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BBenoeHue

TBepable YacTULbl IBNAKTCH rMaBHON NPUYUHOU M3HOCA rMapaBnnvecknx cuctem. B aspokocMnYecKon,
BOEHHOW NMPOMBILUIEHHOCTU U NMPU NPOU3BOACTBE TMAPONPUBOAOB UCMONBb3YIOTCA ONTHUYEeCcKUe aBTOMaTUYEC-
kKie cueTynkmnyactTul (ACH) oana oueHKU ypOBHA 3arpaA3HEHHOCTU TMAPaBNUYECKOU XKNAKOCTU TBepAbIMA YaCT -
amMmn. CTeneHb 3arpa3HeHHOCTU YacTo CBSA3aHa C LLeJTIOCTHOCTbHO CUCTEMBI U C NpUMeHeHnem xunakoctn. ACYH
TakKe 4acTo UCMOMb3YHOT NMPU pasnnYHbIX UCMbITAHUAX PUNBTPOB UX M3FOTOBUTENAMAU N NONb30OBaTENSMM.
CtaHgapTHbin meToq no NCO 4402V [1] ncnonb3oBanu okono 30 net aona kanmbposkn ontudecknx ACH ¢
Llenbio NonyvYeHnsa 3aBUCUMOCTI pasmMepoB YacTuUL, OT UX cogepkaHng.,

B NCO 4402 ons kannmbpoBKM MCNOMb3oBannCb ctaHgapTHble obpasubl TOHKOAUCNEPCHOMN TECTOBOW
Nblnn Ansa sosayxocoductutenen (ACFTD)?), paspaboTaHHble oTaenom kopnopauun General Motors. OTu cTas-
OapTHble 0bpasLbl NpeacTaBnan cobon NoNMANCNEPCHYHO MNblfb C HAUOONLLLKMM YACTIOM YacTuL, (Kak npuee-
neHo B NCO 4402) anameTpom B gnanasoHe o1 1 4o 80 MKM (coaeprKaHMe YacTuL, Bo3pacTaeT C yMeHbLUeHUem
anameTtpa). Coobuwanoch, YTo cogepKaHue YacTul, YMeHbLUaeTCs Npu yBeNUMYEeHUN UX pasmepa npmdnmnsmn-
TensHo Ao 100 mkm. MNMpu ncnonbszoaHun ACFTD B KannbpoBKe BO3HUKANKM HEKOTOpPbIE Npobnemsl. Bo-nep-
BbIX, pacnpegeneHne Yyactul, No pasmepam He ABNAN0Ch TOYHbIM A4 YacTul ManbiX pasmepoB (< 10 MKm) [2],
[3], [4], [5]. MHOorne nccneaosatenn otmedanu, UYto ACFTD cogepxunt bonbliuee 4Ynucno 4Yyactul, pasmepom
veHee 10 mkm, Yem ykazaHo B NCQO 4402. Bo-BTOpbIX, UTO HE MeHee BaXkHO, nponssoacTtBo ACFTD Obino npe-
KpalleHo.

[To3TOMY BO3HUKNA HEODOXOAUMOCTbL paspaboTaTb HOBbIM cTaHO4apTHLIN MeToa ([Tnaponpueod 0ObLEM-
Hbln. MeToabl KanMbpoBKM aBTOMaTUYECKNX CHETHYMUKOB YAaCTULL B JKWOKOCTWN) C UCTMONb30OBAHMEM HOBBIX CTaH-
OapTHbIX obpasuoB (SRM) [6]. SRM, ncnonbayemblie npu KOHTPOME YACTOTHI TMAPONPUBOAOB B NpoLecce X
NPOU3BOACTBA, ObINK paspaboTaHbl HaunoHanbHbIM MHCTUTYTOM cTaHaapToB U TexHonorn (NIST). INpenmy-
LLIeCTBOM MCMONb3oBaHNA HOBOro SRM siBnsieTcs ynydlleHHas npeLmn3noHHOCTb, MOCKOMbKY 00pasLbl nonyyva-
10T TOJIbKO U3 OOHOIc UEeHTPannM3oBaHHOMO0 UCTOUHUKA, 1 MeHbLUAas NOrpPeLllHoCTb onpeaeneHnsa pasmepoB
yactuu [7]. HoBein SRM, nonyunslunn HassaHne SRM 2806, npeacrtasnsaeTt cobomn cycneHsnwo CpegHeancnep-
cHol TecToBoM Nbln UCO (ISO MTD)® B rugpasnuyeckoin xxuakoctn MIL-H-5606. na atoro SRM 6bino onpe-
OeneHo Yncno Yactul, pasmepom bonee onpegeneHHoro B 1 M KnMakocTu.

" Otmenen B 1991 1. u 3ameHeH ctangaptom ACO 11171.

) ACFTD — Air Cleaner Fine Test Dust (ToHKOAMCNEpPCHAas TECTOBAS Mblfb AN OHYUCTUTENEN BO3yXa).
*)|SO MTD — ISO Medium Test Dust (CpeagHeaucnepcHasi TectoBasi noinb ACO).

IV
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HAUMWOHANbHBIU CTAHOAPT POCCUUCKOWNW OGEOLEPAUUMN

rMoPonPUBOA OBBLEMHbIN

KannbpoBka aBTOMaTU4eCKUX CHETYMKOB YacTUL, B XKUOKOCTH
ATTecTauusa ctaHgapTHbIX obpasuoB SRM 2806

Hydraulic fluid power. Calibration of liquid automatic particle counters.
Procedures used to certify the standard reference material SRM 2806

[laTta BBegeHna — 2011—12—01

1 O6nactb NpMeHeHUA

HacTodawmnn ctaHgapT yctaHaBnMBaeT MeToaukn, npumeHsemsble B NIST ang attrectaumm ctaHgapTHBIX
obpasyoB SRM 2806, ncnonbsyemsie npuv NepBUYHON KannbpoBKe aBTOMaTUYECKMX CYETYUKOB YacTul, B
XNOKOCTW.

SRM 2806 npeactasnsieT coboun cycneHsuto ISO MTD B rmapaBnnM4eCcKon XXMOKOCTU ¢ pacnpegeneHmem
YyacTuL, No pasMepam, aTTeCTOBaHHYIO C UCMONb30BaAHNEM CKaHUPYOLWEro 3nekTpoHHoro Mmukpockona (COM) u
COOTBETCTBYHOLWNX METOAUK aHaNM3a n3obpaxkeHuns YacTtuu,

2 O6opyaoBaHue U marepuanbil

2.1 TecToBasaA NbINb

2.1.1 CraHpapTHbIn o6pa3el SRM 2806

[ns NnpurotoBneHna ctaHgapTHOrO obpasla UCNOoNb3yHT KBApLUEBYIO Mblfb, NOMYYEHHYIO U3 Mecka
APU3OHCKOW NYCTbIHU CTPYMUHBIM U3MellbuyeHneM 1 nocneaytowen Bo3gyLwHoOM COpTUROBKOU AN NONMyYeHUs
COOTBETCTBYIOLLEro pacnpegeneHna yactuy, no pasmepam. CyLecTByeT HeCKOJIbKO KIaccoB Nbi ¢ pasiifd-
HbIMW AanasoHaMu pasmepoB vYacTul, ux ceoucTBa yctaHoBneHbl B UCO 12103-1 [8].

Ona npurotoeneHna SRM 2806 ncnonesosanu neinb knacca ISO 12103-A3, nMmeloLyo Takke HasBaHue
1ISO MTD, c HomepoM napTun noctasLmka 4390C.

2.1.2 CtaHpapTHble obpa3ubl RM 8631 n RM 8632

CTtaHaapTHble obpasubl RM 8631 MRM 8632 npeactasnsatot cobon ISO MTD 1 ToHKOANCNEPCHYIO TECTO-
BYIO Mblfb U3 napTun nog Homepamm 4390C (Toun ke napTtuun, Yto U SRM 2806) 1 4476J cooTBeTCTBEHHO. Ha
ocHoBe RM 8631 n RM 8632 nony4vatoT BTOpUYHbIE cTaHAapTHLIe obpasubl, onnucaHHble B MCO 11171 [9], u
SRM 2806 [10]. Ana aToro ncnonb3oBanu ctaHgapTHble cbpasubl oblen maccon 3,6 Kr BOyTheINAX. [binb ObINa
BbICYLLUEHA U B XKenob4yaTtom genutene pasgeneHaHa 147 nopuun no 20 Mr kaxkaas. Ha ocHOBe KaXkaon nopLunn
NPUrOTOBUNMN CYCNEH3U0 YacTUL, NI BYUCTON TMAPaBNMYeCcKON XKNOKOCTU, KOTOPYHO NPOBEPANA HAa 0aHOPOA-
HOCTb C UCNOMb3oBaHUeEM onTudecknx ACH.

2.2 UcnbiTatTenbHas XUAKocCTb

B kauecTBe UcnblTaTenbHOU XUAKOCTU ANA nonydeHus cycneHsnndacTuy SO MTD ncnone3yroT rmapas-
NMUYECKYH0 XKNOKOCTh, LUMPOKO NPUMEHAEMYI0 BO BCeEM MUpe ANA UCTbITaHUA PUNbTpoB. B amepukaHcknx HaLum-
OHanbHbIX CTaHAapTax aTa rmapaBnMyeckasa XuakocTb obosHaveHa kak MIL-H 5606, Bo dpaHUy3CKMX
HaunoHanbeHbIX cTaHaapTax — kak AlR 3520, B TexHn4yeckmnx ycnoBnuax NATO — kak H 515.

PUINKO-XUMUYECKMe CBOUCTBa rugpasnmnyeckon xumakoctu npuesedeHbl B NCO 16889 (npunoxe-
HAM A) [11].

U3paHune odbmumanbHoe
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[onsa obneryenns obpasoBaHNs CYCNeH3nm 4acTuL, B rnapaBiNyecKyo XKUAKOCTb 400aBNsA0T HebonbLoe
konnvectBo (50 MKr/r) aHTUCTATUYECKOro peareHTta, vYtobbl yaenbHasi 3nekTponpoBOAHOCTL COCTaBMANa
(1500 £ 100) nCm/Mm.

2.3 YcTtaHoBKa gnga nogarotoBku npoowl SRM 2806

B cBs3u ¢ notpedbHocThio B SRM 2806 (noctaBnaemomy B OyThINsX BMeCcTUMOCTho 400 M) no Bcemy
MUPY Ha HECKOMbKO NeT HeobxoanMo ObINO NPUrOTOBUTL M OCTABUTL ANl XpaHEHUS U ANs NocneayroLen npo-
Oaxkm 6onbLuoe Yncno oyteinen ¢ SRM 2806.

[ns npepoTBpalleHns oceaaHnst KpynHbIX YacTuL, KBapLLEBOW MbIIN B CyCneH3un Obina paspaboTaHa
cneunvanbHasa yCTaHOBKa ANdA nepemMellBaHus, BKIovaoLasa MmexaHmnyecke U rugpasrnyeckme KOMMNOHEHTHI.
YcTaHoBKa bbina cobpaHa B cootTBeTCcTBUM Cc MCO 11943 [12].

[1pn KOHTpoONe oaMHakoBOoCTU byThiNnen ¢ SRM 2806 no coaepXMMOMY B COOTBETCTBUN C 3.1.2 DepyT CcycC-
MEH3UNI0 B TAKOM 00bemMe, YTobbI ee DbINO ACCTATOUHO AN 3anOfTHEHUSI KOHTPONbHBLIX OYThINEN.

Cxema ycTaHoBKM and noarotoBku npodbl SRM 2806 ana kannbposku ACH npuBeaeHa Ha pucyHke 1.

\/
AN4 3

D

P <

P

¢

T — rupapobak (200 n); 2 — UMPKYNAUMOHHBIN HACOC, 3 — PUNBTP ANA OYUCTKU, 4 — KpaH ana otbopa npob

PucyHok 1 — Cxema yctaHoBKM Ansi noarotoBku npobel SRM 2806 ans kannbposku ACY

2.4 YcTaHOBKa AnAa noaArotoBkn meMopaHHoro ounbTpa

YacTuubl Nbiny oTOUNbTPOBLIBAKOT NONUKAPOOHATHBIMU MeMBpPaHHbIMU PUNbTPaMM ANaAMETPOM 25 MM
N HOMUHaNbHOW TOHKOCTbLIO punbTpaumn 0,2 MKM Ha yCcTaHOBKe, ODbIYHO NMPpUMEeHAeMON Ans onpeaeneHus
3arpA3HEeHHOCTU rTMapaBnYecKMUX Xakocten Yactuyuamum rpasumeTpudeckum metogom no UCO 4405 [13] nnu
MeToaoM nogcyeTa vyacTtul ¢ noMollbio Mukpockona no NCO 4407 [14].

2.5 CKaHUpYyOLUN INTEKTPOHHBLIN MUKPOCKON U aHanM3aTop n3obpaxeHun

[ns paccMoTpeHus YacTul, UCNonb3oBanu ckaHUpyoLwmnn anekTpoHHbi Mukpockon JEOL 840. N300 pa-
xeHnsa B JEOL 840 popmmpoBanncb Ha 0OCHOBEe 0DpaTHOro paccesiHUA 3NeKTPOHOB, a MHdopmMaLums 0b n3obpa-
XeHusix obpabarteiBanacs ¢ nomMoLbto npoueccopa MicroVax n aHannsmpoBanach ¢ Ucnomnb3oBaHmnem LISPIX,
0bLLeJOCTYMHON KOMMNbIOTEPHOW NMporpammbl 00paboTkn nsobpaxeHun, paszpabotanHon B NIST. B HacToswee
BpemMs LISPIX MoxeT BbITh 3arpyXeHa Ha Ntioboun KOMMboTED.

3 ATttecTtaumsa obopyaoBaHuA

3.1 ATTecTauua ycTaHOBKM ANSA noarotoBku npoobl SRM 2806

3.1.1 O6wune nonoxeHUnN

3aobecnevyeHnem kavecta U3rotoBneHuna nmncnoliTaHna SRM 2806 cneguna onepatuBHas rpynna cese-
poamepukaHckux dneHos NCO, npeactaBneHHas ABYMSA NMpousBoauTensaMmn pUnbTPOoB, NPOU3BOAUTENEM
CYETUYMKOB YacTuL, HesaBucumoun nabopartopmnen MNIST. NamepeHnst Ha ACH npoBOAUNUCE Kak HE3aBUCHMOW
nabopartopuen, Tak mu NIST, nprnyem aHanms gadHbiX nposoann NIST.
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3.1.2 lNpoBepka 0OAUHAKOBOCTU COAEPXUMOTIo/KOHTpONb NnapTumn oytoeinen ¢ SRM 2806

B NIST b6bina paspabotaHa n npuMeHeHa akcnepumMmeHTanbHas MetTognka onpegeneHns oanHakoBOCTU
OYThINIEN NO COAEPKMMOMY, C MOMOLLIBHO KOTOPOW TaKKe MOTyT ObITb OOHApPYXKeHbI cUCTEMaTUYECKNE NOrpeLL-
HOCTU NpUOOpPOB. B NnpoLecce N3roToBneHUa o aHOBPEMEHHO 3anonHAnock 4 oyTteinu(a, b, ¢, d). B kaxkgon nap-
T ObINo 320 byTeINEN, MOoHW BbINM NpoHyMepoBaHbl 0T 1(a, b, ¢, d),2(a, b, c,d),...,4080(a, b, ¢, d) no mepe nx
n3rotToBneHuns. s kaxkaon naptmm oToOUpanum KOHTPONbHbIE BYTHINN ANA MPOBEPKU UX COAEPXKUMOTo Ha oanHa-
KOBOCTb B He3aBucumomn nabopatopum uB NIST c ucnonssopaHmnem ACH, paboTtatoix Ha npuHUune ocnabne-
HUSA cBeTa U KannbposaHHbIX N0 NCO 4402. [1na nepBoro Habopa otbupanu KoHTponbHbIE ByThINK (4, b, ¢, d),
Ha YeTblipex cTagusix npoLecca N3roToBNeHN, COOTBETCTBYIOLLIMX 3arnofIHEHMUIO NpUbnnanTensHo 5 %, 30 %,
60 % 1 95 % obuwero vynucna OyTbiNen B NapTUU N aHANU3NPOBalNn UX coaepXXMmoe. 3aTemM U3 3TOM XKe NapTUn
oTOMpanu OyTeINK ANd BTOPOro Habopa Ha TeX Xe cTaausax npolecca UM3roToBNeHUsa U aHannusnpoBanun 1x
coaepxxumoe. Hanpumep coaepxkmmoe 16 6yThinen ns nepsoro Habopa ¢ Homepamu 5a, dSb, 5¢, 5d; 25 (a, b, ¢,
d);50(a,b,c,d)n75(a, b, c,d), bbino npoaHann3npoBaHO B yKa3aHHOM NMopsiake. 3aTemMm coaepXMmoe Oy Thinen
N3 BTOpOro HabopacHoMmepamn6 (a, b, c,d),26(a,b,c,d),51(a,b,c,dyn76(a, b, c, d), bbino npocaHannsnpoBa-
HO Ha TOM e caMoM KanmbpoBaHHOM ACH. [1na ka)kaon OyTeiNny aHanns3 NOBTOPSNN TPMXKALI, U TAKUM 0Dpa3om
Obino npoBeaeHo 96 namepeHnn. Kaxxkayro naptuo n3 320 OyTbinen nogseprani 3To NpoBEPKE UNN ee MOJN-
bnunpoBaHHOMY BapuaHTty. CoaepXxXmmoe OyThbINen B nNapTuM cHUTann oaQuHaKoBbIM, eClii KO3 PULNEHT
OTKITOHeHUst Yncnavactumy pasmepomoonee 5, 7,10, 2030 mkm He npeBbilWan 4 %, 4 %, 4 %, 5 % n7 % cooTBe-
TCTBEHHO, ecn B NapTUK He Habniaanocb cUCTEMATUYECKUX OTKIOHEHWW. BbINo nonyvyeHo UHTerpanbHoe
pacnpegeneHne 4yacTtuy no pasmepam anst HoOMUHanbHOro AnanasoHa gnameTpoB YacTul, oT 1 4o 80 MKM, K
ObIN cpaBHEHbI pe3ynbTaThl UIAMEPEHUN ANS OAHOW U TOW Xe napTun dyTeinen ¢ SRM 2806.

3.1.3 lNpoBepka oaguHaKoBOCTU copepxumoro oytoinen ¢ SRM 2806 B pasHbIX napTuax

[na npoBegeHNUsA BbICOKOTOUHBIX M3MEPEHNA cTaHOapTHbLIM obpaseL, AoKeH OblTb Kak MOXHO bonee
ogHopoAaHbIM. CneunanbHble yecunua oblnu npeanpuHATHI AN NOATBEPXKAEHUS TOrMo, YTO CTaHAAPTHLIN 0Dpa-
3eL, NoNIy4YeH npu Hann4YnMm HesHaYNTENbHBIX PasNMUNA Mexay byTeinamMun B napTn. HeoanHakoBOCTb Ccoaep-
XXUMOTo OyThiNen B MapTuM MOXET ObiTb BhIpa)XXeHa 4vepe3 OTHOCUTENbHOE CTaHAapTHOE OTKMOHEHMe
pe3ynbTaToB U3MEepPEeHNUA ANA OAHOU NapTuKn, NpruBeaeHHoe B Tabnuue 1. Ha pucyHke 2 npuBegeHa ructorpam-
Ma 3aBUCUMOCTU OTcHeToBYacTML AnadeTbipeX naptun SO MTD oT gnameTpadvacTuL, NpMNpoBepke 0gNHaKO-
BOCTU COOEPXUMOro B OyThINSAX W3 pasHbiX naptuni. [UcTorpaMmma nocTpoeHa Ha OCHOBe CcpeaHMX
MHTEerpanbHbIX OTCYETOB YacTuUL, AN OAHOro 1 TOro e obbemMa aHann3npyeMomn XXMOKOCTK.

Tabnwuwya 1— OTHOCUTENBHOE CTAHAAPTHOE OTKINOHEHUE U3MEPEHUN AN OQHON NapTUN

Paamep vactuu, MK, bonee OTHOCUTENBLHOE CTaHOAPTHOE OTKNOHEHUe, %
5 1,1
10 1,3
15 2,0
20 3,8
30 6,7
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Yurcno yacTtuu bonblue yCTaHOBNEHHOrO guametpa B 1 mr
4
10

10°

102 || |I

101 II II
2 5 10 15 20 30

AdnameTp Yyactuubl, MKM

. — napTusa 2; . — napTusa 3; D — napTus 4; D — napTusa 5

PucyHok 2 — [ uctorpamma 3aBUCMMOCTU oTCcHeTOB Yactuy ansadvetoipex naptin ISO MTD ot anameTpa vactuu
Npu NPOBEPKE OANHAKOBOCTU COAEPHKUMOro BYThINEN N3 Pa3HbIX NAPTUN

3.2 ATTecTauuna KanubpoBKU MUKpOCKOoNa

3.2.1 KanubpoBKa MUKpOCKONa

Obpas3el SRM484d NIST, c noMoLbIo KOTOPOro onpeaensatoT KO3 PUUNEHT yBENTMYEHUSI CKAHUPYIOLLLE-
ro 3NeKTpPoHHOro Mukpockona (aanee — COM), ycTaHaBnMBaloT Ha npegMeTHOM cToke COM, BLIPOBHAB NO
OCAM X U ¥ (OPTOroHanbHOo), M UCNOMb3YIOT NPU aHanuae Kaxxaoro duneTpa ¢ npobon ana KanmbpoBKN MUKPO-
MEeTPUYECKOM NMTMHEUKN MO OCAM X U ¥ NMPU U3SMepeHNN pasMepoB YacTul,. Ana nposepkn MeTogmnknm UCnosb3oBa-
nm SRM 1960, npeacrasnsawownin cobon chepundeckme 4yactuubl NONUCTUPOa pasmepomMm 1 MKM, KOTOPbIN
ncecneaoBanu no TeM e MeToanKam, YTo M YacTULbl NbiNn. SNEMEHTHbIA aHanna YacTul, Nbif Ha PUNbTPE ¢
MCNONb30BaHNUEM ANCTIEPCUOHHOU PEHTIeHOBCKOW CNEKTPOCKOMNMM NPOBOANNIN ANl NPOBEPKN TOro, YTO B paM-
Kax 3KCcrnepumMeHTa NPOUCXoAUT aHanns3 TONbLKO NblfIM HeopraHM4Yeckou npupodbl U He NPUCYTCTBYIOT YacTULbI
3arpasHUTEeNd Apyroro npoucxoXxgeHus.

3.2.2 lpocnexnBaeMocCTb

Pa3mMmep vacTtul, aBnaeTcs npocneXmBaemMblM K NepBUYHOMY U3MEPEHUIC MeTOA0OM ONTUYECKOU NHTEP-
pepomeTpun c nomouwbio SRM484dNIST [15]. N3obpakeHne YacTuy, atoro SRM Ob1no nonyyveHo Ans Kaxaoro
hbunbTpa ¢ Npodbon U Kaxaoro yeenuieHus. Mo kanndpoBaHHbLIM ANMMHaAM U NONYYEHHOMY YUCTY NUKCENEN
BbIBOAWMOCH OTHOLLUEHWE YMcna NUKceneun K ANnMHe, KoTopoe MCNOMNb3oBanoch Ans npeocbpasoBaHnd N3obpa-
XEeHWN YacTuL, npeacTaBneHHbIX B NMKCenax, B MKMZ. [na aTux npeobpasoBaHuii 6binin BbiBNEHbI Heonpeae-
neHHocTn (HeonpegeneHHocT AnuHbl). OHWM npedcTaBnsaldT coboM CyMMy HeonpeaeneHHOCTEN B
onpepeneHun nukcenen n SRM [10, 15].

3.3 ATtTecTauusa noarotoBku MemobpaHHoro dounbTpa

3.3.1 Bblbop 30H Ha hunbTpe

OQHOW N3 cocTaBnALWMX 0DLEen HeonpeaeneHHOCTN U3MepeHUA ABNAeTCH HeonpeaeneHHoCTb, CBS-
3aHHas ¢ BbIDOPOM 30H Ha unbTpe. AHannM3 60nb6LIOro Yncna 30H nokasan HepaBHOMEPHOCTb pacnpegene-
HUSA YacTuL, Ha NOBEPXHOCTU ounbTpa. HepaBHOMepHOe pacnpeaeneHue YyacTtul, Ha NoBepXHOCTU PUNbTpa
Habnwganocb Ha MHOTMX bunNbTpax nocne pUNbTPOBaAHUA MMAPaBINYECKON XUOKOCTU. [MpeanonoXKNTeNbHO
3TO ObINO CNeacTBMEM MHTEHCUBHOMC ONONACKNBaAHUSA YACTBIM PACTBOPUTENIEM, YTO NMPUBOANNO K CMELLLEHNIO
YacTuL K LeHTpY dounnbTtpa. Ansa ycTpaHeHna aTor npodnemsl ¢ BbIDOPOM 30HbI Obin coszagaH COM, nNo3Bonsito-
LA cnyYanHbiM 0bpa3oM BeIOpaTh MNone 3peHns Ha NOBEPXHOCTU hbunbTpa. Ha pucyHke 3 npyuBegeHa cxema

4
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bunbTPa ¢ 30HaMu, AN KOTOPbIX ObINK NoNy4YeHbl MUKporpaduyeckne nsobpaxeHusi, a COoOTBETCTBYHOLLNE UM
noacyeThbl YacTul, npeacTaBneHbl ¢ MOMOLLBIO OTTEHKOB Ceporo LUBeTta (aanee — cepbln). B caMbIX TEMHbBIX
30Hax, pacnonaraBLUMXCH, B OCHOBHOM, B cepeanHe punbTpa, Obl1fio 3apeructpupoBaHo HandornbLee 4Yncno
YacTuL, a ANd 30H, HaxoasimXcst bnuxke K KpoMke unsTpa, — Manoe. HecnyvyanHsin BEIOOP Ans Habnwoae-
HUAS TONBKO cepeanHbl punbTpa npMeen bbl K 3aBbILLEHHOMY 3HAYEHUIO coaepXXaHus Yactul,. Cneagyert oTMme-
TUTb, YTO Nongda 3peHna COM, npunerarwLwime K KpoMke oUnbTpa 1 nepekpbiBaolMe ee rpaHuLy, rae Yyactmubl
OTCYTCTBYIOT, YUUTLIBAIOT NpKM noacyeTe YactTul,. [nowagb 3TUX 30H KOPPEKTUPYIOT, BblUMTad U3 Hee Nnowaab
Nons 3peHns Ha MUKporpadU4eckom N3obpaxeHuun, rae YacTuLbl OTCYTCTBYIOT.

[ pnMedYaHWe— [eMHble KBaApaTbl COOTBETCTBYKOT 30HaM C HanBONbLWKUM YUCTTOM COCUYUTAHHbIX HacCTtuny, a
cBeTlible — 30HaMm C MmallbiM HYNCITOM HaCTULL.

PucyHok 3 — Cxema noBepxHOCTU DUNbTPA, HA KOTOPOW BbINK BbIDPaHbl 30HbI C LENbIO MNONy4YeHUs
NX MUKPOIrpanyeckoro naobpaxeHuns

3.3.2 AHanus nsobpaxeHUsa YacTuL

AHanns 4yacTtuL, NpoBOAUNCS Ha UCXOOHBIX MUKPOrpaddiuecknx N3odbpaKeHusx; MH1M ogHa 3 ocobeHHoC-
Ten vYactuL, He Oblna nsMmeHeHa nnm ycuneHa. NoporoByto spkoCTb MUKPOCKOMNa HacTpanBanu BU3yansHoO AN
KaXkaoro n3obpaxeHus, 4Tobbl onpeaennTe MakcMMarnbHyo nnowagb YacTulbl M He BHECTU NpU aHanuse
POHOBbIE NMUKCENN UMNMKN NOXKHbIE YacTulbl. [locne HacTPOMKN NMOPOroBON SIPKOCTU N300paXkeHus nporpamma
onpeaensanavncro nMKkcenen, coctaBnaowmxdactmubl, T. e. uxnnowagb. OtaenbHO aHanM3npoBanmnsobpa-
XeHWe NpU KaXkaoMm yBennyeHnn, oxXeaThbliBaroLLeM YacTb pacnpeaeneHuns Yactul, no pasmepam. Kak BuaHo, Ha
PUCYHKE 4 KOHTYpPbI YacTuL, bonee apkue, Yem UX BHYTpeHHMe obnacTtun. PesynbTaT ckaHUpOBaHUSA YacTuL, No
NMKCenam BOONb HAaNMOONbLUEro pasMmepa npmBedeH Ha BCTaBKe K PUCYHKY 4. OTa KapTuHa HabnogaeTcs Ha
MUKporpadnieckmx N3obpakeHnax YacTuL, MOCKONbKY 3MEKTPOHBbI paccenBatroLLero nyvka MoryT JIerko Bblie-
TeTb U3 KOHTYpa vacTuL, U ObiTb OOHapPYXXEeHbI, a BEPOATHOCTb ODHapPYXeHUA 3NEeKTPOHOB, MPOHUKAOLWMX B LeH-
TpanbHYIO YacTb YacTuubl, Mana [16]. NockonbKy sIPKOCTb KOHTYPOB YacTul, NoUTK Bcerga byaet donblie
MOPOroBOM APKOCTU, UX CHUTAKOT YacTbio YacTuubl. [Nporpamma «3anonHaeT» nonble YacTUlbl, T. €. YacTulbl,
LeHTpanbHasa 4acTb KOTOPLIX OTODpaXKeHa YNCIIOM NUKCENen MeHbLLE NOPOroBOro 3HaveHus. Takmm obpasom,
Ba)XHbIM 3Tanom npu onpegeneHnn TOHHOM NnoLwagn Yactul, asngaeTca ngeHTUdpukauma nx rpaHnL, U KOHTY-
POB. CNOXKHOCTbL 3aK/MTIOYAETCH B TOM, YTO UCTUHHBIM KOHTYP YacTULLbI HUKOTrda HE MOXeT ObITb onpeaeneH ¢ To4-
HOCTbIO BonblWen, YemM wWKMpUHa nukcenda. OnpeneneHne KOHTYPOB JNMUHEUHBLIX MUKPOCTPYKTYP METOAOM
3NEKTPOHHOW MUKPOCKOMNM B METPONOTMK NoapobHO paccMoTpeHo B paboTte [17]. Ana cBeAeHUS K MUHUMYMY
HeonpeaeneHHOCTM NNoWwaan YacTil AoMKHbI ObITb 0TOOpaXkeHbl 60NbLLILMM YACIOM NUKCceNnen. Hanpumep npwn
yBennieHun x 3300 chepunyeckada yactuuya pasmepom 1 Mkm dyaeT otobpaxkeHa npnonusntensHo 270 nukce-
namun. MNpu ysenndeHnmnx 300 Ty ke camyro HacTULY HE aHANU3NPYIOT, MOCKONbKY OHa byaeT oTobpaXkeHa NuLLb
OBYMSA UNK TpemMsa nukcensamu. HanmeHbsllee YACNO NUKCenen, UCNonb3yemMoe Npu aHanmse, cocTaBnsieT B
bonblWMHCTBE cny4vaeB oT 13 0o 50.
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[T Kcenu

[TpnmedaHwue—YpoBeHb ceporo ans dunbstpa cocrtaensaert 251, gnsa KoHTypa — o1 60 go 70, a agnsa ueH-
TPanbHOW YacTn YacTnubl — nNpudnunantensHo ot 150 go 180. N3obpaxernne 6bino nonyveHo ¢ nomowbio NIH Image,
0OLWEAOCTYNHOrO NakeTa nporpamMmm ¢ MHBEPTUPOBAHHOW HACTPOUKOW YPOBHSA CEPOro, OTCYTCTBYIOWEN Y NMPOrpamMmmbl
LispiX.

PUCYyHOK 4 — N3obpaxeHne yactuy ISO MTD, nonyveHHoe Ha COM, ¢ ykaszaHnem SIipKOCTU KOHTypa vYactuu

3.3.3 OuameTp npoeKkuuil cTabUnbHO OPUEHTUPOBaHHbLIX YacTUL,

[Tpn onpegeneHnn anameTpa NpoeKkumn cTabunbHO OPUEHTUPOBAHHBIX YacTUL, UICNOMb30Baru rnormkap-
OOHaTHbLIN PUNBLTP C NIOCKON NOBEPXHOCTLIO. [MoaTOMY ObINK NOMYyYEHbl MUKPOCKOMUYECKUE N30DpaXKeHNU
yacTul, Nexalwmx Ha NNnockom NOBepPXHOCTU. HacTuubl A0MKHbI 0ceaaThb Ha PUNbTPE B TAKOM NONOXKEHUN, YTO-
Obl Nnowaab Ux Nnpoekunn dbina makcumansHoW. INpn aHanuse cycneHsun ¢ ncnonbisosaHmem ACH yactuubl
MM OPUEHTUPOBAHBLI CNyYanHbIM 00pasoM Unn onpeaeneHHbIM 0bpasoM NO OTHOLLEHUIO K MOTOKY XXUAKOCTH.
[ns Kaxkaon YacTuLbl HaxXoaaT 3Ha4YeHUe AnamMeTpa NpoeKkU M, COOTBETCTBYOLEee Hanbornee cTabunbHOM ee
opuUeHTauunun.

3.4 UcnbiTaHne SRM 2806 Ha cTaOUNBHOCTDL

[ns obHapyXeHnsa nsSMeHeHnn pacnpeaeneHunst YacTul, No pasmepam co spemeHem SRM 2806 ncnbelThl-
BaOT O4WH pas B LWeCTb MecsiLueB. [N MOHUTOpPUHIa ctabunsHOCTU ncnonbayt ACYH, kanmbpoBaHHbIE MO
CTaHOAPTHLIM chepUYecKMM YacTuLL.am nonucTupona. ApXmBHas 3anucb pacnpeageneHnsa 4actuL, No pasmMe-
pam AgoskHa ObiThb caenaHa nocne noctynnenms naptun SRM 2806 B NIST oo momMmeHTa npogaxun. Ecnn nsme-
peHnst ACH ykasbiBaloT Ha Kakue-nnbo mameHeHnss SRM 2806, 1o npoBoaAT BbIOOPOYHLIE MPOBEPKU
COOEPXXNUMOTo OTOBPaHHLIX BYThINEN C MOMOLL b MUKPOCKOMNA.

4 MetoaukKa ucnbiTaHUM

4.1 MpurotoBneHue SRM 2806 ana kanubpoBKU

SRM 2806 npeacraensan cobon cycneHsnto MU3BeCTHOU MaccoBou KoHUeHTpauun ISO MTD (12103-A3) B
ruapasnuyeckon xngkoctn. SRM 2806 cogepxan 2,8 mr ISO MTD mn3 naptum c Homepom 4390C, ykasaHHbIM B
NCO 12103, B 1 nrugpasnuueckont xxngkoct MIL-H-5606. SRM 2806 narotosnsanuck naptuamm no 320 6y Thl-
nen, cogepxawmx npndnuantenobHo 400 M cycneH3nm Kaxkaas.
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4.2 lMoaroroBka MeMoOpaHHoOro counbTpa

[lepen paccMoTpeHnemM oTAeNbHbIX YacTUL, No4 MUKPOCKONOM, UX yAaNAnm U3 rugpasiiniye CKoU XXOKOC-
TV nyTeM uUnbTpoBaHms. Bea annapatypa, cBsaA3aHHasi ¢ NpoBeAeHUEM 3TUX UCNbITAaHUN, Obina TWaTenbHOo
oJvuLleHa geM1UHepann3oBaHHOW BOAOW, He cogepXallen Teepabix YacTul (onpeagensemMbiX ¢ nomMollbio ACH),
N ONONMOCHYTAa renTaHoMm, npeaBapuTenbHO OTPUNLTPOBAHHBIM Yeped MeMbpaHHbIN PUNbTP HOMUHANBHOW
TOHKOCTbIO punbTpaunn 0,2 MKkM. OTPUNBTPOBaHHBLIW renTaH UCNOoSb3oBaln B KAYeCTBE pacTBOpUTENs AN
yaaneHua rmgpasnnyeckomn XXMAKOCTU ¢ punbTpa U NPOMBLIBKM annapaTypbl 4Nna PunbTpoBaHnAa. PUNbTpOBa-
HUe NPOBOANMNN B YACTOM nomeLlieHun knaccadnuctoTbl 100" ang ceegeHnsa K MUHUMYMY 3arpssHeHns TBepabl-
MW YacTuLamn U3 okpyxatrllero sosayxa. [Ana yganeHusa yacTtul, U3 rugpaBnnyeckomn XXMAKoCTU NPUMEeHANN
nonukapboHaTtHele PUNbTPLlI (AMaMeTpoM 25 MM U HOMUHANBHOW TOHKOCTbLIC punbTpaunm 0,2 Mkm). OTU
pUNbTPbl 0O6NagatoT BbICOKON 3 EeKTUBHOCTLIO cbopa vYacTul, pasmepom donee 0,2 MKM 1 UMEROT rNaakyro
MNIOCKYH NOBEPXHOCTb, HEODXOAUMYIO ANKA PACCMOTPEHUSA Mo 3NEKTPOHHBIM MUKpockonom [18, 19].

MeToauka, agantupoBaHHasi Ha OCHOBe cyllecTBytowero Mmetoga SAE (Obwectsa aBTOMODUNLHBIX
nHxxeHepoB) [20], npeaycmaTpuBaeTt aHanns npodbl ¢ KaxKaoro 13 Tpex GunbTpoB, NONTYHYEHHON NPU:

1) PUNbTPOBAHNN HECKONBKUX COTEH MUNNMUNUTPOB OTPUNBTPOBAHHOIO PacTBOPUTENSA NPU OAHOBPEe-
MEHHOM OMbIBaHUN UM CTEHOK BOPOHKM ANd onpeaeneHns YypoBHA YACTOThI (PUNbTPa, pacTBOPUTENSA U yCTa-
HOBKM ANSA PUNbTPOBAHUSA;

2) punbTpoBaHMK N3BecTHOro obvema SRM 2806 (npun cTaHgapTHOWU TeMnepaType) ¢ nocneayowmnm
OMbIBaAHNEM CTEHOK BOPOHKN OTPUNBbTPOBAHHBIM PAaCcCTBOPUTENEM;

3) dunbTpoBaHUM OTHUNBTPOBAHHOIO PACTBOPUTENS Nocsie TWaTelbHOro OMbIBaHUA BOPOHKN.

AHanuns3 npodbkl ¢ NepBOro punbTpa gaBal oUueHKY YUCTOThl UNbTPYIOLEro MmaTepmana, annapatypbl U
pacTBOpPUTENA ANA PUNLTPOBaHUA U BCero npolecca obpadboTkmnpob.l. [NepennpoBegeHMEM BTOPOTO aHanu-
3a vactuubl SRM 2806 B 0TAeNBbHBIX OYThINAX ObINY CHOBA CyCNeH3npoBaHbIl MyTeM 00paboTKU yNbTPasBYKOM,
MeXaHWUYeCKOro BCTPAXMBAHMA N NOBTOPHOW 00paboTKM yNbTpasByKoM. [locne cycneHsnpoBaHna N nepeme-
LLINBAHNA U3 OYTBINN OCTOPOXHO 0TOUpanununeTkon 10 unn 30 Mn cycneHsum, KOTOpYHo Nponyckanmyepes BTO-
PON YUCTBIN PUNBLTP C UCNOMb3OBaHUEM MpeaBapuTeNibHO OTMUNLTPOBAHHOIMO pacTBopUTenst. CTEHKA
BOPOHKU M NUNETKU ObINK TWWaTeNbHO NPOMbIThEI pacTBOpUTENEeM. HakoHel, ANns NpoBedeHUdA TpeTbero aHalnu-
3aycTaHaBNMBanU TPETUN YACTLIN PUNLTP, a BOPOHKY CHOBa OMbIBaNM Ansa yaaneHusi c ee CTEHOK BCcexdacTul,.
Bce Tpu dounbTpa aHannsvupoBanm 3NeKTPOHHBIM MUKPOCKOMOM, a MofydeHHble pes3ynbTaThbl U3MEPEeHU
4YacTuL, Mo 3TUM pUNbTPaM UCNOMb30BaNU ANa aHanunsa gaHHbIX.

4.3 PaccMoTpeHue memopaHHoOro counbTpa nu noacyeT yacTul,

4.3.1 Bbibop nonen 3peHus MuKkpockonaHa punbTpe

BuIOOp nons speHnsa MUKpockona Ha puUnbTpe SBNAeTCA O4HUM N3 CaMbiX BaXKHbIX 3TanoB MeToAUKN ANs
NONTy4eHUs COOTBETCTBYIOLMX XapaKTepUCcTUK TBepAablX 4YacTtuy,. [lonydyeHue TOYHOU npeacTaBUTENIbHOWU
BbIDOPKM ABNSAeTCA KPpUTUYHBIM. Ecnin BbIOOp caenaH HeBepHO, TO pacnpedeneHne 4YyacTul nNo pasmepam
MOXeT ObITb CMeLLeHO 13-3a psga npobnem, CBA3aHHbIX € NpoLeccoM pUNbTPOBaHUA, HanpuMMep Us-3a cerpe-
rallin KpynHbIX WU MenKnux 4acTuL, M HepaBHOMEPHOro pacnpeaeneHua Yactuy Ha punetpe. Beldbop 3aTtpya-
HAETCS TEM, YTO He MOXeT ObITb PACCMOTPEH BeCb (PUNbTP BCNeACTBUE BPEMEHHLIX OrpaHNYeHnI, a TakkKe
OrpaHU4YeHnn, CBA3aHHLIX C COXpaHeHueM Kn3obpaxeHuda. oaToMy ONA NonydeHUa npeacTaBUTENbHOM
BbIOOPKM OOMKHBI ObITh TWaTeNbHO 0TOOpaHbl 30HbI MOBEPXHOCTU pUNbTpa Ansa nogcyeta vyactuu. OgHUM U3
NyTeWn BINOMHEHNS 3TOWU 3a4a4M ABMAETCH CriyvYanHbln BbIOOP BCEX BO3IMOXKHBIX Y4aCTKOB pUNbTpa, Ha KOTO-
PbIX UMEIOTCA OTPUNBTPOBaHHbIE YacTuUbl. [pakTuyeckn 310 03HaYaeT, YTo BbIDOPKY NOMy4vatoT CO BCEro Kpy-
OBOro ydacTka qunbTpa, onpeaenaemMoro rnosioXxeHnem unbTpa B BOPOHKe, BKITHoYad y4acTKu, rae UunbTp
cornpukacaeTCa C KpasaMm BOPOHKM.

4.3.2 CkaHupyroLwlas afnieKTpoHHada MUKPOCKonus

COM npumeHann B gaHHOW paboTe Anst nonyvyeHunst n3odbpakeH YacTuL, UCNONb3yeMbIX A1 NepBnY-
HOro nogcyeta vucna/onpenenerHus pasmepoB vactuy, SRM. C3M BbIOpanu notomMy, 4YTO C ero nNoMoLLbH
MOXeT ObITb NONy4YeHo Xopollee n3obpaxeHue Yyactuu, pasmepom ot 1 4o 100 mkm. NocTpoeHne n3odbpakeHus
Ha OCHOBE 0bpaTHOro paccesiHus 3MeKTPOHOB obecnevymnBaeT MakCMManbHbIW KOHTPACT OTTEHKOB CEpOro Ans
nocneaywouwen obpaboTkn LMPPOBLIX U300paXeHUn. 3Ta MeToanKka XxopoLlo oTpaboTtana [21—25]. Ha Bechb
nonnMkapdoHaTHbIM PUNBLTP ANAMETPOM 25 MM € Npobon YacTUL, HAHOCAT HanblNeHUe N3 3010Ta C UCMONb30Ba-
HUEeM UCTOYHUKA HU3KOTEMNEPaTYPHOM NNasMbl, a 3aTeM PUnbTP 3akpennaT Ha npegMeTHOM cTonke COM.
Mukpockon uMeeT KOMMNbIOTEPHOE ynpaBrieHue ANd aBTOMaTUYeCKOro nepeaBmkeHUda npegMeTHOro CTonmka u
cbopa n3odbpaxxeHun.

" Knacc uncroTsl nomeuwieHns ykasaH no Fed-Std 209d CLWA. Knacc ynctotel 100 no Fed-Std 209d cooTtBeTcTBYET
knaccy «Knacc 5 UCO» no TOCT NCO 14644-1—2002.
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[Tporpamma cny4danHbelM 0Opa3oM BeIDMpaeT Nond 3peHnst N paccHUThIBaeT Hanbonee apPekTUBHBLIN
MapLUPYT CKaHUPOBaHUA BAOb NOBEPXHOCTU oUNnbTpa. 3aTeM npegMeTHbIU CTONMUK NepemMellaeTcd «llara-
MW» MO 3TOMY MapLLPYTY, YacTuubl nonaaaroT B OKYC, U ANd KaXXaoro nonsi no 0bpaTtHOMY pacCesiHUIo 3MekK-
TPOHOB NMONy4atoT U CoXpaHsaT 12-0UTHBIE N30bpakeHus. Cxema 3TOro npouecca npuBeaeHa Ha pUcyHke 5,
rae nokasaH cMoaennMpoBaHHbIA CriydanHbii BBIOOP NOMEN C MOBEPXHOCTU KPpYrnoro pmunsTpa n 0aHO U3 SneK-
TPOHHbIX N30DpaXKeHUn, 3axBavyeHHoe KoMMNblTepoM. KosdhpULUMEHT yCUNeHUst MUKpOCKoNna HacTpanBanu
ONs KaXaoro ounbTpa U Ang Kaxaoro ysenmyeHus, Ytobbl nonyyvnTe Hanbonee KOHTpacTHOE U3obpaxkeHume
yacTuy, Ha doHe dunbTpa nNpu 256-UBeTOBOM ANHAMUYECKOM AuanasoHe 6e3 HacbiWweHUs. YBennyeHue
HacTpanBanocbh TakuM obpasom, 4Tobbl y4ecTh BCe 0COOEeHHOCTU PUnbTpa ndacTuL,. 3Ha4eHNe YPOBHS Ceporo
ana gpunebTpa (POHOBLIM MakCUMyM Ha T’MCTorpamMmmMe) coctaBnano HoMmHanbHoO 20—30 npu YpOBHAX CEPOro
yacTtuy o1 bonee 40 ao 50 n3 256. HenpepbiBHada 3annck AaHHbIX obecnevmBanach NocpeacTBOM COXpaHeHUS
BCeX n3obpaxeHunn Ha asyx CD-ROM. Insa noapobHoro nccnegoBaHUa M oxBaTta MHTEPECYLWEro ananasoHa
PasMepoB YacTuL, ucnonb3oBanu yeenundeHus x 100, x 300, x 500, x 1500 n x 3300. 3T yBenn4eHUs1 COOT-
BETCTBYIOT NOMNSAM 3peHusa ¢ nnowagamu npnbnunsmtensHo 0,8; 0,09; 0,03; 0,004 1 0,0008 mm2. Ha pucyHke 6
npuBeaeHsbl YeTbipe TUMUYHBIX MUKporpaduvecknx nsobpaxeHus ISO MTD Ha nonukapboHaTHOM punbTpe
npu Jdetblipex yBenundyeHuax: x 3300 — pucyHok 6a), x 1500 — pucyHok 6b), x 500 — pucyHok 6c¢) U
x 100 — pucyHok 6d). Ha aTux nsobpaxeHusax nokasaHbl YMCNO, OTHOCUTENbHBIA pasmMep 1 popmMma vYacTul,
NbINn.

[TpunmeyaHwue—Illporpamma crny4amHolMm 06paszom BblbUpaeT nons 3peHnst n cobunpaet mmkporpagpunyeckme
n3obpakeHns Yactuu. 3aecb nokasaHo naobpaxenune yactnubl ISO MTD npu ysenndvennn x3300. MapwpyTt aHanmnasa He
3aBUCUT OT ClNy4YanHoro BeIbopa nons 3apeHus.

PUCYHOK 5 — Cxema aBToMaTUu3npoBaHHOro cbopa nsobpaenmm ¢ nomouwpbio COM (x3300)
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C d

a— x3300; b — x1500; ¢ — x500; d — x100

PUCYHOK 6 — TununyHble mukporpadpuyeckne naobpaxexHusa vactuy ISO MTD,
nony4veHHole Ha COM npun YeTbIpex yBenmiYeHnsax

4.3.3 AHanus nsobpaxeHuun gna onpeperieHna pasmepaun Yncnavyactuu,

[nsyactuu, HaxoasimMXcst Ha NOBEPXHOCTM PUMNbTPA, MOXHO NOMNYYNTb HEOOXOANMYHO MHPOPMAaLNIO HA
OCHOBE 3MNEKTPOHHbIX MUKpOorpadgpmnueckmnx nsobpaxeHnin. Mukporpadgpuyieckmne nsobpaxkeHus, NnonyvyeHHble Ha
C3OM, cocTaBneHbl U3 npeocbpasoBaHHbIX B LudpoBon dbopmaT 12-OUTOBLIX KBaApaTOB B OTTEHKAX CEpOoro,
ODbIYHO Ha3sblBaeMbIX MUKCENAMU. DT U30DpaKeHUs cxKumaroTca Ao 8-OUTOBLIX 3a cyeT oTbpackiBaHUSA
MHopMaLnn C HaMMEeHbLUINM YNCoOM BUTOB. Kaxxaoe nsobpakeHne coaepknt 512 x 512 nukcenen. [ns Kax-
00ro ysenuyeHus pasmep nukcens onpegenstot no SRM 484d. N3obpaeHnsa YacTuL, NbINM HeopraHN4eckou
NPMPOAbLI UMEKOT BbICOKYIO KOHTPACTHOCTL bnarogaps penbed@HOCTU MOBEPXHOCTU YaCTULL U TOMY, YTO NOPSAa-
KOBble HOMEpa XMMNYECKUX 3NEMEHTOB, COCTABNSAIOLWMX YaCTULbI, DOnbLUE, YEM Y 3NTEMEHTOB, COCTABMAOLLINX
bunbTPYOWMA MaTepman, — yrnepoga 1M soaopoaa. Yactuubl BeIMMAAAT Kak «CBeTNble» 00BbEeKThl BCle-
OCcTBUe bonbLuero koadduuneHTa paccesiHUA 3NeKTPOHOB NO cpaBHeHUo ¢ punbTpoM. [Nnukecenun, onpeagensto-
e pasmMep U popmMy Yactul, MaeHTUPULUUPYIOT Mo NopPOoroBOU APKOCTU OTTEHKOB ceporo [26]. AHannuTuk
yCTaHaBNUBaET 3TOT NOPOT ANA KaXXA0ro nsobpaxkeHus, a npeaen MMHUMansHOW NnoLwaan nukcenen obbekra
0DObIYHO YCTAaHOBNEH paHee. Hanpumep, ogHa HacTpolKka Mora Obl 4aTb BO3MOXHOCTb COCHMThLIBATbL YacTULbl,
ECN OHN COCTOSAT bonee YemM 13 NATU NuKcenen. Nocne Toro Kak nopor sipkocTn N30bpaXkeHUst yCTaHOBIEH,
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BbIYMCNSAOTCS 0Dl asa nnowaas nukcenen Ans Kaxkaon Yactuubl, a Takke anuHa Hanbonbluen xopabl (Makcu-
ManbHbIA AUMaMeTP YacTuULLbl) U nepumMmeTp YacTuubl. CYMMUPYS YACTIO OO BEKTOB, pasnMyaemMblX NpuU yCTaHOB-
NNEHHOM NOopore SIPKOCTU, MO M30DOpaXeHUo onpeaensitoT YUCMIO YacTUL, AN 3TOre Nong 3peHust npu
KOHKPETHOM yBenuveHunn. Npumep HeobpabdboTaHHOro N3odbpaxeHusa, nonydyeHHoro Ha COM, 1 obnacrten ¢
YCTaHOBJIEHHbLIM NOPOroM SIPKOCTM NoKasaH Ha pUcyHkax 7a 1 /b cooTBeTCTBEHHO. Ha pucyHke 7C HeKoTophble
YacTULIbI BKNHOYEHbI B HAOOP AaHHbIX (OHW NPOHYMepOoBaHhbl), T. K. 00Las nnowaab nx nmkcenen npeBbllLaeT
paspeluaroLlyo cCnocobHOCTL NPUbOopa, HACTPOEHHYIC aHalNMMTUKOM, a Te YacTuubl, obLlas nnoLwaas NMKceneu
KOTOPbIX HUXE, He COCYUTBLIBAKOTCA.

ObuweaocTtynHasd komnbloTepHas nporpamma MacLispix paspadoTtaHa BNIST, a NIH Image ncnonesytot
Ons aHanusa nsobpaxeHun [27], [28]. 1o nsobpaxeHusam nonyyvarotT MHgopmMaLuue o nnowagn Yactul, Haum-
bonblueM AnameTpe (xopae), nepumMeTpe YacTul, YMcne cbHapyXeHHbIX 0OBEKTOB, PAcnNONOXXEeHUN NOMA 3pe-
HUA Ha UNbTPe WU NOMOXEeHUM KaXaoWu dacTuubl, pasIM4eHHOW Npu NOPOroBOM 3HaYeHUN SAPKOCTU
n3obpaxeHus. NMockonbky Mukporpadgpunieckme n3cbpaXeHnUsa CoxXpaHsitoT, NP HEOBXOAMMOCTU MOXKET BbITh
npoBeaeH AONONMHUTENbHBIA aHaNus.

C

a4 — ucxogHoe nsobpaxerHune, b — nsobpaxkeHne ¢ yCTaHOBMEHHbIM MOPOromM APKOCTU OTTEHKOB CEporo, ¢ — N30bpa)KeHUe y4TeHHbIX U
OTOPOLLEHHbIX YacTuL

[TpnmeyaHune—Menkue yactuubl HE BbINU YYTEHbI U3-3a HU3KOTO paspelleHns 0ObEKTOB, COCTOAWMX U3
Maroro Ymcna nukcenen, a ogHa KpynHasa yactuua obina otbpakoBaHa n3-3a TOro, YTo OHa KacaeTcs rpaHuubl n3obpa-

KEHUNHA.

PUCYHOK 7 — 3Tanbl 06paboTkn naobpaxenus vactny ISO MTD Ha C3M npu x3300
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5 O6paboTKa AaHHbIX

[aHHble aHannsnpoBanu gsymsa HesaBUCUMbIMKU MeToaaMK (pacHYeTHBIM MeTOA0M U METOA0M MoAeNN-
poBaHusA). PacyeTHbIM MeToad — 3TO NpAMOe UHXeHepHoe BbIYMUCMeHune, npegnonararwllee paBHoMepHoe
pacnpeneneHne YacTul, No NOBEPXHOCTU pUNbTpa, NoNy4YeHHOoe Npu NpaBUbEHOM NNaHUPOBaHUU U NpoBeae-
HUK 3KcnepuMeHTa. B MoaensHOM MeToae UCMONb3YIOT AaHHble ANa co3gaHua Mmogenun, BoCnpoussoasLulei
pacnpegeneHne YacTuu Ha duUnbTpe U3agaLwen Bug nx pacnpegeneHuns [29]. B oboux cnyvyasix o0CHOBOW aHa-
nusa aBnsaTcs HeobpaboTaHHble AaHHble O NACWAaAnM OoTAeNbHbLIX YacTul, NMonyyYeHHble NyTeM aHanmsa
n3odbpaxeH Nnonen, npeacTaBeHHbIX B NMKCeNaxX Ang kaxagoro yesenundeHua COM. Hucno nukcenen B cocTa-
BE N300paXkeHUaYacTuLbl MOXeT ObITb 0T 6 A0 1000 npu HanU4YMmM camelX KpynHbIX YacTuL,. Ans kaXkaoro ysenm-
YeHUa MUKPOCKoNa AaHHble O nnowagn JYactul npeactaBnaroT B popMe r’mcTorpaMmmel gngd onpeaeneHuns
YacTOThbl MOABNEHUA KaXXaon BO3IMOXXHOU nowagn vyacTtuy, (np). Ecnnyactuua kacaeTcs KpOMKU NONS, TO ee He
aHaNMM3npPYyoT. DTO NO3BONAET UCKMIOHYNTL M3 Habopa AaHHbIX HeXenaTenbHble ApobHLIE NNowagn Yactul, HO
NPUBOAUT K CMeELLEeHUIo MHTerpanbHoro pacnpegeneHnsa B CTOPOHY MeHbLUUX pa3MepoB, eCcnn B TMCTOrpaMmmy
He Oblna BBeAeHa COOTBETCTBYOWAsA nonpaeka. [Ans ydyeTta 4acTuly, KOTOpbIe KacaloTcs Kpast NoNst 3peHns
(M, cnegoBaTeNbHO, He noaneXxarT nogcyeTy), B YacToTy NoaBneHna BBoOAAT nonpasky. OHa n3MeHsieT np 3a
cYeT BBeAeHUA MacluTabHoro nonpaBovHoro KoadgpdguumeHTa B nnowaab nong 3peHuns (Aasas 9QpPeKTUBHYIO
nnowaanb nonst 3peHust). lNoapodbHasa MHGopMaUMa No BbIMUCNEHWUIO 3TOW NOMNpPaBKM npuBedeHa B [21].
[TOCKOMNbKY ANSA KPYMNMHbIX YacTUL, BEPOSATHOCTb KacaHusl Kpast bonbLUe, X paccMaTpuBaroT Ha MeHbLUen adhdrek-
TnBHOU nowaan. OTHoLeHne 3 ekTMBHON Niowaan A_¢ K niowaan nons Az

AclAi=1=2d/IL +d?/L?

rae d — SKBMBaNEHTHbIN AgMaMeTp YacTuubl, NpoeLnpyemMoi B Buae kpyra [d = 2 (nnowagb/w)'4];
[ — AnamMmeTp nons sapeHus.

JTa nonpaeka Mana ans Menkux YacTtuL U Bo3pacTaeT No Mepe yeenundeHua pasmepa dactul,. Mamepen-
HbI pasmep YacTulbl 3aBUCUT OT KoadpULIMeHTa nepesoaa U3 NnUkcenen B eanHMLbI 4NM1MHBI ANA JaHHOTO yBe-
nmyeHusa. duameTp B MNUKCeNnax NepeBoddAT B MUKPOMETPbl € MOMOLLbIO KoadduumMeHTa nepeBoaa,
NonyvYeHHOro AN AaHHOro ysenuyeHus, c ucnonb3osaHnem SRM 484d. Hucnovactuu Ha MunnnnnTp, cobpan-
HbIX (PUNLTPOM, BbIMUACMAKOT HA OCHOBE U3MEPEHHOM Nnowaan pacCMOTPEHHBIX Nonen 3peHus (C y4eTom
nonpaBky Ha ApobHble nons), nnowaan punbtpa n odbema oTPUNLTPOBAHHON XKUAKOCTH.

B pacyeTHOM MeToAe NPUMEHSAIOT NPSMOe CYMMUPOBaHUe Ynucna vactul,. Oblee Ynicno 4Yactul, OCeB-
LLNX Ha pUNbTPe, NoNy4aroT YMHOXEHUEM CKOPPEeKTUPOBaHHOIC B COOTBETCTBUM C NONEM 3PEeHNS YMca Yac-
TWUL, HabnogaeMblX 3KCNepUMEHTanbHo, Ha OTHOLWIEHWe obLen NnoLwaan punbTpa K nnowagn rnosns 3apeHus.
B mMeToae MogenupoBaHMsa Nony4yatoT NMOTHOCTL YMCavYacTUL Ha PUNbTpe No pacyeTy KpUrrnHr-moaenu[29].
KpUrrmHr-metoag aHanumsa, UCnofb3yemMbld B ropHoa00bIBaCLLEN NPOMBILLUNEHHOCTU, ObIN NPUMEHEH ANst Moae-
NAPOBaHNSA YUCIA YaCTULL, CODpaHHbIX HA PUNbTPE NO AaHHBIM AUCKPETHLIX NONeN 3peHnst. ATOT aHanu3 gaeT
MEHbLUYIO NOrPELLUHOCTL BLIDOPKN NMOoMNen 3peHns No CpaBHEHUIO C aHaANOTMYHBIMU pe3ynbTaTtaMmn pacyeTHOro
meToaa. dencrteutensHoe oblyee 4YnMcno Yactuy, Ha punsTpe, onpeaeneHHoe ABYMSl MeToAaMu, 0Kasanoch
NPMONN3NTENLHO OANHAKOBEIM (B npeaenax 3 %). PesyneTaTt, NoNy4YeHHbIN pacH4eTHbIM MeTOA0M, OblN BhILLE.

[na 6onee To4YHOro onpeaeneHUsa nNaowagn Yactul, n3ocdpaxkeHna nonydvanu npu NATU yBenn4eHUsax
MUKpOCKOMNa, a Angd aHanmsa Ucnonb3oBan gaHHble Npu YeTeipeXx yBenundeHuax. NonHoe nHTerpanbHoe pac-
npegeneHne Yactuu, no pasMmepam nonyvaroT nytem odbegnHeHUs AaHHbIX Mo pasnMvHbIM pacnpegeneHmnsm,
NOCTPOEHHBLIM ANA KOHKPETHBLIX yBennieHUU. IHTerpanbHble pacnpeaeneHnsa Yyactul, no pasmepam, nosyvyeH-
Hble NMPW pasHbIX YBeNMMYeHUAX, coBNagarT HeToYHO. Hanpumep, nHTerpanbHoe pacnpeaeneHue npu x1500
HeTOYHO coBnagaeT ¢ UHTerpaneHbIM pacnpeaeneHnem npu x 500 v npyn mMeHblleM yBermMYeHUN. ITO MOXHO
oDBbACHUTL, cAenas npeanoioeHne o6 MHBAPMUAHTHOM HENPEPbLIBHOM UHTErpanbHOM pacnpeaeneHnm Yyac-
TWUL, N0 pasMepam U NPUHAB OTKIIOHEHUA pa3sMepoB, NoaBNAoLWMECS NPK Nepexode OT OAHOMo yBenndyeHus K
OpYyromy, pesynbTaTtoM HebOoMbLUMX HECOBNAAEHWN LLKAN pasMepoB Npu pasnnyHbIX yBennyeHUsax. HecoBna-
OeHWe WKan cogepXaHusa 4acTul, MeHee BEepOosATHO, T. K. aHaNU3UPYT pasHble y4acTKM OOQHOIro U TOTO Xe
dbunnbTpPa, BeibUpaemMbie cnyv4anHbiM 00pa3oMm, TaKk YTOObI HNCNO NMONen 3PEHNA MYNCNO YacTuUL, bblNn NpeacTa-
BUTENbHLIMW ANAa AaHHoro gounbtpa. O Hanu4yuM CABUroB pasMepoB CBUAETENbLCTBYET Xopollee coBnaaeHue
MHTerpanbHbIX pacnpeaeneHnun, Habnwogaemoe npMHeOONLLWOM CABUre TOM UMU UHOW LWKanbl pasmepoB. [Npun-
YMHBI 3TUX HECOBNAAEHUN OO0 KOHLUA HEU3BECTHLI, HO UMEIOTCS BECKUe AoKasaTernbCcTBa TOro, Yto npodnemsol
CBS13aHbl C NMPOLLECCOM CKaHUPOBaAHUA 3NEKTPOHHBbIM MUKPOCKOMNOM 1 aHannm3om nsobpaxkeHnn. Ons gaHHoW
NpoObl Ha PUNbLTPE, NPU KaXKaoM yBennveHUn nporpamma dopmmpyeT Habop AaHHBIX 00 N30BpaXkeHUsX, Nony-
YEHHbIX NPU ONTUMU3NPOBAHHBLIX YCNOBUAX PpaboThl MUKpOCKONa ANst AaHHOW Npobbl U Ka)Xaoro yBesrnmyeHus.
[Tpn nocneayoLwem ysenmieHUn nsobpaxeHuns Tom xxe camou Npobbl OyayT UCNONbL30BaHbl HECKOSIbKO Apyrue
HACTPOWKN YBENMUYEHUSA N TUCTOrpamMmMa OTTEHKOB ceporo. Habopbl n30bpaXXeHn oTNnYaroTCs ApYr oT Apyra,
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HanpuMep NOSI0XKEHNEM NUKa OTTEHKOB CEpPOoro no OoHy, NogcTpanBaemMbiM NPU CKAHUPOBAHUN AN NONyYeHUs
ONTUManbHOIO KOHTPAacTa Mexay PpunbTpoM u4actuueun, Heobxogmnumoro ansg aHannaa. OnbIT NoKasbIBaET, vUTO
rMCTOrpamMmbl OTTEHKOB CEPOro nsobpaxeHum npu pasHom yBesrim4eHUN HEOAUHAKOBbLI. YPOBHU ceporo nsobpa-
)KEeHns punbTpa Takke HeOAWHAKOBbI, U HaCTO UMEIOTCH AN PaKLUNOHHbIE NATHA, BIUAIOLWME HA YCTAHOBIEHNE
nopora sipkoctn. HeonpeaeneHHOCTb, CBA3aHHYO CO CMEHOW YBENUYEHUS, CIOXHO YYUTbIBATb U3-3a HACTPOWU-
KW nOopora ApKoCcTy Npu aHanuse n3obpaxeHmn. Hactpounka nopora SpkocTu Heobxoanma Ang NoNy4YeHns Tou-
HbIX nnowagen udactuy [30]. AHanu3a wusobpaxeHun 6bin MakCUManbHO CTaHAapTU30BaH, HO MOMHas
aBTOMaTN3aLus npoLiecca okasanacb HEBO3MOXHOWN, ANS KAXA0ro n3obpakeHus aHannTuK CaMmoCTOSTENLHO
onpeaenseT 3Ha4YeHne nopora SpPKOCTH.

[ToporoBble 3Ha4YEHUSA APKOCTU HAcTpauBanu paBHOMEpPHO, YTOObLI Nnowlaab YacTul Obina Makcumanb-
HOW, HO Oe3 BKIN4YEHUA NUKcenen, KoTopbiMu otobpaxaertca punbTp. [oCcKkoNbKy napamMeTpbl HACTPOUKU NPU
KakaoOM yBeSNmMYeHNN HE3HAYNTENbHO OTNINYaANMCb, 3TO MOTIO NPUBECTU K HEDONbLLMM CMELLEHMAM B pacrnpe-
OeneHnn Yactuy, No pasMepam Ha pasnnyHblX yd4acTkax. IT1o Obino noareepXaeHo npu noBTOPHOM aHanuse
OA4HOro U TOro e ounbTpa Npyu 04HOM U TOM XKe Yucrne vyactuy. [lpy noBTOPHOM aHanu3e ObiNun BblIOpaHb! ApY-
rve nons, HO BO BCEM OCTalIbHOM MPOTOKOIbI aHann3a n3obpaxeHnn To4HO coBnaganu. Pesynbrarbl Takoro
aHanunsa npueBegeHbl Ha pUcyHke 8. 3 pucyHka BngHo, YTO pacnpeaereHnsa 4actuy, no pasmepam HEMHOro
cMelleHbl. [1pu aganbHeULILeM aHanuae rmcTorpaMm OTTEHKOB ceporo dbino o0bHapy»XeHo, YTO OHMU NOAODOHLI, HO
HeoAWHAaKOBbI, @ YPOBHU OTTEHKOB CEPOro Ans nukcenen poHa 3Ha4YUMTeNnbHO OTNUYAaKTCA. OTO, CKOpee BCEro,
obycnoBneHo pa3nnYHLIMU HAaCTPONKaMKN yBENUYEHUA NPU CKAHUPOBaHUM.

Yncno yactuy, 6onblue yCTaHOBNEHHOro auameTtpa B 1 mn

1 2 3 4 S
Papuyc yactuubl, nMKkcenu

X — NepBbIA aHanNU3 UneTpa; © — BTOPOU aHanNU3 (bunbTpa

[1p umMmeyaH n e— B Kkaxaom cnydae onTMMU3npoBanu npouecc cosgaHua nsobpaxernua Ha COM. Bece ananm-
3bl ObINTK NPOAYONUPOBAaHBLI KAK MOXXHO Donee TOYHO, HO O4HU U TE XKe NOSIA HEe paccMaTpuBarnu.

PucyHok 8 — PacnpeaeneHue 4acTul no pasmepam, Nony4yeHHoe no pe3ynbtaramM ABYKpaTHOro aHanusa Ha COM
OZIHOro U TOro e cdunbTpa npm ysennyeHuu x 500

MHTerpanbHoOe pacnpeaeneHue 4actuu, no pasmepam B0 BCEM pa3MEPHOM Auana3oHe NnosyyarnT CYMMMU-
pOBaHMEM YMCra YacTyl Kaxxgoro pasmepa. B pacyeTHOM MeTO4E MHTErparbHbI€ CYMMbI HACA YacTUL, Ha KaXK-
OOW 30He, MNOfy4YeHHble MpPU KOHKPETHOM yBenuyeHuu, obbLeaUHAIT ANA NOMy4YeHUs WHTErpanbHoro
pacnpeneneHus BO BceM Anana3oHe pasmepoB 4Yactul oT 1 oo 50 mkMm. B kaxxaom cnyvae obbeanHeHne ocy-
LLIeCTBNAKOT 3a CHEeT NPUHATUA 3a OCHOBY ydacTKa pacnpeneneHva yactul no pasmepam, nonyvyeHHoro npu

bonbLIEM yBEIIMHEHUN, U COBUIa YHACTK4, NOJNTy4HEeHHOIro npn MeEHbLLEM YBETTUHEHUMN. OnNTUManbHOCTb NOATOH-
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KW NPOBEPAIOT HA OCHOBE Pa3sHOCTU MEXAY YNCITOM OTCHETOB Npu DOsnbLUIEM YBENNHEHNN N MEHBLLEM YBETNYE-
HuM, pna 20—30 3Ha4veHMUM [OuameTpa 4acTvy, CBOAA OCTaTkM K MMHUMYMY. OTO obecneduBaer
COOTBETCTBYIOLLEE NEepEKPbIBaAHMNE YHACTKOB pacnpeneneHns 4acTtuu, no pasmepam He TOS1bKO Npy O4HOM pa3s-
Mepe 4YacTul, HO n onTumMmaribHoe oobeauHeHue gaHHbiX. ['1pn ncnonb3oBaHuu meToga moaenpoBaHus dbbino
ONTUMUN3NPOBAHO UHTErPUPOBaHUE ANS NpeaenoB OT KOHKPETHOro pa3Mepa A0 6eCKoHe4YHOCTU NPy 0H60oUX yBe-
nuyeHusax. B obonx MeToaax, pac4eTHOM U MOAENUMPOBAHUS, CMELLLIEHME YHaCTKOB pacnpeaeneHus YyactuL, no
pa3Mepam OTHOCUTENBLHO LLIKanNbl pasMepoB COCTaBMSANo He bonee 1 MKM.

Yucno yactuy Sonblue ycTaHOBNEHHOro AvameTpa B 1 Mn

106

10°

104

1000

100

10

1

——— —9535;
------- — 9620;

10 HnameTp yacTtuubl, MKM

0543, —-—— -9540;, ———— = 9617;
— arTTeCTtoBaHHOE

[TpuMeyaH e — 3HadyeHue HeonpeaeneHHOCTU COOTBETCTBYKOT yABOEHHOM NONMHOU HeonpeaeneHHOCTU (Npn
kK = 2), yka3zaHHOMU B Tabnuue 2 Ang 3Ha4eHUn, NONy4YeHHbIX METOAOM MOAENUPOBAHUA.

PucyHok 9 — MHTerpanbHble pacnpegeneHns YacTul, No pasmMmepam, nonyvyeHHble no pesynbtatam aHanusa
NATU pasn4vHbIX PunbTpoB (95395, 9543, 9540, 9617 n 9620), B cpaBHEHUM C aTTECTOBAHHLIM pacnpegeneHuem

Tadbnwuya 2—Yucno yactuy COOTBETCTBYIOLLIErO pasmepa, Nony4YyeHHoe MeToAoM MoaennpoBaHnd (aTTeCTOBaHHOE)
U pacyeTHbIM METOAOM, U CBA3aHHAas C HUM HeonpeaeneHHOCTb

UUeno HeonpepeneHHocTk? Cymmap-
wacTvLL Uucno AduameTtp Has Paclmper-
(MeTo yacTuy npoeLu- cTaHaapT- e
Moner Mﬁo- (pacyeTHbId |  pyeMoWn nepesofa B | pacnpeae- Has Heonpese-
BaHus1) MeTon) nnowagn®, | BbIGoOpKU obbema ANUHbI LucpoBOU | NeHus no | Heonpege- nenHocts U
B1mn MKM CprMEIT pa3Mmepam JIEHHOCTDb
B1 MN U
¢
108400 | 108960 1 0,004 0,004 0,0006 0,127 0,051 0,137 0,274
27035 28094 2 0,006 0,006 0,00003 0,123 0,049 0,133 0,265
11209 10918 3 0,009 0,010 0,0005 0,122 0,059 0,136 0,272
6095 6500,4 4 0,011 0,013 0,002 0,121 0,094 0,154 0,308
3737 3860,7 5 0,012 0,015 0,004 0,121 0,167 0,207 0,414
2395 2918,8 6 0,016 0,016 0,006 0,131 0,246 0,280 0,560
1573 1814,3 I 0,019 0,017 0,009 0,131 0,236 0,271 0,542

13



[OCT P 54012—2010

Okon4yaHue mabnuubi 2

HeonpenenenHocT? Cymmap-
-meno Yucno OuameTtp Has
JacTtuu PaclunpeH-
4yacTuL, npoeuu- cTaHaapT-
(METOA (pacqeTHbIM |  pyeMOou nepesoaa B | pacnpene- Has e
MOASTNPO- MeTon) nnowaan® BbIBOPKU obbema NUHBI MppoBOWU | NEHUs No | Heonpeae- reonpene-
BaHUSA) ’ P A HPP neHHoctb U
B 1 M MKM dopmart pasmepam | NeHHOCTb
B1mn U
1055 1220,0 8 0,024 0,013 0,013 0,131 0,210 0,250 0,499
725,8 810,21 O 0,031 0,019 0,017 0,131 0,235 0,272 0,544
513,7 570,90 10 0,041 0,021 0,021 0,131 0,289 0,322 0,643
374,6 423,84 11 0,052 0,023 0,025 0,131 0,351 0,380 0,759
281,0 314,389 12 0,065 0,025 0,029 0,131 0,467 0,490 0,981
216,4 238,97 13 0,081 0,027 0,031 0,131 0,616 0,537 1,273
170,4 190,38 14 0,101 0,030 0,033 0,131 0,810 0,828 1,655
136,8 147,12 15 0,123 0,032 0,033 0,131 1,090 1,106 2,211
111,3 119,62 16 0,146 0,034 0,033 0,131 1,190 1,207 2,414
91,33 97,156 17 0,168 0,035 0,033 0,131 1,439 1,455 2,910
75,29 79,509 18 0,187 0,036 0,034 0,131 1,706 1,722 3,444
62,17 65,359 19 0,204 0,036 0,036 0,131 2,036 2,050 4,101
51,35 53,621 20 0,219 0,036 0,041 0,131 2,509 2,522 5,045
42,40 45,411 21 0,235 0,036 0,047 0,131 2,473 2,488 4,976
35,01 37,919 227 0,255 0,036 0,056 0,131 2,738 2,754 5,508
28,95 31,885 23 0,231 0,037 0,068 0,131 2,953 2,970 5,941
23,99 24,973 24 0,314 0,033 0,081 0,131 3,267 3,286 6,573
19,95 20,272 25 0,356 0,039 0,097 0,131 3,450 3,472 6,945
16,66 16,925 20 0,408 0,040 0,115 0,131 3,603 3,631 7,261
13,98 13,817 27 0,468 0,041 0,135 0,131 3,983 4,015 3,030
11,80 11,202 23 0,539 0,043 0,158 0,131 4,144 4,184 3,369
10,02 38,7036 29 0,618 0,045 0,184 0,131 4,247 4,298 3,595
8,568 3,328 30 0,706 0,047 0,212 0,131 4,914 4,971 9,943

2 duameTp onpeaenanu ansa Yactuy KBapueBOW NbINM B UX HaNbonee yCcTonYvnMBOM MOJNTOXKEHUN; TaKUM 0Dpa3om,
nnowaab Yactuubl npubdnuxanack B cpeaHeM K HanbonbLemMy BO3MOXHOMY 3Ha4vYeHuo. OTHOWEHWe cpeaHnX anameT-
POB NPoeKuun ansa 6ecnopsgoyHo U cTabunbHO OPUEHTUPOBAHHBLIX YacTUL, KBApUeBOW Mnbinu (0bbivHo ansa 1ISO MTD)
cocTaBnsert npnbnuantensHo 0,8 (nuTepartypHble OaHHbIE).

") Kaxxpas CyMMapHas ctaHgapTHas HeonpeaeneHHoCTb NpeacTaBnaeT cobon KOpeHb KBagpaTHbIM N3 CYMMbl KBa[-
paTtoB CTaHAAapPTHbIX HeonpeaerneHHOCTEW, MONyYeHHbIX UMM OUEHEHHbIX B npouecce unamepeHus. PacluunpeHHast
HeonpegeneHHOCTb AnamMmeTpa NPoeKkUn paBsHa yaBoe€HHON CYMMapHOW CTaH4ap THOW HeonpeaeneHHOCTH (KO3 puum-
eHT oxBaTa k = 2). B cnyvasx, rae Bce HeonpeaeneHHOCTU OTHOCATCH K TUny A (HeonpeaeneHHOCTAM, OUEHUBAEMbIM
CTaTUCTUYECKMMUN METOAAMMN), K = 2 onpeaensieT ypoBEHb A0BEPUTENBHOW BEPOSATHOCTU NpmnbnunantensHo 95 % [31].

[1ns yﬂ,OGCTBa NoNb30OBaTENEN NOrpellHoOCTUM USMEPEHNA, CBA3aHHDBIE C OolpedesieHNeM HYACTIa N Ppa3Mepada

YacTuLl, BbIpaXkalroT 4yepes oAuH napameTp, pasMep YyacTul. YYUTbIBaAOT HeonpedeneH
OTCYETOM YacTuL, N GOopMNUPOBAHNEM BbIDOPKA (MyaCCOHOBCKAA CTaTUCTUKA), onpeaene
pasoBaHMeM nukcenen B unudpoBon popmat, 06beMoM NPobbl XKNOKOCTU U pacnpenene

HOCTW, CBA3aHHbIE C
HEeM ANUHBL, Npeob-
HMEeM YacTuL, No pas-

MepaM 13-3a nepeHoca XnUakocTu. HeonpegeneHHOCTb ANMMHBI BHOCUT BKI1a B oOLLYHO +

eonpeaeneHHoCTb W

BXOAUT B IBHOM BUAE B 3HAYeHUe pasmepa YacTuubl 1 onocpeJoBaHHO — B 3HAYeHMe nnowaaun nons speHus.
OTHOCUTeNbHaA HeonpeaeneHHOCTb AnNuHLI (2 %) cBsAA3aHa c HeornpeaeneHHOCTbO U3MepPeHN, HeoBXoaUMbIX
ana npeobpasoBaHusa nukcenen n3 Lndposoro dpopmaTa B eAnHULbI ANWHBI MO NPOCNeXUBaeMoMy 3TanoHy

ONWHbI, U CO CNyYanHOW U cUCTeMaTUIeCcKoM NorpeLllHocTaMm, npunucaHHeiMm SRM 4844

(1 % pacueTHOU ANK-

Hbl). HeonpeaeneHHOCTb pasmMepa Kaxkgoro nons speHns BHOCUT BK1ad B HeonpeaeneHHOCTb MacCOBOWN KOH-
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LeHTpauun YyacTul, T. K. nony4YeHHoe YMCNOo YacTul, onpedendeTcs OTHOLWWEeHUeM nrowagn Bcero gunbTpa K
nnowagn uccneaoBaHHOrO Nonslt 3peHusl. OTOT pasMep Mongd Takke dABNsSeTcHd MnpocneXmBaemMbiM Mo
SRM 484d. HeonpeageneHHOCTb kKoadpdpuumeHTa npeodbpaszoBaHnd B eAUHULBI ANTMHBbI OKa3bIBAET Ha pachnpe-
neneHune Yyactul, no pasMmepam asa npoTuBononoXHbiX addekra. MNpupalweHune koaddpuumneHTa npeocbpaso-
BaHMA B eAuHUULI ANMUHBI, K= K+ o, NPUBOAUT K MONy4YeHUO 3aBbILLEHHOro 3Ha4vyeHUda pasmepa dacTul,
HalaeHHOro No N30OPaXeHUto, HO B TO XKe BPeMsl 3aHWKEHHON MaCcCOBOW KOHLUEHTpaL 1 Yactul,. Heonpeae-
NEHHOCTb 00 BbeEMA XUAKOCTU (M3 MUMETKU), HEUIMEHHO NPpUHUMaeMas paBHOM 2 % oTobpaHHOro 0bbeMa Npo-
Obl, HANPSMYIO BNUSIET HA MACCOBYH KOHLIEHTpAaLUIO NoAcHUTbIBaeMbIX YacTul,. [Nnowagb npoekumnn YacTtul,
onpeaensitoT Nno YNCny NMKCENen B CoCTaBe N30bpaXXeHNN, YypOBEHb CEPOro KOTOPLIX MPeBbILLaeT yCTaHOBMNEH-
HbIN NOPOT APKOCTU. [KCcenn, OTHOCUMbIE K N30DpakeHUIo KOHTYpa YacTul, sIBAsSILOTCA Hanbonee cnopHbIMM.
MCTUHHBbIE KOHTYPbI N300paXXeHst YacTUL bl ONpeaensitoTcs NMKCENAMn, KOTOPLIMU OTODPpaXkeH BHELLIHUIN KOH-
TYP N300pakeHUsa YacTuubl, UHE MOTYT ObITb OnpeaeneHbl TOYHee 3TUX KpanHUx nukcenen. lNorpelwiHoCTbL Npu-
HUMatloT paBHoU = 0,5 nukcena (59 HM) ANSa KaXaoro KOHTypa unu oauH nukcenb Ang guameTtpa YacTul,.
HeonpegeneHHocTb Ko dpuumeHTa npeodbpasoBaHnsa B LMdpoBon dopmaTt bblna paccynuTaHa anst camblx
MENKMX YacTuL, Npyu HanbonbLwem ysennyeHnn (CooTHOLLEHUN nukcenun/mkm). INpn aTom HeonpeaeneHHoCTb
NMCTUHHOIO pasmMepa YacTul, CBOAUTCH K MUHUMYMY, a Mpu NPUONMXKEHUM pasMepa MUKcensa K Hymnwo
N3o0paXkeHne 4acTul, CTaHOBUTCS WAeanbHbIM, U UCYE3aeT HeonpeaeneHHOCTb MONOXEHUS KOHTYpa.
HeonpeaeneHHOCTb Npu Apyrux yBenn4eHUax rnpuHUMatoT paBHOW HeonpeaeneHHOCTU Npru HanbonbLlem
yBenuiyeHun. Pasnuuua pacnpegeneHnn 4acTtul No pasmepam cBdA3aHbl ¢ npoueccoM PUNbTPOBaHUA Y
Bbipa)kaloTca HeonpeaeneHHOCTbIO, OLEeHMBAaeMoOMN Ha OCHOBe HeoAMHaKOBOCTU AaHHBLIX, NMpuBeaAeHHbIX Ha
PUCYHKe 9.

PacnpegeneHune vyactuy no pasmepam ansg ACFTD no [1] n ana SRM 2806 ISO MTD, nony4yeHHoe Ha
C3M, npuBeaeHbl Ha pucyHke 10. 3a pasamep vyactuy ansgd SRM 2806 npuHuManu skBMBaneHTHbIEe AMaMeTphl
chep, a ansa ACFTD no [1] — Hanbonbluyto xopay. Ana NpaMoro cpaBHeHUS ABYX pPe3ynbTaToB NPU YPOBHAX
MacCOBOW KoHLUeHTpauun 1 mr/n3HaveHns ana SRM 2806 ObIn yMHOXeHbI Ha MacLlUTaOHbIN KO3 PULIMEHT 2,8
(MaccoBasi KoHUeHTpauus: 2,8 mr/n). o pesynbtatam ans ISO MTD BunaHo, UTo pacnpegeneHue 4yactuy, no
pasmepam aHanorndHo nony4vyeHHomy Macbaymom anss ACF TD. AanHble Macbayma, apyrux aBtopoB[2], [3], [4]
n aaHHble ans SRM 2806 cBnaeTenbCTBYIOT O NMPUCYTCTBUM DONbLUEro Yyncna Menkux yactuy, (< 10 Mkm) no
cpaBHeHUo c ACFTD no [1].

Yucno vyacTtuy, 6onblle yecTaHOBNEeHHOro gnamerpa B 1 min
5
10

10*

1000

100

10

0,1

1 10 100
NnameTp YacTULbl, MKM

— e — — 3HaveHus ansa ACFTD no [1];, —————————— — 3Ha4YeHUA AN SRM 2806

[TpnmMmeyaHne— Bce3dHadyeHUA OTHOCATCH K MACCOBOW KOHLUEHTpaunu cycneHaun 1 mr/n.

Pucynok 10 — Pacnpegenenne vactuy no paamepam gna ACFTD no [1] v ana SRM 2806 SO MTD
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