MEXIOCYAAPCTBEHHbIA COBET MO CTAHAAPTU3ALMMW, METPOJIOrMU U CEPTUGUKALIMM

(MIC)
INTERSTATE COUNCIL FOR STANDARDIZATION, METROLOGY AND CERTIFICATION
(IsC)
MEXTOCYOAPCTBEHHbLIN rocr
CTAHRAPT ISO 13099-2—
2016

FocynapcTBeHHas cuctema
obecnevyeHus eaAMHCTBA U3MEPEHUN

METO[bl ONPEOENEHUA O3ETA-NMOTEHUUATA

Yactb 2

OnTuyeckmne metogbl

(ISO 13099-2:2012, Colloidal systems — Methods for zeta-potential
determination — Part 2: Optical methods, IDT)

M3paHue obmumansHoe

Mocksa
CraHAapTUH(OPM
2016


http://paritet.stroyinf.ru/industrial_engineering.html

roCTISO 13099-2—2016

Mpeancnosue

Llenu, OCHOBHbIE MPUHUMNBI U OCHOBHOM NOPSAOK NPOBEAEHUS PaboT MO MEXroCyaapCTBEHHON CTaH-
Aaptusauun ycrtaHosneHbl B FTOCT 1.0-2015 «MexxrocygapcTBeHHaa cucrema craHgaprusauun. OCHOBHbIE
nonoxeHusa» u NOCT 1.2-2015 «MexrocyaapcTBeHHasa cuctema craHgaptusauun. CtaHgaptel Mexrocyaap-
CTBEHHbIE, MPaBuUma n pekoMeHZauum No MEXToCyapCTBEHHONW cTaHaapTusauun. MNpasuna pa3paboTku, npu-
HATUA, 0OHOBNEHUS U OTMEHbI»

CBegeHuA o cTaHaapre

1 NOAIOTOBIEH ®eaeparnbHbiM rOCYAAPCTBEHHbLIM YHUTAPHbLIM Npeanpusatuem «Bcepoccuickuin  Hay4-
HO-MCCNEeoBaTenbCKU UHCTUTYT (DU3UKO-TEXHUYECKUX U PagnoOTEXHUYECKUX uamepeHun» (Pryfl «BHUNDTPNy)
Ha OCHOBE COBCTBEHHOTO NepeBoa Ha PYCCKMIA A3bIK aHIOA3LIMHOM BEPCUM CTAHAAPTA, YKA3aHHOTO B NYHKTE 5

2 BHECEH ®egepanbHbiM areHTCTBOM MO TEXHUYECKOMY PErysIMpoOBaHUIO U METPONOTNU

3 NMPUHAT MexrocygapCTBeHHbLIM COBETOM MO CTaHZapTu3auuu, METPOnorMm u ceptudukalmm
(ot 29 aHBapa 2016 r. npoTokon Ne 84-IM)

3a NpuHATUE NPOronocoBanu:

KpaTKoe HanMeHoBaHWe CTpaHbl Koa CTpaHbl No MK COKpaLLleHHoe HanMeHoBaHWe HalMOHalbHOro opraHa
no MK (MCO 3166) 004-97 (UCO 3166) 004-97 no cTaHgapTusauuu

ApMeHus AM MuHakoHoMuKkN Pecny6nukm ApmeHus
Benapycb BY loccTaHgapT Pecnybnukm Benapych
KasaxcTaH KZ loccTangapT Pecnybnukn KasaxcTtaH
Kuprusumsa KG KblprelactaHgapT
Poccus RU PocctangapT
TaaXnMKUcTaH TJ TagxukcTangapT

4 TMpukasom PegepansHOro areHTCTBa NO TEXHUYECKOMY PErynupoBaHuto U metponorum ot 19 oktabps
2016 r. Ne 1423-cT mexrocyaapctseHHbiv ctaHgapt NOCT I1SO 13099-2—2016 sBBeaeH B AENCTBUE B Kade-
CTBE MEXIOCY4apCTBEHHOro ctangapta Poccuiickon egepaummn ¢ 1 mapra 2017 r.

5 Hacroswmn craHgapt MAeHTUYeH mexagyHapogHomy craHgapty ISO 13099-2:2012 «KonnonaHble
cuctembl. Metoabl onpegenexHuna g3eta-noteHyumana. Yacre 2. Ontudeckne metogbl» («Colloidal systems —
Methods for zeta-potential determination — Part 2: Optical methodsy, IDT).

HaunmeHoBaHue HacTosALEro ctaHgapTa MU3MEHEHO OTHOCUTENbHO HanmeHoBaHus NCO 13099-1:2012
ans npuseaeHua B coorsercraue ¢ NOCT 1.5 (nogpasaen 3.6).

Mpu npuMEeHeHnn HacTosALero cTaHaapTa pekoMeHAyeTCsl UCMOMb30BaTb BMECTO CChINMOYHbIX MeXay-
HapoAHbIX CTaHAapTOB COOTBETCTBYIOLLME UM MEXTOCYAAaPCTBEHHbIE CTAHAAPTbI, CBEAEHUSA O KOTOPLIX NPK-
BEAEeHbl B AONOMHUTENBHOM NpUnoxeHun OA

6 BBEOEH BIrEPBbIE

NHpopmayusi 06 usMeHeHusIX K Hacmosiuemy cmaxdoapmy nybnukyemcs 8 exxe200HOM uHgopmayu-
OHHOM yKa3amersne «HayuoHanbHble cmaHdapmbi», @ MeKcm U3MEHEHULl U MonpasoK — 8 eXeMeCAYHOM
UHGhOpMaUUOHHOM yKazamene «HayuoHanbHblie cmaHO0apmbiy. B criydyae nepecmompa (3ameHbl) unu om-
MeHbl Hacmosiweeo cmaHdapma coomeemcemeytowee yeedomneHue 6ydem orybrnuKkoeaHo 8 eXeMeCIYHOM
UHhopMaUUOHHOM yKkazamerne «HayuoHarnbHble cmaHdapmbi». Coomeememesyroujas uHgopmayus, yeedom-
NIeHUe U meKCmMbi pasMmeLarmes makxe e UHhopmMayuoHHol cucmeme obuiezo rnosb30eaHuss — Ha ohu-
YuanbHom calime ®eldeparnbHO20 azeHmemesa rno MexHU4YEeCKoMy peaynuposaHuro U Memporsnoauu e cemu
UHmepHem

© CraHpaptuHcopm, 2016

B Poccunckon ®egepayumn HaCToOAWMIA CTaHAAPT HE MOXKET ObITb NOMHOCTLIO N YaCTUYHO BOCMNPOU3-
BEAEH, TUPAXXMPOBAH U PACNpOCTPaHEH B KAYeCTBe ouumansHOro nsganus 6e3 paspewernusa degepansHoro
areHTCTBa No TEXHUYECKOMY PerynMpoBaHuIO U METPONOTrMU



rOCT ISO 13099-2—2016

CopepxaHue

1 OBNACTb MPUMEHEHUSA . . . . .. ot ettt e e et e e e e e e e e e e e e e e e e e 1
2 HOPMATUBHDBIE COBITKN. . . . . o o oottt it ettt e e e e e e e e e e e e e e e e e e e e e e e e 1
3 TepMuHbI, ONPEAENEHUA N OBO3HAUEHMUS . . . o .t ittt e it et et e e e e et e et e 1
3.1 TEPMUHDBI M OMPEACIIEHUS. - . o o et ettt e ettt e e e et e e et et e e 1
3.2 OBO0BHAUBHMSA . . . . o ottt ettt et et e e e e 2
4 OCHOBBI TEOPUMM . . .\ ettt ittt ettt e e e et e e e e e e e e e e e 2
5 METOAbLI MUKPOCKOTIMM . . . . v v et et e e e et e e e et e e e e e e e e e e e e e e e e 3
6 Metog anekTpodopeTuyeckoro paccesHua ceeTa ELS. .. ... ... ... ... . 4
6.1 CYLLUHOCTD METOMA . . o o o ittt ettt et e e e e e e e e e e e e e e e e e e e e e e e e e e 4
6.2 OnTnyeckue ycTpoWCTBa C UCNOMNb30BAHUEM OMOPHOIO U3NYYEHUS . . . . ... ..ot 4
6.3 OnTnyeckoe yCTPOWCTBO C UCMONb30BAHUEM KPOCC-KOPPENALMN U3NYYEHUA . . . .. ... .......... 5
6.4 O0PABOTKA CUTHATIOB . . . o o ot it e et ettt et e e e e e e e e e e e e e 5
6.5 OnpegeneHune anekTPOOPETUHECKON MOABUMKHOCTM .« . v v vt it et et et e et e e e 7
7 BbIMUCNEHNE A3ETA-NMOTEHLMATMIA. .« . o o vttt et et e e et e e e e e e e et e e et e 7
MpunoxeHune A (CnpaBo4YHOE) DNEKTPOOCMOC B KAMUANAPHBLIX SUEMKAX . . ..o v vt i e i e 9
Mpunoxenune B (cnpaBo4HOE) MPOBEAEHNE UBMEPEHUM. . . . . . oo ittt it e e et et e e 11

Mpunoxenune OA (cnpaBoyHoe) CBegeHUs 0 COOTBETCTBUM CCbINTOYHbIX MEXAYHAPOAHbIX CTAHA4ApPTOB
MEXIOCYAAPCTBEHHBIM CTAHAAPTAM . . . . vttt ettt e e e e 15
BUBIINOT AN . . . .. 16



rOCT ISO 13099-2—2016

M E X T OGCVYAAPGCTUBETHHUB H C TAHAAPT

FocypapcTBeHHas cuctema obecnevyeHus eAMHCTBA U3MepeHun
METOAbI ONPEOENEHNA A3ETA-MOTEHUWATIA
YacTb 2
onTuyeckue MeToabl

State system for ensuring the uniformity of measurements.
Methods for zeta-potential determination. Part 2. Optical methods

Dara BBegeHusa — 2017—03—01

1 ObnacTb NpUMeHeHus

Hacrosawumii ctaHgapT pacnpoCTpaHAeTcs Ha ONTUYECKUA METOA OnpeaeneHus Aseta-noTeHumana va-
CTUL, NI MaKPOMOSEKYN B CYCMEH3MAX WU B pacTBOpax (ganee — MeToj U3MepeHui).

2 HopmaTuBHbI€ CCbISIKN

[na npuMeHeHns1 HaCToALLEro CTaHAapTa HeobX0aMMbl CNeayoLIMe CCbINOYHbIE 4OKYMEHTLI. [na gatu-
pOBaHHOI7I CCbINKN NPUMEHAIOT TOJNIbKO YKa3aHHOe n3aaHmne CCblNIoYHOro AOKyMEHTa.

ISO 13099-1 Colloidal systems — Methods for zeta-potential determination — Part 1: Electroacoustic
and electrokinetic phenomena (KonnouaHele cuctemel. MeToabl onpeaeneHusa aseta-noteHumana. vactb 1.
ONeKTPoaKyCTUYECKUE U AMEKTPOKMHETUYECKUE ABIEHUS)

ISO Guide 30 Terms and definitions used in connection with reference materials (MoHaTua u onpegene-
HUS, UCNOMb3yeMble B COOTBETCTBMU CO CNPABOYHbIMU Marepuanamu)

3 TepMuHbI, onpeaeneHus U 0603HaYEHUs

3.1 TepMuHbI U onpeaeneHus

B HacToqLemM ctaHaapTe NPUMEHEHbI CReayoLImMe TePMUHbI G COOTBETCTBYIOLLIMMU ONpeaeneHnsiMu:

3.1.1 opoyHoBCKOe aBvxeHue (Brownian motion): CnyyaiiHoe ABMXXEHUE YacTuL 3a CYET TEMMOBOrO
OBWKEHMUS B3BELLEHHbIX B XMAKOCTN MOMEKyI.

3.1.2 ponneposckun caBur (Doppler shift): I3ameHeHne 4acToTbl U ANWHbI BOSHbI U3MyYeHUsl, BOCNPU-
HUMaeMOoro HabnwaaTenem, ABUraloLLMMCA OTHOCUTENLHO MCTOYHMKA U3MYYeHNS.

3.1.3 noBepxHOCTHbIN noteHuuan WS, B (electric surface potential): PasHocTb noTeHymanoe Ha no-
BEPXHOCTU U B OObEME XXUAKOCTHU.

3.1.4 anekTpOKUHETUYECKUI NOTEHUMAN, A3eTa-noTeHuunan, {-noteHuman, B (electrokinetic potential,
zete-potential, ¢-potential): PasHocTb Mexay anekTpu4eckummn noTeHymanamm B nioCKOCTU CKOSIbXXEHUA U B
ob6beme XnaKocTu.

3.1.5 anektpoocmMmoc (electroosmosis): [BMmKEHNE XXUAKOCTU Yepes U MUMO 3apsHKEHHON MOBEPXHO-
CTU, HAaNPUMEpP HEMOABWXHLIX YacTUL, MOPUCTOTO 3aTBOPA, Kanunnsapa unm MemopaHbl, BbI3BaHHOE BHELUHUM
3MEeKTPUYECKUM NONeM, KOTOPOE ABMAETCH Pe3ynbTaToM CUIbl, AEACTBYIOLEN CO CTOPOHbLI BHELLIHErO Nomns Ha
NPOTUBOMNOMOXHO 3aPSXKEHHBIE UOHBI B XKUAKOCTM.

3.1.6 a1eKTPOOCMOTHYECKAA CKOPOCTh U,,, M/C (€lectroosmotic velocity): MocTosiHHas CKOPOCTb XUA-
KOCTU Ha BOMnbLIOM PaCCTOSIHUM OT 3apSXeHHON MOBEPXHOCTY.

M3paHue ocpuuymanbHoe
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3.1.7 anekTpodopeTnyeckan NnoaBMKHOCTL [, M2/B- ¢ (electrophoretic mobility): SnekTpodopeTuye-
CKasi CKOPOCTb B €4UHULYY HANPSXX€HHOCTU JIEKTPUYECKOTO NoJsisl.

MpuMedyaHmne— SnekTpodopeTudeckass NOABUKHOCTbL NOMNOXUTENbBHAA, €CrU YacTULbI NepeMeLLatoTcs K
6onee HU3KOMY NoTeHLuarny (OTpULaTENbHLIN SMEKTPOA), U OTpULaTeNbHas B NPOTUBOMONOXHOM Cllyyae.

3.1.8 anexTpogopeTnyeckan CKOPOCTb U, M/C (electrophoretic velocity): CkopocTb 4acTuubl BO Bpe-
MSA anekTpodopesa.

3.1.9 NNOCKOCTb CKOMbXeHUNA, NFIOCKOCTb caBura (slipping plane): AGcTpakTHas NMOCKOCTb B HEMO-
CpeACTBEHHOM GNM30CTH OT rpaHuLbl pa3fena XXUaKoCTL/TBEPAOE TENO, [Ae XXUAKOCTb HAYUHAET CKOMb3UTL NO
OTHOLLEHWIO K NOBEPXHOCTU NOA BO3AEINCTBUEM HANPSPKEHNUA CABUIa.

3.2 O603Ha4YeHus

B HacTOsiLLeM cTaHaapTe NpUMeEHEHbI cneaytowme 0603HauYeHus:
a — paguyc yactuubl, M;

D — koadbduumeHT anddyum, m2/c;

E — HanpsbkeHHOCTb anNeKTpUYeCcKoro nons, B/wm;

kg — nocrosiHHasi Bonbumana, kg = 1,3806488- 1023 [i/K;

| — MHTeHcUBHOCTL cBeTa, Br/m2;

N, — umcno Asoraapo, N, = 6,02214129-10%3 monb™;

n — CpeaHuii nokasartenb NPEnOMIIEHUS;

Rap — KannunnapHbelii paauyc, M;

S(W) — cnekTpanLHaa NNOTHOCTL, k- M

I — wupuHa pacnaga, aB;

€ — CpeaHssa NpoHMLaemMoCTb, $/M;

{ — 9neKkTpOKMHETU4YeCKnin noTeHuman (asera-noteHuuan), B;
No — CPeaHssA BA3KOCTb, MNa-c;

6 — yron mexay nagatowmmM u paccesiHHbIM CBETOM, paj;

0’ — yron mexay AByMS nepecekatoLLMMUca nyqamu, paa;

kK — obparHas gnuHa fJe6as, m';

A — AnNuHa BOMHbI, M;

P — anekTpodpopeTnieckasi NoABUNKHOCTL, M2/B- c;

Mgo — 9MNEKTPOOCMOTMHECKAS MOABWKHOCTb XUAKOCTH, M2/B-c;
v —uyacrtoTa, l'u;

€ — yron mexay pacCesiHHbIM CBETOM U NONOXEHUEM INEKTPUYECKOro Nons, paa,;
T — BPEMS 3aJ1€PXKKU B aBTOKOPPENALMOHHON (PyHKLUMUM, C;

@ — oB6beMHas 4ona YacTuL, M,

w — yrnosas yacTtoTa (= 2mv), pag-c.

4 OcHOBbI TeOpuM

CycneH3us, coaepkallas 4yacTuubl C onpeaeneHHbIM 3apsaom, NOMELLEHA B AYENKY, B KOTOPOW Ha He-
KOTOPOM paccTosHUM d Apyr OT Apyra HaxoAATCA ABa anekTpoaa. Cxemartudeckoe nsobpaxkeHue anekTpodo-
PETMYECKON SYENKN NPEACTABIIEHO HA PUCYHKE 1. FAverika MOXET UMETb LMIMHAPUYECKYIO AU NPAMOYTOSfb-
Hyt0 chopmy. MoTeHuman npunoxxeH Mexay anekTpoaamu. B npouecce anekTpodopesa 3apseHHbIe YacTULbl
OBUraloTCsa K 9nekTpoay NPOTUBOMONOXHOrO 3HakKa 3apaaa. Kpome Toro, eCnm CTeHKU S4enkn 3apskeHbl, To
BO3HUKAET APEKT ANEKTPOOCMOCA, KOTOPLIN BbI3LIBAET ABMKEHUE XMAKOCTN BAONb CTEHOK. HanpasneHune u
CKOPOCTb >XMAKOCTU 3aBUCAT OT 3HAKA M BENUYUHBI 3apsaa CTeHOK. CKOPOCTb YacTuLbl B CUCTEME KOOPAUHAT,
CBSA3aHHON C A4ENKON, ABNAETCA Cynepnosnumnen anekTpodhopeTnveckon n aNeKTPOOCMOTUHECKON CKOPOCTEN.
34eCb HY>XHO OTMETUTb, YTO BPEMS, NOTPAYEHHOE YacTULUEN Ha AOCTUKEHNE MaKCMMasnbHON anekTpodope-
TUYECKO CKOPOCTU NOCHE NPUNIOKEHUS ANEKTPUHECKOTO NOMA, HAMHOTO MEHbLUE BpeMeHu, Tpebyemoro ans
JOCTWDKEHUS YCTOWUMBOW 3NEKTPOOCMOTUYECKON CKOPOCTU XMAKOCTU B AYelike. CKOPOCTb U HanpasneHue
OBWKEHUA YacTuL, B ONpefieNeHHbIX KOOPAUHATAX M3MEPAIOTCA C NOMOLLBbIO MUKPOCKONa ¢ kamepon. N3mepe-
HUS1 9NeKTPOHOPETMHECKOro paccesiHusl CBETA NPOBOAAT C NOMOLLLIO AONMNEPOBCKOro U3MEPUTENA CKOPOCTH.
Mpu N3BECTHOM PACCTOSAHUM MEXAY INEeKTPOoAaMU U NPUNOXEHHOM K HUM 3MEKTPMYECKOM Nomne MOXHO onpe-
JenuTb 9nNeKkTPodOPETUHECKYIO NOABUXKHOCTb, U3 KOTOPON B COOTBETCTBUM C U3BECTHLIMU TEOPETUYECKUMU
noaxoAamMu paccuMTbIBAETC A3eTa-noreHuuan. [na onpegeneHus KOHCTaHTbl U3MEPUTENbHOW SIYENKU UC-
nonb3ylTcs 00pasubl C U3BECTHLIM 3HAYEHUEM A3eTa-noTeHunana.

2
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a— 30Ha u3mepeHus, d — paccTosiHne Mexay 3/1eKTpoaamm
PucyHok 1 — Cxematuyeckoe nsobpaxeHune anektpodopetnyeckoii sueiku

CyLwecTBYIOT AiBa MeToAa KOHTPONA ABUXEHUS YacTul, B 3/IeKTPUYECKOM none.

MepBbIi MeToa — 06paboTka M306paxeHUn yacTuy, Habnwpgaembix Yepes mukpockon. OH Ha3biBaeTcs
«MeTof, MUKPOCKOMUMU» UM «MUKPO3NeKTpodhopes».

BTopoii MeTon OCHOBAH Ha aHanu3e pacCcesiHHOro YacTuuamum U3NyYeHWs 1 onpefeneHns 3nekTpo-
hopeTnyeckoil NOABUXHOCTU MO AONJEPOBCKOMY CABMUIY 4acTOTbl PacCEAHHOro u3nyvyeHus. OH HOCUT
HasBaHWe «3nekTpodpopeTuyeckoe paccesHue ceeTar». [N NPUMEHEHUS ONTUYECKUX MEeTO[0B Heob6Xo-
AUMO 3HaTb KOHCTaHTY A4yeliku, KoTopas onpeaenseTcss NocpeiCcTBOM M3MEPEHUA PACTBOPOB C M3BECTHOM
NPOBOAUMOCTbIO.

5 MeToabl MUKpOCKONNU

MpuHUMN MeToaoB MUKpockonuu [1] cocTonT B cnegylowem. CTOYHMK U3NyvyeHns ocseliaeT 4acTulpbl,
nepemMeljarlnecs nog BAWAHMEM NOCTOSAHHOIO WMAW NEPEMEHHOr0 3MeKTpuYeckoro nons. OcBeLeHHble Ya-
cTuubl HabnpatTca 6narogapsa paccesHulo nanydeHus. ns nonyyeHms M3obpaxeHus MCnonb3yloT MeToabl
CBETNOro UM TEMHOro nons NM6o oba metTofa COBMECTHO [2].

CyLiecTByeT HeCKO/IbKO NMOoAX0A40B K 06paboTke N306paxeHnin ABUXYLLMXCA YacTuUl, MOMYYEHHbIX C Mo-
MOLLbI0 MWKPOCKOMMU. B 3aBUCUMOCTM OT CTEMEHU y4acTusi onepatopa OHU KraccuuuupyloTcst Ha Py4YHON,
noslyaBTOMaTUYECKUIA U aBTOMATUYECKNIA.

B nonyaBTOMatmnyecknx metodax HabnwheHne 3a yactvyamu yepes3 MUKPOCKON BeAEeTCA BPY4HYO, B TO
BPEMS Kak NpPOM3BOAMTCA CKaHWpOBaHWEe OCBeLLaloLlwero s4eky nsnyyeHus uam nepemeleHne npmambl. Cko-
pOCTb CKaHMPOBAHWS WM CKOPOCTb MepemelleHUst Npu3Mbl AO/DKHbI GbiTb CKOPPEKTUPOBaHbI TakMM 06pasom,
4yTOObI M306paxeHne YacTuubl, NpocmaTpMBaemMoe B MUKPOCKOMNe, Obl10 CTaTWyHbIM. Takas CKOpPOCTb COOT-
BETCTBYET 3/1eKTPOOPETUYECKON CKOPOCTM YacTuubl ue [3], [4]. 3Tn mMeToabl NMPUMEHUMbI TO/IbKO K 06pasLam
C O[MHAKOBOW 3neKTpohopeTMyeckoil NoABMKHOCTLIO. MeToabl, coyeTawwme B cebe anekTpodopeTnyeckoe
paccesiHme ¢ MUKpocKonueli, NMPUMEHSIITCA Takke K ob6pasuam C pasHoil 3/1eKTpodopeTMyecKkoin MoaBUXHO-
cTbto [5], [6].

Mpubopskl ¢ 3apagosoit ceaAsbio (M3C) NO3BOAAKT NonyyaTb M30b6paxeHns, nepegasaTb WX HA KOM-
nblOTEP W fanee, UCNONb3YyA aHann3 n3obpaxeHus, BocCTaHaBNMBaTb TPAeKTOPUM YacTul, nepemMelyaro-
LWMXCA Nog BAUAHMEM 3N€KTPUYECKOro nosns. TeMHONnosbHas MWKPOCKONWA NO3BONSET onpefensatb Noj-
BVWKHOCTb HaHo4yacTuy. B gaHHOM mMeTofe OCyL,ecTBAAETCSH NPUNOXEHNe 3N1eKTPUYECKOro Mons B TeYeHue
O4YeHb KOPOTKMX NepuoAoB BPeMeHMW, 4To paspewaeT NpobnemMbl TENNOBOK KOHBEKLUU U 3N€KTPOXMMuUye-
CKOro 3arpsisHeHusi. KoHueHTpaumsa yacTuy Ao/kHa 6biTb Mana A1 HabnAeHUs TpaekTopumn ABMXKEHUN
OTAeNbHbIX YacTuL,.

B HekoTopbIX onTuyeckux npubopax NpMMeHeHa perucrpaums paccesHHOro cseta nog yrnom 90°.
Ha pucyHke 2 npepcTaBneHa cxema OMNTUYECKOro aHanusaTopa, NMPUMEHSEeMOro npu MUKpPOanekTpodo-
pese. Jlazep CAyXuT ANA OoCBelweHnsa (DOKaNbHOW NIOCKOCTW MUKpOcKona. Jla3epHblii ly4 U OCb MUKPO-
ckona nepneHAWKYNsApHbl 3M1eKTpUYyeckomy nonw. HanpasneHne nons nepneHAuKYyNApHO MNNOCKOCTW
pUCYHKa.

NaszepHoe ocselieHne 1 hOKyCMpPOBKA MUKPOCKONa MNO3BOMSAT perncTpupoBaTb CUTHaA OT YacTuy B
NA0CKOCTK, rae 3dhPeKkToM 3/1eKTPOOCMOCa MOXHO NpeHebpeyb Npyu M3MepeHun 3NeKTpodopeTnyeckoin nog-
BWXHOCTK yacTuy, [7].
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1— nasep; 2 — o6nacTb nepeceveHuns; 3 — 06HLEKTUB MUKPOCKONa; 4 — BUAEOKaMepa
PucyHok 2 — Cxema ONTUYECKOro aHanu3aropa, nprMeHsiemMoro npu MUKpoanekTpodopese

6 MeToa anekTpodopeTUHecKoro paccesHmsa ceeta ELS

6.1 CywHoCcTb MeToAa

AnekTpodhopeTuyeckoe paccesHne ceeta ELS ABNSIeTCA KOCBEHHbIM METO/OM U3MEPEHUs 31eKTpodo-
peTunyeckoii NoABUXHOCTM P, OCHOBAHHbLIM Ha AON/E€POBCKOM CABUre B paccesiHHoM cBeTe. KorepeHTHblil na-
JaloWwmnii cBeT ocBelaeT YacTuLbl, AUCNEeprupoBaHHbie B XMAKOCTU U HAxXoasWwmMecs B 3/1€KTPUUYECKOM nose.
3apsKeHHble YacTulbl ABUTAIOTCS K aHOAY WK KaToAy B 3aBMCMMOCTU OT 3HaKa UX 3apsaga. M3-3a gBuxeHus
YyacToTa paccesiHHOro cBeTa OT YacTUL, U3MeHsieTcsl B COOTBETCTBMM ¢ adhdpekTom Jonnepa. U3 pacnpegene-
HUS cABWra 4acToTbl ONpefenseTcs pacnpeaesieHne afNekTpohopeTUIeckoin NnogBMKHOCTH [8].

6.2 ONTUYeckne ycTpoiicTBa C UCNO/Ib30BaHMEM OMOPHOTO U3yYeHus

Mpumep onTuyeckoro yCTpOVICTBa C UCNOJIb30BAHNEM OMOPHOro U3/ly4eHUs MnokasaH Ha puUcyHke 3.

1— onTnyeckuii MogynsTop; 2 — atTeHwoaTop; 3 — nasep;
4 — aueiika gns obpasya c anekTpogamu; 5 — onTUYecknii nornoTuTens;
6 — fenuTtenb nyya; 7 — ONOpHOE U3ny4vyeHune; 8 — paccesiHHbI CBET;
9 — npoueccop; 10 — hoTO3NeKTpUYECcKniti feTekTop
PucyHok 3 — Cxema OnTMYeCcKoro yCcTpoicTBa C MCMO/Ib30BAHMEM OMOPHOMO U3MyYeHUs

[na reTepoANHHOrO AeTeKTMPOBAHUSA UCMOJb3YI0T YCTPONCTBA HA OCHOBE MasoyrnoBOro paccesHns ms-
NyYeHus, Tak Kak B 3TOM C/yyae CrnekTpasibHoe yliMpeHue n3-3a GPOYHOBCKOrO ABWXEHWUA yMeHbluaeTcs.
B cnyuae Hecthepuuecknx yactul BpawatenbHaa Anddysns MoXeT YBeNNUYUTb CMeKTpasibHOe yLnpeHune.
B ycTpoiicTBe nMeeTcsa a4veiika C AncneprmpoBaHHbIM obpasuomM. Ayeiika MOXeT 6bITb TepMoperynanpyemon

nnn TepMOCTaTMpyeMOVI, TakK KakK BA3KOCTb, NMPOHMLUAEeMOCTb U NokKa3aTesib NpesioM/ieHnsa 3aBUCAT OT TemMne-
4
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paTypbl. HanpspkeHue npuknafbiBaeTcss MEXAY S/1eKTpPoAaMMU AYelikiu, pacCTosiHe MexAy KOTOPbIMU TOYHO
W3BECTHO, N1 HaXOXAEHUSA rpajgueHTa NoTeHuManos. B HEKOTOPbIX Ciyyasx UCNoJb3ytT AOMONHUTENbHbIE
KOHTPOJIbHbIE 3NEKTPOAbI HA ONpefeneHHOM PacCTOAHUU AN o6ecneyeHuns npPsAMoOro M3MepeHus rpagueHTa
noteHumana. MsnyyeHve nasepHOro UCTOUYHMKA U3BECTHOW AJINHBLI BOMHbI AENNTCA HA Nafarolmil 1 ONOPHbIN
nyun. Magaowuii nyy HenocpeacTBEHHO OcBellaeT YacTulbl B o6pasuie. OMNOpHbIA Ny4 cMelumBaeTcsa ¢ pac-
CEeAHHbIM U3/Ty4EeHMEM Yepe3 CTaHAApPTHYH WM BOSIOKOHHYK OMTUKY WU pernctpupyetcs hoTOo3/1eKTPUYECKNM
[eTeKTOpoM. Jla3epHblii Nyd NPOXOAUT Yepe3 OMNTMYECKUA MOZYNATOp, CMellas 4acToTy U3flydeHus nasepa
Ha HeCKONbKO COTEH repl, MpY 3TOM Najatolimii 1 OMOPHbIA Nyyn ByayT MMeTb pasHble 4acToTbl. JTO AaeT
BO3MOXHOCTb AE€TEeKTUPOBaTb CMrHaa OT WCTOYHMKA AOMMIEPOBCKOr0 CABWIA, BbI3BaHHbI OT/IMYHOW OT Hyss
CKOPOCTbI0 YacTuL, W NO3BOMSET pacno3HaTb HanpabB/ieHNe ABWKEHUA YacTuulbl U MUHUMU3NPOBATL UHTEP-
hepeHUnio n3lydeHnss B 061acCTU HU3KUX YacToT. CurHan c Bbixoga oTofeTekTopa nepefaetcs Ha Moay/b
06paboTKN CUrHana, KOTOpbIM MOXET 6biTb LMGPOBOMA KOPPENAaTop WM aHanusaTop chnekTpa. HanpshkeHue,
npuknagbiBaemoe K U3MepuTenbHOW sueike, MOXET MHBEPTUMPOBATLCA WMAM BGbiTb MMMNYNbLCHBLIM. YNpasieHvue
ocyLlecTBnsieTCA NOCPeACTBOM nepcoHasibHoro komnbtotepa (MK), koTopblA BbluMCASEeT A3eTa-noTeHuyman ¢
NMOMOLLbI0 YCTaHOB/IEHHOrO NporpamMmmHoro obecnedeHus (MO).

6.3 OnTMueckoe YCTPOICTBO C UCMOJ/Ib30BaHNEM KPOCC-KOPPEALUN N3TyUHeHUst

Cxema ycTpoicTBa C UCMONb30BaHNEM KPOCC-KOPPEenauMM W3fyvyeHns npeacrtaBfieHa Ha pucyHke 4.
OCHOBHOI ly4 pasfenseTcs Ha ABa fiyva PaBHON MHTEHCUMBHOCTU, YaCTOTbl KOTOPbIX U3MeHSATCA. Jlyun nepe-
CeKalTCs 1 BXOAAT Yepes3 OfHY CTEHKY fyelikn. POoTO3NeKTpuUecknini feTekTop 3 pacnonoXeH 3a NpoTMBOMNO-
JIOXHOWM CTEHKOW fAYeiikn, mexay ABYMS fiydyamu. PaccevBaHve OT Kax[oin YacTuubl SBNSETCS pe3ynbTaroM
BO3JeCTBUSA U3/TyYeHNs Moj pasHbiMK yriamu. [JonnepoBckvii cABUM BCEACTBME pacCesiHUsl CBETA 3aBUCUT
TO/bKO OT yrna nepeceyeHwst nydyeir. Tak Kak 3TM ABa flyda KOrepeHTHbl, OHU hOPMUPYIOT UHTepdepeHLm-
OHHYI0 KapTUHY B siueiike. PaccTosiHue mMexay nosiocamu 3aBUCWT OT AJ/IMHbI BOJHbI U yrna Mexay ABYMS
nyyamn. InektpodpopeTmnyeckuini adhpekT HabipgaeTcss B BUAE U3MEHEHUI MHTEPEPEHLMOHHON KapTWHbl,
BbI3BaHHOW ABWMXEHNEM YacTul,.

OnTMYecKMin MOAYNATOP 4 UCNONb3yeTCa ANS ONpefeneHus ABVKEHUSA YacTulbl Yepes nonockl NHTep-
(PepEeHUNOHHONM KapTUHbI Ha OMNpeAesieHHOl YacToTe 1 B ONpeAesieHHOM HanpasneHun. [BuxeHne nHtepdge-
PEHLMOHHOI NOMOChI C YaCTOTOM, NpeBbialoLeli YacToTy MOAYNATOpa, ykasblBaeT Ha TO, YTO HanpasfeHue
[ABVXEHWS 4acTul, NpoTMBOMOJIOXKHO ABWXEHWI0 monoc. Ecim nsmepeHHas 4acToTa HWXe 4acToTbl MoAayns-
Topa, TO YacTuua ABWXKETCS B OAHOM HanpaBfieHUK C NOJI0oCaMu MHTEpPEepPeHUMOHHON KapTuHbl. CKOpOCTb
[BVXEHMS NoJioc BCcerga Bbille MaKCUMasibHOW CKOpPOCTU YacTuubl. DTO NO3BONASET ONPefennTb CKOPOCTb U
HanpaBneHue (3Hak 3apsana) ABUXKEHUS YacTu.

1—nyy 1, 2— nyy 2; 3— hOTOINEKTPUYECKWIA AETEKTOP;
4 — ONTUYECKU MOLYNATOP; @ — PacCesHHbIi CBeT
PucyHok 4 — OnTuyeckas cxema yCTPOICTBa, peasiM3ytoLlero MeTog, U3MEPEHNS KPOCC-M3/yYeHns]

6.4 O6paboTKa CUrHas10B

6.4.1 CneKTpanbHblii aHann3

B nonuagncnepcHoix obpasuax M3MepAT pasMep YacTul, U UX 3/1eKTpohopeTnyeckyo NoABMXHOCTb.
Mog BAVSIHUEM MOCTOSIHHOTO 3M1EKTPUYECKOTO MONS ONpefeneHHOW HanpsHKeHHOCTW MMeeT MecTo 6pOoYyHOB-
CKOe U1 anekTpodhopeTmyeckoe ABMKEHNE YacTuLl.



FOCT ISO 13099-2—2016

CnekTp, TaKkke HasblBaeMblil dneKTpodoperpaMmMon, AnA ONTUYECKOro YCTPOMCTBA C UCMONb30BaHNEM
OMOPHOIO U3NYYEHUA BbIPAXKEH criegyowmmM obpasom [8]:

d AV,
max §, max /S I r
= 2 ALl
S(w) = 2m/fow) * 21, ,-Emm j= szs,m,-n [WF (oo + 2mavg Y+ T2 M

rae /;, — VHTEHCMBHOCTb OMOPHOTO ry4a, Br- M2
I jj — VHTEHCUBHOCTb PACCEeAHHOTO M3Ny4YeHUsi OT YacTuL i-ro pasmepa u j-it NoABUXHOCTH, Br-mZ
[ — NONOBMHA LUMPUHBLI CNEKTPA U3NYYEHMS Ha MONyYBLICOTE, ONMCLIBAEMOrO JIOPEHLIEBOW KPMBOW AN
yacTu, i-ro pasmepa (ans chepuueckux YacTuLl CBaA3ana ¢ ux auametpom), - m;
w — yrnoeas yacrota, pag-c’';
Wy — vacrora Moaynsitopa, paa-c;
Avs,,j — COBUI YaCTOTbl, BbI3BAHHbIA 3NEKTPOPOPETUHECKUM ABMKEHUEM YaCTUL, C i-M Pa3mMepoM U j-i noa-
BIKHOCTbIO, paa-cl.

CUMBON «F» B 3HameHartene popmysbl 03HAYaET, YTO CYLLECTBYET [ABA NWUKA B CNEKTPE, OAUH U3 KOTOPbIX
pacrnornoxXeH B OTpMUUATENbHOM 06nacTu 4acToT, a APYrol — B BUAMMOW NONOXMTENbLHOW 0bracTu Yacrtor. Mpu
BbIOOpE YaCTOTbl MOAYNATOPA TaKoW, YTOGLI cymMma (wy, + 2TI'AVSJ-j) Obina BCeraa nonoXXuTernbHON, BMECTO
3TOro CnaraemMoro MCronb3yeTcsa 3HaK «MUHYC» B dpopmyne (1).

CornacHo copmyne (1) anekTpohopeTnieckmnii cnekTp NOObIX YacTUL, UMEET YLLIMPEHUE, BbI3BAHHOE
GPOYHOBCKUM ABMXEHMEM YacTUL B AOMNOMHEHUe K MobomMy CneKkTpy CKOpOCTen anekTpodopeTuieckon noa-
BMXXHOCTU. Koraa pasMep 4acTul YMEHbLUAETCS UMK KOTAa Yron paccesiHusl yBENMUMBAaeTCs BeneacTaue 6po-
YHOBCKOTO ABWXEHUS, YLLUPEHWE CTaHOBUTCA Gonee ABHbIM. OanH U3 CnocoOOB U3MEPEHUS] CTENEHU YLLU-
peHuUst YaCTOTHOrO CnekTpa B pe3ynbrate OpPOYHOBCKOTO ABMXKEHUS OCHOBAH HA NPOBEAEHUM U3MEPEHUI C
BbIKIIOYEHHbLIM MPUIIOXKEHHBLIM Nonem. MyTeM BblMUTaHUS cnekTpa GPOYHOBCKOTO ABMXKEHUS U3 OOLLIEro Cnek-
Tpa onpeaenseTca pacnpegeneHue anekTpodoperndeckon nogsmxHoctu y [10].

6.4.2 ABTOKOppenAUUOHHAA PYHKLUA

ABTOKOPPENSALUMOHHON DYHKUUEN ABNsIETCA npeobpasoBaHue Pypbe IHEPreTUUECKoro CnekTpa uanyJe-
HuA. dopmyna (2) onucbiBaeT aBTOKOPPENALMOHHYIO (DYHKLIUIO UHTEHCUBHOCTU B ONTUYECKMX YCTPOMCTBAX C
UCMNONb30BaHWEM OMOPHOTO U3MyYEHUs KakK PYHKLMIO BPEMEHMN 3aePXKKHU T.

dmax  AVs max

G(r) =17 + 2ILi=§ 2 Igjexp(-Tjltl)cos|(wy + 2mAvg 1], 2

'min 1= AVs, min

roe IL — WHTEHCUBHOCTb OMOPHOrO nyya, BT-M‘2;
Is jj— paccesiHHasi MUHTEHCUBHOCTb OT YaCTUL| /-r0 pasmepa u j-i NOABIKHOCTH, Br-MZ;
[ — MonoBMHA LUMPUHbI CNEKTpa U3Ny4YeHUst Ha NOmyBbLICOTE, ONUCLIBAEMOro JTIopeHUeBOn KpuBON Ans
yacTuy i-ro pasmepa (ans cpepuyeckux 4acTul cessaHa ¢ ux guameTpom), - Ml
W — yrroBas 4YacroTa, pag-c';
W) —4acTora moaynsTopa, paa-c’;
Avs,,-j—Cp,Bl/lr YacTOThbl, BbI3BAHHLIA 3ANEKTPOOPETUHECKUM [ABMXKEHMEM 4YacTUL C i-M pasmMepom u
Jj-i noaBKHOCTBIO, pag-c .
Ha pucyHke 5 nokasaHbl aBTOKOPPENALMOHHAA (PYHKLUSA U 3aBUCUMOCTb 3MeKTPOdOPETUHECKON CKOPO-
CTU OT 4acToThbl.

G2)(z)

S(w) T

)
1 — rpachuK aBTOKOPPENALMOHHOI chyHKLmMM G(2)(7); 2 — rpachik 3aBUCUMOCTH BMEKTPOOPETUHECKON CKOPOCTH
OT YacToTbl S(W); T — BpeMA 3a4epXK1; W — yrrnosas YacTora
PucyHok 5 — ABTOKOppenALMoHHas dyHKLUMA U 3aBUCUMOCTbL 3M1eKTPODOPETUHECKOR CKOPOCTU OT YacToThI
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ABTOKOPpPENAUMOHHAA YHKUMA (1) MMEEeT KOCMHYCOMAAnbHLIN XapakTep U3-3a OPUEHTUPOBAHHOIO
3NeKTPOopPETUIECKOrO ABMXEHUA, a 3aTyxaHue Bbi3BAHO OpPOyHOBCKUM ABWXeHUeM. Ha rpacmke (2) pac-
NnonoXxeHne nuka obyCrnoBNEHO YaCTOTOW ONTUYECKOTO MOAYNATOpA U 3NeKTpoPOpPEeTUMECKUM ABUXEHMEM
yactuu, a hopma nmka — GPOYHOBCKUM ABUXKEHUEM YACTULL, CKOPOCTHBIM CMEKTPOM NOABMXHOCTU M NMi0OLIMK
KOHEYHBLIMW OrpaHUYEHUSAMU LUMPUHBI NA3EPHOTO fy4a.

6.4.3 ®a3oBbIN aHanu3 paccesHusa ceeta PALS

SnekTpodopeTnyeckas NOABMNKHOCTbL HEKOTOPbIX YACTULl B HEMOMSIPHOM PaCTBOPUTENE OYEeHb Mana,
YTO NPUBOAMT K HEBOMBLUUM PA3NUYMAM MEXAY YacTOTON MOAYMNSATOpA U AOMNEPOBCKUMU CABUFAMU YaCTOT
OT 3MeKTPohopeTUHECKOro ABUXEHUSA. PasHuLa 4acToT MOXET ObiTb MeHbLue 1 'u. Ana Yactuy, B3BELUEH-
HbIX B PaCTBOPE C BbICOKOW KOHLEHTpauuen MOHOB, MOXET ObITb NMPUMOXKEHO OYEHb HEOONLLUIOE None Mexay
anekTpogamu, 4Tobbl Ha npouecc namepeHus He Bnuan addekt [Hkoynsa-TomncoHa. MNpu aTom Tpebyerca
HaxoXaeHue MarnblX JOonNnepoBCKUX CABUIOB.

B aTux cnyyasax cnekTpanbHblii aHanu3 paccesHHOro CBETA MMEET He A0CTAaTOYHO BbICOKOE pa3spelue-
HUE, N Ny4YUM METOAOM ABNAeTca ha3oBbIN aHanu3 paccesHHoro usnyyenus PALS [11]. B metoge PALS
npeACTaBneH OYeHb MareHbKUiA CABUM YacTOThl U3-32 AOMOMHUTENBLHOTO KOMIMOHEHTA, BbI3BAHHOIO 3MNEKTPOo-
dopeTnyeckon NoaABMXKHOCTLIO YacTuy. B PALS (Takke HasbiBaeMOM aMnnUTYAHO-B3BELUEHHbIM METOAO0M
06paboTKn 4acTOTHON (PYHKLMW) FrEHEPUPYETCA rapMOHUYECKUI curHan moaynatopa. CurHamn paccesiHHOro
U3MyYEHUsA YMHOXAETCA HA rapMOHUYECKUMIA CUTHATM, YTO AAET BO3MOXHOCTb MOMy4uTh ABe (PYHKUUK: cCuHdas-
HYI0 COCTaBMAOLLYIO U KBaAPATYPHYIO (PYHKUMIO. BEKTOp apKTaHreHca 3Tux ABYX KOMMOHEHT UMEET npous-
BOSIbHYIO aMNAUTYAY, HO YPOBEHb €€ U3MEHEHUSI — PasHOCTb (ha3 BO BPEMEHMU.

Metogom PALS onpeaensieTcs TOnbKO cpeaHee 3HauYeHue anekTpodopeTMyeckon NoABMKHOCTH.,

B HekoTOpbIX peanu3auusix UCNonb3oBaHbl kombuHauua PALS u cnekTpanbHbiii aHanu3 ¢ GbICTPON U
MeANeHHON CMEHON HanpPsXKeHUs ANA NPeaoTBPaLLEHUs NoNapu3aLmm anekTpoaa sYenku u pasaeneHua ag-
hekToB anekTpodopesa u anekTpoocMoca. Takum 06pa3oM ONpeaensioTca cpefHee 3HaYEHUE U CNEKTPbI
3HaYEHUN 3NEKTPOOPETUYECKON NOABMKHOCTY [12].

6.5 OnpeneneHue anekTpodopeTUYECKON NOOBUKHOCTH

OTHOLUEHMe Mexay L oNnnepoBCKUM CABUIOM YaCTOTbl PACCESHHOTO CBETA U aNeKTpodhopeTUIECKol noa-
BUXHOCTbIO YacTUL, U 3aBUCUT OT ONTUYECKOrO YCTPOWCTBA NpUGOPOB. A ONTUYEeCKMX YCTPOWCTB C UCTOfb-
30BaHWEM OMOPHOTIO U3syYeHus anekTpodopeTnieckas NoABWKHOCTL W onpeaensieTca no dopmyne (3). Ans
npubopoB, OCHOBaHHLIX HA METOAE KPOCC-KOPPENAUMM U3NYYEHUsi, ANEKTPOhOPETUIECKAs NMOABUKHOCTb |
BbipaXkaetcsa popmynoin (4) [8].

- AWAg 3

M= amnEsin@r)sin[®rn) + 2]’ @)

e @
amnEsin®’lp)

rae Aw — aonnepoBCKUI CABUT YacTOThbI, pag - c';
Ay — AnnHa u3nyyeHus nasepa B Bakyyme, M,
n — cpeaHui nokasarenb NPenoOMIIEHUS;
E — HanpsbkeHHOCTb anekTpuyeckoro nonsi, B-m™;
0 — yron mexay nagaloLwmM U paccesiHHbIM CBETOM, paj;
& — yron Mexay paccesiHHbIM CBETOM U MNOSIOXXEHMEM IMNEKTPUYECKOro nons, paa;
0’ — yron mexay AByMS nydamu, paj.

7 BbluncneHue asera-noreHumana

PacwmpeHHoe ypaBHeHue 'eHpu Ans HenpoBoAALWMX ccep, ONUChIBaIOLLEe 3aBUCMMOCTb MeXay A3€eTa-
noteHyuanom ¢ u anekTpodopeTuyeckomn NOABMKHOCTLIO U, uMeeT Bug [13]:

-
b= e fica), ®)

rae Ny — CPeaHsis BA3KOCTb, Ma-c;
kK — obpartHas anuna Jle6as, m1;
€ — cpefHss ANarnekTpuyeckas npoHuuaemoctb, ¢ - m1;
a — paauyc cdepbl, M;
f(ka) — MOHOTOHHas (DYHKUMSI, n3MeHsoLWasicst ot f(ka), , ,o =1 #o f(ka), .. =3/2.
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dopmyna (5) nonyyeHa B NPeanonoXXEHUU, 4TO:

a) obLuee aneKkTpuYeckoe norne, KOTopoe AelCTBYET HA 4acTuly, SBNSETCA Cynepno3uuyuenn NpuoXxeH-
HOTO NOASA M MONA 3a CYeT 3apsaaa yacTuubl;

0) uckaxeHme nons, BbI3BAHHOE NepeMeLLIEHMEM YacTULbl (T. €. penakcaumoHHbin 3dpekT), UrHopupy-
eTcH;

B) UHEPLIMOHHBIE YCNOBUA B rfAPOAUHAMUYECKOM YPABHEHUN HE3HAYNTESbHbI,

r) NOBEPXHOCTHbIN NOTEHLMAN HAMHOTO MEHbLLE, YeM kg T/e.

BonbwuHcTBO 06pasLoB ABNAIOTCS NONMANCNIEPCHBIMU MO pa3Mepy U UMEIOT pasfnYHble 3HaYeHUA Ka,
MOSTOMY MOMyYeHUe NOMHOMO pacrnpeieneHns A3eTa-NnoTeHUuana asnseTcs CNoXxHon saaaden.

Ecnu ka >>1, 4To TUNUYHO ANns BONMbLUMX YacTUL B BOAHLIX CycneH3usx, fika) npuHumaet sHayenune 3/2
B hopmyne (5). 310 NpMBOAUT K ypaBHEHUIO CMOMYXOBCKOro. Ecnu ka <<1, 4T0 TMMUYHO ANS MENKUX 4acTul,
B OPraHMYeCKMX XXMOKOCTSX, f(ka) NpMHUMAET 3HaveHne 1 B hopmyne (5). YpaBHeHue Toraa HasbiBaloT ypas-
HeHuem [debas-Xiokkens.
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Mpunoxexne A
(cnpaBo4HoOe)

DN1eKTPooCMOC B KanunsapHbIX Auyenkax

JNEKTPOOCMOC — ABMXEHUE XULKOCTU OTHOCUTENIbHO HEMOABUXHON 3apsikKeHHOW noBepxHocTu. Korga anektpuye-
CKoe Nojie NMPUIOXEHO K KanmuaAsipHO anekTpoopeTuyeckoii siueiike, XMWAKOCTb OKOIO MOBEPXHOCTW [ABWXETCS BAO/b
NPpUIOXeHHOro nons. Korga Becb kanunnsp npeactaBnseT co6oii 3aMKHYTY0 CUCTEMY, XUAKOCTb BO/IU3UN CTEHKN U3MeHs-
€T HanpaBJfieHue ABWKEHWs B KOHLE Kanwnnispa, U Takum 06pas3oM, YTO Bbi3blBA€T M3MEHEHWE HanpaB/eHUs ABUXKEHWS
XUAKOCTU B LLEHTpanbHOi yactu kanunnspa. Mapa6onuyeckoe HanpasieHWe NoTOKa XUAKOCTU NOKa3aHo Ha puUcyHke A. L
Ons faHHOW opMbl 1 pasMepa KanwispHOW siueiiky HanpasieHne MOXeT 6blTb TEOPeTUYECKM BbIYNCIEHO, eCn Bce
CTEHKM UMEeIoT O4UHAKOBbI MOBEPXHOCTHbLIA 3apas.

1 — HenoABWXHbIE YPOBHU
PrucyHok A.1 — T1OTOK X1UAKOCTU B Kanuinsape

ONna uMnnHapuUYecknx Kanuniasapos 3/IEKTPOOCMOTHYECKAsA MOABMXKHOCTL NoToka Lel nveer Bua:

| 2r2 \
i A (A1)
Heo(r) - 70,e0| p>CZap /

rae u0eo — afniekTpoocMoTUYecKas NOABMXHOCTL XUAKOCTU B MNJIOCKOCTU CKOJIbXEHUA OKOMO CTeHKU, M2/B c;
I — paccTosiHue oT ocu, M;
Rcap— paguyc kanunnspa, M.

Mofo6Hble hopMy bl 6blAM NOMYYEHbl M ANA NPAMOYTrOMbHbIX Kanunnsapos [14]. ®opma napabonunyeckoro npoduns
NoToKa MEHSETCA C U3MEHEHUEM 3/1EKTPOOCMOTUYECKOW MOABMXHOCTU XuAkocTu uL0eo, koTopas 3aBUCUT OT COCTOSIHUS
NoBepXHOCTW. [loNNepoBCKNA CABUM HYACTOTbl 3aBUCUT HE TO/IbKO OT ABVXXEHWA 4acTul, HO W OT BAUSHUS 3nekTpodopesa,
3M1eKTPOOCMOCA XNAKOCTU M BPOYHOBCKOrO ABWMXKEHUSA yacTuy. smepeHue ABUXEHUSA yYacTul, NpoBOAUTCA B TOM MeECTe,
rae XWAKOCTb HeMmoABuXHa, T. e. L0eo = 0 (HeNOABWXHbIV Coi). [Ns KPYrnbiX KanuansapoB TakoW cnoli xapakTepusyeTtcs
paaunycom r= 0,707Rcap. 418 NpAMOYrofibHbIX KanunnsipoB HEMOABWXHbIV CNO — 3TO NPSMOYro/ibHWK, B KOTOPOM pac-
CTOAHWE OT CTEHOK 3aBUCUT OT COOTHOLLUEHUSA WUPUHBI U BbICOTbI.

Ha pucyHke A.2 nokasaHbl peasibHble 3HAYEHUSA 3NeKTPOoopeTNYECcKo NOABMKHOCTM, NOMyYEHHble ANA pasnny-
HbIX MNO3ULMIA NPSIMOYTO/IbHON KanunnspHoW sveiikn. KBagpatamm 0603HaYeH MOMUCTUPONbHbLIA naTtekc PSL (a = 155 HM)
C NOABWXHOCTbIO -4,2 m10"8 M2/B .

TpeyronbHvkamn 0603Ha4YeH NONNCTUPOSbHLIA naTtekc PSL (a = 45 HM) C NOMOXUTENbHLIMWU MOHAMW fO04euunTprumMe-
TUNaMMOHUSA, afcopbupoBaHHblil B 1 mmon/n pacteopa NaBr. CummeTpuyHas hopma npodmneli nokasbiBaeT, 4TO Ha BEpX-
Hell 1 HWXHel NMOBEepPXHOCTAX AYeliku OfMHaKOBbIN fA3eTa-noTeHuvan. [Be CTpesnky ykasblBaloT Ha ABa HEMOABMXHbIX C0S,
rfe 3N1eKTPOOCMOTUYECKNI NOTOK PAaBEH HY/IO, U BbIYNCNAETCA UCTUHHOE 3HAaYeHne 3/1eKTPoOopPeTUUECKOW NOABUKXHOCTH.

Ha npaktuke, korga nagatoLuii ny4 HaxoAWTCA B HEMOABWXKHOM cfioe, 3 eKT 3N1eKTPoOCMOoca B XUAKOCTU npak-
TUYeckn OTCyTCTBYeT. Tak kak yd umeeT onpejesieHHyo TOMLWMHY, U3MepsemMble 4acTuLbl HaxoA4ATCA B C/I0€ HEHYNeBOW
TOJILLMHBI BOKPYT HEMOABUMXHOrO €/10A. B NPAMOYrofibHbIX Kanunnapax XWAKOCTb Bbllle U HUXKE HENOABMXHOIO Cnos noj-
BeEpXeHa cnabomy 3/1eKTPOOCMOTUUYECKOMY [BUXKEHUIO B NPOTUBOMOJIOXHbIX HanpaBneHusx. B Kpyrnbix kanunnapax, Tak
Kak HemnoABWXHBIA CNoli He ABNSETCSH NIOCKUM, OTK/IOHEHWE OT Hy/NeBOl CKOPOCTM XMAKOCTU MOXeT 6biTb Aaxe Toraa,
Korga LeHTp siyya pacnosioXeH TOYHO B HEMOABUXHOM YPOBHE.
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PucyHok A.2 — 3Ha4eHus anekTpoopeTMHecKoin NOABMMKHOCTY, NONYYeHHbIe B PasnuyHbIX NO3ULUAX AYeiiku

Ecnn npoucxogut agcopbums MOHOB M3 obpasua Unu Bo3ayXa, TO MOBEPXHOCTHbIA MOTeHLUMan pasHblXx CTEHOK
Kanunnspa MOXeT cTaTb HeO[HOPOAHEIM. B aTOM cny4ae ABWXEeHWe XUAKOCTM CTaHOBUTCH HECUMMETPUYHBIM. 3TO UC-
nonb3yeTcs ANs onpefeneHns NoBepXHOCTHOro MoTeHUWana B BepXHEN U HUXKHEN YacTAX NOBEPXHOCTU MPAMOYronbHBIX
kanunnsapos [15].

Opyroii achdekT aneKkTpoocMoca — yLuMpeHne yHKUUK pacnpegernenus nogemxHocTu. Jltoboit cBeToBOM Nyy ume-
€T KOHeYHYto TonLuHy. Korga LeHTp yda pacronoXeH B HENOABMXHOM CI0€, YacTb Jy4a OCBELL@EeT XUAKOCTb, TEKYLLYIO
K NpaBoi CTOPOHE, U YacTb Nyva OCBELLaeT XULKOCTb, TEKYLLYHO K NMeBON cTopoHe. [axe Ans YyacTuu, UMetoLuX naeans-
HO MOHOAWCMEPCHYI MNOABUXHOCTL, NONyYeHHoe 3Ha4eHWe NpPeAcTaBnAeTCcs B BUAE pacnpefeneHns, a He OfUHOYHOro
3Ha4YeHUs, XOTA NpU STOM ee cpefHee 3HavyeHne MOXeT ObiTb NpaBunbHEIM. B LeHTpe kanunnspa, rae y npodunsa notoka
HamHoro 6onee NNOCKUIA HaKIMOH, XNAKOCTb W YacTULbl ABWXKYTCS OAWHaKoBO. Takum o6pa3om, ylwupeHue dyHKuumn pac-
npeAeneHns MUHUManbHo. S eKT aNeKTpoocMoca MUHUMU3UPYETCA ABYMA U3MEPEHUAMU: B LIGHTPe Kanunnapa n Ha
OfHOM U3 HemnofBWXKHbIX cnoes. PacnpefeneHne NOABMKXHOCTUA, NONYYEHHOE B LEHTPe, UMEET CUMMETPUYHYIO dOPMY,
HO CMeLlieHHoe abCcontoTHOe 3HayYeHue, KOTopoe MOXET BbiTb CKOPPEKTUPOBAHO CPEAHUM 3HAYEHWEM, NOMYYEHHBIM Ha
HernoaBWKHOM crioe.

OpfHVM 13 cnoco60B YMEHBLLEHUA BAUSHUA SNEKTPOOCMOca SBMNSETCS MOKPLITUE BHYTPEHHEN NOBEPXHOCTU Kanui-
napa maTepuanoM, KOTopblil yMeHbLIaeT A3eTa-noTeHuuan CTeHKW, Hanpumep STUNEHOBLIA ITTUKONb, STUNEHOBLIA aMUH.
Takue maTtepuarbl YMEHbBLLIAIOT 3M1EKTPOOCMOC B LUMPOKOM AuanasoHe pH 1 MOHHOW curnbl.

Opyroit MeTon u3bexaHusa aNeKTpoOoCMoca — NPUMOXEHUe Morns BbICOKOW YacToThl (>10 y) ¢ uameHsoLweica
nonsipHocTblo. OCHOBHasi UAESA COCTOUT B TOM, YTO ANSA XWAKOCTU TpebyeTcs HamHoro Gonee AnuTenbHoe Bpemsi Ans
AOCTWXEHUA MaKCMManbHON CKOpOCTH, YeM ANA YacTul. Bpemsa yckopeHus yacTul Ao AOCTUXEHUS UX MaKcUMarbHOM
3NeKTPOOPETUHECKOH CKOPOCTU HAXOAUTCA B ANaANa3oHe OT HAHOCEKYHA A0 MUKPOCEKYHA, a ANs XUAKOCTeW — B Anana-
30He Ajoneii cekyHa. Ecnn nonapHOCTL ANEKTPUHECKOro NONA UaMeHaeTca BbICTPO, XUAKOCTb CTaTUYHA, U aNeKTPooCMoC
He yuuTbiBaeTcs [16], [17], M3MepeHuns BEINONHAKTCA B Nto60i Touke kanunnsapa. [Mpu ncnonb3oBaHMKM BbICOKOYACTOTHO-
ro nons paspelleHne cnekTpa Heu3bexHoO yMeHbLUAeTCs, NOSBNSAIOTCA rapMoHMYeckue 6oKoBbIe MOMockl M3-3a NoneBoi
MoAynsALun.

OT0 ycnoxHseT cnekrp, ocobeHHo ana obpasyos ¢ nonuaucnepcHol NoaBWXHOCTLIO. CyulecTByeT crnocob uc-
nonb3oBaHWUA NpenmMylecTs 060Mx METOA0B — CTaHAAPTHOrO 3MEPEHMUs MPU NOCTOSAHHOM TOKE U MCMOSIb30BaHUW MONs
BbICOKOW 4acToThl. CyLHOCTb Takoro cnocoba 3aknio4aeTcs B NPOBEAESHUM U3MEPEHUI NPU NPUNOXEHNM NONS BLICOKOA
YacToThl ANA HAXOXAEHUA CpefHero 3Ha4yeHUa NOABWKHOCTU € MOCNEAYIOWUM U3MEPEHNEM NPU NOCTOSIHHOM TOKE, YTO
obecneunBaet nonyveHne anekrpodoperpammel 663 GoKOBbBIX NOMOC, HO C HENPABUNbHBIM 3HA4YEHUEM anekTpodopeTU-
YeCKol NOABUXHOCTN BCRIEACTBUE ANEKTPOOCMOCA B XUAKOCTU. NpKn 3TOM AN NONYYEHUS KOPPEKTHOIO CPpefHero sHadye-
HUA anekTpodpoperpaMma cmelLlaeTca No pesynsrataM, NONYYEHHLIM MpU U3MEPEHUN ¢ NPUNOXEHWEM MOoNs C BLICOKOW
YyactoToW [12].
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MpunoxeHue B
(cnpaBouHoe)

MposeaeHue namepeHuin

B.1 Tpe6oBaHusA K NpoBeAeHUIO U3MEpPEeHUN

B.1.1 PacnonoxeHue npu6opos

Mpubop pomxeH ObITb pacnonoXeH B NOMELLEHUM, B KOTOPOM OTCYTCTBYIOT M1E€KTPUYECKNE NOMEXUN, MEXaHNYecKas
BUGpaLua U TemnepaTypHble KonebaHus, 3aWuLLeHHOM OT NPAMbIX COMTHEYHbIX JIy4Yei U NoToKoB Bo3ayxa. Pabovee mecto
onepaTopa [OMXHO COOTBETCTBOBATL TpeboBaHMAM GezonacHOCTU U aproHoMUkK. Mpubop AonxeH GbiTb CMOHTUPOBaH
Ha TBepAYlo NOBEPXHOCTb, UCKIIOYaloLLylo Bo3eicTBUe BUGpaLMil 1 HeoBXoAUMOCTb YacToN KanubpoBKN ONTUYECKO
CUCTEMBI.

BHUMAHMWE! Uany4yeHmne B npubopax, 060opyaoBaHHbIX NasepoM, MOXET Bbi3BaTb NOBpexaeHue rmas. Kateropude-
CKM 3anpeLyaeTcs CMOTPETb Ha NpsIMOe Nla3epHOE U3NyYeHWe Unu ero oTpaxerune. Cnegyet usberate GNOKUPOBKM Nasep-
HOro Ny4a pednekropamu U cobrniofarb COOTBETCTBYIOWNE MHCTPYKLMK NasepHoi 6e3onacHocTH.

B.1.2 iucnepcuOHHbIE XUAKOCTN

Heobxoaumo ybeauThes B TOM, YTO suelika ansa obpasya coBMecTUMa Co cpefol, B KOTopoii ByaeT ucnonbsosaHa.
BnekTpocopeTuieckas NOABUKHOCTb YacTUL 3aBUCUT OT XUMUYECKUX XapakTepUCTUK B3BELUEHHO XNUAKOCTU. BaXHbIMU
KOHTPONMPYEMBLIMN XapaKTepucTUKaMn NS cpeabl SBAAIOTCA Nokasateslb akTUBHOCTU WOHOB Bogopoaa pH W yaensHas
MOHHas KOHUEHTPAaLMA NpK yCrioBMM pasbaBneHust KOHUEHTPUPOBAHHBIX CYCNEeH3N. YCNoBKS, B KOTOPLIX 4acTULbl Haxo-
ASATCS B KOHLUEHTPUPOBAHHOM CYCMEH3NM, AOMKHBI NOMHOCTLIO COOTBETCTBOBATL pasbasuTento.

B.1.3 N3amepuTtenbHasa Aauenka

Tun a4eitkn BoIGUpPalOT B 3aBUCMMOCTU OT TUNa npubopa. HekoTopele A4eiikn ABNSAIOTCA ofHOpa3oBbiMU. UTOOL!
n3bexaTb BOIMOXHOCTH 3arpA3HEeHUs, TWaTeNbHO NPOMBIBaOT AYEKY, paHee UCNONb30BaHHYIO ANS U3MepeHuit. U3mepe-
HWe, MPOBOAMMOE B pacTBOPE NPU HU3KOW MOHHOW KOHLEHTPaLWK, MOXET BbITb UCKaXeHO, €CNN NpeablayLLee n3MepeHne
NPOBOAWNOCL MPW BLICOKOW WOHHOA KOHUEHTpauun. Ecnu CTEHKN AYEKn OCTaloTca 3arpA3HEHHbLIMU, TO 3NEKTPOOCMO-
TUYECKUIA NMOTOK B KaNUMNsAPHOW siuelike ByaeT oTnuyaTbes oT oxugaemoro. MostoMy Heob6xoguMo TWATENBHO NMPOMbITh
AYENKY U 3rekTpog.

BaxeH TLaTenbHbIi KOHTPOMb TeMnepaTypbl B sieiiKe, NMOCKOMbKY BA3KOCTb XUAKOCTU 3aBUCUT OT TeMnepaTyphl,
HanpuMmep B cny4vae BOAHbIX 06pa3LioB, U3BMEHEHUS BA3KOCTU NpUbnuautensHo 2 % Ha kaxablid °C. MakcumansHas cko-
POCTb YacTuL, 3aBUCUT OT BSISKOCTU XUKOCTH.

MoTeHuman, NpUMoXeHHbIA K anekTpoAaM, MOXET ObiTb BblpaXeH MOCTOSHHBIM HanpsXeHWeM, NPUMEHEHHbIM B
Te4YeHWe onpefeneHHoro NpoMexXyTka BpeMeHu, L0 U3MeHeHUst nonsipHocTU. Korga NpUMEHSIIOT XWAKOCTU C BbICOKOM
NPOBOAUMOCTLIO, MOCTOAHHOE HanpsX)XeHNe MOXET ObiTb MPUMOXKEHO TOMLKO B TEHEHUE KOPOTKOrO NPOMEXYTKa BpeMEHN
nepeg W3MeHeHWeM ero NosisiPHOCT. 3TOT MEeTOZ UCMOoNb3YHT, YToOkI NoaaBUTL adhdekT pkoynsa-TomncoHa. Takoit MeTog
paboTkl MOXET NPUBECTU K KOPOTKUM UMMYMLCaM, a B CNEKTPE NOSBNATCH CTOPOHHUE OWWGOYHBIE NUKK. B 3TUX ycrnoBu-
Ax TpebyeTtcs o6paboTka meTogom PALS [11].

B.1.4 KoHTponb o6pa3uoB, NoAroToBKa, pacCTBOPEeHUe U KOHLIEHTpauusa

B.1.4.1 KoHTponb o6pasuos

CnepgyeT ocMoTpeTb MaTepuwarn, KoTopblid ByAyT aHanuaupoBaTb BU3yanbHO WAKU NPU NOMOLWMU MUKpocKona,
npoBepuTb, BbINKM MK YacTULBl COOTBETCTBYHOLWMM 06paszoM AUCNEpPrUpoBaHbl U HE MPOUCXOAUT NN cefuMeHTaLus
YacTuL B Te4eHWe BpeMeHn usmepeHus. Ecnv cegumeHTaunsa yactuy nget beicTpee, 4em NpofoNXKUTENBHOCTL Bpe-
MEHW U3MepeHna, To NPOoBOAUTbL UBMEPEHNE HEBO3IMOXHO, TaK KaK YacTulbl HE NoNajaloT B Nyd nasepa. B nonnaun-
cnepcHbIx obpasLax KpynHble YacTulbl 0CeAatoT AOBOMNbHO GBICTPO, U U3MEPEHUIO NOAAAIOTCA Tonbko 6onee Mmen-
Kne Yactuubl.

OnekTpoopeTnyeckas NOABUXHOCTb, U3MepeHHas B obpaslie, KOppekTHa TONMbKO ANA 3TOW NapTun obpasLos,
ecnv ucnelTateneHblii o6pasel, Obin NpefcTaBneH U3 NapTuu 1 BelbpaH COOTBETCTBEHHO TpeboBaHUAM.

B.1.4.2 MogroToBka K M3aMepeHUAM

3HauuTenbHoe BHUMaHWe [JOMKHO GbITh yeneHo NpefoTBpalleHUo U3MEHEHUA 3NeKTPOhOPETUHECKOH MofBMXK-
HocTW oBpasLia, KOTopbIit ByAeT NpoTecTUpoBaH, BO BpeMs NoAroToBku obpasua K u3MepeHuto. Y noboro 3arpy3ouHo-
pasrpy3o4Horo npubopa, Takoro Kak CTeKIsiHHas MeH3ypKa WUIW LUMPUL, MOTryT ObiTs NOBEPXHOCTH, KOTOpbIE NPUTATMBAIOT
onpegeneHHble WOHbI U3 obpasLia unu koTopble [o6aBnAOT 3arpsA3HeHMUs), ocTaBLUMecs nocne Gonee paHHUX NPoLIECCOB
o4ucTKN. Kpome TOro, HekoTOpble MaTepuarbl 3arpy3oqHo-pasrpy3oqHoro npubopa MOryT «npocovuTbCA» B obpasel.
MpeanoYTUTENEHO UCMONBb3OBaHWE NIacTMacCOBOW NOCYALI, €CNu OHa COBMECTUMa ¢ 06pasLoM.
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B.1.4.3 PasbaBneHue

B HekoTopbIxX criydasix, Npu UCMOMb30BaHWU crieluanbHbIX TUMNOB S4eek, Aaxe NpU ManbiX yrnax paccesHusi Bo3-
MOXHO M3MepeHUue arekTpodopeTUHECKOW NOABUKHOCTYA MPW YMEPEHHBIX KOHUeHTpauusix [9]. B GonblUMHCTBE cry4YaeB
npubop, KOTOPELIA UCnonb3yeT ManoyrnoBoe paccesHue, TpebyeT, YTobbl obpasel, Obin pacTBOpPeH TakuMm 06pa3om, YTobbl
paccesHHOe N3ny4YeHne NpoXoaunIio Yepes U3MEPUTENBHYIO SHERKY.

[seTa-noTeHuunan ABNAeTcA He TofbKO CBOWCTBOM YacTuUL, HO TaKKe 3aBUCUT U OT XMMUYECKOro paBHOBECUS MeEXAY
MOBEPXHOCTBIO YacTULbl U XUAKOCTbIO. Jto6oe M3MEHEHNE B XUMWUYECKOM COCTaBe XMLKOCTW U UOHHOM COCTaBe BRUsAeT
Ha 9TO paBHOBECME U, CriefoBaTenkLHO, Ha A3eTa-noTeHuuarn.

3T0 siBNseTcs npobnemoii 4Ns METOAOB, KOTOpbIe NpeanonarakT cuibHoe pasbaBneHue obpasua. PacTBopeHue
MOXET U3MEHUTb XMMWYECKNIA COCTaB XULKOCTU, €Cn He MPUHATEI creluarnsHbie Mepbl. B npouecce npo6onoaroTosku
HeobX0AMMO CriefuThb 3a COXpaHeHWEM 3Ha4YeHUs 3eTa-noTeHunana B UCXofHOM obpasle U B pasBefeHHOM BELLECTBE.

Takas npouegypa TpebyeT coxpaHeHUss U AEHTUYHOCTU He TOMbKO YacTuL, HO U XuaKkocTei. MpobGonoaroToBka Tak-
e MOXET CUMBHO BINUATL Ha COCTaB XUAKOCTH.

B npo6onogrotoBke criefyeT UCNofb30BaTk Tak Has3biBaeMYHO PaBHOBECHYO NPoLEAYpY pasbaBneHus, npu KoTopoi
B WCXO4HOIN cUCTEMe TaKas Xe XKWUGKOCTb, YTO U pasbaBuTenb. [ocne pacTBOpeHUss EAUHCTBEHHDLIA NapaMeTp, KOTOpbIi
M3MEHSAETCH, — 3TO KOHLeHTpaums YacTuy. Tornbko npobonoaroToBka Ha OCHOBE paBHOBECHOrO pacTBopeHusi obecnevm-
BaeT 3HaYeHUs f3eTa-noTeHupMana, KOTopsle aEeHTUYHLI B UCXOAHOW cucTeme u pasbaBneHHoM obpasLe.

EcTb gBa nogxofa K NpuroTOBNEHWIO XUAKOCTU, Uchonb3yeMolt Ansa pasbasneHus. MepBblii 3aknto4aeTcsi B U3Bne-
YEHWU XWUAKOCTU Mocrne OCaxAeHUs YacTul NyTeM ceMMeHTaUun UNu LeHTpudyrupoBaHus. 3Ta XUAKoCTb MOXET ObITb
ucronb3oBaHa ANA pasbaBneHns ncxogHoro obpasua B TOW CTENEHN, KOTopas ABNAETCA ONTUMaribHOW ANA KOHKPETHOro
MeTofa naMepeHus. JaHHbIn MeTog NoAXoAUT ANA 60NbLUNMX YacTuUL, ¢ AOCTAaTOMHO BLICOKOW KOHLiEHTpaLueh U MeHee npu-
MEHUM AN HaHO4aCTWL, M MATKUX BUONOrMYEecKX CUCTEM.

Opyroi nogxop cBsi3aH ¢ NpUMEHEeHMEM Auanusa n 6onblue COOTBETCTBYET HaHO- U BUoaUCTIEPHBIM CUCTEMAM.
Mcnonb3oBaHne fuanusHelx MmembpaH CBA3AHO C TeM, YTO OHWU MPOMYCKaloT UOHLI U MOMEKYNbl U He NpOonycKalT Auc-
nepcHble YacTuubl.

HeobxoaMmo npeAcTaBUTL OTYET O NOAroTOBKe obpa3sua u pactBopuTens. Ana NpUHATUS MeToaa Kak cTabunbHoro
CreayeT NPOU3BECTU HECKONBLKO pasBefeHuii  naMepeHuii obpasua.

B.2 MNogTeepxaeHue pesynsrata usMmepeHum

B.2.1 CtaHpapTHble o6pa3ubl

CTaHgapTHble o6pa3upbl RM anekTpodopeTyeckoil NoagBMXKHOCTU JOIMKHBI ObITb 0HOPOAHBIMU M CTabWUNBHBEIMK NO
OTHOLLIEHUNIO K 3HA4YEHUAM 3NEKTPOOPETUHECKON NOABKHOCTY, KOTOpLIE BbINN U3MEpeHbl C YH4ETOM BPEMEHU U TEMNe-
paTypebl. MNpuHATOE 3Ha4YeHWe aneKTpodOpPETUYECKOH NOABUXKHOCTU AOMKHO BbITh NMOMYyYeHO HECKONMBbKUMM oneparopamu
n cTporo fokasaHo. MaTepuan gomxkeH 6bITk 3a/J0KYMEHTUPOBaH C TOYKU 3pEeHUs NpoLeaypbl NOAroToBkM obpasua, U npu
HeoBXoAMMOCTN AOMKEH ObiTb MPEAOCTaBNEH U3MEPUTENbHbIA MPOTOKON.

CepTuduumpoBaHHble cTaHaapTHele obpasubl CRM anekTpodopeTnyeckoi NOABMKHOCTA UCTIONL3YIOT B LIENSAX Kanu-
6poBku 06opyaOBaHMS, NPOBEPKU AOMYCTUMOCTU U3MepUTENBHLIX METOA0B U NPUCBOEHUS 3HAYEHUIA uccneayeMbIM Matepu-
anam. 370 [OMKHO COMPOBOXAATLCH aTTECTOBaHHOW METOAUKOWA U3MEPEHUIA aNeKTPOOpETUYECKON NOABUXHOCTM, KOTopas
OTHOCUTCA K [JaHHOMY M3MepuTeNbHOMY 0BOpYAOBaHWIO M YYUTHIBAET HEONPEAENEeHHOCTU Ha AOBEPUTENIBHOM MHTEpBare.

B.2.2 NoBTOpsAiemocTb

YTo6bl AOCTUTHYTL XeraemMol NoBTOPAEMOCTU ANeKTPOPOPETUHECKOW MOABUKHOCTA, HEOOXOAUMO NPOBECTU Cre-
Lytolme onepauum:

a) ycTaHOBWTb MpMBOP, BKIIOYUTL U BbifepXaTb B COOTBETCTBUM C TpeboBaHUAMM TEXHUYECKOR AOKYMEHTaLMH,;

6) U3y4nTbL U3MEPUTENBHLIA NPOTOKOS, NpUnaraemelii K uccrefyemMomy matepuany;

B) BbINOMHWUTL TPW NOcnefoBaTenbHbIX M3MEPEHUS NMPU OAHNX U TEX XKe YCrOoBUAX.

Mpubop cooTBeTCcTBYET TpeboBaHWAM B.2, ecnu koadduuuneHT Bapuaumn CV ANs cpefHUX 3Ha4YeHUR aneKkTpodo-
peTUYeCKO NOABWMKHOCTM OT KaX[0ro U3MepeHusi ANsi cTaHjapTHoro obpasua cocTaBnseT MeHblle 10 % npu ycrnosuu,
YTO abCOMNIOTHOE 3HaYeHUe MOABWKHOCTM BbilLe, YeM 2108 M2/B-c.

B.2.3 BocnpoussogumocTtb

MpoBepka BOCNPOU3BOAUMOCTMN JOMMKHa COOTBETCTBOBATL TpeboBaHWAM B.2.2, 3a UCKo4eHneM TOoro, 4To UCMomb-
3YHOT pasHble 06bemMbl obpasLja U pasHele cTeneHn pasbabrneHus.

Mpubop cooTBeTCcTBYET TpeboBaHWAM B.2, ecnu koadduuneHT Bapualmn CV ANs cpefHnx 3Ha4eHnin anekTpodo-
peTUYEeCKO NOABWMKXHOCTM OT KaXK[0ro U3MepeHust ANsi cTaHjapTHoro obpasLa cocTaBnsaeT MeHbLue 15 % npu ycrnosuy,
4TO aBCONMIOTHOE 3HaYEHNe NOABKHOCTY Bhille, YeM 2- 108 M2/B-c.

B.2.4 floctoBepHOCTb

HocToBepHocTb paboThl Npubopa onpeAenstoT CornacHo cTaHaapTam, NoAAepXKUBaeMbIM HaLMoHabHLIMW opraHa-
MM N0 CTaH4apTU3aLuMn UK ApyruMu UEHTPaMK, CEpTUPULMPYEMBIMIA B COOTBETCTBIUM C HALMOHANBHBIMU UMY MeXayHa-
POAHLIMU CTaHAaPTaMM NpaBuU U3MEPEHUS, C UCMONb30BaHUEM TBEPALIX ChepUYECKUX YacTUL, C OAHOPOAHBLIM COCTABOM
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N N3BECTHOW 3NeKTPOOPETUHECKON MOABUKHOCTLIO, ONpeAeneHHol onTUYecKUMN MeTofaMi NP yKasaHHbIX YCroBUSX.
MpoBepKy AOCTOBEPHOCTM OCYLLECTBISAIOT B COOTBETCTBUM € B.2.3.

Mpubop cooTBeTCTBYET TpeboBaHUsaM B.2.4, ecnu koaddpuLueHT Bapraummn CV Ans cpefHUX 3Ha4eHUn aneKkTpo-
hopeTMHECKO NMOABMKHOCTM B TEYEHNE TPeX N3MepeHuii cTaHgapTHoro obpasua coctaBnseT meHee 10 % oT 3asABneH-
HOrO 3Ha4YeHus!, NPY YCrOBMM, YTO aBCOMIOTHOE 3HaYEHWe MOLBIKHOCTH Bhille, YeM 2- 108 M2/B-c. Mpu o6HapyxeHnu
Gonbluoit oLwmnbKM cregyeT npoBepuTb paboTy onepaTopa u npubopa.

B.3 /IcTOYHMKM NOrpeluHOCTN U3MepeHui

B.3.1 3arpsisHeHue ob6pasua npeablaywmm obpasuom

OcraTok npefbiaylyero obpaslia MOXET OCTaThCs B AYelike U3-3a ee He0CTaTOYHOro ouuLLeHus. Ecnu y npepbl-
aylero obpasya Gbina Goree BbICOKas MOHHAsH KOHLIEHTPaLMS, YeM Y TeKyLLero, To MPOMbIBKa MOXET GbiTb 3aTpyAHeHa.
MpeAnoYTUTENEHO UCTONbL30BaTL OTAEMNBHYH SYeliKy AN XpaHeHUs 06pa3LoB C BICOKOW MOHHOM KOHLEHTpaLmeil.

B.3.2 HekoppekTHasa npo6onoarotoBka

[3eTa-noTeHynan 4yactuy BO MHOTOM 3aBUCUT OT UCMONb3YEMOW XUAKOCTU. Ecnn nsMmepsemelit obpasel nonydyeH
n3 KOquHTpMpOBaHHOVI CYCNeH3Un N ycTaHoBII€HO UCTUHHOE 3HaYeHWe A3eTa-noteHuyuana, To MOHHOoe COCTOoAHUE XNA-
KO dhasbl CyCneH3nn AOMKHO ObiTb coxpaHeHo. XKnakocTb Ans pasbasneHna MOXeT ObiTb NonyyeHa nytem dunsrpauum
Unu cegumMeHTauun. MoxHo ucnonb3oBaTb GydepHbId pacTBop AfA UMUTAL MKW KOHLEHTpUpOBaHHOro coctosiHus. Jrobas
CTEKMAHHAsA NocyAa Unu Apyrue eMKOCTH, UCTIONb3yeMble AN CO3aHusA XUAKOCTU AN pa3baBrneHnsa Unu SKBUBaNEHTHbIX
CyCI'IEHSI/IVI, AOJDKHBI ObITb YNCTBIMMU.

B.3.3 HecootBeTcTBMe 06pasuoB

YacTuupsl 4oKHbI ObITh B3BELLEHEl B U3MEPUTENBLHON A4elike N HaXOAUTLCA B CBETOBOM Nyve BO BpeMs BCEro
M3MepeHUst NOABUXHOCTU. MNO3TOMY NNOTHOCTb YacTWL, ONpeAenstoT camoii BonbLUIO YacTuLel, KoTopas MoXeT 6bITb
n3MepeHa B onpefeneHHbIi Nepros BpeMeHu onpeaeneHHslM METOAOM U Ha onpefeneHHon ycTaHoBke. B kanunnap-
HbIX i4eiikax NyTb YacTuL A0 OCeAaHWsA Ha AHO S4eKN OvYeHb MarneHbKUin. Bpema naMepeHus B 3ToM cnydvae oYeHb
Hebonbluoe. YacTuLpl Takxe JOMKHbBI XOPOLLO paccenBaTth CBET ANs onpefeneHnus A3eTa-notTeHunana camblX MenNKnx
Yyactuy.

MeTtog PALS noasonser onpeaensiTe Marble 3Ha4eHUS NOABUXHOCTM AR O4YeHb ManeHbkux YacTtul. NpudnHa aTto-
ro COCTOWT B TOM, YTO BNUSIHNE OPOYHOBCKOTO ABMXEHWUS 3HAYMTENIBHO YMEHbLLIEHO, NOTOMY YTo obpaboTka PALS ycpea-
HeHa Mo 04eHb GOSbLIOMY KOMMHECTBY LIMKMNOB U B 3HAYUTENBHON CTENeHU UCKNoYaeT AN DY3IUOHHYIO COCTABASAIOLLYIO.

B.3.4 HecoorBeTcTBME XUAKOW cpeabl

Cpepna AonxHa 6bITb NPO3paqHOi U He AOMKHA NOrNOLWaTh CBET Ha ANWHE BONHLI Nasepa. He aonxHa obnagatb
CNULIKOM DONbLLIOKA BA3KOCTLIO, XenaTenbHo Hxe, YeM 10 MMa- c. He gomkHa 6biTh NeTyyeit npu TemnepaType npose-
AeHUs U3MepeHui.

B.3.5 HegocTtarouHas TemnepaTtypHasa ctabunusauua

BsskocTb BoAbl BapbupyeTcst NPUGAUM3UTENBHO 2 % Ha kaxablh °C Npu KOMHaTHOW Temnepatype. MakcuManobHasn
CKOPOCTb YacTuUL| B aNeKTPMYECKOM NOMne orpaHuYeHa BA3KOCTbIo. [103TOMY TOuHbIE 3HaYeHUNA fA3eTa-noTeHuuana moryT
ObITb NoNy4YeHbl TONMBLKO NpU M3BECTHOW TemnepaType. CTaHaapTHLIe o6pasybl MOryT 6bITb NepBOHaYanbHO CO3faHLl B
naGopaTopuu Npu pasnuyHoil TeMnepaType, KOTopble perynupyoTcs B uaMeputenbHoM npubope. [omkHo 6biTb N3BECTHO
BpEMsi HACTYMIEHNS TEMNOBOIO paBHOBECUS.

B.3.6 KongeHcauusa Ha ocBelUeHHbIX NOBEPXHOCTAX

[nsi n3aMepeHuit, BLIMOSTHEMBIX HUXE KOMHATHOW TeMnepaTypbl, He0GX0AWMO NPUHATE Mepb! NPefiOCTOPOXHOCTH,
yTO6LI N36GexaTb BO3MOXHOMN KoHAeHcauun. PekomeHayeTcs NpogyBKa CyXUM BO3AYXOM UK a30TOM.

B.3.7 YacTuubl, oTNeYaTku UM LapanuHbl Ha ONTUYECKUX NOBEPXHOCTAX

HebnaronpusTHoe BO3AeiCTBME 3TUX (DAKTOPOB CHWKAETCA NPU WUCMONb3OBaAHUM MeToja M3MePEeHUs Kpocc-
U3nyyeHusi. B 0CHOBHOM 3TO NpobrieMa onTUHeckUX YyCTPOMCTB C UCMONb30BaHNEM ONOPHOrO U3INyUYeHUs], YTO MOXET CUIb-
HO MOBMUATL Ha pe3yrnbTaTbl U3MePEHUIA.

B.3.8 CnuwikoM GonblLUOii NPUNOXEHHbIW NoTeHUUan

Mpu UCnonb3oBaHUU CYCTIEH3UIA C BbICOKOW WOHHOW KOHLEHTpaLUuWei, Hanpumep apuTpoOLMTOB B (OU3NOSTOMMYECKOM
pacTtBope, addekT [koyns-TomMrncoHa MOXET Bbi3BaTb TEMNMOBYIO KOHBEKLMIO U HEraTUBHO OTPasUTLCA Ha pesynbsrarax
uaMepeHuit. TeMnepaTypa CycreH3uu B U3MepuTeNbLHOM 06beMe MOXET CUNBbHO OTNIMYATLCS OT YCTAHOBIEHHON TeMMepa-
Typbl. OTO NPUBOAUT K HEMPaBUIBHOMY 3HAYEHUIO BA3KOCTU. HarpeTble aneKTpofbl MOMYT MpOoXedb NOBEPXHOCTb SAYENKH,
1 BO3AYLUHbIE NY3bIPW, NPOU3BEAEHHLIE ANEKTPONU3OM, MOTYT HapYLIUTL NepeMellieHne YacTuy. YTtobbl MUHUIMU3UPOBaTL
Takoii 3peKT, MPUNOXKEHHOe HanpsbkeHne JOMKHO GbiTb YMEHBLLEHO B KaXA0M LUKIE UBMEPEHUIA C CUHXPOHU3UPOBAH-
HbIM CEOPOM Aa@HHBLIX.
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B.3.9 HenpaBunbHbIil BBOA NapaMeTpoOB onepaTopom

OLWwnBKN BO3HUKAIOT, KOrga napameTpel, Takme Kak NpoHULaeMocCTb, BA3KOCTb, MoKasaTesb NperoMieHus, TeMnepa-
Typa, NpoBOAUMOCTb U dfieKTpu4yeckoe none, HenpaBubHoO BBEAEHbI.

B.3.10 Bo3sgyLHble ny3blpbku

My3bipbki BO3AYXa MOTYT BO3HUKHYTL B MPOLIECCE HAMOITHEHWs OT pacTBOPEHHOIO BO3AyXa WM 3a CYET 3reKTpo-
XUMUYECKUX peakLuii, HanpuMep aNeKkTponnsa, NPOUCXOASLLEro Ha NOBEPXHOCTN aneKTpogoB. MNy3bIpbku, NpUMnaroLLme
K CTeHKaM KanunnspHoW sueiikn, MOryT UckaxaTb arleKTpudeckoe rore, YTo BeAEeT K HeonpeAeneHHOCTY MOMNOXEHUs B
HenoABMXHOM croe. My3bIpbKi Ha MOBEPXHOCTU ANEKTPOL 0B NPUBOAAT K HEMPaBUITEHOMY U3MEPEHUIO NMPOBOJUMOCTM.

B.3.11 NMoBpexaeHUe NOKPbITUS AYENKK

B HeKoTOpbIX Cryyasix UCMosb3yHT MOKPLITYIO KanunIApHYIo S4eiiky. OTO NOKPLITUE HeATpannayeT NoBEPXHOCTHBIN
3apsn KanunispHoii CTEHKM, NO3BOMsS NPOBOAUTE UBMEPEHUSA Yepes kanunnsip B NtoGoii Touke. JaHHbIe NOKPLITUA MOTyT
BbITh XPYMKUMU U paspyLlaTbCsa CYCNeH3UAMU, XMMUYECKN akTMBHBIMU ANs BbIGpaHHbIX MOKPLITUIA.

B.3.12 HenpaBunbHbIil BbIGOp TEOPUM ANSA BbIYMCNEHNA A3eTa-NoTeHLnana Yepes UsSMepeHHyIo 3NeKTpo-
chopeTnueckyro NoABNAKHOCTb

[aeTa-noTeHUMan BbIMUCIAIOT Yepe3 UsmepeHne noasuxHocT. KpaiiHe BaXHbIM SBRSETCA BbIGOP HYXHOro ANs
STOrO BbIYUCNEHUS YpaBHEHNS N TEOPUN.

B.3.13 CtabunbHocTb o6pasua

[ns onpepenenns ctabunbHocTU o6pasla HeoBXOAUMO NMPOBOAUTL U3MEPEHNWsI B TedeHne BpeMeHu. MHoraa He-
cTabunbHOCTb ABMNSETCA NPUYMHON OCTaHOBKM 3KCMepuMeHTa. Hanpumep, guccounalns MOHOB U3 YacTuL B CYCNEH3uun
MOXET NPUBOANTL K M3MeHeHWI0 pH UM NPOBOAWMOCTU U, KaK, CNEACTBUE, NOABWKHOCTU. PekoMeHayeTcs, 4To6bl pH #
NPOBOAMMOCTb GLINM N3MepeHb! 1O U Nocne SKCnepuMeHTa. Takne n3smMepeHusi nokasblBaloT cTabunsHocTb o6pa3sua. Jlo-
6as HecTabuneHOCTL NpeacTaBnAeT cobolt Npobrnemy, Tak kak obpaseL, AomKeH ObiTb NOArOTOBNEH U NOMELLEH B Npubop
NS U3MepeHus.

B.4 OTyeT o NnpoBeAeHUU U3MEepPEeHUi

B oTueTe 0 NpoBefeHUN N3MePEHWA AoMmKHa CofepaTbes crepytowan nHpopMaLms:

a) 3aronoBOK W MAEHTUGUKALMA UCMBITAHWUA Ha KaXaoW CcTpaHuLe;

b) nonHas ngeHTUdMKayma obpasua v 4aTkl ero nony4eHus;

¢) Mogens npubopa u cepuitHeIi Homep;

d) ucxogHele ycrnosus:

- Npupoaa YacTul,

- ANCMEPCUOHHAs XKULKOCTb,

- KOHLieHTpaumns YacTu,

- fo6aBku, Npu Hanu4mu,

- TUMbl MOHOB U KOHLEHTpaLMK, €CNU U3BECTHBI,

- pH » nposBoAUMOCTb;

e) npouecc npo6onogroToBKY:

- METOA pacTBOPEHUS,

- NapaMeTphl YNETpasByka, €Cnk UCMONb30BaHbl YacToTa U MOLLHOCTb,

- AONOMHMTeNbHaA WHdopMaLUs, BKIoYasi pyrme CChiNoYHbIe Matepuarnsl, €CNy TakoBbIE UMEIOTCS;

f) ycnosua nsmepeHuii:

- U3BECTHbIE KOHLIEHTpaLum,

- TeMnepaTtypa usmepeHus,

- BA3KOCTb, NPOHULIGEMOCTb W MoKasaTerb NpernoMneHns AUCNEpPCUOHHON XUAKOCTH,

- HanpsXXeHne 1 HanpsHPKEHHOCTb 3NEKTPUYECKOro Mons,

g) nHopmauus o6 nccnegoBaHuu:

- Ha3BaHWe 1 MecTo naboparopum,

- UMSt UMK MHULWanLl oreparopa,

- Aarta,

h) yeTkaa naeHTUPUKaLMA KOHLa OTYETA.

HeobxoaMmo 3anucaTts B MPOTOKON NPOBEAEHUS U3MEPEHUII cpefiHUe 3Ha4YeHus A3eTa-NoTeHUMana u anekTpodo-
peTUHecKon NOABUXHOCTU, ecnn NpUbop NpeAocTaBNaeT Takyo HOopMaLMIO.
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MpunoxeHune OJA
(cnpaBouHoe)

CBefieHUA 0 COOTBETCTBUM CChISTIOYHbIX MEXAYHAPOAHbIX CTAHOAPTOB
MEeXrocyAapcTBeHHbIM CTaHAapTaM

Tabnuya JA1

O6o03Ha4YeHne CCbiNoYHOro CreneHb O603HavYeHne N HauMeHoBaHue COOTBETCTBYHOLLEero
MeXAyHapoaHoro ctaHgapTa COOTBETCTBUA MeXrocyaapCTBeHHOro ctaHgapTa
1ISO 13099-1 MOD [OCT 8.653.1-2016 «[ocyfapcTBeHHan cuctema obecneveHns efuH-

CTBa uU3aMepeHuii. MeToabl onpefeneHus gaeTa-noteHynana. Yacre 1.
OneKkTpoKMHETUYECKUE METOAbI»

ISO Guide 30

BETCTBUA CTaHfapTa:

* COOTBETCTBYIOLLMIA MEXTOCYAAPCTBEHHbLIA CTaHAapT oTCyTCTBYET. [10 ero NpUHATAS PEKOMEHLYETCSH UCMONb3Oo-
BaTb NePEBOA Ha PYCCKUI A3bIK MexayHapogHoro ctaHgapTta ISO 13099-2. OduuymnanbHbelil nepeBos AaHHOro MexgyHa-
pofHoro cTaHgapTa Haxogutcs B GegeparnibHOM MHPOPMaLMOHHOM (hOHAE TEXHUYECKUX PETTIaMEHTOB U CTaH4apToB.

il pnMmeHYyaHne — B HaCTOHLLleVI Ta6J'IVILle ncnonb3oBaHo criegyroulee ycrioBHoe 0603HaYeHne CcTeneHn cooT-

MOD — MoauduLmMpoBaHHbIA CTaH4apT.
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