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Mpeancnoeue

Lenv v npuHumnel ctTaHaapTusaummn B Poccniickon Pegepavumm yctaHosneHbl PegepanbHbiM 3aKOHOM OT
27 pekabps 2002 r. Ne 184-93 «O TexHW4YeCKOM perynMpoBaHuny», a npasuna npuMeHeHust HauuoHanbHbIX
ctangaptoB Poccuiickoin ®eagepauum — FOCT P 1.0—2004 «CtaHgapTusauus B Poccuinckon degepaumu.
OCHOBHbIE NONOXEHUsI»

CBepeHusi o cTaHpapTe

1 MOArOTOBIIEH ABTOHOMHON HEKOMMEPYECKOW opraHusaumen «HayyHo-uccnegoBaTenbckun
LUEHTP KOHTPONS U AnarHocTukn TexHndeckux cuctem» (AHO «HUU KO») n Camapckum rocyaapCTBEHHbIM
23POKOCMUYECKUM YHUBEpCUTEeTOM UM. akagemuka C.M. Koponesa (CIAY) Ha ocHoBe cOBCTBEHHOMO ayTeH-
TUYHOrO NepeBoaa Ha PYCCKUM A3bIK MeXAyHapoAHOro cTaHaapTa, yKasaHHoro B nyHkTe 4

2 BHECEH TexHunyeckum komuteToM no ctaHgaptusaunm TK 184 « O6ecneueHne npoMbiLLIeHHON YiC-
TOTbI»

3 YTBEPXXOEH W BBEJEH B AENCTBUE Mpukasom deaepanbHOro areHTCTBa No TeXHUYECKOMY
perynuposaHuto n metposorun oT 30 Hoss6psa 2010 r. Ne 620-cT

4 Hacroswwmi cTaHaapT uaeHTNYeH MmexayHapoaHomMy ctaHaapty UCO/TO 16144:2002 «Muagponpusoa
06bemHbIN. Kannbposka aBTOMaTUYECKUMX CHETYMKOB YacTuUL, B XKNAKOCTU. ATTecTaumsa cTaHaapTHbIX 06pas-
uoB SRM 2806» (ISO/TR 16144:2002 «Hydraulic fluid power — Calibration of liquid automatic particle
counters — Procedures used to certify the standard reference material SRM 2806 »)

5 BBEJEH BMNEPBbIE

UHbopmayust 06 USMeHeHUsAX K Hacmosiuwemy cmaHOapmy nybrukyemcsi 8 exe200HO u3dasaemMoMm
UHbopMayUOHHOM yKa3amerie « HayuoHanbHbie cmaHOapmbl», @ MEKCM U3MeHeHUU U rorpasok — 8 exemMe-
CAI4YHO usdasaeMbix UHGhOPMaUUOHHbIX ykaszamensx «HauyuoHanbHbie cmaHOapmbi». B cnydae nepecmompa
(3aMeHbI) unu omMeHbl Hacmosiuje2o cmaHdapma coomesemcemeyiouiee yeeoomiieHue bydem onybuKo8aHo
8 eXXeMeCsIYHO U3dasaeMoM UHpopMayUOHHOM yKa3amere «HayuoHanbHbie cmaHOapmei». Coomeememey-
owas uHgopmauus, yeedomMmrieHue U meKcmal pa3Melaromcsi makxe 8 UHghopmMauUoHHOU cucmeme obuiezo
ro51b308aHUs1 — Ha ohuyuanbHoM calime QedepalibHO20 a2eHmemaa o MexXHUYECKOMY pe2yuposaHuio U
Mempoiioauu 8 cemu VMilHmepHem

© CrangaptuHdgopm, 2011

HacTosawumi ctaHgapT He MOXeT ObITb MOMHOCTLIO UM YaCTUYHO BOCnpousBeaeH, TUpaXuposaH U pac-
NpocTpaHeH B kayecTBe ouLmnansHoro usgaHna 6es paspeweHnA ¢enepaanoro areHTcTBa no TexHn4ecko-
My perynuposaHuto 1 MeTposiornn
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BBegeHue

Teepable YacTULbl ABNAIOTCA rNaBHON NPUYIUHOW U3HOCA rMApaBnUiecknx cuctem. B aspokocMuyieckon,
BOEHHOW NPOMbILLINEHHOCTU U NMPU NPOU3BOACTBE MMAPONPUBOAOB UCMOMb3YIOTCH ONTUYECcKUue aBToMmaTnyec-
Kue cueTumkmyacTuy (ACH) ans oueHKW ypoBHS 3arpsisHeHHOCTU TMAPaBIINYECKOM KUAKOCTM TBEpAbIMU YacTu-
uamu. CTeneHb 3arpA3HEHHOCTU YacTo CBsA3aHa C LLeNMOCTHOCTLIO CUCTEMBI U C MpUMeHeHueM xxuakoctu. ACY
TakkKe 4acTo UCMOMb3YIOT MPU pasNUYHbIX UCTIBITAHUSX (DUINBTPOB NX U3FOTOBUTESISIMA U NMOMNb30BaTENSAMN.
CraHngapTHbiin meToa no MCO 4402" [1] ucnonbsosanu okono 30 nieT ana kanuéposku onTudeckux ACH ¢
Lenbio NoyyYeHMs 3aBUCUMOCTI Pa3MepoB HYacTuL, OT UX COAEPKaHMUS.

B NCO 4402 gna kanubpoBKN UCMONb3oBanNUch cTaHgapTHble o6paslbl TOHKOAUCNEPCHOW TeCTOBOW
Nbinu Ansa sosgyxoounctuteneid (ACFTD)2), paspaboTaHHble oTaenom kopnopauumn General Motors. 9Tu cTan-
AapTHble 06pasLbl npeacTaBnanm coboi NoNMancnepcHyHo Nbifb ¢ HAMBOMLLLMM YACTIOM YacTUL, (Kak npuBe-
AeHoBCO 4402) ganameTpoM B auanasoHe oT 1 go 80 Mkm (cogepkaHne YacTuL, Bo3pacTaeT C yMEHbLUIEHNEM
AvameTtpa). CoobLyanock, YTo coepXaHue YacTul, yMeHbLIaeTCst MK yBENUYEHUN UX pasMepa npubnusu-
TensHo ao 100 mkm. Mpwu ucnonssosaHun ACFTD B kannbpoBke BO3HUKaNM HekoTopble Npobremsbl. Bo-nep-
BbIX, pacripeerneHne YacTuL, no pasmepam He SIBNAI0Ch TOYHBIM A4N15 YacTuL, Manbix pasmepos (< 10 mkm) [2],
[3], [4], [5]. MHorne uccnegosatenu otMedanu, Uto ACFTD cogepxut 6orbluee YMCOo YacTul, pasmMepom
meHee 10 MKM, YeM ykasaHo B ICO 4402. Bo-BTOpbIX, YTO HE MeHee BaxkHO, nponssoacTso ACFTD 6bino npe-
KpalLleHo.

MoaTomy BO3HMKNA HeoBX0ANMOCTL paspaboTaTb HOBLIN cTaHaapTHLIM MeTod (Tuaponpueoa obbem-
HblA. MeToabl KanMbpoBKN aBTOMaTUYECKUX CHETUMKOB YaCTUL, B XKMAKOCTUW) C UCNOMb30BaHNEM HOBbIX CTaH-
AapTHbIx obpasuos (SRM) [6]. SRM, ncnonbayemble Npu KOHTPOMEe YUCTOThI rTMaponNprBOAOR B NpoLecce UX
npoussoAcTBa, 6binun paspaboTaHbl HauMoHansHbIM UHCTUTYTOM cTaHaapToB 1 TexHonorum (NIST). Mpenmy-
LLLeCTBOM UCMNOMb3oBaHWsA HoBoro SRM siBnsieTcs yny4lleHHas Nnpeln3noHHOCTb, MOCKOMbKY 0bpasLibl nonyya-
0T TOMbKO U3 OJHOMO LEHTPannM3oBaHHOrO UCTOYHMKA, MU MeHbLUas MorpeliHocTb onpeaerneHns pasmepos
vactuu [7]. Hosbin SRM, nony4umsinii HassaHve SRM 2806, npeactaenseT coboi cycneHsuto CpegHeavcnep-
cHoW TecToBoi nbinn UCO (ISO MTD)3) B rugpasnuyeckoin xugkoctin MIL-H-5606. ins atoro SRM 6binio onpe-
OeneHo YMCcno YacTuL paamepom 6onee onpeaeneHHoro B 1 M KUAKOCTH.

" Otmenen B 1991 1.  3ameHeH craHgaptom MCO 11171.
) ACFTD — Air Cleaner Fine Test Dust (ToHKoaMcnepcHasi TecToBasi Mblfb Arlst OUMCTUTENEeN BO3ayXa).
%SO MTD — ISO Medium Test Dust (CpeaHegucnepcHas TectoBasi nbinb NCO).
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HAUUWOHANBbHBIW CTAHOAPT POCCUUCKOWNW SGERQREPALMUM

rMpPonNPUBOA OBBLEMHbLIN

Kanu6poBka aBTOMaTM4eCKUX CHETHMUKOB 4acTUL, B XXMAKOCTHU
ATTecTauun ctaHgapTHbIX o6pasuoB SRM 2806

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

Datassepenna — 2011—12—01

1 O6nacTb NpMMeHeHus1

HacTtoawmn ctaHaapT yctaHaBnuesaeTt metoaukn, npumeHsemele B NIST ans atTrectaumm ctaHgapTHBIX
obpasuos SRM 2806, ucnonbayemele Npu NepBUYHON KannBpoBKe aBTOMATUYECKUX CYETUMKOB YacTul, B
XnakocTu.

SRM 2806 npeactasnset coboit cycneHsuto ISO MTD B rugapaBnuyeckoi XXuakoctu ¢ pacnpegeneHmemM
YyacTuL, No pasmepam, aTTeCTOBaHHY C UCNOMNb30BaHNEM CKAHUPYIOLLLETO 3NEKTPOHHOro Mukpockona (COM) n
COOTBETCTBYIOLMX METOANK aHaNM3a n3odbpaxeHusa yactuu,

2 OGopyaoBaHue u maTepuansbl

2.1 TecToBas NbiNb

2.1.1 CraHgapTHbI o6pasey SRM 2806

Ons npurotoBneHns ctaHgapTHoro obpasua MCNoMb3yloT KBapueByo Mbiflb, MONYYEHHYIO U3 necka
ApPU3OHCKON MYCTBIHN CTPYNHBIM M3MeNbYeHNeM U nocneaytowein Bo3ayLWHON COPTUPOBKOM A1 MONyYeHus
COOTBETCTBYIOLLEro pacnpeaeneHns yactul, no pasmepam. CyllecTByeT HECKOMbKO KIaccoB Nbin ¢ pasnuy-
HbIMUK AnanasoHaMu pasmepoB YacTul, NX CBONCTBA ycTaHoBneHsbl B UCO 12103-1 [8].

Ons npurotosnernsa SRM 2806 ncnons3zosanu neifb knacca ISO 12103-A3, nMetoLLyio Takke HasBaHue
ISO MTD, ¢ Homepom napTum noctaeLmka 4390C.

2.1.2 CtaHaapTHble o6pasubl RM 8631 1 RM 8632

CtangapTHble 06pasubl RM 8631 1 RM 8632 npeactasnstoT coboin ISO MTD v ToHkoaMcnepcHyo TecTo-
BYO Mblfb U3 napTuid nog Homepamm 4390C (Tol ke naptuu, 4yto 1 SRM 2806) n 4476J cooTBeTcTBEHHO. Ha
ocHoBe RM 8631 1 RM 8632 nonyyatT BTOpUYHbIE CTaHA4apTHble o6pasLbl, onucaHHblie B MCO 11171 [9], n
SRM 2806 [10]. Ang aToro ucnonbaosanu cTaHAapTHele 06pasubl obLen Maccoit 3,6 kr B 6yThinsx. Meinb 6bina
BbICyLLEHa 1 B XenobyaToM genuTene pasgeneHa Ha 147 nopuuia no 20 mr kaxxaas. Ha ocHoBe kaxaoi nopuum
MPUrOTOBUIIN CYCMEH3UIO YaCTUL, NbINA B YUCTON MMOPaBIUYECKOM KUOKOCTU, KOTOPYIO MPOBEPSAIN Ha 0AHOPOA-
HOCTb C UCMoSb3oBaHMeM onTuieckux ACH.

2.2 UcnbiTaTenbHasa XuaKocTb

B kayecTBe ncnelTaTenbHON XNMAKOCTY ANA NonyveHus cycneHsnm Yyactul, ISO MTD ucnonbsytoT rugpas-
MMYECKY0 XNAKOCTb, LLMPOKO NMPUMEHSIEMYIO BO BCEM MUPE 4151 UcrbiTaHWs hUbTPOB. B ameprkaHCKUx Haum-
OHanbHbIX CTaHdapTax 3Ta rugpasBnuyeckas XugkocTb obosHaveHa kak MIL-H 5606, Bo dpaHLy3ckux
HauMoHanbHbIX cTanaapTax — kak AIR 3520, B TexHuveckux yenosusix NATO — kak H 515.

®usnko-xMMuyeckne CBOWCTBA rMapaBnMYeckor Xuakoctu npuesegeHbl B MCO 16889 (mpunoxe-
HUM A) [11].

U3paHne opnymnansHoe
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[Lns o6neryeHns o6pasoBaHns CycneH3nn YacTuL, B ruapaBnuyeckyro XuakocTe 4o6aBnsatoT HebonbLioe
konmyecTBo (50 MKr/r) aHTUCTaTMYeCKOro peareHTa, 4Tobbl yAenbHasi 3/1€KTPONpOBOAHOCTL COCTaBnsa
(1500 £ 100) nCm/m.

2.3 YcTaHOBKa Ana noaroToBku npo6si SRM 2806

B cBssn ¢ notpebHocTbio B SRM 2806 (noctaBnseMomy B 6yTbinsx BMecTumocTbio 400 mi) no Bcemy
MUPY Ha HeCKOMbKO NeT He06X0AMMO BbINO NPUrOTOBUTL M OCTaBWTb Ast XPaHEHWs U AN nocnegyowen npo-
Aaxkn 6onbLuoe yucro byTeinet ¢ SRM 2806.

[na npegoTepalleHns ocefaHns KpyrHbIX YacTuL, KBapLEBOM Nbifv B cycrneHsun Gbina paspaboTaHa
crelnanbHas ycTaHoBKa A4Sl nepeMellnBaHuns, BKoYatoLlas MexaHnyeckne U rnapasimyeckme KOMNOHeHThI.
YcraHoBka 6bina cobpaHa B cooTseTcTBUM ¢ UICO 11943 [12].

Mpu koHTpone oguHakoBocTn By Thinen c SRM 2806 no cogep>knmomy B cooTBeTcTBUN € 3.1.2 BepyT cyc-
neH3uto B TakoM o6beme, YTOGhI ee BbINo 4OCTATOYHO AN 3aMOHEHUSI KOHTPOMbHBIX BYThINEN.

Cxema ycTaHOBKM Ans noarotosku npobbl SRM 2806 ans kanubposku ACH npusegeHa Ha pucyHke 1.

2
G—L<

1 — rugpobak (200 n); 2 — UMPKYNSLUOHHBIA HAacoc; 3 — UNbTP AN OYUCTKW; 4 — KpaH ansi otéopa npo6

PucyHok 1 — Cxema ycTaHoBku gns nogrotosku npo6el SRM 2806 ans kannbpoekn ACH

2.4 YcTaHoBKa A5l NOAroTOBKU MeMbpaHHoro dounbTpa

YacTuupl Nbinv oTUNbTPOBLIBAKOT NonuMkapboHaTHEIMU MeMBpaHHbIMKU hUnbTpamMu guameTpom 25 Mm
1N HOMUHAanNbLHON TOHKOCTBIO hunbTpaumn 0,2 MKM Ha yCcTaHoBKe, OBBIMHO NPpUMeHsAeMOoit Ansa onpeAeneHus
3arpsAsHeHHOCTU r’MAPaBnMYecKUX XXMaAKocTel YyactTuuamm rpasumeTpudeckum metogom no UCO 4405 [13] unn
MeTo4OoM rnoAcyeTa YacTul, ¢ noMoLbio Mukpockona no UCO 4407 [14].

2.5 CKaHMpYIOLWUI 3NeKTPOHHBIA MUKPOCKON U aHanu3aTop u3obpaxeHui

[lnsa paccMOTPEHMSA YacTuUL, UCMNONbL30BAaNM CKAHUPYIOLWMIA 3NEKTPOHHLIA Mukpockon JEOL 840. N3o6pa-
»eHus B JEOL 840 hopmupoBanuce Ha ocHoBe 06paTHOro paccesaHust 3SNeKTPoHOB, a uHdopmaLums 06 nsobpa-
XeHusax obpabaTbiBanack ¢ noMoLlblo npoueccopa MicroVax n aHanusupoBarnach ¢ ucnosbsoBaHuem LISPIX,
06LLef0CTYNHOM KOMNBIOTEPHOM NPOrpamMmmbl 06paboTku usobpaxkeHuid, paspabotaHHoi B NIST. B HacTosAwee
Bpemsi LISPIX MmoxeT 6bITb 3arpyxeHa Ha fto6oi kKoMnbloTep.

3 ATTtectauus o6opyaoBaHus

3.1 ATtTecTauuA ycTaHOBKUW 4NA NOAroToBKU Nnpo6bl SRM 2806

3.1.1 O6Lwune nonoxeHun

3aobecneveHneM kavecTBa U3roToBneHusa nucnoitTaHus SRM 2806 cneguna onepatnsHas rpynna cese-
poamepukaHckmx uneHos NCO, npeactaBneHHasa AByMA npoussoauTensmu (punbTpos, NpoussoauTesiem
CYETYMKOB YacTuL, Hesasucumol nabopatopuelt u NIST. UsmepeHus Ha ACH NpoBoANIUCH KaK HE3aBUCUMOA
nabopaTtopueit, Tak u NIST, npuyem aHanns gaHHbIx npoeoaun NIST.
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3.1.2 MpoBepka 0AMHAKOBOCTU COAEPKMMOro/KOHTponb NapTuu 6yThineit c SRM 2806

B NIST 6bina paspaboTaHa 1 npMmeHeHa akcnepumeHTanbHasa MetToanka onpeaeneHus oanHakoBoCTU
6yThIneln No cogepXMmMomy, ¢ NOMOLLLHO KOTOPOR Takke MOryT BblTb 06HapYXKeHbl cUcTemMaTieckme norpeLu-
HocTu NpnbopoB. B npoLecce n3rotToBneHs ogHOBpeMeHHo 3anonHsanoce 4 6yTeinn (a, b, ¢, d). B kaxaon nap-
TN GbIno 320 ByTbinen, M oHW BbiINM NpoHYMepoBaHbl 0T 1 (a, b, ¢,d), 2(a, b, c,d), ...,4080(a, b, ¢, d) no Mmepe nx
n3roToBneHus. 13 kaxaon naptum oTémpanu KOHTposibHbIE BYThINM 451 NPOBEPKM UX COAEPKMMOr0 Ha oauHa-
KOBOCTb B He3aBucumoi nabopatopum n B NIST ¢ ucnonbsosaHuem ACH, paboTatowumx Ha npuHumne ocnabne-
HWA ceeTa 1 KanubposaHHbix No MCO 4402. inst nepeoro Habopa oTéupanu kKoHTpornbHbIe ByTbinu (a, b, ¢, d),
Ha YyeTbipex cTaausix npoLecca U3roToBMneHns!, COOTBETCTBYHIOLLMX 3aMonHeHuo npubnusutensHo 5 %, 30 %,
60 % 1 95 % obLero yicna byTbinein B NapTum U aHaNM3MPOBalu UX COAEPXKMMOe. 3aTeM U3 3TOM e NapTum
oTbupanu ByTbinM Ans BToporo Habopa Ha Tex Xe cTagusix npoLecca U3roTOBMEHUS U aHanM3MpoBanu nx
copepxumoe. Hanpumep cogepxumoe 16 6yThineit us nepeoro Habopa ¢ Homepamu 5a, 5b, 5¢, 5d; 25 (a, b, c,
d);50(a,b,c,d)n75(a, b, c,d), 6bino NnpoaHanU3VpoBaHoO B yKazaHHOM nopsiake. 3atem coaepxxumoe byToinei
u3BTOpOro Habopa cHomepamun 6 (a, b, c,d), 26 (a, b, c,d),51(a,b, c,d)u76 (a, b, c, d), bbino npoaHanuauposa-
HO Ha TOM e camoM KannbposaHHoM ACH. [1ns kaxaoi OyTbinyM aHanMs noBTOPSIA TPUXKALI, U TakuM obpazom
6b1n10 NpoBeaeHo 96 usmepeHuin. Kaxxayto naptuto u3 320 6yThineil noaseprany 3To NpoBepke Unu ee Moau-
duumnposaHHoMy BapuaHTy. Cogepxumoe ByThined B NapTuM cHUMTanu oaUHAKOBbLIM, ecnn koadduumeHT
OTKIOHEeHNA Yncnavactuy pasmepom bonee 5,7, 10, 20 130 Mkm He npeBbiwan 4 %, 4 %, 4 %, 5 % 7 % cooTse-
TCTBEHHO, ecnn B NapTuu He Habnioaanock cUCTEMaTUYECKUX OTKIOHEHUI. BbiNno nonyyeHo MHTerpanbHoe
pacnpeaeneHne Yactuy, No pasmepam Ans HOMUHANBHOTO AManasoHa AvamMeTpoB YyacTuy, oT 1 4o 80 Mkm, 1
6bInNK cpaBHEHbI pesynbTaThl U3MepeHuit ANa 0AHON U Toit ke napTum ByToinei ¢ SRM 2806.

3.1.3 MNpoBepka oauHakoBoCTU coaepxxumoro 6yTbineit ¢ SRM 2806 B pasHbIX NapTUAX

Ona npoBeAeHUA BLICOKOTOYHBIX U3SMEPEHUI cTaH4apTHLIN obpasey, AormkeH ObITb kKak MOXHO bonee
ogHopoaHbIM. CrieunarnbHble yeunus 6uiam npeanpuHaThLI AN NOATBEPXAEHUs TOro, UTo CTaHAapTHbLIA obpa-
3eL, MoNy4eH Npu HanM4YMM HesHauYUTeNbHbIX pasnuunii mexay 6yTeinamu B naptun. HeoauHakosocTb cogep-
XUmoro OyTbiflell B mapTuM MoxeT ObiTb BblpaXeHa 4yepes OTHOCUTENbHOe CTaHA4apTHOe OTKIOHEeHWe
pesynbTaToB M3MepeHnin 4ns ogHON napTum, NpueeeHHoe B Tabnuue 1. Ha pucyHke 2 npuseaeHa ructorpam-
Ma 3aBUCUMOCTU OTCHeTOB YacTuL AnsadveToipex napTuin ISO MTD oT gnameTpadacTul, npunpoBepke oAnNHaKO-
BOCTU codepxumoro B OyTbINAX W3 pasHblX napTuid. FUcTorpaMMa MOCTPOeHa Ha OCHOBE CpeaHuX
MHTerpasnbHbIX OTCYETOB YacTUL, AN OAHOro U TOro ke 06 beMa aHanm3npyemMom XMarocTu.

Tabnwuuya 1— OTHOCUTENBbHOE CTAHAAPTHOE OTKIIOHEHWE U3MEPEHUI Anst OAHOI napTum

Pa3mep vacTuu, MK, Gonee OTHOCUTENBHOE CTaHOAPTHOE OTKIOHEeHWe, %
5 1,1
10 1,3
15 2,0
20 3,8
30 6,7
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Yucno vactuy, 6onbLe yCTaHOB/IEHHOTO AnameTpa B 1 mn

[ameTp yacTuupl, MKV

W - naptmsa 2, Q - naptma 3; Q - mapmma 4; Q - napmwma 5

PucyHok 2 — 'mctorpaMmma 3aBMCMMOCTM OTCUETOB YacTuL, A4Ns YyeTbipex naptuili ISO MTD oT gnameTpa yacTtuy,
npv NpoBepKe 04MHAKOBOCTU COAEPXMUMOro 6yTbinieil 13 pasHbix napTuii

3.2 ATTecTtauus KanmbpoBKM MUKpOCKoNa

3.2.1 KanubpoBka Mukpockona

O6pasel, SRM484d NIST, cnoMoLyblo KOTOPOro onpeaensioT KO3 PULMEeHTyBeIMYEHNA CKaHmpyloLle-
ro 3/1eKTPOHHOro MuKpockona (ganee — C3M), yctaHaBAMBarwT Ha NnpegMeTHOM cToninke COM, BbIPOBHSAB MO
0CsiIM X My (OPTOroHasIbHO), U UCMONb3YIOT NPY aHann3e Kaxgoro uabTpa ¢ Npo6oi ANA KanMbpoBKN MUKPO-
MEeTPUYECKO IMHEKN NOOCAMXUYNPU N3MEPEHNN pa3MepoB YacTul,. 18 npoBepkn MeToANKN NCNONb30Ba-
nm SRM 1960, npeacTaBnsoowWmii coboil cdhepuyeckme yacTuubl NOAUCTMPOa pasMepoM 1 MKM, KOTOPbIl
nuccrnenoBany no Tem Xe MeToguKaMm, 4TO U YaCTULbl MblIM. DNEeMEHTHbIA aHann3 yacTuu, Nbinn Ha huabTpe ¢
1cnosib30BaHNEM ANCNEPCUOHHON PEHTTEHOBCKOM CMEeKTPOCKONWUM NPOBOAWN AN NPOBEPKM TOrO, YTO B paM-
Kax aKcnepuMMeHTa NPOUCXOAUT aHanu3 TOMIbKO Mbl/IM HEOPraHMYeCKoN NPUPOAbl U HE NPUCYTCTBYIOT YacTULbI
3arpsA3HUTeNs ApYroro NPONCXoX4eHus.

3.2.2 TpocnexnBaemocTb

Pa3smep uvacTtuy ABNSeTCA NPOC/EXNBAEMbIM K NEPBUYHOMY U3MEPEHNI0 METOAO0M ONTUYECKOM UHTEp-
thepomeTpumn ¢ nomowbio SRM 484d NIST [15]. 3o6paxeHune yacTuy aToro SRM 6b1/10 NONYyYEHO AN KaXKA0ro
hunnbTpa € Npo6oit 1N Kaxaoro ysennyeHms. Mo kannbpoBaHHbIM AAVHAM W NOMYYEHHOMY YMCAY NUKcenew
BbIBOJW/IOCb OTHOLLEHME Yucna Nukcenei K AnnHe, KOTopoe MCNosb30Banoch AnsA npeobpasosaHuns nsobpa-
XEHUI YacTuL, NpefcTaBNeHHbIX B MUKCENSX, B MKM2. [l/19 aTuX npeo6pa3oBaHunii 6bi1M BbisiBIEHbI HeoNpeae-
NeHHoCcTn (HeonpefeneHHOCTU [AnvHbl). OHKM  nNpefcTaBNsAlT CO6OW CymMMy HeonpefesieHHocTeld B
onpegenexHnn nukcenei n SRM [10, 15].

3.3 ATTecTauma NOAroToBKM MembpaHHOro ounbTpa

3.3.1 Bbi6op 30H Ha hunbTpe

OpHol u3 cocTaBnaoWMX 06LLeli HeonpeaeneHHOCTU U3MepeHuli ABNsSieTCA HeonpeaeneHHoCTb, CBS-
3aHHas ¢ BbIGOPOM 30H Ha hubTpe. AHanM3 60/bLIONO YMc/ia 30H Nokasas HepaBHOMEPHOCTb pacnpejene-
HMS 4acTuL, Ha NOBEPXHOCTM hunbTpa. HepaBHOMepHOe pacnpefesieHne 4yacTul, Ha MOBEPXHOCTU hubTpa
Habn4anocb Ha MHOTMX hUAbTPax nocne puabTPOBaHWA TMAPABANYECKON XNAKOCTW. MNpeanonoxmTensHo
370 6bI/10 CNeACTBMEM MHTEHCUBHOIO OMNOMIACKMBAHUSA YACTbIM PacTBOpPUTENIEM, YTO NMPUBOAMUIIO K CMELLEHWNIO
yacTuy, K LeHTpy dunbTpa. Ansa yctpaHeHus 3Toil npobieMbl ¢ BbIGOPOM 30HbI 6bis1 co3gaH COM, no3sonsio-
LWKMin cny4vaiHbiM 06pa3oM BbliGpaTh Mosie 3peHnst Ha NOBEPXHOCTU hunbTpa. Ha pucyHke 3 npuBegeHa cxema

4
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hunbTpa € 30HaMK, 418 KOTOPbIX ObI/IM NONYYEHbI MUKPOrpadnyeckme n306paKeHns, a CooTBETCTBYHOLLME UM
nofcyeThbl YacTul, NpeAcTaB/ieHbl C MOMOLLbI0 OTTEHKOB CEporo LBeTa (fanee — cepblii). B caMbiX TEMHbIX
30Hax, pacnosiaraBLINUXCsl, B OCHOBHOM, B cepefivHe unbTpa, 6b110 3aperucTpMpoBaHo HanbosblIee YNCIO
yacTuu, a ANs 30H, HaxoAsawmxcsa 6avxe K KpoMke ounbTpa, — Manoe. HecnyuvaiHblli Bbi6op Ans Habnwge-
HUSI TOSTIbKO cepeauHbl (hnbTpa NpUBEN 6Gbl K 3aBbILLEHHOMY 3HAUYEHUID cofepXaHua yactuy. Cnenyet oTme-
TUTb, YTO NoNsi 3peHnss COM, npunerawLLe K KpoOMKe huibTpa 1 NepekpbiBatoLLe ee rpaHuLly, rae yacTuubl
OTCYTCTBYIOT, YUUTbIBAIOT NpY NoAcuyeTe YacTuu,. Maowanb aTMX 30H KOPPEKTUPYIOT, BbluMTasi M3 Hee Nolaib
noss 3peHUst Ha MUKporpamuyeckoM U306paxXEHNN, rae YaCTULLbl OTCYTCTBYHOT.

n pnmMmedyaHune — TeMHble KBagpatbl COOTBETCTBYIOT 30HaM C HanM6OMbLWNM YUCIOM COCYUTAHHBIX vyactuy, a
CBEeT/ible — 30HaM C MaJibiIM YACJZIOM YacTuu,.

PucyHok 3 — CxemMa NoBepXHOCTU (hnbTpa, Ha KOTOPOI 6blM BbiGpaHbl 30HbI C Lie/1blo NoNyyYeHus
UX MUKPOTpatnyeckoro n3o6paxeHus

3.3.2 AHanus nzobpaxeHus yacTtul

AHanM3 yacTul, NPOBOAMUCA Ha UCXOAHbIX MUKPOrpadnyecknx n3o6paxKeHunsax; n HM ogHa u3 0cobeHHoc-
Teil yacTuy, He 6blna U3MeHeHa unu ycuneHa. Noporosyto APKOCTb MUKPOCKONAa HacTpansanu BU3yasnbHO AN
KaX[oro n3obpaxeHus, 4Tobbl onpegennTb MakCMMasbHYl0 MAOWadb YacTUlbl ¥ HE BHECTU Mpu aHanuie
(hOHOBbIE MUKCENW WU NIOXHble YacTuubl. locnie HaCcTPOWKM MOPOroBoii APKOCTU M306paXKeHUs nporpamMmma
onpegensina Y1ucno NuKcesnei, coCcTaBNSAOLWMXYaCTULbI, T. €. X Nnowaas. OTAeNbHO aHann3MpoBanu n3obpa-
XeHue npu Kaxaom yBenndeHnun, oxsatbiBarwouiem 4acTb pacrnpegeneHnsa 4yactuy no pasmepam. Kak BUAHO, Ha
puYcyHke 4 KOHTYpbl YacTul, 6onee spkMe, YeM X BHYTpPeHHMe o6nacTu. Pe3ynbTar ckaHMpoOBaHUSA YacTul, no
nuKkcensMm BAOMb HanbonblIero pasmepa nNpuBefeH Ha BCTaBke K PUCYHKY 4. DTa kapTuHa Habnogaetcs Ha
MUKporpachuyeckmx n306paxeHmsax 4acTul, NOCKObKY 3/1IEKTPOHbI pacCenBaloLLero nyyka MoryT /1Ierko Bblfie-
TeTb U3 KOHTYpa YacTul, 1 6bITb 06HaPYXEeHbI, @ BEPOATHOCTb 0OHAPY)XEHMNSA 3N1EKTPOHOB, MPOHNKAKOLW WX B LieH-
TpasibHYH 4acTb YacTuubl, Mana [16]. MockonbKy SIpKOCTb KOHTYpPOB 4YacTul, nouyTu Bcerga 6yaeTt Gosblue
NMOPOroBO APKOCTH, MX CUMTAIOT YaCTbIO YacTuubl. MporpaMMa «3anonHsAeT» NoJble YacTulpbl, T. €. YacTulbl,
LeHTpanbHasa 4yacTb KOTOPbIX 0TO6PaXeHa YNCIOM NUKCenel MeHbLLe NOpOoroBoro 3Ha4yeHus. Takum obpasom,
BaXXHbIM 3TanoM npv onpeAeneHny TOYHOM Nowaamn YacTuy, ABAsSeTCA NAeHTUMKALNS UX FpaHnL, UK KOHTY-
poB. CnoXHOCTb 3aK/itovaeTcs BTOM, 4UTO WCTUHHbIN KOHTYpP YacCTulbl HNKOTrAa He MOXeT ObIThb onpegeneH c To4-
HOCTbi0 6GOnblueli, YeM LWuUpuUHa nukcenst. OnpepeneHne KOHTYPOB JIMHENHbIX MUKPOCTPYKTYpP METOAO0M
3N1EKTPOHHO MUKPOCKONWUWM B METPONOTMN NOAPOBHO paccMOTpeHo B paboTe [17]. Ana cBefeHMA K MUHUMYMY
HeonpeaeneHHOCTM NoLWaAn YacTUL, A0/IKHbI 6bITb 0TOGPaXeHbl 60MbLLMM YMC/IOM NUKceneli. Hanpumep npu
yBennyeHunn x 3300 chepuyeckasa yactmua pasmepom 1 Mkm 6yaet oTobpaxeHa npnbansutenbHo 270 nukce-
namu. Mpu ysenunyeHnn x 300 Tyxe camyto 4acTuLy He aHaIM3NpPYIoT, NOCKO/IbKY OHa ByAeT oTob6paxeHa Nuilb
OBYMSI UK Tpemsl NUKcensMu. HammeHbluee 4MCio nuKceneid, UCNOMb3yemMoe Npu aHaauie, cocTaBnsieT B
60/MbLINHCTBE cnyyaes oT 13 go 50.
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MpunmeyvyaHne — YpoBeHb ceporo Ana dunbTpa coctasnseT 251, Ans KoHTypa — oT 60 go 70, a Ana ueH-
TpanbHOM YacTu YacTuubl — Npu6AM3MTenpHO oT 150 go 180. M3obpaxeHne 6bi10 nonyyeHo ¢ nomouwbio NIH Image,
o6LWenoCTYNHOro naketa nNporpaMm C MHBEPTUPOBAHHOW HACTPONKOW YPOBHA Ceporo, OoTCYTCTBYOLWeElN Yy nporpaMmmbl
Lispix.

PucyHok4 — WMN3o6paxeHne yactuy ISO MTD, nonyvyeHHoe Ha COM, ¢ ykazaHUEM SIPKOCTM KOHTypa YacTul,

3.3.3 [AunameTp npoeKkuunii ctTabnnbHO OPUEHTUPOBAHHBIX YacTuL,

Mpwv onpegeneHnn gnameTpa NPOeKLUii CTabnabHO OPUEHTUPOBAHHbIX YaCTuUL, MCNOb30BaIM NONNKap-
GOHaTHbI PUNBLTP C NJIOCKON MOBEPXHOCTbID. M0O3TOMY 6bIAM NOAYYEHbI MUKPOCKONUYECKNE U306paxeHuns
yacTuu, exawinx Ha naocKoi NoOBEPXHOCTU. YacTuubl 40MKHbI ocefaTh Ha huNbTPE BTaKOM NOMOXEHUU, YTO-
6bl NAoWaab UX NPoeKLMii 6blna MakcumasibHoOW. Mpu aHanm3e cycneH3umn ¢ ncnosib3osaHnem ACH yactuubl
Mbl/IN OPUEHTUPOBAHLI C/lyvaliHbiM 06pa3oM Wan onpegesieHHbIM 06pa3oM N0 OTHOLEHWIO K NOTOKY XUAKOCTH.
[ns Kaxpoi yacTuubl HAXOAAT 3HAYeHMe gnameTpa Npoekuuu, CooTBeTCTBYOLEee Hanbonee ctabunbHol ee
opueHTaunn.

3.4 WcnbiTaHne SRM 2806 Ha cTabUIbHOCTb

[ns o6HapyXeHusa n3MeHeHuli pacnpegesieHns yactuly no pasmepam co spemeHem SRM 2806 ncnbiTbl-
BalOT OAUH pa3 B WWeCTb MecsaueB. [115 MOHUTOpUHra ctabuibHOCTU Mcnonb3yoT ACY, kanubposaHHble Mo
CTaHAapTHLIM CcdepuyeckMM YactTuuam nosmctTuposna. ApxusHasa 3anncb pacnpefiesieHns 4acTul, no pasme-
pam gosmkHa 6bITb caenaHa nocne noctynaexHnsa naptum SRM 2806 B NIST 4o momeHTa npogaxu. Ecnv nsme-
peHus ACH ykasbiBalOT Ha Kakue-nnb6o wusMeHeHna SRM 2806, TO NpoBOAAT BbIGOPOYHbIE MPOBEPKU
COAEPXMMOro 0TOBpaHHbIX ByTbIIEN C MOMOLLbI0 MUKPOCKONa.

4 MeToAnKa NcnbiTaHNI

4.1 MpurotoBneHne SRM 2806 ans KannbpoBKK

SRM 2806 npegcTtaBnsn coboli cycneH3no M3BeCcTHOW MaccoBoi koHueHTpauun ISO MTD (12103-A3) B
rmgpasnumyeckon xuakoctn. SRM 2806 copepxan 2,8 mr ISO MTD n3 naptum ¢ Homepom 4390C, yka3aHHbIM B
NCO 12103, B 11 ruapasnunyeckoin xungkoctn MIL-H-5606. SRM 2806 n3rotoBnsnmce naptusimu no 320 6yThbl-
neii, cogepxalmx npnéamsntensHo 400 Mn cycneHsnn Kaxaas.
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4.2 NoparotoBka mem6paHHoOro hunbTpa

Mepea paccMoTpeHUEM OTAENbHbIX YacTUL, MO MUKPOCKOMOM, UX YAANSNN U3 rMapaBinyeckom XKnakoc-
! nyTem hbunbTpoBaHUA. Bea annapatypa, cBsisaHHasi ¢ NpoBeAeHUEM 3TUX UCTbITaHUIA, 6bina TaTensHo
oynLeHa AeMUHEePanuM3oBaHHOW BOAOW, He coepKalliel TBepablx YacTuy, (onpeaensaemblx ¢ noMoLbio ACH),
1 ONonocHyTa renTaHoM, nNpeaBapuUTenbHO OTMUNLTPOBaHHBLIM Yepes MeMbpaHHblil uUnbTP HOMUHATLHOK
TOHKOCTbIO chunbTpauum 0,2 Mkm. OTdUNbTPOBaHHLIN renTaH UCMoNb3oBany B Ka4ecTBe pacTBopuUTeNs Ans
yAaneHus ruapasnmnyeckoi XXnakoctn ¢ unbTpa 1 NpoMbIBKM annapatypbl 4nis punsTposaHnsa. PunbTposa-
HWe NPOBOANIN B YNCTOM NOMELLIEHUN Knacca unucToTel 100") Ans cBeaeHUs K MUHUMYMY 3arpA3HeHNsl TBepabl-
MW YacTULaMK 13 OKpyXatoLero Bo3ayxa. [Ansa yaaneHus 4actul, U3 ruapasnmyeckon XuakocTu NPUMeHsn
nonukapboHaTHble bUNbTPLI (AnamMeTpomM 25 MM U HOMUHaMbLHOM TOHKOCTLIO hunbTpauun 0,2 Mkm). 3Tn
vnbTpbl 06nagatoT Bbicokol addekTUBHOCTLIO cbopa yacTuy pasmepom 6onee 0,2 MKM U UMEIOT rMaakyto
MMAOCKY0 NOBEPXHOCTb, HEOBXOANMYIO ANA PAaCCMOTPEHUS Mo 3NeKTPOHHBIM MUKpockonom [18, 19].

MeToauka, aganTUpOBaHHasA Ha OCHOBE cyulecTBylollero Mmetoga SAE (O6wectsa aBTOMOGUMBHBIX
nHxeHepos) [20], npeaycmaTtpusaeT aHann3 NPobbl € KAXKAOTO U3 Tpex (UnbTPOB, NOSTYHEHHON Npn:

1) dMNbLTPOBAHUN HECKONBKUX COTEH MUNMUIUTPOB OTUILTPOBAHHOIO PacTBOPUTENS NPU OAHOBPE-
MEHHOM OMbIBaHWUM UM CTEHOK BOPOHKW ANSA onpeaeneHust ypoBHS YACTOThl OUMbTpa, pacTBOPUTENS N ycTa-
HOBKW Ansi pUNbTPOBaHUS;

2) dwmnbTpoBaHUMKn nssectHoro o6vrema SRM 2806 (npu ctaHgapTHOM TemnepaTtype) ¢ nocrneayrowmnm
OMbIBaHNEM CTEHOK BOPOHKN OTCOUNbTPOBAHHBIM PACTBOPUTESNEM;

3) dunbTpoBaHUN OTHOUNLTPOBAHHOIO PACTBOPUTENS NOCIE TIAaTeNbHOro OMbIBaHNA BOPOHKW.

AHanma npobkl ¢ nepeoro unsTpa Aasasn OLeHKY YACTOTHI (hunbTpylolero matepuana, annapaTtypsl u
pacTBopuUTENs Anst unbTPoBaHMUs U Bcero npolecca 0bpaboTkn npobbl. Mepea npoBeaeHUeM BTOPOro aHanu-
3avactuubl SRM 2806 B oTaenbHBIX By ThiNAX Obli CHOBA CycrneH3upoBaHbl NyTeM 06paboTkM yNbTpa3BykoM,
MEXaHW4YeCcKoro BCTPSIXMBaHWNSA 1 MOBTOPHOM 06paboTku ynbTpassykoMm. Mocne cycrneHsupoBaHna n nepeme-
LUMBaHKSA U3 ByThINM OCTOPOXHO OTBMpany nuneTkoit 10 uny 30 M cycneHsumn, KOTOpYIo NponycKanuyepes BTo-
PO YUCTBIA PUMILTP C UCMOMb3OBaHWEM MpeaBapuTenbHO OThUNBTPOBAHHOIO pacTBopuTena. CTeHKu
BOPOHKM 1 NneTkn Bb1nn TWwaTensHo NpoMeIThl pacTBoputenem. HakoHel, 4nsi nposeaeHns TpeTbero aHanu-
3aycTaHaBnMBanu TPeTUN YNCTbIN PUNLTP, 8 BOPOHKY CHOBA OMbIBaNW Ans yaaneHus ¢ ee CTEHOK BCex4acTul,.
Bce Tpu cunbTpa aHanusMpoBanu 3NeKTPOHHBIM MUKPOCKOMOM, a MOoJSlydMeHHble pesynbTaTbl U3MepeHun
YyacTuL, No 3TUM puUnbTpam NCNoNbL3oBanuy A aHanMsa AaHHbIX.

4.3 PaccmoTpeHue meMbpaHHoro ¢ounbTpa U noacyeT YacTuy,

4.3.1 BbiGop noneun 3peHnss MUKpockona Ha hunbTpe

Bbi6op nons 3peHns MUKpockona Ha hunbTpe SABNSIETCA OAHUM U3 CaMblX BaXKHBIX 3TanoB MeTOANKU ANA
nonyyYeHnsi COOTBETCTBYIOLMX XapaKTepUCTUK TBepAbiX Yactuu. [onyvyeHne TOYHOW NpeacTaBUTENbHON
BbIOOPKM ABMSieTCS KpUTMYHBIM. Ecnn BbIGop caenaH HeBepHO, TO pacnpeaeneHue vactuy, no pasmepam
MOXeT BbITb CMELLEHO U3-3a psiaa NnpobneM, CBA3aHHBIX ¢ NPOLLECCOM PUNbTPOBaHNUA, HANPUMEDP U3-3a cerpe-
raLim KpymnHbIX UM MENKMX 4acTUL, 1 HepaBHOMEPHOIo pacnpeaeneHus Yactul Ha unbTpe. Beibop 3aTpya-
HSIeTCSA TeM, UTO He MOXET ObITb paccMOTpeH Becb (hUnbTP BCAEACTBUE BPEMEHHbBIX OrpaHUYEHUI, a Takke
OorpaHuUYeHUn, CBA3AHHBLIX C COXpaHeHWeM u3obpaxeHus. MoaToMy ANA nonyyYeHUA npeacTaBUTENbHON
BbIOOPKM AOIBKHbI ObITb TLATENBHO 0TO6PaHbl 30HbLI TOBEPXHOCTU hunbTpa 4na nogcyeTa vyactuy,. OgHUM u3
nyTeW BbIMNOMHEeHUs 3TON 3a4a4n SiBNsieTCs crydaiHbiil BbIGOP BCeX BOZMOXHBIX y4acTKos huUnbTpa, Ha KoTo-
PbIX UMetoTCA OTUNLTPOBAHHbIE YacTULb. MpakTUYECcKn 3TO 03Ha4aeT, YTO BLIBOPKY NONY4aloT CO BCEro Kpy-
roBOro yvactka hunbTpa, onpeaeniaeMoro nosioxeHuem unbTpa B BOPOHKE, BKNOYAA y4acTkn, rae ounbTp
conpukacaeTcsl C KpasiM BOPOHKMU.

4.3.2 CkaHupywoLLan aNeKTPOHHas MUKpPOCKONUs

C3M npumeHsnv B gaHHO! paboTe Ans noslyyeHns n3obpaxeHnin YacTul, UCNonNb3yeMblX A5s nepBuY-
Horo noacdeTa uucna/onpeaenexHns pasmepoB Yactuy SRM. COM Bbibpany noTomy, Y4TO C €ro NMOMOLLbIO
MOXeT 6bITb MOMYYEHO XopoLlee n3obpaxeHue YacTuy pasmepom ot 1 4o 100 mkm. MocTpoeHue nzobpakeHUs
Ha ocHoBe obpaTHOro paccesiHAs 3NeKTPOHOB obecneunBaeT MakCUManbHbIN KOHTPACT OTTEHKOB Ceporo Ans
nocneaytowen obpaboTkm UnbpoBbIX N300paXkeHUin. dTa MeToauKa Xxopowo oTpaboTana [21—25]. Ha Becb
nonukapboHaTHbIN GUNbLTP AMamMeTpomM 25 MM ¢ Npoboit YacTUL HAHOCAT HanbINeHWe 13 30M10Ta C UCMONb30Ba-
HUEM UCTOYHUKA HU3KOTeMNepaTypHON Nasmel, a 3aTem punbTp 3aKpennaT Ha NpeaMeTHOM cTonuke COM.
Mukpockon umeeT KOMNbIOTEPHOE YNpasneHue Ansl aBTOMaTU4eCcKoro nepeasmkeHUA NpeaMeTHOro cTonuka un
cbopa nsobpaxeHui.

" Knacc uncrotbi nomewenHus ykasaH no Fed-Std 209d CLUA. Knacc uncrotel 100 no Fed-Std 209d cootBeTCcTBYET
knaccy «Knacc 5 UCO» no FOCT UCO 14644-1—2002.
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Mporpamma cnyvaiHbiM 06pa3om BblbUpaeT Mo 3peHNst U paccynTbiBaeT Haubonee 3 PEeKTUBHbIN
MapLipyT CKaHUpPOBaHUA BAONb MOBEPXHOCTM (PUNbTPa. 3aTeM npegMeTHbI CTOMNK NnepemellaeTcs «wara-
MU» MO 3TOMY MapLUpyTy, YacTuubl nonagarT B OKYC, U A5 KaXL0ro noss no o6paTHOMY paccesHuo anek-
TPOHOB MOJIyYaloT M COXpaHAT 12-6uTHble n3o06paxeHns. Cxema 3TOro npouecca npMBefeHa Ha pucyHke 5,
roe nokasaH cCMoZeNupoBaHHbIA ciy4daliHbiil BbIGOp Nosieil ¢ NOBEPXHOCTU KPYI/10ro hunbTpa v 04HO U3 3M1ek-
TPOHHbIX M306paxeHunin, 3axBayeHHoe KomnbioTepoMm. KoadpmumeHT ycuneHnss MUKpockona HacTpanBaiun
ANS KaXAoro puabTpa v ANa Kax[oro ysenanyeHns, Yytobbl nonyuntb Hanbonee KOHTpPacTHOE M3obpaxeHune
yacTtuy Ha dhoHe dmnbTpa npu 256-UBETOBOM AMHAMWYECKOM Auanas3oHe 6e3 HacbllWeHus. YBenuveHve
HacTpamBasnocb TakuM 06pa3om, 4Tobbl y4ecTb BCe 0COOEHHOCTM huibTpa nyacTul. 3HayeHne ypoBHSA Ceporo
Ansa punbTpa (HPOHOBLI MakCMMyM Ha rMcTorpaMme) cocTaBfso HOMUHaAbHO 20— 30 Npu ypoBHAX CEporo
yacTtuy oT 6onee 40 go 50 u3 256. HenpepbiBHas 3an1cb faHHbix o6ecneynBanacb NOCPEACTBOM COXpPaHEHUS
BCEX M306paxeHunit Ha Byx CD-ROM. ns nogpo6HOro nccnegoBaHns noxeaTta MHTEPECYOLWEro gumanasoHa
pasMepoB 4yacTul, Mcnosib3osanu ysennyeHusa x 100, x 300, x 500, x 1500 n x 3300. 3T yBesiM4eHnsa cooT-
BETCTBYIOT MOMSM 3peHns ¢ nnowagsamm npubnmsntensHo 0,8; 0,09; 0,03; 0,004 n 0,0008 mm2. Ha pucyHke 6
npuBeAeHbl YeTbipe TUMNYHbIX MUKpOorpadurnyecknx nsobpaxeHnsa ISO MTD Ha nonvkapb6oHaTHOM unbTpe
npu 4etbipex yBenuyeHmsax: x 3300 — pucyHok 6a), x 1500 — pucyHok 6b), x 500 — pucyHokK 6¢C) wn
x 100 — pucyHok 6d). Ha 3Tux n3o6paxeHusax nokasaHbl YMC0, OTHOCUTE/bHLIA pasmep u hopma yacTuy,
nbin.

MpumeyaHune — MNporpamma cny4daliHbiM 06pa3om BblGMpaeT Nona 3peHns u cobnpaet Mukporpadguyueckme
n3obpaxeHns yacTtuy. 34ecb nokasaHo nsobpaxeHue yactuybl ISO MTD npu yBenudenunn x3300. MapwipyT aHanunsa He
3aBKCUT OT C/ly4aiiHOro Bbibopa nons 3peHus.

PucyHok 5 — Cxema aBTOMaTU3MpoBaHHOro c6opa n3obpaxeHuin ¢ nomousto C3IM (x 3300)
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a — x3300; b— x1500; ¢ — x500; d — \ 100

PucyHok 6 — Tunun4yHbie Mukporpaduyeckmne nobpaxeHusa yactuy ISO MTD,
noslyyeHHole Ha COM npu yeTbipex yBeImyeHnsax

4.3.3 AHanus nsobpaxeHuii 4ns onpegeneHns pasmepa uyucna yactuy,

[ns yacTuy, HaXo4ALWMNXCSA HA MOBEPXHOCTM hnbTPa, MOXHO NOAYUYNTb HEOH6XOAMMYO MHGIOPMAaLMIO Ha
OCHOBE 3/IEKTPOHHbIX MUKporpaduyeckmx n3obpaxeHuii. Mukporpadguyeckne n3obpaxeHust, Noay4YeHHble Ha
C3M, cocTaBfieHbl M3 Nnpeobpas3oBaHHbIX B LMGPOBOIM hopmaT 12-6MTOBbLIX KBaApaTOB B OTTEHKAX Ceporo,
06bIYHO HasblBaEMbIX NUKCENAMU. DTN M306paXKeHUs CxXMmarTcs A0 8-OMTOBbIX 3a cYeT oTbpacbiBaHUSA
MHhopMaLun ¢ HaMMEHbLUUM YNCOM 6UTOB. Kaxaoe nsobpaxeHune cogepxut 512 x 512 nukceneit. Ans kax-
[Oro yBenuyeHns pasmep nukcens onpenenstoT no SRM 484d. N306paxeHnsa yactuy, Nblav HEOPraHn4eckoii
NpUpPOAbl NMEIOT BbICOKYHO KOHTPACTHOCTL 6/1arofaps penbedHOCTV NOBEPXHOCTU YacTuL, U TOMY, YTO NOPAL-
KOBble HOMepa XMMUNYECKNX 3/IEMEHTOB, COCTaBAAILLMNX YACTULbI, 60/bLUe, HEMY 3/IEMEHTOB, COCTaBAAOLLNX
dunbTpyOWmMii MaTepuan, — yriepoga v Bogopoga. Yactuubl BbIFIAAAT Kak «CBET/bie» 006bekTbl BCle-
AcTBue 6onbluero koamumeHTa paccesHusa 3N1eKTPOHOB NO CpaBHEHUIO ¢ hunbTpoM. Mukcenun, onpegensto-
Wwue pasmep u opmy yacTuy, UAEHTU(ULMPYIOT N0 MOPOroBOl APKOCTN OTTEHKOB Ceporo [26]. AHanuTuk
yCTaHaB/MBaeT 3TOT NOPOr AN18 KaXA0ro M306paxeHns, a npefen MMHMManbHON naowiaamn nukceneii o6bekta
06bIYHO YCTAHOB/MEH paHee. Hanpumep, ogHa HacTpoiika morna 6bl 4aTb BO3MOXHOCTb COCHUTLIBATL YaCTULbI,
€C/IN OHW COCTOAT 60oNee Yem u3 NATV NUkcesnei. Nocne Toro Kak NOPOr APKOCTU M306paxXeHns yCTaHOBIEH,

9
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BbIYMCASAIOTCA 06Waa nnowanb NMKcenen AN Kaxaon yacTuubl, a Takke AMHa HambonbLieli xopabl (Makcu-
MasibHbIV AuameTp YacTuubl) U nepumeTp Yyactuubl. CyMMUpYst HNCN0 06bEKTOB, pasinvyaeMbiX Npu yCcTaHoB-
NIEHHOM nopore SPKOCTW, MO WM306paXeHWto onpeaensloT YMCAO 4YacTul ANA 3TOr0 NOAs 3peHus npu
KOHKPETHOM yBenunyeHun. Mpumep Heob6paboTaHHOrO M306paXxeHus, noayyeHHoro Ha COM, n obnacTein c
YCTaHOBJ/IEHHbIM NOPOTOM SIPKOCTU MOKa3aH Ha pUCYHKax 7a u 7b COOTBETCTBEHHO. Ha pucyHke 7c HeKoTopble
YyacTuubl BKOYEHbI B HA6OP AaHHbIX (OHWM MPOHYMepOoBaHbl), T. K. 06Wasa naowaab Ux NUKcenein npesbiliaeT
paspeLualoLlyo cnocobHOCTb NpMbopa, HACTPOEHHY aHaIMTMKOM, a Te YacTuubl, 06Lias naowaab nukcenen
KOTOPbIX HUXE, HE COCUNTBLIBAIOTCS.

ObuwepocTynHas kKomnbloTepHasa nporpamma MacLispix paspabotaHa B NIST, a NIH Image ucnonb3sytot
ONna aHanusa nsobpaxeHuin [27], [28]. Mo n3obpaxeHnsaMm noaydaT MHPOPMaLMo 0 NAoWwaam YacTul, Ham-
6onblIeM fuaMeTpe (XopAae), NnepyMeTpe YacTul, yncre o6HapyXeHHbIX 06 bEKTOB, PACMOIOXEHUN NONS 3pe-
HUA Ha UNbTPe W MOJIOKEHUW KaXkAOW YacTuubl, Pas3/IMYEHHOW Mpy MNOPOrOBOM 3HAYEHUWN SPKOCTU
n3o6paxeHus. MockonbKy MuUKporpaduyeckne n3obpaxeHnss CoOXpaHaT, Npy HEO6X0ANMOCTMN MOXET ObiTb
NnpoBefieH AOMNOJIHUTE bHbI aHanus.

Cc

a — ucxofHoe n3obpaxeHue, b — N306paxeHne ¢ yCTaHOBIEHHbIM MOPOTrOM SPKOCTU OTTEHKOB CEpOro, ¢ — U306paKeHNe YUTEHHbIX U
OTOPOLUEHHBIX YaCTUL,

MpumeyaHune — Menkne yactuubl He 6b1In Yy4uTeHbl K3-3a HU3KOIo paspelieHunsa 06beKTOB, cocToAWnx mn3
Masioro ymucna nukcenei, a OoAHa KpynHaa 4dactuya 6bl1a OTﬁpaKOBaHa n3-3a TOro, YTO OHa KacaeTca rpaHuubl V|306pa—

XeHunsa.

PncyHok7 — 3T1anbl 06paboTkn nsobpaxeHusa yactuy ISO MTD Ha C3M npu \3300
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5 O6paboTka paHHbIX

[aHHble aHann3MpoBanu AByMs HE3aBUCMMbIMUA MeToAaMn (pacyeTHbLIM METOAOM N MeTOA0M Moaenu-
poBaHusa). PacyeTHbI MeTog — 3TO NMPSIMOe UHXEHEpPHOe BblYMCIeHue, npeanonarawlee paBHOMepHoe
pacrnpegeneHue YacTtuu, no NoBepxHocTu punbTpa, Nony4eHHoe Npu NpasuibHOM NaHUPOBaHWN U NpoBee-
HWUK aKkcnepumeHTa. B MogenbHOM MeToae NCNOoMb3YOT AaHHbIE 4NN Co34aHMa MOoAenn, BOCnpoussoasLLen
pacnpegeneHune yactuu Ha bunbTpe 1 3agarollen Bua Ux pacrnpegeneHns [29]. B o6omx cnyvasx ocHOBOM aHa-
nusa asnaTca HeobpaboTaHHble AaHHble O MowWwaan oTAesNbHbIX YacTul, NonyYyeHHble NyTemM aHanmusa
n3oBpaxxeHnii nonei, NpeacTaBneHHbIX B MMKCENAX Ans Kaxaoro ysenundeHus COM. Yncno nukcenei B cocta-
B€ U306pakeHNs YacTuLbl MoXeT 6biTb 0T 6 4o 1000 npu HanUYMKM camblX KpYMHbIX YacTuyL, [ s Kaxxgoro ysenu-
YeHus MUKpocKona AaHHble O Mrowaan Yactuly npeacTaBnsaoT B hopMe rmcTorpammbl Ans onpegeneHns
YacTOoThl NOSIBMEHNS KaXA0W BOSMOXHOM Nnowaam vyactuu, (np). EcnnyacTuua kacaeTcs KPOMKU NOfs, TO ee He
aHanMaupyoT. OTO NO3BONAET UCKMOYNTL U3 Habopa AaHHbIX HeXxenaTterbHble Apo6Hble Nnowaan YacTuL, Ho
MPUBOANT K CMELLEeHUIO UHTEerpanbHOro pacnpeaeneHuns B CTOPOHY MeHbLUMX pa3MepoB, eCrni B rTMcTorpaMmmy
He Oblna BBeAeHa COOTBETCTRYOLLAs nornpaska. [ns yyeTa 4acTul, KOTopble KacatoTcs Kpasi Mons 3peHus
(1, cnegosaTenbHO, He noanexart NoAcyeTy), B YacTOTy NosBMeHMs BBOAAT nonpasky. OHa usMeHsieT np 3a
cyeT BBeAeHNA MacluTabHoro nonpasovHoOro KoadduuneHTa B nowaas nons speHns (4asas acpdekTUBHYHO
nnowaab nons 3peHust). MNogpobHas nHpopmaums No BbIMACIEHUHO 3TOW NoMpasBku npueegeHa B [21].
MockonbKy 4N KPYNHbIX YacTUL, BEPOSITHOCTb kKacaHus Kpas 6onblue, MX paccMaTpuBaoT Ha MeHbLuei adbdpek-
TvBHOM Nnowaaun. OTHoweHWe adpeKkTUBHOM Nowaam A K nnowaan nons A;.

Asi/Ar=1—=2dIL + d¥L?

roe d — aKBMBAneHTHbIV AMameTp YacTulbl, NpoeLmpyeMoit B Buge kpyra [d = 2 (nnowaab/n)'2);
L — avameTp nons 3peHus.

OTanonpaska Mana 4ns Meskux YacTul, 1 Bo3pacTaeT No Mepe yBenuieHns pasmepa dvactuu,. Mameper-
HbI pasMep YacTuLbl 3aBUCUT OT KO3t pULMeHTa Nnepesoaa U3 NUKcenemn B eAUHULLBI ANUHBI ANA aHHOTO yBe-
nudeHnsa. [AnameTtp B MUKCensx MepesoAT B MUKPOMETpbl € NoMolblo koadduuneHta nepesopaa,
Mony4YeHHoro 418 AaHHOro yBennyeHus, ¢ ucnonb3osaHneM SRM 484d. Yucno yactuuy, Ha MunnnmmTp, cobpat-
HbIX (PUNBLTPOM, BLIYUCIAOT Ha OCHOBE U3MEPEHHOW MNOLWAAN PaCcCMOTPEHHBIX NOMEN 3peHUsa (C y4eToMm
nornpasku Ha ApobHble Nons), nnowaaun dunbTpa u 06bemMa oThUNbLTPOBAHHOM XUAKOCTU.

B pacueTHOM MeTOAe NPUMEHSIIOT MPsSIMOe CYMMUpOBaHUe Yucna yactul,. Obee ymcno yactul, oces-
LWKX Ha unbTpe, NONYYalT YMHOXEHUEM CKOPPEKTUPOBAHHOIO B COOTBETCTBUM C NOSIEM 3PEHUS YACNa Yac-
TWUL, HabnogaeMbiX 3KCNepUMeHTanbLHO, Ha OTHOLLEHWe obLlel nnowaan unbTpa K Nowaan noss 3peHns.
B meToae mogennpoBaHusi nonyyaroT NMOTHOCTb YACTIaYacTuyL, Ha (hunbTpe Mo pacyeTy KpUrruHr-moaenu [29].
KpurruHr-metog aHannsa, UCnonb3yeMblii B ropHOA00bIBaOLLEA MPOMBILLIIEHHOCTU, ObIN NpUMeHeH Ana Moae-
NMpOoBaHUA YMcna YacTuL, cobpaHHbIX Ha UMbTPE NO AaHHLIM AUCKPETHBIX Moner 3peHus. OToT aHanus aaet
MEHbLUYIO NOrpeLIHOCTb BLIOOPKN NOMNei 3peHnst Mo CPaBHEHMUIO C aHaNOTMYHLIMKU pe3yrnbTaTaMmn pacyeTHOro
meToaa. [lencteutenbHoe oblyee 4yncno vYactuy, Ha hunbTpe, onpedeneHHoe AByMsl MeToAaMun, okasanoch
NpubM3nTENBLHO OAUHAKOBLIM (B Npeaenax 3 %). PesynbTaT, nonyyeHHbIA pacyeTHbIM METOAO0M, Obin Bhilwe.

[nsa 6onee ToyHOro onpegeneHusl Nowaan YyacTyl, nsobpaxeHus nonyyanu Npy NTU yBenu4eHNAX
MUKpOCKONa, a ANsl aHanuaa Ucnornb30Banu AaHHbIe Npu YeTbipeX yBenuieHusx. MNMonHoe nHterpansHoe pac-
npegeneHne YyacTuL, Mo pasmepam nosnyyarT nyTeM 06beAnHeHUst AaHHBIX MO PasfUYHbLIM pacnpegeneHuam,
NOCTPOEHHBIM 411 KOHKPETHBIX yBenuieHnin. IHTerpanbHble pacnpegeneHus 4acTul, o pasMepam, nonyyeH-
Hble NPy pa3sHbIX yBENUYEHUsIX, COBNaaaloT HeTouHo. Hanpumep, nHterpansHoe pacnpegeneHue npu x1500
HETOYHO cCoBNaaeT C UHTErpasnbHbIM pacnpegeneHem npu x 500 1 npy1 MeHbLUEM yBENUYEHUU. DTO MOXKHO
06bACHUTL, caenas npeanonoXeHne 06 MHBapMaHTHOM HENPEPLIBHOM MHTErpanbHOM pacnpegeneHnum vac-
TUL, NO pa3MepaM 1 NPUHSIB OTKITOHEHWUS1 pa3MepoB, NOSABNSAIOLLMECS NPU Nepexoae OT OAHOTo YBeNnuYeHNs K
Apyromy, pesynbTaTtoM HebomnbLUMX HeCcoBMaAeHWI LWKarn pasMepoB NMpu pasnuyHbIX yeenuieHusix. Hecoena-
AeHuve LiKan coaepXaHusl YacTuL, MeHee BepOosiTHO, T. K. aHaNU3upyroT pasHble y4acTKA OHOro U TOro Xe
dunbTpa, BbIbUpaeMblie cnyvaHbiM 06pa3om, Tak YToBbl YMCTIO MOSIEN 3PEHUS UYMCTTIO YacTuy, Bbinun npeacTa-
BUTENbHBLIMK 4111 AaHHOTO (hunbTpa. O Hanuuumn cABUroB pa3MepoB CBUAETENLCTBYET XopoLlee CoBNaaeHne
WHTerpanbHbIX pacnpegeneHuii, HabniogaeMmoe Npy HebONbLLIOM cABUre TOW UM UHOW LLKarnbl pasmepos. MNpu-
YMHBI 3TUX HECOBMAAEHUA 4O KOHLA HEU3BECTHBI, HO UMEIOTCS BECKME AoKasaTeNnbCcTBa Toro, YTo npobnemol
CBSI3aHbl C NMPOLIECCOM CKaHUPOBaHMUS INEKTPOHHBIM MUKPOCKOMOM U aHanu3om uzobpaxkeHuid. [ns gaHHON
npo6kl Ha punbTPe, NPU KaXKA0M yBENUuYeHUn nporpamma copmmupyeTt Habop AaHHbIX 06 M30bpakeHUsX, Nony-
YEHHbIX NPY ONTUMU3UPOBAHHLIX YCIOBUSX paboTbl MUKpOCKoMa Anst AaHHOW Npobbl 1 KaXkAoro yBenu4eHus.
Mpu nocneaytowem ysenuueHum nsobpaxeHus ToM ke camoi npobel 6yayT UCNoNb3oBaHbl HECKONLKO Apyrue
HaCTPOWKW YBENUYEHUSA U TUCTOrpamma oTTeHKoB ceporo. Habopbl nsobpaxeHuii oTnmyaloTes Apyr oT Apyra,
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HanpuMep NosiokeHWeM NMKa OTTEeHKOB Ceporo No hoHy, NoACTPaMBaeMbIM NNPU CKAHMPOBaHWUM NS NOSTyYEHUA
ONTUMAarbHOIO KOHTPacTa Mexay hunbTPoOM N HacTULEen, Heobxoaumoro Anst aHanu3a. OnbIT NOKa3biBaeT, YTo
TMCTOrPaMMbl OTTEHKOB CePOro n306pakeHuii Npu pasHOM yBeNnn4eHUM HEOAUHAKOBEI. YPOBHU Ceporo n3obpa-
XeHus1 punbTpa Takke HEOAWHAKOBbI, M YacTO MMEIOTCH AN PaKUMOHHbIE NSITHA, BNUAIOWWE HA yCTaHOBINEHWe
nopora sipkoctu. HeonpeaeneHHOCTb, CBA3aHHYI0 CO CMEHOW YBENTUUEHUS, CITIOXKHO YYUTbIBaTh U3-3a HACTPOW-
K1 nopora sipKoCTU Npu aHanuse n3o6paxeHwii. Hactpoiika nopora SspkocTM Heo6xoanuMa ANA NONYYEHUS TOY-
Hbix nnowanein 4actmy [30]. AHanu3 u3obpaxkeHu Obin MakcMManbHO CTaHA3APTU30BaH, HO MONHas
aBTOMaTU3aLms npoLiecca oka3anach HEBO3MOXHO; NS KaXA0ro n3obpaxeHust aHanUTUK CaMOCTOSITENBHO
onpeaensieT 3Ha4eHue Nopora APKOCTU.

MoporoBble 3HAaYEHUA APKOCTU HacTpauBanyu paBHOMEpPHO, YTObLI Nnowaab YacTyl 6bina Makcumanb-
HOM, HO 6e3 BKINIOYEeHUA NUKCenen, KOTopbiMu oTobpaxaeTtcsi hunbTp. [MocKonbKy napameTpbl HACTPOMKU NPU
Ka)KAOM YBENMYEHUN HE3HAYNTESIbHO OTNINYaNMUCh, 3TO MOITIO NPUBECTH K HEGOMbLUMM CMELLEHUAM B pachpe-
OeneHnn YacTuy No pasMepam Ha pasnuyHbiX ydacTkax. 1o 6biio NOATBEPXAEHO NPU NOBTOPHOM aHarnu3ae
O[HOrO M TOro Xe hunbTpa Npy OQHOM U TOM e Yncne yactuy. [Mpu noBTopHOM aHanu3ae Gbinu BbIGpaHb! Apy-
rMe nors, Ho BO BCEM OCTasnibHOM NPOTOKONbI aHanuaa u3obpaxkeHuit To4HO coBnaganu. Pesynbrartbl Takoro
aHanvsa npueegeHbl Ha pucyHke 8. U3 pucyHKa BMAHO, YTO pacrnpegesnieHus 4acTuy no paamepamM HEMHOTo
cMeLleHbl. [pu AanbHeiem aHanuse NMcTorpaMm OTTEHKOB Ceporo 6bino 0bHapyXeHO, YTO OHU NOAO0GHbI, HO
HeOoAMHaKOBbI, @ YPOBHU OTTEHKOB CEPOro Ans NMKcenen choHa 3HaUMTENBLHO OTNMYAIOTCA. JTO, cCKopee BCero,
06ycnoBneHo pa3nM4yHbIMK HACTPOIKaMU YBENUYEHUS PU CKAHUPOBaHWUN.

Yucno yactuu 6onblle yCTaHOBNEHHOIO AMaMeTpa B 1 Mn
107-

10

105

Paauyc yactmubl, nuKcenu
X — NepBbili aHanNu3 unLTPa; o — BTOPO#H aHaNM3 unLTpa

Mp umeyaH une— B kaxaom cnyyae oNnTUMU3MPOBany NPoLIECC Co3ziaHns u3obpaxeHusa Ha COM. Bece aHanu-
3bl 6bIM NPoAYGNUPOBaHBI kKak MOXXHO Gonee TOYHO, HO OZIHU U T Xe NOSsi He paccMaTpuBarnu.

PucyHok 8 — Pacnpenenexue 4actuy no pasmepam, nonyyeHHoe Mo pe3ynbTaTaM BYyKpaTHOro aHanusa Ha COM
0AHOro 1 Toro xe cunbTpa nNpy ysenuyeHmn x 500

UnterpanbHoe pacnpegeneHuve 4acTyu, o pasMmepam BO BCEM Pa3MEPHOM Auana3oHe nony4aloT CyMMu-
pOBaHUEM YMCNa YacTUL KaXA0ro pasmepa. B pacueTHOM MeToe MHTErpasibHble CYMMbl YUCNA YaCTUL, Ha KaX-
[OW 30He, MONyYEHHble NPU KOHKPETHOM YBENUYEHUM, OOLEAVHSIIOT AN MOMNYYEeHUs WHTErpanbHoro
pacnpepneneHus Bo BCEM Auana3oHe pa3mepoB vacTuu, ot 1 1o 50 MkM. B kaxxaom cnyyae o6beavHeHne ocy-
LLIECTBIISAIOT 32 cYET NPUHATUA 3a OCHOBY y4acTka pacnpeieneHus YacTul no pasmepam, Nofy4eHHoro npu
66nblueM yBenu4eHUm, 1 CABUTa y4acTKa, NOMyYeHHOro Npyu MeHbLLIEM YBenuyeHnu. ONTUManbHOCTb NOATOH-
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KV NPOBEPAIOT HA OCHOBE Pa3HOCTU MEXAY YACITOM OTCHETOB Npu 6onbLueM yBENUHEHUN U MEHbLLEM YBenn4ye-
HuM, gna 20—30 3Ha4YeHUA auameTpa 4YacTul, CBOAsl OCTaTKM K MMHMMYMYy. 3TO o6ecneuuBaer
COOTBETCTBYIOLLEE NepeKpbiBaHMe Y4aCTKOB pacnpezerieHusl YacTul, No pa3amepaM He TONbKO Npu OQHOM pas-
Mepe YacTuL, HO M onTUMarnbHoe 06beauHeHre AaHHbIX. [1py UCnonbL30BaHWK MeToAa MoaenupoBaHus 6o
ONTMMU3MPOBAHO MHTETPUPOBaHUeE Ansi NpeenoB OT KOHKPETHOTO pa3Mepa 10 beckoHeyHoCTH Npy 06oux yBe-
nunyeHusix. B o6onx MeToaax, pac4eTHOM M MOAENUPOBaHUS, CMELLIEHUE YYACTKOB pacnpeaeneHns 4actul no
pa3MepaM OTHOCUTESILHO LLUKarlbl pa3MepoB COCTaBIAINo He bonee 1 MKM.

Yucro yacmy 6onblue yCTaHOBNEHHOTO AvameTpa B 1 mn

106

| L 1 1 1 1 LI 1 1 1
1 10 InameTp YacTmLbl, MKM

—_— 0535 ————— 9543; —-— -9540; —-—— -9617;
------- - 9620; — aTTecToBaHHOe

M p 1M ey aH u e — 3Ha4eHne HeonpeaeneHHOCTU COOTBETCTBYIOT YABOESHHOM NONHON HeonpeieneHHOCTH (Npu
k = 2), ykazaHHOM B Tabnuue 2 ANs 3Ha4YeHUI, NONyYeHHbIX METOAOM MOAENUPOBaHUS.

PucyHok 9 — WHTerpanbHble pacnpeaeneHus 4acTuL, No pasmepam, NonyyYeHHbie No pe3ynbTaTam aHanusa
NATU pasnuuHbix puneTpos (9535, 9543, 9540, 9617 n 9620), B cpaBHEHUM C aTTECTOBAHHBIM pacnpeaerneHuem

Ta6nwuuya 2—Yucno YacTuu COOTBETCTBYIOLLIETO pasmepa, Nony4YeHHoe METOAOM MOAENNPOBaHUsA (aTTeCTOBaHHOE)
W1 pacyeTHbIM METOA0M, U CBA3aHHAA C HUM HeonpeaeneHHOCTb

Yucro HeonpepenerHocTs? Cymmap-

yacTHL Yucno Nuametp Has Pacimpet-

(MeTon uacTMy | npoewuu- cTaHaapT- Hast
MOAENMpO- (pac'-leTHuu pyeMOI/Ia nepesoga “B pacnpepne- Han Heonpepe-

BaHusl) metoa) nnowaan®, (  BLIGopkM obbema ANUHBI uucpoBor | neHuAa no | Heonpeae- nexHoOCTL U

B 1m0 B 1mn MKM copmat | pasmepam neuﬂocrb

c

108400 108960
27035 28094
11209 10918
6095 6506,4
3737 3860,7
2395 2918,8
1573 1814,3

0,004 0,004 0,0006 0,127 0,051 0,137 0,274
0,006 0,006 0,00003 0,123 0,049 0,133 0,265
0,009 0,010 0,0005 0,122 0,059 0,136 0,272
0,011 0,013 0,002 0,121 0,094 0,154 0,308
0,012 0,015 0,004 0,121 0,167 0,207 0,414
0,016 0,016 0,006 0,131 0,246 0,280 0,560
0,019 0,017 0,009 0,131 0,236 0,271 0,542

~N (OO AW N
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OkonyaHue mabnuusi 2

Uucrio HeonpenenexHocTs? Cymmap-
wacTuu Yucno Ovametp Has Pacumpet-
(MeTon sactuy | mpoeuu- cTaHgapT- Hast
MOIeNMpO- (pacyeTHbIi pyemomE nepesopa B | pacnpepe- Hasn Heonpene-
BaHus) ':(31“,?,.?1) nno,\l;.L:(aMnM , | BbIGOPKK obbema ANUHBI u:bqgszzc:m ;;nr:pgz lfﬂnﬂﬁﬁi_ neHHocTs U
B 1mn Uc
1055 1220,0 8 0,024 0,018 0,013 0,131 0,210 0,250 0,499
725,8 810,21 9 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
281,0 314,89 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 2473 2,488 4,976
35,01 37,919 22 0,255 0,036 0,056 0,131 2,738 2,754 5,508
28,95 31,885 23 0,281 0,037 0,068 0,131 2,953 2,970 5,941
23,99 24,973 24 0,314 0,038 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 26 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 8,030
11,80 11,202 28 0,539 0,043 0,158 0,131 4,144 4,184 8,369
10,02 8,7036 29 0,618 0,045 0,184 0,131 4,247 4,298 8,595
8,568 8,3281 30 0,706 0,047 0,212 0,131 4,914 4,971 9,943

) OuameTp onpeaensnu Ansi 4acTvy KBapLeBOW MbinNu B X Hambonee yCTOMYMBOM MOMOXEHUW; TaKuM obpasom,
nnowagb YacTuubl Npmbnuxkanack B cpegHeM K HanbormnbLIeMy BO3MOXHOMY 3Ha4eHuo. OTHOLWeHne cpeaHnX anameT-
pOB npoekuuii Ans 6ecnopsigoYHo M CTabuNbHO OPMEHTUMPOBAHHBLIX YacTUL, KBapLeBol neinm (06evHo ansa ISO MTD)
cocTaensiet npubnuanTensHo 0,8 (MUTepaTypHble AaHHbIE).

®) Kaxkgasi CyMMapHasi CTaHAapTHast HEOMpeAeNeHHOCTb NPeACTaBNsieT COBON KopeHb KBaapaTHLIN U3 CYMMbI KBaA-
paToB CTaHOAPTHbLIX HeonpeaerneHHOCTEN, MOMyYeHHbIX UMM OLEHeHHbIX B npouecce uamepeHvs. PacwvpeHHas
HeonpeaeneHHOCTb AMaMeTpa NPoeKLUM paBHa YABOEHHOW CyMMapHOW CTaHAapTHOWM HeonpeaeneHHoCTH (Koadduum-
eHT oxBaTa k = 2). B cnyvasx, rge Bce HeonpeaeneHHoCTU OTHOCATCS K Tuny A (HeonpeaeneHHoCTsM, OLeHUBagMbIM
CTaTMCTUHECKUMU MeTodamu), k = 2 onpegensieT ypoBeHb AOBEPUTENBHON BEPOSTHOCTM npubnunantensHo 85 % [31].

Onayaoo6cTBanonb3oBaTenen norpellHocT I3MepeH ust, CBsi3aHHbie c onpeaeneHnemM Yucna npasvepa
YyacTul, BblpaXatoT Yepes OauH napamMeTp, pasMep YacTul. YUnTbiBaT HeonpeaeneHHOCTU, CBA3aHHbIe ¢
0TCHYETOM HacTUL, U hopMUpoBaHMeM BEIBOPKK (MyacCoHOBCKas cTaTUCTMKA), onpeaenenemM AnuHel, npeob-
pasoBaHMeM nukcenen B undposoin opmaT, 06beMOM Npobbl XXUAKOCTU U pacrnpeaeneHnemM YyacTul, no pas-
Mepam 13-3a nepeHoca Xnakocti. HeonpeaeneHHOCTb ANUHBLI BHOCUT BKMag B o6LLy0 HeonpeaeneHHoCTb 1
BXOAMWT B IBHOM BMAe B 3Ha4YeHWe pasmepa YacTuLbl M ONocpejoBaHHO — B 3HaYeHWe rnrioLaam nons speHns.
OTHOoCcUTeNbHasA HeonpeaeneHHoCTb AnuHEI (2 %) cBsi3aHa ¢ HeonpeaeNeHHOCTbIo U3MepeHUIn, HeoBXxoANMbIX
ansa npeobpa3soBaHMsA NUKcenen 13 Lndposoro hopMaTa B eAMHNLBI ANNHBI M0 MPOCNeXnBaeMoMy 3TanoHy
AOTNWHBIL, 1 CO CNyYaiHON U CUCTeMaTUYeCcKon NorpeLlHOCTAMM, NpunucaHHbiMM SRM 484d (1 % pacyeTHon anuv-
Hbl). HeonpeneneHHOCTb pazMepa KaXaoro nossi 3peHusi BHOCUT BKNaz B HeornpeaeneHHOCTb MacCoBOM KOH-
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LeHTpaLuum yacTuy, T. K. MONy4eHHOoe YMCIIo YacTuL, ornpeaensieTcs OTHOLWEeHWeM niowaam scero punbTpa K
nnowagn uccrefoBaHHOro Momns 3peHWs. OTOT pasMep MoNs Takke SABMAeTCA npocrexusaemMblM Mo
SRM 484d. HeonpeaeneHHoCTb KoadduLneHTa npeobpasoBaHns B e4MHNLLI ANMHBI OKa3biBaeT Ha pacnpe-
AeneHune YacTul, No pasmepam Asa npoTUBONONoKHbIX adbdekTa. MpupalleHune koadduumeHTa npeobpaso-
BaHUA B eAuHWUbI ANuUHBl, K= K+ § NpUBOAUT K MOYYEHUIO 3aBbILUEHHOrO 3HaYeHUsi pasmepa 4acTuu,
HallQeHHOro No M306paXkeHWo, HO B TO XXe BPEMS 3aHKEHHOW MacCOBOM KOHLeHTpaLmMmn Yactuu,. Heonpeae-
NeHHOCTL 06 beMa XUOKOCTH (U3 MUMETKN), HEeU3MEHHO NpUHUMaemasi pasHol 2 % oTobpaHHoro o6bema npo-
6bl, HANPAMYIO BNNSIET HA MACCOBYHO KOHLLEHTPaLMIo NogcyuTbiBaeMbIX YacTul,. Mnowaae npoekumii yactuLy
onpeaensaoT no YMCNy NUKCenen B cCocTaBe N30bpaxeHnin, ypOBEeHb CEPOro KOTOPLIX MPeBbILIAeT yCTaHOBMEeH-
HbI nopor ApKOCTU. MuKcenn, oTHOCUMBbIE K M30BpaXkeHWo KOHTYpa YacTuL, ABNATCA Hanbonee CopHBIMN.
NcTUHHBIE KOHTYpPbI M306paXeHns YacTuLbl onpeaensoTcs MMKCENsIMU, KOTOPbIMU 0TOBPaXKeH BHELUHWUIA KOH-
Typ M306paxeHns YacTuLpl, U He MOryT BbITb onpedeneHbl TOHYHee 3TUX KparHUX nukcenei. MorpelHocTs npu-
HUMatoT pasHoi = 0,5 nukcens (59 HM) ANA KaXKOOro KOHTYpa WM oguvH NUKcenbs AN AMameTtpa YacTuu,.
HeonpegeneHHocTb kKoaddnumneHTa npeobpaszosaHus B LugpoBoi doopmat Gbina paccunmTaHa anst cambix
MenKMX YacTul, npu HambonblueM yBennieHun (CooTHoLEeHUN nukcenn/mMkm). Mpu 3ToM HeonpeaeneHHoCTb
WUCTUHHOrO pasMepa YacTuL, CBOAUTCA K MUHUMYMY, a MNpu NPUONKEHUM pasmepa MNUKCeNs K Hymo
nsobpaxeHne YacTuL, CTaHOBUTCA WAaeanbHbIM, W UCYE3aeT HeonpedeneHHOCTb MOMNOXKEHUs1 KOHTYpa.
HeonpegeneHHOCTb Npu APYrux yBENUYeHUSX NPUHMMAOT paBHOW HeonpeaeneHHOCTU npu Haubomblem
yBenuMueHun. Pasnuuna pacnpegeneHunid yactuy no pasmepam CBsisaHbl C NPoLEeccoM ubTpoBaHUsA U
BblpaxatoTcs HeomnpeaeneHHOCTbI, OLEHMBAEeMON Ha OCHOBE HEOAMHAKOBOCTW AaHHbIX, NPUBEAEHHbIX Ha
pucyHke 9.

Pacnpegenexune yactuy no pasmepam ana ACFTD no [1] n gns SRM 2806 ISO MTD, nonyyeHHoe Ha
CO3M, npveeaeHsl Ha pucyHke 10. 3a pasmep vacTuy ansa SRM 2806 npnHMManuy skBuBaneHTHble guaMmeTphbl
cdep, a ansa ACFTD no [1] — HaubornbLyto xopay. Ans npsiMoro cpaBHeHWs ABYX Pe3ynbTaToB NP YPOBHAX
MacCOBOW KOHUeHTpauun 1 Mr/n sHaveHuns Ana SRM 2806 66111 yMHOXEHbI Ha MaclTabHbI koddduumeHT 2,8
(maccoBas koHueHTpauus: 2,8 mr/n). Mo pesynstatam ang ISO MTD BugHo, 4To pacnpedeneHue YyacTuy, no
pasmepam aHanoru4Ho nonyyeHHomy Macbaymom ansa ACFTD. laHHble Macbayma, apyrux asTopos [2], [3], [4]
1 gaHHble gna SRM 2806 cBnaeTenbCTBYOT O MPUCYTCTBUM BonbLuero Yncna Menkux Yyactuy, (< 10 MkM) no
cpasHeHuno c ACFTD no [1].

Yucno vyacTuy Gonblue yCTaHOBNEHHOTo AnaMeTpa B 1 mi
5
10
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ﬂMaMeTp Yyactuubl, MKM

— —— —— — 3Ha4eHUs AN ACFTD o [1];

~ 3HayeHun gna SRM 2806

MpwumeyaHune— Bce 3HayeHUs1 OTHOCATCH K MACCOBOW KOHLeHTpauum cycneHauii 1 mr/n.

PucyHok 10 — Pacnpeagenenue vactuy no pasmepam ansa ACFTD no [1] v gns SRM 2806 ISO MTD
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