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Annoranusi. MccinenoBanue HampaBiieHO Ha M3y4eHHE OJHOW U3 (OPMBI YIIIEPOIAHOW CTPYKTY-
PBI — HAaHOAJIMA3, €T0 UCTOPUU PA3BUTHSI, CBOUCTB U IPUMEHEHUSI.
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[Tocnemnue roga ynpTpaauciepcHble CTPYKTYPhI IPUBIIEKAIOT BCeoOIee BHUMAHUE B CBSI3U C
HIMPOKUMHU BO3MOXKHOCTSIMU MIPUMEHEHHSI B PA3NUYHbBIX cepax *KU3HU yenoBeka. Tepmun «Hano-
AIIMa3bl» TPUMEHSCTCS JIJIS PA3IMYHBIX TUIIOB HAHOAIMA3HBIX CTPYKTYp, B 3aBUCUMOCTH OT UX T10-
Jy4eHUS: YIbTPa3ByKOBOW TEXHOJIOTHEH, JIa3epHOM TEXHOJIOTHEN U TUTOHAIMOHHOM.

Hanoanmassel — yriaepogHas HAHOCTPYKTYpPa, KpUCTaJUTMYecKast peméTka KOTOpOil MMeeT THIT
aJMa3HoOM peméTKu, pazmMep Kotopoi coctasiser oT 1 1o 10 uMm [1]. BenencrBue HaHOpa3MepHBIX
3¢ PEeKTOB CBOICTBa HAHOAIMA30B OTIIMYAIOTCS OT CBOKMCTB OOJBIIMX aiaMa3oB. B ux sape pa3me-
pom 4-5 M Haxoautcsa A0 90 % atomoB yriaepoaa. Bokpyr sapa ecTh mpoMexyTodHas 0007104Ka
U3 PEHTTeHOAMOP(HBIX CTPYKTYp yriaepoaa, rae coaepxkurcsa a0 30 % aromor yriepona. Ha mo-
BEPXHOCTHOM CJIO€ COJEpPKAThCS KaK aTOMbl yriepoja, TaK M aTOMbl IPYTHX (YHKIIMOHAIBHBIX
rpymin. CxeMaTnueckoe n300pakeHue dIEKTPUUECKUX CI0EB MPECTAaBICHO Ha pUCYHKE 1:

Pucynok 1 — Cxematnaeckoe n3o0paskeHue 3JIeKTPHISCKUX IToJIel HaHoainMasa, Tae 1 — siipo,
2 — peHTreHoaMopHBIH yriiepoa, 3 — IOBEPXHOCTHBIH CIOH.

Bricokopa3BuTas MOBEpXHOCTh, HATMUME HAa HEM Pa3IMYHBIX XUMUYECKUX (PYHKIIMOHATbHBIX
IpYIII, a TAK)KE€ OTHOCUTENbHAs MPOCTOTA UX MOJU(PHUKAIIMH OTKPHIBAIOT IIMPOKHE BO3MOKHOCTH K
IpsIMOMY B3aMMOJICHCTBUIO YacCTHI] AUTAHUYECKUX AJIMa30B C OMOJOTMYECKHMMH MOJIEKYJIaMHU M
CTPYKTypaMH.

CrpykTypa HaHOanMasa, pazpadborannas O. lllenaepoBoit, mpencraBieHa Ha pucyHke 2 [2].

HcTopus nosiBlIeHHs TakUX alnMas3oB Haudanach B 60-mecarsix rogax XX Beka. B coBerckom
AIEPHOM LICHTPE TPYIINA UCCIEN0BATEIEH IPUIILIN K BBIBOJY, YTO IIPH IOBBIIIEHUN TEMIIEPATyphl U
JIaBJICHUS] MOXKHO U3 rpauTON0100HOTO yrilepoaa MOJyYuTh anmMas [4].
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Pucynok 2 — Ctpykrypa HaHOAIMa3a

HccnenoBatenu pemiv monpoOOBaTh B30PBATh CaXy B 3aMKHYTOM OOBEME M MOCMOTPETH
Ha MPOJYKThI PEAKIIUH.

Oxazanock, 9TO MOKHO JIOOUTBHCS TaKUX PE3yIbTATOB, NMPH YCIOBHH, YTO MOTOM HPOIYKTHI
OBICTPO OXJIAXKAAIOTCS, YTOOBI IIOCIIE B3PhIBa OCTABANIACh Ca)ka, KOTOPYIO pacCTBOPSIOT, HAIIPUMeEp, B
A30THOW KHUCIJIOTE, KOTOpasl MOCTENEHHO yOupaeT Bech rpadurononoOHbii yriepoa. OcraBuuiics
OCTaTOK U SIBJISJICS aJIMa30M pa3MepoM 4—5 HaHOMeTpa.

Ha nepBom sTane uccieoBaHNI0 HAHOAIMA30B HE YAESUIOCH JIOJKHOTO BHUMAaHUS, TaK KaK
Jr0M OBLIIM 3aUHTEPECOBAHbI B CO3JAHUU TOJIBKO OOJIBIIMX U KpacHBBIX aiaMa30B. KoHKpeTHOE nx
M3y4eHHEe Hadaloch TobKO ciycTs 20 sner. K 3ToMy BpeMeHu Takke K SKCIIEpUMEHTaM MoK -
JIUCh U Ipyrue cTpanbl, Harpumep, CILIA.

Jlanee Havanoch M3y4eHHE MPOLIECCOB CTPYKTYPHOIO (ha30BOro IMepexoja HaHOoalIMa3 — rpa-
(GUT, TOCKOJIBKY COXpaHEHHE BBICOKOW TemIeparypbl MpH HEW30€KHOM MaJIeHUU JIaBJIeHUs MOocie
B3pbIBa BBI3BIBAJIO OOPATHBIN Mepexo 4acTu 00pa30BaBIINXCS HAHOAIMAa30B B IpauT, 4TO CHIKa-
JIO ITPOU3BOIUTENBHOCTB MPOLIECCa.

CuHTe3 HaHOAJIMa30B pean3yeTcs IPU BBHICOKMX JIaBICHUSAX U Temneparypax. Kak mpasuiio,
oHHU HaxomasaTcs B quanasonax P = (5.0-7.0) I'ma, T = (1300-1800) °C. IToBblilieHHE TeMIIEPATYPhI U
JaBJICHUSI IPUBOJAT K POCTYy 00pa3oBaHMN HAHOAIMAa30B, a YBEJIIMYEHHE BPEMEHU — K POCTY pas-
Mepa MOIy4aeMbIX CTPYKTYP.

B xauecTBe MCXOTHOTO CBHIPHS ISl CHHTE3a HAHOAJIMA30B MCIOIb3YIOT CMECh TPOTUIIA U T'eK-
coreHa B cooTHoueHun 60/40. Otu BemecTBa 001a1al0T JOCTATOYHON MOIITHOCTBIO U 3KOHOMHUYE-
CKH BIIOJIHE JIOCTYIIHBI.

B npouecce cunTe3a oOpasyeTcs ACHOTALMOHHBIA YIIEpoJ, KOTOPBIA B CyXOM BHJE Npe-
cTaBisieT coboi u€pHblii mopomok. CoaepikaHue aaMa3oB B TakoM Nopoiike Mensiercs ot 40 no 95
%, B 3aBUCHMOCTH OT TOT'O, KaK [IPaBHJILHO MPOBEAEH ITPOLIECC.

OuncTka HAHOAIMA30B OT HeaJIMa3HbIX (OPM OCHOBAHA Ha PAa3IMUYMU XMMHUYECKHUX CBOMICTB
TOTO M TOrO KOMIIOHEHTa JIeTaHALIMOHHOTO yriepoaa. Hampumep, HeanMasHble GopMbl yriepoaa
pearupyroT ¢ OKUCIUTEISIMH, a METAJIJIbl, UX OKUCIIBI M COJIM — CO IIeJI0YaMu U KUCIOTaMH.

Oxucnenue HealMa3HbIX (HOPM yIieposia MOKHO Pa3/IeUTh Ha JIBa METOJla — razodasHblil U
xuakogasHslii. Hanbosnee pacrnpocTpaHEHHBIM ra3o(a3HbIM OKHCIUTENEM SIBIISETCS KUCIOPOI.
i cHWKeHus TeMIepaTypbl Hadala IMpolieeca OKUCIEHHUS MCHOJIb3YIOT aKTUBAaTOpP OKHCIIEHUE,
Takue Kak natuokuch BaHagus V20s. OOBIYHO Takol mpolecc MPOUCXOAUT MPH TeMIeparype
200-350 °C. I'maBHOe mpeumyIiecTBO — mpoctoTa. Ho Takoil mporece TpyIHO KOHTPOJIHPOBATH,

230



Cekrus 3 «DJIEKTPOHHBIE CPEJICTBA U TEXHOJIOTHI

TEMIIEpaTypa MOKET MOBBIIATHCS, U BMECTE C Hea3Ma3HbIMH (pOpMaMH yIiiepoja MOTYT OKUCISATHCS
Y HaHoa/IMa3bl. Taxke razoBoe OKMCICHHE MOXKET IPOXOJUTH B 030HE. Ero nNpenMyInecTBoM sBISET-
csi Ooyiee BBICOKAs CTENEHb OYMCTKM, HO ammapaTypa Ui 3TOro IMpolecca CIOXHas U JIOpOras.
Haubonee pacripocTpaHEHHBIMU SBJISIOTCS. METOABI XKHIK0(a3HOro okucnenus. Hampumep, nopomiok
MOT'YT OYMLIATh B CPElE KOHLICHTPUPOBAHHOM CEPHOM KHUCIIOTHL. Takod Mpouecc NPOUCXOAUT IIPH
temmeparypa 120-200 °C, Ho ocTa€Tcst O0JBIIOE KOJIMYECTBO OTXO0B. TakKe MPUMEHSIOT OKHCIIH-
tenb xjopHoi kucnorord HCIO,. IIpenmyiiiecTBOM JaHHOTO mpoliecca sBiseTcs: 0oiee HU3Kask TeM-
nepatypa 1 OTCYTCTBUE JJONOJIHUTENbHBIX 3arpsi3HEHHUH, HEOOJIBIION PacXol OKUCIUTEIS.

[IpruMeHeHHe HaHOAIMA30B OOLIMPHO. DTU CTPYKTYPHI MOTYT HMCIOJB30BaThCs B abpasmBax
JUIsl CBEPXTOHKOM MEXaHUYECKOU IOJUPOBKU. Takue cocTaBbl JalOT BO3MOKHOCTH IOJTY4YECHHS I10-
BEPXHOCTEN € LIEpPOXOBATOCTHIO, HE IpeBbllIatomiel Beauunny 0,3 HM [3]. Takke OHU HUCHOJB3Y-
IOTCSl B Kau€CTBE KOMIIOHEHTOB CBSI3YIOLIETO BEIIEeCTBA B a0pa3MBHBIX aJIMa3HbIX WHCTPYMEHTAX.
Takoe npuMeHEHNE aIMa30B 03BOJISET PEBBICUTH IPOYHOCTh U 3JIACTUYHOCTh MHCTPYMEHTA.

HauOonee nepcrekTuBHas 00JacTh MCIIOJIB30BAaHUS HAHOAIMA30B — 3TO METAJUIOKOMIIO3UT-
HbIE MOKPBITHS. V3HOCOCTOMKOCTh TaKUX MOKPBITUM BO3pacTaeT B 4—9 pa3, 4TO HCHOJB3YIOTCS B
MallMHAX ¥ MEXaHU3Max, COAEP)KAIUX TPYLIMECs MOKphITHA. K TakuM ycTpolcTBaM OTHOCATCA
aBUALMOHHbBIE JIBUTATEJIM, HACOCHI JJIi XMMUYECKUX MPOU3BOJACTB M Tak jajnee. Takue MOKpPHITHS
00J1aJal0T MOBBIIIEHHON 3J1aCTUYHOCTBIO, YTO MO3BOJIET BBLIEPKUBATh 3HAUUTENbHBIE Jeopma-
nuu. Takke HaHOAIMa3bl IPUMEHSIOTCS KaK LIEHTPbl KPUCTAJUIM3ALMH U1 TEXHOJIOTMH alIMa3HbIX
U aJIMa30110/100HBIX MJIEHOK.

Bo3moxHOCTH MCHIOIB30BaHUS HAHOAIMA30B B OMOJIOTUM U MEIULIMHE OINpEAeNsioTcs Habo-
POM HMX YHMK&JIBHBIX CBOWCTB. B WacTunax ynbTpaaucrnepcHbIX ajMas3oB azmepoM 4 HM a0 15 %
aTOMOB HAaxOJUTCSl Ha MOBEPXHOCTHU, [TIO3TOMY 3TU CTPYKTYpPbl 00J1aAat0T BICOKOW COPOLIMOHHOMN
EMKOCTBIO. VX TOBEPXHOCTh TUAPO(UIbHA, UTO OTIMYAET HAHOAIMA3bl OT BCEX APYIHX (OpM yr-
aepona.

VY HaHOAIMa30B OTPOMHBIE MEPCIEKTUBBI UCIIOIb30BaHUsA. OHU MOTYT MCIIOJIB30BaThCS B Ka-
YEeCTBE BHEIIHUX CEHCOPOB, YMIIOB, a/IpECAHTOB JIEKAPCTBEHHBIX BEIIECTB B OpraHu3M. M3yueHue
HaHOAJIMA3HBIX CTPYKTYp, HauaBIleecss OTHOCUTENIbHO HEIaBHO, SBIsETCS Bce 0ojiee aKTyalbHBIM
Y UHTEPECHBIM.
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