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[lonsiTre HaHOCKUCTEMA OTHOCUTCS K CUCTEMaM, COJIEPKAIlMM HaHOYACTHIIBI - YACTHIIBI OJJHOW WITH
HECKOIBKUX (ba3 pasMepoM OT HECKONbKHX 10 corTeH Hanomerpos ((10° - 107 m). HaHoMmeTpoBbIit
pa3Mep MOXKET XapaKTepu30BaTh OJHO, JIBA WU TPU HAIPABIICHUS B YACTHIIE, OTPEICIISISl COOTBETCT-
BEHHO (POpPMY HAHOYACTHUIIHI KaK TUICHOUHYIO (JIAMEIUISPHYO, TAOIHUTYATYIO0), HTOJIBYATYIO WK ce-
pudeckyto (m3oMeTpuuHyt0). HaHocrcTeMbl MOTYT OPMHPOBATHCS KaK B MPOIECCaX KPUCTAILTU3AIUN
(KoHIIEHCAllMK) BEIIECTBA, TaK U B Pe3yJibTaTe TBEPA0()a30BhIX MPEBPAICHUI B MACCUBHOM TBEPIOM
tene (“muHepane-xo3sune”) [1]. Munepansl, conepkaiue 3a C4eT BHYTPUKPUCTAIUINUYECKOM HAaHOHE-
OJTHOPOJTHOCTH BHYTpEHHHUE MeX(a30Bble TPaHUIIbI (TPAHUIIBI O0JIACTEH Pa3HOTO COCTaBa WIIH Pa3HOM
CTPYKTYpHBI, TBOMHHUKOBBIE IIBBI, TPAHUIBI YIOPSAIOUYCHHBIX JTOMEHOB, IDIOCKHAE Ne(eKTHl), paccMar-
PHUBAIOTCS KaK HAaHOCHCTEMbI.. HaHOYAaCTHI[BI MMEIOT OOJIBINYIO MO BEJIUYMHE CBOOOIHYIO MOBEPX-
HOCTh W BBICOKYIO TIOBEPXHOCTHYIO DHEPIHIO, 32 CYET BKJIaJa KOTOPOH B CYMMapHYHO CBOOOHYIO
SHEPTrui0 (hM3WYECKHE, PeaKIIMOHHbIE M TEPMOJMHAMHYECKHE CBOMCTBA HAHOCHCTEM OTIMYAIOTCA OT
TaKOBBIX JIJIs1 MakpocucteM [1-3].

B pesynbrate TBepaoha3oBhIX MpeBpalleHUil U peakiuii, MPOUCXOIAIINX B MUHEpaJe TIpU U3Me-
HEHUH (U3NKO-XUMHUYECKUX TapaMeTPOB W COMPOBOXKIAIOUINXCS ITOSBICHUEM B KPUCTAILTHYECKOH
MaTpHIle MUHEpaIa-X03siMHa HOBBIX (ha3 pa3MepoM B JECSITKH—COTHH HM, UCXOIHAs onHO(a3Has MaK-
pocucTeMa MepexoIuT B COCTOSHUE reTepoda3sHol HaHOCHUCTEMBI. B kpucramie oOpa3yroTcs BHYT-
pEHHHE KOTepEHTHBIE Mex(a3Hble TPAHUIBI I BO3HUKAIOT YIPYTHE HAMPsDKEHHUS. YTpyras SHEprHus
KOTePEHTHBIX MEX(a30BBIX TPAHUI] JaeT BKIAJ B CYMMapHYIO CBOOOIHYIO SHEPTHIO, BHI3BIBAS CMe-
IIICHUE PaBHOBECHIA B 00pa3yroIeicss HAHOCKUCTEME 110 CPABHEHUIO C MAKPOCHCTEMOW U CTA0MIIN3UPY S
METacTa0MIIbHBIC COCTOsIHUA. CIIEACTBUEM STOTO SBJISETCS KOHCEpBanus (a3 BBICOKOTO JABJICHUS B
KPUCTAJUTMYECKOW MaTpHIlE MHUHEpaJia-X03sMHA B YCIOBHSIX JEKOMIIPECCHU; TTOSBICHNE METaCTa0MIIh-
HeIX (a3 ¥ cTabwim3anus (Ba3oBBIX acCOIMALUN, TEPMOJUHAMHUYECKU 3alpeIleHHBIX MPU JaHHBIX
BHemHNX P-T mapamerpax (“BBIHYXICHHBIE paBHOBecus® 1o [2,3]); oOpa3oBaHMe KaTHOH-
IeUIHUTHBIX (a3 co CTPYKTYpOH MHHEpalia-X035HHA B T0JIe CTAOMIHLHOCTH PAaBHOBECHBIX MPOTYKTOB
npeBpamienns. Ha ¢a3oBoit auarpamMme COCTOSIHUS 3TO OTPaXKaeTcs B JETPECCHH CONbBYca (IOsBIIE-
HUHM KOT'€PEHTHOTO COJIbBYCA); CMEIIICHUN TPAHUI] MOJUMOP(HBIX (Da30BBIX MEPEXOJIOB; B 3aMEIICHUH
oJIel YCTOHYMBOCTH PaBHOBECHBIX (ha3 M (ha30BBIX accoUUaIiii 001acTIMU MeTacTaOMmIBHOTO (hazo-
BOTO paBHOBECHS (pa3MepHEIi da3oBeIii 3pdext [2,3]).

Oo6pa3oBaHue rerepoda3HbIXx HAHOCUCTEM PACCMOTPEHO Ha MpHMeEpe TBep0(]a30BhIX MpeBpale-
HUH (pacnaj TBEPJOro pacTBopa, NoIUMOpQHbIe repexosl) B cucreme Ti0,-SnO, npu BeicOkux 7-P
[4] u peakuuii OKHUCICHU-BOCCTAHOBIICHUS, THIPATAIIUN-JIETUPATAIIA B OJUBUHAX TPU U3MEHEHUU
T, P, P(O,), P(H,0) [5-9]. Ananu3 CymecTBYIOIMUX HA HACTOSIIEE BpEeMs TAaHHBIX O MEPEXOIE CHCTEM
U3 MaKpo- B HAHOCOCTOSIHUE B Pe3yJibTaTe TBepJ0(])a30BhIX MPEBPALICHHUIA U PEAKIIHIA TTO3BOJISIET Clie-
JaTh CIeayroIne 0000ImeHusl.

1. ®opMupoBaHHE HAHOCHCTEM COIPOBOXKIIAETCS IOSBICHHEM B MAaKpPOKPHCTAIUIE KOT€PEHTHBIX
BHYTPUKPUCTATUTHICCKUX MEK()A30BbIX TPAHHIL.

2. Jlns HaHOCHCTEM, OOpa30BaHHBIX B MPOIECCaX OKUCICHUS WM TUAPATAIMH, XapaKTePHO MOSB-
JIeHWe KaTHOH-Ie(UINTHBIX HaHO(a3, UMEIOIINX CTPYKTYpY, ONHM3KYI0 K CTPYKType MaTepHHCKOI
(ha3bl ¥ copepikanMx BakaHcHH. [IpumMepaMu KaTHOH-ISHUIIMTHBIX HaHO(A3 SBJISIOTCSA THAPOOIMBUH
(Mg,Si04)n(MgH,Si0,), nalixyHut (Mg,Fez+)2_3xF e, 1, Si0, B MaTpHIlE OJUBUHA.

3. OOpa3oBaHHe HAHOCHCTEM B pe3yJbTaTe MOJMMOPQHBIX MEPEX0J0B OOBIYHO OCYIIECTBIISIETCS
MyTEeM TOJUCHHTETHYECKOTO IBOMHUKOBaHUS (1epexon o-Y B TiO,, KIHHO-OPTOIHCTATHUT U JIP.).

4. Hanodasbl CTaOMIM3UPYIOTCS KPUCTALIMYECKOM PEIICTKOW MATpHUIlBl MHHEpada-X03sWHa 3a
CYET DHEPTrUU KOTEPEHTHBIX MEX(a30BbIX T'PAHUIl U METACTAOMIHHO COXPAHSIOTCA MPH M3MEHEHUH
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P,T,PO,,PH,0 cpensl. [lpuMmepaMu TakuX “BBIHYKICHHBIX paBHOBECHH ™ NMPH HOpMabHBIX P-T mapa-
MeTpax SIBJISETCsI KOHCepBAIMS B KPUCTAJIE-X03IMHE BBICOKOOAPHBIX (a3 HAHOMETPOBBIX Pa3MEpOB
(nmamenn y-TiO, B pyTHiie ¥ HAHOBBIJEIIEHUS THAPOOIMBHHA B OJTUBUHE).

5. O0pa3oBaHUIO HAHOCHCTEM IyTeM TBepI0(]a30BBIX MPEBPAIICHUH 1 TONOTAKCHYECKUX PEaKIUH
CHOCOOCTBYIOT yCJIOBUS IEPECHILICHUS U HU3KUX CKopocTed and¢ys3un (HU3KHE TeMIepaTyphbl); BbI-
COKME IOTeHLuabl kuciopona w/mmn H,O B ycloBHAX HM3KHX TeMIIEpaTyp; BBICOKHE CKOPOCTHU 3a-
KaJKH.

6. Hanmenee n3yueHHON ocTaeTcsi poiib JaBICHHUS B 00pa3oBaHMM HAHOCHCTEM IpU TBEpAodaz3o-
BBIX IpeBpameHusx. OJHAKo Aaxe HEMHOTOUYMCICHHBIE Ha HACTOAIIEE BpPEeMs AaHHBIC IO3BOJISIOT
CUUTATh, YTO B YCIOBHSX BBICOKUX JIABIICHHUI MOBEJCHUE HAHOCUCTEM OTIIMYACTCS OT IMOBEICHHS MaK-
pocuctem.

(a) OOHapyxeHHE HOBON BBICOKOOAPUYECKONW KAaTHOH-AeQUIUTHONW ¢a3bl - THUAPOOIHBHHA
(Mg,Si04)n(MgH,S10,4)— B hopMe HaHOBKITIOUECHHWH B MAaHTUHHBIX OJMBHUHAX ITO3BOJISET IMPEAIIONO-
KHUTh TBEpA0(a30BbIi MEXaHU3M ee 00pa3oBaHUs B pe3ysibTaTe pacnazaa TBepAoro pacreopa Mg,SiOy
— MgH,Si0,4 nipu BeicOKuX naBieHusix [7,8]. Ilpu mociemyromel qeKOMIIPECCHU THAPOOIUBUHOBBIC
BKJIIOUEHHSI CTAOMIIM3UPYIOTCS KPUCTAJUIMYECKOW MaTpHLEH OJIMBUHA-XO35MHA Ojarogapsi cujiaM yIi-
pyroii nedopmarun kKprcraiuia. B pesynbraTte ¢aza BEICOKOTO JABICHUS - THIPOOIMBHH — METacTa-
OMJIBHO COXpaHsETCs B YCIOBHSAX HU3KOTO BHELIHETO AABJICHUS, TOTJa KaK pABHOBECHOMY COCTOSHHIO
MaKpOCHCTEMBI IIPH 3TUX [TapaMeTpax oTBedaeT (a3oBasi acCOLUALNS CEPIIEHTHHTaNIbK.

(6) Iomumopdmusrit nepexon o - TiO, (pyTHi) B BeicokoOGapuueckyo Moaudukammio y- TiO, mpo-
HCXOIUT B HAHOCHCTEME NPH MEHBIINX AABJICHUSIX 110 CPAaBHEHUIO C 3TUM IIEPEXOJOM B MAKPOCHUCTE-
me [4].

(B) DKcriepMeEHTaJIbHbIE AaHHbIE O BIMSHUM JABJICHUS HA MOJIOKCHHUE COJIbBYCAa B TBEPIBIX pac-
tBopax TiO,-SnO, ¢ pasmepom kpucrammroB 10-50 MM (107 M) CBHAETENBCTBYIOT O AEMPECCHH
CollbByCa ¢ pOCTOM JnaBieHus. Kputnueckas temmeparypa conbByca coctaimsier 1430 °C (1 arwm),
<1320 °C (2.5 I'Ta), <1230 °C (3.5 I'lTa), <1200 °C (4.5 T'lTa) u <1150 °C (5.5 I'lTa.). Takoe mosee-
HHE TBEPJOr0 PacTBOPa MOJIHOCTHIO MPOTHBOPEUUT MpaBHIaM PABHOBECHOW TEPMOJUHAMHUKH M TEO-
pun nzomopdusma [10], cornmacHO KOTOPEIM KpUTHYECKAsl TEMIIEpaTypa COJIbBYCa AOJKHA BO3PACTATh
¢ poctoM aaBieHus. OOBsSCHEHHWE TAaKOMYy HEOOBIYHOMY IOBEACHHIO MOXKET OBITh JaHO HAa OCHOBE
paccMoTpeHus pasmepHoro 3¢ dekra. [Ipeanonaras Bo3pacTaHue BEIMIUHB OBEPXHOCTHOM SHEPTUH
C POCTOM JIaBJICHUs, CIEAYET OKUAATh JETPECCHH COJbBYCa B HAHOCHCTEMaX IIPU BO3pAcTaHUU /1aB-
neHusi. B To e Bpemsi, B YCIOBUSX BBICOKOTO JaBJICHHUS MEPEXO MaKPOCHUCTEMBI B COCTOSIHIE HAHO-
CHCTEMBI JOJDKEH MPOUCXOJUTH MPH OOJbIIEM KPUTHYECKOM pa3Mepe YacTHll. DTO O3HAYaeT, YTO C
POCTOM [aBJIEHUs NOBEICHHUE CHCTEMBI, XapaKTEPHOE Ul HAHOCHCTEMBI, MOXET IPOSBISTHCSA IPU
pasmepe yacTull, Ha 2-3 mopsiika OOJBIINX, YeM IPH OOBIYHBIX JaBJICHUSX.

Paboma ewvinonrnena npu gunancosoii noodepacke PODPU (epanm 02-05-64845), npo-
epammul “Bedywue nayunvie wikonvl Poccuu” (epanm HIII-1955.2003.5) u npoepammet
dynoamenmanvrvix uccireoosanuti Omoenenus Hayk o 3emne PAH “Hanouacmuyvl 6
2eocghepax 3emnu: ycious HAXONCOEHUs], MEXHON02UUeCKUe U IKON0SUYEeCKUe CledChi-
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