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Y4eO6HO0-/1a00pATOPHBIN KOMILJIEKC «XUMMUSI»

BonbmMHCTBO 1a00paTOPHBIX padOT MO Kypcy (DU3MUECKONU XH-
MWW U3 TPEACTABICHHBIX B JaHHBIX METOJAMYECKUX YKa3aHUSIX BbI-
MOJTHSIFOTCS C TPUMEHEHUEM y4eOHO-1a00paTOPHOTO KOMILIEKCa «XHU-
Mus» (nmanee cokparieHHo Oyaet HaswiBaThes YJIK). Ilepen Bbimosn-
HEHHEM JabopaTOpPHBIX paboT clielyeT 03HAKOMUTHCSI C YCTPOUCTBOM
VJIK 1 OCHOBHBIMM IPUHLIMIIAMU PAOOTHI C HUM.

Ycmpoiicmeo YJIK

YJIK cOCTOUT M3 LUEHTPaIbHOTO KOHTPOJUIEPA, K KOTOPOMY MOTYT
MOAKJIFOYAThCS TPU BUJIA MOAYJIEH. BHEIIHUI BUJ LEHTPAIbHOIO KOH-
TpoJuiepa TpeacTaBieH Ha puc. 1. Jlucruien n kiiaBuatypa mo3BOJISIIOT
ABTOHOMHO YNPABJIATH KOHTPOJUIEPOM, OJHAKO B HACTOALIEM NPAKTH-
KyMe OyJieT npuMeHsThes ynpasienue YJIK npu nomoiiu kKoMnbroTepa.
Ha 3agHeil manenu KOHTpOJUIEpa PacIioaoKEHbl pa3beMbl ISl MOIKIIIO-
yeHUs KaOesel CBsI3M ¢ MOIYJISIMH M KoMIlbioTepoM. KHomka BKJIHOUe-
HUSI MIUTAHUS PACIOJIOKEHa Ha JIEBOM OOKOBOM CTOpPOHE KOHTpOJLIEpA.
KoHnTposiep o0nanaer 3HEproHe3aBUCUMON MaMsThIO, B KOTOPOM Xpa-
HATCS PE3YJIbTAThI MOCIEIHUX U3MepeHnit. [lepen BBIOJTHEHUEM HOBOM
J1a00paTOpHOIl pabOTHl PEKOMEHIYETCS OUUCTUTh MaMATh KOHTPOJLIEpa.
JIns 3TOro € WMCNOJIb30BaHUEM BCTPOEHHOM KIABHATYPhl B MEHIO
«1. Beibop ycTaHOBKHW» HE0OXoAuMoO BbIOpaTh MyHKT «6.COpoc Ha-
CTPOEK, KaHAJIOB U MaMsATH» (KOMIIBIOTEpHAs IporpamMMma yrIpaBIICHUS
VYJIK npu 3TOM He J10J1KHA ObITh 3ayIIEHA).

Puc. 1. VJIK «XuMus», HEHTPATBHBINA KOHTPOJUIEP



Monynb «Tepmudeckuil aHaau3» (puc. 2) UCMONb3yeTCs JJIsl BbI-
MOJTHEHUSI OJHOMMEHHOU J1abopaTtopHoi paboTel. B coctaB momyns
BXoaT 11 ammyi, comepskanux cMecu ¢peHolia u HadTaauHa. Mo1yib
UMEET TPU TPYHNbl THE3J JJis pa3MeleHus: ammyi. IlepBas rpymma,
npeaHa3HauYeHHAs JUIsl HarpeBaHUs aMITyJl, UMEET YeThIpe rHe3/1a (J1Ba
U3 KOTOPBIX CHA0XEHbI TEPMOJIATUUKAMU ISl (PUKCUPOBAHUS TEMIIE-
paTyphl B XOJI€ HarpeBaHUs) U CHA0XEHAa HArpeBaTEIbHBIM 3JIEMEH-
ToM. BTOpas rpymma, pacrnosyioxeHHas MocepeInHe, UMEET CeMb THE3/T
U TpeJHa3HAyYeHa JJIsi XpaHEHUsl amIlyJl, HE 3aJeliCTBOBAHHBIX B Te-
KyllleM omnbITe. TpeThsi Tpymna — U3MEPUTENbHBIN OJIOK — UMEET ue-
ThIpE THE3/a, MpeAHA3HAYCHHBIX JIA OXJIAKICHUS IPEIBAPUTEIHHO
HarpeThiX amiyia ¢ (UKCUPOBAHUEM TEMIIEPATYPHI B KAXKJIOW aMmIyJie
B X0JI€ OXJIaXJeHUsA. biiok cHaOXXeH BEHTWJISATOPOM Jjisi 00/lyBa am-
yJ1 BO3JTyXOM.

Puc. 2. VJIK «Xumus», moayib « TepMuueckuil aHamms»»

Monynb «Qnexktpoxumusi» (puc. 3a) mpeacTaBisieT COOOU TIacT-
MAacCOBBIN KOPIYC C¢ HWIMHAPUYECKUMHU THE3AAMU U1 XUMHUYECKUX
CTAKaHOB, KOHTAKTHOM IUIOIAAKON JJIsI TOAKIFOUEHUS JIEKTPOAOB U
JATYUKOB U JIByMS MOJIBUKHBIMU JIEPKATEIIMU JIEKTPOJOB C OTBEP-
cTusMH. B xopryce Moyt 1o THe3AaMU JIJII XUMHUYECKUX CTaKaHOB
PaCIOI0KEHBI MPHUBOABI JIEKTPOMArHUTHBIX Memaiok. MapkupoBka
pPa3beMOB KOHTAKTHOW TUIOIIAAKUA JJIsI TIOJKIIFOYEHUS AJIEKTPOJIOB U
JTATYMKOB TpencTaBieHa Ha puc. 36. Pazpembl 1-3 mpenHazHadyeHBI
JUISL TIOJKJIFOYEHUS] TEePMOJATUYUKOB K COOTBETCTBYIOIIUM H3MEpPH-
TEJIbHBIM KaHallaM KOHTpoJuiepa. PazbeMbl 4 u 5 nipeiHa3HAYEHbI IS
MOJKJIIOUECHUS OJHOIO M3 3MEKTPoaA0B npu uamepennu I/C u coot-
BETCTBYIOT UYETBEPTOMY M IISITOMY HM3MEPHUTEIbHBIM KaHajaM KOH-
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Tposuiepa. KpaitHuii nipaBeiii pazbeM (OOIIMIT KOHTAKT) MpeIHa3HAYEH
JUISl TIOJKJIFOYEHHS] BTOpPOro siiektpoaa npu uzMepenun IJC (kak
MpaBUjIo, dJeKTpoja cpaBHeHMs). Paszwemsbl «I, R» mpenHazHaueHbI
JUISl TIOAKIIFOYEHUS KOHJIYKTOMETPUYECKOTO JaTYMKa K IIECTOMY H3-
MEpPUTEILHOMY KaHally KOHTPOJIEpa.
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Puc. 3. VIJIK «Xumus», MOAyJb « IJIEKTPOXUMUSI
a — BHEIIHHI B, O — MAPKUPOBKA Pa3beMOB

Monynb «TepmocTtaT» (puc. 4a) npenacrasisier coO0OM miacTMmac-
COBBI KOPMYC C TEIUIOU30JIUPOBAHHBIM HHJIMHIPUYECKUM KOKYXOM,
KPBIIIKOM C OTBEPCTUSAMHU I YCTAHOBKH TAaTYMKOB M KOHTAKTHOU
TJIOIIAJIKOM ISl TTOJKIIOUEHUS SJIEKTPOJIOB M TaTYMKOB. B kopiyce
MOJYJISL PACIIOJIOKEH MPUBOJ JIEKTPOMATHUTHOW Memaiku. Moaynb
MOXeET paboTaTh B aAuabaTUUYECKOM M M30TEPMHUUYECKOM peknmax. B
aanadaTUYECKOM PEXKUME B PE3yJIbTaTE BBIJCICHUS WK MOTJIOMICHUS
TEIUIOTBI B XOJI€ Mpolecca MPOUCXOIAT H3MEHEHUE TEMIIEPATYPbI
CHUCTEMBI, T. €. MOJYJb HCIOJB3YETCS Kak KalopumeTp. s yMeHb-
HICHUS TETJIONOTEPh MEXKAY CTEKISHHBIM CTAaKaHOM M KOPITYCOM KO-
’KyXa BCTaBJISIETCS TEIUIOU3OJUPYIOMIUMNA BKIAAbII. J{ig paboThl B
M30TEPMHUYECKOM PEXUME BHYTPh KOXKYyXa HAJIMBACTCS JUCTUILIUPO-
BAHHAs BOJIA, BCTABJISIETCS CTEKJISIHHBIM CTaKaH C MCCIEIyEMbIM pac-
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TBOPOM M 3aJaeTcsl TpeOyemMoe 3HaueHue TeMmnepaTypbl. Harpes BojibI
MIPOUCXOJUT MPHU MTOMOIIM BCTPOCHHOM B KOXKYX AJIEKTPUUYECKOU CITH-
panu. MapkupoBKa pa3beMOB KOHTAKTHOM TUIOIIAJKH JIJIA TTOIKITI0YE-
HUS 3JIEKTPOJIOB U JATYMKOB MpejcTaBiieHa Ha puc. 46. Pazbembr 1-2
NpEAHAa3HAYEHBl ISl MOJKIIOYECHUS TEPMOJATYMKOB K COOTBETCT-
BYIOIIIMM M3MEPUTEIBbHBIM KaHAJIAaM KOHTposuiepa. PazbeM 3 mpegHa-
3HAYEH IS MOAKIIOYECHUS OJHOTO W3 3JIEKTPOJIOB MPU HM3MEPEHUH
OJIC ¥ COOTBETCTBYET TPETHEMY HU3MEPUTEIHLHOMY KaHAJIy KOHTPOJI-
nepa. Kpaiinuii mpaBbiii pa3bem (OOIIUIM KOHTAKT) NpeaHa3HAUYEeH JJIs
MOAKIIFOYEHHUS BTOPOTO AeKkTpoaa npu usmepennun I/C (kak mpaBu-
70, 3nekTpoaa cpaBHeHus). Pazbembl «I, R» mnpeaHasHadeHwl s
MOJKJIIOUYCHUS KOHAYKTOMETPUYECKOTO NATYMKA K IMIECTOMY HU3MEPH-
TEJIbHOMY KaHaJIy KOHTPOJUIEPA.
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Puc. 4. YJIK «Xumus», monyns « TepmocTar»
a — BHEIIHUH BUI; O — MAPKUPOBKA Pa3beMOB

Ynpaeaenue YJ/IK npu nomowu komnoslomepa

[Ipu 3amycke mporpammbl yrpasienus YJIK npu BkiroueHHOM
KOHTPOJUIEPE TMOABJSETCA OKHO, coAepxkaliee Haanucb «KoHTpouiep
AKTUBEH» W HA3BAHMUE IOJKIOYEHHOTO MOAys. s mpomoimkeHus



paboThI CIeAyeT HaXaTh KHOIKY «Bxomdy'. Ecin B OKHE HPHCYTCTBY-
eT Haanuch «KOHTpOJIIEp HE aKTUBEH», HEOOXOJMMO HaXKaTh KHOIKY
«BbIxo4y», mpoBepuTh MUTAHUE KOHTPOJUIEPA U €T0 MOJKIIOYEHUE K
KOMITIBIOTEPY M 3allyCTUTh MPOTrpaMMy 3aHOBO. /[ OTKpbITUS paHee
COXpaHCHHOU PabOThI 0 Ha)kaTUsl KHONKK «BX04» HE00X0IMMO BBI-
Opath BapuaHT «3arpy3umtb paboTy». [losBisercss rIaBHOE OKHO
IPOrpaMMbl, KOTOPOE UMEET HECKOJIBKO BKIAOK.

Brmanka «baHKM OaHHbIX» TO3BOJSET MPOCMOTPETH JaHHBIC,
XpaHsIIMecs B MaMsITH KOHTpoJuiepa. Bo Bpems BbIMoHEHHs Tabopa-
TOPHBIX pabOT ATa BKJIAJIKa HE UCIIOJIB3YETCH.

Brmanka «YnpasneHue» (puc. 5) CIyXHT JJIsS BKJIFOYCHHS JaT-
YUKOB U WCHOJHUTEIBHBIX YCTPOWCTB, 3a/IaHUs NapaMeTPOB U3MEpe-
HUSI ¥ 3aITyCKa Mpoliecca N3MEPEHHUS.
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Puc. 5. ITporpamma ynpasnenus YJIK, Bkinaaka «YnopaBieHUE»

1

3nech U nanee moJo0HBIM LUPUAPTOM OYAYT BBIACISATHCS HA3BaHUS DJIEMEHTOB
yhpaBiieHUs1 (KHOTOK, TOJiel BBOJA, MEpeKItoyaTesied U T. II.) B OKHE IPOrpaMMbl
ynpasienus YJIK.
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['pymma sneMeHToB «M3MepuTenbHble KaHanbly M03BOISET aK-
TUBUPOBATH HEOOXOAUMBIC JATYMKU U HAOIIOAATh TEKYIIIEC 3HAUCHUE
U3MepsieMbIX BeMurH. Ha3BaHus U TUI U3MEPUTENbHBIX KaHAJIOB 3a-
BUCST OT BUJIA MOJIKIIOUEHHOTO MOTYJISI.

['pymma snemenToB «JONONHUTENbHbIE NAapaMeTPbly I03BOIs-
€T BPYYHYIO 3a]1aBaTh MIPOU3BOJbHOE YHUCIEHHOE 3HAaUEHUE, KOTOPOE B
TagbHEeWIIeM oToOpakaeTcs Ha rpaduKe WU MOXKET HCIOJIb30BATHCS
JUIsl TIOCTPOEHUSI CyMMAapHOTo rpaduka. JlonoJHUTEIbHbBIE TAPAMETPHI
MO3BOJISIIOT OTJIWYUTH JPYT OT JIpyra OJHOTHUIHBIE YKCIEPUMEHTHI C
pasHBIMHA HavYaJlbHBIMH yCiioBUsMHU. [Ipu BrimroueHun (uaxka «OO-
LLNW» KMCTIONB3YeTCS OJHO 3HAUCHHE JOTOJHUTEIBHOTO IMapaMerpa
JUTSl BCEX M3MEPUTENIbHBIX KaHAJOB, B MMPOTUBHOM cllyyae TpeOyeTcs
3a/1aTh CBOM MapameTp sl KaKI0ro KaHaja.

['pynma smemenToB «[lapamMeTpbl M3MEpPEHUs» T03BOJISET BhI-
OpaTh peXUM U3MEPEHUS U 3a7aTh €T0 mapameTpsl. [Ipu BKIIOYEHHOM
dnaxxke «ABTOMaTUYECKUN PEXUMY TIPOU3BOAMTCS OINPEACICHHOE
KOJUYCCTBO HM3MEpeHMi (3amaercs B moie «HYUCIIO U3MEpPEeHUny,
MakcuMmaibHoe 3HaueHne — 100) uepe3 paBHbIE TPOMEKYTKH BPEMEHU
(3amaeTcs B cexkyHmax mone «/IHTepBan M3MepeHuin»), ¢iraxok
«YCcpeoHeHVe» mpu 3TOM JIOJDKEH OBITh BBIKJIIOYCH. ABTOMaTHYC-
CKHIl peXuM yJ00€H B TeX clydasix, Korja TpeOyeTcs HCCIeI0BaTh
U3MEHECHHUE OMpEaACIICHHON BEIUYUHBI BO BpeMeHH. [Ipu BBIKIIOUEH-
HOM (paxkke «ABTOMATUYECKUN PEXUM» U3MEPEHHUE OYyIET MPOBO-
TUTHCST B PYYHOM PEXKUME — OJHO H3MEPEHHE 4Yepe3 MPOMEKYTOK
BpEMEHH, YKa3aHHBINA B mojie «/IHTepBan namepeHuiny. Ilepen kax-
IbIM U3MEPEHHEM B PYYHOM pEeXHME cienyeT BBectu «Bapbupye-
MbIn napameTp» u ero «PasmMepHOCTby. Bappupyemslii mapameTp,
KaK TMPaBWJIO, COOTBETCTBYET YCJIOBHUSAM MPOBEIACHUS OTICIbHBIX W3-
MepeHHi (KOHIIEHTpalKs pacTBoOpa, 00beM JOOABICHHOTO TUTPAHTA U
np.). B naneHeiineM BapbUpyeMblid mapamMeTp HUCHOJIb3YETCs AJIsl TO-
cTpoeHus rpaduka (3aBUCUMOCTb OIPEICICHHOTO CBOMCTBAa OT KOH-
IIEHTpaIlMd pacTBOpa, KpUBas TUTPOBaHUS U np.). JJis MOBBIIICHUS
TOYHOCTH M3MEPEHHI B PYYHOM PEXHUME CIEIYET BKIIOUHUTH (DIIAXKOK
«YcpegHeHuey.

['pynma snemenToB «ICNONHUTENbHbLIE YCTPOUCTBAY MO3BOJIS-
€T aKTUBUPOBATh HEOOXOUMBIE YCTPOINCTBA B MOTYJISIX M 33/1aBaTh UX
napaMmeTpbl. BKilloYeHHE W BBIKIIOYEHHE YCTPOMCTB MNPOUCXOJUT
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IICJTYKOM MBI Ha KHOIIKE PSJIOM ¢ Ha3BaHUEM ycrpoicta. «Me-
wanka» (B Mmoayisix «TepMoctary U «DJIEKTPOXUMUS) TO3BOJISIET
BKJIIOUUTh BCTPOCHHYI) MAarHUTHYIO MEIIAJKy U 3aJaTh WHTCHCHUB-
HOCTh nepeMemmmBanusd. «Harpesatenb» (B moayne «Tepmuueckuit
aHaJIM3») TMO3BOJISIET BKJIIOYUTH HArpeBaTEbHBIM 3JE€MEHT W 3a/1aTh
ero Temmeparypy. « IepmocTtat» (B moayie « TepmMocTary) Mo3BoJIsSeT
3a7aTh MOJJIEp>)KaHUE MOCTOSHHOW TeMIepaTypbl BHYTPU KOXKyXa.
«MCTOYHUK NepeMeHHOro HanpsXXeHus» (B moayasx «TepmocraT»
U «DJIEKTPOXUMHUSI») HEOOXOAUM JIJIsl KOHAYKTOMETPUUYECKUX H3Mepe-
Huil. «BeHTnnartopy» (8 moayine «TepMudeckuii aHAIA3») ITO3BOJISCT
BKJIFOYUTH 00/1yB aMmITyJ1 JJ1s1 00J€€ MHTEHCUBHOTO UX OXJIaXKJICHUSI.

B HmwkHell YacTH OKHa pPacmojioKeHO Tmojie BhiOopa «[aHHble
OoTnpaBuUTb By». [Ipu u3amMepeHnru B aBTOMaTHYECKOM PEKUME CIICAYET
BBIOMPATh MyHKT «HOBbIN 3KCMNEPUMEHT», a MPU U3MEPECHUU B Pyd-
HOM peXHuMe, Korja TpeOyeTcsl MOoJyYuTh 3aBUCUMOCTh U3MEPSEeMOi
BEJIMYMHBI OT BapbUPYEMOIro MapamMerpa, HEOOXOJIUMO OTIPABISTH
JTAHHBIC B OJIUH U TOT K€ DKCIIEPUMEHT, Nepe] KKIbIM U3MEPEHUEM
BBIOMpAs ITyHKT, HanIpuMep, «1-1 3KCNEePUMEHT.

[Ipn Haxxatun kHONKH «/I3MEepeHue» B mpaBOM HIKHEM YTy
OKHa 3aIyCKaeTCsl MPOIECC M3MEPEHUS TOKa3aHUN BBHIOpAHHBIX AaT-
YHKOB, IPU 3TOM NosBigeTcs okHo «OBMeH AaHHbIX C KOHTpone-
poM». B aBTOMaTHueckoMm pexnMme Ha rpaduke MOXHO HaOII0JaTh
U3MEHEHHUE U3MEPSEMON BeIWYMHBI BO BpeMeHU. Eciu OblUI0 akTUBH-
POBAHO HECKOJBKO U3MEPUTEILHBIX KAHAIOB, MEPEKIIOYATHCI MEXKITY
COOTBETCTBYIOIIUMHU TpadrKaMud MOXXHO B JIEBOM YacTh OKHa. B
BEpXHEW 4acCTU OKHA COJEPKUTCS MH(POpMALMsS O mapaMeTrpax h3Me-
pEHUsI, B TOM 4uciie 00 OCTaBIIEMCS BPEMEHH J0 KOHIA MU3MEPEHHS.
[Iporecc n3amMepeHrss B aBTOMaTHUYECKOM PEXUME MOXKHO TIpepBaTh B
110001 MOMEHT HakatheM KHomku «CTony. Ilocie oKOHYaHHUS IPO-
1ecca M3MEPEeHMsI HeOOXOAMMO HakKaTh KHOIKY «TeKyllee COCTOS-
HWEe» B IIpaBOM BEpXHEM YIJIy OKHA.

Brmnanka «['padoukmny (puc. 6) HCIOIB3YyeTCS IS MOCTPOCHUS
rpa)UueCcKUX 3aBUCUMOCTEN M3MEPEHHBIX B JKCIEPUMEHTaX 3Haue-
Hui. [t paGoThl ¢ rpadUKaMyu UCTIOJIB3YIOTCS KHOMKU TTAHEJIN UHCT-
PYMEHTOB, pacloJIOKEHHBIE B BEpXHEH yacTu okHa. [[oOaBieHue HO-
BOTO rpaduka MPOU3BOAMUTCA HakaTheM KHONKH 9. B mosBuBiemcs
okHe B moisax «Ha X» u «Ha Y» HeoO0XoauMo BbIOpaTh BEIUYUHBI,
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OTKJIaJIbIBAEMbIC Ha OCSAX, a TaKXe ykKazarb «HOMep 3KcrnepumeH-
Tay. Kak npaBuio, mo ocu X OTKJIaJIBIBAIOT BPEMS WU BapbUPYEMbIH
mapameTp, a mo ocu Y — OJUH U3 KaHAJOB U3MEPCHHUS. Y TaJUTh OIIIH-
00YHO TTOCTPOCHHBINH rpaduk MokHO, HakaB KHonky 710. Ilpu Hanmm-
YUK HECKOJIBKUX TPAPUKOB MEPEKITIOYATHCS MEXIAY HUMH MOKHO TIpU
nomornu crpeniok 17 u 712. KHonka 4 BKJIFO9aeT / OTKIIOYACT PHCOBA-
HUE COCIMHUTEIBHBIX JTUHUN MEXTYy OTACIbHBIMU TOukamu. KHOMKH
1—-3 MO3BOJIAIOT U3MEHATH MaciTad rpaduka: KHonka 7 yBeIMYHBaET
MacmTad, KHOIKa 2 — YMEHBIIAET, a KHOMKA 3 IO3BOJIICT BEPHYThH
MacmTad K HCXOTHOMY.
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[ 1M3MepeHMA Ha CUMMEaPHBIR rpad UK

Boe ToukM
13 Ha pes. rpaduk - |14

Puc. 6. Ilporpamma ynpasnenus YJIK, Bknaaka «I'padukmy

Kuonku 5-8 ucnonw3yrores 11 3aeiCTBOBAHUS WHCTPYMEHTOB
1 pabotel ¢ rpadpukamu. MHcTpymeHt «CTpenka» (kHomka 5) mo-
3BOJIACT YBEJIMYMBATH MPOU3BOJIBHBIN ydacTok rpaduka. g 3Toro
HEO00XO0MMO MOCTaBUTh KypCOP MBIIIM Ha JIEBbIA BEpXHUM Yroy yBe-
JUYUBAEMOT0 ()parMEHTa U C MPUKATON JIEBOM KHOIMKOW MBIIIU MPO-
TSAHYTh PaMKy BBIJICJICHUS JI0 MPABOr0 HUXKHEro yria (parMeHra.
BepHyThCS K UCXOHOMY MacIiTady MOKHO Ha)KaTHEeM KHOIKH 3, JIH-
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00 TPOTSIHYTh CTPEIKY C HaXXaTOW KHOMKOW MBIIIM CIIpaBa HaJ€BO
ui cHu3y BBepX. MHCTpyMeHT «JIMHMA» (kHOmKa &) MO3BONISIET
BPYUYHYIO TIPOBOJIUTH MpsIMbIE JIMHUU Ha rpadukax. /s sToro Heoo-
XOJUMO LIEJKHYTh JIEBOM KHONKOM MBIIIHA B HAYaJIbHON TOUYKE JIMHUU,
MEPEMECTUTh KypCOp MBIIIH (JIeBas KHOIKA MPU 3TOM HE MpUXKaTa) U
BTOPOM pa3 WICIKHYTh JIEBOM KHONKOW MBIIIA B KOHEYHOM TOYKE.
VY 1anuth HENPaBUIBLHO MPOBEACHHYIO JUHUIO MOXHO IIETYKOM Mpa-
BOH KHONKHW MbIIK Ha Hel. MHCcTpyMeHT «JIMHenkay (kHomka 6) 1mo-
3BOJISIET U3MEPSATHh PACCTOSIHUS MO OCAM X U Y MEXAY TOYKaMU Ha
rpadukax. Pezynprar usmepenus npu BriatodeHHOM dutakke 13 Oyner
BBIBEJICH HA CYMMAapHbI rpaduk (CM. aajiee), a MpU BHIKIIOUEHHOM —
HETMIOCPEJICTBEHHO TIOKa3aH B HWXHEH 00JacTH OKHa B moiisix «Pe-
gynbtat dX» u «dY» (BBIBOJ pe3ysibTaTa OCYIIESCTBISCTCS B 3KCIIO-
HEeHIMaIbHOU Qopme). st u3mMepeHus: HeoOX0AMMO HIECTKHYTh JIE€BOU
KHOTIKOW MBIIIM B HAYaJIbHON TOYKE, IEPEMECTUTh KypCcop MBIIIH (J1e-
Bas KHOIIKA IPYU 3TOM HE MpUKATa) U BTOPOM pa3 IIEJIKHYTh JICBOU
KHOIIKOM MBIIIA B KOHEYHOW TOYKE U3MEPECHHUSA. Y JAIIUTh PAMKY W3-
MEpPEHUsI MOKHO IIETYKOM MPAaBOW KHONKHU MBIIIM Ha Heu. MHCTpy-
MeHT «[lpuueny (kHomka 7) IMO3BOJSICT BBIIACIATH OIPEICICHHBIC
TOYKH Ha rpadukax. [Tpu BkiroueHHOM (priaxkke 13 BBIICICHHBIC TOY-
K1 OynyT mepedaHbl Ha CyMMAapHbIM T'pauK, a MPU BBIKIIOYEHHOM
adcuucca U OpJiMHaTa BbIJICJICHHON TOYKHU OyAyT MOKAa3aHbl B HUKHEN
obmactr okHa B mossix «Pesynbtat X» u «Y». [l BeIIeIeHHS TOY-
KM Ha rpaduKe HeOOXOAMMO IICIKHYTh JEBOM KHOMKOW MBIIIH, a JIJIs
yAaJ€HUs BbIICJICHHON TOYKH — MPAaBOl KHOMKU MBIIIIH.

B npaBoiil yacTi 0kHa HaAXOAUTCSl TAOIMIA, COoeprKalias adbciuc-
Chl U OPJMHATHI BCEX TOUEK rpaduka. YaauTh BHINAIAONIAE TOUYKU
Ha rpaduke MOXHO IIETYKOM MBIIIM [0 COOTBETCTBYIOIIEH sSUEIKe
Ta0auibl. [I0BTOpHBIN 1IETYOK BEPHET TOUKY Ha rpaduK.

Knomnka 74 «Bce TOYkM Ha pes. rpauk» mo3BojseT nepenaTh
BCE TOYKHM Ha pe3yJIbTUPYOIIHi rpaduk (cMm. nanee). Kuonku 1517
MO3BOJISIIOT COXPAHATh TabJMuHbIe U rpaduueckue nannHeie. [Ipu Ha-
XaTuu KHOMKU 71O TaOiauYHBIC NAaHHBIE COXPAHSIOTCS B TEKCTOBBIN
daiin, a npu Haxatuu kHOomkKW 16 — kommpyroTcs B Oydep oOMeHa.
OTu TaOJMYHBIE JAHHBIE Jajee MOryT 00padaThIBaThCs CpPEACTBaMU
npyrux nporpamm (Excel, Mathcad u mp.). Ilpu Haxkatun kHonku 17
B Oy(ep oOMeHa komupyeTcs: TeKylui rpaduk, KOTOPhIM jganee Mo-
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KeT OBITh BCTaBJICH B JOKyMeHT Word u pacriedyataH B COCTaBe OTYE-
Ta 10 JabopaTOpHOU padoTe.

M facrems P EE AT HEOHD- NaB0PETOPHEIM KOMIIEKCOM CXHMMAR
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Puc. 7. IIporpamma ynipasnenus YJIK, Bkianka «Pe3ynprary

Brrnanka «PesynbTaty (puc. 7) ucnonb3yercs A 00paboTKu
NEPBUYHBIX T'papUUECKUX 3aBUCUMOCTEH, MOCTPOECHUE KOTOPBIX MPO-
U3BOAMTCS Ha BKiIagke «[ padpukmy. B mporpamme BO3MOXKHO IIO-
CTPOCHHE JBYX THUIOB I'padUKOB: PE3yJbTUPYIOIIUA U CyMMapHBIN.
PesynbTupytomuii rpaduk mnoaydaercs B pe3yJsibrate 00OpabOTKHU mep-
BUYHOTO rpaduka. J[Jisi mocTpoeHus pe3yJbTHPYIOIIEro rpaduka He-
o0xoaumo Ha Bkiaake «I padoukny HaxaTh KHONKY «BCe TOYKM Ha
pes. rpadouk» b0 100aBUTh HOBBIM PE3yIbTUPYIOMUI Tpaduk Ha-
»KaTueM KHOIKHM 4 Ha Bkiajgke «Pe3ynbtaTty. [IpeoOpa3oBaHue Koop-
TUHAT Pe3yJIbTUPYIONMIETO rpaduKa BBITOJHICTCS BBEICHUEM B IO
«Y =» u «X =» B HWKHEH 4YaCTH OKHA COOTBETCTBYIOIIHUX BBIpaXKe-
Huii. Hampumep, 4ToOBI MEepBUYHBIN Tpaduk 3aBUCUMOCTH )y = f(X)
NpEeBpATUTh B pe3ylbTupytomuii rpadguk In y = f(1/x), Heodxoaumo
BBecTH 3HaueHUS: «Y = In(y)» u «X = 1/x», a 3aTeM Ha)xaThb KHOIKY
«Pac4yeT». Eciii mipy 3TOM MOSBIISETCS OKHO C HAANMKMCHIO O HEBO3-
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MO>XHOCTH BBIYMCIICHUS BBIPAXKEHUS, 3HAYHT, MPU BHIYHCICHUH BO3-
HUKaeT omuOKa (JejeHrue Ha HOJb, OTPUIIATENIBHOE YHUCIIO TMOJ 3Ha-
KoM Jorapudma u np.). PesyiapTupyromue rpauku 4acTo HCHOJIb-
3YIOTCS  JUIsl  CIIPSMJICHUSI DKCIIEPUMEHTAIBHBIX  3aBHCHUMOCTEH.
[IpoBecTr mpsAMYIO0 JUHUIO MEXKY TOYKAMHU PE3yJbTUPYIOIIETO rpa-
¢buka MOXHO ¢ momoinbio kHonku 6 «[1psmaa nuHna no MHK». B
MOSIBIISIONIEMCSI OKHE HEOOXOJMMO BBIOpaTh AMANA30H TOYEK ISl
CHPSIMIICHUS WUTH OCTaBHTh BapuaHT «/ICMOMb30BaTh BCE» M HaXaTh
KHOIIKY «PacyeTy, mocie 4ero B HIKHEHW YacTH OKHA TOSIBATCS KO-
3¢ uIMeHTs ypaBHEHUS IPSIMOM BUa y = a + bx.

CyMMapHbIii rpaduk Moaydaercs B pe3yJibTaTe BbIACICHHUS TOUEK
rpaduka ¢ MCIOJIb30BaHUEM WHCTpyMeHTa «[lpuueny wimm mu3mepe-
HUH C UCIOJIb30BaHUEM WHCTpyMeHTa «JIMHenKay mpu BKIIFOUCHHOM
dnaxke «M3mepeHna Ha cymmapHbin rpadpuky. CymmapHbIi Tpa-
¢buK npeacTaBiseT coO0 COBOKYITHOCTh BBIICICHHBIX HAa TIEPBUYHBIX
rpagukax Touek. B oTnmyue OT pe3yJdbTUPYIOMIUX rpadUKoB, CyM-
MapHbIi rpaduK B KaXKJ10i paboTe MOXKET OBITh TOJIBKO oauH. [lepeii-
TH K CyMMapHOMY rpaduKy MOKHO HakaTueM KHorku 7. [IpeoOpazo-
BaHME KOOPJIMHAT CYMMAapHOTO rpaduka BBITIOTHSAETCA TaK Ke, KaK U
pe3yibTupyromero. Ecim B xauecTtBe aOCIMCCHl HA CyMMapHOM Tpa-
¢duke TpedyeTcs UCIOIb30BaTh JOMOJIHUTEIbHBIN NapaMeTp, He00Xo-
JIMMO BBECTH 3HaUYeHUE «X = d».

Jl71st paboThI ¢ pe3yJbTUPYIOIIUMH U CYMMAapHBIM rpad)uKaMu HMcC-
MOJIB3YIOTCSL YK€ 3HAKOMbIE HWHCTPYMEHTHI: MacIITaOMpOoBaHUE
(kaomku 71-3), ymanmenue (kKHOmKa 9), mepexon Mexay Tpadukamu
(xkaomku 8 N 9), coxpanenue u konupoanue (kaomku 10-1712).

Briagka «OT4yeT» mo3BOJIIET pacleuyaThiBaTh IMMOCTPOCHHBIC
rpaduku. OgHAKO TPEANOUYTUTENIbHEE KOMHPOBAaTh IpadUKH HEMO-
cpeAcTBeHHO B mporpammy Word B oTueT 1o jabopaTopHoil padbore.
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Pazgen 1. Tepmoxumusa

Teopem udyeckdasi 4acmbos

Tepmoxumus — 3TO pa3fen XUMUYECKON TEpMOJIUHAMUKHU, B KO-
TOPOM H3YYalOTCs TETUIOBBIC SIBJICHUSI, COITPOBOK/IAIOIINE PA3IMUHbBIC
(U3UKO-XUMUYECKUE MPOLECChl (XUMUYECKUE peakiuu, (a3oBbIe Te-
pexonbl U 1p.). [Ipy XUMUYECKUX MPEBPAIICHUSIX MPOUCXOAUT U3ME-
HEHUWE BHYTPEHHEW SHEPrUU CHUCTEMbI, OOYCJIOBJICHHOE TEM, YTO
BHYTPEHHSISI JHEPTUSI TIPOTYKTOB PEAKIIUU OTINYAETCA OT BHYTPEHHEH
SHEPTUHM HCXOJHBIX BeEIIEeCTB. VI3MEHEHHE BHYTpPEHHEH HSHEPTHH B
Pa3IUYHBIX TIPoIleccax MPOUCXOIUT IyTEeM MOTJIOMICHUS WIIU BhICIIC-
HUS TEIUIOTHI U COBEpUIEHUS paOOThl. Tennosvim 3¢ghghexkmom xumuue-
CKOU peakyuu Hasvleaemcs Koauvecmso meniomsl (Klowc), komopoe
8bloeNsemces Ul No2loWaemcs npu HeoopamumMom npomeKaHuu pe-
aKyuu, Ko020a eOUHCMBEHHbIM BUOOM pabombl seaiemcs paboma
pacuiupenus, a memMnepamypsbl UCXOOHbIX 8eujecms U NPOOYKMO8 pe-
aKyuu 0OUHAKOBHL.

B ocHOBe TepMOXUMUU JEKUT 3aKOH ['ecca: mennosot 3ghghexm
peakyuu He 3a8ucum om nymu npoyeccd, d 3a8UcCum moJbKo Om Ha-
YalbHO20 U KOHEYHO20 COCMOSAHUS cucmemvl. ITOT 3aKOH CIIeIyeT
HEIMOCPEJACTBEHHO U3 MEPBOT0 Havasia TePMOJMHAMUKH.

[Ipu mocrossHHOM 00BEME W OTCYTCTBHHM BCEX BHIOB HEMEXaHH-
YyecKux paboT TermioBod 3P (deKT mpouecca paBeH U3MEHEHUIO BHYT-
PEHHEMN DHEPTUU:

AQ, = AU. (1.1)
HpI/I IIOCTOAHHOM HOABJICHHUU U OTCYTCTBI/II/I BCE€X BHUAOB HEMCEXaA-

HUYECKUX paldoT TeruioBoil 3(PdekT mpoiiecca paBeH U3MEHECHUIO H-
TaJIbINU;

AQp=AH. (1.2)

JIns XUMHYECKUX pEeaKIui, MPOTEKAIIIUX C Y4aCTHEM Tra3000-
pa3HbiX BemecTB AH n AU cBSI3aHbI COOTHOILICHUEM

AH = AU + AnRT, (1.3)
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rae An — U3MEHEHHE YKciia MoJjield ra3000pa3HbIX BEIIECTB B PE3YJib-
TaTe MPOTEeKaHWs peakiuu. Eciau peareHThl MPEeaCTaBiISIOT COOOM
KUIKUE WU TBEPAbIE MPOAYKTHI, TO paznuuneM Mexny AH u AU
MOXHO TIpeHeOpeYb.

3a cTaHmapTHBIA TEIIOBOM A(PPEKT MPUHUMAIOT BEJIWYUHY TeM-
noBoro sddexra npu crammaptHom masnennn P’ =1013251la
(760 MM pt. cT = 1 arm). 3akoH ['ecca mo3BossieT HAXOAUTh TEIIOBBIE
3 PeKThl THOOBIX peaKIni U3 TEIIOT 00pa30BaHUSA M TEIUIOT Cropa-
HUS, 3HAYECHUS KOTOPBIX JJISI CTAHJAPTHBIX YCJIOBUW TNMPUBEJCHBI B
CIIPABOYHOM JIUTEPATYPE.

Tennomoul obpa3zosarus Ha3bIBaeTCs TeIIOBOU 3¢ dexT obdpazo-
BaHMS OJIHOTO MOJISI COEIMHEHUS U3 MPOCThIX BemecTs. [Ipu 3Tom Te-
mioTa oopa3zoBaHus npocThixX BemecTB (N, H,, O, u ap.) npuHumMaet-
ca paBHOM Hymw0. [IpocTeie BemiecTBa paccMaTpUBAKOTCA B TOM
arperaTHOM COCTOSIHUM M TOW MOJu(UKAIMU, B KAKOH OHU YCTOWYU-
BBl MIPU CTaHAAPTHBIX ycloBusix. [Ipu pacuerax temnoBbiX 3P (HEeKToB
0 TeryIoTaM o0pa30BaHMS MOJB3YIOTCS CIEACTBHEM M3 3akoHa ['ecca:
mensiogou 3ghghexm Xumuueckou peakyuu paseH PA3HOCU MeAHCOY
CYMMOU menjiom o06pazosanuss NPooyKmos peakyuu u CyMMou men-
Jl0m 06pAa308aHUsL UCXOOHBIX 8eeCma.

AH,= Y v,AH! - Y v.AH/ (1.4)

i(pom) i(ucx)

rae AH, — TemnoBoi 3¢ dexr peakuuu; AH/ — TemnoTsl 06pa3oBaHus

1
BEIIIECTB, V;, — CTEXHOMETpHUUYecKrue KOA(DPUIIUEHTH B YPAaBHEHUH pe-
aKIIMU.

Tennomou czopaHus Ha3bIBACTCA TEIIOBOM 3(P(dEeKT peaxkuuu
OKMUCJICHUS KHUCJIOPOJAOM OJIHOTO MOJISI XMMHYECKOTO COCAUHEHHUS C
00pa30BaHUEM BBICHIUX OKCHIOB, BXOISIIUX B 3TO COCIMHEHHUE JJie-
MEHTOB WJIM COCIIMHEHUN 3TUX OKCHUJIOB. TE€II0ThI CrOpaHusl, HAWJICH-
HbI€ W3 ONbITA U MEPECUYUTAHHBIE K CTAHAAPTHBIM YCJIOBUAM, IIPUBE-
JIeHbl B CHpPaBOYHMKAX. Iennosou sphgexm Xxumuueckou peaxyuu
PaseH pazHOCMU MedAHcOy CYMMOU Menaom C2o0PaHusi UCXOOHbIX Ge-
wecme u CyMMou meniom c2oparusi NPOOYKmMo8 peaKyuiu.
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AH,= > v,AH{ = > v,AH{, (1.5)

i(ucx) i(tipox)

rae AH; — TEIUIOThl CTOPaHUS BELIECTB.

C TepMOXUMHUYECKUMHU YPAaBHEHUSMHU, €CIU TEIIOBbIE 3(DPEKTHI
IIPUBEJCHBI TP OJTHUX U TEX K€ YCIOBUAX, MOXKHO MPOU3BOIAUTH TE
Ke anreOpandecKkue JeUCTBUS, YTO U ¢ OOBIYHBIMH alireOpanyeCKuMHU
YPaBHEHUSIMU. DTOT IIPUEM IOJIE3EH B TEX CIy4asX, KOrAa COOTBETCT-
BYIOILLAM MPOLECC HE YIAETCA MPOBECTU SKCIEPUMEHTAIBHO, HO UME-
I0TCSI JAHHBIE JIJII BCEX PEAKIMid KpOME OJHOM. ITO CBOMCTBO TEPMO-
JTAHAMHAYECKUX YPABHEHUM TaKXE€ HEMOCPEACTBEHHO BBITECKAET W3
3akoHa ['ecca.

TennoTa sBaAseTCS 00BEKTOM U3YyUYCHHUS B KalopuMeTpuu. Tepmo-
XMMHWYECKUE JaHHBIC MOJYYAIOT MyTEM KAIOPUMETPUUYECKUX HU3MEpeE-
Huil. Kanopumempom Ha3bIBa€TCs MPUOOP, CIyX AN ST U3MEPEHUS
TEIJIOBBIX A((PEKTOB pazInyHbIX (PU3UKO-XUMHUUYECKUX IMPOLECCOB, a
TaKXe I ONPEAECTICHUS TEIIOEMKOCTEN.

Baxnelmumu dactsaMu Kajopumerpa (puc. 8) SBISIOTCS: Kajo-
PUMETPUYECKHI COCYJ, EMKOCTh C KAJIOPUMETPUUECKON KUJIKOCTBHIO
(4acTo B KaueCTBE KaJOPUMETPUUECKOMN KUJKOCTH UCIIOIB3YETCS BO-
1a), B KOTOPOM pacTBOPSETCA HCCIEAYEMOE BELIECTBO M 3al[UTHAas
000J104Ka, yMEHBIIAIOIIAS TEIJIOBOE B3aUMOJICUCTBUE KAJOPUMETPA C
OKpyXaromien cpenor. B kopmyc kamopumerpa | ycTaHaBIMBaKOT CO-
Cyll ¢ KUIOPUMETPUYECKON KUJIKOCThIO 3. JIJIsi yMEHBIIECHUS TEMJIO-
MOTEPH UCIOJIB3YIOT TEMIOU30IUPYIOMNN BKIaapl 4. B kpeimike ka-
JIOpUMETPa 2 UMEIOTCSI OTBEPCTHS, B KOTOPBIC BCTABIIAIOT MPOOUPKY C
UCCIIElyEMBIM BEIIECTBOM S5 M JTaTUHK Temmeparypsl 6. [lepememmuba-

HHE PACTBOPA OCYIIECTBISAETCS MPU NOMOIIYA MAarHUTHON MEIIAIKH 7.
5
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w
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g
A
A

——|

Puc. 8. YcrpoiicTBo kamopumeTpa
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COBOKYITHOCTh YacTEW KaJOpPHUMETPA, MEXKY KOTOPHIMU pacmupe-
JIEJISIETCSL TEIUIO MPOLECCa, HA3bIBACTCSA KaJOPUMETPUUYECKOU CHUCTE-
Moiu. Ilormomenne uird BBIAECICHUE TEIUIA B XOJ€ M3Yy4YaeMOTO IIpO-
1ecca IPUBOAUT K U3MEHCHUIO TeMmmeparypbl. [lo un3MeHeHuro
TeMrepaTypbl PAaCCUUTHIBAIOT TEIUIOBBIE 3(M(PEKTHI Pa3IMUHBIX MPO-
LIECCOB WJIA TEIJIOEMKOCTH. [Ipu mpoBeeHNM OMbITA JAaBJICHUE B Ka-
JIOPUMETPUYECKON CUCTEME OCTACTCs IMOCTOSHHBIM U PABHBIM ATMO-
chepHOMY JaBJICHUIO, TIO3TOMY pacyeT TEIJIOThl PACTBOPEHUS
IIPOBOJISIT HA OCHOBE YPaBHEHUS TEIJIOBOTO OajlaHca

—AH = AT myg; (1.6)

rac m; U ¢; —Macca U TCIINIOCMKOCTDb COCTaBHBIX yacTeu KaJIOpUMCECTpa,

AH:*{(%*”’”@) FZ": i |A (1.7)

i>3

rJ€ m; U My — MAaccChl KaJJOPUMETPUUECKON KUJIKOCTH U BBOJUMOIO
BEILIECTBA COOTBETCTBEHHO, I'; ¢ — TEIJIOEMKOCTh O00pa3yroIerocs
pactBopa, J[x/(r-K).

TenmoeMKoCTH pa30aBI€HHBIX PAaCTBOPOB HEOPraHUYECKUX CO-
JIeW, KUCJIOT U IIEJIOYE B BOJIE MPAKTUUYECKU OJIMHAKOBBI, MTOATOMY
TEIIOEMKOCTh pacTBOpa C JOCTATOYHON TOYHOCTHIO MOKHO MPUHSATH
paBHO# TeroeMKocTH Bojwl (4,18 JIx/(r'K)). Touno onpenenuts Te-
IJIOEMKOCTh COCTaBHBIX YacTEWd KaJopuMeTpa HE MNPEACTaABISACTCS

"
BO3MOKHBIM. IlooTOMy > mic, 00O3HadaroT cumBOjOM K, Ha3bIBac-
i>3
MBIM MMOCTOSSHHON KAJIOPUMETPA, W ONPEAEIISIOT €ro 3Ha4eHUe 10 U3-
MEHEHHIO TEMIEPATYPhI IPU PACTBOPEHUHU OMPEICICHHOTO KOJINYECT-
Ba COJIM C W3BECTHOM TEIJIOTOM pacTtBopeHud. IlocrosHHas
kasopumeTrpa K — KOJIMYeCTBO Terla, KOTOPoe HE0OXOAUMO TIOIBECTH
K KaJOPUMETPUUECKON CHUCTEME, 3a UCKJIIOUYEHHEM PacTBOpPA, UYTOOBI
MOJHATH €ro Temneparypy Ha 1°C.
VYpaBHeHHe TEIOBOro OajlaHca 3auIIeTCs TOTIa:

AH = (nK+n;) + ]A . (1.8)

Otcrona
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AH
K:‘CE_(mﬁ‘mz) , (1.9)

AH = AH, n,, (1.10)

rae AH,, — uaTerpaibHas TeIioTa pacTBOpPEHUs coiu, J>k/Momb, ny —
KOJINYECTBO BEILIECTBA PACTBOPSIEMOM COJIH.

B xauecTBe CONMM C M3BECTHOM TEIUIOTOM PACTBOPEHUS MOXKHO
ucnonb3zoBath KCl unu NH4Cl. Tak kak npu pacTBOpEHUU HEOpPraHU-
YECKUX COJIEH, B cydae 0O0pa3oBaHus pa30aBIEHHOrO pacTBOpa, TEI-
JIOEMKOCTb IPAKTUYECKU HE HM3MEHSETCs, TO TEIUIOTAa PACTBOPEHUS
OyJeT Majo 3aBUCETh OT TeMmeparyphl. TeraoTa pacTBOPEHUS COJH
3aBUCUT OT KOHIIEHTpaluu oOpasyromieroca pactsopa. [loatomy He-
00XOAMMO paccyuTaTh KOHLEHTPALMIO PACTBOPA, OOpa3yrOLIErocs
IIPA PACTBOPEHUU COJIA C U3BECTHOM TEIUIOTOU PaCTBOPEHUS, U B CO-
OTBETCTBUU C 3TUM HHTEPIIOJSALMUEN ONPEACIUTH TEIJIOTY PacTBOpE-
HUS OTOM COJM JUId JAHHOM KOHLIEHTPAaUWH, a 3aTEM PACCUUTATH IO-
CTOsIHHYIO KajopumeTpa. Termnorsl pactBopenuss KCI aist pa3nuyuHbIx
MOJISUIBHBIX KOHIIEHTPALUU pacTBOPA IIPUBEACHBI HUXKE.

M, MOJIB/KT 0,01 | 0,05 | 0,1 0,2 0,3 0,4 0,5 1,0 2,0

AH,,, xJx/mons | 17,39 | 17,51 | 17,55 | 17,57 | 17,55 | 17,50 | 17,43 | 17,28 | 16,72

3Has MOCTOSIHHYIO KaJopuMeTpa, MOKHO pacCUUTaTh TEIJIOBOM
addexT uzydyaemoro mporecca. [ias 3Toro omnpenenstoT U3MEHEHHE
TeMrepaTypbl IIpU MPOBEJASHUH Tpollecca B KaJOpUMETPe M pacCyUu-
TeiBaloT AH o ¢popmyie (1.8).

OO0uwMM U 00s3aTENbHBIM JIJII BCEX pabOT B MPAKTUKYME IO TEP-
MOXUMHH SIBJISICTCS OMpEACICHUE W3MEHCHHUS TeMIIepaTypbl B XOJe
KaJIOPUMETPUYECKOTO OIbITa. B X0Jie KalopuMETpUYECKUX H3Mepe-
HUM, MPOBOAUMBIX B U30TEPMHUUYECKOM KAJIOPUMETPE, IMIPOUCXOIUT TE-
MJI000MEH C OKPY’KAIOIIEeH CPeaou, CIACACTBHEM YEro SBIISIOTCS TEM-
JIOBBIE MOTEPU B OKpYyKawolryto cpenay. [loatomy pasHuia mexmay
TeMIrepaTypamMy Hayaja M KOHIIAa M3y4aeMOoro IMpolecca OObIYHO OT-
JUYAeTCsl OT M3MEHEHHSI TeMIlepaTyphl IpoIlecca, ONpeaeseMoro B
YCJIOBHSX, UCKIIFOUAIOIIUX TeIIoBbIe motepu. [Ipu onpeneneHun aei-
CTBUTEJILHOTO HM3MEHEHHUS TeMMepaTypbl (DUKCUPYIOT TeMIeparypy
KAIOPUMETPUYECKON JKUAKOCTU B CTakaHE, MOMEIICHHOM B IOJIO-
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TOBJICHHBIM 11711 paOOThl KaJIOPUMETP, IO T€X MOp, MOKAa U3MEHEHUE
TEMIEPATypbl HE CTAHET OJMHAKOBBIM M HE3HAYUTEIbHBIM HIIM HU3MeE-
HEHHE TeMIepaTypbl HE OyaeT HaOmoAaThCs (HE MeHee 2—3 MUHYT).
3aTeM HAYMHAIOT TEPMOXUMUUYECKUM OMBIT (HAIpUMEpP, paCTBOPEHUE
COJIM), HE MpepbIBas 3aMUCU TEMIIEPATYPBI. JTO TAaK Ha3bIBAEMBbIN
IJIaBHBIA 1epuold. 110 OKOHYaHWM TIIABHOTO IEPUOAA, KOr1a U3MEHE-
HUE TEeMIEpaTypbl CHOBA CTAHET PABHOMEPHBIM, MPOJIOKAIOT 3aIu-
ChIBAaTh TEMIIEpaTypy eiie 2—3 MHUHYTHI, TOCTE YEro OIbBIT CUYUTAIOT
3aKOHYEHHBIM. [lepemMenimBaHue >XKUAKOCTH MEIIAIKON obseryaer
OBICTPOE TOCTUKEHHUE TEIJIOBOIO PABHOBECHS B KATIOPUMETPE.

[lo monydYeHHBIM SKCIEPUMEHTAIbLHBIM JTaHHBIM CTPOUTCS Tpa-
¢uUK B KOoOpAauHaTax Temieparypa — BpeMs. [lonydaromuiicss rpadux
MIPEJICTABIICH Ha pucC. 9.

T P
A

mbk n BpeMs

Puc. 9. I'paduxk a1 onpenenenus
JEHCTBUTENFHOTO U3MEHEHHSI TEMIIEPATYPhI

Bpewmsi, oTHOcsieecs K ydacTKy AB, Ha3bIBaeTCAd «HA4YaJIbHBIM
nepuogom», BC — «riaBHbIM nepuogom», CD — «KOHEUYHBIM TEPUO-
nomM». UToOBI ONpeIeIuTh TeUCTBUTEILHOE U3MEHEHUE TEMIIEPATYPhI
AT, IpOBOJST JTMHUU Yepe3 TOUKH, (UKCHUPYIOIINE PAaBHOMEPHOE HU3-
MEHEHHE TEMIIEPATYpPbl HAYAIbHOTO U KOHEYHOTO nepruoioB AB u CD.
3a HayaJo TJIAaBHOTO MEpHOoJa NPUHUMAKT MOMEHT Hadajia pacTBOpeE-
HUSI COJIM, MOCJE KOTOPOTO HAYMHAETCS PE3KOE M3MEHEHHUE TEMIIEpa-
TYyphl, @ 32 KOHEI| TJIABHOTO MEpHOoJa — TOUYKY, KOTOpas MEepPBOM JO-
)utcst Ha npsamyro CD. Touku B u C npoenupyroT Ha och abcIucce,
HaXOJAT CEPEUHY OTpPE3Ka mn W MPOBOJAT NEPIECHAUKYISP Kp. DKC-
TPanoJIMPYIOT JIUHEWHBIE yd4acTku AB u CD 1o nepecedyeHus ¢ BEpTH-
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KaJbto B TOUkax £ u F. OTpe3ok EF COOTBETCTBYET U3MEHEHUIO TEM-
neparypsl A7 B KaJJIOPUMETPUUYECKOM OIIBITE C YYETOM ITONPABKU Ha
termiooOMeH. Eciu temrieparypa B Xoj¢e omnbITa moBsimaercs, AT cuu-
TarOT MOJIOKUTEILHBIM U HA000POT.

Kpytuszna nunun BC 3aBUCHT OT XapakTepa U yCJIOBUM MPOTEKa-
HUSI UCCIIEAYEMOro TEIUIoBOro mpouecca. Kpyruzna nuaut AB u CD
3aBUCHUT OT XapakTepa TEIJI000OMEeHa ¢ OKpyxaromiei cpenoi. Takum
oOpasom, 1o BuAy KpuBoid ABCD MOXHO CyIWTh O KauecTBE IPOBe-
JICHHOTO OMbITAa U YYECTh €r0 HEJOCTATKHU MPU MPOBEICHUU CIELYIO-
IIMX OMNBITOB. TOYHOCTH OMPEACICHUS WU3MEHEHHUS TEMIEPATyphl 3a
CUET TEIUIOBOrO IMpoIecca SBISETCS OCHOBHBIM (DaKTOPOM, OIpese-
JSFOIIAM TOYHOCTh KOHEYHOTO PE3yJbTaTa.

Paboma 1. OnpedesieHue uHmMez2paAbHOU men10mol
pacmeopeHus coau U men/jomsl 06pa3z08aHuUs
Kpucmasaao2udpama

Ienv padbomut

OmnpeneneHne TEIUIOTHI THAPATOOOpa3oBaHUsA Cyibhara MEIH —
TEIUIOTHI, BBIJCIAIOICHCS MPU MPUCOSIUHEHUH K OE3BOJHOM COJIM
KPUCTAJUTM3ALIMOHHOM BOJIBI.

Oobopyoosanue u peakmuenl

1. VJIK «Xumust» (1ieHTpajdbHbId KOHTpOJUIep, MOoayJb «Tepmo-
cTaTy, TepMOJaTYuK, ctakaH Ha 100 M, TEIUION30JIMPYIOIIUN BKJIa-
JIBIIIL, IPOOUpPKA JJ1s1 BBEJACHUSI COJIN );

2. HaBecku comeii: KCI (2 1), CuSO4-5H,0 (2,5 1), CuSOy4 (1,6 1).

Memoouueckoe obocrnosanue padoomal

[Ipu npoBEeAECHUM OIBITA JIABJIICHUE B KAIOPUMETPUUECKON CHUCTE-
M€ OCTaeTCsl MOCTOSIHHBIM U PaBHBIM arMoc(epHOMY JaBiieHuto. [lo-
ATOMY B3aHWMOJICICTBHE PACTBOPHUTEIS C PACTBOPSEMBIM BEIIECTBOM
npu P = const CONPOBOKIAETCS U3MEHEHUEM SHTAIIBITNU

AH = H — (mH," + n,H>"), (1.11)

0 0
riae H — noyiHas sHTaJdbIMs oOpa3oBaBlierocs pacteopa; H, u H, —
SHTAJBIIMU OJHOTO MOJII PACTBOPUTEIISI K PACTBOPSIEMOTO BEIIECTBA B
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YUCTOM COCTOSIHUM; M| U 1y — YUCIIA MOJIE PACTBOPUTEIISI U PACTBO-
PEHHOI0 BEIIECTBA B paCTBOPE.

[TonmHOE€ M3MEHEHHWE SHTAIBIIMKA NPU PACTBOPEHUU M, MOJIEH BeE-
1IECTBA B 71| MOJISIX PACTBOPUTEIISA, OTHECEHHOE K OJHOMY MOJIKO pac-
TBOPEHHOT'O BELIECTBA, HA3BIBAETCA MHTErPAIIBHOM TEIIOTOM PACTBO-
peHus u o0o3HavaeTcsa AH,,

A _AH _ H —(n,H +n,HY)

" )
n, n,

(1.12)

WHTerpaibHas TEIIOTa pACTBOPEHUS 3aBUCUT OT TEMIIEPaTyphl U
KoHIIeHTpauuu. [loaToMy TIpu yKa3aHUM 3HAYEHUS] UHTETPATbHON Te-
IJIOTHl PACTBOPEHUS NOJDKHBI TAaKXKE YKa3bIBaTbCsl TeMIeparypa u
KOHIIEHTpalus 00pa3yIolIerocs p1u pacTBOPEHUU pacTBOpa.

JIJis TBepABIX TeJl MHTErpajibHas TEIJIOTa PACTBOPEHUS CKJIa/IbIBa-
€TCsl U3 TEIUIOBBIX A(P(PEKTOB pa3pylICHUsT KPUCTAUIMUECKON PEIETKH,
COJIbBaTallMM U cCMelleHus. B cBsi3u ¢ TeM, 4TO Ha pa3pylIeHUE Kpu-
CTAJUTMUECKON PEIIeTKH TEIUIOTa 3aTpavyuBaeTcs, a MPOIECC COJIbBATa-
LIUU COIMPOBOYKIAETCS BBIIEICHUEM TEIUIOTHI, 3HAK TEIJIOTHI pacTBOpE-
HUSI MOXKET OKa3aTbCs KaK IMOJIOXKHUTENbHBIM, TaK U OTPUIATEIILHBIM, B
3aBHCUMOCTH OT TOT0, KaKO€ M3 JIBYX ClIaraéMbIX OOJIbIIE MO aOCOIOT-
HOW BenuuuHE. BennynHa TEIUioThl CMENICHUS 3HAYUTEIbHO MEHBIIE
TEIUIOTHI Pa3pyILICHUs PEIIETKH U TEIUIOTHI COJIbBATALIUU.

bosnpon mHTEpEeC NMpEeACTaBISAET MepBas TEIIOTa PACTBOPEHUS —
TEIUIOTA, BBIIEISAIOMIASACS WM MOTJIOLIAOIIASACSA P PACTBOPEHUU OJI-
HOT'O MOJISI BEIIECTBA B OECKOHEUHO OOJIBIIIOM KOJMYECTBE PaCTBOPUTE-
ns. IlepBas TemioTa pacTBOPEHUS OMPEIESIETCS PACUETHBIM METOJIOM.
WuTerpanbHble TEIJIOTH PACTBOPEHUS] HAXOISATCS SKCIIEPUMEHTAIIBHO.

HenocpencTBEHHO OCYIIECTBUTH 3KCIIEPUMEHTAIBHOE OMpe/esie-
HUE TEIJIOTHI TUAPATOOOpa30BaHUs MPOOIEMATUYHO BBUAY MEIJICHHO-
ro npotekanus npouecca. OQHAKO 3Ty BEJIMYMHY MOXKHO OIPENEIUTH
1o 3akoHy ['ecca, U3MEpPUB SKCIEPUMEHTAILHO MHTErPaJIbHbIE TEIUIO-
Thl PACTBOPEHUS KPUCTAJUIOTHApPATa U OE3BOJHOM COoM ¢ 0Opa30BaHU-
€M pacTBOpa OJHOM M TOW K€ KOHLEeHTpauuu. llomyyuts pacTBOp
1 Monb cynb(ara Meau B # MOJIb BOJIBI MOKHO JIByMsI CIIOCOOaMu:

1) pactBOpeHueM 0€3BOAHOM COJU B 72 MOJIb BOJIBI:

AH,, .
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2) npeBpalieHueM 0€3BOIHOM COJIM B KPUCTAJUIOTUJIPAT C TOCJIe-
JTYIOIIUM €T0 PacTBOPEHUEM B (1 — 5) MOJIb BOJIBI:

AHFM}:[ AHWI A
CuS04 ) 51,0 > CUSO04 - SHL0 () — 557752 CuSO4 +71H, 0 acrncr)

Cormnacno 3akony I'ecca AH,,) = AH,y,, + AH,p 1
AHer[p:AHml —AHmz. (113)

N3MepuB SKCIEPUMEHTAIIBHO UHTETPAIbHBIE TEMIOTHI PACTBOPEHUS
AH,,; u AH,,, pacCUMTBHIBAIOT TEIUIOTY THUJpaTalluk Cyjiabdara Meamu.
[Tockombky B CuSO4-5H,0 conepxkuTcs KpuCTaUIM3allMOHHAs BOJA, TO
JUTSI TIOJTyYeHHUs pacTBOpa ¢ OJMHAKOBOM KoHIeHTpammer CuSO,4 HeoO-
XOJIUMO OpaTh pa3HbIe HABECKU KPUCTAIUIOTHApaTa U 0€3BOAHOM COJIH.

Hopaook evinonnenus padomot

1. BKIIOYHATH KOHTPOJIIEP M 3aIyCTUTh MPOrpaMMmy YIPaBICHUS
VIJIK. ITogknrounTs TEPMOJATYUK K IEPBOMY M3MEPUTEIILHOMY KaHa-
JIy U aKTUBUPOBATh €r0 B OKHE YNPABJICHUA. B HCTIONMHUTENBHBIX YCT-
poOMCcTBaxX BKIIIOYUTh MEIIAIKY (CKOPOCTh IepemeniuBanHus — 3). B
okHe «[lapameTpbl n3amMepeHus» BeIOpaTh: «ABTOMATUYECKUN pe-
Xumy, «4uncno nameperHuin» — 100, «MHTepsan namepeHumn» — 10
c, «YcpeaHeHney» T0mKHO OBITh BRIKIIFOUCHO.

2. OnpeaenuTs MOCTOSIHHYIO KanopumeTpa K. Jlis 3Toro crakas,
B KoTopbid HasmTo 100 oM TACTUJUIMPOBAHHOW BOJIbI, YCTAHOBUTH B
KUIOPUMETP M 3aKPbITh KPBIMIKON C YKPEIUIEHHBIM B HEH AATYMKOM
TeMmnepaTypbl. B OTBEpCTHME KpBILIIKKM BCTABUTHh CHELHUAIBHYI MPO-
OHpKY, B KOTOPYIO IIPEABAPUTENBHO HACHINIAHO 2 T U3MEIBbYEHHOM CO-
au ¢ u3BecTHOM Teruiotor pactBopenus (KCl). Beectu «gononHm-
TelbHbIN napameTp» (Macca HABECKH) M €ro pa3MEpPHOCTh («g»).
Hauate nponiecc mamepenud. IIpoBecTn u3MepeHue TeMmneparypsl B
Ha4aJIbHOM MEepUoJAe B TeueHue 2—3 MuH. Eciii B TeueHne 3Toro Bpe-
MEHU HE MPOUCXOIUT PE3KOT0 MU3MEHEHUS TEMIIEpaTypbl, TPOBECTHU
pacTBOpeHME conu. /s 3TOro, He mpeKpalas U3MEPEeHUs: TeMIepaTy-
PBbI, BBITOJIKHYTh IMOPIIHEM COJIb U3 MPOOUPKH, caMy POOUPKY U3 Ka-
JopuMeTpa He BblHMMasA. [lociie OKOHYaHWS TIIaBHOTO MEPUOAa Mpo-
JOJKATh U3MEPEHHE TEMIIEPATYPHI B TEUCHUE 2—3 MHUH.

3. ITocTpouTh NEpBUYHBIN I'paPuK 3aBUCUMOCTH TEMIIEPATYPhI OT
BpemeHU. [IpoBecTu KacaTenpHbIE K HAYAIbHOMY M KOHEYHOMY y4a-
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CTKaM KpHBOM (cM. puc. 9) ¢ ucnojab3oBaHueM HHCTpyMeHTa «J1n-
HUA» u onpeneauTh TOUkd B 1 C, COOTBETCTBYIOIINE HAYally U KOHILY
IJIABHOTO Tepuojia (YBEIUYUTh COOTBETCTBYIOIIMN Y4YaCTOK KPHUBOM
npu oMoy uHCTpyMeHTa «CTperikay). [IpoBectn BepTHKAIBHYIO
IpsMYIO Yepe3 CEpeIMHYy TJIaBHOTO MepHoJia A0 NepecedeHus ¢ ooeu-
MU KacatelibHbIMU. Onpenenutsh Beauuuny A7, u3MepuB UHCTPYMEH-
ToM «JIMHEenKa» otpe3ok EF mMONydeHHOW mpsmoir (cM. puc. 9), u
paccunuTaTh MOCTOSIHHYIO KaJIOpUMETpa 1o ypaBHeHHo (1.9).

4. Onpenenutb U3MEHEHHE TEMIIEPATypbl MPU PACTBOPEHUU KpU-
cramuoruapara CuSO4-5H,0 (Macca HaBecku 2,5 ). JlJ1s 3TOro crakaH
CIIOJIOCHYTh JUCTHIIMPOBAHHON BOIOM, HATHTB B HEro 99 cM’ TUCTHII-
JIMPOBAHHOM BOJIbI U YCTAHOBUTH B Kajopumerp. Brectu «4OMNONHK-
TenbHbLIM NapamMeTp» (Macca HaBECKH) M €ro pa3MepHOCTh («g»). 3a-
TEM TIPOBECTH pacTBOpeHHEe 2,5 r Kpucrauioruapara. M3mepenue
TEeMIIepaTyphl MPOBOJANUTH, KaK OMUCAHO B II. 2. ['paduueckum METO0M
(cm. 1. 3) onpenenuTs U3MEHEHUE TEMIIEPATYPhI U PACCUUTATH M0 YPaB-
HeHuto (1.8) u3MeHeHne >HTaNbIIUK B MPOIIECCE PACTBOPEHUS, a 3aTEM
u3 ypaBHeHus (1.10) — uHTErpaNIbHYIO TEIIOTY pacTBOpeHus AH, .

5. AHAJIOTUYHO ONPEAEINTh U3MEHEHUE TEMIIEPATYPHI MPHU pac-
TBOpeHnu 6e3BoaHOoM comu CuSO, (Macca HaBecku 1,6 T, 00BeM BOJIBI
100 CM3). Paccunrars MHTErpajgbHy TEIUIOTY pacTBOpeHus AH,,;, a
3aTeM 1o ypasHenuto (1.13) AH,,;,. CpaBHUTL ONPEAETIEHHBIE DKCIIE-
pPUMEHTANLHO Benuunnel AH,,, AH,, u AH\,,, cO CIpaBOYHLIMH 3Ha-
YEHUSMU U PACCUUTATh OTHOCUTEIBbHYIO MOTPEITHOCTh SKCIIEPUMEHTA.

Ilucomennwlit omuem no padbome NOJKEH COAEPKATh: HA3BAHHUE,
1eab padboThl, 000pyA0BaHUE U PEAKTUBBI, CXEMY YCTAHOBKH JJI MPO-
BEJICHUSI DKCIIEPUMEHTA, KPATKUE TEOPETUUYECKHE OCHOBBI METOAA C
pacueTHeIMH (opMyJaMH, TpapuKud HU3MEHEHHUS TeMIepaTyphl BO
BpeMeHH, pacueT BennuuH AT u AH, BBIBOJIBI TIO padoTe.

Konmponvnuie 6onpocwi

1. TennoBo#t 3¢ dext mpoiecca. Beruucnenue TermnoBbix 3Ppdek-
TOB MIPU IOCTOSIHHOM JIAaBJICHUU U TOCTOSIHHOM 00beMe.

2. 3akoH 'ecca. Briuncienue TemioBbix 3PQGEeKToB MO CTaHIapT-
HBIM TEIUIOTaM 00pa30BaHUS U TEMJIOTAM CTOpPaHUSI.

3. 3aBUCUMOCTH TemIoBOro 3¢¢exra oT Temmneparypsl. Temo-
€MKOCTb.
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4. I'padpuyeckuit cnocoO omnpeiesieHus U3MEHEHUS TEMIIEPATYPhI
B KQJIOPUMETPHH.

5. Ilpumenenue 3akoHa ['ecca K pacuery TEIJIOTHI THApPaTOOOpa-
30BaHUSL.

Paboma 2. OnpedesaeHue mens10omul
Hellmpaau3ayuu CU/AbHOU KUc/10Mmbl
CU/IbHbIM OCHOB8AHUEM U men/jomaul duccoyuayuu
€/1a601l Kuc/s10muwl

Ienv padbomut

OnpenenuTs TEMIOTY HEUTpAIM3allUM CUJIBHOW KHUCJIOTHI CHJIb-
HBIM OCHOBAHHEM, TEIUIOTY HEUTpaIM3anuu cJ1aboi KHUCIOTHI CHIIb-
HBIM OCHOBAaHHUEM M TEIUIOTY JUCCOIHUAIIMU CIa00 KUCTIOTHI.

Oobopyoosanue u peaxmuenl

1. VJIK «Xumusi» (LIeHTpajdbHbld KOHTpOJUIiep, MoayJib «Tepmo-
cTar», TEPMOJATUMK, cTakaH Ha 100 oM, TETJIOU30JIMPYIOIINN BKJIa-
JIBII, TTPOOUpKA /I BBEJICHUS COJIN);

2.5 M pactBop NaOH;

3. 0,2 M pacteop HCI;

4. 0,2 M pacteop CH;COOH;

5. JluctriuimpoBaHHas BOJA.

Memoouueckoe o6ocnosanue padbomaot

[Ipu B3auMoeicTBUU | MOJIb CHJIBHOW KMCJOTBI C 1 MOJIb CHUIIb-
HOTO OCHOBaHHMS B pa30aBICHHBIX BOJHBIX PAcCTBOpPAX BBIACISACTCS
MOYTH OJMHAKOBOE KOJIMYECTBO TeroThl (55,9 xJIx/Monb mpu 298
K). ITocTOSHCTBO TEIJIOT HEWTpalu3alluk CBSA3AHO C TEM, YTO MpHU
B3aMMOJCHCTBUN CHUJIBHBIX KHCJIOT M OCHOBAHHM, MOJIHOCTBIO JHMCCO-
LIUMPOBAHHBIX B BOJHBIX PACTBOpax, U3 MOHOB H' (TOuHEe, U3 MOHOB
ruapokconns — H;0") xucnotel 1 monoB OH ™ ocHOBaHMS 06pa3yroTcs
MOJIEKYJIBI BOJIBI:

H"+ OH = H,0.

Cnabple AJEKTPOIUTHI, B YaCTHOCTU CJa0ble KUCJIOThI U OCHOBA-
HUS, B pacTBOPE AUCCOIMUPYIOT HAa MOHBI HE MOJHOCTHIO. [loaTOoMy
IIPY CMEIIEHUM CJIa00# KUCIIOThI C CUIIBHBIM OCHOBAaHUEM MIIM CJ1a00-

ro OCHOBAHMUS C CUJIbHOM KUCIIOTOM, HApsiy ¢ 00pa30BaHUEM BOJbI U3
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roHoB H' 1 OH, NpoMCXOMUT Mpolece AUCCOIMAINN cIaboi KHCIIo-
Thl WJIA CJIA00TO OCHOBAHMS. 3alMIIEM YpaBHEHMs pPEaKIUi HEeWTpa-
au3anuu cuiibHOM (1) M cinaboit (2) KUCIOT, a TakKe JUCCOIMAIuU
cinaboi KucioTsl (3).

(1) H+ + OH? = H20 (AHHeI‘/'ITp)H+
(2) HA+OH =A + H2O (AHHeI‘;ITp)HA
(3) HA=H+A AH e

CJ0XUB MEPBOE YPABHEHUE C TPETHUM, OJYYUM BTOPOE ypaBHE-
Hue. [1o 3akony I'ecca:

(AHHeI‘/'ITp )HA - (AHHeﬁTP )H+

+ AH e

N3mMepuB SKCHEPUMEHTAIBHO BEIWYMHBI TEIUIOT HEUTPAIA3ALNU

CHJIBHOM (AH,ej5,,) Y CTAOOH (AH o0, )yya KMCIIOT CHIIBHBIM OCHOBAHH-

€M, MOYKHO PacCYUTATh TEIIOTY JUCCOIMAINN CIA00N KUCTOTHI AH .
[Ipu onpeneneHny TEIIOBBIX d(PGHEKTOB peaKivii HEUTpaTH3aIu
HEOOXOJUMO YYHMTHIBaTh, YTO MPHU CIWBAHUU PACTBOPOB KHUCIOTHI U
OCHOBaHHUS TIPOUCXOJIUT U3MEHEHUE 00BEMOB, T. €. HY)KHO yUHUTHIBAThH
IPOMEXKYTOUYHBIE TEIJIOTHI pazdaBieHus. O01Iee U3MEHEHHE AHTaJIb-
MUY TIPU CMEIIIEHUH PACTBOPOB KUCJIOTH M1 OCHOBaHUs OyI€T paBHO:

AH = AH HEUTp + (AHpaBB)K-TLI + (AHpa3B)OCH ’

e (AHppg)ern — TEIJIOTA Pa3BEICHMSA KHMCJIOTBI OCHOBaHHEM,
(AH a35)0cn — TEIUIOTA PA3BEIECHUS OCHOBAHMS KMCIOTONW. B HacTosAmen
padote K OoJbIIOMY 00beMYy pa30aBICHHON KHUCIOTHI MPUIUBACTCS
HE3HAUYUTEIbHBIN 00bEM KOHIIEHTPUPOBAHHOM IIEI0YH, TTOITOMY Be-
JIMYMHOW TEIUIOTHI PAa3BEICHMS KHUCIOTBI OCHOBAHHMEM (AH | ysp)imu
MOYKHO TpeHeOpeub. Toraa TenaoTa HeUTpaau3alui MOXKET ObITh OII-
penenena 1o gopmyie:

AH, HEUTp =AH — (AHpa3B)OCH.

Bennunna AH onpenensiercss U3 U3MEHEHUS TeMmneparypbl AT
IIPY CMEIIEHUM PAacTBOpA IIEJI0YM C PACTBOPOM KHUCIIOTHI, & BEJIMYMHA
(AH,pa35)0cn — U3 U3MEHEHUS TEMIIEPATYPBI AT}, IPH CMEIIEHUH TAKO-
ro ke o0bemMa pacTBOpa IIEIOYN C AUCTUIUTUPOBAHHOU BOJION, 00beM
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KOTOpPOU paBeH O0bEMY KHUCJIOThl B aHAJOTMYHOM OIbITE. BbIpasus
BennunHbl AH dyepe3 AT no ypaBHenuto (1.8), momydaem:

AI—[HeﬁTp = _((mK + mm)c + K)AT+ ((mB + mm)c + K)ATpasB .

[TockonpKy Macca KUCIOTHI M1, B OJTHOM OTIBITE€ paBHA Macce BOJIbI
My B IPYTOM OIIBITE, MOJTYyYaeM:

AHHep“ITp = _((mK + mm)c + K)(AT_ ATpaBB)- (114)

[Tonydennslit TenaoBoi 3¢ PekT nepecunThiBalOT HA 1 MOJb pea-
T€HTAa, B3SITOTO B HEJIOCTATKE:

AH i1y 1000

Ay == (1.15)

rae C u V' — ucxoaHasi MOJsipHasi KOHIIEHTpalusi 1 00beM peareHra,
B3ATOr'0 B HEJJOCTATKE.

IHopaook evinonnenusn padomaot

1. BKJIIOUUTH KOHTPOJUIEP W 3allyCTUTh MPOrpaMMy YHNPABICHUS
VJIK. T1oakatounTh TEPMOJATYUK K TIEPBOMY U3MEPUTEIHLHOMY KaHA-
Jy U aKTUBUPOBATh €r0 B OKHE YMNpaBJIeHUA. B UCTIOTHUTENIBHBIX YCT-
pOMCTBaxX BKIKOYUTHh MEIIAIKY (CKOPOCTh IepemenmuBanHus — 3). B
okHe «[lapameTpbl 3MepeHUsi» BeIOpaTh: «ABTOMATUYECKUUN pe-
Xumy, «Hucno mnamepeHnn» — 100, «MHTepBan nUaMepeHumn» —
5 ¢, «YCcpeaHeHney N0mKHO OBITh BBIKITFOYCHO.

2. OnpenenuTs MOCTOSIHHYIO KanopuMerpa K, kak OnmucaHo B pa-
0ote Ne 1 (unu B3sTh 3HaUeHUE K U3 nIpeablayiei paboTh).

3. Ans onpeneneHus TeIIOThl HEUTPaIU3alui CUIbHON KHCIIOTHI
B KQ4ECTBE KAJTOPUMETPUUECKOMN KUIAKOCTH nucnoib3yercsa 0,2 M pac-
tBOp HCIl, a HelTpanuzaius npoBoautcs 5 M pacTBopoM ruipokcua
HaTpus. B crakan HamuTh 90 CM’ KHCIOTBI U YCTAHOBHTB €r0 B Kajo-
puMeTp. B crieruanbHy0 poOMPKY HAJIUTh TTUTIETKOM 3 oM pacTBopa
IIEJIOYU U YCTAaHOBUTH MPOOUPKY B KPBIIIKY Kajiopumerpa. [Ipoectu
U3MEpPEHUE TEMIIEPATYphl B HAYAJIBHOM IEPHUOJIE B TEUCHUE 2—3 MUH.
Ecnn B TedeHHE 3TOr0 BPEMEHHU HE MPOUCXOJUT PE3KOT0 M3MEHECHUS
TEMIIEpaTypbl, IPUINTh EN0Yb K KHUcnoTe. [locie okoHYaHus rias-
HOT'O MEpHOJa MPOJI0IKATh U3MEPEHUE TEMIEPATYPHl B T€UeHUE 2—3
MuH. ['padudeckum metoaom (cMm. 1. 3 pabotel Ne 1) ompenenuts u3-
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MEHEeHue Temieparypbl A7} Opu CMELMIEHUH PACTBOPOB CHUIIbHOW KHU-
CJIOTHI U IIEJIOYH.

4. OnpenenuTh TEIUIOTY pa3BeICHUS IIEJIOYH, BIUBas 3 oM pac-
TBOpa mieaouu B 90 M TUCTUILUTUPOBAHHOM BOJbI. ['padpuueckum me-
TOJOM ONPEAEIUTh U3MEHEHUE TeMnepatypsl AT ., IpU pa3BeICHUN
pacTBopa 1eaoyn Bogor. Paccunrars TEmOTY HEUTpaIU3alMU CUJIb-
HOM KHUCJIOTHI IIEeJI04YbI0 10 ypaBHeHMIo (1.14) u nepecuutars ee Ha 1
MOJIb BEIlleCTBA 1O ypaBHEHMIO (1.15), yuuThIBas, 4TO 11€JI0Yb B3ATa B
HenoctaTtke. CpaBHUTH SKCIIEPUMEHTAIbHYHO BEJIMYUHY TEIUIOTHI HEW-
Tpajli3aluy CO CHPABOYHBIM 3HAYCHUEM M PACCUUTATh OTHOCUTEIIb-
HYIO TIOTPENTHOCTh IKCIIEPUMEHTA.

5. AHaJIOTUYHO M. 3 ONPENENIUTh TEIJIOTY HEUTpaIu3aluu ciadoit
KUCJIOThI. B KayecTBe KaJlOpUMETPUYECKOM KUIKOCTH HCHOJIb3YETCS
0,2 M pactBop CH3;COOH. I'paduueckuM METOJIOM OMNpPEAEIUTh W3-
MEHEHUuEe Temreparypbl AT, Mpu CMEIICHUU PACTBOPOB CiabOM KH-
CJIOTHl U MIeNiouu. PaccuuTarh TEmaoTy HEWTpaau3aluu ciiaboil Ku-
CJIOTHI IIEN0YBI0 1O ypaBHeHUIO (1.14) u nepecuurtars ee Ha 1 MOIb
BemiecTBa 1o ypaBHeHuto (1.15). Ilo ypaBHenuto I'ecca paccumtaTh
TEIUIOTY IUCCOLUAIUHA YKCYCHOM KUCIIOTHI.

Ilucomennwiit omuem no padbome NOJKEH COAEPKATh: HA3BAHHUE,
1eJb paboThl, 000PYIOBAHUE U PEAKTUBBI, CXEMY YCTAHOBKH JJIsI TIPO-
BEJICHUS SKCIIEPUMEHTA, KPATKUE TECOPETUYECKUE OCHOBBI METOJA C
pacueTHbIMH (dopMyiaMu, TpaduKH H3MEHEHHS TeMIepaTypbl BO
BPEMEHHU, pacueT BeJIUYUH AT, TEIJIOThl HEUTPAJIU3ALMHU U TUCCOLMA-
1M, BBIBOJIBI 1O paboTe.

Konmponwsnusie sonpocwi

1. Tennosoit adpdext npoiecca. Beraucienue TenaoBbix dddek-
TOB MIPU TIOCTOSIHHOM JIaBJICHUU U MTOCTOSTHHOM 00beMe.

2. 3akoH I'ecca. Beruucnenue teminoBsiX 3(pPEeKTOB MO CTaHIAPT-
HBIM TEIUI0TaM 00pa30BaHUs U TEIJIOTaM CTOpaHUS.

3. 3aBUCHMOCTD TEIIOBOTO 3¢ (dekTa oT TeMieparypsl. TernoeM-
KOCTb.

4. I'paduueckuii crnocod onpenencHrus U3MEHEHUS! TEMIIEPATYPhI
B KQJIOPUMETPHHU.

5. 3aKOH MOCTOSIHCTBA TEIJIOT HEUTPATU3ALINH.

6. IIpumenenue 3akoHa ['ecca k pacyery TEIJIOTHI JUCCOIUALUA
c1ab0ro ANEKTPOJIUTA.
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Paznen 2. Pa3oBbie paBHOBECUA
B reTeporeHHbIX CUCTEeMaX

Teopem udyeckKkdasi 4acmbos

I'emepocennvie cucmemvl — 3TO HEOTHOPOJHBIE CUCTEMBI, B KOTO-
PBIX OTJENbHBIE OJHOPOJHBIC YACTH OTHEJICHBI JIPYyr OT JApyra Io-
BEPXHOCTSIMU pazjena. ITU YacTu HaszbiBatoTcs (azamu. Takum oOpa-
30M, (ha30ti HA3bIBAETCS YaCTh F€TEPOr€HHON CUCTEMBI, OTPAHUYECHHAsI
MOBEPXHOCTHIO pa3fiefia M XapaKTEPU3YIOUIAsACS OJMHAKOBBIMU BO
BCEX TOYKAX COCTAaBOM U (PU3MYECKUMU U XUMHUIECKUMHU CBONCTBAMHU.

CoCTaBISIONIMMU BEIIECTBAMU CUCTEMbI HAa3bIBAIOTCSI UHIUBUTY-
albHbIE XMMUYECKHE BEIIECTBA, KOTOPHIE MOTYT OBITh BBIJEICHBI U3
CHUCTEMBI U CYIIECTBOBATh BHE €€ CAMOCTOSITEJILHO B BHUJIE OTJACIBLHOU
¢da3pl. Eciim Mexay COCTaBIAIOUIMMH BEIIECTBAMU HET XMMUUYECKOTO
B3aMMO/JICUCTBHUS, TO COCTaB KaxkA0u (ha3bl CUCTEMBI MPHU JIFOOBIX YyC-
JOBUSIX OJHO3HAYHO BBIPAKAETCS Yepe3 KOHIIEHTPAIMM COCTaBJISIO-
IIMX BEILIECTB, U B 3TOM CJIy4yae OHU Ha3bIBAIOTCA KOMNOHeHmamu (He-
3a8UCUMBIMU KOMNOHeHmamu). B ciydae XUMUYECKOro B3auMO/ICHi-
CTBUSI MEXJY COCTAaBJISIOIIUMHU BEIIECTBAMU YHCJIO KOMIIOHEHTOB
MOXET OBITh MEHBIIIE, YEM YUCJIO COCTABJISIONIMX BEUIECTB. B ciyuae
PaBHOBECHSI MEXKJy COCTABIISIIOIIMMU BEIIECTBAMHU CYIIECTBYET J10-
MOJTHUTEIILHOE YPaBHEHUE B3aMMOCBS3U MEXKY UX KOHIICHTPAIUSIMH,
KOTOPOE€ YMEHBIIAET YUCIIO BEUIECTB, KOHIIEHTPALIUK KOTOPBIX HEOO-
XOJUMO 3HaTh U1 OMUCAHUs cUCTeMBbI. TakuM oOpaszom, uucio Kom-
NOHEHMO8 PABHAEMCS YUCT) COCMABIAIOUUX 8eUeCcm8 CUCmeMbl MU-
HYC YUCNIO YPABHEHUl, CBA3bI8AIOWUX DABHOBECHbIE KOHYEHmMpAayuu
SMUX Beuyecms.

PaccmoTpuM npumepsl ONpeiesieHus: Yrciia KOMIIOHEHTOB B pas-
JUYHBIX CUCTEMAX.

1. B cucreme, cocrosiieii U3 razoo0pa3HbIX BOJOpOJa, MoAa U
MOJUCTOr0 BOJOPOJIa CUCTEME JIOCTATOUYHO OBICTPO YCTAHABIUBAECTCS
paBHOBECHE

H2(r) + IZ(r) pa— ZHI(F) .
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COOTHOIIIEHHE PAaBHOBECHBIX KOHIIEHTPAIMH pPEarupyrolmx Be-
LIECTB MTOJYNHSAETCS 3aKOHY JAEHUCTBYIOIIUX MACC

__[Hip
HIL]

CrnenoBaTeibHO, MOXHO 3a/1aTh MPOU3BOJIBHO KOHIIEHTPAIUU
TOJBKO JIBYX JIOOBIX BEILECTB U3 TPEX, KOHIIEHTPALMS K€ TPETHEro
BEIllECTBa MPUMET CTPOro ompenesieHHoe 3HaueHue. [loatomy B pac-
CMOTPEHHOMU cucTeME OyJIET TOJIBKO JIBa KOMIOHEHTa (3 — 1 = 2).

Ecnu Mbl BO3bMEM CHUCTEMY, MEPBOHAYAIBHO COCTOSIIIYIO TOJBKO
U3 UOAKMCTOrO BOAOPO/IA, MU HATPEEM CUCTEMY JI0 COCTOSIHMSI, KOTa Hau-
HETCSl €r0 JIMCCOIMAIMS COTJIACHO MPHUBEJIECHHOMY BBIIIE YPaBHEHUIO
pEaKIiu, TO B ’TOM CiIydae PaBHOBECHbBIE KOHIICHTPAIIMM BCEX TPEX Be-
IIECTB OyIyT CBSI3aHbI ABYMs ypaBHeHUsIMU. K ypaBHEHHIO 3aKOHA JEH-
CTBUSI MacC JOOABUTCS ypaBHEHHE, BBIPAXKAIOIIEE PABEHCTBO MEXKITY
PaBHOBECHBIMU KOHIIEHTpAIMSAMU HoJa W Bojopoaa. CreaoBaTelbHoO,
YKCJIO0 KOMIIOHEHTOB OYyJIeT paBHO OJTHOMY, HECMOTPS Ha TO YTO COCTaB-
JISTIOIIMX BEIIECTB B cucteme Oyner Tpu (3 —2 = 1).

2. PaccMoTpuM nByx(pazHyHO CHUCTEMY, COCTOSIIYIO W3 KPHUCTaJI-
JUYECKOTO XJIOPUCTOTO aMMOHHS U Ta3000pa3HBIX aMMHaKa U XJIOPH-
CTOTO BOJOPO/JIa, B YCIOBHUSIX, KOTJ]a B CHCTEME YCTAaHABIMBAETCS PaB-
HOBECHE

NH4C1(T) (:) NH3(F) + HCl(r).

KoHiieHTpanuu razoo0pa3HbIX BEIIECTB OyAYyT MOJYUHSITHCA 3a-
KOHY JIEUCTBYIOIIMX MAcCC, IOATOMY YUCJI0 KOMIIOHEHTOB OyJeT paBHO
nByM (3 — 1 =2).

Ecau B34Th cuctemy, MepBOHAYaJIbHO COCTOSIIIYIO TOJBKO W3
XJIOPUCTOTO aMMOHHUS, TO MOSIBUTCSI BTOPOE YpaBHEHHUE, BhIPAXKAIOIIIEE
PaBEHCTBO KOHIIEHTpAIMiA aMMHaKa U XJIOPUCTOTO BOJIOPOAA, U YUCIIO
KOMITOHEHT B 3TOM cjy4ae OyaeT paBHO ogHOMY (3 —2 = 1).

3. B cucreme, cocrosiiei u3 kapOoHaTa Kajabllusl, OKCHAA Kajlb-
Y ¥ YTJIEKUCIIOro Ta3a, MEXAy BEIleCTBAMHU yCTAHABIMBACTCS PaB-
HOBECHE

CaCO3(T) <_—_) CaO(T) + COQ(F).
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PaBHOBeCHas KOHIIEHTpAIIUsI YIJIEKUCJIOrO ra3a OyJeT paBHa KOH-
crante paBHoBecus [CO,] = K., u 10 Tex nop, Noka B cucteme OyayT
HAaXOJUTHCS BCE TPHU COCTABJISIIOLIME BellecTBa, KOHIEeHTpauusa CO,
OyJleT 3aBUCETh TOJIBKO OT TEMIEPATypPhl CUCTEMbI. UNCIIO KOMITOHEH-
TOB JJaHHOM cHUCTeMBI OyaeT paBHO ABYM (3 — 1 = 2). Otnuuue 31O
CUCTEMBbI OT MPEIbIAYIICH 3aKJII0YaeTCsl B TOM, YTO OHA HE MOXKET
MPEBPATUTHCA B OJJTHOKOMIIOHEHTHYIO, 1K€ €CIU KOJUUYECTBO B3ATOrO
OKCH/JIa KaJbIHs OyIEeT paBHO KOJUYECTBY YTJIEKUCIIOTO rasa.

B cucteme, Haxosieics B COCTOSTHUM paBHOBECHSI, 0000IICHHBIE
CUJIbI, XapaKTEPU3YIOIINE COCTOSTHUE KaxKJI0M (ha3bl, OyIyT paBHbL B
MIPOCTEUINEM CiIydae, KOTJla OTCYTCTBYET BJIMSHHE Ha CUCTEMY BHEIII-
HUX TI0JIEH, B KauecTBe OOOOIICHHBIX CHJI BBICTYIAIOT TEMIIEparypa,
JABJICHUE U XUMHUUYECKUE MTOTEHIIUAIIBI KaXKJIOTO U3 KOMIIOHEHTOB.

PaccmoTrpum cucteMy, coctosiryto u3 @ ¢a3 u K KOMIOHEHTOB.
B cocrosiHnu paBHOBECHS TEMIIEpaTypa, NaBJICHUE U XUMUYECKUE T10-
TEHIIMAIbl KaXKJIOT0 KOMIIOHEHTa HMMEIOT OJMHAKOBOE 3HAYEHUE BO
BceX (pazax, COCTABISAIONIMX CHUCTEMY. XHUMHYECKHE IOTCHIUAIIBI
KOMIIOHEHTOB B PaCCMAaTPUBAEMOM CJIy4ae SIBISIOTCS OJHO3HAYHBIMU
GYHKUMSAMM TeMIIepaTypbl, JaBJICHUS W KOHIICHTPAI[MU KOMIIOHEHTa B
Kakou-muo0 ¢aze. Tak kak QyHKIIMHU, BbIpaXaIOIIUE 3HAUCHUE XUMHU-
YECKOro MOTEHIMaia KaKoro-Iu00 KOMIIOHEHTa B PAa3IUYHBbIX (azax
OyayT pa3JIMYHBI, TO YHCJIO HE3aBUCHMBIX YPaBHEHUM, ONTUCHIBAOIINAX
PaBEHCTBO XMMHUYECKHX MOTEHIIMAJIOB 3TOT0 KOMIIOHEHTa BO Bcex (a-
3ax Oynet paBHO (@ — 1). [{ns K KOMIIOHEHTOB OOIII€€ YHCIIO HE3aBH-
CUMBIX YPaBHEHHUI OMUCHIBAIOIINX PABHOBECHE B CUCTEME OYNIET paB-
HO K(®@ - 1).

He3aBrucuMMBIMM TTEpEMEHHBIMU, BXOASIIMMU B 3Ty CUCTEMY ypaB-
HEHU, OyJIyT TeMmmepaTypa, JAaBJICHUE W KOHIICHTpAaIlud KOMIIOHEH-
TOB. JIJisi onucaHusi KOHIEHTpalMu BceX K KOMIIOHEHTOB, 00pa3ylo-
IUX KaKayro (a3y, HeoOX0AuMO 3HATh KOHIEHTpanuu Juib (K — 1)
KOMIIOHEHTOB, a KOHIIEHTPALMIO MOCJIEAHEr0 KOMIIOHEHTa MOKHO
BBIYUCIIUTD, UCXO/IA U3 KOHIICHTPAIlUM OCTAJIbHBIX KOMIIOHEHTOB. Ta-
KM 00pa3oM, YUCJIO HE3aBUCHUMBIX KOHIICHTpAIMi B Kaxkaou ¢ase
oynet paBHo (K— 1), a B @ ¢dazax — @(K — 1). O61iee xe 9uciao Bcex
HE3aBUCUMBIX MEPEMEHHBIX, YUUTHIBAsI TEMIIEPATypy U JaBjieHUE, Oy-
net paBHo (K — 1) + 2.
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B ciydae, Korga 4uci0o NEPEMEHHBIX PABHO YUCIY YpaBHECHUH,
CHUCTEMA YPAaBHEHUN UMEET CTPOTO ONPEIECIICHHOE PEILIEHHUE, BCE IIe-
PEMEHHbIE NMPUOOPETAIOT CTPOTO OINpPEIECICHHbIE 3HAUYCHUS U Bce (a-
3bl, COCTaBJISIOIIME CUCTEMY, COCYILLECTBYIOT B PABHOBECUHU IIPU CTPO-
ro OINpENEICHHBIX YCIOBUSX (TeMIlepaType W JaBICHUU) U HUMEIOT
ONpe/ICICHHBIN cOCcTaB (KOHIEHTPAIIMM KOMIIOHEHTOB). Takas cucre-
Ma Ha3bIBACTCS MHBAPUAHTHOW. ECiM K€ 4MCI0 ypaBHEHUU MEHbIIE
YHCJia HE3aBUCUMBIX NTEPEMEHHBIX, TO BAPUAHTHOCTh CUCTEMBI YBEIIU-
YUBAETCA, T. €. YBEIIMUYMBACTCS KOJIUYECTBO CTENEHEW CBOOOJIBI CHC-
TEMBbI, U PA3HOCTH

C=DK-1)+2-KD-1)=K-D+2 2.1)

MPEJCTaBISIET COOOM YHUCIO MEPEMEHHBIX, KOTOPBIM MOXHO MpHaa-
BaTh IIPOU3BOJIbHBIE 3HAUYCHUS MPU UMEIOIIEMCS YUCII€ YPABHEHUM, a
CIeOBaTeNbHO, MPH HUMEIoIIeMcs 4ucie (a3, MOCKOJIbKY YHCIO
ypaBHEHUM ompeaessieTcs yuciom ¢as. Ita pasHOCTh C Ha3bIBACTCS
YUCJIOM TE€PMOJMHAMUYECKUX CTENEHEW CBOOOJbI CHUCTEMBI WJIA CO-
KPAIIEHHO — YUC/IOM cmenenel c800600bl.

Takum 00pa3zoM, ¢ MATEMAaTUYECKON TOYKHU 3PEHHS YKCIIO He3a-
BHCUMBIX NIEPEMEHHBIX CUCTEMBI, T.€. YHUCIIO CTENEHEW CBOOOBI CHC-
TE€MbI, PAaBHO PA3HOCTH OOIIEro 4Yuciia MEPEMEHHBIX U YHCia CBA3BI-
BAIOIIMX UX YPABHEHUM, XapaKTEPU3YIOIINX XUMHUUYECKOE PABHOBECHE
Mexy hazamu.

OuyeHb BaXkHA T€OMETpUUYECKasi MHTEPIIpETals Yucia CTEIeHEeH
cBoOonbl. B ciyuae muBapuanTHoil cuctembl (C = () paBHOBEcHE B
CHUCTEME MOXET OBITh OMHUCAHO TOYKON B COOTBETCTBYIOIICH CUCTEME
koopauHat. Korja 4ucio creneHei cBOOOAbl paBHO €AuHUIIEC (MOHO-
BApHAHTHAsl CUCTEMA). PABHOBECHE ONMUCHIBAETCS JIMHUEH, CBOEU IS
Kaxa0M (a3bl, HaxosIIelcs: B paBHOBecHd. T. €. JUIs Ka)KJ0ro 3Ha-
YEHUS TEMIIEpaTyphl U AaBJICHUS B 00JIACTH PABHOBECHOTO CYIIECTBO-
BaHMs CUCTEMBbI Kaxaou (asze OyJaeT COOTBETCTBOBATH CTPOTO OIpe-
neneHHblt coctaB. Ecnmu C = 2 (nuBapuaHTHasi CHUCTEMa), PaBHO-
BECHOE CYIIIECTBOBAHUE KaXJOW (ha3bl OYJIET OMUCHIBATHCS MOBEPX-
HocThio. Korma xe C = 3 (TpuBapuaHTHas cUCTeMa), KaxJaou ¢ase
OyJleT COOTBETCTBOBATh TPEXMEPHBIM 00BEM MPOCTPAHCTBA U T. ]I.

YpaBHeHuUe, BhIpakarollee 3aBUCUMOCTb YKCiia CTEIEeHENH CBOOO-
JIbI OT YUCJIa KOMIIOHEHTOB U uncia (a3, HaXOIAIIUXCs B paBHOBECHUH,
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Ha3bIBaeTCI npasuiom ¢gaz [ubbca unu 3aKOHOM paBHOBecus (Pas.
Jls cucteMbl, Ha KOTOPYIO M3 BHEIIHHX (DAKTOPOB OKa3bIBAIOT BO3-
NEUCTBUE TOJBKO TEMIIEpaTypa W AaBlieHHE, TpaBwio (a3 OyJeT BbI-
paxkaTbcs ypaBHeHHeM (2.1). B o0miem ciaydae, Korja Ha CUCTEMY MO-
I'yT OKa3bIBaTh BO3JACHCTBUE 7 BHEHNTHUX (haKTOPOB (KpoMe TeMIiepa-
Typbl U JIaBJICHUS, 3TO MOTYT OBITh BO3ACHCTBUS TPaBUTAIMOHHOTO
WM DJICKTPUYECKOTO TOJIeH), MpaBmwio (a3 3amuiieTcs: ClIeayroIM
o0pazom:

C=K-®+n. (2.2)

Takum 00pa3oM, YHUCIIO CTeleHel CBOOO bl PaBHOBECHON TEpPMO-
JTUHAMUYECKON CHUCTEMbl PAaBHO YKMCIY KOMIIOHEHTOB MHHYC YHCIIO
¢da3 1IC YUCI0 BHEMIHUX (DAKTOPOB, OKA3bIBAIOIIMX BIUSHUE HA
CUCTEMY.

PaccmoTpuMm npumeHenue mnpasuia (a3 ['mb0Oca K pa3audHbIM
CUCTEMaM.

1. B 0THOKOMIIOHEHTHOU cucteme (MpUMep — BOAA) BO3ZMOMKHO
HaJu4yue oT ogHOM 1o Tpex (a3. HezaBUCMMBIMU TIEpEMEHHBIMU SIB-
JSIIOTCS TeMmIieparypa U JnasieHue. B cioydae oaHoit ¢dasel (Jien, Boaa
nwmnap) C=1—-1+2 =2, T. e. MOXKHO B ONIPEAECICHHBIX Mpeaenax
U3MEHSTh U TeMIepaTypy, U IaBjeHUEe, HE U3MEHSS Yncia U Buja ¢as.
B cnyuae aByx ¢a3 (i1eq u Boaa, Boga v nap, iegunap) C=1—-2+2
=1, T. e. TeMnepaTypsl IJIaBJICHUS, KUTICHUSI U CyOJIMMAalUY TIPU J1aH-
HOM JIaBJICHUM €CTh BEJIMYUHBI MOCTOSHHBIE U MOTYT H3MEHSIThHCS
JUIIL ¢ U3MEHEHUEM aaBieHus. B cmydae Tpex a3 (iex, Boga u map)
C=1-3+2=0,T. e. Tpu ¢a3sl MOTYT CyIIIECTBOBATh B PABHOBECUH
JIUIIb MPU CTPOTO OINPECICHHBIX 3HAYCHUSIX TEMIIepaTypbl U JaBJe-
HUs (TpoitHast Touka Boasl: P =4,57 mm pT. cT1., T = 273,16 K).

2. B 1ByXKOMIIOHEHTHOM CUCTEME HE3aBUCUMBIMU NIEPEMEHHBIMU
SBJISIFOTCSL COCTaB (MOJIbHAS J0JISI OJHOTO U3 KOMIIOHEHTOB X), TeMIie-
patypa u naBieHue. B 3aBucumoctu OT ymucia ¢a3 cucteMa MOXKET
ObITh TpuBapuaHTHOU (@ = 1), nuBapuanTHoU (@ = 2), MOHOBapH-
anTHOU (@ = 3) u unBapuanTHol (@ = 4). [locTpoenue ¢pazoBoit nua-
IpaMMbl JBYXKOMIIOHEHTHOM CHCTEMBbI HEOOXOAUMO MPOU3BOJUTH B
TpEeXMEpPHOU cucTeMe KoopjauHaT. Ha mpakTuke 4aiie CTpOsT ABYX-
MEpHbIC JUarpaMMmbl MPU TOCTOSHCTBE TPEThero mnapamerpa: «71 —
coctaB» (mpu P = const) u «P —coctaB» (nmpu I' = const). B atom
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cinydae npaBuiio (a3 ['mo66ca umeer Bug C=K—- D+ 1 =3 — @. Ilpu
HaJU4YUd B CHUCTeMe OAHOM (a3bl yuciao crerneHed cBobonabr C = 2,
Py HaJIMYUK JBYX paBHOBeCHBIX a3 C = 1, a Ipu HAIMYHHM TpeX
paBHOBecHBIX (pa3 C = 0.

Paboma 1. HccaedoeaHue nepe2oHKU
OUHAPHbBIX pACMeopos

Ienv padbomut

N3ydyeHne paBHOBECHS MEXK]Y KHJKOCTBbIO UM IapOM U IOCTPOE-
HUE TUarpaMMbl «COCTaB — TEMIIEpaTypa KUIICHUS» OWHAPHOW CMeCcH
aleToH — XJopodopMm myTeM oOImpeaeseHus TeMrepaTypbl KHIICHHUS
PacTBOPOB U YHCTBIX BEIIECTB, a TAK)KE COCTaBa Iapa, HaXOASAIIEroCs
B PaBHOBECHUH C XKUIKOCTHIO OMPEICICHHOTO COCTaBa MpH TEMIIepaTy-
pe KUIICHHUS.

Oobopyoosanue u peaxmuenl

1. ITpubGop CBEHTOCIABCKOTO 1 m;
2. lItatuB ays yKkpermieHus npudopa 1 mr;
3. DnexkTpuueckas OaHs 1 mT;
4. KonOsl ¢ mputepToi MpoOKon 4 m;
5. Pedpaktomerp 1 mr;

6. A1ieToH 1 XJ0poopM Mapok 4.jd.a. WU X.4., PACTBOPHI alleTo-
Ha B XJopodopme C coaepKaHUEM aleToHa (B MOJISPHBIX JOJISIX):
0,15; 0,34; 0,70; 0,90.

Memoouueckoe ooocnosanue padoomot

Bce pacTBopbl MOKHO pa3ieinTh Ha WJealibHbIe U peabHble. K
ujcanbHbIM PacTBOpPaM OTHOCSTCS: OECKOHEYHO pa3z0aBlIEHHbBIE pac-
TBOPHI U COBEPUICHHBIE PACTBOPHI, COCTOSIINUE U3 BEIIECTB, OJMU3KUX
10 CBOMM XHMHYECKUM M (DU3UUYECKUM CBOMCTBAM (CMECH M30MEpPOB
uau romonoroB). Ecim nBe sxuakoctd A u B 6113k o CBOMCTBaM U
CUJIbl B3aMMOJIEHCTBUSL MEXKy OJHOPOJIHBIMU U PA3HOPOJIHBIMH MO-
JeKyJiaMu OyAyT OJHOTO M TOTO e mopsiaka (Fa_a = Fg g = Fa_p), TO
oOpa3oBaHuE pacTBOpa B 3TOM Cllyyae MPOUCXOIUT 0€3 M3MEHEHUs
o0ObeMa M HE CconpoBOXIaeTcs TerloBbIM d3bdekTom (AV =0;
AH = 0). UneanbHble pacTBOPBI MOJUUHSIOTCS 3akoHy Payns: nmapuu-
aNbHOE JIaBJICHUE Tapa KaXXaoro KoMmmnoHeHTa (P, u Pg) npu maro0oi
TeMIrepaType NpOonoPUUOHAIBHO €r0 MOJIIPHOMU JI0JI€ B PacCTBOPE
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Ps= P)-Nx;  Pg= B)-Np, (2.3)

rae P! u P — JaBJieHHE HACBHIIIEHHOTO Iapa Haj YUCTHIMHU BEILECT-

Bamu; Ny 1 Ng — MOJIIpHBIE JOJIM KOMIIOHEHTOB B PaCTBODE.
MoutsipHasi 7011 KOMIIOHEHTOB OMHAPHOT'O PacTBOPA, COCTOSIIETO
u3 BeuiecTB A u B, paBHa:

Ny=—Ta . N =T (2.4)

B
nA+nB I’lA+I’lB

OOmiee naBjieHHE Mapa HaJ PacTBOPOM, PaBHOE CyMMeE IapIiv-
aNbHBIX JaBJICHUN KOMIIOHEHTOB, SIBJISIETCS JIMHEHHOU (YHKIIMEH Co-
CTaBa pacTBopa

P= PNy + PY-Ng= P)-(1 —Ng)+ PY-Ng= P + (P} — P)-Np.
(2.5)

3aBUCUMOCTb TapIUaIbHBIX JABJICHUNW KOMIIOHEHTOB MU OOIIETrO
JIaBJICHUS Mapa HaJl UCATbHBIM PACTBOPOM OT COCTaBa pacTBOpA IMpH
MIOCTOSIHHOM TeMIIEpaType IpeacTaBiieHa Ha puc. 10.

PeanbHble pacTBOPBI XapaKTEPU3YIOTCS MOJIOKUTEIBHBIMUA WIIA
OTPULIATEILHBIMU OTKJIOHECHUSIMU OT 3aKkoHa Payis. [Io oTkioHeHuro
CBOMCTB PacCTBOPOB OT 3aKOHOB Payisi CyIT 0 cuie B3auMOJICHCTBUS
MEXKIy MOJIEKYJIAMU €TI0 KOMIIOHEHTOB.

B cinyyae mon0oXKUTENbHBIX OTKJIOHEHUM OT 3aKOoHA Payiis nasie-
HUE HACBHIIIIEHHOTO IMapa HaJl pacTBOPOM OOJIbIIE, YeM BBIYUCICHHOE
no 3akoHy Payns (puc. 11a), 4To 0O0BSACHSIETCS MEHBIIMMU CUIaAMU
B3aMMOJECHUCTBUS MEXKY PA3HBIMH MOJIEKYJIAMH, YEM MEXIY MOJIEKY-
JJaMH OJTHOT'O M TOTO K€ BellecTBa: F'a_a > Fap < Fp_p. OTKIIOHEHHA
MOTYT ObITh HEOONBIIUMU (JIUHUS 1) W 3HAYUTENIbHBIMU (JTUHUS 2),
MMEIINUMUA MaKCUMyM. [IpUUYUHON TTOJIOKUTEIIBHBIX OTKJIOHEHUN SIB-
asieTcsl pacnaj (AMCCOLMAlMs) aCCOUMUPOBAHHBIX MOJIEKYJ OJIHOTO
UM 000MX YUCTHIX KOMIIOHEHTOB MPHU MX CMEIIMBAHUU (HAMpPUMED,
pPacTBOp ATWIOBOTO COUPTAa B OCH30JI€ U APYTUX MOJSPHBIX BEIIECTB B
HETIOJISIPHBIX PACTBOPUTEIISIX). DTO MOBBIIAET JETYyYECTh KOMIIOHEH-
ToB. OOpa3oBaHUe pacTBOPOB TAKOTO THUIIA, KAK MPAaBUIIO, COMTPOBOXK-
JaeTcsl yBeJIMYEHUWEM oO0beMa u mnoriouieHuem temina (AV > 0;
AH > 0).
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1]'}

A Cocmae B

Puc. 10. UneanbHbIe pacTBOPHI

P O

Puc. 11. lnarpamMmma «cocTaB — JaBJIEHUE Hapay:
a — IIOJTOXKHUTCIBbHOC OTKIIOHCHHUC, 0— OTPpUIATCIBbHOC OTKJIIOHCHUC

PacTBOpHI C OTpUIIATELHBIM OTKJIOHEHUEM OT 3aKoHa Payns xa-
PAKTEPU3YIOTCS MEHBIINM JABJICHUEM HACBIIIEHHOTO Iapa MO CpaB-
HEHUIO C BEIYMCJIEHHBIM 10 3aK0oHYy Payis (puc. 116). 910 00bsicHsAET-
csi OONBIIMMU CUJIAMU B3aUMOJICUCTBUSI MEXY MOJIEKYJIaMH Pa3HbIX
TUIIOB 10 CPABHEHUIO C CHJIAMU B3aUMOJICUCTBUSI MEXTY OJTMHAKOBBI-
MU MoJIeKyJaMu: Fa_p < Fa_g > Fp_g. OTKIIOHEHUSI MOT'YT OBITh He-
3HAYUTEIbHBIMU (TMHUS 1) U 3HAUUTENBHBIMU (JIMHUSA 2), UMEIOITUMHU
MUHUMYM. OTpHUllaTeIbHbIE OTKJIOHEHHS HAOIIOAAI0TCsl Y PACTBOPOB,
CKJIOHHBIX K COJbBaTalluM, THApPATAllMA U T. M. (HapuMmep, BojAa U
XJIOPUCTBINA BOJIOpoa). OOpa3oBaHue pacTBOpa TaKOro THUIA COMPOBO-
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KJACTCSI, KaK MPaBUJIO, YMEHbIIEHUEM O00beMa U BBIJICIICHUEM TEIUia
(AV <0; AH<O0).

JIns u3ydeHus paBHOBECHS TAp — KUJKUKA PACTBOP MPUMEHSIOT
nBa TUNa guarpamm (puc. 12—15):

1) nnarpamma «jaaBiieHuE mapa — coctan» (7 = const);

2) nuarpaMmma «TemrepaTrypa KurneHus — coctaBy (P = const).

JIvaus 1, Bepaxaromas 3aBucuMocts P wim 7 OT cocTtaBa pac-
TBOpA, HA3BIBACTCA KPUBOU HCUOKOCMU, & JIMHUA 2, BhIpa)xaromas 3a-
BUCHUMOCTh P uim T OT cocTaBa mapa — kpusoti napa. Ha ocu abemuce
OTJIOKEHBI MOJISIPHBIE JOJIM OJTHOTO U3 KOMIIOHEHTOB. KOHIIEBBIE TOU-
KM Ha OCH a0CIIMCC COOTBETCTBYIOT YMCTHIM KOMIIOHeHTaM. Ha ocwu
OpJIMHAT OTJIOXKEHBI JaBjeHue napa (puc. 12) wiam temmeparypa Ku-
nenust (puc. 13). I'ereporennast obnacth (00JaCTh CYIIECTBOBAHUS
OJTHOBPEMEHHO JIBYX (pa3) orpaHWyYeHa KPUBBIMH KHIAKOCTH M Mapa.
CBA3b MEXAY COCTABOM KHUJIKOCTH W COCTABOM PaBHOBECHOTO C HEU
rapa npu MOCTOSIHHOM JAaBJICHUW WM IIPU IMOCTOSTHHOM TEMIEparype
ObL1a BriepBble paccMoTpeHa B padorax /1. I1. Konosasnoga.

llepsviti 3axon Konosanosa: map mo CpaBHEHHUIO C KUIKOCTBIO,
HaxoJsIEHCs] ¢ HUM B PaBHOBECUHU, OOOTalllEH TEM KOMIIOHEHTOM,
npuOaBJIeHUE KOTOPOTO K KUIKOCTH MOBBIIIAET 0OIllee TaBjICHUE Ta-
pa (WY TOHMKAET TeMIIepaTypy KHUIICHUS KUIAKOCTH MPH 3aJaHHOM
JIABJICHUH ).

[TepBbiit 3ak0H KOHOBaJIOBA JIETKO JOKA3bIBAETCS HA OCHOBE 3a-
KoHa Payns u ciencrBus u3 3akoHa JlanbToHa:

P =P Ny's P = PoouNg', (2.6)

rae Np' m Ng' — mMonsipHbIe JOJM KOMIOHEHTOB B mape. C yyerom
ypaBHeHus (2.3)

P/S 'NA: P06H1'NA'; Pé) 'NB = P06H1'NB'-

Ortcrona:

P)N, N,'
A A=A (2.7)
PB NB NB

CocTaB mapa MOXeET ObITb paBeH cOcTaBy pacTBopa (Ny = Np')
JIUIIL B YACTHOM CIIy4ae pH Py = Py, T. €. €CIId KOMIIOHEHTBI UMEIOT
OJIMHAKOBBIC TeMIIEpaTyphl KUIICHUA. [ OOJBIIMHCTBA K€ PacTBO-
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POB KHJKOCTh W PAaBHOBECHBIN Iap HE COBMHAAAIOT IO COCTaBY: Iap
oboraitreH 0osee JeTyIMM KOMIIOHEHTOM.

1 = const
P

HCUOKOCHB

A Cocmas B

Puc. 12. lnarpamma
«COCTaB — JIABJICHUE T1apay

1T = const
P

HCUOKOCM b

nap

A Cocmae B

Puc. 14. lnarpamma
«COCTaB — JIABJICHUE T1apay

P = const
T
HCUOKOCIN b
A Cocmae B

Puc. 13. Iuarpamma
«COCTaB — TEMIIEpaTypa KUTICHUSD

P = const
T

nap

HCUOKOCMB

A Cocmas B

Puc. 15. Iuarpamma
«COCTaB — TEMIIEpaTypa KUTICHUSD

[TepBbiii 3akoH KoHOBajoBa ONpeAcaseT B3aUMHOE PACHOIONKE-
HUE KPUBBIX JXKUIKOCTH W Tapa. Ha m30TepMHUecKHX auarpammax
KpHBas IMapa Bcerga OyaeT JexaTh HIKE, a Ha M300apUUECKUX — BBI-
e kpuBo# >kunkoct. IlepBomy 3axkony KoHoBamoBa moguuHSIOTCS
KaK HWJcalbHBIC, TAK W pPEaIbHbIC PacTBOPhI. ECIH OTKIOHEHUS OT
UICATLHOCTH OYEHbh BEJMKH, TO Ha KPHUBBIX «IaBJICHHE Mapa — CO-



CTaB» MOKET MOSIBUTHCS MAaKCUMYM (IIPH TMOJIOKHUTEIBHOM OTKJIOHE-
HUHU OT 3aK0oHa Payns) minym MUHUMYM (TIpU OTPHULIATEILHOM OTKJIOHE-
HUU OT 3akoHa Payns). K Takum cucteMam NpUMEHUM 8MOpOU 3AKOH
Konosanoga: To4kM MakCMMyMa M MUHHMYMa Ha KpPHUBOW OOMIEro
JABJICHUSI Mapa OTBEYAKOT pacTBOPaM, COCTAB KOTOPBIX OJWHAKOB C
COCTaBOM PABHOBECHOI'O C HUM Tapa.

PacTBOpBI, OTBEYAIOIIKE 110 COCTaBY 3TUM IKCTPEMAIIbHBIM TOUKaM,
Ha3bIBAIOTCS azeomponHuiMuy (HEPa3AeIbHO KUTAIIUMHU WU MMOCTOSHHO
kursiumK). Bropoii 3akon KoHOBajoBa OTHOCHUTCSI K peaibHbIM pac-
TBOpaM. COoCTaB a3€0TPONOB HE MEHSIETCS MPU KUIIEHUH, a TEMIIEpaTypa
KUTICHUS NP 33JJaHHOM BHEIIIHEM JIABJIEHUHM OCTAETCS TOCTOSIHHOM, KaK
y YHCTBIX BeleCTB. MI3MEeHEeHrEe BHEIIHETO JaBJICHUS IPUBOIAUT K U3MeE-
HEHUIO COCTaBa a3€0TPOITHOIO PACTBOPA, UTO YKA3bIBAET HA OTCYTCTBUE
B 3TUX PAaCTBOPAX XUMUYECKOTO COEAMHEHHUS.

CucTeMbl, UMEIOIINE a3€0TPONBI, IUPOKO pacnpocTpaHeHsl. [Ipu
TOM HaumOOoJiee YacTO BCTPEUYAIOTCSl PAaCTBOPHI, 00JIaJAI0IINE MAaKCH-
MyMOM JaBiieHus (puc. 14) ¥ MUHHEMYMOM TEMIIEPATYPHl KHUIIEHUS
(puc. 15). K ux 4nciy OTHOCATCSI CUCTEMBI: BOJA — 3THJIOBBIN CIIUPT,
METHUJIOBBII CIIUPT — alleTOH, OEH30J1 — YKCYyCHasl KUCIOTa, OEH30J1 —
UKJIOTE€KCAH, METWILIMKIOTEKCAaH — TOJIyOJl U JIp. A3€0TpPONOB C MU-
HUMYMOM JIaBJICHUS] 1 MAKCUMYMOM TEMIIEPATypbl KUIIEHUSI U3BECTHO
3HAYUTEJIbHO MeHbIle. K MX 4uClay OTHOCATCA: BOJa — COJIsIHAsl KU-
CJIOTa, BOJA — CEpHas KHUCJIOTa, BOJAa — MypaBbUHAasg KUCJIOTA, XJIOPO-
dopm — anieton. Ha paznuuum cocraBa napa u »XKUAKOCTH B JIByXKOM-
NIOHEHTHBIX CHUCTEMAaX OCHOBAHO pAa3JE€JIEHHE HUX C [OMOIIBIO
neperoHku. JIerko moHsATh, YTO B CUCTEMAX, UMEKOIIMX a3€0TpPOIIbI,
OCYLIECTBUTh PA3JECICHUE PACTBOPA HA YHMCThIE KOMIIOHEHTHI IYTEM
OUCTUIUISIIIMM HEBO3MOXKHO. [Ipu meperoHke Takux pacTBOPOB MOJIY-
YaroT OJIMH YUCThI KOMIIOHEHT U a3€0TPOIHYI0 CMEChH.

TouHoe ompeneneHue Temneparyp KWIIEHMS IPEICTaBIIAET 3Ha-
YUTENbHBIE TPYAHOCTH, TaK KaK >KUAKOCTh MOXET NEpPErpeBaThecs, a
nap — oxJylaxaareca. s onpeneneHus TeMeparyp KUIMEeHUs CIIyKaT
70yIMOCKOIbI, Hanpumep npubdop CBeHTocaBckoro (puc. 16).

Hopaook evinonnenusn padomaol

HabOuparts JieTy4yne »KMJIKOCTH B MUINETKY PTOM 3anpeniaercs!
JlerkoBocniiaMeHsIIONIHECH U sIIOBUTHIE BEelIeCTBA CJAUBATH B Ka-
HAJIM3alMI0 3anpeniaercs!
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1. U3meputh mokazaTeau MPEIOMIICHHUS YUCTHIX alleTOHA U XJIO-
podopma u ux cmeced paznuyHoro cocrtasa (15, 34, 70, 90 mo1.%
arierona). Iloctpouts rpaduk 3aBUCUMOCTH TTOKa3aTeNs MIPEIOMIICHUS
pacTBopa oT ero cocrara. [1oae3ysch 3TUM rpadKoM, MOXKHO IO TIO-
Ka3aTelio MPeJIOMIICHUSI paCTBOpPa HEM3BECTHOM KOHIICHTPAITUU OTpe-
JIEIIUTH €r0 COCTaB B MOJISIPHBIX JIOJISX.

D

ﬁ___
i ==Y

Puc. 16. ITpubop m1s onpeneneHus TeMnepaTypbl KUIIEHUS ¢ KapMaHOM
JU1sl cOopa KOHIeHcaTa: | — cocy/ s KHIICHHUS; 2 — COeIMHUTEIbHAS TPYyOKa;
3 — repMmomeTp; 4 — XOJIOIMIBHUK; 5 — ung; 6 — kKapMaH A1 cOopa KOHAEHcaTa

2. OnpenenuTs TEMIEPATYPbl KUMIEHUS UCCIEAYEMbIX KUIKOCTEH.
JIst 5TOr0 HEeOOXOIMMO BKJIFOUUTH BOAY B XOJIOAWIbHUKE; HATUTH 10
CM® HCCIIEIyeMOro pacTBOpa B COCYJ] U 3aKPBITh POOKOIL ¢ TEPMOMET-
POM Tak, 4TOOBI IIAPUK TEPMOMETPA HE OBLT MOTPYKEH B JKUJKOCTH;
norpy3uth Nnpudop CBEHTOCIABCKOrO B BOJSHYIO OaHIO TaK, 4YTOOBI
BOJla OaHU ObLJIa BBIIIE YPOBHS HMCCIETYEMOM KUIAKOCTH, U BKIIOUYUTH
muTKy. [locie Toro kak »KWIKOCTh 3aKWUIHUT W TeMIlepaTypa yCTaHO-
BUTCSI, 3aIIUCATh TEMIIEPATYPY KUIEHUS U OTOOpaTh HEOOJIBIIIOE KOJIU-
YECTBO KOHJIEHCATa MUIIETKOM uepe3 BepXHee OTBEPCTUE XOJIOAMIbHU-
Ka M 3aMepuTh €ro ImokazaTenb mpenomiieHus. Ilocie srtoro
HEO0OXOJMMO BBIKJIIOUUTH IUIUTKY, OCTaTh mpubop CBEHTOCIABCKOIO
U3 BOJSIHOM OaHM, OXJIAIUTh €0 B COCYJI€ C BOAOM, MOCJE Yero ocTart-
KM JKHJKOCTH BBUIMTH B COCYJ JJISI CJIMBA OPTaHUYECKUX BEIIECTB.
Onepalyio NOBTOPUTH CO BCEMU UCCIEAYEMBIMU KUAKOCTIMH.

3. Onpenenuth COCTaB Mapa 1Mo U3MEPEHHOMY 3HAYEHUIO MOKa3a-
TEII0 TPEJOMJICHUSI KOHJEHCaTa, MCIOJIb3ysd TpauK «IoKa3aTelb

39



IIPEJIOMJICHUSI pACTBOpPaA — COCTAB pacTBOpay». Pe3ybTaThl BCEX U3MeE-
peHuii 3aHecTu B TabmI. 2.1.

4. ITocTpouTs nUMarpaMmy «TemIiepaTypa KAMNEHUs — coctaB». Ha
OCH a0CIIUCC OTKJIAJIbIBAIOT COCTAB B MOJISIPHBIX JIOJISAX JIETKOJETYYEro
KOMITOHEHTa (aleTOHa), HAa OCH OPJAMHAT — TEMIIEPATyphbl KUIICHUS
YUCTBIX KMAKOCTEH M uX pacTBOopoB. Kaxkjioi Temmeparype (Kpome
TeMIEpaTyp KUIMEHUS YUCTBIX >KUJAKOCTEW) OYyAyT COOTBETCTBOBATH
JIBE TOUKH, ONPEACIAIOIINE COCTAB )KUJIKOCTH U COCTAaB PABHOBECHOTO
¢ Her napa. CoeuHssl COOTBETCTBYIOIINE TOYKH, MTOIYYarOT JBE KPH-
BbI€ — KPUBYIO JKMJIKOCTU U KPUBYIO I1apa.

Tabmuma 2.1
Mon. mons nerkoJe- IToxazareins Mou1. mons nerkoie-
Temneparypa
TY4ero KOMIIOHEHTA o MPEJIOMIIEHUS Ty4ero KOMIIOHEHTa
kunenus, °C
B pacTBOpE JKUJIKOCTh | KOHJIEHCAT B Mape

Iucomennstit omuem no paéome OJDKEH COACPKATh: Ha3BaHNUE,
1eJb padoThl, 000PYIOBAHUE U PEAKTUBBI, CXEMY YCTAHOBKH JJIsI TIPO-
BEJICHUSI DKCIIEPUMEHTA, KpaTKHE TEOPETUYECKHE OCHOBBI METOja,
IpagyrupOBOYHBIA TpauK «IMOKa3aTeNb MPEIOMIICHUS — COCTaB pac-
TBOpa», TAOIHILY C pe3yibTaTaMu pabOTHI, UarpaMMy «TeMmreparypa
KHIICHUS — COCTaB», BBIBOJIBI IO paboTe.

Konmponvnuie 6onpocwi

1. 3akoH Payns. eanbHbie pacTBOPHI.

2. IlonoxxutenbHble W OTPULATEIBHBIE OTKIOHEHUS OT 3aKOHA
Payns u uX NpUYMHBIL.

3. 3akonbl KoHOBasOBA.

4. AzeotpomnHble cmecu. [IpuBecTu mpuMepsl a3€0TPONHBIX CMe-
CEH.

5. lnarpamMmbl «COCTaB — JIaBJICHUE» U «COCTaB — TeMIeparypa
KUIEHUS» JJIA Pa3IMYHbIX TUTIOB CMECEH.
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Paboma 2. OnpedeaeHue
Koagpuyuenma pacnpedeseHus

Henv pabomoi
Omnpenenenne kodhdUIIMEHTAa pacTpenesieHus] PacCTBOPEHHOIO
BEIIIECTBA MEXKIY JTBYMS HECMEITNBAIOIIMMUCS PACTBOPUTEIISIMHU.

Oobopyoosanue u peaxmuenl

1. Konbsl ¢ mputrepThiMu IpoOKamMu 4 1IT;
2. MepHble K065l Ha 50 M’ 2 1T,
3. IMunerku Ha 10 M 4 I,
4. TIumeTky Ha 2 oM 4 mT;
5. KonObl 1151 TUTpOBaHUS 4 m;
6. bropetka Ha 50 M I mT;
7. Hunuuap Ha 25-50 oM’ 1 1T
8. Ddup Mapku 4.1.a. UM X.4.;

9.1 M pacTBOp YKCYCHOU KUCJIOTHI;
10. 0,25 M pacTBOp rUApPOKCHIA KA,
11. ®enondraneus.

Memoouueckoe obocrnosanue padoomal

V3ydyeHne pacmpenelieHHs] BEIIecTBa MEXKIY JBYMS HECMEIIIH-
BAIOIIMMUCS PACTBOPHUTEIIIMHU TPEJCTABIACT OOJBIION HHTEpPEC Kak
JUTSL TEOPUH, TaK M IS MPAKTHKUA. ECM K JBYM CONPHUKACAIOIIMMCS
HECMEIIIMBAIOIINMCS KHUIKOCTSIM IPUOABUTh TPEThE BEIISCTBO, pac-
TBOPUMOE B O0€HX XKHUJKOCTSAX (TPETUH KOMIIOHEHT), TO IMOCIEe JO0C-
THXKEHUS PABHOBECHUS ATOT TPETUH KOMIIOHEHT PacIpeesaeTcs MEK-
oy 000MMHU CJOsIMU, 00pa3ysi pacTBOPHI Pa3IUYHONW KOHIICHTPAIIUH.
CyLHOCTh 3aKOHaA pacnpeodenieHus 3aKI0YaeTcsl B TOM, 4TO JJIsl Kax-
JIOW TaHHOW TeMITepaTypbl OTHOIIICHHUE KOHIICHTPAIIUH TPEThEro KOM-
MIOHEHTA B JIBYX PAaBHOBECHBIX KHUIAKHUX (pa3ax sBISICTCS BEIUIHMHOM
MIOCTOSIHHOM M HA3bIBACTCS KO3 uyuenmom pacnpeoeieHust:

C
k=4, (2.8)
CII

rae C; u Cjp — paBHOBECHBIE KOHIICHTPAIIMM TPETHEr0 KOMIIOHEHTA B
nByx (azax (I) u (II) coorBeTCTBEHHO.

Koaddumuent pacnpenenenus (K) 3aBUCUT TOJBKO OT TeMIepa-
Typhl. JJIsI KOHIIEHTPUPOBAHHBIX PACTBOPOB OTHOIICHHE KOHIIEHTpA-
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U MOKHO 3aMEHHTHh OTHOIIICHHEM aKTUBHOCTEH TPETHEro KOMIIO-
HEHTa B 00eunx (azax:

k=2, (2.9)

ap

B HEKOTOpBIX cHUCTeMaX TPETUM KOMIIOHEHT 00JiaJacT HEOaMHa-
KOBOM cpefHel BeIWYMHON 4dacTHI] (XoTs Obl B OAHOM U3 (a3 cucre-
Mbl). B Takux ciaydasx ypaBHenue (2.8) Henpumenumo. Eciu Bennuun-
Ha YacTHIl TPEThEro KOMIIOHEHTAa BO BTOpO#l (paze B 2 paza OoJibIIle,
4yeM B MEpPBOM, TO, Kak Moka3an HepHCT, MOXXHO MOJIb30BaThCS Clie-
JYIOIIUM YPaBHEHUEM:

k=51 (2.10)

H. A. [llunoB u JI. K. JlenuHp yCTaHOBWIIM, YTO B PSJAEC CIy4yaeB
3aKOH pacIpeieICHUs] MOXKET ObITh IIPEJICTABIICH YPaBHECHUEM:

n

k=51, @2.11)
CH

rJI€ 7 — BEJINYMHA IMOCTOSTHHAS JIJI TAHHOW TEMIIEPaTyPhI.

B nanHOM paboTe u3ydaercs pacupejieieHue YKCYCHOM KHUCIOTHI
MeXTy Boaou u aupom. KoHIeHTpalus YKCyCHON KUCIOTHI OMpe/ie-
JSI€TCS IIyTEM TUTPOBAHUS PACTBOPOM THJIPOKCHIA Kanus. B ypaBHe-
are K= C{"/C;; BXOOUT OTHOIIEHUE KOHIEHTPALMH PACTBOPIEMOIO
BeleCTBa (B HAIIEM Clly4yae — YKCYCHOW KHUCOThI). KoHueHTpamus
YKCYCHOM KHCIIOTBI TPSIMO MPOMOpIHOHAIbHA O0BEMY pacTBOpa
KOH, noureamero Ha TMTpOBaHUE, T. €.

C=h'V,
rae A — Ko3(pGUIHEHT MPONMOPIMOHATLHOCTH; V' — 00BeM pacTBOpa
KOH, nomieaiiero Ha TUTpOBaHHUE.
K Cln _ hnl/ln _ hn—ll/ln .
C, hl, v,

Jlist cuctemsl «dQup — yKCycHasi Kucjaora — Boja» n = 1, u ypas-
HEHUE MMPUHUMACT BUJ:
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v
K=-L, 2.12
. 212)

T. €. OTHOIIICEHHE KOHIICHTPAIIMl PaBHO OTHONICHUIO OOBHEMOB
pactBopa KOH, nomenmiero Ha tTutpoBanue. Tak Kak ajig onbita Oe-
pyTCsl paBHbIE 00BEeMBI BOJABI M d(upa, TO yOBUIb KOHIICHTPAIUA YK-
CYCHOW KHCIIOTHI B BOJIC paBHA YBEIMYCHHUIO KOHIEHTpalLlUU €€ B d(pu-
pe, T/e HavalbHasg KOHIEHTpauus paBHa Hymo. CrenoBareibHO,
KOHIIEHTpAIMs YKCYCHOW KHCIOTHI B 3(upe Tocie yCTaHOBIEHUS
paBHOBecHs OyJIeT paBHa

G, =C)-Cy,

rae C,' — KOHIIEHTpalusl B BOJJHOM PacTBOPE J0 CMEIIMBaHUA ¢ d(Pu-
poM; C| — KOHIIGHTpaILlMsi B BOJJHOM PAacTBOpPE IIOCJE YCTaHOBJICHUS
paBHOBECHS.

3aMeHsIs KOHIIEHTpaluio pactBopa oobemom KOH, momenmero
Ha TUTPOBAHUE, ITOJydaeM

V2 = Vl' — Vl. (213)

Hlopaook evinonnenusn padomaot

1. B konbax Ha 50 cM® u3 ucxoxHoro 1 M pactBopa CH;COOH
MIPUTOTOBUTH PACTBOPBI YKCYCHOM KHUCJIOTHI ¢ KOHIeHTpauuen 0,75;
0,50; 0,25 MOJIB/,Z[M3 (o 20 M’ Kaxa0ro). OTo0paTh U3 Kaxa0u KoJI-
GBI IHIIETKO} 10 10 cM° pacTBOpa YKCYCHOI KHCIOTHI B YETHIPE KO-
Obl ¢ mpuTepThiMU NMpoOkamu. Tyja ke 100aBUTh HWJIMHAPOM TOYHO
10 cM’ s¢upa. Konbbl IUIOTHO 3aKPHITh MPHTEPTHIMH MPOOKAMIL,
BCTPSIXMBaTh B TeueHHE |15-20 MHHYT, OCIE YEro OCTABUTH CTOSITh
JI0 TIOJTHOT'O PacClIOCHUS KUAKOCTEH (IIpUMepHO B TeueHue 1 yaca).

2. OTTUTPOBATh UCXOAHBIE PACTBOPHI YKCYCHOM KHUCIIOTBI, JIJIS1 YETO
IUTETKOMN Ha 2 CM 0oTOOpaTh B KOJIOBI JJIsI TUTPOBAHUS I10 TP HPOOKI
KQKJIOr0 pacTBopa u TUTpoBath 0,25 M pacTBOpOM THAPOKCUIA KATIUS C
denondranenHoM. Pesynbrarsl 3aHectd B Tabi. 2.2. CpenHuit pe3yib-
TaT, MOJYYEHHBIN U3 TPEX TUTPOBAHUIM, 0003HAUUTH V'

3. Ilocne TOro Kak HACTYNUT MOJHOE pacciioeHue (a3, 3aKphiB
najableM BEPXHHUIM KOHEll MUMETKH, MOTrPy3uTh €€ uepe3 d3pup B HU3-
TN BOJHBIN CIIOH, CJIeTKa MPOAYTh MUIETKY (HE BhIHUMAsl KOHIIA U3
BOJTHOT'O CJIOs1), YTOOBI YAQINTh U3 €€ KOHYMKA Kariu 3¢upa, 1mocie
4ero orooparh mpoly pacTBOpa YKCYCHOW KHUCIOTHI. YKa3aHHBIM CIIO-
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cOBOM M3 Ka)KI0i KOJIOBI OTOGPATh TPU MPOOHI IO 2 CM° M OTTUTPO-
Bath 0,25 M pactBopom KOH ¢ denondranennom, onpeaensis Takum
00pa3oM KOHILIEHTPAIUIO YKCYCHOM KUCJIOThI B HU3IIEM clioe. Pe3yb-
TaThl 3aHECTU B Tabm. 2.2. CpeaHuil pe3ynbTaT, NOJTYUYECHHBIN U3 TpeX
TUTPOBAHUN, 0003HAYUTH V.

4. ITo okoHYaHUM PAOOTHI OCTATKHU dPupa U3 KOJIO BHUIUTH B CIIE-
UAIBHYI0 0aHKy 11 xpaHeHus: octaTkoB JIBXK. B a1y ke 0aHKY BbI-
JUTH BOJAY IOCJIE€ OIMOJAaCKUBaHUA K0J10. BbLIMBaTH 0cTATKH 3(pupa
B KAaHAJIM3ALMI0 KATErOpM4ecKN 3anpemaercs’

5. C ucnonb3zoBanueM ypaBHenuit (2.12) u (2.13) paccuurathb
3HaYeHUEe Kod(pdUIMeHTa pacupeacieHus s KakI0u HCXOIHOU
KOHLIEHTPALUU YKCYCHOM KUCIIOTHI. Pe3yJIbTaThl BBIYUCICHUN 3aHECTU
B Tabiu. 2.2. CaenaTth BBIBOJ O 3aBUCUMOCTU KO3(]duiMeHTa pacmupe-
JIeJICHUSI OT KOHIIEHTPAIIUX PACTBOPOB.

Tabauma 2.2
O6mwem 0,25 M KOH, K
Konuenrpanus M3Pacx0JOBaHHbBIN Cﬁﬂggegﬁo Koo
CH3;COOH, HA TUTPOBAHHUE, CM 3 B 03P (QUIIUEHT
MO/ M MCXOIHOTO Hocue 3(UpHOM CJI0€, B | pacmpenecHus
cM® 0,25 M KOH
pacTBopa CMEIIEHUS
D= N
)1 = )V, =
0 3; = 3; ne | IR K
Cp Vl' = Cp Vl =

U T. 1. g koHueHTpanui 0,75; 0,50; 0,25 MOJ'IB/IIM3
| | | | K=

Bo uzbexxanue ommbOOK mpu MPOBEACHUU pabOTHI ClIeayeT TIIa-
TEJbHO B30aNTHIBATH KOJOBI C pACTBOPOM YKCYCHOM KHUCIIOTHI U 3(u-
poM. ToJIbKO B 3TOM clly4ae MOKHO JOCTUTHYTh PABHOBECHS MEXIY
dazamu. Kpome TOTO, HEOOXOAMMO CIEAUTH, YTOOBI B MUIMETKY IMPHU
otOOpe MpoOkI HE oNaIu Karuiu 3¢upa.

Iucomennwtii omuem no pabome JI0JKEH COACPKaTh: HA3BaHUE,
1e’ab paboThl, 00OPYIOBAaHUE M PEAKTHBBI, KPATKHUE TEOPETUUCCKHEC
OCHOBBI METO/Ia C pacUeTHBIMU (POPMYJIaMHU, TAOJHUILY C Pe3yIbTaTaMH
paboThI, BEIBOBI IO padoTe.
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Koumponwvnwie 6onpocol

1. ®opMyJIMPOBKA 3aKOHA PACTIPEICIIEHHUS.

2. IlpuMeHeHue MPOIECCOB IKCTPAKIIMU B TEXHUKE.
3. Haubonee a3 pekTuBHBIE CIIOCOOBI AKCTPAKITUH.

Paboma 3. Tepmuveckuli aHa1u3

Ienv padbomut
MeToioM TEpPMHUYECKOr0 aHajIn3a MOCTPOUTH JAMArpaMMy ILIaB-
KOCTH CUCTEeMbI peHOT — Ha(TaJIUH.

Ooopyoosanue u peaxmugnl

VIJIK «Xumus» (UEeHTpalbHBIM KOHTpOJUIEp, MOAYJb «Tepmuue-
CKUi aHanu3y», 11 ammyin, comepxanmx cMecu ¢eHosna u HadTanrHa
paznuuHbiXx coctaBoB (0T 10 1o 90% ¢denona), u ammynbl ¢ YUCTHIM
dbeHosI0M 1 HapTaATMHOM).

Memoouueckoe odocnosanue padoomot

Hanbomnee oOmumM COBpeMEHHBIM CIIOCOOOM OTMPEICIICHUS PaBHO-
BECUSI MEXKJTy TBEPJbIMU U XKUAKUMU (HazaMU MPU HEKOTOPHIX TEMIIE-
paTypax sIBJISIETCS METOJ TEPMHUUYECKOro aHaiu3a. TepMHUecKuii aHa-
JIU3 OCHOBAH Ha MOCTPOCHUHW KPUBBIX OXJIAXKICHHUS, IPEICTABISIONINX
co0Oil KpUBBIE 3aBUCUMOCTH TemIlepatypsl oT BpeMeHu. [loka B ox-
JaXIaeMON CHUCTEME HE MPOUCXOIUT HUKAKUX MPEBpAIICHUMN, TEMIIe-
paTypa majaeT mpakTUYeCKu paBHOMEpHO. [losiBlieHHE MU MCUYE3HO-
BeHUE (a3 COMPOBOKIACTCS TEIJIOBBIMU A(PeKTaMu, U Ha KPUBOU
OXJIQXKJICHUS TIOSIBJISFOTCA TEPEruObl, WM HU3MEHEHHE TeMIepaTyphl
BPEMEHHO MpeKpamaeTcs (MPOUCXOAUT TEMIIepaTypHasi OCTaHOBKA).
Takum oOpazom, MO U3JI0MaM Ha KPUBBIX OXJIQXKACHUS U TeMIEpaTyp-
HBIM OCTAaHOBKaM MOKHO CYyAuTh 00 HM3MeHeHHH (ha30BOTO COCTaBa
UCCIIEYEMOU CMECH.

Ha puc. 17 noka3an crnoco0 MOCTpOEHHUS JuarpaMmbl IJIaBJICHUS
JBYXKOMIIOHEHTHOM CHCTEMBI TPU TMOMOIIM TEPMUYECKOrO aHaIM3a.
PaccMmoTpuM cHavaa KpUBbIE OXJIaXKICHUS YUCTHIX BElIeCTB (KpuBbIE 1
u 5). Yuactok a"a kpuBoil 1 0ToOpaxaeT OXJIaxKICHUE KUAKOrO Belle-
cTBa A, pu ATOM 4ucjo cTeneneit ceoooapl C=1—1+ 1= 1. B Touke
a npu temneparype T, nosiBisieTcst TBepaas ¢asza, Ipu 3TOM YHUCIIO CTe-
neHer cBo0O 1kl CTaHOBUTCS paBHbIM HytO (C =1—-2 4+ 1 =0). J10 0OT-
BE€UYACT TEMIIEPATYPHON OCTAaHOBKE Ha KpUBOM oxnaxaeHus (aa’). [locie
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OKOHYAHMSI KPUCTAIUIM3ALMN TNPOUCXOJUT OXJIAXKICHUE TBEPIAOTO KOM-
noHeHta A. Ilpouecc oxnaxaeHus KomIioHeHTa B aHamoruden pac-
CMOTpPEHHOMY (KpuBas 5).

P = const
3 ) 3 14 15
T \ Y
Pacmias
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Tala
C
b
N g
Tl t r N aACIlJIaB
Pacnmas + A +B,,
L E M
f ATB + BTB
A K

B
Bpewms 0 Cocras (% B) 100

Puc. 17. KpuBble OXJaXI€HHS U JUarpaMma IIaBKOCTH
JIBYXKOMIIOHEHTHON CUCTEMBI C 3BTEKTUKON

KpuBasi oxnaxaeHus: AByXKOMIIOHEHTHOTO pacijiaBa 00Jiee CI0xkK-
Ha, TTIOCKOJIBKY 1Mo mpaBmity a3 ['nb0ca qaHHas cucTeMa KpUCTaIU3Y-
€TCsl HE TIPU (PUKCUPOBAHHOUN TEMIIEPATYpE, a B ONPEIACICHHOM UHTEP-
Basie Temmneparyp (C = 2— 2 + 1 = 1). Korga npu oxJaxJaeHUU
JTOCTUTAETCsl TEMIIepaTrypa, Mpu KOTOPOW pacijiaB CTAaHOBHUTCS HACHI-
IIEHHBIM OTHOCUTEIBLHO OJHOTO U3 KOMIIOHEHTOB, MOCIEAHUN HAUUHA-
€T KPUCTAIIM30BaThCsA. Bhimenstomascs mpu 3TOM CKpbITas TEIUioTa
IJIABJICHUS YMEHBIIIACT CKOPOCTh OXJIaKICHHUS CMECH, BCIICICTBUE Ye-
ro Ha KPUBOW OXJIQXKICHUS MOSBIISIETCS U3JIOM (TOYKH ¢ U d Ha KPUBBIX
2 u 4; puc. 17). Ilo Mepe kpucTamM3alul NEPBOrO0 KOMIIOHEHTA CO-
CTaB KUAKOW (Da3bl MEHSAETCS, U TEMIIEpaTypa KPUCTAJUIU3AIMKN TOHH-
XKaeTcsa J0 TeX MOp, MOKa pacIiaB HE CTAHET HACHIIIEHHBIM OTHOCH-
TE€IbHO O00O0MX KOMIOHEHTOB. Kpucrammmzanus Takoro paciuiaBa
MIPOUCXOJUT YK€ MPHU MOCTOSTHHON TeMIieparype (OTpe3Ku ee' Ha KpH-
BbIX 2 U 4, puc 17) B BUAEe 3BTEKTUUECKOM CMECH (YMCIIO CTEIECHEU
cB000osbl C =2 —3 + 1 =0). YuacTok e'f oTBeHaeT 0XJIaKICHUIO TBEP-
noit cMecu. TemmepaTypa M3JIOMOB Ha KPHUBBIX OXJIGKJICHUS CMECEu
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3aBUCHUT OT COCTaBa MOCIEIHUX. TemIepaTypbl ke IBTEKTUYECKUX OC-
TAHOBOK Ha BCEX KPUBBIX OXJIAXKACHUS OYIyT OJHU U TE XKeE.

KpuBas oxnaxaeHus SBTEKTHYECKOM cMecH (KpuBas 3) CXOJIHA C
KPUBBIMU OXJIQKJICHUS UHAUBUIYAJbHBIX BEIIECTB: KPUCTAIIU3AIUS
MIPOUCXOJAUT IPHU MOCTOSSHHOM TemIieparype. Yncno creneHei cBooo-
e C=2-3+1=0.

[Io moJlydeHHBIM KPUBBIM OXJIAKJACHUS CTPOUTCS JHUarpaMmma
MJIaBKOCTH JBYXKOMITIOHEHTHOM CHCTeMBI B KoopauHatax «T — co-
ctaB» npu P = const. JlaHHasi IByXKOMIIOHEHTHAas CUCTEMa B TBEPJIOM
COCTOSIHUM HE 00pa3yeT TBEPJABIX PACTBOPOB, & B KHUJIKOM COCTOSIHUU
KOMIIOHEHTHI CMEIIMBAIOTCsl HeorpaHndeHHo. Ha ocu opauHaT oTKIIa-
JBIBAIOT 3HAYEHHMS] TeMIEpaTyphbl, HA OCH aOCIUCC — COCTaB CMECH,
BBIPAKCHHBIA B MAaCCOBBIX MpoLEHTax. Bech 0Tpe3ok AB cocTaBisieT
100%. CocTtaB KaXJ0i CMECHU MOKET OBITh OMPEACNICH MO OCH alc-
uucc. Hanpumep, cmech 2 umeet coctaB 80% A (otpe3ok KB) u 20%
B (otpe3ok AK). Kpusbie aE u bE, COOTBETCTBYIOIIUE TEMIIEpATYpPaM
Hayajga KPUCTAJIM3AIlUM, HA3BIBAIOTCA JIMHUAMU Juxkeudyca. Jlnauu
JMKBUJIyCa MOKa3bIBAIOT COCTAB paciulaBa, HaXOISAIIErocs B paBHOBE-
CUU C KpucTaJulamu BemiectBa A (unu B) mipu nanHOUM Temmepartype.
['opuszoHTanbHas nuHusa LM, npoxoasinas yepe3 TOUKy £, COOTBETCT-
BYIOIIasl TEMIEpaTypaM OKOHYAHMS KPUCTAILIU3ALNM, HA3bIBAETCSA
auHuen conudyca. OOnacTh, HaXoasAMasACs Boilie aFb, OTBeUaeT Oji-
HO(pA3HOMY >XKHJKOMY paciuiaBy, YUCJIO CTeNeHeW CBOOOJbI B HEH
paBHO n1BYyM. B oOnactu aFEL B paBHOBECHUH HAXOIATCA KPHUCTAJUIBI
BEIIIECTBA A UM pacIliaB, COCTaB KOTOPOrO BBIPAXKAETCS TOYKOW Mepe-
CEUYEHHUsI TOPU3OHTAIBHON JIMHUM C KpUBOW JHKBHUAyca. Hampumep,
JUISL OXJIQXKJEHHS cMecH 2 mpu Temnepatype 1 (Todka ) cocTaB paB-
HOBECHBIX (Da3 ompeensieTcss Toukamu ¢ (KpUCTauibl YUCTOTO Belle-
ctBa A) u s (pacmiaB, conepxanuid ~45% Bemecta B). Maccy kax-
701 U3 a3 MOKHO OMPECIIUTh IO NPABULY pbluala:

m OTPEBOK 17
pacniaa _ p ) (2 14)
my OTpE30K 7S

TB

B obnactu bEM B paBHOBECHH HAaXOJIATCS KPHCTAJUIhl BEIIECTBA
B u pacnnas. Touka E (36mexkmuueckas TOUKA) XapaKTEPU3YETCS O/I-
HOBPEMEHHON KpHUCTAJUIM3aIue O00OMX KOMIIOHEHTOB, IPU 3TOM B
paBHOBECHM HaxXomsTCsA Tpu (aspl (paciyiaB M ABa TBEPABIX KOMIIO-
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HEHTA), U YHUCJIO CTENEeHEed CBOOOJbI PABHO HYJIO. DBTEKTUUYECKUU
CIUIaB MMEET CaMyl HHM3KYIO0 TEMIEpaTypy IUIABICHUS U3 BCEX BO3-
MO>KHBIX CIUIABOB JJAHHOW CUCTEMBI U, OJarojiapsi CBOEH MEJIKO3EpHU-
CTOCTH, OTJIMYAETCS OCOOBIMU MEXaHUYECKMMU CBOKWCTBaMU IO CpPaB-
HEHHIO CO CIUIaBaMU JPYroro cocraBa 3TOM cuctembl. Huxe nuHum
cojinryca 00a KOMIOHEHTA HAXOASTCS B TBEPJIOM COCTOSIHUU.

JInss mocTpoeHHs IHarpaMMbl COCTOSIHUSL JIBYXKOMIIOHEHTHOM
cucteMbl (heHosia U HaTaaIuHA METOJIOM TEPMUUYECKOTO aHalinu3a He-
00XO0JIMMO MOCTPOUTH KPUBBIEC OXIAKIECHUS KaK YUCTHIX KOMIIOHEHTOB
(benosa n HadTaMHA), TaK U UX CMECEH B PAa3JUUYHBIX COOTHOIICHH-
ax. JlJist mocTpoeHus 3TOM AuarpaMMbl BIIOJIHE TOCTATOYHO UCIIOJB30-
BaHHUE HECKOJIBKMX CMeceW, cocTaBieHHbIX 4yepe3 10% Bo BceM BO3-
MOX@XHOM JIMAalla30HE W3MEHEHMUs KOHUEHTpauuu. Bce cmecnm s
BBITIOJTHEHHST pabOThl MPUTOTOBJICHBI 3apaHee U HAXOIATCS B repMe-
TAYHBIX aMmmyyax u3 Hepxkaperomieil cranu. Conepxkanue QeHona B
CMECH B MACCOBBIX IIPOLIEHTAaX PABHO HOMEPY aMITyJibl, YMHOKEHHO-
My Ha 10. Kaxxayro cMech HE0OOXOIMMO HarpeTh J0 TeMIIepaTyphl, Ha
HECKOJIBKO T'PaJlyCOB IMPEBBIIAIIIEA TEMIEPATYPY MOJIHOTO ILIABIIEC-
HUS CMECH, YTOOBI HCCIeAyeMas CUCTEMa HaXOIUJach B BUJIE paciuia-
Ba. /Ins HarpeBaHus ammyl co cMecsiMA Moayib «Tepmuueckuii aHa-
JI3» UMEET HArpeBaTENIbHbIN 3JIEMEHT, NMPEAHA3HAYCHHBIN 11 OJIHO-
BPEMEHHOI'0 HAarpeBaHUSI HECKOJIbKUX aMmmyJl. Ammyibl 0—2 TpeOyercs
Harpesatb 10 100°C, amnynsl 3—-5 — go 90°C, octansHbie — 10 80°C.
Jlanee HEOOXOAMMO MPOBECTH MOCTENIEHHOE OXJIAXACHUE KaXA0U aM-
nyJiabl ¢ (PUKCUPOBAHUEM 3HAYEHHSI TEMIIEpATypbl Yepe3 OMpe/esiCH-
HbIC UHTEPBAJIbI BpeMeHU. OXJIaKIECHUE aMITyJI TPOUCXOJIUT B CHEIIH-
aTbHOM H3MEPUTEILHOM OJioke MoayJsa. g co3maHuil  yClIOBHA
PAaBHOMEPHOT'O OXJIaXJICHHUS aMITyJibl 00/TyBatOTCSl MOTOKOM BO3/yXa.
CKOPOCTh OXJIAXKACHUS aMITyJl 3aBHCHT OT TEMIIEPATypbl BO31yXa B
nabopaTopuu, MOATOMY OXJIAXKIAEHUE A0 HEKOTOPOW OmNpeleleHHOU
TEMIEPATypbl MOXKET 3aHMMAaTh pa3jIndHOE BpeMs. B cBs3u ¢ gocra-
TOYHO HU3KOM TEMIEPATYPOM DBTEKTUKH U3Yy4aEMOU CHUCTEMBI OXJIa-
XKICHUE CIIENYET IPOBOAUTH 10 Temieparypsl 25—-26°C. B HEKOTOPBIX
CIIy4dasiX BO3MOKHO IPOSIBJIICHHE NEPEOXJIAKACHUS paciuiaBa. B stom
Cly4yae MPOUCXOJAUT BPEMEHHOE NOHWKCHUE TEMIEPATYPhl HUXKE
TeMIepatypsl (ha3oBOro mepexojia C MOCICAYIONIUM HEKOTOPBIM €€
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roBeIIeHreM. OCOOEHHO CHWILHO SIBJICHHE INMCPCOXIIAKIACHUA IIPOAB-
JBICTCA B CJIY4a€ YUCTBIX BCIICCTB U ABTEKTUUYECKOM CMECH.

Hopaook evinonnenusn padomaot

1. BKIIFOUHTH KOHTPOJUIEP W 3allyCTUTh MPOTrpaMMy YIPABIICHHUS
VJIK. B okHE mporpaMmel yIipaBJICHUSI AKTUBUPOBATh BCE IIECTh KaHA-
JIOB MU3MEPEHUS, BKIIFOUUTh HAIPEBATEb U YCTAHOBUTH €0 TEMIIEPATY-
py (90°C), BKJIIOUYUTH BEHTWISATOP. Y CTAHOBUTH B THE3/1a HarpeBaTess
amirysiel 7—10. KonTponmpoBaTe Temrepatypy HarpeBa amiryj MOXHO
C UCIIOJIb30BAaHUEM TISITOTO U IIECTOr0 U3MEPHUTENHHBIX KaHAIOB. B 0Ok-
He «[lapameTpbl M3MepeHUs» BKIIOYUTh «ABTOMaTUYECKUn pe-
XWUM»y, yCTaHOBUTH TapameTphl: «HMcno mamepeHum» — 100, «MH-
TepBan namepeHnm» — 20 ¢, «YcpeaHeHne» — BBIKIIOUCHO. YTOORI
pasiinyaTh KPUBBIE OXJIAKJCHHS Pa3HbIX aMIlyJl, HEOOXOIUMO B Kaye-
CTBE JIOMOJIHUTEIBHOTO MapaMeTpa yKaszaTh JUIsl KaKIOW aMIylibl ee
cocrtaB. J[js 3TOro HeoOXoaMMO BKIIOUNTH (urakok «/crnonb3oBaTh
OOMNOMHUTENBbHBIN NapaMeTpy, OTKIYUTh (diakok «O0LLminy, BBe-
ctu «PasamepHocTb» — «%» u BBecTH coctaB cMmecH (70, 80, 90 u 100)
B aMIlyjax B TOJsl HanmpoTuB kaHajoB 1—4. [locie Toro kak amMImyJisl
HarperoTcs Beie 80°C, mepeMecTuTh X B COOTBETCTBYIOIINAE THE3/IA
1-4 usmepurenpHOTO OJ10Ka M Hadath «/13mepeHune». B ocBobOouB-
IMecs THE3/1a HarpeBaTessl TOMeCTUTh aMnyJibl 3—6. M3Mepenue npo-
J0JDKaTh A0 Temieparypbl 24—25°C Bo Bcex aMITysiax.

2. Beectn monosHUTENbHBIE HapaMeTphl 1 amnyl 3—6. [1oBbI-
cuth Temiieparypy Harpesaresst 10 100°C. Ilocne Toro xkak aMmyJibl
Harperorcs Beiie 90°C, nepeMecTUTh UX B COOTBETCTBYIOLIME THE3/A
1—4 u3mepuTenbHOro 0J10Ka U Ha4YaTh U3MepeHue. B ocBoOouBIIMECS
THE3/1a HarpesaTesss MoMecTuTh amiyisl 0—2. M3mepenue npomon-
XaTb 10 Temneparypsl 24-25°C Bo Bcex amIyJiax.

3. Beectn gononHuTenbHbIE TapamMeTpsl it amirya 0—2, ycTaHo-
BUTh «MHTepBan namepeHnm» — 30 c. Ilociie Toro kak amIybl Ha-
rpetores Boiiie 100°C, BBIKIIFOUUTH HArPEBATEINb, IEPEMECTUTH AMITY-
Il B THE3JAa W3MEPUTEIbHOrO0 OJ0OKa W HayaTh HW3MEPEHHE.
N3mepenne nponoinkarte 10 Temneparypsl 24—-25°C BO Bcex ammynax.

4. TlocTpouTh KpUBbBIEC OXJIAKJICHUS — MEPBUYHBIEC TPAa(PUKHU 3aBU-
CUMOCTH TEMIIEPATYpPhI OT BpeMeHU i Beex 11 ammyn. OtmeruTs Ha
KPHBBIX OXJIXKJICHUSI TOUKH Mepernda u TEMIEpATypHbIE OCTAHOBKH C
nomoimielo uHcTpyMeHta «[lpuuen» (dpmaxox «/3mepeHna Ha
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CYMMapPHbIN rpauky» moinkeH ObITh BKIIIOUEH). Ha KpUBBIX I aM-
nyn1 0 u 10 He0oOX0AMMO OTMETUTH MO OJHON TOYKE, OTBEUAIOIICH
TEMIEPATYPHON OCTAaHOBKE, ISl OCTAJIbHBIX aMITyJl — MO JABE TOYKH
(Touky neperuda U TEMIEPaTypHYI0 OCTAaHOBKY, OTBEYAIOIYIO IBTEK-
Tuke). O Ha U3 MPOMEKYTOUHBIX aMITyJl UMEET COCTaB IBTEKTUUYECKOM
CMECH, MOATOMY Ha €€ KPUBOM OXJIAKJICHUS TOUKa reperuda OTCyTCT-
ByeT. Ecim s kakux-nubo cMmeceil HaOIo1aeTcsl IepeoxXyaxicHue,
HEO0OXOUMO FKCTPAINOIUPOBATh TOUKY MAaKCUMyMa IOCJE NepeoxJia-
KJICHUS C MIOMOIILI0 TOPU30HTAIIBHOM JTUHUU (pUc. 18), mosyynBIas-
Csl TOUKa NIEPECEUEHUs YKAKET Ha Hadaio (pa30BOro Nepexoa.

5. Ilepetitu Ha BKaaaky «Pe3ynbtaTy. Beiopats «CyMMapHbIN
rpadovik» 1 BBecTH 3HaYeHUS «Y = y» U «X = d» (d 03Ha4aeT q0MoJ-
HUTEJIbHBIN mapameTp). B pesynbraTe Ha cymMmapHOM Tpaduke Oynaer
MOCTPOEHA JUarpaMma IjIaBKOCTH U3y4aeMON CUCTEMBI.

6. IlpoBecT aHanM3 MOCTPOCHHOW AMArpaMMbl IJIABKOCTH: BbI-
JIEJTUTh OCHOBHBIC 3JIEMEHTHI (JIMHUU JIMKBUAYyCa M COJIUIYCa, TOMO-
TE€HHBIE W TETEPOTeHHBIE 00JIACTH, IBTEKTHUUECKYIO TOYKY) U pacCUu-
TaThb YHUCIO CTENEHEW CBOOOJBI B HUX, OINPEACIUTh TEMIEPATYpPhI
MJIABJICHUSI YUCTHIX KOMIIOHEHTOB W ABTEKTHUKHU, & TAKKE COCTaB IB-
TEKTUYECKOW cMecHu. [ amIryJibl, yKa3aHHOM IPENOJaBaTeIEM, OIl-
pelenuTh: a) TEMIEpaTypbl HaYala U KOHIIA KpUCTaJUIM3aluu, 0) co-
ctaB (a3, Haxonsmmxcs B paBHoBecun mnpu 40°C, B) maccoBoe
COOTHOUIEHUE ATUX (a3 (C UCTOIB30BaHUEM MPABUIIA phIUara).

Puc. 18. DkcTpanonsiuys KpUBOH ¢ MEPEOXIaKICHUEM

ITucomennstit omuem no pabome TOHKCH COJIECPKATh: Ha3BaHUE,
1eJib padoThl, 00OPYJIOBAHME M PEAKTHUBBI, KPaTKHUE TEOPETHUYECKHUE
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OCHOBBI METO/Ia C paCYE€THLIMU (POPMYyJIaMH, TPU KPUBBIE OXJIAKICHUS
(umcToro BemiecTBa, JHOOOM HEIBTEKTUUECCKOM CMECH U DBTCKTHYE-
CKOM CMecCH), [uarpaMmy IJIaBKOCTH C €€ aHaJIM30M, BBIBO/IBI.

Konmponavnsie 6onpocol

1. ®a3a, komnoHeHT. Bpruucinenue ynciaa KOMIOHEHTOB.

2. IlpaBuno ¢a3 'mbOca u ero npuMeHEeHUE K Pa3IMUYHBIM CHCTE-
Mam.

3. Jlnarpamma «Temrieparypa — COCTaB» JJid CUCTEMBI C IBTEKTH-
KOM. OU3UYECKUN CMBICII BCEX TEOMETPUUYECKUX AJIEMEHTOB JHArpaM-
MBI U BBIYMCIICHUE YUCJIa CTENEeHENH CBOOO/IbI B HUX.

4. CyIIHOCTh TEPMUUYECKOT0 aHAJIN3A.
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Pazzen 3. 3/1IeKTpONIPOBOAHOCTD
PacCTBOPOB 3JIEKTPOJIUTOB

thpamuqamuﬂqaanb

CnocoOHOCTh BEIIECTB MPOBOJIUTH IEKTPUUECKUN TOK MO JeH-
CTBHEM BHEIIIHETO 3JIEKTPUUECKOTO MOJISI HA3bIBACTCS I1eKMPUYECKOU
nposooumocmoio (L). 310 BenmmumHa, 00paTHas CONMPOTUBICHUIO (R):

1 18
L 3.1
R o1’ 3.1)

L
rae p — yAenabHOe comnpoTuBieHue, Om/M; S — MIo@aap IEKTPOJIOB,
M2; [ — paccTosTHAE MEXAY JICKTPOIaMHU, M.

PaznuuaroT yJIenbHYI0 W MOJISIPHYIO AJIEKTPUYECKYIO ITPOBOJIM-
MOCTb PaCTBOPOB AJIEKTPOJIUTOB.

Yoenvnas sanexmpuueckas nposooumocnvs pacTBOpa JICKTPOIUTA
(() — 2TO MPOBOAUMMOCTH 00BEMa PACTBOpA, 3AKIIOUCHHOI'O MEXKIY
JIBYMsI TIapajUICIbHBIMU AJEKTPOJaMH, UMEIOIIMMHU TUIOMAab | M’
PAaCIIONIOKEHHBIMM Ha PAcCTOSHUU 1 M JIpyr oT apyra. YaenbHas
ANEKTpUUYECKasl TIPOBOAUMOCTh SBJISICTCS BEIMYMHON, OOpaTHOM

YAEIBHOMY COIPOTUBJIEHUIO (P):

=Lo. (3.2)

111
X_p RS

Pa3MepHOCTh BEIWYMHBI YAEIBHON 3JIEKTPONPOBOAHOCTH [Y]=
OM 'M'= Cwm/m, toe CM — 3T0 0003HaYEHNE SAMHUIIBI U3MEPEHUS JJICK-
TporpoBoaHOCcTH (CumeHc). HacTto Monb3yloTcs TPaaulMOHHON pas-
MEPHOCTBIO YJIETBHOMN 3JIEKTPONPOBOIHOCTH [ ]| = Om 'em ' = Cw/em.

Monsapuas asnexkmpuueckas npogooumocms (A) — 3TO dIEKTpHUUIE-
CKasi MPOBOJMMOCTh 00bEMA pacTBOpPa IEKTPOIUTA, coaepxamero |
MOJIb PAaCTBOPEHHOT'O BEUIECTBA U HAXOMASAIIETOCS MEXKIy ABYyMs Ia-
paJUIeNbHBIMU DJIEKTPOJIaMH, PACIION0KEHHBIMU Ha PACCTOSIHUU 1 M
Ipyr oT apyra. [lnomanb 3J€KTpoJAOB B 3TOM Ciiydae JOJHKHA OBITH
TaKo#, 4TOObI MEXIy HUMH MOT MOMECTUTHCS 00bEM pacTBOpa, CO-
Jepkamuii 1 MoJib BemecTna:
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%
A =2.1000, 3.3
C (3-3)

rJ€ Y — YIEJbHas 3JEKTPOIPOBOIHOCT, Om'em'; C — MOJISTpHAA
KOHIICHTPALHS, MOJB/IM’. Pa3sMepHOCTh BEIMYMHBI MOJSPHON IICK-
TPOIIPOBOTHOCTH, BBIYHCIICHHOM 1o ypPaBHEHHUIO (3.3),
[A] = Om '-cm*/moitb = CM-CM/MOJTb.

YacTto B nmuTepaType BCTPEUYAETCS TEPMHUH «3KBUBAJICHTHAS DJICK-
TPOMPOBOTHOCTEY», OJTHAKO B HACTOSIIIEE BpeMsI OH HE PEKOMEHTyETCS
K UCITOJIb30BaHUI0. DKBUBAJICHTHAS JIEKTPOIPOBOIHOCTh — 3TO DJICK-
TPOMPOBOIHOCTh, OTHECEHHAS K | MOJIb-3KBHBAJICHTA PACTBOPESHHOTO
BEIIIECTRA.

3aBHUCHUMOCTD JJIEKTPOTIPOBOJHOCTH OT KOHIICHTPAIIMU 3JIEKTPO-
JUTa UMEET CIOKHBINA XapakTep. JJI CHIBHBIX JIEKTPOJIUTOB Yy ICITh-
Has DJICKTPONPOBOTHOCTh C YBEJIMUYCHHEM KOHIIEHTpAIlMd CHavaja
BO3pactaer. Ho mpu nanpHeieM yBeIUUYeHUH KOHIICHTPAIlMU MOHOB
B PAacTBOPE 3HAYMUTEIBHO BO3PACTaeT 3JIEKTPOCTATUUECKOE B3aUMO-
JIEUCTBHE MEXKy HUIMH M Ha KPUBOW 3aBUCUMOCTH Y, OT C TIOSBIISCT-
csi MakcuMyM. JlanpHelIee MOBBIIEHUE KOHIICHTPAIIMH JIEKTPOIUTA
OyIeT BBI3bIBATh YMEHBIICHUE ¥, YTO OOBSCHICTCS CHM)KCHHEM CKO-
POCTH JBUXKEHUS MOHOB. [|J1s1 C1abbIX JIEKTPOJIUTOB Y C MOBBIIICHU-
€M KOHIIEHTpAIlUU PacTeT HE3HAYUTEIbHO, HO TAaKXKE MPOXOIUT Yepes
MakcuMyM. [loHM)KeHHE 7y BBI3BAHO YMEHBIIIEHHEM CTETEHU IHCCO-
IIUAIUA CJIA00TO AJIEKTPOJIUTA C YBEIIMUCHUEM €T0 KOHIICHTPAIIHH,

MoutsipHasi 3JIEKTPONPOBOTHOCTD CIA0BIX U CHUIIBHBIX AJIEKTPOIIH-
TOB PacTeT ¢ pa3BeACHUEM. DTO OOBSCHICTCS YBEIWYCHUEM CTETICHU
JTUCCOLUAIUMN DJICKTPOIUTA ([ CIA0BIX AJIEKTPOIUTOB) WU YBEJIH-
YEeHHUEM MOJABM)KHOCTH MOHOB (11 CUJIBHBIX 3JICKTPOJUTOB). A pac-
TBOPOB CHJIBHBIX 3JICKTPOJIMTOB C pa30aBJICHUEM JOCTUTACT Mpejaena,
IpU KOTOPOM OHA CTAaHOBUTCS HE3aBUCHUMOM OT KOHIICHTparuu. Takas
MOJISIpHAs 3JIEKTPONPOBOIHOCTh HA3BIBACTCS 21€KMPONPOBOOHOCHbIO
npu beckoHeuHom pazeedeHuu (MU npedenbHolt MOJSAPHOU INeKmMpPo-
npoeooHocmbio) U 0003HaYaeTca A~. A PacTBOPOB CIAOBIX DIIEKTPO-
JINTOB TAKX€e pacTeT ¢ pa3baBlICHHEM, HO MIPEAEILHOE 3HaYeHue A~ B
OOJIBIIMHCTBE CJIy4aeB IKCIIEPUMEHTAIBHO YCTAHOBUTH HEJIb3SI.

Bce ckazaHHOE BBINIE KacalloCh DJICKTPOIPOBOIHOCTH BOJHBIX
pacTBOPOB. {7151 3JIEKTPOIUTOB C APYTUMU PACTBOPUTEISIMU PACCMOT-
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PEHHbBIE 3aKOHOMEPHOCTU COXPAHSIOTCS, HO UMEIOTCSI U OTCTYIJICHUS
OT HUX, HAIpUMeEp, Ha KpUBBIX A — C 4acTo HAOJIIOAACTCS MUHUMYM.

CormacHo 3akony Konbpayma, MossgpHas 3J€KTPONPOBOJTHOCTH
npu OCCKOHEYHOM pa3BEJCHUM 00JaJaeT CBOMCTBOM aJJIMTUBHOCTH,
T. €. OHa CKJIQJIbIBACTCSl U3 CYMMBbI MMOJIBU’KHOCTEH HOHOB:

A= A7+ A (3.4)

Tloosusicnocmu uoH08 MOKHO OTIPENIEIUTh KaK MPOU3BEeHNE a0-
COJIFOTHOM CKOPOCTH JBHKCHHUS HMOHOB (T. €. CKOPOCTH, KOTOPOM 00-
Ja7al0T WOHBI, JBUTAIOIINECS B AJICKTPHYCCKOM II0JI€ IO BIMSHUEM
rpaavenTa noreHnuana 1 B/cm) Ha uncino ®apajes:

A=VoFuh=V-F (3.5)

[ToaBH>KHOCTH HOHOB 3aBUCST OT TEMIEPATYPhI, IPUPOJIBI HOHA U
IPUPObI PACTBOPUTES.

OTHOIIIEHHE MOJIIPHOM 3JEKTPOIPOBOJHOCTH CJIA0OTO 3JIEKTPO-
JIATA MPU JTAHHOW KOHIIEHTPAUMU K MPEICIBbHON MOJIIPHOM 3JIEKTPO-
IPOBOTHOCTU PABHO CTENEHU IUCCOLMAIIMYU CIa00ro 3JIEKTPOJIUTA:

a=—. (3.6)
}\‘OO

OTHOILIIEHNE MOJISIPHOM 3JEKTPOIPOBOTHOCTH CUIBHOTO 3JIEKTPO-
JIMTA TPU TAHHOW KOHIIEHTPAUMU K MPEICIBbHON MOJIIPHOM 3JIEKTPO-
MIPOBOHOCTH HA3bIBACTCA KOA(DPHUIIMEHTOM 3JIEKTPOIPOBOTHOCTH f; H
XapaKTEepU3yeT CTENEHb MEKUOHHOTO B3aUMOJICCTBUSA:

Py ELS

AT A A® o °
AT S AT

(3.7)

BenuuuHa f, 1ipu OAHON M TOW K€ KOHIEHTPALMHU DJICKTPOIUTA
3aBUCHUT OT BaJICHTHOCTH MOHOB: JUIS 1-1-Bal€HTHBIX 3JIEKTPOJIUTOB B
pacTBOpe C MOJIIPHOM KOHIIEHTpanuend skBuBajeHta 0,1 MOJIB/IM’
fr. = 0,8; nna 1-2-panentHeixX f, = 0,75; nns 2-2-BaneHTHBIX f;, = 0,4.
[Ipu pazbaBieHun pacTBOpa C YMEHBIIEHUEM TOPMO3SIIETO ACHCTBUS
AIEKTPOCTATUYECKUX CUJI 3TH PA3JIUYUS CTIIaXKUBAOTCS.

Y enbHas 3J€KTPOIPOBOJIHOCTD IEKTPOJIUTOB YBEIUUUBACTCS C
NOBBILIEHMEM TemIiiepartypsl. 1lpu nossimenun temneparypsl Ha 1 K
AJNIEKTPOIIPOBOHOCTh BO3PACTAET MPUMEPHO Ha 2%, 4TO MPUBOJUT K
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HEOOXOJMMOCTH TMPUMEHSTh TEPMOCTATHI MPU U3MEPEHUU DIIEKTPO-
IIPOBOJHOCTHU. Y BEJIUYEHHUE YIIECIBHOU AIEKTPOIPOBOIHOCTH C TEMIIE-
paTypoil 0OBSICHSIETCS MOHUKEHUEM BSI3KOCTH PACTBOpPA M YMEHbIIIE-
HUEM CTETICHH TMApaTalli NOHOB.

H3zmepenue 3nekmponposoonocmu pacmeopa

KoHykTOMETpHUYECKHE METObI AHAIN3a OCHOBAHbBI HA U3BMEPEHUU
AJIIEKTPONPOBOJHOCTU HUCCIEAYEMBIX PacTBOPOB. OmpenelieHHe 3IeK-
TPOMPOBOTHOCTHU JICKTPOJIUTOB MPAKTUUECKU CBOJUTCS K U3MEPEHUIO
WX CONpOTUBIICHHS. J[JI1 HM3MEpEHHUs] CONPOTUBIICHUS HCHOJIBb3YIOT
MOCTOBYIO CXEMY C IMHTAHUEM MEPEMEHHBIM TOKOM BBICOKOW YACTOTHI
JUIs. YCTPAHEHUS BJIEKTPOJIM3a U MOJIspU3alMoOHHbIX siBiieHU. B YJIK
«XUMHUS» H3MEPEHHUE DJEKTPOMPOBOAHOCTH IPOUZBOJIUTCS C TOMO-
IIbI0 KOHIYKTOMETPUYECKOTO JAaT4YHKa, MPEJCTaBIISIONIETO cO00M IBE
napajuielibHble METAJUIMYECKUE TIACTUHBI, KOTOPBIM MOrPYyKal0T B UC-
cinenyeMblii pacTBop. CONpOTUBIECHHUE PACTBOpPA 3aBHUCUT OT KOHIICH-
TpaIyu JIEKTPOJIUTA, TIIOMIAIA JICKTPOJAOB U PACCTOSHUSI MEXTy HU-
Mu. BcenenctBue TOro, 4yto B IMEPEHOCE 3JIEKTPUUYECTBA Y4YaCTBYET
3aMEeTHO OOJBIINH 00bEM pacTBOpa, YeM TOT, KOTOPHINA 3aKIIIOUECH Me-
Ky DJCKTPOAaMHU, YPOBEHb >KUJKOCTH, KOTOpas 3aJIMBAETCS B H3Me-
PUTEIBHYIO SYEHKY, JOJDKEH MPEBBINIATh Kpad 3JIEKTPOJIOB U BO BCEX
U3MEPECHUSX JIOJIKEH COXPAHSIITHCS MOCTOSTHHBIM.

VY enbHast 3JEKTPONPOBOIHOCTh CBsI3aHa C MPOBOJUMOCTBIO pac-
TBOpa 1o ypaBHeHHUIO (3.2). [locTossHHAs cocyia (0 B 9TOM YpaBHEHUU
YYUTHIBAET TEOMETPUUECKUE Pa3MEPhl JIEKTPOJAOB U 00BEM pacTBOpa
M FMeeT Pa3sMepHOCTb cM . JUIsl OIpe/IeIeHHsT (¢ HEOOXOIMMO H3Me-
PUTH IIPOBOAMMOCTb PACTBOpPA C U3BECTHOU YACIBHOWU DIIEKTPONIPO-
BOJHOCTBIO. [l »Toit memu wucnons3yior 0,01 M pactBop KCl,
yAeNbHas 3JEKTPONPOBOJHOCTh KOTOPOTO MPH Pa3HbIX TEMIEpaTypax

npuBeneHa B Tao. 3.1. OnpenenuB Benuduny Lyc), paCCUUTHIBAIOT
1o ypaBHeHH10 (3.2).

Ta6muma 3.1
Temnepatypa, °C XKC1'104, Cm/cm Temnepartypa, °C XKC1'104, Cm/cm
0 7,76 20 12,78
14 11,21 22 13,32
16 11,73 24 13,86
18 12,25 26 14,41
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Paboma 1. OnpedeseHue KOHCMAaHMbl
U cmeneHu duccoyuayuu c1a6020 3j1eKmpoauma
MemoodoM KOHAYKmomempuu

Ienv padbomut
HccnenoBaTh AEKTPONPOBOIHOCTh PACTBOPOB CIA0OTO IJIEKTPO-
JIUTa U ONPEACINUTh €r0 KOHCTAHTY JIMCCOIIUAIINH.

Ooopyoosanue u peaxmugnl

1. VJIK «Xumusi» (LeHTpaJbHBI KOHTPOJUIEP, MOAYJb «JeK-
Tpoxumus» uwin «TepmMoctaTy, TEPMOAATINK, KOHAYKTOMETPHUUECCKUIMI
JaT4MK, cTakad Ha 50 oM’ ).

2. 0,01 M pactBop KCI;

3. PacTBOpBI Cl1a0bIX 25eKTpoauToB ¢ KoHIeHTparwmeit 0,01 M (yk-
CyCHasl KUCJIOTa, MypaBbUHAsI KUCIIOTA, TUAPOKCU]T aMMOHUS U JIP.);

4. MepHbli HUIAHAP HA 25 CM3;

5. IImnetku Ha 10 1 20 CM3;

6. JJabopaTtopHas nocyna;

7. AucTUIIIMpOBAaHHAsA BOJIA.

Memoouueckoe o6ocnosanue padbomot

CornacHo Teopuu AppeHuyca, JIEKTPOJMTHI MPU PACTBOPECHUU
JTACCOIMUPYIOT Ha IMOJIOKUTEILHO UM OTPULIATEIIBHO 3aps>KEHHBIC HO-
HbI, KOTOPbIE€ TIEPEHOCST PIECKTPUUECKUN TOK. DIEKTPOJUTHI IPU pac-
TBOPEHUH MOTYT JAUCCOLIMUPOBATH HA HOHBI IMOJHOCTHIO (CHIIbHBIC
AJIEKTPOJIMTHI) WJIM 4YaCTUYHO (Ciadble 3JIEKTPOJIUTHI). DJIEKTPOMNPO-
BOJITHOCTb CJIA0BIX AJIEKTPOJUTOB OMPEAEISETCS, B OCHOBHOM, CTeIie-
HBIO JUCCOILMAITMU, 3aBHUCSIIEH OT KOHIIEHTPAIIMU JJICKTPOJUTA H
Temnepatypsl. [Iponecc nucconuanuu OMHAPHOTO JIEKTPOIUTA MOXK-
HO TIPEACTABUTH

BA—B +A .

CBsA3bp KOHCTAHTBI PaBHOBCCHA HaHHOf/'I pC€aKiuu, Ha3bIBACMOU

KOHCTaHTOM TUCCOIMALNH, CO CTENEHBIO TUCCOLMAIUU (O) U KOHIIECH-
Tpanuei (C) BbIpakaeTcsi 3aKOHOM pa3BeneHus: OcTBalbaa:

a’C
l—-o

K= (3.8)
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Benmmumaa koHCTaHTHI aucconmanuu (K) 3aBHCHT OT HPHUPOJIBI
ANIEKTPOJIUTA U PACTBOPHUTENS, a TaKKe OT TemIeparypsl. Tepmoau-
HaAMU4YecKass KOHCTaHTa HCCOIMAIINM, BBIpAKCHHAs Yepe3 aKTHB-
HOCTh MOHOB W MOJICKYJI, HE 3aBUCHT OT KOHICHTparuu. CTerneHb
JTUCCOLMAIIMA YMEHBIIIACTCS MPH BO3PACTaHUM KOHIICHTPAIUM pac-
TBOpa CJ1a00ro JEKTPOJIUTA.

CrerneHp M KOHCTAHTA TUCCOLMAIIMH CIIAa00TO AJIEKTPOIUTa MOTYT
OBITH OMpeNeNIeHBl METOJIOM H3MEPCHHS DJISKTPONPOBOAHOCTH. JIIIs
TOTO TpeOyeTcs AKCHEPUMEHTAIBLHO OIPEACIIUTh JJICKTPOIPOBO/I-
HOCTh PAcCTBOPOB CJIA00TO AJIEKTPOJIUTA MPU PA3TUYHBIX €r0 KOHIICH-
Tpausx. Beraucnus A o ypasaenuro (3.3) u A no ypasaenuio (3.4),
MO>KHO PacCYUTaTh CTENEHb JIHUCCOIUAIMH CJIA00TO AJICKTPOJIUTA TI0
ypaBHeHHIO (3.6) u 1o 3akoHy pasBejacHus OctBanbaa (3.8) BbIUHC-
JIUTh KOHCTAHTY JUCCOLMAIIUN CJIa00T0 AJICKTPOIUTA.

[ToncraBuB o u3 (3.6) B (3.8) u npoBest npeodpazoBaHus, OTY-
qaeMm:

1OO+ 1w2kC
A K(\%)

(3.9)

|
o=

Takum o0pa3oM, uMesi 3aBUCUMOCTh MOJIIPHOU 3JIEKTPOMPOBO/I-
HOCTH OT KOHIICHTpPAIMH ISl C1a00ro 3JIEKTPOJIUTA, MOKHO TOCTPO-
uTh rpadux B koopaunatax 1/A = f(AC) u onpenenuts U3 ypaBHEHUs
OJIyYEHHOU IpAMOii 3HaueHus A~ u K.

Ilopsaook evinonnenus padbomot

1. BKIIOUHTH KOHTPOJUIEP W 3alyCTUTh MPOrpaMMy YNPABICHUS
VIJIK. [TogxitounTh TEPMOJATYMK U KOHAYKTOMETPUUECKUN TATYUK K
COOTBETCTBYIOIIMM pazbeMaM MOAYJS «INEKTpOoXuMHUs» win «Tep-
MocTaT». [ Hadana HEOOXOIUMO OMPEICIUTh MOCTOSTHHYIO cocya
nytemM usMepenus anekrponpoBogHoctd 0,01 M pactBopa KCI. B
craka Ha 50 cM’ Haauts 20 oM pacTBopa XJIOpUAA Kajusl, ONyCTUTh
B CTaKaH JIaTYUKU U YOEAUTHCS, YTO OHM MOJHOCTBHIO MOTPY>KEHBI B
pacTtBop. B OkHe mporpammel yIrpaBlIeHUsI aKTUBUPOBATh COOTBETCT-
BYIOIIME KaHaJIbl U3MEPEHUSs, NMPU HEOOXOJMMOCTH BBIKIIOUUTH MeE-
manky. JJis pacuera MOCTOSHHOM coCyJlia HeoOs3aTebHO HaXKMMAaTh
KHOTIKY «/I3MepeHney, noctaTouyHo 3ammucath YCTaHOBUBIIEECS 3HA-
YEHUE JJIEKTPOIPOBOJHOCTH, KOTOPOE HAXOAUTCA B MOJIE HAIPOTHUB
Ha3BaHUs COOTBETCTBYIOIIErO KaHaia. [lociie 3TOro BBUIMTH pacTBOp
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XJIOpUJIA Kaliusgd U OMOJIOCHYTh CTaKaH U 3JEKTPOJIbl JUCTUILIUPOBAH-
HOM BOJI0M. PaccumnTath ¢ 1o ypaBHeHuto (3.2).

2. B craxan Ha 50 cM’ Hamuth 20 cM’ (06BEM OTMEPHTH IIHIICT-
KO) HCXOJIHOTO pacTBOpa CJIaboro 3JIEKTPOJIUTA U OIMYCTUTh B CTaKaH
natuuku. B okne «[lapameTpbl U3MepeHns» oTKIIoYnTh «ABTOMa-
TUYECKUU PEXUM», YCTaHOBUTH IapamMeTpsl: «/HTepBan namepe-
HU» — 10 ¢, «YcpeaHeHney» — BKIIIYeHO, B nojie «BapbupyemMbin
napamMeTp» BBECTH 3HAUYCHHUE KOHIICHTPAI[MU PacTBOpa U €€ pa3zMep-
HOCTh. [IpoBecTH M3MepeHue 3NEKTPONPOBOJIHOCTH pacTBOpa MyTeM
Ha)KaTHsi COOTBETCTBYIOIIEH KHONKU. Pe3ynbrar 3aHectu B Tabm. 3.2.

Ta0muma 3.2
C, mons/am® | L, Cwm 1 CM/eMm | A, CM-cM*/MOITB o K
0,01
0,005

3. Pa3baButh pactBOp B JBa paza. [jag 3Toro m3 crakaHa OTO-
opats 10 oM pactBopa U npuiauth 10 oM TACTWLIMPOBAHHOW BOJIBI,
BBIJICPKAHHOW TPU TOM K€ TEMIIEPATYPE UTO M HCCIEIYEMBbIA pac-
TBOp. Ilepemeniarh MONy4YEeHHBIM PacTBOp, BKIIOYMB MEHIaIKy Ha |
MUHYTY. ONpenenuts 3JIEKTPONPOBOJHOCTh IMOJYYEHHOI'O pacTBOpa
(Bce u3MepeHuss MPOBOAUTH B MPEIENIax OJHOIo sKcnepuMenTa). Ore-
palnio MOCIE0BATEIHLHOTO pa30aBieHus] TOBTOPUTH 4 pa3a, Kax bl
pa3 u3Mepsis IEKTPOIPOBOTHOCTh MOJYUYEHHOTO pacTBopa. PesynbTa-
ThI 3aHECTH B Ta0JI. 3.2.

4. JIna KaxxJ10M U3 KOHIEHTPAIU pacTBOpa cJ1adoro 3JIEKTPOIUTA
paccuuTaTh YyJCJIbHYIO AJIEKTPUUECKYIO MPOBOJUMOCTH (;) MO ypaB-
HeHnio (3.2), MOJISPHYIO AJIEKTPUYECKYIO TPOBOAUMOCTH (A;) — MO
ypaBHeHHIO (3.3), CTEIeHb IUCCOIMAIIUM AJIEKTPOIUTa (O) B paCTBOPE
— 10 ypaBHEHHUIO (3.6) U KOHCTAHTY JAUCCOIUAIIUU CJIabOr0 AIEKTPO-
muta (K) — nmo ypaBHeHuIo (3.8). MOISIpHYIO 3JIEKTPUUYECKYIO TTPOBO-
JMMOCTh PAaCcTBOPA DJIEKTPOJIMTA IpU OecKoHeuHOM paspeneHuu (A7)
paccuuTarh 1Mo ypaBHeHUIO (3.4), B3sB 3HAUYCHUS IOJBUKHOCTEH HO-
HOB JJICKTPOJIUTA B MPEACIbHO pa30aBIeHHOM pacTBope (A7 u A7) u3

crpaBouHMKA. Bce pesynbraThl pacuera 3aHecTd B Ta0. 3.2.
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5. B nanHoii pabote TpeOyeTcsi HOCTPOUTh rpadrKu 3aBUCUMOCTH
VIACIbHOM W MOJSAPHOM JJICKTPUYECKOW MPOBOJAUMOCTH U CTEICHU
JTUCCOLMAIMUA OT KOHIICHTPAIUU 3JIEKTPOJIUTa B pacTBope. JlJist 3Toro
HEOOXOMMO CHavajia MOCTPOUTH MEPBUYHBIN rpaduk 3aBUCUMOCTU
POBOJIMMOCTH OT BapbUPyEMOTO Tapamerpa (KOHIEHTpaluu), a 3a-
TEM MOCTPOUTh HA €ro OCHOBE pe3yibTHupyromnue rpadguxu. Huke
npuBeaeHbl GOpMyIIbl MpeoOpa3zoBaHUsl KOOPJAUHAT JJIsI TOCTPOCHUS
Pa3HBIX TUIIOB PE3YJbTUPYIOIUX IPAPUKOB (BMECTO MEPEMEHHBIX () U
A" HE0OXOAMMO MOJACTABUTH UX YMCIIEHHBIE 3HAUECHMS):

I'padux 3HaueHue B mosie «Y = 3HaueHue B mosie «X =»
v = f(C) y*¢p/1000 [CMm/cM] X
A =fC) y*@/x [CM-cM*/MOIB] X
a=AC)  y*@/x/\" [nonu eauHULb] x

OOBACHUTH XapakTep MOJYyYEHHBIX 3aBUcUMOCTEN. CaenaTh BbI-
BOJ O 3aBUCHMOCTH WJIM HE3aBUCHUMOCTH KOHCTAHThI JHCCOLMAIUU
JIEKTPOJIUTa OT KOHLEHTpPALlMM PAcTBOpa W CPAaBHUTh €€ CpeaHee
3HAUYEHHE CO CIIPABOYHBIM.

6*. B cooTBeTCTBHM ¢ ypaBHeHUEM (3.9) mocTpouTh rpaduk B KO-
opauHarax /A = A(AC) u omnpenenuTh U3 ypaBHEHUS MOJYy4YCHHOM
npsaMoit 3nauenus A~ u K. Jlnsg moctpoenus TpebyeMoro pe3yibTH-
pyromiero rpaguka HeoOX0aAUMO BBeCTH 3HaueHHs: «Y = x/(y*Q)» u
«X = y*o». [l npoBeacHUS IPSAMON U ompeneiieHus ee Kodhduiu-
CHTOB BOCIIOJIb30BaThecs KHOMKOM «[1psimaga nuHna no MHK». Cpas-
HUTh HalICHHOE 3HaueHue K CO CPEeHUM 3HAUEHUEM, OINPEICICHHBIM
B II. 5, a TaKKe co cnpaBounbiM. CpaBHUTH HalJIEHHOE 3HAYEHUE A~ ¢
TEOPETHUUECKHUM.

B BbIBOJIaX 1O pabOTE MPOBECTH aHAIU3 MOCTPOCHHBIX TPapUKOB
U COOTBETCTBHE UX TEOPETUYECKUM IPEICTABICHUIM, OOCYIUTh BO3-
MOJKHBIE TIPUYUHBI OTKJIOHCHHS SKCIIEPUMEHTAILHO HANJICHHOTO 3HA-
yeHusa K OT CIpaBOYHOTO.

Iucomennwvtit omuem no pabome NOIKEH COAECPKAThH: HA3BAaHUE,
1eiab padboThl, 000pyAO0BaHUE U PEAKTUBBI, CXEMY YCTAHOBKH JJIs MPO-
BEJICHUS DKCIEPUMEHTA, KPATKHE TEOPETHUYECKUE OCHOBBI METOZA C
pacueTHbIMU (hopMysiamu, TabJIUILY ¢ pe3yJibTaTaMu paboThl, rpaduku
3aBUCMMOCTH YIEIBbHOW U MOJIAPHOM JJIEKTPUYECKON NPOBOIUMOCTHU
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U CTETNICHU JAMCCOITMAIIMUA OT KOHIIEHTPAIIUU AJICKTPOJIUTA B PACTBOPE,
rpaduk a1 pacuera 3HaueHuid A~ 1 K, BEIBOJBI 110 padoTe.

Konmponvusie eonpocot

1. CunpHble U ciabble dJeKTpoauThl. 3akoH PasBenenust Oct-
Basibaa. KoHCTaHTa IUCCOIUAIIUH.

2. YaenpHas U MOJISIpHAs JIEKTpUUYECKash MMPOBOJIUMOCTh, UX 3a-
BUCUMOCTD OT KOHIIEHTPAIIMU U TeMIEepaTyphl.

3. AOCOJIIOTHBIE CKOPOCTHU JABHMKEHHSI MOHOB. I10JIBUKHOCTH HO-
HOB. 3akoH Konppaymia.

4. VIzamepenue 3IeKTPONPOBOIHOCTH pacTBOpoB. [locTosiHHAs co-

cyna.

Paboma 2. OnpedeseHue npou3zeedeHuUs
pacmeopumocmu mMa/a0pacmeopumotl coau
MemoodoM KOHAYKmomempuu

Ienv padbomut

OnpenenuTh pacTBOPUMOCTh W IMPOU3BEJICHUE PACTBOPUMOCTHU
MaJIOpaCTBOPHUMOM COJIM, MCIIOJb3Ys JaHHbIE, MOJIy4YeHHbIE METOI0M
KOHJTYKTOMETPHH.

Oobopyoosanue u peaxmuenl

1. VIIK «Xumusi» (UEHTpaIbHbI KOHTPOJUIEP, MOAYJb «JEK-
TpoXuMus» uin «TepmocTary, TEPMOJATUMK, KOHTYKTOMETPUIECKUI
JlaT4MK, cTakad Ha 50 CM3);

2. 0,01 M pactBop KCI;

3. HaceimeHnnsie pacTBOpbI MAIIOPACTBOPUMBIX COJIEU IIEIIOYHO-
3eMelbHbIX 251eMeHToB (CaSO,, CaCOs, BaSO,4, BaCOs u np.);

4. MepHbli HUIAHAP HA 25 CM3;

5. JJaboparopHas nocyja;

6. JlucTrusmmupoBaHHas Boja.

Memoouueckoe obocrnosanue padoomal

PactBopumocts comu C (MOJIL/;[M3) — 3TO €€ PAaBHOBECHAs MO-
JsipHasi KOHIEHTPAIUsl B HACBIIIEHHOM pacTBope. B ciyyae manopac-
TBOPUMOM COJIM €€ PaCTBOPUMOCTh B €IWHHUIIAX MOJISIPHOM KOHIICH-
Tpallu¥ MOYKHO PacCUMTaTh, U3MEPUB DJIEKTPUUIECKYIO TTPOBOIUMOCTD
HACBHIIIEHHOTO PacTBOpPA TaKOM COJIM MO YPaBHEHHUIO:
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€= (3.10)

MosipHasi 3JeKTpUUYecKas MPOBOJUMOCTb TaKOro pacTBopa (A)
MPaKTUIECKH paBHA MOJISIPHOM MTPOBOJUMOCTH €T0 MPH OECKOHEUHOM
passenenun (A”), BCIAEACTBME MajOW KOHIEHTPALMU DJIEKTPOJIMTA B
pacTBope. Bennunny L™ MOXKHO PacCYMTATh MO CIIPABOYHBIM JAHHBIM,
UCIoJIb3ys ypaBHeHHE (3.4). BMecTO yliebHON 3JIEKTPUYECKON Mpo-

BOJIUMOCTH COJH (Y comu) UCTIOTB3YIOT PA3HOCTD (Y p-pa — X0 )> TAK KaK
MPOBOMMOCTH BOJBI ()y,o) M PACTBOPA (Yppa) B OTOM Cllydae COM3-

MepuMbL. TakuM 00pa3oM, ONpPEAEIUB BEIMYMHY A~ M yIEIbHbIE
ANEKTPUYECKHUE MMPOBOJIUMOCTH BOJbI U pacTBOPa UCCIEAYEMOM COJIH,
MOYHO BBIYUCIIUTh PACTBOPUMOCTD COJIH 110 YPABHEHUIO:

C = 1OOO(Xp-pa B XHZO)

, MOJTB/IM” 3.11
4 MOJIb/ AM (3.11)

3Has pacTBOPUMOCTH COJIMA, ONPEICIAIOT €€ MPOU3BEJACHUE Pac-
TBOpUMOCTH (//P), TO €CTh KOHCTAHTY PaBHOBECHS T€TEPOrE€HHON pe-
aKIMKM pacTBOPEHHS MaJIOpaCTBOPUMON COJIU:

MA, (TB) = xM* (aq) + yA” (aq).

KoHcTaHTa paBHOBECHsI TaKOW peakiMy, Ha3bIBaeMmasl MpOU3Be/Ie-
HUEM PACTBOPUMOCTHU COJIM, paBHa:

I[IP=a."a’, (3.12)

I7€ a; U a_ — aKTUBHOCTHU KaTHOHA U aHWOHA B pacTBope. Ecnu B pac-
TBOPE OTCYTCTBYIOT AJIEKTPOJIUTHI, COJEPKAIIMNE UOHBI HCCIIEyeMON
COJIM U MPAKTUYECKU MOJTHOCTHIO OTCYTCTBYIOT JPYTHUE JICKTPOJIUTHI,
TO, YUYUTHIBAsI MaJIyl0 PaCTBOPUMOCTb COJIM, MOXHO NMEPEUTH OT aK-
TUBHOCTEM KOMIIOHEHTOB K MX KOHIEHTpaluAM. Toraa u3 ypaBHEHUS
(3.12) nonyuaewm:

IIP = [M"'TTA" T. (3.13)

KOHIIEHTpaliy KaTHOHOB M aHHOHOB paBHBL: [M” | =xCu [A* ] =
yC. Torga nosyyaem:

IIP = C* %Yy, (3.14)
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Takum 00pa3zoM, MPOU3BECHUE PACTBOPUMOCTH MajoOpacTBOPU-
MOW COJIM OIpPEIENISIETCS KOHIEHTPAIUEel HACBIIIEHHOTO pPacTBOpa
3TOM COJIM Y YMCIIOM €€ HOHOB B pactBope. Hanpumep:

1. AgCl == Ag" +CI; x=1;y=1, Mmr=c-1"1'=c
2.MgSO, —=— Mg*" +80,”; x=1;y=1; np=c-1"1'=c.
3. CaCl, — Ca*" +2CI; x=1;y=2;, IMP=C-1'2"=C.

4. Cay(POy),—3Ca*" + 2P0, ; x=3;y=2; IIP=C"3"2’=108C".

Hopaook evinonnenusn padomaot

1. BkItounTh KOHTPOJUIEP U 3allyCTUTh NPOrpaMMy YHpaBJICHUS
VJIK. TloakarounuTh TEPMOJATYHMK M KOHAYKTOMETPHUUYECKHM JaT4YUK K
COOTBETCTBYIOIIMM pazbeMaM MOIYIS «JIEKTpoXuMus» i «Tepmo-
ctat». OnpeneauTh MOCTOSHHYIO COCY/Ia (p, Kak ormucaHo B padote 1.

2. OnpenenuTs 3JIEKTPONPOBOAHOCTh JUCTUINIUPOBAHHOM BO/IBI.
B crakan Ha 50 e’ Hamuth 20 cM’ JTVACTUIUTMPOBAHHOW BOJBI U OITyC-
TUTh B CTaKaH JIATYMKHU. 3alucaTh 3HAYCHHUE AJICKTPONPOBOIHOCTH U3
I0JIs. HAIIPOTHUB Ha3BaHHUS COOTBETCTBYIOIIETO KaHaja. Pe3ynbTar 3a-
HecTH B Tabu. 3.3.

Tabmuna 3.3
NQ, pac- Xcomn = Ap-pa — 7\400, C,
TBOD L Cu | g, Cwlem | XH,0> Cwm/cM | Cm-cm?/Mons | MOTIB/ M e
1. Bona
2. CaSO,

3. I3MepuTh 31€KTPONPOBOIHOCTH HACHIIIIEHHOTO pacTBOPa COJIH.
JIJTs1 5TOrO PacTBOP CiIerka B3GorTarh; 20 CM° MYTHOTO, HO 6€3 OcajKa
pacTBOpa MEPEHECTH B U3MEPUTEIIBHBIA COCYA. Jl0XKIaBIIMCh OCBET-
JICHUS PacTBOpA, MPOU3BECTU U3MEPEHUE €T0 MPOBOIUMOCTH. Paccuu-
TaTh YJEJIbHYIO 3JIEKTPOIIPOBOJIHOCTh COJIU 10 yYpaBHeHHIO (3.2), pac-
TBOPUMOCTh cojiu — 1m0 ypaBHeHuto (3.11) u mnpousBeneHue
PacTBOPUMOCTH — 10 ypaBHeHUIO (3.14). DxcniepyuMeHTAIbHBIE U pac-
YEeTHBIC JJAHHBIC 3aHECTH B Ta0I. 3.3.

4. TloBTOPUTH M. 3 JJIs1 KAXKJIOrO M3 HACHIIICHHBIX paCTBOPOB CO-
nei. [TonydeHHble pe3yabTaThl COIOCTABUTH CO CHPABOYHBIMU 3HAYE-
HUSMU TIPOU3BEJICHUI paCTBOPUMOCTH COJICH.
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Iucomennwvtii omuem no pabome NOIKEH COACPKATh: Ha3BaHUE,
1eab paboThl, 000PYAOBaHUE U PEAKTUBBI, CXEMY YCTAHOBKH JJI MPO-
BEJICHUSI DKCIIEPUMEHTA, KPATKUE TEOPETUUYECKHE OCHOBBI METOAA C
pacueTHbIMU (PopMyJiamMu, TAOJIUILY C pe3yiabTaTaMu pabOThl, BEIBOJIbI
1o pabore.

Koumponawvnsie 6onpocol

1. IlpousBeneHne pacTBOPUMOCTH U €ro CBA3b C PaCTBOPHUMO-
CTBIO.

2. YenpHas U MOJISIpHAs JIEKTpUYECKas MPOBOAUMOCTb, UX 3a-
BHCUMOCTb OT KOHIEHTPALIMU U TEMIEPATYPBL.

3. 3mepenue 351eKTponpoOBOAHOCTH pacTBOpoOB. IlocTrosHHas co-
cyna.

4. KOHIyKTOMETPUYECKOE OIPEECICHUE IMPOU3BEICHUS PACTBO-
PUMOCTH.
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Paznen 4. 31eKTPpOABHKYLIIUE CUJIbI

Teopem udyeckdasi 4acmbos

B cucremax, cocTosimux M3 MPOBOJAHUKOB MEpBOro poja (oobia-
JAOIINX AJEKTPOHHOUW MPOBOJUMOCTBIO), HAXOASAIIUXCS B KOHTAKTE C
MPOBOJHUKAMHU BTOPOrO pojia (00sajarommuXx HOHHOW MPOBOJAUMO-
CTBIO), TPOUCXOAUT B3AUMHOE NPEBPAILICHUE XUMUYECKON U AIEKTPHU-
yeckoil (opM sHepruil. Takas cuctema Ha3bIBAIOTCS 371€KMPOOOM.
[IpoBOAHWKY MEPBOrO POAA — 3TO, KAK MPABUIIO, METAILIBI, IIPOBOJHU-
KM BTOPOTO poja — 3JeKTpoauThl. llepeHoc 3apsama ydepe3 rpaHuUlly
pazaena (a3 (JIEKTPUYECKUN TOK) B DJIEKTPOJIC OCYIIECTBIISETCS 3a
CYET AJIEKTPOXUMHUYECKON peakiuu. Mexay (dazaMmu 3JeKTpojia Cy-
IIIECTBYET HEKHUM OMNpEEICHHBIM CKAauyOK MOTEHI[Mala, 00YyCIIOBJICH-
HBI TPUPOJOM COCTaBJISIONIMX €r0 KOMIIOHEHTOB, MX KOHIIEHTpa-
IASIMA U 3HAYEHHUSIMU BHEIIHUX TEPMOJWHAMHUYECKUX IApAMETPOB.
BoO3HUKHOBEHUE 271eKMPOOHO20 NOmMeHYuala TPOUCXOAUT B pe3yiib-
TaTe Mepexojia 3apsuKeHHBIX YaCTHI] Yepe3 TpaHully paszgena ¢asz, uTo
BBI3BAHO CTPEMIJICHUEM CHCTEMBI K TEPMOJMHAMUYECKOMY PaBHOBE-
CHUIO. 3aBHCUMOCThH 3JICKTPOJHOTO TMOTEHIMAJIa OT BHYTPEHHUX U
BHEIIHUX ITApaMETPOB BBIpAXKAETCS ypagHenuem Hepncma, xotopoe
JJ1s1 00paTUMOM 3JIEKTPOHON peaKIuu

MOZKHO 3a11McaTb B BHJIC:

.a";
0+R;1n L, CLTI 4.1)
I I n;
z iaRedl-

rae (p0 — CTAHIAPTHBIN AJIEKTPOIHBIN ITOTEHIIUAIL.

[Ipu 3anmucu ypaBHeHus HepHcTa ayisi pa3HBIX CciiydyaeB HEOOXO-
JTUMO COOJTIOAaTh HECKOJIBKO MPABUII, CBA3AHHBIX C €r0 MPUMEHEHHEM
JUISl Pa3JIMYHBIX TUIIOB PACTBOPOB M BHIOOPOM CTaHJAPTHOI'O COCTOSI-
HUSI 17151 YACTHIX KOMIIOHEHTOB U PACTBOPUTEIS:

=0
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1. AKTUBHOCTH YHCTBIX KOMIIOHEHTOB, 00pa3yloIKUX OTICIbHYIO
a3y MOCTOSIHHOTO cOocTaBa (Kak MPaBWJIO, 3TO TBEP/bIC BEILECTBA),
MPUHUMAIOTCS] PABHBIMU €JIUHUIIE;

2. AKTUBHOCTb paCTBOPHUTENS MPUHUMAETCSI PABHOM €UHUIIC;

3. BMecTo akTMBHOCTEW Tra3000pa3HBIX BEIIECTB B YpaBHCHHE
BXOJISIT OTHOCUTEIIbHBIC MaplMalbHbIE JaBICHUS 3TUX ra30B HAJ| pac-
TBOpoM. JlaBiaeHHWe TPUBOJAUTCS OTHOCUTEIBHO CTaHJAPTHOIO
(101325 Ila), »Ta BenuuyWHA SBISETCS Oe3pa3MEpHON M YHUCICHHO
COBIIAJIACT C MApPUUAIBHBIM JABJICHUEM ra3a, BBIPAKEHHBIM B aTMO-
chepax.

[Ipn cxemaTMYEeCKOW 3alUCH 3JIEKTPOAOB (MOJIY3JIEMEHTOB) Be-
IIECTBA, HAXOJSIUECS B pacTBOpe (MOKHO TOJIBKO MOTEHIUATIONPEE-
JISIFOILIAE MOHBI), YKa3bIBAIOTCS CJI€Ba OT BEPTUKAIBHON YEpThl, CIIpaBa
YKa3bIBAIOTCS BEIIECTBA, OOpa3zyrolue Apyryro ¢asy, Wi Marepuai
anekTpoaa. Ecnu B pacTBope HaXOQuTCs HECKOJIBKO BEIIECTB, TO OHH
pa3zeNsoTCs 3aniaThiMUA. BeriecTBa, COCTABISIIOIIME pa3InyHbie (asbl,
pa3IeNsoTCs ¢ TOMOIIBIO BEPTUKAILHOM uepThl. Hampumep:

Ccd* | Cd;
Cl | AgCl | Ag;
H'|H, | Pt.
VYpaBHeHHE JJIEKTPOJHON peaKIuy 3aluChIBA€TCS TaK, YTOOBI

CJIEBA PACIOJIarajJuch BEIIECTBA B OKUCICHHOW OpME U 3JIEKTPOHBI, a
CIpaBa — BEUIECTBA B BOCCTAHOBJIEHHOM (opme:

Cd* + 2T = (d;
AgCl+ e — Ag+Cl;

2H" + 2% — H,.

Knaccugurkayus snekmpooos

1. Onexkmpoowvr Hynesoco poda (OKUCIUTEIHHO-BOCCTAHOBH-
TeJbHBIC JIEKTPOAbI). OKUCIUTEIhL U BOCCTAHOBUTEIb, KaK MPABUIIO,
HaxOoMsATCS B pacTBOpE, a ¢da3a MPOBOJHUKA TIEPBOTO POJIa BHITTOJIHEHA
13 MHEPTHOr0 MaTepuaia (Hampumep, Pt), koTopas BeICTymaeT B Kade-
CTBE KOHTAKTa U HE yYaCTBYET B DJICKTPOXUMHYCCKON PCAKIINH:

Ox, Red | Pt
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Ox +ze —= Red

_ 0 RT . apy
Pox,RedPt = POx,RedPt T ;ln X

4.2)

ARed

[Tpumepsr:

Fe*", Fe’* | Pt;

C¢H40,, C¢H4(OH),, H' | Pt (XMHIHAPOHHEI 3MEKTPO).

2. Onekmpoowsl nep8oco poda MPEACTABIAIOT cOO0M MeTal (Wiu
HEMETaJI) MOrPYKEHHBIA B PacTBOp, COAEPKAIIUA HOHBI ATOTO Me-
TaJula (M1 HEMETallIa):

MZ+‘M
M +zee=—M

FEC (4.3)

0
() N =0y 2t
MM MM T M
Merannuueckas (a3za MOXKET OBITh BBINOJHEHA HE TOJBKO W3
YUCTOT0 BEIIEeCTBA, HO MPEACTaBIISITH coO0# crmaB (pactBop). Ha-

mpuMep, amajabraMHbIe JIEKTPObI (aMajgbramMa — pacTBOp MeTalia B
PTYTH):
M | M(Hg)
RT a4,
+—In—M (4.4)

ZF - avyg

_ .0
(pMz+|M - (PMZ+‘M

TJIE a\j(Hg) — AKTUBHOCTh METAJLIA B aMajlbrame.

3. Dnexmpoost émopozco poda oOpaTUMbl OTHOCUTEIHLHO aHUOHA
(B"), 06pa3yIOIIEro ¢ MOTCHIMATIONpPEISIIIONIM HoHOM (A ") Maopac-
TBOpUMOE coeanHeHue (AB) u HaxoAsIIerocs mpu 3T0M B U30BITKE:

B |AB|A
AB+e— A+B
_0 RT . axg _ o RT
Ps-1aBA = PejaBA +—1In = Pp-ABiA —71n Ay - 4.5)

apdy-

[Tpumepsr:
Cl | AgCl | Ag — xsmopuacepeOpsiHbIi 3IEKTPO/I;
Cl' | Hg,Cl, | Hg — xamoMenbHBIH 3JIEKTPO/I.
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DIEeKTPOibl BTOPOTO POJia YaCTO UCIOJB3YIOTCSA B J1aDOpAaTOPHOM
MpPaKTUKE KaK JEKTPOJIbl CPABHEHHS, 3TO CBS3aHO C HA/ICKHOCTBIO UX
paboThI, XOpoIIel BOCIPOU3BOJMMOCTHIO MOTEHIIMAIA U MPOCTOTOU
W3TOTOBJICHUS.

4. Dnexmpoovl mpemve2o poda 00paTUMbl OTHOCUTEIIBHO U30bIT-
ka katuona (C ), KoTopblii 06pasyer ¢ annonoM (B~) mManopacTBopu-
MO€ WM KoMmIuiekcHoe coeauHeHue (CB), oOpasyrolero, B CBOIO
ouepelb, C MOTEHIUAIONPEEIAIOMIM HOHOM (A") MalopacTBOpHMOe
WM KOMILIEKCHOE coenuHenue (AB):

C'|CB|AB| A
C"+AB+e— A+CB

RT aABaC+ . 0

0
Pericpaa — Pericpapa T F In @ n i ~ YC*|ICBIABA

(4.6)

+£lna .
F o c

[Tpumepsr:

Hg’' | Hg,CL | AgCl| Ag;

Ca® | CadJITA® | HgDJTA® | Hg.

5. I'azo06ble 31eKkmpoosl BHIACISIOT IO MPU3HAKY TOTO, YTO OJIUH
U3 YYACTHUKOB OKHCIUTEIbHO-BOCCTAHOBUTEIBLHOW Mapbl HAXOJAUTCS
B ra3oBoi (asze.

[Tpumepsr:

H' | H, | Pt — BOJOPOIHBII 3IEKTPOI;

Cl | Cl, | Pt — xJTOpHBIiA STEKTPOSI.

6. Hon-cenexmuenvie 31ekmpoodbl UMEIOT CIIeIMalIbHbIe MeMOpa-
HbI, CLIOCOOHBIE MPOIyCKaTh creruduueckre noHbl. OHU O0OpaTUMBI
OTHOCUTEIBHO 3TUX MOHOB, Haxoasamuxcs B pactBope. [IpencraBure-
JSIMU  BJIEKTPOJIOB 3TOr0 Kjacca SBJISIIOTCA (DTOP-CENEKTUBHBIN U
CTEKJISTHHBIN 31eKTPOJibl. CTEKISTHHBIA 3JIEKTPO]I U3TOTABIMBACTCS Ha
OCHOBE MEMOpaH M3 CIeNHATbHBIX COPTOB cTekyia. CTEeKIsTHHAS MEM-
OpaHa pa3jensieT BHEIIHUN pacTBOP, COAEpk AU HOHBI BOJIOpOAA, U
BHYTPEHHUM CTaHIAPTHBIM PACTBOP COJISIHOM KHUCIOTHI, B KOTOPOM, B
CBOIO OUepe/lb, HAXOIUTCS XJIOPUI-CEPEOPSHBINA dJIEKTPOI:

H' | crexno | HC1| AgCl | Ag.

[ToTeHnMan CTEKISHHOTO 3JIEKTPOJia 3aBUCUT OT aKTUBHOCTHU HO-
HOB BOJIOPOJIA:
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o RT o 2,303RT
Per = Per +71naH+ =P T

pH. 4.7)

Ha wucnonb30BaHWMK CTEKJISTHHOTO 3JIEKTPOJla OCHOBAH METOJ
pH-MeTpun.

N3 nByX 3JE€KTPOJOB MOXKET OBITh COCTaBJICHA JJIEKTPOXUMHUYE-
CKasl LIeNb — 2ANbBAHUYECKULl J1eMeHm, B KOTOPOH 3JIEKTpUYeCcKas
HEPTUsi BbIpabATHIBACTCS 3a CUYET MPOTEKAHUS IJICKTPOXUMHYECKUX
peakuuii Ha syekTpoaax. OTAEHbHBIA 3JICKTPOJ B TaJIbBAHUYECKOM
9JIEMEHTE MHOTJa Ha3bIBAIOT MoJiyasieMeHTOM. [Ipu cxemaruueckoit
3aMUCH AJEKTPOXUMUYECKOU IEMU JIEBbIM 3JIEKTPOJ| 3aMKChIBACTCS B
oOpaTHOM MOpsAKe (BEIIeCTBa, HAXOJSAIIMECS B pacTBOpPE, yKas3bIBa-
IOTCSI CIIpaBa OT BEPTUKAIBHOM YEPThI, CJIEBA YKa3bIBAIOTCS BEIIECTBA,
oOpazytoiue Apyryio daszy, Win MaTepuail AIEKTPOia), MPaBbIil AJICK-
TPOJ 3aMKUCHIBAECTCS B OOBIYHOM MOPSJIKE COTJIACHO MPaBUJIAM CXEMa-
TUYECKOHN 3amuCH 3JIEKTPOJ0B. PacTBOpHI 000MX DJIEKTPOAOB OTACIISI-
IOTCS. BEPTUKAJIIbHOM NYHKTUPHOW JIMHUEM, €CIM OHU KOHTAKTUPYIOT
apyr ¢ apyrom (aud@y3uoHHbBI NOTEHIIMAN HE YCTPAHEH ), WU ABYMSI
CIUIOIIHBIMU BEPTUKAIBHBIMU JIUHUSIMHU, €Ciu TUu(P y3uOHHBINH TMO-
TEHIIMAJI MEXIy pacTBOpaMu yCTpaHEH (Hampumep, ¢ MOMOIIBIO CO-
JIEBOTO MOCTHKA).

Anexmpoosudxcyuwias cuna (3/C) raibBaHUYECKOTO JIEMEHTa IIPU
OTCYTCTBUM JU(PHY3MOHHOTO MOTEHIIMAIAa paBHA PA3HOCTH MOTEHIIUA-
JIOB TIOJI0KUTEIBLHOTO U OTPUIIATEIBLHOTO 3JIEKTPOIOB:

E=¢.—0_. (4.8)

[Tpumeps! 3anucu raJbBaHUYECKUX JIEMEHTOB:

1) Cd | CdCl, | AgCl | Ag — o6a aneKkTpoja UMEIOT OOIIUA pac-
TBOP.

2) Cd | Cd(NOs), ; NaCl | AgCl | Ag — pacTBOpHI 2JIEKTPOJIOB pa3-
JUYHBI ¥ UMEIOT KOHTAKT MEXIy coO0oi uepe3 meMmOpany (auddysu-
OHHBIN MMOTEHIIMAT HE YCTPAaHEH).

3) Pt | H, | HCI || NaCl | AgCl | Ag — pacTBOpHbI 3JEKTPOJOB pa3-
JUYHBI U COCAMHEHBI MEXJIY CO0O0M COJIEBHIM MOCTHKOM (muddy3u-
OHHBIN MMOTEHIIMAT YCTPAHEH).

OJIC raapBaHUYECKOTO 3JIEMEHTA CKJIAJBIBACTCS M3 CKAYKOB IO-
TEHIIMaja Ha TpaHuile Bcex (a3 oOpasyromux 3yiemMeHT. [Ipu 3tom B
dbopmupoBanun DJIC rajabBaHUYECKOrO 3JJIEMEHTa YYacTBYIOT HeE

68



TOJIBKO Pa3HUIILI TOTEHIIMAIOB MEXAY (hazaMu 3JEKTPOJIOB, HO U pa3-
HUIIA TOTEHIMAJIOB MEXIYy MeTalllaMd OOpa3yIoIIMMHU 3JIEKTPOHO-
MPOBOJIAITYI0 (ha3y BJIEKTPOJIOB — TaK Ha3bIBA€MbIH KOHTAKTHBIN IO-
TEHIIMaJ, a TaKK€ pa3HUIla MOTCHIMAIOB MEXy ¢dazaMu pacTBOPOB
AMEKTpo0B — AudPy3uoHHbId moTeHnHan. Juddy3noHHBIN MOTEH-
1[MaJl BO3HUKAET Ha TPAHUIIE JBYX PACTBOPOB M3-3a PA3IUYHBIX MOJ-
BIDKHOCTEH MOHOB, COJICPKAIIMXCS B DJIEKTPOJAHBIX pAcTBOpax W/WIU
WX KOHIleHTpauuil. ['albBaHMYECKUN DJIEMEHT MOXET MMETh OOIIHiA
pPacTBOP ANEKTPOIUTA IJII 000UX AIEKTPOJIOB, B 3TOM ciaydae quddy-
3MOHHBIN MOTEeHIHaNn OyJeT OTCYTCTBOBaTh. B Jpyrux ciyyasx mnpu
MPOBEJICHUHN JJICKTPOXUMHUUYECKUX H3MEpeHHil oT IudQdy3uoHHOTO
MOTEHIIMaa CTaparTcsi MO BO3MOXKHOCTU H30aBUThCA. Hamboiee
MPOCTBIM CIIOCOOOM SIBJIIETCSI MCIOJIb30BAHUE ISl COCAMHEHUS pac-
TBOPOB JBYX 3JIEKTPOJIOB COJEBOI0 MOCTHKA, 3aMOJHEHHOTO PacTBO-
POM COJIM, KATUOHBI U @aHUOHBI KOTOPOU 00JIaat0T MPUOIUZUTENHHO
oauHakoBbIMU MOJIBMKHOCTAME (KCI, KNO3).

KoHTakTHBIA OTEHIIMAT BO3HUKAET B CJIydae, KOrJa 3JIEKTPOHO-
npoBOsIIKE (a3bl ANEKTPOJOB BHIMOJIHEHBI U3 PA3JIMYHBIX METAJLIIOB.
B cBs3u ¢ TeMm, UTO B HACTOSAIEE BPEMS HET MPSIMBIX AKCIIEPUMEH-
TaJbHBIX W PACUYETHBIX METOJOB ONPEACICHUS OTICIbHBIX CKAYKOB
NOTEHIIMala Ha TpaHulle pasjaena (a3 B raJlbBaHUYECKOM 3JIEMEHTE,
3HAQYEHUE TMOTEHIMAJIa OTJEIbHBIX 3JEKTPOJIOB NPUBOJAT OTHOCH-
TEIILHO CMAHOAPMHO20 B8000POOH020 3nekmpooa (YCIOBHas BOJO-
poaHas IIKaja MOTEHIMAIOB), MOTEHIMAA KOTOPOro MPUHAT 3a HOJb
pu BCeX Temreparypax. [is onpeneneHus 3J1eKTPOJHOTO MOTEHIINA-
J1a BJIEKTPO/Aa COCTABISAETCS ralbBAaHUUECKUM 3JIEMEHT U3 3TOTO DJICK-
TPOJa M CTAHAAPTHOTO BOIOPOHOTO 3nekTpona — H' | H, | Pt (akTHB-
HOCTh HMOHAa BOJOpPOJa TMOJJEPKUBACTCS PABHOW EIUHULIE U
napuvagbHOE JaBJICHUE Bojopoaa Haa pactBopom — 101325 IIa).
DJIEKTPOAHBIA MOTEeHIIMaN onpeaensiercs kak I/[C amemeHnTa, B KOTO-
pOM CJi€Ba PACMOJIOKEH CTaHAAPTHBIA BOJOPOJHBIM JJIEKTPOA, a
cIpaBa — paccMaTpuBaeMblil 31ekTpoja. Hampumep, moTeHiman xaji-
mueBoro sextpoaa (Cd*" | Cd) 6ymer paser DJIC snementa Pt | H, |
H' || Cd*" | Cd. Pa3Huma Mex/y CTaHIAPTHBIME IIOTCHIIHATAMH DJIICK-
TPOJAOB TAJIbBAHUYECKOI0 3JEMEHTa HasbiBaeTcs crangapTHou J/(C
JIAHHOTO TAIbBAHIMYECKOTO JIEMEHTA 1 0003HauaeTcs E .
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Tunw canveanuueckux r1emMenmoed

1. XumMuueckre Ien MPEACTaBISIOT COOOM 3JEMEHTHI, COCTaB-
JICHHBIE U3 AJIEKTPOJAOB, HA KOTOPBIX MPOTEKAIOT Pa3IMUHbBIC HJICKTPO-
XAMUAYECKHUE peakuuu. Hampumep:

Cu | CuCl, | AgCl | Ag
Cd | CdCl, | NaBr | AgBr | Ag.

2. KoHIIeHTpallMOHHBIE 1IeNH MPEACTaBISIOT COOOM 3JIEMEHTHI,
COCTABJICHHBIE M3 AJIEKTPOJOB, HA KOTOPBIX MPOTEKAIOT OJIMHAKOBBIC
XHMHUYECKUE PEAKIIMU, HO KOHIICHTPAIUM PEarupyrolnuxX BEIIECTB Ha
AJIEKTPOJAax paznuuHbl. Hanpumep:

¢p
Cu|CuSOy4 | CuSO, |Cu

" '
a Cu2+ < acu2+

TAC @i .. W ay . — Pa3IUYHbIC aKTHBHOCTH MOHOB M€/ Ha 3JIEKTPO-

nax, Op — Au¢QGy3UOHHBIA TMOTEHIIMA, BO3HUKAIOIIMK Ha TPaHUIIS

pactBopoB. DJIC KOHLIEHTpAIMOHHOTO 3JeMeHTa 0e3 yueta nuddy3u-

OHHOI'O IMOTCHIIMAJIA paBHA:

a'. .
E:ZZ 1na§u2 . (4.9)

Cu2+

OJIC ranpBaHUYECKOTO 3JJIEMEHTA ONPENCIACTCS YPaBHEHHEM
HepHcTa TOABKO B YCIOBUAX 0OpaTUMOIO MPOTEKAHUS B HEM IMPOIIEC-
coB. [loatomy m3mepenne DJIC 31EKTPOXUMUYECKUX LENEN CIENYyET
IPOBOJHUTh B YCIOBHSIX, KOTJAa NPOTEKAIOIIUA TOK 4Yepe3 3JIEMEHT
oeckoneuno man. Jns msmepenus IJC 37AEKTPOXUMUYECKHUX LETIeH
MOJIB3YIOTCS. KOMITCHCAIlMOHHOM CXEMOW WJIM TOTCHUUOMETPAMHU C
JIOCTATOYHO OOJIBIIIMUM BXOJHBIM COMPOTUBIICHUEM (COTHU MOM).

O/JIC ranpBaHMYECKOTO 3JEMEHTA CBS3aHa C TEPMOJIWHAMUYE-
CKUMH MapaMeTpamMu MNPOTEKAIolled B 3JEMEHTE PEeaKIuu Cleaylo-
IIUMU COOTHOILIEHUSMMU:

AG = —zFE (4.10)
AS = —zF(d—Ej 4.11)
dr ),
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AH = —zFE + zFT(d—Ej . (4.12)
ar ),

Takum obOpaszom, uzmepsas 3/]C ranbBaHUUECKOTO 3JEMEHTa MpU
pPa3HbIX TeMIepaTypax U IOCTOSIHHOM JABJICHUH, MOKHO OIPEIEIIUTh
KaK U3MEHEHUE DHTPONMUHU, TAK U U3MEHEHUE JHTAJbIIUU COOTBETCT-
BYIOIIICH XUMHUYECKOW PEAKIIUM.

llomenyuomempuss — METOJI UCCIEAOBAHUS, B OCHOBE KOTOPOIO
JeXaT TepMOJUHAMUYECKne coOoTHomeHuss Mexnay J/C anexrtpoxu-
MUYECKHUX IeNel, C OJHOU CTOPOHBI, U (PUBUKO-XUMHUYECKUMH Tapa-
METpPaMHu PacTBOPOB U XUMHUYECKUX peakuuil — ¢ apyrou. [lorenuuo-
METPHUIO HUCIONB3YIOT s omnpeneneHuss pH pacTBOpoB, KOHCTaHT
TUAPOJIA3a COJIE, KOHCTAHT JHUCCOLMAMM KHUCIOT W OCHOBAHHWIA,
IIPOU3BEJCHUN PACTBOPUMOCTH MaJIOPACTBOPUMBIX COCAUHEHHUM, KOH-
CTaHT YCTOMYMBOCTH KOMIUIEKCOB, KO3(D(PUIMEHTOB aKTUBHOCTHU HO-
HOB B PacTBOpax, TEPMOJAMHAMHYECKHX XaPAKTEPUCTUK XUMHUYECKHUX
pEaKUUH U T. [I.

Paboma 1. OnpedeseHue npou3zeedeHuUst
pacmeopumocmu mMa/a0pacmeopumotu coau
MemodoM nomeHyuomempuu

Ienv padbomut
OnpenenuTs MPOU3BEJICHUE PACTBOPUMOCTH MajOPACTBOPUMBIX
coJieil cepedpa METOI0M MOTEHIIMOMETPHHU.

Ooopyoosanue u peaxmugnl

1. VIIK «Xumus» (LUeHTpaJIbHbI KOHTPOJUIEP, MOAYJb «JEK-
TPOXUMUS», TEPMOJATUUK, JIBA CEPEOPAHBIX DIECKTPOJA, DJICKTPOJIH-
THYECKUI MOCTHK, Ba CTakaHa Ha 50 cM);

2. 0,01 M pactBop AgNOs;

3. 0,01 M pactBop ranorenua menounoro metaaia (KCl, KBr u
T. I1.);

4. JlucTHIUITMpOBaHHASA BOJA;

5. JlBe muretkd Ha 10 M, TaGopaTopHas mocy/a.

Memoouueckoe obocrnosanue padoomal
s ompeneneHuss MPOU3BEIASCHHUS PACTBOPHUMOCTH KaKOIo-JIMOO
rajoreHuga cepedpa HEOOXOJAMMO COCTAaBHTh TaJlbBAaHUYECKUU dJie-
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MEHT, B KOTOPOM aHOJIOM siBjsieTcst anekTpoa Il poma ¢ ocagkom uc-
CJIEyEMOIr0 COCIMHEHUS Ha BJIEKTPOJIE, 4 KATOAOM CIIYKHUT BJIEKTPO/I
I pona:

(-) Ag [ AgX KX [| AgNO; | Ag (+),
rae X — coorBercTByronui rajgored (Cl, Br wim I). Ha snmekTpomax
OyayT NpOTEKaTh CICAYIOIINE PEAKIIUU:
() Ag+X —e——= AgX,
(+) Ag + & = Ag.
CymMmapHasi peakiusi, IpoTeKarIas B JIEKTPOXUMHUISCKOM dJie-

MEHTE, COOTBETCTBYET pEaKIMu OOpa30BaHUS HCCIEAYEMOIro MaJo-
PacTBOPUMOI'O COETMHEHUSI U3 NOHOB:

Ag + X —— AgX.

3anuiieM ypaBHeHus HepHcTa 11l 3TUX 3JIEKTPOJIOB.

_ 0 R1 .0 RT 11 AgX
P = Py 1agx g——lnax, = Qpgiipg T In

LZX_

— 0 R 1
(p+_(PAg+\Ag+7naAg+’

e a, W a, . — aKTUBHOCTH TaJIOTEHHUJI-MOHOB U HMOHOB cepebdpa

X Ag®
aHoJla U KarojJila COOTBETCTBEHHO. Bripaxkenune mist DJIC storo sie-
MeHTa OyaeT

RT aAg+aX_

E: — = ln .
00 ==

(4.13)

Takum o0pazoM, 1l ompejeieHus] NPOU3BEACHUS PACTBOPUMO-
cTh HeoOxoaumo u3meputh J/]C sneMeHnTa npu U3BECTHBIX aKTUBHO-
CTSX HOHA cepebpa Ag' u aHuoHa X .

[IpakTuecku pacCMOTPEHHBIN TaJIbBAHUYECKUN JIEMEHT COCTAB-
JSI0T M3 JBYX 4YacTeM, Kakaas U3 KOTOPBIX MpEeAcTaBisieT coOOM co-
OTBETCTBYIOIIUMN BJEKTPOA. DJIEKTPOJBI COCIUHSIIOTCS 3JIECKTPOJIUTH-
YECKMM MOCTHKOM, 3anoJiHeHHbIM pactBopom KNOj; ¢ arap-arapowm.
[lepBoHayanbHO 00€ YacTU 3JIEMEHTa 3amoJHsAI0T pacTBOpoM AgNO;
JUIsl TOTO, YTOOBI MPOBEPUTH MPABUIBHOCTH MIPUTOTOBJIECHUSI SJIEKTPO-
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JI0B. 3aTeM pacTBOP M3 OJHOM YACTH 3aMEHSIOT PACTBOPOM TajOreHU-
na (He MpOMBIBas MPU 3TOM CTaKaHYHWK), 1 OH MPHOOpETaeT CBOMCTBA
JEKTpoJa BTOporo poja. st HeOONbIIMX KOHUEHTPAIIMH MOHOB B
pactBope (MeHee 0,01 M) U OTCYTCTBUM MOCTOPOHHUX MOHOB MOKHO
NPUHATH aKTUBHOCTH MOHOB PaBHBIMU MX KOHIICHTPAIUSIM U MPOBO-
JIUTh pacueTsl 0e3 yuyera Ko3(PPUIIMEHTOB aKTUBHOCTH.

Hopaook evinonnenusn padomaot

1. Ilepen mpoBeaeHUEM MEPBOIO OMNbITA MOBEPXHOCTH Cepedpsi-
HBIX 3JIEKTPOJOB OYUCTHUTH JIE3BUEM OT OKCHJOB WIH CYJIb(PHUIOB ce-
pebpa, KOTOpble MOTJIM O0pa3oBaThbCS MPH XPAHCHHHU DJICKTPOIOB.
BmecTo MeXaHM4eCKOW OYMCTKHA MOKHO 00paboTaTh 3JIEKTPOJ] KOH-
LHEHTPUPOBAHHBIM PACTBOPOM aMMHUaKa (HECKOJIbKO MUHYT).

2. TUlaTeNbHO BBIMBITHIC CTAKAHYMKHA Ha 50 oM YCTaHOBUTH B
IITATHB MOJYJIS M HATHTh B KOXKIbIl CTAKAHUYMK mpuMepHO 20 cM> 3a-
paHee MPUTOTOBJICHHOTO pacTBOpa HUTpaTa cepedpa. YCTaHOBUTh
MEKTPOJIUTUUECKUN MOCTHK M MOAKIIOUUTH CEPEOPSHBIE IIIEKTPOIbI
U OJUH TEPMOJATUYUK. DJIEKTPOJ, yCTAHABIUBAEMbII B JIEBbIN CTAKaH-
YUK, HEOOXOAUMO TOJAKIIOYUThH K MATOMY KaHally, a APYyroi — K o0-
IEMY KOHTAKTY.

3. BKIIIOUHUTH KOHTPOJUIEp M 3alyCTUTh MPOrpaMMy YMIpaBJICHUS
VJIK. B OkHe mnporpammsl yIIPaBJEHHUS AKTUBUPOBATb COOTBETCT-
BYIOIIIME KaHAJbl U3MEPEHUS, MPU HEOOXOJAMMOCTH BBIKIIOUYHUTH MeE-
manky. [Iposepurs 3nauenne 3/IC cOCTaBIEHHOrO TaJIbBAHUYECKOTO
anemenTa. Ecnu 3nauenne DJC npeBsimiaeT mo adCOMOTHOMY 3Haye-
HUIO 2 MB, OAr0TOBKY 3JIEKTPOA0B NOBTOPAIOT (1. 1).

4. I3 oqHOrO M3 CTaKaHYMKOB BBUIUTH PACTBOP HUTpaTa cepedpa
U, HE TIPOMBIBAs, MUIMETKON HAIUTh B HETO 20 CM~ MOJATOTOBJIEHHOTO
pacTBopa rainoreHujga kanusa. B okme «[lapameTpbl M3MepeHus»
OTKJIFOUUTh «ABTOMaTUYECKUN PEXUMY, YCTaHOBUTH IapaMeTpHhI:
«MHTepBan namepeHnn» — 10 ¢, «YcpeoHeHne» — BKIIIOYECHO, B
noyie «Bapbupyemblin napamMeTp» BBECTU 3HAUCHHE KOHIICHTPAIUU
pacTBopa TraJoreHu/1a U ee pa3MepHocTh. Haxkats kHOmKy «M3Mmepe-
HUey», nonydyenHoe 3HaueHue JJ[C 3anectu B Ta0I. 4.1.

5. [IpousBectu pa3z0aBieHUE pacTBOpa TaJOreHHAa B JBa pasa.
Jlst aTOoro orobpars numnetrkon 10 cM’ pacTBOpa U MOMECTUTH BME-
cro mero 10 e TACTUJUIMPOBAHHOUW BOAbI. [lepeMeniaty mosydeH-
HBIA PacTBOp, BKJIIOUMB Memanky Ha | munyry. Usmepurs 3/1C
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rajJbBaHUYECKOTO 3JIEMEHTA (BCE U3MEPEHUS MPOBOJAUTH B Mpejiesiax
OJIHOTO 3KcnepumeHTa). Omnepanuio MmociaeaoBaTebHOTO pa30basiie-
HUS IOBTOPUTH 4 pasa, Kaxabi pa3 uzmepsas I/C. PesynpraTh! 3a-
HeCTH B Tab. 4.1.

6. [IpoBecTn pacyeT MpOU3BEAECHUSI PACTBOPUMOCTHU ISl PA3HBIX
KOHIIEHTpAllUi TrajloreHu/I-uoHa 1o ypaBHenuto (4.13), ycpeaHuTb
MOJIYyYeHHOE 3HAYEHHWE M CPAaBHUTH C JIAHHBIMH, MPUBEJCHHBIMU B
CIIPABOYHOM JIUTEPATYPE.

7*. B cooTBeTcTBUM C ypaBHeHuUeM (4.13) moctpouth rpaduk B
koopauHarax E = f(Ina, ) u onpenenurs u3 TaHreHca yria HaKJIOHA

TIOJIy4CHHON NPAMOM cpefHee 3HaueHHue [1Pa x. s 3T0ro HE00X0-
JMMO CHavajia IOCTPOUTh MepBUYHbIN rpaduk 3aBucuMoctu IJC ot
BApbUPYEMOTO MapaMeTpa (KOHLEHTpaluu), a 3aTeM MOCTPOUTH Ha
€ro OCHOBE pe3yJbTHUpYIOMmHHN rpaduk: «Y = y» u «X = In(x)». s
MPOBEACHUS MPSAMOU U OMpeeeHus: ee Kod3P(UIIMEHTOB BOCIOIb30-
BaTbcs KHOMKOHN «[1pamasa nmHna no MHKy». CpaBauth HaiiieHHOE
3HaueHue [IPxgx CO CpPeIHUM 3HAYEHHEM, OINPENIEIEHHLIM B II. 6, a
TaK>Ke CO CIIPABOYHBIM.

Tabmuma 4.1

Cxx, M E. B 1IP pgx
0,01
0,005

Iucomennwtiit omuem no padbome NONKEH COAEPKATh: HA3Ba-
HUeE, 11eJb paboThl, 000PYyAOBAaHUE U PEAKTUBBI, CXEMY YCTAHOBKHU
JJI. TPOBEACHUSI AKCIIEPUMEHTA, KPATKUE TEOPETUYECKHUE OCHOBBI
MeToJa C pacueTHbIMH ¢dopmynamu, Tadbauny 3HadeHut C, E u
IIPgx, Tpaduk B koopmunarax E = f(Ina, ), pacuer Bennunubi
TIPsgx 13 rpaduKa, BBIBOJBI.

Koumponwvuwie 6onpocol

1. Dnexrpon. CTaHmapTHBIA SJIEKTPOJHBIMN MOTEHIMAN. Y paBHE-
Hue HepHcera.

2. Knaccudukanust 3J1IeKTpOI0B.

3. N'anpBannveckuii 3nemMedT. 3/]C raapbBaHUYECKOro 3JIEMEHTA.

4. JIndy3uoHHBIN MOTEHIIHAT U CTIOCOOBI €r0 YCTPaHEHUS.

5. IIpousBeneHue paCTBOPUMOCTH.
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6. IlorenunomMeTpus. IloTeHIIMOMETPUUECKOE ONMPEACICHUE MPO-
W3BEJCHUS PACTBOPUMOCTH.
7. TepmoauHaMHKa rajJbBaHUYECKOTO JJIEMEHTA.

Paboma 2. OnpedesieHue cpedHe20 Ko3ghhuyuenma
aKmueHocmu 3j1eKkmpoauma
MemodoM nomeHyuomempuu

Ienv padbomut

Onpenenuth 3HAYCHUS CcpeaHero KodhdUIIMEHTa aKTUBHOCTU
PAaCTBOPOB COJITHOW KHUCJIOTHI Pa3HbIX KOHLIEHTPAUUMH METOAOM IO-
TEHIITMOMETPHHU.

Oobopyoosanue u peakmuenl

1. VJIK «Xumus» (LIEHTpaIbHBIA KOHTPOJUIEP, MOIYJb «DJICK-
Tpoxumus» uid «TepMocTaTy, TEPMOJATUMK, CTEKISIHHBIA U cepeo-
DSIHBII SIEKTPOIBL, CTAKAH Ha 50 cM’);

2. 0,1 M pacTBOp COJISTHON KUCJIOTBHI;

3.0,01 M pactBop AgNOs;

4. JlucTunaupoBaHHAs BOJAA;

5. /IBe nunetku Ha 10 oM, nabopaTopHas mocyaa.

Memoouueckoe obocrnosanue padoomal

Jlns onpeneneHus cpeaHero ko3 duimeHTa akTMBHOCTH PaCTBO-
pa COJITHOM KHCJIOThI HEOOXOJIMMO COCTAaBUTh TaJIbBAHWYECKHUU dJIe-
MEHT, COCTOSIIUA W3 XJIOPHUJACEPEOPSTHOTO M CTEKJISIHHOTO 3JIEKTPO-
JIOB:

Ag | AgCl | HCl,q) | crexno | HCI(0,1 M) | AgCl | Ag.

O/1C aT0ro raapBaHMYECKOTo JeMEHTa OyIeT paBHa

RT RT
E=@ —¢xcy = (PCT + 7lna (ch3 + 7111 aq-

YuureiBas, uto E° =) — @ycry, TOTYIHM

E° E—Z%Tl - 2§T InCype. (4.14)
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JIi1s IpeiebHO pa30aBICHHOTO pacTBOpa

. 2RT . o 2RT 0

1 EF—-——1 =1 E +——1 =F". 4.15
Ln( F CJ Ln( e f] (4.15)
Sfi—l fi—1

CornacHo Teopun Jlebas — Xrokkens Jjsi pa30aBICHHBIX PacTBO-

POB JIOJDKHA HAOJI0AaThCs MPSIMOJIMHENHAs 3aBUCUMOCTh B KOOP/IU-
RT

2 1/2
HaTax E _Tln Cycr =AChcr ). Takum oOpazom, SKCTpanoupys 3a-
BUCUMOCTb JI0 HYJIEBOW KOHIICHTPAIUU, MOKHO OTIPE/ICIUTh 3HAUCHUE
cranaaptHor DJIC HCTIONB3yeMOro raibBAHUYECKOrO 3JIEMEHTA. 3Has
3HaueHue £, MOKHO PacCUUTATh CPeIHUi KOO(G(HUINEHT aKTHBHOCTH
pacTBOpa COJITHOM KUCJIOTHI, UCIIOJIb3Ys ypaBHEeHUE (4.14).

Hopaook evinonnenusn padomaot

1. Ilepen mpoBeseHHEM TEPBOrO OMbITA MOBEPXHOCTH cepedpsi-
HBIX JJICKTPOJOB OYMCTUTH JIE3BUEM OT OKCHJIOB WJIU CYIb(PHUIOB ce-
pebpa, KOTOpble MOTJM O00pa3oBaThCsA MPHU XPAHEHUU DJIEKTPOJIOB.
BmecTo MeXaHM4eCKOW OYMCTKHA MOKHO 00padoTaTh 3JEKTPOJ KOH-
LHEHTPUPOBAHHBIM PACTBOPOM aMMHUaKa (HECKOIbKO MUHYT).

2. B TmiareinnrHO BBIMBITHEINM cTakaHYMK Ha S50 CM° TIOMECTHUTH C
MOMOIIBI0 MHITETKH 20 CM’ PacTBOpA COISHON KHCIIOTHL B cTakaHdmK
BHECTH HECKOJIKO Karesib pacTBOpa HUTpaTa cepedpa s CO3AaHus
PAacTBOPA, HACKIIIEHHOTO OTHOCUTEIHHO HOHOB Ag' (3TO HEOOXOIHMO
IUTISL TIOJTYYEHHUS XJIOPUACEPEOPSIHOrO AJIEKTPOAa, 0OpaTUMOI0 OTHO-
CUTENIbHO XJIOPU-UOHOB). [ToAKIIFOUNTE TEPMOJATUMK K EPBOMY Ka-
HaJly, CTEKJIIHHBIN JJIEKTPOJ — K MATOMY (MOAYJIb «DIEKTPOXUMHSI)
wim Tpetbemy (Moayisib «TepMmocTaT») KaHay U CEpeOpPSIHbIN 3JIeK-
TpoA — K OOIeMy KOHTakTy. BKIIOUHWTH KOHTPOJUIEp U 3aIlyCTUTh
nporpammy yrnpasieHus YJIK. B okHe mporpamMmbl ynpaBlieHUs aK-
TUBUPOBATh COOTBETCTBYIOIINE KaHAIbl U3MEPEHUS, TPU HEOOXOAU-
MOCTH BBIKJTIOUYHUTH MEIIAJIKY.

3. B okue «[TapameTpbl n3MepeHus» oTKIIIoYuTh «ABTOMaTU-
YEeCKUN pPeXuM», yCcTaHOBUTH Napamerpel: «/HTepBan u3amepe-
HU» — 10 ¢, «YCcpeaHeHney» — BKIIIUEeHO, B nojie «BapbupyemMbin
napamMeTp» BBECTH 3HAYCHUE KOHIEHTPAIMU pacTBOpa COJISTHOM KU-
CJIOTHI U €€ pa3MepHocTh. [lociie yctaHoBneHus: paBHOBecHs (3—5 MuU-
HYT) HaXxaTh KHONIKY «/13MepeHuney, nomyduennoe 3HaueHue DJIC 3a-
HECTH B Ta6. 4.2.

76



4. IlpousBectu paz0aBieHUE pacTBOpa COJISTHOM KHUCIOTHI B JBa
paza. [lmsa aTtoro oroOparh numnetkoit 10 oM pacTBOpa U MOMECTUTH
BMecTO Hero 10 cM® IHCTHITHpOBAaHHON Bobl. IlepeMemars Ioly-
YEHHBIM PacTBOP, BKIIIOYMB Memanky Ha | munyty. [locne ycraHoB-
nenust paBHoBecust (3—5 muHyT) m3Meputrb JOJIC rajibBaHHYECKOTO
3JIeMEHTa (BCE M3MEPEHUsI MPOBOJAUTH B MpEJEIax OJIHOTO KCIEepH-
MeHTa). Onepanuio MOCIE0BATEIBLHOIO pa30aBlieHUs] MOBTOPUTH 4

pasa, Kaxabii pas uamepsis J1C. PesynapTatsl 3anectu B Ta0:1. 4.2.
RT

5. I[loctpouts rpaduk B KOOpAMHATAX E —len Cyel = f(CHClm).
Jlnst 3TOr0 HEOOXOUMO CHayaja MOCTPOUTH MEPBUYHBIN rpaduk 3a-
BucumMoctu DJIC ot BappupyemMoro napamerpa (KOHLEHTpaluHn), a 3a-
TEM TIOCTPOUTh Ha €ro OCHOBE pPE3yJbTUPYIOMIHMN rpaduk:
«Y =y —a*In(x)» u «X = sqrt(x)», TJIe BMECTO a CIEAYET MOJACTaBUTh
YUCJICHHOE 3HaueHue BhIpaxkeHus 2RT/F. Jlng npoBeneHus npsamMou u
onpenencHus e¢ Kod(pGUIMEHTOB BOCIIOJIB30BAaThC KHOMKOW «[1ps-
mMas nuHma no MHK». OnpenenuTs U3 oTCEUSHUS MOTYYSHHOUW Tps-
MO 3HaucHHe E° B COOTBETCTBHH C ypaBHeHUeM (4.15).

6. Boruncnuth 3HaueHus In £ U fi 111 pa3IuYHbBIX KOHIICHTpaIUi
pactBopa HCI no ypaBHenuto (4.14) u naHHble 3aHeCTH B TabOiu. 4.2.
CpaBHUTH MOJYYEHHBIE 3HAYEHUS C TEOPETHUUYECKUMH, BHIYUCICHHBI-
MU 110 3akony [lebast — ['tokkens.

TaOmnuma 4.2

CHCI» M Ea B lnfi fi fiTeop
0,01
0,005

Iucomennstit omuem no paéome NOJDKEH COACPKATh: Ha3BaHNUE,
1eJb padoThl, 000PYIOBAHUE U PEAKTUBBI, CXEMY YCTAHOBKH JJIsI TIPO-
BEJICHUSI DKCIICPUMEHTA, KPAaTKUE TEOPETHUYECKHE OCHOBBI METOJA C
pacueTHbIMU QopMyrnamu, Tabnuny 3HaueHuid C, E u f., rpaduueckoe
ompeneierne £, BEIBOIBL

Koumponwvuoie 6onpocul
1. Dnextpon. CTaHIapTHBIN 3JEKTPOJAHBIA MOTEHLIMATI. Y paBHE-
Hue HepHcera.
2. Knaccudukanus 351€KTpOJI0B.
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3. 'anpBannyeckuit asemMenT. DJ]C raJbBaHUUECKOTO JIEMEHTA.

4. AxtuBHOCTh. Koadpduument axtuBHocTH. CpeaHUN HMOHHBIM
K03 (PUIIMEHT aKTUBHOCTH.

5. Illorenunomerpusa. IlOTEHLIMOMETPUUECKOE ONPENECIIEHUE KO-
ahuineHTa akTHBHOCTH.

Paboma 3. OnpedeseHue KOHCMAHMbI KUCJI0MHOCMU
€/1a6011 KUc/10mbul Memoadom nomeHyuomempuu

Henv pabomoi
Onpenenutb KOHCTAHTY JUCCOLUAIMN YKCYCHOW KHUCJIOTHI 1O 3a-
KOHY pa3basnenust OcTBaba.

Oobopyoosanue u peaxmuenl

1. VJIK «Xumus» (LIEeHTpadbHbIA KOHTPOJUIEP, MOAYJb «DJIEK-
Tpoxumus» uwin « TepMoctaTy, TEPMOAATUNK, CTEKIISIHHBIM 3JIEKTPO,
XJ0pcepeOpsHBIN 2JIeKTpod, cTakaH Ha 100 CM3);

2. 0,1 M pacTBOp YKCYCHOW KHCIOTHI;

3. MepHble ko0s! Ha 100 cv’.

Memoouueckoe obocnosanue padbomuot

JI71st pacTBOPOB CJIA0BIX 3JEKTPOJIMTOB BBIMOIHSAETCA 3aKOH pas-
0aBnenust OctBanbaa. Tak, Juisl YKCyCHOM KUCJIOTBI CXeMa JAMCCOIa-
I OMUCHIBACTCS YPABHEHUEM:

CH;COOH —— CH,COO + H".

CreneHb TUCCOIMAIIMN KUCIOTHI ¢ CBSI3aHAa ¢ KOHCTAHTOM JIUCCO-
[MAIlMU KUCJIOTHI IO 3aKOHY pa3BeneHust OcTBaibaa:

2
kK, =2< (4.16)
-«
Ecnu npunste, yto 1 — a= 1, TO nosrydyaem, 4to
K
~ |—2, 4.17
ax | (4.17)

Tak kak KOHIIEHTpalUsi HOHOB BOJOPOJa B pacTBOpE Ciaboi Ku-
CJIOTBl PaBHA MPOU3BEACHUIO MOJISIPHOM KOHLEHTPAIMUA KHUCJIOTHI U
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CTEMEHU JTUCCOIMAlUM, TO BeluuuHa pH pacTtBopa ciiaboi KHUCIOTHI
CBSI3aHA C €r0 KOHUEHTPALMEHN 110 YPABHEHUIO:

1 1
H=—loC—-—1eK . 4.18
pH =-1gC~—lgK, (4.18)

3Has 3HaYeHUe pH TIpu 3aJ]aHHOW TeMIlepaType U KOHIIEHTPALUIO
YKCYCHOM KHCJIOTBI, MOYKHO ONPEIEIUTh KOHCTAHTY JIHMCCOLIMAIUU.
Jl71st aTOr0 HE0OXO0UMO TOCTPOUTH rpaduk B koopaunarax pH — g C.

OTpe30K, OTCEKAEMbIN MOJYYEHHOM MPSMOM HAa OCU OPJAWHAT, PABEH
—%nga.

N3mepenue pH pacTBOPOB METOJOM IMOTECHIMOMETPHUH OCYILECT-
BIISIETCS. MIPU MOMOIIUA 3JIEKTPOJOB, MOTECHIHAT KOTOPBIX 3aBUCHUT OT
aKTUBHOCTH MOHA BOJIOpojia B pacTBope. Jis aToi nenu HamOosee
4acTO B JIaOOpPaTOPHON MPaKTUKE MPUMEHSETCS CTEKJISHHBIA dJIeK-
TPOJL.

CTEKJISIHHBIN 3JIEKTPOJI — HWOH-CEJICKTUBHBIN JJIEKTPOJ, CEJECK-
TUBHBIA MO OTHOIIEHHWIO K MOHAM BOJIOPOJIa HAXOASAIIMMCS B PacTBO-
pe. lloTeHnuman CTEeKISTHHOTO 3JEKTPOAAa 3aBUCHUT OT aKTUBHOCTH HO-
HOB BOJOPOJIa CIEAYIOIIHNM 00pa3oM:

E, =E3T+1;—T1naH+ =E —b-pH. (4.19)

g onpenenenus pH HEKOTOPOTO pacTBOPa COCTABIISIOT LIEIb U3
CTEKJISIHHOTO 3JIEKTPOJa, MOTPYKEHHOIO B MCCIEIYEMBbIN pacTBOp, U
AJNEKTPOJA CPAaBHEHHMS, MOTEHIMAJ KOTOPOrO0 COXPAHSETCS IMOCTOSH-
HBIM B XOJE 3KCHEPUMEHTA. B COBPEMEHHOW MPAKTHKE B KayeCTBE
AJIEKTPOJIa CPABHEHUSI OOBIYHO MCHOJIb3YETCSI HACBIIICHHBIN XJIOPU-
cepeopsHbIi 1ekTpo (XCI):

Ag | AgCl | uccnenyemsiii pactsop | crekiio | HC1 (0,1 M) | AgCl | Ag .

Torma Mel MmoxxeM 3anmcaTth DJ1C Bcelt 1enu

0
E=E,—Excy=E;—b-pH — Excy.

CrnemoBaTenbHO, MTOTEHIIMAT TAaKOTO dJIeMeHTa OyJeT JUHEEH OT-
HOCUTEJIbHO 3HAaueHUs pH. 3Hasg mOTEHIHUAN 3JIEMEHTA, COJICPKaILETO
PacTBOpP C M3BECTHBIM 3HAYCHUEM pH, MOXHO PacCUUTATh 3HAUYCHUE
BCEX MOCTOSIHHBIX BEJWYMH, BXOIAIIMX B ypaBHEHUE. B Hamewm ciy-
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4yae — 3TO CTAHJAPTHBIA MOTEHIIMAJI CTEKJISTHHOTO 3JIEKTPO/JIa U MOTEH-
uan XCHO. O6o3HayuM uX pa3HUIly Kak £’ U BbIpa3uM yepe3 MOTEeH-
uaj 3JIeMEeHTa U 3HaueHue pH pactBopa:

E'=E) HEy.y=E+b-p

OKCNEPUMEHTAIIBHO OMNpeneauB E', Mbl CMOXEM ONpenenuts pH

JIPYroro pacTBOpa, C HEM3BECTHBIM 3HaueHUeM pH, o dhopmyiie
pH:$. (4.20)

s sKCriepuMEeHTaIbHOro omnpeaeaeHus E' ucnonbi3yrot 0ydep-
HbI€ PACTBOPHI C U3BECTHHIMU 3HAUYCHUSIMU pH. 3HaAUEHUS MOCTOSH-
HbIX E' ¥ b 115 UCNONIb3yeMbIX B PabOTE DJIEKTPOJAOB YKa3bIBAIOTCS
IPENOIABATEIEM.

[Ipumensiembie aisi pH-MeTpum CTEKJISTHHBIC SJIEKTPOJABI UMEIOT
JUHEUHYIO0 XapaKTePUCTUKY B JOBOJBHO IIMPOKUX AUAINA30HAX TEM-
nepatyp u 3HadeHuii pH (ot 0 1o 12). B Hacrosee BpeMs usmepeHue
3HaueHUil pH ¢ MOMOIIBIO CTEKJISIHHOTO S3JEKTpOa IMOIYYUJIO Hau-
OoJiblliee pacnpocTpaHeHUEe B JiabopaTtopHoM mpakTuke. OgHAKO Ha-
psay C IOCTOMHCTBAMHM OH MMEET U Psii HEJOCTAaTKOB. | TaBHBINA €ro
HEJIOCTATOK — 3TO XPYMHKOCTh (ITOATOMY OOpamaThCs €O CTEKISTHHBIM
NIEKTPOJIOM CIIEAYET MPENEIbHO OCTOPOXKHO). Jpyrum ero Hemocrar-
KOM SIBJISIETCS JIOCTATOYHO JIOJTO€ YCTAHOBJIEHHWE PAaBHOBECHOTO 3Ha-
YeHUs MOTEeHIHAIA (OKOJIO MATH MUHYT). CONPOTUBJIEHUE CTEKJISTHHO-
ro 3JIEKTpoAa JOCTATOYHO BEIUKO (OT AECATKOB 10 coTeH MOm),
MO3TOMY MpU padoTe C HUM HEOOXOJIHMMO HCIOJIb30BaTh MOTEHIIHUO-
METPHI C BBICOKUM BXOJIHBIM COTIPOTUBJICHUEM.

Hopaook evinonnenusn padomaot

1. IIpUrOTOBUTH CEpHUIO PACTBOPOB YKCYCHOW KHUCIIOTBI METOAOM
nocieaoBaresibHOro paszdasnenus ucxoanoro 0,1 M pactBopa coot-
BeTcTBEHHO B 10, 100 1 1000 pas3.

2. BKJIIOYHATH KOHTPOJUIEP M 3aIyCTUTh MPOTrpaMMy YNPaBICHUS
VIJIK. IloaknounTh TEPMOJIATUUK, CTEKISHHBIA U XJIOpCEPEOPSHBIM
AJIEKTPOJIBI K COOTBETCTBYIOIIMM pazbeMaM. B OkHE mnporpammsl
yIPaBJICHUS aKTUBUPOBATh HEOOXOAMMBIE KaHaJbl U3MEPEHUS, MPH
HEO0OXOUMOCTH OTKJIIOUYUTH MEIIIAJIKY.
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3. HanuTh B CTAKAHYHK OKOJIO 60 CM’ pacTBOpA KHCIOTHI C KOH-
uentpanueit 0,1 M. Ilorpy3uts B CTakaH 3JEKTPOIbI C TEPMOIAATUH-
koM. Illapuk CTEKISHHOIO 3JIEKTPOJa U HOCHUK XJIOPCEPEOPSIHOrO
JIOJKHBI OBITH MOJTHOCTHIO TIOTPYXKEHBI B UCCIEAYEeMBbIil pacTBOp. OT-
BEPCTHE B BEPXHEHM YaCTU XJIOPCEPEOPSHOTO AJEKTPOJIa JOKHO OBIThH
OTKPBITO.

4. B okHe «[lapameTpbl U3MepeHust» oTkIounTh «ABTOMATK-
YEeCKUN peXnmMmy», ycTaHOBUTH TapameTpbl: «/HTepBan wnamepe-
HU» — 10 ¢, «YCcpeaHeHney» — BKIIIUEeHO, B nojie «BapbupyemMbin
napameTp» BBECTH 3HAUYCHUE KOHIICHTPAIIMW PAacTBOpPa COJISTHOW KH-
CJIOTHI U €€ pa3MepHOCTb. [lociie ycranoBieHus: paBHoBecus (3—5 mu-
HYT) HAKaTh KHONIKY «/3MepeHuney.

5. IloBTOpUTH M3MepeHue pH s pacTBOPOB C IPYTMMHU KOHIIEH-
TpauusiMu (BCE€ U3MEPEHUS MPOU3BOJAUTH B PAMKAX OJHOTO AKCIEPH-
MeHTa). [1o okoHYaHUM PabOThI CTEKJISHHBIA AJEKTPOJ, TOMECTUTH B
pacTBOp COJISTHOM KHCIOTBI, a XJOpCEpeOpsSHbIH — B HACHIIIECHHBIN
pacTBOp XJiopujia Kayus (MpeBapuTEIbHO 3aKPhIB OTBEPCTHE B BEPX-
HEW 4acTH 3JIEKTPOJIa).

6. [locne m3mepenust pH ayst BceX pacTBOPOB B COOTBETCTBUU C
ypaBHeHueM (4.18) HeoOX0AUMO NOCTPOUTH rpaduK 3aBUCUMOCTU pH
or lg C. Jlnsg »Toro HEOOXOAMMO CHayaja MOCTPOUTH MEPBUYHBIN
rpaduk 3aBucumoctd IDJC oT Bapbupyemoro mnapamerpa (KOHIIECH-
TpalliH), a 3aT€M MOCTPOUTH HA €r0 OCHOBE PE3YJIbTHUPYIOUIUN Tpa-
buk: «Y = (E'— y)/b» n «X = logl0(x)», rne Bmecto E' u b cnenyer
MOJICTABUThH YMCIICHHBIC 3HAYCHUSI COOTBETCTBYIONIMX KOHCTAHT. JlJis
MPOBEACHUS MPSAMOU U OTpeeeHus: ee Kod(PHUIIMEHTOB BOCIIOIb30-
BaThcs kHomMkoH «[1pamasa nmHusa no MHKy». Onpenenuts u3 otce-
YEHUS IOJIyYEHHOW MPSMOU 3HaYeHue K, B COOTBETCTBUU C ypaBHE-
HueM (4.18) u CpaBHUTH €r0 CO CIIPABOYHBIM.

Iucomennwtit omuem no pabome NOIKEH COAECPKATh: HA3BaHUE,
1eJb padoThl, 000PYJIOBAHUE U PEAKTUBBI, CXEMY YCTAHOBKH JJIsl TIPO-
BEJICHUSI DKCIIEPUMEHTA, KPAaTKUE TEOPETUUECKHE OCHOBBI METOAA C
pacueTHbiMU (opmynamu, Tabnauny 3Hadenut C, E u pH, rpaduk B
koopauHarax pH — lg C, pacuet Benuuunsl K.

Koumponwvuoie 6onpocel
1. Dnextpon. CTaHIapTHBINA 3JEKTPOJAHBIA MOTEHIMATI. Y paBHE-
Hue HepHcra.
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2. Knaccudukanus 3J1€KTpOJI0B.

3. 'anpBannyeckuit aemenT. DJ]C raJabBaHUUYECKOTO DJIEMEHTA.

4. CunbHble M cjalble 3JIEKTpoJuThl. 3akoH OctBanbiaa. KoH-
CTaHTa JUCCOIUAIIUY.

5. Bogopoansiii nnokazarenb (pH). [loTeHimoMeTpuyeckue MeTo-
Ibl onpenencHus pH.

Pasgen 5. KuHeTHKa XUMH4YEeCKUX peaKI i

Teopem udyeckKkdasi 4acmbos

Xumuueckasn KuHemuka — 3TO YYEHHE O CKOPOCTH U MEXaHU3MaX
XUMHUYECKUX peakiuii. COBOKYMHOCTh CTAJUN, U3 KOTOPBIX CKIIAJbI-
BAETCA XUMHUYECKAs PEaKIUs, HA3bIBACTCA MEXAHUIMOM XUMUUECKOU
peakyuu. Kunetuka uzydyaeTr BIUSHUE Pa3UYHBIX (PAKTOPOB (TEMIIe-
parypbl, KOHIEHTPAlUU pearupyrommx BeElIeCTB, naBieHus, pH, Ha-
JUYUS KaTalnu3aTOPOB U IP.) HA CKOPOCTh XUMUYECKOUN peakiluu.

OCHOBHBIM TIOHSITUEM XUMHUYECKOW KUHETUKU SIBJISIETCSI TTOHSITHE
CKOPOCTH XMMHYECKOM peakunu. [lon ckopocmuvio xumuyeckou peax-
Yyuu TIOHUMAIOT W3MEHEHHE KOJWYECTBA PEArHPYIOIIUX BEIIECTB B
€IMHUILY BpEMEHHU B €IMHUIIC OObeMa:

posldn_, dC (5.1)
V dt dt
rae C — Tekyliasi KOHIIEHTpAIusl HCXOJHOTO BEIIECTBA WM MPOIAYKTa,
MOJIB/ZIM".

OCHOBHBIM TNOCTYJIATOM XMUMHYECKON KUHETHKHU SIBISIETCS 3AKOH
0elcmeyIouux Macc: CKOpOCTb XMMUYECKOW pEeaKUUU B KaXKJbId MO-
MEHT BPEMEHHM MPONOPIHOHAJIBHA MPOU3BEACHUIO KOHIIEHTpAIUi
pearupyrommx BEHIECTB K JAHHOMY MOMEHTY BPEMEHHU B HEKOTOPBIX
CTENEHAX (B MPOCTEHIIEM CIydae PaBHBIX CTEXMOMETPUYECKHUM KO-
s durmentam). Hanpumep, 11 peakuuu:

mA +nB — pC + gD
W=kC\"Cyg", (5.2)

rae k — Ko3(pQUIMEHT MPONOPIMOHATBLHOCTH WM KOHCTaHTa CKOPO-
CTHU PEaKIUHU.
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N3 Boipaxenus (5.2) BUIHO, YTO KOHCTAHTa CKOPOCTHU YHMCJICHHO
paBHa CKOPOCTH PEAKIMU IPU KOHLEHTPALMAX PEarupyrolux Be-
1IECTB, PABHBIX CAUHHUIIE.

XVWMHYECKUE PEAKIIUU MOKHO KJIACCU(PUIUPOBATH MO MOJIEKYJISIp-
HOCTH U MO NOPAIKY peakuun. Monekynaprocms ONPEAEHseTC YUCIOM
MOJIEKYJI, YYaCTBYIOIMX B JIEMEHTAPHOM aKT€ peakuuu. TaK, peakuus
«A — TPOAYKTHD SBISECTCS MOHOMOJICKYJISIPHOU, peakuusa «A + B —
MPOIYKTBD) WIH «2A —> MPOAYKTBD — OMMOJICKYJIAPHOM, a peaKIius
«A + B + C - npoaykTe» — TPUMOJEKYJSAPHOU. TpHUMOJIEKYIISIpHbIC
pEeakMK BCTPEYAIOTCS KpaHE PENKO, T. K. OTHOBPEMEHHOE COYIapEHUE
TPEX MOJIEKYJI MaJOBEPOATHO. [1opadok peaxyuu ONPEACNAETCsS BEJH-
YUHOW IOKa3aTessl CTENEHW IIPU KOHLEHTPAlUMU KaXKIO0r0 U3 pearu-
PYIOLIMX BELIECTB B YPABHEHUM 3aKOHA JICUCTBYIOIMX Macc. Pa3nnua-
IOT TIOJIHBIA M YaCTHBIM MOPSAAOK peakumu. Kaxapli U3 nokasareneu
CTENEHEN ITPU KOHLICHTPALMU PEAarupyIOIINX BEIIECTB BBIPAXKACT YaCm-
Hulll nopsdox peakumu. CymMma IOKa3aTenell CTENeHEH OIpenemnsieT
nOHbIL nopsAdok peakuuu. HekoTopble peakiinu XapakTepu3yroTcs: Hy-
JIEBBIM TOPSIIKOM, T. €. KX CKOPOCTh OKa3bIBACTCS MTOCTOSIHHON BEIUYH-
HOW, HE 3aBHCSIIECH OT KOHIIEHTpauuu peareHra. HyseBsIM mopsikom
XapaKkTEepU3yIOTCsl peaKklvy, MPOTEKAIOIIMEe Ha TpaHule pasaena ¢as,
T. €. TETEPOTCHHBIC PEAKLINU.

[Topsimok ¥ MOJEKYJISIPHOCTh HE BCErjia COBMaaaroT. Tak, Oumoie-
KYJISIpHAsI PEaKIUsi MOKET ObITh PEaKIUell MepBOro MOPsIKa, €CIU OJHO
U3 pearupyrommx BEIIECTB HAXOAUTCS B U30BITKE M €r0 KOHIICHTPAIIUS
3aMETHBIM 00pa30M He MeHseTcs. Takue peakuuu UMEIOT MECTO Yalle
BCEro B TEX ClIydyasdx, KOI/Ia OJIMH U3 PEareHTOB MpPEJICTaBIseT cOOOM
pacTBOPUTEIb, KaK 3TO ObIBaE€T B OOJILIIMHCTBE PEAKIMN THAPOJIN3A.
Takue peakny Ha3bIBAKOTCS MICEBIOMOHOMOJIEKYJIISIPHBIMH.

Yacto peakuusi MPOTEKAET CIOKHBIM ITyTEM, B HECKOJIBKO CTaJIHM,
U TOTJa 00IIas CKOPOCTh PEAKLUU OIPEAEIIETCS CKOPOCThIO HanboJiee
MeaeHHOM craanu. [lopsAmok peakunn 3aBUCUT OT YCIIOBHM €€ ITPOTe-
KaHusA. MeHsis ycinoBUs (KOHUEHTPALUK WU JABJICHUE), MOXKHO H3Me-
HUTH MOPAZIOK. B CBS3M C ATUM MOPSAIOK PEaKud MOXKET ObITh U IPOO-
HbIM, W HyJeBbIM. KOHCTaHTa CKOpPOCTH XUMHYECKUX PEaKIUn
BBIYUCJIISIETCA U3 OMBITHBIX JAHHBIX [0 KHUHETUYECKUM YPABHEHUSM.

Jns peakuuu mepBOro nopsiika KMHETUYECKOE YPABHEHHE B CO-
OTBETCTBHUU C 3aKOHOM JICMCTBYIOIIMX MacC UMEET BU/:
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w=-9C_c,
dt

WY B UHTETpAIbHON opme:

C
<0 =k, 53
nC t (5.3)

rae Cy — HayajbHasg KOHIIEHTpalus MCXOJAHOro BemiectBa; C — KOH-
LHEHTpanus €ro K MOMEHTY BPEMEHHM ¢ OT Hayaja peaklyH.

B npucyTrcTBUM KaTanu3aTtopa CKOpPOCTb PEAKIMU H3MEHSETCS.
Kamanuzamopamu Ha3bIBalOTCS BEIIECTBA, KOTOPHIE HE PACXOIYIOTCS
B pEaklMH (€CIU M PacCXOAYIOTCS B IPOMEXKYTOUYHBIX dTanax, TO MOJ-
HOCTBIO PETCHEPUPYIOTCS IO 3aBEPUICHUN PEAKLNU), HO TPUBOAAT K
U3MEHEHUIO €€ CKOPOCTH. PaznuaroT KaTanus nonoxcumenvhuiil (Ipu
KOTOPOM CKOPOCTb pEaKUUU YBEIUYUBACTCS), OMPUYAMETbHBIU
(YMEHBIIAIOIIUKA CKOPOCTh pEaKUuu) U asmoxamanu3 (CBONCTBAMU
KaraauzaTopa o0najaeT OJUH U3 MPOAYKTOB peakuuu). Katanusz mo
arperaTHOMY COCTOSIHUIO BEIIECTB, YYAaCTBYIOIIUX B PEAKLHH, AEISIT
Ha TOMOTE€HHBIM M TeTEepOreHHbIM. Ecin Bce B3aMMOACHUCTBYIOIIUE
BEILECTBA U KaTalu3aTop HaXOoJATCs B OJHOU (asze, TO KaTaiu3 Ha3bl-
BACTCSl 20MO2EHHbIM; €CIIN B PAa3HbIX (pa3zax, TO KATAIU3 2cemepo2en-
Huiu. BeTpewaercs takke muxkpozemepocennviu katanui3. K Hemy ot-
HOCHUTCSI OOJIBIIMHCTBO OMOJIOTUYECKUX KaTaau3aTopoB ((hepMeHTHI).

JI71s1 MHOTMX TOMOTE€HHBIX KaTATUTUYECKUX PEAKIIHIA

k= k() + kKCK, (54)

rie k — KOHCTaHTa CKOPOCTU B MPUCYTCTBUHU KaTaiau3aTopa; k) — KOH-
CTaHTa CKOPOCTH IPH OTCYTCTBHH KaTalm3aTropa; kx — KaTaJuTHue-
ckuit ko3 punment; Cyx — KOHIIEHTpallusl KaTajanu3aTopa.

KaTtanuzaTopbl 4yBCTBUTENbHBI M K HAJIMYHIO MMOCTOPOHHHMX Be-
IIICCTB, IPUIEM MOTYT OBITh BEIIECTBA, YBEIMYHMBAIOIINE KaTaIUTHIC-
CKYI0 aKTUBHOCTb KaTaju3atopa (npomomopsl) 1 YMEHbIIAIOIINE WUIU
COBCEM MPEKpAIAIOIINe €ro JAEUCTBUE (UHeUbOUMOp®I, Kamaiumuye-
cKue 510bl).

CKOpOCTh XMMHUYECKHX PEAKIMH C MOBBILIEHHEM TEMIIEPATYPHI
yYBEIUYUBACTCS. 3aBUCHMOCTh CKOPOCTH PEAKIMH OT TeMIlepaTypbl
OTMHCBIBACTCS AIMIIUPUUYECKUM npasuiom Banm-I'oghgha: npu Harpea-

84



Huu Ha 10 rpagycoB KOHCTaHTa CKOPOCTHU (CKOPOCTh PEAKIIMU) YBEJIH-
yuBaeTcs B 2—4 pasa, T. €.

,Y:kT+IO _Wrio —2+4, (5.5)
kr Wr

re Y — TeMIlepaTypHbId KOAI(PODUIIMEHT CKOPOCTH peaKuu; krio H
kr— KOHCTaHTBI CKOpOCTH mpu Temmeparypax 7 + 10 u T cooTBeTCT-
BeHHO. OnpeaeauB Y, MOXXKHO MPUOIU3UTEIbHO PacCUUTaTh 3HAUYCHHE
KOHCTAHTBI CKOPOCTH B HEOOJIBIIIOM TEMIEPATYPHOM MHTEPBAJIC.

bosnee TouHas 3aBUCUMOCTh CKOPOCTH PEAKIUU OT TEMIEPATypPhI
BBIpaXKaeTcsl ypaBHEHUEM AppeHunyca, KoTopoe B tuddhepeHuanbHoMl
dbopme nMeeT BU:

dlnk_ E
dT  RT?*’

(5.6)

rje k — KOHCTaHTa CKOPOCTH peakiuu; I — temmneparypa; R — yHuBep-
CaJibHas ra30Basi NOCTOsIHHAA; £ — dHeprus aktuBauuu peakuuu. [Ipu
VHTETPUPOBAHUY MOJIyYAEM:

E

k=Ae RT (5.7)

riae A — sMIupuyeckas MOCTOsTHHAsA, Ha3biBaeMasi MPEIdIKCIOHEHIU-
aJIbHBIM MHOKHUTEJIEM.

Ouepeueu axmueayuu peakunu (E) Ha3pIBACTCA MUHUMAaJbHAs
n30bITOYHAS PHEPTUs (B pacueTe Ha OJUH MOJIb), KOTOPOH JOJIKHBI
o0JlalaTh pearupyronme MOJIEKYJbl, YTOObl CTOJIKHOBEHUS MEXIY
HUMM TIPUBEJIHM K pEaKIMu. DHEPTUsl aKTUBAIIUK HAPSy ¢ KOHCTAHTOM
CKOPOCTH SIBJISICTCSI OJTHOM M3 OCHOBHBIX BEJIWYUH B XMMHUYECKON KH-
HETUKE. DHEPTUS aKTUBAIMU XapaKTEPU3YyEeT 3aBUCHUMOCTb CKOPOCTH
peaKkIuy OT TeMIeparypbl. Yem Oosbllie SHEprusi aKTUBAIUHU, TEM OBbI-
CTpPEE YBEIMYMBAETCA C POCTOM TEMIEPATypbl CKOPOCTh PEAKIUU.
JInst pa3HbIX peakiuii, UMEIOIUX OJIM3KUE 3HAYCHUS! MPEAIKCIIOHEH-
IIAAJIBHOTO MHOXUTENS A, KOHCTaHTa CKOPOCTU TPU JAaHHOW TeMIie-
parype TeM 0oJblIe, YeM MEHBIIE SHEPTUs AKTUBALIUH.

Pacuer sHepruu aktuBaiuu (J>x/Moib) MpOU3BOAUTCS aHATUTH-
YECKH IO YPaBHEHUIO AppeHnyca Ha OCHOBE 3HAYEHUM KOHCTAHT CKO-
POCTH pHU JBYX TeMIEpaTypax:
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k
TT,In—L
142 k

E=——2. 5.8
LT (5-8)

DHEpPruio akKTUBAIMM MOYKHO TaK)Ke paccUuTaTh rpaduveckud u3
TaHTeHCa yrila HaKJoHa MPsSMou B KoopauHatax In k— 1/T:

lnk:InA—El. (5.9)
RT

N3mepeHne CKOpOCTH pEeakluid OCHOBAHO HA OMNPEICICHUM KOH-
IEHTPAIIMU OJTHOTO0 W3 pEarupyrollux BEIIECTB Yepe3 pas3IMuHbIC
MIPOMEXYTKH BPEMEHHM OT Havaya peakuuu. BeiOop BelecTBa, KOH-
HEHTpaIUsl KOTOPOTO KOHTPOJUPYETCA B XOJE PEAKIIMH, TUKTYETCS
cooOpaxkeHUsIMH ya00cTBa. Bce MeToawl ompenesieHusi KOHIEHTpa-
U, TPUMEHSAEMbIC B KHHETUUECKUX HU3MEPEHUSIX, MOKHO Pa3IACIUTh
Ha JIBE TPYIIIIHI.

1. MeToabl (pU3UKO-XMMUYECKOTO aHajlu3a, OCHOBAHHBIE Ha WU3-
MEHEHHH (PU3NUYECKUX CBOMCTB CMECH C UBMEHEHUEM €€ cocTaBa (Ha-
npuMep, OMNpEeICHUE KOHIIEHTPALMU IO H3MEHEHUIO TOKa3aTelis
MPEIOMIIECHUSI, BA3KOCTH, JIEKTPOITPOBOJHOCTH U T. I1.).

2. O0ObIYHBIC METOJbI AaHATUTUYECKOW XUMUHU (HampuMep, TUTPO-
BaHUE).

[TockoJIbKY KOHIIEHTpPAIIMU BEIIECTB MO XOJy PEaKIuu Herpe-
PBIBHO MEHSIOTCSI HEOOXOAMMO OBICTpOe M3MepeHue (MeToabl (u3u-
KO-XMMHMYECKOr0 aHajau3a) MO0 TOPMOKEHUE peakluu B pode, B3s-
TOM JJIs1 aHaJIU3a.

Paboma 1. HccaedoeaHue KuHemuku
we/s104H020 2udpoau3a smujaayemama 6 pacmeope

Henv pabomoi

WccnenoBanrne KUHETUKHU PEAKIIUU THIPOKCU-UOHOB C ATHIIALIC-
TaTOM B PACTBOPE B PA3JIUUYHBIX PEKUMAX €€ MPOBEICHUS U OMpejie-
JIEHWE KOHCTAHThl CKOPOCTHU U SHEPIUU aKTUBAIMHU Mpoliecca.
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Ooopyoosanue u peaxmugnl

1. VJIK «Xumus» (LeHTpajdbHbId KOHTpPOJUIEp, MOAYJb « Tepmo-
CTaT» WIN «IJIEKTPOXUMHUS», TEPMOJATUUK, TATUUK BICKTPOIPOBO/I-
HOCTH, cTakaH Ha 50 CM3);

2.0,01 M pacTBOp ruipoKcuia HaTpuUs;

3. DTuanerar;

4. Mepusiit nummHAp Ha 100 CM°, mUTeTKH Ha | 1 5 e’

Memoouueckoe obocnosanue pabomot
[lemounoi THUAPOIM3 OTUIOBOTO 3pHpa YKCYCHOM KHUCIIOTHI
(aTHIIaIIEeTaTa) B BOAHOM PAacTBOPE MPOTEKAET MO CIAEAYIOUIEH cXeMe:

HO + CH3COOC2H5 —> CH3COO_ + C2H5OH

MexaHu3M 3TOM peakiMyi COCTOUT U3 JBYX MOCJIEIOBATEIbHBIX
cTaauil: 3aMmenieHus ruapokcuiioM rpynnsl C,HsO u mepenoca npo-
TOHA 00Pa3yIOIIEHC YKCYCHON KUCIOTHI:

HO + CH3COOC2H5 —> CH3COOH + C2H50_
C,HsO + CH;COOH — CH;COO + C,HsOH.

MennenHnas nepBast CTagusi ONPEACISIET CKOPOCTh BCETO MPOLECCa.

[TockOJIBKY peakiyio IpOBOAAT B BOAHBIX pacTBOpPax, I'I€ UCXO/I-
HBII TUJIPOKCHUJ HATPUS U 00Pa3yIOIUICS aleTaT HaTpUsl MOJHOCTHIO
JTUCCOIMUPOBAHBI, ISl KOHTPOJIS TJIyOWHBI MPEBPAIICHUS MOMXKET
OBITh MCIIOJB30BAHA BJIEKTPOIMPOBOJHOCTh PEAKIIMOHHON CHUCTEMBI.
JenctButenbHO, aHMOHBI OH  KOJIMYECTBEHHO 3aMEHSAIOTCS alleTat-
AHWUOHAMH, UMEIOIIMMU 3HAYUTEIIHO MEHBIIYIO OJABUXKHOCTD, T. €. B
X0JI€ peaKMy IPOBOAUMOCTb PaCTBOPA JI0JKHA YMEHBIIATHCS.

N3 Teopun pacTBOPOB IJIEKTPOJIUTOB HU3BECTHO, YTO YJEJbHAs
ANIEKTPOIIPOBOHOCTD 7 HE SBJSETCS JUHEWMHON (PyHKIIMEH KOHIICH-
Tpaluu, oJHaKo B pazdaBieHHbIX pacTBopax (0,01 MOJIB/IM” 1 HIKE)
3Ty (PYHKIIMIO MOKHO CUMTATh JIMHEHHOU. B TakoM ciydae i 3Jek-
TPOIIPOBOJHOCTH PEAKIIMOHHONW CMECH TTOIYYUM

r = o [OH ]+ a,[CH;COO 1,

a JId €€ 3HAUEHHUM B Ha4aJie ¥ MocCJe 3aBCPUICHUA pCaKIINN

Xo = 01 [OH Jo; %« = a2[OH ]o.
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KoadduiueHTs! o) 1 o, ONpeeisitoTcsl BeIMUMHAMU TPEACTbHON
MOJISIPHO# 371eKTpornposogroctr noHos OH -, CH;COO™ u Na'. Kon-
IIEHTpAIMs KaTHOHOB Na' ocTaeTcsi HeM3MEHHOI B X0JIe PeaKIuH, 0-
ATOMY OHAa HE BJIMAET HAa BUJl KOHCYHBIX YpPaBHEHUN. DTUIALECTAT U
STWJIOBBIA CIIUPT HE BHOCST BKJIaJla B MPOBOJUMOCTb CUCTEMBI.

Hcnons3ys ypaBHEHHE MaTEpUAIbHOTO OanaHca

[OH ], =[OH ]+ [CH5COQO ],
NOJIyYUM OKOHYATEIbHO

[OH ] _ %%
[OH ]y %o = Xe

[TockonbKy ¥ = L¢ (¢ — KOHCTaHTa cOCyJia), TO B 3TOM BbIpaxe-
HUU MOHO 3aMEHUTH YJIEIbHYIO 3JIEKTPOIPOBOAHOCTD ¥ Ha JIEKTPO-
IIPOBOJHOCTH L:

[OH] _L-L,

[OH ], Lo-Ls, (5-10)

J{ns1 cKOpoCTH OMMOJIEKYJIIPHOM peaKIii CIpaBeIJIMBO BhIpaKe-
HUE

_d[A)/dt = —d[B)/dt = k{A][B]. (5.11)

B 3aBUCHMMOCTH OT COOTHOIIIEHHSI HAYAJIbHBIX KOHIICHTPAllMH BeE-
mecTB A 1 B BO3MOXHBI TpU CiTydasl.

1. Ecnu HavanbHbIE KOHIIEHTPAIMU UCXOIHBIX BEIIECTB OJUHAKO-
BbI, TO 3TO PABEHCTBO COXPAHSIETCS B XOJI€ BCEM PEAKIUM, UTO IIPUBO-
JAT K YPABHEHHIO

—d[A)/dt = k[AT, (5.12)

WHTETPUPOBAHUEM KOTOPOrO MOJYYHMM 3aBUCHMOCTh KOHIICHTpAIlUU
peareHTOB OT BpEMEHU

A
%:Hk[A]Ot. (5.13)

KombOunupys teneps ypaBaenus (5.10) u (5.13), mpuxoaum K co-
OTHOIIEHUIO
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L -L
—LO_L: =1+ k[A]yt, (5.14)

KOTOPOC MOKHO IIPCACTABUTL B BUC

1 1 KOH T, (5.15)
0 LO o Loo LO - Loo

OTKyJla cieayeT, 4to rpaduk 3aBucumoctu 1/(L — L,) OT t NOJDKEH
OBITh MPSIMOMN JIHHUEH. DKCIEPUMEHTAIBHOE MOATBEPKICHUE ITOTO
(dakTa MOXKET CIYXKHUTh JOKa3aTeJbCTBOM BTOPOTO MOpPsKa U3yyae-
Mo peakuuu. [lapamMeTpbl MOJYYEHHOW OPAMOU TO3BOJISIIOT HAWTH
BEJIMYUHY KOHCTAHTBI CKOPOCTH TIPU JAHHOU TeMIepaType.

Ecau peakuusi mpu JaHHBIX YCJIOBHUAX HPOTEKAET JTOCTATOYHO
MEJIJIEHHO U ONPEACIUTh BEIUUUHY L., U3 SKCIIEPUMEHTA HE yAaeTcA,
TO OoJiee yI0OHO UCTO0JIH30BaTh JUHEHHYIO0 aHAMOP(}O3y CIEAYIOIIETO
BUJIA:

P S (5.16)
KOH ], !

L=L

0

KOTOPYIO MOYXHO TIOJYYHTh MPOCTHIM MPeoOpa3oBaHUEM YpaBHEHUS
(5.14). B atom ciyuae rpaduk 3aBUCUMOCTH L OT (Lo — L)/t Takxe siB-
JsieTCs NMPAMOM JIMHKUEH, HaKkIIOH KoTopoit paseH 1/(k[OH ]y), uto naet
BO3MOKHOCTb PACCUMUTATh K.

2. Ecnu HayajabHbIE KOHIICHTPAIIUU MCXOJHBIX BEIIECTB pa3ind-
HBI, TO KHHETUYECKOE YPAaBHEHHUE UMEET BU/T

dx/dt = K([A], — x)([B]o - x), (5.17)

I X — KOJIMYECTBO KaXKJI0ro U3 BeiecTB A u B, npopearupoBaBimx
K MOMEHTY BpeMeHH f. IHTerpanbHOe KHHETUYECKOE YPAaBHEHUE TIPO-
1ecca UMEeET BUJ

1 n [A]o([B]y —x) . (5.18)
[Bly—[Aly [Blo([Alp—x)

JlaHHO€ ypaBHEHHE TPEACTABICHO JJIsi CiIydas, KOT/la BEIIECTBO
B (B manHO# padoTe — 3TUJALIETAT) MPUCYTCTBYET B HEKOTOPOM H3-
ObITKE. BBeneM 0003HaUYeHne
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»_ [Bly _[CH,COOC,H;],

[Alo [OH ]

9

Toraa ypaBHeHue (5.18) MOXHO TIPE/ICTABUTh B BUJIE

1 o L=x/P[OH

kt =
(P-D[OH™], 1-x/[OH ],

(5.19)

C yueroM BoipaxkeHus (5.10) MOKHO 3anucarthb

x __,_ [oH]_L-L

[OH"],  [OHT], L,-L,

9

Torja ypaBHenue (5.19) npumer Bua

b 1 LA (P-DL~PL,
(P-1[OH], L-L,

nimn
L+(P-1)Ly~PL,
L-L,

| =(P-1)[OH ]kt . (5.20)

L+(P-1)L,—PL,
L-L,
JsieTCsl MPSIMOM JIMHUEN ¢ TaHTeHcoM yria HakioHa (P — 1)[OH ]k,
OTKYJla MOXHO paccuuTaTh k. YpaBHeHue (5.20) TpeOyer obOs3aTesb-
HOTI'O 3HaHUS BeIU4YuHbl L. COOJMI0OAeHNE TUHEWHON 3aBUCUMOCTHU

CIIY>KHUT JI0KA3aTEJIbCTBOM BTOPOTO MOPSJIKA U3ydaeMOM peaKIuu.

3. Eciu BemectBo B (3TMnanerar) npucyTCTBYET B 3HAYUTEIb-
HOM (IO MEHBIIIEW Mepe, NECATUKPATHOM) M30BITKE MO CPAaBHEHUIO C
BEIIIECTBOM A, TO pacxXxoJI0BaHUEM BelllecTBa B MoxHO npeHeOpeub u
CUMTATh €r0 KOHIICHTPAIMIO MOCTOSIHHOW. B 3TOM cilyuae KuHeTHKa
pacxoJ0BaHMs BEIIECTBA A OINKCHIBACTCS ypaBHEHHUEM IEPBOIrO IIO-
psanKa

OT [ SB-

B sToM citydae rpaduk 3aBUCUMOCTH In

d[A]/dt = k[B]o[A] = kTA], (5.21)

rae k' = k[B]y — a¢dexTuBHas KoHCTaHTa CKOPOCTH (KOHCTaHTa CKO-
POCTH TICEBIONIEPBOTO MOPSIKA).

In [A]/[A] = k™. (5.22)
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C yueroM BeipaxkeHus (5.10) momyuaem
In(L— L) =In(Ly— L) — k't (5.23)

B stom cnyuae rpaduk 3aBucumoctu In(L — L,) OT ¢ siBIsieTcs
npsIMOM JIMHUEH ¢ TAHT€HCOM YIJIa HaKJIOHA, paBHBIM MO MOAYJIO k'.
VYpaBuenue (5.23) TpeOyeT 00s3aTeIbHOTO 3HAHUS BEIUYUHBI L. Co-
OJIFO/ICHUE JIMHEHHOM 3aBUCUMOCTH CIIYXKHUT J0Ka3aTeIhCTBOM MEPBO-
ro nopsiika uzydaemoil peakuuu no nony OH . UtoOwl qokaszaTh mnep-
BBIN MOPSOK PEaKIMU M0 dTUJIANETaTy, HEOOXOIUMO MPOBECTH, KaK
MUHHUMYM, JIBa SKCIIEPUMEHTA C PA3IMYHBIMU KOHUEHTPALUSIMU STUJI-
aleraTa, OnpeaeanuTh B HUX 3HaYCHUs k', a U3 HUX paccUUTaTh 3Haye-
Hud k. [TOCTOSIHCTBO MOJYy4YEHHBIX 3HAYCHUH k OyJeT CBUAETEIbCTBO-
BaTh O IIEPBOM IOPSAIKE PEAKIUHU 110 ITHIIAIICTATY.

OmnpeneleHre KOHCTAHTBI CKOPOCTH PEAKIIMU TEM I MHBIM Me-
TOJOM TIPU HECKOJBKHX TeMIIepaTypax IMO3BOJIAET pacCUUTaTh DHEP-
THI0 aKTUBAIMU £ W TIPEAIKCIIOHCHIIMAIBHBIA MHOXKUTEb peakiuu A
u3 rpaduka B KoopauHatax In k£ — 1/7 B COOTBETCTBUM C ypaBHEHUEM
(5.9). IlorpemHocTy B OmNpeaeNeHUN BeIUUYUH £ U A riIaBHBIM 00pa-
30M 3aBUCSAT OT IIMPHUHBI TEMIIEPATYPHOTO UHTEPBaa, B KOTOPOM HC-
cnenoBana Gpynkmus k(7).

[Ipu BbIMOJIHEHUU PAOOTHI HET HEOOXOAUMOCTH MPUTOTOBICHUS
pacTBopa JTUjalerara. Yao0Hee M00aBIsATh PACCUMTAHHBIM 0O0BEM
YUCTOTO ATUJIAlleTaTa MUIETKOW B TEPMOCTATUPOBAHHBIA PaCTBOP
niesioun. Pacder o6bema 4MCTOrO STUIIAIIETaTa TIPOU3BOIAT 110 3HAYE-
HUIO 3aJIaHHOW €Tr0 KOHIICHTPAIlMU B OMbITe. MOJIIPHYIO KOHIICHTpA-
LU0 YHCTOTO ITHIIALETATa (MOJIB/IM’ ) OLPEISIISIOT 0 GopMyIIe

&%, (5.24)

3
rae p — miotTHocTh Atuianerara (0,902 r/cm™), M — monsipHas Macca
JTUIAICTATA.

IHlopaook evinonnenusn padomaot

1. Koxyx monyna «TepMmocTar» HamoJHUTh JUCTULITUMPOBAHHON
BOZOH (mpuMepHO 150 M) M YCTAaHOBHTH B HEro cTakaH ¢ 50 cm
pactBopa NaOH (0,01 M). TepmocTaT 3aKpbITh KPBIIIKOW U MOJKIIIO-
YUTh TEPMOJATYUK U JATYUK BJIECKTPONPOBOJAHOCTH. BKIIIOUUTH KOH-
TpoJUIep U 3ammycTUTh nporpammy yrpasieHus YJIK. AxtuBupoBathb
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NEepBbIA (TEPMOJATYMK) U IIECTON (NMIPOBOJUMOCTH) U3MEPUTEIbHbBIC
KaHaJibl. BKJIIOUNTh MeMaKy (CKOPOCTh NEpPEeMENIMBaHUS — 5) U UC-
TOYHUK MEPEMEHHOI0 HaIpsbKeHUs. BKIIIOUUTH TEpMOCTAT U yCTaHO-
BUTh 33JJaHHOE MPENOJaBaTelieM 3HAYCHHE TeMIepaTyphl (BO3ZMOXKHO
TaK)Xe MpPOBEJACHUE PabOThl HA MOJYJE «IJIEKTPOXUMHUS» TPU KOM-
HaTHOW TeMmmepartype). Joxkaarbcs, moka 3HaUCHUE TeMIIepaTyphl Ha
TEPMOJIATUYMKE HE CTAHET MOCTOSSHHBIM (OHO MOXET OTJIMYAThCs HA 1—
2°C oT 3aJaHHOTO0).

2. IlepBblii SKCIIEPUMEHT MPOBECTHU C JAECATUKPATHBIM HU30BITKOM
sTuinanerara. Paccunrarb 00beM dTUIIaleTaTa, KOTOPbI HEOOXOIUMO
n00aBuTh K 50 oM’ pactBopa NaOH nsig mosiydeHus: KOHLIEHTpaLKU
stunanerata 0,1 Moms/aM’. B JaHHOM JKCIEPHMEHTE HEOOXOLHMO
MIPOBOJIUTH U3MEPEHUS AIEKTPONPOBOTHOCTH Kaxabie 10 c. [lmg 3Toro
B OokHe «[lapameTpbl n3MepeHUsl» BKIIOYUThL «ABTOMATUYECKUN
PeXWUM», YCTaHOBUTH IapaMeTpbl: «HUCro uamepeHun» — 100,
«MHTepBan usmepeHun» — 10 c. Habparp mumerkoit TpeOyemblii
00BEM ATHIIAIIETAaTa, HAXaTh KHOMKY «/I3MepeHue» u, mocie Toro
KaK B HOBOM OKHE MOSIBUTCS MEPBOE U3MEPEHHOE 3HAUCHHE DIICKTPO-
MPOBOJHOCTH, J100aBUThH ATWiaineTaTr. HaunHas co BTOporo usmepe-
HUS, AJIEKTPONPOBOIHOCTh pacTBOpa CTaHET yMeHbIIaThes. M3mepe-
HUE TPOBOJUTH, IMOKAa BJIEKTPOMPOBOJAHOCTh PACTBOpPAa HE CTAHET
noctosinHou. Ilocie 3Toro HeoOX0AUMO MOCTPOUTH TPAPUKU 3aBUCH-
MOCTH TEMIIEpaTypbl U MPOBOAUMOCTH OT BpeMmeHu. [lo mepBomy rpa-
GbUKy OmpeAeNsIoT CpeaHee 3HaUCHHE TEMIIepaTyphl B OmbITe. ToUKH
BTOPOro rpaduka HCIOJb3YIOT IJId IOCTpOeHUs aHamopdo3bl (pe-
3yJapTUpYIOLIEero rpaduka) B KoopauHatax ypaBHeHus (5.23):
«Y =1In(y — L,)» 1 «X = x», T]Ie BMECTO L,, CIICTyET MOJICTAaBUTh 3Ha-
yeaue, Ha 0,001 MCMm MeHbllIee KOHEYHOTO 3HAYEHHUS DJIEKTPOIPO-
BosHOCTU. V3 rpadka HaxXoaaT k' M pacCUUTHIBAIOT K.

3. BTopoii 3KCHEPUMEHT MPOBECTH, YBEIUYMB KOHIIEHTPALIHIO
ATUJIAllETaTa MO0 CPABHEHUIO C IMEPBBIM SKCIEPUMEHTOM B JIBa pasa
(0,2 M). Uzmepenus: 31eKTpONPOBOIHOCTH MPOBOAUTH Kaxabie 10 c.
DKCIEpUMEHT TPOBOJUTH, KaK OnucaHo B 1. 2. Onpenenuts k' u pac-
cuutarh k. CpaBHUTH CO 3HAYECHHUEM K B IIEPBOM SKCIIEPUMEHTE.

4. TpeTuit SKCIIEpUMEHT MPOBECTU C PABHBIMU KOHIICHTPAITUSIMHU
mienoun u stwianerara (0,01 M). U3Mepenust 31eKTponpoBOIHOCTH
NpOBOAUTH Kaxjble 20 C B TEUEHUE BCEro MPOMEXYTKA BPEMEHH.
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OKCHEPUMEHT MPOBOJINTH, Kak omnucaHo B 1. 2. [loctpouts anamop-
dbo3y B KoopauHatax ypaBHeHHUs (5.16), U3 KOTOpOH ompeaeiauTh K.
[Ipu noctpoernu anamopdo3bl UCIOIB30BATH ClEAYIOIE (HOPMYIIBI
i peoOpa3zoBanus KoopauHAT: «Y = y» U «X = (Ly — y)/x», T1e
BMECTO L CIEIyeT NOJACTaBUTh 3HAUYCHHUE SJICKTPONPOBOJHOCTH B Ha-
YaJbHBII MOMEHT BPEMEHH.

5. YeTBepThIil AKCIIEPUMEHT MPOBECTH C HEOOJBIIMM H30BITKOM
stunanerara (0,02—0,03 M). M3MmepeHus 3aeKTpOIPOBOJIHOCTH IPO-
BOJINTH Kaxable 20 ¢ B TEUEHUE BCErO0 MPOMEKYTKA BPEMEHH. JKCIIe-
PUMEHT MPOBOJINTh, KAK OMUCAHO B 1. 2. ECiM 3HaYeHHe 3IEKTPOIpo-
BOJTHOCTH B KOHIIE JKCIEPUMEHTAa HE YCTAHOBUJIOCH MOCTOSHHBIM,
106aBuTH ete 0,5 CM° ITHIALETATA U H3MEPHTH JIEKTPOIPOBOIHOCTD
yepe3 5 muH. [lonyuyeHHOE 3HaAUECHHE HCIIOJIB30BaTh B KA4E€CTBE L.
[Toctpouts anamopdo3y B koopauHarax ypaBHeHus (5.20), u3 koto-
poit ompenenuth k. Ilpu moctpoeHmu aHamopdo3bl HCMOJIb30BAThH
cienyromme  GopMyabl I8 IpeoOpa3oBaHUS — KOOPJUHAT:
«Y =1In((y + (P—1)*Ly — PL,)/(L — Lo)» 1 «X = x», Tae BMeCTO Ly,
L., u P cinenyer nNoACTaBUTh COOTBETCTBYIOIIUE YUCICHHBIC 3HAUCHUS.

6. IlonydeHHble BO BCEX AKCIEPUMEHTAX 3HAYEHUS] K CBECTH B
€AUHYIO0 TAaOIUIly C YKa3aHUEM YCIOBHUM MPOBEICHUSI DKCIEPUMEHTA.
Paccunrtarh cpeliHee 3HaUEHHE K U MOTPEIIHOCTh B OMPEICICHUH Kk B
KaKJIOM 3KCIIEPUMEHTE.

7. Vcnonb3ys 3HAYCHUS k, TOJIYyYEHHBIE MPU TPEX pPa3IUUHbBIX
TeMmrepaTypax, rpaduuecKuM CIOoCOOOM OMPEACTUTh YHEPTHUIO aKTH-
BallMU U MPEIAKCIIOHCHIIMAIbHBIA MHOXHUTEIb JUISl U3y4aeMOW peak-
1007078

Iucvmennwviit omuem no padome 0IKEH COACPKATh: HA3BaHUE,
1eb padoThl, 000PYJIOBAHUE U PEAKTUBBI, CXEMY YCTAHOBKH JJIsI TIPO-
BEJICHUSI DKCIIEPUMEHTA, KPATKUE TEOPETUYECKHE OCHOBBI METOAA C
pacueTHbIMH (popMyJsiamMu, rpauKu U3MEHEHHUS 3JIEKTPOINPOBOTHOCTH
C COOTBETCTBYIOIIMMHU aHAMOP(o3aMHu JIsl BCEX IKCIIEPUMEHTOB, Ta0-
JIUITY PACCUMTAHHBIX KOHCTAHT CKOPOCTHU B PA3JUYHBIX SKCIIEPHUMEH-
Tax, TaOJUIly U TpaduK ISl pacueTa YHEPTUU aKTUBAIIUU U TIPEIIKC-
MOHEHIIMATBLHOTO MHOKHUTETIS.

Konmponavnsie eonpocol
1. CkopocTh xummyeckux peakuuil. CpeaHsst ¥ UCTHUHHAS CKO-
pPOCTBb.
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2. 3akoH pmeWcTByrommx Macc. KoHcraHta ckopoctH. BiusHue
pa3UYHBIX (PAKTOPOB HA KOHCTAHTY CKOPOCTH.

3. MoJieKkyJIIpHOCTh UM TOPSAJOK peakuuu. lIlceBmomMoHOMONIEKY-
JSIPHBIE PEAKITUU.

4. BbIBOJ, KHHETUYECKUX YPABHEHHUI pEeakIuid pa3IMYHbIX MOPSI-
KOB. PazmMepHOCTh KOHCTaHTBI CKOpOCTH. [leprnon nmoypacnana.

5. IIpaBuno Baut-I'odda. TemnepaTypHsbiil KO3PHUITUEHT.

6. YpaBHeHne Appennyca. DHEPIUsl aKTUBALUU.

Paboma 2. HccaedosaHue KUHemuKu
20MO2€HHOIl Kamaaumu4eckol peakKyuu OKUC/1€eHUS
UOO0UOd-UOHA hepoKcudoM eodopoda

Henv pabomoi

WccnenoBanve KMHETUKHU PEAKIMM OKHUCJICHHUS HOJUJI-MOHA Tie-
POKCHJIOM BOJIOPOJIa B OTCYTCTBUU M MPUCYTCTBUM KaTaln3aTopa, OIl-
peaeneHnue KOHCTaHT CKOPOCTEN U SHEPIUU aKTUBALMU MIPOILECCa.

Oobopyooseanue u peakmugnl

1. VIJIK «Xumus» (LieHTpajdbHbli KOHTpOJUIep, MoAyJib «Tepmo-
CTaT» W «IJIEKTPOXUMUS», TEPMOJIATUHK, TaTYUK IJICKTPOIPOBOA-
HOCTH, cTakaH Ha 50 CM3);

2. PactBop ¢ conepxanuem 0,002 M KI u 0,0025 H. H,SOy;

3. KOHIIEHTpHUPOBAHHBIN paCTBOP MEPOKCHUIA BOAOPOIA;

4. 0,001 M pactBop MoIMOgaTa aMMOHMS;

5. Mepubiii nuusap Ha 100 CM3, nuneTku Ha 1 u 2 CM3;

6. JluctunnvpoBaHHas BOJA.

Memoouueckoe obocrnosanue padoomal
OkucieHne noauI-noHa MEePOKCUIO0M BOJIOpOJia B KHUCIION cpene
MIPOTEKaeT M0 YPaBHEHUIO:

2I + H,0, + 2H" — 1, + H,0.
I[aHHaH peaKI_II/Iﬂ OIIUCBHIBACTCAd KUHCTUUCCKUM ypaBHeHI/IeM BTO-
poro nopsaka
—d[1')/dt = k[T ][H,0,]. (5.25)

[Ipu GombIioM M30BITKE MEPOKCHIA BOJIOPOJA KUHETHKA PacXo-
JIOBaHUS MOJIU-MIOHA OITUCHIBACTCS YPABHEHHUEM IIEPBOTO MOPSIIKA
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—d[T)/dt = K[H,0,]o[T ] = kT ], (5.26)

rae k' = k[H,O,]p — KOHCTaHTa CKOPOCTH TICEBIONEPBOTO IMOPSJIKA.
HHTerpanbHOEe ypaBHEHHE HW3MEHEHHS KOHIIEHTpAIMH HOJIN]I-HOHA
AMeEET BUL;

In [T]y/[T] = k™. (5.27)

JI1st KOHTpOJIsl TIyOUHBI NIpEeBpalieHUs B JaHHOM pabOTe UCMOJb-
3yeTcs 3IEKTPONPOBOJHOCTh PEAKIIMOHHOW cucTteMbl. Kak ObLIO MO-
Ka3aHo B pabote Ne 1, ypaBHeHue (5.27) MOKHO IPUBECTH K BULY

In(L—L,)=1In(Lo— L) — k't (5.28)

¥ W3 TaHTEHCa yrijla HaKJIOHA MpsAMoOM B KoopauHatax In(L — L) — ¢
onpeaenuTh k'. YpaBHenue (5.28) TpeOyeT 0053aTeIbHOI0O 3HAHUS Be-
auduHbl L,,. CoOnroeHne JTUHEHWHOW 3aBUCHMMOCTH CIIYXKUT JOKa3a-
TEJILCTBOM NEPBOTO MOPAAKA U3yHAEMOM PEAKIIMU 110 HOHY [ .

OKucJeHUEe HOJUJI-MOHA TEPOKCUIOM BOJOPOJAa YCKOPSETCS B
MPUCYTCTBUU MOJIMOJIaTa aMMOHUS. JTa TOMOT€HHAsl KaTaJTuTH4YecKas
pEeaKkIMs TAK)KE OMUCHIBAECTCS ypaBHEHHEM BTOpOro mopsiaka (5.25),
OJIHAKO KOHCTAHTa CKOPOCTH k B 3TOM ciiyuae siBiisieTcs 3 PpeKTUBHON
¥ 3aBUCUT OT KOHIICHTpAIIMU KaTajau3zaTopa 1o ypaBHeHwuto (5.4). Jlus
onpeJieNIeHNs KaTAIUTHYECKOTo Kod(dduiimenta Tpedyercs: MpoBECTH
HECKOJIbKO 3KCIIEPUMEHTOB IMPU PA3TUYHBIX KOHIIEHTpALUSIX KaTaJu-
3aTopa U MOCTPOUTH 3aBUCUMOCTH (k — ky) or Cg. TaHreHc yria Ha-
KJIOHA MMOJTYYEHHOU MPSIMOI OyIeT paBeH k.

OnpenenuB BEIUYUHBI k) U kx TIPU HECKOJIBKMX TeMIleparypax,
MOYHO PacCUuTaTh SHEPTUI0 aKTUBAIMU E; HEKATATUTUYECKON peak-
1My U3 Tpaduka B koopauHaTax In ky — 1/7 u sHepruro akTuBanum Ey
KaTaJIUTUYECKON peakuuu u3 rpaduka B koopauHatax In kyx — 1/T B
COOTBETCTBUU C YpaBHEHUEM (5.9).

B nanHo# paboTe kK TEpMOCTAaTUPOBAHHOMY MOJIKHMCICHHOMY pac-
TBOPY HMOJUJA Kajausi MUIETKOW J00aBIseTCS] KOHIICHTPUPOBAHHBIN
BOJIHBIN pacTBOp Nepokcuia Bogopoaa. Pacuer konuentpauuu H,O, B
OTBITE MPOU3BOMASIT MO 3aKOHY pa3daBieHUs. MOJISpHYIO KOHIIEHTpa-
o HyO, (MOJIB/IM’) B HCXOJHOM KOHLHTPHPOBAHHOM DAacTBOPE
OTPEACIISIIOT 1O popmyIie
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C:M, (5.29)
M

rae o — maccoBas noisa H,O, B KOHUEHTpUPOBAHHOM PACTBOPE, P —
IJIOTHOCTh KOHIIEHTPUPOBAHHOTO pacTBopa, M — MoOJIsSIpHass macca
H,0,. 3naueHns ® W p yKa3bIBAIOTCS MPENOAABATEIEM.

Hopsaook evinonnenus padomot

1. Koxyx moaynsa «TepmocTar» HamoJIHUTH JUCTUILIUPOBAHHOM
BoJiol (mpumepHo 150 oM ) ¥ yCTaHOBHUTH B Hero crtakaH ¢ 50 Ys
pactBopa ¢ comaepxkanuem 0,002 M KI u 0,0025 u. H,SO,4. TepmocTtar
3aKPBITh KPBIIIKOW U MOJKIIOYUTH TEPMOJATUUK U JATUYUK DIIEKTPO-
NPOBOJHOCTU. BKIIOYWTH KOHTPOJJIEP W 3alyCTUTh MPOrpaMMy
ynpasienus: YJIK. AKTUBHpPOBATH MEPBBIN (TEPMOJATUMK) U MIECTOU
(IpOBOAMMOCTH) U3MEPUTEIIbHBIC KaHANIbl. BKIIOUUTH MeaKy (CKo-
POCTh MEPEMENINBAHUS — 5) U UCTOYHHK MEPEMEHHOTO HANPSIAKEHHUS.
BKJI0O4MTh TEPMOCTAT U YCTAHOBUTH 3aJJaHHOE MPENoaaBaTesieM 3Ha-
YeHUEe TeMmepaTyphl (BO3MOXKHO TakKe MPOBEAEHHE padOThI Ha MO-
nyne «IJIEKTPOXUMHUS» MPU KOMHATHOM Temmeparype). [oxmarsces,
MOKa 3HAYEHUE TEeMIEpaTypbl HA TEPMOAATUYMKE HE CTAHET MOCTOSH-
HbIM (OHO MOXeET oTin4aThes Ha 1-2°C oT 3aJaHHOTO).

2. IlepBbIl SKCIEPUMEHT MNPOBECTH B OTCYTCTBUHU KaTaJIM3aTOPA.
B okne «[lapamMeTpbl N3MepeHns» BKIOUNTh «ABTOMaTUYECKUN
PEXUMy, YCTaHOBHTH mapaMeTpnl: «YUCIO usamepeHun» — 100,
«MHTepBan namepeHmniiy — 30 c. HaGpars mmnerkoii 0,2 cM> pacTBoO-
pa H,O,, Haxxath kHONIKY «/I3MepeHne» u, mociie Toro Kak B HOBOM
OKHE MOSIBUTCSI MIEPBOE U3MEPEHHOE 3HAYEHHE BIICKTPOIPOBOJHOCTH,
NPUINTh NIEpOKCU Boaopoaa. HaumHas co BToporo usmepeHus 3JeK-
TPONPOBOAHOCTh PACTBOpPA HAYHET yMEHbIaThca. MI3Mepenue npoBo-
JIATh, TOKA 3JEKTPOMPOBOJHOCTh PACTBOPA HE CTAHET IMOCTOSIHHOW.
Ecnu 3a BpeMs sKcneprMEHTa 3TOr0 HE MPOHU30ILIO0, J0OABUTH €Ile
1 em’ pactBopa H,O, 1 u3mMepuTh 371€KTPONPOBOJIHOCTh YEPE3 5 MHUH.
[TosryueHHOE 3HAQUYEHHE HMCIOJIb30BaTh B KauecTBe L. [locie atoro
HEO0OXO0UMO MOCTPOUTH I'PpaPUKHU 3aBUCUMOCTH TeMIIepaTyphbl U Mpo-
BOJUMOCTH OT BpeMmeHH. [lo nmepBoMy rpaduky onpeaesstoT CpeaHee
3HAYEHUE TeMIepaTyphl B ombiTe. TOUKHM BTOPOro rpaduka UCHOJIb-
3YIOT JJIS MOCTpoeHusT aHaMop(do3bl (pe3yabTUpYIOIIEro rpaduka) B
koopauHatax ypaBHeHUs (5.23): «Y = In(y — L,)» u «X = x», rae
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BMeCTO L, cieayer moactaBuTh 3HadeHue, Ha 0,001 MCm MeHbIiee
KOHEYHOTO 3HAYEHHMS AJIEKTPONPOBOAHOCTH. M3 rpaduka Haxomart k' u
PacCUUTBHIBAIOT K.

3. Iocnemyromue IKCIEPUMEHTHI TPOBECTH B IMIPUCYTCTBUM KaTa-
au3aTtopa MoiaubaaTa aMMOHUS (pacTBOp KataiuzaTopa NpuOaBIsieTCs
nepen BHeceHueM pactBopa H,0,). O0beMbl pacTBOopa MoJmbOaaTa
aMMOHUS YKa3bIBalOTCS TpernojaBaTereM. V3mMepeHus 3JIeKTpoIpo-
BOJTHOCTH TTpoBOAUTH uepe3 10—20 ¢. DKCrepuMeHThI MPOBOJIUTh, KaK
onucaHo B 1. 2. ['paduuecku onpenenuts k' u paccuntath k. Pe3yib-
TaThl 3aHECTH B Ta0. 5.1.

Tabmuma 5.1

Vi, em® | Cy, morms/nm® | k¢ k¢!
0 0 cee k() = ...

4. IlocTpouts rpaduk 3aBucumoctd (k — ky) ot Cx ¥ ONpeaeuTh
KaTaIUTUYECKUN KO3 (PUIIMEHT U3 TaHTEHCA yTIJia HAKJIOHA MPSIMOA.

5. Ucnonw3ys 3HaueHus ky U kg, MOJyYEHHBIE TIPU TPEX pa3jivy-
HBIX TeMmIepaTypax, rpaduyecku ONpeaesiuTh YHEPTUI0 aKTUBALIMKU U
NPEIPKCIOHEHIIMATBHBIA MHOXUTEIb JIJISI HEKAaTAIUTUYECKON U KaTta-
auTrYeckor peakuuii. CpaBHUTh SHEPTUM AKTUBAIMM HEKATAIUTHUYE-
CKOM U KaTaJIUTUYECKON PEAKIIUU.

Iucbmennwlit omuem no padome JIOJKEH COJIEpKaTh. HA3BaHUE,
1eJb paboThl, 000PYIOBaHUE U PEAKTUBBI, CXEMY YCTAaHOBKH JIJISl TIPO-
BEJICHUS DKCIIEPUMEHTA, KpaTKUE TEOPETUYECKHE OCHOBBI METOJAa C
pacueTHbIMU (opMyJiaMu, TpadUKU U3MEHEHUS SJIEKTPOIPOBOJHOCTH C
COOTBETCTBYIOIIIMMH aHaMOp(o3aMu ISl BCEX IKCIEPUMEHTOB, TaOJIH-
IIy PACCUUTAHHBIX KOHCTAHT CKOPOCTEH B Pa3JIMUHBIX IKCIIEPUMEHTAX,
rpa@ukyd pacyera SHEPrUM AaKTUBALMM W MPEAIKCIIOHEHIUATBHOTO
MHOKUTENS U1l HEKATAIMTUYECKOU U KaTAIMTUYECKOW PEAKIIUM.

Konmponwvnoie 6onpocol

1. Ckopocth xumuueckux peakuuil. CpeaHsisi 1 UCTUHHASL CKO-
POCTB.

2. 3akoH pmeWcTByrommx Macc. KoHcraHTta ckopoctu. BrnusHue
pa3UYHbIX (PAKTOPOB HA KOHCTAHTY CKOPOCTH.

3. Karanu3s. Buasl karanusa.

4. YpaBHeHUEe AppeHuyca. JHEPrysl aKTUBALINH.

97



Paboma 3. BaussHue memnepamypul
HA AKMUBHOCMb Kama/ia3sl

Henv pabomoi
OrnpeneneHre SHEPTUHA aKTUBALMU PEAKIHMHU JUCCOLMALUNA Tepe-
KHCH BOJIOPOJIA MOJ ACHCTBUEM (PepMEHTa KaTanas3bl.

Oobopyoosanue u peaxmuenl

1. T'azomeTpuueckuii mpudop;

2. Boasnas 0aHs ¢ INIMTKOIA;

3. Ilepexuch Boopoaa;

4. Caxapo3a;

5. INunerxu 1Ha 10 1 20 CM3;

6. CBexure NeKapCKue IPOKIKU U PACTCHUS.

Memoouueckoe obocrnosanue padoomal

Karana3za BcTpeuaercss BO MHOTHX KJIE€TKaX MJIEKONMUTAIOIIUX, B
TOM YHCII€ B 3PUTPOLUTAX, B KJIeTKax neueHu. OOHapykeHa OHa Tak-
e B OOJIBIIMX KOJIMYECTBAX B JINCTHSIX PACTEHMM, y HEKOTOPBIX Oak-
tepuii. OnHa U3 QyHKIUN KaTanda3bl — 3al[UTa Ipyrux OEJIKOB OT pa3-
pylleHHs] MoJ JAEHCTBHEM OOpa3yIolieiicss B OpraHu3Me MepeKucu
Bojopoaa. Karanaza 3puTpouuTOB 3alMINAET T'eMOTJIO0UH OT Tepe-
KHCHU Bomopoza. [Ipr HOpMaNbHBIX YCIOBUSX BHYTPH KUBBIX KJIETOK
oOpa3yercsi HEKOTOPOE KOJIMYECTBO Mepekucu Boaopoaa. OOpasisl
KaTanasbl, MOJYYEHHbIE U3 KIETOK Pa3JIMYHBIX THUIIOB WM A€ U3
KJIETOK OJIHOTO THUIIA, HO OT Pa3HbIX 0COOEH, pa3anuyaroTcs MEXIy CO-
ooi. Paznuuus xacaroTcs O€IKOBOW 4YacTH MOJIEKYIbI, T. €. anadep-
MEHTAa, U MPOSIBIIIOTCS B TAKUX MPU3HAKAX, KAK MOJICKYJISIPHBIN BeC,
(opma MOJIEKYJI U aKTUBHOCTh. Bce kaTanasbl coiepxkaT OJHY U TY XK€
MIPOCTETUYECKYIO TPYMNIy, TaK Ha3bIBAEMBIA T'€M, KOTOPBIM BXOJHT B
COCTaB reMorJIo0MHa, MOHOIJIOOMHA U TUTOXpoMa. ['eM mpeicTaBisieT
coOOl XeJIaTHOE COEAMHEHUE, B KOTOPOM aTOM JKE€JI€3a COEIHUHEH C
TETpanuppoIbHOHN (MOPp(PUPUHOBOI) KOJIBLIEBON CTPYKTYpPOH.

AKTHBHOCTb KaTaja3bl ONPEIEIAIOT M0 BBIICICHUIO KUCIOPOIA:

2H,0, —S y9H, +0,.

["azoMeTpuueckuii pubop Il ompesaeiacHruss o0beMa BBIICIIHB-
LIETOCS KUCIIOpO1a MPEICTaBJIEH Ha puc. 19.
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Hopaook evinonnenus padbomot

3aoanue 1. Bauanue memnepamypvl Ha aKMUEHOCMb KAMANA3bl
OPOIHCIHCEBLIX KNEMOK

bepyr nHaBecky (1-2 r) mekapckux APOXOIKEH U MOMEIIAlT B
50 cm® 8%-ro pacTBOpa caxapo3bl Ipu KOMHATHOU Temrieparype. Ye-
pe3 30—40 MuH nocne TOro Kak JAPOXKUA OyayT THIATEIbHO pa3Mela-
HbI U B360ITaHbl, 10 CM’ B3BECH APOYXOKEH MOMEIIAIOT B KATATA3HHK,
HaXOAIIUNCS B BOASHON OaHe MpH NepBOHAYAIBHOM TemmepaType 7.
OIHOBpEMEHHO B KaTaJa3HHUK IMOMEIIAI0T CTakaH4uk ¢ 1,5-2 cm
3%-ro pactBopa H,0O,. KonOy-kaTaga3HUK IJIOTHO 3aKPBIBAIOT MPOO-
KOM (JIJIs1 TydIlier TepMETUYHOCTH MPOOKY MOKHO CJierka cMa3aTh Ba-
3eMHOM). OTKpBIBAIOT KpaH 4 U C MOMOIIBI0 TPYILIA OTCACHIBAIOT
BO3AYyX JI0 T€X MOp, MOKa CTOJO BOJABLI B OIOPETKE HE MOJAHUMETCS J0
HYJIEBOM METKH. 3aT€M 3aKPBIBAIOT KpaH 4 U ONPENeIsIiOT repMETHY-
HOCTh BCEUW CHCTEMBbI Ta30METPUYECKOro mnpubopa. YOeauBIIKMCHh B
Tr€pPMETUYHOCTH, B30ANTHIBAIOT COAEPKUMOE KaTajJa3HUKa B TECUEHUE
5-10 ¢, cmemmBas H,O, ¢ B3BeChIO JPOKKEBBIX KIETOK. KaTanasHuk
MOMEIIAIOT B BOJISIHYIO OaHIO M yepe3 3 MUH CHUMAIOT MTOKa3aHUS BbI-
nemuBierocst O, 1o 6ropetke B cM’. [0 IPOMIECTBHI 3 MUH KaTaias-
HUK C COJEpPX MMbIM BHOBb BCTpsIXMBaKOT 5—10 c, a M0 HCTEYEHUH
BTOPOT0 3-MUHYTHOT'O MHTEPBaJia BHOBb CHUMAIOT MOKa3aHUsi puodo-
pa 1o JeJICHUsIM OIOPETKHU yxKe 3a 6 MUH, U 3Ty ONEPALUIO0 TOBTOPSIOT
IIATh Pa3 B TEUEHUE NEPBBIX 15 MUHYT.

3

6(§u

<) P

Puc. 19. I'asomeTpudeckuii mpudop:
| — kaTtana3HukK; 2 — BCTaBHAs CKJISTHKA JJIsl IEPEKUCH BOJOPO/IA; 3 — TPOUHUK;
4 — BUHTOBOM 3aXKMM WUJIM KpaH; 5 — OlopeTKa ¢ JeJIeHUAMH; 6 — CTEKJIIHHAs rpylia
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[Too0HyIO omepaluio U B TOH K€ IOCJeI0BAaTeIbHOCTU IPOBO-
AT TIpu Temieparype 71,, kotopas otiuyaercst ot 77 Ha 10 K B cTtopo-
HY YBEJIMYECHUS WU yMmeHbleHus. s kaxmaoi temmneparypsl (17 u
T,) poBOJSIT IO TPU MOBTOPHOCTH, CTPOTO COOJIO/Iasi TOCTOSSHHBIMU
HABECKY JpoxoKel, 00beM 8%-ro pacTBopa caxapossl U 00beM H,0,.
[TonydeHHble pe3ynbTaThl 3aHOCIT B Tabu. 5.2. Ha ocHoBaHuu Ta0-
JUYHBIX JJAHHBIX CTPOSIT rpaduK U3MEHEHUsI 00BbeMa 0Opa30BaBIIEro-
Csl KUCJIOpOJa BO BpeMEHHU Mg obeux temmeparyp. PaccuuThiBaroT
corsacHo (popmynam (5.5) u (5.8) TemneparypHblii KOdPhUIIUEHT U
SHEPIUI0 AKTUBALIMYU JAHHOW PEaKIUH.

Tabmuma 5.2
O6beM BoieuBmerocst O, (cM’)
Temnepa-
Nemm. | Marepuan Tvpa. K 3a Bpemsi T (MUH) OT Hauyaja peakiuuu
PER 03 6 9 12 15 18
1 Hpoxoxn +
+ H202

3aoanue 2. Bausnue memnepamypvl HA aGKMUBHOCMb KAMALA3bL
pacmumenbHulx 00beKmos

Paboty mpoBoasT Ha razoMmeTpudeckom npudope (puc. 19) ¢ pac-
TUTEJIBHBIM O00BEKTOM. JIMCThs KOMHATHBIX pacTennii (3—4 1) TIa-
TEJIbHO PACTUPAIOT B CTYIKE CTEKJISHHBIM MECTUKOM ¢ 1-2 T Mmena.
KonnuecTBEHHO TEPEeHOCIT B CTEKISIHHYIO KOJIOy u nmoOaBisitor 40
cm® 0,85%-ro pacrtBopa NaCl. ITocie MHKyGamuu NpH H3y4aeMOi
temneparype 7 oepyt 10 CM’ B3BECH M IOMEIIAIOT B KaTala3HUK, B
KOTOPOM HAaxOJUTCAd CTakaHduk ¢ 1,5-2 cM® 3%-ro pactBopa H,0,.
JlanpHenne MaHUITYJISIUUU TPOU3BOAAT B TOU JKE MOCIEIOBATEIbHO-
CTH, 4TO U C JAPOXIKEBBIMU KileTKamu (3amanue 1). [TogoOHyro onepa-
IIMIO U B TOM 7K€ MOCJIEI0BATEIbHOCTH MPOBOJIAT MpU Temmneparype 7,
kotopass orimuaercss or 77 Ha 10 K B CTOpOHY yBenWueHus Wi
yMeHbIleHus. [nsa xaxaoi temnepatypsl (77 u 7,) mpoBOJASIT IO TPU
MOBTOPHOCTH, CTPOTO COOJIIOasi MOCTOSTHHBIMU HaBECKY PaCTUTEIb-
HOro o0bekTa, Mena, oobem 0,85%-ro pactBopa NaCl u o6vem H,0..
[TonydenHnsle pe3yibTaThl 3aHOCAT B Tabmuiyy 5.2. Crposar rpaduxk
U3MEHECHHUsI 00BheMa O0O0pa30BaBIIETOCS KHCIOPOJa BO BPEMEHH IS
o0eux TeMIIepaTyp, PACCUUTHIBAIOT TEMIIEPATYPHBIA KOADPULIIMEHT U
AHEPIruro aKkTUBaIMU 1Mo Gopmyaam (5.5) u (5.8).
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