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BeBepeHue

HaHoTexHonornyeckoe npom3BoACTBO — 3TO MPUMEHEHUE HayYHbIX OTKPLITUIA U HOBbLIX 3HaHUI B obna-
CTU HAHOTEXHONOT M AN U3TOTOBMEHUS MPOAYKLIMU HAHOUHAYCTPUMN.

MpoaBMXEHNE HAHOTEXHONOIUIA M3 HAayYHbIX NabopaTopuili B MaccoBOE NPOU3BOACTBO TPebyeT TLaTeNb-
HOr0 U3y4eHus1 CTaANN XKUIHEHHOro LMKNa NPOAYKUMU HAHOWMHAYCTPUU, BKNIOYasA pa3paboTky U NOCTaHOBKY
NPOAYKLMU HA NMPOU3BOACTBO, €€ HAAEXHOCTb U KAaYeCTBO, ynpaBneHne npouM3BOACTBEHHLIMU NPOLIECCaMK
U UX KOHTPOnb, a TaKkke Bonpocos obecneveHust 6@30MacHOCTU NpWU NPOU3BOACTBE, NOCTaBKE, NPUMEHEHUN
W yTUNU3aumMn NPOAYKUMW HAHOWHAYCTPUM ANS COTPYAHWUKOB NMPEANpUSATUN, NOTpebuTenen n oKpy>KaroLmm
cpeabl. B pamMkax HAHOTEXHOMOrMYECKOro NPOM3BOACTBA OCYLLECTBISAETCA OCBOEHUE B NPOMBILLNIEHHbIX Mac-
wrabax NpoLeccoB camoCOOPKM U HanpaBreHHON caMmoCcOOpKKU, CUHTE3a HaHOMaTepUarnoB W U3roTOBEHUS
Ha UX OCHOBE MPOAYKLUMU, HANPUMEP, C NPUMEHeHWeM nutorpacum unm Guonornyeckux npoueccos. B HaHo-
TEXHOMOTUYECKOM NPOU3BOACTBE NPUMEHSIIOT TEXHOMNOTMMN KCHU3Y BBEPX» U «CBEPXY BHU3Y, MO3BONSAIOLLME U3-
rotaBnuBaTb 06BLEKTbI NN CUCTEMbI OBBLEKTOB HA MOMNEKYNSAPHOM YPOBHE C MOCMNEAYIOWMM UX BCTPAaUBAHUEM
B Gonee KpynHble 06bEKTbI MM CUCTEMBI OGBEKTOB.

O6bekThl M MaTepuarbl NP UX NpeobpasoBaHUKM C MOMOLLLI HAHOTEXHOMOTUI U3MEHSIIOT CBOW CBOIA-
cTBa. CBOMNCTBA KOHEYHON MPOAYKLMM HAHOMHAYCTPUM 3aBUCAT OT COBOKYMHOCTW CBOWCTB HAHOOOBLEKTOB U
HaHoMaTepuanos, UCNOMNbL30BaHHbLIX NMPU €€ U3rOTOBMNEHUU.

B HacToAwWwMIiA cTaHAapT He BKIHOYEHbI TEPMUHLI U ONpeaeneHns NOHATUI, OTHOCSILLMXCS K npoueccam
HaHOTEXHONOrMYeCKOro NPOU3BOACTBA, OCHOBAHHbLIM Ha NPUMEHEHNMN 3aKOHOB BMONOIMN B HAHOTEXHOMOTUSIX.
OpHako, yuutbiBas ObICTPOE pa3BUTUE HAHOBUOTEXHOMOIUIA, B AaNbHENLLEM HACTOALLMIA cTaHgapT OyaeT ao-
MONHEH HOBbIMU TEPMUHAMM unu OyaeT paspaboTtaH otaenuHbl ctaHaapt cepumn 1ISO 80004, BKMOYaOLLMIA
TEPMUHBI M ONPeAENEHNUs MOHATUI, OTHOCALLMXCA K npoLeccam 06paboTku BUoNornyecknx HaHoMaTepuanos
U NPUMEHEHUIO 3aKOHOB OMOMOrMU NPU NPOU3BOACTBE HOBLIX HAHOMATEPKUAanoB. Takke OyayT yCTaHOBNEHDI
TEPMUHBI U ONpPEeAEneHns NOHATUN, OTHOCALLUMXCA K APYTMM Pa3BMBalOLLIMMCS OTPACMAM HAHOUHAYCTPUU, Ha-
npyUMep, K N3roTOBIEHWIO HAHOKOMNO3ULMOHHbLIX MaTepPUarnoB W SIEKTPOHHbIX YCTPOUCTB Ha PynoHax us rmb-
KOro nnactuka unu metannumyeckon conbru (m3rotosnexue roll-to-roll).

MoHATNE «HAaHOTEXHONOrMYECKOE NPOM3BOACTBOY CreAyeT OTNUYaTh OT NOHATUS «KHAHOU3TOTOBIEHMEY,
TaK KaKk NOHATUE KHAHOTEXHONOIMYeCcKoe NPOM3BOACTBOY BKIHOYAET HE TONbLKO CNOCODObLI U3rOTOBNEHUS HAHO-
MaTtepuanoB, B TOM YUCIE CUHTE3, HO U METOAbLI X 06paboTKu.

HacTosawmii ctaHgapT ycTaHaBnNMBAET TEPMUHBI U ONpeaeneHus MOHSTUIA, OTHOCSLLMXCS K MpoLeccam,
NPUMEHSIEMbIM Ha CTaausX pa3paboTku U MOCTAHOBKU NPOAYKLMM HA NPOU3BOAICTBO, HANPUMED, K CUHTE3Y Ha-
HoMaTepuarnos C 3aAaHHbIMKU CBOWCTBAMU. HaHOMaTepuansl M3rotaBnuBaloT kak NPOAYKLMIO MPOU3BOACTBEH-
HO-TEXHUYECKOTO HA3HAYEHUsI ANS BbiNyCKA KOHEYHOW NPOAYKLMU, HANPUMED, HAHOMAarepuansl NPUMEHSIOT
npy Npou3BOACTBE KOMMO3ULIMOHHLIX MaTEpUarnoB UMM B Ka4e€CTBE KOMMOHEHTOB pa3sNUYHbIX CUCTEM UNU
yCTPONCTB. [NpoLecchl HAHOTEXHONOMMYECKOTO NPOU3BOACTBA ABNAIOTCS O0NbLLOW U pasHOOOpa3sHoM rpynnom
NMPOM3BOACTBEHHbIX MPOLECCOB, MPUMEHSIEMbIX B CREAYIOLLUX OTpacnsax:

- NONYNPOBOAHUKOBAS MPOMBILUMEHHOCTb (Leflb KOTOPOW — CO34aHue MUKPONPOLIECCOPOB MEHbLLUETO
pasmepa, 6onee acheKTUBHbIX U OLICTPOAENUCTBYIOLMX, C ANemMeHTamu pasMmepom meHee 100 Hm);

- NPOU3BOACTBO AEKTPOHUKU U TENEKOMMYHUKALMOHHOTO 060pYyA0BaHUS;

- aspokocMuyeckas U 060POHHAS NPOMBILLNIEHHOCTb;

- 9HepreTmka u TPaHCNopT;

- XMMHUYECKAA NPOMBILLNEHHOCTb, BKMNOYan NPOM3BOACTBO NacTMacChl U KepamuKu;

- necHas, aepeoobpabarbiBaowasn U Lennono3Ho-0ymaxHas NpOMbILLNEHHOCTb;

- NWLEeBas NPOMBILLNIEHHOCTb U NPOU3BOACTBO YNAKOBKU AN NULLEBbIX NPOAYKTOB;

- buomeaunumHa, GuotexHonorun n papMaueBTu4ecKas NPOMBbILLNEHHOCTb;

- buonormyeckas pekynsTuBauus;

- nerkasi 1 nappioMepHO-KOCMETUHECKAA NPOMBILLITIEHHOCTb, BKIIOYas NPOU3BOACTBO OAEXAbl U TOBa-
POB NIMYHOW TMIUEHBI.

E>xxerogHo B o6GpaLieHue Ha MUPOBON PLIHOK MOCTYNAIOT ThICAUYM TOHH HAHOMATEPUANOB, NPUMEHSAEMBIX
B BbILLEYKA3aHHbIX OTPACNAX, HaNnpUMep, TEXHUYECKNIA YrNepos 1 KONMMOUAHLIA AUOKCUA KpeMHUA. B bnmkait-
wem Byayuiem Byayt paspaboTaHbl HOBble HAaHOMaTepuarsbl, KOTOPbIE BHECYT CyLLECTBEHHbIE U3MEHEHUS B
pa3BuUTUE TaKMX OTpacrnei, kak GUOTEXHONOIMU, TEXHOSOTUM OUNCTKU BOAbI U SHEPreTHKA.

B HacTosiLleM cTaHaapTe TEPMUHbI U ONpeaeneHus NOHATUN OObeauHeHbl B pa3aenbl U noapasaens,
OTHOCALUMECA K ONpeAeneHHON rpynne unu noarpynne npoueccoB HaHOTEXHOMNOrMYEeCKoro Npou3BOACTBA.

Vv
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Paspen 6 coctouT 13 noapasaernos, BKIIOYAIOWMUX TEPMUHBI U ONpeaeneHnst NOHSATUN, OTHOCALLIMXCS K Npo-
Lieccam HaHOTEXHOSOrM4YeCcKoro NPOU3BOACTBA B 3aBUCUMOCTH OT arperarHoro COCTOSIHUS UCXOAHOTO Marepu-
ana. Hanpumep, Ha 3Tane, NpeALLIeCTBYIOLLEM U3TOTOBEHMIO HAHOYACTULL, UCXOAHLIA Marepman HaxoauTCs B
rasoBon/ xmakoi/Teepaon dase, Nnpu 3TOM arperarHoe COCTOAHMe Marepuana nognoxku U BCnomMoraternbHbIX
Marepuanos B AAHHON KraccudukaLumu npoLieccoB He y4uTbIBalOT. B kauecTBe npumepa MOXHO NMPUBECTU
TepMuH «HOpMUPOBAHUE HAHOBOMOKOH NO MEXaHM3MY pOCTa «Nap — XWAKOCTb — KPUCTanny», KOTOpbIA B
HacToALLEM CTaHAapTe NOMeLLeH B noapasaen 6.2 « TepMuHbl n onpeaeneHus MOHATUIA, OTHOCALLMXCS K Npo-
ueccam XMMUYECKOr0 OCaXAEHUs1 U3 ra3oBoi (hasbl», Tak Kak UCXOAHLIM MATEpPUanoMm B JAHHOM npoLecce
ABNAETCA rasoobpasHoe yrnepogHoe BELEeCcTBO. BecnoMoraTenbHbli Matepuan — 4acTuubl Xenesa, coaep-
»alumecs B pactBope (KMakui katanu3arop), aacopbupyiotr Ha CBOE NOBEPXHOCTU UCXOAHbIN ra3006pa3sHbIii
maTtepuan 4O ypOBHSA nepeHachiLeHns, popMmupys yrnepoaHele HaHOBONoOkHa. Knaccudukauus npoueccos
CMHTE3a B 3aBUCMMOCTU OT NMPUMEHEHNS NCXOAHBIX HAHOMAaTepPManoB UNM HAHOOOBLEKTOB, NPUMEHSAEMBIX AN
NPOW3BOACTBA KOHEYHOW NPOAYKLMKM, NPUBEAEHA B MPUMOXKEHUMN A.

CTaH4apTM30BaHHbIE TEPMUHBI, OTHOCALLUECA K NPOLECCAM HAHOTEXHOIOrMYECKOro NPOM3BOACTBA, Mo-
3BONAT 06ecnevnTb B3aMMONOHUMAHWE MEXY OPraHu3auuaMu U OTAENbHBIMU CNeLUManucTamm M3 pasHbixX
cTpaH, 6yayT cnocobCTBOBATL CKOpEHLLEMY Nepexoay HAaHOTEXHOMOTUI U3 HAYYHO-UCCNeaoBaTENbCKUX nabo-
paTopuin K CEPUAHOMY BbIMYCKY M KOMMEpLianu3auum NpoayKLMU HAHOUHAYCTPUMN.

CsefeHuns 0 paHee pa3paboTaHHOW TEPMUHONOMUMU, OTHOCALLENCA K HAHOTEXHONOMMYECKOMY NPOU3BOJ-
CTBY, NpeacraeneHbl B Gubnuorpadcum [1].

YCTaHOBMEHHbIE B HACTOALLEM CTaHAapTe TEPMUHbI PACNONOXEeHbl B CUCTEMATU3UPOBAHHOM NOPSIAKE,
oTpakatoLlem CUCTeMy MOHATMIF B 0ONacTN HAHOTEXHONOTMIA, OTHOCALLMXCA K NPOLECCam HaHOTEXHOrornYe-
CKOro Npou3BOACTBA.

NS kagoro NOHATUS YCTAaHOBMEH OAWH CTAHAAPTU30BAHHbBI TEPMUH.

TepMUHBI-CUHOHUMbI NPUBEAEHBI B KAYECTBE CNPaBOYHbIX AAHHLIX U HE ABNAIOTCA CTaHAAPTU30BAHHBLIMU.

MomeTa, ykasbiBaroLasa Ha 06nactb NPUMEHEHUS MHOFO3HAYHOTO TEPMUHA, NPUBEAEHA B KPYITIbIX CKOO-
Kax CBETIbIM LUpNTOM nocne TepMuHa. NoMerta He ABNAETCA 4aCTbio TEPMUHA.

MpuBEAEHHbIE ONPEeaeneHns MOXKHO NPU HEOBX0ANMOCTU U3MEHATL, BBOAS B HUX NPOU3BOSbHbIE NpU-
3HaKW, pacKkpblBasi 3HAYEHUA UCMONb3YeMbIX B HUX TEPMUHOB, YKa3bliBass 0ObEKTHLI, OTHOCALLMECS K onpeae-
NEHHOMY MOHATUIO. MISMEHEHUS He IOMKHbI HapyLLaTh 06bEM U coflepXKaHue NOHATUIA, onpeaeneHHbIX B Ha-
cTosALWeM cTaHgapTe.

B CTaHaapTe npuBeaeHbl NHOA3bIYHbIE 3KBMBANEHTbl CTAHAAPTU30BAHHbLIX TEPMUHOB HA AHIMUNCKOM
A3bIKE.

B craHgapTe npusedeH andaBUTHLIM yka3aTenb TEPMUHOB Ha PYCCKOM Ai3blke, a Takke andaBuTHbIN
yKasaTerb 3KBUBaNeHTOB TEPMUHOB Ha AHINIUACKOM S3bIKE.

CTaHaapTU30BaHHbIE TEPMUHBLI HAOPaHLI MONYXXMPHBIM LLPUMTOM, UX KpaTkme OpMbI, NpeaCTaBneH-
Hble aG0peBnaTypon, U MHOA3bIYHbIE IKBUBANEHTbl — CBETIbIM, CUHOHUMbI — KYPCWUBOM.

VI
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ME)KFOCYAAPCTBEHHbIIZ C TAHDODAUPT
HAHOTEXHOJNOIn"
YacTtb 8

Mpoueccbl HAHOTEXHONOIMYECKOro NpPoM3BoACTBa
TepMUHbI U onpeaeneHun

Nanotechnologies. Part 8. Nanomanufacturing processes.
Terms and definitions

Dara BBeaeHua — 2017—07—01

1 O6nacTb NnpuMmeHeHus

Hacrosiwuii cTaHaapTt SABNgeTca 4acTblo cepun ctaHaapros ISO/TS 80004 u ycraHaBnuBaeT TEPMUHDI
U onpeaeneHus NoHATUI B 0BracTu HAHOTEXHONMOIUIA, OTHOCALLUXCS K MPOLIeCCaMn HAHOTEXHONOMMYeCcKOoro
npou3BoAcCTBa.

He BCe npouecchl, TEPMUHbBI U ONPEAENEHUA KOTOPbLIX YCTAHOBAEHbI B HACTOALLIEM CTaHAAapTe, OCYyLUeCT-
BMAIOT B HAHOAMAana3oHe. B 3aBUCUMOCTH OT BO3MOXXHOCTEN YNPaBfeHUs TakuMmn npoLeccamu Ans u3rotosne-
HWSt NPOAYKLIMK B KQYECTBE UCXOAHbIX MaTepuarnoB NPUMEHSIOT U HaHOMaTepuarbl, U 0Obl4HbIe MaTepuarnbl.

HacToAwwui cTaHaapT He pacnpocTpaHseTca Ha 060pyaoBaHMe, BCIOMOraTernbHble Marepuarnsl 1 METO-
[bl KOHTPONA, NPUMEHsIeMbIe B NPOLECccax HaHOTEXHONOrMYECKOro NPOM3BOACTBA.

2 TepMuHbI 1 onpeaesrieHUs MNOHATUN, YCTAaHOBJIEHHbIE
B Apyrux ctaHgaprax cepum ISO/TS 80004

B HacTosLwem pasagene npuBeaeHsl TEPMUHBLI U ONpPeaeneHus, YCTaHOBMEHHbIE B APYruX cTaHaaprax
cepuun ISO/TS 80004, HeoBxoaUMbIe ANS MOHMMAHMA TEKCTa HACTOSALLEro craHaapTa.
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yrnepoaHas HaHoTpy6ka; YHT: HaHotpy6ka (2.9), cocrosiuas us yrnepoaa. carbon nanotube;
CNT
MpumevyaHne — YrmepogHble HAHOTPYOKU OOLIMHO COCTOAT U3 CBEPHYTBIX CMOEB rpadpeHa, B TOM YUCIe OfHO-

CTEHHbIE YITIePOAHbLIE HAHOTPYOKM U MHOTOCTEHHbIE YriepogHele HaHOTPYGKN.

[ISO/TS 80004-3:2010, cratba 4.3]
22

HaHOKOMMO3MLMOHHLI MaTepuar; HaHOKOMMO3UT: TBepaoe BELLECTBO, COCTOALLIEE U3 Nanocomposite
ABYyX Unn Gosee pasaerneHHbIX ghas, U3 KOTOPbIX 0Ha Unu Gonee ABNATCA HaHoasamu.

MpumevyaHusa
1 HaHOKOMMO3UT He COAEPXUT rasoByto HaHoda3y. Ma3oByo HaHOha3y COLePXUT HaHOMOPUCTLIA MaTepwan.
2 Martepwuan, HaHoda3a KOTOpOro nosly4eHa ToNbKo METOAOM OCaXAEHUS, He ABMNSAETCH HAHOKOMMO3ULIMOHHBIM.

[ISO/TS 80004-4:2011, crartba 3.2]

M3paHue ocpuuymanbHoe
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2.3

HaHOBOMOKHO: HaHOOBOBLEKT, NUHENHbIE pa3Mepbl KOTOPOro Mo ABYM U3MepeHusim Ha-  nanofibre
XOAATCA B HAaHOAManasoHe (2.7), a No TPeTbeMY U3MEPEHUIO 3HAYMTENBHO BonbLLe.

MpuMmeyvaHunn

1 HaHOBONOKHO MOXET BbITb MMOKUM UMW XKECTKUM.

2 [Isa cxofHbIX NHeHbIX pasMepa No 4BYM W3MEPEHWUsIM He LOSDKHbI OTNU4aTeCs Apyr oT gpyra Gonee 4em B Tpu
pasa, a pasmephbl MO TPETEEMY U3MEPEHUIO [OMKHbI NPEBOCXOAMTb pasMepbl No NepBbIM ABYM W3MEPEHUSAM Gonee Yem
B TpM pasa.

3 HauBonbLumii NUHENHLIA pa3Mep MOXET HaXOAWTLCA BHE HaHoguanasoHa (2.7).

[ISO/TS 27687:2008, cTatba 4.3]

2.4

HaHoMaTepwuan: TBepablii UK XUAKMA mMaTepuan, NONHOCTbIO UMM YaCcTUYHO COCTO- nhanomaterial
ALWNUA U3 CTPYKTYPHBIX SNEMEHTOB, pa3Mep KOTOPbIX XOTSA Obl N0 OAHOMY U3MEPEHUIO
HaxoauTcA B HaHoAManasoHe (2.7).

MpumevyaHus

1 HaHomaTepwan siBnseTcs obWwuM TePMUHOM ANA Takux MOHSTUNA, Kak «COBOKYMHOCTb HaHOOGBLEKTOB» (2.5) U «Ha-
HOCTPYKTYpUpOBaHHbIA MaTepuan» (2.8).

2 CM. TaloKe «TeXHUYECKUii HaHoMaTepuan», «NMPOMbLILLNEHHLIA HaHOMaTepuany u «NnoboYHblil HaHOMaTepuarn».

[ISO/TS 80004-1:2010, crartba 2.4]

2.5

HaHOOObEKT: MaTepuarnbHbIi 06LEKT, NMMHEWHBIE pa3Mepbl KOTOPOro NO O4HOMY, AABYM nano-object
UNn TPEM U3MEPEHUsIM HaxoaATCA B HaHOAnanasoHe (2.7).

MpuMmevyaHue — [aHHblii TEPMUH PaACNPOCTPaHAETCA Ha BCe [UCKPETHLIE 0OLEKTHI, IMHENRHbLIE pasMepbl KOTOPLIX
HaxoAsATCA B HaHOAanasoHe.

[ISO/TS 80004-1:2010, cTaTtba 2.5]

26

HaHovacTuua: HaHoOOBEKT (2.5), NMHENHbIE pasMepbl KOTOPOro N0 BCEM TPEM U3Mepe-  nanoparticle
HUAM HAX0AATCA B HaHOAMana3oHe (2.7).

MpumevyaHune — Ecnu no ogHOMY WNW ABYM W3MEpeHUsM pasMepbl HaHooObekTa (2.5) aHa4uTenbHo GonbLue,
4YeMm Mo TpeTbeMy U3MEPEHUIO (Kak npaBuno, Gonee Yem B Tpu pasa), TO BMECTO TEpMUHA «HaHoYacTULa» MOXHO MC-
nonb3oBaTh TEPMUHBLI «HAHOBOSIOKHOY» (2.3) UK «HaHoMNacTuHa.

[ISO/TS 27687:2008, ctatba 4.1]

2.7

HaHoAuanasoH: [juanasoH NUHeRHbIX pasmepoB NpMbnNuanTensHo ot 1 4o 100 HMm. nanoscale

MpumeyvaHus

1 BepxHtoto rpaHuLly 3Toro guanasoHa NPUHATO cHUTaTb NPUONU3UTENBHOM, Tak Kak B OCHOBHOM YHUKarbHbIe CBOWCTBA
HaHOOOBLEKTOB 3a Hel He NPOABNAKTCA.

2 HuxHee npefenbHoe 3Ha4eHWE B 3TOM onpeaeneHun (NpubnusntensHo 1 HM) BBEAEHO AN TOro, YToObl UCKITIOHNUTE
13 paccMOTpeHUs B ka4ecTBe HaHOOOBLEKTOB (2.5) UMK 3NMeMeHTOB HaHOCTPYKTYp oTZerbHble aToMbl Unu HebombLumne
rpynnbl aTOMOB.

[ISO/TS 80004-1:2010, cTaTtbs 2.1]

2.8

HaHOCTPYKTYPUPOBaHHbIA Matepuan: MaTepuan, uMeloWmin BHYTPEHHIO unu no- nanostructured
BEPXHOCTHYIO HAHOCTPYKTYpY. material
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MpumevaHne — HacTosuee onpefeneHne He UCKNIOYAET Hanuunsa y HaHooObekTa (2.5) BHYTpEeHHEN unu no-
BEPXHOCTHOW CTPYKTYpbl. PekoMeHAYeTCS NPUMEHATbL TEPMUH «HAHOODBLEKT» K ANEMEHTY HaHOCTPYKTYpUPOBaHHOro
Mmarepuana, ecnu ero JIMHelHbIE pasMephbl MO0 OAHOMY, ABYM WIM TPEM U3MEPEHUSIM HaXOAATCH B HaHOAWAaNa3oHe.

[ISO/TS 80004-4:2011, cratba 2.11]
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HaHOTpPyOKa: [lornoe HaHOBOJIOKHO (2.3). nanotube

[ISO/TS 27687:2008, cratba 4.4]

3 TepMuHbI 1 onpeaeneHusi OCHOBHbIX MOHATUN, OTHOCSLWMUXCS
K npoueccaM HaHOTEeXHOJIOrMYeCKOro NPON3BOACTBA

3.1 HaHOTEeXHONOrMYeckKkoe NPoOU3BOACTBO «CHU3Y BBepx». TexHONorua, ocHoBaH- bottom up
Has Ha NPUMEHEHUU aTOMOB, MONEKYN W/UAN HAHOOOBLEKTOB B Ka4ecTBe UCXOAHOMO Ma-  nanomanufac-
Tepuana ana opmupoBaHusa Gomnee KpynHbiX U (YHKLIMOHANBHO CROXHBLIX CTPYKTYp turing

UM KOHCTPYKUMIA pasnuyHbiX 0ObEKTOB.

3.2 coocaxaeHue: OcaxkaeHue OJHOBPEMEHHO ABYX Mnu bornee ucxoaHbix matepua-  co-deposition
noB.

M pumedaHune — K OCHOBHBIM MeTOZaM COOCAXAEHUA OTHOCAT. BaKyyMHOE HanblineHWe, TepMUYECKoe Hanbine-
HWe, anekTpoocaXKaeHne U ocaxgeHne TBepdblX HacTuy CycneH3nn.

3.3 nctupanue: Mpouecc ApobneHnss unu M3MenNLYEHU UCXOAHOTO0 MaTtepuana ¢ ue- communition
NbIO YMEHbLLEHWUS pasMepoB €ro YacTuLl.

3.4 HanpaBneHHasa cO6opka (HaHOoTexHonoruu): Mpouecc chopmupoBaHUA KOHCTPYKuui  directed
06bekTa B COOTBETCTBUU C 3a4aHHbLIM LWIABGNOHOM, OCHOBAaHHbIA HA NPUMEHEHUU ynNpaB-  assembly
NAEMbIX BHELUHUX BO3AENCTBUIA K MCXOAHbIM HAHOOObEKTaM.

3.5 HanpaBneHHaa camoc6opka: Npouecc camocbopku (3.11) B cooTBeTCTBMM C 3a- directed
AAHHbIM LLIAGNOHOM, NPOUCXOAALLMIA MO YNPaBNAEMbIMA BHELLHUMI BO3AENCTBUSIMM. self-assembly

MpumedaHne — Tllpouecc HanpaBneHHO# camMocBopKM MOXET NPOUCXOLNUTE Noj AeUCTBUEM NPUIIOKEHHOTO Cu-
JI0BOrO MOSISA, CUJ1 NMOTOKa XUAKOCTU, BBEJEHHOrO B UCXOAHOE BELLECTBO XMMUYECKOrO peareHTa Unu no 3agaHHoMy
LabnoHy.

3.6 nutorpadms: Mpouecc hopmMUpoBaHUA CTPYKTYPbl 00beKkTa unmn penbedHoro n3o- lithography
OpakeHusa nyTemM BOCMPOM3BEAEHUA 3a4aHHOTO LWAbnoHa Ha NOASOXKKE.

MpumeyaHue — LLaGnoH U3roTaBnuBaioT U3 MaTepuana, YyBCTBUTENBHOTO K U3MYYEHUIO, U OCYLECTBASIOT
€ro nepeHoCc Ha NOANOXKY Ans POPMUPOBAHMUS HYXHOW CTPYKTYPbl METOAAMU KOHTAKTHO| nevaTn Win npsMoil
3anuen.

3.7 MHOrOCnonHoe ocaxaeHue: [pouecc nony4yeHus KOMMNO3ULMOHHbLIX MaTepuanos multilayer
CO CMOMCTON CTPYKTYPOM NyTeM NOCNe0BaTENbLHOrO OCaXAEHUSA Ha MOANOXKY ABYX Ui deposition
Bonee NCXOAHbIX MaTepUanos.

3.8 HaHoTexHonorn4yeckoe usroroerieHne: COBOKYNHOCTb AEWCTBUIA, HanpaBneHHbIX nanofabrication
Ha npefHamMepeHHOe U3roToBreHne 06 LEKTOB, YCTPONCTB UMW UX AMEMEHTOB, pasmMepbl
KOTOPbIX HAXOAATCA B HAHOAMANa3oHe (2.7), ANA KOMMepPYEeCcKux Lenen.

3.9

HaHOTEeXHOsSIornyecKkoe npousBoAcTBO:. [lpegHaMepeHHbI CUHTE3, WU3rOTOBMEHME nanomanufac-
UM KOHTPOIIb HAHOMAaTepuarnos, a Takke OTAEeMbHbIE 3Tanbl NpoLecca n3rotoenenusa B turing
HaHoauanasoHe (2.7) 4na KOMMepPYeCKux Lenen.

[ISO/TS 80004-1:2010, cTaTbs 2.11]
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3.10

npouecc HaHOTeXHONoruyeckoro nponssoacTea: COBOKYNHOCTb MEPOMPUATUIA, HAa- nanomanufac-
NpaBfieHHbIX Ha NpeJHaMepPEHHbIA CUHTES3, N3rOTOBMEHNE UIIW KOHTPONbL HaHoMaTepu-  turing

anos (2.4), a Takxke OTAEmNbHbIE 3Tanbl NPoLiecca M3roTOBMNEHUS B HAHOAMaNa3oHe (2.7) process

4518 KOMMEpPYECKMX Lienen.

[ISO/TS 80004-1:2010, cTatba 2.12]

3.11 camoc6opka: ABTOHOMHbLIN NpouUecc POPMUPOBAHUA CTPYKTYpbl oObekTa B pe- self-assembly
3ynbrare B3aMMoAencTBUMA KOMMNOHEHTOB UCXOAHOW CTPYKTYPbl 06bekTa.

3.12 dpyHKuMoHanusauusa noBepxHocTU: [pouecc npuaaHusa NOBEpXHOCTU obbekTa surface

3a4aHHbIX XUMUYECKNX NN PUSNYECKUX CBOMUCTB NMyTEM XUMUYECKOTO NN PU3UKO-XU-
MWUYECKOro BO34EeNCTBUSA.

3.13 HaHOTexHONnoru4Yeckoe NPOU3BOACTBO KCBEPXY BHU3»: TEXHONOIUA NONy4eHUA
HaAHOOOBLEKTOB U3 MAKPOCKOMUYECKNX OOBbEKTOB.

4 TepMUHbI U onpeaeneHns NOHATUN, OTHOCALWMXCS
K npoueccam HanpaBrieHHON COOpKn

4.1 cOopKa B aNMeKTpOoCcTaTU4ECKOM nore (HaHoTexHonoruu): Npouecc nameHeHus Ha-
npaBrieHNsA UK NOMOXEHNA HAHOOOBLEKTOB, ABNSIOLLMXCA dNEMEHTAMU YCTPONCTBA UIN
martepuana, nog AeiCTBMEM CUN AMEKTPOCTaTU4ECKOro Nons.

4.2 pacnpeneneHne B NOTOKe XUAKOCTU (HaHOTEXHONOrmn): MNMpouecc nameHeHus Ha-
npaBfieHNA UK NONMOXEHUA HAHOOOBLEKTOB, ABNAIOLLMXCA INEMEHTAMU YCTPONCTBA UMK
martepuana, noj AeiCTBMeM CUI NOTOKA XUAKOCTU.

4.3 nepapxumueckas coopka (HaHOTEXHONOrnM): TEXHONOrUsA, OCHOBaHHAsA Ha NpuMe-
HeHun Bonee 0IHOro NpoLEecca HAHOTEXHONOrMYECKOro Npou3BoAcTea (3.9) Ansa ynpas-
neHus cOopkon 0ObekTa, OCYLLECTBNAEMON B NGO NoCneaoBaTenbHOCTU.

4.4 coopka B MarHuTHOM norne (HaHoTexHonoruu): Npouecc U3rotoBneHnss 06bLEKTOB
B COOTBETCTBUM C 3aJaHHbIM LLUAGNOHOM B HaHoauanasoHe (2.7) nog AeWCTBMEM CUn
MAarHUTHOTO MOns.

4.5 cbopka ¢ yuetoM (popMbl HaAaHOYAcTUL, (HAHOTEXHOMOruK): MNpouecc nonyyeHus
3a7aHHOI CTPYKTYPbl MK KOHAUIypauum oObeKTa, OCHOBAHHLIA HA MPUMEHEHUU Ha-
HovacTuy (2.6) onpeaeneHHoNn reoMeTpu4eckon OpMbl.

4.6 cynpamonekynspHas c6opka: MNpouecc c6opku 06beKTa M3 MONIEKYN UIU HAHOYa-
cTuy (2.6) 3a CYET HEKOBANEHTHbIX CBA3EN.

4.7 nepeHoC «NOBEPXHOCTb — MOBEPXHOCTbY» (HaHOTExHOMorun): MNpouecc nepeme-
LLUEHUsA HaHoyacTuy, (2.6) unu 06bLEKTOB C NOBEPXHOCTU OAHOI MOAMOXKM, HA KOTOPOW
OHM Bbinn chOPMUPOBaHBI UNK COBPaHbI, HA MOBEPXHOCTb APYrON MOAMOXKKMU.

5 TepMuHbI 1 onpeaeneHnUA NOHATUIN, OTHOCSILLLUXCS
K npoLeccam camocoopku

5.1 konnouagHaa Kpuctannusaumsa (HaHoTexHonoruu): Npouecc nonyvyeHusa BeLue-
CTBa, COCTOSAILLEro U3 NMOTHO PacnONOXEHHbIX N0 OTHOLLEHUWIO APYT K APYrY SMEeMEHTOB,
YNOPSiIA0MEHHbIX B NEPUOAMYECKUE MPOCTPAHCTBEHHbIE CTPYKTYPbI, NyTeM CeaUMEHTa-
uum HaHovactuy (2.6) us pacrteopa ¢ obpasoBaHueM TBEPAOro 0cajka.

functionalization

top-down
nanomanufac-
turing

electrostatic
driven assembly

fluidic alignment

hierarchical
assembly

magnetic driven
assembly

shape-based
assembly

supramolecular
assembly

surface-
to-surface
transfer

colloidal
crystallization
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5.2 rpadpoanuTtakcusa (HaHoTexHonorum): MNpouecc HanpasneHHon camocbopku (3.5) graphioepitaxy
Ha NOBEPXHOCTU OOBLEKTOB, UMEIOLLIEN HEOAHOPOAHOCTU, pa3Mepbl KOTOPLIX HAXOAATCA

B HaHoAManasoHe (2.7).

[l puMedYaHne — K noHaTtuto «rpacpoenvwakcm» OTHOCAT npouecchl nocnegoBaTeibHOro (bopMI/IpOBaHVIH NNeHoK

C OfMHAKOBOW UK OTIIMYHOWN CTPYKTYPOI Ha MOBEPXHOCTU OAHOW N TOW e KpUCTanIMYeCcKom NognoxKu.

5.3 noHHO-ny4yeBoe MoauduUMpoBaHUe NOBEPXHOCTU (HaHoTexHonornu): MNMpouecc
U3MEHEHUS NOBEPXHOCTU 0OBbEKTA MYyYKOM YCKOPEHHbIX MOHOB C LIENbK (hopMupoBaHus
Ha HEN HEOQHOPOAHOCTEN, B TOM YUCHE pasmepaMu B HaHOAManasoHe (2.7).

5.4 dopmupoBaHue nneHku Jlenrmrwopa — bBrnogxetT: Npouecc nonyyeHna mone-
KYNAPHOTro MOHOCNOA Ha rpaHuue pasaena AByX cpej (ra3soBomn W XXUAKON) C NOMOLLBIO
cneumanbHON KIOBETbI, pazpaboTaHHbIi MpBuHromM JleHrmopom u KatapuHoin Bnogxerr.

5.5 nepeHoc nneHku JleHrMmiopa — BnogxkeTT: [pouecc nepemeweHns MoOnNeKkynap-
HOr0 MOHOCNOA, cYOPMUPOBAHHOIO Ha rpaHuUe pasaena AByx cpea (ra3oBOW U XKua-
KOW), Ha TBEPAYIO NOBEPXHOCTb NYTEM MOrPYXXEHUS B XMAKOCTb C AaHHbIM MOHOCIOEM U
nocrneayoLLEero U3enevyeHns U3 Hee TBepAON NOANOXKKM.

5.6 NOCrnoiHoe aneKTpocTaTuyeckoe ocaxaeHue: MNMpouecc nocneaoBaTenbHOrO Ha-
HECEeHWUs1 HA NOBEPXHOCTb MOAOXKM CIOEB MONMMEPHBIX MaTepuanos ¢ NPOTUBOMOMNOX-
HbIMW 3HAKaMK 3NEeKTPU4EeCKUX 3apsiaoB.

5.7 mogynupoBaHHOe ocaxaeHue BewecTB: [pouecc opMMpoBaHNA YepeayoLLmX-
€A CnoeB AByX uUnu 6onee BELLECTB NyTEM MOCNeA0BATENbHOIO 0CAXEHNSA U3 Fa30BON
dasbl KaXKA0ro M3 UCXOAHbIX BELLECTB Ha 3aaHHbIX y4acTKax NoAMOXKK.

5.8 camocbopka moHocnoA: MNpouecc GOpMUPOBAHUST YNOPSAAOYEHHOTO MOMNEKYNsAP-
HOro Crnos BeLlecTBa, 0CaXaaeMoro Ha TBEpAYlo NOAMOXKY M3 XMAKOW UMW rasoBoW
dasbl N0 BO3AENCTBUEM CUM MOMNEKYNSIPHOIO CLEMMEHNUA C NOBEPXHOCTbLIO MOASOMXKU 1
cun cnaboro MexmornekynapHoOro B3aumoaencrBus.

5.9 mexaHu3M pocTta nsnieHku CtpaHckoro — KpactaHoBa; MexaHU3M «rocioliHoeo-
MMOC-0CMPOo8K08020» pocma nneHKu: Mpouecc (PopMUPOBAHUA NIEHKM HA NOATOXKE,
HauMHaLMncsa ¢ 00pasoBaHUsa ABYXMEPHOTO CIOSA U 3aBepLuaroLmniica o6pasoBaHuem
Ha HEM rPyNn CBA3aHHbIX Mexay co00i atoMoB (OCTPOBKOB).

6 TepMUHbI N onpeaeneHnsa NOHATUMN, OTHOCSILLUXCS K npoLueccam

CUHTEe3a HaHOMaTepuanoB

ion beam surface
reconstruction

Langmuir —
Blodgett
film formation

Langmuir —
Blodgett
film transfer

layer-by-layer
deposition;
LbL deposition

modulated
elemental
reacted method

self-assembled
monolayer
formation;
SAM formation

Stranski —
Krastanow
growth

6.1 TepMHUHBbI M onpenerieHUsl MOHATUI, OTHOCSLMNXCSA K npoueccamM (PpU3MYeCKoro ocaxaeHus

U3 rasoBowu asbl

6.1.1 xonogHoe razoAMHaMu4yecKoe HanbineHue: [pouecc Nony4yeHns NoKpbITUA U3
XONMOAHbIX U YCKOPEHHbIX YaCTUL, UM HAHOYACTUL, HAMbIISIEMOro NOPOLLKA, Npu coyaa-
pPEeHUN KOTOPLIX C MOAMNOXKON NMPOUCXOAUT UX COEAUHEHME, C MPUMEHEHNEM CBEpPX3BY-
KOBOW CTPYU MHEPTHOTO rasa.

6.1.2 aneKTPOHHO-Ny4YeBoe ucnapeHue: lNpouecc nonyvyeHna Marepuana nyTem npe-
o6pa3oBaHusA UCXOAHOTO MaTepuana B ra3oobpasHoe COCTOsiHWE MOA BO3AENCTBUEM
noToKa 3NEeKTPOHOB B YCMOBUAX BbICOKOTO UMM CBEPXBLICOKOrO BakyymMa u rnocneayto-
LLiero ocaXxaeHusi Mmatepuana Ha noanoxky.

cold gas dynamic
spraying

electron-beam
evaporation

6.1.3 TepMUHbI U onpeneneHnsa NOHATUM, OTHOCALLUXCA K NpoLeccamM 35IEKTPOUCKPOBOrO OCax-

aeHuaA

6.1.3.1 aneKkTpouckpoBoe ocaxgeHue: [pouecc Nofny4YeHns NOKPbITUIA UMMNYSbCHO-
AYroBOM MUKPOCBapPKOW, OCHOBAHHbLIN HA M3MEHEHNUN (PUSUKO-XUMUYECKMX CBOMNCTB MNO-
BEPXHOCTU MOA BO3AENCTBMEM WMMMYNbCHbIX MCKPOBLIX pas3psaoB, COMPOBOXAAEMbIX
oTAaeneHuem ot obpabarbiBaloLEro anekTpoaa BeLwecTsa n nepexo4om ero Ha obpaba-
TbiBAEMYIO NOBEPXHOCTb (KaToA).

electro-spark
deposition
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6.1.4 TepMuHbI M onpeaeneHusl NOHATUNA, OTHOCSAIMXCA K NpoLeccaM BbICYyLIMBaHUSA BeLlecTBa

6.1.4.1 cyonumaumonHas cyuwka: lNpouecc 06e3B0XMBaHUA BELLECTBA UMK yaaneHus
M3 HETO pacTBOpUTENSt NyTEM OLICTPOIrO 3aMOPaXXMBaHUSA BELLECTBA U AANbHENLLETO Bbl-
napuBaHusa 3aTBepAEeBLUMX BOAbl UNN PAaCTBOPUTENSA B YCNOBUAX BaKyyma.

6.1.4.2 pacnbinurenbHas cywka: [1pouecc nony4yeHns Cyxoro rnopowuka u3 XXuakocTtu
MM CYCNEeH3UWU, OCHOBaHHbLIN HA BNPbLICKUBAHUU KaNernb XXUAKOCTU UNKN CYyCNEH3UN B NO-
TOK HarpeToro Ao Heo6xoaMMOI TemnepaTypbl ras3a u nNoCcneaylLweM 0CaKAEHUN TBEP-
AblX YacTuu,

6.1.5 GbICTPOE paclmMpeHne CBEPXKPUTUYECKUX pacTBOpoOB: Mpouecc ussneveHuns
BeLLECTBA, OCHOBAHHBII HA PacnbINEHUN MCXOQHOTO BELLIECTBA NPU TEMNEpAaType U AaB-
JIEHWUM BbILIE KPUTUYECKUX TOYEK U NOCNIEAYIOLLEM OCAXKAEHUM HAHOOOBLEKTOB (2.5).

6.1.6 cycneH3UOHHOEe TepMMYeckoe HanbineHue: [pouecc nonyyYeHnsa NOKPbITUA
TepMU4eCcKkMM HanbineHneM (7.2.16), B KOTOPOM B KAYECTBE UCXOAHOrO Marepuana npu-
MEHSIOT CYCMEH3MIO.

6.1.7 aneKkTpuyYecKuii B3pbIB NPoBonoku: Npouecc nonyvyeHns HaHo4acTuy (2.6) ny-
TeM UCMApEHUss UCXOAHOro NOMynpPOBOAHUKOBOIO MMM MPOBOAHUKOBOrO marepuana B
BUAE NPOBONOKK NOA AEWCTBUEM MMMNYNbLCA SMEKTPUYECKOro TOKA BbICOKOW NAOTHOCTH
C nocneayloLen KoHaeHcaumen HaHoYacTuL.

6.1.8 ucnapenwue: lNpouecc nepexoaa BeLleCcTBa U3 TBEpAON UNU XXNAKON (pasbl B raso-
BYIO UNM NNasMeHHyo ¢asbl.

MpuMeyaHus

freeze drying

spray drying

supercritical
expansion

suspension
combustion
thermal spray

wire electric
explosion

vaporization

1 lMNMpouecc ucnapeHnsi NPUMEHSIIOT ANS OCaXAEeHUS MaTepuana Ha NoANOXKY. I'Ipoqecc ncnapeHna nexuT B OCHoBe

npoLEeccoB PU3NHECKOro ocaxaeHus U3 razosoi gasbl (POIP) [7].

2 Mpoueccel GO B ycnosmsAx BLICOKOTO BakyyMa NPOMCXOASAT Npu AasneHuu B AnanasoHe ot 106 no 10 Topp, B

YCOBMAX CBEPXBLICOKOTO BakyymMa — npu Aasnesnn Hke 10 Topp.

6.2 TepMUHBI U onpeaeneHus NOHATUIA, OTHOCALUXCA K NPoLiecCaM XMMUYECKOro ocaxaeHus

U3 ra3oBon asbl

6.2.1 TepMUHBbI U onpeaeneHUa NOHATUIA, OTHOCALMUXCA K NPOLieCCaM OCaXAEHUA B YCIIOBUAX

BO3OENCTBUSA NNaMeHun
6.2.1.1

3K30TEePMUYECKOE pasnoxeHue Xugkoro BewecTsa: pouecc nonyyeHus TBepAo-
ro arpermpoBaHHOro marepuana, B TOM Yucne HaHomarepuana (2.4), ocaxgaemoro Ha
MOoASNOXKY B pe3ynsraTe 9K30TEPMUYECKOW peakuuu OKUCMEHUs pacTBopa UCXOZHOro
martepuana.

[ISO 19353, cratbs 3.3, onpeaeneHme TepMuHa U3MEHEHO]

liquid precursor
combustion

6.2.1.2 nnasMeHHoOe pacnbiieHue: [1poLecc nonyyeHnsa TBepaoro arperMpoBaHHOIO
marepuana, B TOM 4Yucne HaHomarepuana (2.4), ocaxgaemMoro Ha noanoxky, ¢ npume-
HEHWEM NnasMeHHON CTpyu, 06pasoBaHHON MCTOYHMKOM MOHM3UPOBAHHOIO rasa.

6.2.1.3 nuponus as3po3onA: [pouecc nonyyeHns TBEPAOro arperMpoBaHHOr0 mare-
puana, B TOM 4Yucne HaHomarepuana (2.4), ocaxxgaemoro Ha NOANOXKY B pe3ynbrare
CXKUraHusl UnNu HarpeeaHust 10 3a4aHHON TEMNEPAaTypbl PaCnbINEMOro NCXOAHOT0 Ma-
Tepuana B BUAE aspo3ons.

6.2.1.4 nnasmeHHOe pacnbiNieHUe XUAKOro BewecTra: [pouecc nonyyeHus Teep-
[0ro arpermpoBaHHoOro mMatepuana, B TOM 4Yucrne HaHomatepuana (2.4), ocaxaae-
MOro Ha MOANOXKY B pe3ynbrate BO3AENCTBUSA CTPYU TEPMUYECKON (PAaBHOBECHON)
nnasmbl Ha pacnbINaeMblil PACTBOP UCXOAHOTO MaTtepuana u ero nocrneaytoLlero ox-
naxaeHus.

plasma spray

pyrogenesis

solution precursor
plasma spray
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6.2.1.5 TepMuyeckoe pasnoxeHue Xuakoro Bewectra: [pouecc nonyyeHus Teep-
AOro arpernpoBaHHOro marepuana, B TOM 4Yucne HaHomarepuana (2.4), ocaxxaaemoro
Ha NOANOXKY B pe3ynbraTe HarpeBaHuA A0 3aaHHOW TeMnepaTypbl PacnbinsieMoro uc-
XOAHOrO XXMAKOro Matepuana.

6.2.2 TepMmnyeckoe pasnoxeHme B TpyouaTton neum: XuMUYECKOE OCAKAEHNE U3 ra-
3080 hasbl (7.2.3), ocywlecTBnsieMmoe B TpyOUaToi neum npu 3agaHHON U KOHTPONUPY-
eMoin Temneparype noBepPxXHOCTU NOANOXKU C UCXOAHBLIM MATEPUATIOM.

6.2.3 TepMmmnyeckoe pasnoxeHune uHgpakpacHbIM usrnyyeHmem: MNMpouecc nonyyeHuns
TBEepaoro Matepuana, CoCTOSILLIEro B TOM Yucre U3 HaHo4actuy (2.6), ocaxxgaemMoro Ha
NOANOXKY B pesynsrare HarpesaHusi UHppakpacHbIM U3ITy4eHMEM A0 3aJaHHON TeMne-
paTypbl MCXO4HOTO ra3000pa3sHoOro BeLecTBa.

6.2.4 ¢opMupoBaHUe HAaHOBOJIOKOH MO MEXaHU3MYy POCTA «Map — XUOKOCTbL —
kpuctanny; MKK: Mpouecc nony4yeHuss Ha NOANOXKEe HAHOBOMOKOH (2.3) U3 UCXOAHOTO

thermal spray
pyrolysis

hot wall
tubular reaction

photothermal
synthesis

vapour-liquid-so-
lid

rasoo6pasHoro Mmarepuana ¢ npuMeHeHUeM XUAKOro Katanusaropa. nanofibre
synthesis;
VLS

M punMedYaHne — d)opMMpoaaHme HaHOBOJIOKOH MO MeXaHU3MYy pocCTa «Mnap — XUAKOCTb — KpUCTans» npoMcxoaunT

MPY HanU4YMK Ha KOHYMKaX (hOPMMPYIOLLIMXCSA HAHOBOIOKOH Kanerb XWAKOro KaTanmsaropa, aAcopoupyoLLLero UCXoaHbIA
ra3oo6pasHblii MaTepuan o ypoBHS NepEHaCHILLEHNS], 13 KOTOPOro B AaNbHEWLWEM NPOUCXOAUT POCT HAHOBOJTOKOH.

6.3 TepMmuHbI U onpeaerneHus NOHATUM, OTHOCALLUXCA K dusnyeckum MeTogam CUHTE3a

B Xuakon gase

6.3.1 anekTponpsaaeHue: NpoLecc BbITATMBaHUS BOMIOKOH M3 UCXOAHOrO XXMAKOIo Mare-
pvuana nog AeiCTBMEM CUIN ANMEKTPUYECKOTO MOMs.

6.3.2 uHTepkansauMoHHaa nonuMepusaums in-situ: MNpouecc nony4yeHMss HAHOKOMNO-
3uTa (2.2), OCHOBaHHbLIM Ha BBEAEHWU MOHOMEPA B UCXOAHbIA CROUCTLIN HEOpraHuye-
CKWUIn MaTepuan 1 nocneayoLwein ero nonMumepusaumu.

6.3.3 gucneprupoBaHue HAaHOOUCNEPCHOW CUCTeMBI: [poLiecC NONyYEHUA HAHOCY-
CMNEH3WUKN, OCHOBAHHLIA Ha NPefOTBPALLEHUA WU 3aMeANneHWn CKOPOCTM OCaXAeHUS
HaHo4acTuy (2.6) 3a CYET BHYTPEHHEr0 WM BHELWHEro BO3AEeNCTBUA (Hanpumep, Cun
MOMEKYNAPHOro B3aUMOAENCTBUA, INEKTPUHECKOrO NOMSA UMU HANUUUS NUFaHa) Ha UC-
XOAHbIA Marepuan.

6.3.5 nuTbe KepamMmu4ueckon neHTbl: [poLecc Nony4eHust kepaMuyeckoi NeHTbl NyTeM
3anofnHEeHUs NOBEPXHOCTU NOANOXKN, UMEIOLLIEN 3aaaHHble (hOPMbl U pasmepbl, Makpo-
CKONMUYECKUM CIOEM CYCMEeH3UM U3 kepammu4eckoro Matepmarna.

MpumevyaHne — Makpockonuueckuii Cnon MOXeT coaepXaTb HaHoYacTuLbl (2.6).

6.3.6 MOKpbIN NOMOS B WAPOBOM MenbHUUe: Mpouecc nonyyeHus CyCrneH3nu us-
mene4eHuem (6.5.6) ucxoaHoro marepuana noa A€NCTBMEM yAAPOB ABWKYLLMXCS Lua-
poB, U3rOTOBNEHHbLIX U3 MaTepuana, uMetowlero 6onee BbICOKUI Noka3aTtenb TBEPAO-
CTH, n ¢ foBaBNEHNEM KNAKOCTH.

electrospinning

in-situ intercala-
tive
polymerization

nanoparticle
dispersion

tape casting

wet ball milling

6.4 TepMuHbI ¥ onNpeaesieHns NOHATUI, OTHOCALWMXCA K XMMUYECKUM METOaM CUHTe3a

B Xuakon cgase

6.4.1 KNCNOTHDIIA IMAPOSIN3 LeSIIoNO03bl: XMMUYECcKas peakums ¢ NPUMEHEHUEM KUC-
NOTBI, B NPOLIECCE KOTOPOWN NPOUCXOANT U3BMIEYEHNE HAHOKPMCTANIUYECKON LIeNiono-
3bl U3 LIEeNNono3bl.

6.4.2 ocaxxaeHue HaHOvYacTULU U3 pacTeopa: Mpouecc nonyyeHns HaHo4yacTuy, (2.6) B
pe3ynbrare npoTekaHusa XMMUYECKUX peakumnii B paCTBOPE C BO3MOXHOCTbIO BITUSIHUA HA
pa3mepbl MONy4YaeMbIX YacTuL, 3a CHET KUHETUYECKnX (hpakTopoB.

acid hydrolysis
of cellulose

nanoparticle
precipitation
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6.4.3 ObICTpaa KOHOEHcaLusi HeopraHuyeckux marepuanoB: [Mpouecc nonyvyeHus
aToOMapHO rMaaKon U NIOTHOW NIEHKU U3 NCXOAHOr0 METannoOpraHuYeckoro Matepu-
ana MeToaoM LEHTPOOEeXHOro ocaxaeHus (7.2.17) n nocneayoLwero 0TBepKaEHNst Ha
NoAMNOXKe Npu 3agaHHON Temneparype.

6.4.4 cuHTe3 B 06paTHbIX muuennax: Npouecc opMupoBaHusa HaHouacTuy, (2.6) Tpe-

prompt inorganic
condensation

reverse micelle

GyeMbix pasmepoB 1 hOpMbl B PACTBOPE UCXOAHOTO Marepuana ¢ NpMMEHEHeM COOT-  Process
BETCTBYIOLLETO peareHTa, OCHOBAHHbIN HAa 00pa3oBaHuM B saApe MULENMbI HAHOYaCTuUL,

POCT KOTOPbIX OFrpaHU4eH 060NOYKON MULENTIbI.

6.4.5 3onb-renb-texHonorua: lpouecc nonyyeHnss Matepuanos nyTem npeobpasoea- sol-gel
HWUA UCXOAHOrO pacTBOpa UMK CYCMeH3uu (3015) B KONMMOUAHYIO CUCTEMY (renb), COCTO-  processing
ALLYIO U3 XWOKOW AUCMEPCUOHHON CPeAbl, 3aKIOYEHHON B MPOCTPAHCTBEHHYIO CETKY,
06pa30BaHHy0 COEANHMBLLMMUCA YacTULLaMU AUCNEPCHON pasbl.

6.4.6 MaTpUyYHbIN CUHTE3; MmeminnamHbili cuHme3s: MNMpouecc nonyyYeHus HaHomartepu-  surfactant
ana nytem camoc6opku, npoucxoasilumii ¢ gobaBneHnem B UCXOAHbIM MaTepuan no- templating
BEPXHOCTHO-aKTUBHOIO BELLECTBA, MOJIEKY bl KOTOPOro BbICTYNAIOT B KA4YECTBE CTPYK-
TypooOpasyiowiero aresTa, 1 hopMUpoBaHNe CTPYKTYPHbIX SNIEMEHTOB pa3Mepamu B
HaHogmanasoHe (2.7) npu nocreayloLweM OTBEMKAEHUN 3TOro marepuana.

lIpumep — cunukamHbie U allloMOCUJIUKamMHblie Mamepuasbl ¢ «camMogopmupyroujelicss cmpykmypol»

(cmpykmypoui muna MCM-41).

6.4.7 metop Crtobepa: lNMpouecc MNONy4YeHWs HaHOYaCTUL CUNMKATHOrO Marepuana
13 TeTpaankunopTocunukara, KoTopblii NOABEPraloT rmaponu3y nytem ero o6paboTku
CrMUpTOM N aMMMNAKOM.

Stober process

Mpumevanne — TepmuH «metog Ctobepa» — 3TO HAUMEHOBaHWE 30Mnb-Tenb-TexHororuu (6.4.5), npuMeHsieMoii

ANnA nony4yeHna aAuokcuaa KpeMHus.

6.5 TepMuHbI M onpeaeneHnsi NOHATUN, OTHOCSALWMNXCS K PU3NYECKUM MeTO4AaM CUHTEe3a

B TBepaou ¢gase

6.5.1 TepMuHbl M onpeaeneHUs NOHATUIA, OTHOCALMUXCA K npoLueccam 6nok-cononumepunsauum

6.5.1.1 6nok-cononumepusauus: MNpouecc nonyveHus Brnok-cononUMEpPHOro Matepu-
ana, OCHOBaHHbIN HA (hOPMUPOBAHUM YEPEAYIOLLUXCA ABYXMEPHLIX (2D) unu tpexmep-
HbIX (3D) CTPyKTYp M3 BrMOKOB pa3nUYHbIX HECOBMECTUMbBIX MOSIMMEPHLIX LENnen.

6.5.1.2 HaHOCTpYKTYpupOoBaHue 6nok-cononumepa: Npouecc hopmMupoBaHNUs HaAHO-
CTPYKTYp B OMOK-CONONUMEPHOM Marepuarne nyteMm Ao6aBneHns B oONpeaeneHHylo ero
hbasy cOOTBETCTBYIOLLEIO BELLECTBA.

6.5.2 aucneprupoBaHue MMUHbI B XUAKOW NONMMEpPHON matpuue: [pouecc no-
NyYeHUA KOMMO3ULMOHHOIO Marepuana ¢ nonMMepHoOW martpuuen nyTeM CMeLuu-
BaHWUA 4acCTUL FMUHbI C XUAKAM MONIMMEPHbLIM MaTeEpUanoMm U NOcneayiouero ero
OTBEPXAEHUSA.

6.5.3 xonogHoe npeccoBaHue (HaHOTexHonoruu): MNpouecc obpaboTku marepuana
AaBNEeHWEeM C LIenbIO €ro YNMOTHEHUS 3@ CHET YMEHbLUEHUA PacCTOAHUS MEXAY YacTu-
yamu Matepuana o pasMepoB HaHoauanasoHa (2.7), npoucxoaawmi 6e3 HarpeBaHus.

block copolymer
phase
segregation

block copolymer
templating

clay dispersion

cold pressing

6.5.4 HenpepbiBHas 06paboTka NONOCOBOro npokara metansa casurom; HOMMC: conshearing
Mpouecc yny4yweHnss MexaHU4eCcKkuii CBOIMCTB METanmna 3a C4eT M3MEHEHUs pasmepoB  continuous

€ro 3epeH B pesynbsrate UHTEHCMBHOrO NNacTu4Yeckoro AedopMMpoBaHna Npu BanbuoB-  confined strip

Ke CO CABMIOM, NpoucxoasLuui 6e3 3HaunTenbHbIX U3MEeHeHuI rabapuTHbix pasmepoB  shearing;
MUCXOAHOro marepuana. Cc2S2
Mpumevyanune — Metog HOMMC nossonseT nonyvate MaTepuassl U M3Aenns U3 HUX C yNydlleHHbIMU MexaHuye-

CKUMU CBOWCTBaMM.
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6.5.5 paccreknoBbiBaHue (HaHOTEXHONOrMK): Mpowuecc kpucTannusauum ucxogHoro Ma-  devitrification
Tepuana, UMEeIoLLEero CTeKNOBUAHYIO KOHCUCTEHLMIO, MPOMCXoasALLmi ¢ 06pa3oBaHMEM B
HEM HaHOOOBLEKTOB U/MMKM NYCTOT, pa3Mepbl KOTOPLIX HAXOAATCS B HAHOAMAaNasoHe (2.7).

6.5.6 uamenb4yenue (HaHotexHonorum): MNpouecc nonyyeHus HaHodactuy (2.6) mexa- grinding
HUYECKUM UCTUPAHMEM UCXOJHOTO BELLECTBA C NPUMEHEHWEM MaTepuana, UMeIoLero
6ornee BbICOKMIA NOKa3aTenb TBEPAOCTH.

6.5.7 BbICOKOCKOPOCTHaA MUKpooOpaboTka: Mpouecc usrotoBneHus asyxmepHoro unu  high-speed
TPEXMEPHOTO NPELIU3MOHHOTO U3AENNS NYTEM OTAENEHUS U3AENUS B Ka4eCTBE YacTu OT uc-  micromachining
XOAHOM 3arOTOBKM WUNM BbIPE3aHNA U3AENUA Ha NOBEPXHOCTU UCXOAHON 3aroTOBKM C NOMO-

LLbIO CrieLMansHOro UHCTPYMEHTAa Npy CKOPOCTU BpawleHust Lununaens 6onee 30 000 06/MuH.

MpumevaHus

1 MNpeLmanoHHbIe U3enus nonyyaroT B npoLiecce MUKpoobpaboTku 3a cHeT Beicokoi ckopocTu (ot 30 000 fo 100 000 06/MuH)
BpaLLeHUs LUNUHAENS.

2 Buabl BLICOKOCKOPOCTHON MUKPOO6paboTKM: NnasepHas, aNeKTPOHHO-Ty4eBas, YNsTpaseykoBasi, hpesepoBaHue, 06-
paboTka MOHHbLIM My4KOM. [1ns BLINOMHEHMNS BLICOKOCKOPOCTHOW MUKpoobpaboTku npumeHstoT obopyaoBaHmue ¢ YUcno-
BbIM NporpaMMHbIM ynpasneHuem (UIMY).

3 CKopOCTb BpalleHUs LUNUHAENS YCTaHaBNMBaloT B 3aBUCUMOCTM OT NMPUMEHAEMOro Buja MUKpoobpaboTku.

6.5.8 nonnaa umnnanTtaums: lNpouecc uameHeHns CBOMCTB NOBEPXHOCTM 0ObEKTa ny- ion implantation
TEeM ee paspyLUeHUsa Unmn nepekpucTannnsaummn noa BO3AENCTBUEM MOHHOTO NyYKa.

6.5.9 TepMuHbI M onpegerieHUsA NOHATUN, OTHOCALMXCA K NPOLIeccaM U3MeSibYeHUsA

6.5.9.1 kpuoreHHoe nsmernbuyeHune: MamenvieHune (6.5.6) npu kpuoreHHon Temnepary- cryogenic milling
pe (To ecTb Temneparype Hmwke —150 °C unu 123 K).

6.59.2

CYXOW NOMOJ B LLAPOBOM MeribHUuUe (HaHoTexHonoruu): Mpouecc nonyyeHusi Matepu-  dry ball milling
ana, cogepxallero HaHoyactuupl (2.6), usMens4eHMEM U CMELLIMBAHUEM UCXOAHBIX Ma-
Tepuanos Pa3nM4yHoOro XMMU4ECKOro 1 rpaHynoOMETPUYECKOr0 COCTAaBOB NOA AeWCTBUEM
yAapoB ABWXKYLLUMXCA LLUAPOB, M3rOTOBMNEHHLIX U3 Marepuana, umerowero 6onee BbiCo-
Kuii nokasaresnb TBEPAOCTH, U NOCNEAYIOLLMM HarpeBaHWeM A0 TEMNEpaTypbl CrekaHus.

[ISO 11074:2005, ctatbsa 4.6.2, ISO 3252:1999, cratbs 1303, onpeaeneHue n HauMeHOBaHME TEPMMHA
N3MEHEHbI]

6.5.10 MHOrokpaTHasa WTaMNoBKa C Kpy4ueHuem: pouecc ynydlieHusa cBoucTs me- multi-pass
Tanna 3a c4eT yMeHbLUEHUS ero 3epeH A0 pasMepoB HaHoAuanasoHa (2.7) B pesynerare  coin forging
WHTEHCUBHOIO NSacTU4ecKoro AedOpMUPOBaHUS, NPOUCXOAALLETO NPU HEOAHOKPATHOM
nocrneaoBaTesibHOM NMOBTOPEHWUM ONepaLuii CXKaTus 3aroTOBKU B BUAE NIMCTOBOIO NpoKaTa

MeXay ABYMA NyaHCOHaMW, UMEIOLLMX PenbedHYo NOBEPXHOCTb, U BpaLLEeHUs MyaHCco-

HOB Ha 3afaHHblii yrosn, ¢ nocrneayioLlen 06paboTko 3aroTOBKU KOBKOW UKW BarnbLIOBKON.

6.5.11 ocaxpaeHue B COOTBETCTBMM C HaHolab6noHom: lMpouecc chopmupoBaHusi nanotemplated
o6bekTa 3a4aHHON (HOPMbI, B TOM YMCIIE C 3aMKHYTbIM BHYTPEHHUM MPOCTPaHCTBOM, growth

nyTem ocaxaeHnss NCXOAHbIX HAHOCTPYKTYPUMPOBAHHbLIX Matepuanos (2.8) unu HaHo4va-

ctuy (2.6) U3 XKUAKOW MNK rasoBolt hasbl HA NOANOXKKY.

6.5.12 pucneprupoBaHue HaHO4YaCTUL, B XKUAOKOM NoriMuMepHOn matpuue: MNpouecc polymer
nosfy4yeHnsi KOMNO3MLIMOHHOIro Marepuana ¢ nofiMMepPHON maTpuLein nyteMm cmewmsa- nanoparticle
HWA HaHovacTuy, (2.6) UCXOAHOIO BELLECTBA C XUAKMM NONUMEPHBLIM Matepuanom u no-  dispersion
cneayioLLEero ero OTBePXAeHUS.

6.5.13 TepMHHbI K onpenerieHns NOHATUI, OTHOCSLIMXCA K npoueccaM CneKkaHuaA

6.5.13.1 ropsivee npeccoBaHue: MpoLecc Nony4yeHns metannmnyeckoro marepmana gop- hot pressing
MOBAaHWEM METaNNTMYECKOTO NMopoLUKa B Npecc-hopMe Nnoz Bo3aeiCTBUEM AABMEHNS U TEM-
nepaTypbl, NPEBbILLAIOLLEN TeMNepaTypy PeKpUCTannM3aumm OCHOBHOTO KOMMOHEHTA.

MpumevyaHune — TlpoLecc ropadero npeccoBaHns NPOBOAAT Npu AaBneHuu Beiwe 50 MIMa n Temnepartype 2400 °C.

9
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6.5.13.2

cnexkaHue HaHovactuu: lMNpouecc CoeauMHeHU HaHoYacTUL nyTem Tepmuyeckon obpa- nanoparticle
0OTKM UCXOAQHOrO MaTepuana, B npouecce KOTOPOM NPOMCXOAUT akTuBM3auusa B3aumo-  sintering
AeNCTBUS HAHOMACTUL, BCNEACTBUE ABKEHNS aTOMOB BHYTPU U MEXAY HaHOYaCTULAMM.

[ISO 836:2001, onpeaenexne TepMuHa npueeaeHo U3 crarbn 120]

6.5.13.3 anekTpouMnynbCHOe nnasmeHHoe cnekaHue: lMpouecc ynnotHeHua no- spark plasma
poLuKa NpoBOAHWUKOBOTO UK NOMYNPOBOAHUKOBOIO Marepuana, noMeLLEeHHOro B npecc-  sintering
cdopmy nog BO3AENCTBMEM AABMEHUA, HArpeBaHMEM CO CKOpPocTbio A0 1000 K/muH

nyTem NponyckaHua Yepes Hero UMMynbCca MOCTOAHHOIO TOKAa U NOCNEAYOLMM OXIaX:-

JEeHUeMm Co CKopocTbio Ao 1000 K/MuH, 6e3 uaMeHeHus1 pa3aMepoB 3epeH.

6.6 TepMuHBI M onpeaeneHns NOHATUIA, OTHOCALUXCSH K XMMUYECKUM MeTO4aM CUHTe3a
B TBepAon case

6.6.1 npuBuBOYHaA Gnok-cononumepusauma; depusamu3sayus 6nok-cononumepos: block copolymer
Mpouecc moaudukaummn TBepaoro GNOK-CONONMMMEPHOr0 martepuana nytem gobaene- chemical

HWSA COOTBETCTBYIOLLETO BELLECTBA, aTOMbl MINU MOJEKYMbI KOTOPOro B3aumoaencTeylor  derivatization
TONbKO C 0AHON ha3on moauchMuMpyeMoro marepuana.

6.6.2 aHogHOe OKucneHue MeTanna (HaHoTexHonoruu): MNMpouecc nonyyeHus Heme- electrochemical
TannM4ecKoro HEOPraHNM4YECKOro NOKPbLITUS HA METANNMYECKOn NOANOXKe (aHoae) anek- anodization
TPOXMMUYECKUM CNOCOBOM C KOHTpONeM 06pa3oBaHNUs HAHOMOP.

n puMeHaHne — TepMI/IH «aHOoAHOe OKUcrneHue Metanna» ABnAaeTca CUHOHUMOM TEPMUHA «aHOAHOE TpaBieHUe».

6.6.3 nHTepkanupoBaHue: [pouecc obpaTtuMoro BCTpauBaHua atoMOB uMnu monekyn intercalation
OOHOTO0 BELLECTBA B KPUCTANNIMYECKYIO CTPYKTYPY APYroro BeLlecrsaa.

6.6.4 cuHTe3 aByx(a3HbIXx HAHOKOMMO3ULUMOHHBLIX MaTepuanosB: [pouecc nonyye- two-phase
HWAA HAHOKOMMO3MLMOHHOIO MaTepuarna, CoCToALWEro U3 AByx pasaeneHHoix ¢as, nytem methods
HarpeBaHus M GbICTPOro OXNa){AeHUsl 40 3a4aHHbIX TEMNEpaTyp UCXOAHOW CMEeCU U3

OBYX KOMMNOHEHTOB.

7 TepMUHbI 1 onpeferieHNsA NOHATUN, OTHOCALLUXCA K NpoLeccam
M3roToOBNEHUsA NPOAYKLUN

7.1 TepMUHBLI 1 onpeaerieHNA NOHATUIA, OTHOCALWMUXCS K Npoueccam nurorpadumn
B HaHogWanasoHe

7.1.1 TpexmepHan nutorpadua; 3D-numozpaghus: Npouecc popmupoBanus cTpykty- 3D lithography
pbl 06LEKTa, NIMHENHbIE Pa3MepPbl KOTOPOI UMK €€ COCTaBHbLIX YaCTel NO OAHOMY, ABYM

UM TpeM M3MEPEHUAM MOTYT HaXoAUTLCA B HaHOAWanasoHe (2.7), nytemM BoCnpousse-

JEHVA 3aJaHHOrO LabnoHa Ha NoAroXKe.

7.1.2 apautuBHaa nevatb: Npouecc dopMupoBaHusa penbedHOro usodpaxenusa no- additive proces-
CNOMHBLIM HAHECEHMEM MaTepuana Ha NoanoXKy B COOTBETCTBMM C 3a[1aHHLIM LLAONOHOM.  Sing

MpumevyaHne — B cnyyae npuMeHenus pesncTa B kKavyecTBe WAONOHa pasnuyaloT Ba BUaa afAUTUBHOW nevaTu:
obparHasa nutorpadusa n agauUTUBHaS NeYaTs ¢ NpuMeHeHueM Tpadapera. B npouecce obpaTHoit nutorpadmm Ha pesucT
HaHOCAT Crol MaTepuana, u3 KOTOPOro Heobxo[MMOo cPopMUpPoOBaTL PUCYHOK, @ 3aTeM yAansIoT pe3nucT Takum obpasom,
4TOObl HaHEeCEHHbI MaTepuarn ocTanca B OTBEPCTUSX, HE 3alLULLEHHBIX PE3UCTOM, @ MaTepuarl, NonasLUKiA Ha PE3UCT,
ybupaetca BMecTe ¢ HUM. B npolecce agAuTMBHON NeYaT ¢ NpUMeHeHWeM LwabroHa Marepuwan Tonbko 4o6aBnsatoT B
0TBEPCTUSA, He 3allyLLeHHbIe Pe3UCTOM [A0oMNycKkaeTCA NPUMEHSITL COBMECTHO C NPOLIECCOM aneKkTpoocaxaeHus (7.2.7)].

7.1.3 6nok-cononumepHas nutorpadus: MNMpouecc hopmmposanus penbedHoro usobpa- block copolymer
YKeHUA U3 HaHo4YacTuL, Marepuana, OCTaBLUMXCA Ha NOASOXKE nocrne yaaneHusa nonumep-  lithography
HOrO LLIABMOHa, NOMYYEHHOIO 38 CHET MUKPOKha3HOrO paccroeHust AUBIOK-ConoNMMEpPOB.
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7.1.4 nutorpadma ¢ KORNONMOHO-KPUCTANNNYECKUM wadnoHoMm: MNpouecc dopmu-
poBaHuA 3afaHHOrO 00beKTa METOAAMM OCAXKAEHUSA UMW TPABNEHUA B COOTBETCTBUM C
LabnoHoOM, NpeaCTaBNAoWMM co60i AByXMEPHYIO (2D) unu TpexmepHyto (3D) CcTpykTy-
py M3 YyacTuu KONMnouaHOro Kpucranna.

7.1.5 poronutorpadus B myookom ynsrpacduonete; $IY: MNpouecc hopmmpoBaHus pe-

colloidal crystal
template
lithography

deep ultraviolet

nbedHoro n3obpaxeHust B cnoe hotopesuncra NnyTem BOCNPOU3BEAEHUA 3a4aHHONO Wabno-  lithography;
Ha C NOMOLLIbIO YNTPadMONETOBOro U3Ny4YeHUs B AnanasoHe AnuH BonH ot 100 Ao 280 um. DUV

716

nepbeBana HaHonurtorpadwms: lNMpouecc dopmmupoBaHua penvedHoro usobpaxenusa dip-pen

pasmepamu meHee 100 HM B COOTBETCTBMU C 3aAaHHbLIM LWAGNOHOM NyTEM nepeHoca
cneunanbHOro Marepuara Ha noasioXky ¢ NOMOLLbIO 30HA4A aTOMHO-CUMOBOTO MUKPO-
ckona, npoucxoasLiero 3a cyer AU dysnun Yyepes BOAHLIN MEHUCK MEXAY MOBEPXHO-
CTbIO NOANOXKKN U 30HAOM.

MpumevyaHusa

nanolithography

1 Ha ocTpue 30H[ja aTOMHO-CUNOBOrO MUKPOCKOMNAa HAHOCAT MONEKYNbl UNW HaHo4YacTuLbl (2.6) cneumansbHoro MaTepu-
ana n NepeHoCsT UX Ha NoANoXKyY, hopMupys penbedHoe nsobpaxeHne, CoCToNALEE U3 OAHOTO UMK HECKOMNBKUX CNOeB
HaHOCUMMOro MaTepuana.

2 Dip-Pen Nanolithography — Toprosasi Mmapka 4epHun, Beinyckaemblx komnaHueit Nanolnk Inc. [JaHHble cBegeHus
npuBefeHbl Kak NpuMep AN NpaBuiibHOro NOHMMaHUA TeKCTa HacToALLero cTanaapTa. B craHgaprax MexayHapogHoii
opranusauuu no ctangaptusauun (MCO) Tepmun dip-pen nanolithography He o6o3HayaeT noHsATHe «4epHUna». Tep-

MUH «NepbeBas HaHonMTorpacusi» JOMNycKaeTcsi NPUMEHSTb ANA 0603Ha4YEHUA aHaNorMYHON NPORYKLNN.

[ISO 18115-2:2010, cratbs 6.40]

7.1.7 3neKTpOHHO-ny4YeBaa nurorpadumsa: lNpouecc hopMUpoBaHUA penbedHOro n3o-
OpaxkeHWs B Croe pesucra nyTem BOCMPOU3BEAEHMA 3a4aHHOrO WwabnoHa ¢ noMoulbio
HOKYCMPOBAHHOIO 3MEKTPOHHOTO My4yKa.

7.1.8 cdhoTtonurorpadua B akcTpemansHOM ynerpaduonete; $3Y: Mpouecc dop-

electron-beam
lithography

extreme ultra-

MUpOBaHKUA penbedHOro n3obpaxkeHus B cnoe oTope3ncta nyTeMm BOCNPOU3BeaeHus  violet
3aaHHOro LabnoHa ¢ NOMOLLBIO YNETPadUONETOBONO U3NyYeHUs B AuanasoHe anuH lithography;
BOSTH OT 10 A0 20 HMm. EUV
MpumevyaHne — B oGopygoBaHun Ans dpoTonuTorpacmn B SKCTPEMASILHOM YIBTpaduoneTe UCNonb3yoT cucTe-

Mbl CheUnanbHbIX 3epKan.

7.1.9 noHHo-ny4yeBaa nutorpadus: MNpouecc hopMmpoBaHus penbedHoro n3obpa-
XKEHWA B CNOE pe3ncTa nyTem BOCNPOU3BEAEHUA 3a1aHHOrO WabnoHa ¢ NoMoLLbo ¢o-
KYCMPOBaHHOIO MOHHOTO MyyKa.

7.1.10 umMepcroHHaa ontuyeckasa nurorpadus: Nurorpacdus (3.6) ¢ NOBLILIEHHOM
paspeLuaroLLein CrocoOHOCTLIO, MOMYYEHHOW 38 CYET 3anOfHEHWA BO3AYLUHOMO NpoMe-
XKYTKa Mexy nocneaHen NMH3oi oGbekTMBa MUKPOCKONa M NNEHKOI hoTopesncTa »xua-
KOCTbIO C COOTBETCTBYIOLLMM NOKa3aTenem npenomreHus.

7.1.11 wnTepdepeHunoHHaa nutorpadusa: Mpouecc dopmupoBaHusa penbedHOro
u3obpaxkeHns pasmepamu B HaHOAWAaNa3oHe (2.7) nyTeM COOTBETCTBYOLLE 06paboTku
obny4eHHoro pesucra, Ha NOBEPXHOCTU KOTOPOro C NMOMOLLBI0 AUMPAKLUOHHBIX peLue-
TOK nosly4eHa uHTepdepeHUMOHHas KapTuHa.

7.1.12 MOHHO-CTUMYNUPOBaHHOE ocaxaeHue: [Npouecc HOPMUPOBAHUSA CTPYKTYpPbI
obbekta unu penbedHOro M300paxxeHWss NyTEM YBENMUYEHUS KOHLEHTpaUMW MOMeKyn
ocaxxaaemoro matepuana Ha 3afaHHbIX y4acTKax NoAoXku ¢ NOMOLLbIO POKYCUPOBaH-
HOro MOHHOTO Nyu4Ka.

7.1.13 noHHO-CTMMYNUpPOBaHHOE TpaBneHue: MNpouecc hopMUPOBAHMS CTPYKTYPSI
obbekTa unu penbedHOro 3odpaXkeHNa NyTemM YMEHbLUEHUA KOHLEHTpaLUMU MONEKYI
Ha 3afaHHbIX yyacTkax obpabaTbiBAEMOro MaTepuana, nokpbIBakoLLEro NoanoXKy, ¢ no-
MOLLbIO POKYCUPOBAHHOTO MOHHOIO MyyKa.

focused ion-beam
lithography;
FIB

immersion optics

interference
lithography

ion induced
deposition

ion induced
etching

1
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7.1.14 noHHoO-npoekunoHHaa nurorpadusa; Mpouecc nonyyeHua penbedHOro u3o- ion projection
OpaxkeHus pasmepamMu B HaHogmanasoHe (2.7) B cnoe peaucra nytem Bocripousseae- lithography
HWSA 3a4aHHOro WabnoHa C NOMOLLBIO Ny4YKa YCKOPEHHBIX MOHOB.

7.1.15 MMKPOKOHTaKTHasa nevatb: Bug msarkon nutorpadcum (7.1.25), B KOTOpON Wwa- micro-contact
GrnoH Nocrne HaHEeCeHUA Ha Hero YepHWN BAABNUBAIOT B CMOM MaTepuana, nokpsiBato-  printing
LLero noasoxky.

MpuMeyvyaHue — TOYHOCTbL BOCMPON3BEAEHNS N30OpaKeHNS 3aBUCUT OT 0COBEHHOCTE NOBEPXHOCTU NMOATIOXKN U
maTepuana, Ucrorib3yemMoro B ka4ecTBe YepHWU.

7.1.16 MUKPOXMAOKOCTHAA neyaTb: lMpouecc nonyyeHua penbedHoro nsodbpaxeHua microfluidic
NyTeM HaHeCEeHUA XNOKOro marepuana Ha NoOBEepPXHOCTb MOAMOXKM C MOMOLLbIO nevar- deposition
HOIM rofOBKM C KaHanamu, pasMepbl KOTOPbLIX HAXOAATCA B MUKPO- UNKU HaHOAMAaNa3oHe

(2.7), v nocneaytoLero ero OTBEPXKAEHUA NPU 3aJaHHON TeMneparype.

7.1.17 HaHOTUCHeHwue: [1pouecc nonyyYeHuns penbedHoro n3obpaxeHusa nyteMm Baasnu- nano-embossing
BaHuWs WabnoHa ¢ 3a4aHHbIM PUCYHKOM, pa3Mepbl KOTOPOro HaXoAATCsl B HAHOAMAaNaso-
He (2.7), B CrO pe3ncTa, NOKPbIBAIOLLErO NOATIOXKKY.

MpuMedvaHus

1 TepMUH «HAHOTUCHEHME» TaKKe pacnpoCTPaHAETCs Ha npoLecc POPMUPOBaHNUSA TPEXMEPHBIX HAHOCTPYKTYP.

2 lMpn HaHOTUCHEHUM hu3nYeckne cBoiCTBa MaTepuana peancTa He nameHstotes. MNpouecc HAaHOTUCHEHNS OTNUYaeTcs
OT npoLlecca HaHone4aTHoON NuTorpadumn TeM, Y4To nofy4aemoe n3obpaxeHue B crioe pesucta He TpebyeT foMnonHu-
TenbHoi 06paboTku.

7.1.18 HaHonevatHas nutorpadusa; HMY: Mpouecc nonyyenus penbedHoro u3obpa- nano-imprint
YXEeHUs MyTeMm BAaBnMBaHwA wabnoHa (06bIMHO Ha3bLIBAEMOTO Knuwle, wramn, macka unu  lithography; NIL
TpadhapeT) ¢ 3agaHHbIM PUCYHKOM, pa3mepbl ANEMEHTOB KOTOPOr0 HaxXoAATCA B HAHO-

AnanasoHe (2.7), B Croi pe3ucra, NOKPbIBAIOLLEro NOASOXKY, M MOCNEAYIOLLETO €70 OTBEp-

XKOEHUS Npu 3ajaHHO TemnepaType unu Noa BO3AEHCTBMEM CBETOBOIO U3Ny4YEHUS.

MpuMedvaHus

1 HaHnone4aTHyto nuTorpacmio OTHOCAT K npoLeccaM ne4ary, a He k npoueccaM nutorpadum (3.6), Tak Kak nonydae-
Moe nsobpaxeHue 3aBucuUT oT popMbl U penbedda WwabnoHa.

2 HaHonevaTHyto nuTorpaduio pasnuyaliot Mo BUAam Matepuanos, MICNONb3yeMbIX B KauecTBe pe3ncTa. PesncT us Tep-
MONNAcTUYHOrO NOSIMMEPHOro MaTepuana cHayarna HarpeBaloT 40 TeMnepaTypbl NiaBreHus, a 3aTeM HajaBnuBakoT
Ha Hero WwabnoHoM. Pe3ncT U3 TepMoOpeakTMBHOIO MaTepuana cHaqasna UCnonb3ytoT B XUAKOM BUAeE, NpUKNaabiBas K
HeMmy WabnoH, a NOTOM HarpeBaloT A0 TeMnepaTypbl €ro oTBepXAeHUS. Ha HeratuBHOM poTopesucTe nsobpaxeHue
¢opMHpYIOT C NOMOLLbI0 CBETOBOO U3NyYeHUs 1 Npo3padHoro wabnoxa. MNpouecckl HaHoMeYaTHoOW nuTorpacuu ¢ uc-
nonb3oBaHUeM hOTOPE3NCTOB HEKOTOPLIE CMELManuCThl Ha3bIBaKOT «ONTUHECKUM UMIPUHTUHIOMY», KOMTUYECKUM Ha-
HOUMNPUHTUHTOM» UINKU «NEeYaTHON NUTorpaduein «war-scnblLKay.

7.1.19 ecTtecTBeHHas nutorpadums: [Npouecc hopmMupoBaHMA CTPYKTYpbl 06bekTa unu  natural lithogra-
penbedHOro n3obpaxeHuss nyTeM BOCNpousBeaeHus wabnoHa, npoucxoasiumii B npu-  phy

poae.

lTpumep — [lonocski, 06pa3oeaHHble Ha KOJUIa2eHO8bIX 80/I0KHaX cCoeQUHUMeIILHOU MKaHU, unu cmpyKkmy-

pbl, chopmupoeaHHsie u3 Humell puboHykneuHoeol kucnomsi (PHK).

MpumevyaHne — TepMUH «ecTecTBEHHas NUTOrpacnsa» OTHOCAT K NpoLeccam, B KOTOPLIX BOCNPOU3BefeHNE U30-
6paxeHns NPOUCXOAUT € NoMoLLbIo LWabnoHa 6e3 NpuMeHeHUs POKYCMPOBAHHOTO Myyka usny4eHus [12].

7.1.20 dporonutorpaduna; onmudeckas numozpachus: Mpouecc nonyvyeHus usobpaxe- photolithography;
HUA Ha NoAnoXkKe nyrem obnyyeHus chorope3ncTta, NOKPLIBAIOLLETO NOASIOXKKY, anekTpo-  optical litho-
MarHUTHbLIM U3NyYEeHUEM Yepes 3aAaHHbIN LIAONoH. graphy

MpumevaHue — KaknpaBuno, ANs U3roTOBMEHNS WabnoHa UCNoNL3yT MaTtepuan dhoTopesnucTa.

7.1.21 pasokonTpacTHasa dortonutorpadwms: Mpouecc nonyvyeHus usobpaxenus pas- phase-contrast
Mepamu B HaHoAnanasoHe (2.7) U ynyyLieHHbIM paspeLueHuem nytem obnyyenust poto-  photolithography
pesncra, NoKPLIBAIOLLEro MOASIOXKKY, SNMEKTPOMAarHUTHbLIM M3ny4yeHuem depes LabnoH

(choToLuabnoH) co CTpykTypou, casuraioLei asy NPOXOASALLETO U3NYYEHUS.

12
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7.1.22 nnasMoHHaa nutorpadusa: NMpouecc hopmmpoBaHusa penbedHoro nsobpaxe-
HUS pasMepamu B HaHoauanasoHe (2.7) nytem o6nyyeHust OTOpPE3nUCTa, NoKpbIBato-
Lero noAanoXxky, onTUYEeCKUM U3nydYeHuemM yepes wabnoH (npeacraensawolmi coboi
MEeTanIM4eckyto NasmMoHHYIO NIMH3Y), obecnevmBatoLLuMii BO3HMKHOBEHME BrivxkHenone-
BOro BO30Y>KOEHWs, BbI3blBAIOLLEro M3MEHEHUs B choTopesucre.

7.1.23 pucoBaHue ¢ NOMOLILIO CKAHUPYHOLEro 30HAOBOIO0 MUKpockona: lMpouecc
noslyYeHUss penbedHOro WU300paKeHUs, 3aKNOYalLWMIACA B U3MEHEHUW 3aJaHHbIX
Y4YacCTKOB MOBEPXHOCTU MOAMOXKA OCTPUEM CKaHWPYIOLLEro 30HAOBOTO MMKpOCKONa
(C3M) ¢ yepHunamu unu 6e3 Hux.

7.1.24 xuMHUYecKoe ocaxaeHue U3 rasoom asbl c NPUMEHEHUEM CKAHMPYHOLWEro
TYHHenbHOro Mukpockona; XOre CTM: Mpouecc nonyyeHus penbedHoro nsobpa-
XXEHUs pa3mepaMu B HaHoguanasoHe (2.7) C MOMOLLBIO CKAHUPYIOLIETO TYHHEMNBHOIO
mukpockona (CTM), B KOTOPOM HaHeECEeHWEe maTtepuana Ha MoANOXKY MPOUCXOAMT 3a
CYET XMMUYECKOTO OCaXKAEHNUS M3 ra30BOW (hasbl, MPOUCXOASILLEro Noa 4eNCTBUEM drek-
TPUYECKOTO HaMNpPSHKEHUS.

7.1.25 markaa nurorpadus: MNMpouecc nonydYeHus n3obpakeHus, 3aKnio4atoLLnincs B
HaHeCeHWM OTTUCKA HA MOANOXKY LIABnOHOM, U3FOTOBNEHHbIM U3 MATKUX Marepuanos
(Hanpumep, anacTOMepHbIX Marepuanos).

7.1.27 cy6TpakTMBHaa obpabotka: Npouecc nonyveHus M3o0pakeHus, 3akniodato-
wmiica B u3bupaTtensHoM yaarieHuu y4acTkoB marepuana pe3ucra B COOTBETCTBUM C
3a/1aHHbIM LLIABNOHOM.

7.1.28 peHtreHoBckas nutorpadus: MNpouecc dopmupoBaHus penbedHoro usobpa-
XXeHus B croe hoTopesncra nyTem BOCNpou3BeeHUs 3a4aHHOr0 WabnoHa ¢ NOMOLLbLIO
PEHTrEHOBCKOrO U3My4eHus.

plasmonic
lithography

scanning force
probe writing

scanning tunnel-
ling

microscope
chemical vapour
deposition;

STM CVD

soft lithography

subtractive
processing

x-ray lithography

MpuMmevyaHune — TlyvyoK peHTTEHOBCKOrO U3MyYeHUs TPyAHO CPOKycupoBaTb Ha y4acTKe, pasMepbl KOTOPOro Ha-
XOASATCA B HaHoAMWanasoHe (2.7) [B oTnuyne ot coTonuTorpadun B skCTpemarnsHoM yrnstpaduonete (7.1.8)], noatomy
TEPMUH «peHTreHoBCcKas nuTorpadmsy» NPUMEHSIOT ANS NpoLecca NevaTu, BbINOMHAEMOro ¢ NOMOLLbIO CNeLuanbHOro
WwabroHa ¢ NPOHUL@EMBIMU U HENPOHULaeMbIMU AN PEHTTEeHOBCKOro UanyyveHusi ydactkamu. LabnoH npegctaenset
co60oit MeMBpaHy, M3rOTOBMEHHYIO U3 MaTepuana ¢ HU3KUM MOrMOoLLEeHNEM PEHTTEHOBCKOrO U3NyYeHUs, ¢ HAHECEHHBIM
Ha Hee M3oBpaxeHneM U3 MaTepuana ¢ BEICOKMM MOFMOLYEHNEM PEHTIEHOBCKOMO U3rydYeHusl, Hanpumep, U3 MeTanna.
Kak npaBuno, 4ns U3roToBneHus WwabnoHa NCnonb3yoT MaTepuan doTopesucTa.

7.2 TepMuHBI 1 onpeaeneHus NOHATUN, OTHOCALLMXCA K NpoueccaM ocaxaeHus

7.21
agcopbumsa; YaepxaHume MOMeKyn rasa, XXMAKOCTU U pacTBOPEHHOMO BellecTBa no- adsorption
BEPXHOCTHLIM CIIOEM TBEPAOro MMM XMAKOro Tena, ¢ KOTOPbIM OHWM KOHTaKTMPYIOT, 3a
cHeT PU3NYECKMX UNU XUMUYECKNX B3AUMOAENCTBMUIA.
[ISO 14532:2001, ctatbsn 2.2.2.7]
7.2.2 aTOMHO-cnoesoe ocaxaeHue; ACO: lNMpouecc nony4yeHna OAHOPOAHBLIX KOH- atomic layer
HOPMHBIX NIIEHOK NYTEM LIMKITMYECKOro 0CaKAEHUA UCXOAHLIX MaTepuarnos Ha noanox- deposition;
Ky B XO4€ CamMOOrpaHUYEHHbIX XMMUYECKUX peakunii, NO3BONSAIOLWMX KOHTponupoeatb ALD
TONLLMHY HAHECEHHOTO Crosl.
MpumedaHune — Bnpouecce ACO LUK ocaxgeHUs UCXOAHBIX MaTepuanoB, KOTOPLIA JOIMKEH BKITHOYaTb HE MeHee
LBYX rnocriefoBaTenbHbIX XMMUYECKMX peaKkUWi, MOBTOPSAIOT HECKONBKO pa3 A0 MOMyYeHWS MIEHOK HYXXHOW TOMLLMHBI.
7.2.3
XUMHUYecKoe ocaxzeHue u3 rasosomn asbl; XOI®: Mpouecc nonyyeHus nneHok unu  chemical
NOPOLLKOB B pe3ynbraTe TEPMUYECKUX peakuuii pasnoXxeHus u/unu B3aumopencTeua  vapour deposi-
OZHOTO WS HECKONBbKMX MCXOAHBIX ra3000pasHbIX BELLECTB Ha NOAJIONKKE. tion;

CVD

[ISO 2080:2008, cTatbsa 2.2, onpeaeneHne TepMUHA U3MEHEHO]
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7.2.4 kaTanuTUYecKkoe XUMHYECKoe ocaxaeHue u3 raszoBom asbi; KXOI®: MNpo-

catalytic chemical

uecc XOIB (7.2.3), 0CHOBaHHbIN Ha TEPMUYECKOM Pa3noXeHum razoobpasHbix BewecTs vapour deposi-
C NpUMEHeHneM Katanusaropa. tion;
CCVD

MpumevaHuns

1 Mpoyecc KXOI® npuMeHSIOT ANA NoMyYeHUs YrnepoaHbIX HAHOTPYOOK (2.9) U3 UCXOAHBIX YITEeBOAOPOAHLIX MaTepu-
anoB (Hanpumep, MeTaH) ¢ UCNONb30BaHWEM KaTanumaaTopoB, Hanpumep, xeneso (Fe), Hukenb (Ni) unu kobaner (Co).
2 TepMUH «KaTanUTUYECKOE XMMUYECKOe OCaxeHne U3 ra3oBoil dasbi» OTHOCAT K TepMUHaM, 0603Ha4aloWMM Npo-

LieCChl KaTanusa.

7.2.5 HaHeceHMe NOKPLITUSA KNacTePHbIM Ny4koMm: [pouecc nony4yeHus CTPyKTypu-
POBAHHON NNEHKN NYTEM OCAXAEHUS HAHoYacTuL (2.6) Ha NOANOXKY C MCNOMb30BaHM-
€M UCTOYHUKA KNACTEPHOro Nyyka.

7.2.6 HaHeceHne NOKPbITUA METOAOM NOrpyxeHus: Mpouecc nonyyeHust NNEHKU NyTem
NOrpy>€HNA NOANOXKKN B CrieLmarnbHbIi pacTBOP U €€ NOCAEAYIOLLErOo U3BNEYEHNS U3 HETO.

7.2.7 anekTpoocaxaeHue; srekmponumudeckoe ocaxoeHue: MNMpouecc nony4eHus no-
KPbITUSI NYTEM OCAaXAEHMSA MOHOB Marepuana Ha NoBepxXHOCTHU 3NeKTpoAa B cneyunanb-
HOM pacTBOpe B pe3ynbTaTe peakuumn areKTPOXMMUYECKOro BOCCTaHOBIEHUS.

7.2.8 ocaxxgeHve MeToaoM XMMNYECKOro BOCCTaHOBMEeHUA: [poLecc nony4eHus no-
KPbLITUSA NyTEM aBTOKaTanuTUYECKOTO OCaXKAEHUSI MOHOB MaTepuana U3 cneuuasnbHOro
pacTBopa B pe3ynbrare peakuuM B3aumMoAencTBUS MOHOB MaTepuana ¢ paCTBOPEHHbIM
BOCCTAQHOBUTENEM HA NOBEPXHOCTU NOATIOXKKMH.

7.2.9 anekTpopacnbineHnue: [pouecc nonyvyeHns Tsepaoro Marepuana, ocaxxaaemoro
Ha NoAnoXky, B pesynbrare AMCNeprupoBaHUsl MCXOAHOIO marepuana vepes Comnno, K
KOTOPOMY MPUMOXEHO HaMNpsKeHUe.

7.2.10 BbinapuBaHue: lpouecc nony4yeHuss TBEPAOro marepuana, 0Caxaaemoro Ha
NoanoXKy, B pesynerate ucnapeHusi UICX04HOro Matepuana npu HarpesaHuu Ao 3agaH-
HOIi TemnepaTypel B yCIIOBUAX BbICOKOTO UMW CBEPXBLICOKOrO Bakyyma U NOCneaywero
OXNaXaeHus.

7.2.11 ocaxpeHune (POKYyCMPOBaAHHbLIM 3FIEKTPOHHLIM Ny4Ykom; OD3II: Xumuyeckoe
ocaxaeHue u3 rasoBoi dasbl (7.2.3) ¢ NpUMeHeHneM POKYCUPOBAHHOIO (KOHLIEHTPU-
POBaHHOrO) NOTOKA 3MIEKTPOHOB ANS OCAXAEHUS MONEKYN WUCXOAHOro razoobpasHoro
mMarepuana Ha 3agaHHbIX y4acTKkax NoBEPXHOCTU NOANOXKKH.

7.2.12 ocaxgeHue (hoKyCcMpOBaHHbIM MOHHbIM Ny4ykoM; OPUI: Xummnueckoe ocax-
AeHune u3 rasoson dasbl (7.2.3) ¢ npuMeHeHneM GOKyCMPOBaHHOTO NOTOKA UOHOB ANS
0CaXaeHna MOMeKyn UCXOAHOro razoobpasHoro Marepuana Ha 3aaHHbIX y4acTkax no-
BEPXHOCTU MOAJIOXKH.

cluster beam
coating

dip coating

electrodeposition;
electroplating

electroless
deposition

electro-spray

evaporation

focused
electron-beam
deposition

focused ion-beam
deposition;
FIB

MpumeyvaHune — ODUM NpUMeHSIOT, HaNpUMep, ANs OCaXfeHus rasoobpasHoro kapGoHuna Bonbppama [W(CO)g].
B BaKkyymHoI1 Kamepe nof Bo3feiicTBUEM MOHHOIO Myyka razoobpasHulil kapGoHWN BonbdpamMa pasnaratoT Ha neTyque
U HeneTy4ne KOMMNOHEHThI; HENETYYNiA KOMMOHEHT, BonbdpaM, B pesynsrate xumndeckon agcopbuyum ocegaeT Ha nog-
noxky. OPUI NpuMeHsIOT TaloKe ANS 0CaXAeHUs ApYrX MeTannuyeckux Matepuanos, Hanpumep, nnatuHel. Ocax-
AEHHbIA TakuM crnocoboM MeTanmMyeckuini MaTepuan MoXXHO UCMOML30BaTh B Ka4eCTBe BPEMEHHOTO Cros 4NS 3aluTh
obbekTa oT paspyLlatoLLero BO3eicTBUS MOHHOTO NyyKa.

7.2.13 MonekynsipHoO-nyvyeBasa 3nuUTakcuA: Mpouecc nonyvyeHna moHokpuctannuye- molecular beam
CKOM MAEHKN MyTEM UCNAapEHUs U NOCNEAYIOLEro OCaXIEHUA aTOMOB UNKU MONeKyn uc-  epitaxy
XOAHOro matepuana (Marepuanos) Ha MOHOKPUCTaNIMYECKYH0 MOAMOXKY B YCMOBUSX

BbICOKOIO UMW CBEPXBLICOKOrO Bakyyma.

MpumeyaHuns

1 CneyuanbHoe oTBepcThe B 060pyAOBaHNM ANS MOSIEKYNIAPHO-TTY4YEBO 3NUTaKeUK, Yepes KOTOPOe NPOUCXOAUT Nepe-
HOC ra3oo6pa3Horo MCXo4HOro MaTepmana u3 3oHbl MCNapeHnst B 30HY BbICOKOIO MK CBEPXBLICOKOrO Bakyyma, NpeaHa-
3Ha4YeHo AnA hopMUPOBaHUSA COOTBETCTBYHOLLIMX MOMEKYNSPHBLIX MY4KOB.
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2 MeToAOM MONEKYNAPHO-NY4YeBOi SNUTAKCUIK, HaNPUMEP UCTONb3ys apceHus UHAUS (INAs) U NOANOXKKY U3 apceHuaa
rannua (GaAs), NonyYaroT CTPYKTYpbl pa3MepoM B HaHogManasoHe (2.7).
3 CM. 6ubnuorpadmio [13].

7.214

(punsnyeckoe ocaxpaenve n3 rasoBon asbl; POIrP: Mpouecc HaHeceHus nokpbiTua  physical vapour
ucnapeHmem UCXOAHOro mMarepuana C nocreayloLwen ero KoHgeHcauuen Ha nognoxke deposition;
B YCNOBUSIX BaKyyma. PVD

[ISO 2080, cratbsa 2.12]

7.2.15 nocnolHoe 3MNeKTpocTaTuvyeckoe ocaxaeHue nomnuanektponutoB: lMpo- polyelectrolyte
Lecc nonyyYeHus nokpbITUA nyTeM NocsiefoBaresibHOr0O HaHeCeHWs Ha NoBepxHOCTb layer-by-layer;
NOANOXKKU CMOEB NonuanekTpPonuToB C NPOTMBONOMNOXHbLIMU 3HAKaMK anekTpuyeckux LbL

3apazos..

7.2.16 Tepmunyeckoe HanbinieHue (HaHoTexHonoruu): Mpouecc nonyyeHusa nokpeitua thermal spray
13 HaHouacTuy, (2.6) HanbINIeMOro Matepuana, Npyu coyaapeHumn KOTOPbIX C NOANOXKKON

NPOUCXOAUT UX COEAUHEHUE, C NPUMEHEHNUEM NNA3MEHHON CTPYU UNU B pesynkrarte Cro-

paHus npuMecei HanbINAeMoro Martepuana.

7.2.17 ueHTpOOEXKHOE OCcaxpaeHue: MpoLecc nonyyYyeHne NIEHKM 0CAXAEHNEM U3 Xua-  spin coating
KOr0 MCXOAHOTO MaTtepuana TBepaow AMCNEepCHON (hasbl HA BPALLAIOLLYIOCA NOANOXKY
noj AeiCTBMEM LIEHTPODOEXHDBIX CUA.

7.2.18 ocaxaeHue pacnbinenueM: Mpouecc nony4yeHnsa NOKPbITUSI U3 UCXOAHOTO Xua-  spray deposition
Koro marepuana, npeo6pa3oBaHHOrO CONJIOM B a3p030flb U HAHECEHHOTO Ha NOBEpX-
HOCTb NOAJTOXKWU.

7.2.19 ocaxpeHue HanbineHuem: dusnyeckoe ocaxxgeHme U3 rasoeoit gasel (7.2.14) sputter deposition
C MPUMEHEeHNEM UCTOYHUKA BbICOKOSHEPIMYHBIX YacTul, 6oMBapanpyoLwmx NCXO4HbIN

maTepuan (MULIEHb), AN NepemMeLlEeHns aTOMOB UCXOAHOT0 Matepuana Ha MnoBepx-

HOCTb MOAMOXKM.

7.2.20 nonuMmepusauma Ha noBepxHocTU: MNpouecc nonyyYeHne nonMMepHon nneHkn  surface
Ha NMOBEPXHOCTM MOAMOXKA U3 ra3oBOM UIN XXUAKOW dhasbl ICXO4HOIO MOHOMEpPA. polymerization

7.3 TepMUHbI 1 OnpeaerneHnsi NOHATUI, OTHOCSALMNXCA K npoLeccamM TpaBreHus

7.3.1 aHusoTponHoe TpaeneHue: MNMpouecc ynpaBnseMoro yaaneHusi NOBEpXHOCTHOrO  anisotropic
cnos matepuana ¢ noANOXKM, NPOUCXOASALLMIA B BEPTUMKAIIbHOM HanpaBneHun co ckopo-  etching
CTblO BbILLE, YEM B TOPU3OHTaNbHOM HanpaBneHuu.

7.3.2 bow-TpaBneHue; maccusayuoHHoe mpasneHue: Npouecc ynpaesnseMoro yaane- Bosch etching
HWUSA NOBEPXHOCTHOrO CIosi Marepuana ¢ noanoKkU HEO4HOKPaTHbLIM YepeaOBaHUEM Lin-

KMOB TpaBMneHUa 1 naccueaumu, obecneunsaromx opMUpPOBaHUE MOYTU BEPTUKATb-

HbIX 91IEMEHTOB CTPYKTYpPbl 0GBEKTA.

7.3.3 xumuyeckoe TpaBneHue: MNpouecc ynpaeBnsaemoro yaaneHusi moBEpXHOCTHOro chemical
cnos maTepuana ¢ noAnoXK1 nog AeNCTBUEM XUMUYECKUX BELLECTB. etching

MpumevaHne — B npouecce XMMUYECKOTO TPaBMNEHNUS MPUMEHSIOT XULKME (KUBKOCTHOE TpaBrieHUe) Uiu raso-
o6pasHble (Cyxoe TpaBneHne) XMMUYeCKUe BellecTsa.

7.3.4 xumHnyeckoe UOHHO-fTyyeBoOe TpaBrneHme: Mpouecc ynpasnsemoro yaaneuus no- chemically

BEPXHOCTHOIO CfoA Marepuana ¢ NoAMOoXKA NyYKOM UOHOB XMMUYECKU aKTUBHOTO rasa. assisted
ion beam
etching
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7.3.5 KpuoreHHoe TpaBneHue: [poLuecc ynpasnsaemMoro yaaneHus noBepxHOCTHOro Crios
martepuana ¢ noAnoxkk1 NyTem ee oxnaxaeHus 4o Temnepartypbl 163 K unu Hwke, npu Ko-
TOPOW BO3MOXXHO (DOPMMUPOBAHWE MOYTH BEPTUKASIbHbIX SNIEMEHTOB CTPYKTYPbl OObEKTa.

cryogenic etch-
ing

Mpumeyanune — Temnepatypa 163 K unu Huxe 3aMefnseT CKOPOCTb XMMUYECKUX peaKkLuii B npoLecce Tpasre-
Hus. BombapaupytoLLe NoBepXHOCTb MaTepuana NoHbl, BbiGMBas YacTulbl C 3afjaHHbIX Y4acTKoB, POPMUPYHOT BEpPTM-

KalnbHbl€ 3[TEMEHTbI CTPYKTYpPbI obbekTa.

7.3.6 kpuctannorpacduuyeckoe TpaerneHue: pouecc ynpasnseMoro yaarneHus no-
BEPXHOCTHOTO Cros Marepuana ¢ noAnoxku, NPOUCXOAALLMIA C pasHON CKOPOCTLIO MO
pasnuyHbIM KpucTaniorpaduyeckum HanpasneHusM.

7.3.7 ybokoe peakTuBHOe MOHHOe TpaBneHue; PUT: MNpouecc aHM30TPONHOrO
TpaeneHus (7.3.1), NpUMEHAEMbIA ANSA NONYYeHUs] Ha MOANOXKE CTPYKTYP, SMEeMEHTbI

crystallographic
etching

deep reactive
ion

KOTOPbIX UMEIOT 3aJ4aHHOE COOTHOLUEHNE re0MEeTPUYECKUX pa3mepoB. etching;
DRIE
lTpumep — Omeepcmus U KaHa6KU C 6éepMmuKasibHbIMU CMeHKaMU.
MpuMmedaHue — KrnyGokomy peakTUBHOMY MOHHOMY TPaBMeHMIo OTHOCAT Bolu-TpaeneHue (7.3.2) U KpuoreHHoe
Tpasnexue (7.3.5).
7.3.8 cyxoe o3oneHue: Bua xummnyeckoro tpasneHus (7.3.3) ¢ npumeHeHuem raso- dry-ashing
00pasHbIX XMMUYECKUX BELLECTB, B MPOLIECCE KOTOPOro NpoMcxoaunT npeobpasosaHue
marepuana B o6nactu, NoABepraeMoi TpaBneHuio, B fieTy4ee yaansemoe coeguHe-
Hue.
lTpumep — YdaneHue c nodnoxku wabnoHa uz ghomopesucma ¢ NpuMeHeHUeM Kucsiopoda.
7.3.9 cyxoe TpaBneHue: [Npouecc ynpaBnaemMoro yaaneHus noBepxHOCTHOro cnosi Ma- — dry-etching
Tepuana ¢ NoANoKKN ¢ NPUMEHEHNEM YACTUYHO MOHU3UPOBaHHLIX rasos.
7.3.10 TpaBneHue (poKycMpoBaHHbIM MOHHbIM nyukoM; TOUM: Mpouyecc ynpaensae- focused ion-
MOrO yAarneHus NOBepXHOCTHOrO Crosi Marepuana ¢ NoANOXKA NOTOKOM MOHOB, Choky- beam
CUPOBaHHbLIM Ha 3a4aHHOM YYacTKe C MOMOLLIbIO CUCTEMbI NEKTPOCTATUYECKUX FIUH3. etching;
FIB

MpumeyaHus

1 TpaBreH1e OCyLLeCTBMSIOT pacnbiieHueM Matepuana ¢ 3afjaHHbIX y4acTKOB MOAOXKA UOHHLIM NyukoM. Bospeii-
CTBYSl MOHHBLIM NYY4KOM Ha NOBEPXHOCTb NOAJSIOXKKM, MOXHO MONYy4YnTb penbedHoe usobpaxeHue. B npouecce TOUN

nony4atoT n3obpaxeHus ¢ paspelweHuem ot 1 4o 100 Hm.
2 TOWI OTHOCAT K BUAAM MOHHO-TY4EBOrO ppesepoBaHms.

7.3.11 TpaBneHue nna3mMon BbICOKOW NNOTHOCTMU: MnasMmeHHoe TpaBneHue (7.3.18)
MOTOKOM MOHOB NNOTHOCTBLIO 0T 101" no 1072 noH/cm3 ¢ NpUMeHeHUeM NCTOUHNMKA MOHOB
Ha OCHOBE 9MNEKTPOHHO-LIMKNOTPOHHOIO Pe30HAaHCa, refIMKOHOBOr0 UCTOYHUKA MIasMbl,
MarHeTpoHa MM UCTOYHWUKA MHAYKTUBHO CBSI3AHHOM MIAa3Mbl.

high-density
plasma etching

MpumevaHue — B 3aBUCUMOCTU OT LieNK NpoLiecca C MOMOLLBIO Nia3Mbl OCYLLECTBIISIOT TpaBrieHue Unu ocaxae-
Hue. MNMognoxka B peakTope AOMKHa GbiTb pacnornoXeHa COOTBETCTBEHHO OCYLLECTBIISIEMOMY MpPOLIECCY.

7.3.12 TpaBneHne MHAYKTUBHO CBA3aHHOMU nna3smon; TUCII: Nna3MmeHHoe TpaBne-
Hue (7.3.18) ¢ NnpUMEHEHUEM UCTOYHUKA MHAYKTMBHO CBSI3aHHOW NNasmbl, B KOTOPOM
npoucxoauT obpasoBaHne nna3mbl BHYTPU paspsifHOW Kamepbl, rOperiku UM MHOro
peakTopa npu NPUNOXKEHNUN BbICOKOYACTOTHOTO NEPEMEHHOTO MarHUTHOTO MOJA.

7.3.13 noHHO-nNyyeBOE TPaBneHue; UOHHO-JTydesoe ¢ppeseposaHue: lNpouecc ynpas-
nsaemoro yaaneHusa NoBepxXHOCTHOro CNosi Marepuwana ¢ noAnoxku NoTOKOM MOHOB, Mo-
NYYEHHbIM C NOMOLLBIO NCTOYHUKA NNAa3MbI.

7.3.14 n3orponHoe TpaeneHue: [pouecc ynpaBnsaemMoro yaaneHusi noBepXHOCTHOIO
cnog Marepuana ¢ nNoAsnoXKM, NPOUCXOAALLMIA C OAUMHAKOBOW CKOPOCTbLIO MO BCEM NPo-
CTPAHCTBEHHbLIM HaNPaBNeHUaM.
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7.3.15 nasepHana abnauusa: Npouecc ynpasBnaemoro yaaneHusa noBepxHoCTHOro cnoa  laser ablation
mMartepuana ¢ NoAsnoXkuU NasepHbIM UMMYSILCOM.

NMpuMmevyaHne — JlasepHyio abnayno NPUMEHSIOT ANa OPMUPOBAHNA HEOAHOPOAHOCTEN pasMepaMmn B HaHO-
AnanasoHe (2.7) Ha NOBEPXHOCTM MaTepuana, NOKpbLIBaKOLEro NOASOXKKY.

7.3.16 TpaBneHue CBETOBbLIM U3Ny4YeHUeM; homoxumudeckoe mpasneHue: Npouecc light-assisted
YyNpaBnseMoro yaaneHusi NOBEPXHOCTHOTO Cros Matepuana ¢ noanoXku CBETOBbIM U3-  etching;

ny4exuem. photochemical
etching
n punmMmedyaHne — MeTog0oM TpaBneHna cBeTOBLIM nanyvyeHuem O6pa6aTbIBal'0T CBETOYYBCTBUTENbHbIE MaTepuarbl

B chneyuanbHbIX YCIOBUAX C NMPUMEHEHNeM XuMUYeckux Bewects. CTpyKTypa n opma nonyyaemoro U3obpaxeHus
3aBUCAT OT NPUMEHAEMOro WwabrioHa, Yepes KOTopbI 06My4aloT hOTOPE3NCT, NOKpLIBaOLWMIA NOANOXKY. [aHHbIA Me-
TOA NPUMEHSIIOT, HANPUMeP, ANs Nony4YeHns TpeGyeMoil CTPYKTYpLl NOBEPXHOCTW NOPUCTOTO KpeMHURA, obnagatoLero
MIOMUHECLEHTHBIMW CBOWCTBaMU.

7.3.17 pm3nveckoe TpaBneHue; mpassneHue pacnoineHuem. MNpouecc ynpasnaemoro physical etching;
yaaneHuss NOBEPXHOCTHOTO Crnosi Matepuana ¢ noanoXku nytem ero pacneineHua nog  sputter etching
OelCTBMEM KMHETUYECKON SHEPTUU MOHOB MHEPTHOrO rasa (Hanpumep, aproHa).

MpuMmevyaHune — dusnyeckoe TpaBneHue OTHOCAT K aHU3OTPONHLIM U HeM36MpaTeJ'IbeIM npoueccam TpaBneHuA.

7.3.18 nnasmeHHoe TpaBneHue: Cyxoe TpasneHue (7.3.9) komnoHeHTaMu nnasmbl —  plasma etching
MOHaMU U BNEKTPOHaMK, 06pa30BaHHbLIMU B pe3ynbTaTte 3MeKTPMYecKoro paspsaa B ra-
30BOW cpeae.

[MpuMeyvyaHusa

1 K nonsATuio «obopynoBaHune 4ns nNasMeHHOro TpaBneHNsa» OTHOCAT PeakTop ¢ NrasMoid U ABYMS €MKOCTHLIMW 3neK-
TpoAaMu, B KOTOPLIN MOMEeLLAT MaTepuan, Nnognexaliuin TpasneHuto.

2 B npollecce nnasMeHHOro TpaeneHns y4acTByOT pajukansl, 3NEeKTPOHL! U NOHbI. Paiukanbl BCTYNAOT B XUMUYECKYHO
peakLuto ¢ NoBEPXHOCTHEIMW atoMamu obpabaTbiBaeMOro MaTepuana W yaansior NOBepXHOCTHLIE CROU B pe3ynbra-
Te 0Opa3soBaHUA NETYYUX NPOJYKTOB peakuun. ONEKTPOHLI U UOHBI aKTUBUPYIOT 3Ty peakuuio, yBenuuusas CKopocTb
TpaBneHus.

7.3.19 TpaBneHue no Tpekam usny4yeHus: Npouecc ynpaesnaemoro yaaneHua noeepx- radiation track
HOCTHOrO Crnosi Matepuana C NnoasoXKu XMMUYECKUMU BelecTBamu ansa hopmupoBa-  etching

HUA Y3KUX KaHamnoB M3 cuctemsl Nop (TPEKoB), 00pasoBaHHbIX nocne o6ny4eHnsa (6om-

GapavpoBKkM) YacTuLaMK UMK TSDKENbIMU UOHAMM.

Mpumep — [Mopucmeie nonumMepkl, 8 KOMOPLIX y3Kue KaHalbl 06pa3osaHb! NpedeapumensHbIM 065TyYeHU-
em u nocnedyrowjell o6pabomkoii uzbupamensHbLIM pacmeopumesieM.

7.3.20 peakTBHOE MOHHOE TpaBneHue; PUT: INnasmeHHoe TpasneHue (7.3.18) noto- reactive ion
KOM 3apsiXeHHbIX MOHOB MNa3Mbl, YCKOPEHHbIX OTpuLATENbHLIM NOTEHUManom Hanpshke-  etching;
HUA, BOSHUKAIOLLMM B pesynbrare rnogadm Ha anekTpon, Ha KOToOpoM pasMelleHa noanox- RIE

Ka, BbICOKOYACTOTHOMO HanpsbkeHUst OTHOCUTENBHO M30NTMPOBAHHBIX CTEHOK peakTopa.

[MpumevyaHune — [OTOK 3apsHKEHHBLIX MOHOB MIIA3Mbl FEHEPUPYIOT B CNeLnanbHbIX YCNoBUsX (Npy 3afjaHHbIX 3Ha-
YeHUsX JaBNEeHUA U HANPSHKEHHOCTU SNEKTPOMAarHUTHOro nons). BelcoKkoSHEpruyHble MoHLI GoMbapaupyioT noBepx-
HOCTb MaTepuana NoANOXKM, a cBoboAHbIE pajuKarbl BCTYNAOT B XMMUYECKYIO peakLnio ¢ NOBEPXHOCTHEIMU aToMaMm
Marepuana nognoXku, yaansas noBepxHOCTHblE cron. o cpaBHEHUIO € XUAKOCTHLIM TpaBneHuem (7.3.22), kotopoe
OTHOCAT K U30TPONHLIM NpoLieccam TpaeneHus, PUT nossonset ocylecTBNATL yaaneHue matepuana ¢ noanioxku no
pasnuyHbIM NPOCTPAHCTBEHHBLIM HaMNpPaBNEeHUsIM U C Ppa3HOl CKOPOCTLIO.

7.3.21 n3buparenbHoe TpasneHue: Mpouecc ynpaBnsieMoro yganeHus nopepxHocT- selective etching
HOTO CNosi Matepuana ¢ NoANOXKM, NPOUCXOASLLMIA C pasfUYHON CKOPOCTLIO HA Pa3HbIX
yyacTkax NOBEPXHOCTU C Pa3NUYHbIM XUMUYECKUM COCTaBOM.

lTpumep — BodHbie pacmeopki o0 eo3delicmeueM 8bICOKOYaCMOMHbLIX 3/1eKMpPoMacHUMHbIX nonel yoda-
Jisiiom ¢ nNodnoxKu okcud kpeMHus (SiO,) u He ydanaom KpemHul.

7.3.22 xupkocTHoe TpaeneHue: NMpouecc ynpaBnsiemMoro yaaneHuss noBepxXHOCTHOro wet etching
cnosi Matepuana ¢ NOANOXKU Noj AEWCTBMEM XUAKUX XUMUYECKUX BELLIECTB.
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7.4 TepMUHBI M onpeaerieHUs NOHATUMN, OTHOCALLMXCS K NpoueccaM nevyaTtu
WU HaHeCEeHUA NOKPbITUA

7.4.1 TUCHeHUe; uMnpUHMUH2: NpoLecc Nony4YeHus penbLedHOro n3obpaxeHns nyTem
BAABNMUBaHMSA LWAGNOHa C 3ajaHHbIM PUCYHKOM B Croi o6pabarbiBaeMoro marepumana.

7.4.2 cpopmupoBaHue MHOTOCISIOMHOM MFIeHKU (HaHoTexHonoruu): Mpouecc nony-
YEHUs1 MHOTOCIOWHOM NIEHKN NYyTEM COEAUHEHUS BaNbLOBKOW HECKONMbKUX OTAEMbHbIX
NMEeHOK Ha NoANOXKEe.

7.4.3 ocaxgeHue HaAHOBOJOKOH: MpoLEecC NonyyYeHns NOKPLITUS UK CTPYKTYPbl 06b-
eKTa ocaxkgaeHuem HaHOBOSOKOH (2.3) M3 pacTBopa Ha MOANOXKY UMW ee 3afaHHble
yyacTku.

7.4.4 HanbineHne HaHouacTuy,: NMpouecc NOnyYeHUs NOKPLITMA U3 HaHodacTuy (2.6),
npu coyaapeHun KOTOpbIX C MOAMNOXKKOW NMPOUCXOAUT UX COeAUHEHUE, C NPUMEHEHNEM
pacnbInsiemMoro pacteopa, nnasmbl, KNacTepHoro nyyka unu U3 Apyroro UCTOMHUKA Ha-
HovyacTuu,.

18
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Mpunoxexnue A
(cnpaBouHoe)

Knaccudukauma npoueccoB cMHTE3a B 3aBUCUMOCTU OT NPUMEHEHUSA
UCXOOHbIX HAHOMAaTEepUanoB Unn HaHOOOBEKTOB,

NpUMeHAeMbIX OJis NPOM3BOACTBA KOHEYHOW NPOoAYKLUK

Mpouecc Mpouece Ha-
Mpynna Moarpynna MooLece C npumMeHe- HOCTPYKTY-
npoLeccos npoLeccos poy HUEM HaHo- pupoBaHus
0GbekToB MaTepuana
dusmyeckoe ocax- XonoaHoe rasogmMHaMmUyecKkoe Hanbine- N
LeHune U3 razoBoi Hue
hasbl
OneKTPOHHO-NYy4YeBOE UCNapeHne
OreKTponcKpoBoe OreKkTpoUCKPOBOE OCcaxaeHue
ocaxaeHue
TepmMunyeckoe pasnoxeHue MHppakpac- N
HBIM U3Ny4YeHnem
[nasmeHHoe pacnblfieHne XUAKOro N
BellecTBa
Hanbinexne
BbicylimBaHue Be- CybnvmaunoHHas cyLka
LlecTBa
BbicylumBaHue Be- PacnbinutensHas cyLlka v
LlecTBa
BeicTpoe paclunpeHue cBepxkpuTude- v
CKUX pacTBOpOB
CyCrneH3noHHOe TepMuYeckoe Hanblne- N
Hue
OneKTpUYecknii B3pbiB MPOBOSIOKM v
Vicnaperune v
XuMn4eckoe ocax- ATOMHO-cnoesoe ocaxaeHune (ACO) v
AeHune 13 rasosoi -
tasbl XUMUYeckoe ocaxaeHue U3 ra3soBoi N
dasbl (XOId)
KaTanutuyeckoe XuMmyeckoe ocaxge- v v
HWe 13 rasoBoi dasbl (KXOI®)
OcaxgeHwue B ycno- OK30TepMUYECKOE pa3foXeHNe XKUaKoro v N
BUSX BO3LercTBUA BellecTBa
nnamMeHu
OcaxzeHue B ycno- [MnasMeHHoe pacnblfieHune v
BUSIX BO3EACTBUA
nnamMeHu
OcaxpgeHue B ycno- [Muponus asposons v N

BUAX BO3gencTBuA
nnamMeHun
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[MpodomkeHue mabnuup!

Mpouecc Mpouecc Ha-
Mpynna Moarpynna MpoLece C npuMeHe- HOCTPYKTY-
npoLeccos npoLgeccos poy HUeM HaHo- pupoBaHuA
o6beKToB MaTepuana
XumMuyeckoe ocax- OcaxpgeHune B ycno- | TepMuyeckoe pasnoXeHue XuKoro V Vv
JEeHVE U3 ra3oBoN BUSX BO3feicTBUSA BelllecTBa
chasbl nrnaMeHun
MpadhosnuTakcus V
Tepmunyeckoe pasnoxeHue B TpybuaTtoit v
neyu
Tepmudeckoe pasnoxeHue nHdgpakpac- v
HbIM U3Ny4eHneMm
Tepmudeckoe pacrbifieHue XUaKoro v v
BellecTsa
dopmrpoBaHMe HaHOBOMOKOH Mo Mexa- v
HWU3MY pocTa «nap — XWAKOCTb — KpU-
ctann» (MXKK)
dusnyeckne metofbl NcTuparue v
CWHTe3a B XWUA KON
thase OnexTponpsaaexue
NHTepkansaunoHHasa nonuMepusauums v
in-situ
[ncnepruposaHne HaHoAUCNEPCHO vV
cucTeMbl
JIUTbe KepaMU4eCcKoin NeHTHI N
Mokpoe usmene-e- MokKpblii moMon B LapoBoW MenbHULE N
Hue
XuMuyeckne MeToabl KWCnoTHBIA rmaponus Lennionoss v
CUHTE3a B XU KON
thase OcaxfeHne HaHOYacTUL U3 pacTBopa v
BbicTpas KoHaeHcaUnsa HeopraHU4eckux v
maTepuanos
CuHTe3 B 06paTHbIX MuLennax V
3onb-renb-TexHonorus v
MaTpuyHBbliA cuHTe3 v
Metop CTobepa v
dusnyeckne metoael | MHTeHcuBHOE Nna- HenpepbiBHasi obpaboTka nonocosoro
CHHTe3a B TBepAon cTudeckoe gedop- npokaTa meTansna CABUTOM
dase MUpOBaHWe
Brok- MpuBMBOYHas briok-cononuMepusauus N
cononuMepusauus
Briok- Bnok-cononumepusavuus N
cononumepusauus
Briok- HaHocTpykTypupoBaHue 6nok- v
cornonuMepusauus cononumepa
XonofHoe npeccoBaHue v
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OKoH4YaHue mabnuupl
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HbIX MaTepuanos

Mpovecc Mpouecc Ha-
Mpynna Moarpynna MooLiece ¢ NpuMeHe- HOCTPYKTY-
npoueccos npoueccos poue HUeM HaHo- pupoBaHua
06BbEKTOB MaTepuana
dusnyeckne mMeTogbl HenpepbiBHas o6paboTka nonocoeoro N
CUHTe3a B TBEpA oM npokaTta MeTanna caBurom
dase
PaccTeknoBiBaH1e N
Mamenk-eHmre N
BrlcokockopocTHasa MukpoobpaboTka
NoHHaa nmnnaHTauus
NameneqeHne KpuoreHHoe namensveHue N
Cyxoii nomon B LWapoBoOi MenbHULe N
MHorokpaTHas LUTaMnoBKa C KpydeHWem N
OcaxjeHue B COOTBETCTBUM C HaHOLWWa- N N
OnoHom
CnekaHue lopsayee npeccoBaHue N
CnrekaHue HaHoqacTuL
OnekTpouMMynbCHOE MnasMeHHoe N
cnexkaHue
XUMuyeckue MeTogbl [ucneprupoBaHune rmuHbl B XULKOW No- N
CWHTe3a B TBEPA O nMMepHon MaTpuue
dase
AHOAHOE OKWCneHne MeTanna
VHTepkanupoBaHmue N
OucneprupoBaHne HaHoYacTuL, B XKUAKON
nonuMepHO MaTpuLe
CuHTes aByxda3sHbIX HAHOKOMMNO3ULIMOH- v
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AndaBuUTHbIN yKa3aTenb TEPMUHOB
Ha PYCCKOM A3blKe

abnAauuAa nasepHas

agcop6uus

ACO

6nok-cononumepusaums
6nok-cononumMepusaL s NPUBMBOYHAA
Bow-tpaBneHune

B3PbIB NPOBONOKU 3MeKTPUYECKUI
BbinapuBaHue

rMAapoNnNU3 Lenntonosbl KUCNOTHbIN
rpachoanutakcus

rPUT

Bepusamusayus 6510K-CONONIUMepoB
AncneprupoBaHue rMuHbI B XUAKOW NONMUMEpPHOI MaTpuue
AucneprupoBaHue HaHOAUCNEPCHOW CUCTEMBI
AucneprupoBaHue HaHOYacTUL, B XKMAKOW NONMMEPHOW MaTpuLe
30Mb-TeNb-TeXHonorns

M3roToBNEHNEe HaHOTEXHOMornvyeckoe
n3mMernbyeHue

n3MernbyYeHUe KpuoreHHoe

MMMNaHTaUUsA UOHHaA

UMIIPUHMUHE

MHTepKanupoBaHue

ncnapeHue

ncnapeHue aneKTPoOHHO-Ny4YeBoe

nctupaHue

KOHAeHcaLmnsa HeopraHu4yeckux matepuanos 6bicTpas
KpucTannusaumsa KonnongHas

KXOre

nutorpacus

nutorpacdusa 6nok-cononmmMmepHas
nutorpacdua ectecTBeHHas

nutorpadusa nHrepcepeHUMoHHas
nutorpacdua noHHo-ny4YeBas

nuTtorpacousa MOHHO-NPOEKLMOHHAaA
nutorpacdpua Markas

nutorpacdua HaHoneyaTHas

numoapacghua onmuyeckas

nutorpadua onTuyeckas UMMepCcUOHHas
nutorpadua nnasmMoHHas

nutorpadua peHTreHoBCcKas
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7.3.15
7.21
7.22
6.5.1.1
6.6.1
7.32
6.1.7
7.2.10
6.4.1
52
7.37
6.6.1
6.5.2
6.3.3
6.5.12
6.4.5
3.8
6.5.6
6.5.91
6.5.8
7.41
6.6.3
6.1.8
6.1.2
3.3
6.4.3
5.1
7.2.4
3.6
7.1.3
7.1.19
7.1.1
7.1.9
7.1.14
7.1.25
7.1.18
7.1.20
7.10
7.1.22
7.1.28



nutorpadousi ¢ KONMOUAHO-KPUCT ANIFINYECKUM LLAGIIOHOM
nutorpadus TpexmepHas

nutorpadousl ANeKTPOHHO-Ny4YeBas

NUTbe KepaMnyecKoi NMeHThI

MaTepuan HaHOKOMMNO3ULIMOHHBIN

MaTepuan HaHOCTPYKTYPUPOBaHHbI

metog Ctobepa

MNKpoo6paboTKa BbICOKOCKOPOCTHas

MexaHU3M «1oCiolHO20-MTH0C-0CMPOBKOBO20» pocma MneHKU
MexXaHWU3M pocTa nrneHkn CTpaHckoro — KpactaHoBa
MoaudunLMpoBaHUe NOBEPXHOCTU UOHHO-NyUYeBoe
HaHeceHUe NOKPbITUA KNacTePHbIM MYYKOM
HaHeceHWe NOKPbITUSA METOAOM NOrPyKeHUs
HaHOBOJIOKHO

HaHOAMana3oH

HaHOKOMMNO3UT

HaHonuTorpacdusa nepbeBas

HaHoMaTtepuan

HaHOO6LEKT

HaHOCTPYKTypupoBaHUe Grok-cononumepa
HaHOTUCHeHMe

HaHoTpy6GKa

HaHOTpyGKa yrnepoaHas

HaHovacTuua

HanblneHne rasoAMHaMMyecKoe xornogHoe
HanblNeHne HaHoyacTuy,

HanblNneHne TepMnyeckoe

HanblNeHne TepPMUYECKOe CYCMNEH3NOHHOEe

HomMnc

HMNY

06pa60TKa nonocoBoro npokara metanna cgBurom HenpepbiBHaaA

obpaboTka cybTpakTuBHas

o30feHune cyxoe

OKUCIEeHWe MeTanna aHogHoe

ocaxaeHue aToOMHO-CIioeBoe

ocaxaeHue BelecTB MOAyMpoOBaHHOe
ocaxaeHue B COOTBETCTBUU C HAHOLIAGNOHOM
ocaxaeHue u3 razoBoi asbl pusnueckoe
ocaxaeHue 13 razoBol asbl XMMUUYECKoe

ocaxgeHue u3 rasoBom ¢hasbl XUMHUYECKOe KaTanuTuyeckoe
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7.1.4
7.11
717
6.3.5
22
2.8
6.4.7
6.5.7
5.9
5.9
5.3
7.25
7.2.6
23
2.7
22
7.1.6
2.4
2.5
6.5.1.2
7.1.17
29
21
26
6.1.1
7.4.4
7.2.16
6.1.6
6.5.4
7.1.18
6.5.4
7.1.27
7.3.8
6.6.2
7.22
5.7
6.5.11
7.2.14
7.2.3
7.2.4

ocaxaeHue us rasoBom q)a3bl XnMn4yeckoe ¢ npuMmeHeHuemMm CKaHnpymrwuwero TyHHenbHoro MUKpockona 7.1.24

ocaxaeHue NOHHO-CTUMynupoBaHHoOe
ocaxageHume MeToaoM XUMUYEeCKOIro BOCCTaHOBIE€HUA

ocaxpaeHue MHOrocrnomnHoe

7.1.12
7.2.8
3.7
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ocaxgeHue HaHOBOMNOKOH
ocaXXAeHUe HaHoYaCcTuUL, U3 pacTBopa

ocaxgeHue HanbineHuem

ocaxaeHue pacnbifieHUeM

ocaxaeHue PoKyCUPOBAHHBIM MOHHBIM MYYKOM
ocaxaeHue PoKyCUPOBAHHBIM 3IEKT POHHbIM MY4YKOM
ocaxaeHue LeHTpobexHoe

ocaxXaeHue aNeKTPoMCKpoBoe

ocax0eHUe 371eKMponuMmMuU4ecKoe

ocaxaeHUe aNeKTpocTaTuyeckoe NnocnonHoe
ocaxaeHUue aNeKTpPocTaTuueckoe NONMUaNeKTpornuToB NocnonHoe
ooun

ooar

nepeHoc nneHku JleHrmopa — Bnomxkert

nepeHoc «NOBEepPXHOCTb — MOBEPXHOCTb»

nevyarb agaMTUBHas

neyatb MUKPOKUAKOCTHas

neyatb MUKPOKOHTaKTHasA

KK

nuponus aspos3ons

nonuMepusauunsa UHTEpKansauMoHHas in-situ
nonumMepusalmsa Ha NOBEPXHOCTHU

NOMOI B LWapOBO MenbHULEe MOKpPbIi

NOMOJ B LWapOBOI MenbHULIE CYXOWH

npeccoBaHue ropsiuee

npeccoBaHue xonogHoe

NPOU3BOACTBO HAHOTEXHONMOrnYyeckoe

NPOU3BOACTBO HAHOTEXHONOIMYECKOe «CBEPXY BHU3»
NPOU3BOACTBO HAHOTEXHONMOIMYECKOe «CHU3Y BBEPX»
npouecc HAaHOTEXHOMOMMYEeCKOro NPOU3BOACTBAa
pasnoxeHue B TpybuyaToin neuym TepmMuieckKkoe
pasnoxeHue XUAKOro BelecTBa TepMuyeckoe
pasnoxeHue XNAKOro BellecTBa 9K30TepMuyecKoe
pasnoxeHue UHpaKpacHbIM U3NyYEeHUEM TepMUUECcKoe
pacnpeaeneHue B NOTOKe XUAKOCTHU

pacnbineHue nna3meHHoe

pacnbiNeHue XUAKOro BellecTBa Nia3MeHHoe
paccTeknoBbiBaHUe

pacluMpeHue CBepXKPUTUYECKUX pacTBOpOB BbicTpoe
puUcoBaHue C NOMOLLbIO CKAHUPYIOLLEro 30HAOBOIO MUKpOCKona
PUT

camoc6opka

camoc6opka MoHocnos

camocﬁopl(a HanpaBneHHas
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7.4.3
6.4.2
7.219
7.2.18
7.212
7.2.11
7.217
6.1.3.1
7.27
5.6
7.2.15
7.212
7.2.11
5.5
4.7
7.1.2
7.1.16
7.1.15
6.2.4
6.2.1.3
6.3.2
7.2.20
6.3.6
6.5.9.2
6.5.13.1
6.5.3
3.9
3.13
3.1
3.10
6.2.2
6.2.1.5
6.2.1.1
6.2.3
4.2
6.21.2
6.21.4
6.5.5
6.1.5
7.1.23
7.3.20
3.1
5.8
3.5
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c6opka uepapxmuyieckas 4.3
c6opka B MarHUTHOM norne 4.4
c6opKa B aNeKTpocTaTuyecKkom none 4.1
c6opka HanpaBreHHas 3.4
cbopka cynpamorneKkynsipHas 4.6
cbopka ¢ yueToM chopMbl HaHOYacTUL, 45
CUHTe3 B 06paTHbIX MuLennax 6.4.4
CUHTe3 ABYX¢a3HbIX HAHOKOMNO3ULUOHHbIX MaTepuanos 6.6.4
CUHTE3 MaTpUYHbIN 6.4.6
cuHmes memniaamHbil 6.4.6
coocaxaeHue 3.2
creKaHue HaHovacTuu 6.5.13.2
crneKaHue nrnasmMeHHoe 3MNeKT pouMnysibCHoe 6.5.13.3
cylKa cy6nuMaumoHHas 6.1.4.1
CYyLIKa pacnbinutenbHas 6.1.4.2
TUCHeHue 7.41
THUCN 7.3.12
TpaBneHue aHU3o0TpornHoe 7.31
TpaBneHue XUgKocTHoe 7.3.22
TpaBneHue usbuparenbHoe 7.3.21
TpaBneHue n3oTpornHoe 7.3.14
TpaBneHne UHAYKTUBHO CBA3aHHOW Nna3momn 7.3.12
TpaBneHne NOHHOe peaKkTUBHOEe 7.3.20
TpaBneHne NOHHO-Ny4YeBoe 7.3.13
TpaBneHne NOHHO-Ny4YeBoe XMMnyecKkoe 7.3.4
TpaBneHne NOHHO-CTUMYNIMPOBaHHOEe 7.1.13
TpaBneHue KpuoreHHoe 7.3.5
TpaBneHue Kpuctannorpadpuuyeckoe 7.3.6
mpaerneHue naccusallioHHoe 7.3.2
TpaBneHue nnasmMeHHoe 7.3.18
TpaBreHne Na3mMoi BbICOKON MITOTHOCTH 7.3.11
TpaBneHue no Tpekam UsanyyeHus 7.3.19
mpaerneHue pacribliieHuem 7.3.17
TpaBlieHMe peakTMBHOe UOHHOE rnybokoe 7.3.7
TpaBneHue CBETOBbIM U3fyyYyeHuem 7.3.16
TpaBneHue cyxoe 7.3.9
TpaBneHue dusnyeckoe 7.3.17
TpaBneHue poKycupoBaHHbLIM UOHHbLIM MY4YKOM 7.3.10
mpaeneHue chomoxumuyeckoe 7.3.16
TpaBneHne XMMmmnueckoe 7.3.3
TOUMN 7.3.10
YHT 21
ory 7.1.5
OOred 7.2.14
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chopMuUpoBaHUE MHOTOCTIOMHOM MIEHKU

(*)OpMMpOBaHVIe HaHOBOJIOKOH MO MeXaHU3My poCTa «nap — XUAKOCTb — Kpucrann»

chopMmupoBaHue nneHku JleHrmiopa — bnogxerr

chotonurorpacus

c¢poTonutorpacpusa B rmy6okom ynsrpadouonere

cooTonuTorpacus B aKCTpeMarnbHOM ynisTpaduoneTe

choTonutorpacusa pasoKoHTpacTHaA
gpeseposaHue UOHHO-NyHegoe
hbyHKLIMOHaNU3aL A NOBEPXHOCTH
oY

XOro

XOre CTM

LWTaMNoBKa ¢ KpyYeHueM MHOroKpaTHas
aneKkTpoocaxaeHue
anekTponpaaeHue
aneKkTpopacnblieHue

SNUTaAKCUA MONeKynsapHo-nyyeBas
3D-numoepaghus
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7.42
6.2.4
5.4
7.1.20
7.1.5
7.1.8
7.1.21
7.3.13
3.12
7.1.8
7.2.3
7.1.24
6.5.10
7.27
6.3.1
7.2.9
7.213
7.11
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AndaBUTHbIN yKa3aTesib 3KBUBArIeHTOB TEPMUHOB
Ha aHIMMIACKOM A3blKe

acid hydrolysis of cellulose 6.4.1
additive processing 712
adsorption 7.2.1
ALD 722
anisotropic etching 7.3.1
atomic layer deposition 722
block copolymer chemical derivatization 6.6.1
block copolymer lithography 713
block copolymer phase segregation 6.5.1.1
block copolymer templating 6.5.1.2
Bosch etching 7.32
bottom up nanomanufacturing 3.1
carbon nanotube 2.1
catalytic chemical vapour deposition 7.2.4
CCVD 724
chemical etching 7.3.3
chemical vapour deposition 7.2.3
chemically assisted ion beam etching 7.34
clay dispersion 6.5.2
cluster beam coating 7.25
CNT 2.1
co-deposition 3.2
cold gas dynamic spraying 6.1.1
cold pressing 6.5.3
colloidal crystal template lithography 714
colloidal crystallization 5.1
communition 3.3
conshearing continuous confined strip shearing 6.5.4
cryogenic etching 7.35
cryogenic milling 6.5.9.1
crystallographic etching 7.3.6
CVvD 7.23
C282 6.5.4
deep reactive ion etching 7.3.7
deep ultraviolet lithography 715
devitrification 6.5.5
dip coating 7.2.6
dip-pen nanolithography 7.1.6
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directed assembly

directed self-assembly

DRIE

dry-ashing

dry ball milling

dry-etching

DUV

electron-beam evaporation
electron-beam lithography
electrochemical anodization
electrodeposition

electroless deposition
electroplating

electro-spark deposition
electrospinning

electro-spray

electrostatic driven assembly
embossing

EUV

evaporation

extreme ultraviolet lithography
FIB

FIB

FIB

fluidic alignment

focused electron-beam deposition
focused ion-beam deposition
focused ion-beam etching
focused ion-beam lithography
freeze drying

graphioepitaxy

grinding

hierarchical assembly
high-density plasma etching
high-speed micromachining
hot pressing

hot wall tubular reaction

ICP

immersion optics

imprinting

inductive coupled plasma
in-situ intercalative polymerization
intercalation

interference lithography
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3.4
3.5
737
7.3.8
6.5.9.2
7.3.9
715
6.1.2
717
6.6.2
727
7.2.8
727
6.1.3.1
6.3.1
729
4.1
7.41
7.1.8
7.2.10
7.1.8
7.1.9
7.212
7.3.10
4.2
7.2.11
7.212
7.3.10
7.1.9
6.1.4.1
52
6.5.6
4.3
7.3.11
6.5.7
6.5.13.1
6.2.2
7.312
7.1.10
7.41
7.312
6.3.2
6.6.3
7.1.1



ion beam etching

ion beam milling

ion beam surface reconstruction
ion implantation

ion induced deposition

ion induced etching

ion projection lithography
isotropic etching

Langmuir — Blodgett film formation
Langmuir — Blodgett film transfer
laser ablation

layer-by-layer deposition
LbL

LbL deposition
light-assisted etching

liquid precursor combustion
lithography

magnetic driven assembly
micro-contact printing
microfluidic deposition
modulated elemental reacted method
molecular beam epitaxy
multilayer deposition
multilayer film process
multi-pass coin forging
nanocomposite
nano-embossing
nanofabrication

nanofibre

nanofibre precipitation
nano-imprint lithography
nanomanufacturing
nanomanufacturing process
nanomaterial

nano-object

nanoparticle

nanoparticle dispersion
nanoparticle precipitation
nanoparticle sintering
nanoparticle spray coating
nanoscale

nanostructured material
nanotemplated growth
nanotube
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7.3.13
7.3.13
53
6.5.8
7.1.12
7.1.13
7.1.14
7.3.14
54
55
7.3.15
5.6
7.2.15
56
7.3.16
6.2.1.1
3.6
4.4
7.1.15
7.1.16
57
7.2.13
3.7
7.42
6.5.10
22
7.1.17
3.8
23
7.43
7.1.18
3.9
3.10
2.4
25
26
6.3.3
6.4.2
6.5.13.2
7.44
2.7
2.8
6.5.11
2.9
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natural lithography

NIL

optical lithography
phase-contrast photolithography
photochemical etching
photolithography

photothermal synthesis
physical etching

physical vapour deposition
plasma etching

plasma spray

plasmonic lithography
polyelectrolyte layer-by-layer
polymer nanoparticle dispersion
prompt inorganic condensation
PVD

pyrogenesis

radiation track etching

reactive ion etching

reverse micelle process

RIE

SAM formation

scanning force probe writing
scanning tunneling microscope chemical vapour deposition
selective etching
self-assembled monolayer formation
self-assembly

shape-based assembly

soft lithography

sol-gel processing

solution precursor plasma spray
spark plasma sintering

spin coating

spray deposition

spray drying

sputter deposition

sputter etching

STM CVD

Stober process

Stranski — Krastanow growth
subtractive processing
supercritical expansion
supramolecular assembly

surface functionalization
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7.1.19
7.1.18
7.1.20
7.1.21
7.3.16
7.1.20
6.2.3
7.3.17
7.2.14
7.3.18
6.2.1.2
7.1.22
7.2.15
6.5.12
6.4.3
7.2.14
6.2.1.3
7.3.19
7.3.20
6.4.4
7.3.20
5.8
7.1.23
7.1.24
7.3.21
5.8
3.1
4.5
7.1.25
6.4.5
6.2.1.4
6.5.13.3
7.217
7.2.18
6.1.4.2
7.219
7.3.17
7.1.24
6.4.7
5.9
7.1.27
6.1.5
4.6
3.12



surface polymerization
surface-to-surface transfer

surfactant templating

suspension combustion thermal spray
tape casting

thermal spray

thermal spray pyrolysis

top-down nanomanufacturing
two-phase methods

vaporization

vapour-liquid-solid nanofibre synthesis
VLS

wet ball milling

wet etching

wire electric explosion

x-ray lithography

3D lithography
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7.2.20
4.7
6.4.6
6.1.6
6.3.5
7.2.16
6.2.1.5
3.13
6.6.4
6.1.8
6.2.4
6.2.4
6.3.6
7.3.22
6.1.7
7.1.28
7.11
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SO 2080:2008

ISO 19353
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ISO 3252:1999
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Bbubnuorpadua

Terminology for nanofabrication (TepmuHonorus HaHonpoussoacTBa)
Nanotechnologies — Vocabulary — Part 6: Nano-object characterization (HaHoTexHo-
norun. Yactb 6. XapakrepucTukn HaHoo6beKTOB. TepMUHBI U onpefeneHnst)
Nanotechnologies — Vocabulary — Part 3: Carbon nano-objects (HaHoTexHonoruu.
Cnosapb. YacTb 3. YmepogHble HaHOOObEKThI)

Nanotechnologies — Vocabulary — Part 4: Nanostructured materials (HaHoTexHonoruu.
CnoBapb. YacTb 4. Matepuansl ¢ HAHOCTPYKTYpPOIA)

Nanotechnologies — Terminology and definitions for nano-objects — Nanoparticle,
nanofibre and nanoplate (HaHoTexHonoruu. TepMuHel U onpeaeneHns HaHOOOLEKTOB.
HaHo4acTnua, HaHOBOIMOKHO W HaHOMMacTUHa)

Nanotechnologies — Vocabulary — Part 1: Core terms (HaHoTexHonorun. Cnosapb.
YacTb 1. OCHOBHbIE TEPMUHbI)

Metallic and other inorganic coatings — Surface treatment, metallic and other inorganic
coatings — Vocabulary (MeTannuyeckue n Apyrue HeopraHudeckue nokpbitus. Mosepx-
HocTHas obpaboTka. Cnosapb)

Safety of machinery — Fire prevention and protection (besonacHocTb MaLuuH. MpegoT-
BpaLLleHWe NMoXapoB U 3alyuTa OT HUX)

Soil quality — Vocabulary (Ka4ectBo no4sbl. CrioBapb)

Powder metallurgy — Vocabulary (Mopolukosas metannyprus. Cnosapb)

Terminology for refractories (Matepuankl orHeynopHsle. TEpMUHOMOMNS)

Appl.Phys. Lett. 1982, 41 pp. 377—379
McGraw-Hill Dictionary of Scientific and Technical Terms, 6th ed. September 2002
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KomnbtoTepHas BepcTka FO.B. [Tonosod

CpaHo B Habop 10.11.2016.  TMoanucaHo B nevatb 25.11.2016.  dopmat 60 * 841/8- lapHuTypa Apuan.
Yen. nev. n. 4,65.
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