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OapHaxpgbl Bonbgpranr Maynm,
BEJINKWUI LUBEVLIAPCKUI
pU3NK-TEOPETHK, B cepauax
ckasar, 4to «bor co3gan o6bem,

a NMoBepXHOCTb — MNOPOXAEHNE
[HbsiBona». Y1 gevictreutesibHO,

XOTS1 06bEeMHbIE CBOVICTBA
60/IbLUMHCTBA MatepmanoB 6bin
LOCTaToO4YHO XOPOLLIO N3Y4YEHbI

YXKe K cepennHe rpoLLsioro Beka,
MOAJIMHHOE POXAEHNE (hU3NKMN
r10BEPXHOCTM COCTOSI/IOCH JINLLIb

B 1960-x rr., BO MHOrom 6s1arogapsi
10SIBIIEHUNIO BbICOKOYYBCTBUTEIbHOM
SIIEKTPOHHOUN MUKPOCKOMNMY,
03BOJIAOLLEN PErncTpupoBaTh
XVMUYECKNE COEANHEHUS

Ha rnoBepxXHOCTU TBEPAOro Tena.
Cevi4ac 310 Mosi040€e Hay4yHoe
HaripaBrieHne B Mupe 6bICTPO
pasBsuBaetcsi, Haxogs cebe
MHOXECTBO TEOPETUHECKUX

M MPaKTUHECKUX MPUITOKEHNI

B caMblIX pa3HbIX 06/1aCTsX 3HaHUS,
OT hU3VKM MOJTYNPOBOAHNKOB

[0 MuHepanornm

Krro4eBble crioBa: MUHepan,
NMOBEPXHOCTb, MUKPO3NEMEHTHI,
3NEKTPOHHAsA MUKPOCKOMUS

1 CMEKTPOCKONUS, aTOMHO-CUII0Bas
MUKPOCKOMMSI.

Key words: mineral, surface, trace
elements, electron microscopy and
spectroscopy, atomic-force microscopy
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APCEHTbBEB Kupunn tOpbeBny —
rnaBHbINA CNELManmCT-aNeKTPOHMK
naéopartopun ynsTpacTpyKTypbl KNETKM
JInmMHONOrM4yeckoro nHCTUTyTa

CO PAH (MpkyTck), acnmpaHTt MHcTuTyTa
reoxumumn um. A.lN. BuHorpagosa

CO PAH (MpkyTck). ABTOp 1 coaBTop

10 Hay4HbIX pa6oT

TAYCOH Bnagumup JlbBoBUY —
[OKTOP XMMUYECKMX HayK, 3aBelyoLLnii
nabopartopuen aKcnepuMeHTasIbHOM
reoxvmmmn NHctutyTa

reoxvmumn um. A.T1. BuHorpagosa

CO PAH (MpkyTck). JlTaypeaT npemuu
Mpasutensctea P® B o6nactu Hayku

1 TexHukm (1995). ABTOp 1 coaBTop
6onee 200 Hay4HbIX paboT

a TEePBbIil B3TJIsI/l TIOBEPXHOCTH MHOTUX KPUCTAJLIIOB BBITJISIZIUT POBHOM,
OyKBaJIbHO uzleaibHOiL. Ha caMoM Jiesie 9T0 JasieKo He Tak, HO YBUETh
peabHYI0 KapTUHY «HEBOOPY KEHHBIM> B3TJISIZIOM MTPAKTHUECKN HEBO3-
MOJKHO.

Jliist u3ydenusi TOBEPXHOCTU MUHEPATBHBIX KPUCTAILIOB, a TaKKe (HU3u-
KO-XMMU4ecKuX (hakTopoB ee hOPMUPOBAHUSI CETO/HS UCIOTb3YETCsT MHOKe-
CTBO METOJIOB ¥ MHCTPYMEHTOB: ONTHYECKAS W AJIEKTPOHHAST MUKPOCKOIIHS,
CKaHMPYIOIIast 30H/I0Basi MUKPOCKOIINSI, PEHTIeHOBCKast [UdPaAKTOMETPHS,
PEHTTeHOBCKasT (DOTOITEKTPOHHAST CIIEKTPOCKOTIHS 1 p. B Hamreit pabore miist
HCCIIEeI0BAHsI TOHKOW CTPYKTYPBI TTOBEPXHOCTH MbI HCTIOJNb3YeM JiBa TpUbopa,
KOTOPbIE B3AMMHO JIOTIOJHSIOT IPYT IIPYTa: CKAHUPYIOUSULL 2NEKMPOHHBLI MUKPO-
cxon (COM) u amommno-cunogoi muxpockon (ACM).

OTKprBaeM HOBbIE T'PaAHU

[lepen HAYaIOM MCCIEAOBAHUA OTOUPAIOT KPACUBLIEC, POBHBIC KPUCTAJLIbL
OTIPEIEIEHHBIX MUHEPAJIOB U3 MPUPOAHBIX 06pas3oB 100 N3 SKCIIEPUMEH-
TQJIBHBIX POCTOBBIX YCTAHOBOK, KOTOPBIE B JaJbHENIIIEM PACIIPENENTIOTCS
Ha CIeIUAIbHON TTPOBOIANIEH TOTOKKe. 3aTeM 9Ta TOJJIOKKA 3arpysKaeTcs
B CKaHUPYIOMWH 9JeKTPOHHBII MUKPOCKOI, U3 HETO OTKAYMBAETCS BO3YX,
U yxKe yepe3 5—7 MUHYT IIPU JOCTUKEHUU TpeGyeMOoro BakyyMa KPUCTAJLI
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MOXHO YBUAETH B «HOBOM CBETE» B 6yKBaJIbHOM CMbICJIE

HTOTO CJIOBA.

MOKHO PacCMOTPETh €ro Kak IEJIUKOM, TaK U B MeJlb-
valllux JeTassx, BKoyas eeKTbl Wik [PUYyIJIHBbIe
MUKPO- U HaHOPa3MEPHbIE y30Pbl Ha €r0 MOBEPXHOCTH.
U 310 flasIeKo He Bee: B MUKPOCKOIIE MMEETCsI BCTPOCHHbIi
IHEP2OOUCNEPCUOHHDLTL PEHM2eHOBCKULL demekmop, Oaaro-
JApst KOTOPOMY MOJKHO OIPEAEUTD BJIEMEHTHBII COCTAB
B 1060 TOUKE ¥ Ha JII06OM ydyacTke Kpucraia. Takium 06-
Pa30M, Mbl I10JIy4aeM He IIPOCTO KAPTUHKY U3 MUKPOMUPA,
/i€ BU/IHBI BCe XapakTepHblie (hOPMbI 1 JeTali KPUCTAJLIA,
HO U OTIPE/IEJISIEM, U3 Y€TO «C/IETIAH» HATI KPUCTAILI U Y30PbI
Ha ero moBepxHocTH. COrTacuTech, KapTUHA [JIST HCCIIE0-
BaTeJist CTAaHOBUTCSI Ky/ia 6oJiee TOTHOI.

Ho uacrto 6bIBaeT U Tak, 4ToO [ OTBETA HAa BOMPOC
«KaK 1 T0YeMy UMEHHO TaK BCE MPOMCXOIUT?» BOZMOJK-
Hocreit COM ne xBataer. Torza Ha MOMOILb TIPUXOAUT
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CKaHVpYOLLMIA 31EKTPOHHBIN
Mukpockon Quanta 200

C MPUCTaBKOW A1 PEHTTEHOBCKOro
MuKpoaHanusa EDAX npoussoacTea
FEI Company (CLLUA)

Tak BbIrMAAUT B CKaHMPYIOLLIEM
3M1eKTPOHHOM MUKPOCKONe
chopmMMpoBaHue NIOCKOW rpaHu
kpuctanna marHetuta. CtyneHbka
pocTa CoCTOUT U3 NMpamMuaoK,
OPVEHTUPOBAHHbIX ONpeaesieHHbIM
06pa3om. TN MUKPOKPUCTaNUTbI
06pasyroTCca U3 HaHOPa3MepHbIX
npenLLecTBEHHNKOB-MPEKYPCOPOB.
Mx cocTtas, KaK 1 cocTaB «41UCTON»
NOBEPXHOCTU, HE COOTBETCTBYET
MarHeTuUTy Unn remaTuTy,

a SBAETCA OKCUMMAPOKCUAHBIM,
BO3MOXHO, O/TM3KUM

K rMapoMarHeTuTy

JIPYTOil MHCTPYMEHT HMCCJIe/I0BATEsI — ATOMHO-CUJIOBOI
MUKPOCKOTI, TIO3BOJISTIONIUI ONPe/ENSITh KOJTMYeCTBeH-
HbIe XapaKTePUCTUKU MOBEPXHOCTH: €€ IePOXOBATOCTb,
(bpakTasbHyI0 Pa3MEPHOCTH, HAPAMETPBI pacIipe/ieseH st
00BEKTOB pasHOTO pazmMepa. Bemb moBepXHOCTH, KOTOPYIO
MO’KHO YBUJ/IETb HEBOOPYKEHHBIM TJIA30M, — ATO JIUIITh
nzieaTbHas ITPOEKIINS PEATbHOM, «<ACTUHHOM» TIOBEPXHOCTU
KpHUCTAJJIA C ee Pa3BUTOI MUKPOCTPYKTYPOH, BHOCSIIEH
Oy TUMBIiT BKJIaJ B TapamMeTpsl o6pasia. 1 ata peanbHas
IJTOIIA/[b TIOBEPXHOCTU KPUCTAJLJIA MOKET B TIOJITOPA-/BA
pasa 6bITh Gourbiie ee mpoeknuu! U wem membue OymeT
KPUCTAJLI, TEM 9Ta pasHuia 6yaer 6obIiei.

B mipupoibix yegoBUSX HA PAHUIE PACTYIIErO KPH-
cTajla U «MaTepUHCKOTO» (atouda (pacTtBopa) obpa-
3yeTcst ocoOBIN CJIOM, T/le HAKAIINBAIOTCS PasJInyHbIe
XUMUYECKHE 3JEMEHTBI, KOTOPbIM He HAILIOCh MECTa
B CTPYKType GyayIiero Kpucraiga. Takue sJIeMeHTDI
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ATOMHO-CUTOBOM MUKPOCKOT
NO3BONISIET ONPELENATL U AeTanbHO
n3y4vatb KONMYECTBEHHbIE
XapaKTepPUCTUKN NMOBEPXHOCTHU
KpucTanna, BKno4vas
pacnpegeneHne 06bEKTOB Pa3HOro
pasmepa.

CripaBa — 30HLO,OBbIN MUKPOCKON
npounasoactea AO «3aBop,
MPOTOH» (3eneHorpag, Mockga)

MOTYT 00pa30BbIBATh TIPUMECH, JTNOO
C TIOBBINIEHUEM KOHIICHTPAIMH CBOU
KOMILTIEKCHI ¥ KJIacTephl. B koneunom
cyeTe 3TOT <«Uy’KePOTHBII» CTPOU-
TeJILHBINA MaTepUas MOKET COOPAThCS
BOJIM3U BHYTPEHHUX 1e()EKTOB KpuU-
CTAJTTIECKON PENETKHU, HO GOJIBIITAst
€ro YacTh BCE JK€ OCTAHETCS Ha I0-
BEPXHOCTHU KPUCTAJLIA.

CoBpeMeHHasi MUKPOCKOITYECKast
TEXHUKA JIA€T BO3MOKHOCTb HE TOJIb-
KO B MeJIbYANIINX JIeTAJISIX YBUIETh
MOBEPXHOCTH KPUCTAJIA, HO 1 OYK-
BaJIbHO MPOCJIEIUTH €€ «IBOJIIOIUIO.
MHorue 3HaKOMBbI € KJIACCUYECKUMU
MOJIEJIIMHU POCTa KPUCTAJIIA, KOTAa
MOBEPXHOCTh M300pPaKaeTCsl B BUJE
KyOHUKOB-aTOMOB, TPUCOETUHSIIONIIX-
csLK pacTyteMy ciofo. Ho B peasbHBIX
POCTOBBIX CUCTEMAX, T/I€ TIPUCYTCTBY-
eT MHOTO Pa3HOOOPa3HbIX XMMUYE-
CKIX KOMITOHEHTOB, KaK YIIOMITHAJIOChH
BBIIIIE, CUTYaIIUsI CKJIAJIbIBACTCS [IaJie-
KO He TaK HUIeaIbHo.

EcTp ocHOBaHMd cunTaTh, UTO TIPU
TUIPOTEPMAJILHOM POCTE KPUCTAJLIIOB
PY/IHBIX MUHEPAJIOB B BBICOKOTEMIIE-
PaTypHBIX BOAHBIX pacTBOPaxX MPHU
BBICOKUX JIABJICHUSIX JIEHCTBYET MeXa-
HI3M, B KOTOPOM YYaCTBYIOT OObEKThI
C HAHOPA3MEePHOU «TOJIIUHON» — TaK
Ha3bIBAEMbIE HEABMOHOMHbBIE (Pa3bi.
Hamr nsBecTHBI (DN3UKOXUMHUK aKa-
nemuk A. V. Pycanos (1967) B cBoe
BpEMsI BBEJI ATOT TEPMUH B KaUueCTBE
«YMO3PUTEJIBHOTO» JIJISI KCIIOJIh30Ba-
HUSA B TEOPETUYECKUX TTOCTPOEHUSX.
Ml JKe [IpH 1€ TATIHHOM UCCIIEI0BAHUN
MUHEPAJIbHBIX OBEPXHOCTEN METO-
JIAMW 3JIEKTPOHHON CITEKTPOCKOITNH,
CKaHUPYIOIEN 3JIeKTPOHHON U 30H-
JI0BOII MUKPOCKOIIUM YCTAaHOBUJIH,
4TO MOMO0GHBIE (ha3bl CYIIECTBYIOT
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0,50 pm

0,15 pym

L A3 dparmMeHT NoBEPXHOCTH

CUHTETUYEeCKOro Kpuctanna nmpurta

B PEAJIbHOCTH ¥ UMETOT BITOJTHE OTIpe/ieIeHHbIe, XOTS 1 IIepeMeHHbIe (B 3aBUCH-
MOCTH OT YCJIOBHII ), COCTAB U TOJIIIUHY, & TAK)KE BAJICHTHbIE COCTOSTHUS 2JIEMEH-
TOB, KOTOPBIE OTINYAIOTCS OT XaPaKTEPUCTHK OCHOBHOTO 0OheMa KPUCTAILIA.

C HeaBTOHOMHBIMH (hazamu PycaHoBa peabHbie (hasbl 00beTMHSIET OTHO 00-
I1ee CBOICTBO: OHM HE MOTYT CYIIECTBOBATH H30JIMPOBAHHO, 6€3 B3anMOIEHCTRIS
C MaTPUYHBIM KpUCTAIOM. [109TOMY 1 9BOJIOIMMOHUPOBATH OHU JIOJKHBI He
camu TI0 ce6e, a BMECTE € PACTYIIIUM KPHCTAJIIIOM, IPYTHMHE CJIOBAMH, TPUHUMATD
y4acTue B Tpoliecce pocta Kpuctasia. VIMeHHO 6iarosiapst TakoMy y4acTHIO
MPOUCXOMUT TPAHCHOPMAITHS BETECTBA, KOTOPAST 3aBEPIITAETCsT 00Pa30BaHIeM
OTHOCHUTEJIbHO POBHOI MOBEPXHOCTH TPaHEl KPUCTAIIa U (HOPMUPOBAHUEM
MOBEPXHOCTHBIX MIKPOBKJIIOUEHUIT 2JIEMEHTOB, OKA3aBIINXCSI HECOBMECTUMBIMU
CO CTPYKTYPOI1 pacTyIiero KpucTasia.

[IpuMeps! TaKMX TPUPOIHBIX KPUCTAIIIOB IEMOHCTPUPYET TUPUT U3 30JI0TO-
pyanoro mectoposkiaenust [lernexan Ha CeBepo-Bocroke Poccuu. [1o nanubim
CTIEKTPOCKOTINH, cepa B MOBEPXHOCTHBIX (Da3ax MUPUTA HAXOIUTCS B PA3HBIX
XUMIYeCKIX (DOpMax, BKITIOUAs noAUCY1b@uony1o (MOH-PauKan S, ), a He TOJb-
KO 00OBIYHYIO IUPUTOBYIO «rantesb> S, (Taycomn u ap., 2008). Cunraercs, uto
Takas opma cepbl urpaeT Hanbojaee aKTUBHYIO POJIb B KOHIEHTPUPOBAHUH
3osoTa 1 mratunonaos (Pokrovski et al., 2015). C nomormpio COM u ACM
Ha MMOBEPXHOCTH ATUX MIPUPOIHBIX KPUCTAJIIIOB ObLIU BBISBJIEHBI CTPYKTYPHBIE
SIMKHM TPaBJIEHHs C PA3HOI CUMMETPHUEH, 4TO TOBOPUT 00 y4aCTUU PA3HBIX
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Mukpokpuctann

AgL - 57.08%
PdL -0.63%

Agl=0.00%
PdL - 0.00%1.:

C NOMOLLIbI0 aTOMHO-CUTOBOWA
MUKPOCKOMUM MOXHO Habnoaath
pe3ynsTaThbl arperauum HaHo-

1 MUKPOpa3MepHbIX MUHepasibHbIX
a3 Ha NOBEPXHOCTY
CUMHTETMYECKOro KpucTanna nuputa

THUIIOB HEABTOHOMHBIX (Da3 B (hOPMUPOBAHUY OJTHOTO U TOTO
JKe KpHCTaIa.

B nocsiesiHye rozibl BO3POINIICS MHTEPEC K ITPe/ICTaBJIeHH-
SIM O HEKJTACCUYECKOM MEXaHM3Me POCTA KPUCTAJIJIOB ITyTeM
OPMEHTUPOBAHHOTO CPAIIMBAHUST HAHO- U MUKPOUYACTHUIL
(Banfield et al., 2000; Banos u ap., 2014). Ho ocraercsa
3araJIKOM, UTO 3aCTABJISIET YACTHUIIBI TPOU3BOJIBHON (HOPMBI
CIETIIATBCS W YIOPSAI0INBaThes. Ecam mpuiep:knBaThes
TUIIOTE3bI 0 CAMOCOOPKE, POCTE «TOTOBBIMU» TPEXMEPHDI-
MU CTPOUTEILHBIMU GJIOKAME, TO OCTAETCS HEIIOHATHBIM,
KaK MOXXeT cOpMHUPOBATHCS TIIOCKAsA TPAHb ¢ HU3KON
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WccnenoBaHus ¢ NOMOLLbIO SHEPrOANCMIEPCUOHHOIO
PEHTIEHOBCKOro OETEKTOPA MUKPOKPUCTASIOB

Ha MOBEPXHOCTM CUHTETUYECKOro NupuTta (criesa),
Nosly4eHHOro NPy MOAENMPOBaHMM NMOTOLLEHNS
NPUMECHbIX 91EMEHTOB (Cepebpa 1 nannagus),
nokasasnu, 4TO NPaKTUYECKN BECb ITOT Hy>KEPOAHbI
mMarepuvasn KOHLEHTPUPYETCSH B MUKPOBKITIOHEHNAX
Ha MOBEPXHOCTU KpucTanna

6720| Counts
K

AgL
3neMeHTHbI cocTaB
MUKPOBKOYEHMUS
Ha NOBEPXHOCTN

Kpucrtanna nuputa

0,82 ym

0,00 pm

[IEPOX0OBATOCTHIO, HATIPUMED, U3 OKTA3IPOB, SIBJISIOIIXCS
paBHOBECHOI (hOPMOI /IS NTTNHEIN U MaTHETUTA.

ITo HameMy MHEHWIO, HeaBTOHOMHas dasa, Oyaydu
MPaKTUYECKU IBYyMEPHON, MOKET SIBJAATHCS MaTpUIlel,
yHOpSAI0YNBAIOINIEH cpacTalomuecs KPUCTAIINTHL. Bos-
MOKHBIN BapuaHT TpaHCHOPMAIUU 30HBI COYTICHEHUS
HEaBTOHOMHON (ha3bl C MOBEPXHOCTHIO TOJIOKKHU TTPE/-
mosiaraeT (opMUpoBaHue HAHOOJOUHON MepexoHON
30HBI. B aTOM caryuae HeaBTOHOMHAS (ha3a IMOArOTaBINBAET
MMOBEPXHOCTH, HA KOTOPOI C y4acTHeM reoMeTpUuuecKo-
ro otbopa MoxKeT ObITh c(HOPMUPOBAHA ILIIOCKAST TPAHb.
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Kak 370 peasibHO IIPOUCXOIUT, MOKHO
BUJETH Ha TpuMepe (GOpMUPOBAHMSE
€BOEOOPA3HON CTYIEHbKU POCTa Ha
MOBEPXHOCTH KPHUCTAJIA MATHETHTA,
KOTOpasi COCTOUT M3 MUPaMU/IOK,
OPUEHTUPOBAHHBIX OTIPE/IEJICHHBIM
o6pazoM 1 HOPMHUPYIOIUX OTHOCH-
TEJIbHO POBHYIO FPaHb.

cCeOBAHUS MOBEPXHOCTH

MUHEPAJTBbHOTO BEIECTBA

W CBSI3aHHBIX C Hell SIBJIEHUI,

KOTOpPBIM B Hallleil cTpaHe,
K COKaJIeHUIO, MOKa He yAeseTCs
JOJIKHOTO BHUMAHWS, IIPEACTABJISIOT
He TOJIbKO aKaJleMUYeCKU I, HO 1 HECO-
MHEHHO ITpaKTHYecKuii narepec. Beap
Hanbosiee gapkasg 0COOEHHOCTD I10-
BEPXHOCTHBIX HAHOPAa3MEPHbIX (a3 —
UX CIIOCOOHOCTB TIOTJIONIATD TE CAMbIE
«HECOBMECTUMbBIE» IPUMECH, CPeau
KOTOPBIX MOIYT OBITb GJIaropojiHbIe
M PEIKHE METAJLIBI, TAKHE KaK 30J10TO,
IJIATHHA, AU, PeKO3eMeIbHbIE
9JICMEHTDI.

ITpakTUYeCKOE 3HAYEHUE OTKPHI-
TUS ABJIEHUS KOHLEHTPAILMK Ha I10-
BEPXHOCTH KPHUCTAJIIOB IEHHBIX
XMMWYECKUX 3JIEMEHTOB B TOM, YTO
TETepb MOKHO YCTAaHOBUTD, ¢ KaKM-
MU 9JIEMEHTaMU CTPYKTYPbI PYIHBIX
CHCTEM CBSI3aHBI 9THU IleJIeBBIE KOM-
HMOHEHTBL. DTO NPUHIUINAILHO IIPU
BBIGOPE TEXHOJIOTUI mepepaboTKu
1 06oralennss MUHEPAIBLHOTO ChIPb,
KOTOPBIE PA3IMYAIOTCsI 110 OCHOBHBIM
napaMeTrpaM, TAaKUM KaK CTENeHb
M3MeJIbYeHNs PyAHOTO MaTepuaa,
HEOOXOIMMOCTh U YCJIOBUST 00KNTa,
UCIIOIb30BAHNE XUMHUUECKUX pea-
T€HTOB, B TOM YUCJI€ BPEIHBIX s
OKPYKaIoMIEeH Cpebl.

Pa6ota nogpepxaHa rpaHramy POOU
Ne16-35-00102 1 Ne15-05-00612

B ny6nvkaymy ncronib30BaHb|
¢goto aBTOPOB
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e B 0,82 ym
-0,3 pm

AMKM TpaBneHus

pasHon cumMMeTpun —
cBugeTenbcTBa
HayaBLLUEerocs pacTBOpeHus
KpucTanna Ha noBepxHOCTH
NPUPOLHOro KpucTanna
nMpuTa n3 30710TOPYyAHOro
MECTOPOXAEHNS =
OerpekaH (PD). E2
M306paxkeHns nonyyeHsl :
C NMOMOLLIbIO CKaHupytoLLero
3MIEKTPOHHOIO (BBEPXY)

N CKaHUpYtoLLero
30HA0BOr0 MMKPOCKOMOB

2,7 ym
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