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BBenoeHue

BHeapeHne HaHOMaTepuanoB U HAHOTEXHONOTMIN ABNAETCA MCTOYHUKOM MOoTeHUMaNbHbIX O0NacHOCTEMN.
Handonee 3HaYMMBbIMN U3 HUX SIBASIKOTCS ONACHOCTU ANS 340POBbS YENOBEKA U OKPYXKatoLen cpebl, CBA3aH-
Hble C uccnegoBaHUeM, U3rOTOBMNEHUEM, NOCTaBKOW, UCMOMb3OBaAHNEM U yTUNM3aUMen HaHoMaTepuanos.
Ona ycnewHon naeHTUdUKaLUMM onacHOCTEM Heobxoaumbl, npexae Bcero, addpekTMBHAA opraHusaLus
paboT No cbopy n obpaboTke MHPOopMaL MM 0D ONacHOCTAX, a TaKKe NPUMEHEHNE METOAO0B NPUHATUA peLle-
HAW B YCIOBUAX HEMONHOW MHOpMaL MK UNIA BBICOKOW HeonpeaeneHHOCTU AaHHbIX. B HacTodawem ctaHgapTe
N3NOXeHbl 00LWKe NPUHUKXNBLI U AEHTUUKALMKM ONacHOCTEW AN opraHn3aunn, 3aHMMarLWNUXCa nccneaoBaHun-
eM, U3roToBNeHNneM, NOCTaBKOW, UCNONb3OBaHUEM U YTUNM3aALMEN HAHOMaTepUanoB. 3T NPUHLKNBI MOTYT
ObITb aganTUPOBaHbI K MAEHTUMKALIMM ONACHOCTEN HAHOCTPYKTYP M HAHOTEXHOMornMn B uenom. NHdopma-
Linst 06 onacHOCTAX MOXET ObITb NOMe3Ha B nNpoLecce nocneayoLlnx nccneaoBaHnm, cosgaHnum HOBbIX BUAOB
HaHOMNPOAYKLMN N HAaHOMAaTEPUanoB, pa3paboTke TEXHNYECKOW AOKYMEHTaUMKU Ha 3Ty NPOAYKLMNIO.

CTtaHaapT paspaboTaH ¢ y4eTOM OCHOBHbIX NMONMOXeHUN MmexayHapoaHoro gaokymenta NCO/TO 13121
«HaHoTexHonornu. lNpouecc cueHKM pUcka HaHoMaTepmnanoB» B YacT TpedboBaHUNA K nAeHTUUKaLMK onac-
HOCTEeN, CBA3aHHbIX C HAHOMaTepuanamMmu, HaHonpoaykKuMen U HaHOTEeXHOMOT UMM,

HacTtodawmn ctaHgapT npegHasHaveH Ang cneunanncTtoB, 3aHMMaLWMXCa nccnegoBaHUeM, U3roTOB-
neHnem, NnpuMeHeHneM U ytunmsauymen HaHomMmaTepmanoB, HAHOCTPYKTYP U HAaHOTeXHONOornn. INpun ncnonb3o-
BaAHUM HacToAwWwero crtaHgaptTa uaeHTUPUKauU onacHoCTeM And  KOHKPeTHOro HaHomMmaTtepuana,
HAHOCTPYKTYPbI MM HAHOTEXHONOMMU HEODXOAMMO BLINOMHATL B COOTBETCTBUM C TPEDOBAHUSIMU HOPMAaTUB-
HO-NPaBOBLIX akTOB Poccunckon degepauun.

IV



[OCT P 54617.2—2011

HAUUWOHANBbHBIN CTAHOAPT POCCUUCKOMWN PEOEPALNMN

MEHEOXMEHT PUCKA B HAHOUHAOYCTPUN

UaeHTUdpUKauma onacHocTeu

Risk management in nanoindustry. ldentification of hazards

Ilata BBeaeHna — 2012—12—01

1 O6nactb NpUMeHeHnA

HacTosawmn ctaHaapT ycTaHaBNMBaeT NpoLecchl MaeHTUMMKaL MM onacHoCcTen U obMeHa nHpopMaLnen
npu paspaboTKke U UCMoNb3oBaHUK HaHOMaTepuanoBs. [Noaxon K naeHTugukaumm onacHoOCTen, NPUHSTLIA B
HacTodALLEeM CcTaHAapTe, He ABNSAETCA YHMBepcanbHbIM. [1py 3TOM B cTaHA4AapTe caenaH akUeHT Ha ocobeHHocC-
TW 3aga4v 1 npobnem HaHoUHAYCTPUK. B HacTodlemM cTaHaapTe NpyUBeAeHO PYKOBOACTBO No paboTe ¢ UHEOop-
MaLunen, Heobxogumon Ang ycnewHon naeHTUguKaLmMm onacHoOCTEN, a Takke pekoMeHaauMm no cnocodbam
pPaboTbl B YCNOBUSAX HEMOMHOW UHOpMaLUn N HeonpeaeneHHOCTU. KpoMe TOoro, HacTodAlWnA cTaHaapT
COAEePXXUT Cnocobbl akTyanusaunum NPUHATLIX NPeanonoXXeHU, pelleHnin U METOA0B NO Mepe BOSHUKHOBEHUS
N NONyvYeHnst HoOBOM MHopMaLMK, a Takke MeToabl obMeHa MHdopMaunen ¢ NPU4acTHBIMA CTOPOHaMM K
OoBedeHna 4o HUX COOTBETCTBYIOLWUX peLueHUN.

[lpn mnaoeHTUPUKaAUUM ONacHOCTEN HaHOMaTepuanoB HaCcTOoAWMW cTaHdapT pekoMeHayeT MeToabl
paboTbl ¢ HAHOMaTepuanamMmmn, NO3IBONAKCLLIME HAUNYYLWLKM 0bpa3om nonyyaTtb, PETMCTPUPOBATL M OOMEHN-
BaTbCA MHOopMaLMen 0 onacHOCTAX, CBA3aHHLIX C HAHOMAaTepUanamm, 1 NOMOraroLne BeIABUTb HEMOTHYHO
MHdopmMaumnto, onpeagenntb cnocodbbl padoThl NPpKU HaNUM4YKUK NpobenoB B MHpopMaL 1M 1 0O60CHOBATL MPUHSI-
Thle peLleHuns.

HacToawmnn ctaHgapT npegHasHadveH Ans opraHnsaunn, CBA3aHHbIX ¢ NPOU3BOACTBOM U 0bpaboTKoN
HaHOMaTepMnanoB, a Takke Anga opraHusaunmn, 3aHATbIX U3rOTOBMEHUEM U NMOCTaBKOW NpoayKuuMn, coagepKa-
e HaHoMmaTepuanel. CTaHaapT MOXET ObITb None3eH AN opraHoB rocygapCcTBEHHOM BNacTU, NpeacTaBun-
Tenem obwecTBEeHHOCTU U crneumanncToB B 00NacTm HAHOTEXHOMOTUN.

2 HopmaTuBHbIe CCbINKN

B HacTosleM cTaHOapTe UCNoNb30oBaHa HOpMaTUBHAasA CChiNKa Ha cneayoLwun ctaHaapT:
[OCT P CO 11095—2007 CraTtuctudeckne metoabl. JInHenHas kanubpoBKa € UCMONMb3OBaHUEM
obpasLoB cpaBHEHUS

3 CokKkpaweHus

ADME'") — ananns BcacbiBaHUS, pacrnpegeneHusi, Metabonnama, BblaeneHus.
GHS4) — BceMmunpHas rapmMoHU3MpoBaHHas cucTemMa knaccudukaLmm onacHocTen 1 MapKUupOBKUA XMMU-

yeckon npoayKuuu.

1} ADME — Adsorption, distribution, metabolism and excretion.
2) GHS — Globally Harmonized System of Classification and Labeling of Chemicals.

U3paHune odbmumnanbHoe
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4 KpaTkum o630p npouecca naeHTupuKaumm onacHoOCTewun,
CBAA3aHHbIX C HAHOMaTepuanamm

HacTtodawmm ctaHgapT npuMeHnM K coopMUpOBaHHbIM HAaHOMaTepuanam, ocbnagaroLm HOBbIMU CBON-
CTBAMW U COCTOALLMM 13 YacTUL, U PU3nYeckn AUCKPETHLIX OOBLEKTOB, pasMepbl KOTOPLIX B UX MEPBUYHON
popme 0bblYHO paBHbl UK MeHble 100 HM, CTPYKTypa KOTOPbIX MOXET OblTb 0AHOMEPHOW (Hanpumep,
HaHonmaTtbl U HAaHOMNMNACTUHLI), ABYMEPHOW (HanpumMmep, HAHOBOMOKHO UM HaAHOTPYOKWN) MNU TPEeXMEpPHON
(Hanpumep, HaHocdepbl UMM HAHOYaCTULBI), a TakKKe K NpoayKunn, cogepxalen HaHoMmaTtepuanel. CTaHgapT
1PUMEHUM K HaHOMaTepuanam, UCnob3yemMblM Npu npoBegeHUn nccrnegoBaHuia, NPOU3BOACTBE NPoaYKLUK
KOHEYHbIMUW NMOoNb30oBaTENAMU, U HaNpaBeH Ha BLISIBIEHME OMAaCHOCTEN Ha pasfIMYHbIX 3Tanax )XM3HEeHHOro
1MKI1a HaHOMaTepKranos.

4.1 OnucaHue matepuanoB U UX NPUMeHeHUA

Ha nepBoM aTane AommkHO BbiTb pa3paboTaHo obulee onnucaHne nccneagyemMmblXx HaHoMaTepunanos, nX
Ha3Ha4YeHNsa N BbIMoNTHAEeMbIX YHKLWA, BKITHOYAa NpeMMyLLecTsa oT UX npuMmeHeHus. OpraHusauns MoXeT
Mcnonb3oBaTh MHOPMaLMo 06 aHanorM4YHbIX MaTepuanax v uX NIPUMEHeHNN, YTO MOXKET MOMOYb KOMMNEHCH-
DOBAaTb HEJOCTaTOK AaHHbIX.

4.2 WpeHTU(hbUKaumua CBOUCTB MaTepuana, npucyLmnx eMy onacHoCcTen U UX 3KCNo3nyumn

Ha BTOpoM 3Tane paspabaTbiBaloT AOKYMEHTLI, BKIoYaloLwmne onmcaHne CBOUCTB MaTepuana (npodunns
CBOWCTB MaTepuana), COOTBETCTBYIOLLUX eMy onacHOCTen (NMpodounb onacHOCTEN) U UX 3KCMo3ULMKU (Npo-
(PUNb 3KCNO3NLNN).

B npodpunne CBOMCTB MaTepuana ykasblBaloT PU3INYECKNE N XUMUYECKNEe CBOUCTBA HaAHOMaTepuMana.

B npodune onacHOCTEN yKasbiBalOT ONACHOCTU ANSA 300P0BbLSA YeNoBeKa U OKpyKaloLlen cpebl, COOT-
BETCTBYHOLLME OAaHHOMY HaHoOMaTepuany.

B npogune akCcnosmunmn ykasblBaoT BOSMOXHbIE 3KCNO3ULKN (NOABEPKEHHOCTL BO3AEUCTBUIO) onac-
HOCTeW ANdA JYenoBeKa U OKpyXarllen cpedbl Ha BcexX CTagusax XXM3HEeHHOro Uuukna HaHoMmartepuana.

CoaepxaHue Bcex Tpex npodunen BsaMmMmocsasaHo. Hanpumep, MHpopmMaLmns o6 3KCNo3nuLMnM MOXeT
MoMoYb MAeHTUPULMPOBaTb HaMbonee 3Ha4YMMbIe oNacHOCTU NpKn 0bpaboTke HaHOoOMaTepunanoB. TOYHO Tak
)Xe CBOWUCTBA MaTepuana MoryT noMoYb onpeaenntb Hanbdonee BeposiTHbIE ONACHOCTU UMW 3KCNo3nUKMn. [Npo-
N onacHOCTEN U IKCNO3ULMKM MOTYT TakKe BKNoYaTh B cebsa nHdpopmaumio 0 BOSMOXHBIX cnocobax CHU-
XEeHNA OnacHOCTU MaTepuana Unm ero 3KCrnosuumm.

[Tpouecc pa3padboTKM CBOAHOW KapTbl MOEHTUDUKALMKM onacHOCTEN HaHOMaTepuana (npunoxexune E)
OOJKeH BKNovaTh B cebda obbeanHeHMe nepevyHen gaHHbIX O CBOUCTBAX MaTepuana, ero onacHoCTsaX U UX
BKCMo3numnn, paspaboTaHHbIX Ha NpeablayWwmx atanax, MaeHTUUKaLnio HegocTaroWmnX AaHHBIX N UX paHXN-
pOBaHWe Mo 3HAYMMOCTU, a TakKe NPUHATLIE B CBS3U C 3TUM pelleHUst (Hanpumep, pelueHue o cbope aonor-
HATENbHbLIX daHHbIX WM WCNONb30OBaHWM BMECTO HedoCTakwLWMX AOaHHbIX, MNOJIyYeHHbIX Ha OCHOBe
«Hauxyallero cueHapma» Unu NpUHATLIX NpegnonoXeHUn).

5 O6wee onucaHne matepuana v ero NPUMeHeHus

5.1 O6wue nonoxeHUN

OnucaHne matepuana 1n ero npuMeHeHUsa AoMKHO BKtoYaTh B cebs onncaHne CBOUCTB U 0CODEHHOC-
Tell HaHoMaTepuana v ero ucnonssosaHna’). OnucaHmne AoMKHO BbITb 4OCTATOYHO MNOAPOBHBLIM, YTOBBI MOX-
HO ObINO paspaboTaTh bonee geTanbHble NpodUNM MaTepmana, NPUCYLLNX eMy ONacHOCTEN N NX 3KCMO3ULIUIA
Ha pasnUYHbIX CTaAUAX XXU3HEHHOro LMKNa, TakMX Kak Npou3BOACTBO, UCNOMb30BAHNE N yTUNMU3aUMs. I3TO
onncaHne OoOSMKHO NMo3BONATL NUuam, NPUHUMAaLLMM peLleHnst B opraHmusaunn, 1 sanHTepecoBaHHbIM MPU-
YaCTHbLIM CTOPOHAaM O3HAKOMUTBLCH C KOHKPETHBIM BUOAOM HaHoMaTepuana, BO3SMOXHbIMU U3MEHEHUSIMU €ro
CBOWCTB B AONTOCPOYHON NepcnekTuBe WUnn Npu pasnuyHbIX YCNOBUAX NMPUMEHEHUS, a TakKe BO3IMOXHbIMU
dbopmMamMun n cdpepamm ero NPUMeHeHus.

B 6onblIMHCTBE ciyvyaeB Heobxoanmon nHdopmaLmen BnaaetoT paspaboTHnKM U KOHEYHbIE MOMNb30Ba-
Tenn, HO OHa TakkKe MOXeT ObITb NofyvyeHa 13 onyonuKoBaHHbIX AaHHbIX. KOHEYHbIN MOMIb30BaTENb MOXET
MNONy4YnUTb COOTBETCTBYIOLLYIO MHOPMALUIO OT NOCTABLIUKOB UMK pa3paboTynka HaHoMaTepuana.

1) MoTpe6HoCTh B paspaboTke u NCnornb30BaHUM HAHOMaTEPUATIOB MOXET BO3HUKHYTh B NPOLECCe CO3AaHNs HOBON
NPOAYKLUUN NN COBEPLLEHCTBOBAHUSA CYLLECTBYIOWEWN npoaykumn. COOTBETCTBEHHO, MPOLECC, ONUCaHHbLIN B HACTOSALLEM
CTaHgapTe, HE OrpaHnynBaceTCs PaspaboTKONn HOBOW NPOAYKUUM.

2
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XN3HeHHbIn LUK Npoaykuun, coaepXalwen HaHomaTepuanbl, oXBaTbiBaeT BCe MpoLecchl U BUAbI
0eATenbHOCTU: OT NOCTYMMNEHUS Cblipbs, cO34aHUA HaHoMartepuana (UnNK ero nNpeAwecTBEHHUKOB) A0 YTUMN-
3auunn.

[Mpun nponsBoacTBEe HAaHOMaTepuana obbl4HO OTCYTCTBYET HeobXoaAMMOCTb B pa3paboTke cneunanbHo-
ro MeToda aHanusa XWU3HeHHOro uukna marepuana. Ha kaxaon ctagum XXUM3HeHHOro LuMKna martepuana unm
coaepkallen ero npoayKLnMmM paccMaTpuBatoT BCe BXOAHbIE U BbIXOAHbIE MaTepuanbl 1 HeobXxoanmble pecyp-
cbl. BaykHO, 4TOOBI COOTBETCTBYHOLLIME NPOLECCH U JENCTBUA C HaHOMaTepuanamMmn (B TOM Yuche npealecT-
sytowne ) u npoussogHbie?) matepuansl) 6bInv MAEHTUDULMPOBaHBI U onpeaeneHbl BO3MOXKHbIE BbIBPOCHI U
3KCMno3nymm nuccrneayemoro Mmatepuana n Bcex npou3BoaHbIX HaHOMaTepuaros.

[TockonbKy gaHHbIE O KaXXOOoM 3Tane NpuMeHeHnst MaTepurana MoXXHO NpocneanTb No Lenodke 4o nepBuny-
HOrO M3rOTOBUTENA HaHOMAaTepuana, MoXeT notpeboBaTbcsa 0bMeH nHdopMaumnen BBepxX U BHU3 MO LenoYke
MocTaBoK. 3TO HeOOX0AMMO ANSA NOHUMAHUA BO3MOXHbBIX BapUaHTOB UCMOMb30BaHUA HaHOMaTepuana.

HeobxoaMmMo paccMOTpeTb YCTaHOBMEHHbIE U pearnbHO oXuaaeMble AeACTBUSA U NPOLLECCHl Ha BCEX
aTanax XXM3HeHHOro LMKna npoayKLun, M3roToBIEHHOW ¢ NPUMEeHEeHUeM HaHoMaTepuana.

AHanns Xn3HeHHoro LuKa HaHomMaTepuana nomMmoraeT naeHTUdnLMpoBaTh pasnuyHbie opraHmsaumn
(0OBIYHO KOMMeEpPYEecKUe ), KoTopble MOTyT ObITb BOBJIEYEHbI B MPUHATNE peLleHNd 0 NPUMEHEHN HaHOMaTe-
pnana. B 1o Bpems kak nsrotoBuTENb Matepmana obblMHO NPUHMMAET peLllueHns 1 npeanpuHMMmaeT Heobxo-
OnMble OJencTBUA (Takne Kak metodbl obecrnevyeHnsa 6esonacHoCcTU Ha paboymx MecTtax) B Npegeniax CBoero
npeanpuaTUs, Takne pelleHns MoryT oKkasaTb CYLeCTBEHHOE BIIMAHMUE Ha UCTOYHUKMA ONacHOCTW AN ApYrux
Yy4aCTHMUKOB CUCTEMBbI MocTaBOK. Hanpumep, pelleHne UCcrnonb3oBaTbh TOKCUYHbBIE TshKenble MeTansbl B Npo-
OYKLUMN MOXET, B KOHEYHOM cUHeTe, NocTaBUTb Nof yrpo3y 6esonacHoCTb N0Aen, orpaHn4nTb cnocodbl yTUIN-
3aL11 NN BO3MOXXHOCTb MOBTOPHOIO UCMNOMb30BaHUA 3TOW NPOAYKLMN NPW BbIBOJE ee N3 3KcniyaTauuu.

MecTo opraHnsauum B >XM3HEHHOM LIMKIe HaHoMaTepunana BnNuseT Ha obbem 1 rmybmnHy nccnegoBaHuii
N aHanmM3a onacHocTen HaHoMaTepuana. PaspaboTynkm n UsroToBUTENM HaHOMaTepuarnos, NpeaHasHayYeH-
HbIX A1 LUMPOKOro NCMOMb30BaHUSA, AOIMKHBI NPOBOANTL UX BCECTOPOHHUIM aHanus n uccnegosanme. C apy-
O CTOPOHbI, KOHEYHbIA MOoMb3oBaTeNb, KOTOPbIA MaHWpyeT nokynaTb OOWH BWO HaHoMaTepuana And
MCMONb30BaHNA TOMTbKO B OHOM BUAe NPOAYKUMW, NMpedHasHadyeHHOW AN Y3KOro Kpyra nonb3oBaTtenen,
MOXET orpaHn4nTbLCA NpoBeaeHnem bonee y3koro aHanmaa.

5.2 OnucaHue CBOUCTB MaTepuana

OnucaHune prUsn4ecKnx n XMMmU4ecKkmx CBOMCTB HaHOMaTepKrana Ao/MKHO BKIoYaTb OnMcaHne ero XMumMmm-
4ecKoro coctaa (B TOM YMCie NpUMecen), CTPYKTYpPbI, (PU3NYECKOro COCTOAHUSA, CoAepPKaHUA KOMMNOHEHTOB,
pacnpegerieHns pasmepoB YacTuL, paCTBOPMMOCTU, HaNM4ua arnomepartoB 1 arperaTtoB 1 T. N. OpraHmnsayus
OOIPKHA aeHTUhLUMpoBaTh UCTOUYHNKU MaTepurana U Npon3BoACTBEHHbIE NPOLECcChl, B KOTOPbIX OHa UCMOSb-
3yeT (MNn NIaHNUpyeT UCMOMb30BaTh) HaHOMaTepuar, a Takke naeHTUpULUMpoBaTh AaHHble 00 N3BECTHLIX CMo-
cobax MNMpUMEHeHUsa HaHomaTepumana M UCTOYHUKU 3TUX AaHHbIX. Ona uaeHTUdukauum dpusndecknx u
XUMNYECKNX CBONCTB MaTepuana pekoMeHayeTca UCNoMb3oBaTh NepeyveHb, NpUBeAeHHbIN B NPUNoXeHnm A.

5.3 UCTOUYHUKUN MaTepunanoB

B onucaHun maTtepuana gommKHbl ObITb yKasaHbl UCTOUYHMKUA MaTepranoB, UCMONb3yeMbIX AN NPOonU3BOa-
CTBa HaHoMaTepuana (4ng paspaboTUMKOB UMN U3TOTOBUTENEN), UM UCTOHYHUKNA UCMONb3YEMbIX HAHOMAaTE-
pruanoB (ANA npeanpusaTuid No nepepaboTke UMK KOHEeYHbIX nonb3oBaTtenen). OnucaHue AO0IMKHO TakkKe
BKNtoYaTb B cebs geTanmsauuo cnocoboB TpaHCNOPTUPOBKU MaTepuana oT MecTta npnobpeteHna Ao MecTa
nepepaboTkn. 31a MHDOPMaLUMAa BaXKHa ANa onpeaeneHnus 3KCnosmuum HaHoMaTepmanoB Ha 3TOWU cTaanun
NN B cnyvae, koraa cyLecTBYHT UCTOYHUKU MCXOAHBIX MaTepranoB, CBOUCTBA KOTOPLIX (Hanpumep, KoNnn4ecT-
BO NpUMecein) BNUAOT Ha CBOUCTBA pa3pabaTbiBaeMblX HaHOMAaTepUanoB. TakKe ACMKHbI OblTb UOAEHTUP K-
LLMPOBaHbLI COOTBETCTBYIOLME 06pasLbl CpaBHEeHUSS), MaTepuarnsl, KOTOpbIE 3aMEHSIIOT HaHoMaTepuanamu, u
ayonupyowme matepuansl, cogepxawme Yactuubl oObIMHOMO pasmMmepa (He HaHO), C XUMUYECKUM COCTaBOM,
aHanorM4yHblM HaHoMaTepuany.

5.4 NMpouzBoacTBO

CTaausa npouns3BoACcTBa BKIIOYaET TPW 3Tana: N3roToBfeHMe HaHoMaTepuanoB, N3roToBNeHne NpoayK-
LK, coaepXallen HaHoMaTepmanbl, N ynakoBbiBaHME, — B MNPOLLecce KOTOPbIX MpoucxoaaT npeobpasoBaHme
MCXOAHbIX MarepuanoB B roTOBYHO NMPoAyKLMIO U MOCTaBKa KOHeYHbIM nosib3oBaTtenam. CTteneHb geTanusa-

1} Micnonb3ayembie Npu M3roToBNeHWM paccMaTprvBaeMoro HaHomarepuana.

2) \3roToBMNEHHbIE C UCMONb30BaHUEM paccMaTpuBaemMoro HaHomartepuana.
3} Cm. TOCT P MCO 11095—2007.
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AN OMUCAHUSA KaXKO0ro U3 3TUX 3TanoB 3aBUCUT OT CTENEHW y4acTusa opraHu3aunm B cTagusixX XXN3HEHHOro
|KNa HaHONPOAYKLUWN.

1) U3rotoBneHmne HaHoMmaTepunanos. JomkHbl ObiTb ONUcaHbl AEUCTBUS MO NpeobpasoBaHUO MCXOOHO-
ro Mmartepuana B opmy, KoTopasa MoOXeT ObITb NCMNOMb30BaHAa ANA U3rOTOBMEHUSI TOTOBOW NpoayKuun. B aTy
KaTeropuo 0ObIMHO BKMHOYAKOT NPOM3BOACTBO NPOMEXKYTOUYHbBIX XUMUYECKUX BELLIECTB UMM MaTepmnanos, a Tak-
Xe X TpaHCnopTUPOBKY. Hanpumep, yrnepoaHble HaHOTPYOKU (TYOyneHbl) MOryT ObITh NOMYyYeHbl HECKOTbKU-
MW MeTodaMW, BKoYaa TepMmnyeckoe pachnblfieHne rpadpmUToBbIX 3NeKTPoA0B B NiasMe AyroBoro paspsaa,
nasepHyro abnauuio, XMMUYeckoe ocaxaeHue 13 naposon dassl (CVD)), B ToM uncne mMoHookcuaa vnu
auokcuaga yrnepoaa noa BbICOKMM AaBrieHUeMm (HiPcoz)). B pesynbTtate npuMeHeHUa KaXxaoro N3 3Tux MeTo-
0OB M3roTaBNMBaOT MaTepuansl, obnagarLme ocodbbiMn Xxapaktepuctukamu. [Npmn aTomMm maTtepuanbl, npo-
OYKUMS, MPUMEHSAEMBIE MPOLLECChI, Pasnnunsa MeXxay HAMU 1 OTINYNS NONTYYEHHOW NPpoaAYKUMK O0MKHBI ObITh
3aperMcTpUpoBaHbI.

2) N3roToBnenue npoaykuun. JJomkHo ObITb NpruBeaeHo onucaHne NCnofib3oBaHUA HaHOMaTepUanoB
058 nMpousBoAcTBa npoaykuuu. MNMonydyeHHasa npoaykums MoOXeT ObiTb MPOMEXKYTOYHOM UM KOMMNOHEHTOM
OPYron NpoayKLum, npegHasHavyeHHon AN NpOMbILLIIEHHOTo NN KOMMEPYECKOro NCNoNb30BaHNSA U ABNA-
owenca notpebutensckum ToBapoM. OuncTka yrnepogHbiX HaHOTPyOOoK, MxX obbeguHeHne B MaTpULbl
(Hanpumep, ANs co34aHUA HAHOKOMMO3UTHBLIX MONMMMEPHBLIX MaTepmnanoB) U UX MNOAroTOBKA K OKOHYaTENbHO-
MY WU MPOMEXYTOYHOMY UCMONb30BaHUIO (HanpumMmep, NocpeacTBOM pa3mMosia U NONUPOBKA) UK CINSIHNE
HaHoOMaTepuanoB B eAHOe NOKPpbiTUEe — BCE 3TO MOXET ObITb ONMMcaHo Ha JaHHOM 3Tane B npodune Xus-
HEeHHOro LMKNa HaHoMartepuana.

3) YnakoBbiBaHne. JOMMKHO ObITb AaHO ONMCaHUe NPOLLEeCCOB NOrPY3KM N YNakoBKN MPOMEXYTOUHOMN U
FOTOBOU NPOAYKUMN. XOTH pe3ynbTaTaMy 3TON AeATeNIbHOCTU MOTYT CTaTb USMEeHeHWe MeCTOMNOJIOXKEHUA UK
(PU3NYECKOU KOHPUTYpaLnn NpoaykLmnn, OHU He OOJTKHbI BITUATL Ha TpaHcgopMauuio Mmatepuanos. Hanpu-
Mep, YNakoBbIBaHME LLIAPUKOB Nonnumepa, cogepkawmx TyoyneHel, A4ns NnoCTaBkn M3roTOBUTESNIAM 3anacHbIX
yacTen anst aeToModunen Unm KOMNoOHEHTOB NPecCoBaHHOW YNakoBKN NMPU NMNOCTaBKe M3FOTOBUTENSIM KOHEY-
HOM NpoAayKuMK (ONA NPpoAaXK NN PEeMOHTA/BOCCTAHOBIEHUST) MOXKET OblTb OTHECEHO K AaHHOMY aTany.

5.5 TNocTaBKa

OnuncaHne nNocTaBkM JOIMKHO BKOYATh yKaszaHue BUAa TPaHCNOPTUPOBKM (HAanpumep, aBTOMODUIb-
HBIM, Xere3HOAO0POXHbIM, BO3AYLUHBIM UMM MOPCKUM TPAHCMOPTOM) Ha 3Tanax npoekTnpoBaHUS, MPON3Bo/d-
CTBA W TMOCTaBKM MNpoayKuuW, HaHomMaTepuanoB (UNKM npoaykuuK, coaepxawen HaHomaTepuansbl)
nonb3oBaTensMm (Hanpumep, Ha MNPOMbIWMNEHHbIE NPeArnpUaTUsl, B TOProBYyHO CeTb UMM HENocpeaCTBEHHO
noTpeduTento NyTem npogaxu yepes IHTepHeT).

5.6 Acnonb3oBaHue U aKcnnyartayuua

OnuncaHne npeaHasHadveHHOro U npeanonaraemMoro (¢ cobniogeHnemMm ycTaHOBMNEHHbLIX TpeboBaHMN)
MCNoNb30BaHUA HaHOMaTepunanos (UNK NpoAYKUUK, cogepXallen HaHoMaTepuanbl) OCHOBaHO Ha pesynbTa-
Tax X aHanumaa, NpoBOAUMOro opraHusaunen. YcnoBust UCNoMNb3oBaHUA MOTYT ObITb pa3nnYHbI MPU NPUMEHE-
HAXW B NPOWU3BOACTBE, UcCcNeaoBaHUAX WNKM noTpedbutensamu. Hanpumep, ycnoBUS WUCNOMb3OBAHUA B
hapmMaleBTUYECKUX UM MeOULMHCKUX Lenax aBnsarnTca donee ynpaBnseMbiMn, YeM Npu UCNonb3oBaHUK
notpedbutensamu. OnncaHne MoXeT BKMoYaTb B cebs ynydlleHHble paboune XapaKTepUCcTUKM NpoayKuuu,
CBAI3aHHbLIe C npeanonaraeMelM UCNONbL30BaHMEM HaHoMaTepuana (Hanpumep, ynydleHHbIU KOS PUUNEHT
MPOYHOCTU, MOBbILLUEHUNE PEe3YyNbTaTUBHOCTU UNMN 3PPEKTUBHOCTU U T. 4.). B onucaHnn aomkHel ObITh yCTa-
HOBMEHbI YCIMOBUSI XpaHEHUS, CPOKKU rOAHOCTU, TPeDOBaHUS K 3KCnyaTtaumn, peMOHTY, YCIIOBUAM 3aMeEHb
0bopyaoBaHUS, BOSMOXHbIE OTKNOHEHWUS, pa3pyLUeHUs, oTKasbl NPOAYKUUN UNA HAHOMaTepuana.

5.7 OKOH4YaHue XXU3HEeHHOro LUuKna, NToBTOPHOe UCNONb30BaHue, yTUNu3auus

[omkHbl BbITb onKUcaHbl AEUCTBUA nocne npeaHasHavYeHHOro WUCMosfib3oBaHUA HAHOMNPOAYKLUMA UMK
HaHoMaTepunana, NPMMeHeHne UX B Apyron npoaykummn (NoBTOpHOE NCNonb3oBaHMe U nepepabdoTtka) nnm
yTunnsauma. Heobxoanmo Takke mccrnegoBaTb BO3MOXHOCTU pacrnopsXeHus NMpoaykuuen, coaepkalleln
HaHoMaTepuansbl, NOCe OKOHYaHUA ee UCMONb30BaHUA, B TOM YUCTie BO3MOXHOCTb MOBTOPHOIO MCMOJSIb30Ba-
HUS, KOMMOCTUPOBAHUA, 3aXOPOHEHNS OTXO40B, YTUNU3aLUX Yepes3 KaHann3auuto, NyTemM CKUraHns u apyrm-
M MeTogamu. Ecnv noBTOpHOE WCNOoNb3oBaHME MPUEMNEMO AN KOHKPEeTHOW cuTyauuu, Heobxoaumo
MccrneaoBaTh ero oTNMYnSA OT NepBOHaYanbHOMo NCNOb30OBaHMUA.

1) CVD — Chemical Vapor Deposition.
2) HiPco — High-pressure carbon monoxide.
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Cneayowme BONpocsl 1 npeanoXxeHns JoMKHbl MOMOYb COCTaBUTb OCHOBHOE OnncaHne Mmatepuana u
ero NpMMeHeHus.

5.8 Bonpockbl Ana coctaBneHna onucaHua Mmatepuana

- KakoBa ctagus paspaboTki matepuana (nabopaTtopHble nccneaoBaHUs, NUNOTHLIA MPOEKT, AeMOH-
cTpaumMa n 1. a.)?

- KakoBbl UICTOYHUKK MaTepuana (OH NPon3BeaeH B opraHmMsaum nnm npnobpeTeH y NocTaBLLUKOB)?

- [ oe N3roToBMIEH MaTepuan, ecnn oH NpMobpeTeH y NOCTaBLLUKOB?

- Kak n3rotoBneH HaHomartepman (cnocob, Metoa, Texnpouecc U T. n.)?7

- Kaknm cnocodbom 1 B Kakon popMe OCYLLIECTBSIETCA TPAHCNOPTUPOBKA MaTepuana (4o opraHusaunm,
paboyero mecta, 0o obopyaoBaHuna)?

- UmetoTca Nn Ha pblHKe aHanoryu HaHoMaTtepuana ¢ “YactmuamMmy obblYHBLIX pasMepoB?

- CylecTBYIOT N Apyrme aHanoru paspaboTaHHOro HaHoMaTepuana?

- Kak gonro aToT Mmatepuan Unm aHanormyHeln Mmatepman HaxoamTca Ha pblHKe U B TOProBOU CeTn?

- KakoBbl ICTOYHUKKN AONONHUTENBHOWU MHpOPpMaLIMK O AaHHOM HaHoOMaTepuane?

5.9 Bonpochkl Ansi coctaBneHusa obLlero onucaHusl npuUMeHeHUA Martepuana

- UmeeTca N B onucaHMn aHanus onyonunkoBaHHbIX AaHHbIX 00 M3BECTHOM UMK nNpeaHa3HaYeHHOM
MCNONb30BaHUN MaTepunana?

- YCTaHOBNEHO N B onNUcaHuK npeanocnaraemMoe 1 npegHasHavyeHHoe npuMmeHeHne gaHHOro maTtepua-
na ¢ ykasaHnem ocobeHHOCTEN 1 pasnmMuniA NO OTHOLUEHWUIO K UCNOMb3OBaHUIO CYLLECTBYHOLNX MaTeprnanos,
HaMe4YeHHbIX K 3aMeHe HaHoOMaTepuanamm, 1 00 bLEMHbIX aHaNoroB (MaTepranoB ¢ YacTULaMN OObIYHBIX pa3s-
MepoB)?

- OnpaBaaHoO N UCMONb30OBaHME HaHoOMaTepuanoB BMeECTO NMPUMEHAEMBIX paHee MaTepuarnos, Mo
KOTOPLIM NpoBedeHbl COOTBETCTBYIOLME UCCeJ0BaHUA N UMeIOTCA 3aperncTpupoBaHHble gaHHble?

- [loyemMy maTepuman U3roToBIMeEH N UCNONb30OBaH C pasMepoM YacTul, B HaHoAManasoHe, a He ¢ APYrm
pasMepomM vyactumu?

- Kak npegnonaraetcsl U3rotaBnmBaTbh, UCNOMb30BaTh U 0bpabaTbiBaTh MaTepuan?

- KakoBbl nocneayowme cnocodbbl 0bpaboTkn Mmatepuana noTpebutenamm, B TOM YMCNe KOHEYHbIMA
nonbL3oBaTenamMmm?

- B kakon popme paspabaTtbiBaeMblie HaHOMaTepuansl nNpeacTaBneHbl B KOHEYHOW NpoayKunm?

- byayT nn paspabaTtbiBaeMble HaHOMAaTepUanbl CBsI3aHbl UM OrpaHUYEeHbl OCHOBHBLIM MaTepuanom
KOHEeYHOW npoaykumn? Ecnn aa, 710 3T0 cneayeT onucaTs.

- byayt nn HaHomatepuanbl UCNONb30BaHbl OOMbLLUIMM KOMUMYECTBOM KOHEUHBLIX Monb3oBaTenen?
B kakon popme 1 Korga dyayT Ucnonb3oBaHbl paspabaTbiBaeMble HaHOMaTepuans!?

- CKkonbko HaHOMaTepuanoB DydeT UCNOMb30OBaHO B KOHEYHOM NpoayKunn? KakoBbl X TUM N pasmMep?

- Kakon 0bbeM HaHOMaTepuanoB dyaeT UCMONbL30BaH?

- KakoBbl npenmyLlecTBa NpMMeHeHUa 3Toro HaHomMaTtepuana no cpaBHEHUIo ¢ CYLLEeCTBYIOLWMMK CMNo-
cobamm NnpuMeHeHna?

- CocTaBneH N nepeyeHb BCeX BO3MOXHbLIX CNOCOOOB NpUMEHEeHUA?

- bygeT nu noaeepraTtbcd npecneaoBaHUio YMbILLEHHOE NpUMeHeHe AaHHOro HaHoMaTepuana He no
Ha3Ha4YeHUo?

- Kakum obpa3om HaHOMaTepuan Unn HaHonpoaykuusa oyayt obpaboTaHbl U YyTUNU3NPOBaHbLI NOCe
OKOHYaHUA UCMONb30BaHUA?

6 lNpodunu cBONCTB MaTepuana, onacHOCTeM U 3KCNO3NLuUn

6.1 O6Wwue nonoxeHUNA

OCHOBHBIM 3MMEMEHTOM MAEHTUMPUKALMNA ONAaCHOCTEN HaHOMAaTepPUanoB SABNAETCH COCTaBMeHUe MNPo-
bunnen matepmana, onacHOCTEN U SKCMO3ULUN.

[pocdunmn cBONCTB MaTepuana, onacHOCTeN U 3KCNOo3nLMn BKNOYaoT B cebs onncaHne prusnveckmnx n
XUMNYECKMX CBOUCTB HAHOMaTepurana, npucyLmx emy ornacHoOCTeN U 3KCNo3NLMN B COOTBETCTBUU C €ro Xns-
HEHHBIM LMKMOM. OTO ONUCaHUe coaepXUT KpaTKkun 0630p AaHHbLIX U cnocobbl NoONy4YeHUsa HeaocTaroWen
MHpOpPMaLIUWN.

6.1.1 Ucnonb3oBaHue nepeyvyHeun AaHHbIX

[ns1 Kaxkaon U3 Tpex 0CHOBHBIX KaTeropuin nHgpopmauum (pusnveckne/Xmmmieckme CBOMUCTBA, ONacHOC-
T WU 3KCNO3ULKMKN) B Npeablaywmnx pasgenax onpeaerneHbl «nepedHn gaHHbIX», OPMUPYIOLLMX OCHOBY AN4

5
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COCTaBMIEHUA «MOMHOro NepeyHs gaHHbIX» (CM. NpunoxeHna A—I ). B nepedHe gaHHbIX OMKeH ObITh yCTa-
HOBMEH TWN AaHHBIX, HEOBXOAUMBIX A5 XapakTepUCTUKN UCTONb30BaHUA Xumudeckux sewects!). MepeyHn
OaHHBIX CRyXXaT ANd KOHTpOoNA Tiuna n odbema HeodXxoaMmMon NHpopmMaL MK, aHanns KOTopon cnegyeT BbiNos-
HATb 40 3anycka NpoAyKLMM B KOMMepYecKoe UCNOoNb3oBaHUe. JTU nepedHin MoryT HauTu nNpuMeHeHue Ha
HaYvyanbHbIX CTaaMsIX paspaboTKn HOBOW NPOAYKLUUN.

[1oMmKHBI ObITb NCCneaoBaHbl U YCTAHOBJICHDI obszaTenbHblE N 3aKOHOAAaTEeNbHbIE Tpe6OBaHI/Iﬂ K HaHO-
MaTepunaliaMm (HaLI,MOHaJ'II::HbIe A peFI/IOHaJ'IbeIE), OCODEHHO npeanada3Hav4yeHHbIM AJ1d KOMMEPYECKOI o UCINoJib-
30BaHNA.

[lepe4Hn gaHHbIX, ONMcaHHbIE B HACTOALLEM cTaHaapTe, He npeaHasHavYeHbl ANa noy4eHnsa nHdopma-
LI U ONMCaHUA NOMHOro TOKCUKonorndeckoro npodunng HaHomaTepuana. lNepe4vnu paspaboTaHbl 4nd TOro,
4yTOoObI OXBATUTL BCE BUAbLI AaHHLIX, HeobXxoanMBbIX Ana obecnevyeHus gonycTumoro 6anaHca Mexay agekBar-
HbIM COOTHOLLUEHWUEM CBOWCTB, ONMacHOCTAMU, 3KCMO3NLIMEN N NPaKTUYEeCcKON cTpaTernen paspaboTKM HOBOro
HaHoMaTepuana. Ong AoCTKeHUsa 3TUX Lenen B npunoxeHmax A—[ npuseaeHbl nepedyHun, B obem Buae
oTpakalLlMe cyLlecTBYoLWmMe MeToabl U Noaxoabl aHanmaa onacHocTen MaTepunarnos.

UacTo HeuenecoobpasHo COCTaBMATbL BCE NepeYvHn JaHHbIX AN KaX4oro KOHKpeTHOro crydas. Hanpu-
Mep, B CUTyaLUn, Korga AaHHbIX JOCTaTOUHO ANS1 UCKITIOYEHNSI KOHKPETHOro NyTU pacnpoCcTPpaHEeHUs OracHoro
BELLIECTBA, NOJIb30BaTENlb MOXET OLLEHUBATb COOTBETCTBYIOLWNE ONacHOCTU. [onb3oBaTerb MOXET NoTpebo-
BaTb HE BKMNOYATb KOHKPETHbIe 3fIeMeHThl B NepeYveHb AaHHbIX U, HA0BOoPOoT, BKIIHOYNTL B HEMO OOMNOSTHN-
TeNbHY0 MHOPMALNIO B COOTBETCTBUN C NpeanonaraeMmbeiM UCMONb30BaHWUEM HaHOMaTepuarna unu ctagmen
ero paspaboTku.

Takne nepeyvHn AaHHbIX cneayeT perynsapHo akTyanns3mpoBaTtb N0 Mepe NocTynneHnsa nHgpopmauyum ob
OMNAacHOCTAX U pUCKe HaHoOMaTepunana unn B cnyvyae BHeApeHUa MeponpuATUA MO CHKEHUIO PUCKa U yrpaB-
NTEHUNIO PUCKOM.

6.1.2 lNpegnonoxeHuda, UCNofb3yeMble NpPpU HeJocTaTKe AaHHbIX

Pa3paboTka nepeyvyHen AaHHbIX OObIMHO HavyMHAeTCHA C aHanmM3a CYLWEeCTBYOLWWUX UccneagoBaHUN,
HanpaBNeHHOro Ha nony4vyeHne ceeaeHn O XxapakTepuctukax HaHomMmaTepuanoB, naeHTUgUKaLmm onacHoC-
Ten N AaHHbIX 00 3KCno3nunn, HeobxoanUMbIX AN OOBEKTUBHOW OLEHKU X pucka. OgHako B UCTOYHUKAX
CYLLECTBYOLIUX UCccneaoBaHUA MOTyT ObITb CyLLeCTBEHHBIE Npobentl B UHpopMaLMM, NO3TOMY NOMyYEeHHbIe
OaHHbIe MOTYT OoKa3aTbCs HEMONMHbLIMU. B oTAeNbHBIX cnyvyasxX BO3HUKAKOT CUTyaLuKn, Korga CroXXHO Unu npak-
TUYECKN HEBO3MOXXHO, OCODEHHO Ha HaJalbHbIX cTaausaX pa3paboTKM HOBOW NpoayKuum, NPOBECTU HOBLIE
nccnegoBaHUa M UCMbITAHUA HaHOMaTepuanoB, HanpaBneHHble Ha nony4dyeHue HedocTarowuMx AaHHbIX.
B Taknx cutyauunax onydonnkoBaHHbIX AaHHBLIX MOXET ObiTb AOCTAaTOUYHO AN NPUHATUS pelleHUn Ha OCHOBE
3aKMYEHNA 3KCNEePTOB (BbICKa3aHHbLIX U 3aperncTpupoBaHHbIX). ECnn obLenpuHATLIM Noaxoad B onyobnunko-
BaHHbIX UICTOYHUKAX He coBMagaeT C 3aKnovyeHUeM 3KCNepToB, TO NpU HeaocTaTke AaHHbIX MO pesynbTaTam
MCNbITAHUN N HEMOMHOTEe AaHHbIX A0 BHeApeHUs LenecoobpasHo MCNoNb3oBaTh 3HAYEHUA U NPeanoroXe-
HAS, COOTBETCTBYOLLME HanXyalemMy cueHapuio pasBUTUS ONacHOro codbITUs.

3HayeHus, COOTBETCTBYIOLLME HaUXyALeMY CLeHaputo, MOryT BbITb NONyYeHbl N3 HECKObKUX MCTOUYHM-
KOB, TaKUX KaK JaHHble 06 aHanornmyHbix o6bekTax, MaTepuanax UM ecTecTBeHHbIX HaHovYacTuuax. Hanpu-
Mep, MOXHO YNpaBMsATb PUCKOM TOKCUYHbLIX HaHoMaTepuanoB MO aHanorMv ¢ yrnpasfeHUEM pPUCKOM
aHanorM4Horo rno CBOMCTBaM TOKCUYHOIO 06 beMHOro MaTepuarna, CBOMCTBa KOTOPOro XOPOLLO U3yYeHbl. Tak-
K€ BO3MOXHO NMPUMEHEeHe NpuHLMNa aHanornm, paccMoTpeHHoro Hwke. Ecnmn aaHHble no o6beMHbIM MaTe-
pranam OTCYTCTBYIOT, TO MOTYT BbiTb BbiBpaHbl 3HAYEHUs ANS Hauxygllero cLeHapusi, COOTBETCTBYIOLLME
MaKcUMaribHOW ONacHOCTU U HanbBonblueMy pucky. Hanpumep, MOXHO KrnaccuduumposaTh HaHoMaTepuarn,
pegnonaras, 4To oH obnagaeT penpoayKTUBHON TOKCUYHOCTLIO, OTHECH ero K kKateropum 1 (M3BeCTHblE UMK
peanonaraemMble TOKCUYHbIEe BELEeCTBa, BNUSIOLLIME Ha aMBproHarnbHoe passuTtne n penpoaykLumnio Yenose-
Ka) B COOTBETCTBUN € cucTemol knaccudpmkauum CFC/GHS2).

[MpMeHeHMe npuHLUMNa Hauxyawero cueHapusa MoXeT OblTb MOMe3HO NpWM HegocTaTke [AaHHbIX,
MOCKONbKY OHO MO3BONSAET ONpeaeniaTh XapakTepucTuki 1 NpoBoAUTb aHanus, KoTopble Heobxoaumbl 4NN
KONMMYEeCTBEHHON OLEHKM puUcKa, COOTBETCTBYHOLLEro Hauxydllemy CclLeHapuilo peanunsaumm onacHOCTH.
Hanpumep, ecnn oTCYTCTBYHOT AlaHHbIE O JoNle MaTepuana, oTnpaBneHHOro Ha nepepaboTKy Ha NpeanpUaTHe
no o6paboTke CTOYHbLIX BOA, TO MOXHO NPeanonoXnTb, YTO MaTepuan Ha nepepaboTKy oTNpaBnsaoT B OYEHb

1) Ons atux uenen MoryT BbiTb NPUMEHEHBI MEPEYHUN AaHHbIX 06 ONACHOCTHAX XMMUYECKMX BELLECTB, HanpuMep ne-
pedHun, yctaHoeneHHble OECD — Organization for Economic Cooperation and Development (OpraHmnsaumsa aKoHOMUYeC-
KOro COTPYaAHUYECTBA U Pa3BUTUS).

2) CornacoBaHHas Ha rnobanbHom ypoBHe Cuctema knaccudukaumm u MapKMpoBKM XuMmuyeckux Bewects (CIMC)
(Globally Harmonised System of Classification and Labelling of Chemicals — GHS).
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Marnom KonmnM4yecTBe UM COBCEM He OTNpaBnaloT, a 6onblUyo YacTb ero cbpachiBaoT HANPAMYHo B CTOYHBIE
BOAbI, T. €. B OKpYXatowyto cpeay. Perynupyrowme opraHbl MHOTAa MCNOMb3YIOT TakMe npeanonoXeHus no
YMOMYaHUIO NpKY onpeaeneHnn 3KCno3nuLmnMm B cuTyaLnun, korga HeocTynHbl peanbHble AaHHble. Yem 6onblue
OaHHbIX UMW OCTYNMHOW MHOPMAaLMA MO aHaNormYHbIM Matepuanam, TeEM ObicTpee MOXHO NepenTn oT nNpea-
MOSIOKEHUA HaUXYALLEero cLueHapusa K npeanonoXeHnam, oTpaXkaroLwm peanbHyo cntyauuto. Heobxogumo
4eTKo 1 noApobHO onucaTb Bce NPUHATbLIE daKkTUYEeCKNEe U aHaNMUTUYEecKne NpeanorioXXeHus.
HeobssaTenbHo 3Ha4YeHnsa U NpeanoioXKeHNs A0TKHbI ObITb NPUHATHI B KAQYECTBE XapaKTepucTuk dakx-
TUYECKOW TOKCUYHOCTM NN 3KCNO3UL MK MaTepuana unu Ansg onpeaeneHnsa npeanofiaraeMon TOKCUYHOCTU
NN 3KCNO3NLNU. 3TU 3HAYEHNSA KU NpeanonoXeHns npegHasHadveHbl 4N onpeaeneHnsa oLeHKU pUcKa B CUTY-
aLMn HegoCcTaTOMHOCTM AaHHbIX U onbiTa. Mo Mepe HakonneHnsa onbiTa U AaHHbIX O HAHOMaTtepuane NPUHS-
Tble 3Ha4YeHNa U NPeanonoXeHUa MOryT OblTb aKTyanM3npoBaHbl UM 3aMeHeHbl Ha Bonee npueMnemMsle.

[ToNHBIN NepeYveHb AaHHbIX A0MKEH 0DecnevnTb OLIEHKY PUCKa HA BCeX CTagusiX XXU3HEHHOro LMKNa
HaHOMaTepuana KO BpeMeHU ero KOMMEepPYEeCKoro 3anycka, oHako B HEKOTOPLIX cny4vasx nonb3oBaTenu
MOTYT HE AOKYMEHTUPOBATbL (M HE COXpaHATb) pekoMeHayeMble AaHHble. B 3TOM cnyvae NpuHATbIE 3HAYEHUS
N NpeanonoXeHuns (MN 3aHa4YeHUsa 1 NpeanonoXkeHnsa Ha OCHOBE AaHHbLIX U HOPMaL MM B aHanorm4HbIX
CUTyaunsax) AomkHbl obecnevmBaTb 6e30NacHOCTL NepcoHana, oKkpyXatolwen cpeabl, obwectsa U T. 4. [Npn
MNony4YeHun AoNONMHUTENBHBIX AaHHBIX MOTYT BbITb NPUHATHI Bonee npuemMnemsle peLleHUs no MEHEMKMEHTY
pUcKa HaHOMaTepunanoB, NpeaHasHavYeHHbIX ANA KOMMEepPYeCcKoro MCnofb30BaHUS.

B cnyJyae, korga nonb3oBaTenb B O0onblUen CTENEHU NCNONMb3YyeT NPpeanonoXeHus, a He akTuieckme
OLLeHKN pUCKa, OH OomkeH 0OOCHOBATb 3TU NpeanonoXeHust Npu MPUHATUN peLlleHnin 1 AeUCTBUN NO MeHe K-
MEHTY pucka. JaHHyo nHdopmMaLuio cneayet A0BECTU A0 CBeASHUA NMPUYACTHBIX CTOPOH.

6.1.3 OueHKa KavyecTBa AaHHbIX

OueHka, AoKYMEHTUpPOoBaHNEe N 0bMeH MHopMaLmMen 0 KavyecTBe, NONMHOTE U HeonpeaeneHHOCT AaH-
HbIX SIBISAAOTCS HEOTBbEMIIEMOW YacTbo nNpouecca NpUuHATUSA pelleHnid. OueHKka HeonpeaerneHHOCTU daHHbIX
CcnocobCTBYET NOBLILLEHNIO 0DOCHOBAHHOCTU NMPUHUMAaEMbIX pelleHnin. Heobxoanmo OLLEHUBATL U PETUCTPI-
DOBAaTb CTErNeHb AOBEpPUst K AaHHbIM BMEeCcTe ¢ caMUMU AaHHbIMU. B MUPpOBON NpakTuke obLLEenpuHSTBIM SIBISI-
eTcsl Metod bannbHOM oueHKn KnmumoBuYa Ans OUeHKU OOCTOBEPHOCTU AaHHbIX. OOHaKo 3TOT noaxond He
MONMHOCTbIO YYUTHIBAET XapakTepUCTUKUA HAHOMATEPUANOB NPU NCCNeaoBaHUM UX TOKCUYHOCTU. B cnutyauuu,
Korga Heobxoanma Bonee NonHaga oUeHKa pucka, npy NonyvYeHnmn HOBbIX AaHHbIX OLIeHKA pUcKa A0KHA BbITb
aKkTyanmanpoBaHa.

6.2 Pa3zpaboTtka npocdhunsa cBOUCTB MaTepuana

B npocdune cBOUCTB MaTepurana onucbiBatoT Usndeckne n xmmmyeckme CBOUCTBa HaHoMaTepuana,
BKItOYast U3BMEHEHNE CBOMCTB HAa BCeX CTagUSsIX X KU3ZHEHHOTO LMKIa, MOEHTUPULMPOBAHHBIX HA NMEepPBOM 3Tane
npouecca. TN CBeAEHUs SIBAAITCA KPUTUYECKN BaXKHbIMW A1 NpaBUNbHON 0bpaboTkn HaHOMaTepuana,
npeaynpeXaeHusa ero onacHoro BO3AeUCTBUSI Ha OKpYKatoLlyo cpeay, OUueHKU npeaHasHavYeHHOro UCNofb30-
BaHWS1 HAHOMaTepuana U ero CBOUCTB B pearbHbIX YCIOBUSIX UCMONb30OBaHUSI.

CBoWCTBa HaHOMaTepuarna Ao/PKHbl ObITb UCCegoBaHbl HE TOMbKO B « NMPOU3BOSNIbHON hOpME», HO TakK-
)XKe B COOTBETCTBUM CO CTAAUAMUN ero paspaboTkn 1 ucnonb3oBaHUs. JomkHbl BbITb MCCNneaoBaHbl XapaKkre-
PUCTUKM HAHOMaTepuana nocne arperaunmn, obpaboTkn 1 0dbeaUHEHNSA ¢ APYTMMN MaTepuranamMmn BO BpeMs
NCMONb30BaHUS, OKOHYaHUSA NpeaHasHaYeHHOro MCNoSib30BaHUS, BO3MOXHOIMO MOBTOPHOrO MCMOMNb30Ba-
HUA/NepepadboTKn N yTUNM3aL UK (BO BpEMS MK NOCIIE OKOHYAHWUSA ero cpoka rogHoCTn) B BLUAe oTXoaoB. Che-
ayeT Takke uccneaoBaThb CTENeHb U3MEHEHNIA CBOUCTB HAHOMAaTepranoB, BKIOYas U3MEeHEeHUs1 BCrneacTBue
ocoBeHHOCTEN NPON3BOACTBA, 0BPabOTKU U KOHKPETHOTO NpUMeHeHus. Heobxoammo (rae npMMeHnmMo) cpaBs-
HATb CBOMCTBA HAHOMAaTEpPUanoB CO CBONCTBAMU COOTBETCTBYIOLUX OOBEMHLIX MaTEpPUanoB, onpeaennTb
Xapaktep U cTeneHb pasfnydmim 3TUX CBOUCTB.

[omkHbl ObITb UCCNeaoBaHbl BCe OXMaaemMble N3MeHEeHUSI PU3NYECKNX U XUMNYECKNX CBOUCTB B COOT-
BETCTBUN CO CTAAUAMU KNU3HEHHOMO UMKNa HaHomMmaTepuana. o aTum npudnHam uenecoobpasHo oxapakTe-
PU30BaTb CBOWCTBA HaHOMaTepuana BO MHOMMX KOHTPOJbHBIX TOYKax, ecrni OTCYTCTBYHOT OCHOBaHUA
nonaraTb, YTO CBOMCTBa MaTepuana ocTaHyTCcAaA HEU3MEHHLIMM.

[1na nepBoovepeHbIX UccnegoBaHA AOMKHLI ObITh BbIOpaHbl BCe HEM3BECTHbIE PU3NYECKMEe U XUMUN-
yeckme CBOUCTBA U3 NepedyHda AaHHbIX (CM. NMpUnoXeHune A), a Takke pusnyeckne n Xxmummyeckne CBOUCTBA,
BaXKHble And nonb3oBatens. JomkHo ObiTb NPoBeAEHO paHXUPOBaHNE HeOOCTaoWMX AaHHBIX MO 3HAYMMOCTN,
onpeageneHbl MeToabl UCNLITAHUA U NOMHLIA NepeYeHb HeCbXoAUMbIX UCTbITAHUA. [JaHHbIe Mo PUINYECKUM
XUMUYECKUM CBOMCTBAM HaHOMaTepuana, He Bollellmne B 3apermcTprupoBaHHbI nepedeHb AaHHbIX, HEODXO0-
OUMO OOKYMEHTUPOBAaThL B clydae, eCliM OHM OTHOCATCA K onpeaeneHunio HasHadyeHus1, CBOUCTB, OMNacHOCTEN,
3KCNO3nUMn 1 BNocneacTBUnM — K onpegeneHuo pucka, CoOoTBETCTBYIOLLEro HaHoMaTepuany 1 npoaykuuu, ero
cogepxawen. Jlroboe pelueHne ob oTkase npoBeaeHust nccnegoBaHMn HEU3BECTHLIX (PU3NYECKUX UM XUMIN-
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YECKMX CBOWCTB HaHOMaTepuarioB, BXOASLWMNX B 3aperncTpupoBaHHbIA nepevyeHb AdaHHbIX, AOSMKHO ObITb
0DOOCHOBAHO.

6.3 Pa3zpaboTka npocdhuna onacHoctTen

6.3.1 BBeaeHue

Bca nonydyeHHas paHee nHopMauuns AomkHa ObITh onpegenerHa, naeHTMduumMpoBaHa 1 npueegeHa B
npodoune onacHoOCTEN, XapaKTepusytolem noTeHuManbHble ONacHOCTU ANA 340PO0OBbSA Noaen, okpyKaroLlen
cpeabl U Be30NacHOCTM Ha BCexX cTagusiX XU3HEHHOro LWkna HaHomaTtepuana. YacTbio 3TOW npoueaypsl
SIBNSIeTCS onpeaeneHne aaHHbIX, UX paHXUpOoBaHWE MO 3HAYMMOCTU U BbINONHEHWEe BCeX AeUCTBUN, HanpaBs-
NeHHbIX Ha 3anonHeHune npobenoB B MHGopMaLUn N obecnevyeHne Bcex HeobxoaAnMMbIX AaHHLIX UMK pa3pa-
DOTKY NpeanonoXeHn Nno ymondaHuto. B HacTodlwemM cTaHaapTe nNpeanoXeHo Aa noaxoaa K cbopy AaHHbIX
0O onacHOCTU ANd 340pOBLA NMoAen, KOTopble npeacTaBreHbl B npunoXeHnsax b n B. lNepevHn gaHHbIX 06
OMNaCHOCTAX U KPUTUYECKUX ONMacHOCTAX HaHOMaTepuana gnga okpyXatroweun cpeabl npusedeHbl B MPUIOXKEHN-
axl n /.

ObecnevyeHne MakCMManbHOro KadecTsa 1 NOMNHOTLI NPod NS onacHoCTeN aABnaAeTcs pyHAaMeHTallb-
HbIM NPUHLXMNOM MCCNeaoBaHUA COOTBETCTBYOWeEro pucka. HekoTopbiM KOHEYHBIM TOUYKaM OMacHOCTU COOT-
BETCTBYIOT TONbKO onpedeneHHble MyTU pacnpocTpaHeHUa HaHoMmaTtepuana. Ecnu KOHKpeTHble NyTu
pacnpocTpaHeHUsl ONacHOCTU U ee 3KCNo3nums byayT peannsoBaHbl C HU3KOW BEPOATHOCTLIO, OCHOBLIBASICh
Ha oLEeHKe XXM3HEeHHOTo UMKna MmaTtepuana, To COOTBETCTBYIOLWME ONaCHOCTU ABNAKTCA MeHee 3Ha4YMMbIMI.
[TosaTOMy HeobxoauMMoO npoBedeHWEe UTEPaTUBHOINO aHanm3a B3aUMOCBSI3M OMACHOCTU U ee 3KCMO3ULIUN,
Hanpumep, npn uaeHTUdPUKaLUM onacHOCTEU cneayeT yyduThbiBaTb BNUSHME Ha OOLWIECTBO W MepcoHar
MHopMaLn O BOSMOXXHOM 3HA4YUTENbHOM BO3AEUCTBUMN «CBODOAHBLIX» HAHOMAaTEPUAaroB.

He Bcerga moryT ObITb 4OCTYMHBI HAYYHOAOCTOBEPHLIE AaHHbIE 0O ONACHOCTAX KOHKPETHOro HaHOMaTe-
prana. [NosToMmy MOTyT ObITb HEODXOAUMBI 3aKMHOYEHUST CNeunanncToB ANl peanbHbIX OLEHOK BO3MOXKHbIX
onacHocTen. KoHeuHble Nonb3oBaTenn HaHoOMaTePNanoB AOMKHbI TPeboBaTh OT NOCTABLUMKOB COOTBETCTBY-
loLLMe AaHHble 00 UX onacHOCTU. ECni nocTaBLWMKN HE MOTYT UMK HE XOTAT NPeaccTaBnsATh Takyo MHgpopMa-
LU0, TO KOHEYHLIE MONb30oBaTeNM AOMKHbI YyYUTbIBATb 3TO NPU BhLIDOpPE MaTepuanoB M NOCTaBLUMKOB U
OOIKHBI MPOBECTU COOP M OLIEHKY AaHHBIX 0 HAHOMAaTEpPKManax cCaMoOCTOATENBHO.

[Tonb3oBaTenb MOXET paspaboTatb TabnUuy cpaBHUTENbHBLIX CBONCTB, coAepKallyto JaHHble 06 onac-
HOCTW ANA 3400P0OBbA U oKpyXatollen cpedbl BCeX 3HaUYMMbIX MaTepmnanoB U 3aMeHsILWNUX X HaHOMaTepua-
NOB. JTa MHPOPMaL A OTHOCUTCA K 3Tanam OLeHKMN 1 ynpaBneHUs puckom (nuua, npuHMMaroLlme peleHud,
3anHTepecoBaHHbIe NPpUYACTHbIE CTOPOHLI MOTYT aHanM3npoBaTb COOTBETCTBYIOLWME ONACHOCTM HaHOMaTe-
PUanoB U 3aMeHsAeMbIX UM MaTepunanos).

6.3.2 UcnbiTaHus

B HacTosilee BpemMsi MHOrMe MeToAbl UCMbITAHUW B €CTEeCTBEHHLIX (in Vivo) n B NabopaTopHbIX (/n vitro)
YCNOBUAX UCNONBb3YIOTCS ANS1 OLLEHKN TOKCUMYHOCTU paspabaTbiBaeMblX HAHOMaTepnanoB, HO 6onbLUIasa YacTb
3TUX METOAOB U3Ha4YanbHO He Bbina npegHasHaveHa ans tTakux uenen. MHorme npnyacTHble CTOPOHbI CKITOH-
Hbl CHU3UTb KOJTMYECTBO UCTbITAHUA, HE MPOBOAUTL UCMNBITAHUSA HA TOKCUYHOCTb Ha XXKUBOTHbLIX N pa3paboTaTb
NOCTOBEpPHbIe, BOCNPOU3BOANMbIE, obecnevmnBatoLine 40CTOBEPHBIA NPOrHO3 UCTbITAHUSA in Vitro ¢ NCNONb30-
BaHMeM bonee NpUMUTUBHBIX XXMBOTHLIX. [MpegnodTuTenbHo, YTobbl opraHnsaunm UCrnorb3oBan anbTepHa-
TUBHbIE YTBEPXOEHHbIE MEeToAbl UCMbITAHUA HA TOKCUYHOCTb Oe3 MUCMONbL30BaHUSI XUBOTHBLIX, T. K. ONS
paspaboTKn N YyTBEPXKAEHUA METOAOB UCNLITAHUA C UCMNONBb3OBAHUEM KUBOTHBLIX TpebyeTcs ANMUTENbHbIN
nepunoa BpemMeHMN.

Ha ocHoBe UCNbITaHUN, y4UTBIBaA UX CNOXHOCTL, crneundunKky 1 3aTpaThl Ha UX NpoBegeHne, popMUpY-
10T YPOBHU UCNbITAHUK (CM. npunoxeHune b). B naeane ncneltaHna Ha Ha4vanbHbIX YPOBHAX MO3BONAIOT C
BLICOKOW CTENeHbo AOCTOBEPHOCTU NPOrHO3NpoBaTh TOKCUYHOCTL ANd Ntoaen u akocuctem. [locneagyrowime
bonee 3aTtpaTHbIE YPOBHU UCOBITAHUA OOBLIMHO UCNOMNBL3YIOT TOMNbKO ANA NOATBEPXKAESHUA MONOXUTENbHBLIX
pe3ynbTaToB NpealWecTBYIOWNX UCNbITaAHUN, onpeaeneHnsa MexaHU3MoB UMW APYrMx acnekToB TOKCUYHOCTMN,
HeobXoAUMBLIX AN YCTPaHEHUSA, CHUXKEHUA UNK ynpaBleHNUs COOTBETCTBYIOLWMMM PUCKaMM.

CoBpeMeHHbIE BO3MOXHOCTU UCNbITAHWUA /N Vitro No BbIABNEHWIO NoTeHUManbHOWU TOKCUYHOCTU HAHOMa-
TepunanoB C BbICOKOW CTEeNeHbd TOYHOCTWM NPOrHo3a BecbMa orpaHudeHbl, TOYHOCTb UCMLITAHWUKU In vIivVo OANS
3TUX Uenen Takke orpaHudeHa. CnegyeT co3gaTb UHTErpUpPOBaHHYKO CUCTEMY UCMbITAHUWU, BKNHOYAIOLWYIO
CUCTEeMbI UCTIbITAHWUA in VIVO W In Vitro ¢ HavanbHbIMW UCMbITAHUAMMN In vitro, obecnevnBaroLWLMMIN npeaBapu-
TeNbHbIE AaHHbIE O HANMUYNN UM OTCYTCTBUM TOKCUYHOCTU MaTepuana. 910 No3BONsET paspaboTymMkam npu-
CnocobuTb cTpaTernn UCnbiTaHUN K paspadboTke HOBOW NPOAYKLIUN.

Ha HavanbHbIX cTagusiX paspaboTKy npoayKumyM opraHusaums MOXeT OrpaHUYMTbCH NPOBEeAEHUEM
bornee MNMpocTbiX, ObLICTPLIX N MeHee 3aTpaTHbIX CrocoboB pa3bpakoBKU, KOTOpPble MOMOratoT ¢ OOMbLUOK
aonen BepPOATHOCTU MAeHTUPULUMPOBATbL TOKCUYHBIE MaTepuanbl U MaTepuansl ¢ BBICOKMM PUCKOM. [laHHbIe
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paszbpakoBKU B COYETaAHUN C PpaHHEN OLEHKON TEXHUYECKUX NEPCNEKTUB U NepcnekTue Anst bnsHeca HaHoOMa-
Tepunana unm paspabdbaTtbiBaeMoro rnpoaykra MoryTt noMmous B MPUHATUX pelleHns 0 HeobxoaMmMoCcTy NPoaon-
XXEeHUs1 paspaboTKM HOBOW NpoayKuun. B cntyauumun, korga rnpy npoBeaeHUn pasdbpakoBKM Ha paHHUX cTagusx
CO3aaHUs1 NPOAYKLUMA BbINU BbISIBIIEHBI OMACHOCTU, CBSI3aHHbIE C TOKCUYHOCTBIO UMM APYTMMU ONacHOCTSIMUA,
opraHusaums obblMHO HAYMHaEeT aHanM3npoBaTh allbTEPHATUBHBIE NMYTU CHUXKEHUS pUCKa 3a cYeT BHECEHUS
N3MEHEeHNUN B MaTtepuan Unm cnocobbl ero UCNonb3oBaHKUA.

Uem Onuxke maTtepuan Unu npoayktT K KOMMeEpYeckoMy 3anycky, Tem bonee cnoXxHele U cneynduyHble
ncneiTaHns (00bIMHO Bonee 3aTpaTHble) AOIMKHBLI ObITb NPUMEHEHBI OpraHusaunein ans 6onee TO4YHON OLEHKM
PUCKa, COOTBETCTBYHOLLEro HaHoMaTepuany 1unm KoOHe4YHou npoaykumm. K MOMeHTY Havana KOMMEpPYeCcKoro
MCNONb30BaHUS NMPOAYKLUK NN MaTepuana aoikHa bbiTh nonyveHa MHopMauunst o pesynbTaTtax UCnbiTa-
HUAN Ha BCeX cTagusix paspaboTKu.

OpraHusaumm MoryT BelIbnpaTb MOMEHT BPEMEHN N MEXaHU3MbI Nepexoga OT OAHOMo YPOBHS UCMLITA-
HAW K ApYyromMy, ogHaKo ONMMCaHHbIE HUAXKE YPOBHM NUCNBLITAHUA MOTYT ObITb NPUMEHEHBI K OObIYHBIM CTaaUAM
paspaboTKM npoaykumn. Hanpumep, opraHmsauust MOXeT MNPUMEHUTb MUCMbITaHUA YPOBHA | Ha cTaauu
Hay4YHO-UccneaoBaTenbCkUX pabdoT; Aanee nepenT K ucnelTaHusam ypoBHSA |l npu npoBeaeHnn UcnbiTaHUN
onbITHOro obpasua HaHoMaTepuana U HaHCNPOAYKUNK, 3aTEM NPUMEHUTb UCNbITaHWUS YPOBHSA |l Ha cTagun
MapPKeTUHIOBLIX UCCNeaoBaHUN N 3aBEPLUNTL UCMIbITAHUAMK YPOBHSA |V Ha cTagnum MaccoBOro nNpon3BoACcTBa
N KOMMepYeCcKOoro 3anycka npoaykumu.

B HeKOTOpPbLIX cnyvasax HeonpeaeneHHOCTb Pe3ynbTaToB UCMbITAHUA YPOBHS | MOXKET NPUBECTU K pelLlle-
HAKO UCMONb30BaTb UCNbLITAHUA, OObIMHO NPUMEHSAeMbIe Ha NO3QHUX CTaAUAX, paHee YeM 3arnaHnpoBaHo,
YTOObLI CHU3UTL 3Ty HeonpeaeneHHocTb. B ntobom cnydvae Habopbl AaHHBIX U NNaHbl UCNbITAHUA OOMKHbI
COOTBETCTBOBATbL NMaHOBLIM paboTam opraHusaLnum 1 BpeMeHM Bbinycka HOBOW NMpoayKLUUnM (Ha OCHOBE NONYy-
YEeHHbIX AaHHbIX, MPUHATBLIX pelleHNUA, OCHOBaHHbLIX Ha ONYONMKOBAHHBLIX AaHHbIX, 3HAYEHUAX U NPeanonoXe-
HASAX, COOTBETCTBYIOLNX HauUXyallemy CLeHapuio, ecnii MMerTCA CYLLEeCTBeHHble npobenbl B AaHHbIX U
cpeAcTBax KOHTPONS), ¢ TeM YTOObI NONb30OBAaTENMb MOT cAenaTh peanbHbI€ 3aKMIoUeHUs1 O pUCKe.

6.3.3 Ucnonb3oBaHUue nHdopmaLum od6 aHanorax

[1lpn HegocTaTKe AaHHLIX O KOHKPEeTHLIX BUagax onacHOCTen MaTepuana cywecTByeT TONMbKO 0gMH CMNo-
cob NPUHATNA peLleHns, OCHOBaHHbLIA Ha NTPUMEHEHUN NMPUHLMNA aHanormm K AaHHbIM 0 MaTepuarne ¢ UCMnorib-
30BaHUeM nHdopmaLunm ob aHanorMyHOM MmaTtepuane, aAns KoToporo CyLWeCTBYOT NMPOBEPEHHLIE AaHHbIe 0O
nccneayemMom Tune onacHocTu (Hanpumep, neroyHad TOKCUYHOCTL). Oba 3T MaTepurana MoryT ObITb BKIHO-
YeHbl B UCcrnegoBaHme TOKCUHYHOCTU. XOPOLLO U3YHEHHbLIN C TOYKU 3pEHUS onacHoCTen maTtepuan obecnevu-
BaeT AaHHble AN AOOMONHUTENbHOro KOHTPOMSA Npu uccnegoBaHUM HaHomaTtTepuana. B 6onbluMHCTBE
Cry4vyaeB NpPoBOANMbLIE UCTIBITAHUA MOTYT ObITb BONee KOPOTKUMU U NMPOCTLIMNA.

[ToapobHoe U ToOUHOE PYKOBOACTBO HA OCHOBE MHOrodpakToOpHOro noaxoaa K npuMeHeHuo nNpuHLmMna
aHarnornm nNo OTHOLWIEHUIO K UBBECTHLIM XUMUYECKUM BellecTBaM bbinun paspabotanbl OECD v apyrumm opra-
HU3aUMSAMWU. Pe3ynbTaTUBHOCTb CTpaTEernm NpUMEHEeHUs NpuHLMNna aHanornm 3aBUCnUT oT pobacTHOCTU AaH-
HbIX O KOHTPONbHLIX MaTtepuanax, nonyyYeHHbIX Ha OocHoBe bonee NOMHbIX UCMLITAHUA HA TOKCUYHOCTb, U
nokasaTenbCcTB LienecoobpasHOCTU NpuMeHeHnsa obpasua cpaBHEHUS ANg HOBOro martepuana, ocobeHHO
OTHOCUTENLHO BO3MOXHbIX MEXAHU3MOB TOKCUYHOCTWU. ECNK AoKasaTenbCTBa Lenecoobpas3HoCTU YCTAHOB-
NeHbl, TO UCCNeaoBaHUS NO3BONSAOT rMy6XKe U3Y4UTb KOHKPETHBLIA TUN TOKCUYHOCTU HOBOMrO MaTepuana Ha
OCHOBE AaHHbIX O XOPOLLO U3YYeHHbIX MaTepuanax. Kputepum npUMeHeHUs NpuHLuna aHanorim npu uccre-
OOBaHNM HAHOMaTepUanoB elle He paspaboTaHbl, 0AHaKo B 3TOM NpoLecce BaXHYHO PONb UrpatoT Xapakre-
PUCTUKN YacTul,. [pu yCTaHOBNEHUM aHanorMy nonb3oBaTesb AOMMKEH onpeaennTb, COOTBETCTBYIOT N
CBOWCTBA aHaNOrM4YHOro MmaTepuana, Takme Kak pasmep Yyactul, pacnpegeneHne pasmepoB YacTuL, Kpuctarn-
NYECKOE COCTOSIHME, PEaKTUBHOCTb MOBEPXHOCTU U T. A., COOTBETCTBYIOLMM CBOUCTBAM YacTuL, uccneaye-
MOro HaHoMaTepuana.

Pe3ynbTathl NPUMEHEHNUST NPUHLMNA aHaNOrnMnU He CTOMNb HaAEXHbI MO CPaBHEHWUIO C AaHHBIMW KOMMIEKC-
HbIX UCCNeaoBaHUN TOKCUYHOCTU UCccneayeMoro marepumana. B HacTosillee BpeMs He BCerga eCTb BO3MOX-
HOCTb MNPUMEHUTb CyLlecTByLWMe paHee MeTodbl WUccneaoBaHUM K HaHomaTepuanam. OaHako
ncenenoBaHus NO NPUHLKMNY aHanorm MoryT rno3BoSiMTb NMPOBECTU MOHUTOPUHE U MONYYUTb NpeaBapuTenb-
Hble AaHHble 00 oLeHKe coBnagatomx DIN3KNUX TOKCUKONMOrMYEeCcKnX BO3AEeNCTBUIA ANl BHOBb pa3paboTaHHO-
o0 HaHoMaTepuana WUnn CyLlIecTBYOLWEN NpoayKuun, coaepXxallend HaHoMaTepuansl, B KOTOPYHO BHECEHD
HebonbLNe N3MEHEHUS.

[Tpn nccnegoBaHn BO3AENCTBUA HAHOMAaTEPMAIOB BO3HUKAIOT NpobnemMebl, He BO3HMKAOLWME B Crny4vae
BO3OENCTBUSA OBBbIYHBIX XMMUYECKUX BelwecTB. Hanpumep, nogobune obbIYHBIX MaTepuanoB No XMMUYECKON
CTPYKTYpe SIBNSIETCH AOCTATOYHLIM OCHOBaHMUEM AN NpUMEHeHns npuHuuna aHanormn. OgHako cBoUCTBa U
TOKCUYHOCTb HAHOMAaTepManoB 4YacTo CBA3aHbl C APYrMMIM NoKasaTenamMmun, yHUKanbHble CBOUCTBa HaHOMaTe-
pranoB B OoNbLUEN Mepe 3aBUCST OT pasMmepa YacTuL, N He 3aBUCST OT XUMUYECKON CTPYKTYpPbI. [1o3TOoOMY npu
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MCMONb30BaHMM AAHHOIO MeTo4a NPUMEHUTENBHO K HAHOMaTepuanam crnegyeT npuaepKmBaTtbcs 6onee KoH-
CepBaTUBHOIO nNoaxoaa.

6.3.4 ®opmMupoBaHue npodpuna onacHocTen

[Tpu popmMuUpoBaHn NPOPUNA onacHOCTEN ANA KaXXaon cTagum XKU3HEHHOTO LUKIa B COOTBETCTBUK CO
cTaanen paspabdboTkn HeobxoaMmMo BBINMOMHUATL creaytolne AeNCTBUSA:

- AlccnegoBaHue U UCNoNb30BaHUe CyLeCcTBYWLMX AaHHbIX. CrieayeT BbINOMHUTL NpeaBapuTerb-
HbIN aHann3 UCTOYHUKOB MHGopMaLUKM 0 Ba3oBOM MaTepuane, a Takke mnccneaoBaHne BCeX BHECEHHbIX
N3MEHEHNA N HANUYNUA NpUMecen (3arpsi3HeHnin), KOTopblIe BO3SHMKAKOT NMPX NPOMbILLUNIEHHON 0bpaboTKe nnu
MPU 3KONOTNMYEeCKNX U/nunn dnonormyecknux npeodpasoBaHusiXx mMmatepmana. HeobxoamMmo nNpUMMeHnUTb Noaxoan
«BECOMOCTU A0Ka3aTeNbCTB» K OLEHKe CYLIECTBYOLWMX AaHHBLIX N MHopMaLumM 06 3KCnosuumnm U onpeae-
NMATb HEODXOAMMOCTL B NMONy4YeHUN AONONHUTENBHOW MHOPpMAaLIUK AN NpoBeaeHNs naeHTudmnKkaumm onac-
HOCTEN N OLLeHKN pUCKa.

- PaHXXupoBaHue HeaoCTakwWMUX AaHHbIX MO 3HAYUMOCTU. [1pn HeobXoaMMOCTN cneayeT onpeae-
nnuTb (M 0OOCHOBATL) NydllMe cnocodbl NoNny4YeHUs AaHHbIX. Hanpumep, nHdopMauua npodnung XMMU4ecKux
N PU3NYECKNX CBOUCTB MaTepumana 1u npoduns aKCnosnuumm moxeT ObiTb NofiesHa Npu paHXnpoBaHUN OaH-
HBIX MO 3HAYMMOCTM NpKU 3anonHeHnn npobenos B npodune onacHoctTen. KnroyeBbiMUM MOMEHTaMU Uccrneano-
BaHMA AOMKHBLI OblTb HaUbonee BepoATHbIE Cnocobbl BLIODPOCOB, NYyTU PACNPOCTPAHEHUA U 3KCMO3ULUK
MaTepuana, oCoDeHHOCTU N KONMMYECTBEHHbIE XapaKTepPUCTUKN BLIDPOCOB U SKCNO3ULUK (HanNnpUMep, KOmnun-
YeCTBO NoABEPXKEeHHBLIX ONacHOCTU NMoaen, cTeneHb pacnpocTpaHeHUsa HaHoOMaTepuana B NpOCTPaHCTBE U BO
BpeMeHN), a Takke Tpebyemble pecypchl 4ns UccrnegoBaHus npoaykunn. Bee peleHna 0 HeobXoaAUMMOCTU
nonyvyeHuns gaHHbIX, 060CHOBaHWE NPUHATBLIX PEeLUeHNn N UCMoNb3yeMble CpeaCcTBa KOMMNeHcaLUm HeaocTato-
LLIMX AaHHBIX ACMKHbI ObITb 3aperncTpuUpoBaHbl B KapTe naeHTUdUKaL MM onacHOCTEN HaHoOMaTepuana.

- OnpepeneHue MeToA40B U NMPOTOKONOB UCNbITaAHUN. Ha ocHOBe MHopMaLIMK AOMKHBI ObITb yCTa-
HOBNEeHbI MeToabl U MPOTOKONbLI UCMbITAHWUK ANg opMUPOoBaHUA Npodunna onacHocTen. B npunoxeHuax b v
B npuBeaeHbl ABa BO3IMOXHLIX NoAXoAa K COCTaBIEHUIO NMPOToKoNa UcneitaHU. INonydyeHHble AaHHbIE, NPU-
HATBIE peLleHnst U X 00OCHOBaHWE AOMMKHbI ObITb 3apPEernMcCTPUPOBaHBI B KAapTe naeHTUUKaLmMm onacHoCTeu
HaHoOMaTepuana.

- UaeHTUOUKaLMA U XapaKTepuUcTUuKa onacHocTeWu. ANpPpUOPHYIO MHGOpMaLUO, OCHOBaHHYK Ha
N3BECTHbLIX UCTOYHMKaX UHOopMaLMK, BMecTe ¢ NofyvYeHHbIMU HOBbIMU AaHHBIMU 3aHOCAT B KaAPTY UOEHTU-
punkaLum onacHocten HaHomartepuana. lanee Heobxoammo cocTaBuTb npodunb MHdopmaunum ob N3BECT-
HBIX OMAaCHOCTAX MaTtepuana, BKItovasi conocrtaBneHne martepmana ¢ obpasuom cpaBHeHUS: OO bEMHBIMU K
3aMeHseMbIM MaTepmnanamn. B utore Ko BpeMeHn KOMMEPUECKOro 3anycka npoaykumm aomkHa ObiTb NOMy-
YeHa XapakTepucTuka onacHocTel HaHoMmarTepuana. axe nocne okoH4YaHuUsa padoT no cocTaBneHUo Npodu-
Ns1 ONAacHOCTEN ero Heobxoaumo perynspHo OOHOBMATL MPU YCTAHOBMEHUW HOBBLIX OMACHOCTEN UMK
nony4eHnmn HOBOM MHgopmMaLmnm ob onacHoOCTK.

6.4 Pa3paboTka npocduna akcnosnymm

6.4.1 BBeaoeHue

[Tpn dopMUPOBaAHNM NPOPUNA SKCNO3ULUKA UOEHTUPULNPYIOT N XapaKTepU3yoT BOIMOXKHYIO 3KCMO3U-
L0, ee BO3OENCTBME Ha YenoBeka N oKpyXalolylo cpely Ha BceX 3Tanax XXU3HEeHHOro LuKna npoaykuuu.
Takasa MHpopMaLus BaXKHa He TONMbKO AN OKOHYaTEeNbHOW OLUEHKU U MeHeQXKMEHTa pUucKka, HO Takke urpaet
CYLLEeCTBEHHYIO pPONb NpU NPOEKTUPOBaAHUU NpoLecca naeHTUgunKaumMm onacHoCTeN N OLUEHKU UX pUCKA.

CyLlecTBYIOT ABa cnocoba 3KCnosnLum HaHoMaTepuana: NPpAMon KOHTaKT XKMUBbLIX CYLLECTB C HAaHOMaTe-
pranom Unu BeIBPOC HaHOMaTepuana B oKpyXXarLlyto cpeay (Hanpumep, B aTMocdepy, Boay, NOYBY UT. M.), a
Takke BO3AEUCTBUE HAHOMaTepUana rnpm NCrnonb3oBaHUM coaepallen ero npoaykummn. IKCnosnumnst BO3IHU-
KaeT npu nonagaHuUM HaHoMaTepuana B opraHnuam Npu abixaHuu, npuemMe nULLM Unm Npu KOHTakKTe Yepes KOXy
NN apyrue TkaHW opraHnuamMa, Hanpumep vyepes cnnmsnucTble 0DONOUKN.

B 3aBUCUMOCTU OT CrocobOB UCMONMb30BAHUS HAHOMaTepuana, ero CBOUCTB U XapakTePUCTUK NPOAYK-
LI, CO30aHHOW HA OCHOBE HaHOMaTepurana, Nyt 1 crnocobbl 3KCMo3nuMn HaHoMaTepuana MoryT ObliTb pas-
NuUiHBIMKA. Ecnn MaTepmnan aABnaeTcd KOMMNOHEHTOM aspo30/lbHOW NPOAYKLWK, TO ee pacnbleHne MOXeT
Bbl3BaTb 3MUCCUIO MaTepuana B OKpyXXarwLlyo BO3AYLUHYIO cpeay, a Takke nocneaytollee ero nonagaHve B
nerkme 1 Ha Koxy. Ecnn matepuan npegHasHaveH anst copoca B CTOUHbIE BOAbI, HANPUMEP SIBMSIETCH YaCTbIo
YUCTALLIMX CPEeACTB, TO BoAa byaeT NepBUYHOU cpeaon ANsl ero 3KCnosnumm 1 Bo3aenNcTBUA (Yepes NUTLERYIO
BoAY 1N pblby). KpoMe Toro, KOHTaKT ¢ ocTaTkaMu HaHoOMaTepuana (Hanpumep, nocne UCnonb3oBaHUA YnC-
TALWMX CpeaCTB) ABNAETCA BO3IMOXHbLIM NMyTeM 3KCMO3ULIUN.

KoHeuYHble Nonb3oBaTeENM AOMKHbI YYUTbIBaATh Crnocobbl NMPpUMEHEHUA HaHOMaTepuana B npoayKLuu,
ero BO3OeNCTBME Ha 4YeNioBeKa, a TakKe OCODEHHOCTU MUCNOMb3YEMBIX HAHOMATEPMANOB, KOTOPLIE MOTYT
nonacTb B OKpyXarwlyto cpeay. Hanpumep, HaHOMaTepuan MoXeT cogepXaTbesl B 3alUUTHOM NOKPLITUN
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MOBEPXHOCTU NPOAYKLINMW, NO3TOMY BO3MOXHas 3KCrno3muua byaeTt orpaHUYeHHon (Hanpumep, BeIOpOCHl Npu
pa3pyLUeHUn NoBepxXHoCcTK). Kpome Toro, Ucrnosfb3oBaHMe HaHoOMaTepuana rnpu N3roToBneHnn NpoayKLmMm He
obsA3aTenlbHO 03Ha4YaeT, YTO KOHEeYHbIW NPOAYKT COAEPXUT HaHoOMaTepuansl.

6.4.2 lNpouecc pa3paboTkn npothnna IKCNo3nLun

[1pn paspaboTke nNpodnns aKCNo3nLUN ANg KaXXaon cTagun XXKU3HEHHOTO LMKa NpoayKumm Heobxoau-
MO BbINMONHUTE cneaytowme 4eUCTBUSA:

- OUueHKa noTeHUUanbHbIX BblIOpoOCcOB. BCce M3BEeCTHbIE NN BO3MOXHbIE NpoLecChl NpOU3BOACTBA
MU UCMONb30BaHUA, B KOTOPbLIX MPUMEHSAOT HaHOMaTepuanbl UM NPpOoAYKLUUIo, coaepKallyio HaHoMaTepua-
Nbl, AOIMKHBI ObITb OLeHEHbl HAa BO3MOXHOCTb 3KCMO3NLUMN NMPU NPAMOM KOHTaKTe C XKMBbIMU CyLLleCcTBaMN UMK
BO3MOXHOCTb NonagaHns HaHoMaTepMarnoBs (BLIDPOCOB) B OKpYXKatoLyo cpeay.

[ToCcKONbKY MeHeXXMEeHT pUCKa N KOHTPOMNbHbIE Mepbl BITUAIOT Ha 3KCNO3ULUIC B NpoLecce nponsBoa-
CTBa, TO ANA OLUEHKNU BO3SMOXHbIX BbIOPOCOB 1 pa3padboTku npodonnga 3KCno3nunm B OTHOLLEHNN Npodeccuo-
HanbHOMN 6e30MNacHOCTU HeOBbXoaUMO OTBETUTL Ha cneayroulMe BONPOCHI:

- Kakne cpeactea obecnedyenuma 6esonacHocTn (Hanpumep, yaaneHusa noliv, obecrnevyeHnsa repmeTind-
HOCTW) NCNOMb3YIOT Ha pabounx MecTax U KaKOBO Ka4ecTBO UX paboThbl?

- Kakme npuMeHsiloT cpeactea nHanMsuayansHoM 3awnTtel U 3allMTHoe 0bopyaoBaHme (Hanpumep, BUa
PUNBLTPYIOLWLEro KapTpuaKa Unm 3alTHBIX nep4yaTok)?

- Kakne npoueaypbl MUHUMU3ALNN 3KCNO3ULKKM (BKTOYAda UHCTPYKUMKA ANA NMPpUMeHeHUa B goMallHeM
X0O35ACTBE Mo Agerasauiv npu cnyv4yanHom pasnuee Unu Belbpoce, Npu cMeHe punbTpa, a Takke No MeToaam
YTUNn3aunm) NpUMeHaT B KOHKPETHON cUTyaummn?

- Hackonbko s ekTUBHBI TEXHUYECKUE CpeAdcTBa KOHTPONS U 3awuTHoe obopyaoBaHMEe MPUMEHU-
TeNnbHO K UccnegyemMmbiM HaHOMaTepuanam?

[omkHbl BbITb MAEHTUPULMPOBAHBI MEXaHWU3Mbl BO3MOXKHOIO BO3AENCTBUA Ha YefloBeKa U oKpyXKato-
wyto cpeay. Hanpumep, Bo3aencTesmne HaHoMaTepmanoB BO3MOXHO NPKY NX NCNONb30BaHUN B BUAe MaTepua-
[IOB U coaepXalwen nx npoaykumn. BeposaTHee Bcero 3KCNO3ULNMA MOXET BO3HUKHYTb TOJIbKO B MecTax
TEeXHMYEeCcKoro obcnyXMBaHusa Unn peMoHTa NpoayKLum (Hanpumep, nNpu WndoBKe, CBEpieHNU, CBapKe) Unn
B Cllydae peanu3aunm KOHKPEeTHbIX CLieHapueB 3aBeplUeHUsl XU3HEeHHOro LMKia HaHomaTepuana, Koraa
MOXET BO3HUKHYTb OMacHOe 3arpsisHeHue OKpyKatollen cpeabl (Hanpumep, nonagaHne HaHoMmaTepuana B
KUCMble XUaKkue cpeabl Npn yTunusaumm mycopa, YTo MOXET Bbl3BaTb nonagaHue HaHomaTepuana, cnocob-
HOro M3MEHUTL LWeSlovHon BbanaHc, B rpyHTOBbIE BoAdbl). KpomMe Toro, HeobxogmMmo y4nTbiBaTb CBOWCTBA U
XapakTepuCcTUKA HaHoMaTepuana.

[na kaxgown cpeabl, NoTEeHUMaNnbHO NogBepPXeHHOW BbIbpocamMm, MOXHO ANA HarnsggHOCTU COCTaBUTb
KapTy BbIOpocoB. TakMM 0OpaszoM MOXHO naeHTUUUUPOBaTb BCE M3BECTHbIE KPUTUYECKUE OMacHOCTWU
(Hanpumep, XMMn4eckne npeBpalleHns HaHoMaTepuana npu yTunmsaumm Unm ero nepeHoc B Apyrue cpeasbl).
[TogobHbIM criocobom MOXKHO onpeaennTb TO, UYTO HEU3BECTHO O crnocobax BbIOPOCOB, MYTAX 3KCNO3ULLUN,
0o3ax U gpyrux cooTBETCTBYHOLWMX rnokasaTtenax. NHpopmaunsa B gaHHOM clydae xapakTtepusyeT BO3Aei-
CTBME HaHOMaTepuana B ABYX HanpapleHUsIX: Ha opraHn3m YenoBeka 1 oKpyXawllyto cpeay (MHpopmMmaLns
3TUX ABYX HanpapleHUun MoXeT BbiTb B3auMOCcBs3aHa). [Anga oueHKM BO3AENCTBUSA HA OpraHU3M verioBeka
HeobXoaMMO OTBETUTL Ha crneaytoLlne BONpochl:

- KakoBbl cnocobbl MOTEHLUMANLHOMO BO3AEUCTBUSA (3KCNO3NLNN) HA OpraHnu3M JvenoBeka (Hanpumenp,
yepes AblXaHue, NULLy, Npy nonagaHnM B rnasa U Ha koxy)? Kakme mexaHusMbl AN AeUCTBUA MOTYT NPUBECTH
K MOABIEHNIO BbIDPOCOB, CNOCODHLIX CcO34aTh 3KCMO3ULUA?

- ABNsAeTca N HaHOMaTepuan CyLLLeCTBEHHO BaXKHbIM B MOTpebunTenbckom ToBape (B HaHopa3smMmepax)?
Ecnu aa, To B kKako popme oH npucytcTteyeT? KakoBbl BO3MOXHbIe NyTU dOPMUPOBAHNSA SKCMO3NLAN NPU
YCNOBUAX NMpegHasHa4YeHHOro nim oXXuaaemMoro Ucnosib3oBaHna?

- MoxeT N HaHoMaTepuan npucyTCTBOBaTb B MMTLEBOM BoAe UMM Bode ANd nonuea? INpu kaknux ycno-
BUAX"?

- MoXeT N HaHoOMaTepuan NPUCYTCTBOBATbL B OKPYXKatoLemM BO3ayXe UM Ha NOBEPXHOCTSAX paboymx
MECT, AOMOB W B APYrnMx Mecrtax obutaHua niogen? B kakon popme?

- Kakue rpynnel HaceneHuns aABNATCS Hanbonee BOCNPUMMYUBBIMU K 3KCNO3ULIMKM HAHOMAaTEpPUanoB
(Hanpumep, aeTun, noxunele noan)? INpun Kkaknx ycrnosusax??

[Tpn nccnenoBaHUM 3KCNO3NLUK B OKPYXKaloLWYHO cpely HeobXoanmo NMonyyYnTb OTBET Ha crneayolme
BOMPOCHI:

- KakoBbl BO3MOXHbIE UCTOYHUKM NonagaHna HaHoMaTepuanoB B CKpyXarLlylo cpedy (Hanpumep, B

aTMocdepy, Boay, NoUBy, 0cagouHble nopoabl U dbuomatepuo)? MNpn Kaknx yCcnoBuUax HaHoMaTepuanbl MOTyT
nonacTb B OKpyXaroLlyto cpeay?
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- Kak npoucxoauT pacnpeaeneHne HaHoMaTepuana B okpyatolwien cpee (T. e. KakoBbl Crocobbl pac-
NPOCTpaHEeHUs N HAKoNNeHUs HaHoMaTepuana B atMmocdepe, Boae, NovBe, 0caaoUHbIX Nopoaax n bnomare-
pUn)?

- KakoBbl BO3MOXHbIE NMYTU 3KCMO3ULLUNATY

- [logBepraeTca N HAHOMaTepuan pasnoXeHUo UMM XMMUYeCKoOMY NMpeBpaLleHnIo B OKpyXKaroLlen cpeae’?

- KakoBbl CNOCOo0LI yTUNM3aLUNM HaHOMaTeprana 1 MoOXeT NN OH HaKannMBaTbCA B CTOYHbIX BoAax?

CoxpaHsieTcd N1 HaHoMaTepuan B oKpyXatollen cpeae B buoaocTtynHon dopme?

- Ha oCHOBe nony4eHHOU MHopMaLUUM O KPUTUYECKMX OMAaCHOCTAX ANA OKpyXalolwen cpeabl, Kakme
NONyNSLUMN XKUBLIX CYLLECTB MOTYT ObiTb NOABEPrHYThl ONACHOCTU (HanpuMep, NTULbLI, OpraH3Mbl, 0bUTalo-
e B BoAe, Ha AHEe BOAOEMOB UM B no4se)? Kakmm obpasom?

- CyliecTBYyeT NN BO3MOXHOCTb BMoakKymMmynmpoBaH1Ua HaHOMaTepuana?

- UTO HEN3BECTHO O KPUTUYECKMX OMAaCHOCTAX HaHOMaTepuana ans oKpyXxarlen cpedbl U Kakme mepsbl
cnegyeT nNpeanpuUuHAMaTh?

- PaHXnpoBaHue HeaoCTarwWUX AaHHbIX N0 3HAYUMMOCTU. [1pn OTCYTCTBUM UNKU HEOQOCTaTOYHOCTU
OAaHHbLIX HEOBbX0ANMMO UccneaoBaTh CNOCcodbl U CTOYHMKN UX NoNyveHus. KnioyveBbIMM MOMEHTaMM UCCeao-
BaHWW OOITKHBI ObITb HAaMbonee BeposAATHbIE CNOCODLI BHIDPOCOB (BblAENEHNN), NYTU UX pacnpoCcTpaHeHns w
XapakTep BO3MOXHbIX BBIDPOCOB UITN 3KCMO3ULNU, OXMaaeMbln 06beM BbIOPOCOB 1 3KCNO3ULMK (Hanpumep,
KONMMYECTBO NoABepPXEeHHBIX ONMacHOCTU NoAen, cTeneHb pacnpocTpaHeHUa HaHOMaTepuana B NPOCTPaHCTBEe
N BO BpeMeHU), a Takke TpebyemMble pecypchl Ans UccnegoBaHms npoaykuun. B 3aBMCUMOCTU OT CUTYaL MK
MOXHO UCKIMIOYUTL onpeaeneHHbie Nyt akenosnunn. Bee pelueHnsa o HeobxoamMmMocCcTU NonyvYeHnUs AaHHbIX,
0OOCHOBaHWE NPUHATBLIX PELLeHN N UCNONb3yeMble cpeACcTBa KOMMNeHcaUun HeaocTaoLWmMX AaHHbIX AOMKHbI
ObITb 3apernucTprupoBaHbl B KapTe naeHTUgUKaLmm onacHocTen HaHoMaTepuana (CM. NnpunoXxexme E).

- PazpaboTka U BbINONTHEHUE NNaHa Nnony4vyeHnsa HeobxoaUMMbIX AaHHbIX. [locne npoBeaeHNUA aHa-
Nn3a BbILLEONUCAHHBbIX KIMHOYEBLIX 3MIEMEHTOB, MAeHTUPUKALUA U paHXXNPOBaHUA HeQOoCTaoLWMUX AaHHbIX Mo
3HAYMMOCTU crneayeT paspaboTaTb NNaH Ans 3anonHeHust NpodbenoB B AaHHLIX (MU 0OOCHOBATL OTCYTCTBUE
HeoBXOAUMOCTU B UX NONMYYEHUN N UX 3aMeHy). Heobxoanmo naeHTudpnunpoBaTb UCTOUHUKA MHOPMaL UK,
TEeXHUYECKMUX SKCNEPTOB N pecypchl, HeobxoanMble AN NoNyvYeHUs KpUTUYECKN BaXKHbIX AaHHbIX.

- XapakTepucTuka akcnosmymn. KnoueBbiM pe3ynbTaTtoM AaHHOro 3Tana siBNSIeTCA KpaTKMiA 0b30p U
cuctemMaTumsaumna cobpaHHon MHpopmaLmnm 0b 3KCNO3NLUKA. OTU AaHHbIE AOIMKHbI ObITb AOCTYMNHBI K MOMEHTY
KOMMEpPYECKOro 3anycka HaHoMaTtepuana U AoMKHbl ObITb akTyanusnpoBaHbl NPy USMEHEHU UHOpMaL K
0D onacHOCTK ANnsl YeNoBeKa U OKpyKatoLlen cpefibl. XapakTepUcTuKa 3KCnosnuumm BKIoYaeT B cebs:

- YCTAHOBNEHME Lenn, obnactn NpUMEHeHUsa, YPOBHSA AeTanusaumn 1n nogxoaa, npMMeHaemoro ans
OLLEHKWN, BKMOYAS UCNONb3yeMble KnoYeBble NpeanonoXeHUs:;

- OLIEHKY 3KCNo3nLun 1 Oo3bl BblgeneHnn 1 BbIOpoCcoB, BO3AEUCTBYIOLWMX HA Nogen, Nnonynsaumnm pacTe-
HAW N XXNBOTHBIX;

- ODLLYIO XapaKTepUCTUKY KavyecTBa OLEHKU U CTEMNEHM O0OBEPUS OLIeHKaM 3KCNO3ULIUA N NMONyYeHHbIM
BbIBOOAaM.

6.4.2.1 PykoBoACTBO NO NOMy4eHUo MHpopmaLumm ob aKkecnosnumm
CyllecTByeT MHOXECTBO NoKasarteneun, KoTopble A0TKHbI ObITb YUTEHbI MPK NONyYeHun HopmMaLnm o
BO3MOXXHOW 3KCMo3numn paspadaTblBaeMoro HaHomartepuana Ha COOTBETCTBYHLWEN cTagun XXU3HEHHOro
LUKNa. OTU nokasaTesnn XxapakTepusyloT NPOU3BOACTBEHHbBIE y4aCTKMN, 0ObeMbl MPONU3BOANMOro MaTepuana,
BUAbl U criocodbl ero obpaboTKn, NCNONbL30BaHUSA U AEUCTBUS NOCEe OKOHYaHUA UCMONb30BaHUA MaTepuana
(OKOHYaHME XXNIHEHHOro UMKna).
- U3roToBneHne HaHoMaTepuana:
- KONMNMYECTBO U MEeCTONONOXEeHNE NPONU3BOACTBEHHbIX YHaCTKOB;
- Tekylme U oxXngaemele (pakTruieckne 1 nnaHoBble) exxerogHble 00bLEMbI NPON3BOACTBA;
- cNocob NPOMBILIMIEHHOTO NPUMEHEHNSI MaTepuana (Hanpumep, Ans cknenBaHust UM OKpackun);
- cTaana paspaboTkn (Hanpumep, uccrnegoBaHue U paspaboTka, ONbITHOE U 3KCNepuMeHTanbHoe
NPOU3BOACTBO, KOMMepYecKkoe BHeapeHUe);
- NpoLUeHT obbemMa Npon3BoACTBa AN KaXaoro cnocoba NpomMbILLNEHHOro NPUMEHeHUS;
- pusnyeckoe(ne) coctosiHne(Ma) matepumana, noka OH cCoXpaHsieT CBO POPMY, U COOTBETCTBYIOLLNIA
npoueHT obbema Npon3BoACTBA;
- MaKkcMManbHoe cogepaHme martepuana Ha KaxXaom atane npom3BoacTBa;
- oNMcaHne MeToaoB NPOU3BOACTBA;
- YACNEHHOCTb nepcoHana, paboTatowero ¢ MaTepmanom Ha npousBoACTBE UMK NMPU NOCTaBKe;
- TpeboBaHUA K nepcoHany, snabl 0bpaboTKn, cTpaTernsa 3KonMorm4yeckoro caepKMBaHnUs N KOHTPOIb-
HO-U3MepUTeNbHOE 0bopyaoBaHME, UCMONb3yeMbIE AN CHUKEHUSA BO3SMOXHOW 3KCNO3ULIUN.
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- ObpaboTKa:

- BUAbl NPON3BOACTBEHHbLIX onepaLnin BHU3 Mo Lenu Npons3BoacTBa, nepepaboTkn 1 NocTaBKU, CBS-
3aHHbIX C UCMOMNb30BaHNEM HAaHOMAaTepPnUanoB;

- KONMMYECTBO NoapasaeneHnin, y4acTKkoB, CBSI3aHHbIX ¢ 06paboTKoW UM NCNOoNb30BaHMEM HAHOMATE-
DUANOB;

- cnocodbbl NPUMEHeHNa HaHomMaTepuana B NPOMBbILUIEHHOM NMPOU3BOACTBE U NPU UCNONb3OBaHUN
notpebutenem;

- NIPOLUEHT obbemMa Npon3BoACTBA, KonumdecTBa nogpasaeeHnn U YACNeHHOCTU NepcoHana, cBsA3aH-
HbIX ¢ 0DpPaboTKON NNN NCNONb30BaHUEM HAHOMAaTEepManoB, ANgA KaXxaon koMmouHauum cnocoboB nNpo-
MBILLIEHHOIo MPUMEHeHNa MaTepuana;

- YACNEHHOCTb nepcoHana, HenocpeacTBEHHO paboTallero ¢ HaHoMaTepuanom B noapasaeneHun-
X, rAe ero UCronb3yT Unn cbpabdaTbiBatOT;

- TpeboBaHUA K nepcoHany, MeToabl obpaboTKK, cTpaTerns 3KOMOrm4eckoro caepXXUBaHMs U KOH-
TPONbHO-N3MEPUTENLHOE 0BOPYAOBAHNE, UCMNOSIb3YEMbIE AT CHMKEHUSA 3KCMO3ULUN.

- Acnonb3oBaHuUe:

- BUAbI KOMMEPYECKON NN NMOTPEBUTENLCKOW NPOAYKUMK (Hanpumep, Kpackui, NOKPbITUS, MbITO W
MOIOLLME CpeCTBa), B KOTOPOW NPUCYTCTBYET HAHOMAaTEepuar Unm Ucnorb30BaH Npu ee NponusBoACTBRE;

- KOHKpeTHas KoOMMepdeckas unu notpedbutenbckas npoaykuus, B KOTOPOW MPUCYTCTBYET WA
MCMONb3oBaH HaHOMaTepuan,

- MpoLUEeHT obbema NPOn3BCACTBA, COOTBETCTBYIOLNA KaXKAOMY BUAY KOMMEPYECKOro Unu notpebu-
TernbCKOro MCNonb30BaHUSA:

- KOMMep4ecKkoe HanMmeHoBaHne NPOoaYyKLUNUN;

- MecTa UCNOJb30BaHUS (Hanpumep, NPOU3BOACTBEHHbIE YYaCTKU, XKUIble NMOMELLEHUS, BHE 30aHUN);

- MHCTPYKLUWUN NO UCNOMb30OBaHUIO (Hanpumep, onucadune npoaykuum n ee npUMeHeHust);

- KONMUYECTBO NoNnb3oBaTesien (BKoYas nepcoHan), paboTarwmx ¢ HaHOMaTepuanom npu ero obpa-
DOTKE NN U3rCTOBMEHUWN NPoAYKUUN, U NOTpebutenen, NCNonb3yoLWwmnx NpoayKLnto;

- MaKCUManbHOe coaepXaHne HaHomMaTepuana B KaXaon eguHuue KOMMEPYECKONn UM notpeodbu-
TeNbCKOW NPoayKLUN;

- MPU3HAaK NN UHAWKATOP TOro, YTO NPoAYKUMS npeaHasHaveHa Ang MCnonb3oBaHUs AeTbMW UNK APY-
MM rpynnamMmmn HaceneHns, BOCNPUMMUYMBBLIMUM K BO3EWUCTBUIO OMacHbIX BELECTB;

- MPU3HAK UM UHONKATOP TOro, YTO NPU UCTMONb3OBAHUN NPONUCXOANUT NN MOXKET NMPOU3ONTU Bblene-
HUe HaHOMaTepunana; MexaH1u3mbel, 06beM, YacToTa, NMPoAOCIHKUTENTBHOCTb U CNOCOD OXNMOaeMoro Bblae-
neHnst UnNn Belbpoca (Hanpumep, B atmocdepy);

- MPU3HaK UM UHOUKATOP, YKa3bIBAOLMA HA BO3MOXHYIO 3KCNO3ULNIO HAHOMaTepuana B npotecce
MCNOSNb30BaHUA NMPOAYKUMKA NPY BAbIXaHUW, NpUemMe NuLM, nonagaHnn Ha KOXY UNnu B rnasa;

- Tpebyemble UMM pekoMeHayemble AN WUCMoNb3oBaHUS MeTodbl obecnedveHnsas 6e30MacHOCTU
(Hanpumep, obydeHne, NPUMEHEHNE cpeaCTB KOHTPOMS, CpeaCTB UHANBNAYANbHON 3aWUTLl N 3aLUT-
HOro 0bopyaoBaHNUA);

- METOdbl BOCCTAHOBMEHUS UMW OT3bIBA NPoAYKLUUN (MaTepuana) (Hanpumep, B cnydyae HeHaanexa-
LLIero UCNob30BaHNA UM HOBLIX AaHHbIX 0O ONAacHOCTN).

- PacnpeaeneHue/xpaHeHue:
- BUAbl NOCTaBKM HAHOMaTepuana unu cogepXallen ero NpoayKUunMm 3akasdmkam;
- cNocobbl XpaHeHUs NPoOU3BOANUTENAMN N 3aKa3dNKaMN.

- BbIOpoOCbhI B OKpYXarLWylo cpeay:

- pearnbHO OXXnaaemble BhIBPOCHI € yKazaHNnemM UX pruanveckoro cocTossHmd, obbema, 4acToThl, NPo-
OOIMKNTENBHOCTM N YCNOBUIA OKpY)KatoLWen cpebl Npu M3roTOBMEHUU, TPaHCNOPTUPOBKE MaTepua-
NoB/NpoayKLUUnN 1 ynpaBneHnn oTxoaamu;

- NNaHOBbLIE CNOCODOBLI MOBTOPHOIC UCNOMb30BAHUSA UMW PacnopsaXXeHUs1 NPON3BOACTBEHHBIMW OTX04a-
MW N HE YCTAHOBMEHHBIMU B cneundukauusax matepuanamm;

- MakcUMarbHOEe coaepXXaHue HaHoMaTepurana npu Kaxxaom nonyvYeHn oTXo40B.

- YnpaBneHue HaHoOMaTepuanamMum nocrne oKOH4YaHUA UX UCMONb30OBaHUA:

- MIaHOBLIE METOAbl YTUNM3aUMn OTX0O0B NPU NPOU3BOACTBE U NepepaboTke, MaTepmnanos, coaep-
XaLWMxca B NpoayKUUM UK BelAeNEeHHbIX N3 Hee Ha CTaaudax skcnnyaTtaumn, ytTunmsaumm Anm NoBTOPHO-
O MCNOMNb30BaHUS;

- NN1aHOBbIE MeToAdbl BOCCTAHOBMIEHUSI N MOBTOPHOIO UCMNOMb30OBAHUA MaTepuanos, NPoayKUnum U
OTXOO0B.
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6.4.2.2 PekomeHaauMn No N3MeEPEHUIO U MOHUTOPUHTY 3KCMO3ULLUA
Heobxoaumo paspabotaTb MeToabl cbopa nHgopMaLunm ans coctaBneHnUsa npouns aKCrnosnunm HaHo-

MaTepuana, KoTopble AO/MKHbI OXBaTblBaTh AaHHble 0OHapy)XeHUs, BbIDOPOYHOro KOHTPOMNS N MOHUTOPUHIA
cogep)xaHua HaHomaTtepuana. [ogpobHo AOKYMEHTUPOBAHHLIM MiaH M OonucaHue npoLecca MoMoratoT
COCTaBJIEHMIO NepeYvYHen AaHHbIX, KOTopble MOryT ObiTb MCMOMb30BaHbl ANA 0Oy4eHus U MoaenMpoBaHuS.
[TporpamMma MOHUTOPUHIa AoimkHa BbITb NoApobHo pa3paboTaHa U HanpaBneHa Ha uccnegoBaHue Heonpe-
eNeHHOCTN KIoYeBbIX NokasaTerier N KOHTPOb LieneBbiX NoKkasaTenen.

a) Pabouee mecTo

1) TlockonbKy Ha HACTOAL MU MOMEHT MeTOo4bl U3MepeHN BO3ASUCTBUA (SKCNO3ULMIN) HA NepcoHarn
HaHOYaCTUL, coaepXKallnXcs B BO3ayxe, HeaoCcTaTOuYHO paspaboTaHbl, TO HeE0DX0AMMO NPOBECTU N3Me-
peHUda crneayrLlwmx nokasartenen:

- MACCOBOW KOHUEHTpaUMX YacTuL,;

- CYETHOW KOHLeHTpaLUnn YacTuL,;

- pacnpegeneHns pasMmepoB YacTul,;
- Nnowaagn NoOBepPXHOCTU YacTULL.

2) o Havana npoBegeHunst paboT HeobxoaAnMO NPOBECTU UIMEPEHMNS, HANPaBNeHHbIE Ha Co3daHune
OCHOBbI ANS OLEHKN BO3MOXHOCTW MOBBLILWLWEHHOMO cogepXaHUa HaHoOMaTepunanoB B Bo3ayXxe paboyent
30HbI, 0bpazoBaBLUMXCHA NpKU 0bpaboTKe HaHoYacTUL, (MPKU 3TOM cneayeT NOMHUTbL, UTO B HacTosdllee
BPEMS1 CYLLECTBYIOT 3HAYUTENbHbIE TPYAHOCTU B MONYYEHUN TOYHBLIX pe3dynbTaToB). HomKHbI ObITh
cobpaHbl AaHHBIE MOHUTOPWHIA Ka4YeCcTBa Bo3ayXa paboyven 30HbI ANg onpeaeneHna HaHoOYacTUL, B BO3-
ayxe nepeg Hadanom paboThl (BbipaXXeHHOe Yepes Maccy M KONMYeCTBO YacTul), a Takke nocne ee
3aBeplleHund. [laHHble OOMKHBI BKIIOYATbL B cebs Npu KpaTKOBPEMEHHOM BO3AEeUCTBUM MaKCUManbHbIE
pPa30Bble U cpegHeCMeHHble 3HaYeHNs coaepXXaHnua HaHoUYacTUL, B Bo3ayXe paboyven 30Hbl ANd paboT-
HUKOB, NoABeprarLWMUXca MakcCuManbHOMY BO3OAEUCTBUIO.

3) Ha ocHoBe npuMeHsaeMbIX NpoLUeCcCOoB NPOM3BOACTBa M 0bpaboTKM AoMmKkHa ObITb pa3paboTaHa
MeToaonorns otbopa npod ¢ yd4eToMm NPOCTPAHCTBEHHOW N BPEMEHHOU U3MEHUYUBOCTU COOEPXKaHUS
YacTUL, pacnonoXeHUsa MecT ¢ MakcUManbHbIM cogepXaHneM onacHbIX BeleCTB; MPUCYTCTBMSA Nepco-
Hana, nogBepraemMoro ornacHoCTW, NPUroAHOCTU, AOCTYNHOCTU U pabOoUnNX XapaKTePUCTUK TEXHUYECKINX
CPeACTB KOHTPONS, METOAOB U cpeacTB obecneveHns 6esonacHoCTK Npn ocbpaboTke.

4) [nsa oueHKkn apPeKTUBHOCTM METOAO0B 3aLLUUTLI U CpeaCTB KOHTPONA cneayeT cobpaTth Bce A0C-
TYNHLIE AaHHble 40 1 Nocne YCTaHOBKU BCeX UCMONb3YEMbIX TEXHUYECKUX CPeaACTB KOHTPOA.

5) HomkHbl ObITb NPOBeAEeHblI KONMUYECTBEHHBIE OLUEHKN XapakTepUCTUK MaTepuarnoB U BELLECTB,
NonaBLWKX B BIOPOCHI NPU MHUUMAEHTAX U paACnbINIEHHLIX HA pabovnx MmecTax, 0CobeHHO NX MaKkcUMasb-
HOMO coaepXaHus B BO3AYLIHBIX U XKUAKUX cpedax; NoNMyvYeHHble pesynbTaTthl A0MKHBI ObITh NpeacTaB-
NeHbl B BUAe oT4eTa.

6) B pabounx cpepax, cBsA3aHHbIX ¢ 0OPabOTKON OTXOA0B, BOCCTAHOBMNEHMEM U NepepaboTKoW
MaTepuarnoB, JOMMKHbI ObITb TakKe paspaboTaHbl M BHeAPEeHbl MeToAdbl MOHUTOPUHIA U BbIBOPOYHOro
KOHTpONS, NPpY 3TOM N3MepeHnUa Heodbxoanumo NPoBOANTL A0 U BO BPEMS BbINONHEHUSA onepaLun.

0) BruIGpocChkl B OKpyKaloLLyto cpeay nNpuv NpomM3BoACcTBe, 0bpaboTke, XpaHeHUN, TPaHCNOPTUPOBKE UMK

obpaboTke 0TX0O0B
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1) [pn PYHKUMOHNPOBAHUX NPOLLECCOB 1 onepaLunii, B KOTOPbIX MCMOMNb3YIOT HAHOMaTepuansl, 40-
)XeH bbITb NpoBeAeH MOHUTOPUHTI ra3o0obpasHbIX BbIOPOCOB (HanpumMep, Yepes CUCTEMbI BbITSKKA U BEH-
TUNALMN BO3OyXa), XUAKUX OTXOAO0B (Hanpumep, 4vepes3 KaHanusauuw) M TBepAablX OTXOOAOB Ha
cogepXaHue npumMeHsemMmblx HaHomaTepuanoB. Ons oueHKNn 3dpPEeKTUBHOCTU METOAO0B 3alUUThl U
cpeacTB ynpaBreHus crieayeT cobpaTb BCe AOCTYMNHbIE AAaHHBIE A0 U NOce YCTaHOBKM BCEX UCTIONMb3Y-
EMbIX TEXHUYECKUX CPeaCTB KOHTPOMA.

2) [JonxHbl ObITb BLINOMNHEHBI TEXHUYECKME pacyeThl ANsl MeCT BO3IMOXHOIO BblAeNeHUst NneTyvymx
BELLECTB U APYrMx HecTaHaapTHLIX BeIOPOCOB.

3) HdomkHa ObITb NpoBeaAeHa OLUEHKa BO3MOXHOIO KonMyecTsa HaHOMaTepuanoB 1 BELLECTB, pac-
NblNsgemMbix 000opyaoBaHMUEM (B TOM YUCNE NPU UHLUMAEHTaxX) B npoueccax npou3BoacTBa, TpaHCNopTU-
POBKK, 0OpabOoTKU, XpaHeHUd, nepepaboTkn OTXOA0B U B BbiDpocax. PesynbTaTbl MakCUManbHOro
coepXXaHns HaHOMaTepPUanoB B BO3AYLUHbBIX U XUOKUX cpedax O0/MKHbI ObITb NpeacTaBrieHbl B BUAE
oTyeTa.

4) [anbHenwmne MOHUTOPWUHT NN U3MEPEHUS, B TOM YMUCIE B YCITOBUAX NMONUIroHa, MOAenMMpoBaHme
N U3MEepPEHNEe coaepKaHUa onacHbIX BELECTB B OKpyXalwLwWwen cpege MoryTt ObiTb MHULIMMPOBAHBLI Ha
OCHOBE aHanusa gaHHbIX MOHUTOPUHIA TOKCUYHOCTU UIMN NCXOOHbIX OaHHbIX.
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B) cnonb3oBaHune notTpedbuTenem n NCNonbL3oBaHUE NO OKOHYaHUN CpoKa Cry»KObl

1) Ha Bcex cTaguax XM3HeHHOro UKMKNna npoaykuuun, cogepxallen HaHoMaTtepuansl (B TOM Yyucne
pKY yTUNM3auuun), B npouecce KoTopbIX MOTYT NPOU3OUTK onacHbIe BbIOPOCHI B BO3AyX, BoAY, nonaaa-
HMe HaHoMaTepuanoB B NOYBY, ocagoyHble nopodbl UMK HakonneHne Mx Ha NOBEPXHOCTU 3eMInn, A0N1-
XXHbl ObITb BbIMOSTHEHBLI MOAENMMPOBaHNE U pacyeTbl, OCHOBaHHbLIE Ha peanbHO NpUMMeHsieMbIX obpasLuax
(C y4eTOM UX U3HOCA 1 pa3pyLleHUs). Heobxoanmo cocTaBMUTb NOMHYIO XapakTepUCTUKY U3TOTOBMNEHHbIX
NN NepedaHHbIX Ha XpaHeHne HaHoMaTepuanoB, BKIoYaa pacnpeaeneHue pasmepoB vYacTul U gpy-
re napameTpsl. [pn nccnegoBaHMn BblAeNeHns HaHOYacTUL, B BO3AYX AOMMKHbI ObITb M3MEpPEeHbl MakK-
cCMManbHOE U cpegHee Mo BPEMeHU cogepXaHue HaHodacTul (Bblpa)XXeHHOe 4epe3 MacCOBYH UMA
CUYETHYIO KOHLEeHTpaLUMo YacTul,).

2) Ecnn npn npumeHeHUN NMPoUCXoaUT NPAMON KOHTaAKT OnacHbIX BeLleCTB C KOXeW 4YenoBekKa,
HeobXoaMuMO NMPOBECTU OLUEHKY A03bl, HACcTOThl U NPOACITIKATENBHOCTM TAKOro BO3AENCTBUS.

3) Ecnn HaHoMaTepuanel akTU4eckn Ui noTeHuManbHO MOTryT HaxoauTecda B nulle, Boge Unu
nonagaTtb B HUX, TO cnegyeT USMepuTb UM OLUEHUTb UX codep’KaHne B npeanonaraemMmbiX U pasymMHO
OXMAaeMblIX YCIOBUAX UCTOMNb30BAHUS NOTPebUTENaAMN.,
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[MpnnoxeHne A
(cnpaBo4HoOe€)

[MepeyeHb AaHHbIX 0 PU3UUYECKMX U XMMUYECKMX CBOUCTBAX MaTepuana

A.1 lNepe4vyeHb PN3N4YeCKNX 1 XMMN4ECKNX CBOUCTB

- TexHn4yeckoe HanmeHOBaHUe.

- Kommepueckoe HaMMeHOBaHMe.

- Obwunnm BUA HaHOMaTepuana.

- XMMNYECKMIN COCTAaB (BKIMOYas COCTaB 3aWMTHOIO MOKPLITUSA NOBEPXHOCTN).

- MonekynsipHas CTpyKTypa.

- Kpnctannunyeckasi CTpykTypa.

- Pnanveckoe CocTosiHME U hopma vacTul, (MNP KOMHATHOW TeMMepaType U HopMaribHOM AaBlEHUN).
- Paamep vactuy, pacnpegeneHme pasmepoB YacTtul (rpaHyIoMeTPUHECKUN COCTaB) U NNoLwaab NOBEPXHOCTM.
- [lnoTHOCTBL YacTuu.

- PacTtBOpMMOCTb (B BOAE U COOTBETCTBYIOLWNX DMONOTNMYECKNX XXNOKOCTHAX).

- AvcneprmpyemocTs.

- ObbemMHasi NMNOTHOCTD.

- Hannumne arnomepartos.

- [lopucrtocTs.

- [loBepxHOCTHLIN 3apsa.

- XUMUNYECKas aKTUBHOCTb NOBEPXHOCTMW.

A.2 NMogpobHaa nHdopmauna o MBNINYECKUX N XMMUNYECKNX CBONCTBAX

A.21 TexHn4vecKoe N KOMMepYeCKoe HAaMMeHOBaHwne

Heobxoanmo ncnonb3oBartb NOAPOOHOE HaMMeHOBaHUe (Hanpumep, AB-123 nnun ¢ NOBEPXHOCTLIO, 0O6paboTaHHON
HAHOPYTUIIOM T1'021 )) ONS TOro, Ytobbl OTNNYUTE UCCNegyeMbli HAHOMaTepuarn oT NoAOOHbBIX HAHOMAaTEPUAOB UMK aHa-
NOrMYHbIX MarepunanoBs B obbemHon popme. Ecnm nposeaeH psg npob pasnuyHoro cocrasa, cneayeTt UCnonb3oBaTh
naeHTndunkaumnio ans BCEX COCTaBNSAWMX TaK, YTODLI MOXHO BbINO 06ecnevnTb NPOCNEXNBAEMOCTb COOTBETCTBYIOLLNX
PU3NYECKUX CBOUCTB.

A.2.2 Obwmn BNO HaHOMaTepuana

Cneayet onpeaenutb B KAKOM BUAE HAHOMaTepuan npeacraBneH (B BUAe NopoLwka, CycneH3nmn, aspo3onnm 1. 1.).
Bua HaHOMaTepunana uMeeT CyLLEeCTBEHHOE 3HAYeHWE A5 onpeaeneHnst NyTen pacnpocTpaHeHUs], 3KCNo3anUnumn n BO34eN-
CTBUS HA YENOBEKA NN OKPYXKAaIOLLYIO cpeay.

A.2.3 XMMUYeCKNn cocTaB

CneayeTt yCTaHOBUTb COAEPXXaHNE B HAHOMAaTEpPMane XMMUYeCKUX 3NEMEHTOB UITU XUMUYECKNX COEAUHEHUN, CMNO-
CODOHbIX HAHECTU Bpen YENOBEKY U OKpyXatouwen cpege. Kpome 1oro, Heobxoammo ykasatb CONyTCTBYIOWME BELWECTBA,
cnocobbl 06paboTKM NOBEPXHOCTU U HANNYNE CTPYKTYPUPYIOLWMX A40DaBOK, NOCKOMNBKY OHWU MOTYT MOBMUATL HA NOKa3aTe-
NN TOKCUYHOCTU U 3KCNo3mumn. Heobxogmmo NOMHUTb, YTO XUMUHYECKUW COCTAB MOXET U3MEHUTLCSH NPU BKITIOYEHUN
HaHOMaTepuana B NpoayKUMIO UNn rnpu BblAeNeHUn U3 Hee Ha cTagusax aKcennyartauyuu, ytunuaauum unu rnoBTOPHOIo
ncnonb3oBaHus. JomkHbl ObITh TakKe naeHTMOULUNPOBAHbI MPUMECH B MaTepuane n CTeneHb 3arps3HeHus.

A.2.4 Kpnctannun4yeckasa v MONeKynsapHasa CTPYKTypa

Kpuctannuyeckas u MONMeKynapHas CTPYKTypa HaHoMaTepunana MoXeT NoBIUATE HA ero TOKCUYHOCTb. MIHhopma-
LMSA O KPUCTaNnMUM4YeCcKon U MONEKYNSAPHOW CTPYKType martepuana obecnedmBaeT nydwee NnoHUMMaHue 3aBUCUMOCTWU
CBOWCTB HaHOMAaTepuana oT ero CTpykTypbil.

A.2.5 Pn3an4veckoe coctossHue U chopma YacTuu

CnealyeT yCTaHOBUTB, ABMAETCH MM HAHOMATEPUan Kpuctannndecknm mnnm amopdpHeim? Kpasa yactuy okpyrible
nnun octpole? KakoBa hopma 4vactuy HaHoMaTepuana, Hanpumep, OHU UMEKT POPMY NIACTUH, BOJNTOKOH UNMU cdpepbl?
Punanveckoe cocTosiHMEe n opma vacTul BNUSAIOT Ha TO, KAK HAHOMaTepuan B3auMOAENCTBYET C YacTUUaMn Apyrux
BELLECTB (Npu arnomepaunn), HACKObKO NErko OH pacnpeaensieTcsa B pasfinyHbIX cpeaax, Kak BO3AEUCTBYET Ha pacTe-
HUSA, XXUBOTHbIX U T. .

A.2.6 PacnpepneneHve pasmepoB 4Yactuy (rpaHynoMeTpUYeCKMN COCTaB) U NNOWaan Nx nOBEPXHOCTH

CnegyeTt yCTaHOBUTb CPeAHNU pa3Mep v CPeaHiow nnowaab NOBEPXHOCTU YacTUL U UX pacrnpeaeneHne BOKpyr
CpeaHnX 3Ha4YeHUN, a TakKe pacnpegeneHne 4actuy no macce. 3T JaHHble BaXXHbl, MOTOMY YTO BbICOKOE 3HAYEeHUe
OTHOLWEHUSA NNoWaam NOBEPXHOCTU K Macce YacTul HaHoOMaTepuana siBNnsaeTcs KPUTUYECKN BaXXHbIM B MOHUMAHUUN MHO-
MX aCNEKTOB €ro TOKCUYHOCTU, NOBEPXHOCTHOWN SHEPIUN N XUMUYECKOWN aKTUBHOCTU NOBEPXHOCTMW.

) TiO,, — pvokena TuTaHa.
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A.2.7 NnoTHOCTL YacTHULU

CneayeTt yCcTaHOBUTb Maccy 4YacTul, HaHOMaTepuana B eauHuue obbema marepuana. Pnandveckme CBOUCTBA,
NCNonb3yemMble 4N OnpeaeneHns NerkocTn pacnpegeneHns B BO3ayxXe v BOAE U JNIETKOCTU BblAENEHUSA X U3 BO3ayxXa U
BObl, NPUMEHUMbBI AN UCCNEeAOBaAHUA CBONCTB HAHOMAaTepuana B rasax u XXuakocTsx.

A.2.8 PacTtBopumoCTb

Cnegyert onpegenntb pacTBOPUMOCTE HAHOMAaTeEpMana B BoAae Unu gpyrux Bewecteax, B TOM YMCle B KUCMOTax,
Lienovax, opraHM4YeCcKux pacTBOpUTENSX nu bnonornvecknx cpepgax. lccnegoBaHmne astmx CBOMCTB BaXXHO HA pasnnud-
HbIX CTaAUSIX XXU3HEHHOIO LUMKNa HaHOMaTepuana, NOCKObKY B Npouecce pas3paboTkm OH MOXET B3anMOAENCTBOBATL C
OPYrMMU KOMIMOHEHTAMM NPOAYKUMN, MarteprnanamMmm, opraHmamamm unuv cpegon. PactBOPMMOCTb UTPAET BAXKHYIO POIb HE
TONBKO Npn onpeaeneHnn CBONCTB HAaHOMaTepMuana B TeHEHUE €ro cpoka cnyxbbl, HO U ANsA NCCNeaoBaHUs €ro cnocoob-
HOCTHU K BO3AENCTBUIO HA OKPYXXaIOLWLYIO cpeay Nnocre OKOHYaHus ero UCrnosnb30BaHuA.

A.2.9 OvcneprnpyemMocCTb

HucneprupyemocTtb onpeaensier nerkoctb, ¢ KOTOPOW HEepacTBOPUMbIM TBEPAbIN UNN XUOKUN HaHoOMaTepwmarn
MOXeT ObITb paBHOMEPHO pacrnpeaeneH B Xunakoctu. lncneprnpyemMocTbe HaHOMaTepuana, 0cobeHHO B BOA e, NPUMEHSI-
10T O4J15 NCCNeaoBaHUA 3KCMO3NLUN N KPUTUYECKNX ONACHOCTEN B NPOLIECCE XXU3HEHHOIO LUMKNa npoaykumu. ncneprmpy-
eMOCTb BINUSET HA pacnpeperneHne HaHoMmartepuana B NpUpoaHbIX BOAHbLIX cpeaax.

A.2.10 ObbemMHada NNOTHOCTL

ObbemMHas NNOTHOCTb HAHOMAaTEpPMana MoXxeT ObiTb Nerko namepeHa. Ob6bemMHasi NMOTHOCTb MNO3BONAET onpeae-
NUTb, CKONBKO NbINU MOXET 0bpasoBatbCs Npu nepepaboTke HaHOMaTepuana B nopowok. HaHomartepuman ¢ HU3KOW 06b-
E€MHOW NNOTHOCTbIO 4acTo MMeeT Donee BbICOKYI CTeneHb MNbineobpasoBaHus, 4Yem HaHomMaTepumarnbl C BbICOKOW
0O6BbEMHON NNOTHOCTBIO TOrO e CaMOoro XMMUYEeCKOro cocraBsa.

A.2.11 Hann4ne arnomepaTtoB

Hanunune arnomepaToB B HAHOMAaTEpUane Takke XapakrepuayeT nelneobpasoBaHue npu nepepaboTke HaHOMAaTE-
prvana B nopowokK. Kpome Toro, nHpopmMmaums 0 Harnuumm arnomMmepaToB MNo3BONSAET CyANTb O BO3MOXHOM pacrnpeaeneHumn
BAbIXaEMbIX YaCTUL NO pa3Mepam, a Takke 06 OTHOCUTENBHOW NErkOCTU UX pacnpeaenennsi B OKpyXXatolWen cpeae.

A.212 lMopuctocTtb

[TopucTOCTL XapakTtepnayeT Hann4dne nycToT B Hactuuax martepuana. [opnctocte n pacnpegeneHme pasmepos
Nnop HaHOMaTepnana nMerT 3HAaYEeHNE NPU ero B3amnMmoaencTBnmn ¢ gpyrmMmmn BeLWECTBaMM Npu KOHTaKTe.

A.2.13 lNoBepxXHOCTHbLIN 3apaa

[TOBEPXHOCTHbLIW 3apsg HaHOMaTepuana BrmseT Ha ero cnocobHOCTbL B3aMMOAENCTBOBATL C APYrMMKU MaTepuana-
MU. B pacTBope NOBEPXHOCTHLIN 3apsi 4acTo ONpPeaensatoT NyTemM N3aMmepeHnst 3eta-noteHumnana, Yto umeet bonbLlioe
3Ha4veHue Ans onpegeneHns ctabunbHOCTU U CNOCODBHOCTU YacTUL K arperaumm.

A.2.14 XnMmun4ecKasa akTUBHOCTb

XNMUYECKasa akTUBHOCTb MOBEPXHOCTU MaTepuana sABNsieTcs nokasarenem BO3MOXXHOCTU U XapaKTepa B3anMoaen-
CTBUS HAHOMAaTepuana ¢ gpyrumm matepunanamu. ViccnegoBaHmsa XMMNYeCKOW akTUBHOCTU MOBEPXHOCTU AOIKHbI ObITh
apganTUpoOBaHbl K KOHKPETHOMY HaHOMaTepuany (Hanpumep, MoryT beiTb NpoBegeHa sHaoTeNnnanbHas nNpoda, NpoBepeHa
CKOPOCTb remMonu3a v NnpoBegeH aHanma akTMBHbIX OpM Kucnopoaa).

A.3 JononHunTenbHbIe AAaHHbIE

B gononHeHne K Gn3anyeckum n XuMm4eCcKUM XapakTepucTukam HaHoMmarepuana gomnkHa bbitb cobpaHa nHdopma-
LKA 00 NBMEHEHNSAX €r0 XapakTEPUCTUK HA PA3NUYHLIX CTAAUSX XU3HEHHOIO LMKNa NPOAYKUNN, BKINIOYANA CNeayoLwyio:

- HaHocAaT nu Ha HaHOMaTepuan nokpoeiTne? Ecnu aa, 1o Kakoe? Kakoe BNMsHMe OKa3bIBaAEeT MOKPbITUE HA XapaKTe-
PUCTUKN HAHOMaTepunana’

- byayT nn 4oNoNHUTENbHbIE KOMIMOHEHTLI YMEHbLIATL NN YBENUYMBATBL CNOCODHOCTL YacTUL, HAaHOMaTepuana K
obpasoBaHuio arperatoB? Ecnu ga, TO0 KAKOBbl 3TN AOMONMHUTENbHBIE KOMMNOHEHTbI?

- B kakon qoopme HaHoOMaTepuan NpPUCyYyTCTBYET HA CTagUAX XXU3HEHHOIO UuKIa npoaykumm?

- Kakoe Bo3gencTBme 0KasbiBAOT NPOLECCHl NPON3BOACTBA UMK 06pabOTKM HA XapakTePUCTUKN HAaHOMaTepuana?
Hanpumep, ecnv HaHOMaTepuan NogBepraeTcs HarpeBy, U3MENbYEHNIO, pacnpeaeneHunto B XXNOQKOCTU, UMW ero rnoBepx-
HOCTb 06pabaTtbiBalOT APYrMMMN XUMNHYECKMMIN BELLECTBAMM, TO KaK MPU 3TOM U3MEHSIOTCH €ro CBONCTBAa?

- YUTO nameHurtcs, ecnu HaHomarepuan byayt npon3soanTb B boNbWnX 0b6bemax n 4na KOMMEpPYeCKOro Ncnornb3o-
BaHMA? Hanpumep, byaeTt nn HaHomatepuan NnpucyTcTBOBaTb B KOHEYHOW NPOAYKUNN?

- Kak nameHeHune ycnoBmn npon3soacrtea n obpaboTkm HaHOMaTepuarna BrmsieT Ha ero XMMn4eckue n punanyeckmne
cBoncTea?

- Kakme npumecu MoryT npucyTCcTBOBaTb U KAKOBO UX BO3OENCTBUE?
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[MpnnoxeHve b
(cnpaBo4HoOe€)

[TpuHLUMN NpoBeAeHUA MHONOYpOBHEBbLIX UCNBITAHUN HAHOMaTepUuana
Ha onacHoOCTb ANA 3400PpOBbA YeNnoBekKa

.1 BBeaeHwne

HakonneHne gaHHbiXx 00 onacHOCTM npeacTtaBnseT cobon nMoaTanHbIM NPOLECC, KOTOPbIM ODbIYHO HAYMHAIOT C
obWwen OLUEHKN UMTOTOKCUYHOCTU HaAHOMartepmnana metogamu in vitro n KoMnbloTEPHOro moaenmpoBaHus. [locne noa-
TBEPXKAEHUSA TOMO, YTO TOKCUYHOCTb AAHHOINO HAHOMAaTepMana 4oCTaTouvHO HMU3Ka U He TpebyeT AanbHenWwmnx ncenegoBa-
HUW, QOMONHUTENBHO OUEHMBAIOT ANsl DONnee KOHKPETHLIX YCIMOBUMW MEXaHU3Mbl AEWUCTBUS U BIUAHUE PAa3NUYHbIX
cnocoboB pacnpocTpaHeHnss TOKCUYHOCTU. cnblTaHnsa Ha XMBOTHBLIX AOIMKHbI CNeaoBaTh Nocne Ha4vanbHOro ypoOBHSA
NCMbITAHUW, ANs TOro 4YTobbl NPOBEPUTL AAEKBATHOCTL PE3yrNbTaToOB UCMbITAHUN, NONMYYEHHbIX METOA4AMW, HE UCTONb3Y-
IOLLMMWN XXNBOTHBbIX.

Ha ypoBHsx ncneitanmm | u |l B HacTosiwee Bpems NCNonb3yoT 0TOOPOYHbIE UCMbITAHUA HA OCHOBE DMONOrN4YeCKNX
ncecneaoBaHnmn, a Takke MeToasbl in vitro, nogaatowmecs rmybokoMmy aHannay. 3TM UCNbITAHUS MOMOraleT NOHATE MeXa-
HU3Mbl TOKCUYHOCTU MaTepuana, Ho He OalT AOCTOBEPHOU KONMMYECTBEHHOWN MHPOPMAaLUUM O 3HAYEHUAX NMoKa3aTenen
TOKCUYHOCTHM, ONACHbLIX AJ15 YenoBeKa N ApYyrux XuBbiX CylecTB. Boibop KNETOUYHOW (FrEHETUYECKUN OAHOPOAHOW) NNHUK
KpanvHe BaXeH, NOCKONbKY UMMOPTAlNu30BaHHbIE NIMHUKM KINETOK MOIyT HE COOTBETCTBOBAaTL crnocobam PyHKLUNOHUPOBA-
HUSA, NOKa3aTenbHbIM ANs YeNnoBeKa.

5.2 YpoBHM ncnbiTaHUN

B5.2.1 YpoBeHb |. Obllee onpegeneHne TOKCUYHOCTW

OCHOBHOM LUEeNbIo YPOBHA | AaHHOW CTpaTermm NCnbiTaHUN ABNAETCHA NpeaocTaBeHne Nob3oBaTeNto 4OCTYIHbIX,
OOCTOBEPHbLIX, 3KOHOMUYECKN 3PP EKTUBHLIX METOAOB OLUEHKM ODLWEN TOKCUYHOCTU UCCNeayemMoro HaHomartepuana.
Pe3ynbTaThl UCMbITAHUN YPOBHSA | NO3BONAIOT NOMb30BATENIO OLEHNTL TOKCUYHOCTb HAHOMAaTEpMana v npPUHATbL peLueHne
0 HeOBXO0AMMOCTHU AanbHENLLEro €ro UCCneaoBaHus UNu nepegaydn gaHHoro HaHomartepuana Ha gopaboTKy Ans CHUXe-
HUA TOKCUYHOCTMW.

B.2.2 YpoBeH:b |l. CneunanbHbIe ncnbiTaHWA, BKNIOYaloLwWme uccnegoBsaHve cnocoboB nonagaHa HaHOMa-
Tepunana B OpPraHu3m

OCHOBHOW Uenbio ncnbitaHun ypoBHS |l aBnaeTcsa oueHka Bonee KOHKPETHBLIX MEXAaHU3MOB AEUCTBUS U CNOCOOOB
pacnpocTpaHeHnsi TOKCUYHOCTU. ITU UCMbITAHUA OOTXKHbI NOMOYb HAYanbHOMY MOHUMAHUIO MECT U TOYEK TOKCUYHOCTU B
OpraHn3me 4YerioBeKa U Cnyxart B KavecTBe OTOOPOYHLIX METOAOB HA PaAHHMX CTaausax paspaboTKMm HaHoMmaTepuana.
CTpaTternst ucnolTaHnn ypoBHs |l npumeHnTensHO K HaHOMaTepuanam gomxkHa bbeiTe paspabotana nocne nccnegoBaHus
PU3NHECKUX N XMMUHECKUX CBOUCTB HAHOMATEPUANOB U OXXNOAEMbIX CUEHAPUEB UX PaCnpOCTPaAHEHUS.

[lononHuTenbHble CCNeaOBaHNA HA «MOAENN Tena YernoBeKa» NPUMEHSIOT Ans OUeHKU IN VItro onacHoOCTU BO3-
HUKHOBEHWS NErO4YHbIX M OHKONTONMYECKMX 3ab0neBaHnn, HEBPOIOrMYeCKNX BoONe3Hen, CHUXKXEHUS PENPOAYKTUBHOW (DYHK-
MKW, CepaevHO-coCyanuCTbIX 3aboneBaHMn WM PacnpPoOCTPaAHEHUS] TOKCUYHOCTWU, WHAYUMPYEMOWM HaHOMAaTEepuanom.
PeKOMEHAYETCH TaKXKe NpoBegeHne ncecnegoBaHmm no mMetoay ADME") na kneTtouHom u BHYTPUKNETOYHOM YPOBHSX, a
TAaKKe U3YyYEeHNE XapaKkTeEPUCTUK B3anMOOENCTBUA MeXay HaHomartepuanamm u knetkamu. Meton ToxCast no3Bonser
NOSy4YNTb 4OCTATOYHO 4OCTOBEPHbIE OLUEHKU U/NIN OLUEHKN Ha OCHOBE KOMMbIOTEPHOro MOAENNPOBaHUA, MPUMEHUMbIE K
HaHOMaTepuanam.

HekoTopble ncnblTaHns MOryT 6biTeb MOAUMPULNMPOBAHBLI U3 CYLWECTBYIOWNX METOA0B UCMBITAHMU HA TOKCUYHOCTb
NN cneumanbHO CNPOEKTUPOBAaHbI ANS CCnegoBaHNA TOKCUYHOCTM HAHOMAaTepuana npm KOHKPEeTHOM Cnocobe NPoHUK-
HOBEHUS HAHOMAaTepuarna B opraHuam vYenoseka. [locne onpeaeneHns nyten akcno3numm n 4o3bl TOKCUYHOCTU LNTOTOK-
CUYHOCTb AN KNEeTOK B MecTax NnonagaHns HaHomMmaTepuana B OpraHmam 4YenoBeka MOXeT ObiTb OueHEeHa ¢ NOMOLLbIO
Pa3NNYHbIX METOAOB IN VItro, aganTUpoOBaHHbIX K KOHKPETHOMY HaHOMaTepuany, BKIoYas OUEeHKN NeroMHON TOKCUYHOC-
TN, HEUPOTOKCUYHOCTH, HEBNAronpuUSTHOIO BO3AEUCTBUS HA BHYTPUYTPODOHOE pasBuUTUE U OTAANEHHbIX MOCNEACTBUN

TOKCUYHOCTWN.

B5.2.3 YpoBeH:b lll. BannanpoBaHHble meToabl ucneitaunn OECD, npumeHnmble K HAHOMaTepuanam

[aHHbIM yPOBEHb NCNbITAHUWN CNeayeT NPUMEHSATb K HaHOMaTepuanam, 4ns KoTopbIX npegnonaraeTcs KoOMMmep4Yec-
KO UCNONb30OBaHMe U ONs KOTOPbIX UcnbiTaHus ypoBHA |l He gann peaynbTartoB Mo onpegeneHnido nx TOKCUYHOCTH.
B 3aBUCMMOCTM OT HAMEYEHHOIro NCNOJIb30BaHNA NPOAYKUUN OaHHbIE UCMbITAHUSA MOIYyT COOTBETCTBOBATL UCTbITAHUSAM

Ha Bbornee paHHuUX cTagusx.

1) ADME — Absorption, Distribution, Metabolism and Excretion (BcacblBaHWe, pacnpocTtpaHeHmne, metabonuam m
3KCKpeuuns).
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b.2.4 YpoBeHb |V. UcnbiTaHNA HA OCHOBE pPe3ynbTaToOB NpeabiayWwmuX YPOBHEN

Ha gaHHOM ypoBHE MOryT ObiTb UCNOMBb30BaHbLI BANMAUWPOBAHHbIE PYKOBOACTBA U HOPMATUBHbIE AOKYMEHTLI MO
NCNbITAHUAM AR ONpeaenieHns pucka, COOTBETCTBYIOLLEINO HAHOMaTepuany, paspabotaHHOMY A5 KOMMEPYECKOro rnpwu-
MeHEHUA. [1OCKONBbKY NPUMEHEHNA HAaHOMAaTEPUANOB OYeHb Pa3fiNyHbl (KOMNbIOTEPLI, CMOPTUBHbLIE TOBAPbLI, NPOMbILL-
NTEHHbIE XUMUYECKME BELWECTBA, MEAUUMHCKME TOBAapbl), TO BECbMa CINOXHO pa3paboTtaTtb YHUBEPCANbHYIO MaTpuLy
NCMbITAHUN AN BCEX BUOOB UX MPUMEHEHUA. B OONrocpovHON nMepcrnekTmBe BaXHO MAEHTUdOUUMPOBATL KOHKPETHLIE
NyTU IKCNO3nLUMKN, Hanbonee 3PPEKTUBHBIE PYKOBOACTBA U HOPMATUBHbIE AOKYMEHTbLI MO UCMbITAHUSM AN OLEHKU COOT-
BETCTBUS HAHOMATEPUAIOB YCTAHOBINEHHbLIM TpeboBaHusM. [Na HEKOTOPLIX HAHOMATEPUAaNoOB OTCYTCTBYET HEOBX0AN-
MOCTb NpoBeaeHus ncnoeitannn Ha ypoeHe lll. Ha gaHHoM ypoBHe nccnegyoT TONMbKO T€ HaHOMaTepuanb!, AN KOTOPbIX
HeobxoanmMo AoKasaTb MX 6&€30NacHOCTb A KOMMEPHECKOro Unm npoMbILLNEHHOIO NCNONb30BaHUSA, A5 KOTOPbIX UCIbl-
TaHus Ha yposHe |l He gann pe3ynbTaTtoB OTHOCUTENBHO MX TOKCUYHOCTU M HEOBXOAMMO NPOAOIXKNTL Bonee ryodokue u
BCECTOPOHHME ucnbiTanns Ha ypoBHSX Il n 1V. Nenbitanms Ha ypoBHsX | v IV gonxkHe! BKNovaTeh B cebs ganbHeEnNLWmne
NccneaoBaHns KOHKPETHBIX NoKasaTenen TOKCUYHOCTU (OUEHKA 3aBUCUMOCTU «403a-3PPeKT») N OTAANEHHbIX NOCNe-

CTBMN BO34ENCTBUS TOKCUYHOCTU, HE BKMIOYEHHbLIX B UCNbITaHUSA yPOBHSA .

B.3 dononHuTenbHbIe AaHHbIE NPU HEOOXOOANMOCTMH

Ecnn Ha ocHOBe aHanwusa nonyYeHHbIX pes3ynbraTtoB uUcrnbiTaHun Ha ypoBHsAX |l—IV, nocne npoBegeHust Konw-
YeCTBEHHOWN OUEHKU N OMUCaHUS PUINYECKUX N XUMUYECKNX CBOUCTB U 3KCMO3NUMK AN KOHKPETHOIo HaHoMaTepuana
HeobXxoaMMbl 4ONONHUTENbHbIE UCMBbITAHUA ANSA aHanNu3a oTaaneHHbIX NocneacTBUN BO3AEUCTBUS TOKCUYHOCTU, HENPO-
TOKCUYHOCTU UMM UMMYHOTOKCUYHOCTHU, TO NPU 3TOM criegayeT ucrnonb3oBatb cTparerunio ucneitannm OECD ansa nepBoro
NOKONEeHUs HaHOMaTepnanoB. B ganHHon cTpartermm ckoMmbUMHUPOBAaHbI NPUMEHEHNE BbILLEYNOMSHYTbIX NCCNEA0BaAHUN
OTAANEeHHbIX NOCNeACTBUM U COKPaLLEHUE KOMNYECTBA UCMONb3YyEMbIX XXUBOTHbLIX ANd NabopaToOpHbIX NCcneaoBaHnm, a

TaKKe pacxoaoB Ha NPOBEPKY NO yCTAPEBLUMM AOKYMEHTAaM.
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[MpnnoxeHnve B
(cnpaBoO4HOE)

[lepeyeHb AaHHBLIX 006 ONacHOCTAX ANA 340pPOBbA YenoBeKa (anbTepHaTUBHbLIN noaxon)

B.1 Obwwme nonoxeHus

OCHOBHbIM UCTOYHUKOM AaHHbIX 00 ONacHOCTU AN 300POBbS HENOBEKA ABMAIOTCH UCTbITAHUA U SKCMEPUMEHTbBI Ha
XXUBOTHbLIX. B HACTOSALWEM NPUNOXKXEHNN ONNCAHBI OCHOBHbLIE UCMNbITAHUS, KOTOPbIE MOTYT BDbITh UCMONBb30BaHbI NPU pa3spa-
boTke npohuna onacHocTen HaHomMmaTepunana. MHorme n3 3Tmx MeToaoB UCMbITAHUU NPOAOIKUTENBbHOE BpeMsl Oblnu
NCMONb30BaHbl ANsl 06 bEMHBIX MaTepuanoB (He HAHOMaTEPManoB), 0OAHAKO X SPPEKTUBHOCTL U TOYHOCTb MPUMEHMU-
TENbHO K UCMbITAHUSM HAHOMAaTEPUANOB €lle HeJ0CTaTOYHO npoBepeHa. [ 1pu onpegeneHnn KOHKPETHOMO MeTo4a UCTbI-
TaHUN HEOBXOAMMO YYUTbIBATb KPOME BCEro MNpoYero mmerwmecss npobensl B AaHHbIX, UAEHTUPULUNPOBAHHbLIE MPW
aHarnuns3e MCTOYHUKOB MHpopMauum n coctaBneHmnm npoouns akcno3numn. [nsa kaxgoro cny4vast 4OMKHbl ObITh onpeae-
NeHbl anbTepHaTUBHbIE METOAbI NCMbITAHUWU (B TOM YUCIE UCMNbITAHUS IN VIIro 1 C NOMOLLBIO KOMMNBbIOTEPHOIO MOAENNPO-
BaHWUS), MPUHUUMNbI KOTOPbLIX BKMOYalOT B ¢cebs crnegyouiee: B Npouecce UCMbITAHUN HE AOIKHbI ObITb NCNONb30BaAHbI
XUBOTHbIE, METOAbI U Pe3yNbTaThbl UCMbITAHUW AOIMKHbI ObITb NPOrHO3NPYEMbBIMU, BOCNPON3BOAUMbBIMN N UMETb BO3MOX-
HOCTb ANS UX nepegadn. Takme Metogbl UCNbITAHUM AOMKHbI ObITh B NEPBYIO OYepeab NPUMEHEHLI NMPU NCCNEea4OBaAHNN
BOMPOCOB, CBA3aHHbIX C OMAacHOCTbLIO ANA 300POBbS YENOBEKA.

B.1.1 OJepmaTonornyeckume ncnbiTaHUA

Boagencrteme 4vepes KoXy Hanbonee TUNUYHbIN N BaXXHbIW NYTb BO3AENCTBUA HAHOMaTepuanos. [nsa nccnegoBa-

HIAH BO3ﬂ,8ﬁCTBHFI HaHOMaTepunalia Ha KOXY MOIyT ObITb UCNONb30OBAaHbI aAepmMaTtonorn4eckmne UCrblTaHMH B COOTBETCTBUK
¢ OECD 435 [1], OECD 431 [2], OECD TG 430 [3], OECD 429 [4], OECD 428 [5].

B.1.2 OpanbHble ncnbitTaHnsA

Ecnn ycTaHOBNEHO, 4TO NPy U3roTOBINEHUU NN NCNONb30BAHUM HAHOMAaTepuana CylWwecTByeT BO3MOXHOCTb Mnona-
OAHUS €ro B MLy, TO MOXET BbITb PEKOMEHAOBAHO NPoOBeAeHUE oparnbHbIX UCnbiTaHun B cooTBeTCcTBUKM ¢ OECD 423 [6],
OECD 420 [7], OECD 425 [8], a Takke npoueaypbl NPUMEHEHNSA NOBTOPAIOWMNXCH OparbHbIX 403 C NEPUOANYHOCTBIO
28 AHEWN C NONHOW NPOBEPKON rmctonartonormm 3a 90-gHeBHbIM Nepuog HabnoaeHnn. (3TOT METO A, NO3BOJSIAET BbIABUTD
CKpbITOE BO3AEUCTBME KPATKOCPOUYHbIX OMACHbIX 9KCNO3NUMN HaHOMaTepuana, 0CobeHHO, ecnu Npuem NULLK ABMAETCS
€AWHCTBEHHbIM MyTEM NMonagaHus HaHomMmarepuana B OpraHu3m 4ernoBeka.)

B.1.3 UHrandunoHHbIe NCNbITaAHNA

PacnpocTpaHeHne onacHbIX BEWECTB, NEPEHOCUMBbBIX BO3AYLWHbIM NYTEM, ABMAETCH OAQHUM N3 Hanbornee onacHbIX
NyTen pacnpocTpaHeHnsa HaHOMaTepuana B npogeccnoHanbHou cdhepe. Moryt BbITb pEKOMEHAOBAHbI CNEAYIOLWLNE NHTa-
NAUNOHHBLIE UCTbITAHUS:

- npoueaypa NpUuMeHeHns NMOBTOPSAIOWNXCH MHIransaAUMOHHbIX UCMNbITAHUA C NEPUOANYHOCTBIO 28 AHEN C MONHOW
NpoBepKon rmcronatonornm 3a 90-gHeBHbIN Nepnoa HabnoaeHus;

- NPUMEHEHNE OQHOKPAaTHOW A03bl C NONTHOW NPOBEPKON rmcronaronormm 3a 90-gHeBHbIM nepunoa HabnioaeHUN.

[1TpwnmeyaHwue— MenbiTaHnsa Ha OCTPbIe MHIaNsAUMOHHbBIE ONACHOCTU BPSiA, W MOINyT NPeaoCTaBUTh 3HAYMMYIO
MHoOpMaLNIO MPU MPUMEHEHUMN OMNACHbIX OMbITOB HA XXUBOTHBIX.

B.1.4 OdTanbmonornyeckme ncnbiTaHUA

Ecnun cywectByeT BEPOATHOCTb NONA4aHMsa HAaHOMAaTEPManoB B INasa, TO MOIyT DObiTb NPUMEHEHLI Crieayrowme
0P TanNnbMONOrM4eCcKmne NCNbITAHUSA:

- TECT Ha POroBULE rnasa KoOPoBbl HA BOCANPUUMUYNBOCTb M NPOHULAEMOCTb (MCNONb3YIOWMIWA TKAHW, MONYy4YEHHbIE C
OOWHW) N TECT HA KYPUHOM rnase (MCNonb3yWUi TKAHU T'YMaHHO YMEPLLBNEHHbIX XXMBOTHbIX).

[TpymMmeyaHne —3I3TUKNCNbITAHUS NPU COOTBETCTBYIOLWLMNX OBCTOATENBCTBAX U C ONPeAeneHHbIMU OrPaHNYEHUS-
MU MPUMEHSIIOT B KQ4YeCTBE UCMbITAHUN AN ngeHTMduKaumm BELECTB, pasbeaalolmX mas3a u Bbi3bIBAOLLUUX CEPbE3HOE
pasgpaxeHue rmas, Nnpy NPoBeAEHNN MHOTOYPOBHEBBLIX UCMbITAHUNA, OJHAKO 39TU METOAbl UCMNBbITAHUW HE MOIYT 3aMEHUTDb
NCMNbITAHUM ODTANBMONOMMHECKOW NPOAYKLUMMN HA KPOINMMKaX B €CTECTBEHHbIX YCIOBUSX.

B.1.5 UcnbiTaHnAa HA MyTareHHOCTbL/reHOTOKCUMYHOCTb

Ecnn cywecTtByeT BO3MOXHOCTbL MOTEHUMANbHOW 3KCMO3UUUMM HaHOoMaTtepwuana BHE 3aBUCUMMOCTU OT NYTU ero
nonagaHus B OpraHn3m YenoBeka, To A0IKHa BbITb NPOBEAEHA OLEHKA €ro MyTareHHOCTU/reHOTOKCUYHOCTU. MoryT BbITh
NPUMEHEHbI Creayrowmne UCnbliTaHNA Ha reHOTOKCUYHOCTD:

B.1.5.1 YpoBeHb |

MenbiTanna B cootBeTctBUM ¢ OECD 471 [9], OECD 473 [10].

B.1.5.2 YpoBeHb |l (npn HeobxoanmocTn)

McenbiTanma B cootBetcTBun ¢ OECD 476 [11], OECD 487 [12], OECD 482 [13], OECD 495 [14].

B.1.5.3 YpoBeHs lll (npn HeobxognmocTn)

VlcnblTaHMA HA XPOMOCOMHbBbIE OTKNOHEHUS C UCNONBb30BAHUEM METOA0B 1IN VIVO, TAKUX KaK aHanm3 metadasbl Kre-
TOK KOCTHOIO Moara.
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B.2 HononHuTenbHbIEe AaHHbLIE (NP HEOOXOANMOCTHN)

B 3aBucnmocTtn oOT pe3ylibTdaTa BblWEeYNOMAHYTbIX NCMbITAHUX U NO ApyrmMm mmelwmMm Mecto npunHYHHam MOryT
ﬂOTp86OBaTbCFI AONOJIHUTElIbHbIE AadHHDbIE.

B.2.1 bnonornvyeckne onacHocTw

MeToa ncneitanmm paspabortaH gns Toro, 4Tobbl Ny4we NOHATL ONacHOCTb HAHOMAaTEPMANOB ANSA YENOBEKA U CMO-
cobbl X NoNagaHus B TENO YENOBEeKa, YTO SBMNSAETCH OQHON U3 CaMblX BaXXHbIX U NPUOPUTETHBLIX 3a4a4 nccnegoBaHun.
3Ta nHpopmauymsa ocobeHHO Ba)XkHa Ans HaHOMaTepManoB, BO3AENCTBUE U SKCNO3NLUUA KOTOPbIX HOCUT XPOHUYECKUA U
NOBTOPALWMNCH XapaKkTep, a X BO3AENCTBUIO NOABEPXKEHLI NEPCoOHan, NoTpebuTenu unu gpyrne rpynnel nogen. Cne-
OOBATENIbHO, €CIN UCMNOJIb30BAHME HAHOMATEPMANOB NPUBOAUT K CYLLECTBEHHOW 3KCNO3NUMN, TO TAaKNE UCCNeg0BaHUS
OOIMKHbI BbITb NPOBEAEHBLI B 06A3aTENbHOM NOPSAKE, AaXe B OTCYTCTBUE CTAaHAAPTHLIX METOA0B UCTbITAHUM.

LInpoknn cnektp MeToaoB UCCNEAOBAHUN UCMONb3YIOT ANS OUEHKU BDUONOrM4eckom 0nacHOCTU U CBONCTB 0B bIY-
HbIX MaTepuanoB. B nocnegHee Bpems npoBeaeHbl MHOMOYUCIEHHbIE NCCNeA0BaHUS C NPUMEHEHUEM METOA0B aHanmaa
BMONOrMYecKknX onacHOCTEN N BO3AENCTBUSA HAHOMATEPUAIOB Ha YenoBeka. [1oka ele cywecTByoT Npobrnems! Npume-
HEHUA N3BECTHLIX METOA0B K HAHOMAaTEpUanam, TeM HE MEHEE HA HaYalnbHOW CTaAUN HAX0AATCH UCCeaoBaHUA U pa3spa-
6oTkM HeobxoanmblX Buonpoob.

B.2.2 UccnegoBaHne XPOHWYECKOro oparibHOro, AepmMaTosiorM4ecKoro Wi HWHransduuoHHOro BO34eW-
cTBuA (nepnopg Bo3genctema o3 bonee 1 roga)

McecnenoBaHus XpOHUYECKOro BO3AEUCTBUS HEODXoAMMbI ANs naeHTUdUKaUnMm pucka 34opoBbio YENOBEKa, €CINN
CYLLECTBYIOT A0OKaA3aTENbCTBA HANU4YUA TOKCUYHOCTU MNOCNe OCTPbIX BO3AEWUCTBUN, BKIMIOYEHHLIX B HA30BbLIN NEpeYeHb
OAHHbBIX, UNTN €CINU CYLWLECTBYET UMK OXNOAETCH XPOHMYECKOE BO3AENCTBUE HA NepcoHan, notpeburtenen, obuwecTBo.

Bonee nogpobHas nHpopmaums n pykoBoaCTBa NO UCMNBITAHUAM HA XPOHUYECKYHD TOKCUYHOCTb AOCTYMHbI OHMAWH Ha
cante OECD

B.2.3 PenpoayktnBHaa v aMOpUOHaNbHaA TOKCUYHOCTb

Insa ncecnegoBaHna penpoaykTMBHOM M SMOBPMOHANBHON TOKCUHYHOCTU HEODX0AMMO BbISIBNEHNE BO3JENCTBUSA HA
MY>XCKNE UMK XKEHCKUE PENPOAYKTUBHbBLIE OpraHbl, nccrneaoBaHmne TOKCUYHOCTU U onpegeneHne KpUTUYeCcKux 4o3 Bo3aen-
CTBUSA Ha 00e rpynnbl. B oTnn4ymne oT 3T0ro nccneaoBaHmne asmopnonormn4eckom TOKCUHHOCTU SIBNSETCH Bonee CNoXHbIM, a
ero pe3ynbrartbl — BECbMAa U3MEHYUBLIMU. BO3aeNCTBUE XUMNYECKNX BELLLECTB MPOBEPSAIOT HA BEPEMEHHBIX XUBOTHBbIX,
TaKUX KakK MbILLW, KPbICBI UMW KPOJITMKK, & NX NOTOMCTBO OLEHMBAIOT HA NpeaMeT NocneacTBUN BO3AENCTBUS TOKCUYHOCTMH
BO BpeMsl aIMOpMoHanbHOro passutust. [NpoaormknTtenbHOCTb BO3AENCTBUA MOXET NPOAOIXKATBCSH OT 3a4aTus 40 MOMEH-
Ta POXAEHUSA U B NOCNEPOAOBLIN NEpUoa.

B.2.4 UccnegoBaHne HENPOTOKCUYHOCTH

ViccnegoBaHnsa HEMPOTOKCUYHOCTU HanpaelieHbl HA U3yYeHNe BO3OENCTBUA XMMUNYECKUX BELLECTB HA HEPBHYIO
CUCTEMY YENOBEKA, BKNoYas Mo3ar. CyuleCTBEHHOE NOBpeXaeHUe TKAHEN HEPBHOW CUCTEMbI MOXET BbITb OBHapYXEeHO Ha
OCHOBE paclWMPEHHON TUCTOMATONONMMM Nocre nofydyeHus noBTOPHOW TOKCUYHOW O03bl. bornee ToHKne noBpexgeHus
TPYAHO ODHaPYXUTb METOA4AMMU MMCTONATONOMMUN.

[Tpy HANMYMKM NPU3HAKOB HENPOTOKCUYHOCTU AOIIKHbI ObITb MPUMEHEHBbI M a4aNTUPOBAHbI CYLLLECTBYIOLLNE UCTIbITA-
HUS1 HA HEMPOTOKCUYHOCTL, B MPOoLEeCcce KOTOPbLIX AOIMKHbI ObiTh BbISIBMTEHbI HEUPONOBEAEHYECKUE N HENPONATONOMMYEC-
Kne OTKITOHEHUS, HE OBHapPY)XEHHbIE METOAAMU MTMCTONATONOIMMU NPU 3KCNEPUMEHTAX Ha B3POCIbIX MPbI3yHaX.

B.2.5 bonee obwunpHble nccnegoBaHnA MyTareHHOCTU/reHOTOKCUYHOCTW

[TonoxuTtenbHble pe3ylibTaTbl HA HAYaAlIbHbIX 3Tariax ncciegoBaHnyd MytareHHOCTM MOTyT NpUBECTHU K HEO6XO,EI,H-
MOCTHU OO0MNMOINMHUTEIIbHbIX MCCﬂe,ﬂ,OBaHMﬁ Ha MYTAareHHOCTb WUJN 0T60py 6M0ﬂp06 Ha KaHUEPOIreHHOCTb.

B.2.6 Y3KkoHanpaBrieHHble nccrieaoBaHUA TOKCUYHOCTH

Pe3ynbratbhl 00pabOTKM OCHOBHbLIX AaHHbIX HA HaA4YanbHOM 3Tane B COMETaHUM C U3BECTHBIMU UITN OXMOAEMbIMW
cnocobamm BO3AENCTBUS MOTYT MPUBECTU K HEODX0ANMOCTU Bonee rnyboKnX 1 y3koHanpaeBieHHbIX UCCNea0BaHUN TOK-
CUYHOCTU. ECcnn, Hanpumep, CyWeCcTBYIOT A0KA3aTENBbCTBA HA HAYalNbHOM CTaAUN NCCNEA0BaAHUN MPU3HAKOB TOKCUYHOC-
™™, annepreHHoOCTN NN UMMYHOTOKCUYHOCTU, TO HEObBXoAMMO npoBedeHne aHannsa buonpob. Ecnu npuem nuwin, Kak
nonaratT, SBNSETCH NPENMYLLECTBEHHBIM MYTEM NONaAaHUsA MaTepuana B OpraHnam, TO AOIKHbI ObiTb MPOBEAEHDI
OONONTHUTENbHLIE COOTBETCTBYICLLUME UCCNEQOBaHUSI U TECTbl, CBA3aHHbIE C aHann3oM BO34EUCTBUS MaTepuana Ha
KENyao4vHO-KULLEYHbIWM TPaKT. Ecnmn Ans KOHKPETHOro opraHa 4enoBeka naeHTMpnumnpoBaHbl MPU3HAKU TOKCUYHOCTU B
KPaTKOCPO4YHOM nepuoae, To uenecoobpasHo NpoBeCTN AONONHUTENBHBbIE NCCNEA0BaHUSA ANs TOro, YToObl OXapaKTepu-
30BaTb Takve oTpuuaTenbHble BO3gencTBus. MlccnegoBanmns MoryT BKIoYaTh B ceDS crneunanbHblie AN KOHKPETHOro
opraHa (oyHKUMOHAarNbHbIE UCMNbITAHMUA TN NCNONB30BaHNE MOAENEN XUBOTHbLIX ANs NCCneaoBaHnsi BOCNIPUMMYMUBOCTU K
BO3OEVNCTBUIO.

B.2.7 UccnepoBaHve 3HAOKPWHHbLIX HAPYLWEeHNN/paspyLueHnn

Takne ncecnegoBaHns A4oMKHb! ObITh BbI3BaHbI 1100601 N3 CneayiLwmx npuymnH:

1) obbemMHble maTtepuans!, NOAO0OHbLIE HAHOMAaTeEPWarny, Bbl3bIBAOT UMM MOIyT Bbl3BaTb 3HAOKPUHHbLIE HapYLLE-
HUA/pas3pyLeHns;

2) pe3ynbTartbl OCHOBHbLIX UCMNbITAHWUA, NUCMNbBbITAHUA HA PENPOAYKTUBHYIO NN 3MOPUOHAIBHYIO TOKCUHYHOCTb UK
nobas gpyrast 4oCTynHas MHPOPMAaUUA YKa3blBAOT HA BO3ZMOXHOCTb 3HAOKPUHHbLIX HAPYLLEHUW/pa3pyLLUEHUNA.

McnbiTaHUMA HA BO3MOXHOCTb 3HAOKPUHHBIX HAPYLWWEHUW/paspyLlleHnn A0MKHbl ObiTb YCTAHOBNEHbI B 3aKOHO,a-
TENbHbIX U 0BA3aTENbHLIX TPEDOBAHUSAX HA OCHOBE 3aKI1l04YeHU cneunanmncToB.
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Mpunnoxenve I
(cnpaBo4HoOe€)

[lepeyvyeHb AaHHbLIX 006 onacHOCTAX ANA OKpyXawLen cpeabl

.1 HaHHble NCNbITAHUW HA OPraHN3mMax, ooMTarwLWmMx B BOOHOWU cpene UIn B No4Be

MeToabl ncnbiTaHUK, CBA3aHHbIE C BUOAKKYMYINTUPOBAHNEM, AOITKHbI MOMOYb UCCNeaoBaTh OPraHU3amMbl Ha OCHOB-
HbIX TPOONYECKUX yDOBHFIX1) BMONOrMYecknX BUAOB, TAKMX KaK KOINMbYaTbl€ YEPBU, KPYIIible YePBU, NITOCKUE YEPBU, COOT-
BETCTBYHOLWMNE HACEKOMbIE U BETBUCTOYCHIE padkn (Hanpumep, gapHun). Ecnn nog Bo3gencTBUEM HAHOMATEPUANOB 3TH
NCMbITYEMbIE OPraHn3mMbl MOKA3bIBAKT CHUXEHUE XNU3HECNOCOBHOCTU M NPU3HAKN YTHETEHWUSA, TO AOJIXHbI ObITh NPEANnPU-
HATbI HEOBXOAMMbIE Npeaynpexaatowme gencTensl. buoakkymynmposaHme 06bIMHO YBENUHYNBAETCH C NOBbLILLEHUEM TPO-
dounueckoro ypoBHs.. McnbiTaHne abnoTYeCKnX acrnekTtoB 3KOCUCTEM, CBA3AHHbIX C COOTBETCTBYHOWMMU BUONOrMYECKMMN
BUAaMWN, NO3BONAET UccrnegoBartensm paspaborartb BaXKHble€ NOKa3aTenn BO3AENCTBUS HA OKPYXaAIoLWYIO cpeay.

DNEMEHTbI U YCITOBUS UCMNbITAHUW B BOAHOW Cpeie U noYBe AO0JIKHbI COOTBETCTBOBATL HALUMOHAaNbHbIM TpeboBa-
HUSIM B 3TOW obnacTw.

1.1 TOKCM4YHOCTBL ANSA OpPpraHN3mMoB, oOMTAKLWMNX B BOOHOWM cpege

BkntovyeHne 3TuxX gaHHbIX B NepeveHb {06bIMHO OHU NPUCYTCTBYIOT B NEPEYHE JaHHbIX), UCMONb3yeMbIX (DakTU4eC-
KW B KQXXA0W 40OPOBONBHON 1 00A3aTEeNbHOW 3KONMOMMYECKOW NporpaMmmMme Bo BCEM MUpe, Heobxoanmo ans obecneyeHns
BO3MOXHOCTU onpeaeneHns TOKCMYHOCTU HaHOMaTeEpUanoB Al BOAHbIX OpraHn3amoB. [laHHble TOKCUYHOCTU BKITHOYatoT
B cebs pe3ynbTartbl UCMNbITAHUW HA KPATKOBPEMEHHbBIN TOKCUYECKNN 3P EKT (OCTPYIO TOKCUYHOCTb) AN CYLWECTBEHHO
Pa3NNYHbLIX KNACCOB BOAHbLIX OPraHN3MoB, ANs KOTOPbIX MOTyT OblTb XapakTepPHbl HE3AaBUCUMbIE MEXAHU3MbI U CTENEHb
TOKCUYHOCTU. [1pOTOKONbI MCMNBbITAHUN HA KOHKPETHbLIX BUAAX BOAHbLIX OPraHn3mMoB, MAEHTUMUNLNPOBAHHBLIX KaK MpUroa-
Hble U CTAaHOAPTU30BAHHbIX A1 TAKUX UCNbITAHUW, LUMPOKO AOCTYIMHbI; TAKUM 00pa3om, ANA NCNbITAHUIN crieayeT NCnorib-
30BaTb UMEHHO 3TN OPraHmn3msbl, 3a UCKITIOYEHNEM ODOCHOBAHHbBIX AOMNONMHUTENbHBLIX UCMNbITAHUM HA APYIMX OpraHn3max.
[HaHHble ncnbITaHUS HA TOKCUYHOCTL AOMXHbI ObITh BbIMOMNHEHLI B COOTBETCTBUM CO CTaHAAPTHLIMU Npouegypamm, ecnu
BO3MOXHbI BbIOPOCHI B BOAHYIO cpeay B Nnobon ToYUKe XUI3HEHHOIO LMKNa HaHoMarepuana.

McnbiTaHns Ha OCTPYHO TOKCUYHOCTb HOCAT OrPpaHUYeHHbIN XapakTep, NMOCKONbKY, Kak NpaBuniio, HanpaeneHbl Ha
N3MepeHne BO3MOXHOCTU NeTarnbHbIX UCXO40B B KAYECTBE OTPULUATENBbHOIO BO3AEUCTBUS, MO 3TUM UCMNbITAHUSM HEBO3-
MOXHO OBHapYXNTb cybneTtanbHbiv (6NN3KUK K neTanbHOMY) 3O EKT, KOTOPbLIN MOXET BO3HUKHYTL B pe3ynbraTe aApyrux
MEXAHU3MOB BO3JENCTBUSA OMNACHbIX COBbITMW. [1pn NpumMmeHeHnn MHOrMX BUAOB HAHOMAaTEPUanoB cybrnertanbHOE BO3EN-
CTBUE, NONYYEHHOE B pe3ynbrare bonee HU3KUX yPOBHEN SKCNO3NLUM 3a ANTUTENBbHLIN NEPUO BPEMEHN, Bonee BEPOSIT-
HO, YeM neTanbHOE WU WMHOE OCTpoe Bo3gencTBue. CneagoBaTenbHO, AaHHble OO0MKHbl 0becneyYmBaTb OUEHKY
XPOHUYECKOW TOKCUYHOCTU A5 BOAHbIX BE€CNO3BOHOYHLIX OPraHn3amMmoB (Hanpumep, gapHuin) B 4ONONTHEHUE NN BMECTO
OCTPON TOKCUYHOCTW, ECINN CYLLLECTBYIOT M AOCTYNHbI OOBbEKTUBHbIE CBUAETENBCTBA BO3MOXHOIO DMOAKKyMyITMPOBAHUS.

Tpwn Knacca nenbiTyeMblX OpraHU3mMoB NnpeacTasnsatoT obutarenen sogHon cpeabl. OgHaKo MHOrMe martepuans
NMELIOT HU3KYIO PAaCTBOPUMOCTb B BOE, YTO ABMNAETCH TUNUYHbIM AN HAHOMaTepuanoB. C 60NbWON A0Nen BEPOATHOCTH
Takne martepwvarnsb! HakannmeBaltTCA B OTNOXEHUSX, r4e MOryT NPUBECTU K BO34ENCTBUIO HA OpraHn3mbl, XXUBYLLME B 0cad-
Ke, NN BEHTUYECKNE opraHnambl. [103TOMY MOryT noTpeboBaTbCs UCNBITAHUS HA TOKCUYHOCTB C UCMNONTb30BAHUEM TaKUX
OpraHn3moB.

1.2 TOKCMYHOCTBL ANSA OPraHN3mMoB, oOMTAKLMX B NOYBe

B cntyauum, korga cywecTByOT goKasaTenbCcrBa (Hanpumep, AaHHble MOHUTOPUHIa) NPUCYTCTBUSA HAHOMAaTEpPUa-
NOB B MNOYBE UMM APYruxX 3eMHbIX cpegax, Unn ecTb NpUYnHa oXxngartb, YTO HaAHOMaTepuarbl MOTYT HAMPSAMYIO NN KOC-
BEHHO nMonactb B MNOYBY WIW WHblE 3€MHbIE Ccpeabl, HEeobXxoanmo nNPOBECTU WUCMbITAHUS HAa TOKCUYHOCTL C
MCNONb30BAHNEM ODUTAOWMX TaM XUBOTHbIX U pACTEHUN. Takne UCnbITaHUA, Hanpumep, NPoBoAAT AN HAHOMAaTepUa-
NOB, KOTOPbIE NPW NCMONBb3OBAHUM NMONagatoT B NOYBY (HaNpumep, B BUAE yaodbpeHun nnm nectmumnaos), UM HaHOMaTEe-
prnanoB, CogepXxalmxcs B Npoaykumm, KOTopble MOryT NnonacTb B MNOYBY B BUAE BblAENEHNUN. 10 Xe OTHOCUTCA K 0TXo4aMm,
cogepxXawmm HaHoMmaTepuans! (TaKMM Kak 0CagoK CTOYHbIX BOA), KOTOPbIE NPpeaHaMEPEHHO 3aKanbIBAKOT B MOYBY UMK
KOTOPbI€ NonagareT B NOYBY MHbIM NMyTeM. HakoHel, Heob6Xxoamnmo nccnegoBaTtb BO3MOXHOCTE NONagaHnst HaHoMarTepua-
NOB B NOYBY Yepes BO34yX Unv Bogy (Hanpumep, 4actuubl aspo3ons nnm ncnonb3oBaHNe HEOUNLLEHHON BOAbI AA OPO-
LLIEHNA).

.2 JononHuTenbHble cBeAeHNA (Npn HeobxoanmocTH)

B CUTyauun, Korga CywecCTtByrOT AO0Ka3aTellbCTBa TOKCUHHOCTU AJ1A4 BOAHBIX OPraHM3mMoB UMM HaKOIMJ1ieHnA TOKCUY-
HbIX BEWECTB B 3TUX OPraHN3Max Uiin B BOAHbIX Cpefax, HEO6XO,EI,M MO MNPoOBECTU AO0NOJITHUTEIIbHBIE NCCIeA0BaHUA, OJ1H
TOro YTOOLI nyyvuwe noHATb AO0JIrocpoOHHy O TOKCUMYHOCTD, 6MOJ'IOFM‘-IECI{yPO OMNnacHoOCTb N BITMAHWE HaHOMaTepmnalioB Ha BOA-
Hbl€ OPraHN3Mbl.

1) CoBokynHOCTb OpraHnamoB, ob6beuMHEHHbIX TUNoM nuTanus (Mpum. nep.).
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Mpnnoxenve
(cnpaBo4HOe€)

[MepeyeHb AaHHbLIX O KPUTUHECKUX ONMACHOCTAX HAHOMaTepuana Ans oKpyXxarllen cpeabl

0.1 lokasaTenu KpUTUYEeCKMX ONAaCHOCTEN HaAHOMAaTepMana ansa oKpyxarwuwen cpeabl

CyLWeCTBYIOT HECKOINbKO NoKa3aTenen, KOTopble A0MKHbI BbITb YYTEHbI NPKU CO3g4aHuK Npoduns matepuana, CBs-
3aHHOIO C €ro BO3MOXHbIM pacnpocTpaHeHNEM B €CTECTBEHHOU cpeae. Humxe npuBeaeHbl nokasarternu, Xapakrepuayto-
LLiMEe KPUTUYECKYIO ONacHOCTb MaTepuana gns okpyxatrLen cpeibl U ero MHEPTHOCTb.

[Tokasarenun KPUTUYECKMX ONACHOCTEN MaTepuana aAns oKpyXxatowWwen cpeabl BKNo4atoT B cebsi:

- NONHbIV HABOP PUNYECKNX N XUMUYECKNX CBONCTB;

- aAcopOUMOHHO-AecopbunoHHbIe KO3 dMUMEHTI B cpeae cbpoca (nouse nnm ocagodHbiX nopoaax);

- NoKasarenu arperaumm wnu gesarperaumm HaHomaTepuanoB B NPUMEHUMBIX cpedax 3Kcno3nuymm (Hanpumep,
BO34yXe, BoAe, NoYBe, 0CafoUYHbIX MNopogax).

MIHEpPTHOCTb XapakTepuayer:

- CNOCOBHOCTL K BMOPAa3NoOXEeHN0 HaHOMaTEPUANoOB HA OPraHN4YeCKOW OCHOBE;

- hoToaerpagaunio/PoTOXMMNYECKYIO aKTUBHOCTb, CTabUNbHOCTL B BOAE (rMAPONu3) HaHOMaTeEpPManoB Ha Opra-
HNYECKOWN N HEOPraHN4YE€CKOW OCHOBE;

- DMoakkyMynupoBaHue bakTepusimMn, MOPCKUMKU BOAOPOCISMU U JaOHUSIMW.

0.2 HJononHunTenbHble AaHHbLIe (NPWV HEODOXOANMOCTH)

Cnepgyowas nHdopmMauuns He SABMSIETCH YacTbio PEKOMEHAYEMOro Habopa AaHHbIX, OAHAKO MOXET ObiTb BECbMA
NONe3HON ANs NOHMMaHUS KPUTUYECKMX ONAacHOCTENW HAaHOMaTepmana ansa okpyKatoLwen cpeabl:

[TopaBneHne AbiXaHMA akTUBHOTO nna. CteneHb, 40 KOTOPOW HAHOMAaTEpMarn MOXeT 3aTPyaHNUTb UK NOAABUTb
MUKPOBHOE AbiXaHne B aKTUBHOM UNe, ABMAETCH NOKasaTenemMm BO3MOXHOIo HapyweHus paboTel NpoLeccoB HA Npeanpu-
ATUAX N0 0bpaboTKe CTOYUHbIX BOA.

[NopgaBnsawwee (TOKCUMYHOE) BO3AEUCTBME HA MUMKpPOOpPraHMambl B gpyrmx cpeaax. Ecnv HaHomaTtepwuan
MOXET BbITb COPOLWIEH NN 3aHECEH B MNOYBY U 0CaA04HbIE MOPOAbLI, TO MHPOPMAUKUS O NOTEHUMANBHOM NOAABIIEHUN
MM MUKPOOPraHM3MOB BaXHa Ansl onpegeneHns HebnaronpuaTHOroO BO34ENCTBUSA HA 3KOCUCTEMY, HaANpUmMep Ha LUK
NnpeBpawleHun yrrnepoga n asorta B XUBbIX OpraHn3mMax.

CTOoMKoCTb B CBAA3aHHbIX cpeaax (T. €. B COOTBETCTBUM C OXXnaaeMbIMM NyTAMM IKcno3nunm). [lnsa HaHoma-
TEpPUaNoB Ha OPraHN4YeCcKon OCHOBE PEKOMEHAYETCH NPOBEAEHNE UCTIbITAHUN Ha CMOCOBHOCTL K PA3nNoOXEHUID MUKPOOP-
raHn3amamm, B TOM 4YUCNe C NOMOLWbIO MOAENUPOBAHUSA COOTBETCTBYIOWUX aHANMUTUYECKUX UMW OPYIMX OOCTYIMHbIX
meTogoB. OaHaAKo HA HACTOSAWMN MOMEHT OTCYTCTBYIOT COBPEMEHHbLIE CTAHAAPTHLIE METOAbl OLEHKN DUOPA3NOXEHUS
HaHomMmartepuanos. [1oaTomy Heobxoauma aganTauns CyWeCcTBYIOWMNX PYKOBOACTB Mo BuopasnoxeHnto n/mnu paspabor-
Ka HOBbIX MPUMEHUMbIX METOA0B UCCrneaoBaHusa bnuopasnoXxeHus HaHomarepuanos. Ecnv HaHomaTepuan 3aHeceH Uinn
OCaXAEH B NOYBY, TO PEKOMEHAYIOTCSH UCCNeaoBaHns No BMopasnoxXeHnto B aspobHon nnm aHaspobHon cpege NoYBbl.
Ecnn nyTe HAHOMaTepMana, Kak oXxXuaaroT, NPonaeT Yepesd CTOYHbIE BOAbI B KAYECTBE NMPUMECEN BOAblI HA NPeanpusTUn
no o6paboTKke CTOYHBIX BOA UM HAHOMaTepuarns! byayT HANPSMyO COPOLLEHBI B BOAY UMW OCAXAEHbI (Yepes BO3ayX) Npw
OPOLWEHNN, U, ECNU NNIOTHOCTb YaCTUL, YKa3biBaeT HA BO3MOXHOCTb UX HAKOMIMEHUS B OTINOXEHUAX, TO PEKOMEHAOBAHbI
crneayrouwmne NCnblTaHUSA:

- onpeaenenne KospduumeHToB agcopoumnn/gecopdbummn B OTNOXEHUAX/0cagkax;

- uccnepgoBaHmne No BUOPas3noXKeHnto B aspobHoON nnu aHaspobHoW cpeae OTNOXEeHUN/ 0CaaKoB.

XnMun4yeckoe npeBpalleHue HaHOMaTepPManoB HA HEOPraH NYECKON OCHOBeE. TaK Xe Kak HeopraHn4yeckue obb-
eMHble MaTepuansl, HAaHOMaTepuanbl HA HEOPraHMYECKOW OCHOBE He NOABEPXKEHbI DMOPA3NOXKEHNID, XOTH MOTYT BCTY-
nate B OKUCINUTENbHO-BOCCTAHOBUTENBHbIE peakuum B OKpyXawwen cpepe. [1oCKONbKY B HacTosillee BpPeEMS
OTCYTCTBYIOT AENCTBYIOWMNE CTAHAAPTHBLIE METOANKN TAKMX UCTbITAHUW, TO METOA bl MCCNeAOBaHUN MOTYT BbITb paspabo-
TaHbl noTpedbutenem. Metoabl TAKMX nccnegoBaHUmM 3aBUCAT OT DU3UNKO-XUMNHECKUX CBOUCTB HAHOMAaTEPUArnoB, NX OXXU-
0AeMOro UCNonb30BaHUS U NyTEN 3KCMNO3NLUMN B OKPYXaloLEen cpeae.

0.3 Ucnonb3oBaHne nHpopmMauum o KPUTUYECKUX ONACHOCTAX HAHOMATepWana ans oKpyXxawLwen cpeabl

CtaHpapTHble MeToAabl. B HacTosuwee BpeMsa OTCYTCTBYIOT CTaHAAPTHbIE UMW LUMPOKO MNMPUMEHUMbIE METOAb!
OLEHKN KPUTUYECKUX ONMACHOCTEN HAHOMATEPMATIOB ANA OKpYyXXaloWewn cpeabl (T. €. MecTa HaKoneHns HaHoMaTepuana B
OKPYXXaloLWen cpeflie v ero BO3IMOXHbIE XMMUYECKUE NPEBPALLEHNA/CTONKOCTL). CYyLLLECTBYET TaKXe HeonpeaeneHHoOCThb B
BOMNPOCE O TOM, MOTyT M YCTAHOBNEHHbIE METOAb!, NPpeAHa3HaAYeHHbIE ANs 0OBbEMHbLIX MaTepUarnos, ObITb MPUMEHEHDI K
HaHomMmaTepuanam. 1o mepe pas3paboTkm U BHEAPEHUA aHANUTUYECKNX METOAOB CYLLECTBYIOWME METOA bl OLLEHKN KPUTU-
YECKMX ONACHOCTEN AN OKpYyXatoLen cpegbl 0O bEMHBIX MaTEPUanoB MOryT BbITb aganTUPOBaHbI AN HAHOMaTePUaros.
B cBA3Kn ¢ 3TUM HEOBX0AMMO MCNONBb30BaTh NEPEAOBbLIE AOCTYNHbIE HAYYHbIE NOAX0Ab! AN NMPOBEAEHUS OLEHKUN KPUTU-
YECKMX OMacHOCTEN HAHOMAaTEPMAaNoOB A5 OKpyXKalowen cpeabl.
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Puanko-xmmn4yeckKme cBoncTea. [lns HaHoMmaTepnanoB CyLLEeCTBYET 3HAYUTEIIbHAA HEONPEeaeNeHHOCTb OTHOCHK-
TENbHO TOro, Kakne PUanKo-xnmmn4eckne CBONCTBa 0DYyCNnoBNUBAIOT pacnpeaeneHne n pacnpocTpaHeHne YacTul, B OKpy-
Xawwen cpege (Boge, nodBe, 0CcagoqHbiX nopogax v buomartepun). Onss 0ObeMHbLIX MaTepuanoB OCHOBHLIMW
napameTpamMmu SBMNSTCH PacTBOPUMOCTb B BOAE U AaBIIEHME HACbIWEHHbIX NapoB. OgHaAKO NOCKONbKY Ans 60nbLn-
HCTBA HAHOMATEPUANOB XapaKTepHbl HU3KME PacTBOPUMOCTb B BOAE U AABNEHNE HACLIWEHHbLIX MapoB, TO OCHOBHbLIMMW
nokasartensiMm onpegeneHns cnocobHOCTNM HaAHOMaTepMana K pacnpeaeneHuto B cpege Moryt 6biTb gpyrme ero ousu-
KO-XMMNYECKME CBOUCTBA, B TOM YMCIE Hanu4une arnioMmeparoB, NOBEPXHOCTHbLIV 3apsa, ANCNEPIrMpPYyeEMOCTb, NIMOTHOCTb
yacTuu, pasmep Yactuu, pacnpegeneHue no pasmepy unv nnowagn noBepxHoCcTn YacTul,. B HEKOTOPLIX Crnydasax MOXeT
ObITb NpUMeHMMa cybnumauuns (BO3roHka, ncnapeHmne teepabix sewects). [lanee, npucyTcTBue eCTeCTBEHHOIO OpPraHu-
YECKOro BELWEeCcTBa MOXET NOBMNUATL Ha pacnpocTpaHeHne HaHoMaTepuana Ha yrnepogHon OCHOBE B eCTECTBEHHOW BOA-
HOW cpeae.

MHoroe euie HeM3BeCTHO O TOM, KaK PU3NKO-XUMNYECKME CBONCTBA MOTYT NOBJTIUATL HA CBOMCTBA HAHOMarTepuana
B OKpyXatowen cpege. [1o mepe TOro Kak MoXeT BbITb YCTAaHOBIEHA KOPPENSUNsS Mexay CBOMCTBAMU HAHOMATEPUANOB U
NX BO3OAEUCTBMEM HA OKPYXaIOLWLYIO cpeay, MOXHO byaeT paspaboTaTtb AOCTOBEPHbIE MOAENN pacnpeaeneHus n pac-
NPOCTPaAHEHUS HAHOMATEPMANnoOB B OKpyXatowen cpeae. B ¢BA3m ¢ aTmm HeobXxoammo onpeaeneHne cneayiowmx nokasa-
TENewn:

- KO3t hruneHToB agcopdbumn/gecopbumm B novBe (Npu nonagaHnm B NOYBY) UM 0CaA04HbIX Nopogax (npu nona-
OAHUN B CTOYHbIE BOAbI),

- CTENEHb arpernpyemMmocTn n gQucneprmpyemMocTy HaHoMmaTtepmanos B NMPUMEHUMbIX Cpedax 3KCrno3nuum.

CTtoukocTb. [lokazaTtenn, Takme Kak opraHudyeckass Unnm HeopraHn4veckass OCHOBa HaHomarTepwuana, ero gouam-
KO-XMMNYECKNE CBOMNCTBA M aHaAnNUTU4YeCckue mMeToAbl, OOCTYMHble ANA onpeaerieHns npucyTcTBUsS B cpeae NCXOOHbIX
MaTepuanoB UMW MaTepuanoB, N3MEHUBLLUXCH B pe3yrnbTaTe XMMUYECKUX peakuun, SBMNAKTCS OCHOBOW Ans Bbibopa
NCMbITAHUW MO ONpeaeneHnto CTOMKOCTU maTtepuana. OueHkn BnopasnoXeHus, Hanpumep, crneayeTt NPoBoANTb TONBKO
Ha opraHnYeckux HaHomartepuanax. [lpn HeobxoanMmMocTn cneayeTt NCnonb3oBaTh METOAbLI UCTbITAHUW HA DMOPa3noXe-
He. Ecnn ana nccnegoBaHMM OOCTYIMNHbI MEYEHHbIe paanOakTUBHbIMKW M30TONaMW HaHoMaTtepwvarsb!, TO 3TOT MeToA
MOXET ObITb Mones3eH Ans NPpoBeAeHUss aHanmnla martepumana Ha buopasnoxXeHue.

[nsa opraHn4ecknx n HEOPraHMYECKMX HaHOMaTEPUanoB MOryT BbITb NPUMEHEHBI UCCNeaoBaHnA No HoTOPaA3No-
XEHUIO N POTOXUMUYECKUM peakunsiMm, eCcrim BO3MOXHO nonagaHne HaHoMaTtepuanoB B BO34yX, HA NOBEPXHOCTb BOAbI
NN NOYBLI UM HaXOXAEHWEe X Nod BO3AEUCTBUEM CONMHEYHOro ceseta. [McKkpeTHble (NacCUBHbLIE) HAHOMaTepUarnsl,
BEPOSITHEE BCEro, byayT yCTOWYMBLI B BOAE U, TAKUM 06pa3om, NPpUMEHEHNE NMoKa3aTens rmaponunsa HeuenecoobdbpasHo.
OpagHako ecnu HaHOMaTepuan NcnNbiTaH B COMEeTaHUM C OObEMHbBIM MaTepnanom Uim B KQ4eCTBE COCTAaBHON YaCcTU 00 beM-
HOro matepuana, To nokasatenb rmaponun3a MoXeT BbiTb NCCNea0BaH HA BO3MOXHOE BbICBODOXAEHUE HaHOMaTepuana.

BbrnoakkymynunpoBaHue. Ha HAacCTOSAWMN MOMEHT OTCYTCTBYIOT CTaHAAPTHbIE METOAbI NCCNEA0BaAHNS BNOAKKYMY-
NMMpoBaHNA HaHomMmaTepunanoB. KoasduuneHT pasageneHus okTtaHon/soga’l) NCNONb3YIOT B KAYECTBE 3aMECTUTENSA MNOKa-
zatens OnoakkymynmpoBaHuUs OOBEMHbIX BELWECTB, OJAHAKO OCTAeTCH HESACHbIM BOMPOC MPUMEHEHUA €ro Ans
HaHomMmaTepuanos. Ecnun paspaboTaHbl COOTBETCTBYIOWME aHANUTUYECKNE METOAbI, TO MOTyT DbITb NPUMEHEHLI UCMNbITA-
HMUSA HAQ DMOKOHLUEHTPALNIO NN BDUOAKKYMYITMPOBAHUE.

1) CooTHOWEHNE Mexay KOHLEHTPaUuAMM BELEeCTBa B ABYX ha3ax PaBHOBECHOM CMECK H-OKTaHoNa v Boab.
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[MpnnoxeHwe E
(cnpaBo4HOe€)

KapTa ngeHTucpukaymm onacHocteM HaHomMmartepuana

E.1 Obwee onncaHne HaHOMaTepwvana v ero NPUMMeHeHuA

B Havane gokymeHTa AomxkHo 6bITb NpUBEAEHO onucaHue (0bWun KpaTknm 0630p) HaHOMaTepuana v ero npegHas-
Ha4Y€HHOro NCNoOJ1b3OBAHUA.
Oownn KpaTKun 0630p1)
- Obwee onucaHme martepuanas:
- NCTOYHMK MONYyYEHUA UM U3roTOBUTENb MaTepuana,;
- NPON3BOACTBEHHbLIN NPOLUECC;
- BHELWWHWUWN BUA;
- XUMNYECKUWN COCTAaB;
- hnanveckoe cocTossHne U hopma vyacTuu;
- coaepXaHne KOMMNOHEHTOB,;
- pacnpegeneHne pasmepoB HYacTUL;
- PACTBOPUMOCTH;
- HanV4une arperaTtoB U arnoMeparToB;
- N AEHTUDVKALMOHHBIN HOMEpP MaTepuana u xummdecknx sewwecTte no CAS?) (ecnv npyumeHumo).
- OCHOBHOE NPUMEHEHME (TEKYLLLEE UNN OXNOAEMOE).
- Ctagus paspaboTkw.
- Obwme pusnyeckne n mexaHmveckme CBOUCTBA 4aHHOro HaHoMaTepuana.
- [pownbi onbIT PaboTbl ¢ AAHHBIM HAHOMATEPMANOM UMW aHaNoOrM4YHbIMM HAHOMaTepuanamm.
- [ToTeHymnanbHbIE NPEUMYLLLECTBA U NO3UTUBHbIE CBOUCTBA (XapakTEepPUCTUKU) HAHOMAaTEpPKMana n ero NCrnonb30Ba-

HUSA.
- [ToTeHymnanbHbIE ONACHOCTU, PUCK U HEFATUBHbLIE CBOUCTBA (XapakTEPUCTUKN) HAHOMaTepuana u ero Ncrnonb3o-
BaHUS AnNS:
- 3J0POBbS YENOBEKA;
- OKpYyXKatowewn cpeabl.
- leToYHMKM aononHnTenbHOWM MHpopmMaLlum.

E.2 AHanNu3 XN3HeHHOro UMKna HaHomaTtepwvana

E.2.1 MNMpodunb XN3HeHHOro UMKna HaHomMaTepuana

Tabnuua E.1 npegHasHavyeHa ans onpeaeneHns n permctTpaumnm n3BeCTHbIX U OXKMOAaeMblX AENCTBUA HA pa3fny-
HbIX CTAAUAX XMU3HEHHOIO UMKNAa HAaHOMaTepuana, rnpm sTom 4omKHb! 6bITb NOAPOOHO onucaHbl hopma NPoAYKUNK, NMPo-
LEeCCbl U AEUCTBUS, KOTOPbIE MPONCXOOAT Ha KaXXaowu ctagum XM3HEHHOro UMKna npoaykummn. B onncaHmne XXU3HeHHOoro
LMKNAa AOJKHbI ObITb BKITIOYEHbI YNPaBNALWME AENCTBUS NMONBb30BATENSA, @ TAKKe AENCTBUA NONb3oBaTens 4o n nocne
NCMONb30BaHNA HAHOMaTepuana.

Tabnuuya E.1— OnncaHne >KM3HEHHOIO UMKNa

Gopma(bl) [lpouecchl (oTAenbHbIE

CTagus XM3HEHHOro UMKIa HaHoMaTepuana .
HaHOMaTepuMana | onepauum) U JencTBUS

McTouHnk matepuana (Hanpumep, NPoOn3BoAUTENb, NOCTABLLWK)

[Tpon3BOACTBEHHBIN YPOBEHDL | (Hanpumep, npoueccol)

[Tpon3BoACTBEHHBLIN YpOBeHDb |l (Hanpumep, N3roToBneHne NPoayKLum)

[Tpon3BoacTBeHHbIN ypoBeHb |l (Hanpumep, pacdacoBka/ ynakoBka)

PacnpegeneHue (Hanpumep, po3HNYHasi TOProers)

1) OBwun kpaTkun 0630p AOMKEH coaepXaTh ONUCaHUA, 4OCTATOUHbIE AN pa3paboTku Bonee aeTann3anpoBaHHbIX
npodmnnen CBOMCTB HAHOMAaTepMana, CBA3aHHbIX C ONACHOCTbBIO U MOTEHUMANOM 3KCNO3ULIMKN Ha Pa3NUYHbIX CTaOUAX KN 3-
HEHHOrO UMKna (Taknx Kak U3roToBNeHmne, NCnonb3oBaHNE U OKOHYaHWE XXU3HEHHOIo UMKNAa). ITOT KpaTKkun 0630p A0MKeH
bbITb pa3pabotaH Ha OCHOBE MHpOPpMaLUMK, KOTOPOW BnageeT nonb3oBaTenb, Un onybnmkoBaHHbIX AaHHbIX.

2} CAS — Chemical Abstracts Service.
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OkonyaHue mabnuubi E. T

dopma(bl) [lpouecchl (oTAenbHbIE

CTagusi >KW3HEHHOIO LMKNa HaHOMaTepuana .
HaHOMaTepuana | onepauum) u AeNCTBUS

Mcnonb3oBanue/lloBTopHOE ucnonb3oBaHne/ObenyxmBaHme (Hanpumep,
notpedurerns)

3aBeplleHne XU3HEeHHOro umukna (Hanpumep, NOBTOPHOE UCMONb30BaHKUE,
yTUIn3auus)

E.2.2 PazpadoTtka npoduna cBONCTB HAHOMATepWana Ha cTaauaxX XN3HEeHHOro LuMKna

Ha ganHHom aTane Heobxoaumo naeHTupnumMpoBaTbh U OXapakrepmsoBaTb HU3NYECKUE U XUMNYECKNE CBONCTBA
HaHOMaTepuana, BKNno4ast USMeHEHUS CBOUCTB Ha BCEX CTaAAUAX XXU3HEHHOTO LUMKNa NPoAyKUMKN, B TOM YUCTE COCTaBUTD!

- pe3loMe;

- TpebOBaHUSA K gaHHbIM N gencteusam (cMm. tabnunuy E.2 — CBoncTBa HaHOMaTepuana Ha CTagausax XU3HEHHOIO
umkna. Ntoroeas Tabnuua);

- JOMONTHUTENbHbIE 3aMEeYaHUs.

Tabnwuua E.2— CBoWcTtBa HaHOMaTepuana Ha cTagusx XXM3HEHHOro uukna. Vitorosas tabnuua

CTaaust XXM3HEHHOTO LMKIa HaHoMaTepuana?)

TexHu4veckoe unu PUpMeHHoe HauMeHoOBaHue

Obwnn Bua HaHomaTepuana

PeaynbTar MeTon MpumeyaHms®

XUMUYECKUM COCTaB (BKNKO4Yas MNOKPLITUE MOBEPXHOCTEN)

KOMNOHeHT 1;

KOMMNOHEHT 2Z:

KOMMOHEHT N:

Kpuctannuyeckas n MonekynsipHasi CTpykTypa

Punanveckoe coctTossHME N popma vacTul,

Pasmep YyacTul 1 pacnpeieneHue pasmepoB YacTul

[Thowaab NOBEPXHOCTH

[lnoTHOCTBL YacTuu

PacTBOPUMOCTDb

OuncneprupyemocTs

Hanuune arperatoB v arnomeparoB

[TopuctocTtb

[ToBEpXHOCTHLIN 3apsa,

) Heo6Xx0AMMO 3anonHUTE Tabnuuy ANA KaXA0W CTaAUM XXM3HEHHOTO LMKIa NPy BCEX U3MEHEHUSIX CBOWCTB Ma-
Tepuana.

b} Hanpumep, CCbINKM, MCTOYHUKM AaHHbIX, CTeNneHb HeonpeaeneHHOCTU MHDOPMAaLK.

E.2.3 PazpaboTtka npodovna onacHOCTen Ha CTAANAX XXKU3HEHHOro LMKna

Ha paHHom aTane Heobxoaumo naeHTUdOULUMPOBaTL U OXapakTepmu3oBaTbh NOTEHUMANbHbIE ONACHOCTU ANS 340-
POBbS M BE30NacHOCTU YENOBEKA, a TaKXe ONAacHOCTU ANS OKPYXXaloWeW cpelbl Ha BCEX CTaAUNAX XXMUIHEHHOIO LUMKNA.
OnncaHne OOIMKHO BKIKOYaTh:

- pe3omMe;

- TpebOBaHUSA K AaHHbIM U AencTBusiM (cMm. Tabnuuy E.3 — lNpodunb onacHoCcTeEN Ha BCEX CTAAUSIX XU3HEHHOIO
LMKNna HaHomaTtepuana. OCHOBHOW nepeYvenb, Tabnuuy E.4 — [NepeyeHb OCHOBHbIX AAHHbIX 00 ONACHOCTU HAHECEHUS
Bpeaa 340poBblo Yenoseka v tabnuuyy E.5 — Npodune onacHoOCTEN Ha BCEX CTAAUSX XKXU3HEHHOIO LMKNa HaHOMaTepua-
na. JononHUTenbHbI€ NCNbITAHUS);

- JOMONHUTENbHbIE CBEAEHUS.
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Tabnwuwya E.3 —Tllpodmnb onacHocTeEN HaA BCEX CTAAUAX XU3HEHHOTO LUMKNa HaHomaTtepuana. OCHOBHOW NepeYeHb

[lyTb pacnpocTpaHeHus

OnacHoCTL [KavyecTBeHHas NCTOYHUK
Xapakrepuctmka (Hanpumep, HU3Kas, MHPOpMaL UK

CpeaHsSA, BbICOKAA) N KONUYECTBEHHOS | (Hanpumep, HoMep

3HaYeHue, MIr/kr (ecnmn OoOCTynHo)] oT4eTa)

[JaHHble 00 onacHOCTU ANA 340POBLA YeNnoBeKa

1 KpaTtkocpo4dHasi TOKCUYHOCTb

a) JlerouHas TOKCUYHOCTb

6) OpanbHasi TOKCUYHOCTb

2 [loBbleHWE HYBCTBUTEJIBHOCTU N pa3gpa>XeHne KOXU

3 'NpOHUKHOBEHNE Yepes KOXY

4 [ eHOTOKCUYHOCTb

a) ['eHHble MyTaUMKN B MPOKAPUOTUHECKUX KNETKAX

6) XpomocomHas abbepauns

HaHHble 00 onNacHOCTAX ANA OKpyXatklen cpegbl

ToKCen4HOCTb ANt BOAHOW cpeabl

1 PbIbbI (Neckapb unn operns)

2 becno3BoHOYHbIE (gathHUN)

3 BoaHble pacTteHunsi (MOpCcKne BOAOPOCNN)

TOKCUYHOCTBL ANns 3eMHOW cpeabl (€CNU BO3MOXHO nonagaHne B NoYBy)

1 3eMnsiHble YepPBU

Z2 PacteHwns

[aHHbIe 0 KPUTHUYECKNX OMACHOCTAX ANS OKpYXalowen cpeabl

PacTBOpUMOCTb B BOAE

[laBneHne HacbILWEHHbIX NapoB

KoadhduumeHTtsl agcopbumm n gecopbummn cpeasl, B KOTOPYHO
npoucxoauT BblaeneHue (nodvsa/mn)

OTcnexXmBaHne NoTeHUunarnbHOU CTONKOCTU

OTtcnexnBaHne nNoTeH HNaJIbHOIO 6HOEII{I{yM}/J'I NMPpOBAHNHA

Tabnwuwua E.4 —TlepeyeHb OCHOBHbIX AaHHbIX 06 ONACHOCTU HAHECEHUA Bpeaa 340POBbI0 YEeNoOBeKa

OnacHoOCTU 1 yrpoabl ANA 6e30nacHOCTU YenoBeKa

[laHHbIEe 06 ONAcCHOCTH

BocnnameHsaemMoCTb

B3pbiIBOONAcHOCTb

HecoBmMecTUMOCTb

PeaktTmBHOCTb

Koppo3noHHas akTUBHOCTb
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Tabnwuya E.5—Tllpodhunb onacHoCTEN HA BCEX CTAAUAX XXUBHEHHOIO UMKna HaHomaTtepuana. JononHnTenbHbIe UC-
NbITAHUA

OnacHoOCTL NCTOYHUK MHpOpMAaLIUK
[TyTb pacnpocTpaHeHus (Hanpumep, H1U3Kas, (Hanpumep, Homep
CpeaHsAS, BbICOKAsA) oTveTa)

HaHHble 00 onacHoCcTM AnA 300poBbA. lononHNTeNnbHbIE UCMNbLITAHUA (MPU HEODXOANMOCTH)

Bunonormyeckmne onacHoCTU 1 CBOUCTBA

iccnepoBaHne XPOHUYECKUX OMNACHOCTEW, BO3HUKAKWMX WHransiLunoH-
HbIM NyTEM

MCCHE,EI,OBE]HHE XPOHNHYECKUX OMacHOCTEWN, BO3HMKaKWKMX OpalibHbIM TMYy-
TeM

MccnegoBaHne XpOHUYECKUX OMacHOCTEN, BO3HUKAKLWMX U3-3a pasapa-
>XEeHUSI/NMOBbILEHUS YYBCTBUTENBHOCTU KOXKU

PenpoayKTUBHas 1 aMBpUoHanbHas TOKCUYHOCTb

VlccnepgoBaHne HEMPOTOKCUYHOCTMU

bonee O6LIJI«’IprIe NCarneaqoBaHNA NreHOTOKCUYHOCTW

Y3I{OH8I'IpaBJ'I8HHbIe NCCrneqoBaHnA, CBA3aHHbIE C TOKCUYHOCTbBHD

HaHHble 00 onacHOCTAX ANA OKpyXxawwen cpeabl. JononHuTenbHbIe UCNbITAHMA (NPU HEOOXOAMMOCTH)

Ncenepgosanne ADME Ha BoaHbIX opraHmnamax

XpoHn4yeckasi TOKCUYHOCTb A1 MUKPOOPraHU3MoB, XMBYLLMX B MOYBE,
0Cago04HbIX Nopoaax U MPYHTE

[NanbHenwwne nccnegoBaHUs HA TOKCUYHOCTb AN OpraHn3amoB, obuTtato-
LLNX B 3EMHOWN cpefe

TokcnyHOCTb ANA NTUL

MiccnegoBaHus Ha ypoOBHE NOMyNAULNN/3KOCUCTEM

HaHHbIe 0 KPUTUYECKUX ONACHOCTAX AJA OKPYXaroLwen cpeabl.
HJononHuTenbHbIE NCNbITAaHUA (NP HEOOXOANMOCTH)

[logaBneHne gbiXxaHusa noa BO3geNCTBUEM OTXOO0B

TOKCUMYHOCTb AN MUKPOOPraHM3MOB

CTOMKOCTb B COOTBETCTBYHOLMX Cpeaax

CnocobHOCTB K YHaCTUIO B OKNCITNTET1IbHO-BOCCTAHOBUTEJIbHbBIX PeaKUUAX

E.2.4 PazpaboTtka npodmna 3kcno3mummn Ha BCcexX CTaaNAX XN3HEeHHOro LUKna
Ha paHHomM atane HeobxoaMmMo OUEHUTb KCNO3ULUUIO MPU NPSMOM KOHTaKTE C YenOBEeKOM WNU Mpu nonagaHun
MaTepuarna B OKpyXaloLlyo Cpeay Ha KaXXaon CTaaum XXN3HEHHOTO UuKna. Hmxe npuBegeHbl OCHOBHbIE pas3gerbl Xapak-
TEPUCTUKM IKCNO3NLUUK, NpeacTaBnstowme cobon Kpatkmum ob63o0p n cMHTE3 cOBpaHHOU MHPoOpMaLMK 0D SKCMO3ULUM:
- PE3IOME;
- TpebOBaHUSA K AaHHBIM U AeNCTBUAM (CM. Tabnuuy E.6 — 3Jkcno3mums npm npsmMom KOHTAKTE € YenoBekom. MTo-
roeas Tabnunua, tabnuuy E.7 — BoamoXXHble BbIOpPOCHI B OKpyXalowyo cpeay. Mtoroeas Tabnuua);
- JONOJIHUTENbHbIE 3aMEYaHWns;
- petanbHas paspaboTka npoduns 3KCno3anuum npm NPSIMOM KOHTaKTE C YeNTOBEKOM:
- CTaauA XU3HEHHOIo LUMKNa;
- HaMMeHoOBaHue 3tana pabor;
- BU4 martepuana;
- KONMUYECTBO N0AeEN, NOABEPXKEHHbBIX ONACHOCTK;
- BO3MOXHbIE NYTU NONagaHnsi B OPraHnam YenoBeka (Hanpumep, nNpu AgbiXaHuy, NnpuemMe nuuuy, nonagaHum B
rnasa v Ha KOXY);
- UHAMBMAyanbHble CPeAcTBa 3aWnThl, 3aWMUTHOE 060PYAOBAHNE;
- TEXHUYECKME cpeiCTBA KOHTPOIS;
- npoueaypsbl;
- BO3MOXXHOCTb 3KCMO3ULUK;
- 3Ha4YEHUS OLLEHOK 3KCNO3NLMKN U 03bl;
- HEM3BECTHbIE BEMUYUHBI U HEONPEAENEHHOCTD;
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- AetanbHas paspaboTka npoduna 3KCno3nuum Npy NonagaHum marepuana B OKpyXatoLLyro cpeay:
- CTagus! XXU3HEHHOIO UMKNA;
- HAMMEHOBaHWe 3Tana;

- B Marepuaria,

- BO3MOXHaSA cpeda nonagaHus marepuana (1. €. Nyt nonagaHns mateprnana B OKpYXatoLlyto cpeay);
- TEXHNYECKNE CPEACTBA KOHTPONS;

- MpouUeaypbI;

- BO3MOHOE KONMMYECTBO BblGPOCOB;

- KapTa onacHOCTU MaTepuana rnocne 3aBpepLlleHusi ero UCNoNb3oBaHus (Hanpumep, aerpagauuns, TpaHcdopma-
LM UK NonagaHne B gpyrue cpeabl);

- OLLEHKM 3KCMOo3nLUn U J03bI;

- HEU3BECTHbIE BEMMYUHBI U UX HEONPEAENEHHOCTb, ANS UCCNeaoBaHUA KOTOPbIX MOryT OblTb MCMOMNb30BaHbl

crnegytowme BOnpochi:
- KakoBbl NTOroBble KPUTUHECKUE ONACHOCTU HAHECEHUS Bpeaa OKpyXatloLwen cpege HaHomartepuanom?
- imeeT nn HaHOMaTepuan CBOUCTBO aKKyMyIUpPOBaHUA B MeCTax eCTEeCTBEHHbIX CTOKOB??

- Kakmne nonynsiunm XuBbIX CYLLECTB MOTyT ObITb MOABEPXKEHBI ONACHOCTU?

- CywecTByeT N1 BO3MOXHOCTb BDMOAKKYyMYyNnMpoBaHNA"?

Tabnwnuya E.6 — 3kcno3amums npy NnpssMoOM KOHTaKTE € YenoBekoMm. MToroeas tabnuua

CTaaus XM3HEHHOro unknad

Bua matepuana

MaTepuan

STan *XU3HEeHHOro UnKna

TexHu4veckue cpeacrea
KOHTPONA

MHavBMayanbHble cpeacTea
3alUThbI, 3ALLNTHOE
obopynoearHue (PPE)

BO3MOXHOCTb 3KCMO3ULUUU

28) Heo6Xxo0QMMO 3anoNHUTL Tabnuuy ANA KaKO0N CTaanMW XU3HEHHOTO LMKIA NPU BCEX N3MEHEHNSIX

Tabnwuua E.7 — Bo3amoxHblie BbIOPOCHI B OKpyXatLwyto cpegy. Vtorosas tabnuuya

CTaaus XU3HeHHoro uukna?)

MaTtepuan

2Tan cTaguun >XU3HEHHOro
LKA

Cpefna BbibpocoB (Hanpumep,
BO34yX, BOAa, No4ea)

TexHu4veckue cpeacrea
KOHTPONA

BoamoOXXHOE KONUYeCcTBO
BbIDPOCOB

* Heobxoanmo 3anonHnTb Tabnuuy Anst KaXXAaon cTagaum XU3HEHHOIO UMKa NP BCEX NU3MEHEHUAX
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Tadbnwuwua E.8 — HanHuble 06 skcno3avumn. MTorosasa tabnuua

U3roToBneHne HaHOMaTepwuana

GakTopbl MHpopmaLus

Ctagus paspaboTku

KonnyectBO M MECTOMOMNOXEHNE MPOU3BO/-
CTBEHHbIX NMoapasaeneHun

ExxerogHole 06beMbl NPON3BOACTBA (TEKYLLMNE
N OXngaemole, PakTUHECKUeE N NNaHoBLIE)

MeTtoa nponsBoacTBa

UncneHHoCTb nepcoHana, 3aHAToro B obpa-
boTke HaHoOmMaTepuana B MNPOU3BOACTBEHHOM
nogpasgeneHmm

Cnocobbl NPOMBLILLIEHHOTO NPUMEHEHNS (HA- [TpoueHT duranveckoe cocTosHUE (Knacc) n cogepxaHme
NpuMep, aareaust, oKpacka) NPoOn3BOACTBA HaHo4YacTUU

Cnocob 1

Cnocob 2

Cnocob 3

Cnocob n

ObpaboTka maTepwnana

dakTopbl MHopmaumns

Tvn pacnonoXexHust B Uenu npon3BoaCTBEH-
HOM 0DBPaboOTKN M NCMONb30BaAHUSA

Konn4yecTtBo NpPOM3BOACTBEHHLIX Mogpasae-
NEHUW NN MECT KOMMEPYECKOIO MCNOJTb30BaHUA

Cnocobbl NPOMbIWNMEHHOIO NPUMEHEHUS [TpoueHT KonnyecTtBo LncneHHOCTb LncneHHOCTb
NPOU3BOACTBA | nogpasaeneHnn | nepcoHana B nepcoHana,
nogpasgeneHnmn | NoaBepPXeHHOro

OMacHOCTU
Cnocob 1
Cnocob 2
Cnocob 3
Cnocob n
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OkonyaHue mabnuusi E.8

Ucnonb3oBaHue matepuana

YCTaHOBNEHHbIE OueHKa
y y YCNOBUA Cooep»xaHue Hanu4une YUCNTEHHOCTU
Tnn KOMMEpPYEeCKON U NOTPEObUTENBLCKOU [TpoueHT
MCMONb30BaHUA HAHOYaCTULL B | BbIOPOCOB NpU | NOABEPXKEHHOTO
NpoayKLUUK Npon3BOACTBA
(B NOMeLLeHun, Ha NpoaAYKUUKM | NCNONBb30BAHUU ONAacHOCTU
OTKPbITOM BO3ayxe) nepcoHana

Tvn npoaykumm 1

Tvin npoaykumnmn 2

Tvin npoaykuymnmn 3

Tvin npoaykymm n

PacnpepneneHve/xpaHeHwne

DakTopbl MHdopmauus

METO,EI,I:I NMNoCTaBKN N XpaHEHUH

NarotoButenb

[peanpusaTna no nepepaboTke

OunctpnbbloTopl

Po3Hn4HblE NpoaaBLU bl

[MoTpedbuTtenu
YnpaBneHve nocne oKOH4YaHMA UCNoNib30BaHUA
dakTopbl Oxngaemble meToabl OXngaemble MeTOAb! MOBTOPHOIO
yTUnmn3auymnm BOCCTaAHOBIEHUSA N NCNONb30BaAHUSA
3roTtoBuTenu

[Mpeanpuatusa no nepepadboTke

KoHeYvHble NoNb3oBaTenv

Heobxoanmo nogpodbHO onucaTb KaTeropuio nepcoHana, sBuabl 06paboTku, cTpaTernto 3KoormM4eckoro caepxxmBa-
HUA, CPeacTBa yNpaBleHUs N KOHTPOITbHO-U3MEPUTENBHOE 0D0pYyAOBaHUE, UCMONb3YEMbIE ANTA CHUXEHUS 3KCMO3ULUN
Ha NPOU3BOACTBEHHbLIX YyHaCTKaxX, U ganee nocneaoBaTenbHO Mo atanam nepepadoTku.

Heobxoanmo nogpobHo onucaTb: maTepman ans NPOMbILLNEHHOIO 1 NOTPEBNTENBCKOro NCMONb30BaHUS;, BO3MOX-
HOCTb 3KCMO3ULUMWU OMACHOCTU, CBA3AHHOW C HAaHOMATEPManoMm; BCE PEKOMEHAyeMble AN MCNONb30BaHUA CPeacTBa
YNPaBNEHNS U KOHTPOITBbHO-U3MEPUTENBbHOE 000pPYyaAOBaHNE; METOAbI BOCCTAHOBNEHNSA UMW OT3bIBA N BCE OBCTOATENBCTBA,
CBSI3aHHbIE C 3TUM. Kpome TOoro, Heobxognmo OTBETUTb Ha BOMNPOC, NpeAaHa3HadeHa N KOHeYHas npoaykums ans
NCMONb30BAHUSA AETbMU UITN APYIMMU YYBCTBUTENBHLIMU K BO34ENCTBUIO HAHOMaTepuarna nonynsaunsmMmm.

Heobxoanmo nogpobHO onucaTb MeTOAbl KOHTPOMNS NOCNE OKOHYaHUs NCNONb30BaHUA HAHOMaTepuarna Ha NpPoTSi-
XXEHUN BCErO XXU3HEHHOIO UUKNA.
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