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BBEJIEHHUE

Kommongnas xumust - Hayka O JIUCHEPCHBIX CHUCTEMAx U
MOBEPXHOCTHBIX SIBJICHUSAX W TPAJULIMOHHOE Ha3BaHUE (PU3UUYECKOM
XUMUU JUCTIEPCHBIX CUCTEM M MOBEPXHOCTHBIX SIBICHUHN, BO3HUKAIOITUX
Ha rpa”ule pasaena (a3. Usydaer aaresuto, aacopOuuio, cMauuBaHue,
KOaryJIsiuio, anekTpodopes. PazpabatbiBaeT TE€XHOJIOTUH
CTPOUTEBHBIX MaT€pUANIOB, OYpEHHS TOPHBIX TMOPOJ, 30J-TEJb
TexHosioruu. Urpaetr pyHnamMeHTanbHy0 pojib B HAHOTEXHOJIOTHUH.

CoBpeMeHHasi KOJUIOUAHAs XUMUSI — 3TO HayKa Ha CThIKE XUMUH,
¢buszuku, Ouonorun. Ocoboe MEKIUCHUILUIMHAPHOE  MOJOKEHUE
KOJUIOMAHOM XHMHUU TMOJYEPKUBACTCS TEM, YTO B AHIJIOA3BIYHOM
JUTEepaType 4acTo UCIMOIb3YIOT Ha3BaHUE «KOJJIOUIHASI HAyKa»

[Ipy DOATOTOBKE K 3aHATUSAM CTYACHTHl JIOJKHBI H3YyYHUTh
COOTBETCTBYIOIIUIA TEOPETUUECKUN MaTepuas Mo yuyeOHOW JIUTepaType,
KOHCIIEKTY JIeKIIUW, O3HAKOMHTBCA C COJAEpKaHHWEM J1labopaTOpHOM
paboTHL.

B wMeromuueckux yKazaHUAX Bce JabopaTopHbIE  PabOTHI
COJIEp)KaT 1IeJIb €€ BBIMOJHEHUS, KPAaTKUE TEOPETUUYECKUE CBEICHMUS,
pEeKOMEHIyeMble Il WM3yYE€HUs JUTEPaTypHbICE WCTOYHHUKHU, 3aJaHUS
JUISl BBITIOJTHEHUSI paOOThl B Y4€OHOW ayauTOpuu U noma. Pe3ynbrarsl
BBITIOJTHEHHUS  3aJaHUM  CTYJEHTaMH  OILICHUBAIOTCSI B KOHIIE
Ja00paTOPHONM PabOThI, UTO YUMTHIBAETCS B OQUIBHO - PEHTUHTOBOM
OLICHKE 3HAHUM CTYJCHTA.

Ouenka mnpemnojaaBaresieM JabopaTopHOW paldOThl  CTyACHTA
OCYILIECTBJISCTCS KOMIUIEKCHO: TIO pe3yJibTaTaM  BBITIOJHEHHOTO
3a/1aHUsl, YCTHOMY COOOIIEHHIO M KauyecTBY O(OopMIIeHUS] pabOThI, UYTO
MOXET OBITh YUTECHO B PEUTUHTOBOM OIICHKE 3HAHUM CTYJICHTA.
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ITPABUJIA O©®OPMJIEHUSA PABOT

1. Ortuerhl 1O KaXIOH TeMe Ja0OpAaTOPHOTO  3aHSATHUSA
o OPMIISIIOTCS B OT/ICILHOM TETPaIH.

2. Ilepen opopmiieHHEeM Kaxao0l paOOThI CTYAEHT JOJDKEH YETKO
HaIKCcaTh €€ Ha3BaHUE, 11€JIb BHITIOJHEHUS, KPATKUE OTBETHI HA BOMPOCHI
JUIsL  TIOATOTOBKH, OOBEKTBI W pe3ynbTaThl HcchenoBanus. Ecmou
npeaycMoTpeHo odopmieHue padboT B BUJIe TaOJHIl, TO HEOOXOAMMO BCE
pe3yabpTaThl 3aHecTH B Tabnuily B Terpaau. [locie kaxmoro 3amaHus
JIOJDKHO OBITH CACJIAaHO 3aKJII0OYSHHE ¢ 0000IeHHEeM, chCTeMaTu3amnuei
WM 000CHOBAHHMEM PE3yJIbTATOB MCCIICTOBAHUM.

3. Kaxxayro BBITIOJIHEHHYIO paboOTy CTYACHT 3allMINAET B TCUCHUE
ydeOHOro cemecTpa. BrlmoaHeHne W ycnenHas 3ammTa JadopaTopHbIX
paboT SBISAIOTCS JIONMYCKOM K cJadye TEOpPEeTHYECKOro Kypca Ha
IK3aMEHe.



PABOTA Ne 1

HccaenoBaHue CBOMCTB KOJJIOUIHBIX CHCTEM.

Heab padoThl: U3y4YEHHWE OCHOBHBIX CBOMCTB JUCIEPCHBIX
CUCTEM. 3aHSATUS IPOBOJSITCA B MaJbIX I'pyMIax.

MartepuajbHoe o0ecnieyeHue

Ilonyuenue cudpo3soneii:

- 30J1b TUApokcuaa xeneza(lll): 85 mu AuCTHILIMPOBAHHON BOJBI,
15 M 2% pactBopa FeCls;

- 30716 THApOKcHaa amroMmuHusa: 10 ma 20% pactBopa (NH,),CO3
TUCTHIIMPOBaHHAs Boja, 5 kamnenb 30% pactBopa AlCl;

- Tuzpo3oiib cyibgara Oapusi: 0,1H BaCl, 0,1H H,SO,4, uurpat
HaTpHUS;

- THUAPO30Jb Cynbhuma MbImbsika: 50 MI AUCTHIIAPOBAHHOM
BOnbI, 150 M HACBIIEHHOTO BOJHOTO PAaCTBOPA MBIIIBIKOBUCTOU
KUCIOTHI (3 T okcuaa mMblbsika, S00 MII TUCTUIIMPOBAHHOM BOJIbI)

Hccneoosanue  onmuueckux — ceoucme:  CTaKaHYUK WU
IUIOCKOJOHHAs KoJji0a, 1,0-1,5 cM 30514.

Uccnedosanue enuanus memnepamypvbl HA — aA2pe2amuHyio
YCmMou4u8oCcms  OUCHEPCHbIX — cucmeM. CTaKaH4YWK, IUJIATKAa  JJIs

HarpeBaHusl.
U3yuenue saenenus oOuanuza: ueinodaHoBas IUICHKA, 30Jb,
CTEKJIIHHBIE  TaJIOYKH,  CTaKaHYUK  eMKocThro  50-100  mu,

JTUCTUWIIMPOBaHHAs Boaa, (5-10 mur) nuanuzara.

Bonpocsl 1J1 MOAT0TOBKH

1.CBolicTBa TUCTIEPCHBIX CUCTEM.
2. Knaccudukarus 1TUCIEpCHBIX CUCTEM.
3. 3omu. IX Ha3HaueHWE U CBOMCTBA.

KpaTkue TeopeTndeckue cBeIeHUA

30/, a TaKXke WX IPOU3BOAHBIE  SBIIOTCS PA3HOBUIHOCTBHIO
OJIHOTO W TOro e Tuma aucrnepcHbix cucrem — T/K, kotopseie
pazInyaroTcs pa3MepaMu U KOHIIEHTpaluuen aqucnepcHoit gassl. Hapsimy



C OOmMMH CBOHMCTBAMH OJTH CHCTEMBl HMEIOT CrenudpuIecKue,
MPUCYIIUE TOJIBKO UM CBOWCTBA.

3onu  (or HeM.sol —  KOJJIOMJAHBIA  pacTBOpP) —  3TO
BBICOKOJINCIIEPCHBIE ~ KOJUIOMJHBIE  CHCTEMBI;  pa3Mep  YacCTHIl
qucriepcHO ¢a3bl B 30J9X COCTABJISET 10°-10"m (1-100 HM). 30JI4 C
BOJIHOM  JHUCHEPCHUOHHON  Cpeloil  Ha3bIBAOT  2UOPO30JAMU,  C
OpraHUYeCKOU —opeano3zonamu. ['mapo3oneM, HampuMmep, SBISETCS
BOJIONIPOBOAHAA  BOJA, COAEpXkalas NOpUMECH B  KOJUIOWIHOM
COCTOSTHUH.

BcenenctBue Manoro pasmepa 4acTHIbl AUCHEPCHOM ¢as3bl 308
HAXOJATCS B TOCTOSHHOM TEIUIOBOM JBHXEHHUH, YTO CIIOCOOCTBYET
CEIMMEHTAIIUOHHOW YCTOMYMBOCTH TaKUX CHCTEM — paclpe/elieHue
YaCTHIl 10 00BEMY CUCTEMBI OCTAETCS IOCTOSIHHBIM BO BPEMEHH.

HecmoTtpss Ha BbICOKHMe 3HaueHHS (., 300U MOTYT OBITh
arperaTMBHO YCTOMUYMBBIMU M HE KOAryJIUPOBATh CKOJIb YTOJHO JOJTO.
B oToM crmydae uX YCTOWYMBOCTH K KOAryJsiiuu OOECIeuynBaeTCs
oOpa3oBaHMEM Ha 4YaCTUIAX COJBBATHBIX, AaJCOPOIMOHHBIX WM
JBOWHBIX  DJEKTPUYECKUX  CJIOEB, CIIOCOOCTBYIOIIMX  CHIXKCHUIO
MeK(a30BOTO HATSHKEHUS ¥ CO3/IAaHHIO ITIOTCHITHAIBLHOTO Oaphepa.

ArperatuBHasi yCTOWYMBOCTD 30JI€H, paBHO KaK U JIOOBIX JAPYTHX
Tu0(OOHBIX JUCHEPCHBIX CHCTEM, TIOBBIIIACTCS B MPUCYTCTBUU
cTabunuzaropa. Hanpuwmep, pu n00aBIECHUN K 30JI10
BBICOKOMOJIEKYJISIPHOTO BEILIECTBA €TI0 MaKpOMOJEKYJIBIaICOPOUPYIOTCS
Ha MOBEPXHOCTH KOJUIOMIHBIX YACTHIl, 00pa3ys 3-MEpHYIO 3alUTHYIO
o0onouky. IIpu 3TOM BaXHO MPaBWIBLHO MNOAOOPATh KOHUEHTPAIUIO
BBOAMMOTO  crabunmuzatopa. Ilpu ero HegocTtaTKe  BO3MOYKHO
oOpazoBanue (GIOKYJ, B KOTOPBIX YacCTHUIIBl CBSI3aHBI APYr C APYroM
MOCTUKaMH W3 TMOJUMEPHBIX MOJIEKyJd. Takoi mpolecc Ha3bIBalOT
gnokynayueu (ot nat. flocculi — kJo4bs, XJOMbS), a BEIIECTBA, €ro
BBI3BIBAIOIINE —ioKyaaumamu. 1103ToMy 17151 KOTUYECTBEHHON OLICHKH
3alIUTHOTO JIEMCTBUSA ONPEACIAOT MHUHUMaIbHYHO Maccy BMC,
JOCTATOYHYIO JIJIsl TMPEIOTBPAIICHHUS KOATryJIsaiuu 9acTuil B 10 cM 301151
HasBanue »TOM BeaWUMHBI 3aBUCUT OT BHAA 3alllUIaeMOro OT
Koaryiasiuuu 3015, Hampumep, B ciydae 30151 THAPOKCUIA KeJie3a ATO
(OKEJIE3HOE YHCII0», 30151 TUAPOKCH/IA 30JI0Ta — «30JI0TOE YHCIION.

[Ipu paspyiieHu 3alUTHBIX TOBEPXHOCTHBIX CJIOEB U CHSTHHU
MOTEHIMAIBHOTO Oapbepa 307U, Kak U BcE JIMOPOOHBIC AUCIIEPCHBIC
CHUCTEMBbI, CTAHOBATCS arperaTUBHO HEYCTOMUMBBIMU U KOATYJIUPYIOT.



3aganus

3aoanue 1. [lonyunuts TUAPO3OIIH.

3onb eudpoxcuoa oceneza(lll). 305b TOAYyYaIOT THUIPOIU30M
xnopuna xeneza (III). Ilpm rupponmse mNpOTEKAIOT CIHEAYIOLINE
peaKIuu:

FeC|3 + 3H,0 = Fe(OH)g + 3HCI
FeCl; + 2H,0 = Fe(OH),Cl + 2HCI = FeOCl + 2HCI + H,0
FeOCl = FeO" + CI”

Memoouxa nonyuenusa: K 85 M HarpeTtol A0 KUIECHUS
JTUCTULTUPOBAHHOM BOJIBI

nob6asuth mo kKamwmiM 15 wmn 2% pactBopa FeCls. Ilocne
HECKOJIbKMX MHUHYT KUIEHUS TMOJYy4aeTcsl 30Jb KPaCHO-KOPUYHEBOTO
1[BETA.

3onb  eudpokcuoa anomuHus. 30JIb TOIYYaOT THUIPOJIA30M
KapOoHaTa antoMUHUs. [Ipu 3TOM NPOTEKAIOT CIAEAYIONINE PEAKIIUN:

3(NH4)2C03 + 2A|C|3 = Alz(COQ,)g + 6NH4C|
AIz(COg)g + 3H20 = 2A|(OH)3 + 3C02

Memoouxa noayuwenus: 10 mim 20% pactBopa (NH,),COs
pazoasisroT Bogoit 10 100 mia. K pazbaBieHHOMY pacTBOPY 100aBIISIOT
npu B30anTeiBanuu 5 kanenb 30% pactBopa AlCl;. O6pasyercs: Oenblit
OTTAIECLIUPYIOLIUN 30Ib.

luopozonv cynvgpama 6Oapusi. 305b CEPHOKHUCIOro  Oapus
o0OpasyeTcs B pe3yjibTaTe peakiuy ABOMHOTO 0OMEHa MEXIy XJIOPUIOM
Oapusi U CEpHON KUCIOTOM:

B&CIZ + H,S0O, = BaSO4_ + 2HCI

Memoouka noayuenus: x BogHomy pactBopy O0,1H BaCl,
nobasmsiercss Hebompmoi n3owsiTok 0,1H H,SO,4 B mpucyTcTBUM nutpat
HaTpusl.

Tuoposzonv cynvgpuoa moluvbsaxka. 307b MOXKET OBITh MOJYYEH IO
peaKIuu JBOMHOr0 oOMeHa:



2H,AsO; + 3 H,S :ASZSg_ +6H,0

Memoouka nonyuenus.: B Koa0y emkocTbio 300 mi HamuBaroT 50
MJI TACTUJIJIMPOBAHHOU BOABI. [IpommyckaroT yepe3 Hee MENJIEHHBIN TOK
CEpOBOJIOPOJAa M OJHOBPEMEHHO MNPWIMBAIOT NO KamwisaMm 150 mn
OXJIAKJEHHOTO HACBIIICHHONO BOJHOIO PAacTBOPA MBIIIBIKOBUCTOU
KUCJIOTBl (PacTBOpP MBIIIBIKOBUCTOM KHCIOTBl IOJY4YaeTcsl IyTeM
pacTtBopeHus 3 T okcuaa Mblbsika B S00 M TUCTHWLIMPOBAHHOW BO/IbI
Opu  NOPOJOJDKUTEIBHOM  KumsiueHuu).  OOpasyercs — JKENThIH
OMAJIECIICHUPYIOIINI  KOJUIOMJIHBIA pacTBOp CyJdbPuaa MBIIIbsKA.
N36b1TOK H)S ynansioT npomyckaHreM dyepes 30J1b TOKa BOJOPO/Ia.

3aoanue 2. ViccnenoBaTth ONITHYECKUE CBOMCTBA.

B crakaHYMK WM IUIOCKOJOHHYIO KOJOY HaJIMBaIOT HEOOJBIIOE
KOJIUYECTBO
307151, 9TOOBI ToNMImMMHA cJios coctaBuia 1,0-1,5 cM M ocBemarT CHU3Y
My4KOM CB€Ta, MPOXOJAIIMMHU Yepe3 OTBepcTHe B auadparme.
Bosnukaronmii konyc Tunaans paccMarpuBaroT B 00KoBoM cBete. Jliis
CpPaBHEHHUS H3y4YalOT TaKUM K€ 00pa3oM KakKoW-TMOO0 WCTHHHBIM
pactBop. OOBICHAIOT HaOJIOgaEMOE.

3adanue 3. VccnenoBars BIMSHUE TEMIIEPATYPhl HA arpeEraTUBHYIO
YCTOWYUBOCTH AUCIIEPCHBIX CUCTEM.

CrakaHuuk ¢ HEOOJBIIMM KOJIMYECTBOM 30JI1 HArpeBaroT,
MIOCTENEHHO J0BOAS A0 KumeHusa. OTMEYarT U3MEHEHHUS B CHUCTEME,
NPOUCXOJAUIME [0 Mepe HarpeBaHus. Pe3ynprarbl HaOIIOIECHHUS
3aMUCBHIBAIOT W OOBSICHSIOT,  J€Jal0T  BBIBOJABI O  BIUSHHUH
TeMIIepaTypHOro (hakTopa Ha arperaTUBHYIO0 YCTOMYUBOCTD 30JI4.

Tabnuna 1- BausHue Temmeparypbl Ha arperaTUBHYI YCTOMYHMBOCTH
JIACIIEPCHBIX CUCTEM.

No HanmenoBaHnue 3011 Temngparypa, H3menenue
/11 C 301
1 | 3oas rugpoxcuaa xenesza(lll)
2 30JIb THAPOKCHUIA AJTFOMUHUS
3 I'mapo30iab cyabdara Oapus
4 ['mapo3onb cynbduaa
MBIIITbSIKA
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3aoanue 4. V3yunTh SBJICHUS THATN3A.

lemnodpanopyto  mieHKy  (modynpoHHIIaeMass — MeMOpaHa)
CBOPAYMBAIOT B BUJIE MEIIOYKA, HAJMBAIOT TyJa HEMHOIO 30Ji1 U Kpas
MEIIIOYKA 3KUMAOT MEXAY JBYMS CTEKISIHHBIMU TaJO0YKaMH.
Memiouek ¢ 30JIeM NOMEIIAIT B cTakaHYMK eMKocThio 50-100 mu,
HAaloOJIHEHHBIM ~ JUCTWJUIMPOBAaHHOM BoAou. Ilpum moarotoBke w
MPOBEJICHUU OIbITa HEOOXOAUMO CJICIUTh, YTOOBI 30JIb HE MEPEIIUBATICS
yepe3 Kpasi MeIIoyKa B BOJly, UYTO KOHTPOJHMPYETCS OTCYTCTBHEM
OKpalllMBaHUs WM MOMYTHEHUS BOJBI (€CIH B 30JI€ HET OKPAIICHHBIX
noHoB). Yepe3 3-4 yaca BBINOJHSIOT KAa4ECTBEHHOE OIpPEJCICHHE B
IYani3aTe HMOHOB DJICKTPOJIMTOB, COJEPKAMMXCS B  KOJUIOUTHOM
pactBope. g npoBeAeHus peakiuu B HEOOJbIIY0 mopuuto (5-10 i)
nuanu3ata  J100aBJISIIOT  HECKOJIBKO  Kalellb  COOTBETCTBYIOIIETO
AJIEKTPOJIUTA U 3aMUCHIBAIOT YPABHEHHUE PEAKIINU.

Bonpocsl 1J11 KOHTPOJIS 3HAHU I

1. CBOMCTBA TUCIIEPCHBIX CUCTEM.

2. Knaccudukaryst UCIIEPCHBIX CUCTEM.
3. Kak BimseTr TeMmneparypa Ha COCTOSTHUE 307157
4. lnanus — 310?

PABOTA Ne 2

IHepuoanyeckue peakuuu B CTyJHe KPEMHHUEBOM KUCJIOTHI.

Heab padoThI: M3Yy4YUTh MEPHOAUYECKHME PEAKIUU B CTYIHE
KPEMHHUEBOW KUCIOThI. 3aHSATUS MPOBOAITCS B MaJIbIX TpyMImax.

MarepuajibHOe o0ecniedyeHmne

buxpomar kanusi, XXUAKOE CTEKJIO, Ccyibdar Meau, YyKCyCHas
kucinora | H, MepHbI IMIMHIP, TEXHUYECKUE BECHI C PA3HOBECOM, 3
koJi061 Ha 500 M1, 2 nunuaapa Ha 100 Mot

BOHpOCBI JJIA MOATOTOBKH

1.00611as xapakTepucTHUKa CTy HEH.
2. Knaccuduxanus cTyaHexu.
3. CBoiiCTBa CTyJHEM.
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KpaTkue TeopeTnyeckue cBeleHUA

CmyOHnu - CTpyKTypUPOBAHHBIC TOMOTE€HHBIE CUCTEMbI, COCTOSIINE
U3  MakpOMOJIEKYJ, PaBHOMEPHO pacCOpeleliCeHHbIX B  00beMe
pactBopurensi. B cucremax, coaepxkammx BMC, npoucxomaut
CTPYKTYpoOOpa3oBaHUe, MPU ATOM OO0pa3ylTCi CTPYKTypPUPOBAHHbIC
CHUCTEMBI, Ha3bIBAEMbIC CTYIHAMU.

Ctynau o0namaroT CBOMCTBaMHM Kak TBEPABIX TeN, TaKk U
xuakocre. Kak TBepAapIM TellamM, MM MNPUCYIIA MEXAHUYECKHUE
CBOMCTBA: yIPYrocTh, MPOYHOCThb, DJIACTUYHOCTH, CIIOCOOHOCTH
COXpaHATh (popMmy.

B ornuuue orT reneit, OOJBIIMHCTBO CTYJHEW HE THUKCOTPOITHBI.
T.K. B CTYyIHSIX IPOCTPAHCTBEHHAs CETKAa 00pa30BaHa XUMUYECKUMU WITH
BOJIOPOJAHBIMH CBSI3SIMHU, TO, €CIIU CBSI3M OyAyT pa3opBaHbl B pe3yJibTaTe
MEXaHUYECKOIr0 JICMCTBUS, TO OHU HE BOCCTAHOBATCS M3-32 U3MEHCHUS
COCTaBa BCJICACTBUE B3aMMOJCUCTBUS C PACTBOPUTEIEM B MECTAX
paspbiBa. TUKCOTpOnUsT MOXKET HAOMIOAATHCS TOJIBKO Y CTYAHEH C
MaJIOM TIPOYHOCTBIO CBI3EM MEXKY MAKPOMOJIEKYJIAMH.

B cTtyaHsax comepkutcsi 00IbII0E KOJIMYECTBO BOJIbI, TO3TOMY OHHU
MIPOSIBJISIFOT HEKOTOPBIE CBOMCTBA XKUAKOCTEH. JJIs CTyqHEN XapaKTEepEeH
cuHepesuc. JKUIKOCTh, 3allOJNHSIOIIYK) CETKY CTYIHS, Ha3bIBaKOT
WHTEPMUIIEIUIIPHON, OHAa JEIUTCS Ha CBOOOJHYIO (MEXaHHYECKU
BKJIIOUCHHYIO B KapKac CTYJIHS, HE BXOJIAIIYIO B COJIbBATHYIO 000JIOUKY)
U cBs3aHHyI0. UeM Oosbilie TUAPOPUIBLHBIX TPYIIT B MaKpPOMOJICKYIIE,
TeM OO0JIbIIIe CBSI3aHHOM BOJIBI B CTY/IHE.

Ta6J'II/II_Ia 8 - CDaKTOPBI, BJIMATOIINC HA IPOLICCC CTYI[HCO6paBOBaHI/IH.

Bo3pacTaeT gacToTa CTONKHOBEHUIN MEXTY
MaKpOMOJICKYJIaMH, YBEIIMIMBACTCS TUCIIO
CBsi3el B equHMIlE 00OBEMA

Konnentpanus BMC
B PacTBOpE

['MOKOCTh MOJIUMEPHBIX IIeNel 00ecTieYBaET
OoubIIee uynciio koHpopmanuii. Yem Oosee
pacrpsmieHa MOJIEKYJia, TeM JIeTue JTOCTYI K €€

dopma u pazmep 4aCcTsAM, MOTYIIIUM BCTYITUTH BO
MoJiekyJs1 BMC B3auMoercTBUE P 17151 cTy1HeoOpa3zoBaHus
HEOOXOIUMBI YCIIOBHS, IPU KOTOPBIX
MaKpOMOJIEKyJjia HE CBEPTHIBAETCS B KIIYOOK.

12




Temmeparypa

IToBeImieHue €€ (eciu He 00pa3yrTCs
HEOOpaTUMbIe XUMUUYECKUE U3MEHEHHUS) OOBIYHO
MPENSATCTBYET 3aCTyTHEBAHUIO M3-32
BO3pACTaHMs MHTEHCUBHOCTH TETUIOBOTO
JBVKEHUSI CCTMEHTOB M YMEHBIIICHUS YUCTIA U
JUTATEIIBHOCTH CYIIECTBOBAHUS CBSI3EH MEXKTY
Mostekynamu. [lepexos pacTBopa B CTy/IeHb
MPOUCXOJUT HEMPEPHIBHO, T.€. TOCTOSIHHOM
TEMIIepaTyphl Iepexo/aa HeT (KakK Mpu
TJIaBJICHUN-KPUCTAILTA3AINN )

Bpewms

Bpems ciocoOCTByeT 3aCTyIHEBAHUIO, HO
HE0OX0IMMO BBITIOJIHEHUE U IPYTHX YCIOBHUH.

IIpucyrcrBue
uHIM(phepeHTHBIX
AIEKTPOJIUTOB

W oHBI 3IEKTPOIUTOB, YBETUUUBAIOIINE
HaOyxaHue, 3aMeJUISIIOT 3aCTy/IHEBAaHUE U
Hao0opoT. Ha HaOyxaHue 1 Ha 3aCTy/IHEBaHUE B
OCHOBHOM BJIUSIFOT aHHOHBI.

pH cpenbl

Bnusinue pH ocobenno 3ametHo, eciii BMC —
amporeproe (0emok). 3acTyHeBaHUE JTyUIIC
BCero Mpu 3HaueHuu pH, oTBevaromiem
U303JIEKTPUYECKON TOUKE, T.K. 110 BCEU JJIUHE
MOJIEKYJIIPHOM LIETTU PACIOI0KEHO OJIMHAKOBOE
YHUCJI0 MPOTUBOIOJIOKHO 3aPSKEHHBIX
MOHU3UPOBAHHBIX IPYMI, CIOCOOCTBYIOIINX
BO3HUKHOBEHUIO CBSA3EH MEXIY
Makpomoiiekyiamu. C usmenennem pH
MaKpOMOJIEKYJIbl MPUOOPETAIOT OJHOUMEHHBIE
3apsiibl, YTO MPEMATCTBYET 00pa30BaHUIO
CBSI3EMN.

3amanus

3aoanua 1. HUIUUPOBAHUE TEPUOJIUYECKUX PEAKIHUN B CTYIHE

KPEMHHUEBOW KHUCIIOTHI.

Ilepen mpoBeAcHHEM OMBITA TOTOBSAT CICAYIOIINE PACTBOPEL.
Kunkoe crekino coctapa Na20 : Si02 = 1,0 : 3,5 mo Becy pa30aBIIsitOT
TACTUIIMPOBAaHHOM BoJoM 10 ioTHOcTH 1,06. B 300 M 1 H ykcycHoi
KHCJIOTHI pacTBOPSIOT 0,58 T Ouxpomara Kamus. [I[pUroToBISIOT Takke
0,5 H pactBop cymbdara meau (12,5 r CuSO4 - 5H,O0 B 200 M
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pactBopa). B nBa nmimHapa HanuBaroT 1o S0 MJI KMAKOTO CTEKIIA, a

3aTeM N00aBIAIOT B HUX MO 50 MJ pacTBOpa YKCYCHOM KHCJIOTBI, CO-

nepxamiero Ouxpomar kanus. Ilocnme 3acTygHeBaHUS KpPEMHUEBOU

KHUCIIOTHI moBepx cTynns HamuBaioT 0,5 H pactBopa cynbdarta meau

TOMmMHON OKojio 2 cM. Oba IMIMHApPA OCTABIAIOT B TOKoe. Yepes

HECKOJIbKO CYTOK HaOJIIOJIal0OT OTJIOKEHHUE KOJIEIl XpoMaTa MEJIH.
CdopmymupoBaTh 00ITHI BBIBOI K paboTe.

Bonpocs! 111 KOHTPOJIsI 3HAHUM

1. Ctynau — 310?

2. CBOMCTBA CTyAHEM.

3. HazoBute (haKTOpHI, BIIMSIOIINE Ha IpolLece
CTyIHEOOpa30BaHUs?

PABOTA Ne 3

I'eTeponoJsisipHasi axcopOuusi KOJJIOMAHBIX CHCTEM.

Hean  padorbl: W3y4YUTh  TETEPONONISIPHYIO  aJCOpPOIUIO
KOJUTOUJTHBIX CUCTEM. 3aHSTHS MPOBOAATCS B MaJIBIX IPyIIax.

MartepuajbHOe o0ecniedyeHue

Do3wuH, 0,2 %, metunenoBas cunb, 0,1%, NaOH, 0,1 H, HCI, 0,1
H, oxcua amromumuug Al,Os; wiam oxcup mmHka ZnQO, 4 CTEKISHHBIE
NpOOUPKHU, 2 BOPOHKH C (PUIBTPAMH, CUIUKATEIb (IOPOIIKOBUIHBIN).

BOHpOCI)I AJIA MOATOTOBKH

1. IloBEepXHOCTHBIE SIBJICHUS.
2. AncopOrus.
3. ®ynaaMeHTanbHOe aacopOnronHoe ypasaenue ['uooca.

KpaTkue TeopeTndeckue cBeIeHUA

Aocopbyusi — caMOIIPOU3BOILHOE KOHIIEHTPUPOBAHKUE BEILIECTB IO
MOBEPXHOCTHU pazzena ¢as.
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AncopOrusi  HMPOKO HUCIOJIB3YeTCs] TMPU  OYHMCTKE, CYIIKE,
pa3leNeHud W KOHIUEHTPUPOBAHUU SKUAKUX M ra3oBeix cpen. C
MIOMOIIbIO  AJICOPOIIMKA TPOU3BOASIT OYUCTKY W OCBETJIECHHUE BOJIHI,
KOTOpas B JaJbHEHIIIEM UCIIOIb3YETCS ISl TUThS.

Bocnpusrue 4enoBekoM 3amaxa W BKyca 3aBHUCUT OT aJcopOLUH
MOJIEKYJI COOTBETCTBYIOIIUX BEIIECTB B HOCOBOM IMOJIOCTH.

Ha saBnenunm angcopOumu OCHOBaHa OYKMCTKAa BO3JyXa B
IPOTUBOTA3aX.

daza, Ha TOBEPXHOCTH KOTOPOHW MPOHMCXOIUT aACOpOITHs,
Ha3bIBAIOT A0COPOEHMOM.

AncopOupyeMoe  BEIIECTBO HMMEET JiBa Ha3BaHUS:  €CJIH
aJicopOMpyeMoe BEIIEeCTBO HaXOAUTCA B OOBEME pacTBOpa — 3TO
aocopbmug, Ha TIOBEPXHOCTH ajacopOeHTa (B aacopOMpOBaHHOM
COCTOSIHHH) —adcopbam.

Benmnunny agcopOuun 0OBIYHO BBIpaKaIOT JIBYMS CIIOCOOAMH.

Abcomomnas  aocopbyus  Ai—  KOIWYECTBO  BEIIECTBA B
MOBEPXHOCTHOM  CJIO€, TPHUXOJAIIEECS Ha CIUHMIYY IUIOIIaJH
MOBEPXHOCTH WJIM €TMHUITY MacChl aJicOpOeHTa

S

n. n.

A = EI = ™ MOJIB/M® HIIH MOJIB/T, (1)

rae " — KOJMYECTBO i-TO KOMIIOHEHTa B IIOBEPXHOCTHOM CJIO€
(ancopOara);
S — mmomaas MOBEPXHOCTHOTO CJIOS;
m — Macca ajcopOeHTa.

H3zobimounas, wim eubbcosckas, aocopdoyus I; — U30BITOK 1-TO
KOMITOHCHTA B TIOBEPXHOCTHOM CJIO€ 10 CPABHEHHUIO C €T0 KOJMYESCTBOM
B 00beMe (pa3bl, MPUXOIAIINICS Ha SIUHUITY TUIOIIA A TTOBEPXHOCTH

I = (Ci _SCi >\/S -0 ;ni MOJIB/ M°, (2)
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rae el MOJISIpHAs1 KOHIICHTpaIus I-TO  KOMIIOHEHTA B
IIOBEPXHOCTHOM CJI0€ U 00beMe (ha3bl COOTBETCTBEHHO;
V¢ 00beM OBEPXHOCTHOI'O CJIOS;

N — KOJMYECTBO i-r0 KOMIIOHEHTA B 00beMe (asbl.

Ecnm xoHeHTpanusi aacopOupyeMoro BellecTBa Ha MOBEPXHOCTH
3HAQYUTEILHO TIPEBBINIACT €ro KOHIICHTPAIIMI0 B OO0BEME, MOXKHO
MPUHSATH, 4TO [ =A.

IIponecc, oOpaTHBIA aacopOIMM  (MEpexoj  BeliecTBa U3
MOBEPXHOCTHOIO CJIOSi B 00beM (ha3bl), HA3bIBACTCS decopoyuetl.

B 3aBucHMOCTH OT HPHUPOABI aJCOPOIMOHHBIX CHJI Pa3IMYaroT
Puzuieckyro u Xumuieckyro (xemocopoyuro) aocopoyuio.

[Ipn dwu3nyeckoit amcopOIMKM B3aWMOJICHCTBHE aJacOpOEHTa |
ajgcopbaTa OCyIIECTBISETCS 3a cueT cuil Ban-nmep-Baambca
BOJIOPOJHBIX CBSI3€M, a TPH XEMOCOPOIMH — 3a cYeT o0pa30BaHMS
XAMHUYECKUX CBA3CH.

3aganus

3aoanue 1. N30upartenbHas ajncopOius B pacTBOpax »03MHA U
METHUJICHOBOM CHUHH.

B naBe creknsiHHBIE NpoOUpPKU BHOCAT mnpuMepHo mno 0,5 r
CUJIMKaress, a B Be apyrue — o 0,5 r okcuaa anroMuHus (MM OKCUIa
IMHKA). B 0JIHY U3 NpoOUpPOK C CUIMKArejaeM MPUIMBAIOT HEOOIBIIOE
KOJIMYECTBO pacTBOpa 303MHA, a B APYTryl0 — pacTBOpa METUIICHOBOM
CUHU. AHAJIOTMYHBIM 00pa3oM TMOCTYNalOT M C MNpoOUpKamu,
COJIEpKAIIMMHU OKCHJ METaJUla: B OJHY W3 HUX HaJMBAKT PACTBOP
03UHAa, a B JpYyrylw — pacTtBop MeTwieHoBoM cuHu. I[locrne
HEMPOJOJKUTEILHOTO BCTPSAXMUBAHUS CPAaBHUBAIOT LIBETA aACcOpPOEHTOB
BO BCEX YETHIPEX NPOOUpPKAX.

Cunukaresnb, K KOTOpOMY ObLI MpUOaBIEH pacTBOP METUIICHOBOM
CUHU, OKpacuics B LBET.
[Ipuobpen OKpacKy M OKCHJ MeTajla, K KOTOpOu
OblT TpuOaBlIeH pacTBOp 303WMHA. B ocTaBmMxca ABYX NpoOHpKax
a7cOpOEHTHI HE U3MEHWJIIU CBOEH NEepBOHAYAIBHON OKPACKH.

B naHHOM omnbITE MMEET MECTO HW30upaTenbHas aacopOuus;
KpEMHHUEBass KUCIOTa XOpOLIO aAcoOpOMpPYeT OCHOBHOM KpacuUTENlb —
METUJICHOBYIO CHHb W HE aJcOpOMpYyeT KHUCIOTHbIM — 303uH. Ha
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OKCHJE MeTajja, HaoOOpOT, XOPOIIO aiaCcoOpOUpPYeTCs KHUCIOTHBIM
KPAacUTENIb — D03WH, W MPAKTHIECKH HE aJCOpOMPYyETCS METHICHOBAS
CHHb (OCHOBHOM KpPaCHUTENb).

Takum oOpa3om, B JaHHOM CJIydae aJicopOIUs BEIIECTBA 3aBUCUT
OT 3HAKa 3apsja TOBEPXHOCTH ajJcopOeHTa W aJacopOTHUBA: npu
OOHOUMEHHbIX  3apsaoax  aocopoyuss He  Habawooaemcs,  npu
PA3HOUMEHHBIX — A0COPOYUSL NPOUCXOOUM.

OxkpatieHHble acOpOCHTHI MEPEHOCAT HA (PUIBTPHI BOPOHOK U
MIPOMBIBAIOT JAUCTWJUIMPOBAHHOW BojaoH. Okpacka HUX B pe3yJbTare
NPOMBIBKM HE HM3MEHSeTCS. 3aTeM  CHJIMKarejib  IPOMBIBAIOT
HeOonbpIuM KosinuecTBOM pactBopa 0,1 H NaOH, a okcun mertanna —
pPacTBOPOM COJITHOM KHCJIOTHI TOM K€ KOHLICHTPAIIUH.

[Ipy mpombIBaHUHM aACOPOSHTOB BOJOW JACCOPOIMH KpPaCSIIUX
BeIeCTB He HaOmomaercs. [lpm  mpombiBaHuM — aacoOpOCHTOB
pactBopamu NaOH u HCI npoucxoaut oTaeneHne KpacsiuxX BEIecTB
OT aJcopOeHTa: OCHOBHOW KpacHTEIb — METHJICHOBAas CHHb —
BBITECHSICTCS 00Jiee CHIILHBIM OCHOBAHHEM, a KUCJIOTHBIN KPAacCUTEIIh —
703UH — 00JIe€ CUJIILHOU KUCIOTOM.

CdopmymupoBaTh 00ITHI BBIBOI K paboTe.

Bonpocel 111 KOHTPOJIA 3HAHUT

1. AncopOuust — 310?
2. Buapl aacopouum.
3. 'erepomnonsipHas aacopOIus KOJUIOUIHBIX CHCTEM.

PABOTA Ne 4

IMoayuyeHue 3071€i U onpeaeIeHre 3HAKA 3apsA/ia YaCTUILl METOI0OM
KANMUJLJISPHOI0 AaHAJIN3A

Heab padorbl: UM3yuuTh pa3nuyHble METOIBI MOJYYECHUS
KOJUIOUJIHBIX PACTBOPOB W OMNPEACIUTh 3apsA] UX TpaHyld. 3aHATHSA
MPOBOJATCSA B MAJIbIX TpyIIIax.
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MartepuajibHOe o0ecniedeHmne

1 % couproBbeiii pacTBOop KaHudboau (napaduna),2 %-i pacTBop
FeCls, 0,005 H pactBop K4[Fe(CN)e], 1,5 %-ii pactBop KMnO,4, 1 %
pactBop Na,S5,03, nuctuimupoBaHHas BOJA.

Bomnpocsl 1J1 MOATOTOBKU

1.001mas xapakTepucTuKa 30J1eH.
2. Knnaccudukanus 30J1eil.
3. YCTONYHUBOCTH 30JIEH.

KpaTkue TeopeTuyecKkue cBeleHUsI

301U — 3TO CHUCTEMBI, OTHOCAIIHUECS K KOJUJIOMIAHBIM pPAaCTBOPaM.
Kosmougneie pacTBOpPHI MPEACTABISAIOT COOOM MHOTOKOMIIOHEHTHBIC
JTUCTIEPTUPOBAHHBIE CUCTEMbl. B HUX pasznuyaer oucnepchyro ¢azy —
TBEpAbIC YacTUIlbl pazMepoM oT 10-9 o 10-7 M u ducnepcuonnyio cpedy
— PacTBOPUTED. Kosnnmouueie PacTBOPHI Ha3bIBAIOT
yIbTPAMUKPOTETEPOTCHHBIMU CUCTEMaMM, YacCTHUIIbl KOTOPBIX H3-3a
MaJIOTO pa3Mepa HE BHUAHBI B OITUYECKUM MHUKPOCKOIl. Pasmep
KOJUIOMJHBIX YaCTUI[ MEHBIIE WM COU3MEPUM C JJIMHOW BOJIHBI
BUJIMMOTO CBETa, M MO3TOMY 3THU YaCTUIIBI 00Jadal0T CIOCOOHOCTHIO
CBETOpacCCesiHUs. ITa CIOCOOHOCTh MO3BOJISIET HAOJIOIaTh KOJJIOUIHbBIC
YacTUIIBl B  CHEHUAIBHBIX  YIBTPAMUKPOCKOTAX TIpU  OOKOBOM
OCBEILICHUH.

JlucriepcHble CUCTEMBI B 3aBUCUMOCTH OT pPa3MEpPOB YACTHI]
MOYHO Pa3/IeJIUTh CICAYIOUIUM 00pa3oM:

304  TOJY4YalOT  pa3Iu4yHbIMU  MmeTodaMu. lIpakTuyecku
UCIONB3YIOTCSI  JIB€  TPYyNIbl  METOMOB: KOHJICHCAllUM U
JUCTIEPTUPOBAHUS.

Metoabl  KOHAEHCAIIMM OCHOBAaHbl Ha  TMEPEXOJE  YaCTHI]
MOJIEKYJIIPHBIX U MOHHBIX Pa3MEPOB K KOJUIOUIHBIM YaCTHUIIAM.

dusnyeckas KOHJEHCAIUS MOXET OBITh TMpOBEJACHA MpH
MPONYCKAHUU MApOB BEIIECTBA B XOJIOJHBIA PACTBOPUTEND (TaK MOXKHO
MOJIYYUTh BOJAHBIN 30JIb PTYTH) WUJIU MIPU 3aMEHE PACTBOPUTEIIS.

Xumudeckasi KOHACHCAIMSI OCHOBaHA Ha TEPeBOJIE PAaCTBOPEHHBIX
BCIIECTB B HEPACTBOPUMOE COCTOSIHUE TIPU TIOMOIIU Pa3TUYHBIX
XUMUYECKUX peakiuid (ruapoin3a, 0OMeHa, BOCCTAHOBJICHUS U T.11.).
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Mertoapl  IHCHEPTUPOBAHUS  OCHOBaHbl HAa  MEXAHUYECKOM
IpOOJIEHUHN BEIIECTBA U XMMUYECKOM JUCIIEPTUPOBAHUU — MENTU3AIIUU.
Ilenmuzayuss — nepeBOJ B KOJUIOMIHBIA PACTBOP CBEKEIOIYUYECHHBIX
OCaJKOB.

3aganud

3aodanusa 1. 11ony4nuTh 30J1b METOJIOM 3aMEHBI PACTBOPUTEIIS.

K 1 mn 1 %-ro cnupToBoro pactsopa kaHupoiau B Koybde Ha 25 mi
n00aBUTH TPU BCTpsiXxvBaHUM 10 MJT BOJIBL.

3aoanusa 2. IlonydyuTh 30/ THAPOKCHUIA KEJIE€3a METOIAO0M
TUAPOJIN3A.

Harpers mo kumenms 50 mi Boasl m go6aButh 10 M 2 %-ro
pactBopa FeCls, kunaruts emnie 5—7 muH. Muriiemia oopasyercs 3a cyeT
ancopbuym moHoB FeO' ma mosepxnoctn Fe(OH)s. IIpotmBomonammu
ciyxat nonsl Cl'.

3aoanusa 3. [lonyunts 3016 okcuaa Mapranma (IV).
[lepmaHraHaT KaJivsi BOCCTAHABIMBAETCS THOCYJIb(PATOM O OKCHUJIA
Mmapranma (IV):

8KMnQO, + 3Na28203 + H,O =8 MnO, + 3NaSO, + 3K,SO, + 2KOH.

K 1 M 1,5 %-ro pactBopa KMnO,4 B npobupke n106aButh 10 mi
BoJbl U 1o KamisiM BBecTH 0,5 mu 1 %-ro pactBopa THOCyib(dara
Hatpus. [loTeHrmanonpenenstonue noasl MnO4-, mporuBornoHsr K.

3aoanusa 4. OnpeneneHue 3HaKa 3apsaa YacTHL.

B okpaImeHHBIX 30J19X 3HaK 3apsaa MOXKHO OMNPEACIUTh METO-IOM
KaWUIIPHOTO aHajau3a. JTOT METOJ OCHOBAaH Ha TOM, 4YTO OT-
pUIIATEILHO 3apsDKEHHAs 10 OTHOIICHWIO K BoJe (DHIIBTpOBalibHAS
Oymara ajcopOupyeT NOJO0XKHUTEJIbHbIE YacTHIIBI W HE ajcopoupyer
OTpHUIIATEIILHBIE.

Ha nucrox ¢uiabTpa HaHECTH KaIlI0 HMCCIICAYyEeMOro pacTBOpa
3071s. Ilocne BcachIiBaHMS KaIlIM 30J1b C ITOJOKHUTEIBLHO 3apsKEHHBIMU
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JacTUIIAMHU aJICOPOUpPYyETCsS Ha Oymare W JlaeT OKpallleHHOE B IIEHTPE H
OecIBETHOE IO KpasM IIATHO: 30Jb C OTPHUIATEIHHO 3apSyKEHHBIMU
JacTUIlaMM He aJicopOupyercss Oymaroi, a oOpa3yeT paBHOMEPHO
OKpallleHHOe MATHO. Bce monydeHHble JaHHBIE MPEICTaBUTh B TaOIHUIIe
No omprra.

Tabnuna 9 — Pe3ynbraTsl onbiTa

No HaszBanue 30ma | Peakuus ®opmyn | 3HaK 3apsaa
OTIbITa MOJYy4YEHUS | a rpaHyJIbl
MHLIEIUT

bl

CdopmynupoBaTh BBIBOJ C KiIacCU(DHUKAIUECH UCCIIETyEMbIX 30JIeH
0 3apsily YacCTHII.
Bonpocs! 1J1 KOHTPOJISI 3HAHUM

1. O0uas xapakTepUCTHKA 30JIEH.
2. Kakue cBoiicTBa 30Jie¥i Bbl 3HaeTe?
3. Kakue metoapl nonyuenus 3oien Bel 3HaeTe?

PABOTA Ne 5

OnpenesieHre U303JICKTPUYECCKON TOYKH 3011 METOA0M
3JIeKTpogopesa.

Leap padoThI: ONpenenuTh H303IEKTPUUECKYIO TOUKY THIAPO30Is
METOAO0M 3JieKTpodopesa. 3aHATUS NPOBOJSATCSA B MaJlbIX I'pyInmax.
MartepuajbHOe o0ecnieyeHue

200 mut 30 ruapokcua xxenesa (111), amromunus wiu xpoma (I11),
200 mn guctunnupoBaHHOM Boabl, 15 mu 2% pactBopa FeCl3, 10 mu
20% pactBopa (NH4)2CO3, 2 ma 2% pactBopa CrCI3.

BOHpOCBI JJIA MOATOTOBKH

1. SIBnenue anexkrpodopesa.
2. Meton anexkTpodopesa.
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KpaTkue TeopeTndeckue cBeIeHUs

SIBnenue snexkTpodopesa 3aKII0YACTCS B TOM, YTO TIPU HATOKEHUH
Ha KWHE-TUYECKH YCTOMYMBYIO JIHCIEPCHYI) CUCTEMY JJIEKTPUYECKOTO
MOJIS1 3aPSKCHHBIC
YaCTHUIbI JUCTIEPCHBIX (ha3 ¢ OMPENEIEHHON CKOPOCThIO MEPEMEIAI0OTCS
B HAMPABJIEHUU 3JIEKTPOAA, KOTOPBIM UMEET 3apsiji, MMPOTUBOMOJIOKHBIN
[0 3HAKy 3apsay 4dactull. JIMHeWHass CKOPOCTh INEPEIBUKCHUS YaCTHUIL
TUCIIEPCHOM (Da3bl MO OTHOMICHHWIO K HEMOABMKHOW ITUCIIEPCHOHHOM
Cpele Ha3bIBACTCS CKOPOCMbIO dleKmpogopesa W SBIASETCS OCHOBHOU
KOJIMYECTBEHHOW  XapaKTEpPUCTUKOM  MPOLECCOB  3JekTpodopesa.
Cxopocts snextpodopesa U, 4YMCIEHHO paBHa NPOOEry 4YacTHIl 3a
CAVHUIy BPEMEHU U 3aBUCUT OT CBOWCTB JUCTIEpCHOU (pasbl,
TUAPOJUHAMUYECKUX  XapaKTEPUCTUK  JUCIEPCUOHHOM  Cpellbl W
HaIpPsSXKEHHOCTHU AJIEKTPUYECKOro nojsi. B Teopuu anektpodopesa yacto
UCIIOJIB3YIOT TIOHSATHE SJEKTPO(DOPETUUECKON MOABUKHOCTH, KOTOpas
YUCJIEHHO paBHA CKOPOCTH »dJiekTpodope3a B TOJ€ EIUHUYHOU
HanpsokeHHOCTU. Ecnu H - HanpsiKeHHOCTh BHEIIHETO 3JIEKTPUYECKOTO
HOJISA, TO DJIEKTPO(OPETHIECKYIO TOABUKHOCTD V.4 MOXXHO HAWTH W3
YpaBHEHHUS

Vaqb: 7, = £ (3)

rjae E - pa3HoCcTh MOTEHITHATIOB;
L - paccTosiHrE MEXTY SJIEKTPOAAMHU.

[Ipu BBIBOJIE OCHOBHOTO YypaBHEHHUS TEOpPUU HdieKTpodopesa
MIPUHSTHI CJIe-

IYIOUIE JOTYIICHUS:

- YaCTUIIbI IBUKYTCS B OJTHOPOJTHOM BJIEKTPUYECKOM I10JIE;

- YACTHUIIbl JUCTIEPCHBIX (Pa3 UMEIOT MPOU3BOJBHYIO (GOPMY U HE
MPOBOJISIT ANEKTPUIECKUN TOK;

- TOJIIWHA JBOMHOTO JJIEKTPUUECKOTO CJOS Y MOBEPXHOCTH
YaCTHI] 3HAYUTEIIBHO MTPEBBIIIACT UX TUCIIEPCHOCTD.
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OCHOBHBIM  ypaBHEHHEM, OIHCHIBAIOIIEM  3aKOHOMEPHOCTH
anekTpodopesa sBiageTcs ypaBHeHue [ 'enbmromnpiia-CMoIyX0BCKOTO

o= U=V, (4)

TJI€ 1M - B3KOCTh IMCIIEPCUOHHON CPEIbL;
€ U & - TUPJICKTpUYECKasi MPOHUIIAEMOCTb CpPEJbl U BaKyyma
COOTBETCTBEHHO.

W3 maHHOrO ypaBHEHHUS CIEAyeT, 4YTO JJICKTPOodOpeTHIECKas
MOIBUKHOCTh
YJacTHUI[ AUCIEPCHON (a3bl 3aBUCUT OT THUIPOJIUHAMHYECKUX CBOWCTB
JTUCTICPCUOHHOM Cpenbl U onpeeseTCs 3HAYCHUEM
JIEKTPOKMHETUYECKOTO  TOTEHI[MAala, KOTOPBIH  HEMOCPEICTBEHHO
CBA3aH C TIUIOTHOCTBIO  3aps/IOB HA  TPaHUIE  CKOJIbKEHHS,
OOyCJIOBJIMBAIOIICH  DJEKTPOKMHETUYCCKHE CBOWMCTBA  JUCIIEPCHBIX
CUCTEM.

Pe3ynbrarhl AKCHEPUMEHTAIBHBIX  HCCIECOBAHUM  MPOIECCOB
anekTpodopesa B TMOPOOHBIX AUCIEPCHBIX CUCTEMAX CBUIETEIbCTBYIOT
O TOM, YTO pacyeTHbIC 3HAYCHUS DJIEKTPOPOpeTHUUECKON MOABUKHOCTH
4acTUI] B OOJIBIIMHCTBE CIy4aeB TMPEBBIMIAIOT AKCIEPUMEHTAIBHO
U3MepeHHbIe. Takoe HECOBITaJICHHE AKCICPUMEHTAIbHBIX U PAacUCTHBIX
cKkopocTelt  anekTpodope3a  o0ycioBieHO  AByMs  3ddeKTamu:
AMEKTPOPOPETUUECKUM TOPMOKEHHEM, CBS3aHHBIM C yMEHBIICHUEM
CKOPOCTH BCJICACTBHEC BIIMSHUS OOPATHOTO IOTOKA IMPOTHBOMOHOB, W
pernakcaiuei, CBsI3aHHOW C HapyIIeHueM cuMMeTpun Aud@dy3HOTo cios
IpU OTHOCUTEIBHOM JBIDKCHMH (a3 K Ppa3IMuHBIM JJIEKTPOIaM.
Ananornunbie  23G@QexThl  HAOMIOMAITCS  MPU  HCCIETOBAHUSIX
AJIEKTPOTPOBOTHOCTH PACTBOPOB CHJIBLHBIX AJIEKTPOJIMTOB. Y PaBHEHHS
['enbmrosbiia-CMOTyXOBCKOTO SIBJISIFOTCS OCHOBOM SKCIIEPUMEHTATBHBIX
METOOB OIpe/ICICHUS Z-TIOTSHIIHAIA.

JIJIst SKCTIEpUMEHTAIBHOTO OMPEACICHUS AJIEKTPOKHHETHIECKOTO
MOTEHIIMAJa B PEaJbHBIX ITUCIIEPCHBIX CHCTEMax HauOoJiee MIHPOKO
IPUMEHSIOT METOJIbI, OCHOBaHHBIC Ha TMpolleccax dJeKTpodopesa H
IIEKTPOOCMOCA.

Meton  2JIEKTpOOCMOCAa  HUCIOJB3YEeTCA ISl MCCICAOBAHUS
AJIEKTPOKHUHETHYEC-
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CKMXCBOWMCTB NMCIIEPCHBIX TBEPABIX BewecTtB. [Ipu omnpeneneHum z-
MOTEHIMAJIA 110

CKOPOCTH  DJIEKTPOOCMOCA MCCIEAYEMBbIM IIOPUCTBIA MaTepual B
pacTBOpE JJIEKTPOJIUTA MOMEMAOT B BUJIE MEPETOPOJIKH MEXKIY IABYMSI
IUIOCKUMM DJIEKTPOJaMH, K KOTOPBIM MPHIOKEHA BBICOKAsA Pa3HOCTH
nOTeHIMAIOB. CKOPOCTh 3JIEKTPOOCMOCA OMNPEAECAIOT IO CKOPOCTH
nepeMeNnIeHrs KUJIKOCTU B KaMWLIsApe, KOTOPBIA COEAMHSET 00JacTu
pacTBopa 1o 00e cTopoHbl auadparmbl. Jlamee pacCUUTHIBAIOT Z-
IMOTEHLMAJ IOBEPXHOCTHU TBEPAOTO MaTepuraa.

OnekTpoopeTHYeCKre METOJbl  OMPEACNICHHUS  Z-TIOTEHIIHAaIa
VICTIOJIB3YOTCS
IIPU UCCIIENOBAHMUH KOJUIOUIHBIX PACTBOPOB U, B YACTHOCTH, PACTBOPOB
aM0(pOOHBIX 30JeH. DIEKTPOKMHETUYECKUM MOTECHIIMAT PACCUMUTHIBAIOT
M0 CKOPOCTHU JABMKEHUS YaCTHUIl AUCTIEPCHBIX (Da3 30JieH, U3MEPEHHOM C
IIOMOIIBIO YIBTPAMUKPOCKOIMYECKOTO METO/IA WJIM METO/IA MIOABUKHOU
rpanuiibl. Hanbosiee TouHble pe3ysibTaThl B ONPEACICHUN Z-TIOTEHIUAa
MO3BOJISICT MOTYYUTH MUKPOIIEKTPODOPETUIECKUIN METO, OCHOBAHHBIM
Ha M3MEPEHUU CKOPOCTU JBIKCHHUS YACTHUI[ AUCHEPCHBIX (a3 B
IIEPEMEHHOM DJICKTPUYECKOM MOJIE.

YIIbTPaMUKPOCKOIIMYECKUM  METOJX  ONPEHEIIEHUS  CKOPOCTHU
JBWDKCHUS YaCTHUIl AUCIEPCHBIX (a3 B JUCIEPCHBIX CUCTEMaX OCHOBAH
Ha HEMOCPEICTBEHHOM W3MEPEHUU CKOPOCTH KOHKPETHBIX YAacCTHII,
HaxXoAsAIIMXCA B TOJe YyJbTpamMukpockomna. Haubosiee mmpokoe
NpUMEHEHHE B TMPAKTUKE DJIEKTPODHOPETUUECKUX  MCCIICAOBAHUM
HAXOJAUT METOJ IOJABUXHOM TpPaHUIbl. METOJ IOABUKHOM T'PaHUILIBI
JOCTATOYHO MPOCT U HAJEKEH, OHAKO €r0 HEBO3MOKHO MCIOJIb30BAaTh
I ONpPEACTCHUS  Z-TIOTCHIMAIa  KUHETHYECKH  HEYCTOMYMBBIX
JTACTIEPCHBIX CHCTEM.

Takum  o0pa3oM, pacCMOTpPEHHbIE  CBOMCTBA  JHO(OOHBIX
JIACTIEPCHBIX CHUCTEM IO3BOJISIFOT JOCTATOYHO TOYHO OXAPaKTEPU30BATH
UX CTPOCHHUE U MOBEJICHHUE.

B nucnepcHbIX cuctemax, TrJ€ MNOTEHIMATIONPEACIISIONUMHU
SBJISIFOTCSI MOHBI
H+ wm OH-, BO3MOXHO Tak Ha3bIBA€MOE H303JICKTPUUECKOE
COCTOSIHHE, TIPU KOTOPOM OTCYTCTBYET 3apsii Ha TMOBEPXHOCTH U
AJIEKTPOKMHETUYECKAN TOTEHIMAI PABEH HYJIIO. M303JIEKTpUYECKOMY
COCTOSIHUIO COOTBETCTBYET ompenencHHoe 3Hauenne pHUIT cpens,
KOTOPOE HA3bIBACTCS HM303JIEKTPUUECKOM TOYKOM. M303nekTpruueckas
TOYKA 3aBUCUT OT KUCJIOTHO-OCHOBHBIX CBOMCTB JAUCIIEpCHOM (ha3bl. Uem
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MEHEE KHUCILIMH CBOWCTBAMHU 001aJaeT BEIIECTBO, TEM OOJIBIIE
3HAYEHUE €0 U303JIEKTPUUECKON TOUKHU.

N3oanekTpruueckas Touka 30Jis1 MOXET ObITh HaifieHa 0
DKCIIEPUMEHTAIbHOU

3aBUCHUMOCTH SJEKTPO(YOpETUUECKON CKOPOCTH YacTuil 3011 oT pH
cpenbl. M3021eKTpUUECKOM TOUKE COOTBETCTBYET TO 3HaueHue pH, mpu
KOTOPOM 3JIEKTPOdOpETHUECKasE CKOPOCTh M DIEKTPOKMHETUUYECKUIM
MOTEHILINAJ PABEH HYJIIO.

3ananus

3aoanue 1. [TonyuunTs 30J10.

3omp ruapokcuaa ckenesa(lll): k 85 mum Harperoi 10 KUNECHUS
JTUCTUUIMPOBAHHOM BOJBI J00aBUTh Mo KamisiM 15 mn 2% pactBopa
FeCl3. Ilocne HECKOMBKUX MUHYT KHUIICHHUS MOJy4aeTcsl 30J1b KpacHO-
KOPUYHEBOTO IIBETA.

3o ruapokcuaa xpoma (111):10 mur 20% pactBopa (NH4)2CO3
pazoasisaroT Bogoit 10 100 mia. K pazbaBieHHOMY pacTBOPY 100aBIISIOT
npu B3OanTeiBanuu 2 mu 2% pactBopa CrCl3. OOpasyercs 30Jb
rugpokcusa xpoma (III) 3enenoro nsera.

3aoanue 2. OnpenencHue N303NEKTPUIECKON TOYKH 30JIs

B nponymepoBaHHbIe KOJI0bI HAMMBAIOT 110 S0 MJI UCCIEAYEMOTO
307151 ¥ IPU IEPEMENTMBAHUN 100aBIISIOT paCTBOP FMAPOKCUIA HATPHS:

Tabnuna 10 - KonnuectBa peareHToB

No /i KonnuectBa peareHTOB
1 50 mn 30714
2 50 mi 3015 + 0,8 mut 0,01 M pactBopa NaOH
3 50 mu 3015 + 7,0 mut 0,01 M pactBopa NaOH
4 50 mu 3005 + 1,0 M1 0,2 M pactBopa NaOH

C nomompio pH-metrpa Qukcupyror pH nOpuUTroTOBIECHHBIX
pacTtBOpOB. [lanee
3anoJHAI0T cocyn Kéna.

CylurHOCTh JKCIIEpUMEHTa CBOAMUTCS K OINPEICICHUI0 CKOPOCTU
nepeMENIeHNs YacTHUIl B 3JIEKTPUUECKOM II0Jie, KOTOpasi ONpenesseTcs
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[0 CKOPOCTH TEPEABMXKEHUS TPAaHUIBl pas3jiesia 30Jib - KOHTAKTHAas
KUANKOCTh. B KauecTBE KOHTAKTHOM KHUJKOCTH HCHOJB3YIOT WIIH
JUCIIEPCUOHHYI0 Cpedy, WIM PacTBOP DJJCKTPOJHTA C TOM IKe
3JIEKTPONPOBOIHOCTHIO.

Pucynoxk 3 - [Tpubop Kéna nnsa uzydenus snexrpodopesa

[Tpubop anst uzyyenus snektpodopesa (pUCYHOK 3), Ha3bIBAEMBIN
cocynom Kéna, mpencrapnsger coboil rpagyupoBanHyro U-oOpa3zHyro
TpyOKy 1, coeqnmHEeHHYIO Yepe3 3aKUM WM IIApUKOBOE YIIJIOTHEHUE 2 C
YpaBHUTEIBHBIM COCYJIOM 3, 3allOJTHEHHBIM 30J1eM. B BEpXHIOIO 4acTh
TPpyOKH TOMEMIAIOT DJJIEKTPOAbl 4, KOTOphI€ TMOJKIIOUYAOTCA K
MCTOYHUKY MOCTOSIHHOT'O TOKA.

Xo4 »SKCIepUMEHTA: TMOJArOTABIMBAIOT K pabore mnpudop s
u3yueHusa oiektpodopesza. g 3TOro ero MpoMBIBAIOT CHayaja
BOJIOTIPOBOJAHOM, 3aT€M JUCTUUIMPOBAHHOM BOJIOW. 3aIlOJIHEHUE
puoopa MPOU3BOJIAT B CICAYIOIIEM MOPSIKE: B YPABHUTEIBHBIN COCY/T
3 HaJIMBaIOT HEOOJBIIOE KOJUYECTBO 30JIs1 M, HAXKMMas Ha IIAPUKOBOE
VIUIOTHEHHE WJIH OCTOPOKHO OTBHHYMBAS 3aKUM 2, 3aIOJIHSIOT
COCAMHUTEINIbHYIO TPYOKY 30JIeM BIUIOTH J0 YIIJIOTHEHUS WU 3aKUMa 2.
3atem B U-oOpasnyro TpyOKy 1 HalIMBamOT KOHTAaKTHYIO >KHUIKOCTH
npuMepHo Ha 1/3 koneHa TpyOku. 3atem B KojieHa TpyOKu 1 BCTaBISIIOT
ANEKTPOAHI 4.
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VYpaBHUTENBHBINA COCY/] 3aMOTHSAIOT MOJHOCTHIO 30JIEM U, HAXKUMasI
Ha YIUJIOTHEHHWE WJIM OTKPBIBas 3aKUM, NEpenmyckarT 30ibp B U-
oOpaszHyro TpyOky. IlepenmyckaHue 30js CleayeT MPOU3BOJIUTH
MEJICHHO, YTOOBI MEXKIYy 30JeM W KOHTAKTHOM IKHUIKOCTBHIO
COXpaHsJach 4YeTKas TpaHuila. B moaroroBieHHOM K pabore mpudope
JIEKTPOJIBI IOJHKHBI OBITH MOTPYKEHBI B KOHTAKTHYIO KHIKOCTh Ha 5-7
MM. 3aKkpbiBaioT 3akuM 2. OTMEYaIOT MOJIOKEHUE TPAaHMIIBI pa3jeia B
oboux KkoyieHaX TpyOku. IloAKIIIOYAIOT SJEKTPOJAbl K HMCTOYHUKY
MOCTOSIHHOTO TOKa, COOJII0/1ast MOJISPHOCTh, YKa3aHHYIO Ha DJIEKTPOJax,
OJIHOBPEMEHHO BKJIIOYMB CeKyHAoMep. Yepe3 mATh MHUHYT TIO
IpaJyupoOBaHHOMN IIIKajde OTMEUYAIOT MOJOKEHUE TPaHUIIbl pa3ferna B
oboux kosnieHax U-oOpa3Hoil TpyOku 1. 3aMepbl MOBTOPSIIOT YE€pPe3 Ty Ke
MIPOJIOJKUTENIBHOCTh BPEMEHHU €I1I€ J1Ba pa3a. B TeueHue sKcrnepuMeHTa
dbukcupyroT HanpsokeHue E, momaBaeMoe Ha 3eKkTpoabl. B 3aBepiienue
OIIBITA U3MEPSIOT PACCTOSHUE MEXKTY JIEKTpoaaMH L.
B pesynbTaTe onpeaensoT cpeHee CMENIeHNEe TPAHUIIbl a B KaXKJ0M U3
KOJICH
3a IIATh MUHYT ¥ PACCYMTBIBAIOT CKOPOCTH deKTpodopesa U,

U, =

(94
g T

: ()

rae t - Bpems, 32 KOTOpPO€ MPOBOAWIIOCH HAONIOJEHUE ABUKEHUS
rpaHullbl, B JaHHOM citydae t = 300 cekyH/.

[To 3HaueHusIM HanpspkeHUs E U paccTosiHUS MEXy 3JIEKTpoAaMu
L paccunThiBatoT HanpsikeHHOCTH 1noJig H (B/m)

E

H=T, (6)

[IpoBogar anexktpodopes B TeueHue 10 MuHyT, QuUKCUpys
W3MEHCHHUE TOJI0KEHUS TPAHUIIBI pa3/iesia KOHTAKTHAs KUIKOCTh/30JIb
KaKabple TSATh MHUHYT B OOOMX KOJIEHaX COCyJa. 3aTeM TIIATeJIbHO
mpoMbIBaroT cocya KéHa u mepexoAsT K aHaJIOTHYHOMY HMCCIIeIOBAHUIO
CIeAyIoIero pactBopa. B TedeHue »sKcrepuMeHTa (PUKCHPYIOT
HampspKeHUe, IMoJaBacMOe Ha JJIEKTPOJIbI, a B 3aBEpIICHHUE OIbITA
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U3MEPSIOT PACCTOSAHUE MEXIY 3JekTpoaamu. [lo cpenHeMy CMEIIEHUIO
IPAHUIIBl PACCUUTHIBAIOT 3HAaY€HHUE z-noTeHuuana. [lo omnpeneneHHOM
BEJIMYMHE CKOpocTH diekrpodopesa U,, u HanpsbkenHoctw H ¢
PUMEHEHUEM ypaBHEHUS ['enbmronbia-CMOITyXOBCKOTO
PaCCUUTHIBAIOT 3HAYCHUE JIIEKTPOKMHETUYECKOIO0 MOTEHUWANA WU Z-
noTeHIuana

n
e ®

[lo monaydYeHHBIM JaHHBIM CTPOST TpaduK 3aBUCUMOCTH Z-
noreHuaia ot pH cpenpl u no Hemy onpeneisitor pHUIT.

Bonpocek! 1)1t KOHTPOJISAA 3HAHUI

1.2nextpodopes -310?
2.CyurHocth MeToAa eKkTpodopesa.
3. Cocyn Kéna. YcTpoiicTBO U Ha3HAUCHHUE.

PABOTA Ne 6

Honyqe}me 30JI1 THAPOKCHAA Ke€JI€3a U OoIIPpeac/JICHUE 1Iopora €ro
KoaryJjsauauu.

Heﬂb paﬁon: HOJ’IyquI/IC 30J1  THAPOKCHOA IKCJIC3a U
OIPCACIICHUC 1TOPOra €ro KoaryJinnuu. 3aHsATuA IMPpOBOAATCS B MaJIbIX

rpymnmnax.
MarepuajabHoe o0ecniedyeHue

Xnopun kanus KCl, cynsdar kammus K,SO4, rekcammanodeppar xaaus
Kg[Fe(CN)G]

BOHpOCBI JJIA MOATOTOBKH

1.00611as xapakTepuCTUKa KOJIJIOUAHBIX PacCTBOPOB.
2. MeToibl TTOy4YeHUsT KOJUTOUIHBIX PACTBOPOB

27



Kpatkue TeopeTnyeckue CBeleHNsI

Konnouonvle pacmeopst — 3T0 reT€pOrE€HHBIE CUCTEMBI, COCTOSIIIIUE
u3 AByx u Oojee ¢a3. OnHa daza — pacTBOpUTEIb (IUCTIEPCHOHHAS
cpena), HapuUMep, BoJia, Apyras — COCTOMT U3 OT/ACJIbHBIX MeJIbUalImx
YaCTHI] (pazmepoMm 1-100 MUJIJTUMUKPOH), PaBHOMEPHO
pacrnpeiesIeHHbIX B paCTBOPUTENE, ITO AUCTepcHast ¢aza.

OTnuuyre UCTUHHBIX PACTBOPOB OT KOJUIOMJHBIX B TOM, YTO 3TO
TOMOT€HHBIE CHUCTEMBI, 1€ pa3MEpPbl YaCTUIL] PACTBOPEHHOI'O BEILIECTBA
(MoJyiekyn, MOHOB) mopsiaka | mMuuiMMUKpoHa. B rpy0OoaucnepcHbIX
cucremMax (CycmeH3WHu, OHMYJIbCUM) pa3Mepbl dactuil Oonee 100
MUWTITUMUKPOH (1 mummumukpod = 10-9 m = 1 um).

Kosmmouabie pacTBOpbl HA3bIBAIOT 30/15MU. 3aCTBIBIIMI 30J1b,
MPEBPATUBIIUNACS 1IETMKOM B CTYyIHEOOPA3HYIO MACCy, Ha3bIBAIOT 2e/leM.
Komnmongnass cucrema Ha3piBaeTcss JHO(OOHOW, €CIIM YacTUIlA HE
CKJIOHHA K B3aUMOJICUCTBUIO C pACTBOPUTEIEM, a B TUODUIBHBIX 30JI9X
MPOSIBIIICTCS. XMMHUYECKOE B3aMMOJCHCTBUE KOJUIOWJHBIX YaCTHUI[ C
OKpY>KalolllMM pacTBOpUTEIeM. B ciydae, korga pacTBOpUTEIEM
SBJISIETCS BOJA, KOJUIOUJIHBIE PACTBOPHI HA3BIBAIOT THUIPO3OISIMH U
pa3InyarT ruapoduiabHbIe U THAPOGOOHBIE 301H.

Anapo (arperar ¢ NOTCHUUAIONPEACISIONIMMA HWOHAMH) U
a7COpPOIIMOHHBIN CJI0M HA3BIBAIOT COOCTBEHHO KOJUIOWJHOW YacTHUIEH
(rpanyioit), OHa UMEET MOJOXKUTEIBLHBIA WM OTPUIIATEIBHBINA 3apsl, a
aapo ¢ J12C HazpIiBaeTcs mMuyeniou, KoTopas dJICKTPOHEUTpaIbHA.

Y CTOWYHUBOCTH KOJUIOUIHBIX CUCTEM OMPEACIISIETCS CIIOCOOHOCTHIO
aucriepcHor  (a3bl  COXpaHATh MCXOAHYHO CTENEHb JUCIEPCHOCTH
YacTUIl U UX PAaBHOMEPHOE pacHpeie]ieHUE B TUCIEPCUOHHON Cpeje.
Koaeynayus — yxkpynmHeHHE 4YacTHI[ KOJUIOMJHOTO pacTBOpa U WX
ocelaHue IMOoJ JEWCTBUEM CWIbl TsbkecTu. HaOmrogaTe 3TOT mpouecc
MOXHO [0 YBEJIMYEHUIO MYTHOCTH, HW3MEHEHHIO IIBE€TAa pacTBOpA.
Pazpyiienune KOJUIOUIHOW CHUCTEMBI MOXXET IMPOU30UTH B pe3yjbTare
BO3JICHCTBUS HU3KUX M BBICOKUX TEMIEpPaTyp, MPUCYTCTBUA JPYTHUX
BEILIECTB, MIPU BCTPSIXUBAHUH, «CTAPEHUW», U3MEHEHUU KOHIICHTpAaIllUU
aucriepcuoHHo  ¢a3pl. HaumOonpmmii  mpakTUYECKUM  MHTEpEC
MPECTABIISIET KOATYJISIIUS TPU JOOABIECHUM 3JIEKTPOJIUTOB.

[Ipu 1o6aBIeHNY 3JIEKTPOIUTOB K JTMO(POOHOMY 30110 MPOUCXOTUT
yMeHblieHue  ToammHbl  JI9C w  cHwkeHwe — (-moTeHlMania,
CYIIECTBYIOIIErO0 Ha TpaHUIE MNOJABUKHOTO U HEMOABUYKHOTO CIIOEB
MOHOB KOJUIOMAHBIX 4Ya-CTull. B pe3ynbTaTe yMEHBIIACTCS CBS3b
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KOJUIOUJHOW YacTULbl C JUCIEPCUOHHOM CPENOM, W HACTyNaeT
KOAryJIsiius.

Bce naexkTposnThl, B3SThIE B JIOCTATOYHOM KOHICHTpALWU,
CIIOCOOHBI KOAryJIMpoBaTh JTNO(HOOHBIE 30JIH.

Koarynupyromiee IeMCTBHE OKa3bIBAIOT TE€ HOHBI AJIEKTPOJIUTA,
3HAK AJICKTPUYECKOro 3apsaa KOTOPHIX MIPOTUBOIOJIOKEH 3HAKY 3a- psjia
KOJUJIOUJTHBIX YaCTHIl. DTU MOHBI Ha3BbIBAKOTCS UOHAMU - KOAYIAHMAMU,
a DJIEKTPOJIUT, B COCTAB KOTOPOTO OHHU BXOIAT, — 3A€KMPOIUMOM-
KOazyasamopoM. MuHuManbHas KOHLICHTpAIUS AJIEKTPOJIUTA-
KOaryJsiTopa, BhI3BIBAIOIIAS SBHYIK) KOAryJIsilIUIO, HA3BIBAETCS HOPO2OM
Koaz2ynayuu U pacCYUThIBACTCS

1000V, -C ;
nop — (V Ry, ) [MoIB/M” ], (8)

rae V — o0beM 30718, MIT;
V5 — 00BeM pacTBOpa JJIEKTPOJIUTA, JOCTATOUHBIA ISt
KOaryJIsiiiuu, M,
3
C — KOHIIEHTpAIUs AJECKTPOIUTA, MOJIb/IM .

Ycranoneno, 4ro nopor  koarymiuun  C,,,  oOpatHO
MPOMOPUMOHANEH  IIECTOM  CTENEHH  BJIEKTPUYECKOro  3apsAna
(BaJIEHTHOCTH ) HOHOB-KOATyJISITOPOB

Con =75, (9)

rae 1 — temmeparypa cucremsl, K;
K — K03 duIneHT, 3aBUCSIINIA OT GU3NIECKUX CBOHCTB (ha3
CUCTEMBI;
Z — 3apsi1 HOHA-KOoaryJisiTopa.
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DTO ypaBHEHHE XOpOUIO coryiacyercss ¢ mnpaBuiioM [llynbye —
L'apou: uem 6viuwie 3aps0 Koaz2yaupyluje2o uoHda, mem CuibHee
Koazyaupyroujee oeticmsue.

HNonsl OJIHOM BAJICHTHOCTHU BbI3BIBAIOT pPa3IUYHbIN
Koaryaupyromuidi 3p@PeKT 1o OTHOIICHUIO K JaHHOMY 30:1t0. Hanpumep,
B psaay Li+ > Nat+ > K+ > Rb+ > Cs+ koarynupyroiiee 1elicTBUE HOHA
YMEHBIIIAETCH.

Ha BenuunHe mopora KoaryJisiiui OTPA)KAeTCsl TAKXKE W MPUPOJA
MOHA, COMMyTCTBYIOILIETO Koaryiaupymwoiemy necteuto. [Ipu koarynsiuu
30JI1 CMEChIO JIByX OJJIEKTPOJIMTOB BO3MOXHBI TpU ciydas. Y
AJIEKTPOJIUTOB CO CXOJHBIMM CBOMCTBAMM HAOJIOJACTCS AJJIUTHUBHOE
NEUCTBUE, KOTJAa pe3yJbTaT 3aBUCUT OT CYMMbI MPOTEKAIOIIUX
HE3aBHCUMO IMPOLIECCOB Koaryjasiuuv. B Tom ciydae, eciau JelcCTBUE
OJIHOTO MOHA YCUJIMBAET ACHUCTBUE JAPYTOro, ISl KOAryJsIIUH CUCTEMBI
UX TpeOyeTCss MEHbIIE, YEM 3TO HYXKHO IO MPaBWIy aJJAUTUBHOCTH,
TOBOPST O SIBJICHUM CUHEpPru3Ma. AHTAaroHU3M BJIEKTPOJIUTOB
HAOJII0aeTCA, €CIM JJIsl KOaryJsiiuu TpeOyeTcst 00Jibllie HOHOB, YEM IO
NpaBWIy aJAUTUBHOCTU. ITO MPOUCXOJUT TMPU KOHKYPEHTHOU
afacopOILIMK HOHOB Ha MOBEPXHOCTHU KOJUIOUIOB. [Ipu cMemmBanum 1Byx
KOJUIOWJIHBIX PACTBOPOB C YaCTUIAMU MPOTHUBOIIOJIOXKHOIO 3apsija
HACTYIAET UX B3aUMHAs KOAryJIsuUsl.

3aganus
3aoanue 1. ITonyunts 3016 ruspokcuaa xenesa (III).

B kxoHuueckoid konOe HarpeTh g0 KuneHus 150  wMn
TUCTUITMPOBAHHOM BOIbl. MemienHo npunuth 30 mit 2 %-ro pactBopa
xnopuna xeneza (III) m xungatute eme 2-3 MmuH. Habmrogaercs
00pa3oBaHUE KPACHO-KOPUYHEBOTO 30151 TUAPOKCHIA JKelie3a.

OO6pazoBaHue THAPO30JISI MPOUCXOAUT BCIEACTBUE CTYIEHUYATOTrO
ruaponuza FeCls. Xmopun xemesa (III) pearupyer c¢ Bomol mo
YPaBHEHUIO:

FeCl; + 2H,0 = Fe(OH),Cl + 2HC.

C noBBIIIEHHEM TEMIEPATYPhl YBEIUUMBACTCS CTEIIEHb THAPOIN3a
1 00pa3yroTCsl YaCTHUIIbI TPYJHOPACTBOpUMOro Tuapokcua xeinesa (III):
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Fe(OH),Cl + H,0 = Fe(OH);| + HCI.

Munemra o6pasyercs 3a cueT aacopouuu Ha yactunax [Fe(OH)3 ]y,
nonos Fe*™ 6o FeO', a npotuBoroHamu ciyxkat Cl.
Hanucate cxemy muriesmisl ruapokcuaa xemnesa (I1I).

3adanue 2. Onpenenuth MOPOra KOAryJsilUU 30Jis1 TUAPOKCH]IA
xkenesa (I11).

B pabote wucnonb3yeTcs NPUTOTOBICHHBIA 30JIb M PACTBOPHI
coxneii: KCI (C = 2 M), K,SO,4 (C = 0,05 M), K3[Fe(CN)g] (C = 0,005
M).

[ToaroroButh 3 cepun npoOUpoK mo 4 MpoOUpKH B Kaxaoul. Bo
BCE MPOOUPKHU C TTIOMOIIBI0 MEPHOW MUMNETKH (OIOPETKHU) TOMECTUTH 110 5
MJI 30Ji4. B cooTBeTcTBUM ¢ Tabiuilel 2 HAIUTh B KaXKAYIO MPOOUPKY
HEOOXOUMOE KOJIMYECTBO DJICKTPOJUTA, BCTPAXHYTH cMmech. [l
Ka)XJI0TO DJIEKTPOJIUTA MOJydaeTcs 4 pacTBopa, /i€ KOHIICHTpAIUsI 30715
OJIMHAKOBAa, a KOHIEHTpALMs DJIEKTPOJUTAa B KaXJIOW CleAyIOUEn
npoOupke O0JbIIIe, YeM B MPEAbIAYIIeH, B 2 pa3a. B mratuBe mocTaBUTh
NpOOUPKU C OAHUM M TEM K€ JJICKTPOJIUTOM B PSAJ OT MEHBIIEH
KOHIICHTPAIIUK K OOJIbIIIECH.

Tabnuna 2 — Pe3ynbraThl MCCIEAOBAHUIM

Homep | OO0wvem Oo0beM [TomyTHenue yepes 30 MuH
npooupk | Bogwl, |3mekrponuta, Mi | KCl | K2S0O4 | K3[Fe(CN)
u MU 6]

1 4,5 0,5
2 4 1
3 3 2
4 1 4

Yepe3 30 MUH OTMETHUTh, B KaKuUX MPOOMpPKAX MPOM3OIIIA SBHAS
Koaryyisinusi (MMOMyTHEHHE), B TaOJuIle MOCTaBUTh «+». OTMETUTH
MUHUMAaJIbHYI0 KOHIIEHTPAIUI0, HEOOXOAUMYIO JIJIsi KOAryJIsL1u.

Yto0bl 60JIEE TOUYHO OMPEASTUTH MOPOT KOATYJIAINH, TSI KaXKI01
COJIM MPOBOJIUTCSI BTOPAs CEPUSL ONBITOB B COOTBETCTBUU C TaOiuULIEH 3.
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Tabmuma 3 — KosmdecTBO pacTBopa 3JIEKTPONHMTA I MPOBEACHUS
VICCIIEIOBAHU N

Homepa npooupok OO6bem (MJ1) pacTBOpaA AIEKTPOJIUTA
C KOaryJjsilueu B NepBOur BO BTOPOW CEPUU OIIBITOB
CEpUH ONBITOB
1,2,3,4 0,1;0,2;0,3; 0,4
2,3, 4 0,6;0,7;0,8; 0,9
3,4 1,2;1,4;1,6;1,8
4 24,28, 3,2, 3,6
Hu B oHoOM 42:44:46;48

Konnentpanum coiiei 37ech MOAOHPAIOTCS B HHTEPBAJC MEXKIY
TOM, KOTOpasi COOTBETCTBYET MPOOUPKE, IJIe MPOU30IILIa KOAaryJsius, 1
Omkaiiiei K HeH, rjae HeT MOMYyTHeHus. B THiaTenbHO BBIMBITHIC
NPOOUPKHU HAIUTH 5 MJI 30J1s1 U I00OaBUTHh COOTBETCTBYIOIIECE Tabmuie 3
KOJIMYECTBO 3JieKkTposuta. Yepe3 30 MHUH OTMETUTh KOAryJsIMIO.
Pe3ynbTaThl 3aHECTU B TAOJIHILY.

Tabnuna 4 — Pe3ynbTaThl UCCIIE0BAHUM

DIIeKTpOIn O0bem O0Bvem ITomyTHEHUE Yepes
T BJICKTPOJIUTA, MII BOJIbI, MJI 30 muH
KCI
K,SO4
Ks[Fe(CN)e
]

BrruucauTe 3HaYEHHs MTOPOTOB KOATYJSAIMH W KOAryJHPYIOIIYIO
CIIOCOOHOCTD TSI KQXKIOTO 3JISKTPOJINTA, IMOJyUYCHHBIC JaHHBIC 3aHECTH
B TaOmuIry 5.

Beraucnuts mopor KoaryJsiuu (MoJib/a) o ¢popmyie
Crop = C - V- 1000/ W, (10)

rae C — KOHIIGHTpaIMs JICKTPOJINUTA, MOJIB/JI;
V — HauMEHBIINH 00BEM JIEKTPOJIUTA, JOCTATOUYHBINA JJISI
KOAryJysiiiuu, M,
W — 00Bem 30515, MII.
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Tabnuna 5 — Pe3ynbTarsl HCCIEOBAHUM

Onexrponu | Koarynupyronuii ITopor Koarynupyromas
T HOH KOaryJsiuu CIIOCOOHOCTh
(CHOD) (le/ CHOD)
KCI
K>SO,
Ks[Fe(CN)s
]

B BbIBOJIE YKa3aTh KOAryJUPYIOIIKE HOHBI U COOJI0ICHUE MPaBUia
lyneue — I'apau.

Bonpocek! 11t KOHTPOJISA 3HAHU

1. KonnouaHsie pacTBOPHI — 3TO?

2. Muuenmoi — 31o?

3. Koarynsiuust — 310?

4. Kak onpeaenuTh Opor KOaryJIsium?

PABOTA Ne 7

Binsinue pH Ha BSI3KOCTH pacTBOpOB
BbICOKOMOJICKYJIAPHBIN coenunennii (BMC).

Heab paborel: M3yunts BausHue pH Ha BA3KOCTH pacTBOpPOB
BMC. 3ausatus npoBOAATCSA B MaJbIX IpyIIax.

MarepuajabHoe o0ecniedyeHue

PactBop xenatmna 1 % , 1H CH3COOH 0,1 H CH3COONa,
BUCKO3UMETp, MpoOUpKu — 12 mtyk, 5 nunetrok Ha 10 M.

BOHpOCBI JJIA MOATOTOBKH

1. BMC. Ux knaccudukanus.
2. CoiictBa pactBopoB BMC.
3. Bszkocts pactBopoB BMC.
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KpaTkue TeopeTnyeckue cBeleHUA

[log  6a3k0ocmbl0  TOHUMAKOT  CHOCOOHOCTH  CO3/JaBaTh
COMPOTHUBIICHUE MEPEMEILICHUIO OJTHOTO CJOS KUJIKOCTH OTHOCHUTEIBHO
JIPYroro, KOTOpO€ BO3HUKAET BCJIEACTBUE MEXMOJEKYJSIpHBIX cui. [lo
Il 3akony HrroToHa

dVv

F=mS (12)

rae F — cuna BHyTpeHHEro TpeHus;
S — romanp ciosi, K KOTOPOMY MPUIIOKEHA CUIIA;
dV/dX — rpaaueHT ckopoCTH;
N — KodpUIHEHT MNPONOPUHUOHATBHOCTH, Ha3bIBAEMbIN
KO2(PUITMEH- TOM BSI3KOCTH WJIM BSI3KOCTBHIO, 3aBUCHMBIA OT TIPUPO/IBI
AKHUJKOCTH.

Takum oOpa3om, cuna BHYTpeHHero TpeHuss F, paBHag mo
BEJIMYMHE, HO OOpaTHas MO HAMNPABICHUIO MPUIIOKEHHON W3BHE CHIIE,
IPOINOPLMOHATbHA IUIOIIAIN CJI0S S, K KOTOPOMY MPUIJIOKEHA 3Ta CUIIa,
U rpaaueHTy ckopoctu aprokenus dV/dX mexmay ciaosMu.

Bsi3kocTh KUIKOCTEN U pacCTBOPOB OMOOPTraHUYECKUX COCTUHEHUI
U3MEPSIOT B Mpenesiax JJaMUHApHOro (MOCIOMHOro) motoka. Eciu mpu
U3MEHEHUN CKOPOCTHM TEYEHHUsI B MpENENIax JAaMUHAPHOCTH BS3KOCTb
XKUJKOCTH OCTaeTCsi IOCTOSHHOM, TO Takas >XUIKOCTh Ha3bIBACTCS
HbI0MOHOBCKOU. ECIH K€ BSI3KOCTh NMPHU 3TOM M3MEHSIETCA U CKOPOCTH
TEUEHHS] KUJIKOCTH HE MPONOPUHOHAIbHA MPUIIOKEHHOW CHIIE,
XKUJIKOCTb HA3bIBACTCS  HEHbIOMOHOBCKOU. UHUCTBIE KUIAKOCTH U
pa30aBlICHHbIE KOJUIOUJIHBIE PACTBOPHI, B KOTOPHIX YACTHUIIBI UMEIOT
chepu-  dyeckyro  ¢Gopmy,  XapaKTEpPU3YIOTCI  HBIOTOHOBCKOU
(HOpManpHOM) BS3KOCTBIO, @ pacTBOPbl C NAJOYKOBUIHBIMU H
HUTEBUJIHBIMU YacTUIIaMU B OOJBIIMHCTBE CIIy4aeB Jaxe B IMpejesax
JAMHUHAPHOTO MOTOKA XAPAKTEPU3YIOTCSI HEHBIOTOHOBCKOW BSI3KOCTBIO.

JlaMuHapHO€ TEYEHUE KHUAKOCTEH 10 TpyOKaM OMUCHIBAECTCS
ypaBHeHueM [lyazenis

34



V _mdpr 12
8nl (12)

rae V — 00beM KUIKOCTH, BRITEKAIOIIEH 3a BpeMs T,
I — paauyc TpyOKu;
| — nmuHa TpyOKH;
P — Pa3HOCTh JABJICHUI HAa KOHIIAX TPYOKH;
1 — BSI3KOCTb KHUIKOCTH.

3akonaM HeroroHa u Ilya3eiiss moquuHSIIOTCS )KUAKOCTH, KOTOPBIE
HE  MMEKT  JOCTaTOYHO  JKECTKOW  BHYTPEHHEH  CTPYKTYPhI
(6eccTpyKTypHBIE) CHUCTEMBI. HctunHbIC pPacTBOPHI
HU3KOMOJIEKYJISIPHBIX COEIMHEHUW W paz0aBieHHble pacTBopel BMC
(pacTBOpBI OE€IKOB, HYKJIECHHOBBIX KHUCJIOT, MOJHCAXapuiaoB U T. I.),
WHJIUBUyalbHbIE XKUJIKOCTU (BOJA, CIUPT M JApP.) OTHOCSTCS K HHUM.
JIocTaTOUHO TOYHO  ONHKCHIBAETCA OTUMH  3aKOHAMHU  BSI3KOCTH
OMOJIOTHYECKUX KUAKOCTEN (JINKBOPHI, TUM(BI U TIIIa3MbI KPOBH).

Cucrembl,  KOTOpbIE  MMEIOT  BHYTPEHHIOI  CTPYKTYpY
(koHUEHTpUpOBaH- Hble pacTBopbl BMC, nenbHas KpoBb, HUTOILIA3MA
KJICTOK M JIp.), HE MOA4YMHS- 10TCs 3akoHaM HrroToHa u Ilyazeitns.

CyiecTByeT 0KOJI0 15 pa3HBIX CIIOCOOOB OMpeeeHUs] BI3KOCTH.
COBOKYIIHOCTb ~ METOJNOB  HM3MEPEHHUS  BA3KOCTH  HA3bIBACTCH
guckozumempuel, a TPUOOPHI, TPEIHAZHAYEHHbIC JUISI H3MEpPEHUs
BSI3KOCTH, — UCKOZUMEMPAMU.

BriTekaHne  KMOKOCTH B KANWUISAPHBIX  BUCKO3UMETpPAx
noguuHsiercs 3akoHy llyaszeiss. Onpenensissi BpemMsi BBITEKAHUS 4EpPE3
KalWJUIsIp BUCKO3UMETPA PACTBOPA M YHUCTOIO PACTBOPUTEISA, MOYKHO
HAaWTH YJEJIbHYI BS3KOCTb TYI, KOTOpas MPEACTaBIsSIET COOOM
OTHOCHUTEJIbHBIA TPUPOCT BA3KOCTH PACTBOPUTEIA ITPU BHECEHUU B HETO
PaCTBOPEHHBIX BEIIECTB

=1, _ 1 -1
77 :—:——1:770mH—1:—
” o o { (13)

TJE Mo — BA3KOCTb PACTBOPUTEIIS;
N — BA3KOCTh PacTBOpPA,;
tp — BpeMs MCTE€UEHUSI paCTBOPUTEIIS;
t — BpeMs ucTedueHus pacTBopa.
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VYaenbHas BS3KOCTh SIBIAETCS (YHKIUEH ABYX TEPEMEHHBIX:
addexTuBHOrOo pasMepa (MOJEKYISIPHOM MacChl) MOJICKYJIbl U
KOHLUEHTpAMH. ODTO TOBOPUT O BO3MOXKHOCTH  OIPEICICHUSA
MOJIEKYJISIDHOM MAcCChbl PACTBOPEHHOI'O BEWIECTBA IIPU  ITOMOIIH
Bsi3kocTU. HeoOxonumo HalTH Takoi mapaMeTp BSI3KOCTHU, KOTOPBIN OBl
HE 3aBHUCEJI OT KOHIEHTpaluu pacTtBopa. MM sBisieTcss nmpuBencHHAs
BSI3KOCTh — OT- HOIIIEHHE YIENBbHOU BA3KOCTU K KOHLIECHTPALUH

)

Ty =0 (14)

OKCHepUMEHTAJIbHBIE JaHHBIE CBUJICTEILCTBYIOT 00 YBEJIMYCHUU
Nup € MOBBILICHUEM KOHIIEHTpanuu. IIpu 5TOM TOJIBKO B CPaBHUTEIBHO
Y3KOM KOHIICHTPAIlMOHHOM MHTEpBaje HAOJI0JIaeTCAd MPSAMOJIMHEHHAs
3aBUCUMOCTH (PUCYHOK 1).

M

[77]

v

C

Pucynok 1- 3aBUCUMOCTB BSI3KOCTH OT KOHIIEHTPAIIMU PAcTBOpa

['paduueckas 3KCTpanoAius BEIUIUHBI TPUBEACHHON BSI3KOCTH K
HYJICBOM KOHIICHTPALIMHU JIA€T BEJIMUMHY XapPaAKTEPUCTUUECKON BA3KOCTH
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i My
[n]=time_o =27 (15)

Xapakmepucmuueckas 643K0CMb TPEACTABISET COOOM BSA3KOCTH
npyu OECKOHEYHO OOJIBIIIOM pa30aBlieHMH pacTBopa. B aToM ciyuae
UCKIIIOYAETCsl B3aUMOJICUCTBUE MEXIYy MoJieKyJlaMu. Takum obOpazom,
XapaKTEPUCTUYECKAsT BSI3KOCTh SIBJISAETCS BEJIWYMHOM, KOTOpass HeE
3aBUCUT OT KOHIIEHTPAIMA PACTBOPEHHOIO BENIECTBA, HO B TO K€ BpPEMS
CBs3aHA C HEKOTOPBIMH MapaMeTpaMu (MOJICKYJISIPHOM Maccoi, popmMoii
MOJIEKYJIBI U Jp.)

CBs3b XapaKTEPUCTUUYECKOM BA3KOCTH C MOJICKYJSAPHOM Maccou
BbIpaXKaeTcs ypaBHeHUeM Mapka — XayBHUHKaA

77=K'Ma , (16)

rae K — KOoHCTaHTa, XapakTepHas JJIsS JIAHHOTO TOMOJIOTMYECKOTO
pslla MaKpOMOJIEKYJI;
0 — BEJIWYMHA, XapaKTEPU3YIOllas CTEINEHb CBEPTHIBAHUSA
MaKpOMO-JIEKYJI B PacTBOpE.
JI71s1 5KECTKUX MaKpOMOJIEKYJI, UMEIOIINX (opMy majgouek, o = 1.
Jnst TMOKMX MAakKpOMOJIEKYJ, HMEIMuX ¢opMy, OIH3KYH0 K
chepuyeckoit, o = 0,5.

[Ipon3Bonss BHCKO3UMETPUUYECKHE HW3MEPEHHsS, MOXHO IO
ypaBHeHHIO Mapka — XayBHHKa BBIYUCIUTH MOJIEKYJSIPHYIO MAaccy
BMC u ouenuts ¢popmy Makpomonekyi. Ha Bsskocte BMC pactBopoB
OKa3bIBAlOT BJIMSIHUE MHOTME (DAKTOPBI, B TOM YHCIIE KOHUEHTpauus
pacTBOpPOB, TEMIIEpaTypa, BpeMsi, COCOO MPUTOTOBIEHUS PaCTBOPOB,
pH cpensl.

3ananusn
3aoanue 1. ITpurotoButh OyPepHBIE PACTBOPHI.

[TpurotoButh O6ydepusie pactBopsl, B3sB 0,1 H CH3;COOH u 0,1
H CH3COONa B konn4ecTBax, yka3aHHBIX B TA0IUIE 2 (MI1).
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Ta6mmma 6- Komrmaectso CH3;COOH nu CH3COONa ni1st mpuroToBieHus
O0ydhepHBIX pacTBOPOB

No mpobupku 1 2 3 4 9)
0,1 u 9 7 5 3 1
CH3COOH
0,1 u 1 3 5 7 9
CH3COONa
pH cmecu 3,8 4.4 4,7 51 5,7

[IpurotoBuTh HCCHAEIyEeMbIE pacTBOpbl, cMmemaB S5 mu 1 %-ro
pacTBOpa JKEJIATUHA U 5 MJI COOTBETCTBYIOILIET0 Oy(dhEepHOro pacTBoOpa.

PactBop ¢ pH = 7 mnpuroroButs u3 5 man 1 %-ro pacrtBopa
KEJaTUHA U S5 MJI TUCTUUIMPOBAHHOM BO/IBI.

Onpenenuth BA3KOCTh WIECTH MPUTOTOBICHHBIX PACTBOPOB C
MTOMOIIBI0 KaMUJUISIPHOTO BUCKO3UMETPA (PUCYHOK 2).

J{1s aTOro He0OXOAMMO:

a) HAJIUTh B pe3epByap A TUCTULIMPOBAHHOM BOJIbI (16—18 mu);

0) ¢ TOMOIIBIO PE3UHOBOM TPYOKH, HaJeTOM Ha KoHel b, HabpaTh
BO/J1y BBIIIE METKH d;

B) ONIPEAEIUTh BpEMS UCTEUEHHUSI BOJbBI OT METKHU a A0 METKHU 6 3—4
pasa u B3STh Cpe/IHEE 3HAUCHUE;

I') TO € ClIeJIaTh JJIsl IPUTOTOBJIEHHBIX PACTBOPOB KEJIATHUHA.

[Ipu paboTe HEOONMYCTUMO BCIICHUBAHUE >KHUJAKOCTU, HAITUYUE
My3bIPEKOB KUJIKOCTH B KaIWLIAPE.

Pucynok 2- Cxema KalmJUIApHOTO BUCKO3UMETPA
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3aoanue 2. PaccunTath BA3KOCTh pACTBOPOB.

Bs3K0CTh pacTBOPOB pacCUUTHIBACTCS 110 (hopMyJie

_, . dr
=T, doz'o'

I7I€ Mg — BI3KOCTb BOJbL,
dy — IUIOTHOCTE BOJBIL,
Tp — BpEMsI HICTE€UEHUS BOJIBL,
d — mIOTHOCTE pacTBOPA;
T — BpeMs HICTCUEHHUS PacTBOPA.

Pe3ynbrarsl 3anucaTh B TaOIUILY.

Tabnuna 7 — Pe3ynbTaThl ONpeesieHus: BI3KOCTH PACTBOPOB

(17)

No mpobupku 1 2 3

4

5

PactBop xkenaruna +
OydepHbIit pacTBOP

PacTtBop xenmatuna +
JUCTWIJIMPOBAaHHAS BOJIA

Haueptuts rpaduk n = f (pH). I[lo MuHMMaTEHOMY 3HAYCHUIO
BA3KOCTH ONPEACINTh H303JIeKTpUuecKyro Touky (MOT) xemaruna.

CdopmynupoBaThk 001111 BHIBO K padoTe.

Bonpoch! 111 KOHTPOJIS 3HAHUI

1. JTaiiTe mOHATHE BBICOKOMOJIEKYJISIPHBIM COEAUHEHUSIM.

2. Knmaccudukammus BMC.

3. HazoBute cBoiictBa pactBopoB BMC?

4. Bs3kocTh — 3TO?

5. Kak onpenenuts Bsi3kocTh pactBopa BMC.
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PABOTA Ne 8
IHosryyeHue Kceporeisi KpeMHHEBOH KHCJIOTHI.

Heas padorbl: [lomyyuTh KCEpOreib KPEMHHEBOW KHCIOTBHI U
UCCIIEIOBATh €T0 COCTOSIHUE MPHU PA3JIMYHON BJIAXKHOCTU. 3aAHSATHUSA
MPOBOJAATCS B MAJBIX TPYyIIIax.

MarepuajibHOe o0ecrieueHune

Kunkoe crekino, ykcycHas kuciora, 1 H, Bazenun, 5 HeOOIbIINX
ADKCHUKATOPOB, CTEKIISTHHBIC INIACTUHKU 2 X4 CM, XUMHYCCKUN CTaKaH Ha
150 M, cTekIsIHHAs majoyKa JIC3BHE.

BOHpOCbI AJIA MMOATOTOBKH

1.0061m1as XxapakTepUCTHKA TeJICH.
2. CBoiicTBa Trelen.

KpaTkue TeopeTu4yecKkne cBeIeHUsI

l'enu - BBICOKOJUCIIEPCHBIE CHUCTEMBI B CBSI3HOAUCIIEPCHOM
COCTOSIHUM. JTO - ABYyX(a3HbIE CUCTEMBI, COCTOSIIIIUE U3 KapKaca YaCTHII
C 3axBayeHHOW BHYTpPb JAUCHEPCHOHHOW cpeAoil, u obpasyromue
KOAryJIsiIMHOHHYIO CTPYKTYPY.

I'en 06nanarOT CBOMCTBAMM KaK TBEPJBIX TEJ, TaK M KUJIKOCTEH.
Kak TBepabIM TenaM, UM NPUCYIIH MEXaHUYECKHE CBOMCTBA: YIIPYTOCTb,
POYHOCTh, ANACTUYHOCTD, CIIOCOOHOCTh COXPAHSTH (OPMY.

BemiectBa, cnocoOHble 00pa30BBIBATH MaKpPOMOJIEKYJISIPHYIO
CTPYKTYpy rejiel, Ha3bIBatoTCs renieoopazoBarensamu. K HUM oTHOCATCS
KaK HEOpraHW4Yeckue (IUOKCHI KPEMHHS, OKCH]l alfOMUHUA), TaK |
OpPTaHWYECKHE BEIIECTBA W WX cMecHd (ITOJMBUHUIIOBBIA CIHPT,
NIOJTMAKPHUIIAMUJI, J)KEJIaTHHA, arap-arap, IeKTHHOBKIC BEIlecTBa u p.). B
Ka4eCTBE HU3KOMOJICKYJISIPHON THCIIEPCUOHHON CPEIbl — HAIIOJIHUTEIS

rejas —  BBICTYIIAIOT  BOAA, HHU3IIME MOHO- M OJIMTOCIMPTHI,
yIJIEBOJOPOABI. ['eii ¢ BOAHON AMCIEPCUOHHOM CpPEON Ha3bIBAIOTCS
TUJIPOTEIISIMH, CO CIIMPTOBOM — aJKOTENSIMU, C YIJIEBOJOPOJIHOM —

oprasoreyisiMu (00IIee Ha3BaHUE «ITHOTSIIN ).
I'emu  oOpasyroTcs TpH  KOAryJsiidd W TOCJEAYIoIIen

KOQJICCUECHIUN 30JICH, TMOHWKECHUU TEMIIEPATYPbl, KOHLIEHTPUPOBAHUH
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MHULEJUIIPHBIX PACTBOPOB MBUI WJIA BBIAEJICHUM HOBOM JIHUCIEPCHOU
(a3bl U3 MEPECHIIICHHBIX PACTBOPOB.

YianeHueM W3 JMOTeNIE KUJKOW Cpeapl MOMXHO IOJIYYUTh
TOHKOIIOPHUCThIC Tena (a’poreiar WM KCEpOreiau), B  KOTOPBIX
nucrniepcHas Qaza npeBpaiaeTcs B IPOYHbIC aIre3MOHHbBIC UK (Pa30BbIe
(KOre3MOHHBIC) TIOPUCTBIE  CTPYKTYPhl. TakoOBBI ~ adlOMOTelb |
CUJIMKArellb, IOJIy4aeMble BBICYIIMBAHUEM THAPOTEIIE THAPOKCHUIA
AIOMUHUS U KPEMHHUEBBIX KUCIIOT.

I'enmn TepMOIMHAMUYECKH HEYCTOMYMBBI: BCIIEICTBUE CHUHEPE3UCA
JIUCTIEPCHAS CHCTEMa CAMOIIPOM3BOJIBHO PA3PYLIAECTCA C BBLICICHUEM
KUIKON KOHIEHTPUPOBAHHOM (Da3bl B pe3ysibTaTe CaMOMpPOU3BOJIHLHOTO
VIUIOTHEHUS CTPYKTYPHOU CEeTKU. lIpu yjgameHnn HU3KOMOJEKYISPHOTO
pactBopuTens  (BBICYIIMBAaHWM)  Treid,  OOBIYHO,  HEoOpaTHMO
pa3pyaroTCA.

3aganus

3aoanue 1. llonyyuTb KPEMHHMEBYK) KHCJIOTY B KOJUIOMIHOM
dbopme.

CTeHKM XMMHYECKOr0 CTakaHa eMKOCTbIO 150 mur cmasbIBarOT
BA3€JIMHOM, a4 3aT€EM HAJIMBAIOT B HETO 50 MII )KHJIKOTO CTEKJIA COCTaBa
Na,O : SiO, =1 : 3,5. K pacTBopy XKHIKOTO CTEKJIa OBICTPO MPUIUBAIOT
IIPA SHEPrUYHOM TmoMemmBaHnu manmoukon 50 mu 1 H pacrtBopa
YKCYCHOM KHCJHOTBI. Yepe3 HECKOJNBKO CEKYH]I pacTBOP 3aCTyIHEBACT.
[lomydeHHBI CTyZJEHb BBIHAMAKOT K3 CTakaHa M IIOMEMIAIOT Ha
CTEKJSIHHYIO IUIACTHUHKY. Jle3sBMeM U3 Maccbl CTyIHA aKKypaTHO
BBIpE3al0T KyOuku pedpom 1-1,5 cm, a 3arem mo JBa KiIagyT Ha
HEOOJIbIINE CTEKJISIHHBIC IUIACTUHKHU Pa3MepPoM 2x4 cM.

['oToBAT 5-6 OJMHAKOBBIX HKCHUKATOPOB C CEPHOM KHCIOTOU
pPa3IMYHOM KOHLEHTpauuu. [ 3TOro B KaXIpli 3KCUKATOpP HAJIUBAIOT
no 0,5 1 craegyromux pacTBOPOB: B IEPBBIM — KOHLEHTPUPOBAHHYIO
CEPHYIO KHCIIOTY, BO BTOPOM — CEPHYIO KHUCIIOTY, pa30aBICHHYIO BOJOM
B COOTHOIIEHUM KHUCIOTa K Boae 3 : 1 (mo oOmbemy), B TpeTuud —
pa30aBJICHHYIO B COOTHOIIEHHH 1 : 1, B 4eTBEPTHIM — B COOTHOIIIEHUH 1 :
3, B ISATBIN — BOJY.

Panee BbIpe3aHHbIE KYOMKHM CTYIHSI MMOMENIAIOT B DKCHUKATOPHI HA
7—10 nueit. ITocne 3TOro UX aHATU3UPYIOT.

KyOuku, KoTopble HaXOJAWIUCh B AKCHUKATOPE C BOAOW, OCTAIOTCA
0e3 u3MeHeHus. B ocTajabHBIX SKCHMKAaTOpax HaOMIOMAIOTCA pa3iuyHbIC
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CTaauu 00€3BOKUBAHUS CTYIHS KPEMHEKHCIOTHI, YTO XOPOIIO 3aMETHO
0 M3MEHCHHI0O WX MYTHOCTH. YacTHYHO 00E3BOKEHHBIM CHIIMKArelb
CTAHOBHTCS IIPO3PAYHBIM, a TIOTOM TIOJIHOCTBIO OOE3BOKCHHBIA —
MOJIOYHO-0€TIBIM M OYeHb XpYNKuM. I[lo-70OHBIE TenW MOTyYrIIH
Ha3BaHUE XPYNKUX.

[Ipomecc  o0Oe3BOKMBAHWS ~ XPYIKHX  JIHOTCIICH  SIBJSCTCS
HeoOpaTuMbIM. [lomydaembie TOCE CYIIKM KCEPOTeHd MPH MTOBTOPHOM
OBOJHEHHUM HE MOT'YT OBITh BO3BpPAICHBI B IEPBOHAYATHLHOE COCTOSIHHE.
OHu BemyT ceOs Kak IOPHUCTBIC Tella, KOTOPHIE MOXXHO IIPOIHUTATH
10001 CMavYMBaOIIEH X MMOBEPXHOCTH YKUIKOCTHIO.

[ToaTBepaNTH, YTO KCEPOTelb BEACT ceOs KaKk MOPHUCTOE TBEP0E
TEJI0, IIPOIMUTRIBAS €r0: a) BOJIOM; O) CIIUPTOM; B) paCTBOPAMH COJICH.

OnmcaTh XapakTep CMauyMBaHUS.

CdopmymupoBaTh 00ITHI BRIBOI K paboTe.

Bonpocs! 11 KOHTPOJISI 3BHAHU A

1. I'eqm — »T10?

2. CBOMCTBa TeJIel.

3. Kak Bunsbl reneii Bel 3Haere?
4. Cunepesuc — 310?
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