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Hccneoosansl xapakxmepucmuueckue 0cobennocmu, ceoiicmea u (hazoevlit cocmag no-
6epXHOCIMU HAHO- U MUKDOKDUCMAI06 aiMa3a O0emOHAUWUOHHOZ0 CUHME3A, NOOGEPZHYMbIX
paumuzayuu. 3aKOHOMEPHOCIMU RPOMEKAHUA OAHHO20 NPOUecca U HAKONnAeHue npooyKmos
paumuzayuu OviIu U3YUEHb! NYyMeEM NPUMEHEHUA KOMOUHAUUOHHO20 PACCEAHUA ceéema
(KPC), 31eKmpoHHOl MUKPOCKORUEI U PEHM2eHOPA3H020 aHau3a 00pa3y08 MUKPONOPOUIKos.
B kauecmee 00vexmos uccinedosanuil 0vliu UCHOIL30BAHBL 00PA3ULI XUMUYECKU OUUULEHHBIX
0eMmOHAUUOHHBIX HAHO- U MUKDPOAIMA308, NOJIYUEHHBIX MEMOOOM O0eMOHAUUOHHO20 CUHME3d.
Hcnonv3oeannsle 00pasypl y2iepooHbIX Yacmuy UCcl1ed008aHbl 8 ouanazone memnepamyp 20 —
1500 °C, 6 ammocghepe unepmnozo 2aza, npu paziuYHBIX CKOPOCHAX HAZPEBAHUA 00beKma.
I'pajpumuzayus nHanoanmasoe xapaxmepusyemcs cmpoumu IMAnHbIMU NPEEPAEHUAMU, CEA-
sannvimu ¢ pocmom KPC unmencusnocmu nuxos KPC (1350 u 1610 cm'™), xapaxmepuzyrowumu
zpagpumusayuro, c6A3aHHYI0 C NOAGNEHUEM U HAKONIEHUEM SP>-muna yznepoonvix ceaseil. Pezu-
cmpupyemuvte nposeirenus KPC cea3anHbl ¢ noseieHuem u HAKONIeHUEM KPUCHMAIUYECKUX U
amop@uvix npodykmoe Hanoanrmasnou pagumusayuu. Uccnedosannvie Koneunvie npooyKmul
usyuaemozo npoyecca umenu maxcumym KPC npu 1575 cm’, umo npamo yxasvieaem na nose-
JleHue OHUOHONOOOOHBIX (POpM y2nepooa HaA NOGEPXHOCHIU UCCIEOYeMblX HAHOMIMA3ZHBIX Ya-
cmuy. Ycmanoeienol omandumesnibHole 0COOEHHOCMU OUHAMUKY Zpadyumusayuu no6epxXHocmu
Y2NIePOOHBIX YaCmUY,, UMEIOWUX PA3IUYHYI0 CIMPYKmYypHylo opzanuzauuto. Hanoanmasusie ua-
cmuybl 6 00bUiell CMeneHl, Yem MUKPOAIMA3HbIE, YYECIGUMENbHbL K OAHHOMY Rpoyeccy, a
npoucxooawiue ¢ HUMU UZMEHeHUs Hocam 0oaee 2ydokuil xapakmep. I paghumuzayun nano- u
MUKPOATIMAZHBIX HACHUL, CONPOCONCOAEMCA NEPEXO00M Y21epodd nosepxnocmu us sp° 6 sp’ ¢ga-
3y, @ MaKice 603HUKHOBEHUEM PA3IUYHBIX Popm amopdroit gha3vi. /lannsiit npoyecc xapakme-
pusyemcsa NOAGNEHUAMU U HAKONIEHUEM OHUOHONROOOOHBIX npoOyKkmoe (onions) cpagumusa-
yuu. Ocobennocmu zpagumuzayuu MUKpoOaIMaz0e C6aA3aHbl ¢ 603HUKHOGEHUEM OHUOHON0000-
HbIX NPOMANCEHHBIX CHMPYKMYD 3HAYUMENbHO 00abUWIUX pazmepos (00 cma HM) U OmMau4aIo-
WAUXCA MUKPOCMPYKMYPHOU OP2AHU3AYUell, N0 CPAGHEHUI0 C OHUOHAMU, G603HUKAIOWUMU U3
0emoHauUOHHBIX HAHOAIMA308.

KiroueBble cjioBa: JACTOHALMOHHBIN CHHTE3, JCTOHAIIMOHHBIE HAHOAIMAa3bl, MUKPOAJIMa3bl, (a30BbIi
COCTaB yriepojia, rpaduTu3aiius, OHUOHBI, PEHTTCeHO(PA30BbIA aHAIN3, SJICKTPOHHAS MUKPOCKOIHS, KOMOMHA-
LIMOHHOE paccesHUe CBeTa
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The characteristic features, properties and phase composition of the surface of nano and
microcrystals of diamond of detonation synthesis subjected to graphitization are studied. The pat-
terns of this process and the accumulation of graphitization products have been studied by apply-
ing Raman scattering, electron microscopy on an electron microscope, and X-ray phase analysis
of micropowder samples. As objects of research, samples of chemically purified detonation nano
and microdiamonds obtained by detonation synthesis were used. The used samples of carbon par-
ticles were investigated in the temperature range of 20 - 1500 °C, in an inert gas atmosphere, at
different heating rates of the object. The graphitization of hanodiamonds is characterized by rig-
orous stage transformations associated with the growth of Raman intensities of Raman peaks
(1350 and 1610 cm™) characterizing graphitization associated with the appearance and accumu-
lation of sp?-type carbon bonds. The recorded manifestations of Raman scattering are associated
with the appearance and accumulation of crystalline and amorphous products of nanodiamond
graphitization. The final products of the process studied had a Raman peak at 1575 cm™, which
directly indicates the appearance of onion-like forms of carbon on the surface of the nanodia-
mond particles studied. The distinctive features of the dynamics of graphitization of the surface of
carbon particles having different structural organization are established. Nanodiamond particles
are more sensitive to graphitization processes than microdiamond particles, and their changes are
deeper. The graphitization of nano and microdiamond particles is accompanied by the transition
of the surface carbon from sp® to the sp? phase, as well as the appearance of various forms of the
amorphous phase. This process is characterized by the appearance and accumulation of onion-
like graphite products (onions). The peculiarities of graphitization of microdiamonds are associ-
ated with the appearance of onion-like extended structures, which are much larger in size than
microstructures, in comparison with onions arising from detonation nanodiamonds.

Key words: detonation synthesis, detonation nanodiamonds, microdiamonds, carbon phase composi-
tion, graphitization, onions, X-ray phase analysis, electron microscopy, Raman scattering

Jast uuTupoBaHus:
[esuenko H.B., I'opbaues B.A., HobansH B.A., Curanaes C.K., Puzaxanos P.H., Beicornna E.A., bnank B.J1., [ony6eB A.A.
JII/IHaMI/IKa rpa(imeaunn TIOBEPXHOCTU ACTOHAIMOHHBIX HAHO U MHUKPOAJIMa30B. Us3e. 8)306. Xumus u xum. mexnosocus.
2018. T. 61. Bem. 11. C. 25-30

For citation:
Shevchenko N.V., Gorbachev V.A., Chobanyan V.A., Sigalayev S.K., Rizakhanov R.N., Vysotina E.A., Blank V.D.,
Golubev A.A. Graphitization dynamics of surface of detonation nano and micro diamonds. lzv. Vyssh. Uchebn. Zaved.
Khim. Khim. Tekhnol. 2018. V. 61. N 11. P. 25-30

26 W3B. By30B. Xumus u xuM. TexHoznorus. 2018. T. 61. Beim. 11



BBEJEHHUE

Hano- m MuKpopa3MepHBIe NeTOHAIMOHHBIE
aMasbl SBISIOTCS OJHUM W3 MHTEHCHBHO HCCIEIye-
MBIX COBPEMEHHBIX MaTepPHalOB, 00JaJaroInuX KOM-
TUIEKCOM YHUKANBHBIX (DU3WYECKHX U MEXaHMYECKHX
croiicTB [1-4], obecreunBarOIUX CO3JaHUE HOBBIX
KOMITO3UIIMOHHBIX CTPYKTYp C yNpaBisieMbIMH (yHK-
OUOHAEHBIMH BO3MOXHOCTSAMU. [lepcrekTuBbI mpu-
MEHEHUS] TaHHBIX CTPYKTYp Ui MPOHM3BOACTBA YIb-
TPAaTOHKHX, YNbTPAaTBEPABIX 3aIIUTHBIX MOKPBITHI,
KOMITO3UTOB U MOJU(PHIMPYIOIUX T00ABOK K MOJIH-
MepaM TpeOYIOT NEeTaJbHOTO HWCCIENOBAHUS HMX IO-
BEPXHOCTH, BKJIOYAsl IOJBEPKEHHOCTh TrpaduTH3a-
1y, Peannzanys yHUKaIbHBIX CBOMCTB HAaHO- M MUK-
pPOpa3MEpHBIX YaCTHIL, COCTOSIIMX M3 YIIEPOIHBIX
Sp® aTOMOB, OrpaHMYMBAETCS WX IpaduUTH3ALHUEN, KO-
TOpasi CIIOCOOCTBYETE MEPEXOAy B JAPYrHe aIOTpPOII-
HbIe (hOPMBI yTIIeposa ¢ SP? M 9aCTHUHO SP° rHOPHTH-
3alMel cBs3e, BKIOYas aMopdHblii yriaepox [5-7].
JlaHHbBIE yTIIepoaHbIe CTPYKTYPBI MOTYT OBITH (P deK-
THBHO HCCIIEIOBAHBI C MPUMEHEHHEM KOMOMHAIIMOH-
Horo paccessHus cBeta (KPC), mo3Bomstomiero u3me-
PATH KonebaTenbHbIE B3aUMOICHUCTBHSI aTOMOB B YT-
JIEpOJHON CTPYKTYpe, HACHTUDHUIUPOBATh W KOJIHIe-
CTBEHHO OLICHMBATH pasnuiHble (hopmel yrieposa [8-10].
Bribop nanHOrOo Meroia Ul MCCIeNOBaHUs TPOLEC-
coB rpaduTu3auu 00ycioBiieH emie u TeM, uto KPC
npy BO30YKJICHUU B BHIUMOI 00JIaCTH CBETa HAMHO-
ro 6oJsiee YyBCTBUTENEH K MOSBIAIOIMMCS SP° Bop-
MaM, deM K Sp® yriepoay, uto obecneunBaet 3 dex-
TUBHOE HaOMIOJICHHE 32 TIPOUCXOASIINMU U3MEHEHH-
saMU. JlomomHUTENbHAS TPUBIIEKATEILHOCTh HCIIOIb-
30BaHUS JIaHHOTO METO/a WCCJIEIOBaHUS BbI3BaHA
BO3MOJKHOCTBIO HCIIOJIB30BAaHHS YIIBTPaHOIETOBOM
obmactu Bo30yxkaeHus KPC, 4ro moBbImIaeT dYyB-
CTBUTEILHOCTH METOJIa K YIJIepoy ¢ SP° rubpurusa-
el CBsA3eH M HMCKIIOYaeT Hecnenu(puyeckoe BIHs-
Hre Ha KPC moMHUHECTIeHIMH BCCielyeMOoro 00beKTa.

B nHacrosmieii pabote nccieoBaHbl CBOMCTBA
1 0coOeHHOCTH (pa30BOro cocTaBa MOBEPXHOCTH MHK-
PO- M HaHOAIMA3HBIX YacTHIl B MHEPTHOM rase, IpH
rpaduTuzanuy B AuanasoHe temmepatyp 1o 1500 °C.

SKCITEPUMEHTAJIBHAS YACTb

B kadectBe OOBLEKTOB HCCIENOBaHUS OBLIN
UCIIOJIb30BaHbl  00pa3ilbl XWMHUYECKH OUYHIIEHHBIX
neroHaunonHelx Hano (HA-BT) um wmukpoanmasoB
(MA-A) npomssoacta AO «IlerpoBckuit HI[ «DY-
T'AC», nomydeHHbIE METOIOM JIE€TOHAIIMOHHOTO CHUH-
tesa [11, 12]. Wcnons3oBaHHbIE 00pa3ilbl HAHO- W
MUKPOpa3MEpHBIX yriepoaHbix dactui (1-50 mxm)
ucciieloBaHbl B AuanasoHe temnepatyp 20-1500 °C,
B atMoc(epe MHEPTHOTO Tasa, MPH Pa3IMYHBIX CKO-
pocTsX HarpeBaHusl 0OBEKTA.

H.B. [lleBuenko u ap.

Xapaktep  BO3ACHUCTBUS  TEMIIEPaTypHOTO
(axTopa Ha MOBEPXHOCTh YACTHUI] OLCHUBAJICS PETH-
cTpamueit komOuHaIMoHHOTO paccesaus ceera (KPC)
¢ Bo30yxxaeHrneM 244 HM u 488 HM CHEKTPOMETPOM
KOMOMHaMOHHOTO paccesHusi ceera Horiba T64000
noJi ynpasieHueMm nporpammuoro mnakera NGS Lab,
KOTOPBIH TIO3BOJISIET MPOBOJMTH BCE HEOOXOAMMBIC
U3MEpeHUsI U 00pabOTKy MOJYYCHHBIX PE3YJIbTaTOB
[13]. Dmexrponnbie MHKpPOGOTOrpadUUd MHUKPOIIO-
pOIIKa TIOJyYeHBI Ha JIIEKTPOHHOM MHKPOCKOIIE
JEOL JSM-7600F ¢ mpucTraBKOH IjIs1 OIpEAC/ICHHUS
npumeceii [14]. PentreHodha3oBblii aHanmus o0OpasoB
BBITIOJTHEH Ha aBTOMATH3MPOBAHHOM IH(paKkToMeTpe
ARL XTRA npu ucnons3zoBannu CuK-uznydenus u
noiynpoBoaaukoBoro Si(Li) gerekropa [15].

PE3VJIBTATBI U X OBCYXJIEHUE

[Tony4eHHble pe3ynbTaThl yCTAHOBWINA OTIIH-
YUTEJIbHBIC OCOOCHHOCTH JWHAMUKU TIpadUTH3aIUU
MTOBEPXHOCTH YTJIIEPOIHBIX YACTHUIl, WUMEIOIINX pas3-
JUYHYIO CTPYKTYpHYIO opranuzaiuio. Kak Oputo mo-
Ka3aHO, HAaHOAJIMa3Hble YaCTHIBI WMEIOT BBICOKYIO
YyBCTBUTENBHOCTh K TIpOIleccaM TrpaduTH3amud, a
MIPOUCXOMAIINE W3MEHEHUS HOCAT Ooliee TITyOOKUit
XapaxkTep M0 CPaBHEHUIO ¢ MUKPOAJIMa3HBIMH CTPYK-
Typamu (puc. la). TemmepaTypHbie BO3ICHCTBUS B
obmactu 800-1200 °C mpuBoaAT K TONHOMY (pa3oBo-
My Tepexony Hu3 SP° B SP? COCTOSHHE yIIEepOIHBIX
CBS3€H Ha IOBEPXHOCTH HAHOAIMA30B. /[aHHBIN mpo-
[IECC TIOATBEPXKAACTCS JPAMAaTHYECKUMH IIOBEPX-
HOCTHBIMH HM3MEHEHHSMH HaHOAJIMAa30B U CTPOTHMU
STAIHBIMU TIPEBPAIIEHUSIMH, XapaKTePH3yEeMbIMHA PO-
crom KPC unrencusnoctu mmkos D (1350 cm?) u G
(1610 cm™?) xapakTepusyromumu SP? THII CBsi3ell (puc.
1a). Peructpupyemsie nposineus KPC ¢ Bo3Oyxe-
HueM u3inydenus B Y®DJI obnacTu CBS3aHHBI C MOSB-
JICHHEM M HAKOIJICHWEM KPUCTaUTHYECKUX U aMopd-
HBIX MTPOYKTOB HAHOAIMA3HOH rpadurusamuu [16, 17].
KoHeunble TpOJyKTHI U3y4aeMoro Impolecca MMeNn
makcumym KPC mipu 1575 cm™, uto npsimo ykasbisaer
Ha TIOSBJICHWE OHMOHOMONOOHBIX (OpM yriepoaa Ha
MOBEPXHOCTU ucciuenyembix vactun [18, 19]. Hamu-
Y€ OHHOHHBIX CTPYKTYp TakKKe IOATBEPKIACTCS
3JIEKTPOHHOMHKPOCKOIIMYECKHMHU ~ MUCCIIEIOBAHUSIMH,
KOTOpBIC BBISIBIIIM 00pa30BaHHe OHHOHHBIX CTPYKTYP
c JMHEHHBIMH pa3Mmepamu Ooziee 10 HM, 3aMeTHO
MIPEBBIMIAIOIIUMHE Pa3Mepbl HCXOAHBIX HAHOAIMAa3HbIX
gactur (puc. 16). ObpazoBaHne OHHOHOIOIOOHBIX
YIJIEPOAHBIX CTPYKTYP CBS3aHO C MPEBpalleHHEM YT-
JIEPOIHBIX SP° rMOPMTU3MPOBAHHBIX CBsA3ed B SP° W
(dhopmupoBaHuEeM TpadeHOBBIX CIOEB.
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Puc. 1. U3menenne KPC (Aex=244 nm) XapakTepUCTHK JETOHA-
[IHMOHHBIX HAHOAJIMa30B (a) B 3aBHCUMOCTH OT peXKHMa HarpeBa-
HUS 00pa3IoB B aprOHOBOM cperie. 1 - KOHTpOJb, 2 — HarpeBaHue
co ckopocteio 10 °C/mun 1o 800 °C, 3 — HarpeBaHHe CO CKOPO-
cthio 10 °C/mun o 1200 °C, 4 —HarpeBaHue co CKopocThio 2 °C/MUH
1o 1500 °C, 5 — narpesanue co ckopoctbio 10 °C/mua 10 1500 °C.
(6)- amekTpOHHASI MHKPOCKOTIHSI 00pasiia JeTOHAIIHOHHOTO
HaHOAJIMa3a MoCJIe HarpeBaHust co ckopocthio 10 °C/vun 1o 1500 °C
Fig. 1. The change in the Raman scattering (Aex = 244 nm) of the
detonation nanodiamond (a) characteristics as a f unction of the
heating mode of samples in argon medium. 1 - control, 2 - heating
at a speed of 10 °C/min to 800 °C, 3 - heating at a speed of 10 °C/min
to 1200 °C, 4 - heating at a speed of 2 °C/min to 1500 °C, 5 - heating
at aspeed of 10 °C/min to 1500 °C. (0) - electron microscopy of a
detonation nanodiamond sample after heating at a rate of 10 °C / min
to 1500 °C

BoszeiicTBre MOBBIMICHUS TeMIepaTypbl Ha
MUKpoaliMa3bl CYIECTBEHHO HE BIMSET HAa HHTCH-
cuBHOCTE KPC (Aex = 244 nm) npu 1333 cmt u mipo-
siBiIseTcsl Tonbko npu temnepatype 1500 °C (puc. 2a),
HE3aBHCHMO OT CKOPOCTH HarpeBaHusi 00bekTa. D¢-
(ext BIpaxkaercs B pocte uHTeHcHBHOCTH KPC 1ipn
1575 cml, uTO0, MO-BUAMMOMY, CBA3aHO C MOSBJICHHEM
OHHOHOB C SP? YIJIEPOJHBIMA TMOPUTH3UPOBAHHBIMU
CBSI3SIMU Ha TIOBEPXHOCTH MHKPOAJIMa3HbIX YaCTHII.
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Puc. 2. Vsmenenne KPC (Aex=244 nm) (a) u KPC (Aex=488 nm) (6)
JIETOHALIMOHHBIX MUKPOAJIMa30B B 3aBUCUMOCTH OT PEKHMa
HarpeBaHust 00pasloB B aproHOBOIL cpefie. 1 - KOHTPOIIb, 2 — Harpe-
Banue co ckopocthio 10 °C/mun mo 800 °C, 3 — HarpeBaHuUe €O
ckopoctsio 10 °C/mun 10 1200 °C, 4 — HarpeBaHHE CO CKOPOCTHIO
2 °C/mun o 1500 °C, 5 —narpeBanue co ckopoctsio 10 °C/muu
1o 1500 °C
Fig. 2. The change in Raman scattering (Aex = 244 nm) (a) and
Raman scattering (Aex = 488 nm) (6) of detonation microdia-
monds, depending on the heating mode of samples in argon medium. 1
- control, 2 - heating at a speed of 10 °C/min to 800 °C, 3 — heating at
a speed of 10 °C/min to 1200 °C, 4 - heating at a speed of 2 °C/min to
1500 °C, 5 - heating at a speed of 10 °C/min to 1500 °C

HccnenoBanre 4yBCTBHTEIBHOCTH MHUKpPOAJ-
Ma3HBIX 00pa3loB K TEMIEPaTypHOMY BO3JEHCTBHUIO
(puc. 20), ¢ perucrpanueit KPC npu B030YyKIACHUU
H3Iy4IeHus B BHAUMOMN o0mactu (Aex = 488 HM) BbI-
sBuo B oOmactu temmeparyp 1200 °C mosiBnenue
nByx mukoB 1322 cm? u 1333 cm, xapakrepusye-
MBIX, BO3MOXHO, OJTHOBPEMEHHBIM HAJIMYUEM HAHO- U
MHKpOaJIMa3oB B 00pasLe.
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0
Puc. 3. MukpoctpykTypa u 00pazoBaHHe OHHOHOIOOOHBIX TPO-
JTyKTOB rpaUTH3AIMK 2 — HAHOAIMA3HBIX U O - MUKPOAIMa3HBIX
YJacTHI] ITOcIIe TeMnepaTypHoit 06padorku mpu 1200 °C u 1500 °C,
COOTBETCTBCHHO
Fig. 3. Microstructure and formation of onion-like graphitization
products of a-nanodiamond and 6-microdiamond particles after
temperature treatment at 1200 °C and 1500 °C, respectively

[Ipu nanpHeHIIEM NOBBIIEHUN TEMIEPATYpPHI
MIPOMCXOAMIIO HCUE3HOBEHHE HAHOAJIMa3HOIo IHKa
1322 c¢cM™ Ipu HEM3MEHHOM COCTOSIHUM MHKPOAJIMas-
Horo nuka — 1333 cml, 4To, BO3MOXKHO, CBA3aHHO C
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MOJIHBIM TEPMUYECKMM MPEBPALICHUEM SP° HAHOAI-
Ma3a B SP? GOpMBI yrieposia, IpeCTaBIeHHbIE TIPO-
OyKTaMH rpadUTH3aUH, B TOM YHCIIe OHHOHAMHU.

DNeKTPOHOMUKPOCKOIINYECKHE  HCCIIe0Ba-
HUS TIporiecca rpaduTu3anuy HaHOATMAa3HBIX 00pa3-
11oB BhisiBIUIM B 00nactu 1200 °C mpakTHYecKH IOJI-
HBIM Mepexo JaHHoH (asbl B SP? OHHOHONOAOOHBIE
dbopms yraepoaa (puc. 3a).

I'padurnzanus MukpoanMazoB HabOIromaeTcs
pu OoJiee BBICOKHX TeMIIEpaTypax U COMPOBOKAALCT-
Csl BO3HMKHOBEHHEM OHHMOHOMOJOOHBIX IPOTSHKEH-
HeIX cTpykTyp [19-20] ¢ OTIMUUTENBHONH MHKPO-
CTPYKTYpHOH  OpraHu3aliedl TMpH  3HAYUTEIHHO
00X pa3Mepax 4acTuil (0 cTa HM), IO CpaBHe-
HHUIO C OHHOHAMHM, BO3HHMKAIOIIMMH W3 JICTOHAIIMOH-
HbIX HaHoanMa30B (puc. 30). JlaHHble 0Opa3oBaHUs
MPeCTaBICHbI TSITH — CEMH CIIOMHBIMH IPOTSKEH-
HBIMH TPaeHOBBIMU CTPYKTypaMH, WHOT/IA 3aMKHY-
THIMH B KOJIBLIA.

BBIBO/IbI

Ha ocHOBE CpaBHUTEIBHOIO aHAIU3a PE3Yilb-
TaTOB rpaUTH3aLUN HAHO- U MHUKPOpPa3MEPHBIX [e-
TOHAIMOHHBIX aJIMa30B YCTaHOBJICHBI TEMIIEPaTyPHO-
3aBUCUMBIE M3MEHEHHs CBOWCTB ITOBEPXHOCTH JIaH-
HBIX YaCTHI M BBISBICHA Oojiee BBICOKAS UYyCTBH-
TEJILHOCTh K HAarpeBaHMIO HaHOANIMa3oB. Mcmomb3o-
Banne KPC u mpocBeunBaromeil 31eKTPOHHOW MUK-
POCKOIMHK TO3BOJIMIIO ONPEAEINUTE Ps IPOMEKYTOU-
HBIX U KOHEYHBIX NMPOAYKTOB rpaduru3anuu, CTpyK-
TypHbIE M3MEHEHHS W (a3oBbIe MEPEXObl HCCIIEN0-
BaHHBIX O00pa3oBaHUIl. YCTaHOBICHHBIE CBOMCTBA
HaHO- U MHUKPOAJIMa30B TPeOYIOT AETAILHOIO HCCIe-
JOBaHUs MOTU(HUKALNHU IOBEPXHOCTH IS BBISBICHUS
MEPCIEKTUBHBIX CITIOCOOOB MPUMEHEHUSI.

Cmambs uzdana npu unancosou noddepaicke
PODU, npoexm Ne 18-03-20012.
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