrrrr.reHHocrr{. Toucrc: }IsA-no TlIy. 2009.

Vuacurcoea H.IL Mnnepa,roruqecrufi cocraB I{JII{crbIX Sparqufi qepHo-

3eMoB ll C6. <r{epuo:euu CCCP>: T. 1 .M. 1974.
Vucrcurcoea H.fI., fe6edeea (Bep6a) M.If., Ie6edee M.A. Mvruepanorlr-

.{ecrlli{ cocraB r{ Mr4KpocrpoeHrre norlB aKKyMynflTLIBHo-AeHyAaUIroHHoro naHA-

ura$ra cenepnofi qacrr4 rrecocrenr4 v cHocr4Moro npl4 opo3l4rl warcpuana ll
Bro;u.. lloqseuHoro LIHcTI{ryra rrM. B.B. [oryqaeBa. 2010. J\|l 65.

3n e rcmp o u u util p e cyp c ; h t tp ; / /www . c ao l i n g o k. r u/p r o dukc iy a/ ka o l in/ke - 2 .

Kaoruri o6orauennufi TV 5729 -07 0-00284530-96.
Israelachvili J.lV. Measurement of forces between surface immersed in

electrolyte solution llFaraday Discuss. Chem. Soc. 1978. l\e 65.

London F. Zur Theorie und Systematik der Molecularkriifte ll Z. Phys.
1930. Vol. 63. N'e 3-4.

Martelja 5., Radit i/. Repulsion of interfaces due to boundary water ll
Chem. Phys. Lett. 1976.Yo1.42. Ie 1.

48


