3AHSTHE Nell
«ITOJYYEHHUE, OYUCTKA U YCTOUYUBOCTbDb KOJUIONAHBIX PACTBOPOB»

Bonpoch! k 3aHATHIO

[ToHsATHE O TUCTIEPCHBIX CHCTEMAX M MX KJIaCCU(HUKALIU.

Mertozs! nosryueHOUs! KOJUIOUHBIX PACTBOPOB.

MeToab! OYUCTKU TUCTIEPCHBIX CHCTEM.

CrpoeHue KOJUIOUIHBIX YacTUL], IPaBUiIa X 3aIHCH.

[TonsTuEe 0 TEPMOAMHAMUUECKOM U 3JIEKTPOKMHETHUECKOM NOTEHIIHANE KOJJIOUIHON YaCTHUIIBI.
MonekynsIpHOKMHETUUECKUE, ONTUYECKHE U INEKTPOKUHETHUUECKIE CBOMCTBA JUCTIEPCHBIX CHCTEM.
Kunernueckas u arperaTuBHas yCTOMYMBOCTD JH030J1eil. PakTOPHI YCTONUMBOCTH.

INonsTre 0 Koarymsinuu. OCHOBHBIE TTOJIOKEHUS] TEOPHHU KOATyJISIIUH.

BimstHue 37EKTPOINTOB Ha CITOCOOHOCTH K Koaryisinuu. [Ipaswmmo Lymena-Iapam.

Kunernka xoarymsiuun. MeaneHHast 1 ObICTpast KOATryJISIIHA.

Komnongnas 3ammura, Gu3ndecKuii CMBICI SBICHUS.

. IlpunoxeHue NOHATHSA KOAryJsIIUU K OHMocHcTeMaM

[IprMeHeHne TUCTIEPCHBIX CHCTEM B OHOJIOTHH M MEIUIIMHE.
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CBouM Ha3BaHMEM KOJUIOWAHASI XMMUS 00s3aHa KOJUIOMJAM HMJIM KOJUIOWJHBIM pacTBOpaM. B MCTHHHBIX
pacTBOpax BEILIECTBO PAa3IpoOJeHO A0 MOJEKYJ, a MEXAYy pPACTBOPCHHBIMM BELIECTBAMH U PACTBOPHUTEIEM
OTCYTCTBYET T'paHula pazzena ¢a3. Menpyailliie yacTUIbl KOJUIOWAHBIX PAacTBOPOB, KOTOPHIE HENb3sS YBHIETH B
OOBIYHBI MUKPOCKOII, COCTABIISIIOT OJIHY (a3y, a cpea, B KOTOPOi OHM HaXOJSITCS,- APYTYIO.

CoBpeMeHHas1 KOJUIOWIHAS XWMHS CYIIECTBCHHO paclIMpHiIa CBOM TIpaHMIBI. Ee 00beKTaMM SBISIFOTCS
JVCTIEPCHBIE CHCTEMBI, pPa3MEphl YacTUI] KOTOPBIX MOTYT OBITh 3HAYUTENHBHO OOJBIIE pPa3MEpOB YACTHUI]
KOJUIOMIHBIX PaCTBOPOB, & CAMH KOJUIOWAHBIE PACTBOPHI COCTABIISIOT JIMIIb OAWH U3 BUJIOB AUCTIEPCHBIX CHCTEM.

JlucrniepcHble CHCTEMBI, KaK IpaBHiI0, MHOTO(a3HBI; OHHM COCTOAT U3 ABYX H Ooiee (a3, T.e. TeTepOreHHBI.
PaznpoOnennyto (TpepbIBHYIO) 4YacTh UCIEPCHOM CHCTEMBl NPHHATO HA3bIBaTh JHUCHEPCHOW (a3oif, a
HepasapoOJIeHHY0 (HEeTpephIBHYIO) — NUCIEPCHOHHON cpemoil. Mexay nucmepcHoil (as3oif m IuCIIepCHOHHON
cpenoii obOpasyeTcs rpaHuiia pasaena. HeoOXOOMMBIM YCIOBHEM OOpa30BaHMs MUCICPCHBIX CHUCTEM SIBIISCTCS
PacTBOPUMOCTb WM OTpaHUYCHHAs PACTBOPUMOCTh TUCTIEPCHOM (ha3bl M JUCIIEPCUOHHON CpEbl.

§ 1 Knaccupuxanus KOJIOMIHBIX CHCTEM

MHoro4ucieHHbIE JUCTICPCHBIC CUCTEMBI MOXKHO KHaCCI/IQ)HHI/IpOBaTB IO PpasjiM4HbIM IIPpU3HAKaM.
CymecTByloT oOmune MpHU3HAKH, KOTOpbIE XapakTepHbl [UII BCEX JAUCIEPCHBIX CHCTEM, M YacTHBIC,
pacnpoCTpaHSIONINECS JIUIIb Ha OTACIbHBIC BUABI STHX CHCTEM.

Knaccudumuposats qucnepcHble CHCTEMBI MOXKHO Ha OCHOBE CIIEAYIONIMX OOIIMX MPU3HAKOB: arperaTHoe
COCTOSIHHE JWCITIEPCHOHM (a3bl M ITUCTIEPCHOHHOM Cpebl; pa3Mep M paclpeleleHHe JacTHIl JUCIepCHON (a3bl 1Mo
pa3Mepam; BHI IUCIIEpCHON (as3bl.

Knaccudukanms aucnepcHBIX CHCTEM B 3aBHCHMOCTH OT arperaTHOTO COCTOSHHS IHMCHEPCHOW (as3bl U
JIICTIEPCHOHHOM Cpe/ibl MpHBeieHa B Tabuuie 1.

Kaxpgas cuctema uMeeT cBoe 0003HAUCHUE U Ha3BaHUE: B YHUCIIUTEIE YKA3bIBACTCSl arperaTHOE COCTOSIHHE
JIICTIEpCHOM (ha3bl, a B 3HAMEHATENe —JUCIIEPCUOHHON CPEIbl.



Tabmnma 1

Knaccugukarus TucTiepcHBIX CHCTEM B 3aBHCHMOCTH OT arperaTHOTO COCTOSTHHA AUCIIEPCHON (ha3bl U
JIACTIEPCUOHHOM CpeJibl

JucnepcuonHas cpesa JlucniepcHbie CUCTEMBI JUTs AUCTIEPCHBIX (a3
TBEPABIX KHIKHAX ra3oBbIX

SKHIKast T/K  €CTECTBEHHBIE | XK/K HEPTH, TEII0E | I/3K MBUIbHAS IeHa,
BOJIOEMbI,  KPAacCKH, | MOJIOKO, MaiflOHe3, KPACKH, | UTPUCTHIC BHHA,
KpacuTesiu UL | JaKd ra3upoBaHHas BOJia
TKaHEeH

TBepIas T/T yTOJIb, | X/T IpeBecHHa, | T/T XJeb, ChIp, IEHOIIIACT,
JIParolCHHbIC KAMHH, | PACTUTEIBHBINA MUD nemsa
0eTOH, LIEMEHT,
achaipT

ra3onas T/T MyKa W CBIIy4He | ®/T  TyMaH, obmaxka, | I/t MAaJIOBEPOSITHBI
MHUIIIEBbIC Macchl, | ObITOBBIC  cpeiacTBa B | (oOpa3yroTcss 3a  cueT
ObUIb W JBIM B | a3PO30JILHOM COCTOSHHH (bIyKTyaIuu miIoTHOCTH)
aTMocdepe

Bropoii oTnMUMTENBHBIM TNPH3HAK, IO KOTOPOMY BO3MOXKHO OCYIIECTBHTh KIACCH(UKAIMIO BCEX
JIMICTIEPCHBIX CHUCTEM, SIBJISICTCS pa3Mep YacTHIl AUCTIEPCHOH (asbl.
Krnaccudukanms aucrepcHbIX CHCTEM TI0 3TOMY NPU3HAKY IIPUBEICHA B Tabue 2.

Tab6muma 2
Krnaccudukamms AucepcHbIX CHCTEM TI0 pa3Mep YacTHIl AUCTIEpPCHOH (asbl
Knacc Pasmep wactun JIMCIIEPCHOCTh MIPEACTaBUTENN
MK M M
BBICOKOJUCTIEPCHBIE 10°-10" 10°-107 10°-107 pyOMHOBOE CTEKJIO, 30Ib
KpEeM-HHEBOH KHCIOTa
CpelHeaUCIIEPCHBIE 0,1-10 107-107 107-10° PpacTBOPUMBIiA Kode,
caxapHas IIy/ipa, caxa
rpy0oIuCTIepCHEIC >10 >107 <10° Kpymna, Kariy J0XKIs

BeicokoaucnepcHbie cuctembl Trna T/JK 00pa3yroT 30jH, KOTOpPBIE YacTO HA3bIBAIOT KOJUIOMIAHBIMH
pactBopamu. IMEHHO ¢ U3y4eHUs KOJUIOMIHBIX PACTBOPOB U PACTBOPOB BBHICOKOMOJIEKYIISIPHBIX COEAUHEHUI OepeT
HAYaluo KOJUIOWHAS XHMHS, KaK CaMOCTOsITeNlbHas Hayka. «KoJioum» - OT rpedeckoro CioBa «KOJIa» - Kies,
oaHOTO U3 NpeacTaButeneit BMC.

CylecTByeT eIie U TPEeTHH MPU3HAK, M0 KOTOPOMY KIACCH(HUIIUPYIOT BCE MUCIEPCHBIC CHCTEMBI. DTOT
NpU3HaK 00yCJIOBJIEH BHJOM JaucriepcHOil ¢aspl. Henmb3si mpencraBisTh IucriepcHyto ¢asy, T.e. pasapoOiieHHOe
BEILIECTBO, TOJILKO B KAuyeCTBE YacTHUI] ONpeJelieHHOro pasmepa. JlucrnepcHyio ¢asy MOTyT COCTaBISTh IUICHKH,
MeMOpaHbl, HUTH WK KamWuTApbl (Tabmaumna 3).

Tabmuma 3

Knaccudukanus aucnepcHsIX CHCTEM 0 BHJLY AUCTIEPCHOH a3kl

JucnepcHas cucrema [IpencraBurenu

BUJL XapaKTEePUCTHKA

TpexMepHast TBEpAbIC YACTUIIBI, KATUTH, ITy3bIPbKH [loyBa, moOpoOmIOK IlEMEHTa W
OeToHa, MyKa, MOJOKO, MaioHE3,
pacTBOPHUMBIH Kode

JIByXMepHas HUTH, BOJOKHA, KallUJUIAPBI, TOpa JpeBecuHa,  TKaHH,  IOPUCTHIE
BEIeCTBa, XJed, CyXapH, BOJIOCHI,
KOXa

OJTHOMEpHas TUICHKH, MEMOpPaHBbI Kunkue mieHkH (B TOM 4HCIe
IUIGHKA HEe(PTH Ha IOBEPXHOCTSX),
TOHKHE TUICHKH (MeMOpaHbI)

[To xuHETHYECKUM CBOMCTBAM JHCTIEpPCHBIC (pa3bl BCe MUCTIEPCHBIE CHCTEMBI MOYKHO ITOJIPA3/IeNNTh Ha JBa
Kjlacca: CBOOOJHO-IMCIIEPCHBbIE, B KOTOPBIX YaCTHIBI IHCIIEPCHOW (ha3pl HE CBA3aHBI MEXIy co00i M MOTyT
CBOOOJTHO MepeMemmaThCs (JIM030JH, a3P030IIH, CYCIICH3HH, IMYIIbCHH), U CBA3aHHO-IUCIIEPCHBbIE, K KOTOPHIX OJHA




u3 (a3 CTPYKTYPHO 3aKpEIUICHA U HE MOJKET IepeMeniatsest cBo00oaH0. K 3ToOMy Kitaccy OTHOCSITCS TeNu U CTYIHH,
MICHBI U 1.

JIis XapaKTepUCTUKN B3aMMOJICHCTBHUS MEXy BEIIECTBOM JUCIIEPCHOHN (a3bl M KUIKON IHUCTIEPCHOHHOM
Cpemoi CiyXaT MOHATHA «IHO(GUIBHOCTE» U «inopoOHOCTEY. [loa B3ammoaelicTBueM (a3 OUCHEPCHBIX CHCTEM
MOJIPa3yMEBAOT IIPOLIECCHI COMbBATANH (THAPATALNH), T. €. 00Pa30BAaHHUIO COIBBATHBIX (THAPATHBIX) 00OJIOYEK M3
MOJIEKYJl JUCHEPCHOHHON CpPEIbl BOKPYT 4YacTHI] AWCHEepCHOH (a3pl. CHCTEMBI, B KOTOPBHIX CHJIBHO BBIPAXKECHO
B3aUMO/ICHCTBUE YAaCTHIL JUCIIEPCHON (Da3bl C PaCTBOPUTENIEM, HAa3bIBAIOT JHOGHIBHBIMH (110 OTHOIICHHIO K BOJIE
— tuapoduiabHEIMU). Ecnm dacTuipl aucnepcHod ¢asbl cocTOAT M3 BELIECTBa, CJIabo B3aMMOAEHCTBYIOLIETO CO
Cpe/Ioii, CUCTEMBI SIBIISIFOTCS JIHO(OGHBIMY (110 OTHOLIEHHUIO K BO/€ - THAPOGOOHBIMH).

§ 2 MeToabl MOJYyY€HUS KOJUIOUIHBIX PAaCTBOPOB

Pa3Meps! KOJUTOMTHBIX YaCTUI] HACTOJIHKO BEIHWKH MO CPaBHEHHUIO C MOJICKYJIaMH IHCIICPCHOHHON CpPEIpl,
YTO MEXAY HHMH o00pa3yercs TOBepXHOCTh paszzmena. CoOOCTBEHHO KOJJIOMAHBIE CHCTEMBI 3aHUMAOT
MPOMEKYTOYHOE TMOJIOKEHHE II0 pa3MepaM CBOMX YaCTHII MEXAY TPYOOIHCIIEPCHBIMH W MOJEKYJISIPHO-
JIICTIEPCHBIMA CHCTEMaMH.

To nnm MHOE BEMIeCTBO MOKET OBITH MOYYEHO B KOJUIOMIHOM COCTOSIHUH IIPH CJIE IYIOIIUX YCIOBUAX:

e pa3Mephl YacTHII JAHHOTO BEIIECTBA JOJDKHBI OBITH IOBEACHHI OO0 KOJUIOMIHBIX pPa3MepoB, HUTO
OCYIIECTBUMO JABYMSI METO/IaMHU:

a) pa3mpoOiiecHueM 0osiee WM MEHEe KPYMHBIX TENl IO YACTHIl KOJUTOMTHBIX Pa3sMEpoB (IMCICPCHOHHBIC
METO/IbI);
0) yKpymHEHHEM MOJIEKYJ, aTOMOB WJIM HMOHOB IO YaCTHUIl KOJUIOMJHOTO pa3Mmepa (KOHIEHCAIIMOHHBIE
METO/IbI);

e  Heo0X0AWMO MPHUCYTCTBUE CTabmim3aTopa (MOHOB AJIEKTPOJIUTOB, KOTOPEIC HAa TMOBEPXHOCTH KOJUIOMIHON
YacTUIBl O0pa3yl0T HOHHO-THAPATHYIO OO0OJOYKY, MPETSTCTBYIONIYIO CIWHNAHWI0O YacTHUeK IPH WX
B3aWMHOM CTOJIKHOBCHHH B PACTBOPE);

¢  KOJUIOWIHBIC YACTHIIEI (TUcTiepcHas (aza) JOIDKHBI 001aaTh MIIOX0H PacTBOPHUMOCTRIO B AUCIICPCHOHHON
cpene, XOTs OBl B MOMEHT UX HOJTY4CHUS.

IIpu coOnromeHNH STHX YCIOBHH KOJUIOWIHBIC YaCTHIBI MPHUOOPETAIOT SJCKTPHUUSCKUN 3apsi W THIPATHYIO
000JI04KY, 4TO MPEMATCTBYET BBHITIAJACHHUIO UX B OCAJIOK.

2.1 lucnepcuoHHbIE METOABI

MexaHu4ecKkne MeTOAbI

CyIIHOCTh METOZI0B MEXaHUYECKOI'0 TUCIIEPTUPOBAHMS 3aKII0YAeTCs] B SHEPTUYHOM U MPOJOIKUTEIHHOM
pacTHpaHuM, pa3MajblBaHWM M IPOYMX MEXaHWYECKHX IpHeMax pas3ApoOieHus BemecTBa. s 3TUX 1eiei
NPUMEHSIOTCS CIIENMaIbHBIE MAIIMHBI, padoTalolMe I10 NPUHIOWIYY YAAPHOTO H3MEJNBYEHHS M PacCTHPaHHA
JHcrieprupyemMsix BentecTs. Hanbosee mmpokoe pacrpocTpaHeHHE Oy IIH apOBble U KOJUIOWIHBIC MEIbHUIIBL.
[IlapoBast MenbHHUIA TPEACTABIIET COOOH IOJIBIH IMIMHAP, B KOTOPOM HAXOMAATCS CTajbHbIE Wi (haphopoBbie
MIApUKK PA3IMYHOTO JWaMeTpa. B IMIMHOp 3arpyxaercs BELIECTBO, MOJJIEKallee IUCIIEPIHPOBaHMIO, U OH C
MOMOIIIBIO 3JIEKTPOMOTOpA MPUBOAUTCS B OBICTpoe BpaiieHHe. l3MenpueHHe BemecTBa JIOCTUTAeTCs 3a CYeT
JIBIDKGHUS IIApOB, HaxoIAmuxcs B IpumHApe. lllapoBble MENBHMIBI IIMPOKO HCHOIB3YIOTCS B TEXHHUKE JUIA
MOJIy4EHHUS pa3IMYHBIX TOHKOJMCIIEPCHBIX MOPOIIKOB: CEPHl, rpaduTa, pa3IMIHBIX MHHEPAIBHBIX Kpacok. OqHaKo
CTETeHb AMUCIEPCHOCTH, JOCTUraeMas Ha ITHX MEIbHHIAX, OCTAeTCSl CPABHUTENbHO HM3KOW — IHaMeTp YacTHI]
cocTaBiaeT okoio 50-60 mk.
Ecnmu tpebyercst Gosee BBICOKasl CTENEHb UCIEPCHOCTH, MCIOJB3YIOT CHEIMAaIbHbIE KOJVIOMAHbIE MeJbHHUIbI.
CrkonctpynpoBanHas [Imaycconom (1920), koutonmHas METbHHIA MPEACTABISAET COOOH MONBIA IWIHHAP, BHYTPU
KOTOPOTO HAaXOIUTCS CIICIUAIBHBIA POTOP C JIOMACTAMH, Bpamaromuiics co ckopocteio o 20000 o6/muH. Ha
pucyHke 10.1 nmoka3aHa cxema KOJUIOMJHON MEIbHHIIBL.

Pucynoxk 10.1
CxeMa KOJJIOUIHOM MEJIbHUILIBI



M3MenbueHre BEIIECTBA MPOUCXOMUT B 3a30paxX MEKIY JIOMACTAMH poTopa b U BBICTYNAMH a BHYTPH
KopIyca B pe3yJibTaTe OBICTPOTO BpalieHHs Bajma. Ha 3THX MeEJbHHIIAX MOXET OBITh JOCTHTHYTa CTEICHB
nucnepcHoctH ot 0,1 10 1,0 Mk.

Bo Bcex cimywasx QucrieprupoBaHHE OOBIYHO BEIyT, JOOABISS COOTBETCTBYIOIIHE BEIIECTBA, NPETSATCTBYIOIINE
CIIATIAHUIO Pa3APOOJICHHBIX YaCTHII.

YabTpa3BykoBoii MmeTo

B mocnenyromue roapl T0BOJIBHO IIMPOKOE PAcIPOCTPAHEHUE IOJIyYHI METOJ M3MENbUEHHS BELIECTB C
MIOMOIIBIO  YNIbTpa3Byka. MexXaHW3M MOEHCTBHS yIbTpa3Byka OUYCHb CJIOKEH M B HACTOSIIEE BpEeMs CIIe
CPaBHHUTCIIBHO Majl0O H3Y4YCH. MOHO JHIIIb npeamnojgaratb, 4ro AUCHOCPTHUPOBAHUE B3BCHICHHBLIX B KHUIKOCTU
BEIIIECTB MPOUCXOTUT IO ACUCTBHEM OBICTPO CMCHSIOIIUXCS CXKATUN U PACHIMPCHUN CUCTEMBI, B PE3YJIbTATE YEro
HOSBILIIOTCS Pa3phIBAIOIIUE CHUIIBL, BEAYIIHE K Pa3ApoOIeHUIO BEIECTBA.

MeToa XMMHYECKOIr0 AUCIIePTrHPOBAHUS

Haubonee pacmpocTpaHeH MeTOA MENTH3alUMU. DTO IpOoIecc Nepexoia M3 reis B 301b MOJ BIHSHHEM
JUCTIEPTUPYIONINX BEIIECTB — MenTu3aropoB. CyIIHOCTh MENTH3AIMM 3aKI0YacTCs B TOM, YTO K CBEXee
NPUTOTOBIICHHOMY DBIXJIOMY OCagKy JUCIEPTUPYEMOrO BEINeCTBAa NPHOABIMIOT HEOONBIIOE KOJIHUYECTBO
MenTH3aTopa (Yame BCero 3JIEKTPOJINTA), KOTOPBI yMEHBIIAET B3aMMOACHCTBHE MEXKAY YAaCTHLIAMH OCaIka H
obyer4aeT WX TEpexo] B COCTOSIHME 30is. llenTW3aTopamy CIyXaT pas3iIddHbIE BIEKTPOJIUTHI, KOTOpPHIE
CIIOCOOCTBYIOT Je3arperauy aMopQHBIX OCaAKOB. B KkadecTBe mpuMepa MOXHO Ha3BaTh HOJIYyYCHHE 30715
runpokcuna Fe(OH); npu nedictBum Ha e€ ocagok HeOosbmmM kojmuecTBoM coiu FeCL;, BeImosHAIOMEH pojib
nentu3atopa. IIpakTudyecku Bce pBIXJIBIE CBEXKEIPUIOTOBICHHBIE OCAJKH TUAPOKCHIOB METAJUIOB, HAIpUMeEp
AL(OH);, Zn(OH),, noaBepratoTcs NenTH3aIHH.

K xuMuyeckuM MeTofaM IHCIIEPTHPOBAHMSA OTHOCHUTCS M TakK Ha3bIBa€MBI METOJ CaMOIPOH3BOJIHHOTO
qucnieprupoBanusa. OH 3aKJII0YaeTcss B MOJTYYEHHH KOJUIOMAHBIX PAacTBOPOB BEIIECTB IyTEM PACTBOPEHHS HX B
COOTBETCTBYIOIINX PACTBOPUTEISX. Tak, MyTeM pacTBOPEHHs B BOJE MOXKHO IONYYUTh KOJUIOMIHBIE PAacTBOPHI
KpaxMania, JKeJlaTHHa, arap-arapa. CaMONpOW3BOJIBHOE JWCIIEPIHPOBaHME COBeplIaeTcs 0Oe3 BHETITHUX
MEXaHNYECKUX BO3JCHCTBHN. DTOT METOJ] IIMPOKO ITPUMEHSETCS /ISl TTOTYYEHHS PACTBOPOB BEICOKOMOJIEKYIISIPHBIX
BEILIECTB M3 TBEPABIX IMOJUMEPOB.

OO0pa3zoBaHne KOJUIOWAOB B HpHpoJe. B mpuposme akTHBHO IPOTEKAIOT MPOIECCH ANCIEPTHPOBAHMS.
[IpunuBHO-OTNIMBHEIE SIBICHUS NPUOOs, pe3kue KoJieOaHWs TeMIepaTyp, BETep M JApyrue SBJICHHS TNPHPOMBI
Pa3BHBAIOT KOJIOCCAIBHBIE CHIIBI, KOTOPBIE JIPOOST TOpHBIE MOPOJBI BIUIOTH /IO YAaCTHIl KOJUIOMIHBIX Pa3MEpOB.
ITocrosiHHOE NeficTBHE JIETHUKOB M PEK TaKKe MPUBOJUT K MHTEHCHBHBIM IIPOIECCAM HM3MEIbUEHHs CIIATrarolIuX
MOpOJI.

MoHbIM (PaKTOPOM MEXaHHMYECKOTO AWCIIEPIHPOBAHMS TBEP/BIX TOPHBIX MOPOJ SIBISIETCS PACIIUpEHHE

BOJbI NpU €€ 3amep3anuu. [IpoHukas riyOOKO B TpEIIMHBI MOPOJBI U 3amep3asl TaM, BOJa BbI3BIBAET JAPOOJICHUE
MOPO/IbI Ha YaCTHIIBI PA3TUYHOTO (BIUIOTH 10 KOJUIOWIHOTO) pa3mepa.
I'poMagHbIe Macchl OCaZOYHBIX MOPOJ, TJIMHBI, JIeca, KOTOPBIE MBI BCTpEYaeM B MPHUPOIE — BCE ITO PE3yJIbTaT
JUCIEPTUPOBaHUS TBEPIBIX OCAJOYHBIX IOPOA, KOTOPOE MPOMUCXOAMUT HE TOJIBKO MOJ BJIMUSHHUEM MEXaHUYECKUX
(haxTOpOB, HO M IOJ] BIMSHUEM XUMHUYECKOTO BO3AEHCTBUS (BHIBETPUBAHME MO/ ICHCTBHEM YIJIEKUCIOTHI U BOJBI),
a TaKXe I0J] BIUSHUEM Ouosiorndeckux (akTtopoB. JKMBOTHBIE, KaK M PACTEHUsS, Pa3pHIXJIAIOT TOPHbIE MOPOABLI U
CBOMMH BBIJICIIEHUSMH CIIOCOOCTBYIOT MX M3MEHEHHI0. TakuMm 00pa3oM, B pe3ysbTaTe BCEX MEPEUHCIICHHBIX BBIIIE
CIIOCOOOB TOPHBIE TTOPOJIBI, MOJIBEPTaAsiCh IITYOOKMM (DU3UUECKHM M XMMUYECKHM HM3MEHEHHSM, MOTYT 00pa3oBaTh
CJIO’KHBIE KOJUIOMIHBIE CHCTEMBI.

2.2 KonaeHcamuoOHHbIEe METOIbI

B ocHOBe OONBIIMHCTBA KOHACHCAIIMOHHBIX METOAOB TIOJYUYCHHA KOJUJIOWAHBIX PACTBOPOB JICXKAT
Ppa3IMYHbIE XUMHUYCCKUE PCAKIUN: OKHCIICHHA, BOCCTAHOBJICHHUA, PCAKIINN 0OMEHHOTO Pas3I0XKEHUA, TUAPOIN3a U



Ip. B pesympraTte Bcex 3THUX peakuuii MOJICKYJSpHBIE WIIM HMOHHBIE PAcTBOPHI MEPEXOAST B KOJUIOMIHBIEC ITyTEM
MepeBo/la PACTBOPEHHBIX BEIIECTB B HEPACTBOPHUMOE COCTOSIHME. B OCHOBE METOIOB KOHIEHCAIMH, MOMHMO
XUMHYECKHX IIPOILIECCOB, MOTYT JICKAaTh U MPOLIECCHl (PU3MUECKHUE, TIAaBHBIM 00pa30M SIBJICHHUS KOHICHCAIIH MapOB.

MeToa OKHUCJIEHUA
OH OCHOBaH Ha peaKIISIX OKUCICHHS, B pe3ylbTaTeé KOTOPHIX OJHO W3 BEHICCTB MOXKET OBITh MOJYYCHO B
KOJUTOMITHOM COCTOSIHMH. Tak MPU OKHCIEHUU CEPOBOAOPOAA KUCIOPOAOM BO3JyXa WM JTUOKCHUAOM CEPBI MOXKHO
MOJIYYUTH 30JIb CEPBI:

2 st + 02: 2H20 +28S

2H,S + SO, = 2H,0 + 3S
OTU peakuuu, Kak MoKa3alld UCCIeIOBaHuUs, MPOTEKAlOT ropas/io CIOXKHEe, TaK Kak Hapsiay ¢ KOJUIOMJIHOM cepoit
00pasyeTcs psii THOHOBBIX KUCIIOT.

MeTo BOCCTAHOBJICHHUS
Hambonee pacmpocTpaHeHHbIE XHUMHYECKHE METOMABI TONyYeHHS KOJUIOWAHBIX PAacTBOPOB PAa3IMIHBIX
METaJIJIOB OCHOBaHbl Ha PEakLUsX BOCCTAHOBJIECHMS. VOHBI, BOCCTAaHABIMBASCh, T.€. NPUCOEAMHSS JIEKTPOHBI U
MpeBpallasiCh B HEUTPaJbHbIE aTOMBI, KOHLUEHTPUPYIOTCA 3aTEM B KOJUIOMIHBIE YacTULBl. B kadecTBe mpumepa
PacCMOTPHUM PEAKIHIO TOTYICHHUS 30711 30JI0Ta ITyTEeM BOCCTAHOBIICHHS ITEPEKHUCHI0 BOIOPOIA WITH (HOpPMaIHHOM:
ZHAuCl4 + 3H202 — 2Au+ 8HCL + 302
2HAuCL, + 3HCHO + 11KOH— 2Au + 3HCOOK + 8KCL + 8H,0O
Peaxiieit BoccTaHOBJICHHUS OBLUTH MOJTyYSHBI B KOJUIOMIHOM COCTOSHHM MHOTHE MeTauibl Au, Ag, Pt, Rd, Ph, Os,
Hg u mHOTHE NpYyTHE.
MeToa 060MeHHOT0 pa3jio:KeHust
CyIIHOCTb €ro pa3joKEHHs 3aKJIIOYAeTCsl B TOM, YTO NPHU B3aUMOJCHCTBUM ABYX BELIECTB B pE3yJbTare
peakud OOMEHHOTO DAa3NIOKEHHs O00paszyeTrcs HOBOE TPYAHOPACTBOPHUMOE BEIIECTBO, KOTOPOE NPH HAIWYHH
OTIpENIeIICHHBIX YCIIOBHI CIIOCOOHO HAXOIWTHCSA B KOJUIOMIHOM COCTOSHHH. B KadecTBe mprMepa MOKHO Ha3BaTh
PeaKIHIo MOTyYeHNUs 3071 cynbdara Oapus:
BaCL, + K,SO4 — BaSO, + 2KCL
WK 307151 XJIopHaa cepedpa
AgNO; + KCL — AgCL + KNO;

Metoa ruapoJin3a
OTHUM METOJOM LIMUPOKO TMOJIB3YIOTCS NPH MONTY4YEeHUH 30JIeil pa3IHMyHBIX METAJIOB M3 HX COJIeH, eciu B

pe3ynbTaTe  peakuMH ~ TUApoNM3a  o0pasyercss  TPYAHOPAacTBOPUMBIN  rujpokcua. Tak,  Hampumep,
TPYAHOPACTBOPUMBIN THIPOKCH JKeJe3a 00pa3yeTcs IpH THAPOIIN3e XIOpHIa Kelle3a 10 YPaBHEHUSIM PeaKItii:

FeCL; + 3H,0 — Fe(OH); + 3HCL

Fe(OH); + HCL — FeOCL + 2H,0
OO6pa3yromascs B pe3yJbTaTe STHX peakIuii comb xkene3a FeOCL mucconmupyeT 4acTHIHO Ha MOHBI:

FeOCL < FeO" + CL’

OTH HOHBI ¥ 00ECIeUYnBaIOT HOHOTCHHBIN ci10i1 BOKpyT dacturl Fe(OH);, Omaromapst ueMy OHH yIOepKHBAIOTCS BO
B3BEIICHHOM COCTOSIHUH.

2.3 3ameHa pacTBOpHUTeIS

CymHOCTh METO/Ia 3aKJIF0YAETCs B TOM, UTO MPH 3aMEHE PACTBOPUTENS BELIECTBO, paHEE HAXOJUBIIEECs B
PacTBOPEHHOM COCTOSIHHMH, BBIAETSIETCS M3 pacTBOpa B BHJEC BBHICOKOAMCIEPCHOM (ha3bl, HEPACTBOPUMOM B JaHHOM
pactBoputene. Tak, ecim cHMPTOBOM pacTBOp KaHU(OIM (KOTOPBIH MpeNCcTaBiIseT COOOH WCTHHHBIH pPacTBOP)
HEeOOJIBPIIMMH TOPIHUSIMH TPUOABIATH B BOAY, 0Opa3yeTcsi KOJUIOWAHBIA pacTBOp KaHW(oiau B Boje. B manHOM
Cilydyae CIMpPT XOPOIIO CMEIINBACTCS C BOAOH, a KaHU(OIIb OYeHb MAJIO B HEH PacTBOPSETCS M ITOITOMY BBIACIACTCS
B BHJIE BBICOKOAMCIIEpcHON (a3bl. Kpome kaHu(}OIH, 3TUM METOIOM MOXKHO HPHUTOTOBIIATH 30JIM cephl, Gocdopa,
MAaCTHKH U T.II. TAKXK€e IIyTEM BIMBAHUS WX CIIMPTOBBIX PACTBOPOB B BOJY.

2.4 DnekTpuYecKuii MeTO/

OTOT MeTroa, mpennoxeHHbIH bpegurom eme B 1898r., wHcmomb3yercss NPEUMYIIECTBEHHO IS
MIPUTOTOBJICHNS KOJUIOWIHBIX PAcTBOPOB OJAropogHsIXx MeTamioB. CyIIHOCTH €ro 3aKII0YaeTcs B IOyYEHHH
AIEKTPUIECKON TyTH MEXKY HaXOSAIIUMUCS B BOJIE DJIEKTPOIaMH, COCTOSIIIMMH M3 30J10Ta WM TUIATHHBI, cepedpa,
T.. U3 METajlia, 30J1b KOTOPOTO XOTAT MOJYYUTh. B Jyre moj BO3AEHCTBHEM BBICOKOH TeMIEpaTypbl METall
JJIEKTPOZOB HCIAPSCTCs, a 3aTeM Mapbl €ro KOHICHCHUPYIOTCS B YaCTUIBI KOJUIOMAHBIX pPa3MEpoB, 00pasys
COOTBETCTBYIOIINI 3011b. Bech mpoliecc NpoOMCXOAUT MPU OXJIaXKIECHUH.

§ 3 MeToabl 0YMCTKH AUCIEPCHBIX CHCTEM



I'uapodo6Hbie 3011 pU UX 00pPa30BaHUU MOYTH BCET/IA «3arps3HSIOTCS PA3IUuHBIME PUMECSIMH, Yalle
Bcero anekTposmtaMu. OCOOCHHO 3arps3HSIOTCS 30JM, B KOTOPBIX B W30BITKE BBEACH cTabwimu3arop. Yarie B
CHCTeMEe MPHUCYTCTBYET HCXOMHBIA 3JeKTposuT. [yt MOJydeHHs KOJUIOMAHBIX pAcTBOPOB C HauOOJbIICH
YCTOWYHUBOCTHIO HEOOXOANMO YAAJSATh M3 HUX MPpUMecH. PAcCMOTPUM pa3invHble METO/ABI OUYHUCTKH 30JICH.



3.1 Inanu3

Juanu3 — 3TO MPOIECC OCBOOOMKACHHUS KOJUIOMAHBIX PACTBOPOB OT NPHUMECEH, CIOCOOHBIX IPOHUKATH
4yepe3 MONYNPOHHUIIAEMbIe MEMOpaHbl. DTOT METOJ OYHCTKH, MPEAJIOKEHHBIH eie ['pamoMm, siBiseTcs Hauboee
MPOCTHIM U JIOCTYMHBIM. [Ipoliecc OYMCTKH OCHOBaH HA CIIOCOOHOCTH MPHUMECHBIX HOHOB M MOJIEKYJ MAJbIX
pa3mMepoB CBOOOHO MPOHHUKAThH Yepe3 MOJMYMPOHUIAeMble MEMOPAHBI, TOT/Ia KaK KPYMHBIE KOJUIOUIHBIC YaCTHUIIBI
TaKO# CIOCOOHOCTRIO HE 00J1aaI0T.

ToaypOHUITAEMBIMU SIBJISIFOTCS. Pa3IMYHbIE PACTUTENbHBIC, )KAUBOTHBIE M MCKYCCTBEHHbIE MEMOpPAHBI; X MOKHO
MPUTOTOBUTH M3 MIEPraMeHTa, ObIULEr0 , CBUHOTO M PHIOBEro My3bIpst; U3 KOJUIOAMs, eutodana u 1.4. [Ipubopsl, B
KOTOPBIX MPOBOJUTCS THATN3, HA3bIBAIOT Auajiu3atopamu. Ha pucynox 10.2 u300paXkeH MPOCTEHIIHIA AHATH3ATOD
I'poma.
Pucynox 10.2
Cxema npocTeiiiero nuanu3aropa

Koanoud

mn — TIOJyTIPOHHULIAeMast TTeperioHKa (MeMOpaHa)

B HeM ouninaembliid 30J1b KOHTAKTUPYET C MPOTOYHOMN AUCTHIINIMPOBAHHOM BOION Yepe3 MOIYIIPOHUIIAEMYIO
MeMOpany. Uem OoJbIlie pa3HOCTh KOHIIEHTPAIHIA TI0 00e CTOPOHBI MeMOpPaHbI, TeM (P PeKTHBHEE ST nuain3. Bot
MOYEMY OUYHMCTKA 30J151 YCKOPSIETCS, €CJIM BO BHELIHEN KaMepe Ouallu3aTopa BoJa MPOTOYHAs WM YAaCTO CMEHSIETCS.
OpHako Make IpHU 3TUX YCIOBHAX TUATTN3 UIET OYeHb MEIUICHHO, IITUTCS MHOTJa HEACTHN U Ja)Ke MECSIH M TpeOyeT
OTPOMHOTO KOJHMYECTBA pacTBopuTens. s yCKOpeHHs mpollecca AWajim3a OBUIO MPEUIOKEHO HCIOIb30BaTh
3JIEKTPUYECKUHN TOK.

3.2 Daekrpoauanus

OTOT METOJ MPEACTaBIIAET COOOH YCKOPEHHBIH Mpoliecc quain3a ¢ MIPUMEHEHHEM 3JIEKTPUYECKOro Toka. B
3JEKTPOANATIN3aTOpax Pa3IUIHbIX KOHCTPYKIMH MMeeTcs TpU Kameps! (pucyHok 10.3) ¢ BHyTpEeHHUMH CTEHKaMHU
13 IOTYIPOHHUIIAeMBIX MeMOpaH. B cpeaHIo0 kaMepy HaJIHBalOT KOJUIOMAHBIA PacTBOP, MOUIEKAIIUIT OUHCTKE, a BO
BHEIIHHE KaMepbl PaCTBOPHUTENb — NMPOTOYHYIO BOAY. BO BHENIHMX KaMepax HaXOMATCS AJIEKTPOMAbI, Ha KOTOpHIE
MOJaeTCs HaNpsDKeHWE NOCTOSHHOro Toka. Ilpm manenmm mnoteHmmana 20-50 B/cM u Oonee oOpasyercs
HaIpaBJeHHOE JIBIDKCHHE MOHOB K COOTBETCTBYIOIINM 3jeKTponaaM. I1ockoIbKy MOHBI CBOOOIHO MPOXOAAT Yepes3
MOJYNIPOHUIIAEMYIO TIEPETOPOJIKY, a KOJJIOMIHO-AUCIIEPCHBIE YacTHUIBI HE MPOXOMAAT, KOJUIOMIHBIH pacTBOP
MIOCTENIEHHO OYMIIIACTCS OT JJIEKTPOIIUTOB.

Pucynoxk 10.3
Onexrpoauanusarop Ilaynu

1 — KOJIJIOUHBINA PACTBOP; 2 — IIEKTPOIbI



[IpomomKUTENBHOCTD ANEKTPOIN3a B OTIMYHE OT MPOCTOTO THaiii3a HM3MepseTcs He AHSAMH, a JIHIIb
yacaMd M MHHYTaMH, MpPWYEM 3aTpara pacTBOPHUTENS CBEACHA A0 MHHHMyMa. B HacTrosmmee BpeMs HIHPOKOE
MPUMEHEHNE METOI 3JIEKTPOINAIIN3a TIOIYII B OMOXUMHUH W MEITUIIHE, a TAK)Ke B HAPOTHOM XO3SICTBE.

1.3 KoMmneHcanMoOHHBIN JHAJIN3 WM BUBHIHAIN3

st uccnenoBaHus OMOJIOrMYECKUX JKuAKocTeil MuxasnucoMm u PoHa ObUT MpeuIoskeH MeTo, MO3BOJISIONINI
OIpeNeNATh KOHIIEHTPALUIO TeX WM UHBIX HU3KOMOJIEKYJISIPHBIX BEIIECTB, HAXOAAIIUXCA B CBOOOJHOM COCTOSIHUU
B KOJUIOMJIHBIX pacTBOpax.

CyIHOCTh KOMIIEHCAIIMOHHOTO AMaNN3a 3aKJII0YaeTCsl B TOM, YTO KHUJIKOCTh B THAIN3aTOPE OMBIBAETCS HE

YUCTBIM PACTBOPHUTENEM, a pacTBOPAMU C pPA3IMYHBIMH KOHIEHTPALUSAMHU OIpeAessieMOoro BeliecTBa. Tak,
HarpuMmep, caxap B CBIBOPOTKE KPOBH, HE CBSI3aHHBIH ¢ O€JIKaMu, ONpeesseTCs MyTeM JTUaln3a ChIBOPOTKH ITPOTUB
M30TOHMYECKOTO PAacTBOPa, K KOTOPOMY HPUOABIAIOT pa3indHbIE KOIWYECTBa caxapa. KoHmeHTpamusi caxapa B
COJIEBOM PacTBOPE NMpPH JHAIH3€ HE MEHSCTCS JHMIIb B TOM CIydYac, €CIM OHO PaBHO KOHIEHTPAIMH CBOOOIHOTO
caxapa B CBIBOPOTKE. DTOT METOJ IIO3BOJISICT CYAWTh OO0 HMCTHHHBIX KOHLEHTPAIMSIX BEIECTB B HCCIEIYyEMBIX
KOJUIOMIHBIX PacTBOpax. TakuM ITyTeM, HallpuMep, ObIJIO BBISBICHO HAJIWYHE TIFOKO3bI M MOYEBHHBI B KPOBH B
CBOOOIHOM COCTOSIHHH.
[IprmepHO Ha TOM ’k€ MPUHIKIE OCHOBAHO IPIDKU3HEHHOE OIIPEAEICHIE HU3KOMOJICKYIISIPHBIX COCTaBHBIX YacTeil
KpPOBH MeTOJ0oM BuBHAMain3a (BuBuauddy3us mo AGemo). B KOHIBI mepepe3aHHOro KpPOBEHOCHOTO COCY/a
BCTAaBJIIIOT CTCKJISIHHBIC KAHIONH, Pa3BETBICHHBIC YaCTH KOTOPOW COCTUHSIIOTCS MEXAY co00# TpyOoukamu u3
KOJUIOJMSL M BCSl CHCTEMa IOTPYKAeTCsl B COCYA, 3amoyHseMblid (usnonoruueckum pactBopoM NaCL wim Bomou.
briio YCTAHOBJICHO, YTO aMMHUAKAaThl B KPOBH, TaK K€ KaK U I'JIFOKO3a, MOT'YT HaXOJAUTHCA B CBO6OL[HOM COCTOSITHUH.
Ha MPUHIUIIC KOMIICHCAIIUOHHOI'0 BUBUAHAIU3A OBLI CKOHCTpYHUpPOBAH amrapar, HOJ'Iy‘II/IBIHI/Iﬁ Ha3BaHHC
«UCKYCCTBEHHOH MOYKM», MPU TOMOIIY KOTOPOTO MOXHO OCBOOOZIaTh KPOBBH OT IPOIYKTOB OOMEHA BEIIECTB H,
CJIEIOBATENIFHO, BPEMEHHO 3aMelaTh (GYHKIMIO 00ibHON Mmodkd. ITokazaHMAMHM K NPUMEHEHUIO «HMCKYCCTBEHHOM
MOYKM»  SIBILIETCS.  OCTpast ~ MOYe4yHas  HEJOCTaTOYHOCTh, HANpUMEp, MpH  OTPABICHHH  CYJIEMOH,
cynb(haHUIaAMUIHBIMY TIpenapaTaMy, MPU yPEMUH IIOCIIe TEPEINBAaHMs KPOBHU, NPH TKEIBIX 0XKOTaX, TOKCHKO3E
0GEpEeMEHHOCTH U T.II.

3.4 YasTpapuabTpanus
VYraprpaduiasTpanmeil Ha3bIBAIOT (QUIBTPOBAHKE KOJUIOMAHOTO PACTBOpa dYepe3 MOJIYIPOHHIIAEMbIe MEMOpaHBI,

KOTOpBIE YKPEIUISIOTCS B CHIEHUANIbHBIX YIbTpaguiIbTpax Ha TBEPAOH HOPUCTOH HOAKIIAIKE.
Pucynox 10.4

VYipTpaduiabTpanys Moa BaKyyMoM

[Tockonbky uepe3 mopbl OOBIYHON (GUIBTpOBabHOW Oymaru (ot 1,5 M0 5 MK) KOJJIOWTHO-TUCTIEPCHBIE YaCTHIIbI
MPOXOJAT JIETKO, IPH yIbTPAMIBTPALINHN HOJIB3YIOTCS CHENHUAIbHBIMKA (QIIBTPAMH, HAIIPUMEpP IEeIUIOGaHOM HIN
dbunpTpoBanbHON Oymaroit, mponuTaHHOW KoJutoAuwem. Ilpu ympTpadunbpTpanuu gucnepcHas (asza octaercs Ha
¢unpTpe. OOBIYHO TpoOIIECC YABTPAPHUIBTPAIIMH MPOBOIAT IO PA3peKEHUEM WM IO/ MOBBIIICHHBIM JIaBJICHHUEM.
Ha pucynkax 4 u 5 moka3aHbl YCTaHOBKH U1 000HX CITOCOO0B ynbTpaduisTpanny.
Pucynok 10.5
VYibTpadmibTpanus moa JaBlicHHEM



[pumenss 1 yneTpaduIbTPOB MEMOPAHBI C OMPEICICHHON CTETICHBIO MMOPUCTOCTH, MOXKHO B U3BECTHOM
Mepe TMPOW3BECTH Pa3JCIICHHE KOJUIOMIHBIX YACTHII M OJHOBPEMCHHO MPUOJIMKECHHO OMPEICIUTh MX pPa3Mephl.
OTUM METOJIOM BIIEPBBIC OBLIX OIMPEICIICHBI Pa3MEphI LIEJIOTO Psiia BUPYCOB M OaKTepruo(aros.

B Hacrosiiee BpeMsi METOJbI YIbTpaQHUIbTPALNHA WHOTJA NMPUMEHSIOT B COUYETAHUH C DIICKTPOAHAIN3OM.
DTOT KOMOMHUPOBAHHBIA METOJ IOJYYWJI HA3BaHUE METOMAa JIEKTPOoyabTpaduiabTpamuu. B tabnune 4 maHo
COIIOCTABJICHUE OTHOCHUTEIBbHBIX CKOpOCTeﬁ OYHMCTKHU 1O pas3IMdYHbIM ME€TOAaM P CPaBHUMBIX YCIIOBHUAX.

Tabmuma 4

OTHOCHTEIBHBIE CKOPOCTH OYHCTKH PACTBOPOB

Meton VY nenpHOE BEIeCTBO
NaCL caxap

Junanus 1 0,3
DnexTpoauanus 163 2
VYaprpadunsrpanus 14 14
SIEKTPOYIBTPAPUIBTPAITHSL 182 14

Kak BumuM, MeTos 35IeKTpOyabTpadIbTPai 10 CKOPOCTH MPEBOCXOJUT METO deKTpoauanusa. Vnes
9TOro MeToja BrepBble Obuia BbickazaHa B 1913r. A.B.JlymMaHCKMM, KOTOPBIH NIpPUMEHHI LEHTpU(DYTry s
OCaX/IEHUsI KOJUIOMTHBIX YacTHUIl. 3a MOCIEAHNE TOABI 3TOT METO MOTYYMII HCKITIOUUTEIHHO IIUPOKOE MPUMEHEHHE
B KOJUIOWZHOW XMMUH. B yibTpaneHTpudyre ocealoT He TOJIBKO KOJUIOMIHbIE YaCTHIBI THAPO(OOHBIX KOJUIOUIOB,
HO U MOJIEKYJIbl OEJIKOB M BBICOKOMOJICKYJISIDHBIX COCOMHEHHMH. J[aHHBIH METON HCIOJIB3YIOT JISi BBIYHMCIICHHS
MOJIEKYJISIPHOTO Beca BBICOKOMOJEKYJSIPHBIX COEIMHEHUH, Ul ONpEleNIeHUs] CPEIHEro pajauyca KOJJIOHIHBIX
JaCTHIL.

§ 4 CrpoeHue KOJUIOMIHBIX YACTUL M IPABUJIA UX 3allUCU

CorylacHO OOUIETIPUHITOW MULIEISIPHOM TEOPHN CTPOSHHUS KOJUIOWIAHBIX PAaCTBOPOB, 30b COCTOUT M3 JIBYX YacTeH:
MUIIEJUT U HMHTEPMHULEUIAPHON KUAKOCTH. Munemia — 3T0 CTPYKTypHas KOJUIOMIHAs €IMHHIA, T.e. 4acTUIA
JIMCTIEpPCHOM (ha3bl, OKPYKEHHAsl JBOWHBIM SJIEKTPUUECKUM cilloeM. VHTepMHIEIUIIpHON (T.e. MEXMHILEISIPHON)
JKUJIKOCTBIO HA3bIBAIOT JUCIIEPCHOHHYIO Cpely, Pa3[eISoNlyl0 MHIEIUIB, B KOTOPOH PacTBOPEHBI 3JIEKTPOJIHTHI,
HeanekTponuTel U I1AB, sBistomunecs crabuiau3aropaMu KOJUIOWAHOW cucTeMbl. YacTuipl AuCTepcHON (a3bl
TO0QOOHBIX 30JIeH UMEIOT CII0KHYIO CTPYKTYPY, KOTOPasi 3aBUCHUT OT YCJIOBUI MOJTyUEHHS 30JIeH.

[Ipenmonoxxum, 4To 3076 MOAUAA cepebpa B xojae xuMmmuueckoil peakiun Mexay KNO; u KI. IIpu sTom ocHOBY
KOJIJIOMAHBIX YaCTHUI] COCTAaBIT MUKPOKPUCTAIUIBI TpyAHOpacTBOoprMoro Agl, Bkmoyaromue B cedst m mMoiexyn Agl
(a Tounee, m nap uoHOB Ag W I'). DTH MUKPOKPHMCTaLIbI HA3bIBAIOTCS arperaTamu. Ecim peakuus NpoTekaeT B
MPUCYTCTBUH M30BITKA MOHU/IA KAJIKS, TO HAa MIOBEPXHOCTH arperara BOSHUKAET OTPHULATENEHO 3apsKEHHBIH CIIOH B
pesynbTare wM30MparenbHOH ancopbumu n woHOB I. MoHBI wmomuma B TakoM  Ciydae  SIBIISIFOTCS
noTteHuanoopasyrommmMu (cokpamenao ITOM). Arperar BMmecTe ¢ NMOTEHIMATIOOPAa3YIOIMMH HOHAMH SBILSIETCS
yacTHIei TBepaoit (Gasbl n ero Ha3bIBAIOT AAPOM. [lox HelicTBHEM AIIEKTPOCTATHYECKHUX CHII K SIAPY IPUTATHBACTCS
YHCIIO N HOHOB MPOTHBOMOI0KHOIO 3HaKa — IPOTUBOMOHOB, KOMIIEHCUPYIOIUX 3apa] sapa. B nanHoM ciydae Ty
ponb BeMoNHAIOT HoHB K. YacTh MPOTHBOMOHOB (n—X), HauboJIee GIM3KO PACHONOKEHHBIX K APy, HAXOMUTCS B
ClIoe JKHIKOCTH, CMa4YMBAIOIIEM MOBEPXHOCTh TBEPIOTrO sapa. OTH HOHBI HCIBITAIOT JEHCTBHE HE TOJIBKO
AIIEKTPOCTATHYECKUX, HO M BaH-mep-BaaibCOBBIX CHJI S1pa, MOITOMY MPOYHO YIACPKHUBAIOTCA OKOJIO HETO H
00pa3yloT Tak Ha3bIBAEMBIH a/ICOPOLMOHHBINA cJIOH nNpoTHBOMOHOB. OcTambHBIE X IPOTHBOHMOHOB, ciabee
CBSI3aHHBIX C SAPOM (TOJBKO 3JIEKTPOCTATHYECKH), TIOJ] BIMSHHAEM TEIJIOBOTO ABIKEHHS PACIIONArafoTCs B )KUIKON
haze auddys3HO (T.e. pa3MbITO), TOUEMY U HOCAT HazBanwe AUPPy3Horo cjosi. Bc€ 310 oOpa3oBaHue BMecTe U
ABJISIETCS MUIEIUION. Munensbsl 30j1ed 31eKTpoHeHTpanbHbl. CTPYKTYpy MHUIEIBI MOXHO H300pa3uTh CXEMOH
(pucynok 10.6) n 3anmcats B Buae GOpMyJIbl:




Pucynox 10.6
CxeMa CTpoeHMs! MULIEJUIBI 307151 MOJU/Ia cepedpa ¢ OTPULATENBHO 3apsHKEHHBIMU YaCTHLAMU
foBepxwacmy cxammenus
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I'me m-yucio MoJeKyl, BXOASIIMX B COCTAaB arperara; N-4uciio MOTEHIMAIOOpa3yloUuX HOHOB; (n-X) —
YHCIIO MTPOTOBOMOHOB, BXOASALIMX B aJICOPOIIMOHHBIN CIIO; X- YMCIIO MPOTOBOMOHOB, 00pa3yromux aAndQy3HbIA
cioi. Yucna m, n, U X MOI'YT MEHATHCS B IIMPOKUX IIPENEIAX B 3aBUCUMOCTH OT YCJIOBUH IIOJIYYECHUSI U XPAHECHHUS
3oseit. OObI9HO M>>n. SIIpo BMecTe ¢ aJCOpOLMOHHBIM CI0eM 00pa3yeT cOOCTBEHHO KOJUIOMIHYIO YacTUIy WU
TpaHyJiy. B orianume ot BHGKTPOHCﬁTpaHBHOﬁ MHUIECJUIbI KOJUIOMAHAsA YacCThUlla UMECT 3apsad, B AaHHOM Clydac
OTpHIATENBHBIN (X-). ['paHnIia MEKY KOJUTOMIHON YacTUIeH U 1u((y3HBIM CIIOEM HOCUT HAa3BaHUE TPAHUIIBI (WA
MOBEPXHOCTH) CKOJBXEHHA. B (opMmyrne MHUIEIUTBI 3TOM TpaHUIE COOTBETCTBYET (UTypHas CKOOKa MEXIY
a7CcOpOIMOHHEIM U TU(PQY3HBIM CIoSMHU. ['paHUIa pa3peiBa 0003HAYACT TY TEOMETPHUYECKYIO MOBEPXHOCTH, IO
KOTOPOH MPOUCXOAUT pazelieHue (pa3phiB) MHUIIEIUTBI HA KOJUIOMIHYIO YacTHIly U Audy3HBINA CIOi B cioydae eé
NepeMellIeHHsT OTHOCHTENIbHO JUCIIEPCHOHHOW cpenbl (HampuMep, NpH y4acTHM MHLEIUIbI B OpPOYHOBCKOM
JABMIKCHUU WA ITPU ABUKCHUU T10]Q HeﬁCTBHeM QJICKTPHUYCCKOT'O HOJ'ISI).

§ 5 IousiTHe 00 IJIEKTPOKUHETUYECCKOM U TEPMOJIUHAMUYECCKOM
NOTEHIHAJIC YaCTUIbI

CornacHO COBPEMEHHBIM NPE/ICTABICHHUSM, ABOMHOW 3JIEKTPUUECKHH CIIOW — 3TO oOpasyrommiics Ha
rpaHuie AByX (a3 TOHKHMH IOBEPXHOCTHBIM CIIOH W3 HPOCTPAHCTBEHHO pa3/IENIEHHBIX JJICKTPUUECKHUX 3apsaoB
MPOTHUBOMOJIOKHOTO 3HaKa (MOTEHIMATOOpa3yIoIMX HOHOB M NMpoTHBOMOHOB). [IDC ciexyer paccMaTpuBaTh Kak
€/IMHYIO CHCTEMY, B LIEJIOM HEHTpalbHYIO, TaK Kak CyMMa 3aps0B IPOTHBOMOHOB paBHA 3apsiay TBeplIod (azbl
(BHyTpennei ookianku JIC). Buemmnss oboknanka JIIC (cioif NpOTHBOMOHOB) COCTOMT M3 JBYX YacTei: MIOTHOH
u mupdysnoi. O6mas teopust AIC orcyrcrByer. Hcropmdyecku B xome m3ydeHus J[DC OBLT MPEUIOKEHO
HECKOJBKO MOjieel, KOTOPbIM OTBEYaeT Pa3IMYHBIM XapaKTep KPUBBIX MaJEHHs IOTCHIHATa W PAaCIOIOKEHUS
MIPOTHBOHOHOB.

CornacHo mpocteitmerd monenu [empmroinbiia, JDC cocTOMT WX JABYX IUIOCKHX CIIOEB 3apsijioB,
PacIIoNIOKEHHBIX Ha MOJIEKYISIPHOM PACCTOSHUM OJMH OT APYTOT0 U B3aUMOJCHCTBYIONNX MEXIY COOOH TOIBKO 3a



CYeT 3JICKTPOCTATHYCCKUX CWI MPUTSHKEHHSA. Takas CTpyKTypa MOJOOHO INIOCKOMY KOHICHCATOPY, W TaJacHHE
MOTEHIIHATAa MEXIY CIOSIMH IPOMCXOINT JIUHEIHHO.

Mogens I'vu m Yenmena mpenrnosaraet nud@y3Hoe pacrosiokeHne MPOTHBOMOHOB. Haxomsmuxcs moj
JEHCTBHEM CHWII, NIEHCTBYIOIIMX B TIPOTHUBOIIOJIOKHBIX HAIPABICHUAX: 3JEKTPOCTATHUECKUX CHJI MPHUTSHKECHUS K
MOBEPXHOCTH (K BHYTpPEHHEH OOKIAIKe) W CHJ TEIUIOBOTO IBIDKEHHS K IOBEPXHOCTH HWOHOB, MPUBOMANINX K
muddy3un ¥ pa3MBIBAaHUIO BHEIIHETO cjosl HoHOB. HemocratkoMm teopun ['yu — UenMmeHa SBHIIOCH TO, YTO OHA HE
YYUTHIBAJTA pa3Mepbl HOHOB, pACCMATPUBasi UX KaK TOUCUHBIC 3apsIbl, CIIOCOOHBIX KaK YrOJHO OJIU3KO MOJAXOJUTH K
TBEPIIOW MOBEPXHOCTH. TeopHsl TakkKe HE NPUHUMAIa BO BHUMAHHUE cCrelU(prueckoe (HEINEKTPOCTATUUIECKOC)
B3aMMO/IEHCTBIE HOHOB C MOBEPXHOCTHIO.

Oo6o6maromeiit Teopuelt sBisietcss — Teopus llltepra. CoriiacHO 3TOW TEOpHH, YacTh MPOTUBOUOHOB
HAXOJIUTCSI HA MOJICKYJIIPHOM PACCTOSIHHM OT IMOBEPXHOCTHU, 00pasyst ciioi, mofo0HkI cioro ['enmpmronsiia. Jpyras
9acTh MPOTHBOMOHOB UMEET Pa3MBITOC PACIONIOKEHHE u 00pasyeT nuddysubiii cimoit. llltepn BBen B Teopuro J1DC
TpeCTaBICHNE O KOHEYHBIX pa3Mepax HOHOB U y4el HX crierudpuaecKyro aacoponnn.



Pucynok 10.7
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OO0pazoBaHue ABOHHOTO CIIOS HOHOB IPUBOJUT K TOSBJICHHUIO OIPEAEICHHBIX 3JEKTPUIECKUX TTOTEHIINAIOB
Ha TpaHMIE pa3zfeia TBepAOH M kuiakod ¢a3. MoHbI mepBoro ciost (BHYTpEeHHEH OOKIanku), GUKCHpPOBaHHBIC Ha
TBEPJIOM TMOBEPXHOCTH, MPHUJAIOT 3TOW MOBEPXHOCTHM CBOM 3HAK 3apsja M CO3Jal0T Ha HEMl Tak Ha3bIBaeMbId
MOBEPXHOCTHBI Wi  @-oTeHmman ((u-moTeHnuam). 3HAK  @-TNOTEHIHANa COBHAJaeT CO  3HAKOM
MOTEHIMAI00pa3yoNMX HOHOB. BenmdnHa @-moTeHIMana MPONOPIHOHAJIbHA YHCIY 3apsIoB 3THX HOHOB Ha
MTOBEPXHOCTH YaCTHII.
C TOYKH 3peHHs TEPMOJIMHAMUKH, (O-TIOTCHIIHAN paBeH paboTe mepeHoca eAMHUYHOTO (3JIEMEHTapHOT0) 3apsaaa u3
OECKOHEYHO YHAJeHHOM TOYKM pacTBOpa Ha MOBEPXHOCTh TBEpAOH (as3pl, T.e. 3TO TOTEHIMAN TBEPIOH
MOBEPXHOCTH.

Bropoii noTeHuan, xapakTepu3yromui TBOWHOM CJIol HOHOB, HAa3bIBACTCS MIEKTPOKUHETHYECKUM WK (-
MOTeHIMAJIOM (a3era-noreHnuasoM). OH mpexacTaBisieT coOOH 3IIEKTPUUYECKHH MOTEHLMAN B JBOMHOM CJIO€ Ha
TPaHMIE MEXIy 4YacTUIeH, CIIOCOOHOH K IBIKEHUIO B 3JIEKTPUYECKOM II0JIe, W OKpY’Karouled »XUIKOCThbIo. (-



NOTEHIHMAJ SBISETCA ITOTCHLHAIOM IIOBEPXHOCTH CKOJNBXKEHUSA. I10BEPXHOCTH CKOJILKEHUS IPOXOIHUT MEXIY
ancopOIMOHHBIM U TU(DY3HBIM CIOSIMH HOHOB.

TepmoauHamu4ecky (-MOTEHIMA MOXKHO ONPENelHTh Kak padoTy, HeoOXoOMMylo Ui HepeHoca
€IMHUIHOTO 3apsaa n3 OECKOHEYHO YIAJICHHOTO 3JIeMeHTa 00beMa pacTBOpa Ha MOBEPXHOCTh CKOJKKEHUs. 3HaAK (-
NOTEHIMAJa COBHAZaeT €O 3HAaKOM (-NOTEHIHana. OJEKTPOKHHETHYECKUH IOTEHIMANl SIBISETCS YacThlO
TEePMOIMHAMHYECKOTO IIOTCHIMAlla M BCErJa MeEHbIIe, YeM @-NoTeHUuan. Bennumna {-moreHnmana
HETOCPEJCTBEHHO C YHCIOM TPOTUBOMOHOB B U] (y3HOM €i10€ U N3MEHSETCS IPONOPILMOHAIBHO €T0 YUCITY.

bnaropaps Hanmuuuto (-moTeHIMaNa, Ha TPAHUIAX CKOJILKEHHS BCEX YaCTHUI] TUCTIEPCHOH (a3bl BO3HUKAIOT
OJTHOMMEHHBIE 3apsi/ibl M 3JICKTPOKUHETHYECKUE CHIIBI OTTAIIKUBAHUS IIPOTUBOCTOST HpoOLieccaM arperauu. Takum
obpa3oM, (-moTeHIHMal SBISETCS OJHUM M3 OCHOBHBIX (DaKTOPOB arperaTMBHOIM YCTOMYMBOCTH THAPOQPOOHBIX
30JI€H.



§ 6 MOJIeKyJIﬂprle, ONTHYIECCKHUE U IJTCKTPOKHHETHYECCKHE CBOIiCTBAa KOJJIOMAHBIX CHCTEM

Kax moka3any MHOTOYMCIICHHBIE HCCIICIOBAHUS KOJUIOMIHBIE CHCTEMBI II0 MOJICKYJISIPHO-KHHETHYECKUM
CBOICTBaM HHYEM NPHUHLMUIIMAIBHO HE OTIMYAIOTCS OT HCTHHHBIX pacTBOpoB. TONBKO 3TH CBOHCTBA M HHUX
BBIpa)KEHBI 3HAUUTENHHO cirabee (B COTHU | THICAYH pa3) crabdee.

6.1 bpoyHoBcKoOe ABHKEHHE

Yactunpl aucnepcHoi ¢asbl 305151 MO BIMSHUEM yJapoB MOJICKYJI PACTBOPUTENS HAXOMATCS B COCTOSHUU
HENPEepHIBHOTO XaOTUYHOTO JBIKEHUs. Tak, eclum paccMaTpUBaTh KaKOW-ITHMOO 3011 B YJIBTPAMUKPOCKOIL, MOYKHO
3aMETHTh, YTO YACTHUIIBI 30JI51 BCE BpeMsl OECIIOPSIOYHO JABUKYTCS.
BpoyHOBCKOE IBIKEHHE COBEpIICHHO HE 3aBUCHT OT HPHUPOJBI BEIECTBA, OHO H3MEHSETCS B 3aBUCHMOCTH OT
TEeMIlepaTypbl, BS3KOCTH cpeabl M pa3MepoB uactuu. [log pelicTBueM OecriopsiOUHBIX YAApOB MOJIEKYJ
pacTBOpHTENS] YacTHIBl AWCHEPCHOW (ha3bl TaKXKe COBEPHIAIOT OecropsiiovyHble ABMXEHUS. llepeMemeHne B
MPOCTPAHCTBE 3TUX YACTHUI] COBEPIIACTCS 33 CUET YCKOPEHHOTO AEHCTBHUS BCEH COBOKYNHOCTH yJapoB 3a BpeMs
HabroneHns (B | cex gacTHua nembithiaet okono 102 yrapos). Ecim pasMeps i Macca YacTHII AMCTIEPCHOI (a3l
MPEBBIIAIOT ONPEICICHHBIC TPEIEIbl, BEPOSTHOCTh B3aMMHON KOMIICHCAIMM YAApOB OKa3bIBacTCsl BhIME. BoT
MOYEMY JaCTHUIIBI pa3MepoM 4-5 MKM COBEPIIAIOT TOJILKO HEOOMbIINE KOIeOaTeIbHbIE IBIKEHHUS OKOJIO HEKOTOPOTO
nentpa. [Ipu Gosee KPYIMHBIX pa3Mepax 4acTUI] OPOYHOBCKOE JABIKCHHE TIPEKPAIIaeTcss BOOOIIE.

TpaexTopust IBMKEHHS KOJUIOMAHBIX YAaCTHUIl IPEICTaBIsieT COOOH JIOMaHyIO JIMHHUIO COBEpIICHHO
HeompeaeieHHoH konpurypaiwu (pucynok 10.8).

Pucynox10.8
BpoyHOBCKOE ABMAKEHUE YaCTHUIbI

T S e T 03 [ .9

KonmuecTBeHHOW Mepod — mepeMeleHus] 4YacTHIl NMpH OpPOYyHOBCKOM IBFDKCHHH SBISIETCS BEIMYHMHA
CpeIHeTo CMeIIeHHs (WIM CIBHIra) YacTHIBI 32 HEKOTOPBI MPOMEXYTOK BpeMeHH t. CMEIleHHeM WM CIBHIOM
Ha3BIBAIOT PACCTOSHUE MEXTy Ha4adbHOHM | ¥ KOHEYHOU 2 TOYEK TPACKTOPHHU Ha OCh CMEIIeHHH (0ch X). CMemeHus
OJITHAKOBO BEPOSITHBI KaK CJI€Ba HANPABO, TaK M B IIPOTHBOIIOJIOKHOM HAIlPABICHUH

[TosTOMy IIpM BBIYMCICHUU CPEAHETO CMELIEHUs 32 OOJBIION MPOMEXYTOK BPEMEHH MOJXKET OBITh PaBHO
HYJIIO0. B CBSI3M C 3THUM BBIUNCIISAIOT CPEAHIONI0 KBAaIPAaTHUHYIO BCEX CMEIEHHH Oe3 ydeTa HalpaBICHUS ABHKCHHUS:

2. A2 2
A Ay +AS+. Ay
n

1€ Nn-4ucio CMCIIICHI/If/'I (‘H/ICJ'IO OTPE3KOB JIOMaHHOU J'II/IHI/II/I); Al -OTACJIbHBIC MPOCKIHWU CMCIICHHWA Ha OCbhb X.

A.DuHmTeitHOM 1 M.CMOIYXOBCKUM OBLJIO MOKa3aHO, YTO CpPEJHEC 3HAYCHHE KBaJpaTa CMEIICHUS YaCTHIBI 32
BpeMsi t paBHO:
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rae R — yHuBepcanbHas rasoBas moctosiHHas; T — abcoytoTHas TeMmrepaTypa; 1| — BSI3KOCTh CPEIbl; T — paguyc
B3BENICHHBIX YacTHUIl; N — IIOCTOSTHHAS ABOTaIpo; t-BpeMmsl.



U3 ypaBuenus DitHmreitHa-CMOTYXOBCKOro cieiyeT, 4to BeimmumHa A oGpaTHO mpomopmmoHasibHA
panuycy dyacTuIbl I. OTO O3HAuaeT, 4TO 4YeM KpyNHee uacTUla, TEM MeHbIle BenuuuHa e€ cmemeHus. C
YBEJIMYCHUEM pa3Mepa YacTUI[ NPEeKAE BCEro IOCTymnaTelIbHOe OpOYHOBCKOE JIBMIKEHHE, 3aTeM HcYe3aeT
BpalaTeabHOe IBIKEHUE U OCTaeTcs KojebaTeNbHOE.

6.2 Inpdysus
BenenctBue  MONICKYISIPHO-KMHETHYECKOTO  IBIDKCHHS YAaCTHIBI JAUCIEPCHOH ()a3bl  HMCHBITHIBAIOT

Clly4aifHple CMeNIeHHs, HalpuMep BBepX M BHH3. OIIHAKO eClIM B KaKOM-JIMOO pacTBOpE YacTHIBI PaCIIpeAeiICHEI
HEpaBHOMEpPHO (comepikaHHe MX y OHA cocyna Ooblie, 4eM B BEpXHEM CJoe€), O0Iee YHCIIO CMEIICHUH YaCTHIL
CHHU3Y BBepX OyzeT Oouiblie, cBepXy BHH3. [IpH 3TOM 4acTHIBI OyIyT MepeNBUIaThCs 10 TEX MOp, IOKA HE HACTYIIHT
BBIPABHUBAHNE KOHLICHTPALIUH.

CaMoOnpou3BOJIBHBIA IIpOLIECC BBIPABHUBAHUS KOHIIEHTPALM HOHOB, MOJIEKYJ MM KOJUIOMIHO-
JMCIIEPCHBIX YaCTHIl 338 CYET UX OECHOpsA0YHO-TEIUIOBOTO JBIDKCHHUS (y KOJUIOMIJHBIX YacTUI — OpPOYHOBCKOTO
JBIDKCHUS) TONy4yus Ha3zBanue Audysum. Juddysus kak caMorpou3BOJIbHBII HpoLece IS BCEX IUCHEPCHBIX
CHCTEM IIOYMHSIETCS OJJHUM U TEM K€ 3aKOHOMEPHOCTSIM, yCTaHOBICHHBIM DukoM juts razoB. CornacHo nepBomy
3akoHa ®uka ckopocts AupGy3UH NPSMO MPONOPIHOHANBHA IUIOMAAN, Yepe3 KOTOPYIo NpoxXoauT auddysus, u
IpaJIMeHTy KOHIEHTpaluu. MaTeMaTHYecKH 3TOT 3aKOH UMEET CIIeyIOIee BhIpasKeHue:

dm dc
“am _ _psie
dt dx

roe dm — macca BemiecTBa (B MOJISX HIM Ipammax), mpoauddepeHIMpoBaHHOe 3a OSCKOHEYHO Mayioe Bpems dt

dc

4yepe3 iomaap S; —— — MajeHue KOHIEHTpAlMu Ha OECKOHEYHO MasloM oTpeske auddysuonnoro mytu dx, D —

dx

kodpunueHT nudGy3un, HHINBUIYaTHHO XapaKTepu3yomui 1iudQy3noHHyI0 cCIOCOOHOCTh JaHHOW AUCTIEPCHON
CHCTEMBI. DTOT KOI(Q(HUIMEHT BBIpaXKaeT KOJMYESCTBO BeLIecTBa, AU(GdyHIUpyoero B euHUIy BpeMeHH (1 cex)
uepes eauuuiy mromanu (1 cM”) mpu rpajeHTe KOHIEHTPALHH, PABHOM EIHHHIIC.

6.3 OcmoTu4ecKoe JaBjieHUe KOJJIOUHBIX PACTBOPOB
SIBeHre ocMoca NpucyIe KOJUIOMIHBIM PacTBOpaM, XOTS U B MEHbLICH Mepe, 4YeM MCTHHHBIM (MOJICKYJISIPHBIM).
3HaueHHe ocMoca 0COOCHHO BEJIHMKO B (DU3MOJIOTMUECKHX MpOLEccax, TaK Kak B JIIOOOM OpraHu3Me KaxkIas KJeTKa
CHa0KeHa MOYNPOHULIAaeMON MeMOpaHoii. PaBHOBECHOE OCMOTHYECKOE JaBJIeHHE AJIsl pACTBOPOB HE AJIEKTPOJIUTOB
paccUnTHIBAIOT Ha OCHOBaHMH 3akoHa BanT-I'odda no ypaBHeHuto:
7w =cRT
e ¢ — MOJISIpHAsk KOHICHTPAIIHUSL.

B cBow ouepens , TIe vV — YyacTuuHas KoHIeHTpamus, N, — moctossHHas ABorazapo. [lonm gactuaHOM
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KOHIEHTpAlel TOHUMAIOT YUCJIO0 YacTHIll (MOHOB, MOJIEKYJI, KOJUIOWIHBIX YaCTHIl) B elMHKIIE 00beMa pacTBopa.
B cBsi3u ¢ atiM ypaBHenue Banrt-I'odda MoxHO 3anucaTh Tak:

nzNLRT
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CJ'Ie,HOBaTeHI)HO, OCMOTHYECKOC JaBJICHUEC MIPpONOPUHUOHAIBLHO quciy HacTuIy PaCcTBOPCHHOTO nim
JAUCIICPIrUPOBAHHOIO BEHICCTBA B CAMHULIC o0beMa pacTBOpa U HE 3aBUCUT OT MPHUPOJAbI U MACChI YaCTHUII.

6.4 CenuMeHTALlMOHHOE PaBHOBeCHe

YacTuIs! BEIIecTBa, JUCIEPTUPOBAHHOTO B XHUIKON MM ra3000pa3HOl cpesie, MOCTOSIHHO HaXOMATCS 110
BIIMSTHUEM JIBYX IPOTHBOIIOJIOKHO HANPaBIEHHBIX CHII-CHIIBI TSDKECTH, IO IeHCTBHEM KOTOPOH YacTHIBI JaHHOTO
BCHICCTBA OCCOANOT, U CHUJII I[I/Iq)(i)y?)I/II/I, OoJ BJIIMAHUEM KOTOPBIX YAaCTUIbI CTPEMATCA NEPEMECTUTHCA U3 obacTu
60pIIMX B 006J1aCTh MEHBIINX KOHLIEHTPAIIHUH, T.€. K PABHOMEPHOMY PacIlpeIesIeHIIO B 0ObeMe.

B 3aBucumocTH OT npeobnasaHusi TeX WIM UHBIX CHJI B CHCTEME HaOJIIoaaeTcs OCaXK/IEHHE YaCTHIL
JICTIEPCHOM (ha3bl (TIOA BIMSHUEM CHJI TSDKECTH) WM (B ciydae mpeoOmamanust cun auddy3un) BIpaBHUBaHUE
KOHIIGHTpAIMii Bo BceM oObeme. [Ipomecc ocemaHuWs 4YacTWIl MOJ ACHCTBHEM CHII TSDHKECTH HOCHUT Ha3BaHHe
cenuMmenTanuu (ot nat. sedimentum-ocemxanne). CKOPOCTh OCENAHUS YACTHI] 3aBUCUT OT Pa3HOCTH IJIOTHOCTEH
yactun (d — d,), a Takke OT BI3KOCTH 3TOHM CpEeZbl 1] K MaTeMaTHUECKH BBIPAXKAETCS CJICYIOIIMM YPaBHEHUEM:

2 r?(d-dy)-g
-2

A€ v — CKOPOCTb OCCAaHUA 4YaCTHL, I' — paaAnuyC YacCTull, du do — IJIOTHOCTHU AUCIICPIAPOBAHHOIO BCIIECTBA U
PaCTBOPUTEIIA, 1| — BA3BKOCTb CPE/ibl, & — YCKOPEHUC CUJIbI TAKECTH.
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Juddy3us B caydae Oojiee MENKHUX YacTHIl AWUCIEPCHON (ha3bl MpOTEKaeT ¢ OOJbIIEeH CKOPOCTBIO M
3aMeUIsIeTCs C YBeIMYCHHEM UX pasmepa. Eciu creneHb JUCIEPCHOCTH BEIECTBA Mala, TO YaCTHIbl HE COBEPILAIOT
OpOYHOBCKOTO IBHKCHHS, CIEIOBATEIbHO, UX CIOCOOHOCTh K nauddy3um paBHa Hymto. B manHoM ciydae cuia
TSDKECTH 3HAYUTEIHHO MPeodafaeT Hal CHiIaMi MU Gy3HH.

Ecn B cucreMe CHIIBI TSDKECTH TIOJHOCTBIO ypaBHOBEHICHBI cuiamMu Aud@y3ud, HACTymaeT Tak
Ha3bIBAEMOE CEAMMEHTAIIMOHHOE PaBHOBECHE, KOTOPOE XapaKTepPH3YyeTCsl PABEHCTBOM CKOPOCTEH CeIUMEHTAMN U

muddysun.

6.5 OnTuyeckue CBOMCTBA KOJJIOUIHBIX PACTBOPOB

ITo onThyeckuM CBOWCTBaM KOJUIOMAHBIE PACTBOPHI CYIIECTBEHHO OTJIMYAIOTCS OT UCTHHHBIX PacTBOPOB
HU3KOMOJICKYJIIPHBIX BEIIECTB, a TAKXKE OT IPyOOJHCIIEpPCHBIX cucTeM. Hambomnee xapakTepHBIMU ONTHYCCKHMU
CBOMCTBaMH KOJJIOUIHO-TUCIIEPCHBIX CHCTEM SIBIISIOTCS omnanecueHms, 3gpdext Dapanes-TuHgams u okpacka.

B 3aBuCHMOCTH OT IUITMHBI BOJHBI BUANMOTO CBETA W OTHOCHUTENFHBIX pa3MepOB YaCTHUI] AUCHEPCHON (hazbl
paccesiHEE CBEeTa NMPUHAMAET Pa3IMYHBIN XapakTep. Ecim pasMep 4acTHIl MPEBHIIAeT ITHHY CBETOBBIX BOJH, TO
CBET OT HUX OTpa)kaeTcs IO 3aKOHAM TeOMETPHYECKOW ONTHUKH. [IpM 3TOM YacTh CBETOBOTO H3IYUCHHUS MOXKET
MPOHHUKATH BHYTPH YaCTHII, UCTIBITHIBATH MIPEJIOMIICHUE, BHYTPEHHEE OTpaKeHUE U Toriomarbes (pucyHok 10.9).

Pucynox 10.9
PaccenBanue cBeTa yacTuIleil, MEHBIIEH CBETOBOI IOITYBOJIHbI

MN-HanpaBieHIe OCBEIIAIOIIETO Jyda

Ecnu pasmep wacTuil MeHbLIE JUIMHBI IOJYBOJHBI ITaJalOIIEro CBeTa, HaOirogaercst IUQpakiHOHHOE
paccesiHMe CBeTa; CBET Kak Obl 00XoauT (orubaer) BCTpeyaroluecs: Ha MyTH 4acTHbl. [Ipyu 3TOM MMeeT MecTo
YaCTHYHOE paccesHHe B BUJC BOJH, PAcXOISLIMXCS BO BCe CTOPOHBL. B pesynbrare paccesHHs cBeTa Kaxkaas
YaCTHUIA SBISICTCS UCTOYHHKOM HOBBIX, MCHEC HHTCHCUBHBIX BOJIH, T.€. IIPOMCXOJHUT KaK Obl CAMOCBEUCHUE KXKITOH
YacTULBL. SIBICHHE paccesHHs CBeTa MeNbYalllMM{ YacTHULAMH HOJyYHIO Ha3BaHHE omajecueHuun. OHO
CBOICTBEHHO NPEUMYILICCTBEHHO 30JAM (KUIKHUM M TBEPIbIM), HAaOJIOZACTCS TOJNBKO B OTPAKCHHOM CBETE, T.C.
cOOKy WM Ha TeMHOM (oHe. BeIpaxkaeTcst 3TO SBJICHHE B MOSBICHUN HEKOTOPOIl MYTHOBATOCTH 30JIs1 H B CMEHE
(«mepenuBax») €ro OKpackd Mo CPaBHEHHIO ¢ OKPACKOH B MpoxojsiieM cBere. OKpacka B OTPaKEHHOM CBETe, KaK
NpaBWJIO, CABUHYTa B CTOPOHY OOJbIICH 4YacTOTHl BUAMMOW 4acTH crekTpa. Tak, Oeible 30iM (307b XJIOpHAA
cepedpa, KaHU(OIH U JIP.) ONANECIIHPYIOT TOJIyOOBATHIM [BETOM.

6.6 Dddext Dapanes-Tunaans

JudpaxkimonHoe paccesHue cBeta BrepBble 0110 3aMedeHo M.B.JlomonocoBeM. [To3nnee, B 1857 1. D10
spienue HaOmonan dapaneit B 3omsix 3o0i0Ta. Hambonee neranbHO siBieHHe Tudpakiuu (OnajleclueHIUH) s
JKUJIKUX | Ta30BBIX cpell Obuto m3ydeHo Turmamem (1868).

Eciu B34TH OIMH CTaKaH C pacTBOPOM XJIOPHIA HATPHS, a IPYTOH — ¢ THIPO30JIEM SIMYHOTO OeNka, TPYTHO
YCTaHOBHTS, IJIe KOJUIOMIHBIN PacTBOp, a TAe UCTUHHBIHN, TaK KaK Ha BHJ 00€ KUAKOCTH OSCIBETHBI H MPO3PAYHEI
(pucynok 10.10). OgHako 3TH JIETKO pPa3IUYUTh, MPOJAEIAB CIEAYIONIMA OmbIT. HameHeM Ha MCTOYHHK CBETa
(HACTONBHYIO JIAMITY) CBETOHEIPOHUIAEMBIH (DYTISAP C OTBEPCTHEM, Iepe]] KOTOPHIM B ILENSAX IMONydeHHs Oolee
Y3KOTO U SIPKOTO ITy4dKa CBETa IMOJCTaBUM JIMH3Y. EcIM Ha IyTH cBeTa IMOCTaBUTH J[Ba CTaKaHa, B CTaKaHE C 30JIeM
YBUJIUM CBETOBYIO JOPOXKY (koHyC), BTO Bpemst kak B CTakaHe ¢ XJIOPUIOM HATpHs Jiyd He 3ameTeH. [1o umeHu
YUYCHBIX, BIICPBbIC HAOJIOJABIIMX 3TO SBJICHUE, CBETSIIUICS KOHYC B JKHAKOCTH ObUI Ha3BaH KOHYCOM (Wid
addexTom) Papazges — Turmans. IToT 3G HeKT ABIIETCS XapaKTEPHBIM 15 BCEX KOJUIOMIHBIX PACTBOPOB.

Pucynox 10.10

D¢ dext Tunpans




1-crakan ¢ pactBopom NaCL;
2-cTakaH ¢ THIPO30JIEM SHYHOTO OelKa,
3-HacToJIbHAS JIAaMITa CO CBETOHETIPOHUIIAEMBIM (Y TIIPOM;
4-onTHuecKas JIMH3a

[osnenne xomyca ®Papames — TuHmamns OOBSICHIETCS SBJICHHEM PpACCESHHS CBETa KOJUIOMIHBIMHU
yactunamu. Ux pazmepsl Haxonsatcs B npenenax 0,1 — 9,001 mMxM, a AnMHA BOJIH BUAMMOMN YacTH CIEKTpPa JICKUT B
rpanunax 0,76 — 0,38 mxm. [ToaToMy Kakaast KOJIJIOUHAS YaCcTUIA pACCEUBAET Majgarounil Ha He€ cBeT. OH BUJCH B
koHyce Papaznes — Tunnans, Koraa Iyd 3peHUs HalpaBJieH O] YIJIOM K IPOXOAAIIEMY Yepes3 30Jb JIy4y.

Takum — obOpaszom, adext Dapanes — TuHnaNA — sIBICHKE, COBEPILICHHO MICHTHYHOE ONAJECCHCHLNH U
OTJINYAETCs OT MOCIEAHEH TOIBKO CIIOCOOOM KOJITIOMIHOTO COCTOSIHUSA, T.€. MUKPOT€TEpOr€HHOCTH CUCTEMBI.

Teopust paccesiHusl CBeTa KOJUIOWAHO—AUCIIEPCHBIME cUCTeMaMu Oblia pa3paborana Paneem B 1871 1. Ona
yCTaHaBJIMBaeT 3aBUCHMOCTb HHTCHCHBHOCTH (KOJMYECTBA SHEPTHH) paccestHHOro ceerta (1) mpu omaneceHum u B
koHyce Dapanes-TuHIANA OT BHEITHUX M BHYTPEHHUX (hakTopoB. MaTeMaTHYEeCKH 3Ta 3aBUCHMOCTb BEIPaKaeTCs B
BUze (OpMYJIBI, MOTyIUBIIEH Ha3BaHNE POpMyITsl Pamest:

gV
214
rae | — MHTeHCUBHOCTD PacCEesTHHOTO CBETa B HANIPABICHHH, MEPIICHANKYISIPHOM K JIydy Majaromero ceera, K —
KOHCTaHTa, 3aBHCSAIIAs OT IMOKa3aTelel NpeIOMICHHs JUCIEPCHOHHON Cpe/ibl M JUCTIEPCHOM (a3bl, N-UUCIIO YaCTHUI]
B €IMHUIIE 00beMa 301151, A — JJIMHA BOJIHBI NAAAI0IIET0 CBeTa, V — 00beM Ka)K101 YaCTHIIbI.

U3 ¢dopmynsl crneayer, 4TO paccesiHUE KOPOTKHX BOJIH HPOUCXOJUT Ooyiee HMHTEHCHBHO. [loaTomy
OecrBeTHBIE 301U B IPOXOASIIEM CBETE Ka)XKyTCsl KPACHOBATBHIMHU, & B PACCESTHHOM TOJIyOBIMH.

SIBnennem cBetopaccestHusi Paneit oObsicHs roiay0oit et Heba, a MHAMWCKUIA y4deHbld Paman — mBer
Mopckoii Bompl. OpmHaKO paccesHHE CBeTa B OTHX CIOy4dasxX MPONCXOOUT HE 3a CYET MPHCYTCTBUSA
BBICOKOJIUCTIEPCHBIX IpUMEce (HampuMep TMBUTMHOK, MENbYalinX Kamedek Bomel W T.ar). B 1907 .
JL.M.ManaensImraM TOKa3ai, YTO PACCESHHBIA CBET BOSHUKAET TOJIBKO B ONITUYECKH HE OTHOPOIHOU Cpelie, TaK Kak
B ATOM CIlydae IOKa3aTeib IMPEJIOMJICHHS MCEHSACTCS IPH Iepexoje OT OJHOTO ydacTKa K npyromy. llosmaee
CmomyxoBckuii (1908) mokasan, 4To Takoe HapyIIeHHE OJHOPOTHOCTH CPeIbl MOXET BO3HHUKHYTH B PE3yIIbTAaTe
TEIUIOBOTO JBIDKEHHUS MOJEKYJI KaK MECTHOe WU3MeHEeHHe ((QIyKTyalus) IUIOTHOCTH, T.€. COBEPIICHHO
CaMOIIPOM3BOJIFHO Ha KOPOTKHE BpeMsS MOTYT BO3HHKAaTh OYEHb Majble y4YacTKH, OTIHYAIOIIMECS OT COCETHHX
CBOEH IUIOTHOCTBIO. B CHily 3TOr0 BO3HHKAET pa3HOCTh MOKa3aTesel MpeloMICHHUS MKy OTIENbHBIMU yYaCTKaMHU
aTMoc(epsl (1M MOPCKOW BOJBI) M KaK CIIEICTBHE — pacCesHUE CBETa.

6.7 Oxpacka KOJJIOUIHBIX PACTBOPOB
B pesynbTaTe nzbuparenbHOro MOMIONIeHUs cBeTa (abcopOium) B codeTaHuu ¢ nudpakiueit obpasyercs Ta wid
WHas OKpacka KOJUIOMTHOTO pacTBopa. OTBIT TOKa3bIBAaCT, YTO OOJBIIMHCTBO KOJDIOMAHBIX (0COOEHHO
METaJUIMYEeCKUX) PACTBOPOB SPKO OKPANICHO B caMble Pa3HOOOpa3HBIC IBeTa, HaYyMHAas OT OEJIoro W KOoHYas
COBEpPIIICHHO YEePHBIM, CO BCEMH OTTCHKAMHU I[BETOBOTO CIIEKTpa. Tak, 301H As,S; MMEIOT SPKO-KENThIH, Sb,S; —
opamxkessiid, Fe(OH); — KpacHOBaTO-KOPUIHEBEIH, 30JI0Ta — SIPKO-KPACHBIN IBET U T.II.

OnvH ¥ TOT e 30JIb IMEET PA3IMIHYI0 OKPACKY B 3aBUCHMOCTHU OT TOTO, B TIPOXOJISIIEM HITH OTPaXXCHHOM
CBETC OHA pacCMaTpHUBaeTCs. MHOTHM 30JSIM TIPHUCYIIE TakXKe SBJICHUE IOJIUXPOMHU (MHOTOIIBETHOCTH), T.C.
CBOMCTBO 30JI€H OJHOTO M TOTO K€ BEIIEeCTBA B 3aBUCHMOCTH OT CIIOCO0a IPUTOTOBJICHUS MIPUOOPETaTh Pa3INIHYIO
OKpacky. B maHHOM citydass okpacka 305Ieif 3aBHCUT OT CTENEHH IHCIEPCHOCTH 4acTull. Tak, rpyboaucnepcHsie
30JIM 30JI0Ta UMEIOT CHHIOI0 OKPAcKy, OOJbINEl CTETeHH AUCHEPCHOCTH — (PHOJIETOBYIO, @ BBICOKOJHCIIEPCHBIE —
SPKO-KpacHyI0. IHTepeCHO OTMETHTh, YTO I[BET METaljia B HE JUCIEPCHOM COCTOSHHM HUYETo HEe MMeeT OOIIero ¢
€ro IIBETOM B KOJUIOMITHOM COCTOSIHHUH.

HeobxomuMo OTMETHTH, YTO HWHTCHCHBHOCTH OKPACKH 3071 B JECATKH M COTHH pa3 OoJbIle, YeM
MOJICKYJISIPHBIX pacTBOpOB. Tak, »enTas okpacka 3078 As,S; B ClIO€ TONIIMHOW B 1 CM XOpOIIO 3aMeTHa MpH
BECOBOM KOHLEHTpALUU 10 %, a KpacHBII LIBET 30J1s1 30JI0Ta 3aMETEH J1a’Ke NPU KOHLUEHTPALUU 1076 %.

KpacuBas u spkas okpacka MHOTHX JParoleHHBIX KaMHe# (pyOWHOB, M3yMpYIOB, carmdupoB, TOMa30B)
o0ycJIOBJICHa CcOJIEp)KaHHEM B HHUX HHUYTOXKHBIX (HE ONpEACTMMBIX Make Ha JYYIINX aHAIATHYECKUX BECax)
KOJIMYECTB MpPUMECEH TSKENbIX METaJUIOB M UX OKCHIOB, HAXOJIALIUXCA B KOJUJIOMJHOM cCOCTOsHUU. Tak miis
HCKYCCTBEHHOTO MOJIYYCHHUS SIPKOTO PYOMHOBOTO CTEKJIA, YHOTPEOIIEMOro ISl aBTOMOOMIIBHBIX, BEJIOCHIIEAHBIX 1
npounx ¢oHapei, JOCTATOYHO Ha OJHY TOHHY CTEKJITHHOIM Macchl 700aBUTh Bcero aumbs 100 rpaMM KOJUTOHIHOTO
30J10TA.

6.8 YasTpamMukpockonus
SIBnenue cetopaccesHue B konyce ®apazaes-TuHIans JISKUT B OCHOBE OJIHOTO M3 BaXKHEUIIHMX METOJ/IOB
MCCIIEJIOBaHUS BHICOKOAMCIIEPCHBIX CHCTEM — C TIOMOIIBIO YJIBTPAMUKPOCKOMA. YIIETPAaMHUKPOCKOI OBUT H300peTeH
B 1903 r. 3urmongun u 3uzpeHtondom. OTIMUUTENHFHOH OCOOEHHOCTBIO YIIBTPAaMHKPOCKONA SIBIISIETCS
OCBETHUTEJIbHASI CUCTEMA, KOTOPasi COCTOMT M3 MOIIHOM BOJILTOBOM JyTH 2, IeJIeBOH quadparMel 4 1 CHCTEMBI JIMH3



3. OOBEKT HMCCIeTOBaHMS TOMEMIAIOT B CIEIMAJIbHYI0 KIOBETY 1, KOTOpas KpEmHWTCS HA MPEIMETHOM CTOJIHKE
MuKpockomna(pucyrok 10.11).

Pucynox 10.11

CxeMa yIpTpaMHKpPOCKOTIa

1 — KrOBeTa C UCCNEayeMBIM PaCTBOPOM;
2 — HCTOYHHK CBETA;
3 — IMH3HI;
4 — meneBas nuadparma

B otmiame ot 00BIMHOTO MHKPOCKOMA B YIBTPAMHUKPOCKOIIE TIPHMEHSIOT 00KOBOe ocBemleHnd. [Ipu aTom
CBET OT OCBETHUTENS HE MOMaJacT B OOBCKTHB W B IJIa3 HAOMIOAATEN, TOATOMY (OH TOJS 3pSHHS MHUKPOCKOIIA
TeMHbIH. [Ipy paccMaTpuBaHHN B YIBTPAMHUKPOCKON KOJUIOMIHOTO PAcTBOpa (HAIMpHUMEp, 30J0Ta) MOKHO BUIETHh
OGecrpepbIBHO JBUKYIIUECS, TIEPETUBAIOLINECS BCEMH I[BETAMHU PaJyTH, Pa3HOTO pa3Mepa YacTHUIlbl, UX KOTOPHIX
HauOoyee MeNKHE NPENCTABIAIOT CO00M CcBeTsIMecs: TOYKU. VIHTEHCHBHOCTH pacCesiHUSl CBETa 3aBHCUT OT
KOHIICHTPAI[UH KOJIOWIHBIX YACTHII, OT UX Pa3MEPOB U (YOPMBIL.

ITockonbky paspemaromias cuia YJIbTPaMUKPOCKONA HE BelMuKa (HE MPEBBIIAET TaKOBYIO OOBIYHBIX
MHUKPOCKOTIOB, uMmeromux ypenuueHue B 300-500 pa3), To HU pasMepbl, HU (OpMa YacTHUI[ B yIbTPAMHKPOCKOI
HETOCPEACTBEHHO He pa3InuMMEL. I Bce ke ¢ MOMOIIBIO YIBTPAaMUKPOCKONAa MOKHO KOCBEHHO CYAUTh O pa3Mepax
1 popMe KOJDIOUAHBIX gacThrl(pucyHok 10.12).

Pucynok 10.12

CHHMKH KOJUIOMTHBIX YaCTHI], TOTyYCHHBIC C IOMOIIBIO 3JICKTPOHHOTO MHUKPOCKOTIIA

a — gactuibl 30511 Fe(OH)3;0 — yacTHIib! 30515 NSATHOKUCH BaHA IS,
B — YaCTUIIBI OKUCH BOJIb(pama.

Pa3meps!l yacTHIl MOXHO OIPEIETUTh IPUOIMKEHHO IYyTEM CIICIYOMIEro pacyera.
[Ipu moMoIH OKYISIPHOI KAl YIETPAMUKPOCKOIIA BRIICISTIOT ONpPEIeNICHHBI 00heM 301, B KOTOPOM BH3YaIbHO
MOJICYMUTHIBAIOT YUCIIO HAXOMSAIINXCS B HEM YacTHUIl. 3Has OOIIYI0 MacCy MUCIIEPTUPOBAHHOTO PACTBOPA U BHIYHCITHB
KOJIMYECTBO YaCTHUI] BO BCeM OOBEME, MOXHO pPAcCUYUTATh MacCy OJHOW YACTHIBI, W yXKE 0 HeH, YJHUTHIBas
TUIOTHOCTD TUCTIEPTUPOBAHHOTO BEIIECTBA, OTPEACIUTE 00BEM M pa3Mepbl JacTuibl. [1ycTh d — IUIOTHOCTE YacTuil,
C — BecoBasi KOHICHTPALMS KOJUIOMIHOTO PacTBOpa, V — BBIACICHHBIH ONTHYCCKHA 00BEM, V — YHCIIO YACTHIL B
obbpeMe V, Tora Ynciio 4acTUIl N B eAUHUIE 00beMa OyJeT paBHO:

1%
n= V
CoOTBETCTBEHHO 3TOMY BEC OT/ICIIEHON JacTHIBI M U €€ 00beM ® OyIyT paBHBI:
C m
m=— w=—

n d

Ipunumas popmy dacTuibl 3a KyO win chepy, MOKHO BBIYUCIUTD pa3Mep KOJUIOMIHOM YacTHIBI 1O CIIETyIOLINM
dbopmymam:



rae 1 — pedbpo kyda, wu

rae D — muametp cheprdecKkoil JaCTHIIBL.

VY IIbTPaMHUKPOCKON A2€T BO3MOKHOCTh KOCBEHHO CYAMTH O ()OpME KOJUIOWAHBIX YaCTHUI], XOTS M BECbMa
npubamkeHHo. Tak, poBHas OCBEIIEHHOCTh IIONIS 3PEHHS B YIBTPAMHKPOCKOINE CBHIETENBCTBYET O TOM, HUTO
KOJUIOMIHBIE YaCTHIIBI IMEIOT OoJiee WM MEHee MPaBIIBFHYIO (T.€. CHMMETPHUUHYI0) (hopMy JacTHIl (OKTadap, map,
KyO u T.11.). «McKpsimeecs WIN «MEpLAIONee) MMoJe KOCBEHHO CBUIETEIBCTBYIOT O TOM, YTO KOJJIOMIHBIE YaCTUIIBI
MMEIOT HEeNpaBWJIbHYIO (HECHMMETPHYHYIO) (OpPMY YacTHI[- MaJIOYKOOOPA3HYI0 WM IulacTHHYaryro. [Ipu cBoem
Xa0THYECKOM JBMIKCHUH STH YacCTHUIIGI HEOJMHAKOBO PACCEUBAIOT CBET B 3aBHCHUMOCTH OT TOTO, KaKOH CTOPOHOI
MOBOPAYMBAIOTCS OHM K MajaronieMy jydy. ONBIT HOKa3bIBaeT: €CIM Ul OCBEIICHHS 30JI1 B YJIBTPAaMHUKPOCKOIE
NPUMEHSTH He OOBIKHOBEHHBIH, a ITOJIIPU30BAHHBIH CBET, MOKHO OTJIMYHUTH NMAJIOYKOOOPa3HbIE OT INIACTUHYATHIX.

6.9 DneKTpoKHHEeTHYECKHE CBOMCTBA KOJJIOHIHBIX PACTBOPOB

ONEeKTPOKMHETHYECKHUE SIBIICHUS B KOJUIOWAHO-AMCIIEPCHBIX CHCTEMaxX M CBSI3aHHOE C 3THMH SBICHHAMHU
HaIIM4He SJCKTPUIECKUX 3apsamoB y komwtonnoB oTKpeur @.®D. Petic (1808). B ompiTax Pelica B Kycok BIIaXKHOM
rmmHBl 1 (pucyHok 10.13) ObTH BCTaBICHBI ABE CTEKISIHHBIE TpyOku 2,3. B momydeHHBIE TakuM crocoOoM
IWJIMHAPHI C TIMHSIHBIM THOM HACBIIAJIHM XOPOIIO MPOMBITHIH KBapIEBOH NECOK 4 M HATMIM B HUX O OJMHAKOBOTO
ypoBHS Boay. OmycTHB B IMJIMHApP 3JIEKTPOIBI OT BOJIBTOBOTO CTOJI0A — OJHOTO M3 HEMHOTHX HM3BECTHBIX B TO
BpeMsl HCTOYHHKOB 3JEKTPUYECKONW OJHEPrHH, BKIIOYANM TOK. Yepe3 HEKOTOpoe BpeMs IOA BIMSIHHEM
3JIEKTPOCTATUYECKOTO TOJI YaCTHUIIBI TJIHHBI, OTPBIBASCh OT TOBEPXHOCTH, CTAJIH MPOXOAUTH CKBO3b IIECOK H
JIBUTAThCSI K IPOTHUBOTONOKHOMY Hoitocy (aHony). CiaenoBaTenbHO, 3TH YaCTUIBI HUMENN OTPHLIATENbHBIN 3apsn. B
IUIMHIPE C TOJ0XKUTEIBHBIM 3JIEKTPOJOM 00pa30Bajach XOPOIIO 3aMeTHas cycHeH3us (MyTh) 5. OfXHOBPEMEHHO
YPOBEHb BOZBI B IMIMHIPE C OTPUIIATEIBHBIM 3JEKTPOJOM (KaTOJOM) HOTHAJICS, a B IMIMHAPE C TOJI0KUTEIBHBIM
3NEKTPOJOM OIYCTHIICS, YTO CBHIAETENBCTBYET O MOJIOKHTEIBHOM 3apsi/ie BOBL.

Pucynok 10.13
Cxema ycTaHOBKH IS TPOBECHUS IEKTpodopesa
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[Mpn nanpHEHIIEM W3Y4YEHHM 3THUX SIBICHHUH OOHApY)XWJIOCh, YTO OHHM XapaKTepHBI JUII KOJUIOWIHO-
JHCIIEPCHBIX CHCTEeM. JIBW)KEHHME 4YacTWI] AUCIEpPCHOH (a3l B 3JIEKTPUYECKOM II0J€ K IPOTHBOIOJIOKHO
3apsHKEHHOMY 3JIEKTPO/y HOIyYHIIO Ha3BaHUE dJeKTpodopesa.

[IprTasice onpenenuTs NPUYMHBI HOJHSITHS BOABl B IWJIMHApPE C OTPUIATEIHHO 3apsDKEHHBIM 3JIEKTPoIoM, Peiic
mocTaBmi JIpyroil ombIT. OH MPOIyCKal MOCTOSHHBIA TOK uepe3 mpuoop, cocrosmuit m3 U-o0pa3Hoil TpyOku
(pucynok 10.14), cpemHsis 9acTh KOTOPOH 3amoiHEHa KBapLEBBIM IMECKOM. B 3ToM mpmbope KBapueBBIH ITECOK
UTpast poiib MOPUCTON AHadpParmsl.
Pucynok 10.14
Cxema ycTaHOBKH IS IPOBEIEHUS 3TIEKTPOOCMOCa



1- U-o0pa3Hast TpyOKa; 2- KBapIIeBhIil IECOK; 3- Boaa

Ilocne BkIIOUEHMS SIEKTPUUECKOTO TOKA YPOBEHb BOJABI C OTPULATEIBHBIM 3JIEKTPOJOM Hadajl
MOBBIIIATECSA, @ B KOJEHE C IMOJOXKUTEIBHBIM 3JIEKTPOJOM - MOHMKATHCA. DTO MPOJOIDKAIOCH N0 TEX IOp, IOKa
pa3HOCTh YPOBHEW B 000OMX KOJEHAX HE JOCTHIJIA ONPEACICHHOMN BEJMYMHBI. MHOTOYNCIICHHBIE ONBITHI OKa3allH,
YTO, KaK W IpPH 3JIEKTpodopese, 3TOT MPOIECC MPOTEKAeT C IOCTOSHHON CKOpocThio. [IpmdeM KonmdecTBo
MIEPEHECCHHON JKUAKOCTH HAXOJUTCS B MPAMON 3aBUCHMOCTH OT TNPHJIOXKEHHON pPa3HOCTH IOTEHIUAIOB H
JVJIEKTPUYECKON MPOHUIAEMOCTH M 00paTHO MPOMOPIMOHANBHO BA3KOCTH 3TOH cpenbl. BriociencTsuu sBiIeHUE
MepeHoca KUIKOCTH Yepe3 MOPHUCThIe AradparMbl U y3KHe KalMJUIIPhI HOIYyYHIIO Ha3BaHUE 3J1eKTPOOCMOoca.

HOSI[Hee 6I>IJ'II/I OTKPBITBI €1I€ JBa JJICKTPOKMHETHUYCCKUX SABJICHUSA, MPOTUBOIOJIOXHBIC (HO JBHXKCHHUIO
(ha3) anekTpodopesy u 3IEKTPOOCMOCY.

Tak, KBunke (1859) oOHapyxwuia, 4TO NpU MEXaHHYECKOM IPOTAJIKMBAHUU BOJBI depe3 MOPHCTYIO
quadparmy win yepes Kammwuisip (4TO MOYKHO OCYIIECTBHUTh, MPUMEHSIS IaBlICHHE) Ha MPOTHBOIMOIOMXKHBIX CTOPOHAX
3TOo# auadparMpl (WIKM HA KOHIAX KAMWLIIPA) MOSBISICTCS Pa3HOCTh MOTCHIMAIOB, MPEISITCTBYIONIAs TPOTCKAHUIO
JKUJKOCTH. DTO SIBJICHUE IIOJIy4HIO Ha3BaHHe d(dexTa mpoTrekanus, win dpdekra UCTEUCHHUs, a BO3HUKAIOIIASN
Pa3sHOCTh MOTCHINAJIOB — MOTEHIHAJIA POTeKAHHUS.

B 1878 r. [lopH OOHapyXun [pyroe 3JIEKTPOKHHETHYECKOE SBJICHHE, KOTOPOE 3aKJII0Yanoch B
BO3HMKHOBEHHHU CKayka MOTCHIMAJIOB IPH MEXaHMYCCKOM IEPEIBIDKCHUH TBEPIBIX YacTHIl B XUAKOH dase (B
omblTax JlopHa — NpH OcelaHMM KPYNHUHOK IeCKa B BOZE). YKa3aHHOE sBICHHE OOpaTHO 3neKTpodopesy u
NONy4wIo Ha3BaHHe J¢peKTa ceIHMMEHTANMM, a BO3HUKAIOIIMA CKadyoK IOTEHIHWana — MOTeHIHAJ
ceJUMEHTAINH.

Takum 00pa3oM, NpHUIIOKEHHAS U3BHE 3.71.C. BBI3bIBACT ABMKEHUE (a3: 1) anekrpodopes, eciu B ABUKEHHE
NPUXOAUT TBepJas (aza Mo OTHONICHHIO K HEMOJBIKHOW (B 1eJIoM) XHUIKOW (aze; 2) 3JIEKTPOOCMOC, €Cid
NPUXOJUT B ABIKEHHE XHMIKas Cpele MO OTHOIICHHI0 K HEMOABW)XHOW TBepinod ¢asze. C Apyroit cTopoHsl,
MeXaHHUYEeCKOe IepeaBkeHne (a3 BBI3bIBACT 3.4.C.. 1) MOTEHIMANT CEAUMEHTAIMH, €CJIM COOOIaeTCs ABIKCHHE
TBEPJIOH JHCTIEpPCHON (haze 10 OTHOIICHUIO K HEMOABIDKHOMN *KUIKOMH; 2) MOTEHINA IPOTEKAaHNUs, €CIIH cO00maeTcs
JBIDKEHUE XKHUIKOH (pase 1o OTHOLIEHHIO K HETIO[BIKHOM TBEpAOil (a3e (IIOBEpXHOCTH).

§ 7 Kunernuyeckasi M arperaTuBHasi yCTOHYMBOCTD 30JI€id.
DaKTOpbI YCTOHYNBOCTH

IMox ycTOMYMBOCTBIO AMCHEPCHOM CHCTEMBI MOHHMMAIOT IMOCTOSHCTBO BO BpPEMEHHM €€ COCTOSHUS U
OCHOBHBIX CBOICTB: AMCHEPCHOCTH, PaBHOMEPHOT'O pacHpeneseHHs] YacTHIl JUCTIEPCHON ¢a3bl B AUCIEPCHOHHON
Cpelsl M XapakTepa B3aUMOACHCTBHUS MEX/ly YaCTUI[AMH.

H.IL.ITeckor (1920) BBen HOHATHE O ABYX BHAAX YCTOHYHMBOCTH CEJUMEHTAIIMOHHOHN (KMHETHYECKOil) U
arperatuBHO. CeIMMEHTAIIMOHHAA YCTOIUYMBOCTH MO3BOJISIET CHCTEME COXPAaHATh PaBHOMEPHOE pacIperesicHHue
qacTUI] B 00beMe, T.e. IPOTUBOCTOSTH NEHCTBUIO CHJI TSDKECTH M IPOILECCaM OCEJaHWsS WIM BCIUIBITHS YaCTHIL.
OCHOBHBIMHU YCIOBHUSIMH 3TOH YCTOHYMBOCTH SIBJISIIOTCSA BBICOKAs JUCIEPCHOCTh M y4acTHE YACTHIl AMCHEPCHON
(a3l B OpOYHOBCKOM JIBIDKCHHWH. ATperaTMBHAas YCTOMYMBOCTH JUCIIEPCHBIX CHCTEM — 3TO CHOCOOHOCTh
IPOTUBOCTOSTH arperaluy 4acTull. B 3ToM OTHOIIEHUH JUCTIEPCHBIE CUCTEMBI AETATCS Ha J1Ba Kjlacca:

1) TepMOIMHAMHMYECKH YCTOMYMBBIC, WM JHO(UIBHBIE, KOJUIOMIBI, KOTOpPBIE CaMOIPOU3BOJILHO
JICTIEPTUPYIOT W CYIIECTBYIOT O€3 JIONOJHMTENbHOM crabmimmsannu (MULEUIIpHbe pacTBopsl [TAB, pactBopb!
BMB u 1.11.). [Ipn 06pa3oBannu 3TUX cucteM cBoOoaHast sHeprust  no6oca cuctemsl ymenbaetcs (AG<0);

2) TepMOAMHAMHUYIECKH HEYyCTOMYMBBIC, MU JINO()OOHBIE, CHCTEMBI (3071, CYCIIEH3HUH, SMYJIECUH). [ HIX
AG>0.

ArperaTHBHas YCTOMYMBOCTH AUCIIEPCHBIX CHCTEM BechMa pa3inndHa. OTHU CHCTEMBI MOTYT CYIIECTBOBATh
CEeKyHIBI TIOCNIE WX O00pa3oBaHMA, APYTHe O4YEeHb HONroBeYHB. Hambonee HEyCTOWYMBBIMHU IO CBOCH HPUpPOJE
SBIISIOTCST THUAPO(OOHBIE KOJUIOMAHBIE CHUCTEMBI, JJIS KOTOPBIX XapakKTepHO ciaboe B3aMMOACHCTBHE MEXIy
YacTHIIAMH JWCIepCHOW (a3bl W JUCIIEPCHOHHON cpeno. [[ms mpumaHus CTaOWIBHOCTH TaKUM CHCTEMaM
HE0OX0/IMMO NPHUCYTCTBHE TEX MM UHBIX (PAKTOPOB YCTOHIMBOCTH.



@akTOpbl arperaTMBHOI yCTOWYMBOCTH AMCIEPCHBIX CHCTEM MOAPA3JEIAIOT HAa KHHETHYECKHE U
TEPMOIMHAMUYECKHE.

K TepmonuHamMmaeckuM (GpakTopaM OTHOCSTCS CIIEAYIOLIHE:

1) anmexkTpocTaTHIECKUil — CIIOCOOCTBYET CO3JAHUIO JEKTPOCTATHIECKUX CHJI OTTAIKHBAHHSA, BO3PACTAIOLINX TPH
YBEJIMYCHUH MTOTEHIMAJIa TOBEPXHOCTH YaCTHII () 1 0coOEHHO 3eKTpoknHeTHIecKkoro ({) moTeHnunana;

2) ancopOUMOHHO-CONBFBATHBIHN — MPUBOINT K YMEHBIIEHUIO MEK(a3HOTO HATSHKCHHS M CHIDKEeHHIO sHeprun [ mbb6ca
MIOBEPXHOCTH pa3/ena;

3) SHTPONMHHBINA — SIBISIETCS JIOMOJHUTEIBHBIM K JIByM TEPBBIM (DaKTOpaM M JEHCTBYET B BBICOKOAUCIIEPCHBIX
cHCTeMaX, YacTHIBl JAUCIEPCHOH (a3l KOTOPHIX YYacTBYIOT B OpOYHOBCKOM JIBW)KEHHH; CIOCOOCTBYET
PaBHOMEPHOMY paclpeeICHUIO YacTHII TI0 00BEMY CHCTEMBI.

K kuHeTn4eckuM QakropaM yCTOWYHBOCTH, CHHIKAIOUIMM CKOPOCTH arperalyy 4acTUl] AUCIIEpPCHOHU (asbl,
OTHOCSTCS:

1) cTpyKTypHO-MEXaHWYeCKHH — CBSi3aH ¢ 00pa3oBaHHMEM Ha MMOBEPXHOCTH YaCTHUI[ 3AIIUTHBIX CIOEB (IDICHOK),
00J1a1at0IMX YIPYTOCTBI0 M MEXaHWIECKON IPOYHOCTHIO, CTOMKHX K Pa3pylIeHNUIO;

2) THAPOIMHAMHYECKUN — CHM)XKAET CKOPOCTh arperanuy BCJICACTBHE HM3MEHEHUS BSI3KOCTH CPENbl, IIOTHOCTH
JICTICPCHOM (ha3bl U AUCTIEPCHOHHON CpPEJIbI.

B peampHBIX cHCTeMax arperaTMBHas YCTOWYHBOCTh OOBIYHO OOYCIIOBJIMBAIOTCS OJHOBPEMEHHBIM
JIEHCTBHEM HECKOJBKUX (akTopoB. [Ipu 3TOM OCHOBHYIO POJIb UTPAIOT /Ba (aKTOpa arperaTHBHOW yCTOWYHBOCTH:
JNEKTPOCTaTUUECKUH Oapbep, CO37aBaeMblii CHIaMH OTTAJIKMBaHHSA, W aicOpOLMOHHO-COJILBATHBIN Oapbep,
OKpYKAIOIIMH YaCTHIly U MEXaHHYECKHU MPETSTCTBYIOMINHN €€ CONMKEHHIO C IPYTMMH YaCTHLIAMH.

§ 8 IlonsiTue o KoaryJ/jasiuvu. OCHOBHBIE IOJI0KEHHS TCOPUH KOoAryJisiiuu

Koarymsamust — mporecc cnumaHus dYacTul, oOpa3oBaHHME Oosiee KPYMHBIX arperatoB ¢ IoTepeit
CEIMMEHTAI[IOHHOW M arperaTMBHOM YCTOHYMBOCTH W TOCIEAYIONIMM pasleleHneM (a3 — pa3pylieHHEeM
JUCIIEPCHOM CUCTEMBIL.

EnBa nm cymiecTBYIOT Kakne-1u00 BHEIIHHE BO3AECHCTBHUS, KOTOPBIE IPH JOCTATOYHON MWHTEHCHBHOCTH HE
BBI3BAIM OBl Koaryysinuu. JleficTBHE TEIIOTHI M XOJOAA, 3JEKTPOMATHWTHBIX IOJEH, JKECTKHUX H3ITydEHHH,
MEXaHUYECKUE BO3JCICTBUSA, XUMHYECKHE AareHThl NPUBOAAT K HAPYLICHHWIO arperaTMBHOM YCTOHYMBOCTH H,
CJIe/IOBATENIbHO, K KOaryiasuuu. Bce 5TH BO3MeiCTBUS CTONB pasziM4HbIE O XapakTepy, 00JagaroT OOIIUM
CBOMCTBOM — OHHM Pa3pylLIalOT SHEpreTHUecKuii 6apbep, ¥ MeTacTaOMIbHas CUCTEMa CaMOIIPOM3BOJIBHO NEPEXOUT B
Oonee yCTOWYMBOM COCTOSIHME B TMpolecce Koarynsauud. Bce 0e3 HCKIIOYEHUS SIEKTPOIHTH  BBI3BIBAIOT
KOaryJsIuio IpH YBEIUYEHHM KOHILEHTpPAllUd HX B PACTBOPE A0 HEKOTOPOro (pasiM4HOrO s Pa3HBIX
JIEKTPOJIUTOB) KpUTHUECKOT0 3HaueHUs Cy, Ha3bIBAEMOT0 MOPOrOM KOATyJISAUH.

B xoze pa3BuTHs IpeACTaBiIeHUI 00 YCTOWYMBOCTH M MEXaHU3MaX KOAryJsiuu rupo(oOHBIX KOJUIOUIO0B
pacTBOpaMH 3JIEKTPOJIMTOB BO3HUKAJIO MHOTO Teopui. Bce OHHM moxpasfensrorcss Ha aJCOpOIMOHHBIE U
3IEKTPOCTATHYECKHUE.

AncopOunonnas teopusi koaryasuuu I'.@peiinaiuxa. Jta Teopusi UCXOAUT U3 MOJIOXKEHUS, YTO MPHU
KOAryJSILK 30JIed MOHBI-KOAryJIsITOpbl acopOUpYIOTCSl KOJUIOMAHBIMHU YacTHLaMU. Koaryssumust HacTymaeT HpH
OJIMHAKOBOM THOHIXEHUH (-TIOTeHIMana, KOTOPOE JOCTHraeTcs NpH aacopOIHMM SKBUBAJICHTHBIX KOJIMYECTB
Pa3IMYHBIX HOHOB M YMEHBIIEHHH YHCIIa 3aps/IOB MOTCHIIMATOOPA3yIONMX HOHOB BCIIEACTBHE HEUTPAIU3ANU UX
a7COPONPYIOUTIMHUCS HOHAMH-KOAryIsaTOPaMH.

JJieKkTpocTaTHyeckass Teopusi koaryiasuuu I'.Mioanepa. B omimndne oT aacopOIMOHHOI Teopuu 3Ta
TEOpHsl UCXOJMJa M3 TOTO, YTO BBEJCHHE DJICKTPOJIUTA B 30Jb HE W3MEHSET OOIIero 3apsaa B JIBOWHOM Clloe
YaCTHIBI, a BbI3bIBAET Cxkatue Muddy3HOro ciosi. YMeHblIeHHE TOJIIMHBI MOHHOM arMoc(epbl MPUBOIHUT K
CHIKEHUIO (-TIOTEHI[Mana, KOTOPOEe MOXKET ObITh BBIYHMCIEHO HA OCHOBE TEOPHUH CHJIbHBIX AJIEKTpOJIUTOB Jlebas-
Xrokkens. Benencreue cHmKeHUs (-ITOTEHIMANa yMEHBIIAETCS CTAOUIBHOCTD 30151,

Teopusn  ycroiiumBoctH  ruaApododHbIX aucnepcHsix  cucrem  JJPO.  AncopOrmoHHAs,
3NEKTPOCTATHUECKAst U PSIL APYTHX TEOPHH YCTOWYHMBOCTH M KOAryJsIIMU He OOBSICHUIIN BCEX 3KCIIEPUMEHTAIBHBIX
(hakTOB, HO CBHITpaNM TOJIOKUTENBHYIO POJIb B PAa3BUTHHM HAyKH 00 YCTOWYMBOCTH KOJUIOMAHBIX cucTeM. Mx
BaXKHEHINIME IOJIOKEHHs BOLUIM COCTABHOW YacThIO B COBPEMEHHYIO TEOPUIO YCTOHYMBOCTH, KOTOpPas XOPOLIO
COrJIacyeTcst ¢ MMOBEJCHNEM THITMYHO JIMO(POOHBIX JUCIEPCHBIX CUCTEM.

CoBpemeHHast pU3NIECKasi TEOPUsST YCTOWYMBOCTH KOJUTOWIHBIX CHCTeM Oblia pa3Buta b.B.JleparuHpiM u
JL Jlaanmay (1937), O.®@epBeem u S1.0Bepbekom (1941). B cooTBeTcTBHM C MepBBIMEU OykBamMHu (paMHIIUii aBTOPOB
teopust HocuT HazBanue J[JID®O. CormacHo 3TOH TEOpWH, MEXIY JIOOBIMH YacTHUIAMH TPH WX COIIDKEHUH
BO3HHKACT pPACKIMHHUBAIONICE [ABICHHE pa3IeiAiomel >KUAKOW TIPOCIOMKH B pe3yibTare NeHCTBUS CHII
NPUTSDKEHUS B OTTaNKUBaHUA. COCTOSIHHE CHCTEMBI 3aBUCHT OT COOTHOIICHUS CHJI NMPHUTSKCHHS U OTTAIKUBAHU.
[Ipeobnananue 3HEPTUHN OTTAIKUBAHIS IPUBOIUT K YCTOHUMBOCTH CHCTEMEL. [Ipeobiaganue sHEPTUH NPUTSHKEHUS
BBI3BIBAET HApPYILIECHUE arperaTUBHON YCTOHUMBOCTH, T.€. Koarymsauuu. IIpuposa cuia NpUTSHDKEHUS U OTTANKUBAHUS
pasnuuHa. OHeprus NpUTSDKeHUs oOycioBieHa cwiamMM Ban-nep-Baansca u m3Mmensiercst  oOpaTHO
HNPONOPLUOHANIBHO KBaJApaTy paccTOsHUA Mexay dacturamu. Cunbl oTTankuBaHus, corimacHo teopuun JAJIDO,
HOCAT JJEeKTpocTaTndyeckuil xapakrep. OHM MNpOSABIAIOTCA, €CIOM JABE OJHOMMEHHO 3apsDKEHHBIE YaCTHUIIBI
COMKAIOTCS HACTOJIBKO, YTO UX AU QY3HBIE CIOM B3AUMHO MEPEKPHIBAIOTCS.



Tak kak cyiaraeMble PacKIMHMBAIOIIErO JapieHus uMeroT pasHble 3HaKHM (Uy>0, Uy, <0), T0o 3HaK
CYMMapHOTO JaBJICHHs 3aBUCUT OT IPe00IaJaHus KAKOTO-TO U3 B3aUMOICHCTBUIA.
V3MeHeHre SHEPrud B3aMMOACHCTBUS MEXAY [BYMS 4YacTHLIAMH TPH HUX COJNIMIKEHHH MOXHO H300pa3uTh

rpadudecku (pucyHok 10.15):
Pucynox 10.15

HOTeHI_II/IaJILHLIC KpPHUBBIC B3aUMOICHCTBHS KOJIJTIOMJIHBIX YaCTHIL
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1 — SHEepruM OTTANKHUBAHUSA; 2 — SHEPTHH NIPUTSHKEHUS; 3 — pe3yabTUpPYIONIas KpUBas;

Ha ocm abcumcc OTKIIQABIBAIOT PACCTOSHUE MEXKAY YaCTHUIIAMU. JHEPTHI0 OTTANIKWUBAaHUS NMPUHUMAIOT 32
MOJIOXKUTEIbHYIO M OTKJIAIBIBAIOT HA OCH OpAMHAT BBEpX OT Hayala KoOpAMHAT. l3MeHeHue 3Toif 3Hepruu c
paccTosiHHUEM BBIpa)kaeT KpuBas |. DHepruro MPUTSHKEHUS, KaK OTPHLATENBHYIO, OTKJIAABIBAIOT BHHU3 OT OCH
abcrucc. Ee 3aBHCHMMOCTh OT pacCTOsIHMSI BbIpakaercst KpuBod 2. CymMmapHasi SHEpPrusi CHCTEMBI BBIpa)aeTcs
CYMMOM DHEPTHH NMPUTSHKEHUS U DHEPTUH OTTAJKUBAHUS:

E=Uqr; + Uy,

AHanm3 pe3yiabpTHPYIONIel TOTCHIMAIEHOW KPUBOH ITO3BOJISIET BEIICIHUTE Ha HEH CieMyroie XapakTepHbIe
YYacTKH: B OOJIACTH MAalBIX PACCTOSHHN HAa KPHUBOW MMeeTCs TIyOOKHH NEpBUYHBIM MHUHHMYM (MIOTCHIMATIbHAS
sMa), YTO YKa3bIBaeT Ha 3HAYUTEIBHOE NpeoOiaflaHue YHEPTHUH NPHUTKCHUA. B o0macTu OONBIINX PacCTOSHUM,
TaKXKe MOXET OBITh HEKOTOPOE IMPEBOCXOJCTBO SHEPTHH MPUTSDKEHHS, YTO OTPa)kaeTCsi BTOPUYHBIM HETTTyOOKHM
MHUHIMYMOM (BTOpasi MMOTEHIIHATbHAS siMa). B 001acT cpeqHIX pacCTOSIHUH Ha KPUBOW UMEETCS MAKCUMYM, U €CIIH
OH PACIIOJIOKEH HaJ OChI0 aOCIUCC, TO TOSBISIETCS MOTEHIMATBHBIN YHEPTeTHUSCKUA Oapbep CHII OTTAIKHBAHUS
AU,. Benmnunna AUg TeCHO CcBsI3aHa C arperaTUBHON yCTOWYMBOCTBIO CUCTEMBI.

YacTHibl JUCTIEPCHOM (a3sl 001aqar0T onpeaesicHHON kuHeTnueckoit sneprucii (kT), 3a cueT KOTOpOil OHU MOTYT

cONmKaThCa Ha TO WIH APYroe PacCTOSHHUE.
Pucynox 10.16

CxeMa B3aUMOIEHCTBHS KOJUIOMIHBIX YaCTHI]
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a — nepeKkpbiBaHie AU PY3HBIX CIOEB; O — arperaTUBHO yCTONYMBAs CHCTEMA; B — KOAryJIsIIUs



Jst Koary sinuy KOJUIOUAHBIE YaCTUIBI HOJDKHBI COMM3UTHCSA Ha TAKOE PACCTOSHUE, IPH KOTOPOM JHEPTHUS
MX B3aUMHOTO MOJIEKYJISIPHOTO MPUTSKEHUsI, 00yCIOBICHHOr0 BaH-Iep-BaanbCOBBIMU CHUIaMu, Oblna Obl OOIbIIE
SHEPTHHU TEIUIOBOTO (OpOYHOBCKOT0) ABMKEHHS. BBIMONTHEHNE 3TOTO yCI0BHSA IS CPepUIECKUX JaCTHL] BO3MOXKHO,
€CITH PACCTOSIHUE MEXKAY MMOBEPXHOCTSMH JAaCTHI[ CTAHET MAJIBIM II0 CPABHEHHUIO C PaANyCaMH YacTHII.

COmMDKEHNIO KOJUTOMIHBIX YacTHUIl HAa JOCTATOYHO MaJIble PacCTOSHHSA MPEMATCTBYET NIEKTPOCTATHIECKOE
OTTAJKHBAHUE MEXIYy WX ABOMHBIMH OJICKTPHUECKUMH CIOAMH. CHIBI 3JIEKTPOCTATUYECKOTO OTTAJKUBAHUS
BO3HUKAIOT JIMIIb NPU NEepeKphITHH Mu(dy3HBIX CI0EB KOIOMIHBIX 4YacTHL. Ecim ke TonmuHa JBOWHOTO CIos
YMEHbIIAETCsI, TO KOJUIOMIHBIE YaCTHIBI TI0JIy4atoT BO3MOXKHOCTh 00Jiee TECHOTO COJNMKEHUsSI 0e3 BO3HHUKHOBEHUS
CHJI OTTaJKMBaHHA. [Ipy IOCTAaTOYHO MaJbIX PACCTOSHUSIX CHIBI HNPUTSKEHUS NpeodianaloT Haj OpoyHOBCKUM
JBIDKCHUEM, M B 5TOT MOMEHT IPOUCXOJHT CIMIIAHKE, WIM KOaryJsiuus, 4acTul. Ha GoNbIINX pacCTOSHHAX, IS
KPYIHBIX aCCUMETPUYHBIX YaCTHUYEK, MMEIOINX (POPMY MaloueK WM MIIACTHHOK, SHEPTUS B3AaUMOJICHCTBHS MOXKET
OBITH B HECKOJIBKO pa3 OoJIbIlIe SJHEPTHU OPOYHOBCKOTO JBHMIXKECHUS, YTO TPUBOAUT K B3AUMHOMY MPUTSDKEHUIO 3TUX
gactun. Co3aeTcsi BO3MOKHOCT BO3HUKHOBEHHS CIIa0OCBSI3aHHBIX CTPYKTYp C TelIe00pa3HBIM COCTOSIHHEM. Tak
Kak 3HEprusl B3aUMHOTO NPUTSDKCHMS TOBOJBHO ciaba, TO 3TH CTPYKTYPHI JETKO pa3pylIaloTCs IPH HPOCTOM
BCTPSIXMBAHUH, OJHAKO Ye€PEe3 HEKOTOPOE BPEMsI ITOKOsI 00pa3yrOLIHICS 30JIb CHOBA IIPEBPAIACTCS B TEIb.

3710 sIBICHNE N30TEPMUUECKOTO 00PATIMOTO IEPEX0/IA 30JIb<«>Tellb MOMYIHIIO Ha3BaHHE THKCOTPOIMH.

THKCOTpPONHBIE CTPYKTYPB! BO3HUKAOT JIUIIb MIPU ONPEACICHHBIX KOHIICHTPAIMAX KOJUIOWAHBIX YACTHUI] U
3JIEKTPOINUTOB, IPUUIEM TIEPHO]] UX 3aCTYAHEBAHUS — BEJIMIMHA ITOCTOSHHAS JUIS KaJKTOH CHCTEMBI.

§ 9 BansiHue 3JIeKTPOJINTOB HA CIIOCOOHOCTD K KOATYJISAIIUH.
Mpasuio Wyasua-I'apamn

Habnronenus I'.Ilyneie (1882) mokaszanu, 4To KOaryJupyrolei criocoOHOCThIO 001a1aeT OJJMH 13 HOHOB
J00aBIsIeMOro 3IEKTposnTa (MOH-Koaryiarop). Koarymupyromass criocOOHOCTh MOHA-KOAryJsiTopa BO3pacTacT C
yBenmueHueM ero 3apsga (mpasBmimo Illymerne). Heckompko mozxe M.Tapam (1900) mamen, urto 3apsin
KOAryJIMpyFOIIEero HOHa BCETa MPOTUBOIIOI0XKEH 3apsiLy KOIONIHOM yacTunbl (npasmwio ['apan). CrnenoBaTenbHo,
KOAryJSILHIO OTPHLATEIBHOTO 307151 BBI3BIBAIOT KATHOHBI JOOABICHHOTO JEKTPONUTA. ISt 30J1 € TOJIIOKUTEIBHO
3apsDKEHHBIMH YaCTHIIAMH HOHAMHU-KOAryJIITOPaMH SIBIISIFOTCS] aHHOHBI.

3akoHomepHOcTH, HaigeHHesle Ilymeme u  Tlapam W HOATBEpXKICHHBIE — MHOTOYHCICHHBIMHU
UCCJIEI0OBAaHUAMMU, U3BECTHBI Kak mpasuwiio Hlynene-I'apau:

Koazyaupyrowum oelicmeuem obradaem mom UOH INEKMPOIUMd, KOMOPbIll umeem 3aps0, NPOMuUEOnOI0NCHbI
3apa0y epanyavl, Koazyiupylowee oOelicmsue mem CuibHee, YeM 8vlue 3apA0 UOHA-KOA2YIAMopa (npasuio
3HAYHOCU).

Kputudyeckoe 3HaueHHMEe KOHLEHTpPAlMM, IPU KOTOPOH MaHHBINA AIIEKTPOJIUT BBI3BIBACT KOATYIALUIO,
Ha3bIBaloT moporom koaryJsinui (Ck). Ero BeipakaroT B MOJIb/J MIJIM MOJIB/II.

BennunHy 00paTHY!O TOpOTY KOAaryisiMH, Has3bIBAIOT KOAryJHPYIOHMIEH CIOCOOHOCTBIO M 0003HadaroT Vi
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MOHA-KoaryJsiTopa.

Heo6xoanmo uMeTh B BULy, YTO BEJIMUYMHA TIOPOTa KOAryJIsIUH 3aBUCHT OT PsAa YCIOBHH: OT MOMEHTA €T0
(buKcHpOBaHMS 1OCIE BBEACHHS 3JIEKTPOINTA, OT METO/1a HAOIIOACHHS, OT KOHIIEHTPALMH UCCIIEIYeMOTO 30115 U JIp.
— KOTOpBIe He00X0AMMO y4HThIBaTh Ipu ompexaeneHnu Cx. Hanboree pacmpocTpaHeHHBIE METOABI OMPEAEICHUS
HOpoTa KOaryJsiliMu COCTOST B HAONIOJCHUS 32 U3MEHEHHEM CBETOpacCesiHUs (depe3 OIpeleNIeHHOE BpeMsl 1ocie
CMEIIMBaHMUA 30711 C JJIEKTPOJIMTOM) WM B TUTPOBAHMHU 30JI1 PACTBOPOM JJIEKTPONMTA OO Hadaja SBHOU
KOaryJIsIiH.

ITpouecc Koarymsiuu OCIOXHSETCS, €CIU IPUMEHSIOT CMECh JJIEKTPONUTOB. [IpoMcXoauT cMelieHue
a/ICOPOIIMOHHOTO PaBHOBECHs, KOTOPOE COINPOBOXKIAETCS IEpepaclpe]eIeHHeEM HOHOB JBOHHOIO CJIOSI U
M3MEHEHHEM MTOPOTOB KOATyJISIIIUH.

Bo03MOXHBI TpH CiTydasi COBMECTHOTO AEHCTBHUS CMECH U3 JBYX HJIM 00Jiee 3JIEKTPOIUTOB HA KOJUIOMIHBIH
pactBop (pucyHok 10.17):

1) cyMMHupOBaHHE KOAryJIMPYIOLIETro JICHCTBHS AJIEKTPOINTOB (34 JUTUBHOCTS);
2) OAMH 3NEKTPOIMT OCNalIseT NeHCTBHE IPYroro (AHTaroHNU3M);
3) OAMH 3NEKTPOJIMT YCUIUBACT AEHCTBUE JPYrOro (CHHEPTU3M).

. Koarynupyromas cnocoOHOCTh BBIPaKAET YUCIO 00BEMOB 30Jis1, CKOAryJUpPOBaHHBIX 1 MoJiemM

Pucynox 10.17
Koarynsiius cMecsiMH 3JIEKTPOJINTOB
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1- ANJUTUBHOCTD KOAryJupyromero HeﬁCTBHH;

2 — aHTaroHM3M WJIM HETITH3aIHS;
3 — CHHEpPIu3M KOaryJIupyIOIIero JeHCTBHS.

§ 10 Kuneruka xoaryasinui. MeaJjieHHas ¥ ObIcTpasi KOAryJIsius

XoJ Koarysiuy B 3aBUCHMOCTH OT KOHIIEHTPAIMU KOAT'YJINPYOLIETO IEKTPOINTa MOXKHO MOIPa3IeIUTh
Ha JiBe ctaauu (pucyHok 10.18): Meaiennyro u 6bicTpyto. [Ipu MeaneHHOM Koary Ay n3MeHeHHe KOHLIEHTpaluu
KOAryJIMPYIOLIETO IEKTPOJIUTA CONIPOBOXKAACTCS PE3KUM M3MEHEHHEM CKOPOCTH Koaryisuuu. B obmactu OblcTpoit
KOaryJsliy YBEJIMYEHHE KOHIEHTPALUU KOaryJHpYIOLIETO 3JIEKTPOJINTAa HE BBI3BIBAET H3MEHEHHE CKOPOCTH
KOaryJsuy, JOCTUTIIeH CBOEr0 MaKCHMAaJbHOTO 3HadeHus. KOHIEHTpaIuio 3JIeKTpoJINTa, HauMHas ¢ KOTOPOH

CKOPOCTh KOAT'YJISIIIUU OCTAETCs MIOCTOSIHHOM, Ha3bIBAalOT MOPOrOM ObLICTPOIl KOATYIALUH.
Pucynok 10.18

3aBUCHMOCTH CKOPOCTH KOATyJISIIIMU OT KOHIEHTPAIMN 3JIEKTPOJINTA.
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Teopust ObICTpO¥ Koaryssiiuu Obuta paspadorana M.CmoayxoBckuM. OHa OCHOBaHA Ha MPEAIOIOKCHHUH,
9TO B 00JaCTH OBICTPOH KOATYJISIIMHU JIF000E CTOIKHOBEHHE YaCTHIl MPUBOANT K UX CIUIIAHUIO U YTO BCE MHILEIIIBI
30511 JI0 KOAaryJsiMU MMEIOT OJMHAKOBBIM pasMep M cdepuueckyio ¢opMmy. UHCIO CTONKHOBEHHH B €IMHHILY
BPEMEHH ONpE/eNseTCss MHTEHCUBHOCTBIO OpPOYHOBCKOTO IIBMXKECHHSI 4acTHI. J[I KOJMYECTBEHHOTO OITMCAHUS
koarynsuu M.CMOTYXOBCKHH HCIIONIB30BANl ypaBHEHHS (DOPMANBHOW XMMHYECKON KWHETWKH. [lpu 3TOM OBLTH
WCIIOJIb30BaHbI CIEAYIOIINE JOMYILCHHUS:

1) Ipu CTONKHOBEHMH JIBYX TEPBHYHBIX YaCTHIl, U3 KOTOPBIX COCTOSUI 30JIb J0 Hadaja KOAryJSILUH, HOSBISIOTCS
GoJiee KpyIHbIE YACTHUIIBI, Ha3bIBAEMbIE BTOPHYHBIMU;

2) npu CTOJIKHOBEHWH BTOPUYHBIX YACTHII C TIEPBUYHBIMU IOSABIAIOTCS TPETHYHBIC YACTHUIIBI;

3) uactuisl Oojiee BBICOKOTO, YETBEPTOTO, MOpPsAKa 00pa3yroTcs Ju00 B pe3yibTaTe CIUMAHHUS JBYX BTOPHUYHBIX
YaCTHLL, JINOO TPETHMYHON YaCTHIBI C IEPBUYHOIL; MOJJOOHBIE MPOLIECCH TPUBOJAT K 0OPa30BaHUIO YacTUI] OOJIbLIeH
KpPaTHOCTH.

[Tpu yBenMYEeHUH KOHIEHTPALMU AJIEKTPOJIUTa HaulHaeTcs: oOpazoBanue yactul Hu3wux (I, 11, 11 u T.m.)
MOPSIIKOB, KOTOPOE TPOTEKaeT HE3aMETHO [ HEBOOPYKEHHOTO B3IJISila M HA3bIBAETCS IO3TOMY CKPBITOM
Koarynsnuei. JlanpHeillee yBenuueHHEe KOHLEHTpPAIMM 3JIEKTPOJIUTAa BEAET K IPOrPECCUBHOMY DPAa3BUTHIO
KOAr'yJISILMH, TIOBBIIIEHUIO €€ CKOPOCTH M CONMPOBOXKIAETCS IMOSBJICHUEM YaCTHIl OoJiee BBHICOKHX IOPSIAKOB. 30715
ImpeTepreBaeT BUAMMbIE U3MEHEHMS: OH MyTHEE WM U3MEHSAETCS €ro OKpacka. OTa CTaaus Ipoliecca Ha3bIBaeTcs
SIBHOH KoaryJsinmeii. [lepexo/ CKpbITOH B IBHYIO Ha3bIBa€TCsI IOPOTOM KOAryJIsIUH.

YpaBHEeHHE CKOPOCTH OBICTPOH KOATYJISIIIMK MOXKHO MPEACTaBUTh KaK PEAKIHI0 BTOPOTO MOPS/Ka:
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rae K — KOHCTaHTa CKOPOCTH, M=y my=m;+mp+mz+...+m; — oOIIas KOHIICHTPAaIus YaCTHI BCEX IIOPIIKOB
(kpaTHOCTH) B CHCTEME, Mj, My, M3, ..., M; — COOTBETCTBEHHO KOHIIEHTPAUH IIEPBUYHBIX, BTOPUIHBIX, TPETHIHBIX,
I — ot kpaTHOCTH YacTHIL.

M. CmOmyXxOBCKHH pa3BHI TEOPHUI0 MEMJICHHONW KOAaryJsiMH 4YacTHI, COXPAHSIOUINX HEKOTOPYIO
CTaOMIBHOCTh, MpEnmnojaras, 4ro HE KaXXI0€ CTOJKHOBEHHWE YacTHIl NPUBOAMT K HX ciunaHmioo. KuHeTnka
MEJICHHOW Koaryysimuu pa3BuTa B paborax H.A.@ykca. Ecmu 3¢ dhekTuBHON SABISSTCSA UMb YaCTh CTOIKHOBEHHMA
0, TO KOHCTaHTa CKOPOCTHU peaKIM pPaBHa!

k=4rDRa

HpI/I KoaryJjadauuu BMECTE ¢ YMCHBIICHUEM YHCJIa YaCTUI] U UX YKPYITHCHUEM HNPOUCXOAUT USMCHCHUC psilia
CBOMCTB PaCcTBOPOB: MOHUIKACTCSA CKOPOCTb ,HI/I(i)(i)yZiI/II/I n (bI/IJ'H)TpaHI/II/I JacTull, YBCIIMYMBACTCA CKOPOCTH
CEANMEHTANN, MEHACTCSI NHTCHCUBHOCTD PACCEIHHOTO CBETA, 4 BMECTE C TEM M OKpackKa paCTBOPOB.

§ 11 Kosutonanas 3ammuTa, pusnyeckuii cMbIC] SABJIEeHUS

Koarymsamust B psAge cioy4aeB 3aBHCHT OT chocoba TPUOABICHHS —SJICKTPOIUTA-KOAryIsTOpa.

OKcnepuMeHTaNbHbIE JJAHHBIE CBUAETEILCTBYIOT O TOM, YTO €CJIH DJICKTPOJIUT JOOABIATH K 30JI10 HEOOIBLIMMHU
HOPIMAMH, TO B UTOTE KOATyJSLUsA HACTYNAeT NpU 6ojee BEICOKOW KOHLIEHTPAIH IEKTPOINTA, YeM IIPU BHECEHUU
cpa3y 0oJpILIOro ero KonmuecTBa. Takoe siBJICHHE Ha3bIBaeTCS MPHUBBIKAHMEM 30Jis1. [[puunHOil npuBbIKaHUS 307151
MOXeET OBbITh 00pa3oBaHHME MENTH3aTOpa WM aicopOLMsl MOHOB, 3apsDKCHHBIX OJHOMMEHHO C YacTUIEeW, YTo
NPUBOAMT K TMOBBIIICHUIO MEPBOHAYAIBHOTO 3apsja 4YacTHLBL. YCTOWYMBOCTH JIMO(OOHBIX 30Jiel INPOTHB
KOAryJsiM Bo3pacTaeT B NpUcyTrcTBuM BMB: OenkoB, mosincaxapunoB U T.M. DTO MPOSBISAETCS B MOBBIIICHUH
3HAYCHHUH TIOPOTOB KOATYIALNH Y 3aIIUIIEHHOTO 301 ¥ HenoaunHeHuto npasmry Llymnene-Iapan.
MexaHU3M 3alUTHOTO JEHCTBUS MOXKHO OOBSCHHTH TEM, UYTO Makpomoiekymsl BMB ancopOupyrorcs Ha
MOBEPXHOCTH KOJUIOMIHBIX YAaCTHIl, CO3/aBas aJCOPOIIMOHHBIC COJIBATHBIC CIIOM, KOTOpPBIC IIOBBIIIAIOT
TUIPOGMIEHOCTS KOJUIOWAHBIX YacTHIl. BClencTBHE 3TOr0 yCHITHMBAeTCs B3aHMMOJCHCTBHE YacTHIA-PACTBOPUTEIb.
CompBaTHBIE cJOHM OOECIeYMBalOT OoOJNbIIee PACKIMHMBAIONIEEe MABIICHHE NpH CONMIKCHWH [BYX YacTHI U
MPEMSATCTBYIOT WX CIMIIAHHIO. 3alIUTHOE ACHCTBHE YCHIMBAETCS, €CIIU B afcopOIMOHHOM cioe BMB obpasyrorcs
rejeo0pasHble CTPYKTYpHI, 00JIalatoIie MOBBIMICHHONW MPOYHOCTBIO M YIIPYTOCTHIO (3TO OTHOCHUTCS, HAIpUMEpP K
JKeNaTuHy).

B 10 xe Bpems mpu Manbix godaBkax BMB B psine ciyyaeB HaOmioJaeTcss He MOBBINICHHE, a CHU)KEHHE
YCTOMYHUBOCTH KOJUIOWIOB. DTO SIBICHHE Ha3bIBAIOT ceHcHOWIm3amueil. OObSICHUTh MEXaHU3M CEHCHOMIN3AIUU
MOJKHO TEM, YTO MPH MaJioi KoHIeHTpalmu BMB Ha yacTuiiax o0pa3yercst phIXJiblid aICOPOIMOHHBIN CIIOH, YacTh
MOBEPXHOCTH YaCTHI] OCTaeTcs CBOOOJHOW M BO3PACTACT BEPOATHOCTh aACOPOIMH OJHOH MaKpPOMOICKYJIIBI
pa3IMIHBIMHA YY9acTKaMH Ha JIBYX YacTHIaX AucrepcHo# (as3pl. [IpoMCXOmUT KOarymamus MyTeM «CHIMBAHHSD)
YacTHI.

P.3urmMoHaM mpeToKmI KOJTHYECTBEHHOE OTPEICTICHAE 3allIUTHOTO EHCTBUS TOTO WM HHOTO 3aIlUTHOTO
KOJUIOWa — TaK Ha3blBaeMOE 30JI0TO€ YHUCI0. V3BecTHO, KOJJIOMAHOE 30JI0TO, BECbMa YYBCTBHTEIBHOE K
nprOaBKaM 3JEKTPOJIMTA, B BBICOKOIWCIIEPCHOM COCTOSIHUM WMeEET KpacHBIH IBeT. [Ipy YMCHBIICHHWH CTEICHH
JIICTIEPCHOCTH 30JIb 30J10Ta PHOOpeTaeT roiay0oii 1Ber.
3onomoe yucno gvipadcaemcs KOIUUECMEOM MULTUSPAMMOS 3AUUMHO20 KOJIOUOA, KOMOpoe 00CMamoyHo, 4moobul
npedomepamums usmenenue ysema 10 mn kpacrozo 3015 3010ma 6 20ayoou npu npubdasienuu 1 mn 10%-020
pacmeopa xaopuoa Hampus.

UeM MeHBIIE 30JI0TO€ YHCJIO, TeM OOJbIe 3allUTHOE JeicTBHE KOJIoWAa. Pa3muyHbIe 3allUTHBIE
KOJUTOMABI O0NajgaroT OTIMYAIOIUMCS JACHCTBHEM H, CJIEIOBATENbHO, XapaKTEPHU3YIOTCS PA3IUYHBIM 30JI0THIM
YHUCIIOM.

Bruto ompeneneHo Takke 3allUTHOE JCHCTBHE B OTHOIICHUH 30Jiei cepedpa (cepeOpsHOe YHCi0), KOHTO
pyOmHOBOTO (pyOMHOBOE YHCIIO), CEPHI H T.JI.

Ha pucynke 10.19 cxemaTnaHO N300pa)KeH MPOIECC OCAXKACHUS 30JIs 30JI0Ta O] AEUCTBUEM AJIEKTPOJIHUTA
1 3aIIUTHOE KOJUIOUIHOE JISHCTBHE JKeTaTHHA Ha 3071b. Yactuma 307 30J10Ta B pe3yibTare aicopOImH
AHMOHOB MPHUOOpETaeT 3apsii. B 0TCyTCcTBHE 3aIMTHOTO KOJUTOWIA 3Ta YacTUIA HE 00JIaaeT 3alIuTHOW 000I0UKOM
U3 MOJIEKYJl PAacTBOPHUTENS M MO3TOMY IpH J00aBICHHH B PACTBOP XJOpHJA HATpHUA JIETKO ocaxmaercs. VMoHBI
HATpHs HEUTPAIM3YIOT 3apsij 301, YaCTHUIEI 3011 YK€ He OTTAJIKUBAIOT APYT Ipyra U arperupyroT.

Pucynox 10.19
3amuTHOE AEHCTBHE KEIAaTHHA HA 30JIb 30JI10Ta



Yacmuua Azpezamnasn

Jcaxdenue

Xeasamuwa

lrnenxa
KEAATIUHBI

nAeHKa ) Nat

Ecmu k 30m0 100aBUTH JKeMaTWH, OENOK MPHUKPEIUIIETCS K YacTHLaM 30JI1 M 00pa3yeT BOKPYT HHX
3aUTHYIO TIUIEHKY. JOHHas MOBEPXHOCTh JKENaTHHA COOONIAeT dYacTHLAM [OMOJHUTENBHBIH 3apsi, Kak
TIOJIOKUTENIBHBIN, TaKk M OTpHLATEIbHBINA. [loBepXHOCTh Oesika ajcopOMpyeT MOJEKYINbl BOABIL, YTO O00ecreyrBaeT
YJacTHLIAM 30JIs1 30J10Ta J00aBOYHYIO 3amuTy. JloOaBieHue xjopuaa HaTpUs yMEHbBLIAET 3apsi/l 30Js1, HO HE CTOJb
3¢ PeKTUBHO, KaK 3TO HaOIIOAATIOCHh B OTCYTCTBHH 3alIMTHOTO KOJJIOMAa. B pe3ynprare yacTuia He ocaxxaaeTcs.

§ 12 IlpunoxkeHne NOHATHS KOATYJISINMHA K OHocHcTeMaM

ITpomecchl Koarysiuuy W NENTH3aIUK UMEIOT OONBIIOE 3HAUYEHHE AJIS JKU3HEICATEIbHOCTH OpPraHu3MOB,
TaK KaK KOJUIOWABI KJIETOK M OWOJOTMYECKHX >KHIKOCTEH TaKXKe IIOABEPXKEHBI KOAry/SIIMA W TOCTOSHHO
UCTIBITBIBAIOT BO3IECHCTBUE €O CTOPOHBI AekTponuToB. CormacHo mnpaBuiny Hlynsue-I'apam mist coxpaHeHus
MIOCTOSIHCTBA (DPM3UKO-XUMHIECKUX YCJIIOBHH B OPTaHM3ME M IPH IKCIEPUMEHTaX in vitro HeoOXoIuMo coOmoaaTh
MOCTOSIHCTBO HE TOJIBKO KOHLEHTPALUU 3JIEKTPOIUTOB, HO M UX KAa4ECTBEHHOIO COCTaBa. J[€HCTBHTENBHO, €CIIU
MPUTOTOBUTH N30TOHMYECKHI pacTBop He m3 NaCL, a n3 paBHOW KOHICHTPAIlMM MHOTO3apsAHBIX HOHOB, XOTS OBI
Mg(OH),, To AByX3apsiAHbIE HOHBI OYAYyT 00JIalaTh 3HAYUTENILHO OoJiee CHIIBHBIM KOAryJIMPYIOIUM JISHCTBHEM Ha
koyutonbl, ueM NaCL.

3HaveHHe KOJUIOMIHOM 3alUThI Ul OMOJIOTHU U (hapMalliy Ype3BbIYaiiHO BeUKO. [IpUHIMI KOIIOUTHOM
3aIIUTH] HCHONB3YIOT PH MOJTYyYSHUH KOJIIaproia, 30iei cepedpa, 3010Ta U T.4. YacTUIIbI KoIIaproyia Tak XOpoLIo
3aIHUIIEHBI, YTO HE KOAryJIupyloT Aa)ke NPH BRICYIINBAHUU. belky KpOBH 3allMINAIOT KaIleJIbKH KUPA, XOJIECTEPHH
U npyrue runpodoOHbie BemiecTBa OT Koaryssinud. Ocna0ieHue 3aliuTHBIX (YHKIHMH OENIKOB KPOBH MPUBOIHUT K
OTJIOKCHHUIO XOJIECTEPHHA HA CTEHKAX COCYJJ0B, 00pa30BaHMIO KAMHEH B ITOYKaX, IEUYCHN H T.IT



