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HAUUWOHANBHBIA CTAHJDAPT POCCUNCKON GERJEPALUUMN

HAHOTEXHONOINM1
Hanomatepuanbl. MeHeXKMEHT pucka
Yactb 1

O61wwuKe nonoxeHusa

Nanotechnologies. Nanomaterials. Risk management. Part 1. General principles

Dara BBegeHusa — 2016—07—01

1 Obnactb NnpUMeHeHus

Hacrosawuii ctaHgapT yctaHaBnNMBAET OCHOBHbIE MOMOXEHUS MEHEAXMEHTa pucka Npu U3roToBNEHUH,
NPUMEHEHUU U YTUNU3aLUnU TEXHUYECKUX HAHOMATEPUANOB U COAEPXMT PYKOBOACTBO MO paspaboTke, BHeape-
HUIO M aHanu3y MEeHeI>KMEHTa pyUcKa opraHm3auumn. Hactoswmin ctaHaapT pacnpoCTPaHAETCa Ha TEXHUYECKUe
HaHomarepmarnsl, COCTOSILLME U3 HAHOOOLEKTOB (HAHOYACTHUL, HAHOBONOKOH, HAHOTPYDOK U HAHONPOBOIOK) U
arperaTtoB W arnomeparoB 3TUX HAaHOOOBLEKTOB, B TOM vucne pasmepamu 6onee 100 HM (aanee — HOAA). B
HacToswem ctaHgapte k HOAA oTHeCeHbl NepBUYHbIE HAHOMAaTEPUarbl U HAHOMaTepuanbl, BXoAsLLUE B CO-
CTaB ApPYrUx Matepuanos, U3 KOTOPbIX MOXET NPOU3OWTU UX BbICBOOOXKAEHNE B TEYEHME XKUHEHHOTO LKA,
Hanpumep BO Bpems nepepaboTku u yTunusauuu.

Hactoawumin ctangapTt npegHasHavyeH Ana pykoBOAMTENEW WM CneuuanucTtoB OpraHu3auui, 3aHumato-
LLMXCA WU3rOTOBMEHNEM, NPUMEHEHUEM W YTUMM3auuern HaHoMarepuarnos, B TOM YMCNE Cneuuanuctos no
oXpaHe W rMrueHe Tpyaa, oxpaHe OKPY>XaloLEn cpefbl, CNeumanucToB, OTBETCTBEHHbIX 38 IKCMnyaTauuto u
o6cnyxnBaHne Npon3BoACTBEHHOrO 060pya0BaHMS.

2 TepMUHbI N onpeaeneHus

B HacToslLLeM cTaHaapTe NPUMEHEHbI CriegyoLne TEPMUHbI C COOTBETCTBYIOLLIMMI ONPEeAENEHUsIMU:
21

arnomepar (agglomerate): CoBOKYNHOCTb criabo CBA3aHHbIX Mexay OO0l YacTul Unn Ux arperaros,
Unu TeX U ApYrux, NNoLaab BHELLHEN NOBEPXHOCTM KOTOPOW paBHa CyMME NnoLiaAei BHELIHUX NOBEPX-
HOCTEeN ee OTAENbHLIX KOMIMOHEHTOB.

MpumedaHusa

1 Cunbl, cKpennsioLLme arnoMepar B O4HO LieNoe, ABNSoTCA cnabbiMu U 06YCMNOBNEHHLIMMW, HanNpuMep cunamm
B3aMMogeincTBusA BaH-gep-Baansca Unu NpocTbiM hU3UYECcKUM NepeneTeHNeM YacTuL, Apyr C Jpyrom.

2 Arnomepa'rbl TaKXKe Ha3blBakT «BTOPUYHBbIE YaCTULbI», a UX UCXOAHbIE COCTaBNAOLWME HasbiBakOT «NepBUYHbIE
HacTUlbl».

[MCO/TC 27687:2008, ctatba 3.2]

M3paHue ocpuuymanbHoe
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2.2

arperart (aggregate): COBOKYNMHOCTb CMNbHO CBSI3aHHbIX MeXAy COOOM MM CNMaBfEeHHbIX YacTul,
obLlas nnowaab BHELLHEN NOBEPXHOCTU KOTOPOW MOXET ObiTb 3HAYUTESNIbHO MEHbLUE BLIYUCAEHHOW CyM-
MapHOI NIoLaan NOBEPXHOCTU €€ OTAENbHLIX KOMMOHEHTOB.

MpumevaHus

1 Cunbl, ygepxuBaloLLe YacTULlbl B COCTaBe arperara, siBnsitotcs 6onee npoyYHLIMU U 06YCrOBEHHEIMU, HaNpu-
Mep KOBaNeHTHBIMU CBA3SIMU, UM 06pa3oBaHHEIMW B pesyrnsTarTe criekaHus UK CoKHOro uanyeckoro nepenneTe-
HUS YacTuL APYr C Apyrom.

2 ArperaThl Takke HasblBatoT «BTOPUYHbBIE YaCTULbI», @ UX UCXOAHbIE COCTaBMSIOLME — «MEPBUYHBIE YaCTULbI».
[MCO/TC 27687:2008, cratbs 3.3]
23

TexHU4eckuin HaHomartepuan (engineered nanomaterial): HaHomaTtepuan, U3roToBNEHHbIN C KOH-
KPETHOW Lenbto UNu Ana peanu3auuy onpeaenieHHon yHKuun.
[MCO/TC 80004-1:2010, cTatbs 2.8]

2.4 3kcno3unuua (exposure): Bo3aencreme Ha OpraHnsM XMMM4ecKkoro, pusndeckoro unu Guonoruve-
CKOro oobekTa unm cpaKTopa npun ero BabIXaHnu, npornarbiBaHNN, KOHTAKTE C KOXXEeW Unu rnasamu.

MpumevyaHune — B 3aBUCMMOCTM OT ANWUTENBHOCTU BO3AENUCTBUS SKCMO3ULMIO NOAPA3AENSIOT Ha KpaTKoBpe-
MeHHyH0 (OCTpPYH0), CpeHenpPOAOIIKUTENBHYIO UMK LONMTOBPEMEHHYH0 (XPOHUYECKYH).

2.5 onacHocTb (hazard): BUONOrMYECKUn, XMMUYECKUIA UNKU DPUUYECKUI OOBEKT unu akTop, oKasbl-
BalOLMIA HeraTUBHOE BO3E€NCTBUE HA OPraHM3M YernoBeka, OKpyXaloLylo cpeay, TEXHONOrM4eCckuin npouece
unu nsgenmue.

26

onacHocTb ansa 3popoBbA (health hazard): MoTeHuManbHbIR UCTOMHUK BPeaa AN 340POBbA.
[MCO 10993-17:2002, craTtbs 3.7]

2.7

HaHOBOJOKHO (nanofiber): HaHOOGLEKT, NMHENHBIE pa3Mepbl KOTOPOrO MO ABYM U3MEPEHUSAIM HaxXo-
AATCA B HaHOAMAaNa3oHe, a No TPETbEMY U3MEPEHMIO 3HAUUTENBHO GonbLue.

MpuMedaHusda

1 HaHOBOMOKHO MOXET OblTb MMOKUM UMK XECTKUM.

2 [IBa cxofHbIX NMUHENHbIX pasmepa No ABYM W3MEPEHWUSAM HE JOMKHBI OTNUYATLCA APYr OT Apyra Gonee YeM B

TPU pasa, a pasMepbl N0 TPETHEMY U3MEPEHUIO AOMKHBI MPEBOCXOAUTL pa3mepbl No NEPBLIM ABYM U3MepeHnaM Gonee
4yeM B Tpy pasa.

3 HanbonbLumnii nuHelHbIi pasMep MOXET HaXOAUTLCA BHE HAHOAUaNasoHa.
[MCO/TC 27687:2008, ctatbs 4.3]

2.8

HaHOOOBLEKT (nano-object): MaTepuanbHbIii 06BLEKT, NMMHENHbIE pa3mepbl KOTOPOTo NO OAHOMY, ABYM
UNn TPEM U3MEPEHUSIM HaXOAATCA B HAHOAMANA30He.

MpumevyaHune — [JaHHbI TEPMUH pacnpoCcTpaHAETCS Ha BCe AUCKPETHbIE O6GLEKTLI, NMUHElHbIE pa3Meph
KOTOpPbLIX HAXOAATCA B HAaHOAMNANa3oHe.

[MCO/TC 27687:2008, crarbs 2.2]
29

HaHovactuua (nanoparticle): HaHo0ObLEKT, NUMHENHbIE pa3mepbl KOTOPOro MO0 BCEM TPEM U3MEPEHMU-
AM HaxXoaAaTcd B HaHOAMana3oHe.

MpumeyaHne — Ecnu no ogHOMY UM ABYM U3MEPEHUSM pa3Mepbl HAHOOOBLEKTa 3Ha4YUTENbHO GornbLue,
4YeM Mo TpeTbeMy U3MepeHUIo (Kak npaBuno, Gonee YeM B Tpu pasa), To BMECTO TEPMUHA «HAHOYACTUL@» MOXHO UC-
Nonb30BaTb TEPMUHEI «HAHOBOMOKHO» UMW «HAHOMMACTUHAY.

[MCO/TC 27687:2008, cratbn 4.1]
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2.10

HaHonnacTuHa (nanoplate): HaHOOGLEKT, NMMHENHBIE pa3Mepbl KOTOPOro NO OA4HOMY U3MEPEHUIO Ha-
X0AATCA B HAHOAMAaNas3oHe, a pasMepbl M0 ABYM APYIMM U3MEPEHUSIM 3HAYUTENBLHO BonbLue.

MpuMmevanus
1 HauMeHbLLNiA NUHEeRHbIN pasmep — TofLWUHa HaHOMNAaCTUHbI.

2 Pasmepbl N0 ABYM APYTUM U3MEPEHUAM 3HAUYUTENbHO BonbLUE M OTIMYAIOTCA OT TOMLWMHEI Bornee YeM B Tpu
pasa.

3 Hanbonblune nNuHelHble pasmepsl MOryT HaXOAUTLCA BHE HaHOAWanasoHa.

[MCO/TC 27687:2008, ctatba 4.2]

21

HaHoAuanasoH (nanoscale): lnanaszoH NMHERHbIX pasmepos NpudnuautensHo ot 1 4o 100 HM.

Mpumevanuns

1 BerHPOPO rpaHuly 9Toro guanasoHa NPUHATO CHUTaTb I'IpM6J'Il'13MTeJ'IbHOI7I, TaK Kak B OCHOBHOM YHUKalbHble
CBOWCTBa HAHOOOLEKTOB 3a Hell He NPOABIAKTCA.

2 HwxHee npefensHoe 3HaveHWe B STOM onpeAeneHun (NpubnuantenbHo 1 HM) BBEAEHO ANSA TOro, YTo6kl UC-
KIMIOYUTE M3 pacCMOTPeHUs B Ka4eCTBe HaHOOGLEKTOB UMW 3reMeHTOB HAHOCTPYKTYP OTAENbHLIE aTOMbl UK Hebonb-
LLKe rpynnbl aTOMOB.

[MCO/TC 27687:2008, cratbsa 2.1]

212

yactuua (particle): Menb4anwas 4yacTb BeLeCTBa ¢ onpeaeneHHbIMM OU3N4eCKMMMN rpaHuLLaMu.
MpuMmevanuns

1 ®usmnyeckas rpaHuLa MoxXeT Takke BbITb onucaHa kak MexdasHaa obnactb B3aumogencTsus (MHTepdeiic).
2 YacTuua MOXeT NepemMeLLaThCs kak eUHOE Liernoe.

3 HacTtosiee o6Lee onpeaeneHne YactTulbl NPUMEHNMO K HaHOOGbeKTaM.

[MCO/TC 27687:2008, cTtatbs 3.1]

2.13

puck (risk): CouetaHne BepOATHOCTH HAHECEHUSA ywepba u TSXKeCTH 3Toro yuwepba.
[PykoBoacteo MCO/M3K 51:1999, cratbsa 3.2]

3 O603Ha4yeHus U CoKpalyeHus
B HacTosilleM cTaHAapTe NpUMEHEHbI cneayowne 0603Ha4YeHUs U COKpaLLEHUA:

APUY3 (PB-ECL) — aHanus pe3ynsratoB MU3MEPEHUI YPOBHSA 3KCMO3MLINK;
AACTT (ACGIH) — AwmepukaHckasa accoumalmsa Cneymannucros nNo rurmeHe Tpyaa;
BMBKO (TEOM) — BuGpaLuOHHbleE MUKPOBECHI C KOHMYECKUM anemeHTom (BMBKD);
ONPY (DMPS) — auddepeHumanbHblil USMEPUTENb Pa3MepOoB YacTuL;
KO (BMD) — KOHTponbHasa fo3a;

JIOAEN (LOAEL) — MWHUManbHbI ypoBEHb HEGNAronpUATHOrO BO3AENCTBUS;
MBBC (LEV) — wmecTHas BbITSHKHAA BEHTUNALMOHHAA CUCTEMA;
MOBH (NEAT) — MeTOAuMKa OLUEHKU BO3AEWCTBUA HAHOYACTULL;
MYHT (MWCNT) — MHOrocTteHHas yrnepoaHasi HaHOTpybka;
HOMKO (BMDL) — HWKHWUIA 4OBEPUTENBLHLIN Npeaen KOHTPONbLHOW A03bI;
HOM (LCL) — HWXHWUIA AOBEPUTENbHbIV Npeaern,

HUOT (NIOSH) — HauwnoHanbHbIi MHCTUTYT oxpaHbl Tpyaa, CLUA;
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HOAA (NOAA)

HOAEJ (NOAEL)

HaHOOOBLEKTLI, MX arperatbl U arnomeparbl, B TOM yucne pasMepaMmu Gonee
100 HwMm;

YPOBEHb OTCYTCTBUA Habnogaemoro HebnaronpUATHOrO BO3AEHCTBUS,

OBYB (OEL) OPVEHTUPOBOYHLIN Ge30nacHbIi ypoBEHbL BO3AENCTBUS,;
OCY (OPC) ONTUYECKUIA CHETUMK YacTuL,
OYHT (SWCNT) OIHOCTEHHAsA YrnepoaHasa HaHOTPYOKa;
O3CP (OECD) OpraHusauma 9KOHOMUYECKOTO COTPYAHNYECTBA U PA3BUTUS,
naKk (WEL) npeaenbHo A0NYCTUMAA KOHLIEHTPaLUA,
nn3 (TLv) npeaenbHoe NOPOroBoe 3HaYeHue;

NMPMB (ADME)

nocTynrnexuune, pacnpeaeneHme, merabonusm (06GMEH BELUECTB) U BbIBEAEHUE
U3 OpraHu3aMa;

NMnoMm (TEM) NPOCBEYMBAIOLLNIA ANEKTPOHHbIA MUKPOCKON;
NnamMm 34PC NpoCBeYMBalOWANA NEKTPOHHAA MUKPOCKOINUA B COMETAHUN C 3Heprogucnepcu-
(TEM EDX) OHHOW PEHTIEHOBCKOMN CNEKTPOCKONUEN;
PYP (CB) peLwieHne no ynpasneHuio PUCKOM;
P3OM (SEM) pPacTPOBbLIN 3MEKTPOHHLIN MUKPOCKON;
CI'C (GHS) CornacoBaHHas Ha rno6anbHOM YPOBHE cucteMa knaccudukaumm onacHOCTU 1
MapKUPOBKU XUMUYECKOW NPOAYKLIUMK,
CU3 (PPE) CpeacTBO UHAMBUAYANbHON 3aLLMTI;
CUn30[ (RPE) CpefCTBO MHAUBUAYANbHON 3aLUMTbI OPraHOB [bIXaHUS;
CKBO3 (COSHH) Cucrema KOHTPONA BeLWEeCTB, ONAcHbIX ANA 340P0Bbs YE0BEKA;
CKY (CPC) CYETYUK KOHAEHCUPOBAHHbIX YacTuL;
YHT (CNT) yrnepoaHas HaHOTpy6ka;
Y3 (ES) YPOBEHb 3KCMO3ULIUMK;
30PC (EDX) 3HeproaMcnepcuoHHasa PeHTreHoBCKasa CNEKTPOCKONUS;
SNH[I (ELPI) SNEKTPUYECKUIA MMMAKTOP HU3KOrO AaBreHuUs,

HEPA dunetp (HEPA)

BbICOKOSMDEKTUBHDIN PUNBLTP

4 Buabl TeXHUUYECKMX HAHOMaTepuanos

4.1 O6wue ceegeHUsa

B HacToAiLem pasfene NpuBEEHO KpaTKoe onucaHue Hanbonee pacnpoCTPaHEHHbIX BUAOB TEXHNUYE-
CKMX HAaHOMAaTepumarnos, Ha KOTOPbIe PacnpPOCTPAHSETCA HACTOSALLMIA CTaHaapT.

4.2 dynnepeHbl

dynnepeHsl — annoTtponHas dopma yrnepoza [6]. Monekynbl pynnepeHoB MOMHOCTLIO COCTOAT U3

yrrnepoaa u umetoT opmy nonon ccpepbl. CTpykTypa dynnepeHa noxoxa Ha CTPYKTypy rpaduta u coctout
M3 NNOCKMX rekcaroHanbHbIX, NEeHTa- U renTaroHanbHblX YrIepoaHbIX sveek, opmupytomx 3D-CTPYKTYpbI.
®ynnepeH Cgy — Hanbornee n3y4eHHbli ynnepeH, Takke U3BECTHbIN kKak «BakmuHcTepdynnepeH» unm «ba-
Knbonny . dynnepeHbl XMMUYECKM CTabUNbHBI U HEPACTBOPUMBI B BOAE. PynnepeHbl NPUMEHSAIOT ANA A0CTaB-
KW NEeKapCTBEHHBIX CPEACTB, XPaHEeHUs Boagopoaa 1 A06aBnsAT B Marepuanbl NOKpbITUii [7].

4.3 YrnepogHble HAaHOTPYOKH

YrnepoaHble HaHoTPYyOku (YHT) — annotponHas dopmMa yrnepoaa [8]. YHT umeloT umnuHapuveckyto
hOpMy M COCTOSIT U3 OHOTO MU HECKONbKUX crnoes rpadpeHa [9]. Y YHT GonbLuoe acnekTHOe COOTHOLLEHWE
(COOTHOLIEHNE Mexay ANaMeTpPoOM U ANMHON). B 3aBMCUMOCTU OT uncna cnoes YHT nogpasgensiior Ha 0agHo-
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cTeHHble (OYHT), aBycteHuble (AYHT) u mHorocteHHble (MYHT) YHT. YHT 6biBator anaMetrpom ot 1 HM
(y OYHT) ao 100 HM u 6onee (y MYHT). OnuHa YHT MOXeT npeBblaTh HECKONbKO COTEH MUKPOMETPOB. [po-
MbILUMEHHbIE HAHOMaTepuarnsl, coctodawme u3 YHT, MOryT cogepxatb Apyrue annoTponHble Mmogudukaumm
yrrnepoaa ¥ HaHO4YaCTULIbl HEOPraHMYECKUX KaTanu3aTtopos.

4.4 HaHONPOBONOKMK

HaHonpoBonoka — HaHOBOMOKHO, MMEIOLLIEE eAUHYIO KPUCTANMYECKYIO CTPYKTYPY U SIBMSIIOLLEECS Npo-
BOZHWKOM UIU MONYNPOBOAHUKOM SNEKTPUYECKOTO ToKa., HaHONPOBOMOKN MMEIOT ANAMETP HECKOMbKO AECAT-
KOB HAHOMETPOB M GOMbLUOE OTHOLLEHUE ANUHBI K ZUaMETPy. HaHOMPOBOMOKM N3rOTaBNUBAIT U3 PA3MNYHBIX
Marepuanos, Hanpumep kobanesTa, 3010Ta, Meau U KpeMHUS. HaHOMPOBOMOKN MPUMEHSIIOT B KAYECTBE COeaU-
HUTENbHbIX SNIEMEHTOB B HAHO3MEKTPOHHbIX, (DOTOranbBaHUYECKUX U CEHCOPHBIX YCTPOMCTBAX.

4.5 KBaHTOBbIE TOYKMN

KBaHTOBbIE TOUYKM — HAHOODBLEKTLI M3 NONYNPOBOAHMKOBLIX Marepuanos pasmMepamu ot 2 A0 10 HM, 06-
napatoLLme sneKkTpuYecKUMM, ONTUHECKUMU, MAarHUTHBIMW U KAaTaNMTUYECKMMKU CBONCTBAMU. KBAHTOBBIE TOYKM
cogepxat oT 1000 4o 100000 aToMOB U UX pacCMaTPUBAIOT KaK CPEAHEE MEXAY NPOTSHXKEHHLIMU/OOLEMHBIMU
CTPYKTYPaMu U OJMHOYHBLIMU MOMEKYNAPHLIMKA 06bekTamu. POTOINEKTPUIECKUE CBOWCTBA KBAHTOBBIX TOYEK
3aBUCAT OT UX pPa3MepoB. MI3MeHAs pasMepbl KBAHTOBON TOYKW, MOXHO U3MEHNTb AJIUHY BOSHbI UCMYCKAaeMo-
ro eto ceeta. KsaHTOBbIE TOMKM NPUMEHSIOT B Karanusaropax, peHTreHorpadumn, onTMYecKUx U CEHCOPHBIX
YyCTPOWCTBAX.

4.6 Metannuuyeckue n kepammyeckue HaHomarte puasnbl

K aaHHOMy BMOy HaHOMAaTepManoB OTHOCAT METannMyYeckne, BKNOYas OKCHiibl METANIOB, U KepaMuye-
CKME HaHOMaTepuarnsl B BMAE NOPOLLKA, COCTOSALLME U3 HAHOYACTUL, (HanpUMep, IBYOKUCH TUTAHA U IMOKCUA
KPEMHUS, COCTOSILUME M3 YNBTPAMENKNUX YacTuL). HaHouacTuLbl METANIMYECKMX U KEPaMUYECKMX HaHOMa-
TEpMarnos MMEKT HeGonbLUME pasMepbl U MOTyT 00pa3oBbIBATL arperarbl UMK armomeparbl. HaHouacTuubl
MOTYT MMETb KOMMO3UTHbII COCTaB, HaNpPUMEp, ABMSASACH YacTULAMK «AApo-06onouka» (METANNMYeckoe SApo
1 OKCMZHYO 060MO0YKY) UNW CNnaBamMu HECKONbKMX METANIOB. [N HAaHOMaTePManoB AaHHOTO BUAA He Tpeby-
€TCs ycTaHaBnueath TpeboBaHusA k pasmepam 1 hopMam HaHo4acTul. HaHomarepuans! 4aHHOMO BMAA npo-
“3BOAAT B GOMbLUKX, O CPABHEHUIO C APYTMMW HAHOMaTEpPUanamm, 06beMax U NPUMEHSIOT NPU U3FOTOBNEHUM
CPEACTB NUYHOM TMIUEHBI, NAapMIOMEPHO-KOCMETUYECKUX U3LENNA, KOMMO3ULIMOHHBLIX MATEPUArnos, MUIMeH-
TOB, KaTanu3aropos, 406aBnAT B Matepuarnb! NOKPLITUN.

4.7 TexHU4YECKUM yrnepos,

TexHUYEeCKuii yrnepos — BeLUECTBO, COCTOSILLEE M3 SNIEMEHTAPHOrO yrrepoaa B BUAe 4actuu, nony4ya-
€MO€ NPU HENOMHOM CropaHUK MNN TEPMUYECKOM Pa3NOXKEHWUN ra3006pasHbIX UMK XUAKUX YrIeBOLOPOAHbIX
mMaTtepuanos B 3afjaHHbIX YCNOBUAX. TEXHUYECKUI YrNepos U3roTasnuBatoT B BUAE NMOPOLLKA UMK FPaHyn Yep-
HOrO LIBETA U MPUMEHSAIOT B NPOU3BOACTBE LUMH, PE3UHBI, U3AENUIA U3 NNACTMACC, KPACOK U NMOKPLITUIA, UCTOSb-
3ys Takue ero xapakTepucTukW, Kak yaenbHas nnowags NoBEpXHOCTU, pa3Mepbl U CTPYKTypa YacTuu, LBeT
N ANEKTPOMPOBOAHOCTb. MepBUYHbIE YaCTULbl TEXHUYECKOIO yrnepoga umetT pasmepbl He 6onee 100 HM n
o6pa3yioT arperatbl pasmepamu 6onee 100 HM. TexHUYECKMin yrnepod — OAHO U3 caMbix BOCTPEDOBAHHbIX
MPOMBILLIIEHHbIX XUMUYECKNX BELLECTB, U3rOTABMMBAEMbIX U NOTPEBNsieMbIX B MUPE.

4.8 leHapumepsbl

JeHapuMepbl — MONMMEpHbIE YacTuLbl, aTOMbl KOTOPbIX 06PA3yloT Pa3BETBIEHHbLIE CTPYKTYpPbI, CUM-
METPUYHBIE OTHOCUTENLHO LIEHTPANLHOM YacTu. eHapMMepbl MOHOAUCMEPCHBI M UMEIOT BOrbLLOE YUCTIO ne-
pUdepUYECKUX OYHKLMOHATbHBIX rpynn. JeHapUMEpPL! MPUMEHSIOT AN JOCTABKU NEKAPCTBEHHbIX CPECTB.

4.9 HaHOMMMUHBbI

HaHornnHa — marepuan NpUpPoAHOro NPOUCXOXAEHMS UMW CMIELUANBHO U3FOTOBIEHHLIN C 3a4aHHbLIMM
CBOWCTBAMM, COCTOSILUMIA U3 HAHOYACTUL, CIIOUCTLIX MUHEPArbHbLIX CUNMKATOB. K HaHOrMMHAM MPUPOAHOIO
MPOUCXOMNAEHNSA OTHOCAT MOHTMOPUIIOHUTBI, GEHTOHUTBLI, KAONMUHUTLI, FEKTOPUTLI 1 rannyasutel. K cneum-
anbHO W3rOTOBMEHHBIM HAHOTTIMHAM OTHOCAT OPraHOMOAMMULIMPOBAHHBIE TMMHBLI, TO €CTh MUHbI, NOABEPT-
LUMECS KATUOHHOMY 0BMeHY € BONMbLUMMU OPraHUYECKUMU MOSIEKYNaMU, BHEAPEHUE KOTOPLIX B MEXCIOEBOE
MPOCTPAHCTBO YAaCTUYHO UIIU MOSTHOCTLIO HAPYLLAET CTPYKTYPY NEPBUYHBIX CIIOEB.
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5 UpeHTUdUKaumusa onacHbIX HAaHOMaTepUanoB U CBsI3aHHbIE C HUMU PUCKU

5.1 O6wme ceegeHus

Mo pesynsratam UCMbITaHUIA, NPOBOAMMbIX Ha XUBOTHbIX U cpeau paGOTHUKOB NMPOMbILLSIEHHbIX Npea-
MPUATUIA, HAHOYACTULbI, COAePKaLUMECs B BO3AYyXe, NPU BAbIXaHUM OKa3blBAKOT BpegHOE BO3AENCTBUE HA
OpraH1M3m 4YenoBeKa W XXMBOTHbIX. SPPEKT BO3AENCTBUS HA OpraHbl AbIXaHUSA 3aBUCUT OT SKCMO3ULIMOHHOW
003bl, PUSUKO-XMMUYECKUX XapaKTEPUCTUK HAHOYACTUL U MHAUBUAYANbHON BOCNPUMMYMBOCTM OpraHuM3ma.
HaHouacTtuubl Bcnegctame 6onbLueli yaenbHOW Nnowaamn NOBEPXHOCTM OKa3bIBaOT O0Nee BbIpaXKEHHOE Hera-
TUBHOE BO3JENCTBUE HA OpraHbl AblXaHus, 4em MukpodacTuupbl [10]. BabixaHue paboTHUKaMM YrofbHOW Ml
“3 Bo3gyxa paboyen 30HbI ABNSAETCA MPUYNHON Pa3BUTUSA MHEBMOKOHWO3a U XPOHWYECKON OBCTPYKTUBHOM
GonesHn nerkux, Bo3geicTeme acbecra Bbi3biBaeT acbecTo3, Me3oTENMOMY U NOSABIEHUE 3IT0KAYECTBEHHbIX
HOBOOOPA30BaHMI B NErKMX. YCTAHOBMEHA 3aBUCMMOCTb MeXay 3arpsi3HEHUMEM BO34yxa HaHOYaCTULAMU U
MOBbILUEHHLIM YPOBHEM 3a60NEBAEMOCTU U CMEPTHOCTU OT PECNMPATOPHbIX U CEPAEYHO-COCYAUCTLIX 3abone-
BaHWUi B Hanbonee ysi3BUMbIX rpynnax HaceneHus — cpeamn NOXMnbIX NOAEN U Niogen, MeLWwMxX npeapac-
MOMOXEHHOCTb K TakuM 3abonesaHusam [11].

PerynsapHoe Bo3geiiCTBME HAHOYACTUL, COAEPXKALLMXCH B OKPY>XAKOLLElh cpeae, 00bIYHO He OKa3sbiBaeT
HEraTMBHOIO BINUSIHWA HA OpraHnW3M YenoBeka. PUCK BOSHMKHOBEHUS U pa3BuTUSA 3aboneBaHuii B pesynsrare
BO3AeNCTBMUS NOOOro BELLeCTBa BO3pacTaeT ¢ yBeNM4YeHUeM 03bl. TOKCMYHOCTb HAHOYACTUL, 0COOEHHO He-
pacTBOPUMBIX*, 3aBMCUT OT nokasarenen obLuer nnowaam ux nOBEPXHOCTU. TOKCUYHOCTL HAaHOMAaTEPUanos,
COCTOALUMX U3 HAHOBOMNOKOH M YHT, 3aBUCUT OT UX PUINKO-XMMUHECKUX XapaKTePUCTUK [12].

5.2 MoTteHUManbHbIE PUCKU ANA 340POBbSA YerioBeka Npu BAbIXaHUM HAHOMAaTEpPUanos

Mony4yeHbl pesynbraThbl OLIEHKU PUCKOB AN 340POBbA YENOBEKA U OKPYXKAIOLWEN Cpeabl NPU SKCNO3ULUK
HOAA [13]. MoTeHuunanbHbIe pucku Ana 340PpOBbS Yenoseka npu sabixaHun HOAA B 3aBUCMMOCTU OT UX Xa-
paKkTepuCTUK NOAPA3AENAIOT Ha CreayIoLLmMe rpynmbi:

a) npoHukHoBeHne HOAA B HeAOCTyMHbIE AN MUKpodacTul oTaensl Guonormyeckux cuctem, bnaro-
Aaps pasmepam (HOAA npOHMKAIOT CKBO3b CTEHKM KIIETOK, MONAAaloT U3 Nerkux B CMCTeMy KpoBooGpalleHus
u fanee — BO BCe OopraHbl; nocrne ocaxaeHus HOAA B NonocTu HOCa MOXET NPOU3OWTU UX NEPEMELLEHUE B
rONOBHOW MO3r);

b) BbicOKas creneHb TokcuduHOCT HOAA no cpaBHEHUIO C MMKpOUYACTULIAMU TOW XKe Macchl, Gnarogaps
BGonbLuen yaenbHoW nnowaan nopepxHoctn HOAA,

C) BblcOokasa creneHb TokcuyHocTn HOAA no cpaBHEHMIO C MuKkpodyacTuuamu, bnarogapa Hanuuuio y
HOAA OTAMYHBIX OT MUKPOYACTUL, (PU3UKO-XUMUYECKUX U BUONOTMYECKUX XapaKTEPUCTHK;

d) ocaxxgeHve u 3aaepxaHue B nerkux ycTonumsbix k Gmoaerpagaumm u Hepactsopumbix HOAA (YHT,
HaHonpoBoOmnoku) Gnarogapss 0COObIM reOMETPUYECKUM napameTpam — OOnbLUOMY acneKTHOMY COOTHOLLe-
HUIO (COOTHOLLIEHWE Mexay AnnHOW u auametpom) (HOAA, ocaxxaasnch U 3aaepXXMBAsACh B NETKMX, Bbi3bIBAIOT
BOCNanuTenbHbIE NPOLECCHI U 3a0oneBaHns Nerkux);

e) buoakkymynuposaHne HOAA B opraHuame 6naroaaps 6onee BbICOKOI CTENEHU paCTBOPUMOCTM U3-3a
pasmepoB MO CPaBHEHWUIO C HEPACTBOPUMMbIMU MAN MAaNOPaCTBOPUMbIMU MUKPOYACTULIAMU.

Mpu M3roToBNEeHNM, NPUMEHEHUN U YTUNU3ALUW HAHOMATEPUANOB creayeT NPOBOAUTL OLEHKY NOTEHLM-
anbHbIX PUCKOB ANA 340pOBbs Yenoeka npu BabixaHnm HOAA U npuMEHsITb COOTBETCTBYIOLLME MEPLI, 06e-
cnevnsaroLme 6e30nacHOCTbL paboTHUKOB.

Puck BO3HUKHOBEHUS U pa3BuUTUS 3a6oneBaHuii y paboTHUKOB 3aBUCUT OT (HIM3NKO-XUMHUYECKUX Xapak-
TEPUCTUK U IKCNO3MLMOHHOM f03bl HOAA. 3KCno3numoHHyo 03y HOAA onpeaensior Ha OCHOBE CreayoLwwmx
nokasarenein: koHueHTpauun HOAA B Bo3gyxe paboyen 30HbI, YaCTOThl AbIXaHUS, BO3MOXHOCTU OCaXAEHUA
B OpraHax gbiXxaHusa U BPEMEHU 3KCMO3ULUU.

B cnyyae otcytcTBUs MHhopMaummu 06 onacHOCTM HaHomaTepuanos, cocroswmx u3 HOAA, ocyulecT-
BMSIIOT KOHTPOMb NOTEHLUManbHbIX PUCKOB ANS 340P0OBbs Yenoseka npu sabixaHnn HOAA 1 NPUMEHSIOT COOT-
BETCTBYlOLME Mepbl, o6ecneumnsaioLme 6€30NacHOCTb PaboTHUKOB.

* Ecnm HaHoMaTepuansbl, CoOCToALLUne U3 HaHOYacTUL, Nerko pacTtBOpPUMbI, TO UX OTHOCAT K XMMUYECKUM Belle-
CTBaM U onpefenAtoT Knacc onacHOCTU B 3aBUCUMOCTU OT BO3[€ACTBUSA Ha OpraHu3M YernoBeka.
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5.3 MoTeHUManbHbIe PUCKKN 451 340POBbS YeNloBeKa Npyu nepopasi.HOM NOCTYNsIeHMN HaHOMa-
TEPUarnoB WM UX KOHTaKTe C KOXen

MoTeHUManbHbI PUCK AN 300POBbA YENOBEKA CBA3aH CO CNOCOBHOCTLIO HeKoTopbix BUA0B HOAA npo-
HUKaTb Yepes3 KOXHbIW NMOKPOB M nonagatb B cuctemy kposoobpalueHus [14], [15]. SddekTbl BO3aEHCTBUA
HOAA Ha noBpexaeHHY KOXY HE U3yYeHbl.

HaHouacTuupl UMHKa, Zn 1 okcupa uuHka, ZnO, coaepxallumeca B CONHLE3alUTHbIX cpeacTeax, no-
nagatT B OpraHW3M 4ernoBeka, NMpoHukas depes koxy [16]. Mpu nccneaoBaHuu BLISIBMSIOT UX Hanu4ue (8
HE3HaYUTENBHOM KOMUYECTBE) B KPOBU U MOYE YenoBeka. [Jo Nony4yeHnsa OKoHYaTeNbHbIX pesynsTaToB uccne-
aosaHui 0 Bosgenctaum HOAA, npoHMKaoLWKX Yepes KOXy, Ha OpraHn3m YyenoBeka cneayet npeaorepawarb
UM MUHUMW3NPOBATbL BKCMO3ULMIO.

MoTeHuuanbHbIN PUCK AN 300POBbA YENMOBEKA NPU NepopansHom nocrynneHun HOAA B opraHu3m cBs-
3aH C UX CMOCOBHOCTLIO NPOHMKATB YEPE3 CTEHKM XKENYA0YHO-KULLIEYHOTO TpakTa. [1o Nony4yeHus OKOHYaTeNb-
HbIX pe3yneraTtos uccrnegosannii o sosgencteum HOAA Ha opraHu3m Yenoseka npu NepopanbLHOM NOCTynne-
HWUKM cnegyeT nNpeaoTBpaLLaTh UMM MUHUMU3NPOBATL SKCMO3ULUIO.

5.4 NpeHTdUKauua onacHbIX HaHOMaTepuanoe

HaHomarepuan naeHTUULMPYIOT Kak onacHbI, ecnu matepuan:

- BKIOYEH B HaLMOHarnbHbIN NepeveHb BELUECTB, AMA KOTOPbIX YCTAHOBMEHbI OPUEHTUPOBOYHbIE Ges-
onacHble ypoBHM Bo3aencTeua (OBYB) u npegensHo gonyctumbie koHueHTpauuu (MAK) B pabouen 3oxe [17];

- OTHECEH B COOTBETCTBMM C COrmacoBaHHOM Ha rnobanbHOM YPOBHE CUCTEMOI Knaccudpukaummn onac-
HOCTU M MapPKUPOBKU XUMMYECKOW npoaykumn (CIC) K KaHUEepPOreHHbIM, MyTareHHbIM, KpanHe TOKCUYHbLIM,
TOKCMYHBbIM, BPEAHbIM, CEHCUOMNU3upyowmM (Hanpumep, BbidbiBaOWMM npodeccuoHansHoe 3abonesa-
HWe — OpOHXWAamNbHYIO acTMy), €4KUM, PasgpaxalowmuM UNU TOKCUYECKUM AN PenpoayKTUBHOW (DYHKLUK
BeLlecTBam;

- OnpeAeneH Kak onacHeIi Marepuan B nacnopre 6e30nacHOCTU C ykazaHneM nicdopmauum o cneuudu-
YECKUX OMaCHOCTAX, HaNPUMeEp, KaHLIEPOTreHHOCTN UNN MYTareHHOCTH;

- BKJIIOYEH B HALMOHAlbHbIE U MEXAYHAPOAHbIE NEPEYHN ONACHBIX XMMUYECKUX BELLECTB.

Mpu HegocTaTke CBEAEHUA O TOKCUMHOCTU U OTCYTCTBUM COOTBETCTBYIOLUMX AAHHLIX B nacnoprax 6e3-
OnacHoOCTKU HaHomarepuan, coctoawmin us HOAA, OTHOCAT K NOTEHUMAaNbLHO ONAaCHbIM Marepuanam.

5.5 PUCKn BO3ropaHus U B3pbiBa HAHOMaTEpPUanoB

BonbLUMHCTBO OPraHMY4ECKMX MaTepmanos, METANNIOB U HEKOTOPbIE HEMETANNMUYECKME HEOPraHUYECKUe
matepuansl MOFyT 06pa30BbIBaTb B3pbIBOOMACHYIO Mbiflb. BocnnameHsieMoCTb M B3pbIBOOMACHOCTbL TaKoM
MblAN 32BUCUT OT pa3MepoB €€ 4acTUL UNKn yaenbHOW NNowaan NOBEPXHOCTU (TO €CTb OTHOLLEHUA obLuein
nnowiaau NOBEpPXHOCTU BELLECTBA NbINU K ero 06bemy unu macce). YeM MeHbLLe pa3mepsbl YacTtul, TeMm 6onb-
we yaenbHasa nnowaab NOBEPXHOCTU NbiNM U BEPOSITHOCTbL €€ B3PbiBa UNWU BO3ropaHusi. Takas 3aBUCUMOCTb
He xapakTepHa AN NbinNu, COCTOALLEN U3 MMKpoYacTul. BocnnameHsieMOCTb 1 B3pbIBOONACHOCTD MbINKN TaKKe
3aBUCUT U OT BAAXHOCTU. YeM Bbile BNAXXHOCTb, TEM HIDKE BEPOSATHOCTL B3PbIBA UMW BO3ropaHus. BapbiBoo-
NacHOCTb HAHOMaTepuanos, cocTosAmx U3 HOAA, Takas e, Kak y MatepuanoB B BUAe NOPOLLKA, COCTOSILLIMX
13 MUKpoyacTuy. MMHMUManNbHan dHeprust 3aXKUraHus HEKOTOPbIX HAHOMAaTEPUANOB HWKE, YEM Y AHANOTUYHbIX
MaTtepuanos, COCTOALWMX U3 MUKPOYaCTUL, a cuna B3pbiBa Nocne BOCnamMeHeHnsa ogumHakosa [12].

6 Obwue TpeboBaHNA K MEHEKMEHTY PUCKA, CBAI3AHHOIO C BO3AENCTBUEM
HaHOMaTepUarnoB Ha OPraHU3M YesioBeKa U OKpYXalowylo cpeay

C uenbio NpeaoTBPALLEHUS B NPOLIECCE NPOM3BOACTBA HErAaTUBHOTO BO3AEWCTBUSI HAHOMATEPUAaroB Ha
OopraHu3M Yenoseka U OKpY>XKaloLyio cpeay onpeaensior cTpatermio U (opMmUpytoT CTPYKTYPY MEHEAMEHTa
pucka. Mpoueccel MEHEAKMEHTA PUCKA M YNPABMEHME 3TUMMU MPOLIECCAMU AOKYMEHTUPYIOT. [l0KyMeHTMpo-
BaHHble npoueaypbl paspabaTbiBaloT C YYETOM HALMOHANBHOIO 3aKOHOAATENbCTBA /UMM HOPMATUBHBLIX A0-
KYMEHTOB, yCTaHaBnuBaloLmux TpeboBaHms K 006paLLEeHNIO C ONacHbLIMU U MOTEHLMUANBHO ONacHbLIMU Marepu-
anamu, B TOM 4uCfie ¢ HaHOMarepuanamu, U C y4eTOM UMEIOLLErocs onbiTa paboTbl C HAHOMaTepuanamm,
cocroawmmn ns HOAA. Hanpumep, Ana noAroToBKKU cTparernm n (popMmpoBaHuUsi CTPYKTYpPbl MEHEIKMEHTA
pucka B Benuko6putaHum B ka4ecTBe OCHOBbI MPUMEHSIIOT CUCTEMY KOHTPOSSi BELLLECTB, ONACHBIX AN 340p0-
BbA Yenoseka (CKBOS) [11], BkniouaioLyto cneayiolme arnemMeHThbl:

a) uaeHTUUKaLUIO ONACHOCTEN U OLIEHKY PUCKOB;
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b) BbiGop mep, obecneunsaroLyx 6€30NacHOCTb PaGOTHUKOB;

C) PaCCMOTPEHUE BO3MOXHOCTM NPEAOTBPALLEHNSA UM MUHUMKU3ALIMUN IKCMO3MLMN PaBOTHUKOB;

d) npumeHeHne mep, obecnevmsaromx 6e30nacHOCTL PABOTHUKOB, U KOHTPOMb X 3PEEKTUBHOCTH;

€) KOHTPOrb YPOBHS 3KCMO3ULMUK;

f) KOHTpONb COCTOSAAHUSI 340POBbLSA PabOTHUKOB;

g) pa3paboTKy JOKYMEHTOB, YCTaHaBNMUBAOLLMX NOPSIAOK AENCTBUIF pabOTHUKOB B Criyyae aBapuu Unm
ype3Bbl4aNHON cUTyaLUuu;

h) undopmupoBaHue n obyyeHme paboTHUKOB, KOHTPOSb BbIMONHEHUST UMW CBOUX 0BSI3aHHOCTEN.

B HacTosiLlem ctaHaapTe npuBEAEHbI PEKOMEHAALMU MO ONpeaeneHunio cTpaternn u hoOpMMpPOBaHMIO
CTPYKTYPbl MEHEXKMEHTA PUCKA C YHETOM BbILLEYKA3aHHOTO OMNbITA, MMEIOLLENCA MHAOPMAaLuM 06 0nacHoCTu
HaHoMaTepuarnoB, MeToax KOHTPONS ypoBHSA akcnosuuuu (Y3), mepax, obecnednsaroLyux 6e30nacHoOCTL pa-
OOTHMKOB NMpPKU IKCNO3MLMM HAHOMaTepuanamu (aanee — mepbl 6e30NacHOCTK), U KOHTPONe 3 PEKTUBHOCTH
3TUX Mep.

Mpu onpeaeneHun crpaterum u OPMUPOBAHUM CTPYKTYPbl MEHEZXXMEeHTa pucka MOryT BO3HUKHYTb
TPYZAHOCTU, CBA3aHHbIE C HELOCTaTKOM UMM OTCYTCTBMEM CBEAEHWUNA O KOHKPETHbIX HaHoMarepuanax u ux
OMacHOCTU AN 300POBbA YENOBEKa U OKPYXAIOLLEN Cpeabl, a TAKXKE HanmMuMeMm HenpaBuIbHbIX AaHHbIX. Tpe-
00BaHNA K MNOMHOTE U TOYHOCTU CBEAEHWUIA O HAaHOMAaTepuanax AOMmkHbI ObITb CHOPMYNMPOBAHBI HACTOMBKO
MOJHO, HACKONbKO 3TO BO3MOXHO. B CBA3M C HeJOCTaTKOM CBEAEHMI O HaHOMAatepuanax U ux OrnacHoOCTU
ANsi 300POBbS YENOBEKA W OKPY>KaKoLLEN Cpeabl CYLLECTBYET MHOXECTBO HeonpeaeneHHocTen. Heobxoaumo
NPOBOAUTbL aHanu3 HeonpeaeneHHOCTelN, CBA3aHHbIX C UCMNOMNb3YEMbIMU CBEAEHUSMU, NPUMEHSIEMbIMUA ANSA
onpeaeneHus crpatern u popMUpoOBaHUS CTPYKTYPbl MEHEIXKMEHTA pucka.

Ha pucyHke 1 npeacraBneHa CTpykTypa MeHeXMeHTa pucka, CBSI3aHHOTO C BO3JelCTBUEeM HaHOMaTe-
pranoB Ha OpraHU3M YenoBeKa U OKPY>KaloLLyio cpeay.
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PucyHok 1— CTpyKTypa MEHe[KMeHTa puUcka, CBA3aHHOTO C BO3AE/CTBMEM HAHOMATEPUA/IOB HA OPraHU3M YenoBeka
1 OKpYXaloLLyto cpefly
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7 TpeboBaHMA K cneunanucTam, BbINOSHAIOWMUM OLLEHKY pUcKa

B AoKkyMeHTMpOBaHHbLIX Npoueaypax AOMKHbl ObiTb yCTaHOBMNEHbI TpeboBaHUs K cneuManncram, Bbl-
NOSHAIOLWMUM OLEHKY pucka. K npoBeaeHuio OUeHKM pucka crieayer npuBrekaTb CneuuanunuctoB No OXpaHe u
rMrueHe Tpyaa, UMerLmx cneuuansHoe obpaszoBaHue unu npoweamx obyyeHme 6e3onacHOCTU Tpyaa no
cneumanbHelM nporpammam, U paboTHUKOB, 3aAeWCTBOBAHHbIX B NPOU3BOACTBEHHbIX NpoLeccax 1 noasepra-
OLLMXCA BO3AENCTBUIO HAaHOMaTepuanos [13].

8 Coop nHdopmauum

B AoKkyMeHTUpOBaHHbIX Npoueaypax AoMmkeH ObiTb YCTAaHOBMEH NOpAA0K cOopa MHpopMaLMmM 0 HAHOMa-
Tepuanax. [lpu oTCYyTCTBUM UK HeJocTaTke CBeAEHW 06 ONAacHOCTM HaHOMAaTepuana Ans 340poBbA Yenose-
Ka 1 OKpy>KaloLLen cpeabl €ro OTHOCAT K MOTEHLMANbHO OMacHbIM Matepuanam.

Cnegyet ocyLUecTBNATL COOp BCEW CyLLEeCTBYIOLWEN MHpopMaumm o HaHOMaTepuane, B TOM YUCIE UH-
dopMauuy 0 ero NPUMEHEeHUN U npaeunax pabotbl ¢ HUM. Ha OCHOBE NOMy4YeHHbIX CBEAEHUI COCTaBMAT
onncaHWe HaHomarepuana u ero CBOMCTB (Npodusib CBOMCTB HAHOMAarepuana), B KOTOPOe PEKOMEHAYETCA
BKMOYaTb CneayoLwyo nHdopmaumio [14]:

a) HaMMeHOBaHue HaHoMaTepuana;

b) Hannumne nacnopra 6esonacHocTy;

C) XMMUYECKUIA COCTaB HaHOMaTepuana (MHopMaLmsa O KOMMOHEHTAax);

d) Bua BbINyCKAEMOro HaHoMartepuana (NopoLUOK, FPaHyrbl, HanNnU4YWe arperaTtoB UMM arnoMepaToB Ha-
HOOBOBLEKTOB);

€) Hanun4ne n maccoas aonsa HOAA B HaHOMaTtepuarne;

f) dhopma HaHo4acTuL;

g) pacnpegerneHue HaHo4acTuL no pasmepam;

h) cTeneHb AUCNEPCHOCTU HAHOMaTepuana, BO3MOXHOCTb €ro nonagaHusa B aTMOCHEPHLIN BO3AYX;

i) pacTBOPUMOCTbL HAHOMaTepuana B BOAE;

j) kmacc onacHocTu 1 MHOPMALIMA O TOKCUYHOCTU HaHOMAaTepuana;

k) nHchopmauma 0 matepuane ¢ aHanorM4HbIMK XapakTEPUCTUKAMM, KOTOPbIA MOXET ObiTb NPUMEHEH
B3aMeH HaHoMaTepuana, u 06 onbiTe paGoTbl C TAKUM MaTepUanom.

B npochune cBOCTB HaHOMaTepuana ykasbiBaloT BCIO MHOpMauumio U3 nacnopra 6esonacHoctu (npu
ero Hanu4yuu). B atom cnydyae nacnopt 6e30nacHOCTM A0MKEeH cogepxartb MHGOpMaLMIO M3rOTOBUTENS, MO-
3BOMAIOLLYIO OTHECTU MaTepuan Kk HaHomarepuanam. [py NPpUMEHeHUM HaHoMarepuarna B TEXHOMOMMYECKUX
npoueccax B 4OKYMEHTUPOBAHHbLIX Npoueaypax ycraHaenuaaloT TpeboBaHusa K gonycky pabotHukos (pabo-
umnx, CAyXaLmx, pykosoauTenen u cneumanucToB) Kk pabore ¢ HaHoMmarepuanaMmu u apyrux nuy (Hanpumep,
NOCTaBLUMKOB, NOCETUTENEN, CTYAEHTOB U AP.), KOTOPblEe MOTYT ObITb NOABEPXEHbI IKCTO3ULIUM.

9 OueHKa pucka, CBA3aHHOro ¢ BO3AEMCTBUEM HAaHOMaTEpPUasrioB Ha OpraHu3Mm
yenoBeKa M OKpyXallyro cpeay

9.1 Obwume cBegeHnnA

OueHKy pucka, CBA3AHHOTO C BO3ECTBUEM HAHOMATEPUANIOB HA OPraHU3M YENOBEKa U OKPYXKAIOLLYIO
cpeay, BbINOMHSAIOT A0 NOCTAHOBKW HaHOMAaTrepuana Ha NpPouW3BOACTBO UMM Havarna MCnorb30BaHMS HAHOMa-
Tepuana B TEXHONMOrM4eckom npouecce. [ina 9Tux Lenen CoCTaBnAoT KapTy naeHTMduKaLmMm onacHOCTEN Ha-
HoMmarepuana, B KOTOPYIO BKNIOYaloT MHopmaLuio 06 onacHOCTU HaHOMaTepuana Ans 340poBbs YenoBeka u
okpy>xatoLLei cpeabl (Npodunb ONACHOCTEMN) U €ro IKCMo3uummn (NPodunb 3KCNO3NLUMKM), U Aarnee BbIMOSHAIOT
OLIEHKY pucKa.

B AOKyMeHTMpPOBaHHbIX npoueaypax TpeboBaHUsi K NOMHOTE U TOYHOCTU OLEHKU PUCKA AOMMKHbI ObiTh
chopMynMpoBaHbl HACTOSMbLKO MOSTHO, HACKOSbKO 3TO BO3MOXKHO.

9.2 OuyeHkKa ONacHOCTU HAHOMaTepuana

B npochune onacHOCTEN yka3biBaloT ONMAcHOCTU AN 340POBbS YEnoBeKa U OKPY>KaloLEen cpefbl, COOT-
BETCTBYIOLME KOHKPETHOMY HaHomarepuany. [pu M3rotoBrneHun unu NpMMEHeHuW HaHoMarepuanos, 0CO-

* PykoBoACTBO M0 cocTaBneHuto nacnopra 6e3o0nacHOCTU NPOMBbILLINIEHHBIX HAHOMAaTEPUanoB NpusefeHo B [74].
10
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OEeHHO B BMAE NETY4MX U ManopacTBOPUMbIX BELLECTB, CriefyeT y4nTbiBaTb ONACHOCTH, BO3HUKAIOLLME NPU
WHransauymoHHOM W nepopanbHOM MOCTYNNEeHUU B OpraHn3m YernoBeKa, NP KOHTAKTE C KOXei, a Takke NnoTeH-
uuanbHble 0NaCHOCTU TUNa BO3ropaHusi Unu B3pbiea (CMm. pasgen 15).

[na soibopa cTpaternm MeHeaKMEHTa pUCKa, CBA3AHHOIO C BO3AEiCTBMEM HAHOMATEPUanoB Ha opra-
HU3M YerioBeKa U OKPYXKaloLLyIo cpeay, cneayet NPoBOAUTL OLIEHKY OMACHOCTWM HaHOMarepuana B Co4eTaHun
C OLIEHKON BEPOATHOCTM 3KCMo3nuumn. Yem Gonblue 6yaer cobpaHo CBeAeHUii 0 NOTEHUManbLHOW ONnacHoOCTU
HaHomarepuana, Tem addekTusHee GyayT MeponpuATUS, HanNpaBneHHble HA CHWKeHWe pucka. [ing onpepne-
NeHus cTpaTerum MeHepKMeHTa pucka MOXXHO MCMONbL30BaTb MHPOPMALMIO 06 ONAacHOCTU HEKOTOPbIX BUAOB
HOAA [15], [16]. [lanee BbINOMHAIOT KOAUYECTBEHHYIO M KAYECTBEHHYIO OLIEHKY NOSly4YEeHHOW MHOpMaLumm.
Peluenuns o BbiOOpe cTpaTternm MEHEAXMEHTA PUCKA NPMHMMALIOT HA OCHOBE Hay4YHbIX [ @HHbIX, UMEIOLLMXCS
CBEAEHUN UM MHEeHuu cneuymanuctos. OUEHKY ONaCHOCTU HAHOMAaTepuana crneayer BbIMOMHATb C YYETOM
pe3ynsraTtoB HOBbIX UCCNIE0BAHUI U NOCREAHNX AOCTUXKEHMI B 06NacTu HaHoTexHonoruin. B npocunb onac-
HOCTEWl HaHomMmaTepuana BKIoYaloT uHdopmauuio u3 nacnopra 6esonacHoctu. Cnegyer yuntbiBaTb, YTO B
nacnoprax 06e30MacHOCTM HE BCeraa ykasaHbl CBOWCTBA matepuanos, crneuuduyeckue Ans BELUECTBA, CO-
crosero u3 HaHovacruy [17].

MoTeHymanbHas ONacHOCTbL HaHOMAaTepuana MOXeET ObiTb TAKAS XXe UK BbiLLE MO CPABHEHUIO C aHarno-
rMYHbIMU MaTepuanamm, COCTOALLUMMU U3 MUKPOYaCTUL,.

9.3 OLeHKa 3KCNOo3ULUMn

[insi BLINONHEHWSA OLIEHKM 9KCNO3ULMK OCYLLECTBRAIOT COOpP 1 cuctemaTusaumio uidopmauum 06 akcno-
3ULMKM HAHOMATEPUANIOM U COCTaBMAT Npochunb skcno3uuun. B npochune skcnosuumm ykasoiBaioT:

a) uenu, ypoBeHb AeTanu3auuu u NoAxo4, NPUMEHSEMbIN ANs OLEHKU SKCMO3ULIUMK;

b) ouieHKy BCcex BUAOB BO3AENCTBUA HAaHOMATEPUana Ha OTAENbHLIX PAOOTHUKOB M HA COTPYAHMKOB Op-
raHu3auum B LiENOM;

C) 00LLYyI0 XapaKTePUCTUKY Ka4€CTBA OLIEHKU SKCMNO3ULMK, CTENEHb JOCTOBEPHOCTU, BLIBOABI, BKIOYasi
NPUYKHBI U OLEHKY HEOMPEAENEHHOCTHU.

[nA BbINOMHEHNS OLIEHKW KCNO3MLMKU He0BX0AUMO Hanuune nHdopMaumu:

- 0 npoueccax, B xofe KOTopbix npoucxoaut BoiaeneHue HOAA B OKpyXxaloLlylo cpeay;

- 0 CTaAMAX XXM3HEHHOTrO LMKIa HaHoMaTepuana, Ha Kotopbix paboTHUKM MOTYT ObITb NOABEPrHYTHI BO3-
adencreuto HOAA (Hanpumep, Npu M3roTOBMEHUN, OUUCTKE, CIYYalHbIX BLIGPOCaX, 06CNY>XMBAHWUU, TPAHCNOP-
TUPOBAHWUU, XPAHEHUW U YTUNU3ALUN HAHOMAaTEPUATIOBY);

- 0 BeposiTHOCTM Bo3dencTeua HOAA Ha BCeX CTaaAMaX XM3HEHHOrOo umkna Ha apyrmx nuy (noctasm-
KOB, pyKkoBOAMTENEN, 06CNY>XMBAIOLLEro nepcoHana u ap.);

- 0 BO3MOXHbIX NyTax nonagaHusa HOAA B opraHusm yenoseka (MHranAUMOHHOE U nepopanbHoe no-
CTYNNeHne, NPOHUKHOBEHME YEPE3 KOXY UMW NPU CIy4anHON UHBEKLUN);

- 0 BEPOSATHOCTM 3KCMO3MLMM NPU KCMyaTaLun, aBapuiiHbiX BeIBpocax, TEXHUHECKOM 06CnyXMBaHUK
o6opyaoBaHus;

- 0 4acCTOTe 3KCMO3nLMKM (HENPEPLIBHAS, MEPUOANYECKAS UM PA30Bas 3KCNO3MLUUA B TedeHue paboden
CMEHbI);

- 00 9KCNO3WULMOHHON 03€, NPOAOIHKUTENBHOCTU 3KCNO3MLMKM, KOHUeHTpauun HOAA (cBeaeHus o me-
ToAax, NPUMeEHseMbIX ANns n3aMepeHus koHueHTpauun HOAA, npeacTtaeneHol B pasaene 11);

- 0 NpUMeEHsAEeMbIX Mepax 6e30MacHOCTM (M3onAuMsa paboTHMKOB OT HAHOMAaTepuana B npouecce NPous-
BOACTBA, NMPUMEHEHNE BbITSDKHbIX BEHTUNALMOHHBIX CUCTEM, NpoBeAeHne 00y4eHua paboTHUKOB npasunam
Ge3onacHocTu Tpyaa, obecneyeHue nepcoHana cpeacTBamMmm UHAUBUAYANbHON 3aLUMTbI).

B cBA3M ¢ HegocTaTKOM CBEAEHMWI 06 9KCNO3uLmMKU HaHOMaTepuanamu CyLecTBYIOT HeonpeaeneHHOCTH.
Cnepyet cobupatb BCIO UMetOLyoca uHdopmauumio 06 akcnosuuum HOAA. Yem Bbile HeonpeaeneHHOCTb
3KCNO3ULUMK, TEM TLUATENbHEE BLINOMHAT €€ OLEHKY, HA OCHOBE KOTOPOW COCTaBNAIOT NNaH BO3AeNCTBUSA
Ha pUCK C yKkasaHueMm nopsiaka NpMopuTETHOCTM Mep, obecneunBaiomx 6e30nacHOCTL paboTHUKOB. B nnaH
BO3AENCTBUA HA PUCK MOXET ObITb BKIIOYEHA NporpaMMma usMmepeHus YO mMetogamu, CBEAEHUSX O KOTOPbIX
npuseaeHsl B pasaene 11.

9.4 MpNOPUTETHOCTb PUCKOB

CobpaB nonHyio uHdOpMaLMIO O HaHOMarepuane, paspaboraB npodunb CBOWCTB HAHOMaTepuana,
npodgurb 0NacHOCTEN U NPOUIb IKCNO3ULIMK, BbIMOSHAIOT OLIEHKY PUCKA, CBA3AHHOMO C BO3AENCTBUEM Ha-
HOMarepuana Ha OpraHu3M YeroBEeKa U OKPYXXKAIOLLYIO Cpefly Ha BCEX CTaAusiX €ro XXMU3HEHHOro uukna. Ecnu
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YPOBEHb pUCKA MO COOTBETCTBYHOLLEN LUKASe UMEET BbICOKME NOKa3aTenM UM OLeHKa pucka MMEeeT BbICOKYIHO
HeonpeaeneHHOCTb, TO CefyeT NpUMeHsTb Mepbl, o6ecneunBarolime 6e30NacHOCTb Pa6OTHUKOB MPU 3KCMO-
3ULMKU HaHOMaTepuanamu.

Tak KaKk HEBO3MOXHO YYeCTb BCE PUCKM OIHOBPEMEHHO, CefyeT YyCTaHOBUTbL WX NPUOPUTETHOCTL. Mpu-
OpPUTETHOCTb PUCKOB YCTaHAB/IMBAIOT HA OCHOBE:

- OnpefeneHnsi Cepbe3HOCTU pucKa A1 340POBbS YeNIOBEKA U OKpyXaloLLeli cpeabl;

- onpegfeneHvst uncna paboTHWKOB, NMOTEHLUMASILHO MOABEPraeMbiX 3KCNO3nLMK;

- onpegeneHvsi NepBooYepeHbIX PUCKOB;

- OUEHKM BO3MOXHOCTU Pa3BUTUSI XPOHUUYECKUX 3a60M1eBaHUil BCNeACTBME MHOFOKPATHOM 3KCMO3ULMM
(Hanpumep, y paboTHMKOB, BbIMOMHSIOLMX TEXHOMOTMYECKME NPOLEeCChl).

K Han6onee NPMOPUTETHLIM PUCKAM OTHOCAT PUCKW, MMeIoLLME BbICOKWI UHAEKC Cepbe3HOCTH.

9.5 Peructpauus gaHHbIX

Pe3ynbTaThl OLEHKN prCKa PErucTpupytoT. B AOKYMEHTUPOBAHHbIX NpoLeAypax A0/MKEeH 6biTb YCTAHOB-
NeH NOopsiAoK perucTpauun AaHHbIX O MPOBEAEeHUM OLEHKM pucka HaHomaTepuasioB. KapTy naeHTudukauum
onacHocTeil HaHoMaTtepuana, BKk/Yasi NpochuSb CBOWCTB HaHoOMaTepuasna, npoduib onacHocTel v npo-
UL 3KCNO3MLUUKW, AOMOHAT MO Mepe MOCTYN/eHUs: HOBO MHGopMaLmn o HaHoMaTepuane. OUeHKy pucka
BbIMOJIHAIT €XEro4HO UM Mo Mepe MOSIB/IEHNS] HOBbLIX CBEAEHWII O HaHOMaTepuase.

10 YnpaBJ/ieHMEe pUCKOM

10.1 MopsAfoK NPUOPUTETHOCTM Mep 6e30MacHOCTuU

YnpaBneHne pUCKOM — MPefoTBPaLLEHNE WU MUHUMU3AUMS 3KCMO3WULMM PpaboTHUMKOB HaHoMaTtepua-
namu. SKCNo3uLMI0 HaHoMaTepuasiom cneayet nNpeaoTepallath, Mo BO3MOXHOCTY, 3aMeHsIs HaHoMaTepuan
U COOTBETCTBYHLLME TEXHOMNOIMYECKUE MPOLECCHl HA anbTepHaTuBHble. B cnyyae ecnn fjaHHoe TpeGoBaHue
HEBBINO/IHUMO, MPUMEHSOT COOTBETCTBYIOLLME Mepbl 6e3onacHocT. C 3Toli Lenblo COCTaBAAT MiaH BO3-
[EeCTBUS HA PUCK C yKazaHuWeM ropsiaka NpuopuTeTHOCTM Mep 6e3onacHocTU. Ha pucyHke 2 npeactaBnieH
nopsAoK NPMOPUTETHOCTU Mep 6e30MacHOCTH.

MpepoTBpalleHne
3ameHa/moandgukauns

3awurta/mzonaunsa
MocnepnoBatenbHOCTb

npuMmeHeHnsa mep 6e3onacHocTu
TexHunyeckne mepbl 3aWunTbl

ALMVHUCTPATMBHOE ynpasieHne

CpefcTBa MHANBUAYANLHON 3aLLMUTSI V
(Cu3)

PucyHok 2 — TNopsigoK NPUMOpPUTETHOCTM Mep 6e30MacHOCTU

10.2 Mepbl 6e3onacHocCTH, npumMmeHdaemble Npn puckax UHraadayMoHHOro noctynneHus
HaHOMaTepuanoB B OpraHM3mMm M nonagaHna UX Ha KOXy pa6OTHVIKOB

Mepbl 6€30MacHOCTW, NMPUMEHSIEMbIE MPU PUCKAX WHFANISLWOHHOTO MOCTYM/IEHWS HAHOMaTepuasios B
opraHu3M 1 nonagaHust UX Ha KoXy pa6oTHUKOB B XOAE BbINOSIHEHUS] TEXHO/IOTMYECKUX NPOLLECCOB:

a) npeAoTBpaLleHne: ycTpaHeHne BO3AEWCTBMS OMAcHbLIX BELLECTB HA YeloBEKa U OKpYXalolylo cpesy
U HENPUMEHEHVEe COOTBETCTBYHOLLMX TEXHOMOTMUYECKUX NPOLLECCOB; eciM NpUMeHeHre HaHoMaTtepuana o6y-
CNIOB/IEHO €ro CneLnguUUeckuMn CBoMCTBaM 1, CneaoBaTesibHo, HeU36exHo, creayeT OLeHUTb COOTHOLLIEHNE
No/ib3bl TAKOFrO HaHoOMaTepuana U NoTeHUMaNbHbIX PUCKOB A8 3[0POBbs YE/IOBEKA U OKPYXaloLWell cpeapl;
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b) 3ameHa/mogupukaumna: ocyLLeCTBEHNE 3aMeHbl UM MOANULMPOBAHMA HAHOMAaTEpuana unm co-
OTBETCTBYIOLLIETO TEXHOMOMNMYECKOro NpoLecca C LieNbio YMEHbLLEHUS pucka Ans 340p0Bbs YErnoBeKa U OKpy-
XalLlen cpeabl; €CnnM HET BO3MOXHOCTM 3aMEHUTb TakOW HaHOMAaTrepuarn Ha aHanoruM4Hbli, TO ero cneay-
eT MoauuUMpPOBaTb, HE MEHSAS €ro KOHEYHbIX CBOWCTB, HANPUMEpP, YMEHbLUMTL BO3MOXHOCTb 9KCMO3ULIMK
HOAA 3a cyeT gucneprupoBaHusa nopoLukoB, coctoAawmx n3d HOAA, B XXMAKOW UNn TBEPAON Cpeae, TO eCTb
NPUMEHATbL HAHOMAaTepuansl B BUAE CyCNeH3nin, Nact, rpaHyn BMeCTO MaTepuarnoB B BUAe NopoLukos [1];

C) 3auTa/M30NAauUst: MOSHASA UIM YACTUYHAA M30NALMSA TEXHONOTMYECKOro 000pyAOBaHUS, U3 KOTOPOTO
npoucxoaut BoiaeneHne HOAA B pabouyio 30HY, TO €CTb OCYLLECTBIIEHUE TEXHONOIMYECKMX NPOLIECCOB B Crie-
UManbHbIX U30NIMPOBAHHLIX MOMELLEHNAX, 000PYA0BaHHbLIX 3aLUTHBIMKU kabuHaMu Ana nepcoHana (K Takum
npoueccaM OTHOCAT CMHTE3 HaHOMaTepuarnos B ra3oBoW pase u pacnbiIUTENbHYIO CYLUKY); BCE NPOLECChl C
UCMNoNb30BaHMEM HaHOMAaTepManoB B CyXOM BUAE MO BO3MOXHOCTU CrieayeT OCYLUECTBNATL B CneunarnbHbIX
ycraHoBkax [18];

d) TexHn4Yeckue Mepbl 3alMThl: MPUMEHEHUE BbITSXHBIX BEHTUMNALMOHHBIX CUCTEM (BEHTUMALMOHHBIX
Kamep, BbITSHKHbIX LLUKAOB, NbINEYNoBUTENEN) COBMECTHO C 06LLe0OMEHHON BbITSXKHON BEHTUNALUMNEN B TEX-
HONMOrMYEeCKMX NpoLeccax, Npu BbIMOMHEHUM KOTOPLIX NPOUCXOAMT 06pasoBaHue nbinu (BbIOOP BEHTUNALMUOH-
HOI CUCTEMBbI OCYLLIECTBIISIOT B 3aBMCMMOCTU OT YPOBHA pucka [18]), nposeaeHne B npouecce aKkcnnyarauum
PErynspHoOro TEXHU4ECKOro 00CMYXXMBAHUS BEHTUNSILMOHHBIX CUCTEM U MPOBEPKU UX PABOUMX XapaKTEPUCTUK;
04KUCTKa OTPabOTaHHOIO BO3AyXa Nepes peumpkynsauuert; MoaepHu3auus TEXHONOrMYeCckoro npowuecca ¢ ue-
nbio npeaoTepalleHmns nonagaHua HOAA Ha koxxy pabOoTHUKOB BCieACTBUE pacnblneHns n ocaxaeHuss HOAA,

€) aAMUHUCTPaTUBHOE yNpaBneHne: yCTaHOBINEHNE B JOKYMEHTUPOBAHHbIX npoueaypax TpebosaHui K
YMCNEHHOCTU paboTHUKOB, noasepratowmxca akcnosnuun HOAA, Bpemenmn akcnosuuynn HOAA, cneumnansHo
OTBEAEHHbIM MECTaM ANS BbIMNOMHEHUS] TEXHONOIMYECKUX MPOLIECCOB, BKIIOYAsa 3anpetr Ha AO0CTyn B Takue
MecTa NOCTOPOHHUM NULAM, pasaernbHOe XpaHeHne paboyen U NMYHON oaexabl paboTHUKOB, yOOPKY/OUMCTKY
pabounx mecT; nHhopmupoBaHue paboTHUMKOB O NoTeHuManbHon onacHoctn HOAA ansa 340pOBbS U HEOD-
XOAMMOCTU NPUMEHEHUs Mep 3aLlUuTbl; HanMyue B OpraHn3auuyM COOTBETCTBYIOLLMX NPaBUM U UHCTPYKLUUIA O
mepax 6e30nNacHOCTU; perynapHoe NpoOBEAEHNE KOHTPONS BbINOMHEHUS 9TUX NPABUI U MHCTPYKLUWIA; KOHTPOMNb
COCTOSHUSI 300POBbS PAabOTHMKOB (PEKOMEHAALMM NO NPOBEAEHUIO MEAULMHCKOTO KOHTPONS 30pPOBbs pa-
60THUKOB, noaBepratomxca sosaeicTeuto HOAA, paspaboTtaHbl HaumMoHanbHbIM UHCTUTYTOM OXpaHbl Tpy-
aa (HUNOT), CLUA [39]); coBmeLLeHne B 3aBUCUMOCTU OT YPOBHSI pPUCKA aAMWHUCTPaTUBHOIO YNpaBneHus u
NPUMEHEHNUA TEXHUYECKMX MEP 3aLmMThbl (B HEKOTOPbIX CRy4asx AOCTATOYHO TOMbLKO MEpP aAMUHUCTPATUBHOIO
ynpasneHus);

f) cpeacrea nHausmnayansHon 3awutbl (CU3) (CU3 cnegyeT NPMMEHSITL B COMETAHMKM C APYIMMU Mepa-
Mu 6e30nacHOCTH):

1) cpeacTtsa uHaguBMAyanbHON 3awmTel opraHos AbixaHusa (CU30L): k CU3O[ 0THOCAT 0AHOPa3oBbIe
UNETPYHOLLME MacKu, NOSTyMAacKK, PECnMpaTopsbl, LUMEMbl U KantoLLOHbI C NPUHYAMTENLHOW nogayen Bo3ayxa,
3aLLUUTHBIE KOCTIOMbI U MP.; pecnupaTopsl o6ecnevmsaiotr 3MEKTUBHYIO 3aLUMTy pabOTHUKOB OT BO3AENCTBUSA
HOAA, 1 nx npuMeHEeHNe ABMAETCA BaXKHbIM 3NIEMEHTOM CTpaTernn MeHegxkmeHTa pucka [19]—[23]; nopsagok
npumeHenna CU30[, a Tarke TpeboBaHua Kk ux obpaboTke, NEPUOANYHOCTU 3aMeHbI, YCIIOBUAM XPaHEHUs
U NOPSAKY YTUNU3auun A0mkHbI ObiTb YCTAHOBMNEHL! B JOKYMEHTUPOBAHHbLIX NpoLeaypax, B TOM Yncne B o-
KYMEHTax Ha TEXHONOTMYECKUiA NPOLECC;

2) cpeacTBa MHAMBUAYANbHOW 3aLUMThI KOXU: K CpeACTBaM MHAWBUAYANbHON 3aLUMThbl KOXKU OTHOCAT 3a-
LUMTHBIE NEPYATKM, 3ALUUTHBIE O4KM C DOKOBBLIMU LUMTKAMK U 3ALUMTHYIO OAEXAY; NepyaTku, uMeoLme asa 3a-
LLMTHBIX Cros, NpeAoTBpaLLaioT NPOHUKHOBEHUE HAHOYACTUL, M3 BO3yXa OKpYXaloLLen cpelbl Yepes TKaHb U
nonagaHue Ha Koxxy paboTHUKOB [24]—[26]; npu BbIGOpe 3aLMTHON oAeXAabl CreayeT YUUTbIBaTb, YTO Oaexaa
U3 BO3AYXOHEMPOHULAEMOW TKAHW HA OCHOBE HETKAHbIX TEKCTUILHLIX MaTepuanos 3awuaer paboTHUMKOB
OT BO34ENCTBMA HaHoyacTuy apdekTuBHEE, Yem odekaa U3 xnondatobymakHon TkaHu [24]; npu Bbibope
CpPeACTB MHAMBUAYAMNbHOW 3aLUWTbl KOXU CrieayeT yuuTbiBatb TpeOOBaHMA JOKYMEHTOB HA TEXHOMOTMYECKUN
npouecc, xapakrtep 3arpasHeHnin HOAA, yno6CTBO NpMMeEHeHUs, KOMOPTHOE COCTOsiHME pabOoTHUKOB npu
BbIMOMTHEHMMW TEXHONMOMMYECKUX ONepayuin, CBOMCTBA MaTepuanos U Moaenen nepyaTtok n ogexabl [27]; nops-
JOK NPUMEHEHNUs1 CPEACTB MHAUBUAYANBHON 3aLLUThI KOXU, a Talke TpeboBaHus K ux 06paboTke, nepuoany-
HOCTW 3aMEHbI, YCIIOBUAM XPaHEHUS U MOPALAKY YTUNU3ALUKU AOMKHbI ObITb YCTAHOBMNEHbI B JOKYMEHTUPOBAH-
HbIX Npoueaypax, B TOM YMUCne B JOKYMEHTaX Ha TEXHONOrMYECKUI NPoLEece.

YnpaBneHue puckoM OCYLLECTBASAIOT NOCPEACTBOM BbIOOPA U NPUMEHEHUS COOTBETCTBYIOLLMX Mep 6e3-
OMacHOCTMW.

13



FOCT P 56748.1—2015

10.3 Bbi6op mep 6e3onacHocTH

10.3.1 Obmume cBegeHus

Pelwenue no BbIOOPY TEX UMK UHLIX Mep 6e30NacHOCTU Ana NPUMEHEHUS B TEXHONOMNMYECKUX npoLec-
cax NPUHUMAIOT C YYETOM TEXHUYECKON U 3KOHOMUYECKOM LienecoobpasHOCT U HE3AaBUCMMO OT nopsiaka ux
NPUOPUTETHOCTYU. NSt NPUHATUS peLLeHUs No BbIGOpy Mep 6e30nacHOCTU BLINOSIHAKOT OLEHKY pucka. Boibop
Mep 6e30nMacHOCTU ANSA NPUMEHEHUNA B TEXHONMOIMYECKMX NMPOLECCax OCYLLECTBAAIOT C y4eTOM TpeboBaHuii
HOPMAaTUBHbLIX JOKYMEHTOB N0 OXpaHe Tpyaa.

10.3.2 BbiGop Mep 6e30nacHOCTU Ha OCHOBE AaHHbLIX 00 ONAaCHOCTU HaHOMaTepuana

Bbi6op Mep 6e30nacHOCTU OCYLLECTBASIOT HA OCHOBE UMEIOLLMXCA TOYHbIX UNWU NpeanonaraemblX AaH-
HbIX 06 ONacHOCTM HaHOMartepuana. Hanpumep, MOXXHO MCMONbL30BaTh ONbIT NPUMEHeHUs Mep 6e30nacHOCTH
npu pabote ¢ HaHOMaTepuanamm, coctosilmu u3 YHT, KoTopble OTHECEHbI K ONacHbIM MaTepuanam [28]. Mpu
HEBO3MOXHOCTM 3aMEHbI HAHOMAaTEPUAarnoB, cocTosWwmx u3 YHT, ansrepHaTUBHLIMU MaTepuanamu cneayer
NPUMEHATL Mepbl 6e30MacCHOCTU, HaNPaBMeHHbIE HA CHUXKEHUE pUcka A0 npuemnemoro yposHs. Mpu pabote
C HaHOMaTepuanamu, coctosiLyumu 3 YHT, Bce TEXHONOruyeckue onepawuum, BKNOYas ynakoBKy, XpaHEHWe
M YyTUNM3aumio, crneayeT BbINMOMHATb B BbITSDKHbIX LKAdax, 060pya0BaHHbIX BbICOKOA(h(ekTuBHbIMU HEPA
¢unbTpamu unu B nomeLeHnn, 060pyI0BAHHOM MECTHOW BbITSDKHOM BEHTUNSILUMOHHON cuctemoin (MBBC) ¢
HEPA dunsrpom [29].

10.3.3 PeweHune no ynpaBsieHUO PUCKOM

PeweHne no ynpaenenuio puckom (PYP) — aro metog Bbibopa mep 6e3onacHOCTU Anst NPUMEHEHUA
B K&KIOM KOHKPETHOM Cllyyae, OCHOBaHHbIW HA COMOCTABIIEHUN UMEIOLIMXCS TOUHBIX UMK NpeanonaraemMbix
JaHHbIX 06 0NacHOCTM Martepuana U BO3MOXHOCTW BO3[1€CTBUS HA 3Ty OonacHOCTbL npu pabote ¢ marepua-
nom. PYP NpuMEHSAIOT B MEHeIKMEHTE pucka npu paborte ¢ pasnUyHbIMU XMMUYECKUMMW BELLECTBAMU, UC-
nosb3ysa MaTpuLy pucka ¢ OCAIMU «IKCNO3ULIUAY» U «ONAaCHOCTLY. [na npumeHeHusa PYP HeoOxoauMbl 3HAHUA
06 onacHOCTH HaHOMarepuarna u COOTBETCTBYIOLLMX Mepax 6ezonacHOCTU. MOXHO UCNONb30BaTb UMEIOLLNIA-
cqa onbIT npuMeHeHus PYP npu pabote ¢ HaHomarepuanamu, cogepxawmmm HOAA [30], [31].

10.3.4 Bbi60op Mep 6€30nacHOCTM Ha OCHOBE UMEIOILEroCA onbiTa

Bbi6op Tex unu uHeIX Mep 6e3onacHOCTH AN NPUMEHEHUS B TEXHONOIMYECKMX NPOoLIeCcax OCYyLLECTBNS-
I0T C Y4eTOM umetoLerocs onbita. CeegeHus 06 onbiTe NpuMeHeHns mep 6e30nNacHOCTU B TEXHONOMMYECKUX
npoueccax npu pabore ¢ HaHOMarepuanamu npueegeHsl B A.1 (NpunoxeHune A). Cneayet yuuTbiBaTb, YTO
CBEAEHURA, NpuBeAEHHbIE B A.1, HE ABNAKOTCA OKOHYaTENbHbLIMU U NpY BbIBOpe Mep 6e30NacHOCTU PEKOMEH-
AYETCA y4UTbIBaThL PE3ynbTaThl HOBbIX UCCMNEAO0BAaHMI B 0BnacTu rurneHsl Tpyaa npy pabote ¢ HaHOMaTepu-
anamu.

Mpu BbIGOpe Mep 6e3onacHOCTU crieayeT nNpeaycmaTpuBaTh BEPOSATHOCTb BhiaeneHms HOAA B BO3ayx
paboyeli 30HbI, TaK KakK ykasaHHble B HACTOSILLEM CTaHAapTe Mepbl 5e30NacHOCTH MOTYT BbITb HE AOCTaTOYHO
aphexTUBHbI [36]. SPDEKTUBHOCTL NPUMEHSIEMBIX Mep 6e30NacHOCTU KOHTPONUPYIOT, uamepss YO HOAA.

10.4 OueHka acppekTUBHOCTM Mep 6e30MacHOCTHU

B nOKyMeHTMpoBaHHbIX Npoueaypax AOMkHbI ObITb YCTaHOBNEHbl TpeBOBaHUS K OLeHKE aPheKTUBHO-
CTU NMPUMEHAEMbIX Mep Be3onacHOCTU. OLEeHKY ahdeKTUBHOCTU Mep 6€30NacHOCTM BbIMOSHAIOT MeToAamMu,
CBeJEeHNUsA 0 KOTOPLIX NpuBeaeHsl B pasgene 11. OueHky 3hdeKTUBHOCTM NPUMEHAEMbIX MeP Ge3onacHoCTH
BbIMOMHSAIOT HA OCHOBE JaHHbIX M3MEPEHUA Y3 U pe3ynbTaTtoB KOHTPOSA COCTOSHUSA 340POBbsi pabOTHMKOB
(cm. pasgen 12). 3aknioveHue o6 apPekTMBHOCTU NpUMEHsieMbix Mep 6e30nacHOCTU AenarT Ha OCHOBe
CpaBHEHUWs pesynsLTaTtoB u3mepeHus YO B paboyen 30He:

- C YCTaHOBMEHHbIMW HA HaUMOHaNbHOM ypoBHE 3HauYeHuamn OBYB u MNOK BpeaHbIX BELLECTB, B TOM
yucne HaHomarepuanos, B paboyen 30He;

- CO 3Ha4YeHUAMN UCXOAHOI0 YPOBHS KOHLEHTPAaLWK, OnpeaeneHHbIMU ANst pa3nuyHbIX BUAOB HAHOMa-
Tepuanos U PEKOMEHAOBAHHbLIMU HALMOHAMbHBIMU UM MEXAYHAPOAHBIMU OpraHu3auusiMu;

- €0 3HaveHusmu MNOK, onpegeneHHbIMM U YCTAHOBMEHHBIMW BHYTPU OPraHM3aLuu U YYUTbIBAKOLLMMMU
TOKCUYHOCTb UMEHHO HaHOMaTepuarnos, Tak Kak aHanorn4yHele Marepuarbl, COCTOSALUME U3 MUKPOYACTUL, MO-
ryT ObITb HE TOKCUYHbI.

[na Takux HaHOMaTepuarnos, Kak HAHOMOPOLLIOK ABYOKUCH TUTaHa [4], TeXHUYECKWii yrrepoa v AUOKCUA,
KPEeMHUs1, COCTOALLMX U3 armOMEPUPOBAHHBIX U arperMpoBaHHbIX HAHOYaCTUL, OnpeaeneHbl U YCTAHOBMEHBI
3HayeHnss OBYB B pabouelt 30He. PekomeHzauumu no onpegenexHuio U yctaHosnenuio OBYB u MOK HaHoMa-
Tepuanos B paboueii 30He npuBeaeHbl B A.2 (MpunoxkeHne A). Mpumep onpeaenexus MAK asyokucu TutaHa
14
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B BO3ayxe paboyeln 30HblI npeacTaeneH B A.3 (npunoxeHue A). Pekomengaumm no onpeaeneHunto MCXoaHoro
YPOBHS! KOHLUEHTpaUuM HaHomaTepuana B pabodeit 30He npueeaeHsl B A.4 (NpunoxeHue A).

10.5 UHcpopMmupoBaHue, MHCTPYKTaX U 0O0yuyeHUe paGoOTHUKOB

B nokymeHTUpOBaHHbIX NpoLeaypax AOMmkHbl ObiTb YCTaHOBMNEHbI TPEOOBaHUA kK Mepam 6e30NacHOCTM U
pacnpeaeneHuo 00A3aHHOCTEN U OTBETCTBEHHOCTU PabOTHUKOB MO OXpaHe Tpyaa, B TOM yucne TpeboBaHus
K MHCTPYKTaXy, 00y4EeHNIO 1 NOBbILLEHUIO KBanudukauum paboTHUKOB, KOHTPOMIO cobnoaeHna TpeboBaHuii
6e30nacHoOCTMU.

PaGoTHuKM, nofBepraeMble BO3AEHCTBUIO HAHOMATEPUATIOB, JOMKHBI NPOWTU MHCTPYKTaX No Gesonac-
HOCTW TpyZa U UMETb Ha paboyeM MeCTe COOTBETCTBYIOLLUME MHCTPYKUMKU. PabOTHUKOB, NOABEPraembiX BO3-
[JENCTBUIO HAHOMATEPKUANOB, CNeayeT NPUBNEKaThL K NPOBEAEHUIO paboT MO OLEHKE PUCKOB.

Hanuuue B opraHusaumm paboTHUKOB, NpoLueaLlMx OOyYeHMe U MHCTPYKTaX Mo OxpaHe Tpyaa u y4a-
CTBYIOLLMX B paboTax no OLUEHKe PUCKOB, CMOCODCTBYET NOBbILLEHUIO IPDEKTUBHOCTU MEHEIKMEHTA pUCKA.
PaboTHUKK, 3aHATbIE B TEXHOMNOIMYECKUX NPOLIECCAX, AOMMKHbI 3HATb:

- HaMMEHOBaHUA NPUMEHsIEMbIX HAHOMAaTepuarnoB M NOTEHLUManbHble PUCKU AN 340POBbS YErnoBeka
npu nx BO3AENCTBUM;

- ObYB u NAK HaHOMaTepuanos B paboyelt 30He;

- MHpopMauMIO 0 NPUMEHSIEMbIX HAHOMAaTepuanax, NPUBEAEHHYIO B macnopTax 6€30nacHoOCTy;

- pesynbTaTbl OLEHKWU pUCKa;

- TpeboBaHusi 6e30NacHOCTU U OXPaHbl TPYAA;

- pesynbTarbl KOHTPONS Y3 HaHOoMmaTepuanamm B paboyen 30He (0COOEHHO, ecnun aTn pesynbrarthbl npe-
BbILLIAIOT yCTaHOBMNEHHble 3HaYeHua OBYB u MNOK);

- pe3ynbraTbl KOHTPOMNSA COCTOAHMSA 340pO0BbA PaboTHUKOB (CM. pasaen 12).

11 MeToabl U3MepPeHUn, NPUMEHAEMbIE ANA OueHKN 3P PEeKTUBHOCTU Mep
6e3onacHocTun

11.1 OOwune cBeaeHunA

Ona oueHkn apHEKTUBHOCTU NPUMEHSIEMbIX Mep 6€30MaCHOCTM BbINOMHSAOT M3MEPEHUE YO HaHOMa-
Tepuanamu, To ecTb onpegensot Hanuune HOAA B Bo3ayxe paboyeit 30Hbl U 3HAYEHUST UX XapaKTePUCTUK.
B HacTodAweM pasgene npuBeaeHbl CBeAeHUs 0 npubopax u MeToaax U3MEpPEHUit, KOTOpbIe PEKOMEHAYETCS
NPUMEHATb AN 9TuX uenei. Ana sbiseneHus Hanuuma HOAA B Bo3ayxe paboyeli 30Hbl U onpeaeneHns 3Ha-
YEHMUI UX XapaKkTepucTuk NpoBoasT oTOOp Npod Bo3ayxa, cogepxailero HOAA (nanee — HaH0a3pPO30/b), U
BbIMOSHAIOT COOTBETCTBYIOLLME U3MEPEHUA. N3MEePEHUA BbINOMHAT ANS PELUEHUS CrieayoLwmx 3agaq:

a) BbISIBIIEHNSA UCTOYHUKOB BbIDpOCA HaHOMaTepManos B pabouyto 30Hy;

b) oueHkn apHeKTUBHOCTN NPUMEHSIEMbIX Mep 6e30NacHOCTH;

C) obecneyeHns COOTBETCTBUSI YO HaHOMaTepuanom B paboyeii 30He yctaHoBneHHbIM OBYB u MIAK;

d) BbIABNEHUS HAPYLLEHWUIA U HECOOTBETCTBUIN NPU NPUMEHEHUM Mep 6e30MacHOCTU, NPUBOASILLNX K He-
raTUBHOMY BO3AEHCTBUIO HA OPraHn3m paboTHUKOB U OKPY>KaIOLLYIO Cpeay.

Ans BbINONHEHUA U3MEPEHUN C LieNblo PeLleHNUs Kaxaon U3 3TUX 3a4ad NPUMEHSIOT pasnuyHbie npu-
6opbl. CBeageHusa o npubopax, NpUMeHseMbiX Ans BbiaBrneHus Hannuna HOAA B Bo3gyxe paboyeit 30Hbl 1
onpeaeneHns xapakTe pucTuk HaHoaspo3ons, npuseaeHsl B 11.2. Mpu BbiGope noaxoaa k aHanu3y npo6 HaHo-
asposons (cM. 11.3) cneayert yunTbiBaTb HEOOX0AMMOCTL BbisiBNeHns Bcex Bugos HOAA. bonee nogpobHas
uHpopmayma o npubopax n Metogax usmepeHui npeacraenexa s [30].

11.2 BbiGop o60pyaoBaHus

B A0KYMEHTMPOBAHHLIX NpoLUeaypax AOMKHbI ObiTb YKa3aHbl NPpMbOpbI, NPUMEHSIEMbIE AN BbISIBNEHUS
Hannuma HOAA B BO3ayxe paGouyelt 30Hbl U OnpeaeneHus XapakTepucTuk HaHoasposons. Bce usmepenus
BbLINOMHSAIOT Npubopamu, NPOLIEALIMMIU B YCTAHOBNEHHOM MOPSAKE MOBEPKY Wiy kanubposky. CBeaeHus o
npubopax, NPUMEHAEMbIX ANA UBMEPEHNSA XapaKTEPUCTUK HAHOAdPO30N4, NPUBEAEHLI B Tabnuue 1.
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Ta6nuya 1 — CBeaeHus o Nnpubopax, NpUMeHsEMbIX A8 U3MEPEHNUS XapaKTepUCTUK HaHOaapo3ons

HanmeHoBaHuWe xapakTe-
PUCTUKN HaHOa3p0o30NnA

HanmeHoBaHWe npubopa

MpumMmevaHue

CyeTHas KoHLEeHTpauus
HaHo4acTu,

CYeTUnK KOHAEHCUPOBAHHBIX
Yactuy (CKY)

C nomoLLto CKY M3MepsArT CHETHYIO KOHLEHTpaLuio Ha-
HoYacTUL U X auameTp B pexnMe peanbHOro BpeMeHM!.
MpuHuMn paboTtel CKY: nap KOHAEHCMPYIOT Ha HaHoua-
cTuuax, npespallas Ux B Kanenbku, U Janee ocyllecT-
BNAOT nogcyeT obpasoBaBLUMXCA kanenek. C NOMOLL b
CKY MOXHO 0BHapyuTb YacTuubl gnametpom ot 10 go
1000 HM

OundbdepeHunanbHbli nsmepu-
Tenb pasMepos Yactuy (ANPY)

C nomoubto VMPY n3MepsaoT CHETHYIO KOHLEHTpaLuto
0TOOpaHHbIX Mo 3afjaHHbLIM pasmepaM (fuameTpy nog-
BMXHOCTM) YacTuL, B peXume pearibHOro BpeMeHu, no-
ny4asi 3Ha4eHusi pacnpefeneHusa Yactuy no pasmepam
Ha OCHOBE aHanusa ux nojBMXHOCTU

PacTpoBblii 3MeKTpOHHbINA
Mukpockon (PGM), npocseyn-
BalOLLWIA SrEeKTPOHHBIA MUKPO-
ckon (MN3M)

C nomouysto POM 1 M3OM nony4vatoT MHMopMaumic o
CYETHOMN KOHLIEHTpaLUn YacTuL, 1 nx pacnpeieneHun no
pasMepam B pexuMe pearnibHoro BpemMeHu

MaccoBas kKoHLeHTpa-
UMs HaHovacTu,

Mpo6ooTbopHuK YacTuy 3a-
JaHHbIX pasmepoB

MaccoBylo KOHLIEHTpaLMioO HaHoyacTuy (AnamMeTpoMm
meHee 100 HM) onpeaensitoT rpaBUMETPUHECKUMUA UNU
XUMUYECKUMU MeTOAaMu, npefBapUTENbHO BbINOMHWB
oTOOp HaHo4acTWL, 3afjaHHbIX pa3MepoB C MOMOLLbIO
npo6ooT6opHUKa.

O160p npo6 HaHovacTUy AnaMeTpoM MeHee 100 HM
MOX>HO BbINOJTHATL C NOMOLL IO KACKagHOro MnakTopa
HW3KOro fjaBrieHus

BuGpaLmoHHbIE MUKPOBECHI
C KOHUYECKUM SNEMEHTOM
(BMBK3)

MaccoByto KOHLUEHTpaLMIO HaHOYACTUL, U3MEPSIIOT B pe-
XUMe peanbHoro BpeMeHu ¢ nomoulsio BMBKD, umeto-
WUX cneunanbHylo Hacagky Ans otbopa HaHodacTul
3afjaHHbIX pa3mepos

Mnowans NOBEPXHOCTU
HaHo4YacTuy

Anddy3snMoHHbIR HarHeTaTenb

C nomouwbio AU Y3IMOHHOrO HarHeTaTens U3MepsAoT
aKTUBHYIO NNowWaab NOBEPXHOCTU HAaHOYaCTUL, B peXU-
Me peanbHoro BpemMeHwn. ins yactuy guametpom 6onee
100 HM nnowaab UX aKTUBHOW NOBEPXHOCTU HeNb3s
HanpAMY COOTHOCUTL C reoMeTpu4eckoil nnoljagblo
nosepxHocTU. CnefyeT OTMETUTb, UTO He BCE CEpMiA-
HO BbinyckaeMble AN Y3NOHHbIE HarHeTaTenu UMeroT
Ha BbIXOAEe CUrHan, NporpagyvmpoBaHHbIA B efuHULIAX
aKTUBHON NNowaan NOBEpPXHOCTU YacTUl ANaMeTpoM
MeHee 100 HM. [nA uaMepeHMs aKkTMBHOW nnowagwn
NOBEpPXHOCTU HaHo4dacTuy ¢ nomoLybio AUddPY3UOHHO-
ro HarHeTaTerns npeaBapuUTeNbLHO C MOMOLLbIO COOTBET-
cTBytoWnx npubopoB oTbupaloT HaHovacTUlbl 3agaH-
HbIX pa3MepoB

SnekTpuyeckuit UMNaKTop
Hu3koro gaeneHus (SUHA)

C nomouybto SUH[ namepsaloT akTMBHYIO Mrowasb no-
BEPXHOCTW OTOGpaHHbIX NO 3afjaHHbIM pasmepam (as-
poAHaAMUYECKOMY AMameTpy) HaHo4acTUuL B pexume
peansHoro BpeMmeHW. [na 4vactuy aguametrpom 6Gonee
100 HM nrowaab UX aKTUBHOW NOBEPXHOCTU HeNb3f
HanpsMYyl0 COOTHOCWUTb C FreoMeTpuUYeckoil nnoljagbio
NoBEpPXHOCTU

P3M, MM

C nomowblio POM u MNM3M nonyyator MHdopMayuio o
nnoLaamn noBepxXHOCT HaHOYaCTMUL, Ha OCHOBE aHanuaa
WX pasmepos
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3Ha4YeHUss MacCOBOM KOHLIEHTPALMKU HAHOYACTUL, MOXHO OnpeaenuTe rpaBUMETPUYEcKUM METOAOM B
COOTBETCTBMU C pekoMmeHgaumamm [32] u [33].

C nomoLubto npubopos, CBeAEHMA O KOTOPLIX MPUBEAEHBI B Tabnuue 1, Nony4atoT MHpOpMaLmio O pas-
Mepax HaHo4YacTuL,. 3Has pasmepbl HAHOYACTULL, MOXKHO ONMpPeaenuTbL 3HAYEHUA XapakTePUCTUK HaHOa9po30-
A KOCBEHHbIMKM MeTogamu. B Tabnuue 2 npuBeaeHbl ceegeHus o npubopax, NpuMeHseMbIX Ans onpegerne-
HUA XapaKTepUCTUK HAHOA3PO030A KOCBEHHBLIMU METOAAMMU.

Tabnwu ua 2 — CsefieHusi 0 I'IpVI60an, npuMeHaeMbIX ANA onpefeneHnsa XapakTepUcTUuK HaHoaspo30s KOCBEHHBIMU
MeTo4amMun

HanmeHoBaHWe xapaktepu- HanmeHoBaHWe

MpumevaHve
CTUKN HaHoaapo3ons npuéopa P

CyeTHass  KoHUeHTpauusa | SUHI C nomouysto SNHI n3aMepsaroT akTUBHYHO NnoLlajb NoBEPXHOCTU OTO-
HaHo4acTuL, 6paHHbIX MO 3afaHHbIM pazMepam (aspoAnHaMU4ECKoMy AnameTpy)
HaHO4YacTUL, B peXuMe pearnbHOro BpeMeHu, Aanee rno nony4YeHHbIM
3HaYEHUSAM BBIYUCIISIOT 3HAYEeHUs] CYETHOW KOHLEHTpauuu HaHoqa-
cTUL.

[NonyyeHHbIe I'Ip06bl HaHoa3po3onA MoryT ObITb npoaHannanpoBaHbl
A0NONHUTENBHO

MaccoBas koHueHTpauusa | SVHAO C nomousto SUH nsmepstoT akTMBHYHO NnowaAb NOBEPXHOCTU OTO-
HaHovacTuL, BpaHHbIX NO 3afiaHHLIM pa3MepamM (asSpoAnHaMUYecKoMy AnameTpy)
HaHo4acTUL B peXuMe pearnbHOro BpeMEHW, Aaree no nofy4YeHHbIM
3HaYEeHUsAM BBIYUCIIAIOT 3HA4YeHUsI CHETHOW KOHLEHTpaLuuu HaHova-
CTWL. 3Ha4YeHWUss MaccoBOM KOHLIEHTPaLWMU HaHOYacTWL, BbIMUCNAIOT
M0 3Ha4YEHNAM CHETHOW KOHLIEHTPaLMM HaHoYacTuL, NPW YCNOBUK, YTO
N3BECTHbI (TOYHO UNW NPEANONOXUTENEHO) 3apAA HaHOYaCTUL U NNOT-
HOCTb HaHo4acTuL,

Mony4eHHble NPoBLI HAHO@3pPO30Ms MOTYT ObITb NPOAHANU3NPOBaHbI
AOMNONHUTENBHO

AnPYy C nomouysto AVNPY M3MepstoT CHETHYIO KOHLEHTpaLuuo oTobpaHHbIX
no 3agaHHbIM pasMepam (guameTpy NoABMKHOCTU) HaHOYacTUL B pe-
XUMe pearibHOro BpeMeHU, nony4as 3HaveHus pacnpeaeneHns HaHo-
YacTuy No pasMepam Ha OCHOBE aHanusa Ux NoABMXKHOCTU. 3Hade-
HWS MaccoBOM KOHLEHTpPaLMKU HaHOYaCTWL, BEIMUCSIIOT MO 3HAYEHUAM
CYETHOW KOHLEHTPaLUMW HaHo4acTWL, MPW YCMOBUW, YTO W3BECTHbI
(TOYHO MNWM NPEANONOXMUTENBHO) 3apS4 U MNOTHOCTb HaHOYaCTULY

Mnowaab nosepxHocTn | ANPY C nomousto ANPY M3MepsatoT CHETHYIO KOHLEHTpauuo oTobpaHHbIX
HaHo4acTuL, o 3afaHHbIM pasMepam (guameTpy NoABUXHOCTU) HaHOYaCTUL, B pe-
XUMe peanbHOro BpeMeHM, nonyyas 3Ha4yeHWs pacnpegeneHns HaHo-
YacTul No pasMepam Ha OCHOBE aHanu3a UX NoABUXHOCTW. 3Hade-
HWSA MacCOBOWN KOHLIEHTPaLMKU HAHOYACTUL, BBIYMCASIOT MO 3HAYEHWUSAM
CYETHON KOHLEHTpaLMW HaHOoYacTWU, MPW YCIOBUW, YTO W3BECTHbI
(TOYHO MM NPeANoNOXMTENBHO) 3apSA U NNOTHOCTL HaHo4YacTuy, fda-
1iee no Mosfy4eHHbIM 3Ha4eHUAM BbIMUCTIAIOT NNoLWaab NOBEPXHOCTU
HaHovacTuL,

AVPY n SUHA | Mo nony4eHHbIM 3HAYEHUAM aspofUHaMUYecKoro guameTpa U gua-
(oAHOBpeMeH- | MeTpa MOABMXHOCTU HaHOYMACTUL, OMNPEeAEensloT pasMmepbl HaHoua-
HOe WCMomnb30- | CTUL. 3Hasa pasmMepbl HAHOYACTUL, BEIYUCASAIOT NnoLajb UX NoBepx-
BaHue) HoCTH

[ns onpegeneHns xapakTepuCTUK HAHOA3PO30nsa AOMYCKaeTCs NPUMEHATb Apyrie npubopsl [80].

11.3 AHanus npo6

B AOKYMEHTUPOBaHHbIX npoueaypax AOMKHbI ObITb YCTaHOBNEHbLI TPEGOBAHUS K NPOBEAEHUMIO aHanusa
npo6 HaHoaspo3sons. K aHanusy npob HaHOa3pOo30ns CreayeT NPMMEHSTb KOMMMEKCHbIN NOAX0A, TO €CThb UC-
NnonbL30BaTh HECKOMbKO METOAOB OAHOBPEMEHHO [34]—[37]. AHanu3 npob HaHOAa3PO30NA — 3TO NOITAMHbINA
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npouecc. Ha nepeom stane npoGbl HAHOAdPO30s1s1 OTOUPAIOT € Lienblo 06HapyxeHus HOAA B Bo3ayxe pabo-
Yeli 30Hbl, U3MEPSASA CHETHYIO KOHLEHTPaLMIO HaHo4YacTuL ¢ nomoLbto CKY [npu Hann4mMm arnomepupoBaHHbIX
HOAA B BO3ayxe paboyeii 30Hbl CKY npMMeHAIOT B COMETAHUM C ONTUYECKUM CYETUMKOM yactuy (OCY)]. B
cnyyae oGHapyxeHuss HOAA B Bo3gyxe pabouvein 30HbI nepecMaTpuBatoT CTpaTernto MeHeaXXMeHTa pucka,
CBSI3aHHOMO C BO3AEMCTBMEM HAHOMATEPUANIOB Ha OpPraHM3M YenoBeka U OKpYXKaloLLyo Cpeay, U BeliGuparor
Gornee apheKTUBHbIE MEPbl BE30MACHOCTU, HaNpaBeHHbIE Ha npeaoTepalleHme noctynnenusa HOAA B pa-
GOuYIO 30HY.

Ha BTopom atane (npu ycnosuun Hanuumua HOAA B Bo3gyxe pabouein 30Hbl) ONPeaensoT 3Ha4eHUs Apy-
rMX XapakTepucTuk HaHoaspo3sons. C 9ToW Lenbio UCNOMb3YIOT METOAUKY OLIEHKW BO3AEWCTBUSI HAHOYACTULY
(MOBH). CywHocte MOBH: HaHOuYacTUUbl OTOMPaIOT Ha OUNLTPbI U BbIMOMNHAIOT aHanu3 npod MeToaoM npo-
CBEYMBAIOLLEN BMNEKTPOHHOW MWUKPOCKOMUW B COMETAHWUM C SHEProAMCNEPCUOHHOW PEHTTEHOBCKON CMEKTPO-
ckonuei (MAM 30PC), onpeaenssa pacnpeaeneHMe HaHOYacTUL NO pasMepam U XMMUYECKUA COCTaB HaHo-
asposons [35]. B MOBH MOXHO NpUMEHATb PaCTPOBYIO SNEKTPOHHYIO MUKPOCKOMUIO B coveTaHuu ¢ 3PC,
MacC-CneKTPOMETPUEN C MHAYKTUBHO CBA3AHHOW Niasmow u 4pyrumMmu METOAAMM XUMUYECKOTO aHanu3sa [34]—
[37] ¢ 4yBCTBUTENLHOCTLIO, OBECNeYnBalOLLEN NONYyYeHUe AOCTOBEPHLIX PE3ynbTatoB usMepeHuii (M. 11.4).

B MOBH ogHOBpeMEHHO UNu B KA4YeCTBE anbTepHaTUBHbLIX METOAOB ONPEAErNeHUA XapakTepucTuk Ha-
HOa3p030.51, 0COBEHHO €CNnM HET BO3MOXXHOCTU UCNONb3oBaThb M3M, MOXHO NPUMEHATL METOAbI C UCMONb30-
BaHWeM npnbopoB, ykasaHHbIx B 11.2,

MpuBeaEHHbIMY BhILLIE METOAAMU MOYHAOT MH(OPMALIMIO TOMBKO O XapaKTepucTUKax HaH0aapo3ons.
Ona onpeaeneHns BO34eiCTBUA Ha OPraHM3M YenoBeka KOHKpeTHbIX Buaos HOAA cneayer OCyLUeCTBUTb
otbop npob Ha punbLTP U UccneaoBarb UX ¢ nomouwbio NM3M, POM unu metogammu XMMUYECKOro aHanusa.
OnsA BbIABNEHMA, UASHTUMDMUKALMIK HAHOYACTUL U ONpeaeneHus pacnpeaeneHns ux no pasmepam NPUMEHsIoT
NEKTPOHHYIO MUKPOCKONUIO B codeTaHnn ¢ SAPC. C NOMOLLLIO KACKaAHOIo UMMNAKTOpPa Ui LIMKITOHHOTO Npo-
600TOOpPHUKA C PUNETPOM ANA OTAENEHUS KPYNHBIX YacTUL, MOXXHO JOCTATOYHO TOYHO ONpeaenuTb pasMepsbl
HaHouacrtuy. Mpoeeas aHanm3 Npob, OTOOPaHHLIX HA (PUNBTPLI, MOXKHO YCTAHOBUTH MCTOYHWK NOCTYNSEHUA
HaHo4acTuy B BO3AyX paboyen 30Hbl. [ina onpeaeneHns xapakTepucTMK HAHOA3PO30ns cneayeT NPUMEHATb
CTaHAapTHbIE METOAbI XMMUYECKOTO aHanu3a, B TOM Y1CIe rPaBUMETPUYECKUIN METOA.

[ns oueHKKn pUCKOB AnA 340poBba paboTHUKOB Npu akcno3uuun HOAA Ha paboyem mecTte cneayer KoM-
OMHMPOBATH BbiLLENEPEYNCIIEHHBIE METOALI. [PUMEHEeHMe KOMMNEKCHOrO NoAXoAa K aHanu3y npob nossonsaer
BbISBUTbL U naeHTuuuymposats HOAA, onpeaenuTb 3Ha4Ye€HUs1 XapakTe PUCTUK HAHOA3PO30NA.

11.4 OT60p NpPO6 N BbINONTHEHNE U3MepPeHUn

B noKymMeHTMpPOBaHHbIX NpoLeaypax AOMkHbI ObITb YCTaHOBMEHbI TPeGoBaHUsA kK 0T60py Npob HaHoa3po-
3005 1 BbINOMHEHUIO U3MepeHuii. [ina u3aMepeHusi CHETHOW KOHLIEHTPALIMM HAaHOYaCTUL, MPUMEHSIIOT NPUOOoPLI
C YyBCTBUTENbHOCTbIO, OCTATOMHON ANIS BbISIBIEHUSA HAHOYACTUL, AMAMETPOM HECKONbKO HAaHOMETPOB. Mpwu
U3MEPEHUUN CHETHON KOHLEHTPALMN HAHOYACTUL, CRIEAYET Y4UTbIBaTh Npeaernbl MHTErPUPOBAaHUS], HA KOTOPbIE
HacTpoeH npubop, NOCKOSIbKY OT STOr0 3aBUCUT UHTEPNpeTaumnsi pe3yrnbraToB u3MepeHui. 3HaueHUst CHETHOW
KOHLUEHTpaLuu, usMepeHHble npubopamu ¢ pasnuyHON YyBCTBUTENLHOCTLIO K HAHOYACTULIAM AUAMETPOM Me-
Hee 20 HM, MOTYT oTnu4yaTbes. Hanpumep, YyBCTBUTENLHOCTL CKY 3HAUUMTENBbHO CHUXKAETCA NPU 3MEepPeHUn
HaHo4acTUL AnameTpoM MeHee 20 HM, U 3HAYEeHUs] CYETHON KOHLEHTPALMN HaHO4YacTuL, MOryT ObITb CyLue-
CTBEHHO 3aHWXKEHBI.

[ononHUTENBLHYIO NOrPeLLHOCTL B U3MEPEHUS MOTYT BHOCUTb HAHOYACTULbI, U3HAYANbLHO NMPUCYTCTBY-
IoLme B Bo3ayxe paboyelt 30HbI (ganee — )OHOBbIE HaHOYaCTULI). [MO3TOMY NPU NPOBEIEHMU U3MEPEHMIA
cneayeT pa3nuyuTb YPOBHM KOHLEHTPaLUKM (POHOBbLIX HAHOYACT UL, U MCCTEeAYEMbIX HAHOYACTUL, NOCTYNAIOLLUX
B BO3AyX paboyein 30HbI B pe3ynbTaTte yTeykn npu BbIMOSIHEHUM TEXHONOrMYeckoro npouecca. Ecnu texHono-
rMYECKMI NPOLIEeCC OCYLLECTBMAIOT HE B YUCTOM NOMELLEHUU, TO B BO3AyXe paboven 30Hbl MOTyT NPUCYTCTBO-
BaTb POHOBbLIE HAHOYACTULbI, NOCTYNAOWME U3 APYTUX UCTOYHUKOB. B 9TOM crnyyae pesynbratbl U3MepeHui
KOHLUEHTpaLuu uccnegyemMbix HaHo4acTuL, OyayT 3aBbiLieHbl. Ha pe3ynbratsl MaMepeHuin 0KasbiBaloT BIMSIHUE
HaHo4acTuubl, 06pasytoLmecs, HanpuMep, B pesynsrate paboTbl HarpeBartenei UM anNekTPUYecKMX ABurare-
nem, HaxoAsILMUXCA B HENOCPEACTBEHHOW Onu3ocTu oT paboyeri 30Hbl. C Lenbio NoNy4YeHns JOCTOBEPHbIX pe-
3ynbTaToB U3MEPEHUIA Nepes Ha4yanom BbINOMHEHMSA TEXHOMOMMYECKOro npoLecca cneayeT onpeaenuTb Hanu-
4YMe 1 ypoBEHb KOHLUEHTpaLun POHOBLIX HAHOYACTUL, NN NMPOBECTU OAHOBPEMEHHO U3MEPEHUS B «ONVDKHEN
30HEe» (HenocpeaCTBEHHO B 30HE BbINOMHEHUSI TEXHOMOMMYECKOro NpoLecca) n B «AanbHen 30He» (ganeko
WIN BHE 30HbI BbINOMHEHNA TEXHOMOMMYECKOro NpoLecca). 3HaYeHUs KOHLUEHTPaLUUi HaHOYaCTUL, B «BnkHen
30HE» U «AanbHer 30He» AOMKHbI OblTb MPUMEPHO OAUHAKOBbLI. [N onpeaeneHus ypoBHS 3arpsi3HEHUst BO3-
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Ayxa paboyei 30Hbl HaHOYacTULAMU 3HAYEHUE KOHLEHTpaLMM HaHOYaCTUL, MOJNyYEHHOE B «AanbHEen 30Hey,
BbIYUTAIOT U3 3HAYEHMS KOHLEHTPaLWUU HaHOYaCTUL, NONyYeHHOro B «bGnuxkHel 30Hey. CneayeT yunThiBaTh,
YTO MNONyYEHHbIE 3HA4YeHWUsA ByayT BEPHbI TONMbKO B TOM Criydae, eCfii HaHO4acTULbl B «AanbHEN 30HE» U
«BnmKHEen 30He» UMEIT OauHaKoBbIe pasMepb [38].

®POHOBbIE HAHOYACTULIbI M UCCNEAYEMbIE HAHOYACTULbI, MOCTYNAloWmMe B BO3ayx paboyeli 30Hbl B pe-
3ynbraTte YTe4YKM NPy BbIMOMHEHUN TEXHONOMMYECKOrO NPOLIECCa, MOXHO OTIIMYUTDL APYF OT Apyra No Ux xumu-
YECKOMY COCTaBY.

B rpaBumeTpu4eckoM MeTogde ans otbopa npod HaHOYACTUL, NPUMEHSIIOT (UNBTPbI. PUNLTPLI cneayeT
BbIGMpaThb TaK, 4TOObI C MX MOMOLLK MOXHO ObINO 0TO6GpPaTh NPo6bI 4OCTATOMHOW MAcCChl, TaK Kak Npu aHa-
nu3e npo6 maccon meHee 0,1 Mr mMoryT ObITb NONyYEHLI HEAOCTOBEPHbIE pe3ynbraTbl. Crieayer yunThisaTh,
4TO Ha pesynbTartbl UBMEPEHUI BNUSAIOT CTaTMYecKoe aMeKTPUYECTBO, BUOpaLUMA U 3arpsisHEHHOCTb (bunb-
TPOB NOCTOPOHHUMMU YacTuLamu. [ns npeaoTBpaLleHns Nosly4eHUsi He40CTOBEPHbIX pe3ynbTaToB U3MepPEHUN
UNLTPbI CNEAYET XPaHUTb U MPUMEHATb B COOTBETCTBUMU C YCTAHOBMEHHbIMU TPEOOBaAHMSAMU, B TOM yucne
K BMa>HOCTU 1 TEMMepaType Bo3ayxa okpyxatoLen cpeabl. Mpu npumeHeHun unsrpoB, NpeaHasHauYeHHbIX
ansa otbopa npob maccoit meHee 0,05 Mr, B pe3ynbTaTtbl MU3MEPEHUI pEKOMEHAYETCSl BHOCUTb NMOMNpaBKy Ha
MNOTHOCTb BO3AyXa (CTaTUYECKOE AaBrneHne NoToka so3ayxa) [39].

Mpu HanuuMu UNLETPOB, NpeaHa3HavYeHHbIX Anst oTbopa nNpob mamnow Macchl, onpeaensaTb xapakre-
PUCTUKM HAHOA3PO30NA CrefyeT METOAOM MacC-CNeKTPOMETPUM C MHAYKTMBHO CBS3aHHOM NNasMoW, SBNs-
owumMcs 6onee YyBCTBUTENbHbLIM MO CPABHEHWUIO C METOAOM ONTMYECKOW IMUCCUOHHOM criekTpockonuu. Bo
Bpems oTbopa npo6, NOArOTOBKM M BbIMONIHEHUS U3MEPEHMIA CneayeT NPUMEHSTbL MepPbl, NpeAoTBpaLUaloLLme
3arpAsHeHue (bl/IJ'Ipra NOCTOPOHHMMKU YacTnyamun, B TOM Yncne Metanim4eCKuMn. Ecnmn macca HaHo4YacTuu,
OTOOPAaHHbIX Ha PUMLTP, Mana, MeTannuMyeckMe 4acTulbl, CIy4anHo MOMNaBLLMEe HA UNLTP, MOTYT BHECTM
CYLLIECTBEHHYIO MOrPELUHOCTL B PE3ynbTaThl UBMEPEHUN, TaK Kak MX Macca 6yaeT 3HauuTenbHO 0onbLue Macehbl
uccneagyemMblix HaHovacTuy, [39]. HanpumMep, mepamu, npegoTBpaLLaoLLMmMmn 3arpsisHeHue unstpa NoCTOPOH-
HUMMW YacTuuamu, SABNSIOTCA UCNOMb30BaHWE NepyaTok C HUTPWUMOBLIM MOKPLITUEM UMM BbIMNOSIHEHUE BCEX
TEXHONOrNYECKUX onepaumin ¢ UnNETPOM B BLITSHKHOM Lukadyy [40].

12 KOHTpPOSb COCTOSIHMA 340POBbLS PAaOOTHUKOB

B AOKYMEHTWPOBAHHBIX Npoueaypax A0MmkHbl BbiTb YyCTaHOBMEHbI TPEOOBAHMA K KOHTPOMIO COCTOSIHUSA
300poBbs PAOOTHUKOB. KOHTPONb COCTOSHMSA 340pOBbS PAOOTHMKOB MpeACTaBnseT coboin HabniogeHue u
onpeaeneHme BepOATHOCTU BO3HUKHOBEHUS Y HUX 3a60neBaHuin unu yxyaleHua COCTOSIHMS UX 340POBbS B
pesynbrare BO3AENCTBUA Ha paboyem MecTe KOHKPETHOrO HaHomatepuana. [na aTux uenei cnegyer npu-
MEHATb MeAULMHCKMnE 0CMOTPLI (06CcneaoBaHmnsa) n NPOBOAUTL aHanu3 AaHHbLIX O COCTOSAHUK 340pOBbs paboT-
HWUKOB.

McenbiTaHusa, npoBeeHHble HA 06POBONbLAX, HE BbISIBUNU 3aBUCUMOCTU MEXAY IKCNO3ULIMEN YernoBe-
ka TexHuveckumu HOAA 1 yxyaLleHUeM COCTOsIHUSA ero 340poBbs. OQHAKO CreayeT yuuTbiBaTh, YTO BO3AEN-
cTBue TexHuyeckux HOAA Ha yenoBeka MOXET NMPUBECTU K BO3MOXHOCTU BO3HUKHOBEHUS Y HEro GonesHen
C ANWUTEMbHbLIM NATEHTHLIM NEPUOAOM, HANPUMEP, Kak NpU BO3AEHCTBUM HA OPraHW3M YernoBeka Kpuctannu-
YecKoro KpemHesema unm acbecra. MICMbITaHUA HA XKUMBOTHbIX BbISIBUNIM HaNM4Yue HEraTMBHLIX MOCNEACTBUM
Ans opraHusmMa (HanpumMep, BO3HUKHOBEHWE NHEBMOHUK U hMBpO3a Nerkux) Npu 3KCMO3uLMM HaHOYaCTULaMn
(paxe manbiMM go3amMu), Toraa Kak aKkenosmuus Gonee KpynHbIMKM YaCTULLIAMU TaKOTO XKe XUMUYECKOro CoCTa-
Ba 1 BonbLIMMHK A03aMn MOXKET He NPUBOAUTb K TaKMM nocneacreuaM. B AOKYMEHTUPOBAHHLIX npoueaypax
AOIDKEeH OblTb YCTaHOBIEH NOPAAOK NpoBeAEeHNA CKPUHUHIOBbLIX MEAULIMHCKUX oﬁcnep,oaanuﬁ paﬁOTHMKOB,
noasepraroLmxcs akcnosuuun HOAA, ¢ Lenbio CBOEBPEMEHHOTO 0OHapYXXeHUst u onpeaenexHusa npodeccuo-
HanbHbIX 3a60NeBaHnii OpraHoB AbixaHus [41].

B 0OKYMEHTMPOBAHHbIX NPOLEAYPaX A0MKHbI ObiTk YCTAHOBMEHBI TPEOOBAHUSA K COOPY M perucTpaumm
BCeil uHchopMaLmMmn 0 HaHOMaTepKUanax, BKroYas cBejeHUs 0 NPOAOIHKMUTENBEHOCTU MX UCMONb30BaHKA. Takyio
MHPOPMAaLMIO MOXXHO NMPUMEHATL ANA pa3paboTkn Npoduna onacHocTeN U NPOoUns IKCNO3nULUUK, yKkasbiBas
B HUX BO3MOXXHbIE ONACHOCTU ANA 340POBbLA YES0BEKA U OKPY>XaoLLEen CpeAbl Ha BCEX CTaAUAX XXM3HEHHOTO
LMKNa HaHomarepuana, a Takke UCMOoNb30BaTh NPU NPOBEAEHWUN 3NUAEMUOIIOTMYECKUX NCCNEQOBAHUN.
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13 JNlukBngaumsa nocneacTBUN CryYalHbIX YTEUYEK U aBapUiHbIX BbIOpPOCOB
HaHOMaTepuanoB

B AokyMeHTUpOBaHHbIX npouesypax AOMMKEH ObiTb YCTAHOBMEH NOPSAAOK AEWCTBUIA PabOTHWKOB MNpu
NUKBMAALMU NOCNEACTBUI CrnyvaiHblx (HE3HAYUTENbHbLIX) YTEYEK U aBaPUiiHbIX (HEKOHTPONMPYeMbIX) BbIBPO-
COB HaHOMaTepmarnos.

B 0OKyMEHTMpPOBAaHHBIX NpoLieaypax nopsaaok AeMCTBUI PabOTHMKOB yCTaHABNMBAIOT C YYETOM Knacca
OMacHOCTU U MOLLHOCTU BbiOpoca HaHomaTtepuana. Bo nabdexanue skcnosuummn HOAA paboTHMKOB NpK Chy-
YanHOM yTedke unm aBapuiiHom BbiBpoce HOAA OCyLLECTBRAOT MEPONPUATUSA MO OYMCTKE paboyer 30HsbI.
PaboTHUMKKM, 3a4€WCTBOBAHHbIE B TAKUX MEPOMPUATUSX, AOMKHbI 0Bnajartb Bcel Heobxoaumon nHdopmaum-
eWl, NPOWTW COOTBETCTBYIOLLME UHCTPYKTaX U 0By4YeHne, yMeTb OLeHMBATb MOLLHOCTb BbIOPOCOB HaHOMare-
pvanos, BbIMOMHATL AENCTBUSA MO 04UCTKE paboueit 30Hbl oT HOAA u ucnonbsosats CU3, 3HaTk TpeGoBaHus
K yTUnmM3aumm UCnorib30BaHHOro obopyaoBaHusi, y6opo4yHOro MHBEHTaps M CcoBpaHHbIX BO BPEMS OYUCTKU
maTtepuanos.

B cnyyae yteuku unu Boibpoca HOAA pabBOTHUKM AOMKHbI ONpeaenuTb rpaHuulbl paboven 30Hbl, Noa-
BEPrLUECA 3arpsa3HeHuIo (qanee — 30Ha 3arpsi3HEHUs]), U OrPaHUYUTL JOCTYN ApYyrux paboTHMKOB, HE y4a-
CTBYIOLLMX B MEPONPUATUAX NO €€ 04MCTKe. [omkHbl ObiTb NPEeANPUHATLI MEPbI ANS NPeAoTBpaLLeHus pac-
npoctpaHeHua HOAA 3a npeaenbl 30Hbl 3arpsASHEHUA, HaNPUMEp, ANA yAaneHUs 3arpsi3HeHWn C NOoAOLUBbLI
00yBM B MeCTaXx BbIXOAA U3 30HbI 3arpsi3HEHWUA CNEAYET YKNaabiBaTb JIUMKUE KOBPUKM.

B cny4yae yreuku unu seibpoca HOAA paboTHUKK, HaXoAsLMECs B 30HE 3arpsi3HEHUs1, AOMDKHbI BbINON-
HWUTb BRaKHYI0 YOOPKY M NpeanpuHATL MEpbl MO MUHUMKU3ALIMKM pucka 3arpssHeHusa sosgyxa HOAA, yaanus
B MECTE YTEYKM OCTaTKM CYXMX WUIIM XUOKUX BELLECTB C NOMOLULIO 0bopyaoBaHus ¢ HEPA cdunsrpamu. B
30HE 3arpsi3HeHMs 3anpeLlaeTcs BbINONHATL Cyxylo y6opky. MpoBepky paborocnocobHOCTM u 3h(PEKTUBHO-
CTU NblNeynaenueaHusl npumeHsiemoro o6opyaosanus ¢ HEPA cunsrpamu BbIMOMHSIOT B COOTBETCTBUU C
TEXHUYECKON AOKYMEHTaUuMel, npeaocraBnaemon usroroeutenem. He gonyckaercsa B o6opyaosaHum ¢ HEPA
unbTPaMm CMeLUMBaTh HECOBMECTUMbIE MaTepuanbl. MHdopMauumio 0 marepuanax, CoO6paHHbIX NPU OYUCT-
ke pabouyeii 30HbI, PErMCTPUPYIOT.

B 4OKYMEHTUPOBaHHbIX Npoueaypax AOIDKHbI ObiTb YCTAHOBMNEHLI NMPaBUNa U NOPAAOK dBaKyauuu pa-
OOTHUKOB W3 30HLI 3arpsA3HEHUS, BKIIOYAIOLWME NEPEYeHb YPE3BbIYaNHbIX CUTYaLMIA, BOSHUKAIOWMX NPU CAy-
YanHbIX yTeukax u aBapuiiHbix Bblopocax HOAA, K nukBuaauumn KOTOpbIX CneayeT npuenekaTe asapuinHo-cna-
catenbHble CNy0bl U CNY>X0bl 3aLMTbl U OXPaHbI OKPYXKaloLWen cpeab!.

Bce obopynoBaHue, ounsrpbl, yOOPOUHLI UHBEHTAPb, MaTepuansl Ans cbopa u yaaneHus HaHomare-
puanoB, UCNOMNb3yeMbl€ NMPU OYMCTKE 30HbI 3arpsa3HeHUs, Cneayer cunTaTtb otxoaamm, coaepxawmmmn HOAA.
Pekomengaumm no ytunm3aumm otxoaos, cogepxawmx HOAA, npeacrasneHsl B pasaene 14.

14 YTunusauma HaHoMarepuanoB U OTX0A40B, coaepXawmnx HaHoMmaTepuarnbl

14.1 O6wmne ceeaeHus

[okyMeHTUpOBaHHbLIE Npoueaypbl, YCTaHaBnueatowme TpeboBaHNA K yTUNM3auum HaHoOMaTepuanos U
oTxo408, coaepxawmx HOAA, paspabaTbiBaloT B COOTBETCTBUM C TPEGOBAHMAMMU HALIMOHASMBHOTO 3aKOHOAA-
TesbCTBa U/MNN HOPMAaTUBHbLIX AOKYMEHTOB U C YYETOM PEe3ynbTaTtoB OLEHKM ONACHOCTU U (PUBNKO-XUMUYECKUX
XapakTepucTuk HaHomaTepuanos. Cnegyer paspabarbiBaTb U yTBEpXAaTb NIaHbl XPAHEHUS U yTUNU3auun
HaHomaTepuanos u oTxoaoB, cogepxxawmx HOAA. MnaHbl XpaHeHus u yTunusauuu paspabaTbiBator ¢ y4€TOM
KONMYECTBA HAHOMAaTepManoB 1 MHopmaLuu 0 HUX, coaepXaLenca B kapTax uaeHTUdUKaLMM ONaCHOCTEN.

PekomeHaaumm no ytunusauum HaHomaTtepuanos M oTxoAoBs, cogepxawmx HOAA, npeacraBneHHble
B AaHHOM pasgene, chopMynMpoBaHbl C y4eTOM TpeboBaHUi MO yTUNM3aUMKU ONacHbIX MaTtepuanos [42] u
[43]. OaHHblEe pekOMeHaauMn NpUMEHUMMbI K HAHOMaTepuanam M 0TXogaM B XXUAKOM U TBEPAOM BMAAX, CO-
aepxawmm HOAA, OTHECEHHbIM K ONacHbIM MM NOTEHUMAaNbLHO OnacHbIM MatepuanamM. PekomeHngauumn no
yTUn3aunumn pacnpocTpaHsaTCa:

- Ha marepuansl, coctoswme n3 HOAA;
obopyaosanue, sarpsasHeHHoe HOAA (KOHTelHepbl, yGOPO4HbI UHBEHTaPL, 0AHOpa3oBbie CUJI);

- cycneHsun, coaepxame HOAA;

- npeameTbl C PbIXIbIMU MOBEPXHOCTAMU, 3arpsasHeHHbIMM HOAA, ¢ koTopbix HOAA nerko moryT no-
nacTb B OKPY>KAIOLLYIO Cpeay Npu KOHTakTe ¢ BOAOW, BO3AYXOM UMK B pesyneTate MexaHW4ecKoro Bo3den-
CTBUA APYrux NPeaMETOB.
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TMobble matepuansl 1 060pyLOBaHME, HAXOAMBLUMECH B KOHTAKTE C AUCMNEPCHLIMU TEXHUYECKUMU Ha-
HoMmaTepuanamu (6e3 nocneayoLleit 04MCTKKU), NOCMe NPUMEHEHUS UMK 3KCNyaTaumm cHMTaloT OTX0A4aMu,
cogepxawmmm HOAA. K HuUM oTHocat CU3, candeTkn, oaHOpa3oBble maTepuarnsl 1 obopyaosaHue, npu-
MEHSieMble MPU N3FOTOBMEHUW U UCMbITAHMAX HAHOMaTepuanos. OTxoabl, coaepxawme HOAA, sanpeLuaetcs
YyTUNM3NpPOBaTb BMECTE C APYrMMU OTXO4aMM UK CAIMBATb B KAHANM3aLWOHHYI0 cuctemy. Bce noBepxHoOCTH,
sarpasHeHHble HOAA, formkHbl ObiTb ouniieHbl. ObopyaoBaHue, NPUMEHAEMOE MPU U3FOTOBIEHUU UM UC-
MbITAHUSAX HAHOMAaTepuanoB, AO0MKHO ObiTb OYMLLEHO nepej yTunusaumen unm noBTOPHbIM UCMONb30OBaHM-
em. Motowpme n unctawme cpeacrea, Boga, yoopouHblii MHBEHTapb, oaHopasosble CU3, ncnonb3ayemblie npu
ouncTtke obopyaoBaHus, OTHOCAT K 0TXoAam, cogepxkawmm HOAA.

14.2 XpaHeHue OTX040B, COAEpPXaLlUX HAHOMaTepuanbl, nepea ytunusauuen

B noKyMEHTUPOBAaHHbLIX NpoLeaypax AOMKHbI ObiTb YCTAHOBNEHbI TPEBOBAHUA K XPAHEHMIO OTXOAOB,
cogepxawmx HOAA, nepen ytunusauyuein. XpaHeHue 0Txoaos, cogepxaumx HOAA, ocyLLecTBNAIOT B repme-
TUYHBIX KOHTENHEepax U B MeLIKax U3 NnoriMMepPHbIX MMEHOK.

a) XpaHeHue B repMeTHYHbIX KOHTeHepax. Bo nsbexxanue cnyyaiiHeix ytedek HOAA otxofbl, coaepka-
wme HOAA, cneayeT XpaHUTb B HEOOMbLUMX FrEPMETUYHbIX KOHTENHEepaX. KoHTelHepbl Ansi XpaHEHUs1 0TX0A 0B
cnepyet noabuparb Takux pa3mepoB, YToObl B cnyyae ytedek HOAA meponpusaTus nNo O4YMCTKE OT HUX MOXKHO
ObINO BbLINONHMTL 6€3 3aTpyAHeHU. Ha KOHTENHEP HAHOCAT MApPKUPOBKY C MHOpMaLUeln 0 HAMMEHOBAHUM
OTXOAO0B U XapaKTEPUCTUKAX COAEPKALLMXCS B HAX HAHOMaTepuarnos, NPEACTABNAIOLLMX ONMACHOCTb, BKIOYast
NOTEHLUUANbHYK OMAaCHOCTb, AN 340POBbLS YENOBEKA U OKPY>KaIoLEen cpeabl.

b) XpaHeHne B mMewkax n3 nONMMEpHbIX NNEeHoK. Bymary, y6opouHbIii MHBEHTapb, NPEAMETbI C PbiX-
NbIMW NOBEPXHOCTSIMU, 0AHOpa3oBblie C3 ynakoBbIBAIOT M XPaAHAT B MELLKaX U3 nonmmepHoun nneHku. Bece
OelCTBUA NO YNaKOBKE OMACHbLIX UM NOTEHLUANbHO OMAaCHbIX OTXOA0B OCYLLECTBISIIOT B Tab0OpaTOPHOM Bbl-
TSHKHOM Lwkadpy. OTxoakl, cogepxawme HOAA, ynakoBbIBalOT B MELLIOK, 3aKPbIBAIOT U NOMELLIAIOT BO BTOPOM
MeLLoK. BTopoi MeLLOoK 3aKpblBaloT, AOCTAIOT U3 BbITSDKHOIO LuKada n HaHOCAT Ha HEro COOTBETCTBYIOLLYYIO
MapKUpPOBKY.

14.3 YTunusauma HaHomMaTepuasioB U OTXOA0B, COAEPXaluX HAaHOMaTepuarbl

YTunusauuio HaHomaTepuanos u 0Txoaos, coaepxawmx HOAA, BbINOMHAIOT B COOTBETCTBUN C AOKY-
MEHTUPOBaHHLIMK Npoueaypamu. Mpu paspaboTke TpeGOBaHMIA K yTUNU3ALUN HAHOMATEPUANoB U OTXOAOB,
coaepxawmx HOAA, cneagyeT Mcnonb30BaTb UMEIOLLMIACA ONbIT B 3TOW obnactu [44]. Hanpumep, YHT oTHo-
CAT K OnacHbIM HeopraHuyeckum marepuanam. Otxoael ¢ coaepxaHmem YHT 0,1 % npeacrasnaioT onacHOCTb
ANsA 300poBbA yenoseka. Otxoabl, cogepxawme YHT, pekoMeHAyeTca yTUnM3upoBaTb CKUraHMeM Npu TEM-
neparype Bbiwwe 850 °C B Te4eHUE HE MEHEE 2 ¢ unu 06paBoTKO cneunanbHbLIMU XMMUYECKUMU BELLLECTBAMM,
paspyLatowmmm cTpyktypy YHT [44]. MpeanoyuTuTenbHbIM METOAOM YTUAM3aLMKN OTX0A0B, coaepxawmx YHT,
ABNAETCA UX CKUraHWe Npu BbICOKOW TeMnepatype. JaHHbIi MeToa He MOXET ObiTb MPUMEHUM ANa yTUNu-
3auuM Bcex BMAOB HaHOMatepuanos. MNpu yTUnM3auunm HaHOMaTepuanoB u 0Txoaos, cogepxawmx HOAA,
CneAayeT y4YuTbIBaTb M NPEAO0TBPALLATh BO3MOXHOCTL BbICBOGOAeHMA HOAA U nx nonagaHue B OKpY>aioLLyto
cpeay [44].

15 ObecneueHue noxapoB3pbIBOGE30MaCHOCTU HAHOMAaTEepUanoB

B aOKyMeHTUpOBaHHbIX NpoLeaypax AOMmKHbI GbITb YCTAHOBMEHbI TPEOOBaHUSA K 06ecneveHunio noxapo-
B3pbIBOGE30NacHOCTM Npu paboTe ¢ HaHOMaTepuanamu. Takue npoueaypsl paspabarbiBaloT B COOTBETCTBUM C
TpeboBaHUAMM HALMOHAMNBHOMO 3aKOHOAATENbCTBA W/UMM HOPMAaTUBHBIX JOKYMEHTOB, C Y4ETOM MMEIOLLErocs
onbiTa B 910N o6nacTtu [12] u noTeHumanbHbiX pUckoB [45]. HaHo4wacTuubl nerye mukpodactud. Mpu BLICBO-
6oXxaeHun M3 HaHomarepuana (HaHOMOPOLLUKA) HAHOYaCTULbl MOTYT NEPENTU BO B3BELUEHHOE COCTOSIHWE U
0CTaBaTbCA B HEM B TE€YEHME ANUTENBHOTO BPEMEHMU. MMbiNb, COCTOALLYIO M3 HAHOYaCTUL, HEBO3MOXHO YBU-
[eTb HEBOOPY>KEHHbIM [11a30M, TOrAa Kak Mblflb, COCTOALLYIO U3 MUKPOYACTUL, U UMEIOLLYIO TY e KOHLEHTpa-
LMo, MOXHO HabnogaTh B Bo3ayxe 6e3 cOOTBETCTBYIOLUMX NpubopoB. [Npu paboTe ¢ HaHONOpoLLKaMu CneayeT
NPUMEHSATL T Xe Mepbl, 0BecneynBaioLue NoOXKapoB3pbIBOOE30NACHOCTb, YTO U NpU paboTe C NOPOLLKaMU W
a3po30S1IMU, COCTOSLLIMMU U3 METNKUX U yIbTpaMenkux vyactuu,. Mpu pabote ¢ HAHONOPOLUKaMu Ierko OKUCIS-
eMbIX METanNoB W NOTEHLUMArIbHO B3PbIBOONACHBIMIW HAHOMATEPUAanaMm NPUMEHSIIOT Takue xe mepbl, obecne-
YKBalOLLME NOXAPOB3PbIBOGE30NACHOCTb, UTO U NMpu paboTe C aHaNOrMYHbIMK NOPOLLKaMKU U MaTepuanamu,
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cocTosilMmMK U3 Mukpodactuy [45]. Mpu paboTe C nerko BCTynaLwWyMy B XMMUYECKYIO peakLUIo U KaTanuTu-
YEeCKM aKTUBHbIMW HaHOMaTepuanamMmu crneayer UCKIOUYUTb X KOHTaKT C HECOBMECTUMbIMU BELLECTBAMMU.

B aokyMeHTUpOBaHHbIX NpoLeaypax A0MKHbI ObiTh YCTAHOBNEHLI TpeboBaHMs anekTpobesonacHocTu. B
CBAA3U C OCODEHHOCTAMU rPaHyNoOMETPUHECKOr0 COCTaBa HaHOMAarepuanoB U NPOAOIMKUTENLHOCTU BPEMEHU
OCaXAEHMA HAHOYACTUL, MPK YCTaHOBNEHUN TpeboBaHui 6€30NacHOCTU AOIMKHbI ObITh NPEeAYyCMOTPEHbI MEPbI
3aWuThl ANeKTPOoobOopPYyAOBaHUSA OT MbiNU. B JOKYMEHTUPOBaHHbLIX Npoueaypax AOIKHbI ObiTb YCTAHOBMEHI
TpeboBaHusa K Mepam NpeaoCTOPOXHOCTU NO NPEAOTBPALLEHNIO CAMOBOCNNAMEHEHUSI HAHOMAaTepuanos [42].

B paokymeHTax ykasblBalOT MepeveHb OrHeTyLlalmx COCTaBoB, NPUMEHSAEMbIX NMPU BO3ropaHWM HaHo-
maTtepuanos. [Mpu BeIGOPE OrHETYLIALMX COCTABOB CMEAYET YYUTLIBATb NOCNEACTBUSA B3aMMOAENCTBUS Ha-
HOMaTepuanos ¢ BOAOW. B npouecce XMMUYECKON peakuun Mexay HaHoYacTuLamMu HEKOTOPbLIX METarnmnos u
BOZON NpoucxoauT o6pa3oBaHue nerkoBocnnamMeHsiowerocs sogopoaa. lNpy ropeHum MetTanimyeckux HaHo-
MOPOLLKOB U HAHOA3PO30Ner METANMMYECKON NbINWM NPUMEHSIIOT OrHeTyLIaLMe nopoLuku. MNpu aTom cneayer
YyUUTbIBaTb BO3MOXHOCTb Nepexoaa MeTannMyeckol nbiny BO B3BELUEHHOE COCTOSHWE U BO3HUKHOBEHUS pU-
cka gednarpauun. Pucku Bo3ropaHus u gednarpayum B npoLecce Npou3BoACTBa U XpaHEeHUs HaHoMarepua-
1I0B MOTYT ObITb MMHMMU3MPOBAHbI NYTEM YMEHbLLEHWS COAePXXaHUs KUCropoaa B aTMOChepHOM BO3ayXe 3a
CYET yBeNMUEHUs CoaepKaHus ABYOKUCHU yrnepoaa, a3ota unu Apyrux MHEPTHbIX razoB. OaHaKo Takne Mepbl
6e30nacHOCTU MOTYT NPUBECTM K APYTUM PUCKAM, CBA3AHHBIM C BO3MOXHOCTBIO BO3HUKHOBEHUS Y PAOOTHUKOB
acdukcun Ha pabodem mecTe. B JOKYMEHTUPOBaHHbLIX Npoueaypax A0IMkHbI ObiTb YCTaHOBNEHbLI TPeOOBaHUSA
K COAEPXaHUIO KUCNOPoAa B BO3ayxe paboyeit 30HbI U npoLeaypamM KOHTPOnS.

C uenblo npeaoTBpaLleHusi BOCNaMEeHEeHU HaHOMaTepmanos Noj BO3AenWCTBUEM CTAaTUHECKOTO dnek-
TpuyecTtBa paboTHMKam B pabounx 30Hax cnegyer HOCUTb aHTUCTaTUYECKYIO O0YBb.
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MpunoxeHue A
(cnpaBoyHoOe)

PekomeHAaLMu no onpeaesieHNIO U YCTaHOBIIEHUIO 3HAYeHMIA NpeaeribHO A0NYCTUMBIX
KOHLIEHTPAaLUWi 1 OPUEHTUPOBOYHO 6€30NacHbIX YPOBHEN BO3AeNCTBUA HAHOMaTepunanos
B pabouei 30He

A.1 CBefieHus o6 onbiTe NpUMeHeHnA Mep 6e30MacHOCTU B TEXHONOrMUYecknx npotieccax npu pabore

C HaHOMaTrepuanamm

B Tabnuue A.1 npuBefeHsl cBefeHna 06 onblTe NPUMEHeEHUS Mep 6e30nacHOCTU B TEXHOMOMUYECKUX npoLeccax
npu paboTe ¢ HaHOMaTepuanamu (3aluTLI/M3oNALUKN U TEXHUYECKUX Mep 3alyuTbl, BKIoYas ucnonssosaHne MBBC u
BbITSKHbIX LWKadoB).
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Ta6nuya A 1— Ceeaenusi o6 onbiTe NpUMeHeHUst Mep 6e30MacHOCTM B TEXHOMNOrMYECKUX NpoLieccax npu paboTe ¢ HaHOMaTepuanami

TexHoOMorn4ecKuii Mepel Y3 Gea rpu- Y3 ¢ npuMeHeHneM Sauere OBYB aHa- VicTouHuK
HaHomaTepuan HDOLEce 6esonaEHocw| MEeHeHUS Mep e GgaonaCHocm rioruyHoro Matepuana, co- | uHdopma- MNpumMevaHue
pou BesonacHOCTH P CTOSALLEro M3 MMKpoYacTuL, Lmm
MepeMellunBa-
erepranus | AT cauwr | T2STI00 | o0te—00s _ " _
YHT nsonauus HaHOBOMOKOH/MM
3ULMOHHOIO Mi
MaTepuana
Okvice Lurika 3onb-renes pac- 225000 7200—12000
(HepacTBOpPU- MBBC HaHovacTuy 3 — [47] —
MbirieHne 3 HaHoYacTuL/cm
Mas B Boge) cM
o 3Ha4veHne OBYB okucu
KWUCb MapraH- Katanutunye- MaDIaHLA B Bo e paBodeil
Ua (HepacTBo- ckasi ouncTKa MBBC 3,6 mMr/m® 0,15 mr/m3 0,2 Mr/m3 [48] praHLy 3Ayxe p
uMas B Bofe) ra30B 30HbI cooTBeTCTBYET 1113,
P ycTaHoBneHHomy AACT T
3HaveHne OBYB okucu
Okuck Kobanera | Katanutude- ;ggif:;;?a::;‘qu; F:gg:?"
(HepacTBOpU- cKas ovMcTKa MBBC 0,71 mr/m3 0,041 mr/m3 0,05 mr/m3 [48] y
HUIo YO, yCTaHOBNEHHOMY B
Mas B Boae) rasos
Asctpanun, u MNMN3, ycraHos-
nexnHomy AACIT
3 3HaveHus OBYB okncn
0,1 Mr/m” (ans meTtan- cepeBpa B paboueil 30He co-
Katanutude- nnyeckoro cepebpa) OTBETCTBYIOT 3Ha4YEHMAM Y3,
Okucb cepebpa | ckas oumncTKa MBBC 6,7 mr/m3 1,7 mr/im3 0,01 mr/m3 (gns pac- [48] yCTaHOBIEHHLIM B ABCTpa-
rasos TBOPUMBIX COSIUHEHWNIH nun, OBYB, ycTaHOBNEHHLIM
cepebpa) B Benukobputanuu, n M3,
ycTaHoBneHHbIM AACTTY
HaHomaTepuan
(6es yKaaazMﬂ 0,188 mr/m3 (npm 3HaueHue OBYB cooTBeT-
CuHTes B raso- Bawura/ CTabunbHOM COCTO- 3 cTByeT 3HaveHuto MMN3 nbinu
BuAa, npeano- N — 3 Mr/m [49] .
BOW hase usonayus SIHAM TEXHonormye- B BO3fyxe paboueii 30HbI,

NOXWUTENbLHO He-
pacTBOPUMBIiA)

CcKoro npotecca)

yctaHoBneHHoMmy AACIT

1) NMN3 — npepensHoe noporoBoe 3HaueHune, AACIT — AMepuKaHcKas accouuauuna cneynanncToB No rmrueHe Tpyaa.
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OkoHYaHue mabnuuyps! A.1

o Y3 6e3 npu- 3HaveHne OBYB aHa- NcToYHMK
TexHonornyeckun Mepebl Y3 ¢ npumMeHeHnem
HaHomaTepman MeHeHnAa mep NIormn4yHoro Matepuana, co- I/IH(*)OpMa- ﬂpmmeanme
npouecc BesonacHoCcTU Mep 6esonacHocTn
BGesonacHocTn cToALlero U3 MUKpo4actuy unn
HaHomaTtepuan 59100 HaHovacTuL
3 CpeaHee 3Ha4eHune YO B
(6e3 ykazaHusa cm® (Npw cTabune- N .
CuHTe3 B raso- 3awuta/ TedeHue 10-4yacoBoi paboyeit
BuAa, npeano- N — HOM COCTOAHUU — [49]
BOI hase n3onsaumsa CMEHbI COCTaBNAET MPUMEPHO
NOXWUTENBHO He- TEXHOMOrM4ecKoro 3
_ 33000 HaHovacTuu/cM
pacTBOPUMBINA) npouecca)
leHepupoBa-
Prp 3rayeHne OBYB yka3aHo
HaHomaTepwan | Hue HaHouva- 3
o 0,037 mr/m® (ans va- ANA HepacTBOPUMBIX HaHo-
(pacTBOPUMBIN CTUL, METOAOM o
BbITs>KHOM cTuy dpakymm PM1, 3 marepuarnoB U COOTBETCTBYET
Wnu HepacTBo- pacnbirieHuns — 3 Mr/m [50]
= wKad OTITUYHBIX OT POHO- 3Ha4yeHuto MMN3 nbinu B BO3-
pUMBIRA, A5 B YCINoBUSAX o
9 BbIX HaHO4acTuL) Ayxe paboyel 30Hbl, YyCTaHOB-
MHOIMX BUAOB) BO3JeNCTBUSA
neHHomy AACIT
nramMmeHu
leHepupoBa-
HaHomaTepuan | HUe HaHouva- 10000 HaHowacTuy/ YBenuyeHue cHETHOM KOH-
(pacTBOPUMBIN CTUL, METOAOM BLITSHKHOI cm3 (mpu  cTabunb- LeHTpaumn HaHo4yacTuy B
UNun HepacTBo- pacnbineHuns LwKad — HOM COCTOSIHUWU TeX- — [50] paboyeil 30He BO3MOXHO A0
pUMBbIA, AN B YCNOBUSAX Hororm4eckoro npo- 3Ha4veHua 103900 HaHova-
MHOIMX BUAOB) BO3JeNCTBUSA Lecca) ctuuy/em3
nramMmeHu
BbITsx-
HOW LWKad
(cneumnansHo 3HayeHns YO ykasaHbl B
Mepenusarine/ obopyao COOTBETCTBUU C JaHHbIMM
Okeung  antoMu- | nepemeLleHue Py 15756—13260 !
BaHHbIA ANnA — 3 — [51] NnosTly4eHHbLIMW B pesyresrate
HMA HaHoMaTepm- HaHovyacTuu/cMm 9
ana BbINOMHEHUSA n3MepeHuin YO B Bozgyxe

JaHHoro Tex-
Honorn4yecko-
ro npotecca)

paboyeit 30HbI
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A.2 Onpenenenue u ycraHoBrneHne OBYB u MNAK HaHoMaTepuanoB B paGouei 30He

Ona sawuTel paboTHUKOB OT AEACTBUA BpeAHLIX BELLEeCTB Ha pabovyem MecTe NPUMEHSAIOT Mepbl 6e30nacHoCTH,
npeaycMmarpusalolue MMHUMU3aLUuio 3KCMo3uLUMKU 3TUMK BelljlecTBamu, obecneunBas YO BpegHbIMU BellecTBamMu B pa-
604eil 30He HUKe ycTaHOBMNeHHbIX ypoBHeih OBYB. NHoraa BeneacTBue OTCYTCTBUA TEXHUHECKUX CPEACTB HEBO3MOXHO B
nofiHom o6beme NpoBecTU U3MepeHust YO HaHoMaTepuarnom B paboyeii 30He, OLEHUTL COOTBETCTBUE YO YCTaHOBNEHHBIM
3HavyeHusiM OBYB 1 UCKITIOYNTB PUCK HEraTUBHOrO BO3feNCTBUSA HaHOMaTepmrana Ha opraHuam paboTHukos. B sTux cnyyva-
AX cnepyeT NPMMEHSITL JoNorHUTENLHBIE Mepbl 6e3onacHocTu (Hanpumep, ucnone3osaHue CU3, npoBegeHue perynsp-
HbIX MEeAMLIMHCKUX 0bcrneoBaHuiA M aHanu3a AaHHbIX O COCTOSIHUM 340pOBbs paGoTHUKOB, NPMOGpeTEHNE COBPEMEHHOTO
o6opyaoBaHUs AN uaMepeHui, otbopa U aHanusa npo6). B cOOTBETCTBUM C OKa3biBaEMbIM TOKCUYECKUM BO3AeACTBUEM
Ha opraHu3Mm YerioBeKa BeLLECTBa NofpasfensioT Ha onacHble BeLecTBa, BpegHble B NobbIX, AaXe MUHUMAabHBIX, KOH-
LeHTpaLusXx, U OTHOCUTENbLHO 6esonacHble BelwecTBa, To eCTb 6e3onacHble B He60NbLINX KOHUEHTpaUUsAX, HUXe YCTaHOB-
nenHbix MOK. Mpu sToM He Bcerga cnepyet opueHTupoBatbes Ha MNAK, Tak kak B pabodeil 30He Ha opraHWM3M YernoBeka
MOryT OKa3blBaTb BIUSIHWE COMYTCTBYIOLMUE haKTopbl, YCYryonsioLue Bo3feicTena oTHOCUTENbHO GesonacHoro Bellje-
cTBa, U cpefHue 3Hadenus MK yctaHaenueatot 6e3 yveTa nHgmMBmayanbHbIX 0co6eHHOCTEH opraHuaMa Yenoseka [52].

Ona ycraHosnenus MNOK oTHocuTenbHO 6e3onacHoro HaHoMmarepuana B paboveit 3oHe:

a) onpeaensoT ypoBeHb OTCYTCTBUS Habniogaemoro HebnaronpusitHoro Bosgeicteus (HOAEST) 1 MUHUManbHLIA
ypoBeHb HebnaronpusiTHoro Bosgeictaus (JIOAEN),

b) pesynbraTbl UCMLITAHWIA HA XXUBOTHBLIX 3KCTPANONUPYIOT ANSA OLEHKN BO3AESNCTBUN Ha YenoBeKa ¢ yY4ETOM pa3-
nuU4nil B NocTynneHun, pacnpegenenun, metabonuame (obmene Belect) u BoiBegeHun HOAA u3 opranuama (MPMB);
HanpumMep, 3KCTpanonMpoBaHUe pesynsTaToB UCMBITAHUIA C HAaHOYaCTULLaMU, NOCTYNAOWWMKN B OPraHU3M Npu BAbIXaHWH,
BbINOSMHSAIOT C Y4ETOM pasnu4nili B CTPOEHUN OpraHoOB AbIXaHWUSA XUBOTHBIX U YenoBeka, UHTEHCUBHOCTU OCaXAEHUSA Ha-
HovyacTuL B opraHuaMe, pasMepax opraHoB-mMULLIEHel (NOLLaaMn NOBEPXHOCTH, Macce unu obveme), BuIBEEHUN HaHOYa-
CTWL M3 opraHnMamMa, pacTBOPUMOCTU HaHOYaCTUL, B OpraHuaMe, MeTabonuame, xapakTepucTukax 1 NpoAOIIKUTENbHOCTU
3KCNO3ULMK,;

c) onpeaenstoT 3Ha4eHue MNAK HaHoMaTepuana B pabouyeit 30He U TpeboBaHUS kK €€ KOHTPOIIO C YY4ETOM Hanu4us
COOTBETCTBYIOLLEro U3MepUTEnbLHOro 06opyA0BaHNA U TEXHUYECKUX CPEACTB.

[aHHbIA nogxoh NPUMEHAT K yeTaHoeneHuto NAOK BellecTs, He KaHUeporeHHbIX AN Yenoseka. pu ycraHoBne-
Hun MOK HaHomaTepuana B paboyeil 30He crneayeT yy4uThIBaTh hakTop HeonpeaeneHHOCTU (ecnu oueHka 6e3onacHo-
CTW OCHOBBIBAETCA Ha adhdeKTax, HabntogaemMelx Ha XKUBOTHBIX, AN XapaKTepUCTUKW UHAUBUAYaNbHON BapabenbHOCTU
YerioBe4YecKoro oTBeTa Ha BpejHOe BO3AEWCTBUE WUCMoNb3yloT dhaKTop HeonpegeneHHoCTH co 3HadyeHuem 10, npu aTom
YUYUTBIBaIOT CyBXxpoHuyeckne gaHHble U JIOAETST npu oteyteteum HOAE). MNAK BewecTs, OTHECEHHBIX K KaHLEpOreHHbIM
UK He KaHLepOoreHHbIM Afs YenoBeka, yCTaHaBNMBatoT Ha OCHOBAHWW Pe3ynkTaTtoB, NOMYyYEHHbIX NPU NPOBEAEHUN OLEH-
KW pyUcka npu 3KCMo3vLuu rpynnel nogein BelecTBOM KOHLUEHTpaLMWe Bellle WU HUXe YCTaHOBNEeHHOro sHavenns ObYB
W C NOATBEPXKAEHHOW CTEMNEHbLIO JOCTOBEPHOCTU (B OTNIMUYME OT NpeAnonoxeHns ob oTCyTCTBUM pUcKa ANA Yenoseka npu
3KCMO3NLIMKN BELLECTBOM KOHLEHTpaLumMel HUXHEro NoporoBoro aHaveHus) [52).

Mpwv BLINOMHEHUN OLEHKU pucka (6e3 ncnonb3oaHus sHadeHnin JIOAEST nnu HOAEJIT) ana onpeaeneHna KOHTposnb-
Hoi fo3bl (KO) (McxoaHOro sHaueHus 4ns yeTaHoBMeHUA CTaTUCTUYEeCKU JOCTOBEPHOrO HUXHero npefena A03kl, KoTopas
npeponpegenseT M3MeHeHUs B OTBETHLIX peakUMsaxX Ha BpeAHoe Bo3aencTBre, Hanpumep, 10 %) ¢ HUXKXHUM AoBepUTenb-
HbIM npegenoM (HOMKA) 95 % vcnonb3aykoT AaHHbIE UCCNEeoBaHWi B3aMMOOTHOLLEHWI [03a—0TBET, 06paboTaHHble cTa-
TUCTMYeckuMmn Metogammn. HOMKI ncnone3sytoT B Ka4ecTBE UCXOLHOW TOUKM ANSA SKCTPAMNonALUN HUXHUX YPOBHEN pUcka.
Ons onpegenenunsa NOK smecto HOAEJIT npumenstor HAMKA ¢ yyeTom dakTopos HeonpeaeneHHocTy [52].

TOKCUYHOCTL HaHOMaTepuana MOoXeT BblTb CBA3aHa C ero CBOWCTBaMU, XUMUYECKUM U FPpaHyNoOMETPUIECKUM CO-
ctaBoM [53]. MpoBegeHbl Tokcukonoruyeckune nccnegosanuss HOAA, He nMetoLLMX MUKPOPa3MepHbIX aHanoros, Taknx Kak
YHT [54].

Mony4eHbl AaHHbIE TOKCUKONOrMYECKUX UCCrefoBaHnii MHOTUX BUAOB HaHoMmaTepuanos. OfHako Takne ncenepo-
BaHWA NpoBeAeHbl Ha HaHoMaTepunanax, CBONCTBa KOTOPLIX HEAOCTaTOMHO M3yYeHbl BCMEACTBUE OTCYTCTBUA TEXHUYe-
CKUX BO3MOXHoCTel. MoaTtoMy And yctaHosneHus MK HaHomaTepranos B pabo4eil 30He MOXHO UCNONb30BAaTL TOSMbLKO
JaHHble 06 onacHOCTU TEX CBOMCTB HaHOMaTepuaroB, KOTOpble NogTBEPKAEHbl TOKCUKONOrM4ecKUMM nccneaoBaHusIMu.
Onsa yctaHoBnenus MOK HaHoMaTepuanoB B paboyeil 30He MOXKHO UCMONb30BaTh A&HHbIE, NOMYYEHHbIE HA OCHOBE KO-
NNYeCTBEHHOW OLIEHKU pUcka BO3AEWCTBUS [BYOKACU TUTAHA M TEXHUYECKOro Yrrepofa, COCTOAWMUX U3 YNsTpaMenkux
YacTuL, W YacTuL BEIXMOMHLIX ra3oB AU3enbHbIX ABurateneit [55], [56]. JaHHble 0 cyBXpOHUYECKOW U XPOHWYECKON UH-
ransiynoHHoi TOKCUYHOCTM HaHOMaTepWanoB (NosBIIEHWe BoCNanuTenbHbIX NPOLECCOB U 310Ka4eCcTBEHHbLIX HoBOOGpa-
30BaHUiA B Nerkux), Nony4eHHsle Npu uccrnefoBaHusax Ha kpeicax [571—[60], 6binuM Ucnonb3oBaHe! AN OLEHKU pUcka
BO3HMKHOBEHUS 3aborneBaHuii y paboTHMKOB, NofBepPratoLLMXC KCMO3NLMN ABYOKUCHIO TUTaHA, COCTOSLLER U3 ynsrpa-
MENKUX YacTuL, Ha MpOTSKEHUN 45-nNeTHero Tpy[oBoro cTaxa, ¢ NpUMEHeHWeM pasnnyHbIX METOA0B MOAENUpPOBaHUA.
[aHHble, nonyyeHHbIe MpU WCCNEAOBaHUAX Ha MblUax, aKkcrnoHWpoBaHHbIX OYHT nyTem dhapuHreansHoil acnupauuu,
BbINU Ucnonb3oBaHbl ANS onpefeneHna aKCNo3ULMOHHOR [03bl ANA YenoBeka U YCTaHOBNEHWA COOTBETCTBYIOLLUX 3Ha-
YeHunii NOK OYHT B Bosgyxe paboyeit 30HEI [61]. OKCno3aMUMOHHasn A03a, paccyuTaHHas Ans Mblleid, 6bina akcTpanonu-
poBaHa Ans oueHku Bosgeicteua OYHT Ha vyenoseka nyTem onpegenennsa gonn OYHT, ocaxaaeMbix B nerkux verose-
Ka, OT 06Leii koHUeHTpauun OYHT B Bo3gyxe paboyeit 30HbI.

NAK HaHomaTepuanoB B paboyeil 30He onpefensaioT M ycTaHaBnMBalT Ha OCHOBE pPe3yrbTraTtoB UCCrefoBaHui
B3aUMOOTHOLLUEHUIA f03a— OTBET. 11 HaHOMaTepnanoB, COCTOALLMX U3 arrIOMEPUPOBaHHBLIX U arperupoBaHHbIX YacTul,
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Taknx, Kak TeXHUYeckuid yrnepog [62], okena uuHka [63], gnokena kpeMHus [64], [65], HaHomaTepnanoBs, COCTOALLUX U3
YHT 1 yrmepogHbiX HaHOBOMOKOH [66], ycTaHoBneHb!l MK B paGoyeii 30He B BUAE 3HAYEHMIA MAacCOBOM KOHLEHTpaLWu.

B cBsi3u ¢ HeOCTaTKOM [JaHHbIX O TOKCUMKOMOrM4eCcKnX CBOMCTBaX HaHOMaTepuanos HEBO3MOXHO MOMHOCTLIO OLe-
HWTb PUCK, CBSA3aHHbIN C UX BO3AEWCTBMEM Ha OpraHu3M YeroBeka U oKpyxatoLLyto cpeqy. Mpu npoBeAeHUN OLeHKU pucka
n yctaHoBneHuu MNAK HaHomaTepunarnos B pabodei 30He crefyeT y4nuTeIBaTh crnefytoLlee:

- BEPOSITHOCTb TOKCUYHOCTM HaHoMaTepuanos, cocTosmx U3 HOAA, He Bcerga MoxXeT ObiTb CMIPOrHO3UPOBaHa Ha
OCHOBE UMERLLMXCH faHHbLIX O TOKCUYHOCTU aHanorM4HbIX MaTtephanos, COCTOALLMX N3 MUKPOYacTULL;

- ONS HEKOTOPLIX B OB HaHOMAaTepUarnoB Takas XapakrepucTuKa, kKak MaccoBasi KOHLEHTpaLMs HaHoYacTul, He
BCerga ABnaeTcs NoAxXoAaLUM nokasateneM gns ycraHosneHus MAK B pabodelt 30He, Ans aTUX Lenei cneayet npume-
HATb APYrue xapakTepucTuku — nnolagb NoBepXHOCTU U CHETHYH KOHLIEHTpaLMio HaHoYacTuL.

NOK maTepuanos, COCTOALMX U3 MUKpoYacTul, B paboyeii 30He, YCTaHOBMNEHHbIE Ha OCHOBE 3Ha4YeHWUi MaccoBoi
KOHLEHTpauuK, He ABMAITCA nokasarensmu 6e3onacHoCTU npu SKCMOo3ULUM aHanormvHblM HaHoMaTtepuarnoM, cocTos-
wum 13 HOAA, Tak Kak TOKCUHMHOCTb HaHoMaTepuana MoxeT BbiTb obycrioBneHa 6oMbLLIOI MNoLaAblo NOBEPXHOCTU Ha-
HoYacTUL Unmn Y3 MOXeT BbITb HUXe npedena obHapyxeHuss MaccoBoi KoHLeHTpauun HOAA [56], [67].

Mpwn oTCyTCTBUW [aHHbLIX, HEOBXOAUMBIX AN BbIMOMHEHWUSA KOMUYECTBEHHOW oLeHKu pucka, MOK HaHomaTepuanos
B paboyeli 30He JonycKaeTcs YCTaHaBnNMBaTh B OTPACcn U BHYTPU opraHnsauuy v NpUMeHsTb B JOMOMHEHNe K yCTaHoB-
neHHeiM OBYB 1 MOK BpeaHeIX BeLlecTB. B paboTax no onpezeneHuio u yctaHoneHwuto MNMAK HaHomaTepuanos B paboveit
30He AOIMKHbLI y4acTBOBaTb CreLnanucTel B 061acT OLeHKM pUCKa, OXpaHbl U r’urneHbl Tpyaa v paboTHUKK, 3a4eicTBo-
BaHHbIE B NPOU3BOACTBEHHbLIX MpoLeccax ¢ NpuMeHeHneM HaHoMaTepuarnos.

BHyTpu opraHusaumu yctaHasnveathk MNAOK HaHomaTepuanos B paboyeil 30He MOXHO Ha ocHoBe INM/IK MaTepnanos ¢
TeM Xe XMMWYECKUM COCTaBOM, COCTOSLLMX U3 MUKpOYacTULl, € Y4eTOM UmetoLleiics nHpopmaLn o HOAA [14].

Ons onpegenexus n yctaHoeneHus OBYB u MK HaHomaTepuanos B paboyeil 3oHe pekomeHayeTcs pacnpeje-
NUTb HaHoMaTepuarkl No KnaccaM B 3aBUCMMOCTW OT WMX MOTeHUManbHOi onacHocTu [68]. Takoe pacnpegenexHne Ha-
HomaTepwWarioB Mo KraccaM OMacHOCTY MO3BONWT BbIOpaTb NOAXOASLIME METOAbI ANs onpeaeneHus u koHTpona OBYB un
MAOK, oueHKN pucka M COOTBETCTBYIOLME Mepbl BesonacHocTW Npu pabote ¢ HOAA. PacnpefensTs HaHoMaTepuarsl no
Kraccam onacHOCTU MOXHO B COOTBETCTBUM C UX XapaKTepUCTUKaMU — XUMUYECKUM COCTaBOM, (popMamMun 1 nameTpamu
HaHo4acTUL, pacTBOPUMOCTLIO, KaHLIEPOreHHOCTHI0, PenpofyKTUBHON TOKCUYHOCTBIO, MYTareHHOCTbIO, KOXHOW TOKCUYHO-
CTbH M TOKCUYHOCTBIO UCXOLHOMO MaTepuana [52].

OBYB v NAK HaHoMaTepuanos yCTaHaBMMBaloT C YYETOM WX MOTEHLMaNbHON ONacHOCTU U NMPUMEHSIIOT ANs KOH-
TPONsA SKCMNO3MLMKM € Lenbio MUHUMM3aumumn Beibpocos HOAA B pabouyto 30Hy [69]. JaHHble koHTpons 3arpsisHeHuii HOAA
BO3gyxa paboueli 30HbI U pabourx NOBEPXHOCTEH UCMONB3YIOT AN OLEHKU 3PEKTMBHOCTU NpUMeHsieMblx Mep 6e3onac-
HOCTW U BbISIBNIEHWSA HapyLUEeHWA U HECOOTBETCTBUIA NPU NoKanusauun n NMkeuaaLMu asapuin. YpoBeHb KOHTPONA 3arpas-
HeHuii HOAA B paboueii 30He yCTaHaBMMBAIOT B 3aBUCMMOCTM OT Kiacca onacHOCTU HaHOMaTepuana, Ha OCHOBe aHanu3a
pe3yneraTtoB uamepeHuin Y3 (APUYQ), BkrtoYas NpoBepKy COOTBETCTBUSA ITUX pe3yrnbsraToB ycTaHoBneHHbIM MNAK.

Onpeaenetnue n yctaHosrnenue MNOK n OBYB HaHoMaTepuanos B paboyeil 30He ocyLLecTBNAT C Y4ETOM BO3MOX-
HOCTU NMPUMEHEHWUS METOLOB W3MEPEHWUSA YPOBHA SKCMO3ULUWM U HAnU4Msi COOTBETCTBYIOLUMX NPUGOPOB U TEXHUYECKUX
cpeacTB.

A.3 Onpegenenue MNOK gByokucu TuTaHa B Bo3ayxe paboyeit 30HbI

Opyokuck TuTaHa, TiO,, HepacTBOpUMBINA Genblii NOPOLLOK, MPUMEHSAIOT B Ka4ecTBe OCHOBHOMO Genoro nMrmeHTa
npu NpoM3BoACTBE Kpacok, KOCMETUHYECKUX CPEACTB, nnactmacc, bymaru, npu nNpousBoACcTBe NOPOLUKOOGPasHbIX NuLLe-
BbIX MPOAYKTOB AJ151 NPEAOTBPALLEHNUA UX CNEXUBAHUS U KOMKOBaHUS. [IBYOKUCh TUTaHa U3roTaBnuBaloT B BUAE NOPOLLKA,
COCTOSILLErO M3 YacTUL, Pa3NUYHBIX pasMepoB, B TOM YUCIE MENKUX N ynbTpaMerikux YacTuu,

[ns gByokvcK TUTaHa ycTaHoBneHbl 3HayeHus MNAOK B Bo3gyxe pabouyeii 3oHbl: MNAK aAByokucH TUTaHa, cocToALEN
U3 Menkux Yactuy (4actuy guametpom Gonee 0,1 MKM), He foMmkHa NpeBbIWaTh 2,4 mr/m3, NOK ABYOKUCU TUTaHa, COCTO-
fAllel 13 ynsTpaMenkux 4acTul, He AomkHa npesbiwath 0,3 Mr/M3 npu cyTouHoit akcnosnummn 10 4 u 40-yacoBoii pabodeit
Hepene [4]. Skcnosuymnio paGoTHMKOB ABYOKUCHLIO TUTaHa PeKOMEHAYETCS MUHUMM3NPOBAaTh A0 NokasaTeneil Huxe ycra-
HoBneHHbIX MOK.

Puck BO3HMKHOBEHUS Y pabOTHMKOB 3MoKayeCcTBEHHbIX HOBOOOpa3oBaHWii B NErkux B TeHYeHMe TPYAOBOIA AesTenb-
HocTu cocTaBnsaeT 1/1000 npu 3KCNO3ULIUM ABYOKUCHIO TUTaHa, COCTOALLISA U3 MENKUX YacTuULl, MaccoBO KOHLIEHTpaLmu
B BO3ayXe paboueit 30HLl 9,0 MM ¢ HUKHUM goBepuTenbHEIM npegeriom (HAM) 1,6 Mr/m3 (95 %), Npu 3KCMO3MLMMN
JBYOKUCHIO TUTaHa, COCTOALLEH M3 yNbTPaMerikux YacTul, MaccoBOiA KOHLIEHTpaLmMK B Bosayxe pabodeit 3oHb! 1,10 Mr/m3
¢ HAM 0,19 mr/m3 (95 %) [70]. Ana nByoKUCK TUTaHa, COCTOALLEN U3 MENKUX YacTuL, U ABYOKUCU TUTaHa, COCTOSLLEA U3
yneTpaMenkux 4acTuu, ycTaHoBrMeHbl pasHble 3HadeHus MNAK. Ynsrpamenkue yactulbl okasbiBaloT 6onbluee Tokcudeckoe
BO3AEWNCTBUE Ha OpraHWM3M YenoBeka, YeM Merikue 4acTuLbl TOW Ke MacCOBOW KOHLEHTpauun. TOKCUYHOCTL [ABYOKUCH
TUTaHa, COCTOSALWEl U3 ynbTpaMenkmx Yyactuy, obycnosneHa 60nbLUIOI NOLWaAblo NOBEPXHOCTH.

Mpy NpoBeAeHMU OLEHKU pUCKa, CBA3AHHOTO C BO3[IENCTBMEM [IBYOKUCH TUTaHa Ha OpraHusm Yernoseka, cneayet
YYUTBIBaTb NOTEHLMAaNbHYH ONMacHOCTb, KOTOpasi MOXET BO3HUKHYTL Npu paboTe ¢ Held, Hanpumep, B pesyrsrate 06paboTku
YacTuy U MoaudukaLum TEXHONOTUYECKUX NPOLIECCOB TOKCUYHOCTL ABYOKUCU TUTAHa MOXET CYLLIECTBEHHO BO3pacTy [4].

[ByoKuCb TUTaHa, COCTOSILLYIO M3 MESKMX YacTuL, He OTHOCAT K BeLLecTBaM, KaHLEPOreHHbIM AN YenoBeka B Npo-
M3BOACTBEHHOI cpefe. [IByOKMCh TUTaHa, cocTosILas M3 ynsTpaMerkux YacTuL, OTHeCeHa K NoTeHLManbHbIM KaHuepore-
HaM [4].
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Ons onpepenenus u ycraHoeneHus MAK aoByokucn TutaHa, COCTOSALLEN U3 YNBTPaMENKNX YacTuL, B Boaayxe pabo-
Yeit 30HbI HeoOXx0AUMBI:

1) npoBeaeHuUe AanbHENLLUX nccneqoBaHnii B3aMMOOTHOLLIEHWIA 03a—O0TBET NPU 3KCNO3NLIUK ABYOKUCHLIO TUTaHa U
ApYyrumMun MaTepuanamu, COCTOSILLIMMM U3 ManopacTBOPUMbIX U MariOTOKCUYHbLIX AN YenoBeka Yactul,

2) npoBegeHWe AOMNONHUTENBHLIX UCCNEef0BaHNiA peakLUuili opraHuama Yenoseka Npu nonagaHnuy ynsTpamenkux Ya-
CTUL B AblXaTENbHYIO CUCTEMY;,

3) paspaboTka ahDEKTUBHLIX U3MEPUTENBHBLIX N TEXHUYECKUX CPEACTB, METOA0B KOHTPOMNA YO ABYOKUCHIO TUTaHa,
COCTOALLEeN U3 MENKNX U YNbTpaMenkux yactuy [4].

A.4 OnpeaeneHne UCXOQHOIO YPOBHSI KOHLIEHTpaLMKM HaHOMaTepuana B paGoueil 30He

A.4.1 O6uwme ceepneHunn

3HaveHus OBYB u MNOK B pabouyeli 30He Ans 6onblUMHCTBa HAHOMaTepMaroB He YcTaHoBreHbl. [ind uenei paspa-
6oTkM TpeboBaHUit K OLEHKE pUCKa, CBA3aHHOIO C BO3feiiCTBUEM HaHOMaTepuarnos Ha OpraHM3M YernoBeka, N KOHTPOMIo
Y3 cnepyet onpeaenuTb U YCTaHOBUTL UCXOAHbLIE YPOBHM KoHLUeHTpauun HOAA B paboyeii 3oHe. B HacTosilem pasaene
NpeacTaBneHbl pekoMeHAaLUUn No onpeaeneHnto U yCTaHOBMEHUIO UCXOAHLIX YPOBHeN koHueHTpauun HOAA B pabovei
30H€e C y4eToM MMetoLeroca onsiTa [71].

A.4.2 OnpepeneHne UCXOAQHOTO YPOBHA KOHLEHTpaLUU HaHOMaTepuana, CocTosILLero U3 HaHOYacTULL

Mpu BLINOMHEHNM OLEHKU 3PPEKTUBHOCTU NMPUMEHSIEMBIX Mep Ge30nMacHOCTM He crefyeT nyTaTb UCXOAHBINA ypo-
BeHb KoHUeHTpauuu 1 NOK HOAA B paboueii 3oHe. CrneflyeT yuuThIBaTh, YTO 3HAYEHUS UCXOAHLIX YPOBHEN KOHLIEHTpaLun
HOAA B paboueit 30He He JOCTaTOMHO NoATBEPXAEHbI AaHHBIMU TOKCUKONOTMYMECKUX uccrefoBaHuid. iexopHble ypoBHU
KoHLUeHTpauun HOAA B pabodyell 30He onpefensatoT U ycTaHaBMMBALOT C y4ETOM CBOICTB HaHOMaTepuanos.

Pa3paboTKy AOKYMEHTUPOBAHHBEIX NpoLieayp No oueHke 3DEKTUBHOCTU NpUMeHsieMbIX Mep 6esonacHocTi npu
akcnosnummn HOAA ocyLecTBNSIOT C Y4ETOM Crieayowmx TpeboBaHmii:

- B crny4ae OTCYTCTBMSA UMW NpW HeAOCTaTKe CBEAESHUI O HaHOMaTepuane crefyet NpUMeHsaTb Mepbl 6esonacHo-
CTW, HanpasneHHble Ha MUHUMW3aLMIo UNK NpejoTepaLleHne akcnosnymn pabotHukos HOAA;

- 3HaYeHUs KOHLEHTpaLuK Nbinu B Bo3ayxe paboyeit 30Hb He A0MKHbI NPeBbILLAaTh YCTaHOBNEHHbIX 3HadveHui MAK;

- KOHTPOIb UCXOAHBIX YPOBHe KoHUeHTpauun HOAA B pabodeii 30He cnefyeT BLINOMNHATL 0CTYNHBEIMW MeToAaMn
¥ C NOMOLLbIO MMetoLLerocs 06opyaoBaHNs, Tak Kak NPUMeHEHUEe CROXHBIX U3MEpUTENbHBLIX NPUGOPOB B yCNoBUAX 0ObIY-
HOro MPou3BOACTBa 3aTPYAHEHO UM HEBO3MOXHO.

Pabo4yeit rpynnoil No NpoMbILLNeHHbIM HaHoMaTepranam OpraHu3aynun 3KOHOMUYECKOro COTPYAHNYECTBA N pa3Bu-
Tna (OSCP) nogroToBreH nepeyYeHb HaHoOMaTepuanos [72], ANA KOTOPbIX YCTaHOBMNEHbI 3HAYEHUA CHETHOW KOHLEHTpaLmm
HaHovacTuy Cpyy cchepudeckoii popmbl Anametpamu d 20, 50 1 100 HM Npu 3Ha4YE€HUN MaACCOBOMW KOHLIEHTpaLuK HaHova-
CTUL C,y,, PaBHOM 0,1 Mr/M3, BHaueHWe MaccoBoi KOHLEHTpaLU HaHodacTuy 0,1 Mr/M3 yCTaHOBIEHO HUXE NPUMEHSIEMBIX
3HaveHuid MOK neinu B Boagyxe paboyel 30Hbl. B Tabnuue A.2 npuBeAeHbl 3Ha4€HUs CYETHOI KOHLEHTpaLMKU HaHo4acTuL,
chepryeckoit hopMel pasrniHLIX AMaMeTPOB NpK 3HAYEHUN MacCOBOIA KOHLEHTpaLmMin HaHouacTul, pasHoM 0,1 Mr/m3.

Tabnuya A2 — 3Ha4YeHWs CYETHON KOHLEHTpaUMu HaHo4YacTuy cdepuyeckord OpMbl pasfUyHbIX AUaMeTpoB npu
3HaYeHNN MaccoBOit KOHLIGHTPaLMK HaHo4acTuL, pasHoM 0,1 Mr/m3

3HayeHWst CHeTHOW KOHLIEH- 3HayeHusa c4eTHON KOHLIeH- 3HaYeHUa CHETHON KOHLIEH-
3HayeHWe NNoTHOCTU HaHoMa- Tpauun HaHoYacTuy gname- Tpauun HaHo4YacTuy Aname- Tpauun HaHo4YacTuy agname-
Tepuana p, r/em3 TpoMm 20 HM TpoM 50 HM Tpom 100 HM
Cpy, HaHouacTuL/em3 Cpy, HaHouacTuLyem® Cpy, HaHouacTULy/om®
1,05 22,74 - 108 1,46 - 108 181,90 -10%
1,35 17,68 - 10° 1,13 - 106 141,47 - 103
1,65 14,47 - 108 0,93 - 108 115,75 - 103
424 5,63 - 10° 0,36 - 108 45,40 - 103
5,61 4,26 - 108 0,27 - 108 34,04 - 108
7,30 3,27 - 108 0,21 108 26,16 - 103
7,87 3,03- 108 0,19 - 108 24,26 - 103
10,49 2,28 - 10° 0,15 108 18,21 - 103
19,32 1,24 - 108 0,08 - 108 9,89 - 103

C yernbio obecriedeHnst noaaepxanus B paboueil 30He Tpebyemoro ypoHs 0,1 Mr/MS MaccoBoii KOHL|EHTpaLMK Ha-
HOYacTu1L, ONPEeAENsIoT 3Ha4YEHUA UX CHETHON KOHLEHTPpaLK.
3HaueHmWe cHETHOM KOHLeHTpaLum HaHo4YacTuy TpebyeTcs Ans ycTaHOBMNEHUA 3HAa4YEHWUS UCXOLHOTO YPOBHS KOHLIEH-

Tpauun HOAA B paboueii 30He. [INa STUX Uernei 3HadeHUe CHETHON KOHLUEHTpaLUun HaHOMaCTUL BLIMUCTIAIOT MO hopMyne
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C
m
Con = (A1)
NP
rae C,,— 3Ha4YeHWe MaccoBOW KOHLEHTpaLuu HaHouacTuy, Mr/m,

Cpy — 3HaueHUe CHETHOM KOHLEHTPaLMN HaHOUaCTUL, HaHo4acTULMS,
Mpp — Macca OfHOI HaHoYaCTUL|bl, MF, BEIYMCHIEHHas No dopmyre
xd3p

e = (A2)

roe d — 3HayeHWe cpepHero guameTpa HaHo4YacTuL, HM;
T — MaTeMaTudeckasi KOHCTaHTa, 3,14...;
p — 3HAYEHWe NNOTHOCTU HaHoMaTepuana, r/cmS.

MpumMmevyaHue — lpu BEIMUCIIEHUM UCMOSBIYIOT 3HAYEHUE MIOTHOCTW MaTepuana, COCTOSLEro M3 MUKpoYa-
CTUL, M 3HAYEeHUe CpefHEro AuamMeTpa HaHo4YaCTUL, NPEANONOXUTENBHO UMEIOLLUX CEPUYECKYIO (hOPMY.

[ns HaHOMaTepuanos, COCTOALYNX M3 HaHoYacTUL AuameTpoM 100 HM, MNOTHocTb 19320 Kr/MS npu 3HaueHuu
MaCCOBO/# KOHLIEHTpaLMK HaHouYacTUL, paBHOM 0,1 Mr/m3, 3HaueHMe cueTHON KOHLeHTpaLUuM HaHoYacTUuL cocTasnseT
9890 HaHouacTuL/cM3. ECnu 3HaueHMe CHETHOI KOHLIEHTPaLMKN HaHo4YacTuL AnameTpom 100 HM TOro e HaHoMaTepu-
ana cocrasnsieT 20000 HaHOYacTULYCMS, TO 3Ha4YeHWe MaccoBOi KOHLEHTpaLm HaHo4YacTuy NpMbnusuTensHO paBHO
0,2 Mr/m3 [2]. OT! 3HAYEHNA MacCOBOI KOHLIGHTPaLMM HAHOYACTUL, 3HAYUTENBHO MEHbLLE ycTaHoBNeHHbIX 3HadveHui MAK
NbINK B Bo3ayxe paboyeil 30Hbl U Ha HWUX CrEeAYET OPUEHTUPOBATLCA NpU NpUMeHeHUN Mep 6e30MacHOCTW B TEXHOMOMU-
YecKkux npoLeccax.

MpW 3Ha4eHUN CHETHON KOHLUEHTpaLuMn HaHovacTul AnameTpoM 20 HM TOro e HaHomaTepuana, pasHom 20000
HaHOYaCTULYCM3, 3HaUYeHNe MaccoBOit KOHLIEHTPALMN HaHovacTuy coctasnseT 0,0016 Mr/mM3. 3To 3HauYeHWe MaccoBoi
KOHLIEHTpaLM HaHO4acTUL, 3Ha4YUTENBbHO HUXe YCTaHOBMEHHbIX 3HadeHunid MAOK nbinu B Bo3ayxe pabodeit 30HbL. CyeT-
HYI KOHLeHTpaLmio HaHodacTul AnametpoM 20 HM co 3HaveHmem 1235400 HaHO‘-IaCTVlLVCM3 (Npw 3Ha4YeHUn MaccoBoWA
KOHLEHTpaLuM HaHo4acTuy 0,1 Mr/M3) MOXHO M3MEepUTL C MOMOLLIO MMEIOLNXCS NPUBOPOB U YMEHLLUINTL, NPUMEHNB
TEXHUYECKNE Mepbl 3aLLM1ThI.

N3meHeHWe pasMepoB HaHOYacTUL, U NMTOTHOCTU HaHOMaTepuana 6onee YeM Ha OfUH NOpPSA0K NPUBOANUT K U3MEHe-
HUIO 3HAYEHWIA CHETHOW KOHLEHTpaLMmn HaHo4YacTuL 6onee Yem Ha Tpu nopsigka (cM. Tabnuuy A.2). Mpu TakoM guanasoHe
U3MEHEHWUI 3HaYeHWA XapaKTepUCTUK HaHOMaTepnanos AnA U3MepeHusa YO He Bcerga MOXHO NPUMEHSATb HeKoTopble
npubopsl, Hanpumep CKY. B Boaayxe paboyeit 30HbI TPYAHO OTINUYUTL UCCIeAyEMbIE HAHOUACTULB! OT POHOBBLIX HAHOYa-
cTuy. [MosToMy AN onpeAerieHns U YCTaHOBIIEHUSI 3HAYEeHUs1 UCXOAHOIO YpoBHS KoHUeHTpauun HOAA B pabodeit 3oHe
cneayeT NPUMEHATb Takue XapakTepUCcTUKU HaHOMaTepuarna, Kak NMoTHOCTL U pa3Mep HaHovacTul,.

A.4.3 OnpeaeneHne UCXoQHOTO YPOBHSA KOHLIEHTpaLMnM HaHOMaTepuara, CoOCToAILLEro u3 HaHOBONOKOH

Maccy ofHOro HaHOBOMOKHA (HAHOCTEPXKHSI UMW HAHOTPYOKM) BEIMUCNSIOT No popMyrne

[
mye=m(d2—d?) L " (A.3)

rae  d, — HapyXHblih AnameTp HaHOBOSOKHA, HM,
d; — BHYTPEeHHUII AnameTp HaHOBOMOKHA, HM (AN1s1 HaHoCTepxHs D; = 0; Ans HaHOTPy6ku D; # 0),
L — pnuHa HaHOBOSOKHA, HM;
Mpe — Macca OAHOTO HAHOBOMNOKHA, MT;
n — MaTeMaTudeckas KOHCTaHTa 3,14...;
p — 3HauYeHMe MNOTHOCTW HaHOMaTepuana, r/cms.

MpumevaHusn

1 TepMUHBI «HAHOBOJOKHO», «HAHOTPYOKa» U «HAHOCTEPXEHbY — CTaHAAPTU30BaHHbLIE TEPMUHLI [75].

2 lNpu BBIMUCIIEHNM UCTIONB3YIOT 3HAYEHUE NNOTHOCTU HaHoMmaTepuana. MoXHO BLIYMCUTL 3HA4YEHWE NOTHOCTU
ofHoi OYHT nytem geneHus s3HavyeHns maccel OYHT Ha 3HadeHue ee obbema.

Huxe npusefeHbl pesynbraTbi CPaBHEHNA 3HAYEHWIA CHETHOM KOHUEHTpauuu Cg HaHOMaTepnanos, COCTOALUX U3
YITepof HbIX HAHOBOMOKOH CO 3HaueHeM NNOTHOCTU rpaduTa (2,26 r/cM3), n HaHoMaTepnanos, coctoawmx U3 MYHT co
3HayeHneM nnotHocTu 0,32 rfom® (kK MYHT OTHeCeHbl HaHOCTepXHU C TaKNM e 3HaYeHreM NNOTHOCTH). B Tabnuue A.3
NpuBEAEHbI 3HAYEHUA CYETHOW KOHLEHTpaUUKU YrnepoaHbIX HaHOBOMOKOH U MYHT AnuHON 5 MKM, TONWMWHOW CTEHKW
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0,1 HM 1 pasnUuYHbIX LUaMETPOB MPU 3HAYEHUW MaCCOBOIA KOHLieHTpaLnn HaHoBomokoH 0,1 Mr/m3. 3HaueHns, NpuBeaeH-
Hble B Tabnuue A.3, oKpyrneHbI.

TaGnuya A.3 — 3Ha4eHUs CHETHOW KOHLEHTpaLUMW yriepogHblX HaHOBONOKOH 1 MYHT AnnHoi § MM pasnuyHbiX Ana-
METPOB NP 3HAYEHUN MaCCOBO KOHLIEHTPALMM HaHOBOMOKOH 0,1 Mr/m3

3HayeHue nroTHocTW | 3HauveHue HapyxHoro | 3HaqeHWe BHYTpeH- 3HayeHnA cHeTHON B3HayveHNA cHeTHON
HaHomaTepuana anametpa Hero guameTpa KOHLieHTpauum KOHLieHTpauum
p, r/em3 d,, HM d; HM Cp, HaHOBOMOKOH/M3 Cp, HaHOBOMOKOH/CM>
0,5 45-10"3 45107
1 1,1-1013 1,1-107
0
2 31012 3108
5 5-10M 5105
2,26
0,5 0,4 1,10 - 1014 1,10 - 108
1 0,9 8- 1013 8,7 - 107
2 1,9 7,8-1013 78107
5 4,9 7,3-1013 7,3- 107
0,5 3,18- 1014 3,18 - 108
1 7,96 - 1013 7,96 - 107
0,32 —
2 2-1013 2-107
5 3-10"2 3-106

C Uenbto oBecnedeHns noaaepkanns B pabodeii 30He Tpebyemoro ypoBHs 0,1 Mr/M3 MaccoBoi KOHLEHTPaLMK Ha-
HOBOIOKOH OMPeAensoT 3Ha4YEHUA UX CYETHOM KOHLEHT paLnu.
3HaveHMe CcYETHOI KOHLEHTPaLMN HAHOBOOKOH BLIMUCIIAOT No dopMyne

Ce=—", (A.4)

rBe Cg— 3HaYeHWe CYETHOI KOHLEHTPALMM HaHOBOSIOKOH, HAHOBOMOKOH/M,

m

Myg — Macca 04HOIro HAHOBONOKHA, MI.

— 3HauYeH1e MaccoBOii KOHLEHTpaLi HaHOBOOKOH, Mr/m3,

Ana HaHoMaTepuanoB, COCTOAWMX U3 HAHOBOMOKOH, PEKOMEHYEMOE 3HAaYEeHUe CHETHOW KOHLUEeHTpauuu B pabo-
yeit 30He cocTaBnseT 104 HaHOBONOKOH/MS [14] M COOTBETCTBYET 3HaUEHMIO, YCTAHOBNEHHOMY AnA acbecTa, Tak kak no
AaHHbIM BceMUpHON opraHuW3auuMu 3apaBooOXpaHeHUsl HaHoMatepuansl, coctoawme n3 YHT, ABnsoTca BONOKHUCTbIMA
maTtepuanamu, YHT uMetoT paaMephl, aHanornyHole pasmepam ac6ecToBbIX BOSIOKOH, U MOTYT OKa3biBaTb TaKoe Xe, Kak
acbecT, HeraTuBHOE BO3[EUCTBUE HA OpraHW3M venoseka [14].

M3mepeHHoe ¢ nomollbto Npubopos 3HadyeHWe MaccoBoil KoHueHTpauunm OYHT B paboueit 30He cocTaBnseT
1 MKr/M3, NPN 3TOM 3HaUEHHe CHETHON KoHLeHTpaLmn OYHT, nonydeHHoe pacdyeTHbIM crocobom, cocTaBnseT Npubnuam-
TenbHo oT 109 no 10" HaHoBonokor/M3 [73]. MoaToMy Npy ONpeAeneHU U YCTaHOBREHUA 3HAYEHNSt UCXOQHOMO YPOBHS
KOHLeHTpauun HaHOBOMOKOH B paboqeil 30He creayeT yuuThiBaTb BO3MOXHOCTb HECOOTBETCTBUSA 3HAYEHNI, MOMYYEHHbIX
pacyeTHbIM CNOco6OM U NyTEM NPAMbIX U3MEPEHWIA.

B Npon3BoACTBEHHBLIX YCNIOBUAX KOHTPOMb CYETHOI KOHLIEHTPaLMN HAHOBOMOKOH Ha ypoBHe 104 HaHoBomokoH/M3
3aTpyAHeEH BCneacTBUe OTCYTCTBUA NOAXOAALMUX METORO0B U CPEACTB M3MepeHUid, oTbopa Npob 1 yCTaHOBNEHHbIX 3HaYe-
HWiA, Heo6X0ANMBLIX ANSA NofcyeTa HAHOBONOKOH W onpefeneHns UX KOHLEHTpaLuu.

Mpubopbl, paboTatolme B pexume peanbHoro BpemeHu, Hanpumep CKY, He noaxoasT AnNA U3MEPEHUA HU3KMX
3HaYeHMI CHETHOI KOHLIEHTPALIMM HAHOBONOKOH, Tak Kak npefen obHapyXeHUs Takux npubopos coctasnseT 102 HaHOBO-
nokoH/M3. YcTaHoBReHHble 3HaueHns MK acbecToBbIX BOIOKOH B Bo3fyxe paboueil 30HbI He BCeria MOXHO NPUMEHUTL
K HaHoMaTepuanam, COCTOALUM M3 HaHOBOMOKOH, HAaNpUMep, MHOMMe NPOMBILLTIEHHbIE HAHOMaTepuarsl COCTOAT U3 YHT,
obpa3yloLmx Ny4Yku unu rpaHynbl. Ana onpegeneHns U yCTaHOBNEHWSA UCXOAHOMO YpOBHSA KoHUeHTpaLuun u MK HaHoso-
1NoKoH B pabodeil 30He HeobxoMMEI HOBbLIE METOALI U CpeAcTBa U3MepeHuit U paspaboTka obLero noaxoaa K MHTepnpe-
Tauumn nory4aemMblxX pesyrbsraTos.
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A.4.4 3aknioueHue

Onsa onpeaeneHus u ycTaHoBneHus 3HadeHunid NAK u ucxogHoro ypoBHA koHueHTpauun HOAA B paboueii 3oHe
crefyeT NPMMEHATb Takne XapakTepuCTUKN HaHoMaTepuana, kak NNOTHOCTb U pasMepbl HaHoYacTul,. MHade B npolecce
KOHTpons Y3 B Bo3fyxe paboqeit 30He NpU 0AUHAKOBLIX 3HAYEHUAX CHETHOM KoHUeHTpauun HOAA 6yayT nonyyeHbl 3Ha-
UYUTENbLHO OTNUYAIOLUECA APYr OT Apyra 3Ha4eHUsi MaccoBOW KOHLEHTpaLuK.

[na HaHoMaTepuanos, COCTOALMX U3 HAHOBOMOKOH, peKOMeHAYeMoe 3Ha4eHUe CHETHOWN KOHLieHTpaLumn B paboyeit
30He cocTaBnsieT 104 HaHoBonokor/M® [14]. [JaHHOe 3HayYeHWe He cnefyet NPUMEHSITbL K HaHOMaTepuanam, COCTOSLLUM
n3 YHT, obpasylowux ny4ku Unu rpaHyrnbl, Tak Kak HEBO3MOXHO BbINOMHUTL U3MEPEHUA BCNEACTBUE OTCYTCTBUA COOT-
BETCTBYIOLLMX METOAOB U CPEACTB M3MepeHUiA. [pn N3aMepeHHOM ¢ NOMOLLIO NPUBOPOB 3HA4YEHNU MacCOBOIN KOHLEHTpa-
U OYHT B paboueit 30He, paBHOM 1 MKI/M3, 3HaUeHWe CHETHOM KOHLIGHTPALIMM HAHOBOMOKOH, NOMYYEHHOE PacyeTHBIM
cnoco6om, coctapnseT npunusutensHo ot 10% no 10! Hanosonokon/M3. [INs onpefieneHns n yCTaHOBMEHNS NCXOAHOMO
YpoBHA KoHUeHTpauun n NAK YHT B pabodeii 30He Heobxoanma pa3paboTka COOTBETCTBYIOLWUX METOA0B U CPEACTB U3-
MepeHuUi, aHanusa n otbopa npob.

Ona onpeaenelna u yctaHoereHus 3HadveHuit NAOK n ucxogHoro ypoBHA KoHueHTpauun HOAA B paboyeit 3oHe
MOXHO UCNONBb30BaTb UMetOLLYIOCA MHopMaLio [65].
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