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Mpeancnosue

Lenu n npuHuMnbl cTaHgapTm3auun B Poccuiickoli depepaumm yctaHoBeHbl PefepasibHbIM 3aKOHOM
oT 27 geka6psa 2002 r. Ne 184-®3 «O TeXHUYECKOM peryiMpoBaHnmn», a npasuia NPUMeHeHNs HaunoHa TbHbIX
ctaHgapToB Poccuiickoii degepaunm — FOCT P 1.0—2004 «CtaHgapTusaumna B Poccuiickoii degepauumn.
OCHOBHbI€E MOMOXEHNSA»

CBefoHMA 0 cTaHgapTe

1 NOArOTOB/IEH ABTOHOMHOW HEKOMMEpPYECKOW opraHn3aymeli «<HayuyHo-nccnefoBaTenbCkuii LeHTP
KOHTPO/IA N ANArHOCTUKN TEXHUYEeCKnx cuctem» (AHO «HWL, K[») Ha ocHOBe COGCTBEHHOrO ayTEHTMYHOIO ne-
peBofa Ha PYCCKUI A3bIK MeXAYHapOAHOro 0OKYMeHTa, YKa3aHHOro B NyHKTe 4

2 BHECEH TexHnyecknm KoMmnTteTom no ctaHgapTusauum TK 457 «KayecTBO BO3ayxa»

3 YTBEPX/EH VI BBEJEH B IENCTBWE lMpukasom deaepasibHOI0 areHTCTBa MO TEXHUYECKOMY pe-
ryiMpoBaHnio 1 meTposiormm ot 7 gekabps 2011 r. Ne 730-cT

4 HacTosiwuii cTaHgapT WAEHTUYEH MeXAyHapoAHOMY AOKyMeHTY NCO/TO 27628:2007 «Bo3gyx pa6o-
Yel 30Hbl. YNIbTpaaucnepcHble aspo30/v, a3po30/IM HAHOYACTUL, U HAHOCTPYKTYPUPOBaHHbIX YacTul. Onpe-
[eneHve xapakTepucTuUK W OLeHKa BoO3gelicTBUA npu BAbixaHuw» (ISO/TR 27628:2007 «Workplace
atmospheres — Ultrafme. nanopartide and nano-structured aerosols — Inhalation exposure characterization
and assessment»)

5 BBE/JEH BIEPBbIE

NHopmMauns 06 N3MeHEHMSAX K HaC T 0sILLLEeMY CTaH4ap Ty Ny6vKyeTCs B €XXerofHo 13aaBaeMoM UH-
chopmMaLMoHHOM yKka3aTesne «HaunoHasbHble CTaHAapThl». & TEKCT U3MEHEHWUI 1 NonpaBoK —s B eXeme-
CAYHO U3gaBaeMbIX UHPOPMALMOHHBIX yKasaTenax «HauvoHanbHble CTaHaapThi». B ciyyas nepecMoTpa
(3aMeHbl) WM OTMeHbl HACTOsILLLEero cTaHaapTa cooTBeTCTBYloLee yBegomMeHme 6yaeT ony6IMKoBaHO
B €XEMECSIUHO M34aBaeMOM MH(POPMaLIMOHHOM yKa3aTene «HauMoHanbHble cTaHgap Thi». COOTBETCTBY-
toLas MHpopmaLms, yBeOM/IEHVE U TEKCT bl pa3MeLLaln T csl TakXe B MH(pOpMaLVOHHO cucTeMe o6Lero
Nnosb30BaHMsi — Ha ouLManbHOM caliTe defepanbHOro areH TCTBa N0 TEXHUYECKOMY PerympoBaHnio n
MeTpPONorumn B ceTun VIHTepHeT

© CraHgapTuHpopm. 2012

HacTtoswmii ctaHfapT He MOXeT 6bITb MOMTHOCTBLIO UM YAaCTUYHO BOCMNPOU3BEAEH, TUPaXXMPOBAH U pac-
NpocCTpaHeH B kayecTBe ohrLMasibHOIo n3gaHusa 6e3 paspelueHns defepasibHOr0 areHTCTBa Mo TeXHUYeCKOo-
My PerysimupoBaHuio 1 MeTposiorum
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BeeneHve

McToprueckn CNoxmnock, 4To BO3AeliCTBME aapo30/ieli XxapakTepusoBasii MacCOBOWN KOHLeHTpaLmei
4acTul, CBSA3aHHOW C XapaKTepHbIM (PaKkUMOHHLIM COCTaBOM, COOTBETCTBYIOLWMM Pas3/iMyHbIM 06/1acTAM
oCaxJeHna B pecrnvpatopHoli cucteme. OfHaKoO MMelOTCA Aoka3aTeslbCTBa TOro, YTO 3HaHWe OfHOW TO/bKO
MaccOoBO/ KOHLeHTpauun He obecneymBaeT BbISIB/IEHNS COOTBETCTBYHOLUMX PUCKOB /15 340POBbS, CBSA3aHHbIX
C BAbIXaHVeM HEKOTOPbIX aspo30/ieil. MHOrMe TOKCUKOIOrMYeckne nccnefoBaHnust CB34eTeNlbCTBOBa/IN, UYTO
Npv BbipaXKeHnW [03bl BELECTB Yepe3 Maccy HEKOTopble ybTpaMesikie BAblXaeMble HepacTBOpPUMble HacTu-
Lbl MOTYT 6bITb 60/1€€ TOKCUYHBLIMY, YeM 60/1ee KPYMHble aHaNorM4yHoro coctasa [4— 11]. Pe3ynbTaThbl anuje-
MMOJIOrMYECKMX UCCef0BaHnii aspo3osieit B OKpyxatoLleli cpege ¢ Hadana 1990-x IT. nokasasiu, YTo YacTuLlbl
pasmepoM mMeHee 2.5 MKM onacHee A1 3[,0pPOBbs Hace/IeHUsi, YeM YacTULbl pasmepoM MeHee 10 MKM. npu
BbIpaXeHUM f03bl N0 Macce [12—22]. XoTA B HacTosILee BPEMS B/IMSHME BAbIXaHUsi OYEHb MEJIKUX YacTuL, Ha
3[10pOBbe PabOTHNKOB NMPOMBbILL/IEHHbIX NPeAnNpPUATU N3y4eHO Mano, eCTb OCHOBaHWUA nonaraTb, YTO BO3Ael-
CTBMe, CBAA3aHHOE C BAbIXaHMEM TakuxX YacTul, (06pa3yroLnXCcs NPy BbICOKOTEMMNEPaTYPHbIX NpoLeccax, Ha-
npumep o6paboTke meTasia U CBapke), 6byaeT 60/bLuUe, YeM MOrJia 6bl NoKasarb ero oueHKa Ha OCHOBE MacChbl
[23.24]. Mpn coBMeCTHOM pacCMOTPeHMN 3TOT haKT ykasblBaeT Ha Ha/ln4ume pyucka A1s 340poBbs paboTHUKOB
NPOMBbILL/IEHHbIX NPEANPUATUI NPY BAbIXaHNN a3pP030J1eil, CTeNeHb KOTOPOro 3aBUCUT OT pasmepa 4acTuL, U He
MOXeT 6bITb COOTBETCTBYHOLWMM 06pa3som oxapakTepu3oBaHa TO/IbKO C MOMOLLbIO MaccOBOW KOHLieHTpauun. B
3HaK NPU3HaHUSA MOTEHLMaNIbHOW BaXHOCTM pasmepa 4YacTul, MOCTEMeHHO CTasl UCNOoNb30BaTbCsA TEPMUH
«yNbTPaAnCnepPCHbI aapo30Jib», OTHOCALLMUNCA Kasapo30/15M, AUCTEPCHYIO a3y KOTOPbIX COCTaBAAT YacTu-
ubl AnameTpoM MeHee 100 HM. B HacTosilee BpeMsl TEPMUH LLUMPOKO NMPUMEHSAIOT K a3P030J15IM, B OTHOLLEHUN
KOTOPbIX eCTb NOAO3PEHNE Ha Ha/MyMe NoTeHUMaIbHbIX B/VAHWUIA Ha 340pOBbe B 3aBVICMMOCTU OT pasmepa
yacTuL,. MockosibKy B nocnefHne rogbl UHTEHCMBHO BeAyTCs paboTbl MO UCCef0BaHUIO 1 pa3paboTkam B 06-
nacTn HaHOTexHosloruiA, ocoboe BHMMaHUe 6b1IJ10 06paLleHO Ha NOTeHLMaIbHOE BO3[elCTBME Ha 30pOBbe
MNCKYCCTBEHHO MoJly4yaeMbIX 4acTuL, ANaMeTPOM HECKOJIbKO HAHOMETPOB WY APYTUX CTPYKTYP HaHOMETPOBOTO
AuanasoHa [25—28]. B 3TOM KOHTEKCTe TEPMUHbI «MCKYCCTBEHHO MOJIyYeHHble HaHOYacCTULbI» WUAN «UCKYC-
CTBEHHO NOJlyYeHHbI HaHOa3pPO030/1b» NPON3BOJILHO MUCMOJIb30Ba/IN /11 ONMCaHUA YacTuL, U aapo3oeli npu
CO3JaHNN HaNOCTPYKTYPUPOBaHHbIX MaTepranoB. OfHaKo O6LEeNpUHATbLIA Habop onpegeneHnii aTUX TepMu-
HOB B HacToOsllLlee BPeMS HaxXo4UTCA Ha CTafuu 06CyxAeHunsa. A ACHOCTU B HACTOsALWEeM cTaHfapTe TeEpMUH
«HaHo4YacTuLa» MCMosib3yeTcs ANA ONMCaHMA BCex YacTul, aspo3osieli guameTpoM He 6onee 100 HM. npea-
CTaB/IAOLWNX NOTEHUNA/IbHYIO ONacHOCTb 4151 340P0BbsA NpY BAbIXaHuW. [N 0603HavYeHUss 60siee KpynHbIX
4acTuL, OTHOCALMUXCA TEM HE MeHee Mo CBoeMy pa3Mepy K HaHoAmnanasoHy (TakMx Kak arjiomeparbl HaHovac-
TUL, U HAHOBOJIOKHA) N KOTOPbIEe TakKXe MOryT npefcTaBNATb NOTEHUNA/IbHYIO ONacHOCTb A8 3[40POBbS, UC-
Nosb3yT TEPMUH «HAHOCTPYKTYPUPOBAaHHbIE YaCcTULbI», a 4151 a3p030sieil, 06pasoBaHHbIX 3TUMU YacTULAMMU
1 HaHoYacTULamMKn, UCNOJIL3YIOT TEPMUH «HAHOA3PO30/1b».

Mpn BeCbMa OrpaHNyYeHHbIX JaHHbIX M0 TOKCUYHOCTU Y HUYTOXHO MasibiX AaHHbIX MO BO3AeliCTBUIO B Ha-
cTosillee BPEMS He SICHO, KakK AOJ/DKHbIM 06pa3oM criefyeT KOHTPONMpoBaTb W pernaMmeHTMpoBaTb BO3fel-
cTBMe HaHoaspososeli. CyulecTByeT OCHOBaHHOe Ha pe3y/ibTaTax TOKCUMKOMNOMMYECKUX uccrefoBaHuni
noATBepXAeHne TOro, 4TO oNpeAenAloWMM NokasaTesieM BO3AeNCTBMA YacTUL, Ha OpraHU3M Npu NX BAbIXaHUN
ABNSAETCA NAowaib NOBEPXHOCTU HaCTUL, a He UX NnHeliHble pasmepsbl [5]. [8]. [9]. [29]. OaHako cylecTBYyOT
[oKasaTesIbCTBa, YTO B HEKOTOPbIX C/lyvasx MOXeT 6bITb BaXKHbIM YAC/10 YacTuL, B ONpeaesieHHbIX AnanasoHax
pasmepoB [23]. MocnegHne nccrefoBaHnsA NnepemeLleHns YacTul, B opraHnsme noaTBepaunsv Hannyuve 3aBu-
CUMOCTM OT pasmepa 4YacTuL, BEPOSTHOCTU NepemMeLleHNs 0CaXAEeHHbIX YacTuL, U3 AbiXaTeslbHbIX NyTel B APY-
rve opranbl [30. 31]. imetowlelica B HacToslee BpeMs UHpopMaL MM HeoCTaTOUYHO 4718 onpegeneHuns Toro,
Kakve nokasaTesin yacTuL, (YMC/0 YacTuL, onpeAesieHHoro pasmepa, naowaib noBepxHoCTN YacTuL, 1 Macco-
Bas KOHLEHTpauuns) N. COOTBETCTBEHHO, Kak/Me MeTOAMKN MOMyYeHNs 3TUX MokasaTesieil cnegyeTt NCMNO/b30-
BaTb MNPV OLEHKe BO34eliCTBMSA HaHOaspo30/ieil Ha opraHusm. lepBbiM 3TanoMm MOSTyYeHUss HeEOBXOAUMON
MHopMaLMK ABSETCA onpefesieHne TeEXHUYECKUX CPeCTB, C NOMOLLbIO KOTOPbIX BO3AelCTBME MOXET ObITb
OLEeHEHO Ha OCHOBe pas/IMYHbIX NokasaTesieil. B 6nvxalilel nepcnekTuee 6yayT npeAocTasBieHbl cpeacTBa
[O/15 OLleHKMN BO3AeCTBUIA Tam, rAe CyLlecTByeT ONacHOCTb HeaJekBaTHOCTU MeTOA0B, OCHOBaHHbIX Ha ornpe-
[eNeHnn Maccbl YacTul, OCO6eHHO B CO3JaBaeMblX 06/1acTAX HaHOTEXHOSI0rulA, rae BO3AeNCcTBME UCKYC-
CTBEHHO CO3JaHHbIX HaHOYACTUL, MOXET ObITb CyLIeCTBEHHbIM. JTO TaKXe 06ecnevnT OCHOBY [s151 Pa3BUTUSA
60s1ee r/Tlyb0KOro MOHUMaHUS CBA3M MeXy BO3AeliCTBMEM a3p030/is U ero B/IMSIHMEM Ha 3[4,0pOBbe C NUCMO0JIb-
30BaHVeM paga nokasaresieil BO34encTeusA 1 ana pa3paboTkm cTaHAAPTOB MO onpefesieHNIo XapakTepUCTUK.

[\
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B 3TOM KOHTEKCTe HaCTOSLWMIA cTaHAApPT yCcTaHaBNMBAET OGLLENPUHSITLIE TEPMUHBLI U ONpeAeneHns, a
TaKXe PyKOBOZACTBO MO M3MEPEHMIO NOKa3aTesieil, XxapakTepuayoLlnx Bo34eicTBre HaHOa3po30iei Ha paboT-
HUKOB MPOMbILIEHHbIX NPeANPUATUIA, UCNOMb3YIOWNX HAHOTEXHOMOorMn. B ctaHgapTe npusegeHa nHhopma-
UM Mo TeXHUYEecKUM CcpeacTBaM, MNO3BOMSAKOWMM MOAyYnTb 6Gosiee afeKBaTHYI OLEeHKY BO3AelicTBUiA
HaHoa’pOo30s1eld, YEM NMPU NCMNOMb30BAHUN CYLLECTBYHOLLNX METOAOB 1M pabounx 3Ta/IOHOB, U, TAKUM 06Pa3oMm,
HacTosIWWIA cTaHAapT 6yAeT cnoco6cTBOBaTb (DOPMUPOBAHUIO OCHOB /151 PACLUMPEeHUs 3HaHW 0 TOM. Kak BO3-
[AelicTBME HaHOA3PO30/iell, CBA3aHHOe C XapakTepoM paboTbl, AO/MKHO Hanbosiee afeKBaTHO U3MEpPSThLCS.
Pa3BuTne 1 agantaunsi COOTBETCTBYHOLNX MOAXOA0B K U3MEPEHUSAM SIB/ISIETCS BaXHbIM CYLLECTBEHHbIM LUa-
rom K paspaboTke 1 BHeAPeHUO 6yayLInNX 3Ta/IOHOB BO3AENCTBUS A/19 HAHOa3pPO30/1eli.
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HAUMWOHANBHbBIKW CTAHAOAPT POCCUMNCKOW SELEPALNMN

BO34YX PABOYEN 30HbI

YnbTpagucnepcHble aapo30/v, aapo30/IM HAHOYACTUL, U HAHOCTPYKTYPUPOBAHHbIX YacTul,.
OnpepeneHne XxapakTepucTUK U OLeHKa BO34eNCTBUS Npu BAbIXaHUN

Workplace atmospheres. Ultrafine aerosols, nanoparUcle and nano-structured aerosols. Inhalation exposure
characterization and assessment

Nata BBegenns — 2012—12—01

1 O6nacTb NpUMeEHeHNA

HacTosawwii ctaHgapT paspaboTaH B CBA3W C:

- yBEIMYMBAaKOLWMMCA BHUMAHMEM K BO3MOXHbIM pUcKkam A1 340POBbs, BO3HMKAIOWWUM MpU BO34EN-
CTBMM a3po30sieli C YacTuLamu, pasmepbl KOTOPbIX /IeXaT B HaHoAManasoHe (cobupartenibHO Ha3blBaeMbIX Ha-
HOa3PO030/1IAMU. BK/IOYAs MOSlyYaeMble B Ka4eCcTBO MOBOYHbIX MPOAYKTOB B Pa3/INYHbIX NPOU3BOACTBEHHbIX
npovleccax Tak Ha3blBaemble ybTPaTOHKOAMCIEPCHbIE a3p030/n),

- OTCYTCTBMEM COBPEMEHHbIX METOANYECKNX PYKOBOACTB W CTaHOAPTOB, NMPUMEHUMBbIX /151 CHUXEHUS
pUCKOB AN51 300POBbS, U

- Heo6XoAUMOCTbIO pa3paboTKM 060CHOBAHHbLIX METOAMNK OTGOpa NPO6 Kak YacTu OLEHKM COOTBETCTBY-
IoLWero Bo3geicTBUA 1 CTaH4apTOB MO MOHUTOPUHIY.

OCHOBHOIW LieNbto pa3paboTku cTaHaapTa 6b1/10 NpefocTaBieHVe NOb30BaTeNsiM HE0GX0ANMON ncxoa-
HO MHpopMauMn U pyKoBOACTBa MO OT6OPY Npob, UTOObI cneymasiucTbl U nccaegoBarenu B o6sactn npo-
MbILUIEHHOW TUTMEeHbl MOT/IN UX UCMOJ/Ib30BaTh B Lies1siX 3h(PeKTMBHOIO ONUCaHUS N KOHTPOSA BO3A4elcTBUSA
HaHoaspo3o0/eil B paboyeii 30He [0 TOro, Kak 6yayT pa3paboTaHbl U BHeApPeHbl KOHKPETHbIE NpeaenbHO A0-
nyckaemble YPOBHW BO34eNCTBUSA U 3TaslOHbl. HaHOa3po30/1M B NPOU3BOACTBEHHOW cpefe npencTaBAsioT
K/lacc ANCNEPCHbIX CUCTEM, COCTOALWMX MPENMYLLECTBEHHO M3 YacTuL, padaMepoM MeHee 100 HM B guameTpe
(B BUAE OTAE/MbHbIX YAcTUL, UK ar/ioMepaToB).

HacTosawmii cTaHAapT COAEPXUT PpeKoMeHalumm No oL eHKe BO3eicTBMI A HaHOa3po30/1eli, CBA3aHHbIX C
XapakTepoM paboTbl, 1 NpeAcTaBNseT COBPEMEHHbIV YPOBEHb TEXHUYECKOrO PasBUTUSA, UMEIOLWNACA K MOMEH-
Ty Oony6/IMKOBaHUA MeXAyHapoAHOro ctaHgapTa ¢ 0Co6bIM akLLeHTOM Ha YacTuubl AnameTpoM B HaHoAuana-
30He. Takxe npuBeLeHa OCHOBHas WHdoOpMauuss Mo MexaHuamam o6pas3oBaHuMA W NepeMelleHust
HaHOaspO030/1eil B NPON3BOACTBEHHbBIX YC/IOBMAX M MO MPOU3BOACTBEHHbIM NpoLeccam, CBA3aHHbIM C BO3Aei-
CTBMEM HaHOoa’apo30sieli. PaccMOTpeHbl CUCTEMbI Nokasatesneil BO3AelCTBUSA, NPUrogHble A8 HaH0as3po30-
neii, a Takke XapaKTepHble METOAbl OLEHKM BO3AEeACTBMS CO CCbUIKO Ha 3TWU CUCTeMbl MokasaTtesieil.
MpuBeaeHa KOHKpeTHas MHopMauusa no MeToAam NosyvyeHUss XxapakTepUCcTUK aspo30sieli Kak Liesioro, Tak u
ON15 OTAENbHbIX YacTuL,.

2 TepMuHbI 1 onpepeneHns

B HacTosiLemM cTaH4apTe NPUMEHEHbI Creaytolne TEPMUHbI C COOTBETCTBYHOWMMMN ONpeaeneHnsMu:

21 KYMYNSALNOHHbBIV aapo3ob (accumulation aerosol): A3po3osib, o6pasytowmiica Npyu pocTe YyacTul,
Ha cTagun o6pa3oBaHuA 3apoabllleil 3a cHeT KoaleCLEeHLUN. Koarynaymm n/mnm KoHaeHcauun.

MpumeuvaHune — Moabl pacnpefeneHunii yacTuy aapososieii No pasmepam 06bIYHO HAXOASATCA B nanasoHe oT
SO HM A0 1 MKM. HO UM He OorpaHuyeHsbl.

M3paHue ouynanbHoe
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2.2 aspoauHamunyeckunii gnameTp (aerodynamic diameter): [uameTp cthepmyeckoil 4yacTuubl NaoT-
HocTblo 1000 Kr/M3, umetoLLeli CKOPOCTb OCaXAEeHNS TaKyto Xe. Kak U paccmaTpuBaemMas yacTuua.

MpumeyvyaHune — A3poAMHAMUYECKNI AnaMeTp, CBA3AHHbI C UHEPLMOHHLIMU CBOWCTBAMU YaCTUL, a3p030ns,
06bIYHO MCNONB3YIOT A1 ONUCaHUA YacTuy pasmepom 6onee 100 HM (MpUBGAN3NTENBHO).

2.3 a’po3osnb (aerosol): MeTacTabunbMas B3BeChb TBEPAbIX UMM XUAKUX YacTUL, B rase.

2.4 arnomepart (a3po3oneii) (agglomerate <aerosols>): [pynna yacTuy, yaepXnsaeMbix BMeCTe OTHO-
CUTesNIbHO cnabbiMU cuiamu, B TOM YMcre cuiaMmu BaH-gep-Baanbca. anekTpoctaTuyecknmm 1 cuiamm noBep-
XHOCTHOTO HaTSHKEHUS.

MpumeuvyaHune — TepMUH 4acTO UCMOMNb3YIOT BMECTO TEPMUHA «arperar».

2.5 arperat (aspo3soneii) (aggregate <aerosols>): Mpynna vyacTtul, B KOTOPOV pa3/inyHble KOMMOHEHTbI
YAEePXNBAOTCS BMECTE OTHOCUTE/IbHO CUJIbHBLIMU CU1aMu, U BC/IeACTBUE 3TOT0 HeNerko Apo6siTcst Ha YacTu.

MpumeyvaHune — TepMUH 4acTo UCMONb3YOT BMECTO TEPMUHA «arnomepar».

2.6 koarynsaumusa (coagulation): O6pa3zoBaHue 6051€ee KpynHbIX YacTul, NPy CTOIKHOBEHUN MesIKUX Yyac-
TUL, U UX NOCNEeAYIOLWEM CNUAHUN.

2.7 koanecueHuus (coalescence): O6pasoBaHne 04HOPOAHBLIX HACTUL, NPU COyAapeHnn 6onee Menkux
YacTuL, 1 UX NOCNeAYHOLWEM CAVSHUN UM CMELLEHUN COCTaBASAIOWMX UX BELLEeCTB.

2.8 NCKYyCCTBEHHO co3faHHasa HaHovacTuua (engineered nanoparticle): HaHovyacTuua, cneynasnbHO
co3faHHas € 3afaHHbIMY XapakTepUCTUKaMU.

2.9 noaBMXHOCTbL (a3apo3oneii) (mobility <aerosds>): Cnoco6HOCTb YacTuLbl a3p030/1a NnepemMeLtaTb-
CSl NoJ B/IMSIHMEM BHELLHEro BO34ENCTBUSA, TAKOro Kak 3/1IeKTPOCTaTUYECKOE, TEPMUYECKOE NoJie N B Pe3y/b-
TaTte guddysnn.

2.10 gunameTp nogBwikHocTu (mobility diameter): AunameTp cdepuyeckoin YacTuubl, UMeOLEe Takyro
e NoABUXHOCTb, Kak U paccMaTpmMBaemast yactuua.

MpumeyaHune — [inameTp NOABUXHOCTM 06bIYHO UCNONb3YyETCSA A1 ONUCAHUSA YacTUL, pa3MepoM MeHee npu-
6nn3nTensHo 500 HM M He 3aBUCUT OT NIOTHOCTYU YacTuULbl.

2.11 HaHoa3po30/b (nanoaerosol): A3po30/b, AUCMEPCHYIO da3y KOTOPOro COCTaBSAIT HaHoYac-
TULbI.

2.12 HaHouvacTuua (nanoparticle): YacTuua HOMVUHa/IBHLIM gMaMeTpPoOM (reoMeTpUYecknum, asapoauHa-
MUYECKMM. ANaMeTPOM MOABIKHOCTU, ANamMeTPOM MPOEKLMN UV NO6bIM ApyruM) MeHee 100 HM.

2.13 HaHOCTpPYKTypupoBaHHas 4YacTuua (nanostructured particle): YacTtuua, Bktovatowasa CTpykTyp-
Hble 3/1eMEHTbI pa3Mepom MoHee 100 HM. KOTOpble onpeaensitoT ee U3NYECKME, XMMUYECKUE u/unmn 6uonoru-
yeckue cBOICTBa.

MpumeyaHune — MakcuManbHblii pasmep HAHOCTPYKTYPUPOBAHHOW YacTuLbl MOXeT 6bITb 3HAYNTENbHO 60/1b-
we 100 HMm.

Mpumep — ArnomepaT HaHovYacT Uy amameTpom 500 HM ciegyeT paccMaTpUBaTb KAKHAHOCT pPYyKTYype-
poBaHHYyl vYacTuuy.

2.14 KOHAeHCcauMoHHbIW aspo3onb (nucleation aerosol): A3po30/b, YacTuLbl KOTOPOro o6pasyroTcs
npenMyLLeCTBEHHO B ra3oBoii hase, HanpMMep 3a cyeT Takoro npouecca, kak o6pasoBaHue 3apojbilueli B ne-
peHachblLLeHHOM nape.

MpumeuaHune — PacnpegeneHuns 4actTuy no paamepam 06bI4HO OTHOCATCSA K 4uanasoHy oT 140 50 HM. HO UM
He orpaHuyeHsbl.

2.15 yvacTuua (particle): Manaa guckpeTHas YacTb BellecTBa OnpeesieHHOro arperaTtHoro CoCTosAHUSA
(TBEPAOrOo UMK XUAKOrO).

MpumeuvaHnune — Cm. (32].

2.16 nepBuYHasa vacTuua (primary particle): Hactuua, He o6pasoBaHHasn 3a cHeT 06beanHeHUs 6onee
MeNKNX YacTuL,.

MpumeuyaHune — TepMUH 06LIYHO OTHOCUTCA K YacTuuam, 06pasoBaBWMMCSA M3 3apoabllueli B ra3oBoi ase
[0 TOTO, Kak Npou3owWwna Koarynsyms.

2.17 BTOpu4YHas yacTmua (secondary particle): Hactuua, o6pasoBaBLlUasca B pe3ysibTaTe XMMUYECKNX
peakuuii B ra3oBoli pase (NpeBpalieHne rasa B yacTuLbl).

2
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2.18 nnouwanb NOBepxXHOCTU, akTUBHas (surface area, active): Mnowagb NOBEPXHOCTU YaCTULbI, He-
nocpeACcTBEHHO yyacTByHOLLasi BO B3aUMOAENCTBUSIX C OKPYXatoWUMIN MOJIEKYIaMU ra3a.
NMpumeuyaHue — lMnowaab akTUBHON MOBEPXHOCTW NPOMNOpPLUMOHANbHA KBaApaTy AMameTpa 4YacTulbl, €cC/un

pasmMep 4acTuy MeHblie cpegHell AnnHbl CBO6GOAHOTO npo6era MoOeKys rasa, u NponopLuuoHanbHa AMaMeTpy YacTulbl,
ec/in pasMep 4acTuL HAMHOTO 60/blie cpeaHel AnnHLI CBO60OAHOIO Nnpo6era Moneky  rasa.

2.19 nnowaab NoBepxHoOCTU, yaenbHas (surface area, specific): MNnowanb NOBEPXHOCTU, NPUXOAS-
Wascs Ha eAMHULY MacCbl YacTULbl UM BellecTBa.

2.20 ynbTpagucnepcHblii asapo3onb (ultrafine aerosol): A3po30/b, COCTOSAWMWI NPEUMYLLLECTBEHHO U3
yNbTpamenkmx 4yactuy,

NMpumeuaHune — TepMUH YACTO UCMONBL3YIOT 4/t A9P0O30J1€ii, 06PA30BAHHbIX YACTULLAMMU, NMOSTYHEHHBIMU B Ka-
yecTBe NOBGOYHbIX NPOAYKTOB (CayyaiiHble 4acTuLbl) NPOLECCOB Taknx, Kak CBapka 1 ropeHue.

2.21 ynbTpamenkas yacTuua (ultrafine particle): Yactuua ¢ HOMUHaNbHBLIM AnamMeTpom (reomeTpuyec-
KUM. aspoAvHaMUYecKnM, AMamMmeTpoM MOABWXHOCTU, Mowaan NpoekumMn unm nobeiM gpyrum) 100 HM nan
MeHee.

MprumMmeyaHne — ITOT TEPMUH YACTO UCMOMNbL3YIOT A5 YACTUL, 06Pa3YyOLLUXCA B KAYECTBE NOGOUYHbIX NPOAYK-
TOB NpoueccoB (CayyaliHble 4acTulbl), TAKUX KakK CBapka u ropeHue.

3 O603Ha4YeHUsT N COKpaLLEeHUS

AFM — aTomHas cunoBas MUKPOCKOMUA:

BET — MeTog onpefeneHus niowaan nosepxHoctn EpyHayspa — 9mmeta — Tennepa [33];

CPC — KOHAEHCAUMOHHbIN CUYETUMK YacTuLy:

DMA — gandpepeHumanbHblii aHanMsaTop NogBWKHOCTY;

EDX — aHeproAncnepCuoHHbIN peHTreMoCcneKTpasibHbI aHaIns;

EELS — cnekTpoCKONuUA aHepreTnyecknx NoTepb 3/1eKTPOHOB;

ELPlI — 31eKTpUYeCKniAi MIMNaKTOP HU3KOro AaBJ/IEHUS:

ESEM — cKaHUpYIOLWNi 31eKTPOHHbI MUKPOCKON 4715 06EKTOB OKpYXatoLei cpefbl;

FEG-SEM — CKaHUpYIOLWMIA 3M1EKTPOHHbI MUKPOCKOMN C aBTOSMUCCUOHHOM MYLUKOM;

GSD — reomeTpuyeckoe cTaHAapTHOE OTK/IOHEHME;

HEPA — BbICOKOI(D(hEKTUBHBIN (PUNLTP OUNCTKM BO3ayXa:

ICRP — MexayHapoaHas KOMUCCUA MO pagmosiorMyeckoi sawmTe:

MMAD — aspoguHaMunyeckuii AnameTp, COOTBETCTBYIOWMI LEHTPaUIbHOW MeanaHe pacrnpefeneHus
yacTuy, no pasmepam;

NSOM — ckaHupyloLwasa onTuyeckas MUKPOCKONUA B 6/IMXKHEM Mone;

OPC — onTuyeckuii cHeTuYnK YacTuL:

SEM — cKaHUpYoLWnii 3/1eKTPOHHbI MUKPOCKON;

SMPS — cKaHupytowmii knaccugukaTop NOABMKHOCTM YacTul, NowwaroBblii M3MepuTeslb NOABVXHOC-
TN YacTuu,

SPM — ckaHupylowasa 30HA40Bas MUKPOCKONMWS;

STEM — cKaHUpyOLWmMii NpoCBEYNBaIOLLMIA 3/IEKTPOHHbBIN MUKPOCKOM;

STM — ckKaHupyouwas TYHHes/IbHass MUKPOCKOMUS;

TEM — npocBeunBaloLmii 3M1eKTPOHHbIV MUKPOCKONM:

TEOM* — BuMOGpayMOHHblE MUKPOBECHI C KOHUYECKUM 3/IeMEHTOMDs

Aa — MUHVMa/IbHO A0MyCTUMasi OTHOCUTENbHAA NJoWwaab NPoeKLMn YacTulbl gnameTpom d Ha none
3peHnss MUKPOCKONa, BblpaXeHHasi B fONAX A,.

A, — nnowagb Nons 3peHns MUKpockona, M2 (CM. npunoxeHue A);

Al — adpchbekTmBHaA nnowanb NOAMOXKKA, M2 (CM. MPUNOXeHNEe A);
Ca — cueTHasi KOHUEeHTpauus 4acTul, Kak yHKUMA ux guameTpa. m=3 (CM. npusioxeHue A);

d — anameTp yacTuupbl, M:

Ea — ad)pekTMBHOCTb OT60Opa NPo6 Kak hyHKUMA AnameTpa vyactuy, (CM. npuioxeHue A);

Na — MWHMUMasIbHO AOMYCTUMOE YMC/O YacTuy guameTpom d B Nosie 3peHrst MMKpockona (CM. npuio-
XeHue A);

TEOM siBnseTcs NpMMepoM NoAXOAsW e Npoaykumuu, umetoLeiica B npogaxe. flaHHas UH(opMauus npuseeHa
Ans yao6¢cTBa nosnb3oBaTtesieil HacTosIWero cTaHgapTa u He siBisieTcs peknamoit CO HasBaHHON NPoAyKLuUn.
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n5 — MUHMMaIbHO AONYCTUMas NJIOTHOCTb YacTuL, Ha NOA/I0XKE MUKPOCKoNna, M-2 (CM. NpunoxeHne A);
q — pacxog npu ot6ope Npob. mM3Ic (CM. NpunoxeHue A);
t — NpoAo/MKUTENBLHOCTL OT6opa NPoobhkl, C (CM. NpuUoxeHne A);

X — [A/IMHA BOMHbI OCBELLAOLWENO UCTOUHMKA, M.

4 VicTtopusa Bonpoca

4.1 HaHoa3po30/M (B T. Y. yN1bTPaAUCNEPCHbIO) U UX NOTeHUMarbHoe BO3aeicTBue

Ha 340pOBbe

Pe3ynbTaTbl TOKCMKOIOTMYECKUX UCCeA0BaHWMA, MPOBOAUMBIX C KOHUa 1980-X IT., ykasbiBalOT Ha TO, YTO
BO3/eNCTBME Ha 3,0POBbe, CBA3aHHOE C BAbIXaHNEM HaHO0a3p0o30/s1eli, MOXeT He 6bITb TECHO CBA3aHO C Macco
yactuy. PaHHme mnccnegosaHusa Ha kpbicax [4]. (5). [34] ¢ ncnonb3oBaHMEM 4YacTul nonuteTpadTopaTuieHa
(MTPI) gnameTpom nNpubnuanTenibHO 20 HM MokKasanu, 4YTO Ha/lMume B BO3AyXe YacTul, NpeanosoxuTenbHO
MHEPTHOro HepacTBOPMMOrO BeLLeCcTBa C MacCoBOl KOHLUeHTpauneir meHee 50 MKr/M3 MOXeT NpUBECTU K ne-
TanbHOMY ncxody. Pe3ynbTaTbl 60/1€e NO34HNX UCCIef0BaHU NoKa3asiv, YTO TOKCUMYHOCTb HEPaCTBOPUMbIX Ma-
TepuasioB Ha eAVHULY MaccCbl yBeNn4yMBaeTCs MNpU YMeHbLUEeHWM pasmepa 4acTul. TO4YHble MexaHV3Mbl
npoLeccoB, NOCPeACTBOM KOTOPbIX 3TV BeLleCcTBa NPOSABAAIOT 60/1ee BbICOKYIO TOKCMUYHOCTb NPU MEHbLLMX pas-
Mepax 4acTuu, elle A0/DKHbI ObITb BbISICHEHbI, XOTSA CyLLeCTBYeT MHOIo rmnoTes. Pe3ynbTartbl paga uccrefosa-
HWUIA NoKa3asin, YTo 6MosIorMyeckas peakums 3aBUCUT OT M/IOoLWaAM NOBEPXHOCTU YaCTUL, OCKAEHHbIX B JIEFKMX
[8]. [9]. (35]— [37]. Takxe 6bI/I0 BbIABUHYTO NpPeanosioXeHne, YTO BCNeACTBME He6O0bLIOro AnameTpa HaHo4ac-
TWUL, OHM CNOCOGHbI MPOHUKHYTL B 3aNUTenasibHble KeTKW, nonagas npy 3ToM B KPOBOTOK fierkmx [31]. [38]—[41],
1 MNEePEMECTUTBLCA B FO/IOBHOM MO3r Mo 060HATeIbHbIM HepBam [30]. Bo3aelicTBre Ha 340p0oBbe, CBA3aHHOE C Mo-
[06HOI aKTUBHOCTbLIO YaCcTUL,, BO3MOXHO, TECHO CBSA3aHO C pa3MepoM YacTul, a TakkKe C UX YUCNIOM. V13BeCTHO,
4yTO 6ONbLUAA [0/ aTOMOB, BXOASALWMX B COCTaB 4YacTuL, C pa3mMepoM B HaHOAMana3oHe, HaxoAnTCS Ha UX nosep-
XHOCTU. B CBSI31 C YeM HaHOYaCTULbI MPOSBASIOT YHUKa/IbHbIE (DU3NKO-XMMUYECKME CBOCTBA. MOXHO OXunaathb,
4TO BroNornyeckan akTMBHOCTb HacTuL, C pa3MepoM B HaHOAMana3oHe 6yaeT TECHO CBA3aHa C AnameTpoM yac-
UL, NNOWaAbLI0 NOBEPXHOCTU N aKTUBHOCTBIO MOBEPXHOCTU.

XoTsa HeobxoAnMbI fanbHelwne nccrefoBaHna MU3NYECXNX XapakTepPUCTUK HaHOa3po30/1eld, KoTopble
Hanbosiee TeCHO CBs3aHbl C NOTeHLUMa/lbHbIM PUCKOM ANA 340POBbSA, OYEBUAHO, YTO OLIEHKM BO3AENCTBUA
TO/IbKO HA OCHOBE MacChbl YacTuUL, HeOCTaTOYHO. IMeloT MecTo 060CHOBaHMA ANA pekomeHaauumn Bbibopa ns3
TPex OCHOBHbIX (OM3MYeCKNX Nokasartenein Bo3geincTBns (Macchl, Naowaamn NoBepPXHOCTU K YMcna Yyactuy) ans
KOHTPO/IA NPOW3BOACTBEHHbIX HaHOa3’pPO30/el niowann Mx NOBEPXHOCTU. B AaHHOM KOHTEKCTe MNOHATMEe
«naowaab NOBEPXHOCTN aapo3015a» onpefiesnieHo HeyeTKo. MaoLlanb NOBEPXHOCTM YaCcTUL, a3p03015 3aBUCUT
OT MPUHATOro NoAxoja K OnpefesieHnto MOoHATMA. FeomeTpuyeckas Nowafb NOBEPXHOCTM COOTBETCTBYET
h13Myeckoli NOBEPXHOCTN 06bEKTa, U ee 3HaYeHMe 3aBUCUT OT LWKasibl A/IVH, UCMOb3yeMOl NpU N3MepeHnn.
M3mepuTenbHas wkana oaviH onpegenset BepxHUii pasMep 06bekTa, KOTOpbIi He MOXeT ObITb 06HapYXeH C
nomoLlblo MeToAa M3MepeHuii. Hanpymep, mMeToAbl, OCHOBaHHble Ha afcopobuMy MOJIEKY/, UMEKOT LuKay
[OJIVH, cOpa3MepHylo C AuameTpoM agcopbupyembix Mosiekyn [33]. Mogo6HbIM 06pa3oM B 6GUMOMOrMYeCcKoM
CMbIC/ie noLwasb NOBEPXHOCTU, CKOpee BCEro, byaeT onpefenaTbCa pasMepoM HanMeHbLuel 6MoNormyeckn
aKTUBHOI MOJIEKY/Ibl, B3aMMOECTBYIOLWEN C YacTuLamMmn B Tesie YenoBeka.

XOTa MMeeTCs MHOTO AaHHbIX B MOMb3Y MCNOMb30BaHUA NAoWaAM NOBEPXHOCTM aspo30/isi B KayecTse
Mepbl BO3AENCTBUSA, Takke Heob6Xo4MMO paccMaTpuBaTb XapakTePUCTUKM BO3AENCTBUSA B 3aBMCMMOCTM OT
Macchbl a3p030/11 M CHETHOW KOHLLeHTpaL M1 aapo30/s, Noka He 6yaeT nosyyeHa 6onee nogpobHas nHdopma-
uus. Kpome TOro, pesynbTaTbl HEKOTOPbLIX UCC/eA0BaHU nokasaan, 4To MOryT 6biTb KpUTUYECKNE pasmMepbl
yacTtuy, onpegenstowme MeTabonmyecknini NyTb N TOKCUYHOCTb BAbIXaeMbIxX YacTuy, B nerkux [41], [42]. Ansa
KaXX[10ro u3 nokasaTteseli BO34eliCTBMSA, HO 0CO6EHHO B C/ly4Yae MacCoBOW KOHLEHTpauumn, Heo6xo4nmo npmuve-
HATb OTOGOP NpPO6, CEeNEKTUBHbLIA NO OTHOLUEHMIO K pa3mMepam 4YacTul A1 rapaHTUM TOro, 4YTo oTéuparoTcs
TONILKO YacTuLbl B Npefesiax CoOOTBETCTBYIOLEro Anana3oHa pasmepos [43].

4.2 OcaxpjeHue HaHO4YaCTUL, B Nerknx

BepoATHOCTb OCaXAeHUs YacTul, B IETKNX 3aBUCUT OT CPpefHeN BEPOATHOCTU OCaXAeHUS BAbIXaeMoW
YacTuLbl onpeAeieHHOro AnameTpa Ha KakoM-IM60 yyacTke AbixaTes/lbHbIX NyTeil. O6Las BepOSATHOCTb OCaX-
OeHNs CcKNaAblBaeTcs N3 CyMMbl BEPOATHOCTEN OCaXAeHMs YacTul, B KOHKPETHON 061acTh AbixaTeflbHbIX My-
Tel. O6bIYHO BbIAENAIOT TPU IMaBHbIe aHaTOMUYecKue 061acTu:

- 9KcTpaTopakasibHYt0 061acTb, B KOTOPOM MPOMCXOAUT OCaXAeHME B HOCOBbIX MPOX0oA4ax, BO pTy. ropTta-
HW 1 TNOTKE;

4
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- Tpaxeo6pOoHXMasbHY 061acTb, COCTOALLYIO N3 Tpaxen U 6POHXOB, N3 KOTOPbIX OCaXAEHHbIE YacTuLbl
yAansoTcs unanapHbIM BO34eCTBMEM:

- a/1bBEosIAPHYI0 061aCTb, 0XBaTbIBAIOLLYIO AblXaTe/IbHble 6POHXNO/IbI, a/TbBEO/IAPHbIE XOAbl N a/IbBEO-
nbl.

OTa knaccudmkaumsa 6bina ogobpeHa ICRP [1] n HaymoHanbHbIM coBeToM CoeAnHeHHOro KoposieBcTBa
no paguonornyeckoii sawmte n namepennsam (NCRP) [44] npy paccCMOTpeHUN Moaenei YenoBeyYeckmx abixa-
Te/IbHbIX NyTel, NCNONb3yeMbIX A1 BbIYUC/EHNS 403 MOHU3UPYIOLLEro WU3/1yYeHuns, MOr/IOWEHHbIX B AblXa-
Te/IbHbIX NYTAX PabOTHMKOB Mpu BO34ENCTBUN PAANOHYKINA0B.

Mogenb ocaxaeHus, pa3paboTaHHasa ICRP. onucbiBaeT pacnpejesieHne BAblxaeMbliX TBEpAbIX HacTUL, B
pas/IMyHbIX aHaTOMUYeCKMX 061acTsaX Tena, XxapakTepHbIX 47151 BO3pacTa 1 nosia cybbekTa 1 pasinyHbiX onsu-
0/10TMYecKMxX napameTpoB. Moaenb ocaxaeHUs ABASEeTCA O4HUM U3 LWeCTN 31eMeHTOB 06l el Mmogenu abixa-
TeNbHbIX MyTel YenoBeka A/ PagMosiorMyeckoli 3awmnTbl BMeCTe ¢ MOpdhomMeTpureit, n3nosiorven gbixaHus,
pagnaumoHHOl 6uonoruneri, o6esspexnBaHnemM n Jo3vmeTpueii.

MeCTO 1 MHTEHCUBHOCTb OCaXAEeHUA YacTul, B AblXaTe lbHbIX NYTAX YesloBeKa onpeaensanTca MexaHns-
Mamu (hr3nyecknx NPoLeccos, a TakKxe MoOptoI0rMyeckuMmn 1 dn3nonIorMyeckuMmn napameTpamMn gbixatenb-
HbIX NyTel cybbekTa, BAbIXalOLWero 4yacTuLbl.

CyuiecTBYeT NATb MMaBHbIX MEXaHU3MOB OCaXAeHUSA BAbIXaeMblX YacTuLL:

a) cegMMmeHTaums, obycroBneHHasa AeliCTBMEM Ha 4acTulbl rpaBUTaLMOHHBIX CUS;

b) WHEpPLMOHHOE CTOJ/IKHOBEHWE, XapakTepusytollee nosegeHne MacCuUBHbIX YacTuL, B BO3AYyXe;

C) 3ajepxaHue, KOTOpoOe MMeeT MecTO, KOorja Kpas 4acTulibl COonpukacaloTCa C NOBEePXHOCTbIO AblXa-
TeNlbHbIX NyTel, YTO NPUBOAMUT Kee OCaXAEeHMIO:

d) anddyauns, obycnoBneHHass XxaoTUYHbIM (BPOYHOBCKMM) ABMKXEHNEM MasibIX YacTuy,

€) 3sieKTpocTaTnyeckoe npuTsHXeHne (ecriv YacTulbl HeCcyT 3apsf).

B 60nbLlUMHCTBE C/ly4yaeB NOC/eAHNM MEXaHU3MOM NpeHebperatoT, XOTA OH MOXEeT BAUSATb, €CNN CyOb-
eKT HaxoAMTCA B cpefie YacTul, C BbICOKMM 3apsfoM. MMrpoCKONMYHOCTb YacTuL, TaKKe MOXEeT BAUATb Ha UX
ocaxeHue, ycunusas ero 3a cyeT CTOIKHOBEHWI 1 ceANMEHTaL K.

Mopdhonorus gpbixatenbHbIX NyTen n gpyrne n3nonormyeckme napaMmeTpbl MOryT CUIbHO M3MEHATLCS
0119 pa3HbIX paboTHUKOB, a TakXe B 3aBUCMMOCTU OT TUNa OCYLLeCTBNAEMON MU AeaTeNIbHOCTU. HekoTopble
hakTopbl, B TOM YMC/le BO3PAcCT, Hanmumne 3a6osieBaHunii AbixaTelbHbIX NyTel 1 N0, MOTyT NCKaxkaTb HOpMaslb-
HOe CTpoeHne n PYHKUNOHNPOBaHMe AbixaTe/lbHbIX NyTel. [porHo3MpoBaHue BEPOATHOCTN OCaXAeHMs Yac-
TUL, B 1erknx 06bIYHO OCHOBAHO Ha YCpeAHEHHbIX napamMeTpax, U TakuM o6pa3oM OHO He MOXeT OXBaTuUTb
AvanasoH [03 a3p0o30/1eli, UMeloLWnx MecTo A5 APYroi rpynnbl fitogei. OfHako B OTAEbHbIX f03MMeTpuyec-
KMUX MOZENAX AN NTIETKNX YUYTeHbl HEKOTOpPble (haKTopbl, BHOCSLME BKNa, B rPYNnoBbIie pa3iMynsa Npy ocaxaje-
HUM YacTUL, U OYULLEHUN OT HUX (Hanpumep, aHaToMu4yeckrme 1 PU3N0N0rMYeckne napameTpbl OCaxAeHns
4acTuL, XapakTepHble ONA pas3/IMyHbIX BO3PACTHbIX W MOMOBLIX rPynn, U Moauduumupyroline gakropsbl,
yuuTblBaolwme 3abosieBaHue, MMeloleecs A0 OCaXAEHWUs, UM MpUCTpacTue K KypeHuto, BAUSIOWMnEe Ha
ouuLeHMe AblxaTeNbHbIX NyTen oT yactuy, [1]).

Ha pucyHke 1 nokasaHbl 3aBUCUMOCTb O6LLLEr0 YMC/ia OCaXAEHHBIX YacTuL, U 4018 YacTuL, OCaKAEHHbIX
B pas3/IMyHbIX 06/1aCTAX AblXaTe/lbHbIX MyTel YenoBeka, OT pa3Mepa 4acTuy, BAnanasoHe oT 1 HM 4o 100 MKwm,
nonyyeHHas ¢ ucnosb3oBaHnem mogenun ICRP. KpvBble npuBeneHbl AN «06pa3LoBoro HANBUAyyma», Abl-
LaLlero Yyepes HOC UKW POT, KOTOPbIN 1/3 BpeMeH NpoBen B CUASHEM MOSIOXEHUN, a 2/3 BPEMEHU — BbINO/I-
HARA Nerkyo pusnyeckyro Harpysky (ctaHgapTHas pabodas Harpyska [1]).

Kak BUAHO 13 pucyHka 1. obLiee 4MC/o YacTuL, OCaXKAEHHbIX B JIETKMX, AOCTUraeT MUHUMYMa Nnpu aspo-
OVHaMWYecKoM guameTpe yacTtuly npnénmsntensHo 300 HM. YacTuubl ¢ TakKuM pasmepom 6yAyT C/IULLIKOM
60NbLWUMKN AN 3NAEKTUBHOK AN AY3UN 1 CIINWKOM MasibiMy 4158 3¢P(PEeKTUBHOIO y4acTUs B CTO/IKHOBEHUSAX
Wn 3agepxaHun. na yacTuu, pasmep KOTOPbIX MeHbLUe COOTBETCTBYIOLLEr0O MMHMMYMa Ha KPUBOW, NPOrHO-
31PyeMOe UMCNO OCaXKAEHHbIX HacTUL, yBENNUYMBAETCS, NOCKObKY MPU YMEHbLUEHUN AMameTpa YacTul, ycunu-
BaeTcsa andpysma. HaHouyacTuubl pasamepom 60s1ee 10 HM ocaxgarTcsa B MepBYyO0 ovepeb B a/ibBEOSISIPHON
obnacTu, B TO BpeMsl Kak YacTuLibl C pasMmepom MeHee 10 HM OCaxJaroTCA B 60/bLIOM KOIMYECTBE B BEPXHUX
NyTAX U B MEHbLUEM KOJSIMYECTBE B TPaxeobpOoHXMasibHOM 061acT nU3-3a UX 04eHb BbICOKOW ANGY3NOHHON
NoABWXHOCTH.

Ha pucyHke 2 nokasaHbl MPOrHO3upyemble 06Lee YACI0 OCaXKAEHHbIX YacTuL, U 40/1A YacTuL, ocaxaeH-
HbIX B pa3/IMyHbIX 061acTax AblXxaTeNbHbIX NyTel Yyenoseka, A1 YeTbIpex NoMANCNEPCHbIX a3po30/eit ¢ f1o-
rapudMmM4eckn HOpMasibHbIM pacnpefiesieHnem 4vactuy no pasmepam (B Kaxgom cnyyae ¢ GSD, paBHbIM
OBYM) AN «CTaH4APTHOro» MHAVMBUAYYMa U HOCOBOTO AbIXaHWS NpU «CTaHAapTHON paboyeli Harpyske».
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MpumeuvaHnune — [lona 0CaxAeHHbIX YaCTUL, BKIOYAET TaKKe BEPOATHOCTb BAbIXaHNA yacTul, (eAblXxaeMocTb).
CuunTaeTtcsa, 4To UHAUBUAYYM BAbIXaeT HacTULbl Yepe3 HOC (CNIOWHbLIE JIMHAN Ha rpaduke) nam poT (MYHKTUPHbLIE JTIUHUN
Ha rpadmke) v BbINONHAET cTaHaapTHele paboune onepayuun (1). BeluncneHns 6o BbINOSHEHbLI C UCNO/Ib30BAHUEM NPO-
rpammsel LUDEP (2).

X — anameTp yacTUlbl, MKM; Y — 018 OCaX/AEHHbIX YacTul, OT 06lIero coaepxaHusa aapo3oia B okpyxatuiem sosgyxe. %; 1 — 06-
ujee YNCNO YacTul, 2 — AONA YaCTUL, OCaX/EeHHbIX B 3KCTpaTopakanbHoil o6nacTu; 3 — A0NA YaCTUL, OCaX/EHHbIX B TPaXeo6poHXU-
anbHO o6nacTn. 4 — 0N YacTUl, 0OCaXAEHHbIX B albBEONSIPHONK o6nacTu

PucyHok 1 — 3aBUCUMOCTb OGLLETO YMCMA U JONU OCAXKAEHHbIX YACTUL, B pa3nyHbIX 061acTsax
fblxaTeNbHbIX NyTeil YenoBeka OT pasmepa yacTul

M3 prCyHKOB 1 1 2 BUAHO, YTO 3HaUNTE IbHAsA 4015 BAbIXaeMbIX HAHOUaCTUL, 6yaeT ocaxaaTbCs B AblXa-
TeNbHbIX NyTAX. YacTuubl pa3mMepoM 6osiee 5 HM OCaxAaroTCsl MPEMMYLLLECTBEHHO B a/ibBEO/ISIPHOL 06/1acTU
nerkmx. OAHaKO NPOrHo3npyeTcs 60/bluast BEPOATHOCTb OCAXKAEHMS HAHOUACTML, B 9KCTPATOpaka/ibHON 1 Tpa-
Xe06POHXMaNIbHOM 061acTsiX, 0CO6EHHO YacTUL, pa3MepomM MeHee 5 HM. OcaxaeHue 4acTuy, B 3TUX 061acTsxX
BaXXHO YUMTbIBaTb NPU M3yHeHUN 3a60/1eBaHNi AblXaTelbHbIX NyTel, HanpruMep XPOHUYECKUX 06CTPYKTUBHBLIX
NeroyHbIx 3a6osieBaHunii (XO13) nnm actMmbl. KpoMe TOro, oCaxAeHHbIe B AbIXaTe/lbHbIX MYTAX YaCTULbl MOTYT
NnepeMecTUTLCS B KaKOW-HUOBYAb APYroi y4acToK Tesia. KCNnepMMeHTaIbHble AaHHble NOATBEPXAAOT yBenu-
YeHue BEPOSITHOCTY OCaXAEHUS NP YMEHbLUEHUN pa3Mepa YacTull, a TakkKe M3MEHEHNe Yncia OCaXAEHHbIX
YacTuL, NpU U3MEHEHUN XapaKTepa AbIXaHWs U YPOBHS Harpy3ku paboTHuUkKa [45]. [46]. Bbiio nokasaHo, 4YTo Be-

POATHOCTb OCaXAeHUs YacTul, B AbIXaTe IbHbIX MyTAX BbILIe Y /INL, CTPaaloLMX SIErOYHbIMY 3a60/1eBaHNSAMY,
Taknmm kak XOJ13 [47].
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MpumeuaHune — [lona ocaxAeHHbIX YaCTUL, BK/IIOUAET TaKKe BEPOSITHOCTb BAbIXaHUA yacTul, (BAbIXaeMoCTb).
BbIN1I0 NPUHATO, 4TO UHAUBUAYYM BAbIXaN 4acTULbl Hepe3 HOC (CN/IOWHbIe IMHUN Ha rpaduke) an poT (MYHKTUPHbIE IMHUK
Ha rpadnke) 1 BbINONHAN CTaHAapTHble paboune onepauun (1). BoluncneHuns 6611 BbINOMHEHbLI C UCNOMb30BAHWEM NPO-
rpammsl LUDEP 12].

X — AMamMeTp YacTuy, BbIYUCAEHHbI METOAOM MeAuaHbl, UM; Y — A0S 0CaXAEHHbIX 4acCTUL, OT 06WETO COAepXKaHUs aapo3ons
B OKpyXatwliem Bo3jyxe. %. 1 — BCe 0cax/eHHble YacTulibl; 2 — 404 YacTUL, OCaX/EHHbIX a aKcTpaTtopakanbuon oénactu,
3 — [0N8 YacTul, OCaX/AEeHHbIX a Tpaxeo6pPOoHXManbHOM 06nacTu; 4 — AONA 4acTUl, OCaX/EeHHbIX a aNbBEONAPHOI 061acTn

PUCYHOK 2 — TpOrHO3upyemMblie 06LLE€ YMNC/I0 OCAKAEHHbIX YACTUL U 4O/ YACTUL, OCAXAEHHbIX B Pa3NUHbIX
06/1aCTAX AblIXaTebHbIX NyTei yenoseka, AN NOAUANCNIEPCHOrO aapo3ons ¢ GSD aspoguHaMuyeckoro guamerpa,
COOTBETCTBYIOWEr0 LEHTPAILHON MegnaHe pacnpeaeneHuns, pasHbiM 4BYM

4.3 TlNepemelleHne HaHo4YacTuL, B OpraHn3me 4yesnoseka

Kak 6b1/10 onncaHo Bbille, 40151 HAHOYACTUL, OCaXKAEHHbIX MPYU BAbIXaHUN B a/1bBEO/ISAPHON 1 Tpaxeoob-
POHXWaNbHON 061acTAX AblXaTeNbHbIX NyTel YenoBeka, 60/blUe N0 CPaBHEHMIO C BAbIXaeMbIMU YacTuLamm
6onbluero gnametpa. MNocrne ocaxaeHNss HaHOYaCcTULbl TaKKe MOTyT OcTaBaTbCSA BJ/Ierkux fofblue, Yem 6osiee
KPYMHble YacTulbl, 13-3a 0cnabneHns oUNCTKM 1 6onee CUIBLHOTO yaepXusaHus. PesynbTaTbl nccnenoBaHuni
NEerkux Menkux rpbI3yHOB U KNeTOUHbIX Ky/1bTyp MoKa3anin yMeHblleHne cnocobHocTu B dparoumTose (norno-
LLeHMN) N OYUCTKE OT HAaHOYaCTUL, Makpodaramu no CPaBHEHWUIO C TOHKOAVCMEPCHbLIMY YacTULaMn TOW Xe ca-
MO Mmacchl [48]. [49]. BbLno nokasaHO NpU UCCMeA0BaHUM Ha KpbICaX W XOMSIKax, UYTO HEKOTopble TUMbl
HaHouvacTuL, (Hanpumep, AuoKcMaa TuTaHa, yrineposa) nerdye NPoHUKatoT Yepes 6apbepHbIli CNoi anuTenvanb-
HOW KNEeTKN U BXOAAT B MHTEPCTULNANBbHYIO TKaHb Nerknx nnm KposoTok [39]. [50]. MonaB B KpOBb, HAHOYACTU-
LUbl MOryT nepeMelaTbCs C Hell M ocaxAaTbCsA B Apyrnx opraHax [40]. Pe3ynbTaTbl uccrnefnoBaHuii
4esIoBEYECKNX OPraHM3MOB C UCMO/Ib30BaHUEM MeYEHHbIX PafMOoakTUBHbLIM WU30TOMOM Yr/epoAHbIX YacTul,
pazmepom MeHee 100 HM nokasanu 6bICTPOe NepemMelleHrne HaHo4YacTuL, No 60/bLIOMY Kpyry KpoBoobpalle-
Hua [39]. [51]. MeTabonuyecknii NyTb BAbIXaeMbIX HAHOUYACTUL, MOXET TakXe 3aBUCETb OT UX XMMUYECKOTO CO-
CcTaBa; Hanmpumep pes3y/nibTaTbl MCCMeAOBaHWn Ha KpbicaxX MOKa3aiv, YTO B TO BPEMS Kak HaHOYacTuLbl
yrnepoga 6bICTPO nepemeLLaoTCA No KPOBOTOKY M BHENErovHbIM TKaHsAM [40], npy NoAo6HbIX nccnefoBaHnAX
C HaHovacTMuaMn MeTalIM4ecKoro npnamsa 6b110 BbISB/IEHO, YTO NepemeliaeTcs TO/IbKO HebGonbluaa fons
HaHouyacTuy, [31].

Mpu nccnefoBaHMM Ha Kpbicax HabMO[aI0Ch NepeMelleHne HaHo4YacTuL, No O60HATE/IbHOMY HepBY B
rONOBHOV MO3r MOC/e UX OCaXAEHNA B HOCOI/IOTOYHOM 061acTh 1 AbixaTesibHbIX NyTax [30]. O BO3MOXHOCTKN
noAo6HOro MexaH1M3ma nepemMeLLeHna HaHo4YacTUL, BOpraHn3me YesioBeka B HacTosLLee BpeMA HEU3BECTHO.

CoBpeMeHHble A03UMeTpUYecKne Mogesnn nerknx vyenoseka (Hanpumep. ICRP 1994 [1]. NCRP 1997
[44]) npyHMMaloT BO BHMMaHWe pa3mep 4acTuu, B MPOrHO3npyeMbIX 05X A1 OCHOBHbIX 061acTeli gbixaTenb-
HbIX NyTel (CM. pUCYHOK 1). BNnsiHne KOHKPETHOro pasmepa 4acTul, Ha UX BbiBeeHne 13 opraHn3ma B3TUX Mo-

7



FOCT P 54597—2011/ISO/TR 27628:2007

Oenax y4TeHO He MOMIHOCTbIO, NOCKO/IbKY B OCHOBY ONpe/iesieHUs1 CKOPOCTU BbIBEAEHUSI YAaCTUL, U3 JTIETKUX Wn
nX NepemMelleHNs B ApYyrve opraHbl NOJSIOXEHa Macca YacTul, OCaXAAIOLWMXCA B OCHOBHbIX 06/1acTAX Ablxa-
TesibHbIX NyTel. TakuMm 06pa3om, No faHHbIM, UMEIOLUMCA Ha MOMEHT pa3paboTkM 3TUX MoAeNeil, OCHOBaH-
HbIX Ha CKOPOCTU BbIBEAEHUS YacTUL, B 3aBUCUMOCTM OT UX MaccCbl, HEBO3MOXHO ONpeaAesivTb, Kakne YacTullbl
(HaHo4YacTMLbl Nn 60/1ee KPyMHbIe) OCaXAalTCs B 3afjaHHON 06/1acTy AbIXaTeslbHbIX NyTe. 3TO MOXET 6bITb
061acTbio UcciefoBaHWl MO AanbHelleMy pa3sBUTUIO MOAENN.

4.4 ®dusnyeckne xapakTepuUCTUKM HaHOa3po3osei

4.4.1 dopmunpoBaHue

Han6onee pacnpocTpaHeHHbI NyTb hOpMMpPOBaHMs HaHOYacTuL, — ob6pa3oBaHue B ra3oBoii dpase [52],
[53]. 3TOT NpoLecc xapakTepusyeTcs NepBoOHaYas/IbHbIM 3TarnoM 06pa3oBaHns OYEHb MasleHbKUX 3apoapbilleit
13 MONEKYNAPHON hasbl. 3apobIlln NOCTENEHHO PacTyT 3a CHeT Koarynsumm nywm npoueccos pocta nosep-
XHOCTW (reTeporeHHon KoHAEeHcaumn, peakumii Ha NoOBepPXHOCTM). MexaHU3M BCero npolecca CUibHO 3aBUCUT
OT KO/IM4eCcTBa UMEKLLETOCS KOHAEHCMPYEMOro ra3o06pa3Horo marepuasna, ero TepMogMHaMUYECKUX U XUMU-
YeCKMX CBOICTB, a Takxe YCNOBUA NpOTeKaHUs.

A3po30/b 06pasyeTcs U3 UCXOAHbIX BELWECTB, KOTOPble NMMB0 NCNapATCA U3 EMKOCTU C XUAKOCTbIO UK
TBEpAbIM BeLWeCcTBOM, MO0 CYLEeCTBYIOT B BO3/yXe Kak HenocpeACcTBEHHO CMeLLVBaeMble XMMUYECKN aKTUB-
Hble rasbl. O6pa3oBaHNe KOHAEHCHPYHOLWErocs napa NPoOUCXoAuUT NPU OXMaXAEHUN NN XMMUYECKOWN peak-
L1 NCXOAHbIX ra3oB, NPUBOASALLEN K NepeHachILLeHN0, 4OCTATOYHO CUIbHOMY 415 06pa30oBaHMs FOMOreHHbIX
3apogpbieii. Mpu BbICOKOV cKOpocTM o6pa3oBaHusa 3apojbilleli, korga 6yaeT popMmmpoBaTbCcs 06/1aKo 3apo-
Obllweli BbICOKOW NIOTHOCTW, POCT YacTul, 6yAeT NpenMyLecTBEHHO 06y CIOBINBATLCA Koarynsumnei, Kak. Ha-
npumep. B Cllyyae KBapLEeBOW NbIIM MW CBAPOYHbIX ra3oB, 06pa3yroLWMXCcsa B NJaMeHHbIX U N1a3MeHHbIX
npoueccax. Pexunm npouecca HarpeBaHUs, a Takxe XxapakTepucTukn matepmana KOH4EeHCMPYEMOro aspo30/s
(Takme Kak BA3KOCTb, MOBEPXHOCTHASA N 06 beMHas AN dy3ns) ABNAKTCS OCHOBHbIMU NapaMeTpamu, onpege-
NAOLWMMN OKOHYaTETbHYH0 MOPKOIOrMI0 HacTuUL, a3pP030/15 N X BHYTPEHHIOK CTPYKTYPY. Ecnu yactmubl aspo-
30711 BCe BPEMS HaxXOAATCA B XXMAKOM COCTOSHUW, TO OHU OCTatoTcs chepruyecKMmmn nocsne Koarynsaumm ns-3a
ObICTPOI KoaNeCLEHLUN COYAapAIOLWNXCS Kanesb. Ecnv gBMxeHne BellecTBa BHYTPU YacTuLbl nogasBnsieTcs,
Hanprmep n3-3a pe3koro NOHWXeHNs TeMnepaTypbl B X0Ae npouecca o6pasoBaHUs YacTuL, TO KoasecLeHLus
3amegnsetcs. Co BpeMeHeM Mexay coyaapsaoLlmnmMmmcsa yactnuamm 6yayT BO3HUKATb NepeLueliku ¢ nocneayto-
LWMM o6pa3oBaHMeM arperatoB C CU/bHbIMY BHYTPEHHUMU CBA3SIMU. [1py HU3KOM TemMnepaType B KOHLLe npo-
Lecca Koarynsauus npuBoguT K 06pa3oBaHUIO ariloMepaToB, YAepXnBaemMbiXx BMecTe 3a CHeT OTHOCUTEsIbHO
cnabbix cun BaH-gep-Baanbca unu cnabbix 31eKTpoCcTaTUHeCKUX CUs.

Mpn HM3KOI CKOpPOCTM 0b6pa3oBaHus 3apoabllleli, NpuBoOASALLEN K HEOONbLLIOW CHETHOW KOHLEeHTpauum
BHOBb 06pasyloLnXcsa YacTul, NpaMas reteporeHHas KoHAeHcauma asapo30/1bHOro napa Ha noBepxHOCTAX Cy-
LLeCTBYOLNX YaCcTu1L, onpeaenseT AUHaMUKY pacrnpegeneHuns 4acTuy, aspo3ons no pasMmepam. MNpumepom sB-
NAKTCA KOHAEHCUMpYeMble Napbl OpraHMYecKnX CoeAMHEHU Ha CTPOUTENbHbIX NaoLlaakax, obpasytoumecs
npv acasibTUpPoBaHUM JOPOr. KOHAEHCALVOHHBIM POCT MOXET NPMBECTU K 06pa3oBaHMi0 OCTAaTOYHO Kpym-
HbIX YacTUL, C AnaMeTpoM, He NonagarwLLM B HAHOMETPOBbIV AnanasoH, Aaxe ec/iv o6Las Macca KOHAeHCH-
pyemMoro BeLliecTBa mana.

Mpn romoreHHOM 06pa3oBaHnK 3apoblllell CKOPOCTb NX 06paszoBaHnsa ByaeT CUNbHO 3aBUCETb OT CTe-
NeHN HaCbIWEeHNs napa n MoOXeT U3MEHATLCA Ha HECKOJIbKO MOPSAKOB, AaXe ec/l U3MeHeHWe CTeNeHn Hachbl-
LeHNa He3HaunTeNnbHO. B nepcnekTBe nNpy COOTBETCTBYHOLWEM HEKOHTPO/IMPYEMOM 06pa3oBaHuMn HacTul, B
BO34yXxe paboyeil 30HbI HacTo OblBaeT AOCTAaTOYHO PacCMOTpPeTb TONIbKO FOMOreHHoe obpa3oBaHue 3apofbl-
Wel Kak efMHCTBEHHbI MexaHW3M 06pa30oBaHWUs YacTul, Korga nepeHachblleHne AocTUraeT KpUTUYecKoro
3HayYeHUs. ITO 3HaYEHMe CYLLEeCTBEHHO 60/bLUe eAUHULI, T. €. CTENEHWN HacCbIWeHNs, Heob6xoaAnMol ans reTe-
pPOreHHONM KoHAEeHCcauuMu napa Ha umMetoLecs NOBEPXHOCTU. Bo MHOrMX BbICOKOTEMMNEPATYPHbIX npoLeccax,
TakuMx Kak nnameHHas obpaboTka cbipbs (Hanpumep, OKMCNeHne TeTpaxnopuga TuTaHa B npouecce nosyye-
HUA AMOKCUAa TUTaHa), peakLums ra3o06pasHbIX UCXOAHbIX BELWECTB NPMBOANUT K 06pa3oBaH1O0 HOBbIX coean-
HEHWUI, KPUTUYECKUI pa3Mep KNacTepoB KOTOPbIX KpalHe Masl. nopsika BeNuuuHbl AnameTpa mMosekyn. B
[AaHHOM cnyyae obpas3oBaHuve 3apo/bllleil ABASEeTCHA YACTO KMHETUUYECKMM NPOLECCOM, a CKOPOCTb 06pa3oBa-
HUA 3apoapllleli a3po30/is paBHa CKOPOCTU peakLmy ra3oobpasHbIX UCXOAHbIX BEWECTB. JanbHelwmnii pocT
yacTuL, NPOMCXOANT NPEUMYLLECTBEHHO 3a cYeT koarynsaumn. Moxoxasa cutyaums HabngaeTcs npn obpaso-
BaHWM Napa Haj, pacniaB/eHHbIMU MeTasilamu, Korga UCXO4HbIM BELLECTBOM asp0o30/1a ABASeTCA nap metarn-
na. B KOTOPOM MponcxoaunT o6pasoBaHme saep KoOHAeHcaum Npu OXNaxaeHUn Uamn oKUCIeHun B Bo3ayxe. 3To
camble BaXHble MeXaHU3Mbl 06pa30BaHNA HaHOa3pPO30/eN.

8



FOCT P 54597—2011/ISO/TR 27628:2007

Ecnn yactuubl yxxe NpuCcyTCTBYIOT B BO34yXe, TO B KOHAEHCUPYIOLWEeMCS nape Habto4at0TCA KOHKYpUpy-
loLme nNpoLecchl reTeporeHHol KoHaeHcauum n obpa3oBaHmsa 3apogbileii. FeTeporeHHas KOHAEeHcaunst KoH-
AeHCUpyembIX BellecTB OyAeT MpeBa/iMpoBaTb, €C/IM UMellasca naowaib MOBEPXHOCTU 6osblue, 4vem
oXuaaeTcsa Npyv roMmoreHHoM obpa3oBaHuM 3apoablileli B KOHKPETHbIX TEpMOANHAMUYECKNX YCOBUSAX. B aToM
crlyyae obpasoBaHMe HOBbIX 4YacTuy, (pasmMepoM guameTpa B HaHOAuana3oHe) MOXeT ObiTb 3amMefIeHo.
OfHako ecsim MMeLLMeCs YacTuLbl yAaIAlT U3 BO3ayxXa (Hanpumep, npy dounbTpauum), To niowanb nosep-
XHOCTW AN reTeporeHHoN KoHAeHcaunn 6yaeT yMeHbLIATbCA YU 3TO MOXET NPUBECTU K YBE/TMYEHMIO YMC/a Ha-
HoYacTuL, chOPMUPOBABLLMXCSA NPV FTOMOTeHHOW KoHAeHcauuun. Mofo6HbIe IBIeHUS MOTyT HabloaaTbeca B
paboueli 30He, HO TOYHO NpeAckasaTh MX KpaliHe TPyAHO 1U3-3a HegocTaTka MHhopMaumn o TepMoanHammyec-
KMX YCNOBUAX U XMMUYECKOM COCTaBe KOHAEHCMpyemoii NnapoBoii tasbl.

KnHeTuka reTeporeHHol KoHgeHcaumm napa Ha yxe CyLecTBYOLWMX YacTuuax NnpuBoauT K yBeIMYEHUIO
KO/IMYecTBa BelleCTBa KOHAEHCUPYEMOro napa, NPUXOAALWErocs Ha eANHNLLY MacCbl YacTUL, MPU YMEHbLUEHUN
nx pasmepa (ob6orateHune). NMockoNbKy CKOPOCTb KOHAEeHcaLun Mosiekyl napa Ha HaH0alapPOo30/15X NPONOPLMO-
Ha/lbHa MNOBEPXHOCTHOM KOHLEHTpauum asapo30/s, coAepkaHne agcopbupoBaHHOroO TOKCUYECKOro maTepua-
na. BblpaXeHHOe B [0/1X HaHo4YacTuL, MPOMOPLMOHA/IBHO YAEe/bHOM Nowaan NoBepxXHOCTU. 3TO BaXHO C
TOKCWKO/IOrMYECKO TOUKM 3PEHMS, YUNTbIBASA, Hanpumep, YTo NONNLMKINYECKe apoMaTuyeckme yrieson0po-
opl (MAY), Taxenble MeTan bl NApyrne KOHAEHCUpyeMble TOKCUYHbIE BelecTBa OOHapYXMBatoOT B 3HaUUTEb-
HbIX KOSIMYecTBax B BuAe HaHO4YacTuL, SABASIOWMXCSA, TakuM ob6pa3om, addhekTMBHOM hopmoii nepeHoca
COOTBETCTBYIOLLMX BeLLeCTB.

4.4.2 Koarynsauwus

Bo MHoOrmx cny4dasax npy obpasoBaHUn HaHOYaCTUL, NPY BbICOKOW TemnepaType 6uHapHas koarynsaums
ABMIAETCA AOMVHMPYIOLWMM MPOLECCOM POCTa, ONpeesiaoWwmnM OKOHYaTesIbHOe pacnpejesnieHne yactuy no
pasmepam. OnpegensaowumMn napametTpamu, 06yCcnoBIMBalOWMMK KOarynsumio, ABAsSOTCA B3avMHOe nepe-
MelleHne YyacTul, Nx pasmep, cHeTHasa KOHLUEHTpauus, a Takxe CBOCTBa BELLECTB, onpeaenstoLine nepepac-
npegesieHne BelecTBa BHYTpU YacTul,

TBepAble HAHOA3PO30/IM YACTO MPeACTaBAAIOT CO6OI arsiomeparbl, COCcTosiLMe U3 GOMLLIOIO YMcna
nepBUYHbIX YacTuy,. NMpumepamn ABMAKOTCA caxa, obpasytoLascsa Npu ropeHnn An3esibHOro TonamBea, 1 nblifb,
obpasyoLlancsa npyu ceapke. Pasmep nNepBrYHbIX YacTuL, OnpeaenseTca n3MeHeHUsaMN TemnepaTypbl B Xofe
npouecca nx pocta. B AgnanasoHe BbICOKMX 3HAUYeHWIT TemMnepaTypbl cOygapstoLmecs YacTuubl 6yayT koanec-
LuMpoBaTth A0 TeX NOp. NoKa CpeaHAN NPOAO/HKNTENBHOCTb KoasleCLeHLMNn Mexay vyactmuamm éyaet mana no
CpaBHEHMIO CO BPeMeHeM CTOJIKHOBEHUSI Y BPEMEHEM HaxoXAeHus B 06/1acTu BbICOKOM TemnepaTtypbl. Kak
TOMIbKO CUCTEMa OxNaxaaeTcs, KoasecleHuma ocnabesaeT, U coyAapatoLwmecs YacTmubl 6yAyT COXPaHATb Uc-
XOAHY'0 chepuyeckyto hopmMy 1 pasmep. Arperatbl M arnomeparbl 06pasytoTCa 13 aTUX NEPBUYHbIX YacTuL, ne-
peA ux cnegywowum coygapeHveM. CTpyKTypa pacTylMx ar/ioMepaToB MmeeT dpakTa/ibHbli XapakTep, a
obpasytowmecs asapo3onn — 60NbLUYH YAebHYO Naowaib NOBEPXHOCTH.

B6/1131 COOTBETCTBYIOLMX NCTOYHNKOB HAHOYACTULL, HanpumMep 30HbI UCnapeHnsa Npu ceapke, MaccoBas
KOHLIeHTpaLnsa KOHAEHCMPYeMOro BellecTBa 06bIYHO CcOCTaBAsAeT HaMHOro 6onble 1 mr/m3. Yactuubl, nona-
Aatolme B 30HY AblXaHUs paboTHMKa, 6yayT npeTepneBaTb MHOXECTBEHHbIE aKkTbl COyAapeHuii, a pacnpege-
NeHne yacTuy No pasMepam npu Koarynsaumm asposonsa 6yaeT CTPEMUTBCS K aCUMMTOTUYECKOMY Buay. 3TO
pacnpegeneHune xapakrepu3yeTca NOCTOSAHHbIM 3HavyeHneM GSD v TeM, YTO cpefHui AnamMeTp vacTul, He 3a-
BUCUT OT MepBOHaYas/IbHOr0 3HAaYeHUs CHETHOW KOHLLeHTpauuM n pasMepa KOHAEHCUMPOBaHHbIX sgep. Mpu
acumMnTOTMYECKOM BuAe pacnpegeneHns Ans UCXo4HOro MOHOANCMNEPCHOro pacnpeaeneHns vyactuy, no pas-
mMepaM GSD gocturaet 3HayeHus NnpnéansnTensHo 1.35 paHblue, 4eM B c/lydyae nepBoHavYasibHOro LWNPOKOro
pacnpegenexHus.

B BO3ayxe peasnibHOI paboyeii 30Hbl B POHOBOM KOJSIMYECTBE MOXET NPUCYTCTBOBaTb Mblb, Nonagato-
was n3 Apyrnx UCTOYHMKOB: HaHOYaCTULbI MOTYT ocefilaTb Ha YacTuuax 3TOW Nbin B pedynibTtate anddysnn.
MockonbKy KoaduumeHT auddy3nm HaHoYacTuL, 06paTHO NPONOPLMOHAsIEH KBaApaTy nx gnamerpa, notepu
HaHoyacTuL, 3a cyeT Andy3nn pe3ko yMeHbLLaoTCA Npy yBeIMYeHUn anameTpa, 4To NPUBOAUT K 3HaUUTEb-
HOMY YBE/IMYEHUIO BPEMEHW yAaneHus. Takum o6pas3oM, ygasieHne HaHO4acTuL, 3a CHET UX OCaxAeHUs Ha
yacTtuuax rpyboancnepcHoli nbiav 1 Koaryasums HaHo4YacTuL, IBASKOTCA KOHKYPUPYOLWMMU npoueccamu. Yto-
6bl YacTULbl AaMeTpoM 1 MKM BbICTynanu B kayecTBe 3pHEKTUBHbBIX OUNCTUTENEN OT HaHOYaCTuUL, MaccoBas
KOHLEeHTpaumsa nbian foskHa 6biTb 60nee 5 Mr/m3

4.4.3 lMepemMelleHe HaHO4YacTuUL, B BO3ayxe

Mpw ckopoCTY NOTOKa BO3Ayxa, NpeobnagatoLeri B paboyeii 30He, HAHOYACTYLIbI MOTYT paccMaTpuBaTth-
€A KaK He umetowne nHepumnn. OcaxgeHne YacTul, Ha NOBEPXHOCTSAX, B OCHOBHOM, onpegensetcsa anddysu-
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oA, TypbyneHTHOW anddy3snein u TepMmodopes3om, HO NPU HATMUNU CUJIbHBIX 3/1EKTPOCTATUYECKUX MONen c
BbICOKOI HaMpsHKeHHOCTbIO N 3apshKeHHbIX YacTuL, MOXeT HabnogaTbes u anekTpodopes. KonnyecTBeHHO
ocaxAeHne MOXHO OLLeHUTb C MOMOLLbIO Tak Ha3biBaeMOl CKOPOCTU OCaXAeHUs, XxapakTepusytoLueli COOTHO-
LWeHre MeXy CKOPOCTbI NepeMeLLeHUs YacTuL, K MOBEPXHOCTM U KOHLLeHTpaumeli yactul, Ha Heli. CKopocTb
OCaxJeHus 3aBUCUT OT pasMepa YacTulibl U CTPYKTYPbl TYPOY/IEHTHOIO NOrPaHNYHOrO €105 NOTOKa Yy NoBep-
XHOCTW. MpK HE6ONLLLIOM pasmepe 4YacTuL, U B 3aCTOHOM BO3ayxe Andy31OHHbIM NOrpaHnyHbIv cnoii obpa-
3yeTcsi TO/IbKO 3a cHeT 6POYHOBCKOr0 ABMXEHMSA YacTuL,. FpagueHT coepXaHust B 3TOM cydae 60s1ee poBHbIi
Mo CpaBHEHMIO CO CPeAHMM FPafMeHTOM CofepXXaHusi, BO3HUKAOLWMM B TYpOY/IeHTHbIX YC0BUAX. B gaHHOM
cny4ae 3aBMXpPeHUs TypOy/IeHTHOro NoToka NPOHMKAIOT B lTaMUHAPHbIN NOrpaHuYHbIl ol cnyvaiiHo, nepe-
HOCS1 YacTuLbl 6/MXKe K CTeHaM, Takum 06pa3oM, yMeHbLLasi paccTosiHMe, Ha KOTOPOM YacTulbl MOrn 6bITh
3axBayeHbl GPOYHOBCKOI Audddhysveli neped Tem, Kak AOCTUTHYTb CTeHbl. [0 3TOW MpUMYMHE CKOPOCTb
ocaxeHuns JyacTtuy 6yaeT 60onblue Ana TypOyneHTHOro NoToka Bo3ayxa.

OpHaKo B UesioM 47151 HaHo4acTuL, (M yibTpamMenkmx Yactuu) 6yeT xapakTepHa o4eHb HM3Kasi CKOPOCTb
ocCaxeHus Ha NoBepXHOCTAX. Takum o6pa3om, ogHakAbl NoNas B BO34yX, HAHOYACTULbI B paboyeli 30He 6y-
AYyT [Or0 B HEM HaxoAWUTbCA.

4.5 dunsnonornyeckoe obocHoBaHMe onpegeneHNs HaHo4vYacTuy, n HaHO&3p03OI'IeI7I

451 O6wure NoNoxeHuns

XOTSl K HaHOYacTULaM 06bIYHO OTHOCAT YacTuLbl pa3MepoM MeHee 100 HM. B HacToslLee Bpemsi UMeeT-
€A HefloCTaTO4YHO MHOpMaLUKM O NOBEAEHUN YacTUL, U BUONOrNYeCKNX B3aMMOAeCTBUAX 418 YCTaHOBNEHNSA
CTaH4apTU30BaHHOIO TEpMUHA «HaHOYaCcTULa» UIN «HaHOa3pP0o30/1b» B OTHOLUEHUWN B/IUSIHUA Ha 340POBbLE Ye-
noseka. MNepep ycTaHOBIEHMEM CTaHAAPTU30BaHHbLIX TEPMUHOB [O/DKHbI ObITb pelleHbl TPy Npobiemsl.

4.5.2 OnpepeneHna gnameTtpa 4acTul C y4eTOM BMON0OrMyYeckux ocobeHHocCTen

[OnameTp He aABNsieTca abCOMOTHOW Mepoli XxapakTepUCTUK YacTuL, HO 3aBUCUT OT MeToAa U3MEPEHUiA.
MpOoHMKaHWe YacTuL, N NX ocaxaeHne BAbIXaTe ibHbIX NyTAX TPaAUNLMOHHO ONUChIBa/IN B TePMUHAX a3poanHa-
MUYECKOro AnameTpa 4YacTul, onpeaensaeMoro Kak guameTp cepbl N1I0THOCTHIO 1000 Kr/M3, kKOTOpas NposiB-
NAeT aHa/IorM4yHoe aspoAuHaMmnyeckoe nosefieHue, 4YTO U uccnegyemasa yactuua. OfgHako npu guamertpe
MeHee Npu6an3nTenbHo 500 UM NoBefeHWe YacTuy, B 60nbLueli cTeneHn onpeaensieTca anddysuvent, yem as-
poanHamukoii. Takum o6pa3om, B HAHOMETPOBOM Anana3oHe 6051ee yMeCcTHO onpeaensaTb AnaMmeTp YacTul B
nokasatensix ANdy3MOHHbIX XapakTepucTuk. [iuamMeTp 3/1eKTPUYeCcKol NoABMXHOCTM, onpeaensiemMblii Kak
OnameTp cdhepuyeckoli YacTuLbl C TOM e camMoli 3/1eKTPUYECKOW NOABMXHOCTBIO, YTO U Uccreayemas 4acTtu-
ua, faeTt xopollee npeacTasrieHne 0 ANPPY3NOHHbIX XapakTepUCcTUKax u cpaBHUTENbHO NPOCT ANA n3mepe-
HUA. DTOT AMamMeTp MOXeT oKa3aTbCA NOAXOAAWNM A1 ONUCaHUA YacTuUL, B HAHOMETPOBOM AuanasoHe, rae
BEPOATHOCTb OCaXAEeHMs 1 Nocneayolas buonornyeckas peakumsa 6yayT 3aBuceTb OT NnapameTpa, paBHOro
W NPUGBMXKAIOLLEroCsa K 3Ha4YeHMIo AnameTpa 3NeKTpUYecKom nogBmxHoOCTU. OgHaKo BeposATHO, 4To hopma
1. BO3MOXHO, M/IOTHOCTb HEKOTOPbIX YacTul, 6yAeT 06yc/ioBNnBaTb X NOBEAEHNE B AbIXaTellbHbIX NYTAX, KO-
TOpOe HeMb351 NPOrHO3MpPoOBaTh Ha OCHOBE AnaMeTpa 3/1eKTPUYECKOol NoABMKHOCTU. Hanprmep, A0 c1x Nop He
SAACHO, KaK AnameTp 3MeKTPUYeckol MNOABUXHOCTU CBA3aH C (OU3MYECKMMU CBOWCTBaAMU  YrNepoAHbIX
HaHOTPYOOK 1 KaK OHW ByayT BeCTU cebsl Mnpu nocriefytowem BAbIXaHUN.

4.5.3 BaxHOCTb pa3mepa 4YacTul ¢c 6MONOrNYECKO TOUYKN 3peHuns

MpYHATO orpaHnYmMBaTh pasmep HaHoYacTuL, cBepxy 3HadyeHnem 100 HM. XOTA OH 06bIYHO He CBSA3aH C
noesefleHMeM 4acTul, B AblXaTesIbHbIX NYyTAX NOC/e UX OCaXAeHUs. B OTHOWEHNM BONPOCOB 340P0BbA YesloBe-
Ka MOXHO [aTb ornpejesieHne HaHo4acTuL, OCHOBaHHOE Ha BEPOSATHOCTU UX OCaXAEHUA B NIETKNX [CM. pUCy-
HOK 1, KpMBbIe ANA 00NN YaCTUL, OCaXAEHHbIX B afibBEONAPHONM 061acTn (BAbiXxaHWe Yepes HOC U poT)].

Kpome Toro, cCooTBeTCTBYIOLLEE OnpefesieHne MOXeT noTpebosaTbCca AN yyeTa 0CObeHHOCTel BAns-
HUS pa3mepa 1 gpyrnx rmsnko-xMMnyecknx CBOMCTB YaCcTUL, Ha UX MepeMeLLeHne nocse ocaxaeHus. Mpu gn-
ameTpe yacTtul, meHee 200—300 HM nXx hr3nyeckne cBOMCTBaA BYAYT He TONbKO ONpeaensaTbCs pasMepoMm, HO
N U3MeHATLCA. MpY yMeHbLUEHUN pa3mepa YacTul, KpMBU3HA NOBEPXHOCTWN, pacnosioxeHune (1 40N1S) aTOMOB
Ha NOBEPXHOCTU YacTuLbl 1 3aBUCALLME OT pa3mepa KBaHTOBble 3W(PeKThbl, TakMe Kak KBaHTOBOE OrpaHnyeHme,
B 3HAUNTENIbHON CTeneHn onpeaenstoT Ux noBefeHne. TN CBONCTBA MOryT ObITb BblpaXXeHbl Y YacTuL, pa3me-
poM 3HaumMTenbHO 6onbwe 100 HM, BKAKOYAKOWMX COCTaBnsawwme pasmMepoM MeHee 100 HM. Takmx Kak
arfioMepaTbl HAHOYACTUL, C MaUIbIMKU (hPaKTa/IbHbIMWU pasmMepamMu.

4.5.4 BaxHocTb 06pa3oBaHuMA arnomeparoB/arperaToB HaHoO4YacTuL,

B HacToswee BpemMsA HEM3BECTHO, OANHAKOBbLIM UM pa3HbIM 6MON0rMYecknm gelicTBnem obnanaroT oT-
JeNbHble HAHOYaCTULbl, OCAXAEHHbIE B AblXaTe/IbHbIX NYTAX, U KPYMNHbIE ar/ioMmepartbl AW arperaTbl HaHoOYac-
TUL,. COCTOALME U3 TaKoro xe obbema BellecTBa. Ecnmn arnomeparbl Uan arperaTbl HaHOYaCTUL, NOMTHOCTLIO
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paspyLialoTca Npu ocaXAeHUn, TO BEPOSITHO, YTO pe3y/bTupytolee 61M010rMyecKkoe BosaencTene 6yaet no-
[06HO BO3AeliCTBUIO OTAENbHBIX HaHoYacTuL,. Takum 06pa3om, ecnim 6uosornyeckas peakuusi cBssaHa c nsio-
Waabio NOBEPXHOCTU OCaXAEHHOr0 aspo30/1s, TO A1 3a4aHHOro o6bema BellecTBa peakLusi Ha OCaXAeHHble
arnomepartbl/arperaTbl C OTKPbITOV dhpakTanibHO-NOA06HOM CTPYKTYpOli, BepoATHO, ByAeT aHa/iormyHa peak-
LM Ha OTAe/bHble YacTULbl B 3KBUBa/IEHTHbIX go03ax. C Apyroil CTOPOHbI, eciv 6uosiornyeckas peakuns Ha
ocaxeHue yacTuy onpegensieTcs Ux guameTpom (Kak. [O/KHO B6bITb, MPONCXOAUT B C/lyyae € nepeMeLleHu-
eM 4acTuL), TO. BEPOSATHO, YTO peakUms Ha OTAe/IbHble MaHOYaCTULLbl, OCaXEeHHble B AblXaTe/IbHbIX NyTsX, by-
AeT OT/IMYaTbCA OT peakLMn Ha 3KBUBA/IEHTHYIO 03y ar/iomepartoBs/arperaTtos. KOTOpble He pa3fensatoTcs npu
ocaxaeHun. MNMpn BHeAPEHUN CaHUTapPHO-TUTMEHNYEeCKOro KOHTPOISA BO3AENCTBUSA HaHOYacTuUL, cogepatymx-
csl B BO3/yxe paboyeli 30Hbl, Ha 340pOBbe PaboTHUKA, He06X0ANMO pa3paboTaTb HOpMaTUBbI NpeAesibHO A0-
nyckaeMbIX COAEepXaHWlii 1 CTaHAapTHble 06pasubl HaHouacTuL, W WX arsiomepaTtos/arperatoB A
obecreyeHns 4OCTOBEPHOCTM NOsTyvaeMbIX NPy KOHTPOJIe pe3yibTaToB C y4eTOM TOro, 4YTO pesynbTupytollee
B/IMSIHWE Ha 3[40POBbe 3aBUCUT OT pasmepa 4acTuLl, OCaXKAEHHbIX B AblXaTe/lbHbIX MyTAX.

4.5.5 3aknwouyeHune

Moka He 6yfeT nonyyeHa nogpobHas nHopmMaunsa No aTUM Tpem Borpocam, npeacTaBnseTcs Leseco-
06pasHbIM OCTaBUTb HOMUHa/IbHOE OnpeAeeHne TepMNHa «HaHoYacTMLa» Kak YacTuLbl C AnaMeTpoM MeHee
100 HM 1 TepMMHA «HAHOA3PO030/1b» KaK aapo30/1sl, COCTOALLEro U3 OTAe/bHbIX UM CrPYNNUPOBaHHbIX HaHO-
4acTUL, U HAHOCTPYKTYPUPOBaHHbIX YacTuL,. OHaKo He06X0AMMO YUUTbIBATL, YTO 3TU ONpeesieHNs NoaXoasaT
He AN KaxXAoro ciyyas u MoxeT noTpeboBaTbCcsa MX MOAMMUKaUMs C y4eTOM JasibHeNWmnX ncciefoBaHnii u
cneungunyecKnx CBOMCTB YacTuL, OCOGEHHO eCIN HAYMHAIOT UccnefoBaHMe BHOBb CO3[aHHbIX HAHOMaTepua-
NOB. 4YTO6bLI 06ecrneunTb 6osiee rNy6oKoe NOHUMaHe NoTeHUNaIbHOM ONacHOCTN AJ/151 340P0BbsA, KOTOPYHO OHU
MOryT NpeAcTaBATh.

5 VICTOYHUKM HaHOaspo30sieli B MPON3BOACTBEHHON cpeae

Hanbonbluias pacnpocTpaHeHHOCTb HaHOa3p0o30/1eli B pabounx 30Hax cBa3aHa ¢ hopMupoBaHnem yac-
TWL, B NpoLecce ob6pa3oBaHus 3apojbilueli n KoHAeHcauun. Bee BbicokoTeMMnepaTypHble NpoLueccehbl (Takne Kak
pacrH1poBaHre 1 06paboTKa, TepMUYECKOe pacnbl/ieHne, CBapKa, peska v Wangoska MeTasisioB) NPUBOIAT K
06pa3oBaHu1Io YacTuL, MeTanna u/vnm okCugoB MeTasinia Hebo/bLOro pasmepa, ¢ 60/bLON yAeNbHO! Mo-
Wanbo NOBEPXHOCTM N BO MHOMMX C/ydasiX HU3KON pacTBOPUMOCTbLIO. [poLecchl ropeHust Takke npuBOAAT K
chopMMpOBaHMNIO HaHOYaCTWL, Yepes3 peakuun B NapoBoii ha3e 1 06pa3oBaHN0 3apofblllelt (KoHAeHcaumm).
Pasmep yacTtuy, 3aBMCUT OT YC/I0BUI A 06pa3oBaHms, XOTA NepBUYHbIE YacTULbl 6yAyT B OCHOBHOM MMeTb Ana-
MeTp oT 10 Ao 50 HM. Ecnu cogepxaHue nepBoHavasibHO 06pa3yoLLNXCS YacTuL, BbICOKOE, TO OHU 6bICTPO KO-
ary/iMpyroT Apyr ¢ pyrom ¢ o6pasoBaHVeM arslomeparoB, KOTOpble MOTYT UMETb pasMepbl, NpesblliatoLme
yCTaHOB/IEHHbIE A1 HaHoYacTul,. OfHaKo BEPOATHO, YTO 3TU OTKPbITble (PpakTasibHOro Tuna) arsiomeparbl
nepBUYHbIX YaCTUL, NOC/Ee OCAXAEHUA B AbIXaTe/bHbIX MYTAX 6yAyT 06HapyXmBaTh 3Ha4UMTeIbHOE CXOACTBO B
noBefleHnn ¢ HaHovacTuLaMu. YacTuubl, reHepupyeMble U3 TOHEUYHbIX UCTOYHMKOB (TaknX Kak cBapka), ckopee
BCero, 6yayT 6bICTPO KoarynmpoBaTthb, a eC/IM UICTOYHUK paccesiHHbIV (HanpuMep, Npu padrHMpoBaHUN MeTa-
NoB). TO Koarynaumsa 6yaeT 6bICTPO ocnabeBaTb, YTO BO MHOIMMX C/y4asx NpMBOAUT K 60s1ee BbICOKON gone
4acTuL, HAHOMETPOBOTO AnanasoHa. [pocTble OLEHKN NOKa3bIBAKOT, UTO YMEHbLUIEHNEe CoAepXKaHUs YacTuL, Ha
50 % oxugaetcsa vyepes 20 ¢ n3-3a KoarynsuMyM Npu CHETHOM KOHLeHTpauun yactuy, 10m M 3, a Npu cYeTHOM
KOHLUeHTpaumn yacTtumy, 1010 m*3Takoe e yMeHblUueHne 6yaeT npomcxoantb 3a 55 u [28].

pynna BbiCOKOTeMMNepaTypHbIX NPOLLECCOB, MpeAHasHauyeHHbIX AJ1 CO3[aHuNs aspo30Jieil, MMetoLmX
60/1bLUYI0 YAE/bHYIO0 NJoWab NOBEPXHOCTU, BK/ItOHaeT 06pa3oBaHue caxu, HaHopa3MepHbIX YacTuL, ANOKCU-
Aa TuTaHa, Nbi/i ANOKCMAa KPEMHUS 1 OKCUAA allOMUHMA. XOTSA NPoAyKThl, 06pasyloLlmnecs B 3TUX npoueccax,
npeAcTaBAOT CO60M MOPOLLKM C arsiomepaTtaMn vactul, pasmepom 6osiee 100 HM. yaenbHas naowans no-
BEPXHOCTW 3TUX ar/iomepaToB MOXeT 6bITb 60nee 300 m2r. [ipyrne matepuasnbl ¢ 60/bLION yaenbHON nJio-
Waablo NOBEPXHOCTU, Takne Kak pyTeHneBasi U najiagnesas 4YepHb (a Takke HeKoTopble hopMbl AnoKcuaa
TUTaHa ¢ 60/bLIOl yAesIbHON NNowWanblo NOBEPXHOCTK), MOyvalT MeTodaMy MOKPOW XMMUMK, HO 3aTeM
MCMOJb3YHOT VX B BUE CYXUX NOPOLLUKOB.

Kpome cyluecTByOLMX TEXHOIOMNI 1 NPOLECCOB, CBA3aHHbIX C HAHOYacTMLaMu, pasBuBaoLascsa o6-
NacTb HaHOTEXHOOMMN NPUBOAUT K BHEAPEHUIO HOBbLIX NPOLLECCOB W MaTtepunanos. B HaHOTEXHONOMNAX nUc-
Nnonb3yloT Marepumasbl U YCTPOCTBA Ha OCHOBE CTPYKTYpP C pa3MepoM B HaHoAumanasoHe C YHWKaslbHbIMU
hM3MYECKMMMN N XUMUYECKMMUN CBOWCTBaMU, 1 YacTO OHU CBA3aHbI C MOJSTyYEHNEM U MPUMEHEHEM HaHOKOJ110-
MA0B 1 HaHo4YacTuL,. HOBble TEXHOIOMMM CMOTYT HaliTU LUMPOKOE NMPUMEHEHNE OT 3/IEKTPOHNKM HOBOTO NOKOos1e-
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HUA [0 NOMyYeHUs U306paxeHUs O MefuuuHe, [OCTaBKW JsleKapcTB K MecTy AelicTBUS B opraHusme u
KocmeTukN. KoMMepUyecKkuii MHTepec K HAaHOTEeXO0J/I0TSAM BbICOK, MPV 3TOM MHOTMe NPOMbILLIEHHbIE NPeanpus-
TVSI HAUMHAIOT BbIXOAUTL Ha CepuiiHbIl BbINYCK MPOAYKLMN U BHEAPATb HAHOTEXHO/IOTUM B CEPUIAHOM MPOU3-
BO/ZICTBE MPOMbILL/IEHHbIX M KOMMEpPYecK/X MpoAyKTOB HOBOFO MOKOJSeHUsA. MHOrve cblpble 3epHUCTbIe
martepuasnbl, NpMMeHseMble B HAHOTEXHOMOMMW, NPeACcTaB/IAT co60li HepacTBOPMMbIe YacTULbl HaHOPas3-
MepHOro gnanasoHa c HEeOo6bIYHbIM CTpoeHnem n aKTUBHOM NMOBEPXHOCTbIO.

Mpu 06paboTke M NPUMEHEHNN MaTeprasioB, COCTOSALMX U3 HAHOYACTUL, UM UX CoAepxallmX, Heo6Xo-
AUMO paccmaTpvBaTb BEPOSATHOCTb MonafaHus HaHoa3po30/ieil B BO3AyX («Mbl1eBUAHOCTb» MaTepuana).
Mpn 06paboTKe NOPOLLIKOB HaHOYACTUL, ByAyT 06pPa30oBbLIBATLCA ariomMepartbl U, BO3MOXHO, BbICBO6OXAATbLCS
oTAeNbHble YacTuLbl. CKOPOCTb BbICBOGOXAEHUA HaHOa3apo30/1A ByaeT 3aBNCeTb OT UHTEHCMBHOCTU ABUXe-
HMA BO3AyXxa BO BpeMsi 06paboTKy NOpoLLKa 1 ero npupoApbl. XoTa O BblAE/IEHUN HaHOa3pP0o30/1el NopoLIKaMmn
M3BECTHO OYeHb Mas10, hM3nMyeckme N XMMn4eckme CBOiCTBa MmaTtepuana, ckopee Bcero, 6yayT umetb 60/b-
Loe 3HayeHne Npu onpeaesieHNN TOro, HacKosIbKO JIErKO NOPOLLIOK NePexoAnT B a3p030JIbHOE COCTOSHME.

HaHouacTuubl, BK/TIOYEHHbIE B TBEPAYIO MaTpuULly, Bpag /v 6yayT BbICBO6OXAATLCS Mpn 06paboTke Ta-
KUX MaTtepuasnoB, XOTA 3TO BO3MOXHO, eCv Martpuuly nogsepratoT MHTEHCUBHOMY MeXaHU4YecKoMy 1 TepMu-
YeCcKOMy BO3[eliCTBUIO, HanmpuMep Mpu peske MaTepuasia WM ero usmesbuyeHUn. XXugkue cycrneHsumn c
HaHoyacTMLaMu He 6yyT OKasbiBaTb NPSIMOro BO34eiCTBMA Npy BAbIxaHUN. OfHAKO TOHKOe pacrblieHne Ta-
KUX cycrneHsunii 6yaeT NpMBoAUTbL K 06pa3oBaHNIoO HAHOa3po30/1eil. B npuHumne, YacTulbl MOTyT NOBTOPHO MO-
nacTb B BO3[4yX W3 CyxXMX OCafKOB, XOTA e€CTb COMHeHus, 6yAyT /M BO3MYLLEHUS U ABUXEHWe BO3fyxa
[0CTaTOYHO MHTEHCMBHBLIMU, YTOGbI B HErO Nonasio 60/1bLIOe YACI0 ANCKPETHBIX YacTul,. MoaobHbIM o6pasom
B HEKOTOPbIX C/iydasaX NOBTOPHOe nonagaHne HaHo4acTuuy 13 OT/IOXEHWU NMOopoLKOB HaHO4YacTuL B BO34yX MO-
XeT npuBecTy K 06pa3oBaHnio HaHOa3POo30/1eli.

MpuMepbl NOTEHUMabHBIX NCTOYHNKOB HEKOTOPbIX FPYNN HAaHOa3po30/1eil B MPOM3BOACTBEHHON cpeae
npuBegeHbl B Tabnuue 1.

Ta6nuya 1— MNpumepbl NOTEHLUNANbHBIX NCTOYHUKOB HAHOA3p030/eli B MPOU3BOACTBEHHON cpeje

pynna aspo3onei McToYHMK
Aapo3onun, ob6pasywumne- PaduHuposaHne metannos — B LENOM

CcA B BbICOKOTEMMepaTypHbIX MnaBka antoMUHUA

npoueccax Mnaska cTanu
MnaBka xenesa
FanbBaHusauma
Csapka
Peska

Peska MeTannoB — B N1aMeHy BbICOKOTEMNepaTypHON ropesnku
Pe3ka meTannos — nasepHas

Tepmuyeckoe pacnbl/ieHNe NOKPbITUS

MpurotoBnexHne nNuiym

MpuMmeHeHne ropsyero Bocka

Asposonu, obpasywuue- [vnsenbHble gsuratenu
cA Npu ropeHun BeH3nHOBbIE ABUraTenu
[asoBble gBuratenu
CxuraHune (Hanpumep, TONJIMBa Ha 3/1EKTPOCTAHLUAX, PN OTONNIEHNUU, NPU Kpema-
uum)
[a3oBble 0OTONUTE IbHbIE NPUGOPLI

A3p0o30/IM B BO34yXe 3a- A3po30/b, 06pasylluniics B pesynbtate peakuuii razoo6pasHbix/napoobpasHbix
MKHYTbIX NOMeLeHuii Bbl€/1€HUI OPTTEXHUKM, MOIKLLUX CPeACTB U CTPOUTE/IbHLIX MaTepnasios ¢ BOLOM, 030-
HOM W Apyrumu rasamu/napamu
Monaganue aspo3onei n3 atmocdeps

A3sposonu, ob6pasyloujue- BblICOKOCKOPOCTHOE M3MesibYeHne n o6paboTka
cA B NpoLiecce MexaHnyeckoi BblICOKOCKOPOCTHOE CBep/ieHne
o6paboTkn matepmanos

Aaposonn, o6pasywuime- MonyyeHne TexHUYeCcKoro yrnepoga
cA Npu nNnamMeHHoOM HaHece- MofydeHne TOHKOLWCNEPCHOTO A4UOKCMAA TUTaHa
HUW MOPOLIKOBbIX MOKPbITHI Mony4eHne BbICOKOANCNEPCHOTO AMOKCUAA KPEMHNS

MonyyeHne BbICOKOANCNEPCHOrO OKCUAa afltoMUHUA
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OKOH4YaHMe Tabnuybl 1

pynna aspo3sonei McTouHnK
Aspo3onu, obpasywume- O6paboTka NOPOLIKOB HAHOYACTUL,
ca npu o6paboTke maTepwua- O6paboTKa CyXMX OCTATKOB KOJIIOUAHbIX pacTBOPOB
nos
A3p03071M B HAHOTEXHO- Mpon3BoACTBO yrnepoaHbIX HAHOTPYGOK
nornu MonyyeHne HaHoYacTuUL C 3afaHHbIMK CBOiICTBaMMN B ra3oBoil ase

O6paboTka N NpYMeHeHne NOPOLIKOB HAHOYACTUL, C 3a/JlaHHbIMW CBONCTBaMMU
A3po3onb, o6pasyLwniica ns cycneHsnin, pacTsopos u nact

6 OueHKa BO34eCTBMS HAaHOA3PO30/1e Ha PaGOTHUKOB NMPOMbILIEHHbLIX
npeanpuaTnii

6.1 Cnocobbl oueHKNn BO3aeNCcTBUS

6.1.1 BBepeHue

MprMeHeHMe anbTepHaTUBHbIX NokasaTtesieli BO3A4eNCTBMA aspo30/ieli Heo6xoaMMo paccmaTpusaTb B
Tex criyydasix, Korga mexay BANSHUAMN Ha 340PpOBbe 1 CBONCTBaMM asp030/15 CYLEeCTBYIOT Apyrve B3anMOCBS-
31, KPOMe 3aBUCMMOCTM OT MacCOBO KOHLUEHTpauun. HekoTopble U3 3TUX BO34ENCTBYOWNX BENNYNH TPYAHO
M3MepUTb NPAMbIM METOAO0M, U MOXET NoTpeboBaTbLCA UX OnpeaesieHne NyTeM OLEHKN APYTrnX Nerko nsmepse-
MbIX BE/IMYUH. NprMMeHeHne 60/1bLUNHCTBA METOA0B OrPaHMyYeHOo NPOAO/HKNTEIbHOCTBIO NPOBEAEHUS n3mepe-
HUWIA. HanpumMep, paboyeli cMeHbl. Bonee TOro, 60NbLLWNHCTBO UMEIOLWMXCA CPEACTB U3MEPEHUIN N YCTPOUCTB
oTtbopa Npo6 He cOBCEM MPUrOAHbI A1 UCNOMIb30BaHUA B KauecTBe NHANBUAYa/IbHbIX YCTPOUCTB.

BO3MOXHOCTWN MOMYyYEeHUSA KOIMYECTBEHHOW OLIEHKM 1 XapaKTepUCTUK BO3AeNCTBNS HaHOaspo3onel Ha
KOHKPETHOro paboTHUKa NPOMBbILLNEHHOTO NPeAnpPUATASA C NOMOLLBIO NMPSAMbIX U3MEPEHNN OrpaHUyYeHbl BBUAY
OTCYTCTBUA COOTBETCTBYIOLWMX NpnoopoB. OfHAKO NCMNONb30BaHNe CTauMOHapHbIX YCTPOUCTB, paboTaroLwmx
«Ha MecTe» B COYeTaHUW C aHaIM30M Npob, cobpaHHbIX 3a KOPOTKOE BPEMS C MOMOLLBIO MHANBUAYATbHBIX
npo600TO6OPHNKOB, B COOTBETCTBUM C MNOAXOAALLEN MeTOAMKOW, MOXeT ObITb MOMe3HO ANA nosyvyeHus
COOTBETCTBYHOLMNX AAHHbIX MO BO34ENCTBMIO HaHOa3po30s1eil Ha PaboOTHUKOB.

BO3MOXHOCTb NPUMeHeHUS faHHbIX, NOyYeHHbIX C MICMO/Ib30BaHNeM CTaLMOHapHbIX MPO6G00TO0PHUKOB
1 KpaTKOBPEMEHHOro oTéopa npob, AN OLEeHKN BO34elCTBUSA Ha PaBOTHMKOB OrpaHuyeHa u3-3a U3MeHeHui
XapakTepuCTUK asp0o30/1eil B 3aBUCMMOCTUN OT PACCTOAHUA OT UCTOYHMKE, NPUBOAALLNX K NPOCTPAHCTBEHHBIM U
BPEMEHHbIM M3MEHEHUSIM MacCbl a3p030/1 MU CHETHOW KOHLleHTpaumun. MOCKO/IbKY BbICOKOTEMMNEpaTypHble
npotecchbl, NpMBOAsALIMe K 06pa3oBaHNio 3apoAblLleil YacTuL, MOryT BbI3BaTb U3MEHEHUSI CKOPOCTY Bblaese-
HUA HAaHOYaCTUL, N NX COAEPXKAaHUSA, TO MOXET MMeTb MECTO U3MeEHEHWE BO BPEMEHN MacCbl, CHETHOM KOHLLEH-
Tpauuu 1 pacnpegenieHns 4yacTtuy no pasmepam. VI3MEHUMBOCTb 3TUX MapameTpoB BO BPEMEHU, a Takxe
Hannumne HeCKO/IbKUX UCTOYHNKOB Bble/lIeHNs1 HaHOYacTUL, B paboumx 30Hax UABMXEeHU BO34yXa, BbI3BaHHbIX
NPUHYAUTENBHOW BEHTUNALMENR, ByayT Takke OTpaXaTrbCs Ha MX U3MEHEHUSX B NpocTpaHcTBe. Kpome Toro,
paboTHMKM YaCTO NepemeLlatoTCs U3 OA4HOM paboyeii 30HbI BAPYTYHO, YTO NPUBOAUT K C/IOXKHbLIM KapTuHam npe-
6blBaHVSA B BbIOpaHHbIX MecTax oTbopa npo6. BcneacTBre aTOro xapakTepucTukM BO3AeCTBUA adpo30sien,
onpepenieHHble B QUKCUPOBAHHbLIX TOUKax, He MOryT 6bITb O4HO3HAYHO NPUMEHEHbI A5 OLEHKN BO3AeNCTBUSA
Ha KOHKPEeTHOro paboTHMKa 6e3 TlwaTeslbHOro pacCMOTPEHUS.

[ns obneryeHns cpaBHeHWs AaHHbIX MO BO34ENCTBUIO HAHOA3PO30/1eil credyeT Takke NPUMEHSITb 06LLe-
NPUHATBIR CNOCo6 NpeACcTaBNeHNs pPe3y/1bTaToB OLEHKN BO3AECTBUSA HA KOHKPETHOro paboTHUKa B BUAe CpeaHe-
CMEeHHbIX 3Ha4YeHWi 4715 BOCbMNYacoBOl CMeHbl [54]. BcreAcTBre 3TOro, No BO3MOXHOCTW, pe3y/ibTaTbl OLEHKN
BO3/eliCTBUSA, NOSyYeHHble Ha OCHOBE KpaTKOBPEMEHHbIX U3MEPEHUI, AO/KHbI ObITb NepecynTaHbl Ha pabouyto
CMeHy NyTeM BbIYNC/IEHUA CPeAHEB3BELLEHHOIO N0 BPEMeEHM 3Ha4YeHUsA. Bo Bcex cnyyasnx, koraa uesnbto uccnego-
BaHWli AIBMISIeTCSA KpaTKOBPEMEHHOe BO3ZelicTBMe, JOKYMEHTMPYIOT NPOAO/DKATE/TbHOCTL U MPUBA3KY M3MepeHni
KO BpemeHW. Mpu oLeHke BO3AeNCTBUSA Ha OCHOBE KPaTKOBPEMEHHbIX N3MePeHNiA peKOMeHAYeTCs BPeMEHHOM H-
Tepsan 15 MMH B COOTBETCTBMMU C OObIYHO UCMNONb3YeMbIM B 06/1aCTU MPOMbILLIEHHOW MMIEHbI.

6.1.2 PaccmoTpeHne cnoco60B OLEHKM BO3aelicTBUSA

MocKoNbKy OLEHKY BO34ENCTBUSA Ha KOHKPETHOro paboTHMKA NPenmyLLecCTBEHHO MPOBOAAT MO AaHHbIM,
NosyYeHHbIM C NCMOMb30BaHNEM CTaLMOHAPHbIX MPO600TOOPHUKOB, AO/DKHbI ObITb YUTEHbI HEKOTOPbIE (hakTo-
pbl 40 1 BO BpeMsi NpoBeZeHNs OLeHKN Bo3aeicTBus. B Tabnuvue 2 npuBefeHbl 3TN hakTopbl U NpUMepbl Npu-
rogHbIX Npr6opPoB.

13



FOCT P 54597—2011/ISO/TR 27628:2007

Ta6nuuye 2— dakTopbl, paccMaTpuBaemble [0 U ao BpeMsi NpoBejeHns ot6opa npo6
dakTop Llenb CpepgctBa
MNCTOUHMK NpeHTudUKauna n onpeaenexHme mec- KoHfeHcaluMOoHHbIE CYEeTUMKM YHacTuy,

YcnoBua BEHTUNALUN

[leaTenbHoCTb B pabo-

TOHaxoX/jeHus B paboueii 30He ogHoro/He-
CKOMbKNX UCTOYHUKOB) 06pasoBaHns Ha-
HOa3po30/ieil UM naeHTudukayma aspo-
3oneil. nonagawwmnx B pa6oyylo 30HY U3
okpyxatuieli cpeabl gna Bbibopa mect(a)
oTtbopa npob

PerncTpauusi xapakTepucTuk notoka
BO3Jyxa U nepemelyeHns asapo3oneit B pa-
6ouyeit 30He

MHTepnpeTauna faHHbIX, MNOMyYEHHbIX

(CPC); peructpauus HabnwaeHuii 3a ges-
TeNbHOCTbIO. NMPUBOASALWEN K BblAENEHUIO
HaHoasapo3onel

AbiMoBas Tpy6ka; aHeMOMeTpbl; UHAK-
KaTopHbIi ra3. Peructpayns HabnwogeHuni
3a OTKpbITUEM ABepeit v T. 4.

MpoTokonbl HabnoAeHUs, perncTpayms

yeii 30He C NOMOL b0 NPMGOPOB C NPAMbIM OTCHETOM  HabnoAeHnli 3a AeATeNbHOCTbIO, NPUBOAS-
AN 06HapyXeHUs U3MEeHEeHUn xapakTepuc- LWei KobpasoBaHuo HaHoaapo3soneii; CPC

TWUK BO3AelcTBUS
feaTenbHocTb pab6oT- WNHTepnpeTauna pasnuunii B cogepxa- MpoTokon HabnwgeHus; peructpaynsa
HUKa HUM a3po30neli B NPOCTPAHCTBE C y4eTOM Hab6nAeHud 3a MecToHaxoxXAeHueMm pa-

BPeMEeHN UX HaxoXAeHUs B pa3HblX MecTax

60THUKOB OTHOCUTE/IbHO WCTOYHUKA Bblje-

NeHns HaHoaapo3onei/mectaoT6opa Npobd

Bbl6op noaxoasLero Mmecta uam mecT otéopa nNpo6 siBASIETCA OCHOBHbLIM (DaKTOPOM A/151 HAZEXHOW WH-
TeprpeTaunun AaHHbIX NP OLleHKe BO34eNCTBUS Ha KOHKPETHOro paboTHMKa. Bo-nepBbIX, AO/MKHbI O6bITb NAEH-
TNOMUMPOBaHbI NCTOYHUKU BbIAE/IEHNA HaHOaspo30/eil, Haxoaswmeca B paboueli 30He. Mpu Hannuumn
OZIMHOYHbIX N MHOXECTBEHHbIX UCTOYHMKOB HEOBXOAMMO YCTaHOBUTbL CBA3b MeX/Yy BblAe/leHNeM aspo30/1si U
[eATeNbHOCTbIO, OCYLLECTBNSAEMOM B paboyeli 30He. KpoMe TOro, He06X04MMO NPOBEPUTL, B/IMSAIOT SN BHELL-
HMe UCTOYHUKKN (HanpuMep, NPOMbILWIEHHAA AEATE/IbHOCTb, JIOPOXHOE ABMXKEHNE N T. 4.) HA coAepXaHue as-
po3osieil B BO3ayxe 3aMKHYTOro nomMelleHusi. CreyeT onpeaenvtb (OOHOBOE cofepxaHune asapo3oneii. C aToi
Lesiblo MOXHO MCMO/b30BaTb NOPTaTUBHbIE CPEACTBA M3MePEHU CHETHOM KOHLLeHTpaL M1 YacTul, Takme Kak
KOHAEeHCaLUMNOHHbIe cyeTumkn (CPC). Npy yCcrioBumn, YTO CyLLECTBYET XOPOLLUEee COOTHOLIEHNE MEXAY FreHepupy-
eMbIM a3p030J/1eM C pa3mMepamMy YacTul, B npegenax paboyero gnanasoHa CPC 1 HaHo4YacTMLaMun B BO3ayXe.

Bo-BTOPbIX, JO/MKHbI GbITb M3BECTHbI AeNCTBUTENbHbIE XapaKTePUCTUKN NOTOKa BO3Ayxa, U B naeasne
OHW AO/DKHbI HEMPEPLIBHO KOHTPO/IMPOBATLCSA, MOCKO/bKY OHU ByAyT onpeAensiTb NPOCTPaHCTBEHHYHO, a Tak-
e BPEMEHHYI0 M3MEHUYMBOCTbL aapo30sieli. Bocco3galoT u B ngeane KOHTPOANPYIOT CTPYKTYPY peasibHOro rno-
TOKa BO3A4yxa, MOCKOMbKy OHa GyaeT onpefensaTb U3MEHEHUs COAEpPXaHUA alspo3osieli B NMPOCTPaHCTBE U
BpemMeHU. MpeanoyTUTE/IbHO NOMYUYUTh BU3yasibHOE O0TO6paxeHne BO3AYLIHbIX MOTOKOB. OgHako Hambonee
noaxoaswme Ans 3Toro npmbopbl, reHepaTop AbiMa UAn AbIMOBYHO TPYOKY, HEMb3S MCMNO/Ib30BaTb OAHOBpE-
MEHHO C U3MepPEHUSIMU, NOCKO/IbKY OHU NPeACTaB/IAKT CO6OM reHepaTop aspo3osis. Bo BpemMs namepeHuii xa-
PaKTepPUCTUKN MOTOKa TakXe MOryT 6bITb OnpefesieHbl Ha OCHOBE rpachKoB 3aBUCMMOCTU CKOPOCTM NMOTOKOB
BO3/4yXa OT BPEMEeHU, NpeAnoyYTUTesIbHO N3MEPEHHON C MOMOLBI0 aHEMOMETPOB HarnpasB/IEHHOTO AeACTBUS.
OpfHako 3TOT NoAxo4 ABMAeTCs 3aTpaTHbIM C TOUKW 3pEHUS BPEMEHU W npuiaraembiX yCUnumin. PesynbTathbl
onpegeneHns ycioBuii BEHTUNSALMM C UCNOMb30BaHNEM UHAVKATOPHOTO rasa AatT HEKOTOPYHO 06LLyo MHAOpP-
MaLmio 0 ABWXEHNN BO34yXa, Hanpumep 0 KPaTHOCTU BO34YyX00O6MeHa, HO He KOHKPETHYI0 MHAopMaLMio O Ha-
npasneHnax n paykTyaumnax notoka Bosgyxa. XapakTepmMcTUKN NoToka Bo3Ayxa, HanpumMmep ero HanpaefeHne
MO OTHOLLEHUIO K UCTOYHUKY HaHOYaCTUL, U MeCTY oT60opa Npo6, 0YeHb BaXHbI 415 Bblbopa MecTa oT6opa npo6
WNN MHTepnpeTauun BO3AeNCTBMA HaHOa3apo3o0s1eli Ha paboTHMKa. B Lenom mecto ot6opa nNpob AO/HKHO Mo
BO3MOXHOCTU Hanb0siee TOHHO OTpaxaTb MecTONooXeHe paboTHMKa, XOTS FPOMO34Koe 060pyA0BaHe MO-
XEeT ero 3aropoanTb, B CBSI3N C YeM NOTpebyeTcsi BbIGOP APyroro Mecta otéopa npo6 (Bbille Uam HUXe Mo rno-
TOKY OT UCTOYHMKA).

Mpu oueHke Bo3aelicTBUA Hab1O4AI0T 32 BCEMU BUAaMU AeSATE/IbHOCTU B paboyeil 30He A5 NosyyeHus
[0NOMHUTENBLHOW MHbOPMaLUUK, KOTopas MOXeT ObITb NOJSIE3HONM NpU HTepnpeTaummn pesynbTaToB, NOSy4YeH-
HbIX C UCMOIb30BaHNEM CTaLMOHAPHbIX MPO6G00THOPHUKOB. JONONHUTENbHASA MHOPMAaLUSA MOXET OTHOCUTb-
CSl K ApYruM Bugam AeATesIbHOCTW, MpuBOAsLleli K 06pa3oBaHNI0 MaHoYacTuL, Hanpumep MCMnosib30BaHue
PYYHOrO MHCTPYMEHTA, BbIX/10MNbI ABUraTesa aBTONorpy3ymnka ¢ BUI0YHbIM 3aXBaToOM, KypeHune Ui BTOpUYHbIe

14



FOCT P 54597—2011/ISO/TR 27628:2007

WCTOYHVMKU, TaKUe Kak NOBTOPHOE NonajaHune 0CeBLUNX a3p030sieli B BO3AyX B pe3y/bTaTe ABMXEHW paboTHU-
Ka, ero AecTBuii N ABMXEHWI BO3AyXa, BbI3BaHHbIX aBTOTPAHCMOPTHLIM CPeACTBOM. XOTS NMOBTOPHO B BO3-
[yx 6yayT nonagatb OTHOCUTENLHO 60siee KPYMHbIe YacTULbl, OHY MOTYT y4acTBOBaTb B 3axXBaTe HaHOYacTuL,
13 Hero.

W HakoHel, crefyeT KOHTPONIMPOBATb U3MEHEHWST B MOJIOKEHUN PabOTHMKA OTHOCUTE/IbBHO UCTOYHMKA U
npo6Go0T6OPHMKA BO BpeMsi NepepbIBOB B 0TGOpe Npo6. YcpeaHeHHble B COOTBETCTBUM CO CBOUMU BecamMu pe-
3y/IbTaTbl MHOFOKPaTHbIX OTGOPOB NPO6 B HECKO/bKMX TOUKAX MOTYT 6bITh MCMO/b30BaHbI /151 OLEeHKM BO3aeil-
CTBUSI Ha KOHKPETHOTO paGoTHMKA.

6.1.3 OT60p Npo6

Kak onucaHo B 6.1.1, He CywecTBYeT CneumaibHbIX YCTPOCTB A1 onpeaeneHms BceX Heo6X0AMMbIX
XapaKTePUCTNK BO3AENCTBNSI HAHOA3PO30/1E HA KOHKPETHOro paboTHMKa. B Tabnuue 3 npuBedeH nepeyeHb
CYLLEeCTBYHOLLNX NPUBOPOB U METOANK ONpesesieHUs1 XxapakTepuCcTUK HaHOa3pOo30s1eil.

Ta6nuuya

Mokasatenb

Macca

Yucno yactuy,

Mpn6op

MHauBnayanbHblii Nnpo600T-
6OpHUK ANS CENeKTUBHOro Mo
pasmepam oT6opa yacTuy

CTaumnoHapH»blii npo6ooT-
6OpHUK ANA CeNnekTUBHOro no
pasmepam oT6opa yacTuy,

Bn6paumnoHHbIe MUKPOBECHI

C  KOHUYECKUM 3/1EMEHTOM
(TEOM)
CKaHupyowni (nowaro-

Bblil) knaccudmkaTop noABUX-
HoCcTK yacTuy (SMPS)

JnekTpuyeckuii  MmnakTop
Hu3koro gasneHus (ELPI)

KoHAeHcalyoHHbI cueTunk
yactuy (CPC)

CkaHupytownia (nowaro-
Bblil) knaccugukaTtop noaBMX-
HOCTU YacTuy (SMPS)

3 — O6wepocTynHble Npubopbl U METOAUKN KOHTPONS BO3A4ENCTBUSA HAHOA3pPO30/ei

KommeHTapwii

B HacToswWwee BpeMs He cyl,ecTByeT npu6opos, pa6oTa-
I0WNX B ONEepaTMBHOM pexume, obecrneuynBalLnx onpejae-
neHve gpakynm yactuy ¢ pasmepom meHee 100 HM. Heo6-
XO4UM HEe3aBUCWMMbI/i aHaNnW3 rpaBUMETPUYECKUMU UNU XU-
MUYECKMMN MeTogamu.

Macca MoxeT GbITb onpejAeneHa no pesynbrtatam onpe-
feneHns gpakuMoHHOro coctaBa (CM. HUXe)

EAVHCTBEHHbIMK Npu6Gopamu Ana onpeAeneHns yacTuy,
pasmepom meHee 100 HM ABNAIOTCA KackajHble UMNAKTOPbI

YyBCTBUTE/bHbIE YCTPOWCTBA HEMPEPBLIBHOTO M3MeEpe-
HUSI B PEXVWMe peasbHOro BPeMeHW, Takme Kak BUGpaLuoH-
Hble MUKPOBECHI C KOHUYeckum anemeHTom (TEOM). moryT
NPUMEHATLCA 415 UBMEPEHNUIT MACCOBO KOHLEeHTpaLum Ha-
HOA3pP030/1ell NPU HANMMUMU BXOLHOI Hacaaku, obecnedynsa-
loueii ceNekTUBHbI 0T60P YacTUL, B COOTBETCTBUM C UX pas-
Mepom.

OnpepeneHne cHeTHOW KOHLEHTpaLWUW YacTul, B pexmme
peanbHOro BpeMeHW CefleKTUBHOE OTHOCUTE/NIbHO UX pasMe-
pa (gnameTtpa noAaBWXHOCTM). [laHHble MOryT 6bITb npea-
CTaB/IEHbl B ejMHNLaX MacCcOBO KOHLEHTpaLnm aspo3ons,
TOMbKO €CNy WM3BECTHbl WAKM npeanonarawTca dopma u
NAOTHOCTb YacTuy,

OnpegeneHne NOBEPXHOCTHOW KOHUEHTpauunW YacTuy B
pexume peasbHOrO BPEMEHU, CENEeKTUBHOE Mo pasmepam
(aspoguHamuyeckoro guametpa). Pesynbtarbl MOryT 6biTb
npeAcTaBneHbl B 4MHULAX MACCOBON KOHLEHTpauuy aspo-
30/15. TO/IbKO €C/IM NPeAnofiaraloTCa U U3BECTHbl 3apsig u
NMOTHOCTL YacTuy,. Mpo6bl, cogepxalymne yacTuybl onpege-
fIeHHbIX pa3MepoB, 3aTeM MOryT 6biTb NPOAHANN3UPOBAHbI
He3aBnUCUMO

KoHaeHcaluoHHble CHETUNKM YacTuL, o6ecneynBaioT n3-
MepeHue CUeTHON KOHLEeHTpaLun YacTuly B pexume peasb-
HOro BPEMEHMW C AMamMeTpoM B npejenax paboyero gnanaso-
Ha nsmepeHuii. bes ycTpoiictea npegBapuTenbHOro pasge-
NIEHUS YacTul, No pa3mMepam CHeTYMKN He ByAyT CenekTUBHbI
N0 OTHOLEHNIO K YacTuL,aM C pa3sMepom B HaHoAManasoHe (B
HacTosilee BPpeMs He cyllecTByeT yCTPOICTB ANs npejBsa-
pUTENbHOTO pas3AeneHns HaHo4acTuL)

OnpepeneHne cHeTHOW KOHLEHTPaLMN YacTul, B pexume
peanbHOro BpeMeHU, CeNIeKTUBHOE No pasmepam (guameTpa
NOABUXHOCTU)
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OkKoH4YaHue Tabnuubl 3
Moka3aTenb Mpu6op

Uucno vactuy AnexTpuyeckunii ubInakTop

Hu3koro gasneHus (ELPI)

OnNTUYECKNiA cHeTUYUK vqactuny

ONeKTPOHHbI MUKpOCKon

Mnowapgb  no- CkaHupyowunii  (nowarosblii)

BEPXHOCTH knaccucukaTop  NOABMXHOCTU
yscTul (SMPS)

dnexTpuyeckuni ubInakTop

Hu3koro gasneHus (ELPI)

MapannenbHoe ucnonb3oBa-
Hue SMPS un ELPI

Anddpy3noHHbI HarHeTa-

Tenb

D/1IeKTPOHHbIA MUKpoOCKonN

KommeHTapwii

OnpepeneHne NOBEPXHOCTHOW KOHLEHTpauMn yacTuy B
pexume peasibHOrO BPeMeHW, CenekTUBHOe No pasmepam
(aspogmHamunyeckoro guametpa). Pe3ynbtatbl MOryT 6biTb
npeAcTaBfeHbl B eAUHNLAX CHETHON KOHLEeHTpayum.

Mpo6bl, copepxaline yacTulbl ONpejesfieHHbIX pasme-
poB. 3aTeM MOTYT GblTb NPOAHANN3NPOBAHbLI HE3aBUCUMO

OTW CYETUYUKU HEYYBCTBUTE/bHbI MO OTHOLWEHUIO K Yac-
Tnuam gunameTpom mMeHee npubnusutenbHo 100— 300 HM ©
NO3TOMY HENpPUroAHbl AN KOHTPO/S COAEpXaHUs HaHouyac-
™y,

AHanu3 npo6 noj 3N1EKTPOHHLIM MWKPOCKONOM B aBTO-
HOMHOM pexXuMe MOXeT 06ecneynTb MHPOPMAaLNI0 O CYeT-
HOI KOHLEHTpauWu 4yacTul, aspo3oss onpejeneHHoro pas-
mMepa

OnpepeneHne CHeTHOW KOHLEHTPaLUK YacTuUL, B pexume
peanbHOro BpeMeHu, CeNeKTUBHOE No pa3mMepam (guameTpa
noABMXHOCTK). B HeEKOTOpbIX cnyvasx pesynbTaTbl MOTyT
6bITb NepecynTaHbl B e4WHULbI NIOWAaAN NOBEPXHOCTH Yac-
TV a’3po3ons. Hanpumep, nokasaHo, YTo AuamMeTp NOABUX-
HOCTW CcBOGOAHBIX arnomepaToB XOPOWO COOTHOCUTCA C
npoeuupyemoii nnowaabo noBepxHocTu [3]

OnpepgeneHve NOBEPXHOCTHOW KOHLEHTpaLMM YacTuy B
pexume peanibHOr0 BPEMEHW, CENIeKTUBHOE MO pa3Mepam
(aspogmHamuyeckoro guametpa). Mpu pasmepe yacTtuy 60-
nee 100 HM nnowajb aKTUBHOW NOBEPXHOCTU HENMb3A HaNps-
MYyl0 COOTHECTU C reomeTpuyeckoii naowazblo NoBepxHoC-
™.

Mpo6bl, cogepxalyne YacTULbl ONpeAesieHHbIX pasme-
poB, 3aTeM MOryT 6biTb MpOaHaNN3NPOBaHbl HE3ABUCUMO

Pas3HOCTV N3MEepPeHHbIX fMaMeTpoB a3poAMHaAMNYECKOro
M NOABMXHOCTM 4acTul, MOryT 6biTb WCNOJSIb30BaHbI ANA
OLeHKM (hpakTasnbHbIX pa3MepoB 4acTul, KOTopble 3aTem
NPVUMEHSIIOT NPW OLLeHKe NoWagn NOBEPXHOCTU

N3mepeHune nnowajnm akTUBHOW NOBEPXHOCTM 4acTul B
pexume peanbHOro BpeMeHu. Mpu pasmepe vactul 6onee
100 HM nnowajb aKTUBHOW NOBEPXHOCTU Hefb3A HanpAMyo
COOTHECTU C reomMeTpuyeckoil nnowajbio MNOBEPXHOCTHU.
Cnepyet OTMETWUTb, 4TO He BCe CEPUIHO BblMyCKaemble
AN dy3MOHHbIe 3apsaHble yCTpoOicTBa MMeT Ha Bbixoje
CuUrHan, nporpajgyvmpoBaHHblii B e AUHMLAaX aKTUBHOW naowa-
AN NOBEPXHOCTM YacTul, Npu pasmepe uacTul, MeHee
100 HM. Anphy3noHHbIE HArHeTaTenn cenekTUBHbLI TONbKO
No OTHOLWEHWIO K HaHoyacTuLaM, ec/iu BMeCcTe C HUMU Ha
BXOZE WCNONb3ywT NoAXoAslWMe ycTpoiicTBa npeasapu-
Te/IbHOTOo pasfesneHns

AHanu3 npo6 B aBTOHOMHOM peXume C NOMOLLbl0 3/eK-
TPOHHOTO MUKpOCKONa MOXeT o6ecneynTb MHGOpMauuio o
naowasnn NOBEPXHOCTU YaCTUL, OTHOCUTE/IBHO MX pasmepa.
AHanu3 Ha TEM obecneuynBaeT npsmoe onpejeneHne nno-
wanm npoekuum cobpaHHbIX YacTul, KoTopas MOXeT 6biTb
cBfi3aHa C reoMeTpUYeckol nnouwafbld NS HEKOTOPbIX
dopm yvacTuy,

CyuiecTByOT Npu6opbl AN U3MEPEHUI MacCOBOW KOHLIEeHTpaLMM HaHoaspo3osieli B 06/1acTh AblXxaHus
pa6oTHMKa, KOTOPbIE MOTYT 6bITb NCMO/Ib30BaHbI [/151 ONpeAesIeHNsI CPEAHEB3BELLEHHbIX MO BPEMEHM 3HAYE-
HWIA MaccoBOW KOHLeHTpaumn. OAHaKO B HACTOSsILLee BPEMSI He CyLlecTByeT Npu6opoB, C MOMOLLbI KOTOPbIX
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MOXHO 6bI/10 6b1 KOHTPOIMPOBAaTbL MAacCOBYH KOHLEHTpaLuuo UCKIIUYMTENIbHO HaHoYacTuL, B 061acTu Abixa-
HMA paboTHUKA. MO3TOMY CTauMoHapHble NN NEPEHOCHbIE NPOB00TOOPHUKM CnefyeT UCNO/b30BaTb TO/IBKO B
TOM c/lyyae, ecim Heo6X0ANMO U3MepUTb A0/ HaHovyacTul,. CyllecTBEHHOe 3HayYeHve 4715 CBSA3W MOJyYeH-
HbIX Pe3yNbTaToOB C OLLEHKOlM YPOBHS BO3AelCTBUSA HA KOHKPETHOro paboTHMKa nmeeTt nHopmMaumsa o MecTe
oTbopa Npobbl MO OTHOLWIEHUIO K UICTOYHUKY, O ABMXXEHUN BO34YyXa U MECTOHaXOXAEHUN paboTHUKA.

HekoTopble Npubopbl AN1A N3MEPEeHUsT MOBEPXHOCTHOM KOHLEHTpauum 4acTul, pacCMOTpeHbl B 6.2.3.
OpfHako MeToAbl C MCNOMb30BaHMEM pe3ynbTaToB 60/bLIOI0 YMCNa N3MepeHuii MoryT faTb NpeaBapuTesb-
Hble faHHble 06 ypOBHe BO3AeliCTBMA Ha OCHOBE M/0Waan NOBEPXHOCTU C MUHVMa/IbHbIMU AOMOHUTEIbHbI-
MU YCUNNSAMMU.

Xvmunueckan n hmsmyeckas npupoga HaHoOaspo30/eil MoXeT ObITb yCTaHOB/EHA NPW aHann3e B aBTo-
HOMHOM pexume. CTPyKTypa, pasMmep 1 hopmMa YacTul, MOryT 6bITb onpeaesieHbl MeTO4aMUN 3N1EKTPOHHOW MUK-
pockonun (Ha SEM n TEM). OfgHako 3T MeToAbl aHa/in3a OYeHb YyBCTBUTE/IbHbI MO OTHOLLEHUIO K YPOBHIO
3arpyskv nNpo600TOOPHMUKA, NOITOMY AN1A UX NPUMEHEHUS Heo6X0AMMO TuaTeNbHO NoA6upaTb NPOAOHKU-
TeNIbHOCTb O0T60pa Npob (CMm. NpunoxeHue A). B kauecTse anibTepHaTUBbI 418 aHanu3a, NPoBOAMMOro B aBTo-
HOMHOM peXuMe, MOXHO WMCMOJb30BaTb UHANBUAYaSIbHbIE MPOGOOTOHOPHMKK, T. K. MPM 3TOM OT60P Npo6bl B
30He AbIXaHNSA MOXET J/Ierko peryimpoBaTbCsa C LeNbio NoNyYeHns Heob6XxoAMMOro A8 NpoBefeHns aHannsa
MaKCMasIbHOr0 YPOBHS 3arpy3ku. 3MeKTPOHHYH0 MUKPOCKOMNUIO YacTO MCNOJb3YOT B COYETAHUN C 3HEproguc-
NEepPCUOHHON PEHTreHOBCKOW WM CMeKTPOMeTPUYeCKOl CUCTeMOol AeTeKTUPOBaHWUA AN AOMOSHUTE IbHOM
MAEHTNUKALNN XUMNYECKNX COeOUHEHNIA.

6.1.4 Apyrne acnekTbl

Apyrve acnektbl oT60pa Npobd, kKpoMe BbIGOpa MecTa U MeToAukn otbopa Npob, T. e. Nog60p paboTHUKOB
UM paboumx MecT, BpeMs 1 NPOAO0/KNTENbHOCTL OT6opa Npob, 6yAyT B 3HAUUTEbHONM CTeneHn onpeaensatb-
CA HannumeMm MHopmaLmm 0 XxapakTepucTnkax nNpubopos, AaHHbIX (MMEeLWNXCca Uan npeanosaraembix) 06
M3MEHEHUN WHTEHCMBHOCTM BbIAE/NIeHNsS HaHOoaspo30seli N [AeHEeXHbIX CpeAcTB, Heo6GXoAWMbIX AN
npoBefeHns UccnefoBaHus.

6.1.5 Peslome

Kaxpablii U3 MeTOoA,0B M3MepeHUiA, ONUCaHHbIX Bbille, MMeeT CBOM HeAOCTaTKW, HO MPU UX UCMO/Ib30BaHNN
B COYeTaHUN MOXeT 6bITb NONyHEHO NepBOHaYa/ibHOe npegcTaB/ieHne O NPUCYTCTBUM HaHOaapo30seli B pa-
60u4eit 30He. MoryT 6bITb MAEHTUPNLNPOBaHbI NCTOYHUKN BblAENEHNA HAHOYACTUL,, OLeHEeHA cHeTHasA KOHLeH-
Tpauua n naowasb NOBEPXHOCTU HAHOYaCTUL, B ONpefesieHHOM Anana3oHe pa3MepoB, a Takxke, Ha OCHOBe
BbIGOPOYHbIX MPO6, MOTYT 6bITh ONpeAeneHbl HEKOTOPble XapakTePUCTUKN HaHoYacTul,. HabnogeHus Bo Bpe-
MA U3MepeHuli B YC/IOBUSX MPUMEHEHUS HeobXoAuMbl ONA YCTaHOBMEHUSA CBA3M MexAay pesynbraTamun
M3MepeHU U Pas/IMYHbIMU ABIEHUSAMMU.

WccnepoBaHma nokasanu, YTo B paboyeli 30He MPOUCXOAAT U3MEHEHUSA CHETHOM KOHLeHTpauum un pac-
npegeneHuns yacTul, No paamepam B NpocTpaHcTBe. M03TOMY UCMNO/Ib30BaHMe CTauNoHapPHbIX NPO600TOOPHNU-
KOB B (DUKCMPOBaHHbIX MecTax OorpaHu4mBaeT BO3MOXHOCTb WHTepnpetaunn pesynbTaToB UCCNefoBaHUA
BO3AelicTBMSA Ha pabOTHMKOB, MepeMeLLaloLLnXcsa Bo BpeMs oT6opa npob. flaxke AN pabOTHMKOB, HAXOAALLMNX-
CS Ha PUKCMPOBaHHbIX pabounx mectax, MHTepnpeTaunsa pe3yibTaToB, NOYYEHHbIX C MOMOLLBIO CTalnoHap-
HbIX MPOGOOTHOPHMKOB, MOXET ObITb B 3HAUNTE/IbHO CTENeHN HeTOUHOM. OAHAKO 06HaPYXXNTb HAHOA3PO30/U
B paboueil 30He 1 OLEeHUTb NX NOTEHLMa/IbHOEe BO34eliCTBME MOXHO, MPUMEHSS CMOCO6bI, ONUCaHHbIE BbILUE.

6.2 MeToAbl NONYYEHUS XapaKTepUCTUK aHcambneli yacTuy,

6.2.1 O6wwmre nosoxeHus

MeToAbl OLLeHKN U KOHTPOS NapamMeTpOB a3po30/1a pearnpyroT Ha MHOTMe YacTuLbl O4HOBPEMEHHO, Kak
npu aHanuse B pexnme peasibHOro BPpeMeHU, Tak 1 B aBTOHOMHOM pexume [55]. Yauie Bcero ato Hambonee
NOAXOAALLNIA 1 SKOHOMUYECKN IWDEKTUBHbIV MeTOA, A/19 MOHUTOPUHIa BO3AeNCTBNS adpo30/1eli C UCMosb30-
BaHMWEM KOMNAaKTHbIX Y HaAEeXHbIX N3MepuUTe/ibHbIX NPU6opoB. OAHAKO, UCXOAS U3 ONUCaHWs, 3TU MeToabl No-
3BONIAOT MOMAYYNTb XapaKTepUCTUKN aspo30sieli, ycpefHeHHble ANA BCEX YacTul, MO3TOMY OHW He MOryT
noAXoAnTb ANA KaXA0ro KOHKPETHOro cnyyas.

6.2.2 MaccoBasi KOHLeHTpaumsa

XO0Ta MMetoTCsa faHHble, CBUAETENIbCTBYOLME O TOM, YUTO MaccoBas KOHUEHTpaunsa SBAseTcs He Noaxo-
AAweli Mepoil Bo3aencTeus Ans 60/bLIMHCTBA HAHOA3PO030/1eld, He06X0AMMO PYKOBOACTBO MO MeTOANKaM 13-
MepeHUA. OCHOBaHHbIM Ha onpejesieHnn Macchbl YacTul, pa3paboTaHHbIM C Y4eTOM akTyaslbHbIX HOPMaTVBOB
no oT60py Npob 1 NpUHATON MeTogoNnorun. Korga n3BecTHo, kKakyto dopakumio 4acTul, aspo30/1s Heo6xXo4MMO
oTo6paTh, TPebyeTcsA yCTPONCTBO NpeABapuUTe/IbHOrO pasfesieHns YyacTul no pasMepam, obecneunBaolLee
NpPOXoXAeHVe aToM pakunn n yaaneHvne yactuy Apyrmx pasmepos U3 notoka Bo3gyxa. Vicnonb3oBaHue Tako-
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ro yCTpOiicTBa 4acTo He B/USIET Ha NOCNEeAYOWNA aHanM3, YTo No3BossieT BblIopaTb Hanbosiee NoaAXo4AWNIA
MeTo/[ aHanu3a. Hanpumep, npu aHann3e oTo6paHHO NPobbl MOXET 6bITb ONpeAe/ieHa Mmacca YyacTuy, nao-
Wwaab MX NOBEPXHOCTU WAN CHETHAas KOHLeHTpaums, C MOMOLLbI OMTMYECKOro AaTynka HernpepbIBHOrO Aeli-
CTBUSI UMW aHanu3aTopa MOoJIyHENPEPbLIBHOIO AECTBUS. B HEKOTOPbIX C/lyyasix MOXHO BblGpaTb MeTofn
aHanusa, BKIKOYaKOLWWIA NpeaBapuTenbHOE pasgefieHne Yactul,.

Ecnn n3amepsaroT NOBEPXHOCTHYHO KOHLEHTPALMIO YaCTUL, a UX POCT OBYC/IOB/IEH KYMY/ISALMOHHBIM PEXU-
MOM. TO MaccoBasi KOHLieHTpaLms YacTu1L, a3apo30/15 CyOMUKPOMETPOBLIX pa3MepoB Takxe byaeT onpeaensiTb-
CSl 3TUM peXxuMoM. B 3Tom cnyyae npefcraB/isieTCcs JIOTMYHbIM OT6MpPaTb a3po30/b C NOMOLLbIO YCTpOcTBa
npeaBapuTeNIbHOTO pasfesieHns YyacTul, No pasMmepam, 3afepXuBatoLLero YacTuubl pasmepomM 6osee 1 MKM.
OpHako ecnn Heo6xoaAnMMO 0TO6paTh YacTuLbl pa3mepoM mMeHee 100 HM, TO NOTPeBYHOTCA YCTPOMCTBO Npea-
BapuTE/NIbHOrO pasjefieHns 1 aHaIMTUYeckne cpeacTBa, afanTupoBaHHble K 3TOMy TpebGoBaHuIo.

OxmpaeTcs, YTO MaccoBasi KOHLLeHTpauns HaHo4YacTuu, 6yaeT HU3KOW, Mo KpaiHeli Mepe, No cpaBHEHUIO
C TaKOBOW A1 COOTBETCTBYOLWEeN pecnnpabenbHol pakumm. 310, BEPOSATHO, OyAeT Takke cnpasensiMBo u
0N aspo3oneli, 06pa3yoLLMXCca B BbICOKOTEMMNEPATYPHbIX Npoueccax (Hanpumep, f1aposB Npu NMTbe MeTan-
na), npuyem HamboblUMIA BKIaA B MaCCOBYHO KOHLLEHTpaumio 6yAeT 3a cUeT yacTul, pa3sMepom mMeHee 1 MkM. B
CBSI3U C 3TUM 4/151 NOlyHYeHUs [OCTaTOYHOrO KoinyecTsa MaTepuasna g/1s nocseAytoLero aHanansa Heobxoanv
BbICOKMIA pacxop npy oT6ope Npo6, 1 BpsA NN faxe Nyyline U3 MMeLWMXCsa B HacTosiLLee Bpemsi nobyauTe,
nei pacxoga Ans MHAMBUAYanbHOro otéopa Npob (C MakcMMaibHbIM pacxoAoM Bo3dyxa oT 10 Ao 15 n/mMuH)
MOXHO LUMPOKO UCMOMb30BaTb, KPOME CriyyaeB, Korga, Hanpumep, npeaen KO/MYeCTBEHHOro onpeaesieHns
MeToZa aHanM3a O4YeHb HU3KWIA, UYTO BO3MOXHO peasin3lyeTcsl Npu WCMNOJSIb30BaHWM MPUGOPOB C MNPAMbIM
OTCYETOM.

[na ot6opa Npo6bl C Maccoi HaHOaspo30/1eil, NpeBbilatoLeli npeaen KosIMYeCTBEHHOr0 onpeaeseHns
MeToga aHanusa, Heo6xoaANMbI, TaKMM 06pa3oM, cTalMOHapHble YCTPOICTBA C BbICOKMM pacxofoMm. XOTs Ta-
Kne yCTpoiicTBa MacCUBHbI, T[POMO3KM U paboTaloT Npu HanpsbkeHUW B CETM MepeMeHHOro Toka oT 115 go
230 B, cam npo600T6OPHUK (YCTPOCTBO NpeABapuTe/IbHOTO pa3fenieHns YyacTuy, no pasMepam u puabTpo-
fepxaresnib) MOXeT ObITb OTHOCUTE/IbHO KOMMNAKTHbLIM, €C/IM OH NpeAHa3HavYeH A1 oT6opa Npobbl YacTuy, pas-
MepoM MeHee 100 HM B oAuMH 3Tan. B HEKOTOpbIX Cnyyasix 3TO NO3BOAUT O6/erinTb pasmelleHue
npo600T60pHMKa B 30HE AbiXaHus paboTHUKa.

B HacTosilee BpeMS He CyLLeCTBYeT CEPUITHO BbliNyckaeMbix MPO600T60PHUKOB A1 0T6opa YacTul, as-
po3oneii pasmepom MeHee 100 HM B NPOM3BOACTBEHHON cpese. B npuHumMne Ansi oT6opa YacTul, aapo3ons
pasmepoM MeHee 100 HM MOXHO MCMO/Mb30BaTh CYLLECTBYIOLME NPUOOPbI, TakMe Kak UMNakTopbl WK LUKI0-
Hbl. HO MNPV AOCTATOYHO BbICOKMX 3HAYEHUSX pacxoja Bo3ayxa, XoTs pabota Npo600TO60PHMKA B TaKMX YCNOBU-
SIX [O/KHA ObITb OLEHeHa Ha COOTBETCTBME YCTaHOBJ/IEHHbIM TpeboBaHUsSIM. B kKauecTBe a/ibTepHATMBbI
MOXHO MCMO/b30BaTb KacKaAHbI MMMNaKTOP HU3KOrO AaBJIeHUs C rpaHuueli otaeneHmsa dpakuymim 100 HM.

6.2.3 TloBepxXHOCTHasaA KOHLeHTpaunsa yactul,

XoTs paHee nnowaab NOBEPXHOCTU 3€PHUCTbIX MaTepuasioB onpeaesnsiin BaBTOHOMHOM PEeXMMe MEeTO-
nom BET (33]. B HacTosiLwee BpeMsi NpubopbIl, NPUrofHbie AN onpeaeneHns naoLwaam noBepxHoCcTu asapo3os
B pabouyeii 30He, HeAOCTYMHbI AN15 LWMPOKOro noTpebneHns. Metog BET AOBO/BHO YCMNELIHO UCMOMb30BaIu
A0S onpegeneHns naowaam NoBepxHocTn aspo30/s. OgHako ANa aHaIm3a 3TMM MeTo40M Heo6XxoANMo oTom-
paTb AOCTATOYHO 60/bLUOE KOIMYECTBO BELLECTBa, a Ha N3MEPEHUs BAUSIOT MOPUCTOCTb YacTul, (B GosbLueit
WV MeHbLUeli cTeneHn) 1 NOAJ/10XKKa A1 0T60opa U yaepXXaHUs YacTul, 0CO6eHHO, eC/in KONNYeCcTBO OTGupae-
MOro BewecTtea Masio. MepBblii NpMGOP, CKOHCTPYUPOBAaHHbLIV cneynanbHO ANA onpegesieHns naowaan no-
BEPXHOCTM a3po30/s, — anudaHnomeTp [56]. STum npuGopom onpefensatoT DYKCOBY. WM aKTUBHYIO,
naowaab NOBEPXHOCTM YaCTUL, adp030/151 Ha OCHOBE M3MEepPEeHUsI CKOPOCTU MPUCOEANHEHNS PaAMOaKTUBHbIX
MOHOB. [10 CMX NOP HEU3BECTHO, KakMM 06pasoM B3aMMOCBS3aHbl N/oWab aKTUBHOW MOBEPXHOCTU YacTul, 1
UX BNIUSIHNE Ha 3[10POBbe, NPOSAB/IAIOLLIEECS B pe3y/ibTaTe BO3AeCTBMA Npu BAbIXaHWUW. [pn pa3Mepe vacTuy,
MeHee 100 HM aKTMBHas NOBEPXHOCTb ABNseTCA yHKUMel KBagpara AuameTpa YacTul, U. TakuM o6pasom,
ee. BEPOSATHO, MOXHO MCMNO/b30BaTbh B Ka4eCcTBe NnokasaTens nsjowajn BHELWHEN NOBEPXHOCTU HaHOYacTuL,.
OfHaKo npu pasmepe YacTul, 6o1ee NpUGAN3NTENBHO 1 MKM akTUBHasi NOBEPXHOCTL fiBAsieTcs oyHKUMel ana-
MeTpa 4YacTuu, U COOTBETCTBME C peasibHOWN MN/owWafblo NOBEepPXHOCTU He cobrogaeTca [57]. VismepeHune
njaowann akTMBHOW NOBEPXHOCTM 0ObIYHO HE YYBCTBUTE/IbHO K MOPUCTOCTU YacTul,. OgHako anudaHMomeTp
He COBCEM MOAXOAUT A5 LMPOKOrO UCMO/Ib30BaHUsA U3-3a NPUMEHEHUS PaAN0aKTUBHOIO MCTOUYHMKA.

AHaNIOTMYHbIN NPUHLUN U3MEPEHUIT MOXET 6bITb peasin3oBaH B a3p030/1bHOM AN Y3MOHHOM HarHeTa-
Tene/anekTpomMeTpe. B npubopax A5 HENPePbIBHOrO KOHTPO/A NIOWAAN NOBEPXHOCTU AN Y3NOHHO 3aps-
XXEHHbIX asp0o30/eil aTa KOMOMHaLVMA peann3oBaHa B U3MEPEHUN CKOPOCTU MPUCOEAUHEHUS MONOXUTENBHO
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3apsKeHHbIX YHUNOMAPHbIX MOHOB K YacTuLaM, Ha OCHOBaHUM KOTOPOI 3aTeM AenatoT BbIBOAbl OTHOCUTE/IbHO
nsowaam akTMBHOM NoBepxHOCTK YacTuy, [58]. Mocne HaBefeHUA 3apsga, 06bIYHO C UCMO/Tb30BAHMEM KOPOH-
HOro paspsifa, aapo30/b cobupatoT Ha HEPA (hnnbTp 1 B YUyBCTBUTENILHOM 3/1EKTPOMETPE U3MEPSAIOT 3apss
aspo30/14 Ha eAnHULY o6bema 0TobpaHHOro Bo3ayxa. [ipyrne cnocobbl HaBeAeHUA 3apsga aspo30/isa MoryT
6bITb NUCMOMB30BaHbI A1 U3YYEHUA XMMNYECKOrO cocTaBa MOBEPXHOCTU YacTul, a3po3ons. Hanpumep, doTto-
3/IeKTpUYecKoe HaBefeHue 3apsfa C WUCMNONb30BaHNEM WCTOYHUKA Y®P-u3siyyeHua pfaeT BO3MOXHOCTb
KO/IMYECTBEHHO ONpeaeniuTb NpucoeMHeHHble NoONULMKINYecKme apomaTnyeckmne yrnesogopogbl [59], [60].

B 3aBUcMMOCTU OT cnocoba HaBefeHUSA 3apsfa BO3HUKAET BO3MOXHOCTb BbISBUTb OLLIMOKM Npu oT6ope
npo6, ecnn YacTuLbl 0TOBGPAHHOIO aspP030/1A YXKE 3apsKeHbl NN BeJlKa BEPOATHOCTb HASIMUMA MHOXECTBEH-
HbIX 3apsA0B Ha O4HO YacTuue. B HacTosWwee BpemMsA MMeEETCSA Masio AaHHbIX O MPOBeAEHUN UCHEPNbIBAOLLMX
NPOBEPOK CEPUITHO BbINYCKaeMbIX NPUOGOPOB B YC/I0BUAX NpUMeHeHus [61]. OgHako nposepka B nabopartop-
HbIX YC/TOBUSIX CEPUITHO BbINyckaemMoro Andgpdy3noHHOro 3apsiAHOro ycTpolicTBa nokasasna, YTo noslyyYeHHble
pe3ynbTaTbl U3MepeHuii NNoLwaam NOBEPXHOCTU HacTUL, XOPOLLO KOPPENUPYIOT C pedynbTaTamu nsmepeHuii
nnowaan nosepxHoctn Ha TEM gnsa yactuu aspos3onis guameTpoM noaBukHOCTU meHee 100 Hm [62]. C no-
MOLLbIO YCTPOiCTBa HaBeAeHUs 3apsaaa aapo30/1si KOHKPETHOW KOHCTPYKUMM GbI/IN NOyYeHbl pe3y/ibTaTbl, CO-
OTBETCTBYIOLME peasibHOM Maowann MOBEePXHOCTU alspo30/is, OcaxAeHHOro B nerkux [63]. [pu
ncnonb3oBaHnn anddy3MOHHOIO YCTPOMCTBa HaBeeHUA 3apsaja Ha YacTulbl pasmepom 6osiee 100 HM 6bIN
noslyyeHbl 3aHWXEHHble 3HAYeHUA MNJoWwaan noBepxXHOCTU. B KayecTBe asibTepHATMBblI BMECTO U3MEPEHUS
naowaan noBepxHOCTU YacTuL, a3p030/11 MOXHO MNONYUYUTL pacrnpeesieHe 4yacTul, aspo30sia Nno pasmepam u
OLEeHUTb YyCpeAHeHHOe No naowaamn NoBePXHOCTU pacnpejesieHne Ha OCHOBe npejnonaraeMoi KOHKpPeTHOM
popmbl YacTuy,. NMoapo6HOe onucaHne NOAXOAAWMX MeTOAOB U3MepeHNA NpuBeaeHo B 6.3.

Jonyckas, 4To pacnpejesnieHne 4acTul, aspo30/15 No pasmepamM XOpoLLO BOCNPOU3BOAUTCA YHUMOL A 1b-
HbIM florapuMmnyeck HoOpMasibHbIM pacnpefeneHnemM, MOXHO OXapakTepu3oBaTb Takoe pacnpegesieHve u
NOBEPXHOCTHYIO KOHLEHTPaLMIO YacTul, No TpeM He3aBUCUMbIM N3MepeHusaM. Bbino npegnoxeHo [64] ogHo-
BPEMEHHO N3MepPATb TP BESIMYNHBbI: MACCOBYHO M CHETHYIO KOHLeHTpaLum 4yacTul, aspo3ois v nx sapag. Ecnv
rpalynpoBOYHasn XxapakTepucTmka kaxagoro npubéopa n3BecTHa, To MOryT 6bITb MPUMEHEHbI METOAbI MUHUMU-
3aumn 4ns OUeHKM napamMeTpoB NorapnumMmnyecky HopMasibHOTO pacnpefeneHns 3HauYeHUn Kaxkaonh us aTmx
Be/INYNH, 1 N0 NOSYYEHHbIM AaHHbIM MOXET 6bITb BblYMCeHa Nowab NOBEPXHOCTN aspo30.4. NpenmyLiec-
TBO METOAMKN COCTOMUT B TOM. YTO CHETHYHO, MaCCOBYHO KOHLeHTpaLmMm YacTul, 1 naowasb Ux NOBEPXHOCTU N3-
MepAlT OAHOBPeEMeHHO. OfHakKo [AO/MKHblI ObITb cAefniaHbl HeobxoauMble AOMNYLWEHUA OTHOCUTENIbHO
pacnpejernieHns 3apsfia Ha oTéMpaemMbIX YacTULAX.

B kauecTBe asibTepHaTUBbI NPOBOAAT HE3aBUCUMMbIe U3MEPEHUS CHETHOW M MacCOBOM KOHLLeHTpauum
yacTuy, aspo30ns, a naowab NOBEPXHOCTU OLEHMBAIOT Ha OCHOBe AonyueHnsa o GSD (npegnonaraemoro)
norapumuyeckn HopmMasbHOro pacrnpegenenuns [65]. Mpenmyliectsa 3Toro metoda — NPoOcToTa UCMOJHe-
HUA 1 NCNOb30BaHMe NOPTaTUBHBIX NPUGOPOB, HAXOAALWNX BCe 6O1ee WMPOKOe NPUMEHEHME AN OLEHKN Ka-
yecTBa BO3fgyxa pabouel 30HbI. Pe3ynbTaTbl TeOpeTMYEeCKUX pacyeToB MNOKasann, YTO OLEHKM naowaam
NOBEPXHOCTU YacTuL, aspo30/iss MOTyT OT/INYaTbCA OT AeCTBUTENbHONM nowaan 6osee YemM B AeCSATb pas,
0CO6EHHO ec/iM BMeCTO COOTBETCTBYIOLLEro npegnosiaraeMoro YHMMOAa/IbHOrO pacnpegeneHns 4yactul, as-
p03014 No pa3Mepam nosyyeHo 6umoganbHoe. I3mMepeHnsa B peasibHbIX YC/I0BUAX MNOKa3blBaloOT, YTO 3HAUU-
Tes/IbHasa YacTb OLEHOK NIoWaAn oTinyaeTcs oT M/owaan akTMBHOM NMOBEPXHOCTM B TPU pasa, 0CO6EHHO Npu
60/1ee BbICOKOM COAEpXaHUM a3po30/ia B BO3AyXe. MNMOCKO/bKY 3HaYeHUs NOBEPXHOCTHOW KOHLEHTpauum B
NnpoOV3BOACTBEHHOW cpeae, ckopee Bcero, OyAyT OT/IMYaTbCA Ha NATb MOPSAKOB, OLLEHKW nowaan
NOBEepPXHOCTN B npefesiax Takux [AOBEPUTEsIbHbIX WHTEPBA/IOB MOryT MNOAXOAUTL A1 UCXOAHbIX WA
npeaBapuTeNnbHbIX OLEHOK YPOBHel BO3aeincTBuS.

6.2.4 CuyeTHasi KOHUeEHTpauus

6.2.4.1 O6uWmMe NoMoXeHUs

[Ns namepeHns CYETHOWM KOHLeHTpaLmM HaH0aspo30/1eil He06X0AMM AeTeKTOp, YYBCTBUTE/IbHbIN K Yac-
TMUaM AnameTpOM HeCKOSIbKO HaHOMETPOB. NPy M3MepeHUN CHETHOM KOHLEHTpaLumn aapo3orieli Bcerga Heob-
X0ANUMO yunTbIBaTb Npeaesbl MHTErpUpoOBaHUs, Ha KOTOpble HACTPOeH NpuMbop, NOCKOSbKY OT 3TOro 3aBUCUT
VHTepnpeTaumnsa pesynbTaToB U3MepPeHUiA. Y MHOrMx npubopoB YyBCTBUTE/IBHOCTb 3HAUMTENIbHO NagaeT npu
pa3mepe yacTtul meHee 10— 20 HM. [T03TOMY CUETHbIe KOHLLEHTpauun, U3MepeHHble Npnéopamu ¢ pasnnyHom
YYBCTBUTE/IbHOCTbLIO K YacTuuam pasmepom oT 1 Ao 10 HM. MOryT oT/inyarbcs. Ecnn cyeTHasa meauaHa gva-
MEeTPOB YacTuL, aspo30/7a cocTaBnsetT MeHee 10 HM. TO Nofo6HbIE NpMbopbLI ByAYT AaBaTb B 3HAYUTE/TBHOWN
CTerMeHn 3aHMKeHHble 3HaYEeHNsA CUETHOW KOHLeHTpauun. Ecniv B aspo3ose npeob6nafaloT HaHOYacTuLbl, TO
oblasa cyeTHas KOHUEHTpaumsa yactuy, 6yaeT AOBOJIbHO XOPOLIUM MoKasaTesieM CoAepXaHWs HaHovacTuL,.
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OfHaKo ecnu BbICOKME 3HAUYEHNS CHETHOW KOHLeHTpaumy Nony4varoTca 3a cHeT YacTuy, 601bLlworo pasMmepa, 1o
npv OLeHKe CYETHOWM KOHLEeHTpauun mMaHo4acTul, 3TW YacTulbl HEOB6XOAMMO UCKTUUTL U3 06l el cHeTHOM
KOHUeHTpauun. MoxeT 6bITb CAe/1aHO UCK/TOYEHNe, eCNIN NPONCXOANT 06pa3oBaHmne arsiomepaToB HaHovac-
TWUL, M ecnn ecTb HEOBXOAMMOCTb OTOMpPaTh ar/iomeparbl BMeCTe € OTAe/IbHbIMW HaHo4YacTuuamu. Bo Bcex cny-
yasax NpegnoyvTUTENbHO U3Ha4YasIbHO MEeTb HEKOTOPOE NpefcTaB/ieHne O BO3MOXHOM Auana3oHe pasmepoB
yacTuy, wnccrnefyeMoro aspos3o/fi M guanasoHe 4YyBCTBUTENIbHOCTM Mpubopa nepen WHTeprnpeTauuen
pe3ynbTaToB U3MEPEHN CYETHOM KOHLUEeHTpauumn yacTul, aapo30ons.

6.2.4.2 KoHAOeHCaUNOHHbIE CUETUMKM YacTul,

Hanbonee WMpPOKO NpYMeHsieMbIi MPpUGopP A1a onpegesieHns HaHovyacTuy, — CPC. B KOTOPOM 3a cuyeT
KOHAeHcaLMM napa Ha HaHo4acTuuax (UimM 6onee KpyrnHbIX YacTuLax) NPONMCXOaUT UX yBennyeHre 40 pasme-
POB. NpPU KOTOPbIX OHN MOTYT 6bITb OOHapYyXXeHbl ONTUYeckuMu metogamm (66].

CPC moryT 6bITb pasfesnieHbl Ha TPY OCHOBHbIE TPYMMbl:

a) C KOHBEKLUMOHHbIM OX/TaXAEHNEM NTaMUHAPHOTO MOTOKa;

b) Ha OcHOBe agmabaTvyeckux kamep;

C) CTypOyneHTHbIM CMeLInBaHNEM.

Bo BCcex aTnx npubopax peasiM3oBaH KOHTaKT adp030/1s C NepeHachbIWeHHbIM NapoM, KOHAEHCUPYOLW M-
CSl Ha NOBEPXHOCTAX YacTul,. YacTuubl 6bICTPO YKPYMHAKOTCA A0 601bLINX Kanesb, 06bIYHO pa3mMepomMm 0 He-
CKONbKUX MUKPOMETPOB, KOTOPble 3aTeM MOTYT 6bITb 0GHaPYXXeHbl ONTUYECKMMU MeToAaMu.

CPC C KOHBEKUVOHHbIM OX/1aXAeHNneM NaMMHapHOro MoToka LWMPOKO MCMNOJMb3YIOTCSH, U B HacToslee
BpeMsi 4OBOJIbHO MHOTO MPOV3BOAMWTE el CEPUIAHO BbIMyCKalOT HECKO/IbKO MOoAenei Taknx npuéopos. Mpn6op
paboTaeT nNpu NOCTOAHHOM MOTOKe NPO6bI BO3A4yXa, HacbIlWaeMOM NoA0orpeTbiMu Napamm (06bI4HO Napamu by-
TaHoNa. n3onponaHona uav Bogpl). HacblleHHbIV NapamMmu NOTOK 3aTeM NOCTyNaeT B OX/1aXAeHHbI Tpy6bya-
Tbili KOHAEHCOP, B KOTOPOM Mnap ocefaeT Ha MOBEPXHOCTM TPy6ku. [0 Mepe oxnaxAeHWs MOToka B HeM
NosiIBAAIOTCA 06/1acTu, rae nap CTaHOBUTCSA MepeHachblleHHbIM 1 KOHAEeHCUpyeTCs Ha YacTuuax, YKpymnHsio-
LMXCA Npy 3TOM A0 60/1bLINX Kanesnb. MNpu HebobLINX AMaMeTpax YacTul, npeaen obHapyxeHusa npuéopa 3a-
BUCUT OT CBOICTB Napa, paboueli Temnepartypbl (KOTOPOI onpenensieTcs nepeHachlleHne), CKOPOCTU NOToKa
1 reoMeTPUYECKMX pa3mepoB npubopa. Beinyckaemble Nprbopbl C MOTOKOM, HacbllaeMbIM napamu 6ytaHona,
MMeIOT Npeen o6HapyXXeHns 3 HM; N301ponaHos 6bI1 yCcnewHo NPMMEHeH B NOPTaTUBHbIX Npubopax ¢ 6onee
HU3KMM Mpegesiom obHapyxeHus 10 HM, BoJa — B CEpPUIHO BbINyCKaeMbIX NPM6opax C aHa/TIorMyHbIM HU3KAM
npegenom o6HapyxeHus. O4HNUM U3 OCHOBHbIX NOSIOXeHU aBnseTca paboTa npubopa B o6nacTu, rae He nNpo-
ncxoamt obpasoBaHMa 3apogbliweli padoueli XuakocTn. Mpubop MOXHO MCMNONb30BaTb B COYETaHUU C
npubéopamn A1 onpefesieHns rpaHy/IoMeTPUYeckoro cocrtaBa 4acTtul, Takmmm kak DMA. SMPS wn
onddysnoHHan 6atapes Ana onpefeneHvns pacnpefesieHns 4yacTul, aspo30/s No pasMmepam.

OfHMMU 13 cambIX NepPBbIX ObIIM CKOHCTPYUPOBaHbI AeTeKTopbl aapo3oneit ¢ CPC Ha ocHoBe agnabatu-
yeckmx Kamep. B aTom npubope npovcxoant oTéop BO3ayxa, CoAepxallero aspo3osib, B UMIVHAP, TAe OH Ha-
CblllaeTcs 3a cYeT YB/IAXHEHHbIX MOBEPXHOCTeN. BbIiCTpoe yBennyeHne ob6bema LMAMHAPA NPUBOAUT K
nepeHachbILWeHNIO Napa 1, kak cneacTene, akTMBMPYeT POCT YacTul,. 3TOT npmubop paboTaeT He B HenpepbIB-
HOM pexume, a B UMMNYJIbCHOM pexume. O4HaKO YacToTa MMMY/IbCOB MOXET COCTaB/IATb HECKOJ/ILKO repl, u. Ta-
KUM 06pasom, MOryT ObITb MO/Yy4YeHbl JaHHblE O CHETHON KOHLleHTpauuuM B pexume peasbHOro BpemeHu. B
npubopax Takoro Tuna B KayecTBe pabouyeri XMOKOCTU YacTO UCMO/b3YHOT BOAY, YTO AaeT UM NpenmyLLecTBo
no ueHe n 6e3onacHOCTM paboThbl.

MpuHumn gerictBua CPC ¢ Typ6y/IeHTHbIM CMeLLIMBaHNEM OCHOBaH Ha CMeLUVBaHMUM OX1aXAeHHOro no-
ToKa nNpobbl BO3AyXa, cofepXkallero aspo3o/b, C MOTOKOM NOA0rpeToro KOHAeHCMpyeMoro napa. 3ta Metoam-
Ka Mo3BOJISET ONnpefensaATb CHETHYIO KOHUEHTpauuio aspo30/is B HEMPepbIBHOM pexume, a npuoéop MOXHO
MCMosib30BaTb B cOYETaHUM C Npubopamm 4715 onpefeieHns rpaHy1IoMeTpMyYeckoro coctaBa YacTuL, TakuMmm
kak DMA. SMPS nnun gudhdysnoHHaa 6artapes Ans onpegeneHnsa pacnpegeneHnsa yactul, aspo3ons no pas-
Mepam. [naBHbIM npeumywectBom CPC co cmewuvBaHMeM no cpaBHeHWto ¢ CPC C KOHBEKUVOHHbIM
oxnaxgeHneM laMuHapHoOro NoToka 6yAeT KOPOTKOe BpPeMs OTK/MKA.

6.2.4.3 SnekTpomeTp

K npnbopam BTOpOro Tuna, o6nagarowmm 4yBCTBUTENbHOCTBIO K HAHOYACTULaM, OTHOCUTCSA 3/1eKTPO-
MeTp. ATOT NpMbOop AeTeKTUPYeET 3apsf, KOTOPbI HECYT YacTuLbl a3P030/151, U MO3TOMY ero NpUMeHeHve 3aBu-
CUT OT 3HaHuA 3apsja OTAe/IbHbIX 4YacTul, B aspo30/IbHOM MNOTOKe. MOXHO MNOoNy4UTb U3BECTHbIe
pacnpegeneHns 3aps40B C UCMOb30BaHWEM YCTPOUCTB HaBefeHUS 3apsaja Uiv HelTpanm3aTopoB C U3BecC-
THbIMW XapakTepucTukamn. OgHako MOCKOsIbKY 3(pheKTMBHOCTb HaBeAeHNS 3apsfa B 3HaUNTe/IbHOM CTeneHn
3aBMCUT OT pasmepa YacTul, JOCTOBEPHbIE AaHHbIe O COAepXaHU HaHoYacTUL, TPYAHO NONYHYUTb C UC/I0Nb30-
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BaMMeM O[HOTrO TONIbKO 3/1eKTpoMeTpa. SNeKTPOMeTp, COeAUHEHHbI NOocef0BaTeIbHO C aHa/IM3aTopoM nog-
BWKHOCTM 4YacTul, obecneumsaeT MONyvyeHMe pacnpefesieHUss HaHo4yacTuy, No pasmMepam. Ha npaktuke
3M1EeKTPOMETP 4acTo MCMNONb3YIT AN rpagynpoBKM Apyrux npubopos, ocobeHHo CPC, 6narogaps BbICOKOM
3hheKTUBHOCTN 0BHapPYXXEeHUs1 HaHoYacTuL,

6.2.4.4 [pyrne metoabl

CueTumkn Yactuy, (Hanpumep. CPC) ncnonb3yroT B COYETaHMM C APYTMMU METOA4aMUN AJ151 MOTYHEHNUS UH-
chopmaumm 06 OTHOCUTE/IbHOM BK/1age HaHoyacTul B obliee cogepxaHue vacTul asapo3ons B Bosgyxe. K
3TUM ycTporicTtBam oTHocATcAa DMA. SMPS nnn guddpysnoHHasa 6atapest, nocnegoBatesibHO coeUHEHHas co
CYeTUMKOM YacTuy. [pyras BO3MOXHOCTb — WCMO/Ib30BaHWe YCTPOWCTBa NpeaBapuTesibHOrO pasfesieHus
yacTtuy, no pasmepam (MeHee 100 Hm).

OAHUM 13 cnoco60B OTAENEHUS HaHOYaCTUL, OT YacTul, 66bLUero pasmepa 6yaeT ncnosb3osaHne CPC
napasisiesibHo ¢ OPC ansa o6HapyxeHus yacTtuy, paamepom 6osiee 100—300 HM. Ha ocHOBe cpaBHeHUs NoKa-
3aHuUii 3TUX NPMOBOPOB NOsyYaT MHOPMALMIO O COAEPXAHUN HAHOYaCTUL,

6.3 TlMonyyeHne xapakTepuCTUK 4acTul, CBA3aHHbIX C UX pa3mMepom

6.3.1 MonyyeHne pacnpegeneHuns yactuly No pasMepam Ha OCHOBEe aHanu3a MOABMXHOCTHU
yacTuy

OCHOBHOI1 Nprbop, UCNONb3YeMbI ANA NOMyYeHUs pacnpefesieHnini HaHoYacTuL, a3apo30/1a Mo pasme-
pam. — CKaHWpyHLWMA UM NowaroBbllii Knaccudukatop noaBMKHOCTU 4vactuy (SMPS) [55]. C nomouybto
SMPS nonyuyatoT pacnpegeneHuns 4acTul, adpo30/1a Mo pa3MepamM Ha OCHOBe AnameTpa NOABMKHOCTY YacTul,
pasmepom OT NpubNn3nTeNBLHO 3 40 NPUGIM3NTENBHO 800 HM. XOTA ANA pacliMpeHns 3TOro AnanasoHa Heob-
XOAMMO MapasifiesibHO UCMOo/b30BaTh HECKO/IbKO MPUGOPOB. YacTuubl, MO/Ty4MB U3BECTHbIV 3apsag, NpoxoasT
yepes aneKTpocTaTnyeckoe nosie ¢ TOYHO YCTaHOB/IEHHOW HanpsXXeHHOCTbI0. 3/1ieKTpocTaTuyeckmne cusbl Npu-
BOJAT 3apshKeHHble YacTULbl B ABUXEHNE MeXAY 3/1eKTPoAaMun, U YacTULbl C onpeaesieHHOoN NoABMXHOCTbIO
OTOMPaloT Ha BbIXOAe W NOACUUTLIBAIOT. I3MeHeHWe pasHOCTU MOTeHLUMaIoB faeT BO3MOXHOCTb NocnefoBa-
TeNlbHO NOACYUTbIBaTb YacTULbl C 3/IEKTPUYECKON NOABUXHOCTBIO, COOTBETCTBYIOLWEN onpeaesnieHHOMY Aua-
nasoHy AnameTpoB YacTul, U, TakuMm ob6pa3oM, Noy4YnTb pacnpegeneHue yactul no pasmepam. B npnéopax
[OPYroi KOHCTPYKUUN HanpshKeHne MeXxay 3/1eKTPogaMn MOXET MEHSITLCS MOLLAroBo, a He HenpepbIBHO. O6bIY-
HO YacTULbl a3p030/18 NPMOBpPEeTalOT U3BECTHbIN 3apsag, NPoxoaa Yepes 6UNoNApHoOe MOHHOE 06/1aK0, UHULUK-
pyemoe pagnoakTMBHbIM UCTOYHMKOM. HaBefeHne 3apsafa Takxe OCyLecTB/IAT U B YHUNONSAPHOM NOHHOM
obnake, XOTA Mpu 3TOM 6O/iblue HeomnpeAeneHHOCTb 3apsga, NpuobpeTaemMoro 4vacTuuamm 3afaHHOro
OunameTpa. YacTuubl, pasgesnieHHble nog AeNCTBUEM 3/1eKTPOCTaTUYECKOro Nons, NoACHMUTLIBAIOT C MOMOLLBbIO
CPC wnnu anekTpoMmeTpoMm.

MpenmywectBo SMPS coCTOUT B TOM. Y4TO AMamMeTp NOABWXHOCTU NPUGAN3NTENBHO 3KBUBAJIEHTEH Aua-
MeTpy naowaan nNpoekunn yactuy, (onpegesiseMoMy Kak gnameTp chepbl C Takol Xxe niowaabio Npoekunm,
4TO MYy onpeaensaemMoin YacTuLbl) KOMNAKTHON OOPMbl UK (hpakTasibHbIM pa3mMepoM MeHee 2. B aTux cnyyasax
AN Nnpeo6pa3oBaHuA pacnpegeneHns YacTul, No pasmepam K cpegHei niowaamn npoekuun 4actul, asapo3osis
He TpebyeTcsa AONONHUTENbHbLIX AONYLWEHWA OTHOCUTENBLHO (POPMbI YacTul, 4YTO obecneynBaeT AOCTATOYHO
TOYHOE M3MepPeHNE NMOBEPXHOCTHOM KOHLLEHTPaL MM YacTuL, aapo30/1a Ha OCHOBE N/oWwaamn Npoekumnmn no nosy-
YEHHbIM pacrnpegenieHnsaM YacTuy, no pasMmepam. MNpy UCMOIb30BaHUMN KOHLEHTPUYECKUX LINNHAPUYECKNX
9/1eKTPOA0B N/I0WaAb aKTMBHOW MOBEPXHOCTU OTOBPaHHbIX YacTuUL, NPSIMO MPONOPLMOHasIbHA MPUIOXEHHOMY
Hanps>XeHUto Mexay asiekTpogamu, 4to obecneynBaeT OTHOCUTE/IbHO MNPOCTOe onpejeneHve naowaan ak-
TUBHO MOBEPXHOCTU Ha OCHOBe M3MepeHuii [62]. Ana obneryeHnss cpaBHEHUS AaHHbIX, MOJIyYaeMbIX Ha
SMPS, He06X04MMO [OMOMHUTENIBbHO CTaHAapTM3MpoBaTh YCA0BUS paboTbl (Hanpumep, npeaesibl UHTErpupo-
BaHWA) NPMH0POB 1 BbINONHATL MeX/iabopaTopHble cpaBHeHUs [67].

LLinpokoe npumeHeHre SMPS B pa6oueli 30He OrpaHMYEHO X pasMepamMu, BbICOKOM CTOMMOCTbIO, C/TOX-
HOCTbIO 3KCM/lyaTauun, He06XO0ANMOCTbLIO MPUMEHEHUS ABYX WK faxe Tpex npubopos, paboTarowmnx napan-
nenbHO AN MNOMYYEHUA LUMPOKOro pacnpefesieHMs 4acTul, aspos3osis Mo pas3Mepam, U MCMNOIb30BaHUEM
pagmoakTUBHOIO NCTOYHUKA 1A NPUBEEHNS a3p030/151 B COCTOSAHME C paBHOBECHbLIM pacnpefesieHnemM 3aps-
noB. CoBpemeHHble NpnbopbI 415 NONYyYeHUs pacnpeesieHns YacTuy, No pasmepam, OCHOBaHHbIe Ha n3mepe-
HUM AuameTpa NOABWMXHOCTU 4acTuy, C PsAOM napansefnibHO YCTaHOB/IEHHbIX 3/1EKTPOMETPOB, AatoT
BO3MOXHOCTb 6bICTPO MOJTy4UTb pacnpegesieHne yacTul, no pasamepam, He UCMosib3ys Npu 3TOM pagmnoakTuB-
HbIi UICTOYHUK. B 3TUX npmbopax, MHOrga HasblBaeMblX «ObICTPbIMA U3MEPUTENAMU NOABMXHOCTM YacTUL»,
M3HavyaNbHO NPOMCXOAUT HaBefeHMe 3apsaja Ha aspo30/b C NOMOLLbLH OAHOMOIKOCHOIO 3apsAAHOro YyCTPOWn-
CTBa. a Ha BbIX0fge NoJslyyaloT pacnpejesieHne anaMmeTpos NOABMKHOCTM YacTul, C MOMOLLbI0 Habopa napasn-
nenbHO YCTaHOBJ/IEHHbIX AATYMKOB Ha OCHOBE 3/1eKTPOMETPOB. BpemeHHOe paspelleHue 3TUX NpubopoB
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MOXeT COCTaB/ATb 1 C nin meHee, a paboTta nNpu atTMocepHOM AaBfIeHUN CHUXAET NCNapsaemMocCTb /1IeTyUmx
yactuu,. NMprmeHeHre Takx NP60pPOB OrpaHNYeHo OTHOCUTE/TIbHO BbICOKOW CHETHOW KOHLeHTpaumein Yyactumy,
a3po30/1s, XOTA OTCYTCTBME PAANOAKTMBHOIO NCTOYHMUKA AeaeT NX KOMKYPEHTHOC/IOCOGHbIMY NO CPaBHEHWIO
¢ SMPS gns ncnonb3oBaHnsa BO MHOTMX pabounx 3oHax. Takxe 6bln pazpaboTaH KOMNaKTHbIV knaccudmnkaTop
yacTuu, aspo30/151 MO UX MNOABMKHOCTU, OCHOBaHHbI Ha MUrpauun 4YacTuy, B NPOTMBOAENCTBYIOWEM MOTOKE
Bo3ayxa [68).

6.3.2 OnpepeneHne pacnpegeneHus yacTuly No pasmepam C UCNOJIb30BaHWEM WHEPLUOHHOTO
ocaxaeHunsa

MHepunoHHble MMMaKTOpbl C NOCNefoBaTe/IbHO YMEHbLUAIWMMNCA FpaHnuuamn oTaesnieHns dpakumm
MOTyT 6bITb MCMO/Ib30BaHbI NOC/IeA0BaTENIBHO U/ NOC/eA0BaTe/IbHO COeANHEHbI A1 N3MEPEHUST MacCOBOA
KOHLLeHTpaumMm aspo30/1a B nNpegenax KOHKPeTHbIX AMana3oHoB pa3MepoB WUan ANA NonyvYeHus pacnpegene-
HUA YacTul, a3po301:a No pasmepam [69]. CepnitHO BbINYCKalOT KackafHble MMMNAKTOPbl Pa3/InyHbIX KOHCTPYK-
LMii. 4TO JaeT BO3MOXHOCTb MNPOBOAUTbL MHAMBUAYA/IbHbLIA WX CTauMoHapHbIA oT60p nNpo6, BblGUpas
COOTBETCTBYIOLIME OFpPaHNYEeHUA pa3MepoB YacTul. MUHUMaNbHbIM pasMep YacTul, oTcekaeMblli KackaaHbl-
MU UMMakTopamu Ans nHanBuayanbHOro otéopa npob, coctasnsetr 250 HM 1 601ee, NO3TOMY C NMOMOLLBIO
3TUX YCTPOICTB MOXHO MOJTYYUTb TO/IbKO OYEHb OFPaHNYEHHYH MHOPMAaLMIO O pacnpenesieHnn YacTul, HaHo-
aspo30/17 MO pasmepam. Bbinyckaemble KackafHble UMMaKTOpbl A1 CTauMoHapHOro otéopa npob umeroT
MEHbLINA MUHUMa/IbHBIN OTCEKaeMbI pa3Mep YacTul, B HAHOMEeTPOBOM AnanasoHe, A1 HEKOTOPbIX MMNaKTo-
poB OH cocTas/isieT 0koo 10 HM. OnpegeneHve pacnpegesnieHns 4yacTul, aspo30/1s o pasmepam B HaHOMeT-
pOBOM Aunana3oHe C UCMNOJIb30BaHNEM KacKaAHbIX UMNaKTOPOB B 3HAYMTENbHON CTeneHn 3aBMUCUT OT oTbopa
[0CTaTOYHOrO KO/IMYeCcTBa BelecTBa Ha NpeaLlecTBYOWMX CTaanax pasgeneHns, 4Tobbl OCYLEecTBUTb KOMU-
yeCTBEHHOe onpejesieHne, HO NpeaoTBpaTUTb Neperpysky Ha nocneayowmx ctaguax. NMeperpyska npueBoanT
K YXYALWEHUIO CeNIeKTUBHOCTY CTafuii MMNakTopa u BEPOATHOCTU ANA YXKe 0CaXeHHOro BelecTBa BHOBb MO-
nacTb B MOTOK BO3/yXa M OCECTb Ha cnepylowein ctagun. OTpaKeHne vyacTul, MOXeT NPUBECTU K NepeHocy
KPYMHbIX YacTul, Ha 605ee H1U3KMe CTYNeHn MMIakTopa, TakumMm obpa3om, nckaxas noslyvyeHHble pacnpegene-
HUA YacTul no pasmepam. O6uwmne cnocobbl NpeaoTBpaLLeHNs Neperpy3ku — UCMNosIb30BaHne HakonuTesb-
HbIX NAacTUH C HeCKONbKMMW Anadparmamu, BpalleHne noAnoXeK ANA ynaBAMBaHUA 4acTul, u
MCNO/Ib30BaHne MPOMNUTaHHbIX U/MNK NOPUCTbIX NOA0XeK. [pyrMm crnocobomM npefoTBpaLLeHUs Neperpysku
Ha 60/1ee NO34HMX CTaauAX pasfenieHns npu ynasnvMBaHUM HaHovacTul, 6yaeT UCMnosib3oBaHne BbICOKOIM-
(heKTUBHOIO YCTPOMCTBA NpeABapuTe/IbHOro pasfesieHnsa yacTul, no pasMmepam Ansa yganeHns KpynHbIX vYac-
TUL nepes oT60POM NPo6 KackagHbIM MMMNaKTOPOM.

[ns nonyyveHusa pacrnpegeneHnsa Yyactul, aspo30o/1a No pasMmepamM Ha OCHOBE faHHbIX, NOYYeHHbIX C No-
MOLLBIO KackafHOro Mmaakropa. Heo6xoAMMo NpUMEHeHWe nporpamMmMbl Npeo6pas3oBaHUa AaHHbIX. Cambli
npocToii cnoco6 B AaHHOM C/lydae — BbIYUCINTL CYMMapHY0 MacCOBYHO KOHLLEHTPaLMIO C UCMNO/Ib30BaHNEM
AnameTpa vyacTuy, U UCNoMb30BaTb MOJTyYeHHble pe3dy/ibTaTbl /15 OLEHKN aspoAnHaMnyeckoro gmameTpa, co-
oTtBeTcTBYtOWEero MMAD 1 ero GSD. Mpu BbIYUC/AEHUM 3TUM CNOCOBOM nosiaratoT, UTO Ha CTagun pasgeneHus
He NPOUCXOANT NOTepb YacTul, AenarT gonyuieHne 06 ngeaibHOM NOBeAeHNN uMnakTopa n yHMmMogasibHoOM
NOrHOPMaIbHOM pacnpejesieHnn YacTul, aspo3o/isa No pasmepamM. bonee TouHoe pacnpegesieHne YyacTtui, no
pasmepaMm MOXeT ObITb MOAyyYeHOo nyTeM AnddepeHuMpoBaHna KyMYNATUBHOIO pacnpegeneHusa. OgHako
4YTOObI MOTYUUTb MOJHBIV pacyeT XapaKTepUCTUK y/laB/IMBaHNS YacTuL, Ha KaXAol cTaaun pasgeseHuns, Heo6-
XOANMO NPUMEHATL 6OJIEE CNIOXHYIO NpOorpamMmmMy npeobpaszoBaHns AaHHbIX [70]. 418 3TOro Heo6xoANMbI anpu-
OpHble AONYLEHNA O XapakTepe pacnpefeneHns yactvy No pasmepam (Hanpumep, No YMCsy Mog), HO AN
peanibHOro pacrnpefeneHus He Bcerga MOXHO NosyynTb NpefcTaBUTENbHYIO MHAIOPMaLUUIO.

[MockonbKy KackafHble MMMNakTopbl O6bIYHO UCMNOJb3YIOT A1 NONYYeHNs pacnpegeneHns 4acTuy, aspo-
30714 MO pasmMepam, B3BELIEHHOrO Mo Macce, A1 OLEHKN pacnpegesieHns 4acTul, aspo30ssa Mo pasMepam,
B3BELUEHHOro Mo naowaan NoBePXHOCTU UM CYETHOM KOHLEHTpauum vacTtul, Heob6XoguMbl AONYLWEHUS O
dopme 1 NIOTHOCTU YacTuy,. ITN NapamMeTpbl peAKo onpeaesisitoT KONIMYeCTBEHHO, NO3TOMY criefyeT € 0CO-
6bIM BHMMaHWEM WHTEpPNpeTUpoBaTb pe3y/ibTaTbl, MOJlyYeHHble C MPUMEHEHMEeM KackaJHOro umnakropa
B eAVHMLAX CHETHOW KOHUEHTpaumm nnn nnowaan noBepxHocTu asapo3ons.

6.3.3 MI3MepeHnAa c LICNONb30BaHUEM 3/IEKTPUYECKUX UMNAKTOPOB HU3KOIO AaB/ieHns

B ELPI ynasnvBaHue 4acTuL, OCYLLECTB/SAETCA 3a CHET MHEPLMOHHbLIX CUJ/T C NOC/efyoWwmnmMm obHapyxe-
HMEM YacTuL, 3NEeKTPUYECKMM CNOCOB0M A5 NONYyYeHUs NPUGMKEHHbIX K peasibHOMY BPEMEHU pacnpegene-
HWI NO pasMepam YacTuL, aspo30/1a AnameTpom 6onee 7 HM [71]. OgHako pesynbTaTbl, OTHOCALMECA K caMOi
HWXHel cTagun pasgeneHus, 6yayT MMeTb OCTaTOYHO BbICOKYHO HEONpPeAeNeHHOCTb, 06yC/IOBNEHHYIO NOTe-
pAMM YacTuL, N HeonpeneseHHOCTAMU UCTUHHON LWMPUHBLI Pa3MepPHOro KaHasa. MakcumanbHbIli pa3mep yac-
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TNy, onpegensembiX npuéopom, 10 MKM, MO Ha MNpakTuKe, HadeXHble pe3ynbTaTbl MOryT ObITb MOMAY4YeHbI
TONBLKO Npu pasmepe He 6os1ee 2.5 MKM 13-3a 3Ha4YUTe IbHbIX NOTePb YacTuL, 6oMbLluero pasmepa. Yactuupbl aa-
pO30/5 3apsHKatoTCs B O4HOMNOOCHOM MOHHOM 3apsiAHOM YCTPOICTBe nepej nonagaHneMm B KackagHbl UM-
naktop. Kaxpgas CTyneHb MMNakTopa 3/1eKTPUYecKn U30nnpoBaHa W nogcoefuHeHa K MHOrokaHa/lbHOMY
3/1eKTPOMETPY, YTO obecneymnBaeT N3MeEPEHMEe HaKoM/eHns 3apsaga co BpeMeHeM. Kak n B ciiyyae anddysu-
OHHOrO 3apsAHoro ycrpoiictea (6.2.3). 3apag YacTulbl HANPSMYHO CBA3aH C M/oLWaAblo aKTUBHOM NOBEPXHOC-
M. Takum 06pa3oM, MHTErPUPOBAaHHbLIA CUTHa/I 3NeKTpoMeTpa Mo BCeM CTaausaAM pasfesieHns Hanpsmyto
CBSi3aH C M/10Wa b0 aKTMBHOM MOBEPXHOCTM YacTul, aapo3osis. CUrHan asiekTpoMeTpa OT O4HOW CTYMeHu co-
OTBeTCTBYeT NNoLWaan akTUBHOM NOBEPXHOCTM YacTuL, B Npeaesiax y3Koro AnanasoHa aapoavHaMmnyeckux au-
amMeTpoB, YTO NO3BO/SET OrpaHNYEHHO NHTepPnpeTMpoBaTh (hopMy OTOBPaHHbIX YacTuy,. Ecnn n3secTeH Bug
3aBMCUMOCTU 3PEKTUBHOCTU HaBefeHUsa 3apsfa OT aspofMHaMUYecKoro gvameTrpa 4acTul, WM OTHOCU-
Te/IbHO Hero MoryT 6bITb CAenaHbl HEKOTOPbIe AONYLEHUS, TO AaHHble, NolyYeHHble Ha ELPI, MoryT 6bITb Bbl-
paxeHbl B egMHULaxX B3BELLEHHOTO MO YNCY YacTul, pacnpegeneHnsa asapo3o/1a no nx pasmepam. Ha npaktmke
3P hEKTUBHOCTL HaBefeHWs 3apsfa OnpefensatoT 3KCNepuMeHTa/IbHO. TakXe MOXHO WHTeprnpeTMpoBaTtb
pesynbTatbl U3MepeHWUli B eAuHMLAX MacCOBOW KOHLEHTpauMu 4acTul, WAu B3BELIEeHHOro Mo Macce
pacnpejenieHns yacTuy No pasmepam, XoTs A1 3TOro Heo6xoANUMO 3HaTb BUA, 3aBUCUMOCTU 3h(PeKTUBHOMN
N/IOTHOCTU YacTuL, OT UX pasmepa.

Mpo6bl YacTuy, aspo30eit, oToGpaHHbIe € NoMoLbio ELPI. Kpome onpeaeneHunsi cogepxaHusa n pacnpe-
[eneHns YacTuy, No pasmepamM B BbIGpaHHOM guana3oHe B pexume peasibHOro BpeMeHu C UCNo/b30BaHNeEM
pas/IMyHbIX CUCTEM MoKa3aTenein MoryT 6bITb MPOaHa/In3MpoBaHbl B aBTOHOMHOM pexunme. BO3MOXHOCTb u1C-
cnefoBaHNs COGPaHHbIX YacTuL, nocsie oTbopa NPo6 MOXET GbITh peasin3oBaHa Npu BanMaalmm 1 rpagypos-
ke NpnbopoB ANA onpeaeneHns rpaHy/IOMeTPUYECKOro cocTaBa YacTul, U UX CoAepXxaHus, paboTalowmx B
pexvime peanibHOro BpeMeHn. Takxe 3TO faeT BO3MOXHOCTb UCMO/b30BaTb MeToAbl aHasn3a npob B aBTo-
HOMHOM pexuMe, B TOM YMC/ie 3/IEKTPOHHYIO MUKPOCKOMUIO U MeTOoAbl aHain3a XMMUYeCKOro cocraBa.

6.3.4 Anddy3noHHble 6aTapen

MpuHunn geictBus audpy3MoHHbIX 6aTtapeli ocHoOBaH Ha G6POYHOBCKOM ABWXEHUM 4YacTuL, a3po30/s
[66]. MoTepu yacTu, Npu UX ocaxaeHun B pesynbTaTte Anddy3nn aBnsaoTCa yHKLMEN AnameTpa YacTuL,; ns-
Mepsisi CKOPOCTb OCaXAEHNS YacTul, B pesynbTate Auddy3nm B cucTeMax pas/iMyHoli KoHpurypaumm, MoxHO
nonyunTb pacnpejesieHe YacTul, adpo3ossa no pasmepam. CUCTeMbl 419 OCaXAeHNS YacTul, 06bIYHO coeau-
HAKT NocnenoBaTefnibHO ANs 06pa3oBaHns AUAPAY3MOHHOM 6aTapen. Auddy3noHHble 6aTapen NPUMEHSIIOT
A1 YacTuL, Takoro pasmepa, npu KOTOPOM MX ABUXEHUE, B OCHOBHOM, MPOUCXOANT 3a cueT anddysunn u. Ta-
KM 06pas3oM, MoxeT 6bITb nosilydeHa Hambonee fOCTOBepHas MHGoOpMauma ANA YacTul, pasMepom MeHee
100 HM, 4TO ropasfo Nyylle COOTBETCTBYEeT TpeboBaHUAM K onpefesnieHnto pacnpejesieHns yactuu, no pasme-
pam. /i3amepsieMoii BeINYMHO B3TOM ciiyvae byaeT KoadhuumneHT Anddy3nn 4acTuLl, KOTOPbIA A0/TKeH ObITb
nepecunTaH BaMameTp yacTuubl. C NOMOLLBbIO AN AY3NOHHBIX 6aTapein MOXHO NPOBOANTL HeNpepbIBHbIE U3-
MepeHusa. OgHako agndy3noHHble 6aTapen UCNONb3YHT B COYETAHUU CO CHETUYMKAMM YacTuUL, (O6bIYHO NOTOY-
Hble CPC) ans onpefeneHnsa CYeTHOW KOHLEHTpauumn YacTuy 40 1 Nocse KaxAon CTyNeHn ocaxaeHus.

Andhdy3nsa yacTul, — XOpOoLO U3YUYEeHHOe ABNIEHNe, NO3TOMY /IerKO CKOHCTPYyMpoBaTb ANddY3MOHHYHO
6aTapelo € 3aAaHHbIMW cBocTBaMU. AMdPy3NOHHYIO GaTapeld MOXHO CKOHCTPYMpOBaTb TakMuM 06pasom,
4TOObI C €€ NMOMOLLBI0 MOXHO ObI/10 ONpeaensaTb YacTuubl guameTpom meHee 100 HM. OgHako npeobpa3soBa-
HUe NCXOAHbIX pe3ybTaToB U3MepeHuli B peaslbHOe pacnpeesnieHne YyacTul, No pasMepam CNOXHO, a pelue-
HUS ypaBHEHWI He A[alT OfHO3HAYHbIX pe3y/nbTaToB B C/yyae pacrnpefefnieHnss no pasMepam 4acTtuy,
NosIMAMNCNEePCHOro aspo3os.

6.4 Xumwnyeckunii aHann3 B pexume peasibHOro BPOMeHN

Ycnexu B 061acCTU BbIYNCANTENIbHOW TEXHUKMA M ONTUKM NO3BOAWAM pa3paboTaTb Kiacc Nnpubopos Ans
onpegesieHns XMMUYECKOro cocTasa 4acTul, aspo3osieli € X OJHOBPEMEHHbIM pa3fenieHrem rno pasmepam B
pexvMe peanbHOro BpeMeHu [72]. B To BpeMs Kkak Lenblii psag nasepHbiX NPUG0OPOB NCMO/b30BaUIUCH A5 UC-
cnefoBaTesIbCKMX Liesieil, aspo30/ibHasi Macc-CrekTpoMeTpus okasanacb NpeAnoyYTUTe/IbHbIM MEeTOAO0M C
KOMMEePYECKOl TOUKM 3peHus.

HecMoOTpsi Ha TO, YTO MMEITCA CyLeCTBEHHbIe pa3Nnunsa B NpUHUMNE AeliCTBUS U MeToAax aHanusa, B
LesioM 3TV Nprbopbl MMEIOT pAj AOCTOUHCTB. Ha HayasibHOV CTaann aspo30/b 0ToMpaeTcs Yepes BXOAHOE OT-
BepcTune. Npu 3TOM yaasnseTcs Bo3ayx 1 hopmmpyeTcss NyHok Yactul,. O6bIYHO 3TO NPOMCXOAUT 3a cyeT Mnpo-
NyCKaHUs aspo30/1a Yepe3 psAf adpoAMHaAMUYECKUX IMH3, HanpaBASoOLWKMX ero B 30Hbl NpM6opa C MeHbLUUM
BaKyyMoM. Ha BTOpPOIi CTagumn n3MepsieTCs CKOPOCTb OTAE/TbHbIX YaCTUL, 1 COOTHOCUTCS C a3pOANHaMUYECKM
AnameTpoMm. 9TO gocTuraetcs nyTemMm usmepeHus BpemMmeHu nposieta oTAe/lbHbIX YacTul, Mexay ABYMS nasep-
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HbIMM Nly4aMun nam Bbl6opa HYacTuL, ¢ onpesesieHHOM CKOPOCTbIO C NOMOLLLIO NpepbiBaTensa nyyka. Ha Tpetbeli
CcTagun OCyLLEeCTB/IAIOTCA pachnblfieHne 1 3aTeM MOHM3aUNsa OTAeNbHbIX YacTuL, K aHcaMbnei yacTumu, npo-
M3BOANMbIE C UCMO/Ib30BaHNEM /Ta3ePHbIX MMMY/bCOB BbICOKOV 3HEPTMU. STOT METOA, MOHU3aLNN 06bIYHO pe-
anuM3oBaH B Npmbopax ANA aHanm3a OAMHOYHBLIX YacTul. B KayecTBe anbTepHaTMBbl aHcaMb6nu yacTuy C
O0fMHAaKOBbIM a3poAMHaMNYECKNM AMaMeTpPOM HanpaB/soT B NOA40rpeBaemMblii 6710K, rae nog aeicTemem TeM-
nepaTypbl NPOMCXOAST UCNapeHne NeTy4MX KOMMNOHEHTOB 1 NOCeAyoLLas NOHN3aunsa YacTul, nog aencTenem
3/1eKTPOHHOro yaapa. OKOHYaTe/IbHO MOHbI aHa/IM3UPYOT Macc-CNeKTPOMeTPUYeCKMM MeToA40M ANA nonyye-
HUA MHAOPMaLMN O XMMUYECKOM COCTaBe YacTuL: Npu KOppensaummn pesynbTaToB aHanmsa ¢ AnameTpoMm yac-
TUL, BO3MOXEH aHa/IM3 «pa3mMmep—BeLLeCTBO» B peXxume, 6/IM3KOM K peasibHOMY BPEMEHU.

CepuiiHO BbINycKaemble NpubopbI A1A Macc-CnekTPOMeTPUYECKoro aHain3a asapo3oen o6bIYHO Npume-
HAKT ANA YacTuuy AnameTpom 6osiee 100 HM, XOTS € NMOMOLLbIO METOA0B aHanu3a aHcambien yactuu, ¢ o4HO-
BPEMEHHbIM pasfesieHnemM ux rno pasMmepamMm MOXHO MOJTyuYnTb MHOPMaLMIO O YacTmuax AnamMeTpoM MeHee
50 HM. Mpy cooTBeTCTBYOWEN MoANMKaLMM cUCTeM (POKYCMPOBKN a3p030/1bHOr0 Ny4Yka MOXHO paclunpuTb
obnactb NPMMeEHeHMs 3TUX NPUOOPOB B HAHOMETPOBLIN AMana3oH, XOTA Npu 3TOM Heob6XoAMMO BblGUpaTb
Mexay 6osiee HU3KMM npefenom oOHapyXXeHUs YacTuu, U NOTePSAMU YacTuL, B CUCTEME YNaB/INBaHUA.

3TV 1 NoA06HbIE NPUGOPLI UMEKOT OFPaHNYEHNA B MPUMEHEHUN ANS NOYHEeHUA XapakTepPUCTUK HaHOas-
po3oneli B BO3ayxe paboyeil 30Hbl U3-3a UX rabapuToB, CTOUMOCTU U C/IOKHOCTU. TEM He MeHee OHW MOryT
[aTb YHUKa/IbHYIO MHhopMaLumnio Mo XMMUYECKOMY COCTaBy OAUHOYHbBIX YAaCTUL, UM COBOKYMHOCTW YacTuL, Bbl-
6paHHOro pasmepa. B aTOM OTHOLWEHMN OHW MAeanbHO NOAXOAAT ANSA UCCNefoBaHuiA, Korga MMeeTcs He-
CKOJIbKO MCTOYHMKOB a3po30/1eil C pa3/IMyHbIMN XMMUYECKUMW CBOMCTBaMU, UK ANA Cny4vaes, Korga cocras
YacTuubl 3aBUCUT OT pasmepa.

6.5 AHa/nn3 OANHOYHbLIX YacTul,

6.5.1 O6wwmre nonoxeHus

AHaIN3 0ANHOYHbIX YacTUL, B aBTOHOMHOM pexume — 3(ppekTMBHOE CPeACTBO A/15 MOYHEHNSA AaHHbIX
0 pa3mepe, hopme, CTPYKType U B HEKOTOPbIX C/yyYasxX XMMUYECKOM cocTaBe 4acTul, asapososnisa [73]. PaHee
OMNTUYECKYHO MUKPOCKOMMUIO LLUMPOKO UCMOMb30BaNu /19 aHasim3a 4acTul, MMKPOMETPOBOro Anana3oHa, U B Ha-
CTosiLee BPeMsi OHa OCTaeTCs OCHOBHbIM CPeCTBOM MOJTyHEeHUS XapakTePUCTUK YacTul, obpa3oBaHHbIX U3
BOJIOKOH, Hanpumep ac6ecTtoBbix. OfHaKO YacTULbl AMameTpoM B HaHOAManasoHe He BXOAAT B 061acTb Npu-
MeHeHUs 6OoNbLIMHCTBA ONTUYECKNX MeToAoB. C ApYroli CTOPOHbI, C MOMOLLbI0 3/IEKTPOHHOIO MMKpockona
MOXHO MOJIyYUTb NOAPOGHYI0 MHAOPMAaLMIO O YacTULax C MPOCTPAHCTBEHHbIM paspelleHnem MmeHee 1 HM 1
BO3MOXHOCTbIO MCMO/Ib30BaHWA Pas3IMYHbIX MeTOA40B aHanm3a A5 XMMUYeCKol naeHTugukaumnm vactmu,. K
HegocTaTkam MeTOAMKM OTHOCATCA HEOOXOAUMOCTbL NPUBAEYEHNA CNeLnanmMcToB No oT6opy Npoob, BbINOsIHe-
Hue TpeboBaHWli K MOAroTOBKe 06pasLoB (CM. MpUIoXeHue A), He06X04MMOCTb B 60/IbLUMHCTBE C/lyYaeB aHa-
nu3anposaTb 06paslbl Mo BakyyMOM W TPyAOeMKOCTb aHanmsa. OfHako HecMOTps Ha BbllleykasaHHble
HeAOoCTaTKU, B HEKOTOPbIX C/TyHasnX 3/IEKTPOHHAsA MUKPOCKOMUNA MOXET oKa3aTbCs eAUHCTBEHHbLIM MEeTOA0M Mo-
NyyeHnss HeobxoaMMoOl MHOpMauumM 0 HaHodacTuuax. VIcnonb3yloT ABa OCHOBHbIX mMeToga: TEM un SEM.
B nocnegHeli NnpMMeHs0T NPOCTble CNOCO6bI MOArOTOBKM M aHan3a 06pasuos 1 nosiyyvatoT Tonorpaduyeckme
n306paxeHnss NOBEPXHOCTW YacTul,. 3obpaxeHune yacTul, NoayyarT, CKaHUPYS NOBEPXHOCTb ob6pasua TOH-
KWUM 3/1EKTPOHHBIM MYYKOM, UCMOJ/Ib3YS AeTEKTUPYEMble CUTHaUIbI A1 MOAYIMPOBaHUA UHTEHCUBHOCTU CKaHU-
pOBaHUS Ha 3KpaHe, NMPOMUCXOASALLEro C TaKoW e CKOPOCTbIO, YTO U CKaHMpOBaHWe MOBepPXHOCTM obpasua.
CepuiiHO BbiNyckaeMble SEM No3BOMAIOT pasnuyatb geTanin n3obpaxeHus ¢ NPOCTPaHCTBEHHbLIM pa3spelle-
Hvem oT 5 A0 10 HM. XOTA 3TN UMppbl 3HAUNTE/IBHO YBE/IMUYMBAKOTCA, €C/IN YCNOBUA BCe 60/bLUE OT/INYAOTCA
oT ngeanbHbix. C nomoupbo FEG-SEM MoXeT 6bITb NO/Ty4eHO NPOCTpaHCTBEHHOE paspelleHne 1 HM 1 MeHb-
we. Npwn npoBeAeHNN 06bIYHOrO aHanm3a Ha SEM obpaseL, A0/KEH HaX0AUTLCA NOA, BaKyyMOM, a C MOMOLLbIO
ESEM o6pasubl uccrieaytoT B ra3006pa3Hoii cpefe ¢ HU3KMM faB/ieHneM. B 3TOM criyyae MOXHO MoslyunTb
n3obpaxeHne 4yacTuL, MMeLWNX B CBOeM CcOCTaBe cpefHesieTyune coeguHeHus 6e3 nx notepu, u NpoBecTn
MHOTFOKpaTHyl0 rugpatauuvio/gernaparaumio o6pasuoB A1 YCTAHOB/IEHUA MNPUCYTCTBUSA WU 3HAYMMOCTU
06pa3LoB pPacTBOPUMbIX BELLECTB.

B cepuiiHo BbinyckaeMbix TEM 371€KTPOHbI NponyckatTcsa Yepes obpasel, AN8 NoNyveHUa n3obpaxeHunii
TakMM Xe Ccnocobom, 4YTO 1 B OObIYHOM OMTMYECKOM MWKPOCKONE, HO Mo KOHCTpyKumn TEM asnsatoTca 6onee
C/IOXHbIMM, YeM TpaanumMoHHble SEM. Ana aHann3a Ha TEM o6pa3sLbl A0/KHbI 6bITb NPO3paYHbIMU 4715 S/1EK-
TPOHOB. a NOAroToBKa 06pasLoB 6yaeT 60/1ee COXHO (CM. npunoxeHue A). MNpu pyTUHHOM aHanmn3e Ha TEM
MOXeT 6bITb AOCTUTHYTO NPOCTPaHCTBEHHOE pa3peLleHne B CybHaHOMETPOBOM Anana3oHe, XOTS paspelueHne
3aBUCUT OT KOHKPETHOro obpasua v tmuna ncnosib3yeMoro MMkpockona. Takxe cyuiectsytoT TEM, pa6oTatowme
B CKaHupytouleM pexvme (STEM), B KOTOPbIX TOHKAM 3/1€KTPOHHbLIM NMYYKOM CKaHUPYIOT NOBEPXHOCTb 06pas-
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ua, a curHanbl OT 3N1eKTPOHOB, Mpolleawmnx Yyepes obpasel, UCMNOMb3YHOT A5 NOMyYeHUs n3obpaxeHuii. B
STEM BbICOKOrO pa3pelleHns MoryT ObiTb C0OPMMPOBaHbI 3N1EKTPOHHbIE MyYKn AnameTpom meHee 0,2 HM.
No3BONSAKOLWME NOMYYaTb XapakTePUCTUKM YaCTUL, C MPOCTPAHCTBEHHbIM CyOHAaHOMETPOBbLIM pa3peLleHneM.

6.5.2 Tony4yeHne n3o6paxeHUii N aHaNn3 MeTo40M 3/1IEKTPOHHOW MUKpPOCKONUM

MprMeHeHe 3NeKTPOHHOM MUKPOCKOMUN NO3BOMSET UCMNO/b30BaTb Pas/InyHbie MeETOAbl KOIMYECTBEH-
HOrO 1 KaYeCTBEHHOro aHanusa, noaxoAswme Ansa noayyeHnsa xapakTepmucTuk OANHOYHbIX HaHoYacTul,. Pop-
MVpoBaHue un3obpaxeHuii B TEM OCHOBaHO Ha MNPOXOXAEHWW 3NEeKTPOHOB Yepe3 obpasel, nNpu 3TOM
nonyyaroT AByXMepHoe n3obpaxeHne n nHdopmaunto o pasmepe yactuy [73]. Takxe ¢ noMmowbio TEM MOXHO
nonyunTb MHhopMaL Mo O BHYTPEHHeR CTPYKType YacTuL, Ha OCHOBE KOHTPACTHOCTU M306paXeHWs, B TOM YucC-
e B HEKOTOPbIX ClyYasx MHOPMaLUIO O KPUCTaI/IMYECKOW CTPYKTYpeE (XOTSA O/151 3TOro HE06X0A4MMO, YTObbI
YacTuLbl 6bISIM OPMEHTMPOBAaHbI COOTBETCTBYOL MM 06pa3om, n TEM BbICOKOro paspelleHuns). KoHTpacTHOCTb
M306paXeHnsa 3aBUCUT OT YNPYroro 1 Heyrnpyroro pacCesHNs 31EKTPOHOB NPU UX NPOXOXAeHUN vyepes obpa-
3€eL,. U Ha Hero B 3HaYMTE/IbHOW CTEMEHN B/IUSIIOT KPUCTa/I/IMYECKasi CTPYKTypa U NPOTOHHAasA N/1I0THOCTb 06pas-
ua. Npu pabote Ha STEM ¢ NnogxoAsLUM YIIOBbIM AETEKTOPOM N306paxXeHns MOryT 6bITb CDOPMUPOBaHbI C
MHTEHCMBHOCTbIO, MPOMNOPLMOHa/IbHOW KBaAapaTy NOpsAKOBOro HoMepa 3/1eMEHTOB, COCTaB/sAOWMX obpasel,
(Z-koHTpacTHOEe n306paXkeHne), YTO NO3BOIAET UHTYUTUBHO NHTEPNPETUPOBaTb N306paXeHUS pa3HbIX YacTul,
n aHcambnei yacTtuy [74]. Ucnonb3oBaHve NPonyckaHMs 3/1eKTPOHOB Yepe3 obpasel, Nnpu hopMMpoBaHun
n3obpaxeHns B TEM orpaHnumsaeT MakCMMasibHbI AnaMeTp uccredyembiX 4acTuUL, HECKONIbKUMU COTHAMMN
HaHOMeTpPOB.

dopmupoBaHne nsobpaxeHns B SEM ocHOBaHO NMpPenMyLLECTBEHHO Ha pacCcesiHuM WM UCMYCKaHUn
3/1eKTPOHOB 06/1y4eHHON NMOBEPXHOCTbLIO 06pasLa, YTo NO3BONSET UCCNefoBaTh YacTuLbl, pasMepbl KOTOPbIX
MOTYT U3MEHATBLCS B LUMPOKOM Agnana3oHe [75]. B ctaHgapTHOM pexunme hopmmpoBaHue ndobpaxeHnsa B SEM
OCHOBaHO Ha [eTeKTUPOBaHUN BTOPUYHbLIX 3/IEKTPOHOB, MCMYyCKaeMbIX NOBEPXHOCTbLIO 06pas3La nocne ee 06-
NyYeHNS NYYKOM NepPBUYHbIX 3/1eKTPOHOB. M0 NoSTlyYeHHOMY N306paXeHN0 MOXeT ObITb NONyveHa Tonoaorun-
yeckasi UHhopMaLms, NPY 3TOM Ha KOHTPACTHOCTb N3006paxxeHNs 60/blUe BCEro BIUAET OpueHTaums obpasua
Mo OTHOLLEHMIO K NaJalolmMM 3/1eKTPOHaM U AeTeKTOPY BTOPUYHbIX 3/1eKTPOHOB. O6paTHOe paccesiHue nep-
BUYHbIX 3/1IEKTPOHOB My4Ka TakXe MOXeT 6bITb MCNOJIb30BaHO Npu hOPMUPOBAHUN N306paXKeHN. MOCKONbKY
BEPOATHOCTb 06PATHOIO paccesHMs cBsA3aHa C aTOMHbIM HOMEPOM, B 3TOM pexume hopMnposaHnsa nsobpa-
XXEHWU MOXeT ObITb MNOJlyYeHa KayeCTBEHHasA MHgopMaLMs O XMMUYECKOM COCTaBe MOBEPXHOCTU ob6pasua.

B3aumogericTBue mexay anekTpoHaMmn U 06pa3LomM MOXeT ObITb UCMOMb30BaHO A/19 NONYYEHUS KONU-
YECTBEHHbIX XapakTepUCTUK YacTuL, pa3NnyHbIMU cnocobamun. XapakTepucTuyeckoe peHTreHOBCKOoe n3snyye-
HUVe, ncrnyckaemoe atToMamMmu B BO3OYXIeHHOM COCTOSIHUW, U ero ocnabseHne B o6pasLe 06bI4HO NCNONb3YIOT
npv aHanmse c nomoubo TEM n SEM ana onpefeneHnsa aneMeHTHOro coctasa BewecTBa metogom EDX. OH
[aeT BO3MOXHOCTb NONy4nTb MHopmauuto 06 3/1eMeHTHOM COCTaBe YacTul, B 06 beMe N HEOAHOPOAHOCTU UX
coctaBa [75]. [76]. MNpu ncnonb3osaHum SEM npocTpaHCTBEHHOE pa3pellueHne orpaHn4yeHo o6 beMoM Bellec-
TBa 06pasLa, paccenBaroLero 3N1eKTPOHbI, U HEBO3MOXHO MONYUYNTb MHPOPMALMIO O NPOCTPAHCTBEHHOM pac-
npegeneHnun c paspeweHneM meHee 1 MkM. OfHako u3MeHeHWe ob6bema BeLecTBa, pacceuBaroLLero
3/1EKTPOHbI, NPU YBE/IMYEHNUU PA3HOCTU MNOTEHLMAN0B MOXET 6bITb MCMONb30BaHO A8 NOJSTyYeHUs nHgpopma-
L1 06 3/1EMEHTHOM COCTaBe YacTuL, HaxoAsALWMXCA Ha NOBEPXHOCTM 06pasLa ¢ paspeLlleHnemM eCATKN HaHO-
MeTpOoB B rny6uHy [77].

[pocTpaHCcTBeHHOEe pa3pelweHne TEM onpegenaeTca guamMeTpoM 3/1IEKTPOHHOro nyyka. B STEM vnu B
coyeTaHun TEM/STEM grnameTp 3/1eKTPOHHOTO My4YKa MOXET 6bITb 3HAYUTE/IbHO MeHbLUE 1 HM, YTO NO3BONSET
nonyyatb WHGOpPMaLMio 06 3/1EMEHTHOM COCTaBe 4acTul, C BbICOKMM MPOCTPAHCTBEHHbLIM pa3pelleHnem.
OfHaKO MHTEHCMBHOCTb PEHTIEHOBCKOrO U3/ly4eHuns 6bICTPO YObIBaEeT Npu yBeNNYeHUN o6 bema aHannsnpye-
MOro BellecTBa, 13-3a Yero MeTouka HeJOCTaTOYHO HYyBCTBUTE/IbHA MPU aHan3e 4acTul, Masoro pasmepa.

Mpu ncnonb3oBaHnn TEM KonunvyecTtBeHHOE ornpefesneHne 3HepreTUYecKnx noTepb 3/1IEKTPOHOB Myyka
MOXeT ObITb UCNONb30BaHO A1A NONYYEHUS Pa3/INYHbIX XapakTepucTuk obpasua. KonnyecTBeHHO aHepreTu-
Yyeckue NoTepu cBsi3aHbl CO MHOTMMM CBOWCTBaMu 06pasua, U MOryT 6biTb MCNOJIb30BaHbI A/151 UCC/Ie40BaHUSA
€ro 3/1eMeHTHOro CoCTaBa, aTOMHOW CTPYKTYPbl 1 3NEKTPOHHbIX CBOMCTB. B npocTeiwem Buae EELS ucnonb-
3YyHOT 419 onpefesieHns 3/1eMEHTHOro cocTaBa o6pasLa No COOTBETCTBUIO XapaKTepUCTUHECKUX IMHNIA Nony-
YEHHOrOo criekTpa BO36YXAEHUAM 3/IEKTPOHOB Ha BHELUHUX 3HEPreTUYECKUX YPOBHSAX, XapaKTepuCcTUHeCcKnm
ons anemeHToB [78]. B oTanumne ot EDX yyBCcTBUTENBHOCTL EESL 3HaunTensHO 60/blie Ana 6onee nerknx
3nemMeHTOoB. [TPOCTPaHCTBEHHOE pa3pelleHne onpeaenseTcsa WUPMHOM NPUMEHAEMOr0 3NEKTPOHHOIO My4Ka,
OnamMeTp KOTOPOro MOXeT COCTaB/iATb MeHee 0,2 HM npu aHannse ¢ nomouwbio STEM. Metog EELS 3Hauum-
TenlbHO 60M1ee YyBCTBUTE/EH NO cpaBHeHUtO ¢ EDX npu aHannse He6OobLUMX YacTuL, NOCKOMbKY AeTeKTUPYeT-
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CA 3HaunTeNbHO 6O0Jiblluee YMCO B3aMMOAENCTBUIN MeXAay 3NeKTpoHamu fnyyka n obpasuom. I3To agenaet
MeToA, uAeaslbHbIM AN onpefefieHWs cocTtaBa HaHoyacTuy. OJHaKo 4acTo KOJSIMYEeCTBEHHbIW aHanus
CMNEKTPOB YC/NIOXHEH, a UHTeprnpeTauus AaHHbIX He HAcCTO/IbKO NnpocTa, Kak B EDX.

EDX 1 EELS MOXHO MCnosb30BaTh /15 NOIyHeHUA auarpamMmMbl pacnpegeneHmns afieMeHToB B obpasLe.
M306paxeHns QopMUPYOTCS Ha OCHOBe cneunasnibHbix curHanoB EDX unm EELS, oTob6paxatowmx pacnoso-
XXeHVe aTOMOB 3/IeMEHTOB M CNOCOOGCTBYOLWMX MAEHTUUKALNN YaCcTUL, KOHKPETHOITO XMMUYECKOro cocTasa.
MeToauka B Le/sioM TPyA0emMKa, NOCKO/bKY A/151 MOSTy4eHNs1 N306paxeHnss HeobXo4MMOl KOHTPaACTHOCTH Tpe-
byeTca onuTenbHOe Bpemsa c6opa uav hopMUpoBaHUS N306paXKeHWUIA.

6.5.3 AHan13 OAMHOYHbIX YacTUL, C MOMOLLbIO CKaHMPYHOLWEero CMN10BOr0 MUKpOCKona

Pa3Butne metofoB SPM NpuBENo K NOSABNEHUIO HOBbIX METOAMK DOPMUPOBAHUA N306PaKeHN HaHO-
yacTuu. Bo Bcex MeToAax MCMO/b3YOT TOHKNIA 30HA, C MOMOLLbIO KOTOPOrO OCYLLeCTB/ISI0T PAaCTPOBOE CKaHU-
poBaHue NoBepxHOCTU. [oN0XeHne 30HAa HaZ NOBEPXHOCTbLIO (M/1N Ha Hell) KOHTPONPYIOT C MOMOLLBbIO psa
CUrHanoB 06paTHOM CBA3U, NCNO/b3YeMbIX TaKxke ANS NOSy4YeHUs KOHTPacTHOro n3obpaxeHnsa Ha nogcoenu-
HEHHOM pacTpoBOM Aucrisiee. B nepBbIX yCTaHOBKax, CO3flaHHbIX ANA peanu3aynn metoga SPM. ncnonbso-
Ba/IC TYHHE/IbHbIA TOK 3/1eKTPOHOB MeXAy TOKOMpoBOAAWMM 06pa3uoM 1 30HAOM, MOABELUEHHbIM Ha
pacCcTOAHUN HECKO/IbKUX AeCATbIX A0Ne HAHOMeTpa Haj NoBEPXHOCTbIO 06pasua, 419 0TO6paXkeHUa penbe-
ha NnoBepxHOCTN Npu cybHaHOMeTpoBOM pa3spelleHun (STM). B 60nee no3gHux paspaboTkax peasimzoBaHo
B3anMogercTeme Mmexay o6pasLomMm 1 30HA0M 3a cyeT cun BaH-gep-Baanbca (APM), 4To no3BonseT nosyvyaTb
n3obpaxeHne obpasLoB, He 06/1a8al0LWNX I1EKTPUYECKON NPOBOAMMOCTLIO. Vicnonb3oBaHne Apyrnx mexa-
HNU3MOB NOJTy4YeHnss 06paTHOro cCUrHasa NpmMBesno K paspaboTke psga HOBbIX MeTOA0B (hopMupoBaHUA n3obpa-
XeHuin B SPM. B TOM unc/ie MarHWTHOM CU/IOBOW MWKPOCKOMUK, MOMepPeyHOo-CUI0BOM MUKPOCKONUHU,
MUKPOCKOMUN CABUMOBbIX CUM U CKaHMPYIOLLE ONTUYEeCKOM MUKpOCKONUn B 61mkHeM nosne. Bce aTn meToabl
MOryT paboTaTb Npu pas3/IMyHbIX YC/I0BUSX OKpYXatoLeli cpefbl, B TOM YMcre Npu aTMOCHePHbIX YCNOBUSX,
Npw NOrpy>XeHNN B XNAKOCTb N B BaKyyMe.

M3 BCcex AOCTYMHbIX MeTOoAOB SPM Ansa aHanM3a aspo30/eii BO3MOXHO HannyylumMm o6pa3omM noaxoaut
AFM, MOCKONbKY U306paXeHns1 C BbICOKUM paspelleHveM MOryT 6biTb MOsyYeHbl B BO3AyXe, U CyliecTByeT
CpaBHUTENIbHO Masio OrpaHnyveHunii K Tuny oTobpaxaemoli Nnpobbl. HapaBHe ¢ 4OCTOMHCTBaMM 3TOro metoga (a
VMMEHHO: BbICTpPbI aHanIM3 o6pasya, MUMHUMYM onepaluii No NoAroToBke o6pasua u aHanmMs3 npyu atmocdep-
HbIX YC/I0BUKAX) MO CPAaBHEHWIO C METOAAMW 3/IEKTPOHHOM MUKPOCKOMUM MeTOA MMEeeT U HeKoTopble HegocTar-
KW. CBAi3aHHble C MHTepnpeTauvern U NPUMEHNUMOCTbIO N306pakeHni. XoTa ¢ nomolbio SPM moryT 6bITb
nosly4eHbl N306paxXeHNsa € paspeLlleHneM B HECKO/IbKO A0/1eli HaHOMeTpa B rOPU30OHTa/IbHOM U BEPTUKaSIbHOM
HanpasJ/ieHUU, C ee MOMOLLbI0 HEBO3MOXHO paccMaTpuBaTb 60/1blUve U3MEHEHUA Npoduasa No BepTUKasu,
npesblLWaoLLine HEeCKO/IbKO HaHOMETPOB.

CkaHupytoLias ontudeckas Mukpockonusa B 6nmxHem nose (NSOM)— oavH 13 metogoB SPM. umeto-
LA HEKOTOPblE NOTEeHUMa/IbHbIE NPenMyLLLEeCTBA NPY aHaNM3e HaHo4vacTul,. O6blbyHaa onNTUYeckas MUKPOCKO-
Nnusa orpaHvyeHa TeOpPeTUYEeCKUM MPOCTPaHCTBEHHbIM paspelleHnem >Y2. OgHako ecnm obpasel, 06s1yyaoT
yepes OTBEpPCTUE pa3MepOM MeHbLUe [/IMHbI BOJHbI, Haxoslleecs Ha PacCTOSAHUM AeCATbIX 40/1ell HAHOMET-
pa OT ero NOBEPXHOCTU (B 6/IMXKHEM MOSE), TO MOXHO NOMYyYNTb NPOCTPAHCTBEHHOE paspeLleHne, Npnéanxato-
Leecsa KanameTpy oteepcTus. Npun ncnonb3oBaHum metogos SPM A/ ckaHMpoBaHUA obpasua Yyepes masioe
OTBEpCTME Haf HUM MOXET 6bITb MOSIyHEHO ONTUYECKOe M3o6paxeHne c paspelleHnem meHee 100 HM. XoTsa
Takoe paspelleHne He MOXeT 6bITb NOSTyYEHO A1 YacTuL, pa3mepom MeHee 100 HM, NPUMeEHeHME ONTUYECKNX
MeTOo/0B aHanm3a n AeTeKTUPOBaHUA A5 OTAENbHbIX HAHOYACTUL, MOXET OKa3aTbCs MOMEe3HbIM.

7 3aknoyeHne

Pe3ynbTatbl 60/IbLIOTO YMCMa UCC/eA0BaHWii NOKa3bIBakoT, YTO HAHOYACTMLbI M HAHOCTPYKTYpPUPOBaH-
Hble YacTULbl, HAXOASALMNECS B BO3AYXE, MOTYT NPeACTaBNsATh PUCK 418 300POBbs NPU UX BAbIXaHUW, KOTOPbI
HeNb3s yA0BNEeTBOPUTETbHO OLEHUTL O6bIUYHBIMU METOaMU OLLeHKM Bo3aelicTBUS. O4HAKO NOHVMaHue 3Toro
BCe elle TO/IbKO NPUGAMXKaeTCs K CTaAuun, Korga pa3paboTka HOPMaTUBHbIX OKYMEHTOB MO OLeHKe BO3-
neiicTBMSA HaHOaspo30s1eit Ha PaGOTHUKOB NPOMbILWIEHHbIX NPEANPUATUIA ByaeT NPaKTUYeckn oCyLecT-
BUMa. YTo6bl NpucTynaTb K pa3paboTKe COOTBETCTBYIOWMX CTaHAAPTOB, HEO6X04MMbI MPOABUXEHUE B
NAEHTUMMKALMN XapaKTepUCTUK HAHOa3PO30/1eld, KOTOpble ONacHbl AJ1s1 340POBbsS PA60THUKOB NPOMBbILL-
NIEHHbIX NPeAnpUsATUiA, a Takxe pasdpaboTka U BHeApPeHVe NpMGOPOB A/1si onpeaesieHnsi BO3LENCTBUSA Ha
OCHOBE 3TUX XapaKTepUCTUK.

26



FOCT P 54597—2011/ISO/TR 27628:2007

B HacTosiLleM cTaHfapTe pacCMOTPEHO COBPeMEHHOe MoJIoXeHre Ael B 061acTy onpesesnieHnst xapak-
TepPUCTMK N MOHUTOPMHIa HaHOa3pPO30/1eld, OH NpeAHa3HayYeH 4715 Nosib3oBaTesiell B KauecTBe peKoMeHaauum
npv BbINOJSIHEHMN U3MepeHUI B paboueli 30He 1 ABISeTCA NpefwecTBEHHUKOM 6y AYLLNX HOPMATUBHbBIX AOKY-
MEHTOB MO MOHUTOPWHIY HaHOa3po30/1eii. BBUAY OTCYTCTBUS CTaHAAPTU30BaHHbIX TEPMUHOB /151 HAHOYaCTUL,
npy NpUMeHeHUM B 06/1aCTU OXpPaHbl 300P0BbS Oblsla BBeeHa TEPMUHOMOMNS A8 PasnyeHns ANCKPEeTHbIX
yacTuy, pasmepoMm MeHee 100 HM (HaHOYaCTML) M YaCTUL, a3pP030Jieli CO CTPYKTYPHbIMU 3/1IeMEHTaMn pasmMe-
pom meHee 100 HM (HaHOa3po30/u). Kpome TOro, pasfensitoT HaHoYacTULbl, o6pasytoLmecs B kKauecTBe Mo-
60OYHbIX MPOAYKTOB MPOM3BOACTBEHHOrO npouecca (y/ibTpamesnikue 4acTuubl), N HAHOYACTULbI, NOyYeHHble
LenieHanpaBeHHO (MCKYCCTBEHHO CO3aHHble HaHo4YacTuLbl). MNpu 06CyXAeHMM cNOocO60B MOHUTOPMHIA OCO-
60e BHUMaHVe o06palLleHo NPenMMyLLeCTBEHHO Ha onpejesieHe XapakTePUCTUK B3BELLEHHbIX B BO3yXe HaHO-
yactuy. OgHako o6paleHO BHMMaHWe Ha Heo6XOAMMOCTb pPacCMOTPEHMS BO3AelcTBMA 6Gosiee KPYMHbIX
HaHOCTPYKTYPMPOBaAHHbIX YacTuL, ecin uMu onpeaensieTcs Bo3aeiicTBMe Ha 340POBbe.

MOHUTOPUHT 1 onpejerieHne XapakTePUCTUK, paccMaTpuBaeMble B HACTOsLWEeM cTaHAapTe, NO3BOJISIOT
OLeHUTb BO3JelCTBME HAHOA3PO30/1ei HAa OCHOBE MacChbl YacTuL, a3po30/1s, NowWwaamn NOBEepPXHOCTU YacTuL,
a3po030/1 N NX CHETHOW KOHLEHTpaunn. PekomeHayeTcsa UCNONb30BaTh U COBEPLLEHCTBOBATbL 3TN MeTOAbI A5
Nnonly4eHns AOMNOMHUTENbHOW MHOpMaLumn 0 BO34eCTBMM a3p030/1eit Ha PaGOTHUKOB MPOMbILLIEHHbIX Npes-
npusATUA N B KAYECTBE OCHOBbI A/1 pa3paboTkn CTaHAapTOB MO OuUeHKe BO3AelicTBMA. O4HaKo MHOrMe pac-
CMOTpeHHble B CTaHAapTe Npnbopbl He ngeasbHO NOAXOAAT AN KaXAOAHEBHOrO UCNOMb30BaHNA B paboueit
30He. M03ToMy TakxXe peKOMeHAyeTcsl, UTOObI N0 Mepe NOsIBMIEHUA HOBOW MHhOPMaLMK O BO34EACTBMM HAHO-
a’3po30/1€eii Ha 340POBbe, 3TV NPMGOPbLI 1 METOAbI YCOBEPLLEHCTBOBA/IMCL U pa3pabaTbiBasIMCb COOTBETCTBYO-
LMe KoMnakTHble, peHTabesibHble YCTPOCTBa A1 UHANBUAYA/IbHOrO MOHUTOPMHIA BO34ENCTBUSA HaHOaapo-
30n€ei.
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Mpunoxexnune A
(cnpaBo4yHoe)

OT60p 1M NOATrOoTOBKa 06pas3yoB A/19 aHanM3a MeToAaMun 3/1eEKTPOHHO MUKPOCKONUN

A.1 O6uime nonoxeHus

Mpn aHanuse yacTuy, a3po30/a MeTogamu 3EKTPOHHOW MUKPOCKONUKU Heobxoanmo cobnogaTh xecTkue Tpe6osa-
HUA Kk o6pasuam, CBOAAWMECH K UCMONb30BAHUIO CNeynanbHbiX METOA0B UX 0T60pa 1 NOArOTOBKN. MMOCKONLKY MeTo/bl
aHannsa Ha SEM 1 TEM pa3nunyHbl, MeToAnkn oT6opa 1 NoArOTOBKM 06pa3LoB 6yayT 3HaunTeNnbHO oTAnMYaTbes. OgHako B
060ux cCnyyanx Ana aHanusa Heo6xo4uMbl PUALTPbI C PABHOMEPHO OCAXAEHHbIMW YacTuLamu, C MUHUMaNbHbIM nepe-
KpblBAHMEM YacTul,.

A.2 CkaHupyluwaa 3NeKTpoHHas MUKpockonus

O6pa3ubl ana SEM 06bl4HO NOMewWaloT Ha TOKONPOBOASLWMNA CTONGUK NAN AUCK U3 aNtOMUHNA unu rpaduTa. Mas-
Hoe Tpe6oBaHue AN 06bIYHOr0 SEM — Hanuume TOKONPOBOAALLET0 COEAUHEHNA MEXAY TOUYKON, B KOTOPOA 3/1E€KTPOHHbI N
ny4yok nagaet Ha o6pasel, 1 NoAN0XKoW. Ecnn TokonpoBoAsLMe YacTuLbl OTEMPAIOT HE HANPsIMYI0 Ha TOKOMPOBOASLLYIO
noAnoxky, ToO Ha o6pasel, HAHOCAT TOHKOe MeTannuyeckoe wunu rpaduToBoe MNOKPbITUE, ob6ecneunBatwee Gecnpens-
TCTBEHHOE MPOXOX/AEHNe 3NeKTPOHOB. HeyaoBneTBopuTeNbHaA anekTpuyeckas NpoBoAMMOCTb o6pa3sua NpMBOANUT K N10-
Kanusauuun 3apsaga B SEM 1 nnoxoii unu nckaxeHHol nepegade ndobpaxeHus. NMokpbiTve Ha o6pasel, 06bIYHO HAHOCAT C
NOMOLLbI0 CEPUIIHO BbIMYCKAEMOro pacnblifSOWEero ycTpoiicTea 419 HaHEeCEeHUA NOKPbITUS, C MOMOLLbI0 KOTOPOTro Noj Ba-
KyYMOM MOXHO HAHeCTMN C/0oi aTOMOB TO/NLMUHOW HECKO/IbKO HAHOMETPOB. Takke MOryT 6biTb MCNOMb30BaHbl Apyrne cno-
CcO6bl OCaXAeHWa 13 NnapoBoii asbl.

MockonbKy Ha Npo6bl YacTul, aspo3oneii 06a3aTeNibHO JO/KHO GbITb HAHECEHO MOKPbITUE Nepes NoMy4YeHnem n3o-
6paxeHns Ha SEM. yacTuubl MOXHO cOGMpaTh M HA HENPOBOAALLME NOANOXKN. B cBA3M ¢ 3Tum SEM ocobeHHO yao6eH ans
nccnepoBaHma npob yacTul, 0TO6PaHHbIX Ha PUABLTPLI MAM MOANOXKKA MMNAKTOPOB. B 3Tux cnyyasax nogrotoBka npoobbl
nepej HaHeCeHMeM NOKPbLITUA 3akKNvYaeTcsa B NPUKPENIeHNN He60NbW O YacTn NOAN0XKN C NPo6oi kaepxaTeno obpas-
Lua c nomoublo TokonposoasLero knesa. Hanbonee pacnpocTpaHeH MeTo/ KPenaeHns ¢ NCNoNb30BaHNEM [BYXCTOPOHHNX
KNenknx ToKonpoBoAALWMNX NPOKNAA0K, Ha KOTOPbIE OMNOMHUTE/IbHO TOYEUYHO HAHECEH KONNMONHbIA pacTBOp cepebpa nnu
rpacuTa 4nA obecnevyeHns Xopolwero TOKONPOBOAALLEr0 COeJUHEHUA MeX/Jy BepXHeil NoBepXHOCTbI0 NPo6bl 1 aepxaTe-
nem o6pasua. Nockonbky o6pasel, nomewaT B SEM noj BakyymoM, a B MeCTe €ro KOHTaKTa C 3/1eKTPOHHbIM Ny4YKOM, Be-
posiTHO, GyAeT MPOWCXOAWUTb N0KaNbHbI Harpes, MOANOXKM ANA oT60pa nNpo6 He [AO/KHBI BkAlOYaTb MachsiHble,
CMasouHble AW Apyrne netyyune seljecTsa.

Ecnv nMeeTca BO3MOXHOCTb MCMOMb30BaTb pa3Hoo6pasHble MOAM0XKN ANA aHannsa ¢ nomolwbio SEM, To Han6o-
nee ahpekTUBHLI TE€ NOANOXKN, KOTOPble o6ecneynBaloT COBEPLIEHHO POBHYIO onopy Ans vactuy. OT6op npob Ha du-
NbTPpbl — OAWH U3 Haubonee MPOCTbiIX cnoco6oB oT6opa Npo6 asapos3oneil Ana aHanusa ¢ nomolwbio SEM. TpekoBble
nonukap6oHaTHble (hUNbTPbI UMEIOT FMajKyld NOBEPXHOCTb C NOPaMu O4NHAKOBOrO AuameTpa, Hauaydwmum o6pasom nog-
X0A4AULY0 ANA NOC/MEAYIOUEro aHannsa ¢ noMouibio SEM. XoTa Ha aTn (pUAbTPbl MOTYT 6bITb 0TOGPaHbLI YacTuubl, pasmep
KOTOPbIX MeHblIe pa3mepa nop punbTpa, NPeAnoYTUTENbHO CBECTN K MUHUMYMY BHYTPEHHEe ocax/[eHune yactuy 3a cyet
MCNoNb30BaHUA PUILTPOB C pasMepoM Nop. CPaBHUMbLIM C Pa3MEPOM CaMblX MEKUX YacTUL,, KOTOPbIE ABAAKTCA Lesbio
nccnefoBaHunsa.

Ans ot60pa Npo6 MMNakTopamn MCNOobL3YT NOANMOXKA C rNafKoil NOBEPXHOCTbIO. loNoNIHUTENbHOE NpeumyLiec-
TBO 0T60pa Npo6 KackajHbiM MMNAKTOPOM — MOJly4eHune Npo6, coaepxalynx 4acTullbl B Npejenax y3koro gnanasoHa pas-
MepoB. B MMnakTopax 4acTto NMpouMcxXoAuT neperpyska naacTuH, NpUBOAALLAA K NEPeKpPbiBAHWUIO YacTul, Ha NOoAJI0XKe,
noaToMy Heo6Xxo4MMO NpeAnpUHNMaTb Mepbl AN NpeAoTBpalLeHNa neperpysku.

OT60p Npo6 YacTul, AUaMeTpoM MeHblle HEeCKONbKUX COTEH HAHOMETPOB A4NA aHanusa Ha SEM ycnoxHaeTcs npu
oT60pe Npo6 ¢ ncnonb3oBaHneMm MUNbLTPOB U UMNAKTOPOB. O6bLIYHO YaCTULbl AMamMeTpPOM BMAOTb A0 20 HM MOryT 6biTb
oTO6paHbl HENOCPEACTBEHHO HA NOANOXKM ANnA SEM nyTem anekTpocTaTMyeckoro ocaxeHus. NpuaaHue sapaja asaposo-
no nepef oT60poM Npo6 3HauYUTENbHO yBennynBaeT 3 heKTUBHOCTb yNaBinBaHUsA. B anekTpocTaTnyeckmx yctaHoBKax
ANA OCaXAEHWA yacTul, 3a cueT paspsija Mexjy oCTpUeM U NN0CKOCTbI0 COBMeLlleHbl HaBejeHne 3apaja u ocaxjeHue
nog feiicTBueM Mons ¢ MCNOMb30BAaHWEM OCTPOI KOPOHMPYIOLWEA UrMbl B KA4eCTBE OHOr0 3/1eKTpoAa U NI0CKON noBep-
XHOCTU ANA ynaBnnBaHUA Npobbl B KayecTBe BTOPOro afektpoga. [ns yactuy pasmepom 6onbuwe 20 HM 3D eKTUBHOCTb
ynasnueaHua npubnuxaetca k 100 %. Mpu ymMeHblIeHN pasmepa 4acTul, CHuxaeTca ad(PeKTMBHOCTb HaBeJeHna 3apsa-
Aa. uTO NPUBOAUT K 60NEee HU3KUM 3HAYeHNAM 3P DEeKTUBHOCTHN ynaBnmBaHusa Yactul. [na npo6, NonyyYeHHbIX B 31€KTpO-
CTaTUYeCKUX YyCTaHOBKax A/ OCaXAEeHUs 4YacTul, XapakTepHo paBHOMEpPHOe pacnpefesieHne 4yacTul, No NOBEPXHOCTH
NOAJIOXKN, 4TO NO3BOJIAET NPOBOANTL aHaNN3 OTAEe IbHbIX YacTul Ha SEM.

C nomouibto ESEM npoby aHann3npyoT Npu HA3KOM Bakyyme, Takum o6pa3om, CHUMAKTCA HEKOTOpble Tpe6oBaHus
K o6pasuam, yCTaHOB/IEHHbIE ANA aHann3a Ha o6blyHOM SEM. Kamepy ESEM gnda o6pasua 3anonHaeT ras uav nap nog
HU3KUM [laB/IeHNeM, COo3aloLWnii B Kamepe yCN0BUA 15 3/1eKTPOHHOTo paspaga. Takum o6pasom, Npobbl He 06A3aTesibHO
AOXHbI 6bITb TOKONPOBOAALWMMU. OHAKO NOCKONbKY B peXuMax nepegayn n3obpaxeHns n aHanmsa Ha ESEM nonyuatot
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MHopmMauuno no obpasuam, 0OT/IMYHYIO OT NOy4yaeMoi ¢ NoMOLW bl 06bIYHOr0 SEM. HEO6X0AMMO TOYHO ONpefennThb, Ka-
Kot meToa SEM nnun ESEM (ecnm ecTb BO3MOXHOCTb NMPUMEHATb MX 06a) HauNy4ywmnm o6pasom noAxXoAuUT ANS aHanmsa
KOHKpeTHOro o6pasua.

A.3 TlMpocBeunBarwLw,as 3/1eKTPOHHAA MUKpOCKONUSA

Mpo6bl ANs aHanusa ¢ nomouwbio TEM cneayet oT6MpaTh Ha TOHKYI0 NPO3payHyto NOANOXKY ANS 3NEeKTPOHOB, 4YTO
no3Bo/IAeT NPONyLEHHbIE 3/1EKTPOHbI MCNOMb30BaTh A4NA (hOPMUPOBaAHUA N306paxeHUs 1 ero aHanmsa. Takum o6pasom,
Tpe6oBaHus KoT60pPYy M noaroToske o6pasuos Anss TEM 60nee xecTkue no cpaBHeHuto ¢ SEM. B TEM 06bI4HO NpUMEHSIOT
Aepxartenu o6pasyoB, npefgHa3HayYeHHble A1 KPEN/IeHUs ceTyaTbiX AUCKOB AnamMeTpoM 3 MM. DTN CeTKM MOTYT 6biTb U3-
roTOB/IEHbl U3 pa3HbiX MeTannoB (Hanbonee WUPOKO A 3TOFO UCMOMb3YIOT MeAb U HUKENb) U NPUMEHSIOTCA B psifie Ko-
HCTPYKLMA B Ka4yecTBe MOANOXKMA ANS pa3nnyHbix Npo6. Mpu aHanuse yacTuy aspo3oneit Hanbonee 4YacTo UCNONbL3YIOT
CeTKW, NOKPbITbIE TOHKUM C/loeM rpaduta unu naeHkKoi okcmaa KpemHus. Takke WUPOoKO UCNoNb3yT CeTKM AN 06pasLos,
nokpbITbie nonudopmanbAernaHoi nneHkoid, camm no ce6e NN B KA4eCTBE OCHOBbI MO TOHKOe rpacMToBOE NOKPbITHE.
CeTKu Takoro TMna NoAXoAsT AN aHanusa yacTul 60nblWero pasmepa, HO NPU UX UCNONb30BAHWWN MOTYT BO3HUKHYTb Mpo-
6nembl c (hopMUpoOBaHUEM N306paXEHUS U HANUYMeM NpuMeceil — 0COBGEHHO NpU aHaan3e HaHo4YacTuL c noMouibio TEM
BbICOKOTO paspelleHuns.

CeTKW, NOKpbITble rpauTom, BbiNyckaloT B BUAE CMJIOWHbLIX NJEHOK, NIEHOK C PeAKAMU OTBEPCTUAMU (AblpyaTtas
rpachuToBas NaeHKa) UK KPyxeBOBUAHbIX rpacthMTOBbLIX NeHOK. Popmoo6pasytolwas ocHoBa o6ecneynsaet c6op u pop-
MUpOBaHWe N306paxeHmnii yacTuL, Ha 30HaxX HENPepbIBHOM NAEHKN 60Nbl Ol Naowaamn, Npy 3TOM MOryT 6biTb ONpeAeneHsbl
pasmep u popma 60nbWOro Yncaa yactuy. OgHaKo 4acTo Heo6xo0AMMO MMeTb JOCTYyN K NOBEepXHOCTK o6pasua, He 3aTpa-
rMBaemMoi 3/1eKTPOHHbIM NYYKOM, ANA PETYIMPOBKU NONOXEHUS NyyKka UM aHanusa YacTul, HaXxo4sWMNXCA Ha Kpaw noj-
noxkn. 6e3 mewarLwero Bo3geiNCcTBNS NOANOXKKN. B aTuX cnyvyasx AnNA ynasnuBaHusa yacTuy Nyywe nogxoauT Abipyatasn
NN KpYXXeBOBUAHAN NAEHKA.

MpeanoyYTUTENbLHO OTGMpPAaTb YacTULbl HENOCPEACTBEHHO Ha CeTyaTyto NoAM0XKY, BXOAALY0 B KOoMNaekT TEM. npu
3TOM UCKIOYaeTcs atan BTOPUYHOW NOATOTOBKM o6pasua. DNeKTPOHHO NPOBOAUMOCTU HAHOYaCTUL 06bIYHO JOCTATOYHO
1N MOXHO HEe HaHOCUTb Ha 06pasLibl NOKPLITUE, KakK B cnyvyae ¢ o6pasyamun Ana SEM. CyuiecTByeT psj cnoco60B ynasnumsa-
HUS YacTul Ha ceTyaTble NOAMOXKM TEM, B TOM uucne pa3MelleHne NoA0XeK Ha TMLEeBO/ NOBEPXHOCTU punbTpa um
nponyckaHue Bo3fyxa 4Yepes3 KpYXXeBOBUAHYI rpacduToByto naeHky. OgHako Ha npakTuke B GOMbWMWHCTBE C/lyvyaeB wc-
NoNb3yT 3/1eKTPOCTATUYECKOE UM TePMUYECKOE OCaXAEeHUe.

TepMmuyeckoe ocaxgeHue 4acTuly a3po3ons 3a cyeT NepemMelleHns YyacTul M3 061acTu ¢ NOBbIWEHHOW Temne-
paTypoii Bo6nacTtb ¢ 60/1ee HN3KOW TemnepaTypoil 0CoO6eHHO 3h D EKTUBHO ANA YacTUL AnameTpom oT 1 4o 100 Hm. B
CaMOM NPOCTOM BapuaHTe TEPMUYECKOTo 0CaXAeHUsA OXNaxAeHHY ceTyaTyto noanoxky TEM Ha kopoTkoe Bpems no-
MelwalT B Cpeay ropsayero aapo3ons, HanpuMmep B paken csapkn. B npobax, oTo6paHHbIX Takum cnoco6omM, 06bIYHO
HabngaeTca O4HOPOAHOE pacnpejefieHUue YacTul Ha ceTke. TepMUUyeckoe OCaxAeHWe MOXHO MCNoNb30BaTh AN
ynaBnuBaHUA 4acTul, a3po30/ieil Npu KOMHATHOW TemnepaType NyTem co3faHua rpagmeHTa TemnepaTtypbl Hag noBep-
XHOCTbIO ANA yNaBAWBaHWA U NPOMNYCKaHUA a3po30/si Nonepek 3TO NOBEPXHOCTU. DTOT cnocob Gbin peann3oBaH B
psifie aKcnepuMeHTaNbHbIX YCTPONCTB. dNekTpocTaTuyeckoe ocaxaeHne — 3 eKTUBHbIN anbTepHaTUBHbI MeToA
ynaBnuBaHus YacTtuy pasmepom 6onee 20 HM ANnA aHanusa ¢ nomouwbio TEM. HacTnubl pasmepom MeHee 20 HM Takxe
MOTyT 6bITb COGpPaHbl 3TUM MeETOAOM, XOTsi 3h(HEeKTUBHOCTb ynaBAMBaHUA NajaeT U3-3a YMEHbWeHWA AuameTpa.
dneKkTpocTaTuyeckne yCTaHOBKM AN OCAXAEHUA YyacTul 06bIYHO MPUMEHSIIOT NpU NOAToToBKe 06pa3uoB ans TEM un
SEM. 6onee noapo6HO OHU onucaHbl B A.2.

A.4 DnekTpoHHas Mukpockonus. MpofonxnTenbHOCTbL oT6opa nNpob

Mpu noaroToBke 06pa3LoB A1 3NEKTPOHHOW MUKPOCKOMUU BaXHO NONY4YUTb Npo6y C COOTBETCTBYIOLL el 3arpy3koit
NOANOXKN ANs o6ecnevyeHus 3hPeKTUBHOCTU aHanu3a, Ho Tak. 4UToGbl NPU 3TOM He Npoucxoauna neperpyska yactuuamu.
B Tex cnyuvasx, korga athhekTMBHOCTb 0T60pa NPo6bl M3BECTHA WU MOXET GblTb OLLEHEHA, MOXHO OLLEHUTb MUHUMANbHYIO
NPOAO/IXMTENBHOCTL 0T60PA NPOGLI AN MOMYYEHUSA O0CTATOUHOM 3arpy3kn. K KpuTU4eckum napameTpam oTHOCAT 3y ek-
TUBHOCTb 0T60pa Npob kak PyHKUUIO AnameTpa YacTtul (£r). pacxos Bo3gyxa B Npo600TOOPHMKE (4), CYHETHYI KOHUEeHTpa-
LU0 YacTul kak pyHKLMo nx guameTpa (C*). MUHUMaNbHO AONYCTUMOE YMC/IO YacTul ¢ guameTpom d. npuxoasiuieecsa Ha
none 3pexHus mukpockona (N,), ¥ MUHUMaNbHO JONYCTUMYIO NaowWab NPOEKUUN KaxAoi yacTuubl gunametpom d. Bbipa-
XEHHYIO Yepe3 A0/ naowaamn nons 3peHus mukpockona {Ai).

3HavyeHne AdonpegenseT HauMeHbLI Wi pasMep YacTullbl, KOTOpas MoXeT 6biTb YCNELWHO NpoaHanM3MpoBaHa npu
3afjlaHHOM yBenuyeHuun. Mpn gonyueHun o cipepuyeckoii hopme yacTuy HanbonbLyo naowanb NONS 3PEHNA MUKPOCKO-
na A,, 12, ana HabnwaeHna yactuy guametTpom d. BbIYMCAAKT No hopmyne

J]

(A-1)

4A

rae d — AnameTp yacTuubl, M;
Aa — MUHMMAaNbHO gonycTumas naowajb NPoekyMn YacTulbl Ha Nose 3peHUs, BbipaXeHHas a foNsux A,.
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Takum 06pa3om, MUHUMAasbHO JONYCTUMYIO MIOTHOCTb YaCTUL, HA NO/JI0XKE M. BbipaXXEHHYI0 Yepes YNcno yacTul,
Ha KBajpaTHbIii MeTp, M~2. BbIYUCAAOT N0 hopmysie

(A.2)

rae Na— MUHUManbHO AOMNYCTUMOE YMCMO YacTuy gnameTpom d B nMosie 3peHUss Mukpockona.

[ns 3apaHHOro pacxoga Bosgyxa npu otéope npob g. 3dhcpekTMBHOCTM oT6opa Npo6 Ean apdekTnBHOM nnowaan
noanoxku A, c ucnonesosannem popmyn (A.1) n (A.2) MoOXeT 6bITb BblYMC/IEHA NPOLOMKNUTENBHOCTL OT60pa Npob6 /. c. He-
obxoaumas 4na JOCTUXEHUS MUHUMANbHON 3arpy3kn ounbTpa yactuyamu, no gopmyne

f, "A _41,A, NO (A.3)
qCaE, TP qC,Ea’

rae A, — adppekTuBHaa naowanb NOAMOXKKA, M2;

q — pacxof Bosgyxa. m3c;

Cd— cyeTHas KOHUEeHTpaumnsa vyacTul Kak MyHKUUA nux gunamertpa, m*3;

Ea— addhekTuBHOCTL 0T6Opa yacTuy Kak yHKuMa ux guametpa.

MakcumanbHasa adhhekTuBHasA naowajb cetyatoii nognoxkm TEM gnameTpom 3 MM. Ha KOTOPY MOTYT OCECTb Yac-

Tuybl. cocTaBnaeT 7.1 x1 0B mM2. Mpu ncnonb3oBaHuy LU poBoro Mmetoaa hopmMupoBaHus nsobpaxeHnii nccnepyemoie
YacTuubl MUHUMANbHOTO pasMepa B UAeanbHOM Crlyvyae AO/KHbI NOKPbIBATh, Kak MUHUMYM. 10 nukceneii. Takum o6pasom,
n3obpaxeHne pasmepom 1024 x 1024 6yaet umeTb naowaab A, = 9.5 x O /1 Mpuemnemoe 4yncno yacTuy B noae 3peHus
NdcoctaBut 10. Takum o6pas3om, ecnum yactuubl gnameTpom 50 HM 6yayT cobpaHbl ¢ aghhekTuBHOCTLI0 80 % npu pacxoge
Bo3ayxa 5 x O-* m3c a cpefe co cHeTHON KOHLeHTpaumein yactuy 10sm J1 To BbluncneHHas no gpopmyne (A.3) MUHUManNb-
Hasi NPOA0MXNTEeNbHOCTL 0T60pa Npo6 cocTaBuT okono 0,25 4. OgHaKo ecnu yacTuubl gnameTpom 10 HM 6yayT co6paHbl B
Takux Xe ycnosusax, To MMHUManbHas NpPoAoIXUTENbHOCTL 0T60pa Npob 6bina 6bl NPUGNN3NTENBHO 6 Y.
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