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JAucnepcHbie cucTemMbl. JInopoOHbIE KOJIOUTHbIE PACTBOPDI.

['ereporennpie cMecH ABYX M 0OJie€ COCTaBHBIX YaCTEH, C BHICOKOPA3BUTOM
MOBEPXHOCTBIO pa3fena MEXIy HUMH, Ha3bIBAIOTCA AHCIEPCHBIMU CHUCTEMaMHU.
OTnnuuTenbHas 0COOCHHOCTh JUCIEPCHBIX CUCTEM 3aKJIIOYEHA B MajiOM pa3Mepe
YacTUI[ TMpU HAIMYWW 3HAYUTEIbHOW Mex(pa3Hoi moBepxHOCTH. [loaTomy,
HauOoJIbIIee 3HAYEHUE MMEIOT CBOMCTBA MOBEPXHOCTU M MPOUCXOJAIINE HAa HEl
MPOLIECCHI, 4 HE CBOMCTBA YacTUI] B LIeTOM. MTak, Takue CUCTEMBI COCTOSIT U3 JIBYX

u Ooiee (1)213, OJlHa M3 KOTOPBLIX HAXOAUTCA B MGHKOpa3,ZIpO6JI€HHOM COCTOAHUHN

(mucnepcHas daza) B cpeje Apyroi daswl (IUCIIEPCUOHHAS Cpeia).

Knaccuduxanus 1ucnepcHbIX CHCTEM Pa3HOOOpa3Ha:

1. Ilo arperaTHOMY COCTOSIHUIO AHUCHEPCHOI (a3bl M JUCIEPCHOHHOM

cpeabl.

Jlist yno6cTBa, MUCTIEPCHBIE CUCTEMBI TIPUHSTO YCIOBHO 0003HAYaTh 4epes

IpoOb, € B YUCIUTENE YKA3bIBAIOT arperaTHOE COCTOSIHUE TUCIIEPCHOM (ha3bl, a B

YUCIIUTENE — TUCTIEPCUOHHON CPEbI:

HucnepcHas | JlucnepcuonHass | YciaoBHOE Haszpanue

¢aza cpena 0003HaueHHE

l'a3 l'as r/r JlucniepcHbIie cUCTEMBI HE 00pa3yroTCst

I'a3 XKunkoctsb 'K I"a3oBbIC DMyIBCUU

l'as Tsepaoe /T [TopucTtslie Tena
BEIIECTBO

Kunkoctb la3 xXr Aspo3zonu

Kunkoctsb Kunkocts KK OMyJIbCUU

Kunkocts TBepnoe X/T Kanwsipaslie cuctemsl
BEILIECTBO

Tepnoe I'a3 T/T ITopomku, nbuH

BELIECTBO

Teepnoe Kungkocthb T/ XK CycrneHsuu u 30511

BELIECTBO

TBepnoe TBepnoe T/T TBepable reTepOreHHbIE CUCTEMBI

BEILIECTBO BEILIECTBO




2. ITo kMHEeTHYECKHUM CBOICTBAM AUCIIEPCHOM (ha3bl

- CBOOOTHOAMCIICPCHBIC;

- CBSI3HOJIUCTIEPCHBIE.

3. Ilo Haauyuo B3aUMOJEHCTBUS 4YACTHIl JucHepcHO a3l ¢
MOJIEKYJIAMH TUCTIEPCHOHHOM cpebl

— JIHO(PWIbHBIE — 3HAYUTEIBLHOE B3aWMOJICUCTBUE YaCTHUIl JUCIEPCHOU
da3pl ¢ MOJEKyJIaMH JTUCIIEPCHOHHOW cpenbl. K HUM MOTYT OTHOCHUTBHCS Kak
MIPUPOJIHBIC, TAK U CHHTETUYECKUE BEICOKOMOJIEKYJISIPHBIE BEIIECTBRA.

— 1mo(poOHbIe — cllaboe B3aMMOJIEHCTBHE YACTULl JUCIEPCHON (as3bl C
MOJIEKYJIaMU JUCIIEPCUOHHON CpeAbl. DTO KOJUJIOMAHBIE PACTBOPHI METAIOB, UX
OKCHUJIOB, THAPOKCUIOB U COJIEH.

4.I1o pa3mepy yacTuu aucnepcHoii ¢gaspl

-I'pyGonucnepcubie — pazmep vactuil > 10 MKM;

-Cpennenucniepcusie — pazmep vactun oT 0,1 1o 10 mxwm;

-BricokoaucnepcHsie — pazmep yactuil oT 1 g0 100 uM;

-Hanopasmephsbie — pazmep yactun ot 1 1o 10 HM.

[IpenMeToM u3y4YeHUS KOJUIOMIHOW XUMHUU SIBISIFOTCSL 8bICOKOOUCNEPCHbLE
wnu komnoudnwvie cucmenmvt (10°-107 m).

Kossouanbie cucreMbl — 3TO TETEPOTCHHBIE CHCTEMS, B KOTOPBIX
nucrniepcHas (aza oTaeneHa OT AMCIEPCHOHHON Cpebl MOBEPXHOCTHIO pasiela.
[Ipu ycnoBuH, UTO TUCIIEPCHOHHAS cpefia SIBISETCS KUAKOCThIO, a JUCTIEpCHAas
daza — TBEPIABIM BEIIECTBOM, KOJUIOMJHYI) CHUCTEMY HA3bIBAIOT 30.1eM; €CIU
nucniepcHas (aza SBISETCS SKHAKOCThIO, TO KOJIJIOMJIHYIO CHUCTEMY Ha3bIBAIOT
IMYAbCUCU.

Hawnbonee 3HaYMMBI KOMIOUOHBIE CcuUcmeMbl, B KOTOPHIX B KadeCTBE
JTUCTIEPCUOHHON cpefibl BhICTynaeT Boja. OHU JensaTcs Ha eudpoduivHbie U
2UOPoPoOHbBLE KOLTOUODL.

I'mapoduibHbie KOUIOUABI MOX0XXH HAa HCTUHHBIE PAacTBOPBI, KOTOpbIE
ABJISIFOTCS] OJTHOPOIHBIMH, TOMOT€HHBIMHU.

I'mapodobHbIe KOMIOMABI MOXKHO MOJIYYUTh, €CJIM TOJHBKO OHH KaKUM-TO

oOpa3zom ctabunusupyrorcs. ['uapodoOHbIe KOMIOUAB MOKHO CTAOMIM3UPOBATH


http://zadachi-po-khimii.ru/obshaya-himiya/osnovnie-ponyatiya-i-zakoni-himii
http://zadachi-po-khimii.ru/obshaya-himiya/rastvory

IpU MOMOLIM aJCOPOLMU MOHOB HAa MX MOBEPXHOCTH. AJICOPOMPOBAHHBIE MOHBI
CTaOMITM3HUPYIOT KOJUIOWJ, B3aUMOJICHCTBYSI C BOJOW. YKPYIHEHHE YACTHUIl U UX
CIIUIIAHME  HE  NPOUCXOJUT  BCIEACTBUE  OTTAJIKMBAHMS  YacTHI[  C
ancopOMpPOBaHHBIMH Ha HUX NOHOB C OJIMHAKOBBIM 3apsIOM.

B Ouonorumueckux cucremax, HampuMep B KPOBU YEJIOBEKA, COJCPIKUTCS
MajopacTBOPUMBIE COJM KajblLUs, MarHUs, XOJECTEPUH U Jp. MATIOPACTBOPUMBIE
BCIIECTBA. OTH CHCTEMBl NPEACTABIAIOT €000 1MOo(OOHBIE KOJUIIOHUIHBIC
pacTBOpbl. MIX Ha3bIBAIOT JTMO30IMU UITH 30JIIMH.

JInogoOHbIe KOJIOUABI SBISIIOTCS T'€TEPOr€HHBIMU BBICOKOAMCIIEPCHBIMU
KOJUIOMAHBIMU cucTeMamMu. K HUM MpuHaiexkaT OOJbIIEH YacThblO CUCTEMBI U3
HEOPraHWYECKUX BEIIECTB B BOJHOM JUCHEPCHOHHOM cpeie, KOTOpble U
MIPEICTABIAIOT HAMOOJBIINI HHTEpeC JUIsl Hamero Kypca. TunudHo auogoOHbIe
KOJUIOMABl ~ TpPU  BBIICTICHUU  JUCHiepcHOM  ¢a3pl  00pa3yloT  OCaJKH,
NOPOIIKOOOpa3HbIE MO CTPYKTYpPE U HE COJAEpXKAIIME 3HAYUTEIbHBIX KOJUYECTB
JMCTIEPCUOHHOM cpefibl. Bripodyem, Hapsiny ¢ TUOUYHO JIMOPOOHBIMH KOJIOMIaMU
CYIIECTBYIOT U Takue JTUO(OOHBIE KOJUIOUIBI, KOTOPhIE 00JaaI0T Y’KE HEKOTOPOH,
M HMHOI/A JOBOJIbHO 3HAYMTENbHOM, JuopuibHOCThIO. K HHMM mnpuHaaiexar,
HaAIMpUMeEDp, TUAPO30TIN KpeMHEe3eMa (TOYHee — KPEMHHUEBBIX KUCIIOT), TUAPOOKUCH
aMOMUHUA U JIp. B Takux Kosuiomgax 4acTHIlbl AUCHEPCHOW (ha3bl CBA3BIBAIOT
OOJbIIME KOJIMYECTBA BOJABI M MOIYT B H3BECTHBIX YCIOBHUSAX YAEPKUBATH
3HAYUTEIBHYI0 YacThb €€ MpH BBIIEJIECHUU U3 pacTBopa, oOpaszys MHpU 3TOM
CTyJHE0Opa3Hble MPOIYKThl. B omnpeneneHHbIX YCIOBUSAX TaKWe 307U CIHOCOOHBI
JaKe 3acTyJHEBaTh, (PKETATUHUPOBATHCS), HE BBIIENSS BOJBI, T. €. MOJHOCTHIO
yaepxuBas (1 CBA3bIBas) €e.

JInohobHbIE KOMTOUABI B KOJUIOMAHOW XUMHUHU TMPHUHITO XapaKTepHU30BaTh
KaKk HeoOpaTMMble, HE O0OJaJarolMe arperaTMBHOW H TEPMOJUHAMUYECKOU
yCTOMUYMBOCTHI0. OJIHAKO MPaBUJIBHOE MOHUMAHUE CMBICIA TaKUX YTBEPKICHUU
MOKET OBITh JOCTHTHYTO TOJBKO Ha OCHOBE Oojiee TIIyOOKHX CBEACHHHA O
BHYTPEHHEM CTpOeHUU JM0(POOHBIX 30JeH. [Toka e MOKHO IPUHATH UX JIMIIb KaK

IMPOTUBOIIOCTABJIICHUC COOTBECTCTBYIOIIIUM CBOMCTBaM J'II/IO(l)I/IJ'IBHI::IX KOJJIONOOB.


http://zadachi-po-khimii.ru/obshaya-himiya/rastvory-elektrolitov.html

JIrob6oe BemecTBO MOXKET OBITh MOJYYEHO B KOJUIOMJHOM COCTOSHUH TpU
COOJTIOICHUH CIICAYIOIIUX YCIOBUA:

- MaJiast pacTBOPpUMOCTh D, T.€. mI10X0€ CPOACTBO K AUCIIEPCUOHHOM CpEJE,
- pazmepsl yactun [P (10° + 10° m),
- IPUCYTCTBUE B CUCTEME CTAOMIIU3aTOpA.

Hosry4yeHnue 11030J1€H.

[To pazmepam yactuil qucrnepcHoi (a3bl KOJIOUIHBIE PACTBOPHI 3aHUMAIOT
IPOMEKYTOUYHOE  MOJIOKEHUE  MEXIAYy  TIpyOOJUCHEPCHBIMU  CHCTEMaMu
(reTeporeHHbIMM) W MCTUHHBIMH PacTBOpaMH (TOMOT€HHBIMH CHUCTEMaMHU).
[ToaToMy MeETONbI TMONY4YEHUs KOJUIOMIHBIX PACTBOPOB MOJPA3ICISIIOTCS Ha
ClIeTyIOUIUe MPUHIMIHAIbHBIEC HATIPABJICHHUS:

oucnepeayuonuvle _memoodvl. OHU CBs3aHbl ¢ wu3MeabueHueM D

ICTCPOIrCHHBIX CHUCTCM B IIPHCYTCTBUHU CTa6I/IJII/ISaT0pa J0  KOJJIOHMAHOI'O
COCTOsAHUA.

- KoHOeHcayuonuvle memoodvl. OHU CBA3aHBI ¢ 00bETMHCHUEM MOJICKYJT WIU

HOHOB B NICTHUHHBLIX pacTBOpPax B 0onee KPYIIHBIC KOJIJIOMAHBIC YaCTHIIbI.

OTACJIBbHYIO TIpylIly COCTaBJIAIOT Memoobl nenmuzayuu, B KOTOPBIX

CTETNEHb JUCTIEPCHOCTU CUCTEMBI HE MEHSIETCS.

Jlucnepranmsi TETEPOTr€HHBIX CHCTEM OCYIIECTBIISETCS MEXaHUYECKHM
MyTeM B KOJUIOMJHBIX MENBbHHIIAX, DJIEKTPUUECKUM PACTIBIICHUEM B BOJBTOBOM
JyTe WU C TIOMOIIBIO YIBTPa3BYyKa.

KonneHncanmonHble MeTOAbl OCHOBaHbI Ha TMPOBEACHUH XHMHUYCCKUX
peakimii B pacTBOpax ¢ 00pa30BaHMEM HEPACTBOPUMBIX WM TPYIHOPACTBOPUMBIX
BemecTB. [Ipy 3TOM MCHONB3YIOTCS pa3jIuvHbIC THUITBI PEAKIUN: BOCCTAHOBIICHUE,
OKHUCJICHHE, PA3JIOKCHHE, TUAPOIH3 U T.JI. HEOOXOIUMBIMU YCIOBHUSIMU SIBIISIOTCSI:

- HCTIOJIb30BaHUE JOCTATOYHO Pa30aBIEHHBIX PACTBOPOB,
- HEeOOJIBIIION W30BITOK OAHOTO M3 PEAaruPYIOIIUX BEIIECTB, KOTOPOE BBITOITHICT
poJib cTabuiin3aTopa 00pPa3yOIIMXCs KOJUIOUIHBIX YaCTHII.

K KOHACHCAIIMOHHBIM MCTOAAaM OTHOCHUTCA TaKIKC Memoo _ 3aMeHbl

pacmeopumeis.




- B HCTUHHOM pacTBOPE XOPOILUMH PACTBOPUTENb 3aMELIAETCS Ha IJIOXOH
JUISL TAHHOTO BEULIECTBA, 3TO NPUBOAUT K YMEHBIIECHUIO B3aUMOACHCTBUS MEXIY
BELIECTBOM U PACTBOPUTENIEM U YKPYIMHEHHUIO YACTHUIL[ BEIIECTBA JO KOJUIOMIAHBIX
(Hanpumep, pa3daBiIeHUE TyXOB BOJOM).

Metoa nenTu3anuM BIEpBble ObLI NpeIokKeH OnoxuMukamu. B ortinnunn
OT JPYTHX METOAOB 00pa3OBaHMs KOJUIOMJHBIX PAaCTBOPOB NP MENTU3ALMH He

I’ZDOMCXOOUI’I’Z UBMEHREHUA CcnienerHu OMCFZGDCHOCWZU HaCTHII. Honbl nnu MOJICKYJIBI

MenTu3aTropa,  aacopOUpysch  Ha  TMOBEPXHOCTH  KOJUIOMJHBIX  YacCTHII
CBEXEMOJIYYEHHOI'0 0CajKa, 00yCIOBIMBAIOT UX MEPEXO] B 30J1b.
IlenTu3amus — mporiecc, oOpaTHBIN Koaryysiuu. [1lo MmexaHusmy nencTBus

pa3IMualOT  @dcopbyuonHyro  (HETOCPEICTBEHHYIO) U QUCCONIOYUOHHVIO

(MOCPEICTBEHHYIO UM XUMUYECKYI0) TENTU3AIUIO:

- MPU HEMOCPEJICTBEHHON MENTU3AlMK Ha MOBEPXHOCTH YACTHUIl MEpea UX
pazzeneHuemM aacopoupyercst 00aBICHHBIN NeNTU3aTop.

- OpU TOCPEACTBEHHOM TMeNTHU3allMM Ha  TOBEPXHOCTH  YaCTHII
azicopoupyeTcst IPOIyKT B3aUMOACHCTBUS MENTU3aTOPa C BEIIECTBOM JIUCIIEPCHOM
(a3l (BHOBb MOJIYUEHHBIN MENITU3ATOP).

[lenTu3amusi UrpaeT CyIIECTBEHHYIO pPOJIb B MOIOIIEM JEUCTBUM MBUI H
neteprenToB (IIAB), B MOBBIIEHHOW PAaCTBOPSIONICH CIIOCOOHOCTH CBHIBOPOTKU
KPOBH 1O OTHOIICHHWIO K PALy IUIOXOPaCTBOPHUMBIX B BOJE BEIIECTB, B
JTUCTIEPTHPOBAHUH CBEXEOOPa30BaHHBIX TPOMOOB MO/ JCHCTBHEM MENTU3aTOPOB —
AHTUKOATYJISTHTOB, B OMYJIbTMPOBAHUU KUPOB B KUIICYHUKE C TTOMOIIBIO KETIHBIX
KHUCIIOT Tepe]] X BCACBIBAHHEM, B PACCACHIBAHUU aTEPOCKICPOTHUECKUX OJISIICK,
MOYCYHBIX U TICYCHOYHBIX KaMHEH | JIp.

B MeauumuHe MCHOJB3YIOTCA 2 TpPynnbl KO/UIOMIHBIX TMpPenaparoB:
runpoduiabHbie U TUAPO(POOHBIE 3alMINEHHbIe KOJUIOUIHBIE pacTBOphL. B
OTJIMYKE OT MPOCTO KOJUIOMIHBIX PACTBOPOB 3AIIUIICHHBIC KOJUTOUIHBIE PACTBOPHI
coZiepKaT THAPO(PHUIBHBINA CIIOM MOJIEKYJI BOJOPACTBOPUMOTO TOJTUMEPA, KOTOPBI
orpaxaaeT («3amuinaer») TuapodoOHYH CHUCTEMY OT JIeCTa0HUIU3UPYIOIIETO
BIIMSTHUSI JIEKTPOJIUTOB. DTO 00ECTIEUMBACT arperaTUBHYIO U CEIUMEHTAIIMOHHYTO

YCTOﬁqHBOCTB. H03TOMy TaKHMC CUCTCMbI HA3bIBAIOT 3allIMIIICHHBIMHM KOJIJIOMJaMH.



B kauyecTBe 3alIMTHBIX MOJMMEPOB 4Yalle BCETO HCIONB3YIOT OCIKH
(>kenmaTuH, SIMYHBINA anbOYMUH U 1p.), cuaTeTndeckue nonumepsl (IIBII, TIBC).

Takum oOpa3oMm, 3alIUIIEHHbIE KOJUIOMJBI - CJIOXKHBIE CHCTEMBbI,
coziepkamue COOCTBEHHO KOJUIOMIHBIM KOMITOHEHT (HAampuMep, KOJIJIOHMIHO-
u3MenbueHHoe cepebpo B kosutaproiie) u BMC (ansbymun), oOnaparoriee
IIOBEPXHOCTHO-AKTUBHBIMU  cBoiicTBamMM. bmaromaps BMC  moBepxHOCTH
KOJUIOUHO-PACTBOPUMOTO  KOMIIOHEHTa  THApOopmIn3upyerca.  MeXaHu3m
yKa3aHHOT'O Tpoliecca 3akiroyaercsa B azacopOuun BMC Ha Oosnee KpymHBIX
YaCTHUIIAX 3al[UIIAeMOro (KOJUIOUIHO-PACTBOPUMOTO) BeliecTBa. M3 3amuieHHbIx
KOJUIOUIOB, MPUMEHSIEMBIX B MEIUIIMHE, CIEAYeT Ha3BaTh KOJJIAProJl, MPOTAprol
Y UXTHOJ, KOJUIOUIHBIE pacTBOPHI cepedpa, 30J10Ta, Kele3a.

CaoiicTBa PpacTBOPOB  3alIMINEHHBIX KOJJIOMIOB. 3alllMIICHHbIC
KOJUIOUIBl ~ CHOCOOHBI ~ HEOTpaHWYEHHO HabyxaTb U CaMOINPOU3BOJBHO
npeBpamatbess B pactBopbl. Kommouasl He TPOXOAST udepe3 IUATU3UPYIONIYIO
MeMOpaHy.

IIpuMepsl NPUTOTOBJIEHHS] PACTBOPOB 3aAIMIIEHHBIX KOJLIOHI0B

Pacmeop xonnapeona (xomnmouaHoe cepedpo, colepikallee B KayecTBE
3amuTHOTO KoJutouaa 70% Oenmka) MOXKET o0pa3oBaThCS CAMOIPOU3BOJIBHO MPU
NOMEIIEHUH Koyuaproia B Boay. OJIHaKO € 1EJbI0 YCKOPEHHUs Mpolecca
HaOyXaHUs ¥ OKOHYATEIHLHOTO PACTBOPEHHS YACTHUI[ KOJIIAPTOJI PEKOMEHIYETCS
pacmepems ¢ HEDOILUIUM KOJUYECBOM 600bl Y TIOCTENIEHHO JI00aBUTh OCTAIBLHOE
KOJIMYECTBO BOABI OUMINEHHOW. [IpUTOTOBICHHBIM pPacTBOpP MPOLECKUBAIOT BO
(b1aKoH OpaHKEBOTO CTEKIA U OPOPMIISIIOT K OTIIYCKY.

Pacmeopvr npomapeona (conb npoTanbOMHOBONW KHUCIOTBI C COJIEpKAaHUEM
8% cepebpa) TOTOBAT, pacculnas npomap20. o NOBEPXHOCMU 800bl OUUIIICHHON 1
ocTaBysise 10 MoiHOro pactBopeHus (15-20 muu). PacTBOp mpouexuBarT depe3
HEOOJBIION TaMIOH BaThl BO (DJIAKOH OpaH)XEBOrO CTEKJIa U OQOPMISIOT K
OTITYCKY.

Pacmeopvl uxmuona ToTOBAT B CTYINKE, CMeIIUBas (pacTupasi) UXTHOI C

BOJIOM OUMILEHHOW M TMOCIEAYIOIIUM JOBEJACHUEM [0 3aJaHHOro o0beMa B



nuauHApe. PacTBOp mpoLEeKMBAIOT CKBO3b IPEABAPUTEIBHO IMPOMBITBIM BaTHBIN
TaMITOH BO (DJIAKOH JIJISl OTITyCKa ¥ O(hOPMIISIFOT COOTBETCTBYIOIIUM O0pa3oM.

CTa0uILHOCTH M COBMECTUMOCTH PACTBOPOB 3aIIIMIIEHHBIX KOJJIOUI0B

3aluIIeHHble KOJUIOUbl HECOBMECTUMBI C COJISIMU CUJIBHBIX 3JIEKTPOIUTOB
u ocobeHHo ¢ (docharamu, Tak Kak HabIOgaeTCs 00pa30BaHUE HEPACTBOPUMBIX
0caJIKoB (pochaToB COOTBETCTBYIOUIMX MOHOB METAILIOB. PacTBOPHI 3alUIIIEHHBIX
KOJUUIOMJIOB HECOBMECTHMBI C PacTBOPaMH BOJAOOTHHUMAIOIIUX CPEACTB: STUIIOBBIM
COMPTOM M  CaXxapHbIM CHpPONOM. PacTBOpbI  3alMILEHHBIX  KOJUIOMIOB
HECOBMECTUMBI C COJIIMM LHMHKAa, MEAHM U JpyruMu ¢ Oojee BBICOKUM
AIEKTPOXUMUYECKUM MOTEHITUATIOM.

Komnougaeie pacTBOpbl HE MOJUIEKAT CTEPUIIM3AIMH, TaK KaK TeMIlepaTypa
paspymiaer  3amUTHBIA  ciod ©u  koaryinupyer Oenku.  Crepunmsanus
bUIBTPOBaHMEM TAaK)K€ HEBO3MOJKHA, TAK KaK pa3Mep YaCTHUIl MPEBBIIIAET pa3Mep
nop creprwinsyromnero puiabtpa - 0,22 MKM.

Crtpoenue koIOMAHBIX YacTull. Muunesuia. CroicTa Jno¢ooHbIX
KOJJIOMIHBIX PACTBOPOB.

CornacHo OOLIENPUHATON MHULEIUISIPHOW TEOPUU CTPOECHUS KOJIJIOUJIHBIX
pacTBOpOB, 30Jib (KOJUIOMIHBIA PACTBOP) COCTOMT W3 ABYX 4YacTeW: Muyennr |
UHMEPMUYELIAPHOU KUTKOCTH.

Muyenna — 3T0 YacTuia gucniepcHor ¢aspl 30J, OKPYKEHHAs TBOWHBIM
AIIEKTPUUECKHUM CIIOEM.

Humepmuyennapnoii (mesrcmuyennsprotr) KHUJIKOCTHIO Ha3bIBAIOT
JUCIIEPCUOHHYIO CpEelly, pa3AeiSIIOLIyl0 MHUIIEIUIbI, B KOTOPOH pacTBOPEHBI
ANEKTPOIUTHI, HednekTpoauThl U [IAB, sBustomuecs crabunuzaropamu
KOJUTIOUJTHOW CHCTEMBL.

Yactunpl pucniepcHoilt  (a3pl  MMO(GOOHBIX 307  HMMEIOT  CIOXKHYIO
CTPYKTYpPY, KOTOpasi 3aBUCUT OT YCIOBUHM mosyyeHus 3oiei. [Ipeanonoxum, 4to
301p moauaa cepedpa Agl oOpa3yeTcs B X0/l€ XMMHUYECKON PEAKIUU MEXKIY
AgNO; u KI. IIpu 3TOM OCHOBY KOJIJIOMJIHBIX YaCTHI[ COCTABIT MUKPOKPHUCTAIIBI
TpyaHopactBopumoro Agl, Bkitouaroniue B cedst m monekyn Agl (a Tounee, m map

+ -
noHOB Ag u I'). DT MUKpOKpHUCTAIUIBI HA3bIBAIOT acpecamamu. Eciu peakius



MPOTEKAeT B MPUCYTCTBUHU M30BITKA MOAUIA Kajus, TO HA MMOBEPXHOCTH arperara
BO3HHMKAET OTPUIIATEIBHO 3apsHDKCHHBIA CIIOWM B pe3ysibTare M30MpaTeIbHOM
aacopouuu n noHoB I'. Moaua-uoHbI SBISIOTCS HOMEHYUAN00pas3yIouuMu UOHAMU
(cokpamenno I[IOM). Arperar BMecTe C NOTEHIHAIOOPA3YIOUIMMH HOHAMU
SBIIICTCS YaCTUIeH TBEPAOH (Da3bl U €ro Ha3bIBAIOT A0POM.

[Ton nmelicTBUEM 3JIEKTPOCTATUYECKUX CUJ K SJIpy MPUTATUBAETCS N MOHOB
IIPOTHBOIIOJIOKHOTO 3HaKa — HPOMUEOUOHOE, KOMIEHCUPYIOIIUX 3apsn sapa. B
JAaHHOM cilydae 3Ty poiib BbIMonHAT uoHbl K. YacTs mpotuBonoHOB (N - X),
HauOosiee OJU3KO pACMOJOXKEHHBIX K SJpY, HAXOAUTCS B CJIO€ >KHUIKOCTH,
CMAYMBAIOIIEM MTOBEPXHOCTH TBEPAOIO s/Ipa. DT MOHBI UCIIBITHIBAIOT JICUCTBHE HE
TOJIBKO 3JIEKTPOCTATUYECKUX, HO W BaH-AEpP-BaajbCOBBIX CHJI s/Ipa, MOATOMY
MPOYHO  YIEPKUBAIOTCS OKOJIO HEro u O00pa3ylT TaKk Ha3bIBaeMbId
A0COPOYUOHHBIIL  CNIOU  NPOMUBOUOHOG. SIIpO ¢ aICOpPOIMOHHBIM  CIIOEM
IPOTUBOMOHOB 00pa3yeT KOJJIOMIHYI 4actully. OcrajgbHble X NPOTHBOHOHOB,
cimabee CBSI3aHHBIX C SAPOM (TOJIBKO DJIEKTPOCTATHYECKH), TOJ BIUSHUEM
TEIJTIOBOT'O JIBM)KEHUSI pacrioiaratorcss B kuakod daze muddy3Ho (pa3MmbiTo),
Mo4YeMy W HOCST Ha3BaHUe oughghysznoco cnosi. Bece 310 oOpasoBaHue BMECTE U
ABJISICTCS MUYEIOMU.

Munemisl  3051€i  ANEKTpOHENTpaidbHbl. CTPYKTYpy MHULEIIIBI  MOXHO

3amucath B BUAC (POPMYIIBIL:

{m{&gl]rﬁi_ {n—xIK” }I_ K

raie M — 4YWUCIO MOJEKYJ, BXOJALIMX B COCTaB arperata, N — 4YHUCIO
NOTEHIMAIO0Pa3yIOMIMX HOHOB, (N — X) — YHCIO MPOTHBOMOHOB, BXOJSIIUX B
a/ICOPOLIMOHHBIN CJIOHN, X — YUCJIO TPOTUBOMOHOB, 00pa3yromux 1ud@y3Hblid CI0M.
Yucma M, N U X MOTyT M3MEHATHCS B IIMPOKUX MpEIENax B 3aBUCUMOCTH OT
YCJIOBUM TMOJYyYEHUS M OYUCTKUA 30Js1. OObiuHO M >> n. fAapo BMecte ¢
a7ICOPOLIMOHHBIM CJIOEM TMPOTUBOMOHOB 00OpPa3yIOT COOCMBEHHO KONIOUOHYIO
yacmuyy, WM 2paHyny. B oTMuYuMe OT 3JEKTPOHEUTPAIbHOM  MULEIUIBI
KOJUIOWIHASL YaCTHUIIAa UMEET 3apsijl, B JAHHOM CJIydae - OTPHUIIATEIIbHBIH (X).
['panuna Mexay KoJulouaHoW dactuiied U aud@y3HbIM CIO€M HOCHUT

HA3BaHUE MOBEPXHOCMb CKOMbdceHUus. B dopMyrne MULETUIBI 3TOW TpaHUIES
-



COOTBETCTBYET (PUTypHasi CKOOKa MEXAy aJICOPOIMOHHBIM U AUPPY3HBIM CIIOSIMHU
(puc.1).

['panuna ckoibkeHHs 0003HAYaeT Ty T€OMETPUYECKYI0 MOBEPXHOCTH, IO
KOTOPOI MPOUCXOAUT pa3fesieHne («pa3phiB») MULIEIIIBI HA KOJUTOUIHYIO YaCTHILY
u 1ubdy3HbIA coi B ciaydyae ee MepeMenieHUs] OTHOCUTENbHO AUCIIEPCHOHHOMN
cpenbl (HampuMep, MPHU YIaCTHH MUIIEIUIBI B OPOYHOBCKOM JBIDKCHHH WA TIPH
JIBYDKEHUU TIOJT IEHCTBUEM BJIEKTPUIECKOTO TIOJIs).

Ha rpanune paszgena TBepaoe TeNO — >KUJIKOCTh BO3HUKACT OBOUHOU
anekmpuyeckuti ciou. COrJIacHO COBPEMEHHBIM IPEICTABICHUSM, JBOWHOMU
anektpuueckuit cioit (IIC) - aTo oOpazyrouuiics Ha rpaHuile ABYX (a3 TOHKUMN
MIOBEPXHOCTHBIN CJIOW M3 MPOCTPAHCTBEHHO Pa3eIeHHBIX IEKTPUIECKUX 3apsI0B
IPOTUBOIMOJIOXKHOTO 3HaKa (MOTEHIHMAIOOPa3yloIUX HOHOB M TNPOTHUBOMOHOB).
[ToTennmanobpasyromiye UOHbI, aJCcOpOUpPYIOIUEcs Ha TBEPAOW MOBEPXHOCTH, -
3T0 BHYTpeHHss1 o0knanaka I9C. Buemnsisa ooknagka I9C (cioil mpoTUBOUOHOB)

COCTOUT U3 JIBYX YacCTeH: TUIOTHOM U U] Py3HOI.

II H(m AgC])-nCl‘.(n_x)K']\‘-_xK- }u
S——

arperar
AAPO
rpasyia
MHLena
rae m — 4yucno gopmynbHbix eaunnn AgCl B arperare; n — 4uci0 aacopOMpoBaH-
HBIX noTeHuuanonpeaensoumx uoHos CI; (7 —x) — uucno nporuBononos K’ B

IUIOTHOM a/ICOPOLMOHHOM CJI0€; X — 4uc0 npotuBoMoHoB K™ B anddysHom cioe.

Puc. 1. Cxema cTpoeHMsI MUTIEIUTBI 30JI XJI0pHaa cepedpa.

OOpa3oBanue JBOMHOTO CJIOS HOHOB NPHUBOJAUT K  TOSIBICHHUIO
OTIPENICTICHHBIX DJJIEKTPUYCCKUX TOTCHIMAJIOB HAa TPAHMIIE pasliesia TBEPIAOH
xuakoi (a3. Monbl nepBoro ciosi (BHyTpeHHEH OOKIaaKu), PUKCHpOBaHHBIC Ha
TBEPIOW TTOBEPXHOCTH, MPUAAIOT ITON IMMOBEPXHOCTH CBOHM 3HAK 3apsija U CO3JAI0T
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Ha HEW TaK HA3bIBAEMbBIN HOBEPXHOCHMHBIU UIU Q-NOMEHYUual. 3HaK (-MOTEeHIHAIA
COBMAJAaeT CO 3HAKOM 3apsija MOTEHIHMATOoOpa3ylomux HOHOB. BenuuwmHa o-
NOTEHIMaJIa MPONOPLUMOHAIBHA YUCTY 3apsioB 3THUX HOHOB Ha MOBEPXHOCTH
YacTHL.

C ToukM 3peHHs] TEPMOJUHAMHKH, (-TIOTCHIIMAI paBeH paboTe mepeHoca
EAMHUYHOTO (JIIEMEHTAPHOTO) 3apsijga U3 OECKOHEUYHO yAAJICHHOW TOYKH 0O0bema
pacTBopa Ha MOBEPXHOCTb TBEpAOH (as3bl, T. €. MpEeACTaBIAeT cOOON MOTEHIHAI
TBEpAOH MOBEPXHOCTHU. [IpsIMBIX METOIOB €r0 U3MEPEHUSI HE UMEETCSI.

BTopo#i moreHnman, XapakTEpU3YIOMHUK JBOMHOM CIIOM MOHOB, HA3bIBAIOT
NEeKMPOKUHEMUYLeCKUM NOMEHYUATIOM UL X-NomeHyuaniom (13eTa-MmoTEHIIUATIOM).
OHn npeacraBisieT co00M IEKTPUUECKUI OTEHIIMAN B IBOMHOM CJIO€ Ha FPAHMIIE
MEXy KOJIOMJTHOW YacCTHUIICH, CIOCOOHON K JIBMKCHHUIO B DJICKTPUUCCKOM I10JIC U
OKPY’KAIOIIEH KUIAKOCTBIO. X-TIOTCHIIUAN SIBISECTCS HOMEHYUAIOM NOBEPXHOCMU
ckonvorcenusi. OTHAKO B JIBOWHOM 3JIEKTPUYECKOM CIIOE€ TOYHOE PACCTOSHUE OT
TBEPAOM NOBEPXHOCTH 1O IOBEPXHOCTH CKOJBXEHUS Heu3BecTHO. IloaTomy
NPUOIMKEHHO MOXKHO TMPHHATH, YTO MOBEPXHOCTh CKOJBXKEHUSI MPOXOAUT IO
TpaHHIIE MEXAYy aacOpOUMOHHBIM U JU(P(DY3HBIM CIOSIMU TMPOTUBOMOHOB.
CrnenoBaTenbHO X-TIOTEHIMAN OJIM30K, XOTSI U HE COBCEM DPABEH, MOTEHIMATY Ha
rpa”uIle acoOpOIMOHHOrO U TU(P(HY3MOHHOTO CIIOEB.

TepmonnHamMuuecku E-TOTEHIMAT MOXKHO ONPEACNIUTh Kak padoTy,
HEOOXOMMYIO NJisl MEpeHOca €IMHUYHOTO 3apsga U3 OECKOHEUHO YJIaJIeHHOTO
JJIeMEHTa 00bEeMa pacTBOPa Ha MOBEPXHOCTh CKOJIbKEHHS. 3HAK &-TOTEHIMAa
OOBIYHO COBIIQJIa€T CO 3HAKOM (-TIOTEHIMANa. &E-TIOTCHIMAN SIBJSIETCS YacThIO
@-TIOTEHI[Mala U BCErjla MEHbIlle, YeM @-ToTeHuuan. BenuuuHa &-moTeHuuana
HETMOCPEICTBEHHO CBsi3aHA C YHCIOM MPOTHUBOMOHOB B JU((y3HOM CJoe U
U3MEHSETCS NPOMOPUUOHAIBHO 3TOMY 4HCIy. MOXHO CcUuTaTh, 4YTO C
YBEIIMYEHUEM TOJIMHBI AU Py3HOTO C10s E-MOTEHIMa noBbiaeTcs. [lockoabky
ANEKTPOKUHETUYECKUM TMOTEHUHA OTHOCUTCS K KOJUIOMJHOM 4YacTuile |
OOyCJIOBIMBAET €€ TMOJIBKHOCTh B DJIEKTPUYECKOM TI0JIe, BEJIMYMHA HTOTO

IIOTCHOHMAaJIa MOXKECT OBITh HN3MEpPCHA OKCIICPUMCHTAJIbHO IIO CKOPOCTH ABHIKCHUA



yactull. HanmpaBnenue ke mepemMeIeHuss 4acTull K KaTOoy WU aHOJy yKa3bIBaeT
Ha 3HaK C-TIOTEHIMaa.

bnarogaps Hanuuuio E-mMoTEHIMANa HA TPAHUIIAX CKOJBKEHHS BCEX YaCTHI]
JaUcTiepcHOM (pa3pl BOZHUKAIOT OAHOMMEHHBIE 3apsAbl U JIEKTPOCTATUIECKUE CHUITBI
OTTAJKUBaHUS TMPOTUBOCTOSIT Ipolleccam arperauuu. Takum oOpazom, &-
MOTEHIUA SIBIISIETCA OJHUM M3 OCHOBHBIX (DAKTOPOB arperaTuBHOMN yCTONYHUBOCTH
rupodoOHbIX 307eil. BennunHa, a uHOrAA W 3HAKU @- M E-TIOTEHUUATIOB MOTYT
U3MEHATHCS TOJI BIMSIHUEM BHEITHUX BO3JCHCTBHUI (DIEKTPOJMUTOB, pa3BelCHUS,
NOBBIIIEHUS TeMmneparypbl). OCOOEHHO 4YyBCTBUTENEH K 3THM (akropam &-
MOTEHITHAIL.

DJIEeKTPOKMHETHYECKHe CBOMCTBA KOJJIOWIHBIX CHCTEM: JIeKTpodopes,
3J1EKTPOOCMOC.

K anexkmpoxunemuueckum senenusm oTHOCAT 3(PEKTHI, CBA3aHHBIC JIMOO C
OTHOCHTENBHBIM JIBIDKEHHEM JByX (a3 1moa JeHCTBUEM  IOCTOSIHHOTO
AIIEKTPUYECKOr0 TMOJIsA, JIMOO € BO3HUKHOBEHHEM pA3HOCTH IOTEHIMAJIOB IPHU
OTHOCHTETTLHOM CMEIICHUHU ABYX (a3, Ha TpaHUIe MEXIY KOTOPHIMHU CYIIECTBYET
JIBOMHOM AIIEKTPUYECKUI CIIOM.

DJEKTPOKUHETUYECKHUE SIBJICHUSI MOAPA3ACIAIOT HA JBE TPYNIbL: npimvle U
oopamnvle. K npsmvim OTHOCST T€ 3JIEKTPOKUHETUYECKUE SIBJICHUS, KOTOPbIE
BO3HUKAIOT MO ACHCTBUEM BHEIIHErO 3JIEKTPUYECKOro Mo (anexmpoghopes u
anexmpoocmoc). Obpamubimu HA3BIBAIOT 3JCKTPOKUHETUYCCKHE SIBJICHHS, B
KOTOPBIX MPH MEXaHWYECKOM IEpPEMEIIeHNH OAHOU (pa3bl OTHOCUTEIBHO IPYroi
BO3HUKAET AJIEKTPUUYECKUI TOTEHUUAN (nomenyuanr npomekanusi U NOMeHyuan
ceoumenmayuu).
Onektpodope3 u snekrpoocMoc ObuH  OTKPBITEI . Peiiccom (1808). On
OOHapyXWJI, YTO €CIM BO BIAXHYIO IVIMHY MOTIPY3UTh JIBE CTEKJISHHBbIE TPYOKH,
3allOJIHATh WX BOJOW M TOMECTUTh B HHUX OJIIEKTPOJbI, TO MPHU MPOIYyCKAHUU
MOCTOSTHHOTO TOKAa TPOMCXOAWUT [IBIKEHHE YAaCTUYEK TJIMHBI K OJHOMY W3
AIIEKTPOIOB.

OTO ABJIIEHHE NEPEMEIIECHUS YacTHUll AUCHEPCHOM (a3bl B MOCTOSHHOM

AIIEKTPUUECKOM I10JI€ OBLIO HA3BAHO 31€KMPOPOPE30M.
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B npyrom omsite cpenuss yactb U-oOpa3Hoil TpyOku, coaepxanieii Boay,
Oblla 3aIlOJIHEHA TOJMYEHBIM KBapIleM, B KaXJ0€ KOJEHO TPYOKHM MOMEIICH
AJIEKTPOJ U MPOMYIIEH MOCTOSIHHBIN TOK. Uepe3 HEeKOTOpoe BpeMsi B KOJIEHE, TJe
HAXOJUJICS OTPUIATEIBHBIA 3JIEKTPOJI, HAOIIOMAATIOCh TOHATHE YPOBHS BOJBI, B
npyroMm - omyckanue. [locie BBIKITIOYEHUS 3IEKTPUUYECKOTO TOKA YPOBHU BOJIBI B
KOJIEHaX TPYOKH YpaBHUBAIIUCH.

DOTO sABJIEHUE TNEPEMEICHUS JAUCIHEPCUOHHON CpeAbl OTHOCUTEIBHO
HETIOJBIDKHOU JUCIEPCHON (pa3bl B MOCTOSHHOM JJICKTPUYECKOM II0JIE Ha3BaHO
91EeKMPOOCMOCOM.

[Tozxke Ksunke (1859) oOGHapyxun sBieHHE, 0OpaTHOE AJIEKTPOOCMOCY,
Ha3BaHHOE nomenyuanom npomexarus. OHO COCTOUT B TOM, YTO IMPU TEUECHUU
KUJKOCTH TIOJ] NaBJIICHUEM 4Yepe3 TMOPUCTYI0 auadparMy BO3HUKAET Pa3HOCTh
noTeHuaioB. B kadyectBe marepuasia nuadparm ObUIM MCHBITaHbI TJIMHA, TIECOK,
JepeBo, rpadur.

SIBnenue, oOpaTHoe H3neKkTpodope3dy, U  Ha3BaHHOE HNOMEHYUALOM
ceoumenmayuu, 66110 OTKpBITO JopHOoM (1878). [Ipu oceganum yacTull CyClieH3UU
KBapla moj JICMCTBUEM CHJIbI TSXKECTU BO3HUKAIA Pa3HOCTh MOTEHIIUAIOB MEXY
YPOBHSIMH Pa3HOM BBICOTHI B COCY/IE.

Bce anekTpokMHETHYECKHE SIBJICHUS OCHOBAaHbI HAa HAJIMYMHM JIBOMHOTO
AIIEKTPUUECKOTO CIIOSl Ha TPAHUIIE TBEPAOU U KHUIAKOU (a3s.

N3 onucanHbiX sBIEHUW diekTpodope3 HMeeT HaumboJiee MHUPOKOe
npakTuyeckoe npuMeHenue. Ilpu snexkTpodopese NPOUCXOJUT HAMPABICHHOE
NEepeMEIIeHHEe YacTHUI] JUCTIEPCHON (a3bl B AJIEKTPUUYECKOM I0JI€ MOCTOSHHOTO
TOKa K DJIEKTPOAY, 3HAK KOTOPOro MPOTHUBOIOJIOXKEH 3HAKy 3apsja YacTHll.
[TogBMKHOCTh YAaCTUI[ B JJIEKTPUYECKOM II0J€ OOYCIIOBJIEHA TEM, YTO IMpHU
HAJIO)KCHUU BHEIIHEH pa3HOCTH MOTEHLUHMAIIOB MPOUCXOAUT Pa3pbiB JIBOMNHOTO
AIIEKTPUUYECKOTO CJIOS MO TPaHUIE CKOJIBKEHUS W YacTULA IMOJy4yaeT 3aps,
COOTBETCTByIOIMN ee &-moTeHnuany. [IporuBomonsl auddy3Horo  ciuos
NEPEMEIIAOTCS TPU 3TOM K MPOTHUBOIOJIOKHOMY 3JIEKTpoay. OUeBHIIHO, UTO

CKOPOCTb ABMIXCHHA YaCTHIL I[I/ICHepCHOﬁ (1)3,3]31 nponopuruoHaJibHa BCJIMYHMHE HX

11



E-norenumana. HaOmromas 35eKTpoOpeTHUECKOE ABUKEHUE YACTUL, MOYKHO
OIPENETUTh 3HAK U BEJIMYMHY E-TIOTEHIIMAIA KOJUIOMIHOM YaCTHIIbI.

Bennuuna &E-moTeHumana  cBsi3aHa CO  CKOPOCTBIO  3ieKTpodopesa
3apsSHKCHHBIX YacTHIl 3aBHCHMOCTBIO, Ha3BaHHOW ypaBHeHHEM [ enpMrosbiia —
CMOJTyXOBCKOTO:

KAy

o o

rae K — koapdunuent, 3aBucsmuii oT GopMbl yacTuil (s chepruIecKrX YacTHI

-

k =6, mis numuaapudeckux K = 4); n — BA3KOCTb CPEJIbl; V — JIMHEHHAS CKOPOCTh
nepeMeIleHns YacTull (MIu TPaHULIbl 30151); € — OTHOCUTEIbHAS TUAJIEKTpUUeCKas
MIPOHUIIAEMOCTD Cpefibl; E — HApsKEHHOCTH OIS (TPaJueHT MOTEHIINAaA).

JIuHerHas CKOPOCTh ¥ UBMEHSIETCS MPONOPIUOHATIBHO HAMPSIAKEHHOCTH OIS
E, mo3ToOMy HE MOXET CIYXXUTh XapaKTEepPUCTUKON dYacTuil. B CBA3M ¢ 3TUM
BBEICHO INOHATUE 91eKMPOPOPemuyecKkol noOBUNCHOCHU Vyg, PABHOH CKOPOCTH
JIBYDKEHUS YaCTHUIIBI IIPU SAMHUYHOM T'pagueHTe noreHnuana (£ = 1):

U-@ZU-"E_

)

OKCNEPUMEHTAIbHO  HAWJAEHHBIC  3HAYCHUS  MOJBWXHOCTEM  4acTo
OKa3bIBAIOTCS MEHbIIIE pacdyeTHbIX. HecoBmazeHue HTUX BEIMYUH OOBSICHSETE B
OCHOBHOM TeM, 4uTo Teopus ['enpmrosbia - CMOTYXOBCKOTO HE YUUTHIBACT JBa
SBIICHUS: peNaKcayuorHull d¢hghekm W dnekmpoghopemuyeckoe mopmoxcenue.
[TepBoiii 3 3TUX 3()PEKTOB BHI3BIBACTCA HAPYIICHUEM CHUMMETpuUu Iud@y3HOro
ciost BOKpyr uactuil. Brtopoit »ddext oO0ycnoBieH p00aBOYHBIM TPEHHUEM
AJIEKTPUUECKOW TPUPOABI TPH JIBIDKCHWH YaCTUIl W TMPOTHUBOMOHOB B
MIPOTUBOIOJIOKHBIE CTOPOHBI.

Metoasl anexTpodope3a HMEIT OOJIbIIOE TEOPETUYECKOE U  MPAKTUYECKOE
3HaueHHUE. 3JHAHUE BEIUYMHBI -TIOTEHIMANA MO3BOJISIET CYJIUTh 00 YCTOMYUBOCTH
KOJUIOMHOTO PacTBOPa, MOCKOJIbKY M3MEHEHUE €ro YCTOMYMBOCTH, KaK MPABUIIO,
MPOUCXOJUT MPONOIMOHATBHO U3MEHEHUIO 3JIEKTPOKUHETUUECKOTO MOTEHIIHAAIA.
DNEKTPOOCMOC, Kak M 3JIEeKTpodope3, MOMydyuwsi HIHPOKOE MPUMEHEHHUE.

Mexanusm 3JIEKTpOOCMOCA 3akilo4aercs B ciaenyrouieM. HepactBopuMsblii
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MaTepual MeMOpaHbl NPHU KOHTAKTE C >KUAKOCTBbIO (BOAOW) AMCCOLMHUPYET C
ITIOBEPXHOCTH, OTLIECIUIAS B KUJIKOCTh T€ WJIM Jpyrue MOHBbI. BO3HHMKaeT ABOMHOU
AIIEKTPUUYECKUI CJIOM, BHYTPEHHSSI 00KJIaJKa KOTOPOrO0 BXOJUT B COCTaB TBEPOH
¢a3pl, a MPOTUBOUOHKI TU(PHY3HO PACTIONATAIOTCS B KUAKOCTU. [Ipu BKIIFOUCHHUH
MOCTOSIHHOTO ~ DJIGKTPUYECKOTO  TOKa  IPOTUBOMOHBI  JAUQPGY3HOTO  CIOsS
MEPEMENIAIOTCA K 3JIEKTPOJY COOTBETCTBYIOIIETO 3HAKa. Tak Kak HOHBI B BOJIE
BCErJa TUAPaTUPOBAHbl, TO TMPHU JBUKEHUM HOHA C HHUM yBJIEKAEeTCs
ONpEeNIeNICHHBIA 00BEM JUCIEPCUOHHHOM CpeAbl 3a CUeT CHJI MOJICKYJISIPHOTO
TpeHUs (BS3KOCTH) MEXJAYy THUIpPaTHOM O0OOJOUYKONM HOHA U  OKpY)Karouien
KUAKOCTHI0. OUYEBUIHO, YTO YeM OoJible TONMIIMHA AU(PY3HOTO CIIOS U MEHBIIE
IJIOIA/Ib MOIMEPEYHOTO CEUYEHHUs Kamujuisipa Wi MOphl MeMOpaHbl, TEM CHUJIbHEE
MPOSIBISIETCS SIIEKTPOOCMOTUUYECKUI MEPEHOC KUAKOCTU. MeTon 3ieKTpoocMoca
uMeeT OOJIbIIOE MPaKTUYECKOe IMPUMEHEHHUE B IIpolieccax OO0E3BOKMBAHUS U
CYIIKM MHOTHX TOPHUCTBIX MATEpUAJIOB WJIM BEChbMa KOHIEHTPUPOBAHHBIX
KOJUIOUIHBIX cHUCTeM. [y 3TOW 1enu MPUMEHSIOT, Hampumep, SJIEKTPOPUIbTP-
IIPECCHI.

CymiecTByeT TpU pa3iIUYHBIX dJeKTpodopernueckux wmetona. Ilox
COOCTBEHHO 3JIEKTPOPOpe30M 0OBIYHO TOHUMAIOT 30HANBHBIN AnekTpodopes (33),
JIBa JPYTUX Ha3bIBAIOT MeTojaMu u3odjekTpodokycupoanus (MID) wu
nzotaxodopeza (UTD).Dnexkrpodope3 NTPUMEHSIOT TJIaBHBIM 00pazoM ISt
paszaeseHus BEILIECTB, MOJIEKYJIbI KOTOPBIX paszIuyaloTCs 1o
ANEKTPOHOPETUUECKON OJIBHKHOCTH, T. €. OTHOILIEHUIO CKOPOCTH 3JIeKTpodopesa
(CKOpOCTH TepeMeleHusT 3apsHKEHHBIX YacTHI[ BEIIeCTBa) K HAIMPSKEHHOCTH
AIIEKTPUYECKOTO TIOJs,, KOTOPOE 3aBUCUT OT CBOMCTB 3apsiKEHHBIX YaCTHII
oKkpyaromiei ux cpeasl. [lyrem u3MeHeHUs BHEUIHUX YycioBHil (Hampumep, pH
Cpellbl, TEMIIepaTyphl, CUJIbI TOKA, COCTaBa M KOHIIEHTpaluu 0ydepHoro pacteopa
WJIM HOCHUTEJISI) CO3/Ial0T MOJXOIAIIME YCIOBHS Ui pa3jesieHus. Benencrsue Toro
YTO MPH pa3eICHUU HA MOJIEKYJIbI JEHCTBYIOT TOJIBKO JIEKTPOCTATUUECKHUE CUITBI,
ANEKTPO(dOpe3 CUUTAIOT «MSATKUM» METOAOM M MO3TOMY YacTO MPUMEHSIIOT IS

paboThI ¢ TaOUIBLHBIMU BEIIECTBAMHM.
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OnexkTpoope3 MOXKHO MPOBOJUTH B PACTBOPE, HO H3-32 HEHU30EKHOIO
BBIJIEJICHUS] TEIUIOTHl M BO3HUKAIOIIEH B CBS3UM C 3TUM TEIJIOBOW KOHBEKIUHU
IpoIecC, Kak TpPaBUO, MTPOBOASIT Ha HocuTene. BcneacTBhe HEKOTOPBIX
COIyTCTBYIOIMX  SIBIEHUH  (aacopOuusi,  HECOM3MEPUMOCTb  Pa3MEpOB
BBICOKOMOJICKYJISIPHBIX COCIUHEHUNW U TOp HOCUTENS) BBEACHHE HOCUTENS
OTpaHUYMBAET 00JaCTh MpUMEeHEeHHsI MeToa. OTHAKO CBOWCTBAa HOCUTENSI MHOTIA
UCTIONB3YIOT U TOBBIIIEHUS 3()PEKTUBHOCTH pa3[eleHUus: Harnpumep, IMpu
anekTpodope3e B TPaJAUCHTE MOJIHAKPUIAMHUIHOTO Tels (paKIMOHUPOBAHUE
OCYIIECTBISIETCSI HE CTONBKO 3@ CYET pa3iudHON d3IeKTpodopeTHuyecKoit
MOJIBMXKHOCTH BEIIIECTB, CKOJIBKO 32 CUET Pa3INYusl B UX MOJIEKYJISIPHBIX Maccax.

3oHaJabHBIH 3j1eKkTpodope3 (30) — 3TO METOA pa3ACIICHUS 3apSXKEHHBIX
YacTULl B AJIEKTPUYECKOM I10JIe, OCHOBAaHHBIM Ha TOM, YTO YaCTUIBI C Pa3HBIMU
COOTHOIIICHUSIMU 3apsifi/Macca MUTPUPYIOT C Ppa3IMYHBIMU CKOpocTsMu. B
3aBHCHMOCTH OT 3HaKa 3apsifa MOJEKYJIbl BEIIECTBA MUTPUPYIOT B SJICKTPUUECKOM
0JI€ TI0 HAIPaBJIEHUIO K aHOLY WJIU KaTO.y.

Pe3ynbTaThl ATOTO mpoliecca perucTpupyroTcss Ha snekTpodoperpade (mo
aHaJoruu ¢ xpomartorpadueit).

Panee ucnonb3oBanu OJuH U TOT ke Oydep B CI0€ HOCUTENS 3JIEKTPOTHBIX
Kamepax, T. €. pa3JieJICHHE Belld B HEMPEpBIBHOU OydepHoii cucreme. B HacTosee
BpeMsi 3TOT MPUEM €Il TPUMEHSIOT MpH AIeKTpodopese Ha Oymare U MiacTUHKaX.
[Tpu snextpodopese B mpepbiBUCTO OydepHoil cucteme (paznuyHbie Oydepsl B
CJI0€ HOCHUTE BJIEKTPOJHBIX KaMmepax) ObICTPO MUTPHUPYIOIIUE BEIIECTBAa 00pa3yro
Oonee y3kue 30HBL. OiekTpodope3 B TpephiBUCTON OydepHoil cucteme
UCTIONB3YIOT TJIABHBIM 00pa3oM B renb-3iekTpodopese. 35 00bIYHO MPOBOAAT Ha
OyMare, IJIaCTUHKaX U B TeJISIX B BOJHBIX Oy(EpHBIX pacTBOpax.

[Ipu snexTpodope3e B 3IEKTPOJHBIX KaMepax HPOUCXOAUT 3JIEKTPOIIN3
pacTBOpa W BCIEACTBHE 3TOTO M3MeHseTcst coctaB Oydepa. [losTomy smexTpoabt
pacronaraloT Tak, YTOObl OHU HE KacalhCh HOCUTENS, a KOHTAKT MEXIY HHUMU
OCYUIIECTBIISUICSI TIPU TIOMOIIU TMOJIOCOK (PUIBTPOBANIBHOM OyMaru. DIeKTpOaHAs
KaMepa paszielieHa Ha JBa OTCEKa, KOTOpPbhIE COSAMHSIIOTCS JOIMOJHUTEIBHBIM

MOCTHUKOM H3 GuibTpoBasibHONM OyMmaru. [logOupas cooTBETCTBYIOIIMI 00BEM
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IIEKTPOJHBIX KaMmep WM IHepekaunBas Oydep HacocoM OT aHoAa K Karoxy,
HOJIZICPKUBAIOT TOCTOSIHHBIMU KOHLIEHTpauuio u 3HaueHue pH Oydepa B
JIByXKaMepHOi cucreme. PexomeHayeTcs TakKe NpPOBOAUTH JAENOJISpU3aLnU
AIIEKTPOJIOB TMOCIE KaXKIOTO 3JIEKTPOHOPETUIECKOTO Pa3ICICHUS.

Martepuranbl-HOCUTENHN NOAPA3ACIISIIOTCS Ha IBE TPYIIIIbL:

nepBass — Oymara, LEJUII0JI03a, alleTHIMPOBAaHHAs LIEJUII0JI03a, araposa H
mMarepuaisl 1ig TCX(Hanpumep, CUIINKaressb);

BTOpAasi — Kpaxmall U NOJUaKpUIaMu/I.

O} dexTuBHOCTh pa3feneHusi 3aBUCUT HE TOJBKO OT CyMMapHOro 3apsjaa
MOJIEKYJI AaHAJIM3UPYEMBIX BEIECTB, HO U OT pa3MepPOB MOJIEKYJ. Onpeaernsonmm
napamMeTpoM SIBJIIETCS COOTHOLIEHUE 3apsi] - Macca.

Hocurenu nepBoil rpynmbsl OTHOCUTENBHO WHEPTHBI M €1a00 BIMAIOT Ha
3¢ EeKTUBHOCT pasneneHusi. Marepuanbl BTOPOM TpyIbl 00J1aal0T MOPUCTOM
CTPYKTYpOW, YTO CYIIECTBEHHO BIMSAET Ha KauyecTBO paszzaeneHus. [lockombky
pa3Mepbl MOp COU3MEPUMBI C Pa3MEPOM MAaKpOMOJIEKYJ, TO MOXHO pa3JeisiTh
BEIIECTBA C OJMHAKOBBIMM CYMMapHbIMH  3apsaMd, HO C  pa3HbIMHU
MOJIEKYJIIPHBIMHU Maccamu (Hanmpumep, Ipu HOHOOOMEHHOM XpomaTorpaun).

Onekmpoghope3 Ha Oymaze TO3BOJSET HKCTPArupoBaTh BEIIECTBA U3
COOTBETCTBYIOIIMX 30H WJIM MSTEH M MCIOJIb30BaTh ISl JalibHEWIed paOoThl;
oOHapyXHBaThb BEIIECTBA, HCIIOJIb3yeMble B OyMaXHOW XpomMaTorpaduu;
IPOBOJUTH (PPAKIIMOHUPOBAHUE B ABYX HAIPaBICHUSX.

Jlis snextpodopesa Ha Oymare MCHOJB3YIOT ClelMalIbHbIE copTa Oymarw,
XapaKTEPU3YIOLIUECS CIEAYIOIMMUA CBOMCTBAMHU: JOCTATOYHOM MEXaHMYECKOU
IPOYHOCTBIO; YAOBIECTBOPUTEIBHBIM JIJISl YACPKUBAHUS TOCTATOUHOT'O KOJMYECTBA
AJIEKTPOJIUTA U 00pa3slia.

Hapsngy ¢ xamepaMu MOTpY>KHOTO THIIA HPUMEHSIOT KaMmepsl Ui
aneKTpo(dope3a B TOHKOM CJIO€ C OXJIaXKJIaeMbIMU TUIACTUHAMM, B KOTOPBIX JIUCT
OyMaru nOMeIaT MEXy ABYMs H30JIUPYIOUIUMU TJIEHKAMU.

Onexkmpoghope3 6 moukom cloe TPOBOIAT HA CTEKISHHBIX IUIACTHHKAX,
NOKpPBITBIX cioeM Hocutens. [lo cpaBHEHHIO € MONOCKaMu Oymaru IUIaCTUHBI

Oonee ymoOHBI B oOparieHuu. Onekrpodope3 Ha Oymare ¥ B TOHKOM CIIOE
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NPUMEHSIOT IS WCCIICOBAHUS (PPAKIUN, TMMOTYYEHHBIX TPU KOJOHOYHOUN
xpoMarorpadun, GepMEeHTATUBHBIX THIPOJIN3aTOB OCIKOB, META0OJIUTOB, a TAKKE
JUTSL pa3feleHUs] aMHHOB, aMHUHOKHCIIOT, TENTHIOB M OCJIKOB, HYKJICOTHIIOB,
denosoB, HaAdTONOB, (HEHOTKAPOOHOBBIX KHUCIIOT, KPACUTENICH, HEOPTaHUICCKUX
COEeIMHEHU.

l'env-anekmpogpope3. Bmecto  UEWTIONO3bI W CHJIHMKAreias  MOXKHO
UCIIOJIb30BaTh MSTKHE Tenu. Hipke TpuBeAeHBI OCHOBHBIE paboyme CcTaauu
NPOBEJCHHS AJIEKTpodope3a B CIIOE Telisd: MPUTOTOBJICHUE Teleld W TOArOTOBKA
oOpasznia ® »nekTpodopernueckoe pasneneHue ® nerektupoBaHue ® aHanu3
pe3yinbTaToB U odopmileHHe HX B pabodem xkypHaie. M3 mMHoxkecTBa rened Ha
MPAKTUKE TMPUMEHSIOT TOJBKO JBa - TEIW arapo3bl W ToJuakpuiamuaa. B
3aBUCUMOCTH OT CIIOCO0a TPUTOTOBIICHUS Telss W Tuma OydepHOl crucTeMbl
paznuyaroT HECKOJIbKO BApUAHTOB METO/IA:

- aniekTpodopes B rene nonuakpuwiamuga (IIAAT);

- muck-anexrpodopes (muck-I1TAAT) B mpepriBucToit 6ydepHoit cucteme;

- 3IeKTpodopes B reje MmoaruaKpuiIaMuaa B IPUCYTCTBUN AOJCIUICYIb(daTa
Hatpus (JJCH-TIAAT);

- 9NIeKTpodope3 B TPaleHTE MOPUCTOTO MOTUAKPUIIAMUIHOTO TeJIsl.

I'enb  okpamuBarOT KpacuTeneMm. IIOCKOJNIBKY MOJIEKYJIbI  KpacHTEIs
3apsDKEHBI, TeIh MOYKHO 00€CIBEUMBATh SJIEKTPOGOPETUUECKH MPU HAMPSKECHUU
50 B. B mecTax, He copepKalux UCccleayeMoe BEIIeCTBO, T'ellb 00eCIIBEUNBaCTCSI.
KonndecTBEHHYIO0 OIIEHKY TPOBOJAT CHEKTPOPOTOMETPUYECKH TPU TTOMOIITH
CKaHUPYIOIIETO JCHCUTOMETPA.

[Tocne ycaaku Teieid B BOJHOM 3TAHOJIE WIJIM alleTOHE WX BBICYIIMBAIOT
MEXIy ABYMS JINCTaMH 1ejiiodaHa B BaKyyMe TIpH cl1laboM Harpese.

[enb-anexTpodopes  MPUMEHSIOT [ pa3fesieHusT BCEX  KJIACCOB
3apsHKEHHBIX BEIIECTB, HAmpuMep OeNkoB, (EPMEHTHBIX KOMIUICKCOB, BHPYCOB,
OJIUTOHYKJICOTHIOB U HYKJIECHHOBBIX KHCIIOT; ONPEACIICHHUS] MOJEKYIISIPHBIX Macc
OWoInoNMMepoB; aHanu3a OEJKOB HAa  MHUKPOYPOBHE  (aHTUIE€HOB  TIPH

KOJIMYECTBEHHOM UMMYHOMJIEKTpodopese).
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[Ipu osaexmpogopeze 6 ce0600HOM nomoke diekTpoauT (Oydep)
nepeMenIaeTcss B BEpTUKAILHOM HaNpaBieHUU (MEPIEHINKYIISIPHO HAPaBICHUIO
AIIEKTPUYECKOTO TOJs). 3apsHKEHHBIE YACTHUIIBI MO JCUCTBUEM DJICKTPUUYECKOTO
MOJISt METPUPYIOT B TOPU30HTAJILHOM HANpPaBICHUU U OJHOBPEMEHHO YBIIEKAIOTCS
notokoM Oydepa. B urore paszzieneHHble BellecTBa paclpeessioTcs B MOTOKE B
COOTBETCTBHH C HMX 3JCKTPO(OPETUUECKON MOABMKHOCTBIO U DIIOUPYIOTCA W3
npubopa B pa3nUUHBIX (pakmusax. IJekTpodope3 B CBOOOJHOM IMOTOKE
NPUMEHSIOT ISl PENapaTUBHOTO pa3/eieHHs] 3apsDKEHHBIX YacTHUIl, B TOM YHCIIE
KOJUTOUTHBIX, CYOKJIETOYHBIX YACTHII] U KJIETOK.

HN303;1eKTpHUYECKOE (¢poxycupoBanue (UOD). C IIOMOLIBIO
M302JIEKTPUUECKOTO (POKycHUpOoBaHUs 10 U303JeKTpuueckuM Toukam (MDT)
pa3nenaioT aM(oTepHble BELIECTBa, B YacTHOCTH Oeyiku. CyIIHOCTh METOAa
3aKJII0YAeTCS B TOM, YTO MOJIEKYJIbl OE€JIKOB MHUIPUPYIOT TOJ JEHCTBHUEM
AIIEKTPUYECKOTO TOJIA B Cpelie C JTUHEHHBIM M CTaOWIBHBIM rpaaueHToMm pH mo
noctwkenus oomactu pH, coorBercTBytomeit ux UOT.

N3osnexkTtpuueckoe  (HOKyCHpOBaHHE  OTJIMYAETCA  OT  30HAJIBHOIO
anekTpodopesa TeM, UTO pa3AesIeHHE OCYIIECTBIIAETCS HE B Oy(epe ¢ TOCTOSHHBIM
3HaueHueM pH, a B cpene c¢ nuHeWHbIM rpagueHtoM pH. 3nauenue pH
MUHUMAJIBHO BOJIM3M aHOJa, MaKCUMaIbHO — BOJM3M KaToja. [ maBHOe ycioBue
7 (HEKTUBHOTO pa3neneHus: 0EJIKOB - HAIMYUE CTa0MIbHOTO TpaguenTta pH cpenpl.
B cBsa3u ¢ TeM yto Oenku 00sagaroT aM(OTEpHBIMU CBOMCTBaAMHU, HEOOXOJIUMO,
yTOOBl aM(OJIUTHI — HOCUTENU - BEIIECTBA, C MOMOIIBI0 KOTOPBIX (popMupyercs
rpagueHT pH, oGmananu BeicoKoM OydepHOi eMKOCThI0. AMGMOIHUTH - HOCUTENIN
NPEJCTABISIFOT COOOH MHOTOKOMITOHEHTHYIO CMECh H30MEpPOB W TOMOJIOTOB
amnpaTUIeCKuX  TOJIMAMHUHOIOJMKAPOOHOBBIX  KUCJIOT,  CYIb(OKHUCIOT |
($hoCchHOHOBBIX KHUCIIOT, H303JEKTPUYECKHE TOYKH KOTOPBIX pAacrojiararoTcs B
HIUPOKOM 00sacTu 3HaueHui pH.

DD npuMeHSIOT s aHAIUTUYECKOIO pa3JelieHUsl MENTHI0B, OEJIKOB,
HYKJICOTUJIOB, OPraHWYECKUX KHUCJIOT, HOHOB METAJUIOB U MpenapaTUBHOTO
pasneneHus OeNKOB; HAKOIUICHHS CIEAOBBIX KOJIWYECTB BEIIECTB M3 OOJBIINX

00BEMOB TIPOOKI; ONIPEACIICHUS IIEKTPOPOPETUIECKOM TOIBHIKHOCTH.

17



HeoOxomumbiM ycnoBuem npoBenaeHus MDD sBnsieTcsi Hanuuue BBICOKOTO
HaIpsDKEHUsl NPpU HU3KOM HMOHHOM cuiie pactBopa. OQHaKoO HMMEHHO B 3THUX
YCIOBHUSAX YCHJIMBACTCS JJIEKTPoOocMOC. OTpuUaTeNbHOE BO3JCUCTBHE Ha
3¢ (EeKTUBHOCTh pa3lelieHUs] BEIIECTB OKAa3bIBAIOT TaK JK€ IMPUMECH COJIEH,
3aHECEHHbIe BMecTe ¢ peakTuBamu. [[i1st mpoBenenuss UO® Gonee Bcero noaxoaut
MOJIMAKPUJIAMUAIHBIA T€lb C HU3KMMH JJIEKTPOOCMOTHYECKMMH CBOWCTBAMU.
[IpOROIKUTENBHOCT DKCIEPUMEHTA 3aBUCUT OT HANPSDKEHHOCTH TOJIA U
xapakrepa wu3MeHeHuss pH-rpamuenta. IlpenapaTMBHOE HM303JIEKTPUUYECKOE
(OoKyCcUpOBaHHE MPOBOAAT B BEPTHUKAJIBHBIX KOJOHKAax (B I'PaJUEHTE IUIOTHOCTH
caxaposbl, TJIUIEPHUHA, ATUIEHIJIMKONS) WM B CJIO€ HMHEPTHOrO Marepuaina. B
KauecTBE TaKMX MaTEpHaJIOB MCMOJB3YIOT IpaHyliipoBaHHble Tenu (pH rpaguent

(bopMHPYIOT C TOMOITEI0 aM(OIUTOB).
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