VIK 615.916 + 66.022.389 + 66-05
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OCOBEHHOCTH OBECNEYEHMS BE3OIMACHBIX YCJIOBUH TPYJA PABOTHUKOB
NPEJNPUATANA HAHOWHIYCTPUU

Kniouesvie cnosa: nanounoycmpus, HaHoMamepuansl, HAHOYACMUYbLL, OXPAHA MPYOd, NPEOeTbHO OONYCIMUMAs
KOHYyeHmpayus, npeonpusmue, moxcuueckoe oeticmeue, IKCNOHUPOBAHUE 4eT08eKd.

Paccmompen psio coepemennblx mexHoI02ul, 8 npoyecce peanu3ayuu Komopuix o6pasyiomes Hanovacmuybl. Buisenenbl
OCHOBHblE NYMU NPOHUKHOBEHUA HAHOYACMUY 8 OpeaHusm uenogekd. IIpeodnodcenvi cnocobbl CHUdMCEHUs B030eliCMEUs
HaHoyacmuy Ha pabomHuUK08 NPeonpusmuL HAHOUHOYCMpPUU.

Keywords: ceiling concentration, factory, human exposure, labor protection, nanoindustry, nanomaterials,
nanoparticles, toxic effect.

Modern technologies’ series in which nanoparticles are produced is reviewed. New ways of nanoparticles penetration
into the human body are identified. Reduction methods of nanoparticles influence on nanoindustrial enterprise employees

are proposed.

Ha CETONHAIIHUM JIeHb pas3BuTHE Ta6muua 1 — IloTeHuaNbLHbIE HCTOYHHKH
HAHOTEXHOJIOTMH  HOCUT TJIOOQJIBbHOE  COILMAJIbHO- Hanoa3p03oﬂeﬁ B HpOI/I?,BO[lCTBeHHOﬁ cpenae [4]
SKOHOMHYECKOe 3HaueHne. COorjacHO MPOTHO3HBIM
OIICHKaM B OJIDKaiIne TOAbl OXXKHUIAACTCS IIMPOKOE [pyrma asposoreit HcTounnk
BHEJPEHUE HOBBIX BHJIOB  HAHOTEXHOJIOIMYECKOH Anpo3soi, obpasyromyuecs | PadurnpoBanue Metamion
NpOAyKIMH B  Pa3JIMYHbIC o0acTi  JeATeNIbHOCTU B BBICOTCMIICPATYPHBIX [1naBka anmoMuHKsA
YelnoBeKa, BKIIOYAs  MEOULHMHY, (apMaleBTHKY, Tiporeccax ILnaska cranu

IInaBka xenesa

XUMHUYECCKYIO n MUIIEBYTO MMPOMBIIIUICHHOCTD,

T"anpBanM3aLMs
MIPOM3BOJICTBO TOBAPOB HAPOIHOTO rnotpednenus [1-3]. Crapra
OnHako BMeCTe ¢ pacTylied KOMMepIHain3a- Peska
OUEH HAHOTEXHOJOTMYECKUX NPOMYKTOB, BO3pacTaeT Pe3ka MeTaJLI0B
BEPOSATHOCTH IpsAMOro 9KCIIOHUPOBAHUA moaen Tepmuyeckoe pacibIEHUE MOKPBITHS
HaHOMAaTepHUaAIaMHU. [puroropneHue mumm

Beuny HeJIOCTaTOYHOM M3y4YEHHOCTH [pumeneHne ropsiero Bocka

Anspo3zonu, oOpasyromuecs | Jlu3erabHble JBUraTeIl

MMOTCHIUAJIBHBIX PUCKOB, CBA3aHHBIX C IMPOMU3BOJACTBOM TpH ropeHuu BeH3HHOBEIE LBUraTeNH

U HUCIIOJIB30BAHWEM  HAHOPA3MEPHBIX  MaTCpUajoB, T"a30BbIe ABUTATENN

0COOyI0  aKTyaJIbHOCTh  MPHOOPETAIOT  BOIPOCHI Crxuranue (HarpuMep, TOIUIMBA Ha
TOKCHKOJIOTO-TUTHEHUYECKOW OICHKH 0e30MacHOCTH SMIEKTPOCTAHIHSX, IPU OTOTLICHHH, IIPH
HAHOMATEPHA-JIOB ISl 30POBBS YEIOBEKa U 0OBHEKTOB KpeMarH)

< T"a30Bble OTOMUTENBHBIE TPHOOPHI
cpensl ooutanus [1]. B 3Tol CBsI3M BeCchMa aKTyaIbHBIM =

» A3p030iH B BO3/1yXe A3p03011b, 00pa3yIOLIHICS B
NpeAcTaBlIACTCA  BOIPOC O BBIABICHUM  IIyTCU 3aMKHYTBIX [IOMELIEHHIT pesyJIbTaTe peakiuit
NPOHMKHOBCHHS HAHOYACTHUIl B OpraHM3M 4YE€JIOBEKa, a ra3000pa3HbIX/TAPO0OPA3HBIX
TakKe TMONCK d((EeKTUBHBIX CIIOCOOOB  3aIIUTHI BBIICICHIH OPITEXHUKH, MOIOIIX
o CPEICTB U CTPOUTEIBHBIX MaTEPUAIIOB C
paOOTHUKOB  TPEOUPUATHA  HAHOWHAYCTPUH  OT 9
. BOJIOHM, 030HOM U IPYTUMH
BO3CHCTBHUS TaHHOTO BPEIHOTO (hakTopa. rasamu/napamu
[lonx wHaHowacTuieii B oOmem ciydae Ionaianue a3po3oeit 13 aTMocdeps!

IIOHUMAKT YaCTULIbI C HOMUHAJIBHBIM )ll/laMeTpOM A3pO3OJ'H/I, 06p8.3y}OII_II/ICC$[ BbICOKOCKOpOCTHOC U3MEJIIBUYCHUEC U

meHee 100 wm. Ilenmblii  psg COBPEMEHHBIX B pouecce Mexacckoif | oGpatorka

00paboTKM MaTepHalIoB BBICOKOCKOPOCTHOE CBEPIICHUE

HpOMbIHJHeHHI)IX TEXHOJIOTHH, TaK Ml MHAYEC, CBA3AH € A3pO3OJ'H/I, 06pa3y}0umec;l HonyquHe TEXHHUYCCKOro yriepoja

UCIIOJBb30BaHUEM MM O0pa30BaHUEM HAHOYACTHI[ Ha 1PH TUTAMEHHOM Tlonysenne TOHKOANCTIEPCHOTO
Pa3JIMYHbIX CTaAUAX TEXHOJOIMYCCKOTo IIpouecca (CM. HAHECCHHUM ITOPOIIKOBBIX JMOKCHJIa TUTAHA
Tabm. 1). TTOKPEITHIA Tosyyenue BHICOKOUCTIEPCHOTO

JIMOKCHIA KPEMHUS

OCHOBHBIM IIyTEM IIPOHUKHOBCHUA HaHOYAC-

IlomyueHne BEICOKOAUCTIEPCHOTO
THI] B OPraHn3M Y€JIOBEKA SBJIAIOTCSA OPraHbl JbIXaHWA,

OKCHIa aJIOMHUHHUA

a TaKXe XKEIyJOYHO-KMIICYHBIM TPAKT IIPH 3arjaThl- Aspo3zonu, oOpasyoumecss | O6paboTKa NOPOLIKOB HAHOYACTHI]
BaHMU 3arps3HEHHON HaHOYACTHUIIAMHU e1bl. TaKxke npu 06paboTke O6paboTKa CyXHX OCTaTKOB
BO3MOJKHO IPOHMKHOBEHHE HAHOYACTHI[ B OPTraHH3M x‘”ep“aﬂ‘m ;IOHHOMH“X PacTBopoB

9] JIN B U3BOJICTB! TJIICPOOHBIX
yejoBeKa 4Yepe3 TaKMe TIyTH TIOCTYIUIEHHS, Kak O30 POUSBOJCTBO YIEPOL

o o HaHOTCXHOJIOTHHN HaHOprGOK

TpaHCIepMalibHbIi W MHTpaHa3aJbHBIA 4epe3 onbdak- TlonyHeHte HAHOYACTHI C 33XaHHEIMMA
TOPHBIM TPAKT HAIPsAMYK B LCHTPAJIbHYIO HCPBHYIO CBOIICTBAMH B Ta30BOi (aze
CHUCTEMY. O6paboTKa 1 MPUMEHEHUE TIOPOILIKOB

HAHOYACTHII C 33JJAHHBIMU CBOWCTBAMU

A3p030J1b, 00pa3YIOIIUIACS U3
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| CYCIEH3HM, pacTBOPOB U MacT

Hanouactunpl nocne MHraIsiiuy MPOHUKAIOT B
KPOBEHOCHOE  pPYyCJIO IO pa3HbIM  MeXaHH3MaM.
CKOpOCTh 3TOr0 IIpolecca MOXET BapbHPOBATH IS
HAaHOYACTHUII Pa3HBIX Pa3MEPOB U XMMHYECKOI'O COCTABa.
Ho B HEKOTOpBIX CiIy4asX O3TOT IIPOLECC MOXKET
OCYIIECTBIIATHCS OYeHb ObIcTpO. Bo3morkHO
IPOHMKHOBEHHWE HAHOYACTHI] B OPraHM3M 4YeNOBEKa M
4epe3 KOXKHBIE TOKPOBBI 110 3 OCHOBHBIM ITyTSIM: MKy
KJIETOK, uepe3 KJIETKH U 4epe3 BOJIOCSHbIE (DOJUIUKYJIBI.
[TpoHMKHOBEHHE B OpPraHM3M 4YeJOBeKa 4Yepe3 KOXKHbBIE
MOKPOBBI JUII HAaHOYACTHL[ OOJIET4aeTcss TOHKOCTHIO
BEPXHET0 CJIOS KOXH — dnuaepmuca. Jlexxamuii sxe nox
HUM clod (mepma) Oorar MakpodaramMu KpOBH H
TKaHel, JUM(ATHYECKUMH Yy3JaMH, JCHIPUTHBIMU
KJIETKaMH, B HEr0 «BBIXOIAT» OKOHYAHHUS CEHCOPHBIX
HEpPBOB  PAa3MYHBIX THIIOB, KOTOPHIE CIOCOGHEI
HOIJIOMaTh W PaclHpOCTPaHATh HAaHOOOBEKTHl  3a
HpeieNnsl UX IepBOHAYaIbHON alINKaLUH.

B Tabmume 2 npuBeneHb JaHHBIE TIO
BO3/ICHICTBUIO HAHOYACTHIl Ha 37I0POBbE UEJIOBEKA IPH
MX IPOHUKHOBEHUH Yepe3 JbIXaTeIbHbIE Iy TH.

Taéauua 2 — IpdekThl BO3ACHCTBHA HAHOYACTHI HA
3/10pOBbE Yea0BeKa [6]

D¢ ekt Bo3aeHcTBUS

HaumenoBanue Db dexTs

HAHOYACTHI] Ha 3/10POBbE
HepactBopumsie | Hakomenue [lepemenienre HaHOYACTHIL IO
HEOPraHUUYECKUe aKCOHaM K OOOHSATEIILHOMY
HAHOYaCTHIIBI HEpPBY

HanouacTuisl 0OHapysKeHBI B
UM (ATHIECKUX TaHTIIHAX,
IPOHUKAIOT B MEXKKJIETOUHOE
IPOCTPAHCTBO,
HepeMeIaloTesl K OpraHam,
LUPKYJIUPYIOT B COCYAaX
JIETKOTO

Biusiaue Ha
JIBIXaTeIIbHYIO
cucremy

3HaYHTENbHOE YBEINUCHHE
BOCITAJIUTEIIBHBIX NIPH3HAKOB,
BOCHAJICHUE JIETKUX, Guodpos,
HOBOOOPA30BaHUS U OIyXOJIb
JIETKOTO

LIMTOTOKCHYHOCTS, JIETOYHAs
smdu3eMa, HaKOIUICHUE
Makpodaros, runepIuIa3us
nHeBMonuTOB Tl II, amonTo3
SIUTENUATBHBIX KISTOK

I'eHoTOKCH-
yeckuii apdexr
Kanneporennsrit

s dext

I'eHHbIe MyTaLIUU

Bnusaue Ha
JIBIXaTEIbHYIO
cucTemy

YraeponHbie
HAHOTPYOKH

Bocnanenne n TpaHyJIEMBL
JIETKOTO

I'eHoTokcu-
deckuit et

I'panynems! 1 pu6po3
JIETKOTO

IMoBpeskaeHne OTACIBHBIX
TEHOB, OKHCIIUTEIBHBIN
cTpecc

MO>KHO BUZIETh, YTO HAHOYACTHIBI 00JagaroT
BBIDQ)KEHHBIM  TOKCHYECKMM  jAelcTBHeM. HmeHHO
nostomy B 2010 r. ObUIM yTBEpKIEHBI TUTHEHUYECKHUE
HopMmatuBsl I'H 1.2.2633-10 «['uruenudeckue HopMa-
TUBBI COJECP)KaHMS IIPUOPUTETHBIX HAHOMAaTEPHAJIOB B
00BEKTax OKpPY’KaloOWeH Cpenbl», KOTOPHIE BIIEPBHIC
YCTAQHOBWJIM 3HAYCHUS JOIMYCTHMBIX KOHIIEHTpaumi
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HAaHOMAaTepHaJOB B BO3AyXe pabodell 30HBI, B BOJE
BOJIOEMOB, a TAK)Ke B TUTHEBOM BOJIE.

Tak, cornacuo tpedoBanusm ['H 1.2.2633-10,
KOJIMYECTBO HAHOYACTHIl cepedpa pazmepoM 5-50 HM B
BOAOEMAX U MUTHLEBOU BOJIC HE MOOJIKHO MNPEBLIIIATH
0,05MF/I[M3, a CpeHECMEHHAasi KOHLIEHTpallsi HaHOYac-
TUI] JUOKCHAA THTaHA TEX JK€ pa3MEpOB B BO3IYyXe
pabounx 30H He momkHa ObITE Oomee 0,1 Mr/m,
OTHOCTEHHBIX YTIEPOTHBIX HAHOTPYOOK C IHaMETPOM
0,4-2,8 um u giumHOM Ooxee 5000 uMm — 0,01 BosOKHA B
1 cM’ (IpH JUTMHE BOJIOKHA Gojiee 5 MKM).

B cootrBerctBun ¢ Ilocranosnennem ['nmaBHorO
TOCYAApCTBEHHOIO CaHUTApHOro Bpauya Poccuiickoil

@enepaumn ot 31 okta6ps 2007 1. Ne79 Bce
HaHOMaTepHraJbl JOJI2KHBI HpOﬂTH IMOJIHYIO
TOKCHKOJIOTHYECKYIO OLICHKY. Ho MOMEHTa
YCTAHOBJICHUSI ~ CTEMIEHH  ONACHOCTH  KOHKPETHBIX

HAaHOMATEPUAIIOB WX CIEAYyeT pPaccMaTpUBaTh Kak
HOBYIO TPOAYKIMID H OTHOCHUTh K BEIIECTBaM,
MOTEHIUAILHO OMACHBIM IIJIs 3[I0POBbSI YEJIOBEKA.
Cormacko MP  1.2.0024-111.2  xaxnbli
HaHOMAaTepHal, KOTOPBIA MOXET O0O0pa30BBIBATHCS B
MpoIecce IMPOM3BOJACTBA, @, CJIEIOBATEIBHO, MOXKET
OKa3bIBaTh BO3JACHCTBHE HA OPraHU3M pPaOOTHHUKOB
MPEANPUATHI HAHOUHYCTPHH, JOJDKEH UMETh MaclopT

0€30MacHOCTH, O(OPMJICHHBII B COOTBETCTBHH C
tpeboBanusimu 'OCT 30333-2007.

Ecou  Ha  mpeanpuAtud  IPUMEHSIOTCA
HAHOYACTHIII ¥ HAaHOMATepHanbl  HEOOXOAUMO

MIPEAYCMOTPETh IPOBEJCHUE OPTraHU3ALMOHHO-TEXHO-
JIOTHYECKUX, THTHEHUYECKHUX, CAHUTAPHO-TEXHUYECKHX,
MEINKO-ONOJIOTHYECKUX ~ MEpOIPUSATHH,  KOTOpBIE
HaIpaBJICHbl HA YCTPAaHEHUE MIIM OCJIA0JIeHUE eHCTBUS
HAHOYACTUI] HAa OPraHU3M 4YEJIOBEKa W Pean3aliio
CHCTEMBI YIpaBIeHHs NPOGECCHOHAIBHBIMA PHCKaMH.
IIpn >TOM peKOMEHAyeTcs TaKKe HCIOIb30BaTh
MpOTpECCUBHBIC TEXHOJIOTHUH, l/IH(l)OpMaTl/IBH])le METOAbI
KOHTPOJIsl, MOHUTOPHHT YCJIOBHH TpyZAa IEpCcoHana Io
BpeIHbIM (akropaM paboueir cpenbl, 3PPEKTHBHBIE
Cpe/ICTBa KOJJIGKTUBHOM 3alllUTHI, Ha/Ie)KHBIE CPEICTBA
WHIMBHUYaIbHOHN 3alHUTHI.

CorylacHO  TpeOOBaHUSAM  MEXIYHAPOIAHOTO
craagapra ISO/TR 12885:2008(E) Ha mpeampuarusx
HaHOMHAYCTPHU  JOJDKHBI ~ OBITH  IPEIyCMOTPEHBI
CIICYIONINE MEPONPHATHS, YMEHBIIAIONINE SKCIO3HU-
LU0 HAHOYACTHUIIAMH pPAaOOTHUKOB IPOU3BOJCTB H
HaCeJIeHHS:

— BBIIIYCK MPOIYKLUH, COAEpKaIeil HaHoJac-
THILIBI, B HENBUIAIIMX (popMax (ITacTel, TpaHysIbl BMECTO
a’po3oyield M TMOPOIIKOB) M B TE€PMETHU3UPOBAHHBIX
yIIaKOBKaXx;

— 3aMeHa HaHOMaTepuaJioB ¢ OojbLIel MOTEH-
LMaJIbHON OITaCHOCTBIO MEHEE OIACHBIMH MaTepuallaMHy,
IZIle 3TO BO3MOXKHO IO YCJIOBHSIM TEXHOJIOTHYECKOTO
Tporecca;

— HCIIOJIb30BaHHUE JOMYCTHMOTO IO TEXHOJO-
TH{ YBJIQXXHEHHS CHIPbSI U MPOLYKLIUH, OCOOEHHO NpH
HaJINYUH UCTOYHHUKOB IbIJIEBBIJCIICHUS;

— OCyILIECTBICHHE MOIU(UKAIUN HOBEPXHOCTH
NOTCHIHAJIBHO OITIaCHBIX HaHO4YaCTHull, HalpuMep
IMOKPBLITUE KBAHTOBBIX TOYEK MOJICKYJSAPHBIMH CJIOSAMU



WHEPTHBIX MAaJIOTOKCHYHBIX HEOPTaHMYECKUX BEIIECTB
(cynpdun nrHKa, KpEeMHE3EeM);

— aBTOMaTu3anuAa U MEXaHu3alus TEXHOJIOINH
MPOM3BOJICTBA, TPAHCIIOPTUPOBAHUS U Pac(hacoBKH
CBIpbsi, MONy(HabpUKAaTOB M IMPOAYKIHH, COJCpKaILeH
HaHOMAaTepHaJbl, C LEJIbI0 HCKIIOYEHUS] Herocpe-
CTBEHHOT'O KOHTaKTa pabOTHHKOB C BpEIHBIMH H
OTIaCHBIMU NPOM3BOJICTBEHHBIMH (pakTOpamu;

— TpUMEHEHHE B TPOHM3BOJICTBEHHOM 000pY-
JIOBaHWW KOHCTPYKTHUBHBIX pEIICHHH W CPEACTB
3aIUTHI, HATIPABICHHBIX HA YMEHBIIICHIE HHTEHCUBHOC-
TH BBIACTICHNUS NBUTM HAHOYACTHII M HAHOMAaTEePHAJIOB U
JIOKAJIN3AIMI0 BPEAHBIX IPOU3BOICTBEHHBIX (hJaKTOPOB;

— YCTaHOBKa CHUCTEM aBTOMAaTHYECKOTO KOHT-
PpOJidA, CUrHaJIn3alu U yHOnpaBJICHHUA TEXHOJIOTMYCC-KUM
MpoLeccoM, OCOOEHHO Ha ydyacTKax, IJle BO3MOXKEH
BHE3aIHBIN BEIOPOC a3p030Jieii HAaHOYACTHII;

— obecrieueHne aBTOMATHYECKOH OJIOKHPOBKH
NIPOM3BOJICTBEHHBIX CHUCTEM U 00OpyHOBaHUS Ha
y9acTKaX, OMACHBIX MO aBapUIHBIM CHTYaIUSIM;

— obecnieueHne coOIrOCHUS TpeOOBaHUA Ip-
TOHOMHKH W TEXHHYECKOW OCTETUKA K IPOU3BOJ-
CTBEHHOMY O0OpYJOBaHHIO M IPrOHOMUYECKUX TPeOo-
BaHUI K OpraHM3alui pabOYMX MECT W TPYIOBOTO
mporiecca;

— BKJIKOYCHHUEC TUTUCHUYCCKHX Tpe6OBaHHﬁ B
HOPMaTHBHO-TEXHUYECKYIO JJOKYMEHTALIUIO.

Takum oOpasom, [0 Tex TMop, IIOKa
3aKoHOAarenpHO  He  ycraHomienol [IJIK  mus
HaHOMAaTEepHAJIOB, PadOTHUKAM HPEANpPUSTHH HaHOWH-
JyCTPHH HEOOX0IMMO COOII0IaTh MAaKCUMAaJIbHBIE MEPHI

3aIUThI, Kak Tpu pabore ¢ 0co00 ONacCHBIMH

XUMHYECKHMH BEILECTBAMH.
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