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2.1.2.37. KAIMWJIJIAPHBIN 3JEKTPO®OPE3

OBIIHME ITPUHIMAIIbI

Kanumnsapuenii  snextpodope3 mpeacraBiser coboil  ¢u3MUeckuid MeTOoJ| aHalu3a,
OCHOBaHHBIM HA MHUIpPALUU 3apsDKEHHBIX YaCTHUI[ OMpeNesieMOro BelIecTBa B PacTBOpeE
AJIEKTPOJINTA BHYTPU KAaIWJLISAPA 10/ BO3AEHCTBUEM MOCTOSIHHOIO AJIEKTPUYECKOTO MOJIS.

CKOpOCTh MUTpAIIMU YaCTHUI[ ONPEAETIIEMOr0 BEIIECTBA MO BIUSHUEM 3JEKTPUUECKOTO
HOJSl C HANpSHKEHHOCTBhIO £ ompenensieTcss MX 3JIEKTPO(OPETHUECKOW MOJIBUKHOCTBIO U
JNEKTPOOCMOTHYECKONH  MOJBMKHOCTBIO  OydepHOro  pacTBopa  BHYTPU  KamWUIspa.
Dnektpodoperrueckas MOABHKHOCTh YaCTHUIBl PACTBOPSHHOI'O BEHIECTBA (iep) 3aBUCHUT OT €¢
CBOICTB (3JIEKTPUUECKHIT 3apsif, pa3mep U (popma) U OT CBOICTB Oy(epHOro pacTBopa, B KOTOPOM
IPOUCXOJUT MPOLECC MUTPALMK (TUIl U MOHHAS CUJIA 3JIEKTPOJUTa, 3HaueHue pH, BA3KOCTh U
Hauue 100aBoOK). DiekTpodopeTndeckas CKOpocTh (Vep) YaCTHIII PACTBOPEHHOIO BEINECTBA,
IPUHUMAEMBIX KaK cpepuyecKue, ONUCHIBAETCS yPaBHEHUEM:

q %4
Vep = Hep X E = (6m;r) % (Z)

— 3¢ deKTUBHBIN 3apsi1 YaCTHUIIBI PACTBOPEHHOTO BEIIECTBA;
— pamuyc CTOKca 4acTHUIIbI PACTBOPEHHOTO BEIIECTBA;
BSI3KOCTh PAaCTBOpA AJIEKTPOIIUTA;

— TPUIIOKEHHOE HANIPSIKECHUE;

— oOmas nmuHa Kanuuispa.
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[Ipy momenmieHnn Kanmuiuispa, 3aloIHEHHOTO Oy(depHBIM pacTBOPOM, B IIEKTPHUYECKOE
noJjie BHYTPHU KamWUIsIpa HAYMHAETCS MUTPALIUS PacTBOpa, Ha3bIBaeMas dJEKTPOOCMOTHYECKUM
noTOKOM. CKOpOCTh  ANIEKTPOOCMOTHYECKOTO TIOTOKA 3aBHUCHT OT JJIEKTPOOCMOTHYECKOM
MOJIBUKHOCTHU (Leo), KOTOPAs, B CBOIO OYEpEllb, 3aBUCHT OT IUIOTHOCTHU 3apsija Ha BHYTpPEHHEH
CTEHKE Kamuuisipa M CBOMCTB Oy(epHOro pacTtBopa. DIEKTPOOCMOTHUECKAS CKOPOCTh (Veo)
OTHCHIBAETCS YPaBHEHHEM:

£¢
veoz.ueOXE:;XZ

rae: € — JIUAJICKTpHYECKas MPOHHUIIAEMOCTh Oy(epHOro pacTBopa;
{ — J;3era-MOTEHIMAN MOBEPXHOCTH KalWLIsIpa.
CKOpOCTh YaCTHIIbI PACTBOPEHHOT'O BEIECTBA (V) OMpPEIEIISIETCS ypaBHEHUEM:

V = Vpp + Veo

B 3aBucuMoOCTH OT 3apsia YacTHI] ONPEICIAEMOTO BEIIECTBa, €ro deKTpodopeTndecKas
MOJBMKHOCTh M DIIEKTPOOCMOTHYECKAs TMOABM)KHOCTh MOTYT HMETh OJMHAKOBOE WIIU
MIPOTUBOIIOJIOKHOE HaIpaBlieHUE. B yCIOBHSIX HOPMAaJIbHOTO KaIMMULIPHOTO 3JieKTpodopesa
AHUOHBI MUTPUPYIOT B HAIIPABIECHUH, POTUBOIOJI0KHOM HAPABIECHHUIO AIIEKTPOOCMOTUYECKOTO
MOTOKa, & MX CKOPOCTH MEHBIIE 3JIEKTPOOCMOTHYCCKOW CKOPOCTH. KaTHOHBI MUTPUPYIOT B
HaIpPaBICHUH, COBIA/IAIOIIEM C HAMPABICHUEM AIIEKTPOOCMOTHUYECKOTO MOTOKA, & UX CKOPOCTH
MPEBBINIAIOT IEKTPOOCMOTHYECKYIO CKOPOCTh. B yCIIOBHSAX, KOTZIa 3JIEKTPOOCMOTHYECKAS
CKOPOCTh TIPEBBIMIAET NMEKTPO(YOPETHUECKY 0, KATHOHBI M aHUOHBI MOTYT OBITH pa3/elIeHbl B
TEUCHHUE OJTHOTO Mpobera.

Bpewmsi (7), HeoOXonuMoe 9acTuile pacCTBOPEHHOTO BEUIECTBA JJISI MUTPAIIMH HA PACCTOSTHHE
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(/) oT KOHIA Kamwulsipa, B KOTOPBHIH OCYIIECTBISAETCS BBEICHHE, [0 TOYKH JICTEKIUH
(3bdexTHBHAS JUIMHA KATWIUISPA), ONPEACISIETCS YPaBHEHUEM:

1 IXL
Vep T Veo (:uep+:ueo)xv

Kak mpaBuno, npu 3nHauennu pH Oonee 3 kammwuiapsl ¢ HeMOIU(HUIIMPOBAHHON
MOBEPXHOCTHIO, H3TOTOBJIEHHBIE U3 IUIABJIEHOTO KBaplia, HMEIOT OTpHUIATEIbHBIA 3apsij,
00yCIIOBIIGHHBI MOHM3ALMEH CHIIAHOJBHBIX TPYIII, PACIIOJIOKEHHBIX HAa BHYTPEHHEH CTEHKE
kanuuisipa. COOTBETCTBEHHO, IEKTPOOCMOTHYECKUI MOTOK HaIpaBlieH OT aHoja K karoxy. s
JOCTH)KEHUST HAAJIeKaIIed BOCHPOM3BOAMMOCTH CKOPOCTH MHIPALUU YaCTHUI] PACTBOPEHHOTO
BEIIECTBA AEKTPOOCMOTHYECKHI TOTOK JOKEH OCTaBaThCsl MOCTOSHHBIM P KaXKJI0M Tpoobere.
B HekoTophix ciyuyasix TpeOyeTcsi YMEHBIINTh WM YCTPAHHUTh 3JIEKTPOOCMOTHUYECKUN MOTOK
nyTeM Moau(UKalii BHYTPEHHEH CTEHKH Kalulsipa Ui U3MEHEHHs KOHIIEHTPAIK, COCTaBa 1
(umm) pH 6ydepnoro pactBopa.

[Tocne BBeneHus 00pa3iia B KAUJUIAP KKl HOH OMPEAEIIiEMOro BEIIEeCTBA, BXOASIIETO
B coctaB oOpa3ma, MUTpHpyeT B cpene (OHOBOTO DIEKTPOJIUTA COIIACHO CBOEH
ANEKTPOPOPETHUUECKOI MOABIKHOCTH KaK He3aBUCHUMasi 30Ha. Jlucriepcust 30H, PeICTaBISIoIIast
co0Ol pa3MbIBaHHE 30HBI KKJIOTO BEIIECTBA, SIBIISETCS CIEICTBHEM pa3IM4YHBIX sBICHHUNA. B
UJCAIbHBIX YCIOBUSX BKJIAJ B YIIMPEHHE 30HBI BEIIECTBA BHOCUT TOJBKO MOJIEKYISIpHAs
mugy3us BemecTsa B0k Kammuisipa (mpononsHas nuddysus). B atom cirydae apdexTuBHOCTD
paszzeneHusi, BeIpaxkaeMasl YHCIIOM TEOpEeTHIeCKuX Tapeniok (N ), onpenensercs ypaBHEHUEM:

_ (ﬂep+ﬂeo)XVXI

N
2XDXL
rie: D — xo3dduuument monexynspHoi qudQy3un 4acTUIBI paCTBOPEHHOTO BEIIECTBA B
OydepHOM pacTBOpE.

Ha npakTuke 3HaUMTENbHBIN BKJIAaA B IUCIEPCHIO 30H TAaK)KE BHOCAT U JPYTHE SBICHMUS,
TaKHe KaK MPOLECCHl TEIUIOBBIACIEHH, acopOunun o0pa3la Ha CTEHKaX Kaluuiipa, a TaKxke
pasin4ue B MPOBOAMMOCTH 0o0pa3ua u Oy(depHOro pacTBopa, JUIMHA CTOJI0a BBEAECHHOW MPOOBI,
pa3Mep sueKU JEeTeKTOpa M PacloioKeHHe eMKOCTel ¢ OypepHbIMM pacTBOpaMHM Ha pa3HbIX
YPOBHSIX.

Paznenenne nByx 30H (BblpakaeMO€ C IIOMOIIBIO pa3pemieHus, Rs) MOXKET ObITh
JOCTUTHYTO MpPU M3MEHEHHM 3JIEeKTpo(opeTHdeckor IMOABMKHOCTH YACTHIl OIpeesIieMbIX
BEIIECTB U DJIEKTPOOCMOTUYECKOW IMOJBUKHOCTH, @ TaK)K€ NPU yBEIMUYEHUU 3(P(PEKTUBHOCTH
pa3zfeneHus 30H KaKJ0ro ONPEAEIIeEMOro BEIECTBA, COINIACHO YPaBHEHUIO:

_ \/N(/“Lepb - .uepa)
S — _
4(fep + Heo)

THE: [lepg U — DIEKTPOPOPETHUECKHE MOJIBHKHOCTH JIByX OINPENEIAEMBIX BEIIECTB MPHU
Hepp pasieseHuN;
Hep — cpemHss AJeKTpo(dopeTHUECKass IOABIKHOCTh JIBYX  OINPEACISIEMbIX

1
BCIICCTB Uep = 7 (/’tepb + .uepa)-
OBOPYJIOBAHUE

Ob6opynoBanue i1 KaMUJUIIPHOTO AIEeKTpodopesa BKIIOYaeT B ceosl:
— PeryIupyeMblii BBICOKOBOJIBTHBIM HCTOYHUK TOCTOSTHHOTO TOKA;
— JIB€ €eMKOCTHU C Oy(epHBIMU paCTBOPAMH, PACTIONIOKEHHBIE HA OJTHOM U TOM K€ YPOBHE U
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coJiep Kalliie yKa3aHHbIe aHOJHBIN U KaTOAHBII pacTBOPHI;

— JIBa JIEKTpOo/Ia (KaTo/1a ¥ aHo/a), MOTPY>KEHHBIE B EMKOCTH ¢ Oy(epHBIMU pacTBOPAMHU H
MOJKJTIOYEHHbIE K UICTOYHUKY MUTAHUS;

— Kanuisip (0OBIYHO M3TOTOBJICHHBIN M3 IJIABIEHOTO KBapla) sl pa3ieieHus, KOTOPbIi,
IIPU UCTIOJIH30BAHUH HEKOTOPBIX TUIIOB JETEKTOPOB, HIMEET ONTUYECKOE OKHO, PACIIOI0KEHHOE Ha
YpOBHE JAETEKTOpa; KOHII Kammuisipa IMOMEUICHbI B €MKOCTH ¢ OydepHBIMH pacTBOpamu;
KaluuIsp 3aloIHSIOT paCTBOPOM, YKa3aHHBIM B YaCTHOM (papMakonelHOi cTaThe;

— MOJXO/AIIIasi CHCTEMa BBO/IA IPOOBI;

— JIETEKTOp, CIOCOOHBII ONpEeNeNiaTh B PEXUME pPEaTbHOIO BPEMEHH KOJIHMYECTBO
MHTEPECYIOUIMX BEIIECTB, MPOXOMAIIMX YEpe3 CEerMEeHT Kamwuisipa Uisl  pa3ieiieHus;
JNETEKTUPOBAaHWE  OOBIYHO OCHOBAaHO Ha  aOCOpPOIMOHHOW  crekTpodoToMeTpuu (B
yABTPa(HOIETOBOM M BUIUMON 00NacTAX) WK (IyOPUMETPHH, B psALE CIy4aeB MOXKET OBbITh
nenecooOpa3Ho  Takke  KOHAYKTOMETPUYECKOe,  aMIIepOMeTpHYeckoe  WMJIM  Macc-
CHEKTPOMETPUYECKOE  JIETeKTHMPOBAaHUE,  aJbTEPHATHBHBIM  CIIOCOOOM  JIETEKTHPOBAHUS
COEMHEHUH, KOTOphIEe He moroaT YD-u3iaydueHue u He (IyopecuupyloT, sIBIIEeTCS HENpSIMOe
JIETEeKTUPOBAHHE;

— 7S TOJIyYeHHUS BOCIPOM3BOIMMBIX PE3yJAbTaTOB  PA3/EICHHUS] PEKOMEHAYETCS
UCTIONIB30BaTh TEPMOCTAT, CIIOCOOHBIA MONIACPKUBATh MOCTOSHHYIO TEMIIEpaTypy BHYTpPHU
Kanuuisipa;

— 3aMHCHIBAIOIIEE YCTPOUCTBO U MOXOAAIINI HHTETPATOP WIA KOMIIBIOTEP.

Jlis mpenu3nOHHOTO KOJIMYECTBEHHOTO aHalu3a KPUTHYECKUMHU (aKTOpamH SIBISIOTCS
YCTaHOBJICHHE CTII0C00a BBO/IA MPOOKI M €r0 aBTOMAaTH3aIusa. BBox mpoObl MOXeT OBITh OCHOBaH
HA MHCIIOJIb30BAaHUU CHJIBI TSDKECTH, JIABJICHHS WM BaKyymMa U D3JCKTPOKUHETUYECKUX CHIL.
KonmuecTBO KaX10ro KOMIIOHEHTa 00pasiia, BBEACHHOTO 3JIEKTPOKHMHETHUYECKHM CIOCOOOM,
3aBHCHUT OT €ro MEeKTPO(GOPEeTUUECKON MOABMKHOCTH, YTO MPUBOAUT K BO3MOXKHBIM HEPABHBIM
YCIIOBHSIM JJISl Pa3HBIX BEIIECTB IPHU MCIIOIB30BAHNH JIAHHOTO PeXUMa BBOJA MTPOOHI.

Hcnonp3yroT kanwuisip, OydepHbie pacTBOPHI, MPEIBAPUTEIHHYIO MOATOTOBKY, PACTBOP
o0pasiia u yCJIOBHsI MUTPAIIMH, YKa3aHHbBIE B COOTBETCTBYIOIIEH YaCTHOM (hapMaKOIEeHHON CTaThe.
[TpumeHsieMbIil pacTBOP ANEKTPOIUTA PUIBTPYIOT AJIs yAATIEHUS TBEPABIX YaCTHUI[ U IETa3UPYIOT
JUIsL TIPEOTBpAIICHNs 00pa30BaHUs Iy3bIPHKOB, MEHIAIOMIUX paboTe AETEKTOpa U CO3JaHUI0
AIIEKTPUYECKOTO KOHTAKTA B KaMMIUISPE BO BpeMsI Mpoliecca MEKTPOHOpeTUIecKoro pas3ieeHus.
Jist obecrieueHust BOCIPOM3BOIMMBIX 3HAUYSHHI BPEMEHN MUTPAIIH PACTBOPEHHBIX BEIIECTB JIISI
KaXJI0H aHaTUTHYEeCKON METOAMKM JIOKHA OBITh pa3paboTaHa METOAMKA TIIATEIHHOU
MIPOMBIBKH.

KATTWUISPHBIN 30HHBIN JIEKTPOD®OPE?3

ITPUHLIHATT

B kanumisspHoM 30HHOM 3ieKkTpodopese omperensieMble BEIIeCTBA pa3eisioTcs B
Kaluwuisipe, coJepkalieM Toiibko OydepHbIi pacTBOp 0€3 HCIOJIb30BaHUS KaKOM-THO0
AHTUKOHBEKIIMOHHOM cpesibl. B taHHOM MeToze pasnenenue 00yCIoBI€HO MUTpaLlUeil pa3InyHbIX
KOMIIOHEHTOB 00pasiia ¢ pa3jIMyHON CKOPOCTHIO B BHJE OTACTHHBIX 30H. CKOPOCTh MHUTpAIHU
Ka)KJI0M 30HBI 3aBUCHT OT 3JEKTPO(POPETHUECKON MOIBUKHOCTH YaCTHIl PACTBOPEHHOTO BELIECTBA
U 3JIEKTPOOCMOTHUYECKOT0 MOTOKa B Kamwuisipe (cMm. pazaen Obwue npunyunvl JaHHOW 0oO0IIen
dapmakoneiiHoit crarbu). [y yaydlleHus pas/eleHus BEUIeCTB, aaCOpOMpPYIOIIMXCA Ha
KBapIIEBOH IMOBEPXHOCTH, MOTYT OBITh HCIOJB30BaHBl KaMMUIAPHl C MOTU(PHUIIMPOBAHHON
MOBEPXHOCTHIO.

[Tpu ucronp30BaHNH JAHHOTO BHJIA KAITHJUIIPHOTO 3JIEKTpodope3a BO3MOKHO IPOBEICHHAE
aHanmm3a kak Manbix (M, < 2000), tak u 6ompmmx mMojekyn (2000 < M, < 100 000). brarogaps
BBICOKOM 3(h(peKTUBHOCTH, JOCTUTAaeMON B KAallUJUIAPHOM 30HHOM 3JIEKTpodopese, MOKET ObITh
IPOBEIEHO pa3leiieHUe MOJIEKYJ, MMEIOIIMX O4YeHb HE3HAYMTENbHBIC pa3iMydsl B BEIHMUMHAX
OTHOIIEHWW 3apsna K wmacce. [Ipm nobGamnenmu K pasaenstonieMy OydepHOMYy pacTBopy
XHPAIBHBIX CEIEKTOPOB MOKHO TAKKE Pa3AeysTh XUPAIbHbBIE COSIMHEHUS.
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OIITUMMN3ALINA

OntuMu3zanus pasaeaeHus SIBISIETCs KOMILIEKCHBIM MTPOLECCOM, B KOTOPOM Ba)KHYIO POJIb
MOTYT UIpaTh HECKOJIbKO MapamMeTpoB paszeneHus. OCHOBHBIMU (aKTOpaMH, KOTOPbIE CIEIyeT
NPUHUMATh BO BHUMaHUE NpU pa3paboTKe METOAMK pa3/ieieHus, IBISIOTCS HHCTPYMEHTAIbHbIC
napaMeTpsl, a TAKXKe apaMeTpbl pacTBOpPa IEKTPOIUTA.

HNHcTpyMeHTAIbHBIE IAPpAMETPbI

Hanpsoicenue. J171 oNTUMU3aLUK TPUIIOKEHHOTO HAITPSDKEHUSI M TEMIIEPATyPbl KaluJuisipa
uHpOpMaTHBHBIM sBIsieTcs Tpaduk J[koyneBa HarpeBa. Bpemsi pasgenenus oOpaTHO
IPONOPLHUOHAIBHO MPHIOKEHHOMY HampspkeHuto. OJHAaKo yBEIMUYEHHE HAINPSDKEHUST MOXKET
BbI3BaTh M30BITOYHOE BBIJCIICHUE TEIIa, IIOBBIIICHWE TEMIIEpaTypbl U, Kak pe3ynbTar,
o0pa3oBaHKe IPaJUEHTOB BSI3KOCTH B Oy(hepHOM pacTBOpe, HaxoAsIeMcs B Kanuuisipe. JaHHbIi
3 QeKT TPUBOIUT K YIIUPEHUIO 30HBI M YMEHBIIAET pa3pelicHHeE.

Tonaprocmo. I10ASIpHOCTB 37EKTPOAOB MOXKET ObITH HOPMAJIbHOM (aHO HA BXOJIE U KaTo
Ha BBIXOJIE), MEKTPOOCMOTHYECKUAN TTOTOK IPU 3TOM MUTPHPYET IO HAINPABICHUIO K KaTomy. B
cilydyae OOpaleHHON MNOJSPHOCTU 3JIEKTPOAOB IEKTPOOCMOTUYECKUI NOTOK HArpaBieH OT
BBIXOAa W3  KalWwuisipa, W  TOJBKO  3apsDKEHHBIE — ONpeneseMble  BeIlecTBa ¢
MEeKTPOOPETUYECKUMH MOJBMXKHOCTSAMH, MPEBILAIOIIMMU BETUUYNHY 3IEKTPOOCMOTHYECKOTO
MOTOKA, TIOMA/IAI0T K BBIXOLY.

Temnepamypa. TemnepaTypa IJIaBHbIM 00pa3oM BIMSIET Ha BA3KOCTb U JIEKTPUUYECKYIO
POBOAMMOCTH Oy()epHOro pacTBopa M, Kak CJIEICTBHE, HA CKOPOCTh MHUTPAaLUU. B HEKOTOpPHIX
cllydasix yBeJIMYE€HHUE TeMIlepaTyphl Kaluuisipa MOXKET BbI3BaTh KOH(OPMALMOHHbIE U3MEHEHUS
MOJIEKYJ O€JIKOB, YTO H3MEHSET UX BpeMEeHa MUTpaiy U 3)(HEKTUBHOCTD pa3esieHHs.

Kanunnap. Pazmepsl kanmwuispa (JUIMHA M BHYTPEHHMH JMaMeTp) BIUSAIOT HAa BpeMs
aHanu3a, 3G (HEeKTUBHOCTD Pa3[elIeHuUs U IOMyCTUMYIO Harpy3Ky. YBeJIHUeHHE Kak dPPEKTHBHOM,
TaK ¥ OOILEeH JUIMHBI KallWuIsipa MOXKET OCIabUTh 3JIEKTpUYEcKoe Moje (B ciydae paboTsl Ipu
MIOCTOSIHHOM ~ HANpsDKEHWH), YTO TPUBOIAWT K YBEIMUYCHHIO BpeMeHH Murpanun. s
ornpejienieHHOro  Oy(epHOro pacTBopa M JIEKTPUUYECKOrO MO  TEIJIOBBIAEICHUE M,
CJIEZIOBATEIbHO, YIIMPEHHWE 30H BEIIECTB 3aBUCHT OT BEJIWYMHBI BHYTPEHHETO JHaMeTpa
kanwuisipa. Kpome 3Toro, BenMunMHa BHYTPEHHETO JAMaMeTpa Kanujulipa BIMsET Ha Mpenel
oOHapy KeHHs, 3aBUCSIINI OT 00beMa BBEACHHOW NPOOBI U UCIIONIE3yEMOTO AETEKTOPA.

ITockonbky ancopOIusi KOMIIOHEHTOB oOpas3lia Ha CTEHKE Kalujuisipa OrpaHUYMBAET
3(pPEKTUBHOCTb, MpPHU pPa3pabOTKE METOAMKH pa3leieHHs ClelyeT NpPeayCMOTPETh CIOCOObI
NpeOTBpPAICHUs] TaKUX B3auMojeicTBuil. Tak [ mpeaoTBpalieHus aacopouun 0enKkoB ObLIO
pa3paboTaHO HECKOJNBKO crmoco0oB. HekoTopeie #3 Takux Ccmoco0oB (MCIOJIb30BaHUE
HKCTpEMaJIbHBIX 3HaueHU pH 1 ajncopOuus MONOKUTENBHO 3apsKEHHBIX 100aBOK B Oy(epHbIii
pactBOp) Ui TIPEAOTBpAIICHHS aacopOuuu OeNKoB TpeOyroT JHIIh H3MEHEHHS COCTaBa
OydepHoro pactBopa. B npyrux cnocobax BHYTpPEHHssI CTEHKa KamWuisipa IOKpbIBaeTCs
MOJIMMEPOM, KOBAJIICHTHO CBSI3aHHBIM C IOBEPXHOCTBIO, YTO MPEIOTBPAIIAET B3aWMOJCHCTBUE
MEeXIy OelkaMu M OTPULATENIbHO 3apsHKEHHOW IOBEPXHOCThIO KBapua. s »tux ueneit
BBIITYCKAIOTCS TOTOBBIE K WCIOJNB30BAHUAI0 KAMMJULAPHI C TOKPBITHSAMH, COCTOSIIUMH U3
HEUTpaJIbHBIX TUAPO(PUIBHBIX KATHOHHBIX WJIM aHUOHHBIX TOJIMMEPOB.

ITapameTpsbl pacTBOpa JIEKTPOJINTA

Tun u xomyemmpayus Oygeprozo pacmeopa. bybdepHble pacTBOPbI, MOAXOIAIINE JUIS
KalWUIIPHOTO 3JIeKTpodope3a, UMEIOT COOTBETCTBYIONIYI0 Oy(epHyI0 €MKOCTh B BBIOpaHHOM
nuarnazoHe pH u HU3KyI0 MOJABMXKHOCTD I MUHUMHU3AIIUM 00pa30BaHus TOKA.

[TonGop BO BceX BO3MOXKHBIX Ciydasx Oy(pepHOro pacTBopa C MOJABHKHOCTHIO HOHOB,
COOTBETCTBYIOULIEH MOJBIKHOCTH YaCTHUIIBI PACTBOPEHHOTO BELIECTBA, BAXKEH JIsI MUHUMH3ALUN
MCKa)KeHUsI 30HBI. TakKe BayKEH THIT pACTBOPHUTEISI, HCIIOJIB30BAaHHOTO TSI pAaCTBOPEHUS 00pasiia,
i (okycupoBaHUs oOpaslia B KOJIOHKE, YTO YBEIUYMBAET S(PQPEKTHUBHOCTH pazeNeHHs U
yIydIIaeT AeTeKTUPOBAHHUE.

VYBenuueHue KOHIEHTpauuu OydepHoro pactsopa (Mpu OAHOM U TOM ke 3HaueHuH pH)
YMEHBIIAET 3IEKTPOOCMOTHYECKHUI IIOTOK U CKOPOCTh MUTPALIMK PACTBOPEHHOTO BEIIECTBA.
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3nauenue pH 6ygeproco pacmeopa. 3nauenune pH OydepHOro pacTBopa MOXET BIUSTH Ha
paszerneHue BCIeACTBUE MOAN(DUKAIIUIY 3apsia ONpPeaesieMOro BeUIeCTBa Wi J00aBOK, a TaKXkKe
M3MEHEHUS 2JICKTPOOCMOTHYECKOTo oTokKa. [Ipu pa3nenenun 6e1koB U nentua0B u3Menenue pH
OydepHoro pacTBopa co 3Ha4eHHUs, MPEBHIIIAIONIETO H30IIEKTPHUECKYIO TOUKY (pl), 10 3HaUeHUs,
KOTOpOE MEHBIIIE ee, U3MEHSIET CYMMapHbIN 3apsi/l PACTBOPEHHOT'O BEIECTBA C OTPHUIATEIHLHOTO
Ha TOJOXWUTENbHBIA. YBenmnuenne pH OydepHoro pactBopa OOBIYHO  YBEITHMYMBACT
ANEKTPOOCMOTHYECKHII MTOTOK.

Opeanuyeckue pacmeopumenu. K BomHbIM OyepHBIM pacTBOpaMm sl YBEITHUCHHS
pPacTBOPUMOCTH BEIIECTB B PACTBOPE WM JAPYTUX A00aBOK, U (WJIHM) BO3IEUCTBUS Ha CTEMEHb
MOHHU3AIMM KOMITIOHEHTOB 00paslia MOTyT OBITh /J100aBJICHBI OpPraHUYECKHE MOIU(PHKATOPHI
(MeTaHoOJ, aleTOHUTPUI U JIp.). Jlob6aBieHne 3THX opraHudecKux Moau(UKATOpOB K OydhepHOMY
pacTBOpy OOBIYHO BBI3BIBAET YMEHBIICHUE 3JIEKTPOOCMOTHYECKOTO TIOTOKA.

Lobasku ons xupanvHulx pazoenenutl. J1Jig pa3neneHuss SHAHTHOMEPOB K pa3eliaioieMy
OydepHoMy pacTBOpy HOOaBISIOT XHpANbHBIA cenektop. Hambosnee dWacTo HCHOIB3yeMBbIMU
XUPATBHBIMU CEJIEKTOPaMU SIBJISIOTCS HUKIOJEKCTPUHBI, HO TaK)K€ MOTYT OBITh HCIIOIBE30BaHBI
KpayH-2(QHpBbI, Tonucaxapuasl U Oenku. [10CKONIbKY XHpalbHOE pacloO3HaBaHUE OMPEHCISeTCS
Pa3IMYHBIMH B3aUMOJICHCTBUSAMU MEXAY XUPAIbHBIM CEIEKTOPOM M KaXKJIbIM U3 SHAaHTUOMEPOB,
paspeuieHue, JOCTUraeMoe Uil XHPAJIbHBIX COCAMHEHUH, 3aBUCHT, TIIABHBIM 00pa3oM, OT THIa
HCIIOJIb30BAaHHOTO XHPAJIBHOTO celiekTopa. B cBs3u ¢ ATUM mpHu pa3paboTke JaHHBIX METOIUK
paszieneHuss 1enecoo0pa3sHO MPOBEPUTh BO3MOKHOCTH HCIIOJB30BAHUS IUKIOACKCTPUHOB C
pa3IMyYHBIM pa3MepoM mojocted (o-, - WM Y-IUKIOACKCTPUH) WU MOAU(PHUIIMPOBAHHBIX
[UKJIONEKCTPUHOB C HEUTPalNbHBIMH (METWII-, STHJI-, TUAPOKCHAJKWI- WM JAPYTHMH) HWIH
WOHU3BHPYEMBIMH (aMHUHOMETHJI-, KapOOKCUMETHI-, CYIb(OOyTHIPOUPHBIMU H  APYTHMH)
rpynnamu. [Ipy  UCHONB30BaHMM  MOJU(HUIMPOBAHHBIX  MUKIOACKCTPHHOB  HEOOXOAUMO
OPUHUMATh BO BHHMMAHHE pAa3IMYUsi MEXAYy pa3HbIMU MapTUSMU B CTENCHH 3aMelleHUs
IIUKJIOIEKCTPUHOB, TIOCKOJIBKY 3TO MOXKET OKa3bIBaTh BIMSHWE Ha CEJEKTHBHOCTH. Jpyrumu
dakTopamMu, BIUSIONIMMH Ha pa3pelleHHe MpH XHUPAJbHBIX pa3leNeHUsIX, SBISIIOTCS
KOHIIEHTpAIHsI XUPAJIBLHOTO CEJIEeKTopa, cocTaB M 3HaueHne pH OydepHoro pactBopa, a Takxe
Temneparypa. Mcronp3oBaHue opraHnyeckux J00aBOK, TAKUX KaK METaHOJ WJIM MOYEBHHA, TAKKE
MOXET BIMATH HA JOCTUTAEMOE pa3pelieHue.

KATIWJJIAPHBIN TEJIb-2JIEKTPODOPE3

ITPUHLIHATT

B xanwuispHOM renb-aiekTpodopese pasleneHue MPOUCXOAUT BHYTPU Kalujuispa,
3aMOJIHEHHOTO resieM, AeHCTBYIONINM KaK MOJIEKYJIsipHOE cuTO. [10CKOIBKY MOJIEKYIbI MEHBIIETO
pasmepa Jierde MpoHUKAIOT B CTPYKTYpY Ielisi U MUTPUPYIOT ObICTpee, ueM OoJbIIne, paszieeHue
MOJIEKYJI C OJIM3KUMU BEJIMYMHAMM OTHOIICHHUS 3apsija K Macce MPOUCXOIUT B COOTBETCTBUH C MX
pasmepamu. Takum 00pa3oM, METOAOM KalMJUIIPHOTO TIelb-3J1eKTpodope3a Mo BeTMUYMHAM
MOJIEKYJISIPHBIX MacC MOTYT OBITh pa3iefieHbl pa3jiMyHble OHMOJOTHYECKHE MaKpOMOJEKYJIbI
(Hanpumep, 6enku u pparmentsl JJHK), yacto nmerorye 61u3kue BeTUUYUHBI OTHOLIICHUS 3apsiia
K Macce.

XAPAKTEPUCTHUKH 'EJIEH

B xanwinspHOM renb-oaekTpodope3e HCHONB3YIOT Teld ABYX THIIOB: XHMHUYECKU
MOAM(DUIMPOBAHHBIE U JUHAMUYECKH MOIU(HUIMPOBAHHBIE. XUMUYECKH MOIU(PHUIIMPOBAHHBIE
TeJIN, HallpUMED, MOMEPEYHO-CIIUTBINA MOJIHAKPHIAMH/L, TOJIYYArOT MOJUMEPU3ALMEN MOHOMEPOB
BHYTpH Kanwuisipa. OHU 0OBIYHO XMMHUYECKH CBSA3aHBI C TOBEPXHOCTHIO IJIABJICHOTO KBapIia U He
MOTYT OBbITh yaJIeHbI 0€3 pa3pyleHus Kanuuiapa. Eciu renu ucnonb3yrores Ais aHaan3a 0enKkoB
B BOCCTAHABJIMBAIOIINX YCIOBUSX, PA3IEIAIONNI OyhepHblii pacTBOP OOBIYHO CONEPKUT HATPUs
nopenmicyiabdar, a mpoObl Iepe] BBOJOM JI€HAaTypUPYIOT HArpeBaHHMEM B CMECH HaTpHs
nopenwicyiabpara M 2-MEpKanTodTaHOJa WIM JAWTHOTpeuTona. IIpm  ucCHonb30BaHUH
HEBOCCTaHABJIMBAIOIINX YCIOBUH (HallpUMep, aHaJIN3 UHTAKTHOTO aHTUTENA) 2-MepKarTOITaHOI
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U JUTUOTPEUTON HE TNPUMEHSIOT. Pa3neneHue B MONEPEYHO-CIIMTHIX TEISX MOXKET OBITh
ONTUMHU3UPOBAHHO HM3MEHEHHEM paszeisomero OypepHoro pactBopa (B COOTBETCTBUU C
yKa3aHUSMHU B pasjiesie, MOCBAIICHHOM KalUUISPHOMY 30HHOMY 3JIeKTpodope3y) U KOHTPOJIEM
MOPUCTOCTH I'eJisi BO BpeMs ero nojiyueHusi. Pasmep nop rnonepeuHo-CInThIX MOJUaKPUIAMUTHBIX
resieit MOXKeT ObITh MOIU(UIMPOBAH C TOMOIIbIO U3MEHEHUS KOHLIEHTPALMU aKpriiaMua u (1iIn)
IIPONOPLMH CLIIMBAIOUIETO peakThBa. Kak nmpaBuio, yMEHbIIEHUE pa3Mepa Mop Ieisl PUBOAUT K
YMEHBILIEHUIO MOJABMKHOCTH pa3/iesieMbIX BEIIeCTB. BciencTBue »KecTKOCTH MOIO0OHBIX rese
MOJKET OBITh UCIIOJIL30BaH TOJBKO 3JICKTPOKUHETUICCKUI BBOJ TIPOOEHI.

Junamuueck MOIM(UUMPOBAHHBIE TeNU MPEACTABISIOT CcO00W  TUApPO(UIBHBIE
MOJIUMEPBI, TaKUE KaK JIMHEWHBIA MOJUAKpUIaMHUJ, MPOU3BOJIHBIC ILIEJUIIONO3bI, JEKCTPaH M
JIpyrue, crnocoOHbIe PaCTBOPSTHCS B BOJHBIX pa3Aeisionux OypepHbIX pacTBopax U obpasyrolue
pa3AeisIoNIyI0 Cpely, KOTopasi TaKkKe IEUCTBYET KaK MOJIEKYJIIpHOE CUTO. Takue paziesnsdiomue
Cpelbl MOTYYHUTh JIET4e, YeM MOMEePEUHO-CIIUThIE MoMuMepbl. OHU MOTYT OBITh PUTOTOBJICHEI B
cocye ¥ MOMEIIEHBI 1O/ JaBJICHHEM B KalWUIAP ¢ MOIU(MUIIMPOBAHHONW TMOBEPXHOCTHIO (0e3
ANIEKTPOOCMOTHYECKOTO IMOTOKA). 3aMeHa reyis Iepell KaXJbIM BBOJOM MpPOObI KaK MPaBUIIO
yAIy4llaeT BOCIPOU3BOIUMOCTb paszieieHus. Pasmep nop reneil MOXKeT ObITh yBEJIWYEH IyTEM
UCIIONB30BaHUS TOMUMEPOB C OOJNBIIEH MOJEKYIIpHOM Maccoil (mpu (PUKCHpOBAHHON
KOHIICHTPAIIMK TOJIMMEpPA) WM IyTeM YMEHBIICHUS KOHLEHTpaluuud ToiuMepa (mpu
(buKCHpPOBaHHOM MOJIEKYISIPHOIM Macce moauMepa). YMEHbIICHHE pa3Mepa Mop reisi IPUBOAUT K
YMEHBIICHUIO TIOJBMKHOCTH YacTUI[ PACTBOPEHHOTO BEIIECTBA B OJHOM U TOM ke OydepHOM
pactBope. [lockonbKy Ipu pacTBOPEHUM TaKUX MOJIUMEPOB B OydepHOM pacTBOpe 00paszyroTcs
pacTBOPBI C HHU3KOM BSI3KOCTBHIO, MOXKET OBITh HCIOIB30BaH KaK THAPOJMHAMUYECKUH, TaK H
ANEKTPOKUHETHYECKHI BBOJ MPOOHI.

KATIIMJUIAPHOE U302JIEKTPUYECKOE ®OKYCHUPOBAHUE

HIPUHIHAIT

[Mpu wm3odnmeKTpUdYecKoM (POKYyCHpPOBAaHMHM MOJIEKYIBl MHTPHPYIOT TIOA JIEHCTBHEM
AIEKTPUYECKOTO MOJS 0 TeX IMOp, MOKAa OHU OCTAaroTCi 3apsDKeHHBIMH B rpaaueHTe pH,
C03/1aBacMOM amdonuramu, MMEIOLIUMU HIUPOKUI JAara3o” 3HaYEHUN pl
(monraMuHOKapOOHOBBIE KUCIIOTHI), PACTBOPEHHBIMU B Oy(epHOM pacTBOpE.

TpeMst OCHOBHBIMU CTaJMSIMU H303JIEKTPUIECKOTO (DOKYCHUPOBAHHS SIBIISIOTCS 3arpy3Ka,
dboKycrupoBaHUE U MOOUIH3AIIHSL.

Cranus 3arpy3ku. MoryT ObITh HCIIOJIB30BaHbI JABa Criocoa:

— OJIHOCTYTIEHYaTasi 3arpy3ka: oOpasell cMelmMBaeTcsi ¢ aM@oiuTamMu U BBOAUTCS B
KaIlMJUISIP TI0JT IaBJICHUEM HJTH C TIOMOIIBIO BaKyyMa;

— rocJiefioBaTebHas 3arpy3Ka: B Kanujuisip BBOAAT HauallbHbINH OydepHbIii pacTBOp, 3aTeM
aMmdonuThl, 3aTeM 00pasel], CMEIIaHHbIN ¢ aM(OJIUTaMH, ITOCIIE Yero CHOBA aM(OJIMTHI U B KOHIIE
3aMbIKaromuil  OydepHbiii pactBop. OObeM oOpasua A0MKEeH ObITh HEOOJbIINUM, YTOOBI HE
TIOBJIMSITH HA BETMUMHY TpaaueHTa pH.

Cragus ¢oxycupoBanus. [Ipu mongade HanpspkeHHs aMQOIMTHI, B 3aBUCUMOCTH OT
CBOETO CYMMAapHOTO 3apsija, MUTPUPYIOT MO HAIpABICHUIO K KaTOMy WIH aHOAIY, TEM CaMbIM
co3JaBasi TpaJIMeHT oT aHona (Oonee Hu3kue 3HaueHust pH) k karoxy (Oosee BHICOKHE 3HAYCHUS
pH). Ha manHO# craguu pa3aesnsieMble KOMITOHEHTBI MUTPUPYIOT IO TEX TOP, MTOKa HE JOCTUTHYT
3HaueHus1 pH, COOTBETCTBYIOIIET0 UX M303JIEKTpUdeckoil Touke (pl) U TOk He ymazmeTr 10 OYeHb
HU3KUX 3HAYEHUU.

Cragus moOwm3anuu. Eciam Ui eTeKTHpoBaHUS HeoOxonuMma MoOMIM3anus,
UCTIONB3YIOT OJTUH M3 CIIEAYIONINX CIIOCOOOB:

—B TIEpBOM CII0OCOOE MOOMIIM3AIMIO TPOBOAAT B TEUEHUE CTaguM (POKYCHPOBAHUS
BCJICZICTBHE JCHWCTBUS DIEKTPOOCMOTHYECKOTO IOTOKA; JIEKTPOOCMOTHUECKHN TMOTOK JIOJKEH
OBITH TOCTATOUYHO MAJIBIM, YTOOBI TO3BOJIUTH MPOBECTH (POKYCHPOBAHHE KOMIIOHEHTOB;

— BO BTOPOM CIOco0€ MOOWIM3AIMIO MPOBOJAT IMOCJE CTaauu (POKyCHpOBaHUS ITyTEM
UCTIOJIb30BaHMSI TOJIOKUTEIIBHOTO AABJICHHUS;
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— B TPEThEM CIIOCOOE MOOWJIM3AIIMIO TPOBOAAT IOCE CTaauu (OKYCHPOBAHHS ITyTEM
no0aBiieHUsT Coeld B KAaTOAHYIO WJIM aHOIHYIO €MKOCTh (B 3aBUCHMOCTH OT HalpaBlICHUS,
BBIOpAHHOTO /1711 MOOHMIIM3aLIUK ) ISl U3MeHeHus pH B kanuiuisipe npu NpuiokKeHUU HAMPSHKEHUS.
[Tockonbky pH m3mensercsi, OETKM U 3IEKTPOIUTHl MUTPUPYIOT MO HAINPABICHUIO K E€MKOCTH,
KOTOpasi COACPKUT 10O0aBICHHBIE COJIH, U ITPOXOAT Uepe3 ACTEKTOP.

Hocturaemoe pasaeneHue, Beipakaemoe kak Apl, 3aBucut ot rpaauenta pH (dpH/dx),
KOJTM4YeCTBa aM(OIUTOB, UMEIOMIMX Pa3IMYHble BENUYUHBI pl, k0dpduIeHTa MONEKyIIpHOU
muddysuu (D), HaIPSHKEHHOCTH AIIEKTPUYECKOTO MO (£) M U3MEHEHUS EKTPOPOPETUIECKOM
MOJIBMYKHOCTH OIpeiesisieMoro Bemectsa npu usMenennu pH (—du/dpH):

D x (dpH/dx)
E x (—du/dpH)

Apl =3 x

OlTUMU3ALIA

OCHOBHBIMU TMapaMeTpaMM, KOTOpBIE CJIEIyeT YUUThIBaTh IpHU pa3pabOTKE METOAMK
paszaeneHus, sBISIOTCA CIENyOLINE.

Hanpsizxkenue. B kamwuispHOM H302JIEKTpUYECKOM (OKYCHUPOBAaHMM Ha CTaJuu
(OKyCHpPOBaHUS UCHOJB3YETCS HIEKTPUUECKOE T0JI€ C OYEHb BBICOKOW HAIPSKEHHOCTHIO — OT
300 B/em o 1000 B/cewm.

Kamumaasip. B 3aBucumoctn  oTr  cmocoba  moOunu3aruu  (CM.  BBIIIIE)
AIEKTPOOCMOTUYECKHI TOTOK JOJDKEH OBITh YMEHBUIEH WM TojaBieH. Kamwuspsl ¢
MOAM(DULIMPOBAHHON MOBEPXHOCTHIO, KaK IIPABUIIO, YMEHBIIAIOT HIEKTPOOCMOTUYECKHUI MTOTOK.

PacTBOpbl. AHOIHYIO EMKOCTB 3allOJHAIOT PacTBOPOM, 3HaueHHe pH koToporo meHsine
3HaueHus pl Hambonee kuciaoro amMm(poauTa, a KaToOJHYI0 €MKOCTb — PacTBOPOM, 3HaueHue pH
KoToporo Oosnblie 3HaueHus pl Hambonee ocHoBHOro amdonuta. s aHOAHBIX OydepHbIX
pPacTBOPOB YACTO UCHOJB3YIOT POCHOPHYIO KUCIOTY, a JUIs KaTOIHBIX — HATPHSI THIPOKCHI.

JloGaBneHue nonuMepa, Takoro Kak METUJILEIIII0I03a, B pacTBOP aM(poauTa MPUBOIUT K
MOJABJICHUIO KOHBEKTUBHBIX CHJI (€CIIM TaKUe UMEIOTCS) U AIIEKTPOOCMOTUYECKOTO MOTOKA, YTO
oOycnaBnuBaeTcs yBelIMueHUEM Bsi3KocTH. Kommepuecku AocTynHble aM(OJIUTHl OXBaThIBAIOT
MIMpOKHE Auana3oHbl pH, M mpu HeoOXOAMMOCTH pacuMpeHus auanazoHa pH MmoryT ObITh
cmemanbl. [upokue nuamasonsl pH HMCMONB3yIOT 1711 OLEHKH 3HAUEHUS H303JEKTPUYECKON
TOYKH, B TO BpeMs Kak Ooyiee y3KHWE€ MPUMEHSIOT JUIl IOBBILIEHUS TOYHOCTH aHaIU3a.
CooTHeceHHEe BpEMEHU MUTpPALMU U 3HAYEHUS U30IEKTPUUYECKON TOUKHU Ui CEpUU OENKOBBIX
MapKepOB MOXKET OBITh UCIIOJIb30BaHa /Il KATUOPOBKH.

OcaxeHue 0eIKOB B U30IEKTPUUYECKON TOUKE BO BpeMsl CTaIuu (POKYCUPOBAHUSI MOXKET
OBITH MPEIOTBPAILEHO, TPU HEOOXOAUMOCTH, UCIOIb30BaHUEM J100AaBOK K Oy(epHOMY pacTBOpY,
TaKMX Kak [IUIEPUH, MOBEPXHOCTHO-aKTHBHbBIE BEIIECTBA, MOYEBMHA, WM HCIOJIb30BaHHEM
[BUTTEP-UOHHBIX Oy(epHBIX pacTBOpoB. CienyeT UMeTh B BUAY, YTO MOYEBHHA B 3aBUCUMOCTH
OT KOHIIEHTpAIMH JIEHaTypUpyeT OeKu.

MULEJUTAPHAA SJIEKTPOKMHETUYECKA S XPOMATOI' PAOU A

HIPUHIIATIT

B munennsipHoii anekTpokuHeTHueckoi xpomarorpadpun (MOKX) paszgenenue mpouc-
XOJIUT B PACTBOPE JIEKTPOJIHUTA, KOTOPHIN CONEPKUT NMOBEPXHOCTHO-akTUBHOE BenlecTBo (IIAB)
B KOHIIEHTpAIU{, MPEBBIIIAIONIEH KPUTHUECKYIO KOHIIEHTPALMIO MHIIEIO00pa30oBaHus (KKkm).
MosekyIbl paCTBOPEHHOTO BEIIECTBA PacpeAeIAIOTC MEX Ay BOIHBIM Oy(depHbIM pacTBOPOM U
NICEB/IOHETIOBIDKHOM  (Da3oil, oOpa3oBaHHOW MHIIEJUIAMH, B COOTBETCTBUU CO CBOUM
ko3 unmentom pacnpenenenus. Takum oOpa3oMm, JaHHBIA METOJ MOKHO paccMaTpHUBaTh Kak
rubpup snekrpodopesa u xpomarorpadguu. OH MOKET OBITh HCIIONB30BaH IJI pa3fAelieHus] Kak
3apsDKCHHBIX, TaK W HEUTPAJbHBIX YACTHUL] PACTBOPEHHBIX BEILECTB, IIPH ITOM COXPAHSAETCS
3 PEeKTUBHOCTb, CKOPOCTh U MHCTPYMEHTAJIbHAsI MPUTOIHOCTh KAMMIIIPHOTO 3J1eKTpodopesa.
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OnnuMm u3 HamOoisee pacnpocTpaHeHHBIX [TAB sBisieTcss aHMOHHOE TOBEPXHOCTHO-AaKTHBHOE
BEIIECTBO HATpUs JONCHIICYNb(hAT, XOTd HNpUMEHSIOTCS Takxke u apyrue [IAB, nampumep,
KAaTUOHHBIE, TAKUE KaK COJIM LETHITPUMETUIAMMOHHUS.

MexaHu3M pa3fereHus 3aKiIoYaeTcs B CIEAYHUEM. B HEUTpadbHOM WIM ILEIIOYHOU
cpele BO3HUKACT CHJIBHBIM 3JIEKTPOOCMOTHYECKUN IOTOK, KOTOPBIM NEpPEMEIIAeT HNOHbI
pasgensitomiero OydepHoro pacrtBopa Mo HampaBieHHIO K Katomy. Ecim B kadectBe [1IAB
UCIIONIB3YeTCA HATpHs Aoaeuuicynbdar, anekrpodopernyeckas MUTPALUS aHUOHHBIX MUIEIT
IIPOMCXOJUT B IPOTHBOIIOJIOKHOM HAIpaBlICHUM, T.€. K aHoay. B pesynsrare o0masi cKOpocTh
MUTPALMU MULIEJIJT YMEHBIIAETCS IO CPAaBHEHUIO CO CKOPOCTBIO IOTOKA pacTBOpa 3J1eKTpoauTa. B
Clly4ae HEHTpaJbHBIX PAaCTBOPEHHBIX BEIIECTB CKOPOCTb MUIPALUU OIPENEISIEMOIO BEIECTBA
OyIeT 3aBUCETh TOJILKO OT BETUYMHBI ero koddduimenta pacnpeneneHuss Mexay MULEION u
BOJHBIM Oy(epHBIM PacTBOPOM, MIOCKOJIBKY OIPEEIIIEMOE BEIIECTBO CIIOCOOHO pacpeesIThes
MEXy MHIEIUION U BOIHBIM OydepHbIM pacTBOPOM W He oOmagaeT 3aeKTpodopeTudecKon
NOABIKHOCTBIO. Ha snexrpodoperpamme MUKH, COOTBETCTBYIOIIUE KaXKIOMY BELIECTBY W3
HE3apsDKEHHBIX YAaCTHUIl, BCErAa HAXOMATCA MEXIYy ITMKOM MapKepa 3JIEKTPOOCMOTHYECKOTO
MOTOKA Y ITMKOM MUIIEIUIBI (BPEMSI MEXAY 3TUMHU JIBYMsI IMKAMU Ha3bIBAETCSI OKHOM pa3/ieiieHus).
Jis 3apsKeHHBIX PACTBOPEHHBIX BEIIECTB CKOPOCTh MUTPALIMU 3aBUCUT Kak OT Kod(dduimenrta
pacopesesieHuss BellecTBa MEeXAy MHIEIION U BOAHBIM Oy(epHbIM pacTBOPOM, TaK U OT
ANEKTPOPOPETHUECKOI MOIBUKHOCTH BEIIECTBA B OTCYTCTBHE MUIIEIUIBI.

[Tockonmpky mexanm3Mm pasaeneHust B MOKX HeWTpalbHBIX U CI1a00MOHH3MPOBAHHBIX
pPacTBOPEHHBIX BEIIECTB IVIaBHBIM 00pa3oM Xpomarorpapuyeckuii, MUTpaIUsl PacTBOPEHHOIO
BEIIECTBA M pa3pelIeHue MOTYT OBITh OXapaKTEpPU30BaHBI C MOMOIIBI0 KOA(pHUIMEHTA
yaepkuBaHUs BemecTa (k'), TakyKe M3BECTHOTO Kak KoddduimeHTt pacnpenenenus macc (D),
KOTOpBIM IpelcTaBisieT co0OM OTHOIIEHHWE KOJIMYECTBa MOJb PACTBOPEHHOI'O BEILECTBA,
HAXOJISIIIETOCS B MULIEIUIE, K KOTMYECTBY MOJIb JAHHOTO BEIIECTBA B MOABIKHOM (asze.

Jljis HeHTpalbHBIX COETUHEHHUM k' onpeniensieTcss ypaBHEHUEM:

tr — ¥ Vs
k' = N = K x—
tO X ( — _R) VM
th
rae: tR — BpeMs MUTPallMU PACTBOPEHHOIO BEIECTBA;
to — BpeMs BBIXOJA HEYJEPKUBAEMOTO PACTBOPEHHOIO BELIECTBA (OMPENENIEMOE C

IMOMOIIBIO MapKepa OJBJICKTPOOCMOTHUUYCCKOrO II0TOKA, HC IMPOHUKAIOMIECTO B
MUICIITY, HAIIpUMED, MeTaHOJ'Ia);

tmc — BpeMs MUTpaIMU MULEIIBI (M3MEPSETCS C MOMOILBIO MapKepa MULIEIUIbI, TAKOTO
kak Cynan III, KoTopbIit MUTpUPYET, TOJHOCTHIO HAXOSCh B MULIEIUIAX);

K — koad¢uuueHT pacnpeaeneHns pacTBOPEHHOIO BELIECTBa;

Vs — o0beM MUlemuspHoi ¢assl;

VM — o0BeM moaBMXHOU (a3sbl.

AHAJIOTUYHO, pa3pelieHne MeXAy MUKaMHd JBYX OJM3KO MHTPHUPYIOIMIUX YaCTHUIL
PacTBOPEHHBIX BelIeCTB (Rs) ONpenenseTcss ypaBHCHUEM:

: 1— o
:@Xa_l kb X tmc

Rg X
’ t
4 (04 k b +1 1+ k,a X —9
th
roe: N — YHCIIO TEOPETUYECKUX TAPETOK JJIsi OJJHOTO U3 PACTBOPEHHBIX BEIIECTB
a — CEJICKTHUBHOCTH;
kK',u KOO UIIMEHTBl  yACpKUBAaHUS JiE OOOUX PACTBOPEHHBIX BEIIECTB
k', coorsercteenno (k'y >K',).
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[Tomo6HBIE, HO HE UICHTHYHBIE YpaBHEHUS JIsl 3SHAYCHUH k' 1 Rs MCTIONIB3YIOTCS U B CITydae
pa3aciiCHus 3apsAKCHHBIX YaCTUI PAaCTBOPCHHBIX BCHICCTB.

OlTUMU3ALIUA

OCHOBHBIMU MTapaMeTpaMu, KOTOPBIE CIENyeT MPUHIUMAThL BO BHUMAHKE TIPHU pa3padoTKe
MeToauK pazzaenieHuss B MOKX, sBIAIOTCS MHCTpyMEHTalbHBIE, a TAK)KE IMapaMeTphbl PacTBOpa
ANIEKTPOJIUTA.

HNHcTpyMeHTa/IbHBIC TAPAMETPHI

Hanpsioicenue.  Bpems  paszneneHuss OOpaTHO —MPOMOPHUOHANIBHO — MPHIOKEHHOMY
HanpspkeHnto. OJTHAKO yBEJIMYEHHE HANPSKEHUSI MOXKET BbI3BaTh H30BITOYHOE BBIJICTICHHE TEIUIA,
YTO TPUBOAMUT K TMOSBICHUIO TPAJMEHTOB TEMIIEPATyphl M BSI3KOCTH B OydepHOM pacTBOpe B
MOTIEPEUYHOM CeueHUH Kanuuisipa. [laHHbid 3dexr MoxkeT ObITh 3HAYUTENIBHBIM B Cllydae
Oy(epHBIX PAacTBOPOB C BBICOKOH 3JICKTPUUYECKOW MPOBOAUMOCTBIO, HApUMeEp A OyepHbIX
pPacTBOPOB, COAEPKALIMX MUIEIUIbI. HeqocTaTtouHbli TEMI00TBO MPUBOAUT K YIIUPEHUIO 30HbI
Y YMEHBIIIAET pa3pelieHue.

Temnepamypa. VI3MeHeHHs] TeMIepaTyphl Kamwuisipa BIMSIOT Ha KOd(GGOUIUEHT
pacnpeselieHusT PacTBOPEHHOTO BemIeCTBA MeEXAy OydepHbIM pacTBOpOM H MHUIICIIAMH,
KPUTHYECKYIO KOHIICHTPAIMIO MUIIEIUI000pa30BaHus U BSI3KOCTh OydepHoro pactBopa. [laHnHbie
napamMeTpsl BHOCST BKJIAQJ B BEIWYUHY BPEMEHH MUTPAIlMM PACTBOPEHHOTO BEIECTBA.
Hcnonb3oBaHue HauIeKaled OXJIaKIAI0IIEeH CUCTEMBI YITyUYlIaeT BOCIPOU3BOIMMOCTb BPEMEHU
MUTPAIMU PACTBOPEHHBIX BEIIECTB.

Kanunnap. Kak u B ciiydae KanmuUISIpPHOTO 30HHOTO AlIeKTpodopesa, pa3Mepsl Karuiuisapa
(ITMHA ¥ BHYTPEHHUH TUAMETP) BIUSIOT HA MPOJODKHTEIHLHOCTh aHaimwm3a U dPPEKTUBHOCTH
pa3neneHusi. YBenuueHue HPQPEKTUBHOM U oOmIed [UIMHBI Kamwuisipa MOXET ociaaOuTh
AIIEKTpUUECKOe TMosie (B ciydyae pabOThl MPH TOCTOSHHOM HANPsHKCHHUH), YBEIUYUTH BpeMs
MUTpAllUd U yAy4luTh 3(G(GEKTUBHOCTh pa3ienieHus. BHyTpeHHUN OuameTrp ompeenser
TEIJIOBBIIETIEHNE (i1 ompeneneHHoro OydepHOro pacTBOpa M IJIEKTPUUECKOTO TIOJA) W,
COOTBETCTBEHHO, YIIMPEHHE 30HBI BEILIECTBA.

IMapameTpsl pacTBOpa 1EKTPOJIUTA

Tun u Konyenmpayus nogepxHocmuo-akmuernozo eewjecmsea. Tun IIAB Tak xe, Kak u
Hemo/BIKHas (aza B Xpomarorpaduu, BIUSET Ha pa3pelieHUe, TMOCKOIbKY H3MEHSET
CEJIeKTUBHOCTh pazfeneHus. K Tomy ke BenuunHa lgk’ HEHTpambHOTO COEAMHEHUS JIMHEHHO
yYBEJIMYUBAETCS MpH yBenuueHUM KoHueHTpauuu [IAB B mnoasmwxknoil ¢daze. Ilockonbky
pa3pemienue B MOKX nocturaer Makcumyma Mpu MPUOIMKEHUH BETUYMHBI k' K 3HAYCHHIO

v tme/to, M13MeHeHue koHueHTpauuu [TAB B noaBmkHOMN (a3e U3MeHseT BEIUUUHY pa3pereHHsl.

3nauenue pH 6ygeprnoco pacmeopa. HecMoTpst Ha To, uTo 3HaueHue pH He M3MeHseT
ko3 puuMeHT pacnpeneneHus] HEHMOHU3UPOBAHHBIX PACTBOPEHHBIX BEIIECTB, OHO MOXET
U3MEHSTD IEKTPOOCMOTUYECKHH MOTOK B KAMMIIISIPaX ¢ HEMOJU(PHUIIMPOBAHHON MTOBEPXHOCTHIO.
Ymenbienne 3nadeHust pH OydepHoro pacTBopa yMeHbIIIAET JEKTPOOCMOTHUECKUH MTOTOK U TEM
CaMbIM YBEJIMUMBAET pa3pellieHue HENTPaIbHBIX BenlecTB B MOKX, yTo IPUBOIUT K YBEIHUEHUIO
MIPOJOJDKUTENBHOCTH AHAJIA3A.

Opeanuueckue pacmeopumenu. g ynyumenust paszgenenus B MOKX ruapodoOHbIx
COEIMHEHUI K PAacTBOPY AUEKTPOJIUTA MOTYT OBITH J00aBIIEHbI OpraHMYECKHe MOAU(PUKATOPHI
(MeTaHO, TMPOINAHOJ, AaleTOHUTpUA U 1ap.). JoOaBieHune Takux MOAU(PHUKATOPOB OOBIYHO
YMEHbIIAET BpEeMS MUTPALlUU M CEJIEeKTUBHOCTh pasfeneHus. [lockonpky noOaBieHue
OpPraHMYeCKHX MOJM(PHUKATOPOB BIHMSET HAa BEIMYUHY KPUTHMUYECKOH  KOHIIEHTpaluu
MULEI000pa30BaHusl, KOHKpeTHas KoHueHTpauus [TAB moxer ObITh HCIIONIb30BaHA TOJIBKO B
npezenax HeKOTOPOro MPOIEHTHOTO COAEP)KaHUs OPraHMYeCKOro Moaugukaropa, KOTOpoe He
MpeIoTBpallaeT MHIEUI000pa3oBaHie WM HE OKa3blBA€T OTPHUIATEIBHOIO BIUSHUS Ha 3TOT
IIPOLIECC, IPUBO/IS K UCYE3HOBEHUIO MULIEIUI U OTCYTCTBHUIO pasjencHus. Jucconuanus MALIEIUT B
IPUCYTCTBUM OOJBIIOTO KOJIMYECTBA OPraHMYECKOrO PpacTBOPUTENsS HE BCerja O3Hayaer
HEBO3MOXKHOCTh  JAJbHEHIEro  pas3lelieHus; B  HEKOTOPhIX  ciydasx TruapogpoOHoe
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B3aUMOJIEHCTBUE MEXIY MOHOMEpPOM HOHHOTO [IAB 1 HelTpallbHBIM pa3iesisieMbIM BEIIECTBOM
NPUBOIUT K OOpPa30BaHUIO COJIHBO(MOOHBIX KOMILUIEKCOB, KOTOPbIE MOTYT OBITH pa3aelieHbI
ANEKTPOPOPETHUECKH.

Jlobaesxu ons xupanvHuix pazoenenui. J1jist pa3aeneHus SJHAaHTUOMEPOB C UCTIOIb30BAHUEM
M3KX B MULIETUIIPHYIO CHCTEMY BKJIFOYAIOT XUPAJIbHBIN CEIEKTOpP, KOBAJIEHTHO CBSI3bIBAs €ro C
[TAB winu mo0aBmisisi K pacTBOPY AJIEKTPOJIUTA, B KOTOPOM TPOUCXOAMT PA3JCIICHUE MHIICIII.
Munensl, cnocoOHble K pa3ieleHUI0 XUPAJIbHBIX COEAMHEHUU, OOBIYHO coaepxkar coiu N-
JOJICKaHOUII-L-aMUHOKUCIIOT, COJIM YKETTYHBIX KUCIIOT U T.J. XUPAIBHOE pa3/elieHue MOXKET OBbITh
TaK)K€ IMPOBEICHO C TIOMOILIBIO XHPAJIbHBIX CEJIEKTOPOB, TaKUX KaK LHUKIOIEKCTPHUHBI,
00aBICHHBIX K pACTBOPAM 3JICKTPOIMTOB, COACPIKAIIUX MUIICIUTBI axupaibHbiX [TAB.

pyeue oobasku. CymiecTByeT psl HOAXOA0B, MPEAIOJIAraloIIuX J00aBICHNE Pa3IMYHBIX
peakTUBOB K Oy(hepHOMY pacTBOpY MJisi U3MEHEHHUsl CEICKTHBHOCTU. J|00aBIeHHE HEKOTOPBIX
TUIIOB IMKJIOACKCTPUHOB K OydepHOMY pacTBOpYy TakkKe MOXKET ObITh HCIHOJIb30BAHO IJIf
YMCHBIIICHUS B3aUMOJCHCTBHSI THIPO(MOOHBIX PACTBOPEHHBIX BEIIECTB C MUIICIION, TEM CaMbIM
YBEJIMYUBAs CEJIEKTUBHOCTD Pa3/IeICHHUs JIJIsl TAKOTO TUIIA COSTUHEHUIA.

JloGaBiieHHE BEIIECTB, KOTOPBIE CIOCOOHBI HM3MCHSTH B3aMMOJCHUCTBHC MEXKIY
pPacTBOPEHHBIM BELIECTBOM M MHIICIUION BCIEACTBUE afcOpOLMU HA MOCIEIHEH, UCTIOIb3YyeTCs
JUISL yAaydlieHus: ceneKTuBHOCTH pazaenieHuss B MOKX. Takue m00aBKM MOTYT MPEACTABIATH
co00i1 BTOpOE TOBEPXHOCTHO-AaKTHMBHOE BEIIECTBO (MOHHOE WM HEHOHHOE), KOTOpOe
YBEJIMYUBACT KOJIMYCCTBO CMEIIIAHHBIX MUIICILI, MJIH KATHOHBI METAJUIOB, KOTOPBIC PACTBOPSIOTCS
B MUIIEJIJIE U 00pa3yOT KOOPAHMHAIIMOHHBIE KOMIUJIEKCHI C PACTBOPEHHBIMH BEIIECTBAMHU.

KOJIMYECTBEHHOE OIIPEJIEJIEHUE

[Tnomaau NUKOB JOKHBI OBITH pa3esieHbl Ha COOTBETCTBYIOIME BPEMEHA MUIpAIUH,
YTOOBI B UTOT€ MOJIyYUTh CKOPPEKTUPOBAHHYIO IIJIOIIA/1b, TO3BOJISIONLYI0 KOMIEHCHUPOBATh:

— CMEIIIEHUE BPEMEHM MUTpallMid B KaXIOM M3 MPOOEroB M TEM CaMbIM YMEHBIIUTbH
pa3ynuus B BEJINYMHE aHAJTUTUYECKOTO CUTHAJA;

— pa3jMyHble aHAJIUTUYECKHE CHUTHaJIbl KOMIIOHEHTOB 00paslia, MMEIOIIUX pa3JIndHbIe
BpEMEHA MUTPALIVH.

IIpy wucronp30BaHMM BHYTPEHHETO CTaHAApPTa HEOOXOJUMO TMOJATBEPAMTH, YTO MUK
HCIIBITYEMOT'O BEIIECTBA HE NIEPEKPBIBACTCS TMKOM BHYTPEHHETO CTaHIapTa.

PACYETHI

[To momy4eHHBIM 3HAYEHUSAM PACCUUTHIBAIOT COACPIKAHUE UCIIBITYEMOTO KOMITOHEHTA UITH
KOMIOHEHTOB. EciM yka3aHo, pacCUMTHIBAIOT NMPOIIEHTHOE COAEPKAHUE OAHOTO WIIM HECKOJIBKHUX
KOMITOHEHTOB 00pa3lia IyTeM OIpeAeTIeHUs] CKOPPEKTUPOBAHHOM IJIOIIAAN MHKA WM MHKOB KaK
MPOLICHTHOW YaCTH CKOPPEKTHUPOBAHHBIX ILJIOMIA/IEN BCEX MUKOB, UCKIIIOYasi TUKH pACTBOPUTENIEH
WJIH JTFOOBIX J00aBJIEHHBIX PEAaKTHBOB (METOJ HOpMaiu3amuu). PekoMeHayeTcs UCToab30BaHNe
ABTOMATHUYECKOW CUCTEMbI MHTETPUPOBAHUS (MHTETPaTOpa UM CUCTEMBI IMTOYISHUS 1 00paboTKU
JAHHBIX ).

IMPUTOAHOCTD CUCTEMBI

JUis  mpoBepkM Haajexamed paboThl CHUCTEMbl KaIWUIIPHOTO  3ieKTpodopesa
UCTIONB3YIOTCSL  TapaMeTpbl MPUIOAHOCTH CUCTeMBL. BpIOOp mapaMeTpoB 3aBHCUT  OT
UCIOJIB3YEMOTO PEeXHMMa KalMUIIpHOro anekrpodope3a. K Hum orHocATCsA: KO3(QOUIMEHT
yaep>xuBaHus (k') (TOJABKO JUIsI MULEIUISIPHOW 3JIEKTPOKMHETUYECKOM XpomaTorpaduu), 4yucio
TeopeTHUecKux Tapesnok (N), koapduueHT cummeTpuu (4s) u pazpenienue (Rs). B npeasiaynmx
paszzenax ObUIO ONMUCAHO TeopeTHdeckoe MpejacTaBieHue aiasi N U Rs, HUXKE MPHUBEICHBI
YPaBHEHMsI, O3BOJISIIOIINE PACCUUTATh ITH MTapaMETPhl U3 AEKTPOPOpErpamMM.

KAKYIIEECA YHCJIO TEOPETUYECKHX TAPEJIOK
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Kaxymeecst unciio TeopeTudeckux Tapesiok (V) MokeT ObITh PACCUUTAHO 110 YPABHEHHIO:

tr\?
N =554 x (-)

Wh
rne: tR — BpeMms MUTpAIUH WIH PACCTOSHUE 10 0a30BOM JIMHUH OT TOYKHU BBOZA MIPOOBI 10
NEPIICHIUKYJISIpA, OMYIMIEHHON0 W3 MaKCHMyMa IIHKa, COOTBETCTBYIOIIETO
KOMIIOHEHTY,
Wh — IIHpPUHA ITHKa HA TTOJIOBUHE BBICOTHI.
PA3PEIIIEHUE

Pa3pemenue (Rs) Mexay OIU3KUMH MO BBICOTE MUKAMU JIBYX KOMIIOHEHTOB MOXET OBIThH
paccyuTaHo 10 YPaBHEHHUIO:

o =
Whi + Wy,
tr2 > tr1
roe: tri ¥ tr2 — BpeMeHa MUTPALMU WK PACCTOSHUA 110 6a30BOM JMHUU OT TOYKH BBOJA

HpO6I>I A0 MNCPpHNCHAUKYJIAPOB, OIIYIICHHBIX W3 MAKCHUMYMOB [IBYX
COCCIHUX ITHMKOB,
WR1 U WR2 — HIHUpHUHA COOTBCTCTBYIOIICTO IMMKA HA ITIOJIOBUHE BBICOTHI.

[Tpu HEoOXOIMMOCTH pa3pelIeHUue MOXKET ObITh PACCUUTAHO IyTEM M3MEPEHUS BBICOTHI
BIaJUHbI (/) MEXIYy AByMs YaCTUYHO Pa3/IeJI€HHbIMU [IMKAMU B Ipenapare cpaBHEHUs (TaKoM
KaK CTaHJapTHBIN 00pa3zel), BEICOTHI MEHBIIIETro NuKa (H,) 1 pacuera OTHOILICHUS UK/BIaIMHA:

H
Hy

<

1S

KOOOOUIIUEAT CUMMETPHUU
Koaddunuent cummerpun nuka (4s) MOXKET ObITh PACCUMTAH 110 YPAaBHEHUIO:

Ao = Wo,05
ST 2d
rae: Wo,o5 — IIMPUHA MMKA HA OJHOM JBAJILIATON €r0 BBICOTHI;
d —  pacCTOsHUE MEXAY NEPHEHIUKYISIPOM, ONYIIEHHBIM U3 MaKCUMyMa IUKA, U

NepeHel TpaHuIIel TMKa Ha OJTHOW IBaJAIaTON €ro BHICOTHI.

HcnpiTannusg Ha NMOBTOPSIEMOCTh IUIOIIAJAEH (CTAaHAAPTHOE OTKJIOHEHHUE IUIOMAACH WM
OTHOIICHUH IJIOIA/1b/BPEMS MUTPALIMN) U BpEMEH MUTpAllUH (CTaHIapTHOE OTKJIIOHEHHE BPEMEHU
MUTpallMi) MCHONb3YIOTCA B KauecTBE IapaMeTpoB NpuUrogHoctu. IloBropsieMocTs BpemMeHU
MUTPAlMM  TPEJICTABISAET IMPOBEPKY IPUTOAHOCTH MPOUEAYPHl IMPOMBIBKM  KallAJUIAPA.
AJNBTEpHATUBHBIM CIIOCOOOM MPEAYPEKACHUS YXYIIICHUS TIOBTOPSEMOCTH BPEMEHU MUTpAIUU
ABJISIETCSI UCIIOJIB30BAaHUE BPEMEHU MUIPALMM OTHOCUTEIIBHO BPEMEHM MUIPALIMM BHYTPEHHETO
cTaHjapra.

[Ipu ompeneneHUH POICTBEHHBIX MPHUMECEH HENUITHUM MOXET ObIThb HCIBITaHHE Ha
MOATBEP)KICHUE OTHOLICHUsI CUTHAJI/IIYM Ul Mperapara CpaBHEHUs (TaKoro Kak CTaHAAapTHBIN
oOpasell) Wiu onpeAeaeHue npeaesa KOJINYeCTBEHHOTO ONPeAeIeHHUS.

OTHOLLEHUE CUT'HAJI/LLIYM
[Ipenensl oOHAapYKEHUS U KOIMYECTBEHHOTO ONPEIENICHUSI COOTBETCTBYIOT OTHOILIEHHUIO
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curHan/mym 3 u 10 coorBercTtBeHHO. OTHomeHWe curHan/myMm (S/N) pacCUUTBHIBAIOT IO
YPaBHECHHUIO:

S 2H
N h
Trac: H - BricoTa IIMKa, COOTBCTCTBYIOIIETO pacCMaTpuBacMOMY KOMIIOHCHTY, Ha

aneKTpooperpaMme pacTBOpa CpaBHEHHS, U3MEPEHHAs! OT MaKCUMyMa IHKa J10
AKCTPANOINPOBAHHON 0a30BOIl JIMHUM CUTHAA, HAOIIOAAEMOT0 Ha MPOTSHKEHUU
[[Ba[[LIaTHKpaTHOfI IOHUPUHBI ITMKA Ha ITOJIOBUHE BBICOTHI;

h — ypoBeHb myma Ha 35ieKTpodoperpaMmme, MoayIeHHOH MOCIIe BBOIa KOHTPOJIBHOTO
pacTBopa, HaOJIk01aeMbIi B 001aCTH, paBHOH JIBaIIATUKPATHOHN IIMPUHE TTUKA HA
MIOJIOBUHE BBICOTHI MHKa Ha 3JeKTpodoperpaMme pacTBOpa CpaBHEHHUS W, IO
BO3MOYKHOCTH, PACHOJOXKEHHOH CHMMETPHYHO 1O 00€ CTOPOHBI OT MecCTa
BO3MOYXHOT'O OOHAPYKEHHSI TTHKA.
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