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1. IOHATHUE O KOJUIONJAX

B 1845 rony xumuk ®@pandecko CenbMu, UCCIETys CBOWCTBA pas-
JIUYHBIX PAacTBOPOB, 3aMETHJI, YTO OMOIOTUYECKHE JKUAKOCTH — CBIBO-
pOTKa 1 T1a3Ma KpoBH, TuM(a U APyTHe — Pe3KO OTIMYAIOTCS IO CBOUM
CBOMCTBaM OT OOBIYHBIX HCTUHHBIX PACTBOPOB U TTOITOMY TAKHE KHUJIKO-
CTH OBIITM UM HA3BaHBI NMICEBAOPACTBOPAMHM.

JanpHeiimye vccaenoBaHua B 9 TOM HalpaBIeHUH, TPOBOIUBIIAECS
¢ 1861 roma anmmiickuM yaeHsIM Tomacom [ paMom, rmokasaiu, 4To OTHU
BeIecTBa, OBICTPO TUMOYHAUPYIOIIHE U MTPOXOISAIITHE YePE3 PACTUTEIb-
HBIE ¥ )KHBOTHBIE MEMOpaHBI, JIETKO KPUCTAIITH3YIOTCS, IpyTHe ke o0a-
JTAIOT MaJIOH CIIOCOOHOCTHIO K MU py3nn, He TPOXOIAT Yepe3 MEMOPaHbI
1 HE KPUCTALTU3YIOTCS, a 00pazyroT amopdubie ocaaku. [lepseie [pam
Ha3BaJl KPUCTANJIOMIAMH, a BTOPHIE — KOJUIOMIAMH (OT TPEYECKOTO
ciosa kolla — ket u cidos — BUT) WM KJIEETIOMOOHBIMH BEIIIECTBAMH.

[IpoTuB Takoro CTPOroro pasaeneHus] XMMHYECKHX BEIIECTB BO3-
paxan mpodeccop Kuesckoro yausepcurera WN.I. Bopmos (1869r) u
BBICKa3aJ] MPEANOIOKEHHE O HAJHMYUU ONPEACICHHBIX CXOACTB MEXIY
yKa3aHHBIMU BEIIECTBAMH, B YACTHOCTH B CTPOCHHU KPUCTAJUTMUECKUAX
pemreTok. JTo MOI0KEHHE OBLITI0, 3aTEM MOATBEPIKACHO NCCICIOBAHUIMHI
pycckoro yaenoro Beiimapua. OH mokasal, 9TO OIHO U TO K€ BEIIECTBO
B 3aBHCHMOCTH OT YCJIOBHI MOXKET MPOSABIIATH CBOWCTBA KOJJIOUIOB HITH
KpUCTAIJIONIOB; TaK, HaIPUMEp, PacTBOP MBLIA B BO/IE 00 aeT CBOH-
CTBaMH¥ KOJUIOM/IA, & MBLIO, PACTBOPUMOE B CIIUPTE, IPOSBIISET CBOHCTBA
WCTUHHBIX pacTBOPOB. TOYHO TakK jk€ KPUCTAIUTUIECKHIE COJIH, HAIPHMED,
MOBapeHHasi Coiib, PacTBOpUMaAsi B BOJIE, JaeT MCTUHHBIA PacTBOp, a B
OcH30J1e — KOJUTOMIHBINA pacTBOp. B HacTosmee BpeMs 1000e BEIeCcTBO
MOYKHO TIOJTyYUTh B KOJUIOUJHOM COCTOSTHHH.

J .M. Menpenees nojaraj, 4To J1000¢ BEIEeCTBO B 3aBUCUMOCTHU OT
YCIIOBHI W IPUPOABI CPEIbI, MOYKET MPOSBISATH CBOMCTBA KOJUTOU/IA.

Taxkum oOpa3oM, HET OCHOBAaHMH TOAPA3NEIATH BEIISCTBA Ha JBa
000COOIEHHBIX KJIacCa — Ha KPUCTAJUTOUIBI M KOJIOUBI, & MOYKHO TOBO-
PHUTH O KOJJIOWTHOM FUTH KPUCTAJUIOMTHOM COCTOSTHUY BEIIECTB.

[Ton KOITONTHBIM COCTOSTHMEM BEIECTBA TOAPa3yMEBaETCs OIpeie-
JIeHHAsI CTENEeHb €T0 Pa3IpOOJEHHOCTH WM JAUCIIEPCHOCTH W HAXOXKJIe-
HUE KOJIJIOWTHBIX YaCTHIl BO B3BEIIEHHOM COCTOSTHIH B PACTBOPHUTEIIE.
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Konnonanas xuMus — Hayka, n3yvaronias U3HKO-XMMHUIECKUE CBOM-
CTBa I'CTCPOTCHHBLIX BBICOKOAUCIICPCHBIX W BBICOKOMOJICKYIIAPHBIX CH-
cteM. KomnonaHyio XuMHIO cliefyeT paccMaTpuBaTh Kak CaMOCTOSTEb-
HBIH pa3zien XUMHUH.

Ecnmu omHO BemecTBO, HaxofsIeecst B pa3ApoOIeHHOM (JAUCTIepTH-
POBAaHHOM) COCTOSIHWHM, PaBHOMEPHO pacIpesiesieH0 B Macce APYroro
BEIIECTBA, TO TaKyl) CUCTEMY Ha3bIBAIOT JUCIIEPCHOM. B Takux cucre-
Max pazapoOieHHOe BEIIECTBO NMPUHSITO HA3bIBATH JAUCIEPCHOH (a3oii,
a cpejiy, B KOTOpOii 3Ta (asza pacrpesesieHa — JTUCIICPCUOHHOMN CPeoi.
Tak, Hanpumep, cucTeMa, MpeAcTaBIsoNnas coOO0H B3MYUCHHYIO TIIMHY
B BOJIC, COCTOMUT M3 B3BCHICHHBIX MCJIKHX YaCTUIl I'TTMHBI — ILHCHepCHOP'I
(a3bl U BOIBI — AUCTICPCHON CPEIBL.

2. JMCHHEPCHBIE CUCTEMBbI

2.1. Knaccnukanus JUCIIEPCHBIX CHCTEM N0 BeJIMYMHE YACTHIL
JAHUCIEPCHOI (a3bl

Bce nucniepcHble CHCTEMBI 10 BEIMYMHE YAaCTHIL AUCTICPCHOH (hazbl
MOYKHO pa3/IeIUTh Ha CICITYIONIUE TPYIIIBI:

1. rpyOomuciepCHbIe CUCTEMBI, UaMeTp 4acTul] oosbiie 107 cm;

2. KOJUIOUJIHBIE CUCTEMBI, CYCIICH3UH U SMYIIbCUH, AUAMETP YaCTHIL
ot 103 10 107 cMm;

3. MOJIEKYISIPHO-AUCIIEPCHBIE CUCTEMBI (PACTBOPHI HEANEKTPOIUTOB),
nauameTp dactuil mernee 107 cm.

4. MIOHHO-JIUCTICPCHBIE CHCTEMBI. DTO PACTBOPHI PA3ITHUHBIX JIEKTPO-
JUTOB (KHCIIOT, COJICH, OCHOBAaHUN U T.1I.) PACHaJarONINXCsl HA COOTBET-
CTBYIOILIUE MOHBI, Pa3MEpbl KOTOPBIX BeCbMa MaJbl M BBIXOMST JAJICKO 32
mpeaenst 108 cm.

[To Mepe n3MeHeHus pa3MepoB YaCTHIl OT HanOosIee KPYIHBIX K Mell-
KUM OyIyT COOTBETCTBEHHO HM3MCHSTHCS M CBOMCTBA JUCIIEPCHBIX CH-
CTEeM: KHHETHUECKHUE, ONITHYECKHUE, KaTAIUTHUECKUE U apyrue. [Ipu atom
KOJUTOWHBIC CHCTEMbI 3aHMMAIOT Kak Obl MPOMEKYTOUHOE IMOJIOKEHHE
MEXIY TPYOBIMU ¥ MOJIEKYJISIPHO-AUCIIEPCHBIMHA CHCTEMaMHU.



Tabmnuna 2. 1.
Cesoiicmea pasnuyuHblX OUCHEPCHBIX CUCMEM

I'pyObie B3BecH Kononansle cucremsbl MounekyasipHo-
HOHHBbIE CHCTEMBI
(MCTHHHBIE pac-

TBOPBI)
Henposzpaunsie [Tpo3paunsie (onanecuupytot) | [Ipo3paunsie
He npoxoxmsar wepes Oy- | Dunbrpyrorces OUIBTPYIOTCS

Ma’KHBIH (QUIIBTP

He npoxonsat yepes nep- | He npoxonsar uepes neprament | [Ipoxomsar  depes

TaMeHT TepraMeHT
I'ereporennsie T'ereporennsie T'omorenHsie
PacceuBator cBer B pe-|/laroT konyc Tunnans ONTHYECKH TYCTHI
3yIbTare OTPKEHUS |

TIPEIOMIICHUS

Heycroitunubie OTHOCHTENBHO YCTONYNBEI YeToluuBel

Co Bpemenem crapetor | Co BpeMeHEM CcTaperoT He craperor

Komnnonansle pacTBOphl NPENCTABISIIOT COO0M IeTeporeHHbIe CUCTe-
MBI, 9TO U CIIY)KHT OJTHOW M3 MPUYHH UX HeycToiunBocTH. OHM 00nana-
FOT OOJIBIION CBOOOMHOM dHEPTHEH. B COOTBETCTBHH CO BTOPHIM 3aKOHOM
TEPMOANHAMHMKH OYIyT CTPEMHTHCS K pABHOBECHOMY COCTOSIHUIO, KOTO-
poe XapakTepusyeTcs pa3ieieHHEeM CHCTeMbl Ha ABe (as3bl, HMEIOLIe
MUHHMMAaJIbHBIE MeK(a30Bble MTOBEPXHOCTH M, CIIELOBATENbHO, MHUHU-
MaJIBHYIO CBOOOZHYIO NOBEPXHOCTHYIO 3Hepruio. Ilosromy, crabunmusa-
TOPBI, AeCOpPOMPYSICh HA AUCIIEPCHOM (pa3e, CHUIKAIOT BEITHIHUHY CBOOOI-
HOM SHEPTHH, CIOCOOCTBYIOT YCTOMYNBOCTH CUCTEMBI.

C KMHETUYECKUX O3ULUH YCTOWYMBOCTh WJIK HEYCTOWYUBOCTD reTe-
POT€HHBIX CUCTEM 3aBUCHUT OT NPEBAJIMPOBAHUSI CHJI CLETIIICHUS WU CUIT
OTTaJIKUBaHMUSL.



2.2. Kiaccugukanus AUCNEePCHBIX cHCTEM
10 arperaTHOMY COCTOSTHUIO

Kaxnmas nucnepcHas (asza m amcriepcMoHHasi cpefa MOXKET OBITh B
TpEX arperaTHbIX COCTOSHUAK: B Ta3000pa3HOM, JKUAKOM U TBepAoM. Hc-
XOMISI U3 ATOTO, MOXHO OBLIO OBI OKWIATh CYIICCTBOBAHWE B TPHUPOIIE
JACBATHU T'PYIIT Pa3JIMYHBIX TUCIICPCHBIX CUCTEM, HO CUCTEMA ra3 B rasc
He 00pa3yeT arperaros, a IPeJCTaBIsieT COOON IOMOI€HHYIO CMECh, HE

HMEIOIIYIO IOBEPXHOCTh pa3ziena Mexay pa3amu.
Tabmuma 2.2.

Knaccugpuxayua oucnepcuuix cucmem no azpezamuomy
cocmoanuio asz u cpeo

Jucnepcuonnas | /lucnepcuoHHast
IIpumep cucTeMbI
cpena (paza
1 2 3
TymaH, o01aka, paclblICHHBIE Op-
Ta3 Kunkxocts Y ’ » P P
raHUYECKHUE BEIEeCTBA
Ta3 TBepaoe Teno JIbIM, TIBLITB
1 2 3
Kugxocthb l'a3 Ilena
OMmynbcus  (MOJIOKO, Maprapu
JKunkocts Kunkoctn ¥ ( § prapyH,
CJIIMBOYHOE Maciio, He()Th)
JKunkoctsb Teepmoe Teno CycneH3uu, KOJIJIOU b
Tsepnoe Teno Ta3 TBep/bie IEHBL, TIeM3a, XJIe0
Tsepnoe Teno Kunkoctsb Kemuyr
Tepnoe Teno Teepnoe Teno Py0OuH, ronybast kaMeHHasi COJlb

KonnounHbie pacTBOphI MHAYE HA3BIBAIOTCS 30JIIMH (OT JIATHHCKOTO
cyoBa solutus — pacTBOpeHHBIN). B 3aBUCHIMOCTH OT pacTBOPHUTEIIS — IHC-
TIEPCUOHHON Cpepl, T.C. BOABI, CIIUPTa, OCH30J1a, d(Hpa U T.II. pa3IndaroT
THJIPO30JIH, AJTKO30ITH, OEH30301H, 3Tepo30iHu U T.11. [Ipu moTtepe Tekyue-
CTH 30JIH 3aTBEP/ICBAIOT B TEJIU: THJIPOTEIIHN, ATKOTEIH, OCH30T eI , 3TePO-
TeJH U T.II.



3. METO/bI HOJYYEHUA KOJJIONJIHBIX PACTBOPOB

VY4auThIBas, YTO KOJUIOWIHBIC PAcTBOPHI 3aHUMAIOT IO pazMepam
CBOMX YACTHI ITPOMEIKYTOUHOE TOJIOKEHUE MEKITY IPyOOIUCTIEPCHBIMU
U MOJICKYJISIPHO-JIUCTIEPCHBIMUA CHCTEMaMH, JUIS MOJTYYCHUS MX MOTYT
OBITh UCIIOJIL30BAHBI JBE TPYIIIHI METO/IOB!

pa3npo6ieHne — aucneprupoBanue 0ojee KPyMHBIX YaCTHIL JIO Ke-
JIAEMOM CTENEHH JIMCIIEPCHOCTH, OTBEUAIOIEH BETMYMHE KOJUIOMIHBIX
YacTHII,

YKpynHeHHe — 00beIMHEHHE B arperaTbl MOJICKYIT FJIH HOHOB JI0 Ya-
CTHII, TPUOIKAFOIIMXCS 110 Pa3MepaM K 4aCTUIAM KOJUTOMTHBIX CUCTEM.

[lepBbIid METOT TTOTYYHIT HA3BAHUE TUCTIEPCUOHHOTO (OT JIATHHCKOTO
cioBa dispergere — paccenBaTh, IPOOUTH), @ BTOPOH — KOHICHCAITMOHHO-
r'O METOJIA.

3.1. lucriepcuoHHbIE METOIbI

Mexanuueckuii memoo

Juis mpoOneHust BEImecTB B JIaOOPaTOPUSIX W MPOU3BOACTBAX IpHUMe-
HSIOTCS MAIIMHBI, PA0OTAIOIINE 110 MPUHIIUITY YIAPHOTO pa3MeNTbueHUs
Y pacTUpaHus, MOMIEKANUX JUCTIEPTUPOBAHNIO MarepranoB. K Takum
MaIlIMHaM OTHOCSTCS IIapOBBIE M KOJUTOUAHBIE MEITHHHIIBI.

Ynvmpazeykoeoii memoo

MexaHu3M JIeHCTBHS yAbTpa3ByKa CIOKEH M IMOKa Majo H3ydeH.
[Ipenmonaraiot, 4T0 AUCTIEPTUPOBAHNE B3BEIICHHBIX YACTHII IIPOUCXOTUT
10/ JIEHCTBUEM 3BYKOBBIX CXKATUN M PACHIMPEHUN CUCTEMBI, YTO COMPO-
BOXKJIACTCS TTOSIBIIEHUEM Pa3pBIBAIONINX CHJI, BEIYIIUX K H3MEITBFICHHIO
BemiecTBa. [Ipn momomm yinbTpa3ByKOBOTO METO/Ia MOYKHO AMCIIEPTHUPO-
BaTh caMble pa3HOOOpa3HbBIE BemiecTBa: Tpadut, cepy, Kpacku, Me (Me-
tamel) (Hg, PB, Zn...), kpaxmain, kaydyK, >KeJIaTHH, cTeapaT HaTPHsl.

Memoo nenmu3ayuu

[TenTuzamms — 3TO MpoIECC TIepexoia BemEeCTBa U3 TeJs B 30J1b MO
BIMSTHHEM TIETITH3aTOPOB, T.€. AUCIICPTUPYIONIHX cpeacTB. [lenTuzanmu B
OCHOBHOM TIOJ[BEPTAIOTCS PHIXJIBIE CBEKE0OPa30BaAHHBIE OCAIKH THIPOK-
cunoB Me, nanpumep, A1(OH),, Fe(OH),, Zn(OH),...

[lenTu3anus MOXXET MPOUCXOAWTH B CIEICTBUU yHaJCHHUS W3 pac-
TBOpa KOAryjiupyrouux MOHOB, BbI3bIBAIOIINX YKPYIIHCHUC YaCTUL WA
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a/IcOpOLIMY TIENTH3aTOpa, COMPOBOKIAIONIEHCS 00pa3oBaHUEM JIBOMHO-
IO 3JIEKTPUUYECKOTO CJIOS U BOSHUKHOBEHHEM COJIbBATHON OOOJIOUKH Ha
KOJUTOWIHBIX YacTUIax. Bo Bcex ciryyasx yacTUIbI pa300IatoTCs MK
co00ii U BCIEICTBUE TEIIOBOTO JABMXKEHUS PACIPEENAIOTCA 110 BCEMY
o0beMy AnCHEPCHOHHOM cpeabl. [lenTn3aropamu ciyskat, IJIaBHBIM 00-
Pa3oM, BIEKTPOIHUTHI, KOTOPhIE CIIOCOOCTBYIOT Jie3arperauy OCaKoB.
[IpumepoM mnenTH3amMu MOXET OBITh TOJYYEHHE 30JI1 THIPOOKHUCH
Fe(OH), npu neiicTBun Ha €ro 0Cagok HEOONBIIMM KOJIHMYECTBOM pac-
tBopa FeCl , B3aTOM B KaueCTBE MENTU3aTOPA, UK TIOJTyYEHHE 3011 Oep-
JIMHCKOM JIa3ypu MEeNTHU3alMel ero ocajka pacTBOPOM IIIaBEJIEBON KHC-
notel. K ¢akropam, mpensTCTBYIOIMM MENTU3ALMH, CIELYyeT OTHECTH
SIBIICHUS] pEKPUCTAIUIN3ALNN U CTAPEHNUs, a TAKXKe MENTU3aINI0 0CAKOB,
MTOJTyYEHHBIX MPH KOATYJISAINH 3015 MTOJUBAIEHTHBIMUA HOHAMH, KOTOpbIE
IIPOYHO aICOPOUPYIOTCS HA HOBEPXHOCTH YaCTHIL.

Memoo pacmeopenus uiu memoo camonpou36oibHO20 OUCnepu-
posanus

DTOT METOI MOXET OBITh HCIOJIB30BaH JUIS TOJIyYEHHS PacTBOPOB
BBICOKOMOJIEKYJISIPHBIX BEIIECTB U3 TBEP/BIX MOJIMMEPOB AUCIIEPTUPOBa-
HHEM MX B COOTBETCTBYIOIINX PACTBOPUTEISAX, KaK, HAIPUMeEp, TP pac-
TBOPEHUH B BOJIE KpaxMaJla, KeJaTHHa, CyXoro OeJka, arap-arapa.

MeTon caMOonpON3BOJILHOTO TUCTIEPIMPOBAHHUS TBEP/IOTO BEIIECTBA B
YKUJIKOH cpenie MpUBOAUT K 00pa3oBaHuio MBYX(a3HON yCTOMIUBON KO-
nouaHo# cucrembl. CaMOANCIIEPTUPOBAHUE COBEpIIAaeTcss 0e3 BHELIHUX
MEXaHH4YEeCKUX BO3JIEHCTBHUI Ha 3TOT Mpoliecc; TakK, HaIpuMep, HEKOTO-
pBIE Macyia MOTYT CaMOIIPOU3BOJIBHO AMYIBIHPOBATHCS B BOZAE IIPH Ha-
YUK B cpeae crabunuzaropa (15 — 35% narpueBoro Mouia).

3.2. KonpencanmuoHHbIE€ METOIbI

B ocHOBe OONBIIMHCTBA KOHJICHCAI[MOHHBIX METOJIOB MOJYYCHUSI
KOJIJIOMJTHBIX PAacTBOPOB JIEKAT Pa3HOOOpa3HBIE XUMUUYCCKHE PEAKITHH:
OKUCIICHUS, BOCCTAHOBIICHUS, PEAKIIHsI OOMEHHOTO PA3JIOKEHUSI, TUAPO-
J3a U JpyTHE.

Memoo okucnenus

B pesynbrare peakiuu OKUCICHUS MOTYT OBITh TIOJTYYEeHBI KOJLTOH/I-
HBIE paCcTBOPHI, HAIPUMED,

2H,S +S0O, — 3 S+2H,0
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OO0pa3yroluecs aToMbl HSHTPAJILHOW CEPhI 3aTEM CaMOIIPOU3BOJIBLHO
KOHJICHCUPYIOTCS B KOJUTOMIHBIE YaCTHUIIBI CEPHI.

Memoo okucnenus — 60cCmano61eHUA

Ha peakiuu BOCCTaHOBIICHUSI OCHOBaH OJMH M3 HauboJiee pacrpo-
CTpaHEHHBIX XUMUYECKUX METOMOB ITONydeHHs KOJUIOMIHBIX PACTBOPOB
Me.

BoccraHoBiieHHE — 3TO peakilus MPUCOSAMHEHUS € MOHAMH, KOTO-
pBIe, TIPEeBpaIIasich 3aTeM B aTOMBI, KOHJEHCHPYIOTCS B KOJIJIOWIHBIE Ya-
cTuibl. B kauecTBe BOCCTAaHOBUTEINEH OOBIYHO HCIIONIB3YIOTCS BEIIECTBRA,
oOJaarorire ciadbIMU BOCCTAHOBUTEIILHBIMU CBOMCTBAMH, KakK, HAIIPH-
Mep, Ta3000pa3HbIid BOIOPO, (hopMaInH, TAHHUH U JIpyTHE.

Hanpumep, peakiust BocctaHOBICHHUS Au 1 Ag:

Ag,0+H,— 2Ag+H,0
O O
/ /
2NaAuO, + 3H-C +Na,CO, — 2Au + 3H-C + NaHCO, + H,O.
\ \
H ONa

Memoo oomenHno20 paznoricenus

OTOT METOJ| OCHOBAaH Ha B3aMMOJICHCTBUHU JIBYX BellecTB. B pe3yib-
TaTe peakiuu OOMEHHOTO Pa3lIoNKECHUs 00pa3yeTcs HOBOE TPYIHO pac-
TBOPUMOE BEIECTBO, CIIOCOOHOE COXPAHSATHCS B BBICOKOIAMCIICPCHOM
COCTOSIHHH TIPU HAJIMYWH Psijila COOTBETCTBYIONINX ONarONPHUATHBIX YCIIO-
BHI (KOHIIEHTPAIUSI PEarupyroluX BelIecTB, npuMecu u apyrue). [pu-
MCEPOM MOXKET CIIYXKUTH IMMOJTYYCHUC 30JI1 CCPHUCTOI'O MbIIIbAKA:

2H,AsO+3H,S — As S, + 6H,0

Wi 307151 cynbdara 6apus:

BaCl, + K, SO, — BaSO,+2KCl.

Memoo zudponusa

I'maponu3oM MIMPOKO MOMB3YHOTCS TP MOYYCHUH 30JIel U3 COJIeH,
€CJIM B pe3yNbTaTe Peakiuy FUAPoiIr3a 00pa3yoTes MI0X0 PACTBOPUMBIC
BemiecTBa. Tak, HampuMep, HepacTBOpUMAs THAPOOKHCH JKeje3a IMoTyJa-
€TCsl IPU TUAPOIU3E XIJIOPHOTO JKee3a 10 YPABHEHUIO:

FeCl,+3H,0 — Fe(OH), + 3HCI

Fe(OH),+HC1 — FeOC1+2H,0

Yactuyro o0Opa3yromasics B peakiiuy XJIOPOKHCH JKelie3a TUCCOIUH-
pyeT Ha UOHBI
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FeOCI — FeO"+ CI

KOTOpbIE 00ECTIEYNBAIOT HOHOTCHHBIN cioi BOKpyT yactuil Fe(OH),
1 YIEp’KHBAIOT UX BO B3BEIIEHHOM COCTOSIHUU.

Memoo 3amensl pacmeopumens

MeTton OCHOBaH Ha BBIIEJICHUN PACTBOPEHHOI'O BEILECTBA M3 pac-
TBOpa B BUJIC BHICOKOANCIIEPCHOI HEPacTBOPUMOIl (a3bl IyTEM 3aMEHBI
pacTtBopuTess. MONeKylbl pacTBOPEHHOTO BEIECTBA, HAXOIAIIETOCSd B
COCTOSIHMM MOJIEKYJISIPHOM JTMCIIEPCHOCTU B OJHOM pPacTBOpHUTENE, I0-
majas B yCJIOBHUS IJIOXOH pacTBOPHUMOCTH TIPU 3aMEHE pPacTBOPHUTEI,
HAYMHAIOT KOHACHCUPOBAThCS B 0OJiee KPYITHbIC KOJUIOMHBIC YaCTHIIB.
JlaHHBIM METOZIOM MOYKHO MPUTOTOBUTH 301U CEPbl, KAHU(OIN, MACTHKH
U T.II. IPY BIIMBAHNUHU CIIMPTOBBIX PACTBOPOB 3TUX BEIIECTB B BOJY.

DnexmpuuecKkuii Memoo

Merton mosyueHus] KOJUIOMJIHBIX PACTBOPOB IPU MOMOIIM 3JIEKTPH-
4ecTBa, KOTOPHIX npemnoxkern bpenurom (1898r.), MOXKHO KCIIONB30BATH,
[JIaBHBIM 00pa3oM, JUIS IPUTOTOBJICHHUS THAPO30JieH OmaroponHsix Me.

OTOT METO/ OCHOBAaH Ha MOJYYEHHH JJIEKTPHUUECKOW TYTH MEXTY
UIEKTPOAAMHU, COCTOALIMMH U3 aucneprupyemoro Me (Ag, Au u ap.)
ITon BO3AEHCTBHEM BBICOKON TEMIIEPATYPhl IIPOUCXOJUT UCIIAPEHUE Ma-
Tepuaia JMEKTPOIOB B AUCIICPCUOHHON BOTHOU cpenme. 3aTteM mapbl Me
KOHJICHCUPYIOTCS B KOJIJIOWIHBIE YaCTHUIIBI, 00pa3ysl COOTBETCTBYIOLIHI
30J1b, KOTOPBIE IPOBOASAT MIPU OXJIAXKICHUH.

Puc.3.1. Cxema nomy4eHus: KOJIJIOUAHBIX PAaCTBOPOB
Me QJICKTPUYCCKUM METOIOM Bpe;u/[ra

Oxnazaaonias cMech
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4. CTPOEHHUE KOJIJIOUJHBIX YACTHUIIL

KommonnapiMu pacTBOpaMU HA3bIBAIOT MHKPOTE€TEPOT€HHBIEC IHC-
TIePCHBIC CHCTEMBI ¢ YacTuIaMu pazmepoM ot 1 mo 100 mxm. Mx xapak-
TEpHU3yeT HE TOIBKO HATMYXE TOBEPXHOCTH paszesia MeXKIy AUCIIEPCHOM
(hazoii (KaxIo¥ YacTUIIeH) U TUCIIEPCUOHHON Ccpeoit (pacTBOPUTEIIEM),
HO ¥ MaJiasi ycTolWunBOCTh. Kommonaaple pacTBOpBI HE 00pasyroTes ca-
MOTIPOHU3BOJIBHO.

B oCHOBY COBpeMEHHBIX MPEICTABICHUI O CTPOCHHH KOJIIOWIHBIX
JaCTHI] JICTTIH paboThl COBeTCKUX yueHBIX A.B. Jlymanckoro, H.II. Ile-
ckoBa, C.M. JlumaroBa, A.H. ®pymMkuHa, a Takxke 3apyOCKHBIX HCCIIe-
nmoBareneit [laymu, ®@asuca, Kpoiita n apyrux. CTpoeHue KOJIIOUTHBIX
Y4acTHIl yIoOHEee paccMaTpUBaTh, €CIIM MPOCIEANTD MPOIECCH 00pa3oBa-
HUS 9aCTHII.

Cmpoenue muyennovt AgJ

OO6pa3zoBaHme KOJUTOWTHOW JacTHIIBI AgJ) MOKET TIPONUCXOIUTE B pe-
3yabTaTe peaklnu:

AgNO, +KJ — Agl + KNO,

Mornekynsl Agl 00BEeAMHSIIOTCS B MPAKTUISCKU HEPaCTBOPHUMEIC da-
CTHIIBI, B KOTOPBIX HOHBI Ag 1 J~ 00pa3yioT KPUCTANTMICCKYIO PEIICTKY.
(D (Puc.4.1).

Uccnenosanus 3.51. bepectreBoii u B.A. Kapruna mpu momMoru 2iex-
TPOHHOTO MHKPOCKOIIA TIOKa3aJIi, YTO HOBOOOPA30BAHHbIE YACTHIIHI BHA-
yaJjie IMEIOT aMop(HOE CTPOSHHE, 3aTeM MTOCTETIEHHO B HUX MPOUCXOTUT
kpuctaumsanus. Ecin AgNO, n KJ B34Tbl B 9KBUBAJIEHTHBIX KOJIMYE-
CTBaX, TO YaCTHIIbI — KPUCTAJUIBI PACTYT, AOCTUTAsA 3HAYUTEIHLHON BEJIH-
YUHBI, TPEBOCXOAIICH pa3Mepbl KOJUTOMIHBIX YacTHII, U OBICTPO BHITIA-
JIAtoT B 0caioK. Ecii ke 01HO M3 MCXOAHBIX BEIIECTB B3SITh B HEOOIBIIIOM
M30BITKE, TO OHO CITY)KUT CTa0MIN3aTOPOM, COOOIITAIONTAM YCTOWYHBOCTE
KosutoniHbM yactuuam AgJ. Tak, mpu n3beitke AgNO, B pacTBOpe Oyner
HaXonUThCs 60sbIIoe KoM4uecTBO HOHOB Ag™ 1 NO,". IlocTpoenue kpu-
cTayumaeckoit pemerku Agl cormacHo mpaBuia Ilanera-DasiHca MOXKET
WITH TOJBKO 32 CYET NOHOB, BXOJSIINX B €€ COCTaB; B JAHHOM CIydae 3a
cuet noHOB Ag*. Mousr Ag” OymyT MpoaoiKaTh JOCTPANBATh KPUCTAIIIN-
geckyto permeTky spa (11a), coodmas eMy aMeKTpudIecKuii 3apsi, ompe-
JIEJSIFIOLIUI TaK Ha3bIBAEMBIN AJIEKTPOTEPMOJUHAMUYECKUNA ITOTEHIUAIL.
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B cBsi31 ¢ 9TUM HOHBI, IOCTPOUBIINE KPUCTAILITMUECKYIO PEIIETKY S/Ipa,
Ha3bIBAIOTCS TOTEHIMAIONPE/ISISIONIMMU HOHaMU. BenndnHa a5ekTpo-
JMHAMHUYECKOTO NMOTEHIHa a Win E-noTeHnunana y MHOTHX KOJUTOMTHBIX
yacTull gocturaet 1B. YacTHIbI ¢ TAKMM OTHOCHTEIBHO BBICOKHM 3apsi-
JIOM Oy/lyT MPUTSATHBATH OCTABILIHUECS B PACTBOPE MPOTHBOIIOIOKHO 3apsi-
KEHHBIE (Ha3bIBAEMbIE, TOITOMY NPOTUBOMOHaMK) HOHBI NO,". Haunercst
mporiecc aacopOIHK MPOTHBOMOHOB B PE3yJIbTaTe KOTOPOTO YCTAaHOBUTCS
JMHAMHUYECKOE PABHOBECHE MEX/Y alcOpOMPOBAHHBIMHA M CBOOOTHBIMH
HOHAMH.

OcHOBHasi 4acThb BCEX IMPOTHBOMOHOB, aacopOupyemasi Ha spe
KOJUTOWIHOM 4YacTHIbI, 00pa3yeT BMECTE C MOTEHIHAJIONPEACIISIOIIH-
mu roHamu (116) amcopOLMOHHBIN ciod. Sapo U afacoOpOIMOHHBIH CIIOH
BMECTE COCTaBISIOT rpaHyiy. [paHyna MMeeT 2JIEeKTPUYEeCKHH MOTEH-
[Uall TOTO e 3HaKa, 4YTo U E-moTeHnuan, HO BeIUYMHA €r0 MEHbBIIE U
3aBUCUT OT KOJMYECTBA MPOTUBOMOHOB B aJCOPOIMOHHOM cioe. Tak,
eciu 90% ux ancopOMPOBAHO, TO MOTEHIUAN TpaHyibl moctaBuT 10%
ot E-nmotennuana. [loTeHuman rpanyibl Ha3bIBAeTCS 3JICKTPOKUHETHYC-
CKUM WK J3eTa-& noreHuuan (§ — norenuuan). KuueTuueckum ero Ha-
3BIBAIOT [IOTOMY, YTO OH MOXET ObITh OOHAPYKEH B 3JICKTPUYCCKOM IOJIEC.
Ero MOKHO ompenenuTh Tak ke, Kak MOTeHIMAal Ha TPaHulle MEXy aj-
COpPOIMOHHBIM (HEMOABHKHBIM OTHOCUTEIILHO YaCTHIIbI) B UG PY3HBIM
(TTOABMIKHBIM) CITOSMU.

OcTaToK MPOTHBOMOHOB YICPKUBACTCS NEKTPOCTATUICCKUMH CHJIa-
MU MIPUTSDKEHUS BOJIHM3H Tpanyibl, 00pazys auddysubiii cioid. [panymna
BMecte ¢ auddy3Hbim cioeM obpasyer muuemty (II1). Tommmua nud-
(y3HOrO Cl10g pa3NiniHa, T.K. 32aBUCHT OT MOHHON CHJIBI PacTBOpa: 4eM
WOHHAs CUJIa BBIIIE, TEM TOJIIMHA CJIOSI MEHbIIIE.

Konnenrpanusi npotuBouoHOB B Auddy3HOM ciioe yObIBaeT 1o Ha-
MPaBJICHUIO K Tepr(epHrn; COOTBETCTBEHHO 3TOMY YOBIBACT U MOTECHIINA
YaCTHUIIbI, IaJ1as Ha rpanule aAuddy3Horo ciiost 10 Hysl (pUCYHOK 4.2.).
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I'panyna

Puc.4.1. O6pazosanne munemnsl Agl B u3dbitke AgNO,

I — o6pazoBanue sipa Mo TUITY KPUCTAIIIMYECKON PEIIeTKH;

II- obpa3oBanue aCOPOIIUMOHHOTO CIIOS;

II a — npucoeanHeHne K APy MOTEHUUATIONPEAEIAOIINX HOHOB, 10CTpan-
BAIOILUX KPUCTAJUIMYECKYIO PELIETKY;

1— 3IeKTpOHEHTpATBHOE SIIIPO;

2— 30Ha JOCTPOMKH Apa MOTCHINAIOTPEACIISIONIUMI HOHAMH;

11 6 — ascopOIMst TPOTHBOMOHOB;

3— acOopOIIMOHHBIN CITOM;

4— IPOTHBOMOHBI aJICOPOIIMOHHOTO CIIOST;

III — 3aBepiIeHUE MOCTPOCHUS KOJUIOUAHON MULEILIIBL;

5— nuddy3HbIii CIOH, COCTOSIIMI U3 TPOTHBOMOHOB, HE BOUIC/ALIMX B aJi-
COPOIIMOHHBIN CITOW TPaHYJIBI.
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Puc. 4.2. Ilagenne 2MEKTPHUESCKUX MOTCHITHAIOB MUTICIUTHI
OA — MakCHMaJIbHBIN 3NEKTPOANHAMUYECKUI TOTEHIINAT Ha TTIOBEPXHOCTH
A7pa MHULIEIUIBL;
AB — nasienre noreHIMana B aIcOpOIMOHHOM CIIOE;
JIB— 3IEeKTPOKMHETHYECKUI TMOTEHIHAa (& -MOTEeHIMAal) Ha MOBEPXHOCTH
TpaHyIbI;
BC- nanenue norennuaia B auddysHom cioe.

Taxum oOpa3oM, MuIle/UTa BCETAA dICKTPOHEHTpaabHa. Ecnu mepe-
MECTUTh B aCOPOITMOHHBIN CIIOM OoJbliee KOJTHMYECTBO MPOTHBOHOHOB,
Hanpumep, 95%, To & — moTeHnuan, u3MepIeMbIii Ha TOBEPXHOCTH Tpa-
HyJBI, YMeHbImaercss A0 5% oT mpuumHbl E-morenmnmana. Bemmumna
E-motennnana, 3aBucAmas OT KOJWYECTBA TMOTEHIMAIONPENSISIIONINX
HMOHOB, MEHSTKCS HE OyZIeT. YCTONIHBOCTH KOJUIOUIHBIX PACTBOPOB 00Y-
CJIOBJICHA PUCYTCTBUEM CTAOMIN3aTOPA U 3aBUCHT OT BEJTMYMHBI 3apsiaa
rpanynisl (§ — moteHmwan). Yem BhIlie STOT MOTEHIHAI, TEM CHIIbHEEe OKa-
3BIBAIOTCS CHJIBI B3aMMHOTO OTTAJIKWBAHUS YACTHUIL, IPETISATCTBYIOIINE UX
00BETMHEHHIO TIPU CTOJIKHOBEHUSX. VICXOAS M3 CTPOCHHS KOJIIOWIHBIX
munenn Agl B nsbbitke, AgNO, JIETKO MPECTaBUTL CTPOCHUE JPYTHX
MUTIEIJT.

{lAgJlm - nAg" - (n-x)NO" }** - xNO",
Crpoenune munet AgJ B n30bITke KJ MOXKHO M300pa3uTh CXeMOM:
{[AgJIm * nJ” * (n-x)K*}* xK*
SIIPO  aTCOPOITMOHHBIN AU DY3HBINA CIIOM
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[oTeHumanonpeneNsoMMI HOHaMU SIBJISIIOTCS J°, @ IPOTHBOMOHA-
mu K*. Ecnu Bce nporuBononsl K™ u3 nuddysHoro ciost nepemectsiTcst B
a/ICOpPOLIMOHHBIHN, TO & -ITOTEHIIMAT CHU3UTCS 10 HYJSl M TPaHyjia CTaHeT
ANEKTPOHEHTPANTBHON (MIIH U303IEKTPUISCKON):

{[AgJIm * nJ-* nK"}.

Cmpoenue muyennot As,S,

OTH MHIEIUIBI TIONYYaloT nponyckanueM toka H,S depes pactsop
MBIIIbSKOBUCTON KHCIIOTBI:

2H,A.0, +3H,S — As S, |+H,0
Crabunmsaropom ciyxut H,S:
H,S — H"+ HS

B pesynbrare oOpasyercst Munesa;

{[As,S,Jm - nHS™ * (n-x) H* }* - xH"

[TockonbKy MO YCIIOBHSAM MOJTy4eHHs ucnonb3yercs H S, To rpanyna
CEpHHUCTOTO MBIIIbSIKA 3apsDKeHa BCEria OTPULATENIbHO.

Cmpoenue muyennvt Fe(OH),

I'uapookwucs xene3a 00pazyercs Py THAPOIN3E XJIOPHOTO Kele3a:

FeCl, + 3H,0 — Fe(OH), + 3HC1

MPOIYKTHI PEaKIINU B3aUMOJICHCTBYIOT MEXy COOOM:

Fe(OH), + HC1 — FeOCI + 2H,0

O06pazyromasicsi THIPOOKHCH JKelle3a SIBISCTCS CTa0UIIN3aTOpOM:

FeOCl — FeO" + CI

[Morenmanonpeaesstonmm noHoM oyaer FeO*, tak kak non C1- He
BXOJIMT B COCTaB sI/Ipa KOJUIOMIHBIX YacTHil. OTCIoa UX CTPOCHHE JI0JIK-
HO OBITh:

{[Fe(OH),]m - nFeO" - (n — x)CI'}** - nCl.

@dopma KOJTOMJIHBIX YacTHIl He Bceraa mapoodpasna. OHM MOTyT
uMeTh GOpMY JTHCTOYKOB (30JI0TO) U MANOUEK, U T. 1.

Hanuuue y KOJUIOMTHBIX YaCTHIl OJJHOMMEHHBIX JICKTPUUCCKHUX 3a-
PAZI0B TPUBOIUT K UX B3aUMHOMY OTTAJIKMBAHHIO. DTO 00CTOSTEIHCTBO
MPEMSTCTBYET BO3MOKHOMY CIIMTIAHUIO (CIIMSHUIO) YaCTHI TUCTIEPCHOM
(a3el 1, TEM CaMbIM, COOOIACT CHCTEME, TaK Ha3bIBAEMYI0, KOJUIOMTHYIO
yCTOWYHBOCTh. UeM Qoubliie cpeqHHUl AIEKTPUUYCCKUN 3apsii KOJUIOH/I-
HBIX YaCTHUII, TEM OOJIbIIE CHJIbI MX B3aMMHOI0 oTTajnkuBanus. Cieno-
BaTeJIbHO, YeM OoJibliie & — MOTEHIMA CUCTEMbI, TeM OOJIBIIE €€ KOJI-
JIOUHAS YCTOMYMBOCTD. DIIEKTPOIHUT, B COCTAB KOTOPOTO BXOJST HOHBI,
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a/icopOupyIoIIMecs Ha MOBEPXHOCTH TUCTIEPCHBIX YacTHUIl (IOTSHIIUAIIO-
MPEACTISFOIINE NOHBI), HA3bIBACTCS AIEKTPOJIUTOM-CTA0UIU3ATOPOM.

Ecnu B quicniepcHyto cucTeMy BBOAMTH OOJIBIIOE KOJIWYECTBO DIICK-
TPOJIUTA, TO TMPOHM30HACT YBEIHMUCHHE KOJIUYECTBA MPOTHBOMOHOB B
aJICOPOITMOHHOM CJIO€ KOJUIOMJIHBIX YacTHIl. JTO TOBJCUET 3a COOOM
YMEHBIIIEHHE CPEIHEr0 MEKTPUYCCKOTO 3apsijia KOJUIOMIHBIX YacTHUIl H
COOTBETCTBYIOIIlEE CHW)KEHHE & — MOTeHIMala cucTeMbl. B utore B3a-
WMHOE OTTAJIKMBAaHME YACTHI[ OcJadeeT M YBEIMYUTCS BEPOSITHOCTh UX
CTOJIKHOBEHHUH. A CTOJNIKHOBEHHE KOJUIOWAHBIX YacTHUI], COIIACHO TPHH-
LUy MUHUMYMa CBOOOJHOM SHEpPTUH, MPUBOIUT K UX CIHMIAHHIO (CITUS-
HUI0). B pesynbrare OyaeT MpoUCXOIUTh UX KOATyJIsinMsA (KoaslecleH-
1Us), 32 KOTOPOH MOYKET MOCIIEI0BATh OCEIaHNe YKPYITHUBIINXCS YaCTHII
— ceIMMEeHTALHUSL.

Koarynupytolee neiicTBUEe OKa3bIBAaIOT JIMIIb T€ WOHBI 3JIEKTPOJIHU-
Ta, 3HAK JIEKTPHUECKOTO 3apsia KOTOPBIX MPOTHBOMOJIOKEH 3HAKY 3a-
Ppsi/ia KOJUTOMHBIX YacTHUI] PACCMaTPUBAEMOI AUCTIEPCHOM CHCTEMBI. DTH
WOHBI Ha3bIBAIOTCS MOHAMH-KOATYJISITOPAMM, a DJICKTPOJIUT, B COCTaB
KOTOPOTO OHU BXOAAT — JIEKTPOJUTOM-KOATYJISITOPOM.

MuHrMabHasI KOHIICHTPALUS JJIEKTPOIUTA-KOaryJsiTOpa, BEI3bIBAIO-
mas B CUCTEME KOAryISIUIO, Ha3bIBACTCS MOPOTOM KOATYJSINMH WIIH
KPUTHYECKOH KOHIIGHTPAIUeH ¢ :

A /(V+V)=n/(V+V) [mons /M, 4.1

rae V — 00beM oOpasiia KOJUTOUIHON CHCTEMBI, M;

V., — 00beM pacTBopa 3JIEKTPOIIUTA-KOATYJISATOPA, BBEICHUE KOTOPOTO
BBI3BAJIO BO B3STOM 00pasiie KOJIOUIHON CHCTEMBI OBICTPYIO KOAryJisi-
LU0, M>;

C, M N — KOHIEHTpauus (MOIb / M) M KOIMYECTBO (MOJIb) HOHOB-
KOAaryJsiTOpOB B UCIIOJIb30BAHHOM 00BEME;

V., pacTBopa 3J1eKTPOIHMTa-KOaryJsitopa.

YCTaHOBIICHO, YTO IOPOr KOAryIALMH C, 0OpaTHO MPONMOPLHOHA-
JIeH IIE€CTOW CTENeHM 3JIEKTPUYECKOTO 3apsAa (BaJCHTHOCTH) Z HOHOB-
KoarynsaTopoB (Lepsrun):

Cop™ KT/ 78, 4.2)

rne T — Temneparypa CUCTEMBI;

k — ko3 dunment, 3aBucsuil oT GU3NUECKUX CBOWCTB (a3 cucre-
MBI
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5. QJIEKTPO®OPE3 U JIEKTPOOCMOC

Hanmuume snexrpudeckoro 3apsaa y KOJUIOMIHBIX YacTHIl (TpaHydn)
00yCJIOBIMBAET BO3MOKHOCTh JIBIDKCHHS UX B TMOCTOSHHOM JJIEKTpHYe-
ckom mosie. [Ipu 3ToM mpOoTHBOMOHBI AU(PPY3HOTO CIIOS IBHKYTCSA B Ha-
TIpaBJICHUH TPOTUBOTIONOKHOM Tpanyie. [Ipu quddy3un u 6poyHOBCKOM
IBIKEHUHU TIEpEMEIeHHe KOJUIOMIAHBIX MUIEIIT MPOUCXOTUT BMECTE C
ux muddy3HBIME CI0IMHA. [10CKOIBKY TIPOTHBOMOHBI YBIICKAIOT C COOO
CBOM THJIPaTHBIE 00OJIOYKH, IPOUCXOIHUT MEPEMEIICHIE MOJIEKYI BOJBI K
TIOJTIOCY, 3apsKEHHOMY OTHOMMEHHO C TPaHyIIoH.

JIBmkeHune 3apsKeHHBIX KOJUIOMIAHBIX YaCTHIl, @ TAaK)Ke YaCTHUIL TPY-
OBIX B3BeCEil K MPOTHBOIOIOKHO 3aPHKEHHOMY DJIEKTPOILY Ha3bIBACTCA
aekTpodope3om.

ITepemernienue AMCIEPCUOHHOM CpeJibl OTHOCUTEIBHO HEMOJBUKHON
TUCTIEpCHOM (ha3bl K AIIEKTPO/LY, TPOUCXOASINEE IO BIUSHAEM BHEIITHEH
Pa3HOCTH MOTEHITHAIIOB, HA3BIBAIOT 3JIEKTPOOCMOCOM.

CKopoCTh ABMKEHUS V 9acTHI] IIPH AIIEKTPO(ope3e pacCUNTHIBACTCS
10 YPaBHEHUIO:

y = £

i (5.1)

rae & — AudJIeKTpudecKas MPOHUIIAEMOCTh PacTBOPa;

H — rpanuenT norennuana;

1 — BA3KOCTh PacTBOpA;

& — m3era-moTeHIHAlL.

Ecmu otHECTH CKOPOCTh V K €AMHUIE MPHUIOKEHHOTO MOTEHIIAAIa
(T.e. pazgenuTh 00e yactu ypaBHeHHus Ha H), To momyuum Vo, Ha3pIBae-

MYIO 3JIeKTpOdopeTHdecKoii MOABUKHOCTHIO YACTHIL
Vvoooe&
Vo=—=— (5.2)
H 4nn
o anexrpodopeTnyeckoil TOABMKHOCTH ONPEACIISIOT CIIOCOOHOCTH
TEX WJIM WHBIX KOJUIOUIOB K AIeKTpodopesy.
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6. OUUCTKA KOJJIOUJHBIX PACTBOPOB

Haubonee pacrpocTpaHEeHHBIMH METOAAMH OYHCTKH KOJIIOMIHBIX
pacTBOPOB OT NPUMECU KPUCTAJUIOUJOB SIBIISIIOTCS AUAJIM3 U YJbTPa-
(puabTpanus.

6.1. Iuanus

DTO TIpolecc OYUCTKHU (OTIEICHHS) KOJUIOUIHBIX PAaCTBOPOB, KOTO-
pBINi OCHOBaH Ha CBOWMCTBE IMONYIPOHHUIIAEMOW MeMOpaHBI MPOIMyCKaTh
MIPUMECH MOHOB M MOJIEKYJI MaJbIX Pa3MepOB M 3aJep)KUBATh KOJIIOW/I-
HBIE YaCTHIIBI.

[IpubGop I OYMCTKM KOJUIOMIOB HA3bIBACTCA AHAJU3ATOPOM.
(Puc.6.1). [IpocTeitmmii quanm3aTop MpeAcTaBisieT coooi cocyn 1, y kKo-
TOPOTO HIDKHEE OTBEPCTHE 3aTAHYTO TOIYINPOHHUIIAEMON MeMOpaHoif 2.
B cocyn 1 HanuBaroT KOJUTOMIHBIN PacTBOP, MOCIE YETO OH TOTPYKAETCs
B COCYq 3, HAITOJTHEHHBIN YUCTON BOMOH. OOBIIHO MPUMEHSIOT THUATH3a-
TOp, B KOTOPOM BOJIa B HAPYKHOM COCYJI€ MEHSETCS TIEPHOANYECKH, JTHO0
MIPOTOUYHBIN IMATN3aTOP C HEMPEPBHIBHONH CMEHOM BOABI.

/ PacTBOPUTENH

Puc. 6.1. Cxema quanusaropa

Mortexynbl ¥ MOHBI, CIIOCOOHBIE MPOXOIUTH Yepe3 MeMOpany aug-
GyHaupyloT B pacTBopHTEeNb. [IpH MOCTOSIHHONM CMEHE PacTBOPHUTEIS
MOKHO OYMCTHUTB KOJUIOMIHBIA PacTBOpP OT MPHUMECEH.

Jiist Gosee OBICTPO U MOTHOM OYMCTKU KOJUIOMOB OT AIIEKTPOIUTOB
B MIPOM3BOICTBE MPUMEHSIOT TaK Ha3bIBaeMbIi dnekTpoauanus. [Ipudop,
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C TIOMOIIBIO KOTOPOTO OCYILECTBISICTCS OJIEKTPOIUAN3, Ha3bIBACTCS
anektpoaunanuzaropom. (Puc. 6.2).

DNEKTPOANATH3ATOP COCTOUT U3 TpeX yacTtei. CpemHsist 4acTh AJIEK-
TpoIuanu3aropa 2 3anoyHsIeTCs KOJUIOWAHBIM PACTBOPOM; OHA OT/eIIeHa
OT JIBYX IIPUMBIKAIOIIUX K HEH yacTeld MeMOpaHaMu, ClIeIaHHBIMH U3 0-
JYTIPOHMIIAEMOTO BellecTBa (KOJUIOus, epraMenTa, 1eutodana u T.1.).

w

T ",

[T
(NERRRRRRRNRRNRRRRRNANND

Puc. 6.2. Cxema s7eKTponuagn3aropa

Yactu 1 1 3 mpubopa UMEIOT CTIeIMATBHBIE OTBEPCTHS: 5 — IS TTO/1a-
YH BOJBI, 4 — 17151 e BBIXOAA U 6 — [T BBOJIA DIIEKTPOIOB, IPUMBIKAIOIINX
K BHYTPEHHUM TIOBEPXHOCTIM MEMOpaH.

[Ipu snexTponn3e 0OBIYHO HCIIOIB3YIOT HEBBICOKYIO MIIOTHOCTH TOKA,
T.K. B TIPOTUBHOM Cllyyae HaOJIOaeTCsl CHIIBHOE pa3orpeBaHue, cylile-
CTBEHHO MEHSIOIIEE CBOMCTBA 30J1s1. OOBIYHO, €CIIH 30J1b COACPIKUT 0O0ITh-
0K 00BEM 3JIEKTPOJIUTA, €r0 MPEABAPUTENIHHO MOJBEPTat0T OOBIYHOMY
ANy, YIAJSIoIIeMy OCHOBHYIO 4acTh AieKkTponuTta. U Tonpko mocie
TaKOH NpeABAapPUTEIbHON OUMCTKU IPUMEHSIIOT 3JIEKTPOAUAIINS.

[IpenmytiecTBO ANIEKTpOAUATN3A IO CPABHEHHIO C OOBIYHBIM JTHATTH-
30M 3aKJII0OYAETCs B BOZMOKHOCTH YAJICHUS JaXKe CIIEI0B AIEKTPOIHUTOB,
YTO OOBIKHOBEHHBIM JHAJTH30M HE JIOCTUTACTCSL.

6.2.YabTpaduiasTpanus
OTO TpoIecC OTJEeNEHUs AUCIEPCHOM (a3l OT MUCTIEPCHOHHOMN
cpenbl myTeM (UIBTPOBAHMS KOJUIOMIHBIX PACTBOPOB Yepe3 MOIYIpo-
HulaeMbie MeMOpansbl. [Ipu ynsTpaduinbTpaniuy KOJUIOUTHBIE YaCTHIIbI
octaroTcs Ha puibTpe (MeMOpaHe), a (GUIBTPaT, CONEPIKAIIUN TCKTPO-
JIUTBI, IEPEXOIUT B PACTBOPHUTEIb. JIJIs YyCKOPEHHMSI YIbTpaQUIbTPAIIUIO
MIPOBOJIAT IOJ] JIaBIeHneM. Pa3HOCTh MaBieHuit mosyyaroT J1bo, co3/a-
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Basi paszpsbkeHne 1o GUIBTpoM (yabTpaduiIbTpalys B BaKyyme), 00
MPOM3BOAS JIaBlIeHHE HA (DMIIBTPYIOUIHIACS PacTBOP (YABTpadUIbTpaIys
IO TABJICHHUEM ).

Jnst yneTpaduiIbTpaiii B BaKyyMe HMPUMEHSIOT CHEHUAIbHYIO0 BO-
POHKY, KOTOPYIO Ha POOKE BCTABIISIFOT B COCY/I, COSIMHEHHBIN C BAKYyM-
HBIM HacocoM. B BOpOHKyY, Ha JHE KOTOpPOI HaXOASATCS OOBIKHOBEHHBIH
¢bueTp (MOpHCTas TUIACTHHKA) U YABTpaduiIbTp (MeMOpaHa) HaTUBalOT
KOJUTOUAHBIH pacTBop. Co3naeTcst BakyyM, Oiarogapst KOTOpOMY YJIbTpa-
(GuIIbTpaT NPOXOUT Yepe3 Mopsl GUIIBTpa, U AUCTIepCHast (a3a ocTaeTcs
B BopoHke. Eciin HyXHO mpoBecTH (pakIIMOHUPOBAHUE YACTHUI] KOJUIO-
HJHOTO PacTBOpa, TO MPUMEHSIOT YABTPA(QUIBTPBI C PA3IMUHON MOPH-
CTOCTBIO. 3HAs pa3Mep Mop YIbTpadUIbTpa MOKHO TTPOBECTH MPUOITH3H-
TEJNBHYIO OIICHKY pa3Mepa YacTHIl B OTJACIBHBIX (DPAKIIUSIX.

IZIEI Oooonf

N7

Puc. 6.3. Cxema BOPOHKH C YIBTPAPIIETPOM.
1 — memOpana

2 — nopucTas IacTUHKA

3 — BOpOHKa

J1ist OYMCTKY MPUMEHSIOT TaK)Ke METOJI IIEKTPOYIbTpadHIBTpaILiy,
HpeCTaBMIA0MUI c000i ynbTpaduIBbTPALUIO B 3MEKTPUUECKOM I10JI€.
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Tabmuua 6.1.
OmmnocumensHble CKOPOCHU O4UCIKU KOJILOUOHBIX PACMEOPO8

Meton OTHOCHTEIbHBIE CKOPOCTH YIAI€MOr0
BelIeCTBa
NaCl Caxap CH 0,
Juanuz 1 0,3
DneKkTpoaAnanu3 163 2
VrbrpaduisTparys 14 14
OnekrpoynbTpaduisTpanys | 182 14

7. MOJIEKYJISIPHO - KHHETUYECKHUE CBOVICTBA
JIMOPOBHBIX KOJIJIOUJA0B

7.1. BpoyHoBCKoe 1BUKEHUE

B 1827 romy anrmutickmii 6otanuk P.bpoyH 3amMeTn1, 9To MHKPOCKO-
MMMYECKUE YaCTUIIBI TIBUIBIBI U CIIOP PACTEHUI HEMPEPHIBHO U XaOTHYe-
CK{ TIEPEIBUTAIOTCSA B BOjE. JTO JBMKCHHE, HA3BAHHOE OPOYHOBCKHM,
BHaJaje CBA3BIBAIOCH C JKM3HEHHBIMHU TporeccamMu. Ho 3arem Obu1o
YCTaHOBJIEHO, YTO OHO CBOWMCTBEHHO JIFOOBIM MENBYAMIINM YacTHUIIAM
KaK OpraHM4YecKoro, TaK ¥ HEOPTraHWUYECKOTO MPoucXokaeHns. OHO mpo-
SBIISIETCS] TEM MHTEHCHUBHEE, YEM BBIIIE TEMIIEpaTypa U BSI3KOCTb CPEIbI.

WcTuHHBI TyTh YacTHIIBI PH OPOYHOBCKOM JIBUKEHUHU TIPOCIEINTh
B YIBTPaMHUKPOCKOT HeBO3MOKHO. KomnmongHas wactuma 3a 1 cekyHIy
yCHeBaeT MPEeTEepPHeTh AECATKH M COTHH MIJUIMOHOB YIAapOB MOIIEKYJ
Cpelbl, U IyTh YaCTHUIIBI U3MEHSETCs 10 HarpasieHuto g0 10%° pa3 B 1
cekyHmy. [ 1a3 yenoBeka crocoOeH ymaBnmuBath He Oosee 10 m3MeHeHnit B
1 cekyHay ¥ IPUTOM JIMIIH B KpyTHOM Maciurade. [loatomy, BuzyansHOE
HabmoneHne 3a OPOYHOBCKHM JIBIKEHHEM B YJIBTPAMUKPOCKOIIE Tepe-
JaeT 3aMETHBIC CIOBUTH JIMIIb KaK CyMMapHBIH pe3yabTaT MHJIIHOHOB
OTAENBHBIX, HE 3aMETHBIX IS I71a3a CABUTOB. B Teopwio 6poyHOBCKOTO
IBIDKEHUS OBLUTO BBEIEHO MOHATHE CpemHUU ciBHT (cMemieHue) A x. On
MIPEJICTaBIIACT COOOM MPOEKITUIO PACCTOSHUS MEXKIY ABYMS TIOJIOKEHUS-
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MU vacTuilsl A u B 3a Bpemsi T JAByX MOCJIEA0BATEIbHBIX HAOJIONCHUI.
Juis pacueta 0ObIYHO IPUHUMAKOT CPETHEKBAIPATUUHYIO BEJIMUNHY, CMe-
eHNd (C/IBUTa):

- n (7.1)

Taec, Xl’ X2, ceny Xn — OTACJIBHBIC Ha6J'IIOI[aeMBIC CMCIICHUIO YaCTHUIIbI;
n - YucJjio CMGH.[eHI/Iﬁ.

AX

HccenenoBaB TeopeTndecku OECTIOPSIOYHOE JBHIKEHHE OTIEIBHBIX
gacTuil A.DHIITEHH BBIBEN (OPMYITy, CBS3BIBAIONIYI0 KOd(dummeHT
1 dy3UH CO CpeHEKBAIPATHIHON BETMINHOMN CABUTA!

X =4/2D1 (7.2)

Jlnst auddy3un B3BEIICHHBIX B KHUIKOCTH LIAPOB MaJION BEIUYHHBI
(Moznesb IOOYISIPHBIX KOJUIOMIHBIX YacTHl) A. DHIITEHH BbIBEN (op-

MYILy:
D=—.—— (7.3)

rae, D - koaddunuent nuddyszum;

T - pPaJyC YacTHUIIbI;

N - uucio Asoraapo;

1 - KO3GPHULUEHT BA3KOCTH TUCTIEPCHON CPEJIbI.
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(7.4)

N =—-——p (7.5)
m

PaccmarpuBast cuily TpeHus, JEHCTBYIOIIYIO CO CTOPOHBI PacTBO-
putens Ha qudy3ur0 MOJIEKYII paCTBOPEHHOTO BeIlecTBa, A. DHIITEHH
MIPEJUIOKII CIIeTyIOIee COOTHOIIIEHHE:

D=kT/f (7.6)

e, k - mocrosaaas bonbprmana; f - Ko GUIIMEHT TpEeHUs I pac-
TBOPEHHBIX MOJIEKYJ, H * ¢/M.

Yacrtuia co CTOPOHBI paCTBOPHUTENS UCTIBITHIBAET CHITY TPSHHS, HITH
COTIPOTHUBIICHUS, KOTOPasi paBHA MPOU3BEICHNIO f HA CKOPOCTH MOJIEKY-
JIBL.

Jx. CToke Toka3aj, 9To s ChepHUIeCKON TaCTHIIBI

f=6mrn, (7.7)

IJIE, M, - BA3KOCTh PaCTBOPHUTEJIS,

I - paJinyC YacTHUIIBI

D= i (7.8)
6rn,r

VYpasuenue (7.6) u (7.8) BeIpakaroT (U3NYECKUN CMBICT KO3 hu-
nueHTa qud¢ysnn. Benmuuna kT - Mepa TerioBo# WM KHHETUYECKOH
SHEPruM MONeKyJ; f uim m, — Mepa BA3KOCTHOIO CONPOTHMBIEHHS AU(-
¢hy3um.

OTHOIIeHHE ABYX MPOTHBOIOJIOKHBIX BETHUYNH KHHETUYECKON dHEP-
THUH ¥ BSI3KOCTU OMPEAENseT HACKOJIBKO JIETKO YacTHIA PACTBOPEHHOTO
BemiecTBa TUPPYHAUPYET B pACTBOPE.

7.2. CenuMeHTALUA
[Ipornecc ocemanusi KOIUIOWAHBIX YaCTHI B PACTBOPE MO IEHCTBHEM
CHJIBI TSOKECTH HA3bIBAETCS CeAMMEHTAIlM .
Juis mapooOpa3HbIX YaCcTHIL C PAJANYCOM I IIPH UX TIaIEHUH CUIIa Tpe-
HUs F B )KHUIKOCTH C BA3KOCTHIO 1) paBHA:
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F=6nnU (7.9)

rae, U - ckopocTh ocenanus yactul. DdekTuBHbIH Bec G 3THX va-

CTHII paBeH:
G =4/3nr*(d - p)g (7.10)

rie, d - IIOTHOCTE YaCTHII,

p - TNIOTHOCTH CPEJIbI;

g - YCKOpEHHE CUJIBI TSKECTH.

[TocTostHHAST CKOPOCTH OCEAaHUS NOCTUTAeTCs Mpu paBeHCTBE F = G,
Torna

6 rU=4/3n(d-p) g (7.11)

a CKOPOCTh OCEIaHUS

_2r’(d-p)g
9 7

W3 nanHOTO ypaBHEHUS CIEIYET, YTO €CIIM YaCTHIIA JIETYe KUKOCTH,
To paszHocth (d - p) < 0 u Torma U < 0. Bmecro ocenanust npouzoner
BeruibiBanue yactuil. Ecim (d - p) > 0, To KOJUTOUJIHBIE YaCTHIIBI OyIyT
ocenarb. CKOPOCTh OceaHus B JAaHHOW JKUAKOCTH Oy[eT OYeHb CHIIBLHO
3aBHCETh OT pajuyca 4acTHIl. TakuMm o0pa3oM, €CId MCXOAUTH TOJIBKO
13 ypaBHeHHs (28), BCe KOJUIOMAHbBIE YaCTUIIBI HE3aBUCUMO OT pa3Mepa
3a IOCTaTOYHBIN MPOMEXYTOK BPEMEHHU OCSIyT Ha AHO cocyna. Ha ca-
MOM JieJie 9TO He Tak. lIporeccy cequMenTanuu mpoTHBOACHCTBYET Tud-
¢y3us wactun. Jnuddysus IpUBOIUT K PABHOMEPHOMY PACIIPEICICHUIO
KOJUIOMJIHBIX YaCTHI] 110 BceMy o0bemy pactBopa. [Ipouece auddysumu,
OCYILECTBISIEMBIH O] BIHSHUEM OPOYHOBCKOTO JIBUYKEHHSI, ITPOSIBIISCT-
csl TeM OBICTpee, YeM MEHBIIE pajinyc KOJUIOMIHBIX yacTuil. Ecinu craTu-
YeCKOe PaBHOBECHE MEXAY JECHCTBUEM CHJI TATOTEHHS U OpPOYHOBCKOTO
JBWKEHHUS TAKOBO, YTO OCHOBHAS Macca 4acTHIl 32 CPAaBHUTEIHLHO KOPOT-
KO€ BPEMSI OKa3bIBAETCS HA JIHE COCY/a, TO CHCTEMa Ha3bIBACTCSI KHHETH-
YECKHU HeycToMunBOM. Eciin e 4acTuilbl B OCHOBHOM OCTaIOTCS paciipe-
JIEIEHHBIMI B 00bEeMe PacTBOpa, TO CHCTEMa HA3bIBACTCS KMHETUYECKHU
YCTOWYMBOM. 3aMETHOE OCeJaHUE YACTHI] MOXKHO BBI3BAaTh HCITOJIB3YS
HEeHTpoOek)HbIe cHilbl. Brieprie ato crenan A.B. Jlymanckuit (1913r.)
MPUMEHHB HEHTPUPYTY ISl 0CAKICHHUS KOJJIOUIHBIX YaCTHII.

CoBpeMeHHBIE YAbTpalleHTPUYTH paboTarOT MpH OOIBIINX YCKOpe-
Husx g0 420000 £100g ¢ koHTposIeM TeMIIeparyp B Mpeaenax IecsITon

U (7.12)
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rpagyca. CymecTByIoT JjBa THIa MIPHOOPOB: aHAIIMTHYECKHE U Mpernapa-
TUBHBIE. AHAINTHYECKUE LEHTPUPYrH CHAOKEHBI ONTHYECKOH CHCTe-
MOM, MO3BOJISIOLIEH ONpPENENATh pacipeielieHue KOHUEHTPAlUi B JIto-
001 MoMeHT BpeMeHH. [Ipy nCToNb30BaHUY MTpenapaTuBHBIX HEHTPUQYT
OCYILECTBISIOT (PPAKIIMOHUPOBAHNE

B ynbrpanentpudyre yckopenue, JieiicTByIolIee Ha YacTHILY YBEJHU-
yuBaeTcs 1o Mepe ocenanus yactuil. [loaromy ckopocts ocenanus U Bbl-
paxarot B Buie dx/drt, 1€ X - pacCTOsSIHUE OT YaCTHIIBI JI0 OCH BPAIICHUSI.

3Ha4eHUe 3TOM CKOPOCTH, OTHECEHHOE K EAMHHULE JEHCTBYIOIIEH
CHWJIbI, HA3bIBACTCA KOHCTAHTOM CeIMMEHTAIMH S YACTHIIBL

g M (7.13)
o X
IJIe, O - YITIOBas CKOPOCTH BPAIIEHUs POTOPA.

Benmnuwnna S sBisieTcs XapakTepUCTHIECKON KOHCTAaHTONW PacTBOPEH-
HOTO BEIECTBA. 3a eANHUITY u3Mepenus S mpuusT 1 ceenbepr = 107%¢.

. Puc.13.1. Cxema ynpTpaneHTpudyru:

U 1 — porop;

2 — KIOBETEHI,
D O ‘ . 3 - HICTOYHHK CBETA;
4 — xoprryc;
D S - perucTpupyoLee ONTHYECKOE YCTPOU-
CTBO.

T
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OtHocuTeNnbHas MOJIEKYIISIPHAsl Macca CBA3aHa C BEJIMYMHON S ypas-
HEHUEM:

MR8
D(1-¢p)

rae, D - koaddunuent muddysum;
¢ - IAPIUATIEHBIN YICTbHBIN 00beM;
p - INIOTHOCTb PaCTBOPUTEJIS.

(7.14)

7. 3. BsizkocTh

JloGaBieHre KOJLIOMIHBIX YaCTHI] K PACTBOPUTENIO C BAKOCTBIO 1)
MIPUBOAUT K YBCIMYCHUIO BA3ZKOCTH pacTBOpa H. IToBeIIEHNE BSI3KOCTH
€CTb pPE3YJIbTaT YBCINYCHUA TPCHUA MCXKAY MIPUJICTAOIIUMHU MOHOMOJIC-
KYJIAPHBIMU CJIOSAMU. M3menenne BA3KOCTH OOBIYHO BbIpaXXaroT KaK OT-
HOILECHHUE H/H , HA3bIBAEMOE OTHOCUTENIBHON BA3KOCTBIO H_ .

Ecnu kosmoniHbIe 4acTHIBI UMEIOT chepudeckyro popmy U He B3au-
MOJICHCTBYIOT MEXy co00i (pa3daBieHHBIE PacTBOPHI), TO, KaKk OBLIO
YCTAaHOBIICHO A.DHIITCHHOM:

n 1+05¢
Tomn = =773 (7.15)
n, (1-9)

1€, ¢ - 10711 00BbEeMa CyCIIeHIMPOBAHHBIX YaCTHI] B €MHUILY 00beMa
CYCIICH3HHU.

DT0 ypaBHEHHE MOXET OBITh IIEPEIICAHO B BUIE Ps/Ia WICHOB C BO3-
pacTaroUIMMH CTETICHAMH.

JUist pa30aBIeHHBIX PACTBOPOB MOXKHO HCIIONB30BaTh YpaBHEHHUE, CO-
JeprKaliee /1Ba 4WieHa:

Domn = -1+ 2,5¢ (7.16)

0
[Ipu BBesIeHNH el1le OTHOTO WieHa

n, =1+250+14,1¢ (7.17)

OO6nacTb MCNONB30BAHUS YPABHEHUS PACIIUPSETCSl, © OHO MOMKET
ObITh IpuMeHeHo Ayt 30% pacTBOPOB.
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Ecnu yactuipl He cdeprueckue, HO CHMMETPUYHBIE, OCYILIECTBISIOT
sMnUpHyYecKuii mogdop kodddunuentoB. Tak, UIsg 4aCTHI[ AIUIMIICOU-
JanbHON (opMBI C COOTHOIIIEHNEM MTonyocel B/a = 1/10 ypaBHeHHE TpH-
MET BH]I:

N =1+ 5¢+ 489> (7.18)

3aBUCHUMOCTD BSI3KOCTH KOJUIOMJTHBIX PACTBOPOB OT t° mMeeT Oosee
CJIOKHBIN Xapakrep, 4eM JUlsl UICTUHHBIX pacTBOpoB. JIMHeiHas 3aBuCH-
MOCTh 1 OT 1/t° OOBIYHO HapyIIAeTCs M3-3a arperalyy U je3arperamuu
YacTHUILl IpY KoIeOaHMsX t°.

7.4. OcMoTHYECKOE JaBJIeHHE

OcMoTH4ecKoe JaBlieHUe JIF000r0 PacTBOpa 3aBUCHUT OT KOJUYECTBA
PACTBOPCHHBIX YACTHI] U HE 3aBUCHUT OT UX IIPUPOIbI U BEIMYMHBI. B KoJI-
JIOMIHEIX CHCTEMAX YHCJIO YaCTHI[ B €IMHMIIC 00hEMa MHOIO MEHBIIIE
YHCJIa MOJICKYJI PAaCTBOPEHHOTO BEIIECTBA B €MHUIIC O0beMa UCTUHHO-
ro pactBopa. [loatomy, npu nepexojiec OT UCTUHHBIX PACTBOPOB K KOJI-
JIOWIHBIM, TIPOU30UIET pe3Koe M3MEHEHHUE aaBieHus. Tak, ecou B 1 M
HCTUHHOM PAacTBOPE OCMOTHYECKOE AaBieHue paBHO 22,5 klla, To mis
0,1%-mHoro 305151 30510Ta ¢ pasmepoM dactuil 10°M ocMoTHUEcKOe AaBie-
Hue Oyaet npubnu3uTensHo paBHo 22,5 - 107 kI1a, T.e. B 107 pa3 MeHbie.

Pa3mep yacTuil B KOJUIOHIHBIX PAcTBOPAX MOXKET KoJieOarhecs B J10-
BOJILHO IIMPOKUX mpenenax. [loaromy, Juisi pa3ivyHBbIX KOJUIOWIHBIX
PACTBOPOB 3HAUEHUSI OCMOTHUYECKOTO JAaBJICHHsI OYIyT PE3KO OTIIMYAThCS.
DTO CBS3aHO C Pa3HOU JAUCIIEPCHOCTHIO KOJUIOMIHBIX CUCTEM.

Pacuer 1o3BoJisieT yCTaHOBUTH KOJIMYECTBECHHYIO 3aBUCUMOCTh MEXK-
JIy OCMOTHYECKHUM JIaBJICHHEM, YUCJIOM YaCTHI[ N B eIMHUIC 00beMa pac-
TBOPA, CPEIHUM PAJIMyCOM I YACTHIL U CTEIICHBIO JUCIICPCHOCTH Z.

Maccy IucnepripoBaHHOTO BEIIECTBA B €UHMIIC 00beMa pacTBOpa
MOKHO BBIpa3uTh uepe3 4/3nr’ dn, (rme d - mioTHOCTH pacTBopa). Tor-
Jia JUIs IBYX JUCIIEPCHBIX CHCTEM C OJIMHAKOBBIM PACTBOPUTEIIEM U MPHU
OJIMHAKOBBIX TEMIIEPATYPHBIX YCIOBHUIX MOXHO 3aITUCATh:

4/3nr’ dn, = 4/3 nr’ dn, u r’n =rln
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3 3

Taxum oOpazom: nh_b_ ’% = Z—; (7.19)

n, p, n Z

T.e. ocMoTHYeckoe naBiaeHUE 0OpaTHO MPOIOPIHOHATILHO KyOy pa-
JIMyca YacTHUI[ M CJIEI0BATCIIbHO, MPSIMO MPOIOPIMOHAIBHO KyOy cre-
[EHU JUCTIEPCHOCTH. DTO 3HAYUT, YTO JIa)Ke HEOOJbIIIOE M3MEHEHHUE B
pasMepax 4acTHIl JUCIIEPCHBIX CUCTEM JOJDKHO ITOBJICYb 32 CO0OM 3HA-
YUTEJIbHBIC W3MCHEHMsSI B OCMOTHYECKOM JaBiieHHMH. Hampumep, mnpu
YBEJIIMYCHHUU pa3Mepa 4acTHull B 2 pa3a OCMOTHYECKOE JIaBJICHHUE JOKHO
YMEHBIIUTHCS B § pa3 IpU TOM ke KOHIICHTPAIMH pacTBOpa.

8. OITUYECKHUE CBOMCTBA JIMO®OBHBIX KOJJIOUIOB

8.1. CBeTopaccesinue

B 1869 romy Ix. TuHmamp 3aMeTHII, 9TO €CIH TMPOIMYCTUTh ITYYOK
CXOZSIINXCS JIydel uepe3 KOJUIOMAHBIN pacTBOp, TO HaOmomaeTcs 00-
pa3oBaHME CBETSIIETOCs KOHyca. DTO SIBIEHHE B YECTh aBTOpA HA3BAHO
sIBJIeHUEM THHIas.

[lepBoHauanbpHO TpeAronarajd, YTO 3TUM CBOWCTBOM OONIafaroT
TOJBKO KOJUIOMIHBIE cucTeMbl. Ho BrmociaeAacTBuu ObUIO HaliIeHO, YTO
SIBJICHHUC TI/IHIIaJ'ISI Ha6HIOJIaeTC$I Y BCEX AUCIICPCHBIX CHUCTEM, CTCIICHb
TUCTIEPCHOCTH KOTOPBIX paBHA MIIH OOJIbINE CTENEHH JUCTIEPCHOCTH KOJI-
JIOUTHOU CUCTEMEIL.

Korma aymHa BonHBI Tagaromniero cBera Besmka (mpumepro B 10 pas
0oIpIIIe) 110 CPAaBHEHHIO C TMHEHHBIME pa3MepaMiu CBETOPACCEHBAIOIICH
YaCTHIIBI, TO B 3TOM CJIydae HaOromaeTcst Tupakius CBETOBON BOJTHBI,
BBI3BIBAIOINAsI CBETOPACCESHNE.

Taxoe cBeTopaccessHue U ABIsIETCA MpUIUHON dPdexTa Tunmamns.

Jx.Peneii co3ian TEOpUIO CBETOPACCESIHUS KOJIJIOMIHBIX PACTBOPOB
Y TIPEJIOKUIT ypaBHEHNE XapaKTepU3yIOIIee STOT MPOIecC:

- v’V A (! —n;

4 2 2
A n; +n,

(8.1)

rae, | - obmee KoMMIecTBO CBETOBOM DHEPTHH, PACCETHHOW IUHU-
el o0bema;
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V - YUCJIO YaCTHUIl B SUHUIIEC 00beMa;

V - 00beM YaCTHIIBI;

A - JIJTMHA BOJIHBI MAIAFOIIET0 U3JTyUCHUS;

A - ammunTyna KoneOaHus U3ITyICHHUS;

N, ¥ N - MOKa3aresu MPEeJOMIECHHUs TUCIEPCUHOHHON CPEIbl U JIUC-
NepcHOit (asbl.

W3 ypaBHEHUSs BHJIHO, YTO YeM MEHBIIC JJIMHA BOJIHBI /IAFOIIETO
u3ydeHus, TeM Oosbliie Oyner paccesHue. CieoBaTesibHO, €CJIU Ha ya-
CTHIly Iajaer OCJbIii CBET, TO HAUOOJIbIIIEE pACCEUBAHHUE OYIyT HMCIIbI-
THIBATh CHHUE M (DUOJICTOBBIC KOMIIOHEHTHI. [103TOMY, €Ciii IIpOIyCcKaTh
4yepe3 KOJUIOUAHYH CUCTeMy Oelblil Jiyd, TO B MPOXOJSIIEM CBETE pac-
TBOp OyJIET OKpaIllieH B KPACHOBATHIH 1[BET, @ B OOKOBOM , OTPAKEHHOM - B
royry0oii. DT0 XOpOIIIO BUIHO HA 30JI9X MACTHKH, CEPHI.

2 2
n —n
OGosnauns:  247°A°| —= |=K
n—n
2
144
4
A
Tak Kak 4yMCII0 YaCTUI] IPOIIOPLIUOHAIBHO KoHLeHTpalwu C, a 00beM
YaCTHIIBI, €CJIU MPUHATH ee mapoodpasHoit V = 4/3ncr’, tov=C/ Vp
I/Ie, p - IUIOTHOCTD BEIECTBA.
OO0o03HaYMB Bce TOCTOSHHBIC BedM4MHBbI uepe3 K!, momyuaem st
JTAHHO¥ JUTMHBI BOJIHBIL

ypaBHeHue (8.1) MoxkHO 3amucarh: | = K

1=K!Cr?
KonnuecTBo paccessHHOM SHEPrHH MPOIOPIIHOHATBHO BBIPAKEHHIO:

2
2 2
n, —n,
22
n,—n,
Orcrona cienyer, 4To Korjaa n, = n,, 5T0T COMHOKHUTENb PEBPAIaeT-
cs B Hynb. U cnenoBarenbHo, 1 = 0, T.e. cBeTopaccesHue (sBneHue TuH-
JIaJist) HE IPOUCXOIHT.
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8.2. YabTpaMuKpocKonmuuecKkue uccaea0BaHus

Oddexr Turnmans 6v11 ucons3oBad B 1903 roxy P. 3urmonmn ms
YCTpOiCcTBa TPUOOpa, HA3BAHHOTO UM YIALTPpaMHUKpOcKoTnioM (puc.8.1.).

Komnonnueie gacTuris! ¢ pagmycom Menbie 200 HM He BUIHBI TTpH
HCIOJb30BAHUN COBPEMEHHBIX MHUKPOCKOIIOB M3-3a OIpAaHUYEHUH, CBS-
3aHHBIX C pazpemaromeil cuaoi. C MOMOMIBIO K€ YIBTPaMHKPOCKOIIA
MOKHO HAOJIOMaTh YaCTHIIBI ¢ paguycoM 3 - 150 Hwm.

[Ipu MCHoIB30BAHUN YIIBTPAMUKPOCKOIA KOJUIOUJIHYIO CHCTEMY Ha-
OJTIOMATOT HE B TIPOXOAIIEM CBETE (KaK ATO JACIACTCS B OOBIYHOM MHKPO-
cKorie), a B 00KOBOM, OTpaXeHHOM. TakuM 00pa3om, paccCMaTpUBAIOT HE
CaMH YaCTHIIbI, a AU parupoBaHHbIC IYYKH CBETA.

Puc. 8.1. Cxema ynpTpackona

Hcrounuk cBeta 1, B KauecTBe KOTOPOTO MPHUMEHSIOT BOJIBTOBYIO
ayTy, 00pa3yeT Iy4oK CBETa, NPOXOASAIINH 4Yepe3 OTBEPCTHE HKpaHa 2.
KoHneHTprpoBaH#e 3TOTo0 cBeTa B HEOOIBIIOM 00BEME KIOBETHI 5, CO-
JieprKalell KOJUIOUIHBII PacTBOp, OCTUTACTCSl IPUMEHCHHUEM COOTBET-
CTBYIOIIUX JMH3 7 1 6 1 auadparmoii 3. Habmonenue 3a yacTumamMmu npo-
W3BOJIUTCS C MIOMOIIBIO MUKpPOCKOTIA 4.

8.3.HedenomeTpuueckue u3mMmepeHus

Konnounueie cucTeMbl MOKHO HUCCIENOBATh IPYTHM METOJIOM — Me-
tozoM Hedenomerpuu. OH OCHOBaH Ha CPAaBHECHHHM MHTEHCHUBHOCTH CBE-
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topaccestaus.[lycTb umerotcs 1Ba 30515 AgJ 0TMHAKOBOM KOHLIEHTPALIUHY,
HO paznuuHoi gucnepcroctr. CormacHo ypaBaenuio J = K’Cr® pasmepsr
yacTull 000UX PacTBOPOB OY/IYT PABHBI:

/J1 /Jz
n=3— r, =3
K K OTKyZa

Ecnu a1t omHOTO 305151, BISIIOLIETOCS 3TAJIOHOM, PajuyC YacTUL U3-
BECTEH, TO MOYKHO OIPEAEIUTh CTEICHb AUCIEPCHOCTH APYTOTO 307I51.

B npyrom ciydae, Koraa 3011 OTIIMYAIOTCS MEXy COO0M KOHIIEHTpa-
LUeH, HO CozleprKaT YacTUILbl OJMHAKOBOIO pa3Mepa CIPaBeJIuBO COOT-
HOLLIECHHE

(8.2)

I/L=C,/C, (8.3)
T.€. CPaBHUBASI KHTEHCUBHOCTh CBETOPACCESHUS, MOYKHO OTPE/ICITUTh
KOHICHTPALIUIO UCCIeAYeMOro 30iis1. Takue u3MepeHust POBOAST B MPH-
Oopax, Ha3pIBaeMbIX HederomeTpamu. (Puc. 8.2).

Puc. 8.2 Cxema nedenomerpa

[lydok cBeTa OT MCTOUHHMKA CBETa 1, Mpoiijsa yepes IUH3Y 2, OCBe-
LIACT UCIBITYEMBIN pacTBop B cocyne 7. DoTorneMeHT 3, NUTaeMblid OT
ANIEKTPUYECKOM Oarapeu O, MO BIMSHUEM CBETa, PACCESTHHOTO PacTBO-

PpOoM, ITIPUBOJUT B }.'[eflCTBPIC 4Uepe3 COMMPOTUBIICHUC 4 BCpKaHLHBIﬁ rajbBa-
0

HOMETP 5 4yBCTBUTEIBHOCTH KOTOPOTo mocrturaer 107 4.
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CpaBHUBasI OTKJIOHEHUS CTPEIKH JJII CTAHAAPTHOTO U UCCIIETYEMOTO
pPacTBOPOB, HAXOMAT KOHIICHTPAIIUIO TIOCIEIHETO WX pa3Mep YacTHUIl B
HEM.

8.4. llornomenue cBera

ITpu npoxokAEHUN CBETA Yepe3 MOJIEKYIISIPHBIE PACTBOPHI U JIpyrye
OINITUYCCKHUE OAHOPOAHBIC CPCIAbl MHTCHCUBHOCTH MPOIICAIICTO CBETA J
BCET/Ia MEHbIIC UHTEHCUBHOCTH TAJIAIONIETO CBETA J B CIEACTBUM He-
KOTOPOTO MOTJIOLIEHHSI CBETa B 3TOM cpefie.

ComnitacHo 3akoHy JlamOepra-bepa, B JTaHHOM CJIO€ OJIHOPOJIHOM cpe-
bl OTHOIIEHHUE J/J = ONpPENENIETCs TONBKO YUCIOM TONIOMAIMIMX Ya-
CTULl WJIN MOJIEKYIIL:

JI = eetl (8.4)

rne, /- ToJIuMHa Closl;

C — MOJIsIpHAsi KOHIIEHTPAIMsI pACTBOPEHHOTO BEIIECTBA;

€ — MOJISIpHBIN KO3 (UIIMEHT MOTIOUICHHUS BELIECTBA.

BenuuuHa € He 3aBUCHUT OT KOHLICHTpPAalU1, HO USMCHACTCA C Z[JIHHOﬁ
BOJIHBI, t° U IPUPOJOU PaCTBOPUTEISL.

3axon Jlambepra-bepa He Bcerna MoxeT ObITh IPUMEHEH NIPH OTIHCa-
HUU TIOINIOLICHUA CBETA KOJUIOMJAHBIMU PACTBOpPAMMU. B 3aBucuMocTu oT
IpUpOAbl KOJUIOMAHBIX YaCTHULl OJHW KOJUIOMAHBLIC PACTBOPLI IMOAYUHSA-
I0TCS ATOMY 3aKOHY, a IpyTHe — HET.

9. IPUMEPBI PEHIEHUSA 3ATAY
HA JUCIHHEPCHBIE CUCTEMbI

Hpumep 1.

OnpezenieHue yaeabHOW U OOIIEH IJIONaJN MOBEPXHOCTU Pasipo-
OJICHHBIX YaCTHUII 30JI51.

Bbruucnute yienbHy0 MOBEPXHOCTh YACTHIL 30715 30JI0Ta, MOJIyYCH-
HOTO B pe3ynbrare Apoonenus 0,5 30510Ta Ha YaCTHIIBI NIAPOOOPa3HOM
¢dopmer quamerpom 7,0 * 10 m. TTnotHOCTS 3070Ta paBHa 19320 Kkr/m?.

PEIHIEHUE:

ITon ynenpHOM TOBEPXHOCTHIO Sw1 pa3apoOIIEHHBIX YACTHIl TTOHH-
MalT CYMMapHYO IUIOIIA b ITOBEPXHOCTH BCEX YaCTHI[ BEIIeCTBa, 00-
muii 00beM KOTophIx coctasiser 1,0 - 10° M. YaenbHas mOBEpXHOCTH Syﬂ
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paBHA OTHOILCHUIO ILJIOIIAIU TOBEPXHOCTH Pa3APOOJICHHBIX YaCTHUI[ S K
00beMy pa3apoOICHHOTO BellecTBa V:

S =S/V

yI
Ecnu pa3npobiieHHbIe YacTHIIBI Iapoo0pa3Hoi (opMBbI, TO:
S =3n

yI

rie, r — paguyc lapooOpa3Hoil yacTUllbl
OnpeaensieM 00beM, 3aHuMaeMbIi 0,5T 30510Ta:
051077 5-107a°
19320 1,932 -10*

VnenbHast IOBEPXHOCTh Pa3IpoOIeHHBIX MapOo0OPa3HbIX YaCTHIL 30-
JI0Ta paBHA:

=2,58-10"°

3
S =—"
¥ 35.107°

Haxommm o01m1yto miomaas TOBEPXHOCTH S YACTHIT 30JI 30710Ta :
§=S8,*V=086* 10° * 2,58 * 10 =2,22m>

m'=0,86-10"m"

IMpumep 2.

Omnpenenenue 3apsaa KOJUIOUAHBIX YaCTHII.

3oms nomuna cepedpa Agl momyden nmpu modasnennn x 0,021 0,010
pactBopa KJ 0,0281 0,0051 AgNO,. Onpenenure 3aps 4acTuIl MOJTy-
YEHHOTO 30151 ¥ HAITUIITUTE (JOPMYITY €T0 MUTIEIIBI.

PEUHIEHUE:

ITpn cmemenun pacteopos AgNO, u KJ nporekaer peaxius

AgNO, +KJ=AgJ |+ KNO,

Onpenensiem komnuectBo AgNO, 1 KJ, yuacTByOIuX B peaKiuuu:

AgNO,: 0,005 * 0,028 = 1,4 *10** monb

KJ:0,02 *0,01 =2,0 * 10* monb

PacueT mokaseiBaeT, uTo B pacTBope M30bITOK KJ , ciemoBarensHO,
SIPOM KOJTOMIHBIX YaCTHIL 307151 Momuaa cepedpa OyayT amcopOupo-
BaThCSl MOHBI J~ M 9aCTHUIIBI 3011 MPUOOPETAIOT OTPHIIATENbHBIA 3apsl.
IIporuBonoHnamu sBISIFOTCA MIOHBI K'. DopMylia MULIEIITBI 305151 MOIM/Ia
cepebpa nipu ycioBun n36eITka KJ:

{[Agl] nJ(n-x)K*}* - xK*
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Ipumep 3.

OmpenencHrue MUHUMATHHOTO 00BEMa IIIEKTPOIIUTA, HEOOXOTUMOTO
JUTST TIOJTYYCHHUSI 30J151.

Kaxoit o6pem 0,002H. pacTBOpa Xyopuma Oapus Hajgo M00aBHTH K
0,031 0,0006H. A1,(SO,),, 4TOOBI TOTYYNTH TIONOKHUTENBHO 3aPSIKEH-
HBIC YaCTHITBI 30JI4 Cynbdara Oapus. Hanummre hopMyTy MUATICITUTH 30715
BaSO,.

PEIIEHUE:

O6pasosanue 30111 BaSO, npoucxoauT 1o peakuuu:

3BaCl, + A1,(SO,), = 3BaSO, + 2AI1C1..

Ecnu BemecTBa B peakimu y4acTBYIOT B CTEXHOMETPHUECKOM COOT-

3-10°-6-107"

HOIIIEHUH, TO JJISl PEaKkIini HEOOXOAUMO: =9.10"n

2.107°

pactBopa BaCl,.

Jlist monydYeHus MOJIOKHUTENbHBIX vacTull 30511 BaSO, B pactBo-
pe IomkeH ObITh M30BITOK XJIOpua Oapus MO CPAaBHEHHIO C Cylb(haToM
amfomuHuA. CrienoBarenbHo, A peakun HyxHo o6onee 0,0091 0,002H.
pacTBOpa xyopuaa oapus. GopMyna MULIEIITE 301 Cymbdara oapus:

{[BaSO,] nBa**2(n-x)CI'}***2xCI

IMpumep 4.

Brruncnenne mopora Koaryisiiiu 3JEKTPOJIUTa C YYeTOM ero KOH-
LIEHTPAaINH.

B xaxnayro u3 Tpex xon6 Hanmro mo 0,01 1 3078 xmopuma cepedpa.
Jlnst koarymsuuu 301 B nepByro konby nodasneno 0,002 o 1u. NaNO,,
Bo BrOopyto — 0,012 1 0,01n. Ca(NO,),, a B Tperpro — 0,007 1 0,001n.
AI(NO,),. Beruncnure moporu KoaryJisiiiu dieKTponuToB. Onpenenure
3HAK 3apsi/ia YaCTHII 30JIs.

PEHIEHUE:

MuHIMaTBEHOE KOTMYECTBO IEKTPOIIUTA, TIPHOABIIIEMOTO K 30710, KO-
TOPOE MOXKET BBI3BATh KOATYJISIMIO 307151, HA3bIBAIOT MOPOrOM KOATYJIsl-
110101 CKp (Mmomw/i1.). TTopor Koarymsiui MOKHO BEIYHUCIUTH 1O hopMyIIe:

C,V, 1000

i V,+Vs
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rie, C, — HopMaJibHas KOHLIEHTPAIKs JIEKTPOJIUTA MOJIB/JI;
V., V, — COOTBETCTBEHHO OOBEM DIIEKTPOIUTA U 301, JI.
Boruucisiem nmoporu KoaryJsiuu 100aBIsieMbIX AJIEKTPOJIUTOB:

1-0,002-1000 2

C(NaNoO,) = = = 166,70 mmonb/ 1
0,002 +0,001 0,012
1-100,012-1 12
C(Ca(NO3 )2)2 0,01:100,012-1000 _ .12 _ 5,45mmonw/ 1
0,012 +0,01 0,022
c(41(No,),) = 0,001-0,007-1000 _ 0,007 _ 1\ 0 o in

0,007+0,01 0,017

Hobasnsiempie snekrponutsl — NaNO,, Ca(NO,), n AI(NO,), — co-
nepxar annon NO,~ u katuonsl Na®, Ca*, AI’* pasuoii 3apsnHocTu.

Hanmenbnmii mopor koaryiisiumu y wurpara amomunust A1(NO,),, cie-
JIOBaTeJIbHO, YaCTHIIBI 30JI51 XJIOpU/Ia cepedpa 3apsuKeHbI OTPUIIATEIBHO.

IIpumep 5.

Brluncnienre mopora Koaryisiiiié 2JIEKTPOJIUTa C YYeTOM 3apsja
HOHa-Koaryisitopa. [lopor koarynsiun pacTBOpa HUTpaTa KaJust s 3015
TUAPOKCHU A AJIOMUHUA, YaACTHULBI KOTOPOTO 3aps’KE€HBI ITOJIOKUTEIIBHO,
pasen 60,0 Mmmonb/i1. Paccunraiite nopor koaryssimun K, [Fe(CN), ] ms
9TOTO 307151

PELIEHUE:

Koarymsiuto 30715 BBI3BIBACT TOT U3 HOHOB MPHUOABICHHOTO JIEKTPO-
JIUTA, 3apsiJ] KOTOPOTO MPOTHBOIIONOKEH 3apsily KOJUIOWIHOM YacTHUIIBL.
Koarynupytomias criocOOHOCTh MOHA OTPEJeNIsieTCs ero 3apsaoM. Uem
OoJibllie 3aps)] MOHA, TeM OOIbIIE €ro KOoaryJIupyroas ClioCOOHOCTb.
3HaueHus IIOPOIroB KOAT'yJIAIUHA JJICKTPOJIUTOB C OJHO-, IBYX— U TPEX3a-
PAIHBIME HOHAMH OTHOCATCS Kak uncia: 29 : 11 : 1.

Cnenosarensno nopor koarynsuun K [Fe(CN) ] Oyzer B 729 pas
MeHble 4eM y nutpara kamis, T.e. C K [Fe(CN),] = 60/729 = 0,082
MMOJIB/II.

IIpumep 6.

Ha xoarymsimuio ruaposons womuma cepedbpa uz 1,0-102 M crou-
HBIX Bo motpedoBaioch 8,0-10* m* 10%-ro pacTBopa XJopuaa HATpUs
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¢ mrotHocthio 1,07-10° xr/m®. Paccunraiite pacxom 28% — ro pacTBopa
cyabdara aJIOMUAHUS, TDIOTHOCTH KoToporo 1,30-10° kr/m> ams usBiede-
Hust AgJ u3 100 M® yka3aHHBIX CTOYHBIX BOJI, €CJIH JIEKTPUUCSCKHIA 3apsi
KOJUTOWIHBIX YaCTHI] HOJU/Ia cepeOpa B 3TUX BOAAX:

a) TOJOKUTEIIbHBIN;

0) OTpHIIaTEIIbHBIH.

PEIIEHUE:

Konuuectso n, Bemectsa xnopuaa Harpus B 8,0-10 m> 10%-ro pac-
topa NaCl pagro: n, =V, p,, oo / (100M).

n, =8,0-10*-1,07-10° - 10/100 - 0,0585 = 1,46 monb.,

re: V, p,, ®, — 06beM (M?), MIOTHOCTH (KI/M° ) ¥ KoHLeHTpaius (%o)
B3sitoro pactsopa NaCl;

M, — monspuas macca NaCl (kr/monb).

OTcroma: mopor KoaryJsiiiuu CKp crounsix Boa 1o NaCl paBeH:

C,=V.C /(V+V)=n/(V, +V) [MomB/M*],

MO2TOMY: C/Kp =1,46/1,0*102 + 8,0¥10* = 1,46*102 = 135 monn/m>.

a). Ecnu snexktpuyeckuii 3aps KOJUTOMIHBIX YACTHI MOJIOKUTEITh-
HBIH, TO HOHamu-koaryasTopamu B Al,(SO,), spnsiores uionsl SO,* (Z
= 2). Ilopor koarynsuuu (Ckp) paccMaTpUBaeMOro TUAPO30JIsl [0 HOHAM
S0,*, cornacHo opmyie: C,= KT%/Z8

C//Kp = C/Kp/26 = 135/64 = 2,12 mons/Mm>.

Crenosarenbro, i koarymsaiuu 100 M> CTOUHBIX BOA MOTpeOyeTCs
HOHOB

SO,*:n,=2,12 * 100 = 212 monb. Macca m, AL(SO,),, conepsxamas
TaKoe

KOJIMYeCTBO HOHOB SO,*, paBHa:

m, =n,M,/3 =212 *0,342/3 = 24,2 xr

rae M, — monspnas macca AlL(SO,),;

3 —aucno uonos SO,> B Monekyne AL(SO,),.

O6wem V, pacteopa Al,(SO,),, conepxaiuii Takyr Maccy coi, pa-
BEH:

V,=m, * 100/0,p, = 24,2 * 100/28 * 1,30*10° = 6,65*10m’

e, ®, ¥ p, — KoHUeHTpauus (%) U IIOTHOCTH (KI/M*) pacTBopa
AL(S0O,),.

0). Ecin anexkrpuueckuii 3apsiji KOJUIOUIHBIX YacTUI] OTPUIIATEIbHBIMH,
TO HoHamu-koarynaTopamu B AL(SO,), asisiorcs nousl A1%*(Z = 3).
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[Topor koarynsmum (CKp) paccMaTpuBaeMOro THAPO30JISL MO0 HOHAM
A% cormacHo dopmysie paBeH:

CWKp = C/Kp /3¢=135/729 =0,186 monb/M>.

Jist KoarynsilMy CTOYHBIX BOJA B OTOM Clydae MoTpedyercsi HOHOB
A"

n,= 0,186 * 100 = 18,6 moub.

Macca m, A1,(SO,),, conepsamas Takoe KOJIMIECTBO HMOHOB Al
paBHa:

m, =n,M,/2 =18,6 * 0,342/2 = 3,18 kr

rie 2 —yucno noHos A1** B monekyne Al,(SO,),

O6wem V, pactBopa A1,(SO,),, conepamuii Takyro Maccy COJH, pa-
BCH:

V,=m* 100/w, p, = 3,18 * 100/28 * 1,30*10°= 8,74*10~ m’.

OtBeTsI: a). 6,65%102m°;

0).8,74*10m".

10. HIOBEPXHOCTHBIE SAIBJIEHUSA U AICOPBIIMSA

AncopOuumeii Ha3bpIBACTCS HAKOTUICHHE BElIecTBa (aJcOpOTHB) Ha TO-
BEPXHOCTH pazJieina (a3, 00bIYHO NMPEICTABISIIONIEH COO0H TOBEPXHOCTD
TBEPAOTO Teja (aAcOpOCHT), OKPYKEHHOTO KHJKOH WIIM ra3000pa3HoiM
cpenoi. AicopOiiust — 00paTUMBIN MPOIECC, TOATOMY OHA 3aKaHUHMBACT-
Csl yCTaHOBJICHUEM PaBHOBecHs. B kauecTBe KOJMUYECTBEHHOW XapakTe-
PHUCTHKH aJCOpOLIMU UCTIONB3YETCS TaK Ha3bIBacMasi yaeabHasi aacopo-
nud [, yacto 3amMeHsiemas yIpoIieHHbIM TEPMUHOM a/1COPOIIHS:

I'y=n/s [Monb/M*] uan I’ = n/m [Mosb/Kr]

IJe N — KOJIWYEeCTBO BeulecTBa (MOJb) aacopOTHBa, aJcopOUpoBaH-
HOTO a/ICOPOEHTOM MAacCcOil m M IUIOLIAJbI0 S TIOBEPXHOCTH K MOMEHTY
YCTAHOBJICHUS PAaBHOBECUS.

Ha mpakTuke B KauecTBE KOJTMYECTBEHHON XapaKTEPUCTHKH TIPO-
necca afcopOLMM YacTO MCIONIB3YIOT TaK HA3bIBAEMyI0 AKTHBHOCTH
ajicop0eHTa, 110J] KOTOPOH MoApa3yMeBaeTcs Macca aJicopOTuBa, aicop-
ouposantoro 1 kr (1 m?) angcopbeHTa. AKTHBHOCTB aJICOPOCHTA MOAPA3-
JeTIsieTcsl Ha CTaTUYECKYI0 U INHAMUYECKYIO.

38



Craruyeckasi aKTHBHOCTb 2 aJcOpOEHTa BBIPAXKAET MAaccy
m’ afgcopOTHBa, a1COPOMPOBAHHOIO aICOPOEHTOM MACCOM M (HACBHITHBIM
00beMOM V) K MOMEHTY YCTaHOBJICHHS PABHOBECHUS:

a’ =m/m [kr/xr] umma’, = m'V[kr/m’].

HeTpynHo 3aMeTHTh, YTO CTaTHYECKas aKTMBHOCTb &' aAcopOeHTa

IPONOPUMOHAJIbHA yeabHOH ancopOuuu I :
a’ =T M,

rae M — MonsipHasi Macca ajcopOTuBa.

JuHamuyeckasi aKTHBHOCTBL a aJiIcCOPOCHTa BBIpaXKAeT Maccy aji-
copOTHBa, ycresmero agcopouposarsest 1 kr (1m*) axcopbenra 3a mepu-
O]l IPOXOXKICHUS Ta3a (KUIKOCTH) depe3 ciaon amcopbenta. Kak mpasu-
J10, 3HaYEHHUeE a cocTaBlIAeT 85-95 % 3HaueHus a*, T.e. a<a'.

TepMonuHAMUYECKOE OMHMCAHUE aCOPOIIMOHHOIO PaBHOBECHS
JTACTCsl ypPaBHEHHEM H30TepMbl aacopouuu ['u6oca:
I',= [¢/(RT)] (- do/dc)’, 9.1)

e ' — ynenbHas asicopOIus, MOJb/M?;

C — paBHOBECHasI KOHIICHTPAIUS aIcCOPOTHBA B Cpe/ie, MOJIb/M?;

0 — TIOBEPXHOCTHOE HATsDKEHHME Ha TpaHHIe aJcopOeHT-cpena, H/m;
T — temmeparypa cuctemsl, K; R — MossipHast razoBast mocrosiaHast, JIx/
(monp-K).

Jlnist mpakTUUeCKuX 1eneit bonee yj00HO ypaBHEeHHE H30TePMbI
agcopoumn Jlenrmiopa:
I'=T Kc/(1+Kc), 9.2)

rae I — ynenbHas ancopOums Hacelmenus (npu c—oo0 I'=T);

K — koHCTaHTa acOpOIMOHHOTO PaBHOBECHS (XapaKTepU3yeT COOT-
HOIIICHUE PAaBHOBECHBIX KOHIICHTPAIUI a7copOTHBA B 00beMe Cpe/ibl U B
00beMe TTOBEPXHOCTHOTO CII0S aficopOeHTa).

[Ipeamnonaras BO3MOXHOCTh HJCATBLHOTO TOKPBITHS MOBEPXHO-
CTH a7icOpOCHTa MOHOMOJICKYJISIPHBIM CIIOEM aJICOPOTHBA, MO 3HAUCHH-
AM TUIOMIAM S, CEYEHUs MOJIEKYIN aJcopOTHBa M YAEIbHOU ancopOouuu
I’ . HACBIICHNS MOKHO PACCUNTATh YIENBHYIO IIIOMAb S, TIOBEPXHO-
CTH ajicopOeHTa:

el AR [M%/kT], (9.3)

m,o 0

rame N R ABorazapo.
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YrnenpHy0 ancopOIunio I, ,, HACBIIICHHS MOXKHO ONPE/IEIHUTH 110 TPa-
(bUKy 3aBHCUMOCTH I/Fm: f(1/c), nonydeHHoi npeoOpa3oBaHUEM ypaB-
HEHHs U30TepMbI asicopOrun JleHrmiopa:

1 1 1 [ 1 ]
— e =
r, TI.. KI',, \c 9.4)

AncopOrtist Ha TBEpABIX aACOPOCHTAX MPHU CPEIHUX 3HAYCHHUSIX KOH-
LEHTPaLU a7copOTHBAa yAOBIETBOPUTEIHHO ONHCHIBACTCS IMIUPHYE-
CKUM ypaBHeHHeM DpeifHaImnxa

I'= e, 9.5

e B ¥ o — KOHCTAHTBI, 3aBUCSIINE OT MIPUPOIBI CUCTEMBI (OTIpeaes-
1otcs 1o rpaduky 3aBucumoctu g I' = f(lgc)).

[Ipu uccnenoBaHuH Mporecca aacopOInu HeoOX0AUMO UMETD B BUJLY,
4yT0 ypaBHeHue (9.1) onuceIBaeT JUIIb CTPOTO MOHOMOJIEKYJISIPHYIO al-
copbOruio. B ciayuae mpoTekaHus aAcopOIHH IO TOIUMOJIEKYIIPHOMY
MEXaHHU3MY, JIYUIIIe BCETO ISl €€ OMUCAHUS oAXoauT ypasHerue (9.5). B
MIOCJIEIIHEM CITy4ae HACHIIICHNUS MTOBEPXHOCTH aJIcCOPOEHTA aIcOPOTHBOM
HE IIPOMCXOIUT M 1odToMy I' Ha m3oTepme He HaOIONAETCS.

11. IPUMEPBI PEIIEHUSA 3A 1AY

Ipumep 1. Onpenenenne KoIM4ecTBa BEMIECTBA, TIONIONAEMOTO a/-
COpOEHTOM.

AKTHBHAS IJIOMIA]b TOBEPXHOCTH AKTHBUPOBAHHOTO JPEBECHOTO
youst jocturaet 1000 m? Ha 1073 xr yrmrst. CKonmbko Mostekys GpocreHa rmo-
ootutcest 0,25 M? I0IIAAN TIOBEPXHOCTH yIuis, ecin 107 Kr yris Moker
ancopouposats 0,440 i1 hocrena?

PEHIEHHUE: OupenenstoT 9uciio MOJIEKYI, coaepkammuxcs B 0,440
1 hocrera. Moms 1100010 Ta3a (H.y.) 3aHUMAET 00beM, paBHEIH 22,4 71, u
comepxut 6,02-10% monexyi:

22,4 mrasa — 6,02:10% mosexyn
0441 - x

_0,44-6,02-107
X =

=0,118-107 Morekyi.
22,4
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Crenosarenbro, 107 xr yrs, T.e. 1000 M® ero miormaaym moBEpXHO-
ctu, mororaiot 0,118-10% monekyn ¢pocrena. 3aTeM OnpeeNsioT YKCI0
MOJIeKyJI, morormaemoe 0,25 M? TUToNaan MOBEPXHOCTH YIJIS:

1000 m? yrst — 0,118-10% momexy
0,25 — y
_0,25-0,118-10%
1000

0,25 M? rToma M MOBEPXHOCTH yruist mormotut 3-10"™ monekyn doc-
reHa.
Ortser: 3-10'8 Mmomexyn ¢ocrena.

=3-10" monekyn

I[Ipumep 2. BerancieHune TeIOTH aacOPOIHH.

TerutoTolt ancopOIIKM HA3BIBAIOT KOJUIECTBO TEIIOTHI, BRIICIIEMOE
TIPH TTOTIIOMICHIH | MOJIb BEIIECTBA IIOBEPXHOCTHIO afcopoenTa. [1pu mo-
DJIOIICHUH MEJTKO pa3apoOaeHHbIM xesne3oM 42,5107 kr aMmuaka Bbljie-
nsercs 177,8 k[ ternorel. PaccuuTaiiTe TEMioTy aacopOIiy Ha Me-
KOpa3apoOIeHHOM KeJe3e.

PEIIEHUE: Mr(NH3) = 17 r/mounb. [l onpeeeHus! TeIJIOThI al-
COpOITMHU COCTABIISIEM ITPOTIOPITUIO:

mpu moronternu 42,5-10° xr NH, - 177,8 xJlx

17-10°3 kr/mone NH, —  x

_17-107-177,8
X - —_3
42,5-10
Tennora ancopbunu NH, Ha MmenkopasapoOIeHHOM JKele3e paBHa

71,1 xJI>x/MOTb.
Otset: 71,1 x/[>/MOb.

=71,1 xJhx

IMpumep 3. OnpeneneHrne MaccoBO# JOTH Ta3000pa3HOTO BEIIECTBA
1o ko3 pummenTy abcopobunm raza.

Kospdunment abcopbunn ammuara mpu 0° C u p = 1,0133-10° T1a
pasen 1300. Berancure maccosyro nommo (%) NH, B pactsope.

PEIIEHUE: PacTBOPUMOCTB Ta30B, COIEPKANTUXCs B | M BOIBI ipu
nasienuu 1,0133 - 10° I1a, BeIpakeHHYIO B KyOMUYSCKHUX METpax rasa, U
Ha3BIBaOT K03 PuiiueHToM adcopoumu. PacTBopuMOCTh ra3za 3aBUCHT
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OT AaBJICHUSA, 11O KOTOPBIM HAXOJAUTCH I'a3, U OT TCMIICPATYPhI. 3aBucu-
MOCTh PaCTBOPUMOCTH Ta3a OT JaBJICHUS BhIpakaeTcs 3akoHamu [ eHpu-
JansroHna:

1. Macca rasa, pacTBOPSIOIICTOCS B JIAHHOM O0BEME JKUIKOCTH,
MIPOTOPIIUOHAJIBHA JIABJICHUIO Ta3a Ha JKUJKOCTh.

2. OObeM rasa, paCTBOPSIIOIICTOCS B JAHHOM 00bEME KHUJIKOCTH, HE
3aBUCUT OT AAaBJICHUS.

Omnpenensem maccy 1300 m* (1,3-10° 1) ammuaka, comepIkanierocs B
1 M Bomer; Mr(NH,) = 17,03 r/mMoi15b:

6
m(NHz) = LLE 1300 _ggg35 4

IMpuaumas maccy 1 m® Bomer 3a 1000 kr, Haxomum, uto B 1988,35 kr
pactBopa cozmepxkurcs 988,35 kr NH,. Torna B 100 xr pactopa couep-
KUTCSL:

100-988,35
1988,35

Maccosas nosns NH, B monyuennom pactsope 49,7%.
OrtseT: 49,7 %.

= 49,7 xr NH..

Ipumep 4. 115 agcopOuum aprona Ha kKokcoBom yrie mpu —78,3° C
MOJTYYEHBI ONBITHBIM ITyTEM CIICAYIOIIUE PE3YIbTaThI:

P, MM PT. CT. a,me/e
24 5
98,4 15,4
218 24
Haiitu nocrosiHHbIE ypaBHeHuUs JIeHrMIopa.
P 1 1 1
PEINIEHHE: Kak cnenyeT W3 ypaBHEHHS — = +—P, —

a bz Z V4
SIBJIIETCSL YTIJIOBBIM KOA((HUIIMEHTOM MPSIMOM, U300paxaroled 3aBUCH-

1

MOCTb MEXIY — H p, a — OTPE3KOM, OTCEKAEMBIM 3TOM MPSIMON Ha

p bz

p
OCH OpAUHAT. Beraucisem BenmmauHbl —
a
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)4
P, MM PT. CT. -
a
24 4.8
98,4 6,39
218 9,08

[To manHBIM MOCHEHEH TAOMUIBI CTPOUM IpadUK, OTIOKHUB Ha

p
ocu adcIyce p, a Ha OCH OpJIMHAT — .
a

? et

9.08-4.6

50 100 150 200 250

1 9,08-4,8
Kak BuzaHO u3 rpaduka, — = ——— .

Z 218-24

Orcrona Z = 45,3, L =43
bZ

1

Cnenosarensno, b = ————= 10,0051

4,3-453
OtserT: 4,3; 0,0051.

Ipumep 5. TIpu 22° C noBepXHOCTHOE HATSHKEHNUE BOJBI paBHO 72,2
Oun/cm; moBepxHocTHOE HaTspkeHue 0,1 M, pacTBopa aleMHOBOKHCIIOTO
HaTpust paBHO 62 Oun/cm. OnpenenuTsh aacopOLUIO alCeHHOBOKHCIIOTO
HaTpus Ha MOBEPXHOCTHU PacTBOpa.

PEHIEHHE: Bocnosib3yeMcsl ypaBHEHUEM



(o} (6}
3aMeHUM IMPOU3BOAHYIO d— OTHOIICHHUEM , TaK KaK I10 YCJI0-
(€

AC
BHUIO JAaHO TOJBKO ABAa 3HAYCHUA HOBerHOCTHOFO HaTSKCHU A, HO.Hy'—II/IM
A 62-722
bt e el 1 )
AC 0,1

Jlnst Ta30BOM MOCTOSIHHOW crenyeT BoiOparh 8,315-107 ape/epao -
monw. Tlocie mogCcTaHOBKYA UMeeM

0,1-102
a= 7
8,315-10" - 295

Ortser: 4,16-10'° monb/cM?.

=4,16-10" wmoms/cm>.

Mpumep 6. 1 r yrst ancopoupyer npu Hacwimernu 0,001 Monb yk-
CyCHOH KucnoThl. OnpenenuTb aKTUBHYIO IOBEPXHOCTh YIS B KBaJpaT-
HBIX MeTpax Ha rpamM. [1oTHOCTE 0e3BOAHOM YKCYCHON KHCIIOTHI paBHa
1,0553 r/em’.

PELIFHUE: TlpuMeM, 4TO MPHU HACBHILIEHUH YKCYCHAas KUCIOTA IO-
KPBIBAET BCIO [IOBEPXHOCTH a/1COPOESHTa MOHOMOJIEKYIISIPHBIM ciioeM. [o-
BEPXHOCTh, 32aHUMAEMYIO OTHOM MOJICKYJIOH, ONpENesiuM, 3Hasi MOJIEKY-
JISIPHBIN BEC YKCYCHOM KUCIJIOTHI U €€ TNIOTHOCTh, CIEAYIOIINM 00pa3oM:

O6beM 1 MOb KUCIIOTHI

60
1,0553

00BbeM, 3aHUMAEMBIH OTHOH MOJICKYJIOMH,

56,87
6,02-10%
IIOBEPXHOCTb, 3aHUMaeMasi OJIHOM MOJIEKYJIOMH,
(9,448-10%) 2/3 =2,074:10"5 cm®
[ToBepxHOCTB, 3aHUMaEMasi BCEMU MOJICKYJIAMU, COACPKAIIUMHUCS B
0,001 Monb KUCIOTHI, OyeT paBHA
2,074-10% - 6,02-10%°= 1,248-10° cm? = 124,8 M>.
Ora BeNM4YMHA U Oy/IeT aKTUBHOW TTOBEPXHOCTHIO 1 T yIIs.
Otser: 124,8 M2,

— 56,87 CM°

~9,448-102 oM,
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[pumep 7. Onpenenuth ATHHY cloOsi ajcopOeHTa, o0ecreunBao-
IO pa3jieJIeHUe IBYX KOMIOHEHTOB, eciu ' = 6; ', =4, H=0,25 cm u

Kkputepuil pazaenenus K = E .

PEHIFHHUE: TlonctaBuB B ypaBHEHUE Kzﬁﬁ\/ﬁ BEJIMYHU-
4 I+ 7T,

HbI, TaHHBLIC B YCJIOBHUH, HalAEM YHCIIO TCOPETUYECCKUX TAPECIIOK 71

1 V2 (6-4)

2 4 (6+4)

[Tonywaem n = 50.

Tax Kak BbICOTa TEOPETUYECKOM Tapesku paBHa 0,25 cM, a 4yucio Tape-
sok = 50, To uckomast JyTMHA ctos ajcopbenTta pasHa 0,25 - 50 = 12,5 cm.

OtseT: 12,5 cm.

Hpumep 8. IIpu rccnenoBaHnu NOBEPXHOCTHOM AKTUBHOCTH PACTBOPOB
yKcycHO# kucioThl ipu 20°C ObLITH MOy UYEHbI CIIEYIONIHE PE3YIIBTaThL:
KoHmeHTpanus KuciaoTsl, MOJIb/IT 0,00 0,01 0,1 0,5 1,0
[loBepxHOcTHOE HaTshKeHUE, TuH/cM 73,26 70,02 66,88 61,66 57,28

Haiitn 3HaueHus BenMYMH afcopOLMU U IUIOLIAIH, 3aHHMacMOU
OZIHOM MOJIEKYJIOH YKCYCHOM KHCJIOTBI IPH Pa3HbIX KOHIIEHTPALMSX.

1 BapuanT. [ns pemeHuss BOCHOJb3YeMCS  YpaBHEHHEM

r- _L(@] ,
RT(4C ),

Haxomuwm cpenunee 3nadenue C, a taxxe AC, Ac u Ac/AC (cum. Ta0.).

C. .. AC Ac Ac/AC
0,01 -0,00=0,0170,02 —-73,26 =-3,24| -
¢ = 000+ 001 4 0 324 _
2 0,01
0,1 -0,001 =0,09|66,88 — 70,02 =-3,14| -3,
C, = 0.1+001_ 0,055 14 349
0,09
C - 0,1+0,5 _ 03 0,5-0,1=04 |61,66-66,88=-522]_527 13,04
2 0.4
1,0-0,5=0,5 |57,28-61,66=-4,38| 4,
¢ OSHLO o (;1538=_8,76
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C (oo
BoIuncisieM BEIMYUHBI acopOImMHK 1o ypasaernio I = ———| — | :
AICOPOLMI TIO YP RT(@C)S
r = _LPS.(_ 324)=0,67-10""° MOHB/CM2;
8,31-107-293,2
r - _&.(_ 34,9)=0,8-10"° Momb/cM>;
> 831-107-293,2
ry=—— 2005 (4305)=1,65.10"momb/er?;
8,31-107-293,2
ry=—— 209 (g76)=273.10" moms/cm’.

47 831-107-2932

[Inomanu 3aHMMaemMble OTHOW MOJIEKYJIOW YKCYCHOM KHCIJIOTHI IPH

1
JIAHHO KOHIIEHTPAIHH BEMHCILIEM 10 YPABHEHHIO Do — N
n’ A
S, = _101 - 0.25-107" CM2;
0,67-10"°-6,02-10
1 = 2
S,= =0,21-107" cM';
27 0,8-10™6,02-10%
S; = 1 =0,11-107" cm2;
1,65-10"°.6,02-10%
] ! =0,06-10" cm”.

T 2.54-10°-6,02-107

r

N

Puc.19.1.
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2 Bapuant. Crpoum rpaduk 3aBucumoct 6 oT C (cm.puc.19.1.)
Ui psafa KoHeHTpanuid. OT BBIOpAaHHBIX MPOU3BOJIBHO KOHIICHTPAIUH
Ha ocHU abCIMCC BOCCTAHABIMBAEM MEPICHIUKYISAPHI 10 MEPeCeueH s ¢
KPUBOH M Yepe3 TOUKH IEepPEeCcEUCHHUs] MPOBOANUM MpPSMBbIC MapajlieIbHO

ocu a0CIIUCC JI0 TepeceueHmsl C 0ChIo opAuHAaT. Ha ocu opavHAT HaXoauM

OTpEe3KU Z JUIsl KaXJA0W KOHLUEHTPALMH U 110 YPAaBHEHUIO [ = Zz pac-

CUMTBIBAEM 3HAYCHHUS |, COOTBETCTBYIOIIME JAHHBIM KOHIIeHTparusiM. Ha
OCHOBAaHHWH 3HAYCHHH [, IMOTydeHHBIX 1O MEPBOMY W BTOPOMY BapHaH-
TaMm, ctpouM rpaduk 3asucumoctu I’ = f (C). U3 mocmexanero rpaduka
MOKHO HaliTH TaKKe 3HAYCHUE NIPEAENbHOM ancopouuu I, apisromsies
TpeiesioM K kotopomy crpemuTtcs I. OmHako ymoOHee s 3ToH 1enn

c 1 1
[I0JIb30BAThCSl ypaBHEHHEM e C+ e ; HaxoJMM COOTHO

2

L, n’ HICHUS
C/T" u ctpoum rpaduk 3aBucumocti C/I' ot C. Iy TpeX KOHIIEHTpaITit
rpaduyeckn naxoqum: 1t C, = 0,1 u C /', = 1,4-10%; mus C,=03,C,/
I,=1,810°uana C,=0,75, C,/I',=2,7-10°. IIpu mocTpoenuu nomyqaem
MIPSIMYTO, Ctg yTila HaKJIOHAa KOTOPOH K OCH abCIMCC JacT HaM 3HAYEHUS
I' . B nanHOM city4ae JUIMHA NPUJIEKANIEro Karera coorseTcTryer 0,85
Mojs. A mporuBosexaniero 1,4:10° ¢cM?, COOTHOIIEHNE TaeT BEITUUNHY
npenensHOi ancopormu I' = 0,85 : 1,4-10° = 6-:10°'"° moms/cM?.

Ilnomans 3aHuMaeMasi OTHOM MOJIEKYJIOM B COCTOSSHUM HACBIIIEHUS,

R
T -N,

n

10 YPaBHEHUIO Seo = OyzeT paBHa:

1

S = 2
”6-10".6,02-10%

=0,28-10" =0,03-10" cm

TommuHa anCOPOLMOHHOTO CJIOS  BBIUUCISIETCS 10 (opMmylie
r -Mm
3o = —=
d
6,0-107°-60
1,05
rae 60 — MoJIeKyIspHBIM Bec ykcycHoM kuciotsl; 1,05 — ee mior-
HocTh mpu 20°C.

=3,43-10"° cm,
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