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Mpepgucnosune

Llenn, oCHOBHblE MPWHLWMNLI 1 OCHOBHOW MOPAAOK NpoBefeHuss paboT Mo MeXrocyAapCTBEHHOW CTaH-
naptusaumm yctaHosneHsl FOCT 1.0 — 2015 «MexrocygapcTBeHHas cucteMa craHgaptusaunm. OCHOBHble
nonoxexus» n NOCT 1.2 — 2015 «MexrocygapcTBeHHas cuctema craHgaptusauuun. CtaHgapTbl MEXrocy-

AapCTBEHHbIE, NpaBuia N pekomeHgaunn no Me)KFO(Iy,D,apCTBeHHOVI cTaHgapTtusaunn. MNpasuna pa3pa60TKV|,
npuHATUA, O0GHOBNEHNS N OTMEHbI»

CBefeHusi 0 cTaHgapTe

1 PA3SPABOTAH ®epaepasnbHbIM rocylapCTBEHHbIM YHUTApHBLIM NpeanpusaTueM «Bcepoccuiickuii Hay4Ho-
nccnepoBaTenbCkuii MHCTUTYT PU3NKO-TEXHNYECKMX W pagnoTEXHNYECKMX nsmepennii» (Pryr «BHUNOTPU»)

2 BHECEH ®epgepanbHbiM areHTCTBOM MO TEXHUYECKOMY perysiupoBaHuio U MeTpoIornm

3 MPUHAT MexrocysapcTBEHHbIM COBETOM NO CTaHAapTusauuu, MeTposiorum u ceptudmkaunm
TOKON OT 29 AHBaps 2016 r. N9 84-[1)
3a NpuHATHME NPOrosIoCoBasIN:
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5 B HacTosiem cTaHfapTe yyTeHbl OCHOBHblE HOpPMAaTVBHblE MOSIOXKEHUS MeXAYHapoAHOro cTaH-
paprta ISO 13099-1:2012 «KonnouAHble cuctembl. MeTtoAbl onpefeneHvs faseta-noteHumana. Yactb 1.
DnekTpoakycTuyeckne 1 anekTpoknHetTnyeckme metodbl» («Colloidal systems — Methods for zeta-potential
determination — Part 1: Electroacoustic and electrokinetic phenomena», NEQ)

6 BBEAEH BINEPBbIE

MNHopmaums 06 UWBHEHUSX K HACTOSAWEMY CTaHAapTy Ny6auKyeTcsi B eXerofHoM MHdopmauu-
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NeHre M TeKCTbl pa3MelalnTca Takke B MH(OPMALMOHHOM cucteme o6Lero noib3oBaHMa — Ha odu-
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BesepeHune

[3eTa-noTeHuynan — napameTp, KOTOPbIA MOXeT MCNONb30BaTbCA ANA OMpefenieHuss [OAroCpOYHON
CTabWIbHOCTU CYCMEH3U N IMYNbCUI U N3YYEHUSs MOBEPXHOCTHOW MOpPA010rumn 1 aacopbLmmn Ha yacTuuyax u
ApYrux NOBEPXHOCTSIX B KOHTaKTe C XUAKOCTbI0. [l3eTa-noTeHumnan He ABNSAETCA HENOCPeACTBEHHO n3Mepse-
MO BEIMYNHOI. Ero MOXHO onpefennTb, UCMOMb3ys COOTBETCTBYIOLME TEOPETUYECKNE MOAENN, U3 IKCTepH-
MEHTa/IbHO OnpejenieHHbIX NapaMeTpoB, TakMX Kak anekTpodopeTnyeckas NoABMKHOCTb. Llenb HacTosLwero
CcTaHAapTa COCTOUT B ONUCaHWUMN 3NEKTPOKMHETUYECKUX METOA0B M3MEePeHNs 31eKTPodhopeTnYeckon NoaBuX-
HOCTMW 1 BblUYMC/IEHWS Ha 3TOI OCHOBE A3eTa-noTeHunana.
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M E X T OCUY A APCTUBETHH®bB W CTAHAOAPT

FocypgapcTBeHHas cuctema obecneyeHns eUHCTBA U3MepPeHNi
METOAbl ONPEJENEHNA A3ETA-NMOTEHUNANA
Yactb 1
ONNEKTPOKMHETUYECKME METO/AbI

State system for ensuring the uniformity of measurements.
Methods for zeta-potential determination. Part 1. Electrokjnetic methods

[Oata BBegeHus — 2017—03—01

1 O6nacTb NnpUMeHeHNs

HacTosAwwii ctaHaapT pacnpocTpaHseTcsa Ha 3/1eKTPOKMHeTUYeckne MeToapl onpeaeneHns A3eTa-no-
TeHUMana B reTeporeHHbIX cucTeMax, Takunx Kak AncnepcHble CUCTEMbI, IMYbCKM, MOPUCTbIE TeNa C XUAKO
[MCNepCcUOoHHO cpepoii.

MeTog peanusyeTtcsi B pa3baBneHHbIX UK B KOHLEHTPUPOBAHHbIX FeTePOreHHbIX CUCTeMaXx.

dopma YacTuL, UIn reomMeTpus Nop MoXeT 6bITb to6ast. BaxHbIM napameTpoM A8 KOJIMYECTBEHHO-
ro onucaHusa pesynbTaTa SBNSIETCS COOTHOLLEHME pajauyca KpPUBWU3HbI MOBEPXHOCTU M Ae6aeBCKOWN A/UHbI
3KpaHupoBaHusi. XXUAKOCTb ANCNEPCUOHHOI cpefbl MOXET GblTb Kak BOAHOW, Tak M HEBOAHOW, C pasnny-
HbIMW 3HAYEHUAMMW 3NEKTPUYECKOW NPOBOAUMOCTH, ANINEKTPUYECKON NMPOHULAEMOCTH, Pa3/IMYHbIM XUMU-
Yeckum coctaBoM. MaTepuan yacTul, MOXeT GbiTb Kak MPOBOAALLNM 3EKTPUYECKUA TOK. Tak U HENpPOBO-
AswyM. [1BoliHble ¢nou MOryT 6biTb M30/MPOBAHHLIMU UAU NEPEKPLIBAKLLUMUCA C PA3/IMYHONM TOMLMHOM
nepekpbITUs.

2 TepMuHbI, onpefeseHus n 0603HaYeHus

2.1 TepMuUHbI 1 onpeaeneHns

B HacTosAlem cTaHfapTe NPpUMeHeHbl CriefytoLie TEPMUHbI C COOTBETCTBYIOLWMUMY OnpeaeneHnaMu:

2.1.1 aBoliHOW 3anokTpuyeckuin cnoii, A3C (electric double layer): MpocTpaHcTBEHHOE pacnpegene-
HVe 3/1eKTPUYECKUX 3apsAL0B, KOTOPOe NOABAAETCA Ha U B HENOCPeACTBEHHOM 6/1M30CTN OT NOBEPXHOCTU 06b-
eKTa. Korga OH Haxo4uTCs B KOHTaKTe C XWAKOCTbIO.

2.1.2 npnennxeHune feban-Xwkkensa (Debye-Huckel approximation): Mogens, npegnonarawwas He-
60/bLUME 3/1eKTPUYECKME NOTEHLMasbl B IBOHOM 3/1EKTPUYECKOM Crloe.

2.1.3 anvHa Jebas k 1, Hm (Debye length): XapaktepHas 4nvHa ABOWHOIO 3/1EKTPUYECKOro C/105 B pac-
TBOPE 3neKTponmnTa.

2.1.4 xoadhpuumneHT gudpdysnn D (diffusion coefficient): CpegHekBagpaTyHoe CMeLLeHne YacTulbl
B €VHULLY BPEMEHMW.

2.1.5 yncno AyxumHa Du (Dukhin number): Be3pa3mepHoe 4ncio, KOTOPOe XapakTepusyeT Bkiag no-
BEPXHOCTHOW NPOBOAMMOCTU B 3/IEKTPOKMHETUYECKUX U 3/1EKTPOaKYCTUYECKUX ABMEHUSX, a Takke B NPOBO-
OVMOCTb M AN3NEKTPUYECKYI0 MPOHULLAEMOCTb reTeporeHHbIX CUCTEM.

2.1.6 auHamnyeckasa BA3KoCTb A. Mal/c (dynamic viscosity). COOTHOLWEHWE MeXAY NPUNIOXEHHbIM Ha-
NPsHKEHNEM CABWra N CKOPOCTbIO CABUTA XUAKOCTU.

N3paHue oduynansHoe
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MpumevaHnsa

1 B HACTOSILLEM CTaHAapTe AUHAMMUYecKas BS3KOCTb UCMO/Ib3yeTCsi B KAYECTBE Mepbl COMPOTUBIEHUS XUAKOCTH,
LedOpMMPOBAHHON HaNpsHKeHUeM caBura.

2 AuHamuyeckasn BA3KOCTb onpefensieT AHaMUYeckne CBOWCTBA HECXKMMAEMON HbIOTOHOBCKOW XUAKOCTU.

2.1.7 NnOBOPXHOCTHasA NNOTHOCTb 3/ieKTpuyeckoro 3apsaga o. K/m2 (electric surface charge density):
3apsag Ha rpanuue pasgena cpef Ha eAvHULy niowagmn 3a cuet cneymduryeckoin aacopoLumm NOHOB U3 06b-
eMa XUAKOCTM WK 3a CYeT Anccoumaumm NoBEPXHOCTHbLIX COeANHEHNIA.

2.1.8 NnoBEpPXHOCTHLIN noTeHunan wl, B (electric surface potential): PasHocTb noTeHumanos Ha no-
BEPXHOCTN 1 B 06BEME XULKOCTU.

2.1.9 3/1eKTPOKMHETUYECKUII NOTEHU AN, A3eTa-noTeHuman, 5-noteHyman, B (electrokinetic potential,
zeta-potential. ~-potential): PasHocTb Mexay anekTpuyeckumy noTeHuuanamm B NAOCKOCTU CKOMbXEHNUA U B
o6beme XNAKOCTU.

2.1.10 mopenb N'yn-YenmeHna-WrepHa (Gouy-Chapman-Stern model): Mogenb, onuckiBatooLas ABONI-
HOI 3/1eKTpUYecKuii cnoi.

2.1.11 n3oanekTpuyeckasa Touka (isoelectric point): YcnoBme coCTOAHMSA XMUAKOW cpefbl, ONucbiBaeMoe
06bI4HO 3HaYeHneM pH. KOTopoe COOTBETCTBYET HY/IEBOMY A3eTa-noTeHumany ANCnepcHbIX YacTul,

2.1.12 nNOCKOCTb CKO/IbXEHUA, NN0CcKoCTb casura (slipping plane). A6cTpakTHasa nNi0CKOCTb B HEMO-
CpefCTBEHHON 6/1M30CTY OT rpaHnLpbl pasgena XnakocTb/TBepAoe Teso, rAe XUAKOCTb HaUMHaeT CKOMb3NUTb N0
OTHOLLUEHWIO K NOBEPXHOCTW NOJ, BO3AENCTBMEM HANPSHXKEHNUs casura.

2.1.13 noteHuman LWTepHa i*d, B (Stern potential): 3nekTpuyeckuii NoTEHUMAN Ha BHELLHEN rpaHuLe
cnos cneundunyeckn aacopbupoBaHHbIX MOHOB.

2.2 O603Ha4YeHusn

B HacTosiLem cTaHgapTe NpMMEHeHb! cnegyowmne o603HavYeHus:

a— pajuyc yacTuupl, M;

C —KOHUEeHTpauua anekTponuTa, Monb/m3.

Cd — emkocTb ABoWiHOrO cnosi, ®;

C — KOHLeHTpaLua NOHOB HIO TUNa, Mosb/M3;

Dt — koaddpuumneHT anddysmm kaTmoHoB. m2c;

Deff— aghhekTMBHbIN KoadhhruneHT ancdysum anektTponuta. m2/c;

Du— yucno fyxuHa,

0. — koahpuumeHT anddy3nn aHNoHOB, M”\C;

B — 3/1eMeHTapHbIli anekTpuyecknii 3apsag. Kn;

F — nocTtoaHHaa dapageq. F - 96485.33 KnyYmorb;

K°® — noBepxHOCTHasA NpoBOAMMOCTb. CMm:

KB — noctosiHHasa bonbumana. Ox/K, kQ= 1.3806488 tO '23 x/K;

KT — npoBogyMocTb fucnepcuoHHol cpegpl. Cm/m;

Kp — npoBoAMMOCTb AUCNepcHOoit yacTuubl. Cm/Mm:

Ks — npoBoAuMOCTb AncnepcHoii cpefbl. Cm/m;

T — napameTp, XapakTepu3yoLnii Bknag 31eKTpoOOCMOTNYECKOro NoToka B NOBEPXHOCTHON NPOBOAM-
MOCTK:

Na — uucno Asoragpo. mosib'l. NA=6,02214129-K023 monb'l,

p — pasneHue. Ma;

9e0 ~ 3/1eKTPOOCMOTMYECKAA CKOPOCTb XUAKOCTU Ha eAVHULY Cuilbl ToKa. M/(C-A);

R — yHuBepcanbHas raszosas noctosiHHasA. Jx/(monb K), R = 8.3144621 Ox/(monb K);

I — pacCTosiHWe OT LeHTpa YacTulbl, M;

Rc — pagnyc Boobpaxaemoit 0607104k BOKPYT 4acTul, paccymTaHHbli Npu YCNOBUW, YTO O6beMHas
[ons TBepAbIX TeN BHYTPY 060/104KN 1 B LUCNEPCHOIN cUCTEME paBHbl, M;

T— abconoTHaa Temneparypa. K;

Uslr — noTeHuman B notoke gnongos. B;

X — paccTosiH/e OT NOBEPXHOCTU YacTul, M;

Zt — Ba/IEHTHOCTN KaTMOHOB W aHNOHOB;

Z,— BaIE€HTHOCTb /-r0 BUAa NOHOB:

0 — ananekTpuyeckas noctosHHasa. ®/m, £0= 8.854187817 -10'12 d/wm;
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€T — OTHOCUTENbHas AManeKTpuyeckas NpoHULLAeMoCTb cpeapl;
( — anekTpokMHeTUYeCKniA noTeHuman, A3eta-noTeHuman. B;
M — AnHamunyeckas BA3KOCTb. [a C;
K — obpaTtHasa anunHa flebasn, m'l
p — anekTpodopeTnyeckas NoABMKHOCTb, M2/(Bc);
PT — nnovnocTs CPEAbl, KI/M3;
PP— nnotnocTs YACTUL, KI/M3;
0 — NOBEPXHOCTHas MIOTHOCTL 3apsaga. Kn/m2;
— MJIOTHOCTb 3/1eKTPUYECKOro 3apsaga aguddysHoro cnos. Kn/m2;
® — o6beMHasA f0NA YacTul;
doyer — kpuTUyeckan obbeMHasa [0Ns yacTu,;

— noteHuuan LWrtepHa, B.
®(x) — anekTpuyecknii noTeHunan B ABOWHOM croe. B.

3 Teopusi: OCHOBHbIE MOMIOXEHUS

[3eTa-noTteHyman siBnseTcA pacyeTHON BENMUYNHON, NONyYaeMoi B pedynbTaTe KONMYecTBEHHON obpa-
60TKN 3KCNEPUMEHTA/IbHbIX faHHbIX B pamMKax U3BECTHbIX TeopeTuyecknx mogeneid. CylwecTsyeT MHOXECTBO
pa3nnyHbIX TEOPWUIA, KOTOpble AENCTBUTENbHbI ANS ONpefAesieHHbIX YC0BUi 1 ANSA onpefeneHHon rpynnbl
peasibHbIX ANCNEPCHbIX cucTeM. Teopun fensaTcs Ha fBe rpynnbl; 31eMeHTapHble ¥ MOANMVLVPOBaHHbIE.

OneMeHTapHble TeOpUUN A1 HEMPOBOAALLMX TBEPAbIX TeN ABAAIOTCA 0OLWUMN AN1A BCEX 3NEKTPOKUHETU-
Yeckux fBNeHni [1]. B HUX paccmatpumBaeTcs TO/IbKO OAUH NapameTp ABONHOro anekTpuyeckoro cnos (43C) —
A3eTa-noTeHunan, onpeAensemblin U3 aKCNepuUMeHTabHbIX AaHHbIX. SNeMeHTapHble TEOPUN UMEIOT rpaHuLb
NPUMEHNMOCTU. BHE 3TUX rpaHuL, UX NPUMEHEHME NPUBOAMUT K CYLLECTBEHHON NOrpeLlHOCTM pacyeTa 3Hauye-
HWI1 A3eTa-noTeHymana.

B HacTosAWem cTaHfapTe MOAM(ULMPOBaHHbIE TEOPUM PacCMOTPEHbI B NpunoxeHun I. Teopun cogep-
Xart fonosHuTeNbHble napameTpbl A3C. Hanpumep, AnnHy fle6as (cMm. npunoxeHue A), NOBEPXHOCTHYO NpPo-
BOAMMOCTb, noTeHumnan LtepHa [2-4].

4 PacuyeTt g3eTa-noTteHynana. dnemeHTapHble Teopuun

CyLecTBYIOT TpY YCNOBUSA, onpeaensaowmx 061acTb NnpumMmeHeHns Teopun CMONYXOBCKOrO AN H06bIX
3/1EeKTPOKNHETUYECKUX ABMIEHWIA.

MepBbIM yCoBYEM SIBASETCA TO, 4TO pasmepbl A3C f0/MKHbI 6bITb Masibl MO CPaBHEHNIO C XapakTepu-
CTMYECKUM pa3MepoM reTeporeHHoli cuctemsl [cM. npunoxeHne A, oopmyna (A.4)]:

ka»1, 1)

roe K — obpartHas gnuvHa [eb6as, M*L
a — pajaunyc yactuubl, M.

Ycnosuio (1) yooBneTBOPSAOT MHOTME BOAHbIE AUCNEPCHbIe cucTemsl. Ycnosue (1) He pacnpocTpaHsieT-
CA HAa HAHOYaCTULbl B BOAHbIX pacTBOpax C HWU3KOWN MOHHOI CUMO 1 A/1I MHOTUX OPraHNYeCcKUX XUOKOCTEN.

BTopoe ycnoBue 3akouaeTcs B He3HaUMTeIbHOM BK/1afe NOBEPXHOCTHOW npoBogumocty KO. B npuno-
XeHun b faHo nogpo6Hoe onvcaHue NOBEPXHOCTHOW NPOBOAMMOCTU. BennymHa OTHOCUTENIbHO NOBEPXHOCT-
HOli NPOBOAMMOCTU BblpaxaeTcs 6e3pasMepHbIM Yncnom [yxuHa Du. KOTopoe y40BNeTBOpSET creayrLlemy
YCNOBUIO:

Du« 1. 2

TpeTbe ycrnoBume 3aknioyaeTcs B TOM. YTO rpaHvua pasfena cpej He NpoBOAUT 31EKTPUYECKNI TOK MeX-
4y dasamn. 310 ycnoBue AelcTBYET A1 HENPOBOASALLMX YACTUL, ANA uaeasbHO NOASAPU30BaHHbIX YacTuL,
MeTanIoB 1 418 NOPUCTBIX TeN C TOKOU30NMpPYoLLeli OCHOBOM.

YpaBHeHue CMO/IyXOBCKOro A1 31eKTpohopeTUYeckon NnoaBmxHOCTY p nmeet Bug, [1]:

tmC04

rge zm-— OTHOCUTEe/IbHaA AU3N1IeKTpuyeckaa npoHuLaemMoCTb Cpeabl;
c0— AnanekrTpuyeckasa NOCTosAHHaA, ®/w;
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M— gnHamunyeckas BA3KOCTb. lMa c;
r,— A3eTta-noteHuunan. B.
YpaBHeHue crnpasegneo ansa noboi mogenn A3C.
DNeKTpoocMoTHNYECKas CKOPOCTb XUAKOCTY Ha eAnHULY CUbl Toka geDBbluncnseTcsa no dopmyne:
qe nKT Q)
rae tm— oTHocuTeNbHas AuaneKkTpuyeckas NpoHNULAaeMoCTb Cpefpbl;
0 — guanekTpuyeckas noctosiHHas. d/wm;
N— gmMHamunyeckas BA3KOCTb. Ma c;
U, — A3eTa-noTeHuuan. B;
KT — npoBOAMMOCTb AUCNEPCUOHHOI cpefbl. CM/M.
B L,eN10M, HEBO3MOXHO KO/IMUECTBEHHO ONPeAenuTb pacnpeaesieHne 31eKTpMUYecKoro noss 1 CKopocTeit
B nopax C HeM3BeCTHOI WUMN CMIOXKHOW reomeTpueli. Tem He MeHee, 3Ta Npob6iieMa ycTpaHseTcs npuonnxe-
Huem CMOYyXOBCKOro, Korga rufpoAvHaMuyeckne n 3fieKTpoanHamMmmnyeckne nons UMeT oAnHaKoBoe Mpo-
CTpaHCTBEHHOEe pacnpejeneHuve.
3HauyeHne noTeHuuana L/Sr nonyvaeTcs u3 ycrnoBMs paBeHCTBa NPOBOAVMMOCTEN M paBeHCTBa TOKOB B
noToke h/IIONA0B, T.e. CyMMAapHbI TOK paBeH Hy/t0. YpaBHeHne CMOMyXOBCKOr0O B 3TOM c/iydae umeeT Bug, [5J:

Ultr _ £1mEOT T
Ap “ TKT - w
roe Usjt — 3HauyeHWe noTeHumana B noToke phawongos. B;
Op — pasHOCTb AaBneHns B noToke dononaos. MMa;
CT — OTHOCUTE/IbHaA AM3aNeKTpuyeckas NpoHNLAeMoCTb cpeabl;
c0 — aunanekTpmuyeckasa NnoctosiHHasA. ®/wm;
MN— guHamnyeckan BA3KOCTb. [Ma c;
C— p3eTa-noteHuyunan. B;
KT — npoBogMMOCTb AUCNEPCUOHHO cpefbl. CM/M.
dopmyna (5) He cogepXuT reoMeTpMyeckue napameTpbl, YUTO Aenaet ee yao6HON Ana onpegeneHus
n3eTa-noteHyuana.
AHanornyHo ypasHeHuto CmonyxoBckoro (5). noTeHuman cegumeHTauun t/sed BbipaxaeTcsi QOpMyoii:
5ed " MK ,, (6)
roe tm— oTHocuUTeIbHas ANanekTpmyeckas NpoHNLaemMocTb cpefbl;
£q— AnanekTpuyeckas nocTosiHHas, ®/m;
£ — A3eta-noteHymnan. B;
pp — NAOTHOCTb YacTuubl, Kr/M3;
pPT — NAOTHOCTL cpeapl, Kr/M3;
N— gnHamunyeckas BA3KOCTb. [a c;
KT — npoBoayMOCTb ANCNepPCUOHHONM cpefpbl. CM/M;
d — paccTosiHMe Mexay Toukamu, Mexay KOTopbIMU U3MepseTcs pasHOCTb NOTEHLMAasOoB, M;
[ — ycKopeHue cB060AHOro nageHus, m/c2.

5 MoandguunpoBaHHble TeOpPUM

MprmeHeHne MOANMULMPOBaHHBIX TEOPUIi ABNSETCA 60nee CNOXHON 3afjayeil, HO NO3BONSET HAMHOIO
605ee NoApPOBHO onucaTb INeKTpUYeckne CBOMNCTBA NOBEPXHOCTeN. [IByMA Hanbonee BaxHbIMW napaMeTpa-
MU ABNsAOTCA AnvHa [e6as Kk ' v umcno AyxuHa Du [2]. Pacuet uncna dyxuHa Du npuBeaeH B npunoxeHunn b.
Pacuet anvHbl le6as k'l npuBedeH B NpuaoxeHnn B.

CyLecTBYIOT iBE aHaNUTUYECKMe Teopun anekTpodopesa, KoTopble MOryT NPUMEHATLCA B 3TOM CIly-
Yyae: ynpolleHHas Teopus [dyxnHa—CemeHuxmHa (cpopmyna (I.10) npunoxeHune IN) u Teopuss O'BpaliaHa
(cbopmyna (I'.11) npunoxexue I).

MepekpbiTne A3C ABNAETCS ele oAHMM (DAKTOPOM, KOTOPbI/ YCNOXHSAET TeopeTUyeckyto nHTepnpeTa-
uMto. 3TOT haKkTop CTAHOBUTCH BaXHbIM AN HENOMAPHbLIX CyCcneH3nii. B cnyyae HenonspHbIX CycneHsuii ne-
pekpbiTne J3C MOXEeT NPOSABUTLCA Aaxe MPU HU3KUX 06 bEMHbIX A0MIAX, KaK onucaHo B A.4 (Npunoxexune A).
OnvcaHue Teopuun, KoTopas NMpUHUMaeT BO BHUMaHWe 3TOT dhakTop AN18 3nekTpodopesa, npusefeHo B .6
(npunoxeHue ).
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MpunoxeHune A
(cnpaBo4HoE)

Mogenu ABOMHOTO 3/1EKTPUYECKOTO Cos

A.1 OCHOBHblE NONOXEHNSA

[BoliHoi anekTpuyeckuii cnoit (43C) npeAcTaBnseT coboil NpoCTPaHCTBEHHOE pacnpenesnieHre aNeKTpUuYecknx 3aps-
[ile», KOTopoe NosBAAeTCs B HENOCPeACTBEHHOI 61M30CTN OT NOBEPXHOCTU 0GBLEKTA, KOTAa OH HAXOAWTCS B KOHTAKTe C XUAKO-
CTbl0. DTUM 06BLEKTOM MOFYT 6bITb TBEPAbIE YACTULbI, NY3bIPbKN Fasa, kanis XugKkocTu u nopuctoe Teno. [laHHas CTpykTypa
COCTOUT U3 ABYX NapannesnbHbIX C0EB 3NIEKTPUYECKMX 3apafoB. OANH cnoli (MONOXUTENbHBIA UK oTpuLaTeNbHbI) coBna-
[laeT c NOBEPXHOCTbI0 06bBXTA U Ha3blBAETCS I1EKTPUYHECKN 3aPSHKEHHON NOBEPXHOCTbIO. [lpyroit Cnoii HaxoAnTCs B OKpyXa-
loLLel YacTuly cpefe, kotopas aKpaHupyeT nepBblii cnoii. ATOT cnoit HasbiBaeTcs AMAY3HbIM, Tak Kak OH 06pa3yeTcsi Nog
[eiicTBMeM 3N1eKTPNYECKON CUMbl 1 TEMI0BOTO ABWXEHNS CBOBOHbLIX NOHOB B OKpYXXaloLLieid yactuly cpefge.

A3C vrpaeT o4eHb BaXKHYl0 pO/ib B peasibHbix cucTemax. Hanpumep, MOJI0KO CyLecTBYeT TO/IbKO MOTOMY, YTO Kan-
N xmpa nokpbiTel A3C. 4To NpegoTBpaLiaeT ux koarynauuo B macno. 3C cyLiecTBYOT NpakTM4eckn BO BCeX retepo-
reHHbIX CUCTEMAXxX Ha OCHOBE XMAKOCTW, HaMpuUMep, B KDOBU, Kpacke, YepHunax, kKepammnyecknx cyCneHsunsx, LLeMeHTHbIX
pactBopax u T.A.

Camas paHHaa mogenb [19C npuHaanexut Fenbmronsly (6), KoTopas matemartuyecku onucbiBaeT 3C kak npo-
CTOW KOHAEHCaTOp, OCHOBAaHHbIN Ha (h13MYecKoil Mogenu, B KOTOPOI OAUH CNOW MOHOB afcopbupyeTcs Ha NOBEPXHOCTU
C KOMMeHcauvein NpoTMBOMNOJIOXHOrO 3apsfa B pacteope. MNo3sxe MNyH n YenmeH [7-8] 4,O6MANCH 3HAYNTENBHOrO yyylle-
HUS MOZENN C NOMOLLbI0 BBefeHus anddysHoii mogenn A3C, B KOTOPOW 3neKTpuyeckuii NoTeHuman aKCnoHeHunanbHo
yb6blBaeT Npu yaaneHnm oT MOBepPXHOCTM B 06beM Xnakoctn. Mogens MNyn-YenmeHa He BbINOMHAETCA 4719 MHOTO3apsaAHbIX
O3C. Ans Toro uto6bl pelwnTb 3Ty Nnpo6nemy, LUTepH [9] npeanoxun BBECTU LONOMHUTENbHbIA CNoii, npunerawwumii K
NOBEPXHOCTU, KOTOPbIA HasbiBaeTca cnoem LUtepHa. Ha cerogHAWwHWA AeHb KOMGUHMpOBaHHas mogenb Nyun-YenmeHa-
LTepHa NnpumeHseTcs Haubonee 4acTo.

B mogenn N'yn-YenmeHa-LTtepHa [23,2-4] cywecTByioT cregytoLine npubamkeHns:

- MOHbI paccmaTtpuBaloTca kak 3 eKTUBHbIE TOYEYHble 3apsAfabl;

- @ANHCTBEHHbIE 3Ha4YNMble B3anMOAENCTBUA B AN Y3HOM Cnoe — Ky/OHOBCKME;

- AN3NeKTpuyeckas NpoHMLLaeMoCTb OCTaeTCs NOCTOSHHONM Ha Bcell niowaan ABORHOIo 3N1eKTPMYecKoro cnos;

- AHamuyeckas BA3KOCTb OKPYyXaloL el YacTuLy XnAKOCTU NOCTOSIHHA BHE MI0CKOCTU CKOJTbXEHUS.

CyuiecTByloT 60/1€e HOBble TeopeTuyeckme pa3paboTku, B KOTOPbIX KPUTUYECKM paccMaTpuBatoTCs ykasaHHble npu-
6nmxenna mogenu Nyn-Yenmexa-LWtepHa.

PucyHok A.1 nnnoctpupyeT MexdasHbliii 13C [2]. MNpruynHoi hOpMUPOBAHUSA YCTONYMBOIO ABOMHOTO CMOS CNYXUT
B3avMogeiicTBne 3apsf00npesensiowmx NOHOB C NOBEPXHOCTbIO. STOT Npouecc NPUBOAUT K HAKOMIEHWI0 NOBEPXHOCT-
HOTO 3N1EKTPUYECKOro 3apsja, COo3jalolLero afiekTpocTaTuyeckoe nosne, KOTOpoe BAWSET Ha WOHbl B 06beMe XWUAKOCTW.

1

4 5 e

1 —cnoit WTepHa. 2 — o6nacTb 3apAXEHHbIX YacTuy
3 - 3apsxeHHbln Aud dysHblii cnoii. 4 — nnockocTb WTepHa, S - NNOCKOCTb CKONMbXEHUA.6 — agnvHa febas

PucyHok A.1 — CTpyKTypHasi cxema [BOWHOIo 3/1eEKTPMUYECKOTO C/I0S corlacHo mogenu MNyn-YenmeHa-LtepHa
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3T0 aneKkTpocTaTUyeckoe nosie B COYETaHUN C TEMNOBLIM ABUXEHNEM UOHOB 3KPaHVPYET NOBEPXHOCTHbIV 3N1EeKTpUYecKunii
3apsAg. CyMmapHbIil aneKTpuyecknii 3apaj B akpaHupyowem Anddy3HOM cnoe paBeH No BeMunMHe CyMmapHOMY NoBepx-
HOCTHOMY 3apsfy, HO MMeeT MPOTNBOMNOMIOXHBIA 3HaK. B pe3ynbTare CTpyKTypa a/1eKTpuyeckn HeiTpanbHa. HekoTopble
13 NPOTUBOMNOJIOXHO 3apsKEHHbIX NOHOB BO/IM3M NOBEPXHOCTM MOryT cneynduryeckn agcopbrupoBaTbcs 1 CNoco6CTBYOT
hopmupoBaHuio cnos LTepHa. BHELWHIOW YacTb aKpaHUPYIOLLErO CN0SA 06bIYHO Ha3biBalOT AN (Y3HbIM Croem.

Anddpy3Hbili cnoit mnn. no kpaiiHeli Mepe, ero 4yacTb MOXeT nepemellaTtbca nof AeliCcTBMEM KacaTenbHOro Ha-
npsXeHus. BBOAUTCA NOHATME NIOCKOCTU CKOMIbXEHUA, KOTOpas pasfeniaeT OKpYXalLLyo YyacTuly cpeay Ha NoABUXXHYIO
4YacTb U YacTb, CBA3AHHYIO C NOBEPXHOCTbIO. DNEKTPUYECKMA NoTeHUMan B 3TON NJOCKOCTU Ha3blBaeTCs 3NEKTPOKUHEeTH-
YECKUM WK A3eTa-noTeHunanom.

3neKTpuyecknii NnoTeHUMan Ha BHellHel rpaHuue cnos LUTepHa HasbiBaloT noTeHuynanom LTepHa °. PasHocTb
noTeHUManoB Mexay XUAKoCTbio (hI0NAO0M) N MOBEPXHOCTBIO Ha3biBaeTCA MOTEHLMAIOM NOBEPXHOCTH db*.

JKCneprMeHTalbHO NOKa3aHo, YTO M/IOCKOCTb CKOJIbXEHWS PacnosioeHa o4eHb 6/IM3K0 K BHELIHel naockocTu
lenbmronsbla, onpegensioweii noteHuvan LWtepHa. Cnoit Mexay 3TO NAOCKOCTbIO W rpaHuueii pasgena 06blYHO Hasbl-
BalT «HENOABWXHbIM c/ioeM». O6e N0CKOCTU ABNSATCA YCN0BHbIMW. DTO O3HAa4YaeT, YTO BeMUMHa A3eTa-noteHymnana s
MeHbLUe WK paBHa noTeHuvany LWTepHa ¢

OcHOBHble MOAenn reomeTpuyeckoro npeacrasneHns 9C npusefeHsbl B noanyHktax A.2 — A4,

A.2 Tnockve NOBEPXHOCTKU

TonwumHa AOC xapakTepu3dyeTcs Tak Ha3blBaeMoi AiMHoi [le6as k'1u onpegensetca no opmyne:

«2 - (A.1)

rae A — noctosHHasa ®apages. Kn/monb;

C.— MONsipHas KOHLeHTpauumsa /-ro Bua MoOHOB, MONb/M3;

z(— makcumasnbHas BaneHTHOCTb /-fo BUja VOHOB:

B — oTHocuTenbHas AnaneKkTpuyeckas NpoHNLLAeMoCTb XULKOCTH;

£0 — AnanekTpmyeckas nocTosiHHas. ®/m;

R — yHuBepcanbHas rasosas noctostHHas. [x/(monsK);

T— abconwoTHaa Temneparypa, K.

Ecnn konnuectBo aHWOHOB PaBHO KOJIMYECTBY KATUOHOB B 3/1EKTPONTE (CUMMETPUYHBIA 3N1EKTPOINT), TO CyLye-

CTBYeT npocTas 3aBUCUMOCTb MexXAy NJI0THOCTbIO 3/1eKTpMyeckoro 3apsga B AuddysHom cnoe oau noteHunanom Ltep-
Ha (bt a MeHHo:

00 - ~A"BtmtOcRT sinh-"Tf. (A.2)

rAe tm— oTHocUTeNbHas AN3eKTPUYEecKas NPOHULAEMOCTb XUAKOCTH;
c0 — AnanekTpuyeckas nocTosiHHas. ®/m;
C — KOHLeHTpauusa anekTponuTa, Monb/m3;
R — yHuBepcanbHas razoBas nocTtosiHHas. [x/(monb-K);
T— abconTHasa Temnepatypa. K;
F — noctosHHan ®apages, Kn/monb;
¢*— noTteHuuan LUTepHa. B.
Ecnu gudbdysHelii cnoit paccmatpusaeTcs y NoBepXHOCTH, hopmyna A.2 MOXET 6bITb MUCNOMb30BaHA ANS CBA3M
NOBEPXHOCTHOTO 33p3a C NOBEPXHOCTHLIM NOTEHLMANOM.
B HeKOTOpbIX Cyyasix MCnonb3yeTcsi NOHATUE auddepeHymansHoit emkoctn 3C Cd,. AnsA NN0OCKoi NOBEPXHOCTH
1 CUMMEeTPUYHOro anekTponnta andceperymnansHas emkocTb 13C Cii.onpegenseTtca no hopmyre:

do . Fud
C¥- Obdmiii ~ BreokCsh 2RT! (A3
rae £71 — oTHOCUTeNbHas AN3NeKTPUYeckas NPOHNLAEeMOCTb XUAKOCTY;
0 — AnanekTpuyeckass NocTosaHHasA. ®/wm;
K — obpaTHas gnvHa febas, m'L
F — noctosHHas ®apages, Kn/monb:
— noTteHuunan WrepHa. B:
R — yHuBepcanbHas rasosas noctosiHHas. Ox/(Monb K);
T— abcontoTHasa Temneparypa. K.
[na cMMMeTpUYHOro 31eKTPonTa 3NeKTpuYecknii noTeHyman t Ha paccToAHUM X OT NIOCKON noBepxHocTn B 1OC
onpegenseTcsa no popmyne:
lanh[zF\y(xy4RT]

exp(-kx) = )
\anh(zFyid4RT) ’
rAe z— BaNeHTHOCTb WOHa,

F — noctosiHHas ®apages. Kn/monb:
®(X) — anekTpUYECKWii NnoTeHUMan B ABOHOM cnoe. B;

6
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— noteHyuan WrepHa. B:
R — yHuBepcanbHas raszoas noctosiHHasa. Ox/(monb K);
[ — abconTHaa Temnepartypa. K.

CoOoTHOLIeHMe Mexay NI0THOCTbI0 3NEKTPUYECKOro 3apsaa 1 noteHyuana Audydy3Horo cnos 415 acCMMETPUYHO-
TO 3/1EKTPO/IUTA ONpeAensieTcs no opmyne:

od = -(sgn4rrf).A2E7,£0c/?T[i',exp{-z/ipd) + v exp(-zjpd) - vt - v, \v2. (A.5)

roe h* — noteHuyuwan WTepHa. B:
£m— OoTHOCUTEeNbHAaA AN3NEKTPUYECKas NPOHNLAEMOCTb XNAKOCTH;
) — AnanekTpuyeckas noctosaHHasa. d/m;
C — KOHLeHTpaLuus af1ekTponuTa, Monb/m3;
R — yHuBepcanbHasa rasosas noctosHHasa. [x /(Monb-K);
T— abcontoTHaa Temnepatypa. K;

Y, — KOZINYECTBO KAaTUOHOB N aHNOHOB, NPON3BEAEHHbIX Npu guccounaunn O,D,HOI?’I MOJIEKY/1bl IN1EKTPOSINTA, MOJIb;
Y *— Ge3pa3mepHblii NoTeHuMan, onpeaensemslii no chopmyne:
_ Pon
Y= T (A.6)

A.3 130n11poBaHHbIli cchepruyeckunii 4BOHOW 3aneKkTpuyeckuii cnoi

Ans nnockoro A9C cywecTByeT TONIbKO OAWH reoMeTpuyeckuii napameTp, a UMeHHo gnuHa fle6as k '. B cnyyas
cthbepuueckoro A 3C cywecTByeT AOMOMHUTE/bHBIA reomeTpuyecknii napameTp — paguyc YacTtuubl a. lMpounsseneHve
[IByX napameTpoB Ka siBnseTtcs 6e3pa3mMepHOii BeNUYMHON’, koTopas urpaeT BaxHyto posb B 061acTu AUCNEPCHbIX CUCTEM.
B 3aBMCMMOCTM OT 3HAYEHMA Ka CyLlecTByeT ABe acumnToTuyeckne mogenm A3C.

Mogenb ToHkoro 13C cooTBETCTBYET fUCNEPCHBIM CUCTEMAM, B KOTOPbIX pasmepbl JOC HaMHOTO MeHblUe paguyca
YyacTuupl:

kKa » 1. (A7)

Mogasnsiowee 60/bLLUMHCTBO BOAHbIX ANCNEPCHbIX CUCTEM Y0B/IETBOPSIOT 3TOMY YC/I0BUIO, 38 UCK/TIOYEHNEM Ha-
HoyacTuy, ¢ pasmepamu MeHblie 100 HM B YC/I0BUAX HWU3KO MOHHONM cunbl pactBopa. Ecnu npeanonoxuTb, YTO MOHHAA
cuna npesbiwaeTt 10'3 MOb'/I, UTO COOTBETCTBYET 6O/IbLUMHCTBY MPUPOAHBIX BOAHbIX CUCTEM, YC/I0BME K& » 1 BbIMOMHSA-
eTcsi NpakTUYeckn ANna BCex YacTul, nMelLnx pasmep 6onblue 100 HM.

Mogenb A3C 60nblINX pa3mMepoB COOTBETCTBYET cuctemam, rae JOC HaMHOro 60/blue pagnyca YyacTul:

Ka « 1. (A.8)

Ycnosuio (A.8) y40BNETBOPSIOT MHOTME BOAHbIE HAHOLMCMEPCHbIE CUCTEMbI, UMEIOLWNE HU3KYIO WOHHYIO Culy, n
noAaBAsiolLee YNCO AUCNEPCHBIX CUCTEM B YrNIeBOAOPOAHBIX Cpefax, TakkKe UMeIoL X HU3KYK WOHHYI0 cuiy. ST gBa

acMMNTOTMYECKMX C/yyYas NO3BOMAIT NpeAcTaBuTb NPUMEPHO CTPYKTYpy A3C BoOkpyr cdhepuyeckmx yactuy. M3obpaxe-
HMA Mogeneli 3C nokasaHbl Ha pUcyHke A.2:

a) 6)

K*1— anuHa fle6asd. 2a — anameTp HacTulbl.
PucyHok A.2 — V306paxeHune mogeneii ToHkoro A3C (a) m 43C 6onblinx pasmepos (6)
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OCHOBHOE aHaNUTUYECKOE PELUEHNE CYLLECTBYET TOMbKO AN HU3KUX 3HAYEHUi noTeHuuana (NpubnwmxeHue fe-
6as — XKxkens):
RT
E (A-9)

rge R — yHuBepcanbHas razosas noctosHHas. Jx/(MonbK);
A — noTeHunan LTepHa. B;
T— abconoTHasa TemnepaTtypa. K:
F — nocTosiHHas ®apages, Kn*morb.

B aTOM cnyvae BblpaxeHue AN anekTpuyeckoro noteHunana ¢(r) B cpepnyeckom 3C Ha pacCTOAHMM FOT LeHTpa
YacTuupl:

oM = P°|-7-)exp[-k(r - a)]. (A.10)
rae — noTteHunan WTepHa, B:
a — paguyc yactuupbl, M;
[ — paccTosiHMe OT LeHTpa YyacTulbl, M.
K — obpaTHas gnuHa [lebas, m'L
Torga COOTHOLIEHUE MeXAy NIOTHOCTbIO 3/1IeKTPMYeCcKoro 3apsifa B Auddy3HoM cnoe n noTeHuynanom LTepHa:

(A11)

rAe tm— oTHoCUTeNbHas AN3eKTPUYecKas NPOHULLAeMOCTb XUAKOCTY;
£q— AunanekTpuyeckas nocTosiHHas. ®/m;
K — obpartHas gnvHa fle6as, m'L
®¥— noTeHuymnan LLTepHa, B:
a— pagmyc yactuubl, M.
Mpuénunxerne feban-Xiokkena cnpasednBo A4 N060r0 3HAYEHUA Ka. HO OXBaTbiBaeT TO/IbKO U30/MPOBaHHbIE
[BOliHbIE Cron.

MNoTHOCTb 3NeKTpUYecKoro 3apsaa B Audy3HOM cnoe AN 3Ha4YeHUii ka > 2 BbipaxkaeTcsi hopmynoii [10-12]:

od = — 4tanh(/ ald) (A12)

Ka
rAe CT — OTHOCUTE/IbHasA An3neKTpuyeckas NpoHNLaemMoCTb XUAKOCTH;
0 — ananekTpuyeckas nocTosHHas. d/m;
F — noctoaHHas ®apages, Kn/monb:
K — obpaTHas gnunHa febasn, m'l;
®ii— HOpMUpPOBaHHOe 3HayYeHne noteHunana. B;
C — KOHUEeHTpauus anekTponuta, Mosb/m3:
a — pajguyc Yactuubl, M:
Z — Ba/IEHTHOCTb MOHOB.

A.4 MepekpbiTe ABOIHbIX CNOEB

MpubnuxeHne fle6as — XIOKKeNs He yunTbiBaeT BEPOATHOCTb NEPeKPbITUS [BOWHbLIX CNI0€B B KOHLEHTPUPOBAH-
HbIX AMCMEPCHbIX cUCTeMax, TO eCTb C BbICOKO/ 06beMHOl foneit yactul. OueHka 3HaYeHUss KPpUTUYECKOn 06beMHO
[ONN yacTuly, cp™. npu koTopom AnuHa [lebas pasHa KpaTyaiilieMy pacCTOAHWUI0 MexAy yacTuuamu, BblpaxaeTcs
chopmynoii [13]:

052
' [1*(V«a)]d ! (A-13)
rae k — obpatHada AnuHa feb6as, m'l;
a— pajuyc 4yacTulbl, M.
OTa 3aBMCMMOCTb NnokasaHa Ha pucyHke A.3.

Ans ka » 1 (ToHknx OC) A3C paccmaTpmBaeTCsl Kak M30/1MPOBaHHbI 06bEKT. BNIOTb J0 06bEMHbIX foNeit ya-
CTuUL,. paBHbix 0.4. Mogens nsonuposaHHoro 3C ABnsieTcst HEKOPPEKTHOU ANst Manoro ka (43C 60bWwnx pasmepos), Tak
Kak nepekpbiTne [13C a Takom cnyvyaB NPOUCXOAMUT faxe B OYEHb pa3baBfieHHbIX CYyCNeH3usX.

B cnyuae, korga 19C cuNbHO NepekpbiBaTCA, OHW TEPSAIOT CBOK NepBOHaYasibHY 3KCMOHeHUManbHy anddys-
HYI0 CTPYKTYpY, 06/1aCTb HanoXeHns cTaHoOBUTCA BCe 6osee n 6onee 04HOPOAHOW. MOXHO NpeacTaBnTb, YTO 3apsKEHHblEe

YacTuLbl NPOCTO 3KPAHUPYIOT C OAHOPOAHLIM 06/1aKOM NPOTUBOMOJIOXKHO 3aPSKEHHBIX MOHOB. 3Ta MOAE/Nb HOCUT Ha3Ba-
HMe «rOMOreHHoW» [14].

8
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PucyHok A.3 — 3aBMCUMOCTb KPpUTUUYECKOV 06bEMHOM oM YacTul, oT napaMeTpa ka

3Ta MoAenb ONUCHIBAET YNPOLLIEHHYI0 CBA3b MeXAy MIOTHOCTbIO 3MIEKTPUUECKOro 3apsaaa Auddy3Horo cios od u
A3eTa-noTeHymanom Ccepuyecknx 4acTul, B JUCNEPCHBIX CUCTEMAX, OCOGEHHO A1 MOHOAUCNEPCHBIX CUCTEM:

°d= A-14)
rae R — yHuBepcanbHas rasosasi noctosiHHas. Jk/(Monb-K);

T— abconoTtHasa Temnepatypa. K:

F — nocTosiHHaa ®apages, Kn'monb;

® — o6bemHas fons vacTul;

tm— oTHOCUTE/NbHAas AN3NIeKTPUYECKas NPOHNLAEMOCTb XUAKOCTH;

a— pajuyc vacTuubl, M;

K — obpaTtHasa anuHa fle6as, m ’;

C— paseta-noTeHyman. B.

dopmyna (A.14) oTpaxaeT pasnmuve Mexay «ToHkumu 3C» n «nepekpbiBawowmmmca 3C». B cnyyas mogenu

«TOHKOro [13C» Kak NOBEPXHOCTHbIV 3apsf, Tak 1 A3eTa-noTeHunan ABAATCS NOBEPXHOCTHLIMU CBOICTBaAMU, He3aBUCK-
MO OT 06beMHOli fonn yactul. B cnyyas «nepekpbiBalolmxcs JOC» NOBEPXHOCTHbIN 3apaj ABASAETCA UCTUHHBIM napa-
MEeTPOM CBOICTBa NOBEPXHOCTU. DNEKTPOKMHETUYECKNI A NOTEHLMAN MOXET NPUBECTU K OLUMGOYHBLIM BbIBOAAM, NOCKO/bKY
OH 3aBUCKUT elle 1 oT 06BEMHOI J0N, & He NPOCTO OT MOBEPXHOCTHOrO 3apsfa. TakMm obpasom, npu paboTe C KOHLEeH-

TPUPOBAHHLIMU AWCNEPCHbIMU cucTeMamm ¢ A 3C 60MblunX pa3MepoB LO/KHbI GbiTb NpeAcTaBneHsl 06a napameTpa, u
[3eTa-noTeHyMas, U NOBEPXHOCTHBIN 3apsg,.
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MpunoxeHne b
(cnpaBoyHoe)

MoBepxHOCTHasA NPOBOAMMOCTb

B.1 OCHOBHblE NOMOXEHUA

MoBepPXHOCTHO! NPOBOAMMOCTLIO Ha3blBaeTCs U3bbITOUHAS 3neKkTpuyeckas NPOBOANMOCTb, KOTOpas UMeeT MecTo
B [JUCNEPCHbIX CUCTEMax B CBSI3U C Ha/JIMYMEM [BONHOrO 3/1EKTPUYECKOro Cos. V36bITOUHbIE 3apsifibl B HUX ABUTaoT-
Cs Noj AelicTBMEM 3N1EeKTPUYECKUX MOMeR, NPUNOXKEHHbIX MO KacaTe/bHOW K NOBEPXHOCTW. TO AB/eHNe onpegensercs
TEPMUHOM «MOBEPXHOCTHAs NPOBOAUMOCTb K°». KOoTOpas fBNseTcs aHasoroMm o6beMHOI yaenbHoi npoBogumocTy KT .
MoBepxHOCTHasA NPOBOAMMOCTb K° ABAseTCA N36bITOYHON BENNYMHON, ONUCLIBAEMOI Kak MOBEPXHOCTHAsA KOHLeHTpauus
onpeaeneHHoro Tuna.

[BnxeHve 3apsafos Auddy3HOro cnos, pacnonoxXeHHbIX 3a npegenamMu NA0CKOCTU cABWUra, NMPUBOAUT K nosieie-
HUI0 NOBEPXHOCTHOW NMPOBOANMOCTU, Ha3biBAEMOW «BUKEPMaHOBCKOW NOBEPXHOCTHOW NPOBOANMOCTbLIO» [15]. Kpome Toro,
[JaHHaa NpoBOAMMOCTb MOXeT BO3HWUKHYTb U 3a CYeT MPOBOAMMOCTU HEMOABWMXHOrO cnos. OHa MOXeT BKk/louyaTb B cebs
cocTasnfoLine, 06yCNnoBEHHbIE, C O4HOW CTOPOHLI, cneundunyeckoit agcopbuueii 3apsaga, a ¢ Apyroii — vacTbio 3apaga
Andy3HOTo C10A, KOTOPbIA MOXET HAaXOAUTLCA 3a MTOCKOCTbIO CKOMTbXEHWNS.

MpeanonaraeTcs, 4To 3apsAf Ha TBEPAO NOBEPXHOCTU HEMOABWUXHbIN.

B.2 PacueT uncna [lyxuHa

B AaHHOM pasfefie pacCMOTPEHbI CUCTEMBI, TAe pa3Mep [BOVHOMO C/MOs Masl Mo CPaBHEHUIO C PajuycoM yYacTul,
To ecTb ka » 1. MPOBOAMMOCTb B AN {Y3HOR YacTy 4BOMHOIO C/OSA 3a Npegenamu Ma0CKOCTW CABUTA CKNaablBAeTCs U3
[BYX COCTaBASIOLWMX [15]: NPOBOAMMOCTM, BbI3BAHHO ABMXEHMEM 3apsL0B N0 OTHOLIEHUIO K XXUAKOCTW, U TPOBOAUMOCTH,
BbI3BAHHOM 3@ CUET 3/IEKTPOOCMOTUYECKOrO MOTOKA XMAKOCTM 3@ NPEeSesibl NI0CKOCTU CABUTA, YTO NPUBOAUT K 4OMOJHM-
TeNbHOI MOABWXHOCTM 3apsif0B U, CefoBaTeslbHO, NPUBOAUT K AONONHUTENbHOMY Bkady B K°. Ans pacyeta K° mMoxeT
MCNONb30BaThCs ypaBHeHue BukepMaHa. B KOTOPOM K° BbipaxaeTcs Kak qyHKLUs napaMeTpoB 3/1IEKTPOIUTA Y ABOWHOTO
cnos. [lns CUMMETPUYHOTO 31EKTPOIUTA UCNO/b3YETCS BbipaXeHue:

&- - 11*3 )*° N4 )-4 *3 4 ©

rAe B — 3aNeMeHTapHblli anekTpuueckunii apag. Kn;
JVg— uncno AsoTagpo. Monb'l:
Z — BaNeHTHOCTb UOHA;
C — KOHUEeHTpauua anekTponnTa, Monb/m3;
KB — noctosHHas bonbumaHa. OxXK;
T— abconoTHas Temnepartypa. K;
Dt — koadphuumeHT guddy3nm kaTnoHos. M2/c;
D_— koadhdpuumeHT auddysnm aHnoHoB. M2/c;
C— pas3eTa-noTteHuyman. B;
G — BbluncnsaeTcsa no popmyne 7z =

I'Iapameprl mt oTpaxatT OTHOCUTENbHbI BKM1iaj 3/1eKTpooCcMoCa B NOBEPXHOCTHYHO NPOBOANMOCTb:

rae Kk — obpatHaa gnuHa fe6as, m'lL
[ — abconoTHasa Temnepartypa. K;
B — 3/1eMeHTapHblIli anekTpuyeckuii sapsag, Kn;
[T — OTHOCUTeNbHasA AnaneKTpuyeckas NPOHMLAEMOCTb XUAKOCTH;
e0 — gunanekTpuyeckas nocTosHHasa, ®/m;
Dt — koadhprumeHT anddy3nn kaTMOHOB 1 aHNOHOB. M2/C;
M— AnHamunyeckasa BA3KOCTb. [Ma c.
Mepa 0THOCUTENIbHOI BEUYKNHBI NOBEPXHOCTHOW NPOBOAVMOCTYN BblpaxaeTcs 6e3pasmepHbiM unciom Jyxuxa Du,
KOTOpOe CBA3bIBAET NOBEPXHOCTHYIO 1 06BEMHYI0 NPOBOANMOCTN COOTHOLLIEHNEM:
K?
Du = k— . <b6.3>
T
rae K° — noBepxHoCTHas NpoBoAMMOCTb, Cwm:

K — npoBOAMMOCTb AMCNEepCUOHHOI cpegpl, CM/M;
a— foKanbHbIi paanyc KPUBM3HLI MOBEPXHOCTH, M.

10
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[nsi GUKEPMAHOBCXOi NPOBOAMMOCTY DU MOXHO 3anucaTh B iIBHOM BuAe. [L1si CUMMETPUYHOTO 3/1eKTPOINTa KO3 (-
thuymneHTbl AN dy3un KaTMOHOB ¥ AHNOHOB OANHAKOBbLI, NO3TOMY T, =T =T, W TOrga:

(5.4)

rae K — obpatHas gnvHa fle6as, m'L
a— pajanyc yacTuubl, M;
Z — BaNIEHTHOCTb UOH3,;

T — BblpaxaeTcs (hOpMynoin T =-

rae Kk — obpatHas gnvHa fle6as, m*L:
T — abconoTHas Temneparypa. K;
B — 3/IeMeHTapHbIii anekTpuyeckuii 3apsag. Kn;
Er — oTHocuTenbHas AnanekTpuyeckas NPpoOHULLAeMOCTb XUAKOCTH;
e0 — AnanekTpnyeckas noctosaHHas. ®/wv;
O cAa- koappuuneHT gudpchysnm anekTponuta. M2/c;
M— anHamunyeckas BA3KocTb. Ma c.
®opmyna (b.4) ansa umucna yxmHa oTpaxaeT N1b NOBEPXHOCTHYO NPOBOAMMOCTb B AN PY3HOM cnoe 3a npege-
namu naoCcKoCcTn casura.
lMoBepxHOCTHasA NPOBOAMMOCTb B HEMOABWKHOM C/lI0€ yBenmynBaeT uncno [lyxmHa. 310 06CTOATeNbCTBO TpebyeT
NpAAMOro n3MepeHns NPoOBOAMMOCTH, MOTOMY YTO He CYLLEeCTBYET B IBHOM BUJE yPaBHEHWs, KOTOpoe BK/o4asno 6bl B cebs
yncno [lyxmHa u napameTpbl A4BOWHOro cnos. Mo Teopun Makceenna— BarHepa—OKoHcku [16— 18] npoBOAMMOCTb Aunc-
nepcHbIX cpef ¢ HenpoBoAALWUMUN cdhepuyeckmmmn yacTuuamu Ks onpegensertcsa hopmynoi:

Ks _ 1+Pu-<p(1-2Do) 55
KT = 1+Du +0.5<p(1-2Do)’ (6.5)

rae (p— obbeMHas A0N1A YacTul;
Du — yucno flyxuHa.
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MpunoxeHne B
(cnpaBoyHoe)

OnvHa [le6asn

3TOT napameTp SiBASETCS OLEHKON TonwmHbl OC B COOTBETCTBUM C NpunoxeHnem A. OH BaXeH ANA NOHUMaHUA
arperaTtuMBHO yCTOMYMBOCTU 1 B3aWMOAENCTBUA YaCTUL, U NCNOMb3YeTCA A1 OLEHKN CPeHEero paccTostHUA Mexay npu-
6AvKaloWMMUCa ApYT K APYry YyacTuuamu B XUAKoCcTn nepef TeM. Kak anekTpocTaTuyeckoe B3aumogeiicTene mexay HUMm
CTaHOBUTCA CYLLECTBEHHbIM.

AnvHa [le6as onpefensertcsa pacyeTHbIM MeTOAOM WM 3KCnepuMeHTanbHO. PacuyeT anunHbl fle6as npomssogutcs
no cpopmyne (A.1) Nnpu N3BECTHbIX KOHLLEHTPaLMmn obpasua 1 BasleHTHOCTM BCEX BUAOB MOHOB.

3KcnepvMeHTanbHbIi MeToA onpedeneHns AnvHbl [lebas, 0CHOBaHHbI Ha U3MepeHUn NPOBOAVMMOCTH, OblN Npea-
noxeH AyxvHbim 1 FeTuem. PacueT nponssBoanTca no cnegyrowein gopmyne:

(8.1)

rae £cT— OTHOCUTENbHAaA An3neKTpuyeckas NPoHNLaemMoCTb XUAKOCTH;
£g— AnanekTpuyeckasa noctosaHHasa. ®/m;
— 3hheKTUBHbI KOathuuneHT anddy3un anekTponura:
KT — npoBognMmMocTb gucnepcHoli cpefpbl. Cm/Mm.

OCHOBHOIi BKNag, B CyMMapHyto HeonpeAeneHHoCTb Npu pacyeTe K-1 BHOCUT HEN3BECTHbI adhpeKTBHbI Koadhdu-
uneHT anddysun Deff. OTOT napameTp BapbupyeTcs B OrpaHn4eHHOM Anana3oHe. Hanpumep, koadduymeHTsl anddysnm
60/1bLUMHCTBA MOHOB B BOJHbLIX PACTBOPax CXOXW U UMEIOT 3HAYeHNs, KOTopble Npy KOMHAaTHOI TemnepaType HaxogaTcs
B AnanasoHe o1 0.6-10'9 m2/c fo 2-10'9 m2/c. MNpn 3TOM HeonpeAe/IeHHOCTb COCTaBNAeT HEeCKO/IbKO AeCATKOB MPOLEHTOB.

B cnyyaB HeBOJHbIX CUCTEM KCMoNb3yeTca Teopusa ®yocca [19] Ans cesA3mn koaduuneHTa anddysnm n anekTpu-
YeCKO MPOHNLAEeMOCTH XULKOCTH.

12
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Mpunoxexne I
(cnpaBoyHOE)

MoaudununpoBaHHble Teopuun anekTpodopesa

"1 OCHOBHblE NOJIOXEHNA
OnemeHTapHble Teopuu anekTpodopesa, nNpeAcTaB/ieHHble B OCHOBHOW YacTu HacTosiLiero craHgapra, npegno-

narawt. 4to A3C TOHKUIA MMeeT He3HAUMTEsIbHYI NOBEPXHOCTHYK NPOBOAMMOCTb W HENPOBOASLLME YacTulbl. Teopun
OrpaHuyeHbl CIeAyoLWUMI YCIOBUSIMU:

kKa » 1, (Y]
Du « 1 r.2)
5 = © r.3)

Pa3paboTaHO HeCKO/bKO TEOPETUYECKUX NOAXOA0B, KOTOPblE MO3BONSAT U3GABUTLCA OT HEKOTOPbIX U3 3TUX Orpa-
HUYEHUI 1 faloT 6onee 06l Me BbIpaXeHNS AN 31eKTpohopeTNYecKoin NoABUKHOCTH.

.2 4YucneHHas Teopus O'BpaliaHa u Yaiita

370 Haubonee 06Kt Noaxos, KOTOPbI NO3BONAET paccUnTbIBaTL 3/1eKTpoopeTUHeckyio NoABMKHOCTbL ANS Ji0-
601 pasbaBneHHON ANCNEPCHON cpefbl HeB3avMoAeNCTByOWMUX cdhepuyecknx vacTuy [20]. OrpaHunyenus (1) — (I.3)
UCK/TIOYEHbI.

.3 Teopua lNeHpu-Ownma gns NPoBOAALWMNX U HENPOBOAALWMX YacTuy,
OTa Teopusi [21—22] no3BonseT n36aBUTLCA OT orpaHnyeHmnii (M.1)u (.3). OrpaHnyeHune (I.2)octaeTcs HEN3MEHHbIM.
Mo Teopun FeHpu ANA HenpoBoAsLLel chepbl anekTpodopeTuyeckas NOABUKHOCTb onpegenseTcsa no hopmy-
ne [21):
H=% p~(ka). r.4)

raoe BEF — oTHOcUTeNbHas AuanekTpuyeckas NnpoHULaeMocTb cpeabl:
Eq— AnanekTpuyeckas nocTosiHHas. ®/m;
N— agnHamunyeckas BA3KOCTb. Ma c;
U — A3eTa-noteHuvan. B:
— nnaBHO MeHsieTca oT 1.0 npu manbix 3HavyeHnaAx ka o 1.5 npu ka-->».
CyuiecTByeT gBa cnocoba npeobpasoBaHnii pyHkuun A [21]: oAVH ANA ManbiX 3HAYEHWU Ka 1 0AnH ANs 60NbLLINX
3HaueHwui ka. MpubnnxeHHoe aHaNNTUYECKOe BbipaxeHne nmeet sug [21—22]:

IT(ka) = 1 +y [I + {ka[l+2exp(-ka» }] 1 <r5)
rge Kk — obpatHasa gnuHa fle6as, m"1L:
a — paAnyc YacTulbl, M.
®opmyna (.4) MOXeT UCNOMb30BaTLCA NPU pacyeTe 3/1eKTPOdOPeTUYECKoi NOABUXKHOCTU YacTuUL, C HEHyNeBol
06beKTHOM npoBognMocTblo Kp. ®opmyna (I.4) B aHHOM criyyae umeeT Bug [23]:

M=% p~(ka.Kp) (r.6)

F(3K)=1+ 2" RY (ka)- 1.
m p

roe £1 — oTHOCMTEeNbHas AMaNekTpuyeckas NpoHULAeMoCTb cpeabl;
0 — ananexkTpuyeckasi NOCTosiHHasA. d/m:
M— pnMHamuyeckas BA3KOCTb. Ma c;

U — A3eTa-noteHuvan. B:
Kp— npoBoANMOCTb AUCMNepCcHO YacTulbl. CM/m.
OTa Teopua NOAXOAMT 41 NPOBOAALLMX YacTuL, B JUCMEPCHbIX cUcTemMax.

4 Teopusa Xiokkenss — OH3arepa ansa A3C 60nblWNX pasmMepoB
Ota Teopus [24] 3ameHseT orpaHnyeHune ana ToHkoro A3C (I.1) Ha orpaHuyeHune ansa A3C 60nbWKMX pa3mMepoB:

Ka « 1 .7

OrpaHunyenuns (I.2) n (I.3) ocTalTCa HEN3MEHHbIMU.
13
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AnekTpohopeTnyeckas NoABMXHOCTL ONPeAensieTcsl ypaBHEHNEM:

r-g
3 n r-8)

rae £71 — oTHOCUTeNbHAs AN3NEeKTPUYecKas NPOHNLAeMOCTb Cpeabl;
£0 — guanekTpuyeckas noctosiHHasA. d/wm;
M— AnHamuyeckasn BA3KOCTb. Ma C;
G— aseta-noteHyuan. B.
®opmyna (I.8) cnpaBeannsa TONbKO ANA Chepuyecknx YacTul, B pa3baBneHHbIX cucTemax ¢ HenepekpbiBaLWMu-
¢ 13C v 06bI4HO MCMONb3YyeTCA A4NA onucaHus anekTpodopesa B HENOMAPHBIX XULKOCTAX.

[5Teopun flyxnHa — CemeHunxuHa n O'bpaitana gna toHkoro A13C

3TN aHanuTUYecKne NpMeAMmKeHHble Teopun (25— 27J yunTbiBalOT BK/1a[ NOBEPXHOCTHON NPOBOAMMOCTU A1 TOH-
koro 19C HenposoaAwmnx yactuy,. OrpaHnyerue (I.2) yctpaHsietcs, a (I.1) n (I.3) ocTaloTCA HEN3MEHHbIMU.
B cnyyaB He3aBMCUMMO n3MepeHHOI Du anekTpodopeTuyeckas NofBMXHOCTb NpefcTaBneHa BolpaxeHnem [25]:

cLuZ<£ |. oc/[t + (Aln[cobb(~>1)]I'TH j
Moo 1-2Du 2 (re)
roe Ctr — OTHOCUTEe/IbHaA AnUanekTpnyeckasa npoHnUaemMmocCTb cpenbl;

£0 — aunanekTpnyeckasa noctosiHHasa. d/wm;

M— anHamunyeckas BA3KOCTb. MNa-c;
Du — uncno flyxvHa;

UJ— fg3eTa-noteHyunan. B: -

G — BbluMcnseTca no opmyne u =

Ons cnyyas, Korga NoBepxXHOCTHas NMPOBOAMMOCTb CBsi3aHa TObKO C AN hY3HbIM C/IOEM, 3nekTpoopeTnyeckas
NoABMXHOCTb UMeeT Bug, (26—27]:

ereou 4(1 + (3mi'z2)]sinh2(T/4) + (In[cosh(;/4)V;H2(1 - (83m/z2)]sinh(;/2)~ 12T}~
ka +8(1 + (3m/z2)]sinh2{;/4)-{24rnIn(cosh(C/4)]/z2}
rae £71 — oTHOCUTeNbHAas AN3NEeKTPUYEecKas NPOHNLAEMOCTb Cpeabl;
£0— guanekTpuyeckas noctosiHHasn. ®/m;
M— gnHammnyeckasa BA3KOCTb. Ma c;
£ — pseta-noTeHyman. B;
U, — Bbluncnserca no popmyne C= "y .
K — obpaTHas gnunHa febas, m'1:
a — paguyc yactuubl, M;
Z - Ba/IEeHTHOCTb MOHa,; 2 /k7\2 ETEo
T — BblpaxaeTcst popMynoh 7 - -g-|— J ~ 7

(no)

rae kK — obpartHas gnuHa febas, m*1;
[— abconoTHaa Temnepatypa. K;
B — 3/IeMeHTapHbIi anekTpuyeckuii 3apag. Kn;
£T — OTHOCWTE/NbHAsA AW3sIeKTpUYeckas NPOHULAEMOCTb XUAKOCTH:
£q— AnanekTpuyeckas noctosiHHas. ®/m;
KoatphuuneHT anddysnm anekTponnTa, M- c;
M— AnHamnyeckas BA3KOCTb. Ma c.

®opmyny (MO) MOXHO yNnpocTuTb, NpeHebperasa YyneHamy nopsigka (ka) 4TO NPMBOAMT K BbipaxeHuto (27]:
Aoy _ 2-1n2[1-expK)Y; \
n I 2+ (ka/(1+ 3m,z2)}exp(M/2) Y
rAe eT — OTHOCUTeNbHas AN3NeKTpPUYeckas NPOHNLAeMOCTb Cpeabl;
£0 — guanekTpuyeckas nocTosiHHasa. ®/m;
M— AnHamnyeckas BA3KOCTb. Ma-c:
£ — pA3eTa-noteHunan. B:
L, — BbluncnsieTcsi no oopmyne *
K — obpartHas gnvHa fle6asn. M'*;
a— pafanyc yactuubl, M;
Z — BaJIEHTHOCTb MOHAa: j 1|<T\2_'LEWEQ
m — BblpaxaeTcs POPMynoi m =ej-j— |-

(r11)

rae K — o6paTHas gnvHa febas. M'L

14
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T — abconwoTHasa TemnepaTtypa. K:
B — 3/1IeMeHTapHblil aneKkTpuyecknii 3apsag. Kn;
CT — OTHOCUTeNbHasA AnanekTpuyeckas NPoOHNLAEMOCTb XUAKOCTH;
By — gnanekTpuyeckas nocTosiHHasA. ®/m;
O efl- koachbduumneHT anddys3nm anekTponuta. m2/c;
M— AvHamunyeckas BA3KOCTb, MMa-c.

.6 Teopus anekTpodopesa OBepbeka ana nepekpbiBatowmnxca 4IC
Mo Teopun anekTpodopesa OBepbeka BbipaXeHne 415 3/1eKTPOhopeTNHecKoin NOABMKHOCTH, yunTbiBatoLee ne-
pekpbiBatowmecs A3C (28]. akcnepumeHTanbHO NOATBEPXAEHHOE JToHroM 1 Poccom [29]. umeeT Bug,;
201* [(kAe- 1Y(kRc* 1hexp[2k(Ae- a)]- (a’Rcil + [(kRc- 1)<(kRc* 1)]exp(k(Rc- a)]}
M “ |<ki?c-1 )/(kSAc + 1)](ka ¢ 1)expl2k(Fc- a)]- ka + 1 ’ (riz)
rae Kk — obpatHas gnvHa fle6as, m'L
a — paanyc Yactuubl, M;
M— agnHammnyeckas BA3KOCTb. Ma c;
0 — NOBEPXHOCTHas NAOTHOCTb 3apsga, Kn/m2;
Rc — papguyc ycnoBHOW 0607104k BOKPYT 4acTul, pacCcUMTaHHbIi Npu ycnoBuMKU, YTO 06bEMHbIe 0NN TBEepAblX Ten
BHYTPU 060NI0YKN 1 B fUCNIEPCHOI CUCTEME PaBHbI.
®opmyna (I.12) npumeHnMa 419 KOHLEHTPUPOBAHHbLIX HaHAAUCNEPCKbIX W CUIbHO pa3baBfieHHbIX HEeMOAAPHbIX
ANCNepCHbIX cpeq.

15
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Mpunoxexne
(cnpaBoyHoe)

PaBHOBecHOe pa3baBneHue u gpyrne mogucukaumm obpasua

CpaBHeHUWe pasnnyHbIX METOA0B OnNpeaeneHns g3eTa-noTeHumana ocioXHAeTCA TeM (DakToMm, YTo f3eTa-NnoTeHun-
an 3aBUCUT He TOJIbKO OT CBOWCTB YacTul, HO Takke OT XMMWYEeCKOro paBHOBECUS MeXAY NOBEPXHOCTbIO YaCTUL, U Xna-
KOCTbl0. JTlo60€e N3MEHEHME XUMUYECKOTO W MOHHOFO COCTaBa XWAKOCTU BAKUSET Ha 3TO paBHOBECWE W. CnefoBaTesflbHO,
B/IMSIET HA BEINUMNHY A3eTa-noTeHymana.

3ro cosfaet npobnemy AnA MeToA0B, KOTOpble NpeAnonarawT cuibHoe pasbasneHne obpasua. MoaroToska 06-
pasua [Oo/KHa NPOoBOAMTBLCA TakMM MeTOAO0M, YTOObl A3eTa-noTeHynan UCXOAHON cucTeMbl U pa3basneHHON nNpobbl He
n3meHsancs.

Mpu pasbaBneHny He TONILKO NOBEPXHOCTU YACTUL, 4O/MKHbI 0OCTaBaTbCSA UAEHTUYHBIMU B UCXOAHOM 1 pa3basieH-
HOM pacTBOpe, HO UM XWAKOCTU. 3TO YC/I0BME C/I0XKHO BbINOMHAETCA, eCIM B NpoLiecce UCNosb3yeTca kak pasbasnexue,
Tak u ctabunmsayma NoBepPXHOCTHO-aKTMBHOIO BellecTBa B obpasue.

Mpw npuroToBneHMn obpasua cnefyet UCNONb30BaTb Tak Ha3blBaeMblii cnocob paBHOBECHOrO pasbasrieHns, B KO-
TOPOM WUCNOMb3yeTCs Ta Xe camas XWAKOCTb, YTO U B UCXOAHON cucTeMe, B kadecTBe pasbasuTens. Mocne pasbasne-
HWUA eIMHCTBEHHbIM NapamMeTpoM, KOTOPbI U3MEHSIeTCS, IBNSETCS KOHLUeHTpauus Yactuy. MNMpo6onogratoska Ha OCHOBE
paBHOBECHOrO pa3baBneHns NO3BOMAET COXPaHNUTL 3HaUYeHNs A3eTa-noTeHunana B ICXO4HOM 1 pa3baBiieHHOM pacTBope.

CyuiecTByloT ABa NoAxoAa K NOAroTOBKe XWAKOCTU, UCNONb3yeMol Ans pasdaBneHus. MNepsblili Noaxon 3aknovaeT-
CSl B U3B/IEUEHUN XUNAKOCTW NOCNE OCAXAEHUA YacTul, NyTem cegvMeHTaunnm uan LeHTpudyrnpoBaHns n noaxoanT ans
CYGMUKPOHHbBIX YacTuL, C AOCTATOYHO BbICOKOW KOHLEHTpauneid n meHee NPUMEHUM ANA HAHOYACTUL.

[pyroii nogxop cBA3aH C NpYMeHeHWeM Avanusa u 6oMblue NOAXOAUT ANA HaHO- U 6GuogmcnepHbix cuctem. Mc-
nonb30BaHne Anasnn3HbiXx MeMbpaH CBSI3aHO C TEM. YTO OHV NPOMYCKAT MOHbI M MOJIEKY bl U HE MPOMYCKAlOT AUCTEPCHble
yactumubl [30).

B HEKOTOPbIX Cyvyasx MOXeT BO3HUKHYTb HEOBXOAMMOCTb NMPUrOTOBMEHNS 60/lee KOHLEHTPUPOBAHHbIX NPo6. 3T
MOXeT 6bITb 4OCTUTHYTO MyTEM NEepBOHAYaIbHOrO OTAENeHNs YacTuL, OT XUAKOCTU N MOBTOPHOTO ANCNEPTUPOBaHNSA UX B
roii e XWAKoCTK, HO Npu 6onee BbICOKON 06bEMHOI A0N1e YacTul,.
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