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BBEAEHUE

[To paznuyHbIM NPOTHO3aM MPUKJIAHBIE HAHOTEXHOJIOTUU OyAYyT MPOHU-
KaTh BO BCE€ Cepbl )KU3HU, UYTO MO3BOJIUT JOCTUYD CYIIECTBEHHBIX YCIIEXOB BO
BCEX HAYKOEMKHMX TE€XHOJIOTHSX, B TOM 4HuCie B 00jacTu oomMeHa mHpopMaIu-
€, 3ApaBOOXPAHEHUH, MPOMBIIIJIEHHOCTH, MaTEPUAJIOBEICHUN U APYTUX Ha-
npaBiieHusiX. st Toro 4ToObl CIOCOOCTBOBATH PA3BUTUIO U TPUMEHEHUIO ITUX
TEXHOJIOTUM, HEOOXOJAMMO OOECIEUYUTh MPOMBIIUICHHOCTh M HCCIIeIOBATEIb-
CKHE OpraHu3allid COOTBETCTBYIOIIMMHA HOPMATUBHBIMUA JOKYMEHTAMU B Kaue-
CTBE OCHOBHOIO MEXaHW3Ma TEXHUYECKOTO PEryJMpoBaHUs. Takxke BaxHO,
YTOOBI PETYIUPYIOLINE TOCYAapCTBEHHBIE OpraHbl U OpPraHU3allud, 3aHUMAalo-
IIMECSA OXPAHOM 3J0POBbS U 3aIIUTON OKPYKAOMIEH CPENbI, MOTYYHIH JOCTYII-
HBIC W HAJIC)KHBIE CUCTEMBI H3MEPEHUS U MEXAHU3MbI TOATBEPKICHUS COOTBET-
CTBUS, OCHOBAaHHbBIC HA KQUECTBEHHBIX CTAaHJAPTAX.

B nepBoii maBe yueOHOro MOcoOusi U3I0KEHBI TEOPETUUECKUE CBEIICHUS
0 mpo0JieMax U COBPEMEHHBIX TEHJICHIIMSIX B Pa3BUTHUU HAHOUHIYCTPHUH, Iepe-
YUCJIEHBl OCHOBHBIE JIOCTH)KEHHUS YUYEHBIX B XPOHOJOTHYECKOM MOPSAKE U UX
poJsib B cTaHOBIICHNW HaHOHayKu. [IpuBenensl ['OCTHI U cTaHaapThl, TPUMEHS -
€MbI€ B 00JIaCTH HAHOTEXHOJIOTUH, JIaHbl OCHOBHBIE OIPEJEIEHUS UCIIOJb3Ye-
MOU TEPMUHOJIOTHH.

Bo BTOpOI1 raBe npeacTaBiaeHbl PU3NKO-XUMUUYECKHUE OCHOBBI (DYH1aMEH-
TaJIbHBIX MMPUHIUIIOB MOJYYEHUS HAHOYACTUIl U HAHOCTPYKTYP U TEXHOJIOTUYE-
CKHX MMOJIXOJ0B K CHHTE3Y HAHOCHCTEM.

B Tpertbeil ri1aBe paccMOTpEeHbI OCOOEHHOCTH COBPEMEHHBIX METOJOB HC-
CIENOBAHUA W JWArHOCTUKM HAHOMATEPHUAIIOB W CHHTE3UPOBAHHBIX HAHO-
CHCTEM.

B deTrBepToOil riaBe mpeaCTaBICHBI OCHOBHBIE HAIMPABJICHUS MPUMEHCHUS

HAHOCTPYKTYP U HAHOCHUCTEM.



CIIMCOK COKPAILIEHUHN U OBO3HAYEHUH

HM — nanomarepuaibl

HY — sanoyacTuiisl

HC — nanocucremsl

HT — nanorexHosioruun

HII — sanomopomok

[TAB — moBEpXHOCTHO-AKTUBHOE BEMIECTBO

[I5M — npocBeunBaronias JICKTPOHHAS MUKPOCKOIIHS
COM - ckanupyromas 3JeKTPOHHAS MUKPOCKOTIHS
P®A - penrrenodasoBbiii aHAIN3

I3 — nudpakuus 37eKTPOHOB

6 — npouHocth, MIla

e — nedopmarus, %

E — Monyns ynpyroctu, MlIla

PKVII — paBHOKaHaJIbHOE YTIIIOBOE IPECCOBAHUE



1. MIPEABICTOPUA BOSBHUKHOBEHHUA
U PA3BUTHUA HAHOHAYKHA

Mpb1 XKUBEM B OTPOMHOM, HEMBICIUMO OBICTPO MEHSIOLIEMCS MHUpE, HO
B KaJEHJOCKOTE KaXIOJHEBHOW PYTHHBI BCETJa €CTh MECTO YeMY-TO OYECHBb
KPOXOTHOMY Y HE3aMETHOMY, MPSUyIIeMy B ceOe HeOTpaHUYECHHBIE BO3MOYKHO-
CTH, MPAKTUYECKU rpaHUyalme ¢ BoameocTBoM. McciepoBaHust B 00JacTu
HAHOTEXHOJIOTUH MPUBOIAT K MOSIBICHUIO TaKUX MOHSITUH, KaK HAHOCUCTEMA,
HAaHOCTPYKTYpa, HAHOHAyKa, HAHOMHAYCTPHS U T. JI., U COOTBETCTBEHHO OKa3bl-
BalOT BIIMsSHUE HA (popMupoBaHue GyHIAMEHTATbHBIX U MEXAUCIUTUTMHAPHBIX
sHaHui. [Ipu mepexoe kK MOHITHIO HAHOMHPA pedb UAET 00 00BEKTaX, OJNH U3
pa3zmMepoB KOTOPbIX JeXUT B obsactu 1-100 nanometpoB (1 um = 10-9 m). Ilo-
3HaHWE HAHOMHpA SBJSETCS OJHMM W3 IMyTel K camopeanu3anuu. Hanomup
OB, €cTh M OyZeT BHE 3aBUCHMOCTH OT TOTO, OyJeM JIi MBI €T0 T03HABaTh
Y MCTOJIb30BaTh 3HAHUS O HEM B Halllel MOBCEAHEBHOM *KU3HU. HeynepKuMblit
pocT MOTpeOHOCTEN dYenoBeuecTBa TPeOyeT YAOBJIETBOPEHUS U CTUMYJIUPYET
K YCKOPEHMIO Hay4qHOTro mporpecca. 3BeCTHBIN JeBU3 «YUUTHCS, YUUTHCS, €Il
pa3 YUUTBCS» YKe TIePEIIesT B IEBU3 «HAYUYUTHCS, OBICTPEE YUUTHCSY.

MHorune n3BeCTHbBIC YUCHBIC BHCCJIN OONBITION BKJIaZl B pa3BUTHC HAHOHAYKMU.

1.1. YYEHBIE U UX JOCTUXKEHUA B HAHOHAYKE

B 1905 rony Ans0epT DUHIITEHH TEOPETUYECKH T0KA3AII, YTO pa3Mep MO-

JIEKYJIbI caxapa paBeH OJHOMY HaHOMeTpy (puc. 1.1).

» Moaekyaa caxapa

2 -Boaopoa
J - Kucaopoa
- Yraepoa

Puc. 1.1. Monekyna

Anvoepm Duinwmetin caxapa




®usuk cepobckoro nmpoucxoxaenuss Hukona Tec-
Ja IpeIIOKWI UACK0 CO3[aHus CHeUalbHBIX MpUOo-
POB, KOTOpBIE CMOCOOHBI MPOHUKHYTh B IIyOb MaTe-
pUM HA COTHM HAHOMETPOB. OH ABISAETCA ONHUM U3
POIOHAYAIIBHUKOB AJIEKTPOHHOTO MUKPOCKOTIA.

B 1928 romy wupnanmc-
KMl n300peTaTtenb aBapi
CHHI NIpeIIOKAT CXEMY YCT-
pOMCTBA CKAaHUPYIOIIETO OIl-
TUYECKOI0 MHMKPOCKONa OJIn-

CKOM).

Dosapo Cune

CMHUCCHOHHBII) 2JICKTPOHHBIM MUKpPOCKOIT (puc. 1.2).

Huxona Tecna

*Hero 1o (OJMMPKHENOJIbHBIM ONTUYECKUNH MUKPO-

B nauvane 1938 roma Anbbept IIpeOyc BMecTe ¢
JxemcoM XWJUTHEPOM B KaHAJCKOM YHHBEPCUTETE CO-
Opau mepBbhId MPAKTUYECKUI MPOCBEUMBAIONTUH (TpaH-

Puc. 1.2. IIpocBeunBarommi
Anvoepm [Ipebyc Jorceme Xunnuep 3JIEKTPOHHBIN MUKPOCKOII

Teoperuueckue Tpyasl pycckoro ¢usuka ['eoprus
['amoBa mMoONOXKWIM Hayano pa3paboOTKe HHCTPYMEH-
TaJIbHOTO OOecreueHus: B OyaylleM HAaHOTEXHOJIOTH.
B 1927 rogy oH nan teopeTuyeckoe 00OOCHOBAHUE pe-
meHuto JudepeHImanbHbIX YpaBHEHUN, ONUCaB MPO-
1[ECC TYHHEUPOBAHUSI KBAHTOBBIX YAaCTHII, UCIOJIb3Ys
BOJIHOBYIO T€OPHIO ISl IPEOAOTIEHUS MTOTEHIIMATILHOTO
Oapbepa KBaHTOBBIX YaCTHUIl C HEIOCTATOYHOM SHEPTH-

eil. 1ot 3¢ ekt ObUT Ha3BaH TYHHEIBHBIM (PHEKTOM.
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ITo3nHee naHHBIM 3(hPEKTOM OBLTH OOBSICHEHBI MPOIIECCHl MEPEMEITCHUS YACTHUII
u3 sapa.

B 310 %e Bpemsi B [[pUHCTOHCKOM YHUBEPCUTETE aMEPUKAHCKUM (DU3UKOM
Oneapaom Yiaepom KonmoHoM u  aHriauiickum  (Gu3MKOM-TeopeThukoM Po-
HaJbJI0M ['€HpH MPOBOIWIIMCH TEOPETUYECKUE UCCIENOBAHUS KBAHTOBO-MEXa-
HUYECKOro TyHeiaupoBaHus. Mimu Oblia mocTpoeHa Teopus anbda-pacraga Kaxk
TYHHEJIBHOTO TIpolecca.

Ponanvo I'enpu Dosapo Ynep Konoon

B copokoBbIX Tromax ABaAIlATOrO BEKA HUIEP-
naujckuit puzuk @puir L{epHuke, SKCIEPUMEHTUPYS C
KOJIbIIaMU B JIMH3€ OOBEKTHUBAa ONTHUYECKOTO MHKpPO-
CKOIa, CABUHYJ (ha3y CBETOBOHM BOJHBI OT TOYEHUHOIO
HMCTOYHMKA Ha JEBSIHOCTO TPAAYyCOB, UTO IPUBEIO K
MOJYYECHHUIO 00Jiee KOHTPACTHOTO M YETKOro H300pa-

XKeHusi 00beKTOB. HemocTtaTkoM 3TOro ycoBepIlIeH-

CTBOBaHHUA OBLIO TO, 4YTO IIPUMCHHUM OH TOJIBKO JIJIA

@puy Llepnuke

O6’B€KTOB, HC IOIIOMIAONIHUX CBCT, HAIIPUMCP Oakre-

puUi M KJIETOK NPOCTEUIINX. YIIYYIIEHHBIH MHUKPOCKON Ha3Baiu (ha3oBo-
KOHTPACTHBIM.

Heckonbko net cnycts B ['epmanun puzukom IpHcToM ABryctom Pyckoit
coBMecTHO ¢ Makcom KHosiem ObLI co3gaH MPOTOTHI 3JIEKTPOHHOTO MHUKPO-
CKOIa. DTO YCTPOMCTBO JAJ0 BO3MOKHOCTH 3arjisiHyTh B MUP HAaHOOOBEKTOB.

B nauane nmaTHaECSATHIX TOJOB IIpu y4acTuu 9. A. PYCKI/I HEMCOKHUM KOH-



HEPHOM SiemensObUT BBIMYIIEH CEPUIHBIN
ANIEKTPOHHBIA MHUKPOCKOII C pa3periaroiiei
cnocoOHocThi0 10 10 HM (puc. 1.3), 4To mo3-
BOJIUJIO MCCJIEAOBaTh OOBEKTHI Ha MOPSIOK
MEHBIIIE TE€X, KOTOPhIE CIOCOOHBI pa3peniaTh

CaMbIC MOIIHBIC OIITHYCCKUC MHUKPOCKOIIEBI.

Ty

Opucm Aseycm Pycka Maxc Knonw MHUKPOCKOII

Puc. 1.3. DneKTpoHHBII

B 1955 rony Hemeukuit ¢pusuk IpBuH Mioiep npuyman mojieBoi HOH-
HbI MHUKPOCKOII, ITO3BOJIMBIINN BIEPBBIE OTUETIUBO YBUAETH OTAEIBHBIE aTO-
MbI (puc. 1.4).

Opeun Mionnep Puc. 1.4. TloneBoii MOHHBI MUKPOCKOII

B 1956 rony amepukanckuii Boennbiit kaptorpad Ix. An. O'Kudwu, neita-
SICh YJIYUYIIUTh TEXHOJIOTHYECKYI0 YaCTh MHUKPOCKONA, SKCHEPUMEHTHPOBAI C
MCTOYHHKOM CBETa W PAaCCTOSHUEM OT MCTOYHMKA JI0 UCCIEAYEMOro OOBEKTa.



BbIBOSBI, K KOTOPHIM OH MpPHIIE, TOBOPHJIM O TOM, YTO HCTOYHHUK JOJKEH
OBITh TOYEYHBIM, M3y4aeMbli OOBEKT JOJDKEH HAaXOJAUThCI HA MUHUMAJIbHOM
PacCTOSIHMM OT UCTOYHMKA CBETa, a TAKXKe JIyd CBETa, MaJaroluii Ha OOBEKT U
BIOCJIEACTBUN OTPAKCHHBIM OT HETO WJIM MPOIISAIINNA HACKBO3b, HEOOXOIUMO
00pabarbiBaTh MPU CKAHUPOBAHUM HCCIETYEMOro o0bekTa. Mukpockon Obul
Ha3BaH PacTPOBBIM MUKPOCKOTIOM OJIMPKHETO TTOJIS.

B cepenune 50-x ronoB 20 Beka ATOHCKUN (PU3UK
Jleo Dcaku, paboras B komnanuu Sony Corporation,
MCCIIEI0OBAJl CBOMCTBA MOIYNPOBOIHUKOB U CBEPXIPO-
BOAHUKOB. [lolyueHHbIe UM TYHHEIbHBIE JUOJBI C TIe-
pexosiaMu mupuHOM Bcero 10 HAHOMETPOB (TPUALIATH
aTOMOB) OBLIIM Cpa3y MCHOJIb30BAaHbI JJIsl TEHEPAIUU U

JACTCKTHUPOBAHUS BICOKOYACTOTHBIX CUT'HAJIOB.

a

Jleo Dcaxu COBETCKUX YYEHBIX-TEOPETHKOB 0]l PYKOBOJICTBOM

[IpakTuyecku B TOT e MEPUOJ BPEMEHHU IpyIIa

TuxoneeBa IOpusi CepreeBuua 3aHuMaliach MpooIie-
MaMH TYHHEJIbHBIX MEPEX0JIOB, B 00JACTU UX TEOPETUUYECKUX MHTEPECOB ObLIH
MHOTOYPOBHEBBIE TYHHEJIBHBIE CHCTEMBI, @ TaK)K€ BO3MOKHOCTH PEaTU3alUU
naHHbIX 3¢ @dEeKToB B MpuOOpHOM 00OpyAoBaHMM. ['pymma ¢ 3agadeil cripaBu-
J1aCh, PACUETHBIC MTapaMeTPhl MHOTOYPOBHEBBIX TYHHEIBHBIX CHCTEM W BapUaH-
ThI IPUOOPHOTO OOOPY/IOBAHUS HA UX OCHOBE OBLIIU MOJYYEHBI IEPBBIMU B MUPE.

B 1956 roay cnernuanuct B 00J1aCTH SKCIUTyaTalldd M peMoHTa JIMuTpuit
'apkyHoB W 3aBenyrommuil jaboparopueid «oOimie Teopun TpeHus» Hropb
Kparenbckuid mpoBOAWIM pACCIEAOBAHUE YaCThIX BBIXOJOB U3 CTPOS CaMoJie-
ToB cepuu MJI (mocTosHHO JIoMaIach 4acTh I1acCu OOMOapIMPOBIITUKA).

JImumpuu I'apkynos Hzopw Kpacenvckuu
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B nporecce moaennpoBanus Harpy30k Obul 0OHapykeH 3 (PeKT Tak Ha3bI-
BAa€MOI0 LEJECHAIIPAaBIEHHOIO IE€pPeHOca Marepuaja B MECTO HanOOJBIINX
Harpy30K, CHIKAIOUIMNA TPEHHUE B HECKOJBKO JIECSITKOB pa3 M MPUBOASIIUNA K
00pa30BaHMIO TUICHKU TOJIIMHONW B HAHOMETPOBOM JuamnazoHe. JTOT 3pdeKT

IMO3KC IMOJITYHYNJI HA3BAHUC ((3(1)(l)eKT OE3BI3HOCHOCTH.

WUnest o ToM, 4TO B OYJIyIIEM YEJIOBEUYECTBO CMO-
KET CO3/1aBaTh HAHOOOBEKTHI, COOMpas UX «MOJIEKyJia
3a MOJIEKYJION», & TO U «aTOM 3a aTOMOM», BOCXOIUT K
3HAMEHHUTOU JieKImn «Tam BHA3y MHOTO MECTa» OJIHO-
ro u3 KpynHeumux ¢usukoB XX B., Jaypeata HoOe-
JeBckoW Tmipemuu, mnpodeccopa KamudopHuiickoro
TEXHOJIOTHYECKOTO HHCTUTyTa Puruapna @eliHMmaHna,

npounTaHHOM UM 29 nexadbpsa 1959 roma. Onyonuko-

Puuapo @etinman

BaHHBIC B (eBpasie 1960 roga marepuasbl JEKIIUU ObI-

JM BOCHPHUHSATHI OOJIBIIMHCTBOM COBPEMEHHHKOB Kak
danractuka unu mytka. Cam xe @eliHMaH rOBOpPUI, YTO B OyAyIlleM, Hay4YuB-
IMCh MAHUITYJIUPOBATh OTACIbHBIMU aTOMAaMH, YEJIOBEYECTBO CMOKET CUHTE-
3UpOBaTh Bce UTO yroaHo: «Hu oguu ¢u3nveckuil Uiaum XUMUYECKUN 3aKOH HE
MEIIAEeT HaM MEHSATh B3aUMHOE MOJIOKEHHUE aTOMOB...», TO €CTh HUCIOJb30BATh
aTOMBbI KaK OOBIKHOBEHHBIN CTPOUTEIBHBIN MaTepuall, 4YTO-TO BPOJE KUpIUYEH
WJIY, B JIYUIIEM CJIy4ae, y3JI0B U JI€TaJei MallvH.

3anaya pa3pabOTKU U CO3AaHUSI HHCTPYMEHTAIBHOTO (METPOJIOTHYECKOTO)
000py0BaHUs JIJI1 U3YUYEHHS] aTOMHOTO CTPOEHUSI KOHCTPYKIIMOHHBIX MaTepH-

4JIOB HaA HAHOYPOBHC CTOsAJIa HA CAMOM OCTPHUC HAYKHU.

B 1964 rony, cycts miects JeT nocie uoodpere-
HUS MHTETpaJbHOU cxeMbl, ['opaon Opi Myp, oauH u3
OCHOBaTeJied amMepuKaHCKOW Koprioparuu Intel, BbI-
JIBHUHYJI TPEAIIOIOKEHUE O TOM, UTO YHUCIIO TPAH3UCTO-
pPOB Ha KpucTallie OyJIeT yABaUBaThCA KaXble JIBa ro-
na. Tak nmosiBuincsa nepBbi 3akoHa Mypa. [lokazaB 3a-

BHUCHMOCTE pPOCTa IMNMPOMU3BOAUTCIBHOCTH 3allOMHHAIO-

MUX MHUKPOCXEM OT CPOKOB HMX HU3IOTOBJICHH:A, OH 00-

LI'opoon Opn Myp Hapy»XuJ 3aKOHOMEPHOCTb, 3aKIIOYaBIIYyIOCSI B TOM,

YTO HOBBIC MOACIH MHKPOCXEM KaXKJIbIN pa3 MMOABJIIA-
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JUCh Yepe3 MPUOIU3UTEIHHO PaBHBIE MPOMEXKYTKH BpemeHu (18-24 mecsna).

IIpu 5TOM UX eMKOCTh BO3pacTajia KaXKJIblid pa3 MpUMEPHO BJIBOE.

Pa3Butne MHUKPOSJICKTPOHUKHN CTPECMUTCIIBHO IIOATAJIKHMBAJIIO K I[EU'IBHGﬁ—

e MUHHUATIOPpU3AUHN KOMIIOHEHTHOM 621351, a CJICAOBATCIIbHO, U K HUCCICHO-

BaHMSIM B 00JIACTH €€ HHCTPYMCHTAJIbHOT'O oOecrieueHusI.

Paccen Ane

Awmepukanckuii ¢uszuk Paccen Sur, padorapiimit
B HanmonanbHom Oropo cranmaptoB, B 1966 roay
MPEUTOKUIT MHE30IEKTPUUECKOE YITPABIISIONIEE YCT-
POMCTBO — MbE30-/IBUTATENb, IPUMEHSEMBII CETOJIHS B
CKAaHUPYIOIIMX TYHHEJbHBIX MUKPOCKONAax W IJis MO-
3UIIMOHUPOBAHUSI HAHOMHCTPYMEHTOB (IOMCKA HYX-
HBIX 0OBEKTOB Ha U3Y4aeMOU TOBEPXHOCTH).

B 1968 rony Ansdpen Yo
u Jlxon Aptyp, paboras B

kommanuu Bell o muccnenosa-

HUAM ITIOJIYIIPOBOJHHUKOB, TCOPCTUUCCKU 000CHOBAIN
BO3MOKHOCTb MCIIOJIb30BAaHUSI HAHOTECXHOJOTMU B pe-

IIICHUH 3a4a4 06pa6OTKI/I HOBCpXHOCTCﬁ H JOCTHUIXCHUA

~

aTOMHOMW TOYHOCTHU npu CO3AaHHUHN JJICKTPOHHBIX IIPH- ’

OOpOB.

Duosu Ozasa

[IpakTnuecku B 3TO K€ Anvgppeo Yo

BpeMs [[pBun JIxoHC TeopeTu-
4ecKd OOOCHOBAJ KOHCTPYKIIMIO 3aMKHYTBHIX C(hepou-
JAIbHBIX KJIETOK M3 CBOEOOpPAa3HO CBEPHYTHIX HAHO-
rpauTOBBIX cI0€B. bbUT MpOU3BEEH pacueT BO3MOXK-
HOCTH (D)OPMUPOBAHUS MOJIEKYJIBI YIJIEpOa C TPAHbIO B
BHUJIE IIATHUYTOJIbHUKA, a B 1970 T. AIIOHCKUN XMMUK-
opranuk Ouaszu O3aBa BBIABHUHYJ TEOPHUIO O BO3MOXK-
HOM CYILIECTBOBAHHME IOJOM MOJIEKYJIBl YIJIEPOJAa CO

CTPYKTYpOH B BUJE CUMMETPUYHBIX IIECTUTPAHHUKOB,

OYCHb HAITOMHUHAIOIIEH OOBIYHBIN (YyTOOIBHBIN MsIY.

B 1971 rogy Paccen SIHr BBIABUHYN MACKO MPOTOTHUIA 30HIOBOTO MHUKPO-

ckorma. B 1972 romy SIHr cymen ocCyiiecTBUTh NEpPEMEIICHHE W MO3UIIMOHH-
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poBaHNE OOBEKTOB B TPEX HAIPABICHUSIX C TOYHOCTHIO
n0 0,01 A, ucnons3oBaB nmepememarolie yCTpoicTBa
Ha 0a3e Mbe303JIEKTPUKOB.

B 1973 rony HAmutpuii AnatonseBud bouBap u
Enena ['puroprseBHa ['asibniepH caenanu nepBbie TEOPE-
TUYECKUE KBAHTOBO-XMMHUYECKHE PACUETHI HAHOMOJIE-

KyJbl QyIsiepeHa u JoKa3aiu €€ CTaOMIbHOCTb.

B ToM ke rosiy kBaHTOBBIE TOUKHU (puc. 1.5) Obun Ilvumpuii Anamovesiy

obHapyxeHsl JIyn bBpycoMm B KOJIJIOMIHBIX pacTBOpax u Bousap

AunekceeM EKMMOBBIM B CTEKJISIHHOM MATpPHIIE.

Jlyu bpyc Anexceu Exumos Puc. 1.5. KBaHTOBBIE TOUKH

B 1974 rony ssmonckun yuensii Hopuo Tanuryumn
npu oOCyXJIeHUU MpoliaeM 00padOTKH MaTepHUaoB

BIICPBBIC BBCJI TCPMHUH «HAHOTCXHOJIOT' U .

B 1981 romy amepukasn-
ckun yueneln [. I'menrep

BIICPBBIC BBCJI TCPMHUH <«HAHO-

KpUCTAJUIMUCCKHUEC)  MAaTCpHa-

Hopuo TaHueyqu JIBI. HOB)KG CTa.HI/I I/ICHOHBBO'

BaTbCA TaKUC TCPMHUHLBI, KaK

«HAaHOCTPYKTYpPHBIE», «HAaHO(A3HBIE», «HAHOKOMIIO3H-

UOHHBIE» MaTEPHUAJIbI. Tepbepm Ineiimep
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T'enpux Popep

M300pes aTOMHO-CUJIOBO MUKPOCKOTI.
JlaHHble yCTpOICTBAa Ha3BajiM «rja3aMu» U
«nanblaMmu» HaHoTexHojoruu. I[lpu momomm 3TUX

MHUKPOCKOIIOB YAaJIOCh YBUICTH OTACIIBHBIC aTOMBI U

B Tom ke romy mBenumapckuil ydeHsl ['eHpux
Popep n Hemenkuii yuensii ['epn Kapn buHHuMHT co-
30 TIEPBBIA PACTPOBBIM CKAHUPYIOUIUN TYHHEIb-

HBIN MUKPOCKOII, MO3BOJISIFOIIUA M Ha6J'IIOI[aTB H TIepcC-

JIBUTaTh OTJI€JIbHBIE aTOMBL.

B 1982 roay . B. Ilon
CO3JaJ1 CKaHMPYIOIIUHN OITH-
YECKUI MUKPOCKOIL, a B 1986

rogy lepa Kapn buHHUHT

TI'epo Kapn bunnune

MEPEMECTUTh X C OJJHOIO MECTa B JIpyroe Mo MOoBEpXHOCTH. MeuTa Pu3NKOB 0

BO3MOKHOCTHU MaHUITYJIAAOUH OTACIIbHBIMU aTOMAMH Ha4dalla COBIBATHCH.

B 1985 rony npodeccop Oxchopackoro yuuepcutera [l. Hoita mpemio-

Ilemp Huxonaesuu
Jlyckunosuu

KU MaTeMaTHYECKYI0 MOJIEJIb KBaHTOBO-MEXaHUYeC-
KOr0 BapyaHTa MalluHbl ThIOpHUHTA.

B 1988 rony B CCCP rpymnmon ucciaenoBareseu
HUN «lenpra» BO rnaee ¢ II. H. JlyckuHoBuuem k
MUKPOCKOIy ObLJIO pa3pabOTaHO MW TMPUMEHEHO
YCTPOKCTBO, IMO3BOJISIONIEE MPOU3BOIUTH KOHTPOIH-
pyeMoe MepeMENIEHUE YaCTUIl C HAKOHEYHUKA 30H/a,
UCIIOJIb3YSl TEPMUUYECKOE BO3JECUCTBUE, U SABIISIIOLIEECS

OCHOBOMH Pa3BUTHA 30HJI0BOM MUKPOCKOIINH.

OCHOBOI BCE€X THIIOB CKaHMPYIOMKUX 30HAOBBIX MHUKPOCKOIIOB SBJISICTCA

B3aUMOJICHICTBUE 30HJA — MUKPOCKOIMNYCCKH LIlﬁ)C?)BI:I‘IEII\/’IHO YYBCTBUTCIIbHOT'O

nyna ¢ UCCIEAyeMON MOBEPXHOCTHIO — MOJIOKKOM 3a CUET MEXaHUYECKUX,

QJICKTPHUUYCCKUX WUJIN MAlrHUTHBIX CHJI.

CozpaTenu CKaHMPYIOIIETO 30HI0BOr0 MHKpockorna C3M mnpeamoxuiu

HCIIOJIB30BAaTh €TI0 U B KAYCCTBC MHCTPYMCHTA JJIA MOI[I/I(bI/IKaI_[I/II/I.
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B 1984-1989 rogax ObLIM MpeaioKeHbI KBAHTO-
Bble MHTEPPEPEHIMOHHBIE TpaH3UuCTOpbl. B 1985—
1986 roxer poccuiickue yuenoie /. ABepun u K. Jlu-
XapeB MCCIEAOBAIN MPOIECCHl  OJTHOAICKTPOHHOTO

TYHHCIIMPOBAHUS, 3aJI0OKUB TEM CaMbIM OCHOBBI HOBO-

T'O HaIIPpaBJICHHUA B HAHOJJICKTPOHUKE — OAHOIJICKTPO-

Koncmanmun HUKH.
Koncmanmurnosuy

B 1988 romy ¢panmysckuii ¢uzuk A. dept u

Jluxapes

Hemenkuil pusuk I1. ['pronOepr He3aBUCUMO JpyT OT
Jpyra OTKpbLIM HEOOBIYHOE SBJICHHE U3 00JacTH HaHOMUPA — A((PEKT TUrant-
CKOI'0 MarHUTOCOIPOTHUBIJICHHS, KOTOPBIN MpPOSIBISETCS B OBICTPOM BO3pacTa-
HUU 3JEKTPOCONPOTUBJICHUSI BO BHEIIHEM MAarHUTHOM MOJI€, YTO CBSI3aHO CO

CIIMH-3aBUCUMbIMHU TPAHCIIOPTHBIMH ABJICHUAMU B HAHOCTPYKTYpax.

Ilemep Anopeac
Anvboepm Pepm I pronoepz

OgHuM W3 BaXXHEUIIMX Pe3yJbTAaTOB UCCIEIOBAHMN B 00JIACTM HAHOMHUpPA
SIBUJIOCHh Pa3BUTUE HAHORJIEKTPOHUKH, KOTOpasi 0a3UpyeTcs Ha UCIOJIb30BAHUU
KBaHTOBBIX 3((PEKTOB, MPOSBIAIONIMXCS B HAaHOCTPYKTypax. B 1975 roxy Obuin
BIIEPBBIC TEOPETHUUYECKU PACCMOTPEHBI MPUHUIMIIUAIBHBIE BO3MOMXKHOCTU CYIIIE-
CTBOBaHMSI HAHOCTPYKTYpP TNOHM)KEHHOM PpPAa3MEPHOCTM — KBAHTOBBIX TOYEK.
B niepBoii nosioBuHe 1970-X T10/10B HAYAJIMCh UHTEHCUBHBIEC UCCJIEI0BAaHUSA TOJTY-
MIPOBOJAHUKOBBIX T'€TEPOCTPYKTYP, KOTOphIe mpuBenu B 1993-1994 romax x co-
3IAHUIO TE€TEPOJIA3EPOB HA OCHOBE HAHOCTPYKTYP C KBAHTOBBIMH TOYKAMU. 3Ha-
YUTEIIbHBIA BKJIAJ B 3TH UCCIEAOBAaHUSA BHECIM poccuiickuil yueHbin JK. U. An-

dbepoB u amepukaHckuii yueHsiid I'. Kpemep.
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Kopec Hsanosuu
Anghepos T'epoepm Kpemep

B 1985 rony BnepBble ObUIM CHUHTE3WPOBaHbI QyJIEpeHBbl. DTO YIaJI0Ch
caenars aHrmiuckomy ydeHoMy I'. Kporo n amepukanckum yuensiM P. Kepmy
u P. Cmomnu.

T'aponvo Kpomo Pobepm Kepn Puuapo Cmonnu

Nmu B X0z1€ M3y4eHUsI Macc-CIIEKTPOB MAPOB Tpa-

¢uta ObuIH BBISIBIEHBI KpynHble arperaThl Cgo 1 Coo,
cOCTOsIIME COOTBETCTBEHHO U3 60 u 70 aTOMOB yriie-
pona.

B 1986 rony amepukanckuii ¢puszuk Ipuk Jpekc-
JIEp B CBOEW KHHUI'€ O BO3MOXHOCTSIX HAHOTEXHOJIOTHI
«MamuHbl co3uaHus: TPUIIECTBUE Pbl HAHOTEXHO-
JIOTUIA», OCHOBBIBASICh Ha OMOJIOTMYECKUX MOJEIISAX,

BBEJI OHATHUE O «MOJEKYJISIPHBIX MAIIMHAX), a TAKKE
Opux Jlpexcaep pa3BWI MpemIoKeHHble PEMHMAaHOM HMIEHW HAHOTEX-

HOJIOTMYECKOU CTPATCTUHU «CHU3Y BBCPXH».
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B 1987 romy O. f6nonoBuu, corpyanuk Bell
Communications Research, BbBIIBHHYN KOHIIEMIIHIO
(OTOHHOTO KpHCTAJUIA, TIOJOKUB TEM CaMbIM HA4aJo
Pa3BUTHIO HOBEHIIIETO HANPABIIEHUS COBPEMEHHOM OI1-
TUKH — HAHO(POTOHUKH. MOIIHBIM CTUMYJIOM JJISl pa3-
BUTHUSI HAHOTEXHOJIOTMM CTaj0 CO3JaHUE MPUHLMUIIU-
aJIbHO HOBBIX YIJIEPOAHBIX HaHOMaTepuasioB. Jlonroe
BpPEMSI CUUTAJIOCh, YTO CYLIECTBYIOT JBE €IUHCTBEH-
HbIe oJuMopdHbIe MOAUDUKAIIUY yTiepoa — rpaut
u anMa3. OJHAaKO, KaK OKAa3aJoCh, MpeIenbl MOJIU-

Dnu HAbnonosuu

MOp(bHBIX npeBpameHI/Iﬁ yrjiepoaa 3TUuM HC OIrpaHUYUBAIOTCA, CBUACTCIILCTBOM

Yyemy SIBIISIIOTCSI BECbMa HEOOBIYHBIE MO CBOEH CTPYKTYpe (yJuiepeHbl U yriie-

POJIHBIE HAHOTPYOKH.

B 1989 rony Jlonanbna Diirnep, padotaBimuii B IBM, BbUTOXKKI Ha3BaHUE

cBoei pupMbI aToMaMu KceHoHa (puc. 1.6).

Jlonanvo Diienep

Puc. 1.6. HazBaHue

(bupMBI U3 aTOMOB
KCEHOHa

Bonvgheane Kpemumep

B 1990 rony B I'epmanuu yuennie Bomnbdranr
Kpetumep u Kocra @ocrupononyc pazpadbotain TeX-
HOJIOTHIO, TTO3BOJIMBIIYIO TOJIy4aTh (PyJIJIEPEHbI B J0-
CTaTOYHO OOJBIIMX KoinuecTBaX. Kak BBIICHUIOCH
M03Ke, CYHIECTBYIOT U NMpUpoaHbIe (yiuiepeHbl. OHu
ObLTM 0OHapyxeHbl B 1992 roay B mpuUpOJHOM yTJie-
POJHOM MHUHEpAJie — IIyHTHTE.

B 1991 rony ssmonckum yuensiM Cymuo Mmxuma
OBLIM OTKPBITHI YIJIEPOIHBIE HAHOTPYOKH (puc. 1.7).
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Cymuo

Hoorcuma

Puc. 1.7. YrnepoaHsie
HaHOTPYOKH

B Tom ke rogy B flmoHuM Havanach peanu3alusi rocyJapCTBEHHOW Mpo-

I'paMMBI 110 PAa3BUTHIO TCXHUKHW MAHUITYJIUPOBAHUA ATOMaAMHU U MOJICKYJIAMU (B

paMKax nmpoekTa «AToMHas TeXHOJIOTHSI).

@OyIiiepeHbl U yIVIEpOJIHbIE HAHOTPYOKHM C MOMEHTa MX OTKPBITHUS TpU-

BJICKJIM BHUMAaHHNC MHOI'NX HCCHGHOBaTeHeﬁ HEOOBIYHOCTBIO CBOEH CTPYKTYPhI

U cBoMcTB. B X011€ MocCJICAYOIUX HCCIeA0BaHUU OBLIIM BBISIBIICHBI Pa3JINYHBIC

MPOU3BOJHBIE ATUX CTPYKTYpP, KOTOPBIE MOJIYUYaIUCh B pe3yJIbTaTe B3auMO/IEH-

CTBUA (DYJUIEPEHOB U YIJIEPOIHBIX HAHOTPYOOK C IpYyrMMHU BelecTBamMu. boiuio

TaKX€ YCTAaHOBJIEHO, UTO CTPYKTYpPhI, OAOOHBIE (yJIepeHaM U YTIepOJAHBIM

HAaHOTPYOKaMm, MOTYT ObITh OOpa30BaHbl aTOMaMU HE TOJBKO YIJIEpOja, HO U

IPYTUX BEILECTB.

Anvboepm Yanghopoa
Kacmneman

B 1994 rony II. B.

TrrOpHUHra MOXET OBITh

Tak, B 1992 rony yuensie b. C. I'yo, C. Bep,
. Ilypuenn, C. bys3a, A. Y. Kactieman oOHapyxuiu
ctabmwibHble  (DyJUIEpeHONOAOOHBIE  HAHOYACTHIIBI
Ti8C12.

B toM e roxy ObulM BOEPBbIE CHHTE3UPOBAHBI
HEYyTJIEpOIHbIE HAHOTPYOKH Ha ocHOBe MoS; u WS,.
TexHomornyeckue WCCIeI0OBaHusl JalT IIUPOKHUE
BO3MOYHOCTH IS CO3/IaHUS PA3JIUYHBIX BUAOB MOJIE-
KYJIIPHBIX HAHOCTPYKTYP.

[ITop moka3ay, 4TO KBaHTOBO-MEXaHMYECKasi MaIllWHA

COo3aaHa IIPAKTUYCCKH. B YaCTHOCTH, OHa OKa3aJlaChb

a(pdheKTUBHOM B pEHICHHH 3a7ad O Pa3JIOKCHUHM Ha MHOXHUTEIU OOJBIINX

YUCCII.
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B 1998 rony smonckuit ydyensldi M. TakdyTu nmpoBen NpUHLIMIHAIBHBIE
JKCIEPUMEHTHI 10 KBAHTOBBIM BBIUYMCIUTENBHBIM CUCTEMAM C MCIOJb30BaHUEM
(GhOTOHOB.

B Tom xe roxy romnanackui pusuk Cus [lexkep co3man Ha OCHOBE HAHO-
TpyOoK (puc. 1.8) Tpanzucrop (puc. 1.9), ucnonp3ysa UX B KaueCTBE MOJIEKYIL.
[Ipy 5TOM OH OJHMM M3 NEPBBIX MU3MEPUI NIEKTPUUECKYIO IPOBOJUMOCTH Ta-
KOM MOJIEKYJIBI.

Puc. 1.8. Puc. 1.9.
HanotpyOxa Tpansucrop

Cus3 /lexkep

B 1999 romy smonckuit yuensnii H. Hakamypa, pabortaBumii B ¢upme
NEC, 1ocTtaTo4HOo yCHEenrHO UCCaeq0Bal BO3MOKHOCTH MPAKTUYECKON paOOThI
KBAaHTOBOI'O KOMIIBIOTEPA.

B 1999 rony ¢wusuku u3 Kopnensckoro ynusepcurera CIIA Yuncon Xo u
XaibkyH JIu uccnenoBaim XUMUYECKHUE CBSA3U, COOMPAsi MOJIEKYJIbl KAPOOHUIIBHO-
ro xene3a Fe(CO), u3 cocraBistomux KOMIOHEHTOB — xkene3a (Fe) u okucu yr-
nepopa (CO), c HOMOIIBI0 CKAHUPYIOUIETO TYHHENLHOTO MUKpockomna (puc. 1.10).

Puc. 1.10. Xumuuec-
Yuncon Xo Xatineyn Jlu xue cessu Fe(CO),
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B tom xe roay yuensie uz CIIA npodeccop dbuzuku Mapk Pun (cotpyn-
HUK Menbckoro yHuBepcuTera) u npodeccop xumuu Jxeiive Typ (COTpYIHHK
Paiickoro yHuBepcuTeTa) pazpadoTaii €UHbIC TPUHIIUANBI MAHUMTYJISAINN KaK
OJHOW MOJIEKYJIOHM, TaK U UX LIETTOYKOM.

B 2000 roxy ¢usuk ®@pani ['mccubn yBumen Ha nmpudbope B KpEMHHH CyO-
atomHbie yacTulbl. Ero komieroit Po6eprom Marepiie Oblia npeniokeHa Tex-
HOJIOTUSI HAHOTOMOTPAaPUU — TMOIYUYECHHE TPEXMEPHON KAPTUHBI BHYTPEHHETO
CTpOEHHUS BelIeCTBa ¢ pa3pemenueM nopsaka 100 am.

C 2000 rona CIIIA npuctynwiu K OpsiMOMy TOCYJIapCTBEHHOMY (PUHaHCH-
POBaHUIO HAHOTEXHOJIOTHYECKUX HCCIENOBAHUI M peaau3alud MpOorpaMMbl
«Hamonanenas Hanotexnonornueckas Muunmarusay (HHU), nHa kotopyto
Ob110 BBIIENEHO okoyio S00 MiH AosutapoB Ha roa. OCHOBHas uiesl 3TOM Mpo-
rpamMMbl  Obl1a copmynrpoBaHa clenyromum obpazom: «HarmonansHast
Hanorexnonorudeckass HupaTrBa onpeaessieT CTPaTeruo B3auMOJICUCTBUS
paznmuuHbIxX (enepanbHbix BenoMcTB CIHIA ¢ 1enbio o0ecrneueHus IpuopuTeT-
HorO pa3Butus HT, koTopas 1omKHA CTaTh OCHOBOM SKOHOMHUKH U HAIIMOHAJIb-
Holt Oe3omacHocTu CIIA B meppoit monoBuHe XXI Beka». B mepuon 1996-
1998 ropom, mpemmectBoBaBmnii npuHatuio HHU, cnenuanbHbl KOMUTET
amepukanckoro lleHTpa onieHkH MupoBoro cocrosiuus TexHosoruit (World
Technology Evaluation Center, WTEC) ocyiiecTBiisiii MOHUTOPUHT U aHAIU3
pazsutust HT mo Bcem cTpaHam U BbITYCKaJ JIJIsi HAYYHBIX, TEXHUUECKUX U al-
MHUHUCTpaTUBHBIX crnennanuctoB CIIIA o03opHbIe MHpOpPMALIMOHHBIE OOJIIE-
TE€HU 00 OCHOBHBIX TEHJICHUUSIX Pa3BUTHUSA U JocTxkeHusAx. B 1999 roxy cocto-
AN0Ch 3acefaHue MeXoTpacieBOi TIpymnmbl MO HAaHOHAYKE, HAHOTEXHUKE WU
Hanotexnosoruu (Interagency Working Group on Nanoscience, Engineering
and Technology, IWGN), pe3ynpraTtoM KOTOPOTO CTajia pa3padoTKa MpOTHO3a
uccnenoBanuii B oonactu HT na omkaiimue 10 set. B ToM e roay BeIBOABI U
pekomenganuu IWGN Oblmu mogaepxanbl HaninoHanbHBIM COBETOM IO HAyKe
u texuuke npu npesugente CIIA (PCAST), nocne yero B 2000 rogy Obuio
obunHraibHO 00BsABICHO O npunsTun HHU.

Jlpyrue cTpaHbl TOKE MPUHSIIA y4acTHE B TOCYAApPCTBEHHOM (DMHAHCHUPO-
BaHuu HaHoHayku 1 HT. B 2000 roxy simoHCko DKOHOMUYECKON AccolMaln-

et (KatimanpaH) ObLT OpraHU30BaH OTJE 10 HAHOTEXHOJIOTHUSIM TIPH TTPOMBIIII-
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JIEHHO-TeXHUYecKkoM KomuTere, u K 2001 romy Obu1 chopMUpOBaH TEpCIIEK-
TUBHBIA IUIAH pa3BUTHUS mopsiaka 50 HAHOTEXHOJOTMYECKUX HCCIETOBAHUU.
OCHOBHBIE MOJIOKEHUS ATOTO TIaHA CBOJIMIINCH K CIEAYIOMIEMY:

— OINPENEIUTh B KAUECTBE OCHOBHBIX HAITPABIICHUI «IIPOPHIBA» B HAHOHAY-
ke MHGOPMAIMOHHBIE TEXHOJOTHUU, OMOTEXHOJOTUH, SHEPTETUKY, IKOJOTUIO U
MaTEepUAIIOBEICHUE;

— 00ecneunTh MPUTOK KPYITHBIX KAMUTAIIOBIOKEHUN B OTPACINA TTPOU3BO/I-
cTBa, oCHOBaHHEIC HA HT;

— JHEPrUYHO pPa3BUBATh HCCIECAOBAHUS B YKA3aHHBIX HAIPABJICHUSX H
BHEJIPATH X PE3YJIbTAThl B MPOU3BOJICTBO TAKUM 00pa30M, YTOOBI 3TH HaIpaB-
JEHUS CTaIM «(pJrarMaHaMuy» Tpsiayied HAHOTEXHOJIOTUUECKOW PEeBOJTIOLINH;

— pa3paboTaTh rocyIapCTBEHHYIO CTpaTervio pa3Butus HaHoHayku U HT,
MpEeXJe BCEro OpraHnu3oBaTh 3(PPEKTUBHOE COTPYAHUUYECTBO MPOMBIIIJIECHHBIX,
rOCyJapCTBEHHBIX U HAYYHBIX BEJIOMCTB M OPTraHU3alM{ B MPOBEICHUU UCCIIC-
JTOBaHUHU.

B pesynbrare, cornacHO NpuHITOMY IUIaHy, SIMOHUS MOTpaTWIa HA Pa3BU-
tue HT B 2001 roay nopsiaka 420 MIJIH 10JIJIapOB TOCYJapPCTBEHHBIX CPEACTB.

Crpanbl EBponsl mpeANpUHSIIA YCUIIUS TI0 Pa3pabOTKe COOTBETCTBYIOIIMX
HAIMOHAIBHBIX MPOTPAMM JIJIsl UcclieoBaHus B obnactu HaHoHayku U HT. Ox-
HaKO 00beMbl (PMHAHCOBBIX BIMBAHUU JJIsl 3TUX HMCCIIEIOBAHUNA OBLIU TOpas3jo
Menble, yeM B CIIIA u Anonun, — nopsiaka SO MiTH J0J11apOB.

B I'epmanum ucciaenoBanus B odsactu HT moanepxuBaroTCsi B OCHOBHOM
MuHucTepcTBOM 00pa3oBaHusl, HAYKHU.

BenukoOpuTtanus ocymiectBisieT pa3Butue HaHoHayku U HT yepe3 Coser
o (U3UKO-TEXHUYECKUM HcclieoBaHusIM U HanmoHaneHyo Gu3nueckyo ja-
oopatoputo. Bo ®paninuu >TuM HampabieHuem 3anumaercs [HHU (Llentp
HAy4YHBIX HCCIIEIOBAHUN).

Kwuraii, FOxnas Kopes ctpemsarcs nHarnate CIIA u fIlnonuro mo Hampas-
JeHUsIM U 00beMaM, HO JENal0T 3TO y3KonpopuiabHO. Takxke 00JibllIoe BHUMA-
HUE yaenseTca pa3Butuio HaHoHayku U HT B psane npyrux crpan. @yHaaMeH-
TaJbHbIE MCCIEIOBAHUS B 00JIACTM HAHOTEXHOJIOTMH mpoBojsaTcs B Poccuw,

Ykpaunne, benopyccuu B pamkax rocyJIapCTBEHHBIX HAYYHBIX ITPOTPaMM.
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B 2002 rony Cus Jlexkep coeaunun yriepoanyto Tpyoky ¢ JJHK, nomyuns
eauHbIi HaHoMexaHu3M (puc. 1.11).

Puc. 1.11. Coenunenne nanorpyoku ¢ JJHK

B 2003 roxy Kapno MonTemManb0 00bEIUHUT MOJIEKYJISIPHBINA JTBUTATEIb
(poTop) ¢ HaHOpa3MEpPHBIMU YCTPOWCTBAMHU U3 KPEMHUSA. DTO OTKPBUIO HOBBIE

BO3MO’KHOCTH ISl CO3/1aHUSI MOJIEKYJIAPHBIX HaHOMAIIKH (puc. 1.12).

Puc. 1.12. Cxema co31aHusi MOJIEKYJISIPHBIX HAHOMAIIUH
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B 2003 rony mpodeccop @enr JIvto n3 ynusepcurera mrarta kOta, onupa-
acb Ha paboTel @panna ['mccubia, ¢ MOMOMIIBIO aTOMHOTO MHUKpPOCKOMA IO-
cTpous1 00pa3bl OPOUT FIEKTPOHOB MYTEM aHAIM3a UX BO3MYIIEHUS MPHU JIBU-
KEeHHUU BOKPYT sapa (puc. 1.13).

@pany l'uccubn

\\\
\l

B 2004 rogy B CIIA /[I»Bup belikep u bpaitan KynbmaH co3nanu HOBbIE
(dbepMeHThI ¢ n3MEeHEHHON (QYHKIMEH, HE CYIIeCTBYIOIIME B Iipupoe (puc. 1.14).

Puc. 14. HoBrie dep-
MEHTHI C U3MEHEHHOU

I1r6u0 betixep bpaiian Kynoman yHkumnei
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B tom ke rony poccuiickuit u 6putanckuit puzuk Koncrantun HoBocénos
COBMECTHO C COBETCKHM, HUIEPIAHACKAM U OpUTaHCKUM (U3UKOM AHJIpeeM
['eliMOM OTKpPBUIH aJUIOTPOIMHYI0 MOJIU(MUKAINIO YIJIepoaa, Ha3BaHHYIO «Trpa-

(den», KoTopas ABJISIETCS OJIMHAPHBIM CJI0EM aTOMOB yriiepoaa (puc. 1.15).

Koncmanmun Anoperi I'etim Puc. 1.15. I'paden
Hoesocénos

B 2005 rogy Kpucrtuan [ladmeiictep co3aan HOBYO TEXHOJIOTHIO CHHTE3a
MaKpOMOJIEKYJI ¢ HEOOXOIUMBIMU 3aJaHHBIMU (QYHKIHSIMHU, GOPMONA U Maccou
(ot 1000 mo 10000 manpToH). B mepcrnekTuBe ATO MO3BOJIAET CUHTE3UPOBATH

MOJIEKYJISIpHBIE OJIOKH J1J1s1 U3rOTOBJIEHUSI HaHOMaIIuH (puc. 1.16).

Kpucmuan
Llagmeiicmep Puc. 1.16. HanomamnHna

B CHIA yuenbiMu DpukoMm Yundpu u Ilonom Pormynnom B 2006 romy
ObLTM CcO37aHbl CioXHbIEe AByMmepHble Qurypsl u3z JIHK-ctpykryp, xoTOpbIe
Ha3zBanu JJHK-opuramu (puc. 1.17).

24



Puc. 1.17. JHK-opuramu

B 2006 rony /xenmc Typ ¢ rpynmon y4eHBIX CO34aJ1 HAHOPA3MEPHYIO
MaIINHY, CACTaHHYI0 U3 0JIUTO ((DeHUIICH STUHUJICH) C aJIKHHUJIOBBIMU OCSIMU U
yeThlpbMsl chepuueckumu ¢Qysuiepenamu C60 B Bujae xosec (0akuboibl). [lon
JIEHCTBUEM TIOBBIIICHHS TEMIIEpAaTyphl HAHOMAIIIWHA JBUTAIACH IO TTOBEPXHO-
cTtu 30J0Ta (puc. 1.18).

Puc. 1.18.
baku0osibt

B BHJAC KOJICC

Lrceume Typ
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B 2007 rony dx. @peiizep CToamapT CUHTE3UPOBAT KOJIBIEBBIE MOJIEKY-
JIbl, KOTOPBIE MOTYT W3MEHSITh CBOM CBOICTBA MOJ JECHCTBUEM JJIEKTPUUYECTBA
(puc. 1.19). D10 mepcrneKTUBHOE HAIpPABICHUE MO3BOJIUT CO3/]aBaTh MOJIEKY-
JISipHBIE MBIIIIHI [6]. JTMHA MOJMMEPOB CIIOCOOHA COTIACOBAHHO COKpPAIaThCs
U pacCTATUBATHCS MPU U3MEHEHUU KUCIOTHOCTH cpelbl (pH): cokpamarbest mpu
MoBbIIIIeHUH pH ¥ yBEIMYMBATHCS TIPU €0 TOHUKEHUH.

- o

. ‘:-- P W0em
Y

3

0-0-0-0-0-0-4
+- @

’

L. Dpetizep

Cmodoapm Puc. 1.19. Konbuepas Mosekyia

B 2007 rony B Poccuu Onina co3gana denepanbHas meneBas mporpaMmma
«Pa3zButne uHbpacTpykTypbl B HaHOMHAYCTpuu Ha 2008—2010 roxapi». I'naB-
HBIMU B paMKaxX MEPCHEKTUBHBIX HAIMPABJICHUS PA3BUTHUS HAHOTEXHOJIOTUM
(HT) u nanomarepuanos (HM) siBnsnucs:

— HAHOAJIEKTPOHHMKA Y HAHOMH)KEHEPUS;

— ¢ynkuronansusie HM u1st sHepreTuky;

— (ynkuuoHanbHble HM 117151 KOCMHYeCKON TEXHUKH, HAHOOMOTEXHOJIOTUH;

— KOHCTpYyKIHoHHbIE HM;

— xomno3utHbie HM;

— uH(popmaInoHHas 0€30MaCHOCTh B HAHOUHTYCTPHUH.

B konne anpenst 2007 roma IlpaButrensctBoMm Poccuiickorn denepanuu
yTBepxkaeHa «lIporpamma paszButus HaHouHAycTpun B Poccuiickonn denepa-
uu 110 2015 romay.

B 2008 roay yuensie Ocamy Cumomypa, Maptun Yandu u Pomxep Lsns,
W3BJICKJIN JIIOMUHECIICHTHBIC KJIETKH W3 MEIY3bl U BBIASTHIN U3 HUX 3€JICHBIN
dayopecuieHTHBIN OenoK. 3eeHbl (hIyopeceHTHBIN 0eI0K — BEIIeCcTBO, OJia-
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rojaps KOTOPOMY Meay3bl HMEIOT BO3MOYKHOCTH IOJCBCYMBATH B TEMHOTE
(puc. 1.20).

Ocamy Cumomypa Mapmun Yangu Pooorcep Lans

Puc. 1.20. 3enenspiit
¢ryopecueHTHBIIH OeoK

B 2009 rony Hampuan Cuman ¢ rpymmoii ydensix u3 Heio-Mopkckoro
yHUBepcuTeTa coznanu camoopranusyronecs JJHK-cTpykrypsl, koTopsie cno-
COOHBI cBOpaunBatbca B 3D poMO031pHuecKre KpUCTaIbl C YCTaHOBIECHHOU
opueHTtanuei (puc. 1.21).

Haopuan Cuman Puc. 1.21. 3D pombosaprvecKre KPUCTAIIIBI
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B 2009 rony yuensie u3 fAnonun Ecuaku Cyrumoto, Macaroku A63 u Oc-
kap Kycraniie Hayuniuch BEIOUPATh OTIEIbHBIE aTOMBI KPEMHUS, 0JIOBAa U CBUH-
1[a 1 MAHUITYyJUPOBAaTh UMHU C TOMOIIBIO 30HJAa aTOMHO-CHJIOBOTO MHUKPOCKOIA
(ACM) (puc. 1.22) myis mOCTpOEHHUS CIIOXKHBIX MOJIEKYJISIPHBIX CTPYKTYp MpHU
KoMHaTHOU Temmnepatype. C nomoisio 30512 ACM Hanucanu cUMBOJI KPEMHUS

«Si» Ha 0JIOBE, MAHUITYJIMPYS OTACIBHBIMH aToMaMu KpeMHwust (puc. 1.23).

Macaroru A6s Ockap Kycmanye

eooo000 '

o000 00

Puc. 1.22. Cxematnu-

Puc. 1.23. Mouneky-

sorna ACM JsIpHAsi CTPYKTypa
U3 aTOMOB KPEMHHUSA

HOE M300paKeHUE

B 2010 rony corpyanukamu komnanuu IBM Obi-
Ja pa3paboTaHa TEXHOJOTUSl YJIbTPATOYHOM U OBICT-
poil muTorpadguu, KoTopas MO3BOJMIA CO3/1aBaTh pe-
abepHble 3D MoBEpXHOCTH B HAHOPA3MEPHOM JAuarna-
30He. CBOI0O HayyHyl0 pa3pabOTKy OHHM IPOJEMOH-

o CTpUpPOBAINA, HAYECPTHUB KPEMHHUEBBIM HAKOHCYHHUKOM
Puc. 1.24. 3D penbed-

Has KapTa Mupa

ACM penbednyro kapty mupa (puc. 1.24).
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B 2011 r. nemeukwuit ¢pusux JI. ['pun ucnonb3o-
BaJl CKAaHHPYIONIIYI0 TYHHEIbHYI) MHUKPOCKOIHIO
(CTM) nnist onicaHus AEKTPOHHBIX U MEXAHUYECKHUX
CBOWCTB OTHEIBHBIX MOJEKYJ U MOJUMEPHBIX LIENO-
YeK.

B 2012 rony nemenkumu ¢usukamu ['epxapaom
Meiiepom, Jleo I'poccom u SkoBom Pemmom, paGo-

TaBIIMMU B KoMmanuu [BM, nonmydensl n3o0paxeHus
Jleonapo I'pun

pacrpenesieHus] 3JEKTPOHHBIX 3apsA0B B MOJIEKYJIe
C MOMOIIBI CKAaHUPYIOWIEW 30HIOBOM MHUKPOCKOIWH, YTO IMO3BOJUIO JOCTa-
TOYHO MOAPOOHO OMPENEIUTh CTPYKTYPY OTIEIBHBIX MOJEKYJ, a TAKKE 3aMbl-

KaTh U pa3MbIKaTh OT/EJIbHbIE XUMUYeCKUe cBs3u (puc. 1.25).

I'epxapo Meiiep Hxoe Penn

Puc. 1.25. Pacnipenenenue
3NIEKTPOHHBIX 3aps/I0B B MOJIEKYJIE

B 2014 roxy rpymnme ydensix u3 CToH(OPACKOTO YHHBEpCUTETA MPHU CO-
NEUCTBUU y4eHBIX U3 benpruu, I'epmanun u YKpauHbl yIalOCh «CKPECTUTH

ABC HC CaMBbIC OOBIYHBIC (bOpMBI yriepoaa — MI/IKpOCKOl'II/I‘IeCKI/Iﬁ ajiMa3, TakK
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Ha3bIBa€MbI aJiMa3ou]l, ¢ O0aKMOOJJIOM — €Ill€ OJHUM W3 BHJIOB Yriepoja,

dopMa koToporo HartoMuHaeT hopmy GyTOoIBHOTO Ms4a (puc. 1.26).

aJIMa3oul 0aKuOOJIJIbI

Puc. 1.26. Bung anma3ouioB 1 0aku0o0L1

HOJ'IyLII/IBIlIaHCSI B PC3YJbTATC TAKOI'O «CKPCIIUBAHUA» MOJICKYJIA IIPOBOJAUT

SHGKTpI/I‘-ICCKI/Iﬁ TOK B OJJHOM HaIIPpaBJICHHUU, SABJISAACH, 110 CYTH, dHAJIOT'OM H3-

BCCTHOI'O J3JICKTPOHHOI'O KOMIIOHCHTA, HA3bIBACMOI'O JHOJ0M. HaHHOC JOCTH-

KCHHC ABJIICTCA BAXXHBIM IHAroM IJIsi COKpallCHUs KOMIIOHCHTOB 3JICKTPOHHBIX

YUIIOB 1O MOJICKYJIAPHOTO YPOBH:A, YTO, B CBOXO OUCPCAb, ITO3BOJINUT U3IrOTABJIN-

BaTh JCHUCTBUTEIBHO MHUHHUATIOPHBIC 3JICKTPOHHBIC YCTpOﬁCTBa, 06]121,[[21}01_[[1/16

JIOCTaTOYHO BBICOKOM MOIIIHOCTBIO U 3(1)(1)€KTI/IBHOCTBIO.

B 2015 rony yuensle u3 yHuepcurera Conupy-

Puc. 1.27.
[lenTarpaden

xectBa Bupkunuu, Kuras u SIlnoHun oOHapyXuiu
HOBYIO CTPYKTYPHYIO Pa3sHOBHUAHOCTH yIJepoja, Mo-
JYyYMBIIYI0 Ha3BaHue «meHTarpaden» (puc. 1.27).
OTOT MaTtepuall, Kak U OOBIUHBIN rpadeH, SBIAETCS
dopmoii yriepona OJHOATOMHOW TOJIIUHBI, OJHAKO
CTPYKTYpa €ro IUIOCKOM KPHUCTAJUIMYECKOW PEIICTKH
COCTaBJICHA HE W3 NPABWIbHBIX IIECTUYTOJIBHUKOB,

Kak y OObBIYHOTO TpadeHa, a u3 nATuyrojbHUKoB. Co-

IIAaCHO IPOBCACHHBIM IIPCABAPUTCIIBHBIM PACUYCTaAM

HCHTana(I)CH JOJI2KCH O6J'IaI[aTB BBICOKOM XMMHUYECKOM CTa6I/IJ'IBHOCTBIO,

YCTOI\/JI‘II/IBOCTBIO K BO3JCHUCTBUSIM BBICOKOU TCMIICPATYPHI, MeXaHU4YeCKOM

IMPOYHOCTBIO U APYTUMHU YHHUKAJIbHBIMU XaPAKTCPUCTUKAMMU.
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Kpome ymnopsiounBanusi KpUCTAUNIMUYECKUX CTPYKTYp JUIsi U3MEHEHHS
CBOMCTB MaTEPHUAIOB UCIOJb3YIOTCS TPUPOIHBIE AE(DEKTHI B KPUCTATUTMYECKHUX
CTPYKTypax MOJIEKYJI, a TAK)K€ METOJbI 10 HAMEPEHHOMY CO3/IJaHUI0 Je()EKTOB
Ha OCHOBE 3aMEIIECHMS B y3Jax win Mexaoys3nusax. B mae 2016 roma Uccneno-
BaTeJIbCKUKM yHUBepcuTeT, Haxoxasnuiics B Canra-bapoape (CILIA), npencra-
BUJI HAYYHOMY COOOIIIECTBY CBEPXUYBCTBUTENBHBIN JAaTYMK HA OCHOBE Je(ek-
Ta, KOTOPBIA MO3BOJISIET U3MEPUTh MATHUTHBIN MOTOK, UCMOB3Ys 3(PheKT Ba-
KaHCUH, BO3HUKAIONIUI MPU 3aMEHE aToMa yIiiepojia Ha aTOM a30Ta B KpUCTal-
audeckou siuerike anmasa. [Ipoxos ckBo3b AeeKT, HHTEHCUBHOCTh CBETOBOIO
MOTOKA MEHSETCS, U €€ U3MEPEHUE MO3BOJIIET BHIUUCIUTh 3HAYEHUE MATHUTHO-
ro noss. [Ipu o0beAMHEHNN HECKOIBbKIX TOHYANIIINX aJIMa3HBIX UIJ B TPYOKY C
aTOMOM a30Ta Ha OCTPHUE MOJYUYMJICA MUKPOCKON HAaHOPa3MEPHOTO JMana3oHa,
CIIOCOOHBIN pabOTaTh NPU KPUOTEHHBIX TEMIIEpaTypax.

B 2017 rony (paHIily3ckuM y4€HBIM YJalOCh 3apPErUCTPUPOBATH MEPEXO/]
BOJIOpOJia U3 0JIHOU (popmbl B nipyryro nipu AaBienun 425 I'Tla. I'azoo0paszHoe
BEILIECTBO MEPENIO B METATUTMYECKYIO (hopMYy.

HanonpoBoiHUKH, MpeoOpa30BhIBAIOIINE TEIUIO B 3JIEKTPUUECTBO, BbIpa-
HIMBAIOTCS MTyTEM 0OCOOOM KPUCTAUIM3AIMU TEJUTypUJa OJOBa BHYTPH OYEHB
TOHKHUX YTJIEPOJAHBIX HAaHOTPYOOK. DTH HAHOTPYOKH BBICTYNAIOT B POJIM I11a0-
JIOHOB, HE J]aBasl KPUCTAJUTy Marepualia yBEIUYUBATHCSA B TOJIIMHE BO BpEMs
BbIpaI[MBaHUS.

Temnmo, BeIIENSIONIEECS MPU PabOTE Pa3TUYHBIX MEXAHU3MOB U JIEKTPOH-
HBIX YCTPOMCTB, MOXHO MPeoOpa3oBbIBaTh B JJIEKTPUUECTBO MPHU MOMOIIU
HAHOIIPOBOJIHUKOB, MMEIOIIMX aTOMapHyl0 TOJIIMHY. Bpicokas sddexTus-
HOCTh Takoro MnpeoOpa3oBaHusi, COTJIACHO pe3yJibTaTaM HMCCIIeOBAHUM, MTPOBeE-
JICHHBIX YYE€HBIMM U3 YHUBEpPCUTETOB Yopuka, KemOpumxa u bupmunrema,
npesbliaet 3P hexkTuBHOCTh MO00HBIX HT. Bo Bpems npoBeaeHus TeopeTuye-
CKOW YacTH JaHHBIX MCCJIEAOBAHUI YUEHBIC BBIBEIH, YTO MEXK]Y pa3zMepamu
HAHOTPYOKHU-11a0I0HA U 3(PPEKTUBHOCTHIO TEPMOIIEKTPUUECKOTO TIpeodpaso-
BaHUsI OJTHOTO HAHOMPOBOJHHUKA CYIIIECTBYET IOCTATOYHO KpyTas MpsiMasi 3aBU-
cuMOoCTh. M Bce 3TO OBLIIO MOJITBEPKIAEHO MO3KE IKCIEPUMEHTAIBHBIM MYTEM
IpU MTOMOIIYM HAHOTPYOOK Pa3IMYHOrO JAMAMETPa U BBIPAIIEHHBIX BHYTPU HUX

HaHOIIPOBOJHHUKOB M3 TCILIIypHUda OJIOBA. 910 OTKPBbLJIO BO3MOJKXHOCTH K H3I'O-
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TOBJICHUI0O MHUHHUATIOPHBIX TEPMOAJICKTPUUECKUX TE€HEPATOPOB CIEAYIOLIETO
MOKOJICHUSI, 00JIaTa0IINX BEICOKOM 3()(PEKTUBHOCTHIO.

Crpoenune rpadeHa, KOTOPBIN MPECTABISIET COOON «JTUCT» aTOMOB YIJle-
po/ia OJHOATOMHOM TOJIIMHBI, JOCTATOYHO MPOCTOE, OJHAKO 3TOT YCJIOBHO
JIBYMEPHBIM MaTepuall 00J1alaeT LEIbIM PSIIOM YHUKAIbHBIX U yAUBUTEIBHBIX
cBoiicTB. KoManga yuenbix u3 ynusepcurera Crandopaa B 2018 roay nokasa-
na, uyTo rpadeH, 1ehOpMUPOBAHHBIN 0COOBIM 00pa30oM, CIIOCOOEH MPOU3BOIUTH
MarHutHoe noJjie. [IpumedarenbHo TO, YTO OOHapyx’eHHast ocolast popma mar-
HETU3Ma paHee OblIa TOIBKO B MPEATIOIOKEHUH.

Pactymuii uHTEpEC K HAaHOPA3MEPHBIM MaTepualiaM MPOSBISIET HE TOJIBKO
Hay4yHOE COO0OIIecTBO, 3aHUMaroleecs (GyHIaMeHTaIbHON HAayKOW, HO U TMpO-
U3BOJIUTENH, M (PMHAHCOBBIE KOopropaluu. [IpuyuHbl 1715 3TOrO ClienyIoue:

— CTpEMIJICHHE K YMEHBIIECHUIO Pa3MEPOB OOBHEKTOB;

— yHukajibHbIe cBoiicTBa HM u HC;

— HE0OXOAMMOCTh Pa3pabOTKU U BHEIAPEHHUS HOBBIX MaTEpHANIOB C Kadye-
CTBEHHO HOBBIMHU CBOMCTBAMH, HEJIOCTYITHBIMU PAHEE;

— pa3BUTHE HOBBIX TEXHOJIOTUYECKUX MPUEMOB U METOJOB, 0a3UPYIOLIUX-
Csl Ha IPUHIUIIAX caMOCOOPKU U CaMOOpraHU3aIliu.

PazButune dhyHnaMeHTaIbHBIX U MPUKIAAHBIX Npeacrapienuit o HM u HT
MPUBOJIUT K KapJAWHAIBHBIM H3MEHEHHSIM BO MHOTHX c(epax d4enoBe4YeCKOu
NESTENLHOCTH U SBJISETCS (PYHIAaMEHTOM HAayYHO-TEXHUYECKOW PEBOJIIOIUU
B XXI Beke.

B P® B coorBerctBuM ¢ deaepanbHbiM 3akoHOM OT 19 wrons 2007 r.
No 139-®3 «O Poccuiickoii Kopropalud HaHOTEXHOJOTHiI» OblLla cO3/1aHa
«Poccuiickas kopropaiusi HAaHOTEXHOJOTUi», kotopas B 2011 roxy Obuia pe-
oprann3oBaHa B OTkpbiToe aknroHepHoe oo1mectBo «POCHAHO». OcHoBHOM
LETIbI0 00IIIeCTBA SIBISIETCS KOMMEPIMAIU3alus HaHOTEXHOJIOTHYECKUX pa3pa-
6otok. POCHAHO 3anumaercst Tosibko uHBectuniusiMu B cepe HT, Bcero 3a
HECKOJIbKO JIeT ux o0beM mnpeBbicki 100 mupna pybseir. B 2015 rogy o0bem
MPOM3BOJICTBA MPOEKTHBIX KOMMaHWi, B Kotopble nHBectupyer POCHAHO,
coctaBu nopsigka 300 mapa pyOJieir B roj, a CyMMapHbIii 00beM MPOU3BOJ-

CTBa BCEH POCCUICKON HAHOUHAYCTpUHU olleHuBajicsa B 600 mapa pyoseit.
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B pa3BuUTBHIX cTpaHax OCO3HAHHUE KIIFOUEBOH pOJM pa3pabOTOK B 00JacTH
HT npuBeno k Co3JaHUI0 MHUPOKOMACHITAOHBIX MPOrpamMM MO UX Pa3BUTHIO HA
OCHOBE rOCYJIJapCTBEHHOM MOJICPKKHU.

B cBsi3u ¢ BaXHOCTHIO MOAOOHBIX HccienoBanuii u pazpadorox CIIIA,
EBpomeiickuii coro3, a takxe Anonust, Kuran, bpasunus u gpyrue ctpassl pac-
CMaTPUBAIOT yBelu4YeHUE (UHAHCUPOBaHUS Kak A(DPEKTUBHBIM HHCTPYMEHT,
CIIOCOOHBIN 00ECNeUnTh YCTOMYMBOE pPa3BUTHE M KOHKYPEHTOCIOCOOHOCTH
B 30—40 rozpl TEKyIero CToiIETHUs.

3a py0OekoM B HACTOSIIEE BPEMsI BEKTOP HAHOCTPYKTYPHBIX UCCIETOBAHUI
CUJIBHO CMECTWJICS OT HM3Yy4YEHUS U NPUMEHEHUS HAHOKPUCTAINIMYECKUX Be-
niecTB U Mmatepuanos B ooiacts HT, cozganus u nonyuenus HC.

B Poccun MHTEHCHBHBIE WCCIENOBAaHWS HAHOMATEPUATIOB HAYaJIHNCh C 3a-
no3nanueM Ha 4—6iet. [Ipu 3ToM ecnu o PyHIaMEHTaIbHBIM UCCIIEIOBAHUSIM
P® noka He OYE€Hb CUJIIBHO OTCTA€T OT PA3BUTHIX CTPaH, TO MO MPUOOPHOMY
obecnieuennto 1 HT orcraBanue yxe o4eHb BEIUKO.

Heo0xomumMo OTMETHUTh, YTO KpOME CaMHX HCCIIeIoBaHMi B oOiactu HM,
HT u HC Heobxoauma moJAroToBKa CHELMAIUMCTOB B 00JIACTH HAHOWMHAYCTPHH.
D710 00YCIOBIEHO MEXAUCIMILTUHAPHBIM XapakTepoM npoosembl pazsutus HT.

Bo MHOrmx crpaHax CYMTaercs, 4TO OJHHUM W3 BAKHEHIIUX YCIOBHUI
obicTporo u ycnemHoro pazsutus HT siBisieTcs pazpaboTka y4eOHBIX KypCOB U
IporpaMm, KOTOPhIE MO3BOJISIOT NPOPECCUOHATBHO MOJITOTOBUTh HOBOE MOKO-
JIEHWE UCCIE0BaTeIe, MH)KEHEPOB U pabouux, CIIOCOOHBIX pabOTaTh B 3TOU
HOBOM, JOCTAaTOYHO CJOKHOM W MYJbTUAUCIUIUIMHAPHOW 00JIACTH HAYKH U
TeXHUKHU. B yueOHbIE TIaHBI MEPEJOBBIX YHUBEPCUTETOB MHOTHUX CTPaH BKIIIO-
4YeHbl 00pa30oBaTeNbHbIE MPOTPAMMBI 110 HAHOTEXHOJIOTUSIM, PACCUYMTAHHBIE Ha

CTYACHTOB M aCIIMPAHTOB.

1.2. [IEPEYEHE I'OCTOB U CTAH/JIAPTOB,
NMPUMEHAEMBIX B HAHOTEXHOJIOTUU

Hecmorps Ha to, uto HM, HT u, Kak ciiencrsue, noiaydaemble B pe3yibTa-
te HC Bce 6ombliie HaXoAsST CBOE MECTO B HallIEH KU3HU, OCHOBHBIE TIOHATHUS U

OIIPCACIICHUA B 3THX 00/1aCTAX HE SBIISIIOTCS OJHO3HAYHBIMH OAKC Yy TCX, KTO
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UX MOCTOSIHHO HCHoJib3yeT. [lo3ToMy BemyTcsl MOMBITKM MX CTaHAAPTU3UPO-
Bath. B P® stum 3anumaercs pabouas rpynna MCO/TK 229 . B ee 3amaun
BXOJIAT:

1) pa3paboTka MEKAYHAPOIHBIX CTAHIAPTOB JJIsi TEPMHUHOJIOTUN U HOMCH-
KJIaTypBHl;

2) cneruduKaIys 11 CTaHAapTHBIX 00pa3IoB B chepe METPOJIOTHU U KO-
HTPOJIbHO-U3MEPUTENIHHOM anmnapaTyphl;

3) METO0JIOTHS BBITIOJTHEHUS UCTIBITAHUN;

4) MoIieTMpOBaHNEe U UMHUTALIVS;

5) acrnekThI 310pOBBs, 0€30MACHOCTH M OXPaHbl OKPYKAIOLICH CPEJIbI.

ITpuenem npumepsl 'OCToB kak P®, Tak U MeXTyHAPOIHBIX.

I'OCT P IIpsmoe nmpumenenue MCO/TS 80004-1(2010) «HanorexHoso-
run. Yacte 1. OCHOBHBIE TEPMUHBI U ONIPEACICHUS.

I'OCT P Ilpsmoe npumenenue MCO/TS 27687(2008) «HanorexHomorumu.
TepmuHbl 1 onpenesieHus HAHOOOBEKTOB. HaHouacTuia, HAHOBOJIOKHO Y HaHO-
TJTACTUHAY.

P (pexoMenmarnuu mno cranpaptuzanuu). Ilpsmoe mpumenenune MCO/TR
12802(2010) «HanotexHonoruu. Mojenb TaKCOHOMHYECKOTO TOAX0Ja, MpH-
MeHsieMasi pu pazpadboTke ciaoBapeil. OCHOBHAS KOHLICTILIH.

P (pexoMenmaiuu no cranpaptuzauuu). [lpsmoe nmpumenenue MCO/TR
11360(2010) «Hanotexnonoruu. Merogoyiorus Kiaccu(puKaluu HaHOMATEPH-
aJoB».

I'OCT P IIpsmoe npumenenne MOK 62624(2009) «HanotpyOku yriepo/i-
Hble. MeTOoABl U3MEPEHH IIIEKTPUUECKUX CBOMCTBY.

I'OCT P Ilpsamoe npumenernne MOK/PAS 62565-2-1(2011) «Hanomnpous-
BOJICTBO. XapakTepuCTUKH MarepuainoB. Hacts 2-1. OMHOCTEHHBIE YTIIEPOHbIE
HaHOTpyOKH. KapTa xapakTepucTuk.

I'OCT P «Hanomarepuasibl KOMIIO3UIHOHHBIE. CBA3YIOIINUE MOJIUMEPHBIC
HAaHOMOJAU(PUIIMPOBaHHBIE. THUIIBI U OCHOBHBIE TAPAMETPHI.

I'OCT P «Hanomarepuanbsl. HaHOTIOKPBITHSI CBEPXTBEPBIE U U3HOCOCTOM-
kue. O0ume TeXHUYeCKue TpeOOBAHUS.

I'OCT P «Enunas cucreMa 3ammThl OT KOPpOo3uu U ctapeHus. [lokpeiTus

HaHOKPHUCTAINYCCKUEC HCMCTAINIMYCCKUC HCOPTAHUYCCKHC, ITOJIYUCHHLIC MC-
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TOAOM MHKPOAYI'OBOI'O OKCHUIAHWPOBAHMUA. Texunuueckue Tpe6OBaHI/I$I U METOIObI
HCIIBITAHUI.

I'OCT P «Hanonoponiku 3HEproHachIIeHHbIX MaTtepuanoB. OOIue Tex-
HHNYECCKUC Tp€6OBaHI/I}I Hn METOAbI HWCIBITAaHUI.

Ocnognoit ctangapt ISO TC 229 (HanorexHonorun):

ISO/PRF TS 10797 Nanotechnologies — Characterization of single-wall
carbon nanotubes using transmission electron microscopy.

ISO/PRF TR 11811.2 Nanotechnologies — Guidance on methods for nano-
and microtribology measurements.

ISO/TS 11888:2011 Nanotechnologies — Characterization of multiwall
carbon nanotubes -- Mesoscopic shape factors.

ISO/TS 12805:2011 Nanotechnologies — Materials specifications —
Guidance on specifying nano-objects.

ISO/TR 12885:2008 HanotexHoiaoruu. Metobl 3apaBOOXpaHEHUS U 0€3-
OIIaCHOCTH B Hqu)eCCI/IOHaHBHOM OKPYKCHHUHU B CBA3HM C HAHOTCXHOJIOI'MAMM.

ISO/TR 13121:2011 HanotexHosnoruu. OLieHKa pUCKOB JJIi HAHOMATEPH-
aJIOB.

ISO/DTR 13329 Nanomaterials — Preparation of Material Safety Data
Sheet (MSDS).

ISO/AWI TR 14786 Nanotechnologies — Framework for nomenclature
models for nano-objects.

ISO/TS 27687:2008 HanotexHosoruu. TepMUHOIOTHUS U ONpPENCIICHUS
JJIA HAHOOOBEKTOB. HaHO‘IaCTI/ILU:I, HAaHOBOJIOKHA U HAHOIIJIACTUHKM.

IEC/DTS 62622 Atrtificial gratings used in nanotechnology — Description
and measurement of dimensional quality parameters.

ISO/TS 80004-1:2010 Hanorexnosoruu. CnoBapb. Yacte 1. OcCHOBHBIC
TCPMUHBEI.

ISO/TS 80004-3:2010 Hanorexnomoruu. CinoBapb. Yacte 3. YriiepoaHble
HaHOOOBEKTHI.

ISO/TS 80004-4:2011 Nanotechnologies — Vocabulary - Part 4:
Nanostructured materials.

[Tpumep ognoro u3 'OCTos:

'OCT P 54622-2011/1SO/TS 27687:2008
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Hanorexnonoruu. TepMuHbl U onpejeneHus HaHOOObeKTOB. HanouacTu-
114, HAHOBOJIOKHO Y HAaHOTIUIACTHUHA.
Nanotechnologies. Terms and definitions for nano-objects. Nanoparticle,
nanofibre and nanoplate.

Haunonaneneiii cranmgapt PO

I'pynma TOO

Jlata BBenenus 2013-07-01

[Ipenucnosue

lenmn n npuHuunsel cragaaptusanuu B Poccuiickon denepannu yCTaHOB-
nenbl OenepanbHbIM 3aKk0HOM OT 27 aexadps 2002 r. Ne 184-D3 «O TexHuue-
CKOM PEryJIMpOBaHHM», a MpaBWJIa MPUMEHEHUS HAMOHAIbHBIX CTAHIAPTOB
Poccuiickoit denepartun — 'OCT P 1.0-2004* «Crangaptuzanus B Poccuii-
ckor deneparnu. OCHOBHBIE MOJIOKEHUSY.

CBenieHus 0 cTaHgapTe

[TIOAT'OTOBJIEH ®enepanbHbIM rOCyJApCTBEHHBIM YHHUTAPHBIM IIPE-
npusitieMm «Bcepoccruiickuil HaydHO-UCCIIEI0BATENbCKUM NMHCTUTYT CTAHIapTH-
3aruu U ceptudukanuu B MammHoctpoennny (BHUMHMALILL) na ocHoBe co06-
CTBEHHOI'0 ayTEHTUYHOTO MEPEBOJIa HA PYCCKUM SI3bIK MEKIYHAPOIHOTO JOKY-
MEHTAa, YKa3aHHOTO B ITyHKTE 4

BHECEH Texanueckum komuteToM 1o cranaaptuzanuu TK 441 «Hano-
TEXHOJIOTUD)

VTBEPXJIEH 1 BBEJIEH B JEMCTBUE IIpuxaszom ®enepaabHOro
areHTCTBA MO TEXHUYECKOMY PEryJIMPOBAaHUIO M METPOJIOTUM OT 8§ jexadps
2011 r. N 759-ct

Hactosimuii  cTaHIapT WACHTUYEH MEXKIYHAPOJHOMY  JIOKYMEHTY
NCO/TC 27687:2008 «Hanotexnosioruu. TepMUHBI U ONpeieIeHUs] HAHOOOb-
ekToB. Hanouactuiia, HaHOBOJIOKHO W HaHoruiactuHa» (ISO/TS 27687:2008
«Nanotechnologies - Terminology and definitions for nano- objects -
Nanoparticle, nanofibre and nanoplate»).

IIpy mpuMeHEHHH HACTOSIIEr0 CTaHAapTa PEKOMEHYETCS MCIOJIb30BaTh
BMECTO CCBUIOYHBIX MEKIYHAPOJHBIX CTaHAAPTOB COOTBETCTBYIOIIUE UM
HallMOHaJIbHbIE cTaHaapThl Poccuiickon denepanniv, CBEACHHUS O KOTOPBIX

MIPUBEJICHBI B JOMIOJIHUTEIIBHOM NpHiioxkeHun JJA.
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CpaBHeHHE TEPMUHOJIOTUYECKON cTaThu 4.7 U 00OCHOBAaHHUE €€ PeHaKIU-
OHHOI'O W3MEHEHHUs [28] MpHUBEIECHBI B JOMOIHUTEIBHOM mnpuioxeHuu /b 5
BBEJIEH BIIEPBBIE.

Nudopmarus 00 M3MEHEHUSX K HACTOSIIEMY CTaHAApTy MyOIUKYyeTCs
B €XKEroJHO M37aBacMoM MH(opMaImoHHOM ykazatesne «HainoHanbHbIe CTaH-
JTapThl», a TEKCT U3MEHEHUN M TIONPABOK B €KEMECSYHO H3JaBaeMbIX HHOOP-
MallMOHHBIX yKazaTensx «HanunoHanbHblE cTaHIAapTh». B cioydae mepecmotpa
(3aMeHBI) WJIM OTMEHBI HACTOSIIErO0 CTaHJapTa COOTBETCTBYIOIIEE YBEAOMIIC-
HUE OyJeT OMmyOJUKOBAHO B €XKEMECSIYHO M3/1aBA€MOM MH(POPMAIMOHHOM yKa-
3arene «HamumonanpHble crangapThly. CooTBETCTBYIOMAas WHGOpPMAIU, yBe-
JOMJICHHE U TEKCThI pa3MEIIaloTCs Tak)Ke B MHPOPMAIMOHHON cUCTEeMeE 00IIe-
ro MOJIb30BaHUS Ha oduinaibHOM caiite deaepaibHOTO areHTCTBA MO TEXHH-

YECKOMY PEryIupoBaHuto [28] u meTposnioruu B cetu UHTEpHET.

1.3. OCHOBHBIE ONIPEJAEJIEHUSA B OBJIACTU HAHOTEXHOJIOTUU

C uenbto pa3pabOTKU €OUHOTO JTOKYMEHTA 10 TEPMHHOJIOTMU B HACTOS-
IMUHA CTaHAApPT BKJIIOYEHBI TEPMUHBI U OIPEACIICHUs, UCIIOJIb3yEMbIE B HAHO-
TEXHOJIOTUSIX U c(epe HAyUHBIX 3HAHUM, OTHOCALIMECS K HAHOPA3MEPHBIM 4a-
ctuiaM. TepMUH «HAaHOOOBEKT» U IPYrue HOBBIE TEPMUHBI BBEICHBI C LIEIBIO
pa3pabOTKH B JaJbHEHIIEM pAalMOHAIBHON UEPAPXUUECKON CUCTEMBI MOHATUI
U UX omnpeneneHui. Takon moaxon Mo3BOJISIET ITOCTPOUTh CUCTEMATU3UPOBAH-
HYIO0 CTPYKTYpPY TEPMHUHOB U I10 ME€pE€ Pa3BUTHUs HAHOTEXHOJIOTHUM CO31aTh pac-
MIMPEHHYI0 UEPapXUUYECKYI0 CHUCTEMY MOHATHHA B 3TOM obnactu. Hacrosumi
CTaHAAPT COAEPKUT TEPMHUHBI U OINpPEAENICHUsS B 00JacTH HAHOTEXHOJOTUU U
ABJISIETCS. OJJHOM M3 yacTel pa3padaTbiBaéMOl B HACTOSILIEE BPEMS MHOTOYpPOB-
HEBOW CHUCTEMBbI TEPMUHOB U OIPEACIICHUN, OXBATHIBAIOIEH Pa3JIMYHbIE ACIIEK-
Thl HaHOTEeXHOJIorni. HacTosmuii crannapt Oyzaer cnocoOCTBOBaTh B3aUMOIIO-
HUMAaHUIO MEXJY pAa3jIuYHbIMU HAy4YHBIMH, IPOMBILUICHHBIMA W TOCyAap-
CTBEHHBIMU OpraHU3aLMIMU, a TAaKKe OOLIEHUIO MEXKY CIELHAINCTAMHU HAaHO-
VHIYCTpHH.

Hacrosmmii cranmapt yCTaHaBIMBAE€T TEPMUHBI U COOTBETCTBYIOIIHAE OII-
peneneHus A psga OObEKTOB HAHOTEXHOJOTHH, MMEIOIIMX ONPEECICHHBIE
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(GOpMBI, CXeMaTHYECKHUE H300pKEHUS TpPeX H3 KOTOPHIX MPHUBEICHBI Ha
puc. 1.28 [28].

a 4] 8

Puc. 1.28. CxemaTtnueckue n300pakeHHs] HEKOTOPHIX (hOPM HAHOOOBHEKTOB:

a — HaHo4YacCTulia, 0 — HAHOBOJIOKHO, 6 — HAHOIIJIAaCTHUHA

HaCTOHHlI/Iﬁ CTaHAApPT YCTAHABJIMBACT MCPAPXHUUYCCKHUC OTHOLICHUS MCIKAY
MHOI'MMHU U3 BBOAWMLIX TCPMHUHOB. CDparMeHT TCpMHHOJ’IOI‘H‘ICCKOﬁ HCpapxXmumn

HaHOOOBEKTOB MPHUBE/ICH Ha puc. 1.29.

Hanoobeext
{PaamMepsl NO QAHOMY MK DONEE MAMEDEHMAM HEXOOATCH B HAHOOWANAIOHE )

T | T

HanodacTuya HaHosonokHD Hanonnactiia
(pasmepe! Mo TPEM MIMEDEHWAM {paameptl Na JBYM HAMEPEHUAM (pasamepsl NO OAHAMY W3MEDEHIH
HaXDAATCA B HAHDOMAaNna3oHe) HAXDOATCH B HAHOOMAaNAIoHa) HaXOAATCA B HAHOOWANAI0HE)

HaHonposonoka
(3nEKTPO J.? poBOARLIEE Hanotpybra HaHooTepreHs
HAHOBOMNOKHO) {nonoe HaHoBONOKHE) (TBEpODe HAHOBOMNOKHO)

Puc. 1.29. ®parMeHT TEPMUHOJIOTHYECKON UEPAPXUH HAHOOOBEKTOB

1. OGnacTh NpUMEHEHUSI

HaCTOSIHlI/Iﬁ CTaHAapT YyCTaHaBJIMBACT TCPMHHBI W COOTBCTCTBYIOIIHC
OIIPCACIICHNA, OTHOCAINUCCA K HaHOO6'I)eKTaM, M HaIIpaBJICH Ha YKPCIIJICHUC
ACJIOBOI'O COTPYAHUYICCTBA MCKAY CIICHUAIMCTAMHA HAYKHU U ITPOMBINIJICHHOCTH,
3dHATBIMU B HAHOMHAYCTPHUH, YCTPAHCHUC MCKIAUCHUIIIIMHAPHBIX paBHI/I‘{I/Iﬁ B

TEPMUHOJIOTUH, TPEMATCTBYIOIIUX B3aUMOJIEUCTBUIO U 0OMEHY UHpOpMaITUEH.
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2. OCHOBHBIE TEPMUHBI

2.1 nHanoauana3oH: /luana3zoH JUHEHHBIX pa3MepoB

nanoscale
npuoau3uTeabHo 0T 1 10 100 HM.

[Tpumeuanus

1. BepxHI010 TpaHUIly 3TOTO JHANa3oHa MPUHITO CUUTATh MPHUOIU3UTEIb-
HOH, T.K. B OCHOBHOM yHHUKaJIbHbIE CBOMCTBA HAHOOOBEKTOB 3a HEH HE IMPOSIB-
asrotes [28].

2. HwkHee npenenbHOE 3HAYCHUE B 3TOM OIpeaeacHUN (ITPUOIH3UTEIIBHO
1 HM) BBEIEHO IS TOTO, YTOOBI HCKIIOYUTH M3 PACCMOTPEHUS B KadeCTBE
HAHOOOBEKTOB WJIM JIEMEHTOB HAHOCTPYKTYP OTACIbHBIC aTOMBI WJIN HEOOIb-

IMKUE I'pyIIIbl aTOMOB.

2.2 HaHOO00BbeKT: MaTepuaJbHbIN 00bEKT, JIUHEHHbIE
pa3Mepbl KOTOPOIo 10 0HOMY, ABYM HJIH TPeM nanoobject
U3MEPEHUsIM HAXOAATCH B HAHOAUANIA30HE

[Ipumeuyanue — J[aHHBIM TEPMUH PACIPOCTPAHSIETCS HA BCE JIUCKPETHBIC

O6LCKTBI, JIMHEWHBIC Pa3MEPbI KOTOPBIX HAXOOATCS B HAHOAUAIIA30HC.

3. TepMI/IHBI, OTHOCAIIUCCS K HaCTUIaM U UX COBOKYIIHOCTAM

HaHOOOBEeKThI, HAapUMEP HAHOYACTUIIbI, HAHOBOJIOKHA U HAHOTIUIACTUHBI
(cMm. paszzmen 4), yacTo 00pa3yroTCS HE MO OTIEIBLHOCTH, a B BHUAE (MHOTAA
oomnpii0i) rpynmsl. [1o Bceil BeposTHOCTH, TaKhe HAHOOOBEKTHI COCYIIECTBYIOT
Onaronapsi PHepruu B3aumojaeucTBus. [Ipu onmucanum B3anMMOIEUCTBUS TaKUX
HAaHOOOBEKTOB YaCTO MPUMEHSIIOT TEPMUHBI, HE CBSI3aHHBIE C OTPAHUYCHUSIMU
ux Qu3N4ecKuX pa3mMepoB U (HOpM. YUUThIBasi BAXKHOE 3HAUYEHUE TaKUX OOBEK-

TOB, UX TAKXKXC paCCMATPHUBAIOT B HAHOJAHUAIIA30HC.

3.1 vacTuna: Meabp4yalmasi 4acThb* BellecTBa
C onpe/eJieHHBIMU (PU3NYECKUMH IPAHULIAMM. particle
[MCO 14644-6:2007, crarbst 2.102] HaHogManma3soHe

* YTOUYHEH MepeBo/1 CJioBa.
[Tpumeuanus
1. ®uznueckas rpaHulla MOXKET TakKe ObITh OMMcaHa Kak MexdaszHas 00-

JaCTh B3aUMOIecTBUS (MHTEP(EIC).
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2. Yactria MOXKET IIepeMeIaThCs Kak eIMHOE IENI0e.
3. Hacrosmee oOmiee ompeaeneHHe YacTHIBI TPUMEHHMO K HaHOOOB-

CKTaM.

3.2 aranomepat: COBOKYNIHOCTH CJ1a00 CBA3AHHBIX MEXKIY
€000 YacTHIl UJIHM UX arperaToB, WM TeX U APYrux,

IUIOIIA/Ib BHEHIHE MOBEPXHOCTH KOTOPOii paBHA CymMMe agglomerate
IUIOIIA/Iel BHEIIHUX NMOBEPXHOCTEN ee 0TAeIbHbIX

KOMIIOHCHTOB

[Tpumeuanus

1. Cunbl, CKpeIIIoNIMe arjioMepaT B OJHO LEN0€, SABISIIOTCA CIIa0bIMU U
00yCIIOBIIEHHBIMH, HAIPUMEP, CHUJIaMU B3auMo/ieicTBUs BaH-nep-Baanbca win
IPOCTHIM (DU3UYECKUM TIePEITIETeHHUEM YacTHIl IPYT ¢ Apyrom [28].

2. Arnmomepatsl TakKe Ha3bIBAIOT «BTOPUYHBIC YACTHUIIBD», & UX MUCXOJHBIC

COCTaBJISIFOIIME HA3bIBAIOT «IIE€PBUYHBIC YACTUIIBI» [28].

3.3 arperar: COBOKYNIHOCTH CHJIbHO CBA3AHHBIX MEXKIY
€000i1 MM CIVIABJIEHHBIX YACTHUII, 00Iasl MJIOIA]Ab

BHEIIHEH MOBEPXHOCTH KOTOPOI MOXKeT ObITh aggregate
3HAYUTEJIbHO MEHbIIIEe BBIYUCICHHON CYMMAPHOU

IUIOIIAIN MOBEPXHOCTH €€ OTAC/IbHBIX KOMIIOHEHTOB.

[Tpumeuanus

1. Cunbl, yaepKuBarolMe YacTUII B COCTaBE arperara, siBJsitoTcs Oolee
MPOYHBIMU U 00YCIIOBJIICHHBIMU, HAIIPUMEP, KOBAJICHTHBIMU CBSI3IMU WJIU 00pa-
30BaHHBIMU B PE3YJIbTATE CHEKAHUS WJIU CJIOKHOTO (PU3MYECKOrO MEperieTe-
HHUS YaCTHUI] APYT C IPYTOM.

2. ArperaTbl Tak)ke Ha3bIBAIOT «BTOPUYHBIC YACTHIIBDY, a UX HCXOJHBIC
COCTABIIIOIIME — «IIEPBUYHBIEC YACTULIBD.

4. TepMmuHbl, XapakTepHbIE s HAHOOOBEKTOB

4.1 nanoyactuua: HaHoo0beKT, TMHEHHBbIE pa3Mepbl
KOTOPOTO 110 BCEM TPeM U3MepPEeHUAM HAXOAATCH nanoparticle

B HAHOAHUAIIA30HEC.

[Ipumeuanue — Eciu 110 0JHOMY WJIH ABYM U3MEPEHUSIM pa3Mepbl HAHO-
00bEKTa 3HAYUTEIHLHO OOJIBIIE, YEM MO TPEThEMY M3MEPEHUI0 (KaK MpaBUIIO,
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0oJiee 4eEM B TPU paza), TO BMECTO TEPMHUHA «HAHOYACTHUIA» MOKHO UCIOJIb30-
BaThb TEPMUHBI «HAHOBOJIOKHO» WJIM «HAHOTUIACTHHA.

4.2 nanomaacrtuna: Hanoo0beKkT, JIuHeHHbIE pa3Mepbl

KOTOPOro 1Mo 0JTHOMY M3MEpPEeHHUI0 HAXOAATCH
nanoplate
B HAHOAMAIIA30HE, a pasMEpPbI IO ABYM APYIruM

H3MEPCHUAM 3HAYUTECIbBHO 0oJb1IIeE.

[Tpumeuanus

1. HauMeHbIUi TMHEWHBIA pa3Mep - TOJIMHA HAHOTUIACTUHBI.

2. PazMepsl 10 JBYM JIPYTUM U3MEPEHUSIM 3HAUUTENILHO OOJbIIEe U OTJIH-
YaroTCs OT TOJIIIMHBI 00JIee YeM B TPHU pa3a.

3. HanGompmme muHeHHBIC pa3Mephbl MOTYT HAXOIUTHCS BHE HAHOMAITA30HA.

4.3 HaHOBOJIOKHO: HaH000beKT, JIMHEHHBbIE pa3Mepbl
KOTOPOTO 1O JIBYM U3MEPEHUSAM HAXOAATCH :

nanofibre
B HAHO/MAMNA30HE, a M0 TPeTheMY U3MEPEHUI0

3HAYUTEJIHLHO 00JIbIIIE.

[Tpumeuanus

1. HaHOBOJIOKHO MOYKET OBITh THOKUM HJIH KECTKHM.

2. JIBa CXOJOHBIX JIMHEMHBIX pa3Mepa MO JBYM HU3MEPEHHUSIM HE JOJKHBI
OTJIMYATHCS JIPYT OT Apyra Oosee yeM B Tpu pa3za [28], a pasMepsl IO TPEThEMY
U3MEPEHUIO JOJDKHBI MPEBOCXOJUTh pa3Mephbl MO MEPBBIM JIBYM H3MEPEHUSIM
OoJiee 4eM B TpHU pa3a.

HaunGonpimuii TMHEHHBIN pa3Mep MOXKET HAXOUTHCS BHE HaHOAMAaNa3oHa. [28]

4.4 HaHOTpPYOKA: 110JIO€ HAHOBOJIOKHO. nanotube
4.5 HaHOCTepPKeHb: TBEP/I0€ HAHOBOJIOKHO. nanorod
4.6 HAHONIPOBOJIOKA: HAHOBOJIOKHO, SIBJISIFOINEECS MM TPOBOJAHMKOM | Nanowire

MMOJYIPOBOJHUKOM BJICKTPUYICCKOI'O TOKA.

4.7 xkBaHTOBasi TOYKA: HAHOOOBEKT, JIMHEWHBIC pa3Mepbl KoToporo mo| quantum dot
TpPEeM M3MEPEHUSIM OJIM3KHU JJIMHE BOJHBI 3JEKTPOHA B MaTepHaje JJaHHOTO
HAaHOOOBEKTa M BHYTPH KOTOPOTO MOTEHIMAJIbHAS YHEPIHs dJICKTPOHA HH-
e, 4eM 3a €ro NpeleaaMu, IIPU 3TOM JBHKEHHUE MIEKTPOHA OTPAHUYEHO BO

BCCX TPCX U3MCPCHUAX.

[Ipumeuanne — HekoTopbele CBOWCTBA KBAaHTOBOW TOYKHM 3aBUCAT OT €€

pasmepa.
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[Tpunoxxenue A (cnpaBouHoe). OnpeiesieHue pa3MepoB YaCTUIIbI
[Ipunoxenune A
(crmpaBO4YHOE)

A.1 Benenue

Pa3mep vactuiipl — pyHAaMEHTAIBLHOE CBOMCTBO AUCIIEPCHBIX MAaTEPUATIOB.
Opnako ompenensieMblil pa3Mep YacTHUIbI U COOTBETCTBYIOIIAS €My TOYHOCTD
M3MEpPEHUS 3aBUCAT OT psja (pakTopoB.

A.2 OT00p npod u pacnpeaesieHNs1 YaCTHUI IO pa3Mepam

A.2.1 O0uue cBegeHust

COBOKYMHOCTb YaCTHI] KaK MPUPOJTHOTO MPOUCXOXKICHUS, TaK U MOJIyYeH-
HBIX MCKYCCTBEHHBIM IIyT€M IpPU TIIATETLHO KOHTPOJIHMPYEMBIX YCIOBHSX,
MOXXHO XapaKTepu30BaTh JHMANa30HaMu pa3MmepoB, ¢opmoii, Mopdomoruein u
coctaBoM. [Ipu mpoBeneHur U3MEpEHUN IS MOJTYUYECHHS KaYE€CTBEHHOIO pe-
3yJbTaTa HEOOXOJMMO HCIOJIB30BaTh MPEACTABUTEIIBHYIO BBIOOPKY, COCTOS-
Iy U3 TAKOTO YUCJIA YaCTHIl, KOTOPOE MO3BOJIUT aJ€KBAaTHO OLICHUTH BCIO UX
COBOKYIHOCTB. [Iporiecc n3mMepeHust 3aBUCUT OT CPeJibl, B KOTOPOMU HAXOSATCS
YacTHIbI, a TAKXKE OT TOr0, KAKOE€ BIMSAHKUE OKA3bIBAET MEPEMEIEHNE YACTHUII U3
OJHOM cpeAbl B Apyryro. IlpumMepoM MOXKET CIyKUTh OCaKIEHUE YaCTHUIl U3
AKUIKOCTH, Ta30BOM (ha3bl WM MOPOIIKA U HAHECEHUE Ha MOBEPXHOCTH ISl UC-
CJIE/IOBAHUS BO3JICUCTBHS BAKYyMHOM CpPEJIbl C TOMOIIBIO 3JIEKTPOHHON MHUKPO-
ckonmuu. YacTUbl MOTYT U3MEHATHCS MOJ BO3JECHCTBUEM Pa3IMYHBIX Cpell
(HampuMep, MOdyJIeTy4re BEMIECTBA MOTYT MEPEUTH B ra3oByr0 (azy) WM ar-
JIOMEpAaThl MOTYT OBITh Pa3pyIIEHBI MOJI BO3JIEUCTBUEM CIBUTOBBIX YCUIIUU B
npoliecce U3MEepeHut (Hampumep, B CoIie KackaaHoro ummnakropa). Ilepenoc
YacTHI] U3 OAHOM Cpe/ibl B IPYTYIO TAKKE MOXKET MOBIUATH HA PENpe3eHTaTUB-
HOCTb 00pasiia HICXOJIHOTO MaTepuaa.

A.2.2 IIpuHI MBI K3MEPEHNS U onpe/ieieHue U3MepPsieMbIX BeJTUYNH

Pe3ynbTaThl U3MEpEeHUI pa3MEpPOB YACTUI] 3aBUCSAT OT OCOOCHHOCTEH Me-
TOAa, KOTOPBIA ObLI MCIIONB30BaH JJISI UCCIEAOBaHUS, U3MEPEHUs WM BU3Yya-
Ju3aluy 9acTul. PazMep yacTuil u3MepsrOT ¢ MOMOIIBIO OJHOTO MJIM HECKOJIb-
KUX METOJIOB, OCHOBAaHHBIX Ha (pU3MUYECKUX SABJICHUIX, F3(P(PEKTUBHOCTH KOTO-
PBIX 3aBUCUT OT pa3MEpPOB UCCIEAYEMOI yacTuilbl. B kauecTBe mpuMepoB Ipu-

MEHEHHUS PA3JINYHBIX METOJIOB U3MEPEHUN MOKHO MPUBECTH OmnpeaencHue [28]
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ckopocTu TUPQy3un B XKUAKOCTAX, ONPEAEICHUE SIEKTPOPOPETUYECKOMN MO-
JIBUKHOCTH B Ta3ax, ONPEACICHUE Pa3MEPOB YaCTHI] C MOMOIIBK JAHAMHAYE-
CKOI'O PAacCEHBAaHUs CBETA WJIM OIPEIICIICHUE CYMMApPHOU IUIOMIAA MOBEPXHO-
CTH CHUCTEMBbI 4acTHuIl MeToJIoM bpyHayaspa — Ommera — Temnepa (bOT-meron).
JIro0as yactuia OyJeT B3aUMOJIEHCTBOBATh C OKPYKAIOIIEH ee Cpeloi B COOT-
BETCTBUU C TPUCYIIEH el (u3MYecKor U XuMHUecKod mpupomon. Iloatomy
HEOOXOJIMMO YYUTHIBATh, UTO PE3YJIbTAT U3MEPEHUN pa3MepOB YaCTHUIIbI, MOJTY-
YEHHBIN C TOMOIIBIO OJHOTO METO/IA, MOKET OTJINYATHCSA OT PE3yJIbTaTa, MOIy-
YEHHOTO € MOMOUIBIO APYTrOro METOIA.

Jns onpeneneHus pasMepoB YacTHI] C OJMHAKOBBIMU XapaKTEPHUCTUKAMMU,
IPUPOJON MM COCTABOM HEOOXOJMMO MPUMEHSTH METOJ U3MEpPEHHUs], 3aJlo-
YKEHHBIA B CAMOM OIIPEJIEIICHNH TaKUX 4acTul. Hampumep, TepMHH «yibTpa-
MeJIKasi 4acTUIla» NPUMEHSIIOT JJIs ONPEJENICHUs] YacTHUI[ C 3KBUBAJICHTHBIM
nramerpoM MeHee 100 M. [Ipu n3MepeHnn 3KBUBAICHTHOTO JTAAMETPA YaCTH-
I[bI HEU3BECTHOI'O COCTaBa WK (DOPMBI CUUTAIOT, YTO €€ COCTAB yCIOBHO M3BE-
CTeH, a ¢opma siBnsgeTcs: chepuueckoi. Hanpumep, eciiu u3MepsitoT a3poIuHa-
MUYECKUU AUAMETP YACTUIbl B MHEPLHAIBHON CHUCTEME OTCYETA, TO €r0 CUH-
TalOT YKBUBAJIEHTHBIM JUAMETPOM, PACCUUTAHHBIM TaK, Kak e€clid Obl YacTula
uMesa eIMHUYHBIA YACNbHBIA BeC U chepudecKkyro GopMy, COOTBETCTBYIOIIHIE
M3MEPEHHON CKOPOCTH OCAXKIECHUs 4dacTull. K CcoXaleHWio, TEepMUH «yJIbTpa-
MeJIKask YaCTUIa» WHOTAA UCIIOIB3YIOT BMECTO TEPMUHA «HAHOYACTHUIIA», KOTO-
phIii IEpBOHAYAIBHO MPUMEHSIIN 11 0003HAYEHUSI UCKYCCTBEHHO CO3/IaHHBIX
YaCTULl C YHUKAJIbHBIMU CBOMCTBaMH U pazmepoM meHee 100 Hwm.

JlononHUTENBHAS CIOKHOCTh COCTOMT B TOM, YTO JaXXE€ IMPU HUCMOJIb30BA-
HUU KOHKPETHOIO0 METOJa M3MEpPEHUs pe3yibTaT OyAeT 3aBUCETh OT crocoda
00paboTKu noyuyeHHo uHpopmaruu. [Ipumepom 3aBUCUMOCTH pe3yabTara OT
criocoba 00padoTKU MH(POPMAIIUU SIBJIIETCS UHTEpOpETAIUs U300paKeHU, Mo-
JYy4aeMbIX C MOMOIIbIO MUKpocKona. COBEPIIEHHO Pa3HbIE PE3YIbTATHl MOTYT
ObITH TOJIyYEHBI B 3aBUCUMOCTH OT BBIOPAHHOTI'O METO/a, TPUMEHSEMOI0O IS
UHTEPIPETAINU H300pAKEHUIN: HampuMmep, HEeOoO0XOoJUMble HauOobIIas Hu
HaWMEHbIIAsA JJIMHBI CJI0XKHOM YaCTHUIbl MOTYT OBITh Pa3IMYHBIMU HU3MEpse-
MBIMU BennurHaMu. [[apaMeTpsl pa3MepHOCTH JUIMHBI, HCIIOJIb3YEMBIE IS Xa-
PAKTEpUCTUKHU PA3MEPOB YACTHUIIbI, TIOJKHBI OBITh ONIPEIENIEHbI, KaK U B Clydae
¢ 9kBUBaJICHTHBIM AuameTpoM (MCO 9276-6 [28]).
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Pacnpenenenne mo pazMepaMm 4acTHIl, HAXOMSIIUXCS B COBOKYIHOCTSIX,
HEO0OXO0JIUMO XapaKTepU30BaTh, HAIIPUMEDP, C MOMOIIBIO TapaMETPOB CTATUCTH-
YeCKOT0 pacrpe/ielieHus, TAaKUX KaK CpeJHee 3Hau€HUEe W CTaHJAapTHOE OTKIIO-
HeHue. Beibop MaremaTuueckoil popMbl WK MTapaMeTpoOB (QYHKIIUU pacipese-
JIEHUSI 3aBUCHUT OT psia cenupruuecKux TpeOOBaHUN K UBMEPEHUSM.

CooTHolIEHHE Pa3MEPOB YACTHUI], HAXOASAIIUXCS B COBOKYITHOCTH, OTIPEJie-
JII€TCSL METOJIOM M3MEpPEeHUM, HallpUMEP METOJ0M ONTHYECKOro mojcuera. [lpu
NPUMEHCHUHU JIPYTUX METOJIOB M3MEPEHUM, TaKMX KaK YJIbTPAa3BYKOBas CIIEK-
TPOCKOIIHSI, ONIPEEIISIEMBIM MTapaMeTPOM SBJISETCS 00bEM YaCTHUIIBI, IPU OITH-
YECKOM aHaJIN3€ COBOKYITHOCTEMN YAaCTHUIl — MHTEHCUBHOCTbh PACCEIHHOIO CBETA,
KoTopas sBisieTcss GyHKImen 2—6-To mopsaka oT pazMepa dactuil. CooTBeT-
CTBYIOIIIME YCJIOBUS CIEIYET MpEeaycCMaTpyUBaTh B MPOrPaMMHOM O0€CTIEYEHUHU
U3MEPUTEILHBIX MPUOOPOB C 1IEJbI0 MPeoOpa3oBaHus paclpeieieHUusT HHTCH-
CHUBHOCTH B pacIipe/IeJICHUN 110 YHUCITy U 00beMaM U3MEePSEMbIX YACTHII.

A.2.3 BeIBOaBI

N3mepenne pa3MepoB 4acTHIl — CJIOXKHas IpobJieMa, BOSHUKAIOIIAS M3-3a
HaJU4usl OOJIBIIIOTO YHCIA PAa3IUYHBIX KOCBEHHBIX METOJ0B HM3MEPEHHM, YTO
3aTPYJHSET CPABHEHHE PE3YyJIbTaTOB, MOJYYEHHBIX B Pa3HBIX JIa0OpaTOPUSX,
UCIIOJIB3YIOIUX Pa3IMYHbIE METOJbl M3MEPEHUN, OCOOCHHO MPU OTCYTCTBUH
ATaJOHHBIX 00pa3ioB [28]. M3-3a onucaHHBIX BbIIEC MPOOJIEM JJI OOJIBIITMH-
CTBa METOJIOB ONpEIESICHHUS pa3MEpOB YacTHI] HE MOXET OBITh oOecredeHa
METPOJIOTUYECKas MPOCICKUBAEMOCTh PE3yJIbTATOB U3MEPEHUM 10 €IMHUIL CU-
cteMbl CU. MeTposorudeckasi mpociiexkMBaeMOCTh BCEX pa3TuyHbIX 3 (PEKTOB,
3aBUCSIIMX OT Pa3MEPOB YACTHUIl, MOXKET ObITh ycTaHoBieHa. OIHAKO B 0O0JIb-
IIMHCTBE Cy4aeB paOOTHI MO 00ECIEUEHUI0 METPOJIOTHUECKOM MpOoCieKuBaec-
MOCTH HE MIPOBE/ICHBI.

Pe3ynbTaThl M3MEpEHUN pa3MEpOB YACTHUI] HEOOXOJUMO COMPOBOXIATh
OTMMCAaHUEM NMPUMEHEHHOT0 MeToaa. YacTo HeoOXouMoe IPUMEHEHNE JaHHbIX
0 pa3Mepax YacTHUllbl, HAPUMEpP JJIsi PACCMOTPEHUS COOTBETCTBUS MPOAYKIIUU
CAaHUTAPHO-AIHUIEMUOJOTHYECKUM U TUTHEHUYECKUM TpeOOBaHUSIM O€30MacHO-
CTH, OTIPEACIISIET BEIOOP CHEIU(PUIECKOr0 METOAa U3MEPEHUH.

A.2.4 Ccbliika Ha pa0doThI APYrux Texunueckux komureros HCO

B pamkax MexnayHapogHoit opranmzauuu no cragaaptusanuu (MCO)
pa3paboTanbl OOIME CTAaHJIAPThI Ha KOHKPETHBIE METOJbl MCCIIEAOBAHUS Xa-
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PaKTEPUCTUK YaCTHI] U TIpeCTaBlIeHus pe3ynbTaToB uzmepenuit B UCO/TK 24
«Cuta, IpocerBaHUE U APYTHE METOAbI OMPEACICHHUS TPaHYJIOMETPUYECKOTO
cocraBay, IIK 4 «Mertonasl onpeneneHusi TpaHyJIOMETPUUECKOTO COCTABA, OT-
JIMYHBIE OT MPOCEHUBAHUS.

Pazpabotanbl cTaHIapThl OTACIBHBIX MPHUKIIAIHBIX OTpacieH, MPUMEHSIO-
mux texHosioruu ¢ yactuiiamu: B UCO/TK 146 «KauectBo BO3mgyxa», I1IK 2
«Atmocpdepa padounx mect» 1 MCO/TK 209 «Huctbie moMenieHus u COOTBET-
CTBYIOIINE PETYIUPYEMBIE CPEIBI».

A.3 TepmuHbl, OTHOCALIUECH K U3MEPEHUSAM Pa3MepPoB YaCTHIL

A.3.1 cpeanmii JuamMeTp yAeJbHON MJIOIIATH .
Specificsurface

area mean
diameter

NMOBEPXHOCTHU: /luamMeTp, BBIYUCJICHHBIH KAK OTHOLIICHHE
00beMa 4acTUIbI K yIeJIbHOM 10U aACOPOLMOHHOI
MOBEPXHOCTH.

IIpumeuanne — Hacrosiee onpeaenceHue MPUMEHUMO JJIsi HEMOPUCTHIX
chepuyecKux 4YacTUIl IPU IPOBEACHUM HCCIEAOBaHUN C momoIpio bIT-
MeToja [28].

A.3.2 yabTpaMeJIKas YacTuLa: ultrafine
Yacruua ¢ 3KBUBAJICHTHBIM quaMeTpoM MeHee 100 Hm. particle
[Tpumeuanus

1. BoJBIIMHCTBO HAHOYACTHI] C TeOMeTpuYecKUMH pazmepamu a0 100 um
MIPU U3MEPEHUSIX CUUTAIOTCA YIbTPAMEIKAMHU.

2. Hanmpumep, CYUTAIOT, 9TO MOJUCTHPONbHBIE chephl nuamerpoM 100 HM
MMEIOT BEPXHEE MPEIEIbHOE 3HAYEHHUE B ONIPEACIICHUN Pa3MEPOB HAHOYACTULL U
yJIbTPaMEIKUX YaCTHI], KOTOpPbIE NMPEAHA3HAYEHBI IJI1 ONpPENECIEHUsS SKBHUBA-
JIEHTHBIX JUAMETPOB B a3POJAMHAMUKE WIIA NPU ABUKEHHUU. [loprCThIE YaCTHIIBI
00J1aJJaf0T MEHBIIIUMHU KBUBAJICHTHBIMU ONTUYECKUMU U a3pOJIMHAMUYECKUMU
TAAMETPaMH, Y€M HEMOPUCThIE YacTUlbL. [10 CpaBHEHHIO ¢ MTOIUCTUPOJIBHBIMA
HEMOPUCThIE YaCTUIIBI C 00Jiee BBICOKON IUIOTHOCTBHIO 00JaAaroT OOJBIIUM
a’pOIMHAMUYECKUM SKBUBAJIEHTHBIM JUAMETPOM.

A.3.3 sxBuBaJIeHTHBII JuameTp: uamerp chepsl,
0Ka3bIBAKOIIMH TAKOE K€ BO3eHCTBHE HA CPEICTBO equivalent
U3MepeHHus /IJIsl Onpe/e/ieHHsl pacnpeieieHusl YacTHIL diameter
10 pasMepam, 4YTO M U3MepsaeMas YacTHIA.
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Tabnuya JIb.1

CtpykTyp-
HBIN 3JIEMEHT CraTbst UCIIOJIB30BAHHOTO XapaKkTepucTUKa TEXHHUUECKOTO
HACTOSIIET0 | MEXIYHapOAHOI'O TOKyMEHTa OTKJIOHEHUS U IPUYHMHA €r0 BHECEHUS
CTaHgapra
[Tynxrt 4.7 4.7 xBaHTOBas TOYKa: Ucnonws3zoBannoe B ISO/TS 27687
KpHUCTaJUIMYeCKas Ha- OTIpe/ieJICeHNe OXBAaTHIBAET 4acThb (U3M-
HOYACTHIIA, KOTOPAs YECKH pealin3yeMbIX KBAHTOBBIX TOUEK U

IPOABJIICT CBOU CBOM- quantum HC YBA3aHO C OCHOBHBIMH KPHTCPHUSIMU

CTBa B 3aBUCHMOCTH OT | dOt HaHOTexHoJorul. OnpeneneHue, INpu-
pa3mMepa Onarogaps BEJICHHOE B HACTOSAIIEM CTaHIapTe, CO-
KBaHTOBBIM 3 deKTam OTBETCTBYET MPUHATOMY B OTEHYECTBEH-
KOHEYHBIX DJIEKTPOH- HOM HAay4YyHOM W CIIPAaBOYHOU JIUTEPATY-
HBIX COCTOSIHUM pe, YBA3aHO C OCHOBHBIMH KPUTEPHUSIMH

HaHOTeXHOHOFHﬁ, OXBAaTbIBACT BCC BUJbI
KBAHTOBBIX TOYUCK H HC IIPOTUBOPCUHHUT

HCIIOJIb30BAHHOMY B MCKIAYHApPOJHOM

JAOKYMCHTC OIIPECACIICHUTIO

OcHoBHBIE onpeaecjacHus, MClmojab3yemMbI€C B 00J1aCTH HAHO

Hanonayka — COBOKYITHOCTh 3HaHWH, OCHOBaHHAs HA ONMCAaHUU, 0OBsCHE-
HUM ¥ MPEACKa3aHUU CBONCTB MaTePUATbHBIX OOBEKTOB C HAHOMETPHUUYCCKHUMHU
XapaKTepUCTUICCKUMHU pa3MEPaMH HIIM CUCTEM 00Jie€ BHICOKOTO METPUUYECKOTO
YPOBHS, YINOPSAOYCHHBIX WM Yalle BCEro CaMOYIOPSAOYEHHBIX HAa OCHOBE
3JIEMEHTOB HAaHOPA3MEPHOTO JAHAMa30Ha.

Hanomamepuanwvr (HM) — BeniecTBa M KOMITO3UIIUU BEIIIECTB, MPEICTAB-
JISIOITUE CO00M MCKYCCTBEHHO WJIM €CTECTBEHHO YIOPSIIOYCHHYIO MU HEYIIO-
PAIOYEHHYIO CUCTEMY 0a30BBIX 3JIEMEHTOB ¢ HAHOMETPUUYECKHMH XapaKTepu-
CTHYECKHMH pa3MepaMu B OCOOBIM IMPOSIBIICHHEM (U3HUECKOTO U (UITH) XUMH-
YECKOT0 B3aMMOJICHCTBUIN TIPH KOOIEpaIlui HaHOPa3MEPHBIX DJIEMEHTOB, 00ec-
MEYMBAIOIINX BO3HUKHOBEHUE y MATEPHAIOB M CHUCTEM COBOKYITHOCTH paHEe
HEM3BECTHBIX MEXaHUYECKUX, XUMUUYECKHUX, IIEKTPOPU3NICCKUX, ONTHIECKUX,
TEMI0(GU3NIECKUX U JPYTHX CBOWCTB, OMPECIIIEMbIX MPOSBICHHEM HaHOMAC-
mMTaOHBIX (PaKTOPOB.
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Hanomexnonozus (HT) — COBOKYITHOCTh METOJOB M CIIOCOOOB CHHTE3A,
cOOpKH, CTPYKTYpO- U (HopMOOOpa3oBaHUs, HAHECEHUS, YIAJICHUSI U MOAUDU-
IIUPOBAHUS MATEPHUAJIOB, BKJIIOYAs CHCTEMY 3HAHHM, HAaBHIKOB, YMEHHM, amma-
parypHoe, MaTepHuajloBeIYECKOe, MeTposiornueckoe, HHGOPMAIIMOHHOE ObOec-
MeYEHUE MPOIIECCOB U TEXHOJIOTHYECKUX OTepaIiuii, HalmpaBiIeHHbIX Ha CO3/1a-
HHE MaTEepPHUaJIOB U CUCTEM C HOBBIMHU CBOMCTBAMH, 00YCIIOBJIICHHBIMU TPOSIBIIC-
HHEM HaHOMAaCIITaOHBIX (haKTOPOB.

Hanocucmema (HC) — matepuaibHBIi OOBCKT B BHUC YIMOPSAOYCHHBIX
WM CaMOYTIOPSIOYCHHBIX, CBI3aHHBIX MEXIY COOOM 3JIEMEHTOB C HAHOMETPH-
YECKUMHU XapaKTEePUCTUUECKUMHU pa3MepaMu, KOOIeparusi KOTOPhIX 00ecreun-
BAae€T BO3HUKHOBEHHUE y OOBEKTAa HOBBIX CBOMCTB, IPOSIBIISIONIUXCS B BHJIC SIB-
JIEHUH U MPOLIECCOB, CBSA3aHHBIX C MIPOSBICHUEM HAaHOMACIITAOHBIX (PAaKTOPOB.

Hanounicenepun — HaydHO-TIPAKTHYECKAs NESITEIHLHOCTH YEIOBEKAa I10
KOHCTPYHPOBAHHIO, U3TOTOBJICHUIO U TTPUMEHEHUIO HAHOPAa3MEPHBIX 0OBEKTOB
WIN CTPYKTYp, OOJaJaroNINX HOBBIMH CBOWCTBAMHU, a TaKKe OOBEKTOB WU

CTPYKTYp, CO3JaHHBIX METOAAMHN HAHOTCXHOJIOTUH.

KOHTpOJILHLIe BOIIPOCHI

1. JlaifTe onpenenieHre HAaHOMUPY.

2. B kakoil mepuoa BPEMEHH MPOM3OIIEN PE3KH CKAa4OK B Pa3BUTUU
HAHOHAYKH?

3. IlepeuncnuTe MMEHa yYEHBIX, MH)KCHEPOB, OKA3aBIIKMX, HA BaIll B3I,
HauOoJIbllIee BIMSAHNE HA HAHOHAYKY.

4. Kakue cTpaHbl HaxoJAsTCs B JIMJAEpax IO HM3YYEHHUIO U HCMOJIb30Ba-
Huro HT?

5. KakoBa nuHamuka (pHAHCUPOBAHUS KUCCIIEIOBAaHUN B 00JACTAX CO3/a-
nus HM u HC, pazpabotku HT?

6. Kakumu goxymentamu B P® permamentupyrorcs HM, HC, HT?
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2. METOADbI INTOJIYYEHNA HAHOYACTHULL U HAHOMATEPHAJIOB

2.1. OCHOBHBIE KJIACCU®PUKALIUU METOAOB IOJIYYEHUSA
HAHOMATEPHUAJIOB

MeToap! oTydeHUsT HAaHOYACTHI], HAHOMATEPUAJIOB M HAHOCHCTEM YCJIOB-
HO MOJKHO KJIACCU(DHUITUPOBATH TIO CIEAYIOITNM IIPU3HAKAM:

1. ITo arperaTHOMY COCTOSIHUIO HCXOHBIX MATEPHAJIOB:

— ra3zoazHoe (TmoyuyeHune 13 ra3oBsixX (as);

— xkuakodaszHoe (MoJTydeHue U3 pacTBOPOB);

— TBepI0(hazHoe (MOTyUYEeHHUE U3 TBEPIBIX MATEPUATIOB).

2. 1o npupojae nmpomecca cuHTe32a:

— ¢usnueckue (TepMUIECKue, MEXaHUYECKHE);

— XUMUYECKHUE (TEPMOIU3, OCAKICHUE);

— TUOpUIHBIE (MEXAaHOXUMUYECKHE, MIIA3MOXUMHUUECKHUE).

3. Ilo MeToaMKe M3MEHEHHsI pa3Mepa YacTUIl B Mpolecce CUHTE3NPO-
BaHMS:

— KoHieHcanus (rpouecc coopku HM u3 aToMoB uim Mojiekyn);

— nucnepraius (u3mMeapueHue, aepopmarnms).

4. Ilo Tumy popmMuUpoOBaHUS:

— METOJ «CHH3Y-BBepX» (top-dOwn) — moiy4eHue OTIEeIbHBIX aTOMOB U
MOJIEKYJI, UCIIOJIb3YsI B OCHOBHOM XMMHUYECKHUE PEAKITUH,

— METOJI «CBepXy-BHU3» (DOttOM-Up) — mosydeHre HAaHOYACTHI] ITyTeM Me-
XaHUYECKOTO M3MENBUYCHHUS KPYIHBIX YacCTHUIl. DTOT METOJ paboTaeT Mo MpPUH-
IIUITY: «OTCEKH BCE JIUIIIHEEH.

MeToapl «CHU3Y-BBEPX» MOKHO YCIIOBHO pa3/ieinTh Ha JBa MOAKJIacca:

— MPOIIECC OCAKIACHUS U3 Ta30BOU (ha3bl;

— nporuiecc oopazoBanusga HY B kouionHOM pacTBope.

Ecnu npu ocaxkieHUH 13 Ta30BOTO COCTOSHUS MPOUCXOAUT U3MEHEHHUE CO-
CTaBa BEIECTBA, TO METOJl HA3bIBAIOT XUMHUYECKUM, a €CIIM XUMUYIECKON peaK-
IIUY TIPU OCKJICHUH HE MTPOUCXOIUT, €T0 HA3BIBAIOT (PU3HUIECCKUM.

5. Ilo TexHOJOTHYeCKOMY TMPU3HAKY MOJYyYEeHHUS] HAHOMATEPHAJIOB U
HAHOCHCTEM:

— HAHOTIOPOIIKOBBIE METOIBI;

— METOJBI, TPU KOTOPBIX MPHUMOBEPXHOCTHBIE CIIOW MOIUDUIHPYIOTCS
HAHOTUICHKAMU WJIM HaHOCTPYKTypupytoTcs npu nomou HT ucxonHsiMu OT-
JEIbHBIMU 3JIEMEHTAMU WIIA UX CMECSAMH;
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— METO/IbI, UCIIOJIB3YIOIINE UHTEHCUBHYIO TJIACTUYECKYIO Jepopmaliuto;

— METO/Ibl, OOBEIUHSIONINE PA3TUYHBIE TEXHOJIOTHUU.

Y HaHOMOPOIIKOB, MOJYYEHHBIX JIFOOBIM METOJIOM, BCErJla MPOSIBISETCS
CTpEeMIJIEHHE 00pa30BBIBATh arperaThl U arJioMepaThl, YTO MPUBOJUT K HEOOXO-
TUMOCTH KOHTpOJI pazmepoB HY u nx arnmomepanuii.

2.2. DUBUYECKHUE METO/bI IOJIYYEHUS HAHOYACTHIL]

K (I)I/I?»I/I‘ICCKI/IM MCTOAaM IIOJIYUYCHHA HAHOYACTHUIL OTHOCATCA MCTOIbI, B

OCHOBC KOTOPLIX JICKAT (1)I/IBI/II‘I€CKI/IC IMpOUCCCHhI. OcHOBHEBIE (1)I/IBI/II‘I€CKI/IC MCTO-
AbI IIOJIYUYCHUS HAHOYACTHUIl IIPCACTABJICHBI HA PHUC. 2.1.

CuHTe3 HaHOMOPOIIKOB Ha OCHOBE
(U3NIECKUX MPOIIECCOB

L

dusznyeckoe ocaxkJICHUE Pacnbutienue pacnnasa Hsmenbuenne
Y3 APOBOTO COCTOSHUSA MEXaHHYECKOE
MeTton, MeTton pachIHeHI/I}I MeTo MeXaHude-
TEPMHYECKOTO paciuiaBa u ObICTPOTO CKOT'O M3MeIhue-
HCTIapeHUs OCaXKJICHHUS BOJ0OXJIA- HUS B MEJIbHHUIIAX
XKIaeMbIM 6apabaHoM
Ucnapenue
METOAOM Meron npoTuBo
SJICKTPOB3pbIBA Meron ynaproro pac- TOYHOT'O pa3MoJa
MIBIJICHUS pacIljiaBa p €
B IICEBIOO0KIKCH-
JIeBUTALIMOHHO - ol HOM CJIO€
CTPYHHBIH MeTOT Meron anekTporupo-
JTUHAMUYECKOTO pac-
MBUIEHNE pacIlIaBa

Puc. 2.1. ®uznueckne METOIbI IOTYUYCHUS HAHOYACTHUII

1. ®uznueckoe O0CAKACHUE U3 MAPOBOIo COCTOSTHUSA

TexHONOTMH TOJYYEHHs] HAHOMOPOIIKOB HCIApPEHUEM MaTepUajoB pas-
JUYHBIMHA BBICOKOMHTEHCHUBHBIMU HMCTOYHUKAMHU JHEPIHUH C IOCIEAYIOIIUM
OCaXJICHUEM HUX W3 MApOBOTO COCTOSHHS CIIOCOOHBI 00ECIEUUTh BBHICOKYIO YH-

CTOTY IIOJAYYaCMOI'0 HAHOIIOPOIIKA U KOHTPOJHUPYCMOCTH ITPOLICCCOB. HpI/I Huc-
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IIAPEHUM METaJUIa B BAKyyM€ WJIM MHEPTHOM Tra3e aTOMbl METaJUIa, NEepemen-
IMEe B ra30BO€ COCTOsIHUE, nepexonsaT B HY pasmepom B HECKOIBKO HAaHOMET-
POB, KOTOPBIE 3aTEM OCAKIAKOTCS OXJIAKICHUEM.

TakuM METOOOM MOXKHO MOIyYaTh CIOYKHOJIETMPOBAHHBIE HAHOIMOPOUIKH.
[1nanupyemblid COCTaB KOHEYHOTO MPOIYKTa MOYXHO IOJIy4aTh KAaK HCIIAPEHUEM
NPEIBAPUTEIILHO JIETUPOBAHHOTO MaTepHasa, Tak U OJTHOBPEMEHHBIM HCITAPEHUEM
OTIENBbHBIX KOMITIOHEHTOB. Pasmep HY, BXOmAmMX B COCTaB MOPOILIKOB, 3aBUCHUT
OT TEXHOJIOTMYECKUX XAPAKTEPUCTUK U Bapbupyerca oT 1 mo 100 HaHOMETpPOB.
B 3aBucumocTy OT niporecca UCIIapeHus! BBIIEISIFOT CIEAYOIIAE METOIBI.

1.1. Meroa TepMHUYECKOTO UCHAPEHUs SIBJISIETCSI OAHUM W3 CaMbIX pPacpo-
CTPaHEHHBIX METOJOB IOJYYEHHS] HAHOMOPOIIKOB. B TEpPMOCTOMKOW €MKOCTH
HarpeBaroT UCXOHBIA MaTepual, A0 ero ucnapeHus. CyuecTByeT O0JbIIoe KOIH-
YEeCTBO CIOCOOOB HArpeBa, HAPUMEp: IUIA3MEHHBIH, JIa3epHBIN, UHTYKIIMOHHBIN,
AJIEKTPOHHO-ITY4YE€BOW, BBICOKOYACTOTHBIM MHAYKIIMOHHBIN. Bee OHM 1O CyiecTBy
IIPOCTO OKAa3bIBAIOT BBICOKOIHEPTETUYECKOE BO3ICHCTBUE HA NCXOIHBIM MaTepUAaIL.

CranpapTHas cxeMa CO3IaHUsl HaHOIOPOIIKA METOJIOM TEPMHUYECKOIO HC-
NapeHrs U KOHAEHCALMK BEIIECTBA M3 MMAPOBOr0 COCTOSHUS IMPEICTaBICHA Ha
puc. 2.2.

BbICOKOBHepI'ETH'-iECKOE

Bo3aencrsue 30Ha oxna)kaeHus
M KOHAEHCUPOBaHUS NapoB

Ucnapsaemoe H
BellecTBo dHOMOPOLWOK
O L e
Turens
a 4]

Puc. 2.2. Cxema co3gaHusi HaHONOPOILIKA:
a — TEPMHUYECKOE UCTIapEHUE BEIIECTBA;

60— KOHACHCAIIHA BCUICCTBA U3 TAPOBOT'0 COCTOSHUA

B nomydeHHBIX METOIOM TEPMHUYECKOIO HCIapeHus HaHomopoumkax HY

MOTYT UMETH Pa3INUHYI0 (hopMy.
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1.2. Vicmapenue MeTo10M 3JIeKTPOB3phIBa. [Ipraras k ICXOAHOMY MaTepH-
aJly OrpOMHO€ KOJIMYECTBO IHEPIMHM B TeUeHHWE OECKOHEYHO MaJloro IMepuoja
BPEMEHH, B XUMUYECKOM PEAKTOPE MPOUCXOAT B3PhIB U UCIAPEHUE ITOTO BEIlle-
cTBa. Pe3koe yBennueHne o0bEMa B3pbIBHOTO MPOCTPAHCTBA MPUBEJIET K PE3KOMY
OXJIQXKJICHUI0 U KOHJICHCAIIMM WCIApPUBIIMXCS BEIIECTB, HO yxke B Buae HY
C pazMepHOCThIO Topsiaka 10 HM, ycToiunBoOi chepruueckoil Gopmbl, ¢ BBICOKOH
CTETEHbIO YUCTOTHI. [IpuMEHUM 711 pa3IUYHBIX BEIIECTB, HAIPUMEDP HUKEIS
(puc. 2.3), a TakKe TYTOIUIaBKUX U XUMUYECKU aKTUBHBIX (TaHTalla, HUOOUS, MO-
anbaeHa). HaHOTEXHOIOTUsl UMEET BBICOKYIO 3aTPaTHYIO COCTABIIIOLLYIO (3HEp-
TOEMKOCTh ¥ BO3MOYKHOE BOSHHMKHOBEHHE KAINEIbLHOTO PacIliaBa).

Puc. 2.3. Co3naHHbIil METOJIOM 3JIEKTPOB3PbIBA

HAaHOIIOPOIIOK OKCH A HUKECJIA

1.3. JleBUTAIIMOHHO-CTPYHUHBII [ |

Meton (puc. 2.4). Ucmapenue MoOx-
o /MEJ(EIHI'ﬂM nogavyv NpoBONOKH
HO IIPOM3BECTH, BO3JICHUCTBYsS Ha B

MNpoeonoka

KallIKu pacilyiaBa, Co3aar0InnucCs Ipu — < il

BBICOKOYAaCTOTHOM HarpeBe MpOBO-

oy e WupykTop
o8

[s]e]e]

JIOKKM B CHJIBHOM MAardmMTHOM IIOJIC.

Kanna pacnnaea Ha KOHUEe NPOBONIOYKH

Mapbl MeTanna

[TomaBasg HAa HEE MOTOK WHEPTHOTO

DuneTp

rasza, (Haripumep, aproHa), oJryqum
HY, a u3meHsAss CKOpOCTh IOTOKAa,

OTKauka

EMKOCTL € HAHONOPOLWKOM

KOHTPOJIPYEM Pa3MEPHOCTb.

YBenuuuBas CKOPOCTb, COOT-

Puc. 2.4. Cxema nosiydyeHHsi HAHOTIOPOIIIKOB
BCTCTBCHHO, YMCHbIIACM pas-

mep HY.

HGBHTaHHOHHO'CTPYﬁHLIM HUCIIAapCHUCM
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2. MeToabl pacnbljieHUsl pacijiaBa

JlanHas Tpymnma METOJO0B OCHOBaHA Ha OBICTPOM PACIBUICHHH U OXJIAX7e-
HUW paciijlaBa MCXOJAHOTO MaTepuaia. ITa TEXHOJIOTHS IMO3BOJSET MOIYYUTh
nopoiky pazmepoM He MeHbIle 100 aM. [lomydaemMbie MOPOITKKH pa3MepoM 4a-
ctul 0,5-10 MKM UMEIOT HAaHOKPHUCTAJUIMUECKYIO (a B psJsie ciiydaeB U amopd-
HYI0) CTPYKTYpY.

2.1. Metoa pacmbuieHHsI paciyiaBa M OBICTPOTO €Tr0 OXJIKICHUSI BOJO-
oxJIakaaeMbIM OapabaHom (puc. 2.5). B ocHOBe MeTona JEKHUT OXJIAXKJICHHUE
OBICTPO BpalaruMcs 0apabaHOM pacIUIaBJICHHOTO HMCXOJHOTO MaTepuala.
bapaban chenan w3 TEmIOMPOBOAIIETO MaTepuaia, oobidHo Meau Cu. Oxia-
xaeHue npousBoautcs Bogoi. Ckopocts oxnaxkaeHus 400 °C/c. [ToBepXHOCTH
OapabaHa J0JDKHA OBITH HEPOBHOM, UMETh IIEPOXOBATOCTH, TaK KaK TIajKas
MOBEPXHOCTh PEATN3yeT MOJYyYCHHE MOJOCHI ¢ HAHOKPHUCTAJUTMYECKON CTPYK-
Typoii. [ToaToMy momydeHHbIE JaHHBIM METOJIOM YaCTHI[HI UMEIOT XJIOMTbEBHUI-
Hyto popmy. Takas ¢opma gacTuil mpuBeneT K HEOJHOPOIHOU CTPYKTYpE IO-
JydaeMbIX TOpomkoB. [losTomMy monydaemple JaHHBIM METOJOM TOPOIIKH
MOJIBEPTaloT JIOMOJHUTEILHOMY MEXaHUYECKOMY U3MEJIbUCHHUIO.

\l/ Pacnnas

Ocb BpaweHus
bapabaHa

bbicTpooxnaxaeHHbI
NOpoLWOoK

MexaHu4yeckue
uiMenbymuTenmM

HaHonopowok

Puc. 2.5. Cxema nosydeHHs MOPOILIKA U3 pacIliaBa
Ha OBICTPO BpaIalonieMcs BOJAOOXIaKAaeMOM OapadaHe
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2.2. Metoa ynapHoro pacubuieHus: paciiaBa (puc. 2.6). Ctpys pacmias-
JIEHHOTO MaTepualia, Momnajas Ha BpallarolIMecss MHTEHCUBHO OXJaXK/aeMble
JIOTIATKH, 32 CUET BBICOKON CKOPOCTH pa30MBAETCs Ha MeJIbUallliie YacCTHIIL.
Cxopocts oxnaxaenust 400 °C/c. Kak u B mpeasiynieM MeTojie, /sl Modyde-
HUS OJTHOPOJIHOM CTPYKTYPBI TOPOIITKA HYKHO M3MEIbYUTh €T0 MEXaHHYECKHU

JOITOJIHHUTCJIBHO.

Bywxep C pacnnasom
seuwecrsa

Yaapwwie
nonarkm

N
G
-I.......(-—t-t-o-

- MexXaHHIeCKkn HIMENBYEHHBIA
\ HAHONOPOWOK

3

Ocb Bpawaroweroca
Ga

o 1

Puc. 2.6. Cxema nosydeHus MOPOIIKA U3 PacIiaBa yAapHBIM paclblLIEHUEM

2.3. Meroa 3JIEKTpOrHUAPOAU- _—
HAMUYECKOTO PacCIbUICHUsI pacIuia- e
Ba (puc. 2.7). Ctpys pacriaBa uc-

XOJTHOTO Marepuaya MPOXOJIUT Ye-

pe3 COIIO K KOJBLEBOMY 3JICKTPO- M“""“

Iy, Ha KOTOPBIA MOAAETCS MOCTO-

sHHOe¢ Hanpsbkenne 10-20 kB.

Yepes como auaMeTpoM IOpsiaKa

80 MKM BBUIETAIOT 4€pe3 KOJIbLIE- MCToummH \ Konsueso
o NUTAHKA nexTpoa

BOM 3JIEKTPOJT TOJIOXKUTEIBHO 3a- P=10-20k8

PSDKCHHBIC HaCTHIBI paciulaBa, Ko- Puc. 2.7. Cxema NoyryueHus opouIka

TOPBIC, ITaJast BHU3, IIPU OXJIAXKIC- AIEKTPOTrUIPOAUHAMUYECKUM

HUHN O6pa3YIOT HaHOHOPOIHOK. PAacCIIbIJICHUCM U3 paclljiaBa
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Pa3zmep yacTuil mopoiika 3aBUCUT OT UCXOJIHOTO MaTepuaia U TEXHOJIOTH-
YECKHUX MapaMeTpoB U MOXKeT cocTaBisiTh 90—100 um. JlanHbIN MeTOT 00Ia1aeT

HU3KOM MPOM3BOIUTEIHFHOCTHIO (OKOJIO 2 T/4 Ha COILIO).

3. Mexanu4yeckoe H3MeJIb4eHHne

Mexanudeckoe M3MeIbYeHUE YacTHUll MaTtepuaia (IpeABapUTEIbHO MOJTY-
YEHHBIC TOPOIIKH, TPaHYJbl, Pa3MOJOThIE CIUTKH) MNPUHAMJICKUT K YUCTY
HanOoJiee paclpoOCTPaHEHHBIX METOJIOB M3TOTOBJIEHUS NOPOIIKOB. OCOOEHHO
JIETKO MOJy4YaTh MOPOILIKU HA OCHOBE XPYNKUX MAaTepHUAJIOB.

3.1. Metoa MEXaHMYECKOTO U3MENbYEHUS B MEJIbHULIAX MPUMEHSETCS AJIs
YMEHBIIEHUS pa3MEPOB YACTHI] MaTepHalla B pe3yJibTaTe MHTEHCUBHOIO pa3-
JaBJIMBAaHUSI MCXOJHOTO MaTepuaia (3TO MOTYT OBITh MOPOUIKH, TPaHYJIbI) C
MOMOIIBI0 pabOYUX OpPraHOB MEJIbHUIIBI. XPYNKHWE MaTepHaybl MPOIIE pacTe-
peTh B HAHOMOPOIIKHU. [[1s MoJydeHUus HAHOMOPOIIKOB M3 TUIACTUYHBIX WU
aMOp(HBIX BEIIECTB MOTpeOyeTcs: ropa3no OoJiblle yCUIUWA. MenbHULBl s
MOJy4eHHs] HaHomopouika (puc. 2.8) ObIBAIOT IJIaHETAPHBIE, 1IAPOBbIE U BUO-

PpalllOHHBIC.

)

ApolALpA

KOMYC

BRIy
Aebanaw

Puc. 2.8. Bugpl MenbHUIL:
a — TJIaHETapHBIC; O — IIAPOBLIE; 6 — BUOPAIIMOHHBIC

PazMephl yacTuIl MoJy4eHHBIX HAHOIIOPOIITKOB HaXOSATCS B JUaria3oHe 5—
120 am.
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[Ipy MexaHUYEeCKOM METOAE W3-

BuinyckHOM
KOoAneKkTop

MCJIBYUCHUA CIIC HCIIOJIB3YIOT aTTPUTOPLI
Cenapatop

(puc. 2.9) u cumosioliepsl, IPEACTaBIISIO-

HMcxoaHoe
seuwecrso

mue co0oi HENMOABUKHBIA KOpIryc-0apa- Npuewnuin
yHKEP

Nerxue
HacTHub

0aH ¢ BpalllalOIMMKCS HA OCU TPyOKaMH, - —
KOTOpBIE IepeMeIaoT Imapel B Oapada- ¢l Koyniue e
HE. ATTPUTOPHI OTIUYAIOTCA OT CHUMO- RN —
JIOMEpOB TE€M, 4YTO Yy NEPBbIX OapabaH e vasa Conno
PaconaoXeH BEPTUKATIBHO, @ Y BTOPBIX — H

TOPU30HTAJIBHO. Puc. 2.9. Cxema npouecca pazmoina

3.2. Meroa npOTUBOTOYHOTO pa3MoJia B [ICEBIOOKIKEHHOM CJIOE

B IICEBIOOKIKEHHOM cioe. IlomaBaeMmble
CHU3Y YCTAaHOBKH CTPYH ra3a Pa3roHsOT MEPEIaBaEMON SHEPTUEH YaCTHUIIbI MTOa-
BaeMOT'0 UM HaBCTpeUy BEIIECTBA, B Pe3yJIbTaTe B CEPEIMHE YCTAHOBKH 00pa3yeT-

Csl TICEBIOOKMKCHHbBIN CHOﬁ, B KOTOpOM

MMPOUCXOANUT CTOJIKHOBCHHC YaCTHIL] CHU3Y,

bapaban YacTHll, TO0JIaBa€MbIX COOKYy U YHaBIIHUX
CBEPXY, KOTOPbIM HE XBAaTUJIO SHEPTUU BbI-
> Wapwt o
CKOYHTH B BBITYCKHOW KOJUTIEKTOp. MHOrO-
Boncoxnamaaemwe | KPATHBIC CTOJIKHOBEHHMS NPUBOIAT K H3-
PasmonoTuie crewm MEJIBYEHUIO YaCTHI] APYr O apyra. Yacru-
sewecrsa '
u bl BEIIECTBA IPAKTUYECKH HE KaCAKOTCS
i Oco spauienus CTEHOK KaMepbl IOMOJIa, B KOTOPOH Mpo-
! c Tpybkamm

ucXoauT caM mporecc. Cxema Tmporiecca
Puc. 2.10. Cxema arTputopa

pa3mMoJia nokasana Ha puc. 2.10.

OCHOBY YCTaHOBKH COCTaBIII€T BEpTHKalbHasg pabodas Kamepa, B KOTO-
pyro depe3 OOKOBBIE COIUIa CHU3Y MOJ BBICOKMM JIaBIICHHMEM IOJaeTCs TIas.
Coruta HanpaBJIE€HbI IpyT Apyry HaBcTpeuy. CBepxy ¢ OOKOBOI0O OTBEPCTHUS MO-
naercs ucxoaHoe BeriectBo. OHO, Majiasi BHU3, MONAJAaeT B CUCTEMY Ta30BbIX
CTPYH, KOTOphI€, BCTPEUAACh B IIEHTPE HUKHEW YaCTH KamMephl, pa3MalibIBAIOT
BEILIECTBO M CO3JAIOT MCEBIOOKMKEHHBIN CI0i. B 3TOM cioe pa3manbpiBacMbie
YaCTHUIIBI C OTPOMHBIMU CKOPOCTSIMU MEPEMEMIAIOTCSA B LEHTP KaMephl. 3a CUET
HaIPaBJICHHOUN CTpyu HamOojiee pa3MOJIOThie YaCTHUIIBI MOJHUMAIOTCS B BEpX-
HIOIO YacTh KaMephbl. TaM HaXOAUTCS Cenaparop, KOTOPBIN BBIACISIET YaCTUIIHI,
MEHbIIIME OMPE/IEIEHHOTO pa3Mepa, U uepe3 cucreMy (QUIbTpOB MEPEHOCUT UX
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4yepe3 BBIXOJHOW KOJUIEKTOpP B HAaKONMMTENbHbIM OyHKep. KpynHble yacTulibl,
KOTOpbIE HE NPOUUIA CeNaparop, NaJaroT MOJ IEHCTBUEM CHIIBI TSKECTU O00-
pPaTHO B IICEBIOOKMKEHHBIN CJIOW, ¥ TaK 10 KPyTY, IIOKa HE IEPEMEIFOTCS.

B Hanomopomkax, IOJy4eHHBIX JaHHBIM METOAOM, OTCYTCTBYIOT ITOCTO-
poHHHE NpuMecu. HaHOMOPOIIKM OAHOPOIHBI U COCTOST M3 YACTHI] IPUMEPHO
OJIHOTO pa3Mepa. 3a CYeT MOCTOSHHOTO 00/yBa ra3oM ICEBIOOXKUKEHHOIO
CJIOS YacTUIBl HE YCIIEBAIOT HAarpeBaTrhbCs NpU pasMmousie. biaromaps stomy
MOHO NOJIy4aTh Kak aMOp(HBbIE, TaK 1 HAHOKPUCTAIUIMYECKHE MOPOIIKH. BbI-
COKasi CTOMMOCTb O00OpYZOBaHUsI OIPAaHUYMBAECT NPUMEHEHUE JAHHOIO METOJa
VTSI TIOJTyYEHHSI HAHOTIOPOILKOB.

2.3. XUMHUYECKHME METO/bI MOJIYYEHUA HAHOYACTHUI],

K xumMuueckuM MeTojaM MOJy4YEeHUS HAHOYACTHUIl OTHOCSTCS METOMbI, B
OCHOBE KOTOPBIX JICKAT XMUMHYECKUE PEaKIMU. XUMUYECKUE METOJIbI MOJyde-
HUSI HAHOYACTHUII MPEICTaBIICHBI HA puc. 2.11.

Cunre3 HAHOIIOPOIIIKOB, OCHOBAHHBIN Ha XUMHYECKUX peaKuuiax

¥ . 2
XHMMHUYECKOE Bricokoanepre- OcaxneHue U3 pac- BoccranoButensHble
ocaKJIeHHe 13 THYECKUI CUHTE3 TBOPOB MIPOLECCHI
napoBoi (a3el J 7 3
‘ { Meron xumnue- Merox BojiO-
Merton Jleronannon- CKOI'O OCaxKJie- POJIHOTO BOC-
XOrC HBIX METOJT HHUS U3 pacTBO- CTAHOBJICHUS
poB COETUHEHUN
Merton BBI- ITmasmoxu- 30b-TeIb METON METaJlIoB
COKOTEM- MHUYECKHH
MepaTypHOTO METOJ MeTox FKUIKO- XHUMUKO-
TUIPOJIN3a (basmoro BoccTa- MeTaJurypruuec-
HOBJICHHUS KK METOA

Meron rugporep-
MaJILHOTO CUHTE3a

Muxpo-3myJibCcu-
OHHBIN METOJT

Kpuoxummueckuit
METOJ

4

Puc. 2.11. Xumuueckuie METO/IbI IOJIYYEHUSI HAHOYACTHUIl U HAHOMATepUaIoB
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1. MeTo XUMHYECKOT0 0CAXKIeHUs U3 NapoBoii ¢a3bl

JlanHas Tpymnma METOJI0B OCHOBaHA HA MCITOJIH30BAHUH XUMUYECKUX PEaK-
UM COCAMHEHUM METAJIJI0B, HaXOSIIUXCs B ra3oBoit daze. IIpu aToM 311 Co-
CAMHEHUS B ONPEACIICHHON 30HE PEaKIIMOHHOW KamMephl TEPMUUYECKH pasJjara-
I0TCSl ¢ 00pa30BaHUEM TBEPJOr0 OCaJKa B BHJIE HAHOTIOPOIIIKA U Ta3000pa3HbIX
BEIIIECTB WJIM BCTYIMAIOT B XMUMHUYECKHE PEaKIMU Takke ¢ 0Opa3oBaHHUEM IIO-
poIIIKa 1 ra3000pa3HbIX BEIIECTB.

1.1. Meto XMMHYECKOTO OCaXJeHHus u3 razoBoro cocrosuus (XOI'C).
[Ipn naHHOM METOJE COCTaB MCIMAPEHHOTO Ta3a W COCTaB IMOJYYCHHOTO HAHO-
MOPOIIIKa CYIIECTBEHHO OTIM4YaroTcs. McmapeHHoe BemecTBo, HaxoIsCh B
OTIPE/ICJICHHOM 30HE PEaKIIMOHHON KaMephbl, MOJBEPraeTCsl TEPMUIECKOMY pa3-
JIO)KEHUI0 WJIM TIPOUCXOJSIT BOCCTAHOBUTEIBHBIC XHMHYECKHE PEaKIMU C J0-
MOJTHUTEILHBIMA Ta3000pa3HBIMH COCAWHCHHUSAMHU, KaK IPaBUIO, IPH ITOHH-
KEHHOM JdaBjeHUHU. [Ipw 3TOM BO3HHKIIHE HENETy4Yhue MPOMYKTHI PEAKITAN
obIcTpo ocaxaatoTcs. OcaxkIeHne MPOUCXOINUT B pe3ybTaTe OOJBIIOTO KOJIH-
YeCTBa XUMHYCCKHX PEaKIUi, TPOTEKAIOIIUX B Ta30BOM COCTOSHHM BOJM3H OT
noBepxHocTU. XOI'C nHOTa HA3BIBAIOT PEAKTUBHBIM OCAXJIEHUEM U3 Ta30BOT0
uinu mapoBoro cocrosius. [Ipu XOI'C ocaxiaeHre mpoOUCXOIUT B BUJE HAHO-
MOPOIIIKa, €CIU XMMHYecKas peakiusi oOpazoBanus ero HU B TBepmoi daze
MIPOTEKAET TOJHKO B TA30BOM COCTOSTHUM.

1.2. MeTtoa BBICOKOTEMIEPATYPHOTO THAPOJIHM3a — STO B3aWMOJICHCTBHE
COCIMHEHHM, OOBIYHO XJIOPUAOB, KOTOPOE MPOUCXOJHWT B BOAOPOTHO-KHCIIO-
POIHOM TIJIAMEHH, MPUBOsIIEee K 00pa3oBaHHi0 MHOrOKoMnoHeHTHhIXx HC u
MOJTYUYCHHIO HAHOIIOPOIIIKOB, HanpuMep okcuja kpemuus Si0,, okcua TUTaHa

Ti0O,, oxkcuna amromuuus Al,Os.

2. BbiCOKOOHepreTHYECKNil CMHTE3

JlaHHas rpyIma TEXHOJOIMKA OCHOBaHA HA MCHOJIB30BAHUMU PEAKIUU, IIPO-
TEKAIOIIUX C BBICOKOHW CKOPOCTHIO B YCJIOBMSX, NAJEKUX OT PABHOBECUS NPHU
BBICOKOOHEPI€TUYECKOM BO3JCUCTBUU.

2.1. JleToHAITMOHHBIN METOJ] CHHTE3a, B MPOIIECCe KOTOPOTo yaapHas BOJI-
Ha ¢ ycuimem nopsaka 10 Mlla, Bo3gelcTBys Ha HCXOIHBIE BENIECTBA, CO30AECT

HaHOIIOPOIIKH. ITo 9TOMY MCTOAY B3PbIBOM OPIraHMYCCKHUX BCIICCTB C BLICOKHUM
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COJIEp’)KAaHUEM YTIIEpOJa U HU3KUM COJIEPHKAHUEM KUCIOPOJia ObLI MOJIYUYEH al-
Ma3HBIM HAHOMOPOIIOK (Pa3MEPHOCTHIO HECKOJIbLKO HAHOMETPOB) M3 CMECH
rpaputa ¢ Metauiamu. [IpuMeHUM I TOJYyYEHHUsS] HAHOMOPOIIKOB OKCHJIOB
ATIOMHHUS, MarHUs, IIMHKA, a TaKKe HEKOTOPHIX MOpdoaoruueckux hopM yr-
Jepoa.

2.2. [Inazmoxumuyeckuii Meto. [Ipu Bo31eicTBUY HA METAJUIBI WU TaJI0-
rennasl CBY mnasmarposamy (¢ ma3Moii Temmepatypoii mopsiaka 10* °C u ak-
TUBHBIMH BEIECTBAMM, TaKMMH KaK a30T, KHUCIOPOJa) C BBICOKOM CKOPOCTHIO
TepBOHAYAJIbHBIN MaTepHa MEPEXOJUT U3 TBEPIOIr0 COCTOSHHUS B razoo0pas-
HOE, IMOCIeayIollee KOHACHCUPOBAHUE IMO3BOJISET MOJIy4aThb 0CO00 IPOUYHBIC
COCAMHEHUs] — KapOuabl, OOpUIbI, HUTPUIbI. ITOT METOJ HCHOJB3YIOT U IS

noJiy4eHust QyiepeHoB.

3. OcaxaeHue U3 pacTBOpPOB

OCHOBOM [TaHHOW TPYIIIBI METOJAOB SIBIACTCA MNPOBEICHUE XUMHUYECKUX
pEaKInil B BOAHBIX pACTBOPAX COJICH.

3.1. MeToa XMMUYECKOTO OCaXAEHUS W3 PACTBOPOB MCIOIB3YIOT ISl TO-
Jy4eHHUsI JOCTATOYHO OOJIBIIIOTO KOJIMYECTBA HAHOIOPOIIKOB OKCHIOB METaJ-
JIOB, COCTOSIIIIUX W3 HECKOJIBKUX KOMIIOHEHTOB, MPH JIOMYCKE B MPUCYTCTBUH
npumecent. s 3Toro B pacTBOPhI a30THO-KHUCIIBIX COJIEH METaJIJIOB JOOABIISIOT
pPacTBOPHI IIABEJIEBBIX KUCJIOT, AMMHAK WJIM APYTOM OCAKMBAIOIINAN MaTepHal.
TexHomoruss MoApPa3yMEBAECT BBIICPKUBAHUE OMNPEACICHHBIX TEMIIEpPATyp U
KHCJIOTHOCTH, €CJIM TMPUMEHHUTh TEPMOOOPAOOTKY, MOXKHO MOJIYYUTh HAHOIIO-
POIIKU METAJJIOB.

3.2. 3071b-Treb METO ] HauboJiee ONTUMAJICH JIJIs CO3JIaHUsI HAHOCTPYKTYP-
HOM KepamuKku. IIporecc BkIIro4aeT B ceOsl CIEAYIONIUE CTAIUU: MPUTOTOBJIE-
HHUE PACTBOPOB AJIKOKCUJOB, X KAaTAIUTUYECKOE B3aMMOJIECHUCTBUE C MOCIEAY-
IOIIMM THAPOJIM30M, KOHACHCAIIMOHHAS MOJUMEPU3AIUs, JAIbHEUIIINN THAPO-
nu3. B pe3ynbTaTe cHHTE3a MOIy4YarTCs OJHOPOJIHBIC, 0COO0OUYNCTHIE Pa3HO00-
pa3Hble HAHOTIOPOIIIKH.

3.3. Meton kuko¢a3HOTO BOCCTAHOBJICHUS UCIIOIB3YIOT ISl METAIOB C
HU3KUM 3HAUEHMEM OKMCIIMTEIbHO-BOCCTAHOBUTEIBHOTO IIOTECHIMANA JJIS II0-

Jy4eHUus: uX HaHomnopoukoB. st anemMenToB noarpynnsl Bl tabmuier Mene-
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JeeBa, IepeMeIasiCh CBEPXY BHU3 OKUCIUTEIHLHO-BOCCTAHOBUTEIbHBIA MOTEH-
nuan ygenuuuBaercs. [1o oTHomeHnto k kucmopony noreHmuan 'y Cu m Ag —
OTpHUIIATENBHBIN, a Y Au — MOJ0XUTENbHBIN. K 0051a1aTesisiMm HU3KOTO OKHUCIIH-
TEJIbHO-BOCCTAHOBUTEIHHOTO MOTEHIIMAIa OTHOCAT MEAb, CEpeOpo.

3.4. Metoa ruapoTEpMaIIbHOTO CHHTE3a MPUMEHSAIOT HE TOJBKO JJIS Jie-
CTPYKLUHH TOKCUYHBIX BEIIECTB B PEAKTOPAX, HO U MPHU OMPEAEIEHHBIX TEXHO-
JIOTHYECKHUX YCIOBHSIX (BBICOKOE IaBieHHe mopsiaka 10° atM. u Temmeparypa B
nuamna3zone 100—400 °C) B BOAHBIX cUCTEMAX MPHU MEPUOIAYECKON TPOMBIBKE.

3.5. MukposMynbCUOHHBINA MeToJl. Cxema 00pa3oBaHUs pa3IUUYHbIX THUIIOB
MUKPOAMYJIbCUH Mpe/ICTaBlIeHa Ha puc. 2.12.

Macao e *
—_— ...

a

Puc. 2.12. ObpazoBaHre MUKPOIMYILCUH:
a —tan B/M; 6 — tun M/B

s monyuenuss HY npumensitor oOpatHble MUKpOIMYysibcuu (tunt B/M),
puc. 2.12, a. CuHTE3 MPOUCXOAUT MPU CMEIIMBAHUHU JABYX MHUKPOIMYJIbCHIA.
[lepBas MUKpPOIMYIIbCHS — 3TO BOAHBIM pacTBOP COJM METalljla, a BTOpas mpe/-
cTaBjsieT coOOM pacTBOp BoccTaHOBUTENS. B pesynbTaTre OpOYHOBCKOTO ABH-
WKEHUSI MEXKTY MUKPOIMYJIbCUSMH MPOUCXOAUT OOMEH KOMITIOHEHTamMu. Bo3Hu-
KaeT XMMUYECKasi peakius, KoTopas MpuBOAUT K oOpaszoBanuto HY. Mukpo-
AMYJIBCUOHHBIM METOJIOM IMOJY4YaroT CIUIaBbl Me WM CHUCTEMbl METAaJIOB C
Ype3BbIYAtHO MayibiM pa3MepoM JoMeHOB. CrjiaB JBYX METaUIOB MOJYyYaroT
CMEIIMBAHUEM COOTBETCTBEHHO MHKPO3IMYJILCHUU C COJIbIO MEPBOTO MeTasia,
coJibto BTOporo Metaiia u [IAB (turt M/B), puc. 2.12, 6. B tabin. 2.1 npuBene-
Hbl TUIBI COCIMHEHUN, U3 KOTOPBIX MOXHO mnosydatb HYU MukposmylibcuoH-

HOM METOJIOM.
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Tabnuya 2.1

Tun coennHenus HaumeHnoBanue
MeTtajuisl ¥ CILIABbI Pt, Rh, Pd, Cu, Co, Ag, Au, Ni
OKcCHIBI ¥ THAPOKCHIBI METAJLIIOB CuO, Zr0O,, Ce0,, TiO,, Ca(OH),
[TomynpoBogHUKH ZnS, PbS, CdS, CdTe, ZnSe, Ce-Th, Ce-Zr
Coiun CaCO0s, Cas(PO,),, CaSO,, BaSO,
MarauTHbIE COEUHEHUS Fe,03, Fe;0,4

Pasmep oOpasyromuxcs HY 3aBucut ot BenuunHbl kodgdunmenta W:

W 00'beM BOJIHOM (pa3bl 51
a 06bem [IAB (21)

Ha puc. 2.13 npencrasiensl MUKpO(GOTOrpaguu MOTy4eHHBIX HAHOYACTHII
MeH, IPU pa3HbIX 3HAYeHHIX Koddduimenta W.

Puc. 2.13. Muxpodororpadhuy HaHOYACTHUI] MEITH:
a-W=3;6-W=4;6-W=10;c-W=15

[To muxpodortorpadusim BugHO, yTOo pazmep HY, momydeHHBIX MUKpO-
AMYJIbCHOHHBIM METOJIOM, ¢ pOCTOM W Tak)Xe BO3pacTaeT, B IaHHOM CITy4ae J10
12 um. It HY Cu nipu pocte W 6osee 10 ocTaeTcsi HEU3MEHHBIM.

®opma HY nosTopsieT popmy HaHopeakTopa (puc. 2.14).

Puc. 2.14. Muxpodotorpadpuu norydeHnbx HaHodactul CdS:
a — B chepruecKrx MUIeUIax; O — B HechepruuecKnx Muleuiax (yaimHeHHas Gopma)
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3.6. KpruoxuMH4YeCKH METOJ IMPUMEHSIOT IS IOJYYEHHS] TOMOTIEHHBIX
HAHOIIOPOIIKOB METAJUIMYECKUX OKCHUIOB CIIOKHOTO COCTaBa B ONPEACICHHBIX
COOTHOLICHUAX. B €ro OCHOBE JEKUT PE3KOE IOHMKEHHE TEMIIEPATYpPBI pac-
TBOPOB COJIEH, @ TAK)KE CyLIKa PE3KUM IMOHMKEHUEM JaBiIeHUS (MOJIEKYIISIpHAS

CYILIKa) U MOCJeAYIoIlee TePMUUYECKOoe pasiioxkeHue (puc. 2.15).

Bona

KoMmmoHeHTBI — 1 | l

1

gy |

MHoOr oOKOMITOHEHTHBIH
pacTBop
V

|

MonexynsapHas cyIka
¢ GBICTPBIM C)KaTHEM

Croxmble OKCHJHbIC -'
HaHOITOPOUIKH

Puc. 2.15. Cxema KpUOXUMHUYECKOTO METO/1a

OTOT METOJ UCIOJIB3YETCs ISl OJIYYEHHsI HAHOTIOPOIIKOB UTTPHS U LINP-

KOHHEBO-KOpyHa0BbIX HC.

4. BoccTaHOBHTEIbHBIE MIPOLECCHI

4.1. MeToJ1 BOIOPOIHOTO BOCCTAHOBJIEHUS COCIMHEHUN METAIJIOB MpHUMe-
HSIOT 7T 130aBJIeHHs OT puMecei, Hanpumep, yriepoaa C. Ilpomecc BoccTa-

HOBJICHUS OKCHJIOB METAJUIOB BOJOPOJAOM ONUCATh XUMUYECKON PEaKInei

MexOu+ uH,= xMe + uH,0.
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TemnepaTypbl peakiuu Jyisi pa3HbIX OKCUIOB XJIOPUIOB, HUTPATOB, KapOOHA-
ToB omnuatorcs. [lopsimok pasdpoca TemmnepaTyp HaxoauTcsi B auanazone 300-—
1500 °C. TloMuMO HaHOTIOPOIIKOB >KeJie3a, BOib(pamMa, HUKENs, peHusi, MOJIHO/Ie-
Ha, MEJTM MO>KHO MOJTYYUTh HAHOMOPOIIIKH JIESTUPOBAHHBIX CILIABOB U CTAJICH.

4.2. XuUMHKO-METAJUIypPTrAYE€CKAN METOJ TPOUCXOAUT C MOMOIIBIO CUHTE3a
TUAPOKCUIOB U3 cojiei. Hampumep, mis conm xeneza FeCly6H,O ocaxnenue
n3 rena pacteopom NaOH npoucxoaut npu temneparype nopsanka 450 °C. 3a-
TeM B cpene Bojoposa H, mpoucxoaut BoccTaHOBIeHHE. B pe3ynbTaTe mosy-
4aloTCA HAaHOTIOPOIIKH JKeJle3a, HUKEIId, KoOalbTa, a TAK)Ke MEU C HU3KUM CO-
JNEpKAHUEM TIPUMECEH, C YACTHUIAMHU NMPAKTUYECKHA OAHOro pasmepa. ['mapok-
cup xenesa (puc. 2.16, a) umeer nBe Gpakiuu: KPynHyr 1-4 MKM U MEJIKYIO
150-300 M. BoccTraHOBIEHHBIH HAHOMOPOIIOK JKejie3a MPEICTaBIseT cOOoM
KOHIJIOMepat chepruyeckux yacTuil pasmepom 50-80 uMm (puc. 2.16, 6).

a 0
Puc. 2.16. Mukpodortorpaduu, cielaHHbIC Ha CKAHUPYIOIIEM MUKPOCKOIIE:
@ — TUAPOKCH]T XKeJie3a; 6 — BOCCTAHOBJICHHBIN HAHOIIOPOIIOK KeJie3a

2.4. OCHOBHBIE METO/IbI NOJIYYEHUSI HAHOIIJIEHOK

Metobl MOJy4eHUs HAHOIUIEHOK — 3TO METOJIbl, NPU KOTOPBIX IPHUIIO-
BEPXHOCTHBIE CIOU MOAMGUIUPYIOTCA HAHOIUJICHKAMH WU CTPYKTYPUPYIOTCS
nipu oMo HT ucXoqHbIMU OTAEIBHBIMU 3JIEMEHTAMU UJTA UX CMECSIMU.

1. MeToabl ¢ MCIOJIB30BAHUEM TEXHOJIOTHMA 00Pa0OTKH MOBEPXHOCTH
CaMbIMM TIPOCTBIMH B HAHECEHUM HA MOBEPXHOCTH SIBJISIOTCA IUICHKH
JIburmiopa — bromxkert, win LB-tinenku (puc. 2.17). Ucnons3ys ambuduis-
HOE BEILECTBO, MOXKHO TMOJYYUTh KaK TUApO(POOHYI0, TaKk U TUIAPOPUIBHYIO
mIEHKU. CBOMCTBA IJIEHOK HAIPSAMYIO 3aBUCAT OT YCIJIOBHS HaHeceHus. [Inénku

62



JIburMiopa — biiopKeTT m03BOJIAIOT (OPMUPOBATH YIOPSTOYEHHYIO CTPYKTYPY
Ha TBEPAOM MOBEPXHOCTH U3 HEKPUCTAJUIMYECKOTO MaTepuaia. /[[aHHBIN METO
MO3BOJISIET MOJYYUTh MPAKTUYECKH MOHOCION amMuPUIbHBIX MOJEKYJ Ha
ITOJJIOKKE.

a 9]

Puc. 2.17. Tlpouecc coznanusi LB-n€Hku HA MOII0XKKE:
a — OIyCKaHWE TOJIOKKH B cpeny; 6 — hopmupoBanue LB-munénku
[IPY MMOIBEME MOJJIOKKHU U3 CPEIBI

2. MeToj 30J1b-TreJIb TEXHOJIOTMH
DTOT METOJI TakXKe IMO3BOJISIET BOCIIOIB30BATHCA METOJIOM MOTPYXKEHHUS.

Cxema oOpa3oBaHHMsl TOHKOM IJIEHKH MO 30JIb-T€JIb TEXHOJIOTMHU TOKa3aH Ha
puc. 2.18.

Puc. 2.18. Cxema HaHeCEHUS TOHKOU IIJIEHKHA

110 30JIb-I'CJIb TCXHOJIOTHNH
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OcaxpaeHue rener MHUPOKO HUCHOJIB3YETCS B ONTHKE, HAIPUMED, IJISL MPO-

CBCTJICHMUA.

3. MeToabl AIMIUTAKCHAJIBHOIO pocTa TOHKHMX IIVICHOK

[Ipu ocaxkieHnn Marepuana Ha MOJJIOKKY CYIIECTBYET HECKOJIBKO BapHaH-

TOB TIOJIyYE€HUSI HAHOIUIEHOK. DTO MOCIONHOE OOpa30BaHME JIBYXMEPHOM CILIO-

IIIHOM HAHOIIJIEHKH, HMEIO-

mee Ha3BaHUC «PCKUM

I I e | Ppowxe - Bas-nep-Mepse»
(puc. 2.19, a). OnHoBpe-

30BaHuc C poOCTOM OCTpPOB-

a 0 8

KOB HMMEET HAa3BAHHUE «pe-
xuM Bommepa — BeGepa»
(puc. 2.19, 6). Pexum, mipu

KOTOpOM HAHOIUICHKA CHa-

Puc. 2.19. BapuaHTbI pe:KHMMOB pOCTa HAHOIUIEHOK

yajia pacTeT IMOCJIOWHO, a
ITOTOM TEPEXOAUT B OCTPOBKOBYIO CTPYKTYPY, Ha3bIBA€TCs pekUMOM (CTpaHCKO-
ro — Kpacranosa (puc. 2.19, s).

Kakoi#t u3 BblllIETIEpEYUCICHHBIX PEXUMOB OyaeT (popMHUpPOBATH MOBEPX-
HOCTHYIO CTPYKTYPY, 3aBHUCUT OT MAapaMETPOB PEIIETOK MOJJIONKKH U COCTaBa
HAHOIUICHKH, a TAaK)KE€ OT MOBEPXHOCTHOM SHEPTUH U YPHEPTUU TPAHMIIBI pa3iena
HAaHOIUIEHKK H NOMI0KKH. OIHOPOJIHBIE HANPSHKEHHBIE AIUTAKCUAIBHBIC
IJIEHKH PACTYT MOCIOIHO, AaKe KOI/Ia CYIIECTBYET pacCcOrIacOBaHUE PEUIETOK
MaTepHalia IUIEHKNA U NOAI0KKH. C yBEIMYEHUEM TONIIMHBI TUIEHKH IPOUCXO-
JUT HAKOIJICHUE SHEPIUU B HAMPSIKEHHOM COCTOSIHUU, 3TO HEU30EXKHO BEIET K
00pa3oBaHUIO0 OCTPOBKOB, YTO MOHUKAET PHEPTUIO0 B cucTeMe. J[aHHbIe TpaHC-
dopmalu NpoUCXoasiT MpHU MuUTaKcuu B pexume Crpanckoro — Kpacranosa.
DTO NMPUBOJUT K OOPa30BAaHUI0 HAHOKPUCTAUIMYECKUX SMUTAKCUAIBHBIX OCT-

POBKOB Ha Mojjioxke (puc. 2.20).
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Puc. 2.20. IloBepxHOcTHBIE U3MeHEHUs B pexxrume CtpaHckoro — KpactaHosa:
a — OJHOPOJIHAsI HANPsKEHHAs dMMTaKCUaIbHas IJIEHKA; O — HEOHOPOHAS
HaIpsDKEHHAsSI MU TaKCUANIbHASI TUICHKA; 8 — COPMHUPOBABIIINECS SMTUTAKCH-
QJIbHBIE OCTPOBKU MEXIY OJHOPOIHOU IJICHKOM: 1 — moutoxkKa, 2 — SIHTaK-

cuajbHas MIeHKa, 3 — AMUTaKCUAJIbHBIE OCTPOBKHU

[Iepexon  or  pexuma

®panka - Ban-gep-Mepse k g —A K
pexumy Bommepa — Bebepa f =
g Selore Sy A
3

HaOJII0/1aeTCs, KOT/1a MEKaTOM- o ten

HBIC PACCTOAHHUA B KpUCTAJIIN-

YEeCKOM pemeTke Marepuania .
IJIGHKW OOJIbIIE, YeM B pEIIeT-
K€ nomIoxkku. OcTpoBKOBas

CTPYKTYpa SHEPTETUUYECKU Me-

HCC HAIIPAXKCHA, 4EM CJIOHUCTAsd.

Puc. 2.21. Tlpeanonaraemoe pacnpeeacHue

YMEHbIIICHUE HANpsHKEHUH B N
HaMps’KCHUU B OKPECTHOCTHU SMMUTAKCUAIIBHOT'O

ABYXMEPHOM  CJIO€ BO3MOXHO OCTPOBKa (BEPXHHI PUCYHOK),
TOJBKO B HalpaBJICHUM, IIEp- HUJKE TIPEJICTABIIEH CAM OCTPOBOK
MEHIUKYJISIPHOM MJIOCKOCTH

3TOro cyios. OCTPOBKOBBIE HAIPSKEHUS MUMEKOT BO3MOYKHOCTH YMEHBIIATHCS
KaK B CaAMOM OCTpPOBKE, TaK M PSAOM C HUM. BO3MOXHOE pachpelencHue
HaIPsDKEHUH BOKPYT OCTPOBKA M300pakeHo Ha puc. 2.21.

[ToBepXHOCTh OCTpPOBKa 00Jaa€T MUHMMAJIbHOW DHEPruel HaIpsHKCHH.

Y I'paHUIlbl IIJICHKHU C HOI[J'IO)KKOﬁ OHCPI'HA IIOBLIIICHHA.. OCTpOBOK HMECT MO-
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HOKPHUCTaJUIMYECKYI0 HANpPsHKEHHYI0 O€3IUCIIOKAlIMOHHYIO CTPYKTYpY. I'padux
MOBeJIeHNs OOIlel PHEPTUM CUCTEMBI, 00pa3yeMoil paccoriiaCoBaHHBIMU KpU-
CTAUIMYECKUMH PEIIETKaMH, B 3aBUCMMOCTH OT BPEMEHU HAHECEHUs IUICHKHU

MOKa3aH Ha puc. 2.22.

Energy

Z

Stranski-Krastanow morphology
20+ 30

2
3%
g

£

ow Time

Puc. 2.22. I3MeHeHre BO BpEMEHU MTOJTHOW SHEPTUU AU TAKCUAIBHON
CTPYKTYpBHI, pacTyuieil B pexxume Ctpanckoro — Kpacranosa

4. TepMOBaKYYMHLIﬁ METOA MOJYIYCHUSA TOHKHUX IVICHOK
B ocHOBe MCTO/JJa TCPMOBAKYYMHOI'O HAIIBUJICHWA HAHOIIJICHOK Ha ITOAJIOXK-

Ky (puc. 2.23) AeXUT HarpeB BHYTpU paboyel KaMephbl 5 UCXOJHOTO BEIIECTBA

B ucrapuTene 1 10 Takoi Tem-

®
J <0 neparypsnl, 4TO KoJieOaTenpHas
®— > 1-( Hanonnenxa OHCPIrusA 5TOro BCUICCTBA BO3-

pacTtaeT U CTaHOBUTCS OOJIBIIIE

ST, @ DHEPIUU CBSI3U C COCEIHUMHU
| > [» yactuuaMu. B pesynbrare ya-
CTUIBl TEPEXOJIAT B Ta3000-
@/‘!L ,‘ ’ \@ p

pa3HoC COCTOAHUC M, TCPpAd
Puc. 2.23. CxeMa yCTaHOBKH

TEPMOBAKyyMHOT'O HAIIbUICHUS JHCPTHIO, KOHIACHCHUPYIOTCA Ha

nooxkKy 2. Konaercarus ga-

CTHUII BCIICCTBA HA ITIOBCPXHOCTD IIOJJIOKKHU IIPOUCXOAUT B ABC CTAINU.
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[lepBas cTagusi HAUMHAETCS € aJICOPOIMU MEPBBIX YACTHUI] HA MOJIOKKY JI0
Hayaja o0pa3oBaHUsl CIUIONIHOM TuieHKH. Ha BTOpo# cTaguu mpouCcXoauT pocT
IJIEHKU 70 HEOOXOJUMOW TONIUHEL. [Iporiecc NpoucxoauT B yCIOBUSIX BBICO-
KOro BakyyMa, mopska 107 Ila, co3naBaeMoro BakyyMHBIM HacocoM 4. Mox-
HO TOJOTPEBATh MOJIOKKY HarpeBaresieM 3 JJid OYMCTKU €€ MOBEPXHOCTH U
YIYUYLIEHUS] CTPYKTYPbI PACTylIENd HAHOIUIEHKU. MeXly UCHapuTEIEM U TMOJ-
JIO’)KKOM MMeeTCs 3aClIOHKA 6, KOTOpast MOKET WCKITFOYUTH MOTaaHue HAIbLIs-
€MOTr'0 BEIIECTBA HAa MOJJIOKKY. MeTo/1 MO3BOJISIET MOJy4aTh HAHOIUICHKU Pa3-
JUYHBIX METAJJIOB, MOJYIPOBOJHUKOB U JUAIEKTPUKOB.

HarpeB rcX0qHOTO BEIIECTBa MOXKHO MOJYYUTh Pa3IUYHBIMU CIOCOOAMU:
BO3JICICTBYS Ha WCIAPUTENIb BJEKTPOHHBIM WM Ja3epHbIM JydoM, CBY-
U3JIyYEHHUEM, C TTIOMOIIBI0 PE3UCTUBHBIX MojorpeBareneid. KoHcTpykuun ncna-
putens OyJlyT COOTBETCTBEHHO OTJIMYAThCA. M3roTaBiMBalOT UX U3 TYroIUIaB-

KUX MaTepuaioB, HarpuMep TanTana Ta win Bonbhpama W.

5. MoHHO-1Ia3MeHHbIe METOAbI NMOJIYYeHUSA TOHKHX IJIEHOK
5.1. Metos KaTOAHOTO pachblIeHUsl. Y CTPONUCTBO YCTAaHOBKH KaTOJIHOTO

PaclbUICHUA OJOCTATOYHO IIPOCTOC: JABAa JJICKTPOJda PACIIOJIOKCHBI HAIIPOTHUB

npyr apyra (puc. 2.24).

Katoa ( ohn)
® A uau.a\s @/./

— — @S,
@ sacnows H'\L 4—"/--@ Hanonnewxa
@® nognoxxa
uuopn?x‘;ann | l_:“), J
® /./_ \@) Ason L

Puc. 2.24. Cxema ycTpoicTBa JJisi KATOJTHOTO PACIbUICHUS

Karton 1 ciiyuT B KauecTBE paclbUIAIONIEH MUIIEHU, a HA 3a3€MJICHHBIN
aHOJ 2 yCTaHaBIIMBAETCS MOJIOKKA 4, HAa KOTOpou OyaeT GopMUpOBATHCS TOH-
Kas TUieHka 5. J[na mosydenus Oojiee Ka4yeCTBEHHOM TOHKOM TUICHKH MEXTY
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AJIEKTPOJIAMH YCTAHABJIMBAIOT MEPEKPHIBAIOIIYIO 3aCIIOHKY 3, KOTOPYIO 3ajei-
CTBYIOT B HA4aJIbHOM CTaJIUM IPOLIECCa, KOTAa MOTYT OCAXAAThCsl HEKOHTPOJIU-
pyeMbie ipumMecu. [Iporecc mpoucxoauT B repMeTUYHOM KaMmepe 6 U HauyuHa-
€TCS C OTKAYKU BaKyyMHBIM HAcOCOM / JI0 pa3psipKEHUs MOpsiiKa 107 IMa. 3a-
TeM naBieHue nopaimaroT 10 10 I1a, Hamyckas u3 OajioHa B KaMepy aproH Uin
IPpYyTO¥ MHEPTHBIN Tra3. Pa3HOCTh MOTEHIIMAIOB MEXKY 3JICKTPOJaMHU YCTaHaB-
nuBatoT ot 1 10 10 kB. Bo3HuKaeT Hanpsy>KEHHOCTh AJIEKTPUUYECKOr0 MOJIs TO-
psanka 0,5 kB/cM, 1o ee Bo3AEHCTBHEM B Cpelie aproHa 3aropaercsl ra3oBbIH
pa3psa. Bo3Hukaer miazma, coctosimias U3 3JEKTPOHOB M MOHOB aprosa. llo-
Oy’XJ1aeMbIe€ AIEKTPUUECKHUM TIOJIEM, OHU YCKOPSIOTCS U PACHBUISIIOT MUIIIEHbD.
TonbKO 1151 TOTO UX PHEPTUS NOJKHA MPEBBINIATh SHEPTUIO CBSI3U aTOMOB Ka-
TOJIA.

Db dekTUBHOCTH Tpoliecca pachblICHHUS omnpeaeiseT Kod()PHUIMEHT pac-
neuieHus: Kpac:

_ N(up)
I{pacn - W )

rae N (up) — Beioutsie atombr; N (in) — yaapuBIINE KaTO HOHBIL.

Koopduunent pacnbuienus Kp,, HAOPsAMyrO 3aBUCUT OT SHEPTHU HOHOB
WHEPTHOTO Ta3a, MaTepuajia Karoja, ero TeMneparypsl, yria BeKTopa bomoap-
JUPOBKHU KAaTOJa U U3MEHEHUS JaBJICHUS HHEPTHOTO Tasa.

JlanHbIii MeToZ paBHOMEpEH, O€3bIHEPIIMOHEH, B IMPOILIECCE PACHbLICHUS
MOJJIOKKA HE HArpeBaeTcs, MPHU PACTbUICHUU KAaToJa U3 CIUIaBa, Jaxe TYyro-
IJIABKOTO, COXPAHSIETCS] CTEXUOMETPUYECKUN COCTaB IUIEHKH, HO XapaKTepu3y-
€TC HU3KOW CKOPOCThIO e€e (opMupoBaHUs U ciaaboil aaresueit. Kpome toro,
MOHBI MHEPTHOTO Tra3a CO3/]al0T MPUMECH B TOHKOM TJICHKE.

5.2. Meron TpexdIAEKTPOAHOM CHUCTEMBI paclbUIeHUs pa3paboTaH aiis
YMEHbIIEHN O0OYCIOBJICHHBIX MHEPTHBIM ra3oM IpPUMECEH, a TakKe JJs yBe-
JMYCHUS CKOPOCTH HaHECEHUsl HaHOIUIeHKH (puc. 2.25). UToOBI yaydmuTh Xa-
PAaKTEpUCTUKU IO YUCTOTE, (OPMUPYEMON B MPOLECCE HMOHHO-TUIA3MEHHOIO
pacnblUIeHUs] TOHKON TUIEHKH, HEOOXOJMMO yMEHBIIATh JABJIEHHE MHEPTHOTO
raza. Ho ecniu He OylneT CTOJKHOBEHUM MEXIY SJEKTPOHAMH W aTOMaMu
WHEPTHOTO ra3a, MPOM30UJIET MmoracaHue razoBoro paspsaa. B pesynbrare Ba-
KyyM B Kamepe ysxe Boicokuii (107" ITa). KaTon 3aMeHeH Ha TepMOKATOM, s
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€ro HarpeBa JaBJICHUE
VHEPTHOI'O ra3a B KaMepe Hanonneuxy 1008 @ _hon @
nepxkart 0,05-1 ITa. C Tep- e
| T—— ——
MOKAaroJa METOJIOM Tep- ~a
MODJIEKTPOHHOW 3MHUCCHN P
P ans ng:;':gxx'ﬁ_-’ ”

VCIIYCKAKTCSA  DJIEKTPO- Baryymiuia
HBI, YCKOPSIOIIUECS DIIEK-

Y p i uuo?‘?&:f‘?ran? I_._I _I> ))
TprdeckuM mnosieM. Co- 08 O ‘
371aBasi Pa3HOCTb MOTEH- 1 o
muaioB 100 B mexnay ®
TEPMOKATOJIOM H  aHO- Puc. 2.25. TpexaneKkTponHas CucTeMa paclblICHUS

JIOM, TIOJTY4YarOT Ta30BbIN
paspsii. MulieHb ¢ OTPUIIATENIBHBIM TOTEHIUAIIOM MPUTATUBAET OOJIBIIYIO
4acTh HOHOB, 00PA3yIONIMXCS B Ta30BOM pa3psijie, U YCKOPSET UX, BHIOMBaeMble
YaCTHUIbl BEIIECTBA OCAXKIAIOTCS Ha MOJIOKKY, (OpMHUPYS HAHOIUIEHKY. Me-
TOJ] KATOAHOTO PACHbUICHUS MPUMEHUM JUIsI CO3/IaHUS 3AIUTHBIX U aHTU(DPUK-
[[MOHHBIX HAHOIUICHOK Ha MPEIM3HOHHBIX JETAISIX MAlluH (Hampumep, Oomop
ra3oBbIX MOIIMITHUKOB). B KauecTBe MCXOIHBIX MAaTepUaIOB JJi HaHOIJIEHOK
OPUMEHSIOT TUCYIb(UT MOIUOIEHA, 30JI0TO, CEPEOPO, CBUHELL.
5.3. MeTon MarHeTpoOHHOTO pachbUIeHHS. B cucTeMax MOHHOTO pacIibiie-
HUSI MOHBI MIHEPTHOTO ra3a (YaIie BCEro 3TO aproH), KOTOpble 00pa30BBIBAIOTCS
B IJJa3M€ AHOMAJIbHOTO TIICIOIIETO pa3psiia, BHIOMBAIOT aTOMbl U3 MUIIEHU
(aneprus yactull 10-20 3B). UTOOBI MOBBICUTH CKOPOCTh PACbUICHUS, HEOOXO-
JIAMO YBEJIMYUTh MHTEHCHUBHOCTH HOH-

HOM OoMOapaupoBKM MulleHu. B mar-
HETPOHHBIX CHCTEMaX MOHHOTO PAaCIIbl-
JIEHUS JJIS1 TOTO UCIOJb3YIOT MarHUT-
HOE T0JI€, CUJIOBBIE JIMHUU KOTOPOTO B
OJTHOM IUIOCKOCTU C TOBEPXHOCTBHIO
MUIIIEHU TEPHEHUKYIISIPHBI CUJIOBBIM
JUHUSAM  dliekTpuueckoro mons  E.

MargurHoe 1oJjie JIOKAJIN3YCT JICIIC-
Puc. 2.26. Bun nina3mbel aHOMaJIbHOT'O CTOK TIIa3Mbl AaHOMAJIBHOTO TJICIOIIErO
TJICIOLLETO pa3psiia

g pas3psila HENOCPEACTBEHHO Y MUILICHU
B MAarHCTPOHHOU YCTAHOBKC

(puc. 2.26).
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B nporiecce pacnbiieHUs ojaua pa3HOCTH MOTEHIIMAIOB MEXKTY MUIIICHBIO U
aHOJIOM CO3/Ia€T HEOJHOPOHOE ANEKTPUUYECKOE TM0JI€ U (POPMUPYET aHOMATIBLHBIM

TIeton A paspsa (puc. 2.27).

Cunoswe
NAHUMK
H,0 H,0 Mar{uTHaR
BOA0COXNANAIOMAN
1 T / CHCTOMD
Muwess = =
< Bax HaA
™~ G) KIMEPI
Karoa ,'"
Mnhaanma
Konsueeoi
ano;u “_ ﬂ'ﬁ V: 0.2-1:8
Mnaama /

|_— Hanonnewxa

VHepTHMA — — Eu Hil
St . S
—.l.- ’@ V=02.05x8

Nognoxxa

Puc. 2.27. Cxema MarHeTpoOHHOI'O PACIbUICHUS

BreiOuthie ¢ Karoga MOHAMH HMHEPTHOTO Ta3a d3JIEKTPOHBI 3aXBaThIBAIOTCS
MarHUTHBIM TIOJIEM U COBEPIIAIOT CIIOKHOE JIBIXKEHHUE y TTOBEPXHOCTH Karoja. C
OJIHOM CTOPOHBI UX JIEP>KUT MAarHUTHOE MOJIE, BO3BPAIIAIOIIEE SJIEKTPOHBI HAa Ka-
TOJI, @ C PYroil CTOPOHBI MMOBEPXHOCTh MUIIIEHU OTTAJIKUBAET OJHOMMEHHBIE 3a-
pszibl (37eKTpOoHBI). Bo3HMKaeT 007acTh ¢ BHICOKOW MOHU3AIUEH, YTO MPUBOJIUT K
3HAYUTEILHOMY BO3PAacTaHHIO CKOPOCTU pachbUIeHHs. MeTron MarHeTpOHHOTO
pacrnbUIeHHs TO3BOJISIET MOTy4YaTh HAHOIUIEHKH C XOpOILUEH aJre3ueil, He mepe-
rpeBasi MojyIokKKy (padouas temrieparypa 100-250 °C), obecnieunBaeT CKOPOCTh
ocaxaeHust 10 1-2 Mxm/mMuH, npu pabounx HampsbkeHusx nopsiaka 500 B u He-
GOJBIIIX JABICHUSIX pabodero rasa mopsiaka 5-50-107 Ia.

5.4. MeToa BBICOKOYACTOTHOTO pPaCHbUICHUS TO3BOJISIET MOJy4YaTh HAHO-
IJICHKU TOJBKO AJEKTPOMPOBOISIINX WM MOIYNPOBOAHUKOBBIX MaTEpHAJIOB.
Ecnu MulieHb BBITIOJIHEHA U3 JAUAJIEKTPUUECKOTO Marepuaia, TO Mpu ee OOM-
OapAMPOBKE MOJIOKUTEIBHO 3apSXKEHHBIMU MOHAMU Ha Hel (hopMuUpyeTcs mo-
JIOKUTENBHBIN 3apsil. B pe3ynbTaTe BOZHUKHET AIEKTPUUECKOE MOJE, CKOPOCTh

MOHOB YMEHBIIIACTCA U PACIbUICHUE MUIICHU MpeKpamaercs. ns nerurpanusa-
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MM 3TOTO MpOIIecca MOJaeTCa MepeMEeHHOe HanpsbkeHrue yactoton 10—-15 Ml
MEXJy KaTOJOM-MHUIIEHBIO U aHOJIOM (TE€XHHUYECKUMH PErIaMeHTaMH Ompejie-
neHa yactota 13,56 MI'). B pe3ynbrare nepruondecKkd mpoucxoauT domoap-
JTUPOBKA MUIIIEHU JICKTPOHAMU W CO3JAOIIMICS AJIEKTPUUESCKUM TOJIEM TMOJIO-
YKUTEJIbHBINA 3apsj] Ha MOBEPXHOCTH MUIIIEHU HeWTpanuzyeTcs. [Iporecc BbIOu-
BaHMS YACTHI[ AUAJICKTPUUECKUX MaTepHaloOB (SHEPrus BHIOUTHIX yacTHIl 10—
200 5B) u ux ocaxaeHus Ha MOMJIOKKY MPOJIOHKAETCS, POPMUPYS HAHOTUIEHKY
(aneprus ocaxknaembix yactul] 0,2—20 3B). Ckopoctb ocaxaenus: yactui 0,3—
3,0 am/c. OgHO#l M3 0COOCHHOCTENM HAHHOTO METOJA SIBIICTCI MHUHUMAIBLHOE
PacCTOSIHUE MEXy MUIIIEHBIO U TTOJIOKKON — He OoJiee 70 MM.

5.5. MeTo1 HOHHO-TTy4YE€BOTO PACTBIICHUS JOMOJHSIET KaTOAHOE W MarHe-
TPOHHOE PACMBIICHUS] CaMOCTOSITEIbHBIM HCTOYHUKOM HOHHOIO H3JIy4YEHUs,
CO3JIAIOIIUM MOTOK HOHOB ¢ 3HeprusamMu 5—10 k3B, KoTophie HanmpaBIeHHO OOM-
OapaupyroT MullieHb (puc. 2.28). IIpu koMneHcalu BO3HUKAIOINIETO MOJI0XKH-
TEJIBLHOIO 3apsija Ha MUILIEHH BO3MOXKHO PAacHbUISITh MUILICHU U U3 JTUJICKTPHU-
YeCcKUX MarepuasioB. Bo Bpems mpoiiecca, MPOUCXOASIIEr0 B BAKYYMHOU KaMe-
pe o naBierneM 10~°—107 [a, Ha HOBEPXHOCTH MHILICHH POUCXOINT IIEIIbIi
psan npepanienuit: nuddysus, abcopouus 'm66ca Ha rpaHuIaX pasjelia, HOH-
HOE TepeMelInBaHue, paciblieHre. B pe3ynbTaTre cTeXnoMeTpusi OBEPXHOCTH

HAaHOIUJICHKH HApYyIICHA U XUMHUYECKHI COCTaB HCOJHOPOJCH.

Doxycrposounoe
¢ A yCTPORCTRO
KOMUOMT BAMM
@ noto:{novg‘lpo = \ @ Muu:euu ’?

Hano-nyueson
MCTOMMHMK

Bax Han
P =5xB <« QO mu?p‘;

HacTmym
- KOMASHCHPYIOUMECA
:I ///&‘"‘ ® uaur%mny =

2 L () Hawonnewxa
" /
e T
- A

1 > @ nopnoxxa

HepTHuA
ras (Ar)
—

Puc. 2.28. Cxema HMOHHO-JIy4€BOI'O PaclbLICHUS
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MCTOI[ HOHHO-JIY4YCBOI'O PAaCHbUICHUA HAIICI IIPUMCHCHHUC IJIA IMOJTYYCHUS
MHOTOCJIOMHBIX CIIOUCTBIX CTPYKTYp B o0macTu I/IBI[eJ'II/Iﬁ JAJIs1 HAHOQJICKTPOHHUKH

C TOJNIIMHOU cJioeB nopsaaka 1-10 am.

6. Metoa moJiekyJIsipHO-1y4YeBoil snutakcuu (MJIJ)

Mertoa 3akiouaercs B MOJyYeHUU HAHOIJIEHOK Ha OPUEHTHUPYIOLIUX TO/I-
JoKax. JlaHHBIA METOJI — OJTWH U3 BAPUAHTOB BHICOKOBAKYYMHOTO HAIBIJICHUS
HAHOIUICHOK (JIaBJI€HUE B BAaKYyMHOW KaMepe COCTaBJISIET 10°-10"® ITa). ®op-
MHUPOBAHUE MOHOKPUCTAIUIMYECKON MIICHKH TPOUCXOJIUT 32 CUET MEPEMENICHUS
OCaQXJIaeMbIX aTOMOB, PEAKIIMOHHO B3aUMOJCHCTBYIOIIUX C HArpeTo MOBEpX-
HOCThIO MOHOKPHUCTAJUIMYECKON TOJJIOKKM (TeMmepaTypa mnopsaka 600-
800 °C). ITapameTpsl pemieTku MaTepraja HaHOIUICHKH U MOHOKPHUCTaJINYe-
CKOM MOJJIONKKH UIPAOT ONPEAEISIONIYI0 pOjib B MPOLIECCE POCTa KPUCTAIIIOB
npu GOpMUPOBAHUU HAHOIUIEHKHU. TeMnepaTypa MOAJI0OKKHU U SHEPTUSI OCaXKIa-
€MBbIX aTOMOB TOX€ OKa3bIBAIOT BIIMSIHWE HA JaHHBIN mporecc. CyliecTBYIOT
TPH BUJA YTTUTAKCHUH:

— TeTepOlANUTAKCHS — TIpoliecc (OPMHUPOBAHMS HAHOIUICHKU U3 MaTepuala,
KOTOPBIA OTIIMYAETCA OT COCTaBa MaTepHayia MOJIOKKH, U MEXKIY HUMHU HET
XUMHUYECKOTO B3aUMOJIEHCTBHUS;

— FOMOJIIUTAKCHS — MPOIIECC, KOT/Ia MaTepUaIbl HAHOTUIEHKHU U TOJJI0KKHU
OJIMHAKOBHI,

— XE€MOBIUTAKCHSI — TIPOIIECC, KOT/Ia HAaHOIUJIEHKA, (POPMUPYSICh Ha MOBEPX-
HOCTH, BCTYIIA€T B XUMHUECKYIO PEAKIIUIO C MOJJIOKKOM.

HecMoTpsi Ha MeAJIEHHYIO CKOPOCTh POCTa HAHOIUJIEHOK, JAHHBIA METOA
OPUMEHSETCA JUIsl CO3/IaHUS] YHUKAIBHBIX HAHOCTPYKTYP C OY€Hb BBICOKOM 4H-
CTOTOM, OTHOPOJHOCTBIO M MaJIbIM KOJIMYECTBOM JI€(PEKTOB, KOTOPHIE UCIOJIb-
3YIOTCSI B TOUYHBIX MPpHOOpax U yCTaHOBKAX.

7. DnMTaKCHs U3 ra3000pPa3HOro0 COCTOSIHMS C MCIOJIb30BaHUEM
MeTa/utoopranndeckux coeguHenuu (AI'C MOC)
OnuTakcualibHbIe MIeHKH cocTaBa A3B3 u3 ra3oBOro cCoCcTosHHS MOXKHO
MOJTYYUTh TPEMSI OCHOBHBIMU METOAMU:

— XJIOpHAHBIM MCTOAOM IIPpH IIPUMCHCHHH I'dJIOTCHHBIX COGI[HHGHI/IIZ;
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— XJIOPUJTHO-TUAPUIHBIM METOJOM, UCIOJIb3YSl XJIOPUCTHIM BOJAOPO U ap-
cuH (AsH3);

—MerogoMm OI'C MOC.

[lepBble ABa MeTOJa HE MO3BOJISIIOT (POPMUPOBATH HAHOIUIEHKH, B COCTaB
KoTOpbIX BXoAUT Al, mockonbky AsCl; B3aMMOJEUCTBYET C MOBEPXHOCTHIO
KBapleBoro peakropa. s storo npeanasnadued meroq I1'C MOC. B pesyiib-
Tare 3Ta TEXHOJOTWs, 00jagas psioM MPEUMYIECTB, 3aMEHIIA XJIOPUJIHYIO
['®D B cucreme Ga—AsCl;—H,. Merox OI'C MOC mno3BossieT ycnemHo (op-
MUpOBaTh rerepoctpykrypel GaAs—AlvGa, vAs. [lpu 9I'C MOC moxHO Ha-
rpeBaTh TOJBKO MOJJIOKKY, a He Bech peaktop. K Hemoctatkam meroma DI'C
MOC moxHO oTHecTH TpucyTcTBHE mpumecH (yriepoaa C), momajaarouiei B
HAHOIUICHKY M3 METaJUIoOpraHuydeckux coeauHeHui. Kpome Toro, /st co3na-
HUST TPUOOPOB BHICOKOYACTOTHOM M OMNTO3JIEKTPOHUKH HEOOXOJHUMO, UTOOBI
MOJTy4aeMbl€ CJIOM MMEJIM YETKYIO0 FeTepOorpaHuily (MOoJI0KKa — CIOM — CJoil),
HE MPEBBIIIAIONTYI0 HECKOIBKUX HAHOMETPOB.

[Ipumenenne I1'C MOC ¢ NOHWKEHHBIM JABJICHUEM B XUMHUYECKOM PEAK-
TOpE MO3BOJISIET BECTU Mpolecc (GopMUpoBaHUs OAHOPOAHOW HAHOIUIEHKH 0O0-
jee KOHTPOJUPYEMO, UCTOJIb3Ysl OOJBIINE CKOPOCTH Ta30BOTO MOTOKA, MO3BO-
JISIOIIME PE3KO MEPEKIIIOUUTHCS Ha JPYTYIO Ta30BYyI0 cMech. CxeMa yCTaHOBKHU
st OI'C MOC ¢ noHMmKeHHBIM JIaBICHHEM MpUBeAcHa Ha puc. 2.29.

MM /KM C&I:
' BN warpesiTens

Cocya Anmoapa
CInCH) A
N /
Nafuouun. pe M0N0 D
SOAOPC A = Nognomny
Cocya Ansapa
€ GalCH )
~foef] s
Cocya Snsoaps
C As(CH ), J} \
l \_/ B owd s rpaderosan

T8 ¢ NOw Pt ren
¢ LR A ¥ Pes e

Puc. 2.29. CxeMa yCTaHOBKH JJIs1 STUTAKCUU
U3 Ta3000pa3HOTO COCTOSHUS ApPCEHUI-TAJUTUEBBIX CTPYKTYP
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IIpouecc mpoucxomut nipu temmeparype nopaaka 700 °C ¢ noagyBoM BO-
nopoxaa H,. PocT HaHOTIIIEHOK MOKHO ONUCATh ypaBHEHUEM

(1 - X) [(CHg)gGa] + X((CHg)gAl) + ASH3 = AlXGal_XAS + 3CH4_,

rI€ X — KOHIIEHTpauus amoMuHusi Al, 3aBUCUT OT MaplUajIbHBIX JaBICHUN
TPUMETWITAJUIUS U TPUMETUIIATIOMUHUSA B Ta30BOM COCTOsiHMM. B mporecce
MOJrOTOBKH TOJIJIOKKHU MPOU3BOISTCS €€ OUUCTKA U TpaBiieHue. Jlanee cucrema
IpOJIyBaeTcs BOJOPOJIOM, MOJJI0KKY HarpeBatoT BY uzinydeHueM u uier npo-
IIECC OCAXKJICHUSI HA TMOJIJIOKKY U POCT HAHOILJICHKH.

2.5. OCHOBHBIE METO/IbI I10JIYYEHHUS
HAHOMATEPHWAJIOB U HAHOCUCTEM

O6bemubie HM 0061anaroT 00NbIION MPOYHOCTHIO MPU CTATUYECKOM U
YCTaJIOCTHOM HArpy>K€HUH U MOBBIIIEHHON TBEPJOCTHIO, €CIIM CPABHUBATH UX C
MaTepuagaMu CO CTaHIAPTHON BETUIHMHOM 3EpHA.

1. Jlazepnas rpynma merogoB. Bo3neicTBue J1a3epHOTO H3IYyUCHUS
(totHocTsio sHeprun 10°-10"° Br/cM®) HAa IPHIIOBEPXHOCTHBIE CIOH 00BEM-
HBIX MaTE€pPUAIOB U3 METAJJIOB MPUBOJIUT K (POPMUPOBAHUIO B HUX HAHOCTPYK-
TypHOTO cocTosiHMs. [I0CKOJIbKY BpeMsi BO3ACHCTBUSA OYEHb MAJIO: JJIsl UMITYJIb-
cHbIX Ta3epoB 1072 =107 ¢, 1151 YIIEKHCIOTHBIX Ta3¢POB C HEMPEPBIBHBIM H3-
nyuennem 10°-107 ¢, Harpes npowucxoaut Ha ray6uny He 6omee 100—1000 .
OOBEMHBIN MaTepuall 3a CYET BBICOKOM TEIUIONPOBOJHOCTH HE YCIEBAET
HarpeThesi, 4YTO U 00ECIeYNBAET BOZMOXKHOCTH C(POPMUPOBATH HAHOKPUCTAILITHU-
YECKYIO CTPYKTYDY.

Merton 1azepHOM UMILIAHTAIIMU (JIETUPOBAHUS) OOYCIOBIEH HEOOXOUMO-
CTBIO BHEAPEHHUS B MIOBEPXHOCTh YACTHUII, HATMYUE KOTOPBIX MOKET U3MEHUTH U
KPUCTAJUIMUECKYIO CTPYKTYPY MOJIEKYJ B MPUIOBEPXHOCTHOM CJO€. DTO MO-
KeT OBITh PeATM30BAaHO KaK HAHECCHHEM HAHOTUICHKH TOJIIIMHON B HECKOJIBKO
HAaHOMETPOB, KOTOpasi CO3AaCT OCTPOBKOBBIC TOKPBHITHS HA MOBEPXHOCTH O0B-
E€MHBIX MaTEpPHAJIOB C MOCJIEAYIOIIUM JIa3€PHBIM BO3JIEUCTBUEM, TAK U MOJaYei
HM crpyeii raza B o0nacTh jazepHoro uznydeHus. [Ipu stom cosnmaercs mnpu-

TTOBEPXHOCTHBIM MOAU(PUIIMPOBAHHBIN CI0N CO CBOMCTBAMH, JAJCKHMH OT HC-
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XOJHOTO Marepuaia, cOPMUPOBAHHBIM B HAHOCTPYKTYPHOM WM aMOp(HOM
COCTOSIHUH B 3aTBEP/ICBABIIEM MOAUDUITUPOBAHHOM MPUITOBEPXHOCTHOM CJIOE.

2. MeToabl ¢ MHTEHCUBHOM muiactudyeckoil gegpopmanmeit (UIIA). Otu
METO/IbI MO3BOJISIOT HAHOCTPYKTYPUPOBATh M3JCIHS U3 METAUIOB U CILJIABOB,
u3Menbyasl 3epHa JO0 HAaHOPA3MEPOB, MPOBOJIA JIJIsL 3TOrO J1IePOPMUPOBAHUE C
BBICOKMM TPWJIOKEHHBIM JlaBjicHHuEM (Topsiika Heckosbkux I'Tla) u Temmepa-
typoit B nmanazone —100...+450 °C. OHM TPUMEHSIOTCS B OCHOBHOM IS
CTPYKTYp ¢ OOJbIIEYTIIOBBIMU TpaHullamu 3epeH. [Ipouieccsl aedopmanuu u
pa3pylieHus 0COOEHHO 3aMETHBI B MPUMOBEPXHOCTHOM CJIO€ MaTEPHUAIOB, MO/I-
BEPrarolnuXcsl BO3JACHCTBUIO, UTO U MPUBOAUT K PE3KOMY IOBBIIIEHUIO MEXa-
HUYECKUX CBOMCTB (IIPOYHOCTH, IJIACTUYHOCTH).

3. Meroa kpy4enus moja BbicOKuM aaBjieHueMm (KBJI) moxer ucmomns-
3oBaThes i1 nofydeHus HC 4yucThix MeTanioB, CIjIaBOB, MHTEPMETAILITUIOB.

JIns 3TOrO0 METOJa MCHOJIb3YIOTCA

HakoBaJibHU bpupkMmena: oOpabarbiBae- NP

MBI MaTepuall B (pOpME TOHKOTO JUCKa A

)/
> —| Bpawawwminca
TONIHUHOW 1-2 MM, [uameTrpom 32 MM WiIn . g

NyaHCoH
mrafida Takux Ke pa3MepoB yCTaHaBJIMBa- CraKOBOUHASN
€TCsl MEXAY BpAIAFOIINMCSA ITYaHCOHOM, <~ ®opma

o Tbl MbIN
KOTOpPBIM €IIe W CO3JacT HABJICHUC B 3-6 2??:;?:::: paeme

I'Tla (puc. 2.30). Pazamepnl 3epeH oOpasiia,

ONOpHBbIA INeMeHT
noasepruyroro Bosuaercteuro KBJI, Bapb- cynnopr
N

UPYIOTCSl B JMana3oHe 4yTh OoJbliie 100

HM, KOTOPBIA 3aBHCHUT OT TApaMETPOB | pyc 2 30. Cxema MeToma Kpy4YeHHs
KB/I: Temneparypbl UCXOJIHOTO 0Opasiia u 10l BBICOKUM JIaBJIEHUEM

HarpeBa ero B Ipoiiecce aedopmaluu, 1aB-
JICHUS!, OKa3bIBAEMOTO ITyaHCOHOM Ha 00pasell, 1 CKOPOCTH ero BpaieHus. Kpome
TOT0, CYIIECTBYET MPUHIMNHAIIbHAS 3aBUCUMOCTh OT MaTepuaia oopasiia.

Crenenb aedopmanuu npu KBJ[ onpenensitor no dhopmyne pacuera cBu-
roBo# gedopmManiu

=2 RN
y_ T h’

rae N — KOJU4YecTBO CJieIaHHBIX 000pOTOB OoOMKa; h — TommumHa MaTepuana;
R —paccTosinue oT ocu BpallleHHs!.
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Torma nedopmarius

B mpoMBINIIEHHOCTH 3TOT METOJ| MCHOJIb3YETCA PEAKO H3-3a TPEOOBaHUS

II0 COOCHOCTH, a TAKXKC 0OJBIINX HapaMcCTpOB JaBJICHHA.

4. MeToa paBHOKAHAJLHOIO yriosoro npeccopanus (PKYII) no3posiser

Nopweus

N._60-200 MM

*HU3pnenune

Puc. 2.31. Cxema
PaBHOKAHAJIBLHOTO
YTJIOBOTO MTPECCOBAHMUS

MOJYYUTh BBICOKOIJIOTHBIE HAHOCTPYKTYPHUPO-
BaHHbIE MaTepHalibl C BBICOKOW MOpQosoruye-
CKOM OJTHOPOJHOCTBIO 3epHa. B nmaHHOM MeTojne
UCTIONB3yeTcs aedopmanust CIBUTA TP ITUKIIH-
9YECKOM TIPO/IAaBIMBAHUHU 3arOTOBKH IO KaHAaJaM,
UMEIOIINM OJIMHAKOBOE CEYEHHUE, CACIAaHHBIM M3
0c000 MPOYHOTO Marepuajga U, pPacroJOKEHHBIX
nox yriaoMm ¢ (puc. 2.31) mpyr k apyry (oObIu-
HO 90°). Pa3mep HMCXOJHBIX 3aroTOBOK: JJIMHA
10 200 mm, guamerp go 60 mMm. B pesynbrare

(dopMupyeTcst ycToiunBasi 3epHHUCTas CTPYKTypa

¢ pazmepom 3epel ot 100 g0 300 HMm.

3a OIHH HOUKJI IIPCCCOBAHHUA IIPU HpCHC6pC)K€HI/II/I TPCHHUA T10JIy4dacM JIC-

dbopMaruio

ITpu @ =90° e = 1,16.

e = lctg(p
7 :

HpI/I MHOXKCCTBCHHBIX IHMKJIaX I[C(bOpMaLH/II/I N3CIHs €€ CTCIICHU CKJIaJdbIBa-

IOTCA, 4 CTPYKTYPHBIC U3MCHCHUA HAKAILIIMBAKOTCA. I[JIH IMOJIYYCHUA OIIPCACIICH-

HOU CTPYKTYPbI MOXKHO BpaIllaTh 3arOTOBKY BJI0JIb OCH IPU YCTAaHOBKE €€ B KaHAJL.

Mo>xHO 0003HAYUTh YETHIPE BAPUAHTA TPACKTOPUH 3aTOTOBKHU IO KaHAJIAM:

1) oTCyTCTBHE BpallleHHUS 3arOTOBKH,

2) BpaillieHue 3aroToBKM Ha 90° MPOTUB YaCOBOW CTPEIIKH,

3) BpaieHue 3aroToBkH Ha 90° 1Mo 4acoBoOi CTpeIKe,

4) Bpamenue 3arotroBku Ha 180° 1o 4acoBoii cTperke.
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CorylacHo TIPOBEJCHHBIM  OIBITAM,
caMbiM 3((PEKTUBHBIM ISl MOJYy4YEHUs
MaKCUMaJbHOM  JOJM  BBICOKOYTJIOBBIX
TPaHULl U OJHOPOJHOM HAHOCTPYKTYpHI

aBisieTcss BapuaHT 1. Ilpumep BHemHero

Buna crepxkHs 1o u nocie PKVYII mpen-

Puc. 2.32. BHenHu BUI
crepxHs 10 u nocie PKYII

CTaBJIEH HA puc. 2.32.

Mertox nocTaTo4HO IPOCT, a HEorpa-
HUYEHHOE YMCJIO LIUKJIOB MIO3BOJISIET UCIIOIB30BATh €r0 JJIsl U3SMEHEHUSI CBOWCTB
MaTepUAIIOB.

5. Meroa kpucraiu3anuu U3 amopgHoro cocrossnusi. Hanokpucrai-
JUYECKYI0 CTPYKTYPY MOKHO TMOJYYUTh W3 aMOP(GHOTO paciijiaBa CIIMHHUHTO-
BaHHeM. Tak Moiy4yaroT TOHKHE JIEHThl aMOpP(HBIX METaUIMYECKUX CIUIaBOB,
oXJaxJas Bpalarommecs OapabaHbl C pacIUlaBOM CO CKOPOCTBIO HE MEHee

280 °/c u oTxuras JeHTY ¢ HEOOXOAUMOM JIJIsl KPUCTAJUIU3AINHI TEMIIEpaTypoi
(puc. 2.33).

AMopdHan
NeHTa

Ocb Bpawenus
6apabana

Pacnnas

Puc. 2.33. Cxema noxayyeHus JEHTbI
aMOp(HBIX METAUTUIECKHIX CIJIABOB

OTXUT JEHTHI TMPOU3BOAT TaK, YTOOBI OBLTIO MAKCHMAJIBHOE YHCIIO IICH-
TPOB KPUCTAJUIM3ALMM, a CKOPOCTh POCTa KPUCTAIOB ObUIa MUHHUMAJILHOU
(M3MEHsIE CKOPOCTh OXJIaXJeHusl). [ pa3HbIX CILUIABOB MOXET MPUCYTCTBO-
BaThb CTaJusl BBIJACICHUS] MEJIKUX KPHUCTAJJIOB MPOMEXYTOUYHBIX METAacTaOWJIb-
HBIX (a3. Tak, Hanmpumep, AJiA CIJIaBa, OCHOBAaHHOTO Ha HUKeJe Ni, ycTaHOBJIe-

HO, YTO TIEPBBIMU 00pa3yroTcs HEOObIIINE KPUCTAIUIBI METACTAOMIIBHOTO Tepe-
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CBIIIIEHHOTO TBEpA0ro pactBopa gocdopa B Hukene Ni(P) u Toapko morom mo-
SIBJISTFOTCST KpUcTauibl pocumoB Hukens. [lo maHHOMY MeTOay HaHOKPHCTA-

mnaeckas HC NigsAlss Obuta mosrydeHa cpa3sy B mporiecce CIIMHHUHTOBAHMSL.

KoHTpoJibHBIE BONIPOCHI

1. IlepeuncnuTe CTAAUMHOCTH TIPH MOJYUYEHHUH TUIEHOK JIsHTMIOpa — bioxa-
KETT.

2. HazoBuTE BaKyyMHBIE METO/bI OJYYEHUSI TOHKUX TIJIEHOK.

3. B ueM 3akiaro4aeTcs METOI PABHOKAHAJIBHOTO YIJIOBOTO MPECCOBAHUA?

4. HanoctpyktypupoBaHue. MeToapl ¢ MHTEHCUBHOW IIJIACTHYECKOU JIe-
dbopmanueit (UI11).

5. B uem 3aximrouaercd meron DI'C MOC?

6. B ueM 0cOOEHHOCTH METO/IOB OCaXACHUS U3 PAaCTBOPOB, OCHOBAaHHBIX HA
XUMHAYECKUX PEAKIIUAX?

7. Ha3zoBuTe IOCTOMHCTBA W HEOOCTAaTKM METOJOB MEXAHHYECKOI'O0 WH3-
MEJIbYEHUS TTOTYUYEHUS] HAHOYACTHIL.

8. Hepe‘-H/ICJ'II/ITe HOHHO-IUIa3MCHHBIC MCTObI ITOJYUCHHA TOHKHX IIJICHOK.
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3. METO/bI UCCJIEAOBAHUA U JTUATHOCTHUKH
HAHOMATEPHAJIOB U HAHOCUCTEM

Metoasl aunarHoctuku u aHanuza HC — KoMmruieke (pu3MKO-TEXHUUECKUX
METOZI0B U 000PY/IOBAaHMS, MO3BOJIAIONINX IKCIEPUMEHTAIBHBIM 00pa30M IO-
JYYUTh CBEJICHUS O KPUCTAUIMYECKOM CTPOCHHH, XUMUYECKOM COCTaBE, MEXa-
HUYECKUX, DJIEKTPUUECKUX, ONTUYECKUX U MATHUTHBIX CBOMCTBaX HAHOCTPYK-
TYPUPOBAHHBIX MaTEPUAIIOB.

[Ipubopubie uccinenoBanust cpoiictB HC mpeamonaratoT MCONIb30BaHUE
CJIEAYIOIIUX METOJIOB: aTOMHO-CUJIOBOM MUKpockonuu (ACM), MarHuTOCHIIO-
BOM 30H710BOM Mukpockonuu (MC3M), ckanupyromiein TYyHHEIbHONH MUKPOCKO-
nuu (CTM), OnmxHenojbHOM onTudeckor mukpockonuu (BOM), mpocBeun-
Baroliei 3aekTpoHHoN Mukpockonuu (II3M), peHTreHOCTPYKTYpPHOTO aHaIn3a
(PCA), onTuyecKod AJUIMIICOMETPUU, IICKTPOHHOM (OKe-CIEeKTPOCKOMUU
(30C), BTOpruHOM NOHHOK Macc-ciekTpomeTpun (BUMC).

K meromaM aHann3a MOXHO OTHECTH: aHAIUTHUYECKHUE, (CTATUCTUYECKHI
aHaJIU3 DSKCIIEPUMEHTAJIBHBIX, CIrPYIIUPOBAHHBIX JAHHBIX), MPOrPaAMMHOE
CPaBHEHHE U BBISBICHUE W3MEHEHUU YHOPSIAOUYECHHBIX WJIM HECTAOMIbHBIX
HAaHOCTPYKTYP, BEUBIIET aHAIN3 U JJIsl HEPABHOBECHBIX CIIOXKHBIX (MaTeMaTuye-
CKU) COCTOSIHMH (hpakTaJbHYIO0 Pa3MEPHOCTb.

BellienepeunciieHHble METOABI UCIONB3YIOT Pa3IMYHbIE UCTOYHHUKU BO3-
JNEUCTBUSL HA PETHCTPUPYIONIUE CUCTEMBbI B MPOIECCE B3aUMOJECUCTBUS. ITO
MOXET OBbITh MYyYOK TYHHEJIHPOBABIIUX 3JIEKTpoHOB (CTM), TBEpAOTENbHBIM
30H1 (ACM, 3CM, MCM), snektponHsiii mydok (COM, IIOM), nmydok peHTre-
HOBCKUX KBaHTOB (OPP, PMA). OTkiuK cHCTEMBbl Ha BHEIIHEE B3aWMOJICH-
cTBHUE (PUKCUPYETCS C TOMOIIBIO IETEKTOPOB PA3IMYHBIX TUIIOB, 3aT€EM 00pada-
THIBAETCS YNPABJISIONINM KOMITBIOTEPOM Ha OCHOBE CIIEHHAIBHBIX MPOrpaMM U
BBIJIAETCS MCCIIEIOBATENIO B BUAE KOJMYECTBEHHBIX JTAHHBIX O XapaKTEPHUCTH-
kax u cBoiictBax HC.

3.1. METO1 ATOMHO-CUJIOBOH MUKPOCKONUH (ACM)

Ot10 oguH n3 6oabmioro uucia MerogoB HT nmo ncenemosanuntro HC m HM
(puc. 3.1). OH BXOaUT B OOJIBIIIYIO CEMBIO TaK Ha3bIBAEMOW 30HIO0BON MHKPO-
CKOIIMH, UCCIEAYIOIIEeH MOBEPXHOCTHBIE CBOMCTBA OOBEKTOB HA YPOBHE aTOMOB
Y MOJIEKYI.
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OTKNOHEeHHe
OTPaXEHHOro nNyva

E] @ Eauta‘(‘c"ukpymmuﬁ

OTpaxeHHbIA
ny4

Nagawowmi
nyy

HU3rub 1
KaWTunesepa .

27 © ospasia

(@) Kawtmnesep

Puc. 3.1. Ilpuanun paboTs
meroma ACM

QOyHKIMOHAIBHO OH pa3leiieH Ha
JIB€ COCTAaBIIAIONINE — OECKOHTAKTHBIN
METO/I, HUCIOJIb3YIOUIUN BaH-Aep-Baallb-
COBBI€ CHJIBI MPUTSHKEHUSI, © KOHTaKTHO-
MOBEPXHOCTHBIA METOJ, paboTaronmi 3a
CUET OTTAJIKHUBAHUS MEXIYy IepeceKaro-
HIUMUCS ¥ HaKJIaJAbIBAIOUIUMUCS DJIEK-
TPOHHBIMH 000JIOUKAMH aTOMOB TOBEPX-
HOCTM oOpa3ua W 30HAa. PaccrosiHue
MEXAY 30HJI0M (Ha3bIBAEMBIM B JIaHHOM

MCTOIC KaHTI/IHeBepOM) n aTOMapHOfI TOYKON HCCJEIOBAaHUSA COCTaBJISIET IIO-

psAKa HECKOJBKHX HAHOMETpPOB. Permcrparus IOBEpPXHOCTHOTO pelbeda 6

OCYIIECTBIISICTCA TPY MOMOIIHM JaTdynka 3, (GUKCUPYIOMIET0 OTKIOHeHne 1 ma-

3€pHOTO JIyua, [10JIJaBaeMOT0 S Ha 30H] (KaHTHJIEBEP) 4 U OTPaKEHHOTO 2 OT He-

ro. [Ipu »TOM KaHTWUIIEBEp HCIBITHIBAET CHUJIOBOE
BO3/ICHCTBHUE MPU MEPEMEIICHUU B TPEX KOOPJUHA-
TaX OTHOCHUTEIIBHO HUCCIEAYEMON MOBEPXHOCTH 00-
pasua. ACM crnocobHa obecnieunTh noiydenue 3D
M300paKeHUs  MPUBEPXHOCTHBIX  HAHOCTPYKTYP
C BBICOKMM aTOMapHBIM Pa3pelICHUEM B PEKUME pe-
aTBbHOTO BPEMEHU: YEM MEHBIIE PaUnyC KPUBU3HBI
ocTpus 30HAa, TeM BhIlIe paspemienue. Ha puc. 3.2
NpPUBEJECH MpUMEP HU300paKeHUH, MOTYyYEHHBIX
¢ nomomisro ACM.

Puc. 3.2. 3006paxxenne
obpasma [ITDD

3.2. MATHUTOCUJIOBAAI 30HA0BAA MUKPOCKOIUA (MC3M)

Orta Pa3HOBHUIAHOCTDH 30HJ0BOM MUKPOCKOIIMN TCXHHUYCCKHU COBIIAJAAcT

ACM. OTnuuuTenpbHON O0COOEHHOCTHIO JAHHOI'O METOJa ABIAETCS HEOOXOIH-

MOCTb UCCII€/IOBAHUSI MATHUTHBIX CBOMCTB CTPYKTYPhI UCCIIETyEMOT0 OOBEKTA.

Jl71st aTOrO YacTh 30H7a (KaHTUJIEBEpA) WM BECh 30H] U3rOTaBIMBAIOT U3 Mar-

HUTHOT'O WJINX JICTKO HAMAIrHUYNBACMOI'O MAaTCpHajia, IIpU OIMPCACICHHBIX YCJIO-

BUAX Ha 30HA MOXHO HAHCCTU (I)eppOMaFHI/ITHYIO IIJICHKY. HpI/IMeHHCTCH JdaH-

HBIN MCTOJ B OCHOBHOM IIPpHU IIPOU3BOACTBEC 3JICKTPOHUKH.
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3.3. CKAHUPYIOLIAA TYHHEJBbHAA MUKPOCKONUA (CTM)

OavH aTtom
Ha oCcTpMe 30HA/A

Puc. 3.3. Cxema paboter CTM

® :(aumneaep

30HA)

QO
v
¢ 1 @ Ig:enbuuﬁ
~10A 4
® 3‘:1’3 e‘;::‘aq 7:?0"&8;33@ 000000 e <— () O6pazey

JIaHHBINT METOI TpUMe-
HUM HCKJIIOYUTEIBHO K 3JIEK-
TPONIPOBOASIIMM  MaTepua-
JaM: TPOBOAHUKAM M TMOJY-
npoBogHukam (puc. 3.3). Hc-
ITOJIB3YEMBIM JUISI MCCIIEN0BA-
HUA O0pa3lioB 30HI TOXE
ANEKTPONPOBOAHBIN, TOCKOJIb-
Ky OOJIBIIMHCTBO TOJyYae-
MBIX XAapPaKTEPUCTHK SBIISIIOT-

cs1 anexkTpuueckumu. [Ipu mpubamKeHnr 30H1a K TOBEPXHOCTH 3 UCCIIETyEeMO-

ro 00beKTa MEXy HUIMHU BO3HUKAET HanpsukeHue nopsaka 10-15 B.

bnaronapss kBaHTOBOMY 3(@EKTy MPOUCXOIUT BIEKTPUUYECKUN MTPOOOil.

[Ipoxojist yepe3 3anpenieHHy0 30HY, 3JEKTPOHbI C MEHBIIIEH, yeM TpeOyeT mo-

TEHUHUAJbHBINA Oapbep, SHEPIHE MPEeoJ0JeBalOT €ro 0yaroaaps TYHHEIbHOMY

s dekTy (3HEeprus 3TUX IEKTPOHOB okoJio 1 3B). Tak, mexay kantmierepom 1

U ITOBCPXHOCTBHIO 2 BO3HHUKACT TYHHGHBHBIfI TOK 4 B HECKOJIBKO HaHOAMIICP.

Bo3Hukaronyo npu 3ToM Cuily TOKa (PUKCUPYIOT COOTBETCTBYIOIIUM IO pa3-

MEpPHOCTH NAaTYMKOM TOKa. B 3aBUCHMOCTH OT KpH-
CTANTMYECKON CTPYKTYphI U MaTepuaia oopasiia Be-
JM4MHA Toka OyneT paszHutbes. Kpome toro, maxe
HE3HAUUTEIbHOEC W3MEHCHUE PACCTOSHUS MEKIY
KaHTUJIEBEPOM M IIOBEPXHOCTHIO Ha 1-2 A npusener
K U3MEHEHMIO CUJIbI TOKA Ha nopsaok. I[lo nmonyden-
HbIM BOJIbT-aMIIEPHBIM XapaKTEPUCTUKAM MOKHO

penbed nmopepxHocTH (puc. 3.4).

Puc. 3.4. 306paxxenne
IPOrpaMMHBIM 00€CIIEYeHHEM CMOAEIUpoBaTh 3D o6pasua [ITDD

3.4. B/IM>KHENO/IbHASA ONITUYECKAS MUKPOCKONUSA (BOM)

Hpnmez[maﬂ OJHAXAbI UICA PA3SMCCTHTD 06pa3eu ImoJ CBETOBBIM ITYYKOM C

O4YCHb MAJICHBKHM OTBCPCTHCM M HAa OYCHb MAJIOC PACCTOAHUC IIPUBCIIA K I10sB-

JICHUIO OJMKHEMOJIBLHOM ONTHUYECKOM MUKpOCKomuu. B nporiecce ee hopmupo-
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BaHMs OblIa permeHa mpooiieMa IU(PPaAKIIMOHHOTO TpeAesia MPU IMOTyYEeHUU
n300pakeHus (TIPU TOMOIIM YMEHBIIICHHS PACCTOSHUS OT Kpasi UTJIbl CBETOBOTO
30HAa 0 MOBEPXHOCTHOCTH Pa3MEPOM HAMHOTO MEHBILIE JJIMHBI BOJIHBI MPHU-
MEHSIEMOTO CBETA).

OObekTaMu WCCIAEAOBaHUS OJIMKHEIIOIBHON ONTUYECKOW MHUKPOCKOITHH
SBJISIOTCS pebed MOBEPXHOCTH, KOA(PPHUIIMEHTH OTPAKCHHS, MOTJIONIEHUS U
MPONyCKaHUs (ONTHYECKUE CBOMCTBA MCCIEAyeMOTo o0Opasiia), a TakKe HEKO-
TOPBIE CIEKTPAJIbHBIE XaPAKTEPUCTUKHU.

HccnenoBanue 00BEKTOB COTJIACHO pHUC. 3.5 MPOUCXOAUT CIAEAYIOIINM 00-
pPa3oM: B CBETOBOM 30H/Ie 1, 3aKperIieCHHOM Ha IITaTUBe, POKyCcUpyeTcs Jiazep-
HOE U3JIy4eHue 4.

CseToBOM
NOTOK l

CseToBOM
30HA

MeTannuyeckue Z - pacCTOAHMWE OT KOHYMKa
3KpaHbl OCTpUA A0 NOBEPXHOCTHOIO
cnosa
® MoBepxHOCTb
obbekTa

baukHenonbHaa
30Ha

Puc. 3.5. CxematnuHoe nzo0paxeHue
OJIMKHETIOJILHOTO ONTUYECKOTO MUKPOCKOTIA

CBETOBOI TMOTOK PacHpoOCTPaHSAETCA

.

a8 8% 18 A% 38 BN AB

Puc. 3.6. I300pakeHne 0TMHOYHOM
MOJIEKYJIbI TTosTydyeHHoe Ha BOM

70 OCTPOTO KOHYMKA 30HJA U, BBIXOMS U3
OCTpusi, TOMaJaeT Ha HaHOpa3MepHbIC
OOBEKTHI (MOJIEKYJIbI), KOTOpbIE OKa3bIBa-
10TCS B OJMMKHENOJBHOM 30HE HAa TOBEPX-
HOCTH 2 wuccieayeMoro ooOpasua. Bumy

OYCHb MAJIOT'0 PACCTOAHUA MCKIAY 30HIOM
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U TTIOBEPXHOCTHIO 3 Ha 00pa3iie MPOUCXOIUT PACCEUBAHUE JIA3EPHOTO U3ITyUCHHUS.
OnTryeckas cucTemMa MpUHUMAET Ha ceOsi OOMBIIYI0 YacTh PACCEIHHOTO Ha 00-
pasiie JIa3epHOro W3Iy4YeHus U mnepenaer ee Ha (oroxerexrop. [lpuiemmmit
cUrHall ¢ porojeTekTopa nmpeodpazyercs NporpaMMHBIM 00OPY/IOBAaHUEM B OII-

TUYECKOE N300pakeHue MOBEPXHOCTHU UCCIeayeMoro oopasua (puc. 3.6).

3.5. [IPOCBEYMBAIOILIAA 3JIEKTPOHHAA MUKPOCKONUA (IT9M)

Metoa [I9M ciyxuT aig noinydeHus: ”HGOpMaIMA O TEOMETPUUECKUX Xa-
paKTepUCTUKAX, MOP(OJIOTUH, KpUCTAIIIOTpahUUECKON CTPYKTYpPE U JIOKATLHOM
AJIEMEHTHOM cocTaBe 00bekTa. OH MO3BOJSET M3y4YaTh HEMOCPEICTBEHHO TOH-
KHE, OCTPOBKOBBIC TJICHKU, HAHOKPUCTAILIBI, Je(DEKThl B KPUCTAJUIMUECKUX pe-
meTkax ¢ paspemieHueM 10 0,1 HM U KOCBEHHO (METOJOM PEILIUK) — MOBEpX-
HOCTh MACCHUBHBIX OOpa3IOB C pa3pelieHueM Ha ypoBHE 1 HM. DIEKTPOHHBIH
MHKPOCKOIl MpPEeIHA3HAYEH JUISl HCCIECIOBAHUS MUKPOCTPYKTYPBI BEIIECTBA.
Baxknast ero 0cCOOEHHOCTh — BBICOKasl pa3peliaroliasi ClioCOOHOCTb, MOJT KOTOPOM
MOHUMAETCA CIOCOOHOCTh JaBaTh PA3CIbHOE H300pakKe€HUE TOYEK, PACMOIo-
KEHHBIX B HEMOCPEJCTBEHHOW OJM30CTU APYT K Apyry. JlJIMHA BOJHBI 3JIEKTPO-
HOB B [IOM nipu sHeprum 31ektpoHoB 100 k3B pasna 0,0037 um. B HacTosmee
BpEMsI TapaHTUPOBAHHOE paspelnieHue cepuiiHbix [I1OM ¢ yckopstommm Hanpsi-
)keaueM 100-300 k3B paBHo 0,1-0,2 HM. CTOJIb BBICOKOE pa3peIeHHUE MO3BOJIS-
€T HaOJII0/IaTh AaTOMBI TSKEJIBIX METAJUIOB B OTJEIBHBIX MOJIEKynax [29].

CxeMa MUKpPOCKONA M XOJ 3JIEKTPOHHBIX JIyded B HEM IPUBEJCHBI Ha
puc. 3.7.

Karon ncnyckaer 3JIeKTpOHBI, KOTOPBIE YCKOPSIOTCA MOJIEM, CO3/I1aBA€MbIM
MEXJy aHOJAOM M KaToJ0M, A0 OOJBIION 3HEPTUM MOPSIKA COTEH KHIOAJIEK-
TpoHBOJLT. KoHAeHCOpHAs MH3a (OOBIYHO MX JBE) CO3/JAa€T y3KUM My4YOK Ma-
paJuUleNbHBIX JTydel, HalpaBlisieMbIX Ha oOpaseln. Jluamerp mydyka COCTaBIsieT
npuMepHO 50 MKM IpU UCIOJIb30BAHUHM OJHOM KOHJIEHCOPHOW JIMH3BI, OKOJIO
2 MKM IIpY MCHOJIb30BAHUU JABYX JUH3. [Ipy UCIIONB30BaHMU CIIEHHAIBHBIX Ka-

TOJIOB U TOUHOM OCTUPOBKHU JUAMCTP ITyUKa MOXKCT JOCTHUT'aTh 0,1 MKM.
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Puc. 3.7. CxemaTruHO€ N300pakeHue:
@ — MIPOCBEUNBAIOILETO 3JIEKTPOHHOI'O0 MUKPOCKOIIA;

6 — XxoJla Ty4el B MUKPOCKOIIE

3a 00pa3ioM HaxXOJUTCs CUCTeMa OOBEKTUBHBIX JIMH3, KOTOpasi GopMuUpy-
€T MEpPBOE YBEIMUYECHHOE U300pakeHHE IMIIOCKOCTH o0Opaslia, Nepenaroliee ero
CTPYKTYpHBIE U1 MOP(OJIOTHUUECKHE OCOOEHHOCTH. 32 0OBEKTUBOM PACIIOIOKe-
Ha TPOMEXKYTOYHAs JIMH3a, JIOMOJHUTENIbHO YyBEIMYMBAIOIias HU300pakeHue
oOpasia. [TpoekimonHas JMH3a ellle pa3 yBeIuYruBaeT U300pakeHue u oTodpa-
KaeT ero Ha (IIyopeclleHTHOM »KpaHe, (POTOIJIACTUHKE WM COBPEMEHHOM
ycTpoiicTBe oToOpaxkenust unpopmaruu, Hanpumep [13C-matpuiie. Ctenens u
XapaKkTep paccesHUsl AJIEKTPOHOB B PA3JIMYHBIX TOUKAX OOBEKTa 3aBHUCIT OT
TOJIIIUHBI, TJIOTHOCTU, CTPYKTYPBl U XUMHYECKOTO cOcTaBa oObekTa. M300pa-
xKeHue (Hokycupyercsi OObeKTUBHOM JMH30M MyTeM IUIABHOM PEryJIUpPOBKHU TO-
Ka, U3MEHSIoNIEH ee PoKycHOe paccTosiHue. M3MeHsis BEIMYUHY TOKa, IIPOTe-

KalOILETo Yepe3 APYrre JUH3bI, MOKHO PETyIHpoBaTh yBeauuenue [1OM [29].
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3.6. PEHTTEHOCTPYKTYPHbBIN AHAJIM3 (PCA)

PeHTreHOCTpYKTYpHBIN aHaIu3 MO3BOJISIET OMPEACATh KPUCTAIINYECKYIO
CTPYKTYpPY MaTepuUalioB, TUIl KPUCTAJUNIMUECKON PEIIETKHA U €€ OCHOBHBIE Mapa-
METpBI, a TaKXKE pazMepbl KpUcTauuToB. Mccienyempiii 0ObEKT MOXKET Mpe/I-
CTaBJISATh COOOM MHOTOKOMIIOHEHTHBIM MPOAYKT WMJIM COJepXkaTh cpasy He-
cKoJbko (a3 oaHoro BemiecTBa. [Ipu pacmmdpoBke audpakTorpaMM MOKHO
MOJYYUTh MOJTBEPKJICHUE ITOTO MO MOBTOPSIOMIMMCS YHEPrOCIEKTPaM, a TaK-
K€ MPOUEHT KaXJA0M U3 HUX [0 OTHOCUTEIbHOW HHTEHCUBHOCTH MTUKOB.

AToMapHasi KpUCTaJUIMYECKas PEIIETKa, Ha KOTOPYIO MaJdacT PEHTIEHOB-
CKO€ M3JIyY€HHEe, PacCeMBAET €ro, (HAKTUYECKH MPOUCXOAUT OTPaKEHHE OT
MEXKaTOMHBIX IIJIOCKOCTEN B KPUCTAJIIMYECKOM pemieTke. MexxaToMHOEe pacCTo-

sHue d 3aBUCUT OT OPHUEHTAINU
KpHUCTaJUIa W ONMUCHIBAECTCS WH- _l_
nexkcamn Mmwuiepa. Ilycte Ha 2'
MMOBEPXHOCTh KPUCTALTAYECKOTO

o0ObEKTa MajaeT My4YOK Mapal-
JEbHBIX ~ MOHOXPOMATHYECKUX
PEHTTEHOBCKHX JIy4el MO yriioM

¢, I YToJI ¢ OTCHUTBIBACTCA OT Puc. 3.8. CxemaTtuuHOe H300paXkeHue
MJIOCKOCTU 00BekTa (puc. 3.8). PEHTIEHOBCKHX JIyuei

Boigenum B myuke nBa Jiy4a, OT-
paXarolMxcsi OT COCEAHUX ATOMHBIX IUIOCKOCTEH, W HaiieM Pa3HOCTh X0j]a
Mexay HuMu. Kak cinenyer u3 pucyHka, pasHocTb xona A Oyzaer paBHa 2d-sing.
OTH Jiyuu OYJyT CKJIAJbIBATHCS APYT C APYroM ¢ oOpa3oBaHUEM TUPPaKIIMOH-
HBIX MaKCHUMYMOB, €CJIM Pa3HOCTb XOJa MEXIy HHUMH paBHA LEJIOMY YHCIY
JUTVH BOJIH:

2dsing =nA,

rae d — MeXIUIOCKOCTHOE PAacCTOSIHUE; (¢ — YToJ N-TO AUGPaKIIMOHHOTO MaKCH-
MyMa; n — MOPSAJOK AUGPAKIIMOHHOIO MakcuMyma, paBHbiil 1, 2, 3, ..., n; A —
JIJTMHA BOJIHEI.

DTO BhIpakeHHWE HOCUT Ha3zBaHue Ghopmyisl Bynbda — bparra. U3 ¢opmy-
gl Bynbeda — bporra crmemyer, 4To, M3MeEpsisi KCIEPUMEHTAIBLHO YTJIBI (,
MOYKHO OIPEACIUTh MEXIIJIOCKOCTHOE paccTtosinue d [29].
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C noMolupio Ha0Opa MEXKIUIOCKOCTHBIX PACCTOSHUM, ONPENIENCHHBIX IO
nosydyeHHoil audpakrorpamme (puc. 3.9), onpeAensoT TUIl KPUCTALTUYECKON
PELIETKU UCCIEAYyeMOro MaTepHaia.

Vanadium Oxide
400 |

.é

Lin (Cps)

100

e —— o '-i};\" 2 1 _l — . L-‘\_ e £

10 20 30 40 50 60 70 20

Puc. 3.9. Jludpakrorpamma AHOKCHIA BaHA NS

Hudpakrorpamma AUMOKCHAA BaHAJUs IMOJy4YeHAa HA PEHTTEHOBCKOM JU-
dpakromerpe JIPOH-3, peHTT€HOBCKHI CHEKTP COOTBETCTBYET MOHOKJIMHHOMU
¢daze. MHOTOKOMITOHEHTHBIE CMECH MOTYT UMETh B CBOEM COCTaBE HECKOJIBKO
(a3 0JIHOTO M TOTO e MaTepuala.

N cTOYHUKOM PEHTT€HOBCKOTO M3JIYUYEHHUS SIBJISIETCA PEHTIC€HOBCKas TPyO-
Ka, BHyTPH KOTOPOW CO3/IaH BaKyyM M HaxOASATCA JBAa AJIEKTPOJA — aHOJ M Ka-
ToA. Mexnay 3JIeKTpoJamMu NPHUKIIAIbIBAETCS MOCTOSHHOE HANPSHKEHUE B HeE-
CKOJIbKO KWJIOBOJBT. KaToa MCmycKaeT 3JIeKTPOHBI, KOTOPbIE YCKOPSIKOTCS /10
OOJIBIIINX SHEPTUU U OOMOAPAUPYIOT aHOJ, B PE3YIbTATE YETO0 BO3HHUKAIOT JBa
THIA PEHTT€HOBCKOT'0 M3JIyYEHHs — TOPMO3HOE U Xxapakrepuctuiyeckoe. [lepsoe
MMEET HEMPEPBIBHBIM CIEKTP W BBI3BAHO TOPMOKEHUEM 3JIEKTPOHOB IIPHU CO-
yAapeHUH ¢ aHoJOoM. BTopoe mMeeT MUCKPETHBIA CHEKTP W BHI3BAHO BBHIOWBa-
HUEM BJIEKTPOHOB C BHYTPEHHHUX 000JI04eK aToMOB aHojia. Ha ocBoOoiuBIIME-
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Csl BAKAHTHBIE MECTa MEPEXOAAT AIEKTPOHBI C 00Jiee yAaIEHHBIX OT siipa 000-
JIOYEK, YTO U BBI3bIBACT UCIYCKAHHE PEHTICHOBCKUX KBAHTOB. JllMHA BOJIHBI
MOJTy4aeMoro MpH 3TOM PEHTTEHOBCKOTO M3JIYyUYCHHS OMPEACIISIETCS Pa3HOCThIO
SHEPIruil YpOBHEH, MEXAY KOTOPBIMHU Tpou3oiies nepexo. [1ockoibKy y Kax-
JIOTO aToMa CBOS JIEKTPOHHAsI CTPYKTYpPa, TO UCTOJIb3YIOT TPYOKH C aHOJIOM W3
Cu, Cr, Fe, Co. B kauecTBe jeTrekTopa PEHTI€HOBCKOTO H3IYyUYECHHS OOBIYHO
UCIIOJB3YIOT (POTORIEKTPOHHBIN yMHOXKUTEIh. KoJM4ecTBO BapHMaHTOB aTOM-
HBIX TJIOCKOCTEM OTPOMHO, HO pacCMaTpHUBAIOTCS aTOMHBIE IJIOCKOCTH C He-
OOJIBIITUMHM 3HAYCHUSIMU UHAEKCOB Musiepa [29].

Jlanee ompenensercs: caMo MCCIIEAYEMOE BEIIECTBO M0 KapTOUKaM U3 Oa3bl
JAHHBIX JJIsI ONPENCJIEHHOTO0 BHJAa MaTepualioB. B HEKOTOPBIX clydasx Mex-
MJIOCKOCTHBIE pa3MEephbl U BEJIMUUHBI YIJIOB OUYE€Hb OJMU3KU U JJIA MOJATBEPXK/IE-
HUS UCCJIEYEMOT0 BEIIECTBA aHAIU3UPYIOT UHTEHCUBHOCTD MTUKOB.

3.7. ONTUYECKAA 3/IV/IMTICOMETPUA

DITUIICOMETPUYECKHE METOIbI 001a1al0T BEICOKOM YYBCTBUTEIBHOCTBHIO K
HaJMYUIO HAa MOBEPXHOCTH O0BEKTA OUECHb TOHKHUX IUICHOK, a TAKXKE K U3MEHE-
HUI0O MUKPOT€OMETPUHU, CTPYKTYPhl U ONTHUYECKUX CBOMCTB MOBEPXHOCTHU. DJI-
JUTICOMETPUYECKUE METObI MCIIONB3YIOTCS ISl PEIICHUS CIEIYIONINX 3a/1ay:

— KOHTPOJIb (POTONMUTOrpauuECKUX U AIEKTPOXUMHUUECKUX MPOIECCOB;

— UCCIEIOBAHUE EKTPO(YU3NUECKUX CBOMCTB MOIYIIPOBOHUKOB;

— KOHTPOJIb MOBEPXHOCTHBIX CJIOEB OOBEKTOB, MOJBEPTHYTHIX MOHHOMN 00-
paboTKe WK TPABIICHHUIO;

— W3MEPEHHE TOJIMHBI W TOKa3aTelsl MPEIOMIICHHS AUIIEKTPUUYECKUX
MJIEHOK M SIUTAKCHAIBHBIX CJIOEB, C(OOPMHUPOBAHHBIX HA MOBEPXHOCTH 00pa3-
1oB [29].

DIUIICOMETPUUECKUN METOJ| 3aKJII0YAaeTCsl B CIEIYIOIIEM: Ha IMOBEpX-
HOCTh TOJIYIIPOBOJHUKOBOM IUTACTHHBI MAaJlae€T IJIOCKOMOJISIPU30BAHHBIN JTy4
ceera (puc. 3.10, a). BekTop HaNps>KEeHHOCTH 3JEKTPUUECKOTO MOJIS 3JIEKTPO-
MAarHUTHOW BOJIHBI MOXET OBITh MPEACTABIICH B BHJIE CYMMBbI JBYX COCTaBJISIO-

IIKAX: p — COCTaBIAIOIIEH FEp, KOTOpas mapajulesbHa INIOCKOCTH IaJeHUs JIy-
Ya, ¥ S — COCTaBJSIIONIEeH Eg , KOTOpasi MepHeHIUKYISIPHA TUIOCKOCTH T/ ICHHSL.

B 0Tpa)keHHOM OT MOBEPXHOCTH IUIACTHHEI JIyde 00e cocraisionme Ep n Eq
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B OOIlEM CiIydyae MEHSIOT CBOM aMIUIUTY]ly U a3y, MpUYeM CTEIEeHb W3MEHE-
HUSA I KaXJIOW COCTaBIISIONIEH pasznuyHa. B pesynbrare oTpak€HHBIN JTy4
CTAaHOBMTCS DJUIMIITHYCCKU TOJIAPU30BaHHbIM (puc. 3.10, a).

[Ipy HaNMYMKM HA TOBEPXHOCTH IUIACTHUHBI TOHKOW JHMAJICKTPUUYECKON WU
MOJTYNPOBOIHUKOBOW MieHKU (puc. 3.10, 6) B HEl NPOUCXOAUT JOTOJIHUTENb-
HBII CABUT (a3bl MEXKY JTy4OM, OTPAKEHHBIM OT BEpXHEW IpaHUlIbl IJICHKH, U
Jy4OM, OTPAXKEHHBIM OT MOBEPXHOCTH MOJTYIPOBOTHUKA.

[TIOCKOMONAPH30BAHHBIN _ DILHNTHYECKH-TIONAPH30B AaHHBII
Iy4 cBeTa E, IIy4 cBeTa

tryy

Bozgyx: ng>1, k>0

[ImactaHA: =1, k>0

Bozayx: n>1, k >0

IInenka: n;>1, k>0

[TmactuHA: n>1, k>0

o

Puc. 3.10. Cxema 31JIMIICOMETPUYECKOTO METOAA

O1ieHKa U3MEHEHHS COCTOSIHUS TOJISIPU3AIIMU CBETOBOTO JIy4a IPU €ro OT-
PaXEHUH OT HCCIEyEMOro OOBEKTA OCYIIECTBISIETCS C MOMOIIBIO AJUIUIICO-
METPUUYECKUX IMapaMETPOB, HA3BIBAEMbIX MOJspU3alMOHHbIMU yriamu. [lapa-
METPHI MOJIAPU3AIUA OTPAKEHHOTO CBETA OMPEACIISAIOTCS HAavYaJIbHBIMH Xapak-
TEPUCTHUKAMH CBETOBOTO JIyda, a TaKXe ONTUYECCKUMH U DJIESKTPUYCCKUMHU
CBOMCTBAMHU OTPAXKAIOIIETO 00BEKTA U OKPYKAIOLIEH CPEIbI.

OyHKIHOHAIBHAS CXEMA 3JUTMIICOMETpa IpeacTaBieHa Ha puc. 3.11. Kou-
JUMATOP CIIYXKUT JUisi POpMUPOBAHUS MyUyKa MapayieiabHbix aydeil. [lonspuza-
TOP M3 €CTECTBEHHOI'0 CBETA JeNaeT CBET IJIOCKOIOJIprU30BaHHbIM. KoMiieHca-
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TOp NPEACTaBIsACT COOOM YETBEPTHBOJIHOBYIO IUIACTUHY, KOTOpask U3 AJUIUNTH-
YECKH TOJIIPU30BAaHHOIO CBETA JICJIACT €ro MJI0CKOIOISIPHU30BaHHBIM. AHaIu3a-
TOP MPOIMYCKaeT TOJBKO TaKOW CBET, y KOTOPOTO IJIOCKOCTh MOJIIPU3ALINM T1a-
pajuiesbHa MJIOCKOCTH aHAJIM3aTopa.

=

[Tnactuna: n>1, k>0

Puc. 3.11. YCTpOUCTBO 3JUIMIICOMETpA:
1 — ucToYHMK cBeTa; 2 — KOJUIMMATOP; 3 — MOHOXPOMATOD; 4 — MOJISIPU3ATOP;
5 — koMIieHcaTop; 6 — aHanm3aTop; 7 — GOTONPUEMHHK

I/IBMCPCHI/IC MOJIAPU3AIMUOHHBIX YIJTIOB OCYHICCTBJIIACTCA IMOBOPOTOM IIOJIA-
pusaropa, aHaJiu3aropa U KOMIICHCATOpa A0 ITOJIHOTO TrallCHUs CBCTA, ITIOCTY-

naromiero Ha goronprueMHuk [29].

3.8. IJIEKTPOHHAA OKE-CNEKTPOCKONUA (30C)

Merton »nekTpoHHOM OKe-CIEKTPOCKONUM OCHOBAaH Ha aHAJIM3€ dHEPryil
AJIEKTPOHOB ONPEACICHHOTO BHJIa, KOTOpPbIE BO30YXKIAIOTCSA MPU OOJIydEeHUU
MOBEPXHOCTU 00BEKTa C(HOKYCUPOBAHHBIM HJIEKTPOHHBIM WM CBETOBBIM ITy4-
koM. Metoa 0C nmaet BO3MOXKHOCTH ONPEIeUTh GOPMY U TOHKYIO CTPYKTYPY
CIIEKTPOB, HHTEHCUBHOCTh CIIEKTPAIBHBIX JIMHUW U KOJWYECTBCHHBIN AHAJIN3.
XapakTepHOi 0COOEHHOCTBhIO MeToJia OXKe-CIEKTPOCKOMUHU SIBIASETCS TO, YTO
sHeprust Oxe-3JIEeKTPOHOB HE 3aBHUCUT OT PHEPTUM BO30YKIArOIIEro IMy4ka, a
ONPENEIAETCSA TOJIBKO PA3HOCTHIO SHEPTUM JIEKTPOHHBIX YPOBHEU, MEXKAY KO-
TOpPBIMH TIpou3olel nepexo. [lockonbky B Oke-3JI€KTPOHHON YMUCCUUA MOTYT
y4acTBOBATh 3JEKTPOHBI BAJEHTHBIX 000JIOYEK AaTOMOB, MPUHUMAIONIUX yda-

CTHC B 06p2130BaHI/II/I XUMHNYCCKUX CBSI3€I>1, TO (bopMa CIICKTPAJIbHBIX JIMHUMN
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H UX ITOJIOKCHHUC 3aBUCAT OT XUMHUYICCKOI'O OKPYIKCHHUSA aTOMOB BCIIICCTBA. Ecmu

HUMCECTCA CUJIbHAA XHMHUYCCKAA CBA3b MCKIAY ABYMSI HIIN OOJIBIINM YHCIIOM

aTOMOB, TO BHYTPCHHHC 3JICKTPOHHBIC YPOBHU MOT'YT CABUT'ATHCSA HAa HCCKOJIBKO

QJICKTPOHBOJIBT IO CPABHCHUIO C UX BHCpTHGﬁ B U30JIMPOBAHHBIX ATOMAX (T. H.

XUMHUUYeCcKud casur). Hampumep, nmpu HMOHHOW CBSI3U 3JIEKTPOHHBIE YPOBHHU

QJICKTPOOTPHUIATCIIBHBIX 3JICMCHTOB CABUT'AIOTCA B CTOPOHY MCHBIIINX BHCPFHﬁ,

CUHXPOHHbIW

a QJICKTPOIIOJIOKUTCIIb-

HbIX — B CTOPOHY OOJb-

X

. PassepTka
’=’_le [ «J_J
\96pa3eu, ksin(wt)
Moaynauus

ycunutenb

AN(E)

Puc. 3.12. Cxema ycTaHOBKHU

JUISL 3J1EKTPOHHOM OrKe-CIIEeKTPOCKOINU

IIUX DHEPrui. DTO Jaer
BO3MOXHOCTbh W3 aHaIu3a
criekTpoB  Oke-3J1eKTpo-
HOB MOJYy4YUTh UH(OpMa-

U0 0 XUMHYECKOM CBS-

3U B UCCIETYEMOM Bellle-
cTBe [29].
VYcraHoBka miisg aiie-

KTpOHHOU (O%e-CIeKTpo-

CKOIIMHU COCTOHUT U3 IJICK-

TPOHHOM MYIIKH, SHEproaHanuszaropa Oxe-31eKTPOHOB, CUCTEMBI PETUCTPALIU

. -8
Y BaKyYMHOU CHUCTeMBI (CTeneHb Bakyyma nopsiaka 10~ MM pT. ct.), puc. 3.12.

DIEKTPOHHAS ITyIlKa
(hOKYCHPOBKY

QJICKTPOHHOI'O JIyda M €ro CkKa-

o0ecreuynBaceT

HUPOBAHHE TI0 IMOBEPXHOCTH.
[IpocTpancTBeHHOE  paspelie-
HUE MO TOBEPXHOCTH OOBEKTA
OTIpENIETISIETCS pa3MepaMu dJie-
KTPOHHOTO 30H7a U 00JIacTH re-
Hepauuu Oe-3JeKTPOHOB [29].

Ha puc. 3.13 npencrasiiexn
muddepeHINaNIbHBII  CIEKTP

O)KC-E)J'ICKTPOHOB JJIs CTaJIN.

dN(E)/dE

_-g’.—‘___—__""'-\

1

il
u.."""‘{ Fe - {
/ Cr Cr Ni

Fe | Fe
Fe
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Puc. 3.13. {uddepenmanbHbIii CIEKTp

Oxe-3JIeKTPOHOB ISl CTaIu

HanpsaxeHue 3adepiku, B
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3.9. BTOPUYHASA MIOHHAA MACC-CIIEKTPOMETPUA (BUMC)

DTOT METOJ TO3BOJISIET WCCIIENOBATH AJIEMEHTHBIM COCTaB MOBEPXHOCTH
o0pas3moB, «pa30uBas» IMOCIOWHO HAa aTOMHBIE CJIIOW IMPHUITIOBEPXHOCTHYIO 00-
nacTh. OYEeHb YacTO MCIOJIB3YETCS IS PaOOTHI IO ONMPEACIICHUIO COJIePKaHUS
M30TOIHBIX aTOMOB, a TaK)K€ MX PacCpeIOTOUYEHHIO B MPOCTPAHCTBE IPHUIIO-
BEPXHOCTHOTO cJios B riyouny a0 10 uMm (puc. 3.14).

MoTtok

@ MarHuTHbIN
BTOPUYHbIX

\MHLIJeHb® noupos ® pasgenurens

- »

L
£ . ~
_— O; - l i, @MOHHO-BHGKTDOHHbIM
3 = | \2’ananusarop

()ﬂHHBG
doKycupyrouan
. MoTok

NepsuUYHbIX
MOHOB

Puc. 3.14. Cxema macc-crieKTpomMeTpa, GUKCUPYIOIIET0 BTOPUYHbBIE HOHBI

Ha mumens oOpazer; 1 HampapisieTcsl MOTOK MEPBUYHBIX MOHOB 2, 00Ja-
JAIOLIMX SHEpPTHen nopsaaka 25 k3B, KOTopble OCYHIECTBISAIOT yIapHOE BO3/IEH-
CTBHE Ha MOBEPXHOCTh OOpa3lia M BHIOMBAIOT C HUCCIEAYEMON MOBEPXHOCTHU
BTOpUYHbIE HOHBI 3. BropruuHbie HOHBI QoKycupyroTcs TuH30i 4. MarHuTHBIN
pazzienuTeNb O COPTUPYET MPOXOSIINE Yepe3 HEro MOHBI M0 Macce U Mepeiaet
UX B MOHHO-3JIEKTPOHHBIN aHAM3aTop 6 Macc-CIeKTPOMETPA.

BTopuuHbie MOHBI SIBISIOTCA HOCUTEISIMU WH(OpPMAIIMU O MapaMeTpax,
NO3BOJISIFOIIMX JI€NIaTh BBIBOJ O XUMHYECKOM COCTaBE aTOMAapHOIO CJIOsl B pau-
OHE 30H/a. B 3aBUCUMOCTH OT HEOOXOIUMOCTH MOYKHO BaphbUPOBATh UCXOIHBI-
MU TIEPBUYHBIMU MOHAMH, TaK, MPUMEHSS MOJIOKUTEIBHO 3apsSKEHHBIE HOHBI
epusi, BTOPUYHBIMUA OyAYT OTpULIATEIbHBIE HOHBI C OOIBIINM BBIXOJIOM U3 Ma-
Tepuana oopasia. B To ke Bpems MOJ0KUTENbHO 3apsiKEHHbIE HOHBI KHCIOPO-
Jla CO3/Ial0T OOJIBIIIONW BBIXOJ| MOJIOKUTEIIBHO 3apsi’KEHHBIX MOHOB C MOBEPXHO-
cTH oOpa3ua. PesynapTupyromniye 3HaueHusl NpeICTaBIIAIOTCA B BUIE KPUBOM 3a-

BHCHUMOCTH CHJIBI TOKa OT Macchl (puc. 3.15).
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Kondurypanuss nukoB Ha
rpaduke I03BOJISIET OIPEICIUTh
AJIEMEHTHBIA COCTaB MOBEPXHOCT-
HOoro cinosi. IlpocTpaHcTBeHHAs

KOHOCHTpaousg TCX MW HHBIX

J \ 4TOMOB Ha IMOBCPXHOCTHU HCCIIC-

;’ AyeMoro 00BEKTa OILIPCACIIACTCA C

IMOMOIIIBI0O OTHOCHUTEILHOU WH-
Puc. 3.15. 3aBUCUMOCTB CHUJIBI TOKA OT MAcChI

TEHCUBHOCTH  CIIEKTpa. MeTon
BUMC npakTuueH U A0CTaTOYHO mpocT. Kpome Toro, aHaiaus Takux 3JIEMEH-

TOB, KaK BOIOPOI U FCHI/Iﬁ, TAKIKC EMY OOCTYIICH.

3.10. UCCIENOBAHUE MEXAHUYECKHUX CBOMCTB HAHOMATEPHAJIOB

Pa3BuTHEe HAHOTEXHOJOTUM B OOJACTH MOJIUDUIIMPOBAHUS MATEPUATIOB U
UX TOBEPXHOCTEU MPUBEIO K HEOOXOAUMOCTHU MPOBEICHUSI KOHTPOJISI MEXaHU-
YEeCKUX M HAHOTPUOOJOTHYECKHX CBOMCTB moBepxHOocTed. C 3TUM XOpOIIO
CIIPaBJISIOTCA COBPEMEHHbBIE HAaHOTBEpAOMEPHI (puc. 3.16).

HoBoe nokosieHne HAaHOTBEPIOMEPOB — ATO 1IEJIble MUHUIA00paTOPpUH, KO-
TOpBIE MO3BOJISIIOT MPOBOJAUTH MU3MEPEHUS IO CYIIECTBYIOIIMM HOpPMAaTHBaM,
I'OCTam u ISO He Tonpko TBepAbix HC, HO M MATKHX, yOPYTUX, B TOM YHUCIE
UCCJIeIOBaTh OPraHUYeCKUEe W HEOpraHWYECKHe BelecTBa. Takyke OHU T03BO-
JISIIOT MPOBOJIUTH MCCIIEIOBAHUS B KUJKOCTHBIX CpeAax, IMPU BHICOKUX U KPHUO-
TeHHBIX TEMIIepaTypax, AJig 3TOr0 CO3/Iat0TCsI HEOOXOAUMbBIE TPUCTABKHU.

XapakTepUCTUKHU, JTOCTYIHBIE IS U3MEPEHUS] HAHOTBEPIOMEpPAMU: MHK-
POTBEPAOCTh, HAHOTBEPAOCTh, KOHTPOJb Napamerpa Moayia FOHra, TonmmuHa
HAHECEHHOI'0 MOKPBITHUS (M3MepsieMas MO ONPEACICHHBIM METOJUKaM), Cujia
MOBEPXHOCTHOI'O HATSHKEHUS, CKOPOCTh MPOXOKIEHHUS 3ByKa 4epe3 0ObEKT, U3-
MEHEHHE MEXaHWYECKUX CBOMCTB B 3aBUCHUMOCTH OT BEKTOpA MPHIOKEHHOUN
K TOUKE HArpy3Ku, TOnorpagus NoBEpXHOCTH (B TOM YKCII€ YUUTHIBAETCS MEpe-
X0l (pa3HBIX COCTOSIHUI), CTENEHb YNPYroro BOCCTAHOBJIEHUS, YTO HEOOXOIU-

MO JJIs 2JIACTOMEPOB (B pa3HbIX aMOP(PHBIX cocTossHUX) U [ITDD u np.
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Puc. 3.16. Buabl HAaHOTBEPAOMEPOB:
a — NIOS Standard; 6 — CB500; 6 — NHT; 2 — NanoTest-600

[IporpamMmHBIE BO3MOKHOCTH HAaHOTBEPIOMEPOB IO3BOJISIOT:

— CO3/1aBaTh MOBEPXHOCTHBIE KAPTHI [0 XapaKTEPUCTUKAM (MEXaHUYECKUM
CBOICTBaM) C AMHAMHUKOM IO TITyOMHE KaK B IBYMEPHOW CHCTEME KOOpAUHAT —
2D, Tak u TpexMepHoit — 3D;

— MPOU3BOJUTH (PUKCALUIO MEPEMEUIEHUS] TPUMECHBIX AUCIOKalUui B 00-
pasnax ¢ KpUCTALINYECKON CTPYKTYPOU;

— ONPEAENATh AUAMA30H U IPaHULBlI PACTEKaHUs BO3HHUKAIONIUX WM UME-
IOIINX MECTO BHYTPEHHUX HAIIPSKCHUM;

— IIPOBOJAUTH OLCHKY CTCIICHU ITOPUCTOCTH 06pa3ua.
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Takoi BaXHBIN MapaMeTp, Kak aare3us, OnpeaesieHne BeTUINHBI KOTOPOM
peann30BaHO Ha HEKOTOPHIX BHUJIaX HAHOTBEPJIOMEPOB, MOKHO OMPEIETUTh Me-
TOJIOM CKJIEpOMeTpuH (IlapanaHbe MOKPHITHS) C BO3MOKHOCTSAMH MPUMEHEHUS
METO/IOB MOCTOSTHHBIX U MEPEMEHHBIX Harpy3ok. M3mepenue aare3un MOXKHO
TaK>Ke MPOU3BECTH, UCIIOJIb3YsI METO/IbI IPUIIUITAHUS U CKOJIBKCHHUSI.

B03M0OXXHO MOJyYeHHE BOJIbT-aMIIEPHOM XapaKTEPUCTUKU, OIpPEICICHHE
YACIBHOTO 3JIEKTPUIECKOTO COMPOTUBIICHUS U MEPEaHHON SHEPTUU MPU B3au-
MOJCHCTBUN UHIIEHTOPA C MPUIIOBEPXHOCTHBIMH U YIAICHHBIMH CIIOSMHU.

3a c4eT MHOTOKPATHBIX ITUKIIOB BO3JCHCTBUS WHIACHTOPA HA OJHY U TY XK€
00J1acTh MOBEPXHOCTHOTO CJI0sl 00pa3ua (3a1aeTcsi METKaMu MpU TOMOIILHU Tpo-
rpaMMHOT0 oOecredeHus) Ipu HeoOXOAUMOCTH MOI0UpAETCsl Harpy3ka B IIU-
POKOM JHMamna3oHe, UCCIeAyeTcsl HaJeKHOCTh, M3HOCOCTOMKOCTh, M3HAIIIMBae-
MOCThH MaTepHana.

Jlnst 6€3BO3BpaTHO JIePOPMUPYIOLIUXCA 00pa3lloB, TAKUX KaK KepaMuue-
CKHE WM 0CO000 TBepAble OOpUIBI MU KapOWabl METAIOB, 0COO0 MPOYHbBIC
CIUTaBBI, OMIPEACIISIOTCS YIPYTOIUIACTUYECKUE TTapaMeTPHI.

Ha puc. 3.16, 6, uzoopaxen nHanorsepjiomep CB500, ¢ moMoIp0 KOTOpo-
ro HcclieyeTcsi OOJIBIIMHCTBO BBINICTIEPEUUCIECHHBIX XapakTepucTuk. Kpome
TOTO, B €r0 COCTaB BKJIIOYAIOTCS TEIJIOBBIE M KPUOTEHHBIE YCTPOMCTBA, KOTO-
phI€ TIO3BOJISIOT MPOBOJUTH WCCIICIOBAHMS, BO3JCUCTBYS Ha MaTepHAIIbl Kak
OYCHb BBICOKMMH, TaK U OUYCHb HU3KHUMHU TeMIlepaTypaMu, a Takke BHICODHK-
CaIUIO C MTOCTPOYHBIM KaJIpUPOBAHUEM.

[Iporiecc nccneqoBaHus pa3IMUHbIX XapaKTEPUCTUK HA HAHOMHIECHTOPHOM
yCTaHOBKE, KOTOpasi BXOAUT B COCTaB HaHOTBepaomepa (puc. 3.17) npoucxoaur
CJIEIYIOIIUM 00pa3oMm.

1. IIpoGonoaroTroBka oOpasna: mo pazmepam, NUIUQPYIOT, MOTUPYIOT, OUH-
Ial0T B BUOPOBaHHE, MPOTPABIMBAIOT, TPOMBIBAIOT, CYIIIAT.

2. 3akperieHrne oOpasiia Ha CeHaTbHON TUTACTHHE, KOTOPYIO YCTaHABIIH-
BalOT Ha BUOPO3AUIUIICHHBIM CTON (C aKTMBHBIM KOMIIPECCOPOM), MMEIOIIHIA
BO3MOKHOCTh KOPPEKTUPOBATh IUIOCKOIAPAIENbHOCTh 00pasiia K MOBEPXHO-
cTU 1o o0euM ocsiM B nuamnazone +£3°. CToll, KaKk MpaBUIIO, MOTOPU3UPOBAH U
YIPaBJISETCS MPOTPAMMHO, 3a7aBasi KOOPJAWHATHI, WIH JKOUCTUKOM. MexaHu-

yeckoe (py4HOE) yMpaBJieHHE TakKe MPEeTyCMOTPEeHO. TOYHOCTh 3a1aBaeMoro
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nepeMeneHus cocrasisieT 1 MKM. CTO MOXKET MEPEMECTUTH MO TOPU30HTAIN
oOpasell o1 MHASHTOP WX O] TOJIOBKY MUKPOCKOIIA.

3. YcraHoBKa BHJIa UHJIEHTOpa Ha 00pasel] OCyUIECTBISETCS B 3aBHCUMO-
CTH OT MaTepuajna o0pas3la 1 3aJauu UCCIEIOBaHUM.

Pa3sHoBHIHOCTH MHAEHTOPOB:

— TpeXTPaHHbIM UHJIECHTOP bepkoBuYa U3 CHHTETUYECKOIO anMasa C yriioM
rpaneii 70°(puc. 3.17, a);

— YETBIPEXIPAHHBIN UHAEHTOP BUKKepca U3 CHHTETUYECKOTO anmasa C yT-
joM rpaneit 136° (puc. 3.17, 6);

— c(epuueckuil MHAEHTOP U3 CHHTETUYECKOTO ajmas3a C yIJOM Tpa-
Heit 120° (puc. 3.17, 6);

— KOHMYECKMM HHJIEHTOp M3 KapOuaa BoJbPpama ¢ yriom rpaneir 60°
(puc. 3.17, 2);

— WHJICHTOp IapooOpa3HbIii KapOUIOBEIM B onpaBke, AuameTpom 0,4 MM—
5 MM (puc. 3.17, 0).

Puc. 3.17. Pa3HOBUAHOCTHU UHJIEHTOPOB
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3amMeHa MHJEHTOpa MOXKET MPOUCXOJIUTh KaK MEpe] HayajaoM HCCIIe/IoBa-
HUS, TaK U B MPOIIECCE MOCTIe EPBOro U3MEPEHUs, (PUKCALMS €ro IMIPOU3BOIUT-
Cs OJTHUM JIBUKEHHEM BHHTA, KaMOpoBka 3aHuMaeT 30 ¢ mo mporpamme. Cko-
POCTh JIBUKEHUSI WHJICHTOpA 3aMEJIACTCS MPU MPUOIMKEHUN K HCCIIETYEeMOM
MOBEPXHOCTH JIO TOYKH KOHTAKTa C MOBEPXHOCTHIO 00paslia, ¢ MIHOBEHHOMU
duKcalue, 4To OYEHb BaXKHO MPHU HCCIICIOBAHUSAX HAHOJMAIla30HA M MaJIbIX
Harpy3kax. OmycK MHJIEHTOpa OCYIIIECTBISETCS PABHOMEPHO MOCPEACTBOM I10-
CTOSIHHBIX MarHuTOB U cojieHouAa. [ yOuHa WHIEHTUPOBAHUS U Harpy3ka (mo-
CTOSIHHAsI WJIM H3MEHsieMasi), 3aJal0Tcsl UCCIE0BaTelieM C IMOMOIIbIO Mpo-

I'paMMHOT'O o0ecneuennsa. Komiuiekc OOKOBBIX IPYKUH oOecrieunBaeT BCPTHU-

KaJIbHOCTh MOJIbEMA U OIyCKaHUSI MHIEHTOPA,
a crenuanbHbIi EMKOCTHOW NaTYMK €€ KOH-
TpoJupyeT. B 3aBUCHMOCTH OT HcCIenyeMoro
oOpa3lla M TIOCTABJICHHOW 3alayu TiyOnHa
WUHJCHTUPOBAHUS, NPUIAraeMoOe YCUJIUE W
CKOPOCTh BO3JIEUCTBHUS MOTYT CHJIBHO Pa3jiu-
yarbes. s oObEMHOrO 00pasima 3TH napa-

MCTPbI MOT'YT OBITh 3HAYHUTEIIHLHO BBIIIIC, YCEM

JJ151 TIOJIJIOKKHW ¢ TOHKOM TieHko# (puc. 3.18).

Puc. 3.18. Otneuatox ungenropa | B 1mporecce BIaBJIMBaHUS CHUMAKOTCA pPas-

Bukkepca Ha IUIeHKe aMOPOHOTO | yyuypie mpsiMble XapAaKTEPUCTUKH, KOTOPBIE

yraepojaa ToamuHoi 30 Hm

IIOTOM HCIIOJIB3YIOTCA B pacquHoﬁ HacCTH.

4. Buneo- u dorochemka otredarka. CTOIMK MepeMeIiaeTcsl Mo uccie-
JIOBATEJIbCKYIO TOJIOBKY MHUKPOCKOTIA, TaM OTIIEYAaTOK (PUKCUPYETCS, U C HEro
CHHUMAIOTCSI BCE HEOOXOJMMBIE ONTHYECKUE XapaKTepucTUku. Kpome Mukpo-
CKOTla B COCTaB MCCJIEA0BATEILCKON TOJIOBKM BXOJMUT BHICOKaMepa, MO3BOJIS-
I0Iass OCYIIECTBJIATH BHACO- U (DOTOPHUKCALMIO OTIEYaTKa WM OTIEYaTKOB,
€CJIM MCCJe0BaTeIbCKas 3ajlaya COCTOUT B LMKJI€ HAHOMHJACHTUPOBAHUS, WU
u3MepeHus aare3uu. [Ipu uccienoBaHUAX METOJIOM CKJIEPOMETPUU IPOUCXO-
muT GUKCUPOBaHUE 00pa3oBaHUs YEIIyeK BOJb JUHHUH IapanaHbs U BO3HUKA-
IOIUX TPAaHUYHBIX M3MEHEHMM, T0J] BO3JICUCTBHEM BO3HUKAIOIIMX HaIpsDKe-
HHUH, TI0 KOTOPBIM JIENAIOTCS 3aKJIIOUEeHUsI O BeanuuHe aaresuu. Ha puc 3.19

IIpeACTaBieHa Pe3yIbTaTUBHAS YaCTh MOCIIE KOMIIBIOTEPHOW O0OpabOTKHU CKIle-
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POMETpHUH MHACHTOPOM pPa3IMYHBIX MATCPHAIIOB. d — erMHHeBOﬁ [IJJaCTHUHBI,

6 — CTaJbHOU IUIACTUHBI, 8 — HAHOCTPYKTYPUPOBAHOTO CTEPKHS U3 TUTAHA.

Puc. 3.19. OTneyaTku UHAEHTOPA

Ha puc. 3.20 npencraBieHbl CKICPOMETPUYECKHE apaMHbl Ha CTAIbHBIX

IJraCTHHAax.

a o 8

Puc. 3.20. CxiiepomeTpruiecKre HapanuHbl Ha CTAIbHBIX IJIACTUHAX

[IporpaMmHbIE TTPUIOKEHUSI HAHOTBEPAOMEPOB MO3BOJIAIOT MPOU3BOJUTH
MHOTOYHUCJIEHHBIE PACUEThl, CTPOUTH TpadUKu U TAOIUIBI, IO KOTOPHIM B J1allb-
HEWIIIEM JENaroTCsl COOTBETCTBYIOIIUE BBIBOJIBI O CBOMCTBAX M XapaKTEPUCTH-
KaX UCCIIEyEeMbIX 00pa3IioB.

TakuMm 00pa3om, OT/ENIbHBIE BBIIICOMUCAHHBIE METOJIbl UCCIIEIOBAaHUSA U
aHalin3a MOTYT HE 1aTh OJJHO3HAYHOTO 3aKIFOYEHUS O CBOMCTBAX KAK UCXOJIHBIX
MaTepHuasoB, Tak W MOJy4eHHbIX, 1 MoauduimpoBanusix HM u HC. Tonbko

MMPUMCHCHUC HCCKOJIBKHMX MCTOJOB OJHOBPCMCHHO, KOTOPLIC IIPAMO HJIM KOC-
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BEHHO MNOATBEPKIAIH OBl Pe3yJbTaThl APYI APYra, MOKET ObITh OCHOBAHHEM
IUISL TOTO, YTOOBI MOJYYEHHBIE PE3yJbTaThl ObLIM MPU3HAHBI BEPUPULIUPOBAH-

HBIMMU.

KOHTpOJIbHBIe BOIIPOCHI

1. B 4eMm cyuHoOCTh METO/1a HAHOUHIEHTUPOBAHHUA?

2. OxapakTepu3yiTe 3aBUCUMOCTh TTyOUHBI BIaBIIMBAHUS OT HArPY3KH.

3. Kakue BubI 571eKTPOHHON MUKpOCKoniuu Bei 3HaeTe?

4. HazoBuTe OCHOBHBIE MPUHIMIBLI TPOCBEUUBAIOIICH JIEKTPOHHON MUK-
POCKOIINH.

5. HazoBute AeTEKTOPHI, KOTOPHIE MPUMEHSIIOTCS B JIEKTPOHHONH MHUKPO-
CKOIIUHU.

6. HazoBuTe OCHOBHBIE MPUHIMIBI PACTPOBOM IJIECKTPOHHOM MHKPOCKO-
1105078

/. Ha3oBuUTE€ OCHOBHBIE MPUHIMIBL PAOOTHl CKAHUPYIOIMIMX 30HOBBIX
MHKPOCKOIIOB.

8. UeM oT/IMYalOTCSl TPUHIUITBI pa0OThl CKAaHUPYIOIIEH TYHHETbHON MUK-
POCKOIIMH ¥ CKAHUPYIOIIEH aTOMHO-CHIIOBOM MUKPOCKOTIHH?

9. Kakumu MerogamMu MOKHO OINPEACIUTh DJIEMEHTHBIA COCTAaB Ha IO-
BEPXHOCTH MaTEPUAIIOB?

10. HazoBuTe OCHOBHBIE METOABI ATOMHO-CHIIOBON MUKPOCKOTIHH.
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4. OCHOBHBbIE HAITPABJIEHUA IPUMEHEHHUA
HAHOCTPYKTYPUPOBAHHbBIX MATEPHAJIOB, HAHOCUCTEM
U HAHOTEXHOJIOTUH

brnarogapsi ToMy 4TO Hayka HE CTOMT Ha MecTe M (DyHJIaMEHTaJIbHbIEC HC-
CJI€JOBAHUS UYT IMTOBCEMECTHO, K TOMY € CO 3HAUMTEIbHBIM YYaCTHUEM TOCYy-
JAPCTBEHHBIX OIOJKETOB TOCYJApPCTB, Pa3BUTHE HAHOHAYKH W TOCIEIYIOIIEE
nossieHue Bce HOBbIXx HM, HC u HT naeT BO3MOXXHOCTb yJIyUIIUTH OCHOBHBIC
XapaKTEPUCTUKU U CBOMCTBA PAa3IMUYHBIX MATEPUATIOB U U3JEIUHI, a TaKXKe pac-
ITUPUTH TUAMa30H WX IpuMeHeHus (puc. 4.1).

Hanbonee 3HaunTENbHBIE TPAKTUYECKUE PE3YJIbTAThl MOTYT OBITH JTOCTHUT-
HYTHI B CIIEAYIONTUX 00JIaCTsIX:

1. B co3naHnum TBEPAOTENIbHBIX MOBEPXHOCTHBIX M MHOTOCJOWHBIX HAHO-
CTPYKTYpP C 3aJaHHBIM D3JICKTPOHHBIM CIIEKTPOM U HEOOXOJUMBIMHU (DU3UKO-
XMMHUYECKUMH CBOMCTBAMM.

2. B MUKpO3JIEKTpOMEXaHUKE, B OCHOBE KOTOPOU JICKHUT 00bEAUHEHUE T10-
BEPXHOCTHOW MUKPOOOPaOOTKHU, HUCIOJIB3YIONMICHCS B MUKPOIJIEKTPOHHOU TEX-
HOJIOTUH, C 00BEMHOW 00paOOTKOM M MPUMEHEHHEM HOBBIX HAHOMATEPHUAJIOB,
¢uznyeckux 3PpdexrtoB U LIGA-TeXHOIOTUH HAa OCHOBE CHHXPOTPOHHOTO H3-
Jy4eHUsl, OOECIEUUBIINX MPOPHIB B 0O0JACTHU CO3JaHUS MUKPOJIBUTATENECH,
MUKPOPOOOTOB, MHUKPOHACOCOB, CIOCOOHBIX T'€HEPUPOBATH SHEPTUI0, MPOBO-
AT MOHUTOPUHT OKPYXKAKOIIECH CPEIbI.

3. B co3mannm HOBBIX KJIACCOB HAHOMATEPHAIOB M HAHOCTPYKTYP, BKIIIO-
yasi: JOTOHHBIE KPUCTAIIBI, PA3yNOPSI0UYECHHbIE HAHOKPUCTAITUYECKUE CPEIbI,
(YHKIIMOHATbHYI0 KEpAaMHUKY HAa OCHOBE JIMTHUEBBIX COEIUHEHMI IJIsI TBEPJO-
TEJIbHBIX TOIUIMBHBIX 3JEMEHTOB, KBAa3WKPHUCTAIMYECKHUE HAHOMATEPUAIIBI,
KOHCTPYKIIMOHHBIE HAHOCTPYKTYPHBIE TBEPABIE U MPOYHBIE CILIABBI, TOJIUMED-
HbIE KOMIO3UTHI C HAMIOJHUTEISIMA U3 HAHOYACTUI] U HAHOTPYOOK, OMOCOBMeE-
CTUMBbIC HaHOMAaTepHasbl, HAHOPA3MEPHBIC MOPOIIKH C MOBBIIMICHHON TMOBEPX-

HOCTHOM 3Hepr1/1e171, ABYMCPHBIC CCTHCTOJJICKTPUICCKHUC IIJICHKU U AP.
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1. Uudopmanronnas chepa:

— HAHO3JIEeKMPOHUKA,
— NOJYNPOBOOHUKOBbLE YCMPOUCMBA,
— 3anoMuHarowue yCmpoucmaea.

2. MammHocTpoeHue:

— HAHOKpUCMAaniuyecKue CmpyKmypol,
— HAHOKepamuka,
— K8A3UKpUCmaniuieckue HaHoMamepuanbol,
— KOHCMPYKYUOHHbIE MBepoble U NPOUHble CNIABbL,
— NONUMEPHbBIE KOMNO3UMbL.

3. MeaunuHa:

— OUOMONEKYNAPHASL DIEKMPOHUKA,
— MOKCUKONIO2 UL,
— eeHemuka,
— ¢hapmarxonozus.
4. DKonorus:
— HanoguLMpLL;
— HAHOOYUCMUMENU.
5. CenbCcKoO€ X035HCTBO:

— buopasnazaemvle ewjecmesa,
— yoobpeHus.
6. Jlerkas mpOMBILIIJIEHHOCTb:

— HAHONOKPLIMUSL,
— HAHOBOJIOKHA.
7. ABnanimoHHasi U KOCMUYECKas chepsl:

— HaHopasmepHbvle 0amyuKu,
— HAHOCUCMEMHbLE YCMPOUCmaa.
8. ATOMHas U siiepHas SHepreTUKa:

— HaHoMeMOpaHbl,
— monnueHvie bamapeu.
9. BoiopoaHas sHepreTuka:

— Kamanu3amopeol.
10. CouunansHas chepa:

— Hayka;

— obpaszosanue,

— 30pasooxpareHue.
8. BoeHnas TexHuka:

— opyorcue.

Puc. 4.1. OcHoBHBIEC HanpaBJIeHUS MPUMEHEHUS HAHOTEXHOJIOT Uil
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1. B undgopmanuonnoii cepe npumenennie HM, HT u HC naxoxasT B
HAHOZJICKTPOHUKE W KOMIIBIOTEPHBIX TEXHOJOTHAX W TO3BOJISICT IOJy4aTh
HAHOCTPYKTYPHUPOBAHHBIC MPOIECCOPHBIE YCTPOMCTBA CO CHUKEHHBIM 3HEPTO-
noTpeOJIeHUEM, UTO PE3KO MOBBIMAET 3PHEKTUBHOCTH padOThl KOMITBIOTEPHBIX
CUCTEM (BCe€ dalbllieé yXOAs B HAHOMETPOBBIA JMANa30H MO KOJHUYECTBY Ha

TJIOIIAIb ).

[Ipumenenne HT no3Bomuiio

co3daTh 3alOMHUHAIONINE YCTPOU- Electromagnetic nanosensors
crBa 3Y ¢ MHHMMAaJbHOM Maccou

IPU MOLIHOCTH Ha YPOBHE THICSY , g z Yo
TepabaliT M B THICAYU pa3 Ooiee 4

3(b]eKTHBHEE, YeM OBITH CO3IAHBI | |l

panee. Ucnonp3zoBanne HC u3 Ha-

HOCeHCOpoB (puc. 4.2), HaHOAAT-

Puc. 4.2. DneKTpoMarHuTHbIE HAHOCEHCOPBI

YUKOB J1aJl0 BO3MOXKHOCTh COOH-
paTh, IepepadaThIBaTh U MepeaaBaTh OOJIBIIOE KOJTUISCTBO JAHHBIX B YCIOBHIX
MUHUMAJIBHBIX Pa3MEPOB, MACCHl U PHEPronoTpeOIeHus (Hanpumep, B JOCTaB-
K€ U UCTIOJIb30BAHUH UX B KOCMUYECKOM MTPOCTPAHCTBE).

Onextponnbie HC npegnazHaueHsl s ocyliecTBiIeHus: coopa, 00padoT-
KW, XpaHCHUsI W TIEpelaydl JTaHHBIX B BHUJIE KOJOB, TAKK€ OHHU OCYIIECTBIISIFOT
yIpaBISIONIee BO3JICHCTBUE Ha pasiuuHble Tpoiecchl. KBaHnToBbIe 3 heKTh
MIOJIOKEHBI B OCHOBY (D)YHKIIMOHUPOBAHUS HAHOAJICKTPOHHBIX CHCTEM, KOTOPHIE
OTBEYAIOT 3a JIEUCTBUS NepeMeliaeMbix Hocutenel 3apsiiaa B HC. KBanToBbie
uHTephepeHIMOHHBIE 3(DPEKTHI MO3BOJIAIOT CO3/1aBaTh JIEKTPOHHbBIE HAHOIIPH-
OophI, peAcTaBistone codoi nonynpooauukoBbie HC, B KOTOpBIX mepeme-
IICHUE AJIEKTPOHOB MPOUCXOIUT C MIOMOIIBI0 CO3AAaHHON UMH UHTEPPEPECHITUH.
Cosznmanpl HHTEP()EPESHIIMOHHBIE TPAH3UCTOPHI, B KOTOPBIX yIIPaBICHUE WHTEP-
dbepenHImeit TpOUCXOANUT MPHU MOMOIIH «IJIEKTPO1a-3aTBOPAY», OBICTPOICHCTBHE
B HHUX OCYIIECTBIISIETCS Onarogapsi MajibiM pazmepaMm. CKOPOCTb JBMKEHUS
AJIEKTPOHOB B cucTteMe apceHus — ranmuii GaAs cocrasisier nopsaka 130 m/c,
nepeMenieHue HoCUTeNeH 3apsi0B Yepe3 aKTUBHYIO 00J1aCTh MPOTSHKEHHOCThIO
oko0 100 HM cocrtasisier He 6osee 10 c. biarogaps a¢dexty 0aHOIIEKTPOH-

HOT'O TYHHCJIIMPOBAHUS CO3JArOTCs HC, KOTOPBLIC COCTOAT M3 OI[HOI>'I nJIn HEC-
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CKOJIbKMX KBAaHTOBBIX TOYEK, COCUHEHHBIX MEXIY COOOI TYHHEIIbHBIMU MEpe-
XO0JlaMU C BBIBOJAMHU DJIEKTPOJIOB.

2. B mamunoctpoenun HT u HC npumeHsOT Tpy HAHOTIO3UITMOHUPOBA-
HUU 00padaThIBAIOIUX UHCTPYMEHTOB, UTO MO3BOJISIET MOTYYaTh MPAKTUYECKH
HyJIEBbIE€ JOIMYCKH MpU 00pabOTKE M COOTBETCTBEHHO MPHUHIIMIUAILHO IMOBbI-
marh KadecTBo u3nenuil. McnonbzoBanue 3¢d@dexrta MarHUTOCTPUKIIMU COB-
MECTHO C METOJIOM MHTEP(HEPOMETPUUECKOTO KOHTPOJIS MPU HAHOMO3ZUIIUMOHU-
poBanuu B HM paspsiia «HaHOOONT», «HAHOTAMKa» U T. M. MO3BOJISIET CO3/a-
BaTh HC ¢ HaAaHOCTPYKTYpUPOBAHHBIMH MMOBEPXHOCTHBIMU CJIOSIMH M HAHOPA3-
MEpPHBIMU ITOKPBITUSAMU. Paciimpsercss HOMEHKIIATypa OTBETCTBEHHBIX Y3J10B U
arperaToB OOBEKTOB MAIIMHOCTPOCHMSI, U3rOTaBIMBAEMbIX METOAAMU IpEIu-
3MOHHON 00pabOTKHU: CBEPXTOUHbIE MeTaiorpaguueckue GOpMOUKHU AJis Tie-
YaTaHUs TPYJIHO MOJJEIBIBAEMBIX TOCY/IAPCTBEHHBIX IIEHHBIX OyMar, akIu3HbIX
MApOK U T. I. YBEJIUYEHHUE MPOYHOCTHBIX XAPAKTEPHUCTUK CTAJCh W CILIABOB
MOCJEAHUE TOJbl OBUIO JTOCTHXXUMO 3a CUET MOAUGUIIMPOBAHUS U U3MEHEHUS
ux (ha30BOro COCTaBa.

Kornma manHbei MeTon mepecTan 1aBaThb 3HAYMMBIC ITOBBILICHUS XapaKTe-
PUCTHK cTaliel U cIuiaBoB, npuuuio Bpemst HT, koTopeie hopMupyroT y mMare-
PUAJIOB HAHOKPUCTAIUINYECKUE CTPYKTYpPHI. [IpOYHOCTH HAHOKPUCTAILINYECKHUX
MATEPUAJIOB MPHU PACTSHKEHHM CYIIECTBEHHO IPEBBIMIAET MPOYHOCTh KPYITHO-
KPUCTAJUIMYECKUX AHAJIOTOB U IPU 3TOM COXPAHSAETCA JIYUlllee COOTHOLICHUE
MEXAY MPOYHOCTHIO M IUJIACTUYHOCTHIO. HaHOTEXHONIOTUY, MO3BOJISIONIUE T10-
JyYUTh HAHOKPUCTAIUIMYECKUE CTPYKTYPhl B CTAISAX U CIUIABAX, UCIOJIB3YIOT
METO/Ibl MTHTEHCUBHOM TutacTHueckoil HaHnonedopmanuu. Hanocucrema, cripec-
COBAHHAs PABHOKAHAJIBHO YTJIOBBIM METOAOM IIPU TEMIIEPATYpE IOPsAIKa
20 °C, mpuBenenHas k pasmepy 3epeH 80-100 uM, nMeer B msITh pa3 OobIIe
npeJea TeKy4eCTH, COXPAHUB TJIACTUYHOCTh, YeM MPU 00pabOTKE €€ TepMUYe-
ckuM MetojaoM. Hemoporue, npocteie cinadosnerupoBannbie ctanu tuma CT3
C HAHOKPHUCTAJUIMYECKON CTPYKTYPOU MpH OOBIYHBIX TEMIIEPATYPHBIX YCIOBUAX
NOJIy4arOT MIPOYHOCTh B 3 pa3a BbIIIE, YEM CEPUNHO BBIITYCKAEMBbIE, IIPU 3TOM
TAK)KE COXPaHsA XapaKTEPUCTUKHU I10 BSI3KOCTH U IIACTUYHOCTU. Y MEHBIIIECHUE

pa3Mepa 3epHa NPUBOJUT K SIBJICHUIO CBEPXILJIACTUYHOCTH.
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HaHOoTeXHONMOrMK MO3BOJISIOT MOJMYy4aTh HAHOCTPYKTYPHUPOBAHHBIE METAJI-
JUYECKUE MaTepuayibl UM MOJUMEPbl 3aJaHHOW (HOpMBbI M3Jenuil 0e3 JIOIOIHU-
TEeJIbHOM 00pabOTKH, a TaKke MeTANIOKepaMHUECKHE OCOOOTBEpAbIC CILIABHI,
HAHOCTPYKTYPUPOBHHYIO KOHCTPYKIIMOHHYIO KEpaMHUKy Ha OCHOBE KapOWJOB U
HUTPHUIOB TEPMOCTOMKUX W TYTOIIaBKMX MeTaioB (Bosibhpama W, Tutana Ti,
Monnbiena Mo, TanTana Ta, CrijlaBOB M CHCTEM, UMEIOIITMX UX OCHOBY). O01acTh
MPUMEHEHHUS OCTaJaCh MPEXKHEW — 3TO PEXYIIUA, pyOsSIMil UHCTPYMEHT, HUC-
MOJIB3YEMbBIM B METANI000pa0OTKE, HO JIOTOBEYHOCTh M M3HOCOCTOMKOCTh 3HA-
YUTENBHO BO3pOCIA. YIIYUIICHHbIE MPOYHOCTHBIC XAPAKTEPUCTUKHU MPHUBEIU K
pocTy 00BEMOB MPou3BOACTBA, Tak B 2017 r. 66110 TTpou3BeneHo 6osee 40 000 T
HAaHOKPHUCTAJUIMYECKUX TBEPABIX CIUIaBOB. HaHOTEXHOJIOTMU 1at0T BO3MOKHOCTD
CUHTE3UPOBATH MHOTOCJIOMHBIC U3/ICTNS U3 TOHKUX (HAHOPa3MEPHBIX ) TIJICHOK.

Heobxonumbie HC MOXHO MOJy4UTh, HCHOJIB3YS PA3IUYHBIE METO/IbI
OCaXKJICHUS, HAMbUICHUS, PAJIUAIIMOHHOTO BO3/I€MCTBUSA. ToNIMHA TIJICHOK 3a-
BHUCHUT OT HCIOJB3yEMbIX MaTE€pUaIOB, BPEMEHHU M TE€XHOJIOTUYECKUX XapaKTe-
PUCTUK OOBIYHO B JMAIia30He OT HECKOJIBKMX JI0 COTHH HAaHOMETPOB. MHOrO-
cioitHass HC Mo-W, cocrosiias u3 BepXHeEro cjios MojauoeHa Mo 1 HI)KHETo
ciost Bosib(pama W ¢ TosmuHaMu 1o 4—5 HM, 00Ja7aeT TBEPIOCThIO U MPOY-
HOCTBIO BBIIIE HA MOJITOPA MOPSAKA, YEM y COOTBETCTBYIOIIMX CIUIABOB, UTO
MO3BOJISIET €€ UCIOIb30BaTh B TE€X K€ CaMbIX YCTAHOBKAX, Me4ax, TEMI000OMEH-
HUKaX, HO ¢ 0oJjiee JOJITUM CPOKOM 3KCIUTyaTanuu. [loBbIIIEHHBIE XapaKTepH-
CTUKH MPOBOAMMOCTH M MPOYHOCTH NP TOJIHHE 15-20 HM mpuCylInd Takxke
MHorocioHsiIM HC FeAl u FeCu. HaHOKOMIIO3UITMOHHBIE MPOBOIHUKUA HA OC-
HOBe criaBoB Cr—Nb HMMEIOT HPOYHOCTH CTAId TPHU DJIEKTPONPOBOJIHOCTH,
OJIM3KOU K MEJIH.

B HaHOMETpPOBOI pa3sMEPHOCTH MPOUCXOJUT YIYUIICHUE MArHUTOMSITKUX
CBOMCTB HaHOKpHUCTaUIMYEeCKuX cruiaBoB cucteMbl FeCuNbSiB. Onu npuoOpe-
TAlOT MaKCHUMaJIbHYIO BEIMYMHY MArHUTHOW MPOHUIIAEMOCTH U WHIYKIIUU
HachlllleHUd. 11oBbIlIEHNE MAarHUTHBIX CBOMCTB MPOUCXOJIUT B JAMAIa30HE S—
100 HM M3-3a KOTEPEHTHOI'O BpaIllEHUS BEKTOPOB HAMAarHMYEHHOCTH, YTO YBE-
JIMYMBAET KO3PLMUTUBHYIO CUJIY, HO €CJIH €IlI€ YMEHBIIUTh pa3Mep 3€peH Mar-
HUTHBIX HAaHOYACTUI] (MEHbIIIE | HM), TO IPOU30OUJET YMEHBIIIEHUE KOIPIIUTHB-

HOU cuibl. [logoOHble MarHuTHble HM HCHONB3YIOT HpH M3rOTOBJIEHUM 3a-
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IIUTHBIX JKPAHOB, CHOCOOHBIX MPOTUBOCTOATH BO3JICMCTBHUIO BHEIIHUX Mar-
HUTHBIX NOJIEN, KaK NOCTOSIHHBIX, TAK U IEPEMEHHBIX.

[IpumMeHeHe HAHOKEPAMUKH BbI3BAHO TAKUMH €€ XapaKTEPUCTHKAMU, KaK
YCTOMYUBOCTh K OOJIBIIION 3KCIUTYyaTal[MOHHOW TeMIieparype, TBEP0CTh, CTOM-
KOCTh K arpecCHMBHBIM CpeliaM, B TO BpeMs KaK y OOBIYHON KepaMHUKH MPH Tie-
peragax TeMIepaTyp MPOUCXOJIUT 00pa3oBaHUE TPEIINH, a MNIACTUYHOCTh CTa-
HOBUTCSI OYEHb HU3KOW. |11 HAHOKEpaMMKH CBOMCTBEHHO IOBBIIICHHE ILIA-
CTUYHOCTH IPU HU3KUX TEMIIEpATypax, a IPHU MOBBIIICHHBIX TEMIIEPATypax OHa
MOKET CTaTh CYIEPIUIACTUYHOW. /[aHHBIE CBOMCTBA IMO3BOJISIFOT MCHOJIB30BAThH
ee TaM, Te TpedyeTcs 00JIbIIOe KOJIUUECTBO TEIJIOCMEH.

[Ipn nmpon3BOACTBE MHOTUX KOHCTPYKIHOHHBIX MAaTEPUAIOB HCIOIb3YIOT
HT, a B kauecTBE OCHOBBI — HAHOKEPAMUKY AUOKCUIOB U OKCUAOB, HAIIPUMEDP
nuokcuaoB nupkonus ZrO; u BaHagus VO,. HaHokepaMnka Ha OCHOBE JTHOK-
cuga uupkonus ZrO, 3anumaer ocoboe mecto. OHa crnocoOHa 00eceunTh Xu-
MHYECKYK) CTOMKOCTh W3AECIUI0 B JKECTKMX AarpeCCUBHBIX YCIOBHSX, HMEET
CTOMKOCTh K TEIJIOBOMY YJapy, H3HOCOYCTONYMBA, 00IaJaeT BHICOKOW TEpPMO-
CTOMKOCTBIO, YCTOWYMBA K JJIUTEIBHOMY BO3JAEUCTBUIO paauanuu. Vcrosnb3o-
BAHWE HAHOKEPAMHUKH M3 JUOKCHJA LUPKOHHUS HA IUTYHXKEPAaxX HACOCOB B IIAX-
TaX YBEJIMYMBAECT CPOK MX IKCIUTyaTallMU Ha MOPANOK IO CPABHEHHIO C aHAJIO-
TUYHBIMU U3 JISTHPOBAHHOW CTaJIU.

3. B mequuune u 3apaBooxpanenun npumerneane HM, HT u HC mo3Bo-
asieT ObICTpO U 3GHEKTUBHO MPOUZBOAUTH MPEIBAPUTEILHYIO U TE€paIreBTHYE-

CKYI0 IMAarHoCTuKy. HanoTexHonoruu

MO3BOJIMJIM  CO37aTh ~ MEAUIIMHCKUHI
HAHOMHCTPYMEHTAPHUM, CHHTE3UPOBATH
HEOpraHWYeCKHe W OpPTaHWYeCKHe Ha-
HOpa3MEpHBIC BEIECTBA W TPAHCIIOP-
TUPOBATh B KJIETKHU (puc. 4.3) nis aua-
THOCTHKH, BHU3YaJIM3UPys MpPOIEcC, a
TaK)ke B KaUeCTBE aKTHBHBIX HAHOKOM-

IIOHCHTOB IIpU TCpalliHh, YTO BAXXHO

Puc. 4.3. CunresnpoBaHHas KieTka IpY BXXHMBICHUH WMIUIAHTOB W TOYHOM

JIO3UPOBKE JICKAPCTBEHHBIX BEIIECTB.
COOTBETCTBEHHO M3MEHSIETCS M JIOCTYITHOCTh JICUCHHS C MCIIOJIb30BaHUEM

JAUCTAHIIMOHHBIX YCTpOfICTB. Pa3BuTHe HaHOTEXHOJIOTUH IIPUBOJUT K BO3MOIXK-
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HOCTHU W3TOTOBJICHUS] IPUHIUNHAIBHO HOBBIX 3PUTENBHBIX MPUOOPOB U CIIYXO-
BBIX anmnapaToB, pa3pabOTKe OMOCEHCOPHBIX JATYMKOB, MO3BOJISIONIUX OOHA-
pykuBaTh 3a00J€BaHUS HA CaMbIX HayaJbHbBIX CTaJUSIX, KOHTPOJHPOBATH W
IpENOTBpAlIaTh UX PAa3BUTHE. DTO MOKET MOMEHATh CaMy KOHLEIIIMIO OKa3a-
HUS MEAULWHCKON TTOMOIIH.

Onuum u3 Hanpaienuit npuMeHenuss HT n HC B menunuue siBisiercs
OMOMOJIEKYJISIpHAS JIEKTPOHUKA. DTO pa3jiesl MOJICKYISIPHOM JIEKTPOHUKH, 3a-
HUMAIOIIUNUCS CO3IaHUEM HAaHOOOBEKTOB U3 OJIMHOYHBIX OMOMOJIEKYJI, HAMpPH-
Mmep 6enkoB u JIHK mnm 6nomonekynspHbIx cucteM. bruomonekymnsipHas 3Jiek-
TPOHHKA MUMEET MHOro OOIero ¢ OMOMETPUKON — HCCIeqOoBaTENbCKON 00J1a-
CTBIO, UHTEPEChl KOTOPOU HAXOASATCS B 00JaCTH MMUTHUPOBAHUS OOJIBIIMHCTBA
ounonornueckux mpoiieccoB. OTHUM U3 TaKUX OMOMETPUYECKUX OOBEKTOB SIB-
nsiercst JIHK (paccmaTtpuBaemasi kKak OrpOMHOE XpaHIIINIIE HH(OPMALIHH).

4. JKO0JIOTHA M OXPAHA OKPY:KAIOLIEH Cpeabl SIBISIOTCS OCHOBOW KU3HU
Ha 3emie. M3MeHeHue Kinmara, 3arpsi3HEHUE BOJI MUPOBOTO OKEaHa, TasHHE
JIETHUKOB, MIOBCEMECTHOE CO3/IaHUE OTPOMHOI0 YUCJIA CBAJIOK C OTXOJaMHU, KO-
TOpbIE pa3pymiarcs ecrecTBeHHbIM yTeMm B TedeHue 500—-1000 snet, BeAgeT Hac K
skojornyeckor karactpode. Celiuac coznatorcs HT mo mpousBoacTBY HaHO-
aHAJIM3aTOPOB, BXOISIIMX B COCTAB HAHOYCTPOWCTB, KOTOPBIE AUCTAHLIMOHHO
o0ecreunBalOT MOHUTOPHUHT KaueCTBA ra30B U KUJKOCTEH, aHATM3UPYIOT U 00-
pabaThIBalOT PE3yabTAaThl HA MECTHOCTH (HampuMep, IPUMEHEHUE UX JJIsl KOH-
TPOJIsl BHIOPOCOB BBIXJIOMHBIX M OTXOJISIINX Ia30B B KUJIBIX 30HAX U MPOU3BO/I-
ctBe). Mcnonb3oBanue HC, npousBoadmux aacopOIyi0 BOJIOPOJa, CIOCOOHO
00€ecCleunuTh TPAHCIIOPTY IKOJOrHyYecKkuil Buj TormBa. HaHocuctembl Ha 0ase
uHTepMeTauiuioB TiAl sBsAIOTCSA oueHb d(PGHEeKTUBHBIMU ajicopOeHTamMu. Bae-
nenue B fannyo HC HuoOust Nb npuBeneT K yBeJIUUEHHUIO BOJOPOI0NOTIIONIE-
HUS B 5 pa3 3a cueT 00pa3zoBaHusi HaHOpa3MepHbIx Monudukaruii Ti2AIND c
OPTOPOMOMYECKOMN PEIISTKOM.

Co3naHpl U MIPOU3BOAATCA HAHOOYUCTUTENIN BO3JYyXa M BOJBI, HAHOMATE-
puaisl Juisi 0e30macHOM nmepepaboTKU OTXOA0B JKU3HEACSATEILHOCTH YeoBeYe-
ctBa. [Ipumenenne HT nu HC no3BosdT HE TOJBKO OCTAHOBUTH HAJIBUTAIOLIYIO-
Csl AKOJIOTUYECKYIO OMACHOCTh, HO M YJIYUYIIUTh 3KOJIOTUYECKYH0 0OCTaHOBKY Ha

3CMIIC.
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5. B ceabckom xo3siiicTBe ncnosbdoBanue HC nmo3BossieT co3naBarh Ouo-
paznaraeMble BEIIECTBa JJisl YI0OpEHHUs Pa3IMUHbIX BUJIOB PACTEHUN U 3aIIUATHI
HX OT HACEKOMBIX (Kak OOIlero JeMCTBUs, TaK U HAIPABJICHHOI'O HA OMpE/ICIICH-
HBIN BU). bronornyeckoe CHHTE3UpOBaHUE BEIIECTB U OMOJIOTUYECKas repepa-
00TKa CBHIPHEBOTO MaTepraja IO3BOJISIOT W3TOTaBIMBATH MPOIYKTHl XUMHUYE-
CKHX, TIMIIEBBIX U (papMarieBTUUECKUX OTpacieil ¢ NCIOIb30BaHMEM HAaHOTEXHO-
noruidi. Bo3MOXKHOE T€HETUYECKOEe YIYUIlIEHHWE OTJEIbHBIX BUJOB CEIbXO03XKH-
BOTHBIX M BHMJIOB PacTE€HUM, BHEJPEHHE I'€HOB M JIEKQPCTBEHHBIX MaTepHaJiOB
B BETEPUHAPHOMN IPAKTHKE, TEHHbIE TEXHOJOTHUU MO3BOJISIIOT OINPEEsATh, KaKue
T'€HBI 32 YTO OTBEYAIOT B PacTeHUH (K MpHUMEPY, KaK OHO MoABEpkeHO hUTOdTO-
pO3y WUJIK pearupyeTt Ha 3acyxy). CHHTe3upoBaHUE U3 OMOJOTUUECKUX MaTepHra-
JIOB B OMOTEXHOJIOTHYECKHE TTO3BOJIUT COUeTaTh OMOIOTHYecKrue (DYHKITUHU C 3a-
JTAHHBIMU TI0JIE3HBIMU CBOMCTBAMH (PYHKIIMOHATIBHBIX MATEPUATIOB.

ATPOKOMILIEKCHI, UCTIOB3YIOIIME B CBOEM TEXHOJIOTUUYECKOM IUKJIE HAHO-
TEXOJIOTUM MO OYUCTKE BOJIBI U BO3/yXa, MEPEXOAT HA 00Jiee BHITOJIHYIO KO-
HOMUYECKHU 3aKPBITYI0 CUCTEMY, a TaK)K€ HCIOJb3YIOT OTXOJbl )KUBOTHBIX Ha
MOJTy4YEHHE YPHEPTOPECYPCOB (Ta3, TEIIO).

6. B serkoii npomspinuienHoctTu (puc. 4.4) ucnons3ytorcs HT, mo3Bois-
IOIKE TOJy4aTh TEKCTWIb C TPA3COTTATKUBAIOIIMMU, BOJOHEIPOHUIIAEMBIMH,

TCILIOIIPOBOAHBIMHU CBOMCTBaMH.

Puc. 4.4. Buapl rpsa3€0TTaJIKMBAOIIETO U BOJOHEIIPOHUIIAEMOTO TEKCTHIIS

7. B aBHaIMOHHOI ¥ KOCMHUYeCKoH o00acTsax ucnoas3oBanne HM, HT u
HC mpocTo He3amMeHUMO JJis JieTaTeNIbHBIX anmnapaToB (KOCMUYECKHX CIyTHH-
KOB, CaMOJIETOB, BEepTOJieTOB). [lonydyeHue Jierkux, MpoOYHbIX, TEPMOCTOMKUX U
M3HOCOYCTOMUYMBBIX HAHOCTPYKTYPUPOBAHHBIX MOKPHITUN peliaercst pa3padoT-
KOM HAHOCTPYKTYpUPOBaHHBIX cucTeM. Co3MaHbl M MPOJOKAIOT pa3padaThi-
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BaThCsl HAHOMOJIMMEPHI 1 HAHOKOMIIO3UTHI HO-
BOTO IIOKOJICHHUS, KOTOpPBIE 00JIagaroT ITOBHI-
IIICHHOW BBIHOCIWBOCTHIO TIPHU HAIPSKEHHOM
coctosiHuu (puc. 4.5).

Co3maHbl U COBEPIICHCTBYIOTCS HAaHOPA3-
MEpHBIC JTaTYUKH W HAHOCHUCTEMHBIC YCTpPOK-

CTBa nJisi paOOThl OpOUTAIBHBIX CTaHIUU WU
KOCMUYECKHX CIYTHUKOB PA3JMYHBIX HA3HAUE- Puc. 4.5. TlonumepHble
HUW HeOonbIMX pasmepoB. lcnonb3oBaHue HAHOKOMITO3UTBI

HOBBIX HAHOMAaTEpPHUAJIOB YBEIMYWIO B pPasbl
SHEPTreTUUECKYI0 MOIIHOCTh MCHOJIb3YEeMbIX Ha CTAaHIUSAX COJIHEUHBIX Oarapei
U JIPYTUX SHEPTETUYECKUX CcUCTEM. MCrmonb30BaHHE HAHOCUCTEM IO3BOJIMIIO
CO3/1aTh KOMIBIOTEPHBIE KOMIUIEKCHI C HHU3KHM SHEPronoTpeOiCHUEM MU C
YCTOMYMBOMW 3alIUTONM OT KOCMHUYECKON paguannu. Co3aaHo O4epEeaHOE MOKO-
JIEHWE aBUOHUKH, UCITOIB3YIOIIEE HAHOJATYNKU U HAHORJIEKTPOHHKY.

HNMeeT MecTO UCIOIb30BaHME HAHOTEXHOJOTHH B HEPTEXMMUUYECKOU Te-
pepaboTKe JJIsl OJTyYeHUs] HEOOXOUMBIX MPOJYKTOB XUMHUHU U KaTalln3aTOPOB
C IPaBUJIbHO HAHOCTPYKTYPUPOBAHHBIMU MTOPaMHU MopsAaKa | HM.

['omoBO#1 00BEM MPOAAXK LEOIUTHBIX KaTallu3aTOPOB COCTaBIsieT Ooliee
30 mnpa posmapoB. s ynaneHusl yJIbTPaAUCIEPCHOHHBIX BKIIOYEHHH HC-
noib3yroTcs 0osee nopucteie HC ¢ pazmepom nop nopsiaka 10-90 um. [pume-
HEHHE HAHOYACTHWI] U HAaHOBOJIOKOH JJISI apMUPOBAHMS MOJIUMEPHBIX MaTepHa-
JI0B U1 mostyyeHust npouHbix HC mpUBOIUT K CYIIECTBEHHOW SKOHOMUMU.

8. B aToMHO# U s1IepPHOM IHEPreTUKe HAHOMATEPUAIbl U HAHOTEXHOJIO-
TUU TIPUMEHSIOTCSI B MPOMBIIIJIEHHBIX MaciiTabax. HaHokepamuka U3 TUOKCH-
na uupkoHus ZrQO; UCMONIb3yeTCsl KaK aJbTEPHATHUBHBIA UCTOYHUK MOJYYEHUS

sHeprun. Co3nansl ToruBHbIe OaTapen SOFC
U3 HAHOCTPYKTypupoBaHHOrO Zr(Q,, MO3BOJIS-
IOIME HaMNpAMYK TEPEBOAUTH XUMHUYECKYIO
SHEPIUIO B JIEKTPUYECKYIO C KOADPUIIUEHTOM
s dextuBHOCTH O0siee 60 % (puc. 4.6).
Hanomartepuanbl HCHOJB3YIOT MPU M3rO-

TOBJICHUHN TCINIOBBIACTIAIOIINX J3JICMCHTOB U

Puc. 4.6. TomBHbIE HAHOCTPYKTYp JUIA SICPHBIX PEAKTOPOB, YII-

batapen SOFC PaBIAIONIMX HAHOCHUCTEM, OOECIIEUMBAIOLIUX
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0e3omacHoCcTh. HaHOTEXHOIOTHN HE3aMEHHUMBI
B BBICOKOMHTEIUIEKTYyaJIbHBIX HAHOCHUCTEMAaX
IIPU KOHTPOJIE 32 KAYECTBOM COOPKHU U IKCILTY-
aTaluu AJIEpHBIX CUCTEM, 3a BBIOpOCaMH U BO3-
JEHUCTBUEM Ha OKPYXKAIOIIYIO0 Cpeay, MpHU KOH-

cepBald U MepepaboTke OTpabOTaHHOIO

AACPHOIO TOILIMBA U q)HKcaI_[I/II/I IIpu 1MOMOIIH

HaHOACTCKTOPOB BCCX PCAKIIMOHHO-TCXHOJIOI'N-

Puc. 4.7. HanokapkacHble

YCCKUX Ipoucayp aroOMHBIX BHGKTpOCTaHI_[I/If/’I.
MaTcpHralibl

Ha puc. 4.7 noka3zanbl HaHOKapKacHbIE MaTe-

pUabl sl TEPMOSIEPHOIN SHEPTETUKH.

B Poccun paspaboTtan psii HaHOAMCIIEPC-
HBIX (PeppUTHO-MApPTCHCUTHBIX CTaJIed ISl
SJIEPHBIX PEAKTOPOB HA OBICTPHIX HEUTPOHAX,
OJTHA U3 KOTOPBIX CO3/laHa Ha ocHOBe ctaym Jl1-
450 (puc. 4.8) (xumuueckas dopmyna Fe-13Cr-
2Mo-Nb-V-B-0,12C), kotopast HCIOJIB3yeTCs B

Ka4CCTBC CTAHAAPTHOI'O MaTcpualia IJIsd pCaKTO-

Puc. 4.8. Mukpodotorpadus
pa bH-600. B kaudectBe ynpo4yHMUTENEH 4YacTO | mpororumnHoii cramu DI1-450,

WCIIONIb3YETCS. HAHOPA3MEPHBIM OKCHUJI WTPUSL. HaHOANCIICPCHOHHO-
ynpouHeHHoH Y ;03

Camble BBICOKHE XapaKTEPUCTHUKU MO COIPO-

THUBJICHUIO TOJ3YYECTH ITOJIYYAKOTCS MPU BBICOKOILUIOTHOM PABHOMEPHOM pac-
npeaenean HM (oxcun utpus Y,03) B nuamnazone 1-2 uM. AnoHckue uccieno-
BaTeJIM UCIIOJIB3YIOT HAHOOKCH IHBIE YacTHUIlbl Y,03 ¢ pazmepamu 3—5 HM.
Co3znansl HM u HC peakTopHOTO Ha3Hauy€HUs, KOTOPHIC MOIYUYHIH SIPKO
BBIPAXXEHHOE CBOICTBO, MposBisitoieecs: nocie obayyenus HM unu HC, us
HOBBIX (ha3 ¢ MEPHUOJIOM B HECKOJIBLKO HAaHOMETPOB. [locie paanannoHHOTO BO3-
JNEUCTBUSL OOBIYHO MPOUCXOJUT JIETPaJalldsl CBOMCTB KOHCTPYKIIMOHHBIX MaTe-
pHAJIOB, MIPOSIBIISIONIASACS B BUAE OXPYITUYMBaHUA, a B cirydae ¢ oonydenuem HM
nmu HC nerpamanus mpUBOAMT K MOBBIIIEHUIO MPOYHOCTH NPU COXPAHEHUH
BsI3KOCTH. TuTaHOBBIN criiaB Mapku BT-14 ¢ noGaBpieHneM HaHOKpHUCTAIMYE-
CKOTO IIepHsl U BoJib()paMa B OCOOBIX MPOMOPIUAX ITO3BOJSET €r0 HCIOJIb30-

BaTh B TaKUX O6’beKTaX, KaK KOPITYCHBIC KOHCTPYKIMU CTAIIHOHAPHBIX U TPAHC-
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INOPTHBIX AACPHBIX SHCPIrCTUUYCCKHUX YCTAaHOBOK

(A2Y), kaHanmbl aKTUBHBIX 30H KOPaOEIbHBIX

PEaKTOpPOB aTOMHBIX JEI0KONIOB «CHOUPBHY U
«ApxkTukay (puc. 4.9).

[Ipumenenne HT nano BO3MOXKHOCTH I10-
Jy4aTh W CBEpXIpoBoOAsuIME marepuaibl. Hc-
nosib3oBanne HC yBenuumino B pa3bl TOKOBe-

OYIIYH0 CIIOCOOHOCTh CBEPXIPOBOAHHUKOB H,

KakK pe3ylibTaT, YMCHBIINIIO 3SHCProCMKOCTH

IIPU CO3JAHUU CUJIBHBIX MArHUTHBIX CHCTEM. Puc. 4.9. Peaxtop eniokona
«APpKTHKa»

I[J'Ii[ KOHTPOJIA W CACPKUBAHHA ILIIA3MCHHBIX

IPOLIECCOB B TEPMOSJIEPHBIX PEAKTOpPaX HCIOJb3YIOTCS CBEPXMOUIHBIE Mar-
HUTHBIE TI0JISA, CO3aHHBIE CBEPXIPOBOIALIUMHU CUCTEMAaMH.

[Tpu pazmepnoctu 15-28 um kpuctamuroB HC Nb—Sn nocturaer makcu-
MaJbHBIX CBEPXITPOBOASIINX CBOMCTB (puc. 4.10).

IIpn ceuennn cBepxnpoBoaHuka nopsaka 0,85 MM pa3Mmepsl BKIIOUECHUN
tutana Ti B Boaoknax HC Nb—Ti cocraBmsior 20-50 um (puc. 4.11).

Puc. 4.10. Hanocucrema Nb—Sn Puc. 4.11. Hanocucrema Nb-Ti

Hanokaranu3zaTtopsl NpUMEHSIOTCA B TEXHOJIOTUYECKUX CUCTEMAX CHKUTa-
HUS PATUOJIMTHYECKOTO BOJOpPOAA. YCTAaHOBKH C HAaHO(UILTPAMHU HCIIOJIb3Y-
1otcs B Poccniickon deaepannu 1 BOJOPOAHOTO JOKHUTa B paMKax BOJOPOJI-
HOUM 0€30IMMacHOCTH Ha aTOMHBIX JJIEKTPOCTAHNMSIX. HaHOMUIBTPHI TPOBOIAT
IIyOOKYI0 OYHCTKY BO3[yXa OT PaJMOAKTUBHBIX a’3PO30JIed U UCIIOIb3YEMBIX B

TEXHOJOTMYECKHUX CUCTEMAaX TEIIOHOCHUTEIECH aTOMHBIX C-)J'ICKTpOCTaHI_[I/If/’I.
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HanodunbsTpbl, ucnonab3yeMmble MpH
nepepaboTke OTpabOTaHHOTO SAEPHOTO
TOIUIMBA, TO3BOJSIOT Pa3leiATh €ro Ha
OTJIEIIbHBIE KOMIIOHEHTBI, YTO IIOBBIIIACT

!_ s dexkTuBHOCTh mporecca (puc. 4.12).

-"\| \ HaHoTeXHO010rnM MO3BOJIUIIM C IIOMOILBIO

waler.ru

HAHOJI00aBOK TIPOM3BECTH CTPYKTYPHOE

Puc. 4.12. HanopusTper YVIUIOTHEHUE sS/IepHOTO ToruBa. J[s mo-

BBIIIEHUST HHEProd((HEeKTUBHOCTH AaATOM-
HOM 3JIEKTPOCTAHLMM CO3/laHbl YCJOBHSI IO YBEJIMYEHHUIO TIIyOWMHBI pacraja
AEPHOro TOIUIMBA. ONBITHBIM IIyTEM YCTAaHOBJIEHO, YTO OJIHUM M3 YCIIOBUH yBe-
JWYEHUs TIIyOuHBI pacnazia sAepHOTO TOIUIMBA SIBJSIETCA MCIIOJIb30BAaHUE siAEp-
HOT'O TOIUIMBA C OMNPEIEICHHBIM pa3MepoM mop. s coxpaHeHHs eJIOCTHOCTH
00OJIOUKH SIIEPHBIX DJIEMEHTOB KPYMHOKPUCTAIUIMUECKUE CTPYKTYphI MpHU IO-
MOIIM TOp 3aIEP>KUBAIOT JIETy4yUE€ MPOAYKTHI JEJICHHUS M HE JAIOT JIBUTaThCs
OCKOJIKaM [IEJIEHMs MO TpaHulaM 3epeH. (s momydeHuss HeoOXOIUMOIo Kpu-
CTAJIMYECKOTO COCTOSIHUSA IIPU CKATUH TOIUIMBHBIX JIEMEHTOB HA OCHOBE OKCH-
na ypada UO,, okcuanbix cucteM ypaH — cBuHel (U, Pu)O, u HUTpuAHBIX cu-
creM ypaH — cBuHell (U, Pu)N B cMech 100aBIIsItOT HAHOIIOPOIIOK OKCUA ypaHa
UO, ¢ dpakmueit HaHOKpUCTAIUIMTOB mopsiAka 35 HM. B mporecce crekanus
TOIUIMBHBIX 3JIEMEHTOB C HMCIOJIb30BAHMEM HAHOJ00AaBOK MOBBIIIAETCS IUIOT-
HOCTb, CHIDKAETCS TEMIIEpATypa CIEKAHMSI, IPOUCXOIUT YBEIUUYECHHUE 3€pHA, KaK
nokasaHo Ha (puc. 4.13).

Puc. 4.13. Oxcup ypana UO,:
a — CTPYKTypa 3epeH 6e3 100aBOK; 6 — CTPYKTypa 3e€peH ¢ HaHOI00aBKOM
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Hannas spnepHas HT sBnsgercs HOBBIM HampaBJIECHUEM IO IIOJYYECHUIO
ypaH-TUTYyTOHHEBBIX HUTPUJIOB, & TaKkKE OKCHUJOB B KAUECTBE TOIUIMBHBIX 3Jie-
MEHTOB JIJISI HOBBIX SIIEPHBIX PEAKTOPOB HA OBICTPHIX HEUTPOHAX.

9. B BOIOPOIHOM YHEPreTHKeE OJHUM U3 HampasiieHuil npumeHenuss HM u
HC siBnsieTcst BbIfiesieHHe, HaKoIUIeHUe U XpaHeHue Boaopoaa Hy. g npeobdpa-
30BaHUs YTJIEBOAOPOJIOB B BOJOPOJOCOJEpKAIllee ChIpbe ObUTM pa3padOTaHbl
HM, koTOpble UCMONB3YIOTCS B KAYECTBE KaTaIU3aTOPOB FETEPOrE€HHBIX XUMHU-
yeckux npoueccos. [Ipu atom npumenenne HT nipuBesno K MOBBILIEHNIO KaTAJIU-
TUYECKOW aKTUBHOCTH B 3—5 pa3 W yBEJIMYMIIO CTEIICHb MPEOOpPa30OBaHMSI YIIIe-
BOJOPOAHOTO CBHIPbsi B BOJOPOJHOE TOIIHMBO. K mpuMepy, KaTtaau3atopsl ¢ UH-
TEPMETAJUIMIHON TMOBEPXHOCTHIO, UMEIOIINE B OCHOBe cucteMy Ni—Al ¢ HaHo-
CTPYKTYpOH, O6IagaOT BBICOKOH YIEMBbHONH MOBEepXHOCTBIO (1o 10-12 M*/T)
U COOTBETCTBEHHO BBICOKOW KAaTaJTUTUYECKOW aKTUBHOCTHIO. DaKTUUECKU BbISB-
JIEHO, YTO CTENEHb MPEeoOpa30BaHMs BOJIOPOIHOTO TOIUIMBA C TAKUMH KaTaJlh3a-
Topamu moBbIaercs 10 80—-82 %, B To BpeMs Kak y OOBIYHBIX KaTaau3aTOPOB
oHa He 6onee 10 %.

10. B conuansuou odaactu npumenenue HM, HT u HC naer pasButue
POOOTOTEXHUKE U UCKYCCTBEHHOMY MHTEJUIEKTY U MOJIOKUTEIHHO OLICHUBAETCS
HACEJICHUEM.

HaHoHayka pa3BHUBaeTcsi CKOpee Kak MEXIUCHUIUIMHApHash 00JacTh Ha
rpaHu (pU3UKU, MATEMATUKU, MaTEPUAIIOBEICHUS, XUMHUH, OMOJIOTUH, SKOJIOTHH,
Metposoruu. [IpoaBrkeHre MEXANCIUIUIMHAPHBIX UCCIEOBAHUI O HAHOMA-
TepuajsaM U HaHOCUCTEMaM JIOJKHO YCWIMTH CBA3U (DyHIaMEHTaIbHON HAYKHU C
BBICIIMM 00pa3oBaHUEM, KpOME TOro, HE0OXOoarMa MPOYHAs CBSI3b C BBICOKO-
TEXHOJIOTUYHBIMUA TMPOU3BOJICTBAMH, UTO YK€ TpeOyeT M3MEHUThb CTPYKTYpPY
BBICIIIMX YUEOHBIX 3aBEJICHUI JIJIs 1[eJI€HANIPABICHHOM MOJITOTOBKY MPEIo/iaBa-
Tenbckoro cocraBa B oomactu HM, HT u HC. Pa3zBurtne HaHOMHIyCTpUH B
MPOMBIIUIEHHOCTH, MEJIUIIMHE, OOOPOHHOM KOMILIEKCE, SKOJIOTUU HAIPSIMYIO
3aBUCHUT OT BBIITYCKA BBICIIMMHU YYEOHBIMH 3aBEICHUSIMU KBAIU(DUIIUPOBAHHBIX
KaJIpOB.

11. B Boennoi Texnuke ucnoib3zopanue HM, HT u HC, cornmacHo onpocy
HACEJICHHUS], BBI3BIBACT Yy JIIOJEH KpailHE HETaTUBHOE OTHOIIEHUE, CKOpEe Jlaxke

CTpax 3a BO3MOXHBIC HC KOHTPOJIUPYCMBIC ITOCICACTBUA UCITOJIB30BAHWA HAHO-
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opyxus. KpoMe TOro, CylecTBYIOT U PEIUTHO3HbIE HEMPHUATHUSI TAKOTO OBICT-
poro pa3BuTusi TexHosoruii. Hanbonee octpo 00OCy)1ar0TCsi BONPOCHI KIOHU-
pOBaHus, TeHEeTHYEeCKUX nccienoBannii u usmenenus JIHK denoseka. Pemenne
BOIIPOCOB I10 IOBBIIICHUIO H0Bepus denoBeka K HT u HM moxer onuparscs
TOJIbKO Ha OTKPBITOE MEXIYHAPOJIHOE COTPYIHUYECTBO B 00JIACTH KOHTPOJIS 32
UCCJIEIOBAHUSAMU U pa3paboTkaMu B ATUX cdepax (MOAMMCAHUE COTIAIICHUM
Mexay ctpaHamu nox 3rugon OOH u apyrumu MexIyHapOIHBIMUA OpraHHU3a-

LUSMH).

KOHTpOJIbHBIe BOIIPOCHI

1. OxapakTepu3yiiTe 3aBUCUMOCTh TEHJEHIMU 1o co3aanuto HM u HC,
pa3zpabotke HT oT 0011ecTBEHHOTO MHEHHSI.

2. B xakux obnactax HT, HM n HC Hamm cBoe mpuMEHEHHE Ha Cero-
IHSIITHUN JeHb?

3. Kakue »skomormueckue MpoOJIeMbl MOTYT OBITh PEMICHBI C TOMO-
mpro HT?

4, Ilpuseaute npumepsl npuMeHenus HC u HM B aToMHOI SHepreTuke.

5. Kakue Bo3moskHBIe onacHocTu TaaT B cedbe HT, HM u HC?

6. Kak ucnonssyrorcs HC u HM npu npoBegeHnn MepornpuaTHil Mo 3a-
LIATE OKPYKAOIIEH CPEabI?

7. ITpumenenue HT, HM u HC B BOeHHOU NpOMBIIIJIEHHOCTH.
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3AK/IIOYEHHE

B cBs3u ¢ pa3paboOTKOi COBpPEMEHHBIX METOJIOB BH3yaJIH3allMM HaHOYA-
CTHII, JIOCTYIHBIX JUISl IIIMPOKOTO Kpyra MccienoBareiieil, moydeHue, JHarto-
CTHKA U U3yYCHHE ITOBEICHHUSI HAHOCTPYKTYP M HAHOCHCTEM B TIOCIICTHEE BpEeMsI
MOJIYIHIIO YCKOPEHHOE pa3BUTHE. BEICOKMM TEMITOM HAKaILTMBAOTCS IKCIIEPH-
MEHTaJbHbIC JTaHHBIC, TIOJYYCHHBIC C TTOMOIIBI0 MEXIUCIUIUIMHAPHBIX METO-
JIOB MCCIICIOBAHUS YHUKAIBHBIX CBOMCTB MaTepuajioB Ha HAHOYPOBHE, PopMu-
pys HOBYIO MapaaurMy B3msiioB Ha Mup. CpencTBa M METOJBI HAHOTEXHOJIO-
T'Hi, a TAaK)K€ BO3MOXKHOCTh KOHBEPTAIIUHU JICHCTBUH Ha HAHOYPOBHE HAIICJICHBI
Ha pelieHue KOHKPETHBIX MPHUKIAIHBIX 3a7a4: TEXHOJIOTHYCCKUX W METUITIH-
CKHX, Ha CO3JIJaHWe HOBBIX METOJIOB ITOJIYYSHUS MaTEPHAIOB U CIIOCOOOB OXpa-
HBI OKpY>Karoiel cpenpl. B HacTosiieM yueOHOM 1OocoOur 0000IIEHBI JaHHbBIE
O CHHTE3€ HAaHOCUCTEM Pa3IudHON mpupoasl. OCHOBOM ISl TAKOTO 0000IICHUS
SIBJISIIOTCSL MOJIETTb (DM3UKO-XUMHUYCCKOM ABOJIIONNH U BO3MOXKHOCTH IPHUMEHE-
HUS HAHOTEXHOJIOTHHA Ha ypOBHE IMOTPEOHOCTEH dYelloBeKa dYepe3 HeoOXOIu-
MOCTb CO3JIaHHSI CHCTEM W MaTepHaJioB C HOBBIMH 3aJaHHBIMH CBOWCTBaMH,
JAIONMIMMHA HOBBIE BO3MOXHOCTH MX HCIIOJIb30BaHUS: HAHOMOTOPOB, HAHOPOOO-
TOB, HAHOMAaTEPHAJIOB.

CtpykTypa y4eOHOro mocoOusi MO3BOJSIET O3HAKOMUTHCS, BO-TIEPBBIX, C
TEOPETUYSCKUMH CBEACHUSAMH O TPOOJeMax M COBPEMEHHBIX TCHACHIIMUSIX B
Pa3BUTUN HAHOWHIYCTPHUH Yepe3 MPU3MY OCHOBHBIX OIPEIACICHHIN HCIOJIb3ye-
MOM TEPMHUHOJIOTHH M (U3UKO-XHMHUYECKUX OCHOB (yHIAMCHTAIBHBIX IMPHH-
ITUTIOB TTOJYyYCHHUS] HAHOYACTHI], HAHOCTPYKTYP M TEXHOJIOTHYCCKUX ITOIX0JI0B
K CHHTE3y HAaHOCHCTEM; BO-BTOPBIX, C OCOOCHHOCTSIMU METOJIOB MCCIICIOBAHUS
U JUAarHOCTUKH HAaHOMATEPHAIOB M CHHTEC3MPOBAHHBIX HAHOCHCTEM, a TaKXKE C

OCHOBHBIMHU HaIIPaBJICHUAMHA IIPUMCHCHUA HAHOCTPYKTYP U HAHOCHUCTCM.
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