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TEOPETHYECKHE OCHOBBI ITPOLHECCA
CTPYKTYPOOBPA3OBAHUA B BBICOKOKOHIUEHTPUPOBAHHBIX
BOJOYT'OJIBHBIX CYCIIEH3UAX

AnHOTanus: B cTratbe ¢ HCIIOIB30BAHUEM CTATUCTUYECKOW TEOPUH MPOYHOCTH
PacCMOTPEHO  BIHWSHHE KOMIIOHCHTOB TBEepJOoM ¢a3pl HAa  MPOYHOCTHBIC
XapaKTEPUCTHUKH  BOAOYIOJbHBIX CyclneH3ud. [lomydeHHbIEe [aHHBIE  JAKOT
BO3MOKHOCTb OLIEHUThH BKJIaJ OTAEIbHBIX COCTABIIAIOIINX MUHEPAIIBHOM YaCTH YIJIS
B 1mporecc GOpPMUPOBAHUSA KOATYISIMOHHONW  CTPYKTYphI BBYC. Ilpu
NPEUMYIIECTBEHHOM COJIEP’KaHUU B MUHEPAIbHOM 4acTu TBEP0i (a3bl IITMHUCTBIX
MUHEpPAJIOB CO CTPYKTypol Tuna 2:1 ciemyer 0XuIaTh YBEJIWYEHHS IPOYHOCTU
cTpykrypHoro kapkaca BBYC ¢ poctom cymMmapHoil 30ipHOCTH yris. B To ke
BpeMsi, Haimune B TBEpAoN ¢aze BBYC kaomuHuTa MOXET CHOCOOCTBOBATH
CHIKEHHIO ITIPOYHOCTH TUCTIEPCHOU CHCTEMBI.
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TEOPETHUYHI OCHOBHU INTPOLHECY CTPYKTYPOYTBOPEHHA Y
BUCOKOKOHIEHTPOBAHUX BOAOBYT'TVIBHUX CYCIIEH3IAX

AHoTamisA:Y cTarTi 3 BAKOPUCTAHHSIM CTATUCTUYHOT TEOPIii MIITHOCTI
PO3TISHYTO BIUIMB KOMITIOHEHTIB TBEP0i (pa3u Ha MILIHOCT1 XapaKTePUCTUKU
BOJIOBYT1ILHUX cycrieH3iii. OTpuMaHi 1aHi al0Th MOXJIMBICTh OIIIHUTH BKJIA]
OKPEMHUX CKJIaJIOBUX MIHEPAJIbHOI YaCTUHU BYTLLIA B IpoLec GopMyBaHHS
koaryssimiitHoi ctpyktypu BBBC. Ilpu nepeBakHoMy BMICTI B MiHEpaNbHIN
YacTHUHI TBEPAOI a3y TIMHUCTUX MIHEpaJIiB 13 CTPYKTYporo Tuna 2:1 ciij uekatu
301IBIIEHHS MIHOCTI CTPYKTYypHOTO Kapkaca BBBC 13 3pocTanusm cymapHoi
30JIbHOCTI1 BYTUIIsl. B TOM ke yac, HasBHICTb B TBepAil (a3t BBBC kaoniHiTy MoXxe
CIPUATH 3HWKEHHIO MIITHOCTI AUCTIEPCHOI CUCTEMH.
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THEORETICAL BASES OF PROCESS OF GELATION ARE IN
VYSOKOKONCENTRIROVANNYKH COAL-WATER SLURRIES

Abstract: In the article with the use of statistical theory of durability influence
of components of hard phase is considered on descriptions of coal-water slurries.
The obtained data give an opportunity to estimate the contribution of separate
constituents of mineral part of coal to the process of forming of coagulative structure
of CWS. At primary maintenance in mineral part of hard phase of clay minerals with
the structure of type 2:1 it is necessary to expect the increase of durability of
girderwork of CWS with growth of total ash-content of coal. At the same time, a
presence in the hard phase of CWS of kaolinite can be instrumental in the decline of
durability of the dispersible system.
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PocTt nien Ha HEPTH U HEPTENPOTYKTHI, OTPAHUYCHHOCTH 3a1aCOB 3TOTO CHIPbS
BBI3BIBAIOT TOBBIIICHHBIII MHTEPEC K HCIOJb30BAHUIO HOBBIX BHJIOB TOIUIMBA, B
YaCTHOCTH — BBICOKOHLIEHTPUPOBAHHBIX BOAOYroybHbIX cycnensuil (BBYC) [1,2].
CmecH BOJIBI M YIUISI B BUJE CYCIIEH3UM UCCIEAYIOTCA B Pa3JIMYHBIX CTpaHax MHUpa,
YTO CBSI3aHO C BO3MOYKHOCTBIO 3aMEHBI TAKUMH IIPOTYKTAMU NBUIEBUIHOTO TOIUIMBA,
SABJISIFOLLETOCS OJJHUM M3 TPAJIULIMOHHBIX BUAOB dHEproHocurelne. [1o cpaBHeHuto ¢
neuieBUAHBIM TomumBoM BBYC wumeror psa npeumymiectB. llpu  coxuranum
BOJIOYTOJBHBIX CYCIEH3UH CHMXKAIOTCS BBIOPOCHI TBEPJBIX YACTHUIl B aTMocdepy,
cokpaiaercsi oOpa3oBaHHE OKCHUIOB a3oTa. TakuM oOpa3oMm, MepeYUCICHHbIE
O0COOEHHOCTH TOPEHUSI BOJIOYTOJIbHBIX CMECEH MO3BOJIAIOT OTHOCUTh UX K paspsy
AKOJIOTUYECKU YUCTHIX BUIOB TOTUIMBA.

Hapsimy ¢ MHOTOYHCICHHBIME IKCIIEPUMEHTATLHBIMU Pab0TaMH, CBSI3AHHBIMU
c wuzydueHueMm tmporecca noiaydeHus BBYC npoBomunuch U TeOopeTHUECKHUE
UCCIIEIOBAaHUS  (PU3MKO-XUMHYECKMX OCHOB  IPOLIECCOB  TUCIEPTUPOBAHUS,
oOpa3oBaHMs JUCTIEPCHBIX CHCTEM Ha OCHOBe cycmeH3mid yris [3-5]. OmgHako, 5Th
HCCJIEIOBAaHMUS KacaluCh B OCHOBHOM OOIIMX BOIPOCOB IMOJYYEHHS JUCTEPCHBIX
CUCTEM, B HHX HE PACCMATPUBAIOCH BJIUSIHUE OTEJIbHBIX KOMIOHEHTOB TBEPAOU
¢da3et BBYC Ha e€ ceqMMeHTaIlMOHHYI0 YCTOMYMBOCTD U TEKY4eCTh.

enpto Hacrosimie pabOTHI  SBISETCS OLIEHKA BKJaJa PpPa3jJUYyHbIX
KOMIIOHEHTOB TBEPIOH ¢bazbl B poILIECC CTPYKTYpPOOOpa3oBaHuUs
BBICOKOHIICHTPHUPOBAHHOM BOAOYTOJIBHOM CYCIIEH3UH.

BBICOKOHIIEHTpUPOBAHHBIE  BOJOYTOJBHBIE  CYCIIEH3UM  OTHOCSTCA K
MUKPOTE€TEPOTEHHBIM M KOJUIOMIAHBIM BUJAM IUCIIEPCHBIX CHCTEM. XapaKTEpHbIC



Ui HUX CHJIBHO pa3BUTas MexXQa3zHas MOBEPXHOCTb W BBICOKAs KOHIICHTpAIUs
aucnepcHod (a3pl B BOAE MPUBOJUT K TOMY, UYTO B TaKuUX CHCTEMax
CaMOMPOU3BOJIbHO BO3HUKAIOT MPOCTPAHCTBEHHBIE KOATYJAIMOHHBIE CTPYKTYPBHI.
Nx obpazoBaHue COMPOBOXKAACTCS yMEHbIIIEHHEM MexdazHoi sHepruu ['nbddca u
COOTBETCTBYIOIIIMM POCTOM SHTPONMHH CHUCTEMBbI. ITOT MPOIECC 3aBEpLIACTCS
(bopMHUpPOBAHUEM TEPMOJAMHAMUYECKH YCTOMYUBBIX CTPYKTYP.

KoarynsunoHHbIe CTPYKTYpbl XapaKTEepU3YIOTCS CPaBHUTEIBHO CIaObIMU IO
CHJIE B3aUMOJICHCTBUSI KOHTAKTaMU MEXKIY YacTUIlaMu. [[po4HOCTh 3TUX KOHTAKTOB
OTIpE/IEIISAETCS BaH-AeP-BaalbCOBBIMU CHUJIAMU CLETIIICHHS 1O JIMO(POOHBIM ydacTKam
MAaKpOMO3aWYHOM ITOBEPXHOCTM YAaCTHL[ 4Y€pe3 TOHYAWIINE BOJHBIE NPOCIONKH,
¢bukcupoBaHHasT TONIIMHA KOTOPBIX COOTBETCTBYET MHUHHMAJIbHOMY 3HAYCHHUIO
MOBEPXHOCTHON »2Hepruu [mbOca [6]. B 3aBucHMMOCTH OT TOJIIMHBI BOJTHBIX
MPOCJIOEK, YacTUIBl B KOAryJISAlMOHHOW CTPYKType MOryT (UKCUPOBATHCS Ha
paccrosumsix ommkaeit (H; = 10” M) nwin gansreit (H, = 107 M) koarysuum, 4to u
oInpeeNsieT pa3HUILy OYTH HA JIBA MOPSAKA B SHEPTUU U CUJIE CBS3U MEXy HUMHU.

HeobxoaumbiM  yCIOBUEM BO3HUKHOBEHHMSI KOAryJSIIUOHHOM CTPYKTYpbI
SBISIETCSL HATMYKE B TBEPAOil (ase yacTHi KOLIonaHbx pasmepos (107 — 10° m),
CIIOCOOHBIX cOBeplIaTh OpOyHOBCKOE JABMXeHue. Pacmpenenssice B 00bEME
CYCIIEH3MH, OHM OOpa3yloT B COBOKYMHOCTH C 0oJyiee KPYMHBIMH 4YacTUIIAMU
NPOCTPAHCTBEHHBIN TPEXMEPHBIM KapKac, COCTOSIIMM M3 LIETIOYEK WM arperaTtoB
[4,7]. BepossTHOCTb U CKOPOCTH OOPa30BaHUS CTPYKTYpP TEM OOJBIIE, YeM BHIIIE
JAUCTIEPCHOCTh YacCTHIl M, CIEAOBATEIbHO, CIIOCOOHOCTh y4acTBOBaTh B TEIJIOBOM
OpOYHOBCKOM JIBIDKEHHUH, U YE€M CHUJIbHEE BBIPAKEHA AHM30METPHUYHOCTH WIIU
nrno(oOHO-TMODUIBHAS MO3aHYHOCTh MOBEPXHOCTU. BepxHuil mpenen KpymHOCTU
YaCcTUIl, CHOCOOHBIX Yy4YaCTBOBaTh B CTPYKTYypOOOpa30BaTENIbHBIX MpOIeccax B
BBVYC, orpanuunBaercs pa3MepoM Ha 2-3 mopsiika OOJNbIIMM pa3Mepa 4YacTHIl
KOJIJTIOMJTHOM KpynHOCTH [4].

Konuenrtpanus gucnepcHoi (asbl SIBISIETCS OJJHUM K3 OCHOBHBIX (DaKTOpOB,
OTPENENSAIONMX CBOMCTBA BBICOKOAMCHEPCHBIX cucTeM. [lo Mepe yBenuuyeHus
KOHIIEHTpaIlMd TBEPAOro B IKUAKOM cpele JOCTUTaercs OIpeaesIeHHbIN
KPUTUYECKUN ypOBEHb (mepBast KpUTHYECKas KOHLIEHTpAaIs
CTPYKTYpPOOOpPa30BaHUs (), KOTOPBIH COOTBETCTBYET Hayaldy o0Opa3oBaHUs
IPOCTPAHCTBEHHOM CTPYKTYpHOU ceTKu. [losiBieHre MpOCTpaHCTBEHHON CTPYKTYPHI
COMPOBOXAAETCA BO3HUKHOBEHHEM CHAObIX KOAryJSIIIHOHHBIX KOHTAKTOB C
¢dukcanyenn 4acTull MPEUMYIIECTBEHHO B MOJOXEHUH JAJbHET0 HYHEPreTHUECKOTO
MUHHMYMa C 3HEpruei B3auMojaeucTBusi nopsjaka Heckosbkux KT [7] u cuiioi
cuerieHnss B KoHtakte F, mopsaka 107" H. Takoro poxa MajompodHbIe
KOAryJISILIUOHHBIE CTPYKTYPBI XapaKTEPU3YIOTCA HATMYMEM THKCOTPOITHBIX CBOWCTB.
[IpyueM  TUKCOTPONHOE  BOCCTAaHOBJIEHHE  PA3PYILICHHON  MEXaHUYECKUMU
BO3JICUCTBUSIMU  CTPYKTYpPbl ~ COINPOBOXKJAETCSA  BO30OHOBJICHHEM  CIAOBIX
KOAryJsiIUOHHBIX KOHTAKTOB.

[To mepe MoBbIIIEHUST KOHIEHTPAIMU AUCTIEPCHOM (ha3bl CTPYKTYpHAs BI3KOCTh
U MIPOYHOCTH P, IHMCTIEpCHON CHUCTEMbI BO3pAcTaeT BCJIEACTBUE YBEJIMYEHHUS 4YMCIa
KOHTAaKTOB MEX]ly YacTHIIaMHU B eJMHHULle 00béMa. B CBSI3U ¢ 3TUM MOBBIIIAETCS



CTPYKTypHasi yCTOMYMBOCTH JUCIEPCHBIX CHUCTEM, YBEIWYUBAECTCS CKOPOCTH
TUKCOTPOIMHOT'O BOCCTAHOBJIEHUS Pa3pyLIEHHON CTPYKTYPBHI.

[lonHast THUKCOTpOIHAas OOPATUMOCTb COXpAHSETCS B  KOAryJSLHUOHHBIX
CTPYKTypax JIMIb JI0 ONPEIEIEHHOTO B Ka)XXOM KOHKPETHOM CJy4yae COYeTaHHs
3HA4E€HUH 00BEMHOTO CONEPKAHUSA Q¢ M JUCIIEPCHOCTH YaCTHUL] TBEPAOH a3kl Sy, B
xuako cpene. Ilpu yBenuueHuun ¢ v S BbIIIE 3TUX 3HAYEHUN BHAYale HMCYE3AET
CIIOCOOHOCTH K THCOTPOITHOMY BOCCTAHOBJIEHHUIO BO BceM 00bEMe nedopmupyeMoit
CUCTEMBI, a MO MeEpe IMOCIEAYIONIEr0 OTHOCUTEIIBHOTO CHUKEHUS COIEp KaHUs
AKUJKOU Cpelibl B TUCIIEPCHON CUCTEME OHA TEPSIET BHICOKOZJIACTUUECKHUE, a 3aTEM U
IJIacCTUYECKUE CBOMCTBA [6].

XapakTepHoe MJisI TAKUX CHUCTEM BEChbMa PE3KOE YBEIMYECHHE MPOYHOCTU U
BSI3KOCTH B y3KOM JMAIa30HE BO3PACTAHUS KOHIICHTPAIIUU OOBSICHIETCS HE TOJIHKO
YBEJIMYCHUEM YHCJIa KOHTAKTOB B €IMHHIIE 00hEMaA CHUCTEMBI. B Takmx cuctemax
npu @ > @, Hauboyiee BEPOSTHON CTAHOBUTCS (UKCAIMS YAaCTHUIl HA PACCTOSTHUU
OJI>KHEW KOaryJisiliMMd U MO3TOMY MPOYHOCTh TAKMX KOATYJSALIMOHHBIX KOHTAKTOB
BO3pacTaeT [0 10% — 10° H. BMmecTe ¢ TeM BBICOKOE OOBEMHOE conepKaHue
TBEepJI0i (Da3pl MPUBOAUT K TOMY, UTO HETPEPBIBHAS CIBUTOBas JAepopMalius TaKUX
CUCTEM BOOOIIE HE MOKET OCYLIECTBISATHCA 0€3 U3MEHEHUs X 00bEMa.

DKCTpeMalibHasi 3aBUCUMOCTh MEXKIY COJIepKaHUEM TBEPJOTr0 U MPOYHOCTHIO
CTPYKTYPbl BHICOKOKOHIIEHTPUPOBAHHBIX JAUCIEPCHBIX CHUCTEM TpeOYyeT NeTaabHOro
WCCJICIOBAHMS  TIPOIECCOB  CTpPyKTypooOpaszoBanus B BBVYC, omenkun eé
MIPOYHOCTHBIX XapPAKTEPUCTUK.

Haubonee TOYHO 3aBUCHMOCTh MEXIy OOBEMHON KOHIIGHTpaluen ¢ Hu
MIPOYHOCTBIO KOAryJSIIMOHHON CTPYKTYyphl P, (mpenerbHOE HANpsKEHUE CIIBUTA)
MOKET OBITh OIICHEHA HA OCHOBE CTaTUCTUYECKON TEOPUH MPOYHOCTH TTOPUCTHIX TEIT
[8], koTOpas mpeamosiaraeT NPONMOPIUOHATBLHOCTh P, MpoW3BeleHHIO YHCIa
KOHTaKTOB MEXIy YaCTUILIaMH Ha MPOYHOCTh KaXkJA0r0 KOHTAaKTa. B cCOOTBETCTBUH C
ATUM TMpEAeNbHOE HANPSHKEHUE CIIBUTa CYCIIEH3MM BbIpaKaeTcs cClexyrouiei
hopMyIIOii:

Pr = a-Feflo)d, (1

rae o — Ko3hUIMEHT, yYUTHIBAIOIINI T€OMETPUIO YITAKOBKH YACTHII;

F. — cpenHee 3HaueHne CUIIBI CUEIICHUS B KOHTAKTE;

A©) — pyHKLINA KOHIEHTpALIUY;

d — cpeaHwuiil XapaKTepHBIA pa3Mep YaCTHILI.

Hamuuue B cocrae BBYC wacTuil pa3nuuHoil mpupojbl U AUCIEPCHOCTH
MPEAOIPEACIIAET UX HEPABHOLCHHBIM BKJIAJ B YNPOYHEHHE CTPYKTYpPhl MO MeEpe
pocTa KOHLIEHTpaluu TBepAoH (as3pl. Vicxoas u3 NpuHIUMIOB aJAIMTUBHOCTA TEOPUU
npouHocTd [8] m Toro (akra, yto B coctaB TBepaor (azer BBYC Hapsmy c
YTOJbHBIMA YAaCTHUIIAMU BXOASAT NPEUMYIIECTBEHHO TJIMHUCTBIE W KBapLEBbIC
MUHEpalibl [9], BbIpaK€HHE [JIsl ONPENEIICHUS INPEIEIbHOrO HANPSHKEHUS CIBUTA
MOHO 3aIiCcaTh B CIEAYIOLIIEM BUE:

Pp =Py + Py +Pn", 2)



rie P’ , P, , Py — MPOYHOCTH CTPYKTYPhI, 0OPa30BAaHHON COOTBETCTBEHHO
YTOJIbHBIMH, INIMHUCTBIMU U KBapLIEBBIMU YaCTULIAMU.

[Ipoananusupyem Oonee moApoOHO BKJIAJ KAXKIOW M3 COCTABIISAIOIIUX
BbIpakeHUs (2) B CO3/IJaHUE KOATYJISIIIMOHHON aucnepcHoi cTpyktypsl BBYC.

[IpoyHOCTh  CTPYKTYpbl, OOpa3oBaHHOW B  BBICOKOKOHIIEHTPUPOBAHHOM
JUCIIEPCHOW CHCTEME, ONPENEISAETCS IPOYHOCTBIO EIWHUYHBIX KOHTAKTOB,
KOTOpbIE, B CBOIO O4Yepedb, 3aBUCAT OT OanaHca CHJ, BO3HHMKAIOUMX IPH
B3aumoeiicTBum yactull [10]. B cOOTBETCTBUM C COBPEMEHHOW TPAKTOBKOW TEOPUU
JUJI®O B TOHKOH MPOCIOWKE >KUIKOCTH MEXAY CONMKAIOUIUMUCS YacTULAMU
BO3HUKAET PAaCKIMHUBAIOLIEE ABJICHHE, MPEIMATCTBYIOIIEEC WM CIOCOOCTBYIOIIEE
00pa30BaHMIO KOATYJISIIMOHHOTO KOHTAKTa MKy STUMHU YacTUlaMu. B oTcyTcTBUE
XUMUYECKUX PEAareéHTOB B JHMCIEPCHOM CHUCTEME BEJIMYHMHA PACKIMHHUBAIOLIETO
JABJICHUS ONPEIEISIETCS CIeNyoIuM BbipakeHueM [10]:

[1(h) = [e(h) + Min(h) + Hy(h), 3)

rje IT.(h) — smexTpocTaTuyeckas cujia OTTAJIKUBaHHUS, OOYCIOBJICHHAs
B3aUMHbIM nepekpbiBaHueM J[OC; OHa [aer MOJOKUTENbHBIA BKJIAA IpU
COJIM’KEHUU OJTHOMMEHHO 3apsKEHHBIX YaCTHIL;

[1,(h) — M™MonjekynsipHas COCTaBISAIONIAs, OMNpEAeNsoIascs BaH-Aep-
BAQJIbCOBBIMU CUJIAMU TMPUTSHKEHUS U BHOCSIIASA, KaK MPABUIIO, OTPULATEIbHBIN
Bkutan B [1(h);

[Ty(h) — cTpykTypHas cocTaBisitoIIas, CBsI3aHHAs ¢ 00pAa30BAHUEM TPAHUYIHBIX
CJIOEB PACTBOPUTEIIA ¢ OCOOOM CTPYKTYpPOHU.

Paccmotpum BKIIan KaXJaoM COCTABISIONIEN B BEIWYMHY PACKIMHUBAIOIIETO
JABJICHUS C TOYKUA 3PEHUS OCOOCHHOCTEM CTPOCHHSI W CBOWCTB TOBEPXHOCTH
KOMITOHEHTOB, BXOJISIIIIMX B cocTaB TBep0i ha3zsl BBYC.

JUist  yrojIbHbIX YacTHI[ XapakTepHa JUOPOOHO-IHODUIBHAS MO3aUYHOCTh
noBEepXHOCTH. Hapsigy ¢ KOHIEHCUPOBAaHHBIMH apOMAaTUYECKUMHU  SIIPAMU,
anu(paTUYeCKUMU TpyNrnaMud Ha MOBEPXHOCTU Yyrie, ocoOeHHo mapok J[ u T,
OPUCYTCTBYIOT KUCJIOPOJICOAepKale GyHKIMOHAIbHBIE IPYIIIbI: KapOOKCHIIbHBIE,
TUAPOKCUIIbHBIE, KOTOPBIE JUCCOLMUPYIOT B BOJHOM cpefie ¢ oOpa3oBaHUEM HOHOB
Bosoposia [11]. Obpasyroniuecs OTpULIATENIBHO 3apsHKEHHBIC PaJIUKaJIbl SBIISIOTCS
ruApOUILHBIME IIEHTPaAMH, aKTHBHO B3aMMOJICUCTBYIOIIUMHE C MOJICKYJIAMH BOJIBI.
YepenoBanue TUAPOGUIBHBIX H THAPO(YOOHBIX YYACTKOB Ha IMOBEPXHOCTU
VIOJbHBIX YacTHUIl, MO-BUIUMOMY, MCKIIOYAET MPOSBICHUE CTPYKTYpHOU
COCTaBJIAIONIEH packiauHuBaroiero nasiaeHus [12]. TonmumHa ocTaTOYHOM BOJHOM
IOPOCIOMKH MEXAy 4YacTHUIlaMH B JaHHOM Clydae ompejesnsercs OagaHcoM
MOJICKYJIIPHBIX W DJICKTPOCTATUYECKUX CHI. B3auMomercTBys mo TuinpooOHBIM
y4acTKaM, YTOJIbHBIE YacCTULbI (PUKCUPYIOTCS MPEUMYIIECTBEHHO B IMOJIOXKEHUU
OJIMKHErO0 MOTEHIMAIbHOTO MHUHMMYMA, YTO COOTBETCTBYET CHJIE CULEIUJICHUS B
exuHngHOM KoHTakTe F. = 10° — 10° H [6].

OnHako, BbICOKasi MIPOYHOCTh CBSI3M B €IMHUYHBIX KOHTAKTaX, KaK BUIAHO U3
BbIpakeHus (1), eni€ He yka3blBaeT OJHO3HAYHO HA MOBBIIICHHYIO TPOYHOCThH BCEH
KOaryJsifuoHHON CTpyKTypbl. Hamumume B cocraBe yrosibHOM (pakuun BBYC



YaCTULl KPYIMHOCTHIO Oosiee 5 MKM B KosruecTBe 65 — 75% CyIIeCTBEHHO BIUSET Ha
BexamunHy f(@)/d* = n,, XapaKTePU3YIOLIYIO YHCIO KOHTAKTOB MEKIY YACTHLAMH B
eauHuile oodbéMma. Tak kKak 3TO 4YHMCIO OOpaTHO MPOMOPIUOHAIBHO KBaApaTy
CPEIHETO XapakTEpPHOro pa3Mepa YacTUll, TO MOXKHO MPEIINOJOKUTh, YTO IO
CpaBHEHHIO ¢ OoJjiee IUCIEPCHBIMH COCTaBISOMMMU TBepaon ¢azsl BBYC
(TTMHUCTBIMM MUHEpAJIaMH), MPOYHOCTh CTPYKTYPhl YTOJBHBIX JIMCIIEPCUN HE
ABJISIETCS] MAKCUMAJILHOM.

Jluciepcuu KBapia OTHOCATCS K THIMYHBIM THAPOPHUIBHBIM CHCTEMaM.
Hanuuure npoyHOro rpaHUYHOrO CJI0sl y HOBEPXHOCTH KBapLIEBBIX YACTHUI] CBSI3aHO C
OpPUEHTALIMEH IUIOJEN BOABI IOJ JIECUCTBHUEM CHJIBHOIO JJIEKTPUYECKOTO MOJIA
noBepxHoctH wactui, SiO, (~10° B/cm). B obmacti 3mawenmit pH = 6 — 8,
XapaKTEpHbIX I OpoMbliuieHHbIX BBYC, NpoTsiKeHHOCTh TPaHWUYHOTO CIIOS
u3MeHseTcs B npeaenax 6 -16 um [12].

Boicokuii oTpunaTeNbHBIA 3apsii MOBEPXHOCTH KBaplia, HAJIMYUE MPOYHOTO
TUAPATHOTO CJIOSI TOBBIIIAET BEIMYMHY pACKIMHUBAIOUIEro aaBieHus (3), 4ro
OPEensSTCTBYeT (UKCAlMM  KBApPUEBBIX YACTUIl B  MOJOXEHUH  OJMKHErO
notenuuansHoro muanmyma (H; = 10” m). Kpome TOro, mpu OTCYTCTBHH B 5KUIKOM
¢aze cycnenszuun I[IAB wuaum 37€KTPOJIUTOB, CIOCOOHBIX TOHMXKATh HOHHO-
ANEKTPOCTATUYECKYIO COCTABIISIFOULYIO SHEPTUM B3aUMOJICUCTBHS, YaCTHUIIbI KBapla
COXpaHSIOT arperaTUBHYI0 YCTOMUMBOCTh. KoarymisimoHHas CTpyKTypa Jaxe 3a
cueT (PMKCallUY YacTUIl B JaJIbHEH KOAryJIsalMOHHON siMe HE 00pa3yeTcs.

CremoBarennbHO, BKJIaJq COCTaBisiomed P, B yBeIWYeHHE CyMMapHOM
npoyHocTd cTpykTypsl BBYC (2) He3naumrteneH. KBapueBble yacTuIbl H3-32
cnaboil  KOaryJsUMOHHOW aKTHBHOCTH HE MOTYT CYHIECTBEHHO IOBBIIIATH
MPOYHOCTh CBsi3el B cycmeH3uu. J[Ji1 HUX XapakTepeH naxe oOpaTHhId d(PQeKT.
[lepememiasich moj AEHCTBHEM TIPaBUTALMOHHBIX CHJI, YaCTHUIbl KBapIia, OCOOCHHO
kpynHbie (> 10 MKM), cOCOOCTBYIOT pa3pbiBy CYLIECTBYIOIIUX KOATYJISIIMOHHBIX
KOHTAKTOB, OCJIA0JIEHUIO CTPYKTYPHOTO KapKaca U JecTabuIn3aliy CyCIIeH3UH.

JUJIsl TIMHUCTBIX MUHEPAJIOB OallaHC CHJI, ONPENEISIOMUNA MOJ0KEHUE YaCTHUIl
Opy MX B3aUMOJACHCTBUHU, HOCUT OoJiee CIOXKHBIA xapakTtep. Ha ux moBepxHoCTH
UMEETCs KaK MHUHUMYM TISITh THUIOB AaKTHUBHBIX IIEHTPOB, C KOTOPBIMHU
B3aMMOJICUCTBYIOT MOJIEKYJIbI BOJbI [13]: OOMEHHBIE KAaTHOHBI; THUAPOKCHIIbHbBIE
rpymnel - kucioro  (SiOH) u  ocnoBHoro (A/OH wu MgOH) xapakrepa;
KOOD/IMHAIMOHHbIE HachleHHble Katnousl A, Fe’', Mg’’; moBepxHOCTHBIE
aToMbl KHclopoaa. Hamuume 3TuX HEHTPOB CHOCOOCTBYET OOpa30BaHUIO BOKPYT
[JIMHUCTBIX YAaCTHIL] MIPOYHBIX THIPATHBIX CIOEB, TOJIIMHA KOTOPBIX M3MEHSETCS B
npezaenax ot 8 -10 HM JuIsI MOHTMOPWJUIOHUTA 10 2,5-3 HM g KoaJMHHUTOB [13].
IlosiBneHnE NOJIOKUTEIBHOW CTPYKTYPHOM COCTABJIAIOIIEN PAaCKIMHUBAIOILIETO
JABJIEHUS MPU NEPEKPBITUA T'PAHUYHBIX CIOEB BBI3BAHO HE TOJBKO AHOMAJIBHBIMU
CBOMCTBaMM BOJIbI B 3THUX CJIOSIX, HO U MPOLECCAMU JIETUApPATAUA KATHUOHOB Ha
MOBEPXHOCTH TJIMHUCTBIX MHUHEPAJIOB, YTO TAKXKE CBSI3aHO C 3aTpaTaMU >HEPTUU
[12].

Merogamu  pamguocrniekrpockonuu, SAMP,  3JIEKTPOKMHETUYECKUMU U
CHEKTpaJbHBIMM HCClieoBaHUsIMU [14] TmOKa3aHO, 4YTO TpaHUYHbIE CJIOU Y
MOBEPXHOCTH TJIMHUCTBIX YACTHIl XapaKTEPU3YIOTCS OTIMYHOU OT 0OBEMHON BOJIBI



CEeTKOM BOJOPOJHBIX CBSI3€M, OKa3bIBAIOIIMX CYLIECTBEHHOE BIIMSAHHE Ha
OJIM3JIeKalMe CJIOU BOJbI. OTO MPEIONPENEiseT pPe3Koe YBEJIMYECHHE BKJIaAa
aneKTpocTaTnyeckux 3(HexToB (MOHHON M JUIMOJIBHOW KOMIIOHEHT) B CYMMapHYO
SHEPTUI0 B3aMMOJCHCTBUS YaCTHIl U 0Opa30BaHUE COMPSKEHUN MPOCTPAHCTBEHHON
KOAryJSIIUOHHON CTPYKTYpPbl C YH4ACTUEM MEXKMOJEKYJISIPHBIX BOAOPOJIHBIX CBA3EH
MEXAY TJIMHUCTBIMM dacThllamMu. Hapsimy ¢ BaH-Jep-BaadbCOBBIMH  CUJIAMU
BOJIOPOJIHBIE CBS3M CIIOCOOCTBYIOT COJIMKEHUIO TUCTIEPCHBIX YACTHII.

Takum o0Opa3zom, HapsAIy C COCTaBISIONIMMH PACKIMHUBAIOIIETO JABJICHHUS,
paccmarpuBaeMbiMu  00001eHHONW Teopueit JIPO, mpu ompeneneHud >HEPruu
B3aMMOJICHCTBUS MEXIy TJIMHUCTBIMU YacTULIAMU HEOOXOAMMO YYUTHIBATH TAK¥Ke
SHEPIrUI0 NPUTSHKEHUS BOJOPOAHBIX CBSI3€d M MOHHO-AJIEKTPOCTATUYECKOTO
npuTsKeHUs. [1oCKONbKY pacyeTHbBIM IYyTEM ONPEAEINUTh MPOYHOCTH KOHTAKTOB
MEXIYy IIMHUCTBIMM YaCTULAMHU MPAKTUYECKH HEBO3MOKHO, TO IMPEACTABICHUE O
CWJI€ CUEIUICHUS B KOHTAaKTaX MOXKHO TOJY4YWUTh Ha OCHOBAaHUU SMIIMPUUYECKUX
JTaHHBIX.

TUnUYHBIMU NPEACTABUTENSAIMU TIIMHUCTBIX MHUHEPAJIOB, BXOISIIMX B COCTaB
HEOpraHM4YecKoM  ¢a3bl  MCKOMAEMbIX  yIJied,  SBISIOTCS  THUIPOCIIONA,
MOHTMOPHWJUIOHUT, KaoJWHUT. KaoJlMHUT XapakTepuszyeT TJIMHUCThIE MUHEPabl
NEPBOr0 THIIA, JIEMEHTApHAs SYEHKa KOTOPBIX COCTOUT W3 COCJAMHEHHS CIIOEB
KPEMHEKHUCJIOPOJIHBIX ~ TETPAa’dApOB W  AJIIOMOKHUCIOPOJHBIX  OKTa’ApoOB B
cOOTHOWEHNH |:1. MOHTMOPHJUIOHUT M THIPOCIIOAA OTHOCATCS K MHHEpAIAM C
KPUCTAJUIMYECKOW CTPYKTYpOH BTOPOTO THUIIA, Y KOTOPBIX COOTHOIIEHUE MEXIY
ATUMHU CJI0SIMH cocTaBiisieT 2:1 [15].

HccnenoBanne MPOYHOCTH KOATyJISLMOHHBIX CTPYKTYp, OOpa30BaHHBIX
[NIMHUCTBIMA ~MUHEpaJIaMH, ONpeleleHue HX BiaUsSHUA Ha cBoiictBa BBYC
MPOBOJMJIOCH ~NPH  IMOMOIIM  KOHMYECKOIO  IJJaCTOMEpa IO  METOMAMKE,
paspaborannoii I1. A. Pe6unaepom [16]. B kauecTBe xuakoi (a3bl UCIOIb30BAIACH
JUCTUIUIMPOBAHHAs BOJA.

Ha puc.1 npencraBneHbl 3aBUCUMOCTH MJIACTUYECKON MPOYHOCTH TUCTIEPCHBIX
CUCTEM OT KOHUEHTpauuu TBepAoW a3bl. PaznuyHblil XapakTep MNOJIYYEHHBIX
KPUBBIX OOBACHSETCSI OCOOCHHOCTSIMU KPUCTALTMYECKON CTPYKTYphl TIIMHUCTBIX
MUHEpAJIOB, HEOIMHAKOBOM CTENEHbIO THAPATUPOBAHHOCTH M JAMCHEPCHOCTH
YacTHII.

CnoucTele  CHIMKAaThl  IPyNNbl  MOHTMOPWJUIOHHUTA  XapaKTEPU3YIOTCSH
CIOCOOHOCTBIO K BHYTPHUKPUCTAUNIMYECKOMY HaOyXaHUIO, CaMONPOU3BOJIHLHOMY
JUCIEPTUPOBAHUIO B BOJHOW Cpeze, IMOBBIILICHHOW, MO CPaBHEHUIO C APYTUMHU
IJIMHUCTBIMA MUHEpalIaMH, TUAPATUPOBAHHOCTHIO MOBEepXHOCTH. OONaaast BEICOKOM
mucniepcHocThio (0,03-0,3 mMkM), n3oMmeTpudeckor (GopmMoil, pa3BUTON THUAPATHON
000JI0UKON, YaCTULBI MOHTMOPHJUIOHUTA (DUKCHPYIOTCSI B TOJOKEHUHU JaJbHETO
HSHEPreTUuYeckoro MuHUMyMa. CHoCOOHOCTh K 3HAYUTEIbHOMY YBEIMYECHHIO
MEXIUIOCKOCTHBIX PAaCCTOSIHUN MPU KOHTAaKTE€ C BOJOW OMNpENeNsieT ydyacTue Bcel
MOBEPXHOCTH MHUHEpasia B 00pa30BaHUU KOATYJISIMOHHOW CTPYKTYpBI. DTO, HAPALY
C BBICOKOM JIMCIIEPCHOCTBIO OMpeNessieT Npeodianailiee BIUSHUE BEIMUYUHbI
Ap)/d* B BEIpakeHuu (1) U CIOCOGCTBYET JOCTIKEHHIO MAKCHMAIBHON IPOYHOCTH
CTPYKTYpbl TpPU CPaBHUTEIHLHO HEBBICOKMX KOHIICHTPALMSIX TBEPAON (asbl:



BEJIMYMHA BTOPOW KPUTHUYECKOW KOHIICHTPAIUU JJISI TUCHEPCUU MOHTMOPHUIIOHUTA
0 = 16 %. [lanpHeililiee yBENMYEHUE COAEPKAHUS TBEPAOrO B CYCIICH3UU
COMPOBOXKAAETCS PE3KUM POCTOM MPOYHOCTH CTPYKTYPbl, UYTO MOXKET OBbITh
00BSCHEHO NIEPEXOAOM YACTHUI] B TIOJIOKEHUE OJMKHETO B3aUMOICUCTBHUS.
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Puc. 1. 3aBUCHUMOCTb MJIACTUYECKON NPOYHOCTH MUHEPATIBHBIX CyCIIEH3UN OT
KOHIIEHTpALMU TBEPAOH (pa3bl

MeHee TUAPAaTUPOBAHHBIE YACTULbBI THAPOCIIOABI, MMEIOLIME YELIyH4aTyro
dbopmy ¢ yeTkor orpankoi [7, 15], oOpa3yroT KOHTaKThl 10 yriiam u péopam. Ilo
TaKMM Yy4yacTKaM HauOOJbIIel KPUBU3HBI THAPATHBIE TUICHKU JIETYE BCETO
BBITECHSIIOTCSI W3  3a30pa MEXJy 4YacTHULAMH, a CWIbl MOJEKYJISPHOTO
B3aUMOJICCTBUSL ~ COOTBETCTBYIOT  KOHTaKTaM B  TOJOXKEHUHM  OJMKHETO
SHEPreTUYECKOro MUHUMYyMA. Jlonee HM3Kash AUCIEPCHOCTh MHUHEPAJIOB TPYIIIbI
THJIPOCTIONBI TI0 CPABHEHHIO C MOHTMOPHJIJIOHUTOM ONpENeNseT Ais HUX Ooliee
BBICOKYIO BTOPYIO KPUTHYECKYIO KOHIICHTPAIIUIO CTPYKTYpooOpa3zoBaHus (.
26,2%).

KaonuHut xapaktepu3yeTcsi COBEPIICHCTBOM KPUCTAIIIMYECKOU CTPYKTYPBHI.
On mpencraBiseT coO0M KPHUCTAIIBI TICEBIOTEKCATOHAILHOW (DOPMBI ¢ XOpoIiei
OTpaHKOM u pa3Mepamu B cpeaHeM 1-2 mxm [15]. MuHuManbHas CTENEHb
TUAPATUPOBAHHOCTH TOBEPXHOCTH KAOJIMHUTA IO CPAaBHEHHUIO C JPYTUMU
[NIMHUCTBIMA ~ MUHEpaJlaMH  O0YCIIOBJI€Ha XOpOUIEH OKpPUCTaUIM30BAHHOCTHIO
YacTHUI], HEOOJbIIMM YHUCIOM HAPYIICHHBIX CBSI3€d, MPOYHBIM COUYJICHEHUEM
0a3aJbHBIX TOBEPXHOCTEM CMEXHBIX CTPYKTYPHBIX TIAKETOB KPHUCTAJIOB,
MCKIIFOYAIOIINX BO3MOKHOCTh IPOHUKHOBEHUS BOAbI B MEKCIOEBOE MPOCTPAHCTBO.



Jlis KOaryJislHMOHHBIX CTPYKTYp KaOJMHHUTA XapakTepHa OPHEHTALWs YacTHUI] IO
IUIOCKOCTSM, OIpPEIENsIonias MpeuMYyIIeCTBEHHOE 00pa30oBaHHE MEHEE MPOYHBIX
KOHTAKTOB B MOJIOKEHHUH JTaJIbHETO dHEpreTuyeckoro MuHumyma [7]. Hemocratouno
pa3BuTas THIpaTHas 000JOYKAa, OTHOCHUTEIIbHO BBICOKAs KPYIMHOCTb YaCTHUIL
KAaOJIMHUTA, MX KOHTAKTUPOBAHHUE IO IUIOCKOCTAM OOBSICHSIET MaKCHUMAaJIbHOE
3HAUYEHUE BEJIUUUHBI O, = 40,5 %. Pe3kuii poCcT MpOYHOCTH CTPYKTYpOOOpa3oBaHUs
Opy TMPEBBINICHUU JaHHOW KOHLIEHTpAlMu BbI3BAaH, MO-BUAMMOMY, (uUKcaruen
YaCTUIl KAOJIMHUTA TIO yriaM 1 péopaM B MOJOKEHUHU OMMKHEH KOAryJIsIIH.

Crneuuguyeckass 3aBUCHUMOCTb MPOYHOCTU CTPYKTYpbl OT KOHILIEHTPAIUU
TBEPAOIO B JUCHEPCUAX TJIMHHUCTBIX MHHEPAJIOB OOYCIOBIMBACT PA3IUYHOE
BIUSHUE COJACPKAHUS MHUHEPAJIbHBIX TMpPUMECEd Ha CTPYKTypooOpa3oBaHHE B
YTOJIbHBIX CYCIIEH3HSIX. DKCTIEpUMEHTHI, IPOBEJICHHBIE C
BBICOKOKOHIIEHTPUPOBAHHBIMU ~ BOJIOYTOJIbHBIMU ~ CYCHEH3UsIMH  (MaccoBast
KoH1eHTpalus TBepaon (aszel C; = 60 %, 00bEMHAA ¢ = 53 %), MOATBEPKIAIOT 3TO
(puc. 2). Ho0aBKkM MOHTMOPWUIOHMTa K JUCHEPCHUM HHU3KO30JBHOIO  YTJIs
CYILIECTBEHHO MOBBIIMIAIOT MPOYHOCTh KOATryJISIMOHHOW CTpYKTYyphl. ['mapocnrona
TaK)Ke CIOCOOCTBYET pOCTY IIacTUYECKOM mnpoyHocTh. OpHako, e€ neicTBue
BBIPAKEHO ci1abee, YTO XOPOUIO COIJIaCyeTCsl ¢ paHee MOJyYeHHbBIMU JJAHHBIMU (pUC.
1). OOpaTHoe BIMSHHME OKa3bIBAET BBEJIEHHWE B TBEpPAYyI (a3zy BOJOYrOJbHON
cycnieH3uu kaoiuHuTa. [Ipu yBennueHuu ero coaepKaHus MPOYHOCTh CTPYKTYPbI
CHIDKAeTCsA. DJTO, MO-BUAMMOMY, OOBICHSETCS BBICOKOW MOJBMKHOCTHIO YaCTHIL
KaoNMHMUTA, oOJanaromux Ttabnuryatod (opmMoi U cinaboil MOBEPXHOCTHOM
aKTUBHOCTHIO. CBOOOHO TepeMenIasch B 00bEME CYCIICH3UH, OHU CIIOCOOCTBYIOT
OCNabNIeHUI0 KOAryJsLMOHHBIX KOHTAaKTOB MEXAY YTrOJbHBIMH YacCTHUIAMHU.
VYMeHbIIeHHEe TIAaCTUYECKOM MPOYHOCTH HE COMPOBOXKIACTCS JecTabuin3anuei
CYCIIEH3MH, KaK B Cllyyae ¢ KBapueBbIMU yacTHiiaMu. OOpa3oBaHHBIE KAOJIMHUTOM
COBMECTHO  C  YrOJbHBIMH  YacTUI[AMH  KOAryJsiHUOHHBIE  CTPYKTYpHI
XapaKTEPU3YIOTCS TOMOT€HHOCTBIO U YCTOMYMBOCTBIO.
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Puc. 2. 3aBucUMOCTb MPOYHOCTH KOAryasiiMOHHOM cTpykTyphl BBYC ot
coJiepKaHUs PA3IMUYHBIX MUHEPATbHBIX 100aBOK
JluneliHas amnmpokcuManus KpHUBBIX (puUC. 2) Ha HWHTEpBale COAEpP>KaHUS
MUHEpabHbIX 700aBOK 0 — 15 % mo3BosmiIa OLEHUTD CTETIEHb BIUSHUS OTIAEIbHBIX
MUHEPAJIOB HA MPOYHOCTh KOATyISIHMOHHOM cTpyKTypbl BBYC:

P, ™=36+0,71n,,,
P, =3,6+0,30 n,., 4)
P, =3,6-0,18n,,,

rae P, Pn ¢, P — mpounocts ctpykTypsl BBYC B nipucytcTBun 100aBOK,
COOTBETCTBEHHO, MOHTMOPWJUIOHUTA, TUJIPOCIIONLI U KOQIMHUTA; Ny, Npe, Ngy —
conepxanue B TBepoit (haze BBYC no6aBok, COOTBETCTBEHHO, MOHTMOPHUJUIOHUTA,
TUAPOCIIOAb U KOAJIIMHUTA, JOJW eIuHUIbl; 3,6 — mpoyHOocTh cTpykTypbl BBYC 6e3
100aBOK MHUHEPAJIOB, *10° Ia.

MakcumanbHbld KO3(Q(UIIMEHT YBEIMYEHUS TIACTUYECKOW MPOYHOCTU (Ayy =
0,71) cootBerctByeT BBeAeHHr0o B BBYC no0aBok MOHTMOPWIJIOHHUTA, IS
ruapocoabl a,. = 0,3. Kaxaplii MpOLEHT MOBBIIIEHUSI COJIEPKaHUSI B CYCIICH3UU
KAOJIMHNTA CHIDKAET MPOYHOCTH CTPYKTYphI Ha 0,18%10° ITa.

OcHOBBIBasiCb Ha MPUHLMIE AJIUTUBHOCTH CTATUCTHYECKON TEOpUU
MPOYHOCTH [8], BBIpAXEHUE JUISI OMNPENEICHUS MPOYHOCTH KOAryJISIUOHHOU
ctpykrypsl BBYC (2) M0kHO 3anucath B CIEIYIOIIEM BUE:

P,,=P,” +0,71 ny, + 0,30 n,.— 0,18 n, , (5)



mpu Y n; < 15 %.

CiienoBaresibHO, CBOMCTBa KoaryJaiuoHHOW cTpykrypel BBYC 3aBucsar ot
coctaBa TBEpAON (a3pl. [Ipym mpenmylecTBEHHOM COJEp>KaHUM B MHUHEPAIbHON
YacTU YIJIEM TJIMHUCTBIX MHHEPAIOB CO CTPYKTypoul Tuma 2:1 cienyer oxuaaTh
YBEJIIMUYECHUA MPOYHOCTH CTPYKTypHOro kapkaca BBYC c¢ poctom cymmapHoit
s3onpHOCTH BBYC. B TO *)e Bpewms, Hanuuue B TBEpAOU ¢aze BBYC kaonunurta
MOJKET CIIOCOOCTBOBATh CHIXKEHHUIO TPOYHOCTH JIUCTIEPCHON CHCTEMBI.

[IpouHocTh KoaryssoHHOU cTpyKTypbl BBYC omnpenenser Bce €€ 0OCHOBHbIE
pEeoIornyecKue ITapaMeTphbl: npeaen TEKYy4EeCTH, CEIMMEHTAILMOHHYO
YCTOMYUBOCTb, BSI3KOCTh. 1103TOMY, Ha OCHOBaHMM BBIpaKEHHS (5) MOXKHO J1aTh
OPUEHTHUPOBOUYHYIO OILICHKY BIMSHHUS COCTaBa TBEPJAOM (a3pl Ha PEOJOTUUYECKUE
XapaKTepUCTUKUA BOAOYTOJIbHBIX cycrneH3uil. OJHako, OmpeAesieHue KOHKPETHOMU
3aBUCUMOCTH, MPUTOJHOW Ui MPOTHO3UPOBAHUS TEKYYECTH, CEAUMEHTAIMOHHOMN
ycronunBocti BBYC npu wu3MeHeHUM coAepKaHHWs B yrie pa3jdyHbIX
MUHEPAJIbHBIX IPUMECEN, BO3MOXKHO TOJIBKO HA OCHOBAHUM PE3YJIbTATOB
KOMILUIEKCHBIX peojoruueckux uccieaoBanuii BBYC B mpucyTcTBUM peareHTOB-
IIACTU(PUKATOPOB.
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