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HALULWOHANBbHBLIA CTAHALAPT POCCUWCKOWMW GEAEPALUMN

HAHOMATEPWAI/bI

HaHONoKpbITUA CBEPXTBEPAbIE N UBHOCOCTOWKNME.
O6Lwwune TexHnyeckne TpeboBaHusa

Nanomaterials. Superhard and wear-resistant nanocoatings. General technical requirements

[ata eBegeHns — 2017—09—01

1 O6nacTb NpMMeHeHUs

HacToswwmin cTaHgapT ycTaHaBMBaeT obLme TpeboBaHNs K CBEPXTBEPAbIM M MU3HOCOCTOMKMM HaHOMO-
KPbITUSIM U HAHOCUMOMY MaTtepuany.

HacToswwwmii cTaHAapT pacnpocTpaHsieTcs Ha CBEPXTBEpPAble 1 N3HOCOCTONMKME HAHOMOKPbLITUS, HAHOCK-
Mble MeTogamu reTepodasHoro nepeHoca, BakyyMHOro U XMMUYECKOro OCaXKAEeHUS 1 ap.

2 HopmaTuBHbIe CCbINKU

B HacTosLem cTaHgapTe UCMOb30BaHbl HOPMATUBHBIE CCbISIKM Ha Criefytolme cTaHaapThl:

FOCT 9.005 EgnHan cuctema 3alunTbl OT KOPPO3nK U cTapeHus. MeTansbl, cnaasbl, MeTaninyeckme n
HemMeTa/l/Inveckne HeopraHnyeckmne nokpbITUA. [lonycTumble N HEJOMYCTUMbIE KOHTaKTbl C METa/lamMmu 1 He-
meTannamu

FOCT 12.4.010 CucTtema cTaHAapToB 6e3onacHocTn Tpyaa. CpefcTea MHAMBUAYaNbHOW 3awmuThl. Pyka-
BULbI CieynasibHble. TeXHNYeckne ycnosus

FOCT 17811 MeLukn NONMITUNIEHOBbIE A1 XUMUYECKOW NPoAyKLUuK. TeXHUYECcKue ycnoBus

FOCT 29298 TkaHM xnonyatobyMaXxHble U cMellaHHble 6biToBble. ObLLMe TEXHUYECKUE YCNOBUS

MpumeyaHne — Tpu NONb30BAHUM HACTOSILLMM CTAHAAPTOM Liesecoo6pasHo NPoBepuTb AEWCTBUE CCbINOY-
HbIX CTaHAapPTOB B MHDOPMALMOHHON cUCTeMe 06LLero nosb30BaHUs — Ha ouLManbHOM caiiTe defepasnbHOro areHT-
CTBa MO TEXHUYECKOMY PETY/IMPOBAHUIO U METPOOTMM B CETU VIHTEPHET WK MO €XErofHOMY UH(DOPMALMOHHOMY yKasa-
Teno «HauuoHasbHble CTaHAAPTbI», KOTOPbIA ONy6GAMKOBAH MO COCTOSIHWIO HA 1 iHBaps TeKyLlero roga, 1 no Bbinyckam
€XeMeCsYHOro MHOPMAaLMOHHOTO yKa3aTensi «HauMoHaibHble CTaHAAPTbI» 3a TeKYL WA rof. EC/IM 3aMeHEH CCbI/IOYHbII
CTaHAapT, Ha KOTOpbIii faHa HeJaTUpoBaHHAs CCblfiKa, TO PEKOMeHAYeTCsl UCMNOoMb30BaTh AelCTBYIOLY0 BEPCUI0 3TOrO
cTaHfapTa C y4eTOM BCEX BHECEHHbIX B A@HHYI0 BEpCU0 M3MEHEHWA. ECIM 3aMeHeH CCbI/IOYHbIV CTaHAAPT, HA KOTOPbIA
[iaHa faTMpOBaHHas CCblka, TO PEKOMEHAYEeTCsl NCMO/b30BaTh BEPCUI0 3TOrO CTaHAapTa C yKasaHHbIM Bbille r040M YT-
BEPXAEHUS (MPUHATUS). ECnn nocne YyTBEPXAEHWSI HACTOSILLEro CTaHAApTa B CCbI/IOYHbIA CTaHAApPT, Ha KOTOPbIA AaHa
[aTUpOBaHHas CCbifIKa, BHECEHO M3MEHeHUe, 3aTparuBatoLLee nosiokKeHne Ha KOTOPOe AaHa CCbl/Ka, TO 3TO MOOXKEHNe
pekomMeHAyeTCst NPUMEHATL 6e3 yyeTa AaHHOTO U3MEHeHUs. ECNN CCbINIOYHbI CTaHAapT OTMEHeH 6e3 3aMeHbl, TO NoJo-
XEHMe. B KOTOPOM JaHa CCbl/ika Ha Hero, PEKOMEeHAYEeTCsl MIPUMEHSATL B YACTU, He 3aTparuBaloLLeii 3Ty cCbisky.

3 TepMuHbI U onpeaesieHus

B HacTosieM cTaHapTe NpUMeHeHbl creayoLiMe TepMUHbI C COOTBETCTBYIOLLMMYI OnpeAeeHNsMu:
3.1 cBepxTBeEpAble N U3HOCOCTOMKME HaHONOKpbITUS (superhard and wear-resistant nanocoatings):
TOHKME CNon U3 CBEPXTBEPAbIX MaTepuanos, 06ecneynBaroLLe NOBbILEHHYO TBEPAOCTb MW CHUXALMe

N3paHue oduymansHoe
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KO3 PULMEHT TPEHUS, coAepXalline CTPYKTYPHbIE 3NEMEHTbI UKW CUCTEMbI CTPYKTYPHbIX 3/1IEMEHTOB, pas-
Mep KOTOpbIX cocTaBnseT oT 140 100 HM. hm3nyeckoe M XMMuU4eckoe B3avMOAERCTBME KOTOPbLIX oGecneun-
BaeT CyLECTBEHHOE yBEe/IMUYeHNE CBOCTB, 06YC/IOB/IEHHOE MPOSIB/IEHNEM HAHOMACLITabHbIX hakTOPOB.

3.2 nognoxka (substrate): OcHOBHOl MaTepuasn, NOBEPXHOCTb KOTOPOro NoABepraeTcs pas/inyHbIM
BMAaM o06paboTku, B pesynbTare Yyero 06pasytoTcsl C/IoM C HOBbIMM CBOCTBAMU WM HapaliMBaeTcs nieHka
Apyroro matepuana.

4 Knaccudukauymsa

4.1 B 3aBMCMMOCTM OT Ha3HaYeHNs CBEPXTBEPAbIE Y U3HOCOCTONKME HAHOMOKPbITUS MOTYT 6bITb O4HO-
CNOWHbIE UM MHOTOC/OMHbIE, COCTOSALWME U3 ABYX UK 6oflee nocnefoBaTelbHO HAHECEHHbIX CM0eB, OTu-
YaloLLMXCA Mo CoCTaBy.

4.2 B 3aBMCMMOCTM OT cnocoba NosyyeHuss CBePXTBEPAble N U3HOCOCTOWKME HAHOMOKPbITUA noapas-
[ensaoT Ha cnegyoLme:

4.2.1 CepxTBepAble 1 U3HOCOCTOWKNE HAHOMOKPbLITUA. NOlyYEeHHble METOAOM MarHeTPOHHOro HaHece-
HuA (cM. npunoxeHune A. Tabnuua A.1).

4.2.2 CBepxTBepAble U U3HOCOCTOWKME HAHOMOKPLITUA. MOSyYeHHble METOAOM 3/1eKTPOXMMUYECKOro
nernpoBaHnsa B BOAHbIX pacTBopax (cM. npunoxexue A. Tabnuua A.2).

4.2.3 CBepxTBeEpAble M U3HOCOCTOWKMNE HAHOMOKPLITUS. MOYyYEHHbIE METOLOM CBEPX3BYKOBOIO X0/104-
HOro ra3ofiHaMn4ecKoro HaHeceHus (CM. npunoxeHue A. Tabnuua A.3).

4.2.4 CepxTBepAble U U3HOCOCTOWKME HAHOMOKPLITUA. NOSTyYeHHble METOAOM MUKPOMIa3MEHHOro Ha-
HeceHus (cm. npunoxeHue A. Tabnuua A.4).

4.2.5 CBepxTBep/ble N NU3HOCOCTOWKME HaHOMNOKPbITUSA, NOMyYEHHbIE METOAOM Nla3epHO Hannasku (CM.
npunoxeHve A. Tabnuua A.5).

5 Tpe6oBaHUS K KOHCTPYKUUU M MaTepuany feTaneil co CBEPXTBEPAbIM U
M3HOCOCTOMKUM HAHOMOKPLITUEM

5.1 Matepvan noa/IoXKu AO/HKEH COOTBETCTBOBATL YC/IOBUAM 3KCM/lyaTaunm u TpeboBaHnsaM, ycTaHOB-
JNIEHHbIM B HOPMATUBHbIX JOKYMEHTaX UM TEXHUYECKOIN AOKYMEHTALMN Ha ugenve.

5.2 [letanu, npefHasHayeHHbIe A/11 HAHECEHUS CBEPXTBEPAbIX M M3HOCOCTOMKMX HAHOMOKPbLITUIA, [OMX-
Hbl GbITb M3rOTOB/IEHbI B COOTBETCTBMU C TPEOHOBAHMAMMU, U3MIOXKEHHBIMU B HOPMATMBHBIX AOKYMEHTax Win
TEXHUYECKOWN [OKYMEHTAL MU Ha n3genue.

5.3 dopma feTaneii fO/MKHA NO3BO/IATL HAHOCUTL CBEPXTBEPAbIE M M3HOCOCTOMKME HAHOMOKPBITUSA MOof
yrnom 60e— 90ek nosepxHoCcTU Aetanu. MNMpn HaHeceHun B TPYAHOLOCTYNHbIE MecTa Ha feTanu fonyckaercs
YMeHbLIATb Yron A0 45°. 3a UCKKYEHNEM MOKPLITUM, NOSTyYEHHbIX METOAOM 3/1EKTPOXMMUYECKOTO JIerMpoBa-
HWUS1 MOBEPXHOCTW B BOAHbLIX pacTtBopax. [1og 3NeKTpOXUMNYEeCKUM NernpoBaHneM B BOAHbIX pacTBopax no-
HVMaeTcs BBeAeHMe B 30HY (DOPMUPOBAHUSA NOKPbLITUI HAHOMOPOLIKOB dopakuueli oT 1 40 50 Hm.

5.4 Pa3mepbl 1 hopMa feTanei, nognexatlmx HaHeCEeHU CBEPXTBEPAbIX U U3HOCOCTOMKMX HAHOMO-
KPbITUA. ONpefenstoTcs TEXHOIOMMYECKMMU BO3MOXHOCTAMU YCTPOICTB ANSA NepemelleHns aeTtaneli B npo-
Lecce HaHeceHus NoKpbITWA, pasmepamu paboyeil kKamepbl, B KOTOPOW NPOBOAAT paboTsl, 1 TUNOM 060pyAo-
BaHus.

5.5 Ha noBepxHOCTW feTasieil, npefHas3HauyeHHbIX 4151 HAHECEHNSI CBEPXTBEPAbIX Y U3HOCOCTOMKNX Ha-
HOMOKPbLITUIA. HE AO/MKHO ObITb CBAPOYHbIX OPbI3T, PAKOBUH, TPELLWH, 3ayCEHLEB, OKaslMHbI, MPWKOroB. pPXas-
UY/HbI. 06HapPYXMBaeMbIX BU3yasibHO 6€3 NPUMEHEHNS YBEIMUNTE bHbIX CPEACTB.

5.6 Bo u3bexaHne BO3HWKHOBEHUSI KOHTaKTHOW KOPPO3WM MeXAay matepuanamu NoA/IOXKA U CBepX-
TBEPAOro 1 N3HOCOCTOMKOrO HAHOMOKPbLITUS AOMYCTUMbI COYETaHWUS MaTepuasioB NpyY HAHECEHUWN NMOKPLITUIA B
cooTBeTcTBuM ¢ FOCT 9.005.

5.7 MoparoToBKy NMOBEpPXHOCTEl AeTaneil K HAHECEHUD CBEPXTBEPAOro M M3HOCOCTONKOrO HaHOMOKPbI-
TWA. XpaHeHne 1 TpaHCNopTUpOBaHME MOArOTOB/IEHHbIX AeTaneil HeobxoAMMO NPOBOAUTL NPY CAeaYLNX
YC/OBUAX:

- Npu Temnepartype Bo3gyxa He Huxe 15*0.

- OTHOCMTENbHOI B/IQXHOCTU He Bbiwe 75 %.

Hanunune B BO3ayxe KOPPO3MOHHO-aKTUBHbIX BELLLECTB HE JOMNYyCKaeTCs.
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5.8 Mepes MCNOMb30BaHWEM MaTepuabl AN TeXHOIOMMYECKOro NpoLecca HaHeCeH!sl CBEPXTBEPLOrO
1 N3HOCOCTOMKOrO HaHOMOKPLITUSA [OMKHbI GbITb NOATOTOB/IEHLI B COOTBETCTBUN C TPEGOBAHUSMU, U3/TOXKEH-
HbIMU B HOPMATMBHBIX JOKYMEHTAaX UM TEXHUYECKO AOKYMEHTaLuM Ha NpoLLecc HaHEeCEHUS MOKPLITHA.

6 Tpe6GoBaHWsSI K CBEPXTBEPAOMY Y UBHOCOCTOWKOMY HAHOMOKPbITULO

6.1 CeepxTBepable U U3HOCOCTOWNKME HAHOMOKPbLITUS AO/MKHbI COAepXaTb CTPYKTYPHbIE 3/IEMEHTbI UN
CUCTEMbI CTPYKTYPHbIX 3/IEMEHTOB, pasMep KOTOpbIX cocTasnseT oT 1 40 100 HM. hnu3nyecKoe u xuMmmuyeckoe
B3aMMO/eNCcTBre KOTOPbIX 06ecneynBaeT CyLLeCTBEHHOE yBeMYeHne CBOWCTB, 06YC/OB/IEHHOE MPOSB/IEHN-
eM HaHomacLluTabHbIX hakTopos.

6.2 [lNs KOHTPONA KayecTBa CBEPXTBEPAOro U N3HOCOCTOMKOr0 HAHOMOKPbLITUA AONYyCKaeTCA NPOBOAUTL
KOHTPO/Ib Ha obpasuax-CBMAETENAX WM rapaHTMpOBaTb KayecTBO MOKPbITUA NPaBW/IbHOCTbIO BbIMOSHEHUSA
TEXHO0rMYecKoro npotiecca.

6.3 Ob6pasubl-cBuaeTeNy AOMKHbI ObITb U3rOTOB/IEHLI U3 TOTO Xe Matepuana, npu Tex xe napamerpax
TEXHO0rMYEeCKOoro rnpotecca noAroToBky NOBEPXHOCTU Y HAHECEHWS MOKPbLITUSA, YTO U KOHTPOSIMPyemMoe nsge-
nve. TBephocTb MaTepuana getanu n obpasua-cBmgeTens 4o/HKHbl O6biTb MAEHTUYHBbI. KonnyecTBo o6pasLios-
cBuaeTenei Ha Kaxaplili BUA UcnbiTaHnii coctaBnseT 3—5 u.

6.4 BHelHW BUA. TONLWMHA, XUMUYECKUTIA COCTaB, CTPYKTypa 1 OyHKLMOHaIbHbIE CBOWCTBA CBEPXTBEP-
[0ro 1 M3HOCOCTOMKOro HAHOOKPbITUA NpYBeAeHbl B NpunoxeHun A. B Tabnunuax A.1—A.5. Hannune otcno-
eHWii Ny NoBpeXAeHn i MeEXaHNYEeCKOro Xxapakrepa He fonycKaeTcs.

7 TpeboBaHUs K MapKMpoBke

Kaxaas napTusa n3gennin ¢ HaHeceHHbIM CBEPXTBEPALIM 1 (M/IM) UBHOCOCTOMKMM HAHOMOKPLITUEM [,0/K-
Ha 6bITb CHabXeHa ConpoBOAUTENBbHON AOKYMEHTaLMen, cogepxallein crneayowyo nHdopmaumio:

- HaMMeHOoBaHWe 1 NapamMeTpbl KATaIMTUYECKOr0 HAHOMOKPbITUS;

- OpraHvM3aum-M3roToBuTenNs;

- HOMep napTuu;

- [aTy U3roTOB/EHUS.

8 Tpeb6oBaHMsa K ynakoske

MN3pnennsa ¢ HaHeceHHbIM CBEPXTBEPAbIM U (U11) UBHOCOCTONKUM HAHOMOKPLITUEM LO/MKHbI ObITh ynako-
BaHbl B KOHTeliHEp Win B uncTyto 653b FTOCT 29298. B nonnaTuneHoBble Mewwkn no FOCT 17811. cHaGXeHbl
conpoBoaMTeNIbHOM AOKYMeHTauueln n 3anasHel. Mpyn ynakoBke 06pasuos ciefgyeT nosib30BaTbCa XaonyaTo-
6ymMaxHbIMU nepyaTkamu no MOCT 12.4.010.
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MpunoxeHne A
(cnpaBouHoe)

MapameTpbl CBEPXTBEPAbIX N U3HOCOCTONKNX HAHOMOKPbLITUI

Ta6nuua Al — MNapameTpbl CBEPXTBEPAbLIX U U3HOCOCTONKUX HAHOMOKPbLITWIA, MOMYYEHHbIX METOLOM MarHeTPOHHOro
HaHeceHus

HanmeHoBaHue nokasatens Tpe6oBaHMA K NOKPLITUIO
MeTo/ HaHeceHUs NoKpbITUA MarHeTpoHHoe HanbleHne
Moanoxka Ty Cu, Ni. Co. Fe n nx cnnasbl
BHeLHW BUA NOKPbITUS Cn/IoWHOCTb NOKPbITUA He MeHee 99.0 %
TonwmHa NokpbITMA OT 2 go 10 MKm
Xumunyeckuii coctaB NoxpbITus HuTpuabl, okcmabl, Kapbugbl, 6opuabl n ux koméunauyun: TiN, ZrN. HfN. VN.

AIN. BN. Tt-N-C. Nb-N-C. Ti-V-N. Nb-Ti-N-C, TiN+Mo. TiN+W un ap.THO2.
Z1t02. 3102.Ge02. Sn02

CTpyKTYypa noKpbITHsi AMOpHasA. HAHOCTPYKTYpUpPOBaHHas

®YHKUMOHa/IbHbIE CBOWCTBA MOKPLITUA  VI3HOCOCTOWKOCTbL HEe MeHee 1- 10'11
Apresvs He meHee 250 MlMa
MukpoTteBepgocrb o 30 Ma

Ta6nuuya A.2 — MNapameTpbl CBEPXTBEPALIX U U3HOCOCTONKNX HAHOMOKPLITWIA, NOMYUYEHHBIX METO4OM 3/1eKTPOXMMUYe-
CKOTO /IETMPOBAaHNS B BOLHbIX PACTBOPaXx

HavnmeHnoBaHue nokasatens Tpe6oBaHMA K NOKPbITUID
MeTo/ HaHeceHuUa NoKpbITUA O1IeKTpOXMMmnYecKoe iermpoBaHme NoBepPXHOCTU B BOAHbIX pacTBopax
Moanoxka Ti. Al. Mg 1 nx cnnasbl
BHeLHWiA BLA NOKPLITUASA Cn/oWHOCTL NOKPLITUA He MeHee 98.0 %

MoBEPXHOCTb MOKPLITUS fO/MKHA 6bITh OA4HOPOAHON N UMETb LIBET OT CBET/I0-
CEeporo 10 CBET/I0-KOPUUYHEBOTO

TonwmHa NoKpbITMA OT 2 MKM g0 400 MKM
Xumunyeckuii coctaB NoKpbITUS Okcuabl maTtepuana noaoxKu
CTpyKTypa nokpbITuUA AMophHas CTpyKTypa ¢ 06bEMHbIMY HAHOKIACTEPHbLIMI BK/TOYEHUSIMU C MO-

nepeyHbiMn pasmepamut o1 1—3 40 2—50 Hm

PyHKUMOHa/IbHbIE CBOWCTBA NOKPbITUA  CHMKeHne KoaddurumeHTa TpeHus Ha 25— 30 %
Teeppgoctb, HV — 250
Koppo3noHHasa cToiikocTb — (3—4) 6ann, knacc crolikoctn — 2.3
Apresusa 6onee 420 MMa

Ta6nuya A.3 — MNapameTpbl CBEPXTBEPAbIX U UBHOCOCTOWKUX HAHOMOKPbLITHI, NONYYEHHbIX METOLOM CBEPX3BYKOBOIO
X0M104HOT0 ra304MHAMUYECKOr0 HaHECEHUS

HanmeHoBaHue nokasaTtens TpeGOBaHMﬂ K NOKPbITUIO
MeToA HaHeceHWs NokKpbITUA XonopgHoe razoguMHamMmuyeckoe HarmblieHue
Mopnoxka Ti, Cu. Ni, Co. Fe n nx cnnasbl
BHeLwHW BN, NOKPLITUA CnNoWHOCTbL NOKPLITUA He MeHee 96,0 %

LiBeT — OT CBET/10-CEpPOro O TEMHO-CEPOro

TonwmHa NoKpbITUA OT 50 MKM f,0 5 MM

4
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HanmeHoBaHue nokasatens

XuMunyeckuii coctas

CTpyKTYypa noKpbITUs

®YHKLMOHANbHbIE CBOWCTBA NMOKPLITUSA
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Tpe6oBaHUA K NOKPbITUIO

CnnaBbl cuctem Al-Zn-Sn. Fe-Cr-Al, Co-Cr-Si, gonyckaeTcs apMupoBaHue
ai2o3u WC

MukpokpucTannnyeckas CTPyKTypa C HaHOK/IaCTEPHLIMU BK/IIOYEHUAMU
c nonepeyHbiMn pasmepamut 10—50 Hm

M3HococTolikocTb o 1 -10'11
Apresnsa He meHee 150 MMa
MukpoTeepaocTb He meHee 300 MMa

Ta6nunua A.4— MNapameTpbl CBEPXTBEPAbIX 1 U3HOCOCTOWKNX HAHOMOKPLITUIA. MONYYEHHbIX METOLOM MUKPOMIa3MeH-

HOro HaHeceHua
HaumeHoBaHue nokasatensa

MeTog HaHeceHUs NoKpbITUA
Mopnoxka

BHeLHWii BUA NOKpbITUS

TonwmHa nokpbITUA

XuMunyeckuin coctas

®YHKLUMOHANbHbIE CBOWCTBA NOKPLITUSA

Tpe6oBaHus K NOKPbLITUID

Mna3meHHOE HambleHne
M. Cu. Ni. Co. Fe n nx cnnasbl

CnnowHOCTb NOKpbITUA — 96.0 %
LiBeT — OTTEHKKN ceporo

OT 50 MKM 4,0 3 MM

Cnnas cuctembl Nt-Cr-B-Si. Fe-Cr-Al. Ni-Cr-AJ, gonyckaeTcs apMMpoBaHue
HaHOCTPYKTYpPMpPOBaHHbIMM nopotkammn A120 3u WC

M3HOCOCTOKOCTb He MeHee 1 -10'11
Agfresus He meHee 120 MMa
MukpoTBepaocTb He MeHee 300 Ma

Ta6nuya A.5 — MapameTpbl CBEPXTBEPAbIX ¥ N3HOCOCTONKNX HAHOMOKPLITUA. NOSTyYEHHbIX METOLOM Nla3epHoii Ha-

nnaBskn

HaumeHoBaHue nokasaTens
MeTog HaHeCeHMs MOKPbLITUS
Moanoxka

BHeLWHWii BUA NOKPLITUA

TonwmHa NOKPbITUA

Pasmep (dpakuyMoHHbI cocTaB) apMupy-
IOLMX KOMMNOHEHTOB

XuMunyeckuii coctas

®YHKUMOHaNbHbIE CBOCTBA NOKPbITUS

Tpe6oBaHUA K NOKPbITUIO
NazepHana nnaska
Ni. Co. Fe. Ti n nx cnnasbl

CnoWwHOCTbL NOKPbITMA — 96.0 %
LiBeT onpefenseTca cocTaBoM rasoBoii hasbl

He 6onee 150 MKM N8 OAHOC/IOAHOTO NOKPLITUSA

He 6onee 100 Hm

Cnnasbl cuctem Mo-Co-Cr. Fe-Cr-Ni-Cu, Fe-Cr-Ni-Mn

VI3HOCOCTOWKOCTb He MeHee 1.1 miO *11
MukpoTteepgocTb oT 300 go 600 Ma
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