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HAUMOHANBbHBIN CTAHOAPT POCCUMNCKOWN PEREPALUMN

FocypapcTBeHHas cuctema obecnevyeHMs equHCTBA U3MepPeHui

NOTEHLMAN 3NEKTPOKUHETUYECKUI (A3ETA-MOTEHLMAN)
YACTUU B KONNOWMAHbIX CUCTEMAX

onTuyeckue MeToabl USMEPEHUs

State system for ensuring the traceability of measurements.
The electrokinetic potential (Zeta potential) particles in colloidal systems.
Optical measurement methods

Hara BBegeHua — 2016—06—01

1 O6nacTb NnpUMeHeHus

HacTosiuuit cTangapT pacnpoCTPaHAETCA Ha SIIEKTPOKUHETUYECKUI NOTEHLManN YacTul, B KONMOUAHbIX
cucTemax (danee— A3eTta-noteHuUMan) U ycTaHaBnMBaeT ONTUYECKME METOALI €r0 U3MEPEHUS.

2 HopMaTtuBHbI€ CCbINKN

B HacTosiLeM cTaHaapTe UCMONb30BaHbl HOPMATUBHBIE CCbIMKM Ha Creaylowmue CTaHaapThbl;

FOCT P 8.774-2011 FocyaapcTBeHHasa cuctema obecneveHns eauHCTBa M3MEPEHUi. JucnepcHoli Co-
CTaB XMakux cpea. OnpegeneHne pasMepoB YacTuL No AMHAMUYECKOMY PAaCCeAHUIO CBETA

MOCT P NCO 14644-1-2002 Yuctble nMOMELLEHUS U CBSA3AHHbIE C HUMU KOHTPONUpyemble cpeabl.
Yactb 1. Knaccudumkaymsa YucToTel BO3gyxa

MpumeyaHue —pu Nonb30BaHUM HACTOALLMM CTaHAAPTOM LienecooBpasHo NPOBEPUTL ASHCTBME CCHINOUHBIX
CTaH4apToB B WH(OPMaLMOHHOI cucTeMe O6LLEero Monb3oBaHWA - Ha oduuManbHOM caiite defeparnbHOro areHTcTea
MO TEXHUYECKOMY PerynupoBaHuio U METPONoruu B CeT IHTEPHET UNK No eXerofHo W3aaBaeMoMy MHOPMALMOHHOMY
ykasaTento «HaluWoHanbHble CTaHAapThI», KOTOPbI OMyGNMKOBaH NO COCTOSIHMIO Ha 1 SHBaps TEKyLLero rofa, v rno Bhiry-
cKaM exeMecs4HO M3faBaeMoro MHOPMaLMOHHOrO ykasaTens «HauuoHanbHble CTaHgapTL» 3a TekyLuii roa. Ecnu sa-
MEHEH CChINOYHbIN CTaHAapT (4OKYMEHT), Ha KOTOPbLIN AaHa HeaaTUpOBaHHas ccbifika, TO PEKOMEHAYETCS UCTMONb3oBaTh
AeliCTBYIOLLYIO BEPCUIO STOrO CTaHAapTa (4OKYMeHTa) C Y4ETOM BCeX BHECEHHBIX B AaHHYH BEPCUIO U3MeHeHwil. Ecnn
3aMeHeH CChINOYHbIN CTaHAapT (LOKYMEHT), Ha KOTOpLIN AaHa AaTUpOBaHHas! CCbifka, TO PEKOMEHAYETCS MCMOSb30oBaTh
BEPCUIO 3TOro CTaHAapTa (AOKYMeHTa) € ykasaHHLIM Bbille roA0M yTBepXAeHUsi (NpUHATUA). Ecnu nocne yTBepxaeHus
HaCTOALLEro cTaHapTa B CChINOYHbIA JOKYMEHT, Ha KOTOpPLIN faHa AaTUpoBaHHan CCbiflka, BHECEHO U3MeHeHUe, 3aTpa-
rMBatolLiee MoroXeHue, Ha KOTOpoe AaHa Cebifika, TO 3TO NOMOXKEHUE PEKOMEHAYETCA NPUMEHATL 6e3 yueTa AaHHOMo n3-
MEeHeHUsA. Ecni cobiNoYHbIi cTaHaapT (BOKYMEHT) OTMeHeH 6e3 3aMeHsbl, TO NoroXeHWe, B KOTOPOM jaHa Cehirika Ha Hero,
peKOMEHAYETCSA MPUMEHSITL B HacTW, He 3aTparuBatoLLeil 3Ty CChIKY.

3 TepMuHbI U onpeaeneHna

B HacTosiLLeM cTaHaapTe NPUMEHeHbl cneayioLwme TePMUHbLI C COOTBETCTBYIOLUMMMN ONpeaeneHUsMU:

3.1 OpoyHOBCKOE ABWKeHue: CriyyaiiHble ABmKeHUs (OnyxaaHus) 4acTul, B3BELUEHHbIX B XXUAKOCTH,
noa AelcTBUeM yaapoB MONEKYM, y4aCTBYIOLLMX B TENSOBOM ABUKEHUM.

3.2 pBOMHON 3nekTpuyeckuit cnom; [3C: Cnoi UoHOB, 0DPa3yIOLMXCA HA NOBEPXHOCTU 4acTull B
pesynerare aacopouuy MOHOB U3 KOMOMAHOIO pacTeopa.

3.3 mapametp Oeb6as: BennuuHa, obpatHasa achcekTuBHoON (aebaesckon) Tonwmue O3C.

3.4 NOBEPXHOCTHBLIN NOTeHLMar: PasHOCTb 3NeKTPUYECKMX NOTEHLMANOB MeXAy NOBEPXHOCTbLIO KOI-
NOWAHOW YacCTuLbl U OCHOBHLIM 0ObEMOM >XUAKOCTU.

3.5 noBepxHOCTb CKOMbXeHuA: Boobpaxxaemas noBepxHOCTbL BONU3M rpaHuLbl pasgena Mexay Kor-
NOUAHON YacTULERN W XUAKOCTbIO, IA4e CTAHOBUTCA 3aMETHLIM ABWXEHUE (CKONbXEHUE) UAKOCTU OTHOCK-
TEeNbHO 3TOW rpaHuLbl.

M3paHue ocpuumnanoHoe
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3.6 caswr flonnepa (aonnnepoBCkUil cABUr): MameHeHne YacToTbl U hasbl BONH (asa — 310 4a-
CTOTa, YMHOXEHHAsA Ha BpeMs), perucTpupyemMbiX NPUEMHUKOM, BbI3BAHHOE ABMKEHMEM UX UCTOMHUKA U/MNK
ABwxeHueM npuémHuka.

3.7 aneKTPOKMHETUYECKUI NOTeHUuan (AseTa-noreHuman):. PasHOCTb MeXay 3neKTpU4eckumMmn no-
TeHUManamm Ha NOBEPXHOCTU CKOMbXEHUS U B OCHOBHOM OBbeMe XXNAKOCTH.

3.8 anekTpoocmoc: [IBumxeHue XXMaAKOCTN BAONb 3apPsDKEHHON NOBEPXHOCTU, HaNpuMep, B kanunnapax
UM NOPUCTLIX MEMOpaHax, Noa AeiCTBMEM BHELLHETO SNeKTPUYECKOro nons.

3.9 anexTpodopeTnyeckans NOABUKHOCTL: DNeKTPOOPETUIECKANA CKOPOCTb, NPUXOAALLANACA Ha eau-
HULY HaNPSXKEHHOCTU ANEKTPUYECKOro nons. AnekrpodopeTuyeckas NoOABMKHOCTb NOMNOXUTENbHANA, ecnu
yacTuubl ABMKYTCA B HanpasneHun Gonee HU3KOro moteHumana (K oTpuuaTtenibHOMY anekTpoay); oTpuua-
TENLHas — €CNK B NPOTUBOMOSNIOXHOM HANPAaBNEHUN; BLIPAKAETCS B M2/B-C.

3.10 anekTpodopeTnyeckan CKopocTb: CKOPOCTb ABWXEHUA 4acTUL B XMAKOCTU Noa AEUCTBUEM
BHELLHEro 3NEeKTPU4EeCKOro nons.

3.11 anekTpodopes: [iBuxkeHUe 3apsdKEHHbIX KOMMONAHbBIX HaCTUL B XXMAKOCTU NOA AEVICTBUEM BHELL-
HEro 3NeKTPUYECKOro NonA.

3.12 anekTpodpoperpamma: 3aBUCUMOCTb OT BPEMEHU UHTEHCUMBHOCTU CBETA, PACCEAHHOr0 AMUC-
NEepPCHbIMK YacTMLAMK B XUAKOCTU U ABMXKYLLMMUCS NOA AENCTBUEM SNEKTPUYECKOr0o NONSA, NPUNOXKEHHOrO
K fuenke.

3.13 acpdpekTuBHan (ne6aesckan) TonwmHa [A3C: XapakrepHasa TONWMHA ABONHOIO SNEKTPUHECKOTO
CNnos B pacTBOpe 3NEKTPONUTA, T.€. paCCTOSIHUE OT NOBEPXHOCTU 3aPSHKEHHOMN YacTUUbl, NPU KOTOPOM NOTEH-
uman ymeHbLuaercs B e (e=2,71) pas.

4 CywHOCTb MeToAa N3MEepeHun

4.1 BBogHaa vyacTtb

[l3eTa-noTeHUman — OCHOBHONM nokasaTtenk CTabUNbHOCTM KOMMOWAHBLIX CUCTEM B XXMAKUX cpeaax.
Yactuybl B KONMMOMAHON CUCTEME Y4acTBYKT B OPOYHOBCKOM (XaOTMHMECKOM) ABMXKEHMM, a MNPUNOXEHUE
3MEeKTPUYECKOro MNons BbI3bIBAET MX HamnpasneHHbIM apend. Ha noBepxHocTu yactuy (Ha rpaHuue pasgena
4yacTULa — XXMOKOCTb) BO3HUKAET ABOWHOM 3MEKTPUYECKUI Crnoi. Ha noBepxXHOCTU YacTULbl 3aKpenseTcs
Croii MOHOB ONPEeAESIEHHOr0 3HaKa, PaBHOMEPHO pacrnpefeneHHbli Mo NOBEPXHOCTU U CO3AAIOLLMIA HA HER
NOBEPXHOCTHbIN 3apsag (noTeHuuanonpegenstowmne noHbl). K sTomy Croto u3 XXMakon cpeabl NPUTArMBalOTCA
WOHbI NPOTUBOMNOMOXHOIO 3HaKa (NMPOTUBOMUOHbI).

Crnoi NpoTUBOMOHOB COCTOMT M3 NIIOTHOrO aacopOLUMOHHOrO CMnosi, MPOYHO CBA3AHHOIO C YacTuuein u
ABWXXYLLIErocA BMECTE C HEN, U ANAY3HOro Cnos, KOTOPbI CBA3aH MEHEE NPOYHO U NPU ABMXKEHUW YaCTULbI
OTpbIBAETCS OT Hee. PaHuua Mexagy aacopOuMOHHBIM U AU EY3HBIM CMOSIMU Ha3bIBAETCA MOBEPXHOCTbIO
CKOMNBXEHUS.

SnekTpuYeckmnii NOTEHUMAn, BO3HUKAIOLWKUIA Ha NOBEPXHOCTU CKOMBbXEHUSA 3a CHET B3aUMOAENCTBUA Ya-
CTUUbI U OMCNEPCHOW CpeAbl, Ha3bIBAETCA 3NEKTPOKMHETUYECKUM unn A3eTta-noTeHuuanom ({-noteHuuan).
OneKTPOKMHETMYECKUI NOTEHLMan — nokasarens cTabuneHOCTU KONMOMAHOro pacteopa. Yem Gonblue Ase-
Ta-noTeHuman, TeEM ycToiymBee KonnongHas cucrema. 3HadyeHune gseta-noteHymana, pasHoe £30 mB, — xa-
pakTepHoe 3HayeHue AN YCNOBHOIO pasgeneHus HU3Ko-3apsXeHHbIX NOBEPXHOCTEN U BbICOKO-3aPSXKEHHbIX
NOBEPXHOCTEN.

Onsa namepenus gseta-noteHumana KonnouaHbIX YacTul, B XKMAKMX cpeaax OnTUYecKuMyu MeTogamMm uc-
NoNb3ylT SBNEHUE 3MeKTPOodoTPesa, T.e. HaNPaBMNEHHOrO ABWXEHUS 3APSHKEHHbIX YacTuL, B3BELUEHHLIX B
KUAKOCTH, NOA AEWCTBUEM SNEKTPUHECKOro nons. Mpu 3TOM CyLLECTBYIOT ABa pa3nuyHbIx nogxoaa [1]:

- METOZ MUKPOJNeKTpodhopesa, 3akmnodatoLLmMiics B HabMoaeHun 3a anekTPodOTPETUYECKUM ABUNKEHU-
€M YacTuL Yepes MUKPOCKon;

- METo4 SneKTpoOpeTUHECKOro pacCeMBaHMA CBETA, OCHOBaHHbLIN HA M3MEpPEeHWUU AONMNMEepPOBCKUX
CABMIOB YacTOTbl UMK dhasbl M3NyYeHUsl, PACCEAHHOTO UCCNeAYEMbIMU KONMOUAHBIMU YacTULIAMU NPU UX ABU-
>KEHWM BO BHELLHEM 3MEKTPUYECKOM Morne.

B o6ounx MeToaax B3BECh YaCTUL| MOMELLSIOT B UBMEPUTENbHYIO SiYEliKy, B KOTOPO UMEETCS napa anek-
Tpoz#oB (CM. pucyHok 1) [1]. ST anekTpoabl MOTyT BbITb pacnonoxeHsl NMMBO Ha KOHUAX LMIIMHAPUYECKOTOo
UM NPAMOYTOSIbHOMO Kanumnsapa, nubo ObiTb BINOMHEHHLIMU B BUAE CMELMANbHOW BCTABKU, B KOTOPOW OHU
HaxoaATCA Ha OUKCUPOBAHHOM PACCTOAHMK APYr OT ApYyra U NOrPyXalTcs B CTaHAAPTHYHO KIOBETY UMW APYron
cocya.

2
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a- 061acTb U3MEPEHUsI CKOPOCTM YacTuL,; d - PaccTosiHie Mexay 3/eKTpofaMm
PucyHok 1- MpuHuunuansHas cxema anektpogopesa

Ha anekTpogpl nojalT U3BECTHOE MOCTOSIHHOE HampshkeHue. B pesynbtate anekTpodhopesa vacTulbl,
HaxoasLmecs: B KOJINIOUAHOI cMCTEME U Hecyluye oTpuuaTebHbli 3apsa, NPUTArMBalOTCS K 3/1eKTpoAam npo-
TUBOMOJIOXHOIO 3Haka, U HAa0GoPOT. Kpome TOro, eC/in CTEHKU Kanuinsipa 3apsikeHbl, UMEeT MECTO 3/1EKTPO-
0CMOC, T.e. TEUEHWE XUAKOCTY BAOMb CTEHOK Kanunsipa. HanpasneHue v CKOPOCTb YacTuL, 3aBUCAT OT 3HaKa
1 3HAUYeHUs nX 3apsga. PesynbTupylowas CKopocTb YacTul, B CUCTEME OTCYETA, CBA3AHHON C U3MEPUTE bHON
AYeiikoii, ABNAETCS CyMMOI CKOpPOCTel 31eKTPOdhopeTUUYEecKoro ABMXKEHUS YacTul, W 3/1IEKTPOOCMOTNYECKO-
o TeYeHUs XUAKocTu. Mpu 3TOM BpeMsi, HeO6GXoAMMOe uYacTuuaM ANa LOCTUXEHWS PaBHOBECHON CKopocTu
3N1eKTPOOPETMUECKOTO ABMKEHUS NOC/E MPUIOKEHNS SNEKTPUUECKOTO MOJs, 3HAUNTE/IbHO MeHblle BpemMe-
HI, HEOBXOAMMOTO XUAKOCTH A5 YCTaHOBNEHWS PABHOBECHOMO 3/1EKTPOCOMOTUYECKOTO NOTOKA. JTO pasnu-
ume KCMosb3yHT B HEKOTOPbIX peannsayusx Metoga M3MepeHuii.

M3MepsoT Kak CKOPOCTb ABWXEHUSI YacTul, B CUCTEME OTCYeTa, CBSI3aHHON C siYeikoid, Tak 1 Hanpas-
JIEHME 3TOTO ABWMKEHUs YacTuL. MOCKOSIbKY HanpshkeHue, NMPUIOXEHHOE K 3/1EKTPOAAM, W PAcCTOSHUE MEXaY
HUMW U3BECTHbI, HA OCHOBAaHUW YCTAHOBJ/IEHHbIX TEOPWiA, MOXET 6biTb ONMpefeneHa 3nekTpoopeTnyeckas
NOABUXHOCTb, MO KOTOPOI 3aTeM BbIUMCAAIOT A3eTa-NoTeHuMan.

4.2 CyuwHoOCTb MeToAa MUKpoanekTpodgopesa

CyLHOCTb AaHHOTo MeTofa W3MepeHus A3eTa-noteHuuana Ko/ouAHbIX CUCTEM 3ak/i4vaeTca B W3-
MepeHUN CKOPOCTW ABMKEHMS YaCTUL, ABWXYLUMXCA BAO/b OKYNSPHOW CETKM MUKPOCKOMNA, C Moc/eAyoLmm
pacyeToM 371eKTPOIOPETUYHECKOI NOABMXHOCTY YacTul, 1 A3eTa-noTeHumnana.

Ha un3mepuTenbHylo sueliky € KO/TOMAHbIM PacTBOPOM MOJAlT fla3epHoe W3fyyeHne, a ABUKEeHue
YyacTuy, BAO/Mb OKYNSIPHOM CeTKM MMKpOcKona o6ecneumBatoT 3a CUET NMPUIOXKEHHOTO K SUelike HamnpshxkeHus.
WN3nyyeHne, nonasLllee Ha f4eiiky, paccemBaeTcsl YacTULaMU, HaXo4sAWMMIUCA B KOJITOMAHON cucTeme. B pe-
3y/fbTare pacceumBaHUs BO3MOXHO HabnofaTb OCBELLEHHble YacTUlbl C MOMOLLbI0 MUKPOCKONA Ha CBET/I0M
WM Ha TEMHOM MOJie, Takke BO3MOXHO HabnogeHne Ha 060MX MOMSAX, B 3aBUCMMOCTU OT KOHCTPYKLUWM aHa-
nu3atopa fAseTa-noteHuynana. Mpu HabAwAEHNN B CBET/IOM MOMe AOCTATOYHbIA KOHTPACT MOXeT 6biTb 0be-
cneyeH TOMbKO ANA YacTuy pasmepamu 6onee 200 HM, B TEMHOM Mofie MOJlyYeHWe yAOBAETBOPUTENLHOIO
KOHTpacTa BO3MOXHO A/ yYacTuy pasmepamu 6onee 20 HM. Pernctpauyus TpaekTopuu ABWKEHUS 4vacTul,
N pacyeT CKOPOCTU WX ABWXEHWUS OCYLLECTBAAT C MOMOLLbI0 BbICOKOUYYBCTBMTE/IbHOTO PEerncTpayyoHHOro
ycTpoiicTBa (BUAeo- nnv hoTokamepbl) C UCMOMb30BaHNEM CMeLManbHOIrO NPOrpaMMHOro o6ecneyeHuns B aB-
TOMaTM4YecKoM pexunmve.

MpuHUMNManbHas cxema Takoro aHanusatopa A3eTa-noTeHuunana npeacrasneHa Ha pucyHke 2 [1).

1- UCTOYHMK M3nyyYeHus (nasep); 2 - u3MepuTenbHas siueiika; 3 - 06bEKTUB MUKPOCKONa; 4 - BbICOKOUYYBCTBUTE/IbHAA BUAEO- WK
hoToKkamepa
PucyHok 2 - Cxema aHanusartopa f3eTa-noTeHuyuana, oOCHOBaHHasA Ha MUKPOCKOMUYECKOM MmeTofe
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[aHHbIM METOJ0M BO3MOXHO U3MEPATE 3HAYEHME A3ETa-NOTEHUMANA KONMMOUAHON CUCTEMbI AN HaCTULY
anametpom ot 10 HMm A0 50 MKM.

4.3 CywHOCTb MeToAa 3NeKTpoPOpeTUYeCcKoro pacCeaHuAa ceeta

AnekTpogopeTnyeckoe paccesHue cseta (OPPC) — 3TO0  KOCBEHHbI METoA  M3MepeHus
3MeKTPOPOPETUHECKOW NOABUNKHOCTU YaCTUL MO JONNSEPOBCKOMY CABUIY YacTOTbl UNK ¢hasbl paCCessHHOTO
UMK nsnydenus. Mpu namepeHnax merogom 3PPC Ha YaCTULbl, B3BELLEHHBIE B XMAKOCTM U HAXOASILMECS B
3MEKTPUYECKOM Mone, HanpaBnAT nasepHoe nanyyeHue. Nog AecTBMEM AMEKTPUYECKOTO NONS 3apsiXKEeHHbIE
yacTuubl ABWXYTCA NMBO K karoay, nmbo k aHoay, B 3aBUCUMOCTM OT 3HaKa CBOETO 3MeKTPU4eCcKoro 3apsaaa.
Bcneacrene 9Toro ABMXEHMA YacToTa U ha3a M3nyydeHus, pacCessHHOro YacTtuuamu, NpeTepneBaloT CABMWI,
obycnosneHHbln adhdpekTom Jonnepa. Mo pacnpeaeneHnd YacTOTHLIX CABUIOB MOXET ObiTb BbIMUCNEHO
pacnpeaeneHve anekTpopopeTuyeckux MNOABUXHOCTEN 4YacTuy. Ons npenoTBpalieHus HexenatenbHbIX
3PPEKTOB — 3JMEKTPONMTUYECKOrO OTNOXEHUS BELLUECTBA Ha SNEeKTPoAaax U CKONMEHMA 4acTuu, B OAHON
CTOPOHE KIOBETbI MONSPHOCTb NPUMOXEHHOTO INEKTPUYECKOrO NOSS NePUoANYEecKn MEHAIOT, T.e. peanuayior
UMNYINbLCHO-NEPUOANYECKNI peXxuM. PopMa UMMYILCOB MOXET ObITb MPAMOYFONbHOM WU CUHYCOUAANLHOW, a
yacToTa Ux CnegoBaHua U aMnNNUTyAa 3aBUCAT OT TMNA AYelikn U cnocoba o6pabotku curvana [1].

M3mepeHua metogom SPPC uenecoobpasHO NpoBOAUTbL NPWM ManbiX yrnax paccesHusa (ot 12° go
30°), 4ToObl MMHUMU3MPOBATL CNEKTPanbLHOE YLUMPEeHWe nasepHbIX NUHUIA BeneacTeue addpekta donnepa.
Haubonee oTpaboTaHHbLIMU ABNSATCS CXeMbl C ONMOPHBIM MYYKOM, ONMUCAHHBIE HUXKE.

CBETOBOI NY4YOK OT MAa3epHOro MCTOMHMKA U3BECTHOW ANMUHbI BOMHbI AENAT HA ABA Ny4Ka, OAMH U3 KO-
TOPbIX UCMOMb3YIOT B KAYECTBE ONOPHOTO, a APYroi HaNpPaBnsAOT HA KIOBETY C YacTuuamu Ans BO30yXaeHus
paccesiHus. ONOpPHBbIN MYy4OK MOXET NGO NPOXOAMTL Yepes KIOBETY € Yacturamm, nubo natn Mumo Hee. My4qok
U3MNy4YeHus, PaCCEAHHOTO ABUXKYLLUMMU YaCTULLIAMM, U OMOPHLIA MYy4YOK COBMELLIAIOT CUCTEMON 3epKan Ha CBe-
TOYYBCTBUTENbLHOM Mrowaake hoTonpueMHMKa U MHTEPepupyIoT, B pesynsrare Takon uHTepdepeHLmumn Bo3-
HuKalT bueHusi. Ecnu HanpaeneHue najaloLLero Ha KIOBETY Na3epHOro U3nyyeHusi COBNagaeT ¢ HanpaBneHu-
€M MPUSIOKEHHOTO 3MEKTPUYECKOro Mo, TO AONMEPOBCKUIA CABUI YacTOTbl CBETa Af CBSI3aH CO CKOPOCTbLIO
ApendoBoro ABMXEHUS YacTUL, v COOTHOLLEHUEM

2vn sin(gj
N; =T2’ ()
rae N — nokasarenb NpenoMNeHns XXUAKOCTU, B KOTOPOM B3BELLEHbI YACTULIbI; § — yron paccesHus;

A — ANKHA BOMLI NA3EPHOrO U3IyYEHUS B BaKyyMe.

B kauyectBe hoTONPUEMHMKA UCMOMbL3YIOT NUG0 (DOTOINEKTPOHHBINM YMHOXUTENb, NMUOO NaBWUHHLIN
¢otoaunoa.

Mepea nonagaHnem Ha POTONPUEMHUK ONOPHbLIA NYYOK NPOXOAUT Yepes MOAYNATOP, KOTOPbIA CABUTaeT
€r0 4YacToTy Ha HECKONbLKO COTEH repL, OTHOCUTENBHO YaCcTOThbl Na3epHOro nsny4eHus. 3To No3BonseT onpeae-
nATb 3HAK AONNIIEPOBCKOr0 CABUIa U U3MEPSITb €10 3HAYEHUS, Marble No abCONIOTHON BENMUYMHE.

MpumMep onTUUYecKON CXeMbI C OMOPHBLIM NMy4YKOM NpuBeAeH Ha pucyHke 3 [1]. B kauecTtBe moaynaTopa
aTa cxema ucnonb3ayet konebniowleecs 3epkano 1. Mocne moaynATopa Ny4oK NPOX0AUT Yepe3 ocnabutens 2.
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1- mopgynATop; 2 - aTTeHaTop (ocnabutenb); 3 - UCTOYHUK U3MTyueHns (nasep); 4 - n3MepuTesbHasa saveiika ¢ anekTpogamu (koBeta
c obpasuom); 5- npeameTHbIi yy; 6 - genuTenb U3NyYeHnst; 7- OMNOPHbI Nyd; 8- paccesHHoe u3nyyeHue; 9 - npoueccop; 10 -
(hOTONPUEMHUK CO CBETOUYBCTBUTE/LHON MIOLAAKONM
PucyHok 3 - Cxema aHanuv3atopa g3eTa-noteHunana

B coOTBETCTBMM C A@HHBIM METOLOM BO3MOXHO M3MEepATb 3HauyeHue A3eTa-noTeHuuana KoaiougHoin
cucTeMbl 4s1s yactuy ¢ gnameTtpom ot 3,8 HM o 100 MKwm.

4.4 BbI60Op U3MEPUTE/IbHON SYelkn

4.4.1 VamepuTenbHasa Aveiika, NpMMeHsieMas B aHanmM3aTtope A3eTa-noTeHuuana, BbINOSHSAET cnegyto-
LUMe OCHOBHble (DYHKUWW:

- YOEPXMBAET 3afaHHblii 06BEM n3MepsieMoro obpasua B 06/1acTM BO3AENCTBMS CBETOBOIO M3/yYeHUS;

- obecneunBaeT NPUNOXEHNE K N3MepsieMOMy 0b6pasLy 3a4aHHOro HanpshKeHus;

- obecneunBaeT nogadvy nagawLero n cbop paccesHHOro M3nyvyeHus.

4.4.2 KOHCTPYKTMBHO M3MepuTeNbHaa f4veiika MOXET ObiTb BbINOSIHEHA MO0 B BUAE YHUBEPCASIbHOW
KanunnspHol KoBeTbl CO BCTPOEHHbIMU 3NeKTpogaMmn (CM. pUCYHOK 4), nMbo B BUAE KIOBETbI, B KOTOPYI NO-
MeLLatoTCA 31EKTPOAbI NOrPYXXHOro Tuna (CM. pucyHok 5) [1].

PaccTtosHve mexay 3nekTpogaMy MOXET COCTaBNATb OT OAHOro A0 HECKO/IbKUX MWUAINMETPOB ANA
3/1EKTPOA0B NOTPYXKHOro TMNa, N HECKOSIbKO CAaHTUMETPOB 418 KanuaisapHON KioBeTbl [2].

PucyHok 4 - KanunnsapHasa kiooseta PucyHok 5 - KioBeTa € 3/1ekTpogaMu NorpyxHoro tuna

4.4.3 MpuknagbiBaeMoe K n3MepsieMoMy o6pasuy a/eKTpuyeckoe nose B Mecte U3MepeHust [O/MKHO
6bITb CTA6U/bHLIM, OJHOPOAHLIM U NEPNEeHAVKYNSPHLIM K NagatoLemMy usnydeHuto [1].

[nsi ob6ecneyeHns aToro TpeboBaHUsi MOrPYXHbIE 3/1EKTPOAbI A0/MKHbI BbITh PACMOMKEHbI 6IM3KO APYT K
Apyry (Ha paccTtosiHuM nopsigka 2 -4 M), 160 B c/lyyae KanunssipHbIX KIOBET CO BCTPOEHHLIMU 3/1EKTPOAaMM
3NEKTPUYECKOE NOMEe A0MKHO BbiTh NPOCTPAHCTBEHHONO OrpaHNYeHo B MEcTe U3MepeHus.
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4.4.4 B xone npoeeAeHUs USMEPEHUN B SiYENKEe BO3MOXHO MPOTEKaAHME CReAyoLmMX NPoLeccoB, KOTO-
pble MOTYT BMUATb HA Ka4eCcTBe Mony4aeMbiX pe3ynbratoB, 8 UMEHHO:

- Harpes n3Mepsiemoro obpasua;

- NPOLECChI SNEKTPONMN3a;

- 3NEeKTPOOCMOC;

- nongapusaums aneKTpoaoB.

[ns ycTpaHeHusi 3TUX NPOLECccoB He0BXo0aAnMMO cobnioaarb peKOMEHAaLMUN U3roTOBUTENEN Mo BbIGOpY
KIOBET U MaTepuarny anekTpoAoB, COOTBETCTBYIOLLMX U3MeEpsieMoMy 0bpasLy.

4.4.5 IOCTOMHCTBA M HEAOCTATKU U3MEPUTESNbHBLIX AYEEK B 3aBUCUMOCTU OT UX TMNA NPUBEEHLI B Ta-
onuue 1 [2].

Tabnuuya 1—/JoCTOMHCTBA U HEZOCTATKN U3MEPUTENBHBIX AYEEK B 3aBUCUMOCTM OT WX TUNA

KanunnsapHas kioseTa KioBeTa ¢ norpyxHbIMU aneKTpoaamMu
Bo3MOXHOCTb paboTbl B LUMPOKOM LUHAMUHECKOM OrpaHWYeHHbli AuanasoH NpuUKNagbLIBaeMoro K usmMe-

AvanasoHe MpuUKknagbiBaeMoro K U3MepuTeneHol sueiike | pUTENLHOMN AYeiike HaNPAXeHUs
HarnpshkeHns

Bo3MOXHOCTb M3MepsTb 06pasLbl C CUITBHOR aNeKTpo- OrpaHunyeHns nNo aneKTponpoBogHoOcTH obpasya
NnpoBOAHOCTLIO

Belcokoe paspelleHune M3-3a MeHbLUEro HarpeBa 06- PaspelueHune 1 BoCnpou3sBogMMOCTb pe3ynbsTaToB M3-
pasua MEepPEeHUN 3aBUCAT OT TEMOBOIN KOHBEKLUN

LLinpokuin yrnoBow AuanasoH paccesHUs W WUPUHBLI OrpaHnYeHHbIR Anana3oH Yrnoe paccesHua WU Wupu-
pacceuBatoLLero odbbemMa Hbl paccenBatowjero obbema

[ns cBefeHUa K MUHUMYMY BRIMSHUA 3ddekTa anek- OteyTeTBUE 3ghdheKTa anekTpoocMoca

TPoOoCMoca U3MEPEHUS JOMKHO GbiTb BLINOMNHEHO CTPOro B
CTaLWOHapHOM Croe XWLKOCTU

Bhicokasi YyBCTBUTENBHOCTL ANA 06pa3sLoB ¢ HU3KOM BO3MOXHOCTb MHOTOPa30BOro UCMOMNb30BaHUA
ANEKTPOHOPETUYECKOA NOABUKHOCTLIO
OrpaHu4eHme No Temneparype naMepsieMoro obpasia B cnyyae ucnonb3oBaHUA KIOBETHl W3 KBapLeEBOMo
cTekna orpaHuyeHuii no Temnepatype o6pasya HeT
BO3MOXHOCTb MEPEeKPECTHOrO 3arpsi3HEHWst KIOBETh KioBeTa u ucronbayemele anekTpoabl TpebytoT oumncT-

mcenegyembiMu o6pa3anV| UCKNKoHeHa B clydae OAHO-| KU Mexay U3MepeHUAMU
pa3oBoro UCnonNb3oBaHUA

4.4.6 PekomeHaauum no BbiI6Opy U3mMepuUTENbHONM KIOBETHI, @ TaKKe NPUKNaAbIBAEMOro K HEW Hanpshke-
HUS1 B 3aBMCMMOCTHM OT Tuna obpasua u ero anekTponpoBOAHOCTM NPUBEAEHbI B NpUIoxeHuu A [3].

5 Metogbl 06paboTKN pe3ynsratoB U3MEPEeHUN

5.1 OnpegeneHune aINekTPogopeTUYeCcKon CKOPOCTU N INEKTPOPOPEeTUIECKOn NOABUXKHOCTH Ya-
cTuy

Bo3moxHbI Ba ankTepHaTUBHLIX cnoco6a onpeaeneHus anekTpoopeTUMECKOi CKOPOCTU U 3NEKTPO-
hopeTUIECKoii NOABMXHOCTU YaCTUL, @ UMEHHO C NMOMOLLIbIO YAaCTOTHOTO UK ()a30BOro aHanNu3a Nony4YaemMo-
ro ¢ cbotonpueMHuka curHana. Oba atux cnocoba MCNonbL3yloT OAMHAKOBYIO ONTUYECKYIO Cxemy npubopa, HO
otnuyaiorcsa pabortoit MogynsTopa, aMnAUTYAHLIMA U BPEMEHHLIMU NapaMeTpaMu NpMNaraemMoro anekTpuye-
CKOro norsi, a TaKke anroputmamu o6paboTku curHana.

5.1.1 YacTOTHbII aHanNu3

Mpu pabote npubopa B pexumMe 4aCcTOTHOIO aHanusa MoaynaTop obecnevmsaer caBur 4acToTbl ONOp-
HOTO My4Ka Ha NOCTOSIHHYIO BENUYUHY Af, K anekTpoaam npuknaabiBaioT pasHOCTL NOTEHUUANOB, 3aBUCALLYIO
OT TUNA AAYENKU U PACCTOSIHUS MEXAY SNEKTPOAaMU, NONAPHOCTb NPUMOXEHHOTO NOMA MEHAETCA C 4acTOTOW
B HECKONbKO repiy.

Mo n3aMepeHHON 3aBUCUMOCTU MHTEHCUBHOCTU 3NEKTPOOPETUHECKOrO paccesHUa ot Bpemenu /(t) no
cneunarnbHbIM anropuTMaM BblYUCAAIOT AONNNEPOBCKUIA CABUT 4acTOTbI NA3€PHOro n3ny4eHun Aw. 3Tu anro-
pPUTMbl OCHOBaHbI NIMG0 Ha BLIMUCNEHUN U NOCNEAYIOLLEM aHANM3e aBTOKOPPENAUMOHHON (PYHKLIUKN SNEKTPO-
doperpaMmmbl, NMbBO HA NpUMEHEHUU K HEN Npeobpa3oBaHua Pypoe.

6
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OneKTPOGOPETMYECKYIO NOABUKHOCTL YaCTUL, | B PEXMME YaCTOTHOTO aHan1aa onpeaensioT no opmyne

B Aok,
H ™ 4znE sin(er2)sin[(672)+¢ |’ @

rae Ao — AONNEePOBCKUIN CABMT;

Lo — ATNMHA BOMHbI TA3EPHOTO U3MYYEHNA B BaKyyMme;

N — nokasarernb NpenomMIeHus cpeabl;

E — Hanpsi>KeHHOCTb 3MeKTPUYECKOro Mons;

6 — yron mMexzay nagaroLmM Ha KIOBETY U PacCesiHHbIM CBETOM;

{— yron mexzay paccesiHHbIM CBETOM M HanpaeneHnem anekTpuyeckoro nons [1].

YacToTHbI aHanu3 no3BongeT onpeaensaTb Kak cpeaHue 3HadeHus A3eTa noTeHumana, Tak u ero pac-
npeaeneHue. OH MOXET ObITb UCMONbL30BaH AN U3MEPEHMs AOMNNEPOBCKUX CABUIOB, NpeBbiwatowmx 1 M'y. B
cry4yasix ecnv AonnepoBckue casurn meHee 1 ', Cnonb3yoT asoBbIi aHanua.

5.1.2 ®a3oBbIl aHanu3

Jonnneposckue CABUIM CYLLECTBEHHO MeHee 1 'L perucTpupyioT Nnpu M3MepeHUn ManbiX 3Ha4YeHUmn
3NeKTPOPOPETUHECKON MOABWKHOCTU. Takme 3Ha4YeHUss UMEKOT MECTO NPW U3MEPEHUSAX B HEMONAPHbLIX pac-
TBOPUTENSX, @ TAKKE pacTBOPaXx C BLICOKON SMEKTPONPOBOAHOCTLIO, KOrAa, BO usbexaHue Harpeea obpasua,
HeobXx0aMMO NPUKNaaLIBaTh K A4Yelike cnaboe anekTpuyeckoe none.

Ans usmepeHnsa marnbix 4OMNNEPOBCKMX CABUIOB BMECTO YACTOTHOMO MCMONb3YIOT (hasosbivt aHanu3 [1]. Me-
TOL, OCHOBaH Ha M3MEPEHWN PasHOCTU a3 MexAy ONOPHLIM U NPEAMETHBIM My4KaMKu Ag, BO3HUKAIOLLEH 3a CHET
3NeKTPoOPETUYECKOrO ABMKEHNS YacTUL,. STO NO3BOMAET ONPEAENsATb O4EHb Marible 3Ha4YEeHNS1 CKOPOCTU YacTuL,
n anekTpocopeTndeckoit noaswkHocTH. Metog PALS nossonsieT onpeaensatb 4acTtoTHble casuru ot 0,002 Mu.

Ecnu Bce YyacTuLibl BHOCAT OANHAKOBbLIN BKNAaJ B UHTEHCMBHOCTb 3MEKTPOOPETUHECKOrO PACCEsHUSA, TO
pa3HOCTb ha3s cBsizaHa C ANEKTPONOPETUYECKON NOABUXKHOCTBIO L COOTHOLLEHUEM

Aqo(t):w(a-lzfo)-w

+(a- %) ®)

rae t — Bpems;
g — BOJTHOBOW BEKTOP PaCCEAHHOro U3ydueHus, onpeaensieMblii no opmyne

4n-n~sin[g) 4
q- , @

Z

rae N — nokasarenb NpenoMNeHuUst >XMAKOCTU, B KOTOPOW B3BELLEHbI YaCTULbI;

6 — yron paccesiHus;

Ao — ANWUHA BONHbI NA3ePHOTO U3Ny4YeHusi B BaKyyMme;

V, — CKOpPOCTb KONMMEKTUBHOIO ABWXEHWUA YACTULL, HE 3aBMCALLIETO OT MPUSIOXEHHOTO AMEKTPUHECKOTO
norsi, U CBA3aHHOIO, HaNpPUMeEp, C KOHBEKLIMEN.

dopmyna (3) cnpaseanuea, €Crm HaNPSHXKEHHOCTb NEKTPUYECKOro NONA, NPUNOXEHHOIO K A4elike, uMe-
€T CMHYCOMAArbHYIO 3aBUCUMOCTb OT BPEMEHU, ONUCLIBAEMYIO (DYHKLIMEN

E(t)=E,sin(w-t). (5)

®a3oByio pyHKLMIO A@(f) OonpeaensioT No BbIXOAHOMY curHany (oTonpuemHuka nmbo ¢ NOMOLLBIO LiMd-
poBoro ha3oBoro getekropa nMOo NPOrpaMMHbIM MyTeM. INEKTPoOPETUHECKYIO NOABUXXHOCTb BLIMUCHISIOT MO
¢a3oBoi (PyHKLMKM C NOMOLLBIO (DopMynbI, aHanormyHoun copmyne (3). Metoa ¢a3oBoro aHanusa nossonsieT
BbIMMCIATL TOMBKO CPeHUE 3HaYeHUs A3EeTa NoTeHumana u He No3BornsieT oNpeaensTb ero pacnpeaeneHue.

5.2 PacyeTt a3erta- noteHuuana

[3eTa-noteHuman { BLIMUCIIAIOT MO ONpeAeneHHbIM COrmacHo 5.1 3Ha4YeHusaAM no copmyrne

_ 3umn,
6= 2f (ka)e,” ©

rae: K — 3HayeHue anekTpoopeTUIEecKkon NoABMWKHOCTY no topmyne (2) unu (3) [1];
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£, — aBCOMIOTHAN ANINEKTPUUECKAs NPOHULIAEMOCTb CPeAbI, onpeaensiemas no dopmyne (7)
£,=¢ 8 )

rae: € — OTHOCUTENbHAA ANINEKTPUYECKAS MPOHULIAEMOCTb Cpeabl;

€0 — 9NEeKTPUIeCcKkas nocTosiHHas, B cucreme CU gy= 8,85:10-12 Kn2/(H-m2);

Mo — BA3KOCTL Cpeabl;

f(ka) — cbyHkums eHpy;

Kk — TonwmHa ABOMHOIO CROS;

a — paguyc cdrepuyeckon YacTuLbl.

®yHKUUA MeHpU yunThIBAET MONPABKY HA TOPMOXEHMNE YaCTULbl NOTOKOM NPOTUBOUOHOB (3nekTpodope-
TUYECKOE TOPMOXKEHUE).

Yauwe Bcero ans f(ka) ncnonb3yior OAHO U3 ABYX NPUONMKEHWIA:

- npubnuxeHue CMONyxoBCKOro: npu ka >> 1, T.e. TonwmHe A3C, Manoii No CpaBHEHUIO C paauycoM
yactuupl, f — 1,5. 310 NnpubnkeHne cnpaseanuBo, HaNpUMep, Ans Yactuy pasmepom Gonee 200 HM, B3Be-
LUEHHbIX B BOAE.

- npubnwkenue Mokkens: npu ka << 1, 1.e. TonwmHe J3C, CyLeCTBEHHO NPEBbLILIAIOLLEN PagnyC 4acTu-
upl, f— 1,0. 3TO NpUbNMKEHNE cCnpaBeanuBO ANSA YacTUL, B3BELLEHHbIX B CUIbHbIX 3NEKTPONMTaXx, Hanpumep,
B OpraHNYeCcKux pacTBopuTensx.

6 YcnoBus npoBeaeHNA U3MEepeHnn

Mpu nposeaeHun usMmepeHuii cobnioaaloT cneayioLiMe yCnoBusa OKpyXKatoLlei cpeabl, €Cnu B PyKoBOA-
CTBax Mo 3KCnnyarauum NpMMEHSEMbIX CPEACTB M3MEPEHUI HE yKasaHbl bonee ecTkue yCnoBus:

- TemnepaTtypa okpyxatouien cpeabl (20+£10) °C;

- BNaXHocTb o1 30% A0 80%;

- nasneHue ot 84 go 106 klMa;

- HanpskeHue nutatowei cetn 230 (+6/-10)%;

- B 30He pa3MeLleHMs aHanusatopa A3eTa-noTeHumana AorkHbl OTCYTCTBOBaTb MexaHuyeckue Bubpa-
uum yactotamm o 30 'y u amnnutyaoi subponepemelleruii 6onee 0,75 mMm;

- NOMELLEHNEe, B KOTOPOM SKCMNyaTupytoT Nnpubop, AO0MKHO MMETL KNAacc YMCTOThI HE HWXKe 8 cornacHo
FOCT UCO 14644-1;

- He J0MNyCKaeTcs NpsAmMoe nonagaHue Ha aHanu3aTop COMHEYHbIX NyYen.

7 TpeboBaHusa 6e3onacHOCTU

7.1 NsMepeHua ¢ NOMOLLLIO aHanu3aTopa A3eTa-noteHumana AOrKHbI BbINOMHATL Nuua, npolueawume
MHCTPYKTaX N0 TEXHWKE 6E30NacHOCTU M AONYLLEHHbIE K paboTe C aNeKTPOTEXHMYECKUMU U3AENUsIMU Hanps-
»>xeHunem go 1000 B, umetowme keanuuKkauuOHHYO rpynny no anektpo6esonacHoctu He Huwke llI, a Takke
MPOLUEALLNE NHCTPYKTAX NO TEXHUKE 6E30NacHOCTW Npu paboTe C NasepHbIM U3NyUYeHneM.

7.2 MNpwn BbINONHEHUN U3MeEpPeHUit cobntogatoT TpeboBaHus 6e30MaCHOCTH, yKasaHHbIe B SKCMnyaTauu-
OHHOW JJOKYMEHTaLUMM Ha aHanu3aTop AseTa-noreHuyuana.

7.3 MNpu paboTte ¢ aHanM3aTopom A3eTa-noTeHumana, B KOTOpOM peanusoBaH MeToa anekTpodopeTuye-
CKOro paccesHus cBeTa, Heobx0aMMO UCKIIOYUTL MonajaHue B rnasa nNpsiMOro UMM OTPaXXEHHOTO NasepHoro
Nn3ny4vyeHusa.

7.4 Mpu paboTe ¢ XMMUYECKUMM BeLlecTBaMn HeobxoaMMo pyKOBOACTBOBATLCA [4].

8 Nopsanok NoaroToBKU K NpoBeAeHUIO NU3MepPEHNN

8.1 Tpe6boBaHusA Kk o6pasLy

8.1.1 CopepxxaHue yactuy B obpasue KonnomaHoro pacteopa AOMKHO GbiTb AOCTATOMHbBIM AN
X aHanusa c NOMOLYbIO aHanusaTopa AseTa-noreHyuana. PekomeHzauuy no onTUManbHbIM YPOBHAM
KOHLIEHTPALUWiA B KONNOUAHOW CUCTEME YaCTUL, B 3aBUCMMOCTM OT UX Pa3MepPOB, NPUBEAEHLI B NpUNo-
xeHnm b [3].

8.1.2 Kputepuem OLEHKM MUHUMANbLHOTO COAEKaHNUA YacTuy, B o6pasue uccnegyemoro KonnouaHoro
pacTBopa SIBNAETCH:;

8
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- UHTEHCUBHOCTb paccesHus 00pasuoM AomkHa OblTb HE MeHee YyeM B 10 pas BbllLE UHTEHCUBHOCTU
paccesiHua AucnepcuoHHON cpeabl;

- KONMMYECTBO YacTuL B pacceunsatoLiem ob6beme AosmkHo 6biTb oT 500 4o 1000. fonyckaercs oueHUBaThb
konu4yectBo yactuy N B pacceusaioiem oobeme V no opmyne

N=6C\V/zd, ®

rae Coy— 06bemHan Aona yactuy B 0Gpasue KonnouaHoro pacTeopa;

V - pacceuatowmit 06bem aHanu3aropa pasmepa 4acTul;

d — cpegHun pasmep 4actuy B cootBercTeuu ¢ FOCT P 8.774.

8.1.3 XKugkas aucnepcuoHHas cpeaa aomkHa obnaaars creaylowmumMm XapakTepucTukamm:

- He pacTBOpSITb Marepuan U He U3MEHATbL pa3mepsl U OpMy YacTUL, B KONNOMAHOW CUCTEME;

- nokasarenb NPENOMIEHNA HE AOIDKEH OTNMYATLCA OT Noka3satensi NpernommeHnst 4acTul, HaxoasALWMX-
cA B UccneayeMoM KonnounaHom pacreope, 6onee yem Ha 0,05;

- MoKasaTenu BA3KOCTU, AUINMEKTPUYECKOW NPOHMLIAEMOCTU, NPENOMIIEHUst Cpeabl AOIMKHbI ObiTb U3-
BECTHbI C NOTPELLHOCTLIO B Npeaenax 0,5 %;

- ObITb YKUCTON (6€3 NOCTOPOHHUX HaCTHULY).

8.1.4 MNepea Ha4anom n3MepeHUn Aseta-noTeHuuana cneayer NpoBecTu ocMoTp obpasua, obpawan
BHUMaHWe Ha oceaaHue Yactuy n obpasosaHne ocagka. Ecnu 3a npegnonaraemoe BpeMs M3MepeHUi Ha-
6niopaeTca 3ameTHOe ocefaHue 4acTul, M3MepeHue NPOBOAUTL HE PEKOMEHAYETCS, Tak KaK ero pesynsrarbl
OyayT HeaOCTOBEPHbLIMU, 0COGEHHO B Criyyae nonmanucnepcHoro o6pasua, nockonbKy B NEPBYIO o4Yepeab Npo-
usoniget ocegaHue 6onee KpPynHbIX YacTul.

8.1.5 Pasbaenenune uccneayemoro obpasya HexenarenbHo, Tak kak fioboe usMeHeHne XMMHU4YECKoro
UMM MOHHOTO COCTaBa B KOMMOWAHOM CUCTEME BIIUSIET HA PABHOBECUE MeXAY WOHAMM, aAcopbUpOBaHHLIMU
Ha NOBEPXHOCTW YacTUUbl U HaXOAALMMUCA B XMAKOCTH, BCNEACTBME ITOrO0 3HAYEHME A3eTa-noTeHumana
MOXET U3MEHUTLCS.

B cny4vasx, koraa pasbaerneHne ucxogaHoro oopasua Heo6xoauMo, a UMEHHO ecnu obpasel O4YeHb MyT-
HbI, BbICOKOKOHLEHTPUPOBAHHBIA W PACCEAHHOE U3NYYEHUE HE NPOXOAUT CKBO3b M3MEPUTENLHYIO AYENKY,
BO3MOXHO pa3baBreHne ucxogHoro obpasa MeToioM paBHOBECHOTO pa3baBneHus, T.e. XMAKOCTbIO, UAEHTUY-
HOW NO CBOEMY XMMMYECKOMY COCTaBY XXMAKOW cpeae uccnegyemoro obpasua [2].

YKuakoctb, ncnonb3dyemasi ans pazéaBneHust, Moxet 6biTb NONy4YeHa AByMA cnocobamu:

- CYMEepPHaTaHT — U3 UCXOAHOro obpasla ¢ UCMONMb30BAHUEM METOAOB OCAKAEHUS MU LeHTpUdyrmpo-
BaHuA. [aHHblii METOA NOAXOAUT AN KOMMOUAHBIX CUCTEM C YacTuliamm TBepaoi ¢asbl 60nbLUMX pa3MepPOB
1 BbICOKOW NMOTHOCTMU.

- ANA YacTul, Manoro pasmepa, a Takke pasnuyHbix GUoONornyecknx cuctem (HaHo- U BMOKONOUA0B)
UCNonb3yeTca MeToq auanusa. B Takom metoge ncnons3yemsie AnanuaHele MEMOpaHbI IBMAIOTCA NPOHULae-
MbIMU A1 MOHOB U MOSEKYI, HO HE ANs YacTul, TBeEpAoh dasbl.

B no6omM M3 BbllLenepevncneHHbiX criydaeB pasbaBneHns HeoBXoAMMO KOHTPONMMPOBATb 3HAYEHUE
YPOBHS BOAOPOAHOro nokasatens (pH) ucxoaHoii u pasdaBneHHO KONMOUAHbLIX CUCTEM, TaK Kak N3MEHeHUe
YPOBHSA pH BNMSAET Ha BENUYKMHY A3eTa-noTeHyuana.

8.2 3anonHeHue KIoBeTbl

8.2.1 Npu 3anonHeHnn KIOBEThI creayeT PYKOBOACTBOBATLCA CrieayoWUMN peKOMEHAaLUAMM:

- ANsi UBMEPEHUSA CrieayeT UCMONb30BaTh TOMbKO YUCTbIE KIOBETLI;

- Ha 9NeKTPoAax U3MEepPUTENbLHON SYElKM AOJHKHbI OTCYTCTBOBATL Criefbl KOPPO3UU U NMOAFOPAHUS KOH-
TaKTOB;

- KIOBETY C LIENbI0 €€ 0YMCTKU AOMYCKAETCA ONoackMBarb (DOHOBLIM PACTBOPOM; ECIU 3TO pPa3peLLEHO
UPMOI — U3FOTOBUTENEM aHanu3arTopa A3eta-noteHumana;

- Matepuarn, U3 KOTOpOro M3roTOBNEHA KIOBETA, HE AOMKEH BCTyNaTk BO B3aMMOAEWCTBUE C AUCTEPCHOW
Ccpeaon uccneayemMoii KonmnomaHom CUCTEMbI;

- BO usbexaHune o6pa3oBaHus Ny3bipbKOB BO3AYXa 3anonHeHue KIOBETbl CreayeT NpOBOAUTL MEANEHHO,
Ans aerasauun 4OMyCKaeTCsa UCMOoNb30BaTh YNbTPa3ByK, OAHAKO, NULLIb B TOM Cryyae, Koraa fonyCcTUMO yrlb-
Tpa3BYKOBOE BO34eNCTBME HA obpasel;

- Marepuarbl, UCNOMNb3yeMble NPy 3arnofIHEHWUN KIOBETbI UCCreayeMbIM 00pa3LOoM, AOMMKHbI UCKMIOYaThb
BO3MOXHOCTb U3MEHEeHUA A3eTa-noTeHuuana. PeKoMeHAyeTcss MCnonbL30BaTb O4HOPA30BbLIE MMACTUKOBLIE
CTaKaH4MK1 U NUNETKKU (LUnpuLpr).
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8.2.2 Mocne 3anonHeHus KIoBETbI Mccrneayembim 00pasLom Heobxoanmo ybeanTbCsi B TOM, YTO:

- ANeKTPOoAbl KIOBETbI MONHOCTbIO MOKPLITLI UCCReAyeMbIM 06pa3LoM, B COOTBETCTBUM C peKOMeHAaums-
MU (PMPMbI — M3TOTOBUTENA aHanu3atopa A3eTta-noteHumana;

- B KIOBETE OTCYTCTBYIOT My3bIPbKU BO3AYXA;

- BHELLHSIA MOBEPXHOCTb KIOBEThI HE 3arpsA3HeHa uccnegyembiM 06pasLom.

8.2.3 ins o6ecneyeHnss KOPPEKTHOTO 3anonHeHnst KIOBEThI uccrneayembiM 06pasLoM B Cry4yasx, He oro-
BOPEHHbIX B HACTOSALLEM CTaHAapTe, He0OX0ANMO PYKOBOACTBOBATLCA MHCTPYKLMEN NO SKCNSyaTauumn aHanu-
3atopa AseTa-noTeHymnana, Ha KOTOpOM NMPOBOAAT U3MEPEHHUE.

9 Mopsiaok NnpoBeAeHUA U3MEpPEeHUi

Mepen nsMepeHnsamu C NOMOLLBIO aHanu3arTopa A3eTa-noTeHuuana BeINONHAIOT cneaylowue one-
pauuu:

a) BKIOYAT aHanu3atop Ansi nporpesa u crabunusaumu paboTbl UCTOYHUKA NA3ePHON0 U3My4eHUs He
MeHee yem Ha 30 MUH.

0) pasmeLLaloT UCMbITYEMbI 06pas3seL, B U3MEPUTENbHON AYEKe U CTabunusnpyior TennoBoe paBHO-
Becue mexay obpasuoM n U3MepUTENbHON syerikon. KonebaHusi paBHOBECHON TEMMEPATypPbl JOIKHbI ObITb
B npegenax +1 °C. HeotxoaumocCTb NogaepkaHus NOCTOSTHHON TeMnepaTypbl U KOHTPONsl ee 3HavyeHust 00-
YCIoOBfeHa TemMnepaTypHOn 3aBUCUMOCTLIO BSA3KOCTU pacTBOpa, BXOAALLEN B pacyeTHylo dopmyny (6) ana
AseTa-noreHumana;

B) BBOAAT B KOMMNLIOTEPHYIO MPOrpaMmy AaHHble, HE0OX0AUMbIE ANS NPOBEAEHUSI UBMEPEHMIA:

- 0603Ha4eHmne uccnegyemoro obpasua;

- ANUTENBLHOCTL U3MEPEHUS;

- Temneparypy U3MepeHus, nokasaternb npenomneHmsa n KoadduUUMeHT AMHAMUYECKON BA3KOCTU UC-
nbITyemMoro obpasua;

- OATVHY BOMNHbI NA3€PHOIO0 M3MYYEHWA W yria paccesHus, €Cnu 9T NapameTpbl BbIOMpaioTces;

r) NPOBOAAT USMEPEHUA B PYYHOM UNU aBTOMATUHECKOM PEXMME COrnacHo PyKOBOACTBY MO dKcnnyara-
LUK aHanm3aTopa KOHKPETHOro TMna;

[1) oOpabaTbIBalOT NONYYEHHbIE AaHHbIE (BLIMMCNAIOT CPEAHEE 3HA4YEeHNE A3eTa-NoTeHumana, ctaHaapr-
HOE OTKIIOHEHWE U pacnpeaeneHune YacTuy no 3Ha4YEeHUsIM A3eTa-noTeHuuana).

10 OcpopmneHue pe3ynsTaToB U3MEepeHUn

10.1 OT4eT 00 U3MEepEeHUsIX AOMMKEH BKIOYaTb B cebs pe3ynsTaThl U3MEPEHUN CpeaHero 3HaYeHus
[A3eTa-noTeHumana KonmnouaHon CUCTEMbI U €r0 CTAHAAPTHOE OTKMOHEHMWE, a Takke cneayowyo MHgop-
Mauuio:

- WAeHTUMUKALMOHHbIE SNEMEHTLI aHanm3aropa A3eTa-noreHyuana, BKSlO4as HauMEeHOBaHWE U3roTo-
BUTENS, MOAENb U CEPUIHBIA HOMED;

- pacnpeaeneHue sHa4deHui A3eTa-noTeHuuana, B Cry4yae ecnm OHU BblYMCANUCH;

- 9NEeKTPONPOBOAHOCTL 06pa3ya;

- 3HaYeHne ANEKTPOHOPETUHECKON NOABUKHOCTH;

- TemnepaTypHble YCNOBUA NPOBEAEHNS N3MEPEHUN;

- HaumeHoBaHue obpasLa;

- AaTy U BpeEMS NPOBEAEHUA N3MEPEHUN;

- MECTO NPOBEAEHUA U3MEPEHUI, hamunuio, MHULManeLI oneparopa.

10.2 PekoMeHAYeTCs yKasblBaTb CReAYIOLLYI0 MHOpMaLuuio:

- napaMeTpbl KONMOMAHOM CUCTEMbI: TUM YaCTUL, pacTBOpPa, TUM AUCNEPCUOHHON CPeabl, KOHLEHTPaLUIO
yacTtuy B pacteope, KOpMUUNEHT AUHAMUYECKOW BASKOCTU U AUITIEKTPUYECKME CBOMCTBA AUCNEPCUOHHON
cpeabl, ypoBeHb pH, coctae crabunmaaropa KONouAHOW CUCTEMbI, MOKa3aTernb NPeroMneHusi, BA3KOCTb, Ha-
NPSXEHHOCTb MPUMOXKEHHOTO 3NEKTPUYECKOrO NOns;

- YyCnoBus NpurotosneHusi o6pasua (B T.4. napaMeTpbl ynbTPa3ByKOBOTO BO3AENCTBUS).

10
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11 KoHTpoOnb KayecTBa pe3ynbLTaToB U3MEepPEeHUN

11.1 Tpe6oBaHUA k o6pa3uamM cpaBHeHUA (CTaHAAPTHLIM oGpasuam).

KoHTponb kauecTBa pe3ynbTatoB U3MEpPEHUIi OCYLLECTBAAIOT NyTEM NPOBEAEHUSA M3MEPEHnin 06pasLoB
cpaBHeHUA (CTaHAAapTHbIX 00Pa3LOB) C M3BECTHLIMW CMPABOYHbLIMK UM YCTAHOBIIEHHbLIMU B pasHbIxX nabopa-
Topusx (He MeHee AByx nabopaTopuii), 3Ha4eHUsAMK A3eTa-noTeHyuana.

K oBpasuam cpaBHeHus1 (CTaHaapTHbIM oBpa3uam) g3erta-noTeHumana npeabsBhsaloT cneayolme Tpe-
6oBaHus:

- 3Ha4YeHue g3eTa-noTeHynana oMmkHoO ObiTb CTAOUIBHO BO BPEMEHMU;

- 3aBUCMMOCTb pacnpeieneHns YyacTul OT 3Ha4YeHus A3eTa-noTeHumana AomkHa MMeTb MOHOMOAarb-
HOe pacnpegeneHue;

- 3HayeHue AseTta-noTeHuumana AomkHo ObiTb He MeHee +30 MB, 4TO 06ecneynBaeT cTabunbHOCTb BO
BPEMEHM KONMOUAHOW CUCTEMbI B LLENOM U 3HaYeHue A3eTa-noTeHumnana B YacTHOCTH;

- AucnepcHas cpeaa KonmnomaHom cuctembl obpasua A40omkHa OblTb HETOKCUYHOW, UHEPTHOW K pasnny-
HbIM BMAaM M3MEPUTENbHON AYERKW, YCTOMYMBOW BO BPEMEHU U K BHELLUHUM BO3AEWCTBUAM,

- aneKkTpoPOPETUYECKAA NOABIDKHOCTb YacTUL B 06pasLe A0mkHA BbITh He MeHee 2-108 M2/(B-c).

Cywyectaylowme 06pasibl ¢ yCTAHOBNEHHbIMY CMPABOYHBIMU 3HAYEHUAMM A3ETa-NOTEHUMana npuseae-
Hbl B NPUMOXEHUN T,

11.2 HopmaTtuBbl KOHTpONS

Mpubop Ans MaMepeHus A3eTa-noteHuuana yaosneTBopsieT TpeGosaHusim [1], ecnu OTHOCUTENbHbIE
3HauyeHust CKO, nonyyeHHble B YCNOBUSAX NOBTOPAEMOCTH ANA CTaHAApPTHOro obpasua (o6pasua cpaBHEHUS),
He npeBbiwatoT 10 %, a B yCOBUSIX MPOMEXYTOUHOI NPELM3NOHHOCTU — He npeBbIwaT 15 %.

Mpu KOHTPONE NPaBUNbHOCTW PE3yNETaTOB aHanu3a CPaBHUBAIOT aTTECTOBAHHOE 3HAYeHUe Aseta-no-
TeHumana unu anexkTpodopeTUHECKOR NOABUKHOCTU C COOTBETCTBYIOLLMMMU CPEAHUMMN 3HAYEHNAMK, NOSYYEH-
HbIMM B CEpUW Tpex napannenbHbix U3MepeHuii. Pesynbratbl CHUTalOT COOTBETCTBYIOWUMU TpeGoBaHusam [1],
ecnu npu ykasaHHOM CpaBHEHUU pacxoxaeHue He npesbiwaet 10 %.

12 KoHTponb cpeacTB UsMepeHumn

Bce cpeactea uamepeHuin, peanu3yioLime MeTo M3MEpPEHUs, YCTAHOBIEHHbIW B HACTOALLEM CTaHaapTe
U NpUMEHsieMble B chepax pacnpoCTpaHeHUs rocyaapCTBEHHOIO perynupoBaHns obecneyeHun eauHcTea us-
MepeHUit, 40MKHbI ObiTb BHECEHbI B rOCYZ1aPCTBEHHbINM PEECTp CPeACTB U3MEPEHUN N UMETb CBUAETENLCTBA
0 noBepke.

MoBepky u kanuBGpOBKY aHANM3aTOPOB A3€Ta-NOTEHUMana, peanu3ylolmx METoA, NPUBEAEHHLIN B Ha-
CTOALLEM CTaHAAPTE, OCYLLUECTBAAT C UCMONb30BAHMEM ATTECTOBAHHbIX CTAHAAPTHLIX 06pa3L0B B COOTBET-
CTBMM C aTTECTOBAHHOW METOAUKOW NOBEPKMU.

1"
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MpunoxeHue A
(cnpaBoyuHoe)

PekoMenaaLmmn no BbIGOPY M3mMepUTENIbHOM KIOBETbI M NPUKIAAbIBAEMOrO K Hell HanpshKeHus! B
3aBMCUMOCTH OT TMNA 06pa3La U ero 3NeKTPONPOBOAHOCTH

Tabnuya A1 —Pekomengalum no selibopy N3smepuTensHoi KoBETHI

Tun o6pasLa Tun McnonbayeMon KioBeTbl OnekTponpoBOgHOCTb MpuknageiBaeMoe Hanpsxexve, B
<5 mClem 150
BoaHbln KanunnapHasa koseTa >5 mC/cm 50
>30 mC/cM 10
y KioBeTa ¢ Norpy>HsIMU <10 mC/em 5
BopHebli
anekTpogamu >10 mC/cM 3
He BogHbIit KioBeTa ¢ NorpyXHbIMu - 40
aneKTpoaamu
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Mpunoxexue b
(cnpaBouHoe)

PekomeHAaLMu nNo ONTUManbHbLIM YPOBHAM KOHLEHTPALUUM B KONMIIOMAHOW CUCTEME YacTul B
3aBMCUMOCTU OT UX pasmepoB

Tab6nuya b.1 - PekoMeHgayuu No oNnTUManbHLIM YPOBHSIM KOHLIEHTpaLUUiA B KONOUAHON CUCTEME YacTuL, B 3aBUCU-
MOCTM OT WX pasmepa

MuHumaneHas
Pasmep vactuy pPekoMeHaoBaHHaA MakcumanbHad pekomeHaoBaHHaA KOHUeHTpauna
KOHUeHTauma
MakcuManbHas KoHLeHTaums Yactuy B obpasue orpaHudeHo
<10 HM 0,5 ripm3 TONbKO B3aMMOAENUCTBUEM YacTUL, MeXAY COBGOMN, CKNOHHOCTBLIO NX
K arperayuu, reneeobpa3oBaHuio U T.4.
5 %macc. (Npu YCnoBUK, YTO NNOTHOCTb KONMOUAHON CUCTEMBI
OT 10 A0 100 HM 0,1 mr/am3 3 (npuy ' A
1 r/em?)
OT 100 HM Ao 1 MkM | 0,01 r/am3 (103 %mace.) 1 %Macc. (Npu ycrnoBuK, 4TO NNOTHOCTL KONMOWAHOW CUCTEMBI
1 r/em3)
>1 MKM 0,1 r/am3 (102 %macc.) 1 %macc. (Npyu YCNOBUK, YTO NAOTHOCTL KONMNONAHOMN CUCTEMBI
1 r/emd)

13
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Mpunoxexue B
(cnpaBouHoe)

B03MOXHbIe MCTOMHUKN OWINGOK NPU NPOBEeAECHUUN U3MEPEHUI

Tabnunya B.1— Bo3MOXHble UCTOYHUKN OLUMGOK NpU NPOBEAEHUN U3MEPEHUNIA

NCTOUHUK OWINGKN

MNpuynHa

Owwmbkm, cBA3aHHLIE C UccneayeMbIM o6pas-
LoM

Mpoueccel arperaulum U cejuMeHTaLnumn B KONNONAHOA cucTeMe.
HepocTtaTouHas KOHUEHTpaUUsa YacTul B MECTE U3MEPEHNS

3arpsisHeHne uccneayemoro obpasua npe-
Ablaywmm o6pasyom

HepocTaTouHast 04MCTKa NOBEPXHOCTU MHOTOPa3oBOM KIOBETHI U MOrpyX-
HbIX 3NEKTPOAOB, B Cryyae ecu Npeabiaywmin obpasey umeeT Gosee Bbl-
COKYI0 KOHLIEHTpaLMIo YacTul, YeM Tekywmin obpasel

Mpoueaypa npoGonoarotToBku Mccneayemo-
ro obpasua

M3MeHeHWe 3HayeHus1 A3eTa-noTeHunana B pe3ynsraTte HEeKOppeKTHOro
pa3baBneHus ncxoaHoro obpasua, a Takke B3aUMOASUCTBUA Uccneaye-
Mmoro obpa3sua c MaTepuanamu U3MEPUTENBLHOI A4elikn U BcnoMoraTenb-
Horo o6opyaoBaHus

Owunbku, cBAzaHHbIE C AUCNEPCHONW CPenoit

JvcnepcHas cpefa Henpo3padHa U NOMMOLWAET CBETOBOE U3fyYeHWe Ha
ANWHe BOIHbI Nasepa,

Bbicokas BA3KOCTb AUcnepcHon cpeabl, Buiwe 10 MMa -c.

Beicokas neTyyecTb AUCNEPCHOI cpefbl NpU YCTAHOBNEHHOW oneparo-
pPOM TemnepaType U3MepeHUs

Mnoxas crabunusauyus Temneparypbl Usme-
peHus

HekoppekTHO BBe[leHO BpeMs, Heobxogumoe Ansa TepmocTabunusaumu
uccrieayemoro obpasua.
OLwwunbku, cesizaHHble ¢ paboToi TepMocTaTa

3arpssHeHne onTUYeCcKUX NoBEepXHOCTEN on-
TUYECKON CUCTEMBI

3arpssHsiloLLMe YacTuULbl, OTNeYaTKu NanbLeB UM LaparnuHbl Ha onTuye-
CKWX NOBEPXHOCTSIX

HekoppeKTHbI BBOA LaHHBIX OrepaTopoM

HenpaBunbHbIi BBOZ ONepaTopoM napameTpos, HEOBX0AUMBIX AMS MPo-
BedeHUs M3MEpeHWi, Takux Kak BSA3KOCTb, MokasaTeflb NpenommeHus,
TeMnepatypa

KoHgeHcaT Ha MOBepXHOCTAX OMNTUYeCcKon
CUCTEMBI

B cry4asx NpoBegeHUs U3MEPEHUIA Npu TeMMepaType HUXe KOMHATHON
BO3MOXHO 0Bpa3oBaHMe KOHAeHcaTa Ha MoBepXHOCTSX ONTUYECKOW CU-
CTeMbl, Yepes KOTOPOe MPOXOZUT CBETOBOE U3MNyYeHHe.

PekoMeHAYeTcs Nepen NpoBefeHneM N3MepeHnii MpoBOSUTL O4UCTKY On-
TUYECKUX NOBEPXHOCTEN CYyXMM BO3LYXOM WU @30TOM

My3bIpbKK BO3ayXa Ha NOBEPXHOCTU N3MepK-
TENbHOW KIOBETHI

O6pa3oBaHue My3bIpLKOB BO3AyXa Ha MOBEPXHOCTU U3MEPUTENLHON Kio-
BETbl BBUAY HEKOPPEKTHOrO 3arnornHeHust KoBeThl UMK Ux obpasoBaHnu B
XOfje NPOBEAEHUS N3MepeHUit

OWwubkK, cBA3aHHbIE C UCNONL3YEMOR U3Me-
PUTENBHON SAYERKON

HenpaBunbHbIA TUN UCMOMNB3YEMON KIOBETHI, NOBPEXAeHUe ee NoBEPXHO-
CTU, NOBpeXJeHNe U3MepUTENbHbIX ANEeKTPOo40B
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Mpunoxenue I'
(cnpaBoyHoe)

CywecTByrouMe cCTaHgapTHble o6pasubl (00pas3ubl cpaBHEHMA) A3eTa-NoTeHuMana u
anekTpogopeTUYECKO NOABMKHOCTH

1 CtaHaapTHbI 06pasel NonoXuTenbHol anekTpodopetuyeckoi nogsmxkHoctn SRM NIST 1980 (CLUA).

2 CraHpapTHbIn 0bpasey chepuyecknx HaHOYaCTUL AMOKCuAA KpemMHus B BOAHOM pactBope ERM-
FD100 (EBpONEnCKnit NHCTUTYT CTaHAaPTHbIX 06Pa3LoB).

3 O6pasel cpaBHeHust DTS 1235 Ha oCHOBe BOAHOrO pacTBopa YacTul, NONUCTUPONIBLHOIO NaTekca,
npeanaraemble oupmon Malvern (ZP= -42+4,2 mB).

Buonuorpadcuna

[11 NCO 13099:2-2012 Cuctembl KonnouaHele. MeToabl onpegeneHuns A3eTa-notTeHumnana. Yacre 2. Ontude-
(ISO 13099:2:2012) ckue metogbl (Colloidal systems — Methods for zeta-potential determination — Part 2:
Optical methods)
[2] Xu R.L. Particle Characterization: Light Scattering Methods (Kluwer,2002) (ISBN 0-792-36300-0)
[3] Zetasizer Nano User Manual. MAN 0317, Issue 3.1, July, 2007
[4] NOT P M-004-97 MexoTpacneBble npasuna no oxpaHe Tpyaa npu UCNOMb30BAHMU XUMUYECKUX Be-
LecTB (yTBepaeHbl noctaHosneHnem Muntpyaa Poccumn ot 17.09.97 Ne 44)
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