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OpWruHAI-MaKeT AaHHOTO M3NAHMS ABJAETCA COOGCTBEHHOCTBIO H3IATCNBCTBA «Bsiciras
HIKOSla» M €ro PenpoiylupoBaHue (BOCIPOM3BEEHHE) MOGLIM CrocoGoM 6e3 cornacus
W3/1aTeNbCTBA 3aNpPElIeHo.

NPEJVCJ/IOBUE

¢JlabopaTopHbie paboTsl mo xuMumy (3-€ M3/aHUE) OXBATHIBAIOT BCE
OCHOBHBIE pa3fiejbl [POrpaMMBl Kypca XHMUH, BKJIIOYas CTPOCHHe
BEII[ECTBa, 3HEPIeTUKY XMMUYECKUX IIPOLECCOB, XMMUYECKYI0 KUHETUKY
M paBHOBECHME, PACTBOPHI, OKMICJIUTEILHO-BOCCTAHOBUTEIBLHBIE M 3JIEKT-
POXMMHYECKNE IIPOIECCH], CBOMCTBA 3JIEMEHTOB, IPOCTHIX M KOMIIJICKC-
HbIX coenupenuii. IIpakTMKyM BKJIOYaeT TaKke pPabOTHl MO CIEyalb-
HOIl 9acTH Kypca: [0 XUMHUM METAJJIOB NOG0YHBIX HOATPYNN, MOIUMEp-
HbIM MaTepUajIaM, TOILIMBHEIM 3JIEMEHTaM, aKKyMyJISTOpaM, XeMOTPOHaM
u 1p.

BobIIMHECTBO Ja60pAaTOPHEIX paboT MMeeT JIMIIb KPaTKUE TeOPeTH-
YeCKHe BCTYILIGHUSA, OSTOMY JJIsl IOATOTOBKY K 3aHATUAM HEOGXOMMMO
U3YYUTE COOTBETCTBYIOMKE Iaparpadhl y4eOHUKOB (Kypce ofmieit xu-
mun. 2-¢ u3g./Ilon pen. H.B. Koposuna. M., Bricmas mxomna, 1990 u
H.B. Koposun. O6mas xumusi. M., Beicmaa mromna, 2000).

B rex camyuasix, kornma mjist [OHMMAHMs IPOLECCOB, MPOMCXOMASIIUX
IIpY BHINOJHEHUM pabOThl, HEAOCTATOYHO Marepuaja ydeOHMKaA, IPUBO-
aaTesa 6osee MOAPOOHBIE TEOPETUYECKNE BBEINECHUA. llocne uspanus
y4e6HMKa IPOM3ONLIN HEKOTOpble yTOYHeHus Tepmunosioruu. Hampu-
Mep, B cBa3u ¢ HOBbIMU pexomergamusamun MIOIIAK nmo ncnonb3oBaHMIo
TEPMUHOB IKBUBAJICHTY ¥ HODMAJIbHBILY, a TaKKe yTOYHEHUEM TepMU-
HOB MOJIApHAasi KOHLUEHTPauus, MOJSJILHOCTh M IIp., HE PEKOMeHJyeTcA
UCIIO/IB30BATh NOHATHSA IPaMM-3KBUBAJIEHT, HOPMAILHOCTh, MOJISPHOCTE,
MOJIAJIbHASA M NPOIEHTHASA KOHIEHTPaluA.

Ilpu BEIIOJSHEHMM J1aGOPaTOPHBEIX PabOT CTYAEHTH 3HAKOMATCA C
M3MEPUTEIbHEIME TIpubopaMu  ((DOTOKOIOPUMETPOM, KOHIYKTOMETPOM,
pH-MeTpoM, MOTEHIMOMETPOM) U HEKOTODHIMU METOIAMU HCC/IELOBAHUA
(TuTpoBaHmeM, rasoMeTpuell, M3MEpeHHeM NOTeHIMala 3JIEKTpoAa H
DJIC snementoB u Ap.). Onucarua paboT BKJIIOYAIOT BOIPOCH U 3aa-
M A CAMONpPOBEpKM. MHOMME ONBITHI BHIIONHSIOTCS CTy/IEHTaMU
MHIABUAYAJIBHO: KakABA NONydYaeT 3afaHue u OQopMisieT OTIET IO
CBOMM pe3yJbTaTaM, UTO Pa3BUBAET y CTYHEHTOB CaMOCTOATEIBHOCTH B
pellleHny TOCTABICHHBIX 337,a4.

BoibMIMHCTBO PabOT COMSPIKUT HECKOJIBKO ONBITOB, UTO IIO3BOJIACT
CTPOUTH IPAKTUKYM B COOTBETCTBUM € HpoduieM Bysa WIM (dakyabTera.
Kak nmpapuiio, pa6oTH BEAYT MaKPOMETOJOM, OJIHAKO PAJ, ONLITOB BBHI-
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TS ety oy

OJHAETCS NOLYMHIKPOMETOIOM, IO3TOMY BO BBEJIEHMU ONKCAHO HEOOX0-
ZIMMOe 060py/OBaHNE U TEXHUKA BHIIOJHEHUsST PaboT.

Beepenne, pa6otel 3 1 9 U NPUIOKEHNUS HANNCAHBI H.T. Prixosoit u
H.B. KoposunbiM, pa6oTsl 1, 2, 68, 21, 22, 26, 27 — H.T'. Psuikosoi,
paboret 4, 5, 10—15, 24, 25, 28—30 D.11. MunryauHoii, paboTsl
16—20, 23, 31—34 — H.B. KoposunbiM. _

ABTOpH  BHIPAKalOT GJIAarofjapHOCTh IIPENOJABATENAM  Kadeaphl
xumun MU pomenram IO.I'. Boukosy, JI.T. I'annyenko, C.B. Kanmei-
rosoit, H.W. Koznosoit, T.B. Jlammunoit, [I.I'. Hapeikuny, B.H. Ca-
BEJIbEBOl, CTApIIeMy IIPelO/aBaTemio JI.B. J1aBrig0oBOit, NpUHUMABIIEH
ydacTie B IOJTOTOBKE SKCIEPUMEHTAIBHOM YacTH HEKOTOPHIX PaGoT.

Aemopui

BBEJIEHUE

§ 1. OBIIIUE NPABWJIA BBHIIIOJTHEHUSA JIABOPATOPHBIX
PABOT

JlabopaTopHbie paboTH ABJAIOTCA OJHOM M3 BAXKHEMIINX COCTaBHBIX
vacTeii Kypca xumuu. JlJsi X BHIIOJIHEHHS CTY[EHTY HEOOXOAMMO
O3HAaKOMHUThCSI € JIaGOPAaTOPHBIM OGOPYJOBaHUEM, W3MEPUTENBHEIMU
npubopaMu, a TaKKe C TeXHUKOHN HpOBeJ.IeHI/Iﬂ OCHOBHBIX J1aGOPaTOPHBIX
onepanuii.

IockonbKy B XMMHYECKOU JabOpaTOpUyM HAXOAATCA IMEKTPONpHU-
60pH, ras, sJOBUTHE U OTHEONACHBIE BELIECTBA, CTYAEHTH [OJIXKHBI
¢TpOTO CcOG6JIONATh NPABUJIa BHYTPEHHErO pPacHOpAAKA M TEXHUKH 6e-
B0MAaCHOCTH.

Iepen kamabM J1a6OPaTOPHLIM 3aHATUEM CTYHEHT JOMKEH U3YIUTh
COOTBETCTBYIOIIMIT pa3jien y4eGHUKA, KOHCIEKTa JIEKIW# U ONMcaHue
J1a60paTOpHOil PaGOTHI.

IIpn odopMIeHMu OTYeTa IO IPOMETaHHOH pabore B JaGOPATOPHOM
JKypHAJIe 3amMCHIBAIOT [aTy, HOMEp, Ha3BaHWe PabOTHl M ONBITA; KOH-
CIIEKT TEOPETUYECKOrO Marepyalia;, KpaTKOe ONMcaHNe XOAa OmHTa U
pe3yJIbTaThl, OJIYYEHHEIE IIPY €r0 BHIIOTHEHUH.

Ilpu TpoBefeHUM JKCIEPHMEHTa HEOOXOAMMO CcOOMIONaTh CHEAy-
ole NpaBuia;

1. OneiT MPOBOAAT Bcerfa B YUCTOM IOCyTe.

9. Hemp3si BHIIMBATh M3GBITOK DEAKTHBA M3 TPOOUPKM OOpaTHO B
PEaKTUBHYIO CKISHKY.

3. Cyxme conu HaGUpAIOT YHUCTHIM IINATENeM WM JIOKEIKON, MpH-
uyeM U3GHITOK PEaKTUBA HENb3S BHICHIIATH OOPATHO. B CKIAHKY.

4, He caexyer nyraTs OpOOKH OT Pa3HBIX CKIISHOK. Yro6sl BHYTpPEH—
Hss CTOpOHA IIPOGKM OCTaBajlach WMCTOM, MPOOKY KHMagyT Ha CTOJ
BHEIIIHEY ITOBEPXHOCTBIO.

5. Hesb3si yHOCUTH PEaKTHBHI OOIIEro MOJb30BaHMUA Ha CBOE pabouee
MECTO. '

6. Iocie ONBITOB OCTATKYM METAJJIOB B PAKOBMHY He BEIODACHIBAIOT, a
co6upalioT B GaHKY.

7. Joporocrosiuiye peaKTI/IBbI (ampumep, OCTaTKM coJjieit cepeGpa)
cO6MpAIOT B CHEIUAJIBHO OTBEIEHHYIO MOCYAY.
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Npapmra Texaukn 6E30NACHOCTH

1. He rporaiire, He BriUOYaiTe W HE BHKIIOUAATe 63 pasperienuns
HPeNoNABATeNA PYOMILHIKY U 3TERTPHIECKNE Npubopsl,

2. He sarpomoxpaiiTe cpoe paboyee MecTo JUINHUMM TpeiMeTaMu.

3. Hennss 6Gpare Bemiectsa pyxamu n npotopars ux na sxyc. Ilpu
OIpe[leTIeHUK BellecTB 10 3allaxy CKAAHKY CIeLyeT AepKaTh Ha pac-
CTOAHWY W HANPABIATE JBIKCHUEM PYKN BO3AYX OT OTBEPCTHUA CRIAH-
KU K HOCY.

4. ONBITE ¢ SNOBATHIME BEIIECTBAMM HAJIO LPOBOJNTE B BHITHMCHOM
mrady.

5. Ilpn ppuianBanupn PEaKTHBOB HEIb3A HAKIOHATHCH HAaJ OTBepC-
THEM cOCyLa BO n3bexanue nonagaHug OpLar Ha AMHD U OUeHLY.

6. Hennsa HAKIOHATBCH HaJ HAIPDEBAEGMON MUJIKOCTBIO, TAK KAk ee
MOMKET BHIOPOCUTE.

7. Pazbapissi KOHIEHTPUPOBAHHBIE KUCHOTH, OCOOEHHO CEpHYIO,
OCTOPOXHO BIANBAIOT KHCJIOTY B BOAY.

8. Bee onmiTel ¢ KOHUEHTPHPOBAHHBIMM KHCJIOTAMM M IHEIOMAMM
OPOBOAUTE TOILKO 1O TATOH,

9. C JerkoBOCIIAMEHSIOMIMMUCH KHKOCTHMM Henpan paborarh
BOJINBHM HADPEBATENILHEIX 1PUOOPOR

Ilpasuna npoTHBONOXKAPHO#K GE3ONACHOCTH

1. Ocropomuo obpamaiiTech ¢ HarpesareibnhiMu npudopavu. llpn
neperopaii cripadimn T-)JIP,KTPOTIJII'ITI{M OTRAOYMUTE IHTKY 0T AJIeKTpOo~
CaTH.

2. [Ipn nposBeneHny OUBITOB, B KOTOPBIX MOMKET [POMBOATH CaMOBOW-
ropanve, HeoOXOAMMO HMETh 10/ PYKaMu IecOK, BOWIOK W T.IL.

3. B ciayuae poOCnIIaMEHEHMA IOPIOMKUX BeIIEcTh OBICTPO NOracure
TOPeJIKY, BEIKAIGHUHTE Z}J'IE]{'l‘]11'!I{F1[‘[)BBE!.TE‘.JI LHBIE II[II-If:J!'J[lI.I , ocrapbTe
cocyl ¢ OTHEOIACHLIM BELIECTBOM W TYIIMTE ITO:Rap:

.’-l.) I'opAMHe KIJTKOCTH leHH]JUHTO BOHJIOKOM, a 3areM, ecin HYKHO,
sachlllLTe NecKoM, HO He 3aldBaitTe BOJOMH;

6) B cayuae BOCIJIAMEHEHUA IIENOYHBLIX MeTaljIoB racure Iniamsa
TOJBKO CYXHMM NECKOM, HO He BOJION.

4. Bo neex cayqaax noskapa B .HB.()(JDH'I'O]JI-I[-I HEeMEeJIEHHO BHEIZBOBATE
MOMAPHYIO KOMAHZY; A0 NPHXOMA [OKAPHOH KOMAHJBI BOCHOJIB3YHTECH
YIIIEeKHCIOTHBIM OTHEeTYIINTeeM.

Tleppast TOMOUTH IPH HECHACTHRIX CIYasix

B nabopatopun GbIBAIOT CIytan, TpeOYIOUIMe HEOTIHOKHON MeInIM-
CKOIT OMONIA, — HOPEe3bl PYK CTeKJIOM, OMOIU IOpPAYMMH IIpe/IMeTamu;
f

KueaOTaMM, mienouaMu. B 0c060 CephesHBIX caydasX HeoOXOLMMO He-
MEJIJIGHHO 0OPATUTLCA K Bpady.

Jlna owkasawust meppoifi momomu B J1aGOpaTOPMH MMEETCH anTewuka.
()cHOBHBLIE TIpaBUJIA TMEPBOIl MOMOIM CBOASATCA K CIAeAYIOMeMy:

1. [lpn paHeHWM CTEKJIOM YAAIUTE OCKOAKH W3 paHbl, CMakKbTe Kpas
pAHBI PACTBOPOM MOMa W HEpeBsKuTe GHHTOM.

2. llpu oxore pyK WIN JMIA PEaKTHBOM CMOIITE peakTus BONBITNUM
KOJMMYECTBOM BOABI, 3aTeM nmbo pa3zbaBiIeHHON YKCYCHOH KUCIoTON (B
¢/y9ae 0KOora MEIOUbIo), M60 PacTBOPOM cOMibl (B CyYae oKora Kuc-
JIOTOM), A 3aTeM ONATL BOMOIM.

3. Ilpu oxore ropsHei MUAKOCTHIO WM TOPAYUM NPEAMETOM 0BoMK~
JEeHHOoe MecTO 06paboTaiiTe CBENENpPUIOTOBJICHHEIM PACTBOPOM NepMal-
rAHATE KaJIus, CMakbTe OGOMMEHHOe MECTO Mashio OT OMOra Wil Base-
nuEoM. MOMKHO MPHCHIMATEL OMOI NMHTLEBOH COMON 1 3a6MHTOBATE.

4. llpy XAMUHECKMX OMOrax riias 06MALHO NPOMOWTE rilasa BOJOH,
MCITOB3YA T/IA3HYI0 BAHHOYKY, a 3aTeM OOparHTech K Bpauy.

§ 2. JABOPATOPHOE OBOPY/IOBAHUE.
TEXHUKA BBITTOJHEHWS TABOPATOPHBIX PABOT

Mepnas xuMmueckas nocyfa. MepHON Ha3HBAIOT MOCYAY, pUMe-
HAGMYIO NI U3MepeHus OGBLEMOB AHUIKOCTH. K wueii orHocsTes 1HA-
JNHHAPH, THOETKH, BIOPETKH W MEPHBIS KOJIDBL. -

Ilpn mamepennn 06LEMOB HEOGXOAUMO, yro6Ll 11a3 HabmoaaTensd
HAXOMUJICS HA OJHON POPU3OHTANBHON JWHUM ¢ HWKHAM MEHMCKOM
wuakoeTH. HumeEni MEHMCK KHAKOCTH JI0JKeH ObITh Ha OAHOM ypOBHE
¢ metkoil (pue. 1).

Huaundpw (puc. 2, a) NPUMEHAIOT B TEX CJy4asX, KOT[a W3MepeHne
ofBemMa aunKoeTH He Tpebyer 60BN TOuHOCTH. MepHBe TMAMHIL-
phl — CTEKJISHHBIE COCYBI ¢ HAHECEHHHLIMM HA HAPYKHOH CTEHKE nene-
HUSMH, YKa3LBAIOIMMN 00BEM B MUJNIMJINTPAX. B CU obtem Buipa-
HAIOT B KYGUUECKUX METPaX M/M ero KpaTHEIX JOJNAX (em?, M%), Mep-
HAas MOCY/a FPAAyMpOBaHa B MIUUIMAMTPaX (MJ) WM JUTPax (n) (1 mn
coorsercryer 1 em?; 1 a1 — 1 nm?).

BmectumoeTs mpuanApos Gusaer or 5—10 mu jgo 1 n u Gombure.
Yro6Bl OTMEPUTE HYKHBIH 06BEM JKUAKOCTH, €e HAJUBAIOT B MepHBIA
WAMMHAD A0 TeX MOp, TOKa HIDKHUH MEHHCK He JOCTUTHET ypPOBHA
HYMKHOIO JIEJICHUH.

ITunemxu (puc. 2, 6) cayxar JJisi OTMEPHBAHMA M IIE€PEHOCA ONPE-
JeneHHoro o6semMa MIJIKOCTH. O6BYHEBIe TUIETKN NPeCTaBIAIoT cob0ii
CTEKIIAHEBIE TPYOKM HEGONBIIONO AMaMeTpa ¢ PAcIIMPeHUeM MOCpeInHe.
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Puc. 1. Mamepenne obne—
Ma MpPH Pa3HBIX TONOHKe—
HMAX rasa:
I, 3 - nenpasunbHoe; 2 -
[IpaBuIbHOE

a ]
Pue. 2. Mepras nocypa:
a4 — MepHbId UwmMHAp; 6 - nuneTkH; o - Olperka; t - MepHas
Konba
HiokHmid KOHel, MUTIeTKH c/1era OTTAHYT U UMEET JMaMeTp OKoJo 1 MM.
[lunerku GuiBator BMectuMocrhio or 0,1 mo 100 ma. B pepxmeir wactu
IUIETKW MMEeTcA METKa, 00 KOTOpOil Habupalor muakocts. lllupoko
NPUMEHAIOT TAKkKe I'PalyMPOBAHHEIEC NUIETKH ¢ Je/eHusaMM,

Jliis HanoNIHEHHA HWKHUKM KOHEI TUNeTKH OIYCKAIOT B KUIAKOCTDL 710
aHa cocypa. C moMonipio rpymmn HAaBUpPAIOT KUAKOCTE, clefs, 4YTo6sl
KOHYMK MHUIIETKH Bee BPEMS HAXOIUJICH B MKUJKOCTH.

Aunkocrs HabupaoT TaK, YTO6E OHA NOMHANACH HA 2—3 cM BhIIE
METKH, 3aTeM OLICTPO 3aKPBLIBAIOT BEPXHEEe OTBEPCTHE YKA3aTeNbHBIM
NabIeM, HPUIePKUBAs B TO KE BpeMs NMUIETKY GONbIINM ¥ CPeHUM
najbiamMu. 3aTeM ocaaGisioT HAKUM YKA3aTelLHOTO Maabla, B Pe3ylib-
TaTe 4Yero JKUIKOCTE MEJJIEHHO BHITEKAeT M3 NHINETKH; Kak TOJNBKO
HUMHUI MEHUCK JKUKOCTH OIYCTHTCH IO METKM, Naell CHOBa IIpIi-
MaioT. Ecsv Ha KOHIe muNerkyn ocraercst KaIIs, ee clefyerT OCTOPOXKHO
yAanuTh. Beeast nunerky B cocysl, B KOTOPHI HYXHO MEPEHECTH MKUI-

KOCTE, OTHHMAIOT yKa3aTeJbHLIN najen ¥ JamT MHUIKOCTH CcTedb 10
8

Puc. 4. VYpanenme Bposayxa
M3 Kanunnspa GopeTky

Puc. 3. Brinusanue pacTso—
pa 13 TMTIETRH

crenke cocyma (puc. 3). Ilocne Toro kax JKMAKOCTH CcTeYeT, M-
MOTKY [epKaT ele HEeCKONbKO CEKYHJi MPUCIOHEHHO# K CTeHKe cocy-
@, clerka moBopavyuBas ee. BployBaTh KHIKOCTH M3 MHMIOETKM He cjie-
JlyeT, Tak KaKk OUIeTKa OTTPafydpoBaHa C YYETOM OCTaBHIEHCs B Heil
KATLITH.

bGropemxu MO3BOJNAIOT TOYHO OTMEPUThH moboit 0bBeM KHMIKOCTH B
Iperenax ee BMecTUMOCTH,

O6semubie Gioperku (cM. puc. 2, 6) IpemcTapasAioT cOGON CTOKIAH-
Hble IpagynpoBaHHbie TpyOKM, cHaGKeHHLIE NPUTEPTHIM KpaHOM WIN
CTEKJISIHHBIM KalWUIApoM, IPHCOSAMHEHHBIM K GIOperre ¢ MOMOUIBIO
pe3uHOBOM TpyGKu. BHYTps pe3auHoBON TPYGKM 3aK/Ia(bIBAIOT CTEKIIAH-
HyIo 6YCHHY, 3aKPHIBAIOILYIO BEIXOJ| KMKOCTH U3 OIOPETKH. Haisi BHITE-
KARMSA KUIKOCTH PE3UHOBYIO TPYOKy orTTsrmBaior or Gycunbl. Bioperky
SANONHAIOT HKUIKOCTLIO Yepe3 BOPOHKY, NPH HTOM J0JKeH OLITh 3anoi-
HEH M CTeKAAHHBI Kamnansap. Ecim B Kanuiisipe ocTaeTcsd NY3BIPeK
RO3JYXa, Pe3sUHOBYIO TPYOKY MBrH6aloT Tak, 4TOOB KOHUMK Kaluis-
pa 6Ll HANpPAaBI€H BBEPX, M BBHITECHAIOT MKHUJKOCTLIO BECh BO3AYX
(puc. 4).

Ilepen Hawanmom paboTHl YpOBeHb JKMIAKOCTH B OIOpETKe J0JKeH
GHITH YCTAHOBJICH Ha HYJeBoM AesneHun. s 3TOro HanUBAIOT KUIKOCTH
B Goperky Ha 2—3 cM BBIIIE HYJIEBOTO JAEIEHUHA, a 3aTeM CHUMAaIoT
BOPOHKY ¥ CIMBAIOT U3OBITOK KHIKOCTH.

YpoBeHb NpO3pavuHbIX PACTBOPOB YCTAHABIMBAIOT N0 HUMHEMY KpPaio
MEHHCKa, HEMPO3pauyHbIX — 10 BEpXHEMY.

Ilpu orcuere 1o Groperke ria3 HabGMONATENS JAOJMEH HAXOOUTHCH B
OJIHON TIIIOCKOCTH ¢ yPOBHEM supkoct (cM. puc. 1).

Mepusie %046 TPUMEHSIOT JJIA PUTOTOBJICHUA 3aaHHONO 0OBEMa
9




pacreopa. Ouun npejerasasior cobon
NAOCKOAOHHBLIC cOCYAbl  pasiuaHON
pmecrumocT  (em. pme. 2, 1), Ha
rOpABIIIKE KONOB MMeeTcs Merka, a
Ha caMOi Koube ykazaHa ee BMecTH-
MOCTL B MHIJMHJAWUTPpaxX HpH onpene-
JIEHHON TeMueparype.

Jlist mpUrOTORJIEHUST pacTBOpa B
KONMGY HATUBAIOT HEMHOT'O BOJLI, BHO-
CAT BelecTso u I)n’ll"’I‘B(‘J‘pHIOT ero. B
aroit soje. IloroM wamuparor ee Ha
0,56—1,0 ¢M nMke MeTHM, rocne 4ero
JNOBOIAT A0 MeTku, nobapisist BOIY
N0 KalisfM M3 IUNETKN, 3aTeM II0T-

4
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Puc, 5. TexHoxuMUuecKie BEChl:

1 - Banaucmposouubie rafiki; 2 - HO BakpbiBajor KonGy npobxoi u
ROopoMbicna; 3 - OTBEC; 4 - uallky; 5 TIHATENLHO HepeMelinBaloT pacTBop,
- VCTAHOBOYHBbIE BUHTBI; 6 - LIKana; nepeBopaumBan KOJMOY  HECKONBKO
7 - pydra apperupa, 8 - cTpenka pa3 -

Becw m pspemmBanuwe. BipeimnupaHueM HAZBIBAIOT CPABHEHWE MACCH
JAHHOTO Tela ¢ Maccoil I'Mpb.

B FABMCHMOCTH OT TOYHOCTH B3BSHIMBAHWUA BeCchl pa3jileJisgiorT Ha
CHeYIONe IPYIIbL

1) Texuuueckne ana rpy6oro sapemiMBanus (TouHoeTs 10 1 r):

2) TexHUYecKNe A TOUHOTO BapemmBanns (tounocts o 0,01 r);

3) anamurnueckue (rounocrs 1074 — 1076 r);

4) cnenuanbEbie (MpoGUPHBIE, TOP3UOHHBIE).

Ternuveckue ogecst 0A% MONHOL0 G3ICCWUCGANUY, TAK Ha3pIBAGMbIE
TEeXHOXUMMYEeCKHe Beckl (puce. H), COCTOAT U3 KOpPOMEICAA 2, HA KOTOPOM
YKPeIJIeHLl TPY CTAILHBIE W/ AraToBble NPU3MLIL JiBe HAa KOHIAX,
ofpaienase pebpoM BBEpX, ¥ OAHA mocepeanne, obpaleHHas peGpoM
3. HKopoMmpleno cBoeil cpejiHeil NpuUsMOM onmpaercd Ha MNOAYIIKY,
VKPEIJICHHYIO Ha eHTPAJIbHON KONOHKE BECOB.

Yaigku Becos J HOCPEACTBOM ceper NMOABelIeHBl Ha KOHIEBbIe 11pH3-
mui. [Lisi onpejieiienus COCTOAHNA PABHOBECHSA CHYMUT JAMHHAA CTpet-
Ka 8 W WKana ¢ JeaeHuaMu 0.

Becw wmelor appermp 7, T.e. npucnocoblenue; Jailnee BOIMOK-
HOCTH NIPeKpaliaTh KAYAHUA KOPOMBICHA W CBA3AHHOM € HUM CTPEIIKH.
Apperup UPUIOAHUMAECT KOPOMBICJO M YALIKH BECOB M TEM CaMBIM
0cBOBOKAET MPU3MbL OT KOHTAKTA ¢ IJIACTWHKAMH, YTO NPeAoXpaHser
NPU3MEL OT MpexaespeMenHoro usuamupanysa. HepaGoramomiue Beckl
peerjia JIOJKHBL OBITL appeTHpOBAHEL.

Jlnst B3BemMBAHUA HA TEXHUHMECKUX Becax I[IPUMEeHAIOT CTOrpaM-
10
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Pue. 6 Pasuosec:
a - rHesAa [UIA MPAMMOBBIX THP; 6 - opMa MATUIHNPAMMORGIX PASHOBE—
COH

MOBBLE PASHOBEC, NPECTABIANINNE coboil Habop IPAMMOBBIX ¥ MHJLIA-
IpaMMOBBIX
NOpsSi/IKe B IHE3JIaX CHeINAlLHOTO AINKA (pue. 6).

Tpuecrynast K B3BENIUBAHWIO, HYHHO yOeaUTLCH, YTO BECH PaBU/Ib-
HO yeTaHoBAeHBL. JLIs 9TOr0 pydyKy appernpa MelleHHO NOBOpaunBaioT
BITPABO M HabIIOAaoT 3a KadaHueMm CTeard. Ecnu Becnl yeTaHOBIEHBL
HPABAJIEHO, TO CTPEJIKA OTKJIOHAETCA OT HYNCBOIO JeNeHMA IHIKATH
BIPABO W BAGBO HA OJUHAKOBOE HHCJIO [RJISHMI. Ecenu orknonenne ot
HYJEBOTO NENEHNA INKAILL B OJIHY cTOpoHy Gozblie, 4eM B Apyrylo, 10

MU PL-PAAHDBECOK, pacnnjoMeH e B onpeneeiHoM

peckl HykHO apperuposats® ¥ ofparnThes K Jjabopauty ¢ Hpockbon
orperyjupoBarh Bechl, Bemecrsa B3BENIMBAIOT OXJAKACHHBEIMI 710 KOM-
HATHOI TeMieparypbl. BapenmmsaeMoe BEHIECTBO NOMEMAIOT HA JIEBYVIO
HAlIKY BECOB, A4 HA IPABYI0 — PAaszHOBECKM B HMCXOMSILIEM TOPSLIKE,
HAYMHAA € caMbiX KpynHerx. CHUMAaTL W KlacTh Ha TallKd RECOB BIBE-
[IMBACMOE BElIecTBO U PE3HOBECKN CielyeT TOJLKO NPH appeTupoBat—
HBIX BEcax.

Ilpn  B3BEIIMBAHMN PEKOMEHJYETcA UCNOAB30BATE  CHElHATLHYIO
MOCYAY: YACOBHIEC CTEKJA, THLIN, GIKCHL.

[Korza B3pEIINBAHUE BAKOHYCHO, HE CHMMATHL PASHOBECKH € Yallku
BECOB 110 TOTO, KAK Macca Teja Oyjer nogcunrapa (10 MyeThiM MHe3am
poamuke). [posepnTs Maccy, HOMENas pasHoBeckn 06PATHO B ALK,

Ecau B ofpoil paboTe HyKHO CAETaTh HECKOTBKO BI3BEIIMBAHUN, TO
HEOBXOIMMO TIOMB3ORATLCA OJIHUME 1 TeMU e BecaMu W HabOpOM pad-
HOBECOK.

Turpopaame — OIMH U3 METOJOB ONPEIeNeHNs KOHIESHTPALNN,
OCHOBAHHBI Ha M3MEpeHnn 0OLEMOB. PacTBOPOR, BETYIAIOIINX B peak-
IO BELIEeCTH:

y !\]\i“'-"!'51iJUJ£F:IJ|l£: BECOR TPOUBBOINTE B TOT MOMEHT, Korjia CTpeiia TPOXO-

AUT Hepes HyleBoe It JeHre ITRANLL
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3Hasn KOHIEHTPANMIO OJHOTO M3 PACTBOPOB M UX 06LEeMBI, N0 3aKOHY
aKBUBaNeHTOB (cM. pabory 3) paccHUTHIBAIOT KOHHEHTPAIMIO JAPYroro
pacTBOpa.

st TmTpoBanuA B OI0PETKY HAJUBAIOT PacTBOP M3BECTHON KOHIEH-
TPAIUM M YCTAHABAMBAIOT GiopeTky B paGouee mnonoxenue. llunerxoi
oT6HpaloT TOYHBIA 006keyM pacTBOpa, KOHIEHTPAIWIo KOTOPOro Haio
ONpefe/IUTE, U [EePEeHOCAT ero B KOHWYeckyro konby, Ecim komem tur-
POBAHUA ONPEASIAIOT 110 MHAMKATOPY, B KOAOY N06aBIAsIOT 2—3 wanan
unpuratopa. Turposanue npopoiaT Ha oue Henory gucra OyMaru.

IIpy TUTpPOBAHMHK N[O KANIAM IPHIMBAIOT pPAcTBOpP € M3BECTHOH
KOHIeHTpanueir n3 GopeTkn B KOJNOY ¢ AHAJIMBMPYEMHIM PACTBOPOM,
KOTOPHIl HenmpepuiBHO nepememmpaior. Konen THTpoBaHNA ycTaHABIN-
BAIOT 110 M3MEHEHMIO lpeTa MHANKaTopa. Pesynsrar TuTpoanus (06bem
pacTBOpa, MOMIeAIero Ha THTpopanue) sanuchipaior. Ecan peayabrarsl
ABYX THTpPOBAaHWIl OTIMYAIOTCA APYr or jpyra Gonee uem Ha 0,1 i,
TUTPOBAHUE MMOBTOPSIOT.

@unspTpoBanue — MPONEce MEXAHUYECKOro pasjie/lelns TBepIALX U
IHMKMX KOMIOHEHTOB CMecH.

Cymigocth (PUILTPOBAHUA COCTOMT B TOM, YTO JMUJIKOCThH € HAXO0-
AANIAMMCSH B Hell WacTHUAMWA TBEPAOrO BelecTBa NPOUYCKAKOT Yepes
uaeTp, 3amepARUBAIOIIEA TBEpAYIO ¢asy.

Haubomnee pacnpocTpaHeHHbLIMU SBISIOTCH Gymamubie GUALTPHL.
Korpa uenpio (buabTpOBaHUA SBIAETCA BBIJIEJEHUE TBEPJOTO OcalKa,
(bmaIBTPOBAHNE TPOBOAAT Yepes npocToi (raamkuit) GuibTp.

IIpocToii WJILTPp POTOBAT M3 KBAJPATHOTO KYCKa (PUILTPOBAIBHOM
Gymaru, neperubas ero ABax/ibl: CHAYANA II0 OJIHOM, a 3aTeM 110 npyroi
nyrkTHpHoi aunum (pue. T, a). ObpasoBaBiuimiici Majiblil KBajfipaT
06pe3aloT HOMHUIAMM 110 Jyre ¢ TaKuM pacyeroM, 4YTo6bl TOTOBBI
buapTp 6511 Ha 3—4 MM Menbie oponku. IlpuroToBnennsiii ¢uabTp
pA3BepPTHIBAIOT B KOHYC ¥ MOMEMIAIOT ero B BOPOHKY Tak, 4TOOBI OH
NJIOTHO TIpWJeraj K CTeHKaM BOPOHKH. 3aTeM BOPOHKY IOMEIIaloT B
KOJIBILO INTATHBA, NOJCTABJAAIOT o] Hee cTaKkaH, HaANMBalOT B BOpGHKy
HEMHOI'O JUCTULIMPOBAHHONM BOJILI M J1a10T €l CTedb.

Ilpu dunpTpoBaHUK, HE B3MYyHUMBAA OCANKA, CAMBAIOT KHUJKOCThH 110
CTERJISIHHON manouke Ha (uabTp. B crakad ¢ OcajlkoM BIMBAIOT He-
6OABIIOE KOJAYECTEO YMCTOrO PAcTBOPUTENS, MEPEeMEIINBAIOT ¢ OCATKOM
W CHOBA OCTOPOIKHO CIIMBAIOT JKUJIKOCTH MO nanouke Ha duabTp. Taxas
omepanus HaswBaercs jgexanramueit. Ilocie HECKONBKUX JIeKAHTAlLMH
MOCJHEAHION NOPHMIO PACTBOPUTENA IEPeMelINBaloT ¢  OCajJIkoM H
CAMBAIOT 110 nasouke Ha uasTp. Korpa Best xuJIKOCTH cTeYeT, HPOMBI-
BAIOT OCAOK Ha QUILTPE 2—3 pa3a HUCTLIM PACTBOPHUTENEM.

Eean nenbio GUIbTPOBAHWA fBIAETCSA NOJYYEHUE KHIAKOCTH, OCBO-

! -

Puc. 7. Warorosnenune GunbTpos:
@ - npocToro; 6 - CKAANMATOrO

OOMJIEHHOR OT MeXaHWJecKHUX IpHMeceil, TO NpUMeHAIOT CHIIAIATHII
(punprp. Jlgisi €0 M3rOTOBJIGHMA TPOCTOU GunsTp pacKphiBAOT, KaK
yKka3aHo Ha puc. 7, 0, U CKIaABBAIOT IO pajguycy TO B OHY, TO B APy~
VIO CTOPOHY TAK, YTOOBI NMOJyYMJIach rapMOHMKA, KOTOPYIO pacnpab-
AAIOT M BCTABISLIOT B BOPOHRY.

[Tpu GuAbTPOBARMK CAMBAIOT B3MYUEHHYIO JKMIKOCTE BMecTe C
OCAKOM 110 CTEKAAHHON nanouke Ha GuibTp.

§ 3. JABOPATOPHOE OBOPYJIOBAHUE JIJIH PABOTHI
NOJAYMUKPOMETOJI0OM

Jlnst BHINOITHEHUs J1aGOPATOPHBIX PaGoT HONYMUKPOMETOIAOM HadkK-
Aulit CTYJEHT NOJydaer B WHAMBUJyanbHOe IONL3OBaHHE UITATHB C
HAGOPOM PEAKTHBOB, HPOBUPOK M T.II. Viobupl 1o KOHCTPYKIMM U
pA3MepAM IITATHBHL; Tpensokenisle MOCKOBCKUM WHCTUTYTOM CTAi 1
cr1aBoB *.

[IIraTue uMeeT BUJ, TPAMOYTOIBLHOI'O OTKPBHITOrO mradyuKa ¢ IATHIO
nosoukamu. B mupokue otseperus mepsoro psaa (d = 12—13 mm)
HOMEIIAIOT CKAAHKU-TIPOOUPKH ¢ JKMJIKNMU PEaKTUBAMU U pacTBOPaMH.
Manenskne oTBeperias BToporo psaja (d = 5—6 MM) ABAAIOTCS yHOPOM

* (Om.: Bacunwena 3.1 w np. JlabopaTopHblit MpaxTUEYM 10 obuiei XuMIK,
[lonymurpomerog. M., Xuns, 1971
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HJTA CKJIHHOIi—llpOﬁI-‘IpU!{ C peakTHBaM#M, HaXOJIAIIHXCH
Ha BhIIIE pi—l{'l’lOﬂO.}KEHHOﬂ MOJNOYKe. B mrarnse nve-
OTCHA JIBAa BRIJIBUKHBLIX HIIWMKA, B KOTOPBEIX XpaHiaT
MUKpOKoJOs, Gapdoposeie THrau, Gapdoposse
YAIKNA, CTeRJAHHELIE HANOYKKY € OIVIABJIEHHBIMUA KOH-
AMW, NpeIMeTHBIC CTera, epll JIA MbLIThH [OCYILB,
dnaspoBanbHyio Gymary, acGecToBbll KapToH, Mey-
IMHCKYIO U KATWJUJISPHYIO TUIeTKH, THHLeT, Npobup-
HH KOHMYEeCKne " HWIMHIpHYEeCKRE, I'.'[-'SOI‘H.YTBIQ
TPYOKU U Tp.

Cyxue peakTHBEI HAXOsTCH B HpoBUpKaxX ¢ pe3n-
HOBLIMM TIpOﬁHﬂMH, B KOTOpLIE BCTABJIEHE! CTeRJIAH-
apte Mukpommaren (puc. 8, a). Pactsoper naxopares
B HEBONBINAX KPYIIOJOHHBIX CHIAHKAX-11POOUpKax,
M3TOTORJICHHBIX M3 CTEKJA WM XMMUYECKHM CTOWKHX
Puc. 8. Chmakl-  pracrmace, ¢ OpUIOBAHHBIMYE TPOOKAMM-TIAIIET-
npobupKy Aad ro- - (puc. 8, 6).

TIYMUKPOMETO/A: )

@ - JUlsl XpaHeHys Ha pece cKISIHKKA ¢ peakTUBaAMW HAKJIEUBAIOT 3TH-
cyxux peaTumos; KETKHM € HA3BaHMeM PpeakTMBoB U uX (opmyiiamMu.
6 - nnsi ¥paHennd  JpyKeTKU OO6BIMHO HapaMHUDPYIOT A TpPeIoXpaHe-

L RUX earTy- "
e P HAA OT JEHCTBUA NPpUMEHHEMBIX PEalTHBOB.
BOB

a i)

TexanKka BRIOJAHCHUST OTIENILIRIX ONepayuii

Basmue peaKmueos. Peaxrnpel A OULITOB, NPOBODJAUMEIX TTOJYMHK-
pomerosiom, Gepyr B oOuenb Maneix konmuecrrax., Cyxue pemectsa
crieflyer HpaTh MUKPOLIIATE/NEM, PACTBOPE — MNANETKOMN,

Kareropuueckn sarpetaercst 6parh PasHBIC PEAKTHBLL OJHIM U TEM
e MUKPOIITIATEIEM UM DHON U TOW #Xe MHTTETKOMN.

Brocsi cyxue BelecTsa Wil pacTBOphl B pafouyio mpoGupKy, He
caeayer OnycraTh HOHE1] MIlK})(’JIHﬂE.TGJIH BN ITUHeTKH l"JI}'ﬁOl\'.O B OpO-
GUPKY, a TaKKe KacaTbes e¢ BHYTPEHHUX CTOHOK BO M3beKaHHe 3arpas-
HeHusa ucxonHux peaxrusos. [locae TOro kak peakTHB IepPEHECEH B
paGouyio Npobupky, MUKPOIINIATEIL WK THNETKY BO3BPAIAIOT B IIPO-
BUPKY € COOTBETCTBYIOUNIMM PEAKTMBOM ¥ CTABAT €€ B THE3MO LITATUBA,
M3 KOTOPOro oHa OplIa BAATA.

Hameavuenue meepdorto eeulecmea MPOUBBOAAT TTecTHKOM B (hapdo-
POBO# CTYHKE.

PaGoma ¢ wasoobpasuvian eewecmeanu, [lpn nogydennu rasos
HCXOOHBIE BEINECTBA NOMEIA0T B PEeaKIMOHHEINA cocy)l — MHKEPOROIAGY
i npobupky. Eenm rasz meeienyor HENOCPEICTREHHO TIPH €ro Bble-
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I'ue. 9. Tlpubop ans Habimo—
JlEnnA 33 'OpeHMeM rasa

"ue. 10, [pubop ans nony-
WOHWA Pasa ¥ MCCTIeOBAHNA
PAMMOTIERCTBMA ero (1}
PACTROPOM:

{ - rasonpueMHrK; 2 =
munpokonGa; 3 - rasooTsof-
nas Tpybra

AT

NOHKUM, OTMEYAas ero IBET M 3afax, TO MOJYYeHHEe ra3a MOMHO BECTH B
orkpeiToit npo6upke. Ilper rasa Bujien uepes CTEKJIO NPOOGHPKH, 3anax

OlpPEeVIAIOT, HAIPABIAA JIETKUM JIBIJKCHUEM PYKM CTPYIO rasa K cebe.

eqm mysxuo #HabuojxaTh TOpeHHe rasa, TO I110CJIe BRITECHeHWS W3 Mpu-
Gopa pozayxa (uepes 5—10 ¢ mocsie Hawana peaKkuum) ras SaKUTAlOT y
HLIXOAa ero U3 T'ascorBofHol TpybGru (puc. 9). Ecmm me ras tpebyercs
coOpaTh, UPONYCTATh B BOLY WM B KaKOW-1MG0 pacTBOp (pue. 10), 1o
cocysi 2, B KOTOPOM NPOMCXOIMUT pPearuus (MUKpPOKOJAOY WM mpobup-
ity), YKpemnaioT B JANKe MeTAJIIMYEcKoro ITaTHBa UIN CTABAT B THE3-
o wraTuBa aas npobupor. Konen rasoorsopnoit Tpyoku § onyckaior

I'we, 11, Hpubops ans cobupains rason: Puc. 12. Cofupande rasa
0 - ra3 TAURENIee BO3AYyXa; 6 - ras nerde Bozjyxa 1AL BOJION



B rasonpueMHuK I, rje BHIIENAIOIIMACA Tas pearupyer ¢ Kakum-Jn6o
BelecTBOM.

Hanonsenue cocy/i0B rasoM 4acTO IHPOM3BOJAT METONOM BLITECHEHUA
pospyxa (pue. 11). B arom ciyuae npobupKy-TIpUEMHUK 3aKpeIUIAOT B
INTATHBE BEPTUKAJILHO, OTBEPCTHEM BBEpX — [JIA Ta30B THNKeNee BO3-
nyxa (puc. 11, @) mau BBEpX AHOM — JUII TA30B Jierde Bosjuyxa (puc.
11, 6). Tasw ¢ WIOTHOCTEIO, GAM3KON K IJIOTHOCTH BOBJYXa, W HpaH-
THYECKM HepacTBODMMBLIE B BOJE COGMPAIOT Hall BOJOW M0 METONY Bhl-
TecHeHNA BOJBI razom (pue. 12).

§ 4. UBMEPUTEJILHBIE ITPUBEOPBI
PoTOIEKTPOKOIOpHMETD *

Domosaexmpoxosopuaemp, Wi  (POTOKOJIOpUMETP, NpPeJHa3Ha-
yeH [JIA ONPEeAeNieHMs  ONTUYECKON MJIOTHOCTH OKPALIeHHBIX pacT-
BOPOB.

Ecnn uepea oxkpalleHHBII pacTBOp MNpONyckaTh CBeT, TO 4YacTh
cBETOBOI sHeprum OyJer OIMIONIATBCS MOJEKYJIaMu OKpalleHHOro
pemectsa. M dwem 6Gosiblie B pacTBOpe TAaKMX MOJIeKyJs, Tem Goabme
cBeTOBOM 3Heprum Gy[eT NOrJOMIEHO M TeM MeHbIIe ee NpoHjaer vepes
pacTBOp.

Jlorapuds OTHOMIEHUS BEAMYMHBI NaAI0WeEro ceetTosoro noroka (/o)
K BeJIMUKMHE CBETOBOIC IOTOKA, BHIXOASMIIErO M3 MOMJIOLIAIONIEH cpefibl
(I), HaBBIBAETCA ONTHUECKON MAOTHOCTHIO pacTsopa (D):

D:lgf—g,

CorsiacHo OJ{HOMY U3 3aKOHOB MOIMIONIEHNS cBera — 3akony Beepa —
77151 OJIHOTO M TOTO e BelecTBa NPW MOCTONHHOW TOJIIMHE pacTBOpa
ONTHHeCKas IJIOTHOCTL NMPAMO IMPONOPIMOHANBEHA KOHUEHTPAUUH pacT-
sopa (c):

Di= ke

Wamepss ONTUYECKYIO NIOTHOCTh HECKOMBLKMX PAacTBOPOB ¢ PasHOM,

* [lockonbKy B pasHbIX y4ebHBIX a6oparopusAX NPUMEHSIOT (OTONIEKTPO-
KOJIOPHUMETPBI PAsHBIX MapoK, ToipobHoe ofMcarie M pucyHok npubopa npuso-
IMTE Hellenecoobpasto. [Ipu pafore ¢ npuGopom cieflyer NONbLIOBATHCA MpH-
JIOMEHHON K HeMY MHCTPYRIIMe. y.T* '-.
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0 WBBECTHON KOHIEHTpanueil OKpalieH—
OO BelecTBa, CTPOAT KaJiuOpPOBOYHYIO
KPUBYIO B3aBUCMMOCTH ONTHYECKOW IJIOT-
HOCTH OT KOHIEHTpauuy pacTsopa (puc.
13). Mo KamM6poBOYHOM KPUBOM MOMKHO
ONpeenuTs  KOHIEHTPalMo pacTBopa,
MUMEpPUB ero ONTHYECKYIO MIOTHOCTD.

Onmuyeckas nAGMHOCTE

llpasuna paboTs Ha
(OTOINEKTPOKONOPUMETPE Konuenmpauus
Puc. 13. 3aBMCHMOCTE ONTUHECKOH

|. HaguTh B KIOBETY MCCICLYEMEIl NIOTHOCTY PacTBOpa OT €ro Ko -
pACTBOp AO METKH U IPOTepeTh TOpIEBEIe EHTPAIMH (xanmGposouHas Kkpy-
CTeHKH KIOBETH! (DMIBTPOBAIEHON GyMaroii. e

2. Kiosery ¢ mccielyeMbIM pacTBOPOM HOMECTHTH B CBODOJIHYIO
jiveiiiky TPaBOro KIOBETOJIEpKaTess WU TNepeiBUKEeHNEeM PYKOATKH Ha
[IPABOJl CTEHKEe IPHOOpa yCcTaHOBUTH €e Ha MYTH CBETOBOIO MOTOKA.

3. IlepekpeiTh cBeTOBbIE NOTOKM. [LIsi 9TOTO PYKOATKY Ha BepXHen
nanemu mpubopa nepeMecTuTh BIPaBo.

4. YeraHOBUTH cTpedRy Mukpoamuepmerpa Ha <0» ¢ moMOmBIO pPy-
KOATKM, PACTIONIOKEHHOM HA JIeBOM CTeHKe npubopa.

5. VeTaHOBMTBL IpaBblii M JI€BbI MaMepuTeNbibe 6apabambl OTCYeTa
(—100.

6. OTKPHITH CBETOBBIE TMOTOKM — PYKOATKY Ha BepXHeil NaHeln
IOPEMECTUTE BJIERO.

7. BpainesueM JIEBOTO N3MEPUTEIBHOIO GapabaHa DOBUTHCSA yCTAHOB-
KN eTpenKM MHKpoammepmerpa Ha <0).

8. IlepespunyTh IpaBblil KIOBETOAEpKaTelb Tak, yTOOKI CBETOBOM
HOTOK TPOXOAUI Yepe3 pacTBOPUTENb.

9. BpamienueM MpaBoro M3MEPUTEIBHOrO Hapabana JOGUTHCA yeTa-
HOBKM cTpesTEM MUKpoamuepmerpa Ha <0).

10. Tlo kpacuoit mxane mpaporo GapabaHa OTCUUTATh B3HAHUCHUE
ONTUYecKOl TJIOTHOCTH PacTBOpa (¢ TOMHOCTHIO IO’ 0,001).

11. BuHyTh KIOBETY C PacTBOPOM, BBUIMTb PacTBOP U CIOJOCHYTEH €€
AMCTHILIMPOBAHHON BOJIOH.

Konjyxromerp

Kondyxmo.uemp TpeiHA3HAueH A ONpeesIeHust YIenLHON 3J1eK-
TPUYECKON NPOBOJAMMOCTH PacTBOPAa.

VienpHON  3JIeKTPUYIecKOll TpPOB pacTBopa (g, (Cm oM
: = A

el Mwrrgn. O ) 17




Ha3LIBACTCA 2JIEKTPUYECKas NPOBOJWMOCTL CTONOMKA pPacTBOpa JUIMHON
2

I M 1npu nonepeunoM cevenmn | M. Ypennnas suIeKTpUUecKan

TIPOBOJIUMOCTE — BEMYMHA, O6paTHAs YIAEILHOMY CONPOTUBIEHNIO (1)

c=1/p.

Takx kak nepeHoc 3JEKTPUYECTBA UEpe3 pPAcTBOP HEKTPOIIMTA Ocy-
IECTRIAETCS WOHAMHU, TO YAENbHAs HIEKTPUYECKasds INPOBOJIMMOCTh
3ABMCUT OT KOHIEHTPALMY MOHOB B PACTBOPE M CKOPOCTH MX JIBVIKEHUA.

Ilpasuia paborn na KOmpyKTOMeTpe *

1. Hanurs 8 crakan (Ha !/, ero o6sema) ananusupyeMelii pacTsop u
HOMECTUTE B HEI'O W3MEPUTEILHBIA BIeKTPOJ, IIPEBAPUTENBHO BEITEpEB
ero (puaLTpOBANTEHON GyMAaroi.

2. IlosopotoM BuHTA Ha IepejHeil masenu npubopa nopobparb
TAKOW [ManasoH /[JIA W3MepeHus, 4YTOGH CTPelNKa albBAHOMETpA
OTKJIOHWJIACh PHMEPHO /10 CEePeHHEl IIKAJbI.

3. Paccuurars BeNIWYMHY YJENBHON DIEKTPUYECKONA NPOBOAMMOCTH
pacTBOpa, NpuHAB Belo mkany (50 pesenmii) 3a dIEKTPUUECKYIO TTPOBO-~
JUMOCTh, YKASAHHYIO INHANnasOoHOM.

4. BelHyTh M3 PacTBOpa M3MEPHWTENLHBIN HICKTPOJ M IIOMECTHTH €ro
B CTaKaH ¢ BOJOM.

5. PacTBOp BBIINTH ¥ ONOJOCHYTh M3MEPUTENLHLIA cTaKaH BOJLOH.

pH-MeTp — MHIITHBOJIBTMETD

pH-Merp — MUWIIIMBOALTMETD NpPELHASHAYEH [IIA ONPeIeNeHus BOJo—
poaHoro nokasatens cpepnl (pH) m oxmennTeNLHO-BOCCTAHOBUTRILHOIO
TOTEHTHANA BIIEKTPOMA.

JeiicTere npuGopa OCHOBaHO HA M3MEPEHHM PA3HOCTH HOTEHIUANIOB
(DAC) nByx 3/7EKTPONOB — M3MEPUTENBHOIO M BCIOMOraT@IBHOrO, MO-
MEILEHHBIX B MCIBITYEMBIl PACTBOP.

B rauecTse uamepuTesbHOrO asexTpoja npu onpepesnenun pH pac-
TBOPA HCHOJL3YIOT CTEKJIAHHLINA JIEKTPO/L.

[oBepxHoeTs cTeKNa SBAAETCA IONUDICKTPOIATOM, OTBEYAIOIIUM
dopmyne

* Tlpu pabore ¢ npuGOpOM CIIEyeT NONL3OBATLEA TPUJIOKEHHOH K Hemy
MHCTPYKLMEN.
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rae K — xaruonn (Nat, K*, Li*, H*).
TIpH CONPUKOCHOBEHWM MOBEPXHOCTH CTEKJIA ¢ PACTBOPOM KHCIOTH
fia Heil MPOMCXONT Peaklysi MOHHOTO OOMeHa

K:, + Hy = Hy, + K

W ycTaHABIMBAeTCA MOHHOe pasHopecye. Ilpu 2TOM Ha rpaHuie BOSHU-
KaeT CKAYOK MoTeHlMajla, BelHYHHa HOTOpOro 3aBUCHUT OT AKTHBHOCTH
MOHOB BOJOPOMA:

Ep:E“+-};,—Ilna

H
rge Ep — paBHOBECHBIH MNOTEHIMA] 37EKTPOAA; E° — cranpaprHbli
noTeHnMan 2JlexkTpoja; R — MoisApHas ra3obas NOCTOAHHasd, paBHai

8,314 Jla/(moms-K); T — abcomornas Temneparypa; F' — nocroanHas
Dapajes, pasuas 96 484 Ka/moms (~ 96 500 K /moms); Gy — AKTUE-

HOCTh MOHOB BOJIOPOJA,
B kauecTBe BCIIOMOTATEILHOTO WIEKTPOHA OOLIYHO MPUMEHAIOT
[IPOTOYHEINA XJIOpcepebpAHLIl 2MEKTPO/L,.

Ilpasuna pa6ors na pH-merpe

1. Tlepen KakABM [OTPYXEHWEM JJEKTPOAOB B aHAIN3NMpye-
MBIIT PACTBOP MX HEOGXOAMMO THIATE]BHO HPOMBITE AMCTHIIMPOBAH-
HOil BOIOH W YAATHTH ¢ HMX M3OBITOK BOALI (PUILTPOBANLHON oy~
Maroi.

2. Iepexmouarenn <Buasi pabor> u <Ilpepensr MaMepeHusiy ycra-
HOBHUTH COOTBETCTBEHHO B monoxenns <pH» n ¢<—1—14>.

3. Brmiounts npuop B cers 220 B. Ilpn arom ma nepeauei nanemu
pubopa 3aropaercd KOHTPOJIbHAA JTaMIIOIKa.

4, TlpoBecTy OPHEHTMPOBOYHOE H3MepeHue pH, nocme wero uepe-
KIIOYUTE TyM6J1ep B MOJIOKEHNE, COOTBETCTBYIOMIee ANanasoHy HaMeps-
emoro pH, # npopecT TOYHOS U3MEpEHUE,

5. Iocne u3Mepenusi MPOMBITh J7EKTPOABL M NOTPY3UTH MX B JIMC—
THILIMPOBAHHYIO BOJY,
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§ 5. UBMEPEHUE 3/1C 'AJIBBAHHYECKUX DJIEMEHTOB
" NMOTEHIHAMOB BJIEKTPOJ0OB

Dnertpopsmwkymeit cuwioit  (DJIC) ranbBaHRYecKOro  BIeMeHTA
HABBIBAGTCH MAKCUMAILHAN PABHOCTE NMOTEHIUATIOB BJEKTPOOB.

Wamepenne DJIC snementa OGBIYHO HPOBOAAT KOMIEHCANUOHHBIM
METOA0OM HA YCTAHOBKE, JJeKTpHM4YectKas cXema HOTDDOﬁ npencrapiaeHa
Ha puc. 14, a.

KoMnencannounelii METOM, 3aKIIOMAETCH B TOM, UTO B MOMEHT M3Me-
PEeHHsl Pa3HOCTH NOTEHIMAIOB JIEKTPOAOB TOK, [POXONMANMI Yepe3
snement, Gnau3oK K Hymwo. [us 2toro K uceaejgyeMoMmy ajeMeHTy 6
noasoaaT nporuso-0/1C 0T BHEIIHEro MCTOYHHKA ), 3HAYEHMEe KOTOPO-
[0 PEryJimpyercs ¢ NOMOIBK HOTeHmuoMerpa 4. B usMepmrensHyo
Henb BKJAIOYAIOT TAKAKE rankBaHoMerp £ ANA permeTpalyuy TOKa M
BOMBTMETP [JIA W3MEpeHus HampskeHust. B MOMenT, KOTa BHIXOZHOE
HANPSKEHUE BHENIHEro WerTodnnka Toka pasno OJIC ranspapmyeckoro
anemenra (Moment xomnencamun 1C), cuia TOKa B nenm pasHa HyJiO
(eTpenka ransBaHoMerTpa He oTknoHsAercs). Mamepennoe B 9TOT MOMEHT
BONBLTMETPOM HANPAKEHHEe Ha KIeMMax IaJbBaHMuecKoro sieMeHTa
pasno ero IJIC.

Bosiee npocToif, HO MeHee TOYHHIA Meros, usmepenus IJ1C sarmo-
qaeTcH B NPAMOM U3MEPEHUU HANPAMEHNA Ha KJIEMMAX rajlbBaHU9ecKo-

ro  9EMEHTa ¢  [OMOIIBIO
_/TE BOJILTMETPA, MMEIOLIEro BEICOKOE
conporupienve (puc. 14, 6).
6 Benepersne BEICOKOIO CONPOTHB-
»—'||-+—®—1 JAEHUSA MaJ TOK, [pPOTeKalOUMi
yepes JEMENT, OITOMY HEBEJIH-
ka pasamna wmexay JUC nm

HaNpsHKeHUEM DJIeMEeHTA,
Tpun usmepennn DJIC (puc.
14, 6) sammikaloT KIY § B 1O
7 mKajge BOJALTMETpa 7 HaXOHAT

a & c)) (of
5 o B e Jlns M3MepeHus NOTeHIna a
11:1{: mle.h:lepej::dfp;j{:lecﬁﬁ Hanpﬂmezﬁﬂ s i et A g BJIC
BAHMMECKIX EMENTOB C MOMOUbO NoTeH-  VIEMEHTA, COCTOSIIEro M3 mecse-
upomerpa (a) WM BLICOKOOMHOTO BOJBTMET-  JIYEMOTO 9JIEKTPOJIA W DIEKTPO-
pa (6}18 s s e AT cpaBHEHU S, MOTEHIMAN KOTO-
é;rz;mmw:;:o;“: DML mmpém; ¢ Poro masecren (puc. 15). B ka-
- MCCTIelYeMEL BrieMenT; 7 - BLICOKOOMHLIE  HECTBE JNMEeKTPOJOB CcpaBHEHUA
BOJIETMETP YCHOIB3YIOT BOJOPOIHEI, Kajlo-
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MEJBHBIH, XJOpcepebpAHbiil, OKCHIHO-
prytaeiit u np. McecenenyeMunii siekTpo/
COETUHAIOT € MOMOLIBLIO WIEKTPOIUTHIE-
CKUX KJTIouelt 4 u § Jepe3 NpoMemKyTod- ¢
HBIT cocyl § ¢ 9JeKTPOJOM CPaBHEHUS .
(Fenm B KadecTBe 2JIEKTPO/a CpaBHEHWA
MCMONBIYIOT BOJAOPOAHBIH, KaTOMEILHEIH
WM XJ0pcepebpAHBI  JIEKTPOALL, TO
[POMERYTOUYHBIN COCY/l ¥ QIEKTPOIUTH-
yecKHe KJITOUM BAlONHAIOT HACKIIEHHBIM e I
pACTBOPOM XJOpu/a Kamus.) Bricokoom-
HEIM BOJALTMETPOM [ (KATOMHLIM BOJBLT-
seTpoM wim pH-MeTpom) namMepsioT pas- T
HOCT TOTEHIIWANOB M3YYAEMOTO MIEKT-. ; _ yaronupit  sonbTMeTp; 2 -
poga M 3NeKTpojia CPABHEHUS. Tak ®aK anexrpon cpastenus; 3 - cocyn ¢
MOTEHIMAN HAEKTPOAA CPABHEHUA M3Bec— NIEKTPOLOM CpaBHEHUs,; 4z coeu”
TEH, TO MOMKHO PacCUUTaTh IOTEHIMA x:;“‘;’m_ npg:;‘::;:zﬂ‘::am::::;
NBMEPAGHOTO’ INCKIPOAA. 6 - ATEKTPOIMTUYECKHMI KoY € Ka-
PasnocTs NMOTEHNUANIOB MOXKHO OIPE- nuanspoM, NPUMUMAEMbIM K S7EKT—
NeNUTh KOMIEHCATMOHHBIM METOJOM Ha PoAy; 7 - M3YuAEMBIT BIIEKTPOJ; 8 -
yCTAHOBKE, CXeMa KOTOPOW IpHMBeJeHa ;"f)’_fmi‘;‘:mfwaemm lidi g
na puc. 14, 6.

R

Puc. 15. Cxema ycTaHOBKM A7

§ 6. MACCA M KOJIMYECTBO BEIIECTBA. KOHIEHTPAILUA

Maccy BelecTBa W3MEpsIOT B TpaMMax, a KONMYeCTBO B MOJAX.
MoIb — KONMYECTBO BEINECTBA, KOTOPOE COIEPIKHUT CTOJBKO ONPe/IesieH—
HEIX CTPYKTYPHBIX €IMHHL, (MOJIeKYJ, ATOMOB, MOHOB M T.7.), CKOIBKO
aromos coiepskurest B 0,012 wr yriepoxa-12.

IIpy Menonab30BAaHMKM TEPMUHA MOJb CIeJIYeT YKasbiBaTbh HAaCTHILEL, K
KOTOpBIM OTHOCHTCst 9TOT TepmuH. COOTBETCTBEHHO, MOKHO TOBOPHMTEH
EMONB MONEKYLy, {Monb aroMoB®, <MOJIbL MOHOB} H T.J. Hanpumep,
MOJIb MOJIEKYJI BOJOPOMA, MONL ATOMOB BOAOPOJa, MOJIb MOHOB BOLOPO-
na. Tak xak 0,012 kr yraepopa-12 copepaur ~ 6,022+ 102 aromos yrae-
poia (mocrosHHas ABOrafgpo), TO MOJb — TAKOe KOJIMYECTBO BEIIECTBA,
koropoe copepmur 6,022:10% CcTPYKTYPHBIX JJIEMEHTOB (Momexyt,
ATOMOB, MOHOB U JP.).

OTHOWIEHWEe Macchl BellecTBa K KOJWMECTBY BEUIECTBa HA3RIBAIOT
monsipHO#E Maccoit (M). [pyrmmu ciosamu, MONsApHas Macca — 3T0
Macca oaHOro Mona semecTra. OCHOBHOI efMHMIEH MOMAPHOH Macchl
ABIACTCA Kr/MONb, Ha npaktnke r/mons. Hanpumep, monspHas macca
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mwrms M (Li) = 6,939 r/mons, monapuas macca merama M (CHy) =
= 16,043 r/momns.

Jlio6oe coepHHEHNE, KpPOME MONAPHOI Macchl, XapaKTepusyercs
OTHOCHTENLHON MOJeKYIAPHOU MACCOH.

OrrocuresbHas MOJeRynsipias macca M, — 9T0 MOnApHas Macca
coeuuenIs, OTHeCeNHAA K 1/{y MONAPHOI Macchl aroMa yraepoga-12.
Hanpumep, M (CH,) = 16,043. Ornocurensnas MONeKyIipHan mMacca —
pejmanHa GeapasmepHas.

OrnocurensHas atoMHad Mmacca A, — 2TO MoOAsipHasd Macca arToMa
RemecTRa, OTHOCEHHAR K | /1) MONAPHON Macce atoma yraepona-12. Han-
pumep, A(Li) = 6,039,

Komnenrpanusi. OTHOWEHME KOJMYECTBA WM MACCLL  BEIECTRA,
COMIEPIRAIIErOcsA B CHeTEMe, K OOLEMY WIH Macce JTOH CHCTEMEl HA3KI-
galor KoHUeHTpaunmeit., VapecTHO HECKONLKO cHOCOBOB  BLIPAKEHU
KOHIIEHTP AN,

JMOJ?..‘IIJ‘N&.R KONUEHMPAUUR € — OTHOLIeHHEe KOJUYeCTEA BelecTpa
(B MOJISIX), COAEPKALIErOCA B CcHeTeMe (HAampuMep, B pactsope), K
obveMy V a1oi cucrembl. Exunnna usmepesus MOJAPHON KOHIEHTPa-
muu  Mozs/mM% (monsmas upousponmas, CU — mons/n). Hanpumep,
o(H,S04) = 1 wons/n, ¢(KOH) = 0,5 moan/n. Pacreop, umeroutuit
KOHIEHTpanuio | MOJIb/J, Ha3LBAIOT MOJSPHBEIM PACTBOPOM M obosHA—
gajor 1 M pacTBOp; COOTEETCTBEHHO PACTBOP, UMEIOMIMH KOHIEHTPAIMIO
0,5 mons/a, obosuauator 0,5 M.

.M(}.-T.Qp?tﬂ..ﬁ‘: KOHYERHMPAUUI ANBUBAAECHTTIOB Coi (HOpMathlHlﬂ KOHIIEHT-
panua) — 97O OTHOUIEHNE KOAWYECTBA BEIIECTBA JKBUBAJICHTOR (Mou)
Kk o6nemy pacrsopa (i1). Exununa usmepenus HOPMAJIBHON KOHIEHTPA-
M Monb/il (onbHAaA TPOUBBOAHAA, CH). Hanpumep, cy(KOH) =
= 1 moan/n, exx(l/2 HS504) = 1 wons/a, (/s AlCly) = 1 moms/a.
PacTBOp, B OTHOM JINTPE KOTOPOIO COLCPIKHTCH 1 MoJib BeulEeCcTBA JKBH-
BAJIGHTOB, HA3LIBAIOT HODMANLHEIM 1 obosHauaor 1 H. CooTBETCTREHNO
moryT 66T 1 1, 0,01 5. 1 7.1, pacTBOPLL

Moagavnocms b — OTHOIISHNAE KOIHYECTBA PACTBOPEHHOIO BelzerTsa
(B Monax) k Macce m pactsopuress. Efunuia n3MEpenisa MOIAIEHOCTH
mons /xr. Hanpumep, H(HCI/H,0) = 2 mons/xr.

Moaspras doss — OTHOIEHME KOIMYECTBA BEIECTBA JAAHHOTO KOM-=
NOHEHTa (B MOAX), COMCPKAINEIOCA B CHCTEME, K ODIEeMy KOJMYecTBY
pemecTsa (B Monsax). Mojspras J00a MOKeT DhITh BhIpameHna B JIOJAX
enunmisl, npouewrax (%), npomuwiie (TeCAYHAR TACTh %) nm B M-

AMORHBIX TonAx (Man!).

Maccosas doa9 — OTHOMEHNE MACCH AAHHOLO KOMIOHEHTa, COnep-

JCAITErOCH B cHucTeMe, K 0Ol Macce 9TOf CHCTeMBbl. Maccosas J0a5d
MOKET GbiTh BLIpAKEHA B IOJX eAuHuItel, Hpongntax (%), npomuiie u
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MMIUTHOHHEIX josfAx. Maccosast J0/Isi JAHHOTO KOMIIOHEHTA, BHIpake-
Has B IIPOIEHTAX, MOKA3LBACT, CKOJBKO IPAMMOB J[BHHOTO KOMIOHEHTa
copepxnTess B 100 r pacreopa.

O6seunas doas — OTHOMEHne ofbeMa KOMIOHEHTa, COJepKalierocs
B cueTeMme, K 06memy o6semy cucremsl. O6beMHas H0js MOKET OHITH
BRIP@KEHA B JIONSAX @I UHUIE, IPONEHTAX, NPOMUILIE W MW/UIMOHHBIX
JLOJISIX.

Maccosas xowyenmpauus — OTHOILICHHE MACCHl KOMIOHEHTA, cojep-
KAlIerocst B cucTeMe (pacTBope), K 06beMy 0Toit cucremsl (pacTBopa).
FiuEvna W3MEpeHMs MaccoBOW KOHHmeHTpamum — Kr/m?, Kr/mm®,
kr/em3, rfam® u /.

Tump pacmoopa T — macca BellecTBa, CONEPHAIIErocsi B OFJHOM
KyBMYECKOM CAHTMMETpe WJIM B OJHOM MU/IMIMTPe pacTBopa. Eaunnna
usMepenns TaTpa — Kr/em3, r/eMd, v/

PABOTA 1. O3HAKOMJIEHUE C HEKOTOPBIMHM OIIEPALIUAMMA
JIABOPATOPHON XMMHUYECKOW IIPAKTHKHN U
HW3MEPUTEIILHBIMKW ITPUBOPAMU

Ilens paborTkl - 03HAKOMIIEHHE CTY-
JIGHTOB ¢ B3BEIIWBAHWEM, W3MEpeHHeM
06LeMOB JKUIKOCTeH, TUTPOBAHWEM U Jp., &
TAKKE C HEKOTOPHIMM XHMUYECKUMM MU3Me-
PUTENBEHBIMY TPUOOPAME.

Ilpu noAToTOBKE K BEITONHEHUIO 1aGopaTOpPHON paboTel HEOOBXOIUMO
ospakoMuThes ¢ § 2—4 Beemenus, onucanmeM nabopaTtopHOii paGOTHE
OTBETUTH HA KOHTPOJILHLIE BONPOCH . j

Konumpoasusie sonpocs

1. ITpu BapemmpaHui Ha N1abOPATOPHBEIX TEXHOXMMMYECKWX Becax Ha Mallke
BecoB okasamuch passoseckn 20 m 2 r. Kak npapuibHo sanMcaTh Maccy BaBe-
IMBaeMoro npennmera’

2. Basith naseckn 15 m B r. Ilist kakoit M3 HMX OTHOCUTENbHaA OUMOKA
IpPU OJMHAKOBOM TOMHOCTU BeBEIMBaHUs Gyaer Gosbe?

3. KakoBo HasHauyeHMe MepHOro IVJIMHApA, 6lopersky, NMIETKH, MepHOi
TN 5284

4. VpopeHb KAKMX DAcTBOPOB YCTaHABIMBAIOT [0 HWKHEMY Kpaio MenvcKa’?
[lo BepxHeMy Kpal MeHucka?

5. Uro HABBIBAETCS! NPOLECCOM THTPOBAHMAT
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OMN B T 1. B3BEIIMBAHUE BEHIECTB HA TEXHOXUMUYECKMAX
BECAX

a) Kowmpoashoe s3aeuiusanue. V6enurech B NpaBUibHON YCTAHOBKE
pecon. Ilonyuure y nabopanTa HpenMer AJIA KOHTPOJbLHOrO B3BEMINBa-
HUA, HAIPUMEp METALIMYECKYIO IUIAacTUHKY. PyKoBOACTBYACH NpaBH-
JlaMy B3BEIIMBaHWA, BABEChTE IIACTHHKY ¢ TouHocThIO 1o 0,01 r. Samn-
HIMTe B JKYPHAN HalIeHHYIO Maccy IJIACTHHKM. Y3HaliTe y /1a00paHTa
WCTHHHYIO Maccy MJJacTUHKH.

Paccuuraiire abcONIOTHYIO W OTHOCHTENLHYIO HNOIPEIIHOCTM B3BEITH-
BaHUA.

Ab6comoTHast MorpeiHocTs A€ 1pyu ONpefe/IeHUN MacChl NPeICTaBIIser coboit
DasHOCTL MeMJy MCTMHHON MAaccoft TIpeiMera Myer W MOMYHEHHO OTILITHBIM
myTeM Mon:

Ae= mycr — Mom

OTHoCUTeNbHAST TIOTPEIIHOCTL § PaBHa OTHOUIHWIO AGCOMOTHOM NOTPeNrHoC

T K MCTUHHON Macce TIpeliMeTa W BhIPAXKAETCs B MPOLEHTAX!

Ae
My cr

6 %= 100.

PesynbTarsl ONBITA cBeJUTe B Tabauiy:

Homep Moy T Myepy T & %

6) Bsecwusanue cunywur oewecme (o ykasaHMIO TIpenojaBaTells
pasecsre 0,5—1,5 r cyxod comm).

V6epurecs B NPaBU/IBHONW YCTaHOBKE BECOB. IIpyn appeTHpOBaHHEIX
pecax IOJOKUTE Ha JIEBYIO WAIIKy BecoB JucT Gymarm (<rapy») u
p3BechTe €ro. B cOOTBETCTBMM ¢ MOJIyYEHHHIM B3aJlaHMeM Ha NpPaBylo
yamiky BecoB J06aBbTe HEOOXONMMbLIE DA3HOBECKH. Haceimast conb He-
GoMBIIMMY TOpHUAMU Ha {rapy», nobefirech ypaBHOBEIIMBaHNA qamex
BECOB.

ZanumuuTe B KYPHAJ Maccy HaBECKM C TOYHOCTBIO JIO 0,01 r. U3
Gymary (Tapsl) caenaiiTe MaKeTWK, HANMIIMTE Ha HEM Maccy Hapecii
xuMuYeckyo GopMyny B3BEIIGHHOH cOMU ¥ ciaire gabopanTy (HaBecHa
6yfeT MCNoVb30BaHa B [PYTUX J1ab0paTOPHEIX pa6orax).
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ONBLIT 2 TUTPOBAHUE PACTBOPA IIEJIOYYU PACTBOPOM
KUCIOTHI

Ionyaurte y sabopanTa B HPOHYMEPOBAHHON MepHOH Kojbe mMenodb
¥ TPUIOTOBLTE €€ BOJAHBI PacTBOp B O6beme JaHHON Kon6ei, OrbepuTe
MUNeTKO! NPUrOTOBIEHHEI PACTBOp B KOHMYeCKYI0 Konby u pobasbTe
1—2 xannn denondranenna.

B Gioperky HasmeiiTe pacTBOpP COJISTHON KHMCJOTH W3BECTHOW KOHIIEH-
Tpalll¥ M OpHBexuTe 6i0peTky B pabodyee NMOMOKEHUE.

Orrutpyiire orobpanusiit pactsop menodu pactsopoM HCIl. Komen
TUTPOBAHKUS ONPENENAT [0 NCYEIHOBEHMIO OKpacky (erondTanenHa.
Turpopanue NpoBefnTe HEe MeHee nByX pa3. Ecam pesyasTaThl THTPO-
BaHUA OJMHAKOBEl MM OTIMYAIOTCA APYT OT Apyra He Goilee uem Ha
0,1 M1, BakoHuuTe TUTpOBaHMe. B DpPOTMBHOM cllydae THTpOBaHHE
nopropuTe. Pesynbrar turpoBaHusi nposepere y nabopanTa. Ilonyuen-
HBle JaHHBIE CBEJINTE B TabIULy:

O6mnem mu-
MEeTKH, MIT

Homep
KONOBI

¢ (HC), Vial,

MOJTE /11

cpeniee

O bl T 3. NIOCTPOEHUE KAJIMBPOBOYHOM KPUBON
3ABUCUMOCTHU ONTUYECKON INIOTHOCTHU
PACTBOPA OT KOHIEHTPALIMHX

lpurorossre nars pacrsopos conu (CuSO4, NiCl; mmm CoCly) ¢
kouueatpanuen 8 50; 20; 10; 6,25 m 5 pa3 MeHbLIE MCXOJHOIO PacTBO-
pa. [lns asroro B 6I0peTKy HalelTe MCXOIHBIM pacTBOp M YCTAHOBUTE ee
B pabouee mosoxkenue. B maTs mepHbix kon6 ma 50 Ma m3 6opeTku
HaJIeliTe WEXOJHOTO pacTBOpa: B NMEPBYI0 — lMi, BO BTOpyio — 2,5; B
Tpereio — 5; B uersepryio — 8; B maryio — 10,0 ma. [lomeitte KonGHI
BOJOI IO METKH, 3aKpoiiTe IpobKaMH W TIIATE/ILHO llepeMeniaiTe pac-
TBOPBL.
Ha dorokonopuMerpe usMeppTe ONTUYECKYIO INIOTHOCTH HPUIOTOB-
JIGHHBIX PACTBOPOB, HAYMHAA C PAcTBOPa MEHLIEH KOHIEHTPalUH.
Ilpameqsanme. [Ipu pabore Ha (OTOKOIOPUMETPE MOJAB3YHTECH
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cpetoduipTpoM Ne 7 fsist pacTBopa CuSO4; Ne 8 — nas pacrsopa NiCly
u N 9 — naa pacrsopa CoCly.

B 7a60paToOpHOM JKypHAJE 3allMINTe MOJAPHYIO KOHUEHTPAMMIO
MCXOHOTO DACTBOPA, PaccYMTaiiTe KOHUEHTPAlMH BCEX MPUTOTOBIEH=
HBIX PacTBOPOB.

PeaysibTaThl ONBITA BHECHTE B TAGIHIY:

Monsipuast kon- |OnTuyeckas MiIoTHOCTS
1IEHTpallis pacT- pacTBOpa
BOp@a, MO/

Wexomnsiin pac-
TBOP, MJI

Homep
KOUIOBI

1,0
2,5
5,0
8,0
10,0

o W -

Ha munammerposoit Gymare nocTpoiTe KaJIMGPOBOYHYIO KPUBYIO
AABMCHMOCTY ONTHYECKON IVIOTHOCTH PAacTBOpa OT ero KOHIeHTparHu,
OTKIAABBAs HA OCH abcuuce KOHUEHTPAaUMIo, Ha OCH OPAMHAT ONTHHEC
Kyto mroTHOcTh, Macmirab BeIGepuTe TaKIM oGpa3oM, 4YTOOBI Yroil
HAKJIONA KanubpOBOYHON KpUBOH GBI 6nuzox & 45°. Yraxure cocTan
¥ MCXO[HYIO KOHIEHTPALMIO PAcTBOPa. I'paduk srieiite B TeTPab.

OMNBbl T 4 ONPEAEJEHUE KOHIEHTPALUN PACTBOPA 11O EIO
ONTUYECKON TIJIOTHOCTH

Ioayuure y ysabopaHTa B [IPOHYMEPOBAHHOW MEPHON Kosbe pacTBOp
oxpamennoro semecrsa (CuSOy, NiCl, umn CoCly) newapecTHOM KOH-
nenrpanun. Jloneiite konby JIMCTHITUPOBAHHOM BOJON 10 METKU.

Ha corokosopuMerpe U3MephTe ONTHYECKylo TIOTHOCTE IIPUTIOTOB-
JeHHOrO PACTBOpa U N0 KaJinGpOBOYHOM KPUBOIi ONpeleTnTe ero Mo-
NAPHYIO KOHIEHTPANIO. SanuimuTe pesyibTaT OHBTAa B JKYPHAT H
ITpOBEphTE €ro MpPaBMITLHOCTD MO HOMEPY KONGH Yy MpenojiaBarei.

O BIT 5 [NOCTPOEHHE KAJIMBPOBOYHON KPUBOW
3ABUCUMOCTH VJETBHON SNEKTPUUECKON [TPOBOAUMOCTH
PACTBOPA OT ENO KOHUEHTPALLUN

IIpuroToBbTe 1ATH PacTBOPOB (BaCly, HySO4 mau HCl) ¢ wonues-
rpanueit B 50; 20; 10; 6,25 u 5 pa3 MEHBIIEH KOHIEHTPAIMHA MCXOIHOrO
pacTBOpA.
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Ins sroro naneiire B 610perky MCXOAHBIA PacTBOp M yCTaHOBUTE
Glopetky B pabouee nosomenue. B nare MepHpix kon6 ma 50 ma u3
OIOpeTKN HaJeiTe NCXONHOI0 pacTBOpa: B NepBYI0 — 1,0 ma; Bo BTOpYIO
- 2,5; B Tpersio — H,0; B yersepryo — 8,0; B maryio — 10,0 ma1. Jlomeii-
1e KOJM6H BOMON A0 METKM, 3akpoiTe ux npobramMy ¥ TIIATEJIBHO Iepe-
MEHIAITe pacTBOPHL.

Ha koHiyKTOMETpE H3MEphTe VAENBHYIO HMIEKTPUHYECKYIO HpOBO/M-
MOCTL TIPUTOTOBJIEHHBIX PAacTBOPOB, HAUYMHA# C PACTBOpa MeHbINEN
KOHIEHTPAaLMu.

PeayinTaTsl ONBITA 3anuiuTe B Tabummy:

]
Mossiphast koH-| ViensHas anexTpuyecKas
LeHTpalMs Pac- | MPOBOIMMOCTD PAcTBODPa,
TBOPA, MOIL/N

Howmep Wexojaboit

KONOB! PacTeop, M

Cm oM

1,0
2,5
5,0
| 8,0 |
10,0 |

T s LS BRI

Ha wMuanuMerpoBoit Gymare [OCTpoOiTe KamuOpPOBOMHYIO KpPHMBYIO
SARMCHMOCTH VAENBHON 2IeKTPUHYecKON ITPOBOIHMOCTH PACTBOPA OT €ro
KOHIEHTPAINH, OTKIa/ikBad Ha ocH abeluee KOHHEHTPAUMU PAcTBOPOR,
Ha OCU OPAVHAT 3HAYCHUA YACNLHON HIIEKTPHYCCKON MPOBOIMMOCTH.
Maciurat BHGEPUTE TAKUM 06pPA30M, YTOOE yroJl HaKIOHA KanuOpoBou-
Hoit KpmWBOM Oblt Oumzok i 45", YramnTe cOCcTaB U KOHIEHTPAIMIO
iexoHOro pacreopa. ['paduk prieiiTe B TeTpaihb.

O bl T 6 ONPEAEIEHME KOHIEHTPALNMN PACTBOPA TIO ET'O
VIEALHON 2NEKTPUYECKON ITPOBOIIUMOCTH

Honyante y gabopaHTa B NPOHYMEPOBAHHON MEpHOH KojnGe pacrBop
semecrsa (BaCly, Hy80,4, HCl) nemssectnoit wonmenrpaimn. Jloneire
KOIOY AUCTHIINPOBAHHON BOJON O MOTHU.

Ha KoHAyKTOMETpe M3MephTe YAQILHYIO IEKTPHYECKYIO IPOBOLM-
MOCTH [PUTOTOBACHHOTO PACTSOPA M 10 KaauOpOBOMHON KPUBOH ONpe-
NenuTe ero MOJAPHYIO KOHUEHTpanuio. PeaynpraTel oneTa 3anuuiuTe B
HMYPHAI ¥ NPOBEPRTE UX Yy HPenojaBaTells,
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PABOTA 2 OINPEAEIEHUE MOJIAPHON MACCHI JIMOKCHJIA
YITIEPOJA

[lens paboT k- HAXOKACHAE MOIAD-
HOM Macch! JIMOKCHAA yraepoja Mo IJIoT-
HOCTM rasa U Ha OCHOBE ypapHeHHA Kna-
neiipona—Meneneesa,

Momnapnas Macca — BTO Macca OJHOFO MOJIS BEIECTEA. Mons 10—
foro razoo6pasHOro BelIeCTBA NpPU  HOPMAJBHBIX  YCJIOBNAX (pp =
= 101,3 klla, Tp = 273 K) saunmaer o6wem 22,4 .. Dra BenruUMHA
HABBIBAETCH MOJAPHEIM OOLEMOM Tada NP HOPMAIBHBIX YCJIOBUAX.

Onpene/ieHre MOJAPHOH Macchl ra3a MOKET OBITh BHINOIHEHO HeC-
KOMBKMMH ciocoGamu. Yaie Beero ee ONPEAENAIOT, MCXoas u3 ab-
COIOTHOM M OTHOCHTETBHOM IJIOTHOCTH Tas0B.

AGCOMIOTHOI TIOTHOCTLIO T'A3a p HASHIBAETCA Macca eJIMHUIbL 00be-
Ma rasa Npy HOPMAJILHBIX YCJOBHSAX; 3a €IUHUILY obneMa rasa ODBIYHO
npunnmaior 1 a. 3uas Maccy | a1 rasa npu HOPMATBHEIX yCJIOBUAX p U
ero MOMAPHBIA 06BeM 22,4 i1, ONpeeIAIOT MOJIAPHYIO Maccy rasa M:

M=224p.

Jlns npuBefieHus 00BEMA ra3a K HOPMATbHBIM YCIOBMAM HCHONB3Y-
JOT YPAaBHEHHE [a30BOTO COCTOAHUSA

o V‘p TQ

Vo_ Vom 5
poT '

T

WA Vo

rae V — ob6meM rasa, U3MEPEHHBIH NP PeabHBIX yCIAOBHMAX, T.€. NPH
armocdepHOM JapleHuu p U TeMieparype T, Vy, — obwem raza upu
HOPMaJILHOM JaBIEHMU Pg U TeMIepaType To.

OTHOCHTENBHON MIOTHOCTLIO d MEpBOro rasa 1o BTOPOMY Ha3BIBAIOT
OTHOIIIGHWE IIOTHOCTEH ITUX ra3op

d= p1/pa,

e pi — MUIOTHOCTH NIePBOTO rada; p; — MJIOTHOCTH BTOPOrO rasa.
D70 OTHOLIEHNE MOMKHO 3aMEHUTH OTHOLIGHMEM Macc rasoB, CONEep—
SKANIAXCH B OJMHAKOBBIX 0GBeMax MpU OJMHAKOBOH TeMIepaType:

d = pi/pa = my/my,

rle m; — Macca IIepBOrO ra3sa; mp — Macca BTOpPOro rasa.

MasecTro, 9T0 pasHbie OOGBLEMEL [IBYX I'a30B, B3ATHIX IPH OIMHAKO-
BEIX YCJIOBUSAX, COJEPIKAT OJMHAKOBOE UMCIO MONEKYJI. CnepoBaTellbHO,
WX MAacchl OTHOCSITCA JIpYD K APYTY Kak MX MOJAPHBIC MACChL:
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my/ms = M/ M,.

Tax kawk my/my — NIOTHOCTL MEPBOTO Ta3a 10 BTOPOMY, TO
4= -'Ml/JMQ; Ml = .Mrgd
MoaspHyo Macey rasa MOMHO BIYMCIHTL TAKKE, TONL3YAChH YDAaB-

nennem Knaneiipona—Menieneena:

nhT
V:E g ='.'
P MR wm M S

rne p — pasnenne, klla; V — obnem, a; m — macea, 1; M — Monspuas
macca, r/Monp;, R — MOnApHAA rasopas NOCTOAHHadA, papHas 8,314
a-wlla/(monn- K); T — abconrornas remueparypa, K.

Koumpoasnsie sonpocs u sadavu

1. Uro vaswipator abcomoTHoN U OTHOCUTENBHON TUIOTHOCTEIO rasa?

2. Jlns ocyllikM FasoB [PUMEHSIOTCS CHeyiollHe BelecTha; THJPOKE]]
HATDMA, CepHasl KMEIOTA, XJOPUA Kaibllns, OKCU kambuusa. Kakue us 5rux
BENIECTE MOMHO MCHONB3OEATE UL OCYIIKM: 4) IMOKCMIA yriepofa; 6) amuua-
iwa; B) a@ora; I') KMIopofa; i) ceposopopofa? Orser MOTUBUpPYIATE,

3. MoskHO MM NepecTaBUTh MecTaMi CHIISTHKM, COfepiallie PacTsop THMipo—
wapbonaTa HaTpUs M KOHIEHTPUPOBAHHYIO KUCIOTY, TPU OMUCTHE [MOKCHUIA
yraepojia? OTeer obbscHUTE,

4. Macca womnbel ¢ Bospyxom paHa 63,872 r. llocne sameiwenus Bosnyxa
rasoM Macca Kosbel OKasanach papion 64,182 r. Bmecrumocrs xosibut 470 wma,
remneparypa 15°C, nasmenwe 102,66 xlla. Paccunraiite o*mocmenbﬂm
[IOTHOCTE Fada TI0 BOSAYXY W €ro MOsipHyio Maccy. Omeem: 1,53; 44,2 r/vons.

5. Macca 1 n rasa npu 21°C u 96,26 xlla pasma 2,52 r. Paccuuraire
OTHOCUTEJILHYIO TIOTHOCTH T'asa Mo BOJOPOJY W €ro MOIsipHyio Maccy. Omeem:
32; 64 r/monb.

6. PaccumnraiiTe MonsIpHYlo Maccy rasa, ecny Macca 1 Mz ero pasna 1,96 mr
(yenousi HopMmasiehbie). Omeem: 43,9 rf/momns.

7. Paccumraiire maccy 10 1 asora npu HOpMasbHbIX yenosusix. Omsem:
12 1

O Il bI T 1. ONPEJAENEHVE MOJIAPHON MACCHI IMOKCH A
YIVTEPOJIA

Jluokenn yrixepoma noaydaior B annapare Kunma (pue. 16) neiter-
BHeM pacTBOpa consinoit kucaorst na Mpamop CaCO;. Homyuaemsrit
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Puc. 16. Annapar Kunna ¢ nMpoOMBIBHEIMM CKITAHKAMN

JIMOKCH, YIJAepojAa OUMIIalT OT GpHIBT COMAHON KUCIOTHI, NPOMBIBAT
ero pacTBOPOM I'MIPOKApGOHATA HATPUA NaHCQOg, m ocymalor, npomyc-
a5l 4eped KOHIEHTPHPOBAHHYK) CEPHYIO KUCJIOTY.

JloxeuoM yraepopa HanoJHAOT CTEKJIAHHBIA cOocyl, cHADKeHHBIN]
I[,ByMﬂ KpaHaMH.

Cocyn, aaa c6opa CO, BasechTe Ha TEXHOXMMIYECKNX Becax € TOH—
noersio pno 0,01 r.

Hanonaure cocy (Ipu OTKPBITBEIX Kpanax) JHOKCHAOM YIJepoja,
HOJIyYaéMBIM B annapare Kunna B redenwe 3—4 mui, mepekpofite o6Ga
KpaHa | B3BEChTE COCYA C COj; ¢ 101 ke TOYHOCTLIO.

HamomHenne 1 B3BELIMBAHUE cocya HEOOXOAMMO NpON3BOAUTH 2—3
pa3a JI0 NOCTOSHHON MAacCHl, T.e. KOI/Aa /Ba HOCeAOBATETLHEIX Pe3yiib—
rara An60 OIWHAKOBEL, JU60 OTIAMYAIOTCA APYr OT jApyra He Honee uem
ma 0,01 r.

Onpenenure 06BLeM cocy/la, 3alolHUB ero BOJONH W IIepenuB BOAY B

MEPHBIA HATHHIAP.

SanumaTe B AKYPHAT Maccy cOcyla ¢ BO3JYXOM (my), Maccy cocyja ¢
MOKCHIOM yruepofa (mg), ero obnem (V), napnenme n TEMmepaTypy,
NpU KOTOPBIX NPOBOAUIICHA OMBIT. [lo monydeRHBIM JAHHBIM paccuuTai-
Te:

1. O6neM rasa B cocyjle NpU HOPMATbHBIX YCAOBHAX.

9. Maccy Bosayxa (mg) B oGbeme cocyja, 3Had, 4TO Macca 1 1 Bo3- |

ZyXa TIpY HOPMAJBHEIX YCJIOBMAX paBHa 1,293 r.
3. PasuocTh MeJy Maccoil JHOKcHAa yriepoja u Maccoil BOBJyXa B
obbeme cocyna (Am = my — my).

4. Maccy AuMOKcuja yriepopa B obbeme cocyia (mCOg = my 1}

+ Am).
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5. Monapuyio Maccy AMOKCH[a yriepoja: a) mo abeosioTHON nioT-
noctn, onpepenns Macey 1 a CO,; 6) 1m0 OTHOCHTENBHOU MJIOTHOCTH,
onpepenuB OTHOcHTeNpHYI0 TWoTHOcTh COp nNO BO3AYXY, BHasA, HTO
MOIApHAS Macca BO3ayxa pasma 28,9 r/Mons; B) 10 ypaBHEHWIO Kna-

. nefipora—Menieneena.

6. ITorpemsocTs ONbTa: a) a6CONIOTHYIO; 6) OTHOCUTEABHYIO (CM.
patory 1, omsir 1).

BanumuTe ypaBHEHMsA peakinii, nporexaomux B anmapare Kunna u
IPOMBIBHBIX CHIISTHKAX.

PABOTA 3 DKBUBAJIEHT U MOJIAPHASL MACCA
9KBUBAJIEHTOB

ILenr paborh - O3HAKOMIIEHHE C
HOHATHEM OKBUBAJIGHTA BEUIECTBA M METO-
JIUKOI pacuera, CBA3AHHOW ¢ 3aKOHOM IK-
BHUBaJIEHTOB.

Drsupasient () — 210 pealbHas MW yCJAOBHAs HaCTHIA BEIIECTBA,
KOTOpasl MOMKET 3aMel[aTh, MPUCOEJMHATE, BHICBOOONATH WJIN 6LIThH
KAaKMM~TU60 ApyruM o6pazoM KBUBAICHTHA OJIHOMY HOHY BOJOpPOJA B
KUCITOTHO-OCHOBHBIX MJIM MOHOOOMEHHBIX pPeaKIVAX WM OJHOMY 3JICKT-
pOHY B OKHCIUTENLHO-BOCCTAHOBMTENLHBIX PEAKINAX. Tar ke, Kak
MOJTEKYJa, ATOM WM MOH, SKBUBaJIGHT Geapasmepen. M rax e, kak B
(JIy9ae MOJICKYJI, ATOMOB MJIM MOHOB, COCTAB OKBUBANEHTOB BRIDAKAIOT C
OMOIIBIO BHAKOB 1 dopMy..

Jlns moro 4To6bl ONPENeNuTh COCTAB IKBUBAJEHTOB BEIIECTBA M Ipa-
BU/IBHO 3allMCcaTh €ro XuMuYeckyio (opMmyny, Halo HCXOAWTL M3 KOH-
KPETHOH peakuuy, B KOTOPOH ydacTBYeT JaHHOE BerecTno.

PaceMOTPUM HECKOJBKO [PUMEPOB Onpejesienns (GopMybl KBH-
BajeHTa:

a) Zn + 2HCl = ZnCl; + H,

B faHHOi OKMCAWTENLHO-BOCCTAHOBUTENLHON peaKIUM yuacTByer
npa anexrpora. Ha ofun 20exTpoH IPUXOINTCA

T.0. OAHOMY DJIEKTpOHY cooTBeTcTByer !/; aroma Zn, ojHa MOJIeKylla
HOL, '/, monekyast ZnCly u 1/y monexyns Ho.

Orciona D(Zn) = !/9Zn; B(HCI) = HCL, 3(ZnCly) = 1/3ZnCly;
:)(Hg) = 1/2"3.
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6] 2H2 o 03 = 2H20

B naHHOf OKUCHNTENBHO-BOCCTAHOBUTENBHOM peaxiuy yqacTBye J
yerpipe snexrpoHa. Ha ofun a1eKTPOH NPUXOAUTCH

1/oHy 4 1/405 = 1/5H0
Orciona 2(Hy) = 1/5Hs; 3(02) = 1/402; 3(H,0) = 1/,H,0

B) 2NaOH + HQSO';; == 2H20 R NagSO,,

B nannoit MOHOOOMEHHOU pPeaKIMM y4acTByeTr JiBa MOHA BOJLOPO/A.
Ha opus HOH BOJIOPOAA NMPHXOAUTCA

NaOH + 1/2H2804 = H20 5 i 1/2N3.QSO4

osromy A(NaOH) = NaOH; 3(H;S04) = 1/,H,804, B(H0) = H,0;4
3(N32804} = 1/2Na250,;.

Eauenieil KoaugecTBa BELECTBA ABJACTCH MOJIb. Moas — Konuyec
B0 Bemectsa, cofepxkantero 6,02:1023 cTpyKTYPHBIX /IEMEHTOB: aTOMOB,

MOJIGKYJI, MOHOB, DKBUBAJICHTOB.
TaruMm O6pa3oOM, M0Ab INGUGAAERMOG — KOJMUYECTBO BEIIECTHA,

copepaxkarero 6,02-1023 axBUBATIEHTOB. Macey 0iHOTO MOJIS SKBHUBAJIEH
TOB HABHLIBAIOT MOASPHOU MACCOT IKBUGAAENMOB BGEUECMED (My),:

r/MOJB.
Hanpumep, MOIsipHBIE MACChl YKBUBAJIEHTOB BEILECTB B paccMOTPeH

HBIX peaKlUAX paBHbL:
My(Zn) = 1/;M(Zn) ='/5:65 = 32,5 I'/MOIE;
M,(HCI) = M(HCI) = 36,5 r/mons;
Mo(03) = 1/ 4M(03) =1/4-32 = 8 r/monn 1 T2, X

Jns pacyera MOJSPHOH Macchl JKBHBAJICHTOB BEIIECTBA MOMKHO HC~

MOJIB30BaTH (POPMYJILL:
a) JIJI5 IPOCTOrO BEecTBa

=

A

MGZF:

* Yyeno, obosHauAlollee, Kakas H0JA OT PEAbHON MacTHLLBI SKBUBAJICHTHA!
OJIHOMY VIOHY BOJIOPOJA WIM OJIHOMY SJIEKTPOHY, TIONYHMWJIO HA3BaHWe chakropa;
= 7

SKBMBAJIEHTHOCTU fy. HampuMep, B paccMAaTPUBAEMBIX DEAKIMIX A(Zn) = /o

B( Oz) = U4 f(NaOH) = 1.
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rje MA — MOJIIpHAs Macca aTOMa JIaHHOrO BeliecTsa; B — BaneHTHOCTH

aTOMA;
6) U151 CJIOKHOTO BEILECTBA
V. — M
M=t
AT
rpe M — wmonsipHas Macca JaHHOrO BemecTsa; B — BalleHTHOCTH
(DYHKUMOHANBHONW CPYNNL;, 7 — 4YAea0 (GYHKIUOHANBLHBIX I'PYHN B
MOJIEKYJIe.

Hdasi wucnor pyHKUMOHAIBHON TPYNIOH sABjAAETCHS MOH BOJODOJA,
JIJI51 OCHOBAHMIA — MOH TWIPOKCHJIA, JIJIA COJIed — MOH MeTasia.
Hanpumep, ;

M
My(Al) = B—*"‘ g -3-7— = 9 1/Moits;

Mo(HoS0,) = - = 3o = 49 r/mom;
M,(NaOH) = %—ﬁ = ;lil = 40 r/mouns;

M 342
MQ(A12(504)3 ) = EI = ﬁ =87 [‘/MOJH:.

OcTaHOBUMCA Ha TMOHATHM 06heMa MOJA JKBUBaleHToB rasa. Iak
MBBECTHO, MOJIb JIIO6OTO rasa npu HopmaisHmX yeaosusx (T = 273 K,
p = 101,3 xlla uam 760 MM pr. cr.) 3anumaer obbemM, paBublil 22,4 7.
Mexoas w3 270 BeNMYMHB MOMNHO paccyuraTh o6BeM OJHOro MOJsA
IKBHBAJIGHTOB ra3a NpH HOPMAJEHEIX YCAOBUAX.

Hanpumep, ans sopopoma: I(Hy) = 1/,H, Moms sxBuBajieHTOB
BOJOPOZA B [Ba Pasa MeHbIIe ero Mons (MOJIeKysl) M mosroMy obmeM
OIHOrO MOJs 3KBUBAJIEHTOB BOJOPO/JA Takke B JBa pa3a MEeHLIIE ero
MomapHoro obonema: 22,4 1 : 2 = 11,2 n.

Hns wucaopoga: 3(0;) = /4 Oy, orciona o6peM OZHOTO MO K-
BUBAJIGHTOB KMCJIOPOIa B YETHIPE Paza MEHLIIE ero MOnApHOro obbeMa:
2451:4=56a.

Bee pewigecTBa pearupyroT JApPYr ¢ JAPYroM B OKBHBAJMIEHTHLIX KOIH-
uectBax. Maccw ywacmeyowur 8 Peaxyuu GEUWLCME NPONOPUUOHTABHDL
AMOASPHBLAL Aaccan UT IRBUBAAEHM OB ('33.1{01‘1 BKBHBHHEHTOB):

M

61
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Monenus Maccy Kax/O0r0O BEMecTBa Ha MOJAPHYIO Maccy ero HKBH-
BAJIEHTA, TOoJIyuaeM

6. KOAUNECMOD MOACH IKOUBAAENNOG, YHACMOYIOWUT 6 peaxyuy e
wecme, pagubl mexdy co6ol.

i pearupyiomux BelulecTs, HAXOAAMMXCH B PacTpope, 3aKOH
SKBUBAICHTOB 3AMMUCHIBAIOT CJEAYIOMUM 0OpasoM: i)

Co(1) V1 = Caki2) Va,

THE Cox(1) U Cox(2) — MOJSAPHBIE KOHIEHTPAIUY SKBUBAIICHTOB PacTBO-
poB, Moab akB/71 ; Vi ¥ V, — 06beMbl pearnpyiomux pacrTsopos, MJL.

Tipumep 1. Kakyio Hapecky amoMMUHHI PACTBOPIAIM B KUCTIOTE, €CIH obmeM
BHIJIETMBILErOCA BOOPOia NpH T = 291 Ku ;:v]_[2 = 734 MM pr. CT. paBeH

113 mn?
Pemenue a) HaxomuM 06beM, KOTOPLIA 3aHUMAIOT 113 M Bojlopojia

npy HOPMATIBHEIX YCIOBUSING

_ VpTy _ 113-734-273

= &= = 103 w.
pol  760-201

Vo
6) 3mnast, YTO MOJAPHAA MACCA SKEUBAEHTOR amomurusi  Ma(Al) = 9
/Mot W 0GBeM OJIHOr0 MOJIA SKEUBAJIEHTOB BOJIOPOA MPpU H.Y. paBeH 11,2

10 3aKOHY SKBMBAJIEHTOBR paCC‘{KTbTBaEM HABeCKY ATOMUHW AL

9 r Al BoiTecHsor u3 Kucorsl 11 200 v Hp

YA > y 103> Hy
9-103
pee RS et 2
717500 Oo0eT

ClrieioBaTeNbHO, B KUEIOTE PacTBOPUIIH 0,082 r Al

Ilpumep 2. MonspHas wMacca SKBUBATIGHTOB MeTaia papHa B 1/ MO,
Cronsiko wn kuciopona (H.y.) obpasyercs Tpu pagnoxenny 1,28 © OKCHIA

aroro Meranna’ ;

Pemenue a) OnpenensaeM MOIAPHYIO Maccy ODKBUBAJIGHTOB OKCHL
meraiia, OKCMI Merania — ST0 COejIMHeHVe MeTailia ¢ ucnoponom. Iloaromy
MOJIApHAS Macca SKBUBAJICHTOB OKCHIA npeficTaBisier coboll CyMMY:

M, (oxenna) = Mo(Merasia) + M, xucnopona) =
=56 + 8 = 64 r/momb
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6) 3nas, uro 1 MONE SHBUBAJTICHTOB KUC/AODOLA IIPH H.Y. BaHUMAaeT o6beM

5,6 71, O BAKOHY SKBUBAJIEHTOR PacCHUTHIBAEM 0bBBeM 06pasoBABLIErOCH HKHUC-
siopona:

64 r oxcupa Merama o6paayior 5600 M O,

_1,28-5600 _
= 4 = 112 Mmn

Crepoparensio, obpasyerca 112 mi Os.

Koumpoasnuse sonpocu u 3adevu

1. Yro HA3LIBAIOT DKBMBAJTIEHTOM BellecTBa? il \

2. Kak onpenenuTh MONAPHYI0 Maccy SKBUBAJIEHTOB KUCHOTHI, OCHOBAHMA,
COJIM B MOHOOOMeHHBIX peakunsx? IIpMBesMTe NPUMEPLI U PACHETHI.

3. K pacrsopy, copepaiieMy 1 T colsHOll KMCTOTBI, TIPUOABWIM pacTBOD,
comepxkaiui 1 r ruppoxcupa HatpusA. Byner am nomyueHHbIA pacTBoOp Hed-
TpaJIbHBbIM, KMCIBIM WK IestouHsM? OTBeT MOATBEpANTE PAcYeToM.

4. Cronpro Mosell SKBUBAJEHTOB UMHKA BCTYTIMIO B peakliMio ¢ KUGIOTOMH,
ecqy Tpu oToM Beinemwiock 2,8 & Bogopoma npu H.Yy.?T Omeem: 0,25 Monb
SKBHBAJIEHTOR.

5. Merasn maccoit 0,50 r BrTecHw T U3 pactBopa KucaoThl 198 M Bojopona,
cobpaiHoro M MaMepenHoro Haz sojoi npu 25°C u 745 MM pr. cr. JlaBnenne
HACHIIEHHOI'O  BOAAHOID Napa pasHo 23,5 MM pr. cr. Paccumraitre monsapHyio
Maccy SKBUBaseHToB Mertasna. Omeem: 32,7 r/monb.

6. Tlpu saaumopeiicteuu 6,75 r Meranma ¢ cepoit ofpasopanock 18,75 r

cymeduna. Paccumraiite MONAPHYH Maccy OKBHBalleHToB Meraiuia. Omeem:
9 r/mons.

O BT 1. ONPENEJEHAE MOJISIPHON MACCH DKMBAJIEHTOB
METAJIJIA (Mg, Al W Zn)
METOJ/IOM BBITECHEHUS BOJIOPOJIA

Meros, ocHOBaH Ha W3MepeHHM OOBEeMa BOAOPOJA, KOTOPHIM BBI-
HenAeTcH M3 KMCJIOTH 1P JeCTBUM Ha Hee MeTalia.

Tlpumensiemprit mjist aroff nesm npubop (pue. 17) cocToMT M3 ABYX
6I0peTOK, YKPEIUIEHHEIX Ha IITATHBE U COeJMHEHHBIX DE3MHOBON TPyb-
Ko#. B Takoit coobmaroniuiics cocyl HAJIMBAIOT BOAY HPUOIM3UTENBEHO
1o nonopunsl 6operok. Onny u3 GIOPETOK CBEPXY 3aKPHIBAIOT NPOOKOM
¢ OTBOZHOM TPYOKOM, K KOTOPOH NPUCOSNUHAIOT NPOGHPKY, rie Mpouc—
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XOAMT Ppeakuusi MeXay KHCAOTOR ¥ METalIoM.
Jlpyras 6iopeTKa CHYKWT TPUEMHMKOM IJS BOJLL

POIOM.

O61eM BHIIENUBINErocd BOAOPOAA ONPENedAloT
1o pasHOCTH YPOBHEH BOAEI B nwoboii U3 6I0pPeTOX
IC YU IIOCJIEe OIbITA NPpH AABJIEHWU B 3aKpHTON 06I0-
perke, PABHOM aTMOC(EPHOMY. Ilapnenne rasa B
BaKpHITON OIOpeTKE paBHO arMocdepHOMY, €ciu BO-
fa B obenx 6GlOperKax HaXOJUTCA HAa OJHOM YPOBHE.

Jlaxe np¥ KOMHATHOM TeMIepaType map Haj
[IOBEPXHOCTHIO BOMABI 0671a/iaeT 3aMeTHBIM JaBJIeHM-
em. Ilostomy njas OnpefeleHus NapluuanbHOro
[ABJIEHUA BOJOPOJa HEOOXONHUMO OT o6miero (arMo-
cdepHOro) KaBIEHMsA, INOJ KOTOPEIM HAXOAUTCA
BOJIOPOJ1, BHIYECTH JIaBJIeHNE HACKINIEHHOrO BOJAHOTO
napa h (cM. npuaoxenwe I11):

Puc. 17. Tlpubop

JUis OrnpefieneHns

MOJIAPHOM  MACChI
SKBUBATIEHTOB

i

METATINE . 2

Jlns npuseenHust 06beMa BBIIEIMBILIErocH BOIOPOJA K HOPMAabHBIM

YCIAOBUAM MCIOJNBE3YIOT YpaBHEeHHEe rasoporo coOcTOAHWA

= Pamu — h.

Vom _ V2
Ty T

rae Vo — 06beM BBIIEAMBIIEroCs BOAOPOMa HpM H.Y., MIL; po — Hap-
UMaIbHOe JaBjieHne BOAOPOAa NpH H.y., PAaBHOE 101,3 xlla (760 mm pr.
cr.); To — TeMmepatypa, 273 K; V — obbemM BhAEIMBIIEroCA BOMOPOAA

Ip¥ YCIOBMAX ONBITA, MJ; p — NapUUAAIbHOS NaBJIeHHEe BOAOPOJA TIPH |

pammbix yeaosuax, klla (mm pr. c1.); T — Temueparypa OIbITa, K.
Oupezesus 06beM BOJAOPOAA HPH H.Y., BEIYMCIAIOT Maccy 1 mons
IKBUBAJICHTOB MeTalljia:

M T Merajula BeITecHsIoT Vo MJI BOIOPO.a
3 3 y 11200 >» >

Tonyyure HaBECKY MeTajula ¥ naGopanTa. B mpobupky HanenTe
conAnHON KucaoTh (Ha OfHY 4erBepTh NPOBUPKN); NMOACPIKUBAT MPO-
6UpKy B HAKJIOHHOM MOJIONKEHUH, IOMECTUTE Hapecky Meranaa (me
omyckas B KUCJIOTY) Ha CTeHKY Y OTBEpPCTHSA npobupKn U 3aKpoyTe
po6upKy NpobKOofl ¢ OTBOJHOM Tpy6KOI OT GIOPETKH.

IlpoBepbTe repMeTHIHOCTE npubopa. [Insa sroro, He Tporad broper-
Ky ¢ OpOGMpKOi, MepeMecTuTe APYTyIO GrOpeTKy BMecTe C JIanKoH
IITATHBA TAK, YTOOBl YpOBEHb BOJEI B He# cTal Ha 5—10 cm BBIIIE, Y€M
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BEITECHAEMON BHIIGIAIONIMMCS [PH PEAKIMK BOJO-

w neppoif 6roperxe. Kenn pasHuma B YPOBHAX He MBMeHsercs, Npubop
ucrpased (€aepkuTy); ecaM YPOBHM B GIOpeTkax BbIPaBHHBAIOTCH,
pu6Gop HerepMeruyeH, MPOMYCKAeT BO3JYX, O YeM CJelyeT 3asiBUTH
nabopanTy.

[IpuseanTe BoAy B GIOPETKAX K OHOMY YPOBHIO M OTMETbTE yPOBEHb
BOJIE B OTKPHITON 6loperke. OTCHeT MpOM3BEAUTE 110 HIKHEMY MEHHCKY
JKUAKOCTH ¢ TounoceTeio o 0,1 mur.

CrpsxanTte MeTaun B Kucsory (cmoitre ero kucioroi). Habmopaitre
BEIJIEIEHNE BOJOPOjla U BLITECHEHNE BOJLI U3 BIOpeTKu.

Ilo OKOHYAHMHM peakuuu faiire MpOGHpPKEe OXJIALUThLCA Ha BO3AYXe,
[ocJie Yero CHOBA TIPUBEIUTE BOAY B GIOPETKaX K OJWHAKOBOMY YPOB-
Hi0. 3anumnuTe HOBHIN ypoBeHs BOibl B Groperke. Ilo pasmocTn yposheit
BOJLBL IO M TIOCJI@ PeaKIuy paccuuTaiiTe 06heM BhIIeIUBIIErocs BOJ0PO-
Ja.

Ilo HaHHBEIM OMBITa ONPENEIUTE MOIADHYI) MAaccy JKBUBAJIICHTOB
metamiaa. CpaBHUBaA €e ¢ TEOPEeTHUeCKMM 3HAYEeHUeM MOJISIPHOM MacCHl
sxenpasienTos metania (Mg, Al, Zn), ompenenure, KaKoi MeTANL] OBLI
B3AT JUIA PEaKIyn.

Banumure B AypHal: Maccy HABECKM MeTalla, T; ypOBeHb BOJABI B
GIOpeTKe 10 peaKiuu, MJI; YPOBeHb BOAB B OIOpeTke moclie peakiuy,
wi;, Temmeparypy, K; armocepmoe nasnenme, klla (MM pr. c1.); nas-
JIeHUe HACHIEHHOTO BOASHOrO mapa, klla (MM pT. ¢T.); AaBleHUe BOJO-
poaa, klla (MM pT. cT.).

Ilo monyueHHEIM TAHHEIM paccyuTaiTe:

1) ofpemM BEIJEIUBIIErOCs BOJOPOAA;

2) o6BeM BONOPO/A TIPH HOPMATBLHEIX YCIOBUAX;

3) TeopeTMuecKyi0 MONAPHYIO Maccy dKBuBazeHTOB Mg, Al, Zn;

4) OMBITHYIO MOJSIPHYIO MacCy SKBUBAJIEHTOB METalllia;

5) ommGkyu onpiTa: a) aA6COMOTHYIO; 6) OTHOCHTEIBHYIO.

3anumuTe ypaBHeHUe peakiiny B3aUMOJIEHCTBUS METalIa C CONIHON
KU CJIOTOMN. '

ON BT 2 ONPEAEJIEHUE MOJIIPHON MACCHI SKBUBAJIEHTOB
BEIIECTBA B PEAKIINAX OBMEHA

B nanHOM ONEITE HpejIaraercA ONPeAe/uTh MOJAPHYIO Maccy IKBU-
pasientoB xucaorsl (HOl, HySO4 nm HNO;) Ha ocHOBaHMM PE3yJIbTATOB
peakiy He|TPalU3alii, KOTOPYIO NPOBOMAT METOJIOM THTPOBAHMA.

B OGooperky HaledTe pacTBOp IIEI04H M3BECTHON HOPMalbHOM
KOHIEHTPAIUY 1 puBeauTe OIOpeTKy B pabodee NOJIOKEHME.

Iunerxoit orbepure pacTBOP HEU3BECTHOM KUCJIOTH € YKA3aHHBIM
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THTPOM M NEPEHECUTE ero B KOHMYECKYIO KOmOy. Jlo6appre 1—2 Hanau
denondTanenta.

Orrutpyitte pacTBop KucdoTel. LA »Toro mpu HENpPephIBHOM IO
MEIIMBAHMK PACTBOPa KWMCJIOTH NPUIABANTE B HErO 110 KallilAM pacTBOp.
Hresioun U3 GIOpPEeTKM /10 MOABJeHns ciaboil POBOBOW OKPACKH.

Turpopanue nopropute. PesymbraTsl He JNOMKHBl OT/INYarses Bojee:
yem ua 0,1 M.

ZanumnTe pe3yabTaTh TUTPOBAHMAA B KypHAIL.

Ilo 3aKkOHY OKBMBAJIHTOB pPACCUMTAIITE MOMAPHYIO KOHICHTPAlN 0|
SKBUBAJTIEHTOB PACTBOPA KIICJOTHI, & 3aTeM MOIIAPHYIO Maccy €@ DKBUBA
nentos. Onpejlenure, KaKkaa Kucaora Oblia B3ATA JUIA peaKkiuu, cpan
HUBas TOJYYEHHLIH PesyaeTar c TEOPEeTUIECKON MOJIAPHON Maccoi
DKBUBAJIEHTOB.

PaccuuraiiTe a6COMIOTHYIO U OTHOCHTENBHYIO OUIMOKH OIBITA.

Oupenenus GOpPMyJly KHUCIOTHI, COCTaBLTE YPABHEHME XUMIIECKOM
peaknumn.

OMN BT 3 3AKOH OKBUBAJIEHTOB

B pannoM onbiTeé mpejnaraercs npoBepurhb CHpaBelJInBOCThL 3aKk0Ha
SKBUBAEHTOR JIJ1A peaKnuil B3amMOJEecTBUL coneit* co menovaMm no
HOJIHOTE OCameHnA IHIPOKCHIA:

CuS0, + 2NaOH = Cu(OH); + Na,50;4

C nomonplo (OTOKOIOPUMETPa ONPEeEINTe ONTHYECKYIO IIIGTHOCTS
MexoHOro pactsopa conu. Ilo kannbpoBouHOH KPUBOW ONpejesinTe ero;
HOpMAIBHYIO KOHIeHTparuio. llonyuenubie JaHHbIC 3alAIINTE B KYP
Hal,

Or6epure nunerxoit 10 M pacTsopa conu ¥ HEPEHECUTE €r0 B KO
HUHECKYIO KOOy,

[lo 3aKOHY OKBUBAIEHTOB paccUUTAUTe o6rem (0,1 H. pacTBOpa
NaOH, neobxoamMbiii [JIs MOJHOIO OCAKIEHUA rapokenaa w3 10 i
pacTBOpa COJM.

B 6Goperky naneire 0,1 u. pacTBOpa NaOH, npusenure GiOpeTKy B
pabouee NMOJIOMEHUE. B xonby ¢ pacTBOPOM COMM NPHJIEHTE paccHauTaH 1
Bt o6bem pactsopa NaOH. Ilepemenraitte 06pasoBaBilIyiOCs CMEC. '.

[IpuroToBsTE CKIAMYATHIH (QUABTP, BJIOKUTE €ro B BOPOHKY u o
dbunpTpyiiTe pacTBOp OT Ocajka B JAPYTYIO konby. K dunwprpary us

i Pacmop COy HOoJNeH 6BITE OKpaliieH.

GiopeTkn no6asbTe eme HecKoNkKo kanenb pactsopa NaOH. O6pasyer-
el JIA OCAZloOK?

CocrapeTe ypaBHEeHME XuMmMudeckoi peakiny. CKONLKO MOmeil dKBU-
BAJIGHTOB COJIA W 104N BETYIMIO B Peakmuio?

ONbIT 4 ONPENENEHUE COIEPXAHUSI
KPUCTANNMN3AIIMOHHON BOABLI B KPUCTANIIOTUIPATE
KAPBOHATA HATPUSA

OnpiT OCHOBaH HA Ppe3yJbTaTaX TUTPOBAHUA pacTBOpa KpHUCTaJi-
JIOTMPATA COMAHON KUCIOTOH,

Monyuure y npenojasarens samanue. Ha TexmoxmMmmdeckux pecax
§3BECETE 3aJaHHOE KOAMUECTBO Kpuera/uiorujpara kapboHaTa HATPHA.
B MepHO#l KoJiGe NMPUIOTOBLTE PACTBOP KPMCTANIOrUpaTa.

Orbepure nunerxkoit 10 mMa MpUrOTOBJIEHHOTO pacTBOpa B 4YHUCTYIO
KOHMYECKY!0 Koaby m npubapbre 1—2 Kanam MHAMKATOPa METHIOBOTO
OpAaHHKEBOTO.

Orrutpyiite oTo6panusii pactsop comu pacrsopom HCL Jlas sroro
n3 OIOpPETKH 10 KamisM HpUIMBAWTE PACTBOP KHCIOTH B KOHUYECKYIO
koA6y 10 W3MEHeHWS OKPacKU pacTBOpa OT KEATOH /0 OpPaHKeBOH,
cBepAs OKpALlUBaHKE ¢ 5TanoHOM. Pesynbrar TUTPOBaHMS 3alUIINATE.

TutpopaHue HOBTOPUTE U, €M Pe3YJabTaThl OTINYAIOTCH APYT OT
npyra He 6omee wem Ha 0,1 M1, 3aKOHYNTE TUTPOBAHNE.

ITo nomyueHHbIM JAHHBIM paccauTaiTe:

1. Hopmanbuyio KOHIEHTPALMI0 NPHUTOTOBJIEHHOIO pPacTBOpa KpUC-
rajIornppara Kap6oHata HATpUA (1O 3aKOHY IKBUBAJNCHTOR).

2. KonuuecTBO MoJIeH SKBUBAJIEHTOB KapboHATa HATPUA B IPUIOTOB-
JIeHHOM pacTBope (B 06beMe KOIbb).

3. Maccy (r) 6GessogHoro kapbomnara HATpUA B NPUTOTOBJICHHOM
pactBope (MonspHas macca skBusanentos NaCOy = 53 r/mons).

4, Maccy BOjEL, cOAEpIKaLIEHca B HABECKE KPUCTANIOTHpaTa.

5. Yueno mojeii 6Ge3pOIHOI cON.

6. Ywmcso Moneil BOJILL.

7. Ha OCHOBAHWMYW pACHYETOR BHIBEUTE MOIEKYJISAPHYIO GopMyay
KpPUCTAILIOrHjipaTa kapboHaTa HATPHA.




PA3JIEJ NIEPBBIN
CTPOEHUE BEIECTBA

PABOTA 4 DJIEKTPOHHAA CTPYKTYPA ATOMOB M
OJIHOATOMHBIX MOHOB

(Vuebnuru: 1990, §1.1-1.4; 2000, § 1.1-1.5)

Ilens pabGoThl - NIPUBATE HABHIKK
cocraBienns (GOpMyJ, BHIPAKAOIIMX IIEK-
TPOHHYIO KOH(UIYpanuio aToMOB W OJHO-
ATOMHBIX MOHOB METAJIJIMYECKNX M HeMeTal-
AMYECKUX 3JIeMEeHTOB.

ClorsacHO0  KBAHTOBO-MEXAaHMHYECKAM  IIPE/ICTABICHUAM
KAMI0oro JeKTpoHa B aToMe XUMHYecKOoro 3JjieMeHTa onpelensaercH
AHAUCHMAMY HETHIPEX KBAHTOBEIX HHCeN: 7, I, my U ms.

I'napHoe KBaHTOBOE HHCIO N NpUHUMAET 3Ha'veHuA pAla Heabix
umcen W XapakTepu3yer ypOBeHb 3HEPIMM JJIEKTPOHA B AaTOME. Ecan
n = 1, ypOBeHb SHEPIUN HIEKTPOHA MUHNMAILHEIH.
~ Op6uranbioe KBAHTOBOE THUCIO | npMHUMAaeT 3HAYEHUS HEIBIX TUCE
B mpeaenax or 0 go (n — 1) u xapakrepuayer IOJIypOBEHL 3HEPIUM
HIEKTPOHa Ha JAaHHOM JHEPTeTHYCCKOM YPOBHE. Ecau | = 0, mogypo-
BEHb JHEPrUM JIeKTpoHa MuHEMaibHBIA. [lns 0Go3HaYeHMA JHepreTn-
YECKMX MOYPOBHEH MCIONB3YIOT CTPOYHEIE OYKBEI JIATHHCKOTO andbasu-
Ta:

L Lo D S g AR 5
OBOBHAHEHNE -+ o v v v ov = s pi AL S g h

Ucnonsays madpoBsie 3HAMEHHA n M OyKBEHHbIE obozuaueHud I,

MOIKHO COCTABUTL (POpMYJy, OTPaAIOILYIO SJEKTPOHHYIO KoHpUrypa-
IO aTOMa XUMHYECKOT0 3JIEMEeHTA.

Hanpumep, B aToMe BOJOPOAA ONWH JJIEKTPOH. Ecnm aroM BOLOPOAa
HAXOMHUTCA B OCHOBHOM (1eBo36YKACHHOM) COCTOSHUM, TAABHOE KBAHTO-

BOE@ UMCIO N, XapaKTepH3ylouiee yPOBSHb 3HEPruM 3JIKTPOHA B ATOME, |

paBEO 1, a OpOMTaIbHOE KBaHTOBOE YHCIIO [, xapaxTepMaylomee oz~
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COCTOAHNE

YPOBEHDL HEPrUH NIEKTPOHa, pasHO () (s-mopyposenn). Takum o6padom,
wiexTpoHHaA (OpMyJia HEBO3OYKIEHHOTO aToMa BOJAOPO/JA MMEeT BUJ:
8

MakcHMaILHOe YKCIO JMEKTPOHOB B ATOME, MMEIOTINX OJIMHAKOBBIN
ypOBEHb 2HEPrMH, onpejenserca kak 2n?. MakcnMambHOe HMCIO K-
TPOHOB, UMEIOTIMX OAWHAKOBHIA MOJAYPOBEHb BHEPIUM HA JIAHHOM JHEp-
reTHYecKOM ypoBHe, onpeaensiercs kak 2(21 + 1).

Kaspiii sHepreTwdyecknil NOAYPOBEHE YCJOBHO NEIUTCA Ha KBAHTO-
pble AYEfKH, KOJMYEeCTBO KOTOPLIX CBA3AHO ¢ MarHMTHBIM KBaHTOBHIM
GMeIIOM ™y, NPUHAMAIOUMM 3HaveHus or — g0 +l, BKIOUAH HYJb.
lanpuMep, Ha JHEPreTHHYECKOM MOJYPOBHE P JEKTPOHE MOTYT OBITE B
Tpex cOCTOAHMAX (B TPeX KBAHTOBHIX AueHKax), Tak Kak HpH Ii=
1) nmeer Tpu 3navenma: —1, 0, + 1

p -TIOJ1ypOBEHb I=]

=1 0 i

Kpanropas sveiika — rpaduueckoe n3obpaskeHHe aTOMHON opbuTa-
JiM, T.e, COCTOAHWA DBJEKTPOHA B ATOME, XapaKTepH3yIOIIerocsi Onpe-
JICIEHHBIMA 3HAYEHUAMA TPEX KBAHTOBLIX YHCE: M, In my.

B Kamof KBAaHTOBOU Aueiike MoKeT OBITL He foaee ABYX BJIEKTPO-
OB, OTIMYAIONIMXCA JPYr OT JPyra 3HAUCGHMEM CIMHOBOTO KBAHTOBOTO

yncna (ms = - 1/ 1 mg = +1/3).

JIEKTPOHE! B KBAHTOBRIX AYEHKAX MPUHATO 0GOBHAYATH CTPEIKAMM:
1w |

O6iiee  uMCAO BIGKTPOHOB B ATOME ONPEJENAeTcA HOPAAKO-

BHIM HOMEPOM XWMHUYECKOTO JJIEMEHTa B INEepHOIMYECKOH . cHcTeMe
JIL.V1. Menneneepa. Hanpumep, B aroMe a3ora ceMb OJICKTPOHOB, a B
ATOME KHCJIOpOfla BOceMb. BOCbMO# 3/IEKTPOH B aTOMe KMCIOpONa,
OTAMYAIOUIHIT AJIEKTPOHHYIO 000JIOYKY aTOMa KHCJIOpO/a OT BJIEKTPOH-
HOolt OBOJOUKM aToMa Aa30Ta, HA3KLBAIOT (QOPMUPYIOLMM 3EKTPOHOM
aTOMa KWCIOpOJa.

JIeMEeHTHl cO CXOMNHOM BIeKTPOHHOM KoHuUrypanueil aTOMOB Ha3bl-
BAIOT BNEKTPOHHEIMM aHasnoramu, Tak, Hanmpumep, IEKTPOHHLIMA aHa-
joraMu ABIsIOTCA asor u docdop:

N 1522522 p3
P 1522522p535°3p3

DJeKTPOHHEE AHAJIOMM Pacloiaralorces B NepUoOANYecKONR cucTeMe
JLA. Merpgeneesa B OJ{HO! NOATPYyNIIe.
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Konmpoasusie sonpocst

1. Vrasure sHaueHMe TIABHONO KBAHTOBOTO YMCTa M, XapakTepusylollee
YpOBeHb DHEpPrUy IEKTPOHOB B aTOMe Telus ¥

2. Viamkure SHAYEHUS [MIABHOrO, OpOUTAIILHOTO M MAUHUTHOrO KBAHTOBBIX
JMcesI, XapaKTepusyiolMxX aTroMHylo opburaih 11-ro snexrpoHa B aToMe HATPUS.

3. Viaxure BHaYeHMSA CIMHOBOTO KBAHTOBOI'G 4WC/IAa [BYX BIEKTPOHOB
BHEITHEr0 SHEPreTUYecKoro YPoBHS B aToMe Mariud.

4. Kakue aHauenusi MarHUTHOTO KBAHTOBOPO HMeJIa 1 XapakTepH3yloT coc—
TOAHUSA P-3IIEKTPOHOB B aroMe asora?

5. AToMy KaKoro XMMMYECKOr0 SIIEMeHTa OTBEYAeT SJIEKTPOHHAA opmya
1522522p63523p64527

6. Dmexrponnasi (opMysa aroMa OJEMeHTa 1522522p83523p!. Yro sro 32
DIIEMEHT?

7. KakoMy XUMMYECKOMY DIIeMEHTY OTBEHAeT SJIeHTPOHHAA dopmyna aToMa
1522s22p83523p83d%45%7

8. ATOMY KAKOTO XMMWHECKOTO DJIEMEHTa OTBEYACT DJICKTpOHHAs CTPYHTYPA,
BhIpAXKeHHas COKpaIleRHoi dopMyoit ... 3827

9. DUIeKTpOHHYIO CTPYKTYPY ATOMa BhIpaxalor COKpAlIEHHOMN HOPMYION ...
4d25s2, Yro aro 3a snemeHt?

10. AToMy KAKOTO XMMMYECKOro ByeMeHTa OTBevaer COKpaleHHAA SJIEKTPOH=
Hast chopmyna ...4524p37

11. Hamaunsre snexrpornyio hopMyny (TomHyio v COEPAIIEHHYIO): @) aToMa
Ca; 6) uwona Ca?*.

12. Hamaumre auekrponnylo dopuyay (momiyio u COKpALIEHHYI0): a) aToMa
Cl; 6) mona CI".

13. CKONBKO WIEKTPOHMOB Ha BHElHeM BHEPreTMHUeCKOM YposHe B aToMe
xpemmua? TlokaxuTe MX PACNOTNOKEHNS B KBAHTOBBIX sHenKax.

14. TIpuBejuTe cXeMy PACHpEIEIeHNsT BHEITHUX SIEKTPOHOE 110 KBAHTORBIM
AYelKaM B aToMe CeJleHa.

15. Hajnure B nepuopuueckoit cucreme JIW.Meupnerneesa SneMeHTEl, KOTO-

phle SIBASIOTCS] BIEKTPOHHBIMM AHAJIOraMy KUCIOPOLa. 3anmuuure cokpalleHHbIe |

IeKTPOHHBIE (bO[JM)’JTbl ATOMOB 9TUX DIIEMEHTOB.

16. Ha ocrosammy omextpontoit crpyxrypst atomop Cl u Fe oxapaxrepu-

ayiiTe WX BaJieHTHELIE CBOMCTBA B HepoabymIeHHOM ¢ BO3BYHICHHOM COCTOS-
HUSX.

* [1py OTBETE HA ITOT H BCE OCTAILHBIC BONPOCH! (kpome 16) nmeilte B BHIY OCHOBHOC
(neso3ByxaeHHOe) COCTONHUE ATOMOB,
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Ol Bl T 1. QJEKTPOHHAS CTPYKTYPA ATOMOB U
OJIHOATOMHBEIX MCHOB METAJIVIOB

[Ipn OKMCIEHWM ATOMOB METAVIOB YMCJIO 3/IEKTPOHOB B 3JIEKTPOH-
1HOi OBONOUKE YMEHLINAeTcd W OBpasyloTCA MOHBl € IOJIOKNTEILHBIM
sapsinom. Hanpnmep:

Mg—2e — Mg?*
. edsd R

B Tpu npobupku (Ha !/; oGbema) najeiiTe pacTBOp HWTpaTa CBUHIA
¥
Pb(NO3),. B mepsyio mpoGupKy ONycTHTe JKEJE30, BO BTOPYIO — UMHEK,
B TpeTbio — Marauil. Yepes HECKOJBKO MHHYT OCMOTPHUTE NOBEPXHOCTDH
METAJIJIOB, OIYMIEHHBIX B PACTBOP COJIM CBUHIIA.

Cocrasyre ypapHeHUS PEAKIUI, KOTOpbIe IPOLIH MKy JKeIe3oM,
MATHMEM ¥ IHHKOM ¢ HuTparoM ceuHia. OmummTe cpow HaGIIOLeHNA.
JanoanuTe TabNUILY 110 06PA3ILY:

Jlo pearuun IMocse peariiun
Xumudeckuit | DierTpoHHas XyMuueckuit DieKTpOHHAST
3HAK aroMa dopMy/ia aToMa | SHaK aToMa chopMyIa aToMma
WIIW MOHA WM MOHA VT MOHA WM MOHA
METAIIA, MEeTaNIA

Fe .3d% 2
Mg

Zn

Ph2*

MpuseauTe cxemy PACTpPEICHUA B KBAHTOBBIX AYEHKaX 3JIEKTPO-
HOB, OTBEHAIOIMX COKPAIICHHLIM DIACKTPOHHBEIM (popMynaM aTOMOB: a)
wariust; 6) wenesa; B) MUHKA; I') CBUHIA.

Kakyumy 3HAUEHMAMM KBAHTOBIX umcedn (n, [ 1 mj) xapakrepusyercs
aToMEAs OpGUTATL (OPMUPYIOUIETO 3IEKTPOHA B ATOMax: a) Maruus; 6)
kenesa; B) NMHKA; ) cBUHNAT

HaiijinTe B NMEPHOAMYECKON CHCTEME HJEKTPOHHBIE aHA/OTW CBMHIA
{ sanummre coxpaiiennbie  OPMYNBl, Bhpakaliue INCKTPOHHYIO
CTPYKTYPY ATOMOB 3THX 3JIeMEHTOB,

43




OTN Bl T 2 9JEKTPOHHASI CTPYKTYPA ATOMOB
11 OJIHOATOMHBIX MOHOB HEMETAJIJIOB

[Ipy BOCCTAHOBJICHMM aTOMOB HEMETalIoB HUCIO JIEKTPOHOB B
3IeKTPOHHOM 0B0/IouKe BO3pAcTaeT ¥ OGPa3yloTCA HOHEI C OTPUILATE b~
HeM 3apanoM. Hampumep:

Cl+ € Cl-
. 3823p8 . .382395

Oumr nposojgmre moj Taroi! B ase mpobupku (na 1/3 obbema)
HaseiiTe pacTBOPHI cyibduia U MofUAa HATPUA. Onycture B Hpo6UPKY
(cwawana B IEpBYIO, a TOTOM BO BTOPYIO) TA300TBOAHYIO TPYO6KY OT
anmapara Kunma @ mpomycTuTe MEJIEHHEIA TOK XJIOpa 4Yepes pacTBOp
COJH.

CocrappTe ypapHEHWs PpeakIMil ¥ ONMIINTE CBOH AabJIIOe N A,
BanosnpuTe Tabauiy no obpasiy:

—

Tlo pearumu [locsie peaxiun
Xumudeckuit | DnexTpoHHasd XuMudeckuit DnexrpoHHas
3HAK aToMa chopmyira atoma | 3HAK aTOMa dopMyia aToMa
WIIY MOHA WITH MOHA WIIM MOHa WITM MOHA
HeMeTaslia HEMeTalla

5 ...3s23p0
I
Cl

[IpuBeauTe CXeMy PAcCUPeJIeeHusi B KBAHTOBBIX siueifkax 9JIeKTPo-
HOB, OTBEYAIOIINX COKPAIIEHHBIM OJEKTPOHHBIM dopmynaM aTOMOB: a)
cepbl; 6) xJ0pa; B) HOIA.

KakiMy 3HAYCHUAMM KBARTOBBIX gucen (n, I n m|) XapaKTepuayercs
aToMHas op6mTanb (OPMUPYIOIIEro 3/IEKTPOHA B ATOMAX: a) cepsl; 6)
xnopa; B) nozpa’?

Haiignre B NEpHOJMYECKON CUCTEME JI.W. Menneneesa 2J1eMEHT,
asiekTpoHnas opMysa KOTOpPOro ... 4s24pt. Kakumu 3HaUCHUAMN KBaH-
TOBBIX umMces (TIaBHOTO H OpBUTANILHONO) XapaKTepUayIOTCs BHEIIHNE
P-371€KTPOHB B aTOME DTOTO sneMeHTa’

Ha OCHOBAHMM 3EKTPOHHOH CTPYKTYPH aToMa M BO3MOKHOCTH €ro
BO3DYIAEHUA oXapaKTepuayiTe BaJEHTHLIC cROVICTBA HaMJEHHOTO 3J1€—
MEHTa.
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PA3JIEJ BTOPON

OBIIME 3AKOHOMEPHOCTH XMMHYECKHX
PEAKIIUHA

PABOTA 5 U3MEPEHUE TEIUVIOBBHIX 3®PEKTOB
XUMUYECKUX PEAKIUA

(Vuebuuru: 1990, § IV.2 — IV.5; 2000, § 5.1, 5.2)

ITens paboTHh - BHIOJHEHUE KaIO-
PUMETPUYIECKNX W3MEepeHni u TepMOIU-
HAMMYECKHUX PACYETOB, CBABAHHBIX C 3HEpP-
TeTHKONR XUMUUECKHUX peaKIuii.

B nio6om mpongcce cOGIIOAAeTCH 3aKOH COXpaHeHWsl Heprum: Tem-
70Ta ¢, MOABEJIeHHasN K CHCTeMe, PacXOyercd Ha yBeJM4YeHHe ee BHyT-
penuell apeprund U U Ha cOBeplIeHNE cucremoit paborel W Han BHelIHEN
cpenoit (TepBHI 3aKOH TEPMOJMHAMMKN):

q:AU+ W

Ecny XMMWUYECKAS peaknus NPOTeKaeT B OTKPHITOM cocyae mpu
nocrosaroM Temueparype (p, T = const) M eIMHCTBEHHEIM BHJIOM CO-
pepimaemoit pa6ors sBasercs pabora pacmmperus (W = pAYV), 1o

TenIoBOM 3 dEKT 3TON peakIMy paBeH W3MEHEHWIO DHTAIbLINH CHCTe-
MBL:

gpr=AU+pAV= AL,

rnme H= U+ pV.

Ilpu AH > 0 (rennora NOABOAMTCA K CHCTEME U3 OKpysKarome
cpefipl) PEaKIMIO HAa3EIBAIOT YHAOTEPMIIECKON, a HPH AH < 0 (renmora
BRIIEISIETCS B OKPYKAIONULYIO cpelly) — 3K30TepMUYecKOM.

Ec/ii B ypaBHeHWM XUMUYECKO) DEaKNuM yKasaH ee TemsioBoH ad-
(pext, ypaBHenue HasbiBaloT TepMoxuMuieckum. Hanpumep:

No(r) + 3Hy(r) = 2NHy(r),  AHjg, = 92,4 xlx.

Ipy 3amuch TEPMOXMMUYECKUX YPaBHEHUH peaxnuii YKa3plBAIOT.
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a) arperaTHbIe COCTOSHMA WM aJIOTPOTIHBIE monuxanuu seuecrs; 6)
yeJIOBUA TIPOTEKAHUs [polecca (AH .. CTAHAAPTHBIA TeNIoBOH

adexr peaxnun npu 298 K).

Koumpoasnsie sonpocs
1. Moneaysies npumoxenner 1V, Hamuumare TEPMOXUMHHECKUE ypaBHeHUSA
CIIEIYIOMMX PEAKIMA ¥ ITPOleccoB:
Hy(r) + !/202(r) = HaO(x)
Hy(r) + 1/205(r) = HO(r)

H,0(x) = Ha0(r)
Ho0(r) = HaO(x)
2. Kakue peaxiiuy Ha3BIBAOT nraorepmudeckumu? [lonbaysack TPUIIOKEHNEM
1V, ykamuTe SKa0TEPMMUECKME NPOLECChl
2CeHg(3) + 1502(r) = 12C04(r) + 6 HoO( )

20(rpadwr) + Hy(r) = CoHy(r)

1/,Ng(r) + 8/5Hy(r) = NHy(r)

1/p1o() + 1/2Ha(r) = HI(r)

3. Ilpu meirpamsanvu 0,5 Moitk KOH consiHoit KUCJIOTOM BBIAETHNIOCE
27.05 wllx Terwiorsl. Paccunraiite, CKONBKO Mojieil BOJl 0OpasoBasoch IMPHU
STOM, ¥ TEIUIOTY DPeaklui HeuTpamMsaliy. FamuiuTe TEPMOXMMUUECKOE ypaB—
pemue peakiu. Omeem: —55,9 & I .

4. Teriota WeATPaIU3allM{ CHIBLHOM KWCJIOTHL CAJIBHBIM OCHOBAHMEM IIpH
crannaprHbx yeosusx u 298 K pasxa — 55,3 iJlie/(moms Hp0). Burimcmute,

CKOJBKO TEMJIOTH] BBIASAUTCH TPW CMEeUIeHHN 100 M 0,5 M pacrsopa HCI ¢ |

100 w2 0.5 M pacrsopa NaOH. Omaem: 2,80 B LK.

O T bl T 1. ONPEAENEHHE TEINIOTHI HENTPATW3ALINHA
CUSTLHOW KUCIOTHI CUNTBHBIM OCHOBAHUEM

Il uaMepenns Tenyobix pderTon peariuil UCIoab3yIoT KalopH-
METpEl MM KaJOpUMETpHHEcKue yCTAHOBKH (puc. 18). B HapyxHBIH
cocyn (crakam ma 0,8 12) BCTABAETCA + RATIOPUMETPUYIECKIN  CTaKaH
wenpmeft pmectumocrn (0,5 n). Bo msbeskanne moTeph TEIUIOTH HEPE3
CTEHKM KAJTOPUMETPUYECKOTO CTaKaHa MemAy CcocyaaMid MOMEIaoT
NpOBGKOBbLIE TPOKIAILKH. KasopumeTpruecknii cTakal 3aKpeIBalOT ACpe-
BAHHOM KPBRIUIKOM ¢ OTBEpPCTHAMH JJIA TEpMOMETpa (mena peseHNs

0,1 K), memasnku u BopoHky. Meranky npucoeuHAIOT K 3IEKTPOMOTO— |

Py MM NPUBOAAT B ABHKEHVE BPYIHYIO.
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(¢ mounoerso o 0,1 r) nan yssasre ero Maccy y

Tennory, BBIAECAAIOUYIOCA WX NOMIOUIAIONYIOCA B KajlOpHMeTpe,
BBYHEAIOT O dhopmyne

g = Le(T, - TY),

pie Tp m T} — KoHeuHasi W HAYaJLHad TEMNEPATYPhl JKHIKOCTH B Kajo-
PUMETPMYECKOM CTAKaHe; L¢ — TEeIVIOEMKOCTh CUCTeMbl, paBHad cjmy +
b eoymg (Mg 1 My — MAcChl KAJIOPUMETPUYECKOTO CTAKAHA W KUKOCTH B
CTAKAHE; ¢| N €; — YILEITbHEE TeIUIOEMKOCTH CTEKIA i HKHAKOCTH).

CoryiacHO TeOpUH 3JIEKTPONMTHYECKON JuccouMalumn HeHTpaitn3a-
U CHIBHOM KUCAOTHI CUJIBHBIM OCHOBaHUEM B pa3GapjeHHOM pacTBOpe
orpegaer ypasnenuio H' + OH™ = H,0. Cranpaprias Tennora HefTpa-
JV3AMMN CUABHOM KMCJIOTH CHABHBIM OcHOBanWeM pasHa npu 208 K
55,9 wllk Ha onamu Monb obpasyomeiica Boawsl. TepMoxuMuvecroe
ypABHEHNE PEaKIi HeNTPATH3AIMA UMEEeT BUL

HY(x) + OH () = H;0(x),

AHYy, = —H5,9 &Ik /Moub

B onwsire ucnoawssyior 1 M pacrsoput KOH,
NaOH, HCl u HNOQOj;. [as #efirpaausanuy
Gepyr paBubie obbembl (120—180 ma) pacropos
KHCJIOTHE W THEJNO4H.

TosyuauTe y mpenojasaTelisi 3ajlanue U 3anmu-
[IMTE ero B aGOPATOPHEI HKypHAT .

BaseckTe cyxoil KaJlopuMeTpUYECKH cTaKaH

nabopaHTa.

Cobepute KaJOPUMETPUYECKYIO  YCTAHOBKY
(pmc. 18) m 4epes BOPOHKY £ Hane#Te B COCYA
aajapHblit o6sem 1 M pacrBopa INeTOdM; 3ani-
mmTe TemmepaTypy pactsopa menoun Ty ¢
rognoersio 1o 0,1 K.

Haneitte B MepHBIH IWIMHAP Takol e
obsem 1 M pacTBOpa KUCJIOTHI M H3MEpPbTE TeM-
neparypy pacrsopa Ty ¢ TOH ke TOYHOCTBHIO.

Puc. 18. Kanopumerpm—
YecKAs yCTaHoBKa:

| - memanka; 2 - Bo-
poHKa; § - Kanopumer—

HauaneHas TeMIeparypa CMecH  KHUCJIOTHL M puueckuit craxad; 4 -
menoun 1) — cpepnee apudmeruueckoe or Ty Hapyxuwi cocym, 5 -
R e KpBIUika; 6 - TepMOMETP

*
Mo ykasanuio lperofaBartesia [Ba CTY/[EHTa TONYHAoT OAHO 3ajaHue M
paboTaloT COBMECTHO.
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IIpn paborafouieit Memaike [ HUepes BOPOHKY 2 BricTpo BJEHTE
KMCAOTY B KATOPMMETDMYECKMil CTakaH M OTMEThTe CaMyio BLICOKYIO
remieparypy 17, KOTOpPYIO MOK&MKeT TEPMOMETP 6 mocite cIMBaHMSA
pacTBOPOB.

Jlaunble ONBITA CBEIUTE B TAGTHILY:

Macca ranopu-
METPUYECKOTO
craKaHa 1y, K&

CyMMapHBiit 06T
M KUNKOCTH B
crakane V, M T Tk e 5

Temnepatypa, K

Ilo monydeHHEM JaHHEIM Ol pejleTuTe:

1. Pasuuny remueparyp (To — Ti).

9. Maccy mmpkoer# (m;) B KaJOPUMETPUYECKOM CTAKaHEe (npu
pacyere CUmMTaTh IIOTHOCTH KUJAKOCTH PaBHOI OIUENIE).

3. TemnoeMKocTh cHCTeMbl [HMpy pacyeTe CUMTaTh yACIHHYIO TErIo-
emxocTh crekaa ¢ = 0,75-108]Lk/(kr-K), a yAeabHYIO TENJOeMKOCTE
pactBopa ¢; = 4,18:10% Jhxk/(xr- K)].

4 KonwmuecTo TenAoTh (¢), BEIEIUBLIEHCH IPYU PeAKLMM.

5. Yueao Moneid HeATPalHzOBAHHON KHMCJIOTHI (enmouy) WM YHCEQ
MOJIEIT TIONYYEHHON BOJB (HHZO)’ yUNTHIBasl 3aJaHHYIO MOJAPHYIO

KOHIEHTPANNIO 1 06BbeM pacTBopa.
6. Tensory neirpamusaun A Hy (klk/monb H,0).

CpapauTte MONYyICHHYIO TENJIOTY HelTpaJu3alun c TeOpeTnYecKol U

paccuuTaiTe abcoMOTHYIO 1 OTHOCHTEILHYIO omMbKRY ONEITA.

SanuinETe TEPMOXMMUNECKOE yDaBHeHHe IpPOBeeHHOH peaKIuH |

HeliTpaiu3aium. I
Q6bacuuTe yOBIIE DHTAJNBINM B Hponecce HeliTpann3anun CUABHON
KHMCJIOTH CHABHBEIM OCHOBAHHEM.

PABOTA 6 KMHETMKA XUMUYECKUX PEAKIIMA
(Vuebnuru: 1990, § V.1—V.3, V—8;2000, § 7.1-7.3)

Ileans pabors -U3yYEHNE CKOPOCTH
XMMHYECKOH peakiiuy ¥ ee 3aBUCHMOCTH OT
pasnuuHblX  GaKTOpOB: HPUPOALI  pearv-
PYIOUUX BEIecTB, KOHIEHTPAUWY, TeMIre-
paTypsl.

CKOpOCTBIO XMMHYECKON PeaKIiMy HA3bIBAIOT W3MEHEHUEe KOHIEHTPa-
MM PEarupyIoulero BeuecTsa B eAUHUILY BPeMEHU. CropocTh peaknuu
ONpeenserca TpUPOION pearupyromuX BemecTs u 3aBUCHT OT YCIOBHIA

pOTeKaHUA Mponecca (KOHNEHTPANMM PEarMpyloUlUxX BELIECTB, TeMIe-
paTypsl, HATMYMS KaTAIN3aTopa U JIP.).

3aBUCUMOCTE CKOPOCTH peakiuy¥ OT KOHLEHTpauuy BhlpakaeTcd
JAKOHOM JMIEHCTBYIOIIMX Macc: NpHM MNOCTOAHHOW TeMIepaType CKOpPOCTh
XMMUGECKON peakiuu [pAMO ' [IPONOPIUOHANIEHA [IPOU3BEJIEHHIO KOH-
[eHTpaIyii PearupyroUnX BEHIecTs, B3ATHIX B CTENEH X, PaBHEIX CTE-
xuoMerpudeckum Koadpdunuentam. Hanpumep, s peaxmuu

HQ(I‘) -+ Ig(‘l") — QHI(I‘)
3AKOH AEHCTBYIOMIMX Mace MOKET OBITH 3anucaH

=k
v CHZCIZ :

rjie v — CKOPOCTh XMMMUECKON Peakiuy; k — KOHCTAHTa CKOPOCTH; Cpp
2
M ¢, — KOHIeHTpauuH PeArupylominux BeiecTs.
2

Peaxmum B rereporenHoii cucreme [manpumep, C(x) + Ox(r) —
— 004(r)] ocymecTsasiorest Ha HOBEPXHOCTH pasiena Mexjy (hasamu.
[T03TOMY CKOPOCThH TETEPOreHHEIX PEAKIMil PN MOCTOSHHON TeMIepaTy-
pe 3aBMCAT HE TONBKO OT KOHIEHTPAIWW BEIIecTB, HO M OT MIOWAIN
nosepxHOCTH paspedna. Tak, Il peakuuu

C(x) + Oy(r) — COy(r)
BAKOH MEHCTBYIONMX MAce MMeeT BUJL

== chES,

re k — KOHCTAHTa CKOPOCTH; o, ~ KOHIEHTPAIAA KUCIopona; 5 —
2

IUIOIIAIE TIOBEPXHOCTH pasjena Mexay daszamu.
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3aBUCHMOCTS CKOPOCTH pEaKUMM OT TeMIepaTyphl BhHIPAKACTCH |
npasuiom Baur-T'odda:

T, - T

s 10
i i )

rie v — CROPOCTH peariun Ipu Ty, u Ty; v — TeMuepaTypHBIil

T, v 1
K0a(b(HUIMEHT, NOKA3LIBAIONIMA, BO CKOJIBKO pad YBOJIMUMBACTCHA CKO-
pOCTH PeaKIy NPy NOBLINEHNA TEMIEPaTypEl HA 10°.

OpuuM M3 METOJIOB  yCKOPeHMS XUMUYECKOll peaKiiuu ABIAeTcH
KATAIN3, KOTOPBI OCYIIECTBAAETCS NPH NOMOIIK BElecTs (KarTanu3a- |
TOpPOB), YBEJIWUMBAIOUMX CKOPOCTH PeaKiuu, HO HE PACXONYIOHMXCA B
pesyJibTaTe ee NpOTeKaHusl.

MexaHuaM JeHCTBMS KATANIM3ATOpa CBOJMTCA K YMEHLIISHMIO Be-
JAMUMHEB DHEPTUM AKTHBAIAM peakiun, T.e. K YMEHBIIEHNIO PasHOCTH

MeIKJly CpejlHeil SHepruedl AKTMBHLIX MOJIEXyJ (AKTHBHOIO KOMILTEKCA)

i cpejiHeil BHeprueil MOJICKYJ MCXOMHBIX pemects, CROpOCTL XUMIYeC—
KOl PeaKmuy Mpy 3TOM YBEIMINBACTCH.

Koumpoavisie sonpocs

1. Yto HA3BIBAIOT CKOPOCTLIO XMMMUHECKON peaxipn? OT Kakux (baKxToOpoB

oHa 3aBHCUT?

2. Kak ¥ noueMy MBMEHSCTCsi CKOPOCTh XMMWYECKOW peariiin Hpi naMeHe-
HWM TEeMTIepaTyphI?

3. Yro HasLIBAlOT BHEPIUEN arruBalmn’

4. Or gaxux axropoB 3aBUCUT CROPOCTH XUMIHECKo peakiuy B rerepo—
FEHHBIX CUCTEMAX?

5. Uro HasbiBaor Karamusaropom! Kawxoe miMsHME W noveMy OKa3bIBaeT
KATATTUBATOP HA CKOPOCTH XMMUHECKOH pearuun’?

6. Uro Haspsalor nopaakoM pearin? 3anuuiure KAHETHHECKOE ypaBHEHUE!

JUIA peaKIluy NepBoro NopsiKa.

7. Waobpasute rpadutecki 3aByCUMOCTD lge or T pns peakuMu TepBOTO

MOPALKA.

OTN BT 1. 3ABUCUMOCTb CKOPOCTH PEAKLUMU OT MPUPOJIBI
PEAIMPVIOIINX BEIECTB (HOJWMVIKPOMETOJI)

TojiroTossTe NPUGOP IS cOOGMpannsi rasa Hall pojlof (eM. puc. .12}.
B crexssnub KPUCTAIIU3ATOD HaJenTe BOAEL KOHWYECKYIO TIPOOHPKY
J0BEpXY 3AMOJNHUTe BOMOH. 3akpbiB OTBEpCTHE TMPOBUPKU MAJIBIEM,
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lepeBepHUTE €6 BBEPX NHOM M ONYCTUTE B KPHCTA/UIM3aTOp C BOLOM.
lloj, BOmOHE OCTOPOMHO OTKPOWTE NPOGUPKY. YKpenuTe B IITATHBE
MAKDPOKOJIGY ¥ NMUIeTKOH HaxeilTe B Hee Ha 3/4 o6vema 0,1 M pacrteop
yieycHoR kuciaorsl. IIpomoiiTe Bonol 2—3 MaleHbKUX KYCOYKA IUHKA,
WLTpHUTE MX (UIALTPOBANBHON 6Gymaroil M ONycTHTe B MMKpOKONOy c
iucnoroit. Konby saxkpoiTe mpo6koW ¢ OTBOAHON TPYOKOM, KOHEL
KOTOpO# OmycTMTe B BOAY, M TNOABeAMTe MNOJ NPOGHMpPKY. 3anumure
BPEMA 3AMONTHEHNA NPOOHPKH Ta30M.

Ilo OKOHYAHMM ONBITa BhINEHTE YKCYCHYIO KHCIOTY M3 MHUKDOKOJ-
Obl, IPOMOMTE IMHK W BHEICYIINTE €ro ¢unsTpOBANBHON 6yMaroiu.
[IpoeguTe aRamOrMuHLIA OmbiT, Hamue B kKonb6y 0,1 M pacrBop coia-
HOH KHCJIOTHL. 3alMIINTEe BpeMsi 3amOJHEeHHsA NPOOGMPKM rasoM B 3TOM
caydae.

Hanumure ypaBHeHMs peakuuit B3auMMOJAEHCTBUA NMHKA C YKCYCHOH
W conampol Kucnoramu. YeMm OOBLACHUTL PA3MYIHYI0 CKOPOCTEH BbIJIEJIe-
}MS BOZOPOJA B MEpBOM W BO BTOPOM cJIydasx?

Ol bl T 2. BABUCUMOCTL CKOPOCTH PEAKIIMN OT
KOHIIEHTPALIMHA PEATHPYIOIIMX BEIECTB

33BHCHMOCTE CKOPOCTH peakiMy OT KOHIEHTPAUMHN pearupyromux
BEIEeCTB W3YYaloT HAa NpUMepe B3aWMOeHMCTBUR THOCYNbdara HATPUA C
CEPHON KHCJIOTOM:

NayS,03 + H,504 = NaSO4 + SO + H,O 4+ S

[puasakoM peakinuu fABJIAETCSH MOMYTHEHNE PpacTBOpa BCJICJCTBUE
BEIIEJIEHAA Cephl.

SamosauTe TpH Gioperxu: nepsyio — 1 H. pacrsopoM H;S04, Bropyio
— 0,05 u. pacrsopom Na,S,03, Tpersio — opoi. [Ipuseanre GiopeTku B
pabouee MOJOMEHHE.

Haneitre B Tpu npobupku u3 Goperry no 5 mn HySO,.

B Tpu koHMYecKHe KONGH U3 GIOPETOK HaJleiiTe: B NEPBYIO — 5 Mn
pacreopa NagS;03 m 10 ma Bomsi; Bo Bropyio — 10 ma pacrsopa
NayS;03 m 5 mu Boger; B TpeThio — 15 Mi pacTBOpa Na,S;03.

3aMeTnB BpeMA, B TepBYI0 KOGy NpUAeATe U3 MPOGHPKA D M
OTMEpPeHHOrO PACTBOPA CEPHOM KHMCJIOTHl M BBICTPO nepeMeiaiTe nomay-
yennyio cMech. OTMeThTe Bpemsa Hadalla IOMYTHEHHA PacTBOpa.

Ilpopenaiite TO e camoe ¢ ABYMA OCTaBIIMMMCH kounbGamu. Pesynip-
TaTHl ONBITA BHECUTe B TabaMIy:
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Howmep O6meM, M1 06- Oro- | Tem-| Bpems| OtHocutens-
KOJMOBI it | cure- | mepa- Hava- | Has CKOPOCTH
H,804 11%.;;3203 Hy0 | ofmemjibHas | Typa | jia mo-| peaKlmy
MIT KOH- | OIIbI- [MyTHE-
! yent- | ra, | HMA, [vreop| Ynpaxt
1 pausal °C | ¢
1 5 « 5 10 20 1 1 1
2 5 ] 10 5 20042 2
3 5 15 HE 20 3 3
|

PaccuuTaliTe Uppaxr AJS BTOPOrO M TPETLEro cIy4aeB, YUUTHIBaA,
T0 CKOPOCTH PeaKIlM{ ¥ BPeMs IPOTEKaRus peakumM [0 Hadana IO~
MyTHEHMs pacTBopa 06paTHO TIPONOPIMOH ATHHEL. CaenoBaTeNBHO,

b L

S

re v — CKOpOCTh Peakiuy B NMEpBOM CJIyHae (v, = 1); vp — cropoCTH

peaKkuuu BO ‘BTOPOM (TperseM) ciydae; T) — BpeMA NPOTEKAHMS peaK~ |

J@¥ KO HaYaa TIOMYTHEHUS PACTBOPA B NEPBOM CIYHAE, C; Ty — BpPEMSs
NpOTeKAaHWA PeaKiuy [0 Hadala MOMyTHEHUA pacTBOpa BO BTOPOM
(Tpernem) ciyuae, C.

Ha wunimMeTpoBo#t Gymare mnocTpoiTe KPHUBYIO 3aBMCHUMOCTH  Vreop
or wornenTpanun NaS;0s (B OTHOCHTE/BHEIX enuuunax). Macmra6: 2
oM HA GAWHMILY M3MEHEHNd KOHIEHTPAUMH M CKOpOCTH. Ha arom *e
rpaduKe OTMETHTE TOUKAMM SHAUEHMS Unpaxr) [ONy4YeHHbe NpU BBIYMC-

JIGHUAX.
HanumuTe ypapHeHUS DEaKIMM M CJenaiTe BHIBOA O BABUCUMOCTH
CKOPOCTH Peaxiyy OT KOHUEeHTpamuu Na,S;0, npH JaHHBIX YCIOBUAX.

OT BT 3 3ABUCUMOCTH CKOPOCTH PEAKIIMW OT
TEMIIEPATYPBI :

3aBUCHMOCTb CKODOCTH PEAKIMM OT TEeMIepATYPHI M3yHaioT Ha IpPH-
Mepe peaxiui

Na,$,03 + H,S04 = NagSO4 + SO; + H;0 + S
Tlo npasuny Baunr-Todbda (npu v = 1,8)'

L AT
oo 7’ s
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[107IyIaeM, YTO TPU NOBLIUEHMH TemmeparTypkl Ha 10° ckopocTh peax-
nuu ypesmuurest B 1,8 pasa, wa 20° — B 3,24 pasa, ma 30° — B 5,832
pa3a u T.J.

Ipusepure Gioperku c pacrsopamu H;S504, NajS;05 M BOHOH B
pabouee mosoxeHne. B mpe mpobupkm u3 GlOpeTKM HpUIIeiTe MO b mn
H,504.

B jBe kKoHUMYecKHe Koi6bl M3 GIOPETOK NMpHJENTE M0 5 MJ pacTBOpa
NasS;05 1 mo 10 Mir BogsL.

Onny xon6y U NpobUpKy NOMECTHTE B TEPMOCTAT C TeMIepaTypoit Ha
10° peIme KoMHaTHON. Yepes H—7 MHH, KOrjla PACTBOPLI HATPEIOTCH N0
HY}KHOUM TeMImepaTyphl, cMeIlaiTe MX W ONpe/elnTe BpeMs NMOMYTHeHH:
pacTBOpa, KaK B oumiTe 2,

JIpyryo kon6y ¥ Npo6UpKY MOMECTUTe B TEPMOCTAT C TeMIepaTypon
na 20° peime xomuarHoit, Yepes H—7 MuH cMmemraiTe pacTBOPH U ONpe-
JIEIATE BpeMsl Havyala NOMYTHEHWUS,

PesynbTaTel  ONBITA  3anuIONTe B Tabmuny (aKcIepUMeHTAN b~

Hible MAHHBIE JJI5 KOMHATHON TeMIepaTyphl BO3LMHUTE M3 ONBITa 2,
konba 1):

Homep O6nbeM, M O61u»1.ﬂf’1‘eu— Bpemsi|OTHocuTenbHAS CKO-
KOMBBI obbeM jlepad Hava- |pocThb peakiuu
H,S04| NaySy04| H20 M |Typa |7a To-
OIBI~| MyTHE-| %reop | Unpast
ra, |HuA
°C |pacrBo;
pa, ¢
1 | 5 5 10 > i R T 1 1
2 5 5 10 2 |[(4C 1,8
3 ar 5 10 0 1O 3,24

PaccuuraiiTe Unppagr /A BTOPOTO M TPETHETO Cly4aes (Meronura
pacuera jiaHa BBIIIE). :

Ha munnuMmerpopoii Gymare TOCTPOHTE KPUBYIO BaBUCUMOCTH Uregp
or Temuepatypsi. Ha sTom ke rpaduke oTMerbre 3HAYCHUS Unpakr:

PaccuurafiTe 3paueHue TemneparypHoro Koagdunuenta Ynpaxr,
MCXOAA U3 ONBITHRIX JAHHBIX.

Cphenajite BLIBOA O B8BMCHMOCTH CKODOCTH peaklMy OT TeMiepa-
TYPBL:
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OT BT 4 BIUSHUE NOBEPXHOCTU PA3JIEJIA PEACMPYIOIINUX
BEIIECTB HA CKOPOCTL PEAKIVIN B I'ETEPOTEHHON CUCTEME
(IIOITYMUKPOMETO1)

a) Baawmodeicmaoue KapOOHAME KEAVYUL € COAINOU KucA0mMOt.
[IpuroTobTe ABa HEOONBLIIMX NpUBINUTENLHO OJIMHAKOBBIX KYCOUKa
mena. Omun W3 HUX PA3OTPUTe NECTUKOM Ha JMCTe 6yMary 'm [epechnb-
Te B KOHMHECKYIO TPOBHPKY, BTOPOi MOMECTUTE B IAPYTyI0 npobupry. B
obe MpoOGUpKU OJ\HOBPEMEHHO nobagpre no 15—20 Kaneab KOHUEHTPH-
'poaannoﬁ CONMARON KUCJIOTEL.

Hanuumre ypasHenue peakiun. Ormersre HabiropaeMble ABJIEHUS 1
06LACHNATE UX.

6) Bsaumodeitcmoue HUMPAmMa COUNRYE C wodudon xaaus. Hecxonskro
kpucraios noguga kanms Kl u surpara cBHHIA Pb(NO;), momecTute

pABIENLHO B [iBe CyXWe YHMCTHIe CTYIKY U THIATENLHO PasoTpUTe [ecTH— |

xom. TIpuroTOBRTE JIBE CYXHEe KOHMHYECKMe npobupkn. B onHy u3 HUX
[OJIOMUTE MO HECKONBKY KpHCTAIIOR Pb(NO3), u KI, B apyryio Ha-
ChIbTE OPUGIN3UTENBLHO TAKOe XKe KOJINUecTEO cojieil, PacTepThiX B
NOpOMIOK. JJIA mepeMeIuBanisl pearnpyomux peniects o6e HpOGHPKN
HECKOTBPKO a3 HepruuHO BCTPAXHUTE, 3AKPHIB OTBEPCTHE HATbIEM.
Ilocrapbre NpOGMPKM B MITATHB M pabirofaiiTe obpasoBaHne HOIUIA
CBUHILA,

OrMerbre BANSHWE NOBEPXHOCTH CONPHUKOCHOBEHNSA pearupyonmx
BEleCTB HA CKOPOCTH XMMWYECKOH peariun. Banuuiure ypaBHeHHE
peakiun 06MEeHa MKy MOAMAOM KAJHUi 1 HWTPATOM CBMHIA.

OT bl T 5 'OMOIEHHBIA KATAJIN3

a) Kameaumuueckoe Ycropenue PEAKYUL  PAIAOKEHUS nepexcuda
sodopoda. Haneitre B mpobupky 10 M 3%-noro (mo Macce) pacTBOpa
nepokcuaa Bojopofa. Omycrure B NPOGMPKY TACIONYIO JyYuHy, He
kacasich pactsopa. O6bsicHuTe, HOUEMY JIyHUHA HE BCHBIXUBAET?

B xounueckyio kon6y mameirre 10 i 0,01 M pacreopa mosubaTa |

parpusi NapMoO4 1 3aTeM, TIOCTENEHHO, 13 npobupky npuieite 10 M
NIEpOKCcHLA BOIOPOJIA.

Ha6monaiire W3MeHeHMe OKpacKH pacrBopa | MOMEHT Hawvajia Bbl-
flefieHnsl MY3EIPHKOB KHCTOPOAA. Jlns aaBepIUCHMA peaxnuu cMech
cierka marpeiite. YGepuTech B HaJMiAN KNCJIOPO/Aa B Kosbe npu [oMo-
Iy TAeoen JHyUuHb.

O6bsicauTe HAGMIOEeHNA, MPUHAB BO BHUMAHNE CclEeAyloiue peak-

KM MEXKAY MOIMOIAaTOM HATpUA 1 NEePOKCUIOM BOJIOPO/A:
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4H50, + NasMoOy4 — Na,MoOg + 4H,0
NagMOOg S N32M004 3 202
B KOHEYHOM cueTe .
2H202 =7 21:[20 + 02

Kakyio ponb urpaer MOJIMGIAT HATPUAT

6) Kamaaumuuecxoe ycxopenue peaxyuu oxucrenus. Oxucienue
coepuuenuit mapranna(ll) oo Mapraﬂua(VII) B pacTBOpe jerko HaGio-
jath, Tak Kak woH Mn?* npakrmyecku GeclBETHBIA, a NOH MnO; OKpa-

eH B (PHOJIeTOBO-KPACHBLI LIBET.

Brecure B nme npobupkn mo 3—4 kammm cyiabdara MnSO, win
nurpara Mn(NOs), mapranna (so me MnCl;, mak kak MoHB XJ0pa
MENIAIOT TPOBEICHUIO PEAKIMN) ¥ NOAKHCINTe TaKUM ke obbemom 2 H.
pacTBOpa azoTHO# KucaoTel. B oxmy m3 npobupok no6asere OQHY Kan-
a0 pactsopa mutpara cepebpa AgNOj u B 0be mpobupku N0 OJHOMY
MUKpoumTaresnio nepoxcopucyabdara ammonus (NH,)p5:04.

Ilomecture o6e TpobupKM B BOAsAHYIO Gario. B Kakoit mpotupke
OLicTpee uaMermsiach okpackal Peaxnus nporexana IO ypaBHEHUIO

IMnSO4 + 5(NH4)25,05 + 8H,0 — 2HMnOy +
+ 5(NH,),804 + TH,S0,

A30THAs KMCI0Ta B PeaKiUM HE PAcXOj0Bajach, a A06aBAsNach A
CO3JAHMA OMPE/eNeHHOH KUCAOTHOCTH CPEMibl B Hauale peaKmuu. B
HAYeCTBEe TPOMEKYTOYHBIX OLICTPO TPOTEKAICIIMX MIPOLECCOB MPOMCXO-
10 BOCCTAHOBJIEHWE MOHa cepebpa maprauieM(Il) n obparnoe oxucse-
ine cepebpa mnepokcogucyibgarom ammonua. Kakoil uom sBiserca
KATATM3ATOPOM B JAHHOM npouecce?

O bI'T 6 PETEPOTEHHBIN KATAIU3 (MOJTYMUKPOMETO]I)

a) Kamaaumuxecxoe dedcmoue duoxcuda COunye Wa pasioxenue
nepoxcuda sodopoda.

Haneiire B npobupky 5—8 kanens 30%-uoro (mo macce) pacTBopa
nepokcuga sopopopa. C [HOMOIBIO TIEOMEH JIy4WHbl yOeAuTeck B
OTCYTCTBMM KMcaoposa. BuecnTe B pacTBOp Ha KOHYMKE MUKPOIINATENSA
nmokeun csunana PbQ; u mabmiomaiite Bhigesnenne rasa. Hanmmmure
ypaBHeHUE pasiioKeHus nepoxcua Bopopopa. (/lmokempn cBuHIA MOIMK-
1O BAMEHUTH AMoKcuaoM Mapraxga MnOs).

6) Kamaaumuuecxoe deucmoue 600st (omsT NTPOBOAAT
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T s 1o fi!). Cmemaiite B dapdoposoit gameuke JABa MUKpO-
[paTess MOPOIIKA AJIOMUHMI ¥ OXUH MUKpOIITaTelb KpucTain-
qecKOro moja. IlpoTexaeT Jim peakimuA MesLy amoMuEMeM 1 uomoM?
Ha nony4eRHyio cMech KalHUTe KAaIo pobl. Habmomaiite OYpHYIO
peakuyuio 06pasoBaHusA TPUMOANAA AMIOMUHASA, CONPOBOMIAIONIYIOCH
GOMbIINM BbI@JeHneM TemsoTel, 3a CUeT KOTOPO# TPOMCXOJUT BO3-
rOHKA HENpOpEearupoBapllero uoia, — [HOABJIAIOTCS TApHl (hroneToBoro
1BeTa.

nopng

O BT 7 ONPEJNE/NEHUE MOPSAJKA N KOHCTAHTHI
CKOPOCTU PEAKIIHM

Jlna onpeaesienus NOpAAKa U KOHCTAHTH CKOPOCTH PeaKiuy mpej-
JlaraeTcH peaknus KaraluTu4ecKoro pA3JIoKeHNA TepoKen/a BOIOPOAa.
[lepoxcuj, BOAOPOAa B BOAHBIX PACTBOPAX CaMONPOU3BONBHO pasaraeT-
¢f MO YPaBHEHHUIO

9H,0, — 2H,0 + 0,

B mpucyTCTBUM KATAIH3aTOpa (nonoB MeIH Cu?*) cKOpOCTb peak— |

il 3HAYUTEABHO yaenuquaae'rcn, YyTO HaeT BOBMOIKHOCTB onpeaenaTbh

KOHIEHTPAIMK BEIIECTB BO BPEMEHMU.

[lockoNBKY OJMH U3 HPOAYKTOB peariin pasnoxenns H,Op — raz,
UBYAI0T KMHETHKY OTOW peaKiuy, NaMepsi He rounenrpanmio Hy;Oy BO
ppeMen, a 06BeM BHIeNUBIIerocs kueaopopa. VI3 ypasHeHMs PeaKiii
creiyer, 91O HaualbHad KOHICHTPALWA H,05(cy) mponopuuoHaibHa
o6beMy KUcaopoia V,, KOTOpbIM BhlAEmATCs HPU [ONHOM Pa3I0KeHNN

H,0;, a KOHUEHTpaIui H,0; K MOMEHTY BpeMeHu 7(c,) MponoOpUMO-
wansHa V, — V,, roe V, — obnem KMCI0pOza, BHIJIQIMBIIErOCA K 2TOMY

BpEMEeHH.
Pagnoxenne mepoKcujia BOAOpoAa IPOUCXOMT 1O CIOKHOMY Mexa~
guaMy. B npucyTeTBUM HOHOB smenm Cu?* sra pearmud MO YAHACTCA

KUHETHIECKOMY YPABHEHMIO [EpBOro MOpiIKa
Ine, = —k7 + Incg,
13 KOTOPOTO MMEEM
In(V,-V,)=-kr+1In Vi

ViazanHad 3aBUCHMOCTD [IJIA peaknuit NMepBOro TOpsAIKA AOJIKHA
6piTh anneinHoi. V3 rpaduka Onpenestior KOHCTAHTY CKOPOCTH.

56

oncranTa cropocT MOMEr OBIThH HalijieHa TaKie aHATMTUYECHU U3
YpaBHEeHHHA
2,303
k== lg _V?_n._.
T V -V

b T

IocrosineTro & NpU pasinUyYHBIX 7 TaKie CBUJIETENLCTBYET O TOM
bl
YTO M3yHAEMAs peaKluU# NMPOTEKAaeT KAaK Peakilis NepBoro nopsjika.

O6bem KHCIOPOMA, BEAENSAIONIMIACA B NpOLEcce peakluy, onpeae-
JAIOT PasOMeTPHYECKHWM MEeTOJI0M Ha YCTaHOBKE,
puc. 19,

Peaknuonusiit cocyx I, HANOTHEHHBI pPacTBOPOM KaTajlW3aTopa
IOMEIAIOT B TEpMOCTAT 2, KOTOPHI 3apaHee HAcTPauBaloT Ha HymHyR;
TeMIepaTypy.

Tocste TepMocTaTUpOBAHNS B cocys, I BIWBAIOT ONPE/ENeHHbIH 065
eM TIepPOKCHa BOJIOPO/a M3BECTHOH KOHUEHTPAUK, pacTBOp THIATENLHO
TepeMEIMBAIOT M COCYJ 3aKPHIBAIOT TpPH OTKPHITOM Ha aTtMocdepy
KpaHe J.

C noMOUIBpIC YPaBHHTENIBHOTO cOcyjla J YCTaHABJIWMBAIOT KHUIKOCTh
B BIOpETKE HAa HYJIEBYIO OTMETKY, NEPEeKIIOUYeHneM KpaHa § CcOeju-
pAroT cocys | u GIOpeTKy 4 M BKIIOYAIOT CEKYHIOMEPp. Kampoe cme-
ayloniee uaMepenue obbeMa B MOMEHT 7 NPOU3BOJUTCA NPU ONMHAKO-
BRIX YPOBHSX JKMJIKOCTH B 610peTKe M ypaBHUTENBHOM cocyje. B nauane
peaKIM, KOJa CKOPOCTh NpoUecca BelNKa, H3MEepeHusl MPOBOJAT

:epes 2 MUH, 3aTeM WHTEpBAJbl BPEMEHM MOTYT ObITh yBEJIHMYEHBl /O
H MHH.

M306pakeHHol Ha

Puc. 19. Cxema yCTAHOBKM 7151 M3YHEHWA CKOPOCTH
PABTIOKEHNH PAZOMETPUHECKUM METOMIOM!

1 - peakuMoHHBIR cocyd; 2 - TepMocTaT; § - ypaBHU-
TenbHBIA CcOCYm; 4 - Gloperka sl uamepennsi obbema
rasa; 5 - TPeXXOmoBOW KpaH




() npekpanieEuy pearuun npH Jcc/eyeMoii TeMIeparype MOKHO
CYJIUTH 110 NPaKTHYECKN HEN3MEHHOMY YPOBHIO B OIOPETHE 4. (Yposun B
GIOpeTKe M yPABHUTENLHOM COCYAe JLO/KERL OBITE onMHAKOBEL!)

O6nem kucnopona V., KOTOPBIT BEI/ENACTCS HPH OITHOM PAa3yione-

puu H,0p, Moker GbiTh HalileHn U3 YpaBHEHM peariy 10 BaKOHY
SKBYBATCHTOB, [OCKOJIBKY M3BECTHO KOJIMYECTHO NepoKeu/a BOAOPOAA B §

pEeaKIMOHHOM COCY/IE.
PeaynpraThl ONLITA 3anuuiuTe B TabauIy:

Homep | Bpems or | Yposesb O6mem 09| V., — V| 1g(V, — V) k
yaMepe- | Havama | HKMAKOCTH MIT
HUs peaxiuy, o B Gloperke,

M

[To nonydeHHBIM J{aHHBEM nocrpoitre rpadur B KOOP/LMHATAX

lg(V.,~V,)—1. W3 rpadura OIpeaeInTe KOHCTAHTY CKOPOCTH W CpaB—

{ATe ee ¢ PACCUMTAHHON MO yPaBHOHMIO.

PABOTA T XUMMUYECKOE PABHOBECHE

(Vuetnunu: 1990, § IV.5; 2000, § 5.5)

[Lens paboTh - U3YHICHUE B HAA
pagaraHBX (PAKTOPOB HA XUMIHECKOE pas-
HOBeCHe i PACUET KOHCTAaHTEl PAaBHOBECHHA.

[ousiTne <XMMAHECKOe PaBHOBECHED TNPUMEHUMO TOJBKO K obpaTi
VbIM peakmusM. XUMHIECKUM PaBHOBEC

pearupyiomieii cucTemsl, HpH KOTOPOM CKOPOCTH IpAMON  pearIiu

paBHa CROPOCTH o6paTHON Ppeariyn
KUHETHUECKIM YCIOBAEM XUMMHECKOro PABHOBECUH .

XuMngeckoe paBHO
sgeprum ['mb6ea cHCTEMEL Gr. PapencTBo AGp = 0 apnsierca TepMOJH

HAaMUUYECKUM yCIIOBHEM XUMUUECKOI0 paBHOBeCHH.
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peM HasbiBaloT TAKOE COCTOSAHUE

- -* = )
w. Papenctso v = U ABIAETCH

Becye XapaKTepusyercsi MOCTOSHCTBOM BN HB]

anqecuuoe paBHOBECUE XapaKTepusyercs IOCTOSHHEIM [ [aH-
HBIX YCJIOBANA COOTHOLICHWEM PAaBHOBECHBIX KOHIEHTPalUil Beex Be-
IIECTB, YYACTBYIOIIMX BO B3aMMOIEHCTBHY.

Bennuuna, papHas OTHOIIEHWIO TPOM3BEICHWS PABHOBECHBIX KOH-
EHTPAMI MPOAYKTOB peaknud K HPOU3BEJEHUIO PaBHOBECHLIX KOH-
HEHTpanyil MCXOAHBIX BEUIECTE B CTENEHUAX MX CTEXHOMETPUMYECKHX
103 pUIMENTOB, HasuBaeTcsl KOHCTAaHTON paBHOBecus. [lna obpaTumoit
peaKIy

Hy(r) + Iy(r) = 2HI(r)

KOHCTAHTa PABHOBECHA NMeeT BII

k= AHI"
[H, ][, ]

KoncranTa paBHOBeCHS 3aBUCHT OT IPUPOJLI PEareHToB, TemIe-
paTypsl W HE B3aBHCHT OT MCXOAHOI KOHIEHTPAUMM BEHICCTB B CHC-
TEME.

KoucranTa papHOBecHs cBf3aHa cO CTAHAAPTHON sHeprueir ['mbb6ea

e o
panoi peaknud (A Gy) CaEAYIONUM COOTHOMEHNEM:

AGS=-RTInk.*

riie R — ynusepcansias rasopas nocrosuuas (8,31 Hx/(moms-K)]; T —
abconorHas Temmeparypa, K; K, — KOHCTalTa paBHOBECHS . ,

XuMuueckoe paBHOBECHE OCTAETCS HEM3MEHHBIM /IO TeX 110p, HOoKa
IOCTOSTHHB! IIAPAMETPHI, [IPU KOTOPHIX OHO ycTaHOBMJOCH. [Ipn u3mene-
HUM yeJA0BMi papHOBEecHE HapymiaeTcs. Jepes HEKOTOpOe BpeMs B CHC-
TeMe BHOBBH HACTYIIAeT PABHOBECHE, XapaKTepU3YIolleecs HOBBIM pPaBeH-
¢TBOM CKOPOCTEH W HOBHIMW PABHOBECHBIMHM KOHIEHTPAIWAMU BCEX BE-
[IIECTB.

PaBHoBecHMe cMmemiaercsi B TY WM MHYIO CTOPOHY HOTOMY, HTO M3-
MOHEHMEe YCAOBH MO-PA3HOMY BIMACT HA CKOPOCTH NPAMOl M 06paTHON
peakimii. PapnoBecue cmermaerci B CTOPOHY TOW peakmiy, CKOPOCTH
KOTOpOJ TIPM HApYLIEHUU pPaBHOBECHs CTaHOBUTCA BOnbINe. ’Hanpnmep
CC/IM TP M3MEHCHUM BHEIIHWUX YCJIOBME PABHOBECME HAPYIIAeTCH Tau:

s
[IpaBUILHO MUCATE AGT = —RT InKp, oanako B KOHAHCHPOBAHHEIX

cyucTeMax Kp & K.
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YTO CKOPOCTh TMPAMOi peaxiun eTapoBUTCA GONBINE CKOPOCTH oBpaTHOH

peaxiun (; > 7), To paBHOBeCHe CMeI[aeTcs BIpaBso.

B ofieM ciydae HanpasjieHne cMEeIIeHNs paBHOBECUA onpejelsercd |
OPUHIAIOM Jle IllaTenbe: eciu Ha CHCTEMY, HAXOSAMLYIOCH B PaBHOBE- &
cuy, OKa3bBaTh BHEIIHEeE BO3EHCTBIE, TO PABHOBECHE cMeniaeTcsa B TOM
HalpaBiIeHun, KOTOpoe ociabnser s¢dexT BHELTHErO BO3JIeiCTBHA .

KoHTpoJTbibie BOTPOCH 1 333tk

1. Kakoe cocrosHue obpaTMon peaximy HasbBaior XUMWYECKMM DaBHOBE~

cuem?
2. Hanuuure ypapHeHWe KOHCTAHTHI paBHOBECUS

X 0BPATUMBIX MPOLECCOB:
a) 2NO,(r) = 2NO(r) + Oy(r)
6) 3Ha(r) + Na(r) &= 2NHy(r)
8) Hy(r) + CuO(x) == H,0(r) + Cu(x)

IS KAMA0TO ua3 crenyio— |

Kak cMecTUTCA paBHOBecHe B KamIOM M3 YKASAHHBIX CIyYaeB Mpn yReIIMHeHUN

napneHus’? )
3. B kakoM HAMpapileHuy CMECTUTCH paBHOBECUEe TIPH TIOBLILIEHNI TeMIepa

Typbl B CHEAYIOUIMX OGpaTUMBIX peakiusix (1eraoBon adpbert pearlUMn pac-
cquTaliTe 10 JAHHBIM TPUIOKEHUS IV):
a) 2804(r) + Oqr) = 2504(r)
6) Hy(r) + Bra(r) = 2HBr(r)
8) Ny(r) + Oa(r) == 2NO(r)
A. BhrquenuTe KOHCTAHTY PaBHOBECH DEAKIH, MCTIONBIYS MaHHBIC TIPUIIo—

aenusa 1V:

SO4(r) + H,0(x) = HQSO.;(?K) \ |

Omeem: 3,14+ 1014
5. Paccumtaiite KOHCTAHTY PaBHOBECHS peaKiuu
CpsHggO7 + HCl = Cz5H270501 + HpO

0-2M pactsopa CosHogO7r 1 15 Mn
sGapuin Bojloit 10 B0 M. PapHO—
pasion  2,03+1073 MOITB/ 1.

ecn JUIA ee IPOBEeJeHNST cneramn 12 Mo 1
10-2M pactsopa HCL Tlomyuestyro cMeck pa
BecHasl KOHLEHTDalUA (psHp704Cl  orasanach
Omaoem: 3,14+ 10%.
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QI Bl T 1. ONPEJIENEHUE KOHCTAHTEI PABHOBECHS
T'OMOTIEHHON PEAKIIMM

B faHHOM ONBITE ONPeAeNAl0T KOHCTAHTY DABHOBECHS TOMOTEHHOM
PeAKIME MENAY TreKCaMeTOKCUTPMGeHNIKapOuHONIOM CysHys07 1 co-
JIAHOM KUCJIOTOM ¢ 06pA30BAHUEM CJIOKHOTC 3(PWpa U BOMbL:

CosHps07 + HCl = CasHy706Cl1 + H,0
6eclBeTHBIN MAJIMHOBEIA

KoncTanTa paBHOBECHS 3TOM peakuyuu paBHa

k=34
58]
rge ¢ — PpaBHOBecHas KOHIEHTDAaLA CysHy507; ¢, — paBHOBecHas
roruenrpamusa HCl; ¢; — paBHOBecHAA KOHLIEHTPAIMA CysH4706Cl; ¢4 —
paBHOBECHAA KOHIEHTPAIUS H,0.

CleioBaTebHO, [UIsl pacdera KOHCTAHTH PaBHOBECHSA HEOBXO MO
OlIPe/IeNNTL PABHOBECHBIE KOHIEHTPAIMN BCEX BENIECTB, yIacTBYIOMMX B
peaKIym. .

MHTeHcHBHOCTE OKpacKkM monydatomerocs 3dupa Gyner 3aBuceTh OT
KOHIIEHTPAIMA 3TOTO BEIECTBA, YTO JaeT BO3MOXHOCTh NPUMEHUTE /IS
W3YdeHUA PABHOBECHA KOJOPMMETPMYECKNN METOJ ¢ MCHOIL30BAHHUEM
(HOTOB/IEKTPOKOIOPUMETPA.

Jlis onpejesieHnsi paBHOBECHOU KOHIEHTpPaIuy CsH4706Cl mamepsa-
0T ONTUYECKYIO IUIOTHOCTH IIOJYYEHHOTO pacTBOpa M 1o Kanu6poBoY-
HOH KpHMBOM HAXOJAT KOHUSHTPAIMIO STOTO BEIIecTBa. PasrOBecHEE
xoruenTpamun CysHpgO7 m HCl paccuuTHBAIOT NO PasHOCTH MEXKALY
MCXOMHBIMMA KOHIEHTPANUAMU 3THX BEIIECTB M PaBHOBECHOH KOHIEHTPa-
umeit CgsHy706Cl. PaBHOBECHYIO KOHUEHTPAIMIO BOALL MOMHO NPUHATE
PABHOW KOHUEHTPAIMM YMCTOH BOMBI, 8 WMEHHO 55,56 mons/n. dTo
JIONYCTHMO, TOCKOMBKY TpUMEHseMble B paboTe pacTBOPHl AOCTATOYHO
pa3baBJIeHEl. ;

[lo yka3aHUIO NPENoJaBaTe/is B MEPHYIO KOJIOY BMECTUMOCTHIO 50 ma
oTMepbTe u3 Groperok sajanmbie o6semsl 107M pacrsopa CysHpO7 1
10-2M pactsopa HCl. [lomeiite kon6y A0 MeTKHM BOAOH M TINATENBHO
rnepeMelnanTe pacTBop.

Haseiire B (OTOKOIOPUMETPUYECKYIO KIOBETY Ha 3/4 ee BBICOTHI NpH-
FOTOBJIGHHEINl PACTBOP, NPOTPHUTE TOPLEBbIE CTEHKM KIOBETHI PunsTpo-
pasIbHOM Bymaroil u onpejieNnTe ONTHYECKYIO IIOTHOCTh pacTBOPa. '

Ilo kanu6poBOUHON KPUBON HAal/IUTe PABHOBECHYIO KOHUEHTPAIIHIO
0251{270601.

PesynpTaThl H3MEpeHHMit cBeuTe B TAbIMLY:
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PapHoBecHas
acTBOpa, M OrnrryecKas
g i IUTIOTHOCTD KOHIlEHTPalMs
ClgsHaeO HC! T(PUTOTOBJIEHHOTO CigsHa7OC,
i pacTBOpa MONB/7

TaiTe!
[To ToIyYeHHBIM Pe3yabTaTaM paccyu y
) I/choy;:l.lame MOJIAPHEIE KOHUEHTPaUNK CpsHozg07 M HC] B anann

aupyeMOM PacTBOPe.
P%’. PapHOBECHBIE MOJIAPHBIE KOHIEHTPAIHH CosHps07 ¥ HCL

2 KoucTanTy paBHOBECHHA K.
4. CTanapTHYIO JHEpruio Tu66ca pearkuuy A»G’“.

TPALIUYA BEIECTB
ONHT 2 BIIMAHUE KOHIEH
HA XMMUYECKOE PABHOBECHE (HOJIYMHKPOMETOH,)

AKIA elicTBUA

B aHHOM ONBITE H3yHaioT 06paTHMYIO Pe 10 naanzﬁ,;r e

TpUXJIOPUAA Kenead ¢ TUONMAHATOM AMMOHMA. ‘I‘pn-mom];l aggoriciiil

aa Fe(NCS)s npuaaer pacTBOpY KpacHyio o;[i‘::::;;eﬂ““ b

ACKM MOXKHO CYAMTH O

HMIO UHTEHCHBHOCTA OXP Faakiion
panuu Fe(NCS)s, 1€ © cMEleHuK papHoBecHA B TY WA MEY
poHY- e

mo 5—10 xanenb paabanIeHHbIX.

4 THOUMAHATE AMMOHUA

poK paamelaiTe pacTBOPHL.

B uerwipe MUKpPOIPOGUPKI BHECUTE :
PACTBOPOB TPUXJIOPUAA  HKese3n FeC 6_@,“
NH,NCS. Jlerxum BeTpAXUBAHUMEM TPO
[locrapbTe Bce NPOOKHPKH B ITATHB.

B opmy U3 npo6upoK MUKpPOIIATEIeM

. S

JCTAJUIOB TPUXJIOPUAS Xeresa, B APy i
:ge'rbm — XJIOpMfia BMMOHMA, yersepTyio NPOGUPKY ocTaBbTe L
cpaBHEHUA.

PacTpopsl pasMell
HOl TAJIOUKOM.

Tlpu ocdopmennit

KaK : Te ypaBHEHWE

acKn B foM Cirydae, BalMili "
;‘};%13 w NH,NCS u prpaxennue KOHCTAHTH PaBHOBECHHA [aHHOM De

nobaBbTe HECKOIBKO
mouﬂaaa'ra aMMOHUSA, B

aitre 31!3])1‘1’['-11[]:1!«! BCTpﬂ)ﬂlBEHHeM MAK CTEKIAH

orcyera OTMETbTE WIMEHEHUE VHTEHCHBHOCT
peaKian  MeK/L
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B KakoM HaAIpaBIeHMH CMEINAaeTcd paBHOBeCHMEe W KaK W3MEeHSeTcA
KOHIEHTPAIMS KakI0r0 KOMIIOHEHTa B ciayyae M0GaBleHus: a) Tpu-
XJ0pHAa #eneaa; 6) THONMAaHATA AMMOHMS; B) XJIOpHJA AMMOHMS?

O 1l bl T 3 BIWAHWE TEMIIEPATYPbI HA XUMUYECKOE
PABHOBECUE

B 7laHHOM ONBITE MBYYAIOT PEaKIHIO JMMEepHU3alul JHOKCHa a30Ta

2NO; = N,Oj4
TeMHO-BYpBIit  BIeIHO-KeNTHI
(NO, — ouenb OmacHOEe BEIIECTBO. OnulT OPOBOMMTh B BHTANHOM

mxady!). [lo u3MeHeHMIO OKpackM Tra3oBOH CMECH MOXKHO CYAWUTE O
KOHIEHTpAIUY €€ KOMIOHEHTOB, T.e. O CMeIMEeHWU PpaBHOBECHA B
CTOPOHY IIPAMOI UV OBPATHON peaxium.

U-06pasnyio Tpybky ¢ JBYMA XOPOWIO MOAOOPAHHBIMM PE3HHOBBIMMI
npo6KaMM HANONHMTE JAMOKCHUIOM a30Ta, KOTODLIA TONyYMTe passionke-
HueM HHTpara ceunna. Peaknus nporexaer 10 YpapHEHUIO

QPb(NOQ).g'E 2PbO + 4NO; + Oy

O6a wxomna U-o6pasHoii TpyOKM IUIOTHO 3aKpOUTE PpEe3MHOBLIMU
po6KaMm ¥, NEPEBEPHYB €e KOHIaMu BHU3, TOMECTHTE OJHO KOJCHO
TpybKM B CTaKaH ¢ ropsiuedf BOJOWH, Opyroi — B cTakaH ¢ JeAAHON
BOJLOM (XOMOAHYIO M OPAYYIO BOJY IIPUIOTOBLTE 3apanee).

HabmoaiiTe U3BMEHEHUE OKPACKW B TOM M JIPYrOM KOJIEHE U-obpasz-
HO# TpyOku. BrinpTe TpYOKY M3 CTAKAHOB, W TO KOJICHO, KOTOpOe BHrITIO
B XOJIOJHOM BOZE, ONYCTHTE B rOPAYyi0 BOAY, & KOJEHO M3 ropsde
soisl — B xomoznyio. Habmopgaiire BHOBE U3MEHEHHE OKPacKH B Kak-
JLIOM KOJIeHE,

B kakoMm HanpapJeHU¥M IPOUCXOIUT CMElleHHe paBHOBECHS JAHHOM

peaKkIMu TpU HarpeBaHuy M oxnamkgenuu’ OQ6bACHUTE CMEIIEHNe paB-
HOBECH . f

PABOTA 8 AJICOPBIMOHHOE PABHOBECHE
(Vuetuuxu: 1990, § V.7; 2000, § 6.3)

Ileas pa6oTs - U3ydeHHe 3aBUCH-
MOCTH BEJWUYMHBEL aacopbuum OT paBHOBEC-
HOIl KOHUEeHTpauun ajcopbara.

[Iponece TNOTONIEHUs OJHOTO BEIIECTBA MNOBEPXHOCTLIO APYrOro

flaseipalorT afcopbumeii. BemnecTso, 9acTHIEL KOTOPOTO HOINIOIMAIOTCH
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(ras, KHIKOCTD, PACTBOPEHHbIIT KOMIIOHEHT), HA3LBAIOT a7COPOATOM, 2
NOTJIOTHTENL — alCOPOEHTOM.

BaanmoeiicTBUA MWy YacTHlaMu ajicopbara n ajcopbenTa MOryT
HUMEeTH pa3lMYHBL XapakTep. B  3apHcuMMOCTH OT HPHPOJBL  ITOrO
B3AMMOMEHCTEAA PABIMUAIOT ajicOPOIHIo MUBMUECKYIO W XUMUIECKYIO
(xemocopOIuIo).

Ilpu dusnyeckon afgcopbuMKu  HACTUIED ajicopbara W ajcoOpOeHTa
CBABHIBAIOTCST OTHOCHTENIBLHO HEMPOMHEIMU MEKMONEKYIAPHBIMI CHIIAMU
paaumopeiicTeuA (cHaamMu Ban-pep-Baansca). Ilpumepom hnsugecKon
afcopbuym  ABIAETCH afcopbuMs rasop WA PacTBOPEHHBIX BEIIEeCTB
AKTUBUPOBAHHLIM YIIEM.

Ilpu xemocOpGuMM HACTAID! afcopbara W axcopbeHTa CBA3aHbl
Gosiee NPOUHBIMM CHJIAMU CHEMUICHUA 3a CHET BOZHUKAIOIIETO XUMAYec—

KOTO B3anMOIENCTBIAA, HPUBOAALIIEIO K 06pa3oBaHMIO HOBOrO BeIecTRa.
[IpiMepOM XeMOCOPOIUN MOKET CIIYIKUTD a7LcOpOIUst KNCIOPO/a MeTall—
JaMu.

[Ipounece OTpBIBA HACTHIL afcopbara OT TOBEPXHOCTH ajcopbenTa,
T.e. sipnedue, obparHoe afcopOIy, HA3LIBAIOT Jecop O Mei. Eeau B
cucreme <axacopbar — agcopbenT? npu 3aAaHHBIX YCIOBUAX CKOPOCTH
ancopbuuy paBHa CcKOPOCTH necopbiun, COCTOAHNAE cHCTEMBI HA3LIBAKOT
a/lcOpOIMOHHBIM PABHOBECHEM.

KonuuecTBeHHO aJcopOuyio BhIDaKalor B MoJLAX ajcopbara Ha
eAMHMIY IJIOMIAZU TOBEPXHOCTH ancopbenta (MOJIb/M?) WM B MOMAX
ajxcopbara Ha @IMHUIY MaCChl ajcopbenTa (MOB/T).

Benuunna ajcopbuyn 3aBUCUT OT NPUPOJLI ancopbenta u ajcopba-
Ta, TEMIEPATYpPhl ¥ KOHIEHTPAInU (wam JaBniennsi) ajcopbara, Kpusyio
FABUCUMOCTH BEJINTNHEL ajicopbuy OT pPaBHOBECHBIX KOHIGHTpanui ¢
way AaBaenuit p apcopbara 1pH noctosiEHON Temneparype 1’ HA3BBAIOT
naoTepmoil agcopbumn: I' = f(c)wm I' = f(p) npu T = const.

3aBHCHMOCTh BETMUMHBL AfCOPOIHUK OT KOHIUEHTpau a,ucopﬁen-ra#
(T = const) BhpakaeTcs ypaBHEHIEM JIsHrMIOpa

Ke
L= Toex 73R

roe ' — BelWuUHA apcopbuun; I'max — MaKcuMalibHAs BeJlu4uHa an

copbuyuu, 0OycsOBIeHHAd OBEPXHOCTBIO A/ICOPOEHTA; K — xOHCTAHT
a/icOpOIMOHHON0 PaBHOBECHA; € — paBHOBECHAS KOHICHTPAIUA aAcop
GenTa. BRIpasuB ypasHeHHe Jlaurmiopa B BUE

3

5L A
P T Fmax meK 55 1
[OMYHAIOT TUHEHHYIO 3aBUCAMOCTD 1/T or 1/c.
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Vs rpacdmka, MOCTPOSHHOrO B Koopaunarax 1/T — 1/¢, paccunrhiBa-
joT MaKcHMaIbHyio Benuuuny agcopbumn (Lpax) M 3aTeM 1O ypaBHEHWIO
JIsHIMIOpa KOHCTAHTY aJcOPOIHOHHOIO PABHOBECHHA (K).

KonTponbHEIe BOMPOCHI M 3aJ[a11

1. Y1o HaseBalor ancopbiueit, necopbuyeir?

2. TMoxamute rpaduHeckn UBMeHeHMe CKOPOCTH ajcopbunu u necopbummn c
MOMEHTA. HAYATA NPOLECEA Jio YCTAHOBIEHNST a/IcOPOIMOHHOrO PaHOBeCHsl.

3. Kakowa mpupomia cul, BBI3bBalomux (usmyeckylo ¥ XUMUHECKYIO ajl=
copbiuio?

4. Kak MOKHO CMecTUTH ajicopbuuoioe pasnosecne?

5. Temsora ancopbumy aMMMaka Ha NOpPOLIKe Jenesa COCTaBIser 71,1
iJlok/Momb, Paccuytaite, CKONBKO TEIVIOTHI BBUIENATCS NP NOTIIOMECHUM
nopotirkom xenesa b,6 1 amvuaxa (yciosus HopMagshbie). Omeem: 17,8 ]l

6. Paccumraiite KOHCTAHTY ancopbLMOHHONO paBHOBeCHs JJA husUYecKon
ancopbLMM, €ciM IIpY PaBHOBECHON KOHUEHTPaluy ancopbara 10 3momn /om®
azicopbuns cocrapuaa 1071 momb/emd, a Tmax (mpu T = const) pasua 10710
wostb/em®, Omaem: 111,1.

OMNbl T 1. AICOPBIMA METUJIOBOIO OPAHKEBOI'O
AKTUBHPOBAHHLIM YIVIEM

B paunom ongrre ajpcopbumio (I') paccuuTHIBAIOT 1O dopmyne

Weg —
E'= M Mr/T ancopbenra,

m

rre V — 06B5€M METHIIOBOITO OPAHMEBOro, Ml €p — UCXOJHAA KOHIEH-
Tpalus METUJIOBOrO OPaHIiKeBoro, r/n; ¢, — paBHOBECHAT KOHIEHTPAIWA
METHIOBOLG OpAHKeBOro, I/, m — Macca yrjs, T.

Ha TeXHOXUMUYECKUX BecaX B3BechTe IATh HABECOK AKTHUBUPOBAH-
woro yrast (no 0,10 r).

B mare kommgeckux wron6 ma 300 M BeplnbTe yroib (no opmmoM
iaBecke) U, 3ameTus Bpems, Bieiire 8 Hux 100 Ma pacTBOpa METHIOBOTO
OpAHKEBOTO PasNUYHON KOHIEHTPayuu:

Homep konbui
¢, v/n

............ 1 2 3 4 5
~0,0005 ~0,001 ~0,0025 ~0,01 ~0,015

Copepxumoe KoJI6 nepeMentainTe, U B nanbHelieM nepeMerusanne
npouasojaute Kamaee 10 MuH. [TposomKUTeIBHOCTS KOHTAKTAa YTIIA C
pacteopom 40 MuH.
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[loka ycramapnuBaercss aicOpONMOHHOE PaBHOBECHE, onpeennuTe
TOYHYI0 KOHIEHTDAIMIO KAKIOrO MCXOAHOTO pacTBopa. Jlnst 3T0TO
HCXOJHBIe PACTBOPBI HOOYEpPeIHO Hasneiire B pabouyio KioBery (OTOKO-
7IOpUMeTpa ¥ M3MEpbTe UX ONTHHECKYIO IVIOTHOCTS. Ilepen ompejee-
HUEM ONTUYecKON MJOTHOCTH PacTBOPOB C KOHIeHTpanuei MeTHI0BOTO
opamxkeporo 0,01 u 0,015 r/n HEo6XOAMMO UX pasbasuTb mepBhi B 4
pasa, sropoit B 10 pas (ar0 cBA3AHO C paGouuM JIManasoHoM npubopa).
Jlns aroro 25 Mi mepBOro pacrsopa u 10 M BTOPOro pacTBOpa MUIIE
Koil mepeHecuTe B MEpHEIE KONOB Ha 100 M ¥ poBesuTe N0 METKU
MACTHIIAPOBAHHON BOJOM.

Onpefienus ONTHYECKYIO IIOTHOCTH MCXO/HBIX pACTBOPOR, 1O KalM—
GpoBOUHOI KpUBOH HalaMTE MX wounenTpanuio. Vexopnse KOHIEHTPA-
UMM YeTBEPTOro W ITOr0 pacTBOpOB 6y/yT COOTBETCTBEHHO B 4 X 10
paa Gospine KOHIEHTpAaNMil, ONpeeJeHHbIX 110 KaIMGPOBOYHOM KPUBOIL.

Yepes 40 Mun c MOMeHTa Hayvala apcopbuyu oTUABTPYTE PACTBO-
pbl B KOHMYECKHWe KOJNObl # B buapTpaTax ONpee/uTe PaBHOBECHYIO
KOHIIGHTPAIMNIO METHJIOBOTO OPAHIKEBOTO TaK Ke, Kak 6Blaa OrpefelieHa
MCXOJHAS KOHIEHTpalusa. Yrojip Ha dbuABTPAX COXpaHUTE.

[lo pesyibraTaM ONBITA paccUUTalTe IHAYCHUE ajicopbuuy B Ka€—
JIOM caydae,

[osyueHHbie IaHHbIE BHECUTE B Tabnuny:

Ancopbuunsa

Cy METHIIOBOTO
opaHsKeBoro, 1/

Homep
OTILITA

Cp MeTWJIOBOTCG
OpaHkesoro, T/

npubANaH- TOHHAS

TeJLHAS

0,0005
0,0010
0,0025
0,0100
0,0150

Ilo pesynsTaTaM ONBITA HA MITAMETPOBOi Gymare MOCTPOATE M303
TepMy a/icOpBIUI METHJIOBOTO OpPaHKeBOoro AKTHBUPOBAHHBIM YIVIEM.

T B B =

OMNBIT 2 JIECOPBLUS METHJIOBOI'O OPAHMKEBOTO
3uauenue gecopbimy (Mr/r) paccauTHIBAIOT MO dopmyne

Ve
Jlecopbuus = T
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rne V — o6peM MCCAEyeMOro PACTBOpPa, MJl; ¢ — KOHIEHTPAIMA MeTH-
JIOBOTO OpAHEeBOTo, T/i; m — Macea YIJIs, T.

Jlns mpoBENeHus jecopbIuM JIydile BCEro WCHOIb3OBATE ajcopO-
UMOHHBIA  KOMIUIGKC sl CpeiHeil  KOHUEHTPAIUM  METHJIOBOrO
OpaHIKeBOTO U3 onbiTa .

Jlast 9TOrO (PUABTP ¢ YrieM NepeHecuTe B KOHMYECKYIO KOjOy Ha
300 M w saneitre ero 100 mn gucrmamuposannoit sousl. Copepikumoe
KOGl TEpeMEIIUBANTE Kai ke H—10 mun.

Yepea 30—40 Mun xuakyo dasy oTGUABLTPYHTE B UMCTYIO KOHUYeC-
Kyi0 KOMGy M ONpefenuTe B He#l KOHIEHTPAIMIO METHJIOBOTO OpaHikKe-
poro (GOTOINEKTPOKOIOPHMETPOM.

o pesysfsraTam ONBITA paccYHTalTe JeCOPOLMIO.

OT bl T 3. ALCOPBIMSI YKCYCHON KUCIOTHI
AKTUBUPOBAHHBIM VITIEM

Bemnunny amcopbumn (I') paccuMThIBAIOT Kak pasHOCTb MY
\HC/IOM MOTIell YKCYCHOM KMCJIOTH B 0bbeme KOJA6H 710 ajncopbuuu (no)
u nocae afcopbuuun (n):

F:ng—n.

KOHUEHTPAIMIO YKCYCHOM KHCJIOTH B PacTBOpE PacCHMTHIBAIOT MO
3AKOHY 9KBUBAJIEHTOB

Cor(K) Vi = Cak () Vm, ¥

1€ Cox (k) Cok(u) — MOJIAPHBLIE KOHUIEHTPAIMM SKBUBAIEHTOB PACTBOPOB
KUCAOTE M renoun, monb/a; Vi, Vy — 06beM pacTBOPOB KHMCIOTHI H
[eII0MH, M.

KoncranTy ajcOp6UMOBHONO pPaBHOBECHS PAaCcCHMTHIBAIOT MO ypaBHe-
nmnio JIsHTMIOpa.

Ha TexHoxmMudeckux Becax BoapMure Tpu Haseckm no 1,0 r akruemn-
pOBAHHOTO YISl M BHECUTE WX B UMCTBIE CyXHe kon661. MepHbIM HUINH-
ApoM BieiiTe B KOMGH (KONGHI nponymepyire) mo 50 ma pacrsopa
YHCYCHON KHCJIOTH PA3IUUHOd KOHIEHTpAlUM: B IIEPBYIO Konby —
pacTBOp 1, BO BTOpYIO — PacTBOP 2, B TPEThIO — pacTBOP 3. na yexo-
peHHs Ipolecca afcopOIuy NePHOAMYCCK B3OANTHBANTE COAEPHIMOS
Konb.

s onpejeneHns MCXOQHOA KOHIEHTpallMWd pacTBOpa YKCYCHO
KHCIOTH B KOHHUecKylo Konby orbepure nunerxoil 10 ma pacTsopa i
no6assre 1—2 kanau derondranenta M OTTUTPYATE. Hus aroro 610per-
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'ky sanosnunTte 0,1 H. pacTBOPOM NaQH 710 HyJEBOTO JeJeHUA ¥ NpHIH-
pajiTe M3 Hee MO KAIUIAM PacTBOp LIETOYM B KMCJIOTY 10 TeX HOp, TOoKa
OT OfHOM Karu M36BITKA PacTBOpa IIEJIOHH aHAJM3UPYEMBEIE PacTBOP
He OKpacuTcs B PO3OBBHIN IIBET, HE Mcues3alolnil Npyu nepeMetuBasni.

Mosropure TNTpoBaHue. PeaynpraThl ABYX TUTPOBAHUI HE JIOJIHHBI
oTAMYATHCA APYT OT Apyra Gonee 4eM Ha 0,1 ma.

AHAJIOMWYHO NPOaHaIN3NPYATe MCXOLHbIE PacTBOPH! 2 u 3. Peaynb-
rare Turposanus ( Vy) sHecure B TaGIUILY.

Yepes 20—25 Mun mociie Hauala agcopbupn OTGUILTPYiiTe PACcTBO-
pbl uepe3 OyMaxHul QUILTP B KOHWUECKHME KON6B W OmpejenuTe B
¢GuabTpaTaX PABHOBECHBIE KOHIEHTPAIMH yKCYCHOM KHCJIOTHl TaK JKe,
KaK 6BUIM ONMPEeIeHE UCXO/IHbIe KOHIEHTPaun.

PeaysnbTaThl TUTPOBAHUA (V) Buecure B TabAULLY.

[lo pesyibTaTaM ONKITA PAacCUuTaiiTe: MONAPHYIO KOHIIEHTPANUIO
PACTBOPOB YKCYCHOM KUCIOTH /IO apcopbuun (co) M nocie azcopbuun
(c), Momb/m; uucIO MOJeH yKCYCHOM KHMCIOTH B OGbeme KOMBEL [0
ancopbuum (ng) M mocwe aacopbuum (n); BenuumEy aAcOPOIUH (I,
Modib/r; 3Hagerne 1/c, Monn™l -J1; 3HAYEHUE 1/T, monst-r.

Pesy/bTaThi PACUETOB CBEUTE B TAGIUILY:

Howmep| O6nbem pacrsopal KoHlleHTpaius Yuesio mosei r 1/e| YT
onkrra | NaOH, pacTBopa CH4COOH B
MOTTH /71 CH3COOH, 50 MJ1 pacTBOpa
Mot/
Vo 74 ¢ ¢ g n

1

2

3

[Mocrpoiite rpadguky 3aBHCUMOCTH amcopbuMyu OT KOHIEHTpaluH
CH3COOH B pacTsope B KOOP/IMHATAX: NI —¢2 1T — 1/e:

iz sroporo rpaduxa OmpejennTe 1/Thax ¥ paccuuTaiiTe MaKch-
wanproe snauenue agcopbumu (I'max)-

PaccunTaiiTe KOHCTAHTY AACOPOIMOHHOTO PaBHOBECHA (K). Caenaii-
T€ BHRIBOJIBL.

PA3JIENl TPETHUN
PACTBOPHI

OKHMCHIHUTEJBHO-BOCCTAHOBUTEJBHBIE K
DJIIEKTPOXUMHUYECKHUE IMPOIECCHI

PABOTA 9 KOHUEHTPAIMA PACTBOPOB

(Vueonuxu: 1990, § VI.2; 2000, § 4.3)

Ilens pab6orTn — npuobperenue
HABLIKOB IIPUTOTOBJIGHHSA DACTBOPOB pas-—
JMYHON KOHOEHTPAIMH U3 CYXOH CcONMM MIIH
6oJiee KOHIEHTPUPOBAHHOIO pacTBOPA.

IlpuBemeM HECKONBKO HMPHMMEPOB pacueTa MO TeMe "Konnentpanus
pacteopo” (cM. § 6 Baemenus u Berynienue k paGore 3).

Mpumep 1. Paccuwraiite MONAPHYIO KOHLUEHTPAlWIO OKBMBAJTIEHTOB, TUTD M
waccosyo fomo (B %) HySO4 B 2 M pactsope, morHocts xoroporo 1,12 r/emd,

Pemenue a) Monsipuasn macca HpSO4 pasna 98 r/MONB, MOJISPHAS
Macca oxBuBasientoB HoSO4 B KMCIOTHO-OCHOBHON peakumyu pagHa 49 /Mo,
crejoBaresHo, orHoumenue M (H;S04)/ Ms(HySO4) = 2. Tax kak 1 M pacrsop
H;804 copepiuT ABA MONA OKBUBAJIEHTOB KUCTIOTHI, a 2 M pacrBop — 4eTwipe,
pactBop Gy/er ueThIpexHOpMATBbHBIL (4 H.).

6) Ilnst onpenernenst Tutpa 2 M pacrsopa H,S80,4 HaxonuM Maccy KMCIOTEIL
[PUXOASANULYIOCH HA OJMH MWUIMIMTD DacTeopa. 2 M pacreop copmepkur 196 r
HyS804 B 1000 mn. Ciiefoarenbio, B 1 MJI pacTBopa COJEPRUTCS 196/1000 =
= 0,196 r HySO4 wim T = 0,196 r/mn.

B) Jlns onpepenemnust Maccosonr nonu (B %) HpSO4 neobxommmo HaiTy
Maccy ofHoro yvtpa 2 M pactsopa HpSOy:

m= Vp=1000-1,12 = 1120 r.
3uas, uro B autpe 2 M pacrBopa KucioTel cofepkurest 196 ¢ H;504, onpene-

nsieM Macey kuesoTel B 100 r pactsopa:
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B i et LA A e T B e

1120 r pacreopa copepsar 196 r xunciors B,

00> » > 2> > ki

CiejlopaTensHo, MACCOBas 10MA KUCTOTH B pactsope cocrasisier 17,5%.
Ipumep 2. Crombro muwwmmrpos HoSO4 ¢ mnotsoctsio 1,84 r/em® (macco-

Basi JIOJIsT KMCIOTEL cocrapnsier 96%) morpebyercs mna npurotossenust 500 Mo

pacTBopa KMCIOTHE ¢ mwiotHoeThio 1,22 r/em? u MaccoBoil poneit kucnorhl 30%7
P e e n ue Macca 500 mar pacreopa ¢ morHoetsio 1,22 rf/em® pasna

m= Vp=500-1,22 = 610 r.

Haxounm macey HpSQy4, neobxommumyto s mpurorosnenust 610 r pacrsopa
¢ MaccoBoii jnonel kuemork 30%:
100 r pacTBopa conmepsar 30 r KMCIOTHI e 30-610 _ 183 ¢
61> 3 > z > 96 ;

OnpenestsieM Maccy pacrsopa ¢ Maccosoit ponenn HpSO4 96%, B KoTOpOM
conepAauTest 183 r KMCNOTHE

100 r pacteopa cogepuar 96 r HpSO4 ! 100- 183
TR > 183 » HpSO,  ~ 96

= 190,6 r.

3nas Maccy pacrsopa HpSO4 ¢ maccoBoit foJefl KUCIOTH 96%, paccunrTaem
ero obbeM:

m __ 190,6
o e et el T 3
5 10 103,6 em? (m).

Ilpymep 3. Paccumraitte MOMSPHYIO KOHUEHTPANMIO M MOJIAPHYO J0TI0
kuenorut B pacteope HaS04 ¢ nnornoersio 1,22 r/em? u Maccosoit moneit 30%.

Pewmenue a) Haxonum Maccy ofHOro JIMTpa DAcTBOPA Hy804 ¢ mmor—

Hocrsio 1,22 rfem’:

m= Vp = 1000-1,22 = 1220 r.
Ma.c-:'a HUCIOTEL B BTOM pacTBOpe COCTABJIAET!

100 r pactsopa copepmar 30 r HySO4 T 1220-30
1220 » > > z » HyS04 100

= 366 /.

Yueso Modlet kKMeroThl B 1 o1 oToro pacrsopa
366/98 = 3,73 Momp/a.
70

CrteioBaTenbHO, MOJISIPHAS KOHIIEHTPalus pacTeopa pasHa 3,73 MOTb/ 1.
6) Monsipras nonsi (N wau r) KUCIOTH B PacTBOpe paBHa:

mn
n + mp
THe n U Mp — YMCIO MOJIEH KMCIIOThl M PACcTBOPUTENLSL.

B 100 r pacrsopa conepsurca 30 r muciorst u 70 r soasl. Haxomum uumcio
wonet kucsorsr (M (HpSO4) = 98 r/momn):

N=

n = 30/98 = 0,31 Mo,
uneno moneii Boner (M (HpO) = 18 r/monb):
np = 70/18 = 3,89 Mous.

CrefioBaTenbHO,

0,31

N=531 + 389

= 0,074.

lpumep 4. Cxonbko rpammos NapSOg4:10H20 u sosml notpebyercs OIS
npuroropsienus 40 r pacTBOpa CoJNM, B KOTOPOM MacCoBas /OIS NayS04 cocrap-
nser 10%?

Pemen u e Haxonum maccy GesBojHoit comm, HeobXoIMMYlO VA MPUIo-
roennst 40 v pactBopa, ¢ Maccosoit foneit NapSO4 10%:

_ 4030 _

100 r pacrsopa comepxar 10 r NagSOy St

0> » y oz >NefO, 7 100

BorumensieM Maccy kpucramornapata  NapSO4-10HO, B Koropom
copepkutcsi 4 T GespopHon conmy (MonspHas Macca NaySO4 — 142 r/wmons,
N2,S04+ 10H;0 — 322 r/mons):

_322:4 _

322 r NaySOy+10H,0 copepxar 142 r NagSOy =907

z > NagS0,-10H;,0 4 >NwSO0. = Tk

Macea Bojbl, HeobxXomuMas Jyisti mpurotosienust 40 © pacTopa € MaccoBOM
noseit NaoSO4 10%, pasna: 40 — 9,07 = 30,93 r.

Konmpoasuse sonpocs: u 3adex
1. B ogHom ;mTpe pacreopa copepautcst 10,6 r xapbonara HaTpus NasCOsj.

Paccuurafite MONAPHYIO KOHUEHTPALIMIO, MOJADHYIO KOHIEHTPALMio SKBUBaJeH-
108 pactsopa u Turp. Omsem: 0,1 M; 0,2 n.; 10,6- 1073 r/mn.
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2. Jlis npUroTOBIIEHMS PAcTBOPa BAAIN 5,6 r mapokeuaa xama KOH u
500 r Bogpl. BEMMMesuTe MOIANBHOCTH NMPUIOTOBNEHHOrO PacTsopa U MOJISTPHYIO
JlO7MI0 pacTBOpeHHoro Beuectsa. Omaem: b = 0,2 Mo/ xr; 0,36%. .

3. CroNbKO TpaMMOB THOCY/bgara HATPUA NayS8;05 HeobxomuMo IJIst
npurotopnenns 300 r pacTBopa, B KOTOPOM Maccopasi Hons THOCY/IbhaTa HAT-
pust pagia 5%7 Omeem: 15 1.

4. Ckonpko rpammos ruapokeupa Hatpusi NaOH HyskHO B3sTE, YTo6BI
npuroroeuts 5 11 0,1 M pacreopa NaQH? Omeem: 20 .

5. Cronpko rpammos CuSQy-5H,0 1 Bosibl noTpeGyercsl A7isi MPUTOTOBJIE-
st 200 w1 pacrBopa cyiibdaTa MenM, B KOTOPOM MaccoBas /07 CuSQy4
cocrasnsier 5%? TlnorHocrs pactsopa 1,022 r/em®, Omeem: 16 13 188,4 r.

6. Crombro Muwmmumrpos 2 M pacrsopa NaCl HeoOXoauMo julsi MPUTOTOB-
nennsi 500 Mo pacrBopa € IJIOTHOCTBIO 1,02 r/cM®, B KOTOPOM MaccoBasi N0
NaCl pasna 2%7 Beluucimre MaccoBYi0 KOHLEHTPALMIO MPUTOTOBJIEHHOTO PACT-
popa. Omeem: 88 wi; 20,41 r/n.

OT bl T 1 MPUTOTOBJIEHUE PACTBOPA C 3AZIAHHON
MACCOBOM JIOJIEA COJIH (%)
|

Iosmyunute y npenojasareils 3afaHue H paccumTaiiTe, CKOJIBKO IOT-
pe6yercs cOJM W BOJBL JJIs IPUCOTOB/ICHWA pacTBOpa 3aaHHON KOH-
LEeHTPAIyU.

BapecpTe Ha 1a60pPATOPHHIX TEXHOXMMMYECKHMX Becax HYKHOE KO-
JECTBO CONMY M BHICHITGTE €€ B KOHMYECKYIO KOOy Ha 300 mn. OrmeprTe
[UAMHAPOM HEOOXO/MMOe KOJWYeCTBO BOALL H piepaiite B KOZNby ¢
conbio (BOLY HEOGXONMMO NpPUJIMBATH MOCTENEHHO, BCE BpeMs Tmepeme-
[IMBas PacTBOp).

[IpuroToBJIeHHbIA PACTBOP M3 Kon6Hl TepeneiTe B IMIMHID W M3-
MephTe ApeoMeTpoM €ro MIOTHOCT. PaccuuraiiTe MONAPHYIO KOHIEHT-
PAIMIO, MOIAPHYIO KOHIEHTPAUIO SKBHBAICHTOR H THTP TPUrOTOBJIEH-
HOrO pacTBOpAa.

PeaysbTarsl ONbITa cBe1MTE B TaBIUILY:

Macea [lnornocrs| KouieHTpauys NpUroToB= )
pacTBOpa JIEHHOTO pacTBODa

comun BOJIBI

MOJISIpHAs | MOJISIPHASA KOH-

LEHTPalMA IKBH-|
BaJIeHTOB
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OTBbl T 2. MPUIOTOBJEHUE PACTBOPA BYPBI 3AJTAHHON
MOJISIPHON KOHIIEHTPALMY SKBUBAJIEHTOB

Monyuure y npernojapaTess 3ajaHue u paccyuTaiire, CKOIBKO COJM
norpebyercsi IJIA NPUTOTOBIEHUA pacTBOpa 3afAHHOA KOHIEHTPAIY *.

BasechTe HEOGXOAMMOE KOJMYECTBO COMM HA TEXHOXUMHUHECKUX
pecax. PacTBOpHTE e¢ B MEpHOi KoJ6e B HEGONBIIOM KOJMYECTBE BOJEL,
aaTeM poseiiTe Kouby BOHOH 10 METKH. Baxpoitte Konby Npobkoi U
TINATEILHO TIepeMelaiTe pacTBop.

OnpefiesuTe MOJAPHYIO KOHIEHTPAIUIO SKBABAICHTOR NpUTOTOBJIEH-
HOPO pacTBOpa M CpPaBHUTE C nonydennsM safannem. [l aroro orde-
pUTe M3 KOJGB MUICTKOH 10 ma pactsopa 6ypHI, A006aBbTe 2 wammm
MHIMKATOPA METHIO0BOTO OPAHKEBOro U THTPYHTe 0,1 u. pacrsopom HCl
JI0 W3MEHeHHusi OKpacKu OT HKEITTOH 10 OpaHKeBOR (cpaBHHBAsA OKpamy-
BAHME ¢ ATANOHOM). PeaynbTar TUTPOBAHMA SalMIIUTE.

[lopropute TMTpOBaHUe. Pesyibrarsl THTPOBAHUA HE JOIAHBL OTIIN-
gaThLCsl APYT OT Apyra Goiee deM Ha 0,1 ma.

PaccunTaiiTe MOJAPHYIO KOHUEHTPAUMIO SKBMBAJICHTOB MpUIOTOB-
JIeHHOrO pAcTBOpa MO 3aKOHY JKBHBAJIEHTOB. BrraucnuTe MOJSPHYIO
KOHIEHTPAIMIO ¥ TATP NPUTOTOBJIEHHOrO pacTBopa.

Pesysnprarsl OnbITa CBEUTE B TabanILy:

[ V 0,1 u.

Monsiprast | Macca comu HC!' KonilenTpalys pUroTos
Macca SKRU- 71 TIPUTOTOB JIeHHOTO pacTBopa T
pastento 6y-|menus pact- | 1 2 | cpennes

pbl My BOpa M MOJISIpHAS] KOH-| MOJIAD-

LeHTpauuns 9K~ | Has
BUBAJIEHTOB
safiaH- | ToMy-

HasHd YeHHaH

* MossipHyio Maccy SKBUBAJIEHTOB OYpbI paccuuTamTe, MCXONs N3 MONAPHOK
macchl kpuctaoruapara NagB4Or7 10H,0 u pearunu '

NaQB.;O?'lOHzO + 2HC] = 4H3BOd + 2NaCl + EIHQO'
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OTMBIT 3. MPUTOTOBJIEHUE PACTBOPA COJIN C 3AIIAHHON
MACCOBOW JIONEN (%) U3 BOJEE KOHIEHTPMPOBAHHOT'O
PACTBOPA

Honyuure y NpenoapaTens 3ajafne, JIOTHOCTh 3aJaHHOTO PacTBO-
pa maiiamre B npuaokenuu VI, Haneiire B muimHip, MMEIOIIMIACH B
1a60paTOpHK, KOHIEHTPUPOBAHHLIA PACTBOP COMM H APEOMETPOM Ompe-
penuTe ero mwioTHocTh. 110 M3MEpeHHON NJIOTHOCTH Hal/IuTe MAacCOBYIO
nomo (%) comu B pactsope (cm. npunoxkenue VI).

PaceunraiiTe 06beM KOHIEHTPMpPOBAHHOTO pacTopa comu (V), Heob-
XOAMMBEI JIJIA TIPUTOTOBJIEHWMS PpACTBOpa 3aaHHON KOHIEHTPAINH.
Pacuer nposepbTe y HOpenoiaBaTess.

OTMephTe MaJTeHBKUM [W/IMH/IPOM PAcCUNTAHHBIA 00beM KOHI@HTPU-
POBaHHOI'O PAacTBOpa, MepeHecuTe ero B GOJNBIIOH IHAMHAD M Jloneitre
BOLOR HO HykHOro o6beMa. [IpuroToBieHHBIH PAacTBOp THIATEIHLHO
nepememaiite (nepenuBas U3 UMIMHAPA B UMINHAD) B U3MephTe apeo—
METPOM €ro IJIOTHOCTE p.

Ilo ykasaHWIO NPENOAABATE/IA PACCUUTANTE: MONAPHYIO KOHIEGHTPA~
M0 WM MOJIADHYIO KOHIEHTPAIMIO IKBHBATCHTOB, MOJANLHOCTL MM
MOJIAPHYIO 00, TUTP NPHUrOTOBJIEHHOrO pacTBOpa.

Peaynprars onuTa cBejguTe B Tabnumy:

[InoTHOCTH Maccosas nonst|  V, | p, | Komiuentpauus pacrsopa T
pacTEOpa (%) pacreopa M | oM

MOJIAPHAS  [MOJAIEHOCTh
KoHiteHTpa- | (MonspHas
NS OKBUBA-|  10715T)

JIEHTOB

MexXon-| sajaH-| uexon- | 3anaH-
HOro HOrO HOTO HOro

PABOTA 10. ONPEJEIEHUE TEIJIOTH PACTBOPEHUA
W TEIUIOTHI THJIPATAIIMN

(Vueonuru: 1990, § VI.3; 2000, § 8.1, 8.3)

Ileas pabGorTw — U3MEpeHne
Tennopsix 3¢derTos npouneccos, MPOTEKAI-
IIUX IpU pacTBOPEHNN cosieil B BOOE.

PacTBOpeHMe cle/yeT PacCMaTpMBaTh KaK COBOKYIIHOCTB pusuuec-
KUX ¥ XUMWYECKUX ABJIGHUIM, BBULEJIAs NPH 3TOM TPH OCHOBHBIX HPO-
mecca: 1) paspylleHHe MEXMOJCKYIAPHBIX U XUMUHECKUX cBsaAzeil B
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PACTBOPSIONIMXCSA Ta3aX, HUAKOCTAX WM TBEPJHIX Telax, Tpedyroumlee
aarparsl ameprum (AH; > 0); 2) xuMuYecKoe B3AUMO/ENCTBUE PACTBO-
PSIONErocs BEIECTBA C DACTBOPUTENEM, CBi3aHHOE ¢ OOpasOBAHMEM
HOBBIX COGAMHEHWI — I'MPATOB WM COJBBATOB M CONPOBOXK/IAIOMIEECHT
seinenennem aueprun (AH; < 0); 3) caMonpom3BOJBHOE NEPEMEIINBa-
nue pacrsopa senegcteue nnddysun (AH; ~ 0).

CymMmapnbiit  Teriopolt  addexr mnpouecca pacTBOpeHUs (AH =
= AH; + AH;) Moxer GHITH TONOKHTEILHBIM (3HOTEPMIYECKO® pAacT-
BOpEHME) M OTPMIATENHHHIM (IK30TEpPMUUIECKOE pacreoperue). Eciu B
BOJI@ PACTBOPSIOTCA Tasbl MM KMIKOCTH, dHeprua AMH), satpadiBaeMast
Ha paSpHIB MEXMONEKYJIAPHLIX CBS3eil, HEBEJMKA, U MPONECe pacTBOpe-
HUS CONPOBONKIAETCH BbIEIEHUEM TEIJIOTHI (AH < 0). Ecmu xe B BogE
pACTBOPAETCS KPMCTA/ITNUECKOE BEIIECTBO, TO Ha €ro Apobienne 3aTpa-
qMBACTCS BHAUNTENLHAA JHEPTMS, M MOITOMY HacTO IPOMCXONT HOrJIO-
menue Temmotsl (AH > 0).

K umesny KpUCTA/IMUECKUX BellecTs oTHocATes comu. Muorue comr
CKJIOHHBI K 06pa3OoBaHUIO KPUCTAILIONMAPATOB, HAIpUMEp:

Beapopas coib Kpucramioruapar
CUSO4 CU.SOq ? 5H20
Ba.Clz Ba.Ch b 2H20

Na2504 NagSC}q‘ IUHEO

O6pa3oBanye KpUCTAIOTHApaTa 3 Ge3BOJIHOH COJIM Beerja conpo-
BOW/LACTCSA BLIJIGIICHUEM 3HEPIHM, DTO 3K30TEPMUUECKMH MPOMECC. B
oblieM BHAE TEPMOXMMUYECKOE YpaBHeHMe Npouecca MOKHO 3amicaTh
TAK:

KA(x) 4+ n (H20)(x) = KA-n (H0)(x); A Hryppar < 0,

rie KA(k) — wpucrannmueckasi GespojHas cOJb; R — qUCJI0 MOJEH
H,0 B opHOM MOJe KPUCTAILIOTH/PATA; A Hyyppar — TeNJIOTa rujipara-
iy, &/ Moms.

Pacreopenue B Boze 6E3BOJAHBIX COMEl NPOTEKAET OBBIMHO € BBIJETE-
anem temnorsl (A Hpaers < 0), B TO BpeMs Kak pacTBOpeHue B Boze
KPUCTAIONMIPATOB HAIIE COMPOBOKAAETCS HOTJOMEANeM  TeIIOTE!
(A Hpaers > 0)-

Koumpoasnsie 60npocst

1. Mosker 7 mpollecc DPACTBOPEHMST BelecTEA B BOJle COTIPOBOXRIATHCA
DOCTOM SHTATBINN CHETEMBI?
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2. Moser nu ycnosue AH < ( xapakrepusoBaTh PacTBOpeHMe BelIECTB B
pone?

3. B KakoM ypaBHEeHMM TIDABWIBHO YKasaH GHak TerioBoro sddexra peak-
nuu? OTBeT NOsCHHUTE.

a) CuSOq4(x) + 5H;0(x) = CuSO4-5H,0(x); AH >0

6) CuSO4(x) + 5Hz0(x) = CuSO4-5H;0(x); AH <0

4. Tlpenyoskute X0f SKCIEPMMEHTa, MO pPe3ysbTaTaM KOTOPOIro MOKHO 6nu10

651 BEIUMCIIUTE TEITIOTY TMAPATALMY XJIopuzia Gapust
BaCly(k) + 2H;0(x) = BaCly-2H0(x); AHmyppar
5. TonbaysAck ABYMsI TEPMOXMMMHYECKMMY YPaBHEHMAMM MPOLECCOB
NagSO4(x) + ag™® = NagSO4-aq(ax); A, = -29 w1l /Momn
Na;S04- 10H;0(x) + ag = NayS04-aq(sk) + 10H0(x);

AHY

9. = 18,8 w]lo/ Moms

paccuMTaiiTe TEWIOTY TMApATAlMM Cyibdara HaTpus AH_ .. Omegem: -81,6
298

& ]/ MomTh.

O bl T 1. ONPEJEJEHUE TEMJIOTEI TUIAPATALNA
CYIILOATA MEIN(IT)

TenoTy PacTBOPEHUA PACCYUTHIBAIOT MO dopMye
AIzl';m{:'rn (Kﬂm/MOJIB) = ¢M/m,

rje ¢ — TeIoTa, BEIIENUBIIAACH (morsioTMBIIAACA) B KalOpUMeTpe,
xJlxk; M — macca OJJHOrO MOIIs BEIIECTBA, r/Mosb; M — Macca HaBecKH
COJIH, T.

Tensora ¢ Onpejensiercs Ha OCHOBAHMM DKCIEPUMEHTaJBHBIX [aH-
HBIX M3 COOTHOLIEHUS

g = (merer + Mp-patppa)A T,

IJié Mer — MAcca CTakaHa, Ij Mppa — MAcca PacTBopa, papHas cyMmMe
Mace BOMBI W CONM B CTAKaHe, Ij Cor — YACJNbHASA TEIIOEMKOCTh CTEKJIA
0,753 x/(r-K); cppa — yAenabHas TEIVIOGMKOCTH PacTBOpa (Bomm)

4,184 T /(r-K).

*
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aq — OT JaT. aqua — BoJa.

Tiponece pacrsopenus B Boge cyibdara memn(ll) mokno pasburs Ha
[LBE CTAN; .

00504(1{.) + 5H20(3¢] = CUSO4'5H20(K); AH[ (I)
CuSO4-5H,0(x) + aq = CuSO4(p) + 5H,0(x); AH; (1)

Ileppas cragust — NpoLece TUAPATAaliy, T.€. MOJyYeHUe KPUCTAIo-
rugpara cyabdara mexpu(ll), Bropas cragus — pacTBOPeHMe KPHCTAJLIO-
ruapara B soge. CymmapHbiil Temiosoit 3dext npouecca AH, + AH;
paBeH TeIUIOTe PACTBOPEHNs Ge3BOJIHON cOMH A Hy (3axon T'ecca):

CuSO04(x) + aq = CuSO4(p); AH;

V3mepus IpM MOMOIIM KaJOPMMETpa TeloBhIe 5 deKTs mpoueccos
pactsoperust AH, u A Hg, BHYNCASIOT TENJOTY THApaTaliin AHy:

AH] = &Hs = AHQ

BapeckTe KaJOpPHMETPMUECKMI cTakaH (MM y3Haiite ero maccy Yy
naGopanra). Cobepure KalOPMMETPUULCKYIO YCTAHOBKY (em. pme. 18).
Yepes BOpOHKY 2 HaneiiTe B cTaKaH § mmerunmposanuyo Boxy (300
MJ1) ¥ BaNUIIMTE NOKABaHMe TepMOMeTpa fi ¢ TOTHOCTHIO A0 0,1 K (Ty).

Basecsre 7,00 — 8,00 r 6e3ojmoro cynbdara Meay ¢ TOYHOCTRIO 10
0,01 r. BelcTpo M aKKypaTHO BHecUTe HaBECKY B KaJIopHMETPUYEeCKU i
crakan 8 gepes BoponKY 2. Ilpu HOCTOSHHOM NEpeMelunBaliii pacTBOpa
MemanKoil | crefuTe 3a MOKA3aHMAMYU TepMOMeTpa § u OTMeTbTe Ham-
BHiCHIyI0 TemnepaTypy pacteopa (T3).

JlamHbie ONBITA 3aNMIINTE B TAGHMILY:

*
T, K| T, K | AT, K| mep, T ™ S04(k) Mo T | e E

* IInoTHOCTD Bojibl cYMTafiTe pastolt 1 r/cud.

[0 JaHHBIM ONKLITA PaccUYMTaiiTe: TEIJOeMKOCTh CHCTEMBI (merCer +
+ Mp-paCp-pa)s I /K; remory, BEIEIUBIIYIOCA B KalOpPHMeTpe g, Iox;
TeMJIOTY PACTBOPEHUs GE3BOJHOIO cysibdpara Meau AHy, w]lk/Monb.
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OnpiT NOBTOPMTE € HABECKOW KpHUCTANTOrHjpara CuSQ4-5H,0
(macca nasecku 9,00—10,00 r). PesynpraThi ONLITA 3alAMIATE TO npe-
noskennoit serme dopme. Ipu BEMOMHEHUN PAGOTH ofpaTuTe BHUMaHUE
HA IOHMJKCHME TeMIIepATYPHl [PH BHECEHUM KpHUCTAioruipara U OT=
METHETE CaMyl0 HHBKYIO TeMNepaTypy pacTBopa (1)

[lo RaitfeHHBIM TEMJIOTAM PAaCTBOPEHHS Oe3BOJHOTO cynbdara Menu
CuSO,4 (A Hs) u Kpucraniorujapara CuS0,:5H;0 paccuuraiire TEIIOTY |
rupparanuu (Hi) cynsdara menu(ll). .

Berauc/AMB TENVIOTY HApaTalun cyiibpara meau(Il) u snas dopmy-
Ny KPUCTAIUIOTHJPATA, COCTABBTE TEPMOXHMHYECKOe YpaBHEHME peak-—
wuy rupparamun CuSO4(x).

O Bl T 2 ONPEAEJIEHUE TEIJIOTHI TUIPATAIINU
KAPBOHATA HATPWI

ITpouecc pacTBOpEHMs B BOJe KapOOHaTa HATPHUA MOMHO paz3buTh Ha
7iBE CTAJVN!

NEQCO:}(K) + IUHQO(J'K] = NagCO;;- IUHQO(R); AH, (1)
NagCOE- 10H20(I{)~+ agq = NagCO;;(p) =+ lUHgO(H{), AHg (2)

Mepsas cTajusi nporecca — TUAPATALIUA COIN (ronyuenne KpucTam-
JOrMapara), BTOpas — pPACTBODEHME KPHCTAJJIOrM/IpaTa. CormacHo
sakony D'ecca cymmapHBIf TeruroBoit agdext (AH, + AH,) pasen Ten-
JioTe pacTBOpenus 6e3BOJHOTO kap6onata narpua (A Hy):

Na,CO4(k) 4+ aq = NagCOs(p); AH;

DKCIepUMEHTAIBHO Onpe/ie]uB AH, n AH; MOKHO BBYMCIUTH
TenJoTy THAparanuy Kapbonara HaATPUA AH,.

CobepuTe KATOPUMETPUUECKYIO YCTAHOBKY (cm. puc. 18), npensapu-
TeIBHO BIBECHB KaJOpUMeTpuueckuil crakan J. ‘epes BOPOHKY 2 na-
JtefiTe B cTakaH aucTAAIMpoBannyio Bony (300 mia). Mamepere TeMiepa-
Typy Boasl ¢ rognoctsio Ao 0,1 K repmomeTpom 6 (Ty).

Basecus 6,00—7,00 r 6espopHoro KapGonarta HaTpus NayCOy (rou-
woeTs papemmsanusa 0,01 r), akkyparHo (1O 6HICTPO) BHECHTE HABECKY B
crakan 3 uepes soponky 2. IloctosHHO mepememnpas pacTBOP Meral-
KoMl 1, cnepuTe 3a MOKa3aHUAMU TEPMOMETPA 6. OTMETBTE CAMYIO BBICO-
KYIO TeMIepaTypy pacTBopa ¢ TOMHOCTBIO 10 0,1 K (T3).

JlanrEle ONbITA CBEANWTE B TabyuIy:
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T,,K] Ty K
|

AT, K | men, T m’ T

m ok ~nay T
NagCOs(k) Hy0 e pe

* Cuurafire o 1 1/
2

[lo JaHHBIM OTBITA paccuMTaiiTe: TEMIIOEMKOCTh CHCTEMB (merter +
+ mp-pacp-pa), Jax/K; tennory, BHACIMBIIYIOCH B wanopumerpe ¢, JIx;
1eIIIOTY PACTBOPEHUst 6e3BOJIHOTO kapbonata Harpus A Hg, /L3 / MOTTE.

OnpiT MOBTOpWTE € HABECKOH KPUCTALIOTHApPATa Na,CO,-10H;0
(vacca comm 14,00—15,00 r). Pesynnrarsl ONbITa 3a0MIINTE 1O npenjio-
sennoit peime ¢gopme. Tpu BHITOIHEHWH OMBITA obparuTe BHUMaHNE Ha
HOHVIKEHIE TEMIePATYPHl NPy BHECEHWH KPUCTAIOTHAPaTa ¥ OTMETHTE
¢caMyi0 HU3KYIO TeMIEpaTypy pacTBopa (T3).

Mo Haji/icHEEIM TEIJIOTaM pPACTBOPEHHA GE3BOIHOIO KapboHaTa
parpus NapCOs (AHz) m kpucrayiorujpara Na,CO3-10H,0 (A Hy)
paccuuTaiiTe TENJIOTY THpaTalin kapGonara narpua AH).

BLiuyc/iMB TEIJIOTY THApaTanui KapboHaTa HaTpUA M 3HAA dbopmy-
JIy KPUCTAJUIOTH/PATA, COCTABLTE TEPMOXUMUHECKOE ypaBHEHNE peak-
m rupparanun NagCOs(x).

PABOTA 11. KOJUIOWTHBIE PACTBOPHI
(Vuebnuxu: 1990, § VLT, 2000, § 8.7)

Heans paboTs — OIHAKOMIEHUS C
MeToaM# MOMYYeHUA KOJUIOMJIHBIX PacTBO-
POB I UX CBORCTBAMM.

Ko/moninsIMy HABHIBAIOT PAcTBOPHI, B KOTOPBIX JIMHEHBIE padMephl
yacTHI AucTepcHoil (a3l JekaT B Hpejesnax oT 1 po 100 mm.

Kosyouauas [AMCIEPCHOCTh BEHIECTBa JABJIACTCH HPOMERYTOIHOM
Mesly rpy6oil IucrnepeHocTbIO, XapakTepHOoit A7 Ba3Beceit, 1 MOJEeRy-
ASIPHOM, XapaKTepHON JJIA MCTUHHBIX PaCcTBOPOB. [loaToMy KOJIJIOHAHDLIE
pacTBOPHI NOMYTAIOT AU60 U3 MCTHHHBIX pacTBOPOB MyTeM yKPYIIHEHUHA
GACTHIL MOJNEKY/ISAPHOH JAMCIEPCHOCTH /10 ONPEeNeHHOro npezena
(vaxcumym g0 100 mum), aubo u3 BaBeceil myreM Apobrenus rpybomc-
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[epCHBIX HYaCTHI, TAKKe J0 ONPEJeJIeHHOTo Ipejena (Manumym j0 1
uM). B 57Ol cBA3M pasnMualOT KOHJICHCATMOHHBIE METO/LbI (ykpynHeH#nE
qacTUI) ¥ METOJL JMCIepPrupoBaHuA (mpobrenye YaCTHIL).

Konioungsie pacTBOpsl (MM 307TM) OTHOCATEA K HUCIY reTeporeH-
HEIX ZAMCIEPCHBIX CHCTEM, XapaKTepuaylouuxcd BHICOKOHM CTENeHbIO
pa3ApObIeHHOCTH INCIEepCHOH chaanl.

Jlncnepcras ¢asa B KOJJIOMIHOM PacTBOpe (nm 30JI€) TMpEJCTABIIE-
Ha KOJIJIOMIHBIMM UACTHIAMMU, B COCTAB KOTOPHIX BXOAST AAPO, 3apAAO-
06pa3yiomue HOHbI M NPOTHBOMOHEL. 3apsanoo6pa3ylomme 30Hb MOTYT
GLITH TIOJMOKWTENBHO WM OTPHUIATE/BHO 3apsiKeHHBIMU. Iloaromy u
KOJLJTOUIHBIE YacTHIBl UMEIOT AN60 MONOKHUTENbHEIH, JUO0 OTpHLATE L
Hefl 3apsyl. JapskeHHad KOJUIOMJHAA UacTHa OPUTAIABACT i cebe
monexyast HyO M3 AMCIEpPCHMOHHOM CPejibl; Tak CO3NACTCHA rujipaTHas
060I0YKA, OKPYMKAIOILAA KOIIOMIHYIO HacTHILy.

[IpuMepHbIil COCTAB KOJIOMHBIX YACTUIL soneit SboSy u Fe(OH)s
MOJKCHO BHIPA3UTH CJCAYIOUMMU (HOpMYyTamu:

[(mSb;S3) - nHS ™ (n — z)H*- yH,0)"
[(mPe(OH)s): nFet*-3(n — 2)CI" o e

lporusononst HY mam Cl°, KoTOpBIE BXOAAT B COCTAR KONJIOW THELIX
4aCTHI, HASLIBAIOT CBABAHHLIMU. Cpoboauble TPOTHBOMOHLL OCTAIOTCHA B
HCMEPCUOHHON cpele.

Konnonpnyio dacTuiy # SKBUBANEHTHYIO €l JacTh JUCIIEPCUOHHON
cpefipl (rMAPATMPOBAHHBIX CBOBOJHBIX [POTHBOMOHOB) HA3LIBAIOT MHM-
pesos. Munenay CHMTAIOT CTPYKTYPHO! eAMHUUEH KOJUIOUAHOTO
pacteopa. Mopmyisl

{[(mSb,S3)- nHS "+ (n — z)HT- yH,0]" + zH* - 2H;0}°
{[(mFe(OH)3) - nFe3*-3(n — 2)CI 'szO]Sﬁ + 3zC1 - 2H,0}°

BHIPAKAIOT NPUMEpHbLIH COCTAaB MHUIIEJLI zoneit cynbdupa cypeMbl U
CHAPOKCH/IA KeIe3a.

Konnowaubie pacTBOpsl 0651a/aioT crienyprIecKMMI ONTHYECKUMH,
KMHETHUECKUMI ¥ DJIEKTPUYECKUMH CBOMCTBAMM (cnenmdura cpa3aHa ¢
pasMepaMi M 3apsiioM KOJTOMHBIX YacTHI) ¥ XapaKkTepu3yrTCH BBICO-
KO KMBETMYECKOil M arperaTdBHON yCcTOWIMBOCTBIO. llepBan sABAseTCA
C/Ie/ICTENEM KUHETHUYECKUX CBOWHCTB aoJieit W NposiBisercss B TOM, HTO
KOHIEHTPAIUMSA KOJIJIOMIHBIX PacTBOpPOB OofMHAKOBA 10 BeeMy OOBeMY
cMeTeMbl ¥ NP TIPABMJIBHOM XPaHeHMW HEe M3MEHAETCH BO BpEeMeHM, a
BTOpas — B TOM, YTO YaCTHIBL pucnepcHoi (basbl B KOJJIOUIHOM pacT-
BOpe He YKPYMHAIOTCH, HE CIHUIAIOTCA. CoxpaHenue KOJJIONJHOM cTene-
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MU JIACHEPCHOCTH BO BPEMEHM OOYCIOBIEHO NPeXJe BCero HalitueMm
OZHOMMEHHOTO 3JIEKTPMYECKOrO 3apsjia YacTUll JIMCHepcHOM pass,
BHLIBLIBAIONIErO WX B3AMMHOE OTTAJIKMBAHUE.

OcoBeHHO BeNMKA ArperaTMBHAs YCTOHYMBOCTH TUAPOMUIBHELX
soneit. Ilpn AauTenbHOM XpaHCHWY OHU IEPexXOiAT B "erynueobpastoe’
KOJIJIOM/IHOE COCTOSIHUE.

[IpuMepoM THAPOMUIBHOIO 3015 MOKET CIYKUTH 307b KeIaTHHA.
Trep/bil KOJJION/, KelaTHHa Npy HaGyxanum B BOjie 06pasyer reib.
Mpu marpesanuu rens ("crymus') obpasyerca 307b. Bee nponecest
NPOTEKAIT 0OPaTUMO!

30JIb == Iejib == TBEP/LINA KOIION

VeToiuUBOCTS KOJNJIOUIHOTO pAacTBOpA MOMHO HApPYHIIHTD. [Motepa
ArperaTMBHON YCTONYMBOCTH 30J5i TPUBOANT K VKPYIHEHHIO HacTHIL
nvcnepcHoit has3bl, UX CAMIAHMIO. DTOT NPONect HA3HIBAIOT KOAry A=
eit. Koarynamusi BHI3BIBAET Hapyllenue KMHETHYECKON yCTOMYMBOCTH
CHCTEeMBI, KOTOPOe TPUBOINT K 06pas’oBaHUio OcajKa (koaryisiTa). OTOT
poNece HAZKIBAIOT CEIUMEHTAIUEH.

IIpuMepHbIii COCTAB KOAryJlaTa 30Jei cyibuma cypbMbl M IUJIPOK-
cujia kesieaa BeIpamaloT opmynaMu

[(mSbsSy) - nHE™ - nl—l*]g
[((mFe(OH)s)- nFe?* - 3nCl]D
rae "p" B MHHEKCE — HEKOTOpOE YHCIIO HaCTHI B KOAryJIAHTE.

Koumpoawnsie sonpocs

1. SlBysnoTest /M KOJUIOMIHBIE PACTBOPE! TOMOTEHHBIMM CHCTeMaMM?

9. KakoBa JIMCIEPCHOCTH KOMTOMHBIX PAacTBOPOB?

3. Kakos cocTas Spa KOJUIOMAMOJ HACTMIEI B pactmope: a) cynbuia
cypbMsl; 6) ruapoxcusa wenesa(I1T)?

4. Kaxve womsl MOryT GmTh 3apsyl006pasylouMU B KOMIOWAHON HacTuue
sonst: a) ruapokeua sxeresa(Ill); 6) cynedujla CyphMBL

5. Samammre GOpMYTy MHUEIUILL S0 a) THPOKCHIA wxenesa(11l); 6)
cynbhua cypbMbl.

6. Omuiure ONTUYECKHE, KMHETUUECKHe I QeKTPUYECKe CBOHCTBA KOIVIO-
uHe pacteopon. C HeM CBSI3aHbl 0COBEHHOCTY DTUX cpoiters?

7. Yro nasesaior shdexrom Tunpansa? Kak ucnonsayercs oToT apdert
VIS MACHTUDUKALY KOJUIOUIHEIX PAcTBOPOB?

8. [lepeuncaTe WaBeCTHbIE BaM METOB! TIOJYHEHWsl KOJIOWHBIX PACTBOPOR
W ONMUIKMTE KPATKO UX CYTh.
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9. B ueM NpOSBIAETCS KNHETUYECKAS W arperaTuBHasl yCTOHYMBOCTD soJIen?

10. OnuMumATe MEXAHUSM KOATYJIALMM M CEIMMEHTAlMM KOWIOMHEIX PACTBEO=
pOB.

11. Bamauute GopMysy, OTPAKa0ULy0 COCTaB Ocazka MOCHe KOAryaALun
aonst Fe(OH)g u sons SbyS.

O 1l bl T 1. MOJIVYEHUE 30714 CVIIL®UA CYPbMBbI
METOIOM KOHJEHCALUN U U3YYEHUE EI'O
ONTUYECKUX CBONCTB

3ons cyabduma cypbMbl SbySg noydaoT ¥3 BOJHONO pacTBOpa coIm

cypBMBL U CEPOBOIOPOZA:
28b3+ 4 352 = ShySs

B npornecce B3auMOeiicTBUA TPOMCXOANT o6pa3oBaHie MUKPOKpHCTAN-
1108 (mSb,S3) KOMNOMAHOM AMCIEPCHOCTH U3 MOHOB, T.€. MACT yKpyTiHe-
fue gacTun. OHAKO YKPYTHEHME YacTHI| He COMPOBOXJACTCH BHIMAJE-
HUeM B OCAJlOK MAKPOKPUCTA/IOB cy/lbpujia CypbMbL. Pocr kpucTayion
OrpaHMYMBACTCH TEM, YTO B MCXOJIHOM PacTBOpe H,S Mana KOHIEHTPa-
nst MOHOB 5?27, HEOGXOAMMBIX [JIsi IOCTPOEHUSA KpMCTAIIMIECKON pe-
merkn SbySs, TaK Kak Jucconmanmus H,S 1o BTOpO#l cTyNEeHM HpoTeKaeT
oueHp ciaabo:

i + ¥ et — -14
BS" == B" + 5%; I_{n}iS'_m .

Kpucrammmueckas pelierka cojm Sb,S; mocrpaupaercs MOHAMM HS",
KOHIIGHTPAIMsA KOTOPHIX B pacTBOpe GoJbiie, YeM MOHOB 527 Kﬂ 58 Ha

cemp nopanxos Goabme, uem K g Tlpu 06pasoBaHuy KOJIOUAHBIX
it

wacTun MoHb HS™ ABIAOTCA 3apA006pasylomMyMH, & NOHEI H* — npo-
TUBOHOHaAMH.

QuuT TWPOBOJATCA B BHITHKHOM mxady! B xomueckyio kouby
naneirre 25 MJI pacTBOpa COJH cypemui(III) 1 mponyckaiite uepes JTOT
pACTBOP MEJUIeHHBIA TOK CEPOBOJIOPO/A M3 anuapara Kunna no Tex
1Op, NOKA HE YCTRHOBMTCA YCTOMYMBASA JEJTO-OpaHNKeBas OKpacKa.

HarpeiiTe pacTBOp Ha BOAAHOW Game, He AOBOAS €ro 0 KHIeHUA,
st yIaJleHns u3bbITKa PacTBOPEHHOro cepoBoA0po/a.

Ilepenecute YacTh PacTBOpa B MPOOMPKY M, MOJBL3YACH OCBETUTEIIDL-
HOfI yCTAHOBKOM, ybemurech B TOM, 4TO MOJY9eH KOJIOUJIHBIA PacTBOP.
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CpapauTe ontryeckuit 3ddext Opu OCBEIeHNH 30715 SbySy ¢ Tem, uro
HABMIOAAETCA MPH OCBENIEHMM MCTMHHOIO PacTBOpa AuMXpomara Kajinid
KQCIQOT.

Ocrapiuiicss B KOHMYECKOH Kozibe pacTBOp COXpaHuTe Jiisd BRITIOJ-
HeHus onuiTa 6.

IIpu oopMIeHN# Pe3YTBTATOB ONBITA 3ATUIINTE:

1. YpaBHeHENe peakiuu MOTy4YeHus Ajipa KOJUIOMIHOM MacTUILl BOJA
SbySa.

2. MopMyJy KOLIOMAHOH acTuIsl 3071 SbySs.

3. @opmyny munenrsl 3015 SbySa.

VrakuTe TPUUMHY ONTUYecKOro dddexra, KOTOPLIA HabaoaeTea

pH OCBEIIGHWH 30JIA, W CPABHUTE ONTHYECKUE CBOMCTBA MCTUHHDIX 1
KOJJIOWTHBIX PacTBOPOB.

OM Bl T 2 NMONYYEHWE 30/ TUAPOKCUJIA HKETE3A(ILT)
METOJOM KOHIAEHCAIIMK U U3YYEHME EI'O ONTRYECKUX
CBOUCTB

Konpescanus 9acTHIL, MOJIEKYJISPHON JHCIEPCHOCTH  MOMET 11po-
MCXOIATH B TPOIECCe TUAPOIN3A COJefl HeKOTOPHIX MONUBATEHTHLIX
mertanios, nanpumep FeClg. I'mpponus uona Fed* mporexaer 110 cTyne-
HAM:

Fedt 4+ H,0 = FeOH?" + H* (1)
FeOH?* 4 H,0 == Fe(OH); + H* (11)
Fe(OH); + H,0 = Fe(OH); + H* (111)

[uapokeny xenesa Fe(OH); me Bpmagaer B OCAAOK, Tak Kak
crenens ruaponuza FeCly mo Tperseil crymenn Maia.
3apsap000pas3ymMMKA MOHAMI B IIponecce 06pa3oBaHus 30015 MOTYT

6uiTe Fedt, FeOH2* u Fe(OH)3, a nporusononavn — CI.

TIpobupKy 3anojHWTE BOJOH (IPUMEPHO MO 1/, ee obnema) U 10—
¢TABBTE B OpAYYIO BOAsAHYIO Gamio. Hepes 5—7 MuH BHECHTC B npobup-
Ky 2—3 wamwm KoHnemrpuposannoro pacreopa FeCls. Habmiopaire
obpasopanue kpacuo-opamkenoro sona Fe(OH)s.

Ilonb3ysich OCBETUTENBHON YCTAHOBKOM, ybegurech B TOM, UTO IOJIY-
yeH KOJJIOMIHLIA pacTBOp.

Pacteop coxpaHHUTe AJNA HPOBEEHUs ONBITA .

[Ipu oopMIeHNN Pe3y/IbTATOB ONbITA YKaKNTE:
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1. Cocras sAifpa KOJJIOMIHOM YACTHIIE MOJNYIEHHOTO 30715,

9. CocTap KOJJIOMIHON YACTHIEL TIOIY9EeHHOrO 30717,

3. CocTaB MUTENIB NOTYYEHHOTC 30715,

O6nsicruTe HAGMIOAAeMEH onTHaecKuit addext (apdext Tunpana)
¥ NPUYMHY arperaTMBHOU YCTOMIUBOCTH 30JIH.

OTI bl T 3. MOJIYYEHME 3071 TUJIPOKCUTIA KEJIE3A(IID)
METOAOM JAMCHEPIMPOBAHUA OCAJIKA
FE(OH)g

[IpuMepoM TOIyUeHUs 30Jefl MeTONOM JIACHIEepIUPOBAHMS  MOXKeT
CITYKUTH NOJNydeHHe KOJJIOMAHOrO pacTBopa Fe(OH); myrem xuMudec—
Koro jpo6yeHna OcafKa CHPOKCHAA m‘.ene‘aa(III), HAa3LIBAEMOro TenTH-
sanueis. IlenTU3aTropoM MOMeT OBITH JJIEKTPOAMT C O/IHOMMEHHBIM HO-
HOM, BXOJAIIMM B COCTAB OCA/IKa, HANPHMEP FeCly (Fe’* — opponMen-
HBI HOH ).

Jlo6aBiieHVe MeNTH3aTopa K HEGONBIIOMY KOJIMYEeCTBY OcaiKa B
BOJLHO} Ccpeje NMPHMBOJAMT K TOMY, YTO MUOHEL Fel* npoHukaioT B rayOb
ocajKa U PAspAXJIAIOT €ro, MOCTENeHHO nApo6s [0 KOMIOMAHON Anc-
nepesocti. Jpo6ieHue Ha3BIBAIOT XUMHIECKUM HOTOMY, 9TO MOHEL HE
NMPOCTO TPOHMKAIOT B OCA/AOK, &, B3AMMOEICTBYA € €ero vacTHIaMmu,
06pa3yioT AMcCIEpcHYio (asy MONOKUTENTBHOTO sapsga. Wonn Fed*
SBJISIOTCA 3apiAA006pasyloONMMK B COCTaBe KOJTIOMIHBIX yacTUI[ MONY-
garomerocs 3075, a nousl CI” — IPOTUBOMOHAMM.

B crakan o6semom H0 M K 25 mn poasl nobassre 10 Kanenp pacTBO-
pa, B KOTODOM MaccoBas OIS XJIOPHJLA JKee3a FeCly cocranser 20%.
[lepemennaiiTe COMEPKMMOE CTaAKAHA U HOCIE 3TOro AobaBbTe MO KalIAM
(') pacTBOp THPOKCHA AMMOHIA NH,OH 0 uONHOro OcamJeHuA
rugpoxcnga Fe(OH)s.

[locie TOro Kak OcafloK YIJIOTHATCHA Ha JiHe CTaKaHa, OCTOPOXHO
cneiiTe ¢ Hero W36HTOK *xumkocTH. Ocalor npoMoiite 2—3 pa3a, nobap-
Asif K HeMy HeGOMbIIHe IOPIUMM BOJBL W C/IMBAA 3TY BOJLY TIOCJIE TOTO,
KAK MEJKIy Hell M OCa/KOM YeTKO OGO3HA4MTCA Ipanuna pa3gena.

K ocasky ruipoxcuja weneaa(I1l) npuieitre 25 M H;0 u 3 xanmu
pacTBOpa, B KOTOPOM MaccoBas /01 FeCly pasna 20%. Cmecs xopouio
mepeMenianTe. Jlns yckOpeHus mpomecca NenTH3aiin HarpenTe pacTBOp
Ha BoasAHOM Game. IIpexparure HarpepaHue TOria, KOTAA pAacTBOp HpH-

- o6peTer YCTOMUMBYIO KPACHO-OPAHKeBYIO OKPACKy.

Ionp3ysich OCBETUTENBHON yeTaHOBKO¥, ybeauTech B TOM, 9TO oJy-
YeH KOJIOM/HBIM PacTBOP.
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CoxpanuTe NOJIYYEHHBI KOMIOMAHBIN pPacTBOpP JIIA TIPOBEJEHU
NOC/IEYIOUIUX OINBITOB.

Ilpn odopMieHHH PE3YABTATOB ONBITA YKAKMTE:

1. Cocras siipa KOMIOUAHOW YACTHILI IIOJIYYEHHOrO 30715,

2. CocTap KOMJIOMHON HacTHIIE MOJIYUEHHOTO BOJA.

3. Cocras MUIEJIEL TTOJYUYEHHOTO BOJIA.

O6bsicENTe POL MENTH3aTOpa B Ipolecce MOAYYEHHA 30J5 U HpH-
quHy HabmogaeMoro ontudeckoro sgdexra.

OTI Bl T 4. MOJNYYEHUE 30715 KEJTATUHA U3 TBEPJIOIO
KOJIJIOUJIA

Ipu nmaGyxaHuym TBEpJOrO JKeJaTUHA B BOJE ofpa3yercsa Telb, a
TMOTOM (IIpH HArpeBaHUN) — 3071k,

[oMmecTuTe B NPOGMPKY KYCOUEK TBEPJOrO MelaTvha U NpuienTe K
nemy npumepro 10 ma ogsr. Yepes 10—15 mun Harpeiite npobupkKy Ha
BOsHOW GaWe Ml YCKOpeHHs mponecca 06GpasoBaHMi KOMIOULHOTO
pacTBOpa.

Ionbaysach OCBETHTENBHON yCTAHOBKOM, ybenurech B TOM, WO IOIY-
gen 3osb. OcTaBpTe NPOBUPKY C 30J1€M KEJNAaTHHA B UITATHBE Ha 20—30
MMH ¥ HabmogaiTe o6pasosanue rens (cTyus).

Ilpu odopMIeHHy pe3yIbTaToB ONLITA OTBETBTE HA CIeAYIOUue
BOMPOCHL:

1. Kakoit Meron 6B MCIIONB30BaH MpU TOMYIEHHH 30JA KesaTH-
HA — KOHJ(GHCAIAM WM AMCTIeprupoBanus’

2. Kaxoe pemecTs0 BLIIO MCHONBL30BAHO B KaYeCTBE nentusaropa’

3. Kax Bel y6emuiuch B TOM, YTO TOJNYYMJIN KOJIOMJIHBIA PacTBOP
aesaTuHa? §

4. Kakue cTaquy NPOTEKAIOT B NMPONECCAX TMONYUEHUs IMAPOPUIL-
HBEIX 30716 W3 TBEpPABIX KOJIOUNO0B?

5. B ueM pasHuma My COCTAaBOM sfep KOJJIOMJHBEIX HACTHIL THI-
podOGHBIX U THAPODUIBHBIX 3071€i7?

OMBlT 5 KOATVIALMSA 30715 JERCTBUEM SJIEKTPOJIUTA

Hapyuienue arperaTBHON W KMHETUYECKOH YCTOMYUBOCTH BOJeH
MOMET IPOUCXONTEL NP JO6ABIEHUN 3I€KTPOJINTA.

K KonmomaHbIM pacTBOpaM, NONYUYEHHBIM B OIBITaX 2 u 3, nobasbTe
[0 HECKOJIBKY Kalleslb KOHIEHTPUPOBaHHOrO pacTBopa cynbdara anio-
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sunnsi Aly(SO4)s. Yepes 2—3 mun HabmionaiTe YKPYIHEHUE HACTHI 1
obpazoBaHUe OcajiKa.

Tlpu odopmIeRUy pe3yibTaToB ONBITA YKAKUTE:

1. Cocrap YacTHIBI JAHCIEpPcHON casnt KOJJIOMIHON CHCTeMBI! a) o
spepennst Aly(SQ4)3; 6) nocie BRefeHUA Al(S04)s-

2. Coctas 06pa30BaBIIErocH OcajiKa.

O6mssicanre ponb Aly(SO4); B nponecce KOAryaAlny 30715 KakumMn
IponeccaMy COMPOBOK/AIOTCHA HADYIICHUS arperaTUBHON ¥ KUHETHYec-
KO YCTOHUABOCTH 30JIEH?

OTNBIT 6 KOATYVJIALNUA 307151 JEACTBUEM MNOCTOSHHOT'O
EKTPUYECKOT'O TOKA. OIIPEJEJIEHME 3HAKA 3APAJIA
KOJNMOUJIHOW YACTHIIbI

Hapymienne ycTORYUBOCTH 3071eil MOMKET MPOMCXOAMTL MoK AeicTBr-
eM TOCTOAHHOTO 3JIEKTPHYECKOro TOKA.

Konnounssil pacTBOp, IOJYYEHHBI B ONBITE 1, nepenecure B U-
obpasnyio Tpy6ky (puc. 20). Ilorpysure B pacTBOp OJICKTPOJMI TaK,
9TO6HI B KUIKOCTH GEUIM Tums KORIE daekTposos (0,5—1 cM).

IIponycTure yepes pacTBOp B TedeHue 10—15 MHMH NOCTOAHHBIN

MEKTPAYEcKUH TOK.

Onumure csom HaGMIOAEHWA M c/lejaiiTe BRIBOJA O 3HaKe 3apana

Komonmuof uactuipsl 3oas SbyS;. [Ipopepere cooTBETCTBHE 3TOrO

3HAKA TOMY, 4TO OBLT yKa3aH B dopMyse KOMIOUHON YacTHIBI (em.

onsir 1).

IIpu odopMIeHnN PesyJIbTATOB ONbITA:

1. TlosicHuTe CyTh SBJEHHA IJMEKTPOOCMOCA M YKAKUTE, MMEJIO JH
MECTO 2TO SABJEHUE TPU BHINOJHEHHH OMBITA.

Pue. 20. [pubop mns
KOArymnmaimmn 307161
NeficTBMEM  [OCTOAH-
HOrO  2NEKTPUHECKOro
TOK&:

I - WCTOMHMK TMOCTO—
AHHOPO TOKA; 2 -
YroJibHBIE BJIEKTPOALI
3 -  Wcchenyembin
30M1b

2. O6bsacuuTe, NOYEMY HPU NPONYCKAHUYN 3JIEKTPUYECHOT0 TOKA
HapylHIaeres yeTOHUMBOCTL KOJIOMIHBIX PACTBOPOB.

3. Banummre dopmysty KoarysisTa 3045 CYIbDUAA CYPBMBIL.

4. ObbsacHATE, ¢ UEeM CBABAHO BBIJIEIEHUE IAa30B Ha MeKTPojax’

PABOTA 12. CBOUCTBA BOJIHHIX PACTBOPOB
SJIEKTPOJIMTOB

(Vuebnuxu: 1990, § VI.4—VI.6; 2000, § 8.3—8.€)

Ilens paboThs — OIHAKOMIIEHHE C
BIIEKTPOXUMUYECKNM METO/IOM ONpeJeNeHUs
CTENEHH JIMCCOLMALMK HIEKTPOJIUTOB, OCHO-
BAHHOM HA CBOHCTBE MX BOJHLIX pPacTBOPOB
NPOBOAUTE 3NekTpudeckuit Tox. Maydenue
BABMCMMOCTH CTENEHM Jucconmanuu ciiabo-
ro SJeKTPOAMTA OT KOHIEHTPAILMU PACTBO-
pa.

DnexTpomuTaMKi HA3BIBAIOT BEIIECTBA, [TUCCONMMUPYIOUIMEe B BONE,
JIPYTHX TOJISPHBIX KMIKOCTSAX WJH pacijiaBax Ha WoHbl. PacTsopsl n
pacnuIaBbl 31EKTPOANUTOB NPOBOAAT HMEKTPUIECKUi TOX. Pacnan monexyn Be-
llecTBa Ha MOHBI HA3LIBAIOT JIEKTPOANTIWYecKoin aucconuanueir. Iepe-
HOC TOKa B PACTBOpax M pacliiaBaX NIEKTPOJUTOB OCYHIECTBIACTCH
MOHAMH, TIO3TOMY WX B OTIIMYHME OT BJIEKTPOHHBIX TPOBOJIHMKOB HA3LIBA~
OT WOHHBIMM TPOBOJAHMKAMM WM [pPOBOJHMKamMU BTOporo pozma. K
IEKTPOJIATAM OTHOCAT COJIN, KUCJOTHI, OCHOBAHUS.

Jns KONMYecTBEHHON XapakTePUCTUKH 3JTeKTPOJIMTHYECKON Iucco-
[MAIUK BBOANATCS TIOHATHE CTEINEHHM JUCCOUMAITH @

&= C/CQ:

rJie ¢ — KOHIEHTPAUHUS NPOAUCCONMUPOBABILMX MOJIEKY, MOJB/JI; o —
MEXO/IHAS KOHIEHTPALUA PAcTBOpAa, MOJIE/ .

Bee 37AeKTpOMMTEL AEIAT Ha cuabHBIe M caabweie. K cunbnbiM OTHO-
CATCS TE, CTENEeHb [MCCOIMAINN KOTOPHIX paBHA eAMHUIE, T.e. ¢ = Cp.
DAEKTPONUTUYECKAA [IUCCONMAIMA CHILHBIX EKTPOINTOBR NPOTEKaer
HeO6paTUMO:

HNOs — H* 4+ NO;
NaCl — Na* + CI
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K CHIbHBIM 2KTpOJIMTAM OTHOCATCH NPAKTUUECKH BCe COMM, TH/
POKCH/B IMIENOUHBIX ¥ M(EJ0THO-3eMEMbHBIX METAJJIOB H HEKOTOPHIE
xuenors (manpumep, HCL, HNOg n Hy504).

Creners AMCCONMAIMM Ca0HX JJIEKTPOIUTOB MEHbIIE  eJUHUIIET
(¢ < cp). Vix mucconuanys MpOTEKaeT o6paTHMO:

CH;COOH = CH3COO" + H*
H,C0; = H* + HCO;

KomceTanTy paBHOBECHs DICKTPOTMTUYECKON AMCCOLMALN caboro
SMEKTPONMTA HA3LIBAIOT KOHCTAHTOM JMCCOMUAIMM. Hanpumep, nopwu
298 K

¢ e I
AR _OH3C00” H _ 4 8.10°5;
i CH 3COOH
C +C =
K e M HOOs 4,4-107.
aHC0s  S4.004
] u K , MOJCHO CKa3aTh, 4TO ¥
CpaBuupas 3HAYEHUA Ixn CH4000H ol

YTOJILHOM KMCIIOTHL CIOCOBHOCTH K JAMCCONMAINM HA MOHBI MEHBLIIE, qeM

y YKCYCHOI.
Crenenp (@) ¥ KOHCTAHTa JIMCCONMANIN (Ky) caBoro 51eKTpoJnTa
CBSI3AHBI 3ABUCUMOCTBIO (3aKOH OcTeanbpa):
aleg (|

By = T —a  (I—0y

rae V = 1/cy — passefenue pacTBopa, J /Mos.

B pacrBOpax 3JIEKTPOIUTOB OCYIIECTBIIAIOTCH MEKHOHHBIE B3AUMO-
neiictBusA, OOGYCIOBJICHHBIE ciJlaMy  OpPUTAKEHMA ¢ OTTAJIKNBAHMA.
Haubosee 3aMETHE MEXNOHHEI® BRAUMOIENCTBUSA B PACTBOPAX CHJIbHBIX

BIIEKTPOJIATOB. —
JIisi KOJMMYECTBEHHOH XapaKTepUCTHKH MEKMOHHBIX  B3aMMOJIeii-

CTBHIT MCHONbBYeTCs WOHHAS CHJla pacTBOpa I (nomycymMma OpOM3BERE-
HUii KOHIEHTpanuil BcexX HOHOB, IIPUCYTCTBYIOIINX B PacTBOPE, Ha
KBaJpaT ux 3apAaua):

== 1/2 EC;‘Z%.

Sgasj WOHHYID CHIY PpacTBOpa I, MOMHO HAaiTH rkoapdunuent Y,
HO3BOJIAIONIMI ONpPENEMT: HEKOTOPYIO BeIMduiy d (AKTHBHOCTB),
pOpPMATTLHO 3AMEHAIONMLYIO KOHUEHTPALIIO C:

a; = Vi€
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e ¥, — Koo QUIMEHT aKTUBHOCTH MOHA, KOTOPBIH sABIAeTcA (PYHKIMA-
eit MOHHOI cUITBl pacTBOpa [ 1 3apajla MOHA 2

Konu4ecTBeHHON XapaKTePUCTHKOM crnocoGHOCTH pPacTBOPOB 3JIEKT-
POJMTOB MPOBOAUTEL OJMEKTPUYECKUIT TOK SABJIAETCA DJIEKTPUUIeCKas
IPOBOJIUMOCTD. Pasnnuaior yaeabHyio o W MOJAPHYIO fi 3JIEKTPUIeCKYIO
[TPOBOIMMOCTD.

ViesqnHas 3JEKTpAUEcKas NpoBojumocTh pacrsopa ¢ (Cm: M)
BeJIMYMHa, obpaTHas YAEIbHOMY 3SJIEKTPUYECKOMY COUPOTHBJICHUEO!

o= 1/p. (1)

MongpHas 37eKTpuyeckas MpOBOIMMOCTL pacTBopa | (Cwm* - moms™)
— 3TO 3NeKTpUYecKas MpoOBOAMMOCTh TAKOro 00bema pacTBopa, B KOTOPOM
CONEPIKUTCA OAMH MONL PAaCTBOPEHHOTO BEIIECTBa:

1000
p=" (2)

€

H BospacTaeT ¢ yMeHbIIGHMeM c¢p (MM ¢ yBeNIIeHUeM V), mocrurast
HEKOTOPOTO NPEAEILHOTO 3HAYCHUA.

[IpoBOHMKAMY 3JIEKTPHIECKOrO TOKA B PACTBOPAX 3JEKTPOJIMTOB
ABNISIOTCS WOHBI, MO3TOMY 3JIEKTPUYECKAs MPOBOJMMOCTEL TeM BbLIIE,
wuem 6oJblIe MOHOB B pacTBope. M3BecTHO, YTO KOHIEHTpalusi HOHOB B
pPACcTBOpPAX Ca6bIX IJIEKTPONMTOB TeM Goibile, HeM OOJbIe CTemeHb
JUICCOMUMALIME DCKTPOJATA (. Y CTAHOBJIEHO, UTO MEKJLY IJICKTPHIECKOMH
[(POBOAMMOCTHIO M CTENEHBIO JIMCCOLMANMM CYMIECTBYET BIANMOCBAL,
KOTOpast Beipaxkaercs (hOpMyIon

O = i/ fy (3)

rae p, — Tabnuupas penuuuHa (TaGyJMPYIOTCA SHAUCHUT fi, TPH 291

wimn 298 K).

Wrak, uTo6bl BHIYUCIANTH CTENEHb ANCCONMALMA IJIEKTPOIATA (a) B
pacTBOpE 3aJaHHOi KOHIEHTpalun IpH JIAHHOI TeMIeparype, HeobxXo-
JUMO 3HATH MOJIAPHYIO JIEKTPHYECKYIO NPOBOAUMOCTH (,u) 9TOT0 pacT-
BOpa 1pU TOH JKe TemiepaTrype. MonspHYI 3JIEKTPUYECKYI0 MPOBOIN-
MOCTL PACCYHUTLIBAIOT 110 YpaBHEHWIO (2). Ynmenbnasa snexTpuyecras
NpPOBOMMOCThL PACTBOPA JJIEKTPOIUTA, ABIAACH BEITMUMHON, 0O6paTHOR
VILeJABHOMY CONPOTHBICHMIO pactBopa (p), MOXkeT OHITL BRIYMCICHA MO
HKCIIEPUMEHTANBHO HAl/IeHHOMY 3HAUEHUIO 3IIEKTPUYeCKOro CONTPOTHUB-
nmeuusi (R) pacTBOpa SJ€KTPOTATA 3aJaHHOM KOHINEHTpAnyy Hpu JaH-

HOW TeMmIileparype.
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Pue. 91, Sluefika 771 M3MEPEHUs BIEKTPUHECKOrD CONPOTHBICHIA pacraopa

(a) ¥ cxema ee BRIIOHEHWS (6): .
1 - npobru; 2 - Kpat s cnypa meuproeTH; S - TATHHOBbIE ANexTpoabl 4 -
YroJibHbIE DIIEKTPOALY 5 - uccnenyembiii pactsop; 6 - COCYA 7 - WCTOMHMEK
[IEpEMEHHON0 TOKa; 8 - JaMIoHKa

Jlnst waMepenus CONPOTUBIGHUA PacTBOPa anen'rp?nma npu T =
— const caymuT AYeiTKa, W30OpAXeEHHAH HA PUC. 21, a*. Yepes biexpo=
JMT TPONYCKAIOT TIepeMeHHBIH JNeKTPUUECKNH TOK; CXeMa BRIIOUCHUS
sYelKU B ceTh npuBejeHa Ha puc, 21, 0. L

Cocyn, 6 uaroroBiisercs U3 CTERISIHHON TPYOKM AMaMeTpoM 12—15
myM 1 mumEoi 25—30 cv. Korusl TpyOKHU 3aTHYTHL BBEPX. B ropuaon-
TajpHEIT yuacTOK TPyOKHM Ha PacCTOAHUM 10—12 cm gpyr oT Apyras
BIAMBAIOT JiBA HEGOJBIIMX KycOYKA IIATUHOBOH HPOBOJIOKH (;ma.me-rp
0,1 mm, piausa 556 vM). K mraTHHOBHIM TPOBOJIOMKAM npunanBaoT.
TOHKHME MEJIHEe TPOBOJIOUKY, KOTOPHIe A/is GOMBIEH NPOtHOCTH yKperr-
JSIOT Ha CTEK/SHHBIX BHICTYNAX B HIDKHeH HacTW COCY/a. K HuM npu-
[aMBalOT TPOBOJia, COSTUHEHHEIE C BONBLTMETPOM. I

[LTaTMHOBBIE IEKTPOAB § CAyKAT /s U3MEPEHus NafeHIH Hanps=
JKEHUS B PACTBOpE HIeKTponuTa J B cocyie 6. -.

Tok NMOABOAUTCSA K PACTBOPY NPH HOMOIM YTOMBHEDX BIEKTPOJOB 4;
3aKpEeIUIEHHBEIX B PE3MHOBBIX npobkax 1. IIpo6KH BLIHMMAIOT IPH 38
[OJTHEHUM COCY/la PACTBOPOM; JUISi CIMBAHMA PACTBOPOB CILYHHT kpan 2.

Yepea pacTBop MpOIYCKAIOT nepemennbit Tok 1 (220 B). Jlust ymenbs
[IEHWS TOKa B LleNh MOc/ef0BaTe/IbHO ¢ cOCY/IOM § BKJTIOYAIOT JIONOTHHA=S
TeIbHOE CONPOTHRJIGHHE — JJIEKTPHUCCKYIO JAMIOTKY 8. Tor wuepe
pacTBOp NPOIYCKAOT TOJBKO BO BPEMA WaMepennii, 9To6s He ObI0

* Basro M3 ki llpaxtueym To obueit Heopraiyeckoi XUMUNK / Top,
pen. MX. Kapamerh s HI A, CH. Jl paxuna M, Borcuas WKonay
1969.
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[a3sOrpeBaHMs PACTBOPA, M3MEHAIOUIEr0 BEIMYMHY €ro BIeKTPUYEcKOro
COIPOTHBICHMA.

JIna naMepeHns TOKA B LENM M NaJeHUA HAUPSKEHUA MEMIY 2JIeKT-
pojlaMu § MCHONL3YIOT Tecrep (aBOMETP), ABISIOIIMACH ONHOBPEMEHHO
AMITEPMETPOM ¥ BOJIBTMETPOM M MO3BOISIONIMA M3MEPATh KaK TOK, Tak
U HanpsiKeHMe B IIUPOKOM JAuanadoHe ux sHadenuit. Hampskenne
u3MepseTcs TPU TAPALIETLHOM BRJIIOYEHHM BOJIBTMETPA,
IPY TOCTIeIOBATEeNLHOM BKJIOYeHHN amMnepmerpa  (puc. 21, 6).

Wamepus Tok B nenu ([) u najenue HaUPsMKEHUsA MY dIEKTPOLa~
su (U/), MOKHO BBIUMCJMTH CONPOTHBIICHHE CTONGA JKHUAKOCTH, BAKIIO-
YEHHON MEXKIY BIICKTPOTAMHU:

B TOR —

R=1U/1, (4)
¥ yAellbHOe CONpOTHBICHNE pPacTBOpa JNIEKTPOJIATa f-
p = Rs/l, (5)

rjie § — IOIepPeYHoe CeueHne MpoBoJAHUKa; [ — ero jumHa.

Ornomenue s/l HaswBaior 'mocrosmHOM mpmbopa'. DKcnepUMEHT
HAYMHAIOT ¢ ONpejeJienus NoeToAnHOi npubopa. Jlna sToro ucnomnssy-
10T pacTBOp 9JIEKTPOJMTA € WU3BECTHRIM YIETLHBIM COIPOTHBICHHEM p
(uame seero 0,1 M pacteop KCI, ynensnoe comporupienue KOTOPOro
mpu 291 K u npu 298 K pasuo coorserctsenno 89,4 n 77,6 Owm-cwm).
Mamepus 3uauenus U u I B menu, BeiuucasAoT R 0o ypaBHeHUIO (4), a
3aTeM NMOCTOAHHYIO npubopa no ypasHeH#io (5).

Jlanee 3aMEHAIOT PACTBOD XJOpWa KaJlus HCCIELYeMBIM PACTBOPOM
u cuosa uamepsaor U u [ 3Has nocrosmHyio npubopa U CONPOTHBIIE-
HUE HCesIeyeMoro pacTBopa R, paccuuThIBAIOT YNENBHOE CONPOTHBIE-
HUE DPACTBOPA 3JEKTPOJIUTA f W YHEIbHYIO 3NeKTPHYECKylo IpOBOIU-
MOCThL ¢ 10 ypaBHenmio (1).

Toneaysick coornomenneM (2), BHIYMCIAIOT j KCCAGAYEMOro pacT-
BOpA.

3HaA NpeiebHYH MOJSPHYIO BIEKTPHMYECKYIO NPOBOJMMOCTD BOJI-
HOTO pAcTBOPA MCCJIEYEMOro 3JIEKTPOIIMTA fi_, PACCYMTHIBAIOT 110 ypaB-

HeHHIO (3) cTenens AucconMalUun .

Kowmpoaruwe sonpocs

1. Kakite BelllecTBa HAZEIBAIOT SMIEKTROINTAMMT

2. HoueMy oIEKTPOJIMTEI HA3BLIBAIOT NPOBOJHUKAMU SAEKTPUMECKOTO TOKA
Il pona? Kaxue Bemecrea sipasiorcs nposoanukamu 1 pona?

3. Uro HASLIBAIOT CTENEHbio [ccouMauun onexrpomura? Yemy passa
cTeneHb JIMCCOLMAlMM CUIBHOTO VIEKTPOIUTAT
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4. SamuuuTe YpaBHEHNe DVIEKTPOIMTUHECKOM AMCCOUUaln YTOJBHON
KueoTHl U Kapbomara Harpusi. O6bscHuTe, B KakoM clyHae IMCCOlIUalins
nporexaer: a) 06paTmo; 6) cTymeH4ATo.

5. VIMeloTCs CAHTUMOJSDHEIE PACTBODBI COJSHOM M YKCYCHOH KMCTIOT. 06—
scHUTe, B KAaKOM W3 HAX DasHUL@ MeM[y SHaUeHMSMU C ., W 4, 6ostee Ba~

MEeTHA.

6. Bamuumre TpU MaTeMarudeckue OpMYJIBI, HA OCHOBaHMH KOTODBIX
MOMHO: a) JiaTh ONpefiefieHre CTereHu [MECOIMALIYM BNEKTPONINTA; 6) BBIMMC-
UTE CTENEeHb IMccolMauyy cnaboro SIeKTpoiMTa B pacTBOpe 3ajlaHHON KOH-
[{eHTpaluK; B) BHMUCIMTE CTENeHb AMCCOLUMAIMMA c1aBoro WIEKTPOIMTa, UBMe-
DUB SNEKTPUHYECKYIO ITPOBOJMMOCTb ero pacTBopa.

7. Beluucaute creleHb AMCCOLMALIAN NH3-H,O B ero peuy-, Cantu- M
MUIAMOnApHEIX pactBopax. [locrpoiire rpacyK 3aBUCHMOCTM CTENEHM AMCCOo-
wain NHz+ HyO or KouuenTpaiuu pacrsopa. Omeem: 0,0134; 0,0423; 0,1338.

8. Uro HasblBalT DasBelleHyeM pacrpopa? Crenajire Heo6Xo[MMBble PACHEThI
¥ NocTpofiTe KPUBYIO 3aBUCUMOCTH CTEMeHM MMCCOLHalin A30TUCTON KUCIIOTHI
OT pasBejleHus,

9. Boiumemure xoHlentpaumuio uoros HY B 0,1 M pacreope CH3COOH u
MOJISIPHYIO GVIEKTPUYECKYIO NPOBOJIMMOCTE STOr0 PacTBopa npu 298 K, ecym mpu
oTolf TeMmepatype f, = 390,7 cu?-Om7l-mompl. Omeem: 1,32+ 1073 mons/m;

5,16 cm2+ Om1-momp ™.

10. Mouemy npu pasbaBieHn pacTBOpa cnaboro BIEKTPOIMTA ero yieNbHasd '
QIIEKTPUYECKAs TIPOBOMMOCTD AOCTUTAeT MaKCUMyMa, a 3aTeM yMeHBIIAeTCH, 4
MOJIAPHAH — [IOCTUTAET MAKCUMyMa fi, & 3aTeM He MSMEHACTCH (n B TOM, M B

npyroM cayvasx T = const).

11. Conporusienve s4efKH, BAMOIHEHHON PACTBOPOM KCl ¢ ypenbHom
AITEKTPUHECKOT MPOBOAMMOCTBIO 5791073 Om!-ex’l, pasmo 103,6 Om. Comnpo-
THBTeHUe TOM e SUeNKM, BaloHEHHON 0,01 M pacTBOpOM YKCYCHON KMCTIOTHI,
pasio 5771 Om. Ompenerdre MOJISIPHYIO BIIEKTPUYECKYI0 TTPOBOMMOCTD 0,01 M
pacTBOpa YKCYCHOM KucioTsl, Omeem: 10,39 cm2Om7l - moms™l.

ON LI T 1. ONPEAEJNEHNE SNEKTPUYECKON NMPOBOAUMOCTH
BOJIHOI'O PACTBOPA CH;COOH

Cocyn, mpubopa AJNA HM3MEPEHUA 37IEKTPUYECKOr0 CONPOTHBIEHMA
pacTBopoB (cM. pHc. 21) npomoiite 2 pa3a JMCTATAPOBAHHON BOJOMH.
Jlns aTOro OTKpOfiTe NPOCKH 1, sameitTe B cocys BOAY U BLIJIEHTE €8 U3
cocyna ¢ momompio kpana 2. IIpomorite cocyn eme pas 0,1 M pacTso-
pom KCI

Ramonmure cocyn 0,1 M pacrBopoM KCl Tak, 9To6B YroJabHHEIE
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3MeKTpO/E 4 OBUIM MOrPYXeHsl B pacTBOp Ha 1,0—1,5 cm. Wamepbre

najenne nanpsxenus U u tok [*. Samummre nomyueHHLIE PE3YNbTATEL
n3MepeHui B TabiHIy N0 NPUBEIEHHOMY HWMKe 00pa3siy:

DeKTpoUT KCl CH3COOH
Koniienrpauust pacrsopa 0,1 M 3ananue:
Namepsiemasn BemMuMHa U I U il

Iloxazanus npubopa
llena nemenus wKamnbl
WameperiHas BeIMYMHA (B) Ay 1. (B : (A)

' |

OrxmounTe TpUbOP 0T MCTOYHHKA MEPEMEHHOrO TOKa 7 W Npomoiite
cocya 2 pa3a AUCTUIUTHPOBAHHON BONOH, NpeBapHTEILHO CJIMB H3 HETO PaCTBOP
KCl. Tpernit pas upomoiire cocyn pactsopom CHyCOOH samammnoi
KOHIEHTparMy (3asanue NoNyunTe y NpenoiaBaTesns).

Banonuure cocyn wuccaeayemuiv  pactsopom CHaCOOH, urober
yTOJBHBEIE 3MEKTPOABl 4 Obumm morpysensl B pacrsop Ha 1,0—1.56 cm.
Mamepbre nagenue wanpsokeaus U u Tox [y, Tlosnyvennsie pe3yssTarhl
pHecuTe B Tabauny. OTrmounre npu6op OT NCTOUHUKA TOKa 7.

Bruneiite us cocyna pacreop CHyCOOH u sanonaute cocyn AMCTHI-
JIMPOBAHHON BOJOM; ONYCTUTE B BOJY BJEKTPOJIB! 4.

Ilo paEBIM ombITa paccunTaiite:

1. Conporusnenue pacteopa KCl R, Om.

2. Ilocrosrayio npubopa s/l, em.

3. Conporusnenne pacreopa CH3;COOH R;, Om.

4. Ynensnoe conporusnenne pacrsopa CH3COOH p, Om-cM.

5. Vmensuyio snekTpmueckyio nposojumocts pacrsopa CH;COOH
o, Om1-eml.

6. Monapayio anexTpuueckyio npopoguMocts pacrsopa CHzCOOH
4, Om71:em2- Monn™L.

7. Crenens mucconmanuu CH;COOH B uccienyemMoM pacTBOpe
o™ *yan, P

8. Cremens pucconmanuun CH;COOH B mcenenyemom pactsope (1o
saxony Ocrpannua), %.

* =
Ilpu uzMepenusix crporo cobmopaiite yKasaHUsl MHCTPYKUMU K TecTepy.

*
** lpu pacuere yuecth, YTO NpejeNbHAsT MONAPHAS BIEKTPUYECKas NPOBO-
mmocts pactopa CHaCOOH g mpu 291 K pasua 350,0 cu?-Om'l-momp™, a

nput 208 K — 390,7 em?- OmL e monsL.
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O Bl T 2. ONPEAEJIEHWE CTEIEHH! JMCCOINAITMNA YKCYCHOM :

KUCIOTH METOJIOM M3MEPEHUS QNIEKTPUYECKON
: [IPOBOJIMMOCTH

Onprr suinonusiercs 6puragoi us 3—4 cTY/@HTOB. DnexTpoXuMuIec—
KUl METOJ] ONpeJlelIeHNs CTerend auceoryanin ¢1a60r0 2JEKTPOINTE B
pacTBOpe 3a[aHHON KOHIEHTPAlMU NpH JIaHHON TeMIepaType CBOTUTCH
K VW3MEPEeHHIO YAGHbLHOH ONEKTPUUECKON IIPOBOAMMOCTH pacTBopa

HIEKTPOJINTA 3aJaHHOR KOHIEHTPAIH (mpu T = const) u mocienyio- |

[ieMy pacueTy 3HaueHuit g 1 & 10 GopmyaM (2-3).
Mamepsior YAENBHYIO DJIEKTPUYECKYI0 [POBOAMMOCTEL pacTBOpa
¢ noMmollbi0 KoHAyKToMeTpa (cMm. BeeneHue, § 4).

[lonyunre 3ajaune y IpernojiaBaTesis. Hajreiite B cTakan (Ha 1/; ero
obnema) aHAJIM3UPYEMbIN PacTBOp U HOMECTUTE B HEr0 MBMEPUTENLHEIA
BIEKTPOJL, TPe/IBAPUTENILHO BLITEPEE ero UITETPOBATBHOMN tymaroit.

[lopopoToM BUHTA Ha TepefiHed NaHeIu npubopa mopGepuTe TAKOK

JIMANA30H 1A M3MEepeHnA, yToOBl CTPETKA TallbBaHOMeTpa OTHKJICHHIACh

IIPUMEPHO 710 CepeIMHbl IIKalbL.

Paccunraiite YAENBHYIO BIEKTPUYECKYIO HPOBOAMMOCTE pacTBOpa,
npuuas eeo mraty (50 [eNeRnit) 3a JJMEKTPUUIECKYIO MPOBOMMOCTD,
yRasanH VIO Jyall A30HOM.

Beionuue MsMepenns, BEIHbTE U3 pacTeOpa N3MEPUTEILHEL 3JI8KT-
POJL 1 NOMECTHTE €ro B CTaKaH C BOJIOM.

Brieiite pacTBOp U3 M3MEPUTEILHOrO CTakaHa U OII0JIOCHUTE ero.

BHas YAIBHYIO JIEKTPUUECKYIO IPOBOAUMOCTD 0 M KOHIEHTPAIIE0

¢y AHATMANPYEMOrO PACTBOPA, BHYUCIUTE [0 yPaBHEHUIO (2) momsipHyIO

SACKTPUYECKYIO TIPOBOJAMOCTh 4 M TO YDABHEHMIO (3) cremenb

JAACCOMUANNY YKCYCHOW KUCIOTHL & (npm pi 201 = 350 em2-Omlx

xposn!). PaceunraiiTe MO 3aKOHY PasBENCHMA Creop YKCYCHOM KMCJIOTHL

B aHAM3UPYEMOM pacTBOpE.

Menons3ya CBOM M AHAJIOTUYHBIC  AaHHBIE, HONYy4YEeHHEIe JPYPEMH |

ujedaMu Gpurajibl, 3alno0JHATE Tabnuiy mo obpasny:

¢ I 4 ; & y
Homep| ©0,CH3COOH CHaCOOH’ | g2, em? - oy x| Creriens nucconami
OTIBITA MO /T 1/Monk xOu!1
@ yam & pegp
1
9
| |
3 i |

94

Ha ocHOBaHMM JAHHBIX TAGNHIL TOCTpoiTe (HA MUILINMETPOBOM
6ymare): a) rpadMK 3aBUCUMOCTH MOJISAPHON 3JIEKTPUYECKOM NPOBOMM—
moctn pacrsopa CH;COOH or paspefienms pacTBOpa B KOOpAMHaTax
p= f(V-1073); 6) rpadmK 3aBUCUMOCTH (regp OT KOHUIEGHTPALMN pPacT-
BOpa ¢o i TPAdUK 3ABUCHMOCTH O3y OT KOHICHTPAMM pacTBopa ¢o (Ha
OJIHOM "epTene).

PABOTA 13 BOIOPOJHBIA NIOKA3ATENL CPEJILI pH
- (Vwebnuxu: 1990, § VL5; 2000.§ 8.5)

Meas paboTh — ONpEAEIeHHE
BOJOPOJHOTO TOKAa3aTeNs cpejkl MeTOaMu
pH-Merpuy 1 BU3YalLHOTO KONOPUMETPUPO-
paHus; npopefeHue pacderoB pH BomEBIX
pacTBOPOB CHJBHBIX ¥ cHabbIX KHCJIOT M
OCHOBAHMIA.

BozopojiHEIi NOKa3aTens cpejbl BOXHOro pacrsopa snextponura pH
paBeH B3ATOMY ¢ OOpATHBIM BHAKOM JIECATHYHOMY Jiorapudmy axThB-
HOCTH MOHOB BOAOPO/a B 3TOM PacTBOpE:

pH = —lg aH+. (1)

Cpena BOGHOTO pacTBOpa 3JIEKTPONNTA MOIKET 6BITh KHCJIOH, Hel-

TpalbHOW MM INEeICUYHOM. HocurensamMu KHCIOTHBIX CBOMCTB ABIAIOTCH
+ ?

worel H*, a OCHOBHEIX — HOH OH", noaTOMy B KHUCJIBIX pacTBopax a:H+ >

. PacTBOpHI, B KOTOpPHIX @ . =

>4, a4 B IWEIOUYHHX — a4, < a
H H OH” H

0 +
= dOH“’ Ha3bIBAIOT HEHTpalbHEIMH.

TIpu 2IeKTPOJNIMTHYECKOH [AHMCCONUALMN BOALL oOpasyercst paBHOE
wonnuecTso uwonos H* m OH™:

H,0 = H* + OH"
Koncranra nucconmaumm Boasl npu 295 K pasma 1,8-10716, a aﬂz
IIpK TOii JKe TeMIeparype paBHa npuMepHo 55,56 MOITB /1
55,56
= 1,8:10716.55,56 = 10:14.

K= = 1,8-10716. (2)

Orciona a_, a
% H' OH
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i = L.
JKORHBIM TPON3BEIEHICM BOJL
Benuuura K, = aﬂ+u - HA3BIBAeTCA ¥ |

5 -—- R
fpu 295 K K, = 1014, B meiiTpasbHBIX pacTBOpax aH,(
p n :
= -7 monp/n (pH < T), B e
1077 Monb/.ﬂ [pH 7), B KHUCABIX G, > 107" Mo / (p .

< 16‘_;1»10111:/11 (pH > 7).

JOYHBIX @ .
" HoJBb3yerest HOKasaTenh pOH:

Hapsiy ¢ NOKa3aTes e pH nc

®3)
pOH = g 0o

: mpu 295 K
Mexons w3 3HAYCHHA HOHHOTO TPOM3BeeHNS poukt Ky, 1P
pH + pOH = 14.
Ilpu pacuere BOX
ox  KMEJIOT M OCHOBAHM S
i FUUecKOi AUCCONMAaIi (o= 1):

(st Cpejibl BOIHBIX PacTBOpOB

azared
OpOJHOTO TNOK el

i ciegyer yuMTHIBATH neob
cHith
nporecca X BIEKTPONH

—

Hncr — H* + o
NaOH — Na' + OH-

H' B pacTBOpax QIIHOOCH@BHBIX CHIIBH BIX Ku_c.no‘r u.
OCHOBHBIX wienoyeil HNCACHHO
50,001 M pacrsope HCI pasHa
a 0,01 Monb/I.

erTpala MOHOB
Komlli,*(:‘lrl::aun{; woros OH™ B pacTBOpax OAHO
paBHb MOTIAPHOCTI pacTBOpPOB. Haripumep, :IHE) S
0.001 monv/a, @ Con B 0.01 M pacrsope NaUH P
| HOro Wil rnnpﬂucnnbﬂoro

| |
gie BOJLOPOX :
qUCIUTL 3HAYEHH o
Feimel e (pH wnam pOH), uy#KHO 3HATE AKTUBHOCTH WOHO

noKasaTena Cpeis i ke )
i OH (g, wis aOH‘): fegb ¥y oH oK OH
i 1o CHpaBOYHBIM Taban

AT
WRHOCTH HMOHOB HAXOJ
i sopa [ (eM. IPUIIOIKEHNE 1X).

aM Kak

TMEHThI
pyHRIUIO WMOHHOIT CUIIBT PacT

popa HNOs.

1. Boruennre pH 0,01 M pact pofia — yHKIMAA KOHILEHTPAIN

5 yoHa BOJO
Jlnst onpejlelieHis Kond

[Ipumep
Peu eHne ARTUBHOCT
MoHa BOJOpoOa: @, :YH* Gt

popa I
1M VOHHYIO cHily pact
MOHOB 130;L-:>1;>0naﬂfu+ BBIMUCTT

2 .12y = 0,04,
1=1/; 8 ¢f =12 (001-12 + 001 12)

=13 = b e
rae ¢, = 0,01 MOIL/ T oo = 1; N0 0,01 Moib/ Nop .
4 enme 1X) HaidneM PENTUHUHY YH*'

Mo crpanounbM TabmILAM (cM. TpUTIONR
= 0,92.

orsevatonyio I = 0,01 YH*
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chunenTa ARTMBHOCTH |

Jlanee paccuMThIBaeM AaKTMBHOCTH MOHA Bojopona u 1o copmyne (1) pH
pacTBopa:

= 0,92-0,01 = 9,2-107* monn/x;
pH = —lg 0,2:1073 = 2,04.

B cnyuae pacuera pH pacreBopa mienoun ienecoobpasHo BOCHOMLIOBATHCS
NPUBENIEHHOM CXEMOW [l BBIMMCIEHHS TUPOKCHIIBHOTO [OKAZATeNst Cpejsl
pOH, a sareM HaliT¥ BOJOPOJHEIN NOKasaTelb cpefrl no pasHocryt pH = 14 —
— pCH.

Ilpu pacuere BOJOPOAHOrO HOKABATENs CPEALl BOJHBLIX DPACTBOPOB
cJ1abhIX KHMCJIOT M OCHOBAHUI CJIEAYeT YYUTHIBAThH 06PATUMOCTL [IPOIEc—
ca MX BJIEKTPOJMTHYeckoi aucconuanuu (a < 1):

CH4,COO0H = CH;CO0" + H*
NHy-H;0 == NHj + OH
cho;g e HCO;;

Kornentpanus uwonos H* B pacrBopax cabeix KHEJIOT ¥ KOHIEHTpa-
nus wonos OH™ B pacrsopax cabelX OCHOBAHHN YUCIEHHO pPAaBHEI
KOHRIIGHTPaluy I[POAHCCOINMMAPOBABIINX MOJEKYJl 3JICKTPOJIMTA, a He
MCXOJHON KOHIEHTpal}MHM pacTBOpa, Kak B cjIydae CHILHBIX KUCJIOT M
OCHOBaHMNN.

KonnenTpannio nNpoguccOMUPOBABIINK HA MOHBI MOJIEKYJl 3JEKTPO-
JIATA ONPENesAIOT, UCXO[AA U3 CTENeHH JTNCCONMMAINM: ¢ = &Cy, T 5 —
MCXOHAT KOHIEHTPAIMA MOJNICKYJ, MOJIb/JL.

Crenens AUCCONMANMM DAaCcCYMTHIBAIOT Ha ocHOBarmM 3akona Ocr-
BAJILIA: ;
a?cy

1-a

Ky =

Buauennsn Kj,, HEKOTOpHIX €1abBIX 3MEKTPOJIUTOB NPUBEJEHH B
npunoxkeruu VIIL

Mpusedanue Yame nomayiores dopmynont K; = o, cumras,
yro @ <« 1, B ciyuasix, Korja pacyer 10 YNpOIEHHOMY YpPaBHEHMIO HaeT pe—
aynptaT o > 0,1, BLMMCIEHMS TOBTOpSIOT, He NpeHebperas BelMYuMHOR « B
sHAMEHATENe JIpobu.

Onpefenus cTENeHb [AMCCONMAIMM & ¥ KOHUEGHTPAIMIO MOJEKYJI,
pacnaBmmxcs Ha woHHl, ¢, Beumeamior pH mmu pOH pacrsopa snewt-
ponura, cuuran, uTo ¢ = ¢ _, (kmenora) win ¢ = ¢__ (ocHOBaHME).

H OH

4-283 4

LH _ |




M TUAPOKCHIBHOIO HoKasaTresns
1 cnaboro OCHOBAHHI Mpmno
— ¢ _ BBUJLY MAJIBIX MOHHBIX CHI (D

cuuTath, 9T0 4., = Cpp n o o

Ilpu BRYMCICHUN BOIOPOAHOrO W
cpefipl pacTBOPa cnaboit KHUCIOTHL Ml

PacTBOPOB.

pacTBOpa AMMMAKA.

puMep H 0,01 M
- o S i H,0 B 0,01 M pacrsope pasHa:

P em e Hu e Crenedb mueconuaiym NHg:

a= Koo = 41,1’9*1.0‘5/1(}’2 = 421072,
HaxonMM KOHI[EHTPALHIO MOTIeKYI NHj-H,0, pacnapumxcs Ha WOHEL, U
paBHyIo et KOHLEHTPALWIO nonos OH™:

c= o = 4,2° 10-2-1072 = 4,2-107* MO/,

¢ =4,2-107% monb/1.
OH

Onpenensiem pOH 1 pH 0,01 M pacTBopa AMMMAKa!

= - = g 4,2:107% = 3,33,
pOH 1g Cog g
pH = 14 —333 = 10,67.

Konmpoasusie 80npOCH

1. Yro Haswipalpr CTENeHbIo JMCCOIUALUN anextponura? demy paBHA

2
cTerneHb “AMCCOL Al CHJIBHBIX BIEKTPOJUTOB !

+2. B pany o/eKTpONMTOB

NaOH, KOH, H20, CH3COOH, H,S, HNOg, HCl

ek obpa—
HONUEPKHUTE Te, AMCcONMALMA KOTOPBIX B BOJIHBIX PacTBOpax MPOTEKACT p

THMO. i
3. Cocraspre YpaBHEHWSA HIEKTPONUTUHECKON ICCOL MALH yRCYCHOA
ESHUS COOTBETCTBYIO-

CepOBOJIOPOJIHON KNCIIOT (ne crymernu). 3amMIIKTE BBLIPAJ
X KOHCTAHT IMUCCOLAAlNH.

A. Brruuciite MOHHYIO CHITY
wona OH" (aOH_} 8 oroM pacrsope. Omese

0,06 M pacrBopa NaOH. Haiinure akTUBHOCTE
m: 0,05; 0,0425 Moub/Jn.

5. Paccuuranre KOHIIEHTpALMIO MOHOB OH- B 0,06 M pacrBope aMMMAKA.

Omeem: 9,4-1074 Momb/.

oW = 107
6. Paccunraiite aKTUBHOCTH MOHOB OH- B pacrsope, €M &,

wons /1. Omeem: 10712 MOJTB/ L.
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7. AxtuBHocts monos OH™ B BojHOM pacrBope pasa 107 momb/in. Berme-
mure pH pacreopa. Omeem: 11,0.

8. Paccuuraitre pH 0,06 M Bogsoro pacrsopa HNOj3. Omeem: 1,36.

9. Paccunraitre pH 0,05 M Bogmoro pacrsopa KOH. Omeem: 11,675.

10. Hammnre monsiphyio konuenrpaiumio pacreopa HCIl, pH xoroporo 2,5
(cunraiite ¢ , = aH+). Omaem: 0,003 M.

H+
11. Hafizure monspuylo kouuenrpaumio pacrsopa NaOH, pH koroporo 12
(cunrasire S aOH_). Omeem: 0,01 M,

12. Yro HaswmBalor paspefieHwem pacrBopa? HKakosa enumiiia MeMepeHus
pasBeeHus’?

13. Uto sBisiercsi aprymentoM M (yHKIMelt B saxone passeienus Ocr-
Banbaa’l

14. 3uas koucranry amccoumauvu NHg-H,0, naitpure: a) crenenb ameco-
umanuy; 6) wouuentpaumio uokos OH™; B) pH pactsopa, eciv KoHileHTpalnst
pacrsopa ammuaka 0,01 mons/n. Omeem: 4,2%; 4,2-107* mons/n; 10,62.

15. VuuTeIBas TONLKO TIEPBYI0 CTYTIEHB IMCCOLMAllMM, BBIYMCIUTE BONOPOA-
Hent okasatens cpenst 0,02 M pacrsopa HaCOg. Omeem: 4,025.

16. Cromerxo mwumtnurpos 0,5 1. pacrBopa HCI ny:xHo Basth s Mpuro-
rosnerus 100 s 0,01 5. HCI? Omeem: 2 mn.

O Il bl T 1. UBMEPEHME BOJOPOIHOIO NOKABATEIA CPE[bL
PACTBOPA METOJIOM BU3VAJILHOIO KOJIOPUMETPUPOBAHUS

Konopumerpuueckuit Meroj; namepenus pH ocHosan Ha CHocobHOCTI
HEKOTOPHIX OpPraHWYecKHX COeIMHEHWH M3MEHATE CBOK OKpacky B
3aBUCHMOCTY OT 8KTMBHOCTH MOHA BOJIOPOAA 4, B PAacTBOpE BJIEKTPO-

JIATA. DTH COEMHEHUs HA3BIBAIOT KMCIOTHO-OCHOBHBIMM WHIMKATOpa-
mu. Huske mpuBejieHh HasBaHUA HEKOTOPBIX MHJIMKATOPOB M YKAa3aHBI
obsiacTH Nepexoa uX OKPacKH.

Munykratop Obiacts Oxpacka B pacTsope
TIepexoa
pH Gonee KYiCITOM Gonee 11eI0THOM
Manaxurosbiit senensit | 0,0-2,0 | Henrast Tomy6oBaTo-3eseHast
Merumnosbiit opamxessni| 3,1-4,4 Kpachas Henras
o-HurpodeHon 5,0-7,0 Becupernasn »
Denondraneut 8,2-10,0 » M anvHoBas

Manaxurosrmt semenst | 11,5-13,2| DonyBosaro-zenenast| Becupernas




Kamppiit u3 TepeducieHHbIX UHIMKATOPOB  MOKeT _my“‘““’ :,n;
TIPUTOTOBJICHISA [BETOBON IMKAaJIBL, KOTOpasd HenonbL3yeTcs npu 0::; ,uOM
JeHuy BOJIOPOHOrO IOKA3ATEIsd cpenbl KOJOPMMETPUIECKUM M J:(;T_
(BuByanBHOE xonopume'rpﬁposanne) Tak, HanmpuMep, 3TAJIOHHbBIE ::or i
BOpBE VIS [[BETOBOM IIKAJBI C MHAMKATOPOM (I)BHOHQ)TM(.?H;[OMH wyo
6nrrp Taknmu: 1) pH 8,0; 2) pH 8.5, 3) pH 9,0; 4) pH 9.5, 5) p n-

AHaIN3UPYyEMYIO npoby ¢ no6asieaneM TOro ke KOJAUIECTBA pmi ]
garopa, 9T0 U IpH W3POTOBJIEHWN IIKAJIBL, cpaBHMBAIOT C HT[%OI;&:(HHH
PU3YANbHO yCTaHaBIMBAIOT apagenue pH ¢ TOYHOCTBIO A0 U, ik

pH.

Mz 1 u. pacTBOpa NaQOH mpuroropsTe B MepHOi Kos6e 100 mn (un:_

: v npern
50 mur) pacTBOpa MeHbIel KOHIeHTpalui (3apamue NONYIHTE ¥ pec .
napatensi). HeoGXopuMoe KOJMIECTBO KOHIEHTPUPOBAHHOTO pacTs pl;
NaOH (pacuer npoBepsTe ¥ upen‘onaaawnﬂ) BHECUTE B Mep}IyiD KOJ I}iy
u3 Groperku. JloseuTe pacTBop [0 METKM AACTHIUIMPOBAHHOM BOJIOM,
aaKpoiiTe KOJIOY MpOBKO# 1 TIATENBHO nepememahﬁ're. 7

O.Hpeﬂ,ennrre pH pactBOpa, NOMB3YACH [IKaJIOf TANOHOB AJA B ‘;,
A7lLHOTO KOJOPUMETPHPOBAHILAL. Jlns 91OTO HAJIEHTE B npobupKy HpUro-

i

TOBJICHHLIL pacTBOp nobaBbTe K HEMY HHIMKATOp (MajaxuTOBLL
sesenniit). O6beM pacTBOpa i U@eJIo Kamedb MHAWKATOpa JLOTIKHDBL
COOTBETCTBOBATD HCIOJIB3YEMON IKAIE MaJIaxuTOBOIO 3EJIeHOrO.

Baraucaate pH npHroTOBICHHOrO pacrsopa N aOH.

Ipu odopmieHuH peayAbLTaTOB ONBITA BanUIIUTE:

1. lonyuennoe 3ajatne.

9 (Q6wem 1 H. pacTBOpa NaOH, HeobxoauMblit LA TIPUIOTOBIEHUA
3a/(aHHOTO PacTBOPA (pacuer). s

3. VinankaTop; obnacTs nepexona OKpAacKM MHAUKATOPA. o

4. OupITHOE 3HAYCHNE pH npuroTOBIEHHOTO pacrsopa NaOH.

5. Pacuernoe sHa4YeHue pH.

OTblT 2 UMEPEHUE BOJIOPO/IHOT'O OKABATENSA CPEJbL
PACTBOPA HCI E)IIEI{TPOXHMW{ECKHM METO/IOM

DIIeKTPOXUMIIECKII METOM OTpeelIennsi BOJOPOJIHOTO 1101{;3:3::3
cpejipl Gonee TOWEH; OH OCHOBAH HA MBAMEpeHKd PasHOCTH ﬂc:*reOu,FIH pe
JBYX 37EKTPOJOB, MOMEIIEHHEX B aHannaupyeMblﬁ pacTBOP. ,e_'; L
STMX OJIEKTPOJiOB — OJIEKTPOJ CPABHEHMA — B mponecce M3Mep i
fAMeeT TOCTONHHEE MOTeHnuall, @ [OTeHIMAaN BTOPOTO BJIBRTP;EM
(06BIHHO CTEK/IHHOrO) 3aBUCHT OT BEIMUMHEL G, B aHaM3npye

pacTBOpE.
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HOTGHH,H&JI CTEKJIAHHOTC  JJIeKTpoJa OTHOCHTEJILHO  3JIEKTD ona

cpaBHeEMA usmepserci pH-merpom, mokaspiBaiomas LIKajla KOTOPOro
rpagympoBana B egunuinax pH m mossonser HpoU3BOAUTL HENOCpen-
CTBEHHBIl OTCYET M3MEpPAEMON BeJIMMUHBL. JIEKTPOXMMHYECKHI MeTos

onpeeseHs BOJOPOLHOTO IOKa3aTens HaswiBalor eme Merosom pH-
METPUH,

U3 1 u. pacropa HCI npurorossre B Meproil konbe 100 mn (mmm 50
M) PAcTBOpa MEHbIIEH KOHIEHTpamuu (3ajanue NOJIYYUTe Y MPenosa-
BATENIH ).

Paccunranubiii o6beM 1 u. pacrsopa HCl BHecnTe B MepHYIO KOGy
13 Groperkn. JloBesuTe PacTBOP O METKM JUCTHIIMPOBARHHOW BOJOH,
3aKpoiiTe KosI6y MPOGKON M THIATEILHO NepeMernanTe.

Wamepsre pH pacrsopa ¢ nomoupio pH-verpa *.

IIpu odopMIeHNN Pe3yIbTaTOB ONLITA 3amUIINTe:

1. TlonyyenHoe 3aganue.

9. Pacuer obvema 1 . HCI, BHeobxoammoro ajs HPHTOTOBIEHUA
pacTBOpa 3a/aHHOM KOHIEHTPAaIKH.

3. Uamepennoe spavenue pH npurorosnennoro pacrsopa HCL.

4. Pacuer snauenns pH pacrsopa HC| 3ajanHOi KOHIEHTpaKu.

OMNBl T 3 3ABUCUMOCTbL pH PACTBOPA YKCYCHO! KUCTOThI
OT KOHLEHTPAILIUW

OnpiT BHIIOJNHAETC 6puragoit U3 3 cTyIeHTOoB.

W3 KommenTpupoBanHoro pactsopa ykcycnoit kmenors CH3;COOH
IpUroToBhTEe B MEpHHIX Konmbax ma 100 ma Tpm pacTBOpa MeHBbIeH
KOHIEHTPANMY. 3a/anue MONyduTe y npenopasarens * .

Paccunrannbiii O06BEM MCXOXHOTO PACTBOpa, HEOOXOMMMBIH [JIA
IPUATOTOBJIGHMA PACTBOPA 3aaHHON KOHIEHTPAIlMM, BHECUTE B MEPHYIO
KOGy M3 GIOPETKHU; JOBeiuTe 06LEM pacTBOpa A0 METKH AMCTUIAPO-
BAHHO BOJIOIA.

Ilnorno 3akpoiiTe Koy MPOOKOA M XOPOIIO rnepemMeniaiTe pacTBop,
nocie gero namepsre pH pactsopa ¢ momompio pH-merpa.

Pesynprathi paboThl GpUrajisl cBeiuTe B TabIMILY:

* Omucanve u npaBuia paborsl Ha pH-Merpe nanbl Bo BBeieHnut K HacTOs~
uemy npakturymy (§ 4).

** Kampaplt CTY/JeHT TOTOBUT OIMH PAcTBOP.
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DaMuin }{JOHILEHTP‘BHHFI PaccunTaiHbi Juavenne pH pacreopa

cryniedTa | pacTBopa 0b6hEM MCXOTHOTO .
H,COOH, Mons/n pacTsopa, M HaMepeHHoe | By cIIeHHoe

[locTpofite rpadui 3aBUCHMOCTH pH pacTsopa YKCYCHOM KMCTOTH
OT KOHUEGHTPAIMM Co (MO TEOpeTMHecKuM M AKCIMEPUMEHTATLHBIM  JaH=

HBIM). il
TMosnyuuTe KOHTPOJIBHBIH PacTBOP CH,;COOH (omuu pms Bcer OpH

rajibl), U3MEpLTE ero pH u onpejenure KOHIEHTPAIMIO 110 KPUBOHL.
JAMMIINTE Pe3yJIhTaT KOHTPOJILHOTO OLBITA.

Homep KOHTPONBHOTO MaMmepennoe 3HAYEHUE Haitjiennas KOHIEHT-

obpasia pH panu# ¢y

PABOTA 14. TWIPOJIM3 CONEA
(Vuetnuxu: 1990, § VI.6; 2000, § 8.6)

Heapr paborsl — p3yueHHE HEKO—

TOPBIX CBOMCTB BOMHKIX PACTBOPOB COJeH,
CBABAHHBLIX € pEAKiyed runapoausa.

TraponuzoM Hasbl

mue ¢y .
COJIB, TO B3AMMOMEACTBUE HA3BIBAKOT PHPOINEOM COIH.

[IpuaHaKkoM TUAPOU3a COMH ABASETC
peaKIy Cpeiibl BOJJHONO DACTBOPA. Hampumep, 1pm ol
BOJI© AlETATA HATPUA CH,COONa pacTBOp NOALIETATABACTCA (pH > 7)

pesteicTBIE 06pa30BaHNI uzbuTia nonos OH™
CH4COONa + H,0 = OH4,COOH + NaOH

N
CH,CO0" + H,0 = CH,COOH + OH"
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BAIOT OGMEHHEIE XMMHUUCCKNAE PEeAKIiH, HpOTeKalo- &
aqacTiem Bofb. Ecan B OOMEHHYIO peaknuio ¢ BOJON BeTyMAeT.

51 U3MEHeHUNe HeWTPalbHON
pacTBOpEHUNn B |

OaHako He Bce COM BCTYNAIOT B peakiuio rufiponusa. Kcim pacrso-
puth B Bofe xynopup xasus KCl, neirpaneias peakumus cpeast (pH )
XapAKTePHAS JIJI THCTON BOZBI, HE MBMEHMTCHA ™, T.e. B PACTBOPE COXpa-
HWUTCSA PaBEHCTBO ¢ , = C_

H OH
KCl + H,0 = KOH + HCI

HIIM

H,0 == H* + OH°

MOMHO YTREDAKATh, YTO COJM, 0GPa3OBaHHbEEe CHIBHLIM OCHOBAHUEM
u cunproil kucaoronn (KCl, LINOg, NaCl n T.0.), B peaxnnio rupoin-
3a HE BCTYHAIOT,

C popoit s3ammogeiieTyior: 1) conu, o6pa3opaHHBIE ¢abpIMi OCHO-
panmsivy 1 cnpabiMu kuenoramu (NH,Cl, CuCly, NH4NOg u m.n.); 2)
conM, OOBpA3OBaHHBIC CNACGHIMM KHCIOTAMM ¥ CHABHBIMM OCHOBAHMAMU
(Na,S, KCN, NayCOy u T.11.); 3) conu, o6pasoBaHHbIe c1abbiMi OCHOBa-
AuAMy u cnabemvu kucnoramu (NH,CHZCOO u r.a1.).

M3 paccMOTPEHHBIX NPMMEDPOB CHE/yer, 49TO B PEAKIMIO ¢ BOAOH
BCTYIAIOT KATHOHL ¢/1a6bIX OCHOBAHMY M AHUOHB! C/1AGLIX KMCJIOT. Ecnn

> woun mEorosapanns (Fed*, Cu?t, COF, Si0% u T.0.), ux B3aUMO-
neiicTBIE ¢ BOJON OOBIUHO UeT 10 06pa3sOBaHMsA OCHOBHOTO WM KUCJIO-
ro moua (mepeas CTyIeHb TUAPONN3a), HAIpUMep:

Fed* + H,O = FeOH?* + H'
CO% + H,0 = HCO; + OH

Ipumevuauue Ilpusenennsie NpocThie YPaBHEHWA TI'MApOIM3a He
BeerJia OTPAkAioT MCTHHHLIE COCTAB Beex Nolyualomtuxcst mponykros. Tak, npu
IMAPOINGe COMell MHOrO3apsiHbIX MOHOB METANIOB HapsAy ¢ MPOCTBIMM OCHOB-
HbMM MoHamu Tuna FeOH2* moryr obpasoBeiBathes M Gosiee CIOMHBIE KOMII-
Ttexcubie vonnl — [Fep(OH)oJ4t. Amamoruunbie NPOAYKTHI TMAPONM3a TN
[Mex(OH)]4* Moryr ofpasoBEBaThCS M B BOAHBIX PacTBOpaX ApYTUX TpeXsa-
DSAMHBIX KATMOHOB. B BOJHEIX pAacTBOpaX JBYXSapsJHBIX KaTHOHOB Hapsuy ¢
onHozapaHpMu uoHamy tiuna MeOH* moryr cymiecrsoBaTh M CHONHBIE KOMII-
siexcible uousl — [MepOHJ**. B saBucyuMoctyt oT NPHPOJBI IMAPOIHSYIOIIMXCH
MOHOB M YCJIOBMII Tpollecca YMeIo MOHOB MerTayia, BXOJSLMX B COCTAB MOJIM-
AIEPHOTO KOMIIEKCHOTO WOHa, Moser KonebaThes or 1 jo 9, a yucno rUJIpOK-—
cHIBHEX Tpymn — ot 1 fo 15.

* pH He papen TouHO T BCJIENCTBME UIMEHEHMS AKTMBHOCTH BOJBL.
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O ray6uHe MPOTEKAHMs MPOMECca CHAPONU3a COMM TPH 3a/laHHBIX
YCIIOBHSIX MOKHO CYJMTD TO CTETeHN [UPOIN3a f§, sBAsIOUWEHCA OTHO-
[TeHUeM KOHUEHTPAIMA THAPOTH3OBAHHEIX HOHOB (¢) kK WX MCXOmHOM
KOHI[EHTpanyy B pacTsope (Co):

B=rcfc. (1)

Peaknusi THAPOJIM3a COJH 00pATHMA. B upAMOM HarpaBIeHny (—)
OHA TPOTEKAET B CTOPOHY O0Opa3soBaHiMA MOJEKYI (OCHOBHBIX WOHOB)
cra6hiX OCHOBAHMH MU MOJIEKYJN (KMCIBIX MOHOB) C/AabBIX KUCIOT, a B
obparHOM (+—) — B CTOPOHY 06pa30BaHUA MOJEKYJ BOJBI. Pearnunio
o6pa3oBaHUsA MOJEKYJ H,0 u3 nonos H* u OH- Ha3bIBAOT peaKnyen
geitrpanuzaupyn. CiefoBaTeNbHO, peaxinsi rugponusa conu obparHa
peaxkiuyy HelTpanin3anun. '

K peakumu THADOJN3a COJHM NPUMEHUMEL BCO MOJIOKEHUsI U BAKOHE!
YUEHUST O XMMUYECKOM PaBHOBECHH. KoncranTa paBHOBECHs peaKIUd
rHAPONIN3a HA3HBaeTCA KOHCTAHTON THApoausa comn Kr. Ee pennunHa
XapaKTepuayer COOTHOUICHHE MEXNLY PABHOBECHBIMI KOHIIEHTPAIUAMH
(AKTMBHOCTSAMM) BCEX KOMIIOHEHTOB CHCTEMBI. CBA3b MEXY KOHCTaHTOH
rupponusa conu (Kp) u crenenio raupoimnsa (B) ® pacTBOpe 3a/aHHON
KOHIEHTpamun (co) BEpaxaercs 3aK0HOM OcrBaib/a:

B e
o 9
r 1_ '3 ( )
Pasiosecue mporecca IMAPONA3a, OTBETaIoNee pABEHCTBY CKOpOCTel

- -
peaKImi THAPONM3a W HeHTpanu3an (v = v), HOABMNKHO M MOXNeET

-+ “ -+ “
GriTh cMeleHo Bupaso (v > v) WM BJIEBO (v < v) B cooTBeTCTBMMA C
npuriunom Jle Marense. Tak, HAIPAMEP, IPU TOBLIICHAN TeMIepaTy-
phl PABHOBECKE I'MAPOJIA3a CMEIIAeTCH BIIpABO, TAK KAK MpAMan pear-
nusi onporepmudeckas (AH > 0), a obpaTHad (meftTpanusanmusi) —

sxzorepmuyeckas (AH < 0). pyn mOCTOAHHOMN remreparype T paBHOBe- |

cue I'Uapoansa MOMHO CMECTHTb BIPaBO, yMeHbINaA KOHUEHTPalno

pactsopa (pa36apiasn PACTBOP); 3TO CJIE/YeT W3 3aKOHA Qcreanelia; NpH

K. = const § Tem Gonpiue, 4eM MEHBIIE Co.

Konumpoastsie 60RPOCH U sadasu

1. Vmesorcst pactsopst coreit KCl, NaCl, CuCly 1 AlCly. B Kaxnx pactso-
pax KOHLEHTpalys MoHa H* paBHa KOHIEHTPAUMU MOHA OH™? Otper mosAcCHUTE.
2. Moxno 7, TOIb3YACH cexondranenton, OTIMHHTE BOJIHLI  PACTBOD
NapSiQjs oT BOOHOTO pacTBOpa NagS04? Oreer nosicHATE.
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3 Moxno mu ¢ nomompio pH-verpa ormuuuts Bofwbit pactsop KCI or
sopiHoro pactsopa NH4Cl1? OTser nosicuute.

4. CripaBe/llTBO JIM YTBEDIKEHHE O TOM, YTO BOIHDbIE PaCTBOPHI NaCl u KCl
MMEIOT OAMHAKOBOE 3HAMEHWUE BOJOPOJHOTO MOKazaTensi Ccpeilbi’ Orser mnosic-
HUTE.

5. Vecrmoneaysi cIpaBoulbie [AaHHble, DaccUMTaiTe KOHCTAHTY THAPONMBA
comu CHgCOONa. Omsem: 0,57+ 1079

6. Vicrionbays CIpaBOYHBIE JAHHBIE, DACCHMTANTE CTeNeHb IMApoIMsa Coau
CHzCOONa B 0,01 M pacrsope. Omeem: 2,39-1074 (2,39-1072%).

7. Ha npumepax rupponnsa coneit NagPOyq u FeCls; ofmscHuTe CTYTIEHYATOS
[poTeKaHye Mpollecca TUAPOINEA TIPU HAIPEBANIM WK pasbaBieHuH PacTBOPOB.
(locTaBbTe ypaBHEHWUS peakiMil.

8. Bormomre pH 0,001 M pacreopa NapCOjz (npu pacuere yuuthiBajite
TONLKO TIEpBYIO CTYMeHb ruapomsa). Omeem: 10,56.

9. Beiumcmre pH 0,1 M pacrsopa CuCly (npu pacyere yuuTHIBaATE TOTHKO
TlepByio cTymeHs rujpomisa). Omeem: 4,26.

10. pH somoro pacreopa NH4Cl pasen 5. Cocrapbre ypasHenue peaxiiyii
TMApONM3a U DPACCHMTAlTE MCXOQHYIO KOHLIEHTPALMIO PAcTBOpa. Omeem: 0,179
MOJTE /1.

[pexpge ueM NPUCTYNATH K BEIIOIHEHHIO ONLITOB, HeOBXOIMMO
O3HAKOMKTECA ¢ METO/MKON pacuera: a) KOHCTAHTBL IMPOJAU3a  CONM;
6) cremeun rujpomusa; 8) pH pacrsopa PHJIPONHBYIOMECs  COMN;
r) KOHIEHTPAlK PACTBOpa [MAPOIUIYIOMWEHCA oMM 1O UBBECTHOMY
pH.

PaccMOTpUM HECKOABKO IIPUMEpPOB (Bce pacueTsl BLUIONHAKTCH €
JONYIIEHWeM ¢ = @ — pPaBeHCTBAa KOHIEHTPAlUW MOHOB MX AKTUB-
HOCTSIM).

Ipusep 1. Paccuuraiite KOHCTAHTY M CTeNeHb TMAPOIN3A COMM NapCOjg B
0,001 M paersope npu 298 K, yuureiBas TONBKO NepBylo CTYNEHD Mpolecca.
Pemnrenwne Comb NapyCOg 0BpasoBaHa CUIBHBIM OCHOBaHMEM N craboit

KMCITOTOM, HOSTOMY THAPOIIUBYIOTCH MOHEL COY . Vpasuenue peaxiun
COY + H,0 == HCO; + OH

Koneranra paBHOBECHHA TIpoLecca

(1 e
_ "HCO; OH™
SR N ]
CO3  Hz0

YMHOMEHHAHA Ha KOHILEHTPALWMIO BOAEL
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Bl
_ 'HCO; OH
K. = ———
Hy0 ccog- |

HAGLIBAETCS KOHCTAHTOM IMAPONM3a COMM. Fe Berumensior 1o dopuyle

K‘ = Kﬂ/Kn HCO& ]

. _ _ KoHWCTAHTA JMCCOLMAlMN
rne K, — MoHHOe NpousBesienne BOABL K;l HOO3 H Il

MIPOJIYKTA THAPOIN3A. CrieiloBaTeNLHO,

K. = 10714/(4,8-10711).

Cnenyer ofpatuth BHUMaHWE Ha TO, yro BENHYMHA KOHCTAHTBI THAPOIIN3A, |

Kak W 706Oit ADYTOR KOHCTAHTHI PABHOBECHS! PEAKUMM, He BABUCUT OT KOHILEHT-
pallMyl PacTBODEHHOrO BellecTBa, a SaBNCUT JIMilb OT TeMrepaTyphl.
Crenens ruaponnsa § Moxker 6BITH BHIMUCIEH 1O dopmyne (2):

SE (1 NN (il
KP_4,3-10"11“ g

orkyna g = 0,36.

lpuuep 2. Paccunratire pH 0,1 M pacrsopa NH4CL
Pewennue Com NH4Cl obpasosana cabhLIM OCHOBaHMEM W CHIBHOM

KICJIOTON, TIOBTOMY PMAPOIUBYIOTCS MOHBL NHj. Ypassenue peakuuu
NH} + H,0 == NHjy-H0 + H*

[Ipu rupponMse XJopuja aMMOHMAs B pacrBope obpasyercs U3OLITOK MOHOB
pofioposa. BoNOpoHbIA MOKASATE: CPEb] BRIMUCIIOT 10 hopMyie

pH = _lg cH*

4
c , B pacrBope NH4Cl pasxa KOHLEHTPAIMK [IpOPeArNpOBABIIKX MOHOB NHs.
H

Buauenye ¢ Bhrucnsior 1o ypasxero (1):
1

= = = 0,1_
G~ “nuj Pa=F

Crenens rujpoinaa conu ( onpejiernsiem 110 YPaBHEHMIO (2):

Lol ey W IBIDL g,
P = |1 0st0t
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3uas B, waxonmm pH:
= 0,1-0,75- 1074 = 0,75-10"% momn/ 1,
pH = -lg 0,75-107% = 5,125,

Ipumep 3. Burumemure KOHIEHTPAMIO pacTBOpa CH3COONa, pH xoroporo
9,5.
Pewenn e YpaBHeHWe PeaKlIMi MMIPOIM3A alleTATA HATPUSA

CH4;COO™ + Hy0 = CH3COOH + OH"

Yrobpl HANTH KOHUEHTPAMio PACTEOPA ¢y, HAJl0 3amucarh BEIpaXeHMe Ui
KOHCTAHTE! THIPOIN3A;

Congcoon “on

-l a

K = 90000 O
CH 3000~

B unenuresne M sHaMeHartesie Jpofu  CTOAT paBHOBecHble KOHUEHTPallUW
pearentor, Eeny o6osHaMmTE MCXOIHYIO KOHUEHTPAlMIO WOHA CH3;C00" rar e,
70 paBHOBECHAs! KOHIEHTpalus ororo uona Gyner (¢ — ¢), Iie ¢ — KOHUEHTpa~
wnst tuapossaoBanii wonos CHsCOO".

U3 ypaBHeHusi peakiMy TMAPOINGA CTEAYeT, 410 € = C ., TaK KaK HKak-

meiit non OH- ofipasyercss ws ojHoit Momexyisl HpO, a opHa Mmoneryna H,0
paaumoeitcTByer ¢ oanum nonom CHyCOO".
3HanA CH"" HaxXoaum COH_ M3 MOHHOTO NpPOWU3BEeHWA BOOBL

e S S A
H* OH b Copr = N G

Tocxonbiy pH pacrsopa CH3COONa pasen 9,5, Haxoaum G

95=lgc,,,

OTKYRA €.\ = 10795 momn/m, 2 G 10745 moms/ .

[opcrapnsas HajtjleHHEe 3HaYeHWsT KOHLEHTPallMit B BbIpaseHue sl KOHC-
TAHTEL] THAPOJIHSZA, TIOTyYaeM:

10745410745
%= s L
K -14
By e ;g-w-ﬁ G
A CH 3COOH .
~4,5.,1074,5
05710 = HT , oTKyza ¢g = 1,75 wmonb /.
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OBl T 1. TUAPOIN3 COMY, OBPA30BAHHOU CU/IbHBIM
OCHOBAHWEM U CJTABOA KACIOTON

Ilpurorossre 100 M1 pacTBOpa kap6onara, ruApokapGoHaTa, aneraTa
Wi HUTPATA HATDUS 3a[iaHHON MOJAPHOM KOHMEHTPAMH (zapanue
mosyumTe y mpenojiaBarens). PaccumTailme Hapecky, B3aBECHTE COJIb HAE
7260paTOPHBIX Becax € TOYHOCTRIO J10 0,01 r u NpUroTOBBTE PACTBOP
comi B MepHO# Koibe (mpaBusia DPUrOTOBJICHHS PACTEOPA B MepHOM
woibe cm. § 2 Beepenus). )

Usmepbre pH NpUrOTOBJIEHHOrO pacTBOpa € nomompo pH-MeTpa
(npasuna pabors Ha pH-merpe cM. § 4 Beepenus).

! CocTapbTe ypaBHEHUE PeaKIyy IUApoONu3a cOju (nepBasi cTyIeHb) #

| ppramcraute pH NpUroTOBIEHHOTO PacTBOPA.

MB' JakomunTe OPOPMIEHME DE3YJIHTATOR ONEITA CPABHEHUEM naMepen-
oro u puraucienHoro 3gavennil pH.

OT Bl T 2 TUAPOJIN3 COJIN, OBPA30OBAHHON CJIABbIM
OCHOBAHMEM U CUJIbHON KUCIOTON

[oayunrte y abopaHTa HABECKY XJIOPHAR seneaa(lll) FeCly u npu-

FOTOBBTE B MepHO# Koabe PpacTBOp COJH (npasuiia HpPUTOTOBJICHUS |

pactsopa cM. § 2 Bresenus).

Buiyucaure MOJIAPHYIO KOHIEHTPAalHIO HPHI‘O‘TOBIIBHHOI‘O pac'mopa
(e Teop)-

Wamepsre pH pacTBOpa, HCMONB3YA pH-merp.

JaguniuTe ypaBHEHUE peaKiuu TIUApoau3a (neppas CTyHeHb) H

| BEINMCITUTE MOJISPHYIO KOHIEHTPAIMIO COMM B PACTBOPE HA OCHOBAHMH

HAJi/IGHHOTO BHAYCHUS BOJIOPOAHOrO NOKA3ATEeNA CPE/LbI pH (¢o yam)-

PeaynpraTel pacderos u W3MepeHnil cBeuTe B TabIuIy:

Hagecka, 1 Q6benm pactBo- | € teops pH €0 uam
pa, M MOJIE /71 MosL /71

* WUameputs pH pacrBopa COMA MOMHO U C [OMOIIBIO KOJIOPUMETPUYECKOR

WKATEL YHUBEPCAJTIBHOTO MHIMKATOPA ITYTEM BUSYAJILHOTO KOJIOPUMETpUpoBar-
HUA pacTBopa.
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O I bl T 3. CMEIIEHME PABHOBECUA PEAKIIMM I'MIPOJIU3A
COJIA TIPU PASBABIIEHUM PACTBOPA

V6enurech B TOM, 4TO KOHIEHTPMPOBAHHEIA PaCcTBOP HUTPaTa CBUH-
11a IMpo3payeH.

B xommueckyio konby Hasmeire 50 MJ BOJONPOBOJAHON BOALL WU JIO-
Gapbre 1—2 kamnm kommentpupopannoro pacrsopa Pb(NOjs);. Habmio-
JiafiTe obpazoBanue OcajKa.

IIpu odopmiaeHuy pe3ynbTaTOB ONBITA:

1. HazoBuTe rufponuayioniiiics MOH, COCTABLTE YPaBHEHUE peaKIuu
MApONM3a W OOBACHUTE, T[OYEMYy KOHIEHTPMPOBAHHBIA pacTBOP
Pb(NOj), nupoapayes.

2. O6nscauTe, moueMy 1pu pasbabinenum B Kojibe MOABUICH OCANOK.
CocTaBpTe ypaBHEHUWE peakinuu obpasopaHus ocajika. VmMeer nm OTHO-
[IeHME 3Ta PeaKIMs K MPOIeccy THAPOAN3a paccMaTpuBaeMol comu?

3. ChenaiiTe BLIBOJ O BIMSIHMNA pasGaBlIeHNA PACTBOPOB TMIPONU3Y-
IOIIMXCA coJiell Ha TUAPOIUTHYCCKOE PABHOBECHE.

ON B T 4. CMEIEHUE PABHOBECHSA PEAKIIMK MUAPOJIM3A
MPY UBMEHEHWUM TEMIEPATYPBI

B npo6upky Buecure 5—6 Ma pacTBopa anerara Harpus NaCH,COO
u 1—2 wgamwm unpnkatopa (denondranenna). Copepxumoe HpoGUPKH
paszenuTe Ha 2 YacTH, OJHY M3 HUX OCTABLTE JIJIA CPABHEHMHA, JPYTryio—
HarpeifTe 00 KAIEeHUA.

CpasuuTe OKpacKy MHAMKATOpA B 06eHX Npobuprax. Hafire npobup-
Ke OXJNANUTHCA W CHOBA CPABHUTE OKPACKY MHJMKaTOpa B 06€MX Ipo-
fuprax. OnummTe ¥ NOACHATE CBOK HabmoIeHus.

CocraBbTe YpaBHEHME DEAKIMHM IMIpPONW3a COJIM, Ha3Bas NpenBapu-
TeNbHO ruAponuayionuitcs wod. CresaiiTe BHIBOJ O Cpefie pacTBopa U O
BIMSHUM TEMIIEPATYDE] Ha THIPOJMTHYECKOe paBHOBECHE.

PABOTA 15 MAJIOPACTBOPUMBLIE SJIEKTPOJIMTHL.
NPOU3BEJIEHUE PACTBOPUMOCTH

(Vuebuuru: 1990, § VI.6; 2000, § 8.6)

-Ilens paborTh — O3HAKOMJIEHHE C
obnMMK  CROMCTBAMHM  MajlOpPacTBOPUMBIX
AMEKTPOJIUTOR W METOAMKON pacieros, CBsi-
BaHHKIX € [IPOM3BEJIEHHEM PACcTBOPUMOCTH.

[lopapnsmomee GOMBIIMHCTEO 3IEKTPOAUTOB 06amaeT OrpaHmYeHHOI
pacTBOPMMOCTEIO B Boje. Ha mpakTuKe 4acTO BCTPEYAIOTCH IeTeporeH-
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HEIE cHeTeMBl, B KOTOPRIX ocajgox MHJIO])B.CTBOPHMOI‘O 3NEeKTPOJNTA
HaxonuTeA B paBHOBeCUH C HAaChIIeHHbIM pacTBOpOM 3TOrC 3JAEKTpO-
JIUTAa:

pacTBopenue o o
— =
—_—

AnBn RpUCTAILING aLlAf 10k +R
ocajiok pacTsop

[lpy HacHUIEHWM PACTBOPA CKOPOCTH IpONECcOB PACTBOPEHUA H

-+ -
KPMCTAIM3ANAMA OJIUHAKOBEL (v = v), a KOHIEHTPAIUA HOHOB Ham

Teepioit a3oil HIEKTPOINTA (CAH* " CB’“‘) SBJAAIOTCS paBpHOBECHBIMH

1pHy JlaHHON TeMieparype. 5

KoncranTa paBHOBECUA TeTeporeHHOro  mporecca onpenenaerci
TONBKO TPOU3BEIEeHNEM AKTMBHOCTEl MOHOB B pacTBOpe U HE 3aBMCHT OT
AKTUBHOCTH TBEPJOr0 KOMIIOHEHTA:

e

- m 5
i AmBn

n —
s aBm. e

Takum 06pa3oM, NPOU3IBEIEHHE AKTMBHOCTEH HMOHOB B HACHIIIEHHOM
PACTBOPE MasOpPACTBOPUMOTO OJIEKTPOJIATA TPY 33AHHON TEMIEPaType
ceTh BEMYMHA TOCTOAHHAs; €@ HashiBaloT NPOM3BE/IGHNEM PacTBOPH-
moctu u o6oanauawor I1P.

[Ipou3aBejieHie PacTBOPUMOCTH KAK KOHCTAHTA PABHOBECUA 3ABHCHUT
OT TMPHPOABI AIEKTPOAUTa U OT peMIepaTypsl, HO HEe BaBUCAT OT AKTHB=
HOCTH MOHOB B pPacTBOpE.

Buax, wro [P — penutuds nocrosmpast npu T = const, MOXKHO
CKA3aTh, YT0 IPH yBETMYEHHH KOHICHTPALMM OJIHOTO M3 MOHOB B HAChl-
[EHHOM PpACcTBOpE Hall TBEpLOH ¢hazoll KOHIEHTPAIUA APYroro MOHa
YMEHBIIASTCA.

[To M3BECTHOMY IPOU3BEIEHUIO PACTBOPUMOCTH anextponuta AyBn 1

AKTMBHOCTH OJJHOIO W3 MOHOB (aAm n aBm_) MOSKHO paccayTaTs aKTuB-

HOCTB ApPYroro HMoHa (aBm_ niu aAm), HEOGXOIUMYIO LI OCAKIEHII

anextponnta ApBp. MaremaTnieckim yesioBueM 06pasoBaHui OCajlka B
HTOM CJlydae ABJIAETCs BLIPAKEHNE

mn n
GAT“ aB’“’ P HPA

nBn

* —_arm T = v Tl Y
aﬁm ) At c;nm’ 2 aBm_ YBm- cBm_
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Konmpoasuse sonpocs u sadavu’

1. 3amuiuure ypapHeHue peakiny oSpasopaHus raroro—mbo MalopacTBOpY-
MOro BileKTpoiuTa (MONeRyJsApHoe U MoHHOE) ¥ BbIpaieHue TPOUBBENEHUS
PACTBOPUMOCTIE BTOT'O SIIEKTPOIUTA.

2. [lo TabnuyHBIM 3HAYEHUSM HPZ u HPC g paccuuTaite aKTUBHOCTB
U,

nS
noHoB S2° B machmiemHoM pacrsope: a) ZnS; 6) CuS. Omeem: 8,6-10714;
1,8- 10718 moun/ .

3. Paccumrajite axtupHocTs uowa esesa(Ill) B HachpllleHHOM pacTBOpe

rApoKeuaa enesa. Bo cronmbko pas aF 4+ B OTOM DACTBOpE MEHbIIE aOH_?
e

Omeem: 1,93710 yons/n; B 3 pasa.
4. Tlo TabnuuHol BeMYMHE NPOUBBENEHMS DPACTBOPUMOCTH TIMAPOKCHIA
MalHUS BEMUCIMTE PACTBOPUMOCTE BTOTO THJPOKCHAA TIPH 3a/laHHOI TeMIlepa—

Type (mMonb/7). anTaithMg2+ = YOH‘ = 1. Omeem: 1,1-107,

5. Wcnonpays BSHaYeHWA INPOMSBENEHMA DPAaCTBOPMMOCTH [P, obbscHuTe,
[oveMy TIpY TIDOTYCKaHMM CePOBOAOPOJa Hepes pacTBop cynbara Mean Bblla-
naer ocagok CuS, a Ipy TIPONyCKaHMK TOrO e rasa 4epes pacTsop cynpdraTa
wenesa(1l) ocanox FeS ne ofpasyercs.

6. Ucronezys Tabnuuiyo BeIMUMHY HPCacog' paccyuTaiTe aKTUBHOCTDH

vona CO%”™ B pacteope, rzie d

Bt = 103 mons/n. Omoem: 9,3-10°7 Moms/a.

OTl Bl T 1** YCJIOBUE OBPA3OBAHUSA OCAJIKOB
MAJIOPACTBOPUMBIX DJIEKTPOJIUTOB

B pse koHmueckue MNpobupKM BHECHTE ULO 3—5H Kamenb pacTBOpa
cynsdara xenesa(Il); ¢ = 0,25 mons /.

B nepryro npobupky mobaBbTe CTONBKO Ke Kallelhb cepOBOJIOPOLHOMN
BOJLBI, & BO BTOPYIO — pacTBOpa cyib(uja aMMOHMsA (coenaiiTe 9TO UPH
progerHoi Tare). Onunmre cBou HabIIONEHU.

[Ipn oopMIEHUN Pe3yJIbTATOB ONLITA OTBETLTE Ha BOMPOCHL:

1. B kakoM ciyuae o6pa3oBalcA OCaAOK MAJOPACTBOPMMOIO 3JEKT=
poaura? 3anuinuTe ypapHEeHHUE peammi B MOJIEKYJSPHONM MW WMOHHOK
dopme.

2. Ilpn xaxom ycnosuu (a WK 6) obpasyercs OCafIoK FeS:

<2
a) a < P 6 a2+ Oea- 2 HPFeS'

a A
Telt g2 FeS’

* Spauenust [IP em. mpunoxenne XIIL

¥ Oneirel 1—4 BBINOMHAIOTCS © WCIIONBE30BAHHEM MOIYMAKPOMETONIE.
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3, 3mas [IP_  (cM. mpunoxenne XII) u c_ ,,, HAAAUTE Coo, Heob~
FeS Fe S

XOAUMYIO LA ocamieHuA cynnhuIa Kenesa.

ON LI T 2 MNOJIHOTA OCAKIEHMSA MOHA

B KOHWYECKYIO npoﬁnpny,;l pHecHTe 4 Kamayu pacTBOpa HUTpaTa CBHUH-
ma (¢ = 0,25 monb/n) m fo6aBbTe K HeMy 6 xamesbh pacTBopa Xnopua
parpua (¢ = 0,5 monb/a). OrmenTpudyrupyiTe OCajoK. Orbepure
IUneTKoi KUAKylo ¢asy u mepesecure ee B nBe mpobupku mo 2—3
Kxamav B Kamayio. B onny w3 npo6upoK N06aBLTE 9—3 RamJu pacTBOpa
xnopupa narpus (¢ = 0,9 MO /1), & B APYTYIO — MOLMAA KA (o=
= 0,5 moap/n). OmuunTe CBOK HaGIIOEeHNA.

[Ipu ocdpopmiIeHUN PE3YJILTATOR OMbITA OTBETHTE HA BONPOCEHL

1. Kakast peaknusa UIeT B po6MpKe ¢ HUTPATOM CBUHIA TPH nobas-
nemuu xiopuia sarpua? CocrapbTe MOJIEKyISPHOS WOHHOEe YDaBHE-
HUA peaimms. VxakuTe NPU3HAK peaKiuu.

9 B kakoM u3 [ByX Ciy4aes MHocie negTpudyrnpopanns BHOBb
o6paayercst ocafiox? Cocrasbre MOHHOE ypaBHEHUE peaKiyy 00pasoBa-
Hus ocajKa. YKaKUTe IpU3HAK Peakiun.

3. Ha OcHOBAHMM OIbITa CJi€IaiiTe BLIBOZ O CPABHMTEJILHOM BENNHH-
He TPOMBBENIeHMIl PACTBOPUMOCTH XJIOPUAA ¥ wonuna csunna. llpuse-
JuTe TabnudHbe ASHHEIE U TPOBEPLTE MO HUM cBOe 3arjiiouenne.

O I bl 'T 3. VCIIOBUE PACTBOPEHUS OCAJIKOB
MAJIOPACTBOPUMBIX SNEKTPOJINTOB

IlpuroToBpTe ABE KOHMHECKNE npo6upkn. Buecure B OJHY W3 HUX 2
Kaliiy pacTsopa cyibdara wexnesa(ll), ¢ = 0,25 MOJIB/N; & B JAPYTYIO —
_ 9 kanim pacTBopa cylbdara memu(IT), ¢ = 0,25 MOJIL /1.

B xamayio npobupky Ao6asbTe 1O JBE Karum pacTsopa cyiasduna
ammonmns (cnenafite 9TO TPH pruTiodenHoi Tare). OTMeTsTe TOFBICHNE
ocanxos. K ocazKaMm cynbhu/I0B Keaesa M MeIH nobasbre mo H—7
Kkarnesnap COMAHON KMCIOTHL (2 n.). Habmonenus OUMINHUTE,

IIpu odopmiIenny pesyIbTaTon OmbITA 3alMIINTEe:

1. Wounpie ypaBHEHUS peaKiuil [OIydeHns cynbduaos xenesa 1
MEe[H.

9. Ypasaenue peaKknun pacTBOpEHUs OcajKa
wonHoe). B kaKoiil npobupke 0CajoK HE pacrsopuica?

3. Ilpu kaxoMm ycJoBMH (a unu 6) pacTBOpsETCH OCAA0K MajIOpacTBO-
pUMOro cynbduial

(MomexynsipHoe ¥

. ?
a) G a2+ gr- ? HPMes’ &) “net a52_< HPMeS
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4, Tonpaysch NPUBEJEHHBIMH BBINE COOTHOMICHUSIMH (a m 6) u
TabIUIHBIMA  3HAYEHHAMU HPM o ObbLSICANTE, 1O0YeMy OJMH W3
B

cyibGUAOB PACTBOPUIICS B COJILAHON KUCJIOTE, & JIPYro#f — HeT.

ONBI'T 4 PACTBOPEHUE OCAIIKOB MAJIOPACTBOPUMbIX
SEKTPOIUTOB MTPU XUMWYECKUX B3AUMOJIENCTBUAX

[onygure B ABYX NpPOGMpKaX THAPOKCHMJ MarHus u3 cynbchara
maraus (¢ = 0,25 mons/x) u ruppokcuza narpus (¢ = 0,5 Mons /).

Jlo6aBhTe K OCajiky B NepBoil NpoGHpKe OfiHY KAIUIIO pacTbopa HCI
(2 H.) u nepememiaiiTe cOAEPKNMOE NpoBUPKH CTEKIIAHHON Nal0vYKOoi
sateM BTOpyI0 Kammo # T.4. Orcduraite M 3anUMMTE YHCTO KaneTb
pacrsopa HCI, mpu KOTOpOM MPOMBOIIJIG HOJHOE PACTBOPEHHE OCA/LKA
IHJIPOKCH/Ia MarHUs.

[lopropuTe TO *e caMoe ¢ OcajKoM BO BTOpOil MpoGupke, pobapnss
K HEMY TIO KalllIsiM PacTBOP XJIOPH/A aMMOHUSA (2 u.).

Ipn odopMIeHHY ONBITA BANUIIHTE:

1. Monnoe ypaBHeRHe peakiyy NOJNy4eHNs MUIPOKCHIA Marius.

2. MonekynsapHoe W MOHHOE YPaBHEHHS PeaKUMH pacTBOpeHMA Ocanka
runpokcuna marums 8 HCL

3. MonekyaspHOe W WMOHHOE YPAaBHEHHH peAKIHN PACTBOPEHUA
ocanka rugpokenaa maruua B NH,4Cl.

4. TloueMy B OJ(HOM ciIy4ae PAcCTBOPEHME OCajiKa MPOMBONLIO paHb-
me? Jlaiire 060CHOBAHHBIA OTBET.

OBl T 5 ONPEAEIEHUE KOHIEHTPALLMN MOHOB Ni#* HAJL
TBEPIION ®A30M MUJIPOKCHJIA Ni(OH),

B xoumuecxyio konty smecure 20 mu pacTBOpa HUTpaTa HUKENTHA
(¢ = 0,25 moms/n). obagbre K Hemy 20 ma pacrBopa PHIPOKCHJA
parpust (¢ = 0,5 momn/m). Orduaprpyiire o6pazoBaBLIMiics OCAJIOK
(punsrposanne cm. § 2 Beepemust). Puaprpar cobepure B SMCTYIO
kon6y. IlpoMoiiTe ocasoK Ha GUILTPe HEOOTBIIMMU IOPIHAMU JIUCTHI=
auposannoi poast (~ 10 M) 2—3 pasa, coGupast IPOMBIBHEIE BOJBL B TY
e KONy, rAae HAXOMUTCA (PUALTPAT.

Tlepenecute (UILTPAT B MEpHYIO KOIOy Ha 100 ma. Omnonocuure
Koaby, rae 6eit duabTpar, 10 M AMCTHIIMPOBAHHON BOABL 1 Jio6aBbTe
aTy BOjly K (puibTpaTy B MEpHOI KouGe. Hosepute 06BEM /10 METKH.

OnpefieuTe KOHUEHTPALMIO MOHA HUKEIS B PacTBOpe, PUIOTOBICH™
HOM B MepHOI Konbe, ¢ TOMOIIBIO (HOTOBIEKTPOKOIOPUMETPa (11pasuia
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pa6ore Ha (GOTOINEKTPOKOIOPUMETPE cm. § 4 Beenenus). KanuGposod—

HYIO KPMBYIO 3aBUCHMOCTH ONTMUECKOil IJIOTHOCTH pacTBOpa OT KOH—
neHTpau HoHa Ni?* nonyuure y nabopaHTa.

Orpeniesienye KOHUEHTPAIMM HUKeNs B BOJHBIX PAacTBOpaX MPOBOANTCH
hoTOMETPUHUECKMM METOJIOM, OCHOBAHHBIM HA I(BETHOM Dpeaklyyu HoHa Ni?t ¢
IUMETUIITTIMOKCUMON, B peayibrare KOTOpO#l B IIEJIOYHON Cpefe B TIPUCYTCTBAK
CHIILHOTO OKMCIMUTENA, HAlpuMep 6poma, obpasyercsi OKpalleHHOe B KPACHBIN
1BET KOMIUIEKCHOE coefinHenne JAMETVIITTTHOKCUMAT HUKEILS.

Heobzoduunie peaxmucs

1. KoHileHTpUpOBaHHas a30THAs KHCIOTA (p = 1,4 v/eM).

2. JIuMOHHAS KMCJIOTA, BOLHBIN PacTBOp € MaccoBoit fonet Kucnors: 5%.
3. Bpomnasn Bofa, HaChIEHHBIA PAcTEOP.

4. Pacteop ammmaxa, 1:L.

5. JIMMeTUITIAOKCHM, CIUPTOBOIT PacTBOp € MaccoBoil Jloielt JMMeTHArI=

oxenma 1%.

K 5 mn uccsenyemoit mpobbl B CTAKaHHMK nobapsnior 20 MIL MCTUIIIMPO-
pansoil Boasl M 0,5 M KOHILEHTPHPOBAHHON AB0THOMA KICIOTHL. PactBop KMITs-
tar B Teuenue | MMH U K oxJTakieHHOM TpoGe JobaBsIoT § M3 pacTBopa
JIMOHHOM KMCTOTS! U 8 M1 6POMHOM BOAIBL. BpouHasi Boia ABISETCSH OKMCIATE=
jieM M [obapisieTcsA AJlsl Meperoiia Ni2* B Ni3*. Jlanee B npoby rno KamjsiM 4]
BBOJISIT PACTBOP aMMUaKa JI0 MCHE3HOBEHUA oxpackyn €BobofHOIO 6poma, TIoCie
yero no6apinsercs eme 1 Mi pacTbopa aMMMaKa.

B npoby BHOCAT (0,5 M CIMPTOBONO PAacTBOpa ANMETUIITIIMOKCHMA, TTepeHo—
CSIT PACTBOP B MEDPHYIO ronGy ma 100 Myt ¥ ROBOAAT IUCTUIITMPOBAHHOM BOJION
no wmerxyu. Ilocie THRTEIBHOTO HepeMel M BaHA npoby oToMeTpupylor ¢
AeJIEHBIM CBETOMUABTPOM; (HOTOMETPUPOBAHIE BLIMONHAETCA B KIOBETE C pabo-
uefl AIMHOA 50 mM; orcyer JleleHM it TPOMBBOAMTCH [0 KpacHoW WKaje CBeTo—
[TOTJIONIEHMA JIEBOTO 6apabana, KoHleHnTpaluio HUKEJS HAXOAAT ¢ TOMOLUBIO

KaMBPOBOYHOTO TPAPUKA.

[lo maHHEBIM, DOJYYEHHLIM B XOJe ONBITA, HaliiuTe KOHIEHTPAIMIO
nona muxens Ni2* B MCXO/(HOM pacTBOpe (¢1) ¥ B pacTBOpe MOCHE OCaHK~
NeHus CHAPOKCHIA Ni(OH); (¢2)-

Jlyis1 onpefeNeHys aHaqeHus HaifiuTe:

a) KOHIIEHTPaliMio HUKEeNd, OTEEYAIONTYI0 KamMbpoBOUHOMY rpauky, — @
MoTIb/11;
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6) KOHILEHTPALMIO HUKeNs B duIbTpate 70 €ro pazbamienusi — b, Mok /11;
b= a20 (rax kax 5 M1 PWILTPaTA TIOMECTUIIM B MEPHYIO xonby Ha 100 mm, T.e.
pasbasumu unbrpar B 20 pas);

B) KOHLEHTPalMio HUKeJs B PacTBOpe Ni(NOjg)y nocye ocamjieHis Us Hero
Ni(OH)z, T.e. KOHIEHTpaLMIO WUOHOB Ni2* map Teepioi asoft TIMpoKCHa
nukenst: ¢ = b6 (Tax Kax 20 MI MCXOJHOTO PACTBOpa — MOCHE OCAMICHIA M3
Her'o MMAPOKCUZA HUKeNs — pasbaBuiu B 5 pas B MepHoil xosnbe na 100 ML),

PaccuuraiiTe, BO CKOMBKO pa3 YMEHbIUMIACh KOHUEHTpAUHUd HOHOB
HUKEJIS B pAcTBOpE MOcie OCAKIEHUA U3 Hero rufpoKcuia: /o

PABOTA 16. OKHCQJIMTEIILHO-BOCCTAHOBUTEJILHBIE
IIPOIECCHI

(Vuebuuxu: 1990, § VIL1, VIL4; 2000, § 9.1)

Ileans paborTs — O3HAKOMJIEHHE C
OKMCIMTENBHO-BOCCTAHOBUTEIBHEIMUA  CBOW-
CTBAMM METANJIOB, HEMETAaJlIoB W MX cOoe/ln-
HEHMil, OCBOGHWE METOJUKH COCTaBIeHus
YPABHEHUH OKHMCINTETBHO-BOCCTAHOBUTE b
HBIX IIPOLECCOB; METOMIOB pacdera M MaMepe-
HUA PeJOKC-TIOTeHINall0B,

Peakuyu, NMpOTEKaRNe KOTOPHIX CBA3AHO CO CMEINeHUeM MW NOJIHBM
[TEPEXOIOM 2JIGKTPOHOB OT OJHMX ATOMOB WJIM MOHOB K JpPYTWM, HA3k-
BAIOT OKHCIMTEIBHO-BOCTAHOBUTENbHBIMH, Boobpaxaempl#t 3apsn aToMa
B COeNMHEHMH, BBHIUMCIEHHBI HMCXONA W3 Npeanonokenud, HTO
COeNMHEHHEe COCTOMT M3 HOHOB, HA3bIBAETCA CTENEHBIO OKUCIEHHA.
Creneb OKHCIEHUS MOXeT GbITh MONOKNTENBHOH (371EKTPOHBI CMELISHB]
OT ATOMA W/IH HOHA) ¥ OTPHLATENbHOM (3/IeKTPOHBI CMELIEHbI K aTOMY HJIH
MOHY).

[Ipomece OTAaYM IMEKTPOHOB, T.€. HOBBIICHUA CTENEHU OKMCIEHUS
3JIEMEHTa, HA3BIBAIOT OKUCIIEHMEM, a BellecTsa, OT/(AloNye JICKTPOHL,
ROCCTAHOBUTENAMM. I TUIMUHEIM BOCCTAHOBUTEJISM OTHOCATCH MPOCTHIE
BEIeCTBa, ATOMBI KOTODHIX XapaKTePH3yIOTCH HEBHICOKOH SIIeKTpOOTpH-
[ATEBHOCTHIO (METAILIB, BOLOPOJ, YIJIEpOA), HEKOTOpLIE aHNOHE! (CI,

S?-, SO%™ u ;p.), KaTHOHE, ¥ KOTOPHIX CTENeHb OKMCIGHMA MOMET BO3~
pacrars (Fe?*, Sn?* u jp.), HEKOTOpLIE COEMMHEHUs YIIEpOlia (yraero-
JOPOJIBI, OKCHA, YIIEpo/a), a30Ta (asoroBomopopst), 6opa (60poBOLOPO-
JIBL) U IP.
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[Ipouece NpUCOENMHEHAA IJIEKTPOHOB, T.€.
OKUC/ICHMA, HA3BIBAIOT BOCCTAHOBJICHUEM, A pelecTsa, NPMHAMAIOINE
SNEKTPOHEl, HA3BIBAIOT ~ORUCIUTEIIAMM. K TuUnuyHLIM OKMCIMTENAM
OTHOCSTCA TPOCTHe BEIIECTBA, ATOMBI KOTOPRIX XapaKTepUaYIOTCA BbICO-

KO BIIEKTPOOTPUIATENIBHOCTEIO (onementst VI 1 VIl rpynn riaBHBIX

44 48 ¥
[OATPYIN), KATMOHBL C BHICOKOH crenenpio oxucaenus (Pb, Cr, Co),
AHMOHBI, B KOTOPBIX 3JICKTPOTIOJIOKUTETBHDIA JIEMEHT UMECT BBICOKYIO

+ +

cremens oxkmeyeHns ( 12105,, 0220?{‘ MEO; W Ap.), BHICHINE OKCHJIBL, &
TaKKe NepOKCH/IbL.

OKHCAMTENBbHO-BOCCTAHOBUTEBHBE  PEAKIII
[IpOTEKAIONIMe MPOIEecChl OKMC/ICHI ¥ poccTaHoBnmeHms. Peakmun, B
KOTODHIX OKMCIUTENN U BOCCTAHOBUTENM I[IPEACTABIIAIOT cob60il pas3HbIE
pelecTsa, HAas3bBAOT MesxMoeKyApEsMA. B OKMCITWTEIIAMA 1
BOCCTAHOBUTENAME CJTy#AaT aTOMbl MM WMOHBl ORHON M TOH ke MOJIEKY—
Jbl, TO TAKME PeaKIyy HA3LIBAIOT BHYTPHMOJIEKYIAPHBIMA.

Hanpasnesue OKUCIUTeNBHO-BOCCTAHOBH TRIBHBIX peakimii onpese-
nsleTCsi BTOPHIM 3aKOHOM TepMOIMHAMMKH. Eenu upougece NPOTEKAeT
Opy M306apHO-M30TEPMUICCKIX yCJIOBUAX, TO TPAMAdA pearind BO3—
MOJHA IIPH YCJIOBHM, YTO IHEPIUA T'u66ca ee mimke nyis: AG < 0.

OKMCIUTENbHO-BOCCTAHOBATENBEHYIO ¢TI0cOBHOCTE BEIecTBa ONpene-
JIsieT OKUCTATETBHO-BOCCTAHOBHTEbHBIN TOTEHIIAT peaxiuy (pefokc-
noreruan).  OxucnuTenbHAA c11ocoBHOCTh BElIeCTR  TeM BHILIIE, YEM
GosbIIe TONOKUTETLHOE 3HAYCHUE OKUCUTEBHO-BOCCTAHOBUTEIIEHOTO
TIOTeHIMATA PeaKIM.

B o6uiem Bume 0O6paTHMYIO H7IEKTPOXUMITUECKYIO PEAKIAIO ORMCTIE-
HUS — BOCCTAHOBJICHUSA MOXKHO 3aIiCaTh ypaBHEHUEM

— 3T0 OJRHOBPEMEHHO

Ox + ne = Red

rae Ox — orucieHHad dpopmMa BeLIeCTB; Red — BoccraHOBISHHAA dopmMa

pemiecTB. Y paBHEHME OKUCTUTEN FHO-BOCCTAHOBUTEILHOTO TMOTEHRINATA
E JIST 3TOM peaKiy MMeer BU
( ijRed) i P A

a
2RI OX
— RO :
Box/red = Eoxjrea T ToF L Ooed

rge E° — CTaHAApPTHBLI omﬂlcnﬂTeanwocwaHoanTmmﬁmﬁ noTeH-

Ox/Red
nuai; @, Gosa ™ AKTABHOCTH COOTBETCTBEHHO OKMCJIEHHON ¥ BOcCTa~
X

HOBJIEHHOW (POPM BELIECTR.
B caydae,
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ecnu B OKHCJIHTGJI]:HOFBOCCT&BO‘BHTEH}:HBD( peammax

MOHMIKEHNE CTEeNeHu

e ————————————

y9acTBYIOT MOHBI BOZOPOJA WM TMAPOKCHIA, NOTEHIMAIbl ITUX peaK-
it 3asucar or pH, nanpumep, ans peaknum

NO;3 + 3H* + 2¢ == HNO; + H;0

3
e s - 2,3RT | "No3'H* _
NO3/HNO; NO3/HNO3 2F

a
HNO,

2.3RT. MOz B
L 23R le NO3 _3-2,3RT

()]
03/HNO, ' 2F 5p P

a
HNO3z

Konwmpoasnme sonpocss u 3adaxu

1. Omnpepemate creneds o
KueneHns cepbl B coemuHeHmsx: HyS, NagS:
> - yaRd] 25,0 ’
H,803, HsSO,. i
2. TlpuBenuTe NMPUMEPHl MEAMOJEKYISPHBIX W BHYTPUMOJIEKYIIAPHBIX OKMC~
JIATEIbHO-BOCCTAHOBUTEILHEIX DEAKILMIL.

3. ()l‘[pe,ueﬂl-{'le BO3MOMHO TV IT a. KH‘ ][i) a}tpa e
9 pOTeK HUe pea. U1 B AMOM H
BJIeHUM

CuO + Hy = Cu + H;0(x)

4. Or xarux PaKTOPOB BABUCHT OKMCIMTENLHO-BOCCTAHOBUTENBHEIA ITOTEH-

?
unan? Hamumure ypaBHeHMe IS pacuera OKMCIMTENLHO-BOCCTAHOBMTENIHLHOTO
NOTeHIMATa KaKOU-TTMB0 PeaKi(Mi.

5. Tlpupenute TpUMeEp OKUCIUTENLHO-BOCCTAHOBUTENBHOW peakuyu, MoTeH-

unan koropoit sapucnt or pH cpeasl, HanuiMTe ypaBHeHMe JUIA pacHera OKMC—
JIMTEILHO-BOCCTAHOBUTENIBHOTO MOTEHIIMATA STOA PeaKLuy.

6. Kaxumu crnocobaMy MOXKHO ONDEIETUThH HAlpaBIeHUE OKMUCIUTENBHO—
BOCCTAHOBUTENLHBIX PeakiiMi?

7. Hammuure ypaBHeHye JUIsi pacyera OKMCIUTENLHO-BOCCTAHOBUTEIIBHOTO
MoTeHIMala peakiiun

[Co(NHg)e** + ¢ = [Co(NHg)g)%*

Paccuuraiite sHavyeHus noreHnmana npy 298 K nus cnyuaes, Korja anRTHBHOCTU

OKMCJIEHHON M BOCCTAHOBIEHHOU hopM BellecTBa ;
pasibt (Mons/n): 0,01 n 1,0
0,01 u 0,1; 1,0 u 0,01. Omeem: 0,04; 0,10 u 0,28 B. i E

8. Hammuute ypaBHerue JIA pacdeTa NOTeHIMANa Peaklny

Cr,0% + 14H* + 6e == 2Cr** + TH,0
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Paccupraiite SHaveHMs! IOTEHIMAA 5TON CUCTEMBI TIPH 208 K pas caydaes, i

KOT/la AKTMBHOCTM MOHOB BOJIOpOJia. PaBHE! (monp/n): 107%; 1076; 10710. Omeem:
1,09; 0,50; -0,06 B.
O BTk BOCCTAHOBHTEHBHI)IE CBOUCTBA METAJIJIOB

M pacraopa H,804" B
BO BTOpYIO — JKeJjeso, B

B Tpu mpoGupKn paneitre no 2—3 ma 0,1
oflHy TIPOGHMpPKY BHECUTE MarHuil WM OUHE,
TpeThio — MeJlb.

Sanuumare HaGMIOLEHN, cOCTaBLTE
peaknuii # OOBACHUTE pe3yJIBTATHl OTBITA.

ypaBHEHHA ~NPOMCXOAAIMIX

ON BT 2** BIUAHUE pH CPEJBI HA OKUCTTUTEIBHO-
BOCCTAHOBUTELHBIE PEAKIUNA

a) Boccmanooaenue nepuaHIARAMA KOAUS cyavumon HAMPUI. B
Tp¥ TPOGHPKN pasefire MO 3 MJ pacTBOpa mepMaHrafara Kajids. B
epByIO MPOSUPKY npmnieiire 2 M 1 M pacTBOpa H,S04, BO BTOPYIO —
2 M H;0, B TPeTBIO — 9 mn 2 M pacrsopa KOH.

B kamyo 1pobupry no6abTe TO 3 MJI PacTBOpa cynbduTa HATPUA.

Bapumure HabIIONEHNA, cocTapbTE YpaBHEHWA OKMCIUTEIILHO-BOC
cTAHOBMTENBHBIX peaxiui u ofbsCHUTE PesyJIbTaThl OMbITA. Varure,

qro (hUoJIeTOBas OKpacka xapakTepHa [Jj13 NOHOB MnOj, caabo-po3oBasdt

— juis wonos Mn?', senenai — 7151 VOHOB MnO%, 6ypsiit 1per MMEIOT
ocamkn MnO u Mn(OH)q.

6) Oxucaenue Fe(Il) do Fe(Ill) @ xucaot u uerounot cpede.

1. K cBeikenpuroToBIeHHOMY pacreopy FeSO4 (monysgenHoMy pacT-
BOpEHHEM B3ATHIX B HabLITKe ONMJIOK Kejesa B pasbasJieHHON H,S04)
npuseTe pacTBOp NaQH. Yto pabmonaerca? Y10 mpoMCXOANT nociie
p3aMMOIeicTBIA [0y IeHHOr0 ocamKa € KHUCIOPOAOM poanyxa? Coc-
rapLTe ypaBHEHHEe peariuun u O6BLACHNTE PE3YABTATH OMbITA.

9. K cpemenpuroTOBIeHHOMY pacTBOpY FeSQ, pobasere 2 M 1M
pacTBOpa H,S04 u HECKOIBLKO Kamen, OpOMHON BOJIBL. B npobupry
nobapsTe 2 Kaliu pacTBOpa K4[Fe(CN)g|. Samumare HabnIoIeHns,
cocTaBpTe ypaBHeHUA DI{HCJIHTBJIBHO-—BOCCTaHOBH'I‘B.HbHDﬁ peakuu M
o6BACHATE PE3yALTaThl OlbITa.

* [Ipu npoBeleHu) ONbITa HOTYMUKPOMETONIOM B HpoBupRY HanuBalTe IO
93 KaIUTM COOTBETCTBYIOUIMX pACTBOPOB.

** Oppir MoweT GBITH NMPOBEeH Kak MaKpOMETOJOM, TaK W HOMYMHUKPOME—

TONOM.
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OMBIT 3 OKUCJINTEILHO-BOCCTAHOBUTEJILHBIE CBOMCTBA
HUTPUT-MOHA NO; (IIOJTYMUKPOMETO/)

1. K nonkvc/enHOMY DacTBOpPY MOAMAa Kanus (moz TAroi) nobasb-
Te HECKONbKO Kanesnb pactsopa NaN(Q; M HecKONBKO Kalleslb PacTBopa
kpaxmana. Uto nabmopaercs?

2. K mopxucnensomy pacrsopy KMnQ, nobassre j10 obecnpednpa-
aua pacteop NaNQO,. 3anumure HabIrOReHNA.

OcTABbTE YPABHEHMs OKMCJINTENbHO-BOCCTAHOBUTENILHBIX DPEaKIni.
O6sacauTe, kakosa dyuxnua NaNO, B onsrrax 1 n 27

ON Bl T 4. PEAKIMA JUCIPOIIOPIMOHNPOBAHUA

Kpucranauk mopa obpaGoraiire HeGoibmuM Konmdectsom 2 M
pacteopa NaOH npu cnabom narpesasuu. [losmydenubii pacTsOp HOA-
KHCIHUTE.

Banumure HaGTIONEHHMS, COCTABLTE YPABHEHMA OKUCIMTENBHO-BOC—

CTAHOBMTENLHOM PeaKIMH, YuuThiBag, uTo O6pasyercs MONAT W UOAM]
HATPUSA.

ON BT 5 3ABUCUMOCTD
OKMCIUTENLHO-BOCCTAHOBUTENIBHOI'O NIOTEHIIMAJIA
OT KOHIEHTPALLUY OKMCIEHHOW U BOCCTAHOBJIEHHOTN
@®OPM BEHIECTBA

B [aHHOM ONEITE HPEAJAraeTci HM3MEpPUTh DPeJOKC-TIOTeHIUal CHuc-
TEMBI

[Fe(CN)g]* + ¢ == [Fe(CN)g]*"

5 sapuenmocTd OT kommentpanum uonos [Fe(CN)gl™ (oxucaenHas
copma) u wonos [Fe(CN)gl!™ (soccranosnennasn dopma).

AHaJIOTHUHEIR OOBIT MOXKET O6LITh NpPOBEJIEeH W JAJAA JIPYTHX OKHCJIHN-
TeJIBHO-BOCCTAHOBUTEILHBIX CHCTEM, HATIDUMED:

Fedt 4 e = Fe?*
Sn# + 2e — Sn?*
[Co(NHg)el** + e == [Co(NH3)e]**

Meropuky nameperus u cxemy ycranoskm cM. § b Beegenus.

Cobepure ycranoky (em. pme. 15). Ecim B kauecTse 3JeKTpOAa
CPABHEHMS UCHONB3YIOT XJIOPCEPeOPAHEIH UIN KAJOMENbHBIA JIEKTPOJ,
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10 cocynpl Ju Ju BITEKTPOIUTHIECKAE KIIOHH J m f 3amONHAIOT HACK=
IEHHBIM pacTBOPOM KCl.

B Tp¥ cTakaHa pymecTumocTbio B0 MJI OTMEpBTE 13 BIOpETKA TO D MJI
PpACTBOPOB K4[Fe(CN)g) n Ks[Fe(CN)g) B careayromux COOTHOMIEHHAX: B
mepsuiit — 5 Ma 0,1 M pacrsopa Ku[Fe(CN)g] m 5 ma 0,1 M pacrsopa
Ks[Fe(CN)g); Bo BTOpOH — 5 ma 0,1 M pacrsopa K4[Fe(CN)g| n 5 mix

0,01 pacrsopa K;[Fe(CN)g|; B Tperuit — 5 ma 0,01 M pacrsopa

Ka4[Fe(CN)g) m 5w 0,1 M pacTBOpa Ks[Fe(CN)gl.

VismepbTe MOC/IEL0BATEIRHO HAC u ompepesruTe peloKC-TIOTEHILV-
alTsl OKMCJIUTEITHHO-BOCCTAHOBUTEABHEIX cueTeM BO BCEX Tpex CTaKaHax
{em. pue. 19, crakaH 8). Jlns aTOro ONyCTHTE B eTaKaH [UTATHHOBLINA
IGKTPOJL € TIPHMKATHIM K HEMY KOHYMKOM 3JEKTPOIMTUUECKOTO K013
6, a B cocys § ¢ HaCHIIEHHBIM pacrsopom KCl omycrure ANEKTPOJ,
cpaprennst. CoepHUTe cocypt 8, 5 1 3 37eKTPONMTUIECKUMI KO a-
MU, 3AII0JIHeHHBIMH HACKLIIIEHHEIM PacTBOPOM KCL

Namepsre DJAC HA KATOIHOM sonprmerpe wiu pH-werpe corsacho
MHCTPYKOKUU 110 pabore ¢ 9THME npubopamMu. Jlaisi yeraHOBICHNA paBHO-
pecusi uamepsiare DJIC vepes 35 MHH 1OCJE BRIIOUeHNs npubopa.

{lepen KaxbIM 3aMEPOM HJIATUHOBBINM 3JEKTPO/L npoMouTe JAUCTHI=
NMPOBAHHOM BOAOH MPOCYIIUTE (bUILTPOBATBHON HyMAaroit.

PaccunraiiTe KOHIEHTPAILMIO [OTeHIMATIOIPEe e ATONIX
(OKHCJIGHHOﬂ U BOCCTAHOBIIEHHOM cbopmm), yyuTHIBaiL, HTO pacTBOp
Kaskl0il coJy TPy cMeIeHny pasbapysiercs BJBOC.

PaccunTaiite pelOKC-TIOTEHIIMAN CHCTEM 17151 PABJIAMHOTO COOTHOMIE™
HiA KOHTIEHTpPAINI OKMCICHHOH T BOCCTAHOBIICHHON HOPM, HMCIOJNb3Y
cnpaaoqﬁme JaHHBLIE JIH CTaH,B,a-PTH.l:[X MOTEHIUAN0B ({.'.M. npn.rlomeﬂue
X1) v mpunumas, 9T0 AKTHBHOCTH WOHOB paBHBL MX KOHIeHTPAIAM.

HOHOB

Ilo waMepeHHon 3C onpejenuTe SKCHepUMeHTAIbHOe 3HAUCHNC pe-

{
1
’

noxc-norennuana. Horermtait 9AEKTPOJiA CPABHEHUA palijauTe B MpUI0-
scermn X11. PesynpTaTsl pactera i onpiTa samumuTe B TAOIMILY:

[Morenpnan |  omoen-

l-lomép Konuer n‘i:mum. MOJTB/ INC M.N,_ .
niMepe- mB WICKTPOLA, M B TENLHASA
HHa 1€, Fe(CN)] Ko [Fe(CN),] B e oumbxa, %o

0.1 0,1
0.1 0,01
0,01 0,1

1
2
4
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Cpenaiite B
B, BIBOJ] O XapaKTepe 3aBUCMMOCTH PeJOKC-TIOTeHI[Mana OT
: HUA KOHIEHTPANWi OKUCIeHHON ¥ BOCCTAHOBIEHHOM (hopM

OIBIT 6 3ABUCUMOCTE
OKUCIUTENBHO-BOCCTAHOBUTENBHOI'O NOTEHLMAIIA
OT KOHILEHTPAILLMW MOHA H*

B onwite n
C ayuyaercs pausame pH pacTBOpa Ha OKMCITUTENBHO-BOCCTA-
OBUTENbLHBLIN MOTEHIIAI CHUCTEMBI '

Cr0% + 14H* + 6e == 2Cr** + TH,0

Cobepure ycraHOBKY (cM. puc. 15).

5 UlB lf\r;m cTaKaHa ?%THMOCTMO 50 Mn oTMepbTe M3 GIOpETKY 110 5 Ml
! pactsopa KyCroO7 u 5 ma 0,000 M -
,007 pacreopa Cra(S04)s.
::gn;z;r crakal orMepere u3 6wperku 10 ma 0,5 M pacrﬂcpazgizsga BI?)
poit crakan — 10 Mo 1,0 M pacrsopa H. 1 s
e pactsopa HyS50,, B Tperuii — 10 Mmn 2 M

IIpose
& poBeIUTe MBMEPEHUA DPEIOKC-TIOTEeHIINANIOB CHCTEM B TPeX CTaKa-
Pno METO[MKe, UBI0KEHHONH B ombiTe 5.
ace - .
s qn;aﬁ're ROHI.‘I,!(&HTpaIIHIO NOTEHIMATONPEJINAIOMKUX UOHOB B
emoit cucreme (Moib/i)
¥ KOHIEHTPAUu WOHO '
KakIoM cTakaHe (MOJb/i). ot
Ilpuse,
cmTe}:{ 3 JIUTE YPAaBHEHHS JJIA PacueTa PeIOKC-IIOTEHIMANa N3ydaeMoit
, paccunTaiTe 3HAMEHUS TI0TE
HIMAJIOB, UCTIOMBIYH CIp?
JAaHHBIE O CTAHJAPTHBIX IO 1 ) ki
TeHmaiax (M. TpUIOKeH
M. nwkenue XI), o
4 PHHHUMAan
mPBnocm MOHOB PaBHLIMU UX KOHICHTDALMAM, ,
€3y/NBTATE PAcYeTa U OIBITA BHECUTE B TAGIHILY:

Homep | Kon
eH + 3
i s 4 wenrpauus,| [HY], | BIHCyaynd Moreriman snexr-|OrHocnremns-
MOJIB /11 mons/n| mB poma. MB TeNLHAA
Cr,0% | Cr¥* o ourubra, %
sren | Lpacu

IlocTpoii
J ocTpoiite rpadMK 3aBUCHMOCTH pPEAOKC-IOTEHIMANA H3Y9aeMO
ucTeMBl OT KOHIIEHTPAMK MOHOB BOZOPOJA.
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PABOTA 17 NIEKTPONBHIKYIINE CHJIbL (3nC) n
HAINPSDKEHUE FAJIbBAHMYECKMX SJIEMEHTOB

(Vuetnuxu: 1990, § VIL.2—VIL4; npumeps! pacueros 1. VII; :
2000, § 9.2-9.4)

Hens paborTH — oBJIa/IeHUe
METOLMKON M3Mepenns DJIC u HanpAKeHud
raJbBaHUUECKMX 3JIEMEHTOB M3yEHUE
AABMCUMOCTH HATpPAKEHNA OT KOHICHTPA™
[A¥ TOTEHIMANONPe/eT A wonos, pH |
pacTBOpa M IJIOTHOCTH TOKA. 1

apHad 2JIEeKTPOA-
Eciy B rajbBaHNMECKOM NIEMEHTE IpOTEKaeT CyMMap |

Hasd pearuusi l.
B dDe= Il & mM
to DJIC (E5) >TOro aneMenta onvcLIBAeTCs YpaBHeHUEeM

b gd
rT. B D

Ey= B} + s3I0 grm -
* a ' aF dL dM
; - ocTH PEArupyro-
re B9 — cranpaprHai 24C; B Oy O ua, AKTHBH p P ,
[IMX BEMECTB ¥ TPOAYKTOB PEaKItiL. Hampumep, Al peariui ]
7n + 2Ag" = In?*'+ 2Ag

RT ai + %n
g
Ey= B0+ sxIn ——7
B2 e aAg

Tak Kak BKTEBHOCTH TBEPHABIX nuEka u cepebpa IPUHUMAIOTCA

paBHEIMM €{MHUIC, TO ypaBEeHue ynpoaerci: <~ s
RT. Ag

T Th
an o “SBQCTHHM IHaAYS HUAM CTaH,U.ﬂ-pTHOﬁ BHBPPHH ru ca p a.}i.I.LPI [

Eg:—AGO/nF‘

oa
aunbo no pa3HocTH cTAaHAapTHRLX paBHOBE!C‘HB!X MOTEHIMATIOB ANEeKTP I,

o= Eig‘/Ag o Eg-nz*ﬂn'
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BocnonbaoBaBminick BTOPEIM CHOCO60M, HOJIYIUM
E9 = 0,80 B — (-0,76) B = 1,56 B.

3uan crappaprace suauenuwe DJIC (moreHmmama) M aKTUBHOCTA
MOHOB, MOXkHO paccumnrare JJIC anemenrta (paBHOBECHEI MOTEHIMAT).

Ecnu B TOKO06pasylonmx peakinsx y4acTBYIOT ras000pasHble Be-
mecrsa, To DJIC sneMeHTa 3aBHCHT OT MapHUAJILHLIX LABISHHHA IHTHX
semects. Hanpumep, DJIC anemeHTa, B KOTOPOM NIPOTEKAET DEaKIIMA

Zn 4 Cl; == Zn?* + 2CI
ONpPEleNAIOT 10 ypPaBHEHHRIO

RT Pet,
2 nk a

3

2
a
TRt eer
TAC P, — OTHOCHTEIIBHOE NAPUKALHO JaBJIeHHE XJI0pa.

Hanpsxenne ramspannueckoro siaemenra mensiie OJ1C na-za moss-
PH3AINH IMEKTPOIOB U OMHUYECKUX NOTeph:

U=FE,- Ir — AE,,

rme I — ToK; F — oMuueckoe conporusienne; AF, — nonApusanuns

~ DIIEeMEHTa, paBHAA CyMMe MOJAPH3aluil KaTo[a W aHoJa.

C ypenuyeHMeM IVIOTHOCTH TOKA BO3PACTAIOT HONAPU3ALNA U OMI-
yeckoe najenue Hanpsxenus. Takum obpaszoM, IIPU YBEIMYEHHH IJIOT-
HOCTYM TOKA HAIpsAXeHMe s7eMeHTa najaer. Kpmeas 3aBycuMOcCTH HAaIl-
PSIKEHUSA HIEMEHTa OT CHIIBl WIM IJIOTHOCTH TOKA NOJNyuWsia Ha3BaHHe
BossTamMneproit kpusoit. Ilo Mepe paGorhi aneMenta (pazpsija) yMeHb-
IaeTcs KOHUEHTPAIMA HCXOAHBIX POAreHTOB M YBEJINYUBAOTCA KOHIEHT-
pais TPOJYKTOB peakiid, [OITOMY B COOTBETCTBHM € YpaBHEHHEM
Hepuera DJ1C snementa ymenbmiaercs. Kpome TOro, BO3pacTaeT MoJifA-
pusanua snemenrta. IlosroMy npyu pa3psjie 2JIeMeHTa HallpsKeHue ero
nocrenedHo najgaer. Kpupasg MBMEHEHUS HANPHAKEHHA BO BPEeMeHHW B
npolgcce pa3psija Ha3bLIBAETCs PA3P/AHON KPHBOH H/IEMEHTA.

Koumpoasnusie sonpocu u 3adavu

1. Kax yerpoen rajbBaHUYecKui oiieMent?
2. Kakoe ypaBHeHWe BRIDAMAET CBSSL MERLY TEPMOAMHAMUMECKUMM (DyHK-
vy peaxiyu U DJIC ranbBaHVYecKUX DIEMEHTOR?
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3. Kak ycTpoeH cTaHJApTHBIA BONOPOAHEI BIeKTPoa? 2 _
4. Kaxue ¢haxTophl BIMSIOT Ha MOTEHINAT MeTaUTYecKoTo SJIeRTPOaa! !
5. Kaxue caxropsl BIMSIOT HA TIOTEHLIVAN TA30BBIX aeKTposoB” |
6. Kax usmepurs 3]1C ranbpaHteckoro aneMenTa’?

7. Ot KaruX HaKTOPOB BABUCUT HAINpPFUKEHUE ralIbBAHNYECKOro SileMenTa?

a
8. Paccuurtaiire  CTaH/IapTHYIO GJ1() TANTbLBAHNYECKOrO BIEMEHT
Pb|Pb2* | Zn?* | Zn 10 naBeCTHBIM SHANEHHSIM CTAHIADPTHBIX TIOTEHIIMATIOB HIEKT—
ponos (cu. mipunoskenye X). 3
C y4eToM NOJYUEHHOTO 3HAMEHWS cranpapriofn IJIC suemenTa OTPEAEI
|
|
MEJIHBIX ONEKTPOMOB, ¥ &

cranjiapTHoe BHAYEHMe SHEPruH ['u66ca, mpoTeKalollelt B OJeMEHTe PEaRIMM.

Omnpenenure SHEPTUIo [u66ca M3 TEPMOAMHAMMYECKMX JIRHHBIX (cM. mpusONKe=

e V) u cpaBHUTe 00€ BESIMUMHBL. x
9. Paccunraiite paBHOBECHBI TNOTEHIWAT MEIHOTO W CepeGpAHOTo SVIEKTPO— |
JIeHHOTO W3
= = 0.01 mons/n u DIC onemenra, cOCTas
HOB TPU @, o4 aAg* : /

BTUX SIEKTPOOB!

Ag| Ag*[Cu?*|Cu

Omeem: 0,28; 0,68; 0,4 B.
10. PaccuutafiTe paBHOBECHDbIE IOTEHIIMAIBI nByX

Cu|Cu2*|Cu?* | Cu

= = 107} Momb/n
Goae = 1 Monb/a 6., o 10 /

Cu|Cut|Cu*|Cu

= 1 @
a. , = 1Moms/ o

Cu

-3
KOTOpBIX AKTMBHOCTM MWOHOB Me/H Cu?* cooTBETCTBEHHO PaBHBI 1,0 n 10
modip /. Onpenenure SIC ereayioumX BIeMeHToB:

, = 1073 mon/n

Omeem: 0,34; 0,26; 0,09; 0,16 B.

HTA
ON bl T 1. ONPENENEHUE DIC Y HANPAKEHUA SIEME }

a) Hamepewue JAC saemenma. MeromuKy M3MepeHus DAC em. § 5
BBejienusi, CXeMa YCTAHOBKN NPUBEJIeHa Ha PHC. 14, {
MeTaIndeckux
DanppaguuecKue 97AEMEHThHI cobupatloT M3 [BYX |
ANEKTPO/IOB, MOMEMIEHHDIX mmubo B iBa KOJeHa H-ofpasHoro cocyaa ¢
{4 HBIX
pasneuTeHpHOMI muadparMoi (puc. 22, @), 6o B 7ABa OTAEHL -
cTaKaHa, COeJMHEeHHBIX HIEKTPOITUTHHECKIM KITIOUOM, KOTOPBL TIPEJT

124

CTABIAET cOBOM MBOTHYTYIO CTEK—
JAHHYIO TPYOKY, 3anoJIHeHHYIO
HACHIIIIEHHEIM PacTBOPOM XJIOpHa
xanuaA (puc. 22, 6).

Cobtepure raJpBaHN9eCc KU
AJIEMEHT, AJA 3TOr0 TMOJArOTOBLTE
IB€ 3ITEeKTPOJ(HBIE CUCTEMBI, cOC-
TOALIME W3 METAJJIOB, IOTPYXeH-
HHIX B pPacTBOpPEl COOGCTBEHHBIX
coneit. Konkperasie merannsl (Zn,
Cd, Fe, Cu, Pb, Sn, Ni mim np.)
IS 3JEMEHTAa BHIOEpHUTe II0 yKa-
sauo0 npenopasarens.  Cocynbl
JI7IA PACTBOPOB IPEABAPUTEJILHO BHIMOMTE IIPOTOYHON BOAOH MOJ Kpa-
HOM, OMOJIOCHWUTE PACTBOPOM COJIM COOTBETCTBYIONMIErO METajlyla U 3ajlei-
Te oTOT pacTBOp Ha 2/; ux o6bema. MerannaudyecKue CTEpPHHM WIH
IUIACTUHKH TINATENRHO BaYMCTATE HaxJIa4uHofl Oymaroit, mnpomoiite
TMPOTOYHOM BOZOM TOJ KpaHOM U HOTPY3MTE B COCYABI € PacTBOPOM
COJH.

Ilpocnenure, yTo6Hl MecTa clas METAITUUECKON NJACTHHBI ¢ [PO-
BOJIHMKOM HE KACAMNCH PAacTBOpA.

Brurounte wmiogoM J (eMm. puc. 14) U3MEPUTETBHYIO UEIb CXEMBL
3anumpTe [OKAa3aHWA KATOAHOrO BOJBTMETpa 7 B cllydae MCIOJIb30Ba-
gus cxemst 14, 6. Ipu ucnons3osaHun cxemsl 14, 4 ckKOMIOEHCHpPYHTE C
HOMOIBIO ToTennHoMerpa 4 uamepsemyio JJIC u npu HyJIeBOM IOJIOKe-
HUM rajbBaHoMerpa £ 3alMIUATe NOKA3aHMA BONBLTMETPA, KOTOpHE B
MOMEHT KoMmneHcanuy 6iauskn K 3pavenuio D JC.

1. 3anum@Te ypaBHEHMS IJIEKTPOJHLIX M TOKOOOpasylolleil peax-
AH.

2. llo ypapmenuioo HepHcra paccumTaiiTe BeIWYNHBI PaBHOBECHBIX
HOTEHLUATIOB 2JIEKTPOIOB, UCHONL30BaHHEX B dnemenre. IIpumire, uro
AKTUBHOCTL MOHOB paBHa KOHIIEHTpAaIUNI.

3. Paccunraiite 3JIC u cpaBHNTE ee ¢ BKCIEPMMEHTANbHEIM 3HAYE-
HUEM.

Paccuanraiire crangaprayio 3JAC snementa.

4. Wcnonesys waMepennyio penmunny DJIC, ompespesure SHEpruio
I'n66ca TOKOOGpasyiomeil peakuuM W CTaHAapTHyR suepruio I'mbbea.
Onpepenure craEgaprHyio sHepruic I'n66ca nmo TepMOZMHaMHYECKHM
JIAHHBIM U CPABHWUTE €€ ¢ pac4eTHOIl.

6) Hanpaxenue sacmenma. Viavepenue HanpsmeHus HPOBOJIMTCA Ha
yeTaHoBKe, M306paxennoil Ha puc. 14 (em. § 5 Bpenenns). Ycranoska
MMEeT aMIIePMeTp [JisA IPSMOTO M3MEPeHUR TOKA B HEeNH, NPOXOJAIEro
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Puc. 22, DNeKTpONUTHHECKWE SYEAKU C
nadparMoit (a) Win ¢ VIEKTPOIMTIYec—
KM wriodoM (6):

1 - amexrpospl; 2 - cocyi; S - pacTBOpb
anexTponuTa; 4 - guadparma; 5 - anex—
TPOIIMTHYECKUIA KITIOH




k
wepe3 MBMEPACMBIA OJEMEHT, BONLTMETp MAJIA [pAMOro NaMepeHus
HATPAMKEHNS HA KIeMMax 37GMEHTa ¥ COIpPOTHMBIIEHME i peryanpoBa-
HA TOKa B TENU. |

Cobepure BIEMEHT H onpejenuTe €ero DIC (cm. OmBIT 1a). Iocine
yameperus JJC pasoMKHUTE wioa 9 (em. puc. 14). C TOMOUIBIO:
BONLTMETPA ONpeJIeNMTe HANpAKEHUE 371eMEHTA C PA3OMKHYTOH BHEMI=
weii menpio (wamepenne 1).

Knjogom 1 3aMKHATE BHEIIHIOK (uonapnay}omyﬂo) pens. IlocTenen
HO HOBHINIANTE IJIOTHOCTb TOKA JO TeX 1nop, TMOoKa HAIPSOKERNE IIEMEH:
ra He IPUONM3UTCA K HYJIO. Caumure eme 4—5 MOKa3aHuil B TeYeHHe

15 muH.
PeaynsTaThl ONBITA aanUInKTe B TabIMIY:

Homep [orHocTs ToKa, A/ M2, Hanpstxenne .
UaMepeHns win ToK, A onementa, B . |)

l ‘

2

3

o pasHEBM TAGIHIH HOCTpO#iTe KPUBYIO 3aBUCHMOCTH na.npsmenn
sieMeHTa OT IUIOTHOCTH TOKA (pOsETAMIEPHYIO kpusyio). OOBACHAT
poueMy HaNpsKEHNe SJIEMEeHTa ue pasao JJIC u yMmenbinaerci Tpa

OOBLIIIIEHUA [JIOTHOCTH TOK&.

OTN Bl T 2 BIAAHUE KOHUEHTPALN
PACTBOPOB SIEKTPONIMTOB HA 3ICH HANPSKEHUE
CAJIbBAHUYECKOTO HJIEMEHTA

i
Cobepute Me[{HO-IIMBKOBLIA 27IEMEHT (amemeHT ﬂaﬁnanﬂ—ﬂnoﬁn) o,
METOJIMKE, ONMCAHHOA B Ipe/BILYIeM OfBITe. JajiefiTe B COCYAEl pac _
popst CuSO4 u 7nSO,4 3aKaHHON KOHIEHTPAIWH. Paccunraire pa.m;
BecHEIE TIOTeHIMANb IEKTPOAOB u DJC anemenTa. AKTHBHOCTY HOHOB,
MeM Y IUHKA IPUMUTE paBHBIMU MX uonn,e:-rpigxn;;i )
apSMEHME DIeMeHTa I -
nglazeg]::’-r :ponpenmre TpH pasa, MEHAN KOHIEHTPAINIO OJIHOrO M

onMcaHHON

ONBIT
pacTBOPOB.

PesynpraThl pacyera u WM3MEepeHuii 3anumnTe B rabaHny:
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T

Kouuentpauust pacr-| PasHOBecHBIe NMOTEHLWANEL BJ1C snemen-| Hampsokenue

BOPOB, MOJIB/ 1 oyexrponoe, MB ta, MB aneMenTa, MB
CuSO4 | ZnSO
i + | Egrson A

ITo MOJMyYEHHBIM JAAHHHLIM NOCTPOHTe rpaduKu 3aBUCHMOCTH 3C n
HANPSHKeHNA OT KOHIEHTPALyn (axruBuoctn) nowos *. CocraBbre CXeMy
3/IEMEeHTa, YPABHEHMs dIEKTPOHBIX U TOKOOGpasylommeit peaKIuii.

O6nsicEuTe BiusiHue KoHuenrTpamuu uonos #Ha JJIC n Hanpswenue
57IeMEHTa, a TaKKe Ha PasHOCTh 3HAYeHMH DIC n HampsKeHUs 3je-
MEHTa.

ONBlT 3 KOHUEHTPALMOHHBIV CAJIbBAHUYECKUN DJEMEHT

KonueHTpalOHHbI rajlbBaHMYecKUil 3JIEMEHT — 3JIEMEeHT, Yy KOTO-
poro oba 3JIEKTPO/a HMEIOT O[IMHAKOBYI) [PHPOAY, HO pasjnIHBEEe
KOHIIEHTPAIMHA HMOHOCB B pPACTBOpE. Tak xax IJIC snemenrta paBHa pas- '
HOCTH PABHOBECHHIX NOTEHIUA/IOB KATOLa W aHOTA, TO HpH OJNHAKOBRIX
cTaHIAPTHBIX IOTEHIATAX DJIC anemenTa 3aBUCUT JHIIL OT cOOTHOIIe-
HUS aKTHBHOCTEH HOHOB!

1

T It
el TR0
"IM.nf

1 g
rHe G nv M Gyt = AKTHBHOCTH MOHOB Meraiia y anexrpozos I u II.

M
Onpenenenne DJIC u HanpskeHns B JAHHOM ONLITE NPOBOAMTCH HA
yeTaHOBKE, cXeMa KOTOpOil NpMBejieHa Ha puc. 15.

CobepwTe ramspanuueckmin snement (eM. puc. 22, a, 6). O6a amext-
pOfia B NAHHOM ONBITE MMEKOT OJMHAKOBYIO HPUPOAY, HO PasIMTHEIC
KOHIEHTpANUHA MOHOB B pactsope. Komkpernbie 3HAYEHUS KOHIEHTPa~
1## PacTBOPOB BBISICHATE Yy IIPENojiaBaTells.

*[lpu nocrpoenHH rpauka BOCHONLIYHTECH AHANOTHYHBIMH J@HHBIMH APYTHX
CTY/ICHTOB,
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)

premmeit memu (cm. omsir 1).
peakuuit. PaccanTaiite DJIC snementa (AKTUBHOCTH MOHOB npuM

. L
paBHBIMU KOHIEHTpALMAM) ¥ cpaBHuTe ¢ JKCIEePHMEHTATILHON BEJn=

YUHOMN.

I‘i
¥ HaNpSMKEHHE JJIeMeHTa TPpH pasOMKHYTOH
Hanumure YpPABHEHUs JIEKTPOIHBIX

Onpepenure  IJIC

PeaynpraTel OUBITA BHECUTE B TabauIy:

DJIC sneMenta, Hanpsikenve
MB anementa, MB

Komuenrpalius pact PapHoBecHBIN MOTEH
BOpa, MOJb/ T rman, MB

aiexT- | anexT-  [oKcriepuMer-| pacter-
Has -
poal | pon 11 TajibHas 1

eKT-
poy 11

IIeKT—
pon 1

OTNBbIT 4 BJEMEHT C TA30BBIM SJIEKTPOIOM

B KauecTBe OOBEKTA M3YUCHUHA B JIaHHOM OIBITE MCHOJL3YIOT BOAOT
po,tum—n,nﬂuonuﬁ AJIEMEHT |
H,, C|H*|Zn?*|Zn }

[l MHKOBEI  DJIEKTPOA npejcTapisier co6Od IMHKOBYIO naacTURY |
(uam CTEPIKEHD), OMYIICHHYIO B pacTBOp Cysibdara IHHKA. Bopopopubii
ANEKTPOJ], COCTOUT U3 HEpACTBOPMMOTO NPOBOJIHUKA nepsoro pona (nma=%
TuHa, rpadguT U Ap.), MOTPY#EHHOro B PacTBop KMCIIOTBL 1 RGH@au'gu-l g

g 0
pYIOLIEro ¢ ra3o06pasHbM BOJIOPOJIOM, KOTOPBII BhIJEIACTCH npu pal l
Te DJIeMeHTa. \
OBBTE TPH

CobepuTte JIEMEHT COTJIACHO PHC. 292, a wim 22, 6. [TpuroToBb pU

pacreopa cynbdara IMHKA X CepHOM KUCTIOTHL!

|
1. ZnS0O4 1 M + H;804 0,01 M
9. ZnSO4 1 M + H3804 0,1 M
3 7nS0; 1 M + H;804 1,0 M

|

Sanefite pacteop 1 B 0ba cocyza (komnena) pIeMeHTa. B omuH cocyn
norpyauTe HUHKOBEIH, & B Apyron — rpaduToBbIll CTEPKEHE. .
Qupepenure HJIC u manpsienne Mpu PasOMKHYTON Ll S/IeMEH
[0 MerojyKe, ONUCAHHOR B OMbITaX 1 a, 6. TlosropuTe ONBIT C pacTh

pamu 21 3. .
PesybTaThl ONBITOB 3aMMIINTE B Tabauny:
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Cocras PapHoBecHDI IJ1C snemerita, | Hanpsikenue

HIIEKTPOIIUTA noreximan, MB uB aneMmedTa, MB
Zn-onext-| Hy-onexr-t pacuer-| okcnepu-
| poja pona Hasl | MEHTATLHAS

ZnS04 1 M
H504 0,01 M
ZI]SO.1 1M
H;504 0,1 M
ZnS04 1 M
H,80, 1 M

1. 3anummure ypaBHeHUs IEKTPOAHBIX M TOKOOOpazyroIen pe-
AKILMI.

9. PaccuuTaiite paBHOBECHBIE MOTEHIIMAIL JIGKTPONOB, NPUHUMAA
AKTMBHOCTH MOHOB PABHBIMM MX KOHIEHTPAIMAM,

3. Paccumraiire DJIC u cpaBuuTe €e ¢ IKCHEPUMEHTAILHO W3MEpeH-
poit. OO6pAcHUTE NPUYMHY PACXOMISHUS MKy DBKCIHEPUMEHTOM |
pPAaCcYeToM.

4. O6pscante sapucnmocets DJIC B HanpsxeHns OT KHUCIOTHOCTH
pacTROpA.

5. O6bsicaure npuunny pacxosuenins memay DJIC u manpskenuem
DITEMEHTa [IPW PA3OMKHYTON BHEIIHEN Ienu, a TaKKe BIMAHNE KHMCJIOT-
poeTn Ha pasnocts Mexay DJ1C n Hanpsaxenues.

PABOTA 18 QJEKTPOJIN3

(Vuebuuxu: 1990, § VIL5, VIL6, npumeps pacgeros ri. VI
2000, § 9.6)

HHeans pabors — 03HAKOMIIEHHE C
nponeccamMu, NpoOTEKalomUME Ha pacTBOPM-
MBIX I HEpACTBODUMEBIX 2JIEKTPOAax MpHU
JIEKTPOJIAZE BOJHBIX PacTBOPOB IEKTPO-
JMTOB, ¢ pacderaMu KOJIUYecTBa IIIeKTPH-
qecTBa, BEIXOJA TIO TOKY, pacxojia SHepruu,
a TaKKe HAXOMK/TEHUEM 3AaBMCHMOCTU HANPsi-
AMEHUS DIEKTPOJIM3Epa OT TOKAa HIH IIJ10T-
HOCTH TOKA.

3.1161{']"[)011“301\{ HA3RIBAIOTCH HpOnecchl, MPOUCXOAAIINE HA AnexkTpo-

jax 0] AeHcTBUEM 3JIEKTPUUECKOT0 TOKAa, I0aBaeMoro OT BHEUIHEero
5-283
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pmerounmrKa. TIpH 3JeKTpou3e [IPOMCXOANT [peBparieHne AIeKTPHIec—
KO BHEPIHU B XUMHYECKYIO. J1eKTPON3 MPOBOAUTCA B BITEKTPOIN3e-
pax, OCHOBHBIMU COCTABHBIMM YACTSIMI KOTOPBIX SBIAIOTCHA [1BA HIEKT-
pojia ¥ MOHHBIA NPOBOJLHUK (aNMEKTPONAT) MENJY HUMH. Ha otpuna-
TeLHOM 9JIEKTPOfie  IJIeKTPON3Epa (kaTojie) TPOMCXOANT poNece
BOCCTAHOBJIGHUS, Ha TMOJONUTEIHHOM ANEKTPOJE (agope) — mpomnece
oxucenus. Ha xaTose B MEPRYI0 ouepejib MAYT NpOUECesl, xapaKTepu-
ayemsle Hanbomee HOMOMKMTEBHEIM TOTEHIMANOM, T.€. B nepByio 0ue-
peip pearupyior cunbabe oxuemrem. Ha anozne B nepByio O4epesib
MIYT TPONECcCH, XapaKTepu3yemMbie HaubosIee OTPUIATENILHBIM MOTEHIM=
ajioM, T.e. B TEPBYIO OUEpead pearmpyior CHJIBHBIC BOCCTAHOBUATEIH.
HexoTopsie aHOABL NPH 3JIeKTpOIM3e He PAcTBOPAIOTCH w3-3a HMOJIOKHA-
reLHOTO 3HAYEHUS WX PAaBHOBECHOTO poTeHNMAla WM 06pasoBaHui Ha
OBEPXHOCTH 3AIUTHRIX niepoK. IlpuMepaMn TaKUX aHOIOB MOTYT
6BITh TJIATUHOBBIE METAJIIIB, rpadur, TUTAH U TAHTAT. B osrom ciy4dae
[IPOMCXO/IUT JEKTPOIMI € HEPACTBOPUMBIM AHOZIOM.

Eenu noTeHIMansl JABYX WA HECKOJIBKHX DJIEKTPO/HEIX peaxmuit
paBHBI, TO OTH PeaKIUy [IPOTEKAIOT Ha 3IEKTPOJLe onuospemento. I1pn
5TOM MpOIIefiee Yepes dJIeKTPOL JJIEKTPUUECTBO PACXOJlyercs Ha BCE
i peakumu. [loas KONIUUECTEA BIIEKTPH1eCcTBa,
pamesue OfHOro 13 perects (B;), HABLIBACTCSH BHIXOZIOM IO TOKY 2TOTO
BEIIeCTBA!

B; (%) = Q;100/Q,

rae Qj
HUe ] BelecTna; Q
yepes PacTBOP.
TeopeTnvecKkoe
SMEKTPUUECTBa ¥ KOJIHIECTBOM BEIECTBA,
JIeHHOTO HA JJEKTPOAE, onpejienAeTcs 3aKOHOM @apajies,
KOTOpOMY NPH IPOXOK/CHUN yepes BJIEKTPOJL OHOrO (Mapajiesi BITEKT-

— obee KOJIMUECTBC 37eKTpUiecThd, 11[.)0]].16}1]11@1‘0

CcOOTHOILIEHHE Mexay KONMUMecTBOM
ORHCJIEHHOT0 W1 BOCCTAHOB—
corJiacHo

puuecrsa (1F =
crapapamuBaercs 1 MOIb SKBUBAJIEHTOB BEHIECTRA. Hanpumep,
npoxoaut 26,8 A -u anexTpUdecTBa, TO TEOPETUIECKH
(r.e.

ecnam

qepes dMEKTPO/L
HA OMEKTPONE JOJKEH BHASIATHCA 1 MO7b SKBUBAJIEHTOB ME/H
63,54/2 = 31,77 1) mo peaKuum

Cu?* + 2¢ — Cu

sz 1 MOJIb DKBUBAJIGHTOB KUCJOPOAA (32/4 — 8 v) uAn 1/4 mons, T.e.
5,6 71, KMCJIOPOAa 1O peaKIuy

AOH — 4e— O + 2H,0
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pacxojyemas Ha 1peB- 1

— KOJINYecTBO 3JIEKTPH.‘K€CTBE, HEpaCXOJJ,DBaHH{}[‘O HA upeapam.e-'

[POTIIE/IIETO

96 500 Kn = 26,8 A-q) Ha HEeM oKucageTess UM BOC— |

Han
Eomﬂugf;xenme 5JIEKTPOM3Epa cllaraeTcl W2 PasHOCTH PABHOBECHBIX
om anexrpogpos (DJIC), nonspusanuu katoja ¥ aHONA AF u

OMUYECKOTO Ilaﬂ,eHHﬂ B I OBOJIHHK&X nepeoro " oTo Ona j T +

U= Es+ AE + I(n + ro).

Koumpoasusie sonpocy u omsemst

1. Yto HaskLIBAIOT BIIEKTPOIN30M?
2. ﬁxue haKTOPbI BIUSIOT Ha HAIPAXKEHME BJleKTponmaepa’l
. Kaxora nocnenoBaTessHOCTE OJIEKT
: POAHBIX TIPOLLeC
doso POLLECCOB Ha KATOJle SIeKTPO—
4. KaxoBa mociejl TIpo; po—
4. OBaTENBHOCTE AIEKTPOHHBIX
e 1[eCCOB Ha aHofie DIIEKT
5. B Bope ONTH  AJTIO
Hmi.m}mn 1 i szw;;eum C : yMHHl-‘[.Fl‘ UMHKA M Me[y ¢ AKTHBHOCTHIO
; pacrBopa 3. Yxamunte peax
W rocsie10BaTellbHOCTh Huk Ha
g- ‘rl;ro TaKOe BEIXOL 10 TOKY M OT Karux (haKTopoB OH 3aBUCUT?
. PaccMorpuTe aieKTpoAHbIe TPOLEcchl Ha NMPUMEpax SJIEKTPON3a BOJIHBIX
acTBO
p 'rss gon HUTpaTa HATPMA M XJIOPU/A KaJMfA ¢ HEPACTBOPUMBIMU aHOAMH
. PaccMoTpuTe SUIeKTpOAHEIE TIPOLECCH HA NPUMEPaxX BIIEKTPOJIM3a BOJHOrO
acTBOpa :
Eonﬂaap cynmbchara Meau: a) ¢ MefHbM; 6) ¢ HePACTBOPUMEIM 3HOIOM M BIeKT-
BOJHOTO pacTBopa cyibdara 1 E
(MK a) ¢ HUHKOBBDM;
MbIM AHOTIOM. ; Joidu iy
9. Pa A3
o cCHMTANTE TOK B LM M Maccy BelllecTBa, KOTOpoe IOJIBEPryoch pasyio—
5% :
i TIPY DIIEKTPOJINGE BOJHOTO PAcTBOpa CyibdaTa KalMA ¢ HEPACTBOPUMBIM
JIOM, ecii Ha Karone Beiemuntocs 0,224 11 Bojioponia, M3MEpEHHOIO IpH
OpMaJTh
Hi plo PHbIX yestosusix, Bpems onexrpommza 1 4. Omeem: 0,636 A; 0,18 ¢
. Pac .
S CUMTAfTe TOK B LIelT, MAacCy BElUlecTBA, KOTOPOE IOJIBepPIyIoch pasiio-
p 10 NpM OVIEKTPOIM3e BOJHONO pacThopa CyAbdara KaJus ¢ HUKEIeBBIM
o,
: I0M, 2 TaluKe BBIXOJ KMGIOPOJa TI0 TOKY, €CM Ha KaToJie BBIAEIWIOCH
448 n popopona, a Ha awope — 0,14 1 KuEIOposa, MSMEpEHHBIX NP H
1, y-
Bpeuus :-lf[nempomaa 1 u. Omeem: 1,072 A; 0,36 r; 63%. :
. Hpn
S DY SIIEKTDOIIM3E BOJHOTO PacTBopa cyibdara 1MHKA C HepacTBOPUMBIM
JOM Ha KaTojle BhLiemmiiock 0,56 1 Bopopojia, usMepensoro npy H.y. Bpems
snexrposmsa 1 4, Tox 2,68 A. O o
; . OnpegenuTe BBIXOA MO TOKY BO,
Srggecrt y BOJOpoAa W IMHKA.
12. pu
iy DY BIEKTPO/IU3e EOJHOTO PACTBOPa Cyib(ara LUMHKA C HEPRCTEOPUMbI-
! KTpOJlaMM HA KaTojie B revenue 2 u Beyienmiock 0,235 r uuHKa Tox B
permt 1,34 A, Paccunraiite BRIXOA UMHKA 110 ToRy. Omeem: 50%
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OMNBIT 1. DIEKTPOJIN3 BOJHOIO PACTBOPA
CYITLOATA HATPUS C HEPACTBOPUMBIMU
SIEKTPOIAMY

a) IMpoueccr. na aaexmpodaz. B onsiTeé BHIACHSIOT PEaKIMM, MpoTe-
KAroIye Ha HePACTBOPUMEIX 5JIEKTPOJaX MPU MPOXOKACHUN MOCTOAHHO=
ro Toka yepes pactsop NaSO4, ¥ ONpenessior KOIuecTso Tporeue-
ro 3JEeKTpUYecTBa.

Jisi ONpeeneHns KOIMYECTBA JJEKTPUIEcTBA UCTIONL3YIOT Kak
METOJ, TIPSAMOTO OIpPEAEIEHWMs TOKAa W BPEMEHU JJIEKTPOIM3a, Tak "
rasoMeTpUYECKNA METOI,

['azoMeTpMuecKuil MeToji OCHOBAaH Ha OIPEe/eseHUM obLemMa BBIJIE-
JMBIIMXCS IpY 3AEKTPOIN3E ra3os. OJNEKTPONN3 MPOBOAAT B DIIEKTPO-
nusepe (puc. 23). On npejcrapisier coBoit cTakaH, B KOTOPBLA MOTpy-
JEeHDBl [IBe ONPOKMHYTHIE BBEPX JHOM IPajlynpOBaHHbe npobupku (Kiau
Gioperkun 2). Buyrpsb NpOGMPOK BBEJEHbI HEPACTBOPUMBIE DJIEKTPO/BI 3
(rpaduroBbie, NJIATUHOBLIE U T.IL). i

Jliasi TpPOBENEHVA ONBITa NOAyUUTE Y 1a60opanTa  IEKTPOJIU3Ep,|
crakad M NpOBUPKHM KOTOPOro 3allOJIHeHBl PacTBOPOM cynbgara HATPHA
K pacrsopy Na;SO4 106aBien METHIOBbIH OpaHKeBLIA.

CoelMHUTE BIEKTPOABI ¢ MCTOYHUKOM MOCTOAHHONO TOKA (pue. 24).
1 sanmuTe Bpemst Hadana onbrra. Habmonaire W3MEHEHNE OKpacKy

Puc. 23. Cxema npubopa
TS DNEKTPOIM3A BOAHBIX
PACTHOPOB  BMEKTPONUTOR
¢ M3MepeHeM HOIHYecTsa
BbIIENAOUMXCH Pa30B!

/ - pacTBOp BNEKTPOJINTA,
2 - bBwoperky; 3 - IneK-
TPOJbY; 4 - TPOBOAHMKMN
Nepeoro popa

Puc. 24. DnexTpudec—
Kas CXema YCTAHOBKM
7R M3YHEHWUA BI1eKTPO—
nMsal

1 - conporusnenus; 2 -
ANEeKTPONUIEp

S CJI? %

uaanKaTopa *. OTKIAOUKTE 3JEKTPOAUBEP OT UCTOYHMKA TOKa, KOrja B
npobupke €O LIEJOYHBIM PacTBOPOM cobepercss He MeHee 4 M rasa.
3anuimmuTe BpeMa OKOHYAHWA OUBITA.
Onpenenute 06beMBl TA30B, BLIJEIUBIIUXCA HA KaTOJe U aHole.
Venonbayst 3HaAYEHHS JJIGKTPOJHLIX NOTEHIMAJIOB, HOACHUTE peak-
U, TPOTEKAONIME HA HIEKTPOJAX, W 3alHIINTE UX YPaBHEHUA.
[Tpusepnre 06bEM BRACTUBIINXCH I'a30B K HOPMAJIBHLIM YCIOBUAM.

Ilsist npuBefeHnst ob6%eMa BEIIENMBUINXCH Tas0B K HOPMANLHBIM YCTIOBUAM
V;, HeobXoiuMo YUECTh TEMIepaTypy M JaBleHde rasa B Groperke (v mpobup-
ke). Temmeparypy rasa u pacreopa B Gloperke yCTIOBHO NPURUMAIOT pABHOM
TemmepaType OKpymaloliero sossyxa. Jlarienye rasa onpeensior no popmye

§=py—

e p, — JHaBiEHWe, onpejienseMoe Mo 6apomerpy, wlla; Py = JlaBaeHe
2

JACKIIEHHOTO BOAsHOrO Mapa Haj pacreopoM, klla; oHo momer 6bITh YCTOBHO
YaBHo MABJCHKIO 1apa Haj Bojod (cM. TpuiioXeHne III); pn — nonpaBka Ha
CHAPOCTATUMECKOE JIABNIEHe cronba muakocty B Goperke, klla.

Jlast ympomeHust TpeHeGpEralT PACTBOPEHMEM BbIACNSIOUMXCS TasoB B
HACTBOPE.

O6beM rasa, MPUBEEHHBIN K HOPMATBLHEIM YCJIOBUAM, PaBEH

okl 8700V
" Ters + ) 1013

rne p — japnenue, xlla.

Mo ofLeMmy BBIIETUBIIAXCA [A30B ONpPEAEINTe KONNYeCTBO 3JIEKT-
pHdecTsa, TPOUISINETO HYeped 3JEKTPO/bl, PaccuuTaiTe TOK B HEIH
W Maccy BemlecTBa, KOTOPOE HOABEPr/IOCh Pas/IOMEeHHMIO NpH 3JIEKTPO-
nu3e.

QO6bacunTe, TOUEMY U3MCHAJIACHL PeAKLMs CPejbl ¥ KaTofia u aHona.
Ha ocHosanuu ypasuenusi HepHera o nmo U3MEHEHMIO pEaKIAM CPEJLbI
OBBLACHUTE XapaKkTep U3MEHeHNs HoTeHInala KaTo/a 1 anoja B Iponec-
ce DIeKTPOJN3a.

6) Hanpsmenue saexmpoausepa. B U-oGpasubiit cocyn (mm cTer-
ASHHBIL cTAKAH) 3ajleiiTe pacTBOp CyJabdaTa HATPUA. B ofa wkonena
HOTPY3HTE HEPACTBOPUMBIE BIEKTPO/ L. COSJIMHUTE DIIEKTPO/IB! € HCTOY-
HUKOM nocTostHmoro Toka (eM. pue. 24). 3nas miomanb 3JEKTPOIOB,

* Metunopslil opaHKeBbHT MMeeT KPAcHYIo OKPacKy B KUCJoi cpele, opaH-
HKEBYI0 — B HeMTpasbHOM, GrejHo-KenTyo — B HIETOYHOM,
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[oBBiIIAfiTe TOK B HENU B COOTBETCTBUH € HIOTHOCTBIO TOKA, yKasaHHON
p rabnune. [Tpu a1OM MamepanTe panpaenye. [lonydentbe AAHHBE

pRECUTE B TabIUITY:

Tox, | [lnorHocTh TO- Hanpse- Tow, MiorHoets To- | Hanpsoke-
A wa, A2 nue, B A Ka, Afm? nue, B
0 150
50 200
75 250
100 300

[locTpoiite rpaguK 3aBUCHMOCTH HAIIPFAKEHMS OT IUIOTHOCTH TOKA.
Menosp3ays 3HaUeHHe DIeKTPOAHBIX HOTeHINANOB, 00OCHYTE HIEKTPOA~
HEle TPOLECCHh ¥ B3AIUIIATe UX ypasnenmst, Cocrappre ypaBHeHMA CyM-
MApHOH pearium.

O6bscHUTe NPUUMHLL H3MEHEHN BIEKTPOJHBIX TIOTEHUUAIOB 1

HaNpAKEHNA HIIEKTPOIHU3EPA ¢ yBeJIAYeHneM TOKA.

OTl bl T 2 DIEKTPOJINA3 BOJHOI'O PACTBOPA CYIIEDATA

.

HATPUS C HUKEJEBLIMH ANEKTPOIAMHA

a) Hpoyeccu na saexmpodaz. TlomyunTe y nabopaHTa BIEKTPOIU3Ep
¢ pPacTROPOM Na,SOy ¥ HUKEIEBBIMI DTEKT
PUMEHT 10 METOAMKE ONbITa la.

Tipu odopMmiIeHnN Pe3yILTATOB ONEITA TMOACHUTE PCAKIAN, NPOTeRA-
jolMe Ha IEKTPOMIax, U 3aInTe nX ypaBHEHU.

[pusepure O6bEM BLIJIEMUBIIUXCH [A30B K HOPMAJTLHBEIM YCIOBHAM
(em. omerr 1a).

[lo o6beMy BHAEIMBINErocs BOAOPOIA onpe
JICKTPUUECTRa, MPOMIELIIEro Hepes snexTpossl. Paccuuraiite TOK B
6T}, MAaccy BellecTsa, KOTOpOe NOBEPIIIOCh PABTOMEHUIO PU HITEKT
ponuae, M BBIXOJ KHUCGIOPOAA o TORY. OOBICHATE, NOYEMy BHIXOA

KUCIIOPOA IO TOKY He paBeH 100%.
6) Hanpswenue saexmpoauiepa. B U-obpasnbiil cocys BajleiTe

nenure KOJTUYECTBO

pactsop NagS04. B
Buinosnuenne onuTa ¥ oopmaetne pE3YJIBTATOB CM. OTBIT 16.
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pogamu. lpoenure DRCILE-

06a KOJMCHA TNOrPY3uTe HHUKEIEeBbIE A1eKTPOJIB. |

Ol Bl T 3 TABOMETPUYECKUN METOJ ONPEAEINEHNS BBIXOIIA
METAJITA TIO TORY

Brixon Mmerayula mo TOKY OUPEJENAOT Pa3sOMeTPUYeCKUM METOJIOM,
KOTOpHIA NpUMEHsieTcst B cJIydae, ecjii Hapsjly C JJIeKTPOOCak1eHueM
MeTan/ia

M™ + ne — M
Ha KaTojle IMPOMCXOOUT BHIJIE/NeHHe BOIOPOIa
2H* + 2¢ — H3

B mpoiecce 3IEKTPOAN3a B TPajyMpOBAHHYIO GIOpeTKY CcOGHpaioT
BOAOPOJ, ¥ 1O ero o6beMy, NPHUBEJCHHOMY K HOPMAbHBIM YCIOBUSAM
(cm. omerT 1a), ONpenensioT pacxoj HICKTPUYECTBA HA BEHIJIC/ICHUE ra3a.
3Has cyMMapHOe KOJIMYECTBO OHJIeKTPUYECTBa, MPOME/Iero wepes
HIIEKTPOJINBEP, MOKHO TI0 PA3HOCTH ONpEeNINTh KOINYECTBO HIeKTPH-
YqecTBa, N3PACXO/I0BAHHOE HA BLIJEJIEHME METallla, U BaTeM paccynTarh
BBIXOJ, METAJIIA IO TOKY.

Jlns npOBeAEHUs ONBITA NOJyuuTe y JabOpAHTa IHJIEKTPOIU3Ep ¢
ONPOKMHYTOH BEEPX JHOM I'pajlynpoBanuoil GIOPETKON, BHYTPh KOTOPO#
BBEJIEH TPA(UTOBEIA 3MEKTPOJ, NOAKIIOYEHHBI K OTPHIATENLHOMY
1OJIIOCY MCTOYHMKA TOKa. B 51OT e 2erTponmsep MOTpY3uTe 3ati-
[IEHHBI ¥ IPOMBITHI rpaduTOBLIA HIEKTPOJI, YKpenuTe ero Ha nepe-
MBIUKE BBEPXY CTAKAHA U COGAUHUTE ¢ MOJOKUTEABHBIM IOIOCOM BHEII-
HEro MCTOYHHKA MOCTOAHHOIO TOKA. JJIEKTPUYECKYIO CXeMy OIbITa CM.
puc. 24.

B anekrponusep 3aieiiTe pacTsop cocrapa: cyibdar nMHKa 1
MOMB/n, cepHasi Kucjaora 1 Momb/i. Sanumure BpeMs Hawana ONEBITA.
Tl pONOIMKUTENBHOCTE OMbITA BHIGEpUTE TaknMM 0OpA3OM, yrofhl B IIPO-
6upke Habpanoch He Menee H—6 M1 rasa. OTKIOUMTE DIEKTPOTUIED U
aanpipTe ppeMa okoHuyanus onwita, Onpejennte 0ObeM BHIIEINBIICTO-
cA Ha KATOJe ra3a W TPHUBEAHTEe ero K HOPMalbHBIM YCJOBHAM (em.
onucanue onkra la).

IpuseguTe OGOCHOBAHME 3JICKTPOJIHBIX IPONECCOB W SalHIINTEe MX
ypaBHeHUs. 3HaA TOK U BpeMs JJIEKTDOJIN3a, OnpenenuTe obmee KO-
wecTBO Mpomesmero anekrpuvecrpa. [lo obbemy BhIIEMMBIIErocA rasa
TIPUBEGHHOMY K HODMATBHLIM YCIIOBUSIM, ONpeaeiInTe uo.ﬂuqec'mc:
JEKTPUUECTBA, M3PACXOJOBAaHHOe Ha BBHIZIEJICHUE Ta3a, a II0 pasHOCTH
OMpefenuTe KOMWYECTBO 3JIeKTPUYEecTBa, NOUleAlmee Ha TMOAy4YeHHE
meranna. Onpepenure KATOAHBIA BBIXOJ|, IWHKA [0 TOKY M PaccMOTPUTE
MYTH €ro NOBHIIEHUA.
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OMN Bl T 4 NOJIYYEHNE IMHKA DJIEKTPOIIN30M

Ha npwMepe KaTOJHOIO OCAMJGHUA INHKA OIPEENAIOT BBIXOM
[IMHKa 00 TOKY M PAcXOji 3HEpruy Ha e[MHHUIY MAacChl [HHKA,

B naGopaToOpHBIfi cTakaH 3aiefdTe pacTBOp COCTABA: cynbdar HUHKA
1 mode/n; cepuas kucaora 1,0 MOJIB /1.

B crakal OomycTHTe [Ba PAQUTOBLIX DIEKTPOAA, YKPEINICHHBIX Ha
KPBILITKE (ManeKTpUK) HA PacCTOAHUM 0,5+l ¢M mpyr oT Apyra. Mpen-
BAPUTEILHO ONPEJIeIUTe Maccy KATOAA. [lopwiounTe JIEKTPONU3Ep K
HCTOYHUKY INOCTOSHHOTO TOKa (M. pHc. 23). Daexkrposus MpOBOIUTE
IPY [JIOTHOCTHA TOKA Ha DJIEKTPOAX 500 A /M2 B Teuenne 20—30 MuH. B
[poLecce HMEKTPOIM3a W3MEphTe HAlPIKEHUe Ha anexrposmaepe. O1-
KJTIOUMB QJEKTPOIU3Ep, YAAINTE HNEKTPOJ M3 pacTBOpa, OCYMIATe ero
(puIbTPOBANBHOM GyMaroi ¥ ONpeieInTe ero Maccy.

Menonpayss 9AeKTpOjiubie NOTCHIMAIb!, [PUBEANTE 060CHOBAHTE
ICKTPOAHBIX TPOLECCOB U BATUIIUTE UX YPABHEHMA.

PaccuuraiiTe pAsHOCTS PABHOBECHBLIX MOTEHIMANOB IMHKOBOTO u
KMCIOPOIHOTO DIEKTPO/IOB W OOBACHUTE TPUTMHY OTKJIOHEHNUS Halpsi-
senus or oroil pasocri. Oupeenure KOJNMIECTBO OCAMJIEHHOTO Me-
Tata, KONMUYECTBO TONIEIIEro dreKTpuuectsa M COOTBETCTBYIOULYIO
eMy TEOPETHHECKYIO Maccy BBIICAUBIIETOCH IMHIA (my). PaccauraiTe
BLIXOJL IIUHKa 10 TOKY.

PeayabTaThl ONMBITA CBEAUTE B TAOIMILY:

Brixon | Hanpsi- | Pacxon
HMHKA | ceHue Ha|pHepriu,
nocsieMaMeneHue] o Tory | HIeKTpo- Br - 4/Kr
9% | nuzepe, B

|

|
Tox| Bpems |Komuyecr Macca waTofa, T
A | onerrpoqBo HIERT-
nuza, 4 |\pudectsa, | A0

Ay OIBITA| OTIBIT

|
OnpepeinTe pacxoj SHepruu Ha ppienenue 1 Kr HMHKA.

Pacxon sHEpruyM Ha HIeKTPOXHMUUECKOE NOIYHEeHIe 1 gr MeTajiia BBEIYUCIIS-
10T 110 YPaBHeHNIo
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_103nFU _ 103FU
"~ "MB,  MB; '

rie F — mocrosmmast @apanes (96 500 K/wome = 26,8 A-u/mone); U —

HaTIpsUKeHME Ha onektposmsepe, B; B; — BBIXOJ Meramsia 1O TOKY, %;
M, = M/h — MonsipHast Macca DKBUBAJICHTOB METAIUIA, r/monb; M — wmounsip-
Hasl Macca MoTasia, T/MONB; n — MEMEeHeHMe CTEMeHW OKMCIEHMST Meral-

74 MM YMET0 OJIEKTPOHOB, TMPUHUMAEMbIX MOHOM MeTaslia MNph SNeKTPoOCcam—
JIeHUM.

Ha ocHOBaHMM aHAIM3a YPABHEHWUA YKAMHTE IYTH CHUKEHUs pacXo-
A SHeprMM Ha mojydenue 1 K HUHKA.

OTl Bl T 5 DJIEKTPOJIMTUYECKOE PAOUHUPOBAHUE
MEJIH

B crakan naneiire 1 M pacrsop H;SO4 m morpysure MeIHBIA cTep-
JeHb, CONEDMANIMI TpUMeCH JIPYruxX MeTalsios (cocra ysmaiiTe ¥
npenofiaparens). COeMMHNTE MEHBIA OJIEKTPOL, ¢ TONOKUTEILHBIM
OJTOCOM BHOIIHEro MCTOMHMKA HOCTOAHHOrO TOKa (oM. puc. 24). B aror
Ae CTaKaH TOIPY3UTe 3auMIICHHBIH U TPOMBITHIA TpaguTOBLIL CTEpP-
seHb ¥ 1 COSMHMTE er0 ¢ OTPUIATENBHBIM MOJNIOCOM MCTOMHUKA MOCTO=
sEEOrO Toka (cM. puc. 24). DieKTpojN3 IpOBENTE B TeHeHue 20—30
muH npu muorsocts toka 100—200 A/m2. 3anuumTe 3HAYEHHE HAIpPIA-
JKEHUA Ha ANEKTPOTH3EPE.

PaccunraiiTe NOTEHIMATH BO3MOMKHBIX PaBHOBECHBIX HIEKTPOIHBIX
[IPOLECCOB U OTPE/IEINTE PEAKIMM, KOTOPbIe NPOTERAIN Ha B/IEKTPO/Iax.
O6BACHATE MEXaHU3M AMEKTPOXUMUYECKOro papuHipOBanus (oumeTrm)
MeIM ¥ TPUYHHY PACXOMICHUA MEX/Y HANPIKEHHEM NICKTPOIN3epa
PA3HOCTLIO PABHOBECHBIX MOTEHIMATIOB 3JICKTPO/OB. Ilo ypaBHEHMIO,
NpUBEEHHOMY B OmbiTe 4, paccuuTaiiTe pacXoi dHepruu Ha nosydeHune
| kr padMHMPOBAHHON Meiy (P BRIXOJE NO TOKY 100%) u ywamure
UYTH CHWKEHUA PACXOja SHEPruu.

* Menneit 1 rpadUTOBEIA CTEPIKHY JOJHHBI OBLITE 3AKpEerVIeHBl Ha KPhILIKe
craxana Ha paccrosum 0,6—1,0 M apyr oT Apyra.
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PABOTA 19. KOPPO3U:A METAJUIOB
(Vueonuxu: 1990, § VIIL.1—VIIL3; 2000,§ 10.1-10.3)

Hens paborThl — UBYUECHHE YCJIO- |
Bl BOBHMKHOBEHUA KOPPOSMOHHBIX MUKPO-
SJIEMEHTOB, MX MOJeneil, a TaKme BIVSTHUA
pasnuyHbIX (PAaKTOpOB HA CKOPOCTL DVIEKT-
POXMMHYECKOM  KOppO3UH merannos. B
pabore H3YHAIOTCS npomeccs  NacCUBanuy
METAJIIOB M AKTHBAUM KOPPO3UM.

Koppoaueii HashIBAOT paspylienne meraiia B pesyJibTare XuMn9ec—
KOro WAy BIEKTPOXUMNHECKOro BOBEHCTBILA OKRpyHAWEH Cpebl. I
CxopocTh KOPpPO3UM BHIPAKAIOT 6o depes NOTepio Macchl obpasna B
e/IMHENIY BpeMEHU Ha eIMHUIY MJIOIIaAKM TOBEpXHOCTH, ambo gepes
YMEHBIIEHHE TOJLIMHBl METAILIA B eIUHUILY BPEMEHH.

Ilo xapakrepy paspymieHus MeTaljla pasjMuaioT PaBHOMEpPHYIO I_’ |
MECTHYIO KOPPO3HUIO. PasHoMepHAas KOPPO3ui pacmpejiefiaercst 1o Been
[OBEPXHOCTH MeTallla, a MecTHad KOppO3HsA COCpefoTodeHa Ha OT/1eJ1b—
HBIX YYacTHaX.

[lo MexanmaMy KOPPO3MOHHOIO MPOINEcca pPA3ANIAIOT XUMAYECKYIO
WY BIIEKTPOXMMHUYECHYIO KOPPOSHIO. XuMuueckas KOppoaus XapaxTep-
Ha ISl cpejl, He MpOBOJSALINX piIeKTpUYECKnil TOK. B nponecce XMMU-
qecKOli KOPPO3UM MPOMCXOAUT MPIMOE paanMojieiicTBIE MeTajiia ¢
OKMCITHTEIEM.

DREKTPOXMMIYEcKan KOPpO3Us BOZHMKAET B cpefax, 06/1afalomux
MOHHON TPOBOJAMMOCTBIO. B sroM ciyua¢ 1porece KOppO3un ABJIACTCS
AHOMEBLIM PACTBOPEHMEM MeTasna IOk BAMAHUEM KATOLHOIO BOCCTAHOB-
serua oxucauresns. Haubonee paclpoCTPAHEHHbIMMN OKMCIUTENAMA B
KOPPO3UOHHOM Mpouecce ARTISIOTCS MOHBI BOOPOJA M MOJEKYJIbl KHCc™
nopopa. Kopposua c yuacrieM MOHOB BOJIOPO/a HASLIBAETCA Kopposuei
¢ BbIJIEJIEHUEM BOJOPOAA HIN KOppo3uei ¢ BOZIOPOLHON [Eenoisipuaa-
nveit. B maubosiee 1pocTOM BHIE BIEKTPOJIHEIe TPOIecehl MOryT OBITh
fipeficTaBlenbl ypaBHeHHAMA

M—ne — M"™
IH* + 2¢ — Hy

Kopposus ¢ BbyieienueM BOLOPOJA BOSMOMHA, €Cc/H TOTeHIHAl
BOJIOPOJIHOTO  HIEKTPO/IA HOJIOKATENIBHEe TOTeHIana MeTallja. Cro-
poerh KOppO3uM B OTOM CIyHac ONpefesercs CKOpOCTHIO peaKiuy
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BLUIGICHNS BOJOPO/A, 3aBMCHIIEll OT NPUPOJBL MEeTala M Bujia 10-
BEPXHOCTH, Ha KOTOpPOIl BBIIENAETCH BOJAOPONL. CropocTh KOpPpO3ny
aappenT Takike or pH M TemMuepaTyphl pacTBOpa, ¢ KOTOPBIM pearupyer
MEeTAJLI.

Kopposus ¢ ydacTueM KUCI0pOZJa HadbiBaercs KOppO3Mel ¢ Horio-
IIeHHeM KMCIOPO/ia WM KOPPO3Me# ¢ KUCJIOPOJIHOM JLETIOIA PN BATLM O
B nambosiee NMpOCTOM BUJE DAEKTPOAHBIE NPOIECCH MOTYT BORITE 11pe-
cTABJICHBl YPABHOHUAMU

M— ne — M™
0; + 2H;0 + 4e — 40H"

Kopposusi ¢ HOIVIOMIEHVEM KHCIOPOJa BOIMONHE, €CIH TIOTEH ML
KHCJIOPOJHOIO QJIGKTPOJA NOJOMUTENLHEE NOTEHIIMAIA MeTaJliia. (io
poCcTh KOPPO3MHM B 3TOM Clydae OGLIMHO ONPEeeNAeTca CROPOLTLIO
ancdysun KUCJIOpOojia W BO3pacTaetr IpH NepeMenBaii pacTBOpa 1
YBEIMUGHUH KOHLIEHTPAMH PACTBOPEHHOr0 KHCIOPOLA.

B HEKOTOPBIX ¢JIydasiX CKOPOCTb KOPPO3HMH JIMMHUTUPYETCH AHOJI LI
Mu peaxiusimMu. OGpuHO 910 HAGMIONACTCH Y METANIOB, CIOCOBHBIX 1t
ACCHBAIAY, TAKHX, KaK aJIOMUHWIA, TUTAH, XPOM, HUKEJIb, TAHTAL
AP [TaccnpEOCTLIO MeTalljla HA3LIBAKOT COCTOHHME HOBEIITEHAON KOp o
3MOHHOM YCTOIYMBOCTH, BEI3HIBAGMOE TOPMOKEHUEM aHO/HOTO MPOIECe i
[accupanus 06BuEO 06ycjoBNeHa O0OpasoBaHMeM Ha NOBEPXHOLTH
METAJJIa 3ANUTHBIX JIEHOK.

Koumpoawusie sonpocst u 3adanu

1. YTo HAZBIBAIOT KOPPO3UEH MeTTaiion?

2. Kaxve BUIBI KOPpO3UM Bl aHaere?

3. B ueM oTiMuMe BIEKTPOXUMUYECKOH KOPPO3UM OT XUMUYECKON?

4. KaAR MOMHO OXapaKTepU3oBaTh CKOPOCTh SIEKTPOXMMUYECKON Kopposnn’

5. UeM BHI3BAHA WIEKTPOXMMUYECKAS HEONHOPOIHOCTH IOBEPXHOCTH  ME=
rajna’

6. KaxoBbl MPUUMHLI BOBHUKHOBEHMS KOPPOBUOHHEIX MUKPOTATLEAHMHECKHX
DiIeMEHTOB

7. Kaxum oB6pasoM MOKHO ONPEleNiuTh BO3MONHOCTD NpoTeKaHns KOPpOsUn
¢ BRUIENEHMEM BOJIOPOJiA M C TIOTJIOLIEHMeM KUCIIopoa?

8. Kaxue (pakTopHl BAMSIOr HA CKOPOCTH KOPPOBMM € BBIAGIEHMEM BORO™
pona?

0. Kax MoiHO SaMeiUTUTh CHOPOCTh KOPPO3uM ¢ NOTHIONeHHEeM kuciopoaa?

10. Kaxoe simienye HaabiBaloT MaccuBanmei Metaia?
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11. Yto TaKoe AKTMBATOPHI KOppoauu?

12. BosmokHa /i1 KOPPO3Us ¢ BhieleHneM BOjopofa B pacTBope, B KOTO—

poM axrueHocts Cu?® paBna 10-3 monb/an u pH cpensr pasen 37

13. Boamoia Jii KODPO3s Kenesa ¢ BhlIENeHWeM BOJIOPOAA B pacTBope, B
KOTOPOM aKTHEHOCTb MOHOB Fe2* papna 1074 momb/n, a pH cpenst pase 27

14. BosmoucHa M KOPPO3Us MU ¢ TIOTTIOUIEHVEM KNCIOpOona Ha Bo3gyXe B
pacTBOpe, B KOTOPOM AKTMBHOCTD Cu2* paswa 1074 momb/n, 2 cpefia HeWT-
pasibHa?

15. BosMOMKHA 1 KOPPO3WUs S0J0TA ¢ MOTIOIEHMEM KUCIOpo/la Ha BoaOyxe
B pacTEOpe, B KOTOPOM AKTHBHOCTH Au* pasna 1074 MOk, a cpela He#T-
pansHa?

OTI bIT 1. OJEKTPOXUMUYECKAA HEOQJIHOPOJHOCTDL
NOBEPXHOCTH CTAJN

Beneperene EHQKTPD}(MMH‘:’.BCI{Oﬁ HeOIHOPOIHOCTH cTany 1 Haluaus

OKMC/TATENS Y €@ [OBEPXHOCTH 0OpasyioTes KOPPO3UOHHBIE MUKDPO2/1E-
smenTE. B mpomecce ux paboThl OCYIIECTBIACTCH aHOJIHOE pacTBOpeHne
aeneza. O pacTBOpeHmM elesa CyAAT MO NOABJICHUIO TYpPHOYJIEBOR
CHHY [pPH B3aHMOeCTBUH Fe2t ¢ MHAMKATOPOM.

Jlns npoBejlenust ONbITa 3a4UCTUTE cTATBHYIO TUIACTHHKY Hamiat-
HOi ByMaroi, npoMoiTe NpOTOYHOR BOAOH M BpicylnuTe (GUIBTPOBAIb-
nofi Gymaroil. 3areM NOJNOKUTE HA HAacTHHKY OyMaskHBIA GuneTp,
eMOUEHHBI (hep pORCHIUHIMKATOPOM =

Yepes 2—3 MUH OHMANIUTE U3MEHEHHE pera (bUALTPOBATBLHON OyMa~
ru, opmy M pacupejesenue HATEH. O6nacuuTe HABMIONEHUA M, HUC=
HONB3Ys 3HAYEHUsS NOTEHIHaJIOB JJGKTPOHBIX PEAKINiA, 3anHmnTe
ypaBHeHU:A 3THX peariui,

O BT 2 KOPPO3US MKEJIE3A B KOHTAKTE C YIJIEPOAOM

Sanonuute U-o6pasznyio TpybKy Ha 1/, obvema 0,5 M pacTBOPOM
XJopua HaTpus. RagqueTHTe HAKIAUHOR Gymaroid u npoMoiiTe NpoToH-
HO# BOJOM CTANbHBEE W IPAUTOBBIE CTEPHKHH. B 040 KONEHO TPYOKN
moMecTuTe CTAILHOW CcTepieHb H so6asbre  3—4

¥ (oerab  eppoRCIIIMHANKATOPA! 100 em3 H,0 + 3 r NaCl + o

K3[Fe(CN)g] + Heckonbio Kanesb heroicranenta,
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KAlJW pacTsopa

Ks[Fe(CN)g], Bo BrOopoe KoneHO mnorpysute rpaduTOBBIA CTEPKENL M
no6apsre 3—4 Kammm denondranenHa,

BaMKHUTE BHEIHIOW IENL YEepe3 MILIMBOJIBTMETD U 3alMIINTO
panpsukerne . OTrmouuTe BOJBTMETP, 3aMKHWUTE BHEMIHIO IO
MEJIHLIM TPOBOJHUKOM M HabmiogaiTe 3a paboToil aneMeHTa, a Takmn
M3MEHEHNEM QKPacKM PacTBopa B KATOJAHOM M aHOJHOM [POCTPAHCTHAX

BanumuTe ypapHeHUe aHOIHOO IpONecca U 3HAUEHUe CTaHAapTHor
noTeHnMana 3jexTpoja. OObLACHUTE NPUYMHY U3MEHEHWA OKPACIN
pacTBopa y aHOJa.

PaccunraiiTe moTeHIMAIB BO3MOMHEIX KATOLHBLIX MPOUECCOB € Y4
rom pH cpepst B Hauaje ONHTA, NPUHUMAA J@BICHNE rasoB PaBHbiM
arMocdeprOMY.

Hamumure ypaBHeHHe NpPOLECCOB, IMPOTEKAIOUINX Ha KaTole, W
OBBSACHUTE MPOYMHY U3MEHEHHUA OKPACKU PacTBOPa y KaTo/la.

SanuuuTe cyMMapHOe YpDaBHeHne KOPPO3MOHHOTO Ipoiecca U CXOMy
KOPPO3MOHHOTO 3JIE€MEHTA.

Yepes 20—30 Mue mocje madana ONBITA, HE BCTPAXWBAS NEKTPOJON,
BHOBBL 3aMKHUTE BHEIIHIOW IIENb ‘epe3 MUKPOBOJIBTMETD U 3amMiinie
nosoe mokazauume mpubopa (U;). O6bsicAauTe NPUYMHY YMEHBIIOHWA
HAIPSKEHNS.

He pasmpikas BHemHeil 1enu, 106apbTe B KATOQHYIO 30HY HECKOMLKO
KalleJlb pacTBOpa INepoxcuia BOAOPOAA H,0,. Bamuumure mOKazaHui
npubopa (Uz). O6psacENTE NPUYMHY KATOAHON AENONAPU3ALAY.

O bl T 3. BAUAHUE NPUPOJIbI KOHTAKTUPVIOIIUX METAJJION
HA CKOPOCTL KOPPO3UH HKEJE3A

B ombIte u3ydaercss KOPpPO3Ws CTATM B Nape ¢ pasjIMYHBIMH METAIl-
AaMu. B Teppo#t "acTH ONBITA JKEJE30 HAXOAMTCHA B Hape ¢ HUKEIeM
WM MEIBIO, BO BTOPO# YACTH ONBITA — B IAPE CO CBUHIOM WM Kaji-
MUEM.

B U-obpasnyio Tpybky BsajeiiTe Ha 1/, o6rema 0,1 M pacrsop
H,S04. Meraiimyeckne NaacTUHbl TIIATENBHO 3a4UCTHTE HaskiadHON
GyMaroi M mpoMOiiTe NpOTOYHON BONOH. B 01HO KOEHO Tpy6KU HOMer-
THTE CTATBHYIO IVIACTUHKY, BO BTOpOE — HMKeneByio (uam menHyw). C
HOMOMIBIO MWJLIMBOJALTMETPA ONpejenuTe Hampsukenne smementa. Ilos-
TOPHUTE OMBIT € KaJaMUeBOil WK CBUHITOBOM IJIACTHHKOM.

Tipu ooOpMIEHUM PE3YAbLTATOB ONBITA BANMIIMTE YPaBHEHMH aHOJL-
HOTO ¥ KATOIHOIO IPOIECccoB, a TaKMKe CyMMapHOe ypaBHeHne peakiuu.
[IpuseuTe cxeMy KOPPO3MOHHOI'O DJIEMEHTA.
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PaccunTaiiTe noTeHipall KATOIHON peakmuu U OOBACHUTE BAWAHNE

NPUPOJLBl MCIIOJB3OBAHHBIX METANIIIOB HA CKOPOCTh KOPPO3UM K HANIPH=
JKEHME KOPPO3MOHHOTO 3JIEMEeHTA.

OMNblT 4 BIUAHUE COCTABA METAJIJIA HA CKOPOCTD 4
KOPPO3UN

B 1pm crakana, 3alOJHEHHBIX 0,1 M pactBOopoM H,504, norpysure
ONpPOKMHYTEIC BBEPX JLHOM [pAJYMpOBAHHEIE MPOOGHPKY MK 6I0peTEY,
AATOJHCHIEIE TeM e PacTBopoM. B crakanbl HOZ MpOBUPKN TIOMECTUTE
[0 KyCcOUYRY UHHKEA pasHoll CTeHeHd 1MCTOTLHL a) HUHE BHICOKOH YHCTO-
Thi; 6) HMHK, COlepIKaLIni IpuMecH METAJIJIOB, Ha KOTOPBHIX lepeHanpsi-
JKeHIe BOIOPO/A HEBHICOKO; B) IMHK, cojlepikallliil TIPUMetH MeTaIIoB,
Ha KOTOPBIX I€PEHANPsKEHNEe BOLOPO/A BBICOKOE.

CoieuTe 3a CKOPOCTBIO BBIFIGTICHUA BOJIOPOAA B npOBUPKaX, 3ATHCH-
pas B reueHne 30 MUH NOKABAHUA HIKATDL qepes Kakple D MUH.

[Ipu odopmieHui pe3yapTaToB ONBITA 3AMUIINTE YpaBHEHWA aHOd-

HOl, KATOAHON 1 CYMMapHOH peaKnyil ¥ IPUBETE CXEMDI KOpPOBUOH- &

HBIX MUKPODIEMEHTOB.
O6nLAcHUTE NPUMUHY pasANIHON  CKOPOCTH BBUIENCHIA ra30B U

cOOTBETCTBEHHO CcKOPOCTH KOpPPO3un MeTanJja.

OnblT S MTACCUBHOCTH METAJIIA

a) Mogedenue naccusnoLe U ANTUGHOLO METMALA 0 PACMOEOPE TAOPU=
da wampus. JLns akTABALAMA JKEJIE3A CTANBHYIO MJIACTHHRY o6pabaTniBa-
jor 0,6 M pacTBOpOM COIAROI KNCTOTHL, JULS HaccnBaluin — JBLMSLITeH
a30THOM KHUCJIOTOM.

Banonuure U-06pazuylo CTEKIAHHYIO rpybry 0,5 M pacTBOpPOM
XJ0pHaa HATPHsL. BauucTHTe HAKIATHOR Oymaroi 1 npoMoitTe HpoToH-=
qoit BOAOH TpadUTOBLIA ¥ CTATLHOM CTEPAKHI (nnacTuHKM). 3aTeM
¢TalibHON cTepiKenb IHOrpysuTe Ha 93 mun & 0,5 M pacrBOop COIAHOMN
KUCIIOTH U TPOMOITE HPOTOYHOM pojioil. B 0aHO KOMEeHo TpyBKH HOMEr-
TUTE CTATTBHON cTepKeHb ¥ A00aBRTe 3—4 Kamiu pacTsopa Ks[Fe(CN)gl,
BO BTOPOE KOJEHO MOrpy3nuTe rpaduTOBLIil CTEPHEHE 1 no6assre 3—4 |
wanau  enondranenia. JaMKHUTE BHEMIFIO Lenh Hepes MMJLIT~
BOJIBTMETD M JANMIIATE HANPAKCHUE. OTrAIOUATe MUJINBOIBTMETD,
AAMKHUTE BHEIIHIOIO LElb MeJHBIM WIH AMIOMAHUEBBIM MTPOBOJHUKOM W

pabmogaiire 3a U3MEHEHNEM OKpacKu pacTBopa B KaTO/LHOM M aHOJHOM

[IPOCTPAHCTBAX BCTIGACTBUE paboThl BIEMEHTA.
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Brinys cTalLHON CTEP#EeHD, IIPOMOMTEe €ro NPOTOYHOH BOJION, MOTpYy-
3uTe Ha %—3 MMH B ABIMSIIIYIO A30THYIO Kuciory (maotaoers 1,5 r/em?)
i POMONTE MPOTOYHONR BOZON. (O6paboTra B KHCJOTE HPOBOJIWECH 1OJ
raroi! Brueiite pacreop u3 U-06pasHoro cocyia W 3aMEHUTe €ro cpe-
JMM PACTBOPOM ¢ TAKMMM )K€ WHAMKATOPAMM, KaKk M B HEpBOH JacTH
onsira. [lorpysure cransuOil M rpaduTOBbIA CTEPHKHU B TPYOKY M MOB-
TOpWUTE HADTIONEHUA.

Ilpu odopMiaeHnn pesyIbTATOB ONBITA 3AIMAIIMTE BO3MOMKHBIE aHOJL-
HBIE mponecck Ha cTanbHOM crepikune B U-o6pasHoit TpyOKe W TIpUMHHY
M3MEHEHUS OKpacKkm pactsopa y aHoza. Q6BAcHUTE PasHUIY KOPPO3U-
OHHOTO HOBELEHMS CTalBHOTO CTEpIKHA B cocyje mnocie 06paboTeu
pasGaByieHHOl COJIAHON ¥ KOHUEHTPV POBAHHON a30THONW KUCJIOTAMM,

ONpeeIUTe MOTEHIUAbl BO3MOKHBIX KATO/HBIX HPOIECCoB ¢ yq,emm
pH cpenp B Hayajie ONbBITa, NPUHMMAs AABIEHUE ras0B PABHBIM ATMO-
cepromy (cm. yueGuuk 1990, puc. VII. 4 unn 2000, puc. 9.6). 3anuwmre
ypaBHEeHHs MPOLECCOB, MPOTEKAIOUIMX HA KaToae, W NPUYHHY H3MCHCHUA
OKpAackH pacTBOpa y Karofa.

O6bsicHUTe pa3sHOe NOBEEHNE KaTO/a B ape ¢ aKTUBHPOBAHHBIM W
naccUBUMPOBAHHBIM JKENe30M,;

BAMUOIMTe CyMMapHOe YpaBHeHNWe KOPPO3MOHHOIO mpouecca u INpuBe-
IUTe cXeMy KopposmonHoro smementa. O6wpsicHuTe MPUYNHY Pasiuynd
HAMPAMNKEHUS NIEMEHTA B [EpBOil ¥ BTOPOH YacTsX OMBITA.

6) Hoeedenue aXMUGHOIO U MACCUGHOLO MEMAALA 6 PACMEOPE KUCAO-
mut. CTaIbHYIO IIACTHHKY (MJIM PBO3/L) OYMCTHTE HAKILAYHOM Gymaroi
u omyerure B 0,1. M pacrsop HpSO,. 3anuumre Habuionenus B #yp-
HAT,

B apyryio npobupky Hameiite (!/; obbema) JBIMAILYIO a30THYIO
kuenory (nnoraoers 1,5 r/em?), mepenecure B Hee IVIACTHUHKY M3 Lep-
poit mpobupku Ha 2—3 MuH. O6paGorka B KMCJIOTE IPOBOJATCH IO/
rsrolr! 3areM CHOBA NEpeHECHTe Ty IUIACTHHKY B 1IEPBYIO HPOGMPKY.
3anumure, Kak M3MEHNIACh CKOPOCTL KOPPO3MH, ONEHMB ee I10 KOJIHu-
JecTBY BHLIEMAIOUIMXCA TMY3HIPLKOB ra3a B eINHULY BpeMenn.

Hanunmare ypasHeHMsi aHO[AHBIX M KATOJHBIX PEaKIuit, NpPOTEKaio-
IIMX [pU KOPPO3UM Kejesa B cepHoil kuesore. OOBACHATE MEXaHU3M
BAMSIHUSA O6pabOTKY jKelesa B KOHIEHTPMPOBAHHOM a30THON KHMCJIOTE
HA CKOPOCTH KOPPO3WH Kejiesa,

OMNBIT 6 AKTUBAPYIOUEE JEACTBUE KOHOB XJIOPA

B nse npobupku maneire (1/, ofbema) pacTBOP CcyJnbdara MeAH,
IOJIKMCITeRHbI cepHOil kuchoroit. B oguy m3 mpobupok A0GaBLTO
xnopuj, HaTpus. 3areM B 06e NPOOMPKU TNOMECTUTE ATIOMUHNEBYIO
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npososoky. HaGmopaiite, B KaKO#H 13 npo6GMpPOK MHTEHCHBHEE BBINEIA-
ercsi ras,

JanumiuTe ypaBHeHUA AHOJHOrO, KATOAHOTO W CyMMAPHOTO IIpOLEeC—

COB, IIPUBEIUTC CXEMy KOPPO3MOHHOIO JJIEMCHTA. O6bACHNTE MEXaHU3M
BIIMAHUS MOHOB XJIOpa Ha CKOPOCTH peariyu.

PABOTA 20 BAIIATA METAJIJIOB OT KOPPO3UN
(Vuebnuru: 1990, § VIILA4; 2000, § 10.4)

Hens paboTs — OIHAKOMICHUE C
panboee  BAKHBIMU  METOJAMHA  3aLlUThbl
METAJJIOB OT KOPPO3HUHU.

Kopposnio MOKHO 3aTOPMOBUTEH naccwBayeil 1 N3MEHEHNEeM [OTEH-
[MaNa METAN/a, YMEHbIICHNeM KOHIEHTpAaIui OKMCITHTENS, N30NAIeN
[IOBEPXHOCTY MeTajia OT OKMCIUTeI, naMeHeHMeM cocTaBa MeTajlia.
Bui6op ciocoba 3aluThl ONpeiesercs yenosusiMu pabOTE METalIoB 1
SKOHOMHAUECKOl 1enecoobpasHocThIO.

KoppoauoHiEe CBOKCTBA METajlla MOMKHO M3MEHUTL TyTeM JIETHPO-
BAHMA, T.€. BBEJIGHMs B COCTAB CTIaBa KOMITOHEHTA, KOTOpEL# obecneun-
BAET CHIIKCHNE CKOPOCTH WA jlae NpejioTBpallleHie kopposuu. O6sv-
HO B COCTaB CIUIABOB BBOJST KOMIOHEHTLI, BHISHIBAIOIINE TTACCHBAIINIO
Merajia, T.e. 0OpasOBaHHE HA ero NOBEPXHOCTH aanmTARX TUeHoK. K
upesly TAKMX KOMIOHEHTOB OTHOCATCHA XPOM, HUKEE, TUTaH, BOIb(ppaM
u ap.

K adderrusnomy cToco6y CHUAKEHMS CKOPOCTH KOppO3MH MeTata
oTHOCHTCS HAHECEeHnMe Ha MeTa/ul 3aliuTHHIX nokpsTHit. B radecTse
BAMMTHBIX WMCHOJNB3YIOTCA METAIMHECKILE, OKCUIHBIC, CUJIUKATHEIE,
JIAKOKPACOUHEIE W JIPYTHe HOKPBITHA. MexannuaM UX JIeicTBUs OCHOBAH
Ha M30JALMA MeTajla 0T OKHCIUTEIsL.

PasnuuaroT KATOAHBIC W AHOJHBIC METAIMUCCKNE nokperus. Benn
HOTEHIMMAJ METAJJIa MOKPHITUS OTPUIATEIbHEe noTeHMala 3anniiae-
MOTO MeTajlla, 10 IpU KOPpO3MM HPOMCXOANT pacTBOpEHUE MeTaslila
HOKPBITHS, @ OCHOBHOM MeTraslil HE paapymaercsi. Takue NOKPEITI
HASLIBAIOT AHOMHBLIMU, HAMpHUMEp UUHKOBOE nokphiTue kenesa. Ecau
[OTEHIAJl METAIA MOKPHITUA NONOKUTELHEC MoTeHIAa/la OCHOBHOTO
Merajsia, TO B clydae HapylIeHUd CTIOMIHOCTH TMOKphITHA (Hanmuus
nOp, TPElUH) MOKeT KOPPOAMPOBATEH ocHopHOM Meramul. Takue MOKpBI-
Tusl HA3KIBAIOT KATO/HBLIMHU, HAPUMEP MEIHOC TOKPHITHE HKeIe3a.

CKopoeTh KOPPO3HM MOKHO CHUSMTH [IyTeM TOPMOXEHMA AHOZHBIX
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WK KaTOJHBIX peakuuil 3a cYeT U3MeHeHus NmoTeHIrala THX peaKkinil
raKOil CHIOCO6 BAMMTH METAIA HA3LIBAIOT IEKTPOXUMHUYECKUM, I
MICKTPOXMMHYECKUM METO/aM 3alliThl OTHOCAT MPOTEKTOPHLIN, KT/
Herit woanoaubii. Ilpn npucoeinueHnn K anUnaeMon METATINHEC KON
KOHETPYKUMM [POTEKTOpa, T.e. KAKOTO-TUB0 MeTaa, UMeonero 6oao0
OTPHUIATEIEHEI  TOTEHIHAN, [POMCXOANT KOpPpO3Us TPOTERTOPA, A
OCHOBHOW MeTAN COXPaHAeTCH. Katoauerni MeTo 3ailiThl JAKJTIOM AN
I OONKITIOHEHWH 3allUiaeMoro Hsiaenma K OTPUIATENLHOMY  TIOJIOLY
BHELIHEro MeTOMHMKA Toka. B srom ciyvyae Ha 3aniullaeMOM N3N
PLIIENACTCS  BOJAOPOL. [lpu anojpHOM MeTO[Ee 3allUiaeMoe EEIEN N
NOIKITIONAIOT K ITOJIOMNTENBHOMY TOJI0CY BHEHIHEro MCTOUMHUKA TOKN,
IIPW 3TOM TPOMCXOJUT HaccuBalua FalIaeMoro MeTasia.

Kopposuio MOMHO 3aMEJUIUTh, BOsjleficTBYsE HA KOPPO3UOHHYIO
Cpejy: YMEHBINas KOHIEHTPAILMIO OKMCIINTENd WM BBOJA CHEUabiu
HHIMOUTOPHL.

Konmpoasusie 80npocs

1. Kak MO0 CHABHTH CKOPOCTH KOPPOSHH MeTasios?

9 Kamye salMTHLIE [OKDBHITUA BAM M3BECTHBL W KAKMMK MerofiaMi U
noayyaior?

3. Uro Taxoe aHoOjHBE W KaTOJHLIE BAlMTHEIE MOKPBITH !

4. Ha ueM OCHOBaHA SIEKTDOXMMUUECKAS 3alUTa MeTalljon W Kakue pasto-
BIIHOETI DTOI BAINTH BAM USBECTHEI?

5. B ueM sarliovacTcs CYUHOCTE KATOLHON SalliThI METAJIOR

6. Uro Taxoe NMPOTEKTOPHAH 3alMTA METAIIIOR?

7. Kak UaMeHsioT KOPPOSUOHIYIO cpejly Aus CHUKEHUS CKOPOCTH KOPPOSHS
oiHoro nipolecca?

8. Kaxye BellecTRa HASLIBAIOT MHIUOMTOPAMM Koppoanun?

O bl T 1. JIETMPOBAHUE METAJIJTA

B kauecTBe JEIMPYIOMMX J062BOK K Kejedy NPUMEHSIOT HAKEIb I
XpoM (HMKedbh ¥ XPOM BXOJAT B COCTAB HepiKaBerolell cTanu).

B jpe npobupkn naneiire (1/s obbema) Bojs u joGasbre 2—4 Mil
pacrpopa HaSO4 u 2—4 Kanam pacTeopa K3[Fe(CN)gl. B onsy npobup-
Ky MOMeCTHTE 3aUMIIEHHYIO HakKauHol GyMaroi u HpOMBITYIO [IPOTOM -~

HOH BOAOI CTATLHYIO ILTACTHHKY, BO BTOPYIO npobUpKy — NIACTHHKY
13 HepPKABEIoIe# cTailn (He3AYNIIEHHYI0). OrMmerbTe U3MEHEHIE IBETA
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pacTBOpa uepes 5 MHMH H KOINICCTBO BBULESIONMXCH TTy3BIPLKOB Ta3a |
B @UHIILY BPEMEHH.

OGbsicHATe Bamy HAGIOACHUS, BallMIIMTe YPaBHEHIHA AHOMHBIX W |
KATOIHBIX NPOIECCOB, TPEABAPHTEILHO pacctiTan nx norennuaisl (pH |
pactBopa 1, aKTMBHOCTb HOHOB KEJIE3a 10-? monn/a). lpusenure cxeMmy
KOppoauoHHOro nponecca. O6BACHATE TPITIMILY pABANYHOrO TOBeJCHUA |
[LTACTUHOK B PACTBOPE KHUCJIOTHI. '

OMNBl T 2 AHOJAHBIE N KATOJIHBIE SAIINTHBIE [NOKPBLITUA

B ase npobUpKy HanenTe (1/, o6mema) BOIBL U 106aBbTe MO 1—2aMIT
H,80; n 1o 2—4 Kamam pacTsopa Kg[Fe(CN)el. B omuy I pOGUPKY |
HOMEETUTE TIOJIOCKY OIMHKOBAHHOrO, & B [PYrylo — JLYMKEHOrO Keesa.
Yepes 5 MUH OTMETHTE N3MCHEHUE [IBeTA PAcTBOpa B MPOOMPHAX. ]

O6bsicHuTe Bamiy HaGIIONEHUS, SAINLIIMTE ypaBHeHHA AHOJHBIX M
KATO/HBIX TIPOIECCOB: ¥ NpUBE/NTe cxeMmpl paboTh KOPPO3MOHHBIX 2J1€=
MEHTOB. YKakHTe, KAKOe U3 M3YHeHHBIX HOKpPLITHIT OBUIO AHOIHBIM 1
KaKoe — KATOJHBIM.

Bruieiie pacTBOpEr U3 MPOOUPOK; TON0OCKHA ONMHKOBAHHOTO ¥ JIYMHe- |
HOTO ¥ee3a XOpoIIo IpoMoiTe O/ KpaHoM IPOTOUHOMN BOHONH ¥ IPO-
JienaiiTe OIBIT ¢ PacTBOPOM menoyn. Habmopenns sanuiuTe 1 00bAC—
HUTE TAK JKe, KaK B cilytae ¢ KUCJIbIM PACTBOPOM.

OBl T 3. XUMUYECKOE HUKEJINPOBAHUE METAJIOB

XumuuecKoe HUKeNIHpoBaHue — 9T0 OKHCIIMTeNLHO-BOCCTAHOBUTEI b=
fas PeaKIUA BIAUMOJIEHCTBIA MOHOB auKestst (OKMEUTENA) € BOCCTAHO-
pureseM (runodocdurom HaTpPUA NaH;POj, rmajpasuHoM N,H4, 6op-
CHAPHOM HATpRA NaBH,), B peayjibrate KOTOpO# Ha TOBEPXHOCTH
MeTania obpasyercs cJoi HUKEA. B jlaHHOM OIBITe M3Y4aIOT XUMUHec-
KOe BOCCTAHOBJIEHNEe HUKEHA runogochuToM HATPUA |

Ni2* + 2NaH,PO; + 2H,0 = Ni + 9NaH,PO; + Hp + 2H* |
Hapsijy ¢ BOCCTAHOBICHUEM HUKesA WIeT BbIesenne ragoo6pasHoro. ¥
BOJLOPOJIA, i

PacTeop JUIst XMMUYECKOTO HUKETMPOBAHMS COJIEPHKIT KPOME COTH L
HUKe u BOCCTAHOBUTEILA JUTAHTT, HATIPUMEp roanyd
CH,NH,CH,COOH. Cocras pacTBOpa (r/n): anerar HMIeI 15, runo- §
docdur marpus 30, rauiH 15; pH pactsopa 4,7—5,5. Onprr HPOBOAAT-
cst npu 97—98°C na necuyapoil HaHe WM B TEPMOCTATe.
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TosyunTte y 1abopanta TePMOCTONKHMI cTakal Ha 250 M U PacTnop
JUIA XUMHUYECKOro HUKeIUPOBAHMA, 3aneiiTe pacTBOp B CTaKaH M ot
TABLTE ero HarpeBarhb. 3auncTHTe CTAILHON 06paser U HorpysuTe ero h
PACTBOP JJIS HUKEIMPOBAHMUS, IPUKPENUB K KPBIIIKE CTaKaHa. Hurenn-
poanue nposogure B Teuenue 30 MuH, mocie Hero npomoiire 06pasaiL.
OnuimuTe W3MEHeHHe €ro BHEIIHEero BHJa [Oc/e HUKEeTHPOBaHHM,
3aTeM MPOBEMTe KOPPO3UOHHOE UCIIBITAHME €ro 10 crocoby, OnUcalni:
vy B ombite 1. Jlns cpaBHeHus npoBejuTe KOPPO3UOHHOE HCHBITAHNE
CTATBHOTO O6pasila, KOTOPLIH He MOJ(BeprajicA HUKEINPOBAHUIO.

O6bsicHuTe MpoIecch, MPOUCXONAIINE NPH XUMUYECKOM HUKESIHPO-
BAHWMN.

[IpuseauTe cxeMy KOppO3uM 06pasnos u obbAcHUTE HPUYHHY WX
pA3HOrO TIOBEJIEHNs B PACTBOPE KUCTIOTHL.

OT Bl T 4 DIEKTPOXUMWYECKOE OKCUIANPOBAHNE
(AHOJIMPOBAHUE) AJTIOM MHUA

DIIeKTPOXMMUIECKOE OKCUANPOBAHNE ANIOMHHUA 3aKIIOTAeTCHA B @I
anoHON 06paboTKe B pacTBOpe CepHO, cdocdopHOit, XpOMOBOW WK
1LABEIeBON KUCTIOT.

Peaxiua aHOJHOrO OKMC/ICHHA WIIOMHHUA MOKET OBITH TIPEILCTARIIOS
Ha ypaBHEHUEM

2A1 + 3H,0 — 6e — AL;O; + 6H*

Tak KaK OKCUJ ATIOMUHUA ABJIACTCH [UINEKTPUKOM, TO obpasopa-
HMe ero cH/OIIHON TJIGHKH Ha aHOJe JIOMKHO IPUBECTH K IIPeKRpalles
uuio npoiecca okeuaupopanusa. Onnaxo Gaarofaps HOPHCTON CTPYKTY-
pe o6pasylomeroes CKCUAA MOXKHO IOJYIUTh JIOCTATOUHO TOJCTHI CIOH
orxenpa (500 mxm). Ilpn obpaborke aHOAMPOBAHHBIX 06pasnos B pacTBO-
pax XpOMATOB, AWXPOMATOB WJM JIpyruX TNaccuBaTOpax HPOHCXOAWT
afcop6UMA TOCHeHUX, THAPATAIUA IJIeHKH W 3aKpbITHE NOP, NOITOMY
raKkas O6GpaGOTKA yJyduraer KOPPO3MOHHYIO CTOMKOCTE AJOMUMHMIA.
Fenn B pacTBOp [Jis 06pabOTKN BBECTH KpacuTellb, TO OKCHJIHBIN CJIOK
MOKHO OKpacuTh. OUEIT TPOBOAUTCA B JIEKTPOJIM3Epe obnemom 100~
300 M1, npemcTapaAOEeM co60i 1160 1ab0paTOPHBI CTAKAN, 6o U=
06pasnyio TpyOKy, M6 cocy/| ApYyroi popMBL. DIIEKTPOIMBEP HOTKIIO-
yaeTed K MCTOYHMKY TOCTOAHHOLO TOKAa C HAMNPAKEeHUEeM HE MEHEee 12~
15 B (cm. puc. 24).

B saexrponusep mameire 2 M pacrsop HySO4.
"




AMIOMUHMEBYIO ITACTHHKY WM AETab o6e3KUphLTE B AlleTOHE (6en-
auHe, yalT-CIMpUTe MIAH ApPYroM OpraHnYecKoM pacTsOpHUTene) ¥ mpo-
MOWTe HpPOTOUHOM Bogoit. AJIOMUHHEBYIO [IACTHHKY WMCIONb3yHTe B
KagecTse AHOMA, A B KadecTse KaToia — cpuuern. Ilorpysure 3IeKTPOALI
B pACTBOP CEPHON KHUCJOTHL Ha 5—7 cM, NPOBEPhTE OJIEKTPUUICCKNE
KOHTAKTHl ¥ TOJAKIIOUNTE 3JIEKTPOJINICH K MCTOYHUKY [OCTOAHHOTO
roxa. llponyckaiTe TOK TpH AROIHOM IJIOTHOCTH 100—200 A/m?. (Onsrr |
ITPOBOJIATCH IO paroi!)

Yepes 20 MuH OTKIIOHNTE BIIEKTPOIN3Ep OT MCTOYHUKA TOKA, CHU-
MEUTE ATIOMUHUEBYIO MIIACTHHEY, npoMoiire IpOTOYHOI BOAOW W GIUIIA—
te ee ppemnuit Buj. Ilo yKa3aHWIO npernojiapaTeis NpUroTOBLTE pacr-
BOp AHUJIMHOBOIO KpacuTeld (em. Tabm.). Omycrare OKCUINPOBAHHYIO
[IacTUHKY B [IPUrOTOBJICHHBI PacTEOp Ha 5—10 Mu#, Hocie 9ero npo-
MOiiTe B XOJIOJHON BOJE U BHICYIITUTE GUABLTPOBAIBHOM 6yMAaron.

CpaBHuTE KOPPO3UOHHYIO ¢TOMKOCTh ATIOMIUHUA, AHOAMPOBAHHOIO
6e3 NpONMUTKY, AHOJIUPOBAHHOIO € NPONMTKOM KpackuTeneM Heobpabo-
TAHHOTO, MOrpYKas UX B PacTBOp CuSO4, NOAKMCIEHHBIA cepHO#l KuC~

JTOTOM M COflepIaIUil XJA0pU HaTpA.

ClocTanhl BOJHEIX PAcTBOPOB JJIs OKpAITMBANMSL AHOJPOBAHHOTO

AMOMWHW S
Lper nueHKm Cocras pacTBOpa ‘ TeMmepaTypa pact-
Bopa, ' C
YepHbLi AHMIMHOBLL YePHBI KPacHUTeIh 80-90
nns weperu + AHMITMHOBBIN Yep- '|
Hbm €D@Y (Maccopas 07 Kpac-
reneit 1o 0,5%)
Cuxuit AnwyaHoBbIiA Tony6oit (MaccoBast 20-25
NONA KPACUTETIA 1%)
FKenToiit AHUIMHOBBIM KeNThIA (MaccoBast 20-25
noast xkpacutenst 1%)
Kpacnsri AHVIHOBBI KpacHbIi (MaccoBas 20-25

nons kpacurenst 1%)

Kpacurens opaHAKeBblit MAPKU 60
€Ay 0,1 T/, KMCTOTHBIA Yep~
et mapis <M 0,01 v/a, cofla

wanbuHupoantast 0,05 v/n
1

[Ipu HEOOXOXUMOCTH OKpAIIEHHYIO TUICHKY € ATIOMUHIA
yIlaJITh, TIOrPY3UB ero B KOHIIEHTPHPOBAHABI PacTBOP HNQj; ¢ mMacco-

soit oneit kucnorer 50% (mop, TsATOM!).

£Ilon sonoTo?

MOKHO
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Ilpu odopMIAeHUM pPe3yAbTATOB OIBITA: a) sandiIATe YPaBHENNN
AHOMHBIX M KATOJAHBIX [PONECCOB, MPOMCXOAANINX B IEKTPOIHIEDE] )
ONMULIMTE CBOMCTBA OKCHIHON TUICHKH AJIOMIHUS; B) OOBACHUTE, KMK W
IovYeMy M3MEHWJINCh KOPPOBMOHHbBIE CBOMCTBA aMIOMUHUI B pesyiLTaTo
0bpaboTKH.

ONBblT 5 OKCUIMPOBAHME MAIHUA U EI'O CIINTABOB

XUMIUCCKOE OKCHAMPOBAHUE MACHWUA M €r0 CIVIABOB OCYUISCTBIHOT
csi IpH 06PAGOTKE MOBEPXHOCTH METAIa OKMCIMTENIAMU, B Pe3yJILTIN
KkOTOpOi o6pasyercs okcnjl Maraus. OKCHAUPOBAHNE MOBHIIACT KOPPO-
BMOHHYIO CTOMKOCTL MArHus M ero CIJIaBoB. B kauecTBe ORMCIUTENON
OOBIYHO METONB3YIOT NUXPOMAT Kajlid WK OKCHI xpoma(VI):

a) okeun xpoma CrOg 200 r/a, remneparypa o6paboTKH 50—60°C;

6) nuxpomar kamua K,CryO7 30—50 r/n; xpacisl anioMOKaldeRhld
KAI(SO4)s- 12H,0g — 12 r/a; ykeycnas Kucaora CH,COOH (60%-man)
5—8 ma/n; pH pacrsopa 3, b; Temnepatypa 20—30°C.

B naGopartopubiii crakan Ha 250 MJ 3ajeiiTe pacTBOp JUIA ORCHJM=
poBanusA. B cayuae mpuMeHeHH: MEPBOro pacTbopa garpeiiTe craran o
pACTBOPOM B TEPMOCTATe WM poasinoil Gane mo 50—60°C. Marauesyio
[AACTHHKY (MM MIacTUHKY CHIaBa maruus) obeamupbre (B AMETOHO,
feHanHe, yalT-COMpHUTe WM JIPYrOM OpraHm4ecKOM pacrmopnreﬂe) "
NPOMOMTE MPOTOYHON BOALOH. 3arpy3ure MArHMEBBI obpaszel B cTakan ¢
pacTBOpoM okucauTens Ha 10 mun. 3areM MpOMOATE BOMOH M OIULINTH
BHEIIEMI BuA 06pasta. CpaBHUTE KOPPOSHOHHYIO CTOMKOCTE OKCHUIMPO=
RAHHOTO W HEO6pabOTAHHOPO MATHUS, ONYCTUB €ro B pacTBOP CuS0y,
MOKUCITIEHHEI CePHOM KMCIOTO# 1 cofepIKaImmnil XIopuj, HaTpHsL. Kax
N TOYEMY M3MEHWIMCh KOPPO3UOHHBIE CBOCTBA Marius B pPe3syJILTaTe
o6paboTin?

OMN bl T 6. KATOJIHASA 3AIATA METAJLITA

B npa HEGOMBIIAX CTOKIAHHLIX CTAKaHA HAJCHTE (1/, o6bbema) 0,5 H.
pacTBOp XJOpUAA HATpUs U jobaBbTe MO 3—5 manens Ko[Fe(CN)gl. B
OAMH CcTaKaH IOMECTUTe 3aYMIIEHHBIH 1 NPOMBITHIA JKEIE3HBIH CTeP-
WEHB, B JAPYroil — TaKOR ke AEITESHBI CTEPIKOHL, BAKPEIVICHHBI B
[aHENBKe BMECTe ¢ yroJbHeIM cTepikHeM. JHesiesHblidl 2IexTpos, coejin-
HITE ¢ OTPUIATEIBHBIM TOJIOCOM BHENIHEr0 MCTOMHHMKA HOCTONHHOIG
TOKA, & YPOJBHBEI — € NOJOKUTEILHEIM. Q6BsAcHUTE pesyibTaTel Hab-
JIOAEHUI. 3anuiliHTe YPABHEHMS AHOJHOLO ¥ KATOAHOrO IPOUECCOB,
ITPOTEKAIOIUX B IEPBOM 1 BTOPOM CAYYadAX.
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| OHBLT T [TPOTEKTOPHAS 3AIUTA METATITA

| a) [Ipomexmopras 3auuma counya. B mpe TpOGHPKN naneitre (Vg
o6bema) 0,4 M pacTEOpA YKCYCHOR KMCIHOTE! M nobaBbTe B KAKAYIO
b HECKOJBKO Kalelb pacTBOpa HOAM/A kanus. B opmy HpoOMpKY MoMecs
r@Te MONOCKY CBUHNA, B JAPYrylo — Takylo jke TONOCKY CBUHIA, HO B
KOHTAKTe ¢ IWHKOM. Ha6monaitre, B Kakoil M3 npobupok OplcTpee
HOSIBUTCS JKeIToe OKpaliupanue.
O6bacauTe HABIIONACMEIS sipennst. Hanuumure ypapHeHU:A AHOJIHO-
1O ¥ KATOMHOTO IpPOIECCOB M HPUBEAUTE cxeMbl KOPPO3MOHHBEIX €=
MEHTOB.
6) ITpomexmophas 34WuUMa cmaau. B fBe MpOGMpKU HaneHTe (12
. obwema) 0,1 M pacTBop cepHOil KHCJIOTH 1 1O 9—4 gamm Ka[Fe(CN)gl. &
B ojHy npobMpKYy NOMECTUTE CTANBHYIO TOJOCKY, B APYIYIO — TAKYIO
5KE TIOTOCKY CTANW, HO B KOHTAKTE € I[MHKOM.
Sanuniure Baly HaOIOAeHNA 1 obBACHUTE WX, HATIMCAB YpaBHEHUA
AHONHOLO W KATOJIHOTO MPOUECCOB. TlpupenuTe CXeMbl KOPPOBMOHHBIX
5IeMEHTOB B OOOMX cayHdaix.

Ol bl T 8 BAUAHNE MHTUBUTOPA HA CKOPOCTbH KOPPO3WN

B npe MpoGUpKH HAjedTe (1/5 obsema) 0,1 M pacTBOpa CEpHOH
KUC/AOTHl ¥ TOMECTHTE B KaKAYIO NpOGMpPKY MOJIOCKY JKejesa (mm
| xeneaupe crpyxku). B onmy npo6upky ao6apbTe YpOTPOIMH WIn
ApYroit HHruOuIop. 4

Habmogeaus 3anpmure H obnscaute. IlpuBenute ypaBHEHWHA Ka-
TOAHBIX ¥ AHOJHBIX TPONECCOB.

PA3JIE]I YETBEPTBIN

W35PAHHBIE
BOIPOCHI
XUMHUH

PAEOTA 21. SIEMERTHI-METAJUIH 1 A 1T TPYIII
JIABHBIX [IOJICPYIIT

(Vuebnunu: 1990, § 1X.4; 2000, § 11.5)

[lenbio paboThH ABIACTCA U3YUE:
HUE XMMMYECKHX CBOWCTB 37€MEHTOB - MO
rannos [ u II rpynn raaBHBIX DOACPYHI W
WX HEKOTOPBIX COeIVHEHNI.

OmNBITH BEIIOJIHAIOT TMOJIYMAKPOMETOIOM.

B rmasupix moprpynmax I m Il rpynn HEepUOANYeCKOM CHCTeMhbt
PACIIONIOKEHBl §-3J1GMEHTHI, OTHOCAIMECH B cBOBOIHOM COCTOSIHHM I
THIMTWIHEIM METAJLIIaM.

Merapt | rpynnsl raaBHON 1OJATPYIHEL — JMTHi, HaTpui, Kajuh,
pybmmmit, nesmii n ppaHnuid — TaK HashIBAEMBIE IIEJIOYHBIE METAJJIb,
NpUHAJJIeKAT K UMy Hambonee aKTHBHBIX B XMMHYCCKOM OTHOLIEHUM
HIIEMEHTOB.

Bosbiume pajuychl ATOMOB 3THX 3JIEMEHTOB, HU3KHE MOHUBAIUOHHBIO
OTeHIMAE CBUIETELCTBYIOT O caaboi cBA3K C AILPOM €J(MHCTBEHHOI'O
s-3NEKTPOHA BHENIHEr0 YPOBHA aTOMa 3JIeMEHTA. DM OBYCHOBICHA
Pe3KO BHIDAKEHHAS BOCCTAHOBUTEIHHAA AKTUBHOCTH BCEX IETOYHBIX
metayuios. CTemeHb OKMCIEHKS KX BO BCEX COSAMHEHUAX A1,

Bee [IeIOUHBE METALIbl 3HEPruYHO COSANHSIOTCA ¢ KHUCIOPOJOM,
rajIoreHaMy, Cepoil, BEITECHSIOT BOLOPOL H3 BOJIBI ;

11 BOCCTAHABJIUBAIOT JIAMKE ATOMBI BOLOPO/aA
2K + H, — 2KH

Meramist 11 rpynnel piapHO# DOATPYHIE! — GepuIuii, Marmui,
KaBIMil, CTPORIMI, Gapuit 1 panuit.
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MeTaTLIaMH.

peHHBLIX §-3JICKTPOHA,
JOTCst M OBYCJIOBIMBAIOT BAJIGHTHOCTH ITHX

nepeBojia

HEIE MeTaJIJIbl; pajuychl MX aToOMOB
HBIE HOTEHILMAJED BBILIE.

N ATOM NOJATPYMIIbLL

Be(OH); + 2HCI — 2H,0 + BeCly
Be(OH); + 2KOH — K;[Be(OH)4]

Konumpoastsie 80NPoCcH

HoM ¥ BOaDyRIEHHOM COCTOSHUAK?

(! yeM DTO CBABAHO?

KUACTOPOJIOM, BOJIOPOAIOM, XJIOPOM, BOJIOIL.
4. CocrapbTe ypaBHeHUsl peakii

Hapus.

[IO/ITBEPANTE COOTBETCTBYIOUINMA YPABHEHUAMN PEAKRIM.

Teb!

a) NaH + Cl; —

6)N3+H2—’

5) Ba + H0 —

Nx (wpome Gepuiina u MATHHA) HA3LIBAIOT [HEIIOYHO-3eMebHBIMA

Ha pHemnemM ypoOBHE ATOMOB ITHX 5eMEHTOB MMeeTcs [0 fBa Clra-
KOTOpBlE 1IpM BO3OYHKIAEHUH aTOMOB pasLesuHi-
57IeMEHTOB, pPAaBHYIO JBYM.
Crerens OKHCIGHUA ITHX METaIIOB BO peex coenupennax +2. [l ¢
s-aJIeKTpOHAa Ha p-TIOJYypOBeHb Tpebyercs DHEPLUsA, HOITOMY
seramuisr 11 Cpynmbl TJIaBHOW TOATPYIIIE! MeHee AKTUBHBI, YeM Iesov-
HECKOJBKO MEHBIE, & MOHHM3anuoHn=

IIpn KOMHATHON remueparype Gepuianit u MarHuit Ha BO3JyXe 1oc=
TATOYHO YCTOHUMBEI, OCTAILHBIE METaIIBl AKTHRHO OKMCJIAKOTCA KUCII0=
poAOM BO3JyXa. IIpn BHICOKUX TeMrepaTypax BCE paccMaTpUBaeMbIe
METAJIBl BIAMMOEHCTBYIOT € rajioreHaMu, cepoi, BOJIOPOJIOM M JIP.

Bepuinuit 3aMeTHO ornuyaeTcs 1O CBOWCTBaM OT JApYrHX MeTaJlIIOB.
y Hero 3HaUWTEILHO MEHBIIA BOCCTAHOBUTENHHAI
¢IOCOBHOCTD, €ro TUAPOKCH, MPOABIACT aMpOTEPHBINA XapaKrTep: '

1. Hamuuure 5ieKTpoltble GopMyIbl atoMoB sieMenToB-Merauos I 1 11
PPYIN TUIABHBIX TIOATPYTIL KaKopa BaJIETHOCTh DTUX SIEMEHTOB

2. Kar M3MeHsoTCs BOCCTAHOBUTEIBHEIE CBOMCTBA 971
[ABHEIX IIOAIFPYNIT B TNepHofe (cnesa HampaBo) W B TOArPYIe (cBepxy BHM3)7

3. (loctapLTe YypaBHEHWHA peakiuit HOSAMMOTENCTBISL HATDMA W MarHus €
HOJTYMeHNsT THPOKCHNIA Gepunans M &
5. Kaxumn cpoficTBamy o6aaior PUAPOKCUIB! GepUiiuA 1 Gapus? Oteer §

6. Jlonumure ypaBHEHMA peakliuil ¥ yKamure ORMCIINTENL

B HeBoabyileH—

menros 1 1 11 rpynn

BOCCTAHOBM =

O bl T 1. CBONCTBA METAJIJIMYECKOI'O MAHUA

a) Bsaumodeldcmeue marnus ¢ 40001, Kycouex menTsl MarHus
(1—2 cm), XOpOMIO OYUIIECHHBIA OT OKENAA HaxaauHOi 6GymMaroil, omye-
THTE B IUJIMHAPHIECKYI0 NPOBUPKY 6—7 HanIsAMKB AUCTHIIHUPOBAH~
noit Bogel. Ilpo6upky 3akpenuTe B LITATHBE M, OTMETHB OTCYTCTBME
peaKIMM PN KOMHATHOIl TeMIeparype, Harpeiite npoGupry Ha HeGOML-
oM IJaMedn ropesxu. Yro nabmonaerca?

JlaiiTe TIpOGUPKE OCTHITE ¥ NPHUOGABLTE K MOJIYYEHHOMY PacTBOPY 2-3
KAIUIM cnmpToBOro pactsopa Genondranenna. Kax mamennnach okpacs
ka pactopa? Kakme MOHBI MONY4eHHl IPM B3aUMOJEHUCTBMM BOJEL €
varumem? Kakoit ras mpu srom seipensiercsa’ Hanmmmte ypasBHeHMEe
PeaKIHA.

6) Baauwuodeticmeue Uanul ¢ Pa3baGACHHBAUY KUCAOMAMY, B npe

HpOGMPKY HOMECTUTE NOPOLIOK MarHus (Ha KOHUHMKE MUKpOUITIATEssT) U
N06aBbTe B KaKIAY0 NpOOMPKY MO J—5 Kalejib pacTBOpOB KHCIOT: B
EPBYIO — COJIAHON, BO BTOPYIO — cepHoit. Yo mponcxoxnT ¢ MarHuem?
Kakoii ras smimensercs? Hanmmure ypaBHeHMs IPOTeKAlONIHX peak-
U,
; 6) Baaumodeticmoue auarHus C duoxcudon yiaepoda, JIeATY MarHus
(3—5 cM) oumcrure HakjauHOM Gymaroif, saTeM, Jepia TUTCALHEIMUA
UIATIIAME, 3aKTUTE B IJJAMEHH IOpeJKH ¥ OnycTuTe B XUMUTEeC KU
crakag Ha H0 MJI, HAMOJHEHHBIH 3apaHee JAUOKCHIOM yrjepoja W3
anmapara Kunma. Ha6monaiire ropenne Maraus B JIMOKCHJE yriepoaa.
Kakue npoaykTs peaxuun nosydaiorcs? Hammmmre ypassenue peak-
MU B3AMMOEMCTBUS MATHUA ¢ JUOKCHIOM yDJIepo/ia.

OMbl T 2. [IOJYYEHUE TUIPOKCUIA MAIHUA

B jge nmpofupku BHecuTe 10 2—3 KAIIM DAacTBOpAa XJOpUA Marins U
raxoit e obpeM 0,1 H. pactsopa ruapokcuia Hatpust. Onuiure €80oU Habmofe-
HUA.

B oany u3 npoBUpoK BHECHTe HECKONBKO Kallellb pacTBopa CUJIBHOH KUCIIO—
TBI, B APYTYI0 — M30BITOK PacTBOpa INEIOMH. B ofeux sm npobupkax pacrBo-
punest ocajok? Kakos XMMUHYeCKMiT Xapakrtep IMAPOKCHIA marunsa? CocraBnre

VpaBHEHWMS Peaklnil ToJyueHus TMIPOKCHAa MalHusA ¥ B3anMojlellcTBUSL €ro ¢
KUCIIOTON.

OT Bl T 3. KAPBOHATHI MIEJIOYHO-3EMEJIbHBIX
METAJINIOB

Haneiite B npobupku 1o 3—H Kaneidb PacTBOPOB COJCll KAambIuA,
crponnus v Gapus. [lobasbre B KamIyiO npobupKy HECKOMBKO Kamledh
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pacTBOpa  COMBL. WMenpiraiiTe OTHOLIEHUE OJyHeHHBIX KapOOHATOB K

consmoit kuenore (2 H. pacTBop).
Hanuumnte ypasHeHUA peaKIii oy JeHns KapOOHATOB M WX PacT=
BOpEHMS B COJISHOM KHCI0TE. '

PABOTA 22 ANEMEHTHI 11—VII TPVIII [JIABHBIX TIOATPYIIIL |

(Vuetnuxu: 1990, § 1X.5—1X.7; 2000, § 11.6)

lleas paboThl - payueHne cBONCTB
snementos 1II-VII Tpynm rIaBHBIX o
rpymnn * 1 HeKOTOPBIX MX coeuHeHUI. !

OrLrTl BBUIOMHSAIOTCS TOMYMUKPOMETOLOM.
B raaBHBIX [OATPYILAX [I—VII rpyni HepUOAMHECKON cucTeMBl
37IGMEHTOB PACTIOMOMKEHBl P-3VIeMEHTEL (kpome BOAOPOAR, OTHOCAIIETOCH:
K $-DileMeHTaM), CPeil KOTOPBIX B ¢BOBOJHOM COCTOSIHUYM GCTh MeTaTEL
¥ HEMEeTaJJIbL.
B rnepuojax cileBa HalpaBo B ATOMAX sanojHseTes p-loAypoBeHs OT
p no p°. BameHTHBHIMH ABNSIOTCA HE TOJNBKO P-37IeKTPOHEL, HO ¥ §-271eK~
TPOHBI BHEIHEro YPORHI. Mx cyMMa COOTBETCTBYeT HOMEPY rpynIbl, B
KOTOpOIl PACIOJICIKEH DIIEMEHT, K BHICIIEIT CTENEeHN OKMCIeHHS. e
KUTIOUEHME COCTABIFIOT KMCIOPOA 1 ¢rop, MakcuMailbHAT cTeneHb
OKMCIEHMS KOTOPBIX —2 1 —1 COOTBETCTBEHHO.
C ypeMueHMEM HMC/A HIICKTPOHOB Ha BHONTHEM YPOBHE ATOMOB.
YMEHBIIaeTcs BOCCTAHOBUTE/NBLHAS CIHOCOBHOCTD ATOMOB U yCUIHMBAETCH
X OKMCIUTeNbHAS aKTUBHOCTD (ypesmumnBaeTCs MOHN3AIUOHHBIA TOTEH=
M, CPOACTBO K DIEKTPORY, BJIBRTpDOTpH]J,aTeJl]:HOCTh).
B mojarpyniax cpepxy BHUS ¥ p-37IeMEHTOR 38METHO YCHIIBAIOTCA
BOCCTAHOBUTENILHBIE cBOUCTBA.
Oxewipl ¥ THAPOKCUJ(B HEMETaJIIOR HPOABAAIOT KUCIIOTHBIC ¢BOMCT=
sa. CpoiicTBA OKCHJOB U THAPOKCUAOB METAILIOB CBSBaHBI C BAJICHTHBIM
cOCTOANMEM Merajna: ¢ pocToM BATTEHTHOCTH YCHITMBAIOTCA KMCITIOTHHIE

cpoiicTRA.
Harpumep, OKCHA CBAHIA PbO — amdoTepHblit OKCHL, € npeobiaja-
HMeM OCHOBHBIX CROMCTB, A JMOKCHJ CBHAHIA PbO, — amcoTepHbIA L

oxenj ¢ npeobmasanueM KUCOTHBIX CBONCTB.
Ouucnwrenbﬁo-ﬂoccmuonﬁ’remuue cpolicTBA COEIMHERUN PpaccMaT—y

* (CpojicTBa ATOMIHNAS paceMaTpUBAIoTeS B pabore 25.
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pPHBACMBIX JIEMEHTOB TAKiKe CBA3AHB C BANCHTHBIM COCTOSHUEM BIIEMEN -
Ta: yeM BBIIE TIOJOXKHTENbHAA CTENeHb OKHMCJIEHUA, TeM OOJIbIIe OKHC-
JUTENLHAS AKTUBHOCTD COSTUHeHNA.

Hanpunmep, coenuuenne cephi(44) — cepameran kucaora HoSOy —
XOPOUIMHi BOCCTAHOBUTEND; coepuuenue cepul(64+) — cepHas KUcaOTA
H,S0; (koHuenTpupOoBanHas) — CUIbHENIINHA OKNCINTEND.

Koumpoasusie sonpocu

3 1. Hanummre osaexTpoHHBe HOPMYJIBL aTOMOB SUIEMEHTOB 3ro nepuopa
M—VII rpymn. Kakylo BaJeHTHOCTb B HEBOSGYIHK/JEHHOM M BOBOYHKIEHHOM
COCTOSHUAX TTPOSABIAIOT BTH BIeMeHTH!! ‘

2. Hamminure ypaBHeHue peakiy [0OJyHeHns opTOBOPHON KUCIIOTHI.

3. Hamuumite ypaBHeHWs! Peariiuii, MPOTEKAIOUMX TP NPONYCKaHUI AMOK=
cUa yTiepofla Yepes PACTBOP U3BECTKOBOM BOABL

4. Hamuuivte ypapHeHre peakiiuy PACTBOPEHNS KPEMHUS B LISJIOHAX.

. 5. Kakyio peakiuio Cpeflsl MMeloT BOJHble pPacTBOpPhI NasSnQ; u
S aXa7
Sn(NQj),? Hamuunure ypaBHeHWsl peakuuit TMAPOJM3A  JIAHHBIX coneft.

6. Hanuumre ypaBHEHWe DeaKIMM [OJTy4eH s Pb(OH);. Kaxumy coicr-
paMK obJagaeT HroT rUIpoKcH?

i 7. Mosker 1 aMMUaK BBITE; a) OKUCITMTEIeM; 6) BoccTaHoBuUTEsIEM? [ouemy?
(Jo¢TaBbTe COOTBETCTBYIONUIME YPABHEHUHA PEaKlMi.

8. Cocrapbre ypaBHeHMsl Deakiyil BRaUMOJEHCTBMsl HWTDUTA HATpUS B
KUCIION cpefie: a) ¢ NepMaHraHATOM KaludA; 6) ¢ MOJMOOM Kausl.

B KAKOM M3 OTUX CIyYaeR HUTPUT HATPUST ABIAETCA OKUCIMTENEM, B Ka-
{OM — BOCCTRHOBUTENIEM?

9. Yem oTMuaeTcA feficTBue pasbaBIEHHON ASOTHON KUCIOTHL HA METAJUIBT
0T JACTEHST CONSAHON U PasbaBeHHON cepHO KucnoT?

10. Vxaxute OKMCINTENBHBIE M BOCCTAHOBUTETBHLIC cBOICTBA cepoBojopoaa
[Py ero B3aMMOAENCTBUM C APYIMMM BelulecTBaMu. OTser noATBEpAMTE YpaB-
HEHUAMM PearLlAl.

11. [lajtTe XapaKkTepUCTHKY OKUCIATEIHHO-BOCCTAHOBUTEIBHLIX CBOMCTB
CepHOIl ¥ CepHUCTON KUCIOT.

12. Jlajite cpaBHUTENBLHYIO XaPAKTEPUCTURY XMMUHECKHUX CBOVICTB TaJlONeHOB,
YKA3aB: @) CTpoeHUEe UX aToMOB; 6) TposiBNsEMble Kajk/IbIM U3 HUX BaJIEHTHOC-
110, B) HOPMYIIBI BOJOPOHBIX COSMHEHNH.

13. Kak MeHsoTesa OKUCIMTENEHO-BOCCTAHOBUTEIbHBIE CBOMCTBA IAJIOTEHOB C
VBEJIMYEHUEM WX TOPSAIKOBOTO nomepa?

14. Homumure ciIeayounme ypasHenus, nonGepute K HUM KoathdulMenThl 1
VRAKUTE, YTO SBISETCS BOCCTAHOBUTENEM M ORMCIMTENIEM B PeaKimm:
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3.) Ig + Clg i HQO—*" 19 +
6) NaySOg + FeCly + HO — NagSOy + FeCly + ...
5) Zn + HNO3 — NH4NOg + ...

OMNbLI T 1. OPTOBOPHAA KNCJIOTA, EE TIOJTYHEHKUE
1 CBOUCTBA

a) Ioayuenue opmoBopnotu  KuCAOTH U3 mempafopama  HAMPUL
(6ypri). B nmpobupky ¢ 56 KAMJSIMH TOPAUEro HACHIIEHHOTO pacTBOpa,
6yps NayB4O7 nobasbre 93 gaiM KOHIEHTPHPOBAHHOM cepHON KuC—
qore. OTMeTsTe BEIIAJEHNe KPUCTalloB OpTOBOPHOI KHCIOTHL.

Hanumure yvpabHeHue peakinn MOy HeHUSA H;BOj, yuursiBas, 4T B
peaKiiy yuacTBYeT BOJA.

6) Paaaosenue opmoGoprotl KUCAOTHL. Buecure B THrENbL HEMHOTO
(Ha KOHYHKE Muﬂ.pomuaTeﬂa) opTOGOPHOM KHCIOTHE 1 garpeiite ero
uepes ac6ecTOBYIO CETRY Ha DUIEKTPUYECKON IIIATKE WIH ropenre. Ham
TUTAEM TOEpKUTe KOIby ¢ xonopaoit popoit. Ilodemy Ha XOJIOHBIX
cTEHKAX KOJNOB TOABAIUCE KAl ponn? [lepeHecwre TUreNb THIEIb=
aevy munnamu Ba bapgoposbii TPeyroNbHUK, NOMOKEeHHEIH HA KOIb—
o HITaTvBa, M HarpeudTe ero Gonee cUJILHO N0 TPEKPAIIeHUs BHIZIETIe=
HMA [AapoB BOJABI W oBpazoBaHuA CTEKIIOBHIHON MacChl — HopHOTO
apruipuna. Hanuuare ypapHenne peaKiyn.

Ol bl T 2 NONYYEHUE JVMOKCHILA VITIEPOJIA U
PACTBOPEHME ET'O B BOJE

Cobepure npubOp, KaK yKasaHO Ha PHC. 10. Muxpokondy £ ykpenu—
Te BEPTMKAIBHO B IITATHBE, HONOKATE B Hee 3—1 MaJeHbEHX KycOuKa
MpaMmopa, BHECUTE 5—8 Kanenb BOJBL W 10—12 kanesih KOHIEHTPUPOBAH—
HOI COJAHOR KUCIOTHL BricTpo 3aKkpouTe K046y TpobKOH ¢ ra300TBO/=
HOI TpYOKOH g, roHery KOTOpOil OnycTUTE B [pUIOTOBICHHYIO 3apaHee
npobupky [ ¢ HEUTPATLHBIM PacTBOPOM JIaKMYCa. OrmeTsTe U3MEHeHHE
OKPACKX JIAKMYCa.

Hapumure ypapHeHHE peariiuu [IOJIyUeHUA JIMOKCH/a YIJIepoja n
PACTBOPEHMSA €ro B BOJE.

01 bl T 3 CONKU VIOJIbHON KHCHOTH

a) MMoaywenue xapbonama u wudpoxaplonama KaALUUS. B xkonuuec— |
Ky TpOGUpPKY 1O MOJOBUHBI ee 06beMa HasteiiTe W3BeCTKOBOH BOJBL.
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[[puroToBbTe HpUGOP AJNA NOMYYEHUA [HOKCHAA yriepoiia (cm. pue.
10). Beimemsiouaiicsi JMOKCHJ YIJIepojia NpomycKafite Heped pacTBOp
HABECTKOBOI BOMbI O BHNAJEHMA Ocajxa Kapbomara Kanbums. I1po-
JlOMKATe TPOTYCKATh AMOKCHJ, YIepoia /IO NOJyHeHUs HPO3pauHoOro
pacrsopa — 06pa3oBaHUs PACTBOPUMOrO rHpoKapboHaTa KalbLUi.
[losyuennbli pacTsop cierka Harpeiite. HabmogaiTe BHIALCHNAS OCA/L-
KA KapboHATAa KaJlbIAA.

HanmumuTe ypaBHEHUs BCEX MPOMCXOJSAMINX PeaKilii.

6) Hoaywenue maL0pacmacpuubs xapbowamos Gapus u cmponyus. B
jBe mpobupkyn sHecute 10 4—6 Kanesah pacTBOpa kapboHara HaATpUA M
jpobasbTe 1Mo 4—6 Kanenab: B OJHY — PacTBOpa COJIM Gapus, B JIpyryo —
crpornus, OTMETBTE BhINAJEHNE OCALKOB U UX BT

K ocamkaM Kapbonara 6apus M CTPOHIMSA 106aBeTe NO HECKOJBKY
ganeap 2 M pacTBOpa YKCYCHOW KMCJIOTHI. HabmopaiTe pacTBOpeHue
OcagKoB.

Hanumure ypaBHeHNA BCEX NPOMCXOAAIIMX PeaKiuit.

OMNBIT 4 MOJVYEHUE KPEMHUEBON KMCIIOTHL

B npo6upKy ¢ PAcTBOPOM CUMJIMKATA HATPUA NPOIMYCTATE TOK JAMOK=
cupa yraepoga (cM. puc. 10). Ha6mopaiire 06pa3oBanue OCALKA KPeM-
HMeBoil KuesoTel. HanummTe ypaBHeHHe peakiuu.

OTN BT 5 MNOJYYEHUE CBUHIIA U3 EI'O COEIEHMHUI

Haneiite B ape npobupku no 5—06 kamens pacTBOpa cOJM CBUHIA 1
ONyCTUTE B OJHY ILTACTUHKY QUHKA, BO BTOPYH) — XOPOIIO OYHIIEHHYO
nacTHHKY amioMuuus. OTversTe NOSBISHNEe KPUCTAIOB CBUHIA HA
[IOBEPXHOCTH METaJJIOB.

HanuinuTe ypaBHEHUs! COOTBETCTBYIOMMX PeaKIn.

OBl T 6. OTHOUEHUE CBUHIIA K PA3BABJIEHHBIM KMCITOTAM

B Tpy umaMHApAYecKUE NPOGUPKHA MOJNOKHUTE MO KYCOTKY CBUHIA U
npuaeitte no 5—7 kamens 2 M pacTBOPOB KMCJIOT: B OJWHY — CONAHOMN,
BO BTOPYKO — CEDHOil, B TPETBIO — A3OTHOM. Yro nabmopaerca’ Har-
pefiTe NPOGHPKM Ha MAJIECHBKOM MJAMEHW rOpeIKU. Bo Beex siu npobup-
kax umer peawknua? Ilo oxnaxgeHWu pacTBOPOB nobaspTe K HHUM 110
9—3 KanJM pacTBOpa MOAWJA Kalus — PeaKkrhsa Ha HOH CBHHIA Pb2*,
B kakoit U3 npobupOK BbLITATT JKeJIThIM ocaJloKk Moaua csuHnA’
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Ha ocHoBaHWH ONBITA chenaiite BHIBOZ, B Raﬁ??ﬁ KHMCIOTE
pacTBOpsieTcsl CBUHEN. Kakoif Tas Hpu 3TOM BBRUICAACTCH: Haunmmﬁ;
ypaBHEHUA peaKi it PacTBOPeHMA cBHHIIA B KHCJIOTE W T1OJLy 1 eHMS

woaMja CBHHIA.

OnNET T BOCCTAHOBUTEJILHBIE CBOMCTBA AMMUAKA

B npofupky BHECUTE 3—4 Karnm pac'rsopa“nepmaﬂrsna'ra Kanus ¥ 3—3
kanenb pacTBOpa aMMHaKa (c maccoBOii 1071eH NH;25 %). Cmecs crerka
nogorpeitre. 9To MpoU30NUIO € OKPACKOM pacreopa? Hanuumre ypas=
HeHMe COOTBETCTBYIONIEH peaKunt, yaUTHIBAA, UTO AMMUAK oxucgeTes
10 ¢BOGOJHOTO a30Ta, a OCafloK npejicTaBsAeT coboi AUOKCHA Maprai-

ua MnO,.

O N BT 8 PEAKINA OBHAPY/KEHUA NOHA AMMOHMA
B PACTBOPE

Ovenb UYBCTBUTEIBHBIM PEAKTUBOM aa von NH} siBisieTcst peakTHB,
Hecenepa. OB npecTaBaaet coBOit IIEJOUHOR PacTBop KOMTIJIEKCHOTO
cOe/MHERUS PTYTH K,[Hgly] n ofpasyer ¢ WOHOM aMMOHUA KpacHo—
Gyphi¥l OCafIOK cOCTaBa NHg,l - H,0.

B npobupky BHECHTE 4—H Kanenb peaxTuna Heccnepa M OJIHY Kall=
0 PacTBOpa COJIM aMMOHWH. Habmopnaitte obpa3obaHune KpacHo-6ypo-

BOIO OCAJIKa.

ONLLT 9. OKNCIIUTENLHBIE CBOWCTBA A30THOW KMCTOTHI

a) Bsaumodeticmaue paabasaennot qzomuoil KucA0mMbL € aeduio u..
onooou. (OUHT HPOBOAATL MO wsroit!) B sise npoGUpEH BHE‘.CHT: ng
34 gamuA pasbapieHHON A30THOM KUCJIOTH (IJIOTHOCTE 1,12 r/em®). B
OfHy U3 MpOGUPOK OIYCTATE KycOueK MeJHoi cTpyin, B ApYTYIO —
gycouek onopa. B oboux cryuasx pearuus uper ¢ 06pa3oBanue i*inaa—
HEIM 06pa3oM GeciBeTHOro ra3a NO u HATPaTOB onosa(1l) u mean(Il). :

HamuumuTe YpaBHEHHAA peakiin BIAMMOICH CTBIA pas6asneﬂu0ﬁ
a30THOI KHUCJIOTHI ¢ OJOBOM M MeJIbIo. _ :

6) Baaumodeicmoue XOHUEHMPUPOGINHOU a30THOL KucAoms C MEY
dvio u oaoeom. B nme MpOGUpPKY TOMecTHTe 1O MAJEHBKOMY KYCOUKYS
Meay ¥ OJIOBa. [IpuGapbTe K HUM [0 3—b wanemb KOHIICHTPUPOBAHHOMN
asoTHOH KucaoTsl. OCTOPOKHO noporpeiite 06e NpOOUPKA. .

OrmersTe cBOM HAOMIOACHAA HATMIIATE COOTBETCTBYIONINE YPaBHE=
Husl peakupi, cumTasm, 4ro npH parpeBaHun B 060MX CITYHAAX as0THAA
KHMCIIOTA BOCCTAHABIMBACTCH /10 NO,.
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O bl T 10. IOMVYEHUE CYJILOUAOB ¥ U3VUEHME UX CBOMCTB

B uerpipe NpOGUPKH BHECUTE [0 J—D Kamenb PacTBOPOB coneit!
anbimst, kagmus, mapranpa(ll) u cemmma(ll). K kaxmomy pacTBOopy
jobappTe M0 2—3 Kamau pacrBopa cyabbuia aMMOHUA (nnm marpms).
OrmersTe cBOM HaGMIOJEHMS, YKasas HBET OCaJKOB. K ocapkam npu-
faBpTe M0 3—D Kaneab pacTBOpa a30THON KHCJIOTEL

Hanuiuure ypasHEHWA Peaknuil Hojydenus cyibOuaos U pacTBope-

uua ux B kuenore. Kawkpe cynbguabl He pacTBOPWINCE B a30THOM
kuenore?

OT bl T 1. OKUCIUTENLHBIE 1 BOCCTAHOBUTENBHBIE
CBOMCTBA CEPHUCTON KMCHOTLI

a) Oxucaenue cyavpuda wempus. Buecure B npobupky 4—06 Kaneinb
pacTBOpa cynbduaa HaTpus, 3— Kanju CepHOM KUCIOTHL U HECKOJIBKO
KPUCTANIIIOB CcyJib(pura HATpUA. PaaMemaiite CTERISHHON TAJTOMKON
COEPAUMOe TIPOBUPKM JIJIst CKOPEHILEro pacTBOpeHHs cyJibuTa HAT-
pust. OTMETETE W3MEHEHHE OKPACKH W HANMIIMTE YPABHEHHE PEaKiiH.

6) Boccmanognenue ouxpomama kanus. BHecure npobupky 5—6 Karnesb
pacTBOpa Auxpomara Kanms, 3—4 Kannu cepHOil KHMCIOTBl M HECKOIBKO

KpuCTamnoB cynbura Harpus. OTMETBTe M3MEHEHHE OKPACKH W HaTHIIHTE
ypaBHEHHE peaKuyu.

ONB T 12 BBAUMOJENCTBUE CEPHOW KUCNIOTHI
C METAJIJTTAMHA

a) Jeucmeue pazbasaennou cepuol Nucaomut wd Aaeds, KeEAEI0 U
wanui. B tpu mpoGupku ¢ 1 M pacrsopom CepHOA KUCIOTHI (h—8
Kalleb) ONYCTUTE: B TMEPBYIO — CTPYHKKY MEIN, BO BTOPYIO (1a KoHIMKe
MUKPOIITATENs) — IOPOIOK BOCCTAHOBJIEHHOTO enesa, B TPETHIO —
HEMHOTO HoporKa Mariusa. Bo peex i nmpobupkax uier peasnusn’ Kak
MOMKHO OGBLACHUTH PAINYUE BO B3AMMOJENHCTBUMM BIATEHIX METANLIOB C
pas6apiennoil cepuoit wucnoroi? Hanwmmmre ypapHeHHA COOTBETCTBY~
IOIIUX pearIvil.

6) Baaumodeticmeuc KOHUENMPUPOBAHHOT CEPROT KUCAOMDL € METHIO.
B crakan BHECUTE HEMHOTO MEIHBIX OMUIOK M H—6 Kanejibh KOHUERTpH-
posaiHoOit ceprod kmejoThi, CrakaH TOCTABLTE Ha KOJIBIO [ITaTUBa,
HOJUIOKUE ACGECTOBYIO CeTKy, M OCTOPOKHO Harpesaure. Baaxnyio
CUHIOID JIAKMYCOBYI0 GyMmary ITOepiuTe NUHIeTOM Haj CTAKaHOM. Mo
M3MEHOHHMIO 11BETA JAKMYCOBO@ OyMmaru Onpejenure, Kakof ra3 BBIAC-
JIAETCH, ;

OteTaBbTe TOPEIKY, faliTe CTAKaHy OXJIA[UTECH, NOCJAe Yero BHECHTE
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s nero 8—10 raneib JMCTHIITMPOBAHHON BOJBL. Kakyio oxpacky nMeer
pacrpop? Hamuiure ypaBHEHUC pearInu.
6) Bsaumodeicmoue xonyenmpupooanol cepuol KUCAOTVH, € YU
xou. B IATMHIPWUECKYIO TPOOHPKY omecTiTe (Ha KOHUMKE MUKPOS
[IIATENs) NOPOMIOK HUHKA u nobappre H—6 Kaneib KOHNEHTPUPOBaH=
ot cepuoit Kucaors. IIpoSUPKY yKpenuTe B IITATHBE U parpeiite Ha
OUEHBH MAJIEHBKOM TIJIAMEHM TOPETRH. Otumerns HOABIEHNE B 1POOUPHE
Ny3BIPLKOB CEPOBOIOPO/R, nojepkuTe Hajl Hei MUHICTOM punLTPO-
BasbHYIO Oymary, NpOUHTAHHYIO PACTBOPOM COMM CBUHILA. Kak names
HUJICs TBET Gymarn’
Hanumure ypapHeHUs COOTBETCTBYIOLIX

peariuii.

OnwlT 13 OKMUCIIUTE/BHBIE U BOCCTAHOBUTENBHBIE
CBOMCTBA NEPOKCHJIA BOJOPOJIA

a) Oxucaenue woduda xasug. llomectnTe B pobupKy TPH KA

pacTBOpd MOAN/A Kalus i OJHY KAIUIIO PpacTBopa cepHOi  KUCIO0TH
Jlo6apsTe OJ(HY KaILIIO pacTBOpa TEPOKCHIA Bojlopoja ¢ MaccoBoi!
nomeit HoOp, pasHOM 9% Ypo nabmogaercd’ Hanumure ypaBHCHUE
peakiun.

6) Boccmanosaenue nepaanianama Kaaus. [lomecTure B MPOCUPKY!
94 wammu pacTBOpa lepManraHaTa ganus W onny Kanmo 1 M H,S04.
Jlo6apsre 1—2 Kamim pacTBOpa TIePOKCHIA BOJLOPOJIA C MaccOBOH OO
H,0,, pasuoi 3%. Kax uameniics neer pacrpopa’ Kaxoit Ta3s BEUISTE
nsetesi? Hanumure ypasHenue peakium. '

OTNblT 4 OKUCTINTENLHBLE CBOWCTBA CBOBOIHBLIX
PAJIOTEHOB

a) Cpasuenue oKUCAUMEABROT AKTUBHOCTRU co0G00HBT 1AA0LEROO.
TPy TPOOMPKHU BHECHTE TO 35 kameh pacTBOpPOB: B MEpBYIO — HpOMM:
1a Kajuus, B JiBe Apyrue — ponma xanus. Bo Bee npobupkn 1062k
116 2—4 Kamm Gensona uiy GensiHa.

B e npobupkH ¢ pacTBOPaMil GpoMmjia ¥ HOMAA
110 2—4 KA XJIOpHO# BOAbI, B TPETHIO pO6UPKY ¢ PAcTBOPOM MOLK
Ia Kajms — HpPOMHOI  BOJLL. ComepuMoe npoGUpoK nepemcmaﬁ'r
crerJIAHAGH nanoukoi. Ilamoury Kkambil pas TUATEeNbHO IPOMBLIBAITE
BOJLOM WM BLITMPAITE (buILTPOBAIIBHON Bymaroi.

[lo oxpacke 6eH30ILHOrO KOJLLA onpejielnTe, KaKou rajlores BEILE
nseres B CBOBOJHOM COCTOAHMU B kaskgom cirydae, Hanmnre ypaBHEeS
upst peaxnuil B3aMMHOTO BEITCCHEHMA TATOIEHOB. YKAKUTE OKMCTUTETBY
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kanms 1o6aBLTe

6-283

u
: (?OCgTaHOBHTBJIb B KaxIoM ciydae, Kak wMensierca OKMCITATOMLHMN
nocobHoCTh rajiorenoB or xjaopa k womy? CpapHuTe Ball BLIBOJ 1)
3HAYCHHEM OKHCINTENbLHO-BOCCTA M,
HOBHMTEJEHBIX, MOTEHII ; e
nomenue XI). i ocs
6) Oxucaenue aarmus uau yunxe 6poaon. Buecnre B npobupky s b
Kanesis OPOMHOM BOJABE 1 HEMHOIO NOPOIIKA MarHusf MK IHHKA ﬂipll»
M 0] .
Bjmaﬁm crexasnnoi manouxoit. OrmersTe obecipednsanne GPOMIGIN
JIBI M YKaKUTE NPHYKHY 9Toro siBjenns. Hanuummre cooTBeTCTRYIONIONN
ypaBHEHUE PeaKlluy. ;
6) Oxucacnue ceposodopoda raaorenany. B Tpu mpoGUpKU HOMOETH
e |
; Bno 5—6 kanesb: B MEPBYIO — XJOPHOU BOABI, BO BTOPYIO — GPOMMGI
Y TpeThIO — MOAHOM., B Kawmyio npo6upky aoGassre no 5—6 Kauoil
ﬂéenpuro*roane}mou CEepOBOJIOPOHON BOOBI 70 MCYE3HOBEHUA OKpAL -
K % i ' %
u GpoMHON m mouHoi Bopul. HabGmomante nomyrHenue pacTBOPON HO

Beex npobupkax. Yem »ro Bh3pano?! Hanummmre cOOTBETCTBYIOHIMO
VPaBHEHUs pearuui. '

ON Bl T 15 PEAKIIMSA OBHAPV/KEHWS PATIOTEHUI-MOHOB

] a) Hoayuenue rarorenudos cepebpa. B Tpu NpoOHPKM TOMECTHTE O
3—4 kaniu pacTBOPOB coOJIel HATpus: B OAHY — XJIOPHAA, B IPYrylo =
6poMuaa, B Tperbio — mogupa. B kamayio npobupky gobaBbTe HO-
CKOJIBKO Karelb pacTBOpa HUTpaTa cepebpa [0 BHIAIEHUA OCAIKOB,

Hanummnre ypaBHeHUs PEAKINil M yKam)uTe 1[BeTa 0CaJKOB XJIOPH/LA
GpoMuzia W uoaumaa cepebpa. i

6)- Omﬂouummc wanotenudos cepefpa x az0MHOU KUCAOME U QMMUL
xy. Kamapifi ocafiok, 1IOJYYEHHbLIH B OIBITE 15 a, pasmemuTe Ha JBO
IPOGUPKH U NpUJeHTe B OJHY M3 HUX 1—2 kamum 2 M pacTBOpa a3or-
HOft KMCTOTHI, B JPYTYl0 — PAacTBOP aMMMAKa C MAaccOBOWM Jlojiei N.H
papuoii 26%. Yro nabaopaeTes B Kak/10M cnyuae? Cpenaiite BEIBOJL oat;
OTHOIIEHNHN TAajIOTeHuI0B cepebpa K a30THOH KMCIIoTe U aMMHAKY.

Hanumure ypaBHeHHe PacTBOPDEHMA Xaopuja cepebpa B aMMHUaKe
YIWTEIBas, 4TO peaklus CONPOBOKAAETCs 06pasoBaHueM Romrmexcnorc;
coenmunenusi [Ag(NH;),]Cl. Mcenonssys aHauyeHWs NPOM3BEICHUI pacT-
sopuMocTH rasorenuzos cepebpa (eM. mpuioxenne XIII), obbsacaure
HEIOMHYI0 PacTBOPHMOCTL B aMMuake Gpomujia cepebpa HJ OpakTHYec
KYIO HepPAcTBOPUMOCTE MOIU/a cepebpa.

ONblT 16. OKUCIUTENBHLIE CBONCTBA T'MIIOXJIOPUTOB

a) Oxucaenue Outudpoxcuda Keae3a WNOTAOPUMON HAMPUS. ITomee-
ruTe B Opobupky 2—3 KpucTaanuka cyiabdara ammorna-xeresa(ll) «
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comn Mopa — FeSO4-(NH4)gSO4-6H20 n 2—3 KamwiM JUCTI/INPOBAH=
Hoit Boapl. BerpsaxHuTe NPOOGHPKY, qTO6E KpUCTAIUIBl PacTBOPUIMCE, 1
nobassTe K pacTBOPY 9_4 KamyM THAPOKCHIA HATPUI. OTMeTbTe IBET
ocanxa. Kakoe Bemecrso BBIIAJIO B ocalloK B pesyilbraTe B3AMMOJIeCT-
pusa cyibdara seneaa(1l) ¢ THAPOKCUIIOM HATPUA. [Ipubapsre K OCAAKY
35 kane/ik PacTBOpa CUIOXJIOPNTA parpus NaOCL. Berpsixuure Mpos
éupky. Kak namenuics 1Bset ocafKal :

Hanumure ypapHeHHEe peaknuu, yauThiBas, YTO TUNOXJIOPHT BOCC—
raHABJIMBACTCHA B XJIOPUJA ¥ B pearit yuacTByeT BOJR.

6) Oxucaenue coau COUNLA LU OTAOPUINOM  KAABYUA. IlomecTure B
npobupry 95 Kam&as pacTBOpa alerara cBUHIA ¥ CYXOI0 MHIOXJIOPUT
Xopua Kalmbiusd Ca0Cl, (GenmnpHas, Wix XJIOpHA, nasecTs). 1Ipo-
ONpRY HarpeiTe. OrmernTe Ob6pa3oBaHue ocafKa NMOKCHILA cBHHIEA U
ero uper.

HanumnTe cOOTBETCTRYIONIEe yPaBHEHHUE peaKImu.

onb T 17 OKMCIUTENBHBIE CBOMCTBA UOJIATOB

B npofupky DOMECTHTE 9—3 Kamaym pacTBOpa MOANAA Kkamnsa u 1—2
kam 1 M pacTBOpa cepHOM KHCIIOTHL. (Cmech pasMelnaiTe CTEKIISTHHON
HAnoMKOol K ﬂ;oﬁaBnﬂﬁTe K Hel [0 KaniaM pacTBOp ponaTa Kanud 10
noseneHrs 6ypoft OKpacKi MO/a.

Hamumure ypapHeHue peaxiuny, yauTHBasi, 4TO Kak nonar-, Tak u
HOMUA-MOHB TIEPeXoaaT B cpOBOIHBIN MO

PABOTA 23 KOMIIEKCHBIE COEJIMHEHWSA. KOHCTAHTA
HECTOMKOCTH KOMIUIEKCOB

(Vuebuuru: 1990, § X.1—-X.5; 2000, § 3.3, 8.6)

Henr paboTh - yaydeHne siBJIeHns
KOMILICKCOOBPA30BaHMs, CBOHCTD pasmny-
HEIX KOMILIEKCOB; TIpOBeenne namepenuil
u pacyer KOHCTaHT HECTOMKOCTY.

CI0MKHEBIe XAMAUYECKUE COCIUHCHU, [OJIYUNBIINE HA3BAHMC KOMIL/IERC—
HBIX, COCTOST U3 BHYTpEHHEH (HOOp,ILHHauHOHHOﬁ) u premRen cgeps.
Buyrpennss cdepa HOTyTMIa HA3BAHME KOMILJIEKCE. Hanpumep, B
KOMTIJIEKCHOM COeHEHNA [Cu(NH3)4}SO4 KOMILTEKCOM (BHYTpeHHEH
cchepoit) siBATCH MOH [Cu(NHg)4]?", 8 pHemnell cdepoil — HOH S0%.

162

Kommnexcroe CDQ: JUMHEHNe B pacTBOpe JNHCCONMHUPYET Ha KOMIJIEKE W

[Cu(NH3)4]SO4 — [Cu(NHy)4]** + SOF”

Kommre
ket Ouator  Kartmommeie  [Cu(NHj)4]?*,  anuoHHKIO

f &= i 1
ETEE\,,CN_)GI]{O n seiirpansiipe [Ni(CO),). Kommuexe umeer nenTpambHbifl
XD Bonpy:‘ri:{;e:cooﬁpaaona'renb (8 yxazamupix npumepax Cu?*, Fed*,
, POr0 KOOPAMHUPYIOTCST MOJEKYJIBI o
(B npusenennrix npumepax NHy, CN-, CO) I R

KoMmmirexcn
B pacTBOpE BEIyT cebs

, Kak cinabuie HJ1eKTpOl
CONUUPYIOT HE MOJHOCTLIO, HAanpUMep: pommEh A

[CU(NH3)4]2+ = Cu?* 4+ 4NH3
[Fe(CN)gJ* = Fe* + 60N

Bax i

W ;{;ii[:beﬁ % :;E:;cfrepncm}com KOMIIJIEKCOB, ONpeJenAaioneid nx
KOHCTAHTEI u(;c'roﬁno;:;f BREZETE:“{E féeCTOﬁROCTH- g Oﬂpeﬂmeﬁﬂ;‘
i paboTe MCHOAB3YIOT METOJ W3ME|
OCHOBZ:?L?;PL?: yﬂjg:::pona B pacTBOpe, Ccojep:kKalieMm Komnnemgz
B s i e OBAHNH CBA3M MEMXJY KOHCTAHTOMN Hec'roﬁxocﬂl
s, B MeTajlla W IOTEHIHATIOM Me'ra.nnnqeclﬁof‘a'

pojia B pacTBOpE, COlepiKalleM KOMIUIEKCHBIe cOenHeHNs . "

'
HEHHEM

MX,=M + nX
TO KOHCTAHTA HECTOHHOCTH KOMILNICKCA
a n
"M *x

MX ,,

>
Ky =

: (1)

Hucconmanus KOMILIEKCOB
Uer mo CTYIHEHAM ¢ MOed
e/l0Ba
OTUICIVIEHNEM JINTAH/I0B, HalpuMmep: G

[Cu(NHg)4]** = [Cu(NHg)s]?** + NHs (1)
[Cu(NHg)g)2* == [Cu(NHs)q]?* + NH; (11)
[Cu(NHg)z)2* = [Cu(NH;)]2* + NH, (11I)
[Cu(NH,)]2* = Cu?* + NH,4 (IV)

IIpousse
Hecm[; IeHNE KOHCTAHT AMCOUMAIMH MO cTYIeHAM PpaBHO KOHCTAHTO
KocTH KoMmmiekca (em. npunoxedne XIV):
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11,111, IV

K,=KKiKg Kz - 2)
W3 ypapHeHUi (I)—(IV) crefiyetT, 9To B pacTBOpe MOPYT npncy'rc'xr‘lno;

BaTh TPOLYKTHI pOMeKyTOUHON AMCCONMALNH KOMIIJIeKca, OHaKO D[; !

HR6HITKE ITUTaHAa papHOBeCHe PeaKiiy cpuraeTca B JIeBYIO ;1?‘1;““3:

j B pacTBOpe B OCHOBHOM IpUCYTCTBYET HeJIMCCOIMPOBAHHEL .

JeKC. i
Wz ypaBHeHUA (1) BupsO, YTO AKTHBHOCTh WOHOB Merajiyia B P2 TB

Tpanuu
pe KOMIIJIEKCa 3aBHCUT OT KOHCTAHTEl HecTOMKOCTH W HOHEET; Soiﬂo :
KOMIIJIeKCa, a TaKke OT KOHIEHTparuy Juragfia. Ypasuerue

3aMUCATH B BUJIE

‘MXn 3)

mn
5

= K
ay i

: uaj
AKTHBHOCTD WOHOB MeTania BIAAET HA p&BHOBBCHHﬁ TIOTeHR]

3TOr0 MeTaJljla:

(4)

Eyre M.

— cTaEAAPTHHIN [OTeHIIMall MeTalia.

rne EO
e nIeKca
JlamepyB PABHOBECHBIA HOTeHIMA MeTaia B p;a.c'rm:nperar B};(:; P le;
ac 7
i OCTh MOHOB MeTajlia B 3TOM P
MOMHO p&cchTaTb AKTHB ; =8
J3BECTHEIX 3HAYGHMSAX BKTUBHOCTA He/IMCCONAMPOBARHOTO  KOMIUIE
(LM U nuragna IIX — TaKKe U KOHCTAHTY HeCTOHKOCTH-
Xn

[loncrapup ypaBHeHME (3) » ypasuenue (4), monyunm

X

— paBHonecuuﬁ poTeHmMan meraia B pacTBOpe ero

r7ie EMm /M

xommyexca MXn. sk
Hanpuwmep, B pacTBOpe aMMHMAKaTa [UHKA yeTAHABIMBAETCS PaB
1

cue

[ZD(N Ha) 412+ — Zn?t + 4NH3

Kca OmH-
PapHOBeCHKI# NOTEHIMAN HHHKA B pacTBOpe 3TOro KOMIITIEKC

CHIBAETCH YPaBHCHUEM
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E

a
5 RT Rl Zn ( NHg)a)?*
= EY +—=InkKy+ = 3
Zn* [Zn Zn2*/Zn ' 2 Fl Ky In I

i 1
“ “NH 4

.. {lo. ypaBHEHHIO (5) MOKHO paccYMTaTh PABHOBECHDLIA MOTEHIWMAI
METAJ[1a B PACTBOPE KOMIUIEKCA, eC/Ii U3BECTHBI KOHCTANTA HECTONKOCTH
KOMIIJIEKCA ¥ AKTMBHOCTH KOMILJIEKca U JIMTaH[a.

Koumpoasnue sonpocw u sadavu

1. Yro uaseiBalor koMiuexcom? Kakue BHbl KOMILIEKCOB BB anaere’

2. Yro Takoe KoMIIeKcoobpasopaTenh’

3. Yro raxoe murann? Kaxue BUIbI IMranios Bbl 3Haere?

4. YTo HaBBIBAIOT KOOPAMHALMOHHBIM HMCIIOM KOMINTEKCo0BpagoBaTersi?

5. Kax NpOMCXONWUT DIEKTPOIUTHYECKAs AMCCOLMALMS KOMIVIEKCHOrO Coe-
nmnenus? [lokaxyTe HA KOHKDETHOM NPUMEpE.

6. UTo HAZHIBAIOT KOHCTAHTON HECTOMKOCTH kommnnekca? [IpuBenure npumep.

7. Kak cBsAzaH paBHOBECHBIM MOTEHLMAN MeTaya ¢ KOHCTAHTOM HecToMKOCTH
xoMIiekea ororo Meramma? Hamvuure ypaBHeHWe DAaBHOBECHOTO IMOTEHIMANA
MEeOM B PACTBOPE TeTpaaMUHMenH.

8. Paccuuraiite paBHOBeCHBI! [OTEHIMAJ LMHKAa B pacTBope aMMMakaTa
WMHKA, TPUMHMMAsl aKTUBHOCTH KOMIUIEKCA M cBOBONIHBIX JIMTAHIOB DPABHBLIMK
equHuLe ¥ Ueronbays npustokenve XIV. Omeem: — 1,04 B.

9. Paccuurafire paBHOBECHHIN TIOTEHIMAT cepebpa B PacTBOpe €ro UMaHMCTO=
o KOMIUIeKca, TIPUHNMAS AKTMBHOCTA MOHA KOMIIEKCA M JIMIaHJa paBHBIMU 1,0
Molb/a1 ¥ ucronbays npuioxerue XIV. Omeem: 0,495 B.

OBl T 1. BIUSHUE KOMIUIEKCOOBPA3BOBAHUA HA
KOHTAKTHOE BHITECHEHUE MEJIM METAJIJIAMH M3
PACTBOPOB EE COJIEA

Ilpu norpy;xeHUM MeTalna B pPacTBOP, coAepialuil UOHBI APYyroro
MeTaUta, [IOTEeHIMa]l KOTOPOro INOJIOKHUTeJpbHEee MNOTeHIAlA norpysa-
eMOro MeTajljia, MPOMCXOAUT KOHTAKTHOE BBITECHEHWE MeTa/lia W3 pac-
tpopa. Hampumep, npy IOIDYREHHMH eje3a B PACTBOD, COMIEpXKaliui
UOHBI cepebpa, MPOUCXOANT KOHTAKTHOE BBITECHEHWE cepebpa, KOTOpOe

OcamlaeTcsi Ha [OBEPXHOCTH JKeJIe3a, a MOHBEI Xejle3a IepexojisT B
pacTBOp:

Fe + 2Ag* — Fe?* + 2Ag

Tak Kak MOTEHIMAaJl MeTaljla B pacTBopax ero KOMIJIEKCA CYLIECTBEHHO
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oraMuaeTesa OT TIOTeHINATA verajia B pacrTBope 0e3 aurangos (wau,
To4yHee, B pacTBOpe AKBAKOMILTEKCa), TO HAIUHIUe JAWTaHJOB B pacTBOpe
BIMAET HA KOHTAKTHOE BLITECHEHUE MeTaJlJIOB.

[IpUroTOBLTE PACcTBOPE! CITeYIOIMX COCTaBOB:

1. CuSO,4-5H,0, 0,25 Mo/ + H,S04, 0,1 MOJIB/ T
2. CuS0,4-5H0, 0,1 Monb/a + NH,OH, 0,5 MOJIB/ 1.

[IpuroToBbTE BE npobupKM, B OJHY U3 rux nasueire Ha 2 /4 pacTBOP
1, B Apyryio — pacTBop 2

3agucTUTE HaxJagHON GyMarou ocTaNbLHBIE TTOIOCKH (crepxuy AN
npononoxy) W mpoMoiiTe uX IPOTOUHO¥ BOJIOK. Omycrure B TPOOUPEN €
pacrsopamu 1 1 9 110 OJ{HOM TIOJIOCKE. Yepea b MUH BHIHBTE obpasisl 1
onuiInTe, Kak paMenuncs ux pHENTHWA BUJL. BateM obpaser, BRIHYTHIA

s s ———

n3 npobupru C pAacTBOPOM 1, moMecTUTE Ha 5 MuH B IPOOUPKY C Pac~

TBOPOM 2 ¥ OTMETbTE, KAk WAMEHMIICA ero BHelHui BUj.

[Ipu odopmiIeHAn peaysIbTaToB OMbITA:

a) paccunTanTe paBHOBECHBIN MOTEHIMAN MeJu B PacTBOPe 1, opu-
quMas AKTUBHOCTH WOHOB MEJH paBHOW KOHLEHTPaIH, N cpaBHHTE
sToT NOTEHOUAN COo cTAHTAPTHBIM [OTEHIHATIOM jenesa. SAMUIINTe

ypaBHEHME PeaKIuH, npoTexalolelt Ha [IOBEPXHOCTH CTAIBHOTO obpasna

npy NOrpyKeHuy ero B pactsop 1;

6) samumuTe ypaBHeHue peaxiuu, poTeKaoNelt npH TpUAMBAHAA
NH,OH x pacTBOPY CuSO4, u paccauTanTe KOHIEHTPAIMIO KOMILIeKca
1 cBOBOAHONO JIMranua, npenebperas A3MEHEHUeM KOHIeHTpalu -
raga M KoMIulexca nph Iucconuanmm nocaeHero;

B) paccuuTaiTe paBHOBECHBIN OTCHUMAN MeJ| B PacTBOpe 2, npu-
HMMafA AKTMBHOCTH MOHOB 1 MOJIEKYIl PABHBIMM HX KOHIIEHTPALAAM;

r) 06BACHUTE [pUUNHY Pas/INHHOrO [OBEJICHMA CTAl B PacTBOPax 1
n 2

j) o6bscHUTe, KaKasd peakius 1 MOUEMY [IPOMCXOAUT PH OTPY -
eEUW B PACTBOP 2 CTAIBLHOrO o6pasna, BEIHYTOrO 13 pacTBopa 1.

ONBT 2 MOTEHILMAAJIBI 3JIEKTPOJIOB B PACTBOPAX
MX KOMIIJIEKCHBIX COJIEA

OmbiThl NPOBOAAT € BOAHLIM PACTBOPOM cynpdara Mesn, copepKa-
maM B KauecTse JAUTAHZOB  OTUIIEHIMAMIH (coxpalieHHo
En)NHz—CHg—CHg-NHg, nupodocdar HaTPUA Na,P;0; i Na-coib
BTHJIGHJI,L‘I&MI‘IHTS’I‘pa}'KC}’CHDﬁ wuestorsr (EDTA. 1 KOMTJIEKCOH )
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NaCOOCH,~\

CH,COON

N
HCOOCH, \cH, COOH

C ykasaH
e y HBIMM JIMCaHAaMKM Mefnb 0Opasyer KOMILIEKCHI, JHCCOIN:
KOTOPBIX OTBEYAET YPAaBHEHUAM:

[Cu(En)yJ?* == Cu?* 4 2En
[Cu(P407)2}¢ = Cu?* + 2P,0%"
[Cu(EDTA)z-' = Cu?" + EDTA*I—

Ilorermuan
Al MEJIM B PACTBOPAX KOMIIEKCOB MOXKHO OTPeesauTh 1o

ypaBhesuic 5 (KOHCTaHTHl H
ecTONKOCTH K I
HUM XIV) OMILJIEKCOB CM. B TIPHJIONGO-

IIpNroToBETe PacTBOpPHL cocTaBa *:
1) CuSO4-5H,0, 0,2 mons/x;
2) CuS04-5H,0, 0,1 moms/an + En, 0,4 Monb/;
3) CuS04-5H,0, 0,1 mons/n + NayPr07, 0,4 MOJIb/;
4) CuS04-5H,0, 0,1 moms/x + EDTA, 0,2 Mo /.

goﬁegwre YCTAHOBKY JIIA U3MEpEeHUs MOTeHInuana (cM. puc 15)

i ; 163
Bicsis pactop 1 B cocyf 8, morpysure B HEr0 MeHbIC MIACTHHIMN
iy DHKHYM, NPeIBADUTEBHO B3auuIIEHHBIe HAaK1AUHON Gymaroit u
HEH hm;e Bojoit. MlamepbTe DiIeKTPOJHBIH MOTEHIUA (cm. § 3 Bmepo-
qae;{ ,f; ory 16) u sanummre ero sRadenue. 3aTeM OTCOSJMHMTE MAy-
oy 3JEKTPOM, OT Lenu, HpOMOITe ero ponoii. [lpoeennre anamorun't
cIepuMenTHl ¢ pacteopamu 2, 3 :

, 3 m 4, wawppli pa3

(nporounoii Bogoi) cocyn 8. , Ak b REE
PaccunraiiTe paBHOBECHBIE NOTEHIMANLI JJIEKTPOAOB B M3YHaCMBIX

ac opax u aABHH e3YJILTaThl acgera M B‘E{CHepHMeHTa 33.[[011!!"—

O
MBIT MOMHO NpPOBOANTH € LMHKOBRIMM MIIM KaJIMMEBLIMU SJERTPOJAMMN
3aMeHWUB B
pactBopax 1—4 cynbchar Meiu Ha cysbdaT HMHKA WIM KaiMus 1
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]

KonlleHTpalmns, Mo/ | [loreriuan nieKTpoa, B

Pacreop | Homcranta

HEeCTOWKOCTU

paccHuTai-
HEIA

koMmmexca| cBoBOAHOTO uaMepeH-
juraHnia

FoMIIIeKca

onb T 3 KOHU,EHTPAU.HOHHHH OIEMEHT

CBojicTBA KOMIUIEKCOB JIeAKAT B ocnoBe paboThl KOHIEHTPAIMOHHBIX
57IEMEHTOB, y KOTOPBIX OMLAH a7leKTPOJL TIOTpYKeH B pacTBOp OOLIHOM
cony Merania (xnopuza win cynbgaTa), 8 npyroit — B BOJIHBLIA pacTBOP
KOMITIEKCHOM COJM BTOTO Ke Meraia.

[IpuroToBbTe PacTBOPH cocTaBa

1) CuS0,-5H,0, 0,1 MOJTB /IT;
2) CuS0,4-5H0, 0,1 mons/a + En, 0,4 Momb /1.

SasteiiTe ykasaHHbE PacTBOPH B craxanst (/2 obBeMa) TaTbBaHnec—
KOTO 3JIeMEeHTa (cm. puc. 92) U cOeNMHUTE X :mewrpcnumqegxnu
wrouom. Iorpysure B cTaRaHbl MeHBIe anemponm,u TpejiBapuTe/bio
3adMIIeHHbIe HANTATHON GyMaroﬁ ¥ TPOMBITEIE BOLOMN. ﬂo.uxmoqm-fmli
IeKTPOfIaM BOJBTMETP W onpejpenuTe ganp;m:enne njeMeHTa 1o 1;1 .
AKE, onucanHO# B pabore 17, ommt 1. VpenuubTe KOHIEHTPALL i
AwMragjga B pacTBope 2 10 0,5 MOJIB /a1 ¥ CHOB2 onpejiennTe HaNpIKeH
DJIEMEHTA. i

odbopMICHNY Pe3ybTaToB ol ;

lf;[)pzanciulfm‘e dooprayny KOMIIJIeKCa, obpasyouerocs B pacmop:mi;
onpejenuTe KOHILECHTPALMIO KOMIUIeKca M cpo6oIHOrO JIUraHAd Baﬂ i
pacTBope (c neppoHaUAIBHEIM W yBeUUeHHBIM cojlepKanueM m;; ﬂia,;
npenebperad A3MEeHeHHeM KOHUeHTparui aUrasia ¥ KOMIJIEK

OCIIeJIHErO;
ﬂ“cg;)i“aiﬁ:TZﬁm fn‘asﬁo;aecnme MOTEHIMANBL 3TIEKTPOJIOB B pam:oz:::i,
fpuHUMaA AKTUBHOCTH MOHOB H MOJIeKydl paBHBIMA KOHIEHTpaIll y

R S e
* DpuneHMaMUi B pacTBope 9 MOMHO 3aMeHUThH mpodocpaToM WK

ODTA (oM. ombiT 2)-
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Onpegenure (MO NOTEHIMaNaM) 8HOJ ¥ KATOJL B/IEMEHTA. Sanummnyo
ypaBHEHUA aHOIHBLIX M KaTOMHBIX peaAKLMI,

p) paccunraitre DJIC anementa, oGLACHMTE PASHUILY MEHIY DJIC n
HAIPAKEHUEM;

n) O6bsicHUTE NPUYMHY H3MEHEHUA HATIPSKEHNA DIEMEHTa ITpU
yBeNMHYEHUH KOHIEHTpAI) JMraHia y OJHOTo na anexTpoos. Pac-
cumraiire, kak uamenunack JJIC npu ypeauyeHUM KOHICHTPALMHM TH-
raijia B pacTBOpe.

llpumeuanme. OnbiT 3 MOMHO JIPOBECTM € LIHKOBBLIM KOHILeHTPALIMOHHEIM
3IIEMEHTOM, BaMeHUB MeHbLI JIEKTPOJ Ha LMHKOBBIL M CyAbdar Meiu B pac—
rpopax 1 u 2 Ha cynabdaT LUHKE.

ONBIT 4. BIUAHUE TUTAHIIOB HA HANPAXKEHWUE
TAJILBAHUYECKOTO SJTIEMEHTA

CobepuTe MEIHO-IUHKOBBIN ranbpapnyecknit  amement  Jlanwmo-
na—fxobu

Cu|CuSOy4| |ZnSO4|Zn

Jlnsi aTOoro B OfMH W3 CTAKaHOB JJIGMEHTA saneitre (1/3 obbema)
0,1 M pacrBop cynbcara Meju, a B APYroil cTakaH — TaKoe ke KOJu-
yeerso 0,1 M pacropa cyabgdara HUHKA. CoeuHNTE CTAKAHEL BJIEKTPO~
JMTHUYECKUM KIIOUOM. B cTakan ¢ cylbparoM MU BBEJATE Me/1HBIH
3MEKTPOl, B CTAKaH C CYJAbMATOM IMHKA — IMHKOBEIA M wepe3 D MIH
3aMepbTe HalpsKEeHHe HIeMeHTa (cm. pabory 17, onmsIT 1).

B crakan ¢ pacTBOpOM cyibgara MeAM NMpUIeHTe THIICHINAMUH B
TaKOM KOJMYecTBe, YTOOB €ro obuias KOHIEHTPALNA 6pa pasaa 0,4
monn /i ¥

Ipocaemure, 4TOGH ypOBeHb PacTBOPOB B CTAKAHAX OB O MHAKOB.
Yepes b MUH M3MEPHTE HaNpAmeHue dieMenTa.

ZareM B cTakaH ¢ cyiabhaToM LMHKA nobaspTe ITHICHAMAMAH J10
kounenTpanuu 0,4 mons/n*. Yepes 5 MUH 3aMephbTe HampsikKeHue ie-
MEHTa.

Banummre GOpMYIE 06Pa3yIOMMXCA KOMIIEKCOB. Paccunraiire:

a) KOHIEHTPalUN KOMILIEKCOB 1 ¢BOGOJLHBIX JTUTAHIOB, TpeHeGperan

MBMEHeHMEeM KOHIEHTDAIHil TUraHI0B 1 KOMIUIEKCa W3-3a JMcCOLatiii
MOCIeAHErO;

* ByMecro HTUNIEHIMaMIHa MOMKHO BBECTH nupodocdar HaTpus NasPy07 no
¢ = 0,4 Mons/n wnn DDTA 1o KOHUEHTPALMK 0,2 Monn/.
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6) paBHOBECHBIE OTGHIMANE JEKTPOJIOB, MpUHMMAS AKTUBHOCTY
JMOHOB Y MOJIEKYJ], PABHBIMM UX KOHIIEH TPAIMSIM;

) DJIC 2/1eMeHTOB. ,
JanuuiuTe ypapHeHns aHOJLHBIX 1 KATOJHBIX Peariii. PeaynbraThl |

OnpITa ¥ PACYETOB 3ANUAIIMTE B TABINIY:
PapHOBECHBIN 31C,

norexnyan, B B

KoHueHTpaius,

SneRTpo-l Hanpn—\ Koncrat- \
MOTTh /1

e~ | ey, | Ta Hec-

cKas B | TOMKOCTH
1

KOMIUIEKCA| KOMIIIEK

cpoboll-
HOTO JIA-
raHna

crema | Menm l 1(AHKR
CUCTE |

| Ca

l

PABOTA 24 OPI'AHUYECKHE COEJIMHEHHUA o5
(Vuebnuxu: 1990, § X1.1—XL3; 2000, ra. 13)

[lens paboOTH - O3HAKOMJIEHKE C
KAYECTBEHHBIM BIIEMEHTHBIM aHAIM30M W
BaHedmuMI cBONCTBAMM OCHOBHBIX KJ18C~
COB Oprasn4ecknx coeiluHeH M.

KA~
[/ BEITIOJTHEHMS pacTosel paboTH, WBJNOKEHBL BO pBejleHnM K K

ZIOMY OIIBITY.

Konmpoasusie 80RpoCcH

5 KAvecTBEHHOTO
1. Karue peaxTUBLI noHanobsATca BaM I TIpoBejieHm g
SIIeMEHTHOLO aHaju3a OpraHuveckoro coejlMHeHysE Ha: a) yruepoj, ¥ BOROPOK,

azor? i
9. [louemy Mpu MpoORYyCHRAHUN werana CHy4 vepes GpoMHYIO BOZY He TTPOMC

1 opaHusA A
* Pafora NpOBOAUTCHA C Aenomb3oBaHueM TOCYfpl 1 oBopY L

TIONYMUKPOMETOIA.
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o B
CpojicTBa OpraHniecknx coeIMHEHMIL, BHAHNE KOTOPHIX HEOOXO[MM

xomaT ee obecupeuuBanma? Kakodt ras (opramuccioit TPUPOXBI) HYHIG
NPONyCTUTh, YTo6bI ObecuBedHBAHKE TTPONBONLIOT

3. CocraBeTe ypaBHeHMe peakLMU B3aUMOJENCTBUI Gyrena~-1 ¢ nepMaHraii-
roM kamvst KMnQy B npucyrereuu HyO u HasoButTe NPOAYKT Peariiim. Anano-
IMYHASA Peakilusi ¢ TIPOMEHOM OTBEYaeT ypaBHEHWIO

CH,=CH—CH; + [0] + H,0 — CH,OH—CHOH—CHy

4. Kaxve xauecTBEHHbIE DeaKIMM Ha [BOMHYIO CBABL B AlMKIMMECKUX
OPraHMYeCKUX COeMHEHISAX BEI 3HaeTe?

5. Ua nepeuncieHHbIX HUe COeNUHeNMH BhGepuTe Te, KOTOphie HE obec—
upeuupator pacrsop KMnOy: CoHg, CsHg, CsHe, CeHs, CyHy, CyqHg Orner
TOSACHUTE.

6. Cocrapbre YpaBHeHMsI Deakiluii ropeHus: a) Genaona, 6) Gensoiton
KMCTIOTHL. ;

7. CocTaBbTe ypaBHEHUs pearuuil B3aMMONENCTBIA METAHOMA! a) ¢ KaumeM;
6) ¢ MOJMIOM BOJOPOMa; B) ¢ GEH3OMHOM KUCTOTOM.

8. Ilpu xaxoit TeMrneparype — 20 wim 60°C — KoHUEHTpanusa HachUUeHHOTO
pactBopa cesona B Boste Gonbuie? [ouemy?

9. O6BACHNUTE € TOYKM 3PEHMA IEKTPOHHON CTPYKTYPEL aToOMOB U JOHOPHO—
AKIENTOPHOTO MexaHuaMa oB6pasoBaHysi CBA3eR JOHOPHBIE CBOMCTBA KMCIOPOIA
W AKIENTOPHBIE CBOMCTBA PTYTH B X€JIATHOM COEINHEHUU (npousBoOfiHOE TPEX—

aToMHoro cnupra — 1,2,3-mporaHTpuona Wi [IMLEpPUHA) — DIMLEepare pry-
*
™

H,C—O,_ _O—CH,
Hg
N
H? =0  Oo—tH
CH,OH CH,OH

10. CocraBbTe ypaBHEHUE DeAKLMM BIauMOLeHCTBUS MpocTeiedt rapboHo-
BOft KMCJIOTHE: a) C KaublieM; 6) € OKCHJOM KalbLMA; B) € TUOPOKCUIOM
RalbIIWA.

11. CocrapsTe ypaBHeHWe DeAKLMM B3aMMOAENCTBUs YKCYCHON KMCIOTHL: a)
¢ KapboHaToM HaTpus; 6) ¢ NPOTIAHOJIOM.

OMBIT 1. KAUECTBEHHBIV SIIEMEHTHBIN AHATIA3
OPPAHMYECKUX COEAMHEHUA

B cocraB OpraHMMECKUX COEIMHEHUN KpoMe yriepoja u BOAOPOAA
yale BCero BXOMAAT elle KUCI0pof U asoT.

* O xemarax em. yuebuux 1990, c. 291; 2000. C. 73.
171



|

a) Ipoba na yraepod u sodopod. IIlpoba ocHOBAHA Ha TOM, YTO NpH
IpOKATMBAHNY CMecH OpraHMYEcKOro BEIlecTsa ¢ oxenuom memu CuO
POMEXOIUT OKMCIICHNE yraepoaa no CO, 1 BOAOPOAA no H.0.
Hanpumep:

CgHg + 15Cu0 — 15 Cu + 3H,0 + 6CO2

Bopy B mnpomykTax cykUranus  OBHApYKUBAIOT IO o6paBOBAHNIO
rosny6BIX KPUCTAIIOB CuS0, + 5H,0O m3 GecuseTHOrO cynpdara Mead
CuSO,4, a AMOKCHZ Yrjaepoaa 00, — 1o TOMyTHEHUIO N3BECTKOBOM
BOJLBL

CuSO, + 5H;0 —» CuSOy * 5H20
CB-(OH)Q + COy — 030031 + Hp0

Monyuwre y 71a60paHTa HapecKy Heu3BEeCTHOro BelmecTBa ISl Kavec—
TBEHHOTO aHAJN3a, BalnlmTe HoMmep o6pasla. Co6epure npnbop TakK,
KaK 5TO yKa3aHo Ha pHuc. 25.

B cyxyi0 mpoGUPKY 1 HachIIBTE
oxenn wmeam CuQ (pnicora CJIOA
oxono |1 ©u).  JioGapbre HABOCKY
HEI3BECTHOTO BELIECTBa 1 TIIATENILHO
(BCTpAXMBAHUMEM npoGupim) Tepeme-
magite emecs. IlomecTHTe B poGUpKY
pary (cM. PHUCYHOK) W HAachiIbTe Ha
Hee HeMHOro 6e3BOJIHOTO cynbdara

Puc. 25. TlpnGop Jyisi KauecTseHHo™ e, 3aKpOHTe poGUPpKY npo6Koi

FO AHANM3A COEJVMHEHMs HAa YIIIEpOA ¢ rasooTBOAHOM TpyOKOH. Ipoc-
¥ BOJOPOML: nenpMTe, yrobel KOHEI ras00TBOIHON
1 - npobupaxa C OKCWIOM MeRW; 2~ pyGKu B MPOGUPKE 1 moaTA Kacaics

¢ M3BECTKOBO BOAOH
rpobupKa € M3BECTKOBOV BOZL para co cioem CuSO4. Bropoit KO-

el TpyOKM omycTHTe AO AHA B npo6upky 2, HaNUB B HEE peLBapyu-
TeNBHO HEMHOFO M3BECTKOBOW BOAH (BopHOTO pAcTBOPA THAPOKCHIA
KasTbIusa).

HeckonabKO MWHYT narpesaiire MpOOUPKY { pa TJIaMeHH TOpPeIKH.
Fenu BB MONYUNIM AT aHAJINA3A BEIIECTBO OPraHMYecKoro TTPOMCXOM-
NeHMA, TO yiKe deped 10-15 ¢ wapecTKOBaA BOMA nomyTHeer *, a uepes 2-
3 MMH cTaHEeT rojy6oil NpOKIaAKa M3 BATHL.

* Kax TONBKO N3BECTKOBasA BONA TTOMYTHeeT, OTCTABbTe nipobupKy 2 B €10~
pOHY ¥ TIpOfOIKAATE yarpesanue Ges Hee, Tax Kak pY [IMTEILHOM TIPOTIYC=
xaHuy rasa CO, Moxer nponioHTH pacTBOpEHHE OCAIKA CaCOs:

CaCO; + COj + HyO —+ Ca(HCOs):2
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Ilo OKOHUAHMM ONEITA CAeNaiiTe BHIBOJ O NPUPOAE (opranuaeckoil

WM HEOPraHWYecKoft) MOMYYEHHOTO A AHWIMAA COENMHEHM. Mpo-
BephTe Pe3yNbTar y JaGopaHTa.

6) lIpo6a wa asom. IIpo6a ocHOBaHA HA CNMOCOGHOCTH MeTaLTHYecKO-

r0 HaTpMs 06pa3OBHIBATH NUAHN/LI NPH CIJIABICHUM ¢ A3OTCOMEePAAIA~
MJ OpTaHMYECKHMM COeJHHEHUAMMU:

Na + [C] 4 [N] = NaCN

Ilmapuy HaTpus B OPOJYKTaX peaklny o6HapyKRuBaIOT M0 06paso-
BAHMIC CHHEro ocajka OepJIMHCKOW Jia3ypu — rexcanmanode

ppara (II

meneaa (III) Fey[Fe(CN)ela: .

9NaCN + FeSO, — Fe(CN)y + NaSO4

Fe(CN); + 4NaCN —+ Nay[Fe(CN)g]
rexcanvatodeppar (1)
HaTpu#

3Nas[Fe(CN)g] + 4FeCly — Fey[Fe(CN)gjs + 12NaCl

[IpoBepienre AHANMBA OCIOKHAETCA HEOBXOIMMOCTBIO  YAAJIeHNA
M36LITKA METAJIAYECKOrO HATPMs 3 PEaKIMOHHON cMecH IOCHe ero

CITABCHMA ¢ aHANW3MpYeMuiM BemecrsoM. Harpuit yaaisior ¢ HOMO=
HIBI0 3THJIOBOTO CHMPTA!

2Na + 2CzH50H Mt 202H50N3 -+ Hgf

HonyyeHHsI IpY 3TOM BJIKOTOIAT C,HsONa pactpopsieTcsi B BOJE,
9TO NPUBOUT K OOPa3OBAHMIO B CMECH TMAPOKCHUAA HATPHA:

C,Hs;ONa + H,0 — C,HsOH + NaOH

I'mpporcuy HaTpUA NaOH Berymaer BO B3aUMOJEMCTBHE C COJLAMH
Jemesa, KOTOpPEIe YYacTBYIOT B IMKIEe peaKIuii, TPUBOAANMX K 06pa3o-
BAHUIO CHHEH Gep/IMHCKON Jla3ypH:

FeSO4 + 2NaOH — Fe(OH)z) + NapSO4
FeCly + 3NaOH —+ Fe(OH)gl + 3NaCl

Hosnyuaomuecs THAPOKCUIBL Keje3a N10XO0 PACTBOPAIOTCA B BOJE.

IloaToMy B XOf€e aBallyh3a HeobxopumMo 06pabaThiBaTh OCaNKH COJIAHON
KHMCIOTOM:

Fe(OH); + 9HC1 — FeCl; + 2H,0
Fe(OH)a + 3HCl — FeCl3 + 3H,0

Tonyaure y nabOpanTa BEWIECTBO [JIA AHAINGA, 3anMIIUTe HOMEp
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obpazna. (Hapenwre 3alUTHBEIE OYKH U BLINONHANATE OMBIT
cpeAcTBEHHBIM AabnogeHueM npeno,uana'renﬂ.)

TloMecTnTe MOJNYYEHHOE BEWIECTBO B cyxylo TIpOOMpKY H BHECUTE
Ty/sa HEOOJNBIIONH KYCOHER MeTAJJIMYecKoro Harpust (myist BTOrO BBHIHBTE
HaTpuil ¥3 KepocuHa, xopouio oborpute €ro @nnmposanmoﬁ 6yMaroi,
OTpembTe CKAJIbleIeM Kycouek Merajiia H ¢cHUMHUTE € HEero OKWC=
uBnimiicA BEpXHWI CIIOi).

OcTOPOXKHO HArpeTe NpobUpKY B IIaMEeHH ropeNKn A0 CIJIaBJIeHnst
AHATIM3MPYEMOro BelecTsa ¢ parpuem. [lpu HarpesaHun MoKeT ObITH
pebosblIas BCOBIIIKA. O6paTuTe BHUMaHUE HA T0, 4TO6H HATPUH N8~
BUJICA BMECTE C BEIECTBOM, a HE OT/IEeNbHO OT Hero. B noclieEeM cay-
qae ma)ke Npu Hamuuuy B OpraHMdecKOM COCIUHEHII asoTa [MUAHKUT
HaTpusi He obpasyerci.

OxnaauTe NpobUpKY €O criapoM ¥ fobaBbTe K CINIABY HECKONBKO
Kanens 3THIOBOrO CIupTa. Yepes 2-3 MuH no6apbTe B MPOGHPHY 0,5 M
AMCTHILINPOBAHHOA BOJBL 1 parpeiite Ha MaMeHu TOpeIKY JIIA PacT-
BOpeHUs B BOJE LUAHUILA HATpUA.

[lonyuenHslii pacTBOP [MaHMaA HATpUs MepeHecuTe ¢ TIOMOIIBIO
QMOeTKM Ha TPe[MEerHoe CTeKio (MoxHO TIepeHecTH qacTh PAacTBOPA),
nobapbTe K Hemy 2 Kallau cymbdara Kenesa (1) m 2 Kaniu XJIOpuja
semesa (1IT).

Ha ¢uabTpOBaIbLHYIO Gymary (5xd cM) TepeHecuTe munerkon 1-2
KAIJIW JKUAKOCTH € TPE/METHOTO crexsia. Tlocae TOTO Kak HKMAKOCTH
BIMTACTCS, HA DTO 3Ke MECTO KarHuTe OIHY KAl cONAHON KHCITOTHL.

Ranuinure HabmOAeHnA N cnenatite BHIBOJ O npUCyTCTBHM (pm
OTCYTCTBHM) a30Ta B COCTARE AHATTM3NPYEMOrO OpraHiyecKoro coenHe-
HUA,

[lonydeHHbe PesyJbTaThl [ipoBepeTe y JAO0PaHTa.

noj, Heno—

OTN b T 2 W3YYEHUE XUMNYECKNX CBOVCTB AJIKAHOB
1 ATKEHOB

[IpuroToBbTe MWTATUB C yeTHphMSl TIPOOUPKAMU. B neppyi M BTO-
pyio mpoSUpKU BHECHTE TIO 2-3 MJI 6poMHOI1 BOJIEL, B TPETHIO u JeTBep-
Tyi0 — 1O 2—3 MI pacTBOpa NepMaHraHara KaJud.

Jlo6aspre B TMEpBYIO U TpeTHI0 MPOGMPKH 1O 56 waneixb MUIKOro
ankana (mam cMecw a/KAHOB), @ BO BTOPYIO M qeTBepTYI0 — HKULKOTO
ankeHa (wnm cMecH anxenon). Habmopante 33 M3MEHEHHEM OKpacK#d B
npobupKax. OmuuuTe cBOK paboneHua M Ha MX OCHOBAHMH CenaiTe
BHIBOJL O TOM, KAKMe COSJMHEHMA — ATTKAHB! WM AKEHbl — XUMUICCKH
6osee aKTHUBHBL.
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CocTapbTe¢ ypaBHEeHUHA peariuil, KOTOpPhie NPOIJIN B TeX TpOGM PN
rge Bhl HAOGMIOAANNM HU3MEHEHWMe OKpacKkh (npu cocTaBIeHUMN ypaﬁuﬂllll;
peaKmyit MOMKHO MCXOJUTEH W3 ¢opmyd1 aTaHa M ITeHA KAk npemcTanniv
jeil ankanos u ankenos). OTMeThTe, K KAKMM PEAKIUAM boJiee éu.-mnt-
HBl aJIKeHE — OOMeHa W/ IpUcoeMHEHUA.

OTNBbl T 3. CBONCTBA BEH30JIA

1. B Tpu npobupKa MOMECTUTE M0 1 mu Genzona; jobapbTe B IEPBYIO
npobupky 1 M7 BOABL, BO BTOPYIO — 1 mMa cnupra, B Tperbio — 1 Mil
acpupa. BabonTailTe CONEPKUAMOE BCEX TPEX npo6upok N OMULINTE CBOM
nabmonenus. Cpenaiite BHIBOJ O PacTBOPMMOCTHA O6eH301a B BOJAE M
OpraHM9ecKIX PacTBOPUTENIAX,

9. OmeT NPOBOAHMTE B BHTSKHOM MmKady. Tomecture B hapdopo~
ByIO UalIKy 2 Kamiu 6eH3osa U HOJOXKIUTE ero. [IpoeepsTe npeaBapu-
TensHO, 4TO6B PANOM He OBHLIO JIErKOBOCILIAMEH AIOMIUXCH JKUAKOCTEMH.
CocTaBbTe ypaBHEHNE peakiuy TOpeHus GeHsoa.

3. OumT HPOBOJHMTE B BHTSIKHOM MKady. B npobupky Buecure 1 Ml
6poMHOM BOAB U 1 ma Gensona. Copmepsumoe TpPOGUPKE IHEPrUTHO
pabonraiite n paitte orcroaTbes. Habmopaiire nepexon 6poMa M3 BOJIBI
B Genson (HEnomuspHbii pactopurens). [fouemy 6poM Jiydine pacTROpA=
ercst B Gemaone, uem B Boge? C ueM MONKHO CPaBHMTH XMMHUIECKOE
ornomenye 6epzona K 6poMy: ¢ aJIKaHaMu WK C ankeHamn’

4. B mpobupky saecure 0,5 My BOJIBI, HECKOJNBKO Kalle/lk pacTBopa
flepMaHraHaTa Kalusi M 2-3 Kaljiu pacTBopa cepuoit kmesorer. K moiy-
YeHHOMY pacTBOpy A06aBbTe 9-3 kanuu GeHsona (Mapka X.4. obsiza-
rempHal) *. ¢

Tlporekaer JiM Ha XOJOJy peaKiud paauMojeiicteua OGerAsona ¢
pacTBOPOM MepMaHraHaTa kamma? O6nsicEMTE pa3Hoe OTHOINEHUE K
OKUCINTONSM AMKIMYECKIX Y APOMATHYECKUX YI/IeBOIOPOOB.

SakonuuTe OTYET NOAcHeHMAME 3Pderra CONPKEHN JBOMHBIX
cpA3eil B MONEKysie HeH3oia ¥ BIMAHMEM HTOTO adgerra Ha IPOTHOCTH
cBABCH MexIy aToMaM$ YIVIEpOJa B MOJCKYJIE.

* Beau B nabopatopuy Her BeHsoma X.M., TO Qs 9TOrO onkIta HeHsoil
HpeABapUTENLHO OYMILAKT OT TpuMecelt, OXJamaas ero 1o 2718 K. Ilpu aroMm
Gengon BaTBEpAEBAeT, A NPUMECH OCTAIOTCH MUAKMMU M JIETHO OTJIEITSIOTCH,
[lepexpucramusalimio GeHsona JeTalor iBa WK Tpu pasa.
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O T bl T 4 CIUPTHL 1 ®EHOJIBL

a) Pacmoopumocms o aode.
1. B cyxyio npoGupKy TMOMEcTATe | M7 STUIIOBOTO CIUPTA (aranomna).
[lo xannsM AoGaBiIAdTE K cnupTy BOAY. Ha6mioaercs Jid MOMYTHEHHNE
nIyM  paccioeHune suprocreit? YTO MOKHO cKABATH O PACTBOPUMOCTU
spapona B Bojge?

Cnenaiire Bce TO e C W30aMUI0OBBIM  CITUPTOM. HabmogaiTe 00—
MyTHEHUE BCIEJICTBIE 06paaoBaHis IMYIbCUN 1 pacciIoenne KIAKOC-
reit. Y10 MONKHO CKa3aTb O pacTBOPUMOCTH M30aMHUIIOBOrO cHupTa B
soje’

Ha OCHOBAEMM TPOBEIEHHBIX HAGIONCHII clealiTe BEBOA O PAcT-
BOPMMOCTH B BOJe ATHIOBOTO {1 W30AMIJIOBOIO CIIMPTOB.

9. TlosropuTe ONLIT, 3aMEHUB cruptT GeHoIoM. (OnmT TPOBOJMTE B
prrTskHOM mKady B 3aMATHHX oukax!) HaGmiopaiTe (mpu B3OAITBIBA-
uup) 06pasoBaHNe aMysibcun  enona M pacciianBanne JKUKOCTEH
[ocse OTCTanBaHmd (Bepxuuii cnoi — PacTBOP denona B BOAE, I~
Huil — pacTBOp BOJEL B denone).

OcTOPOKHO HArpenTe cofiepKuMOe IpOOHpKH, a saTeM CHOBA OXJa-
pure. Habmopednsit ONMUIINTE.

Cpenaitte BBIBOL O 34BICHMOCTH PacTBOPUMOCTH denona B pose OT
reMmepaTypel. .

6) Omuowenue x axMUBHbLY  AMEMALALA, wdpokcudan u COAIA
OnnoaTOMHBIE CIHMPTHI (MeTanon CH;OH, sranon C,H:0H u np.) co
[esodaMu M ApyruMu PHIPOKCHIAMU HE saaumoneierpyior. OHaxo
oHW MOTYT 06pasoBbIBaTh AKOTOIATH TIPH B3AMMOJIGHCTBIM € AKTHBHBI-
MH METaLIIaMu:

CHy;—OH + Na —+ CH;—ONa + 1/:Ha

Vpenuuenne YA byHKIMOHATLHEIX TPYHI B MoJTerysie  Cnup-
Ta IPUBOANT K YBEIMUEHMIO TIOJIBUAKHOCTH aroma BOOpOna. Tak,
BO3MOJKHA peaKiys TIunepuia CHgOH——CHOH—CH;OH ¢ TIHAPOK-
cunoM  meau (I1), TPOAYKTOM KOTOpOll sIBJACTCHA [IANEPAT Mezn
CU(CIIQOI’IFCHOH__CIIZO)Q. Syra coJlb OTHOCUTCA K ANCIY XenaToB —
YCTORUMBBIX BHYTPHKOMIIEKCHBIX coefilMHeHnN (or rpe4. &xenay —
kotemua) *.

Bosiee Bcero KMUCIOTHBIE cpoficTsa Bhipaxensl y (enonos, KOTOpHIE

* AroM MemM CBszaH ¢ [ABYMJ aToMaMM Kucjiopoad KA ]0it  MOTERYIIBE
rIMLepUHa: ¢ OfHMM — oBLIMHON KOBAJIEHTHOM CBF3LIO, 2 ¢ JpyrMM — KOBa-
TeHTHOI CBA3LIO, o6pasoBaHHON 110 [IOHOPHO-AKIENTOPHOMY MEXAHNBMY.
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Jipy B3aUMOJIEHCTBUM ¢ AKTUBHBIMH MeTAJIAMM, IIeIouaMu U COJNAMN
TSIKEIILIX METAILIOB 06pPasyloT com — (PeHoNATE.

1.IlpurorossTe ABE NPOSHPKU U BHECHTE B kaayio n3 Hux no LM
aMysabcui (heHosa B BOJE. B neppyio npobupKy job6aBbTe HECKOMBIG
kaneas pactsopa NaOH. Bo sropyio npobupKy jo6aBbTe HECKOIBIKO
xarens pactpopa FeCls.

Ha6mopaiire obpasopanue 0po3pavHOro pacTsopa ¢enonaTa HATPUN
U KpacHO-(PMONIeTOBOTO PacTBopa (henonATA Keaesa (111).

(ocTaBbre ypABHEHWMs DEAKIMH B3AMMOJLCHCTBUA cenona ¢ THIPOK-
CUIOM HATPUA H XJOPWIOM Hejesa (I11). O6bsicaure, TouyeMy ITH
peAKIUY BO3MOXMHEL.

2. llpuroTopbTe jiBe NPOOMPKM ¥ BHECHTE B HUX no 0,5 Ma pacTBOpa
CuS0Q,. Jlo6asere B Ka)ylo HpOOMPKY IO 0,5 ma pacrsopa NaOH.
Ha6mopaiite o6pasopaHie roJy60ro CTYJEHUCTOTO OcajKa MU POKCULA
sean (1I). B nepsyio mpoOUPKY o6aBETE HEMHODO 3TaHOJa, a BO BTO-
pyl0 — raunepuHa. Berpsaxuure CONepiKIMO® npobUpoOK W ONUIIATE
cBOM HABIIOJICHNA; HA MX OCHOBAHUM COCTABLTE YPABHEHHE peaknum 1
SAMMIIATE CTPYKTYpPHYIO opMy/Iy €e mpoiyKTa.

8) Omuowenue ¥ 1a201€NAN U ranorenosodopodan. DeHon B3AUMO-
feficTByer ¢ CAOreHaMi Ha XOMOJy. ATOMBI rajioreHa B3aMeliaT B
GeHA0BLHOM ALpE ATOMBI BOJOPOAA, HAXOJIAIMECH B OPTO- 1 [1apAInJI0-

kepusax orrocurennuo OH-rpynmst. CrnupThl ¢ rajoreHaMm Ha XOJOMLY

He pearupyior; mpH B3ANMOJICHCTBMA ¢ TAOTEHOBOAOPO/AMH ITPOMEXO-
aur samentenne OH-rpynmbl B MOJIERYJIax CTTMPTOB ATOMOM TajlOreHa.
Peakiio TPOBOAAT B  NPUCYTCTBHN KOHIGHTPMPOBAHHO  CEPHOM
kuesors (p = 1,84 r/min) npyu HarpesaHud. Hampumep:

CoHsOH + HS04 = CgHs'—O_SOgH + H,0
NaBr + HzSOq — HBr + Na.HSO4
CgH_:,_O"SOgH + HBr — C2H5BI' + H?_SOq

1. Buecure B npobupky 1 M OpoMHOH BOJBL M pobappre 1 M
poaBOro pacteopa (enona. (OmuT MPOBOAMTE HOJL rsiroii!)

OrMeThTe M3MEHEHHe IBeTa GpoMHOI BOJABI U obpasopanue 6enoro
ocaJxa.

Buecure B UMCTYl0 TpoGMpKY 1 M OMYJBCHH: M30AMHUIIOBEIN
crapT + BOja U J106aBBTE 1 mn GpoMHONH BOABL OrMeThTe 11Eepexoi

6poMa W3 BOZHOTO PACTBOPA B CHMPTOBOM enoir. llper 6poMa He M3Me-
HASTCH.

Ha ocrosaHMU TPOBEJEHHBIX HabIIOeHNi cleqaiTe BBIBOA O TOM,
Kkak oTHOcATeA K OpoMmy deHon H uzoammiossii cnupr. Cocrasere
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ypaBHEHME PEAKIUu I cryuas, Te OHa MpOTEKAeT. Banumure CTPYKS -
EAKIIH. i
TypHyio GopMyIy NPOAYKTA P N

Cmenaiire BBBOJ O enocoB6HOCTY 6poMa pacTBOPATLCA B IBYX HECMe-
[[UBAIONIAXCA PACTBOPUTEIAX. .

2. Brecure B CyXYIO npobuprY MaMeILYeHHEe KpUCTAJIIB! XJ10puja
parpus NaCl (seicora ciiost 0,5 em), AoGasbTe 0,5 MJ ITMIIOBOTO cmip—— 1
Ta U HECKOJBLKO Kalelb KOHIEHTPUPOBAHHOM cepHOI KHUCJIOTHL (p =
— 1,84 r/mn). Harpeiite CMECh B IJIAMEHW TOPEeTKH.

Buigesnenne XJIOp3TaHa C,H:Cl MomHO o6HApYKUTH MO XapaKTep=
HOMY OKpAIICHHOMY B sejlenplil MBET KONETKY, obpasyiouemycs Ipa
BO3rOpAHMY XJIOpITana, Korna K OTBEPCTHIO IPOOMPKY nogHOCAT BpeMA
OT BpPEMEHM TOPAILYI0 JIySHHKY: 4 !

CocraBbTe ypaBHEHUHA peakiuif, MPOTEKAIOLIMX [py B3AUMOJIEHCTBII
3TAHONA CO CMEeChIO KOHIEHTPUPOBAHHOM cepHOIl KUCTIOTH 1 XJIOpHJLA

HATpUA, _
FaxoHunuTe OTHET ofbcHeHMEM pasHHIbl B [OJIOKEHUE ATOMOB

rANOreHAa B MOTIGKYJIAX XJIOpITata u TpubpoMPenoia.
B kakoit U3 3THX MOJEKYJ aToM rajjoreHa fBJAeTCA (yHKIMOHATB=

Hoit rpynmno CcOeARHEHUAT

Kak HaaspaioT 3TH coeinHeHUA T

ONBT 5 KAPBOHOBBIE KUCIIOTHL

a) Kucaomusie cooticmaa. KueaoTHbIE CBOUCTEA KapGOHOBRIX KUCIOT, &
kak ¥ MUHEPAIBHBIX, [POABIAIOTCI npese Bcero B cnoco6GHOCTA K
06pa3OBAHUIO CONEH B PeARIIIAX samelleHust 1 OOMeHa:

' _g?D 2H
cns-—c{gﬂ +Na — CH3— CoNa + 1/2Hq

20
CHS—C‘f_gH +NaOH—CH3—C<gna t 20

[IpuroroBbTe ABE NpOoGUpPKH. B opmy u3 HHX nomectaTe 1 M p;;:;
Bopa yKCycHOH KuCJOTH, a B APYryl — HECKOIBKO KPHUCTAT =8
Genaoiinoi. B 1epByio npobUpKY jobaBbTe HEMHOrO METAJIJIMHecKoro
MATHUA W TOAHeCUTE K OTBEpCINIO MPOOUPKHM FOPAILYIO Iy HHEY (omseT
NpOBOJMTCA B SAMATHHX oukax!). Benslmka, conposomnammaacsi
pE3KUM BBYKOM, xapakTepHa AJiA BOBrOpaHus cMec BOOPO/La € BOBMAY™

XOM.
Bo sTOpYIO TpPOGHPKY nobapbTe HEMHOTO pacTBOpa THAPOKCHAA

Kajuis ¥ BCTPAXHUTE coNepKUMOe TPOBHPKH. Ha6miopiaiiTe MC1e3HOBE |
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HUe KpUCTAIOB GeH30MHON KUCIIOTH BCJACNCTBIE o6pa3oBaHuA pacTHo-
pumoil B Boge conn. Jlo6aBbre K 06pa3oBaBIIeMycs B IpOGUPKe  HPOd-
pauHOMy pacTBOpy GeH30ara Kasis HECKOJBKO Kaneib COMSHON KUCHO-
1. Habaomaiite NOsBIEHNE KPHUCTATIIOB,

CocraspTe ypaBHEHUA peaxiuit B3aUMOJICHCTBUA a) YKCYCHOW KHe=
J0THI ¢ MarHueM; 6) GeH30MHOM KUCAOTHL ¢ THAPOKCHIIOM KA.

CpaBHuTEe OTHOLIEHME KapBOHOBEIX ¥ HEOPTaHUYECKUX KUCJIOT "
AKTMBHBIM METAJIaM M THAPOKCHIaM METAIOB (cocrapbTe HEOOGXOMNS
MEIE YDABHEHUA PeaKIuit).

CocTaBbTe ypaBHeHHE peakinn paauMoeieTenA OeH3oara Kallkf €
CONAHOMN KUCIIOTOM.

CpaBHuTe B3aMMOJEHCTBAE cosneil KapbOHOBHIX U cnabplx HeOpranu-
YOCKUX KUCJIOT ¢ CHJALHBIMHM KHMCJIO0TaMM (cocTaBpTe HEOOXOAMMbIE YPaB-
HEHWST PeaKImit).

6) Peaxyus smepuguxayuy. ITepuduKanmen HasbIBAOT peaKIMIo

Memy KapOOHOBOH KHCJOTOI ¥ CIUPTOM, HNPOTEKaIoImyko ¢ oHpa3oBa-
HueM cloxHOro agupa:

0o 0
Tdelh oeeme 1
CHy—C— [OH+HO~ CH3=H,0+CHz -0 —C—-CHg
Memuaayemam

B kadecTBe KaTAIN3aTopa OOLIYHO IPUMEHAIOT KOHIEHTPUPOBAHHYIO
CepHYIO KHUCJIOTY. _

B npo6upKy HOMECTHTE HECKOJIBKO KPHUCTAIVIOB 6eH30MHON KHUCT0~
T, [06aBbTE HEMHOrO STaHO/IA N 9-3 kannW KOHIEHTPHPOBAHHOW cep-
voit  kmenorst. Copepaumoe NpOGHPKA  OCTOPOKHO nepemenianTe
(BCTPAXMBAHMEM) W HarpeiiTe Ha MaJlCHLKOM orne(!) mo Kumenus.

BhuefiTe MOAYYEHHYIO MPO3PAuHyIO MHAKOCTH B HMCTYIO TpoBUPKY
¢ XONMOJHON BOJIOH; HacTh GeH30MHON KUCIO0TH, HE BCTYNWBINAA B peaK-
nuio, Beinagaer B ocanox. Ormersre XApaKTepHBI 3anax KUIKOCTH Hal
oca KoM,

Samumate GOpMyJIsl dTaHONA M OEHIOWHON KHCAOTH 1 ypaBHeHHNE
peaxuuy TepudHKaIyu. HaszoBuTe NPOAYKT peakuuy U 3aluiiuTe ero

cTpykTypHyKO GopMyny. K xakomy xmaccy OpraHMYecKuX BeecTs
OTHOCHTCH TOJY4eHHOe BaMi BemecTso?




pPABOTA 2%.CHHTE3 NOJMMEPOB
(Vebnuxu: 1990, § XIIL1 — XIIL3; 2000, ra1. 14)

Hens paborTHh — O3HAKOMJIEHME C
ABYMSL OCHOBHBIMM cnocobamMu  TONyUeHuA
OpraHMYecKnx CMOI: prpoleccaMu TONUKOH=
' feHcamum M nonumepusanun, ILomyTHO
CTY[eHTH 3HAKOMATCA € BANAHNEM yCJIOBHI
[pOBE/IeHUA Tpolecca Ha ero pesyJbTaT.

VexOHBIMM BEIIECTBAMH [/ CHHTEE BBICOKOMOJIEKYJIAAPHEIX COSJIA~

 HeHMit (no.rmxepon) ABJAIOTCA HUBKOMOJIEKYIAPHLIC pemiectpa (MOHO-

mephi). ToJMMepsl TOJNYHAIOT 43 MOHOMEpOB TYTeM MNOIMMEpH3aIK
(man cononumepnaamm) 1 TIOJMKOHISHCAIMH.

Koumpoaskue 80npocs

1. HazoBuTe OCHOBHBIE METONB! MOy UEHN S BHICOKOMOJIEKYJISAPHEIX COEAUHE™
HMHA, oxapakrepusyire ux.

2. [IpusexuTe NPUMED DeaKLMM NOTUMEPH3ALIN.

3, B kakoM ciTydae npouect HaabIBAIOT conommepusaimeit? TIpumep.

4. Tlpuseaute MpUMep pEAKLMH OJTMKOHAEH CALIMH.

5. SamaumTte GopMyITy crupolia W ypasHeHue peaKumn MOy UeHUsT oI
cTHpONA.

6. KparHa Jiu OTHOCUTENTbHAS MOTIEKYJISPHAA Macca pesonia OTHOCHTEIILHON
MOJIEKYTLAPHOH Macce COSRUHEHM HO—CeH4—CHOH? Tlouemy?

OMblT 1. CUHTE3 tDEHOJIO‘I’OPMAJ’IbJ],EFHIIHbIX CMOJT

MenonodopmalbAeruiHbe cMOJEL TOIY4alTcd B peaysibTaTe peaK-=
WA TO/MKOHISHCAIIH denona ¢ dbopMabAeruioM. HauanpHON cTAAK-
eff 3TOrO MpoINecca ABAAETCH peaKius COe/IUHEHMA denosna ¢ opMaib-
JIETUJIOM

OH OH

@'FCHQ’ o

CH,—OH

OH OH
©+ CH,=0 ,@_—Cﬂﬂ-on

NPOAYKT KOTOpPO¥ BCTyNaeT BO B
/ 3aMMOJlelicTBHE C (PEeHo.
GBITKE TIOCJIEHErO) ' s

OH OH OH OH
Aereon Q- Qe

WY KOHJIEHCHpYeTcHd CaMOCTOATEe/IbHO

OH OH OH OH
Oron-on Gy Qg
2

CHo— OH CH,—OH

@enon (B u3bbITKE) ¢ PopManLAErUAOM B KHCIOH cpene o6pasyer

T pMOl’IJI&(‘.TH‘I HBIE paCTBD e 8] A
: ec JIMH ﬁ HOTO CTpCle

OH OH OH OH

(n+1) ©+HCH1=D—-©70H2— ﬁCHu_ ‘@-FHH 2
2

(n=1)

wog}mocumnmas MOJIEKYpAPHAs Macca HOBOJIAYHON CMOJIBI HeBeJNKa:
—2000. Hoponagnsie CMOJbI NJIABKY, PAcTBOPUMBL; OHH HNPUMEHA~
{OTCSA IJIsi IPUTOTOBIIEHMA JIAKOB M NPECCOBOYHEIX MOPOIIKOB.

B cyHasX NONMKOHACHCALNH denona (6e3 uabeirka) ¢ popmanbie-
[UIOM BIIEIOYHON cpejie 06pasyioTes pe3osbHbIe CMOJIH (peaosnr):

OH OH OH OH
...~©7CHE Cﬂzﬁm{’ e
ot HOHQC‘@’ CHI:OH
OH
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Pesonst pacTBOPUMEL B OpraBUIecKnx pacTBOpUTESX, HAIPUMED B
srysioBoM crupre. IIpu pacTBOpeHuH pesoiop 06pasyloTeA TaK Ha3bIBaA~
oMEle GaKeNMTOBBIE JIAKM, KIIEH (manpumep, KJjiei B®). Pesonsl TepMO-
[UTACTHUELI, TIPU HArpeBanimit OHN pA3MArYAIOTC M MOrYT dbopMOBaTH-
csn. IIpu xpanenuu WiH HarpepaHuy pe3onioB A0 413°C B m3buITKE
dopmansernaa OB npespamaiores B TepMOpeaKTHBHbIE PESHTEL
PeauTsl He IUIABATCH ¥ HA B €M He pacTBOPAIOTCH. 1o 0OBIACHACTCH
naﬂbﬂeﬁmeﬂ nonnuonn,eﬂcauneﬂ MaKpOMOJIeKY I peaonmoﬁ eMOJIBL €
BEIEJIEHMEM BOJBL 38 CHeT MeTHIONBHBIX Tpynn # GeH3ONBHBIX AJEP-
PeauThi MMEIOT TPEXMEPHYIO ceTuaTyio CTPYKTYPY:

CHy— "'

it oH
CH, CHgq

a) IMoayuenue HOGOAQUNOT CMUOABL. B npobupky MOMECTATE 10 wa-
menb xupKoro ¢enona U 8 Kamenp PacTBOpa dopMalibernia (40 r
dopmanbernia B 100 © pacTBOpa). Harpeiite cmech Ha popsanoit 6ane
10 pacTBOpeHusd ¢enosia.

Yepes 3 MuH BHECHTE B npo6upky O Kameib KORIEHTPUPOBaHHON
CONMAHON KMCJOTHI (p = L,19 rfeM®) u IPOAOIAKAATE parpesanue [0
paccl/oeHis CMecH.

[Ipo6upKy TOMECTHTE B CTAKaH ¢ XOMOMHOM popoit. Tlocse 06pasoBa-
HUsl WETKOW T'pamHMIlbl MEXLY BODXHHMM CJIOEM H,O m HMKHAM CJIOEM
cMONEL cJIeiTe BOAY M GRICTPO BHUIEHTE CMOMY Ha CTEKJO. Hab6mopaire
o6pa3oBaHue TBEP/IOrO MPOAYKTa.

Mcnsrraiite 06pa3oBaBIIyiocsk HOBOJIAUHYIO CMOJIY Ha PpacTBOPUMOCTE:
a) B BOJLE; 6) B alETOHE.

6) Hoayuenue PE30ALHOU CALOADL B npobupKy MOMECTATe 10 xaneib
wuaKoro ¢enona 1 10 xanesab pacTBOpa dopmanbAernaa. K monyd9es-
HOMY NpO3pavHOMY pacTBOpY A06ABLTE 6 kamenp PacTBOpa aMMHMAKA
fe=2 MOIIB/J1) ¥ TIOMECTUTE npoGMpKY B KHNAMIYIO pOAsHYI0 GaHIo
npUMEepHO Ha 30—3b MMH.

Tlocne TOTO KaK HUAKOCTD B npobupxe pacciouTeH (Bepx}mﬁ cioit
BOJA, HWKHUA — pe:mn), pLIEbTE MpOBMpPKRY H3 popsHOM Gany U oxJia-
aute ee. Cmentte pepxuuit cjOW BOMBI. JloGasbTe K CMOJIE HEMHOTO
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aTaHONA U
i) Ogarpeme apoBUPKY B BOAANON Gane 10 pacTBOPEHUS CMOIL
pasoBaBIIMMCA CIHMPTOBON '
gak na crewno. Habmopai
CcTeKJIe MOocjie MCIapeHus ¢ ; i
nupra obpa: :

o 10 p Pa3OBANME [TPOYHOM TIISHIERON

Ipu

}{5 Ozmpmeunn pe3yaLTATOB ONBITA OTBETHTE HA BOIPOCH

K b .
bz MpOLece JIGKUT B OCHOBE IOJYUEHNs tpenonodopmanbaernj-
— NOJMMEpU3aNUA HJIN NOJIMKOH {
nencanua’ B ue

MEXKJLy 3TAMU IIponeccamu’ T

II X CJIOBUAX ]Ipﬂue':[:a 06 a3veTcdsa. a OBOJIAYHAH CM a
T, H
) ) B 1 (01 § 3

3anumuT

L e uc'rpymypnyro bopMysy HOBOJAYHOM CMOJIBL YKaKUTe
HOBHBIE CBOMCTBA JIMHEHHBEIX IOJHMEDOB.

pacTBOpAeTCs HOBOJIauHast cmona’
3anmuure TYP

= CTPYKTYpHYIO (hOPMYJTy Pe3ONBHON CMOJEL YKaKuUTe
HOBHBIE CBOWCTBA NPOCTPAHCTBEHHBIX NOJINMEPOB.

B yemM paSHHH,a Me}lcﬂ,y pe30JIDM n pe3HTOM anummuTe Clpynlyp—
3

B kakoM pacTBOPUTEJE

OMNbl T 2. CHHTE3 AHUJTMHO®OPM ATILJIETM THON
CMOJIbI

Kon
nemcanusA aHwimHA ¢ GOPMANBJETMAOM B HEATPaIbHOM WM

caabo
LIeTOYHOM PAcTBOPE NPH DKBHMOJIEKYIIAPHOM COOTHOIIEHUH KOM-
TMOHEHTOB UAET IO cXeMme

1. CgHgNH,+CH,0 »=H,0+CgHgs~N=CH,

Hs . H
2 3C5H5~N=CH2+3[CBH5*N—CHE]-'-H,CG —N 4 N—CgHg
H” 111 SH
CgHg

Ofipa?.y'foﬂlﬂﬁ{:ﬁ IIpO,U,yKT peaHIJ,PIPI MOMHHO pachanHBaI‘h HaK U,HH._

1 y
JII»!['-IBCKHK'#'I IpHMep 1oJ1 ‘iaIO]:[J,HﬂCS u3 Ipex MO.I’IBK)'JI M{)HOMepH.
ECHH IIpOBOI{HTB IIpOII,eCC B K‘iCJIOﬁ ['.pe,ﬂ,e e I‘I36HI‘I{GM (bOpMBJIbRE—
[“na‘ peaKIJ,HH I»‘IJJ,e’I‘ o cxeMe II()JIHMGPHB&IIP‘[I»‘I c 06pﬂ.30B8-HHBM BBICO-

M y pH aHHJIHHOd}OpM ]Jﬂ,el Hoﬁ CMOJT cX0 HOH c 6&“8‘
KOMOJIEKYIIA O aJl ni
}’I: i
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[fomecTaTe B TMPOCUPKY 10 kanens aHuauHa 1 10 Kamenb pacTBOpa
bopMaTbAET U (40 r dopmanpernia B 100 r pacTBopa). 3aKpOATe
npobupKry npobroi #, nepeMemuBas HKuAKOCTS, nobeitrecy 0OpasoBa-
unsA Genoro ocajKa. [IpomoiiTe ocaJOK BOJOH # MeTanojioM (fiexaHTa-
et ). Jobaspre X BIAKHOMY OCaIKy 5 xamenkb N AHoN yKCYCHOM
KMCJAOTHL U Harpefire cMech B ramenn ropenkn. Cmeck OKPpAIBAETCS
B HENTHHA UK OpAaHIKEBHIN 1BET. [ocie CIUIABIEHUSA TOJYHaeTes npo3-
pagHblil TOTIMED.

[pn odopMIeHuxn pesyJIBTaToB OIBITA OTBETHTE HA BONPOCKL.

Kakoit mpomece JIeHHUT B OCHOBE MOy YeHusA annuHOGOpMATbAEer M-
Hoit CMOJIBI — MOJIMMEpasaui un nonuKoHaencanus’

CocTapbTe ypapHEeHMA peaKiuit moy IeHus MoHOMEpa ¥ TOTyHeHNs
n3 Hero BLICOKOMOJIEKYJIAIPHOTO coepuuerus. OuuarrmuTe BHEINHMA BUJL

OIUMepa.

OnNBLT 3 ILEHOJIHMEPMBA]J,HH
HOJIMMETMHMETAKPMJ’IATA

TlosuMeTHIAMeTaKpIIaT — OpralMdecKoe CTEKJIO (nrexcuraac) —
nonydaeTes I1PU [HONMMEpPH3ANMY METHIIOBOTO acpupa METaKPUIOBOM
KUCTOTHL (uemnme*raxpnnam) B TPUCYTCTBUM MHUIUATOPA (neporcnja
Benaonia CGHE,—CO-—O-O—-CO—CaHE,) W mpejcTaBier coboii HecrpeT-
HyIO TIPOBPAUHYIO MACcCy:

COOCH, COOCH,
CH, CH,

MeTHIMETAK pHiaT HONNMETHIIMETAKpUITAT

Ipn 573 K [OUMETHIIMETAKPITAT femonuMepuayerca ¢ obpasoBa-

HWEM MCXOAHOTO MOHOMEDPA Me'mnme'ra.ﬁpm!a'ra.

Hewmuoro H3Meﬂbq€HHOI‘O opra&mqec&oro cTenIa noMecTuTe B 1'1])0—'

Gupky W IJIOTHO sagpoiiTe ee npobroit ¢ raso0TROJIHON TpyOKOi, COe-
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AMHEHHO ¢ TPpYOKOH-XOMONMIEHUKOM. Onycrure KoHel TPYOGKH-X0J0«
’ 1
IMJABHWKA HOYTH [0 AHA B NPOGMPKY-TIPUEMHWK, OXJTaxm/aeM 10
€0 CHEroM. r | e
o Eeamunouﬂy}o npoBUpKy Harpeiite B IVIBMEHM TOpEIKH, cHavaln
TOPOHKHO, 3aTEM CUJIBLHO. Harpesanue BejlyT A0 IOJIHON IenonuMephs

3a
(MY NOIMMeTHIMeTakpuiaTa. B npuemmuke cobupaercs KuLKOCTH
JKEJITOBATOTO I[BETA — METHIIMeTaKpuiIar .

B
& OOCTmBmyIO npobupky pAobaBpTe MOCTENEHHO TPH Bc'rpﬂxnnmi
. Tzﬁy?ahm warens GpoMHOil BOAE. bBpomuas BOJa 06ecu.aequnaem'cﬁ,
<A3LIBACT HA HaJM4He JBOMHOMH : .
CBA3H B MOJIERYJI '
il yiIe MeTHIMeTaKpu-
3 Ilpn oopMAEHUN PE3YJILTATOB ONBITA 3AMULINTE dopmyny HOMUME~
n;:e'raxpuna'm 1 ypaBHEHWE peaklyy AenonMepasaiii. '
AMUIIATE YpaBHEHHE peaxiy
M Ha KpaTHOCTH CBA3H B -
B MOJIEKYJIE
CocraBbTe ypaBHEHWE peakiuu Mojydenus MoHoMepa — MeTujiMera-
K —
pujaTra M3 COOTBETCTBYIOMIMX KHMCJIOTBI M CHHPTE. Hazopure Bee
BEILeCTBA, YUACTBYIOIINE B PEAKIIN.

* ik
MeTiioBEll 5¢hMp MeTaKpUIIOBOM KMCIIOTHI Beciipere, HO ahuUp nonyyaer-

cA
JEITOro 1BETA, TaK KaKk 3arpsAsHed MpUMecAMA. MerunMeTakpuiaT MMeer
XapaKkTepHbIA 3amax.
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PABOTA 26 CBOHCTBA AJIIOMUHMS U ETO COEJIMHEHNA
(Vuebnuxy: 1990, § IX. 5; 2000, § 11.6)

Hens pab6oTh — o3HaKoMIeHme ¢
OCHOBHBIMM XMIMUYECKIMU cROjIcTBAMI AJIH0—
MUHUA 1 ero cOeIHECHHAMN.

OubiTs BHIIOIBAIOTCH IOJTYMAKPOMETOIOM. ST
AmoMuHRiT — 871eMeHT TIABHON TOZCPYIIBI Il rpynmsl gmﬁﬂn-a
YecKOM eHCTeMBl 71EMEHTOB. DJIEKTPOHHAR CTpYKTYpa ATOMa a.nIrl ey
1522522p53523p!. Ha BHEIIHEM 3/ICKTPOHHOM CJI0€ HAXOUATCA P
poHa:

3s? 30'

m‘\ :

5‘ y aTa
06 Cﬂl{)BﬂHBaﬂ B&JIGHIH()CTB NIK)MHHHH, paBH 10 eﬂﬂﬂ“u‘e 0;[12&}(0 T

BN!EHIHDCIB IUIH MHHHH HEe Xapa repHa “0 e oM 0e, Hae—
HAAX OH I‘peXBa.JIeHiHHﬁ‘ qTO c{)OlBerCI?B.yeI BOSG}}KD,GHHOM;I CO{‘.I‘OR—

HII0 aTOMa aJlOMUHBMA:

- Bs) 3 pz
AnroMuER — cepeﬁpncm—éenmﬁ MATKHIT MeTajil, obnafaommui

BHLICOKOM TeronpOBOHOCTRIO 1 ANEKTPUIeCKON npcno,umm;crm;)c.mﬁmeﬂ
i qHOW TO
KphiBaercs O4eHb PO
Ha Bo3ayxe aJllOMMHWA MO o
OKCHIIHO TEHKOH, KOTOpa OTPE/IENACT €ro BLICOKYIO KOPPOBHOHHY

CTOMKOCTD!
e Onb.
2A1 + 11/202 = A1203; &Hggg = -1676 RIL}K/M e
e-
C xnopom 1 GpOMOM aTOMHEMIL pearnupyer pn KOMHATHON Temiau .
parype, a ¢ MOIOM — npH HarpepaHumn AN B OPUCYTCTBHM BOJBI .

KaTA/IN3aTopa. oA 1
BesieicTBUe BHICOKOrO CPOACTRA x wncnopony (B Gl 1580

METAII=
w1k /MOITB Al,O3) anoMuEn AKTUBHO BOCCTAHABIHABAET MHOTHE
7TBl U3 MX OKCHJIOB (a.J'IIOMHHO'I'epMHﬁ). Hanpumep:

8Al + 3Fe04 — 4A),03 + 9Fe; AHY® ~3519 & /lx/mMOIB.
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AOMUHHE YCTOHYMB B KOHIEHTPHPOBAHHBIX a30THOH W copuin
KHCIOTAX, & Takxe B pasbaBIeHHONl A30THON KMCJOTE, Tak Kak Hik 6ih

[IOBEPXHOCTH 06pa3yercsa IpovYHad OKCHHAA IJIeHKA. DTH KHUCIAOTH Wi
XOJIOJY TIACcCHBUPYIOT AJIFOMUHMUIL

2A1 + 6HNO3(R0H1{.) — ALOy + 6NO; + 3H0
2A1 + SHQSO.;(KOHH..) — AlL,O3 + 380, + 3H,0

2A1 + 2HNO4(kor.) — Al,O3 + 2NO + H,0

ATIOMWHENIT AKTMBHO B3aMMOJEHCTBYET ¢ COJAHOU M pazGaBaeHnon

CepHO¥ KMC/IOTaMM, BHITECHAS W3 HHUX BOJOPOI M obpasys aKBaKOMIl
JIeKe:

Al + 6H,0 + 3HCI — [AI(H,0)6]Cls + 11/,H;

Benenctsue aM(pOTEPHOCTH OKCHAHON IUIGHKHM AJTIOMUHWE B3aUMO-
[neficTByeT ¢ PacTBOPaMM IIEIOYeid, BHLITECHAHA U3 BOJEL BOJIOPOH, W
o6pasys IMAPOKCOKOMILIEKC! -

Al + 3H,0 + NaOH —» Na[Al(OH)4] + 1!/,H,

Konmpoasusie sonpocs u 3adauu

1. Hamuuute ypaBHeHMs peaklMil B3aMMOJENCTBUS ATIOMUHMA C pasbas—
JIEHHOM M KOHIIEHTPMPOBAHHOM A30THOM M CEPHOM KUCIOTaMM.

2. Hamummre ypapHeHNe peaKlMW BIaMMOJEACTBHS AMOMMHUS € PacTBOPOM
L eNoYH.

3. C nomouusio ypaBHeHU! peakuMH IOKAXUTE aMdoTepHOCTL TUAPOKCHIA
ATIOMIHUS.

4 Kakyio peaKiuio cpelibl MMEIOT BOJHEIE DACTBODBI COJeH amoMUHUs?
CocraBbTe ypaBHeHMe DEakUnM TMAPOIV3A XJIOPHIE aIIOMIHIS.

5. Crompko mwumturpos 0,1 M pacrsopa NaOH mnotpebyercs, 4ro6bi

ocaaute 13 100 mn 0,1 1. pacreopa AlCl; Haubonbluree KoIMHYECTBO TMIPOKCHIA
amomuana? Omeem: 100 mi

6. Kaxoit o6mem Bonopona (yoioBus HOpMAJIbHBIE) BLIIETUTCS NPU BIaUMO-

nelicTeuy cMecu, coctosieit us 5 v Pb n 95 r Al ¢ pactsopoM CONSTHOM KHCH0~
te1? Omeem: 118,2 m.
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OnBT L OTHOWEHUE AJTIOMUHUA K KUCTIOTAM

B Tpu npoOUpKH IOJOKUTE TIO KYCOUKY METAIMYECKOr0 S/IIOMUHIA
u pobaepTe IO 5—10 anenp: B IEPBYIO — 92 M pacTBOpa CcONAHON, BO
propyo — 1 M pacTBOpa CepHOH 1 B TPETHIO — 9 M pacTBOpa A30THOMR
KHCJIOT. HabmopaiTe phiZie/IeHNe 1as3a BO peex npoOUpKax. Hivn
(CocraBbTe ypapHeHUA pearnui paauMon e cTBA aJIOMUHMS € KUC~ ‘

JIOTAaMH.

OnbT 2 OTHOIEHUE AJIIOMVHUAA K PACTBOPY IEJIOYH

MoMecTuTe I{YCO‘leR MGTBJIJIH‘-IECI{OI'O amoMUHUA H

B npobupRY
5—10 waneas 2M pacTBOPa menoun. HabmopaiTe

pobapbre K HEMY
BhHIJIE/ICHNE ra3a.
CocTaBbTe ypaBHeHue peaxiui B3anMO/Iei cTBIA AIIOMUHEAA € pacT-

BOpOM TMPOKCHAA HATPUA.

ONHT 3 HACCMBHPOBAHVIE AJTIOMUHWA

Kycouer anfomuEResoit Gombru Wi [pOBOJIOKU OUMCTUTE Hamaad—
Hoit Gymaroi, OIyCTATE B NpoOBUPKY ¥ NpRIenTe 5—10 Kaneib KOH~
u.enrpnponannoﬁ a30THOM KUCIIOTHL. Pearupyer 4 ATIOMPAHKMEA € KOH= |
[IeHTpUpOBaHHOU a30THOI KHACIOTOH HA xonony? Yepes 9—3 wMuH BBI- |
jefiTe KUCIOTY U3 npobupkn % OCTOPOMKHO, HE BCTpAXMBAs METalia, |
npomMoiire ero popoit, mocne 4ero pHecuTe B NPOOMPKY 5—10 Kanemnb -
xonuempnposanﬂoﬁ COJISIHOM KUCJIOTHL. Pearupyer 11 AJIOMUHMA €
CONSHON KUCIOTON? OrMeThTe TIACCUBUPYIOISE neficTBe KOHIIEHTPUPO~ =
paHHON ABOTHOH KUCJIOTH! Ha ATIOMUHIH.

OonbBLT 4 B3AMMOIENCTBHIE AJIIOMUHUSA C PACTBOPAMM
CONER

B sape upobupkn [OJOKATE MO KYCOURY ANIOMMENA 1 J00aBbTe B '
omHY 43 HUX 5—1( kaneir pacTBOpa cynbdara Mei¥, B Apyrymo — '
CTOMBKO @ pAacTBOpa XJIOpuaa mepu. Onumyre CBOU HabmoLeHuA H
OTMETHTE BKTUBU3MPYIONIEe feiicTBAE XIOPUA-MOHB HaE paspyLIenns |
3AIUTHON TJIeHKH oKcHMa AIOMUHMSA,
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ON Bl T 5 MOJNYYEHME I'MAPOKCUIA AJIIOMUHKA U
WUCCTEIOBAHUE ErO CBONCTB

: OCB Téa;jmr:{%oﬁnguu BHecuTe Mo 4—6 Kamesh pacTBOpa COMM AJIIOMMILHA
N Hﬁ‘o appTe B Kakayo no 1—3 kamwm 2 M pacTBopa PH/APO-
s pUs [0 OGpa3soBaHMA OCAKa TUAPOKCHA ATIOMUHUA I
yueHHOMY Ocajky npubasbTe: B ONHY npobupry 3—5 xanex ﬁ' M
pACTBOpa COJISHON KHMCHOTE, B IPYIylo — TaKoe ke KOJH ;
pacTBOpA I'MJIPOKCHIA HATPHIA. e

Yro uabmomaerca B
oboux cayuasax! H
BETCTBYHOIINX pemlmﬂ L anumure YPB»BHEHﬂs{ coor

ONBIT 6. TUAPOJIN3 COJIEA AJTIOMUHUA

BHe]?H Trép(i‘jﬂgpky ¢ HeHRTpanbHBEIM PacTBOPOM JIakMyca (8—10 xamesn)

i —2 kpucranna (unum 2—3 xanau pacTsopa) cyibcara WM
s amomuausa. OTMeThTe M3MEHEHWE OKDACKM JaKkMyca W Haun:

mUTe ypaBHEHUE TepBOil cTYINeHH THPONIH3a. \

PABOTA 27. METAJUIbI IOBOYHBIX MOArPYIII
(Vuebuuxu: 1990, § XI1.1 — XI1.30; 2000, § 11.7)

Llens paboTH — MBYYEHWE XUMUYECKMN
CBOMCTE HEKOTOPHIX NEpexOoAHBIX MeTaIION
¥ HUX cOoeJ(MHEeHnH.

S{HHTH HNpPOBOJATCH MOTYMUKPOMETOIOM.
eTaJuI
i B NMOBOYHBIX TOATPYNI, TAK Ha3hIBAEMble MEPeXOAHBIE IO
s 33; OTHOCATCS 1; d-37eMenTaM, TIOCKOJBKY B MX ATOMaX 3aNOIHAIOT:
kTponaMu d-opbutamna. Jme aTH.
1 KTPOHHOE CTPOGHHE aTOMO
MeTal ¢ .
raiuIoB Bhpaaercs gopmynamu (n — 1)d*1%ns? 1 (n - 1)d'ons' (mna
3JIEMEHTOB TOJATPYIIEI MEJN).
Mer :
A s AJTMYHOCTh TEPeXOMHBIX 3J1eMeHTOB OOBsicHAercHd HAIWYHeM
nn); JI¥ OZIHOTO 3JIEKTPOHOB BO BHEIHEM 3JEKTPOHHOM CJI0e TToaTomy
i BCeX METa/JIOB XapAKTepHa HUBIIAA BaJE€HTHOCTh, PaBHAdA JBYM
COOTBETCTBYET BO36YMAEHHOMY COCTOSIHUIO 8TOMOB! :

1

ns? — nsinp!

wunu enuHuie: ns' (LA 371eMEHTOB TOATPYIIIEL Menn).

Heaan = ¢J10
= mumepmennuﬁ d-nopypOBeHs TPeIBHEMIHEro 3JNeKTPOHHOTO 5
y MBAET MHOroOGpa3sue BAJIEHTHBIX COCTOSHMN METaJJIoB no6ou-
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HEIX NOJATPYIN, 4TO0, B CBOIO OYEpelb, O6BsACHSET CyMecTBOBaHMe 60J1b— :
IHOT0 KOJAMYECTBA UX COSUMHEHUI. '
Oxcuibl M THAPOKCHIb TEPEXOJHRIX METaJIOB,
HMe HAaxXoJsTCA B HUBIIEM BAJEHTHOM COCTOAHMU, NpOsABIAIOT OBBIYHO
ocroBHble cBoitcTBa, Hanpumep FeO n Fe(OH),. Beiciume oxcups u
PHMJIPOKCH/IBL XapaKTepuayloTci am@OTEpHBIMI CBOACTBAMM, HAIPUMEDP
TiO; u Ti(OH)4, WM KUCIOTHEIMU, HAIPUMED Mn;07; u HMnOy.
OKNeIUTENLHO-BOCCTAHOBUTEIBHEIC cBOiicTBA CcOEIUMHEHuN paccMaT-
pHBaEGMBIX METas/IOB TaKKe cBASAHBL ¢ BATIGHTHHIM COCTOAHWEM MeTallla.
Coenunenusi ¢ HUBMIEH CTENEHBIO OKMCIEHMS OOGBIYHO NPOABIAIOT
BOCCTAHOBUTEIBHEIE CBOWCTBA, a C BHICHICH CTENeHBI OKHCIeHUA —

B KOTOPBIX 1nOCNel—

OKMCJINTEIBHLBIE.
I[ Hanpnuep, s OKCHMIOB W U POKCH OB Maprasia OKMCJINTEIBHO
BOCCTAHOBHTEIbHEIE CcBOMCTBA M3MEHAKTCHA caey oM Dﬁpaaouz
_ +2 +3 +4 +6 +7
'l MnO Mn203 MnOg MHOa MBQOT
MH(OH)Q MH(OH)g MH(OH)q HgMﬂOq HMIIO.;

yCuIeHne OKUCIUTEeNTbHbIX
CBOMICTB

yeuneHue BOCCTAHOBUTENBHEBIX
CEOMCTB

i XapaKTepHON OCOOEHHOCTBIO cOeIMHEHMIl TepexOoAHbIX MEeTallIOB
fABJIAETCH WX CIOCOBHOCTD K KOMIIZIKCOO6Pa30BARMIO, UTO OGBACHAETCH ]

WANTMUMEM Y MOHOB METajlia JL0CTaTOYHOTO upena cpobOMHEIX opbuTa-
I nieit BO BHENIHEM Y TIPE/IBHEIIHeM 3JIEKTPOHHLIX yposusx. Tak, TPYAHO- |

' PACTBODMMBIH IMMJPOKCHIL MEH JIErKO pacTBOpAETCA B UBGHITKE aMMHa-
| Ka: '

Cu(OH); + 4NH3 =[Cu(NHg)4** + 20H"
a wouy, cepebpa Agl — B U30BITKE NOANAR Kalust:

Agl + KI = [Agl)” + K*

Koumpoasnsie 80npocst

1. Hamwuure SieKTPOHHbIE (POPMYJIbl ATOMOB UMPKOHMHA, KaJMWs, Kejedd.
Kakylo BaJ€HTHOCTb IIPOSIBILAIOT OTH oeMenThl B HeBoabykeHHoM 1 BoabyHK~
. JeHHOM COCTOSTHUAX?

2 (0 noMolUIbIo YpaBHEHWI pearliil MOoKaMmuTre aMOTEpPHOCTE TH/IPOKCHIA
xpoma (11I).
3. B Kaxoit CTeNeHM OKNUCIIEHMS MapraHell TPOSABIISIET TOJBKO OKMCIUTENb= 3
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o
Hele cpoiersa? Hanmuummre smekTpoHmylo (opMymy Mapraiii s sroft ¢
OKHCIIEHW A %
4. K poptHomy pactBopy cyibdara maprania (1) moGawien a) pp{,umm
HATpus; 6) CEPOROJIOPOJIHAS BOJa; B) nepManraHat gajius. Kok npo*reﬁm

peaKiusl B KaxpoM oThensHoM cayuae? Hanunmre cooTBereinyionine ypapHe=
HMA peaxlui. ‘

5. Kak momyumrts ua Meram 2
4 JUIMYECKOTo Mediesa conb wenewa (1), 6) c
wenesa (111)? g
h SG. Mor.‘y'r v cymecTeoBath coBmectHo: a) Fe(OH)s u COg 6) Ve(Ol); u

2S; 8) Ni(OH); u Hz0y; r) FeCly n HpS? Hammumre coorTBeTernylaiime ypas-
HEHUST pearLuil,

7. Tonpaysch psjioM HANDAMNEHUN METayyIoB, YKaXuTe, MOLYT JH Mo/l M
cepiﬁpo NpY OBBIYHEIX YCIOBUAX BhITECHUTH BOAOPO/ U3 pasGaBiediuiy e
nor? B Kakoil pasGaBiieHHOM KMCIOTE MeTayulMueckas Meib pacthopieton’
Hanuiure ypapHeHUe peaKiiyn.

8. Kaxoit ua rugpoxcunor — Zn(OH); wm Cd(OH), — npossiusier Gosoe
ocHoBHBIe cBoitetBa? [Toyemy?

9. Hamvwure ypaBHEHWsS PpeAKUMI PACTBOPEHMS LIMHKa: a) B CONSNON
KUCTOTe; 6) B cepHoit KucnoTe (KOHLEHTPUPOBAHHOM W PasGaBIENHON); B) N
a30THOM KMcyioTe (KOHIEHTPHPOBAHHON 1 PA3BABIEHHOM ); ) B LIEJOYM.

10. CocraBbre ypaBHEHWs! PEAKLMIT PACTBOPEHUS OCAJKOB:

a) AgCl + HCN —
6) Fe(OH); + HCN —
8) Fe(OH); + HCN —

KoopauHauuontsle uvcna mist coenunenun Agt, Fe?t u Fe?t coorsercrsenyio
pasHbI 2, 6, 6.

OBl T 1. MOJYIYEHUE COJER TUTAHA (III)

a) Bagumodeicmeue MeMAAAUMECKOID TNUMAHE € PaibasAeHHBIAY
kuctomaut. B npobupky ¢ 2—3 mu pa3baBieHHONH CEpHOH KHCIOTHI
BHECWTE [Ba MUKPOLINATENA MOPONIKA TUTAHA W HArpeire OCTOPOIKHO
Ha cnabom nnamenu 5—6 mun. HabGmiomaifiTe srijienenue Bojopojaa.
JaitTe ocecTh HEPACTBOPUBIIEMYCS THTAHY M OTMeThTe NOABIeHME (uo-
JIeTOBOW OKPACKM PAacTBOpA, XapaKkTepHO# iasA moHa tutana Ti%*. Ha-
HUHIATE YPABHEHHE PeaKiluu. ' i

6) Boccmanosaenue coaeld mumanuac. B npobupky, comepikalilyio
12—15 wanens pacTBOpa cynabdara WM XJIOPWUAA THTaHWJIA, BHECHTE
kycouex muHKA. OcTOpOKHO HarpeiiTe NpoOHPKY Ha HEOGOIBINIOM ILIAME-




pacTBOpa B uoneroBsli

) aGmonaiTe ORpalnBaHule
i Hanumute ypaBHeHHe

. i
[iBET, XapAaKTepHBN A wona tuTana T1%%
peaKIui.

ONblT 2 MNOJNYIEHNE OKCHJIA BAHALMA (V) 1
MCCHEﬂOBAHMEIﬂT)CBOHCTB

opol-
B dapdopossiil TAre1b pHECUTE TPHA MUKpOIIIaTeIA cyxoro mop :
octappTe Ha acGecTUpOBaHIyio CETKY,

u marpeiite Ha HEGOJIBIIOM TIaMeHn
AJOYKOM.
ropefku, Bce BpeMi noMemmBas MOPOLIOK CTEKISAHHON T o
‘ : OKpAacKy.
\ Harpesanne 3aKOHTUTE, Korjia Bech MOPOIIOK H3MEHUT CBOIO OKP i
HO-KpPACHOrO [peTa — OKCHL BaHall '.
B KAMJLYIO
(V) — oxmapgure U paspesrTe Ha TPH npoBUpKY. [IpubaBbTe o iy_ |
no 3—4 wammu: B NEpBYIO — ;mc*rmmupoaauuoﬂ BOJIBL, BO B p“y £
) - 101 C
eThl0 — KOHUEHTPUpOBaHE
oKCHIA HATpUA, B TP
e JAHHRBIMM  TIAoUKaMil Mo
0 pasmemnaiite CTEKJ
no@i  Kucjgorhl. Xopomul ¢ 1 gl
ocTaBLTEé NPOGUPKM B CTaKaH € ropsigeil BOfOW JUIA tonee p
ACTBOPEHUHA OCA/LKOB. L
i Hanumure ypapHeHHH peaKni: a) pasIOKEHUS B_anaxxa'ra; :cﬂm;,;
L OBAHVEM METaBAHAJMEBOR K
6) pacTBOPEHHA V,05 B BOAE ¢ 0OpPa3oB e
HVO; (ncupTaiTe Ha jaKMyc); B) PpacTBOpe 2\5}0 g
HoJlydeHueM MeTapaHajaTa waTpus; T) pac’rsopeu\?g Sgog.
KHCAOTE ¢ MOJIyUeHNEM cysbgara JIMOKCOBAHAINA (VO3)2504.

KA BaHAATa AMMOHUA. Tureib 1
[IOMEIIEHHYIO Ha KOJBI0 LITATHRA,

Tlosry4eHHpiil TPOAYKT KUpIuY

O BT & NOJYUYEHUE rUPOKCHIA XPOMA (1IT) 1 N3YUEHUE
EFO CBONCTB

! neM
[onyunTe B LBYX npobuprax THAPOKCH], XpoMma BRAMMOIEHCTE

pACTBOPOB cOOTBETCTBYIONIEH cONMM XpoMma I mnﬁpoucunz Guaiipmlim};ag;
MOTHTE [(BET ¥ XapaKTep OCajia. B opny u3 nPo mpm:J ,r:{ auivelkin
TOK pAcTBOpa TUJIPOKCHAA paTpusi, B APYIYH — :::B e myéa-
pacTBOpa KUCJIOTEL. Habmoaiime pacTBOpCHUE acantjI
ax. Hanumure ypapHeHN COOTBETCTBYIOMMX PEAKIITH.

ON BT 4 OKACTUTEILHBIE CBONCTBA COE/IMHEHUA
b XPOMA (VI)

—7 naneljib
a) Oxucaenye uo0ude KaAUA. B npobupky BHECHTE ﬁﬁﬁmmﬂﬂ 1
pacTBOpa AMXpPOMATa Kanusi, 2—3 Kami pacTbopa cepHo _
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3—4 xannu pacrsopa mopuaa kanma, Kax mamenuiiach Ok}
pa? Hanumure ypasHeHHe peakium. '
6) Oxucaenue ceposodopoda. K 2—3 wannsM pacrsop
kanusa npubasbre cromeko e 1 M ceproit KucaOTH
MEJIJIEHHO TOK CEepOBOAOPOAA /10 U3MEHEHMA OKPACKH pac
JEeHUA cephl B KowmougHoM coctosaun. Hamuumre ypasm

H

OTlBlT 5 JUMMIAPOKCUIL MAPI'AHILA, EI'O MTOJYYEHHUE
1 CBONCTBA

B rpm npobupku BHecuTe 1O 3—H Kalegh pacTBOpa KakOi-1160
comu Mapranna (I1) u no 3—4 kanan 2 M pacrsopa menoun. OTMersTe
user ocajka. B ofiHON M3 npobupoK pa3sMeriaiiTe OcaJoKk CTEKJIAHHON
NAJOYKOM M OCTAaBbTE CTOATH B [ITATMBE HA Hexotopoe BpeMs. B npy-
ryio npobupky npuneire 2—4 kanan 2 M pacTsopa COJSHON KUCIOTHL,
B TPeThIO — 2—4 karny pacTBopa mieioun. Yro nabmrofaercs B KakIOM
ciyaae? Kak uaMmenwmics user ocajka B nepsoit npobupke? Hanuiimre
YPABHEHUSA BCEX IPOMCXOAANINX PeaKIin.

ONblT 6. BOCCTAHOBUTEILHBIE CBOMCTBA
COEJIMHEHMIT MAPTAHIIA (11)

K pacreopy comm wmapranna (II) poGassre 2—3 kamim pacTBopa
menoun n 3—4 Kamam pacreopa IepoKcHjia BOJIOPOfA ¢ MAaccOBOHM [0-
neit HyO,, pasnoit 10%. Cmecs HarpeifTe 10 MpeKpameHus BhIACTCHUA
KHUCJOpPO/la BCJACHCTBAE MMOJHONO pasyomeHus u3OHITKA [1epOKCHTIa
pojopoja. HabnomaiTe obpasopaHue ocajiKa HoMnQOj;. Hammmoure
ypaBHEHUe peaklun.

O BIT 7. OKUCJIUTENBLHLIE CBONCTBA [IEPMAHIAHATA
KAJINA

a) Boccmanosaenue nEpuanianama Kaaus cyss@umon Hampus npu
pasauunniz anawenusr pH cpedw. B Tpm upobupkm sHecure no 3—H
KalleJlb pacTBOpa nepManranara kaius. Jlo6aepre mo 2—4 kamim: B
nepsyr©o — 1 M pacrBopa cepHO# KUCJIOTBHI, BO BTOPYIO — BOJBL, B Tpe-
™o — 2 M pacrsopa menoun. Bo Bee Tpu npo6upkn BHecute no 2—3
MuKpommnarens cyiaspura Hatpusi. Habmionalte wuameHeHHe OKPAacKH
pacTBOpa B Kasaoil npobupke. Hanumure ypasnenus peaxiuit.

6) Oxucaewue nepuamanamon xaaus cyavpama mapranya. K 36
7-283 : 193



- KallyiAM

opa
pacTROpa IepMaHraHaTa Kaius NO6aBLTE CTONBKO ¥Ke pacTBOp

conn Maprasua (II).
OTMeThTe 0GECIIBEYNBAHIE PacTBOpa 1 O
Onycrure B OPOGUPKY CHHIOO JAKMYCOB

nack ee okpacka? Hanummre ypasHeHNe PEAKIAH. s _
6) OxucAENUE MEPUBHLANAMON KAAUS MEPONCU

aTa wauaus
TOBBTE HOJIKUCTEHHBIN cepHO# KUCIOTON pacTBOP uepuanraﬁo sl
BDG&BLTB K HeMy 3—9D Kameslh pacrsopa nepoKcu/ia BD,E[(J]; ,uacmopa
; noﬁ noneir H;0,, passoir 10%. Ormersre pbeclBeUNBAHNE P
COB . -

HanummTe ypaBHEeHHe peariuu.

Gpa3osaHue Oyporo ocajka.
yio Gymaxky. Kax mamenu-

O bl T 8 B3AUMOJIENCTBUE JKEJE3A C KHCTIOTAMHU

wsrs kanens xuceaor: 2 M HCL,

Haneiite B yernipe Npobupru 10 sl

1 M H,SO4, KOHIEHTPUPOBAHHOH H,804, 2 M HNO3.
: : il CTPYHEKH.
v BHECHTE KYCOUEK JKEIe3HO it
Gupﬁzoﬁnpﬂy ¢ KOHIGHTPUPOBAHHON CepHOI KHUCIIOTO! Ha?:,buﬂanﬂa-
o6apLpTe BO BCe PACTBOPH IO Kamie 0,01 M pacrsopa ! (_m) i
':'{e;ﬂf-':‘ WV AMMOHMS, KOTOpHIe OOpasyloT ¢ MOHaMn IKenes

Fe(NCS)s, Oxpamennyio B KpacHbii

panucs nons Fed*? _
B Tex npobupkax, Ijie pacTBOp HE €

TIp¥ PacTBOPEHMH JKene3a 06pa3yioTcs MOH
Hanumre ypasHEHUA peakiuy pacTBo

u Fe?*,
pEeHWst JKejiesa B Pas/IMTHBIX

HUCoTax.

Ol bl T 9 NOJVIEHUE ,IIHI‘H,[LPOI{.CHHA JKENE3A U
| UCCNEJIOBAHME ET'O CBOWNCTB

TBOpA
Momeeture B OpPOGMPKY TPM Kamjd pacrsop

(NH4)ZSO.;-FeSO4-6HgO n nobapeTe 1
0 BHIMNAJIGHUA 3EJIEHOBATOrO OCajRa Ji ’
CHTe YACTh OCafKa B YMCTYIO MPOGMPKY M TP
g1 on ¢ 2 M HCL. Ocranbioft ocaiok nepeMer .
kol ¥ HabmofaiiTe Uepe3 HECKOABKO MHHYT
06pa30BaHUA TPUTHPOKCUJA Hele3a.

; M.
Hanuurure ypaBHeHNs BCEX MPOMCXOAAIILIX peaKi

* Fe(OH); Gecuperen. 3enenoparasi OKp
oxuciennem Fe(OH); Ha sospyxe.
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nper. B kakux mpobupxax o6paso- |

€ OKpaluBaeTcHd B KpacHBLi IBET,

conun  Mopa
o wamisM 2 M pacreop Hmieqnoum
UIMIPOKCHIA Kesesa ™, Tepene-
REphTE, B3AUMOLENCTBYET
aliTe cTEKIAHHON manod—
obypeHne BCIENCTBIE

acHa ocajlka cBsl3aHa C YacTUHHEIM:

OIIBI T 10. MACCUBUPOBAHUE JKEJIE3A

B npobupKy ¢ KOHIE@HTPHPOBAHHON a30THON KHCIOTOMN ONycTHTE
XOpOIIO 3aYMIEHHYIO IVIACTUHKY M3 MATKOH CTAIN. Ha6uronaitre 6nict-
PO npekpaimenue 6ypHOro BHauajle B3aMMOIEHCTBAA Heme3a ¢ a30THON
kucioroi. Hanummure ypasmenwme PeakiMy IacCHBUPOBAHUA KeJesa
A30THOH KMCJIOTOI,

BriubTe miactunky us PacTBOpa KUCJIOTH, HECKOJILKO pa3d NpOMOiTe
€e BOMOH M omycTHTe B NPOGUpKY c pactBopoM cynsdara menu. [as
CPaBHEHMS /IpYIYIO JKENe3Hylo [UIACTHHKY (nenaccusnposannyio) Taxie
ONyCTHTe B pacTBOP cyiabdata memu, B kakom cay4yae JejlesHas IJiac-
THEKA NOKpbiBaeTca Menbio? [louemy?

ONBIT 11. BOCCTAHOBUTEJILHBIE CBONCTBA MEIIN

B Tpu npo6upku srecure no KycO4Ky Meau M mo 5—6 wamens 1 M
PAacTBOPOB KHC/IOT: B NEPBYIO — COJAHOM, BO BTOPYIO — CEpHOI, B
TPeTsI0 — a3oTHOK. (OmMT HPOBOXHTE HOA TATOH B FampETHE ouxax!)
Bo Bcex s npo6upkax nossumocs rony6oe OKpalIMBaHUE, XapaKTepHOe
Aas wonos mexaw Cu?*? Hamuumre ypasmerue PeaKIUN BIaumMoseicr—
BUA MEIN C a30THOW KMCJIOTOH, NPUHMMAT BO BHUMaHHME, YTO a30THasd
KHCI0Ta BOCCTAHOBMJIACH IIPEMMYINECTBEHHO 10 OKeMaa azora NO.

Creiite pas6apiennsie KHCJIOTh, OCTABMB B NPOGMPKAX KyCOUKH
meau. Ononocuute IPOGMPKHM M BHECHTE B HUX 110 H—6 Kanejab KOH-
UEHTPUPOBAHHLIX PACTBOPOB TeX ke kuciaor. IIpociaemure cragana npu
KOMHATHOW TeMIepaType, MOTOM IIPH OCTOPONHOM HarpeBaHMM Ha IJia-
MEHM TrOpEJKH, BO BCeX JIM NPOGMpKAX NpoTeKaer peakmus. Hanmurure
YPaBHEHHA NPOTEKAOUIMX PeaKkmmii.

O6pature BHuManme Ha 3amax Auokcuzna cepul SO; M Ha okpacky
JHOKCHIA a30Ta. !

ONBbIT 12 NOJYYEHUE ANTUIIPOKCUIIA MEJIM U
NCCNENOBAHUE EIO CBOMCTR

a) Tepuuvecxas weyemotnusocms durudpoxcuda wedu. IMonyunre p
npobupke MAJIOPAaCTBOPUMBINA  IUTHIPOKCH] Mean B3AUMOJIEHCTBHEM
3—4 kamens pacrBopa cyandara MeNM ¢ TAKHM e o6BeMOM pacTBOpa
wenoun. Kakos user seimasmero ocanka Cu(OH),? 3akpenute npobup-
Ky B JNlalKe IITATUBA B CJ€rKa HAKJIOHHOM MOJMOMEHUH U OCTOPOKHO
Harpeiite. Kak mamensiercst nper ocanka?
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Hanuiu@ate ypasHeHH peariuit IOMyTenud [MTHAPOKCHAa Menu 1
ero pasiomeHus ¢ o6pasoBaHueM OKCUA Meji’.

6) Xuuuuwecrue caoticmod duiudpoxcude aedu. [lonyunte AUIAAPOK-
cup Menu B IBYX npobupHax paauMoOaeicTBHEM HECKOJBKNX Kaneab
' pacTBOpa cynbdara mean M menoud. B onHY npobupKY npubaBbTe
JOTIOTHUTENNBHO 5—6 kanens 2 M pacTBOpa mesouu, B APYryio — TaKo!
we oopem 1 M pacTBOpa cepHOW KHCJIOTHL. B xaxoM cilydae OCalOK
Cu(OH); pacTBOpHICH’

HanuuuTe ypaBHEHUE peaKIun
cpolicTBaX JAUTMAPOKCHA Menn.

n cienaiTe BHIBOL, O KHMAUYECKHX

ONBIT 13 KOMIIJIEKCHBIE COEIVHEHNA MEIN

B npobupky ¢ 93 wanJsMH pacTBOPa cynbdata Mean npubapbTe
L HECKONIBKO Kaneyb 92 M pacTBOpA FUPOKCH/IA BMMOHMIL. Habmopaire
BHIIE/IGANE OCHOBHOH COJH (CuOH);504. Hanumure ypaBHeHHe pear—
nun ee 06pasoBaHiil.
i [IponosskaiTe npuGaBeHne THAPOKCIAA AMMOHUS 110 KamiaM 70
1i [IO/IHOPO pacTBOpPeHHA ocroBHO# conu. Hamuurare ypaBHeHMe peaKiun,
i yuMTHBAA, YTO B J36BITKE PACcTBOPa FUAPOKCHA aMMOHHS 06padyloTed
OJIHOBPEMEHHO KOMIUIEKCHOe OcHOBaHME 1 KOMILJIEKCHAA COJb MEJH (11),
comepIKaIne Me[IHO-aMMIaqHBIH KOMILJIGKCHEI MOH € KOOp/AMHAIMOH-
HBIM gUCcJIOM 4.

OrMeTsTe OKpacky MCXOAHOTO pacTBOpa cynbdara Mefu 1 pacTBOpa,

COILEP)KB.H.X@!‘CI KOMIIJIEKCHBIE coeMHEeH A Menu.
Kakas XxUMHUYecKad CBHA3b OCyIILeCTBJTﬂBTCH B KOMIIJIEKCHOM HoHe

[Cu(NHg)4)?*?

Tt KOMIUIEKCHOTO MOHE [Cu(NHg)|?* yraKHUTE: KOMIIJIeKc000pa3o=
paTesb ¥ HAIMIIUTe ero 3JIeKTPOHHYI0 POPMYTLY; JAMraHIbl W KOOPAMHA-
IMOHHOE HMCIIO; {OMOZeeHHYI0 Tapy dJEeKTPOHOD B aTOME-/IOHOPE;
cBOGOLHEIE OpOUTAIH, ripejiocTaB/semMble AKIIENTOPOM; THOPH/M3ALMIO

aroMHBIX opbuTazed 1 CTPYKTYPY KOMILIEKCHOTO AOHA.

ONBIT 14 PACTBOPEHUE LIMHKA B KUCNOTAX U [ENOYAX

i Tomecture B MPOGPUEY 4—5 wamens 2 M pacTBOPa cepHOI KUCIIOTHI,
nobapsTe OLHAH MUKpOIITaTeNlh [MHKOBOV TIHIIA 1 TOLOrpenTe. Kaxoil
ras Bugenserc’ Tosxe mnpopenaiire C KOHIIEHTPHPOBaHHON cepHOI

xucsoroir. Kakoit a3 puigenaerca’
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II
POBEpbTe PacTBOPUMOCThL IUHKA B 2 M pacTBOpax COJSHON KUC/IO-

THl ¥ enxoi menoun. Ha
. Hanumure
i, YPaBHEHUA BCEX HPOJEAHHBIX Peak-

0]
II bl T 15 NOJYYEHUE MMIPOKCUIOB UMHKA U KAIIMUA W
UCCJIEIOBAHME UX CBONCTB

B B 7
o n,n, e mpo6upku HameliTe 10 J—4 Kamiu pacTBOpa CONM UMHKA, B
muep};rne — pactBopa conu kaamus. B kraxzao#t npobupke nonytt;[m
pac-j;;;op Tyii:::rue oIc,:la.an I'MPOKCHIOB, A06apisas Mo Kaaam 2 M
qu. poBepbpTe,  PAacTBO
pAIOTCS AWM 1O
THUIPOKCU/E B pa36aBieHHOM KUCJIOTe M B M3ObITKE IIEI0YH i

Hanummre
ypaBHEHMA BCEX BO3MOXHBIX peaKImuil, YYMTHIBAsA
)

YTO IpH pa
o :[3 Kg;mopennu rUAPOKCHIa IMHKa B M36HITKE Ienoum obpa
JIeKCHAA COJIb I[MHKA, COJepKallad KOMIJIeKCHBIH HOH

[Zn(OH)4)?". Obmac
. HUTE pas3yiuy
% RATUeR, P He B CBOMCTBAX T'MAPOKCHIOB IMHKA

OBl T 16. IOJYYEHHE KO
MIVIEKCHBEIX COEJAMHEHNHA
U KAIMWA i

Homecr
. _m‘e B OJIHY NpPOGUPKY HBe KAIJId PacTBOpa COJH [HUHKA, B
: Myp pacTBOpa oM KaaMHUA M K0o6aBbTe B KaWAYIO IO /iBe Ran,nu
acTBOpa THAPOKCHIA aAMMOH
ns. Habnionaire BE
i JleIeHNe OCHOB-
oneit (ZnOH),S04 u (CdOH);SO4. Hanummre ypasue
Uit uX 06pa30BaHuA. i g
IIpu6
nonﬂgm aBasiire B 06e NpPOGUPKM N0 KAaMJIAM PpacTBOp aMMMaKa J0
i pacTBopenus ocajakos. Hanummre ypaBHeHMs peaknui, yuu
, UTO B KaxJ0¥ npobupke o : "
IHOBPEMEHHO 06pasyioTe
HOE OCHOBaHWE M KOMIJIeKCHAs Y Krobiskte
CONIb JIRHHOTO M
HOE YMCJIO B 060UX CJIydasix paBHO 4 T P
Kaxoit xommnie |
Kerbit won mpounee: [Zn(NHg)q]?*
: 3)4]?* mm [Cd g
(cm. mpunoxenne XIV)? Yem 210 MOKHO oﬁ'bﬁcnn'r]b‘? 5



PABOTA 28 NONTMMEPHLIE MATEPUAJILL
(Vuebnuru: 1990, § XIIL3, XI11.4; 2000, 11 14)

lens paboTH — payuenne pana
UBUKO-XUMUTECKUX cROficTB HEKOTOPBIX
[ONMMEpPHBIX MaTepHaloB u npoBefeHne
Q)nsnnovxnmnqemnx WMCIBITAH M.

Koumpoasnsie gonpocs U sadavu

1. B kagux npeaenax MeHsieTcs IJIOTHOCTE TIOTMUMEePHBIX MaTEpUAoB?
Kaxue vaMepenns Haa0 nipoBecTH ULt oTIpefienieHys T7IOTHOCTH?

2 Yro Ha3BIBAETCH yaembHbIM 00HEeMOM NOJTMMEPHBIX NOPOLIKOB? Kaxue
JaMepeHits HaJlo POBeCTH 1A OTpefeTIeHi YJeTBHOTO obnema?

3 Kaxne HesesaTesnbHbIe SIBIIeHWs] MOTYT BBI3BaTh sleryume BellecTBa IPU
nepepaboTie nomMepon? Kaxue uaMepeHitd Hajfio TpoBecTH A onpefeseHns
copiepmatus JeTy X penecTs?

4, Kagasn yciosHasl XapaKTepucTuKa OTHECTOMKOCTH — MaTephasia 6yner
UCIONb30BaHa BaMu IIpK BBLIMOITHEHUH HacTosALeN naboparopHoR paborst?

5. Paccunraiite COfEpHaHUe ocTATKA Ha CHTE B TIPOIEHTaX Mo OTHOILEHHIO K
UCKOIHOM Macce TOopollka, eCIA TIPW MCIIBITAHMM OJIHOPOJIHOCTH TIopoIIKo06pa3—
HOrO TOJMMEpHOTo Matepualia 0Ty eHbl pesyNbTATEL MACCa nopolika A0
TIpOCeNBAHISA 20,34 r, macca HOpOWKA nocsie TpocenBatns 20,02 v. Omeem.

1,57%.

OTM bl T 1. ONPENENEHUE TJIOTHOCTH .

[lonuMepHble MaTepUaIsl — CpABHUTE/BHO JErkue marepuais. WX
[UIOTHOCTH HAXOAWTCA B npenenax OT 0,9 (nonﬂnponuneﬁ) no 2,30
r/em® (propomacTs). [Lnoraocts (o6peMHAA Macca) TMOpo- ¥ TEHO™

nnactoB Menee 1 r/emd. BONBIMMHCTBO [OIMMEPOB Jlerye MeTajsioB B

aATh-miecTh pad (Tabd. 1) ,
[lioTHOCT TJIACTMYECKAX MAcC OnpejeNAIoT M/ POCTATHIECKIM

B3BEIIMBAHMEM CTAH/BPTHBX GpycKOB pasMepoM 120x15%10 mM. Bpy-
COK, WMMeroui KOMHATHYIO TeMnepaTypy, HOfBeIMBAioT Ha TOHKYIO |
MeJLHYIO IPOBOJIOKY U BABCIIMBAIOT Ha CHENMABHO npucrocobIeHHbIX
pecax ¢ TOUHOCTBIO [0 0,01 r. 3areM ero HOJHOCTHIO TOrPYHKaloT B

nonc-ranneunuﬁ CTaK
HATHYIO TeMIIepaTypPy,
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W B3BEMINBAIOT B Boge C TOU He TOYHOCTHIO.

ai C ﬂ,nc'mnnnponaﬂaoﬁ BOJLOIA, uMeronein KoM= 3

Ta6nwuua | INOTHOCTL MOIMMEPHEIX MATEPHAJIOR

[TonMepHBIi MaTEPUAT [norHoers, T/cM?

Honmarunen

Honunponmien i
[MonuuaobyTuieH it
[MomicTupon g
MroponnacT-3 i
@roponnact-4 o
TonmMMerniMeTaKk puaT o
COII (conosumep oTHIEHa ¢ TPOTATIEHOM) A
Bunumniact amcroBon g
Cononumep BUHWIXJIOPHA ¢ BUHM/IALETATOM i,gil,d
TNonuyperan 1‘2
[Ipecc-TIOPOLIKY Ha CBABYIOLEM HOBOJIAYHOTO : '

WM PEesoNBHOTO THITA

MMomamu it L
s 1,1-1,14
TTomuanoxcu bl ;’?;,1623

B §it o OCTH Iep an (epi8: cx ) 0, 4
Bec GPYCKB. B BDS;UXE "B BO,H.E! OIuYaeTcsa Ha BBJII{‘IHHy BREITAJITKMBAKD—~
IIJ.GI:’I CHIAEL BOIOBL: J = m . g F,U,B m — mMacca BOJ, B Ofi eMe or'-
py:ﬂCEHHOID B Hee TeJIa, g e }'CKOpBHHe CHJIBLI THMHECTH, IBC.T[“ OTHECTH

Ea:g;?fgcxa B BO3JyXe K pasHMIe BecoB Gpycka B BO3JyXe M B BOJE:
H, Og) Y mHgOL TO MOMKHO HAallTH OTHOCHTEIbHYIO IJIOTHOCTDH

ucenexyeMoro Marepuana [d = T
= m/m . Yuu
g / HgO] MHOJKHE OTHOCHUTENBHYIO
s d Ha MIOTHOCT BOJKI IpU JaHHOM Temmepatype [p.. ] (e
H,0 {
Tabu. 2), BEMUCAAIOT IVIOTHOCTE MaTepuana [p=4dp i
H,0)

IIDJI’ quTe }' J[aﬁopa‘ﬂ Ta ABa CIaHgIapIHLIX 6p cKa M3 DﬂHOI 0 Ma-
y
p“ ajaa. T H p p . 5" p
Te :;3 nure oMe 06 asia I 3.601‘ 11 OBD,‘ELH Te BILBOGM Kan
O, HM 6 CKOM), NnoayveHHbie e3Y.LTATHL aﬁOI‘H C
25 OJTH HOMEpa Hp}i acuere IO 0cTH aTe
TH M nanaa c Hﬂ

Basecwre 6
PYCOK, NOIBECHB €ro Ha TOHK
10 M€
rounocteio go 0,01 r. X il

BBBBCBTG cTaKaH " JUT OBa 0 H{)ﬁ Cc TOYHOCTLIO
i ﬂ, CTH Hp BaHH ﬁ
BO
JIO
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asia, 3aKpOiiTe KPHIUKOA ¥ CHOBA B3BECHTE C T0¥t ke TOUHOCTBIO (Mmy).
[lo pasHOCTH ONpe/IeTUTe Maccy HaBecKH (mg).

IoMecTnTe OTKPHITHIA GIOKC ¢ HABECKON B TepMOIIKad (remmepaTypa
103—105°C) wa 30 mum, mocne 4ero oxXjiajgnTe 6I0KC B JKCHKATOPE,
3aKpoiiTe ero KphINKOA ¥ BHOBL B3BECHTE (mg). To pasmocTH onpene-
AUTe Maccy HABECKM MOC/e TepMoo6patoTKH (ms).

PeaypTaThl ONBITA BaALIMTE B TAOAMIY MO obpasiLy:

Macca Macca Gioxea ¢ xpbini- Macca HaBecku, T Clojiepxanue Jnery-
floKca ¢ | KO M HAaBECKOW, T WM BelecTs, %
KPBILIKOH M
my, T 710 TepMo- | TIOCIIE Tep- | 1o TepMo- | mocye Tep- | p = ———— 100
06paborru] Moo6paboT-{ obpaborky Mo06paboT- my
my KM Ty my KU M

OT bl T 4 ONPEIEJIEHUE OFHECTOMKOCTH

Xapakrepusysa (U3NKO-XUMUYECKHES cBOWiCTBA [OJIMMEpOR, COBOPAT
06 MX TEeNI0CTONKOCTH N OFHeCTOHKOCTH.

TennocTofKOCTh XapaKTepuayeT CHOCOOHOCTH IIacTMact cOXpaHsATh
MexaHWUYECKUe CBOJCTBA NP HENpPEepbIBHOM MOBBIILICH M TemnepaTypsl #
BHIpamaeTcs TemMnepaTypou, npH KOTOpOMl 10J [e#cTBHEM 3aaHHOK
Harpysku aedopmanus obpasia [OCTUraeT OMpPeeeHHOTO 3HAYCHWA.
Huskoit temocroiikoctsio (50—60°C) xapaxrepusyiorcs MOJIMMETHIIME-
TAKPUJIAT, TONMYPETaH, BEICOKOH (200—250°C) — droponmact4, cTeK-
JIOTEKCTONUTEL.

OrHecTONKOCTh XapaKTepuayer yCTOMYMBOCTh MIIACTMACT K BOCILTA-
Menennio. JIjs onpejeleHus OrHECTOHKOCTH CYHIECTBYIOT PpasiuyHbIe
METOB. YIPOIIEHHBIH MEeTOM NpUBeJieH HUKe. Tlo aTOMy MeTOJY OTHE-
CTOMKOCTDHIO YCIOBHO HAB3BIBAIOT cHOcOBHOCTL MaTepuaa ropers nocie
npebrBaHus ero B NJaMesn ra30BOil TOpeNIKM B Teuenue 1 MUH U Xapa-
KTepUByIOT €e OINHMM M3 Tpex nokasareneii:. 1) obpasern upo,;xonmae'lj
ropers Gosee !/4 muH; 2) obpasell NPOAOIKACT rOPeTs Menee /4 MMH;
3) obpasen He 3aropaeTcs B [JIAMEGHH POPEJIKHA,
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WenbiTannsa Ha OTHECTOWKOCTH IPOUBBOAAT HA CTAHAAPTHBIX 06pal-
nax pasmepom 120x15x10 mm.

Ilonyunre y nabopanra obpasen ans ucnsiradusd.  (Ommr
srnoxmserca noy taroi!) Orperynupyiite maaMsa ras’oBoi TOPesIKM Tak,
4TOGH ero BeicoTa Gpia ~ 10 em. YeramoeuTe ropenky non yriaom 45° K
CTONY.

O6pasen MCHEITYEMOr0 MaTepMaia YKpeNuTe B HITATURE B TOPHAOH-
TaNbHOM TIOJIOKEHNU ¥ BHECHTE ero B 1uiaMms ropenku Ha 1 mun. Crepgu-
Te 33 BPEMEHEM [0 CeKYHIOMEepY.

Ifo meTeueHUM MUHYTH BaKpPOMTEe KpaH TOPEJIKW WM, HEe OCTAHABIINBAS
CeKYHIOMEp, OTMeTbTe BpeMA TropeHuA 6pycka BHE NJIaMeHM TOpeIKH.

3anumiMTe Ha3BAaHWE MaTepHuala WCIObTyeMoro obpasma M Bpews
ropenust 6pycKa BHE IL1IaMeHM ropenu (c).

CpaBHHTe pe3yJbLTaT ONbITA C MOKA3aTeIAMY OHECTOMKOCTH.

ONBIT 5 UCIHBITAHUE ITOPOITKOOBPA3HBIX MOTUMEPHBIX
MATEPUAJIOB HA OJTHOPOIHOCTDL

Moponrkoo6pasHkie MOMMMEPHLIE MATEPUATEl OBLIYHO TabIeTUpPYIOT
WM IIpeccyioT. JTH Npoueccsl TpebyioT OXHOPOAHOCTH MaTepHalia.
OnHOPOAHOCTE MOMHO XapakTepH30BaTh, WUCIOJL3YA MpEeJCTaBICHUT O
JAMCTIEPCHOCTH TOPOIIKOB (JIMHENHBIX pasMepax OTHENBHBIX YACTHYEK,
mM). OHOPOAHOCTE MOPONIKA TeM BHILE, YeM MEHBIIe PasHUIA JTHHEeH-
HEIX PasMEpPOB OTHEJLHBIX JacTHYEK.

Hcnprranue nmopomkoo6pasHbIX MOMHMMEPHBIX MaTEpUasioB Ha OJIHO-
PORHOCTHL HPOBOMMTCS IMYTEM TNPOCEUBAHWA IOPONIKA Yepe3 CHUTO ¢
ONpe[eleHHEM pasmepoM orBeperuit. ComepKuMOe OCTATKA Ha CUTE I
BBHIDAKAIOT B IPOLEHTAX OT O6HIell Macchl NPOCESHHOrO nopoirka. Jem
MEHBILIE &, TEM OJHOPOJHES UCHHITYEMEIN MaTepuan.

ToayunTte y mabopanTa Marepuan auaa uenbitanus u caro N 30 (900

orBepetuit Ha 1 cm?)*. Basecsre 20-30 r mopomka ¢ TOYHOCTBIO JI0
0,01 r.

IIpoceitTe NMOPOMIOK Yepe3 CATO W CHOBa B3BECLTE €r0 ¢ TON MO
TOYHOCTHIO.

IlorTopuTe MCCIEmOBaHME ¢ HOBOW MOPLMEH 3TOrO MaTepuana.

* Jlns SMyTMBLCHOHHBIX M CYCHEHSUOHHBIX TONMMEpOB, nepepabaTeisaeMiiy i
MBJIESUs TIpeccoBanveM M HOPMOBAHMEM, TNOPOWIOK JOJIKEH TPOXOAUTH MO
cuto Nt 30 6es ocrarka.

200




Ta6auiua 2 Hnmnocrbmminpnpammmoﬁmmeparype

Temueparypa, = C| [lnorHocTs, rfem? | Temmeparypa, *C| nornocts, v/cm®
15 0,9991 21 0,9980
16 0,9989 22 0,9978
17 0,9988 23 0,9975
18 0,9986 24 0,9973
19 0,9984 25 0,9970
20 0,9982

KaH 007, BUCAINI GpycoK. Basechre GpycOK B BOJE C TOUHOCTBIO J10
0,01 r.

Torpysnte 6pycoK (moNHOCTLIO) B CTAKaH C BOJIOIi, NOJICTABUB CTa-

SaruimaTe peayibraThl ONbITa no dopme:

P CRED GBBRER 0yt oo o AT TR 3 S St s 42
. Macca pasHOBECOB NP OTIPEJIeICHUM Beca Bpycka B BO3JlyXe, M . (r)

. Macca pasHoBecoB MpH ONpe/eNeHiit Beca 6pycKa B BOTE, My . - (r)
: obneme Bpycka, e M i st S r
Macca Bojibl B pyCIa, My o) my (r)

T50THOCTS BOJBL TIPY TEMIIEPATYPe OMBITA, Pro o« v v v vt 0 (r/cm?)
2

¥
2
3
4
5. OrHOCUTENbHAS TUIOTHOCTE MCCTellyeMOoTo matepuana, d . ... ..
6
7. TI/IOTHOCTD MCCIELYEMOTO MATEPHANIA, v« « o cc vt m st 0t 0 0o (r/em?)
8

. Cpennuit pesysbTaT JBYX naMepennit, Pep [pcp = p—%fl] e

Buavenue p) (Bropoe JiaMepeHue) BosbMUTe Y Balllero HanapHuka o pabore.
0, Haspanue Matepuala (ysnanre y nabopaHTa Wk Irpenonasa'renﬁ) .....
10. TabiMuHast IOTHOCTE MATEPUANIA,) P -« + v v o vs vt s mt 0

O bl T 2. ONPEIEJIEHNE VIEBHOTO OBBEMA
TIOPONIKOB

VienpHEM O6HEMOM HASEIBAIOT OTHOIICHME ofbeMa Marepmana K ero
wacce (cm3/r). Yaenbupiit 0GbeM OGBIMHO ONPEISIAIOT ISk OPOUIKO06-
pA3HBEIX MaTepuaoB Kak obbem (cm?), sanmmaembtit 1 r mopomka TP

cBO6OHOM HACHITAHUN €r0.

Hopoukoo6pas3Hblii MATEPUAI Tem yaobaee N nepepaboTK (me=

LA TO7L JlaBJeHUEM, TpeccoBaHus U Ap.), YeM MeHplIe ero YAEJIBHBI
obpem. Takoil TOPONIOK COZLEPHUT MEHLIIC BO3JLyXa, MPEensiTCTBYIOWEro

NOJYyYEeHHIO KauecTBeHHBIX H3 J],B.?IPIﬁ 8
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Monyunre y nabopanTa Marepuai (HOPOIIOK)™ I MCHBITAHUA.
[Ipumepuo 200 r McOBITYEMOTO NOPONTKA (rounocts B3pemmpanus 0,1 r)
HACKIIBTE B CYXOM MEPHBI UMINHADP — CBOGOAHO 6e3 BCTpAXUBAHMA
Wi nmocTykupaEua. VaMeppTe Mo TpajyMpOBKe Ha CTEHKE HHIMH/PA
o6BeM nopoika ¢ TourocTsio 0 1 mir (1 em?).

Peaynprarhl OnbITa sanuumTe 0o gopme:

1, HOMEP OOPBBIA «avis on s wisiisis 34 siw s ieinin i iz st sigitaie v

2, Marea TOPOIIKA, Wb <« uis sii viaraisis s sia alsis aln ds sivisisis s s o (r)
3. OBBen TOPOMIES; Vo b sl s uim v vas o s wiis siiain v wnes (cm?)
4. VIETBHENE 06BEM MOPOUIKA, . . o o v ot vboeee oo os e e (cm?/1) '

5. VepenHeHHEI pesysisTaT ABYX M3MEPEHUH, Zep [rcp = -’:—%ﬂ] (em3/r)

(B’ropoe u3MepeHme ~ yAeTbHBI obheM, HalleHHBIM BallUM HAaMapHUKOM 10
pa6ore)

6. Haspanue Marepuana (ysHaliTe y IperojaBaTels Win nmabopat-

PR e s S AT B T s S e e

7. YJleJIbe!-ﬁ OB'BEM TIOPOUIKA, Tpggp « « ~ < « + + = v o o+ s s rer s (cM3/r)
(J:Tmp y3HailTe y IpernojaBaTesia uin nabopanTa)

Ol bl T 3 ONPENEIEHME CONEPXAHUSA JIETYUMUX
BEIIECTB

JleTyumne BeliecTBa M Biary yAansiioT U3 ofpasia Mpu HArpesaHnmn
ero no 103—105°C.

B nonmMepax, TOjiBepraeMbX TiepepaboTke B M3ASIHA HPecco-
BaHWEM, JIMTHEM 1101 JaBjieHueM ¥ JIPYTUMH MeTOMaMM, BamHO COIEp-
MAHME JIOTYYMX BEIECTB, TAK KaK OHM BBRI3BIBAIOT TOABJICHNE BOJI~
HUCTOCTH, Pa3BOJOB, B3IAYTHI, nyssipeit, TPemyuH H KopobueHus
U3genni.

Copepsanue JIeTyHuX BElecTB BHPaXaioT B IPOUEHTAX.

[lonyuure y sabopalTa MarTepual [Jis ONpeJeNenus COJepKanusi
Jleryuux npumeceii ¥ 6I0KC ¢ KPHIIKO# (Auamerp Giokca ~ 40 mm).

BapechTe Ha TEXHOXMMHHECKUX Becax ¢ Toynocthio o 0,01 r Goke ¢
kpuikoit (m;). Haceimbre B 610KC NpUMEpHO 5 I HCeaeAyeMOro MaTepu-

* O6pasel; ororo xe Marepuana (¢ Tem ke HOMepoM) TMOJTyqaer eue OjiuH
cryneHT, B Komue paboThl PesysbTaThl yCPEIHSIOTCS.
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Boiuucswre cpeaHee apudmernyeckoe M3 JBYX onpepeneHnit u
OXapaKTepuayiiTe OJHOPOMHOCTh UCTBLITYEMOTO MaTepuaa.
PeaybTaThi ONEITA CBEJIUTE B TAGIMILY.

Haspanue MaTepuana . . .

Bapeun- Macca MCIBITYeMOro Macca ocratra| Conepianue ocTaTKa
BaHue Marepuana, Ha cuTe my, T na cure, %
my l
- OCeH— r=— 100 Yz
110 TIpoceuBa- | TocIe Mpoceu = p
HUS MY BaHUA 1My
1
2
1

PABOTA 20. ONPEJEIEHUE XECTKOCTH 1 YMATYEHUE
BOJIbI _

(Vuebnunu: 1990, § XIV.2-XIV.3; 2000, § 12.3)

Ilensr pab6oTH — MPOBEJCHNE
aHaJM3a BOAB HAa MKECTKOCTE W YMATYEHNE
BOJLBI METOJIOM KATMOHUPOBAHMA.

HecTkoeTs — OJIMH M3 TEXHOIOTMYECKUX foxasarenelf, MPUHATHIX
715 XApAKTePUCTUKM COCTaBa ¥ KauecTBa MPUPOJHBIX BOJL-

JKecTKOM HA3HIBAIOT BOAY C NOBBIIEHHBIM CO/CPHKAHNEM UOHOB Ca?*
n Mg?*. Cymma xounenTpanuit nonop Ca?" u Mg2* sBIAeTCA KOJIMYeCcT-
BEHHOI MepOo#l XKecTKOCTH BOJBL

A e

= a2t T ‘Mg2+

M3mepsA1oT HKEeCTKOCTh HHCIIOM MHUTMMONIEH HOHOB XKECTKOCTH (Ca2+
n Mg™") B 1 kr BomIbI (mMonb/kr). B cBA3# C TEM, 4TO HHOTHOCTL1BOHBI
Gau3ka K eadHHIle, KECTKOCTh MOXHO H3MEpATh B MMOJIB/AM™ MU
MMOJTB/ 1.

Pasmmuaior skectkoers Boael obmyio Mo, xapboHATHYIO Wy n He-
rapboHaTHYIO My
204

B cBssu ¢ TeM, 9TO B BO3AyXe JOcTaTOuHO Benuko comepxanue COy,
B NPUpPOIHON BOJE €cTh PACTBOPEHHENH nuokcup yriepopma. Ilporexaer
saanmopeitctene CO; ¢ H.O:

CO; + H,0 = H,CO3 = H* + HCO3

pe3yJILTATOM KOTOPOrO sABJAETcs 06pa3oBaHWe TUAPOKapOOHAT-HOHA.
Konnenrpanust nonos Ca?* u Mg?* B Boje, SKBUBAJIEHTHAS CcOMEPIKA-

auio mona HCOj, onpenenser kapGOHATHYIO KECTKOCTh BOJEL, & KOH-
uentpamus wonos Ca2* m Mg?', YKBUBalleHTHAaA BCeM MPOYMM aHMOHAM

(SOF, CI" n r.1.), — Herapbonarnyio. Cymma xap6oHATHO! M HEKAP6O-
HATHOMN JKECTKOCTH COCTABJIAET OOMIYIO JKECTKOCTh BOMIBI. B

Wenonr3opanne NpUpOAHON BOJAK B TeXHMKe Tpebyer ee nmpeasapu-
TEJLHON OYMCTKM, B TOM YMCJIe YMATYEHHsS (CHMIKEHMA IKECTKOCTH [0
onpenenenHoli HOpMEI). B Hacrosuee BpeMs IJA yMAr4eHMA BOJBI
IIMPOKO MCIOAB3YIOT UOHHBI O6MEH.

llpy KOHTPOZE KadyecTBa BOIB ONPENENAIOT ee mecTkocTs. [l
ompepesieHus O6INEil KECTKOCTH TPUMEHSIOT METOJ KOMIUIeKCOHOMeT-
pun. B ocmope 5TOro MeToia NEKUT THTPOBaHME BOJBI B MPHCYTCTBAM
aMMuausoro Gydepuoro pacreopa (pH 10,0) m uaauMKaTopa pacTBOPOM
xomiuiexcora 111 10 nepexopa po30BOil OKPacK| B romy6yio.

IIpn ananu3e NPMMEHAIOT OfMH M3 WHAMKATOPOB: KMCIOTHEIA XPOM
cunuit K wnn spuoxpom uepusiit T. B npucyTcTBUM MOHOB 3KECTHOCTH
Ca?* w Mg?* oI MHAMKATODHl OKPANIMBAIOTCA B PO3OBBIA IBET, § OT-
CyTCTBHE — B roJiy6oM.

KoMIiekcoH — [By3aMelieHHas — HaTpuesas  COJb  STHICHAMAMMH-
TETPAYKCYCHOH KHCIIOTHI (cM. pabory Ne 23)
NaOOCCH CH,COONa
2 2
>N—CH2—CH2—-N/
HOOCCH, \CH,COOH

Ilpu TuTpoBaHMM )ecTkOM BoOAbl pacTBOopoM kommiexcona III o6pa-
3yeTcsi BHYTPUKOMIIIEKCHOE COEIUHEHNE

2.
00CCH, _CH,C00
N—CH;7—CH—N
2 2
CIJOCCHz/‘ \CHICOO

|

Ca

*
M; — monsipHas Macca srBUBaJsieHTOB; M) — MOJNSApHAS Macca MOHA.
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r.e. CBA3LIBAIOTCS WOHBI Ca2t u Mg?t. Iosromy B KOHIle THTPOBAHUA
UHAMKATOD U3MEHAET OKPAacKy, pACTBOpP CTAHOBHUTCH roay6BIM.
Onpepenenue KxapOOHATHOM KeCTKOCTH ponsl My cpojuTcA K M3Me-

PeHMIO KOHIGHTPAIMI ruipoKapboHaT-MoHA HCO; ¥ TeM caMbiM SKBHA-
BAJICHTHOM THM MOHAM KOHLEHTPAUM wonos wecrkoct CaZ* u Mg?*.
Ananus TPOBOAAT METONOM nefrrpanuaaiyu. B ocuose 3TOr0 METOZAa
JIEKUT TATPOBAHME BOJB B NPUCYTCTBIM METUJIOBOIO OpaHKeBOTO pacT—
BOPOM COJISTHO¥M KHMCIOTBI 710 TIepexona senToM OKpACKN MHAMKATOpPa B
OpAHKEBYIO.

MeTunoBblit OpaRKeBbil — KICIIOTHO-OCHOBHOM MHIIMKATOP, H3MEeHA-
JOIIMMA CBOIO OKpacky OT kpacuoit pu pH < 3,1 1o xenToi TpH pH >
> 44. B Touke mepexoxa METHJIOBBINI OpaBKeBBIl HMeeT OpaHKeBy1o
OKPAaCcKY.

Arnos HCO3 B BOMIe THAPOIU3YETCH:

HCO; + H,0 = H;CO; + OH

' [losroMy mpH yCIOBAM My > 0 Bopma umMeeT [IeJIOYHYIO PeaKIMio Cpebl
1 METHJIOBBIA opaHkKeBbll B Hell OKpallieH B swenteid nper. IIpm THTPO-
BAHWM PAacTBOPOM HC] Takoi#t BOAB NPOTEKAET peaKknus HelTparh-

3anU;

OH- 4+ H* — H0

Vonst H* HEATPann3yioT KOTUYECTBO poror OH-, axBUBAJIEHTHOE KOH-

[eHTpaly HOHA HCO; .
Anasnus BOIH HA KECTKOCTh MPEANOIaracT OBBIYHO:
a) onpejesenne O6IER seeroetn Mo
6) onpepesenue Kap6OHATHOM KECTKOCTI i
B) BEIYMCIICHUE HeKapbOHATHOH KECTKOCTH Wy = Ko — .

Konmpoasusie 60npocs B aadavu

1. Kaxue KATMOHBI Ha3bIBAlOT MOHAMH HKECTKOCTH?

0 Kaxolt TEXHONIOTMHECKUI TIOKAATENDR KadecTBa BOJBI HAGBIBAIOT HECTROC™
TB107

3. TloueMy XecTKylo BOLY HeIb3s TIPUMEHATE  ITIH reHepalldy Iapa Ha
TEIUIOBRIX Y ATOMHBIX ONERTPOCTAHIAAX T
206

el

‘ 4. Kaxolt Meros ymsArdeHMsl Bofbl HaspiBatoT TepMudeckum? Kakue xu

recKie PeakilMi MPOTEKAloT NPU YMATYEHUM BOAE! STUM MeTOIoM? i
5. Kak ocylilecTBIsIIOT yMsITHYeHWe BOJbl METO0M ocamneﬁmgr'? Kaxue
reHTHl Menonbayior? Kakue peaklyu IpoTexalor? ‘ i

6. MoxHO T YMAT4UTH BOMY ¢ TIOMOLIBIO MOHHOTO o6MeHa?

7. Kakon npoiece cieiyer NPOBOAUTE s YMATYEHUA BOALL KATMOHUPOBA~
Hust wad anvonmporannsa? llodemy? Cocragbre ypaBHeHMS peaKUVH, IT rp.
IMX [PU YMSITHEHUM BOMBI C NOMOIBIO MOHHOTO 0BMeHa. R

8. Kax onpejessitor obULyio ®eCTROCTE BOLBIT

9. Kax onpejensiior kapboHATHYIO XECTKOCTh BOABI!

10. Kax naxonar HexapBOHATHYIO MeCTKOCTE BOJIBIT
qmnﬁ. ?lﬁma.ﬂ mecrrl{oc-rb ponpl pasHa 4 MMonb/n. Yepes MOHHOOGMEHHLIN

QITY
3anep3ll}€aﬁop t;}l?;:'fpfm[.m Q;HH:{SB-&CTCH?HB‘ﬁb ooyl
/ MecTkocTh cHusMiack mo 0,5
mmosts/1. Omeem: 0,35 MOIb HOMOB HKECTKOCTH. Y

12. Ha rturposanue 200 mn H,O wspacxomosano 8 ma 0,1 u. pacrso

KOMIUIEKCOHA, . Brrunemure oblylo kecTKOCTs Bofbl. Omaem: l2 n&[x:mm,!n i
13. Onpenenmure KapBOHATHYIO MKECTKOCTL, ecu Ha TuTpopadne 200 um’ H,0O

uspacxonosaro 8 min 0,05 n. pacrsopa HCL Omeem: | mmons/n :
14. Brrucure oburylo, kapboHatHyio U HexapBoHaTHYIO };cecmomh BOJIBI

ecimi: a) Ha turposanue 200 mn HyO wmapacxoposano 7,6 mo 0,05 . ROM]‘[J‘IE.‘I{C{}—.

Ha IiI 6) Ha THIp’OBaHHe 100 M H O = l 2 MI 0 ]. H. H:Cl. 01!11381!1. 9 G :'5
1 ' 1
| Z 0- 5- s "




Ol bl T 1. ONMPEAETIEHAE OBIIEN KECTKOCTH BOJIbI
KOMIUIEKCOHOMETPUYECKAM METOIOM *

OrGepuTe MEpHBIM IMINHIPOM 100 My BOABEI W TIepeHecuTe €e B
KOHMYECKYIO KOTOY; nob6aBpTe K HceaeIyeMoi Bojie H M1 aMMHAYHOTO-
6ycpepHOTO pacTBOpa H 5-7 xamejhb WHAMKATOpa KHCJIOTHOrO XpOM
cnpero K MM HECKOJBKO KPUCTAILINKOB (ra KROHUMKE HITIATEN ) 3PHO-—
xpom ueproro T. ;

[TpuroToBJIeHHYIO npo6y MEUIeHHO NPy TOCTOAHHOM rnepeMenInBa-
HUM OTTHUTPYHTE PacTBOPOM KOMIICKCOHA 10 mepexofa  pO3OBOM
OKpAaCKW MHAMKATOpa B rony6ywo. Pesynprar THTPOBAHNS 3AMUIINTE.

[lopropuTe THTpOBaHUE elle pas. Ecau pesylbraThl AByX TUTPOBa-
auit copnanyr (A V <€ 0,1 mn), paccuuraiire o6my1o xeeTKocTh BoALL. B
HPOTHBHOM CIIydae orTHTpyiiTe eie OfiHy MpOGY BOAEL. Ha#imure cpef—
uuit 06BeM pacTBOpa KOMIIIEKCOHA 111, wapacxofoBaHHBIN Ha TUTPOBA-

HIe BOJIBL.
OBHLYI0 KECTKOCTh BOJBI PACCUUTHIBAIOT O BAKOHY 3JKBUBAJICHTOB

[Mmonn /a1]:

— Vaox ( 29 1000

Ko
2N
rne Vi — obbem AHATTM3NDPYEMOit BOABL, MIL V, — obwem pacTBOpa
rxommuiexcona 111, Mil; Coy(g) — MOJApHA KOHIEHTPAIUSA JKBUBAJICHTOB

pacTBOpa  KOMIUIEKCOHA, mons/; 1000 — koaddUIMeHT Iepesoia

MOJIB /T B MMOIIB/11.
PesysbraTsl ONLITA CBEAUTE B TabIuIy:

I
O6men pactropa | Molsipiast KOH- O6mwem uccreayemois | O6uias KecTKoCTh

romiiercona 111 | LeHTpauA orBU- |MTpo6bl BOJLI BOJEL

| BAJIGHTOB KOMIUIEKT W e

* [Ipemje 4YeM NPUCTYNUTh K BHITOTHEHHIO OKCIIEPUMEHTA, BHMMATENBHO
uayuuTe pasiein ¢Turposanuey so Bremenun X cbopHuKy N1a60pATOPHBIX pabor.
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Ol bl T 2 ONPEINENEHUE KAPBOHATHOW U HEKAPBOHATHON
KECTKOCTU BOJIbI

mﬁ?;ﬁeip.n.re mepHBIM munuaapom 100 mu Bogel M nepenecuTe ee B
) Kyio konOy. JlobaBhTe K McciaeayeMOil BOME HECKOJBKO Kales
METHJIOBOIO OpaHiKeBOro, 4rofhl OKpacKa pacTBOpa B KoJGe ﬁo MH ;
cUBHOCTH Oblia 6MM3KOA K OKpacke KOHTPOJLHOTO p.a.c:rno et
KO IO TUTPOBAHUSLD, e
o Egg:::n;m rorioﬁy OTTUTPYUTE PacTBOPOM COMSHON KMCIOTH
sl PacKM MHAMKATOpa B OpaHkeBylo (HO He po3o-
Vi s M. KOHTPOJIBHBI® PAcTBOPH.) Peaysbrar TMTPOBAHMSA 3ATTHIIUTE.
- cz:jpm‘e THAqu_BaHHe emie pa3. Eeau pesynbrarTel IBYX THTPOBa-
anyr (AV < 0,1 mn), paccunraitte Kap6OHATHYIO KECTKOCTDH
Boziel. B nporuBHOM caydae orTuTpyiiTe eme oguy npoby souwl. Haitpu-
T€ CPEJHUI OOhLeM pacTBOpa COMAHON KUCHOTH, HM3PACXOMIO ; i
TUTPOBAHUE BOJIBI. i Game

PaccunTeizaem '
KapbOHATHYIO KEeCTKOCTh BOZBI

o 3aKoH nBa-
JeHTOB (MMOJIL /1) i

K, = Y2%n2) 1000
2V ;

I‘,r:e.‘- Vi — obbem amanuaupyemoit Boasi, mi; V; — o6bem pacrsopa HCI

MIT; Coy() — MOJSAIPHAA KOHIEHTPAUMs SKBUBATEHTOB PAcTBOpa H("l,

mors /5 1000 — koacpduiment nepesojia MOJIb/J1 B MMOIE/N o
Hexap6onarnyio skecrroers Boant Hly, naxonsr no pasﬂo'c'm

Mg = My — Wy

Peaynmam OIIBITA CBEAUTE B TAGIUILY:

O6mwem pactsopa| Monsipuas kon- |Q6bem ucenenye{  Hectroers Bojiil

H;/Cl LEHTPALMSA SKBHAMOM TIPo6HI BOJiB!
2
an}?g]os pacTBo W krapbonar- | Herapbonar-
P Cok (2) Hasa My | mast Mg




OnbBlT 3 YMAMYEHUE BObL METO/A0M KATHOHUPOBAHWIA

|1l

‘Iepea dunsrp (
300—400 MJT BOJIONPOBOJIHOi BOZIBL.
ercs  AAKUMOM M HE JOJIKHA 1pes
JeHHYIO BOAY cobepure B CTakaH,

unpTpaTa.
. Kounueckyio konby u MEpHBIft [UIMHAP OHOJIOCHUTE YMATUEHHON

no,a.oﬁ Onpepenure 0OILYIO KECTHOCTE YMATICHHOR BOJBL (cm. onmBIT 1).
Peaynmam OnbiTA eBEIUTE B TAGNHLY:

KOTOHKY, 3aNOJHEeHHYIO KaTHOHMTOM) TPOIYCTHTE
CxopocTh pUIBTPOBAHMS peryupy-
pmtaTh 15 Kaneab B MEHYTY. YMAL-
OTOIOCHYTHIM TIEPBBIMM TOPLUAAMU

O6mnem necneayemoi| Obmas HKeCTROCTH
BOLL nocje KaTuo-

HVPOBaHM S }}{(;

O6wem pacrsopa | MossipHast KOH-
romrutexcona 111 LEHTpal{s OKBH- 1pobbl BOJBI

Va BANIGHTOB KOMILIEH] W
coHa Car(2)

P&E‘.C‘IHTaﬂTB anesi0 MMoJei IKBUBAJIICHTOBR NOHOB ECTROCTH, NOTI0-

IIeHHBIX KaTMOHMTOM U3 KakJO0ro AnTpa BOJIOTIPOBOJHOM BOBL.
3aKOHUMTE OTHET 3AMUCHIO YPaBHEHWil TPOLECCOB, POTEKAOIIMUX
PY KaTUOHUPOBAHUM UL cnyqaes: a) H-kaTnonuTa; 6) Na-KaTHOHUTA.

A b 0 T A 30. OIPEJIEJIEHUE KOHIIEHTPAIIUNA KNCIIOPOJIA,
PACTBOPEHHOI'O B BOJIE

(Vuebnuxu: 1990, § XIV.2-XIV.3; 2000, § 12.3)

Ilens paboTh — ONPENENCHNE
CONepIKAHUA PACTBOPEHHOTO B BOJE KIMCIO-
pOjia MOJIOMETPUYECKUM METO/IOM 06HEMHO-
. ro aHanu3a.
" '
fci B HENPEPHBHOM B3aUMOJEHCTBAM C

OKpYIKAIOLIEN C¢peloH. Oua pacTBOpAET OPraHNvecKue u HeopraHuyec—
oupe, arMmocdepe, pacTHTENBEHOCTH U

Kue TpUMecH, cojepikamuecs B 1
., Cpepy pacTBOpeHHEX npumeceft B BOJE €cTh KUCIOPO]L 0,. Kucmo-

pofi, — CHJIBHLIA OKMCIATEND, B ero NPUYTCTBUAM 3HAYMTEIBHO Bo3pacTa-
er CKOpoCTh KOppO3HH METaJlJIMYecKoro 060pyIOBAHNA, HAXOAAUIErocs
B KOHTAKTe C NPHPOJHON popoit. lloaromy ero colepKanue B BOJIE

210 x

TipuponHas BOHa HAXOLH

:::‘1;), HOeHCTBYIOKEe B HAcTOANEe BpEeMA HOPMEI Ha TeNOBHIX Mem'ph
wﬂm{x crannuax (TOC) npepycmarpusaior nns BOAH, M3 KOTOPON
am:pnpye-rcn_no,mnon nap, cojepxanue kuciaopoga 540 mxr/Kr (ﬁﬂ
; CHMOCTH OT THma maporeneparopa). KomTpoms 3a co,qep:xnnllﬂi.
PacTBOPEHHOr0 KHCAOPOJA MOMKET OCYIIeCTBIATHCH DABHBIMM AHAJTHTH-
YecKHMH MeTOIaMH. e %
M,
i B macrosmelt pabore paccMATPHBACTCA HMONOMETPHUECKUH M \J
Hu};eﬁzer(;;[n S;)m:{mggu)nn Q,, ocHOBaHHEIR Ha cnocobROCTH coenmw'-‘:
nCls, MnSQO4) KonmuecTBEHHO np- 'I
i e CBA3LIBATE KHCJ'IUPO,H, B

MnCl; + 2NaOH — Mn(OH),l + 2NaCl
Mn(OH); + 1/205 + Hy0 — MnOj- 2H,0

Jduruppar pwuoxcmpa wapranna MnO;-2H,0 (mamopacteopumoe
COEMHEHNe KOPMYHEBOrO IBETA) SBIACTCS CHIILHBIM ouncnml?mmi '
On ofpasyeTcsi B KOJMYECTBE, CTPOTO 3KBMBAJIGHTHOM CONepHKanME :
PacTBOPEHHOTO KHMcaoposa. 1103T0OMy, OmpesesMB KOMMYECTBO OGPado-~
BABIIErOCA JUIM/PATA, MONKHO DACCYMTATH COJEPKAHHME B BO : &)
‘?:;:Eznenne MnQ;-2H,0 ocroBano Ha naanuonéﬂcmm nocne;aero ’;

M Kajaus ¢B060,
B v B KHCJION cpeJie, IPOTEKAIOIEM C BHIACIEHHEeM ) o)

MnO,- 2H,0 + 2KI + 2H804 — MnSOy4 + K804 + I, + 4H;0

KonuuecTso o6pasyouierocs MOAa IKBUBAJIEHTHO KOJMYECTBY PEATH
IOINEro NUrHApaTa AUOKCHA MApPraHIia. i
- Honomerpuueckoe onpepenenne copepxanna Oy B Bome 3aKAHIHBE-
TUTPOBAHMEM CcBOOONHOIO MOZA PacTBOPOM THMOCYNb(dara HATPHA B
HPUCYTCTBMM KpaXMasa A0 HCYE3HOBEHHA CHHEM OKPacKH: .

2NayS;03 + I, — NayS406 + 2Nal
KOHIeATpanMiO PacTBOPEHHOTO KHMCIOPOXA DACCYMTHIBAIOT HCXOAM

W3 COOTHOLIEHMS, YCTAHABJHMBAIOIIErO0 3KBUBAJEHTHOCTL DpeareHTOB B
XMMHAYECKMX PeaKlMAX, NPOTeKaIIMX B BOAHEIX pacTBOpAX:

Vicax(1y = Vacax(a),
rae NVI — 06BeM aHanM3NpYyeMOoil po6s BOABL, MI; Vo — 06beM pacTno-
pa Na,8,03, u3spacxofoBaHHBI# HA THTPOBAHHWE TPOGHI, MI; Ciy(|
) y B =
MONApPHAA KOHUEHTDAIMA IKBUBAJIEHTOB KMCIOPOIaE, pacmpeul:lmlo »
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poe — ¢ (1/40;), Mmons/n* ¢ax(2) — MONAPHAA KOHUEHTPALMSA IKBUBA-
nerTon pactsopa Na,S,03 — ¢ (NayS,03), Moms /.

Konmpoasusie sonpocss

1. OxapaxrepuayiiTe IpuMecd NPUPOAHLIX BOL B 3aBMCUMOCTM OT pasMe-
pa yacTyil. K xakolt Tpymne INpuMecefl OTHOCUTCS PAacTBODEHHBIt B Boje
KMCII0poa?!

2. OxapaktepuayiiTe TIpUMecH IPUPOAHBIX BOA MO MX XMMMUECKOMY COCTABY
M OTHECUTE KUCJIOPOJl K OJHOM M3 HMX.

3. Yem BBHI3BaHA HeOOXONMMOCTH KOHTPOJA cOJEpXaHusl KUciopojia B BoJe
Ha, TEIJIOBBIX IEKTPUYECKHX CTAHIIUAX.

4. Kaxve coeAMHEHWS KOJIMHYECTBEHHO CBS3BIBAIOT KMCIOPON, PacTBOPEHHBIA
B BOJe, B XOHe aHamMaa Bombl Ha comepianue B Heft 0?7 CocraBbre ypaBHeHms
peaxumit,

5. CocraBpTe ypaBHEHWe peaklMM, KOTOpasi NpOTEKAaeT NpU TUTPOBAHUM
aHATMBMPYEMOTO DAcTBOPa MOAMIOM Kayua B KUCION cpeie. Kax ycranapmm-
BAIOT B BTOM CIIyHae KOHell TUTPOBaHUs?

6. Kax ycraHaBIMBAlOT KOHEll TMTDPOBAHUS TP OTIPEIEEHUM KOHLEHTPAluM
cBOGOIHONO MOA € MOMOIIBI0 THOCYIIbgara HATPUAT

ONBLI T 1. ONPEJEJIEHUE KOHUEHTPALIMNA KUCIIOPOJIA,
PACTBOPEHHOI'O B BOJIE

B konmueckywo kon6y BMecTHMOCTBIO 250 MJI MEpHEIM IMIMHIPOM
naneiire 100 ma Bogonposoanoit soas. ITumerkoit ormepsTe 1 M pacr-
popa xyopuzia unu cyibdara mapranna (MnCly wmm MnSO4** u mo-
GapbTe ero B KonOy ¢ aHanuaupyemoit mpoboit. Yucroit mumeTko# OT-
mepsre 1 Ma mesousoro pactsopa mommaa wamus (KI + KOH)*** u
TO)e BHecHTe ero B aHanusmpyemyio npoby. Kon6y saxpofite nmpoGKoi
¥ TINATENBHO, HO OCTOPOXHO mepemermaiite pactsop. OcraBbTe KOMOY Ha

crone Ha 3—4 MUH.

* B OKMCIUTENBHO-BOCCTAHOBUTENBHEIX —peaKUMsX, TMPOTEKAoWUX Ipu

onpeneneruy Kouuentpaim Op, oxsusanent xucnopoga XOz) = 17405, a

oxeusanent Tocyabdara A NapS,03) = NagS0g.
** 425 r MnCly-4H,0 wm 400 r MnSO4-2H,0 B 1 &1 pacrsopa.

*** 700 r KOH + 150 r KI B 1 a1 pacrBopa.
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Onumure npusnaku
B p IPOTEKAIOINMX DeaKklMil U cocTaBpTe MX ypan-

M3 Groperkn no6assre B konby c aHAIM3UpYeMoil npoboit 3 mn
PacTBOpa CEpHOM KHCJIOTH *, 3aKpoiite KOGy NMpOGKOM M, OCTOPONHO
IEPEMEIINBAs CONEPHKUMOe, N0GeNTeCh NOIHOTO pAcTBOPEHHA ocajika
Ocrasbre KON6Y Ha cTONE Ha 2-3 MUH. :
HHeOnmere NPU3HAKK NPOTEKAIOIIeH PeaKIiy U COCTABLTE €0 ypaBHe-

[purorornennyio npo6y OTTHTPY#Te pacTBOPOM THOCyJbdhaTa
Hatpus NapS;0;**. Pacrsop Tuocymbgara pobapnsiite k amamuau-
Pyemo#t npobe No KamisM [J0 Tex Nop, MOKa mBeT pac'rnbpa He cTaHer
bureIHO-KenTHIM, 3aTeM BBEINTE B KOOy HECKOJBKO Kaleshb pacTBO~
peHHOro kpaxmana*** u nmpomoiKailiTe TMTpOBaHME N0 MCUEIHOBEHMA
OKPAaCKH. :

Horropure onsir. Pesymsrars: ABYX THTPOBaHUt HE JOJIKHBEI OT-
AM9aTkcsA Apyr OT Apyra Gosnee wem Ha 0,2 ma. B cayuae Goasmeit
Pa3HNIL! cpesiaiiTe aHanu3 eme pas. Haitanre cpenHnit o6beM pact-

rii)pa THOCY/Ib(aTa HATPUs, W3PACXONOBAHHEI Ha TUTPOBAHUE TPO6H
2‘ X

Peaynrrarel onkiTa cseguTe B Tabaumy:

O6menm pacteopa

THOCYIbG aTa
Vo, M

Mousipas kon- | O6bem anasmaupy- Monsphas konienr-
UEeHTpalns SKBK- | emoit mpobe1 V), Mafpauus skeusamen-
BaJIEHTOR PacTBO- TOB KUCJIOpOAa B

pa THoCybdara aHAJIMBNDYEMOTT PO~
Cok (2) ) MOTIB/T1 6e (1), MOTB/m

3Han MONAPHYIO KOHNEHTPAIMIO SKBHBATEHTOB KHCJIOPOAia, PacTBO-
PEHHOTO B BOJ€, paccuuTaiite ero maccy (mkr/n). Ilpu pacuere yurure
i 1

aro 3(0) = 1/40, u monspras macca (0,) pasna 8 r/mons.

*
Konuenrpuposannyio H,SO, pasGapnsior AUCTUIUTMPOBaHOM Bonot (1:4).

' =y 22809 4 y CO B I J LT
BDpa..

*** Bosbiit pacTBOp ¢ MaccoBow nomei kpaxmana 0,5%.
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O N Bl T 2. KOHTPOJILHBIA AHAJIN3

Tonyuure y naGopaHTa KOGy ¢ PacTBOPOM JMJisi NPOBEIEHUA KOHT-
PONBHONO aHANIM3a Ha COJIepIKaHWe PacTBOPEHHOro xucnopona. [lpose-
AUTE aHaIW3 110 CXeMe, NPEeJJIONKeHHON B OMBITE 1, 1 pesynbTATH aHa-
nm3a ceepure B Tabmuiy. PaccyuTailTeé MaccoByio KOHIEHTPaNMIo
(MKr/n1) pacTBOPEHHOTO KMCJIOpOAa B KoHTpONBLHOMK mpobe. IIposepbre
. pesynbTar (IO HOMEpY KONO6BI) y NpenojaBaTella uiu nabopaHTa.

PABOTA 31. TOIUIUBHLIE SJNEMEHTEI
(Vueonuxu: 1990, § VIL5, XVLI; 2000, § 9.8)

Ilens paboTs — W3yueHHE NPHH-
[UAIOB [efCTBUS ¥ XapaKTEPUCTHK KHCIO-
DPOJHO-BOLOPOAHOTO TOIVIMBHOTO 3/IEMEHTa.

VerpoiicTsa, B KOTOPEIX XMMHMYECKas JHEPIUA OKMCIUTENA U BOCCTA-
HOBMTENS, HENPEPHIBHO M Pa3fiebHO IMOJABAEMEIX K BJIEKTPOAM, He-
HIOCPE/ICTBEHHO [PEBPAIAeICsi B JIEKTPUIECKYIO DHEPIHIO, Ha3LIBAIOT
TonmMBHEME 3mementamMy. B maufomnee mpocTOM BHIE TOIJIMBHBIA 3J1€-
MEHT COCTOMT W3 JBYX WJEKTPOAOB M MOHHOTO IPOBOJHMKA MENLY
MM, DIEKTPOJBI COAEPIKAT KATATM3aTOPhl U MMEIOT BHICOKOPA3BUTYIO
noBepxHOCTh. VIOHHBIMM TIPOBOJIHMKAMM  CJIYXKAT BOJHEIC pacTBOPEI
7K TPO/IUTOB, MOHOOGMEHHEe MeMOPaHS!, PACIIaBIGHHEIC W TBEpABIE
JMEKTPONMTH. B KauecTBe OKMUC/MTeNA, KaK Mpasuio, HCIONBLAYIOT
KMCNIOPOA BO3AYXa, BOCCTAHOBUTENS — BOAOPOL n metanon. Coor-
BETCTBEHHO HNEMEHTHl Ha3blBAIOTCA BO3AYUIHO-BOAOPOAHBIMMU HIH
BO3AYUIHO-METAHONBHBIMH. HaubBonee npocThIMH B 3KCMIyaTalHH
SABNAIOTCH HW3KOTEMIIEpATYPHHIEC TOIUIMBHBIE 3JIEMEHTHI, pa6oratomue
M TEMIepaType He BBIIIE 100°C. OgHako AMsl YCKOPEHUS peakiuid Ha
eKTPOJAX pabouylo TeMIIepaTypy B HEKOTOPBIX OJIEMEHTAaX HOBLIIIAIOT
no 200°C (cpepHeremIepaTypHEIe anements) u o 600-1000°C (BBICO-
KOTeMIIePATYPHbIE BIIEMEHTEL).

TonnMBHBEIE DJEMEHTH XapaKkTepnayloTcst PAAOM OapaMerpos Hu B
neppyio ouepens JJIC, HanpsukeHueM W MOIIHOCTLIO. DIIeKTPOIBIKY~
[iyio cuiry anemenTa E paccdMTHIBAIOT O YpaBHEHMIO

E; = -AG/nF,
rne AG — osueprua I'mG6ca XMMUUECKON PpeaKIHy, MpPOTEKAlOIeil B
SMeMeHTe; N — YMCJIO 3JIEKTPOHOB, MPUXOAFMMXCA Ha 1 Monexrynry
poceragoputens; F — nocrosnnan Papanes.
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Hanpsukenue snemenrta mewsme DJC na BeJINYMHY HOJAPHIALNN
SIIEKT
pomoB AE; n napenust manpsskenus AU us—3a BNEKTPUHECKOro
CONPOTHBJIEHMA B NPOBOJHMKAX IEPBOrO U BTOPOTO pofa

U= Ey,— ABa-AU.

Mo
IMHOCTEL 3JIeMeHTAa onpeaenAaroT NnpoH3BeneHueM HANpAMEHNA HA TOK:

N= Uk

Hanpsuokenne n momuocts s1ementa MOryT GHITH MOBBIIEHEI nyTem
YMEHBIICHUS NOIAPUBALUN U COTPOTUBIIEHUA MPOBOIHUKOB, UYTO LOCTH-
raercsa NPUMEHEHUEM KaTajiu3aTOpPOB, YBEJWYeHUM ﬂOBGpXI’{OCTH BIEK-
TPOJIOB, paboueli TeMIepaTyphl, KOHIEHTPALUN WM JABJIEHUS PEareH-
TOB W yMEHLIICHWEM TOJIIMHBI 2jeKTponnuTta. Hanpsxenue smemenra
YMEHBINACTCS ¢ YBEJMYEHNEM TIeHepMpYeMOro B HeM ToKa. Kpupas
3aBUCHMOCTH HAIpPsKEHNA JJIEMEHTa OT TOKa MNOJAYYHIa HAa3BaHUE
BONIBT-AMIIEPHON KPHUBOMH.

Kncnopopmo-popopoaumii snement. YeraHoka mis M3Y4YEeHHST KHC—
JIOPOJIHO-BOJOPOAHOrO aieMenTa (puc. 26) cocTOMT U3 TONIMBHOTO 3716-

lj +

Aprer « s

Puc. 26, Cxema yCTAHOBKM JJIA MAYYEHMs TOIIIMBHONO BiieMel—
Ta:

I - rupipapiuveckue 3aTBophl; 2 - TPYOKKM 7S MOAAYM KMCITIOpo—
& 3 - JOBYIIKA-OCYIUMTENb; 4 - KUCTIOPOAHBIN BIEKTPOL
JeRTPONIN3EpA; 5 - DNEKTPOnUT; 6 - Auadparma; 7 - BOAOPON-
HBIFl BNIEKTPOA 2nekTponmaepa; § - TpyOru ANA MOJAYM BOLOPO-
Aa; 8 - BOJOPOAMBIR BTEKTPOJ TOMJMBHOMO anemenra; 10 -
PACTBOp aNeKTpoNMTa anemeHTa; [l - KMCTIOPOJHBIA BNIEKTPOL
TOTIIMBHOIO 37IeMEHTA
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MeHTa, JMeKTPOIN3epa M X BHEUIHMX 3JIEKTPUHIECKNX nemneii. Tornnus-
HBIit 371eMEHT COCTOMT M3 JIBYX JIEKTPoAoB 9§ u [1 1 pacTBOpa BIIEKTPO-
aura 10 — 6M pacrsopa KOH. DieKTpojsl Npe/iCTaBlIAIOT coboit mo-
pUCTHIe TUIACTHHBI (YrOJbHBIE MK HUKETEBLIE), AKTHBUPOBAHHEIE KaTa-
anzatopoM. Kuesopox u BOAOPOJ TMOAAIOT B KaMEphl JJIA 1a308, KOTO-
phie CO3AIOTCH ¥ KaKO0r0 SJIEKTpOaa 3a CUer 3a30pa Mem/1y JIBYMS €ero
nonosuaamy *. Heuenonp3oBaHuse B 3J€MEHTE radbl BBINYCKAIOT yepes
rUApaBaMHecKue 3aTBOphl 1.

DJIeKTpoIu3ep NpeicTaBliser coboit U-06pa3Hyio CTeKJIAHHYIO Tpy6-
Ky, sanosmHenHyio 6 M pacTBOpOM 'Ienouu M pas/eeHHy10 NOPUCTOH
anadparmoit 6 Ha aHOIHOE U KATOJHOE pocTpaHcTBO. B KauecTne
MaTepuanos eKTpojoB 7 u 4 MoryT 6bITh MCHNOJNB30OBAHE HUKEb WIH
rpadur. [lonydeHHsle B 3IEKTPOIN3EPE raspl OCBOGOKIAIOTCS OT OPHI3T
3IeKTPONIUTA B JIOBYIIKE-OCYIINTENe 4 u nomaroTCA B TOIUIMBHBIN 3Ie-
MEHT 234 cHeT HeGOMNLIIOro Tepenajia IaBIeHns MEi Ly AIEKTPOIU3EPOM
W TOILIMBHEIM 37eMenToM **.

DIeKTpOMM3ep MOAKMIOUEH K BHENIHEMY WMCTOHHMUIY MOCTOSTHHOIO
TOKA Yepes peryiupyeMoe CONPOTHBIICHAE I aMIEpMOTD.

Koumpoasuse sonpocs u sadaxu

1. Kaxue ycTpoiicTBa HasblBAIOT TOTUIMBHBIMI BIeMeHTaMu T

9 Kakumy crocobaMy MOKHO YCKOPUTDH SJIEKTPOAHBIE DEAKLAN B TOIINB-
HBIX DIIeMEHTax’

3. IlpuBenuTe peakiuy, TpOTEKAlOUME Ha KaTole WM aHONE KUCIOPOAHO—
BOIOPOJIHOTO TOILTMBHOTO STIEMeHTa, 1 T0KOOGPAIYIONLYI0 PEAKIHIO DJIeMEeHTa.

4. Paccunraiite 3HAMEHMs PABHOBECHBIX TIOTEHIMATIOB BOIOPOAHOTO M KUEII0-
POJIHOTO BJIEKTPOIOB M MX PasHOCTD IPY pH 1,0 u 14,0 (nasienne sojopona
KMCIOpojla PABHO armocdiepHOMY, TEMIeparypa 208 K). Omeem: -0,06; 1,17 »
1,23 B; -0,828; +0,401 un 1,23 B.

* Jlpe TOMOBUHBI SJEKTPOAA COEAMHANOTCS IpOKMANKAMU. 3a30pbl MOTYT
6LITH Takde MeKIy TOpUcTon M METATIIMHECKOI HeIIOPUCTON HUKENIeBOH IU1ac—
TUHOT (TOKOOTBOJIOM).

** [pu pabore HE/IBA JONYCKATE CMENIMBAHUA BOJOpOAa M KUCJOpoja BO

nabesaHye B3pPbIBa.
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Ol LIT 1. BONBT-AMIIEPHASI KPUBAS SQJIEMENT A

B
OJibT-aMIlepHas KpuBad IIOKAa3bIBaeT 3aBUCHUMOCTh LR
JNEeMeHTa OT MJACTHOCTH TOKA. ' e

26).(3}(;6:?}:2 qiczil;imy JUIAL M3YCHUSA TOMIMBHOIO dreMenta (M. [ile
- Tpo;naep u B redeHue 10 MuE mpomyckalta Wi
POZL 1 BOAOPOJ 4epes AJIeMEHT NPU Pa3OMKHYTOI BHemIHel el
JMBHOTO dJeMeHTa. 3amuimTe Hanpsixkenue. IIpogommas 1oL q:} e
RUCJIOPOA M BOAOPOJ, Yepes TOMIMBHBI 2JI€MEHT, 3aMKHUTE 010 ylil:lr-
HIOIO 1lenbL M, NOBRILAA IJIOTHOCTE TOKA, 3alucLIBaiTe HAL0 '
DITEMEeHTa. ' -
Maxcumanpras I0THOCTE TOKA ONpeeNsAeTes yea0BHeM npUOIH A
HUSA HANPAMKEHUSA djeMenTa Kk Hymo. Cuumure 4—6 nokazanui :
Ilpu odopmrennn pesynbrTaTos OmbiTa paccuuTaiiTe ]1C :;Jleuﬂﬂﬂ
UpUHMMAsl, YTO JaBJIeHHe BOJIOPONA M KMCIOpOja pasHo 1 (cramjin 1~:
Hoe sHavenue sueprun ['n66ca peakuum cm. npuiokenie V) ;
Pesynbrars onbita BHecute B Tabamny u nocrpoiite rpad)l;x anpuen -
MOCTH HANPKEHUSA M MOUHOCTH OT TJIOTHOCTH TOKa. O6BACHUTE NHpH-

q
WHY OTKJIOHEHUA HanpsukeHua or OJIC B yMeHbLUICHUA HAIDAMKOHII
3JIEMEHTA TIPW TOBBIIEHUN IIOTHOCTH TOKA.

Ilnornoers Toka, A/M?

Hanpsixenve, B

Mousocrs, Br

Ornowenne UfEY

ON Bl T 2. BIUAHUE KATATU3ATOPOB HA HANPSKEHUW
TOIUIMBHOI'O QJIEMEHTA

B kaue
CTBE 3JIEKTPOJIOB PEKOMEHIYEeTCA MCMOIL30BATL OPHETHIO
HHUKEeJICBEIE WM YTOJBLHBIE TIACTHHEL.

Kar
b ::;n“uaampom BOJIOPOJIHOTO  AJIEKTPOJia MOTYT OBITH  ILINTHINA,
AUA WY HUKENb, KaTAIM3ATOPOM KUCIOPOIHOIO 3JEKTPOJN
cepebpo, NJIaTHHA WIM AaKTUBMPOBAHHEIN Yroilh

Js H
H, AHECCHNS KaTalM3aropa Ha 3JIEKTPOJ, MCHOIBLIYIOT OJWI Wi

a




cHe[yIommux MeTonoB: BIIEKTPOXMMUYECKNMI, XUMHBUECKUH, [POMUTKM,
HATBITCHM S, IPeccoBaHis cO CTeKaHueM.

DIEKTPOXHMHUUCCKUA METO/ 3aKJIIOUACTCHA B KATOJHOM BOCCTAHOBJIE-
muu Meraia (B JIeKTPONU3Epe) W3 pacTBOpa ero cojm. Takum cnoco-
60M MOKHO MOJMYYHUTh KaTaJIu3aTOPhL: NJIATHHOBLIT — M3 CONSIHOKMCIIO-
ro pactsopa H,PtCls, maniaguesbiii — u3 CONAHOKUEIIONO pacTBopa
PdCly, nuxenenbiit — U3 pacTsopa NiSQg,.

XuMUueckril MeTOJ BaKIYaeTcd B BOCCTAHOBJIGHWM MeTajljla u3
pacTBOpa €ro coiu ¢ MOMOIIBIO ra3006pasHoro BOJAOPOAA, rUpasuHa
NyH4, copmansaernia CH,0, Gopormapuaa HaTpHs NaBH,4. Taxum
cIOcO60M MOKHO TOJYYATH IJIaTHHOBBHA, HUKEIeBHIit, MaaiajueBblii 1
cepeOpsAHbI KaTaJlu3aTophl.

IlponuTKa 3aKIOYAETCHA B NOrpYKEeHUU IJEKTPOJia B PacTBOp €O
KaTann3aTopa ¢ MOCJIeyHomen 06paboTKON BOAOPOAOM WA pacTBOPOM
poccranopureni: NoHg, CH0 wnin NaBH,. MokHO TaKke MPOBECTH
KaToHy© 06paboTKy (B 3JIEKTPOJIM3Epe) NOPHCTOro 2JIEKTPOAA, MPOIH-
TAHHOTO PACTBOPOM KaTalu3aTopa.

Karannsatop MOKeT ObiTh HAHECEH MEeTOJIOM rasoIIaAMEHHOTr0 W/IH
BAKYYMHOTO HAlLIJIEHWA MeTajlla, & TaKiKe B BUJE NOPOINKA Halmpecco-
BAH Ha MOPHUCTHIA 3JEKTPO/.

Monyaure y nabopaHTa jBa aHONA N [Ba KaTOAa € pPAasIMmyHBIMH
KaTalm3aTopaMi.

Jlas npoBejieHus paboTh! cobepure yCTAHOBKY (em. puc. 26). Ipo-
nycTTEe B TEUEHUE 10 MUH KHCJOPOZ ¥ BOJIOPOA Hepe3 dileMeHT npu
Pa30oMKHYTOM BHEIIHel Temy. JanuIIuTe HampiKeHde. [Ipopoikast
NPOTMYCKAT BOJAOPOJ ¥ KUCIOPOA yepea IMEMEHT, 3aMKHUTe BHEIIHION
Henb SJieMeHTa M 1opGepure CONPOTUBIIEHNE TAKUM o6pa3oM, YTOOHI

[UIOTHOCTH TOKa 6b1a 5 MA/cum?. Sanuinure HATpsKCHIE 9IIEMEHTA.

BaMEHUTE AHOJ|, JMEKTPOAOM, MMEIOIUM JPYroi Karaan3aTop. Tlos-
TOpUTE ONBIT.

ZaMeHHUTe KATOM, SJIEKTPOAOM, WMEKOUIMM JpYroit KaTanu3aTop.
CHoBa MOBTOPWTE OIBIT.

PeayabTaTh ONBITA CBEAUTE B TabIAIYy:

KaranusaTop Hanpsukenne sreMenTa, B

KaTo/Ja aHoaa TIpY PA3OMKHYTON LIENH 1107 HATPY3KON

Bamumure
YPaBHEHHUA KaTOHHOM

aHOIHO
peakumit.  O6psAcHuUTEe  Mexaumam : b
HaOpAMEeHHUe dIeMeHTa,

KOOOpasyomeit
BIIHAHWA KaTanusaTtopa Ha

PABOTA 32 AKKYMYJISTOPBI
(Vwebnuru: 1990, § VIL2, XVL1; 2000, § 9.8)

Hens pa6orwu — usysenne comn-
OOBOTO M IENOYHOrO BRR}'M}'JIH"IOPOB a
TaKke MCHONB30BaHUe 3JIEMEHTA ﬂ.annan;q -
HAxo6u B pexume akkymyasTopa.

B akkymyn aer-
A
3 mmq;:c :M TOpax NOJ BO3NEHCTBHEM BHEUIHEIO TOKA HAKALINE
L uauegmx, KOTOpas 3aTeM NpEeBpalllaeTcsis B 3nex'rpntzeﬁ
(MKYMyJmpomnpeoHe apaaoaan)na DVIEKTPUYECKON 3HEPIHH B KHMH‘I'BCKJI.IO
HEPruy) Has3kIBAIOT 3ap ;
aApANOM AKK
i P yMmyssaropa. Ilpo-
PEBPAICHUs XMMUYECKON DHEPIUM B BIEKTPHYECK . .
Pa3pANOM aKKyMyJIATOpa. i
Ilpu zapsa
p PANIE AKKYMYyJIATOp paboTaer kKak aexTpoiusep. Ero HAIps

xkenue /3 Gomerme i
. I/IC na senmumny nonspusaumm AF. u
Tepb Hanpsmerusn A Uy N

U3=E3+ QE3+AU3

Kpusas uz
MEHEHUSA 3apsAHOro yMy.
1 H3NPAKEHUA aKK
Ha3bIBAETCH BaPAJHOW KPHUBOIA. S o

IIpu
Haup;;mézgsgai‘z AKKYMYJIATOP paboTaeT Kak ralbBaHWYECKHMA 3TeMEOHT
npu paspane menpue JJIC wa pemuunny nmmpnaa.

IIHMH AEP 1 OMHYECKMX I0Tepb HanpskeHus A Up:

aspAangHoe
pamn, - HallpA)KEeHWe YMeHBIIAeTca U BO BpeMeH#, U ¢ yBennye-
P : :

HueM Toka. Kpupas
. HU3MEHeHM A paspan
HOI'0O HalOpsx
Ha3BIBAeTCHA paspAJSHON KPHBOH. T

Hau6omnee
PacIpOCTPaHEHHBIMK ABIIAIOTCH
B HAacToOslee BpeMs
ST10

CBUHIIOBEIE YIATO TeN TPO,
i vl ::RW}UI PB, B KOTOPBIX NOJOKHUTETBHEIM 3MEKTPOOM
i :mu;a. CBMHIA, & OTPMIATENBHBIM — METAJINYec KNI cBUNOL
CKTPOJIKTA [IPUMEHAI0 . :
. T PacTBOp ce
5 DHOM KHCIOTH
My CBUHLIOBLIC aKKYMYJISATODE Ha3hIBAIOT €IIe KUCIOTHLIMY i

CymMapHas peaxuus B AKKYMyJIsTOpE:

2




Pb + PbO, + 4H* + 250% E:Zf}.____-——:-—-i 2PbS0O4 + 2H,0
[lpy paspsijie CTENeHb OKUCJICHMA CBUHIA Ha HOJOKUTETBHOM 3JIEK-
Tpojile yMeHbIIaeTcA OT +4 o +2, a Ha OTPUIATENLHOM 3IEKTPO/Ie
pacrer or 0 a0 +2. Ilpu sapape OKICIUTENEHO-BOCCTAHOBN TEILHEIe
pomecesl UAYT B 0GpaTHOM HanpaBJIeHu.
DIC akkyMyasaTOpa paBHa

e RT 4 g2 2
By = Eg ¥ 5F In [RH" asoi—/ aHzO].

DJIC pacter ¢ yBeNHICHUECM AKTIBHOCTH MOHOB BOJOPOAa M CYJb=
¢ar-uoHOB, UTO W HPOMCXOAUT npu 3apAfe AKKYMyJATOpa. gaa.g
KOHIEHTPAUMio  CepHOM  KMCJIOTHI, MOJKHO  ONpeAenTh I
aKKYMYyJIATOpA.

Kpome CBHHIOBBIX UIMPOKO HPUMEHAIOTCS HUKENb-Ka/[MACBLIC u
HMKe/Tb-iKeIe3HEe MeI0uHbe aKKyMYJIATOPHI. CymmapHBIe peakunuu B
THX AKKYMYJIATOpax:

paspij

Cd + 2NiOOH + 2H;0 wgm CA(OH); +  2Ni(OH),

paspsl ;
Fe + 2NiOOH + 2H,0 === Fe(OH); + 2Ni(OH),

3apag,

OrpuIATe/BHBIMA 3JEKTPOfaMu B ITHX AKKYMYJATOPaX CJIyXKar
COOTBETCTBEHHO KAIMWI U KENE3O, TOJOKMTENLHBIM 3JIEKTPOIOM —
TUZIPOKCHIL HUKEJH (I1T). DnexTpOMATOM ABIACTCA pacTBOp THAPOKCH-
fa Kajns.

Koumpoatusie sonpocs U sadayy

1. Kaxue ycTpolicTBa Ha3bIRAIOT axkyMynsiropamu?

2. Kaxue cakropkl ONpelensoT HanpsokeHue aKKkyMyJAaTopa rpu aapsje 1
paspsze? ;

3. Kaxue OCHOBHbIE IPOLECCH! TIPOTEKAIOT Ha SJIEKTPOIAX CBUHIOBOIO aKKY

7
MyJIsiTOpa 1Py ero paspsne 1 sapszne’

4. Tlosmaysich CIIPaBOYHBIMU JAHHBIMM (oM. TpuiIONKEHHE XV), paccunraire
OIIC CBUHIOBOTO aKKyMyJIATOPa mist 298 K mpu MJIOTHOCTH cepHOM KMCIOTEL
1,22 r/em®. Omeem: 2,05 B.

, 5. Tlonbaysich CMPABOYHBIMM HAHHLIMU (cM. mpuIIOKEHNE XV), ompenemure
[IOTHOCTE M KOHIEHTPaluio CepHOit KMCJIOTHL B CBUHI{OBOM AKKYMYJATOPE,
3J1C roToporo paBHa 2,11 B. Omaem: 1,26 r/emd n 4,66 MO/ 1.
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6. Kakve BaM M3BECTHBI AKKYMYISTOPE! CO LIETOYHBIM mammmuﬂ

7. TlpuBenure ypaBHEHMS CYMMApDHBEIX DeakilMil, NMPOTEKAIOUIME W HHEEAL
KaJMUEeBBIX M HMKENb—IKeNe3HBIX aKKyMyJIATOpax.

ONBIT 1. POPMUPOBAHUE AKTUBHOTO CVIOH
NOBEPXHOCTHBIX CBUHILOBBIX BJIEKTPOJIOB

Ilponecc noNy4eHWA AaKTUBHOTO CJIOA Ha [JIACTHHAX CBHIIONOIG
AKKYMYJIATOPa HA3BIBAIOT (POPMUPOBAHMEM 37IEKTPOAOB. DOPMUPONMIIN
3aBUCAT OT TUIIA JIEKTPOIOB aKKYMyJIATOpa. B 3aBMcuMmocTH OT €Hi-
coba MPUrOTOBJIEHNS Pa3IMYaloT JBa THUIIA JIEKTPOMOB: NOBEPXHOCTILIG
u mnacTupopanHse. [IOBepXHOCTHEIA 37EKTPOJ MpencTapiser cobON
CBHHIOBYIC IIACTMHY, Ha TOBEPXHOCTH KOTOpPOH dopmupyercs caol
aKTUBHOrO BeriecTBa. JIJIsl 3TOrO NPOBOJAT aHOAHYIO 06pabOTKY CBUHILA
B pacTBope cepHoii kucioTh (Maccosas gonst HoSO4 10-20%), conepia~
mem 10-15 r/an nepxmopara kanusa. Ha siexkrpome MOYT peakiuy,
NPOLYKTOM KOTOPHIX ABJIAETCA NMOKCHU CBUHILA:

Pb + H,S04 = PbSO, + H,
PbSO4 + 2H,0 - 2¢ = PbO, + H,S04 + 2H?

OnuH U3 2JEKTPONOB MOABEPraloT KaToAHol 06paboTke, B pe3yibTa-
Te KOTOpPOIl JMOKCUJ| CBUHIIA MpeBpaliaeTcs B rybuarsiil cBUHEL:

Taxum o6paszom, nocie (GOPMUPOBAHUA AKTHBHEBIM CJION MOJIOKMUTENb-
HOTO 3JIEKTPOa COCTOMT B OCHOBHOM M3 JIMOKCH[Aa CBUHIA, & OTpHUIA-
TEeJILHOr0 — W3 Iyb4aToro CBHHILA.

IMacTpoBaHHBIE HJIEKTPO/IL U3rOTOBJAIOT U3 MACTHl, KOTOpasd HaHO-
CUTCHA B TIOJIOCTH CBUHIOBOH pemerku. [lacTa Moxer ObITE HaHeceHa BO
BHYTPb CBHHIOBOU MephOPMPOBAHHOR PEINeTKN WIIM NOJIUMEpPHON Tpy6-
KM CO CBUHIIOBEIM TOKOOTBOAOM. COOTBETCTBEHHO IJIACTUHEI Ha3bIBAIOT-
€S pelerdyaThiMy ¥ TMaHIUPHBIMY,

IlacTy roTOBAT W3 CBHHIOBOTO IOPOIIKA W CEPHON KUCJIOTHI, TOITO-
My OHa COAEpXHT cyiakdaT CBUHI@A, CBUHEI, OKCHJ CBHHIE U CEpHYIO
kuesory. PopMUpOBaEWE IAcTHPOBAHHBEIX 3JIEKTPOJOB MPOU3BOJSAT
TAKIKe AHOMHON 060pabOTKOM, NPy KOTOPOH NacTa B OCHOBHOM MpeBpa-
maercsa B auokcny ceuuna, OTpunaTessHBI 37IEKTPOJ, 3aTeM MOABepra-
ercsi KaTommoil 06paboTke, B pe3yJbTaTe KOTOpPO B AKTUBHO# Macce
obpasyercs ryb4arsiii cBHHeL,.

Jlns npoBelieHUs OIbITa IOJAYYHTe NabOpaTOPHBEIN CcTakaH ¢ KpbIll-
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Puc. 28, Dnextpieckad  CxeMa

Phc. 20, ok R e ycTaHOBKA A7 yayuenus paboTbl

CBMMLIOBOPO AKKYMYNIATOpa:

i . 9 - wpbiuxa; ‘3 AKKYMYTLATOPA:
1 - TokooTBOMSL 2 mﬂw P { - pennMil KCTOHHUK TIOCTORHHOLO
- cauHuoBbie T7IAC b . roxa; 2 - BLICOKOOMHBI KATOMHbIA

_pacTBOp  QMEKTPOTMTA;
' crakan

sonbMeTp; S 4 5 6 - wnouM; 7 -
BONILTMETP; 8 - AKKYMYZIATOP

Koft, K KOTOpO#l NPUKpeIIeHb! CPHHIOBbIE TJIACTHHBL C 'muoo-rnoﬂna.;g,
u 3ajeitTe B Hero pacTBOp CepHOM KUCIOTH! (maccopas jons HoUs
uc. 27).
la%éogl;pm ))rc-ranonny (puc. 28) mns GopMuUpoOBAHKUI AKTHBHOI'O CIOA
MOBEPXHOCTHBLIX CBHHIOBBIX ANEKTPOJOB ¥ Pa3psAAa AKKYMYyJATOPA. .
C moMOIBIO BOJBLTMETPA 7 y6epurech B OTCYTCTBHM pa3zHOCTH _no*ren
WMANOB MEXJY I/IeKTPOJaMu axkymynsropa 8. CoepuunTe BIIEKTPOAB! ;
BHENIHMM MCTOYHMKOM TOKA 1 (prmiouen KmoO4 5) m npoBejuTe NEpPBHl
umxn GOPMHPOBAHUA IUIACTHH AKKYMYJATOpPa B TEYEHHO 10 mum nOpH
wnorsocn Toka 200-300 A/n?. OTK/HOYHTE MCTOYHMK BHEIIHEro TOK3,
ompeaeuTe ¥ 3aNMIIATe HanpsXEHMe Ha KieMMax TIacTUH Bonbmex;
pom 7. 3arem [HOMEHSHTe TOMIOCa Y BKKYMYJIATOPa, BRJIIOYMTE KJHOYO0
§ pHemEMA MCTOUHMK TOKA U NPOBEJUTE BTOPOM TIMKI (bopunp()n:un;(
aIeKTPONIOB B TeueHue 10 MMH npH MJIOTHOCTH TOKA 200-300 A/M2.
OrkmouyTe BHEUTHUHA MCTOYHMK TOKA, Onpe/eNuTe ¥ 3AMMIIUTE HANPH-
weHBe Ha KIeMMax AKKyMyJATopa. Barem ¢ NMOMOIIBIO KIOYA 6 3aMK-
HHATE BHEUTHIOW mene H nponenm'e p&'ﬂpﬂ,ﬂ. aK!{yuynR‘rOpa npu H;IDI"I;-
woctu Toxa 200-300 A/M?, mOxa HAIpPsXKEHUE pe ymajmer 710 1, :
@uxcupyliTe H3MEHEHHe HAPSKEHU BO ppemeny (4-6 pas).
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[MocTpoiiTe KpuBYI0 HM3MEHEHUA HAIPKEHHUA aunynm

BpeMeny (paspsapuyio KpUBYIO).

SanuniuTe YpapHEHWs PeaklUil Ha BJIeKTPOJIax, IPOHCXOMINN m

[IEPBOM M BTOPOM HUKJaxX (GOPMUPOBAHMS 3TEKTPOJIOB n‘ppu:,m

AKKYMYJIATOPA. S e
il
O 1l BIT 2. BOJILT-AMIIEPHAA XAPAKTEPUCTUKA CBHH“O”N

AKKYMVYJIATOPA ;

B ombiTe M3yuaioT BONBT-AMIIEPHBIE XaPaKTEPUCTUKK JH60 |'anw
JIEHHHBIX AKKYMYJIATOPOB (6aTapeit aKKyMYJIATOPOB), JH60 JAGOPMINI
HBIX aKKYMYJATOPOB, W3rOTOBJIEHHBIX IO METONY, OIICAHHOMY B OHIN
1. DeKTpUYEcKyI0 cXeMy YCTaHOBKM cM. puc. 28.

Tonyuure y nabopaHTa CBUHIOBHIA AKKYMYJSTOD HIH 'ﬁaﬂpm
AKKYMYJIATOPOB, ¢ NOMOIINBIO /ICHCUMETPa ONPEeINTe MIOTHOCTL PRiE:
Bopa syiekTposuTa. KaropueiM BOIBTMETPOM 2 ONpefiesuTe DJIC awny
MYJATOpa, & BOJBTMETPOM 7 — ero HanpsmeHNe npu pasoMEHYTON
BHEIIHEH 1eny, BRIOYHTe aKKYMYIATOP KJIOYOM § B Lemb 3apsjh W,
IOCTENEeHHO TIOBBIIIAs TOK, BalMChHBAiiTe HallpsKeHUe Ha KJIeMMAX,
uamepsiemoe BombrMeTpoM 7 (4-6 moxasammii). OTmIOUATE AKKYMYJN-
T0p, KOrja HAYHETCA BBIJEACHME INY3HIPPKOB rasa. 3aMephTe DJIC
BOJIGTMETPOM 2 U HANPsIKEHUe aKKyMYJIATOpa IPH Pa3OMKHYTOM “BHENY-
Helt mernu BOIbTMETpoM 7. BRMIOUWTE aKKYMYJIATOP KJIIOYOM 6 B perum
paspsiia u, IIOCTENEHHO INOBHIUIAS TOK, 3aliChIBATE HATPFANCHUS Ha
ero winemmax (4-6 noxasammit). BrimounTte aKkyMmyJaATOp, KOraa Harn-
psasienne ynager po 1,7 B. Ilocne sroro ompenesure BOABTMETPOM Jf
HAIPSKEHME AKKYMYJATOPA IIPU PA3OMKHYTON Ienu. O

PeaysibraTel ONBITA 3alMIINTe B TabiuIy: sy

.

Toxr, A Mnornocts Toka, A/m? Hanpsukenne axkymyssaTopa, B /4

B
T

npu paspsijie |

npu sapsje

0

- ke
Paccuwraiite DJIC akkyMmyjaaTopa IO €ro 3apsafa Ha OCHOBAHUUN

JAHHEIX O MJIOTHOCTH PAcTBOpa KMCIOTH (cM. mpuioxkerue XV). ocr-
pOiiTe KPUBYIO 3aBUCHMOCTH HANPSKEHUS OT IJIOTHOCTH TOKA (Bo_j?};;ﬁ-
aMIepHble KpuBbie) TPHW 3apAfe M paspsje. 3anuiuure ypaBHEHpA
AMEKTPOJHBIX IPOIECCOB U CYMMApHOM peakuuu Tpu 3apsjie U pasps-
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fe. ObbsicHUTe TPUYHHY OTKIIOHEHUHA panpskenust or DJAC u n3Mene-

HHUH Hanpxmemm npu YBSJIP[‘.-IGHHH 3apAHOTO U paapa,u.uoro TOKAa.

ONb T 3 BINAHUE KOHIIEHTPALLIMM KMCNOTHL HA
XAPAKTEPUCTUKYN AKKYMVJIATOPA

OnEIT NPOBOAATCS HA TOIl e yCTaHOBKE, 4TO0 1 ONBIT 2

Ionyqure y nabopanTa AKKYMYJATOp WU GarTapeio AKKyMYJIATOPOB
u pactsopsl HzSO4, MIIOTHOCTE KOTOPBIX 13;1,2mu 1,1 r/cm?. 3anonBEu-
o axkyMmymsTop pacrsopom HpSO4 (p = 1,3 r/em®).

OnpepennTe BOIBTMETPOM 9 ganpsKeHue aKKyMyasaTopa npu pa
KHYTOU BHEITHEH HerH. BaMKHATE BHEIIHIOI LElb KI0UOM 6 (cM. puc.
28) u ¢ TOMOLIBIO PeryJIMpyemMoro conpoTHBICHIA yBeaMIMBaiiTe TOK B
Henu, MOKa HANpsxeHue He yHajier A0 1,7 B. ®uxcupyire (4-6 pas)
HATIpSKEHME AKKYMYJIATOpa HpH M3MEeHCHIN roxa B nenu. Iosropure
ONBIT ¢ PACTBOPOM KUCIOTH, MIOTHOCTE kortoporo 1,2 r/cM3, a saTeM ¢
PacTBOPOM KHMCTIOTHI, IVIOTHOCTE xoroporo 1,1 r/em®™.

Ipu ocopMIeHHN Pe3yJIbTaTOB ONBITA:

a) BSanWIIATe YpPABHEHUA peaxuuit, mp
AKKYMYJIATOPA;

6) paccunTanTe DAC arkyMmys
IZIOTHOCTH KMCAOTH W CpaBHUTE UX €

(B pacuerax UCHONB3YHTE NPUIOKEHUE XV);
B) MOCTPOiATe BOJLT-MNIEPHYIO KPUBYIO NP paapszie aKKyMyJATOPa;
r) O6bsACHHTE NPUINHY UIMEHEHIS HATPAKEHUS AKKYMYJIATOpa NP

30M~

OMCXOAAINNX TPH pa3psne

ATOpa NpWM 3aJlaHHBIX 3HAYCHUIAX
HKCTIEePUMEHTATLHBIMU IBHHBIMIA

YBEIMUCHUM TOKA;
n) OBBACHINTE BIMAHNE KOHIEHTPAIMN KHCIAOT

KpMBbLIE AaKKYMYJIATOPA.

Bl HA BOJILT-aMIIEPHBIE

OnbT 4 XAPAKTEPUCTUEN HETOYHBIX
AKKYMYJIATOPOB

Tlonyuure y JaGopaHTa HUKEIb-KaIMUeBbli HIN HUKENb-KeIe3HbIH

AKKYMYJATOp WM H6arapeio 3T
puc. 28, onpenennTte 3JIC BOIBTMETPOM 2 H HalpsiKeHre MpH

HYTOl BHEIIHE e BOJBTMETPOM

* Ry onmIT paccuMran Ha 2 d,
IOVt M3 Tpex YelloBeK, Kaskiblii M3 KOTOPBIX
OJIHUM PACTEOPOM KUCIIOTHL
224

ux axkymymsropos. Iloapaysich cxeMoi
PABsOME-

7. KmiouoM § TMOJKTIOUNTe aKKyMy-

To PEKOMEHJIYeTCsl IPOBOAMTE ero 6pura-
paboraer ¢ AKKYMYyJATOPOM c

JISITOP K MCTOUHUKY
! . TMOCTOAHHOTO TOKA [, (
CONPOTHRBICH U Pl gigso
bt gt MOBBIIAKTE BapANHBI TOK, mOKA Hanpimel::f:?o:o
e aﬂny{‘{MTﬁmpa e jocrurner 2,0 B (nanpsxenue ma waomm "
e YIATOPOB HOMKHO ObITh GOMNBIIE B 1 pas, ruae n v
. =
i qmmr;m;;o COC/IMHOHHDBIX  AKKYMYJISTOPOB). Ilim nonm:::l: L
pyitte (4-6 pas) snawemme manpskenu : .
e A Ha KIAEMMax aKKy-
OrrmounTe
R - AKKYMyZATOP U 3amepbre ero DJIC BombrMerpom 2
R IIpH PAa3OMKHYTOH BHENTHER e BonbT™MeTpoM 7. Bra |
YMYJAT . i
i = I}:U op B PEXKuM paspafia winodom 6. Tlocrenenno mnosk
e HE,MBHRa HAIPs/ReHNe akKyMyJATopa He ynamer ao (.8 B 3
1 eH " . ]
e mﬁwmﬂm_ II;‘I': (1;.)111;1 bukcupyire (4-6 paa) HSMGH(-}HHG, HaNPsIKe—
; I0MHUTe aKKyMyJIATOD 1
on
Hnennpn Pa30MKHYTOI BHemuei remu, . e n s
a)pn O(OPMIEHUY PeAYITHTATOB ONBITA:
BANNITINTE YpaBHeHMSs
PeaKIMii Ha SJeKT
S PONAX U B aKKyMYJATOpE
6) paccuuTaiite
e SAC AKKYMYJIATOPA, NPUHUMAH AKTUBHOCTE BOJIHI
St ; s M CPABHUTE C HKCUEPUMEHTAILHO M3MEPEHHOM B,HCJx
T€ BOJBT-AMIEPHYIO K J L
B! ;
i s PUBYIO IpH 3apsfe m paapsije
r) obBscHUTE N
PHYMHY OTKIOHEHUS
LY HallpAXeH s AKKYMVJIATO
p O BOJIETMETPOM IIPU Pa3sOMKHYTOH BHEIIHEH . G
AKKYMYJIATOpA; e
) obbsac
Topa)nm Hafnme NPUYNHY PasIMuNA MEKAY HANPAKEHUEM AKKyMys
PY3KOHI U HAUPSKEHHEM npu PA30OMKHYTOMH BHEITHEe ufenfx

B uem np
MUMHA H3MEHeHU s
: PaspsInoro u 3a :
YBEIMUEHNN TOKa B uenu? 3apA/HOTO HANDPSKEHUN 1PN

0
O BI'T 5. UCIILITAHUE OJIEMEHTA HAHUSBIISL — AKOBU
B PEKUME AKKYMVIISITOPA

Onement lanuans — Axobu

CU ’ CUSOQ' JZHSO¢; r n

MOMxKeT pabo
ey }::mMTam B 06paTuMoM peduMe, T.e. B peuMe paspaia m 3a

g (i | ; i
s Cg:rz?)e JIEMEHT BBINIOAHACT POJIk AKKYMYJIATOPA Tarfoﬁ

UT U3 MEIHOIO 3JeKTpo o
i YA POJla, NOTPYHEHHOI'O B pac
cyﬂbgam enu, pi UMHKOBOTO BJIEKTPO/a, HOrPYKEHHOrO B pacmop
OUHKA. DUVIeKTPOJ L COEIUHEHBl APYr ¢ Apyr e

AEKTPOXMMUYECKOI'O KITIOYA. it

8-283
225



| ( 5 b 1 1

PONUTHYECKUM KITIOUOM (
T pOMOMTE IPOTOYHON BOAOK
pacrsopamu CuSO4 1 ZnS04. ;
e MW MX COBCTBEHHBLX CONe#. DIeKTpU-
opa :
uTe B COCYJB C PAcTB b
He:::liyiapawrepucmn AKKYMYJIATOpa M3Y48ioT ¢ noﬁumg g
S WMBE/IGHHOM HA pHC. 28. KaronapiM noabmer::n o
s DJIC, a BOJABLTMETPOM 7 — HANPAKEHME & y
N3MEphTEe ;
i BHeIIHel 1enu. sl
paagmﬁwe kiarodoM 6 aKKyMyJIATOpP B pencm;opga;_.ubn4 it
JKEHME He ynaner ,3-0, J
jiTe TOK, MOKA HANp: R
HOB!::I i':-mca :sa.u‘ucmaﬁ-re (4-6 pas) HanpsAKeHUE. Sl;r:: i paaomyuymy_
iiiop u aameprre DJIC BOIBTMETPOM 2, a HanpAK
g e BMbmmo;{n::rop B 1ernb 3apaja. Hoc-raneuréo
quTe AKKYM |
i anpsUKEHMe He NOoCTHI'HET BHAUeHN: 2,0
etk [py Ka¥JOM W3MEHeHMH TOKa.

ero DJIC u Hanpskenue rnpu

em. puc. 22, 6). Cocynst znpenaapnm?ii
u saveM sanojHuTe Ha 2[5 OfbeMa :
Mepsbpie ¥ DMHKOBbIE MIACTHHB Mﬁ
ymaroif, mpoMoiiTe IPOTOYHON BOZIO

ajiTe TOK,
Ig:::ui:pyﬁm (4-6 paa) HampsKeHWE
OTKmOUNTe AKKYMYJIATOP M OHpE/enuTe
To{t BHEIIHEeA Ienu. :
pas%h;:azqyopmeﬂﬂu Ppe3y/LTaToB (:'111;1'1;].11;.“9n
a) 3anuMIIMTe YPABHEHMS pearuuit Bmm
iax, MPOTeKAIONMX NPU pa3pilie 1 aafnm ;
6) paccuuraiire BJIC, upuHEAMan i oSl
paBHBIMM 1, ¥ CPaBHUTE €€ C ONBITHEIM o
B) TOCTPOMTE BOJIBT-AMIEPHYIO KP y
s e NpUMAHY OTKJIOHEHUS HAIpPIKCHUA oT 3)103 :T,
. Dﬁ'hﬂcHH:ﬁ“ g yeM OT/MUYHe HANpPAKEHUs MpH paapn;.e :nn?p
ogiaion bl l;. c;'r HATIPAKEHUs IPH Pa3OMKHYTOH BHEIHE aI:l; ;m'e !
is ar;ﬁzzﬁ:::;ge BAUAHME TOKA Ha €ro HampsukeHue Ipu pasp
P

3aps/ie aKKYMYJIATOPa.

HOM ¥ LMHKOBOM BJIEKTPO-
HOCTH MOHOB IMHKA W Me/IH

pane u paspane

PABOTA 33 9NIEKTPOXUMHYECKME IIPEOBPA3OBATIIIN
(XEMOTPOHBI)

(Vweouux, 1990, § XV1.2)

Henv paborn — ospaxomnenne c
JNIEKTPOXUMUYECKAM MHTEIPATOPOM,  Meji-

HBIM KYJIOHOMeTpOM W XEMOTPDOHHBLIM JIHO~
JA0M.

INEKTPOXUMUYECKHUMY npeobpa3oBares aMu (xemoTponamu) HazpBa-
IOT NPUGOPH M OTHENBHBIE BHIEMEHTLI YCTPOMCTB, HPHHUMN meficTius
KOTOPEIX OCHOBaH Ha 3aKOHaX »neKTpoxumuu. K mum ormocsres 21eK~
TPOXMMHYECKME MHTErPATOPH  KOJMYecTBa AIEKTPUYECTRA,
MbI€ CONPOTUBIICHUSA, XEMOTPOHKBIE OB U Jp.

B cootsercrsum ¢ sakomom ®apanes KOJIMYECTBO BEIECTBA, UCIIhI-
Taplliee NpEeBpallleHue Ha 3eKTPOAe, NPONOPHHOHATLHO KOJIYecTRY
pOMeamero anextpudectsa. [oatomy, usmepsas rem mmm mmnig CIOCO~
GoM KonMvecTBO BemmecTsa, NpOpearnpoBaBlliee Ha BIEKTPOME, MOMKHO
CYMMHUPOBaTh (nmerpnpona:m) KOIMYeCTBO MPOWEIIEro MeKTPUIecT-

pa. Ha arom ocuoBas mpumnun peicrsus SMEKTPOXMMUYECKUX UHTErpa-
TOPOB.

ynpasisie-

C nomoumpio anexTpoxmMmueckoro METOJla MOMHO OCaMIaTh Ha
KaTONe MM PacTBOPATH HA AHOME CJIOM MeTaiuia. Tommuna ciosn me-
Tajlna 38BUCHAT OT KOJHYECTBA MpPOIIEAIIEro anextTpuvectsa. Tak kak ¢
W3MEHCHMEM TOJIHUHEL CTON M3MEHSETCS U ero COUPOTHBJICHUE, TO
MOMHO yNPABJIATE CONPOTUBICHUEM TeX MM HHBIX yerpofiers. Yupas-
JIACMOE CONPOTUBIEHHE MOMET TAKIKE BLINOIHATL POJIb AYEHKN TaMsiTH,

B coorBerctBun ¢ sakomamu YIEKTPOXUMHYECKOW KMHETHKM MAaKcy-
MaJIbHasA CKOPOCTb JJIEKTPOJHON peakiuy HPOHOPUHOHAIBHA TIIOIALY
TIOBEPXHOCTH JNIEKTPOAA ¥ KOHIEHTPALMN PEAreHTA. Hostomy, namensis
COOTHOIICHME IJIOMa/iell NOBEePXHOCTEN aHOA U KaTo/la, a TAaKke KOH-
UEHTPANMIO OKMCIINTENS. U BOCCTAHOBHTEIN S,

MOXCHO CYIIECTBEHHO M3Me-
HUTb COOTHOINEHHE TOKA,

IPOXONAIIEr0 4epes  HIeKTPOXMMUYECKYIO
AYENKYy B MPAMOM M O6paTHOM Hampaszenusx. Ha ITOM NPUHIUHE

OCHOBaHa paboTa XEMOTPOHHBIX /IHOJOB, B KOTOPBLIX OGBIYHO OKMCINTE-
JAIME CITyKaT MONCKYJTB MO/IA, & BOCCTAHOBUTENAMI — MOHEI nopa.

Konmpoasusie 60npoCcH

1. Kakue yerpoitetsa naspisalor smexr

POXMMUYECKMMU TpeobpasoBaTessiMu
(xemorponamu)?
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OJTMYECTBE
2. Kakos MpPUHLUT AefeTBUs SIeKTPOXUMUHECKIX UHTErpaTopos i

anexTpuyecrsa’
3. HKakue peasuuy IpOTEKAIOT
: 7
HHTETPATOpPOB KOJMWYecTBa BJIeKTpHYecTBa: .
4. Kakue BMIbl  DVEKTPOXMMMYECKMX  MHTEFpaTopo

Ha SJIeKTpojax BJeKTPoX UMAHECHKUX

KoJaMHecTBa

i
a1 3HaeTe!
eKTpPUYECTEA Bhl BHaeT it
5pKa.Koe YCTpOMCTBO HABEIBAIOT YNPABIIAEMBIM CONPOTURIEHVE

: 7
MHILATI €ro JeHcTBUA! ol
] 6. Kakoit npUHUMI HAEMCTBUS XEMOTPOHHOTO mrona? Pacemorp

KOHKPETHOM TIPMMEpe. ;
7. KaxoBo ycTpoicTBO XeMOTPOHHOTO NMOJa: ,
- 8. KakoBEl MOCTOMHCTBA M HEAOCTATKN XeMOTPOHOB!

; TP

OTNBT 1. WEKTPOXUMWUYECKUN UHTETPATOP (KYJIOHOMETP)

a) DaexmporumunecKul UNMELPAMOP
—E:I——ll—/ na Gaze cucmems uodud xaausx — uod.
| HurerpaTop COCTOMT M3 CTEKJIAHHOIO
cocyna obbemom 50 — 100 CMS,. pasjie-
JIGHHOTO TIOPMCTOI TeperopoiKoi (puc.
29). K wiemMaM HMHTErparopa NOJKIO-
YeH BOJBTMETP, MCTOYHUK ncc'ro;mgom
TOKa, peryjmpyemoe CONpPOTUBJIEHUE U
aMIepMeTp.

B obe MONOBHHB COCY/ia 3aJIUBAOT
pacTBOp MONMAA Kalusa ¥ Hoja. Kon-
LHEHTPAIUIo MOAa OlpPeJeAioT Q)o'mgm;

M.
OpUMETPUIECKUM METOIOM (onmcanne d)morconopumen::l 0.:-1;1, i
gszgennn) Pacteop uoja nMeeT ﬁypyml?ﬂpacuy, ﬁm:i:;mcm“mﬂ W3
. ; BAPUTEI
or KOHIeHTpamun mona. llipen .
POf; 33‘;‘:{’; KpMBasd 10 PacTBOPaM C U3BECTHOU xonuempauﬁ,nif;;ol;uo;

0 4

?{};HI:IQHTPG.L[HIO Hojla B PAacTBOpE ONPeAEeNAIoT N0 Kaanbp

KPpUBOIL.

<

WRDODDNT

Puc. 29. CxeMa YCTAHOBRM JUIA
UByHeHMs XEeMOTPOHHOrO MHTEr

paropa

i k) (=) ang

1L ypre y 1ab0paHTa NeKTPOXUMUYeCKN WHTerpaTop, (bo'rgn e

. eTp HTP X OT =

3: MMETPOM OIlpefe/IuTe KOHIE anuIo Wojia B JIBY ;1(,) Wi
i jouMTe MHTErpaTop K BHEIIHeMY HCT

MOe Hall-
MEHBIIUTE TIOIBOAK
COTIPOTUBJIEHNEM ¥

i - Teyeune 156—20 muH, nocie

sax unterparopa. Ilopin

TOKa ¥ per
psxenune po 0,56-0,3 B. Mponyckaiite TOK B e d ol A

KIIOUCHMA TOKA (POTOANEKTPOKOIOPHMETPOM OIp G
2}1’:10 Hoja B OGOMX OT/ENEHMAX SAUCHKH. BaTeM CcHOBa IOJL

B Te4YeHue
WHTErpaTop K UCTOYHMKY TOKa, HO NponyckKaiTe TOK
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15-20 mun B o6parnom HanpasjieHun (T.e. mpoBeanTe peresepanuio
unTerparopaj. Orkirrounre MHTErpaToOp M CHOBA ONPEJEINTe KOHIIEHT-
PAIMIO NOJIa B 060X OTHENCHNAX Sk,

Pesynsrarer onsira sammmre s TabIuILy:

Konuenrpatms OMeKTPOsHa B npaMoM Onerrpoms B obparHoM

nona, MOJIb/H HalpaBJIeHW K HanpapneHuy
pite] nocnie | pasHocThb A0, nocae Pa3HOCTH
OIEITA OTBITA OITBITA OTNEBITa

1 ornenenue

IT orpenenmne

Onpenennre uamenenmue KOJIMYECTBA MOMla B OTHENEHHAX AYCHKU B
PE3yJIbTaTe MPONYCKAHUSA TOKA B IPAMOM M 06paTHOM HaNpaBICHUSX.
O6nembt pacTsopos B OTAGNIEHUAX AYCHKM y3HalTe y mpenomasaTens
nmm y nabopanta. I[o 3axony Qapajies ONpeleNUTe KOIMIECTBO npo-
HMIEAMEro dJIeKTpU4ecTsa, a 1o V3BECTHOMY BPEMEHM 3JICKTPOJHM3a —
TOK.

Sanumure ypabrenus BOSMOXKHEIX SJIEKTPOJHBIX peakumit, onpeje-
JINTE MX PaBHOBECHBI® MOTEHIMANE U YKaKUTe, KaKue peaklui peasbHO
HUPOTEKAIOT Ha BIeKTPOJAX, paccuuTaiime PABHOBECHEIE ITOTEHHHAIE]
IEKTPOIOB 10 H MOCJIe ONBITOB,

6) Mednwui Kyaonomemp. Meanuii xynonomerp npencrasaser coboii
JICKTPOIN3EP, B KOTOPOM DJIEKTPOJNUTOM SBJIsSETCH KHC/IBIA pacTBOp
cynboara Me/lH, a STeKTpPOIaMH — MEHEIe ITACTHHBL.

Cobepure memubrit KYJIOHOMETp, MCHONL30BAB CTEKIAHHBIA CTaKaH,
AB& MEIHBIX IEKTPOJa M PacTBOPH cynbdaTa menu (1 M) u ceproit
kucaoret (0,5 M). Ipensaputensuo ONpefeIuTe Maccy OfHOr0 EKTPO-
Aa (karoma). Toarmounte KYJIOHOMETP K BHENIHEMY MCTOMHHKY TOKA
no cxeme pue. 29. B revyenue 20-25 mun ripono;mre IMEKTPONIU3 NpH
nimoraoeTn roka 100 A/M2. Orwimounre KYJIOHOMETpP, BEIHBTE KATOJ,
POCYLINTe ero uiabTpoBanbHON Gymarol, onpememute ero Maccy u
VSMEHEHHME Macchl B pe3yJibTaTe 3eKTponu3a. Paccunrajite KOJIHYecTBO
JIEKTPUYECTBA, NMPOLIe/IIee Yepes KyJIOHOMeTp, u ToK. CpaBuure pac-
CHNTAHHO® 3HAYCHME TOKA € IKCICPUMEHTATBHONA BOTHINHOMN,

Hpusennre ypaprerus sosmosmmbix JIEKTPONHLIX peakiuil, onpeme-
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JIWTe WX PABHOBECHHI NOTCHIWAIIb, IPUANMAA BKTUBHOCTL HOHOB MeJH
paBHOW KOHIEHTpauuM, a 3HaueHue pH pasupm 0,5. Vkaknre, Kakne
peaknum [POTeKAloT Ha JJeKTPOJaX. Q6bsicaATe, NOYEMY MeJHBI
ANEKTPOAKAED UCIOJNBL3YETCHA B Kauecrse KYJIOHOMeTpa.

ON bl T 2. XEMOTPOHHBIA AMOM HA QCHOBE
ANEKTPOXUMUYECKON CUCTEMbBI MO — MO KAJIUA

Jlmop mpejcTaBAer co60H CTERIAHHYIO aMiyIry (pue. 30), BHYTPB
KOTOpOI BBEJIEHBI [[Ba IVIATWHOBBIX 3JIEKTPOJA. Onuu #3 3NEKTPOIIOB
MMEeT MaJIyIO TOBEPXHOCTE (TOYeuHbI 3JI€KTpPOJL), BTOPOil — Pa3BUTYIO
[IOBEPXHOCTB. BHYTPM aMIyisl HaXOAWTCA pacTBOp MOja W MOAMAA
Kamust. DIICKTPOXMMUUECKMe TTPOUECCH Ha JJeKTPOAEe U0 JTUMHTHPY-
joresi  cropocThio iuddysuu pearesToB, KOTOpad IPONOPLUOHANBHA

[OBEPXHOCTH IEKTPOAA.
Tax Kak NOBEPXHOCTH TOYEYHOTO

SIEeKTpojia  BHAUATENBHO  MEHBIIe
[IOBEPXHOCTH BTOPOTO 3JIEKTPOAA, TO
rox onpepensiercst nuddysueir pea-
reHTOB K TouedHOMy 3nextpoay. Tak
kak nuddy3noORHEI TOK MPOTOPIMO-
HaTleH KOHIIEHTPaluy peareHToB, TO
OTHOIMICHWE TOKOB B IPSAMOM ¥ O6DATHOM HATPABJICHUAX onpeensaerci
OTHOIICHMEM KOHIEHTPaLnii noga 1 MOIUI-HOHA:

' Puc. 30. Cxema xeMOTpOHHOrO AUOAA

_}/? ] (:I_f clz.

Wayuenue paGOTHl MOAA NPOBOAMTCHA [O cxeMe, NMPUBEIEHHON Ha
puc. 29 (BMecTO MHTErpaTOpa NOKJIIOUYEH JUO/L).

TloAKIIOYUTE XEMOTPOHHBIN JIUOA K MCTOUHWKY BHEIIHEro TOKa (em.
puc. 29). C moMoupio peryJaupyeMoro CoNnpOTHBICHUS yCTAaHOBUTE
HaIpsKeHUe, TOABOAMMOe K NHOAY, Ha 0,3-0,5 B. 3annmure 3Ha4eHNe
roxa. [lepexmiounTte MNOJAPHOCTH [MOABOAMMOr0 K JIMOAY TOKa U CHOBA
BANUIIATE ero 3HaYeHHe. ]

[lo momyYeHHEIM BHAYCHMAM NPAMOrO U 06paTHOIO TOKOB paccdu-
TaiiTe OTHOIIEHUE KOHHEHTpaluil HoAuAa Kajlud 1 Hofia y 3JEeKTpoaa ¢
MAJIOH TOBEPXHOCTEIO. 3alimnuTe ypaBHeHnA SJIEKTPOAHBIX peakiui Ha
MATOM 2JIEKTPOJEe IpH IpAMOM H 06paTHOM IPOXOKACHNM TOKA Hepe3

VO,
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P
ABOTA 34. IOJIYIEHUE U CBOWCTBA CAJILBAHONOKP I THN
(Vuebuunu: 1990, § VILG6, XVI4; 2000, § 9.7)

Lens paboru — osmaxomuonne ¢
HponeccaMmu  JIEKTPOSUTHHECKOIO M I -
POBAHUA M HUHKOBAHUA,

lanesannyec
KNMH HaBbIBAIOT METaJl
UYECKHE MTOKPHITHS
Ha ?Iosepmom M3JIeINS METO/IOM 3JIEKTPOIM3a : a0
aHeceHyue rajib ‘
- :an:auonoxpm'mﬁ IPOBOJAT B 3/IEKTPOIN3EPAX, HAWM
) ckuMu BaitHamu, Karo ’ .
; OM  CITYHHUT
0t i a0 ¥y HOKPLIBAEM
anéznﬂe. AHO/IOM — JIMOO TAKOH JKe MEeTA, YTO M MeTan ngnpum(:la
PACTBOPUMELA asexTposn. 11 ’
. llpn pa6ore ¢ mepa
(st PaCcTBOPUMEIM 3JIGKT-
o me:::nuo BpeMi OT BPEMeHN KOpPPeKTHPOBATH COCTAB PACTBO-
Hx,n @ ~32 Pacxo/la MOHOB OCAXIAEMOr0 METAIA KOHIEHT ;
Bmou}; TBOpe ymeHbIaeTc. B cocras pacrsopa mas nouyqenuapmaa
KPBITH AL —
mnmn;;am an KPOME CONM OCa)/1aeMOro MeTalia BBOAAT AOGABKH
i aK;x:,{ € OJIeKTPHYECKYIO NPOBOAUMOCTH PACTBOPOB (cym,qaa';
o i BUPYIOIHE aHOAHBI® NpOLecchl (XI0PH HATPUA), obecre-
. uéne nocrostanoe snauenue pH (6opuas kucnora) n xp '
anboJiee .
1 g er;npono B TPOMBIIIEHHOCTH UCHONB3YIOT NOKPHITUA
Onmnomm i MpOBaHNE), UMHKOM (IMHKOBAHUE), MEAbIO (Mennenne)
s }’GJ!;OHHG) M XpoMoM (XpomMuposanue) :
A obec ;
M e;:::eﬂna MPOYHOTO  CHEIJIEHUA MeTAla~TIOKPHTHS C
JIOM HeOGXOAMMO yman
: UTh ¢ IIOBEpX
oeeh DXHOCTH M3J1e
pmp;u :::;itnna, OCOGEHHO KUPOBHIE, U OKCUIEL. DTO JIOCTHUraeTcs oﬁiamzﬂ
B OpraHMYecKMX PacTBOPUTENAX WM PacTBOpax Iesoueil
L

Koumpoasusie sonpocw u sadavu

8
70 HasblBalOT rasbBaHMYECKUMH TORPHITHAMUT

2. Karue o
iy CHOBHEIe OGJIACTH NpUMeHeHns ranbBaHOIIOKPLITUIN BBl 3Haere?
K TIOJYYaloT ralbBaHONOKpHITHST .

4. Karyio ocobe
HHOCTE MIMEET BVIeKTDPOIU3
€ HEpaCcTBO
TIONYYEHNSA TaslbBAHOTIOKPEITH 517 it sl

5. Yro Taroe BEIXOA Meranna 1o TOKY?

3 H MITOHEH BXi C pa.(:'l BOIJDB LIS
0 ] (ﬂx“e OCHOBHBEIE KOMI IOHEHTBI OLAT B COCTAB

7. Paccunraiite BBIXON ONOBA MO TOKY,

nosyye-

€CTIA Mepes SIEKTPOA TPOMyCKaIH
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tox 1.3 A B Teuenue NBYX 4YACOB, a Ha ouekTpofie Bhjjemuioch 4,15 T onosa
1 £p
2t Omeem: 70%.
npu paapsige wona Sn?’, )
8. PaccumraiiTe BBIXOJ LMHKA [0 TOKY, €CJIM B TeYEHWEe OJHOrO Haca wep:x
oiextpoy mpomen Tok 2,68 A, a Ha oueKTpofe MNMpU HOPMANBHBIX YCIOBU
peiemiocs 0,56 1 sonopona. Omsem: 50%.

OMNBl T 1. 9NEKTPOJIMTUYECKOE HUKEJIMPOBAHUE 1
ONPEIENEHUE NOPUCTOCTU NOKPHITUA

OnsIT NPOBOAUTCH HAa YCTaHOBKE, CXeMa KOTOpO# NpMBE/eHa ::a }1::;.
31. VeTaHoBka COCTOMT M3 3ieKTposnusepa 1 .,zum HUKETNP eMOPO,
MELHOTO KYJIOHOMETpa 2, MCTOUHUKA NOCTOSHHOIO TOKa, Peryiupyem
COTIPOTHBIICHUS, AMIEPMETpa W BOJILTMET-
poB. DJeKTpoNm3Ep MpejicTaBifger coGOH
nabopatoprbiit crakan ma 250 wmmm 500
¢M®, K KPBIIKE KOTOPOrO NPHUKpPENIeHbl
JBa HUKEJICBHIX aHOoja ¢ Kaemmamu. Mesx-
Jy aHOJAMM K KpHIIIKe Kpemures ob6pa-
3ell, Mo/JIeKaliil HUKeJIMPOBaHHIO.

Mengplit KyJIOHOMETP NPeACTaBiAeT
co6oii 1a60pATOpPHEIA cTakan oGbemMoM 250
win 500 eM? ¢ cepHOKMCHIBIM BJIEKTPOJIN-
TOM MEIHEHWs U JBYyMA MEIHBIMM aHOJa-

-+

23,

R 2
Puc. 31. Cxema YCTaHOBKW J7IA
M3IYYEHUA NPOLECCA TOIYHeHUS

S M. Mexy aHOfaMM K KDBIIIKE KPelmuTes
= s 2 = uepHply . " :
:Icynoizi;zonmep KaToa — o6pasen AJisi MeIHEeHM.

Co6epure ycranosky (pme. 31). He
BRJIOYAS BHENIHIOK 1eMb, 3ajlefiTe B DIEKTPOIU3Ep 1A HUKETNPOBa~
HUA OANH W3 pacTBOPOB (Taba. 3).

Tabauia 3. PacTBophl i HHKEIMPOBAHKS

KoMmoHenTs! Konuenrpaums, v/
TBO
sl pacteop 1 pacteop 2
00

NiSO4* TH20 250 2_
NiCly+ 6Hy0 30 Fit
NaCl - =
NB-‘ZSO4 Y 1UHQQ = %
H3BOy 30
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3Hauenue BoZiopoziaoro nokasatens (pH) momkuo nesary (N TTRERTES
nax 5,0-5,5.

B kymonomerp 2 aaneiire BOJHBIN  pacTBOp

Cranpuoit  o6paser 06e3kUpETe B  KaKOM-TUG0 OPIaAHN YO0 1M
PACTBOPUTE/IE WM NPOTPUTE CYXON W3BECTHIO, TPOMOMTe, 3auuernio
IIKYPKOH, elle pa3 1pOMOiiTe, mpocymure GbunbTpoBanEHOE GyMarofl 1
B3BEChTE. J3aKpenure B 3amumax TOKONOABO/IA  SJIEKTPOJM3Epa W,
BIJIIOYMB  BHEIIHIOIO 1Nk, HOrpy3suTe O6pasem B DIEKTPOJINA0)
HUKEJIVPOBaHUS MeXAYy anomamu. B KYJIOHOMETp MeXIy a0/ aMu
NIOTPY3HTe MEIHBIA 06pasel, NPUTOTOBICHHBI TAKUM Ke obpazoM, Kax
1 o6paser sl HUKeTUPOBAHIAA.

DJIeKTPOING IIPOBOIUTE TpH KaroaHo# miorsocru 1oxa 200 A/M2 p
revenne 20-30 mun. 3arem, suHys 00pa3upl U3 37EKTPOIU3EPOB, MPO-
MOATE MX HNPOTOYHOR BOJIOH, mpocymmrte GUILTPOBANBHON] 6ymaroit u
B3Becbre. Bo Bpemst szmexTponuaa sanmmmre noxazanms BOJIBTMETPOB Ha
SJIEKTPOIM3epax.

Peaynbrath onprra oopmuTe B Buje TabIUIEL

Onpepesnre HOPUCTOCTh NOKPLITHA, HAHECEHHOTO Ha CTANLHYIO
ITaCTUHKY, MyTeM HAJOKEHUA Ha Hee PUIBTPOBAIBLHOM Bymaru, mpornm-
TaHHOM pacTBOpoM coctaBa (r/an): Ks[Fe(CN)g] — 10 u NaCl — 20.
Bpemsa srigepxin 10 mun. Hopucroers Beipasure uepes umcno TIATEH,
00pa3yIomuxces Ha equHUIE iomann nosepxnoctu 6ymaru. O6nscHE-
Te, nouemy Ha (UIALTPOBAJILHOI Gymare obpa3syiores naTHa.

IIpusenure Bosmokubie peakiun ma KaTO/lax ¥ aHOHAX 3MIEKTPOIH-
SCPOB, pacCuMTalTe WX INMEKTPONHBIC NOTEHIMATE, IPHHUMAS AKTHB-
HOCTH WOHOB MeTa/llTa PABHBIMH KOHUCHTPALMAM, W YKaXuTe, Kaxkue
PEAKIUN peasIbHO NPOTEKAIOT Ha HjieKTponax. Ecam BExox mukenst mo
ToKy Huke 100%, obbsacaure, kakas no6ounas PeaKIMA BhI3LIBAET
CHHIKEHHUE BEIXOJIA IO TOKY.

Yramure, ueMm BLI3BAHO majenue HalpsHEHnsl Ha DJIEKTPOIU3Epax u
TIOYeMy OHO pas/MYHO B CJIydae MEIHEHUS M HUKEeIUpPOBAHMS.

cocrann - (1/1)

Q'H BI'T 2. SHEKTPO.HHTW‘{EC}{QE HUHKOBAHNE

Cobepure ycranosky corsacuo’ éxeMe, IpuBeAeHHON Ha pue. 31. B
MGKTPONU3Ep  LUMHKOBAHUS [ 3aneiite pacTBOp cocrasa (r/n):
ZnS04-TH,0 — 215, Aly(SO4)3-18H,0 — 30, Na;SO4-10H,0 — 50,
Aexcrpun — 10,

K kpeuuke snexrposmsepa npukpenure [ABa TUHKOBLIX aHOHA.

B kynowomerp 2 saneirre PacTBOp cienyiomero cocrasa (r/a):
CuS0,4:5H,0 — 250, H,SO4 — 50. K KPBIIIIKE JIEKTPOJTH3epa-KyI0H0-
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ITPIJIOKEHNS

I. Hexoroprie dusiko-xumuueckne KoHeranThi

Koncraura

Ob6osHavenne

3uavenue

Asoranpo rocrostHHas
Monsipras rasoBast rocTosHHAS
Dapajies MocToAHHANA

Np
R
F

6,022+ 1023 somp!
8,314 Il - K1+ momp!
96 484 Kn- momp!
26,8+ Au-monn!

I1. Haspanme HeKOTOPHIX KMCIOT M MX CONEH

Kncnora

O6uee

HasBaHue

hopmya

HazpaHWe coJlei

Azorucrasn
Asornas

Epomosojiopontast

Juxpomonast
Honoronopoanasn
Kpemuuesas
Mapraniopas
Ceposogiopositas
Ceprucran
Cepnast
TuocepHas

TuounanosonopopHast

VronsHas
Vreycnas
Docdopnas
DToPOBOAOPOIIHAST

Xnopopogoponast (consuas)

HNO,
HNO;
HBr
HzCI'zO?
HI

H55i04
HMnOy4
HaS

H,S504
H,804
H,8:,04
HNCS
HoCOy
CH;COOH
HyPO4

HF

HC

Hurrpuret
Hurpars:
Bpomuzs
Juxpomarsr
Wopme
Onnurarso
llepmariranare
Cynbdune
Cymuduter
Cymnars
Tuocynsdarst
Tuonmanater
Kapbonarter
Auerarp
Doedars
Dropust
Xnopuiet




Mpodoamenue maba. IT | Hpodonwcerue macn. IV
|
Obuee '
i HasBaHWe coneit | !. Bewecrno AGY, xﬂmfmum,_i A HY, kllw/mons | S, W (moms - K)
HasBalye Gopyis _ I A0 IS0 | ieen IR B 7 B s
_ HCIO Paoxzoputst AI(OH); (x) -1139,7  -1605,5 8535
XropHOBaTHCTAA HCIO, Xr0puTsl AL(SO,); () | ~3434,0 ' 239,2
Xnopucrast HOIO, S BaO (k) | -528.4 | =557.9 70,29
XnopHoBaTas HCIO, [lepxnopatsl BH(D.H)Z (x) | —946,1 103.8
Xnophas H,CrO4 Xpomats! BaCo, (k) ~1139 | 1202 0 b
Xpomosas HON [{uaruasl BaS0, (x) ~1352 1465 131.8
IInanucroBoflopojiHas Br, (r) 3,14 | 30,92 | 245,35
Br, () 0 0 1523
IMI. Jlanyienye HACKUNEHHOTO BOJSHOTO Napa C (rpadur) 0 0 5,74
C (anmaz) 2,85 1,83 2,38
AN it €O (r) :137,14 :110‘5 197,54
Pesmepatyps, Nasnenue s €O, (r) | —394.4 393,51 213,68
o : S | e CoCl, (r) 205,31 | =219, | 283,64
klla | MM pr.cn CH, (r) 50,79 | ~74,85 186,19
_ CCly (r) 63,95 ~106,7 309,7
13 149 | 112 2 32‘1‘ i? C.H, (1) 2092 | 22675 2008
14 158 | 119 i e 224 CH, (1) 68.11 52,28 2194
15 1,68 12,6 _gg e 23.8 C,H, (1) -329 | -84,68 1 229,5
16 1,81 13,6 A 536 | 22 CiHy (1) ~23,49 ~104,0 | 269
17 193 | 145 . ik 26.7 C,H, (1) 62.7 2042 2269
18 2,07 15,5 s 375 28,1 CHy, () -17,15 L —124,7 - 310,0
19 220 | 165 5 397 | 208 CiHy (1) 75 117 | 3074
20 2,33 17,5 s 4,21 31,6 CH () 1297 8293 269,
2 249 | 187 ' CoH, (%) 1245 490 1728
CH4OH () | ~166,23 | 2386 126,8
C,H,OH (] -174,8 | <2777 L1607
IV. TepMoaMHAMHYECKHE XAPAKTEPHCTHKN HCKOTOPLIX BEMECTH (npn 298 K) C:HI:CI (r{} ) e 2089
. b K CS,(r) 65.06 1153 12378
Bemeetso aG). osions | & H;, o, | S buone ) Caz(fc)) 0 0 4142
z 0 42,69 Ca0 (k) ~604,2 | 6355 | 39.70
Ag(¥) -30,56 121,81 Ca(OH), (x) ~898.5 | -986,2 83,40
A0 (¥) 10,82 : 96,11 |
R 1097 -127,07 s CaCo, (k) ~1128.8 ~1207,1 | 92.88
e 949 99,16 e CaCl, (k) -750,2 ~785.8 113.8
el 663 ;64,2 33 CaS0, (k) ~1318,3 -1424 106,7
Al (x) b
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/4 N
Ipodonacenue mata. 1V ] | Tpodonncenue madn, 1V |
iII II
i o e ST | Beweco | AGhLubowoms | A kllwivors | " Wl (voms - K)
: | " ; ey S0 T/ (vonn - K) | .
Betectso AG. kJbx/mons ‘ A HY. xlx/monk 4 | e . RS o8 151 = (L
' _ Ll e e e T YR, | LiOH (k) —443.9 | —487.8 | 42,70
cd (x) 0 e 51,76 | Mg (k) 0 0 | 3255
CdO (k) -225.0 ~256.1 54.80 MgO (x) | 5694 —601.24 26,94
CA(OH), (x) —470.5 | 5532 95.40 | Mg(OH), (k) 8338 9247 63,14
cdcl, (x) 3426 -389.0 115,30 | | MgCO, () ~1029 1096 65.69
Cl, (1) 0 0 223.0 | ‘MgS0, (k) —1173,7 ~1278,2 91,63
Co (1) 0 0 e M (x) 0 0 3201
Cr () 0 |0 | EuE MnO; (x) ~464.8 5194 | 53,14
Cr0; () 1058 1141 (85,1 Mn(OH), () 6104 —693,7 88,28
CrO; (x) | -505.8 ~594,5 ) MnCl, (k) 4414 | 468.6 11715
Cr(OH); (k) -902,5 ‘ -1033.9 | 29510 N; () 0 0 L1915
Cu (%) 0 i el NH, (1) 16,7 46,19 1925
Cu0 (k) —127,0 -165,0 | 42,64 NoH, (k) | 1492 50,4 1213
Cu0 (1) 1674 93":0 NH,0H (p) 2542 . =3612 1654
Cu(OH), () —359.4 ‘ ~HE3 ! 3?33 NH.CI (x) 2030 3144 94,6
CuS0, (x) ~661,9 -771.1 | e (NH,),80, () -900.3 11793 2203
E, (1) 0 0 2'7 ;'ﬂ NO (r) 86,71 90,37 210,62
Fe (x) 0 B iy NOCI (r) 66,37 52,59 2635
FeO (k) | -244.3 ‘ 391 b L NOW 104,12 82,01 219,83
Fe,0; (k) 740,98 -822,16 | g | NOL() 518 33,50 240,45
Fe(OH), (x) —483.5 =680 o N, (1) 98,28 9,66 3043
FE(OHD, (1) el e o NaF () 5435 | 5703 | 51,3
H, (r) 0 ) | o NaCl () 3840 4109 | 7233
B pnlfE AL S 70,08 NaBr (k) 3477 -359.8 837
HO () | 2372 *23?:‘; 18; : Nal (k) | -284.5 ~287.9 91,2
H,0 () ~228,61 ey 2 s NaOH (k) 3811 -427.8 64,18
H,S (r) —33.01 -20.17 205, :
| ' 268.61 173,51 Na,S0, (i) ~1266,8 ~1384.6 149.4
o A Na,CO, (1) ~1048 ~1130 136,0
HCI (1) -95,.27 | ~92.30 | 5% )
. s Ni () 0 0 29.86
HBr (1) 53,5 35,98 , e
I 206.3 NiO {I\) ~211.7 "239..7 ]8,0
HI (1) 1.3 25.94 | 206, i
‘ | 156.6 Ni(OH), (x) —453,1 ~538.0 79,5
HNO, () -80.3 1743 . ‘ | | |
¢ - 156,9 0(r) | 231.7 2475 | 169,95
H,80, (%) | -690,3 8117 ] 0, () 0 Lo | 205,04
1 (1) 19.37 | 62.24 | 260,58 : | £V
(9 0 0 116,73 O, (r) 163,4 | 1423 L2388
2 (K | : PCL (r 2863 e 31
KOH () 3802 | 4258 5941 PCL(r) 2863 306,3 171
240




Tpodenawcenue matn. 1V I|'I

S WMok - K) |

Bemecrso | AG), klbMoms | AH], klbwons |
PCl, (1) 545, 5920 3246 l,!
Pb(k) 0 0 649 .
PbB, () -260,4 | 2770 1614 ‘
PbCl, (k). -314,0 | -359,1 | 136,4 |
Pbl, (k) - 1738 1751 1764 |
PbS () - 9277 94,8 91,2 |
PbSO, (K) | |.-811,2 -918,1 ‘ 147,28
PbO (k) -188,5 2179 69,45
PO, (k) 219,0 -276,6 76,44
Pt 0 0 4155
PICl, (k) | -9335 ~106,69 219,79
PLCI, (&)’ ~163,80 229,28 26788
S i oaut 0 0 ' 31,88
() s 238,31 27881 167,75
S0, (), , - -300,4 296,9 241
SO (r) | -370,4 | -395,2 256,23
$0,Cl, (%) 315,85 381,10 2172
$i0, (@-kpapy) | -805.2 -859,4 418
Snge) " 0 0 51,55
Sb) |0 0 | 45,7
Sb,S, (1) 1577 182,0
Zn (x) 0 0 41,59
Zn0 (1), | =318,2 -349,0 435
Zn(OH); (k) | 5544 -642,2 84,9
ZnS (x) -239.8 -201,0 | 57,7
ZnSO, () -870,7 -978,2 | 124,6

)

b 3
1

".IV. Tepmopsnamuveckue xapakrepueriky Hevcbwpmx HOHOB B BOANLIX pacTEspaN

| (mpn 298 K)
| Hex | Ae, AR, | Wem [ AG LA
: . kIx/Mons | kx/Monn i kJIx/Mons | ;
A 77,10 10590  |HSO; , [-s273 | -62798
A 48120 | -52469  HSO; | 75287 | -885,75
Ba®* 5608 538,35 i r SL6T 8504
Br- 10272 | 12092 10; 1356 | -230,0
CH,COO™ | -37537 | -48887 |K’ 20 [ 252,17
CN- 16570 | 151,00 Li* 297,79 27848
Co¥ -S2810 67626 | Mg® 45598 | 461,98
Ca® 553,14 | 54296 | Mn® | 221,71 | 220,50
cd* 77,65 - ~7538 | Mno; | —425,1 | ~518,4
cr ~1BLIT [ -16747 | NH, 1950 a3
clo; 2,59 9878 | NO; -3535 | -106,)
Co™ 85344 | 5661 NO; -11080 | 206,87
ar? 215,36 23598 | Na* | -261.85 | 239,66
Croz ~70630 | -863.2 Nit* | 48,24 53,14
Cs* 28202 247,07 | OH' 15735 | 2294
Cu* 50,27 71,50 PO | -10255 | 12840
Cu® 65,03 66,94 | Pb* 2430 | 1,63
i | 276,52 | -329.11 ‘ Rb’ I 28221 -2464
Fe?* 8450 8786 S 92,62 418
Fe* (-1042 477 fse® 2624 | 1023
H' 0 0 ' s0; 74299 90751
HCOO~ -334,7 -410,0 | Sr* -557,73 | -548,51
HCO; | -58706 6oLl T | 3243 1882
Hg™ 164,79 174,01 | Zo® |=147,23 1 | 153,64
HS" 12,59 17,66 | s . '




VI. InoTHOCTE PacTBOPOB HEKOTOPHIX coviell, Kucnor M ocHosanui npu 20°C

Ma.cwﬁaﬂ]

[InotHocts pactBopos, rfem® |

nons, %
NaCl| KCl NH4CI (NH4)QSO.1 A12(304)3 Na2804 Na2804' |
J10H,0
1 1,007{ 1,005 | 1,000 | 1,004 | 1,009 1,007 | 1,004
2 1,014| 1,011 | 1,004 1,010 1,019 1,016 | 1,008
3 ! 1,022 1,017 1,008 1,016 1,029 1,026 1,012
4 1,029 1,024 | 1,011 11,022 11,040 1,035 1,016
b 11,036 1,030 1,014 ! 1,028 1,050 1,044 1,020
6 1,044| 1,037 11,017 | 1,034 1,061 | 1,053 | 1,024
7 1,051 1,043 | 1,020 1,040 1,072 (1,063 | 1,028
8 1,058 | 1,060 | 1,023 1,046 : 1,083 L1002 | 1,082
9 1,065 | 1,056 | 1,026 1,051 | 1,004 | 1,082 | 1,036
10 '1,073( 1,063 | 1,020 1,057 {1,105 1,001 | 1,040
1 1,081 | 1,070 | 1,031 1,063 117 1,101 | 1,044
12 1,089 | 1,077 | 1,034 1,06 | 1,129 | L111 | 1,048
13 1,096 | 1,083 | 1,037 1,075 1,140 1,121 | 1,062
14 1,104 | 1,090 | 1,040 1,081 1,152 1,131 | 1,056
16 1,119 | 1,104 | 1,046 1,092 1,176 1,141 | 1,064
18 1,135 1,113 | 1,051 1,104 11,201 ' 1,072
19 1,143 | 1,126 | 1,054 1,109 1,213 1,077
20 1,151 | 1,183 (11,087 1,115 1,226 | 1,081
21 1,159 1,140 | 1,069 1,121 1,239 1,085
22 1,062 1,127 1,252
24 1,067 1,257
26 1,073 1,306
28 1,333
Ilpodoamenue maba. VI
Maccosasi [InorHoeTs pacrBopos, rfem?
noast, %
H,504 HNO; HC! ‘ NaOH NHy
2 1,012 1,009 1,008 ‘ 1,021 0,990
4 1,025 1,020 1,018 b 1,043 0,981
6 1,038 1,031 1,023 1,065 0,973
8 1,052 1,043 1,038 1,087 0,965
1,066 1,054 1,047 1,109 0,958

= i

Tpodossmenue maba, Vi

Il:ioit:o;éaﬁ [lnorrocts pactsopos, r/en®
H,580, HNO; HCl NaOH NHy il
12 1,080 1,066 1,057 1,131 0,950
14 1,005 1,078 1,069 1,153 0,943
16 1,109 1,090 1,078 1,175 0,936
18 1,124 1,103 1,088 1,197 0,930
20 1,139 1,115 1,008 1,219 0,923
22 1,155 1,128 1,108 1,241 0,016
24 1,170 1,140 1,119 1,263 0,910 |
26 1,186 1,153 1,129 1,285 0,904 |
28 1,202 1,167 1,139 1,306 0.898 '
30 1,219 1,180 1,149 1,328 0,802
32 1,235 1,193 1,159 1,349 0,886
3 1,252 1,207 1,169 1,370 i
36 1,268 1,221 1,179 1,390 '
38 1,286 1,234 1,189 1,410
40 1,303 1,246 1,198 1,430
42 1,321 1,259 1,449
44 1,337 1,272 1,469 ll '
46 1,357 1,285 1487 |
48 1,376 1,208 1507 |
50 1,395 1,310 1525
52 1,415 1,322. 1,543
54 | 1,435 1,334 ’
56 l 1,456 1,345
58 1,477 1,356
60 1,498 1,367
62 1,520 1,377
64 | 1,542 1,387
66 1,565 1,396
68 1,587 1,405
70 1,611 1,413
73 1,634 1,422
74 1,657 1,430
76 1,681 1,438
78 1,704 1,445
80 1,727 1,452
82 1,749 1,459




[Tpodoamenue maba. VI

MaccoBas Tl7oTHOCTE PACTROPOB, If cM®
pozst, % -
H,804 HNO; | HCL NaOH NHj
84 1,769 1,466
88 1,802 1,477
90 1,814 1,483
92 1,824 1,487
94 1,831 1,491
98 1,836 1,501
100 1,841 1513

VII. Viienshas SIieKTpUHecKast MPOBOJIMMOCTh PACTBOPOB HEKOTOPEIX KUCIIOT,
ocrosaiit u coedr (npu 18°C), Ouml-cul

G CH,CO0H| HCl | HNOgNH,OH| KOH| NaOH} KCl NaCl
MOJTh/J1

0,001 | 41 377 \ 375 [28,0 234 | 208 11273 | 1065
0,002 | 30,2 376 | 3714 |20,6 233 | 206

0,005 | 20,0 3y | 3 L2 230 | 203 |1244 { 1038
0,01 14,3 370 | 368 \9,6 228 | 200 |[1224 | 1020
0,02 10,4 367 | 364 ]7,1 225 | 197

0,03 8,35 364 | 361 15'8 222 | 194

0,05 6,48 360 | 37 46 219 | 190 |1158 | 95,7
0,1 4,60 351 . 350 (33 213 | 183 |112 92,0
0,2 3,24 342 | 340 [2,30 206 | 178

0,3 2,65 336 | 334 1,83 203 | 176

0,5 2,01 a7 | 324 |135 | 197 | 172 |1024 | 809
1 1,32 301 | 310 |0,89 184 | 160 | 983 | 743
3 0,54 2150 | 220 |0,364 | 140,6 | 108,0 i

5 | 0,285 1522 | 156 0,202 | 1058 69,0

10 0,049 64,4 | 65,4 0,054 448 | 202

246

A

VIIL KoncranTsi jpccolpalimy HexoTopaix crabhix ane -

(npu 1= 25°C)
Beutecrso Ky Bentecrso Ky
HCOOH K=1,77-10"4 H
, PO = 7,510
CHyCOOH | K=175-10 (e }I? = ;’g;?;—s
HCN K=1,9-10710 K = 13102
Hy005 | Ki=4,45-107 HAIO, K= 61013
2 . K =48.1011 | HgBO, Ki = 581010
HF ; | K=6gt10e Ky =1,8:103
NO; K=14-10-4 Ky = 1,6-10°14
H,S04 K=17102 | HO0 Ki = 1,8:1018
by Ko = 6310 NHg- H,0 K=1,79-10"
3 ﬁ‘ = 1,11-01?47 Al(OH), Ky = 1,38-10°
. AT Zn(OH K = 4,4-10°
H8i04 K = 1,3:10710 ’ K= Tgige
Ky =2-1012 CAOH)}* | Ky=5:10"
Fe(OH), K = 1,3-104 Cr(OH); Ky = 110710
Fe(OH), K = 1,82:10°1 Ag(OH) K= 1,110
Ky = 1,35-10°12 Pb(OH) = 9610
H v 2 K i g' g X
Cu(OH)z K, =34-107 Kl = 3'6101'2
NI(OH)Q Kg ] 2,5' 1078 ‘

: Ky onpenenerns npw 18° C.
Ky onpegenenst npu 30°C.

IX. Npubnmxentnie KooDDUIMENTE! AKTUBHOCTH OT/IE/ILHEIX KOHOR

Wonb Wonnas cuna pacrsopa
0,001 0,005 0,01 0,05 0,1
Bonopona 0,98 0,95 0,92 0,88 0,84
Opnwosapsnusie 0,98 0,95 0,92 0,85 0'80
Apyxaapanusie 0,77 0,65 0,58 0,4 0'3
Tpexaapsiitnte 0,73 0,55 0,47 0,28 0’21
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X. Cranjiapribie TOTEHIMATE METAJUIMYECKUX M FasoBhiX SIEKTPONIOB | XI. Cranpaprisie OKMCIMTEIEHO-BOCCTAHOBUTIEHEE TOTCHIMATED
(T'= 298 K) (T= 298 K)
DMeKTpos OnerrpojHas peaklmns | Ll | ' !
: _ . | DnerTpos ‘ OmerTponHas peaxims B0, B
Li*/Li Li* + e =Li ; 3,045 ' j F ‘ ir
Rb*/Rb Rb* + ¢ = Rb i Sm¥*/Sm?* Sm* + e = Sm2* s
KK K*+e =K : 2,925 SIs® _ S + 2 = g* 048
Cs’{/CS Cst+ e =Cs -2,923 | Crd*/Cr2+ I Cri* + ¢ = Cr¥ a ~0,408
Bai*/Ba. l Ba?t + 2e = Ba ! —-2,905 '. In3+f1n+ Tndt 495 = Tn* i —0,40
Ca?*/Ca | Ca?* + 2¢ = Ca =2,506 Ti®*/Ti* Tis* 4 g = THe* | 0,368
Na*/Na .: Na*+ e = Na | %14 V3t v | V3t 4 ¢ = 2t . -0,256
La’*/La : Lad* 4+ 3e = La ! -2,522 Sn#*/Sn2* : Sn?t + 2¢ = Sn2t +0,15 |
Mg Mg . | Mg?* + 2¢ = Mg ! ~2,363 Cu?*/Cu* Ou?* + ¢ = Cu* . 0,153 5]
Be2*/Be | Be? +2e =Be ~Lo [Co(NH)e*/ | [Co(NHg)e**+ ¢ = [Co(NHg)el2* * |  +0,16 ‘
AI*/A] AB* + 3¢ = Al —1,662 [Co(NHg)gJ2* |
Vs 2+ =T -1,62 : !
ol 5; :22: o 1,186 | soi/ms SOF + 10H* + 8¢ = HySaq + 4H,0 ~ +0,303
+ - + i o o i
glat e 1,180 PACN)GJ/ | [Fe(CN)el*™ + & = [Pe(CN)g]? 03
o - e CN)gJt"
Cr2*/Cr Cr?* + 2¢ =Cr ', Fgaég : [|Fex(1 2 P+ 2e = 30 +0,536
2t = =l : '
Zn?;zn ?jn“ I iz 18 (Z;Il —0.744 | Fea*'/FGZ"' | Fedt + ¢ = Felt +0,771
Crd3t/Cr T e '_ = - -
Fe?* [Fe Fe2* + 2¢ = Fe . *giég ) | NO3/NO;  NOz+ 2H* +2¢ =NO3 + H,O | +0,4 |
¥ ) 2+ = =W | - oL = y
Cd2*/Cd Cdﬂ I :e 4 8;1 0,277 Cl0;/Cl03 ClOz + 2H* + 2¢ = ClO; + H0 +1,19
C‘f’// o g‘.’y o 050 TI3*/T1 | TP + 2¢ = TI* +1,25
Ni2*/Ni ) Ni > ! y -
$n?*/Sn Su2* 4+ 2¢ =Sn 0,136 ? Cr0% /Or3*  |Cr,0% + 14H* + 6e = 2Cr%* + TH,0 +1,33
Pb2*/Pb Pb2* + 2¢ =Pb | -g;gg PbO,/Pb2+ | PbO, + 4H* + 2 = Pb2* + 2H,0 +1,455
! 3+ T et et S e TP 1. x4 ”
Fel*/Fe | ;‘i ey ;/—{f— T o000 . MnOi/Mn?* | MnOj + 8H* + 5¢ = Mn2* + 4H,0 +1,51
H*/Hy i e . +0,337 HCI0,/HCIO HCIO; + 2H* + 2¢ = HCIO + H,0 +1,64
Cu?*/Cu Cu?* + 2¢ = Cu i '
0,/OH" 1/505 + HpO + 2e = 20H" 10401  PbO,/PbSO, PbO,+4H*+805 +2¢ = PbSO,4+2H,0 +1,685
Cu*/Cu Cu* + ¢ = Cu +0,521 | H0x/H,0 | HOp + 2H" + 2 = 2,0 +1,776
Agt/Ag' Agt+ e = Ag +0,799 Co?* /Co?t i Co¥* + e = (ot +1,81
Hg?"/Hg Hg2* + 2¢ = Hg ol geab gk T S S
PSE*/Pd pd2* + 2¢ = Pd 40,987 S.08 /S0j | S;05 + 2e = 2805 +2,01
Br/Br- 11Bry(x) + e = Br “‘0?5
Pt2+/Pt Pt2t + 2e = Pt . +l‘130
Clz/cl' '?'IC|3'(I")+ e = il +1,3L}9
Aud*/Au Au* + 3e = Au i
Au'/Au Aut + e = Au #4691
Hy/H- A R Bl ! s
Fo/F” s e = G
248




XIV. KoHCTaHTEI HECTOMKOCTH HEKOTOPHIX KOMIDIEKCHEIX UOHOB

X1, INoreniwams anexrpoyion cpasuennsi (1'= 298 K ! 1PH YKASAHHEIX TEMIIEPATYPax

i [Toren-

Onexrpon QHEKTPOKWW*WL Ssaapaa i B - Kommexcugit mm! (SR O I Ky Kommnexcuent uon| ¢, °C | K
cpaBHeHWs AR | g | ' i
: 1= T AgEn]* 2 2,0-10°% | [Fe(CN)gJ*- 2 | 1-10%
| CeH4Op + 2H' + 26 = | +0,600" | [ : ’ : :
XUHIUAPOHH Pt| CgH402, CeH40, , [AgCly) 25 1,76+ 1075 | [HgCly)? 25 8,5-10°16
(it KC H= glﬂni(?? : oHg + 2CI +0,336 [Ag(NH;),]* 130 9810 {HS(N;]Ia)q]” 22 | 53:10°20
Kanomensinit |Hg | HgoCly, ﬂ,;dMKC] -;HS2CI2 + 2¢ = 2Hg + 201 +0,283 ; [AgBr,]- \ 25 7,8 10:8 [HgBra)2* 25 1-10-21
Kanomesmswsiit |He| HgaCly, 1 M B 4 e < aHe + 20 0,284 . [AgEDTA] 20  48-108 |[Hgly> 2 | 1,48-10%0
Kanomensuit [Hg|HgaClz, KCI (wac. }HgzCly + _8_-"A _f or | +0222* | [Ag(S203)2]* 20 2510714 | [Hg(CN)4]% 2% | 4-1072
Xuopcepebps- | Ag| AgCl, HCI | AgCl + ¢ = Ag j [Ag(CN)g]z' 18 8:10°22 | [MgEDTAJ 20 | 24-109
HBIA \ - - = +0,008* | [CaEDTAT™ 20 2,58-10°11| [Ni(NHy)q)2* 25 | 1,12-10°®
Okewmopryr- | Hg|HgO, OH 150 & 1{2ng_+ = :_ | [CANHR* 3 756-10% | [N(ON) | 25 | 1,8-1014
MBI \ = Hg ' [Cd(En),]2* ' 2% 0 6-1001 | [Ni(En)gJ2* 25 8,32+10718
_ [CAEDTAJ 120 ! 3310717 | [NiEDTAJ" 20 | 354-1071°
[Cd(CN) )2 25 | 1,41-1079| [PbBry)?> 2 | 1:107
* OTEHLIMATIEL. :
{SETSARRTHES HEPRE [Co(NHg)* 30 j 2,8:106 | [Pbly]" % | 292-10%
: coeHeImi [Co(En),J2* 025 2,19-10°11 | [Pb(Py0),6" 2% | 4,74-10°¢
@HVisi PACTBOPYMOCTH TPY/IHOPACTBOPMMBIX B BO/IE 2l , ) 207)2 ,
A Py (pw 25° C) [CoEDTA]’ 20 7,9-10M4 | [Zn(P,07)" 2% | 34-107
‘ [Cu(P207)]8 1 25 | 1,010 |[Zn(NHj)4>* 30 3,46-10°10
p [Cu(NHg)4)2* .30 2,14+ 10°713| [Zn(En),)2* 2 8,5-10712
P Beurecrso ' a)4 , 2 ;
Benectso [CUEDTAJ" L 20 | 1,6-1079 | [Zn(OH),J2- 2% | 36-1016
| 1,56+ 10710 NiS* 1,1:10°%7 [Cu(En)y)2* | 55 | 7.41-10%| zeEDTAP 20 | 32-10%7
AgC 41008 | PbCl, 2,12+ 10°% [Cu(CN) )2 |25 106102 | [Zn(CN)J- 18 | 1,3-107
iifr O I PbI; 9,8-10° [Fe(CN)el*~  '25  1-10%
e 1,6-1078 :
AgsS04 7,7+10 59 1;};204 36.10°29 ; Tpumeuanwe. En - srunenmamus NH,-CHy-CH,-NH,.
AgsS 1,6-10™ 4 7 410727 EDTA - oTuneHaMaMUHTETPAYKCYCHAA KMCIOTa (KOMIIEKCOH ):
BaCOj3 8,1 10"10 EOH 1,03-10°8 (HCOO-CH,);=N-CH;~CHp-N=(CH,~COOH),.
BaS04 1,08-10% 5 1.10733 :
MgCOg 1,0-10° gl(gll?)s 6'7- 10731 XV. AKTHBHOCTE CepHOA KMCJOTE! M BOJE B PACTBOPAX CEPHOM KMCHOTE!
CaCOj4 4,8-107° r( i 50+10°18 pasioi konnentpanyu (npyu 25° C)
CaSO4 6,1:10° Cu(OH), ' |
Coa(POY) 1,0-10°25 Fe(OH); 1,65 10::: __ Inorrocrs Konuentpaius AxTuBHOCTH
ety 1.2-10°28 Fe(OH)s 3,810 | pactBopa, '
s 4'0.10-33 Mg(OH); 5,5+10712 i avel MaccoBas MOJISIDHASA, | CEePHON KUCIOTHI |  BOJLI
5710719 Ni(OH), 1,810, nonst, % MONB/ 1 a a
FeS ' 1,0-10715 | Hy504 H0
FegS; 1,0-10788 Pb(OH); '
Mn$ 2,0-10°15 Zn(OH), 1,3-10°717. 1,050 8 0,86 0,0069 - 0,96
H 1,078 12 1,32 0,021 0,94
/ 1,106 16 1,81 0,060 0,91
* 1P onpepenenst mpu 20°C. : 251
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~
ITpodoasenue maba, XV ] IIpodoamenue mada. XVII
I ]
M Ku ! :
[loTHOCTE Kouienrpaumst AKTMBHOCTD # il AIHIE DR A0 I [lerountre pacreopsr
b b
p:;::? i MaccoBast MOJIAIDHAst, | CEpHOM KMCTIOTHI|  BOJBI ¥ ! ¢ '
a s i [
nonst, % MoIB/31 1,804 H20 Cu R R SR 0,12
Fe 0,70 0,12 l! 0,76 0,11
1,136 2 2,32 0,159 ;58 Ge 6 i N s B Vi .
1,167 24 2,86 i B Hg 1,41 0,114 154 ' am
1,200 28 3,43 114 G . M 0,80 0,10 0,90 {0
1,231 32 4,03 3,28 G Mo 0,66 008 | 067 0.14
1.264 36 4,66 10,8 0,65 | b 0,80 0,10 % - e
1.300 40 5,31 34,6 0,51 LN 0,63 011 | 068 0,10
1,334 44 6,00 11,8 0,48 | P 1,56 0,11 1,36 0,25
' 1 Pd o Y e I oms 0,13
Pt 0,10 003 1" 031 0,10
XVI. Tlpucrasiu jpist AosHBD ¥ KpaTbix ejpumil CH | . B 1,00 0,11 A W _
: Sn 1,20 0,13 1,28 0,23
Mpucraska | Cumpon | Muoxurens) Ilpucrapka Cumpon | Muoxurens T 0,82 0,14 0,83 0,14
' o Ti 1,55 0,14 - =
? 10° |
X 1012 ey a W 0,43 0,10 = - 11
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