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Mpeancnosue

1 MoAroToBNEH degepanbHbIiM rocylapCrBeHHbIM yypexgeHuem «PegepancHbiii
uccnefoBaTenbCkuii LIEHTP «PyHAaMeHTanbHble OCHOBbI OMOTEXHOMOrMM» POCCUIICKON akaaeMuu Hayk»
(dUL, BuotexHomorun PAH) Ha OCHOBE COGCTBEHHOrO ayTEeHTUYHOTO NepeBoAa Ha PYCCKUI A3bIK
MeXayHapoaHOro CTaHAAapTa, YKa3aHHOro B MyHKTE 4

2 BHECEH TexHu4eckum kKomMuTeToM no craHgaptusauyum TK 441 «HaHoTexHonorumy

3 YTBEPXOEH W BBEOEH B LEMCTBWE Mpukasom denepansHOro areHTCTBAa MO TEXHUYECKOMY
perynmpoBaHuio u MeTponorum ot 6 HossbpsA 2015 r. Ne 1709-ct

4 Hacroswuii cTaHaapT uaeHTuyYeH MexxayHapoaHomy craHgapty 1ISO 10801:2010 «HaHoTexHonoruu.
leHepupoBaHWe MeTannU4YecKMX HaHoYacTUL Ana  MCMbITAHWA TOKCUYHOCTU MHransumum MeToAoM
ucnapeHusi/kongeHcauyuu» (ISO 10801:2010 «Nanotechnologies — Generation of metal nanoparticles for
inhalation toxicity testing using the evaporation/condensation methody).

HauMmeHOBaHME HacCTOALEro CTaHAapTa W3MEHEHO OTHOCUTENbHO HAaUMEHOBAHUS  YKa3aHHOro
MeXayHapoaHOro ctaHaapra ansa npuseaerus B coorsetrcrtane ¢ FOCT P 1.5—2012 (nyHkT 3.5).

Mpy NPUMEHEHUM HACTOALLEro CTaHAapTa PEeKOMEHAYETCA WCMOSb30BaTb BMECTO CCbINOYHbIX
MeXaYyHapoAHbIX CTaHAAPTOB COOTBETCTBYIOLLUME UM HaUUOHarbHbIE CTaHgapTbl Poccuiickon degepauyumn un
OEeNCTBYIOLLME B STOM Ka4YeCTBE MEXrOCyAapCTBEHHbIE CTaHAAPTbI, CBEAEHUS O KOTOPbIX MPUBEAEHbI B
OOMNOSIHUTENBHOM Npunoxenuu JA

5 BBEJJEH BIMEPBbIE

lMpasuna npumeHeHuss Hacmosweeo cmaHdapma ycmaHosneHbl 6 FTOCT P 1.0—2012 (pa3den 8).
Unpopmayus 06 UsMeHeHUsIX K Hacmosawemy cmaHO0apmy nybnukyemecs e exe200HOM (N0 COCMOSIHUIO Ha
1 AHeaps meKyueeo eoda) UHGhOPMaLUOHHOM yKasamene «HauyuoHnanbHble cmaHlapmbl», a
ouyuaneHblli mexkem Uu3MeHeHull U rornpasoK — 6 EeXeMeCAYHOM  UHGhOpMayUuOHHOM yka3amerne
«HauyuoHanbHbie cmaHGapmbiy». B criydae nepecmMompa (3ameHbi) unu ommeHbl Hacmosuwieeo cmaHdapma
coomsemecmeyiouwjee ysedomneHue 6ydem onybnukoeaHo e bnuxaliueM e6bifycKke exXeMecsaYHo20
UHGhOPpMaUUOHHO20 yKasamens «HayuornanbHble cmaHOapmbi». Coomeemcmeyiowas UHgopMayus,
yeedomiIeHuUe U meKembl pasMewaomes makxe 6 UHghopMayuoHHoOL cucmeme obuiezo nonb30eaHuss — Ha
ocpuyuansHoMm calime ®edepanbHO20 azeHmemea o MexXHUYeCKOMy pez2yrnupoeaHuto U memporsoauu e
cemu UimepHem (www.gost.ru)

© CraHgapTuHdopmM, 2016

HacToswuii ctaHgapt He MOXeT BbiTb MOMHOCTLIO MMM YaCTMYHO BOCMPOW3BEAEH, TUPAKMPOBAH M
pacnpocTpaHeH B KayecTBe oULUManbHOTO u3faHuss 0e3 paspelueHnss deaepanbHOro areHTcTsa no
TEXHUYECKOMY perynnpoBaHuio n MeTponornn
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BBeneHue

ExerogHo yBenuuuMBaeTCcs NpPOM3BOACTBO HaHOMPOAYKUMKM, COAEpXallenW HaHodacTuubl cepebpa,
30Nn0Ta, yrnepoaa, okcuaa LMHKA, AMOKCHAA TUTaHa U auokcuaa kpemHus. o mepe pacwmpenus cdep
NPUMEHEHUA HAHOMPOAYKLUMU BO3pacTaeT PUCK BO3AENCTBUA HAHOYACTUL, Ha 340pPOBbE 4YErOBEKa.
Pa6oTHUKM HAHOTEXHONOrMYECKUX NPOU3BOACTB NOABEPXKEHbI PUCKY BO3AENCTBUS HAHOYACTUL HA paboumnx
mecTax, a noTpeéutenu — npu BbICBOOOXKAEHUM HAHOYACTMUL, U3 FTOTOBOW NPOAYKLUW.

CylwiecTByiolme JaHHble O TOKCUYHOCTM HaHO4acTuy orpaHudeHsbl. [pouecckl npou3BOACTBa
HaAHOMAaTepPUanoB U HAHOMPOAYKLMM BKMIOYAIOT METOAbI OCaXAEHUst U3 rasoBon dhasbl U Xxuakon asbl
(Hanpumep, U3 KONMNOMAHLIX PAaCTBOPOB), NPOLECCHl UCTUPaHUA. HaHouacTuUbl MOTyT nNonaaaTtk B OPraHu3M
yenoseka NPW BAbIXaHWM, Yepe3 KOXKHbIE MOKPOBbI U NepopanbHo. Bo3aencreue HaHOYACTUL, HA OpPraHu3am
YenoBeka MOXET NPOU3ONTU NPU MHTANSIUUOHHOM MOCTYMNIIEHUU BCIEACTBUE YTEYEK B MpoLecCe CUHTe3a
HaHoMaTepuanoB MeTOAaMu OCAXAEHWUSI U3 ra3oBoM hasbl, Npu 3arpsa3HeHun Bo3dyxa pabouen 30HbI B
pesynstate 06paboTku, nepepaboTku unuM yNakoBKkM HaHompoaykuuu [7]. BospeincrBue Ha 340pOBbe
YenoBeka NPOMbILLMEHHbIX HAHOYACTUL, COAEPXaLLMXCA B aTMOC(PEPHOM BO3AyXe U BO3ayxe paboyei 30HbI,
MOXET NPOM3OWTU B MPOLIECCE NPOM3BOACTBA, MPUMEHEHUS W YTUNU3aUMM HaHOMATEpUanoB, NOSTOMY
DOMKHBLI ObITb MPEANnpPUHATBI COOTBETCTBYIOLLME MeEpbl MO obecneyeHuio 6e30MacHOCTM HaceneHua U
OXpaHbl U Tpyaa paboOTHUKOB.

Bbi3biBaeT TPYAHOCTU OTCYTCTBME CTaHAAPTU30BAHHbLIX METOAOB MCMbLITAHUIA NO OLEHKE TOKCUYHOCTU
HaHOYacCTUL, NPU MHranAUMOHHOM MOCTYMNIIEHMM B OPraHU3M U METOAOB reHEepUPOBAHMA HAHOA3PO30NEN,
COCTOSILLUX M3 HAHOYACTULL. A3PO30NbHLIE HAHOYACTULLI MOXHO MONy4YaTb U3 MOPOLLKOB, OAHAKO pa3Mepbl
Takux 4acTul, MOryT MpeBbilaTb Tpebyemble BCNeACTBUE MX arperauuud M armomepauuu, Yto siBnserca
npendaTcTBMEM AN aAeKBaTHOM OLEHKW BMUSAHUA HAHOYaCTWUL Ha AbIXaTernbHyl0 cuctemy. C uenbto
nonyyeHnss AaHHbIX O BO3JAEMCTBUM HAHOYACTUL, HA 3[0POBbLE YEroBeka Npu BAbIXaHUM HEO0BX0AMMO
nony4nTb HaHoO4YacCTUubl, NEpeMeCTUTb UX B 30HY AbIXaHUA IJKCNMEPUMEHTANbHbLIX >XUBOTHbLIX U NMPOBECTU
KPaTtkOBpEMEHHbIE U OONMTOBPEMEHHbIE UCNbITAHUA MO OLUEeHKe TOKCUYHOCTWU. MeTO,El MCI‘IapeHMﬂ/KOH—
JeHcauuu, OCHOBaHHLIA Ha ucnapeHun metanna (Hanpumep, cepebpa) ¢ nocneayiowein KoHAeHcalUue,
obecrneymBaeT nOMy4YeHWE HAHOAdPO30MEe CO CTabunbHbIMM XapakTepucTukamu (pacnpegeneHmem
HaHo4yacTuL, No pa3MepaM W CYETHOM KOHLIEHTpPAUMEW HAHOYACTUL), 3HAYEHUS KOTOPbIX COOTBETCTBYIOT
TpeOOBaHMAM, YCTAHOBMEHHbIM K KPATKOBPEMEHHBIM W AOJITOBPEMEHHbIM UCMLITAHUAM MO OLEHKE
TOKCUYHOCTU NPU MHransLMOHHOM MOCTYNMNEHWUMN.

Hactoswuin craHgapT ycTaHaBnuBaeT METO4 UCNapeHusi/KOHAEHCauuM Ans  reHepupoBaHus
HaHOa3po30n€ei, COCTOALMX M3 HaHodacTuy cepebpa pasmepom He Gomee 100 HM. MpumeHaa metoa
nucnapeHus/koHageHcaummn, NpeacTaBnNeHHbIN B MPUNOXEHUU A, MOXXHO MPOBOAUTbL HENPEPbIBHbLIE UCMbITAHUA
MO OLIEHKE TOKCMYHOCTM HAHOA3PO030S1A NPU UHranALMOHHOM MOCTynneHun B TedeHne 90 aHen. MNonyveHHoble
METOJO0M ucnapeHus/KoHAeHcaUun HaHo4YacTuLbl MOryT BbITb UCNOMbL30BaHbLI NPU NPOBEAEHUMU PA3NUYHBIX
nuccneaoBaHuin, B TOM YUCne UCCNEA0BaHUA Ha KNEeTKax YenoBeka ¢ MOMOLLbLIO YCTPOMCTB ANA AWArHOCTUKU
in vitro n «nabopatopuu-Ha-yuney [8]-[11], a Tawke B WUCCNEAOBAHUSAX HA XUBOTHbLIX, MOCPEACTBOM
9KCMO3MLMM HAHOYACTULIAMMW BCErO TENa >XMBOTHOMO, «TOMBLKO YEepes3 ronoBy» U «TOMbKO Yepes Hoc». MeToa
nucnapeHus/koHageHcaumn, npUBEAEHHbI B HAaCTOAILEM CTraHaapte, MOXeT OblTb NpUMEHEH AnAa
reHepupoBaHUsa HaAHOA3PO30Men, COCTOALLMX U3 HAHOYaCTUL 3010Ta MU APYrMX METAannoB, NPU YCNOBUMU,
YTO TemnepaTtypa nnaBneHUs U CKOPOCTb UCMAPEHUSA UCXOAHOTO MaTepuana npubnnanTenbHO TakME Xe, Kak
y cepebpa.
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HAUMWOHANBHBIA CTAHOAPT POCCUNUCKOWN OPEQEPALUUMN

HAHOTEXHOJIOIMA

HaHoa3’po3onu ons oLeHKU TOKCMYHOCTU NPU UHTANALMOHHOM NOCTYNSIEHMU B OPraHu3m.
FeHepupoBaHue MeToOOM UCNAapeHUA/KOHAeHCaLumn

Nanotechnologies. Nanoaerosols for inhalation toxicity testing. Generation by evaporation/condensation method

Dara BBeaeHus — 2016—07—01
1 O6bnacTtb NnpuMeHeHUus

Hacroswmin ctaHaapT pacnpocTpaHSeTCs Ha aspo3onu, COCTOALUME U3 HaHovacTuy cepebpa (aanee
— HaHO0aspo30MK), [ANA OLEHKN TOKCUYHOCTM MPU WHFansLUMOHHOM MOCTYNNEHUM B OPraHusm W
ycTaHaBnuMBaeT METOZ  WCMapeHus/KOHAGHCALUMM Ans  reHepupoBaHus  HaHoasposonei. Metoa
NCNapeHNA/KOHAEHCALUMN MOXHO MPUMEHSTh ANA FEHepUPOBaHMA HaHOAdPO30SEd, COCTOALMX U3
HaHoO4acTuL 30M0Ta.

2 HopmaTUBHbIe CCbISIKU

Hwxeyka3aHHbIE JOKYMEHTbI COAEPXKAT NOMOXEHUA, KOTOPbIE MOCPEACTBOM CCbINMOK B JHHOM TEKCTe
COCTaBMAT NOMOXEHUA HACTOSALLEro cTaHaapra.

[na paTMpoBaHHbIX CCbINOK NPUMEHSIOT TONbKO Ty BEPCUIO, KOTOpas Obina ynomsiHyTa B Tekcre. [Ans
He4aTUPOBAHHbIX CCbINMOK HEOOXOAMMO MCMONB30BaTb CamMoOe MOCMEeAHee W3JaHue JOKYMEHTa (BKkmovas
no6ble nonpaeku).

NUCO/TC 27687 HaHoTexHonmormn. TepMmuHbI U OnpeaeneHuss HaHOoOObekToB. HaHouacTuua,
HaHOBOJOKHO M HaHonmnacTtuHa (ISO/TS 27687, Nanotechnologies — Terminology and definitions for nano-
objects — Nanoparticle, nanofibre and nanoplate)

MCO 15900 OnpeaeneHue pacnpegeneHus yactuy no pasMepy. AHanu3 auddpepeHumManbHOM
NMOABWXHOCTM YacTul asposonen B anektpudeckoMm nomne (ISO 15900, Determination of particle size
distribution — Differential electrical mobility analysis for aerosol particles)

MCO/M3K 17025 O6wme TpeBGoBaHUS K KOMMETEHTHOCTM WCNLITATENbHLIX U  KanMGpOBOYHbLIX
na6opatopuin (ISO/IEC 17025, General requirements for the competence of testing and calibration
laboratories)

OO3CP Tect Ne 403 PykoBoACTBO MO NPOBEAEHUIO TECTUPOBAHUA XMMUYECKUX BelecTB. OcTpas
TOKCUYHOCTb NpU WHransunoHHom noctynneHun [OECD Test Guideline (TG) 403, Acute Inhalation
Toxicity]

O3CP Tect Ne 412 PykoBoACTBO MO NPOBEAEHUID TECTUPOBAHMA XUMMYECKUX BELUECTB.
MopgocTpas MHranAuMoOHHasa TOKCUYHOCTL: 28-a4HeBHOE uccnegosanme [OECD Test Guideline 412 (TG)
412, Subacute Inhalation Toxicity: 28-Day Study]

O3CP Tect Ne 413 PykoBoACTBO MO NPOBEAEHUID TECTUPOBAHMA XUMMUYECKUX BELUECTB.
CybxpoHu4yeckana MHransAuMoHHas TOKCMYHOCTbL: 90-gHeBHOe uccneaosaHue [OECD Test Guideline
413 (TG) 413, Subchronic Inhalation Toxicity: 90-day Study]

3 TepMUHbI U onpeaeneHus

B HacTosilem ctaHaapTe npumeHeHbl TepmuHbl no MCO/TC 27687, MCO 15900, a Takke cneayiowme
TEPMUHbI G COOTBETCTBYIOLLMMU ONpeenNeHUAMM:

3.1
cucrtema aHanmsa pguddepeHunanbHONW INEKTPUYECKOW noaBuXKHOCTM uactuuy; CAJLOI
(differential mobility analyzing system, DMAS). Cucrema, npuMmeHsiemMass and UsMepeHus

pacnpefeneHMs CyOMMKPOHHbIX 4acTUL aspo3ons Nno pasmepam, coctosawass u3  Knaccudukaropa
andpdepeHLmanbHoOn  3NeKTPUYEecKon NOABWXKHOCTM  4acCTUL, HeWwTpanu3atopa, CYeTuMKa u4acTtuu,
COeaNHUTENbHBbIX TPYOOK, KOMNLIOTEPA U NPOrPaMMHOr0 obecneveHus.

[MCO 15900:2009, cTaTtba 2.8]

M3paHue ouumanbHoe
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3.2

knaccudukatop anddepeHymManbHoONU 3nekTpuiyeckon nogeuxHoctTu yactuy; KA3M (differential
electrical mobility classifier, DEMC); cnektpoMeTp auddepeHUnanbHONn 3NeKTpu4eckon noaBUXHOCTU
vactuy, CHO3M (differential electrical mobility spectrometer, DEMS): YctpoicrtBo, pacnpeaensiowiee
as9pO30MbHBIE YacTuubl MO pa3mepaM B COOTBETCTBUMU C WX INEKTPUYECKOW MNOABUXHOCTBIO W
perncTpupytoLLee YacTuLbl TOMbKO onpegeneHHbIX pasmepos.

MpuMeyaHue— MNpuHyun pacnpegeneHus yactuy no pasmepam B KOS ocHoBaH Ha ypaBHOBELLMBAHUM
3MeKTPUYECKOro 3apsfa Kaxgoi YacTulbl ¢ CUMO ee asapofUHaAMUYECKOrO CONPOTUBIEHUS MPU NPOXOXAEHUN Yepes
arnekTpudeckoe none. OnekTpudeckas NOABUKHOCTb YacTUL, 3aBUCUT OT WX PasMeEpoB, PEXUMOB paboTbl U hOpMbI
KOSM. Pasmep YacTuLpl MOXHO ONpeAenuTb No YUCNY 3apsioB Ha Heil.

[MCO 15900:2009, cTaTtbs 2.7]

3.3

CYETYUK KOHAeHcupoBaHHbIX 4vactuu; CKY (condensation particle counter, CPC): Yctpoictso,

PETUCTPUPYIOLLEE YaCTULbl U U3MEPSAIOLEe WX CYETHYIO KOHLEHTpauWio B aspo3onie Npu 3agaHHON
CKOPOCTH MOTOKa YacTuu.

MpumedaHus

1 Onana3oH pasmepoB 4acTuy, peructpupyemblx CKY, — OT HECKONbKMX HAHOMETPOB [0 HECKONbKUX COTEH
HaHomeTpoB. CKY MOXHO ucnonbsosaTth coBMecTHO ¢ KA.

2 B HekoTopbIx cnydasx CKY HasbiBaloT cHeTUUKOM sgep koHaeHcauun (CAK).

[MCO 15900:2009, cTraTba 2.5, onpeaeneHne TepMmHa U3MEHEHO]
3.4

Kamepa Ansi MHransuMoHHOW akcno3uuum (inhalation exposure chamber); uHranauuoHHas kamepa
(inhalation chamber); kamepa ana akcnosuumu (exposure chamber): YcTponcTBO, npeagHasHa4YeHHoe AnA
BBEAEHUA YCTAaHOBINEHHOW A03bl UCNLITYEMOTO ra3006pa3Horo BeLweCcTBa B OPraHu3M 3KCNEPUMEHTANIbHOIO
KUBOTHOTO Yepes ero AbiXaTenbHble NyTW, BO3AEHCTBYS «TOMLKO 4Yepes HOC» WNU «4epe3 BCe Teno», B
TEYEeHWe 3a4aHHOTO Nepuoaa BPEMEHMN.

MpumMeyaHne— TepMnH «TOMBKO Yepe3 HOC» ABNAETCA CUHOHUMOM TEPMUHOB «TOMBKO Yepes ronoBy» U
«TOMMbKO Yepe3 MOPAOUKY».
[OGCP Tect N2 403, O3CP Tect Ne 412, O3CP Tect Ne 413]

35 cucrtema reHepupoBaHus HaHoa3’po30nA METOAOM ucnapeHua/koHgeHcauum
(evaporation/condensation nanoparticle generator system): COBOKYNHOCTb YCTPOWCTB, NMPUMEHAEMbIX ANA
nonyyYeHns aspo3onsi, COCTOALLEro M3 HaHOYacTUL, METOAOM UCMapeHUsA/KOHAEeH ALK, NOACOEAUHAEMBbIX K
KaMmepe Ans UHransiyMoHHOW 3KCMO3ULMK UMK APYTOMY YCTPOWCTBY ANsi OLIEHKU TOKCUYHOCTMU.

3.6 cpegHuii reomeTpuyeckuit guametp; CIr (geometric mean diameter; GMD): CpeaHee 3Ha4eHue
pacnpeeneHus 4actuy no pasmepam, BbIPaKEHHOE B BUAE forapudma u BbIMMCIIEHHOE MO forapudmy
AVaMeTpoB YacTuL, onpeaeneHHbix ¢ nomowstio CAQ3I, no dopmyne

AN, In(d,)

In(Cri) = ”"T M

rae d;— cpegHee reOMeTpU4ECKoe 3Ha4YEHUE HKHEN M BEPXHEN rPpaHuLIbl AMaMeTpOB YacTul j-ro guana-
30Ha pasMepos;
N — o0Laa KoHUEeHTpaLusa HaHO4YaCTULL;
AN; — KOHUEHTpauusa yactuy i-ro guanasoHa pasMmepos;
m — HWXHAA rpaHnLla anameTpa 4actul B pasMepHOM AnanasoHe;
n — BEPXHAA rpaHuua auaMeTpa 4acTuy, B pasMepHOM AuanasoHe.

MpumMmedyaHue— CrO MOKHO BEIMACIIUTL MO YUCTY YaCTUL, 3Has Nnolajb NOBepXHOCTH UMM 06bEMHYIO
KOHL|eHTpaL|uto 4acTuL, B aspo3orne.

3.7 cranpapTHoe reomMmeTpuyeckoe OTKIOHeHue; CIO (geometric standard deviation, GSD):

3HauveHue, xapakrepusyloliee auMana3oH pacnpeieneHus HaHoyacTuy no pasmepam, BblYMCMAEMOe Ans
CALS3IM no dopmyne

3 N,[Ind, ~In(cr)f?
In(Cro) = {2 — . @)
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3.8 cyeTHbI MeamnaHHbI anametp; CM[ (count median diameter, CMD): AuameTp, paBHbiii CIl,
BbIMUCIEHHbIA NPY NOACYETE YACTUL C NPEANONaraeMbIM HOPMarnbHbIM pPacrnpeeneHueM.

MpwumMeyaHune—dopmyna ana seluncnenns CM/ npeacraenena B [2]

cMAa = Xsor = Xso,pe(rip)sz’ 3)

rAe e — OCHOBaHue HaTypanbHoro norapudma, e = 2,71828;
P — pa3MepHOCTb pacnpeaeneHus,
3aecb p = 0 — yucno;
p=1— anuHa;
p =2 — nnowiage;
p =3 — ob6bem unu macea;
r— pa3MepHOCTb pacnpeaeneHus,
3necb r= 0 — yucno;
r=1— AnNuHa;
r=2—nnowaap;
r=3 — obbem unu macca;
§ — CTaHAapTHOE OTKNOHEHWE NMIIOTHOCTU pacnpeaeneHus;
X50, — MEAWAHHBIN pasMep YacTuL, M3 KYMynsSTUBHOTO pacnpefesnieHnss 4acTul, no pasMepam r.

4 MeToa ucnapeHua/KoHgeHcaumm

4.1 CywHOCTb MeToaa

HaHoasposonu nomny4alT NyTeM HarpeBaHuMsi UCXOAHOTO MaTepuana W nocneayiowero ero
ucnapeHus. B kayectse MCXOAHOrO marepuana NPUMEHSIIOT 4MCTOe Ccepebpo B TBEPAOM COCTOSIHUM C
MaccoBoii gonei cepebpa He meHee 99,99 %. Map cepebpa oxnaxaaloT A0 06pa3oBaHUsA 3apoabiLLei W
KOHAEHCUPYIOT A0 (POPMMPOBAHUA a3pP030MnbHbIX HaHovacTuy cepebpa. [pumep reHepupoBaHuA
HaHOa3po30nA, COCTOSALLEero U3 HaHovactuy cepebpa, METOAOM MUCNapeHUs/KOHAEHCauun NpeacTaBneH B
npunoXxeHum A.

4.2 NogroTroBka 06opya0BaHUNA

421 Cuctemy reHepupoBaHWA HaHOASPO30Ms MPOBEPSAIOT HA COOTBETCTBME YCTAHOBSIEHHLIM B
nporpaMmMax u MeToamukax ucnbitaHuin TpeboBaHMsAM K CKOPOCTM NOTOKa BO3AyXa, TEMnepaTtype ucnapeHus
MCXOAHOro MaTepuana, AfnMHe 30Hbl OXMaXAEHUA U TEMNEepaTypPHbIM rpagueHTam.

lMNepeg nopaden HaHoasposonsas B kamepy(bl) ANA  MHranAUMOHHOW 9KCnosuuumn (ganee —
WHransauMoHHas kamepa) onpeaensioT cneayloume xapakTepMCcTUKM HAaHOa3aPO30rsA:

- CYETHYIO KOHLEHTPaLMIO HAHOYaCTUL;

- MaCCOBYIO KOHLIEHTPALMIO HAHOYaCTuUL;

- pacnpeaeneHue HaHo4acTuL no pasmepam;

- CTabunNbHOCTb HAHOA3PO30rA.

B npouecce ucnbITaHUN B WMHransAUMOHHON Kamepe MOCTOSAHHO W/unu MEPUOANYECcKU onpeaensior
pacnpeaeneHue HaHo4YacTuL, No pasMepam, He NpepbIiBas NPOLECC IKCNOZULUN.

Mpu HEoOXOAMMOCTM [ONONHUTENBLHO ONPEAEnsoT Takyld XapakTepuCTUKy HaH0asapo3onsd, Kak
pacrnpefeneHue JnekTpuYeckux 3apsiaoB Ha HaHodacTUuax, B STOM Cryyae 3HayeHue [JaHHOW
XapaKTepucTUKU PEerucTpupyloT B MPOTOKONE. 3HayeHus pacnpefeneHuss 3NeKTpuveckux 3apsaoB Ha
HaHoYacTMLax AOSKHbI ObITb YCTAHOBIEHbI B COOTBETCTBYIOLLMX NPOrpaMmax U MeTOAUKaX UCTIbITaHWIA.

4.2.2 NHransunoHHble Kamepbl U BCioMoratenbHoe 060opyaoBaHMe AOMKHbI cOOTBETCTBOBaTH O3CP
Tect Ne 403, O3CP Tecr Ne 412, O3CP Tect Ne 413.

4.2.3 NHransumMoHHble KaMepbl U BCNOMOraTtenbHoe 060pyaoBaHne AOSXKHbI ObITb NOArOTOBMEHLI AN
NpoBeAEHUS UCMbITAaHUA NO OLEHKE TOKCUYHOCTU HaHOA3pOo30Neil NpWU WHransuyMOHHOM NOCTYMNEHWU B
OopraHusm.

MpuMmeyvyaHus

1 Oca)K,quVle adpO030JIbHbIX HaHOYacCTUL Ha CTeHKax VIHI'aJ'IHL[VIOHHOVI KaMepbl npoucxoaut BCneacTene
BPOYHOBCKOro [BWKEHUs, @ U3MEHEeHUe pa3MepoB HaHovacTwuL, — BCreACTBMe UX arperauuu/arnomepauuu. Mpouecc
ocCaxAeHnA 3aBUCUT OT pa3MepoB HaHOYaCTUL, 3HaAYEeHUn SNIEKTpOoCTaTU4EeCKoro 3apsapa, KoHUeHTpauum HaHovacTuy 1
BPeMeHMN NX HaxoxaeHus B kamepe [12].

2 B 3aBucumoctu ot uenun uccnegoBaHUAa MOXeT BO3HWUKHYTb Heo6XO,E|VIMOCTb BbIMOJTHUTb HeﬁTpanmaaqwo
3apafa HaH0a3apo30osiA.
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3 C Lenbto yMeHbLUEHUS MOTepb HaHOYAcTUL MPKU WX OCaxdeHW B oBopyAoBaHUM HeoGXOAMMO MPUMEHSTH
coefuHUTeNbHbIE TPYBKU MUHUMATIBHBIX ATTUHB! U AUnameTpa.

424 B uenax nonyvyeHus AOCTOBEPHbIX Pe3ynbTaTOB OLEHKM TOKCMYHOCTM HaHoaspo3onen
WHransumMoHHy0 kamepy (Mnu kamepbl) u BcriomoratenesHoe oGopyaoBaHue (Npo6ooTOOPHUKM U CUCTEMY
COeaMHUTENbHBIX TPyOOK) nepea npoBEAEHWEM MCMbITAHUI MPOBEPSAIT Ha COOTBETCTBME TpeboBaHMsIM
OOJCP Tect Ne 403, O3CP Tect Ne 412, O3CP Tecrt Ne 413 u [31].

MpuMedyaHUe — CrnegyeT yduTbiBaTb, YTO B MpoBOOTEOPHUKAX M COEAUHWUTENBHBLIX Tpy6Kax,
3MEKTPOMarHWTHLIX knanaHax W/Wnu JpyroMm oBOpyROBaHWM, NpedHasHa4eHHOM ANA TpaHCrnopTUPOBaHUS Npo6
HaHOa3PO30Ms M3 MHransLUMOHHOW KaMmepbl K YCTPOWCTBY, C MOMOLLBIO KOTOPOTO BLIMOSHSIOT M3MEPEHUS K
OCYLLECTBNAKT KOHTPOMb, MOXET BO3HWKHYTb BO3MOXHOCTb MOTEPb HaHOYaCTWL, YTO MPUBEAET K MW3MEHeHUo
pe3ynbTaToB OnpeAeneHus pacnpeaeneHus HaHoYacTUL No pasamepam.

4.2.5 NameputenbHoe o60pyaoBaHue A0MKHO BbiTb OTKAaNMGPOBAHO U/UMKM NOBEPEHO B COOTBETCTBUM
¢ MICO/M3K 17025.

Cucrema aHanusa guddepeHumansHONn 3NeKTPUYecKon noasmxHoCTH Yactuy (CAOSM) gomkHa BbiTb
oTkanubpoBaHa Ha 3aBoge-udrotoButene. CegeHus o kanubpoeke CALOSM pomkHbl  BbiTh
3aperncTpMpoBaHbl B NPOTOKOrE.

5 Obwue TpeboBaHusA

5.1 Tpe6oOBaHUSA K CUCTEME FTEHEPUPOBAHUA HAHOA3PO3ONA

TpeboBaHWA K CUCTEME T[EeHEepUPOBAHWA HAHOA3PO30MA AOMKHbI  ObITb  YCTAHOBMNEHbI B
COOTBETCTBYIOLMX Nporpammax W MeToAMKax WCMbITaHUA M ObITb AOCTATOMHBIMM Ana obecneyeHus
3a[aHHbIX 3HAYEHUI CNeayoLIMX XapakTepUcTuk:

a) CKOPOCTH UCMapeHnss UCXOAHOro MaTepuana, MKr/y;

b) pacxoaa Bo3ayxa, M /u;

C) NPOAOIDKUTENLHOCTM HENPEPLIBHOM paboTbl CUCTEMbI TEHEPUPOBAHUA HAHOA3PO30NA Npu
33/1aHHbIX 3HA4YEHUAX CKOPOCTM UCNAPEHNUA UCXOAHOr0 MaTepuana u pacxoaa sosayxa.

5.2 TpeGoBaHMA K HAHOA3PO3OSIO

5.2.1 HaH0a3p0o30nb AOMKEH COCTOSATh M3 HAHOYACTULL, UMEIOLLMX CPEAHUIN TEOMETPUYECKUI AMaMeTp
(Crg) wmenee 100 HM. OnAa obecneyeHus BLINONMHEHUS 3TOr0 TpPeGOBaHUS KOHTPOIMUPYIOT CKOPOCTb
UCMApPEeHNUA U KOHAEHCALUMW UCXOAHOr0 maTtepuana, BpeMsi €70 HaxOXAEHUS B KaXAOW 30HE CUCTEMbI
reHepupoBaHusi HaHoasposons. B cnyyae ecnu aaHHoe TpeOOBAHME HE BBIMOMHUMMO, MNPEACTaBMSAIOT
COOTBETCTBYIOLLEE IKCNEPTHOE 3aKIOYEHHUeE.

5.2.2 CranpaptHoe reoMeTpuyeckoe oTkrnoHeHue (Clr'O) A0mKHO ObITb HE MeHee 2 U COOTBETCTBOBATL
CrO, ycraHosneHHomy B O3CP Tect Ne 403, OOCP Tect Ne 412, O3CP Tect Ne 413.

5.2.3 HaHoaspo3onb AOIDKEH coaepXaTb MUHUMYM MpuMeceii. [lonyCcTumoe coaepkaHue npumecei B
HaHOa3p030Ne AO0MMKHO ObiTb YCTAHOBNEHO B COOTBETCTBYIOLUMX MpOrpaMmax MU METOAMKaxX MUCMbiTaHui. B
NPOTOKON BKMKOYAIOT CBEAEHUA O HANU4YMM, HAMMEHOBaHUM U MACCOBOW A0NE NPUMECei B HaHOaspo3one [30].

n PUMedYaHUe — [Ina onpefeneHus Hanumuus U MaccoBO AonW NpUMeceil B HAHOa3p0305ie MOXET
BO3HUKHYTb HeobxoguMocTb nposefeHnAa AONONHUTENBHOIO UccnefoBaHUA XMMUYECKOro coctaBa HaHOYaCTULL,

5.3 TpeGoBaHusa K BO3AyXy B MHIansiLMOHHON Kamepe

5.3.1 Bo3ayx B UHransiuMoOHHOW kamepe AOIKEH ObiTb NPUroAeH ANns AbIXaHUS IKCMEPUMEHTAaNbHbIX
XMBOTHbBIX, cogepxaTb He MeHee 19 % kucnopoaa u coorBetcreoBaTtb OOCP Tect Ne 403, OBCP Tect Ne
412, O3CP Tect Ne 413 wu [31]. C aTOM UEnNbO ANA TEHEPUPOBAHWUA HAHOA3PO30NS WCNOMb3YIOT
aTMOC(pepHbIn BO3ayX.

5.3.2 Marepuvansl, npumeHsieMble B OOOpyAOBaHUM CUCTEMbl TEHEPUPOBAHUS HAHOA3PO30NSA
(repMeTuKM, CKneuBaloLiue, CMa3sbiBAOLLUE U OTAENOYHbIE MaTepuanbl), He AOIDKHbI BbIAENATb NETYy4YUx
COE€IUHEHUN.

5.3.3 Temnepatypa BO3lyxa B MHIansiUMOHHOW kamepe aomkHa cooTBeTcTBoBaTh OOCP Tect Ne 403,
OO3CP Tect Ne 412, O3CP Tect Ne 413 u [31].

5.3.4 Bo3gyx, nogaBaembliii B CUCTEMY F€HEPUPOBAHUSI HAHOA3PO30MA M UHIANSALUMOHHYIO Kamepy,
AomkeH ObITb OYMLLEH C MOMOLLBIO BbicOkoadbdekTuBHOro (HEPA) cdunbTpa (aanee — HEPA cbunbTp) u He
coaepxaTb 3arpsi3HAIOLLME BELLECTBA, B TOM YUCTIE Mblflb, MUKPOOPraHM3Mbl U NOCTOPOHHUE HAHOYaCTULbI.

5.4 Tpe6oBaHusa 6e3onacHOCTH

5.4.1 Npu pabote c obopyaoBaHueM nepcoHan AOMmkeH cobnioaaTb yCTaHOBNEHHbie TpeGoBaHuA
6esonacHoCTy.

4
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5.4.2 NomkHbl ObITb NPUHATLI MEPbI, UCKMIOYAOLLME BO3MOXHOCTb CIy4alHOro KOHTaKTa nepcoHana ¢
ropsi4MMK NOBEPXHOCTAMU U SNEKTPUYECKUMU NPOBOAAMM.

5.4.3 OTpaboTaHHbIN BO34YX AOIMKEH ObITb O4MLLEH C NOMOLbLI HEPA dunbTpa.

5.4.4 [omkHbl ObITb MPUHATBI MEPbI, WCKMNIOYaLLMe BO3MOXHOCTb BbIOpOCA HAHOaspo3ona U3
CUCTEMbI FTEHEPUPOBAHMUSA B OKPY>XKaIOLLYIO cpeay.

5.4.5 [Ina npefoTBpalleHus BLIOPOCa HAHOA3PO30Ma B OKPYXKAKOLLYIO cpeay U ero BO3AEeNCTBUA Ha
nepcoHan JaBneHue B MWHransuuoOHHOW Kamepe AOMKHO ObiTb HUKE [ABMEHUS OKPYXaloLWeh cpeabl.
Mepenag pasneHua — He meHee 49 [Ma. Ona npegoTepalleHUss nonagaHua B UHransuMoOHHYIO Kamepy
3arpasHAKLLMX BELECTB AOMYCKAETCA MOAAEPXKMBATbL B HEW [AABNEHME BbILE AABNEHUS OKpYXaroLlen
cpedbl. B 3TOM crniyyae uHransiLMOoHHYI0 KamMepy NoMeLLatoT B AONOSIHUTENbHbIN BEHTUNUPYEMbIA pe3epsyap
C Uenblo MUHMMU3auuu BO3AEiCTBUSE HAHOA3PO30Ma Ha NepcoHarn.

[ns 3KCno3uumm 9KCNEePUMEHTANbHLIX XXUBOTHbLIX «TONbKO Yepe3 HOC» AaBfieHWe B WHransiuuoOHHOM
kamepe AOMKHO ObiTb BbiEe AABMEHUS OKpyxalowew cpeabl. B aTom cnyvae ans npeoTBpalLeHus
BbIOpOCA HAHOA3PO30Msi B OKPYXKAWLLYI Cpeay WCNbITAHMA MPOBOASIT B CMeuuanbHOM 3aKpbITOM
nomMeLleHun, 060pya0BaHHbLIM BbITSXKHONM BeHTUNAuue [30].

Bo BpemMs npoBeAeHUs WUCMbITAHWI BbINOSHAIOT HENPEPbLIBHbIA (BU3yamnbHbI U aBTOMAaTUUYECKUM)
KOHTPOSb JaBNeHnsi B UHransunoHHON KaMepe C BU3yarnbHOW W 3BYKOBOW CUrHanu3auuen.

MpumMeyaHue— [nA npegoTspalleHns Bbibpoca HaHOA3PO3ONA B OKPYXalOLLYylO Cpeay OCYLLECTBASIOT
PerynsipHelii  KOHTPONb  FepMeTUYHOCTU  NpuMeHsiemoro  obopyaoBaHWs,  HanpuMep, onpefenslT  MecTa
HerepMeTu4HOCTU NO Ny3blpbKaM BO3AyXa (Mle‘IbeIM ﬂbeIpﬂM) B MecCTaxX NnpoMa3Ku MblflbHbIM pacTBOpOM, Unu C
MOMOLLBI  cneunanbHbiX npubopoB. [pu  3KCMO3ULMM  3KCNEPUMEHTaNbHBIX KUBOTHLIX «TONBKO 4epe3 HOC»
npefoTBPaTUTL BbIGPOC HAHOA3PO30S15 B OKPYXaKOLLYIO CPEAY MOXHO C NMOMOLLbLIO CUCTEMBI cneLnanbHbIX repMeTUYHbIX
TpY6OK, 04HaKO MpW 3TOM CrefyeT y4UTbIBaTb BO3SMOXHOCTb YBEMUYEHUS TeMnepaTypbl U BNaXHOCTU B MHransiLUOHHOM
Kamepe [29].

6 KoHTponb pabounx xapakrepucTuKk CUCTEMbl FEHEPUPOBaHUA HAHOAdPO30NA

6.1 OnpepneneHue xapakTepPUCTUK HAHOA3PO3ONA

C uenbilo KOHTponsA paboyMx XapakTEPUCTUK CUCTEMblI TEHEPUPOBAHUSA HaHOAspo30MnA nepej
NPOBEAEHNEM WCMbITAHUIA OMNPEdEnsAT CYETHYIO KOHLEHTPALMI0 HAHOYaCTUL, MAaCCOBYIO KOHLEHTpauuio
HaHo4acTuL, U pacnpeieneHne HaHo4acTuL, no pasMepam. SHAYEHUS CYETHON KOHLEHTPALMKU HAHOYaCTUL,
MacCOBOW KOHLEHTPauuMM HaHO4YacTUL W pacnpenerieHus HaHovactuy no pasMepam JAOIDKHbl ObiTb
YCTaHOBIIEHbI B COOTBETCTBYIOLLMX MPOrpamMmmax u MeToanKax UCTbITaHWi.

Mony4yeHHble 3HAYEHUsT MaCCOBOW KOHLEHTPALMKM HAHOYACTULL M CYETHON KOHLIEHTPALMKM HAHO4YacTuy,
CpaBHMBAIOT M MNOMAyYalT WHGopMaunio 06 3dhEeKTUBHOCTM pPaboTbl CUCTEMbI TE€HEPUPOBAHUSA
HaH0aspOo30sis.

6.2 TpeGoBaHusA k npoueccy onpeaerieHUs pacnpenereHna HaHo4YacTuL No pasMepam

B npouecce BbINONMHEHUS UIBMEPEHUI ANA ONpeAeneHns pacnpefeneHnsl HaHovacTul, no pa3Mmepam,
CYETHOW U MacCOBOIN KOHLEHTPAaLUWUN HAHOYaCTUL, BLIMOSIHAIOT KBa3UHENPEepPbIBHLIA KOHTPOIb CTabUNbHOCTH
HaHoaspo3ons M paboTbl CUCTEMbI FEHEPUPOBaHWUSA C MOMOLLULIO COOTBETCTBYIOLUMX npubopos. Ons
ornpeaeneHus pacnpeieneHns HaHo4acTuY no pasmepam, CHETHOW M MacCOBOIN KOHLIEHTpaLUuii HaHOYacTULY
crnegyer nNPUMEHATb METOAbl, NO3BONAIOLME MONy4YaTb MOMHYK MHOpMauUMIo O XapakTepucTukax
HaHoasposons, W obopygoBaHue, obecneuyuBaiollee TOYHOCTb W3MEPEHWid, COOTBETCTBYIOLLYIO
TpeboBaHusIM, HEOBXOAUMBIM AN OLEHKM TOKCUYHOCTM HAaHOa3PO30Ns NPU MHIanNALMOHHOM MOCTYNEHUMN B
opraHusm. Bo usbexaHue owmbOK AnanasoH M3MepeHWn NpUMeHseMoro obopyaoBaHusi AOMKeH ObIThb
[OCTaTo4HbIM ANs OonpefeneHns pasMepoB pPasfnu4HbIX YacTUL W BblMUCMEHWA YAENbHOW nnoLagun
MOBEPXHOCTM HAHOAJPO30Ns MO €ero macce wunum obbemy. [uana3oH u3MepeHuid MpUMEHAEMOro
o6opynoBaHus AomkeH OblTb YCTAHOBIEH B COOTBETCTBYIOLLMX NPOrpaMmmax 1 METoAMKax UCTIbITaHUN.

MpuWMeuyaH e — Pacnpegernenwe HaHoYacTul anameTpoM meHee 100 HM Mo pasmepam OnpemensioT ¢
nomoubto CALSM.

6.2.1 BeinonHeHue nsmepeHui

PacnpegeneHue HaHouyacTuy No pasMmepam onpegensior no MCO 15900.

6.2.2 OT60p Npo6

Bo wu3bexaHue BO3HUKHOBEHUSI 3MEKTPUYECKOro 3apsaa HaHOaspo30onsi BO BpPeMsl NPOBedeHus
U3MEpeHuii Ana ortbopa HaHoYacTUY NPUMEHSIIOT (UMLTPLI, MMEIOWME NOKPbLITUE W3  YINEPOAHbIX
Marepuanos. dunbTpbl MOMELLAIOT Ha cneuuanbHble ceToukn (200 sAyeek) U MpocMaTpUBAOT Ha
NpoCBEYMBAIOLLIEM SMEKTPOHHOM Mukpockone (MOM). [na onpeaeneHns AuameTrpa HaHOYacTuu,
ucronb3ytoT 100 000-kpaTHoe yBenuuenne [M3M. Pasmepbi HaHOYacCTUL, ONPedenslT € MOMOLLbBIO
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3HEepProaMCcrepCMOHHOr0 PEHTTEHOBCKOrO CNEKTPOMETPA C YCKOPSIOLMUM HaNpshXKeHUEeM, 3Ha4eHne KOToporo
[JOIMKHO ObITb YCTAHOBNEHO B COOTBETCTBYIOLLMX NPOrpammax U MeToamkax ucnbitanuin. OT6op HaHo4acTuL,
U onpedeneHne XapakTepucCTMK HaHOAa3po30Msi NPOBOAAT B  COOTBETCTBUM C  TpeOoBaHUAMM,
YCTaHOBJEHHbIMW B COOTBETCTBYIOLLUMX NporpaMMax u Metoamkax ucnblTaHui. B 3aBUCMMOCTM OT uenew
UCMbITaHWUI ONpPeaenstoT AONOMHUTENbHbIE XapakTepUCTUkU HaHoasposons [3], [6], [13], [15], [17], [18], [27].

6.3 TpeGoBaHMA K NpoLeccy onpeaerieHUA MacCOBOW KOHLEHTPaLUM HAHOYaCcTUL,

MaccoByto KOHLEHTpaLUUio HaHOYacTUL, ONPEeaensioT rpaBUMETPUYECKUM METOAOM C UCMNOSNb30BaHUEM
dunbTpa. Mpobbl BO3gyxa 0TOMPAOT U3 30HbI AbIXaHUS XUBOTHbIX. MacCOBYIO KOHLIEHTPALMIO HAHOYACTUL,
BbIYMCMIAOT MyTEM JAENeHuMs MacChbl HaHodacTuu, cobpaHHbiX Ha unbTpe, Ha 00bLeM BO3AyXa,
NPONYLLUEHHOTo Yepes PunbTp.

MpuMedaHue— MaccoByto KOHLEHTPaLMIO HaHOYaCTUL, MOXHO ONpeAensTe METOAOM U3MEPEHNST Macchl
HaHoYacTWL, COAEepXallMxcs B WCCNefyeMOM BO3fyxe, OCHOBAHHOTO Ha MornoweHun OeTa-nyyeil TBepAbIMU
YacTMyamMu, MeTodaMuM C  UCMONb3OBaHWEM  BUOPALMOHHBIX  MWKPOBECOB C  KOHWYECKAM  SNIEMEHTOM U
NbE303MEKTPUYECKMX MUKPOBECOB, a Takke APYrMMU MeTOAaMM, OCHOBaHHBIMU Ha XUMUYECKOM aHanuse 4acTul,
0TOGpaHHbIX Ha PUnLTpe.

MuvHMMarnbHass CKOPOCTbL MOTOKA BO3JyXa AOIPKHA ObiThb BbilLE, YEM npeaen obGHApYXeHUs METoAaa,
UCMNomnb3yeMoro AN onpeaeneHs MaccoBOn KOHLEHTpaLumM HaHovacTuy [5].

MaccoByl0 KOHLEHTpALMIO HAHOYACTUL, MOXHO OMpeAEeNnuTb MO 3HAYEHUSAM CYETHOWM KOHLEHTpauuu
HaHOYacCTUL, NPW YCNOBWM, YTO U3BECTHbI (TOYHO UNKU NPEANONOXUTENLHO) 3apsA M NIOTHOCTh HAHOYACTULY
[19]. Mpu aToM cregyeT yuuTbiBaTb, YTO €CNM NINOTHOCTb HAHOYACTUL, HEW3BECTHA WNU onpejeneHa
HETOYHO, TO MOTYT BbITb NOMyYeHbl OLLMBOYHbIE pe3yrbTaTbl.

6.3.1 OT60p NpPO6

HaHouactuupl oTOMpaloT Ha MemOpaHHbIi (UNLTP NpU 3aA4aHHOW CKOPOCTM MOTOKa BO3Ayxa C
noMoLLbI0 30HAa. CKOpPOCTb MOTOKAa BO3AyXa U NepUoANYHOCTL 0Tbopa nNpo6 A0MmKHbI ObiTb YCTAHOBMEHLI B
COOTBETCTBYIOLLMX NpOrpammax M MeToaukax ucnbiraHui. MepuoanvHocT oTbopa npo6 HaHoaspo3ons
yCTaHaBMMBalOT C Yy4eTOM BpEeMEHW, 3aTpayMBaeMoro Ha B3BeluMBaHue UNbLTpPa € OTOOPaHHbLIMK
HaHOYACTULIAMM HA MUKPOBECaX. MacCOBYIO KOHLIEHTPALIMIO HAHOUACTUL| BbIPAXAIOT B MI/N NN MI/M”.

6.3.2 YactoTa oTOOpa NPO6 U KOHTPONbL NapaMeTPOB NpoLecca reHepupoBaHus

6.3.2.1 Yactota otbopa npo6 HaHOa3po30nA AOMKHA ObiTb YCTAHOBMEHA B COOTBETCTBYIOLLMX
nporpaMMax W MeTOAMKax WucnbiTaHui. Yactoty otbopa npo6 ycraHaBnuBalT B 3aBUCUMOCTU OT
noTpeGHOCTM B ONPEeAENeHn MaccoBOW KOHLEHTpaUMW HaHO4YacTUL, CYETHON KOHLUEHTpaUMKU HaHovacTul,
pacnpeaeneHus HaHo4acTuL No pasMepam. 3HaYEHUss MacCOBOM KOHLIEHTpALMKU HAHOYaCTUL, NosyYaeMble
npu otope kaxxaon nNpobel HAHOA3PO30NA B MHrANALMOHHON kKaMepe, He A0IMKHbI OTKIIOHATLCA OT CPEeAHEro
3HaYeHUA MacCOBONM KOHLUEHTpauun HaHo4acTuy 6onee Yem Ha + 20 % [30], [31].

6.3.2.2 B npouecce reHepupoBaHMA HAHOASPO30MS OCYLLUECTBMSAIOT HENPEPbIBHbLIN  KOHTPOMNb
TemnepaTypbl U CKOPOCTU MOTOKA BO3AYyXa B 30HAX UCMAPEHUA U KOHAEHCALMN.

7 XapakTepuMCTMKM  HaHOA3po30MA U TpeboBaHMA K  3IKCNO3ULU
3KCNepUMEeHTarbHbIX XXKUBOTHbIX

7.1 OnpepgeneHue coaepxaHma npumMmecen B HaHOA3po30Jie

MeToabl onpegeneHuss COAEPXKaHUs MPUMeCEd B HaHOoa’po3one AOMKHbl ObiTb YCTAHOBMEHLI B
COOTBETCTBYIOLLMX NPOrpaMmax u MeToamkax UCrbITaHWiM.

7.2 luana3oH pa3mepoB HAHOYACTUL,

HaHoaapo3onk, NoAaBaemelil B MHFansaUMOHHYIO KaMepy, AO0MKEH COCTOATbL U3 HAHOYaCTUL, UMEIOLLIMX
Cr meHee 100 HM. OnpeaeneHne un kOHTponb CIL HAHOYaCTUL, B MHTaNAUMOHHOW KaMmepe OCYLLUECTBISIOT
B cootBeTcTBUN ¢ OBCP Tect Ne 403, OBCP Tect Ne 412, O3CP Tect Ne 413.

7.3 OnpepeneHue CYETHOM KOHLIEHTPALMK HAHOYACTULY

CYETHYI0 KOHUEHTPauWio HaHO4YacTUL, B WHramnsLUMOHHOW KaMepe OnpeAensioT W KOHTPONMPYIOT B
cootBeTcTBUM ¢ OBCP Tect Ne 403, O3CP Tect Ne 412, OOCP Tect Ne 413. EguHuuen mamepeHus
CYETHOW KOHLIEHTPaLUM HAHOYaCTUL, ABNSIETCA YUCINO OTAESNbHbLIX HaHOYacTuL B eanHuue obbema Bo3ayxa
(HaHouacTUL/cM®).

7.4 dopma HaHOYacTUL,

7.4.1 HaHoaspo30nb, NogaBaeMblil B WHransUMOHHYIO Kamepy, AOIDKEH coaepXaTb HaHOYaCTULbl
chepuyeckort opmbl. B 3aBUCHMMOCTM OT uenen MCNbITAHMI A0NYyCKaeTCA reHepupoBaHME HaHo4vacTul
apyroii ¢hopmbl. B aTOM cnyyae dopma HaHoyacTuy AOMkKHA ObiTb YCTAHOBIIEHA B COOTBETCTBYHIOLLMX
nporpaMMax W METoAMKax WchbiTaHui. POpMy HAHOYACTML, KOHTPONMPYIOT, nonyyas u3obpaxeHus
nomMoLLbto M3M unu pacTpoBOro anekTPoOHHOro Mukpockona (POM).
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CTeneHb AWCNEPIMPOBAHUA UNW arperauuu/arnoMepaumum HaHo4acTuy, AoMmkHa ObiTh YCTAHOBMNEHA B
COOTBETCTBYIOLLIMX NPOrpamMmmax u METOAMKAX UCTIbITAHWNA.

7.4.2 Tpn onpegeneHnn xapakrepucTMK HaH0a3pO30A CrneayeT yuYuTbiBaTb HanuM4Me u Ao B HEM
HearnoMepupoBaHHbIX HAHOYACTHL.

7.5 CTaOMNbLHOCTb HAHOA3PO30NA

B 3aBucumMocTM OT Uenel uccrnefoBaHWA HaHOYaCTUMUbLl B HAHOAdPO30Ne AOMKHbI  ObITh
arnomMepupoBaHbl UNW HE arnomMepupoBaHbl. ArfioOMEPUPOBAHHOCTL/HEATNOMEPUPOBAHHOCTL HAHOYACTULY
JO/mkHa ObITb YCTaHOBNEHa B COOTBETCTBYIOLLUMX Mporpammax M MeToauMkax ucnbitaHuin. CTabunbHOCTb
HaHOa3po30Mnsa AO0MKHA ObITb MNOATBEPXKAEHA C nomowpk M3M, POM wunu Aapyroro aHanoruyHoro
o6opyaoBaHus.

7.6 Tpe6oBaHMA K IKCNO3ULIMN IKCNEPUMEHTANbHbIX XXUBOTHbIX

76.1 Cucrtema TreHepupoBaHWs HAHOA3PO30Ms1  [OMKkHA  COOTBETCTBOBATH  TpeGoBaHuAM,
YCTAHOBMEHHbIM K NPOBEAEHUIO UCMLITAHWA NO OLEHKE TOKCMYHOCTM NPU WHranAuMOHHOM MOCTYMMEHUM B
OpraHusm.

7.6.2 TlpoaomKuTENbHOCTL paboTbl CUCTEMbl FEHEPUPOBAHMS HAHOA3PO30Ms MpPU MPOBEAEHUU
UCMbITAHUI MO OLEHKE TOKCMYHOCTWM NPU WMHransiyMoHHOM MOCTYNfneHun AOSkHa ObiTb YCTAHOBMEHA B
COOTBETCTBYIOLLMX MPOrpamMmmax U MeToAMKax UCMbITAHUIA.

7.6.3 MapameTpbl 9KCMO3ULMM XMBOTHBLIX «4€pe3 BCE Teno» AOMMKHbl cooTBeTcTBOBaTh O3CP Tect
Ne 403, O3CP Tect Ne 412, O3CP Tect Ne 413 u [31]:

- CMEHY BO3ayxa B MHranAunoHHoW kamepe ocyulectensaot 10—15 pas B vac;

- coaepXxaHue Kucnopoaa B UHransuMoHHOW kaMepe AOMKHO OblTb He MeHee 19 %;

- B nioboin Touke paboyero obbema Kamepbl AOIMKHbI ObiTb OBEcneyYeHbl OAMHAKOBbIE YCMOBUSA
UCTbITAHUN.

MapameTpbl 9KCMO3ULIMKN XKMBOTHbIX «TOMbKO Yepe3 HOC» AOMKHbI COOTBETCTBOBATDL [30]:

- CMEHy BO34yxa B MWHransiuMOHHON KaMepe OCYLUeCTBMAIOT ABa-TPM pas3a 3a MUHYTHbIN 0Obem
AbIXaHUSA XXMBOTHOTO (B ONbITax C KpblCaMu — He MeHee 0,5 nN/MUH Ha O4HY UHIansuUOHHYIO Kamepy);

- B K0 MHransumMoHHON kKamepe AOIKHbI ObiTb 06ecneyeHbl OAUHAKOBLIE YCNOBUSA UCTILITAHUN;

- COAEPXKaHUE KMCNOPOoAa B UHransiLUMOHHON KaMmepe AONXKHO BbiTb He MeHee 19 %.

7.6.4 OueHKy 9KCNO3ULMOHHOW [03bl W OMPEAENEHNe XapakTEPUCTUK HaHOYaCTUL, OTOOPaHHLIX HA
UNbTPR, BbIMNOMHAKT ¢ nomoLweo CALIM.

8 OueHka npouecca reHepupoBaHUs HAHOA3P O30St

OueHKy cTabnnbHOCTU M HENPEpPLIBHOCTU NpOLecca reHEepUMPOBaHUA HAHOAdPO30ns, NPUMEHSIEMOro
ANSA NpoBeAeHUA KPaTKOBPEMEHHbIX U AONrOBPEMEHHBIX UCNbITAHWIA, BbINOAHAIT No OJCP Tect Ne 403,
O3CP Tect Ne 412, OBCP Tect Ne 413. 3HayeHuss obLIei U CYETHOW KOHUEeHTpauui HaHovactuu, CIL
JOIMKHbI ObITb CTAOKUINBHBI B TEYEHME BCErO BPEMEHU NPOBEAEHUA UCTILITAHUI. 3HAYEHUs 0BLIER U CYETHOM
KOHUEHTpaLunii HaHOYacTUL B WHransUMOHHOW Kamepe He AO0SKHbl OTKAOHATLCS OT CpeAHUX 3HauYeHWuW
Bonee 4yem Ha £ 20 %.

MonyyeHHble pe3ynbTaThl NPOBEPSOT HA COOTBETCTBME TpeBOBAHMAM, YCTAHOBIEHHbIM B NporpamMmmax
NpPOBEPKM Ha Ka4eCTBO NPOBEAEHUA UCMbITAHUNA.

9 TpeboBaHUA K NPOTOKOSY UCNbITAHUNA

9.1 B npoTOKOne ykasbiBaloT CBEAEHUA O MPUMEHAEMbIX METOAAX, CPEACTBAX M YCIOBUSIX UCMbITAHUNA.

9.2 B NpOTOKOS BKMIOYALOT:

a) uHdopmauuto o6 ucxogHoM Mmatepuane (Kog W3rOTOBUTENS, XMMWUYECKOe HaWMEHOBAHME WM
XUMUYECKYIO hOpMyny, HOMEep napTuu U AaTy U3roTOBMEHUS, TOPrOBOE HAMMEHOBAHUE U T. [.);

b) onucaHve npoueaypsl oT6opa npob HaAHOA3PO30Ns ANsi NPOBEAEHUS UCTILITAHUN;

C) 3HavyeHUss CYETHOM KOHUEHTpauuMu HaHO4YacTuL, MaCCOBOW KOHLEHTPALMM HaHOo4acTul W
pacrnpeaeneHuss HaHo4YacTu1L No pasMepam, NonydeHHble ¢ nomowbio CAA3IN.
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MpunoxeHne A
(cnpaBoy4HOE)

Mpumep reHepMpoBaHNA HAHOA3pPO30/1sl, COCTOSAWEN0 U3 HaHOYacTuL, cepebpa, MeToAO0M
ncnapeHusi/koHgeHcaumm

Al O6wasa nHdopmayma

HaHoa3po3onu reHepupytoT METOLOM UCMapeHUsi/KoHAeHcaumMn B Tpy6yaToil neun npu aTMOCqepHOM AaBeHUN.
VcxogHbli MaTepuan nomeLLaloT B SI0LOUKY 1S CKWATaHWsl, PacnosiokeHHYI0 B LEHTpe Meyn, HarpesaloT A0 3a4aHHoi
TemnepaTtypbl, MCnNapss B ras-HoCMTe b, 3aTeM OX/1axAaloT B BbITSHKHOW Tpybe mneun, nonyyas HaHOa3po30/lb,
COCTOALLMIA M3 HaHoyacTul. C MOMOLLbI MeToda McnapeHus/KoHAeHcauuy MosyyaroT HaHOa3po30/M, COCTOSLME K3
HaHovacTuy, cepebpa, 30/10Ta, CBUHUA ¥ hynnepens! [11], [18], [21], [23]-[25].

leHepupoBaHMe HaHOa3po30neli B TpybyaToli Neun UMeeT cnegyrowmne HegocTaTku:

- Tpy6yaTasn neyb umeeT 6onbLUME rabapuTHble pasmepbl;

- Tpybuatas neyb NnoTpebnseT 60/bLIOe KONNMYECTBO 3HEpPrun (MoLHOCTL — 6onee 3 kB);

- ONA JOCTWKEHWS HEOOXOAMMbIX 3HauyeHuii Temnepartypbl B TpybuaTtoii meun TpebyeTcA AnuTenbHOe Bpems
(6onee 30 muH);

- BbICOKas TemnepaTypa BHyTpu TpybuaToii neus (BOKPYr WCXOAHOTO Marepuana) 3atpygHsieT npouecc
KOHAEHCaUMn HaHovacTuL;

- Nnoslyvyaemblii HaHOa3pO30/lb MMEET BbICOKYID TeMMepaTypy W He MpUrofeH A8 AbIXaHUs 3KCNepUMeHTasbHbIX
XVBOTHBIX.

B HacTosillemM cTaHgapTe npvBedeH MeTof ucnapeHus/koHAeHcauuu, NpUMEHsieMbIli ONS FeHepupoBaHus
HaHOa3P030/151, B KOTOPOM WCXOAHbI MaTepuan (cepebpo ¢ MaccoBoi goneli cepebpa He meHee 99,99 %) mcnapsoT C
MOMOLLbIO NJIOCKOrO Kepammnyeckoro aneKTPUYecKoro Harpesartens (ganee — HarpeBaTesib).

A.2 Mpouecc reHepupoBaHus

VcxofHbI MaTepuasl NOMELLAT Ha NOBEPXHOCTb Harpesartess, umMetowero pasmepbl 50 x 5 x 1,5 MM, ¢ KOTOporo
nMpoucxoauT uUcnapeHve matepuana Cc 0bpasoBaHMEM HaHOYaCTUL, U CMeluMBaHWeM WX C rasom-Hocutenem [16].
Bcneacteve He6O/bLUON MOBEPXHOCTUM HarpeBaTesid M HENPOAO/DKUTENbHOrO BPEeMEHW BO3AENCTBUS  BbICOKMX
TemMnepaTtyp Ha ras3-HocuTe/lb TeHepuMpoBaHWE HaHOoa’spo30/1a U €ero oxJaxaeHWe [0 3aJaHHON Temnepartypsbl
npoucxoauTt 6bicTpee, yeM B TpybyaTol neun. PopMUpoBaHME HaAHOYACTUL, B ra3e-HocuTene NPOUCXOAUT B TOHKOM Croe
Haf, NOBEPXHOCTbIO HarpesBaTesif. Koarynsums HaHO4YacTUL, CHUXEHa 3a CYET ObICTPOro OXMaXAeHUS U CMELUMBaHWUA C
rasom-HocuteneMm. ®OPMMPOBAHUIO  HearOMepypoBaHHbIX CEpPUYECcKMX HaHOYacTuL, CNOCOGCTBYIOT — Hauyve
TepmMod)OpeTUYECKOl CUfbl, 3NEKTPUYECKOro Nons (418 MOJlyYEHUS MNOSIOXUTENBHO  3apSXKEHHbIX YacTul) W
nepemMeLunBaHne YyacTtuy, 3a cyet auddpysum [17].

A.3 TpeboBaHuMA K 3HAYEHNSAM TemnepaTyp NOBEPXHOCTU Harpesartens

[na nonyyeHns HaHOa3po30/A C 3a4aHHbIMW XapakTepucTvkamy MpoLecc reHepnupoBaHna AO0HKEH NPOXOAUTb B
CTabubHbIX TEPMOAUHAMUYECKUX YCNOBUAX. 3HayYeHWe TemnepaTypbl MNOBEPXHOCTW Harpesartenss [O/MKHO ObiTb
MakCUMasibHO MPUOBAMKEHO K 3HAYEeHW0 TemnepaTypbl MMaB/EeHUA UCXOAHOrO Matepuana. 3HauveHue Temnepatyp
MOBEPXHOCTW HarpeBaTens M3MepsioT C MOMOLLbI0 TepMonapbl WM nvpomeTpa. [paduk 3aBMCUMOCTU 3HAYEHWi
TemnepaTyp MOBEPXHOCTU HarpesaTens OT 3HAYEeHW MPUIOKEHHOr0 3/1EKTPUYECKOro HanpshkeHus (Ha ocsax X u Y)
npeacrtasneH Ha pucyHke A.l.

d,Ml/I

T— Temnepatypa, °C; d — pacctosiHue, Mm
a) ocbX
PucyHok A.1 — Tpadvk 3aBUCMMOCTU 3HAYEHUIA TeMNepaTyp NOBEPXHOCTW HarpeBaTensi OT 3HAYEHU NPUIOXEHHOTO
31EKTPUYECKOro HanpshkeHnsa (Ha ocaxX u Y) [13]
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T— Temnepatypa, °C; d — pacctosiHue, Mm
b)ocb ¥
PucyHok A. 1, nuct 2

N3mMepsis 1 cpaBHMBas 3HaAYeHUs1 TemnepaTyp MNOBEPXHOCTU HarpeBaTens W 3HauYeHWs ee U3/ly4varesibHoM
CMocoGHOCTW, OnpeaensloT 3HayeHue OTHOCUTENbHOW WK3fyyaTeslbHOW CMOCOBGHOCTM MOBEPXHOCTU HarpeBarerns.
3HayeHne OTHOCUTEsIbHON u3nyyartenibHOM CroCOGHOCTM NOBEPXHOCTW HarpeeaTens coctasnser 0,9 AnA AmanasoHa
Temnepartyp ot 894 °C go 1417 °C.

3HaveHVe TemnepaTypbl MNOBEPXHOCTU HarpeBaTens BO3pacTaeT JIMHEAHO C  YyBe/MYEHMEM  3HAYeHWl
3/1eKTPMYECKOr0o HanpskeHns. Ha pucyHke A.2 npefcTtasneH rpaduvk 3aBUCUMOCTU 3HAYEHUIA TemnepaTyp NOBEepPXHOCTU
HarpeBaTtens OT 3HaYeHWUli NPUIOKEHHOTO 3M1EKTPUYECKOTO HanpsHKEHNS.

T— Temneparypa, °C; U— npunoxeHHoe HanpsxeHue, B; 1 — nuHua perpeccun

PucyHok A.2 — Tpadivk 3aBUCUMOCTU 3HaYeHUIi TeMnepaTyp NOBEPXHOCTU HarpeBaTens OT 3HAYEHWUI NPUIOXKEHHOTO
3/1eKTPUYECKOro HanpsxeHus [13]
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Mo 3HaYeHU0 OTHOCUTENBbHON M3nyyaTeslbHOV CNOCOBHOCTU ONpefensiT pacnpefeneHne 3HadeHuin Temneparyp
Ha MOBEPXHOCTWM HarpesaTesnif. Y4YacTOK MOBEPXHOCTW Harpeeatens C Havbo/blUMM 3HAYEeHWEM TeMmnepaTtypbl, Ha
KOTOPOM pasMEeLLAlT WCXOAHbI MaTepuan B MeTOoAe ucrnapeHusi/koHgeHcauun (ganee — 30Ha WcnapeHus), umeet
pasmMepbl 3 X 3 MMm.

Bpewmsi, Tpebyemoe [AnA  AOCTWXEHMS HEOOGXOAMMOW  TemnepaTypbl MOBEPXHOCTM  HarpeBatens As
OCYLLIeCTB/IEHNA MpoLecca reHepupoBaHna HaHoaspo3onsa, coctasnfetr 10 ¢ [aniee Temnepatypy MOBEPXHOCTU
HarpesaTens NoAAepPXUBAOT Ha NOCTOSHHOM YPOBHE.

Ha pucyHke A.3 npeactasneH rpaduk 3aBUCHMOCTM 3HAYeHWi TemnepaTyp MOBEPXHOCTWM Harpesartens oT
BpeMeHu, Tpebyemoro AnA AOCTMXKEHUS HeoOXoAuMON TemnepaTtypbl, MpU pPasnyHbIX 3HAYEHUSAX MPUIOXKEHHOrO
3/1EKTPUYECKOTO HaMPSHKEHNS.

T— Temnepatypa, °C; t— Bpewms, C; a — 3Ha4YeHne nokasaTesieil Npu BKAYEHUN UCTOYHUKA MUTaHUS;
b — 3HauyeHve nokasartenei Npy BbIKIYEHUN UCTOUYHUKA NUTaHUS.

PucyHok A.3 — pachyk 3aBUCUMOCTMN 3HAYEHWIF TeMnepaTyp NOBEPXHOCTW HarpeBaTtensi OT BpeMeHU, TpebyeMoro A/ist
[OCTVKEHUS1 HeO06GX0AMMOI TemnepaTypbl, NPU Pa3INYHLIX 3HAYEHUSIX MPUIOXKEHHOTO 3M1EKTPUUECKOro HanpshkeHns [13]

B npouecce ucnblTaHuii TemnepaTypy B MHIANSALUMOHHON KamMepe KOHTPOAMPYIOT U PErMCTPUPYIOT B NMPOTOKONE.

A.4 OnpepeneHve pacnpefesieHUss HaHoyacTuy No pa3mMepaMm B rase-HocuTesie  MeTofamu
npocBeynBatoLLeli 31EKTPOHHOW MUKPOCKONWUW U PEHTITEHOCTPYKTYPHOrO aHanusa

PacnpegeneHne HaHovacTUL MO pasMepam B rase-HocuTefne 3aBUCUT OT Temnepatypbl MOBEPXHOCTM
HarpeBaTens. Ha pucyHke A.4 npeactaBnieH rpacdvk 3aBUCMMOCTY 3HAYEHWI pacrnpefenieHns HaHo4acTuL, no pasmepam
OT 3HauyeHuli TemnepaTtyp MOBEPXHOCTU HarpeBaTens, MNpY 3TOM MNOCTOSIHHAas CKOPOCTb MNOTOKa rasa-Hocutensa — 4
NIMWH, OnameTp BbINYCKHOTO OTBEPCTMS CUCTEMbI TEHEPUPOBAHWS HaHoaspo3ons — 34 MM, Mmacca WCXOLHOro
matepuana — 14,76 wr.

10
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10 100

d/V/dlogdp — cueTHasa KOHULEHTpauus HaHo4acTuy, HaHo4vacTuu/cm3; dp — guameTp NOABWMXXHOCTU, HM

PurcyHok A.4 — Tpadivk 3aBUCMMOCTU 3HAYEHUIA pacnpefeneHunsi HaHo4YacTuL, No pasMepaM OT 3HauYeHuii Temnepartyp
NoBEpPXHOCTU Harpesatesia [13]

®opMy HaHOYacTWL, KOHTPOSIMPYHOT, Nosyyas u3obpaxeHus ¢ nomowbio MN3OM. HaHouacTuupbl, chopMrpoBaHHbIe
npy  pasfWuYHbIX 3HAYEeHWAX TemnepaTyp MNOBEPXHOCTUM Harpesartens, uWMelT cdepuyeckyio copMmy u  He
arnomepvipoBaHbl [13]. dopmupylowmecs 3a cyeT KoarynsauuyM HaHodacTuubl NpuobpeTtaroT cdepuyeckyo hopmy
6narofaps BbICOKOW Temnepatype B6AM3M UCXOAHOTO Matepuana [20]. B meToge wvcnapeHus/koHAeHcauum
hopMmpoBaHMe HaHo4acTuL, chepnyeckoin hopMbl MPOUCXOAMT BON3M NMOBEPXHOCTU HarpesaTtens, vMetoLleli BbICOKYH
Temnepatypy. [pu ypaieHunm HaHo4yacTuL, C MOBEPXHOCTU Harpesartefii MOTOKOM ra3a-HoOCUTesNs MpoMCcXoauT
ocnabneHve koarynsauuyM HaHo4yacTuy, BCAeACTBME ObICTPOro OXNaXAeHUs W CMelMBaHWs WX C ra3oM-HOCUTENEM.
$dopmMumpoBaHnio Hear/loMepupoBaHHbIX HaHouacTuy, cthepuryeckoii hopmbl cnocobcTByOT Hasmune
TepMod)opeTNyecKoin cunbl B6M3NM UCXOAHOTO MaTepuana, 3/eKTPUYeckoro nons (4ns nonyyveHus MoNoXUTENbHO
3apSKEHHbIX HaHO4YacTUL) W MNepemMellMBaHWe HaHoyacTuy, 3a cyeT Audpdy3vm Mo BO3AENCTBUMEM  BbICOKMX
Temnepartyp.

Ha pucyHke A.5 npepactasneHbl pesyfbTartbl PEHTTEHOCTPYKTYPHOTO aHainsa HaHo4yacTul, BbINOSIHEHHOTO C
NOMOLLLbIO PEHTTEHOBCKOro andpaktomeTpa 1 CuK nsnyyeHus.
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| — VHTEHCMBHOCTb NUKOB; 9 — Yron paccesHus, rpag

PucyHok A.5 — Pe3ynbTaTbl PEHTTeHOCTPYKTYPHOIO aHain3a HaHo4acTyL, BbIMNO/IHEHHOTO C MOMOLLbIO PEHTIEHOBCKOrO
AndpaktomeTpa 1 CuK nsnyyenus [13]

AHanNM3 VHTEHCMBHOCTWM MMKOB MOKa3blBaeT, YTO HaHO4YacTulbl B HaHOa’po3o/se CHOPMUPOBaHbI M3 YUCTOro
cepebpa (maccoBoli gonein cepebpa He meHee 99,9 %), a He U3 €ro OKCUAOB, AaXe MpPW WMCMONb30BaHMM BO3AyXa B
KauecTBe rasa-Hocutens. Mcnonb3yss MeToh UCnapeHUs/KoHAEeHCcauMM, MOXHO MoJslydyaTb HaHoyacTuubl U U3 OoKcMaa
cepebpa.

A5 WcnbiTaTenbHas ycTaHOBKa QA1 OLEHKM TOKCMYHOCTM HAHOa’po30/eil npu  WMHransuuoHHOM
NOCTYN/IEHNUN B OpraHm3m

[nA  OUEeHKM TOKCMYHOCTM HaHOoa’3p030/eil NpuM  WHTaNAUMOHHOM MOCTYN/IEHWM B OpPraHu3m MNpUMEHsIoT
UCMbITATE/NbHYIO YCTAHOBKY, COCTOALLYI0 U3 ABYX OCHOBHbIX YacTeil: CUCTEMbl FeHepypoBaHNA HAHOA3PO030/18 METOLOM
ncnapeHusi/KoHAeHcaUMmn 1 ncnbitatenlbHOro 6/1oka.

Cxema ucnbiTaTeIbHOW YCTAHOBKW [/151 OLEHKM TOKCUYHOCTW HaH0a3po30/1eli Npu MHFaISLMOHHOM MOCTYN/IEHUN B
opraHusm npegcrasneHa Ha pucyHke A.6.

12
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Al — aTtmocchepHbIin BO3ayX, ounweHHbIn HEPA cdunbTpom 1 nogasaemblii
co ckopocTbto 200 n/mMyH; A2 — n36bITOK NogaBaemoro Bo3gyxa; A3 — ras-Hocutenb, A4 — HaH0a3po30/b,
nofaBaeMblii CO CKOPOCTbO 22 N/MUH; A5 — OTpaboTaHHbIN BO34yX, BbIXOAALLMA CO CKOPOCTbI0 222 n/MuH; C —
MHransaumoHHasa kamepa; D — guntotop; D2 — KA3IM; H— HarpeBatens; M — perynsatop pacxoga so3gyxa (PPB);
N — HeliTpanim3aTop 3NeKTpnYeckoro 3apsga (210Po); P1 — VCTOYHMK NUTaAHUS NEPEMEHHOIO TOKa;
P2 — nepcoHasbHbIli KOMNbloTEP; Q — KBapuesas Tpybka; S — ucxofHbli matepuan; U — CKY

a) PacnonoxeHne KOMNOHEHTOB MCMbITATENbHOM YCTaHOBKM

B — paccTosiHve OT Kpas Harpesaresis 40 30Hbl UcnapeHus, 6,2 mMw;
S — ncxogHbli MmaTtepuan; W — LwmpuHa HarpesaTens, 5 M.

b) Cxema HarpesaTens
PucyHok A.6 — Cxema mcnbiTaTeNbHOW YCTaHOBKN A1 OLLEHKU TOKCUYHOCTU HaHO0a3po30/1ei Npyu MHraNsauMoHHOM
NoCTynsIeHMn B opraHusm [14]

HarpeBaTenb [JO/MKEH COOTBETCTBOBATb CriefyloWyM TpeboBaHUSAM: TemnepaTtypa MOBEPXHOCTWM Harpesartens
[o/MmKHa 6bITb He MeHee 1500 °C npu pasmepax 30Hbl ucnapeHns 5*10 mm. Harpesatenb pasmepamu 50 x 5* 1,5 mm
NOACOEANHAIOT K UCTOYHMKY NUTAHUS NEPEMEHHOrO Toka ¥ NOMELLAnT B KBapLueBylo TpyOky AnameTpoMm 70 MM W A/IMHON
140 mm. Ha HarpeBaTenb nogatoT HanpsbkeHue 85 B, obecneuvBas B 30HE WCMapeHUs MaKCUMaslbHyH TemnepaTypy
Iax 1140 °C. WcxopgHbli mMaTepuan nomMellalT B 30HY UcnapeHus. B kauecTBe rasa-HOCUTENs WCMOJb3YHT CyXoW
atMocdpepHbIii BO34yX, NpoOMyLleHHbIA Yepe3 cuibTp. CKOPOCTb HaHOa3p030/1s MOAAEPXKMBAIOT HA YpOBHE 22 /MWH
(uncno PeiiHongca npubnusnTensHo 420) ¢ nomowblo perynstopa pacxoga Bo3sgyxa (PPB). Pacnpegenenue
HaHo4yacTuL, Mo pasmepam onpegenstoT ¢ nomowbio CAA3M n CKY.

A.6 OnpepgeneHne 3aBUCMMOCTM 3HAYEHWIA CYETHON KOHUeHTpauum u CI[ HaHo4YacTWUL, OT 3HAYEeHWl
Macchbl UCXOA4HOro martepuana

MeTogoM  McnapeHus/KoHAEeHCcauuM reHepupylT  HaHoaspo30/IM  CO  CTabu/ibHbIMWM - XapakTepucTuKamu:
pacnpefeneHnemM HaHoyacTul, MO pasMepam W CYeTHOM KOHUeHTpauuei HaHoyacTuy. B npouecce nposegeHust
UCMbITAHWA NO OLEeHKe TOKCUYHOCTM MPU WHraNsALMOHHOM MOCTYN/IEHUM HaHOa3p030/b MOAANT B WHIIALUMOHHYIO
Kamepy C 3KCMepUMEHTa/IbHBIMU XUBOTHbIMU. VCNbITaHWsA NPOBOAST NPY KPATKOBPEMEHHON W ANNTENbHON 3KCNO3ULMSIX
HaHOa3PO30/1eM.

13
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lpacdvku 3aBUCUMOCTYM 3HAUEHWIA CUETHOW KOoHUeHTpauuum u CMJ[, HaHouyacTWl, OT 3Ha4yeHuii Macchbl

"
9KBMBA/IEHTHOrO AMameTpa WCXOAHOro Matepuana npefcTaefieHbl Ha pucyHke A.7.

a) [padyik 3aBMCMMOCTM 3HaUYeHWii CUeTHOl KoHUeHTpauun u CI/l HaHo4YacTuL, OT 3HAYEHWE MacChl UCXOAHOTO
maTtepuana

b) padhmk 3aBMCUMMOCTM 3HaYeHnn CI[] HaHOYaCTUL, OT 3HAYEHWUIA SKBMBaIEHTHOIO
AmameTpa MCXOLHOro marepviasna
N — CYeTHas KOHLUEHTpauus HaHo4yacTul, HaHo4acTUL/CM®; T — mMacca MCXOAHOro marepuana,
pacnonioXeHHOro Ha NoBEPXHOCTU HarpeBaTens, mr; CI[ — cpegHuii reomeTpuyeckuii AgnaMmeTp HaHovacTuL, HM;
DeqAy — 3KBMBAJIEHTHbIV AMaMeTp UCXOAHOTo MaTtepuana, MM; [J— M3MEHEeHMe MacChl NCXOAHOTO Matepuana;
[ — cTabunbHOCTb 3HAYEHWI CUETHON KOHUeHTpaumn u Cr HaHoYacTuy, a— NPOAO/MKUTENbHOCTL Mpouecca
reHepMpoBaHUsA HaHOa3pP030/15 CO CTAbUNbHbIMU XapakTepucTukamm, 36 4
PucyHok A.7 — padvikn 3aBUCMMOCTY 3HAYEHWI CYETHOI KoHueHTpauum n CI[ HaHoYacTuL, OT 3HAYEHMIA Macc U
9KBMBA/IEHTHOrO AnameTpa MCXo4HOro marepuana [14]

Fpacpvn(m 3aBUCNMOCTH, npeacrtas/ieHHbIE Ha pucyHke  A.7, NOCTPOEHbI Ha  OCHOBe CpaBHEHUA
3KCMepUMEHTa/IbHbIX AaHHbIX OO/TOBPEMEHHOI0 24-4acoBOrO MWCMbITAHUSA HAHOA3p030/1A Ha CTabubHOCTb 1 OaHHbIX,

BbIYMC/IEHHBIX MO 3HAYEHUAM Ha4yaslbHON MaccChbl MCXOLHOrO0 Marepuasia W CKOPOCTU €ro WCnapeHus, MOoJlyYeHHbIM B
npouecce KpaTtkoOBPEMEHHbIX UCnbITaHuii [14].
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[vnameTp KkBapLeBOi Tpybku, B KOTOPYH MOMELLalT HarpeBaTeslb C MWCXOAHbIM Marepuasiom, — 70 MM.
HauanbHas macca ucxogHoro marepvana — 160 mr.

Ha pucyHke A.7 (a) Noka3aHO M3MEHEHMWE 3HaYeHWil cUeTHO KoHueHTpauun n CIA HaHOo4YacTUL, B 3aBUCUMOCTU OT
N3MEHeHNs Macchl MCXOAHOro Matepuana B npouecce ucnapeHus. Ha pucyHke A.7 (b) nokasaHo M3MEHEHWE 3HauYeHWi
CrI'[], HaHoyacTuy, B 3aBUCUMOCTU OT U3MeHeHus mMacchl co 160 go 100 mr n akBMBasieHTHOro anametpa c 3,08 go 2,63
MM MWCXOLHOrO MaTepuana B npouecce ucnapeHus. pu macce ucxogHoro martepuana MeHee 100 mr npoucxogat
yBE/IMYEHNE CKOPOCTW €ro UCMapeHusi 1 YMeHbLUEeHWEe 3HAaUYeHWl CUYETHON KoHueHTpaumu n Cr[ HaHoyacTuu. 3HaveHus
CI'l HaHOuYacTUL, 3aBUCAT OT 3HAYEHUI 3KBMBAIEHTHOrO AvameTpa W naowaan MOBEpPXHOCTUM UCXOLHOTO matepuana.
Ecnn HavanbHad macca McxogHOro martepuasia 160 Mr, TO MpOLECC reHepMpoBaHUSA HaHOa3pP030/1A C CoAepXaHuem
HaHo4acTuL, TpebyeMblX pa3MepoB OCYLLECTBAAKT A0 TeX Mop, Moka mMacca MCXOLHOro Marepuasia He YMEHbLUUTCH A0
100 wr, T. e. 419 TeHepUpPOBaHNS HaHOa3pPo30/1a ncnapaT 60 Mr MCXOAHOro MaTtepuana.

A.7 OnpepeneHne xapakTepucTUK HaHO0a’po30/A B Mpouecce [AO/ITOBPEMEHHbIX WUCNbITaHUI Ha
CTabunbHOCTL

Ha pucyHke A.8 npefctaBneHbl Auarpammbl, MOKasbiBaloWMe W3MEHEHWS 3HAYeHW CYETHOM KOHLEeHTpauun
HaHoyactuy, CIr HaHoyacTMy n CIO B TeuyeHWe BpPeEMEHW MpPoBefeHUsA [OOJITOBPEMEHHbBIX WCMbITAHMAX Ha
CTabuNbHOCTb.

cra.

a) CI'A b) Cro

c) CuyeTHadA KOHUEHTpauus HaHo4acTuL,
Cr4 — cpefHuin reomeTpuyeckuii gnameTtp, HV; CIO — cTaHgapTHOe reoMeTpuyeckoe OTK/IOHEHWe, HM; t —
BpeMs reHepmpoBaHMUA HaHOa’P030/4, Y,
N — cYeTHas KOHLEHTpaLusi HaHo4YacTuL, HaHodacTuu/cm3
PucyHok A.8 — [lnarpammbl, NokKasbiBalLWMe U3MEHEHNS 3HAYEHNI CYETHOW KOHLEHTpauun HaHovacTuy, Cra
HaHovacTuy 1 CI'O B TeyeHne BpeMeHN MPOBeAEeHNS AONTOBPEMEHHbIX UCMbITaHWi Ha CTabunbHOCTL [14]
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B [0nroBpeMeHHbIX WCMbITAHUAX HAHOA3p030/11 Ha CTabWIbHOCTb MPUMEHEH WCXOAHbIA MaTtepuan Maccoi
160 mr B chopme wapa anametpom 3,08 mMm. CKOPOCTbL NOTOKa Bo3gyxa — 22 JI/MUH, 3/1eKTpuyeckoe HanpsbkeHne — 85
B (Trax = 1140 °C), agnameTp KBapLeBOii TPyOKM, B KOTOPYH NOMELLEH HarpeBaTtesib C UCXOAHbIM MaTepuasiom, — 70
MM.

MonyyeHHble pe3ynbTaTbl AONTOBPEMEHHbIX UCMbITAHUA HaHoaspo3ons: Cr[ HaHouactuy — 14 Hm, CTO — 1,6
HM [cMm pucyHkn A.8 (a) n (b)]l, cyeTHasa koHUeHTpaumsa HaHovyacTuy, — 3,5 m107yactuu/cm3[cm. pucyHOK A.8 (C)].

Ha pucyHke A.9 npeactaBfieHbl AuarpaMmbl, MOKasblBaloLWMe W3MEHEHUS 3HAYEHWIn CYETHON, OOGBLEMHON Wu
MaCCOBOI KOHLEHTpauuii HaHo4YacTuL, B TeYeHe BPEMEHU MNPOBEeAEHUS A0NTOBPEMEHHbIX 24-4acOBbIX UCMbITAHWUIA MO
OLEeHKe TOKCUYHOCTN HaHO0adpP030/1s NPU NHIIALMOHHOM MOCTYMN/IEHUN B OPraHn3M.

O
o>

[1.E +10

N
T3

6.E+9
6.E+9
4.E+9
2E+9 =

0.E+0
P HM
a) CyeTHas KOHLEHTpaLus HaHo4YacTwuL, b) O6beMHasa KOHLEHTpauus HaHouacTul

ai
2 400

L]

Cc) MaccoBas KOHUEHTpaums HaHo4YacTuL,
d/V/dlogdr, — cueTHast KOHUEHTpaumus HaHo4vacTul, HaHodacTuu/cm"; dS/dlogdp— o6bemMHas KOHLEeHTpauus
HaHouyacTuy, cm3cm3; dAtf/dlogdp— maccoBast KOHUEHTpauMs HaHovacTul, Mr/M°; d p— guameTp MOABWMKHOCTU, HM;
b — uncxogHoe cocTtosiHue
PrcyHok A.9 — [narpammbl, NnokasbiBatolMe U3MEHEHNs 3HauYeHuUli CHETHOW, 06BEMHON 1 MaccoBOW KOHLEeHTpaLuuii
HaHOYaCTuWL, B TEYEHNE BPEMEHW NPOBEAEHNS AONTOBPEMEHHBIX 24-4ACOBbIX UCMbITAHUI MO OLEHKE TOKCUYHOCTU
HaHOa3P030/1A NMPU UHIAIALMOHHOM MOCTYMN/IEHNN B OpraHn3m [14]

[vawveTp kBapLieBOi TpybKku, B KOTOPYIO NMOMELLEH HarpeBaTesib C UCXOAHbIM MaTepuasioM, — 70 MM. HauvasnbHas
mMacca uncxopgHoro matepumana — 160 mr. Mpy nojaye HanpshKeHWUs Ha HarpeBaTeslb UCXOAHbI MaTepuan npuobpeTtaet
chopMy LLIapa 1 COXpPaHSIET €€ 3a CHET MOBEPXHOCTHOTO HATSHKEHUST XUAKOTO cepebpa B TeYEHNE 24-4aCOBbIX UCTbITaHW [14].
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Mo 3Ha4yeHnsaAM CI[ HaHouyacTuy, ¢ nomolybto CALSIM MOXHO onpefennTb 06bEMHYIO Y MAcCcOoBYHO KOHLLEHTpaLum
HaHOYacCTUL, NPX YCMIOBWK, YTO HAHOYACTULBI MMEeIT chepuyeckyto hopmy. Mo 3HaYeHUAM pacnpefeneHusi HaHouacTuL,
Mo pasmepam, MOXHO ONpefesiMTb OOBLEMHYHD KOHLEHTPaLUMIO HaHOYacTWL, MpY YCOBUM, YTO HAHOYacTWULbl WMMeT
chepuryeckyto hopmy 1 He arpermposaHbl [14].

Ha pucyHke A.10 npepcTaB/ieHa Auarpamma, MokasbiBalolWas W3MEHEeHUs MaccChbl WCXOAHOT0 Matepuana B
TeYeHve BpeMEHW NPoBeAeHUs 24-4acoBbIX UCMbITAHWIA.

T — Macca NCX0QHOro Matepuana, Mr; t — BpeMsi NPOBEAEHUS UCTbITaHUi, Y
------ nepuoj, BpeMeHn NpoBefeHNs KOHTPO/IS C MOMOLLbIO CKaHWPYIOLLEero kiaccugmnkaTopa noaBMXHOCTM YacTul,
(CKMY), u; [, — TOYKM M3MEPEHUS MaCCbl UCXOAHOrO Marepuasia ¢ NOMOLLbI0 MUKPOBECOB;
................ M3MeHeHMe Maccbl UCXOHOr0 MaTepuana; a — faHHble 0 CTabUNbHOCT HAHOA3P030/1s

PucyHok A.10 — [lnarpamma, nokasblBaroLas N3MEHEHUS MacChl CXOAHOrO Marepuasia B TeHEHNE BPEMEHU
npoBefeHns 24-4acoBblX UcnbITaHuii [14]

[narpamma, npepcrasneHHas Ha pucyHke A.10, NMOCTpoeHa Ha OCHOBE CPaBHEHWUSI 3KCMEePUMEHTAasIbHbIX AaHHbIX
[ONTOBPEMEHHbIX 24-4acoBbIX WCMbITAHUA HaHOAa3p030/1 Ha CTabW/IbHOCTb W [aHHbIX, BbIYAC/IEHHBIX MO 3HAYEHUAM
HayasIbHOM MacChbl MCXOAHOTO MaTepvana U CKOPOCTU €ro MCrnapeHusi, NolyYeHHbIM B MpoLecce KpaTKOBPEMEHHbIX
ucnbiTanuin [14].

HauyanbHasi macca mcxogHoro martepuana — 160 Mmr. B mpouecce ucnbiTaHuii MPOMCXOAMT YMEHbLUEHNe Macchl
ncxogHoro matepmana. ocne 24 4 HenpepbiBHbIX UCMbITAHWIA ONpPefensAlT Maccy ocTaTka WCXOA4HOro Matepuana c
NMOMOLLbID MWKPOBECOB. 3HAYEHWS MacCOBOM KOHLEHTpauuu HaHovacTul, onpefensiioT rpaBuMeTpuyeckum MeTOAOM
WM No 3HAYEHWAM CYUETHOW KOHLEHTpauuy HaHoyacTwul, MoslydeHHbIM ¢ nomowbio CALSIM npu HenpepbiBHOM
24-4acoBOM KOHTpoOsie. [laHHble, MOoJlyYeHHble rpaBMMeTPUYEeCKMM METOAOM, W [AaHHble, MOJIyYeHHble C MOMOLLbIO
CAL3M npy HenpepbiBHOM 24-4acCOBOM KOHTPOJE, AO/MKHbI OblTb OAVHAKOBDI.

A.8 CTabunbHOCTb HaHO0a3p030ss B npouecce 90-AHEBHbLIX UCMbITAHUI MO OLEHKe ero TOKCMYHOCTU npwu
WHTaNIAUMOHHOM MOCTYMN/IEHNU B OPraHu3m

Ha pucyHke A.11 npefctasneHa guarpamMmma, nokasbiarowas cTabuibHOCTb HaHOa3pP0o30/15 B TEYEeHWe BpPeMeHU
nposeneHns 90-AHEBHbIX UCMbITaHWUI N0 OLEHKe ero TOKCUYHOCTU MPW MHFaNSALMOHHOM MOCTYN/IEHNN B OpPraHu3Mm.
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N — cyeTHas KOHLUEHTpaumns HaHouacTuy, (# * 10bHaHouacTuu/cm3); t — BpeMmsi, AHEN; a — 3HayeHus,
NOJTyYEHHbIE B MHTA/IALMOHHON KaMepe C BbICOKOW KOHLEeHTpaumeli HaHovacTuy, b — 3HayeHusi, NoslyyeHHble B
WHTaNAUMOHHON Kamepe CO cpefHei KOHUEeHTpaumeli HaHo4YacTuL; C — 3HavyeHUs], NoJlyYeHHble B UHMaNSALMOHHOM
Kamepe C HU3KOI KOHUEeHTpauvein HaHo4YacTuL,
PucyHok A.11 — [narpamma, nokasbiBatoLlas cTabunbHOCTb HAHOA3PO030/1A B TEeYEeHWe BPEMEHW MpoBeaeHus
90-A4HEBHbIX UCMNbITAHUIA NO OLEHKE €ro TOKCMYHOCTW MPU UHINIALUMOHHOM NOCTYMN/IEHNW B OpraHn3m [26]

Kak BMAHO U3 pucyHka A.1l, cucTema reHepuMpoBaHWs HaHOa’po30/s paboTaeT [OCTATOUHO CTabW/IbHO,
no3BosAs MOALEPKMBATL XapaKTepUCTUKM HAHOA3pPO030/1i HAa MOCTOSIHHOM YPOBHE B TEYEHWEe BCET0 BpeMeHW
nposefeHns 90-AHEBHbLIX UCMbITAHWA, U ee MOXHO MPUMEHATL B UCMbITATE/bHbIX YCTAHOBKAX A/ OLEHKU MoAoCTpoit
VHT/ISILMOHHOM TOKCUYHOCTH.

A.9 F'eHepupoBaHMe HaHOA3PO030/1eil, COCTOALMX U3 HAHOUYACTUL, APYTMX MeTanoB (Hanpumep, 3010Ta)

MeToa wcmapeHus/KoHAEeHCAUWUW, MNPUBEAEHHbLIA B HACTOALWEM CTaHZapTe, MOXeT ObiTb NPUMEHEH A/isi
reHepupoBaHMs HaHOA3pO30/1eil, COCTOSALMX M3 HaHOYaCTWL, 30/10Ta WM APYrMX MeTasiIoB NPy YCOBWUM, YTO
TemnepaTtypa MnaBfieHNsi 1 CKOPOCTb MCMApPEHUsl UCXOAHOTO MaTepuasia npubaM3UTENIbLHO Takue Xe, Kak y cepe6pa.
CKOpOCTb MCMapeHust 30/10Ta HUXe, YeM Yy cepebpa, W NpoLecc reHeprpoBaHus 3aTpyaHeH [22], ogHako HaHOa3po30/u,
COCTOsILIME U3 HAHOYACTUL, 30/10Ta, C TPEGYEMbIMM XapakTepPUCTUKaMM MOTYT 6bITb NOMyYeHbl AaHHbIM MeToAoM [28].
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Mpunoxexnue OA
(cnpaBouHoe)

CBegeHuA 0 COOTBETCTBUMN CCbINMOYHBIX MEeXAYHAPOAHbIX CTAHAAPTOB HALMOHANbHbIM CTaHAApTaM
Poccuitickon Pegepauum n 4eMCTBYIOWMM B 3TOM Ka4eCTBE MEeXrocyaapCTBEHHbIM CTaHAapTaMm

TabnuuyadAi

O603HaYeHne CCbINOYHOro CteneHb Obo3Ha4eHne U HaMMEHOBaHUe COOTBETCTBYIOLLENO
MeX4YHapogHOro craHgapra COOTBETCTBMSA HaLMOHanNbLHOro UM MEXrocyjapcTBEHHOIo cTaHAapTa
NCO/TC 27687:2008 IDT FOCT ISO/TS 27687—2014 «HaHoTexHonoruu.
TepMuHBbI ] onpegeneHus HaHOOOLEKTOB.
HaHo4acTuua, HaHOBOSIOKHO U HaHOMMacTMHaY
MCO 15900:2009 NEQ ’OCT P 8.775—2011 «locyaapctBeHHas

cuctema  obecneyeHWs  eAMHCTBA  M3MEPEHMNA.
HucnepcHblit  cocTaB rasoBuix cpef. OnpepeneHne
pa3MepoB HaHo4acTuy, no MeToay
AnddpepeHymancHoil - anekTpuYeckon  MOABUKHOCTU
a3p030J1bHBIX YacTuL»
NMCO/MBK 17025:2005 IDT FOCT MCO/MBK 17025—2009 «Obuwue
TpeboBaHMSA K KOMNETEHTHOCTU UCTIbITAaTeNbHBIX W
KannbpoBoYHbIX nabopaTopuii»
OBCP Tect Ne 403 IDT [OCT 32542—2013 «MeToabl ucnbITaHWA no
BO3JEACTBNIO XMMWUYECKON NPOAYKUUM Ha OpraHuim
Yyenoseka. OcHOBHble TpeboBaHWA K npoBefeHUto
UCMbITaHWA N0  OLeHKe OCTPO TOKCUYMHOCTU Mpu
WHransuMoHHOM NOCTYNIEHUNY
OO3CP Tect Ne 412 IDT [OCT 32643—2014 «MeToabl ucnbiTaHUA no
BO34EACTBUIO XUMUYECKOW NPOAYKUUM Ha OpraHuam
Yyeriopeka. TOKCUYHOCTb MOAOCTPaAA WHranAUMOHHas:
28-1HEeBHOE ncerneaoBaHue»
OO3CP TecT Ne 413 IDT [OCT 32636—2014 «MeToabl ucneiTaHus no
BO34eACTBUIO XUMUYECKOW MPOAYKUUN Ha OpraHnam
yenoBeka. CybxpoHudeckasd UHransALuMoHHasa
TOKCUYHOCTL: 90-1HEBHOE MCcCrefoBaHUEY

MpumMmedaHue—B HacTosAWed TabnuLe Mcnonb3oBaHbl criegytoLie ycroBHble 0603HaYeHUsT CTENeHN
COOTBETCTBUA CTaHAAPTOB!

- IDT — naeHTWYHble CTaHaapThl;

- NEQ — He3KBMBaNeHTHbIe CTaHhapThl.
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