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Meouk 6e3 00801bH020 NOZHAHUA XUMUU
cogepuieren Oblmb He MOJNCEM.

M. B. Jlomonocos

BBeneHune

[MpaBuna paboTbl CTYAEHTOB B XMMUYeckon naboparopun,
nopsiaok paboTbl U OPopmMMeHne oTyeTa

JlaGopatopHbie pabOThl 0 (PU3MYECKON XUMHUK MPOBOISAT B CHEIIU-
anbHO 00OPYJOBAaHHOMW XMMHUYECKOM Jabopartopuu. BeimonHeHue paboT
CBS3aHO C HMCTOJb30BaHUEM OOOPYIOBAHUS, XUMHUYECKON MOCYIbl U pe-
aKTUBOB, CIIOCOOHBIX HAHECTH TPaBMBI MIPU HeyMmesnoM oOparieHuu. Ilo-
3TOMY OT CTYAEHTOB TpeOyeTcss pabdoTaTh aKKypaTHO UM BHUMATEILHO,
CTpOro coOJIoJIaTh MpaBwiia TeXHUKU Oe3omacHocTu. [Ipu paborte B Xu-
MUYECKON J1abopaTopuyd HEOOXOAUMO MPHUACPKUBATHCS CIETYIOIINUX
MIPaBUI;

1) mpeaBapuUTENbHO MOBTOPUTH TEOPETUUECKUI MaTepuanl COOTBET-
CTBYIOILIEH TEMbI M0 YYEOHHKY M KOHCHEKTY JEKIMH U 03HAKOMUTHCS C
coJiepKaHueM J1abopaTOpHOM padoTHI;

2) TpOBEPUTH HAIMYME Ha JIA0OPATOPHOM CTOJIE HEOOXOJUMOIO
000pYIOBaHUS U PEAKTUBOB AJIS JAHHOM PabOThI WIIM OMBITA;

3) YSCHHTH M TOYHO COOJIOJATH TMOPSAOK M IOCIEI0BATEIHBHOCTh
oreparuii, yka3aHHBIX B PyKOBO/JICTBE;

4) coOmojaTh BCE MeEphl MPEIOCTOPOKHOCTH, yKa3aHHbIE B HH-
CTPYKIIMH WJIH COOOIIIEHHBIE TTPETI0IaBaTeNIeM YCTHO;

5) BHUMATEIbHO CIICUTH 3a XOJOM OIIBITAa; B Clydae HEyIadyHON
MIOCTAHOBKH OIIBITA, MPEXKAEC YeM €ro MOBTOPHUTH, CIEAYET YCTaHOBHTH
MPUYHMHY; B COMHUTEIIBHBIX CIIydasx oOpamaThCs K MpernoaaBaTeio;

6) Bce 3amucu HaOMIOJIEHWH AenaTh cpa3y >Ke IMOoCie OKOHYAHUS
OTBITA B JTAOOPATOPHOM KypHAJIE;

7) mocne OKOHYaHWs PadOThl BBIMBITh MCHOJIB30BAHHYIO MOCYNY U
IPUBECTHU B MOPSAOK paboyee MECTO.



OT4eT O BBHINIOJHEHUU JAa00PATOPHON PaOOTHI JIOJIKEH COJEepKATh
CJIEAYIOIIUE CBEACHUA:

— HOMep paboThl U €€ Ha3BaHUE;

— JIaTy BBITIOJTHEHUS paOOTHI;

— 1IeJIb paOOoTHI;

— HOMED U Ha3BaHUE OIBITA;

— PUCYHKH U CXEMbI UCTIOJIb3YEMbIX TPUOOPOB;

— HAOJIIOICHM S,

— YpaBHEHHS TTPOTEKAIOITUX PEAKIIHiA;

— pacueTsl, TabIuIIbI, TpaduKy;

— BBIBOJIBI.

OTt4eT 0 nMpoBe/IeHHON paboTe MPOBEPSET U MOJIUCHIBAET MPENO/Ia-
BaTellb.

PeakTtnBbl 1 obpalleHne ¢ HUIMK

[Ipu monp30BaHUM pPEAKTUBAMH HEOOXOJIMMO COOJIONATh CIEAYIO-
TIMe TIpaBUIIa;

1. PacTBOpHI 1 TBEpAbIEC BEUIECTBA JIJIsl MPOBEJICHUS OMBITOB HEOOXO-
JTUMO OpaTh B TAKOM KOJMYECTBE U TAKOW KOHILIEHTpAIlMU, KaK 3TO yKa3a-
HO B MHCTPYKIIMU. Eclin HET yka3aHWW O JO3UPOBKE PEAKTHUBOB ISl JaH-
HOTO OTIBITa, TO OpaTh WX HAJIO0 B BO3MOYKHO MEHBIIIEM KOJNYECTBE.

2.Bce CKISHKHM ¢ pacTBOpaMU M CyXHMH BEIIECTBaMU JepKaTh 3a-
KPBITBIMH, OTKPBIBATh UX TOJBKO BO BpEeMsl YIIOTPEOJICHHMS.

3. He myTtath mpoOKH OT CKJISIHOK, a TaK)K€ MUMETKH JJISl B3SITUS pe-
aKTHUBOB.

4.1lpu MOJB30BAHUM TMHUIETKAMU CIEAUTH 32 TEM, YTOOBbl KOHYHUK
MUTIETKN HE Kacajics BHYTPEHHHUX CTEHOK MpoOupku. B ciyuae 3arpssHe-
HUS IUIIETKU ITPOMBITH €€ JUCTUIUIMPOBAHHON BOJOM.

5. 3nuiiex peakTuBa HE BBICHINATh U HE BBUIMBATH OOpAaTHO B CO-
CyJl, U3 KOTOPOTO OH OBLI B3SIT.

6. Ilocne ynorpebieHus: peakTuBa CKJISTHKY CTABUTh Ha MECTO.

7. IlpockimanHble ¥ MPOJIUTHIE PEAKTUBBI HEOOXOIUMO Cpa3y yOpaTs,
a CTOJI BBIMBITb.

8. Henb3st mpobGoBaTh BelecTBa Ha BKyC. Bce peakTuBBI B TOM WIIH
WHOU CTETICHU SIJIOBUTHI.

9. OctaTku coneit cepedpa, a Takke KOHIICHTPUPOBAHHBIX KUCJIOT U
IIeJI0YeH BBUIMBATH B CHEIUMATbHBIE €MKOCTH, HAXOJSAIIUECS B BBITSK-
HBIX IKadax.



TexHunka 6e3onacHocTu npu padoTe
B XMMU4Yeckon nabopatopum

1. JTaGopaTopHbIif CTOJN COAEPKATh B YUCTOTE U MOPSIAKE, HE 3arpo-
MOXIaTh JUITHUMH IIPEAMETAMH, B TOM YHUCJIE TOPTQPEIIMU U CYMKaMHU.

2. ITonp30BaThCA TOJABKO YMCTOM XMMHYECKOW MOCYAOU; HE MPOBO-
JIATh OTBITHI B 3arPSI3HEHHOM MOCY/E.

3. AKKypaTHO 00OpaiaTbCs CO CTEKISHHONW XHMHYECKOW IMOCYHOM.
OcTtaTku pa3ouToi Mocyabpl youpaTth ¢ MOMOIIBIO COBKA U IETKH.

4. Bce paboThl, CBSI3aHHBIE C BBIJCICHUEM SITOBUTHIX, JIETYYHX U HE-
MPUSATHO MAXHYIIUX BEIIECTB, TPOBOJAUTH B BRITSIKHOM HIKady.

5. He BBINOJHATH JOMOJHUTEILHBIX OMBITOB 0€3 pa3pelieHus Ipe-
OJABATEII.

6. [Ipu onpenenenuu 3amnaxa BeIIECTB OTBEPCTHE COCYa IEPKaTh Ha
paccrosinuu 25-30 cM OT JuIa, HampaBiss K cede CTPYIo rasa JBUKEHU-
SIMM JIQJIOHH.

7. HpI/I HaJINBAHUUN PCAKTUBOB HC HAKJIOHATBHCA HAJl COCYIOM BO H3-
OexaHue IIoIra 1aHus1 6pBISF NI 9aCTUIl Ha JIMITO UJIN OACKAY.

8. IIpu pazbaBieHNU KUCIOT X MPUIUBATH B BOLY, 4 HE HA00OPOT.

9. Ilpu HarpeBaHuMU NMPOOMPKHU HE JEPKATh €€ OTBEPCTHEM K cebe
WIN B CTOPOHY HAXOISAIINXCS PAJIOM JTHOAEH.

10. 3anpemiaercs NpUHUMAaTh MUY B XUMHUYECKOM jabopaTopuu,
IUTh BOJY U3 J1a0OpPaTOPHOM NOCY/Ibl, KypHUTb.

11. ITo okoHuaHuU PabOTHI BHIKJIIIOUYNUTH U3 CETH BCE DJICKTPOIPUOO-
pbl ¥ yOpaTh paboyee MecTo.

12. O00 Bcex HECYACTHBIX CIIy4yasX HEMEIJIEHHO COOOIaTh MPErNo-
JaBaTENIO UK JTa00OpaHTYy.

[MNepBasi NOMOLb NPU HECHACTHbIX CIy4Yasix
B XMMU4Yeckon nabopatopum

B xumuueckux J1adbopatopusix HauboJiee YacThl pAaHeHUs PH Mope-
3aX CTeKJOM. B 3TOM cityuae HajJio BHUMATEIHbHO OCMOTPETh paHy U yja-
JIUTh OCTaTKHU CTEKJa BaTOW, CMOYEHHOW CIUPTOM WJIM PAcCTBOPOM MEp-
MaHraHaTa Kajus, OYUCTUTh MTOBEPXHOCTh BOKPYT PaHbl OT TPSI3U U KPO-
Bu. OOpaboTaTh Kpas paHbl HOJHON HAcTOWKOMN. Eciu KpoBb Mpo10KaAET
COYMTHCS, MPUMEHUTh KPOBOOCTAHABIIMBAIOIIEE CPEACTBO — PACTBOP Ie-
pokcuaa Bogopoaa. Hamoxxuts Ha paHy CTEpHIbHYIO caldeTKy U MJIOTHO
3a0MHTOBATH OMHTOM.



Tepmuueckue oxoru. [Ipu HEOOTBITUX 0’KOTAX TOPSIUMU TPEIME-
TaMU TOPaXEHHBIN y4acTOK 00paboTaTh pacTBOpaMy MEpMaHraHaTa Ka-
musg w96 %-M 3TWIOBOrO CHHUPTA, Jieflas TPUMOYKHA B T€UECHHE 2—3
MUH. 3aTeM cMa3aTh O000XOIKEHHOE MECTO TJIMIEPUHOM WIIM Masbi0 OT
0KOTOB. [Ipy CHITBHBIX 0KOTaxX Ha MOPAXKEHHBIA y4aCTOK HAJIOXKUThH He-
TYTYIO CyXYIO MOBSI3KY U3 CTEPHIIBHOTO OWHTA M MOCTPaJaBIIEro HEME/I-
JICHHO JIOCTAaBHUTH K Bpady.

Ox0oru KOHLUEHTPUMPOBAHHBIMHM KucJoTamMu. [lpu mnonamanum
KOHILICHTPUPOBAHHBIX KUCIOT HA PYKH U JIMIO MMOPAXKEHHBIA y4aCTOK He-
MEJUJIEHHO NPOMBITh B TeueHue 10—15 MuH cTpyelr BOOONpPOBOIHON BO-
JIbI, @ 3aTE€M MPUJIOKUTH BATHBIA TaMIIOH, CMOUYEHHBIN 2 %-M pacTBOpOM
rujpokapoonara HaTpusi (muTheBoul cojbl). [Ipu oxkorax mosoctu pra
KHCJIOTaMU MOCJI€ MPOMBIBKH MIPOTOYHOM BOJIOM HEOOXOIMMO HECKOJIBKO
pa3 IpoIoJIOCKaTh POT pacTBOPOM ruapokapOonarta Hatpus. [Ipu moma-
JAHUW Kallellb KUCIOTHI B TJ1a3a NpOMBITh B TeueHue 10—15 mun crpyei
BOJONPOBOAHOM BOABI, a 3aTeM 2 %-M pacTBOpoM TuApoKapOOHaTa
Hatpuda. [lociie okazaHus MOMOIIM MOCTPAJABIIETO HAIpPaBUTh HA KOH-
CYJIbTAllMIO B METUIIMHCKOE YUPEKICHUE.

Ox0ru KOHIEHTPUPOBAHHBIMHU HIeJo4YamMu. [Ipu nonaganum pac-
TBOPOB ILIEJIOYEN HA KOXKY IMOPAKEHHBIM Y4ACTOK HEMEIJIEHHO IMPOMBITh
B TeueHne 10—15 MuH cTpyeill BOAONPOBOIHOW BOJBI, a 3aT€EM CHENATh
IPUMOYKY 2 %-M pacTBOPOM YKCYCHOM KHUCJIOTHIL. [Ipm oxkorax moiaoctu
pTa mocyie NPOMBIBKHA BOAOM CIEIyET MPOIOJOCKATh POT PACTBOPOM YK-
CyCHOM KHUCJOTHI. [Ipu mopakeHuu ria3 miejso4yaMy HE0O0X0IMMO B TeUe-
Hue 15-20 MuH npombiBaTh UX U3 GOHTAHUYMKA MTPOTOYHOUN BOJIOH, a 3a-
TE€M OTOJIOCHYTH 2 %-M pacTBOPOM OOPHOM KUCIOTHI.



[NpakTnyeckme 3aHAaATUA Ne 1-2
OCHOBbI XMUYECKON TEPMOANHAMMUKU

1. OCHOBHbIE MOHATUA TEPMOANHAMUKN

TepmoanHaMuKka — HayKa, U3y4aroliasi B3aMMHbBIE IEPEXObI TEIIO-
Thl U Pa0OTHI B PABHOBECHBIX CUCTEMAX U MPHU MEPEX0Jie K PABHOBECHIO.
XUMHUYECKasi TEPMOJAMHAMUKA — pa3Aes (U3NYecKOW XMMHH, B KOTOPOM
TEPMOJIMHAMUYECKAE METOJBI MPUMEHSIOTCS Ul aHAIN3a XUMUYECKHX
SBJICHUM: XUMHYECKUX peakiui, (a30BBIX MEPEXOJ0B U IPOIIECCOB B
pacTBOpax.

OOBEKT M3y4YeHUs] TEPMOJMHAMUKN — TEPMOJIMHAMUYECKUE cucme-
Mbl, T.€. MAKPOCKONUYECKUE OOBEKTHI, OTJEIECHHbIE OT OKPY>KAIOIIETO
MIPOCTPAHCTBA PE€aTbHOM WIJIM MBICICHHON MOBEPXHOCThIO. CHUCTEMBI OBbI-
BAIOT:

— omKpbvimvle, B KOTOPHIX CYIIECTBYET OOMEH JHEpruei u Bellle-
CTBOM C OKPYKAIOIIEH CPEIOM;

— 3aKpvlmvle, B KOTOPBIX CYIIECTBYET OOMEH YHEPTUEH C OKpYyKe-
HHEM, HO HET 0OMeHa BEIECTBOM;

— U30JUPOBAHHBIE, B KOTOPBIX HET OOMEHA C OKPY>KEHUEM HH SHEp-
rueil, H1 BEeIIeCTBOM.

CocTOssHME CHCTEMBI ONMCBHIBAETCS C MOMOIIBIO TEPMOJMHAMUYE-
CKHMX ()yHKUUIl, KOTOPBIE 3aBUCAT OT ITApaMeTpoB. Paznnyaror:

- d))/HKL;Mu cocmosHuA, KOTOPBIC 3aBUCAT TOJIBKO OT COCTOAHUA CH-
CTCMbI U HC 3aBUCAT OT IIYTH, I1I0 KOTOPOMY 3TO COCTOAHHC IIOJIYUYCHO,

— ¢@yHKyuu nepexoda, 3Ha4CHHE KOTOPBIX 3aBUCHUT TOJBKO OT ITYTH,
10 KOTOPOMY MPOUCXOIUT U3MEHEHUE CUCTEMBI.

[Ipumepsl QyHkumii coctosius: sHeprus U, sHTanenus H, sHeprus
['enemronbia F, sueprust [u66ca G, sntponus S. TepMogunaMuyeckue
napaMeTpel: o0beM V, naBieHue p, reMmneparypy 1’ — Takke MOXKHO CUH-
TaTh (PYHKIUSIMU COCTOSIHUSI, TAK KaK OHU OJJHO3HAYHO XapaKTEPU3YIOT CO-
ctosiHue cucteMsl. [Ipumeps! hyHkimii nepexopa: temnora Q u padora A.

HapaMeTpLI CUCTCMBI MOI'YT 3aBUCETh UJIM HC 3aBUCCTL OT BPCMCHHU.
B 3aBucuMocTH OT 3TOro pas3imuaroT CICAYIOINUEC COCMOARUA TCPMOIN-
HaAaMHUYCCKHNX CUCTCM.

— cmayuorapHoe, Korga mnmapaMCcTpbl CUCTCMbI HC 3aBHUCAT OT BPCMC-
HH, HO B CUCTCMCEC €CTh ITIOTOKH (HaHpI/IMCp, MacCChI UJIN BHCpTI/II/I);



— pasHo8ecHoe, KOTJla MmapaMeTpbl CUCTEMbBI HE 3aBUCSAT OT BPEMEHU
1 HET MMOTOKOB;

— HepasHoBecHOoe, KOTAa MapaMeTPhbl CUCTEMBI 3aBUCAT OT BPEMEHHU.

Ecau xoTst Ob1 OAMH U3 MapaMeTPOB CUCTEMBI MEHSIETCSI CO BPEMEHEM,
TO TOBOPST, UTO B CUCTEME MPOUCXOAUT npoyecc. [Iporiecchl ObIBArOT:

— obpamumbie, KOTAa MEPEXOJ CHUCTEMBbI M3 OJHOIO COCTOSHUS B
JIpyroe u 00paTHO MOXKET MPOUCXOAUTH MO OAHOMY U TOMY XK€ MYyTH, U
10CJie BO3BpALIEHMsI B MCXOJHOE COCTOSHHE B OKpY’KalolLIell cpene He
OCTaeTCsl MAaKPOCKOMMUECKUX U3MEHEHUI;

— Keasucmamuyeckue, Wil pagHo8ecHble, KOTOPbIe MPOUCXOIAT MO/
JefcTBUEM OECKOHEYHO Majioil pa3HOCTH OOOOIIEHHBIX CHIT;

— HeoOpamumuvle, WA HePasHOBECHble, KOT1a TTapaMeTPbl MEHSIOTCS
C KOHEUYHOM CKOPOCTBIO.

IlepBoe UCXOAHOE MOJIOKEHHME, WJIH OCHOBHOM MOCTYJIAT TEPMO-
AMHAMMKHU: JI00asi M30JIMPOBAHHAs CHCTEMA ¢ TeYeHUEeM BpPeMeHH
NMPUXOJAUT B PABHOBECHOE COCTOSIHME M CAMOIIPOU3BOJIBHO HE MOKET
M3 HEro BBINTH.

ITepexoa cUCTEMBI B pABHOBECHOE COCTOSIHUE HA3BIBAKOT peaakcayuell.
OCHOBHOM TOCTYJIaT TEPMOJMHAMHUKHA HUYETO HE TOBOPUT O BPEMEHHU pe-
Jakcauu. B kiaccuueckol paBHOBECHOM TEPMOJUMHAMMKE 8000uie Hem
gpemeny. TepMoIMHaMKUKA TTO3BOJISIET YCTAHOBUTD TOJIBKO BO3MOYKHOCTB ITPO-
TEKaHHS IPOLIECCOB, HO HE MOXET OMPEJAETUTHh CKOPOCTh 3TUX MPOLIECCOB.

Bropoe ucxoaHoe moJsioKeHue, WM HYJIEBOW 3aKOH TEPMOJIUHA-
MHKH, OIMCHIBAET CBOMCTBA CUCTEM, HAXOIAIIMUXCS B COCTOSIHUU TEILIO-
BOT'O PABHOBECHS:

Ecian cucrema A HaXoauTCsl B TEIUIOBOM PABHOBECHH C CHUCTe-
Mol B, a Ta, B CBOI0O 0ouYepeab, HAXOJAUTCH B PABHOBECHM C CHCTe-
Moii C, 1o cuctembl A u C Takke HAXOAATCHA B TEIUIOBOM PABHOBECHM.

DTO CBOMCTBO TOBOPUT O CYIIECTBOBAHHMH OCOOOT0 MHTEHCHBHOTO
MapaMeTpa, XapakTepU3yIOIIEro COCTOSHUE TEIIOBOTO PABHOBECHUS. DTOT
MapameTp Ha3bIBAIOT memnepamypou. CUCTEMbI, HAXOASIIUECS B TEIUIO-
BOM DPaBHOBECUHU, UMEIOT OJMHAKOBYIO TeMIepaTypy. Takum o0pa3om,
HYJIEBOM 3aKOH — 3TO MOCTYJAaT O CYIIECTBOBAHUU TEMIIEPATYPHL.

IIpocreliee ypaBHEHHUE COCTOSAHUS OMUCHIBAET CUCTEMY HEB3AUMO-
JIEUCTBYIONIMX YACTHUI] TOYEUYHOTO pa3Mepa — UJICaIbHbIN Ta3:

PV =nRT, (1.1)

IJIe 1 — KOJIMYECTBO BEIIECTBA (B MOJISIX); R — YHUBEpCaIbHAs Ta30Basi IOCTO-
siHHAS: R = 8,314 JIx/(monb - K) = 1,987 xan/(momb - K) = 0,0821 11 - arm /(morb - K).
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Jlst onvcaHusl peaibHBIX Ta30B, B KOTOPBIX YACTHUII UMEIOT KOHEU-
HBbIE pa3Mepbl U B3aUMOJEHCTBYIOT IPYT C IPYroM, MCHOJB3YIOT Oosee
CJIO’KHBIC YPABHEHUSI COCTOSIHUSL:

RT a
= aBHeHME Ban-nep-Baanbca);
P=y (yp p )
_RT__a (ypaBHeHue beprio);
p V_b T2 y ;
RT a
= exp| ———— | (I ypaBHeHue Jlutepuun);
L p( RTV)(yp Hurepran)
RT a
=————— (Il ypaBuenue Jlutepuun).
P=3—, % (ILyp Autepun)
V

Bce st YPaBHCHHUS 3allMCaHbl I OAHOI'O MOJIA ra3a; BCIIMYUHLBI d
ub-— HHAWBUAYAJIBbHBIC IIOCTOAHHBIC I'a30B.

IHPUMEPDI

[Ipumep. Hokaxure, 9ro mpu OOJBIINX OO0BEMaxX ypaBHEHHUE
Ban-nep-Baanbca nepexoaurt B ypaBHEHHE UACATIBHOTO rasa.

Pewenue. YpaBuenue Bau-nep-Baanbca:

RT a
p —_— e —

V-b V?
[Tpu Gonpmx 06beMax BTOPHIM ClIaraéMbIM B TIPaBO 9YaCTH MOYKHO
2
npenedpeub: a/V° — 0. B 3HameHarene MepBOro ClIaraéMoro MOKHO
npeHeOpeyb noctoaHHou b: V — b — V. B nipenene noiaydyaem ypaBHEHUE
U/ICANILHOTO Ta3a:

Vo0 \RT
p a7

2. NepBbIN 3aKOH TEPMOANHAMUKU

[lepBbIii 3akOH (TIEpBOE HAUaI0) TEPMOJAMHAMHUKHA — 3TO, (haKTHUYe-
CKH, 3aKOH COXpaHEHHMs 3Hepruu. OH yTBEPKIAET, YTO IHEPrUs U30JIH-
POBAHHOW CUCTEMbI NMOCTOSIHHA. B HenM30/IMpOBaHHOM cHUCTEMe JHep-
rUs MOKET U3MEHATHCH 32 CYeT:

a) coBeplIeHHs pad0ThI HA/l OKPYKAKOILIEH Cpeloii;
0) Temyio00MeHa ¢ OKpY Karoleil cpeao.

9



JUis onucaHusi 3TUX W3MEHEHMH BBOAAT (YHKLUHIO COCTOSHUSI —
BHYTPEHHIOIO 3Hepruto U u ABe QyHKIMU nepexona — temiory Q u pa-
00Ty A. Marematudeckas (popMyIrpoBKa IEPBOTO 3aKOHA:

dU = 00 — 04 (nudbdepennuanbaas Gopma); (2.1)

AU = Q — A (unterpanbHas ¢popma). (2.2)

bykBa & B ypaBHeHuu (2.1) orpaxaer ToT pakt, uto Q u A — QyHK-
L[MU [epexo/ia U X OECKOHEYHO MAJIO€ U3MEHEHUE HE SIBIseTCs (PYHKIU-
€1 COCTOSIHUSI CUCTEMBI.

B ypaBuenusix (2.1) u (2.2) 3HaKu TEII0Thl U pabOTHI BBIOPAHBI Clie-
DyIOIUM 00pa3om. Termora CYuTaeTCs MOJ0KUTEIILHOM, €CITi OHA nepe-
Odaemcs cucmeme. HanpoTus, paboTa CUMTAETCA MOJOXKUTEILHOU, €CIU
OHa COBEPIIACTCS cucmemou HaJl OKPYKAIOIIEH CPEIOH.

Cy11ecTBYIOT pa3Hbie BUABI pAOOTHI: MEXaHUUYECKas, JICKTPHUIECKas,
MarHuTHas, MOBEPXHOCTHAs M Ap. beckoHeyHO Manyr paboTy JH000Tro
BHJIa MOXXHO TMPEJICTaBUTh KaK MPOM3BEJACHHUE OOOOIICHHONW CHIIBI Ha
npuparieHue 0000IeHHON KOOPANHATEI, HAIIpUMeED:

OAyex = pdV; OAsy = @de; dAnos = cdW, (2.3)

rac ¢ — BHGKTPI/I‘-IGCKHﬁ HHOTCHLIHAJI; ¢ — 3apsad; O — INOBCPXHOCTHOC
HaTsXKCHUC, w— IIomaab IOBCPXHOCTH.

C yuerom (2.3) muddepeHnnanbHOe BBIPAKEHUE MEPBOTO 3aKOHA
MO>KHO MPEJACTABUTH B BUJIEC:

dU =80 — pdV + 8Auewex. (2.4)

B nmanpHE#eM U310KeHUM HEMEXaHUYSCKUMHU BHAAMU PaOOThI MBI
OyJzieM, Mo yMOJI4aHUI0, MPEHEOperarh.

[Ipoiie Bcero paccUUThHIBaTh padOTy, COBEPIIAEMYIO UACATHHBIM Ta-
30M, i1 KOTOPOTO U3BECTHO YpaBHEHHUE COCTOSAHUS p = nRT/V (Tadmn. 1).

Tabnuya 1
Pabora uaeanbHOro raza B HeKOTOPBIX Mpoueccax pacuuperus Vy — V,
ITpouecc A
Pacmupenue B BaKkyym 0
Pacmmpenne mpoTHB MOCTOSTHHOTO BHEIITHETO AABJICHUS P p(Vo—1))
H3oTepmudeckoe 06paTuMoe paclIipeHue nRT In(V, /1)
AnnabaTtuyueckoe 00paTUMoOe paciiupeHne nCy(T, — T5)
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[Tpu oO6paTtMom mporecce coBepiaemasi paboTa MakKCUMaJIbHA.

Termmora MOXET IEPEXOaUTh B CUCTEMY NpU HarpeBaHuu. st pac-
4eTa TEIJIOTHI UCTIONIb3YIOT TIOHATUE Mena10emMKOCHU, KOTOpas Orpeaens-
€TCsl CIEYIOIUM 00pa3oM:

Y
c=—%. (2.5)

Ecmu Harp€BaHUC IMPOUCXOJHUT IIPHU ITOCTOAHHOM o0BeMe HIIH JdaB-
JCHHUH, TO TCIIIOCMKOCTb 0003HaAYaroT COOTBCTCTBYIOIIMM HHWXHHUM HH-

JCKCOM:
_ 8Q . — 8Q
CV (deV’ CP (dep (26)

N3 onpenenenus (2.5) ciaenyer, YTO KOHEYHYIO TEIJIOTY, MOJYyYEH-
HYIO CUCTEMOM MPY HarpeBaHUHU, MOKHO PACCUUTATh KaK HHTErPaI;

T
Q= [ CdT. (2.7)
T

TemnoeMKoCcTh — SKCIEPUMEHTAJIBHO U3MepsieMasi IKCTCHCUBHAS Be-
anyuHa. B TepMoanHaMudeckux TaOaWIaxX MpUBEACHBI 3HAUYCHHS TETLIO-
emkocty nipu 298 K u k03 PUIueHTsI, ONMUCHIBAIONIUE €€ 3aBUCHMOCTD
OT TeMIieparypsbl. {1 HEKOTOPHIX BEIIECTB TEINIOEMKOCTh MOKHO TaKKe
OLICHUTb TEOpeTHYeCKU. Tak, Mmpu KOMHATHOW TeMreparype s OJHO-
aTOMHBIX MJ€aJIbHBIX T'a30B MOJbHAasA TemioeMKocTh Cp = 3/2R, mis
IByXaTOMHBIX Ta30B Cy = 5/2R.

TennoeMKoCTh OnpeAenseTcs Yepe3 TEIIOTY, IEPEJaHHYI0 CUCTEME,
OJIHAKO €€ MOXHO CBA3aThb U C U3MEHCHUEM BHYTPEHHEW sHepruu. Tak,
IIpU MOCTOSITHHOM 00bEME MEXaHH4YeCcKasi padoTa HE COBEpIIAETCs, U Tel-
JI0Ta paBHA U3MEHEHUIO BHYTpeHHEH 3Hepruu: 00y = dU, mosTomy

_(au
Cy= (0T jV. (2.8)

HpI/I INOCTOAHHOM JOAaBJICHHUH TCIIJIOTA paBHA H3MCHCHHIO I[perﬁ
(1)YHKLII/II/I COCTOAHUA, KOTOPYIO HA3bIBAIOT SHTAJILITUEH:

80,=dU +pdV=d(U + pV)=dH, (2.9)

rne H=U + pV — sumanvnus CUCTEMBL.
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N3 (2.9) cnenyet, uro TemnoeMkocTs C, ONpenenseT 3aBUCUMOCTh
SHTAIBIIUU OT TEMIIEPATYPHI:
OH
Cy =( j : (2.10)
p

oT
N3 cOOTHOLIEHUS MEXKy BHYTPEHHEU DHEPTUEU U DHTAJIBIIUEH ClIe-
IYET, 4TO JUI MOJISL UICAIIBHOTO Ta3a

C,— Cy=R. Q2.11)

JUid uaeanbHOro ra3a HKCIEPUMEHTAbHO OOHApYXEHO, YTO BHYT-
PEHHSSI SHEPrusl HE 3aBUCUT OT 00BbEMa, OTKYAa MOKHO MOJYUYHUTh Kajo-
PUYECKOE YPAaBHEHHUE COCTOSHUSL:

dU = CVdT,
U =[CydT +const. (2.12)

B n30TepMUYECKUX MpOILECcaxX C YYaCTUEM HJICATBHOIO ra3a BHYT-
pPEHHSSI DHEPTrUs HE W3MEHSETCS, W paboTa pacHuIupeHus MPOUCXOIUT
TOJIBKO 32 CUET IMOIJIOMIAEMON TETIIOTHI.

Bo3moxeHn u coBceM mHOM mipouecc. Eciu B TeyeHue npouecca ot-
CYTCTBYET TEIJIOOOMEH ¢ OKpy»aroriei cpemoit (00 = 0), To Takoi mpo-
1IeCC Ha3bIBAIOT aduabamuueckum. B annadatnudeckoM mpolecce padboTa
MOXKET COBEPIAThCS TOJILKO 3a cUeT YObUIH BHyTpeHHel 3Hepruu. Pabo-
Ta 00paTHMOT0 aIMa0aTHIECKOTO PACITUPEHUS UACATHHOTO Ta3a:

A=-AU= nCV(T1 - Tz), (213)

rae n — uuciio mojei; Cpy — MoJIbHasl TETUIOEMKOCTh. DTy paboTy MOKHO
TaK)Ke BBIPA3UTh Yepe3 HaualbHbIE U KOHEUHBIE JIaBIICHUE U 00bEM:

A :M, (2.14)
-1
raey = C,/Cy.

[Ipu obpatuMoM anMabaTUYECKOM PACIIMPEHUU HJEaTHLHOTO rasa
JaBJICHUE U 00bEM CBSI3aHBI COOTHOIIICHUEM (VpasHeHuem aouabamat):

pVy = const. (2.15)

B ypaBHeHuu (2.15) BaxHBI JBa MOMEHTA: BO-TIEPBBIX, 3TO ypaBHE-
HUE MpoLecca, a He ypaBHEHUE COCTOSHUS; BO-BTOPBIX, OHO CIIPABEITUBO
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MonbKo 0151 0bpamumo20 aauadaTUYECKoro mpolecca. ITo ke ypaBHe-
HHE MOKHO 3aIIMCaTh B YKBUBAJICHTHOM BHJIC:

T Vy_l = const, (2.16)
T"p' ™7 = const. (2.17)
IMPUMEPBI

[Ipumep 2.1. Paccunraiite n3MEHEHUE BHYTPEHHEN SHEPIUU Te-
st (OTHOATOMHBIN MACATBHBINA Ta3) MPU W300apHOM PACITUPEHUH OT 5 10
10 1 mox naBnenueMm 196 klla.

Pewenue. py = p, = 196 xlla, V1, =35 n, V>, = 10 n. HauaneHasa u ko-
HeuHas temnepatypsl: 11 = p1Vi/nR, T, = p,V, /nR. VI3meHeHne BHYT-
PEHHEN PHEPruu HJCATIBHOTO Ta3a OMpEeNesaeTCs TOJbKO HadyallbHOW U
KoHeuHo# Temnepatypoil (Cy = 3/2 nR — uaeaibHbIi OAHOATOMHBIH Ta3):

AUZCV(Tz— T1)=3/2 nk (Tz—Tl):3/2 (szz—prl):

=3/2(196 - 10°)(10 — 5) - 10 = 1470 JIx.
Omeem. 1470 JIx.

[Ipumep 2.2. OguH MoOJIb KCEHOHA, Haxonsmuica mpu 25 °C u
2 aT™, pacuupseTcs aauadaTU4YeCKu:

a) oopatumo 110 1 atm;

0) npoTuB aaBjieHus 1 aTm.

Kaxkoii OyaeT koHeuHast TeMIieparypa B KaxaoM cirydae?

Pewenue. a) cxonnusiii o0beM KceHoHa (1 = 1):
Vi=nRT,/p;=0,082-298/2=12,2 n.

Koneunslii 00beM MOYKHO HAaWTH U3 ypaBHEHHS aauadaThl (IS OJ1-
HOATOMHOTrO0 uaeanbHoro razay = C, /Cy = 5/3):

Vo=V (pi/pa)° =122 -2 =18,5 .

KoHeuHyro TeMriepatypy HaxoJuM IO YPaBHEHHIO COCTOSIHUS UJIE-
anbHOTO rasa (p; = 1 atm):

T, =p,V,>/nR =18,5/0,082 = 225 K.

0) IIpu HEOOpAaTIMOM pACIIMPEHUN MPOTHUB IMMOCTOSHHOTO BHEIIHETO
JABJICHUS YpaBHEHHE aauadaThl HEIPUMEHUMO, TIO3TOMY HaJI0 BOCIIOJIb-

13



30BaThCsl MEPBBIM 3aKOHOM TepMOJAMHAMUKH. PaboTa coBepiaercs 3a
CUeT yObUTM BHYTPEHHEH YHEPTUH:

A=-AU= I’ZCV(Tl - TZ),
rae n = 1, Cy = 3/2R (ogHOATOMHBIN HacanbHBIN ra3). Pabora pacmmpe-
HUS POTUB TTOCTOSTHHOT'O BHEIITHETO JAaBJICHUS p, pPaBHA:
A =D2 (V2 - Vl) = I’ZRTZ —szl.
[IpupaBHUBasl MOCIEIHUE JIBAa BBIPAKEHHUS, HAXOAUM TEMIIEPATY-
|% TQZ
T2 = (nCVT1 +p2V1)/(nCV+ I’lR) =238 K.

TemnepaTypa BbIlle, 4eM IpH 0OpaTHUMOM pPACIIUPEHUH, TaK Kak B
oOpaTUMoOM ciydae coBepliaeTcst 0oJiblias padoTa, pacxoayercst O0JIbIie
BHYTPEHHEW SHEPTUH U TEMIIepaTypa MOHIKAETCS Ha OOJIBIITYIO BETHUNHY.

Omeem. a) 225 K; 6) 238 K.

[IpuMmep 2.3. OnuH MOJIb BOJSHBIX MApOB OOpAaTUMO U HU30TEP-
MUYECKH CKOHJIEHCUpOBaH B xuaKocTh ipu 100 °C. Paccuuraiite pado-
Ty, TEIUIOTY, U3MEHEHUE BHYTPEHHEW PHEPIUM U SHTAIBIIMUA B 3TOM MPO-
niecce. Y ienpHas TerioTa ucrapenus Bojabl npu 100 °C paBna 2260 JHx/T.

Pewenue. B npouecce

HzO(F) —> HzO(m)

MIPOM30IILIO 00paTUMOE C)KaTHE ra3a MpH MOCTOSTHHOM JIaBJICHUH p = 1 atM
ot oovema V| = nRT /p = 0,082 - 373 = 30,6 1 10 oObeMa OJTHOTO MOJISI
)Kuakon Bojbl V, ~ 0,018 1. PaboTta cxxaTusi mpu MOCTOSHHOM JIaBJICHUM
paBHa:

A=p (Vo= V) ~—pV;=-101,3 «Ta - 30,6 1=—3100 [Ix.

I[Ipy wucnapeHun OJHOTO MOJA BOJBI 3aTPAYMBACTCS TEIJIOTA
2260 Hx/r - 18 r =40 700 JI>x, mo3TOMY NpH KOHJICHCAIIUXA OJTHOT'O MOJISI
BO/IbI 3TA TEIJIOTA, HAIPOTHUB, BBIICIISIETCS B OKPYIKAIOIIYIO CPEY:

O = —40 700 JTx.

N3MeHeHne BHYTPEHHEW SHEPTUM MOXHO PACCUUTATH IO MEPBOMY
3aKOHY:

AU= 0 — 4 =-40 700 — (-3100) = —37 600 I,
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d UIBMCHCHHC DHTAJIBIIMKU — YCPC3 U3MCHCHHC BHYTpCHHGﬁ OHCPIUu:

AH =AU+ A(pV) =AU+ pAV =AU+ A= 0 =—-40 700 Jix.

N3menenue >HTAILINN PaBHO TCIUIOTEC, TAK KaK ITPOHCCC IIPOUCXO-
AUT IIPpU ITIOCTOSAHHOM J1aBJICHHH.

Omeem. A =-3100 JTx, O = AH = —40 700 Jix, AU = —37 600 .

3. Tepmoxmmus

TepmoxuMusi u3ydaer TEIIOBblEe d(PPEKTbl XUMUYECKUX PEaKIIUM.
Bo MHOrux ciyyasix 3TH peakiiu MPOTEKAaIOT MPHU MOCTOSHHOM 00beme
WJIA TTIOCTOSIHHOM JaBJIeHUU. V3 mepBoro 3akoHa TEpMOJAUHAMUKU CIIEAY-
€T, YTO TPHU ITUX YCIOBUAX TEIUIOTa SIBISETCS (DYHKIMEH COCTOSHHS.
[Ipu mocTossHHOM 00BEME TEIJIOTa PaBHA U3MEHEHUIO BHYTPEHHEN SHEPTUH:

5Qy = dU, Qy = AU, (3.1)

a ITpH IMOCTOAHHOM AAaBJICHUHU — U3MCHCHHUIO SOHTAJIBIINH:

80y =dH, 0, = AH. (3.2)

OTH paBEHCTBA B MPUMEHCHUU K XUMHYECKUM PEAKIUSAM COCTABJISI-
0T CyTb 3axkoHa [ecca: Tem10BOM 3(P(PeKT XMMHUYECKON peaKiuu,
NMPOoTeKaIIeil NPH NOCTOAHHOM AABJICHUU WJIH IOCTOSTHHOM O00beMme,
HE 3aBHCHUT OT IYTH PEeAKUHNH, a ONpeaeaseTcsi TOJIbKO COCTOSIHUEM
peareHToB U NPOAYKTOB PEAKIMH.

Ecnu peakiius mpoTekaeT B pacTBOpE WIHM B TBepAou dase, rae us-
MEHEHHE 00beMa HE3HAUUTEIBHO, TO

AH = AU+ A(pV) ~ AU. (3.3)

Ecnu ke B peakiuy y4acTBYIOT MICAIbHBIE Ia3bl, TO IIPU IMOCTOSH-
HOW TeMIeparype

AH =AU+ A(pV) = AU + AnRT, (3.4)

riae An — U3MEHEHHE Yuciia MOJIEH Ta30B B PEAKIIMH.

Jl1st Toro, 4ToOBl OOJErYUTh CPABHEHUE DHTAIBINNA Pa3TUYHBIX pe-
aKIM{, WCTHOJIB3YIOT MOHATUE «CTAaHAAPTHOTIO COCTOSIHUSY). Cmanoapm-
HOe coCmOoAHUEe — IMO COCMOAHUE YUCHO20 6eUieCmEa npu 0aeieHuu
1 amm ( = 10° Ila) u 3a0annoii memnepamype. DHTAIBINIO PEAKIUH
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MEXKIY BEHIECTBAMM, HAXOMSIIMMHUCA B CTAaHJAPTHBIX COCTOSAHUAX IIPU
Temriepatype 7, 0003HAYarOT Ang (r o3Hadaer «reaction»). B Tepmo-
XUMUYECKUX YPABHEHUAX YKa3bIBAIOT HE TOJBHKO (HOPMYJIbI BEIIECTB, HO
U UX arperaTHble COCTOSTHUS WU KPUCTATUIMYECKUE MOIUPUKALIIH.

N3 3akoHa ['ecca BBITEKAIOT BaXXHBIE CICICTBUSA, KOTOPHIC MO3BOJIA-
10T PaCCUMUTHIBATH SHTAJIBIIMU XUMUYECKUX PEAKIINM.

Cuencreue 1. CraHmapTHash DSHTAJBIUS XHUMHYECKOW pEaKIMU
2.v;4;=2.v;B; paBHa pa3HOCTH CTaHJAPTHBIX SHTAILIMH 0Opa3OBaHus
i j
IPOJIYKTOB PEAKIMK U PEArcHTOB (C YYETOM CTEXHOMETPHUYECKUX KOd(-
(ULKUEHTOB):

AH) =Y v,AHY (B;) =Y vA HY (4). (3.5)
J i

Cmanoapmuoii Inmanvnueii. (meniomoii) 00pazoeanus eeuie-
cmea A H g(f o3Hauaetr «formation») mnpu 3amaHHON TemIieparype

HA3bIBAIOT DHTAIBIHUIO PEaKIMK 00pa30BaHUs OJHOTO MOJIA 3TOTO Belle-
CTBa U3 2JleMeHmOo8, HaAXOAAIMXCs B HauOojJee yCTOWYMBOM CTaHIapT-
HOM cocTOsiHUM. COrIacHO 3TOMY ONPENENICHUIO, SHTABIINS 00pa3oBa-
HUS Han0oJiee YCTOMUYMBBIX MPOCTHIX BEUIECTB B CTAH/IAPTHOM COCTOSIHUU
paB-

Ha O mpu mo6oi Temmneparype. CTaHAapTHBIE SHTAIBINN O00Opa30BaHUs
BEIIECTB Npu Temneparype 298 K npuBeneHbl B CIPaBOYHUKAX.

[TonsTe « HTANIBNUSA OOpPa30BAHMS HCHOJB3YIOT HE TOJIBKO JUIS

OOBIUHBIX BEIIECTB, HO U JUJIsl HIOHOB B pacTBope. [Ipu 3TOM 3a TOUKy OT-
+

cueTa IPUHAT UOH H ', 111 KOTOPOTO CTaHIapTHas SHTAJIbINS 00pa3oBa-

HHSl B BOJHOM PacTBOPE TOJIAraeTcs paBHoM Hymo: A H 2(g+)=0.

CnenctBue 2. CraHmapTHass DSHTAIBINUSA XUMHWYECKOM PEAKIUU
dvid =>v jB / paBHA PA3HOCTH AHTAJILIIMI CTOPAaHUs PEareHTOB M MPO-
i J

TYKTOB PEAKIIUU (C yI€TOM CTEXHOMETPUUIECKUX KOIPPHUIIUCHTOB):
0 0 0
AHp =Y vAH (4)-Yv,AH(B)) (3.6)
I J

(c o3nauaet «combustiony»). CTaHgapTHOW PHTANBIHUEH (TEMJIOTON) CTO-
paHUsl BEIIECTBA HA3BIBAIOT SHTAJBIIUIO PEAKIIUU TIOJTHOTO OKHUCIICHUS
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OJTHOTO MOJISl BEIIECTBA. DTO CJIEACTBUE OOBIYHO MCIOIB3YIOT JUIsl pacye-
Ta TEIIOBBIX AP (PEKTOB OPraHUYECKUX PEAKIIHI.

CuencrBue 3. DHTanblHs XUMHYECKOM PEAaKUMHA pPAaBHA Pa3HOCTHU
HEPrUi pa3pbIBAEMbIX U 00Pa3yIOIIUXCS XUMUYECKUX CBA3EH.

Duepeueii ceazu A—B HA3BIBAIOT SHEPTUIO, HEOOXOAUMYIO IJisl pas-
pBIBa CBS3U U Pa3BEICHUs O0pa3yIOIIUXCs YaCTHUIl HA OECKOHEYHOE pac-
CTOSIHUE:!

AB(F) - A(r) + B(r).
BHGPFI/IH CBA3U BCCraa IMOJIOXKUTCIIbHA.

BOBIIMHCTBO TEPMOXUMUYECKUX JAaHHBIX B CIPABOYHHKAX MPUBE-
neHo npu temmeparype 298 K. [lns pacdera TemnoBbiX 3)QPEKTOB Mpu
JIPYTUX TEMIIEPATypax UCTONIB3YIOT ypasueHue Kupxeoga:

dd;A]{{ = AC, (znddepernpmanbHas popma); (3.7)
T

AHp =AHp + j AC, (T)dT (unrerpanbHas ¢opma), (3.8)
h

rae AC, — pa3HOCTb M300apHBIX TEIIOEMKOCTEW MPOIYKTOB PEAKLIHUU U
MCXOJHBIX BemecTB. Ecnu pasuuna 7, — 71 HEBEJIMKA, TO MOKHO ITPUHSTH
AC, = const. IIpn 601b1I0# pa3HULE TEMIIEPATYp HEOOXOIUMO HCIIOJIb-
30BaTh TEMIEPATYPHYIO 3aBUCUMOCTb AC,(T) THma:

AC,(T) = Aa+ AbT+ AcT >+ Ac'T?, (3.9)

rae koddduimenTsl a, b, ¢ U T.A. A OTACIBHBIX BEIIECTB OEpyT M3
CIIPaBOYHHKA, a 3HAK A 0003HAYaeT pa3HOCTh MEKIY POIYKTaMH U pea-
reHTamu (¢ yueTom K03 PHUITMEeHTOB).

MNPUMEPDBI

[Ipumep 3.1. CranmapTHbeie SHTANBIUU OOPA30BaHUS KUAKON U
razoo0pasHoii Bojbl ipu 298 K paBubsl —285,8 u —241,8 x/[»/Mo0:1b, COOT-
BETCTBEHHO. PaccunTanTe SHTAIBIINIO UCITAPEHUS BOABI IIPU ITOM TEMIIE-

patype.
Pewenue. DuTanpnuu 00pa3oBaHUsI COOTBETCTBYIOT CIEIYIOITUM
peaKIUsIM:

Hz(r) + SOQ(F) = HzO(;K), AHlo = —285,8;
Hy(y + SOapy = HoOpry, AH, = —241.8.
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BTopyro peaknro MOXKHO MNPOBECTH B JIBE CTaJWU: CHayajaa CKEYb
BOZIOPOJ ¢ 00Opa3oBaHWEM >KUIKOW BOJBI MO MEPBOM PEaKIUU, a 3aTeM
VCTIAPUTh BOAY:

Hy0( = HoO ), AH e = ?

Torma, corsacHo 3akony ['ecca,
0 0_ 0
AH\" + AHyew = AH,,

oTkyIa AHper' = —241,8 — (—285,8) = 44,0 kJ[x/MOJIb.
Omesem. 44,0 xJI>x/MOJIb.

[IpuMmep 3.2. PaccuntaiTe SHTAIBINIO PEAKLIUN

6C(r) + 6H(r) = C6H6(r)

a) 10 SHTAIBIUAM 00pPa30BaHUS;

0) 10 SHEPrusM CBSI3HM, B TPEINOIOKESHUH, YTO JTBOWHBIC CBS3H B
mouekyse C¢Hg pukcupoBansbl.

Pewenue. a) Duranenuu oOpa3zoBanust (B kk/MOJIb) HaxoauMm B
cnpaBounuke (KpaTkuil cnpaBOYHUK (UBHKO-XUMHYECKUX BEIUYUH /
nox pen. K. I1. Mumenko, A. A. Papaens. — JI. : Xumus. Jlenunrp. orn.,
1972. — 198 ¢.): A;H *(CeHgr) = 82,93, ArH(C () = 716,68, ArH (H(p) =
=217,97. DHTanbNus peakuuu paBHa:

AH=8293-6-716,68 — 6 217,97 =—5525 kJI/MOb.

0) B nanHoii peakiimuu XUMUYECKHE CBSI3U HE Pa3phIBAIOTCS, a TOJIBKO
oOpa3zytorcs. B npubnmxennn pUKCUpOBAHHBIX JBOMHBIX CBS3E€H MoJie-
kyJsia C¢Hg conepxur 6 cBszeit C—H, 3 cBsizu C—C u 3 cBsizu C=C. DHep-
ruu cBs3ert (B kJ[x/monp) (KpaTkuil cipaBOYHHMK (DU3UKO-XUMUYECKHUX
BenuuuH / non pen. K. I1. Mumenko, A. A. Papnens. — JI. : Xumus. Jle-
HUHIp. OoTH., 1972. - 198 c.): E(C-H) = 412, E(C-C) = 348, E(C=C) =
= 612. DHTanbnus peakiu paBHa:

AH"=—(6-412+3-348 + 3 - 612) = —5352 kJIK/MOIIb.

Pa3nuna ¢ TouHbIM pe3ynbratoM —5525 k[/Monb 00ycioBlieHa
TEM, 4TO B MOJIeKyJie OeH30sa HeT oauHapHbIX cBsizell C—C u JBOMHBIX
ces3zent C=C, a ectb 6 apomatnueckux cpsizent C+C.

Omeem. a) —5525 xJ{x/mMonb; 0) —5352 kJI>x/M0b.

[Ipumep 3.3. [lonp3ysch cnpaBOYHBIMU AAHHBIMU, PACCUUTANTE
SHTAJIBIINIO peakuuu npu 298 K:

3CU(TB) + 8HNO3(aq) = 3Cu(NO3)2(aq) + 2NO(r) + 4H20(>K)
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Pewenue. CokpalieHHOE MIOHHOE YPABHEHUE PEAKIIMU UMEET BUJL:
3CU(TB) + 8H+(aq) + ZNO;(aq) = 3Cu2+(aq) + 2NO(F) + 4H20(>K)
ITo 3akony I'ecca, SHTANIBIINS PEAKIIMU PABHA!
A-H® = 4A (H "(HxOp) + 2A H "(NOg) + 3A sH *(Cu™q) —
— 2ArH "(NO53 (ag)

+
(oHTanmpMKM 00pa3oBaHusa Meau U MoHa H' paBHbI, o onpenenenuro, 0).
[ToxcraBnsis 3HAUCHUS YHTAIBITNN 00pa30BaHUS, HAXOIUM:

AH " = 4(-285,8) +2 - 90,25 + 3 - 64,77 — 2 (=205,0) = —358 4 kJTx

(B pacueTe Ha TPU MOJISI MEJIN).
Omeem. —358,4 xJk.

[Ipumep 3.4. Paccuuraiire sHTaNBINIO cropanus metana rpu 1000 K,
€CJIM JIaHbl SHTATIBITMK 00pazoBaHus Tipu 298 K: AfHO (CHy) = —17.9 xxan/monb,
AH'(CO,) = —94,1 xxan/mons, ArH "(H,0p) = —57,8 xkan/mons. Tern-
JOeMKOCTH Ta30B (B ka/(Moib - K)) B uaTepBatie ot 298 1o 1000 K paBHbI:

C,(CHy) =3,422 + 0,01787, C,(0O,) = 6,095 + 0,00337,

C)(COy) = 6,396 +0,01027, C,(HO()) = 7,188 +0,00247.
Pewienue. DHTANBNNS peaKUU CTOPAHUS METaHa
CH4(r) + ZOZ(F) = COZ(F) + 2H20(r)
nipu 298 K paBHa:
A, HYg=-94,1+2 (=57,8) — (~17,9) = —191,8 kka/mos.
Haiimem pa3HOCTh TEMIOEMKOCTEN KaK (DYHKIIHIO TEMITEPATyPHhI:
AC, = C(COy) +2C,(H2O) — C,(CHy) — 2C,(02) =

= 5,16 —0,0094T (xan/(mons - K)).
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Ontanenmio peakimu mpu 1000 K paccunraem mo ypasaennto Kupxroda:
1000
A Hipoo = A Hygg + [ (5,16-0,0094T)dT =
298
=191 800 + 5,16(1000 — 298) — 0,0094(1000* — 298°)/2 =
=—192 500 kan/momb.
Omeem. —192,5 xkxajn/MoJb.

4. BTopou 3akoH TepMoanHaMUKN. QHTPOMNUA

BTtopoil 3akoH TepMOJAMHAMUKHU yCTaHaBIMBAET KpUTEpUHU HeoOpa-
TUMOCTH TEPMOJIMHAMUYECKUX MTPOIIECCOB.

CymecTByer QYHKIUS COCTOSIHMSI — IHTpONHS S, KOTOpasi 00.,1a-
AaeT CJAeIYIIUM CBOMCTBOM:

[JY
ds >~ 4.1)

IJie 3HaK PaBEHCTBA OTHOCUTCA K OOpaTUMBIM MpoIeccaM, a 3HaK OOJIb-
1€ — K HeOOpaTUMBIM.

JI71s1 U30IMPOBAHHBIX CUCTEM BTOPOU 3aKOH YTBEPKIACT:

dS=0, 4.2)
T.€. DHTPOMHS M30JIMPOBAHHBIX CUCTEM B HEOOpPATHMBIX MPOIECCaX MO-
KET TOJBKO BO3pAacTaTh, @ B COCTOSHUM TEPMOANHAMHYECKOTO PABHOBE-
cusl oHa jocturaetr Makcumyma (dS =0, d 2§ <0).

HepasenctBo (4.1) Ha3biBatoT Hepagencmeom Knaysuyca. 11ockomb-
Ky SHTpONHs — (PYHKUIUS COCTOSHMSI, €€ U3MEHEHUE B JIIOOOM ITUKIINYe-
CKOM Mporuecce paBHO 0.

DHTPOIUIO MOXHO ONPEACNIUTh C MOMOIIBIO ABYX 3KBUBAJICHTHBIX
NOAXOJI0OB — CTAaTHCTUYECKOTO W TepMOJHHaAmMuueckoro. Cmamucmuue-
cKoe onpedeyieHue OCHOBAHO Ha UJIEE O TOM, YTO HEOOpaTUMBbIE MTPOLIECCHI
B TEPMOJMHAMUKE BBI3BAHbI MEPEXOJIOM B 0OJie€ BEPOSTHOE COCTOSTHUE,
MOATOMY PHTPOIHIO MOKHO CBSI3aTh C BEPOSTHOCTHIO

S=kInW, (4.3)

e k= 1,38 - 1072 x/K — nocmosinnas Bonvymana (k= R/Ny); W — tax
HaspIBacMasl TEPMOJIMHAMHYECKasT BEPOSTHOCTb, T.€. YHCIO MHUKPOCOCTO-
SIHAM, KOTOPBIE COOTBETCTBYIOT TAHHOMY MAaKPOCOCTOSHHIO CHCTEMBEI.
®opmyity (4.3) Ha3bIBAOT hopmynou borvymana.

Tepmoounamuueckoe onpedenenue SHTPOIMM OCHOBAHO Ha pac-
CMOTPEHHH OOPaTUMBIX MTPOIIECCOB:

)
Js — Q]‘j6p. (4.4)
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OTO0 ompeAeneHne MO3BOJISIET MPEACTABUTh AIEMEHTAPHYIO TEIUIOTY
B TaKoi ke (hopme, Kak U pa3InuHbIe BUIBI pAOOTHI:

0Qosp = TdS, 4.5)

rJie TEMIIepaTypa Urpaet posib 000OIIEHHOW CUIIbI, a SHTpOMNHUs — 0000-
IIEHHOM (TEIJIOBOM) KOOPAMHATHI.

Pacyer nsmeHeHust IHTPOIINMA JIA PAZJIHIHBIX IPOIECCOB

TepMoaHaMHYECKHUE pacyeThl U3MEHEHHUS SHTPONUK OCHOBAHbI Ha
onpeneneHuu (4.4).

1) Haepesanue unu oxaasxcoenue npu nOCMOAHHOM 0A61EeHUU.

KonnuecTBo TemoTel, HEOOXOAUMOE Al U3MEHEHHS TEMIIEPaTyphI
CHCTEMBI, BBIPAXKAIOT C IOMOUIBIO TEMI0EMKOCTH: dQosp = C, dT.

T uye
AS = 200 _ [=Zar. (4.6)
n ot

Ecnu TemioeMKoCcTh HE 3aBUCUT OT TEMIIEPATyphl B UHTEpBaJie OT T
1o T, To ypaBHeHue (4.6) MOXHO TPOUHTETPUPOBATH:

AS=C, Ini2. 4.7)

I

Ecnu m3aMmeHeHue TemiiepaTypbl TPOUCXOAUT TPH MOCTOSHHOM 00b-
eme, To B popmyiie (4.7) C, Hao 3amMeHUTH Ha Cy.

2) U3omepmuueckoe pacuiupenue uiu cocamue.

Jlsis pacueTa SHTPONMU B 3TOM Cliydyae HaJO 3HaTh ypaBHEHHE CO-
CTOSIHUSL CHCTEMbl. B YacTHOCTH, IJIi M30TEPMHUYECKOTO DPACIIUPCHHS
uneanbHoro raza (p = nRT/ V)

V.
AS =nRIn—%. (4.8)

"
3TOT JKC PpC3yJibTaT MOXHO IIOJIYUYHUTb, CCJIN HCIIOJIB30BATh BBIPAKC-

HUE JJISI TeIUIOThl M30TEPMUUYECKOTO OOpaTUMOTO PACIIUPEHUS UJIealb-
HOI'O rasa:

Qoﬁp =nRT ln( Vz/ Vl)
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3) @a3zosvie nepexooui.

[Ipu obpatimMoM (pa30BOM IMEpexo/ie TEMIEpATypa OCTAETCS MOCTO-
SHHOM, a TeruioTa ()a3oBOro nepexo/ia Mpu NOCTOSIHHOM JIaBJICHUU paBHA
AH 1, TO3TOMY U3MEHEHUE SHTPOIMH PABHO:

1 AH(bn
AS=—|0 =—, 4.9

I

[Ipu naBIE€HUM U KUMIEHUU TEIJIOTa MOIJIONIAETCS, IIOITOMY SHTPO-
Usi B 3TUX MOporeccax Bo3pactaeT: S < Sy < Sp. IIpu 3TOM 3HTpONMs
OKPY’KaIOLIEH CPelbl YMEHBIIAETCSA HA BEIUYUHY ASj;, IOITOMY HU3Me-
HeHue >HTponuu Beenennoit paBHo 0, Kak U rmojaraerces A 00paTUMOro
npoIiecca B U30JIMPOBAHHON CUCTEME.

4) Cmeuwenue uoeanvbHvix 2a308 npu NOCMOIHHLIX memnepamype u
oaesieHul.

Ecnu n; Moieit ogHOTO rasa, 3aHMMAaroIEero o0beM V|, CMEIINBAIOT-
Csl C 1y MOJISIMH IPYTOTO Ta3a, 3aHUMAIoIIero 00beM V), To 001muii 00beM
Ooyner paBeH V| + V,, mpudeM rasbl paclIUPSIOTCS HE3aBUCHUMO APYT OT
JIpyra u oOllee M3MEHEHUE SHTPOIUM PABHO CYMME HM3MEHEHUN 3HTPO-
MU KaXXJIOr'o Tras3a:

AS = anln¥+n2Rl

1 1

nM = —(n1 + ny)R(x Inx; + x;1nx,), (4.10)

TJE X; — MOJIbHAS IOJIA i-I'0 ra3a B MOJYyYEHHOU ra30BoM cMecu. M3meHne-
Hue sutponuu (4.10) Bcerma mojoXXUTENbHO, Tak Kak Bce In x; < 0, mo-
ATOMY HJ€aIbHbIE ra3bl BCET/1a CMEIIMBAIOTCS HEOOPATUMO.

Ecnu mpu Tex ke yCIOBHSIX CMEIIMBAIOTCS JIBE MOPIUU OJHOTO U
TOTO € ra3a, To ypaBHeHue (4.10) yxe nenpumenumo. Hukakux uszme-
HEHHM B CUCTEME IIPU CMELIMBAHUM HE Ipoucxoaut, u AS = 0. Tem He
Menee ¢opmyna (4.10) He cOAEPXKUT HUKAKUX UHIAUMBHUIYyaJbHBIX Mapa-
METpPOB Ta30B, MO3TOMY, Ka3ajloCh ObI, JOJKHA OBITh NMPUMEHUMA U K
CMEIICHUIO OJMHAKOBBIX Ta30B. JTO MPOTUBOPEUHNE HA3BIBAIOT NAPAOOK-
com l'uboca.

AO0COJIIOTHASI JHTPONIUS

B orianume oT MHOTHX APYTrUX TEPMOIMHAMHYECKUX (YHKIUH, dH-
TPOIUSI UMEET TOYKY OTCUeTa, KOTopas 3amaercs nocmyaamom Illnanka
(mpembum 3aKOHOM mepmoourHamuxy): mpu adcoaroTHoMm nyjae 7= 0 K
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BCe H/eajibHble KPUCTAJJIbI MMEIOT OJJMHAKOBYI0 JHTPOINHMI0, PABHYIO
HYJII0. DTO YTBEPKICHUE HA3BIBAIOT meniogou meopemot Hepucma.

[Toctynar I1nanka mo3BoJsi€T BBECTU MOHATUE AOCONIOMHOU IHMPO-
nuy BEWECTBA, T.€. SHTPONUHU, OTCUATAHHOW OT HYJIEBOI'O 3HAUECHUS IPU
T = 0. ns pacueta aOCOTIOTHON SHTPOINUHU BEIIECTB B CTAaHAAPTHOM CO-
CTOSIHUM HAJIO 3HATh 3aBUCUMOCTU TEIUIOEMKOCTU C, OT TEMIEPaTyphl
IUIS KaKIOU U3 a3, a TakkKe TeMIEepaTypbl U SHTAIBINU (a30BbIX Hepe-
xon10B. Tak, Hanpumep, aOCOMIOTHASI SHTPOMUS ra3000pa3HOTO BEIIECTBA
B CTaHIAAPTHOM COCTOSIHMM IpU TeMmIiiepaType 7' CKIaabpIBaeTCs U3 CIEay-
IOLMX COCTABJISIIOIIUX:

THJ’I 0 TKI/IH 0
SV = | CP(TB)dT+AH““+ | de+%+ ? MdT. (4.11)
0 T I T T KHII T T

1 KuIl

B tepMoanHaMuueckux TabnMIax OOBIYHO NMPUBOAST 3HAYEHUS ald-
COJIFOTHOM DHTPONUM B CTAHJIAPTHOM COCTOSIHAHU ITpH Temriepatype 298 K.

3HaueHUs a0COIIOTHOM OHTPOIINM BCIICCTB UCIIOJIB3YIOT AJIA pacydc-
Ta UBMCHCHUS SGHTPOIIMHU B XUMHUYCCKHUX PCAKIUAX:!

r

AS =Y v 8] -3 vS). (4.12)
CcX

PO it

MNMPUMEPDBI

[IpuMmep 4.1. Paccunraiite M3BMEHEHUE YHTPONUU MPU HArpeBa-
Huu 0,7 MO MOHOKJIIMHHOM cephl OT 25 10 200 °C npu gaBieHuu 1 aTm.
MosbHas TEMIIOEMKOCTh CEPBI PaBHA!

Co(Sts) = 23,64 Ix/(moub - K),

Cp(Sy) = 35,73 + 1,17 - 10°T JIx/(mois - K).

TemnepaTypa miaBieHuss MOHOKIMHHOM cephbl 119 °C, yaenbHas Ter-
noTa raBiaeHus 45,2 JIx/T.

Pewenue. OO1Iee M3MEHEHUE YHTPONMUU CKIAABIBAETCS U3 TPEX CO-
CTaBJISIFOIIHX

1) HarpeBanue TBepaOi cepbl oT 25 10 119 °C;
2) MIIaBJIEHUE;

3) HarpeBanue x)ujkoi cepsl oT 119 mo 200 °C.
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AS| = jﬂdT 0,7-23 641n%-454£[>1</1<

I
AS, = Ay, _0.7:452:32 ) sg 1wk
" 392
T2 C
ASy = | S0 4 20,735,732 = 476 Jox/K:
ST 392

AS = AS| + AS, + AS; = 11,88 JIx/K.

Omesem. 11,88 JIx/K.

[Ipumep 4.2. Hailgute W3MEHEHHE >HTPONUHU ra3a U OKPYKAKO-
el Cpeapl, €Clu #1 MOJIeH UeadIbHOIO Ta3a PaCIIUPSIOTCS U30TepPMUYe-
CKH OT o0BeMa V| o oObema V5:

a) o0paTumo;
0) MPOTUB BHEILIHETO JIABJICHUS D.

Pewienue. a) I3ameHeHue sHTPONUU raza mpu 00OpaTUMOM U30TEPMHU-
YECKOM PACIIUPEHUH MOXXHO HAWTHU C MOMOIIBI0 TEPMOJIUHAMUYECKOTO
OMPENICIICHUS] SHTPOIIUK C PACUETOM TEIUIOTHl PACIIUPEHUS MO MEPBOMY
3aKOHY:

AS. = nRIn—=

r

I} Q06p
" d Vl

Tak kak pacuiupeHue oOpaTumoe, TO 00IIee U3MEHEHUE PHTPOMUU

Bcenennoit paBHo 0, m03TOMY U3MEHEHUE HPHTPOIUM OKpYXkarollen cpe-
JIbl PABHO U3MEHEHUIO SHTPOIUHU ra3a ¢ OOpaTHBIM 3HAKOM:

ASop =—AS. =—nR ln%.
1

0) DuTponus — PyHKIUS COCTOSHUSA, IOATOMY U3MEHEHHE YHTPOIUU

CUCTEMBI HE 3aBUCHUT OT TOTO, KaK COBEPIIAJICS MPOIIECC — OOPATUMO WIIH

HeoOpaTuMo. M3MeHeHre >HTpONUM raza Mpu HEoOpaTUMOM paciiupe-

HUU MPOTUB BHEIIIHETO JABJICHUS OYJIET TAKUM K€, KaK U TP 00paTuMom

pacuuperuu. Jpyroe neno — SHTPONUST OKpYKaroleh cpeibl, KOTOPYIO

MOXHO HaWTH, pacCUMTaB C MOMOIIBIO MEPBOr0 3aKOHA TEIUIOTY, Nepe-
JTAHHYIO CUCTEME:

ps oo _A_p(h-Va)
o T T T '
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3nech ucnonb3oBaics ToT akt, uto AU = 0 (Temmeparypa mocro-
sHHa). PaboTa, coBepiiaeMas CUCTEMOW MPOTUB MOCTOSHHOTO BHEIIHETO
nasnenus, pasHa: 4 = p(V, — V), a Temnora, NpUHATAs OKpYKarouen
cpesoi, paBHa pabOTe, COBEPIIIEHHOM CUCTEMOM, C 0OpaTHBIM 3HAKOM.

OO6111ee M3MEHEHUE SHTPOIUHU Ta3a U OKpY KaroIlei cpesibl oodbiie 0:

A =nrin 22+ 2V =2

>0,
14 T

KaK ¥ IoJIaraeTcs Juisi HeoOpaTUMOTo Ipoliecca.

[Ipuwmep 4.3. Paccunraiite nsmenenue surponun 1000 r Boas! B
pesynbTare ee 3amepianus npu —5 °C. Temnora miaBieHUs JibAa MPH
0 °C pasna 6008 JI>x/mMomab. TernnoeMKoCTH Jibjila U BOJbI paBHbI 34,7 u
75,3 JIx/(monb - K), coorBeTcTBeHHO. OOBSICHUTE, IOYEMY SHTPOIUS HPU
3aMep3aHUM YMEHBIIAETCS, XOTS MPOIECC — CAMOIIPOU3BOJIbHBIM.

Pewenue. HeoOpaTuMmelii miporiecc 3amMep3aHusi BOJbI IIPU TeMIIepa-
Type —5 °C MOXHO TpEJCTaBUTh B BHUJE IMOCIEA0BATEIBHOCTH OOpaTH-
MBIX MPOIIECCOB:

1) narpeBanue Boasl oT —5 °C no Temmepatypsl 3amep3anus (0 °C);

2) 3amep3anue Bojibl Tipu 0 °C;

3) oxnaxnaenue apjaa ot 0 1o —5 °C:

273K x 2—:-11!

| E

268K X ——»TB

M3MeHeHne 3HTPOIUHU B MEPBOM M TPETheM Mpoleccax (Ipu u3Me-
HEHUHU TEMIIepaTypbl) paccuuTbiBaeTcs no popmyine (4.11):

Tan C
AS = | Sp60 g 1090 6 510273 99 3 ik
T 18 268
I
hoc
ASy= | Spm) gp 1000 4 0 1298 356 Tix/K.
ST 18 273

3aM
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W3meHeHnrne SHTPONMHUH BO BTOPOM IIPOIIECCE PACCUMTHIBACTCS Kak
st 00brgHOTO (hazoBoro mnepexosna (4.9). Heo6xoaumMo TOIBKO UMETH B
BUJTY, UTO TEIUIOTA MIPH 3aMEp3aHUU BBIACISICTCS:

AS, = - 18273 = —1223 Ix/K.

3aM

Tak kak sHTponuss — (QYHKUMS COCTOSHMS, OOIIee W3MEHEHUE SH-
TPOIHMH PABHO CYMME IO 3TUM TPEM MPOILECCaM:

AS = AS; + AS, + AS; =—-1181 [Ix/K.

OHTponusl MpU 3aMEP3aHUM YOBIBAET, XOTA IPOIIECC CaMOIPOU3-
BOJIbHBIA. DTO CBSI3aHO C TEM, YTO B OKPYKAIOUIYI0 CPEAY BBIJIEIACTCS
TEIUIOTA W SHTPOIHUS OKPYKAIOUIEH Cpelbl YBEIUYUBACTCS, MPUYEM 3TO
yBenuuenue Oosbie, uem 1181 Jx/K, moatomy s3nTponus BcenenHou
IpU 3aMep3aHuU BOJbI BO3PACTAET, KaK W MOJIaraeTcsi B HEOOpaTUMOM
npolecce.

Omeem. —1181 JIx/K.

5. TepMO,EI,VIHaMVI‘-IeCKI/Ie noTeHunarnbl

TepMmonrHaMHYeCKUMU TOTCHIIMAIAMHE, WIH XapaKTEPUCTHICCKUMU
GyHKIMSIMU, HA3bIBAIOT TEPMOJWHAMUYECKHE (PYHKIIUH, KOTOPHIE CO-
Jepkar B cebe BCIO TEPMOJAMHAMHUYECKYI0 WH(OpPMAIMI0 O CHCTEME.
HauGonbiiee 3HaueHNE UMEIOT YEThIPEe OCHOBHBIX TEPMOJUHAMUYECKUX
MOTEHIINANIA!

1) enympennssa snepeus U(S, V);

2) saumanvnusa H(S, p) = U + pV

3) snepeus I'envmeonvya F(T, V)= U — TS;

4) snepeuss ['uooca G (T, p)=H—-TS=F +pV.

B ckoOkax yka3aHbl TEpMOAMHAMUYECKHE IMapaMeTphbl, KOTOPHIC T10-
JTYYWTI Ha3BaHUE €CTECTBEHHBIX MEPEMEHHBIX I TEPMOAMHAMUYCCKHIX
MOTEHIHAJIOB. Bce 3TH MOTEHIMANbl KMEIOT Pa3MEPHOCTh SHEPTUU U HE
UMEIOT a0COJIFOTHOTO 3HAYEHUS, TIOCKOJIbKY OMPEEICHBI C TOYHOCTHIO

710 TIOCTOSIHHOM, KOTOpasi paBHa BHYTPEHHEW PHEPTruu Mpu aOCOITIOTHOM
HYJIE.

3Has 110001 U3 YeThIpeX MOTEHIIMATIOB KaK (DYHKIIUIO €CTECTBEHHBIX
IIEPEMEHHBIX, MOYKHO C ITOMOIIBIO OCHOBHOI'O YPaBHEHUS TEPMOIUHAMH-
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KA HAaWTH BCE JIpPyrue TEPMOJIWHAMHYECKUE (PYHKIIMUA M TapaMeTphl CH-
cTtemMsl (cM. Tipumep S.1).

Jpyroii BaKHbIA CMBICII TEPMOAMHAMUYECKUX ITOTEHIMAIOB COCTO-
UT B TOM, YTO OHU MO3BOJIAIOT IPEACKA3BIBATh HAIIPABICHUE TEPMOAUHA-
MHYECKUX IPOLECCOB. Tak, Hapumep, €CIM NPOLECC MPOUCXOIUT IIPU
IIOCTOSIHHBIX TEMIIEpAaType U IaBJICHUU, TO HEPABEHCTBO, BBIPAXKAIOLICE

)
BTOpON 3aKOH TCPMOJIHWHAMMHKU, dSZ?Q 9KBHBAJICHTHO HCPABCHCTBY

dG,r < 0 (yuuTsIBas, 4TO IPHU MOCTOSHHOM JaBieHuu 00, = dH), rne
3HaK paBEHCTBA OTHOCHUTCS K OOpaTHUMBIM IpOlieccaM, a HEPAaBEHCTBA — K
HeoOpaTtuMbIM. TakuMm 00pa3oMm, MpU HEOOPATUMBIX Mpolieccax, MpoTe-
KAIOIIMX MPU MOCTOSHHBIX TeMIeparype U AaBieHuu, 3Heprus ['ndodca
BCerJa yMeHbIaercs. Muaumym sHepruu [ m66ca gqocturaercs npu pas-
HOBECHH.

AHAaJIOTHYHO, JIFOOOW TepMOAMHAMUYSCKHM MOTECHIIMA B HEOOpaTH-
MBIX MPOIECCAX NPU NOCOSAHCIGE eCMECMBEHHbIX NePeMEeHHbIX YMEHbD-
IaeTCs ¥ JOCTUTAET MUHUMYyMa TIPU PaBHOBECHH (Ta0sIHIIA).

YcaoBus PAaBHOBECHUA U CAMOIIPOU3BOJJILHOCTH IIPOTCKAHUA
AJIA PaA3/IMYHBIX TCPMOAUHAMHYECCKHUX IOTCHIIHAJIOB

EcrecTBeHHEBIC YcnoBue YcnoBus
IloTenman
MEpEMEHHbIC CaMOIPOU3BOJIBLHOCTH paBHOBECHS
U S = const, V= const dU<0 dU=O,d2U>0
H S = const, p = const dH <0 dHZO,d2H>O
F T = const, V= const dF <0 dF=0,d*F>0
G T = const, p = const dG <0 dG=0,d°G>0

Haubonpiiee 3HaueHne B KOHKPETHBIX TEPMOJIMHAMUYECKUX pacye-
Tax HMMEIOT JIBa NOCIEIHUE MOTeHIHana — 3Heprus [enbmronsua F u
sHeprus ['mb6ca G, Tak Kak WX €CTECTBEHHBIC MEpPEMEHHBIE HambOoiee
ynoOHsl ansg xumuu. Jpyroe (ycrapeBilee) HazBaHUE ATHX (QYHKUUN —
U30XOPHO-U30TEPMUYECKUA U M300apHO-U30TEPMUUYECKUIN MOTEHIIHAIIBI.
OHU UMEIOT JONOJHUTEIbHBIN (PU3UKO-XUMUYECKUI CMBICT. Y MEHbIIIe-
Hue sHepruu [enbmroneua B KakoM-nnOo mnponecce npu 1 = const,
V' = const paBHO MaKCUMaJIbHON MEXaHUYECKON paboTe, KOTOPYIO MOXKET
COBEPLIUTH CUCTEMA B 3TOM IIPOLIECCE:

Fy = Fy = Amax (: A06p)-

Takum 00pa3oM, sHeprus F paBHa TOW YacTH BHYTPEHHEH SHEPruu
(U= F + TS), xoTopast MOXET IPEBPATUTHCS B pabOTYy.
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AHanoru4yHo, yMeHbleHue suepruu ['md6ca B kakomM-1ubo mporec-
ce mpu T = const, p = const paBHO MaKCUMAJIbHO TOJE3HOH (T.€. HEMe-
XaHUYECKOW) paboTe, KOTOPYIO MOXKET COBEPIIUTH CUCTEMAa B 3TOM IIPO-
ecce:

Gl - GZ :AHO.H'

Pacuer n3menenus pyHkuuii /' v G B XUMUYECKUX PEAKIUAX MOKHO
IIPOBOJIUTH Pa3HBIMU CIIOCOOAMM:
1) no onpenenenuro, G = H — TS. Eciii poayKThl PEaKkiuu U UC-

XOJIHbIE€ BEIICCTBA HAXOIATCS IIPU OJAMHAKOBOM TEMIIEpaType, TO CTaH-
JApTHOE U3MEHEHUE dHepruu ['ndoca B XMMUYECKON peakliuy paBHO:

A,Gp =Y G(mpomyxtsr) — Y G(pearentst) = A Hy —TA,Sp, (5.1)

r7e TemIoBoi 3((HEeKT MOKHO pacCUUTATh C MOMOILBIO CTAHAAPTHBIX SH-
TaNbINI 00pa30BaHMs, & CTAHIAPTHOE M3MEHEHHE SHTPOIMU — MO abco-
JIOTHBIM SHTPOIHUSAM YYaCTHUKOB PEAKIINU;

2) aHAJIOTUYHO TEIIOBOMY 3(P(EKTy peakuuu, U3MEHEHHE SHEPTUU
['nb0ca MOXXHO paccuuTaTh, UCHOJB3Yys sHepruu ['nd6Oca oOpazoBaHUs
BELIECTB:

AGE=YA ng (MpOmyKTHI) — D A ng (peareHThl). (5.2)

B tepMoamHaMuueckux TaOIUIaX OOBIYHO MPHUBOAST aOCOIIOTHBIC
SHTPOIUU U 3HAYEHUS] TEPMOAMHAMUYECKUX (YyHKLIMM 0Opa3oBaHUs CO-
SIMHEHHUI 13 TIPOCTHIX BelecTB MpH Temneparype 298 K u nanenuu 1 6ap
(ctangaptHoe cocTosinue). [{ns pacuera A,G u A.F ipu ApyruX yCIOBUSIX
UCIIOJIB3YIOT 00JIee CII0KHBIE COOTHOIIEHUS.

Bce TCPMOAMHAMHNYCCKHUC IIOTCHIMUAJIBI ABJISAIOTCA (bYHKHHHMI/I CO-
CTOAHMUS.

IHIPUMEPDI

[Ipumep 5.1. JIBa Monst renust (MaeadbHbIM ra3, MOJbHAS TEIJIO-
eMkoctb C, = 5/2 R) Harpesatot ot 100 °C go 200 °C mpu p = 1 atm.
Boruucnute usmenenue sHepruu ['mb0ca B 3TOM mpoliecce, €Ciiu U3BecT-

HO 3HAYEHHUE DHTPOIIMHU Tellud, S§)73= 131,7 Ix/(mons - K). MoxHo 11
CUUTATh 3TOT MPOLIECC CAMOIPOU3BOIBHBIM?
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Pewenue. Vzmenenne sueprum ['mO0Oca mpu HarpeBanmum oT 373
1m0 473 K M0XHO HaillTH, MPOMHTETPUPOBAB YACTHYIO MPOU3BOJHYIO IO
TeMIepaType:

473
AG =Gy73— Gy =— | S(T)dT.
373

3aBUCUMOCTh SHTPONUU OT TEMIIEPATYPhI MPHU MOCTOSIHHOM JaBlie-
HUU ompeensieTcs n300apHoi TEMIOEMKOCTBIO:

(G_Sj )
or), T

NuterpupoBanue 3toro Beipaxkenus ot 373 K no 7' naer:

T C
0 P
S(T)=n| Sip+ | LT =n(8%;+C,InT~C,n373).
373

HOI[CTaBJ'IHSI 9TO BBIPAXKXCHUC B MHTCIPAJl OT SHTPOIIMH, HAXOAUM

473 473
AG=- [ S(1)dT =—n[(5273 -C, 1n373)T+CpT1nT—C,,T] =
373 373
— 26850 .

[Iporecc HarpeBaHust He 00s13aH OBITH CAMOIIPOM3BOJIBHBIM, TaK KaK
yMeHbIIIeHne 3Heprun ['md0ca CIy’)KUT KpHTEpHEM CaMOIPOW3BOJIHLHOTO
IIPOTEKaHMUs IIpolLiecca TOIbKO pu 7' = const u p = const.

Omeem. AG = —-26 850 JIx.

[Ipumep 5.2. Paccuuraiite mamenenue sHepruu ['ubbca B pe-
aKIUn

CO + S0, =CO0O,

npu Temnepatype 500 K u napuuansHbix nasinenusax 3 6ap. byner nu sta
peaKIs CaMOIIPOU3BOJIBLHOM MPHU JAHHBIX ycloBUAX? ['a3bl cunuTaTh Uje-
anbHbIMU. HeoOxoauMble JaHHBIE BO3BMUTE U3 CIIPABOYHHUKA.
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Pewenue. Tepmonunamuueckue qaHHble npu Temneparype 298 K u
CTaHAapTHOM JaBieHuu 1 O6ap cBeneM B TaOIUILY.

DHTanbnus 00pa3oBaHUs DHTpOonHs TeIrIoeMKOCTE
BemectBo A HY ., KJK/MOb 0

598> S595> x/(Monb - K) | C,, JIx/(Moib - K)

CO —-110,5 197,6 29,14

O, 0 205,0 29,40

CO, —393,5 213,7 34,57

0
Peakmus Anggg , KJI>K/MOJIb A5208 AC),
JIx/(monb - K) Jx/(mons - K)
CO + SO, = CO, —283.,0 -86,4 -9,27

ITpumem, uro AC, = const. MI3MeHeHUs TEpMOIUHAMUYECKUX (DyHK-
UH B pe3yJIbTaTe PEaKIMU paCCUUTaHbl KaK pa3HOCTh (DYHKIIMI pearcH-

TOB Y IIPOJYKTOB:
Af =ACO,) - ACO) = SAO).

CrannaptHbiil TermnoBoil adgdexr peakuun npu 500 K moxHO pac-

cuUMTaTh MO ypaBHeHNIO Kupxroda B nHTETpaibHOM hopMme:
500

AH3y = A Hyog + [ AC,dT =
298

=283 000 + (=9,27)(500 — 298) = —284.9 KJI/MOJIb.

CrangapTHoe n3MeHeHue sHTponuu B peakiuu npu 500 K MoxkHO

paccuuTaTh o Gpopmyie
500

298

— 86,4 + (—9,27)ln% — 89,4 JT/moms - K.

CrannmaptHoe n3Mmenenue >Hepruu [ mdoca mpu 500 K
A, Goo = A, Hyy — 500AS5,, = —284 900 — 500(—89,4) =
—240,2 xJI>x/MO7b.

Jlns pacuera uaMeHeHus sHepruu ['nb0ca mpu nmapiuaiIbHbIX JaBiie-

HUAX 3 aTM HEOOXOJIMMO MPOUMHTErpPUPOBATH (HOPMYITY [(a—n =V u
P J))r
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UCIIOJIb30BaTh YCJIOBUE UIeaTbHOCTH Ta30B (AV = AnRT/p, An — u3zme-
HEHUE YUClia MOJIEH Ta30B B PEAKIIH):

p
AI”G(p2) = ArG(p1)+ J'2 ArVdp = A,,G(pl)'FAVRTlIl& =

Py P

=240 200 + (-0,5) - 8,314 - 500In(3) = —242,5 kJI/MOIb.

Ota peakuusi MOXET MPOTEKAThb CAMONPOU3BOJIBHO MPHU JaHHBIX
YCIIOBHSIX.

Omeem. AG = -242,5 xJ1>x/MOJIb.

3ananue 1. Paccunraiite W3MEHEHUE SHTAIBIMU U DHTPONUU IPU
HarpeBaHUM (OXJIAXKJICHUH) M MOCTOSHHOM JIaBJICHUU B MHTEpPBAJIC TEM-
neparyp ot 17 1o 7, BeliecTBa A Maccou m, Kr, €CJIM U3BECTHBI €r0 TEM-
neparypbl IJIABJICHUS U KUIICHUS, CPEHUE TEIJIOEMKOCTH B TBEPJIOM,
YKUJIKOM 1 Ta3000pa3HOM COCTOSIHUSIX, TEIUIOTA IUIABJICHUS U UCTIapEHUS,
KOTOpbI€ HAXOJAT B cupaBouyHMKE. [[py OTCYTCTBHM HaHHBIX MO TEIJIO-
€MKOCTH U DHTAJBINUM IJIABJICHUS, UX BBIYUCIISIOT, UCMOJIb3Yysl SMIUPU-
YECKUE BBIPAKECHUS, MPUBEJICHHBIE B KPATKOM CIPaBOYHUKE (PUBHKO-
xumudeckux BennunH noa pea. K. I1. Mumenko, A. A. Papaens.

Tabnuya 1
Howmep BemectBo m, KT Ty, xr T,, xr
BapHUaHTa

1,2 JKEJIe30 25 2800 277
2,22 BOJIA 45 420 220
3,23 PTYTh 40 193 673
4,24 LIMHK 80 323 1373
5,25 Melb 10 3393 274
6, 26 Maraui 50 1373 143
7,14 KaMUH 80 303 1473
8, 15 30J10TO 15 1523 313
9,16 HUKEIb 8 1923 223
10, 17 ATIOMUHHUN 25 298 1298
11,18 KpEMHHUU 15 273 2800
12, 19 cypbMa 20 273 1173
13,20 0JIOBO 10 273 673

3amanue 2. Brruncnure M3MEHEHHE SHTAIbIIMU, BHYTPCHHEH JHEPruM,
SHTPONHH, H300apPHO-U30TEPMHUUECKOTO U H30XOPHO-U30TEPMUYECKOTO TIO-
TEHUUAJIOB peakuuu (A) mpu CTaHIAPTHBIX ycioBHsIX. Ha ocHOBaHMM 3Haye-
HUS U300apHO-U30TEPMHUYECKOr0 MOTEHLHMANa, OMpPEAeuTe, BO3MOXKHO JIH,
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IPOTEKaHUE TAHHOW peaklUy CaMOIPOU3BOJIbHO. OIpeenTe KOHCTAHTY PaB-
HOBECHSI U TEMIIEPATYPY, NPU KOTOPOM HACTYNUT PABHOBECHE IIPU YCIIOBHH,
YTO TEMIOBOM 3(PPEKT XMMUYECKON pEeaKIMU HE 3aBUCUT OT TEMIIEpaTyphl.
Temnoty oOpa3oBaHHsS W SHTPONUIO BEIIECTB NPH CTAHAAPTHBIX YCIOBHSIX
BO3BMUTE B CIPABOYHUKE. ATpEraTrHoe COCTOSIHME BEIIECTB: XX — KHUJIKOE;
pomb6. — poMOnYeckoe; TB. — TBEPA0E; ra3000pa3HOe — HE YKa3aHO.

Homep BapuaHTa Peakius (A)

1,26 2H, + CO = CH;0H,
2,25 4HCI + O, = 2H,0,, + 2Cl,
3,24 SD0M6+ 2H20Hap = SO2 +2 H2
4,23 2N2 + 6H2())K = 4NH3 + 302
5,22 4NO +6 H,0O,. = 4NH; + 50,
6,21 Spons T 2C0O, = SO, +2CO
7,20 CO + 3H, = CH4 + H,0,
8,19 2C0O + S0, = S,ou6 +2CO,
9, 18 C02 + Hz =CO + Hzom
10, 17 CO, + 4H, = CH4 + 2H,0,
11,16 CH, + CO,=2CO + 2H,
12, 15 CzHSC)H)K = C2H4 + Hzom
13, 14 CH3;CHO + H, = C,Hs;OH,




JNTabopaTopHas paboTta Ne 1

OnpepneneHne KOHCTaHTbl paBHOBECUA
rOMOreHHOM peakumn B pacTBope

Lean padoThl: onpeaenuTh KOHCTAHTY paBHOBecus (K,.) ana obpa-
TUMOU pEaKINU

FeCl; + 3KCNS = Fe(CNS); + 3KCl

Ob6wue cBeneHusa

OOpatumbie peaklud HE TOXOJAT 10 KOHIA M 3aKAaHYMBAIOTCS yCTa-
HOBJICHUEM XUMUUECK020 pasnogecus. COCTOSTHUE paBHOBecUs Hanbo-
Jiee yCTOMYMBO, U BCSIKOE OTKJIOHEHUE OT HEro TpeOyeT 3aTpaThl SHEPTHUHU.
Hanpumep, B peakiiuu CMHTE3a aMMHaKa paBHOBECUE HACTYMHAaeT TOT/a,
KOIJla B €IUHUILy BPEMEHH 00pazyeTcsi CTOJNIBKO K€ MOJIEKYJ aMMHAaKa,
CKOJIBKO MX pacnafaeTcs Ha a3oT U Boaopoh. CieaoBaTesibHO, XUMHUYe-
CKOe PAaBHOBECHE MOKHO OIIpe/leJIUTh KAK TAKO0e COCTOSIHUE CHCTeMbI
pearmpyromux BellecTB, PH KOTOPOM CKOPOCTH NMPSIMOA M o0pat-
HOI peakiuii pABHbI MeKIy CO00M.

B cocTosiHuu paBHOBecus mpsiMasi U oOpaTHasl peaklMu He MpeKpa-
matores. [loaroMy Takoe paBHOBecHe Ha3bIBa€TCs MOABHKHBIM WU M-
HAMH4YeCKHMM paBHOBecuMeM. KOHIIEHTpalluu BCEX pearupyromux Be-
IIECTB — KaK MCXOAHBIX, TAK U OOPa3yIOIIUXCA — OCTaIOTCS CTPOro IO-
CTOSIHHBIMH. KOHIIEHTpalMu pearupyronmx BEIIeCTB, KOTOPbIE YCTaHaB-
JMBAIOTCS IPU XUMUYECKOM PaBHOBECUU, HA3BIBAKOTCS PAGHOBECHBIMU.

Ha cocTosiHMe XMMHUYECKOTO paBHOBECHs OKA3bIBAIOT BIIMSHUE KOH-
LEHTpalusl pearupyronmx BELECTB, TEMIEpaTypa, a AJid ra3000pa3HbIX
BEIIECTB — M nAasieHue. [Ipn u3MeHeHnn OJHOro M3 dTHUX IAPAMETPOB
PAaBHOBECHUE HAPYIIACTCA U KOHLIEHTPALMs BCEX PEarupyrolux BEIICCTB
U3MEHAETCA 0 TeX IOp, II0Ka HE YCTAHOBUTCSA HOBOE PABHOBECHUE, HO
y>Ke MPU UHBIX 3HAYCHUSIX PABHOBECHBIX KOHIeHTpauil. [logo0HbIN me-
pexoJ peaKMOHHON CUCTEMBI OT OJHOI'0 COCTOSIHUS PAaBHOBECHS K APY-
TOMY HAa3bIBACTCA cmeujeHuem (WIM COBU2OM) XUMUYUECKO20 PAGHOEe-
cusn. Eciy Npu M3MEHEHUM YCIOBUN YBEJIWYMBACTCSA KOHLEHTPALUA KO-
HEYHBIX BELIECTB, TO T'OBOPAT O CMEIIECHUHA PABHOBECHUS B CTOPOHY IIPO-
IYKTOB peakuuu. Eciau ke yBennuuBaeTcs: KOHLUEHTPALUs UCXOIHBIX Be-
IIECTB, TO PABHOBECHE CMEIIAETCS B CTOPOHY UX 00pa3oBaHUsI.

CocTosiHME XUMHYECKOTO PABHOBECHS XapaKTEPU3YETCSI KOHCTAHTON
PaBHOBECHSI.
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Hampumep, 111 ToMOr€eHHON peakiuu

aAd+ bB < cC+dD

BBIPAKCHUE IS CKOPOCTH MPSIMOM PEaKIUM B COOTBETCTBUU C 3aKOHOM
JICUCTBHS Macc:

vip = kgl A]' 187"

rae kyp, — KOHCTaHTa CKOPOCTH IpAMOM peakuuu; [4] u [B] — KOHLIEHTpa-
I[UU BEILECTB.

AHAIOTHYHO 1151 0OpaTHOM peaKIUu:

Voop — k06p[C]C [D]d

Tak kKak B COCTOSIHUM PaBHOBECHUS CKOPOCTH MPSAMON U OOpaTHOM
pEaKLU PaBHBI, TO

kp[A1° [BY” = kosp[CT° [D]%,

OTCHOJa
K = ko / kosp = [C1°[D]" / [4]°[BY".

Hpunuun Jle lareane. HampaineHnue cMeneHUs XUMUYECKOTO
paBHOBECHS TPU HM3MEHEHUSX KOHILECHTpAllUM PEAarupyrolux BEIIECTB,
TeMIrepaTypbl U JaBJieHUs (B Cliydae ra3oBBbIX pPEaKIMil) OmpeaesieTcs
OOIIUM TMOJI0KEHUEM, U3BECTHBIM I10]] HA3BaHWEM MPUHIIUIIA MOABUKHO-
ro paBHoBecus wnu npuHuuna Jle Illarense: ecim Ha cucreMy, HaXo-
ASINYIOCA B PAaBHOBECHH, NMPOU3BOAUTCH KaKoe-I1u00 BHeIIHee BO3-
aeiictere (M3MEHSIOTCS KOHIEHTPALUA, TeMIIepaTypa, 1aBjJeHue), TO
OHO OJIATONPHUATCTBYET MPOTEKAHMIO TOW W3 JABYX NMPOTHUBOIOJONK-
HBIX peaKlnil, KOTOpas ocJaadJiseT NPOU3BeIeHHOE BO3/IeliCTBHE.

KoHncranTa paBHOBECUS XMMHUYECKOM PEAKIMU CBSA3aHA C DHEPIUEH
['n60ca xumuyeckoi peakunu (AG) creayronuM ypaBHEHUEM:

INKpon = — AG/RT,

riae R — yHuBepcaibHas ra3oBas noctostHHas (8,31 x/mons - K); T —
TEMIIEPATypa, pU KOTOpou onpeaenserca AG.

3 MOCJICAHCTO YPABHCHHUA CIICAYCT, YTO KAaTAJIN3aTOPbI HC BJIMAIOT
Ha COCTOAHUC XUMHUYCCKOI'O PABHOBCCHUA, TAK KAK OHHU HC U3MCHAIOT CO-
CTOSAHHUC HAYAJIIBHBIX 1 KOHCUHBIX IIPOAYKTOB PCAKIMH.

34



KaranuzaTopbl 0AMHAKOBO YCKOPSIOT KakK MPsIMYI0, TaK B 00paTHYIO
pEeaKIMK, a TaKKe HE OKa3bIBAIOT BIWsSHUE Ha BeauunHy AG (BBeAcCHUE
KaTajanu3aTopa HE M3MEHSIET COCTOSIHUE KOHEUHBIX M MCXOJHBIX MPOIYK-
TOB PEaKIMU) U MOATOMY Ha CMEIIICHUE PAaBHOBECHS BIIMSHUS HE OKa3bl-
BAIOT, a TOJILKO CITIOCOOCTBYIOT 060J1ee€ OBICTPOMY €T0 JOCTHKEHHUIO.

B naGopartopHoii paboTe N3yuyuM XMMHUYECKOE PAaBHOBECHE CIECAYIO-
1IECW peaKUnu:

FeCl; + 3KCNS = Fe(CNS); + 3KCl

ponanuj xeneza Fe(CNS); okparieH B KpacHbI 11BET. MIHTEHCHBHOCTD
OKpacKH pacTBOpa MPOMOPIHOHAIbHA KOHIICHTPAIIMK POAaHU A Keje3a.

Taxum 00pazoMm, paboTa CBOAUTCS K (POTOKOJIOPUMETPUUECKOMY OITpE-
nenenuro koHreHTpauuu Fe(CNS); B pacTBope, BBIUUCICHUIO PABHOBECHBIX
KOHIICHTPAITHI BCEX KOMIIOHEHTOB M PacyeTy KOHCTAHThI PABHOBECHS:

[Fe(CNS),]-[KCIP?
[FeCl;]-[KCNSP

K, =
OO0opynoBanue: U3MepuTeIbHbIE OIOPETKU; BOPOHKHU; MEPHBIE KOJI-
ObI; KAJIOPUMETP POTOIIEKTPUUECKHIA.

Pearentnl: pactBopel FeCl;, KCNS ¢ konnentpauueit 0,005 M
n 0,1 M, COOTBETCTBEHHO.

JKCnepuMeHTanbHas 4acTb

1. ITpuroroBuTh TpU pactBopa mo 25,0 M obIero odbema, coaep-
xaiue pasnuuHbie koaudectBa FeCl;, KCNS u Bojwl. Jliis atoro B Tpu
MEpHBIE KOJIOBI Ha 25,0 MJT U3 OIOPETOK NPUIIUTh B YKa3aHHbBIX JJAOOPAHTOM
konudecTBax nomnapHo 0,0005 M pactBop FeCl; u 0,1 M pactBop KCNS.

[TonydeHHBIE OKpaIICHHBIE CMECH BO BCEX TPEX KOJI0aX TOBECTH JI0
PUCKHU BOJOM, TIIATENBHO MepeMeniaTh. Paccuntarh HadaJibHbIE KOHIICH-
tpauuu FeCl; u KCNS. Ilpu stom ucnonsizoBath hopmyny v;C; = 0,0,
rie v; 1 C; — 00beM M KOHIIeHTpanusi ucxoaHoro pactBopa FeCl; u
KCNS; v, u C; — 00beM U KOHIICHTpAIMsI TPUTOTOBJICHHOTO PacTBOpA.
OueBugHoO, L, = 25 M.

II puwMe p. CornacHo ykazaHuto JabOpaHTa JiJisi MPUTOTOBJICHUS
pactBopa Obuto B3siTo 3 miut 0,0005 M pactBopa FeCl;. Hauansnas ero
KOHIIEHTpauus (B 25 MJ1) paBHa

_v;-C; 3-0,0005
%)

=0,0006 M =6-10" M.

G,
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2. U3MepuTh ONTHUYECKYIO IUIOTHOCTh IMOJYYEHHBIX pPAacTBOPOB Ha
dotoanexkrpokonopumerpe (OIK), ncnons3ys cuHuil GUIBTP U KIOBETHI
Ha 5 cMm. [Topsmok pabotel Ha DIK npunaraercs.

3. ITo xanubpoBoYHOMY TpaduKy MO BEIMYMHAM ONTHUYECKOU IJIOT-
HOCTH OIpEJETuTh paBHOBeCHYIO KoHIleHTpanuio Fe(CNS); Bo Bcex Tpex
pacTBopax (PUCYHOK).

Fe(CNS),
5,0

4,0 v

s

3.0 o

2,0 ,—A/

1,0

0 D
02 04 06 08 10

C 107 Momb/m1

KanubpoBounsiit rpadguk

PaBHoBecHyto koHueHtpauuio Fe(CNS); MOXHO omnpeneiauTs u3
ypaBHEHUS

[Fe(CNS);] =4.,5 10"+ D, monb/m,
KOTOPO€ HaMJIEHO MyTeM MaTeMaTH4YeCcKoW oOpaOOTKH TMPsSMOM, u300pa-

YKEHHOM Ha puc. 1.

4. Paccumtath paBHOBecHble koHIeHTpanuu FeCl;, KCNS u KCI.
Pacuer ux BeCcTHM MO XMMHYECKOMY ypPaBHEHHUIO, UCIOJIb3YSI CTEXHOMET-
puyeckue Ko3(pHUITMEHTHI.

I[Tpuwmep. C nomonipro @POK onpenenuiny ONTUYECKYIO INIOTHOCTh
pacTBopa, paBHyto 0,5. CnenoBarenbHO, KOHIIEHTPAIMs POJIaHU]IA Kee-
3a (U3 rpaduxa) paBHa 2,25-10° MoIb/lI, a HavyaubHAS KOHICHTPALIHS
FeCl; (B mpenpinymeM npumepe) Obu1a paHoit 6,0-10~ moms/i. Cormac-
HO CTEXHOMETPUYECKUM COOTHOIICHUSM DPAaBHOBECHAs KOHIICHTPAIIHSI
FeCl; oka3wiBaeTcs paBHOM

Crect, =6,0-10™ =2,25-107 =3,75-107 mons/x.

PaBnoBecHas xkonnentpaius KCI B 3 pasza Gomnblie, yeM KOHIIEHTpa-
uus Fe(CNS);, T.e.

Ckc1 =225 1073 =6,75 10" moub/1.
AHaJIOTUYHO pacCUUTHIBAETCs paBHOBeCHask KOHIeHTpauust KCNS.

36



5. PaccuntaTh KOHCTAaHTY PaBHOBECHS JJIS1 KAXKIOW CMECH:

K

0 2,25-107°-(6,75-107)°

=3,684-107.

c

3,75-107-(793-107°)°

6. Beruncnuts cpenHeapugmerndeckyro sennuuny (Kq, = (XK.)/3).
Paccuutare abcomoTHOoe oTKIOHeHHE A = | K, — K|. BeIuncauTs oTHO-
CUTEIbHOE OTKIOHEHHE: O = (A/Kp) -100 %.

7. Onpenenutb AG TaHHOW XUMUYECKON PEaAKIIHH.

JlaHHbBIC U3MEPEHUM U BEIYMCIICHUNA CBECTH B TAOJIHUILY.

Pe3y.]'ll>TaTl)I HCCJICA0BAaHUA

Hasrans s PaBHOBecHBIE Qo
€ | OObem, M1 | KOHIEHTpa- w Q E <
o S o KOHIIEHTPAIIUU, MOJIB/T o
E LIHSI, MOJIB/J = I B
° 28 =« glE &
5 =E| 2 XI5 E
8 | FeCl; KCNS | FeCly | KCNS | § 2| & |KCNS | FeCly | KCl NER
= S < |58

S5
Sl 5 | 5|5
1 3 2 S = =1 e o e e

' - N | S B

\O o0 (@\] ~ on \O
2
3

* JlanHble B TaOJIUIE NPUBEIEHBI IPUMEPHBIE.
KOHTpOnbHblE BOMPOCHI
I.I[aﬁTe OIIPCACIICHUC (1)I/I3I/ILI€CKOFO CMBICJIa KOHCTAHTBI PABHO-
BECHIL.

2.0t kakux (akTOpOB 3aBUCUT KOHCTaHTa paBHOBecusa? Cdopmy-
nupyure npuHuun Jle Ilarense.

3. Belpa3ute MaTeMAaTHMYECKYI0 3aBUCUMOCTh MEXKAY KOHCTaHTOM
paBHOBecwHs U dHepruei [ mboca.

4. B 4yeM COCTOMT pa3iinune MEXKIy CTAUHMOHAPHBIM U PABHOBECHBIM

COCTOSSHUEM?



NNabopaTtopHas paboTta Ne 2

Onpepenenne koaddununeHTa pacnpegerneHmnst TpeTb-
€ero KOMIMoOHeHTa
MeXay OBYMSA HECMeELUMBAOWMMUCS XKUOKOCTAMMU

Leab padoThl: HA IpUMEPE NBYX HECMEIIMBAOIINXCS JKUIKOCTEN —
BOJIbl U TOJIyOJIa — U3YYUTh 3aKOHOMEPHOCTH PACHPENCICHUS METAILIU-
YECKOro noxa.

O6wume cBeneHus

Ecnu B cuctemy, COCTOSIIYIO M3 JIBYX HECMEIIMBAIOIIMXCS KUIKO-
CTEH, BBECTU TPETUM KOMIIOHEHT, TO OH PACHPEACIUTCA MEXKIY IBYX
xuakocterd. OTHOIIEHHE KOHLIEHTPALUK IIPU MOCTOSIHHOM Temueparype
OyIeT BEIMYMHOW IOCTOSIHHOM, KOTOpas OINpeNeiseTcss CleayIUM
YPaBHEHUEM:

Cl/Cz = K,
T7€ ¢ U ¢; — KOHIIEHTpaIUs (MOJIb/) TPEThEr0 KOMIIOHEHTA B MIEPBOU U

BTOPOU KUIKOCTAX; K — KOA(DPUITUEHT pacTpeieICHuU.

JlaHHOE ypaBHEHUE CIIPaBEJIMBO, €CJIM B TTOJTYUYCHHBIX PACTBOpPAx HE
00pa3yroTCsl aCCOIMAThl WJIK HET AUCCOIMAIIMN PACTBOPEHHOTO BEIIIECTRA.

IKCTPpaKUMS KUIAKOCTHAs (extractio — W3BJICUCHUE, OT extraho —
BBITATHUBAIO, U3BJICKAI0) — MEPEBOJ OJTHOTO WJIM HECKOJbKUX KOMIIOHECH-
TOB pacTBOpa M3 OJTHOM KUIKON (pa3bl B KOHTAKTHPYIOIIYIO U HE CMEIITH-
BAIONIYIOCS C HEU JIPYTyI0 XKUJKYI0 a3y, colepxairyo n3oupaTeabHbIi
pacTBOPHUTEINb (IKCTPAreHT); OJMH M3 MAaCCOOOMEHHBIX MPOIIECCOB XUMHU-
yecKou TexHonoruu. Mcrnonb3yeTcst 1 U3BJICUYEHUS, Pa3/IeSICHUs] U KOH-
[IEHTPUPOBAHUS PACTBOPEHHBIX BEIIECTB.

OI[HOKpaTHOC SKCTpPArupoOBaHUC IMO3BOJIACT M3BJICYb PACTBOPCHHOC
BCHICCTBO, MACCa KOTOPOI'O OIIPCACIIACTCA 110 YPABHCHUTIO

m = moKV/(v + KV),
a P MHOTOKPATHOW SKCTPAKIIMK MaJIBIMU TOPIUSIMHU — [0 YPABHCHHIO
m=mo[1 — (KV/(v+ KV))"],

IZIe m ¥ my — Macca U3BJICUEHHOI0 BEIIECTBA U Macca BEIIECTBA B UCXO/I-
HOM pacTBope, (T); ¥ — o0beM pacTBopa, U3 KOTOPOrO OCYIECTBIIACTCS
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AKCTpaknus (J1); v — 00beM dKCTpareHra (J1); 7 — YUCIIO PKCTPAKIIHA Ma-
JBIMU TIOPITUSIMH IKCTPareHTa.

Oo0opynoBaHue: nenuTelbHAs BOPOHKA; U3MEPUTEIbHbBIE OIOPETKH;
BOPOHKH; MEPHBIE KOJIOBI; KAIOPUMETP (POTOAIEKTPUICCKHUN.

Pearenthr: 4-10° Moib/1 BomHBIH pacTBOp I (¢o) (FOTOBAT myTeM
nocienosarenbHoro pactsopenus 2 r Kl u 0,1 r I, B Boge ¢ mocnenyto-
UM JoBefeHneM oO0beMa Boaou A0 100 Ma B MepHO# KoJIOE); TOTYO
WJIW IPYTON OPraHUYECKU PACTBOPUTEIb.

SKCI'IepI/IMeHTaJ'I bHaA 4acCTb

[Munetkoit B MepHyt0 KonOy Ha 50 mi (V) oTOuparoT, 1o 3agaHUIo
npenogasareins, 10, 20, 30, 40 unu 50 mu (V) pacTBopa 1oga U JOBOASAT
00BbeM BofoM 10 MeTKH. KOHIIeHTpaIis HCX0THOTO pacTBOpa Ho/ia paBHa

c=cy Vo/V, Mmomb/m1.

[TonydeHHBI pacTBOp MEPEHOCAT B JEIUTEIbHYIO BOPOHKY, B KOTO-
pyto npuiauBaroT 50 MJI TOIyOJia WM IPYTOro OPraHuYecKoro pacTBOpH-
Tensi. JlenutenbHble BOPOHKU 3aKPHIBAIOT MPOOKAMU M BCTPSIXMBAIOT B
teueHne 20-30 MUH, ITOCJIE YETO OCTABIISIOT B CIIOKOMHOM BEPTUKAJIBHOM
coctosstHua Ha 15-20 muH. [lpyn BCTpSAXMBAHUM NEIUTEIBHBIX BOPOHOK
CJIeyeT TPHUICPKUBATH MPOOKH M BpPEMS OT BPEMEHH OCTOPOXKHO HX
MPUOTKPHIBATH.

Ornpenenenue KOHIEHTpaluu Hoja (cy, I/MJI) B BOJHOM pPacTBOpE
OCYILIECTBIISIOT CIAEAYIOIUM criocoooM. BoiHbli pacTBOp (HUKHMI C10#
B JICIUTEIILHONW BOPOHKE) PMIBTPYIOT Yepe3 OyMakHbIA (QUIBTP U Tepe-
HOCAT B KIOBETY C JIMHOM 50 MM Jyisi KoJlopuMmeTpupoBanus. Onruue-
CKYIO IUIOTHOCTH (D)) OMpenemnsitoT C HMCIOJIb30BAaHWEM CBETOPUIBTPA
cuHero 1Beta (auuHa BosiHbl 400450 Hm).

3atemM B MEpHYIO KoJI0y Ha 50 My 100aBisitoT 1 M1 HCXOIHOTO pac-

9 . 3
TBOpa Moaa ¢ KoHueHTparuen 4 - 10 ° MoJb/i1, BOIy 10 METKH U TIEpeMe-
mrBaroT. [1oy4eHHBIM BOOHBIN paCTBOP C KOHILIEHTPAMEN HO1a, PABHOM

ci=(1-4-107)/50=8- 10" moms/m,

KOJIOPUMETPUPYIOT MPHU TEX K€ YCIOBUSIX U ONPEHCISIOT ONTUYECKYIO
I0THOCTH (D). HensBecTHYI0 KOHIIEHTPAIIUIO H0/1a B BOJITHOM PacTBOPE
PacCUUTHIBAIOT 110 YPABHEHUIO

¢, = ¢ D,/D;, MOJIB/II.
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OnTUYecKyro IIOTHOCTh PACTBOPOB U3MEPSAIOT TPU pa3a U 3a OKOH-
YaTeIbHBIA pe3yabTaT MPUHUMAIOT CpeHeapu(hMETHUECKOE 3HAUCHUE.

Konnentpanys oaa B OpraHu4ecKOM PacTBOPUTENE (Cop) OMPENEIIS-
€TCSl MO PAa3HOCTH KOHIICHTPAIMH B HCXOJAHOM W KOHEYHOM BOIHOM

pacTBope:

C_Cx-

Koadduuuent pacnpenenenus onpeaensercs 1o ypaBHEHUIO

K:

Cop/Cx.

Bce nannble u PE3YJIbTATHI SKCIICPUMCHTOB 3dHOCAT B Tabd. 1.

Pe3yﬂbTaTbI HCCIICAJ0BAHUA

Konnen-
O0beMm ; aEHﬂ HewusBectHas |Konuenrtparus
HMCXOIHOTO Hcfoz[Horo OnTudeckas | OnTudeckas | KOHIICHTPAIHs roma
pacTBopa acTBopa | TWIOTHOCTE, | TUIOTHOCTD, foma B BOA- | B OpraHuye-
rona (Vy), %Oﬂa ( f) Dy D, HOM PacTBOpPE | CKOM pacTBO-
M ’ C.), MOJIB/TI ureie (¢
MOJIB/JT (¢, p (o)

Koadbdunuent pacnpenenenus K =

KoHTpOsibHble BONPOCHI

1. B 4eM CymHOCTh 3aKOHa paclpeesicHus ?

2. KakoMy 3aKOHy, OTHOCSIEMYCS K T'a3aM, aHAJIOTUYEH 3aKOH pac-
npeeseHus?

3. Kakumu a3pdextamMmu 00BSCHIIOTCS HAOJII0aeMble OTKJIOHEHUS OT
3aKOHA pacTpeIeIeHUs?

3aganud.

Bapuantet Ne 1, 10. Berauciants k03)PUIMEHT pacrpeacieHus] Xu-
HOHA MEXJy BOJIOM M 3TUJIOBBIM CHUPTOM, UCIOJIB3YS CIEIYIOIINE AaH-
HbIe (17151 TemiiepaTypsl 19,5 °C): KkoHIIEHTpaIuu XHHOHA (MOJIB/T) B BOJC
paBael 0,002915 u 0,008415, a B 3dupe coorBercrBeHHo (,00893
n 0,02714.
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Bapuantel Ne 2, 11. KoHnieHTpalum SHTapHOM KUCIOTHI (I/71) B BOJIE
paBHbI 43.4; 43,8; 47,4, a B apupe coorBercrBenHo 7,1; 7,4; 7,9. Iloka-
3aTh, YTO JUISl SIHTAPHOM KHCJIOTHI M YKa3aHHBIX PACTBOPUTENICH MpUMeE-
HUM 3aKOH pachpeiesICHUs B MpOCTeIei ero hpopme.

Bapuanter Ne 3, 12. KoaddummeHt pacnpeneneHus Homa MExXIY

C
aMHWJIOBBIM CITUPTOM U Bojio 1ipu 25 °C pasen 230 Lo B empre _ 530 |,

I, B BOzIE

BrluncnuTh KOHIIEHTpALMIO H0/1a B aMUJIOBOM CHUPTE, €CJIM PaBHOBEC-
Hasi KOHIIEHTpaIus o/1a B BOJHOM cioe paBHa 0,2 r B 1 1.

Bapuantel Ne 4, 13. KoaddunmeHT pacnpeneneHus Hoaa Mexay Bo-
JIOM W YETBIPEXXJIOPUCTHIM yryiepoaoM paBeH 0,0117. Beruucauth KOH-
LHEHTpaluIo Ho/la B BOJE, €CJIM IOCJe B30AITHIBAHUS PAacTBOpa C YEThI-
PEXXJIOPUCTHIM YIIIEpOJOM KOHIeHTpalus ona B cioe CCly crana pas-
Hor 0,1088 momb/i.

Bapuantel Ne 5, 14. KoadduumeHnt pacnpeneneHus Hoaa MeExIy
aMUJIOBBIM CIIUPTOM | BOou paBeH 230. OnuH JTUTP BOJBI B30ANTHIBAIOT
¢ 400 cM> aMHIIOBOTO CITHPTA, COAEPX AIMMHE 2,5 T #o1a. BeranciuTs Ko-
JIMYECTBO MOJa, MEPEIICAIETO B BOJIHBIM PACTBOP.

Bapuanter Ne 6, 15. Koaddumuent pacnpenaeneHuss 3THIOBOTO
CIIUPTA MEXK]Y BOJOW U YETBIPEXXJIOPUCTHIM yriepoaom mpu 25 °C paBeH
41,8. OnpeaenuTh KOHIEHTPALMIO CIUPTA B YETHIPEXXIIOPUCTOM YIJIEPO-
1€ TIPU TOU K€ TEMIIEPATYPE, €CIIM PABHOBECHASI KOHIIEHTPALUS CIUPTA B
Bojie: a) 0,406 momnw/m; 6) 1,477 monb/mn.

Bapuantet Ne 7, 16. Koapdunment pacnpenenenus noga pasen 230.
Beruncnuth KOHIIEHTpAIUIO Moaa B Bojie (MoJib/i), eciau 250 CM® aMMJIO-
BOT'0 ciupTa, cojaepkamiero 10 r #ioga B 1 11, B36osnTaTh ¢ 1 J1 BOJIBI.

Bapuantel Ne 8, 9. KoaddunmeHt pacnpeaenenus BemecTBa ¢ Mo-
nexysipHoit Maccoit 300 T/MOJTb MEXTy aMHJIOBBIM CITUPTOM M BOJIOW TIPH

B CIIUPTC 154
25 °C pasen 100 2P —100 |. BelunciiuTh KOHIICHTpAIMIO o/a B
B BOJIE
aMHUJIOBOM CITMPTE, €CJIM pPaBHOBECHAs KOHIICHTpAIMs BEIECTBA B BO/I-
HOM cjoe paBHa 0,3 rB 1 7.



NNabopaTtopHas paboTta Ne 3

Onpepenenmne N30TOHNYECKOro KoapduumeHTa
CUNbHOro aneKkTponuTa
KPMOMETPUYECKMM METOLAOM

Heanb padoThl: KPUOMETPUIECKUM METOAOM OMPEICTUTh U30TOHH-
YeCKU KOIPPUIIMEHT U KAXKYIIYIOCS CTENEHb AJIEKTPOIUTUUECKON JTUC-
COLIMAIIMU PACTBOPA XJIOPHUIA HATPHUS.

O6wume cBeneHus

3J1€KTpOJIPIT3MH Ha3bIBAIOTCA BCIICCTBA, paCTBOPBI MJIM PACIlJIaBbI
KOTOPLIX IIPOBOIAT BHGKTpI/I‘ICCKI/Iﬁ TOoK. K QJICKTPOJIHUTAM OTHOCATCA CO-
JIXU, KHUCJIOTBI, OCHOBAHMU:I. B MOJICKYJIaX 9THX BCIICCTB MMCIHOTCS MOHHBIC
HJIN KOBAJICHTHBIC CUJIBHO ITOJIAPHBIC XUMHUUYCCKUC CBA3U.

B BogHBIX pacTBOpax HEKOTOPBIC IJICKTPOJUTHI MOJHOCTHIO pacma-
JAI0TCSI Ha MOHBL. JIpyrue 3JIeKTPOIUTHI paclalaloTcsl Ha MOHBI YacTHY-
HO, 9aCTh UX MOJIEKYJI OCTAaeTCS B pacTBOpPE B HEIUCCOIIMUPOBAHHOM BU-
ne. UYucno, mokaspiBaroiee, Kakas 4acTb MOJIEKYJ pacmanach Ha HOHBI,
Ha3bIBACTCSI CTEMEHBIO AJICKTPOIUTHYECKON JHCCOIMANNK (CTETICHBIO
MOHM3AIUN).

CreneHb 3JEKTPOJUTHUECKON JTUCCOIMAIMU (O) paBHA OTHOIICHUIO
Yyyucia MOJIEKYJI, KOTOPBhIE pacHaMCh HA MOHBI, K OOLIEMY YHUCIY MOJIe-
KYJI B pacTBOpE:

o =-2.100 %,
N

raAc n — 9YUCJI0 MOJICKYJI, PAaCllaBIIMXCs Ha WOHBI; N — 0611166 YuCII0 pac-
TBOPCHHBIX MOJICKYII.

B 3aBUCMMOCTH OT 3HAYEHHMSI CTEIIEHU TUCCOLUALMY BCE DJIEKTPOIIH-
ThI YCIOBHO JENAT HAa TpH rpynmsl: oo > 30 % — cunbHbIe; o < 3 % — cia-
obie; 3 % < a <30 % — cpenHel CUIIBL.

[TockoJibKy TIpHU AUCCOLMALMM YKUCJIO YACTHUIl B paCTBOPE BO3pacTa-
€T, PaCTBOPHI IJEKTPOJIUTOB 00JIaTat0T aHOMAJIbHBIMU KOJUTUTATUBHBIMU
CBOMCTBaMU. YPABHEHHUS, OIUCHIBAIOIINE KOJUIMTaTUBHBIE CBOMCTBA HE-
AJIEKTPOJUTOB, MOKHO NMPUMEHUTH U JJI1 OMUCAHUS CBOMCTB HJICATbHBIX
PAacCTBOPOB AJIEKTPOJIMTOB, €CJIA BBECTU MOMPABOYHBIN, TaK HA3bIBACMBIN
uzomoHnuyeckuil, kKodpbunuent (i), HapuMmep:
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Toew = ICRT , ATy, = iKm vt ATy = iEm,

TAE Moy — OCMOTHYECKOE AaBieHue; C — KOHIIEHTpalUs BEIIECTBA B pa-
cTBOpE (MOJIb/1); R — yHUBEpcallbHas ra30Basi MOCTOsIHHAS; T — Temmepa-
Typa; Al gm 1 AT, — TEMIIEpATypa KUIICHUS U TEMIIEPATypa KPUCTAIIIN3A-
LIMY PacTBOpA IO CPABHEHUIO C TEMIIEPATYPOU KUIIEHUS U KPUCTAILIN3aLN
YUCTOTO PACTBOPUTENS COOTBETCTBEHHO; K — KPHOCKOMUYECKAass MOCTOSH-
Has JUIsl JaHHOTO pactBoputens (i Boabl K = 1,86); £ — 20ynnockonuye-
CKas TMOCTOSIHHAsI NIl JaHHOro pacTtBopurens (s Boael E = 0,52);
m — MOJISUUIbHAsI KOHIIEHTPAILUS PACTBOPEHHOTO BEIIECTBA.

N3oToHnvecknii Ko3(PGUIMEHT CBSI3aH CO CTEMEHbIO JTUCCOIMAIUN
ANEKTPOJIUTA YPABHEHUEM

i=1+am-1),

r7e 7 — KOJMYECTBO HMOHOB, 00Pa3yIOUIUXCS MPHU JTUCCOIUMAIIMU OJITHOM
MOJIEKYJIbI DJICKTPOIUTA.

OoOopynoBaHue: KpHocTar; TepMOMETp ¢ neHou aenenus 0,1; Bo-
poHka; MmepHas kosiba Ha 100 mur; nyna.

PearenTsl: pacTBOp XJjopuaa HaTpus B Boje (4,5 r B 100 M1 BofbI).

JKCnepuMeHTanbHas 4YacTb

Omnpenesienue Tremneparypbl 3amep3anus. 11 onpeaeneHus TeM-
nepaTypsl 3aMep3aHus PaCTBOPUTENS U PACTBOpPA MPUMEHSIOT KPUOCTAT,
MPOCTEUIINK BUJ KOTOPOrO MPEACTABICH HA PUCYHKE. B mpenBapuresnsb-
HO BBICYIICHHYIO IPOOHPKY 3 06beMoM ~100 cM’ HAJMBAIOT TAKOE KOJIH-
YEeCTBO JUCTHJJIMPOBAHHON BOJBI (MM JAPYTrOrO PacTBOPHUTENS), YTOObBI
HIDKHUM pe3epByap TepMoMeTpa ObLI MOTHOCTHIO MOTPYKEH B HEE, HO HE
Kacajsicst gaa rpooupku (20-25 cm).

TepmomeTrp 0OTHPAIOT M TEPEHOCAT B MCCIEAYEMYIO >KUIKOCTD,
MPEBAPUTEIIBHO OXJIaXKACHHYI0. 3aTeM MOMENIaloT npoOupky 3 ¢ Tep-
MOMETPOM / U MAarHUTHOW MeIIaNKoW 2 B OoJjiee MHUPOKYIO IPOOUPKY 4 U
CTaBSIT B OXJIAIUTEIBbHYIO CMECH J.

Bo3ayuinas npocioiika Mexay npooupkamu 3 U 4 CIHyKUT AJist 00-
Jee paBHOMepHOro oxjaxaeHus. [Ipu padboTe ¢ BOJHBIMU pacTBOpaMH B
Ka4eCTBE OXJIAIUTEILHON CMECH MPUMEHSIOT MEJIKO Pa3apOOICHHBIN JieT
C TIOBapEHHOMU COJIBIO.
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Kpuocrar:

1 — TepMomeTp; 2 — Melnalika; 3 — mpoOupKa ¢ pacTBoputesieM (PacTBOPOM);
4 — BHENIHsIS MPOOUpPKa; 5 — CTaKaH ¢ OXJIAAUTEIILHON CMEChIO

TemnepaTypy OXJIAIMTEIBHOW CMECH MOIAECPKUBAIOT MOCTOSHHOM
(Ha 2-3 °C HMXe U3MEpAEMON TeMIIepaTyphl 3aMep3aHusl) MOCPEICTBOM
N100aBJICHMS JIb/IA UK COJIH.

[IpuBoasT B JeicTBHE MeEMIANKy W HAOJIOMAIOT 3a MOHMKEHUEM
TEMIIEpaTypbl OXJIaXAAEMOU KUIAKOCTU. TemnepaTypa MOXKET OIIyCTHUTh-
Csl HWKE MUCTUHHOM TeMIEepaTypsl 3aMep3aHus (IEpeoxIaKICHHUE), MOCIe
YEro HAYMHAETCS €€ KpHUCTalun3anus. BeaeacTerue BhIIEIEHHS IPA ATOM
TEIUIOTHI KPUCTAJUIU3AMN TEMIIEPATYPa NOBBIIAETCA 1O UCTUHHOW TEM-
nepaTypsl 3aMep3aHusl 1 HEKOTOPOE BPEMsI OCTAETCS IOCTOSIHHOM. 3ame-
YaloT 3Ty TEMIIEpaTypy, 3aTEM U3 BHEIIHEW NIPOOUPKU 4 BRIHUMAIOT MPO-
OUpKYy 3 U HarpeBarOT €€ pyKOH, 4TOObI pacIjaBUTh KPUCTAJUIbI JIbJa,
I0CJIe Yer0 CHOBA MOMEIAIOT MPOOUPKY B OXJIAJUTEIbHYIO CMECh IS
IOBTOPHOI'O ONPENEIICHNs TEMIIEpaTypbl 3aMep3aHus. JTy OIEpaluio
MOBTOPSIIOT TpH pasza. Pacxoxnenus He noypkHbI pesbimats 0,1 °C.

Korgma temmeparypa 3aMmep3aHus pPacTBOPUTENS OIpPENEIEHAa, pac-
TBOPUTENb B MPOOHUPKE 3aMEHSAIOT HA 3apaHee MPUTOTOBIEHHBII pacTBOP
C M3BECTHOM KOHULEeHTpauueu. [IpoOupky c pacTBOpoM MOMEIIAIOT B
OXJIQJAUTENIBHYI0 CMECh U IMPHU IMOCTOSIHHOM TNOMEIIMBAaHUU HAOIIOJAI0T
TeMIIepaTypy pactBopa. Hadano xpucrajmmsanuyu pacCTBOPUTEINS U3 pac-
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TBOpa JIOJIKHO COIMPOBOXKIATHCS YMEHBIIIEHUEM CKOPOCTH OXJIXKICHUS
BCJIEZICTBUE BBIJCJIICHHS TEIUIOTHI KPUCTAJTU3AIINH, Yallle Py 3TOM Hao-
JTrofaeTcs Jaxke HeOOobInas OCTaHOBKA TeMIIEpaTyphl. DTy TEMIIepaTypy
U CJIEAYET CYUTATh TEMIEPATYPOH 3aMEP3aHUsS PACTBOPUTEINS U3 PACTBO-
pa 3a1aHHOM KOHUEHTpauu. Jaiee, B CBSA3M C BBIICICHUEM KPHUCTAJLIOB
pacTBOpUTEJIS, KOHIIEHTPAIUS pacTBOPa YBEIUUUBAETCS, YTO BEJET K I10-
HIDKEHUIO TeMIepaTypbl 3aMmep3anus. [Ipu upesMepHO JIUTEILHOM 3a-
MOpaXMBaHUU PacTBOpa (TOr0 JOMYCKaTh HE CIEAYET) MPOU30HJIET
KpUCTAIUTA3ALUS OONBIIUX KOJIMYECTB PACTBOPUTENS, © TEPMOMETP MO-
KET «BMEP3HYTH» B Jie[l. B 3TOM cilyyae MOKHO BBIHUMAaTh TEPMOMETP M3
pacTBOpa JIMILb MMOCIIE PACILIIABICHUS JIbJA.

Ecnu kpucrammsanuss HAYMHAETCA IOCJIE HEKOTOPOIo NEPEoXJIa-
XKJIEHUSI pacTBOpa, TO TEMIIEpATypa MPU 3TOM OBICTPO MOBBIIIAETCS, J0-
CTUTasi ICTUHHOM TEMIIEPATypPhl 3aMEP3aHUsl, COOTBETCTBYIOIIEN PACTBO-
Py AaHHOW KOHUEHTpPALUH, MOCJIE YeTO HAYUHAET I1a1aTh U3-3a yBEJIUYe-
HUS KOHILIEHTpauuu pactBopa. CUIBHOE MEpPEeOXnaxACHUE HEAOMYCTUMO
10 MPUYUHE OBICTPON KPUCTAUIM3ALUU OOJBIINX KOJUYECTB PaCTBOPH-
TeJIsI U 3HAYUTEIIbHOTO U3MEHEHUSI KOHIIEHTPAIlUl pacTBOpA.

TemnepaTypy 3aMep3aHusi ONPEACISAIOT TpU pa3za (70 TMOJTydEeHUS
BOCHPOU3BOAUMBIX PE3YJIbTATOB), PACIUIABIIAS KPUCTAIIIBI JIbJIa U CHOBA
OXJIaXKJ1ast pacTBOp.

Bce pe3yiabTaThl SKCIEPUMEHTOB 3aHOCST B TaOIHITY.

Pe3yabTaThl HCC/IeI0BAHUI

Howmep Temneparypa kpucTau3aIuu Temmepatypa KpucTaIH3aIANA
OMbITa pacTBOpUTENS pacTBopa

1

2

3

Cpenuee
3HAYCHUC

AT

OnpenensoT MOJISUTbHYIO KOHIIEHTPALIMIO XJIOpU/Ia HATPHUs MO YpaB-
HEHUIO

m = (g - 1000)/(M Vp),
e g — HaBeCKa xjopuaa Hatpus, r; M — monspHas macca XJIOpuIa

HaTpHu:A, V — 00beM BOJbI; p — INIOTHOCTb BOIBLI.

ITo ypaBHenuto ATy, = iKm ONpenenstoT N30TOHUYECKU K02 Pu-
IIMEHT, a 10 ypaBHeHUIO i = 1 + a(n — 1) — KaxKyIIyloCs CTENEeHb AJIeK-
TPOJIMTUYECKON TUCCOIMAIIMU XJIOpUJIa HATPUS B PaCTBOPE.
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KOHTpOnbHblE BOMPOCHI

1. Ha yeM OCHOBaH KPHOCKOMUYECKHUI METOJ ONMPEAECICHUS MOJIEKY-
JSIPHOTO BECA PACTBOPEHHBIX BEIIECTB?

2.Kak BIMSE€T 3JICKTPOJMTHYECKAS IUCCOLMAIUS PACTBOPEHHOTO
BELIECTBA HA BEIINYUHY Al,?

3. Kak paccunTtarh CTeNeHb AICKTPOJUTHUECKOW ITUCCOIUAINH Pac-
TBOPEHHOTO BEIIECTBA, €CIIU JaHBI BEC M MOJISIPHAS Macca paCTBOPEHHOTO
BemiecTa Ar?

4. Onpenenure KOHCTAHTY 3aMep3aHusi OEH30J1a, €CJIM TeMIleparypa
3aMmep3aHus 4ucToro OeHzona # = 5,5 °C, a TemmepaTypa 3aMep3aHus
pactBopa, coaepxamero 0,3120 r nadranuna C;oHg B 20,0 © GeH3ona,
t=4,88 °C. OtBert: K, = 5,07.

5. OnpenenuTe CTENEHb MUCCONMAIMHM XJIOPYKCYCHOM KHCIIOTHI B
pactBope, coaepxkaiieMm 0,945 r CH,CICOOH B 100 r H,O. Ilonmxkenue
temnepatypsl 3amep3anus AT;,, = 0,206°. Oteet: oo = 0,11.



[MpakTnyeckoe 3aHATME Ne 3

da30B0Oe paBHOBECHKE
OAHOKOMMOHEHTHbLIX CUCTEM

B rereporeHHsIx cuctemMax CBs3b MEXKy YMCJIOM HE3aBUCHUMBIX CTe-
neHeit cBo0o w1 (C), unciom da3 (P) u uncinom komroneHTo (K) Beipa-
*)aetcs mpaBuiioM (a3 ['mboca:

C=K-0+2.
I[J'IH paBHOBCCHﬁi «TBCPAOC BCHICCTBO ﬁ map Win XHUAKOC BCUIC-
CTBO ﬁ map», HaXOIAMUXCA IIPHU JOCTATOYHO BBICOKOM TCMIICPATYPC U
IIpru yCJIOBHH, 4YTO IIAp IMOAYHUHACTCA 3dKOHY HACAJIBHOI'O Ia3a, 3aBHCH-

MOCTb MEXy JaBlieHHeM Tapa (P) u TemmnepaTypoi ONMUCHIBACTCS ypaB-
HECHUEM

dinp/dT = AH, ,/RT”.

JI71s1 IpUOIM>KEHHBIX PACUETOB MOKHO MPENIOI0KHUTE, UTO Ay, HE
3aBUCHUT OT TEMIIEPATYPhI U JUIsI PABHOBECUS <GKHAIKOE BELIECTBO =2 Iap»
paBHa Temuiote ucnapenus (AH,., Tpu HOPMaJIbLHON TeMIlepaType KuIie-
HUA Tyr). Ilpn 3TUX yCIIOBUSIX UHTETPUPOBAHUE TOCIETHETO YPaBHEHHUS
MIPUBOAUT K TOMY, YTO TEMIIEPATYPY KUIICHUS MPU JABJICHUU p WU JaB-
JIEHWE TIPU TemnepaType 1 MOXKHO ONPENEIIUTh 110 YPABHEHUIO:

Inp = Inpo— (1/T — 1/T ) AHur/ R,

rae po= 1,01 - 10° Ia.

3amanue. BpruuciauTe OaBlieHHE HACBIIMIEHHOTO Mapa BellecTBa A
npu Ttemneparype I’ U ONpenenauTe TeMIeparypy KUIEHHUS JAHHOTO Be-
IECTBA NP AaBieHUU p. CrenanTe BbIBOJ O BIUSHUU JABIICHUSA HA TEM-
nepatypy kunenus. Ternora ucnapenusi (AH, ;) Tpu HOPMAJIbHOU TEM-
nepatype kuneHus (7y;,) TpuBeIeHa HUXKE.

Homep Bemectso Ty K| AfwenPH T, T, K P, Ta
BapuaHTa Jx/Monb
1 2 3 4 5 6
1,14 | C¢HsOH (denom) | 455 45,9 355 2-10°
2,15 HNO; 357 38,2 300 3.10°
3,16 Br, 331,5 29,6 270 4.10°
4,17 H,0O 373 40,7 300 2.10°
5,18 CS, 319,5 26,8 250 3-10°
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OxoHnuanue maoi.

1 2 3 4 5 6
6,19 CCly 350 30 300 4.10°
7,20 Hg 630 59,3 550 2-10°
8,21 M-KCHJION 417 42,7 250 3.10°
9,22 Tonyon 383 38 230 4.10°
10,23 M-KPE30I1 476 39,3 380 2.10°
11,24 | C,HsOH sranon | 351,5 39,5 280 3.10°
12,25 C;H4O aneron 3293 30,8 300 4.10°
13,26 [ekcan 342 43,2 273 5-10°




[MpakTnyeckoe 3aHATME Ne 4

PacueTtbl no anarpamMmmam KMneHm4.
PacueThbl no anarpammam KmneHna ¢ a3eoTpornamMmm

CornacHo 3akoHy Payns A uaeaqbHBIX WIM OYE€Hb pa30aBIICHHBIX
PacTBOPOB 3aBUCUMOCTD JABJICHUS HACBIILIEHHBIX MApOB pacTBOpUTENS (p)
HaJ PaCTBOPOM OT MOJIbHOM JIOJIU PACTBOPUTENS (X,) ONMUCHIBAECTCS ypaB-
HEHUEM

_ .0
pP=p xpa
0
FI[ep — HapI_[I/IaJIBHoe JABJICHHUEC HaJ YNCTHIM paCTBOpHTeJIeM.

IMapuuajibHoe AaBjieHHe NMAPOB PACTBOPUTEJISI HAJ PacTBOPOM
NPSIMO NPONOPUMOHAIBHO €ro MOJIbHOI1 /10J1e B pacTBOpe.

Ecimm 06a xoMnoHeHTa pacTBOpa — JCTY4YUC BCIICCTBA, TO 3aKOH Pay-
JII CIIPpABCVIUB I KAXKA0T'O U3 HUX!

_ 0
Pi = Di Xi.
3akon Payns moxHO copmynupoBaTh mHadye. OTHOCUTENIBHOE TIO-
HUKEHHE JaBJICHUS Mapa KaKoro-TmO0 KOMIIOHEHTa HaJl paCTBOPOM PaBHO
MOJIBHOU JI0JIE APYrOro KOMIOHEHTA B PaCTBOPE:
0 / 0 _
(P4 —pa)/Ps = Xs.

O6e hbopMyIbl HICHTUYHBI.

Ecimm 06a xomrioneHnTa — JICTYUYHC BCIICCTBA, TO 3aKOH PaYJ'I}I BBIITOJI-
HACTCA JIA KaXXA0I'0 U3 KOMIIOHCHTOB.

PA=paXs ¥ Pp=psxs.

OO61iee naBiieHUE Tapa HaJl PacTBOPOM PaBHO CyMME TapIUaIbHBIX
JTaBJICHUM:

P=pstpa=pi x4 +psxs=ps +[Oi—ps) Xa.

B peanbHbIX pa30aBiIeHHBIX pacTBOpax JJis pacTBOPUTENsS COOJIIOAA-
ercs 3aKOoH Payiist, a Uil paCTBOPEHHOI'O BEILIECTBA BBINOJIHAETCS 3aKOH
['enpu:

Pg = Kxp,

rae K — koHcranTa ['enpu.
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B peanbHBIX pacTBOpax HHEPrus B3aWMOJCHCTBUS Pa3HOPOIHBIX
MoJsiekyn (Uyp) HE paBHA SHEPIUU B3aMMOJACUCTBHS OAHOPOAHBIX MOJIEKYI
(Uig, Ugp).

1. Ecm Uy < U, TO UX TIEpeXOo B Iap oOeryaeTcss U JaBJCHHUE T0-
BBIIIAETCS, T.€. O0OPa3yIOTCS peaIbHbIE PACTBOPHI C MOJOKUTEIBHBIM OT-
KJIOHEHMEM OT 3aKoHa Payis.

2.Ecim Uy > Uyy, TO UX TEpexol B Map 3aTPYAHEH, JABJICHUE
YMEHBIIAETCS U 00pa3yIOTCs pealibHble PaCTBOPHI C OTPUIIATEIBHBIM OT-
KJIOHEHHEM OT 3aKoHa Payiis.

3axkonbl KoHoBaJioBa.

Ilepsviti 3aK0H:

1. IToBeIIIIeHNE OTHOCUTENBHOTO COJEPKAHUS JTAHHOTO KOMITOHEHTA
B KUAKOW (paze MPUBOIUT K YBEIMUYCHHIO €r0 COJCPKAHHUS B MapOBOM
dbaze.

2. Tlap, HaXOAIIMIACS B pAaBHOBECUHU C KHUIKOCThIO, OOraue TeM KOM-
MTOHEHTOM, J100aBJI€HHE KOTOPOrO B KUJKOCTh MPHUBOJUT K YBEITUUCHUIO
IIOJIHOTO JIABJICHUS UM YMEHBIICHUIO TEMIIEPATyPbl KUIICHUS.

Ha pasnuuuu cocraBa mapa M *HUIKOCTH OCHOBaH croco0 paszferne-
HUS JIByX KOMIIOHEHTOB METOJIOM (PpaKIMOHHOM mMeperoHku. McxoaHyro
UJIKOCTh COCTaBa X, HArPEBAIOT JI0 TEMIEPATYPbl KUTICHUSI, TPU KOTOPOU
MIPOUCXOIUT HcapeHue u odpazyercs nap. OH moclie OXJIaKJIeHUs: 00pa-
3yeT JKHJIKOCTh COCTaBa X,. JlaJibHENIIEE HATPEBAHUE ATOM KUIKOCTH CO-
CTaBa X, B TOUKE KUIEHUS MPUBEIET K MCIAPEHUIO U 00pa3yeT >KUIKOCTb
coctaBa x; U T. A. Takum o0pazoMm, map oOoram@aercs NepBbIM KOMIIO-
HEHTOM, a JKHJKOCTb — BTOPBIM, TO3TOMY B pe3yibTare (pakiMOHHON
MEePEroHKH 0oJiee JIeTyUYnii KOMIOHEHT (X1) OyJE€T OTTOHATHCS B BUJIE Ma-
pa, a MeHee JIETYYui KOMIIOHEHT (X,) — B BUJI€ KOH/IEHcaTa.

Bmopoii 3akon.

[Ipu GonbmIMX OTKIOHEHHUAX OT 3aKkoHa Payns Ha guarpamme xKuj-
KOCThb—TIap HaOJIOJIal0TCSI KCTPEMYMBI. «DKCTPEMYMBI Ha JUarpaMmme
XKUJKOCTb—IIap COOTBETCTBYIOT TAKOMY PABHOBECHIO KXUIKOCTH M Iapa,
IIPX KOTOPOM HX COCTABBI OJJUHAKOBBD.

B Toukax skcTpemyma oOpasyercssi Hepa3AeiabHO KHITAIIAs KUIKOCTb,
KOTOpasi Ha3bIBaeTCs a3e0TPONOM. /[narpaMMbl COCTOSIHMS B Clly4ae 00-
pa3oBaHUs a3€0TPoIia MOKHO PacCMaTpUBaTh Kak JBE AUArpamMMbl. A3eo-
TPOIHYIO CMECh ITyTeM (PPAKLIMOHHOM MEPErOHKH Pa3JeIUTh HEJIb34.
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IIpaBuio «pbryara». OTHOIIEHWE MacC PaBHOBECHBIX (pa3 0OpaTHO
MPONOPLHUOHAIBHO OTHOWIEHHUIO JJIMH OTPE3KOB, Ha KOTOPBhIE KOHHOZA
JIEUTCS] TOYKOM OOIIIET0 COCTaBa CUCTEMBI:

TJE My U My — MAcChl KUJIKOU U ra3oBoil a3; X, Xr U X — KOHIIEHTpaIuu
BEIIECTBA B )KUJIKOUW Ta30BOM U UCXOTHON CMECIX COOTBETCTBEHHO.
OTKJIOHEHUE PACTBOPOB OT HMACAIBHOIO COCTOSIHUSI MOKHO YUHTbI-
BAaTh 3aME€HOM KOHIICHTPAlUHWN B TEPMOJIUHAMUYECKUX YPABHEHUSIX AKMUB-
Hocmsamy. OHU TONOUpAIOTCST Tak, YTOOBI IMOCTE 3aMEHbl TEPMOJIMHA-
MHUYECKUE PABHOBECHUS B UICAIBHBIX PACTBOPAX YAOBJIETBOPSUIN OINBITHBIM
JTAHHBIM, KOT'1a paCTBOP KaK yrOJAHO OTJIAYAETCS OT UIECAJIBbHOTO.

AKmMuUsHOCmb MONCHO HA36aMb IPHeKMuUsHOl KoHYeHmpayuet, pu
KOTOPOM peanbHbI pacTBOp MpHOOpEeTaeT TEPMOJAMHAMUYECKHE CBOU-
CTBa JAHHOI'O UICAJIBHOIO pacTBOpa. BBeIeHHEM aKTMBHOCTH YYMUThIBA-
€TCS B3aMMOJICMCTBUE MEXKIY MOJIEKYJIaMH PAaCTBOPUTENS U PACTBOPECH-
HOTO BEIlleCTBa, HampuMmep, G EKT ruapaTali U JPyTrUe B3aUMOJICH-
CTBUSL B pacTBOpe. AKTHUBHOCTh PACTBOPUTENSL d B PAaCTBOPE paBHA OTHO-
LIEHUIO JABJICHUM €r0 HACBILIEHHOTO Iapa HaJ PacCTBOPOM U HaJ YUCTHIM
PacTBOPUTENEM: a = p/p,.

BenuumHa akTHBHOCTH, OCOOCHHO B KOHIIEHTPUPOBAHHBIX PACTBOPAX,
MOXET CWJIBHO OTJIMYAaThCsS OT BEJIMYMHBI KOHIIEHTpaUuu. Mepou OTKIIO-
HEHUS MOBEICHUS PACTBOPEHHOTO BEIIECTBA OT 3aKOHOB HJICAIBHBIX pac-
TBOPOB CIIYXUT KO @uyuenm akmueHOCmuy, CBSI3bIBAIOIINN aKTUBHOCTh
a ¥ KOHIICHTPALHUIO:

a = Xxy,
TJ€ X — MOJIbHAs JOJISI pACTBOPEHHOTO BEIIECTBA; Y — PAlMOHAIBHBIA KO-
3 PUITUEHT aKTUBHOCTH.

I1puwmep. Paccunraiite coctaB pactBopa O€H301—TOIYOJ, KOTO-

pbli IpU HOPMAJIBHOM JaBliecHMM KunUT npu Temneparype 100 °C, a
TaKXe€ COCTaB Mapa HaJ JaHHBIM PacTBOPOM. PacTBop cuuTath ujealb-

HBIM, a JaBIICHHE TIapoB Gersona (py) u Toyomna (pr) mpu 100 °C paBHbI
1,8 - 10° 1 0,74 - 10° [Ta, COOTBETCTBEHHO.

Pewenue. MonbHy10 10710 O€H30J1a B paCTBOPE HAXOAUM I10 3aKOHY
Paynsa
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p=pr + @5 —pr)xs
1,013-10°=0,74 - 10’ + (1,8 - 10° — 0,74 - 10°)x5,

otkyna xg = 0,257.
MonbHas 10751 Toayosa B pactBope paBHa xt = 1 — 0,257 = 0,743.
MounbHas go7s 6eH301a B Ta30Boi ¢daze paBHa

x5 =py/p = pxe/p = 0,257 - 1,8 - 10°/1,013 - 10° = 0,456,

a MoJibHas 10 Toayona —xtr = 1 — 0,456 = 0,544.



JTabopaTopHas paboTta Ne 4

[dnarpamma nnaBkoCTN GBUHaAPHOM CMecH
NeKapCTBEHHbIX BELLECTB

eau padoTbl: onpeAcauTh TEMIIEpaTypbl KPUCTALIU3ALMN CMECU
MeTWIcTeapat — napadud pa3IMIYHOTO COCTaBa U MOCTPOUTH AUATPAMMBI
TeMrepaTypa — COCTaB; U3y4uTh ()a30BOE paBHOBECUE JAHHOU JIBYXKOM-
MMOHECHTHOM CHUCTEMBI.

O6wue ceeneHund

BemiecTBo MOXKET HaXOUTHCS B CIAEAYIONIUX arperaTHbIX COCTOSHU-
SIX: Ta3000pa3HOM, KUIKOM, TBEPJAOM WM KpUCTaIMdeckoM. Tepmoau-
HAMHYECKasl CHCTEMAa, BHYTPHU KOTOPOW HET MOBEPXHOCTEW paszjena,
Ha3bIBAETCSI TOMOT€HHON. TepMoanHamMuyeckasi CUCTeEMa, UMEIoIas Mo-
BEPXHOCTH pa3jielia, Ha3bIBACTCS T€TEPOT€HHOM.

®da3oii (D) Ha3bIBAETCS YACTh I€TEPOr€HHON CUCTEMBbI, OTPaHUYCH-
Has TTOBEPXHOCTHIO pa3fiesia U XapaKTEePU3YIOIIasiCsl OJMHAKOBBIMHU (u-
3UKO-XUMHUYECKUMH CBOMCTBAMU.

Cocrapastoiye BenecTBa Kaxaou (ha3bl Ha3bIBAIOTCS KOMIIOHEHTAMU.

YUCJIO HE3BABUCUMBIX TEPMOJIMHAYECKUX ITAPAMET-
POB (temmepatypa, naBlieHHE, SJEKTPUYECKOE WM MAarHUTHOE IIOJE,
M0JIe TATOTEHUS U Jp.), COCTOSHHE (a3 paBHOBECHOW CHCTEMBI, U3MEHE-
HUE KOTOPBIX B HEKOTOPHIX MPEeiax He BhI3bIBACT NCUC3HOBEHUS OJTHUX
u oOpazoBanue apyrux (a3, HazeiBaercas YMCJIIOM TEPMO/JNHAMU-
YECKMX CTEIIEHEN CBOBO/IHI (C).

[Ipu paBHOBECHH CBSI3b MEXIY YMCIOM (Da3, KOMIIOHEHTOB U T€PMO-
JTUHAMHUYECKUX cTerneHer cBo0o/1bl (C) BeIpaskaeTcs mpaBuiioM (a3 ['nbbca:

C=K-D+n,

A€ 1 — 9YHUCJI0 BHCIIHUX (I)aKTOpOB, OKa3bIBAOIINUX BJIMAHHUC HA TCPMOIAU-
HaAMHU4YCCKOC COCTOAHUEC CUCTCMBI.

Ecnun u3 BHEmIHUX (PakTOpOB HAa CUCTEMY OKa3bIBAET BIMSHHUE TOJb-
KO TeMmIiepaTtypa, To n = 1.

st u3ydeHus: paBHOBECUS «KPUCTAILIIbI — XKUJKAKW PACTBOP» LIUPO-
KO NPUMEHSIOTCA AHarpaMMbl IUIABKOCTH, BBIPAXKAIOIIME 3aBUCUMOCTH
TEeMIIEpaTyp IUIABJICHUS CMECEN OT UX COoCTaBa. Bua auarpaMm IUIaBKO-
CTU OIPENEIISICTCS] B3aUMHONU PaCTBOPUMOCTBIO KOMIIOHEHTOB B KUJIKOM
Y TBEPAOM COCTOSIHUSIX.
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JI14 moCTpoeHus AuarpaMM IUIAaBKOCTH MTPUMEHSIETCS METOJT TEPMHU-
YECKOr0 aHajn3a, OCHOBAHHBIM HA U3MEHEHUH TEMIIEPATypbl HarpeBac-
MOW MJIA OXJIAXKIAEMOM CUCTEMBI BO BDEMEHHU.

Z[J'IH IMOCTPOCHUA KPUBBIX OXJIAKIACHUA I'OTOBAT CMCCH U3 JIBYX KOM-
IIOHCHTOB PAa3/IMYHOI'0 COCTaBa. K&)KI[YIO CMCChb pPACILIABJIAKOT, a4 3aTCM
MCIJICHHO OXJIAKIAIOT M OTMCYHAIOT TCMIICPATYPY B 3aBUCHMOCTH OT
BPEMCHHU OXIJIAKICHMU. HpI/I HU3MCHCHUH q)aBOBOFO COCTOsAHHSA CHCTCMBI
Ha KPHUBBIX OXJIAKIACHUA IIOABJIAKOTCA H3JIOMBbI HJIIM TOPHU30HTAJIbHBIC
Y4aCTKH. B 3aBucumoctu ot npupoabl CUCTEMBbI B €C COCTaBa KPHBBIC
OoXJIaXKACHUA UMCIOT paSHHQHBIﬁ BUA.

PaCCMOTpI/IM IMpoHeCC OXJIAKIACHUA cMmecen pPa3indHOro cocCraBa,

AuarpaMma 1jaaBKOCTHU KOTOPBIX I/I306pa)K€Ha Ha PUCYHKC.
t t

P=const

Brems T, 2 Coctae
a) 0)

KpuBbie oxnaxaenus (a) u quarpaMmma 1iaBKoOCTH (0)
Hen3oMopdHOM cMecu 0e3 00pa3oBaHUsI XUMUICCKUX COCTUHEHUN

[Ipn oxJakIeHUM paciiaBa YuCTOro KOMIIOHEHTA 4 10 TEMIIEPATY-
pbl €ro Kpuctaymsanuu I, HaOIOAAeTcs IMOHMKEHUE TeMIIepaTypbl

pacmuaBa (C =1 -1+ 1 = 1). IIpu temneparype 7, Ha4MHAETCS BBINA-

JICHUE KPUCTAIIOB KOMIIOHEHTa A U3 paciuiaBa, IIpU 3TOM COCTaBbI TBEP-
JOM 1 KUAKON (a3 COXpaHSIOTCS OAUHAKOBBIMU. Bhiaenstomnasics Temio-
Ta KPUCTAJUIA3ALMUA KOMIICHCUPYET MOTEPI0 TEIUIOTHI B OKPYKAKOLIYIO
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cpeny, Onarojmapsi 4eMy TeMIIepaTypa B MPOLECCE KPUCTAJUIM3ALUU CO-
XpansieTcst moctossHHoN. Ha kpuBoi oxnaxknenusi / HaOI0aeTCsa TeMIie-
parypHas octanoBka (C =1 —2 + 1 = 0). ITlo okoHYaHWH KpUCTAIIU3a-
1M1 KOMIIOHEHTa A TeMIlepaTypa BHOBb HauHeT nmoHmwxkatbesa (C=1—1+
+1=1).

[Ipu oxnaxkaeHWM paciiaBa, coAeprKalero ooa KOMIOHEHTa (TOod-
Ka 2), IJIaBHOE MOHWXEHUE TEMIEPATyphl HAOIIOAAETCS 10 TeMIepary-
pbl 7}, Ip1 KOTOPOi1 U3 paciulaBa HAYHET KPUCTAIIM30BATHCSI KOMIIOHEHT 4.

BcnenctBre BbIIEAEHUS TEMIOTHI KPUCTAIUIM3ALUNA CKOPOCTh OXJIAXK-
JIEHUSI CUCTEMbI YMEHBIIIAETCS, U Ha KPUBOM OXJIAXKJCHUS 2 TOSBIISIETCS
uznoM. IIpu xkpucramimzanum KOMIOHEHTa 4 HaOII0Jal0TCs 3aMeJeH-
HOe noHrkeHue Temreparypsl (C =2 —2 + 1 = 1) u u3MeHeHue cocrana
paciuiaBa J0 3BTeKkTHYecKoro. IIpu 3BTEKTHMYECKOW TemmepaType Kpu-
CTAJUTU3YETCS IBTEKTUKA, COCTOAIIASI U3 KPUCTAUIOB KOMIIOHEHTOB 4 U B.
Ha kpuBoil oxnaxaeHuss 2 HaONIOJaeTCs TEeMIepaTypHas OCTaHOBKa
(C=2-3+1=0) g0 Tex mop, Moka HE 3aKPUCTATUIM3YETCS BCS IBTEK-
THKa, TIOCJI€ YeT0 TeMIIepaTypa HauHeT moHmxkaTees (C =2 —2 +2 =2).

KpuBas oxyiakaeHus paciiaBa 3BTEKTHUYECKOTO COCTaBa (Touka 4) —
IUIAaBHOE MOHWKXEHUE TEMIEPATYphbl, KOTOPOE HAOIIOJAETCS 10 SBTEKTH-
YECKOM TEeMMEPaTyphl, IPU KOTOPOH MPOUCXOAUT IOJHAS KPUCTAIIN3A-
1S DBTEKTUKH.

[Ipouecc oxnaxkaeHusi paciiaBa (TOYKa J) aHAJIOTHYEH IPOLECCY
OXJIaXJIeHHs paciuiaBoB 2 U 3, a paciuiaBa (Touka 6) — MPOIECCy OXJa-
YKIEHUS paciuiaBa /. Pa3nnune cOCTOMT IUIIb B TOM, YTO U3 PACIUIABOB J
U 6 KpUCTAJUIN3YETCSI KOMIIOHEHT B.

JIs mocTpoeHus auarpaMmbl TJIABKOCTH IO KPUBBIM OXJIXKJACHUS
TOYKM HM3JIOMOB Ha KPUBBIX OXJIAXKJIEHUSA CMECEW Pa3HOIO COCTaBa CHO-
CATCS Ha JMarpaMMmy TeMIeparypa — COCTaB, KaK 3TO MOKAa3aHO HA pH-
CYHKE, U TharpaMma pa30rBaeTCs Ha OTJeIbHbBIC 00JIaCTH.

OTO MPOCTEUINA BUJ AUATPAMMBI IIABKOCTH, XapaKTEPHBIA s
CUCTEM, B KOTOPBIX MPHU OXJAXJCHUHM paciuiaBa JO00Or0 cocTaBa KpH-
CTAJUTU3YIOTCSl YUCThIE€ KOMIIOHEHTHI (CM. PUCYHOK).

Ha stoii nuarpamme touku 7, u Tz M300paxkaroT TemIepaTypbl

IJIaBJICHHS (KpUCTAJUIM3ALMK ) YUCTHIX KOMIIOHEHTOB 4 U B. Ecnu k Kom-
NOHEHTY A 100aBUTh KOMIIOHEHT B, TO TEMIEPATYyphl Hauajla KpUCTAILIHU-
3aluu KOMITIOHEeHTa 4 u3 paciuiasa Oynyt Huwxe 7, (kpuBas 7,E ). AHa-

JIOTHYHO, IPUOABICHHE KOMIIOHEHTA 4 K KOMIIOHEHTY B IPUBOJIUT K I10-
HIDKEHHMIO TEMIIEPATypPbl Hayalla KpUCTaUIM3AlMKM U3 paclulaBa KOMIIO-
HeHTa B (kpuBast T,E ), muaun T,E n TpE Ha3bIBAIOTCS JIMHUSAMU JIUK-

BUIyCA.
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B oTiuune OT YUCTHIX KOMIIOHEHTOB, OOJIBIIIMHCTBO OMHAPHBIX CMeE-
cell KpucTajuIn3yeTcs (IJIaBUTCS) HE MPU MOCTOSIHHOW TeMmIepaType, a B
ONPEAECICHHOM HHTEPBAJIE TEMIEPATyp, KOTOPBIM OIPEICIAETCA COCTa-
BOM cucTeMbl. HanHu3mas rtemmeparypa, pu KOTOPOM 3aKaHUYMBAETCS
KpUCTaJUTM3allUsl paciiiaBa JII0O0ro coctaBa (MM HAYMHAETCA TUIaBJICHHE
CUCTEMBbI), Ha3bIBAETCS IBTEKTUUYECKOUN Temmeparypoi. Jlunus CD otBe-
YaeT ABTEKTUYECKON TEMIIEPATYPE, HUKE KOTOPOU HE MOXKET CYIIECTBO-
BaTh JINHUM JINKBUyCa U coynyca (Touka £ Ha3bIBAETCS IBTEKTHYECKOM
TOYKOM, a pacIljiaB, COCTaB KOTOPOro M300pakeH TOUKOM FE, Ha3bIBaeTCS
HBTEKTUYECKUM PACILIABOM).

Cmech KpUCTAIUTIOB KOMIIOHEHTOB A W B, BbINABIIAS U3 3TOT0 pac-
IJ1aBa IPU IBTEKTUYECKOM TeMIEpaType, Ha3bIBA€TCsl ABTEKTUUYECKOU
CMECBIO, W MPOCTO IBTEKTUKOM.

JIunuu TUKBUAYCAa U COIMAYcCa JEISAT BCE IMOJEe Ha psija obsactei,
KOTOPBIE YKa3aHbl HA AUArpamMMe.

CylecTBYIOT CHUCTEMBI, B KOTOPBIX OOpa3ylOTCs KaK yCTOWNYHMBBIE
XUMHYECKHE COCIMHEHUs, HE PA3JIararoIvecs INPU IUIABICHUH, TAK U
XMMHUYECKUE COCIUHEHUS, PA3Iaratomuecs npu IJIaBJICHUH.

OO0opyaoBaHue: MPOOUPKHU CO CMECAMU; TEPMOMETP; CEKYHAOMED.

PearenTnl: cMecu meTuicTeapar—napaduH ¢ MacCOBOW Jlojel ma-
pacduna 100, 80, 60, 40, 20, 10 u 0 %.

3KcnepmmeHTan bHaA 4acCTb

JIJist uccnenoBaHus UCIONb3YETCs CUCTeMa MeTUIIcTeapaT—rapaduH.
[Ipu pabore cmech maccoit 30-50 T 3aaHHOTO COCTaBa IMOMEIIAIT B
CTEKJISIHHYIO0 MIPOOUPKY U PaCIUIaBIAIOT HAa BOAsiHOM Oane. [locne sToro B
pacIuiaB CMECH IMOMEIIAI0T TEPMOMETP, YTOOBI OH HE Kacajcs IHA U CTe-
HOK MPOOUPKH, U MO CEKyHIOMEpYy uepe3 Kaxzabie S...10 ¢ 3amuchiBaloT

MOKa3aHusl TepMoMeTpa B Tad. 1.
Tabnuya 1

Pe3yabTaThl H3MepeHUs TeMIIepPaTypbl

Conep:xanue Temneparypa cMecu Ipu BpEMEHH, C

napaduHa
B cMecH, % 10 20 30 40 50 60 70 80 90

100

80

60

40

20

10

0
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ITocne 3arBepaeBaHus CMECU MPOU3BOIAT emie 5S—6 M3MEpEeHUH, 3a-
TEM CMECh PACIUIABJISIOT, BBIHUMAIOT TEPMOMETP U3 MPOOUPKH [ M OIBIT
MpeKpamianT. AHAJIOTHYHBIE U3MEPEHUS MPOBOAAT CO BCEMH CMECSIMHU
Pa3JIMYHOTO COCTaBA.

[To nanHbIM Tabn. 1 CTPOAT KpUBBIE OXJAXACHUS B KOOPAMHATAX:
TEeMIIepaTypa — BpeMs, 110 KOTOPBIM ONPEAEISAIOT TEMIIEPATYPY HU3I0Ma —
HayaJia KPUCTAIUIN3ALUN KaXKJI0W CMECH U IBTEKTUYECKON OCTAHOBKE.

[TosydeHHBIE TaHHBIC CBOMAT B TaON. 2, CTPOST AMAarpammy TeM-
nepatypa — COCTaB W IPOBOJAT €€ aHaJlu3, TOJB3YsACh MpaBHIoOM (a3
I'u0Oca.

Tabnuya 2
AHAJIN3 IKCIEPUMEHTAIBHBIX TaHHBIX
Conepianne 100 | 80 | 60 | 40 | 20 | 10 | O

napaduHa B cMecH, %
Temnepatypa
Hadaja 3acTeiBanus, °C
Temneparypa
3BTEKTUKHU, °C

KoHTpOsibHble BONPOCHI

1. Yto Takoe ¢asza, KOMIIOHEHT, CTEIIEHb CBOOOIbI?

2. Cpopmynupyiite nmpaBuio ¢a3 ['mdoca.

3. B yem 3akmovaeTcsi GU3MKO-XUMUYECKUNA METO]] aHau3a?
4. Yto Takoe mpaBWIO «pbryaray’?

5.B 4eMm pasznuuue NOHATUU «IBTEKTUUYECKAS TOUYKA», «IBTEKTUYE-
CKasl TEMIIEpaTypa» U «IBTEKTUKA»?

6. Uto Takoe nuarpaMmma COCTOSIHUS?




NNabopaTtopHasi pabota Ne 5

OnpepgeneHune pH-pacTBOpoOB NOTEHLNOMETPUYECKUM
meTtogoM. CeoncTea BydepHbIX pacTBOPOB

Heanb pa6oThl: MpUOOPECTH HABBIKKA pacdeTa U MPUTOTOBIEHUS OY-
(dbepHBIX pacTBOPOB, a TaKke U3MepeHus: pH-pacTBOpOB MOTEHITMOMETPH-
YECKUM METOJIOM C HCIIOJIb30BaHNeM pH-MmeTpa.

Obwue cBeneHus

B opranusme 4yacTo BCTpeyaroTCsl paBHOBECHS, B KOTOPBIX y4acTBY-
10T KACIIOTBI M1 OCHOBAHUS, — KHCJIOTHO-OCHOBHBIC paBHOBECHsI (BKITFOYAsS
TUAPOIU3 COJEH).

PacTBopbl, conepkaiue 0OTHOBPEMEHHO clla0ble KUCIOTHI U COMps-
JKEHHBIC MM OCHOBaHHS, 00J1aJafl0T CBOMCTBOM JOCTATOYHO CTOMKO CO-
XPaHATh MOCTOSHCTBO KOHIIEHTPAIlMM MOHOB BOJOpOJa Kak MpH 100aB-
JICHUU K HUM CWJIBHBIX KHUCJIOT M OCHOBaHUH, TaK U MpHU pa3BeAcHUU. Ta-
KM€ pacTBOpPHI Ha3bIBalOT OydepHbIMU. bydepHsiM pacTBOopam (cucTe-
MaM) TPUHAJICKUT BaKHAsl POJb B COXpAaHEHUM MOCTOAHCTBA pH kun-
KHUX CpeJl oprann3ma (mojaepaHusi KUCJIOTHO-OCHOBHOTO PAaBHOBECHS).

Konuenrpauuio noHoB Bojopoaa u pH B OydepHbix pacTBOpax
MOJKHO pacCUUTaTh 1Mo GopMyiam:

[H“LJ = K, c(xucnora)/ c(conp);

pH = pK, +lg c(coJp)

¢(xucora) ’

rae K, — KoHCTaHTa KHUCIOTHOCTH CIabOM KHUCIOTHI, c(KHUCI0Ta) — KOH-
HEeHTpaIus caboil KUCIOTH B Oydepe; c(cob) — KOHIeHTpalus B Oyde-
pe coiu ¢aaboi KUCIOTHI.

Konuenrpanuto nonos Bogopoaa u pH B OydepHbix pactBopax, co-
JEpKalliX ci1a0ble OCHOBaHUS M WX COJM, OOpa3OBaHHBIE C CUJIbHOMN
KHCIIOTOM, MOYKHO PacCUUTATh 1O (hOpMyJIaM:

[Hq =K,c(coms) c(ocHOB) ;

OCHO

c(OCHOB)
pH = pKB - pKOCHOB + lg—

9

c(comn)

14
rae K, — nonnoe npoussenenue Boabl (10 ); Koenos — KOHCTaAHTA JHCCO-
[[MAIUU CJ1a00TO OCHOBaHMUs; c(OCHOB) — KOHIIEHTpAIUs c1aboro OCHOBA-
HuUs B Oydepe; c(coiib) — KOHIIEHTpaIus B JaHHOM Oydepe comm.

58



CnocoOHocTh Oy(epHBIX CHUCTEM YJIEpKUBaTh Ha OMPEACICHHOM
YpOBHE KOHLEHTPALMIO MOHOB BOAOPOJA sIBJIsieTCs orpaHuyeHHoM. Ko-
JMYECTBEHHON XapaKTEPUCTUKOM ATOM CIIOCOOHOCTHU sIBIIsAETCS OydepHas
eMKOCTh. byQepHy0 eMKOCTh BBIPAKAIOT KOJUYSCTBOM BEIECTBA YKBH-
BaJICHTA CHJILHOUM KUCJIOTHI (MJIM OCHOBAHMSI ), KOTOPOE CJIEYET T00aBUThH
K 1 1 OydepHoro pactBopa, 4ToObl U13MEeHUTH pH Ha enuHUILLY:

_ n(l/zX)
(pH, —pH,)V'(B)

riae b — Oydepnas emkocTb, Moib/1; n(1/zX) — KoaUYeCcTBO BellleCTBA K-
BUBAJICHTA KUCJIOTHI WIH I1I€TI0UH, TpudaBieHHoe K 00beMy Oydepa V(b);
pH; — BoOpOIHBII TIOKa3aTeNb 10 J00aBICHHUS CHUILHON KHCIOTHI (IIe-
aoun); pH, — BOgOpoaHBIN MoOKa3zaTenb Mocie npudarieHus Kk Oydepy
KHUCJIOTHI (IIEJI0UH).

KonuuecTBo BemiecTBa SKBUBAJIEHTAa KHUCIOTHI (ILEI0YH) MOKHO
ONPENEIIUTh THTPUMETPUUECKHU.

K onpenenennomy o6wemy Oydeproro pactBopa V(b) ¢ u3BecTHbIM
BOJOPOAHBIM TTOKa3zaTesneM pH; mpubaBisitoT onpeieeHHbI 00beM Kuc-
70Tl V(K) ¢ M3BECTHOM MOJISIPHOM KOHIICHTpaIlMel 10 3HAYEHUS BOJIO-
ponHoro nokazarens pH,. Torna B pacuere Ha 1 1 Oydepa KOITUYECTBO
BEIIIECTBA SKBUBaJIEHTA MpruOaBiieHHOW KucioThl #(1/zX) Oyner paBHO

n(l/zX):%g)(K).

[IpeoOpazyeMm 3Ty dhopMyidy U MOTy4aeM pacueTHYO0 Gopmysy st
OydepHOoit EeMKOCTH 110 pe3yIbTaTaM aHaIN3a:
V() c(x)
V(B)(le —pH;) .

N3mepenne pH pacTBOpOB OCYHIECTBISETCS € HCIOJIb30BAHUEM
CTEKJISIHHOTO AJIEKTpoJia (pucyHoK). [IpruMeHeHne CTeKISTHHOTO 3JEKTPO-
Jla OCHOBAHO Ha TOM, YTO COJEpKAIlIUECsS B CTPYKTYpE CTEKJa KaTHOHBI
(kamus, JIUTUSL WIK HATPHUsI) MOTYT OOMEHUBATHCSI C KATUOHAMU pacTBOpa
(H"), B To BpeMs KaKk aHHOHHI CTEKJIa HE MOTYT OOMEHHMBATHCA C PACT-
BOPOM.
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CTeKnsHHBIN IEKTPOL;
1 — BHYTpeHHU 35eKTpo; 2 — MeMOpaHa; 3 — BHYTPEHHHM pacTBOp;
4 — TosictocTeHHas TpyOKa; 5 — 3aIuTHas TpyOKa Ui MIApUKOBOIO AIEKTPOJIa

Takum o0pa3zoMm, MeXAy CTEKJIOM U PACTBOPOM YCTAHABJIMBAETCS
Pa3HOCTh MOTEHIMAJIOB, O0YCIIOBIIEHHAs HEOJMHAKOBBIM pacIipeiesieHU-
€M KaTHOHOB BOJIOPOJIa MEXY CTEKJIOM M pacTBOpoM. HemocpeacTBeHHO
M3MEPUTH 3Ty PA3HOCTh MOTEHIIMAJIOB HE MPEACTABIISIETCS BO3MOKHBIM,
HO MOXHO U3MEPUTh PA3HOCTh MOTEHIIMAJIOB MEXAY JIBYMSI PAaCTBOPAMHU,
PaCIOJIOKEHHBIMU TI0 Pa3HbIe CTOPOHBI CTEKISTHHOM MemOpanbl. Eciu
BHYTPU CTEKJIIHHOT'O IIapUKa HAXOJUTCS PACTBOP C U3BECTHOM KOHIICH-
Tpaluei MOHOB BOJOPOJA, TO Pa3HOCTh MOTEHIIMAIOB OYyJIEeT 3aBHCETh
TOJIBKO OT KOHIIEHTPAllMld HOHOB BOJAOPOJA B UCCIIENYEMOM PAaCTBOPE.

N3mepenne pH pactBopa ocymiectBisieTcss Ha mpudbope pH-metpe,
KoTopsiil u3mepsier IJC rarpBaHUYECKON LIETH:

Ag, AgCl | HCI(0,1 monb/n)|CrexiisiHHas HJV || KCl(nac. pactBop) | AgCl, Ag.
MeMOpaHa

OJC (AE) 3Toi1 1ienu onpeaensiercs ClIeayluM YpaBHEHUEM:
AE = Eyee E” — K 1g[H'],

e Exc, — MOTEHITHAI XJopcepeOpsHoro aekTpoaa cpaBueHus (0,222B);
0

E.. n K — moCTOSIHHBIE CTEKJISIHHOI'O 3JIEKTPOJIa, KOTOPHIE 3aBUCAT OT

MapKH CTEKJIA.

60



Takum o0pazom, DJIC HaxoauTcst B JTUHEHON 3aBUcUMOCTH OT pH
pactBopa:

AE = const + K pH.
Oo6opynoBanue: pH-meTp; OropeTKU; TUNIETKH; KOJOBI, XUMUYECKHE
CTaKaHBbI.

PeareHThI: pacTBOp YKCYCHOW KHCIJOTHI; alleTaT HATpHUs; PacTBOP
XJIOPOBOJOPOJIHOM KUCJIOTBI; pACTBOP THIPOKCHUAA HATPUSI.

3KcnepmmeHTan bHaA 4acCTb

OnbIt 1. [lpucomosnenue 6ygepnvix cmecell ¢ paziuyHbiM 3HAYEHU-
em pH. B Tpu crakana u3 OIOpETKH C PacTBOPOM YKCYCHOW KHMCJIOTBI
(¢ = 0,1 MonB/1) U pacTBOPOM arleTaTa HaATPHUS C TOM K€ KOHIIEHTpaIIUEH
IPWIMBAIOT PACTBOPHI B 00bEMaX, YKa3aHHBIX B Ta0II. 1.

Tabnuya 1
Pe3yabTaThl u3Mepennii pH npuroToBJeHHBIX PACTBOPOB
ITpobupka

No 1 No 2 No 3
O0BeM pacTBOpa KUCIOTHI, MJI 27 15 3
O06BeM pacTBOpa COTHU, MIT 3 15 27
CooTHolieHue [Kucnoral:[cob | 9:1 1:1 1:9
3Hauenue pH, HaliIcHHOE B ONIBITE
3nauenue pH, BIYMCIEHHOE

[TepemernaiiTe ToOMy4YeHHBIE PACTBOPHI M TPOM3BEIUTE H3MEPEHUE
ux pH. 3anumure 3Hauenus pH s kaxaoro u3 pacTBOpoB B Tadi. 1.
Paccuuraiite pH u Taxxe 3anummute ux B Tadn. 1. CpaBHUTE JIEUCTBU-
TeabHBbIC 3HaUeHMs pH ¢ paccumTaHHbIM 3HaUYeHHEM. PacTBOpBI coxpaHu-
T€ JUIsl IPOBEACHUS cieayromux onsiToB. Onpenenute K, KUCIOTH Ha
OCHOBE OIBITHBIX 3HaUeHUM pH maHHbBIX Oy(hepHBIX CUCTEM.

OnwIT 2. Bruanue pazbaenenus na pH 6ygepnot cmecu. Bozbmute
JIBa YUCTHIX MEPHBIX cTakaHa Ha 50 M u oTOepUTE B HUX U3 MPOOUPKHU
Ne2 5,0 u 10,0 mn GydepHoro pactBopa. JloBeaure o0beM B CTakaHax
BOoJI0M 10 MeTku. Onpenenute pH noiryuyeHHbIX pacTBOpoB Ha pH-MeTpe.

N3mensiercs nu pH nipu pa3zsenenun 0ydepHoro pactsopa?

OnbIT 3. /leticmeue Ha Oyghepuble pacmeopvl KUCIOM U Weaodel.
Onpeodenenue 6ygheprnoii emxocmu. Bo3bMUTE UETHIPE YUCTBHIX CTaKaHA.
B onun u3 Hux otdepute nunerkoit 30 mu O0ydepHoro pactBopa, Ipuro-
TOBJICHHOTO B ombITe 1 m3 crakana Ne 1, Bo BTopoit — 30 M OydepHOro
pacTBopa, MPUroTOBJIEHHOTO B omnbiTe 1 u3 crtakana Ne 3. B Tpertuii cra-
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kaH Hanelte 30 MJI DUCTUJUIMPOBAHHOM BOJBI, B YETBEPTHIM CTAKaH —
30 M1 0,9 %-ro pactBopa NaCl. Onpenenure pH nosrydeHHBIX pacTBOPOB
Ha pH-metpe. Pe3ynbrarsl uamepenuii 3anuiure B Tadm. 2.

Tabnuya 2
Pe3yabTaTel u3mMepennii pH npuroToBJeHHBIX PAaCTBOPOB
nocJjie 100aBJeHUs KUCJIOTHI U 1IeJI0YH
3unauenue pH
Homep Conepxxanue ITocne npubasneHus
CTakaHa CTaKaHa Hcxonuoe HCI NaOH

0,05 momb/n 0,05 momb/n

1 AnetatHbiii Oydep Ne 1 —
2 AuneratHsiii 0ydep Ne 3 —
3 Bona —
4 PactBop NaCl —

ITpubaBpTe B cTakanbl Ne 1 1 4 o 3 mu pactBopa HCI (¢ = 0,05 moms/i).
3anumiTe HOBbIE 3HaueHHS pH pacTBOpoOB.

B crakanpt Ne2 u 3 npubasnsiite mo 3,0 mi pactBopa NaOH
(¢ = 0,05 Monw/n). 3anumuTe HOBbIEe 3HaUeHUst pH pacTBOpOB.

CdopmynupyiiTe BHIBOJBI U3 OIbITA, OCHOBAaHHBIE HA HAOJIOICHUSIX.

Jliist onibITOB ¢ Oy(epHbIMU paCcTBOPAMH pacCUUTANTE 3HaUYeHHE Oy-
(dhepHOI eMKOCTH.

KOHTpOnbHblE BOMPOCHI

1. IllpuBeaute npumepsl 6ydepubix cucrem ¢ pH> 7 u pH <7 npu
PaBHBIX KOHIIEHTPALUAX KUCIOTHI M CONPS>KEHHOTO OCHOBAHUSI.

2.B xkakom HampaBieHuu wusMeHutcs pH OydepHoil cucremsl
NH,Cl / NH; ipu no6asnennn NH,CI?

3. Kakoit u3 n1Byx Oy(epHbIX pacTBOPOB XapaKTEPU3yETCS MEHbBIIIUM
3HayeHueM pH, eciu B 000uX cily4asix COOTHOIIICHUE [KUCTOTa] : [COomb]
OJINHAKOBO:

a) NaH,PO,/ Na,HPOy;

6) NH,C1/NH;?

4. Kak usmenurcs OydepHass eMKOCTh IpHU pa3BeneHuu Oydepon?
N3mensiercs nu npu 3tom pH?




[MpakTnyeckoe 3aHaTNE Ne 5
[‘eTeporeHHble paBHOBECUA

['eTreporeHHbie paBHOBECHS WUIPAIOT B JKU3HEACATEILHOCTH Opra-
HU3Ma BaxHYyIO poib. OJWH U3 NMPUMEPOB TAaKOrO PABHOBECHUSI — ATO
dbopMUpOBaHNE KOCTHOW TKAaHU B >KMBOM OpTraHU3ME, HEOPTaHUYECKYIO
OCHOBY KOTOpou cocTaBisieT gocdar kanpius. [Ipu HeOmarompusiTHbIX
YCJIOBUSAX BO3MOKHbBI HAPYIICHUS HOPMAJIBHO MPOTEKAIOIINX MTPOIIECCOB,
MPUBOASAIINE K MAaTOJIOTUU U 00pa30BaHUIO TBEpAOU (a3bl B TKaHIX Op-
raHu3Ma — o0pa3oBaHHE KaMHEH B JKelT4e- U MOUYEBBIBOSIINX CUCTEMAX,
OTJIOXKEHHUE YPaTOB IIPU MOJArPEe U .

[TosToMy H3ydYeHUE TE€TEPOTrCHHBIX PABHOBECHI HEOOXOAUMO IS
MOHMMAaHUS 3aKOHOMEPHOCTEH 00pa30BaHUS M PACTBOPEHHS Maliopac-
TBOPUMBIX COCJIMHEHUM B KUBBIX OpraHU3Max.

IIpou3BeneHne pacTBOPUMOCTH. ['eTepOreHHOE paBHOBECHUE «OCa-
JIOK <= HAaCBHIIICHHBIN PacCTBOP» MOJUUHSIETCS MPaBUIY IPOU3BEACHUS

pPacTBOPUMOCTH. B HACBIIIEHHOM PacTBOPE MaJIOPACTBOPUMOIO SIIEKTPO-
JUTa TPOU3BEICHUE KOHIICHTPAIlMiA NOHOB, BO3BEJICHHBIX B CTENIEHb CTE-
XUOMETpUUECKUX KO3(PUIIMEHTOB €CTh BEIMYMHA TTOCTOSIHHAS TIPU JIaH-
HOHM Temmnepatype. g 35ekTpoinTa, AUCCOUALINS KOTOPOTO ONKChIBA-
€TCS YpaBHCHUEM

AnByr 2 mA" + nB
IPOU3BCACHNC PACTBOPHUMOCTH 3aIIMChIBACTCA B BU/IC!:
IIP 4,,B, = [AT"- [B]".

Ecmr B HachIIEHHOM pPacTBOPE MaJOPACTBOPUMOTO COCAUHECHUS
MIPOU3BEICHNE KOHIICHTPALM MOHOB, BO3BEICHHBIX B CTEIICHb CTEXHO-
METPUYECKUX KOIPPHUIIMEHTOB, MPEBBIIIACT MPOU3BEICHIE PACTBOPUMOCTH

P 4,,B,<[4A1"-[B T,

TO HAOJIOJAeTCs CMEIICHNE PaBHOBECHS B CTOPOHY OOpa30OBaHUsS TBEP-
no# a3kl ¥ ocaakKa.

ECJII/I KE HpOI/IBBeI[eHHe paCTBOpI/IMOCTH HC HpeBBIHICHOZ
P 4,B,>[A 1" [B,

TO oOpa3zoBaHus Ocajka He mpoucxoaut. Ciemayer oTMeTuth, yto [P —
BEeJIMUMHA Oe3pa3MepHas, a KOHIIEHTPAIIMd HOHOB TIPH 3TOM BBIPAXKarOTCs
B MOJIB/JI.
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ITPUMEPDI

[Tpumep 1. IlpomsBenenue pacrBopumoctd Ag,Cr,O; paBHO
2,0 - 107", BBIUMCIIUTD KOHIICHTPALHMIO MOHOB cepedpa B HACHIIICHHOM
pactBope Ag,Cr,O; B MOJIB/M 1 T/71.

Pewenue. 3anuiiem ypaBHEHUE TUCCOLUAIMN COJIU:
Ag,Cr,0; 2 2Ag + Cr,0;7
H BBIPAKCHUC IJIA IIPOU3BCACHUA PACTBOPUMOCTH !
[IP(Ag,Cr,07) = [Ag' T[Cr,07 ]

[Iycte kKOHUEHTpanus HachlmeHHOro pactBopa Ag,Cr,O; paBHa
X MoJib/n. Tak KaK Coib — 3JEKTPOJUT CUIIbHBIM (XOTS U MajJoOpacTBOPH-
MBbIii), TO OHA MOJIHOCTHIO PACIaaeTCs Ha MOHBI U KOHIICHTPAIUS UX CO-
CTaBHUT B COOTBETCTBUU C YPABHCHHUEM:

2x X

X
Ag,Cr,0, = 2Ag" + Cr,0,*
[ToncraBUM KOHUEHTPALMU B IPOU3BEIECHUE PACTBOPUMOCTH:

(2x)°x = 2x° = [IP(Ag,Cr,07) =2,0 - 107,

[ —7
Toraa x=3 % =3,7-10>Monb/x;

1 KOHIIEHTpAaIlUs HOHOB cepeodpa:
[Agt]=2x=74-10" momb/n="7,4- 10" - M(Ag+) =
=7,4-107- 108 = 0,7992 r/n.

[Ipumep 2. IlpousBeneHne pacTBOPUMOCTH CyJib(aTra KaybLHs
paBHO 6,1 - 10, BeImajier 11 0caioK IpH CMEINBAHWH PAaBHBIX 00BEMOB
0,01 M pactBopa xnopuza kanbius u 0,02 M pactBopa cynbdara HaTpusi?

Pewenue. Tlocne cmemuBanus o0beM pacTBOpa CTaHET B 2 pasza
OoJpIIe 00BEMa KAXKJIOTO U3 B3ATHIX PACTBOPOB, B CBSA3U C YE€M KOHIICH-
TpalMK PACTBOPEHHBIX BEIIECTB YMEHbBINATCA B 2 pa3a U COCTABSIT:

C(CaCl,) = 0,005 monn/m;

C(Na,SOy4) = 0,01 mons/m.
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Koumenrpanuu noros Ca” u SO,° B pacTBOpE:
[Ca®] = C(CaCl)=0,005=5-10";
[SO,]=C(Na,S04) =0,01=1-107,

a TIPOU3BEJICHNUE KOHIICHTPALIUN 6yz[eT paBHO:
[Ca®][SO,]=5-10"-1-107=5-10" <IIP,

IIPOU3BEICHUE PACTBOPUMOCTH HE MPEBBIIIEHO, CIEAOBATEIBHO, OCAI0K
HE BBITTAET.

[Ipumep 3. [IpousBenenne pacTBOPUMOCTH CyJib(aTa CTPOHIUA
paBHO 3,6 - 107, CpaBHHTH PacTBOPHUMOCTH CyIb(aTa CTPOHIMS B UH-
CTOI BOJI€ U pacTBOpE, COAEpKalleM Ccylb(aT HATpHsl B KOHIEHTPALIUU
0,3 MOJIB/II.

Pewenue. Conb Tucconuupyer 1o ypaBHEHUIO

SrSO, — Sr*" + SO~

[TycTh pacCTBOPUMOCTD COJIM B YHCTOM BOJIC COCTABUT X MOJIB/JI,
241 _ 21 _
TOTIa [Sr”] =[SO4" ] = x Moab/1

B COOTBCTCTBUHU C YPABHCHUCM JUCCOLIUAINU U
[P = [Sr][SO ] =x-x=x"=6- 10",

OTKy/a X =+/3,6- 1077 = 6,0'10_4MOJII>/J'I — TaKOBa PaCTBOPUMOCTDH CYJIb-
¢daTta CTpOHIIMS B YUCTOU BOJIE.

B pactBope cynb(ara cTpoHIUS B Cyib(hare HATpUs KOHLUEHTPALHs
SO4” cKIaJBIBaeTCs U3 KOHIEHTPALMH Cy/Ib(haTa CTPOHIMSA M KOHIICH-
Tpauuu cynbdara HaTpus. Ho, mockosbKy cynbdar HaTpusi, B OTIUYHE OT
cyab(ara CTPOHLHUSA, XOPOILIO PaCTBOPUM, TO BKJIAJOM Cyjb(aTa CTPOH-
Ys1 MOXKHO MpeHeOpedb U

[SO,” ] = C(Na,SO4) = 0,3 Moms/m,

Tak Kak [IP conm JJIsA I[aHHOﬁ TEMIICPATYPhI BCIIMYWHA ITIOCTOSIHHAA, TO
[Srﬂ _TIPSrSO, _3,6:107"

[so 42—} 0,3
W3 ypaBHEeHMS ArCCONMAINY CYyIb(aTa CTPOHIUS CIAEAYET, YTO

C(SrSO4) =[Sr*1=1,2 - 10°° mons/x,

=1,2- 107 monb/1.
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T.€. B pacTBOpe CyibdaTa HATPUs YKA3aHHOW KOHIIEHTPAIlMH PacTBOPH-
MOCTh cynbdaTta cTpoHuus B 500 pa3 MeHbIle, 4eM B YUCTOM BOJE, UTO
CBUJIETEIBCTBYET O CABUIE T€TEPOr€HHOTO PaBHOBECHUSI B CTOPOHY OOpa-
30BaHUA TBepHor ¢a3wl (ocaaka cyibdarta cTpoHnus). TakuMm 0Opazom,
MO>KHO CJIeJIaTh BBIBOJ, YTO HAJIMYKE B PACTBOPE BEIIECTBA C OJJHOMMEH-
HBIM MOHOM BBI3BIBAET CIIBHT T€TEPOTCHHOTO PaBHOBECHS B CTOPOHY 00-
pa3oBaHMs OCaJKa M yMEHBIIEHUS PACTBOPUMOCTH MaJOPaCTBOPHUMOTO
COCJIMHECHUS MO CPABHEHHUIO C YUCTOU BOJIOM.

Teopusi reTreporeHHOro pPaBHOBECHS IO3BOJISIET MOHATH JCHCTBUE
penaparoB Uisi KOPPEKLUHUH T€TEPOreHHOr0 PAaBHOBECHUS B OpraHU3ME.
Mexny KOCTHOW TKaHbBIO, B COCTaB KOTOPOM BXOIWUT T'MAPOKCOAIIATUT
Cas(PO,);OH, u nonamu Ca*', PO, , OH B opranmsme CyIecTBYeT re-
TEpOreHHoe paBHOBecHe. [Ipu H30BITKE HMOHOB KalblUsl pPaBHOBECHE
HapyliaeTcsi ¥ HaOJIoAaeTcs OTJIOXKEeHUEe KocTel kanblus. [ koppek-
TUPOBKH 3TOr0 MpOLEcca NPUMEHSIOT IWHATPUEBYIO COJIb JTHUJICHIWA-
MHUHTETPayKCyCHOU KUCIOThI Na,DJ[TA:

Na,DJITA* + Ca’" — CaNa,DJITA

IIpr 5TOM MOHBI KaJbIMsl CHIBOPOTKU KPOBU CBS3BIBAKOTCS B MPOU-
HbI KOMIUIEKC, HapyIIAaeTCsl PAaBHOBECHE MEXKAY KOCTHOM TKaHbIO M
VOHAaMH KaJbIUs B CBIBOPOTKE KpOBU. [1oTEpss HOHOB Kanblus BO3MENIA-
eTCs 3a CYeT MOOMJIM3alMU KaJIbLUS M3 KOCTHOM TKAHU U OTJIOKEHUU B
OpraHu3Me.

3axanud.

1. Kakoli koHIIEHTpaluu KapOOHAT-MOHA CJIeAyeT JOCTUYb ISl 00-
pa3oBaHMsl OcCaJKa M3 pacTBOpa HUTpara KajblUs C KOHIICHTpalMen
0,5 moabp/1?

2.PactBop cynbdara ¢ koHnentpauueit 0,01 monb/1 HaxoguTcs B
KOHTaKTe€ C OCaJKoM KapOoHaTa Kajblus. PaccunrtailiTe KOHLEHTPALUIO
MOHOB KaJIbLIMS B >KMJIKOCTH HaJ OCaJKOM. Belumciaure Maccy Kaiblus,
HaxosI1erocs B Bujae HoHOB B 0,5 J1 3TO# JKUIKOCTH.

3. Beluncinure Maccy HUTpaTa CBHHIIA, KOTOPYIO Haa0 J00aBUTH K
BOJHOMY pacTBOpY KapOoHara Hatpusi ¢ koHueHTpamueil 0,01 MMonb/n
oobeMoM 200 M1 117151 00pa3oBaHMs OCaJIKa.

4. Kakoil KOHUEHTpalUU HOJUJI-MOHOB CJIEAYyET JTOCTUYb, YTOOBI U3
HACBIIIIEHHOTO BOJHOTO PacTBOpa XJIOpHUaa cepedpa BbIMal 0CaT0K HOU-
na cepeodpa?
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5. TIpoussenenue pacTBopumMoct MgS mpu 25 °C pasro 2,0 - 1077,
O6pa3zyercst 11 ocamok MgS npu cMmemeHun paBHbIX o0bemoB 0,004 H
Mg(NOs), 1 0,0006 1 Na,S? Crernienn Auccoldaliy MPUHATH 3a €IUHUILY.

6. Beruncnure maccy cepeOpa, coaepkaiierocss B BUIE HOHOB B
HACBIIIIEHHOM BOJIHOM PacTBOpe MaHuaa cepedpa ooremom S00 mul.

7. TIP(PbL,) ipu 15 °C paBuo 8,7 - 10", BelunciuTe KOHIEHTPALHIO
ronoB Pb> i I” B HachimeHHOM pactBope Pbl,.

8. Obpazyercs mu ocanok Fe(OH);, ecnmu k 1 1 0,006 1 FeCl; npuba-
Buth 0,125 1 0,0001M pactBopa KOH?. (ITIP(Fe(OH);) = 3,8 - 107°%).
CreneHb 3JIEKTPOJIMTUYECKON JTUCCOIUAIIMU HMCXOJHBIX BEIIECTB MPU-
HATH paBHOM 1.

9. Bbruuciaure MacCoOBYHO KOHIIEHTPAIIMIO MOHOB CBUHIIA (B IpamMMax
Ha JIUTP) B HACHIIIIEHHOM PAacTBOPE XJIOpHUa CBUHIIA.

10. PactBopumocts Ag;PO, B Bosme npu 20 °C paBna 0,0065 r/m.
PaccuuraiiTe BeIMYUHY NPOU3BEACHUS PACTBOPUMOCTH.

11. TP (Ca3(PO,),) mpu 25 °C pasro 1-107°. PaccunTaiite KOHICH-
tparmu woHoB Ca’’ um PO, B HacemmennoM pactBope Caz(PO,),
nipu 25 °C.



NNabopaTtopHas paboTta Ne 6
ONeKTponpoBOAHOCTb PACTBOPOB 3MIEKTPONINTOB

Lean padoThl: U3MEPUTH IIEKTPOIPOBOJIHOCTh PACTBOPA AJIEKTPO-
muta NaCl; mocTpouth 3aBUCUMOCTH YJEJIBHOM W MOJISIPHOM 3JIEKTPO-

POBOHOCTH OT KOHIIGHTPALIMH PACTBOPA (C) U OT ~/c COOTBETCTBEHHO;
OTIPEJIEIUTh MOJISIPHYIO 3JIEKTPOMPOBOIHOCTh MPU OECKOHEYHOM pa30aB-
JICHUU U CPABHUTH MOJYUYEHHYIO BEIMUYMHY C TaOJIUYHBIM 3HAYEHUEM.

Ob6wue cBeneHusa

Hocurensamu 3apsiioB B pacTBOpaxX JJIEKTPOJUTOB CIIYkKAT HOHBI.
[IoaTOMYy pPOTEKaHUE AINEKTPUUECKOTO TOKA, T.€. HAIIPABICHHOE JIBUXKE-
HUE 3apAJI0B, OCYUIECTBISETCS C OJHOBPEMEHHBIM IIEPEHOCOM MAacCChl
(BOBHMKHOBEHHMEM MOTOKOB Murpanuu). Bo uzbexxanue OCIOKHEHUH,
CBSI3aHHBIX C OJJHOBpeMEeHHOU nuddy3ueid, n3yueHune 3JIeKTPONpPOBOIHO-
CTH PacTBOPOB MPOBOAAT MPHU UCIOJIb30BAHUH MMEPEMEHHOIO TOKAa BBICO-
KOW 4acToThl. [Ipy HanoXKEeHHM Ha PAacTBOP MEPEMEHHOM PA3HOCTU MO-
TEHIIUAJIOB MOHBI KOJEOIIOTCS OKOJIO HEKOTOPOI'O CPEAHETO MOJI0KEHUS,
Y TIEPEHOCA BEMIECTBA HE IPOUCXOIUT.

Kak u ns1s 0OOBIYHBIX METAJUTMUYECKUX TTPOBOTHUKOB, COMIPOTUBIICHUE
PacTBOPOB pacCcUUTHIBAETCS MO (hopmyie

[
R= P, (1)
S
ragc p — yACIbHOC COIIPOTHUBIICHUC, [ — JJIMHA IIPOBOAHHKA (paCCTOSIHI/Ie
MEXIy JIEKTpoAaMu); S — IUIOMIA/Ib IMOMEPEYHOT0 CEUCHHUS MPOBOIHUKA
(,Z[J'Iﬂ pacTBOPOB — ILIOIIAAb C—)JIeKTpOI[OB).

Benuunna, oOpatHas y1eIbHOMY CONPOTHUBIICHUIO
1
p

HA3BIBACTCS YOenbHOU 3eKkmponpogoonocmoio. 13 dpopmyn (1), (2) crue-
JIyeT, YTO Pa3MEPHOCTb YACIBHOH 3IIEKTPONPOBOIHOCTH [&]=OM ' -M ' =
= CMm/Mm.

Yoenvuou anexmponpoeoonHocmvio Hazvleaemcs 31eKmMpOnpo8o0-
HOCMb 00bemMa pacmeopa, 3aKI04eHH020 MeHc0y 08yMs NapaiielbHbLMU
2IEKMPOOaMU, UMeIouUMU RAoWads 1 M° U pACNONONCEHHBIMU HA PAac-
cmosanuu 1 m opye om opyea.

(2)

%:
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3aBUCUMOCTH YJAEJNBHOW 3JIEKTPONPOBOJHOCTH OT KOHIIEHTPAIUU
BOJIHBIX PACTBOPOB HEKOTOPBIX JIEKTPOJIUTOB MPEACTABICHBI HA pUC. 1.

X, CM/M
80

40

Puc. 1. 3aBucUMOCTH yI€TBHOM 3JIEKTPOIPOBOIHOCTH
OT KOHIEHTPALlUHA BOJHBIX PACTBOPOB HEKOTOPBIX
DIIEKTPOJIUTOB

[Ipu ¢ — 0 BenuunMHA & CTPEMUTCA K YJIEJIBHON 3JIEKTPOIMPOBOIHO-
CTH YHCTOM BOMBI, KOTOpas cOCTaBasier mpuOmmsurensHo 107 Cm/M u
obycioBieHa npucyTcTBieM HoHoB H3;0' 1 OH™, BO3HMKAIONIINX TIPH Ya-
CTUYHOM aucconuanuv BoAbl. C pOCTOM KOHIIEHTPAIMU 3JIEKTPOIUTA
yAenbHas 3JEKTPOIPOBOIHOCTh & CHayaja yBEIWYHUBACTCS, YTO OOBSC-
HSETCA YBEJIMYEHHEM YHUCIIa HOHOB (HOCUTEJEH 3apsaa) B pactBope. Oj-
HaKo, 4yeM OOJIbIIIC MOHOB B PACTBOPE, TEM CHJIbHEE IMPOSBIISIETCS HMOH-
MOHHOE€ B3aMMOJICUCTBUE, MPUBOSIIEE K 3aMEIJICHUIO IBUKCHUS UOHOB,
a TaKXke K ux accounanuu. [1oaToMy 1mouTu Bcerga 3aBUCUMOCTD YAEIb-
HOW 3JIEKTPOMPOBOJHOCTH OT KOHIEHTPAIIMU 3JIEKTPOJIUTA TPOXOIUT Ue-
pe3 MakcuMyM (cM. puc. 1).

YtoOb1 BeIACTUTH G()EKTH MOH-MOHHOTO B3aUMOJICUCTBUSA, yIC/Ib-
HYIO 3JIEKTPOIIPOBOJHOCTD & JEAT Ha KOHIIEHTpaluio. Eciau B kauecTBe
KOHIICHTpAIlMU BbIOpaHa MOJISIpHAsi KOHIIEHTPALUS ¢, TTIOJTYUYeHHYIO BEJIU-
YUHY Ha3bIBAIOT MOJISIPHOM 3JIEKTPONPOBOTHOCTHIO

)= z/e. 3)

IIpy “cnoIb30BaHUM 3HAYEHUsT MOJIIPHOW 3JIEKTPOIIPOBOJHOCTH, BBI-
9 1 3
paxkeHHOM B OM - M , KOHLEHTPALUIO ¢ CIEAYET BbIpaXkaTb B MOJIb/M .
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[TockoJibKy OOIIENPUHSATON Pa3MEPHOCTHIO MOJISIPHOM KOHUEHTPAIUU C
3

SBIISIETCSI MOJIB/T, a ¢ (Moas/M”) = 1000 ¢ (MOJIB/T), TO ATO YACTO yUUTHI-

BaIOT, 3aMIMChIBAsl ypaBHEHUE

A = &/(c1000). 4)

Crnenyer OTMETHTb, YTO 4YacTO JJs yA0OCTBAa 3amUCH YJIEJIbHYIO
3NEKTPOIIPOBOIHOCTD BEIPAXAIOT B OM ' - ¢M ', Torjaa B ypaBHeHHH (3)
¥ KOHIEHTpAIHs ¢ JO/DKHA OBITH BHIpaXKeHa B Moib/cM. Tak Kak
c(monb/cM’) = c(Monb/m)/1000, ypaBHerue (3) mpeobpasyercs K BUIY:

A = &1000/c. (5)

Takum 00pa3zoM, MosApHAs I1eKMPONPOBOOHOCHb NPeOCmasisiem
CcO0O0Ul 3NEeKMPONPOBOOHOCb PACMBOPA INEKMPOIUMA, COOePHCAUe2O
1 monb pacmeopenHoeo eewjecmea U HAX00AWe20Cs MeHcoy 08yMs na-
PANIeTbHBIMU  DNeKMPOOaMU, PACNONONCEHHbIMU HA paccmosiHuu 1 m
opyz om opyeaa.

Yem MeHbIlIe KOHLIEHTpAIU 3JIEKTPOIUTA, TEM OOJBIIUN 00bEM €ro
OPUXOIUTCSA HA 1 MOJIb U, CleOBATEIbHO, TEM OOJIbIIAs TJIOMIAlb AJICK-
TPOJIOB MOKPBITA PacTBOPOM. TakuM 00pa3oM YMEHBIIICHHE YUCIIa HOCHU-
TeJleld TOKa B €AMHUIIE 00beMa MO MEpPE YMEHBIICHHUS KOHIICHTpaluu
(yBenuueHUs pa3BeeHUs) KOMIIEHCUPYETCA YBEIUUYECHUEM «IIOMEPEUHO-
ro ceyeHus» npoBoaHUKA. [loaTOMy, ecinu Obl MOTOKKM MUTpAIUU HE 3a-
BUCEJIM OT UOH-MOHHOTO B3aUMOJIEUCTBUS, TO A COXpaHsIach ObI MOCTO-
SITHHOM MpH BCEX KOHIIEHTpalUsIX. B peanbHbIX cCUCTEMaX SKBUBAJICHTHAs
ANEKTPONPOBOJHOCTD 3aBUCHUT OT KOHIIEHTpAaINH (puc. 2).

A, cri¥forr-2-arb)

300 \
200 \\ \“‘@?\
\ '\
100 k> ~===1C B—
J"“""-- Lict
0 | CH;COOH
! 2 3 & ¢ e-axbin

Puc. 2. 3aBUCHMOCTH SKBUBAJIEHTHOU 3J€KTPOIPOBOAHOCTH
OT KOHLIEHTPALIMHM BOJHBIX PACTBOPOB HEKOTOPBIX JIEKTPOIUTOB
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[Ipu ¢ — 0 BenuurMHa A CTPEMUTCA K CBOEMY IpEAEIbHOMY 3Haye-
auo A, OTBEYAOIIEMy OTCYTCTBUIO HOH-MOHHBIX B3aMMOJCICTBHIL.
JUIs WILTIOCTpAlMK 3TOTO YacTO MCIMONB3YIOT Tpaduueckoe mpeacTaBiie-
Hue B koopauHatax A = f(1/c) (puc. 3). B pacTtBopax ciaObIx 3JI€KTPOIIH-
TOB, TJ€ WOH-NOHHBIC B3aWMOJCHUCTBHS TPHUBOAAT K OOpa30BaHUIO
HEUTPATBHBIX MOJICKYJ YK€ MPH OYeHb HU3KUX KOHIEHTPAIMSIX HOHOB,
BBIXOJI A Ha TIPeIelT SKCIIEPUMEHTAIBHO HAOII0aTh HE yIaeTCsl.

A 10% MYCM-2-3K8
1501

AU ________ i
100f

a0

0 ! 1
a0 1000
‘ 1/c-10 % n/mone

Puc. 3. 3aBUCHUMOCTH 3KBUBaJICHTHOU
anexTpornpoBoaHoctu pactBopa KCl ot pazbaBnenus

CBsi3b 3JIEKTPOINPOBOJIHOCTU MPU KOHEUHOM KOHLIEHTpaUuh U Oec-
KOHEYHO pa30aBJI€HHOr0 pacTBOpPa MOXKHO MPEICTABUTh B BUE

0
A=af, L7, (6)
u, +u_
rae f, = 00 KO3 () (PUIIMEHT 3JIEKTPONPOBOJAHOCTH.
u, +u_

N3 teopun Appenunyca cieayeT, 4To MOABUKHOCTH (1) HOHOB HE 3a-
BHCAT OT KOHIEHTpAIuH (T.e. A; =AY wmm u; =u, ), a otmmame A ot A

OOyCJIOBJICHO TOJIbKO YaCTUYHOM AHMCCOLMAIMEH »JeKTponuTa. Takoe
NpUOJMKEHUE TMPUEMIIEMO IJisi ClIa0bIX DJIEKTPOJIUTOB, IJIsi KOTOPBIX
MOXXHO TMpeHeOpedb HOH-UOHHBIM B3aUMOJIEUCTBUEM, T.e. f = 1.
[Ipu sTOM nomyiieHUU ypaBHEeHUE (6) yIpoIaeTcs:

r=o Al (7)

Jlns cnaboro 1-1 3apsagHOTO AIEKTPOINTA KOHCTAHTA JUCCOITUAIIIN
MOKET OBITh TIPEICTaBICHA KaK

K, = : (8)



a IIpY yCII0BUM 0L << | 3TO COOTHOLIEHUE MOKHO YIPOCTHUTh:
2
K,=ac. 9)

BripasuB u3 ypaBHenus (9) o, moactaBuM ee B (7) u mposorapud-
MUPYEM:

logh = const — 1/2 log c. (10)

Takast 3aBUCUMOCTb DKBUBaJICHTHOMN QJICKTPOIIPOBOAHOCTHU JIA Clia-
OBIX QJICKTPOJIUTOB IMOATBCPIKAACTCA SKCIICPUMCHTAJIBHO.

Jnst pa30aBIE€HHBIX PAacCTBOPOB CUJIbHBIX 1-1 3apsiAHBIX 3JIEKTPOIIH-
ToB Kosnbppayiiem OblIO OJIy4eHO SMIIMPUYECKOE COOTHOIIIEHNE

A =22 —const+/c, (11)

HaxoJsIIeecs B MPOTHBOPEUYHH C BBIBOJAMH, MOJYYAaEMBIMU U3 TEOPUU
AppeHnyca.

[IocKOJIBKY B pacTBOpax 3JEKTPOJUTOB CYHIECTBYET KaK MHUHUMYM
JIBa TUIa HOCUTEJEH 3apsja (KaTUOHBI M AHUOHBI) U ANPUOPHU UX IO-
JIBH>KHOCTH (CKOPOCTH JIBUKEHUSI) HEOJMHAKOBBI, TO, OYEBUJIHO, YTO KO-
JIMYECTBO DJIEKTPUYECTBA, NMEPEHOCUMOE HMOHAMHM KaXIOro copra, He
oJinHakoBO. KonnuecTBeHHOM OIIEHKON 3TOro (pakTa sIBIsSETCA BEIMYHMHA,
KOTOpasi HA3bIBACTCS YUCIOM NEepeHoca NAHHOTO COpTa MOHOB U IIpEeJ-
CTaBJSIET CO00M donto 1eKmpuiecmea, NepeHoCUMyro OAHHbIM COPHOM
UOHO8:

t, = & __L 1= o __L : (12)
0, +0_ I .+1_ 0, +0_ I .+1_

N3 ypaBHeHuii (12) oueBuaHO, YTO CyMMa YHCEN MEPEHOCca BCerja
paBHa €AUHUIIE:

t,+1_=1. (13)

JI1st pacTBOPOB CHJIBHBIX 3JEKTPOJUTOB, YUUTHIBASI YCIIOBHUE 3JICK-
TPOHEUTPAIBHOCTH Z_ . C, :|z_|c_ u ypaBHeHus (1)—(3), HecnoXkHO TO-

JyYUTh:

- Ay g oo A

Twtu M th T wtw A4 (14)
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N3 ypaBuenuii (14) BUIHO, YTO YKCIIA MIEPEHOCA OMPEAEIISIOTCS OT-
HOCHUTEJIbHBIMH TIOJIBIDKHOCTSMH MOHOB: YeM OOJIbIIIe MOABUKHOCTh JaH-
HOTO COPTa MOHOB, TEM OOJIBIIYIO JOJIO AJIEKTPUUYECTBA OH TIEPEHOCHT.

OoOopynoBanue. OrnpeneneHUe 3JIEKTPOINPOBOJHOCTH PACTBOPOB
ANEKTPOJIUTOB Ha MPAKTUKE CBOJUTCS K U3MEPEHUIO UX COMPOTUBIICHUS U
NOCJHEAYIOUIEMY pacueTy MpoOBOAUMOCTH. [[puHIMNNANIBHO COMPOTHUBIIE-
HUE€ PACTBOPOB 3JIEKTPOJIUTOB MOKHO M3MEPATHh KaK C MOMOIIBIO MOCTO-
SHHOT0, TaK U MEepeMEeHHOro Toka. B oboux ciydasx HEOOXOIUMO MpH-
HAMAaTh MEpbl Uil MPENOTBpPALIECHUS NPOTEKAHWS PEAKIMd Ha DJIEK-
Tpoaax. IIpocreninen Mepon ABIETCS YacTOEC U3MEHEHUE HalpaBIICHUS
TOKa, MOATOMY Ha MPaKTUKE Yallle BCEr0 MCIOJIb3YIOT METO]I, OCHOBAH-
HbI HAa MPUMEHEHUHU NMEPEMEHHOTO TOKa. YeM BBIIIE 4acTOTa TOKA, TEM
MEHbIIIE BEPOSITHOCTh MPOTEKAHUSI XUMUYECKOW peakiuu. OOBIUHO 3JIEeK-
TPONPOBOJHOCTH PACTBOPA OMPEAEISIIOT C MOMOIIIBIO MOCTa EPEMEHHO-
ro TOKa WU MpuOOpoB (KOHIYKTOMETPHI), TOCTPOSHHBIX Ha €ro OCHOBE.
Sueiika s U3MEpEHUs MPECTaBIsAET CO00M COCy/l ¢ BIASHHBIMU B HETO
IUIATUHOBBIMU 3JIeKTpoaamu (puc. 4).

N3mepurenpHas ssuenka

e

&, Cm/cm

]

Konnykromerp

Puc. 4. Cxema yCTaHOBKH ISl U3BMEPEHUS
AIIEKTPOIPOBOIHOCTH BOJHBIX PACTBOPOB 3JIEKTPOJIMTOB

Pearenrtsl: pacTBopsl xiopuaa Hatpus ¢ koHueHtpauueut 0,1; 0,05;
0,01; 0,005; 0,001; 0,0005 Monb/1. PacTBOpBI TOTOBST MyTEM MOCJEA0BA-
TeapHOTO paszbaBnenust 0,1 Moyb/ pacTBOpa XJOpUAa HATPHUS C TOMO-
IIBIO0 MUMETKUA Ha 25 MII 1 MEepHOU KOI0bI Ha 50 MJI, T.€. OEpyT MUMETKON
25 M 0,1 mMoJb/7 pacTBOpa, BHOCAT €r0 B MEpHYIO KOJIOY Ha 50 M1 U pas-
OaBJISAIOT JAUCTUUTMPOBAHHOM BOJIOM 10 MeTKU. [lomydeHHBIN pacTBOp
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TIIATEJIBHO MEPEMEIINBAIOT. AHAIOTHYHBIM 00pa30M T'OTOBSAT M BCE MO-
CJIEAYIOLIUE PACTBOPHI.

SKCI'IepI/IMeHTaJ'I bHaA 4acCTb

Usmepenue conpomuenenus pacmeopoé NaCl pasnuunoii KOHYeH-
mpayuu. [lomydyeHHbIl pacTBOp (cM. paznen «PeareHTbl») THIATEIBHO
MEPEMEIINBAIOT, 25 MJI 3TOTO PAacTBOpa 3aMOJHSIOT STYEHKY U U3MEPSIOT
NIEKTPONPOBOAHOCTh. OcTaBmivecs: 25 M CHOBa pa30aBisOT JJIsl TOJTY-
YEHHsI MEHEE KOHIIEHTPUPOBAHHOTO pacTBopa. CTakaH M SYEHKY IOCIIE
U3MEpPEHUsl ONOJIACKUBAIOT AUCTWUIMPOBAHHOU BOJOW. Pe3ynbprarsl u3-
MEpPEHUHN U pacdyeToB 3aHOCAT B TabOi. 1. [lomydeHHble pe3ybTaThl Npe-
CTaBJISIOT rpaduyuecku B CIeAyIOMMX koopauHaTax: & — flc), A — f(c)

uA— f(\/E ). OnpenensieTcs Ao, At NaCl skerpanosnsuueit rpadguka A —
f(\/z ). CpaBHUBAETCS MOTYUYCHHAs! BEJIMUMHA C TAOJTUYHOM A

Tabnuya 1
Pe3yabTaThl MI3MepeHUs 3J1eKTPONPoOBOAHOCTH pacTBopoB NaCl
C, MoJTb/1 0,1 0,05 0,01 0,005 0,001 0,0005
Je
®, Om " cem!
A, OM ' - eM*/Moib

KoHTpOsibHble BONPOCHI

1. Yem oOycroBiieHa 3IEKTPONPOBOJHOCTh HEKOTOPBHIX BOAHBIX pac-
TBOPOB?

2. Kak u3MeHsieTcst yienbHas 3JIeKTPONPOBOIHOCTh PaCTBOPOB B 3a-
BUCHMOCTH OT KOHIEHTPAIMU PaCTBOPEHHOI'O BEIIECTBA, KAKOBHI MPUYH-
HBI 3TOT0?

3.UYto Takoe MOJISIpHAsI 3JIEKTPOIPOBOAHOCTh MPU OECKOHEUHOM
pazdaBieHUN?

4. Chopmynupyiite 3akoH Konbpayiia.

5. YTo XapakTepu3yroT yucia rnepesoca?

6. [Touemy 37I€KTPONPOBOTHOCTh U3MEPSAIOT C HCIOJIB30BAHUEM II€-
PEMEHHOI0 TOKa?

3amanue. Vcnonb3ys gaHHbIE 00 3JIEKTPONPOBOJHOCTH PACTBOPOB
BelecTBa A B BoJIe OT KOHIIEHTpanuu npu Temiieparype 298 K (tadm. 2):

1) moctpoiite rpaduk 3aBUCMMOCTH YIEIBHON W MOJIAPHOM 3JIEK-
TPOIMPOBOJHOCTEN paCTBOPOB BelleCTBa A OT pa3BesieHus V;
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2) u3 rpaduka 1/ — Ac BBIUKCTUTE IS BemiecTBA A MOJISIPHYIO
AJIEKTPUYECKYIO TIPOBOJAUMOCTh MPU OECKOHEUHOM pa30aBIEHUU U COTIO-
CTaBbTE PE3yJbTAT C JAHHBIM U3 CIIPABOYHHKA,;

3) nytem pacuera K, s 3—5 KOHIIEHTpAIMil MPOBEPHTE, MOAUU-

HSIOTCSA JI PACTBOPHI BeliecTBa A 3aKoHy pa3BeaeHus OCTBalbaa.

Tabruya 2
KOHHeH- BapI/IaHTBI
Tpauua | 181522 [29,16 |3,10,17 |4,11,1823 |5,12,19.24 |6,13,2025 | 7,1421,26
(C)a P, OM M
MOJIB/T
HCN | HNO, | HOCI | HCOOH | CH;COOH | C¢HsOH | NH,OH
0,1 3,1-10° | 432 | 927 6,06 19,6 9,75 30,3
0,05 [4,37-10°| 5,7 | 1390 8,91 27,6 14,1 43,5
0,03 |5,84-10°| 7,5 1810 10,3 34,8 18,5 -
0,01 |10,1-10°| 13,4 | 3120 18,2 61,0 31,4 104
0,005 |14,3-10°| 20,4 | 4560 25,9 87,0 48,8 151
0,003 |183-10°| 26,8 | 5560 35,8 103 57,9 -
0,001 |31,9-10°| 52,7 | 10000 | 68,5 185 104 1000




NNabopaTtopHas pabota Ne 7

OnpegernexHne NoTeHUManoB OTAESNbHbIX 3NIEKTPOAOB
N OKNCNUTENbHO-BOCCTAHOBUTESIBHOIO NoTeHUMana
penokc-cnctemMbl (Ox|Red)

Ieab padoThI: SKCIICPUMEHTAIBHO ONPEASIUTh U CPABHUTH ITOTCH-
[AAJIbl MEJTHOTO 3JIEKTPOJIa, MOTPYKEHHOTO B pacTBOpbI coielr CuSO4 u
[Cu(NH3)4]SO4, ¥  OKHCIHUTEIBHO-BOCCTAHOBHUTEJBHBIM  MOTEHIIMAI
PEIOKC-CUCTEMBI Fe™/Fe™.

O6wume cBeneHus

Ecmu IUIACTUHY MCTaJlllIa IIOMCCTUTbL B pPaCTBOP, conepmamnﬁ cro
HOHBI, TO MCTAJIJI MOKCT PACTBOPUTHLCA, O6p&3y5{ IIpHU 3TOM ITOJIOKHUTCIIb-
HBIC MOHBI U OCTAaBJIAA 3JICKTPOHBI HA IIJIACTHHE:!

2 _
M(T B) ﬁ M +(BOI[) +2e

T.€. OHa OyJIeT 3apsHKaThCsl OTPULIATEIIBHO.

C npyroil cTOpOHBI, MOHBI METAJIJIa MOTYT aJCOpOUPOBATHCS Ha MO-
BEPXHOCTH IUIACTHHBI, YTO MPUBOJUT K MOJIOKHUTEIBHOMY 3apsiay Iuia-
CTUHKHU.

Pa3HocTh moTeHIMana Mexay MIACTUHON MeTalljla U PacCTBOPOM 3a-
BUCHUT OT MPUPOJIbI METAJlJIa U KOHIEHTPALIMM MOHOB, YYAaCTBYIOIIMX B
PaBHOBECHH.

B peakun mexay CuSO, m NH4OH ycranaBnuBaercs ciemyromee
paBHOBECHE:

CUSO4 +4 NH4OH ﬁ [CU(NH3)4]SO4 + 2H20

Takum 00pa3zoM, IPOUCXOJIUT CBSI3bIBAHUE MOHOB MEIW B MPOYHBIN
KOMIUIEKCHBI MOH, CII€IOBATEIbHO, KOHIICHTPAlUsI HOHOB MEIW B pac-
TBOPE YMEHBIIAECTCS, YTO BBI3BIBAET MU3MEHEHHUE MOTCHIMAJIA JTAHHOTO
AIEKTPOIA.

[Ipupoga metayuia TakKe OKa3bIBA€T BO3JCKHCTBUE HA BEIMYUHY
ANEKTPOAHOTO moTeHImana. [{uak nmpuobperaer Oojiee OTpUIIATEIBHBIN
MOTEHIIMAJI, YeM Me/lb, TaK Kak 0oJiee CKJIOHEH K PAaCTBOPECHHIO M Tiepe-
XOAy B MIOHHOE COCTOSIHME, YEM K OCAXKJICHUIO B BUJE METaslla.

Bce anmekTponbl Aenm[aTCs Ha TPU THUIA: 3JEKTPOIbI MEPBOTO poJa,
oOpaTUMbI€ 1O OTHOIICHHUIO K KaTHOHY; 3JIEKTPOJIBI BTOPOTO poja, oopa-
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TAMBIE TI0 OTHOLICHUIO K AHHOHY; OKHUCIUTEIbHO-BOCCTAHOBUTEIIbHBIC
DIEKTPOJIBL.

[IpumMepom 351eKTpojia MEPBOTO POJIa MOKET CIIYKUTh Jt00ast MeTa-
JIMYECKas TUIACTUHKA, MOTPYKEHHAs B PACTBOP, COAECP AWM KAaTHOHBI,
OIHOMMEHHBIE ¢ MarepuayoM d3iekTpona. K amexkrpogam BTOporo poxaa
OTHOCATCSI METAJUTMYECKUE AIICKTPOIbI, OKPBITHIE TPYAHO PACTBOPUMOU
COJIBIO 3TOT0 METAJJIa M OMYIIEHHBIE B HACBIIICHHBIM PACTBOP ATOU XK€
COJIM C I0OABKOM JIPyTroi XOpOIIIO PAaCTBOPUMOM COJIM, UMEIOIIEH OOIINiA
aHWOH C AaHMOHOM TPYJHO pacTBOpUMOM conu. [IpuMepom Takoro siiek-
TpoJa MOTYT CIYXXUTh XJIOPCEPEOPSHBIMH U KaJIOMEJbHBIM 3JIEKTPOJIBI.
[ToTeHnMan »1EKTPOJOB, OOPATUMBIX MO OTHOIICHUIO K KaTHOHY, pac-
CUUTBHIBAETCS IO YPABHEHUIO

E=E0+Elna,mm E=EO+2’3£

lga,
nkF nkF 8

rae E' — CTaHJAPTHBIN AIEKTPOAHbIN nToTeHnan (B); R — yHuBepcayibHas
razoBas mocrosiHHas (8,314 Jlx/Monw); T — abcooTHas TemIeparypa;
1 — KOJIMYECTBO JICKTPOHOB, MPUHUMAIOIINX YUYaCTHE B DJIEKTPOXUMUYE-
ckoii peakiuu; F — nmocrosHHas Dapanes (96 500 Kynon); a — akTus-
HOCTb TTOTEHITUATIONPEISIISIONINX HOHOB B PACTBOPE JIEKTPOIUTA (MOJIBL/T).

Ecnu moreHnman snekTpoja ONpenensieTcs akTUBHOCThIO aHWOHOB
(HanmpuMep, XJIOp-WUOHAMHU), TO YPaBHEHHE HJIEKTPOJHOIO MOTEHIMAA
IpPUMET BU/T

_23RT
nkF

E=E" Iga,

T.€. C POCTOM AKTUBHOCTH MOTEHIUAIOMPEIAECISIONINX UOHOB (AHUOHOB)
NOTEHIMAN 3JIEKTPOJA CABUTAETCS B OTPULIATEIBbHYIO CTOPOHY.

B nanHOI paboTe B KauecTBE 3JIEKTPOJa CPABHEHUS UCMOJIb3YETCs
xjiopcepeOpsiHblid 2ekTpoa. OH mpeacTaBisieT coO0l cepedpsiHyO Mpo-
BOJIOKY, MTOKPBITYIO CJIOEM TpyAHO pacTBopuMoi conu AgCl u onymieH-
Hy10 B HachieHHbIN pacTBop KCI. CornacHo peakiuu, npoTeKarolieil Ha
XJIOpCEepEOPSHOM 3IIEKTPO/IE,

Ag+ + Cl = AgCl
[ToTeHunan ero pacCUMTHIBAETCA MO YPABHEHUIO
2,3RT
+ -
nkF
77
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st tpynHo pactBopuMoi conu AgCl akTUBHOCTH MOHOB cepelpa
paBHaA aKTUBHOCTHA MOHOB XJIOpa (\/ I1pP ) , TOraa

Fog0, 2,3RT1gHP,

nkF a

WIH
E=E"+ 23RT@HP—%££ZQ¢
nkF nkF
OGosuauast E° + 2,3RT ——IgIIP = E’', moiryunm
nF
Eop 23R,
nkF

T.€. TOTEHIIMAT XJOPCEePEOPSHOr0 AJIEKTpOAa OMPEACIsIeTCsS aKTHBHOU
KOHIIEHTPALMEN NOHOB XJIOPA.

Ecnu sueiika cocTaBlieHa U3 CTAHAAPTHOIO JIEKTPOJA C U3BECTHBIM
NOTEHIMAJIOM (B HAIIEM CIy4yae MOTEHIUAI XJIOPCEPEOPSIHOTO IIEKTPoaa
(XC3C) paBen + 0,222 B) u snekrpona, NOTEHIMAI KOTOPOro HEU3BE-
cteH (Cu wim Zn 35€KTPOJIbI), TO 0 U3MeHeHuo 3HaueHus D/IC suelku
MO>KHO HalTH 3HAYEHUE HEU3BECTHOTO JIEKTPOIHOTO MOTEHIMAIA.

IIpuwme p. YuntsiBas, uto Zn> u Zn, a taioxe Cu” i Cu SBIsIOTCS
ANEKTPOJaMU OTHOCHUTENbHO KaTtnoHa, a Ag, AgCl, CI — oTHOCHUTEIHLHO
aHWOHA, MOXKHO JIETKO PAacCYUTaTh 3HAUYCHHS MMOTCHIIMATIOB OTIEIbHBIX
ANEKTPOAOB. IIpy 3TOM MPOUCXOIAT CIEIYIOIINE OKUCIUTEIHBHO-BOCCTA-
HOBUTEJIBHBIC PEAKITUU:

Cu’" +2e =2 Cu(qy
In"' e 2 7
n € &< Ll(mp)

AgCl+e & AgCl

[Tockonbky B komruiekcHoM cou [Cu(NH3)4]SO4 Mmeanr okasbiBaeTcs
B CBS3aHHOM (hopMe, BEIWYMHA CTAaHAAPTHOI'O MOTCHIIMAIA U3MEHSETCH,
TaK KaK U3MEHSCTCS KOHIICHTPAIIUs HOHOB MEJIH B pacTBOPE.

B HecranmapTHBIX YCIOBHMSX D3JIEKTPOJHBIA MOTEHUHAI HE PABEH
CTaHJAPTHOMY JJIEKTPOJAHOMY IIOTEHIMATY, U B 3TOM CJIy4ac 3HAYCHHE
IIEPBOr0 ONMCHIBAETCS ypaBHEHMEM HepHceTa, KOTOpOE€ COOTHOCUT 3HaYe-
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HHA SJICKTPOJAHBIX ITOTCHHOHAIOB CO 3HAYCHHAMH CTAHAAPTHBLIX OJJICK-
TPOAHBIX ITOTCHIHUAJIOB!

E:E0+£lna,mm E:EO+2’3£

lga.
nF nF 8

Ha menHoM 1utacTrHe, MOrpyKEHHOM B PAaCTBOP MOHOB MEY, BO3HHU-
KaeT NOTECHIAAJ, PaBHBIN

8,314T

E=0,337+————Ina_ »,.
2:96500  Cu

Jlns pa30aBiIEHHBIX PACTBOPOB AKTUBHOCTH B YPAaBHEHHUSX MOTYT
OBITh 3aMEHEHBI KOHIIEHTPAIIUSIMH, TaK KaK KOd(PGUIIMEHT aKTUBHOCTH B
pa30aBJIEHHBIX PACTBOPaX CTPEMUTCS K €UHUIIC:

E=0,337+

2,3-8,351(4)1(;T1g[cu2+]

2+
3Has koHieHTpanuio [Cu”'| B pacTBOpe M MOTEHUIUAI 3JIEKTPOJA
cpaBHeHHUs (XjopcepedpsiHoro siekTpoaa (+222 MB)), MOXHO JErko
HaWTHU MOTEHIMAJ OT/ACIBHOTO AIEKTPOIA.

OKUCIIUTENBEHO-BOCCTAHOBUTEIIBHBIE CUCTEMBI COCTABIISIFOTCS U3 Pa3-
JIMYHBIX OKHUCJIUTEIIbHO-BOCCTAHOBUTEIBHBIX IMOJY3JIEMEHTOB WM AJIEK-
TpoJ10B. KaXIplii OKMCINUTEIbHO-BOCCTAHOBUTEIBHBIN 3JICKTPOJI WIIM T10-
JY3JIEMEHT COCTOMT W3 HMHEPTHOTO 3JeKTpoAa (IMIaTHUHA, Yrojb), OIy-
IIEHHOTO B PACTBOP OKHUCIUTEIHLHO-BOCCTAHOBUTEIIBHON cuCTeMBbI. OKHUC-
JIUTEJIbHO-BOCCTAHOBUTEIbHBIN MOTEHIIMAT IIPH STOM PaBEH

E=Ey+RT/zF In{[Me"™]/ [ Me"1},
M CCJIK IIOTCHOHAJI 3aBUCUT OT KOHICHTPAIlUK NOHOB BOJA0PO/Aa, TO
E=Ey+RT/zF n{[Me™[H]" / [Me"™]}.

B mannO# paboTe UCTIOMB3YyeTCs CICAYIONNNA OKUCIUTEILHO-BOCCTA-
HOBHUTENbHBIA 51eKkTpox — PtFe’’/Fe*’. DTOT 21mekTpon COCTOHT u3
WHEPTHOTO 3JIEKTPO/A, OMYILIEHHOTO B OKHCIUTEIbHO-BOCCTAHOBUTEIb-
HYIO CUCTEMY, COCTOSIIIYIO U3 CMECH MOHOB OJTHOTO U TOTO K€ METajlia B
JBYX CTeNEHSIX OKUCIeHUs. C 3TOU LENbI0 UCTIOIB3YIOT PACTBOPHI COJIEH
xene3o-ammuaunbix kBaciioB Fe(NH4)(SOy4), 0,001 M u comu Mopa
FeSO,4(NH,),S046H,0 0,1 M.
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MoxeT OBITh HUCIIOIB30BaH W PACTBOP, COJACPKAIMIMN JUXPOMAT-
noHbI U MoHbI XpoMa (III). DTOT 3IEKTPO COCTOUT U3 UHEPTHOIO SJICK-
TPOJia, OIYIIEHHOTO B CMECh PACTBOPOB COJIEM XPOMOBO-KUCIIOTO Kalus
K,CrO,4 0,1 M u xpomoBsix kBacios 0,001 M.

Oo6opynoBanue: mwuiuBoiabT™METp (pH-MeTp); MenHbIe MIIACTUHKY;
XUMHUUYECKUE CTaKaHbI; XJIOPCEPEOPSHBIN 3JIEKTPO]T CPAaBHEHUSI.

PearenTsnl: pacTBOpHI cyJsibdata Meau ¢ koHnentpauusmu 0,05; 0,1;
0,25 u 0,5 Moub/a; pacTBOPHI COJIEH >KEJI€30-aMMHUAYHBIX KBAacCIOB
Fe(NH4)(SO,4), 0,001 M; conu Mopa FeSO4(NH,4),SO46H,0 0,1 M, unu
pactBophl coielr xpoMoBo-kucioro kamus K,CrO4 0,1 M 1 XpoMoBbIX
kBac1ioB 0,001 M.

3KCﬂepI/IMeHTaJ'I bHaA 4acCTb

OnwIT 1. Onpedenenue nomenyuana omoenvro2o anekmpooa. llepen Ha-
qajioM paboThl NEPEKITIOYaTETN NPUOopa yCTaHABIMBAIOTCS B MOJIOKEHUE

«t°» 1 «—1-19», mocne dyero npubOp BKIIOYAETCS B CETh U MPOTPEBACTCS
B TeueHue 30 MUH.

[IpurotoButh Mo 100 M1 pacTBOpoB CyJsibhaTta MEAU KOHIIEHTPAIIU-
amu 0,05; 0,1; 0,25 monw/n m 200 My pacTBOpa C KOHIEHTparuen
0,5 moJB/1I.

K 100 mxa 0,5 M pactBopa cynbdara meau 1o6aButh 10 mi 25 %-ro
pactBopa NH,OH.

[Io 3HaueHUsAM KOHCTAaHTbl HECTOMKOCTH KOMIUIEKCHOIO HOHA
2+
[Cu(NH;)4]" paccuuTarh KOHIIEHTpAIIMIO MOHOB MEIH B PACTBOpPE KOM-
IUIEKCHOM COJIH.

[Torpy3uTh B CTakaHUMK C PAcTBOPOM Cylib(para Meau KOHIIEHTpa-
nueit 0,05 Moub/1 xnopcepeOpsHbIA U METHBIN 3JIEKTPOIbI.

Haxxatb KHONIKY «mV)» U KHOIIKY BEIOPDaHHOT'O IMaIia3oHa U3MEpPEHUI.

Haxatsb (—) unu otxats (+) knonku «KAHUOHBI/KATUOHBI (+/-)»
B 3aBUCUMOCTH OT MOJISIPHOCTH U3MEPSIEMOT0 MOTEHIMANA.

[Tocne ycTtaHOBIIEHHS TTOKa3aHUM (4epe3 2—3 MUH) CHATh OTCYUET IO
Ikase npudopa.

AHaJornyHbIC N3MCPCHUA ITPOBCCTU C OCTAJIBHBIMH PACTBOPAMH.

N3 mony4eHHBIX 3KCIEPUMEHTAIBHBIX JAHHBIX BHIUECTh MOTEHIIHAI
aneKkTpoaa cpaBHeHus (+222 mMB) u 3aHecTH pe3ynbTaThl B Ta0. 1.
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Tabnuya 1
Pe3yabTaThl HCCIeI0BAHMI 3aBUCMMOCTH MOTEHIMAJIA METHOTO0 JJIEKTPOIa
OT KOHIIEHTPAIUM HOHOB M€eIH B pacTBOpe

OTtHocUTEIbHAS

Konuenrpamus CuSO,, MOJIB/I E B E B
0 pan 45 9KCII» TEOop>» TIOTPEIIHOCTb, %

0,05

0,1

0,25

0,5

PacTBOp KOMIIIIEKCHOM COJTM
([Cu* =)

[Toctpouth rpaduk 3aBUCUMOCTH MOTEHIIMAJIAa MEIHOTO 3JIEKTPOJa
OT KOHIICHTPAIIMX HOHOB MEAM B pacTBOpe. PelinTh KOHTPOIbHBIC 3aaHK.

OnbIT 2. Onpeoenenue OKUCTUMENbHO-80CCMAHOBUMENLHO20 NO-
menyuana pedokc-cucmemol (Ox|Red). JIns npuroToBICHUS HIEKTPOIUTA
B CTEKJISTHHBIN CTaKaHYMK HAIMBAIOT CMECh, COCTOSIIIYIO U3 PaBHBIX 00b-
€MOB pPacTBOPOB coju Mopa u xejne30-aMMHUayHBIX KBacioB. B moiy-
YEHHYIO0 CMECh MOTPYKAIOT UHEPTHBIN JJIEKTPO/I.

MoxeT OBITh HUCIIOIB30BaH W PACTBOP, COJACPKAIMIMN JTUXPOMAT-
noHbl U MoHbI XpoMa (III). ITOT 37EKTPO] COCTOUT U3 UHEPTHOIO DJICK-
TpPOJia, OIYILIEHHOTO B CMECh PACTBOPOB COJIEM XPOMOBO-KUCIIOTO Kalus
K,CrO4 0,1 M u xpomoBsix kBactioB 0,001 M. IIpu coctaBieHun momiy-
anemeHTa cMmemmBaror 25 mi 0,1 M pacTBopa XpOMOBO-KHCIOTO Kajus C
5 M1 0,001 M pactBopa XpoMoBBIX KBaclioB. [lorydeHHBIN pacTBOp TIa-
TEJIbHO MEePEMEIINBAIOT U B Clydyae MOMYTHEHUSI (BhIMaJEeHUE OCHOBHBIX
coJiell XpoMa) MOAKUCISAIOT 1—2 KamasiMu CepHOM KHUCIOTHL. B monyden-
HYIO OKHCIIMUTEIbHO-BOCCTAHOBUTEIBHYIO CHUCTEMY IMOrPY>KAIOT HHEPT-
HBIN 3JIEKTPO.

OnpenesieHue NOTEHUMAJIOB OTAEJbHBIX 3JIEKTPOAOB. JJIs1 BbIsiC-
HEHMS CKaykKa IMOTEHIMajda B KaXJIOM OTJEJIbHOM OKHUCIUTEIhHO-
BOCCTAHOBUTEJIBHOM TMOJY3JIEMEHTE HEOOXOJMMO COCTABUTH TrajbBaHU-
YECKYIO 1I€Ib, COCTOSIIYIO0 U3 UCCIEAYEMOTO AIEKTPOJa U CTaHJAPTHOTO
AJIEKTPOJIa CPAaBHEHUSI — XJIOPCEPEOPSHOTO IIEKTPOIa CPABHEHHUS:

Pt{Me*'Me” [KCl|AgCl|Ag.

Namepsitor DJIC (AE) Takoro sjeMeHTa Ha BHICOKOOMHOM MUJIIH-
BoisT™METpe (pH-meTpe). U3mepuB cymmaproe 3Haduenue DJIC Takoii 1ie-
A, BEIYUCIISIOT UCKOMYIO BEJTMYMHY AJICKTPOJHOIO MOTEHIINANA!

EMex+ /Mey+ — AE + Excac-
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JInsi BBISICHEHUMSI BIUSHUSL JO00OABOK Ha BEJIWYUHY OKHUCIUTEIBHO-
BOCCTAaHOBHUTEIBHOTO TIOTEHIIMAJIA TOOABKH CIAEAYET AenaTh HEOOIbIITUMU
MOPLUSMH: KUAKHAE JTOOABKU — W3 KalleJIbHUIBI IO KaIrllsAM, TBEpPJbIC —
mo 0,1-0,2 r. Kaxnas mocienyrorias mopius J00aBKU ITPOU3BOIUTCS
TOJIBKO TOCJI€ TOTO, KaK yOEXKIar0TCs B IOCTOSTHCTBE 3HAYCHUS TTOTEHITN-
ana snekTpoja. JlobaBku BBOASTCS NMPU HEMPEPHIBHOM M TIIATEIBHOM
pasMemmBanui. B kauectBe 106aBok k cucreme Pt|Fe’/Fe*” mcmomb3y-
I0T: KOHIIEHTPUPOBAHHYIO CEPHYIO KUCJIOTY M TBEPABIN YKCYCHO-KUCIBIN
HaTpui (iurana — J00aBKY MPOU3BOJAT JO OKpalllMBaHUS PacTBOpa B
KpacHBIM IIBET — YKCYCHO€ »keine30). [locne BBeaeHUs Kaxaoil mopiuu
no6aBku uzmepstoT I/[C cucteMsl.

Jlo6aBkoit k Pt|Cr®/Cr’" snexTpomaM CIyXHT KOHI[GHTPHPOBAHHAS
CepHasl KUCJI0Ta, KoTopas 1o0asisercs mo kamisaM. [locime kaxaoi karmm
kuciotsl u3MepsaroT IJC cucremsl. JIo0aBKy JenaroT A0 TeX MOp, MoKa
OT BHECEHHOMW J00aBKM KUCJIOTHI MOTEHIIUAI JIEKTPOJa HE OyAeT MOCTO-
STHHBIM. 3aTe€M BBIYEPUYMBAETCS KpHUBas 3aBUCHMOCTH ITOTEHIMAJIa 3JIeK-
TpoJa OT KOJIMYECTBA MPHUOABICHHBIX Kalellb KUCJIOTHI.

[TonydeHHbIE pe3ynbTaThl BHOCAT B TaOJI. 2.

Tabnuya 2
Pe3yabTaThl H3MEpeHUH MOTEHIMAIA PEIOKC-CUCTEMBI

[Torenuuan snexkrpojga, MB

DIIEeKTpOIHAs CUCTEMA » »
M3MEPECHHBIN paccunMTaHHBIN

PtMe*'[Me”"|

Jlo6aBka

OObsacHHUTE ITIOJIYYCHHBIC PC3YJIbTAThI.

KOHTpOJ'I bHbl€ BOMNPOCHI

1. O0BsicHUTE BO3HUKHOBEHUE CKayKa MOTEHIIMAJIOB Ha IPaHULIE Me-
TaJUI — pacTBOp e€ro coiu. OT Kakux IapaMeTpoB 3aBUCUT YHCJIECHHOE
3HAYEHHE AJIEKTPOJIHOTO MOTCHIIHAIA?

2. Kak onpenensieTcsi YMCICHHOE 3HAYEHHUE AJIEKTPOJIHOTO MOTECHIIU-
ana? Yto Takoe 3JIEKTPOJl CPaBHECHUS !

3. lluukoBeIl 35ekTpoa norpyxkeH B 0,1 M pactBop ZnSO,. Berunc-
JUTE, KaK U3MEHUTCA MOTEeHIMAN IIUHKA, eciii pacTBop ZnSO4 pa30aBUTh
B 10 u B 100 pas3.

4.YTo TaKoe psii HANPS>KEHU METaIIIIOB?

5.Kakas pasHuma MexXAy KOHIIEHTpPAlMed pacTBOpa W AKTHUBHO-
ctbr0? Korma 3T¥ moHsITHUSA TOXIECTBEHHEI?
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6. Kakyro poJib BBITIOJHSIOT CTaHAAPTHBIE SJICKTPOJbI CPAaBHEHHS?
Ha3zoBute TUMBI 371EKTPOIOB.

7.Moxno mu D/IC raabBaHUYECKOTO JJIEMEHTA MU3MEPATH C IOMO-
b0 BoapT™MeTpa? Ecnu Het, To mouemy?

8. Kakue »ajeMeHThl HAa3bIBAIOTCI OKUCIUTEIHHO-BOCCTAHOBUTEIb-
HBIMHA?

9. Yto Ha3BIBAIOT CTAHJIAPTHBIM OKUCIUTEIHbHO-BOCCTAHOBUTEIbHBIM
MOTEHIMAIOM?

10. OOBsgcHHuTE BIMSHUE N00AaBOK HAa OKHUCIUTEIHHO-BOCCTAHOBU-
TEJIbHBIM MOTEHIHAA. B Kakux ciaydasx MOTEHIHaN 3JIEKTPOAa 3aBUCHUT
ot pH cpenpl? Kak BIuAIOT KOMIIJIEKCOOOpa30BaTEIN Ha DJICKTPOIHBIH
MMOTEHIINAJI OKUCIIUTEIILHO-BOCCTAHOBUTEIBHBIX CUCTEM?

3aganud.

Bapuant Neo 1. Onpenenure, uaeT U B3aWMOJCHCTBUE AUXpoMaTa
kanus ¢ Na,S npu pH = 3:

S+2e < S E’ =-0,447 B;
Cr,O0 + 14H '+ 6 2Cr" + 7TH,O  E’=1,33 B;
a(Cr,07°) = (Cr’") = a(S*) = 1, rie 0. — aKTHBHOCTS.

Bapuant Ne 2. Onpenenurte, uaeT U B3aWMOJCHCTBUE AUXpoMaTa
kayms ¢ Na,S npu pH = 1:

S+2e « S E’ =-0,447B;
Cr,0 + 14H" + 6e” < 2Cr’ "+ 7H,0 E’=133B;
a(Cr,07°) = a(Cr’") = a(S*") = 1, riie 0. — aKTHBHOCTS.

BapuanTt Ne 3. Onpenenure, UAET 1 B3aUMOJIEWCTBHE THXpOMATa
kanus ¢ Na,S npu pH = 5:

S+2¢ < S* E’=-0,447 B;
Cr,0;% + 14H" + 6e” <> 2Cr "+ 7H,0O E’=1.33 B;

a(Cr,0,") = a(Cr") = OL(SZ_) =1, rae o. — aKTUBHOCTb.

Bapuant Ne 4. Onpenenure, uaeT U B3aUMOJCHCTBUE AUXpOMaTa
kayms ¢ Fe(SO,) npu pH = 5:

Fe"+e —Fe?  E'=0,771B;

Cr,0, + 14H" + 6~ < 2Cr’" + TH,0 E’=1,33 B;

a(Cr,0,") = a(Cr’") = a(Fe ") = a(Fe ) = 1, rie o. — aKTHBHOCTb.
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Bapuant Ne 5. Onpenenure, uaeT i B3aMMOJICMCTBUE AUXpoMara
kanus ¢ Fe(SO,4) npu pH = 3:

Fe™+e — Fe™ E’°=0,771 B;
Cr,0° + 14H" + 6 < 2Cr’" + 7H,0 E’° =133 B;

a(Cr,0,") = a(Cr’") = a(Fe ™) = a(Fe™?) = 1, rie o. — aKTHBHOCTb.

Bapuant Ne 6. Onpenenure, uaeT Jd B3aUMOJCUCTBUE AUXpoMara
kaims ¢ Fe(SO,) nmpu pH = 1:

Fe™+e — Fe™ E’°=0,771 B;
Cr,0° + 14H" + 6 < 2Cr*" + 7TH,0O E’° =133 B;

a(Cr,0,") = a(Cr’") = a(Fe") = a(Fe™?) = 1, rie o. — aKTUBHOCTb.

Bapuant Neo 7. Cunrtass akTUBHOCTH BCEX BELIECTB U MOHOB, KPOME
Jr
H', paBubiMu 1, onpexnenurte, npu KakoM MakcumaiabHoM pH nuxpomar
KaJIUsI MOKET OKUCIATH B PACTBOPE MOAU-NOHBI.

Bapuant Ne 8. Cyurass akTUBHOCTH BCEX BEIIECTB M MOHOB, KpOME
Jr
H', paBubiMu 1, onpexnenuTte, npu KakoM MakcumaiabHoM pH nuxpomar
KaJIis MOYET OKUCIISITh B paCTBOpPE OPOMUI-HOHBI.

Bapuant Ne 9. Onpenenure, uaeT dud B3aUMOACHCTBUE AUXpoMaTa
kasmms ¢ H,SO; ipu pH = 3:

SO, +2H" +2¢ < SO;* + H,0 E’=0,22B;
Cr,0” + 14H" + 6e” < 2Cr’ "+ 7H,0 E’ =133 B;

a(Cr,077) = a(Cr’") = a(SO5*) = a(SO4) = 1, rme o — aKTuB-
HOCTB.

Bapuant Ne 10. Onpenenure, UAET I B3aUMOJICMCTBUE IUXpOMaTa
kanus ¢ H,SeO; npu pH = 3:

Se0,” +2H" +2¢” < Se0;* + H,0O E’=1,15B;
Cr,0 + 14H" + 6e~ < 2Cr’" + 7H,0 E°=1,33B;

a(Cr,07°) = a(Cr’") = o(Se05™) = a(SeO,”) = 1, rae o — aKTus-
HOCTB.
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Bapuant Ne 11. Onpenenure, uaetT au B3aUMOJCUCTBUE AUXpOMaTa
kanus ¢ H,SO; npu pH = 6:

SO,> +2H" +2¢ < SO;* + H,0 E’ =022 B;
Cr,O0 + 14H" + 6e” < 2Cr’" + 7H,0 E'=1,33B;

a(Cr,07") = a(Cr’") = a(SO5*) = a(SO4) = 1, rme o — aKTus-
HOCTB.

Bapuant Ne 12. Onpeaenute, UAET JU B3aUMOJICHCTBUE TUXpoMaTa
kanus ¢ H,TeO; nipu pH = 6:

TeO,” +2H' + 2e & TeO;* + H,0O E’=0,89 B;
Cr,O0 + 14H" + 6e” < 2Cr’" + 7H,0 E’ =1,33B;

a(Cr,07) = a(Cr’") = o(Se05™) = a(SeO,”) = 1, rae o — aKTus-
HOCTB.

Bapuant Neo 13. [Ipu B3auMoaercTBUM UXpoMara Kajaus C pacTBO-
POM XJIOPOBOAOPOIHOM KUCIOTHI MOXKET MPOUCXOIUTH PEAKIIUS

K,Cr,07 + 14HCI < 2CrCl; + 2KCl + 3CL 1 + 7H,0

1) [lolineT nu peakuus B CTaHAAPTHBIX YCIOBUAX (¢ = 1 MoJIb - e
p =1 arm) npu T =298 K?

2) OnpenenuTe KOHCTAHTY PaBHOBECHS ATOM peaklMU B CTaHIAPT-
HBIX YCJIOBUSIX.

3) Onpenenure E° (Cr,0,°/2Cr’"), ecmu E° (CL/2CIY) = 1,359 B;
F =96 500 Ki - Mmob ™.

Bapuant Ne 14. [Ipu B3auMoAeiCTBUN MaHUAA HATPUS C PACTBOPOM
TUIOXJIOPUAA HATPUS MOKET MPOUCXOIUTh peaklivs (peaklrio ypaBHANUTE):

NaCN + O; + NaOH < NaCl+ Na,CO;+ N1 + H,O + O,

1) Tloiimer nu peakiusi B CTaHAAPTHBIX YCIOBUSIX (¢ = 1 Moub/i,
p=1larmm)npu T=298 KupH=1?

2) Onpenenute KOHCTAHTY PaBHOBECHUSI 3TOW peaklMd B CTaHAAPT-
HBIX YCIJIOBHSIX.

3) Onpenenure I/C (AE) 3TOi peakiiuu.



NNabopaTtopHas paboTta Ne 8

ONEKTPOXMMUYECKME rafibBaHUYECKNE 3NEMEHTDI.
OnpegeneHne anekTpoaBUXKYLLEN CUITbl ANIEMEHTA
[aHnansa—Akobu

eab padoThI: SKCIIEPUMEHTAIBHO OINPEACIUTh U CPABHUTH C Pac-
yeTHbIM 3HaueHueM DJIC anemenTa Janusna—SAkoou.

Ob6wue ceeneHund

XUMUYECKUN UCTOUYHHK TOKA (TaIbBAHUYECKUI 3JIEMEHT) — 3TO MpPHU-
Oop, mpeaHa3HAYEHHBIN JUIsl TPEBPAICHUS] YHEPTUM XUMHUYECKOU peak-
IIUA B JIEKTPUUYECKYIO DHEPTUI0 U COCTOSIIUNA U3 MOHHBIX U IJIEKTPOH-
HBIX MPOBOJIHMKOB, Ha TPaHUIIE CONPUKOCHOBEHUS! KOTOPHIX BO3HUKAET
Pa3HOCTh DJIEKTPUYECKUX MMOTEHIMAIOB, WM 3JIEKTPOJBIKYILAS CHJIA
BAC). DC (AE) ompenensercss Kak pasHOCTb MEXAY MOTEHIIMAJIOM
aHoJla ¥ KaToja WK Pa3HOCTh MEXAY OOJBIIMM U MEHBIIUM 3HAYCHHEM
ANEKTPOAHBIX MoTeHIUaNoB (B). DJIC — Bcerna BeIMYMHA MOJT0XKUTEh-
Has. [IpeBpanieHne PHEPrUM XUMHUYECKON pEaKIUh B DICKTPUYECKYIO
BO3MOXHO TOJILKO B TOM CJIy4ae, eciu 3Heprust [ mbdca maHHOM peakiuu
MEHBIIIE HYJIS, T.€. PEAKUHsS UAET C BBIJICTICHHUEM 3HEPTUM (CaMOMpOU3-
BOJIbHO). [Ipu 3TOM 3aBUcUMOCTE Mexay DJIC u sneprueit [ m66ca nmeet
(14710110507 8:)791 &

AEnF = -AG.

XUMHUYECKUE UCTOYHHUKH TOKA MOAPA3ACISAIOTCA HA TAJIbBAHUYECKHUE
Oarapeiiku, akKyMyJIITOPbI U TOTUIMBHBIE SJIEMEHTHI.

Jlimst peakumn
M61 +Mezn+ = M€1n+ + Mez

C Yy4YeTOM, 4YTO KOHIEHTpaluu (aKTUBHOCTHU) META/UIOB ITOCTOSHHBI,
HepucroMm nonydeno ypaBHenue mist pacuera 3/JC XMMHUUECKOro UCTOY-
HUKa TOKAa:

n+
AE=E° .~ —E° . RT 1 IMe3 ]
Mez /Mez Mel /Mel nF [Mei’H‘]

N3 nanHOro ypaBHeHus BUAHO, 4TO DJIC raapBaHUYECKOTO 3JIEMEH-
Ta COCTOMT M3 aJreOpanvecKkol CyMMBbI JBYX IOTEHLHAJIOB, 00pa3yro-
IIMXCSl HA TpaHHIE pa3fena ABYX (a3 «MeTallll — pacTBOpP €ro COJIN».
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DIIEKTPO/I, HA KOTOPOM MPOUCXOJUT PEAKIMS OKUCICHUSI U TIPU 3TOM 00-
pa3yroTCcs 3JIEKTPOHBI, HA3bIBAECTCS aHOAOM (—). DJEKTPOJ, Ha KOTOPOM
MPOUCXOJIUT PEAKIIHUSI BOCCTAHOBIICHUS, HA3bIBAETCS KaTOAOM ().

Oo6opynoBanue: MWITUBOJLTMETDP (pH-MeTp); MeHbBIE U TUHKOBBIE
MJIACTUHKY;, XUMHUYECKUE CTaKaHbI; XJIOPCEPEOpSHBIA 3JIEKTPOJ CpaB-
HEHHSL.

PeareHTbI: pacTBOpPHI Cyib(dara MeAW W IIMHKA ¢ KOHICHTPAIUIMU
0,05; 0,1; 0,25 n 0,5 momB/11.

3KCﬂepI/IMeHTaJ'I bHaA 4acCTb

Omnbit 1. [anveanuveckuu s1emenm. MeEIHYI0O W IMHKOBYIO IIJIa-
CTUHKH OIIyCTHTE B CTAaKaHYMKH C PACTBOPOM CyJsb(paTa MEAU U LUHKA
cooTBeTcTBeHHO. CoenuHuTe 00a CTakaH4YMKa M30THYTOM TpyOKoM, 3a-
IIOJIHEHHOW PacTBOPOM XJIOpUIA KaJUs ¢ IPUMECHIO KJIEsl.

[loacoenuHnTe MEAHYIO U LHUHKOBYIO IITACTUHKHU C MOMOIIBIO IPO-
BOJIOB ¢ BoJabTMETpoM. M3meprTe D/]C ranbBaHUYECKOrO 3JIEMEHTA.

3ananue 1. Hanumure ypaBHEHHs peakuui, NPOTEKAIOMIMX Ha Ka-

TOJIE U aHOJIE, a TAKXKE CYMMapHYIO PEAKIMIO JAHHOTO TrajJbBaHUYECKOTO
AJIEMEHTA.

3ananme 2. [lpousBenurte pacyeT 3JEKTPOAHBIX MoTeHIHManoB Cu
U 7Zn 3JEKTPOJIOB, OMYIIEHHBIX B PACTBOPHI UX COJIEH MPU TEMIIepaType
25 °C u koHIeHTpanuu coiei, pasuou 0,01, 0,05, 0,1, 0,5 u 1,0 Mmoaw/m.
Onpenenmure DJIC maHHOTO TaJbBaHUYECKOTO JIEMEHTA UM CPABHUTE C
U3MEPEHHBIM 3HAYEHUEM.

KoHTpOsibHble BONPOCHI

1. Onumute npyuHIKUI pabOThl TAIbBAHUYECKOTO 3JIEMEHTA.
2. Bouucnure DJIC nenu AglAgNO;5(0,1M)||CAd(NO;), (0,5M)|Cd
ipu 25 °C.



NNabopaTtopHasi pabota Ne 9

N3yyeHne KNHETUKU
OKUCSIINTENbHO-BOCCTAHOBUTESIbHON peaKkuumn

HCJII/I paﬁoTI)II OKCIICPUMCHTAJILHO NCCICA0BATh 3aBUCHUMOCTH CKO-
POCTHU XUMHUYECKOM PCaKKU OT KOHIOCHTPAIWHN U TCMIICPATYPHI; OIIPCAC-
JINTb SHCPIUU aKTHBAIIUU U ITOPAAO0OK PCAKIIUU.

Obwue cBeneHus

VY4eHne 0 CKOPOCTAX XUMUYECKUX PEAKINI HA3bIBACTCS XUMUUECKOU
KuHemukou. Peakuys Ha3bIBAETCS 20MO2EHHOU, €CIIM PEAreHThl HaXOAT-
csl B 0JTHOM (haze, U eemepozenHol, €Cli B pa3IUYHBIX (Pazax.

[Ipu nporekaHuu peaxuuu

aA+bB — cC+dD (1)

KOHIIEHTpaIus BemectB A U B ymensinaercs, a C u D Bo3pacTaer u, clie-
JOBATEJIbHO, TIPU TOCTOSHHOM OOBEME BBIPAKCHHE CKOPOCTH PEaKIuu
3aMMChIBACTCS YpaBHEHUEM

v=t——=k[4]'[B], (2)

rae a u b — crexuomMeTpuueckue KodPpPUIUEHTHI; ¢ — KOHIICHTPAIIHS UC-
XOJIHOTO BEIIECTBA, MPOJAYKTOB PEAKIMU; T — BpeMsl; k — KOHCTaHTa CKO-
POCTH XMMHUYECKON pEaKIMH, YUCICHHO PaBHA CKOPOCTH PEAKIUH MPU
[A] = [B] = 1. OT0 ypaBHEHHME €CTh MaTEMATHYECKOE BBIPAKCHUE 3aKOHA
nercTByromux macc. CoriacHo 3aKOHY JEWCTBYIOIIMX MacC CKOPOCTh
XUMHUYECKON PEaKIMy MPONOpIUOHATbHA MPOU3BEICHUIO KOHIICHTPALIHIA
pearupyromux BEIIECTB B CTENEHSAX, PABHBIX HX CTEXHOMETPHUSCKUM
Ko3(pduirieHTam.

N3MepeHne CKOPOCTH XMMHUYECKOM peakilMi OCHOBAHO Ha OIpeJie-
JIEHUU KOHIIEHTPAIIMHU OJTHOTO U3 PEarupyromuX BEIIECTB, YTO JCJIACTCS C
MOMOIIBI0 XMUMHUYECKOr0 aHaIN3a WKW C IMPUMEHEHUEM (HU3UKO-XUMU-
YECKUX METOJOB.

CorylacHO TeOpuM XUMHUYECKOW KHHETHKM II0 YHCIY MOJIEKYII,
YYaCTBYIOIIMX B 3JIEMEHTAPHOM aKT€ XMMHYECKOIrO IMPEBPAIICHUSA, Pa3-
JUYAIOT MOHOMOJIEKYJIIPHBIE, OMMOJIEKYJIAPHbIE W TPUMOJICKYJISIPHbBIE
peakuuu.
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[TonaBnstoniee OOJBIIMHCTBO XUMHUYECKUX PEAKIUN MNPOTEKAET B
HECKOJIbKO CTaJINi, CKOPOCTh UX PACIHUCHIBACTCS YPABHEHUEM

v=k[A]'[B]", (3)
rjae n ¥ m — 4acTHBIC MOPS KU 110 BelleCTBaM AwuB.

Cymma (n + m) onpeensieT NopsiJi0K Peakiuu B [IEJOM.

3HaueHust a = n U b = m, ecinu peakuus (1) siBIseTCS 3IE€MEHTapHOM,
T.€. IPOTEKAET B OJIHY CTAIUIO.

Peakiiuu MOTYT OBITH HYJIEBOTO, IEPBOTO U T.J. MOPSIAKOB.
CKopoCTh peakiiy NEPBOTo MopsiJiKka paBHA

dc

% k. 4
I (4)
CKOpOCTb peakIiK BTOPOTO TOPs/IKa paBHA
T

HNurterpupys ypaBaenus (4) u (5), norydyum

0
k =%ln%; (6)
1 (G -C,)

k In

- . 7
(- el —c,) D

Ecimn C; =C, = C, 10 ypaBHeHue (7) IpUMET BU

k= l(l _ Lj . (8)
\c ¢°

[Topsimok peakiuu ONpeneNsioT, UCIOJb3Yysl OMbITHBIE JaHHbIE 00
U3MEHEHUU KOHIIEHTPAIMH PEarupyromlux BEIIECTB CO BPEMEHEM IIpH
U30BbITKE OJHOr0 U3 peareHTOB. [lopsAaoK peakuuu yao0HO ONMpeaeirTh
rpadguueckuM MetofoMm. Tak, eciiu peakiusi NepBOTO MOpsaKa, TO W3
ypaBHeHUs (0) ciienyeTr, 4To JOJDKHA COOJIIOJAThCS JMHEWHAsi 3aBUCH-
MocTh Mexay InC u 1. Ecnu peakuusi BTOporo mopsika, ToO U3 ypaBHe-

1 .
HUd (8) CleayeT, 4TO 3aBUCUMOCTb MEXIY Pl U T JIuHerWHa. Ecnu peak-
1
LS TPETHEro HOpsiaKa, TO — —T.
C
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1
OTtnoxuB Ha ocu abcuucce T, a Ha ocu opauHaT InC(lgC), C WIn

1 .
o JUTSL KCCIIEAyEeMOM peaklUy MOoJIy4yaroT TPpU JIMHUM. Ta U3 HUX, KOTO-

pasi COOTBETCTBYET MOPAJIKY JaHHOM peakiuu, OyaeT MpsMoH.

KoHcTanTa CKOpOCTH XMMHUYECKOW PEaKIMH, KaK MPaBUiIO, BO3pac-
TAaeT C YBEIMYCHUEM TEMIIEPATYpPhl, IPUUEM 3aBUCUMOCTh €€ OT TEMIIE-
paTypsl ONKUCHIBAETCA YpaBHEHUEM AppeHuyca

E

k= B CXp| — ) (9)
RT

rae 3 — nocTosiHHas; E — 3HEpPrusi akTUBAIIUU PEAKIUU, T.€. 3TO TOT U3-

OBITOK HEPTUU 10 CPABHEHUIO CO CPEIHEN BEIMUYUHON MPU TaHHOU TEM-

neparype, KOTOpod ITOJDKHBI 00JajaTh MOJICKYJbI, YTOOBI OHM MOTJIH

BCTYNaTh B PEAKLHUIO.

DOHeprusi aKTUBAIMU MOXET OBITh pPAacCUUTaHA, €CIU UCIOJIb30BaTh

1
rpaguk 3aBUCUMOCTH Ink——, T.e. Mz—é. s onpeneneHus

1
ol —
T
OHCPIMU aKTHUBALIMH MOKCT OBITH HCIIOJIB30BaHO YPaBHCHHUC

k
RT.T,In| -2
1412 k

E = L/ 10
LT (10)

rae ky, U k; — KOHCTaHTBI CKOPOCTHU PeaKLMy Ipu Temneparypax 7, u 7.

OO6opynoBanue: U3MEpUTEIbHBIE OIOPETKU; BOPOHKHU; MEPHBIE KOJI-
ObI; KaopuMeTp POTOITEKTPUIESCKUH.

PearenTnl: pactBopsl 0,02 M nepmanranata kanus; 0,01 M cynbda-
Ta Mapranua v 0,1 M maBesieBoi KUCIOTHI.

3KcnepmmeHTan bHaA 4acCTb

N3ydyeHne KUHETUKU OKHCIUTEIbHO-BOCCTAHOBUTEIBLHONW pEaKIUU
OCYILIECTBIISIETCS Ha CIEAYIONIEN PEAKIUU:

2KMHO4 + 8C2H204 = C204K2 + 2C204Mn + 10C02 + 8H20

B pesynbTaTe npoTekaHus JAHHOW PEaKUUK MPOUCXOJUT U3MEHECHUE
LBETA PaCTBOPA OT MAJIMHOBOI'O K MPO3PAYHOMY.
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Ilepen HadaioM pabOThI HEOOXOJIUMO O3HAKOMUTHCS C MPUHIMIIOM
U TIpaBHJIaMHU PaOOTHI Ha (POTOIIEKTPOKATIOPUMETPE.

1. Cmemats 2 M pactBopa cyiibdara Maprania u 14 mi pactBopa
IABEJIEBOU KHUCIOTHI — pacTBop Ne 1.

2. U3meputh TeMnepaTtypy B J1a00paTOpUH.

3. Cmemars 8 mul nojiydeHHOro pactBopa Ne 1 ¢ 2 M1 nepMaHraHa-
ta kanus. [Ipu sToM Oyner 3aMeTHO M3MEHEHHE OKpackHu pacTBopa. 3a-
JIUTH MOJYYEHHBIN pacTBOP B 3-CAHTUMETPOBYIO KIOBETKY.

4. VI3MepuTh ONTHYECKYIO TJIOTHOCTh C CHHUM CBETO(PUIHTPOM B
KIOBETE C JJIMHOM, paBHOW 30 MM. M3mepeHuss ONTHUYECKOW MIOTHOCTH
IPOU3BOINTH cHavana depe3 0,5 muH, 3arem uepe3 1-2 MuH U naiee ye-
pe3 2—4 muH. U3MepeHus mpeKkpaTuTh, KOTJa ONTHUYECKas IJIOTHOCTH
craHeT MmeHblue 0,1.

5. Harpetb B oTaenbHbIX npobupkax 8 mit pactBopa Ne 1, 2 mi pac-
TBOpa MEepMaHTaHaTa KaJius ¥ KIOBeTy Ha BojJisiHOW Oane Ha 20 °C Bbliiie
TeMrepaTypbl B J1aOOpaTOpuu U BBIJAEPKaTh MPU JTAHHOM TeMreparype
15-20 mun. CMmemats pacTBOPHI, KaK 3TO ObUIO YKa3aHO B II. 3, U OBICTPO
3aJIUTh MOJIYYCHHBIN PACTBOP B |-CAHTUMETPOBYIO KIOBETKY.

6. [Tpon3BoANTE U3MEPEHUS ONTUYECKOMN IUIOTHOCTU pacTBOpa (CHu-
HUM CcBETO(QUIBTP) B 3aBUCUMOCTU OT BpeMeHM: cHavasa yepe3 0,5 muH,
3aTeM 4epe3 1-2 muH u ganee depe3 2—4 muH. M3MepeHust mpeKkpaTuTh,
KOTJIa ONTUYECKas INIOTHOCTh cTaHeT MeHble 0, 1.

7. Ilpuaumas Bo BHuManue, uro C = D/KI (K — ko3@duuueHt no-

IJIOIIEHUS; [ — TOJIIMHA CJIOSI TIOTJIOMIEHUSI KUJKOCTH), TIOCTPOUTH T'pa-

1 1

¢buKu 3aBUCUMOCTH InD — T, 5 T, —5 — T, IOCJIC Yero ONpPEACIHUTD I10-
D

PAIIOK PEAKIIUHA U KOHCTAHTY CKOPOCTH PEAKIIUH.
8. Pe3ynpTaThl 3aMepOB 1 BEIYUCIICHHUHN 3aHECTU B TaOUITY.

Pe3y.]'IbTaTbI HcCaeaJ0BaHUA

T, MUH
OnTuyeckas IWIOTHOCTH (D)
InD
1/D
1/D°

9. IlocTpouth rpaduk 3aBUCUMOCTH D — T U OOBIACHUTH MOJTYUEH-
HYI0 3aBUCUMOCTb.
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10. Paccuntatp Ha OCHOBAaHMHM NOJYYEHHBIX KOHCTAHT CKOPOCTEH
peakuuMyu NpU JABYX TEMIIEpaTypax JHEPIUI0 aKTUBALMU PEAKLUUH IO
ypaBuenuto (10).

KOHTpOnbHblE BOMPOCHI

1. 3anumute 3akoH AeicTBYOmMUX Macc. KakoB ¢pu3ndeckuii cCMbICI
KOHCTaHTBI CKOPOCTH XUMHUYECKON peakiuu?

2. Yto Takoe nopsa0K peakiuu?
3. Kak 3aBHCHT KOHCTaHTa CKOPOCTH PEAKIIUU OT TEMIIEPATYPHI?
4. Y10 Takoe HEPrusi aKTUBALIMN XUMUYECKON PEAKIIUU?



[MpakTnyeckoe 3aHATNE N2 6
KnHeTtunka xummnyeckmnx peakuun. Katanums

I[J'IH peaknuu, KOTOpaAa OIMUCBIBACTCA YPABHCHUCM

ad+ bB=cC+eE,

CKOpPOCTBh Vv BBIPAXKACTCA YPABHCHHCM, HA3bIBACMBIM 3dKOHOM HCﬁCTBHH
mMacce

v=—1/a d[A)dt=—1/b d[B)/dt = k[A]" [BY",

r7e k — KOHCTaHTa CKOPOCTH XUMUYECKOM peakuuu; a, b, ¢, e — CTeXHo-
MeTpuiecKrue Ko3(PPUIIUCHTHI.

[ToHBIN TOPSATOK XUMUYECKOW peakuuu p = n + m. Judbdepeniu-
aJibHast popMa KUHETUYECKOTO YPABHEHUS JIsl pEAKIIMU [IEPBOTO MOPsiIKa

v=—1/a d[A)/dt = K[A],

JUIsl peakllii BTOPOTO MopsiaKa
= —1/a d[A)/dt = k[A]".

WuTerpanbhas (opMa KHHETUYECKOTO ypaBHEHUS JJisl peakiuu (a = 1)
NIEPBOTO MOPSIIKA
k= 1/t In([4]/[A4]),

IUJIS1 PEAKIIMU BTOPOTO TTOPsIKa
k= 1/t (1/[4] — 1/[A)o),

rae [A]o u [A] — xoHIeHTpannu BemectBa 4 B MOMEHT BpeMmeHu ¢ = ()
M t COOTBETCTBEHHO. ECIIM NpeAnonoxuTh, 4TO KOJUYECTBO BEIIECTBA,
MIPOPEAruPOBABIIETO B PEAKIIUH, PABHO X, TO MOCJIECIHUE JIBA YPABHCHUS
MOXHO 3aMKCcaTh CISTYIOIUM 00pa3oM:

— JUTsl peakiuu nepBoro nopsiaka k = 1/t In[A4]o/([4o] — x);
— JUIs1 peakiuu BToporo mopsaka k= 1/t (1/([A]o— x) — 1/[A4]o).

CreneHb TpeBpalleHHs] BEIIECTBA O HAXOJMUTCA KaK OTHOIICHHUE
KOHIICHTpAIlMU MpOpEearupoBaBIIerO B PEaKIMU BEIIECTBA X IIPU BpeMe-
HU ¢ K UICXOJTHOM KOHIICHTPAIIMH BEIlleCTBAa B MOMEHT BpeMeHHu ¢ = 0, T.e.

o = x/[A]o = ([4o] = [A])/[A]o.
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Bpems, B TedeHHME KOTOPOro HMCXOJHAs KOHUEHTpPAlWs BEHICCTBA
YMEHBIIAETCS BABOE, HA3bIBAECTCSA BPEMEHEM IOIypacIana fi, U Ijs pe-
aKIMU MEPBOrO NMOPSAAKA ONPEIACIIACTCSA 10 YPABHCHUIO

tin = (In2)/k,
a 1Ji pCaKIi BTOPOIro 1opsaaKa
tp = 1/k[A]o.

3aBUCUMOCTh KOHCTAHTBI CKOPOCTH, a CJIEAOBATEIbHO, U CKOPOCTH
XUMUYECKON peakiuy OT TEMIIepaTyphl BeIpakaeTcs B auddepeHiiaib-
HOU opme ypaBHEHHEM AppeHnyca

dink/dT = WIRT",

a B UHTErpajibHOU (opme

—W/RT
k = const e ,

lnkz/kl = W(l/Tl - 1/T2)9

rae ky u k; — KOHCTAHTBl CKOPOCTU XMMHYECKOW peakIuu Mpu TemIepa-
Typax 17 u T, COOTBETCTBEHHO; W — dHEpPrus aKTUBALUMU.

DHEpPruio akKTUBAIIMA MOYKHO OIMPEEIUTh U3 yIJIa HaKJIOHA MPSIMOU
3apucuMocTtH Ink — 1/T.

[Ipy W3y4yeHHM KUHETHUKUA CIIOXKHBIX PEAKIW, BKIIOYAIOIIUX HE-
CKOJIBKO 3JIEMEHTAPHBIX CTaJWi, WCTOJB3YIOT MPUHIUII HE3aBUCUMOCTHU
XMMHUYECKUX PEAKIINN:

Ecnu 6 cucmeme npomekaem HeCKOIbKO NPOCMbIX peakyut, mo Kadic-
0as u3 HUX NOOYUHAEMC OCHOBHOMY NOCMYIAMY XUMUYECKOU KUHEMUKU
He3a8UCUMO Om OpPY2UX peaxKyuli.

CylIecTBYIOT CIEIYIONINE BUIbI CIOKHBIX PEAKITUN:
1. Obpamumvie peaxkyuu IEPBOTO MOPSIKA:
k
Ak:13
2

3aKkoH ,HCfICTBYIOH_II/IX MacCC 3allMCBIBACTCA CIACOYIOIIUM 06pa30M:

d[A
A -k
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Ecnu HavanmpHBIE KOHIIEHTpAIMU BemiecTB A U B 0003HA4YHUTh, COOT-
BETCTBEHHO, @ M b W BBECTU CTemneHb mpeBpaiieHus x ([4] = a — x,
[B] = b + x), TO KHHETHYECKOE YPaBHEHHUE MPHUOOPETAET BUI:

dx
—=k(a=-x)—k_(b+x).
dt
Pemienue 3T0ro ypaBHEHHsSI MOXHO BBIPA3UTh YEPE3 CTEIEHb IIpe-

Bpalll€Hus, COOTBCTCTBYIOIIYIO JOCTUKCHUIO PABHOBCCHUA!

X=X, (1_6‘(k1+k_1)t) WIN (kl +k_1)t:lnx;'°,
X

o — X

T/ X, OMPENEIIICTCS YCIAOBUEM PAaBEHCTBA CKOPOCTEH MpsIMOM M 00part-
HOW pEaKIni:

M—ﬁ OTKYJa CIEAYET. X —M
a-x, k.’ Y L e by + ko

[Ipu t — o0 HACTyIaeT paBHOBECHE, KOTOPOE XapaAKTEPU3YETCA KOH-
CTAHTOM
[B]
[A]

_b+x, Kk

o0

K = :
a—x, k;

o]

2. llapannenvruvle peakyuu NEPBOTO MOPSAIKA:

3. Ilocnedosamenvhble peakyuu NEPBOTO MOPSAKA:

AR yp_ kB sp.

M3BeCTHBI U APYTHUC CIIOKHBIC XUMHNYCCKHUC PCAKIIUU — Konebameib-
Hble, CONpPAIICEeHHblEe, KamalumuiecKkue u gbepmenmamueﬂble.

Bo MHoOrux ciydasix CKOpOCTh PEAaKLHUU PE3KO M3MEHSIETCS B IpH-
CYTCTBUM CHEIMAIbHBIX BEUIECTB — Kamaiauzamopos. KarammszaTopsl
YYaCTBYIOT B PEaKLMM, HO B pe3yJbTare e€e He pacxonayrorca. Karanusa-
TOpPBI OMOJIOTMYECKUX MPOLIECCOB, MPOTEKAIOIINX B )KUBBIX OpPTaHU3MaX,
IPEACTABISIOT COOOW OEIKOBBIE MOJIEKYJIbI, KOTOPBhIE HA3BIBAIOT ¢hep-
MeHmamu, A Y3H3UMaMH.

[Ipocreitmias cxema (hepMEHTaTUBHOTO KaTajiu3a BKIIOYAET 00paTu-
Moe o0pa3oBaHHE MPOMEKYTOUHOr0 KomIuiekca depmenTa (£) ¢ pearu-
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PYIOIIUM BEHIECTBOM (cybocmpamom, S) U pa3pylIeHUE 3TOTO KOMILIEKCa
c oOpa3oBaHHEM MPOIYKTOB peakuuu (P):

ky

E+S ES—% sE+p

-1

[IpuMeHeHne KBa3UPaBHOBECHOTO MPUOIKEHHS K 3TOM cxeme (mpu
yCnoBUM ky << k_;) C y4eroM ypaBHEHUS MaTepuUaibHOro OajaHca
[E] = [E]o — [ES] (uanekc «0» 0003HaYaeT HAYaIbHYIO0 KOHIEHTPAIIUIO)
MO3BOJISIET BBIPA3UTh CKOPOCTh 00pa30BaHUs MPOIYKTa Yepe3 HauaJbHYIO
KOHLIEHTpaIMIO (pepMEHTA U TEKYIIYI0 KOHIEHTpAIMIO cyOcTpara:

, 2 AP1_ klE[S]
d K +[S]’

rne Ks = k_1/ky = [E]. [S /[ES] — cybcTpaTHas koHcTaHTa. [Ipu yBennye-
HUU KOHIICHTpAIMU cyOCcTpaTta CKOPOCTh PEAKIIMU CTPEMUTCS K TIPEeib-
HOMY 3HAUEHUIO: Vmax = k2. [E]o. CKOpOCTh peakiuu cBsizZaHa C MaKCH-
MaJIbHOM CKOPOCTBIO COOTHOIIICHUEM:

_d[P] v

max[S]
dt K. +[S]

N

3aganud.

Bapuant No 1. KoHcTtanTa CKOpOCTH HEKOTOPOUW PEaKIUMU TEPBOTO
nopsiaka pasHa 2,06 - 107 mun . Onpenennure, CKOJIBKO MPOIEHTOB HUC-
XOJIHOTO BEIIECTBA PA3JIOKUTCS 3a 25 MUH M CKOJIBLKO BPEMEHH MOTPeOy-
eTcs 1S paznoxeHus 95 %.

Bapuant Ne 2. B peakunu Broporo nopsinka 4 + B = 2D HavanbHbIE
KOHIIEHTpAaIK BeecTB A 1 B paBHbI 110 1,5 Monb/n. CKOpOCTh peakiyu mpu
KOHIICHTpalMKU BelecTBa A, paBHoi 1,0 Momw/i1, paBHa 2,0 - 107 momw/n - c.
Ornpenenure KOHCTAHTY CKOPOCTH UM CKOPOCTh PEAKIMU MPU KOHIIEHTpa-
uuu Bemectsa B 0,5 MoJIb/II.

Bapuant Ne 3. PaznoxeHue nepexkucu BOAOPOAA B CIIMPTOBOM pac-
TBOPE — peaKiiys NepBoro nopsijika. HayanbpHas CKOPOCTh peakiyu Mpy TeMITe-
parype 40 °C u xonuenrpauun HyO, 0,156 mos/n pasra 1,14 - 10™> Mons/1 - c.
PaccuuraiitTe KOHCTaHTY CKOPOCTH.

Bapuant Ne 4. KoHcTaHTa CKOpPOCTH PEAKIMU BTOPOrO MOPSJIKa
MEXAYy OJTUICHOM U BojgopoaoM mnpu temieparype 400 °C paBHa
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3 o .
0,391 cm’/moinb - 1. Paccunraiite CKOpOCTh peakiuy IpHU ITON TemIepa-
Type U JaBJIeHUsIX BojopoAaa u atuiieHa 1,5 u 0,5 [1a cooTBeTCTBEHHO.

Bapuant Ne 5. YcranoBieHo, 4yTo peakiusi BTOPOro nopsiaka (oJIuH
peareHT) 3aBepiaercs Ha 75 % 3a 92 MUH NpU UCXOTHOW KOHLIEHTpALUU
0,24 monw/n. Kakoe Bpemsi moTpeOyeTcsi, 4UTOObI IPU TEX K€ YCIOBHSIX
KOHIIeHTpanus pearenTa gocturia 0,16 Moab/n?

Bapuant Ne 6. Peakuus Broporo nopsaka A + B = C + D npoBoauT-
Cs B paCTBOPE C HAYaJbHBIMU KOHIICHTPALMSIMU BelecTB A U B COOTBET-
ctBeHHo 0,06 u 0,08 momnb/n. Uepes 60 MUH KOHIIEHTpAIMs BeliecTBa A
yMeHnbImtachk 10 0,025 mons/n. PaccunTaliTte KOHCTaHTY CKOPOCTH H TIe-
pHOIBI TOJTyTIpeBpallieHus (pacnasa) BemecTB A u B.

BapuanTt Ne 7. IIpu onpenenennoit temneparype 0,01 M pactBopa
snunanerara ombuigerca 0,002 M pactsopom KOH na 10 % 3a 23 muH.
Uepes CKOJIbKO MHMHYT OH OyJET OMBLIEH JO0 TaKoW XK€ CTEeNeHU
0,005 monp/n pactBopom? JlaHHas peakiusi UMEET BTOPOM MOPSIOK,
a I1eJI0Yb TUCCOLMUPOBAHA MTOJHOCTHIO.

Bapuant Ne 8. /Ins oOpaTuMoi peakuuu nepBoro nopsiaka

ki

A B

k)

-1

Kpasn = 8, @ k1 = 0,4 ¢ . Berunciure Bpems, IpU KOTOPOM KOHILIEH-
Tpaluu BenecTB 4 U B CTaHYT paBHBIMU, €CJIM HadyalbHasl KOHICHTpAIUs
BeiecTa B paBHa 0.

Bapuant Ne 9. Tluponu3s ameranbaeruga B ra30Boi (aze XapakTepu-
3yercs sHepruel akrusaiyn 190 k/[x - Momb . B IIPUCYTCTBUM KaTAIU3aTOPA —
MapoB #oma — OSHEprusi AKTMBALMK yMeHbimaercss 10 136 kDK - MOMb .
Bo ckonpko pa3 Bo3pacTtaeT CKOPOCTh PEAKIHMH B MPUCYTCTBUU MApPOB
rona pu 200 °C?

Bapuant Ne 10. CoctaBpTe CUCTEMY KMHETHUYECKUX YPABHEHUUW IS
cxemMbl Muxasnanca (GepMEHTaTUBHOM PEAKIMHM W PEIINTE €€ MpHU 3Haye-
HHSIX mapameTpoB: k1= 0,83 - 10°, k_=107*, k,= 10", [S]o=1, [E]o= 107*.
[TocTpoiiTe Tpaduku 3aBUCUMOCTEM KOHIIEHTpAILMi BCEX BEHIECTB OT
BPEMEHH.
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Bapuant Ne 11. Jlns HexkoTopod (epMEHTAaTUBHOW pEaKIUH KOH-
cranta Muxasiuca pasaa 0,035 Momb - 1 . CKOPOCTh PEaKIHH IPU KOH-
neHtpamuu cyberpata 0,110 momb - 1 ' pasHa 1,15- 107 moms ' - ¢ .

Haiigure MakCUManbHYIO CKOPOCTh 3TOM PEAKIIHH.

Bapuant No 12. HayanbHasg CKOpPOCTb OKUCIIEHUS CYKIIMHATA HATPUS
B (yMapaT Hartpus Moj JeWCTBHEM (QepMeHTa CYKIMHOKCHJA3bl OblLia
U3MEpeHa JIIs psiia KOHIIEHTpaluii cyocTpara:

[S], monb - 51! 0,01 0,002 0,001 0,0005 | 0,00033

r-10° momp - ' - ¢! 1,17 0,99 0,79 0,62 0,50

Bapuant Ne 13. HavanbsHas ckopocTh BbiaeneHus: O, npu JI€MCTBUN
dbepMeHTa Ha cyOcTpar Obljla M3MEpeHa JUIs psjla KOHIEHTpAIui cyo-
cTpara:

[S], Mostb - 1" 0,050 0,017 0,010 0,005 0,002

F, MM® - MHH | 16,6 12,4 10,1 6,6 3,3

Bapuant Ne 14. JIns o6patrmoit peakiiuu nepBoro nopsijika

k
ky
-1
Kpasn = 10, @ ky = 0,2 ¢ . Beruncaure BpeMs, Ip1 KOTOPOM KOHIIEH-
Tpaluu BeuecTB 4 U B CTaHYT PaBHBIMH, €CJIY HAYAJIbHASI KOHLICHTPALUS

BeniecTBa B paBHa 0.

Bapuant Ne 15. B peakunu Broporo nopsiaka A + B = D HadanbHbIE
KOHLIGHTpallud BelecTB 4 U B paBHBbI COOTBETCTBEHHO 2 W 3 MOJB/II.
CKopocTh peakluu Mpu KOHIEHTpaluu BemiectBa 4, 1,5 MoJb/l paBHa
1,2 - 10~ moms/n - c. Onpenenure KOHCTAHTY CKOPOCTH U CKOPOCTh pe-
aKIIMM MPY KOHIIEHTpalluu BemecTsa B 1,5 Monb/m.

Bapuant Ne 16. [Ieprnon nosnypacnaza paaoakTUBHOIO a30Ta PaBEH
9,93 muH. Kakas 4yacTp €ro pa3noxurcs B TeueHue 1 a?

Bapuant No 17. Beruucinure sHEPrur0 akTUBALMUA PEAKIUU, CKO-

POCTb KOTOPOW MpPH MOBBIIEHUH TeMiieparypsl oT 27 go 37 °C Bo3pacra-
€T B 2 pasza.
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Bapuant Ne 18. /s xumuueckor peaknuuu A — B KOHCTaHTa CKO-
poctu k = 0,5, ncxognas koHueHTpamus Bemiectsa A 1,0 Moaw/m. Berawuc-
JIMTE CTENEHb MpEeBpallleHus BellecTBa A 3a 1 4, eciiu peakius UAET 1Mo
BTOPOMY MOPSIAKY.

Bapuant Ne 19. IIpeBpamenue BemecTBa A UAET MO MEPBOMY I10O-
psaaky u npu temneparype 333 K npouwto 3a 10 mun Ha 75 %. Beraucnu-
T€ KOHCTAHTY CKOPOCTH PEAKLH.

Bapuant Ne 20. BemiectBo 4 nipeBpamaercs B B. Onpeaenure sHep-
TUI0 aKTUBALIMU 3TOM PEAKIUH U KOHCTAHTY CKOPOCTH PEAKIUU MPHU TEM-
neparype 318 K, eciu U3BECTHBI CIEIyIONIME TaHHBIE:

T,K 313 323 333
k, Mus"' 0,026 0,048 0,089
[TocTpoiiTe rpaduk 3aBucuMoctH Ink — 1/7.

Bapuant No 21. HaiiguTe rpaguiecku SHEpTHIO aKTUBAIIMH PEAKIIUN
Pa3JIOKEHUST BElIECTBA A M KOHCTAHTY CKOPOCTH JJAHHOW pEaKkUuu MpHU
temrepatype 323 K, ecnu umeercs clietyroias 3aBUCUMOCTb KOHCTAHTbI
CKOPOCTH OT TEMIIEpPaTyphI:

T,K 273 298 318 328 338
k¢! 7,9-107 3.46-10° 498-10* 1,5-10° 49-107

Bapuant Ne 22. BemiecTBo pasznaraercs AByMs MapaJieIbHBIMH ITy-
TSMH C KOHCTAHTaMH CKOPOCTH k| U k. KakoBa pa3HOCTh SHEpPruil aKTH-
BallMM ITUX ABYX peakiui, ecnu npu 10 °C ki/k, = 10, a mpu 40 °C —
ki/k, =0,1?

Bapuant Ne 23. JTns peakuuu
CH3COOC2H5 + NaOH — CHgCOONa + C2H50H

KOHCTaHTa ckopoctu mipu Temmeparype 282,6 K pasua 2,307 i1/(Momb - MUH),
a ipu temrneparype 318,1 K — 21,65 n/(mons - mun). Halinure sHepruto
aKTUBAIMW ATOW PEaKIMU U KOHCTAHTY CKOPOCTH Ipu Temreparype 343 K.

Bapuant Ne 24. Jnsa peakuuu 2N,O — 2N, + O, KOHCTaHTa CKOPO-
ctu nipu temmneparype 986 K paBna 6,72 n/(Moiib - MUH), a ipyu TemMIepa-
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type 1165 K —977,0 n/(monb - mun). Haliqute sHEpruo akTUBALIUKA 3TOU
pPEAKLMU U KOHCTAHTYy cKopocTH nipu Temneparype 1053,0 K.

Bapuant Ne 25. Peakuus 1-ro mopsaka npu temmeparype 25 °C
3aBepmaercss Ha 30 % 3a 30 muH. Ilpu kakoil Temieparype peakius
3aBepuuTca Ha 60 % 3a 40 MuH, ecnM SHEprus aKTUBALMM paBHA
30 x/I>x/MoIB?

Bapuant Ne 26. KoHcTaHTa CKOpPOCTH pEakIUM IEPBOrO MOPSJIKA
paBHa 4,02 - 107 ¢ npu 393 Ku 1,98 - 107 ¢ npu 413 K. Paccuuraiite
MPEIAKCIIOHCHIIMAIBHBIA MHOKHUTEIIb JIJISI TON PEaKIUH.

Bapuant Ne 27. B HeoOparumoii peakiuu 1-ro mopsiaka 3a 20 MuH
npu 125 °C creneHp mnpeBpalieHUs HUCXOJHOTO BEIIECTBA COCTAaBUJIA
60 %, a npu 145 °C Takas xe cTeneHb NpeBpauieHus Obula JOCTUTHYTA
3a 5,5 muH. Haliiure KOHCTAHThI CKOPOCTH U DHEPrUi0 aKTHUBAILIMM JIaH-
HOU PEAKLINH.

BapuanT No 28. DHeprusi akTMBallMM HEKOTOPOM peakuuu B 1,5 pasa
OoJIbIlle, YEM DHEPTrUs aKTUBAIMU JIpyrou peakiuu. [Ipu HarpeBaHuu OT
T, no T, KOHCTaHTa CKOPOCTH BTOPOM peakiMu yBEJIUYWUIIACh B a Pas.
Bo ckonbko pa3 yBeamuymiaach KOHCTaHTa CKOPOCTH NEPBOM PEAKLIMU MIPU
HarpeBaHuu ot 7 10 7157

Bapuant Ne 29. Jlnsa peaknum I + OCIT = C1I” + OJ, npoxopsiieit
npu 25 °C B 1IET0YHOU Ccpefie, MOTYyUEHbI CIEAYIOINE 3HAYEHUs] Hauallb-
HOI1 ckopocTH (Vo) pu paznuyHbiX KoHueHtpauusax [ u OCl :

Vo, MOJIB/JI - C [J7], monb/n [CIO], Mmonb/nt
1,72-107* 0,002 0,002
8,62-107° 0,001 0,002
432107 0,001 0,001

Onpenenure NOPSIOK PEAKIIUU MO KAXKIOMY pEareHTy U CyMMapHbIN

HOPAAOK PCAKIIHUU.

Bapuant Ne 30. Jlnsa peakuuu I + OCIT = ClI” + OJ, npoxopsiei

npu 25 °C B WIETOYHON Cpee, MOTYUEHBbI CICAYIONIME 3HAYEHNS Hayallb-
HOM ckopocTH (Vo) pH paznuyHbiX KoHIeHTpanusax I u OCl :
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Vo, MOJIB/T C [J7], MOIB/T1 [C1O7], moub/i
1,72 -107 0,002 0,002
8,62-107° 0,001 0,002
432107 0,001 0,001

Onpenennure KOHCTAHTY CKOPOCTH PEAKLUU

OKCIICPUMCHTA.

U1 JAQHHBIX YCJIOBHUU




[MpakTnyeckoe 3aHATNE Ne 7
KnHeTunka reTteporeHHbIX NnpoueccoB

['eTeporenHsie mpoliecchl MPOTEKAIOT Ha MOBEPXHOCTH paznena ¢as.
B cucremax, coCTOSIIMX U3 HECKOJIBKAX KOMIIOHEHTOB, HA TOBEPXHOCTH
paznena (a3 umeeTcs pa3iuuue B COCTaBe BHYTPHU (a3bl U Ha TOBEPXHO-
CTH, YTO MPUBOAUT K HEOOXOAMMOCTH €ro BBIPABHUBAHUS KaK 3a CYET
b dy3uu, Tak ¥ 3a CYET KOHBEKIIUU — MTEPEMEIINBAHMUSL.

['eTeporeHHbie MPOLECCHI COCTOAT U3 HECKOIBKUX CTAJIMM:

1) mocraBka BeriecTBa U3 OAHOM (ha3bl K TOBEPXHOCTH pa3cia;

2) cOOCTBEHHO XMMHYECKasl peaKIis Ha TTOBEPXHOCTH paszjena das;
3) oTBOJI 00pa30BABIIETOCS BEIIECTBA C TIOBEPXHOCTHU pasjeia ¢as.

JlocTtaBka BemiecTBa U3 0HON (a3bl K MOBEPXHOCTH pa3jiesia MOXKET
OCYIIECTBIISATHCS 3a CYET KOHBEKIMU (E€CTECTBEHHas, OOYyCIIOBJICHHAS
pPa3HO# BEJIMYMHOW TJIOTHOCTH B PA3IMYHBIX YACTSIX CUCTEMBI, WIIA TIPH-
HyAUTEIbHAs — epeMeruBanue) win 1uddys3uu.

Jupdysus — nepernoc wacmuy pasHoii npupoobsl, 00YCl0BIEeHHbLI Xa-
omu4ecKuM menio8blM 0BUINCEHUEM MOJIEKY (AmoMOo8) 8 0OHO- UIU MHO-
2OKOMNOHEHMHBIX 2A308bIX TUOO KOHOEHCUPOBAHHLIX cpedax. Takoil ne-
PEHOC OCYWeCMBISIeMCs. NPU HAIUYUU 2PAOUeHMA KOHYEHMpayuu ya-
cmuy U oCywecmaisemcs u3 30Hvl ¢ Oobulell KOHYeHmpayuell 8 30Hy C
MeHbulel KOHYeHmpayueu.

CkopocTpio Tu(ppy3un Ha3bIBAETCS KOJIMYECTBO BEIIECTBA, MPOXO-
Jsuiee yepes3 JaHHOE MOMEePEeYyHOe CEUeHUE B eMHuIly BpeMeHu. Konnye-
CTBEHHO 3aKOHOMEPHOCTH Tiporiecca TudPpy3un ONMUCHIBAIOTCS IBYMs 3a-
koHamu Duka.

CornacHo niepBomy 3akoHy duka ckopocth nuddysum (dv/dt) npo-
NOPIMOHATIbHA MJIOMIAAN MONEPEYHOro ceyeHus (), rpalueHTy KOHIICH-
Tparuu (dc/dx) u BEIpakaeTcsi ypaBHCHHEM

dvldt = — DS dc/dx,

rae D — koapdunmeHT nuddys3nu, YUCICHHO paBHBIN ckopocTh Auddy-
sum ipu S = 1 M* u de/dx = 1 mons/M".

3HaK MHHYC (—) yKa3bIBa€T Ha TO, YTO BEUIECTBO MEPEMEIIAECTCS B
CTOpOHY yObIBaHMS €ro KoHIeHTpamuu. [lepBoiit 3akoH Duka MPUMEHUM
TOJIBKO K CTAallMOHAPHBIM IPOLECCAaM, T.€. K IPOLIECCaM, B KOTOPBIX I'pa-
JUEHT KOHIEHTPAIIMU HE U3MEHSETCSI BO BPEMEHU.
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C yBenmnueHueM TemiiepaTypbl koddduiment nuddy3nn Bo3pacraet
BCJICJICTBUE YMEHBIIICHUS BA3KOCTHU Cpefibl. 3aBUCUMOCTh KOd(duiimeHTa
muddy3un oT TeMIepaTyphl BHIPAKACTCS ypaBHEHUEM

D =D, "D

RT

rane Dy=——;
0 61NN 4

W — osHeprus axkTuBanuu mnporecca auddysuu;
No — KO3QPUIIMEHT AMHAMUYECKON BSI3KOCTHU, KOTOPHIA B MEPBOM IpH-
OJIMDKEHUU HE 3aBHUCUT OT TEMIIEPATYpPHI; ¥ — paanyc TuddyHaupyromei
YaCTHUIIBI.

OHeprust akTuBauuu npouecca nuddysun pasHa 5—20 kx/moiib,
T.€. NpubIU3UTENbHO B 10 pa3 MEHbIIIE SHEPTUU AKTUBALIMU XUMHUYECKON
peakmuu. DTO MPUBOAUT K TOMY, YTO MPU TOBBIIMICHUH TEMIIEPATYPHI
Ha 10 °C xoapdunuent auddysuu, a caemnoBareabHO, U CKOPOCTh PeaK-
UM YBEJIUYHUBAIOTCS TOJIbKO B 1,1-1,4 pa3za.

Btopoii 3akon duka OTHOCUTCS K HecTarmoHapHOU Auddys3uu, T.e.

K IpOLIECCaM, B KOTOPBIX I'PAJUEHT KOHILICHTPALIMM U3MEHSETCS BO Bpe-
MEHU:

dc d’c

JUTs TMHEHHOTOo mponiecca nuddy3uu u st aud@ys3un B mpocTpaH-
CTBE

dc d*c d*c d*c
—=D|—+ +—
dt dx® dy?> dz

PaccmotpuM miporiecc crarmoHapHbld 1udQy3un, KOTOPBIA MpoTe-
KaeT B mepemMenirBaeMoM pacTBope. COriiacHO «uiealbHBIM» 3aKOHAM
THJIPOJIMHAMUKH TIOTOK KHUJAKOCTH BOJIM3U TMOBEPXHOCTH TBEPIOTO TeEja
TOJIIIMHON (J) B HECKOJIBKO MOJIEKYJl HE TIEPEMENIAETCsi OTHOCUTEIIBHO
MOBEPXHOCTU. DTO MPHUBOJUT K TOMY, YTO BEIIECTBO JIO TOTO CJIOS Tie-
peMeniaeTcs 3a CyYeT MPUHYAUTCIHPHOW KOHBEKIIMH, a BHYTPU 3TOTO

cios — 3a cuet nuddysuu. Kak cinenyer uz Broporo 3axkoHa ®duka, mpu
2
o c C
cTarmoHapHou nuddy3un 7 =0 u, cienoBaTENbHO, D—s = 0, 4ro mipu-
t dx

c
BOJIUT K PaBEHCTBY & =const.
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HNuTerpupoBanue MocieIHEr0 YpaBHECHUS

Co )
[ de = const | dx

c 0

N

IPHUBOJIUT K 3aBUCHMOCTH
Cs — Co = 0 const WK (C; — C,)/0 = const,

IJie C; ¥ C, — KOHIICHTpAIlMs BEIIeCTBa Ha IMMOBEPXHOCTH pasjena (a3 u B
o0BeEME.

W3 nocneaHero ypaBHeHHs BUAHO, 4TO B TU(PPY3UOHHOM CIIO€ KOH-
LIEHTpaLXsI MEHAETCS JIMHENHO C PACCTOSHUEM OT ITOBEPXHOCTH TBEPAOTO
TeJa.

N3 nepBoro 3akona duka I pacCMaTPUBAEMOTO ClIydasl CJIECIyeT,
YTO CKOPOCTh AU Py3un, OTHECEHHAS K €IMHUIIC TTOBEPXHOCTH, PaBHA

v = —dv/(dtS) = D dcldx,
TOraa
o Co
j vdx = j Ddc
0 C,

WJIY TTOCJIE UHTETPUPOBAHUS MOJIYyYUM

D
L =§(cO —-c,).

Ecnu peakius Ha TOBEPXHOCTHU MPOTEKAET OYEHBb OBICTPO, TO ¢; = 0,
U B 3TOM clly4yae ypaBHEHHE OYJET BBITJISAAETh CIACAYIOIINM 00pa3oM:

Takum 00pa3zoM, CKOPOCTh CTAllMOHAPHOIO MpOIlecca, TUMUTHPYE-
MOTO TiporieccoM auddy3un, MOTINHACTCS YPABHCHHUIO PEAKIIUH TIEPBOTO

D
nopsaaka k :§° Tonmuua nuddysnoro cinos umeer nopsaok ot 0,001

10 0,01 cM 1 yMEHBIIAETCA C YBEIMYEHUEM CKOPOCTH JIBWKCHUSA KHU]-
KOCTH.

[Ipu pacTBOpeHUH TBEPIOrO CIOS B MEPEMEIIMBAEMON KUIKOCTH Y
MMOBEPXHOCTU TBEPJIOr0 TeJIa MOAACPKUBACTCS KOHLECHTpAlLHUs, pPaBHAA
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KOHIICHTPAIIMX HACBIIIICHHOTO PacTBOPa, KOTOpas OOJIbIIIe KOHIICHTPALIMH
B 00BEME pacTBOpA.
3agaum.

3anmava 1. Ha qHO HMIMHIPUYECKOTO COCYJa, 3aIUTOrO BOJOM,
nomenieH cioil caxapa. Caxap, pacTtBopsisich, AUPGYyHIUPYET B 00bEM
pactBopa. Hax caxapoM pacTBOp HACHIIIEH, U KOHIEHTPALMSI €Tr0 C; IMO-
crosiHHa. Beicota cronba xumxoctn 20 cM u D = 0,25 cm’/cyt. Paccun-
TaiiTe KOJTHYECTBO Caxapa, KOTOpOe IepeieT B pacTBOp ¢ 1 cM” moBepx-
HOCTH 3a 16 cyT, ecnu ¢, = 2,565 Momb/.

Pewenue. 13 neporo 3akona Ouka

dv_ @

Ez dx

BBIPA’KAEM CKOPOCTh PACTBOPEHUS caxapa.
c.—¢C
v=D SS—V’

I7ie ¢, — KOHIIGHTpAIUs caxapa Ha MOBEPXHOCTH paszena ¢a3s; ¢, — KOH-
HEeHTpaIus caxapa B o0beme (mpumeM paBHo# 3a 0); & — BeIcoTa cTOJI0A
KHUJTKOCTH.

YuuThIBasi, 4TO CKOPOCTH MPOIECCA PaBHA KOJIUYECTBY MPOPEArupo-
BABIILIETO, MTOIYYEHHOIO MJIM PACTBOPUBILETOCS 32 €IMHUILY BPEMEHHU Be-
1IECTBA, MOJYYUM

M:DS&,
At S
C 0,25 cm? /cyt-1 em? - 2,565 Monb/1-16 CyT

An=DS—=At =
o 20cm-1000

=5,13- 1074 MOJIb,

m =nM =5,13-107%.342=0,175r.

caxapa

3amauva 2. PaccuuraiiTe paguyc MOJEKYJbl Oelka, €CIu ero Ko-
s durment auddysuu B pactBope caxapa D = 6,39 - 107 em’/c, T=298 K.
CuuTaiite, YTO MOJIEKYJIbl O€JIKa UMEIOT ChepruecKyto hopmy.
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Pewenue. Pannyc MoJiekyJibl O€IKka paccuuThiBaeM 1o (popmyre
RT 8,314 Jlx/momb - K- 298 K

r= = 112 3 1 3 -
6rnDN,  6,39-10 M~ /c-6.02-10” moimb ~ -6-3,14-1,227-10 " ITa-c
=2,78-107 m.

3anmayva 3. Tabnerka OCH30MHOM KHUCIOTHI C IJIOIIA/IbIO MMOBEPX-
HOCTH S = 2 cM’ MOMEIIEHAa B PACTBOP OCH30MHON KHCIOTHL. OGbEeM
pactBopa — 20 11, konuerTparus — 0,003 moaw/11. PacTBop pasmeniuBanu,
B pe3yinbTare 4dero 3a 5 muH pactBopwiock 0,001 mome CsHsCOOH.
MOXHO TIPHHSATH, YTO MPAKTHYECKH KOHIIEHTpAIUS pacTBOpa MPHU ITOM
HEe u3MeHWIach. KOHIIEHTpalusi KHUCJIOThl B HACBIIICHHOM pPacTBOPE
¢s = 0,024 monw/n (298 K). Koadpumment auddy3un 6€H30HHOM KUCTOTHI
D = 0,75 CMz/CYT. Brlunciure KOHCTAHTY CKOPOCTHM PacTBOpPEHUs K,
CKOPOCTh (P Py3un L, TOMMMHY NPUTOBEPXHOCTHOTO CIOS .

Pewenue. Ha rpanulle NpUIIOBEPXHOCTHOTO CJIOSI M MOBEPXHOCTH
Ta0JICTKM KOHIICHTpAIUs MOCTOSIHHA U paBHa ¢,. KoHIIeHTpalus B 00beme
pacTBOpa B TEUEHHE pPacCMaTPUBAEMOIO0 BPEMEHHM TOXKE IOCTOSHHA,
MO3TOMY TMOTOK BELIECTBA Yepe3 MPUMOBEPXHOCTHBIM CIOH MOMXHO
CUHTATh CTAI[MOHAPHBIM U

de _Ac _¢;—¢p
dx Ax o

I[J'IH CTaMOHAPHOI'O IIOTOKA YPABHCHHUC IIPUMCET BU !

A _ psSs—ar
t 5
(DS
SV
DS An
8 t(c,—cp)
- U 0,001-60-24 06857 eyr !,
t(c;—cp)V  5(0,024-0,003)-20-10
DS(c, -
5= 25 =a) 1 09.10% e

An



JTabopaTopHas pabota Ne 10

OnpegeneHne KaTogHOro Bbixoda no ToKy
Npw aNeKTposin3e pacTBOPOB Corlen
pasfMYHbIX METasnNoB

Heab padoThbI: 03HAKOMUTHCS C METOJIOM OIpPECICHUs KaTOIHOTO
BBIXOJIA 110 TOKY IPU IJICKTPOXUMHUUYECKOM OCAXJICHUHU HUKEJSA U €ro 3a-
BHUCHMOCTH OT INIOTHOCTH TOKa.

Ob6wume cBeneHus

I. ITonsiTHE DJIEKTPOJIHA3A

DJIEKTPOJIU30M HA3BIBAIOTCSI MPOILIECCHI OKUCIEHUSI U BOCCTAHOBJIEC-
HUS BEUIECTB, MPOUCXOJSAIINE HAa MOBEPXHOCTH AJIEKTPOJOB MOJ ACH-
CTBHEM DHJIEKTPUYECKOTO TOKA, MOJABAEMOr0 OT BHEIIHETO HCTOYHUKA
Toka. [lpu »BrekTponusze NpoOUCXOOUT NPEBPALICHHUE SIECKTPUUYECKOU
SHEPIrUU B XUMHUYECKYIO, T.€. MO/ JECHCTBUEM 3JIEKTPUUYECKOIO TOKA MPO-
UCXOJIUT MIPEBPAIICHUE OJIHUX BEIECTB B JIpyTHE.

[Ipumep 1. PaccmoTpum sekTposin3 pacTBopa cyibhara Meau ¢

pacTBOpUMBIM MeIHBIM aHojoM. B Bomnom pactBope CuSO, noasepra-
€TCsI TUCCOIHAIIHH:

CuSO, — Cu* +S0,>

H,O > H + OH

Ilox neicTBUEM DIEKTPUUECKOTO TOKA KaTHOHBI Meau 1 H' BHKyT-
sl K OTpHUATeNbHOMY, a aHuoHbl SO, n OH — K TONOKHTEIbHOMY
ANEKTPO.LY.

DIIEKTPOJI, HA KOTOPOM HJET MPOLECC MPUCOETUHEHUS IIIEKTPOHOB
MoHamMu (MpOLECC BOCCTAHOBJICHUS), HA3bIBAETCA KATOJOM, U OH HMEET
3apsan (—). DIEKTPoJI, Ha KOTOPOM HJET MPOLECC OTIayu JIEKTPOHOB Be-
IIECTBOM (IIPOLIECC OKKUCIICHUS ), HAa3bIBACTCSI aHOJIOM, M OH UMEET 3apsia (+).

[Ipu 351eKTpoNIK3€e KATO 3apsKEH OTPULATENBHO, @ aHOJ — MOJIOKHU-
TEJIbHO, T.€. paclpeieJIeHuEe 3HaKOB 3apsija JIEKTPOIAOB MPOTHUBOIOIONK-
HO TOMY, KOTOpO€ HMMEETCSl NMpu padoTe TrajlbBaHUYECKOTO 3JIEMEHTA.
[IpyrurHa 3TOro B TOM, 4YTO MPOILECCHI, MPOTEKAIOIIUE MPU DJICKTPOJIU3E,
oOpaTHBI MpoIeccam, UIYIIUM MIPH padoTe raIbBAHMYECKOTO AJIEMEHTA.

Ha 251eKTpo/iax NpoTEKAIOT CeAYyIOIIUe PEaKINK:
karor: Cu®™ + 2e — Cu’
anox: Cu’ - 2e — Cu*"
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T.€. TIPH DJIEKTPOJIU3E Ha KaToje OyIeT BBIACIATLCA ME/b, @ Ha aHOAe Oy-
JIET MPOUCXOAUTH PACTBOPEHUE MEJIU.

PaccmoTpuM mporiece 2JIeKTposin3a cyibdara MEAu ¢ IPUMEHEHUEM
HEPacTBOPHUMOTro (TpauTOBOI0) aHOIA.

AHOJI HEPACTBOPUMBIH:

20H = H,0+1/20,+2e

KaTOHHBIﬁ nponecc HC 3aBHCUT OT dHOAHOI'O, IMO3TOMY HA KAaTOZC
6YI[CT HATHU IIPOLCCC BOCCTAHOBJICHUS MCIH:

Cu* +2e >

Ha anone mpoTekaroT peakiiy OKHCIEHUs, T.€. OTJaua JJIEKTPOHOB
BOCCTAaHOBHTEJIEM aHOAYy. B HamieM cimydae Ha aHoAe MOXET MPOTEKaTh
HECKOJBbKO TIporeccoB. [Ipu WCIONB30BaHWHM HEPACTBOPUMBIX AHOOB
(rpadUTOBBIX, TJIATUHOBBIX M Jp.) HA aHOJE MOTYT MPOTEKATh PEaKIINH
OKHUCJICHUS Pa3IUYHBIX BEIECTB, B YACTHOCTHU THAPOKCU/I-UOHOB:

20H = H,0+1/20,+2e

H,0 5 2H +1/20,+2e¢

o 2—
Haxonsimuiicst B anektponute noH SO,~ Ha aHOJAE HE OKHUCISAETCH.
Ecnmu B pactBope Haxomstcs ranouansie nonsl (Cl, Br, 1), To orn Oy-
YT OKUCIIATHCSI COBMECTHO C KUCIOPOIOM.

B cimydyae npuMeHEeHHs] paCTBOPUMBIX aHOJOB YMEHBIICHUE KOHLEH-
Tpallu¥ KaTHOHOB METAJUIA NMPHU MX BOCCTAHOBJIIEHWH HA KATOJIE BOCIIOJI-
HSETCS 3a CYET PACTBOPEHMS AHONOB. DTO OYEHb BAXKHO B IPOU3BOI-
CTBEHHBIX YCJIOBHSX — COCTaB JJIEKTPOJIUTAa aBTOMATHUYECKH IOIIEPKHU-
BACTCS B 3aJJaHHBIX TEXHOJIOTMYECKUX PEKUMAX.

[Ipumep 2. Ilpu npoxoxaeHuu toka yepe3 pactop CuCl, katu-
OHbl M€Y TOJ JEHUCTBHEM 3JIEKTPUUYECKOTO MOJIsl ABUXKYTCS K OTpHIa-
TEIBHOMY 3JIEKTPONY, @ aHUOHBI Cl” — K MOJOKUTEIHHOMY .

Mpb1 BUAMM, YTO, KaK M B clly4ae padOThl rajlbBAHUYECKOTO 3JIEMEH-
Ta, YIEKTPOJ, HA KOTOPOM IPOUCXOJUT BOCCTAHOBIICHHUE, HA3BIBACTCSA Ka-
TOZIOM, a BJIEKTPOJI, HA KOTOPOM IPOUCXOIUT OKUCIICHUE, — AHOJOM.

[Ipu 351eKTpoIN3€e KATOJ 3apsKEH OTPUIIATENIBHO, a aHOI — TOJIOKHU-
TEJIbHO, T.€. PaCHpPEACICHUE 3HAKOB 3apsijia JIEKTPOJOB MPOTUBOIOIOK-
HO TOMY, KOTOPOE MMEETCs B pabOTe rajgbBaHUYECKOro djeMeHTa. [lpu-
YHHA 3TOr0 B TOM, YTO IPOIIECCHI, MIPOTEKAIOIIUE TIPH IJIEKTPOJIU3E, 00-
paTHBI IIpoIeccaM, HAYIIUM P padoTe raJIbBaHUYECKOTO JIEMEHTA.
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I1. 3akoHBbI 3J1eKTpPOJIN3A

Takum 00pazom, IPOX0KISHUE TTOCTOSTHHOTO AJIEKTPUIECKOTO TOK B
JIEKTPOJIUTAX BCET/Ia COMPOBOXKIAETCS BBIICICHUEM Ha 3JIEKTPOJaX XH-
MUYECKHUX COCTAaBHBIX YaCTEW 3JIEKTPOJIUTA (MPOIYKTOB DJICKTPOJIN3A).
Bplitie MbI paccMOTpPENH MPOIECC IIEKTPOJIN3a C KaYeCTBEHHOU CTOPOHBI,
T.e. OOCYIWJIM BOIPOC O TOM, KaKHE BEIIECTBA MOTYT BBIICISATHCS Ha
ANEKTPOAAX MPH PA3TUIHBIX YCIOBHUSIX.

C KOJIMYECTBEHHOW CTOPOHBI MPOLIECC 3JEKTPOJU3a ObUT BIEPBBIC
m3ydeH B 30-x rr. XIX B. @apajsieemM, KOTOPbIM YCTAHOBUJI HA ONBITE ABA
OCHOBHBIX 3aKOHA 3JICKTPOJIN3A.

Ilepswiii 3axon @apades. KonndecTBO BEIIECTBA, BOCCTAHOBIEHHOTO
Ha KaToJ€ WJIM OKHCIEHHOI'O Ha aHOAE, MPSMO IMPONOPLUUOHAIBHO KOJIU-
YECTBY MPOMYIIEHHOTO 3JIEKTPUYECTBA:

m=KQ =KIt, (1)

rJe m — Macca BeuecTBa; K — 3JIEKTPOXMMHUYECKUN SKBUBAJICHT, PA3JINy-
HBIN ISl pa3HbIX BeWIECTB; () — KOJWYECTBO MPOIYLIEHHOTO 3JIEKTpUYE-
cTBa; [ — cWiia TOKa; ¢ — Bpems 3JekTposin3a. OH paBeH Macce JaHHOIO
BEILECTBA, BBIACISIEMO Npu 3ekTpoause 3apsaoM g = 1 Kynon. O0biu-
HO K BhIpa)kaeTcsi B rpaMMax (KujaorpaMmax) Ha KyJOH.

3HavYCHUS DJCKTPOXMMHUYCCKUX SKBHUBAJICHTOB IS HEKOTOPHIX Be-
IIECTB MPUBE/ICHBI B Ta0. 1.

Tabnuya 1
3HauyeHusl YJIEKTPOXUMHUYECKUX IKBUBAJIEHTOB
IJI51 HEKOTOPBIX METAJIJIOB
MonsipHas 3 .
TMEKTPOXUMUYECKUN
BemecTtBo macca M, BanentHocts Z 10
skBuBasieHT K, 10" /K
I/MOJIb
Cepebpo 107,9 1 11,18
Menp 63,57 2 3,294
Bonopon 1,008 1 0,1045
Kucnopon 16,000 2 0,8293
Xnop 35,46 1 3,674

Bropoi1 3akon ®Dapaness KacaeTcs BEIUYHHBI JIICKTPOXUMHUYECKOTO
skBUBajeHTa. Papaaeit oOpaTuia BHUMaHUE HA TO, YTO JIEKTPOXUMHUYE-
CKHE SKBUBAJIEHThI PA3JIMYHBIX BEUIECTB BCETJIa MPONOPUHOHAIBHBI MO-
JSIpHOM Macce BemiectBa M 1 oOpaTHO MPOMOPLIMOHANIBHBI BaJIGHTHOCTH
BemlectBa Z. OtHolenue M/Z Ha3bIBaeTCsI DKBUBAJIEHTHON MaCcCOM.
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Bmopou 3axon ®apades: 3NEKTPOXUMUUYECKUN SKBUBAJICHT IIPSIMO
MPOTIOPIIMOHAICH XMMHUYECKOMY 3KBHBaJIEHTY (D) JaHHOTO BEIIeCTBa:

k=""=cD. )

B stoit popmyne koadduniuent nponoprmoHanbHocTH C UMEET O-
HO M TO JKe 3Ha4yeHue it BceX BenrecTtB. O0o3nauuM 1/C = F, Torma

k== (3)

Benuuuna F nmonydwia HazBaHue noctositHHor Papanes. OnbIT mo-
Ka3bIBACT, YTO

F = 96,4845 - 10° Kin/mois ~ 96 500 Ki/moutb.

Bropoii 3akon ®apanes yamie HopMyIupYyrOT MO-Apyromy (cmpa-
BOYHUK 10 (pU3HKE SIBOPCKOT0): AIEKTPOXUMUUYECKHE SKBUBAJICHTHI pa3-
JUYHBIX BEILIECTB OTHOCATCS KaK MX XMMHYECKHE DKBUBAJICHTHI (T.€. M15).
JIeiCTBUTENBHO, U3 YPABHEHHUS CIEIYET, YTO

K _5.%_5

: . 4
K, F F 0D, )

OpHako TPyJHOCTh B TOM, YTO U3 3TOM (popMynupoBku 3akoHa Da-
pajiesi He BBIBECTH.

Obveounennsiii 3axon Papaodes. Oba 3akona Dapajaesi MOKHO BbI-
paszuth onHou Gopmysoit. [loncraBnss Beipakenue (3) B Beipakenue (1),
HAXOUM:

_DQ DIt
F 96500

Crnencteue 1. CiaegoBaTenbHO, €CIU Yepe3 000 AIEKTPOIUT IPO-
XOJUT 3apsijl, paBHbIM ocToaHHOM Dapajesi, TO Macca BEUIECTBA, BblJIE-
JIMBIIErOCS. HA KaXJIOM M3 DBJIEKTPOJOB, YMCICHHO paBHA €ro 3KBUBA-
JICHTHOM Macce.

)

Ecnu B pe3ynbTare 37eKTpoian3a o0pa3yrorces rasbl, 3akoH dapanes
UMEET BUJT

Vst

_ , 6
96 500 ©)

rac V3 — DKBUBAJICHTHBIM 00BEM BBICIIUBIICTOCS I'a3a.
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[TpuMmep 1. CkoIbKO BBIACTUTCS MEIM U BOJAOPOJIA MPU DIICKTPO-
nau3e cynbdara Meu, €CIIM Chia ToKa 2 A, a BpeMs 2JIeKTposu3a 2 u?

m~ (Cu)lt e — M (Cu)

1. m(Cu) = ; My = =64/2=32 r/™MOIb;
96500 B(Cu)
t=2-60-60=7200 c;
m(Cuy=227290 _4¢
96 500

2. Tlpu BeIACNEHUU Ta3a 0OBIYHO ONMPENCIISIIOT €ro 00BeM

Vy(Hy) It 5600-2-7200
96 500 96 500

V(H,)= =836 wmu;

Vo(Hy) =5,6 () =5600 (m).

CnenctBue 2. U3 obbenunenHoro 3akona dapanes ciemyer, 4To
paBHBIC KOJUYECTBA AJICKTPUUECTBA BBIICISIOT MPH DJICKTPOIU3E IKBH-
BaJICHTHBIC (T.€. OAMHAKOBOE UMCJIO UX DKBHBAJICHTOB) KOJIMUYECTBA pa3-
JUYHBIX BEIIECTB:

m_m

O 9
OTtHomeHne m/3D TPENCTaBIsIeT COOOW YHMCIIO KBUBAJICHTOB BEIIlC-
CTBa, CIIEIOBATENBHO, 1| = ny. BeipaxkeHue (7) MHOT 1A 3aMKUCHIBAIOT U TO-

APyromy:

(7)

m _ 9
L=k (8)
my 2
CootHomenust (7) u (8) Takyke MHOTJIa paCCMaTPUBAIOTCS B KaUe€CTBE
MaTEMaTHYECKOTO BhIpakKe€HHs BTOpOro 3akoHa dapaes.

[Ipumep 2. Kakoit 00beM KHCIOpOJia BBIICTUTCS HA aHOJIE MpHU
JIEKTPOJIM3€E pacTBOpa Cyib(dara HATpUs, €CIU HA KaTOAE BBIIEIUIOCH
44,8 mn Bogopoaa?

CootHorenue (7) aJis ra30B UMEET BU/I;
V(H,) _ V(0,)
V5(Hy)  V5(0,)

V5(H,)=11,2 n/momns,
V5(05,) =5,6 n/mMous.
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O06o3HauuB V5 3a x, IMEEM:

44,8-5,6
X=—=

22,4 n
11,2

Ob6vedunenue 3axkonos Dapaoest ¢ MoOUKU 3peHUst NPeOCMAsieHUl 00
UOHHOU npogooumocmu 21exkmpoaumos. llpencraBienne 00 MOHHOM
ITPOBOJIUMOCTH 3JIEKTPOIUTOB MO3BOJISIET HE TOJBKO KAYECTBEHHO IMOHSTh
SIBJICHHE DJICKTPOJIN3a, HO U 00BACHUTH 3akoHbI Dapanes. JleiicTBUTEb-
HO, MYCTh YHUCJO WOHOB, BBIJACIMBIIMXCS HAa KAKOM-THOO JJIEKTPOJE B
MPOLIECCE AIICKTPOIN3a, PABHO V, a 3aps]l KaKJ10ro U3 HOHOB €CTh ¢;. To-
raa TMOJIHBIM 3apsan (), TPOWICAIIMA 4Yepe3 DIEKTPOJIUT, €CTh
O = q,v. Ecnu Macca 0JHOro MOHA paBHA M), TO Macca, BbIICIUBIIASCS
Ha 3JIEKTPOAE, €CTh m = m; V. VICKIro4ast U3 3TUX YPABHEHUU V, HAXOJUM

m="10, )
91

T.€. epBbIii 3akoH Dapajes.

N3 (9) cnemyer, 94TO SMEKTPOXUMUICCKUAN SKBUBAICHT K = m/q; Win
(ecii YMHOXUTH YUCIIUTENb U 3HAMEHATENIb Ha YHUCIIO YacTHUI] B 1 MOJIb
BEIECTBA, T.. HA IOCTOSHHYIO ABoragpo N,= 6,024 - 10 wmomb ')
K = M/q,N. C npyroif CTOpOHBI, COTJIaCHO 00bEIMHEHHOMY 3akoHy Da-
panes K = M/(ZF). CpaBauBas 00a BelpaykeHus 1S K, monyyaeM

ZF
91 =—"- (10)

N
CrienoBatesbHO, 3apsij JIEKTPOXUMUYECKOTO HOHA B PaCTBOPE IMPO-
MOPUHUOHAJIEH BAJICHTHOCTH Z BEUIECTBA, T.€. HOHBI JBYXBAJICHTHBIX BE-
IIECTB MMEIOT BJIBOE€ OOJIBIIMN 3apsii, HEXKEIW OJHOBAJICHTHBIC HOHBI;

HOHBI TPCXBAJICHTHLIX BCIICCTB — BTPOC OONBIINH U T.M.

[TonydeHHBIN pe3yibTaT IMOKa3bIBAE€T, UYTO 3apsijbl MOHOB KPATHbI
Mexay coboil. HanMenpmmii 3apsig (€) WMEIOT MOHBI OJHOBAJICHTHBIX
BEIIECTB, 3apsJ NBYXBAJICHTHOIO MOHA PaBEH 2¢€, Z-BAJIICHTHBIX — pa-
BEH Ze, HO IpoOHbIe YyacTu € He HabmomaroTcs. Orcroaa ['enpMronbil u
CroHeil, He3aBUCUMO JIpYyT OT Apyra, B 1881 . BrepBhie caenanu 3aKio-
YEHUE, YTO DJIEKTPOXHUMHUYECKHUE 3apsbl UMEIOT aTOMApHYI0 IPUPO.Y,
T.€. Pa3lciICHbl Ha OMNPEICICHHBIC ATOMAapHbIE KOJWYECTBA. 3HAUYEHUE
3JIEMEHTApHOrO 3apsja noiay4daercs u3 (10) npu Z = 1:

e=5=96;0023=1,60.10—19 K.
N 6,02:10
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OTO 3HAUYCHUE COrJIaCyCTCsa CO 3HAUYCHHUCM 3apiaaa 3JICKTPOHA, I1OJIYy-
YCHHBIM IIO3JJHCC APYTHUMHU MCTOdAMMU.

II1. Iocyen0BaTEILHOCTD 3JIEKTPOAHBIX MPOLECCOB

Ha mnporuiecc anexTposivza U XapakTep KOHEUHBIX MPOAYKTOB OO0Jb-
II0€ BJIUSIHUE OKA3bIBAIOT PA3IUYHbIC (DAKTOPHI. DJIEKTPOJIU3 3aBUCUT:

1) oT mpuponabl pacTBOpUTEIIS;
2) marepuana 3JIEKTPOJIOB;
3) IUIOTHOCTH TOKa Ha AJIEKTPOJAX U JIp.

[Ipu paccMOTpeHUHU 3JNEKTPOJIU3a BOJHBIX PACTBOPOB HEJB3S YITyC-
KaThb W3 BUJY, YTO KPOME€ MOHOB JJICKTPOJIUTA BO BCSIKOM BOJHOM pac-
TBOpPE MMEIOTCS €I€ MOHBI, KOTOPHIC SBIISIIOTCS MPOAYKTaMH JIMCCOIHA-
nuu Boasl: OH™ u H'. B anekTprueckoM Moie HOHBI BOAOPOJA MepeMe-
arTcs K Karoay, a monsl OH ™ — k aHoay. Takum obpas3om, y KaToja Mo-
TYT pa3pspKaThCsl KaK KaTUOHBI DJIEKTPOJIMTA, TAK U KaTUOHBI BOJOPO/IA.
AHAJIOTUYHO, Yy aHO/Ia MOXKET MTPOUCXOJIUTh Pa3psiji KaK aHMOHOB JJICKTPO-
JUTa, TaK U TUAPOKCUI-UOHOB. KpoMe TOro, MONEKYJIbl BOJIbI TAKKE MO-
TYT HOJBEPraThCsl AIMEKTPOXUMUYECKOMY OKHCIICHUIO WM BOCCTAHOBIICHUIO.

Ha xamooe nipoTekaeT peakiiyus BoccTaHOBJIEHUs. Yem Ooblie BOC-
CTAaHOBUTEJIbHAS CIOCOOHOCTh KaTHMOHA, TEM OOJBIIE €0 DJICKTPOIHBIH
noteHuuan. [losTomy Ha KaTtojae B MEPBYIO OYepeab MPOTEKACT PEaKIIHs
BOCCTaHOBJICHUSI MOHOB, KOTOPHIE NMEIOT HAWOOJIBIIYIO0 BEJIMUYNHY CTaH-
JApTHOTO JIEKTPOAHOTO MOTEHIINAIA.

JI71s1 KaTOAHOTO BOCCTAHOBJICHUS MPU 3JIEKTPOJIU3E BOJIHOTO PACTBO-
pa BIEKTPOIUTA BCE METAIIIIBI MOKHO Pa3CIUTh HA TPU TPYIIIbI:

1-s rpynna. KatuoHbl MeTaII0B, UMEIOIMIUX OOJBIINN CTaHIAPTHBIN
AIEKTPOAHBIM TOTEHIMAN, 4eM y BoAopoaa. OHU HAXOIATCA B pSAy
HanpsHKCHUM TpaBee Boaopoaa. Ha karoae ykazaHHbIE MOHBI pa3psika-
FOTCS B TIEPBYIO OUepe/ib, M pa3psa HOHOB H' He mpoxowuT.

2-1 rpynna. MoHbl MeTa/ioB, MOTEHIIMA KOTOPBIX OTPHUIATEIIbHEE
MoTeHIMala BoAopoaa. OHM HAXOASATCS B Py HAIMPSHKEHUN MEXKY BO-
JIOPOJIOM W MapraHieM BKJIIOUMTENIbHO. CTaHIapTHBIM MOTEHIMA HOHA
H" 6ombie CTaHJAPTHBIX MOTEHIMATIOB YKA3aHHBIX UOHOB, U U3 BOJHBIX
pPacTBOPOB HOHBI BOAOPOAA JOKHBI ObIIM OBl BOCCTAHABIMBATHCS B
nepByto ouepenib. OJHAKO BCIEACTBUE HE3HAYMTEIBHOM KOHIIEHTpAIUU
MOHOB BOJIOpOJAa B BOJI€ MOTEHIMAJ BBIACJICHUS BOJOPOAA CTAHOBUTCS
0oJiee PIEKTPOOTPUIIATEILHBIM, YEM y Mapraiia, IIMHKA, *eje3a U IT0-
claeayommux MetamioB. [03ToMy Ha KaTtojae OAHOBPEMEHHO BOCCTaHAB-
JIMBAIOTCSA U KATUOH METAJIa, U BOJOPOI.
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3-1 rpynna. MoHbl METaJUIOB, MOTEHIMAT KOTOPBIX CYIIECTBEHHO
Oosnee OoTpHUIATENCH, YEM IMOTEHIHAT BOJOPOJIHOro 3nekTpona. K Hum
OTHOCSITCS METaJUIbl, CTOSIIIME B DAY HANPSHKEHUN JIEBEE MapraHia.
B BOIHBIX pacTBOpax pa3psi STUX MOHOB HA KATOJIE€ HE MPOUCXOJUT, TAK
KaK Ha KaTOJ€ BOCCTAHABIMBAKOTCS MOHBI BOJIOPOJA.

MeTtasibl 3TO# TPYIIBI MOTYT OBITh MOJTYYEHBI JIUIIb JIEKTPOIU30M
VX PACIUIABJICHHBIX COJIEU, B KOTOPBIX HOHBI BOAOPO/Ia OTCYTCTBYIOT.

o + + —7
Bcenencteue ouennr manoin koHuentpauuu H ([H'] = 10") npouecc
BOCCTAHOBJIEHUS BOJIOPOJia MPOUCXOJUT B OCHOBHOM 3a CUET HEIUCCO-
UMPOBAHHBIX MOJIEKYJT BOJIBI.

Ecnu e BOJIHBIM pacTBOpP COACPKUT KAaTHOHBI PA3JIMUHBIX METAJI-
JIOB, TO TIPH BJICKTPOJIU3E BBIICICHHUE UX HA KAaTO/I€ IMIPOTEKAET B MOPSIIKE
YMEHBIIIECHUS BEJIUUMUHBI 3JIEKTPOJHOTO MOTEHI[MAIA COOTBETCTBYIOIIETO
metamna. Tak, U3 CMeCH KaTHOHOB Ag , Cu’’, Fe*" cnavama OyIyT BOC-
CTaHABJIMBATHCS KATUOHBI cepedpa, 3aTeM — KaTHOHBI MEJIU W TTOCJICHU-
MU — KaTHOHBI JKene3a (Taour. 2).

Tabruya 2
KaTO)IHble leOIleCCbI, leOTeKaIOlIIHe
MPHU JIEKTPOJIM3e PACTBOPOB
Lit Na* Al Mn?t | Nit' H cu® Aut
3,04 | 2,71 1,66 | -1,18 | -0,25 0,00 +0,34 +1,50
Ni** +2¢ — Ni
2H,0 +2¢ — H,T +20H" 2H +2e¢ - H, Cu’ +2¢ » Cu
2H,0 +2¢ — H,T +20H"

Ha anooe nporekaroT npouecchl okucienus. [Ipu snextponuse Be-
IIECTB HCMOJBb3YIOT MHEPTHbIE (HEPACTBOPMMbIE aHOAbI) U3 rpadura,
IUIATUHBI, UPUAMS, KOTOPbIE HE U3MEHSIOTCS B MPOIIECCE IEKTPOIHN3a, U
pacTBOpUMbIe aHOABI U3 LIMHKA, HUKEIs, cepedpa, MU U JPYrux Me-
TaJJIOB, KOTOPbIE PACTBOPSIOTCS, T.€. OKUCISAIOTCS B IPOLIECCE DIIEKTPO-
JU3a Jerye, YeM aHUOHBI.

Ha HepacTBOpMMOM aHOJe B MPOIECCE AICKTPOIN3a MPOUCXOIUT
OKHCJICHUE aHWOHOB WJIM MOJIEKYJ BOJbI. [Ipu 3TOM aHMOHBI OGECKUCIIO-
pomubix kucinot (S*, I, Br, Cl') mpy HX AOCTaTOYHOH KOHLEHTPALMH
JIETKO OKHUCIAtOTCA. Ecnu jke pacTBOp COAEPKUT aHMOHBI KUCIOPOTHBIX
KUCJIOT (SO42_, NO;, CO5%, PO43_), a Taxke ¢propua-uoH F, To Ha aHOIE
OKHCIIFOTCS HE 3TU MOHBI, @ MOJICKYJIbI BOJIbI C BBIJICICHUEM KHCJIOpOAa
(Tabmn. 3).
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Tabnuya 3
AHO/IHBIE MPOIECCHI, MPOTEKAIOIIUE
MIPH 3J1€KTPOJIH3€e PACTBOPOB

beckucnoponnsie Kucnoponoconepxarue
AHUOHBI AHUOHBI
Cu™ I Br Cl H,0 | SO,~ | NO; | PO,/ | F
0,34 0,536 1,065 1,358 | 1,229 | 2,01 2,86
2CIT > Cl, + 2¢ 2H,0 > O,T +4H" + 4¢

B ciywyae pacTBOpMMOro aHoJa YHMCIO KOHKYPUPYIOIIUX OKHUCIH-
TEJIbHBIX MPOIIECCOB BO3pACTAET A0 TpexX (CM. Tadi. 3): AIEKTpOXUMHUYE-
CKO€ OKHCIICHHE BOJBI C BBIJICTICHUEM KHCJIOpPOAQ, Pa3psia aHUOHBI H
AIIEKTPOXUMHUUYECKOE OKUCIICHHE METajula aHojAa (Tak Ha3blBaeMOE aHO/I-
HOE pacTBOpeHHe MeTamia). M3 3TuX BO3ZMOXKHBIX MPOIECCOB OyAET UATH
TOT, KOTOPBIN 3HEpreTuyecku Hambosee BbirojeH. Ecnum meramn aHoma
PacCIOJIOKEH B PsIy CTAaHAAPTHBIX IMOTEHIIMAIOB paHbIe 00eUux IPYyrux
JIEKTPOXUMHUYECKUX CUCTEM, TO OyJeT HaO0aThCs aHOMHOE PACTBO-
peHue Metaia. B mpoTuBHOM ciyuyae — BbIJIEJICHHE KUCIOPOAA WK pa3-
pSI aHUOHA.

DJIEKTPOJU3 C PACTBOPUMMBIM AHOJIOM HIPUMEHSETCS MJISI OYMCTKH
MeTaJJIOB. PaccMOTpuUM TIporiece JIEKTPOXMMHUYECKOTO pauHUPOBAHUS
(OYHCTKH) MU, TIPUMEHSEMOro B MPOMBINUICHHOCTH. [Ipu paduHupo-
BaHUU aHOJIOM CJIY>KUT OUMINIAEMBbII MeTaJlT (Y4EpHOBAsE MEb), KATOJIOM —
TOHKHUH JUCT yucTon Meau. [Ipearnonoxum, yepHoBass Meb BKIHOYAET B
cebs mpuMecH MHWHKA, KeJe3a, cepedpa u 3om0Ta. Ha xaTome B mepBytro
ouepenb OyAyT OKUCIATHCSA (PACTBOPATHCS) METAIIBI ¢ O0Jee dIEKTPO-
OTpUIIATEILHBIM MOTEHITMAJIOM: IIMHK, JKeJIe30, MeJIb. MeTaisl ¢ Ooiee
MOJIOKUTENIFHBIM TTOTEHIIHAJIOM (cepeOpo M 3010TO) OyAYyT BhIMaAaTh U3
aHoJa B BUJIE IIIJIaMa.

Ha xartoze B nepByro odepenb BhIACIAETCS MEIAb, UMEIOIas Hanbo-
JIee TOJ0KUTEIbHBIN MToTeHIHal. LIuHK 1 Kene30, CTOAIIMEe JIEBee MEIu
B PsiJly HaIPSDKEHUH, OYIyT OCTaBaThCsl B paCTBOPE.

IV. CoBmecTHOE MpOTEKAHUE PeAKIUI HA KaTo/Ae

He Bcernma Bech TOK, IPOXOIAIINNA YEPE3 IIEKTPOJ, PACXOLYETCA Ha
WHTEpEeCYNMN Hac (TOJIe3HbIN) Mpolecc BbiaenaeHus Metaima. [loaromy
BO3HHUKAET BOMPOC O COOTHOUIEHHWH TJIIOTHOCTEN TOKA ABYX WJIM HECKOJb-
KHUX MapajuiesIbHbIX MPOLECCOB (MMPOUCXOALUIMX OJIHOBPEMEHHO Ha IO-
BEPXHOCTH KaTo/a MPU HEKOTOPOM 33JIaHHOM MOTEHIIUAJIE).
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[TapannenbHO OCHOBHOMY KaTOJHOMY ITPOLIECCY BBIJIEICHUS METAJI-
J1a MOTYT MPOUCXOJIUTH:

1) QJICKTPOXUMHUICCKOC BOCCTAHOBJICHUC APYIOoro Mcrajuia:
z+ — 0
M(Z) +ze — M(z)
2) BBIACJICHUC BOOOPOAA:
2H,0" +2¢ — H, +2H,0
3) HCIIOJIHOC BOCCTAHOBJICHHUEC METAJljIa.

Fe’" +& — Fe**

4) BOCCTAaHOBJICHHE ITOBEPXHOCTHBIX OKCHUIHBIX TJICHOK:
+ p—
M,O, +2yH;0" +2ye - xM +3yH,0,

d TaK)KC OAPYTHUC IIPOLCCCHI. HCKOTOpBIG N3 HUX ABIAKOTCA YUCTO XUMHNYC-
CKUMH, T.C. IPOUCXOOAT oe3 YHaCTHA SJICKTPUICCKOT'O TOKA.

Ecnu BTOpBIM ITPOLIECCOM SBIIIETCS BBIACICHUE BOAOPOAA WM MHOU
NOOOYHBIN ANEKTPOXUMHUYECKUI MPOLECC, TO TOBOPAT O BEIMYMHE Ka-
TOJIHOTO BbIXOJa MeTaia 1o Toky (BTy), uMes B BULy A0JIO 3IEKTpHUYe-
CKOTO 3apsijia, pacxoJyeMOro Ha OCHOBHOM (IIOJIE3HBIM, LI€JIEBOM) Mpo-
1ecc:

BTK(%):%-IOO%. (11)

JI1s1 SKCIIEPUMEHTAIBHOTO OIPEIEIICHUSI KATOTHOTO BBIXO/IA MO TOKY
KaToJ B3BCIIMBAIOT 10 Hayaja M IIOCIIE OKOHYAHHUS JJIEKTPOJW3a, a B
MPOIIECCE BJIEKTPOJIU3a ONPENEIISIOT KOJIUYECTBO MPOILIEAIIETO JIEKTPH-
yecTBa (C MOMOUIBIO JIMOO 3JEKTPOHHOTO MHTErpaTopa U JIEKTPOXUMU-
YEeCKOIro KyJIOHOMETpa, MO0 amIepMmeTpa U ceKyHaomepa). Beixon mo
TOKY PaBE€H OTHOUICHHIO PEAIBHOIO0 MPUPOCTAa MACChl dJEeKTpona Am k
Macce 0CaJiKa, BBIUMCIEHHOU N0 3akoHy Dapanes:

B AmnF

BT

(12)
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Ecmu miist kakux-to ycinoBud 3nekTposin3a BennunHa BT, 3apanee
omnpejeaeHa, TO JJIs BBIYMCIICHUS MAacChl Ocajka WM TOJIIIMHBI TTOKPbI-
TUS h, MKM, €€ MOYKHO BBECTH B YpaBHeHHUe 3akoHa Dapages

_ BT, iAt
anF

h , (13)

rJie  — CHJIa TOKa, A; { — BpeMsl 3JICKTPOJIN3a, C; d — IUIOTHOCTh METalla,
3
r/cMm.

OﬁopynOBaHne: HCTOYHUK ITOCTOAHHOI'O TOKA4, aMIICPMCTP, I'aJIbBa-

HU4Yeckas BaHHO4Yka Ha 0,25-0,5 51; KyJIOHOMETp M peocTaT; aHATUTHYE-
CKHE BECHI.

PeareHTbI: 3JIEKTPOJIUT HUKEIUPOBAHMS; KATOJABl U3 MEIHON (HOb-
I'Yl; HUKEJIEBBIE aHOBI.

3KcnepmmeHTan bHaA 4acCTb

1. CobpaTh yCTaHOBKY COTJIACHO CXeMe€ (PUCYHOK).

AHon
Her. +
— - L ONeKTpoIuT T k

Peocrat

Karon

- + - +
ATTe IMETH Urdpos o
EYTIOH OMETH

CxeMa yCTaHOBKH JIJIs1 TPOBEICHUS SJIEKTPoJn3a U onpenenenust BTy

2. 3aUTh PacTBOP IEKTPOJIUTA B AJIEKTPOJIUTUUECKYIO TUEUKY.

3.B3BecuTh Ha aHAJIMTHYECKUX BeECAX KaToa (C TOYHOCTBO 10
0,0001 ).
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4. ITorpy3uTh KaTOJ ¥ aHOJBI B AJNEKTPOJIUT.

5. BKkIIoUUTh UCTOYHUK TOKA U UU(PPOBON KyJTOHOMETp B ceTh. Ile-
pEKIIFOYATEND JUANa30HOB M3MEPEHHM Ha KYyJOHOMETPE YCTAaHOBHUTH B
nonoxeHue «x10.

6. Bkmtounts TymOnep «CeTb» Ha HCTOYHUKE TOKA. YCTAaHOBUTh
BpAILICHUEM PYYEK PEOCTaTa U UCTOYHUKA TOKA CHIIy TOKA, COOTBETCTBY-
FOIIYIO IUIOTHOCTH TOKA, paBHOM 1 Alnv’. OIHOBPEMEHHO C BKIIFOUCHUEM
TOKa BKJIFOUUTH CEKYHIOMEp M HaxxaThb KHOMKY «COpoc» Ha 1udpoBoM
KYJIOHOMETPpE.

7. DIeKTpoan3 NpoBoaUTh B TeueHue 20—30 muH.

8. Ilocie oxOHYAHUS FNEKTPOOCAKICHUS BBIKIIOYUTH UCTOYHUK TO-
Ka ¥ OCTAaHOBUTb CEKYHJIOMED.

9. BBIHYTbh KaTOJl U3 pacTBOpPaA, MIPOMBITh TUCTHILUIMPOBAHHOM BOJIOH,
MIPOMOKHYTh (UIBTPOBAIIBHOW Oymarol M BBICYIINTh. B3BECUTh KaTo
Ha aHAJIMTHUYECKUX Becax ¢ TouHocThio 0,0001 .

10. CHATh NOKa3aHus KyJOHOMETpPA.
11. PaccunTarh Maccy OCaKIE€HHOTO METAILIA.

. 2
12. IToBTOopuTh Onepanmu 3—12 ams miotHoctei Toka 0,5 u 1,5 A/nm”.

13. IIpousBectu pacuet katoanoro BT mo ¢opmynam s kaxxmoro
OMbITA:

_AMIE 300 9% w BT, =2 100 o

ItA

BT

K

14. CpaBHHUTH IOJTyYEHHBIE PE3YJIBTATHI.
15. BHecTu pe3yabTaThl SKCIIepuMeHTa B Ta0. 4.

16.IToctpouth TrpaduK 3aBUCHMOCTH KATOJHOTO BBIXOJA IO TOKY
HUKEJIS OT KaTOAHOW IJIOTHOCTH TOKa, OOBSICHUTH XapaKTep MOJTyICHHOM
3aBUCHUMOCTH.
17. BBIKIIOYUTH BCE MPUOOPHI U3 CETH, yOpaTh pabouee MeCTo.
Tabnuya 4
Pe3yabTaThl HCCI€I0BAHUT

i, Alam” 0,5 1,0 1,5

BT, %

18. Cnenaiite BLIBOIEI.
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KOHTpOnbHblE BOMPOCHI

1. ChopmynupyiiTe epBblil 1 BTOpoi 3akoHbl Dapasest.
2. KakoB ¢pusnuecknii cMbIca mocTossHHON Dapanes?

3. Kakue mporiecchl MOTYT MPOTEKAaTh Ha MOBEPXHOCTH KaToJa MpuU
IIEKTPOOCAXKIECHUN METAJUIOB U3 BOAHBIX PACTBOPOB UX COJICH?

4. Kakoii (pu3nuecKknii CMBICI UMEET BEJIMYMHA KaTOJHOTO BBIXOJA
MeTajia o Toky?



[MpakTnyeckoe 3aHATME Ne 8
KnHeTuka anekTpoOXMMNYeCcKnx npoLeccoB

DJIeKTPOXMMHUYECKA KHHETHKA SIBJIsSIeTCSl Pa3/eiiOM XUMUUECKON
KAHETUKA ¥ OCHOBBIBAeTCsI Ha ee oOmux 3akoHaX. K ocoOeHHOCTIM
ANEKTPOXUMUUYECKON KUHETUKU OTHOCUTCS TO, YTO PEAKIUU MPOTEKAOT
Ha rpaHuie paszaena (a3 (3JEKTPOHHBIM MPOBOJIHUK — MOHHBIN MPOBO/I-
HUK) U C YYaCTHEM BJIEKTPOHOB

Ox + ze = Red,

rae Ox u Red — okucnenHas u BocctaHOBJIEHHas: (popMa BEIIECTBA COOT-
BETCTBEHHO; Z — YHCIIO MPUHUMAEMBIX AJICKTPOHOB.

[Iporecchl Ha AAEKTPOJAX COCTOAT U3 HECKOJIBKUX CTAIUM:

— TIOJIBOJI DJIEKTPOAKTUBHON YACTHUIIBI K TOBEPXHOCTHU IJIEKTPOIA;
— COOCTBEHHO 3JIEKTPOXHUMUYECKAs cTaaus (repeaaya 3J1eKTPOoHa);
— OTBOJ 00pa30BaBIIETOCS MPOAYKTA C TOBEPXHOCTH AJICKTPOIA.

JlocTaBka »JIEKTPOAKTUBHOM YACTHUIBI K IMOBEPXHOCTH 3JIEKTPOJA
MOET OCYIIECTBIISITBCS HE TOJBKO 3a cueT Auddy3uu, ecTeCTBEHHOU
KOHBEKLWH WJIA MEXAHUYECKOTO MEPEMEILIMBAHNS PACTBOPA, HO U 32 CUET
MUTPALMH TOJ JEUCTBUEM JIEKTPUYECKOTO MOJIS.

OTKJIOHEHHE MNOTEHLMaNa 3JIEKTpoJa OT PaBHOBECHOTO (F,) mon
JEHCTBUEM DJJICKTPHUYECKOTO TOKa (F;) Ha3bIBaeTCs IMepeHaIpsKEHU-

eM (n):
n :Ei —Ep.

B nmanHoMm ciywae tutoTHOCTH Toka i (i = J/s, toe J — TOk, A; s —
IJIOIIA]Ib TTOBEPXHOCTHU DJIEKTPOJIa) CIY>KUT MEPOH CKOPOCTHU 3JIEKTPO-
XUMHUYECKoN peakiuu. [lepeHanpspkeHUe 3aBUCHUT OT IUIOTHOCTH TOKa,
KOHIICHTPAIIMU AJIEKTPOAKTUBHOU YaCTHUIIbI, TEMIIEPATYPHI, TIEpEMEIINBa-
HUSI 1 MHOTHX JIPyTUX (paKTOPOB.

Ecnn HauOoniee MeUIeHHOW CTaaued sBISIETCS CTaaus Nepeaadu
JJIEKTPOHA, T.€. COOCTBEHHO 3JIEKTPOXMUMHUYECKas CTaaus, TO IpH Iepe-
HarnpsikeHun 6omee 50 MB MeXy MIOTHOCTBIO TOKA U TIePEHAIPSKEHU-
€M UMEIOTCs CIIEAYIOLIME 3aBUCUMOCTH:
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F
i =1, exp(—%},
.. BzFm
I, =1, eXp(Ta )

T€ ix U [, — KaToAHasi U aHOAHAas IUIOTHOCTh TOKA COOTBETCTBEHHO; I, —
IUIOTHOCTh TOKa OOMEHA, KOTOPBIM yCTaHaBIMBAETCS Ha 3JIEKTPOAE MpPH
pPaBHOBECHOM MOTeHLMaNE; o U 3 — koadduumenTsl nepeHoca (o + = 1);
Nk U Mo — KaTOAHOE W AHOJHOE IEPEHAIPSKEHUE COOTBETCTBEHHO; [ —
nocrosinHass Papanes; R — yHuBepcaibHas Tra3oBas NOCTOsSHHas; 1 —
Temrmeparypa, K.

JlorapudmupoBanre TOCIECIHUX ypPaBHEHUU MPUBOJIUT K ypaBHE-
Huto Tadernst, KoTopoe ObUIO MOIYYEHO IKCIIEPUMEHTATBLHBIM ITyTEM:

n=a+b ni

B cnyuae ecnu Hambolsiee MEJJIEHHOM CTaJUeil SIBISETCS JJOCTaBKa
ANEKTPOAKTUBHOW YaCTHUIIbI K MOBEPXHOCTH KaTOJAa WM OTBOAA C IO-
BEPXHOCTH aHOJa, TO MOJSAPU3ALUOHHAS KpUBas (3aBUCHMOCTb MEPEHa-
OpsDKEHUsT OT IUIOTHOCTH TOKa) OyAET ONUCHIBATHCS YPABHEHUEM CIIEIy-
IOILIETO BU/IA:

T]K:Ehl l_li s
zF Inp

nazﬂln 1+‘li ,
zF Inp

TZI€ iyp — IPEENbHAs IIIOTHOCTD TOKA HA KATOJE WU aHOZE.

DNEKTPOXUMHUYECKHAE PEAKINH, MPOTEKANIUE Ha JIEKTPOJAX, MO-
T'YT OBITh OCJIOKHEHBI XUMHUYECKUMHU PEAKIHUSIMHU, KOTOPBIE MPOTEKAIOT B
o0BbeMe DJIEKTPOIUTa W MPEIIIECCTBYIOT WIHM CIEAYIOT 3a CTaaAueu mepe-
nayu 3nekTpoHa. CrelyeT OTMETUTh, YTO Iepeadya HECKOJIbKUX AJIEK-
TPOHOB TAKKE MOKET NMPOTEKATh CTAIUKHO.

[Ipumep 1. Beruucanre mioOTHOCTh TOKA AHOAHOTO PACTBOPCHUS
Hukend npu 25 °C, ecnu nepenanpsbkenue Ha anoae 0,1 B, a miotHOCTB
TOKa 0OMEHA Ha HHKeJIe B 3TOM pacTBope paBHo 1 - 107° A/cm’. AHOIHOE
pacTBOpPEHUE HHKENS ONUCHIBACTCA TEOpUEH 3aMEIJIEHHOIO pa3psia-
noHuzanuu, kodgdurment a = 0,5.
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Pewenue. 1loacraBuB YMCICHHBIE 3HAYEHUS B YPABHCHUE

BzF na)
RT )

IOJTy4HM, YTO TOK pacTBOpeHust paseH 4,92 - 1077 A/em’.

I, =1, exp(

[IpuMmep 2. Paccunrars nepenamnpsbkenue npu 25 °C Ha HUKeIe-
BOM KaTOfe IUIOMAnpio 50 cM° B TOT MOMEHT BPEMEHH, KOIJa Hepes
aueriky ¢ 1 M pacTBopoM Xjiopuaa HUKENS MPOXOIUT TOK, B 175 pa3 mpe-
BOCXOJIAILMKA TUIOTHOCTh TOKa oOMeHa. KaTrojgHoe BBIJEIEHHE HUKEIs
OMMCBIBAETCS] TEOPUEHN 3aMEVIEHHOTO Pa3psiia-NMOHU3ALMNH.

Pewenue. 1ImoTHOCTE TOKA HA KAaTOJIE

1750,
~ 750

=3,5i,.

Ik

[TockobKy TJIOTHOCTH TOKA U TOK OOMEHA OJHOTO MOPSIKA, TO Te-
PEHAIPSIKEHUE OMPEECIISIEM IO YPABHEHUIO

__ Ml x
L zF \ i

(6}

_RT(i

[Ipumep 3. 3aBUCHUMOCTH MEPEHANPSKEHHUSI OT MJIOTHOCTHA TOKA
JUIs1 IBYXAJIEKTPOJHOM KaToiHOM peakiuu npu 298 K cieayromasi:

LAeM™ |2:-107% [10-10%{20-10*[50-107*[80-10* [1,2- 102 [1,6- 1072 | 2. 107>

n, B -0,212 | -0,258 |-0,277 |-0,307 | -0,317 | -0,326 | -0,334 | 0,341

Omnpenenure k03pGULMEHTH! a, b B ypaBHeHUU Tadenst 1 KUHeTHYe-
CKH€ TapaMeTphl O U i,, TPUHSIB, YTO MPOLIECC KOHTPOJIUPYETCS CTaaueH
3aMeJIJICHHOTO pa3psaa-HOHU3AIINH.

Pemenue. Iloctpoum 3aBucumMocts M — lnix U omnpegenum u3s
rpadguka a u b. 3HaueHue «, i,, BHIYUCISIEM COOTBETCTBEHHO MO ypaBHE-
HUSIM:

_RT
ozF

b

, a=-blni,.

3aganud.

Bapuantel Neo 1, 16. Tok BeanunHOU B 2,2 A MPOXOJIUT 4€pe3 pac-
TBOp MEAHOI0 Kymopoca B TeueHue 2 4. KakoBa macca BbIJACIUBIICHCS
Menu?
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Bapuantet Ne 2, 17. CKoIBKO TPaMMOB CEPHOUM KHUCIOTHI 00Opa3yeTrcs
IIPU 3JIEKTPOJIU3E pacTBOpPa MEIHOro Kyrnopoca B TeueHue 3 4 10 muH to-
koM 0,56 A?

Bapuantel No 3, 18. BbIUHCIUTE 3JIEKTPOXUMUYECKHN SKBUBAJICHT
LUHKA, €CJIM MPU AJIEKTPOJIN3E pACTBOPA COJIM TOKOM 2,8 A 3a 5 muH 32 ¢
BeIIeniIoch 0,314 r nmuHKa.

Bapuantet Ne 4, 19. Yepes pactBop FeCl, npomyckanu Tok B 3 A B
teueHue 12 muH, a yepe3 pactBop FeCl; — Tok B 4 A (B 3TO &e Bpems).
B kakoM u3 pacTBOpOB BBIIETHIOCH OOJbIIIe xKenne3a? OTBET MOTUBUPYHTE.

BapuanTtsl Ne 5, 20. Uepes nocienoBaTeIbHO COCIMHEHHBIE PACTBO-
pel SnCl, n SnCly nponyckanu B TeueHue 10 MUH 3IEKTPUYECKUN TOK
B 3 A. BBIUHCINTH KOJMYECTBA OJIOBA U XJIOPA, BBIJICIUBIINXCS U3 KaXK-
JIOr0 PacTBOpPA B OTJICJILHOCTH.

Bapuantel Ne 6, 21. Beraucauth koiaudectBo PbO,, koTopoe Bbijie-
JIUTCSA HA aHOJE MPH DJIEKTPOJIM3E COJIM CBHUHIA B A30THOKHUCIIOM PacTBO-
pe Tokom B 0,16 A B Teuenue 45 muH. Kakue peakuuu nmpoTeKarOT Ha
AIEKTpoaax?

Bapuantel No 7, 22. Yepe3 pactBop HoaucToro 0apusi MpomycKaroT
TOK cwion B 5,2 A B TeueHue 18 muH. Kakue peakium mpoTeKarOT Ha
anekTponax? Kakue BemectBa M B KAKOM KOJWYECTBE BBIACISAIOTCS Ha
ANEeKTpoaax?

Bapuantbl Ne 8, 23. CkoJIbKO Bp€MEHM HaJ0 MPOMYyCKaTh TOK 4epe3
pacTBop cojiu cepedpa, 4TOObI MOKPBITh C JIBYX CTOPOH IJIACTUHKY pa3-
MepoM 4 x 6 cM’ cioeM cepeOpa toamuHoi B 0,02 MM, €ciau cuiia TOKa
0,6 A, a mmotHOCTH cepedpa 10,5 r/em>?

Bapuantsl 8, 24. CkoJIbKO BpeMEHH NOTPeOyeTCs ISl pas3sIoKEHUs
1 Monb BOoABI TOKOM B 6 A?

Bapuantsl Ne 10, 25. CxoibKkO BpEMEHH HYKHO MPOIMYCKaTh TOK B 4 A
yepe3 pacTBOp cepeOpsiHOM coM, YTOOBI MOKPHITH MPEAMET C TTOBEPXHO-
cTBI0 cTOpoHBI B 90 cM” ci10eM cepebpa Tommmaoii 0,005 MM (ILIOTHOCT
cepeGpa 10,5 r/cm’)?
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Bapuantsl Ne 11, 26. Tok B 4,8 A BbIIEISET U3 pacTBOpa IUIATUHO-
Boi conu 1,517 r niaatunbl B Teuenne 10 muH 25 ¢. Beaucnuts Xumude-
CKHI YKBUBAJICHT IUIATHHBI.

BapuanTtet Ne 12, 27. Kakoil cuibl TOK Hazio nporryckats yepes 0,12 H.
pactBopa Bi(NO;);, utoObI B TeueHue 30 MUH MOJHOCTBIO BBIJICIUTh Me-
Tasmt u3 40 M’ pacTBOpa?

Bapuantet Ne 13, 28. Yepes pacTBop conu cepedpa MPOMyIeH TOK B
teuenne 1 4. IIpu saTom Beigenunock 0,4830 r cepedbpa. AMIepMeTp Io-
ka3biBai 0,09 A. KakoBa oTHOCUTEIbHAS OIIMOKA B €r0 MOKa3aHUIX?

BapuanTel Ne 14, 29. [Ipu anekTponu3e pacTBopa MEIHOTO KyIOpPO-
ca oopazoBaniock 6,35 r meau. Kakoll ra3 1 B KakoM KOJIUYECTBE (110 00b-
€MY) BBIJICJIWIICS Ha aHOJZE, €Cclid OH ObLT u3mepeH npu 25 °C Haj Bogoi
npu gaBjaeHud 99 980 H/M>? JaBlICHHE BOISHBIX MapoB MPH ATOU TEMIIE-
parype paBHo 3172,6 H/M°. CKOJIBKO BPEMEHHU IPOLOIIKATICS ICKTPOIH3,
ecim cuia Toka 0,2 A?

Bapuanter 15, 30. KakoBbl 00BbeMbl BBIACIUBIINXCS KHCJIOpOAa U
BojiopoAa npu 27 °C 1 HOpMaJIbHOM JABJICHUH, €CIIA YEPE3 PACTBOP CEP-
HOM KUCNOTHI ITponyckain Tok 0,2 A B teuenue 40 Mmun?
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